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2 HDL

HDL
2.1

Verilog

nmodul e module_name (port_list)
Declarations:
reg, wire, parameter,
input, output, inout,
function, task,
Statements:
Initial statement
Always statement
Module instantiation
Gate instantiation
UDP instantiation
Continuous assignment
endnodul e

2-1

nodul e HalfAdder (A, B, Sum, Carry;
i nput A, B;
out put Sum, Carry;

assign #2 Sum = A N B;
assign #5 Carry = A & B;

endnmodul e
HalfAdder 4 : At JE__J, Sum

A B Sum  Carry

2-1




2 HDL

1) ;
2) ;
3) ;
4)

2.2

Verilog HDL

assign #2 Sum = A~ B;
#2 2

" timescalelns /100ps
1ns
0.1ns )

, Verilog HDL

HDL

2.3

Verilog HDL

100ps (
,H#H2 2ns

assign [delay] LHS_net = RHS_ expression

o

;

0 Z[o]

1 b Z[1]

;

EN ¢

2 Z[2]

i

3 b Z[3]

T

2-2 2-4

|EEE Verilog
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“timescale 1ns/ 1ns
nodul e Decoder2x4 (A, B, EN, 3;
input A, B, EN;
output [ 0 :3] Z;
wire Abar, Bbar;
assign # Abar = ~ A ! 1
assign #i Bbar = ~ B ! 2
assign # Z[0] = ~ (Abar & Bbar & EN; [ / 3
assign # Z[1] = ~ (Abar & B & EN ; ! 4
assign # Z[2] =~ (A & Bbar & EN ; ! 5
assign # Z[3] =~ (A & B & EN ! 6
endnodul e
o , “timescale
1ns 1ns #1 #2 1ns
2ns
Decoder2x4 3 1 4 Abar
Bbar ( ) 6
2-3 EN 5ns , 3 4 5 6 EN
Z[0] 7ns 0 A 15 ns .
15 6 5 6 Z[o] Z[1] 5  Z[2] 17 ns
1 Abar 16 ns Abar Z[Q] 18 ns
1
EN _—_]
4G 1
15 25
B l I
] 20 35
Z[0] |
7 18
Z[1)
28 38
Z{2} l
7 23
Z[3} I
0 2 27
2-3
24

1) initial
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2) always ;

aways 0
always 1 2-4
nodul e FA_Seq (A, B, Cin, Sum, Coyt
i nput A, B, Cin;
out put Sum, Cout
reg Sum, Cout
reg T1, T2, T3
al ways
@( A or Bor Cin) begin
Sum = (A ~ B) ™ Cin
Tl = A & Cin
T2 = B & Cin

T3 =A&B

Cout = (Tl T2) | T3;

end
endnodul e

FA_Seq Sum Cout T1 T2 T3 aways

reg (reg )
aways ( @ Ad \)ESA
) (begin-end ) L ﬁ@_us.‘m
A B Cin A B Cin
aways A B Cin
2-4 1
1)
2)
Sum = (A~ B) ~ Cin
#4 T1 = A & Cin;
4
Sum = #3 (AN B) " Cin
. 3 Sum
0

always 8

initial
“tinmescale 1ns / 1ns
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nodul e Test (Pop, Pid);
output Pop, Pid
reg Pop, Pid

Ons
, initial
1 2 Ons
5ns , Pid 8 ns
initial

14:"|s

initial
begin
Pop = 0; /1 1
Pid = 0; 11l 2
Pop = #5 1; 11 3
Pid = #3 1; /1 4
Pop = #6 O; /1 5
Pid = #2 0; Il 6
end
endnmodul e
2-5 initial
) Pop 5ns 4
Pop 14 ns 0 Pid 16 ns 0
initial
Pop __—J
5ns
pi |
8ns
2-5 Test
Verilog HDL
1 ( )
2) ( )
3 ( )
4) ( )
2-4
modul e FA_Str (A, B, Cin, Sum, Coyt

i nput A, B, Cin;
out put Sum, Cout
wire S1, T1, T2, T3

xor
X1 (S1, A, B,
X2 (Sum, S1, Cih

and

L

léns
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2 HDL
Al (T3, A, B),
A2 (T2, B, Cin,
A3 (T1, A, Cin,
or
01 (Cout, T1, T2, T3
endnodul e
xor and or
S1 T1 T2 T3 ,
xor and or X1 X2 Al
S1
xor X1 A B X1
4 4 1 2-6 4
modul e FourBitFA (FA, FB, FCin, FSum, FCoul;
parameter SIZE = 4;
input [SIZE:1] FA, FB;
out put [SIZE: 1] FSum
i nput FCin;
i nput FCout;
wire [ 1: SIZE 1] FTemp;
FA_Str
FA1( .A (FA[1]), .B(FB[1]), .Cin(FCin),
. Sum(FSum[ 1] ), . Cout(FTemp[2])),
FA2( . A (FA[2]), .B(FB[2]), .Cin(FTemp[1]),
.Sum(FSum[ 2] ), . Cout(FTemp[2])),
FA3(FA[ 3], FB[3], FTemp[2], FSum[3], FTemp[3],
FA4A(FA[ 4], FB[4], FTemp[3], FSum[4], FCout);
endnodul e
4
FA1 FA2
“ .port_name (net_name) FA3 FA4
FA4
FAl4] FA Str A FB[4] FA St B
FA[4] FB[4] FA[3] FB[3] FA[2] F B[Z] E A[ll E Bll]
FA1
FA4 FA3 .
) JCm

FCout

2.6

FSuml[4] FSum(3] FSum(2]

26 4

FSum[1]



Verilog HDL

Chinaspubscom

always

always initial

always initial
1
nodul e FA_Mix (A, B, Cin, Sum, Coyt
i nput A,B, Cin;
out put Sum, Cout
reg Cout;
reg T1, T2, T3
wire S1

xor X1(S1, A, B); I

al ways

@( A or Bor Cin) begin // always

Tl = A & Cin

T2 = B & Cin

T3 = A& B

Cout = (T2 T2) | T3
end

assign Sum = S1 ~ Cin; [//
endnodul e

A B
always SL Cin

2.7

Verilog HDL

Top 2.3

‘ timescal e 1ns/1ns
nodul e Top; I
reg PA, PB, PCi
wire PCo, PSum

/1
FA_Seq F1PA, PB, PCi, PSum, PQo

initial
begi n: ONLY_ONCE
reg [3:0] Pal;
I 4 , Pal 8

initial

A B Cin

FA_Seq

Il

for (Pal = 0; Pal < 8; Pal = Pal + 1)
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2 HDL
begin
{PA, PB, PCk = Pal;
#5 $display (“ PA, PB, PCi = %%%, PA, PB, PCi
o PCo, PSum=%%b, PCo, PSun;
end
end
endnodul e
PA FA_Seq A PB FA_Seq B
for PA PB PCi for
$display
$display $display 5
Pal
begin-end , ONLY_ONCE
2-7
PA, PB, PCi = 000 ::: PCo, PSum = 00
PA, PB, PCi = 001 ::: PCo, PSum = 01
PA, PB, PCi = 010 ::: PCo, PSum = 01
PA, PB, PCi = 011 ::: PCo, PSum = 10
PA, PB, PCi = 100 ::: PCo, PSum = 01
PA, PB, PCi = 101 ::: PCo, PSum = 10
PA, PB, PCi = 110 ::: PCo, PSum = 10
PA, PB, PCi = 111 ::: PCo, PSum = 11

“timescal e 10ns/ 1ns

modul e RS_FF (Q, Qbar, R, $;
out put Q, Qbar;
input R, S;

nand #1 (Q, R, Qban;

Qbar
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nand #1 (Qbar, S, Q);
/1
endnodul e

modul e Test;
reg TS, TR;
wire TQ, TQb;

I
RS_FF NSTA(.Q(TQ), .S(TS), .R(TR), .Qbar(TQb));
/1

/1
initial
begi n:
TR = 0;
TS = 0;
#5 TS = 1;
#5 TS = 0;
TR = 1;
#5 TS = 1;
TR = 0;
#5 TS = 0;
#5 TR = 1;
end
11
initial
$nmonitor ("At time % ," , t$nme,
"TR = Y%, TS=%, TQ=%b, TQb= %'TR, TS, TQ, TQk
endnodul e

RS FF
1 R Qbar T Q T+1

Test RS FF
TS TR

$monitor
2-9
“timescale

TR

250,

TS

50 100, 150 200

o L 1] L

120 1160 260ns
Qb x|

Ons 60 110 170 210

2-9 Test
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At time 0, TR=0, TS=0, TQ=x, TQb= x
At time 10, TR=0, TS=0, TQ=1, TQb= 1
At time 50, TR=0, TS=1, TQ=1, TQb= 1
At time 60, TR=0, TS=1, TQ1l, TQb= 0
At time 100, TR=1, TS=0, TQ=1, TQb= 0
At time 110, TR=1, TS=0, TQ=1, TQb= 1
At time 120, TR=1, TS=0, TQ=0, TQb= 1
At time 150, TR=0, TS=1, TQ=0, TQb= 1
At time 160, TR=0, TS=1, TQ=1, TQb= 1
At time 170, TR=0, TS=1, TQ=1, TQb= 0
At time 200, TR=0, TS=0, TQ=1, TQb= 0
At time 210, TR=0, TS=0, TQ=1, TQb= 1
At time 250, TR=1, TS=0, TQ=1, TQb= 1
At time 260, TR=1, TS=0, TQ=0, TQb= 1

1

2. “timescale

3

4, 2-4 1

5. initial always

6. 2-10 BullsEye

2-10 BullsEye

7. 2-2 2-4

8. 23 Decode2x4

9. Verilog HDL

10.

11. 2-11

Verilog HDL
12.

assi gn Reset

= #2 N Wi teBus;




3  Verilog

Verilog HDL
Verilog

3.1

Verilog HDL (identifier)

Count

COUNT /1 Count

_R1.D2

R56_68

FIVES

(escaped identifier )

( )

\ 7400

V.58

\ { * k k k k% }

\~Q

\ OutGate OutGate

\OutGate OutGate
Verilog HDL
) ALWAYS( )
\initial
3.2
Verilog HDL
/* :
*/

/1
3.3

Verilog HDL

always(

initial

Verilog HDL
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Wa-wb.m :

initial beginTop = 3'b001; #2Top = 3'b011; end
initial

begin
Top = 3'b001;
#2 Top = 3'b011;
end

3.4
$
0
0
$display ("Hi, you have reached LT today");
/* $display */
$tinme
11
10
3.5

) Verilog
e “define, “undef
e “ifdef, “else, “endif
e “default_nettype
« “include

e “resetall

e “timescale

e “unconnected_drive, “nounconnected_drive
e “celldefine, “endcelldefine

3.5.1 ‘define ‘undef

“define C
“define MAX_BUS_SIZE 32

#define

reg [ “MAX_BUS_SIZE - 1:0 ] AddReg;
“define
“define MAX_BUS SIZE
“undef
“define WORD 16 //
wire [ "WORD : 1] Bus;
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“undef WORD
/1 “undef , WORD

3.5.2 ‘ifdef ‘else ‘endif

“ifdef WINDOWS

parameter WORD_SIZE = 16
‘el se

paramet er WORD_SIZE = 32
“endif

WINDOWS
“else “ifdef

3.5.3 ‘default_nettype

“default_nettype wand

3.5.4 “include

‘include

“include " . . [/ . . [primtives.v

“

..Iprimitives.v”

3.5.5 ‘resetall

“resetal

3.5.6 ‘timescale

Verilog HDL “timescale
“timescale

“tinmescal e time_unit / time_precision

time_unit  time_precision 1 10 100 s ms us ns ps fs
“tinescal e 1ns/100ps

1ns, 100ps ‘“timescale
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“tinmescale 1ns/ 100ps
nmodul e AndFunc (Z, A, B);

out put Z;
i nput A, B;
and # (5.22, 6.17 )Al (Z,
11
endnodul e
ns
5.2 ns, 6.17 6.2 ns

“tinmescale 10ns/1ns
5.22 52ns, 6.17 62ns
“timescale

“timescale ‘resetall

“timescale 1ns/ 100ps
nmodul e AndFunc (Z, A, B);
out put Z;
i nput A, B;

and # (5.22, 6.17 )Al (Z,
endnodul e

“tinmescale 10ns/ 1ns

nodul e TB;
reg PutA, PutB
wire Geto;
initial
begin
PutA = 0;
PutB = 0;

#5.21 PutB = 1;
#10.4 PutA = 1;
#15 PutB = O;

end
AndFunc AF1(GetO, PutA, Putp;
endnodul e
“timescale
5.22 5.2ns, 6.17 6.2 ns;
52 ns, 10.4 104 ns, 15 150 ns B
100 ps B
520+100 ps 104 1040+100 ps 150 1500+ 100 ps
AndFunc B AddFunc

“timescale

A, B);

1/10 ns 100 ps
“timescale

A, B);

“timescale

5.22

“timescale

5.21

52 ns
100 ps
B
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3.5.7 ‘“unconnected_drive “nounconnected_drive

“unconnected_drive pulll

/*
“nounconnected_drive

“unconnected_drive pullO

/*
“nounconnect ed_drive

3.5.8 ‘celldefine “endcelldefine
“cel |l define
nodul e FD1S3AX (D, CK, 7 ;

endnodul e

“endcel | defi ne
PLI
3.6
Verilog HDL
no o«
2) 1 1 13 ”
3) x
4) z
0
13 ZH
Ox1z 0X1Z
Verilog HDL
1)
2)
3)

3.6.1

Verilog HDL

*/

*/
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2)
1.
13 +” 13 ”
32 32
15 15
32 5
10000 6 110001 15 5 10001 6

110001
2.
[size ] 'base value

size base o O b B d D
h H value base X z
a f
5' 037 5
4' D2 4
4' B1x_01 4
7' Hx 7 x( X), XXXXXXX
4' hz 4z( z) , zz727
4'd-4
8'h 2 A ,
3'b001 D b
(2+3)"' blo
X Z 4 X z 3 X z
1 x z
‘o721 9
' hAF 8
0
X Z X Z
10' b10 0 , 0000000010
10' bx0Ox1 X , XXXXXXX0x1
3'b1001_0011 3'b011
5 HOFFF  5' HLF
z Z 8

3.6.2
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1)

2.0

5.678

11572.12

0.1

2. Il 1

2)
23_5. 1e2 23510. 0;

3. 6E2 360.0¢ E )
5E 4 0. 0005

Verilog

42.446  42.45 42

92.5, 92.699 93
15. 62 16
26. 22 26

3.6.3

"1 NTERNAL ERROR"
"REACHED >HERE"

8 ASCII 8 ASCII

“ INTERNAL ERROR” 8*14
reg [1 : 8*14] Message;

Message = "I NTERNAL ERROR"

()
\'n
\t
\\ \
| "
\ 206 206
3.7
Verilog HDL
1) net type Verilog
z
2 register type aways initial

X

3.7.1
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3 Veilog

e wire

o tri

* Wor

e trior

» wand

e triand

* trireg

e tril
 tri0

* supplyO
* supplyl

net_kind [msb: Isb] netl, net2 . . . , netN;
net_kind msb Isb

wire Rdy, Start /112 1
wand [2:0] Addr; //Addr 3

wor Rde;

assign Rde = BIt & Wyl;

assi gn Rde Kbl | Kip;
Rde Rde
(wor)
1. wire tri

(tri)

Wi re Reset;
wire [3:2] Cla, Pla, Sla
tri [ MSB 1 : LSB +1] Art;

wire(  tri)

N X

o x x o]l o
X B X
X X X X
N X b O

assign Cla Pla & Sla;

assign Cla = Pla * Slg;
Cla
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Cla Cla
01x, 11z Cla x1x ( 01
X, 11 1 X)
2. wor trior
1 (trior)
wor [ MSB: LSB] Art;
trior [MAX 1: MIN 1] Rdx, Sdx, Bdx
wor ( trior) 0 1 X z
0 0 1 X 0
1 1 1 1 1
X X 1 X X
z 0 1 X z
3.wand triand
(wand) 0 0 (triand)
wand [-7 : 0] Dbus;
triand Reset, CIlk
wand ( triand) 0 1 X z
0 0 0 0 0
1 0 1 X 1
X 0 X X X
z 0 1 X z
4. trireg
(trireg)
V4
X
trireg [1:8] Dbus, Abus
5.tri0 tril
trio  tril
0 tril 1
trio [ 3:3] GndBus;
tril [0: 5] OtBus, ItBus
trio tril
trio (tril) 0 1 X z
0 0 X X 0
1 X 1 X 1
X X X X X
z 0 1 X 0(2)
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3  Veilog
6. supply0 supplyl
supplyO o 0 supplyl
suppl y0 Gnd, Cl kGnd;
supplyl [2: 0] Vcc;
3.7.2
Verilog HDL
“default_nettype
“default_nettype net_kind
“default_nettype wand
1
3.7.3
scalared vectored
vectored,
wire vectored[3:1] Grb;
/1 Grb[ 2] Grb [3:2]
wor scal ared[4:0] Best;
/'l wor [4:0] Best Best [ 2] Best [ 3:1]
3.74
5
° reg
e integer
o time
*red
* realtime
1. reg
reg reg reg
reg [ msb: Isb] regl, reg2 . . . regN;
msb Isb
1
reg [3:0] Sat; /$at 4
reg Cnt; /11

reg [1:32] Kisp, Pisp, Lisp

reg [1:4] Comb;
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Comb

= 2; |/ Comb 14 1110 1110 2
Comb = 5; | IComb 15 0101
2.

reg [ msb: 1sb] memoryl [ upperl: lowerl],
memory2 [upper2: lower2?], ... O

reg [0:3 ] MyMem [O0:63]
/I MyMem 64 4

reg Bog [1:5]
//Bog 5 1

MyMem Bog 2

parameter ADDR_SIZE = 16 , WORD_SIZE = 8;
reg [1: WORD_SIZE] RamPar [ ADDR_SIZE 1 : 0], DataReg;

RamPar 16 8 DataReg 8

reg [1:5] Dig; //Dig 5

Dig = 5'b11011;

reg BOg[1:5]; /MBog 5 1
Bog = 5'b11011;
reg [0:3] Xrom [1:4]

.X;om[ 1]

= 4' hA;
Xrom[ 2] = 4'h8;
Xrom[ 3] = 4' hF;
Xrom[ 4] = 4' h2;

1) $readmemb
2) $readmemb

reg [1:4] RomB [7:1] ;
$ readmenb (“ram patt", RomB);

Romb “ ram.patt”

1101
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3 Veilog

1110
1000
0111
0000
1001
0011

$readmemb 7 Romb

$readmemb
$readmenb ("ram patt", RomB, 5, 3);

Romb[5],Romb[4] Romb[3]
1101 1100 1000

@ex_address value

@ 11001
@ 11010

$readmenb ("rom patt", RomB, 6);
/1 6 1

$readnmenb ( "rom patt",RomB, 6, 4);
/1 6 4
3. Integer
integer integerl, integer2. intergerN[ msb: 1sb]
msb Isb
32

integer A, B, C; [/
integer Hist [3:6]; [/

reg

reg [31:0] Breg;
i nteger Bint;

//Bint[6] Bint[20: 10]

Breg = Bint;

/% Breg[ 6] Breg[ 20: 10] Bint

B[6] B[20:10]

*/
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integer J;
reg [3:0] Bcq;

J = 6; /13 32' b0000. .. 00110

Bcq = J; /1 Bcq 4' b0110

Bcq = 4'b0101.

J = Bcg; /0 32' b0000. .. 00101

J = 6; /0 32' b1111...11010

Bcq = J; / Bcq 4' b1010

2

4. time

time time

time time_idl, time_id2. . ., time_idN [ msb: 1sb];
msb Isb 64

time Events [0:31]; [/

time CurrTime; / ICurrTime

5.real realtime

I

real real_regl, real_reg2,.. ., real_regN;

I

realtime realtime_regl, realtime_reg2,..., realtime_regN;
realtime real

real Swing, Top
realtime CurrTime;

real 0 real

X z real 0
real RamCnt;

RamCnt = ' b01x1Z;
RamCnt 'b01010

3.8

paramet er paraml = const_exprl, param2 = const_expr2, ...,

paramN = const_exprN,;

paramet er LINELENGTH = 132, ALL_X_S = 16' bx;
paranmeter BIT = 1, BYTE = 8, Pl = 3.14,;
par amet er STROBE_DELAY = ( BYTE + BIT) / 2;
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paranmeter TQ_FILE = " / home/bhasker/ TEST/ add.tq";

COunT, 1_2 Many, \**1, Real?, \wait, Initial

Verilog HDL

a k0D

7' 044, 'Bx0, 5'bx110, 'hAO, 10'd2, 'hzF

6. Qpr
reg [1:8*2] Qpr;

Qpr = "ME' ;

7.
8. Verilog HDL
9.

integer [0:3] Ripple;
10. “ memA .data’ 32x 64
11.
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Verilog HDL

1)
2)
3
4)
5)
6)
7)
8)

41.1

12

256, 7 Il

4'b10_11, 8'hOA /1

"bl, 'hFBA /1

90. 00006 11l

" BOND" Il 8 ASCII

12 01100 5

-12 10100 5

5' b01100 12
5'b10100 20
4'd12 12

44 54

integer Cone

-44] 4
-6' 054/ 4;

44 6'054

Cone
Cone

-4

-6'054

6'054
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4
Cone 11 Cone 1073741813°

4.1.2

parameter LOAD = 4'd12, STORE = 4'd10;

LOAD STORE 12 10
4.1.3

1

wire [0:3] Prt; IlPrt 4

Wi re Bdq; / Bbg

assign Prt = -3;
Prt 1101 13

assign Prt = 4'HA
Prt 1010 10
4.1.4

integer TemA, TemB

reg [1:5] State;

time Que [1:5];

reg

TemA = -10; | TemA 10110 10

TemA = 'b1011; [TemA 11

State = -10; /$tate 10110 22

State = 'bl1011; | $tate 01011 11
4.1.5

net_or_reg_vector [bit_select_expr]

State [1] && State [ 4] I

Prt [0] | Bbg I

X z X Sate [x] X

4.1.6

S] Cone
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net_or_reg_vector [msb_const_expr: 1sb_const_expr]

State [ 1: 4] I
Prt [ 1: 3] /1l
X z X
4.1.7

memory [ word_address]

reg [1:8] Ack, Dram [0:63];

Ack = Dram [60]; // 60

Dram [ 60] [2]
Dram [ 60] [ 2:4]

Ack [2]  Ack [2:4]

4.1.8

$tinme + SumOfEvents (A, B)
[*$time SumOfEvents */

10
4.2

Verilog HDL

1)

2)

3)

4)

5)

6) ©
7)

8)

9




Wa-wb.cw

+
| =
& >=
~& ==
A 1=
A ~A ===
| ==
~| &
* A
/ A or A
% |
+ &&
_ I
<< ?
A+B-C
(A+B) -C 11

A?B: (C?D: F /1

(A?B: C ?D: F

421

o *

o/
* %

714 1

7%} 3

- 7% -3

'b10x1 + 'Db0O1111

X Z

" bxxxxx
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reg [0:3] Arc, Bar, Crt
reg [0:5] Frx;

Arc Bar + Crt;
Frx = Bar + Crt;

Bar Crt Arc 4

Frx Frx Bat Crt 6
Frx[1]
Verilog HDL
wire [4:1] Box, Drt
wire [1:5] Cfg;
wire [1:6] Peg;
wire [1:8] Adt;
assign Adt = (Box + Cfg) + (Drt + Peg);
6 8
8 Box Cfg 8
2.
reg [0:5] Bar;
i nteger Tab;
Bar = -4'd12; // Bar 52 110100
Tab = -4'd12; [/ Tab -12 110100
-4'd12 |/ 4 /1 1073741821
-12 /] 4 /1 -3
Bar 'b110100 12

Bar 52
'b110100 Tab 12
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Wa-pwmm

110100
Bar = - 4'd12/4;
Tab = - 4'dl12 /4;
Bar = - 12/4
Tab = - 12/4
Bar 61
1073741821 0011...11101
Bar
Bar = 4 - 6;
Tab = 4 - 6;
Bar 62 2

Bar = -2 + (-4);
Tab = -2 + (-4);

Bar 58 111010

422

o>
L
* >=

o <=

23 > 45

0
52< 8' hxFF

X

'b1000 > = 'b01110

*b01000 > = ' b01110
0

4.2.3

Bar

Tab

Tab

111101

Bar

Tab

111110

111010
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0 1 X z
X Z
X X Zz

X
Data = 'b11x0;
Addr = 'b1l1x0;
Data = = Addr

X
Data = = = Addr

1

0
2'b10 = = 4'b0010
4' b0010 = = 4'b0010
1
4.2.4
e && ( )
*II( )
« )
0 1 0 1 ,
Crd = "b0O; //0
Dgs = '"bl; //1
Crd && Dgs 0( )
Crd || Dgs 1( )
Dgs 0( )
, 0 1

A_Bus = 'b0110;
B_Bus = 'b0100;
A_Bus || B_Bus 1
A_Bus && B_Bus 1

I'A_Bus I B_Bus
0



I'x X
4.2.5

&

°|

PN

o ~N A

& 0
0 0
1 0
X 0
z 0
A 0

0 0
1 1
X X
z X

A = 'b0110

B = 'b0100

A| B 0110

A &B 0100

"b0110 ~ ' b10000

'b00110 ~ 'b10000
'v10110
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4.2.6
1
<& ( )
0, 0 X z X 1
*~&( )
&
*I( )
1 1 X z X 0
*~( )
|
N )
X z X 1, 0
1
- ( )
N
A = 'b0110;
B = 'b0100;
| B 1
& B
~ A 1
X ’
MyReg = 4' b01x0
"MyReg X
i f
if ("MyReg = = = 1' bx)
$ display ("There is an unknown in the vector MyReg !'")
(::) X
1
4.2.7
o << ( )
e>>( )
0
X Z, X

reg [0 7] Qreg

Qreg = 4'b0111;
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4
Qreg >> 2 8' b0000_0001
Verilog HDL
ZNumBils
32" bl << NumBits //NumBits 32
2-4
wire [0:3] DecodeOut = 4'bl <<Address [0:1];
Address[0:1] 012 3 DecodeOut 4'b0001 4'b0010 4'b0100
4'b1000
4.2.8
cond_expr ? exprl : expr2
cond_expr ( 1) exprl cond_expr ( 0) expr2
cond_expr X z exprl expr2 :0 001 11
X
wire [0:2] Student = Marks > 18 ? Grade_A : Grade_C;
Marks > 18; , Grade_A Student; Marks < =18, Grade C
Student
al ways
#5 Ctr = (Ctr ! = 25) ? Ctr + 1) : 5;
Ctr 25, 1 Ctr 25 , Ctr
5
4.2.9
{exprl, expr2, . . . exprN}

wire [7:0] Dbus;
wire [11: 0] Abus;

assign Dbus [7:4] = {bus [0], Dbus [1], Dbus[2], Dbus[3]};

/1 4 4
assign Dbus = {Dbus [3:0], Dbus [7:4]};
/Il 4 4

{Dbus, 5} 1
{repetition_number {exprl, expr2, ...,exp¥N

Abus = {3{4'bl011}}; // 12' b1011_1011_1011
Abus {{4{Dbus[7]}}, Dbus}; /= */
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Verilog HDL
{3{1' b1}} 111
{3{Ack}} {Ack, Ack, Ack}
4.3
1) , 'b10 326
2) RED :
paraneter RED = 4'b1110
1 ,
1 GATE_DELAY, 5
2. 64 , 8 Verilog
0 63 1 62
3. 32 Address Bus, 11 20
4. Control_Bus [15:0] Abus [0:9] Bbus
[6:1]
5. Qparity 8
6. , NextState CurrentState RESET,
NextState GO CurrentState GO NextState BUSY
CurrentState BUSY NextState RESET
7. 2-2 2-4 [
]
8. A B C D BusQ[0:3]? BusA [0:3] BusY

[20:15] BusR[10:1]?
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5.1

5.2

Verilog HDL
Verilog HDL
1)
and, nand,or, nor,xor ,xnor
2)
buf, not
3)
bufif0, bufif1, notifO,notifl
4)
pullup, pulldown
5) MOS
CMOS, NMOsS, pmos, cmos, r Nmos, r pmos
6)

tran,tranifQ, tranifl, rtran, rtranifo, rtranifl

gate_type[ instance_name] (terml, term2,

instance_name gate_type

gate_type
[ instance_namel] (termll, terml2,
[ instance_name2] (term2l, term22,

[ instance_nameM] (termM1l, termM2,

and nand nor or Xor Xxnor

1

multiple_input_gate_type

[ instance_name] (OutputA, Inputl, Input2,

5-1

,terhN

term

-, termlIN
. ,termPN

., termyN

Inputl

InputZ 3 Output A
: —>

InputN *

., InpYUEN
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5-2
and A1(Outl, Inl, In};

and RBX (Sty, Rib, Bro, Qit, Fix
xor (Bar, Bud[O],Bud[1], Bud[2]),

(Car, Cut[O0], Cut[1]),
(Sar, Sut[2], Sut[1l], Sut[0], Sut[3]);

Ind Rib __ s
nl__| Outl Bro | ty
SIS EI

Fix —

Bud[0]

Bud(1) SD_B‘" cut[o] car
st a5 =
Sut[2]

Sut[1] Sar

Sut[O] gD

Sut[3]

5-2
Al Outl In1 In2
RBX Sy 4 Rib Bro Qit Fix
Bar
Bud[0] Bud[1] Bud[2]
z X
z

nand 0 1 X z and 0 1 X z
0 1 1 1 1 0 0 0 0 0
1 1 0 X b3 1 0 1 b3 I3
b3 1 b3 X x X 0 X X X
z 1 b3 X X z 0 X b3 b3
or 0 1 X z nor 0 1 X z
0 0 1 b3 X 0 1 0 x X
1 1 1 1 1 1 0 0 0 0
X X 1 X X x x 0 X X
z X 1 X X z X 0 b3 X
xor 0 1 b3 z xnor 0 1 X z
0 0 1 X X 0 1 0 b3 b3
1 1 0 X X 1 0 1 x X
X b3 X X x x X X x x
z X b3 X X z X X X X
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5.3

buf not

multiple_output_gate_type

[ instance_name] (Outl, Out2,

. OutN , InputA

Outl Outl
InputA O.uiZ InputA O'u &
not OutN buf OutN
5-3
buf Bl Fan [0] Fan [1] Fan [2] Fan [3] CIlk
not N1 PhA PhB Ready
Clk Bl 4 Fan[0] Fan[3]
Ready N1 PhA PhB
buf | 0 1 X z not | 0 1 X z
() | 0o 1 x x () | 1 0 x 9x
54
bufifO bufifl notifO notifl
tristate_gate[ instance_name] (OutputA, InputB,Contro]¢C
OutputA InputB ControlC
5-4 z bufifO
1 z bufifl 0
notif0 1 z
0 z
bufifl BF1 Dbus MemData Strobe
noti fO NT2 (Addr, Abus, Probk;
Strobe 0 bufifl BF1 Dbus MemData Dbus
Probe 1 Addr Abus Addr

z

2
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notifl bufifl
InputB OutputA InputB OutputA
ControlC [_: I ControlC I_: I
notif0

InputB OutputA
ControlC

bufif0

1 1 z iz 1z

notif0

0 1 z 1/z 1z

X X z X X
z X z X X
5.5
pul I up pul | down

pull_gate[ instance_name] (OutputA);

1
pul l up PUP (Pwr);
PUP Pwr
5.6 MOS
MOS

CmMpS pmMOS NMOS rcnNos rpnmos rnnos

bufif0
InputB QutputA
ControlC i

0/z
10

bufifl

0 z 0 0z 0/z

notifl

1 z 0 0z Oz
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5
pmos(p MOS ) nmos(n MOS ) rnmos(r ) rpmos
gate_type[ instance_name] (OutputA, InputB, Control¢
nmos rnmos
0 pmos rpmos 1 z 1
5-5 nmos pmos rnmos rpmos
( ) rpmos rmos
10
InputB OutputA InputB OutputA
ControlC ControlC
nmos pmos
5-5 nmos pmos
pros P1 (BigBus, SmallBus, GateContrpil
rnmos RN1 (ControlBit, ReadyBit, Hold
P1 pmos SmallBus BigBus
GateControl
1/z
1 z
pmos nmos
mmos
rpmos 0 1 X z 0 1 X z
0 0 z 0z 0Oz 0 z 0 0z 0/z
1 1 z 1z 1z 1 z 1 Vz 1z
X X z X X X z X X X
z z z z z z z z z z
cmos(mos ) rcmos(cmos )
PControl
(r)cmos [ instance_name]
(OutputA, InputB, NControl, PControl);
InputB OutputA
n P —l_
cmos(rcmos) pmos NControl

rpmos NMos(rnmos)

5-6 5-6 (r)cmos
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57
tran rtran tranifO rtranif0O tranifl rtranifl
4
tran rtran
tran rtran(tran )
(r)tran [ instance_name] (SignalA, SignalB);
SgnalA SignalB
gate_type[ instance_name] (SignalA, SignalB, ContrplC
Signal A SignalB
tranifO tranifO ControlC 1 tranifl rtranifl ControlC 0
rtran rtranifO rtranifl
5.8

gate_type[delay] [ instance_name] (terminal_list);

0
1)
2)
3)
0 1 2 3
1 (d) 2 (d1, d2) 3 (dA, dB, dC)
0 d dl dA
0 d d2 dB
to_x 0 d min  (d1, d2) min (dA, dB, dC)
0 d min (d1, d2) dc
min  minimum
X (to_x)
Verilog HDL
“timescale

not N1 (Qbar, Q);

0
nand #6 (Out, Inl, In2;
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X 6
and #(3,5) (Out, Inl, In2, InN3

3 5 X

notifl #(2,8,6) (Dout, Dinl, Dinp
2 8 6 X

min:typ:max

min: typ: max
minimum: typical: maximum

nand #(2:3:4, 5:6:7) Rout, Pinl, Pinp

10

5.9

)

gate_type [delay] instance_name[ leftbound: rightbound]
(list_of_terminal_names);

leftbound rightbound

0
wire [3:0] Out, InA, InB

nand Gang [3:0] (Out, InA, InB

nand
Gang3 (Out[3], InA[3], InB[3])
Gang2 (Out[2], InA[2], InB[2])
Gangl (Out[1], InA[1], InB[1])
GangO0 (Out[0], InA[O], InB[O0])

5.10

Verilog HDL
“default_nettype
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“defaul t _nettype net_type

“default_nettype wand

wand
“default_nettype “resetall
511
5-7 4-1 (
) T3
nmodul e MUX4x1 (Z,D0,D1,D2,D3,S0,S1); bs ) A
out put Z;
i . D1 T1
i nput DO,D1,D2,D3,S0,51; — 2
and (TO,DO,SObar,Slbar), b2 — 12
(T1,D1,S0bar,S1),
Do T0
(T2,D2,50,S1bar), D——
(T3,D3,50,51), m
Ll>“ S0bar
not (SObar,SO0),
(Slbar,S1); s1 |
Slbar
or (Z2,7T0,T1,7T2,73,); 5-7 4-1
endnodul e
?
or Z (2,70,T1,T2,T3); I/ Verilog HDL
Z 4 Verilog HDL
512 2-4
5-8 2-4
nmodul e DEC2x 4 (A,B,Enable,Z);
i nput A,B,Enable;

output [0:3] Z;
wi re Abar, Bbar;

not # (1,2)
VO (Abar,A),
V1(Bbar, B);

nand # (4, 3)
NO (Z[3], Enable, A,B,
N1 (Z[0], Enable, Abar,Bbay,
N2 (Z[1], Enable, Abar,B,
N3 (Z[2], Enable, A,Bbay,

endnodul e
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0 z[o]

Abar

T

Vi —
B >;bar

Enable

N1 ZM]

N2

Z[2]

N3

tHc

Z[3]

5-8 2-4

5.13

5-9 D

nmodul e MSDFF (D,C,Q,Qbar);
input D,C;
out put Q,Qbar;

not

NT1
NT2
NT3

(NotD,D),
(NotC,0Q),
(NotY,Y)

nand
ND1
ND2
ND3
ND4
ND5S
ND6

(Db1,D,0),
(D2,C,NotD),
(Y,D1,Ybar)
(Ybar,Y,D2)
(Y1,Y,NotC),
(Y2,NotY,NotC),

ND7 (Q,Qbar,Y1)

ND8 (Qbar,Y2,Q)
endnodul e

D
—

C

5.14

5-10 9

nodul e Parity_9 Bit(D,
input [0:8] D;
out put 0dd;

Even,0dd;

Even,
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xor #
XEO
XE1
XE2
XE3
XFO
XF1
XHO

(5, 4)

(EO,

(E1

DLol, DLy,

.D[2],D[3]),
(E2,
(E3,
(FO,
(F1,
(HO,

D[4].D[5]).
D[6].D07]),
EO,E1),
E2,E3),
FO,F1),

XEVEN (Even, D[8], HO);

not #

2

XODD (0dd, Even);

endmodu

A[O]jD_ Dataf3] _AZ:>
B[0]

All]
B[]

A2}
B[2]

le

Even
D6j
D.

D8

Do, E0
D1
= D
D3 E Ho XODD
Odd
D5
g

5-10

5-11

5-12 0 Valid

Encode[0]
Data[2]

Dataf1]

Encode[1]

Valid

B[3]

511 A

B 5-12
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UDP

UbDP

6.1 UDP

6.2

primtive UDP_name (OutputName,

6

Verilog HDL

UDP

Output_declaration
List_of_input_declarations
[ Reg_declaration]

[ Initial_statement]
tabl e
List_of_tabel_entries
endt abl e
endprimtive

UbP
UbDP
UDP

0 1 x(
UDP

1)
2)

X

(

UDP

UDP

2-1

primtive MUX2x1 (Z,

out put Z;

Hab,

i nput Hab,Bay, Sel

tabl e
// Hab Bay S

0

(= N

O O NV W

X O O

el

O O Bk, O

: Z

UDP

Bay, Sel;

UbDP

List_of_inpukxs

UbDP

Verilog HDL
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1 1 x 1
endt abl e
endprimtive
? A B C
| | [
0 1 x Sel[1] Sell1]
( Hab) Bay Sel
Sel[2]
01x (
) x( z
) 6-1 UDP 4-1
6-1 2-1 4-1
nodul e MUX4x1(Z, A, B, C, D, Sek
input A, B, C, D;
input [2:1] Sel;
out put Z,
paranmeter tRISE = 2, tFALL = 3;
MUX2x1 # tRISE, tFALL
(TL, A, B, Sell]),
(TP, C, D, sell]),
(z, TL, TP, Se€[I2]);
endnodul e
UDP 2 UDP 0
X ( )
6.3 UDP
UbDP 1 UDP
UDP
UbP ( )
6.3.1
UDP
initial reg_name = 0,1, or Xx;
UbP
6.3.2 UDP
D UDP 0
primtive Latch (Q, Clk, D;
out put Q;
reg Q
i nput Clk, D;

tabl e
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// Clk D Q(State) Q(next)
0 1 1 ? : 1;
0 0 1 ? : 0 ;
1 ? 1 ?
endt abl e

endprimtive

=" : " UDP D
6.3.3 UbP

UbDP D

primtive D_Edge_FF (Q, Clk, Datp;
out put Q;
reg Q;
input Data, Clk

initial Q = 0;

tabl e

// CIlk Data (GBtate) Q(next)
(01) : 0
(01)
(0x)
(0x)
/1
(?0) ? = 2
/1
? (??): ?2 : -

O+ O
O P NN

1
1
0

endt abl e
endprimtive

(01) 0 1 (0x) 0 X (?0) (0,1 x)
0 (?7?) X
D_Edge FF UDP 4

nodul e Reg4 (Clk, Din, Dou¥;
input CIk;
input [0:3] Din;
out put [0:3] Dout;

D_Edge_FF
DLABO (Dout[O0],Clk, Din[0]),
DLAB1 (Dout[1],Clk, Din[1]),
DLAB2 (Dout[2],Clk, Din[2]),
DLAB3 (Dout[3],Clk, Din[3]),
endnodul e

6.3.4
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D UbDP
primtive D_Async_FF(Q, Clk, Clr, Datg
out put Q;
reg Q

input Clr, Data, Clk

tabl e
// Clk Clr Data (Btate) Q(next)
(01) 0 0 : ? : 0 ;
(01) 0 1 ? 1
(0x) 0 1 1 1
(0x) 0 0 0 0
/1
(?0) ? : ? : -
(?7?) 1 ? : ? : 0 ;
1 ? ? 0
endt abl e
endprimtive
6.4

3 UDP 2 1 1

primtive Majority3(Z, A, B, §;
input A, B, C;

output Z
tabl e
//7A B C z
0 0 ? 0 ;
0 ? 0 0 ;
? 0 0 0 ;
1 1 ? 1 ;
1 ? 1 1 ;
? 1 1 1 ;
endt abl e
endprimtive
6.5
UDP
0 (AB) A B
1 * (79
X r (01)
? 0 1 x f (10)
b 1 p (01) (Ox) (x1)
n (10) (1x) (x0)
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WQ'W‘QN”

1 UDP

2. UDP

3.

4 5-12

5 T UbDP
1

6. UDP

UDP

UDP ?

JK

UbP

J 1 K O
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( )

7.1
( ) ( )

assign LHS_target = RHS_expressipn

wire [3:0] Z, Preset, Clear; //
assign Z = Preset & Clear; //

Z “ Preset & Clear”
assign

Preset Clear

1)
2).
3
4)
5)

assign BusErr = Parity] (One & OP);
assign Z =~ (A]| B) &(C | D) & (E| F);
A B C D E F

wire Cout, Cin;
wire [3:0] Sum, A, B

assign {Cout, Sum} = A + B + Cin
A B 4 5 5
(Cout 1 am4 ) 4 Sum 5 (
) Cout
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Wa-wb.cm

assign Mux = (S = = 0)?A : 'bgz,
Mux = (S = = 1)?B : 'bgz,
Mux = (S = = 2)?C : 'bgz,
Mux = (S = = 3)?D : 'bgz;
4
assign Mux = (S = = 0)?A : 'bz;
assign Mux = (S = = 1)?B : 'bz;
assign Mux = (S = = 2)?C : 'bz;
assign Mux = (S = = 3)?D : 'bz;
7.2
1

modul e FA_DF (A, B, Cin, Sum, Coug
input A, B, Cin
out put Sum, Cout;

assign Sum = A ~B ~Cin
i

assign Cout = (A & Cin | (B & Cin) | (A & B);
endnodul e

7.3

wire [3:0] Sum = 4'Db0;
wire Clear = 'bl;
wire AGT.B=A>B, B_GT_A= B > A;

wire Clear;

assign Clear = 'bl;
wire Clear = 'bl;
7.4
, 0
assign #6 Ask = Quiet | | Late;
6
5 Late Ask

11( = 5 +6)
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7-1
Quiet
10 20
Late
5 15
Ask 6 6
11 26
7-1
assign #4 Cab = Drm
7-2 5
Drm 9 Cab Drm 8 0 Cab
Drm 18 20
Drm |—|
5 8 13 18 20 26
Cab 4 4
17 30
7-2
1
2)
3
assign # (rise, Tall, turn-ofif LHS target = RHS_expression;
0
assign #4 Ask = Quiet || Late; // One del ay val ue.
assign # (4,8) Ask = Quick; /'l Two del ay val ues.
assign # (4,8,6) Arb = & DataBus; // Three del ay val ues.
assign Bus = MemAddr [7:4]; /'l No del ay val ue.
X 4
4 8 X z 4 8
4 3 4 8 6 44 8
6 ) 0
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7
z
7.5
wire #5 Arb;
Arb Arb Arb
assign #2 Arb = Bod & Cap
10 Bod —
Cap
2 Arb
20 40
12 Arb o
17(=10+ 2+ 5) 7-3 15
Arb ‘ 7 EI
7-4 17 47
7-3
A 2
wire #2 A = B - C; /1
1
assign RHS
s
2
7-4
7.6
7.6.1
5-9 Verilog HDL
modul e MSDFF_DF (D, C, Q, Qbal;
i nput D, C;

out put Q, Qbar;

wire NotC, NotD, NotY, Y, D1, D2, Ybar, Y1,

assign NotDh = ~ D;
assign NotC = ~ C;
assign NotY = ~Y;
assign D1 = ~ (D & C);

1
]

assign D2 (C & NotD;

;Y2
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assign Y = ~ (D1 & Ybar);
assign Ybar = ~ (Y & D2);
assign Y1 = ~ (Y & NotC);
assign Y2 = ~ (NotY & Not(;
assign Q = ~ (Qbar & Y3;
assign Qbar = ~ (Y2 & Q);
endnodul e
7.6.2
8 ( )

nmodul e MagnitudeComparator(A, B, AgtB, AeqB, Alt{B
parameter BUS = 8;

paraneter EQ_DELAY= 5, LT_DELAY= 8, GT_DELAY= 8§;
input [1 - BUS]A, B;

out put AgtB, AeqB, AltB

assign #EQ_DELAY AegB= A = = B;
assi gn #GT_DELAY AgtB= A > B;
assign #LT_DELAY AltB= A < B;
endnodul e
1 ?
2 2 ?
3. 5-10 2
4, 5-12

tri0 [4:0] Qbus;
assi gn Qbus = Sbus;
assi gn Qbus = Pbus;

Pbus Sbus z Qbus ?
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8

UDP
Verilog HDL
Verilog HDL

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
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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8
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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8

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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8
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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* Gate
« UDP
* Module
5 6
9.1
Verilog HDL
nodul e module_name(port_list);
Declarations_and_Statements
endnmodul e
port_list
9.2
wire
nmodul e Micro (PC, Instr,
/1
input [3:1] PC;
out put [1:8] Instr;
inout [16:1] NextAddr;
I
wire [16: 1] NextAddr;
reg [1:8] Instr;
/'l Instr
endnodul e
9.3

module_name instance_naméport_associations);

UDP

al ways

initial
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port_expr Il
. PortName (port_expr) 11
port_expr
1 reg net
2)
3)
4)
5)

nodul e HA(A,B,S,C)
input A,B;
output S, C;

9-1

paramet er AND_DELAY = 1, XOR_DELAY = 2;

assi gn #XOR_DELAY S = A~ B

assign #AND_DELAY C = A& B
endnodul e
modul e FA(P, Q, Cin, Sum, Cout

input P, Q, Cin

out put Sum, Cout;

paramet er OR_DELAY = 1;

wire S1, Cl1, C2

/1

HA h1 (P, Q, S1, C}; [/

HA h2 (.A(Cin), .S(Sum), .B(S1l), .C(C2)); //

/1

or #OR_DELAY Ol (Cout, C1, C2;
endnodul e

HA ,h1
P HA A Q B S1 S C1 C
HA
Micro M1 (UdIn[ 3: 0], {WrN, RdN}, Status[O0], Status[1],
& UdOut [0:7], TxData)
TxData Status[0]

udin[3:0] {WrN,RdN} & udOut[0:7]

9.3.1
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Pba[5]

DFF d1 (.Q(QS), .Qbar(), .Data(D),
. Preset(), .Clock(CK)); [/

DFF d2 (QS, , D,
11l Qbar
/1 Preset z

Qbar
z

. CKi 1/

9.3.2

modul e Child(Pba, Ppy);
i nput [5:0] Pba
out put [2:0] Ppy;

endnodul e
nmodul e Top

wire [1:2]
wire [2:6]

Bdl;
Mpr;

Child C1 (Bdl, Mpr)
endnodul e

Child
Pbal4] Pba[3]
Mpr[4]

Bdl[2]

Ppy[1] Ppy[2] 9

Poo [5]afs]2]1]0]

Bal [1] 2]

9-2

9.3.3

1) defparam
2)

def param hier_path_namel= valuel
hier_path_name2= value2,

Preset

Pba[0]

z

-2

BdI[1] Pba[1]

Mpr[6]

Ppy [2[1]0]
Mpr [2[3]4]5]6]

Ppy[0]

Mpr[5]
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FA HA
nmodul e TOP ( NewA,NewB,NewS,NewC) ;
i nput NewA,NewB;
out put NewS,NewC;

def param Hal.XOR_DELAY = 5,
/1 Hal XOR_DELAY
Hal.AND_DELAY = 2;
I Hal AND_DELAY

HA Hal (NewA, NewB, NewS,NeyC
endnmodul e

nodul e TOP2 (NewP, NewQ, NewCin,NewSum,NewCqut
input NewP, NewQ, NewCin
out put NewSum,NewCout;
def param Fal.hl1.XOR_DELAY = 2,

I Fal h1l XOR_DELAY
Fal.hl1_.AND_DELAY = 3,
/1 Fal h1 AND_DELAY
Fal.OR_DELAY = 3;
/1 Fal OR_DELAY
FA Fal (NewP, NewQ, NewCin,NewSum,NewCout
endnodul e
2.

nodul e TOP3 ( NewA,NewB,NewS,NewC) ;
i nput NewA,NewB;
out put NewS,NewC;

HA #(5,2) Hal(NewA,NewB,NewS,NewC);

/11 5 AND_DELAY HA
/1 2 2 XOR_DELAY HA
endnodul e

modul e TOP4( NewP,NewQ,NewCin,NewCout) ;
i nput NewP,NewQ,NewCin;
out put NewSum,NewCount;

def param Fal.h1l.XOR_DELAY

Fal.h1l_.AND_DELAY

2, /1 Fal hl
3; /1 Fal hi

FA #(3) Fal(NewP,NewQ,NewCin,NewCout);
] OR_DELAY
endnodul e

TOP3 AND_DELAY 5 XOR_DELAY
TOP3 TOP4
OR_DELAY

XOR_DELAY
AND_DELAY
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9.4

Mx N
nodul e Multiplier(Opd_1,0pd_2,Result);
paraneter EM = 4, EN = 2; [/
i nput [EM:1] Opd_1;
i nput [EN:1] Opd_2;
out put [ EM+EN: 1] Result;

assign Result = Opd_1 * Opd_2;
endnodul e
8x 6
wire [1:8] Pipe_Reg;
wire [1:6] Dbus;
wire [1:14] Addr_Counter;

Multiplier #(8, 6) M1(Pipe_Reg, Dbus, Addr_Counter) ;

1 8 EM 2 6 EN

modul e Scram_A(Arb,Ctrl,Mem_BIlk,Byte);
input[0: 3] Arb;
i nput Ctrl;
i nput [8:0] Mem_BIK;
out put [0:3] Byte;

endnodul e

Arb Ctrl Mem_Blk Byte

Scram_A SX.Byte(B1l),.Mem_BIk(M1),.Ctrl(Cl),.Arb(Al));

Scram_ A

Scram A Verilog HDL

.external_port_name( internal_port_name)

nodul e Scram_B (. Data(Arb), . Control(Ctrl),
. Mem_Word(Mem_BIKk), . Addr(Byte));
input [0:3] Arb;
i nput ctrl;
i nput [ 8:0]Mem_BIk;
out put [0:3] Byte;

endnodul e

Scram B Data Control

Mem_ Word

Addr
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Scram_B S1(.Addr(Al),.Data(D1l),.Control(Cl),
. Mem_Word(M1));

modul e Scram_C (Arb[0: 2], Ctrl,
{ Mem_BIKk[ 0], Mem_BIK[ 1] }, Byte[ 3] );
i nput [0:3] Arb;
i nput Ctrl;
input [8:0] Mem_BIk;
out put [0:3] Byte;

en.d.n;)dul e
Scram_C Arb[0:2] Ctrl
{Mem BIKk[O] Mem BIK[1]}) Byte[ 3]

Scram_C SYA (L1[ 4:6],CL,MMY[1:0],BT);
L1[4 6] Arb[0 2] CL
Ctrl MMY[1] Mem_BIK[0],MMY[O] Mem BIk[1] BT Byte[3]

Scram D
modul e Scram_D (. Data(Arb[O0:2]),.Control(Ctrl),

. Mem_Word({Mem_BIk[ 0] , Mem_BIK[ 1] }),
. Addr(Byte[3]));

i nput [0:3] Arb;

i nput Ctrl,;

i nput [8:0] Mem_BIK;

out put [0:3] Byte;

endnodul e

Scram_D

Scram_D SZ(.Data(L1[4:6],.Control(CL),
. Mem_Word(MMY[ 1: 0] .Addr(BT));
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9
nodul e Scram_E (. Data(), . Control (Ctrl),
. Mem_Word ({ Mem_BIk[O], Mem_Blk [1]}),
.Addr());
i nput Ctrl;
i nput [8:0] Mem_BIk;
endnmodul e
Scram_E Data Addr
Verilog HDL
nmodul e FanOut (.A(CtrliIn),.B(CondOut), . C(CondOut));
input Ctrllin;
out put CondOut;
assi gn CondOut = Ctrllin;
endnodul e
CondOut B C CondOut B C
9.5
9-3
Clock
L \si s2
JK1 JK2 JK3 o JK4
I QM I o/ J Q
CK b— o CK CK —dCK
x NQ 1__ Kk NQ K N Kk N
[ b ‘
1 Z[o} Z[] Z[2] Z[3]
9-3
nodul e Decade_Ctr (Clock,Z2);
i nput Clock;
output [0:3] Z
wire S1,S2;

and Al (S1,2[2],2z[1]); I/

/Il 4
JK_FF JK1(.J(1'bl),.K(1' bl),.CK(Clock),.Q(Z[0]),.NQ()),
JK2(. J(S2), . K(1'bl),.CK(Z[0]),.Q(Z[1])..NQ()),
JK3(. J(1'bl), . K(1' bl),.CK(Z[1]),.QZ[2]),.NQ()),
JK4(.J(S1),.K(1"bl),.CK(Z[0]),.Q(Z[3]),.NQ(S2));
endnodul e

3 9-4
nmodul e Up_Down(CIk,Cnt_Up,Cnt_Down,Q);
i nput Clk,Cnt_Up,Cnt_Down;
output [0:2] Q
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wre S1,S2,S3,54,

JK_FF JK{1' b1, 1’
JK2(1' b1, 1
JK3(1' b1, 1

and A1(S2, Cnt_Up,
A2(S3, S1,Cnt_
A3(S7,Q[1],Cn
A4( S6, S5, Cnt_|

or 01(S4,S2,S3)
02(S8,S7,S6) ;
endnodul e

S§5,56,S7,S8

b1, Clk, Q[ 0], S1),
b1, S4,Q[ 1], S5),
b1, S8, Q[2],);

Qroj),
Down)
t_Up),
Down) ;

QN QI2]
Cnt_Up
JK1 JK2 JK3
] ] R ] Q
Clk 57 S8
—1 cK cK p CK
S6
K QN K QN K QN
L “
S5
Cnt_Down
J K
9-4
9.3 FA OR _DELAY 4 XOR_DELAY 7 AND_DELAY 5
FA 4 ALU
5.11 MUX4x1 16-1
N 5
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10.1

10.1.1

task task_id;
[ declarations]
procedural_statement
endt ask

nmodul e Has_Task;
parameter MAXBITS = 8;

task Reverse_Bits;
i nput [MAXBITS 1:0] Din;
out put [ MAXBITS 1:0] Dout;
i nteger K;

begi n
for (K = 0; K < MAXBITS; K = K+1)
Dout [MAXBITS-K] = Din[K];
end
endt ask

endnodul e

task Rotate_Left;
inout [1:16] In_Arr;
input [0:3] Start_Bit, Stop_Bit, Rotate_By;
reg Fill_Value;
i nteger Macl, Mac3;

begin
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for (Mac3 = 1; Mac3 <= Rotate_By; Mac3 = Mac3 + 1)
begin
Fill_Value = In_Arr[ Stop_Bit];
for (Macl = Stop_Bit; Macl >= Start_Bit + 1;
Macl = Macl - 1)
In_Arr[Macl] = In_Arr [Macl - 1];

In_Arr[ Start_Bit] = Fill_Value;
end
end
endt ask

Fill_Value 1
In_Arr 3 Start_Bit Stop_Bit Rotate By

10.1.2

always initial
task_id [ (exprl,expr2,...,exprN)];
Pascal
Reverse Bits
I
reg [ MAXBITS-1:0] Reg_X,New_Reg;
Reverse_Bits(Reg_X,New_Reg) ; 11
Reg_X Din Dout New_Reg

New_Reg

nmodul e Global_Var;
reg [0:7] RamQ [0:63];
i nteger Index;
reg CheckBit;

task GetParity;
i nput Address;
out put ParityBift;
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ParityBit = “RamQ[ Address];
endt ask

initial

for (Index = 0; Index <= 63
GetParity( Index,CheckBit);

$display("Parity bit of

end
endnodul e

RamQ

nodul e TaskWait
reg NoClock

task GenerateWaveform
out put ClockQ;

begi n
ClockQ = 1;
#2 ClockQ = 0
#2 ClockQ = 1
#2 ClockQ = 0
end
endt ask
initial
GenarateWaveform (NoClock);
endnodul e
GenerateWaveform ClockQ
ClockQ 0
ClockQ
10.2
10.2.1

function [range] function_id;
input_declaration
other_declarations
procedural_statement
endfuncti on

Index = Index+1)begin

NoClock
NoClock

menmory word %d is %b."
Index, CheckBi)

NoClock
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modul e Function_Example
parameter MAXBITS = 8§;

function [ MAXBITS-1:0] Reverse_Bits;
i nput [MAXBITS-1:0] Din;
integer K;
begi n
for (K=0; K < MAXBITS; K = K + 1)
Reverse_Bits [ MAXBITS-K] = Din [K];
end
endfunction

endnodul e

Reverse Bits MAXBITS

function Parity;
i nput [0:31] Set;
reg [0:3] Ret;

i nteger J;
begi n
Ret = 0;

for (J =0;3<=31;, J=J+1)
if (Set[J]==1)

Ret = Ret + 1,
Parity = Ret % 2;

end
endf uncti on

Parity

10.2.2

func_id(exprl,expr2,..., exprN)

reg [ MAXBITS-1:0] New_Reg,Reg_X; [/

New_Reg = Reverse_Bits(Reg_X); //

Din.K

Ret
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10.3
Verilog HDL
1) display task
2) / File 1/O task
3) (timescal e task)
4) (simulation control task)
5) (timing check task)
6) PLA PLA modeling task
7) stochastic modeling task
8) (conversion functions for real)
9) (probabilistic distribution function)
PLA
10.3.1
1

task_name (format_specificationl,argument_listl,

task_name

format_specification2,argument_list2,

format_specificationN,argument_listN);

$di spl ay $di splayb $displayh $displayo

$write

%h
%
%0
%
%
N
%m
Y%s
%

%
%D
%0
8
uC
w/
%V
)
o

$writeb $writeh $writeo

ASCI |
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$display $wite

$di spl ayb $writeb
$di spl ayo $witeo
$di spl ayh $writeh

\n

\ t

\\ \

\n

\ 000 000
%% %

$di splay("Simul ation time is %"tHnme);

$di spl ay($tine, ": R=%, =%, QB=%", R, S, Q QB);
11

$write("Sinmulation time is:);

$wite("%\n", $tinme);

$time R S Q OB

Simulation time is 10

10: R=1, S=0, Q=0, 0OB=1
Simulation time is 10
2.

$strobe $strobeb $strobeh $strobeo

al ways
@ posedge Rst)
$strobe("the flip-flop value is % at time %

Rst $strobe Q
Rst
The flip-flop value is 1 at time 17
The flip-flop value is 0 at tinme 24
The flip-flop value is 1 at tinme 26

integer Cool;

initial
begin
Cool = 1;
$di splay("After first assignment, Cool has val
$strobe("When strobe is executed, Cool has val
Cool = 2;

" |tQ!r&) ;
Q $time

ue oabbl);
ue bol);

$di splay("After second assi gnment, Cool has val ue %iiql);

end
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After first assignment, Cool has val ue 1
When strobe is executed, Cool has val ue 2
After second assignment, Cool has val ue
$display Cool 1 Cool $display
Cool 2 Cool $strobe Cool 2
3.

$rmonitor $rmonitorb $nonitorh $nonitoro

initial
$rmonitor ("At % ,D = %d, Clk = %d"),
$time,D,Ck "and Qis %", Q;

D Clk Q

D Clk Q
At 24,D=x,Ck=xand Qis0
At 25,D=x,Clk=xand Qis 1
At 30,D=0,Ck=xandQis 1
At 35, D=0Ck=1andQis 1
At 37.D=0Clk=0and Qis 1
At 43,D=1,Ck=0andQis 1

$monitoroff; //

$moni toron; //

$monitoroff

$monitoron
10.3.2 /
1
$fopen
i nteger file_pointer = $fopen(file_name)
/1 $f open

$f cl ose( File_pointer)

integer Tq_File

initial
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begin
Tg_File = $fopen(™ /jb/div.tq");

$f cl ose(Tq_File);
end

2.

$fdisplay $fdisplayb $fdisplayh $fdisplayo
$fwite $fwriteb $fwriteh $fwiteo

$fstrobe  $fstrobeb $f st robeh $f strobeo
$fnonitor $fronitorb S$fnonitorh $frnonitoro

integer Vec_File
initial
begi n

Vec_File = $fopef"div.vec")

$f di spl ay(Vec_File, "The simulation time %", $ti me);

11 Vec_File
$f cl ose(Vec_File);
end
$fdisplay “ div.vec’
The sinmulation time is 0
3.
$readmenb $readmenmh
$readmemb
$readmemh

reg [0:3] Mem A [0:63];

initial
$readnmenb( " ones_and_zero. vec", Mem A);
/1 0 63

$readnmenb("rx. vex", Mem A, 15, 30) ;
/1 “ rx.vec” 15
/116 30

@address_in_hexadecimal
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10.3.3

$printtinmescal e

$printtimescal e;

$printtinescal e(hier_path_to_module);

Time scale of (C10) is 100ps/100ps
Time scale of (C10.1NST)

$t i mef or mat
0ot

$t i mef or mat (units_number,precision,

$printtimescale

is lus/100ps

suffix,numeric_Ffield_width);

units_number

0 1ls

-1 100 ns
-2 10 s
-3 1 s
-4 100 us
-5 10 us
-6 1 us
-7 100 ns
-8 10 ns
-9 1 ns
-10 100 ps
-11 10 ps
-12 1 ps
-13 100 fs
-14 10 fs
-15 1fs

$tinmeformat (-4, 3, "ps",

$di splay("Current simulation time is %", $time);

$display %t

Current simulation time is 0.051 ps

$timefor mat

10.3.4

$finish
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$stop

initial #500 $stop;
500

10.3.5

$set up(data_event,reference_event, limit);

(time_of_reference_event - time_of_data_evert limit

timing violation
$setup(D, posedge Ck, 1, 0);
$hol d( reference_event,data_event, limit)
(time_of_data_event - time_of_reference_evertlinit
$hol d( posedge Ck,D,0.1)
$setuphold  $setup $hold
$set uphol d( reference_event,data_event,setup_limit,hold_limit)

$wi dt h( reference_event, limit,threshold);

threshold <(time_of_data_event-time_of_reference_event) < limit

$wi dt h( negedge Ck,0.0, 0);
$peri od( reference_event, limit)

( time_of_data_event - time_of_reference_evertlinit

$skew( reference_event,data_event,limit)
skew
time_of_data_event - time_of_reference_event > limit
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data _event

$recovery(reference_event,data_event,limit);

RAM ROM

( time_of_data_event - time_of_reference_evertlimit

$nochange( reference_event,data_event,start_edge_offset,

end_edge_offset);

$nochange(negedge Clear,Perset, 0, 0);

Clear Preset
notifier

case notifier
case (notifier)

"bx : notifier= "'Db0

"b0 notifier= 'bl;

"bl notifier= 'b0

"bz notifier= 'bz;
end
notifier X

reg NotifyDin;

$set uphol d (negedge Clock,Din,tSETUP,tHOLD,NotifyDin)

NotifyDin notifier
notifier case
10.3.6
* $time 64
* $stime 32
* $realtime

“tinmescal e 10ns/ 1ns
nmodul e TB

initial

reference_event

notifier

NotifyDin
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$rmoni tor ("Put_A=%d Put_B=%d",Put_A,Put_B,
"Get_0=%d",Get_0O,"at time %t",$time

endnodul e

Put _A=0 Put_B=0 Get_O=0 at time 0
Put _A=0 Put_B=1 Get_O=0 at time 5
Put _A=0 Put_B=0 Get_O=0 at tinme 16

$time TB

initial

$monitor ("Put_A=%d Put_B=%d",Put_A,Put_B,
"Get_0=%d",Get_O,"at time %t",$realtlime

Put _A=0 Put _B=1 Get_O=0 at time 5.2

Put _A=0 Put_B=0 Get_O=0 at time 15.6

10.3.7

* $rtoi(real_value)

* $itor (integer_value)

* $realtobits(real _value) 64
* $bitstoreal (bit_value)

10.3.8

$random [ ( seed) ]
seed 32

$random

i nteger Seed, Rnum
wire Clk;

initial Seed = 12;

al ways
@ (CIKk) Rnum= $random Seed);
Clk $random

Rnum = $random( Seed) % 11;

Rnum = $random/ 2; [/

$realtobits

32
10 +10

$timefor mat

|IEEE 745
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{random} % 11
10 {} $random

$di st _uni form ( seed,start,end)

$di st _normal ( seed,mean,standard_deviation,upper)
$di st _exponential ( seed,mean)

$dust _poi sson ( seed,mean)

$di st _chi _square ( seed,degree_of_freedom)

$di st _t ( seed,degree_of_freedom)

$di st _erl and ( seed,k_stage,mean)

10.4

aways initia

di sabl e task_id;
di sabl e block_id;

begin: BLK_A

I 1

/1 2

di sable BLK_A;
I 3

/1 4

end

I 5

3 4 5
task Bit_Task
begi n
/1 6
di sabl e Bit_Task
I 7
end
endt ask

/1 8
Bit_Task; [/
/1 9
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9
disable
Verilog
task Example;
out put [0:3] Count;
begi n LOCAL_BLK
I 10
Count = 10;
di sabl e LOCAL_BLK;
I 11
end
endt ask
Count 10
di sabl e Exanpl e
Count
10.5
always
reg Ready ,Done
/1 al ways
initial
begi n
Done = 0;
#0 Done = 1,
end
al ways
@ Done) begin
/1 al ways
/1 al ways
/'l Ready
Ready = 0;
#0 Ready = 1;
end
al ways
@ (Ready) begin
11 al ways
/1 al ways
Done = 0;
#0 Done = 1,

end

LOCAL_BLK
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always Ready Done Ready
Done always
Verilog HDL —_— Verilog HDL
Verilog

event Ready, Done

Ready Done
->Ready;
->Done;
@
@ (Done) < >
Done Done < >
always

event Ready, Done

initial
- >Done;

al ways
@Done) begin

/1 always
/1 Ready
- >Ready;

end

al ways
@ Ready) begi n

I always
->Done;
end

event Statel, State2, State3

/1
initial
begi n
/1
->Statel;
end

al ways
@ Statel) begin
/ / Statel
->State2; // State2
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end
al ways
@ State2) begin
//State?2
->State3; // State3
end
al ways
@ State3) begin
//State3
if (Inputh)
->State2; // State2
el se
->Statel; // Statel
end
initial initial 2 aways
State? 3 aways 4
always always Input A State2
Statel
10.6

Verilog HDL

modul e module_name(port_list);
Declarations:
I nput , ouput and inout declarations.
Net decl arati ons.
Reg decl arati ons.
Paramet er decl arati ons.

Initial statement.
Gate instantiation statenent.
Modul e instantiation statement.
UDP instantiation statenment.
Al ways statement.
Cont i nuous assi gnment.

endnodul e

nodul e MUX2x1 (Ctrl,A,B,Ena,Z)
11
i nout Ctrl,A,B,Ena;
/1
out put Z,
11
wi re Mot,Not _Ctrl;
I
wire Z =Ena == 1 ? Mot : "bz
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11

not (Not_Ctrl,Ctrl);

or (Mot,Ta,Tb);

I

assign Ta = A & Ctrk

assign Tb = B & Not_Ctrl;
endnodul e

10.7
Verilog HDI
1)
2)
3)
4)
10-1
module Top wire Shus
Function Func J
C1: module Chil task Proc
reg Art reg Art
BLA
integer Dot
BLB
reg Art,Cit

10-1

nmodul e Top;
wire Shus;

function Func...
enal; .unct i on
task Proc
on Art
begin : BLA
i nteger Dot;
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end

begin : BLB
reg Art, Cit;

end
endt ask

chil c1(...) ; //
endnodul e 11 Top

nodul e Chil;
reg Art;

endnodul e

Top.Cl.Art
Top-Proc.Art
Top-Proc.BLB.Art
Top-Proc.BLA.Dot
Top.Proc.BLB.Cit
Top.Sbus

)

module_instance_name.variable_name

nodul e Top
Wi re Shus;

chil cl (. . .);: V4

$di splay (CI.Art); /1
endnodul e

modul e Chil,
reg Art;

endnodul e
10.8
‘include “  share.h”

function SignedPlus;
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en.df.un.ct ion

function SignedMinus;
e.nd;‘ u.nct ion

task PresetClear;

endt ask

nmodul e SignedAlu(A, B, Operation, )2

input [0:3] A, B;
i nput Operation;
output [0:3] Z;
reg [0:3] Z;

/1
“include “ share.h”

al ways
@ (A or B or Operation)
i f (Operation)
Z = SignedPlus (A, B);
el se
Z = SignedMinus (A, B);
endnodul e

“ Share.h”

nodul e Share;
functi on SignedPlus;

en;jf .un.ct i on
function SignedMinus;
en.df .un.ct ion
task PresetClear;
endt ask

endnodul e

modul e SignedAlu2 (A, B, Operation, )Z

input [0:3] A, B;
i nput Operation;
out put [0:3] Z;

‘inclade
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reg [0:3] Z

al ways
@ (A or B or Operation)
if (Operation)

Z = Share.SignedPlus (A, B);

el se

Z = Share.SignedMinus (A, B);

endnodul e

10.9

VCD

1) $dumpfile

$dunpfile (“ uart.dunp” );

2) $dumpvars
$dunpvars;
/1

$dumpvars (level, module_namkg;
/1

$dunpvars (1, UART);
I UART

$dunpvars (2, UART);
/1 UART

$dunpvars (0, UART);
/1 0 UART

$dunpvars (0, P_State, N_State
11 P_State N State

$dunmpvars (3, Div.Clk, UART
11
UART
3) $dumpoff
$dunpof f;
4) $dumpon
$dunpon
5) $dumpall
$dunpal |
6) $dumplimit VCD

VCD

I

UART UART
Div.ClIk
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$dunplinit (1024);  //VCD 1024
7) $ dumpflush VCD
$dunpf | ush;
10.9.1
5 12

modul e CountUpDown (Clk, Count, Up_Down;
i nput Clk, Up_Down
out put [0:3] Count;
reg [0:3] Count;

initial Count = ‘ d5;
al ways
@ (posedge CIk) begin
i f (Up_Down)
begi n

Count = Count + 1;

if (Count > 12)
Count = 12;
end
el se
begi n
Count = Count 1,

if (Count < 5)
Count = 5;
end
end
endnodul e

nmodul e Test;
reg Clock, UpDn;
wire [0:3] Cnt_Out;
paramet er ON_DELAY = 1, OFF_DELAY = 2;

CountUpDown C1(Clock, Cnt_Out, UpDn

al ways
begi n
Clock = 1;
#0ON_DELAY;
Clock = 0;
#OFF_DELAY;
end

initial

VCD



Chinaspupetom

begin
UpDn = 0;
#50 UpDn = 1,
#100 $dunpfl ush;
$st op; /1
end

initial
begin
$dunpfile (“ count.dump” );
$dunplinmt (4096);
$dunpvars (0, Test;)
$dunpvars (0, Cl.Count, CI.Clk, C1l.Up_Down

end
endnodul e
10.9.2 VCD

VCD ASCII VCD

L]

L]

L]

VCD 10-2
Sdate $dumpvars
Fri Sep 27 16:23:58 1996 1#
Send 0$
Sversion bl!
Verilog HDL Simuiator 1.0 bi0*
Send b101 +
Stimescale 1(
100ps o}
$Send 1&
$scope module Test Send 1
Svar parameter 32 | ON_DELAY (0
Send $end
$var parameter 32 * OFF_DELAY #10
Send o#
$varreg 1 # Clock Send 0)
Svarreg 1 $ UpDn $end #30
$var wire 1 % Cnt_Out (0) Send 1#
$var wire 1 & Cnt_Out (1) Send 1)
$var wire 1 * Cnt_Out (2) Send b100 +
Svar wire 1 (Cnt_Out (3) $Send b101 +
Sscope module C1 Send #40
$var wire 1) Clk $Send o#
Svar wire 1 * Up_Down $end 0)
Svar reg 4 + Count (0:3) Send #60
Svar wire 1) Clk $end #
Svar wire 1 * Up_Down Send 1)
Supscope $end b100 +
Supscope $end b101 +
Senddefinitions $end #70
#0 o#

10-2 VCD
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10.10

1
2)
3)

specify
spec_param_declarations
path_declarations
system_timing_checks
endspeci fy

I
/1
11

specparam( )
specparam tSETUP = 20, tHOLD = 25;
source *> destination
/1
source => destination
/1
i nput Clock;
input [7:4] D
output [4:1] Q
(Clock => Q) = 5;
11 Clock Q 5
(D *> Q = (¢RISE, tFALL;
/*
D7l 4]
Dl 7] Q3]
Dl 7] 2]
D7l 1]
Dl 6] Q4]
Dl 4] Q1]
*/
(posedge Clock => (Qb +: Da)) = (2:3:2);
/* Clock Qb Qb Da, Da Qb Da */
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if (Clear)

(D=>0Q = (2.1, 4.2);

/1 Clear

$set up $hol d
$set hol d $peri od
$skew $recovery
$wi dt h $nochange
specify

/1

specpar am tCLK_Q
specpar am tSETUP

(5:4:6);
2.8, tHOLD = 4.4,

1

(Clock *> Q = tCLK_Q;

(Data *> Q) = 12;

(Clear, Preset *>)Q = (4,5);

/1
$setuphol d (negedge Clock, Data, tSETUP, tHOLD
endspeci fy

PATHPUL SE$

X
PATHPULSE$= (reject_limit, [, error_limi)x]

reject_limit
error_limit( reject_limit ) reject_limit X

PATHPULSESinput_terminal$output_terminal
PATHPULSE $

specify
specparam PATHPULSE (1, 2);
// Reject limt =1, Error limt = 2.

specpar am PATHPULSEDat a$Q = 6;
/1 Reject limt = Error limt = 6, Data Q
endspeci fy

10.11

Verilog HDL 0 1 x z

10.11.1
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1)
2)
3)

(strength_for_1, strength_¥for)_ 0
1
e supplyl
e strongl
* pulll
* weak1
* highz1( )
0
* supply0O
e strong0
e pullO
» weak0
* highz0 ( )
(strongO, strongl)
1
wire (pulll, weak® # (2,4)Lrk = Pol && Ord

/1 wire wand wor tri triand trior
trireg //tri0 tril

/1

nand (pull 1, strongp # (3:4:4)Al (Mout, MinA, MinB, MinGC

/1! and or xor nand nor xnor //buf
bufifO bufifl not notifO notifl pulldown pullup

I
assign (weakl, pullQ #2.56Wrt = Ctrl

%v
$di splay (" Prqg is %v', Pry

Prq is Wel

10.11.2
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trireg (small ) # (5,4, 20)Tro;
Tro

20

10.12

always
Verilog HDL

begi n
Start
Start

end

<= O‘
<= 1’

Start
Start

initial
begin
Pal = 0;
cerl = 1;
#5 Pal = 1;
cerl = 0;
end

al ways
@ (Cot or Ctrl) begin

$di splay ("The value of Cot at time",tigre, "i

end
assign Cot = Pal;
0 Pal Ctrl initial
? Verilog HDL
Cot 0 always
always Cot 0
always Cot (
Cot
al ways @ ( posedge GlobalClk)
RegB = RegA
al ways @ ( posedge GlobalCIlk)
RegC = RegB
Global Clk always
always RegB RegA 2 aways

s"

( )
, Cot);
always
)
1
RegC RegB
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( 1 aways )
2 aways RegC RegB (RegB )
RegB RegA always RegC
al ways @ ( posedge GlobalClk)
RegB < = RegA;
al ways @ ( posedge GlobalClk)
RegC <= RegB;
always
1.
2.
3. ?
4. $display S$write ?
5. $strobe $monitor ?
6. BCD( ) 7
7. MyBuffer
‘ 4298" 4298 My Int
8. Verilog HDL $readmemb $readmemh ?
9. $stop  $finish ?
10.
11. notifier?
12. 0 15 “ ram.txt”
13.
14. ?
15. $time ?
16. ?
17. 10
18. C “ continue” “ break”
19. UNIX /D1/D2/D3/fileA
-GetDirectoryName ( /D1/D2/D3)
-GetBaseName ( fileA)

512
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(test bench)
Verilog HDL

111

1) « )
2)

3

Verilog HDL

nmodul e Test_Bench
/1
Local_reg_and_net_declarations
Generate_waveforms_using_initial_&_ always_statements
Instantiate_module_under_test
Monitor_output_and_compare_with_expected_values
endnodul e

11.2

1)
2)

11.2.1

initial
initial
begin
Reset = 0;
#100 Reset = 1,
#80 Reset = 0
#30 Reset =1
end

11-1 Initial
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initial
begin

Reset = 0;

Reset = #100 1;
Reset = #80 O;
Reset = #30 1,

end
Reset
0 100 180 210
11-1 initial
initial
begi n
Reset <= 0;
Reset <= #100 1;
Reset <= #180 O;
Reset <= #210 1;
end
initial 11-1
always initial
always always
paramet er REPEAT_DELAY= 35;

i nteger CoinValue;

al ways
begi n

end

11.2.2

CoinValue= 0;
#7 CoinValue = 25;
#2 CoinValue = 5;
#8 CoinValue = 10;
#6 CoinValue = 5;
#REPEAT_DELAY;

11-2

CoinValue
|o|25 5|10l 5 ]olzslsllo
0 7 9 17 23 58 65 67 75
11-2 aways

initial



Chinaspubecom

Verilog HDL

assign # (PERIOD/ 2) Clock = ~ Clock;
Clock (
) z z X ~X X Clock X
Clock initial
initial
Clock = 0;
Clock ( initial

modul e Gen_CIk_A(CIk_A);
out put CIK_A;
reg CIk_A;
parameter tPERIOD = 10;

initial
Clk_A = 0;

al ways
# (tPERIOD/2) Clk_A = ~ CIk_A;
endnodul e

11-3

Ck_A |

modul e Gen_Clk_B(CIk_B);
out put CIk_B;
reg Start;

initial
begi n
Start = 1;
#5 Start = 0,
end

nor #2 (Clk_B, Start Clk_B);
endnodul e
11 2
initial Start 1 0( x ) 5
Start 0 4 11-4

always
modul e Gen_Clk_C(CIk_C);
paranmeter tON = 5, tOFF = 10;
out put CIk_C;
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reg Clk_C;

al ways
begin
# tON Clk_C= 0;
# tOFF  Clk _C= 1,
end
endnodul e

Start

Clk_B

11-4

01 initial

Cik_C 0

11-5

initial

0 5 10 15
11-5
nodul e Gen_Clk_D (CIk_D);

out put CIk_D;
reg Clk_D;

30

paranmeter START_DELAY = 5, LOWTIME = 2, HIGH TIME = 3;

initial
begi n
CIk_D = 0;
# START_DELAY ;

forever

begin
# LOW_TIME;
Clk D = 1;
# HIGH_TIME;
Clk D = 0;

end

end
endnodul e

11-6
repeat

forever
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modul e Gen_Clk_E (CIk_E);
out put CIk_E;
reg Clk_E;
paraneter Thburst = 10, Ton = 2, Toff = 5;

initial
begin
Clk_E = 1' bO;

repeat ( Tburst)
begin
# Toff Clk_E= 1'b1;
# Ton Clk_E= 1'bO;

end
end
endnodul e
S nnnn
o! 1012 1517 20 22 25
11-6
Gen _Clk E Tburst Ton Toff

nodul e Test;
wire Clk_Ea, CIk_Eb, Clk_Ec;

Gen_Clk_E G1CIlk_Ea);
/1 10 2 5

Gen_CIk_E # (5, 1, 3) CIk_Eb);
/I 5 1 3

Gen_Clk_E # (25, 8, 10) CIlk _Ec);

/1 25 8 10
endnodul e
Clk_Eb 11-7
!
Clk_Eb |

0, 34 7 8 1112151619 20

11-7
11-8
nodul e Phase (Master_Clk, Slave_Cbk

out put Master_Clk, Slave_Clk;
reg Master_CIlk;
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wire Slave Clk;
parameter tON = 2, tOFF = 3, tPHASE_DELAY= 1,

al ways
begin
#tON Master_Clk= 0;
#tOFF Master_Clk= 1;
end

assi gn #tPHASE_DELAY Slave_Clk Master_CIlKk;

endnodul e
—."-_' o | Master_Clock
2 5 7 10 12 15
Loz o 1 ’_Slave_Clock
0 3 6 8 1 13
11-8
11.3
11.3.1
2-4

“timescale 1ns / 1ns

modul e Dec2x4 (A, B, Enable, ¥
input A, B, Enable;
output [0:3] Z;
wi re Abar, Bbar

not # (1, 2)
VO (Abar, A,
V1l (Bar, B);

nand # (4, 3)
NO (Z [O], Enable, Abar, Bb3ar
N1 (Z [1], Enable, Abar, B
N2 (Z [2], Enable, A, Bba,
N3 (Z [3], Enable, A, B,
endnodul e

nmodul e Dec_Test;
reg Da, Db, Dena
wire [0:3] Dz;

/1
Dec2x4 D1(Da, Db, Dena, Dy
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initial
begi n
Dena = 0
Da =0
Db = 0
#10 Dena
#10 Da = 1
#10 Db = 1
#10 Da = 0
0
p

1
=

#10 Db =
#10 $sto
end

I
al ways
@ (Dena or Da or Db or Dz)
$display ("At time %t, input is %b%b%b, output is ,%b"
$time, Da, Db, Dena, Dg

endnodul e
At time 4, input is 000, output is 1111
At time 10, input is 001, output is 1111
At time 13, input is 001, output is 0111
At time 20, input is 101, output is 0111
At time 23, input is 101, output is 0101
At time 26, input is 101, output is 1101
At time 30, input is 111, output is 1101
At time 33, input is 111, output is 1100
At time 36, input is 111, output is 1110
At time 40, input is 011, output is 1110
At time 44, input is 011, output is 1011
At time 50, input is 001, output is 1011
At time 54, input is 001, output is 0111
11.3.2
D

nodul e MSDFF (D, C, Q, Qbal;

input D, C;

out put Q, Qbar;

not
NT1 (NotD, D)
NT2 (NotC, C)
NT3 (NotY, Y)

nand
ND1 (D1, D, Q,
ND2 (D2, C, NotD,
ND3 (Y, D1, Ybar
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ND4 (Ybar, Y, D2,
ND5 (Y1, Y, Notg,
ND6 (Y2, NotY, Not(,
ND7 (Q, Qbar, Y3,
ND8 (Qbar, Y2, Q;
endnodul e
nodul e Test;
reg D, C;
wire Q, Qb;
MSDFF M1(D, C, Q, Qb;
al ways
#5 C = ~C;
initial
begin
D =0;
C =0;
#40 D = 1;
#40 D = O;
#40 D = 1;
#40 D = 0;
$st op;
end
initial
$ monitor ("Time = % ::", $ne, "C=%, D=%, Q%,
Q=%", C,D, Q, Qb);
endnodul e
Ti me= 0:: =0, =0, Q=x, Qb=x
Ti me= 5:: C=1, D=0, Q=x, Qb=x
Ti me= 10:: C=0, D=0, Q=0, Qb=1
Ti me= 15:: C=1, D=0, Q=0, Qb=1
Ti me= 20:: C=0, D=0, Q=0, Qb=1
Ti me= 25:: C=1, D=0, Q=0, Qb=1
Ti me= 30:: C=0, D=0, Q=0, Qb=1
Ti me= 35:: C=1, D=0, Q=0, Qb=1
Ti me= 40:: C=0, D=1, Q=0, Qb=1
Ti me= 45:: C=1, D=1, Q=0, Qb=1
Ti me= 50:: C=0, D=1, Q=1, Qb=0
Ti me= 55:: C=1, D=1, Q=1, Qb=0
Ti me= 60:: C=0, D=1, Q=1, Qb=0
Ti me= 65:: C=1, D=1, Q=1, Qb=0
Ti me= 70:: C=0, D=1, Q=1, Qb=0
Ti me= 75:: C=1, D=1, Q=1, Qb=0
Ti me= 80:: C=0, D=0, Q=1, Qb=0
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Ti me= 85:: C=1, D=0, @1, Qb=0
Ti me= 90:: C=0, D=0, @0, Qb=1
Ti me= 95:: C=1, D=0, @0, Qb=1
Ti me= 100:: C=0, D=0, Q=0, Qb=1
Ti me= 105:: C=1, D=0, Q@=0, Qb=1
Ti me= 110:: C=0, D=0, Q=0, Qb=1
Ti me= 115:: C=1, D=0, Q=0, Qb=1
Ti me= 120:: C=0, D=1, Q=0, Qb=1
Ti me= 125:: C=1, D=1, Q@=0, Qb=1
Ti me= 130:: C=0, D=1, Q@=1, Qb=0
Ti me= 135:: C=1, D=1, @1, Qb=0
Ti me= 140:: C=0, D=1, Q@=1, Qb=0
Ti me= 145:: C=1, D=1, Q=1, Qb=0
Ti me= 150:: C=0, D=1, @=1, Qb=0
Ti me= 155:: C=1, D=1, Q=1, Qb=0
11.4
$readmemb ( )
3 “ test.vec”
A B v Sum
01001 0;100§o
01 Oll%llop
Cin Cout
A B

nodul e Adderl1Bit (A, B, Cin, Sum, Coyt
input A, B, Cin;
out put Sum, Cout

assign Sum = (A~ B ) ~ Cin;
assign Cout = (A~B )| (A &Cin) | (B & Cin)
endnodul e

modul e Adder3Bit(First, Second, Carry_In,Sum_Out, Carry ut
input [0:2] First, Second
i nput Carry_In;
out put [0:2] Sum_Out;
out put Carry_Out;
wire [0:1] Car;

AdderilBit
Al (First[2], Second[2], Carry_In,Sum_Out 2], Car[1])
A2 (First[1], Second[1], Car[1], Sum_Out[1],Car[0]),
A3 (First[0], Second[0], Car[0], Sum_Out [0], Carry_Out)
endnodul e

nodul e TestBench
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paranmeter BITS = 11, WORDS= 2
reg [1: BI TS] Vmem [ 1: WORDS] ;
reg[ 0: 2] A,B,Sum_EXx;
reg Cin, Cout_Ex
i nteger J;
wire [0:2] Sum
wi re Cout;
/1
Adder3Bit F1 (A, B, Cin, Sum, Cout
initial
begi n
$readnenb ("test.vec', Vmenm
for (J =1; J <= WORDS; J =J + 1)
begi n
{A, B, Cin, Sum_Ex, Cout_Ex= Vmem [J]
#5; 1/ 5
if ((Sum! == Sum_Ex) | | (Cout ! = = Cout_EX))
$display ("****M smatch on vector % *****mem [J])
el se
$display ("No m smatch on vector %b"Vmem [J])
end
end
endnodul e
Vmem
$readmemb “ test.vec” Vmem for

No m smatch on vector 01001001000
No m smatch on vector 01001111100

115

$fdisplay $fmonitor $fstrobe

mon.Out”

modul e F_Test_Bench;
paranmeter BITS = 11, WORDS= 2;
reg [1: BITS] Vmem [ 1: WORDS];
reg [0:2] A, B, Sum_Ex
reg Cin,Cout_Ex
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integer J;
wire [0:2] Sum;
wire Cout;

/1
Adder3Bit F1 (A, B, Cin, Sum, Cout

initial
begi n: INIT_LABLE

i nteger Mon_Out_File;

Mon_Out_File= $fopen ("mon.out");
$readmenb ("test.vec', Vmenm

for (J =1; J <= WORDS; J = J + 1)

begi n
{A, B, Cin, Sum_Ex, Cout_Ex= Vmem [J];
#5; I/ 5
if ((Sum ' = = Sum_Ex | | (Cout ! = = Cout_BX
$display ("****M smatch on vector % ****%mem [J]);
el se

$display ("No mi smatch on vector %b"Ymem [J]);

/1 :
$f di splay (Mon_Out_File,"Input = %b%b%b, Outpet¥%h¥%b",
A, B, Cin, Sum, Cout
end
$fcl ose (Mon_Out_File);
end
endnodul e

“mon.out”

I nput = 0100100, OQutput = 1000
I nput = 0100111, CQutput = 1100

11.6

11.6.1
Div

modul e Div (Ck, Reset, TestN, Ena
input Ck, Reset, TestN
out put Ena;
reg [0:3] Counter;

al ways
@ ( posedge Ck) begin
if (~Reset)
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Counter = 0;

el se
begin
if (~ TestN)
Counter = 15;
el se
Counter = Counter + 1
end
end
assign Ena = (Counter = = 15) ? 1: O;
endnodul e

nodul e Div_TB;
i nteger Out_File;
reg Clock, Reset, TestN
wi re Enable;

initial
Out_File= $fopen ("out.vec");

al ways
begin
#5 Clock = 0;
#3 Clock = 1;
end

Div D1 (Clock, Reset, TestN, Enab)le

initial
begin
Reset = O;
#50 Reset = 1;
end

initial
begi n
TestN = O;
#100 TestN = 1;
#50 TestN = O;
#50 $fclose (Out_File);
$fini sh; /1l
end
I

initial
$fmonitor (Out_File, "Enabl e changed to % at time % 'Epnable, $tine);
endnmodul e

out.vec”

Enabl e changed to x at time 0
Enabl e changed to 0 at time 8
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Enabl e changed to 1 at time 56
Enabl e changed to 0 at time 104
Enabl e changed to 1 at time 152
11.6.2
FSM
(factorial) 11-9
> Reset ———>
© ———> Stat ————>
——> Clock ——]
TEST ——> ;i ——
BENCH (e [;c Oyt umm—
[(@uemmsemmm Fxp Oui <@ FACTORIAL
C Ok—— pme «—
11-9
Reset Data Start
Done Fac_Out Exp_Out
Fat_Out * 250 Data 1 20
Start Done
“tinescale 1ns / 1ns
modul e FACTORIAL (Reset, StartSig, Clk, Data, Done,
FacOut, ExpOuf
i nput Reset, StartSig, Clk
input [4:0] Data;
out put Done;
output [7:0] FacOut, ExpOut;
reg Stop;
reg [4 : 0] InLatch;
reg [7: 0] Exponent, Resulit
i nteger I;
initial Stop = 1;
al ways
@ (posedge CIk) begin
if (( StartSig = = 1) && Gtop = = 1) && Reset = = 1))
begi n
Result = 1;

Exponent = 0;
InLatch = Data;
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Stop = 0;
end
el se
begin
if (( InLatch> 1) && (Stop = = 0)
begi n
Result = Result * InLatch
InLatch = InLatch 1;
end

if (InLatch < 1)

Stop = 1;
/1
for (I =1; I <=5; | =1 + 1)
if (Result >256)
begin
Result = Result / 2;
Exponent = Exponent 1;
end
end

end

assign Done = Stop

assign FacOut = Result

assign ExpOut = Exponent;
endnmodul e

nodul e FAC_TB;
paranmeter IN_MAX = 5, OUT_MAX = 8;
parameter RESET ST = 0, START_ST= 1, APPL_DATA ST = 2,
WAIT_RESULT_ST = 3;
reg Clk, Reset, Start
wi re Done;
reg [ IN_MAX-1 : 0] Fac_Out, Exp_Out
i nteger Next_State;
par amet er MAX_APPLY = 20;
i nteger Num_Applied;

initial
Num_Applied= 1;

al ways
begi n: CLK_P
#6 Clk = 1;
#4 Clk = 0;
end
al ways

@ (negedge CIKk) I
case (Next_State)



Verilog HDL Ch‘.na'pubOCOM

RESET_ST:
begin
Reset = 1
Start = 0
Next_State = APPL_DATA_ST
end
APPL_DATA_ST:
begin
Data = Num_Applied
Next_State = START_ST

end
START_ST:
begin
Start = 1;
Next_State = WAIT_RESULT_ST;
end
WAIT_RESULT_ST:
begi n
Reset = 0;
Start = 0;
wait (Done = = 1)

if (Num_Applied = =
Fac_Out *('h0001 <<Exp_Out))
$display ("Incorrect result from factorial™,
"model for input value %d", D3ata

Num_Applied = Num_Applied 1;

if (Num_Applied < MAX_APPLY)
Next_State = APPL_DATA_ST
el se
begin
$di splay ("Test completed successfully.
$finish; //
end
end
defaul t:
Next_State = START_ST
endcase

/1
FACRORIAL F1(Reset, Start, Clk, Data, Done,
Fac_Out, Exp_Ouk
endnodul e

11.6.3

11-10
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nmodul e Count3_Is(Data, Clock, Detect3_]Js
i nput Data, Clock;
out put Detect3_lIs;
i nteger Count;
reg Detect3_1s

initial
begin
Count =0
Detect3_Is= 0;
end
al ways
@ (negedge Clock) begin
if ( Data = = 1)
Count = Count + 1;
el se
Count =0

if (Count >= 3)
Detect3 Is = 1
el se
Detect3_Is=0
end
endnodul e

nodul e Top
reg Data, Clock
integer Out_File

/1
Count3_lIs Fl(Data, Clock, Detect;

initial
begin
Clock = 0;

forever
#5 Clock = ~ Clock
end

initial

begi n
Data = 0
#5 Data = 1,
#40 Data
#10 Data
#40 Data =
#20 $stop; /1

end

I
e e
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initial
begin
/1
Out_File = $fopen ("results.vectors")
$frmonitor (Out_File,"Clock = %, Data = %, Detect = %",
Clock, Data, Detect);

end
endnodul e
COUNTO
11-10
3ns 10ns
11-11 Verilog HDL
0{ -2 5 10 15 17 22 27 30ns
16 23
11-11
ClockV Gen_Clk_D Clk_D( 11-6 )
15ns [ ]
10010
1 0
ClockA ClockB ClockA 10 ns ClockB 40
ns 1ns
2ns ClockB ClockA
4 /
4 (<,<=,>,>=) ALU

32



ma-wmh . 135

9. N
[
10. 0 1
11. Count_Flag 1 ( )
MAX_COUNT OverFlow MAX_COUNT Count_Flag
0
12. Gray 3 Reset O
4
13. T 1 0 1
0 specify T 2ns

3ns
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12.1

Verilog HDL 4

“tinmescal e 1ns/1ns
nodul e And4 (A, B, C);
input [3:0] B, C;

output [3:0] A

assign #5 A = B & C;
endnodul e

&( ) 5ns 12-1

B[3] C[3] B[2] C[2] B[1] C[1] BI[0] C[0]

SASRVAVER

A[3] Al2] A[l] A[0]

12-1 4

12-2

modul e Boolean_Ex (D, G, E, ); EMD_D
i nput G, E; G

out put D;
wire F;

assign F = E;
assign D F "~ G;
endnodul e

12-3
nmodul e Asynchronous;
wire A, B, C, D; L

A
assignC:A D B D}@"—C

assign A =~ (B & C);
endnodul e 12-3
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Wa-m&m

20 ns
initial
reg Ace;
initial
Ace = 0;

al ways
#10 Ace = ~ Ace;

reg A;
reg [0:4]
reg [5:0]

@O
o

al ways
begin

b'[4201 = B [5:1] | C, //D [4:0]
D[5] =A&BI[5; //D[5]

end
D[4 =B[5] | C[O];
D[3] =B [4 | C[1];

wire [7:0] C, CC;
wire CX;

assign C = {CX, CC [6:0]};

AdF = PIb[K];
Adf

wire [0:7] A, Z;

assign Z = {A[1:7], A [O]};
assign Z = {A [7], A[0:6]};
assign Z = {A[1:7], 1'bo0};

16 8

(B=1, D=0)

12-4 always

ACE—L—[>0—D— Ace

12-4

B[ 5: 1]

Plb

/1
/1
/1

32 Instr_Reg



Verilog HDL CMM'PU‘NCOM

reg [31:0] Memory [O0: 1023 ];
wire [31:0] Instr_Reg;

wire [15:0] Address;

wire [7:0] Op_Code, Index
wire [0:9] Prog_Ctr;

wi re Read_Ctl;

Instr_Reg

assign INstr_Reg = Memoryrog_Ctr];

assi gn Address = Instr_Regl: 16];
assign Op_Code = Instr_Rgdl5: 8];
assign Index = Instr_R4g:0];

al ways
@ posedge Read_Ctl)
Task_Call ( Address, Op_Code, Indgx

wire Triout = Enable ? TrilIN 1'bz;

Enable 1 TriOut Triln Enable 0 TriOut
12.2
Verilog HDL Clkp ———
A > 51
8 8 7z
12-5 A A
C c 4
12-5

nmodul e Save_Mult_Df(A,C,CIkB,Z2);
input [0:7] A;
input [0:3] C;
i nput CIKB;
out put [0:11] Z;
wre Si;

assign Z = S1 * C;
assign S1 = ClIkB ? A - S1
endnodul e

always

modul e Save_Mult_Seq (A,C,CIkB,Z) ;
input [0:7] A;
input [0:3] C;
i nput CIKB;
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out put [0:11] Z;
reg [0:11] zZ

al ways
@A or C or ClkB)
begi n: SEQ
/1
reg [0:7] S1;

if (CIkB)
S1 = A

Z =8S81*¢
end
endnodul e

if
Save_Mult 8

modul e Save_Mult_Netlist (A,C,CIkB,Z)
input [0:7] A;
input [0:3] C;
i nput CIkB;
out put [0:11] Z;
wire [0:7] S1,S3;
Wre [0:15] S2;

Reg8 R1 (.Din(A),.CIKk(CIkB),.Dout(S1));

Milt8 ML (.A(S1),.B({4' 1b0000,C}),.Z(2));

endnodul e

12.3

3
assign #12 Gate_Out= (A | B | ©C);
12
Gate_Out
1->0

assign #(12,14) Zoom = (A | B | C);
/*12 14 mn(1l2,14) = 12
y4
assign #(12, 14,10) Zoom = A > B ? C: 1bz;
/1 12 14 mn(12,14 10) =

min:typ: max

S1

12

*/

Reg8 Mult8

A B C
X->zZ

10

X ->0,
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assign #(9:10:11,11:12:13,13:14:15%0om = A > B ? C : 1bgz;
UbDP 5
and #(2,3) A1(0t,Inl1,In2,In3,1n4,In5);

2 3

nmodul e Half_Adder(A,B,S,C);

input A,B;

out put S,C;

speci fy
(A=>5S) =(1.2,0.8);
(B=>S) =(1.0,0.6);
(A=>C) = (1.2,1.0);
(B=>C) =(1.2,0.6);

endspeci fy

assign S = A~ B
assign C = A | B;
endnodul e

SDF® Verilog
Verilog HDL Half-Adder

nmodul e Half_Adder(A,B,S,C) ;
i nput A,B;
out put S,C;

assign S = A ™ B;
assign C = A | B;
endnodul e

nmodul e Ha_Opt(A,B,S,C) ;
i nput A,B;
out put S,C;

specify
(A=>3S) = (1.2,0.8);
(B=>S) =(1.0,0.6);
(A=>2C) = (1.2,1.0);
(B=>2C) =(1.2,0.6);
endspeci fy

Half_Adder H(A,B,S,C);
endnodul e

modul e  Half_Pess(A,B,S,C);

S
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i nput A,B;
out put S,C;
specify
(A=>3S) = (0.6,0.4);
(B=>S) = (0.5,0.3);
(A=>C) = (0.6,0.5);
(B=>C) =(0.6,0.3);
endspeci fy
Half_Adder HeA,B,S,C);
endnodul e
Half_Adder
Ha_Opt Ha Pess
nmodul e Transport (WaveA,DelayedWave) ;
paramet er TRANSPORT_DELAY = 500;
i nput WaveA;
out put DelayedWave;
reg DelayedWave;
al ways
@ WaveA) DelayedWave <= #TRANSPORT_DELAY WaveA
endnodul e
always WaveA
DelayedWave TRANSPORT_DELAY WaveA
TRANSPORT_DELAY DelayedWave 12-6
l | WaveA
Tos 56 10
DelayedWave ' |
bx I
500 503 506 510
12-6
12.4
always
i f case

modul e  Simple_ALU(A,B,C, PM, AL);
input [0:3] A,B, C;
i nput PM;
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out put [0:3] ALU;

assign ALU = PM ? A + B: A - B
endnodul e

always

“timescal e 1ns/1ns
modul e  Multiplexer(Sel, A,B,C,D,
input [0:1] Sel,;
input A, B,C, D
out put Mux_Out;
reg Mux_Out;
reg Temp
parameter MUX_DELAY = 15

al ways

@(Sel or A or Bor Cor D)

begin: P1
case (Sel)
0: Temp
1: Temp
2: Temp
3: Temp

endcase
Mux_Out = # MUX_DELAY Temp

"
9o wx>

end
endnodul e

assi gn #MUX_DELAY Mux_Out= (Sel ==

(Sel == 2)? C : (Sel

12.5

“timescal e 1ns/1ns

module D_Flip_Flop (D, Clock, Q;
i nput D, Clock;
out put Q;
reg Q

al ways
@ (posedge Clock)
Q = #5 D;
endnodul e
always Clock

always

( Sel
3)? D :

case
== 1)? B :
1' bx
D
5ns D Q
D
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8

modul e Register8(D, Q, Clock;
paranmeter START = 0, STOP = 7;
i nput [START : STOP D;
i nput Clock;
out put [START : STOP] Q;
wire [ START : STOP Cak;

D_Flip_Flop DFFO
[START : STOP (. D (D), . Clock (Cak), .Q (Q));

buf Bl (Cak [0], Cak [1], Cak [2], Cak [3], Cak [4],
Cak [5], Cak [6], Cak [7], Clock);
endnodul e
12-7
A
s1 Q
G p— 52 Qbar
12-7
nmodul e Gated_FF (A, G, Q, Qbar;
input A, G;
out put Q, Qbar;
wire S1, S2;
assign S1 = ~ (A & G);
assign S2 = ~ (S1 & G);
assign Q = ~ (Qbar & S);
assign Qbar = ~ (Q & S2);
endnodul e
ASIZE DSZE RAM

modul e RAM_Generic(Address, Data_In, Data_out, RW
paranmeter ASIZE = 6, DSIZE = 4,
input [ASIZE-1 :0] Address;
i nput [DSIZE-1 :0] Data_ln;
i nput RW;
out put [DSIZE-1 :0] Data_Out;
reg [DSIZE 1:0] Data_Out;
reg [0: DSIZE 1] Mem_FF [O0:63];

al ways
@ (RW)
if (RW) /'l RAM
Data_Out = Mem_FF [ Address];
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el se /1 RAM
Mem_FF [ Address] = Data_lIn
endnodul e

modul e Level_Sens_FF(Strobe, D, Q, Qbar
i nput Strobe, D;
out put Q, Qbar;

reg Q, Qbar;

al ways
begi n
wai t ( Strobe
Q = D;
Qbar = ~ D;

1);

end
endmodul e

strobe 1 D Q
D Q Qbar

Strobe

Body2
nmodul e Bodyl
reg A,

initial A =0;

al ways A = ~ A;
endnodul e

nmodul e Body2
wire Clock
reg A

initial A=0

al ways
@ (Clock )
if (~ Clock)
A=~A;
endnodul e
Body1l 12-8
12-9
Body1l
Body 2

Clock Clock

A

Body2

A

0 Q Qbar

Bodyl

12-8

Clock T

12-9
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always for
modul e Shift_Reg (D, Clock, Z;
i nput D, Clock;
out put Z;
paramet er NUM_REG = 6,
reg [1: NUM_REG ] Q;
i nteger P;
al ways
@ (negedge Clock) begin
/1
for (P = 1; P< NUM_REG, P = P + 1)
Q[P+1] = Q[P];
I
Q[1] = D;
end
/1
assign Z = Q [ NUM_RE(Q] ;
endnodul e
Shift_Reg
nmodul e Dummy;
wire Data, Clk, Za, Zb, Zc;
/16
Shift_Reg SRA(Data, Clk, Za;
/14
Shift_Reg #4 SRB (Data, Clk, Zb;
/110
Shift_Reg #10 SRC (Data, Clk, Zg;
endnmodul e
12.7
always case case
Reset
Acc Count Reset Mplr
Count 1 1 1 Count 16
Done Mplr  Count always

12-10
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Reset==0 Mplr[Count]=1

Mcnd Acc

ACC.
Count

Reset== Count—16 Count Mcnd

12-10

nodul e Multiply (Mplr, Mcnd, Clock, Reset, Done, Acc

/1Mol r Mend

i nput [15:0] Mplr, Mcnd

i nput Clock, Reset

out put Done;

reg Done;

out put [31:0] Acc;

reg [31:0] Acc;

parameter INIT = 0, ADD = 1, SHIFT = 2;

reg [0:1] Mpy_State;

reg [31:0] Mcnd_Temp;

initial Mpy_State= INIT, /1 INIT

al ways
@ (negedge Clock) begi n: PROCESS
i nteger Count;

case (Mpy_State)
INIT:
if (Reset)
Mpy_State = INIT;
/* Mpy_State */
el se
begi n
Acc = 0;
Count = O;
Mpy_State = ADD;
Done = 0;
Mend_Temp [ 15: 0] =Mcnd;
Mcnd_Temp [31:16] = 1&0;
end

ADD:
begin
if (Mplr [Count])
Acc = Acc + Mcnd_Temp

Mpy_State = SHIFT;
end

SHIFT:
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begin
[/ Mcnd_Temp
Mcnd_Temp= {Mcnd_Temp[30:0], 1'b0};
Count = Count+ 1;
if (Count == 16)
begi n
Mpy_State = INIT;
Done = 1;
end
el se
Mpy_State = ADD;
end
endcase // Mpy_State case
end // PROCESS
endmodul e
Mpy_State INIT
Reset Reset Acc Count
Mcnd Mcnd_Temp ADD
ADD Count 1 Mcnd_Temp Acc
SHIFT 1
16 Done INIT acc
16 ADD SHIFT 16
(negedge Clock)
12.8
always 12-11
TX MP TX
MP TX Load_TX
TX TX_Busy MP

(Load_TX==0)

Load_TX=1 (TX_Busy==0)

Load_TX=0

(TX_Busy==1) ( )

12-11
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nodul e Interacting_FSM(Clock);

i nput Clock;
parameter M1 = 0, M2 =1, M3 = 2;
paranmeter T1 =0, T2 =1; T3 = 2,

reg [0:1] MP_State;
reg [0:1] TX_State;
reg Load_TX, TX_Busy

al ways
@ (negedge Clock) begin: M
case (MP_State)

M1: I
begin
Load _TX= 1;
MP_State = M;
end
M2: I
i f (TX_Busy)
begin
MP_State = M;
Load_MX = 0;
end
M3: /1l X
if (~TX_Busy)
MP_State = ML;
endcase
end I MP
al ways

@ (negedge Clock) begin: TX
case (TX_State)
T1: /1
i f (Load_TX)

begin
TX_State = T2;
TX_Busy = 1;//

end

T2: 11
TX_State = T3;

T3: I
TX_State = T4,

T4: /1
begin
TX_Busy = 0;
TX_State = T1;
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DIV

DIV

New_Clock=1 @ New_Clock=0
™ )
12-13 DIV RX

nodul e Another_Example_FSM2 (Clock);
i nput Clock;

parameter D1 = 1, D2 = 2, D3 = 3;
parameter R1 = 1, R2 = 2;

reg [0:1] Div_State, RX_State;
reg New_Clock;

al ways
@ (posedge Clock) begin: DIV
case (Div_State)

D1:
begi n
Div_State = D2;
New_Clock= 0;
end
D2:

Div_State= D3;

12
end
endcase
end /1 TX
endnmodul e
12-12

Clock | ' l | | | l | l
MP_State | M1 M2 PoM3 M1 | wm2
Load_TX '
TX_State T 2 T3 T4 T1
TX_Busy ‘ ' : : ' I—

—_ : : ; |

12-12

RX

12-13
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D3:
begin
New_Clock= 1;
Div_State = D1
end
endcase
end 11 DIV

al ways
@ (negedge New_Clock) begin: RX
case (RX_State)
R1: RX_State= R2;
R2: RX_State= R1

endcase
end /1
endnmodul e
DIV
New_Clock 12-14
Clock | l | l ' l \ | | l
Div_State D1| D2 ] D3 D1 D2 ] D3 | D1 D2 |D3
New_Clock
RX_State R1 R1
12-14 RX DIV
12.9 Moore
Moore FSM
case always 12-15 Moore
Moore

(A==1)

12-15 Moore

nodul e Moore_FSM(A, Clock, Z;
input A, Clock
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out put Z;
reg ZzZ;

parameter STO = 0, ST1 =
reg [0:1] Moore_State;

al ways
@ (negedge Clock)
case (Moore_State)
STO:
begi n
Z = 1;
if (A
Moore_State =
end

ST1:
begi n
Z =0,
if (A
Moore_State =
end

ST2:
begin
Z = 0;
if (~A
Moore_State
el se

1, ST2 = 2, ST3 = 3;

ST2

ST3

ST1;

Moore_State= ST3;

end

ST3:
begi n
Z =1,
if (A
Moore_State
end
endcase
endnodul e

12.10 Mealy

Mealy
Moore FSM
Mealy

= STO

always
always
12-16
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0 1
T:
sTo | STO 0 ST3 1
ST1 STO
ST1 1 0 Z
ST2 ST1
ST2 0 1
sT3 | ST2 0 ST1 0
12-16 Mealy

modul e Mealy_FSM (A, Clock, %;
i nput A, Clock;
out put Z;
reg Z;

parameter STO = 0, ST1 =1, ST2 = 2,
reg [1:2] P_State, N_State

al ways
@ (negedge Clock) /1
P_State = N_State;
al ways
@ (P_State or A begin: COMB_PART
case (P_State)

STO:
if (A
begi n
Z =1,
N_State = ST3;
end
el se
Z =0,
ST1:
if (A
begi n
Z =0;
N_State = STO;
end
el se
Z =1,
ST2:
if (~A)
Z = 0;
el se
begi n
Z =1;

N_State = ST1;
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end
ST3:
begin
Z = 0;
if (~A)
N_State = ST2;
el se
N_State = ST1
end
endcase
end Il COMB_PART
endnodul e
Moore
Moore
12.11 21
21 21 2 10
A 1 11
21 21
Card_Rdy Card_Value Request_Card
21 Lost
Won 12-17 21
Card_Rdy
——> Request_Card
Card_Value
Blackjack |——> Lost
Clock Won
12-17 21
17
21 A 11 21 A 10 1
Total Current_Card_Value 1 10
Aec As 11 A 11 1 21 BJ_State

modul e Blackjack (Card_Rdy, Card_Value,
Request_Card, Won, Lost, Clock

i nput Card_Rdy,

Clock

i nput [0:3] Card_Value
out put Request_Card, Lost, Won
reg Request_Card, Lost, Won

Parameter | NI TIAL_ST = 0,GETCARD_ST= 1,
REMCARD_ST= 2, ADD_ST = 3, CHECK_ST = 4,
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WIN_ST = 5 , BACKUP_ST =6, LOSE_ST = 7;
reg [0:2] BJ_State;
reg [0:3] Current_Card_Value;
reg [0:4] Total,
reg Ace_As_11;

al ways
@ (negedge Clock)
case (BJ_State)
INITIAL_ST:
begin
Total = 0;
Ace_As_11 = 0;
Won = O;
Lost = O;
BJ_State = GETCARD_ST
end

GETCATD_ST:
begi n
Request_Card= 1;

if (Card_Rdy)
begin
Current_Card_Value = Card_Valkue
BJ_State = REMCATD_ST
end 11 GETCARD_ST
end

REMCARD_ST : 1

i f (Card_Rdy)
Request_Card=0;

el se
BJ_State = ADD_ST

ADD_ST:
begi n
if (~Ace_As_11 && Current_Card_Value
begi n
Current_Card_Value 11;
Ace_As_11 = 1,
end

Total = Total + Current_Card_Value
BJ_State = CHECK_ST;
end

CHECK_ST:
if (Total < 17)
BJ State = GETCARD_ST;
el se
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begi n
if (Total <22)
BJ_State = WIN_ST;
el se
BJ_State = BACKUP_ST;
end

BACKUP_ST
if (Ace_As_11)
begin
Total = Total -10;
Ace_As_11 = 0;
BJ_State = CHECK_ST,;
end
el se
BJ_State = LOSE_ST

LOSE_ST:
begin
Lost = 1,
Request_Card= 1;
if (Card_Rdy)
BJ_State = INITIAL_ST;
I
end

WIN_ST:
begi n
Won = 1;
Request_Card= 1;

if (Card_Rdy)
BJ_State = INITIAL_ST;
/1

end
endcase
endnodul e /121
1 Verilog HDL 15
2.
3.
4 D
5. 12.11 21
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“define NUM_I NPUTS 4
[ ]

7. 8 8
8 7 8
7
9 N 1 0
0

10. N M InputData

Addword 1 Output Data Read Word

1 Empty Full ClockA

11. 2*N



CM a'bUb.COM

Verilog HDL
Verilog HDL

always and
begin buf
case casex
deassign default
edge else
endfunction endprimitive
event
for force
highz0 highzl
if ifnone
integer
join
large
macromodule medium
nand negedge
notifO notifl
or output
parameter pmos
pulll pullup
rcmos real
repeat rnmos
rtranifl
scalared small
strongl supply0
table task
tranifl tri
trior trireg
vectored
wait wand
wire wor
Xnor Xor

assign
bufif0
casez
defparam
end
endspecify

forever

initial

module
nmos

posedge
pulldown
realtime
rpmos

specify
supplyl
time
trio

weak0

bufifl
cmos
disable
endcase
endtable

fork

inout

nor

primitive

reg
rtran

specpar am
tran

tril

weak 1

S IEEE Std 1364-1995 Copyright © 1995, |EEE, All rights reserved.

endmodule
endtask

function

input

not

pullO

release
rtranifO

strong0
tranifo

triand

while
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1)

2)

3)

4) |

5) [.]

6) {.} 0

China=pupscom

7) [..] CO{.),

8) “ source_text ”
9)

always_construct ::=
always
statement

binary_base ::=
'bI'B
binary_digit ::=
xIXlzizZl10l11
binary_number ::=
[ size ] binary_base binary_digit { _| binary_digit }

binary_operator ::=
+1-1*1/1% .
| =ll=l==—=ll==1&&I| Il I<l<=]>]|>=
| &I TIAIA~~A>>] <<
block_item_declaration ::=
parameter_declaration = -
| reg_declaration
| integer_declaration
| real_declaration
I time_declaration
| realtime_declaration
| event_declaration

blocking_assignment ::=
reg_lIvalue = [ delay_or_event_control ] expression

case_item ::=
expression { , expression } : statement_or_null
| default [ : ] statement_or_null

case_statement ::=
case ( expression ) case_item { case_item } endcase
! casez ( expression ) case_item { case_item } endcase
| casex ( expression ) case_item { case_item } endcase

charge_strength ::=
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(small)
I (medium)
| (large)

cmos_switch_instance ::=
[ name_of_gate_instance ] (output_terminal , input_terminal.,
ncontrol_terminal , pcontrol_terminal )

cmos_switchtype ::=
cmos | rcmos

combinational_body ::=
table
combinational_entry { combinational_entry }
endtable

combinational_entry ::=
level_input_list : output_symbol ;

comment ::=
short_comment
I long_comment

comment_text ::=
{ ANY_ASCII_CHARACTER }

concatenation ::=
{ expression {, expression } }

conditional_statement ::=

if ( expression ) statement_or_null [ else statement_or_null ]
constant_expression ::= .

constant_primary
"| unary_operator constant_primary

| constant_expression binary_operator constant_expression

I constant_expression ? constant_expression : constant_expression

| string

constant_mintypmax_expression ::=
constant_expression
| constant_expression : constant_expression : constant_expression

constant_primary ::=
number
| parameter_identifier
| constant_concatenation
| constant_multiple_concatenation

continuous_assign ::=
assign [ drive_strength ] [ delay3 ] list_of_net_assignments ;

controlled_timing_check_event ::=
timing_check_event_control specify_terminal_descriptor
[ &&& timing_check_condition ]

current_state ::=
level_symbol

data_source_expression ::=
expression

decimal_base ::=
'dl'D
decimal_digit ::=
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0111213141516171819

decimal_number ::=
[ sign ] unsigned_number
| [ size ] decimal_base unsigned_number

delay2 ::=
# delay_value
| #( delay_value [, delay_value ])

delay3 .=
# delay_value
| # (delay_value [, delay_value [, delay_value ]])

delay_control ::=
# delay_value
| # ( mintypmax_expression )

delay_or_event_control ::=
delay_control

| event_control
| repeat ( expression ) event_control

delay_value ::=
unsigned_number
| parameter_identifier
| constant_mintypmax_expression

description ::=
module_declaration
| udp_declaration

disable_statement ::=
disable fask_identifier ;
| disable block_identifier;

drive_strength ::=
( strengthO , strength1)
| (strengtht , strengthO )
| (strengthO , highzt)
| (strength1, highz0)
I (highz1, strengthO)
i (highz0, strength1)

edge_control_specifier ::=
edge [ edge_descriptor [, edge_descriptor ] ]

edge_descriptor ::=
01

| 10

I Ox

I x1

I 1x

| x0

edge_identifier ::=
posedge { negedge
edge_indicator ::=
(level_symbol level_symbol )
| edge_symbol
edge_input_list ::=
{ level_symbol } edge_indicator { level_symbol }
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edge_sensitive_path_declaration ::=
parallel_edge_sensitive_path_description = path_delay_value
| full_edge_sensitive_path_description = path_delay_value

edge_symbol ::=
riRIfIFIpIPINnINI*

enable_gate_instance ::
[ name_of_gate_ lnstance](output terminal , input_terminal,
enable_terminal )

enable_gate_type ::=
bufif0 | bufif1 { notif0 | notif1

enable_terminal ::=
scalar_expression

escaped_identifier ::=
\ { ANY_ASCII_CHARACTER_EXCEPT_WHITE_SPACE } white_space

event_control ::=
@ event_identifier
| @ (event_expression )

event_declaration ::=
event event_identifier { , event_identifier } ;

event_expression ::=
expression
| event_identifier
| posedge expression
| negedge expression
| event_expression or event_expression

event_trigger ::=
-> event_identifier ;

expression ::=
primary
| unary_operator primary
| expression binary_operator expression
| expression ? expression : expression
| string

full_edge_sensitive_path_description ::=
([ edge_identifier ] list_of_path_inputs *> list_of_path_ outputs
[ polarity_operator ] : data_source_expression )

full_path_description ::=
( list_of_path_inputs [ polarity_operator ] *> list_of_path_ outputs)

function_call ::=
function_identifier ( expression { , expression })
I name_of_system_function [ ( expression {, expression }) ]

function_declaration ::=
function [ range_or_type ] function_identifier ;
function_item_declaration { function_item_declaration }
statement
endfunction

function_item_declaration ::=
block_item_declaration
| input_declaration
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gate_instantiation ::= .
n_input_gatetype [ drive_strength ] [ delay2 ] n_input_gate_instance
{,n_input_gate_instance };
| n_output_gatetype [ drive_strength ] [ delay2 ] n_output_gate_instance
{,n_output_gate_instance } ;
| enable_gatetype [ drive_strength ] [ delay3 ] enable_gate_instance
{ ,enable_gate_instance };
! mos_switchtype [ delay3 ] mos_switch_instance
{, mos_switch_instance } ;
| pass_switchtype pass_switch_instance {, pass_switch_instance } ;
| pass_en_switchtype [ delay3 ] pass_en_switch_instance
{ , pass_en_switch_instance };
| cmos_switchtype [ delay3 ] cmos_switch_instance
{,cmos_switch_instance } ;
| pullup [ pullup_strength ] pull_gate_instance {, pull_gate_instance } ;
| pulldown [ pulldown_strength ] pull_gate_instance
{, puli_gate_instance } ;

hex_base ::=
'hi'H
hex_digit ::=
x| XlzlZ
] 011121314i516171819
| alblcldlielflAIBICIDIEIF

hex_number ::=
[ size ] hex_base hex_digit { _ | hex_digit }
identifier :=
IDENTIFIER [{. IDENTIFIER } ]
/* The period may not be followed or preceded by a space */

IDENTIFIER ::=
simple_identifier
| escaped_identifier
init_val ::=
101 1'b1 11bx 11X 11'BOI11'B1 [ 1'Bx | 1'BX 1110
initial_construct ::=
initial
statement
inout_declaration ::=
inout [ range ] list_of_port_identifiers ;

inout_terminal ::=
terminal_identifier
| terminal_identifier [ constant_expression ]

input_declaration ::=
input [ range ] list_of _port_identifiers ;
input_identifier ::=
input_port_identifier
| inout_port_identifier
input_terminal ::=
scalar_expression

integer_declaration ::=
integer list_of_register_identifiers ;
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level_input_list ::=
level_symbol { level_symbol }

level_symbol ::=
Ol1IxiXI?IblB

limit_value ::=
constant_mintypmax_expression

list_of_module_connections ::=
ordered_port_connection { , ordered_port_connection-}
| named_port_connection { , named_port_connection }

list_of net_assignments ::=
net_assignment { , net_assignment }

list_of_net_decl_assignments ::=
net_decl_assignment { , net_decl_assignment }

list_of _net_identifiers ::=
net_identifier {,, net_identifier }

list_of_param_assignments ::=
param_assignment { , param_assignment }

list_of_path_delay_expressions ::=
t_path_delay_expression

| trise_path_delay_expression , tfall_path_delay_expression

| trise_path_delay_expression , tfall_path_delay_expression,
tz_path_delay_expression

| t01_path_delay_expression , t10_path_delay_expression,
t0z_path_delay_expression , tz1_path_delay_expression ,
t1z_path_delay_expression, tz0_path_delay_expression

| t01_path_delay_expression , t10_path_delay_expression,
t0z_path_delay_expression, tz1_path_delay_expression,
t1z_path_delay_expression , tz0_path_delay_expression,
t0x_path_delay_expression , tx1_path_delay_expression ,
t1x_path_delay_expression , tx0_path_delay_expression,
txz_path_delay_expression , tzx_path_delay_expression

list_of_path_inputs ::=
specify_input_terminal_descriptor { , specify_input_terminal_descriptor }
list_of_path_outputs ::=
specify_output_terminal_descriptor { , specify_output_terminal_descriptor }
list_of_port_identifiers ::= :
port_identifer { , port_identifier }
list_of_ports ::=
(port{,port})
list_of_real_identifiers ::=
real_identifier { , real_identifier }
list_of_register_identifiers ::=
register_name {, register_name }

list_of_specparam_assignments ::=
specparam_assignment { , specparam_assignment }

long_comment ::=
f* comment_text */

loop_statement ::=
forever statement
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| repeat ( expression ) statement
| while ( expression ) statement
| for ( reg_assignment ; expression ; reg_assignment ) statement

mintypmax_expression ::=
expression
| expression : expression : expression

module_declaration ::=
module_keyword module_identifier [ list_of_ports ] ;
{ module_item }
endmodule

module_instance ::=
name_of_instance ([ list_of_module_connections ])

module_instantiation ::=
module_identifier [ parameter_value_assignment ] module_instance
{ ,module_instance } ;

module_item ::=

module_item_declaration

| parameter_override

| continuous_assign

| gate_instantiation

| udp_instantiation

| module_instantiation

| specify_block

| initial_construct

| always_construct

module_item_declaration ::=
parameter_declaration
| input_declaration
| output_declaration

I inout_declaration

| net_declaration

| reg_declaration

| integer_declaration
| real_declaration

| time_declaration

| realtime_declaration
| event_declaration

| task_declaration

| function_declaration

module_keyword ::=
module | macromodule
mos_switch_instance ::=
[ name_of_gate_instance ] (output_terminal , input_terminal ,
enable_terminal )
mos_switchtype ::=
nmos | pmos | rnmos | rpmos
multiple_concatenation ::=
{ expression { expression { , expression } }}
n_input_gate_instance ::=

[ name_of_gate_instance ] ( output_terminal , input_terminal
{,input_terminal })
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n_input_gatetype ::=
and | nand | or | nor | xor | xnor
n_output_gate_instance ::=
[ name_of_gate_instance ] ( output_terminal { , output_terminal },
input_terminal )
n_output_gatetype ::=
buf | not

name_of_gate_instance ::=
gate_instance_identifier [ range ]

name_of_instance :;=
module_instance_identifier [ range ]

name_of_system_function ::=
$identifier

name_of_udp_instance :;=
udp_instance_identifier [ range ]

named_port_connection ::=
. port_identifier ([ expression ])

ncontrol_terminal ::=
scalar_expression

net_assignment ;=
net_lvalue = expression

net_decl_assignment ::=
net_identifier = expression

net_declaration ::=
net_type [ vectored | scalared ] [ range ] [ delay3 ] list_of_net_identifiers ;
| trireg [ vectored | scalared ] [ charge_strength ] [ range ] [ delay3 1
list_of_net_identifiers ;
| net_type [ vectored | scalared ] [ drive_strength ] [ range ] [ delay3 1
list_of_net_decl_assignments ;

net_Ivalue ::=
net_identifier _
| net_identifier [ expression ]
| net_identifier [ msb_constant_expression : Isb_constant_expression ]
| net_concatenation

net_type ::= .
wire | tri | tri1 | supply0 | wand | triand | tri0 | supply1 | wor | trior

next_state ::=
output_symbol | -

non_blocking_assignment ::=
reg_Ivalue <= [ delay_or_event_control ] expression

notify_register ::=
register_identifier

number ::=
decimal_number
| octal_number
| binary_number
| hex_number
i real_number

octal_base ::=
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octal_digit ::=
xIX1zlZ21011121314151617

octal_number ::= .
[ size ] octal_base octal_digit { _ | octal_digit }

ordered_port_connection ::=
[ expression ]

output_declaration ::= N
output | range ] list_of_port_identifiers ;

output_identifier ::=
output_port_identifier
i inout_port_identifier
output_symbol ::=
011lxIX

output_terminal ::=
terminal_identifier
| terminal_identifier [ constant_expression ]

par_block ::=
fork
[ : block_identifier
{ block_item_declaration } ]
{ statement }
join
parallel_edge_sensitive_path_description ::=
([ edge_identifier ] specify_input_terminal_descriptor =>
specify_output_terminal_descriptor [ polarity_operator ] :
data_source_expression )

parallel_path_description ::=
( specify_input_terminal_descriptor [ polarity_operator | =>
specify_output_terminal_descriptor )
param_assignment ::=
parameter_identifier = constant_expression

parameter_declaration ::=
parameter list_of_param_assignments ;

parameter_override ::=
defparam list_of_param_assignments ;

parameter_value_assignment ::=

# ( expression {, expression } )
pass_en_switchtype ::=

tranif0 | tranif1 | rtranif1 | rtranif0

pass_en_switch_instance ::=
[ name_of_gate_instance ] (inout_terminal , inout_terminal,
enable_terminal )

pass_switch_instance ::=
[ name_of_gate_instance ] (inout_terminal , inout_terminal )
pass_switchtype ::
tran | rtran

path_declaration ::
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simple_path_declaration ;
| edge_sensitive_path_declaration ;
| state_dependent_path_declaration ;

path_delay_expression ::=
constant_mintypmax_expression

path_delay_value ::=
list_of_path_delay_expressions
| (list_of_path_delay_expressions)

pcontrol_terminal ::=
scalar_expression

polarity_operator ::=
+1-

port ::=
[ port_expression ]
| . port_identifier ([ port_expression })

port_expression ::=
port_reference
| {port_reference {, port_reference } }

port_reference ::=
port_identifier
| port_identifier [ constant_expression ]
| port_identifier [ msb_constant_expression : Isb_constant_expression ]

primary ::=
number

| identifier

| identifier [ expression ]

| identifier [ msb_constant_expression : Isb_constant_expression ]

| concatenation

| multiple_concatenation

| function_call

| ( mintypmax_expression )

procedural_continuous_assignment ::=
assign reg_assignment ;
| deassign reg_Ivalue ;
| force reg_assignment ;
| force net_assignment ;
| release reg_lvalue ;
| release net_lvalue ;

procedural_timing_control_statement ::=
delay_or_event_control statement_or_null

pull_gate_instance ::=
[ name_of_gate_instance ] (output_terminal )

pulldown_strength ::=
( strengthO , strength1 )
} (strength1, strengthO)
| (strength0)

pullup_strength ::=
( strength0 , strength1 )

| (strength1 , strengthO)
| (strengthl)
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pulse_control_specparam ::=
PATHPULSES = ( reject_limit_value [, error_limit_value ] ) ;
| PATHPULSESspecify_input_terminal_descriptor /*no space; continue*/
$specify_output_terminal_descriptor = ( reject_limit_value
[, error_limit _value ]);’

range :
[msb constant_expression : /sb_constant _expression ]

range_or_type :i=
range | integer | real | realtime | time

real_declaration ::=
real list_of_real_identifiers ;

real_number ::
[ sign] un5|gned number . unsigned_number
| [ sign ] unsigned_number [ . unsigned_ number]e[S|gn]
unsigned_number
| [sign ] unsigned_number [ . unsigned_number ] E [ sign ]
unsigned_number

realtime_declaration ::=
realtime list_of_real_identifiers ;

reg_assignment ::=
reg_lvalue = expression

reg_declaration ::=
reg [ range ] list_of_register_identifiers ;

reg_lvalue ::=
reg_identifier
| reg_identifier [ expression ]
| reg_identifier | msb_constant_expression : /sb_constant _expression ]
| reg_concatenation

register_name ::=
register_identifier
| memory_identifier [ upper_limit_constant_expression :
lower_limit_constant_expression ]

scalar_constant ::=
1b0!1b1118011B11'b0I'b11'BOI'B11110

scalar_timing_check_condition ::=
expression
| ~ expression
| expression == scalar_constant
| expression === scalar_constant
| expression = scalar_constant
| expression !== scalar_constant

seq_block =
begin
[ : block_identifier
{ block_item_declaration } ]
{ statement }
end

seq_input_list ::=
level_input_list | edge_input_list

sequential_body ::=
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[ udp_initial_statement ]
table

sequential_entry

{ sequential_entry }
endtable

sequential_entry ;=

seq_input_list : current_state : next_state ;
short_comment = '

{// comment_text \n
sign =

+1-
simple_identifier ::=

[a-zA-Z][a-zA-Z_8$0-9]
simple_path_declaration ::=

parallel_path_description = path_delay_value

| full_path_description = path_delay_value
size =

unsigned_number

source_text ::=
{ description }

specify_block ::=
specify
{ specify_item }
endspecify
specify_input_terminal_descriptor ::=
input_identifier
| input_identifier [ constant_expression ] _
| input_identifier [ msb_constant_expression : /sb_constant_expression 1
specify_item ::=
specparam_declaration
| path_declaration
I system_timing_check

specify_output_terminal_descriptor ::=
output_identifier
| output_identifier [ constant_expression ]
| output_identifier [ msb_constant_expression : Isb_constant_expression ]
specify_terminal_descriptor ::=
specify_input_terminal_descriptor
| specify_output_terminal_descriptor
specparam_assignment ::=
specparam_identifier = constant_expression
I pulse_control_specparam
specparam_declaration ::=
specparam list_of_specparam_assignments ;
state_dependent_path_declaration ::= _
if ( conditional_expression ) simple_path_declaration

t if ( conditional_expression ) edge_sensitive_path_declaration
| ifnone simple_path_declaration

statement ;=
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blocking_assignment ;

I non_blocking_assignment ;
| procedural_continuous_assignment ;
| procedural_timing_control_statement
| conditional_statement
| case_statement
| loop_statement
| wait_statement
| disable_statement
| event_trigger

| seq_block

| par_block

| task_enable

| system_task_enable

statement_or_null ::=
statement | ;

strengthOQ ::=
supply0 | strongO0 | pull0 | weak0

strength1 ::=
supply1 | strong1 | pull1 | weak1
string ::=
" { ANY_ASCII_CHARACTERS_EXCEPT_NEWLINE }

| path_declaration

system_task_name ::=
S$identifier
I* The $ cannot be followed by a space */
system_timing_check ::=
$setup ( timing_check_event , timing_check_event , timing_check_limit
[, notify_register ]);
| $hold ( timing_check_event , timing_check_event, timing_check_limit
[, notify_register]);
| $period ( controlled_timing_check_event , timing_check_limit
[, notify_register]); '
| $width ( controlled_timing_check_event, timing_check_limit ,
constant_expression [, notify_register]);
| $skew (timing_check_event, timing_check_event , timing_check_limit
[, notify_register]);
| $recovery (controlled_timing_check_event , timing_check_event,
timing_check_limit [, notify_tegister ] ) ;
| $setuphold (timing_check_event , timing_check_event,
timing_check_limit , timing_check_limit [, notify_register]);

task_declaration ::=
task task_identifier ;
{ task_item_declaration }
statement_or_null
endtask

task_enable ::=
task_identifier [ ( expression {, expression})];

task_item_declaration ::=
block_jitem_declaration
| input_declaration
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| output_declaration
| inout_declaration
time_declaration ::=
time list_of_register_identifiers ;

timing_check_condition ::=
scalar_timing_check_condition
| (scalar_timing_check_condition )

timing_check_event ::=
[ timing_check_event_control ] specify_terminal_descriptor
[ &&& timing_check_condition ]

timing_check_event_control ::=
posedge
| negedge
| edge_control_specifier
timing_check_limit ::=
expression
udp_body ::=
combinational_body
| sequential_body

udp_declaration ::=
primitive udp_identifier (udp_port_list) ;
udp_port_deciaration
{ udp_port_declaration }
udp_body
endprimitive

udp_initial_statement ::=
initial udp_output_port_identifier = init_val ;

udp_instance ::=
[ name_of_udp_instance ] ( output_port_connection , input_port_connection
{ , input_port_connection } )

udp_instantiation ::=
udp_identifier [ drive_strength ] [ delay2 ] udp_instance { , udp_instance } ;

udp_port_declaration ::=
output_declaration

| input_declaration

| reg_declaration

udp_port_list ::=
output_port_identifier , input_port_identifier { , input_port_identifier }
unary_operator ::=
+l-lll~ &I ~&I I~ 1A]~A] A~
unsigned_number ::=
decimal_digit { _ | decimal_digit }
wait_statement ::=
wait ( expression ) statement_or_null
white_space ::=
space | tab | newline
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