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“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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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
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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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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:



CM &'bUf)oCOM

12
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



156 Verilog HDL

“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
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