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31 4

nodul e adder 4(cout, sumina,inb,cin);

out put[3: 0] sum

out put cout;

input[3:0] ina,inb

i nput cin;

assi gn {cout, sun} =i na+i nb+cin

endnodul e

32 4
nmodul e count 4(out, reset, cl k) ;
output[3:0] out;
i nput reset, clk;
reg[ 3: 0] out;
al wvays @ posedge cl k)

begi n
if (reset) out<=0;
el se out <=out +1
end
endnodul e
33 4

“tinmescal e 1ns/1ns
“include "adder4.v"
nodul e adder _tp;
reg[3:0] a,b;

reg cin;

wire[3:0] sum

W re cout;

integer i,j;

adder 4 adder (sum cout, a, b, cin);

al ways #5 cin=~cin

initial

begi n
a=0; b=0; ci n=0;
for(i=1;i<16;i=i+1)
#10 a=i;

end
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11
Il

Il

11
Il
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initial

begi n

for(j=1;j<16;j=j+1)

#10  b=j; 11 b

end

initial /1

begi n

$nmonitor($tinme,,, "% + % + %={%, %d}", a, b, ci n, cout, sunj;
#160 $fi ni sh;

end

endnodul e

34 4
“tinescal e 1ns/1ns
“include "count4.v"
nodul e coun4_t p;
reg clk, reset; I/ reg
wire[3:0] out; I wire
par amet er DELY=100

count 4 nmycount (out, reset, cl k) ; /1
al ways #(DELY/2) clk = ~clk; I
initial

begi n /1

clk =0; reset=0;
#DELY reset =1;
#DELY r eset =0;
#( DELY*20) $fi ni sh;

end
1
initial $ronitor($tine,,,"clk=% reset=% out=%l", clk, reset,out);
endnodul e

35 - -7

modul e AQ (A B, C D, F); /1 AQ ( ABCDFP
input A B,C D I A B CD

out put F; 11 F
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wire A B CD,F; /1
assign F= ~((A&B)|(C&D)); /I
endnodul e
51 case 4 1

nmodul e nux4_1(out,in0,inl,in2,in3, sel);
out put out;
i nput in0,inl, in2,in3
i nput[1:0] sel
reg out;
always @inO or inl or in2 or in3 or sel) I
case(sel)
2' boo: out =i nO;
2' b0O1: out =i nl;
2' b1o: out =i n2;
2' b11: out =i n3;
defaul t: out=2"bx;
endcase

endnodul e

52
nmodul e count (out, dat a, | oad, reset, cl k) ;

output[7:0] out;
input[7:0] data

i nput |oad,clk,reset;
reg[7: 0] out;

al ways @ posedge cl k) /lclk
begi n
if (!reset) out = 8' h0O; I 0
else if (load) out = data; I
el se out = out + 1, 11
end

endnodul e
53 aways

“define add 3'dO
“define mnus 3'dl
“define band 3'd2
“define bor 3'd3
“define bnot 3'd4



nmodul e al u(out, opcode, a, b);

output[7:0] out;
reg[7: 0] out;
i nput[2: 0] opcode
input[7:0] a,b;
al ways@opcode or a or b)
begi n
case(opcode)
“add: out = at+b
“minus: out = a-b;
“band: out = aé&b;
“bor: out = alb;
“bnot: out=~a
def aul t: out =8' hx;
endcase
end
endnodul e

54 initial
“timescal e 1ns/1ns
nodul e test;
reg A B G
initial

begi n

#50
#50
#50
#50
#50 $fi ni sh
end
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endnodul e

55 begin-end
“timescal e 10ns/ 1ns
nodul e wavel;
reg wave
paraneter cycl e=10
initial

begi n
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11
Il
Il
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al ways
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wave=0
#(cycl e/ 2) wave=1
#(cycl e/ 2) wave=0
#(cycl e/ 2) wave=1
#(cycl e/ 2) wave=0
#(cycl e/ 2) wave=1
#(cycle/2) $finish

end
initial $rmonitor($tineg,,, " "wave=%", wave);
endnodul e

5.6 fork-join
“timescal e 10ns/ 1ns
nodul e wavez;
reg wave

par anet er cycl e=5;

initia
fork
wave=0;
#(cycl e) wave=1;

#(2*cycle) wave=0;
#(3*cycle) wave=1;
#(4*cycle) wave=0;
#(5*cycle) wave=1;
#(6*cycle) $finish

join
initial $ronitor($tinme,,,"wave=%", wave);
endnodul e

57 2 1

nodul e MJUX21_1(out, a, b, sel );
i nput a, b, sel
out put out;
assi gn out =(sel ==0)?a: b
/1 sel 0 out =a

endnodul e

5.8 2 1
nmodul e MUX21_2(out, a, b, sel );

i nput a, b, sel

out =b



out put out;
reg out;
always@a or b or sel)
begi n
i f(sel ==0) out=3a; 11
el se out =b;
end
endrodul e
5.9
nodul e non_bl ock(c, b, a, cl k);
out put c, b;
input clk,a;
reg c,b
al ways @ posedge cl k)
begi n
b<=a
c<=b
end

endnodul e

5.10
nmodul e bl ock(c, b, a, cl k);
out put c, b;
input clk,a;
reg c,b
al ways @ posedge cl k)
begi n
b=a;
c=b;
end

endnodul e

51 60 BCD
nmodul e count 60( qout , cout, dat a, | oad, ci n, reset, cl k);
output[7:0] qout;
out put cout;
input[7:0] data
i nput | oad,cin,clk,reset;
reg[7: 0] gout;
al ways @ posedge cl k) /lclk
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begi n
if (reset) gout <=0
el se if(load) gout <=dat a;
else if(cin)
begi n
i f(qout[3:0]==9)
begi n
qout [ 3: 0] <=0
if (qout[7:4]==5) qout[7:4]<=0;
el se
qout[7:4] <=qout [7: 4] +1
end
el se
gout [ 3: 0] <=qout [ 3: 0] +1
end
end

assi gn cout =((qout ==8' h59) &ci n) ?1: 0;

endnodul e

5.12

BCD —

nodul e decode4_7(decodeout, i ndec) ;

out put [ 6: 0] decodeout ;

i nput[3:0] indec;

reg[ 6: 0] decodeout;

al ways @i ndec)

begi n

case(i ndec) I

4' do
4' di1:
4' d2
4' d3
4' d4.
4' d5
4' d6
4' d7
4' d8
4' d9

decodeout =7' b1111110;
decodeout =7' b0110000;
decodeout =7' b1101101
decodeout =7' b1111001
decodeout =7' b0110011;
decodeout =7' b1011011
decodeout =7' b1011111;
decodeout =7' b1110000;
decodeout =7' b1111111;
decodeout =7' b1111011;

defaul t: decodeout =7' bx;

endcase

end

11
11

11

11

11

11

11

case



endnodul e

5.13 casez
nodul e nux_casez(out, a, b, c, d, sel ect);
out put out;
input a,b,c,d
input[3:0] select;
reg out;
al ways @select or a or b or ¢ or d)
begi n
casez(sel ect)
4' b???1: out = a
4' b??1?: out = b
4' b?1??: out = c
4' p1???: out =d
endcase
end

endnodul e

514
nodul e buried_ff(c,b, a);
out put c;
i nput b, a;
reg c;
always @a or b)
begi n
i f((b==1)&&(a==1)) c=a&b
end

endnodul e

5.15 for
nmodul e vot er 7( pass, vot e) ;
out put pass;
input[6:0] vote
reg[ 2: 0] sum
integer i;
reg pass;
al ways @vote)
begi n

sun¥0;
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for(i=0;i

<=6;i =i +1) /1l for

if(vote[i]) sumFsumtl;
if(sunf2]) pass=1; I

el se
end

endnodul e

5.16

pass=0;

for 2 8

nmodul e nul t _f or(outcone, a, b);

paraneter size=8

i nput [ si ze: 1]

a, b; /1

out put [ 2*si ze: 1] out cone; /1

reg[ 2*si ze: 1]

integer i;

out cone,

always @a or b)

begi n

out conme=0;

for(i=1;

if(b[i])

end
endrodul e

5.17

i <=size; i=i+1) //for

out cone=out cone +(a << (i-1));

repeat 8

nodul e nul t_repeat (out cong, a, b);

paranet er size=8

i nput [ si ze: 1]

a, b;

out put [ 2*si ze: 1] out cone;

reg[ 2*si ze: 1]

t enp_a, out conme

reg[size:1] tenp_b;

always @a or b)

begi n

out come=0;

tenp_a=a

t enp_b=b

repeat (si ze) /I repeat

begi n
if(tenp_b[1]) I tenp_b

out corme=out cone+t enp_a,;

tenp_a=t enp_a<<1; /1

a

pass=1

si ze



tenp_b=t enp_b>>1; I
end
end

endnodul e

5.18

nodul e | oopl; /1 1
i nteger i;
initial

for(i=0;i<4;i=i+1) /1for

begi n

$di spl ay(“i=%",i);

end

endnodul e

nmodul e | oop2; I 2
i nteger i;
initial begin

i =0;
whi | e(ii <4) [1while
begi n
$display ("i=%",i);
i =i +1;
end
end
endnodul e
nodul e | oop3; /1 3

integer i;

initial begin

i =0,

r epeat (4) /I repeat
begi n
$display ("i=",i);
i =i +1;
end

end

endnodul e
5.19 “include 16

-10-
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“include "adder.v"

nodul e adder 16( cout, sum a, b, ci n);
out put cout;

paraneter ny_size=16

out put [ ny_si ze-1: 0] sum
input[ny_size-1:0] a,b

i nput cin;

adder ny_adder(cout,suma, b, cin); I
endrodul e
11 adder
nodul e adder (cout, sum a, b, ci n);
paraneter size=16
out put cout;
out put [ si ze-1: 0] sum
i nput cin;
input[size-1:0] a,b;
assi gn {cout, sun} =a+b+ci n;

endnodul e

5.20

nodul e conpi | e(out, A B);

out put out;

i nput A B;

“ifdef add Il
assi gn out =A+B;

“el se
assign out=A-B

“endi f

endnodul e

6.1
nmodul e count (dat a, cl k, reset, | oad, cout, qout) ;
out put cout;
out put[3:0] qout;
reg[3: 0] qout;
input[3:0] data

input clk,reset, | oad;

adder

add

-11 -



al ways @ posedge cl k)
begi n
if (!reset) gout = 4' h0O

else if (load) qout= data

Il

Il
Il

el se qout =qout + 1; I

end

assi gn cout =( qout ==4"' hf) ?1: 0;

endnodul e

6.2
nodul e al ut ask(code, a, b, c);

i nput [ 1: 0] code;
input[3:0] a,b;
output[4:0] c;
reg[4:0] c

task nmy_and

input[3:0] a,b;

out put[4:0] out;

integer i;
begi n
for(i=3;i>=0;i=i-1)
out[i]=a[i]&b[i];
end

endt ask

al ways@code or a or b)
begi n
case(code)
2' b00: ny_and(a, b, c);
/* ny_and
a, b, out */
2' b01: c=alb;
2' b10: c=a-b
2' bl1l: c=atb
endcase
end

endnodul e

-12 -
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6.3
“include "al utask.v"
nodul e alu_tp
reg[3:0] a,b;
reg[ 1: 0] code
wire[4:0] c;
paraneter DELY = 100;

al ut ask ADD(code, a, b, ¢); /1l

initial begin
code=4' dO;
#DELY  code=4' dO;
#DELY code=4'dl; a
#DELY code=4'd2; a
#DELY  code=4'd3; a
#DELY code=4'd3; a
#DELY  $finish
end

4' b0000; b= 4'Dbllll
4' b0111; b= 4'bll01
4' b0001; b= 4'b0011
4' b1001; b= 4' b0011
4' b0011; b= 4' b0001
4' b0111; b= 4' b1001

SV R
1 1} 1 I} 1

initial $nonitor($tine,,,"code=% a=% b=% c=%",

endnodul e

6.4
function[7:0] getO;
input[7:0] x;
reg[7: 0] count;
integer i;
begi n
count =0;
for (i=0;i<=7;i=i+1)
if (x[i]=1"b0) count=count+1
get O=count ;
end

endf unction

6.5 case
nmodul e code_83(di n, dout ) ;
input[7:0] din;
out put[2: 0] dout;

code, a, b, ¢);

-13-



function[2:0] code; I
input[7:0] din; /1

casex (din)

8' blxxx_xxxx : code = 3'h7

8' bO1lxx_xxxx : code = 3'h6

8' b001x_xxxx : code = 3'h5

8' b0001 xxxx : code = 3' h4,;

8' b0000_1xxx : code = 3'h3

8' b0000_01xx : code = 3'h2

8' b0000_001x : code = 3'hl

8' b0000_000x : code = 3'h0

default: code = 3'hx;

endcase

endf unction

assi gn dout = code(din) ; I
endnodul e

6.6
nodul e funct(clk,n,result,reset);
output[31:0] result;
i nput[3:0] n;
i nput reset, clk;

reg[31: 0] result;

al wvays @ posedge cl k) /Il clk
begi n
if('reset) result<=0; /1

el se begin

result <= 2 * factorial(n); // factori al
end
end
function[31:0] factorial; I
i nput[3:0] opa; /1
reg[3:0] i;
begi n
factorial = opa ? 1 : O;
for(i=2;, i <= opa; i =i+1) I opa
factorial = i* factorial; I/
end

-14-
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endf uncti on
endnodul e

6.7
“define clk_cycle 50
“include "funct.v"
nmodul e funct _tp
reg[3:0] n;
reg reset, clk;

wire[31:0] result;

initial I
begi n
n=0; reset=1; clk=0;
f or (n=0; n<=15; n=n+1)
#100 n=n;
end
initial $nmonitor($tine,,,"n=% result=%",n,result);
11
always # “clk_cycle clk=~clk; I

funct funct_try(.clk(clk),.n(n),.result(result),.reset(reset));

endnodul e

6.8 1
nmodul e serial 1(q, a, cl k) ;
out put q, a;
i nput clk;
reg g,a

al ways @ posedge cl k)
begi n
q=-q
a=~q;
end

endnodul e

6.9 2
nmodul e serial 2(q, a, cl k);

out put q, a;

Il

-15-
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i nput clk;
reg q,a
al wvays @ posedge cl k)
begi n
a=-q;
9=-q
end

endnodul e

6.10
nodul e paral 1(q, a, cl k);
out put q, a;
i nput clk;
reg q,a
al ways @ posedge cl k)
begi n
9=-q
end
al ways @ posedge cl k)
begi n
a=-q;
end

endnodul e

6.11
nodul e paral 2(q, a, cl k);
out put q, a;
i nput clk;
reg q,a
al ways @ posedge cl k)
begi n
a=~-q;
end
al ways @ posedge cl k)
begi n
9=-q
end

endnodul e

7.1

1

2

4

1 MUX
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nodul e nux4_la(out,inl,in2,in3,ind,cntrl1,cntrl2);

out put out;

input inl,in2,in3,ind,cntrl1,cntrl2

wire notcntrl 1, notcentrl 2, w x,y, z;

not (notcntrll,cntrl2)
(notcntrl 2,cntrl 2)

and (w, inl,notcntrl 1, notcntrl2)
(x,in2,notcntrl1,cntrl 2),
(y,in3,cntrl 1, notcntrl 2),
(z,in4d,cntrl1,cntrl 2)

or (out,wXx,VY,2z);

endrodul e

7.2 case 4 1MUX
nodul e mux4_1b(out,inl,in2,in3,ind4,cntrl1,cntrl2);
out put out;
input inl,in2,in3,ind,cntrl1,cntrl2;
reg out;
always@inl or in2 or in3 or ind or cntrl1 or cntrl2)
case({cntrl1,cntrl 2})
2' b0O0: out =i n1;
2' b01: out =i n2
2' b10: out =i n3;
2' b11: out =i n4;
def aul t: out =2' bx;
endcase
endrodul e

7.3 4
nodul e count4(clk,clr,out);
input clk,clr;
output[3:0] out;
reg[ 3: 0] out;

al ways @ posedge cl k or posedge clr)

begi n

if (clr) out <=0;

el se out <=out +1
end

endnodul e



-18-

7.4 4  1MUX
modul e nux4_1c(out,inl,in2,in3,in4,cntrl1,cntrl2);
out put out;
input inl,in2,in3,ind,cntrl1,cntrl2
assign out=(inl & ~cntrl1 & ~cntrl2)|(in2 & ~cntrl1 & cntrl2)]|

(in3 &cntrll & ~cntrl2)|(ind &cntrll & cntrl2);
endrodul e

7.5 4 1MUX
nodul e nux4_1d(out,inl,in2,in3,ind4,cntrl1,cntrl2);
out put out;
input inl,in2,in3,ind,cntrl1,cntrl2;
assign out=cntrl1 ? (cntrl2 ? in4:in3):(cntrl2 ? in2:inl);

endnodul e

7.6 2 1IMUX
nmodul e nux2_la(out, a, b, sel);
out put out;
i nput a, b, sel
not (sel _,sel);
and (al, a,sel ),
(a2, b, sel);
or (out,al, a?);

endnodul e

7.7 2 1IMUX
nmodul e nux2_1b(out, a, b, sel);
out put out;

i nput a, b, sel

reg out;

always @a or b or sel)
begi n

I
s

i f(sel) out

el se out

I
2

end

endnodul e

7.8 2 1IMUX
nmodul e MUX2_1c(out, a, b, sel );

out put out;
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input a,b, sel
assign out = sel ? b: a;

endnodul e

7.9 1
nodul e hal f _add1(a, b, sum cout);
i nput a, b;
out put sum cout;
and (cout, a, b);
xor (suma,b);

endnodul e

7.10 1
nodul e hal f _add2(a, b, sum cout);
i nput a,b;
out put sum cout;
assi gn sun¥a’b
assi gn cout =a&b

endnodul e

7.1 1
nmodul e hal f _add3(a, b, sum cout);
input a,b;
out put sum cout;
reg sumcout;
always @a or b)
begi n
case ({a, b}) /1
2' b00: begin sun¥0; cout=0; end
2'b0l: begin sun¥l; cout=0; end
2'b10: begin sun¥l; cout=0; end
2'bl1l: begin sum=0; cout=1; end
endcase
end

endnodul e

7.12 1
nodul e hal f _add4(a, b, sum cout);
i nput a, b;

out put sum cout ;

-19-



reg sumcout;
always @a or b)
begi n
sun¥ a’\b;
cout =a&b
end
endrodul e

7.13 1
nmodul e full _addl(a, b, ci n, sum cout);
input a,b,cin
out put sum cout ;
wire si,ml, n2, nB;

and (nt, a, b),
(n2, b,cin),
(nB,a,cin);
xor (s1,a,b),
(sums1i,cin)
or (cout,ml, n2, nB);
endrodul e
7.14 1

nodul e full _add2(a, b, ci n, sum cout);

input a,b,cin;

out put sum cout;

assign sum=a ™ b ~ cin;

assign cout = (a & b)|(b &cin)|(cin & a);
endrodul e

715 1
nodul e full _add3(a, b, ci n, sum cout);
input a,b,cin
out put sum cout;
assi gn {cout, sun} =a+b+ci n;

endnodul e

7.16 1
nodul e full _add4(a, b, ci n, sum cout);
input a,b,cin;
out put sum cout;
-20-
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reg sumcout; [/ always
reg nmi, n2, n8;
always @a or b or cin)
begi n
sum= (a ™ b) " cin;
nt = a & b;
m =b & cin;
nB =a &cin
cout = (ml| nR)| nB;
end
endrodul e
7.17 1

nmodul e ful |l _add5(a, b, ci n, sum cout) ;

input a, b, cin

out put sum cout ;

reg cout, nil, n2, n8; /1 al ways

wre si;

xor x1(s1,a,b); /1l

always @a or b or cin) /1 al ways

begi n

m =
ne =
ng =
cout
end

a & b;

b & cin;

a & cin;

= (| n2) | n8;

assign sum= sl ™ cin; /Il assi gn

endnodul e

7.18

4

“include "full _addl. v"

nodul e add4_1(sum cout, a, b, cin);

out put[3: 0] sum

out put cout;
input[3:0] a,b;

i nput cin;

full _addl fO(a[0],b[0],cin,sun{0],cinl); /1
full _addl f1(a[1],b[1],cinl, sunfl],cin2);
full _addl f2(a[2],b[2],cin2,sun?2],cin3);

reg

reg

-21-



full _addl f3(a[3],b[3],cin3,suni3],cout);

endnodul e

7.19 4
nmodul e add4_2(cout, sum a, b, ci n);
output[3:0] sum
out put cout;
input[3:0] a,b;
i nput cin;
assi gn {cout, sun} =a+b+ci n;
endnodul e

7.20 4
nodul e add4_3(cout, suma, b, cin);
out put[3:0] sum
out put cout;
input[3:0] a,b;

i nput cin;
reg[ 3: 0] sum
reg cout;
always @a or b or cin)
begi n

{cout, sun} =a+b+ci n;
end

endnodul e

8.1 $time S$redtime
“timescal e 10ns/ 1ns
nodul e tinme_dif;
reg ts;
par anet er del ay=2. 6;
initial

begi n

#del ay ts=1;

#del ay ts=0;

#del ay ts=1;

#del ay ts=0;

end
initial $nonitor($tine,,,"ts=%",ts); I $time

-22-
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endnodul e

8.2 $random
“tinmescal e 10ns/ 1ns
nodul e random t p;

i nteger data;
integer i;

par anet er del ay=10

initial $nmonitor($tine,,,"’

initial begin

'dat a=%", dat a) ;

for(i=0; i<=100; i=i+1)
#del ay dat a=$random
end

endnodul e
83 1

UDP

primtive carry_udp(cout,cin,a,b);

i nput cin,a,b;

out put cout;

tabl e
/lcin a b : cout /1
0 0 O 0;
0O 1 O 0;
0 0 1 0;
0O 1 1 1;
1 0 O 0;
1 0 1 1,
1 1 O 1,
1 1 1 1,
endt abl e
endprimtive
8.4 X 1 UDP
primtive carry_udpxl(cout,cin,a,b);
i nput cin,a,b;
out put cout;
tabl e
// cin a b : cout I

0 0 O

0,
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0 1 O 0;
0O 0 1 0;
0O 1 1 1;
1 0 O 0;
1 0 1 1;
1 1 O 1;
1 1 1 1;
0 0 x 0; /1
0 x O 0;
x 0 O 0;
1 1 x 1, I
1 X 1 1;
x 1 1 1,

endt abl e

endprimtive
8.5 “ K 1

primtive carry_udpx2(cout,cin,a,b);
i nput cin,a,b;

out put cout;

tabl e
/l cin a b : cout /1

? 0 O 0; Il
o ? 0 0;
0o o0 2 0;
? 1 1 1, I
1 ? 1 1,
1 1 2 1

endt abl e

endprimtive

86 3 1 UDP

primtive mux31(Y,in0,inl, in2,s2,sl);
input in0,inl, in2, s2, sl

out put Y;
tabl e
/1in0 inl in2 s2 s1: Y
o ? 2 0 0 : O Il
1 2?2 2 0 O 1,
? 0 2 0 1 0, /1
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2 1 2?2 0 1 1;
? ?2 0 1 2 0; /Il s2s1=1 Y=i n2
? 2?2 1 1 2 1;
o o0 ? o 2 0;
1 1 2 0o 2 1;
0o ? O ? 0 0;
1 2?2 1 ? 0 1,
? 0 O ? 1 0;
? 1 1 ? 1 1,
endt abl e
endprimtive
8.7 1 UDP
primtive latch(Q clk,reset,D);
input clk,reset, D
out put Q
reg Q
initial Q= 1"b1; 11
tabl e
/Il clk reset D: state : Q
? 1 ? :?:0; [lreset=1
0 0 O ?:0; [/lclk=0 D
0 0 1 ?:1
1 0 2 ? - //clk=1
endt abl e
endprimtive
8.8 D UDP
primtive DFF(Q D, cl k);
out put Q
input D, clk;
reg Q
tabl e
[lclk D: state : Q
(01) O ?:. 0 1 Q=D
(01) 1 ? 1;
(0x) 1 1: 1;
(0x) O 0 : 0;
(?00 2?2 = ?: - /1 Q
? (??) ? - 11
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endt abl e
endprimtive

8.9 1
primtive DFF_UDP(Q D, cl k,clr, set)
out put Q
input D, clk,clr,set;

reg Q
tabl e
/1 clk D clr set : state
(01) 1 o0 O ? 0
(01) 1 0 X ? 0;
? ? 0 x 0 : 0;
(01) 0 0 O 21
(01) o x O ? 1;
? ? X 0 1 1;
(x1) 1 0 O 0 : 0
(x1) O 0 0 1: 1;
(0x) 1 0 O 0 : 0
(0Ox) O 0 O 1: 1;
? ? 1 ? ? 1,
? ? 0 1 ? 0;
n ? 0 O ?: -
? * ? ? ? -
? ? (?0) 2 : ?: -;
? ? ?  (?0): ?: -,
? ?2 2?2 2 ? X;
endt abl e

endprimtive

8.12
nmodul e del ay(out, a, b, ¢);

out put out;
input a,b,c;
and al(ni,a, b);
or ol(out,c,nl);
specify
(a=>out) =2
(b=>out) =3
(c=>out)=1
-26 -
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endspeci fy
endnodul e

8.13
"tinmescal e 1ns/1ns

nodul e test1;

reg A B G
initial
begi n I
A=0 B=1, C=0
#100 C = 1;
#100 A =1, B = 0;
#100 A = O;
#100 C =0
#100 $finish
end

initial $nonitor($tine,,,"A=% B=% C=%",A B O; /1

endnodul e

8.15 aways
nodul e test2,;
reg cl ki, cl k2;
paraneter CYCLE = 100;
al ways
begi n
{cl k1, cl k2} = 2'b10;
#(CYCLE/ 4) {clk1,clk2} = 2'b01l
#(CYCLE/ 4) {clkl,clk2} = 2'bll
#(CYCLE/ 4) {clk1,clk2} = 2'b00;
#(CYCLE/ 4) {clk1,clk2} = 2'b10
end
initial $nonitor($tine,,,"clkl=% cl k2=%", cl k1, cl k2);

endnodul e

8.17
nodul e ROM addr, dat a, oe) ;
output[7:0] data; 11
i nput [ 14: 0] addr; Il
i nput oe; /1l
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reg[7: 0] neniO0: 255]; I
paramet er DELAY = 100;
assi gn #DELAY dat a=(oe==0) ? nenjaddr] : 8' hzz;

initial $readmenmh("rom hex", nen; Il

endnodul e

8.18 8
“timescal e 10ns/ 1ns
nodul e mul t _tp; 11
reg[7:0] a,b; I reg
wire [15:0] out; 11 wre

integer i,j;

mul t8 nil(out, a, b); 11
Il

initial

begi n

a=0; b=0;

for(i=1;i<255;i=i+1)

#10 a=i;

end
initial

begi n

for(j=1;j<255;j=j +1)

#10 b=j;

end

initial I
begi n
$nonitor ($tine,,,"% * %= %", a, b, out);
#2560 $fini sh;

end
endnodul e
modul e mul t8(out, a, b); 118
par anet er size=8;
i nput [ size:1] a, b; Il
out put [ 2*si ze: 1] out; /1
assi gn out =a*b; I
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endnodul e
819 8
“timescal e 1ns/1ns
nodul e add8_t p; I
reg[7:0] A B; I reg
reg cin;
wire[7:0] SUM I wre
W re cout;

parameter DELY = 100;

add8 ADL(SUM cout, A B, cin); /1

initial begin /1
A= 8' dO; B= 8' dO; ci n=1' bO;

#DELY A= 8'd100; B= 8'd200; cin=1'b1l,;

#DELY A= 8'd200; B= 8' d88;

#DELY A= 8'd210; B= 8'di18 ci n=1' b0;

#DELY A= 8' d12; B= 8' d12;

#DELY A= 8'd100; B= 8'dl154;

#DELY A= 8'd255; B= 8'd255; cin=1'bil,;

#DELY $f i ni sh;

end

11

initial $nonitor($tine,,,"% + % + % = {9, %}", A B,cin,cout, SUM;

endnodul e

nodul e add8( SUM cout , A B, cin); /1 8
output[7:0] SUM

out put cout;

input[7:0] A B;

i nput cin;

assi gn {cout, SUM =A+B+ci n;

endnodul e

820 2 1
“tinescal e 1ns/ 1ns

nmodul e nux_t p;
reg a, b, sel;

wire out;



MJUX2_1 nmi(out, a, b, sel); /1

initial
begi n

a=1'b0; b=1'b0; sel =1'bO;
#5 sel =1'bl;
#5 a=1'bl; sel=1'b0O;
#5 sel =1'bl;
#5 a=1'b0; b=1'bl; sel =1'b0O;
#5 sel =1' bl;
#5 a=1'bl; b=1'bl; sel =1'bO;
#5 sel =1' bl;

end

initial $nonitor($tine,,,"a=% b=% sel =% out=%", a, b, sel, out);
endnodul e

nmodul e MJUX2_1(out, a, b, sel); /1 2  1IMX

i nput a, b, sel

out put out;

not #(0.4,0.3) (sel_,sel); /1#(0.4,0.3)

and #(0.7,0.6) (al,a,sel_);
and #(0.7,0.6) (a2,b,sel);
or #(0.7,0.6) (out,al,a?);
endnodul e

821 8
“tinmescal e 10ns/ 1ns
nmodul e count 8_t p;
reg clk, reset; I reg
wire[7:0] qout; /1 wire
par anmet er DELY=100

counter Cl(qout,reset,clk); I/
al ways #(DELY/2) clk = ~clk; I
initial

begi n /1

clk =0; reset=0
_30_
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#DELY reset =1
#DELY reset =0
#(DELY*300) $finish

end
/1
initial $nonitor($tine,,,"cl k=% reset=% qout=%", cl k, reset, qout);
endnodul e
nmodul e count er (qout, reset, cl k); I/ 8

output[7:0] qout;

i nput clk, reset;
reg[7: 0] qout;

al wvays @ posedge cl k)

begi n if (reset) qout<=0
el se gout <=gout +1
end
endnodul e
9.1
1

nmodul e gatel(F, A B, C D);

i nput A B, C D

out put F;

nand( F1, A B); /1l
and(F2,B,C D);

or(F, F1, F2);

endnodul e

2

nodul e gate2(F, A B, C D);

i nput A B, C D

out put F;

assi gn F=(A&B)| (B&C&D); /Il assi gn
endnodul e

3

nodul e gate3(F, A, B, C D);
input A B,C D
out put F;
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reg F;

always @A or Bor Cor D 11
begi n
F=(A&B) | (B&GED) ;
end
endrodul e
9.2 bufifl
modul e tri_1(in,en,out);
input in,en
out put out;
tri out;
bufifl bl(out,in,en); I
endnodul e
9.3 assign

nodul e tri_2(out,in,en);
out put out;

input in,en

assign out = en ? in: 'bz
/1l en=1 out=in en=0 out
endnodul e
9.4

nodul e bidir(tri_inout,out,in,en,b);
inout tri_inout;

out put out;

i nput in,en,b;

assign tri_inout = en ? in : 'bz;
assign out = tri_inout " b;

endnodul e

9.5

modul e bidir2(bidir, en,clk);
inout[7:0] bidir;
i nput en, cl k;
reg[7:0] tenp
assign bidir=en ? tenp : 8' bz;
al ways @ posedge cl k)

begi n
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if(en) tenp=bidir;
el se t enmp=t enp+1
end

endnodul e

9.6 38
nmodul e decoder _38(out, in);
output[7:0] out;
input[2:0] in;
reg[7: 0] out;
al ways @i n)
begi n
case(in)
3'd0: out=8'b11111110
3'd1l: out=8'bl11111101
3'd2: out=8'b11111011;
3'd3: out=8 b11110111;
3'd4: out=8'b11101111;
3'd5: out=8'b11011111;
3'd6: out=8'b10111111;
3'd7: out=8'b01111111;
endcase
end

endnodul e

9.7 83
nmodul e encoder 8_3(none_on, out code, a, b,c,d, e, f, g, h);
out put none_on
out put [ 2: 0] out code;
input a,b,c,d, e f,g,h
reg[ 3: 0] outtenp;
assi gn {none_on, out code} =out t enp;
always @a or b or c or d or e or f or g or h)

begi n
if(h) out tenp=4' b0111
else if(Q) out t enp=4' b0110;
else if(f) outt enp=4' b0101
else if(e) out t enp=4' b0100;
el se if(d) out t enp=4' b0011

else if(c) out t enp=4' b0010;



else if(b) out t enp=4' b0001;

else if(a) out t enp=4' b0000;
el se out t enp=4' b1000;
end
endnodul e
9.8 8-3

nodul e code_83(din, dout);
input[7:0] din;
out put[2: 0] dout;

function[2:0] code; 11

i nput[7:0] din; I

if (din[7]) code = 3'd7;
else if (din[6]) code = 3'd6;
else if (din[5]) code = 3'd5;
else if (din[4]) code = 3'd4;
else if (din[3]) code = 3'd3;
else if (din[2]) code = 3'd2;
else if (din[1]) code = 3'di;
el se code = 3'dO;

endf unction

assign dout = code(din); I

endnodul e

9.9

nodul e decode47(a, b, c, d, e, f, g, D3, D2, D1, DO) ;

output a,b,c,d, e f,g;

i nput D3, D2, D1, DO; 11 4

reg a,b,c,d, e f,og;

always @D3 or D2 or D1 or DO)

begi n

case({D3, D2, D1, D0}) /Il case
4'do: {a,b,c,d, e f,g}=7"b1111110;
4'dl: {a,b,c,d, e, f,g}=7" b0110000;
4'd2: {a,b,c,d, e, f,g}=7" b1101101,;
4'd3: {a,b,c,d, e, f,g}=7"b1111001;
4' d4: {a,b,c,d, e, f,g}=7" b0110011,;
4'd5: {a,b,c,d, e f,g}=7" b1011011;
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4'd6: {a,b,c,d,e, f,g}=7"bl011111
4'd7: {a,b,c,d, e, f,g}=7" bl1110000;
4'd8: {a,b,c,d, e f,g}=7"bl111111;
4'd9: {a,b,c,d, e, f,g}=7"bl111011
default: {a,b,c,d, e, f,g}=7 bx;
endcase

end

endnodul e

9.10
nodul e parity(even_bit, odd_bit,input_bus);
out put even_bit, odd_bit;
input[7:0] input_bus;

assign odd_bit = ” input_bus; I
assign even_bit = ~odd_bit; I
endnodul e

9.11 if-else 4 1MUX

modul e nux_if(out,in0,inl,in2,in3, sel);
out put out;
i nput in0,inl, in2,in3
i nput [ 1: 0] sel
reg out;
always @in0O or inl or in2 or in3 or sel)
begi n
i f(sel ==2"b00) out =i nO;
el se if(sel ==2' b01) out =i n1;
el se if(sel ==2' b10) out =i n2

el se out =i n3;
end
endnodul e
9.12 case 4 1 MUX

modul e nux_case(out,in0,inl,in2,in3, sel);
out put out;

i nput in0,inl, in2,in3

i nput [ 1: 0] sel

reg out;

always @in0O or inl or in2 or in3 or sel)

begi n
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case(sel)
2' b00: out =i n0O;
2' b01: out=inl
2' b10: out =i n2
defaul t: out=in3
endcase
end
endnodul e
9.13
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nmodul e ron{addr, data);

i nput[3:0] addr
output[7:0] data

function[7:0]
input[3:0] addr

case
0
1
2
3
4
5
6
7
8
9

10
11 :
12
13
14
15 :
def a

endc

(addr)
r onout
ronout
r onout
ronout
r onout
r onout
ronout
r onout
ronout
r onout
r onout
r onout
r onout
r onout
r onout

ronout

ult : ronout

ase

endf unction

assign data = ronout (addr);

endnodul e

9.14

ronout ;

100;
121;
144;
169;
196;
225;

ROM

= 8' hxx;
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nmodul e DFF(Q D, CLK)
out put Q
i nput D, CLK
reg Q
al ways @ posedge CLK)
begi n
Q<= Db
end

endnodul e

9.15 0 1 D
nmodul e DFF1(q, gn, d, cl k, set, reset);
input d,clk, set, reset;

out put g, gn;

reg q,gn;

al ways @ posedge cl k or negedge set or negedge reset)

begi n
if (!reset) begin

g <= 0; /1 0
gn <=1
end

else if (!set) begin
g <= 1; I 1
gn <=0
end

el se begi n
q <= d;
qn <= ~d
end

end

endnodul e

9.16 0 1 D
nmodul e DFF2(q, gn, d, cl k, set, reset);
input d,clk,set,reset;
out put g, gn;
reg q,qn;
al ways @ posedge cl k)

begi n

if (reset) begin
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q <= 0; gn <= 1; 1 0
end

else if (set) begin
g <=1; gn <=0; /1l 1
end

el se begi n
g <=d; gn <= ~d
end

end

endnodul e

9.17 0 1 X
nmodul e JK_FF(CLK, J, K, Q RS, SET) ;
i nput CLK, J, K, SET, RS
out put Q
reg Q
al wvays @ posedge CLK or negedge RS or negedge SET)
begi n
if('"RS Q<= 1hb0
else if(!SET) Q<= 1'b1;
el se case({J, K})
2'b00 : Q<=Q
2'b01 : Q<=1'b0
2'b10 : Q<= 1'bi;
2'bll : Q<= ~Q
default: Q<= 1'bx;
endcase
end

endnodul e

9.18 1
nodul e latch_1(q, d, cl k);

out put q;
i nput d, cl k;
assign g =clk ?2d: q; I

endnodul e

9.19 1
nmodul e | atch_2(q,d, cl k, set, reset)

out put q;
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i nput d, cl k, set, reset;

assign g =reset 2 0: (set 21 : (clk ?d

endnodul e

9.20 8
nmodul e | atch_8(qout, dat a, cl k) ;
output[7:0] qout;
i nput [ 7: 0] data;
i nput clk;
reg[7: 0] qout;
always @cl k or data)
begi n
if (clk) qout<=data
end

endnodul e

9.21 8
nodul e reg8(out _data,in_data,clk,clr);
output[7: 0] out _dat a;
input[7:0] in_data
input clk,clr;
reg[7: 0] out_data

al ways @ posedge cl k or posedge clr)

begi n
if(clr) out_data <=0;
el se out _data <=in_data
end
endnodul e
9.22 8

nmodul e shifter(din,clk,clr,dout);
input din,clk,clr

output[7:0] dout;

reg[7: 0] dout;

al wvays @ posedge cl k)

begi n
if (clr) dout<= 8 bo; 11
el se

begi n

dout <= dout << 1; 11

a));
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dout[ 0] <= din; I

end
end
endnodul e
9.23 /
nodul e updown_count (d, cl k, cl ear, | oad, up_down, qd) ;
input[7:0] d;

i nput clk, clear, | oad
i nput up_down;

out put[7:0] qd;
reg[7:0] cnt;

assign qd = cnt;

al ways @ posedge cl k)

begi n
if (!clear) cnt = 8' h0O; /1
else if (load) cnt = d; I
else if (up_down) cnt =cnt + 1; /1
el se cnt =cnt - 1; 1/
end

endrodul e

9.24 4  Johnson
modul e j ohnson(cl k, clr, out);
input clk,clr;
out put[3:0] out;
reg[3: 0] out;
al ways @ posedge cl k or posedge clr)
begi n
if (clr) out <= 4' ho;
el se
begi n out <= out << 1;
out[ 0] <= ~out[3];
end
end

endnodul e

9.25 256x 8 RAM
nmodul e ranR56x8( dat a, addr ess, we, i ncl ock, out cl ock, q);
input[7:0] data;
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i nput [ 7: 0] address;
i nput we, i ncl ock, out cl ock;
output[7:0] q;
| pmramdq nyran{.q(q), .data(data), .address(address),
.we(we), .inclock(inclock), . outcl ock(outcl ock));

def param nyram | pm w dt h=8; /1
def par am nyram | pm wi dt had=8; I
endnodul e

9.26 256x 16 RAM
nmodul e map_| pm ran{dat aout, dat ai n, addr, we, i ncl k, out cl k) ;
i nput [ 15: 0] dat ai n; I
i nput[7:0] addr;
i nput we, incl k, out cl k;
out put [ 15: 0] dat aout;
/11 pmramdq
| pmramdq ran(.data(datain),.address(addr),.we(we), .inclock(inclk),
.outcl ock(outclk),.q(dataout));
def param ram | pm w dt h=16; I
def param ram | pm wi dt had=8;
def param ram | pm_i ndat a=" REG STERED';
def param ram | pm out dat a=" REG STERED";

defparamram | pmfile="map_| pmrammf"; /1 RAM
endnodul e
927 4

nodul e serial _pal (clk, reset, en,in,out);
i nput clk,reset,en,in;

out put[3: 0] out;

reg[ 3: 0] out;

al wvays @ posedge cl k)

begi n
if(reset) out <=4' h0;
else if(en) out <={out,in}; I
end
endnodul e
9.28

nmodul e npc(instr, out);
input[17:0] instr; /linstr



out put[8:0] out;
reg[8: 0] out;
reg func;

reg[7: 0] opl, op2;

function[16: 0] code_add;
i nput [ 17: 0] instr;
reg add_func;
reg[7: 0] code, opr1, opr2
begi n
code=instr[17: 16];
oprl=instr[7:0];
case(code)
2' b0O0:
begi n
add_f unc=1;
opr2=i nstr[15: 8] ;
end
2' bO1:
begi n
add_f unc=0;
opr2=i nstr[15: 8] ;
end
2' b10:
begi n
add_f unc=1;
opr 2=8' d1;
end
defaul t:
begi n
add_f unc=0;
opr 2=8' d1;
end

endcase

code_add={add_f unc, opr 2, opr 1} ;

end
endf uncti on

always @instr)
begi n
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{func, op2, opl} =code_add(i nstr); I
i f(func==1) out=opl+op2; I 1 1
el se out =opl-op2; I 1 1
end

endnodul e
9.29

“tinmescal e 10ns/ 1ns
“include "npc.v"
nodul e npc_tp;
reg[17:0] instr;
wire[8:0] out;

par amet er DELY=10

mpc mi(instr,out); I
initial begin

nstr=18"' dO

#DELY instr=18"'b00_01001101_00101111;
#DELY i nstr=18'b00_11001101_11101111;
#DELY instr=18'b01_01001101_11101111;
#DELY i nstr=18'b01_01001101_00101111;
#DELY i nstr=18"'b10_01001101_00101111;
#DELY instr=18'b11_01001101_00101111;
#DELY i nstr=18"'b00_01001101_00101111;
#DELY $fi ni sh;

end

initial $nonitor($tine,,,"instr=% out=%",instr,out);

endnodul e

9.30 MAC
nmodul e MAC(out, opa, opb, cl k,clr);
out put[15: 0] out;

i nput[7:0] opa, opb
input clk,clr;
wire[15: 0] sum
reg[ 15: 0] out;

function[15:0] nult; I mul t
i nput[7:0] opa, opb; /1
reg[ 15: 0] result;
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i nteger i;

begi n
result = opa[0]? opb : O;
for(i=1; i <=7; i =i+1)
begi n

if(opa[i]==1) result=result+(opb<<(i-1));
end
mul t=resul t;
end

endf uncti on

assi gn sunmFmul t (opa, opb) +out ;

al ways @ posedge cl k or posedge clr)
begi n
if(clr) out<=0;
el se out <=sum

end

endnodul e

9.31
"tinescal e 1ns/1ns
"include "nmac.v"

nmodul e nmac_t p;

reg[ 7: 0] opa, opb; 11
reg clr,clk;

wire[ 15: 0] out; I
parameter DELY = 100;

Il

MAC mil( out, opa, opb, cl k,clr);

al ways #(DELY) clk = ~clk; I

initial begin I
cl r=1; cl k=0; opa=8' dO; opb=8' dO;
#DELY cl r=0; opa=8' d1; opb=8' d10;
#DELY opa=8' d2; opb=8' d10;
#DELY opa=8' d3; opb=8'd10;
-44 -

reg



Verilog HDL

#DELY opa=8' d4; opb=8' d10;
#DELY opa=8' d5; opb=8' d10;
#DELY opa=8' d6; opb=8' d10;
#DELY opa=8' d7; opb=8' d10;
#DELY opa=8' d8; opb=8'd10;
#DELY opa=8' d9; opb=8' d10;
#DELY opa=8' d10; opb=8' d10;
#DELY $fi ni sh;

end
11
initial $nmonitor($tine,,,"clr=% opa=% opb=% out =%d", cl r, opa, opb, out);
endnodul e
10.1 8

nodul e adder 8(cout, sumina,inb, cin,clk);
output[7:0] sum
out put cout;
input[7:0] ina,inb;
i nput cin,clk;
reg[ 7: 0] tenpa,tenpb, sum
reg cout;
reg tenpc;
al wvays @ posedge cl k)
begi n
tenpa=i na; tenpb=inb; tenpc=cin; I
end
al ways @ posedge cl k)

begi n
{cout, sun} =t enpa+t enpb+t enpc;
end
endnodul e
10.2 4 8

nmodul e pi pel i ne(cout, sumi na,inb, cin,clk);
output[7:0] sum

out put cout;

i nput[7: 0] ina,inb;

i nput cin,clk;

reg[7: 0] tenpa,tenpb, sum

reg tenpci,firstco, secondco,thirdco, cout;
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reg[1:0] firsts,thirda,thirdb;
reg[ 3: 0] seconda, secondb, seconds;
reg[5:0] firsta,firstb,thirds

al wvays @ posedge cl k)
begi n
tenpa=i na; tenpb=inb; tenpci=cin; /1
end

al ways @ posedge cl k)
begi n
{firstco, firsts}=tenpa[ 1: 0] +t enpb[ 1: 0] +t enpci

/1 2

firsta=tenpa[ 7: 2] ; /1
firstb=tenpb[7:2];
end

al ways @ posedge cl k)
begi n
{secondco, seconds}={firsta[1: 0] +firstb[1:0] +Hfirstco, firsts};

11l 2 3

seconda=firsta[5:2]; I
secondb=firstb[5:2];
end

al ways @ posedge cl k)

begi n
{thirdco, t hirds}={seconda[ 1: 0] +secondb][ 1: 0] +secondco, seconds};
Il 4 5
t hi rda=secondal 3: 2] ; 11
t hi rdb=secondb] 3: 2] ;
end
al ways @ posedge cl k)
begi n
{cout, sum ={t hi rda[ 1: 0] +t hi rdb[ 1: 0] +t hi rdco, t hi rds};
Il
end
endrodul e
10.3

nodul e resourcel(suma, b, c, d, sel);
parameter size=4;
out put [ si ze: 0] sum
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i nput sel
i nput [ size-1:0] a, b, c,d;
reg[size:0] sum
always @a or b or ¢ or d or sel)
begi n
i f(sel) sumra+b;
el se sunmrc+d;
end

endnodul e

10.4
nodul e resource2(sum a, b, c, d, sel );

paraneter size=4;

out put [ si ze-1: 0] sum

i nput sel

i nput [ size-1:0] a, b, c,d;

reg[size-1:0] atenp, btenp;

reg[size:0] sum

always @a or b or ¢ or d or sel)
begi n
if(sel) begin atenp=a; btenp=b; end
el se begin atenp=c; btenp=d; end
sunrat enp+bt enp;
end

endnodul e

10.5
nmodul e FSM cl k, cl r, out, start, step2, step3);
input clk,clr,start, step2, step3;
out put[2:0] out;
reg[2: 0] out;
reg[ 1: 0] state, next_state;

par aret er st at e0=2' b00, st at e1l=2' b01

st at e2=2' b11, st at e3=2' b10;

[* G ay */
al ways @ posedge cl k or posedge clr) /*
begi n

if (clr) state <= state0;

el se state <= next_state;

*/
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end

always @state or start or step2 or step3) [ *
begi n
case (state)
state0: begin
if (start) next_state <=statel;
el se next _state <=state0;
end
statel: begin
next _state <= state2;
end
state2: begin
if (step2) next_state <=state3
el se next _state <=stateO;
end
state3: begin
if (step3) next_state <=stateO;

el se next _state <=states3;
end
defaul t: next _state <=stateO0; / *def aul t */
endcase
end
al wvays @state) /* FSM
begi n

case(state)
stat e0: out =3' b001;
statel: out=3'b010;
state2: out=3'bl00;

state3: out=3'blll;
def aul t : out =3' b001; / *def aul t

endcase

end

endnodul e

10.6
[ *
cl k
-48 -



Verilog HDL

cl ear
r eset
std_f_sel
cnt over
cnt | ow
A B CDEF */
nodul e control (std_f_sel, reset, clk, clear, cntover, cntlow);
output[1:0] std_f_sel;
out put reset;
i nput clk, clear, cntover, cntl ow,
reg[1: 0] std_f_sel;

reg reset;
reg[5: 0] present, next; /1
parameter start_fl 00k=6"b000001, I/ A 1
f1 00k_cnt =6' b000010, 11 B
start _f1 0k=6' b000100, 11 C
f1 Ok_cnt =6' b001000, /1 D
start_fl k=6'b010000, 11 E
fl k_cnt=6"b100000; /1 F
al ways @ posedge cl k or posedge clear)
begi n
if(clear) present<=start_fl Ok; [/start_fl Ok
el se pr esent <=next ;
end
al ways @present or cntover or cntlow
begi n
case(present) /1 case
start _f100k: next <=f | 00k_cnt;
fl100k_cnt:
begi n
if(cntlow next<=start_fl Ok;
el se next <=f| 00k_cnt;
end
start_fl Ok: next <=f | Ok_cnt ;
fl0k _cnt:
begi n
if(cntlow next <=start_flKk;

el se if(cntover) next <=start_f1l 00k;



el se next <=f | Ok_cnt ;
end

start _flk: next <=fl k_cnt;

flk_cnt:
begi n
i f(cntover) next <=start _f| Ok;
el se next <=fl k_cnt;
end

defaul t: next<=start_fl Ok;
endcase

end

al ways @ present)

begi n
case(present)
start_f1 00k: begi n reset =1;
fl1 00k _cnt: begi n r eset =0;
start _fl Ok: begi n reset =1;
flOk _cnt: begi n r eset =0;
start _flk: begi n reset =1;
flk_cnt: begi n reset =0;
defaul t: begi n reset =1;
endcase
end

endnodul e
10.7 8

nodul e add8(sum cout, b, a, ci n);
output[7:0] sum
out put cout;
input[7:0] a,b;
i nput cin;
assi gn {cout, sun} =a+b+ci n;

endnodul e

10.8 8
nmodul e reg8(qout,in,clk,clear);
output[7:0] qout;
input[7:0] in;

input clk,clear;
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std_f_sel =2' b0O;
std_f_sel =2' b0O;
std_f_sel =2' b01;
std f_sel =2' b01;
std_f_sel =2' bl1;
std_f_sel =2' b11;
std_f_sel =2' b01;

end
end
end
end
end
end
end
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reg[7: 0] qout;
al wvays @ posedge cl k or posedge cl ear)

begi n
if(clear) gout =0; /1 0
el se gout=in
end
endrodul e
10.9

nodul e acc(accout, cout, accin,cin,clk,clear);
output[7:0] accout;

out put cout;

i nput[7:0] accin;

i nput cin,clk,clear

wire[7:0] sum

add8 accadd8(sum cout, accout, acci n, cin); /1
reg8 accreg8(accout,sumclk, clear); I
endnodul e

10.10 ‘include
“include “add8.v”

“include “reg8.v”

nodul e accn(accout, cout, accin, cin,clk, clear);
output[7:0] accout;

out put cout;

i nput[7:0] accin;

i nput cin,clk,clear

wire[7:0] sum

add8 accadd8(sum cout, accout, accin, cin); I
reg8 accreg8(accout, sumclk, cl ear); /1l
endnodul e

10.11 1

nodul e bl ock1(Q0, QL, @, @&, din, cl k);

output Q0, Q1, @, GB;
input clk,din

add8
reg8

add8
reg8

-51-



reg Q,Ql, @, @B;
al ways @ posedge cl k)

begi n

B=2; I
Q@=Q1;

QAL=Q;

Q=di n;

end

endnodul e

10.12

nmodul e bl ock2(Q0, QL, @, @B, di n, cl k);

out put Q, QL, @, B;

i nput clk,din;

reg Q, QL, @, B;

al ways @ posedge cl k)
begi n
B=Q;
QL=Q0; 1
Q=QL;
Q=di n;
end

endnodul e

10.13

nodul e bl ock3(Q0, QL, @, @&, din, cl k);

output Q0, AL, 2, B;

i nput clk, din;

reg Q, Q, @, @B;

al ways @ posedge cl k)
begi n
Q=di n; /14
QAL=Q0;
Q@=Q;
B=Q2;
end

endrodul e

10.14

nodul e bl ock4(Q, QL, @, B, di n, cl k);
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out put Q, QL, @, B;
i nput clk, din;
reg Q, Q, @, QB;
al ways @ posedge cl k)
begi n
B<=Q;
Ql<=Q0;
Q@<=QL;
Q<=di n;
end

endnodul e

10.15
nmodul e | ongf ranmel(clk, strb);
par anet er del ay=8;
i nput clk;
out put strhb;
reg strhb;
reg[7: 0] counter;
al ways @ posedge cl k)
begi n

i f (count er ==255) count er =0;

el se count er =count er +1;

end
al ways@ count er)
begi n
i f(counter<=(del ay-1))
el se
end

endnodul e

10.16 D
nodul e | ongfrane2(cl k, strb);
par anet er del ay=8;
i nput clk;
out put strb;
reg[7: 0] counter;
reg tenp;
reg strhb;
al ways @ posedge cl k)



begi n
i f (count er ==255) count er =0;
el se count er =count er +1;
end
al ways @ posedge cl k)
begi n
st rb=t enp; /1
end
al ways@ count er)
begi n
i f(counter<=(delay-1)) tenp=1;
el se t enp=0;
end

endnodul e

1.1
| *
CLK CLK
CLR
PAUSE
MSH MBL
SH SL
M M */
nmodul e paobi ao( CLK, CLR, PAUSE, MsH, MSL, SH, SL, MH, M) ;
i nput CLK, CLR;
i nput PAUSE;
out put [ 3: 0] MBSH, MBL, SH, SL, MH, M_;
reg[ 3: 0] MsH, MBL, SH, SL, MH, M_;

reg cnl, cn2; //cnl cn2

/1 100 cnl
al wvays @ posedge CLK or posedge CLR)
begi n
i f(CLR) begin /1
{ MBH, MBL} <=8' h0O;
cnl<=0;
end
el se i f (! PAUSE) /1 PAUSE 0
begi n
i f(MBL==9) begin
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MBL<=0;
i f (MBH==9)

begin MsSH<=0; cnl<=1l; end
el se MSH<=NMBH+1;

end
el se begi n
MBL<=MSL+1;
end
end
end
/1 60 cn2
al ways @ posedge cnl or posedge CLR)
begi n
i f(CLR) begin 11
{SH, SL} <=8' h00;
cn2<=0;
end
el se i f(SL==9) /1
begi n
SL<=0;
i f(SH==5) begin SH<=0;
el se SH<=SH+1;
end
el se
begin SL<=SL+1; c¢n2<=0;
end
/1 60
al ways @ posedge cn2 or posedge CLR
begi n
if(CLR

begin {M M}<=8"h00; end
else if(M==9) begin

M.<=0;

i f (MH=5) M=
el se M=
end

el se M.<=M_+1;

end

cnl<=0;

cn2<=1; end

end

11

0;
M1,

-B5-
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endnodul e

nz 4

nmodul e fre_ctrl (clk,rst, count _en, count _clr, | oad);

out put count_en, count_clr, | oad
input clk,rst;
reg count _en, | oad;
al ways @ posedge cl k)
begi n
if(rst) begin count_en=0; |oad=1
el se begi n
count _en=~count _en
| oad=~count _en;
end
end
assi gn count_cl r=~cl k&l oad;
endrodul e

1.3 4
nodul e count 10( out, cout, en,clr, cl k);
output[3:0] out;
out put cout;
input en,clr,clk;

reg[ 3: 0] out;

al ways @ posedge cl k or posedge clr)
begi n
if (clr) out =0

else if(en)

begi n

i f(out==9) out=0;

el se out = out+1
end

end
assi gn cout =((out==9)&en)?1:0;

endnodul e

1.4
nodul e | atch_16(qo, di n, | oad);
out put [ 15: 0] qo;

end

/11 oad

/lcount_clr

Il 0

Il
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i nput[15:0] din;

i nput | oad;

reg[ 15: 0] qo;

al ways @ posedge | oad)
begin qo=din; end

endnodul e

1.5
/ *
CLK
EN 1
LAMPA A LAMPAO~LAMPA3 A

LAVPB B LAMPBO ~ LAMPB3 B

ACQUNT
BCOUNT B 8 */

nmodul e traffic(CLK, EN, LAMPA, LAMPB, ACOUNT, BCOUNT) ;

out put [ 7: 0] ACOUNT, BCOUNT

out put [ 3: 0] LAMPA, LAMPB

i nput CLK EN,

reg[ 7: 0] numa, nunb;

reg tenpa,tenpb;

reg[ 2: 0] counta, countb

reg[7: 0] ared, ayel | ow, agreen, al eft, bred, byel | ow, bgreen, bl eft;
reg[3: 0] LAWPA, LAVPB

al ways @ EN)
if(!'EN
begi n I
ar ed <=8' d55; /155
ayel | ow <=8' d5; /15
agreen <=8'd40; /140
al ef t <=8' d15; /115
bred <=8' d65; /165
byel | ow <=8' d5; /15
bl ef t <=8' d15; /115
bgreen <=8'd30; /130
end
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assi gn  ACOUNT=nuns;
assi gn BCOUNT=nunb;

al ways @ posedge CLK) /1 A
begi n

i f(EN

begi n
i f(!tenpa)
begi n
t empa<=1
case(count a) I
0: begi n nuna<=agr een; LAMPA<=2; count a<=1;
1. begin numa<=ayel | ow, LAMPA<=4; count a<=2;
2: begin nuna<=al eft; LAMPA<=1; count a<=3;
3: begi n nuna<=ayel | ow; LAMPA<=4; count a<=4;
4: begi n numa<=ar ed, LAMPA<=8; count a<=0;
defaul t: LAMPA<=S8;
endcase

end

el se begin I

i f (nuna>1)

i f(numa[ 3: 0] ==0) begin

el se
if (numa==2)
end
end

el se begi n

nung[ 3: 0] <=4' b1001

numa[ 7: 4] <=numa[ 7: 4] -1

end

numg[ 3: 0] <=numa[ 3: 0] -1
t enpa<=0;

LAVMPA<=4' b1000;

count a<=0;
end

end

al ways @ posedge CLK)
begi n
if (EN
begi n
if(!tenpb)

t enpa<=0;

end
end
end
end

end
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begi n
t enpb<=1;
case (countb) /1
0: begi n nunb<=bred; LAMPB<=8; count b<=1
1. begin nunb<=bgreen; LAMPB<=2; count b<=2;
2: begi n nunb<=byel | ow; LAVPB<=4; count b<=3;
3: begin nunb<=bleft; LAVPB<=1; count b<=4;
4: begi n nunb<=byel | ow; LAVPB<=4; count b<=0;
def aul t: LAMPB<=8
endcase
end
el se
begi n /1
i f(nunb>1)
i f(!'nunb[3:0]) begi n
nunb[ 3: 0] <=9
nunb[ 7: 4] <=nunb[ 7: 4] -1
end
el se nunb[ 3: 0] <=nunb[ 3: 0] -1
i f(nunb==2) tenpb<=0
end
end
el se begi n
LAVPB<=4' bh1000;
t enpb<=0; count b<=0;
end
end
endrodul e
16 *“ K
11
/lclk_4Hz
/1cl k_6Mtz
/| speaker

//high, nmed, |ow

nmodul e song(cl k_6Mz, cl k_4Hz, speaker, hi gh, ned, | ow) ;
input clk_6MHz, clk_4Hz;
out put speaker

out put[3:0] high, ned, | ow,

end
end
end
end

end
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reg[ 3: 0] high, ned, | ow,

reg[ 13: 0] divider,origin;

reg[7: 0] counter;
reg speaker;

wire carry;

assign carry=(divi der==16383) ;

al ways @ posedge cl k_6MHz)

begi n
el se
end

if(carry)

di vi der=ori gi n;

di vi der =di vi der +1;

al ways @ posedge carry)

begi n

speaker =~speaker ;

end

al ways @ posedge cl k_4Hz)

begi n

case({hi gh, ned, | ow})

' b00O0000000011:
' b0OO0000000101:
' b00O0000000110:
' b0OOO000000111:
' b000000010000:
' b000000100000:
' b000000110000:
' b000001010000:
' b000001100000:
' b000100000000:
' b0O0000000000:

endcase

end

ori gi
ori gi
ori gi
origi
origi
ori gi
ori gi
ori gi
origi
origi
ori gi

al ways @ posedge cl k_4Hz)

begi n

i f (count er==63)

el se
case(counter)
-60 -
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n=7281;

n=8730;

n=9565;

n=10310;
n=10647;
n=11272;
n=11831;
n=12556;
n=12974;
n=13516;
n=16383;

count er =0;

count er =count er +1;

Il

Il
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© N g h DN RO

e o =
a K w N PO

16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:

32:
33:
34:
35:
36:
37:

{ hi gh, med, | ow} =" b000000000011; 13
{ hi gh, med, | ow} =" b000000000011; 1 4

{ hi gh, med, | ow} =" b000000000011;

{ hi gh, med, | ow} =" b000000000011

{hi gh, med, | ow} =" b000000000101; /5
{hi gh, med, | ow} =" b000000000101; I3

{ hi gh, med, | ow} =" b000000000101

{hi gh, med, | ow} =" b000000000110; e
{ hi gh, med, | ow} =" b000000010000; A Y
{ hi gh, med, | ow} =" b000000010000; I3

{hi gh, med, | ow} =" b00O0000010000;

{ hi gh, med, | ow} =" b000000100000; o2
{hi gh, med, | ow} =" b00O0000000110; e

{ hi gh, med, | ow} =" b000000010000;
{ hi gh, med, | ow} =" b000000000101
{ hi gh, med, | ow} =" b000000000101

{hi gh, med, | ow} =" b000001010000; I 5
{ hi gh, med, | ow} =" b000001010000; I3

{ hi gh, med, | ow} =" b000001010000;

{hi gh, med, | ow} =" b000100000000; A N

{ hi gh, med, | ow} =" b000001100000;
{hi gh, med, | ow} =" b000001010000;
{ hi gh, med, | ow} =" b000000110000;
{ hi gh, med, | ow} =" b000001010000;
{hi gh, med, | ow} =" b000000100000; 12
{ hi gh, med, | ow} =" b000000100000; 11
{hi gh, med, | ow} =" b000000100000;
{ hi gh, med, | ow} =" b000000100000;
{ hi gh, med, | ow} =" b000000100000;
{hi gh, med, | ow} =" b000000100000;
{ hi gh, med, | ow} =" b000000100000;
{hi gh, med, | ow} =" b000000100000;

{ hi gh, med, | ow} =" b000000100000;
{ hi gh, med, | ow} =" b000000100000;
{ hi gh, med, | ow} =" b000000100000;
{hi gh, med, | ow} =" b000000110000; o3
{ hi gh, med, | ow} =" b000000000111; A &
{ hi gh, med, | ow} =" b000000000111
_61_
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38: {hi gh, med, | ow} =" b000000000110;
39: {high, ned, | ow} =" b000000000110;
40: {hi gh, med, | ow} = b000000000101;

41: {hi gh, ned, | ow} ='
42: {high, med, | ow} ='
43: {hi gh, med, | ow} ='
44: {high, red, | ow} ='
45: {hi gh, ned, | ow} =
46: {hi gh, ned, | ow} =
47: {high, med, | ow} ='

48: {high, med, | ow} ='
49: {hi gh, ned, | ow} =
50: {high, med, | ow} ='
51: {high, nmed, | ow}='
52: {high, ned, | ow} =
53: {high, nmed, | ow} =
54: {high, ned, | ow} ='
55: {high, med, | ow} ='
56: {high, ned, | ow} ='
57: {high, ned, | ow} ='
58: {high, ned, | ow} =
59: {high, ned, | ow} ='
60: {high, med, | ow} ='
61: {high, med, | ow}='

b000000000101
b000000000101
b000000000110;
b000000010000;
b000000010000;
b000000100000;
b000000100000;

b000000000011
b000000000011
b000000010000;
b000000010000;
b000000000110;
b000000000101
b000000000110;
b000000010000;
b000000000101
b000000000101
b000000000101
b000000000101
b000000000101
b000000000101

62: {high, med, | ow} =" b000000000101;
63: {hi gh, ned, | ow} =" b000000000101;

endcase
end

endnodul e

n.7
| *
cl k
reset
hal f _dol | ar
one_dol | ar
hal f _out
di spense

col | ect

*/

11

11

11

11

/1

11

/1

11

11
11
11

6"

o

17
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nmodul e sel | (one_dol | ar, hal f _dol | ar,

col | ect, hal f _out, di spense, reset, cl k);

paranet er idl e=0, one=2, hal f=1, two=3, t hr ee=4;

/lidle,one, hal f,two,three

i nput one_dol |l ar, hal f_dol I ar, reset, cl k;

out put col | ect, hal f_out, di spense;

reg collect, hal f _out, di spense;

reg[2:0] D
al ways @ posedge cl k)
begi n
i f(reset)
begi n
di spense=0; col | ect =0;
hal f _out =0; D=i dl e;
end
case(D)
idle:
if(half_dollar) D=half;
else if(one_dollar)
D=one;
hal f :
i f(half_dollar) D=one;
el se if(one_doll ar)
D=t wo;
one:
i f(half_dollar) D=two;
el se if(one_dollar)
D=t hr ee;
t wo:
i f(half_dollar) D=three;
el se if(one_doll ar)
begi n
di spense=1; I/
collect=1; D=idle;
end
t hree:

i f(hal f_dollar)
begi n

di spense=1; I
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endcase
end

endnodul e

1.8
| *
clk
cl k_1k
node

turn

change

hour, m n, sec
BCD

al ert

LD al ert
LD hour
LD mn
*/

collect=1; D=idle
end

el se if(one_dollar)
begi n

di spense=1; I
collect=1
hal f _out=1; D=idle;

end

4Hz

20 “ "

1024Hz

“

change”

nodul e cl ock(cl k, cl k_1k, node, change, turn, al ert, hour, m n, sec,
LD al ert, LD hour, LD mn);
i nput clk, cl k_1k, node, change, turn

output alert,LD alert,LD hour,LD mn;

output[7:0] hour, mn, sec

reg[ 7: 0] hour, nin, sec, hour1, m nl, secl, ahour, ani n;

reg[1: 0] mfm nuni, nun2, nun8, nun;

reg[ 1: 0]

| oopl, | oop2, | oop3, | oop4, sound
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reg LD hour, LD mn;

reg cl k_1Hz, cl k_2Hz, m ncl k, hcl k;
reg alertl, alert2, ear;

reg count1, count 2, counta, count b;

wire ctl, ct2,cta,cth, mclk, h_clk;

al wvays @ posedge cl k)
begi n
cl k_2Hz<=~cl k_2Hz;
i f(sound==3) begin sound<=0; ear<=1; end
/| ear
el se begi n sound<=sound+1; ear<=0; end

end

al ways @ posedge cl k_2Hz) /Il 4Hz 1Hz
cl k_1Hz<=~cl k_1Hz;

al ways @ posedge node) /[ mode
begin if(m=2) nx=0; else m=mtl; end
al ways @ posedge turn)

f mx=~fm

al ways I count 1, count 2, count a, count b
begi n
case(m
2: begin if(fm
begi n count 1<=change; {LD m n, LD hour}<=2; end
el se
begi n counta<=change; {LD mn,LD hour}<=1; end
{count 2, count b} <=0;
end
1: begin if(fm
begi n count 2<=change; {LD _m n, LD hour}<=2; end
el se
begi n count b<=change; {LD mn, LD hour}<=1; end
{count 1, count a} <=2' b0O;
end
default: {countl1, count?2, counta, countb, LD nin, LD hour}<=0;
endcase

end



al wvays @ negedge cl k)
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I “ change” “ numl”
if(count2) begin
i f(loopl==3) nunil<=1;
el se
begi n | oopl<=l oopl+1; nunil<=0; end
end
el se begin |o0pl<=0; nunl<=0; end
al ways @ negedge cl k) I nung
if(countb) begin
i f(loop2==3) nunk<=1
el se
begi n | oop2<=l oop2+1; nunk<=0; end
end
el se begin |o0p2<=0; nunk<=0; end
al wvays @ negedge cl k)
i f(countl) begin
i f(loop3==3) nunB<=1
el se
begin | oop3<=l oop3+1; nunB<=0; end
end
el se begin |00p3<=0; nunB<=0; end
al ways @ negedge cl k)
if(counta) begin
i f(loopd==3) numi<=1
el se
begi n | oop4<=l oop4+1; numi<=0; end
end

el se begin |oo0p4<=0; numd<=0; end

assi gn ct 1=(nunB&cl k) | (! nunB&m cl k) ; [lctl
assi gn ct2=(nuntl&cl k) | (! numl&count 2) ; [lct2
assi gn cta=(numi&cl k)| (! numd&h_cl k) ; /lcta

assi gn ct b=(nunk&cl k) | (! nunR&count b) ; //lctb

al wvays @ posedge cl k_1Hz) I
if(!(secl”8 h59)|turn&(!m)
begi n

secl<=0; if(!(turn&!m)) mnclk<=1
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end
/1 “turn”
el se begin
i f(secl[3:0]==4'"bl1l001)
begin secl[3:0]<=4'b0000; secl[7:4]<=secl[7:4]+1; end
el se secl[ 3: 0] <=secl[ 3: 0] +1; m ncl k<=0
end

assign mcl k=m ncl k| | count 1

al ways @ posedge ct1l) I
begi n
i f(m nl==8"h59) begin nminl<=0; hclk<=1; end
el se begi n
i f(m nl[3:0]==9)
begin mnl[3:0]<=0; ninl[7:4]<=mnl[7:4]+1; end
el se mnl[3:0]<=m nl[3:0]+1; hcl k<=0;
end
end

assi gn h_cl k=hcl k| | count a;

al ways @ posedge cta) I
i f (hour 1==8' h23) hour 1<=0;
el se i f(hour1[ 3: 0] ==9)

begin hour1[7: 4] <=hour1[7: 4] +1; hour1[3:0]<=0; end
el se hour 1] 3: 0] <=hour 1] 3: 0] +1;

al wvays @ posedge ct 2) /1
i f(am n==8'h59) am n<=0;
el se i f(am n[3:0]==9)
begin amn[3:0]<=0; amn[7:4]<=amn[7:4]+1;, end

el se amn[3:0] <=am n[ 3: 0] +1

al ways @ posedge cthb) I
i f (ahour==8"' h23) ahour<=0
el se i f (ahour[ 3: 0] ==9)

begi n ahour[3: 0] <=0; ahour[7: 4] <=ahour[7:4]+1; end
el se ahour[3: 0] <=ahour[3:0] +1

al ways /1
i f((m nl==ani n)&&( hour 1==ahour) &&( ani n| ahour) &&(! change))
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i f(secl<8 h20) alertl<=1

el se alertl<=0;

el se al ert1<=0;

al ways

case(m

3'b00: begin hour<=hour1l

3'b01l: begin hour<=ahour

3'b10: begin hour<=hourl

I “ change”
/1

11

m n<=nmi nl; sec<=secl; end
/1

m n<=am n; sec<=8 hzz; end
11

m n<=m nl; sec<=8 hzz; end
11

endcase
assign LD al ert=(ahour|am n)?1:0; I
assign alert=((alertl)?clk_1k&cl k:0)]al ert2; I
al ways I alert2
begi n

i f((m nl==8"'h59) &&(sec1>8"' h54)|| (! (m nl|secl)))
i f(secl>8" h54) alert2<=ear&cl k_1k; //

el se alert2<=!earé&cl k_1k

el se al ert2<=0;
end

endnodul e

11.9
/*
clk

deci de

C 117

di spnoney
500
di sptine
wite, read wite

war n

cut
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50

read

*/
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nodul e account (state, cl k, card, deci de, di spti e, di spnoney,
wite, read, warn,cut);

output wite,read, warn,cut;

input state,clk, card;

input[2:1] decide;

out put [ 10: 0] di spnoney;

out put [ 8: 0] disptinme;

reg[ 10: 0] noney;

reg[8:0] dtine;

reg warn,cut,wite,tlm //t1m

reg set,reset_ena

i nteger nuni, tenp

assi gn di spnoney=car d?noney: 0;
assign disptine=dtineg;
assign read=card?1:0
/1

al ways @ posedge cl k)

begi n

if (nunml==59) begin nunl<=0; tinxk=1l; end

el se begin

if(state) nunil<=nuni+1

el se nunl<=0; t 1nx=0;
end
end
al wvays @ negedge cl k) I
begi n
if(!set)

begi n noney<=11'h500; set<=1; end
i f(cardé&state)
if(tim
case({state, deci de})
3' b101: i f (money<3)
begin warn<=1l; wite<=0; reset_ena<=l; end
el se
begi n /1
i f(noney[ 3: 0] <4' b0011)
begi n
nmoney[ 3: 0] <=noney[ 3: 0] +7;
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end
3' b110:

i f(noney[7:4]!=0)
nmoney[ 7: 4] <=noney[ 7: 4] - 1;
el se
begin noney[ 7: 4] <=9; noney[ 10: 8] <=noney[ 10: 8] -1; end
end
el se noney[ 3: 0] <=noney[3:0]-3; wite<=1;
/1

i f(dtine[3:0]==9)
begi n
dti ne[ 3: 0] <=0;
i f(dtine[7:4]==9)

begin dtine[7:4]<=0; dtinme[8]<=dtinme[8]+1; end
else dtinme[7:4]<=dtine[7:4]+1;
end
el se
begi n
dtine[3:0] <=dtine[3:0]+1; warn<=0; reset_ena<=0;

end

i f (nmoney<6)
begin warn<=l; wite<=0; reset_ena<=l; end
el se begin
Il
i f(dtine[3:0]==9)
begi n
dtinme[3:0]<=0; if(dtine[7:4]==9)
begin dtine[7:4]<=0; dtinme[8]<=dtinme[8]+1; end
el se dtine[7:4]<=dtine[7: 4] +1;
end
el se dtime[3:0]<=dtinge[3:0]+1;
Il
i f(noney[ 3: 0] <4' b0110)
begi n
nmoney[ 3: 0] <=noney[ 3: 0] +4;
i f(!money[7:4])
begi n noney[ 7: 4] <=9; noney[ 10: 8] <=noney[ 10: 8] - 1;
el se noney[ 7: 4] <=noney[ 7: 4] - 1;
end
el se noney[ 3: 0] <=noney|[ 3: 0] - 6;

wite<=l; reset_ena<=0; war n<=0;

end
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end
endcase
el se wite<=0;

else begin dtime<=0; warn<=0; wite<=0; reset_ena<=0; end

11
end

al ways @ posedge cl k) I
begi n

if(warn) tenp<=tenp+l
el se t emp<=0;
i f(tenp==15)
begin cut<=1l; tenp<=0; end
if(!card||!reset_ena)
begi n
cut <=0; Il cut
t enp<=0;
end
end

endnodul e

121 8
nodul e add_j | (sum cout, a, b, ci n);
output[7:0] sum
out put cout;
input[7:0] a,b;
i nput cin;

full _addl fO(a[O0], b[0],cin,sun{0],cinl); I
full _addl f1(a[1], b[1], cinl, sunfl1], cin2);

full _addl f2(a[2],b[2],cin2, sunf2],cin3);

full _addl f3(a[3],b[3],cin3, suni3],cind);

full _addl f4(a[4],b[4],cind, suni4],cinb);

full _addl f5(a[ 5], b[5], cin5, sun{ 5], ci n6);

full _addl f6(a[6], b[6],cin6,suni6],cin7);

full _addl f7(a[7],b[7],cin7,sun{7], cout);

endnodul e

modul e full _addl(a, b, ci n, sum cout); /11
i nput a, b, cin;
-71-



out put sum cout ;
wre si, nl, n2, nB;

and (mL, a,b),
(2, b, cin),
(nB,a,cin);

xor (sl,a,b),

(sum s1,cin)

or (cout,ntl, n2, nB);

endnodul e
122 8

nodul e add_bx(cout, sum a, b, cin);
output[7:0] sum
out put cout;
input[7:0] a,b;
i nput cin;
assi gn {cout, sun} =a+b+ci n;

endnodul e

123 8
nmodul e add_ahead(sum cout, a, b, cin);
output[7:0] sum
out put cout;
input[7:0] a,b;
i nput cin;
wire[7:0] GP;
wire[7:0] C sum

assign 0] =a[ 0] &b][ 0] ; /1
assign P[0]=a[0]|b[0O];

assign 0] =ci n;

assi gn sunf0]=d 0] *"P[ 0] "] 0] ;

assign 1] =a[ 1] &bJ[ 1] ; /1
assign P[1]=a[1]|b[1];

assign 1]= 0] | (P[ 0] &ci n);

assign sunf 1] =g 1] "P[ 1] "] 1];

assign 2] =a[ 2] &[ 2] ; /1
assign P[2]=a[2]|b[2];
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assign
assign

assign
assign
assign
assign

assign
assign
assign
assign

assign
assign
assign
assign

assign
assign
assign
assign

assign
assign
assign
assign

assign

d21=g1]| (P[1]&] 1]);
sunf 2] =@ 2] *P[ 2] "] 2] ;

Q3] =a[ 3] &[ 3] ;
P[3] =a[ 3] | b[ 3] ;

ds31=g2]|(P[2]&]2]);
sunf 3] =@ 3] *P[ 3] " 3] ;

| 4] =a[ 4] &b 4] ;
Pl 4] =a[ 4] | b 4] ;

d4]=d 3] | (P[3]&] 3]);
sunf 4] =@ 2] *P[ 2] "] 2] ;

@ 5] =a[ 5] &[ 3] ;
P[5] =a[ 5] | b[ 5] ;

ds5]=d 4] | (P[4]&] 4]);
sunf 5] =@ 5] *P[ 5] " 5] ;

{ 6] =a[ 6] &[ 6] ;
P[6] =a[ 6] | b[ 6] ;

q6]1=d 5] | (P[5]&] 5]);
sunf 6] =¢ 6] “P[ 6] " 6] ;

g 7]=a[ 7] &[ 7] ;
PL7]=a[ 7] | b[ 7];

dq71=d6]| (P[6] &] 6]);
sunf 7] =@ 7] "P[ 7] " 7] ;

cout=g 7] | (P[7] & 7]);

endnodul e

124 8

nodul e

mul t (out cone, a, b);

paraneter size=8

i nput[size:1] a,b;

out put [ 2*si ze: 1] out cong;

assign

out come=a*b

endnodul e

125 4x 4

/1

/1

/1

/1

/1

/1

/1
11
11
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nmodul e nmul t 4x4(out, a, b, cl k);
output[7:0] out;

input[3:0] a,b;

i nput clk;

reg[7: 0] out;

reg[1:0] firsta,firstb
reg[ 1: 0] seconda, secondb
wire[3:0] outa,outhb, outc,outd
al ways @ posedge cl k)

begi n

firsta = a[3:2]; seconda = a[1:0];
firstb = b[3:2]; secondb = b[1:0];
end

| ookup ni(outa,firsta,firstb,clk),
n2(outb, firsta, secondb, cl k),
nB(out c, seconda, firsthb, cl k),
md(out d, seconda, secondb, cl k) ; I

al wvays @ posedge cl k)

begi n
out = (outa << 4) + (outb << 2) + (outc << 2) + outd,
end
endnodul e
nmodul e | ookup(out, a, b, cl k); I

output[3:0] out;

input[1:0] a,b;

i nput clk;

reg[ 3: 0] out;

reg[3: 0] address;

al wvays @ posedge cl k)
begi n
address = {a, b};
case(addr ess)

4'h0 : out = 4 'b000O;
4'hl : out = 4'b0000;
4'h2 : out = 4'b0000;
4'h3 : out = 4'b0000;
4'h4 : out = 4'b0000;
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4'h5 : out = 4'b0001;
4'h6 : out = 4'b0010;
4'h7 : out = 4'b0011;
4'h8 : out = 4'b0000;
4'h9 : out = 4'b0010;
4'ha : out = 4'b0100;
4" hb : out = 4'b0110;
4'hc : out = 4'b0000;
4'hd : out = 4'b0011;
4'he : out = 4'b0110;
4'hf : out = 4'Dbl001;
default : out='bx;

endcase

end

endnodul e

126 8
nmodul e add_tree(out, a, b, cl k);
out put [ 15: 0] out;
input[7:0] a,b;
i nput clk;
w re[15: 0] out;
wire[14: 0] outl,cl;
wire[ 12: 0] out 2;
wire[10: 0] out3,c2;
wire[8:0] out4;
reg[ 14: 0] tenpO;
reg[13: 0] tenpl;
reg[12: 0] tenp2;
reg[11: 0] tenp3;
reg[10: 0] tenp4;
reg[9: 0] tenp5;
reg[ 8:0] tenp6;
reg[7:0] tenp7;

function[7:0] mult8x1; I 8x 1
i nput [ 7: 0] operand;
i nput sel;
begi n
mul t 8x1= (sel) ? (operand) : 8' b00000000;
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end
endf unction

al ways @ posedge cl k) I b a
begi n
t enp7<=mnul t 8x1(a, b[0]);
t enp6<=((rmul t 8x1(a, b[1]))<<1);
t enp5<=((rmul t 8x1(a, b[2])) <<2);
t enp4<=((rmul t 8x1(a, b[ 3]))<<3);
t enmp3<=((mul t 8x1(a, b[ 4] )) <<4);
t enp2<=((rmul t 8x1(a, b[5])) <<5);
tenpl<=((rmul t 8x1(a, b[ 6])) <<6);
t enpO<=((rmul t 8x1(a, b[7])) <<7);
end

assign outl = tenp0 + tenpl; I
assign out2 = tenp2 + tenp3;

assign out3 = tenp4 + tenp5;

assign out4 = tenp6 + tenp7;

assign cl = outl + out?2;

assign c¢2 = out3 + out4;

assign out =cl + c2;

endnodul e

127 11  FIR
nodul e fir(clk,x,y);
input[7:0] x;
i nput clk;
output[15:0] v;
reg[15: 0] v;
reg[7: 0] tapO,tapl,tap2,tap3,tap4,tap5,tap6,tap7,tap8,tap9,taplo;
reg[7:0] t0,t1,t2,t3,t4,1t5;
reg[15: 0] sum

al ways @ posedge cl k)
begi n
t 0<=t ap5;
t 1<=t ap4+t ap6;
t 2<=t ap3+t ap7;
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t 3<=t ap2+t ap8§;
t 4<=t apl+t ap9;
t 5<=t apO+t ap10; /1
sunk=(t1<<4) +{t 1[ 7], t1[7: 1)} H{t [ 7], t2[7],t1[7: 2] }+
{ta[7],t1[7],t1[ 7],
tA[7:3]}-(t12<<3)-(t2<<2)+t2-{t2[7],t2[7],t2[7:2]}
+(13<<2) +t3+{t3[7],t3[7],t3[7:2]}+{t3[7],t3[7],t3[7],t3[7],t3[7: 4]}
+{t3[7],t3[7],t3[7],t3[7],t3[7],t3[7:5]}
“t4-{t4[7],t4[7:1]}-{t4[7].t4[7],t4[7],t4[7:3]}
+{t5[7],t5[7:1]}-{t5[7],t5[7],t5[7],t5[7],t5[7],t5[7:5]}
+(t0<<7)-((t0<<2)<<2)-(t0<<2)+{tO[7],tO0[7:1]}
+HtO[7],t0[7],tO[7:2]}+{tO[7],tO[7],t0[7],tO[7],t0O[7:4]};
/1 16+0. 5+0. 25+0. 125=16. 875
/] 8+4-1+0. 25=11. 25
/1 4+1+0. 25+0. 0625+0. 03125=5. 34375
/11+0. 5+0. 125=1. 625
/10.5-0.03125=0. 46875
[ 1128- 4* 4- 4+0. 5+0. 25+0. 0625=108. 8125
/* 0.0036 -0.0127 0.0417 -0.0878 0.1318 0.8500 0.1318 -0.0878
0.0417 -0.0127 0.0036 0.4608 -1.6256 5.3376 -11.2384 16.8704
108.800 16.8704 -11.238 5.3376 -1.6256 0.4608 */

t apl0<=t ap9;
t ap9<=t ap8;
t ap8<=t ap7;
tap7<=t ap6;
t ap6<=t ap5;
t ap5<=t ap4;
t ap4<=t ap3;
t ap3<=t ap2;
tap2<=t apl,
tapl<=t ap0;

t ap0<=x;

y<={sunf 15], sun{ 15], sunf 15], sunf 15], sun{ 15], sun{ 15], sun{ 15], sun{ 15: 7] }

end

endnodul e

12.8 16
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nmodul e correl ator(out, a, b, cl k);
out put[4:0] out;

i nput [ 15: 0] a, b;

i nput clk;

wire[2:0] sunil, sun®, sun8, sunmi;
wire[3:0] tenpl,tenp2;

det ect ul(suml, a[3:0],b[3:0], cl k), I
u2(sunm?, a[7:4],b[7: 4], cl k),
u3(sunB, a[ 11: 8], b[ 11: 8], cl k),
ud(sumt, a[ 15: 12], b[ 15: 12], cl k) ;

add3 u5(tenpl, sunt, sun®, cl k),
u6(tenp2, sunB, sun#, cl k) ;

add4 u7(out, tenpl, tenp2, cl k);

endnodul e

nodul e detect(suma, b, cl k); /1
output[2: 0] sum

i nput clk;

input[3:0] a,b;

wire[3:0] ab;

reg[2: 0] sum

assign ab = a " b;
al wvays @ posedge cl k)
begi n
case(ab)
'd0: sum = 4;
'dil, ' d2,'d4,' ds: sum = 3;
'd3,'d5,'d6,"'d9, " dl0, "' d12: sum = 2;
'd7,'dl1,'d13,' d14: sum = 1,
''d15: sum = 0O;
endcase
end

endnodul e

nmodul e add3(add, a, b, cl k); /13
out put [ 3: 0] add;
input[2:0] a,b;
i nput clk;
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reg[ 3: 0] add;
al wvays @ posedge cl k)
begin add =a + b; end

endnodul e

nmodul e add4(add, a, b, cl k) ; /14
out put[4: 0] add;
input[3:0] a,b;
i nput clk;
reg[ 4: 0] add;
al wvays @ posedge cl k)
begin add = a + b; end
endnodul e

129 7 4
nmodul e linear(c,u,clk);
output[6:0] c; /lc
input[3:0] u;
i nput clk;
reg[6:0] c
al wvays @ posedge cl k)
begi n
c[6] = u[3];
c[5] =u[2];
c[4] = u[1];
c[3] = u[0];
c[2] =u[1] ™ u[2] "~ u[3];
c[1] =wu[O0] ~ u[1] " u[2];
c[O0] =wu[0] ™ u[2] "~ u[3] ;
end

endnodul e

1210 7 4
nmodul e decoder 1(c, vy, cl k);
output[6:0] c;
i nput[6:0] vy;
i nput cl k;
reg[2:0] s
reg[6: 0] e,c;
al wvays @ posedge cl k)
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begi n

s[0] = y[O] ™ y[3] ™ y[5] ™ y[6];
s(1] = y[1] ~ y[3] ~ y[4] ~ y[5];
s(2] =y[2] ~ y[4] ™ y[5] ™ y[6];
e[0] = s[0] & (~s[1]) & (~s[2]);
e[1] = (~s[0]) & s[1] & (~s[2]);
e[2] = (~s[0]) & (~s[1]) & s[2];
e[3] = s[0] &s[1] & (~s[2]);
e[4] = (~s[0]) & s[1] & s[2];
e[5] = s[0] & s[1] & s[2];
e[6] = s[0] & (~s[1]) & s[2];
c=eny;
end

endnodul e

1211 7 4

nodul e cycl e(c, u, cl k);
output[6:0] c;
input[3:0] u;

i nput clk;

reg[2:0] i;

reg do, di, d2, t enp;
reg[6: 0] c;

al wvays @ posedge cl k)

begi n
d0=0; d1=0; d2=0; /1
for (i=0;i<4;i=i+1) Il for
begi n

temp = d2 ~ c[i];

d2 = di; dl = do ~ tenp;

do = tenp; c[i] = ufi];

end

for (i=4;i<7;i=i+1) /[l for

begi n

tenp = d2;

d2 = di; dl = dO0 ~ tenp;
do = tenp; c[i] = tenp;

end

end

/1s[0]~ s[2]

/1e[0]~ e[6]
/lc
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endnodul e

1212 7 4
nodul e decoder2(c, vy, cl k);

output[6:0] c;

i nput[6:0] v;

i nput clk;

reg[ 6: 0] c,c_buf, buffer;
reg tenp;

reg so, s, s2;

reg e;

integer i;

al wvays @ posedge cl k)
begi n
s0=0; s1=0; s2=0;
t enp=0;
buf f er =y;

for (i=6;i>=0;i=i-1)
begi n
e=s0&(~s1) & enp;
t enp=s2;
s2=s1;
s1=s0"t enp;
sO=y[i] "t enp”e;
end

for (i=6;i>=0;i=i-1)
begi n
e=s0&( ~s1) &t enp;
t enp=s2;
s2=s1,
s1=s0”t enp;
sO=t enp”e;

c_buf[i]=buffer[i]"e;

if (e==1)
begi n

s0=0; s1=0; s2=0;

/lc
Iy

11
11

/1

11

11

/1

c[ 6]
y[ 6]
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end
end

end

al wvays @ posedge cl k)
begi n
c=c_buf;
end

endnodul e

12.13 CRC
nodul e crc(crc_reg,crc,d,calc,init,d_valid,clk,reset);
out put[15: 0] crc_reg;
output[7:0] crc;
input[7:0] d;

i nput cal c;

i nput init;

i nput d_valid;

i nput clk;

i nput reset;

reg[15: 0] crc_reg;
reg[7:0] crc;

wi re[ 15: 0] next_crc;

al wvays @ posedge cl k or posedge reset)
begi n
if (reset)
begi n
crc_reg <= 16' h000O;
crc <= 8' h0o;
end

else if (init)

begi n

crc_reg <= 16' h000O;
crc <= 8' hoo;

end

else if (calc & d_valid)
begi n
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crc_reg <= next_crc;

crc <= ~{next_crc[8], next_crc[9], next_crc[10], next_crc[11],
next _crc[12], next_crc[13], next_crc[14], next_crc[15]};

end

else if (~calc & d_valid)
begi n
crc_reg <= {crc_reg[7:0], 8 h00};
crc <= ~{crc_reg[0], crc_reg[1], crc_reg[2], crc_reg[3],
crc_reg[4], crc_reg[5], crc_reg[6], crc_reg[7]};
end
end

crc_reg[12] ~ d[7] ™ crc_reg[8] ™ d[3];

crc_reg[13] ~ d[6] ™ d[2] ~ crc_reg[9];

d[5] ~ crc_reg[14] ™ d[1] ~ crc_reg[10];

d[4] ~ crc_reg[15] ™~ d[0] ~ crc_reg[11];

assi gn next_crc[ 4] crc_reg[12] ™ d[3];

assign next_crc[5]=crc_reg[12]~crc_reg[13]"d[ 7] *crc_reg[ 8] "d[ 2] ~d[ 3] ;
assign next_crc[6] = crc_reg[13] ™ d[6] ~ crc_reg[14] ~ d[1] ~ d[2] ~

assi gn next_crc[0]

assi gn next_crc[ 1]

assi gn next _crc[ 2]

assi gn next _crc[ 3]

crc_reg[ 9]
assign next_crc[7] = d[5] ™ crc_reg[14] ™ crc_reg[15] ~ d[0O] ~ d[1] ~

crc_reg[10];

assign next_crc[8] =d[4] " crc_reg[15] ~ d[0] ~ crc_reg[0] ™ crc_reg[11];
assign next_crc[9] = crc_reg[12] ~ crc_reg[1] ™ d[3];

assign next_crc[10] = crc_reg[13] ~ d[2] ™ crc_reg[2];

assign next_crc[11] = crc_reg[3] ™ crc_reg[14] ™ d[1];

assign next_crc[12] = crc_reg[12] ”~ crc_reg[4] ™ d[7] ”~ crc_reg[15]

AN d[0] ™ crc_reg[8] M d[3];

assign next _crc[13] =crc_reg[13] ~d[6] ~crc_reg[5] ~d[2] ~ crc_reg[9];
assign next_crc[14] =d[5] “crc_reg[14] ~crc_reg[6] ~d[1] ™~ crc_reg[10];
assign next_crc[15] =d[4] "crc_reg[15] ~d[0O] “crc_reg[7] ~crc_reg[11];

endnodul e
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