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2.1 Problems 79

Synthesis of Synchronous
Sequential Machines 1 Using
Verilog HDL

2.1 Problems

2.1

Determine the counting sequence for the counter shown below by designing
the counter using structural modeling with built-in primitives and D flip-
flops that were designed using behavioral modeling. The D flip-flops have
an implied reset input. Obtain the structural design module, the test bench
module, the outputs, and the waveforms. The counter is reset initially; that
is, y1¥p = 00, where y, is the low-order flip-flop.
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//structural counter using built-in primitives
module ctr strucl (rst n, clk, y);

input rst n, clk;
output [1:2] vy;

//define internal nets
wire netl, net2, net3;

//instantiate the logic for flip-flop yI[1]
d ff bh instl (
.rst n(rst n),

.clk(clk),
-d(~y[1]),
-a(y[1])

)7

//instantiate the logic for flip-flop yI[2]
and (netl, ~y[1l], ~y[2]);

and (net2, yI[l], yI[2]);

or (net3, netl, net2);

d ff bh inst2 (
.rst n(rst n),
.clk(clk),
.d(net3),
-q(yl2])

) ;

endmodule
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//test bench for ctr_ strucl
module ctr strucl tb;

reg rst n, clk;
wire [1:2] vy;

//display outputs
initial

Smonitor ("count = %b", vy);

//define reset

initial
begin
#0 rst n = 1'b0;
#5 rst n = 1'bl;
end

//define clock
initial
begin
clk = 1'b0;
forever
#10 clk = ~clk;
end

//define length of simulation
initial
begin
#60 $finish;
end

//instantiate the module into the test bench
ctr_strucl instl (

.rst n(rst n),

.clk(clk),

-y (y)

)

endmodule
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count = 00
count = 11
count = 01
count = 10
count = 00

2 SIL0S - Project C:Werilog\ctr_struci\ctr_struci.spj

File Edit Wiew F\nal\_fzer Debug Exprer Reports Hel!:-
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2.2 Determine the counting sequence for the counter shown below by designing

the counter using structural modeling with instantiated logic gates that were
designed using dataflow modeling and D flip-flops that were designed using
behavioral modeling. The D flip-flops have an implied reset input. Obtain the
structural design module, the test bench module, the outputs, and the wave-
forms. The counter is reset initially; that is, y| yp = 00, where y, is the low-or-

der flip-flop.
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//structural counter using built-in primitives
module ctr struc2 (rst n, clk, y);

input rst n, clk;
output [1:2] y;

//define internal nets
wire netl, net2, net3;

//instantiate the logic for flip-flop yI[1]
d ff bh inst4 (
.rst n(rst n),

.clk(clk),
-d(~y[1]),
-a(y[1])

)7

//instantiate the logic for flip-flop yI[2]
and2 df instl (

.x1(~y[11),
-x2(~y[2]1),
.z1 (netl)

)7

and2 df inst2 (

.x1(yI1]),
.x2(yl21),
.z1 (net2)

)7

nor2 df inst3 (
.x1 (netl),
.X2 (net2),
.z1 (net3)
)

d ff bh inst5 (
.rst n(rst n),
.clk(clk),
.d(net3),
-q(yl2])

) ;

endmodule
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//test bench for ctr_ struc2
module ctr struc2 tb;

reg rst n, clk;
wire [1:2] vy;

//display outputs
initial

$Smonitor ("count = %b", vy);

//define reset

initial
begin
#0 rst n = 1'b0;
#5 rst n = 1'bl;
end

//define clock
initial
begin
clk = 1'b0;
forever
#10 clk = ~clk;
end

//define length of simulation
initial
begin
#60 $finish;
end

//instantiate the module into the test bench
ctr _struc2 instl (

.rst n(rst n),

.clk(clk),

-y (y)

)

endmodule
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count = 00
count = 10
count = 01
count = 11
count = 00

&2 SILOS - Project C:Werilog\ctr_struc2\ctr_struc?.spj
File Edit “iew Analyzer Debug Explorer Reports Help
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23 Using behavioral modeling, design a counter that counts in the sequence

shown below. Obtain the design module, the test bench module, the outputs,

and the waveforms.

Y1¥2¥3v4 = 0000, 1001, 0001, 1011, 0010, 1100, 0011, 1101, 1000, 1110,
1010, 1111, 0000, . .
//behavioral nonsequential counter
module ctr nonseq bh (rst n, clk, count);
input rst n, clk;
output [1:4] count;
//variables used in always are declared as reg
reg [1:4] count, next count;
always @ (negedge rst n or negedge clk)
begin
if (~rst n) //1f reset = 0
count = 4'b0000;
else
count = next count;
end //continued on next page
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//define the counting sequence
always @ (count)

begin
case (count)
4'b0000 : next count = 4'bl001;
4'b1001 next count 4'b0001;
4'b0001 next count 4'b1011;
4'b1011 next count 4'0b0010;
4'b0010 next count 4'b1100;
4'b1100 next count 4'b0011;
4'b0011 next count 4'b1101;
4'p1101 next count 4'1000;
4'1000 next count 4'p1110;
4'p1110 next count 4'1010;
4'p1010 next count 4'p1111;
4'b1111 next count = 4'b0000;
endcase
end
endmodule

//test bench for modulo-10 counter

module ctr nonseq bh tb;
//define inputs and outputs

reg rst n, clk;
wire [1:4] count;

//display outputs

initial

$monitor ("count = %b",

//define reset
initial
begin

#0 rst n

1'b0;

#5 rst n = 1'bl;

end

//define clock
initial
begin
clk = 1'b0;
forever

#10 clk = ~clk;

end

count) ;

//continued on next page

K26575_SM_Cover.indd 90

22/01/16 9:59 am



K26575_SM_Cover.indd 91

2.1

Problems

87

//define length of simulation
initial
begin
#250 $finish;
end

//instantiate the module into the test bench
ctr nonseqg bh instl (

.rst n(rst n),

.clk(clk),

.count (count)

)7

endmodule

count = 0000

count = 1101

count = 1001 count = 1000
count = 0001 count = 1110
count = 1011 count = 1010
count = 0010 count = 1111
count = 1100 count = 0000
count = 0011

2 SILOS - Project C:\Werilog\ctr_nonseq_bh\ctr_nonseq_bh.spj
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2.4 Using structural modeling, design a counter that counts in the sequence shown
below. Use built-in primitives and D flip-flops that were designed using be-
havioral modeling. Obtain the design module, the test bench module, the out-

puts, and the waveforms.

y1Y2r3¥4 = 0000, 1001, 0001, 1011, 0010, 1100, 0011, 1101, 1000, 1110,

1010, 1111, 0000, . . .

Y3Va
Y12 00 01 11 10

00| 1 1 1 1

01| 0 0 0 0

11| 0 1 0 1

10| 1 0 0 1

b4

Dy1=y1v2" +y2'v4' + y133v4" T ¥13233'v4

Dy, =y1'v2'v3 ty102'v4'

Y3)4
V1o 00 01 11 10

00| O 1 0 0

01| 0 0 0 0

11| 1 0 0 1

10| 1 0 1 1

3

Dy3=y1'v2'v3'v4 ty1v4 310203

Y34
V1Va 00 01 11 10

00| O 0 1 1

01| 0 0 0 0

11| 0 0 0 0

10] 1 0 0 1

2

Y34
Y1y 00 01 11 10

00| 1 1 1 0

01| 0 0 0 0

11| 1 0 0 0

10 0 1 0 | 1

Y4

Dys=y1'v2'v3' t y1'v2va T 1020394 T ¥2'v3'v4 + y132'v304'
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//structural nonsequential counter
module ctr nonseq dff (rst n, clk, y);

input rst n, clk;
output [1:4] y;

//define internal nets

wire netl, net2, net3, net4, net5, net6, net7, net8, net9,
netl0, netll, netl2, netl3, netld, netl5, netl6, netl?,
netl8;

//instantiate the logic for flip-flop yI[1]
and (netl, ~yI[1l], ~vyI[2]1);

and (net2, ~yI[2], ~yI[4]);

and (net3, yI[1l], yI[3], ~y[4]1);

and (net4, yI[1l], yl[2], ~y[3], yIl4]);
or (net5, netl, net2, net3, netd);

d ff bh instl (
.rst n(rst n),
.clk(clk),
.d(netb),

-a(yl[1])

//instantiate the logic for flip-flop yI[2]
and (neto6, ~yI[1], ~y[2], yI[3]);

and (net7, y[1], ~y[2], ~yI[4]);

or (net8, net6, net7);

d ff bh inst2 (
.rst n(rst n),
.clk(clk),
.d(net8),
-a(y[2])

//instantiate the logic for flip-flop yI[3]
and (net9, ~y[1], ~y[2], ~y[3], y[4]);
and (netlO, y[1], ~y[4]);

and (netll, y[1], ~y[2], yI[31);

or (netl2, net9, netl0, netll);

//continued on next page
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d ff bh inst3 (
.rst n(rst n),
.clk(clk),
.d(netl2),
.q(y[3])

//instantiate the logic for flip-flop y[4]

and (netl3, ~y[1], ~y[2], ~yI[3]);

and (netl4, ~y[1l], ~y[2], yl4]);

and (netl5, yI[1]1, y[2], ~yI[3], ~y[41);

and (netlé6, ~y[2], ~y[3]1, yl4]);

and (netl7, yI[1], ~y[2], y[3], ~y[4]);

or (netl8, netl3, netld4, netl5, netl6, netl?7);

d ff bh inst4 (
.rst n(rst n),
.clk(clk),
.d(netl8),
-q(yl4])

)
endmodule

//test bench for modulo-10 counter
module ctr nonseq dff tb;

reg rst n, clk; //define inputs and outputs
wire [1:4] vy;

initial //display outputs
Smonitor ("count = %b", vy);

//define reset
initial
begin
#0 rst n 1'b0;
#5 rst n = 1'bl;
end

initial //define clock
begin
clk = 1'b0;
forever
#10 clk = ~clk;
end
//continued on next page
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//define length of simulation
initial
begin
#220 $finish;
end

//instantiate the module into the test bench
ctr nonseq dff instl (
.rst n(rst n),

.clk(clk),

-y (y)

) 7
endmodule
count = 0000 count = 1101
count = 1001 count = 1000
count = 0001 count = 1110
count = 1011 count = 1010
count = 0010 count = 1111
count = 1100 count = 0000

count = 0011

2 SIL0S - Project C:Werilog\ctr_nonseq_dffictr_nonseq_dff.spj

File Edit View Analyzer Debug Explorer Reports Help
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2.5 Design a modulo-11 counter with no self-starting state using structural mod-
eling with built-in primitives and D flip-flops that were designed using behav-
ioral modeling. Obtain the design module, the test bench module, the outputs,
and the waveforms.
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V34 V3Va
yiy, \L00 01 11 10 yi, \L00 01 11 10
0 1 3 2 0 1 3 2
00| 0 1| o 1 00| 1 0 | 0 1
4 5 7 6 4 5 7 6
01| 0 1| o 1 01 1 0| 0 1
12 13 15 14 12 13 15 14
11| -] =7 =7 - 11| - =7 =7 -
8 9 11 10 8 9 11 10
10| 0 1| -1 o0 10| 1 0| - | o
V3 Y4
Dy3=y3'v4t y1'v3y4' Dy4=y3'v4' +y1'v4
=y4'(1" +y3")

//structural modulo-11 counter
module ctr modll struc d (rst n, clk, y);

input rst n, clk;
output [1:4] y;

//define internal nets
wire netl, net2, ner3, net4, net5, net6, net7, net8, net9,
netl0, netll, netl2;

[/ mmmm e
//instantiate the logic for flip-flop yI[1]

and (netl, yI[l], ~yI[3]);

and (net2, yl[2], yI[3], yl[4]);

or (net3, netl, net2);

d ff bh instl (
.rst n(rst n),
.clk(clk),
.d(net3),
-a(y[1])

) ;

//continued on next page
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//instantiate the logic for flip-flop yI[2]
and (net4, y[2], ~yI[3]):

and (netb5, ~yI[2], yI[3], yI[41);

and (neté6, y[2], ~y[4]);

or (net7, net4, net5, neto);

d ff bh inst2 (
.rst n(rst n),
.clk(clk),
.d(net7),
-a(ylz2l])

//instantiate the logic for flip-flop yI[3]
and (net8, ~yI[3]1, yI[4]1);
and (net9, ~yI[1l], yI3

]
1, ~y[41);
or (netl0, net8, net9

)7

d ff bh inst3 (
.rst n(rst n),
.clk(clk),
.d(netl0),
-q(y[3])

//instantiate the logic for flip-flop y[4]
or (netll, ~y[1l], ~yI[3]);
and (netl2, ~yI[4], netll);

d ff bh inst4 (
.rst n(rst n),
.clk(clk),
.d(netl2),
-q(y[4])

):

endmodule
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//test bench for modulo-11 counter
module ctr modll struc d tb;

//define inputs and outputs
reg rst n, clk;
wire [1:4] vy;

//display outputs
initial

$Smonitor ("count = %b", vy);

//define reset

initial
begin
#0 rst n = 1'b0;
#5 rst n = 1'bl;
end

//define clock
initial
begin
clk = 1'b0;
forever
#10 clk = ~clk;
end

//define length of simulation
initial
begin
#200 $finish;
end

//instantiate the module into the test bench
ctr modll struc d instl (

.rst n(rst n),

.clk(clk),

-y (y)

)

endmodule
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count = 0000 count = 0110
count = 0001 count = 0111
count = 0010 count = 1000
count = 0011 count = 1001
count = 0100 count = 1010
count = 0101 count = 0000

S | B 2 (Afsemwthess ¥|1> 2> TI T2 ] |93
;-N._;me _i 2 ID; S S S R oS R o _9!.04 S GRS SN N S R S jEL < G L
[=- Default
rst_n |
=13
SR Dz 3 g 5 i ¢t 7 B 5 PR
il : I ) L
el e |
3 s NN~ B o T
Y4 | 1 I 1 I 1 I 1 f 1
2.6 Design a modulo-11 counter with no self-starting state using structural mod-

eling with logic gates that were designed using dataflow modeling and nega-
tive-edge triggered JK flip-flops that were designed using behavioral
modeling. Obtain the design module, the test bench module, the outputs, and
the waveforms

V34 V3Va
yivy N\_00 01 11 10 y N_00 01 11 10
0 1 3 2 0 1 3 2
00| 0 0| o0 0 00| — | — | - -
4 5 7 6 4 5 7 6
01| 0 0 | 1 0 01| — | - | - -
12 13 15 14 12 13 15 14
11| - — | - - 11| - — | - -
8 9 11 10 8 9 11 10
10| - — | - - 10| 0 0 | - 1
Iy Ky,
JY1=213)4 Ky1=y3
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y, \_00 01 11 10
0 1 3 2
00 0 0 1 0
4 5 7 6
o1 - | - | - | -
12 13 15 14
| - | - | - | -
8 9 11 10
10 0 0 - 0
Jyy
Jy2 =y3y4
V34
yy N\_00 01 11 10
0 1 3 2
00 0 1 - -
4 5 7 6
01 0 1 - -
12 13 15 14
| - | - | - | -
8 9 11 10
10 0 1 - -
Jy3
Jy3 =4
Y34
y, N\_00 01 11 10
0 1 3 2
00 1 - - 1
4 5 7 6
01 1 - - 1
12 13 15 14
| - | -] - -
8 9 11 10
10 1 - - 0
JV4
Jyg=y1' 3
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Y34
V1o 00 01 11 10

00| — | - | - | -

01| 0 0 1 0

| - | -] - | -
8 9 11 10
o] — | - | - | -
Ky,
Ky, =y3
V3V4
y, \_00 01 11 10
0 1 3 2
00 — — 1 0
2 5 7 6
01 - - 1 0
12 B3] 15 14
| - | -] -] -
8 9 11 10
10| — - - 1
Ky3
Ky3 =y134
V3V4
yy \_00 01 11 10
0 1 3 2
00 - 1 1 -
2 3 7 6
01 - 1 1 -
12 B3] 15 14
| - | -] - | -
8 9 11 10
10| — 1 - -
Ky,
Ky4:1
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—Clock
+y2 V1
+ — .\ netl
_%43‘ inst] ) J +11
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¢ inst4
o——— M2
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o—O>:
inst6 _
- instS >net5 K oC—— 3
4! . net7 4
3 inst7 J 14
) OPinst8 _
+Logic 1 K o———— 4
Assume that the JK flip-flops have negative set and reset inputs.
//structural modulo-11 counter
module ctr modll struc jk (rst n, clk, y);
input rst n, clk;
output [1:4] y;
//define internal nets
wire netl, net2, net3, net4;
//instantiate the logic for flip-flop yI[1]
and3_df instl (
x1(y[2]),
x2(y[31),
x3(y[4]1),
.z1 (netl)
)7
//continued on next page
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Jkff neg clk inst2 (
.set n(l'bl),
.rst n(rst n),
.clk(clk),
.J (netl),
Ck(yI[31),
-a(y[1])
) ;

//instantiate the logic for flip-flop y[2]
and2 df inst3 (

-x1(yI[31),

-x2(yl41),

.zl (net3)

)

Jkff neg clk inst4d (
.set n(l'bl),
.rst n(rst n),
.clk(clk),
.J (net3),
.k(net3),
-a(yl2])
);

//instantiate the logic for flip-flop y[3]
or2 df instb (

-x1(y[4]),

-x2(yl11),

.z1 (netb)

)

Jkff neg clk inst6 (
.set n(1'bl),
.rst n(rst n),
.clk(clk),
LI (y4D),
.k (netb),
-a(y[3])
)

//continued on next page
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//instantiate the logic for flip-flop y[4]
or2 df inst7 (

.x1(~yI[11),
-x2(~y[31),
.z1 (net?)

)7

jkff neg clk inst8 (
.set n(l'bl),
.rst n(rst n),
.clk(clk),
.J (net7),
.k(1'bl),
-a(y4])
)7

endmodule

//test bench for modulo-11 counter using JK flip-flops
module ctr modll struc jk tb;

//define inputs and outputs
reg clk, set n, rst n; //inputs are reg for test bench
wire [1:4] y; //outputs are wire for test bench

//display outputs
initial

$Smonitor ("Count = %b", vy);

//define reset

initial
begin
#0 rst n = 1'b0;
#5 rst n = 1'bl;
end

//define clock
initial
begin
clk = 1'b0;
forever
#10 clk = ~clk;
end //continued on next page
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//define length of simulation
initial
begin
#240 $finish;
end

//instantiate the module into the test bench
ctr modll struc jk instl (

.rst n(rst n),

.clk(clk),

-y (y)

)7
endmodule
Count = 0000 Count = 0110
Count = 0001 Count = 0111
Count = 0010 Count = 1000
Count = 0011 Count = 1001
Count = 0100 Count = 1010
Count = 0101 Count = 0000

& SILOS - Project C:Werilog\ctr_mod11_struc_jkictr_mod11_struc_jk.spj

File Edit Wiew Analyzer Debug Explorer Reports Help

oGS BRe b EHBE TR
A E <2 LEmutee V1> 2> T T2E [

1] 120 240
N_ame s | 2 O (e SO | O O e S o[ e S | NS || S 5 (|
=)~ Default '
1st_n LT
clk

=ul1:4] O A1 X 2 A3 X445 KB A7 X8 K3 HKa A0 4

1 ’ [N
W2l - . : . !
o[3] .—I_I—l_| fre—

u[d] | I 1 I 1 I 1 I 1 I 1
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2.7 Design a modulo-11 counter with no self-starting state using behavioral mod-
eling with the case statement. Obtain the design module, the test bench mod-
ule, the outputs, and the waveforms

//behavioral modulo-11 counter using the case statement
module ctr modll case (clk, rst n, y);

input clk, rst n;
output [1:4] y;

//variables used in always are reg
reg [1:4] y, next count;

//set next count
always @ (posedge clk or negedge rst n)

always @ (y)

begin
if (~rst n)
y = 4'b0000;
else
y = next count;
end

//determine next count

begin
case (y)
4'p0000: next count = 4'b0001;
4'p0001: next count 4'p0010;
4'p0010: next count 4'p0011;
4'p0011: next count 4'p0100;
4'p0100: next count 4'p0101;
4'p0101: next count 4'p0110;
4'b0110: next count 4'pb0111;
4'b0111: next count 4'p1000;
4'p1000: next count 4'p1001;
4'p1001: next count 4'p1010;
4'p1010: next count 4'pb0000;
default: next count = 4'b0000;
endcase
end
endmodule
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//test bench for the modulo-11 counter
module ctr modll case tb;

//inputs are reg for test bench
reg rst n, clk;

//outputs are wire for test bench
wire [1:4] vy;

//display count
initial

Smonitor ("count = %b", vy);

//define reset

initial
begin
#0 rst n = 1'b0;
#5 rst n = 1'bl;
end

//define clock
initial
begin
clk = 1'b0;
forever
#10 clk = ~clk;
end

//define length of simulation
initial
#220 $finish;

//instantiate the module into the test bench
ctr modll case instl (

.rst n(rst n),

.clk(clk),

-y (y)

)

endmodule
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count = 0000 count = 0110
count = 0001 count = 0111
count = 0010 count = 1000
count = 0011 count = 1001
count = 0100 count = 1010
count = 0101 count = 0000

23 SILOS - Project C:Werilog\ctr_mod11_caselctr_mod11_case.spj

File Edit Wiew #analyzer Debug Explorer Reports Help
0GOS HERS PO EHBE EE
ARG <2 Ao 51> 2> T 128 [
N.ame. s -3 ID L1 | PR § PR § PR I.1.?D | PR { B L1 { BRI |.2.?D L 1 L 1
=) Default '
1zt_n L
clk
= y[1:4] T Z 3 ) 5 5 7 g g PR
) ! ; —_———
izl : T : | :
w3 . . k..
4] | T 1 I 1 Frir— I 1 I ol
2.8 Design a counter using structural modeling with JK flip-flops that counts in

the sequence shown below. The counter is not self-starting. Obtain the design
module, the test bench module, the outputs, and the waveforms.

y1yoy3 =000, 100, 010, 001, 100, . . .

Unused states: 011, 101, 110, 111

Y23 23

yi 00 01 11 10 yi 00 01 11 10
0 1 3 2 0 1 3 2

ol 1| 1] -"|o o] — | - | 7| -
7 5 7 6 7 5 7 6

1 - - - - 1 1 - - -

Iy Ky,
Jy1 =y Ky =1
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Y3
1 00 01 11 10
0 1 3 2
0 0 0 - -
4 5 7 6
1 1 - - -
Ja
Jyr =y
ny3
1 00 01 11 10
0 1 3 2
0 0 - - 1
4 5 7 6
1 0 - - -
Jy3
Jy3 =y
—Clock J’l
Y J
o—(Op>.
+Logic 1 ]énStl
—OReset C
2
andl J
FPinst2
K
o—OReset e
V3
Y J
Pinst3
K
—Reset OReset o
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y3
i 00 01 11 10
0 1 3 2
o - | - | - |1
4 5 7 6
Ky,
Ky2 = 1
23
i 00 01 11 10
0 1 3 2
o - | 1| -] -
4 5 7 6
Ky,
Ky3 = 1
1
1
A%
)
3
-3
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//structural nonsequential counter us JK flip-flops
module ctr nonseq jk (rst n, clk, y);

input rst n, clk;
output [1:3] vy;

//instantiate the logic for flip-flop yI[1]
Jkff instl (

.set n(l'bl),

.rst n(rst n),

.clk(clk),

J~yl2]),

.k(1'b1),

cq(yl[1])

)

//instantiate the logic for flip-flop y[2]
Jkff inst2 (

.set n(1'bl),

.rst n(rst n),

.clk(clk),

J(yl1l),

.k(1'b1),

-q(yl2])

)

//instantiate the logic for flip-flop yI[3]
Jkff inst3 (

.set n(1'bl),

.rst n(rst n),

.clk(clk),

J(yl2]),

.k(1'bl),

-a(y[3])

)

endmodule
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//test bench for nonsequential counter using JK flip-flops
module ctr nonseq jk tb;

//define inputs and outputs

reg rst n, clk; //inputs are reg for test bench
wire [1:3] y; //outputs are wire for test bench
//display outputs

initial

$Smonitor ("Count = %b", y);

//define reset

initial
begin
#0 rst n = 1'b0;
#5 rst n = 1'bl;
end

//define clock
initial
begin
clk = 1'b0;
forever
#10 clk = ~clk;
end

//define length of simulation
initial
begin
#120 $finish;
end

//instantiate the module into the test bench
ctr nonseq jk instl (

.rst n(rst n),

.clk(clk),

-y (y)

) ;

endmodule
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Count = 000
Count = 100
Count = 010
Count = 001
Count = 100
Count = 010
Count = 001

HH S & B <2 A senwchne ¥[1> 2> T1 T2 & E@J

:N;me ' Z ID E0 120

| If I S S S S | S S— i Sy p—" oy S—" S S

[=- Drefault i i

13t n | i ;

clk I 1 I 1 I 1 I 1 I 1 I 1

= (1:3] 0 1 Z 1 z Z T

o1l [ o

42l e L=

3] — —

2.9 Obtain the input equations for flip-flops y; and y4 only, for a BCD counter
which counts in the sequence shown below. The equations are to be in min-
imum form. Use JK flip-flops. There is no self-starting state.

Y1y2y3¥4 = 0000, 0001, 0010, 0011, 0100, 0101, 0110, O111, 1000, 1001,

0000, - - -.
V3V4 Y3V4
ys N\ 00 01 11 10 yiva N\_00 01 11 10
0 1 3 2 0 1 3 2
00| O 0 0 0 00| — - - -
4 5 7 6 4 5 7 6
01 0 0 1 0 01 - - - -
12 13 15 14 12 13 15 14
1| - | - -] - 11| - =7 -] -
8 9 11 10 8 9 11 10
10| - - - - 10 O 1 - -
IV Ky
JY1=y2y3V4 Ky1=y4
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Y34

vy, N 00 01 11

2.10

00| 1 - -

01| 1 - -

1| - | -7 -

10| 1 - -

Jy4

Jy4: 1

Design a counter using structural modeling with JK flip-flops which counts in
the following decimal sequence: 0, 1, 3,7,6,4, 0, - - - . Obtain the design mod-

2.1  Problems

V3Va

Y12
00

01

11

10

00 o001 11 10

0 1 3
_ 1 1 _
4 5 7
_ 1 1 _
12 13 15 14
8 9 11 10
_ 1 _ _
Kyq
Ky4 =1

ule, the test bench module, the outputs, and the waveforms.

Unused states: 010,

101

Y23
yi 00 01 11 10
0 1
0 0 0 1 -
4 5
1 _ _ _ _
I
Jy1=»
Y23
yi 00 01 11 10
0 1
0 0 1 - -
4 5
1o | - | - | -
I,
Jyr=y3

109

Y23
yi 00 01 11 10
0 1 3
0ol - _ _ _
4 5 7
1 1 — 0 0
Ky,
Ky =y;'
Y23
i 00 01 11 10
0 1 3
o - | - o | -
4 5 7
1 — — 0 1
Ky,
Ky, =y3'
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Y3 "3
yi 00 01 11 10 i 00 01 11 10
0 1 3 2 0 1 3
0 1 - - - 0 - 0 0 -
4 5 7 6 4 5 7
1o | - | 1o 1l - | -1 |-
Jy3 Ky
Jy3 =y’ Ky =
—Clock
N
AR J +1
) inst1
) K _
—OReset o M1
2
73 J +p,
Pinst2
-3 K
o—OReset e 2
V3
) J 3
Pinst3
1 K
—Reset AReset © -3

//structural nonsequential counter us JK flip-flops
module ctr nonseqg2 jk (rst n, clk, y);

input rst n, clk;

output [1:3] y;

//instantiate the logic for flip-flop yI[1]
Jkff instl (

.set n(l'bl),

.rst n(rst n),

.clk(clk),
.J(y[(21),
Ck(~yI[2]),
.a(yl[1])

)
//continued on next page
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//instantiate the logic for flip-flop yI[2]
Jkff inst2 (

.set n(l'bl),

.rst n(rst n),

.clk(clk),
J(yI[31),
Ck(~yI[31),
.q(yl2])

)7

//instantiate the logic for flip-flop yI[3]
Jkff inst3 (

.set n(l'bl),

.rst n(rst n),

.clk(clk),

-J(~yI[11),

Ck(y[11),

-a(yl3l)

) 7
endmodule

//test bench for nonsequential counter using JK flip-flops
module ctr nonseqg2 jk tb;

//define inputs and outputs
reg rst n, clk; //inputs are reg for test bench
wire [1:3] y; //outputs are wire for test bench

//display outputs
initial

$Smonitor ("Count = %b", vy);

//define reset

initial
begin
#0 rst n = 1'b0;
#5 rst n = 1'bl;
end

//define clock
initial
begin

clk = 1'b0;

forever

#10 clk = ~clk;
end
//continued on next page
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//define length of simulation
initial
begin
#120 $finish;
end

//instantiate the module into the test bench
ctr nonseqg2 jk instl (

.rst n(rst n),

.clk(clk),

-y (y)

)7

endmodule

Count = 000
Count = 001
Count = 011
Count = 111
Count = 110
Count = 100
Count = 000

2 SIL0S - Project C:Weriloghctr_nonseq?_jkictr_nonseq2_jk.spj

File Edit Wiew #Analyzer Debug Explorer Reports Help

GO BRo PRAEEE TIB
A ® ® <2 dlmeceee V1> 2> TLT2(E] |4

Hame 2 R S
= Default ! !
1zt_m B

clk I 1 I 1 I 1 I 1 I 1 |

= l1:3) g 1 3 7 3 7
41 f . R

W2 —_— . -

i T 9 -
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2.11  Design a 4-bit Gray code counter using structural modeling with built-in
primitives and JK flip-flops. The counter is initially reset to y y2y3¥4 = 0000.
Show the equations for the JK flip-flops, first in a minimum sum-of-products
form, then in an exclusive-OR/NOR form, where applicable. Obtain the de-
sign module, the test bench module, the outputs, and the waveforms.

V3V4
yy, \L00 01 11 10
0 1 3 2
00| 0 0| 0 0
4 5 7 6
01 1 0| 0 0
12 13 15 14
11| - | =7 =7 -
8 9 11 10
1o - | = | = | -
Iy
Jy1=1213'v4'
V3V4
yiy, \_00 01 11 10
0 1 3 2
00| 0 0| 0 1
4 5 7 6
o1 — | — | — | -
12 13 15 14
11| - =7 =7 -
8 9 11 10
10| o 0 | 0 0
Iy
Jy2 =y1'v3¥4'
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Y34
Y12 00 01 11 10
0 1 3 2
00| — - - -
4 5 7 6
01| - - - -

11 0 0 0 0

10] 1 0 0 0

Ky,
Ky1=»'v3'v4'
V34
y, \L00 01 11 10
0 1 3 2
oo| - | - | -7| -
3 5 7 6

01| 0 0 0 0

11| 0 0 0 1

1o — | - | - | -

Ky,

Kyr =y1y354'
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V3V4
yva \_00 01 11 10
0 1 3 2
00 0 1 - -
4 5 7 6
01 0 0 - -
12 13 15 14
11 0 1 - -
8 9 11 10
10 O 0 - -

I3

Jy3 =y1V2'va T y1yoy4

=01 © )4
Y34

ya N 00 01 11 10
0 1 3 2

00 1 - - 0
4 5 7 6

01 0 - - 1
12 13 15 14

11 1 - - 0
8 9 11 10

10 0 - - 1

Jy4

Jya=y1va'v3' T y1yvay3' Ty T y1n'y3
=01 ©»)y3' (] © )3
=01 ®y ©»3)

Kys=y1'0'v3 +y1y2y3 Ty1'vays' vy’
=01 @y))y3 (1 D)3’
=1 ®yy ®y3)

Synthesis of Synchronous Sequential Machines 1 Using Verilog HDL

V34
yivs \_00 01 11 10
0 1 3 2
00| - - 0 0
4 5 7 6
01 - - 1 0
12 13 15 14
11 - - 0 0
8 9 11 10
10| - - 1 0

Ky3

Kys =y1'Voya +y12'v4

=01 ® 24
V34

y, N_00 01 11 10
0 1 3 2

00 - 0 1 -
4 5 7 6

01 - 1 0 -
12 13 15 14

11 - 0 1 -
8 9 11 10

10| — 1 0 -

Ky,
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//structural gray code counter using built-in primitives
module gray code ctr struc (set n, rst n, clk, y);

input set n, rst n, clk;
output [1:4] y;

//define internal nets

wire netl, net2, net3, net4, net5, net6, net7, net8, net9,
netl0;

wire netll, netl2, netl3, netld4, netl5, netl6, netl7, netl8;

//instantiate the logic for flip-flop yI[1]
and (netl, yl[2], ~y[3], ~yl[4]);
and (net2, ~yI[2], ~yI[3], ~yl[4]);

jkff neg clk instl (
.set n(l'bl),
.rst n(rst n),
.clk(clk),
.J (netl),
.k(net2),
-a(y[1])

//instantiate the logic for flip-flop yI[2]
and (net3, ~y[1], vyI[3], ~y[4]);
and (netd4, y[1], vI[3], ~vy[4]1);

jkff neg clk inst2 (
.set n(1'bl),
.rst n(rst n),
.clk(clk),
.J (net3),
.k (netd),
-a(yl[2])
)

//continued on next page
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//instantiate the logic for flip-flop yI[3]
xnor (net5, y[1l]1, yI[2]);

and (net6, netb, y[4]
xor (net7, yI[1l]l, yI[2]
and (net8, net7, yl[4]

)
)
)

’

Jjkff neg clk inst3 (
.set n(l'bl),
.rst n(rst n),
.clk(clk),
.J (neto),
.k (net8),

.q(y[3])

//instantiate the logic for flip-flop y[4]
xnor (net9, yI[1l], vyI[2]):;

and (netl0, net9, ~yI[3]);

xor (netll, yI[1], vyI[2]);
and (netl2, netll, vyI[3]);
or (netl3, netlO, netl2)

xnor (netld, y[1], yI

2
and (netl5, netl4d4, yI[3
]

xor (netleo,

yI[1], yl[2

]
]
)
and (netl7, netl6, ~y[3
or (netl8, netl5, netl?

jkff neg clk inst4d (
.set n(1'bl),
.rst n(rst n),
.clk(clk),
.j (netl3),
.k(netl18),
-a(y[4])
)7

endmodule
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//test bench for the structural gray code counter
//using built-in primitives

module gray code ctr struc tb;
//define inputs and outputs
reg set n, rst n, clk;

wire [1:4] y;

//display outputs

initial

Smonitor ("count %b", y);

//define reset

initial
begin
#0 rst n = 1'b0;
#5 rst n = 1'bl;
end

//define clock
initial
begin
clk = 1'b0;
forever
#10clk = ~clk;
end

//define length of simulation
initial
begin
#340 $finish;
end

//instantiate the module into the test bench
gray code ctr struc instl (

.set n(set n),

.rst n(rst n),

.clk(clk),

-y (y)

) ;

endmodule
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count 0000
count 0001
count 0011
count 0010
count 0110
count 0111
count 0101
count 0100
count 1100
count 1101
count 1111
count 1110
count 1010
count 1011
count 1001
count 1000
count 0000

2 SILOS - Project C:\Werilog\aray_code_ctr_struclsray._code ctr_struc.spj

File Edit Visw Analvzer Debug Explorer Reports Help

Tnlr @ R4 b P |§\$8‘}'@
BQRE <2 Aot ¥1>2> T T2 5 4

MHame iS .|D 1 1 1 1 L 1 1 1 1 1?0 1 1 1 1 1 1 1 1 1 3?0 1 1 1 1
=1 Default
1zt_m
clk
=14 } ;
1] . n P
el I ' :
¥13] e e
o] i—l | L& I 1 | I

2.12 Repeat problem 2.11 using behavioral modeling with the case statement. The
counting sequence is as follows: 0, 1,3,2,6,7,5,4,12,13,15, 14,10, 11,9,
8,0, ---. The counter is initially reset to y1y,y3y4 = 0000. Obtain the design
module, the test bench module, the outputs, and the waveforms.
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//behavioral gray code counter using the case statement

module gray code ctr bh

input rst n,
output [1:4]

clk;
Y

(rst _n, clk, y);

//variables are reg in always

reg [1:4] vy,

next count;

//set next count
always @ (negedge rst n or posedge clk)

begin
if (~rst n)
y = 4'b0000;
else
y = next count;
end

//determine next count

always @ (y)
begin
case (y)
4'b0000
4'b0001
4'pb0011
4'b0010
4'p0110
4'p0111
4'p0101
4'0100
4'p1100
4'p1101
4'p1111
4'p1110
4'p1010
4'p1011
4'p1001
4'p1000
endcase
end

endmodule

next count
next count
next count
next count
next count
next count
next count
next count
next count
next count
next count
next count
next count
next count
next count
next count

= 4'b0001;
= 4'b0011;
= 4'b0010;
= 4'b0110;
= 4'b0111;
= 4'b0101;
= 4'b0100;
= 4'bl100;
= 4'bl101;
= 4'bl111;
= 4'bl1l10;
= 4'bl010;
= 4'bl011;
= 4'bl001;
= 4'bl000;
= 4'b0000;
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//test bench for gray code counter using case statement
module gray code ctr bh tb;

//inputs are reg for test bench
reg rst n, clk;

//outputs are wire for test bench
wire [1:4] vy;

//display count
initial

$Smonitor ("count = %b", vy);

//define reset

initial
begin
#0 rst n = 1'b0;
#5 rst n = 1'bl;
end

//define clock
initial
begin
clk = 1'b0;
forever
#10 clk = ~clk;
end

//define length of simulation
initial
#320 $finish;

//instantiate the module into the test bench
gray code ctr bh instl (

.rst n(rst n),

.clk(clk),

-y (y)

)

endmodule
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count = 0000
count = 0001
count = 0011
count = 0010
count = 0110
count = 0111
count = 0101
count = 0100
count = 1100
count = 1101
count = 1111
count = 1110
count = 1010
count = 1011
count = 1001
count = 1000
count = 0000

23 SILOS - Project C:Werilog\gray_code_ctr_bhlgray_code_ctr_bh.spj

RO -HERS A EHES 2B
HRAR® <2 Ao ¥1> 2> T1 T2 |3

Filz Edit Wiew Analyzer Debug Explorer Reports Help

a 140 280
Name 1 2I 1S SO o S e S e S e Oy SO gy SO O e O B S
=)~ Default ' !
1zt_n
clk
=14 |
w[1] 5 T ! L
2] — : . v
W3] e G e L e
4] - [ | | | e &

2.13  Generate a reduced state diagram for a Moore machine which generates an

output z; whenever a serial, 4-bit binary word on an input line x; is greater
than or equal to six. The first bit received in each word is the high-order bit.

There is no space between words. Output z; is asserted during the fourth bit of

a word. Then implement the state diagram in behavioral modeling. Assert
output z| at time ) and deassert z| at time #3. Obtain the design module, the
test bench module, the outputs, and the waveforms.
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' l001 1010

011 x;' 100 101

110

//behavioral moore ssm to detect greater/equal to 6
module moore ssm ge6 (rst n, clk, x1, y, zl);

//define inputs and outputs
input rst n, clk, x1;
output [1:3] y;

output z1;

//variables are reg in always
reg [1:3] y, next state;
reg z1;

//assign state codes

//parameter defines a constant

parameter state a = 3'b000,
state b = 3'b001,
state ¢ = 3'b010,
state d = 3'b011,
state e = 3'b100,
state £ = 3'b101,
state g = 3'b110,
state h = 3'b111;

//continued on next page
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//set next state
always @ (posedge clk)
begin
if (~rst n)
y <= state a;
else
y <= next state;
end

//determine output
always @ (y or clk)

begin
if (y == state h)
begin
if (~clk)
zl = 1'bl;
else
zl = 1'b0;
end
else
zl = 1'b0;
end

//determine next state
always @ (x1 or y)
begin

case (y)//case is a multiway conditional branch

state a://if y = st
if (~x1)
next state
else
next state

state b:
if (~x1)
next state
else
next state =

state c: next state
state d: next state

state e:
if (~x1)
next state =
else
next state =

//if rst n = 0 (~rst n is true)

//go to state a (000)

//else go to next state

ate a, do 1if ... else
state b;

state c;

state d;
state_e;
= state f;

= state gy

state g7

state h; //continued on next page
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state f:
state g:
state h:
default:
endcase

end

endmodule

next state =
next state =
next state =

next state =

state h;
state a;
state ay;

state ay;

//test bench for moore ssm geb6

module moore ssm ge6 tb;

regrst n, clk,
wire [1:3] vy;
wire z1;

x1; //inputs are reg for test bench
//outputs are wire for test bench

//display variables

initial
Smonitor ("x1

//define clock

initial
begin

clk = 1'b0;

forever
#10 clk
end

%$b, state =

~clk;

//define input sequence

initial

begin
#0 rst n = 1'b0; /
x1 = 1'b0;
#5 rst n = 1'bl; /

@ (posedge clk)

x1l = 1'b0; @ (posedge clk)
x1l = 1'b0; @ (posedge clk
x1 = $random; @ (posedge
x1 = $random; @ (posedge

b, z1 =

/reset to

/deassert
//go
//go
) //go
clk) //go

clk) //go

//continuedfgn next page

sb", x1, vy,

zl);

state a (000)

reset

to state_a

(000)
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e
xl = 1'b0; @ (posedge clk) //go to state b (001)
x1 = 1'bl; @ (posedge clk) //go to state e (100)
x1 = 1'bl; @ (posedge clk) //go to state h (111)

//assert zl

x1 = $random; @ (posedge clk) //go to state a (000)

F et
xl = 1'b0; @ (posedge clk) //go to state b (001)
x1 = 1'bl; @ (posedge clk) //go to state e (100)
xl = 1'b0; @ (posedge clk) //go to state g (110)
x1 = $random; @ (posedge clk) //go to state a (000)

/m e
xl = 1'bl; @ (posedge clk) //go to state c (010)
x1 = $random; @ (posedge clk) //go to state f (101)
x1 = $random; @ (posedge clk) //go to state h (111)

//assert zl

x1 = $random; @ (posedge clk) //go to state a (000)

J e S
#20 $stop;

end

J e R N

//instantiate the module into the test bench
moore ssm ge6 instl (
.rst n(rst n),
.clk(clk),
.x1(x1),
-y (¥)
.z1(zl)
) ;

endmodule
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x1 = 0, state = xxx, z1 = 0
x1l = 0, state = 000, z1 =0
x1l = 0, state = 001, z1 =0
x1l = 0, state = 011, z1 =0
x1l = 1, state = 110, z1 =0
x1l = 0, state = 000, z1 =0
xl = 1, state = 001, z1 =0
xl = 1, state = 100, z1 =0
xl = 1, state = 111, z1 =0
x1l = 1, state = 111, z1 =1
x1l = 0, state = 000, z1 =0
xl = 1, state = 001, z1 =0
xl = 0, state = 100, z1 =0
xl = 1, state = 110, z1 =0
xl = 1, state = 000, z1 =0
xl = 1, state = 010, z1 =0
xl = 1, state = 101, z1 =0
xl = 1, state = 111, z1 =0
x1l = 1, state = 111, z1 =1

xl = 1, state = 000, z1 =0

2 S1L0S - Project C:Werilog\moore_ssm_ge6\moore_ssm_ge6.spj
File Edit Wiew Analyzer Debug Explorer Reports Help

MEOYCDE RS bR EHES

o6
A ® B <2 [snnonge V1> 2> TL T2{E]

Name [ . L.
= Default

1zt_n B

clk

%1 [ s S

& 13

z1

LT a0 R T AN EXT NI A NT D

[l
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2.14  This problem is similar to Problem 2.13 in that it detects a number that is
greater than or equal to six, but uses a user-defined primitive (UDP) that is
created by means of a table that defines the functionality of the primitive. The
primitive generates an output z; whenever a 4-bit binary word x{, x5, x3, x4 is
greater than or equal to six, where x4 is the low-order bit. Obtain the primitive
module, the test bench module, the outputs, and the waveforms.

//circuit to detect a number greater/equal to 6
//using a user-defined primitive table

primitive ge6 table (zl, x1, x2, x3, x4);

output z1;
input x1, x2, x3, x4;

table
//inputs are in the same order as the input list
// x1 x2 x3 x4 : z1; comment is for readability

0o 0 0 0 =: 0y

Ne Ne Ne Ne Ne N

o Ne

Ne Ne Ne Ne S

PR, RRPRPRPRPRPRPRRPROOOOOOOo
PR R OOO0OOFRFEFFEFEFEOOO

~.

PR RPRPRREPRPRRPRPRRPROOOOO

~.

HFHRP OORRPFPOORREROORREO
HFORPORORFROROR OR O

1 1
endtable

endprimitive
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//test bench for detect number greater/equal to 6
module ge6t table tb;

reg x1, x2, x3, x4; //inputs are reg for test bench
wire z1; //outputs are wire for test bench

initial
begin: apply stimulus //name is required
reg [4:0] invect;
for (invect = 0; invect < 16; invect = invect + 1)
begin
{x1, x2, x3, x4} = invect [3:0];
#10 $display ("x1x2x3x4 = %$b%b%b%b, zl1 = %b",
x1l, x2, x3, x4, z1);
end
end

//instantiate the module into the test bench in single line
ge6 table instl (zl, x1, x2, x3, x4);

endmodule

x1x2x3x4 = 0000, z1 =0
x1x2x3x4 = 0001, z1 =0
x1x2x3x4 = 0010, z1 =0
x1x2x3x4 = 0011, z1 =0
x1x2x3x4 = 0100, z1 =0
x1x2x3x4 = 0101, z1 =0
x1x2x3x4 = 0110, z1 =1
x1x2x3x4 = 0111, z1 =1
x1x2x3x4 = 1000, zl1 =1
x1x2x3x4 = 1001, z1 =1
x1x2x3x4 = 1010, z1 =1
x1x2x3x4 = 1011, z1 =1
x1x2x3x4 = 1100, zl1 =1
x1x2x3x4 = 1101, z1 =1
x1x2x3x4 = 1110, z1 =1
x1x2x3x4 = 1111, z1 =1
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2 S1L.0S - Project C:Werilog\se6_table\aeé_table.spj

File Edit Wiew Analyzer Debug Explorer Reports Help

O B0 b EHERS 2B
B A ® B <2 [senncnge V1> 2> TL T2

Problems 129

Name [ . . S
= Default | '

%1 ! I y

we i—l—l—,—

%3 | I 1 I 1 .

ud i—,_l—,_l—'_l—'_l—'_l—,_l—,_l—,_

z1 | I ; :

2.15 A simpler method to detect a number that is greater than or equal to six is to
use a Karnaugh map and the continuous assignment statement. This tech-
nique models dataflow behavior and is used to design combinational logic.
The continuous assignment statement uses the keyword assign. The design
generates an output z; whenever a 4-bit binary word x, x5, x3, x4 is greater
than or equal to six, where x4 is the low-order bit. Obtain the design module,

the test bench module, the outputs, and the waveforms.

X3X4
X1X2 00 01 11 10

00| O 0 0 0

01| 0 0 1 1

11| 1 1 1 1

10| 1 1 1 1

Z1

Z] =X T XxpX3
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//dataflow to detect a number greater/equal to 6
module ge6 sop (x1, x2, x3, x4, zl1);

input x1, x2, x3, x4;
output z1;

assign z1 = x1 | (x2 & x3);

endmodule

//test bench for detect number greater/equal to 6
module ge6t sop tb;

reg x1, x2, x3, x4; //inputs are reg for test bench
wire z1; //outputs are wire for test bench

//apply input vectors and display variables
initial
begin: apply stimulus
reg [4:0] invect;
for (invect = 0; invect < 16; invect = invect + 1)
begin
{x1, x2, x3, x4} = invect [4:0];
#10 $display ("x1 x2 x3x x4 = %$b, zl = %b",
{x1, x2, x3, x4}, z1);
end
end

//instantiate the module into the test bench

//with multiple lines
ge6_sop instl (

endmodule
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x1
x1
x1
x1
x1
x1

x1
x1
x1
x1
x1
x1
x1
x1
x1
x1

X2
X2
X2
X2
X2
X2

X2
X2
X2
X2
X2
X2
X2
X2
X2
X2

x3x x4 = 0000, z1 =0
x3x x4 = 0001, z1 =0
x3x x4 = 0010, z1 =0
x3x x4 = 0011, z1 = O
x3x x4 = 0100, z1 =0
x3x x4 = 0101, z1 = O
x3x x4 = 0110, z1 =1
x3x x4 = 0111, z1 =1
x3x x4 = 1000, z1 = 1
x3x x4 = 1001, z1 = 1
x3x x4 = 1010, z1 = 1
x3x x4 = 1011, z1 = 1
x3x x4 = 1100, z1 =1
x3x x4 = 1101, z1 =1
x3x x4 = 1110, z1 =1
x3x x4 = 1111, z1 = 1

& SILOS - Project C:Werilog\ge6, soplge6_sop.spj

File Edit Yiew Analyzer Debug Explorer Reports Help
OB EEIEEEREIEEEEE
ggEE ) ® @ {2 Alscanchange ¥[1> 2> T1 T2 & l:@l
-Name iSjD 1 6L 1 L 1 1 1 1 1 8]'.3 1 6L 1 L 1 L 1 1 1 1?.0 1 = 1 1
e ey e
41 i
ud
43 e ! I 1 I 1 | ——
ud
z1 I
2.16 Generate a reduced state diagram for a Moore machine to detect an input pat-

tern of exactly one group of consecutive 1s on a serial input line x;. An un-
conditional output z| is asserted when the first 1 occurs and remains asserted
for all additional 1s in the group. The output is deasserted for any Os follow-
ing the group. If another 1 occurs, then the machine enters and remains in a
terminal state which generates an error output.

For example, a valid input sequence is 000011110000 - - - 0, because there
is a single group of 1s. An invalid sequence is 000010011100 - - - 0, because
there is more than one group of 1s. Show the behavioral design module, the
test bench module, the outputs, and the waveforms.
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\

O

X1

(o
A
—

X1

Y 10
d

//behavioral to detect a single group of 1s
module sngl grp of 1s (rst n, clk, x1, y, zl, err);

input rst n, clk, x1;
output z1, err;

output [1:2] vy;

reg [1:2]

reg z1, err;

next state;

//assign state codes,
//state names must have at least 2 characters

parameter

state a

state b
state c¢
state d

//set next state

always @ (posedge clk)

begin
if (~rst n)
y <= state a;
else

y <= next state;

end

parameter defines a constant

2'500,
2'501,
2'p11,
2'p10;

//if (~rst n) is true,
//y <= state_a

//continued on next

//define inputs and outputs

//variables are reg in always

page
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//determine outputs
always @ (y or x1)
begin
if (y == state D) //== specifies logical
z1 = 1'bl; //equality or compare
else
z1l = 1'b0;
if (y == state d)
err = 1'bl;
else
err = 1'b0;
end

//determine

always @ (y or x1)
begin
case (y)
state a:
if (~x1)
next state = state a;
else
next state = state b;
state b:
if (x1)
next state = state b;
else
next state = state c;
state c:
if (~x1)
next state = state c;
else
next state = state d;
state d:
next state = state d;
default: next state = state a;
endcase
end
endmodule

next state
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//test bench for detect a single group of 1s
module sngl grp of 1s tb;

reg rst n, clk, x1; //inputs are reg for test bench
wire [1:2] y; //outputs are wire for test bench
wire z1, err;

initial //display variables
$monitor ("x1 = %b, state = %b, =zl = %b, err = %b",

x1l, vy, z1, err);

initial //define clock
begin

clk = 1'b0;

forever

#10 clk = ~clk;
end

//define input sequence

initial
begin
#0 rst n = 1'b0; //reset to state a
x1 = 1'b0;
#5 rst n = 1'bl; //deassert reset

xl = 1'b0;@ (posedge clk) //go to state a (00)

xl = 1'b0;@ (posedge clk) //go to state a (00)

xl = 1'bl;@ (posedge clk) //go to state b (01)
//assert zl

xl = 1'bl;@ (posedge clk) //go to state b (01)
//assert zl

x1l = 1'bl;@ (posedge clk) //go to state b (01)
//assert zl

x1l = 1'bl;Q@ (posedge clk) //go to state b (01)
//assert zl

x1l = 1'bl;Q@ (posedge clk) //go to state b (01)
//assert zl

x1l = 1'b0;Q@ (posedge clk) //go to state c (11)
x1l = 1'b0;Q@ (posedge clk) //go to state c (11)
x1l = 1'b0;Q@ (posedge clk) //go to state c (11)
x1l = 1'b0;Q@ (posedge clk) //go to state c (11)

x1l = 1'bl;Q@ (posedge clk) //go to state d (11)
//assert err
#20 $stop;
end //continued on next page
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//instantiate the module into the test bench

sngl grp of 1s instl

.rst n(rst n),

(

.clk(clk),

.x1(x1),

v (y),

.z1(z1),

.err (err)

)
endmodule
x1l = 0, state = xx, z1 = 0, err = 0
x1l = 0, state = 00, z1 = 0, err =0
xl = 1, state = 00, z1 = 0, err =0
xl =1, state = 01, z1 =1, err = 0
x1l = 0, state = 01, z1 =1, err = 0
x1l = 0, state = 11, z1 = 0, err = 0
x1l =1, state = 11, z1 = 0, err = 0
xl = 1, state = 10, z1 = 0, err =1

2 SILOS - Project C:Weriloglsngl_grp_of_1slsngl_grp_of_1s.spj

Filz Edit wiew #Analyzer Debug Explorer Reports Help

e OwE BRs o (EBS

=

BR® B <2<t V1> 2> TLT2E

Marne
= Default

1zt_n
clk

1
p1:2]

z1
(=1}

| 2 a 120 240
) O [ S | SO e S it e o i o (-
L -
| 1 ?
X i 3 2
-

22/01/16 9:59 am



K26575_SM_Cover.indd 140

136 Chapter 2 Synthesis of Synchronous Sequential Machines 1 Using Verilog HDL

2.17  Generate a reduced state diagram for a Mealy machine which produces a con-
ditional output z| whenever a serial data line x| contains a sequence of three
or more consecutive 1s. Use behavioral modeling with the case statement.
Show the behavioral design module, the test bench module, the outputs, and

the waveforms.

A\

S
\J

\4
o
\

input rst n, clk,
output [1:2] y;
output z1;

wire z1;

parameter state a
state b
state c¢

//behavioral 3 or more consecutive 1s
module consec 1s bh

//define inputs and output
x1;

//variables are reg in always
reg [1:2] y, next state;

//assign state codes,

(rst n, clk, x1, y, zl);

parameter defines a constant
2'p00,
2'p01,
2'bll;

//continued on next page
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//set next state
always @ (posedge clk)

begin

if (~rst

n)

y <= state a;

else

y = next state;

end

//determine
assign z1 =

//determine
always @ (y

begin
case (y)
state

if

output
((y[1]) &&

next state
or x1)

a:
(~x1)
next state

else

state

if

next state

b:
(~x1)
next state

else

state

if

next state

C:
(~x1)
next state

else

default: next state

endcase

end

endmodule

next state

//reset = 1'b0

//y <= state a

= state a;

= state b;

= state a;

= state c;

= state a;

state c;

state a;

(00)
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//test bench for 3 or more consecutive 1s
module consec 1ls bh tb;

reg rst n, clk, x1; //inputs are reg for test bench
wire [1:2] y; //outputs are wire for test bench
wire z1;

initial //display variables

Smonitor ("x1 = %b, state = %b, zl = %b", x1, y, zl);

initial //define clock
begin
clk = 1'b0;
forever
#10 clk = ~clk;
end
initial //define input sequence
begin
#0 rst n = 1'bO; //reset to state a (00)
x1l = 1'b0;
#5 rst n = 1'bl; //deassert reset
e R R R
xl = 1'b0; @ (posedge clk) //go to state a (00)
xl = 1'bl; @ (posedge clk) //go to state b (01)
xl = 1'bl; @ (posedge clk) //go to state c (11)
xl = 1'bl; @ (posedge clk) //go to state c (11)
//assert zl at t2
x1 = 1'b0; @ (posedge clk) //go to state a (00)
e R
xl = 1'bl; @ (posedge clk) //go to state b (01)
x1l = 1'bl; @ (posedge clk) //go to state c (11)
x1l = 1'bl; @ (posedge clk) //go to state c (11)

//assert zl at t2
x1l = 1'bl; Q@ (posedge clk) //go to state c (11)
//assert zl at t2
x1l = 1'bl; @ (posedge clk) //go to state c (11)
//assert zl at t2
x1l = 1'bl; @ (posedge clk) //go to state c (11)
//assert zl at t2
x1l = 1'b0; @ (posedge clk) //go to state _a (00)
#20 $stop;
end

//instantiate the module into the test bench
consec_1ls bh instl (rst n, clk, x1, y, zl);

endmodule
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x1
x1
x1
x1
x1
x1
x1
x1

x1l =

x1l =

state = xx, zl =
state = 00, =zl =
state = 01, =zl
state = 11, zl1 =
state = 11, z1
state = 00, =zl
state = 01, zl1 =
state = 11, z1
state = 11, zl1 =
state = 00, zl =

N ~ 0~ 0~ N
] Il

~

Il
O KHOOKREKOONX

~

~

OO R KRR ORRREO
<

~

23 SIL.0S - Project C:Weriloglconsec_1s_bhiconsec_1s_bh.spj
File Edit Wiew Analyzer Debug Explorer Reports Help

PRSI B RS > EHRESE 2B
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2.18  Repeat Problem 2.17 for a Mealy machine which produces a conditional out-

put z; whenever a serial data line x| contains a sequence of three or more con-
secutive 1s. Use structural modeling with built-in primitives and JK flip-
flops. Show the Karnaugh maps and equations, the structural design module,
the test bench module, the outputs, and the waveforms.
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A\

\J

\

Present state Input Next state Flip-flop inputs Present output
yio»n X o2 kv Ky |
0 0 0 0 - 0 -
1 0 1 0 - 1 -
1 0 0 0 0 - -1
1 1 1 1 1 - - 0
1 0 - - - - - - -
1 1 - - - - - - -
1 1 0 0 0 - 1 - 1 0
1 1 - 0 - 0
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» Y2
1 0 1 1 0 1
0 1 0 1
0 0 X1 0 - -
2 3 2 3
1 — — 1 — xl'
Iy Kyq
Jy1 =yox; Ky =x;'
2 Y2
1 0 1 N 0 1
0 1 0 1
0 xl — 0 — xl'
2 3 2 3
1 — — 1 — xl’
I Ky,
Jyy=x1 Ky, =x;'
//structural 3 or more consecutive 1s
module consec 1ls bip jk (rst n, clk, x1, y, zl);

//define inputs and output
input rst n, clk, x1;
output [1:2] y;

output z1;

//define internal nets
wire netl;

//instantiate the logic for flip-flop yI[1]

and (netl, y[2], x1);
jkff neg clk instl (
.set n(l'bl),
.rst n(rst n),
.clk(clk),
.J (netl),
k(~x1),
.q(y[1])
) ;

//continued on

next page
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//instantiate the logic for flip-flop y[2]
Jkff neg clk inst2 (

.set n(l'bl),

.rst n(rst n),

.clk(clk),

-J(x1),

Lk (~x1),

-a(yl2])

)

and (z1, yI[1], yI[2]);

endmodule

//test bench for 3 or more consecutive 1s
module consec 1ls bip jk tb;

reg rst n, clk, x1; //inputs are reg for test bench
wire [1:2] y; //outputs are wire for test bench
wire z1;

initial //display variables

Smonitor ("x1 %b, state = %b, z1 = %b", x1, y, zl);
initial //define clock
begin
clk = 1'b0;
forever
#10 clk

~clk;
end

//define input sequence

initial
begin
#0 rst n = 1'b0; //reset to state a (00)
x1l = 1'b0;
#5 rst n = 1'bl; //deassert reset
/)
x1 = 1'b0; @ (posedge clk) //go to state a (00)
xl = 1'bl; @ (posedge clk) //go to state b (01)
xl = 1'bl; @ (posedge clk) //go to state c (11)
xl = 1'bl; @ (posedge clk) //go to state c (11)

//assert zl at t2
xl = 1'b0; @ (posedge clk) //go to state a (00)
//continued on next page
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xl = 1'bl; @ (posedge clk) //go to state b (01)
xl = 1'bl; @ (posedge clk) //go to state c (11)
xl = 1'bl; @ (posedge clk) //go to state c (11)
//assert zl at t2
xl = 1'bl; @ (posedge clk) //go to state c (11)
//assert zl at t2
xl = 1'bl; @ (posedge clk) //go to state c (11)
//assert zl at t2
xl = 1'bl; @ (posedge clk) //go to state c (11)
//assert zl at t2
xl = 1'b0; @ (posedge clk) //go to state a (00)
e R R
#20 $stop;
end
//instantiate the module into the test bench
consec_ls bip jk instl (
.rst n(rst n),
.clk(clk),
.x1(x1),
-y (y),
.z1(zl)
) ;
endmodule
x1l = 0, state = 00, z1 =0
xl = 1, state = 00, z1 =0
xl = 1, state = 01, z1 =0
x1l =1, state =11, z1 =1
x1l = 0, state =11, z1 =1
xl = 0, state = 00, z1 = 0
xl = 1, state = 00, z1 =0
xl = 1, state = 01, z1 = 0
x1l =1, state =11, z1 =1
x1l = 0, state =11, z1 =1
xl = 0, state = 00, z1 =0
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22 SILOS - Project C:Werilog\consec_1s_bip_jk\consec_1s_bip_jk.spj
File Edit View Analyzer Debug Explorer Reports Help

ROy B Y EHES 2B
e ® B <2 Lfsennten: |1 2> T1 T2 & |15

|3 o 100 200

| Mame I
e ES e e e e e e e e e e e e e B e e
[=- Default
rzt_n )
=13
1 - | S| | S,
- y[1:2] 1] 1 ) a 1 3 0
21 . = & ; S

2.19  Generate a reduced state diagram for a Mealy machine which detects a 4-bit
word of 1001 on a serial input line x{. If a correct sequence is detected, then
a conditional output z; is generated. There is no spacing between words.
There is also no overlapping of words. Assert z; from time 7, to time #3. Ob-
tain the behavioral design module, the test bench module, the outputs, and the
waveforms.

001 100

101

010 110
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//behavioral detect 1001

module detect 1001 bh

(rst n, clk, x1, y, zl);

//define inputs and output

input rst n, clk, x1;
output [1:3] y;
output z1;

reg [1:3] y, next state;

wire z1;

//assign state codes,

parameter state a = 3'
state b = 3'
state ¢ = 3'

state d = 3'
state e = 3!
state £ = 3!
state g = 3!

//set next state
always @ (posedge clk)

begin
if (~rst n)
y <= state a;
else

y = next state;
end

//determine output

//variables are reg in always

parameter defines a constant

1000,
001,
011,
1010,
1100,
101,
p110;

//reset = 1'b0
//y <= state_a (000)

assign z1 = ((~y[1l]) && (y[2]) && (~y[3]) && x1 && ~clk);

//determine next state
always @ (y or x1)

begin
case (y)
state a:
if (x1)
next state
else

next state

state b:
if (~x1)
next state
else
next state

= state b;

= state e;

= state c;

= state f;
//continued on next page
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state c:
if (~x1)
next state = state d;
else
next state = state g;
state d:
if (x1)
next state = state a;
else
next state = state a;
state e: next state = state f;
state f: next state = state g;
state g: next state = state a;
default: next state = state a;
endcase
end
endmodule

//test bench to detect 1001
module detect 1001 bh tb;

//inputs are reg for test bench
//outputs are wire for test bench

reg rst n, clk, x1;
wire [1:3] vy;
wire z1;

//display variables
initial

Smonitor ("x1 = %b, state = %b, zl = %b", x1, vy, zl);

//define clock

initial

begin
clk = 1'b0;
forever

#10 clk = ~clk;
end

//continued on next page
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//define input sequence

initial
begin
#0 rst n = 1'bO; //reset to state_a (000)
x1l = 1'b0;
#5 rst n = 1'bl; //deassert reset
e Rt
@ (posedge clk) //go to state a (000)
xl = 1'bl; @ (posedge clk) //go to state b (001)
xl = 1'b0; @ (posedge clk) //go to state c (011)
xl = 1'b0; @ (posedge clk) //go to state d (010)
xl = 1'bl; @ (posedge clk) //go to state a (000)
//assert zl at t2
e R
xl = 1'b0; @ (posedge clk) //go to state e (100)
x1 = $random; @ (posedge clk) //go to state f (101)
x1 = $random; @ (posedge clk) //go to state g (110)
x1 = $random; @ (posedge clk) //go to state a (000)
#20 $stop;
end

//instantiate the module into the test bench
detect 1001 bh instl (
.rst n(rst n),

.clk(clk),

x1(x1),

-y (¥),

.z1(z1)

)
endmodule
x1 = 0, state = xxx, z1 = 0
x1l = 1, state = 000, z1 =0
x1l = 0, state = 001, z1 =0
xl = 0, state = 011, z1 =0
xl = 1, state = 010, z1 =0
x1l = 1, state = 010, z1 =1
x1l = 0, state = 000, z1 =0
xl = 0, state = 100, z1 =0
xl = 1, state = 101, z1 =0
xl = 1, state = 110, z1 =0
xl = 1, state = 000, z1 =0
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2 SILOS - Project C:Werilog\detect_1001_bh\detect_1001_bh.spj
File Edit Yiew Analveer Debug Explorer Reports Help

B & B <2 <ot vi1>2> TL T2 F

'-Méme i S 1] 100 190
= = L iy ey
[=- Default
rzt_n |
clk
Al | = - -
- 9[1:3] b 0 1 3 2 1] 4 5 [ 1]
z1 ||

2.20  Repeat Problem 2.19 for a Mealy machine which detects a 4-bit word of 1001
on a serial input line x{. If a correct sequence is detected, then a conditional
output z is generated. There is no spacing between words. There is also no
overlapping of words. Assert z; from time #, to time #3. Obtain the structural
design module using instantiated logic gates and D flip-flops, the test bench

module, the outputs, and the waveforms.

Y2y3 Y23
yi 00 01 11 10 yi 00 01 11 10
0 1 3 2 0 3 2
0 xl’ X1 X1 0 0 0 xl’ 1 0
4 5 7 6 4 5 6
1 1 1 - 0 1 0 1 - 0

Dy;=y3x1 +y2'v3'x1" 3132

ny3
i 00 01 11 10
0 1 3 2
0 X1 1 0 0
4 5 7 6
1 1 0 - 0

Dy3=y1'va'%1 +y1v2'v3 ty102'3'

Dy, =y3x1" +y1y3 T 213
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Dy =y3x; +yv3'x)" +yn Dy, =y3x1' T y1y3 tyo13

y3Xq instl, netl y3xq' inst6, net6
¥2'v3'xq' 1inst2, net2 Y13 inst7, net7
o' inst3, net3 Vay3 inst8, net8
OR inst4, net4 OR inst9, net9
Dff inst5 Dff inst10

Dy3 =y1'v2%1 y192¥3 Tr1023'
y1'vo'xy instll, netll

y1'v2'vy instl2, netl2

y1y2'vy' instl3, netl3

OR inst14, net14

Dff inst15

149

//structural to detect 1001 using D flip-flops
module detect 1001 dff (rst n, clk, x1, y, zl);

//define inputs and output
input rst n, clk, x1;
output [1:3] y;

output z1;

//define internal nets

netl0, netll, netl2, netl3, netld;

//instantiate the logic for flip-flop yI[1]
and2 df instl (

-x1(yI[3]),

.x2(x1),

.z1 (netl)

) ;

and3_df inst2 (
1(~ y[(2]1),
2(~yI[3])
3(~x1),
1 (net2)
),

//continued on next page

wire netl, net2, net3, net4, net5, net6, net7, net8, net9,
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and2 df inst3 (
-x1(y[1]),
-x2(~y[21),
.zl (net3)
) 7

or3 df inst4d (
.x1 (netl),
x2 (net2),
.x3 (net3),
z1l (netd)
) 7

d ff bh inst5 (
.rst n(rst n),
.clk(clk),
.d(netd),
-a(yl[1])

//instantiate the logic for flip-flop yI[2]
and2 df inst6 (

-x1(y[31),

X2 (~x1),

.zl (neto6)

)

and2 _df inst7 (
-x1(y[11),
-X2(y[31),
.z1 (net?)
)

and2_df inst8 (
-x1(yl21),
-X2(y[31),
.z1 (net8)
)7

or3 df inst9 (
.x1 (neto6),
x2 (net7),
.x3 (net8),
z1l (net?9)
)i

//continued on next page
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d ff bh instl0 (
.rst n(rst n),
.clk(clk),
.d(net?9),

-a(ylz2l)

//instantiate the logic for flip-flop yI[3]
and3_df instll (

1(~yI[11),
2(~y[2]1),
3(x1),
1 (netll)

);

and3_df instl2 (

xl( vIill),
2(~yIl121),
3(y[31),
1 (netl2)
),

and3_df instl3 (
Xl(Y[lJ),
2(~yl21),
3(~yI[31),
1(netl3)
);

or3 df instl4d (
.x1 (netll),
2 (netl2),
3(netl3),
1 (netld)
)7

d ff bh instl5 (
.rst n(rst n),
.clk(clk),
.d(netl4d),

-a(y[31)

//define output
assign z1 = ((~y[1l]) && (y[2]) && (~yI[3])

endmodule
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//test bench to detect 1001
module detect 1001 dff tb;

reg rst n, clk, x1; //inputs are reg for test bench
wire [1:3] y; //outputs are wire for test bench
wire z1;

//display variables
initial
Smonitor ("x1 = %b, state = %b, zl = %b", x1, vy, zl);

//define clock

initial

begin
clk = 1'b0;
forever

#10 clk = ~clk;
end

//define input sequence

initial
begin
#0 rst n = 1'b0; //reset to state a (000)
x1 = 1'b0;

#5 rst n = 1'bl; //deassert reset
e bttt
xl = 1'bl; @ (posedge clk) //go to state b (001)
x1 = 1'b0; @ (posedge clk) //go to state c (011)
x1 = 1'b0; @ (posedge clk) //go to state d (010)
x1 = 1'bl; @ (posedge clk) //go to state a (000)

//assert zl at t2
[ m e e
x1l = 1'b0; @ (posedge clk) //go to state e (100)
x1 = $random; @ (posedge clk) //go to state f (101)
x1 = $random; @ (posedge clk) //go to state g (110)
x1 = $random; @ (posedge clk) //go to state a (000)
#20 $stop;
end

//instantiate the module into the test bench
detect 1001 dff instl (
.rst n(rst n),
.clk(clk),
.x1(x1),
YY),
.z1(z1)
)i

endmodule
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x1l = 0, state = 000, z1 =0
xl = 1, state = 100, z1 =0
x1l = 0, state = 101, z1 =0
x1l = 0, state = 110, z1 =0
xl = 1, state = 000, z1 =0
x1l = 0, state = 001, z1 =0
xl = 0, state = 011, z1 =0
xl = 1, state = 010, z1 =0
x1l = 1, state = 010, z1 =1
xl = 1, state = 000, z1 =0
xl = 1, state = 001, z1 =0

2 SILOS - Project C:Werilog\detect_1001_dffAdetect_1001_dff.spj

File Edit Wiew Analvzer Debug Explorer Reports Help
RS- ERS bR EER 2B
BARB 2 Qsmetee v1>2> T T2E [
(T L S
= Defaul - -
B
1
®1:3] Ty e E 0 1 3 7 I 1
1 : — -
2.21 Obtain the state diagram for a Mealy synchronous sequential machine to de-

tect a sequence of 0110 on a serial input line x;. Overlapping sequences are
valid. Output z{ will be asserted during the last half of the clock cycle in the
state in which the final O is detected. Then obtain the behavioral module, the
test bench module, the outputs, and the waveforms. In the test bench, check
different paths in the state diagram for correct functional operation and in-
clude valid overlapping sequences.
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Y12

A

A

I:ZZI Zthert:;

//behavioral detect 0110
module detect 0110 bh (rst n, clk, x1, y, zl);

//define inputs and output
input rst n, clk, x1;
output [1:2] y;

output z1;

reg [1:2] y, next state; //variables are reg in always
wire z1;

//assign state codes; parameter defines a constant
parameter state a = 2'b00,
state b = 2'b01,
state ¢ = 2'bll,
state d = 2'b10;
//continued on next page
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//set next state
always @ (posedge clk)

begin
if (~rst _n) //reset = 1'b0
y <= state_ a; //y <= state_a (00)
else
y = next state;
end

//define output
assign z1 = ((y[l]) && (~yI[2]) && ~x1 && ~clk);

//determine next state
always @ (y or x1)

begin
case (y)
state a:
if (~x1)
next state = state b;
else
next state = state a;
state b:
if (x1)
next state = state c;
else
next state = state b;
state c:
if (x1)
next state = state d;
else
next state = state b;
state d:
if (~x1)
next state = state b;
else
next state = state a;
default: next state = state a;
endcase
end
endmodule
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//test bench to detect 0110

module detect 0110 bh tb;

reg rst n, clk, x1; //inputs are reg for test bench
wire [1:2] y; //outputs are wire for test bench
wire z1;

initial //display variables

Smonitor ("x1 = %b, state = %b, zl = %b", x1, vy, zl);

initial //define clock
begin

clk = 1'b0;

forever

#10 clk = ~clk;

end
initial //define input sequence
begin

#0 rst n = 1'b0;

x1l = 1'b0;

#5 rst n = 1'bl;

e
@ (posedge clk) //go to state a

( ) (00)
= ( ) //go to state b (01)
xl = 1'bl; @ (posedge clk) //go to state c (11)
( ) //go to state d (10)
( ) //assert zl; go to state b (010

//go to state b (
//go to state c (
//go to state b (
//go to state c (
//go to state d (10)

//assert z1l; go to state b (010

#20 $stop;
end

//instantiate the module into the test bench
detect 0110 bh instl (

.rst n(rst n),

.clk(clk),

.x1(x1),

LY (y) .,

.z1(z1)

)
endmodule
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x1l = 0, state = xx, zl = x
xl = 0, state = 00, z1 =0
xl = 1, state = 01, z1 = 0
xl = 1, state = 11, z1 = 0
xl = 0, state = 10, z1 = 0
x1l = 0, state = 10, z1 =1
xl = 0, state = 01, z1 = 0
xl = 1, state = 01, z1 = 0
xl = 0, state = 11, z1 = 0
xl = 1, state = 01, z1 = 0
xl = 1, state = 11, z1 = 0
xl = 0, state = 10, z1 = 0
x1l = 0, state =10, z1 =1
xl = 0, state = 01, z1 = 0

2 SILOS - Project C:\Weriloghdetect_0110_bh\detect_0110_bh.spj

Filz Edit wiew #Analyzer Debug Explorer Reports Help

RO EBRS MY EHES 2B
R ® B <2 fsenncnse v1> 2> T T2 4

il 1] 100 200

N.‘.ame 1 2 I L e T e L e B [ e e
= Default ] ]

1st_n |

clk. |

1 N L 1 I

H 2] | 4 a 1 3 2 1 3 1 K] 2 1
21 == !

2.22  Inthe Moore machine shown on the next page, a glitch is possible on output z;
for a transition from state b to state d if flip-flop y; sets before flip-flop y, re-
sets. The glitch can be avoided if the output is delayed by a time increment so
that the output is asserted only after the machine has stabilized. The delay can
be sufficiently small so that the assertion and deassertion of output z| can still
be considered to be T7;4#,. Obtain the behavioral design module with an out-
put delay of two time units, the test bench module, the outputs, and the wave-
forms.
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//behavioral delay clock to avoid glitches

module moore no glitch

input rst n, clk, x1;
output [1:2] y;
output z1;

reg [1:2] y, next state;

wire z1;

(rst _n, clk,

x1l, vy, zl);

//define inputs and outputs

//assign state codes; parameter defines a constant

parameter state a

2'p00,

state b = 2'b01,
state ¢ = 2'bll,
state d = 2'b10;

always @ (posedge clk)
begin
if (~rst n)
y = state a;
else
y <= next state;
end

//define output

//set next state

//rst_ n = 1'b0

/1y <=

assign #2 z1 = y[1l] && yI[2] && clk;

state _a (00)

//continued on next

//variables are reg in always

page
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//determine next state
always @ (y or xI1)

begin
case (y)
state a:
if (x1)
next state = state b;
else
next state = state a;
state b:
if (x1)
next state = state c;
else
next state = state d;
state c: next state state a;
state d: next state = state a;
default: next state state_a;
endcase
end
endmodule

//test bench for moore delay clock to avoid glitches
module moore no glitch tb;

reg rst n, clk, x1;
wire [1:2] vy;
wire z1;

//inputs are reg for test bench
//outputs are wire for test bench

//display variables
initial
Smonitor ("x1 = %b, state = %b, zl = %b", x1, vy, zl);

//define clock

initial

begin
clk = 1'b0;
forever

#10 clk = ~clk;
end
//continued on next page
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//define input sequence
initial

begin
#0 rst n = 1'b0;
x1l = 1'b0;
#5 rst n = 1'bl;
//

x1l = 1'b0;Q@
x1l = 1'bl;Q
x1l = 1'bl;Q

x1 = $random;@

x1l = 1'bl;Q
x1l = 1'b0;@

x1 = $random;@

#10 $stop;

end

(posedge clk)
(posedge clk)
(posedge clk)

(posedge clk)
(posedge clk)
(posedge clk) //go to state a

//reset to state a (00)

//deassert reset

//go to state a
//go to state b
//go to state c
//assert zl (tl

(posedge clk) //go to state a

//go to state b
//go to state d

//instantiate the module into the test bench
moore no _glitch instl
.rst n(rst n),

(

.clk(clk),

.x1(x1),

v (y),

.z1(z1)

)
endmodule
x1l = 0, state = xx, z1 =0
xl = 1, state = 00, z1 =0
xl = 1, state = 01, z1 =0
x1l = 0, state = 11, z1 = 0
xl = 0, state =11, z1 =1
xl = 0, state = 11, z1 = 0
xl = 1, state = 00, z1 =0
x1l = 0, state = 01, z1 =0
xl = 1, state = 10, z1 = 0
xl = 1, state = 00, z1 =0
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2 SIL0S - Project C:Werilogimoore_no_glitchimoore_no_glitch.spj
File Edit Wiew Analyzer Debug Explorer Reports Help

eI ERS PP EHRER 2B
BB ® 2ot 1> 2> TLT2E [

Name R . L L
= Default ] '

1zt_m |

clk L FF 1

1 I 1 | L s

- y[1:2] ® ] 1 3 " 1] 1 2 1]

z1 "

2.23  Select state codes for states d and e for the Moore machine shown below so
that there will be no output glitches. Consider all state transitions. Then de-
sign a structural module for the Moore machine using built-in primitives and
D flip-flops. Obtain the test bench module, the outputs, and the waveforms.

Y1y2y3
000
a
xl’ _
X1 -
011
o (5
101
% %
=?<

State d: yjypy3 = 110. State e: y1y,y3 = 100.
Unused states: yy,y3 = 001, 010, 111.
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Y23 23
i 00 01 11 10 i 00 01 11 10
0 1 3 2 0 1 3 2
0 0 - 1 - 0 Xy - x,' -
4 5 7 6 4 5 7 6
1 0 1 - 1 1 0 0 - 0
Dy =y3+y, Dy, =y1'va'x1 +yp3x)'

Y2y3
»i 00 01 11 10
0 1 3 2
0 X1 — Xy —
4 5 7 6
1 0 0 - 0

Dys

Dy3=y1'va'x1 tyy3x2

//structural moore with no glitches
module moore no glitch d (rst n, clk, x1, x2, y, zl, z2, z3);

//define inputs and outputs
input rst n, clk, x1, x2;
output [1:3] vy;

output z1, z2, z3;

//define internal nets
wire netl, net2, net3, net4, net5, net6, net7;

//instantiate the logic for flip-flop yI[1]
or (netl, yI[3], yI[2]);

d ff bh instl (
.rst n(rst n),
.clk(clk),
.d(netl),
-q(yl1])
) ;
//continued on next page
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//instantiate the logic for flip-flop yI[2]
and (net2, ~yI[1l], ~vyI[2], x1);

and (net3, vI[2], vI3], ~x2);

or (net4, net2, net3);

d ff bh inst2 (
.rst n(rst n),
.clk(clk),
.d(netd),
-q(ylz2])

//instantiate the logic for flip-flop yI[3]
and (netb5, ~yI[1], ~yI[2], x1);

and (net6, vI[2], yI[3], x2);

or (net7, netb, neto);

d ff bh inst3 (
.rst n(rst n),
.clk(clk),
.d(net7),
-a(y[3])

)i

//define the outputs

assign z1 = ~y[l] && ~y[2] && ~y[31;
assign z2 = y[l] && ~y[2] && yI[3];
assign z3 = y[l] && y[2] && ~y[3]1;

endmodule

//test bench for moore no glitch machine
module moore no glitch d tb;

reg rst n, clk, xl1, x2; //inputs are reg for test bench
wire [1:3] y; //outputs are wire for test bench
wire z1, z2, z3;

//display variables
initial
$monitor ("x1 x1 = %b, state = %b, zl = %b, z2 = %b, z3 = %b",
{x1, %2}, vy, zl, z2, z3);
//continued on next page
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//define clock

initial
begin
clk = 1'b0;
forever
#10 clk =
end
//define input s
initial
begin
#0 rst n = 1"
x1l = 1'b0;
x2 = 1'b0;

x1l = 1'b0; x2
x1l = 1'bl; x2

x1 = $random;
x1 = $random;
x1 = $random;

x1l = 1'bl; x2
x1 = $random;

x1 = $random;

#10 $stop;
end

.rst n(rst n),
.clk(clk),
.x1(x1),
.x2(x2),
YY),
.z1(z1l),
z2(z2),
.23 (z3)
) ;

endmodule

~clk;

equence

b0; //reset to state a (00)

bl; //deassert reset

= $random; @
= $random; @
x2 = 1'bl; @

x2 = $random;
x2 = $random;

= $random; @
x2 = 1'b0; @

x2 = $random; @ (posedge clk) //go to state_ a

//instantiate the module into
moore no_glitch d instl (

(posedge clk)
(posedge clk)
(posedge clk)

@
@

(posedge clk)
(posedge clk)

the test bench

//assert zl
//go to state b
//go to state c
//assert z2

(posedge clk) //go to state e
(posedge clk) //go to state a

//assert zl

//go to state b
//go to state_d
//assert z3
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2.1

Problems

x1l x2 = 00, state = 000, z1 =1, z2 = 0, z3 =0
x1l x2 = 11, state = 000, z1 =1, z2 = 0, z3 =0

xl x2 = 11, state = 011, z1 = 0, z2 =0, z3 =0

xl x2 = 11, state = 101, z1 =0, z2 =1, z3 =0
xl x2 = 11, state = 100, z1 = 0, z2 =0, z3 =0
x1l x2 = 10, state = 000, z1 =1, z2 = 0, z3 =0
xl x2 = 10, state = 011, z1 = 0, z2 =0, z3 =0
xl x2 = 10, state = 110, z1 = 0, z2 =0, z3 =1

xl x2 = 10, state = 100, z1 = 0, z2 =0, z3 =0

23 SILOS - Project C:Werilog\moore_no_glitch_d\moore_no_glitch_d.spj

File Edit View Analyzer Debug Explorer Reports Help

OB ICIEE R EEERE
DA B, <2 Aot 1> 2> T T2 |2

[ l a ¥a 140
Name 1 2 O S O O O e O e e O e O O O O B R
[=- Default '

rst_n =

=13

41 —

%2 LT t 1

13 a 3 L b 4 1 3 5 4

21 —| " = 1

2 | 3 ]

23 | ! s L

2.24  This repeats Problem 2.23 using the same selected state codes for states d and
e for the Moore machine shown in Problem 2.23 so that there will be no output
glitches. Design a structural module for the Moore machine using built-in
primitives and JK flip-flops. Obtain the test bench module, the outputs, and

the waveforms
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Chapter 2

Synthesis of Synchronous Sequential Machines 1 Using Verilog HDL

Present state Input Next state Flip-flop inputs Present output
Y1 y2 »3 XX y1 y2 ¥z JInKyp Ky J3Ky3 oz 23 23
0 0 O 0 - 0 0 O 0 - 0 - 0 - 1 0 0
0O 0 O 1 - 0 1 1 0o - 1 - 1 - 1 0 0
0 0 1 - - - - - - - - - - - - - -
0 0 1 - - - - - - - - - - - - - -
0o 1 0 - - - - - - - - - - - - - -
0o 1 0 - - - - - - - - - - - - - -
0 1 1 — 1 1 0 1 - -0 - 1 0 0 0
0 1 1 — 1 0 1 1 - - 1 -0 0 0 0
1 0 0 - - 0 0 O - 1 0 - 0 - 0 0 0
1 0 0 - - 0 0 O - 1 0 - 0 - 0 0 0
1 0 1 - - 1 0 0 -0 0 - - 1 01 0
1 0 1 - - 1 0 0 -0 0 - - 1 01 0
1 1 0 - - 1 0 0 -0 - 1 0 - 0 0 1
1 1 0 - - 1 0 0 -0 - 1 0 - 0 0 1
1 1 1 - - - - = - - - - - - - - -
1 1 1 - - - - = - - - - - - - - -
Y2¥3 Y23
i 00 01 11 10 i 00 01 11 10
0 1 3 2 0 1 3
0 0 - 1 - 0| - - - -
4 5 7 6 4 5 7
— - - - 1 1 0 - 0
gl Ky,
Jy1=y2 Ky1=y2'v3'
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3
i 00 01 11 10
0 1 3
0 x| - | - | -
4 5 7
1o | o | - |-
I,
Jyr=y1'x
3
i 00 01 11 10
0 1 3
0 X - - -
4 5 7
1 0 - - 0
Jy3
Jy3 =y1'xg

2.1 Problems 167

Y23
py N\ 00 01 11 10
0 1 3 2
0] 0 - x| -
4 5 7 6
1] - S - 1
Ky,
Kyy =y3x + 31
Y23
py N\ 00 01 11 10
0 1 3 2
0| - — x| -
4 5 7 6
1] - 1 - | -
Kys
Kys =xp' + o'

//structural moore with no glitches using JK flip-flops
module moore no glitch jk (rst n, clk, x1, x2, y, zl, z2, z3);

//define inputs and outputs

input rst n, clk, x1, x2;

output [1:3] y;
output z1, z2, z3;

//define internal nets
wire netl, net2, net3,

net4,

net6;

//instantiate the logic for flip-flop yI[1]

and (netl, ~yI[2], ~yI[3]1);

jkff neg clk instl (
.set n(l'bl),
.rst n(rst n),
.clk(clk),
J(yl2]),
.k(netl),
-a(y[1])
) ;

//continued on next page
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//instantiate the logic for flip-flop y[2]
and (net2, ~y[1l], x1);

and (net3, y[3], x2);

or (net4, net3, yIl[l]);

jkff neg clk inst2 (
.set n(l'bl),
.rst n(rst n),
.clk(clk),
.j (net2),
.k (netd),

-a(ylz2l)

//instantiate the logic for flip-flop yI[3]
and (net5, ~y[1l], x1);
or (net6, ~x2, ~yl[2]);

Jkff neg clk inst3 (
.set n(1'bl),
.rst n(rst n),
.clk(clk),
.J (netb),
.k (neto),

-q(y[3])

//define the outputs

assign z1 = ~y[1l] && ~y[2] && ~yI[3];
assign z2 = y[1l] && ~y[2] && yI[3];
assign z3 yv[1] && y[2] && ~yI[3];

endmodule
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//test bench for moore with no glitches
module moore no glitch jk tb;

//inputs are reg for test bench
//outputs are wire for test bench

reg rst n, clk, x1, x2;
wire [1:3] vy;
wire z1, z2, z3;

//display variables

initial

$monitor ("x1 x2 = %b, state = %b, zl1l = %b, z2 = %b, z3 = %b",
{x1, %2}, vy, zl, z2, z3);

//define clock

initial

begin
clk = 1'b0;
forever

#10 clk = ~clk;
end

//define input sequence

initial
begin
#0 rst n = 1'bO; //reset to state a (00)
x1 = 1'b0;
x2 = 1'b0;

#5 rst n = 1'bl; //deassert reset

x1 = 1'b0; x2 = $random;@ (posedge clk)

x1l = 1'bl; x2
x1 = $random;

= $random; @
x2 = 1'bl;

(posedge clk)
@ (posedge clk)

//assert zl
//go to state b
//go to state c

//assert z2
x1 = $random; x2 = $random; @ (posedge clk) //go to state e
x1 = $random; x2 = $random; @ (posedge clk) //go to state a
//assert zl

x1 = 1'bl; x2 = $random; @ (posedge clk) //go to state b

x1 = $random; x2 = 1'b0; @ (posedge clk) //go to state d
//assert z3

x1 = $random; x2 = $random; @ (posedge clk) //go to state a

#10 $stop;
end

//continued on next page
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//instantiate the module into the test bench
moore no glitch jk instl (

.rst n(rst n),

.clk(clk),

.x1(x1),

.x2(x2),

v (y),

.z1(z1),

z2(z2),

.2z3(z3)
)

endmodule

x1l x2 = 00, state = 000, z1 =1, z2 = 0, z3 =0
x1l x2 = 11, state = 000, z1 =1, z2 = 0, z3 =0
xl x2 = 11, state = 011, z1 = 0, z2 =0, z3 =0
xl x2 = 11, state = 101, z1 =0, z2 =1, z3 =0
xl x2 = 11, state = 100, z1 = 0, z2 =0, z3 =0
x1l x2 = 11, state = 000, z1 =1, z2 = 0, z3 =0
x1l x2 = 10, state = 000, 2z1 =1, z2 = 0, z3 =0
xl x2 = 10, state = 011, z1 = 0, z2 =0, z3 =0
xl x2 = 10, state = 110, z1 = 0, z2 =0, z3 =1
xl x2 = 10, state = 100, z1 = 0, z2 =0, z3 =0

2 SILOS - Project C:\Werilog\moore_no_glitch_jkimoore_no_glitch_jk.spj

File Edit View Analyzer Debug Explorer Reports Help
BRRB QAo ¥1> 2> TLT2E [
N 30 PR
=) Default i b
rzt_n — :
clk _|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_
%1 — .
w2 — :
% o013 L G . G S G .
z1 [~ 4 -
22 : —
z3
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2.25  Select state codes for states ¢ and d for the Moore machine shown below so
that there will be no output glitches. Obtain the structural design module us-
ing built-in primitives and D flip-flops, the test bench module, the outputs,
and the waveforms. The outputs are asserted at time #; through 75.

yiyar3
000

—

Y

State c: y1y,y3 =011. State d: y;y,y3 = 010.
Unused states: yy,y3 = 001, 100, 111.

Y2y3 Y23
y\_00 01 11 10 y\ 00 01 11 10
0 1 3 2 0 1 3 2
ol x| -] o 1 0 1 — |1 0
4 5 7 6 4 5 7 6
1l -] o | = 1|o 1] - o | = |1
Dy =»'v3'x1 +y1v203' Dy, =y3'v3' +yo¥3 ty12
Y2)3
y N\ 00 01 11 10
0 1 3 2
0lx'| - 1]o 1
4 5 7 6
1l -] o] = 1o
Dys

Dy3=y'y3'x1'+y1'voy3'
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//structural moore no glitch with built-in primitives
//and D flip-flops

module moorel bip dff (rst n, clk, x1, vy, zl, z2, z3);

//define inputs and outputs
input rst n, clk, x1;
output [1:3] y;

output z1, z2, z3;

//define internal nets
wire netl, net2, net3, net4, netb, net6, net?,
net8, net9, netl0;

//instantiate the logic for flip-flop yI[1]
and (netl, ~y[2], ~yI[3], x1);

and (net2, ~yI[1l1, yI[2]1, ~yI[3]);

or (net3, netl, net2);

d ff bh instl (
.rst n(rst n),
.clk(clk),
.d(net3),

-a(y[1l])

//instantiate the logic for flip-flop yI[2]
and (net4, ~y[2], ~yI[3]):

and (netb5, y[2], yI[3]);

and (net6, vyI[1], vI[2]);

or (net7, net4, net5, neto6);

d ff bh inst2 (
.rst n(rst n),
.clk(clk),
.d(net7),

-a(ylz])

//instantiate the logic for flip-flop y[3]
and (net8, ~yl[2], ~yI[3], ~x1);

and (net9, ~yI[1], y[2], ~y[3]);

or (net1l0, net8, net9);

//continued on next page

22/01/16 9:59 am



K26575_SM_Cover.indd 177

2.1 Problems

173

d ff bh inst3 (
.rst n(rst n),
.clk(clk),
.d(netl10),

~a(y[3D)

//define the outputs

assign z1 = y[1l] && vy
assign z2
assign z3 = y[1l] && ~y

endmodule

2]
~y[1] && y[2] && y[3];
[2

//test bench for moore no glitch machine

module moorel bip dff tb;

reg rst n, clk, x1; //inputs are reg for test bench
wire [1:3] y; //outputs are wire for test bench

wire z1, z2, z3;

//display variables

initial

$monitor ("x1=%b, state=%b, zl=%b,

x1l, vy, z1l, z2, z3);

//define clock

initial

begin
clk = 1'b0;
forever

#10 clk = ~clk;
end

//define input sequence

initial
begin
#0 rst n = 1'b0;
x1l = 1'bl;

#10 rst n = 1'bl;

z2=%b, z3=%b",

//reset to state a (000)

//deassert reset

//continued on next page
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ittt
x1 = 1'bl;@ (posedge clk) //go to state b (110)
//assert zl
x1l = $random;@ (posedge clk) //go to state d (010)
x1 = $random;@ (posedge clk) //go to state e (101)
//assert z3
x1l = 1'b0;@ (posedge clk) //go to state a (000)
e et i
xl = 1'b0;@ (posedge clk) //go to state c (011)
//assert z2
x1 = $random;Q@ (posedge clk) //go to state d (010)
x1 = $random;@ (posedge clk) //go to state e (101)
//assert z3
x1 = $random;@ (posedge clk) //go to state a (000)
e
x1 = 1'bl;@ (posedge clk) //go to state b (110)
//assert zl
e e
#20 $stop;
end
e e R R
//instantiate the module into the test bench
moorel bip dff instl (
.rst n(rst n),
.clk(clk),
.x1(x1),
-y (y),
.z1(z1),
.z2(z2),
.23 (z3)
)
endmodule

x1=1, state=000, z1=0, z2=0, z3=0
x1=0, state=110, zl=1l, z2=0, z3=0
x1=1, state=010, z1=0, z2=0, z3=0
x1=0, state=101, z1=0, z2=0, =z3=1
x1=0, state=000, z1=0, z2=0, z3=0
x1=1, state=011, z1=0, z2=1, z3=0
x1=1, state=010, z1=0, z2=0, z3=0
x1=1, state=101, z1=0, z2=0, =z3=1
x1=1, state=000, z1=0, z2=0, z3=0
x1=1, state=110, zl=1l, z2=0, z3=0
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2 SILOS - Project C:\Verilog\moore1_bip_dff\moorel_bip._dff.spj
Filz Edit wiew #Analyzer Debug Explorer Reports Help

Mm% E R PP |§|£3|_?'@|
BAR B <2 smotme w12 T1T2E 9

175

ST )1 80 180
_N_L_! 2 L 1 1 1 1 1 1 T Y T 1 1 1 1 1 1 [ 1
=) Drefault ' '
1st_n ||
clk
1 —l — |
#-y[1:3] a [ 2 B 1] 3 2 B 1]
z1 | 1 '
z2 1
z3 1 R

2.26  Obtain the behavioral design module for the Moore machine represented by
the state diagram shown below. To avoid any possible output glitches, delay
the output assertion by two time units. Obtain the test bench module, the out-

puts, and the waveforms.

X1%) x1x' x1%)' x1'%

vy 001 Yy 010 Yy 011 y100
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//behavioral moore with 4 outputs

//specify inputs and outputs
input rst n, clk, x1, x2;
output [1:3] y;

output z1, z2, z3, z4;

reg [1:3] y, next state;
wire z1, z2, z3, z4;

//assign state codes

parameter state a = 3'b000,
state b 3'b001,
state ¢ = 3'b010,
state d = 3'b011,
state e = 3'b100;

//state names must have
//at least 3 characters

//set next state
always @ (posedge clk)

begin
if (~rst n)//if (~rst n) is true
y <= state a;
else
y <= next state;
end

//determine outputs

assign #2 z1 = (~y[1l] & ~y[2] & y[3] & ~clk);
assign #2 z2 = (~y[1l] & yI[2] & ~y[3] & ~clk);
assign #2 z3 = (~y[1] & y[2] & y[3] & ~clk);
assign #2 z4 = (y[l] & ~y[2] & ~y[3] & ~clk);

//determine next state
//case is a multiple-way conditional branch

//if y = state_a, then do else-if else-1if
always @ (y or x1 or x2)
begin
case (y)
state a:
if (x1==1 & x2==1)
next state = state b;
else if (x1==1 & x2==0)
next state = state c;
else if (x1==0 & x2==0)
next state = state d;
else if (x1==0 & x2==1)
next state = state e;

//continued on next

//must be reg for always

module moore 4 outputs (rst n, clk, x1, x2, y, zl, z2, z3, z4);

//y is an array of 2 bits

//parameter defines a constant

page

22/01/16 9:59 am



K26575_SM_Cover.indd 181

2.1 Problems 177

state b: next state = state_a;
state c: next state = state a;
state d: next state = state_a;
state e: next state = state a;
default: next state = state a;

endcase

end

endmodule

//test bench for moore with 4 outputs

module moore 4 outputs tb;

reg rst n, clk, x1, x2, x3;
wire [1:3] vy;
wire z1, z2, z3, z4;

//display variables
initial
Smonitor ("x1 x2 = %b, stat

{x1, %2}, vy, {z1,

//define clock

initial

begin
clk = 1'b0;
forever

#10 clk = ~clk;
end

//define input sequence
initial
begin
#0 rst n = 1'b0;
x1 'b0; x2 = 1'b0

I
—

e R
x1l = 1'bl;x2 = 1'bl;
@ (posedge clk)
@ (posedge clk)
x1 1'bl;x2 = 1'b0;

(posedge clk)
(posedge clk)

@ @ |

//inputs are reg for test bench
//outputs are wire for test bench

e = %b, zl1 z2 z3 z4 = %b",
z2, z3, z4});

//reset to state a (000)

’

//go to state b (001), assert zl
//go to state a (000)

//go to state ¢ (010), assert z2
//go to state a (000)

//continued on next page
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xl = 1'b0;x2 = 1'b0;
@ (posedge clk) //go to state d (011), assert z3
@ (posedge clk) //go to state a (000)
x1l = 1'b0;x2 = 1'bl;
@ (posedge clk) //go to state e (100), assert z4
@ (posedge clk) //go to state a (000)
et
#30 $stop;
end
[/ m e oo

//instantiate the module into the test bench
moore 4 outputs instl (

.rst n(rst n),

.clk(clk),

.x1(x1),

X2 (x2),

.y (y),

endmodule

x1l x2 = 00, state = xxx, zl z2 z3 z4 = 0000
x1l x2 = 11, state = xxx, zl1 z2 z3 z4 = 0000
x1l x2 = 11, state = 000, =zl z2 z3 z4 = 0000
x1l x2 = 10, state = 001, =zl z2 z3 z4 = 0000
x1l x2 = 10, state = 001, zl z2 z3 z4 = 1000
x1l x2 = 10, state = 001, =zl z2 z3 z4 = 0000
x1l x2 = 10, state = 000, =zl z2 z3 z4 = 0000
x1l x2 = 00, state = 010, =zl z2 z3 z4 = 0000
xl x2 = 00, state = 010, zl1 z2 z3 z4 = 0100
x1l x2 = 00, state = 010, =zl z2 z3 z4 = 0000
x1 x2 = 00, state = 000, zl1 z2 z3 z4 = 0000
x1l x2 = 01, state = 011, =zl z2 z3 z4 = 0000
x1l x2 = 01, state = 011, z1 z2 z3 z4 = 0010
x1l x2 = 01, state = 011, =zl z2 z3 z4 = 0000
x1l x2 = 01, state = 000, =zl z2 z3 z4 = 0000
x1l x2 = 01, state = 100, =zl z2 z3 z4 = 0000
xl x2 = 01, state = 100, z1 z2 z3 z4 = 0001
x1l x2 = 01, state = 100, =zl z2 z3 z4 = 0000
x1l x2 = 01, state = 000, zl z2 z3 z4 = 0000
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2 SILOS - Project C:\Werilog\moore_4_outputs\moore_4_outputs.spj

File Edit View Analyzer Debug Explarer Reports Help . S
0RO ERS »HEHESER
B R E <2 Aot 1> 2> T1T2E (¥
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Name S |D 1 1 1 1 1 1 1 9|El 1 1 1?0 1 1 1 1 1
=1 Default ! !
1zt_n =
clk o N e O | I I i
1 LT
wl L i |
# §1:3) T T 4 I
z1 1
z2
z3
ozd 1
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