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Decoder Truth Table
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Truth Table and minterms
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decoder.v

: Il Testbench Code goes here
“timescale 1ns/100ps initial begin )
$dumpfile("decoder.vcd");
$dumpvars(0, decoder);
module decoder();

wire DO, D1, D2, D3, D4, D5, D6, D7; $monitor ("[x y z] = %b%b%b [DO, D1, D2, D3]
reg x, Vv, z; = %b%b%b%hb%b%b%b%b",
X,V, z, DO, D1, D2, D3, D4, D5, D6, D7);
not (xb, x); X = 0
not (yb, y); y= 8:
not (zb, 2); z2=0
and (DO, xb, yb, zb); // DO = minterm mO 48 $finish:
and (D1, xb, yb, z); // D1 = minterm m1 eng $tinish;
and (D2, xb, y, zb); // D2 = minterm m2
and (D3, xb,y, z); // D3 = minterm m3
and (D4, x , yb, zb); // D4 = minterm m4
and (D5, x, yb, z); // D5 = minterm m5 always #4 x = ~X;
and (D6, x , vy, zb); // D6 = minterm m6 always #2 y = ~y;
and (D7, x,y, z); // D7 = minterm m7 always #1 z = ~z;
endmodule
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decoder.v simulation

GTKWave - frun/media/young/USB DISK/Verilog/decoder.ved

File Edit Search Time Markers WView Help

ga | |_ug £ () (= 3 : 7> From:|0 sec |To:|8 ns | > Marker: 2590 ps | Cursor: 5040 ps
55T Signals Waves
i
=\Wector==
Do =
Dl=
D2=
. - D2 =
Type Signals D4
0=
DE =
D7 = 3
wire xb
wire yb
wire zb
Filter:
Append| | Insert Replace - - — :
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Behavioral Decoder

“timescale 1ns/100ps

module decoder(A, D);
input [2:0] A;
output [7:0] D;
reg [7:0] D;

always @(A)
begin
case (A)
: D = 8'b00000001;
D = 8'b00000010;
D = 8'b00000100;
D = 8'b00001000;
D = 8'b00010000;
D = 8'b00100000;
D = 8'b01000000;
: D = 8'b10000000;
default: D = 8b'X;
endcase
end

NQORWNMREO

endmodule
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Decoder Schematic
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Decoder Wavefpr,
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Encoder
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Truth Table

X —»
y —> ) —»
zZ —»
Xy z F
0 0O0(O0
0011
010]0
0111
I/0 relationship 10 0|1
1010
1 10{0
1110
inputs output
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SOP and POS
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Truth Table

D,D,D,D,D,D.D,D, X Y Z
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inputs output
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Truth Table and minterms
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Functions X, vy, Z

D,D,D,D.D,D.D,D, X Y Z

1000000O0|OO0O

01000000(0O01

0O0O100000O0(01O0

O0O010000(011

O0O0O0O1000|100O0

O0O0O0OO0O100(101

00000010110

O0O0O0OO0OO0O01(1 11
D,D,D,D.,D,D.D,D, + D,D,D,D,D,D.D,D, + D,D,D,D,D,D.D,D, + D,D,D,D,D,D.D,D, = x
p,b,D,D.D,D.D.D, + D,D,D,D,D,D.D,;D, + D,D,D,D,D,D.D,D, + D,D,D,D.D,D.D,D, = y
D,D,D,D,D,D.D.D, + D,D,D,D,D,D.D,D, + D,D,D,D,D,D.D,D, + D,D,D,D,D,D.D,D, = z
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Another Functions x, vy, z
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Problems

D,D,D,D.D,D.D,D, X Y Z
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inputs output
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Priority Encoder: Truth Table

D,D,D,D,D,D.D,D, X Y Z V
10000000|00©O0 1
X1000000|001 1
XX100000(010 1
XXX10000(011 1
XXXX1000(1 00 1
XXXXX100|101 1
XXX XXX10(110 1
XXX XXXX1|111 1
0O0000000XXX O
inﬁuts ou£put
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Priority Encoder: Truth Table
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Priority Encoder: Truth Table
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pencoder.v

/] Testbench Code goes here

initial begin
$dumpfile("pencoder.vcd");
$dumpvars(0, pencoder);

“timescale 1ns/100ps

module pencoder();

reg DO, D1, b2, D3; $monitor ("[DO, D1, D2, D3] = %b %b %b %b [x y] = %b %b v = %b",

wire P; DO, D1, D2, D3, X, Y, V):
/llinvert the sel signals A
not (D2b, D2); 8(1) _ 8:
/I 3-input AND gate Bg 2 8
and (P, D1, D2b);
or (x, D2, D3); -
#16 $finish;
or (y, D3, P); end

or (v, DO, D1, D2, D3);

always #8 DO = ~DO0;
always #4 D1 = ~D1;
always #2 D2 = ~D2;
always #1 D3 = ~D3;

endmodule
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pencoder.v

/*
#1 {D0,D1,D2,D3} = 4'b0000; // 0
#1 {D0,D1,D2,D3} = 4'b0001; // 1
#1 {D0,D1,D2,D3} = 4'b0010; // 2
#1 {D0,D1,D2,D3} = 4'b0011; // 3
#1 {D0,D1,D2,D3} = 4'b0100; // 4
#1 {D0,D1,D2,D3} = 4'b0101; // 5
#1 {D0,D1,D2,D3} = 4'b0110; // 6
#1 {D0,D1,D2,D3} = 4'b0111; // 7
#1 {D0,D1,D2,D3} = 4'p1000; // 8
#1 {D0,D1,D2,D3} = 4'p1001; // 9
#1 {D0,D1,D2,D3} = 4'p1010; // 10
#1 {D0,D1,D2,D3} = 4'b1011; // 11
#1 {D0,D1,D2,D3} = 4'b1100; // 12
#1 {D0,D1,D2,D3} = 4'b1101: // 13
#1 {D0,D1,D2,D3} = 4'b1110; // 14
#1 {D0,D1,D2,D3} = 4'b1111; // 15

J

“timescale 1ns/100ps

module pencoder();
reg DO, D1, D2, D3;
wire P;

/llinvert the sel signals
not (D2b, D2);

I/ 3-input AND gate
and (P, D1, D2b);
or (x, D2, D3);

or (y, D3, P);
or (v, DO, D1, D2, D3);

Combinational Circuit 23 Young WclT/GL/ilrg
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Priority Encoder: Truth Table

GTKWave - /run/media/young/USB DISK/Verilog/pencoder.vcd

File Edit Search Time Markers View Help

r= o) n

ga | L= | la 122 (= 3 % »»  From:| 0 sec |To:|16 ns = Marker: 6790 ps | Cursor: 10400 ps
~ 55T Signals Waves
Time i
Dlo:3] =
Do =
Dl =
D2 =
D3=
Type Signals = v =
Ihlj [ = — —
reg D1
reg D2 :
wire D2b
reg D3 3
wire P
Wire ¥
wire y
Filter: ‘
Append | | Insert Replace - - _
Combinational Circuit 24 Young Won Lim

Background HES



binary encoder

module encoder(D, E);

input [7:0] D;
output [2:0] E;
reg [2:0] E;

always @(D)

begin
if (D == 8'b00000001) E = 0;
else if (D == 8'b00000010) E = 1;
else if (D == 8'b00000100) E = 2;
else if (D == 8'b00001000) E = 3;
else if (D == 8'b00010000) E = 4;
else if (D == 8'b00100000) E = 5;
else if (D == 8'b01000000) E = 6;
else if (D == 8'b10000000) E = 7;
else E = 3'bX;

end

endmodule

Combinational Circuit 25 Young Won Lim
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priority encoder

module pencoder(D, E);

input [7:0] D;
output [2:0] E;
reg [2:0] E;

always @(D)

begin
if (D[0]) E =0;
else if (D[1]) E = 1;
else if (D[2]) E = 2;
else if (D[3]) E = 3;
else if (D[4]) E = 4;
else if (D[5]) E = 5;
else if (D[6]) E = 6;
elseif (D[7])) E=7;
else E = 3'bX;

end

endmodule
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Multiplexer
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Simple Gates

module gates(); initial begin
$dumpfile("gates.ved");
wire outO; $dumpvars(0, gates);
wire outl;
wire out2; $monitor(

"in1=%Db in2=%b in3=%b in4=%b out0=%b out1l=%b out2=%b",
reg inl, in2,in3, in4; in1,in2,in3,in4, out0,outl,out?);
not U1l (outO, inl); inl =0;

in2 = 0;
and U2 (outl, inl, in2,in3,in4); in3=0;

in4 = 0;
xor U3 (out2, inl, in2, in3);

#1inl=1,
#1in2 =1;
#1in3 =1,
#1ind4 = 1;
#1
$finish;

end

from www.asic-world.com endmodule
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Simple Gates

GTKWave - fhomefyoung/Downloads/MYUSB/gates.vcd

File Edit Search Time Markers WView Help
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Multiplexer

module mux_from_gates (); initial begin
reg c0,cl,c2,c3, A,B; $dumpfile("mux.ved");
wire 'Y, $dumpvars(0,mux_from_gates);
/lInvert the sel signals $monitor (
not (a_inv, A); "cO = %b c1 =%b c2 = %b c3 =%b A=%b B =%bY =%b",
not (b_inv, B); c0,cl,c2,c3,A B,Y);
c0 =0;
/I 3-input AND gate cl=0;

and (y0, c0O, a_inv, b_inv); /00 c2=0;
and (yl,cl,a inv,B); /01 ¢c3=0;
and (y2,c2,A, b_inv); //10 A=0;
and (y3,c3,A, B); /11 B =0;

#1A =1;
Il 4-input OR gate #2B =1;
or (Y, y0, yl, y2,y3); #4 A =0;
#8 $finish;

end

always #1 c0 = ~cO0;

always #2 c1 = ~cl;

from www.asic-world.com always #3 c2 = ~c2;

always #4 c¢3 = ~C3;
*
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Multiplexer
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Multiplexer

module mux(sel, DO, D1, D2, D3, Y)
input [1:0] sel;
input DO, D1, D2, D3;
output Y;
regy,;

always @(sel or DO or D1 or D2 or D3)
case (sel)
2'b00 : Y = DO;
2'b01:Y =D1;
2'b10:Y =D2;
2'bll:Y =D3;
default: Y = DO;
endcase

endmodule

from www.asic-world.com
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Multiplexer Schematic
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Adder (RCA)
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Truth Table
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SOP
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K-Map
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Boolean Algebra

y _ 1 y
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Boolean Algebra
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Full Adder in Qucs
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4-Bit Adder in Qucs
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adder tb.v

“timescale 1ns/100ps repeat (16)
begin
module adder_tb; repeat (16)
begin

reg signed [3:0] i, j, k, flag; .

K=i+j;
wire signed [3:0] S; o

26119 ={i[3], i[3], k[3]}

adder4 A4 (i, j, 1'b0, Co, S); _
if ((flag == 3'p110) || (flag == 3'b001))

initial $display("i=%d j=%d k=%d S=%d OV", i, j, k, S);
begin else
$dumpfile("test.ved"); $display("i=%d j=%d k=%d S=%d", i, j, k, S);
$dumpvars(0, adder_tb);
end
j=j+4bl;
end
i=i+4'b1;
initial end
begin
i =-4'd8; end // initial begin
j =-4'd8;
endmodule
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adder4.v, fa_gate.v fa_flow.v

adder4.v fa_gate.v fa_flow.v
module adder4(A, B, Ci, Co, S); module fa(a, b, c, Co, S); module fa(a, b, ¢, Co, S);
input [3:0] A, B; input a, b, c; input a, b, c;
input Ci; output Co, S; output Co, S;
output Co; wire P, S, G, PC; wire P, S, G, PC;
output [3:0] S;
xor #0.1 U1 (P, a, b); assign #0.1 P =a " b;
wire[3:1] C; xor #0.1 U2 (S, P, ¢); assign #0.1 S=P " ¢c;
and #0.1 U3 (G, a, b); assign #0.1 G =a & b;
fa fa0 (A[0], B[O], Ci, C[4], S[0]); and #0.1 U4 (PC, P, c); assign #0.1 PC=P & c;
fa fal (A[1], B[1], C[1], C[2], S[1)]); or #0.1 U5 (Co, G, PC); assign #0.1 Co = G | PC;
fa fa2 (A[2], B[2], C[2], C[3], S[2]); endmodule endmodule
fa fa3 (A[3], B[3], C[3], Co, S[3]);
endmodule
iverilog adder_th.v adder4.v fa_gate.v
vvp a.out
iverilog adder_tb.v adder4.v fa_flow.v
vvp a.out
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adder4.v, fa_behav.v, fa_arith.v

adder4.v fa_behav.v fa_arith.v
module adder4(A, B, Ci, Co, S); module fa(a, b, c, Co, S); module fa(a, b, c, Co, S);
input [3:0] A, B; input a, b, c; input a, b, c;
input Ci; output Co, S; output Co, S;
output Co; reg P, S, G, PC, Co; reg S, Co;
output [3:0] S;
always @(a or b) always @(a or b or c)
wire[3:1] C; #0.1P=a"b; #0.1{Co, S} =a+ b +c;
fa faO (A[O], B[O], Ci, CI1], S[O]); always @(P or c) endmodule
fa fal (A[1], B[1], C[1], C[2], S[1]); #0.1S=P " c;
fa fa2 (A[2], B[2], C[2], C[3], S[2]);
fa fa3 (A[3], B[3], C[3], Co, S[3)]); always @(a or b)
#0.1 G =a & b;
endmodule always @(P or c)
#0.1 PC =P &;
always @(G or PC)
iverilog adder_tb.v adder4.v fa_behav.v #0.1 Co =G | PC;
vvp a.out
iverilog adder_tb.v adder4.v fa_arith.v endmodule
vvp a.out
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Output

[young@ubook WorkSpace]$ iverilog adder_tb.v adder4.v fa_gate.v
[young@ubook WorkSpace]$ vvp a.out
VCD info: dumpfile test.vcd opened for output.

i=-8 j=-8 k= 0 S= 0 OV
i=-8j=-7 k=1S=10V
i=-8 j=-6 k= 2 S= 2 OV
i=-8 j=-5 k= 3 S= 3 OV
i=-8 j=-4 k=4 S= 4 OV
i=-8 j=-3 k=5 S=5 OV
i=-8 j=-2 k=6 S= 6 OV
i=-8 j=-1 k=7 S=7 OV
i=-8 j= 0 k=-8 S=-8
i=-8 j= 1 k=-7 S=-7
i=-8 j= 2 k=-6 S=-6
i=-8 j= 3 k=-5 S=-5
i=-8 j= 4 k=-4 S=-4
i=-8 j= 5 k=-3 S=-3
i=-8 j= 6 k=-2 S=-2
i=-8 j= 7 k=-1 S=-1
i=-7 j=-8 k=1 S=1 0V
i=-7j=-7k=2S=2 0V
i=-7 j=-6 k=3 S= 3 OV
i=-7 j=-5 k=4 S= 4 OV
i=-7 j=-4 k=5 S= 5 OV
i=-7 j=-3 k=6 S= 6 OV
i=-7j=-2k=7S=7 0V

Combinational Circuit
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i=-7 j=-1 k=-8 S=-8
i=-7 j= 0 k=-7 S=-7
i=-7 j= 1 k=-6 S=-6
i=-7 j= 2 k=-5 S=-5
i=-7 j= 3 k=-4 S=-4
i=-7 j= 4 k=-3 S=-3
i=-7 j= 5 k=-2 S=-2
i=-7 j= 6 k=-1 S=-1
i=7j=7k=0S=0
i=-6 j=-8 k= 2 S= 2 OV
i=-6 j=-7 k= 3 S= 3 OV
i=-6 j=-6 k= 4 S= 4 OV
i=-6 j=-5 k=5 S= 5 OV
i=-6 j=-4 k= 6 S= 6 OV
i=-6 j=-3 k=7 S=7 OV
i=-6 j=-2 k=-8 S=-8
i=-6 j=-1 k=-7 S=-7
i=-6 j= 0 k=-6 S=-6
i=-6 j= 1 k=-5 S=-5
i=-6 j= 2 k=-4 S=-4
i=-6 j= 3 k=-3 S=-3
i=-6 j= 4 k=-2 S=-2
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Waveform (1)

GTKWave - fhome/young/WorkSpace/test.vcd

File Edit Search Time Markers View Help

da 55 05 | B3 (=) (=) © o ©o o2 From:|0 sec |To:{ 256300 ps | 5 Marker: B-6800 ps | Base: 20 ns
= 55T Signals Waves
1 - 20 ns
é ] T1ime
adder_tb —
=2 flag[3:0] =5
fa0 i[3:0] =-8
fal j[3:0] =5
faz k[3:0] =-3
fa3 s[3:0] =-3
C1=0
T Signal c[3:1] =o00| | EEE
ype Signals e
wire A[3:0] clz]l =0
wire B[3:0] C[1:.| =0 L
C1 =0 E
wire C[3:1] Co =0
wire i Co =0
s=1
wire Co a=0
wire 5[3:0] b =1
k
Filter: | |
Append| | Insert Replace - ; — :
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Waveform (2)

GTKWave - /home/young/WorkSpace/test.vcd

File Edit Search Time Markers View Help

SN ERRERENE ¢ 9 o o From:[0 sec | To:(256300 ps | ()  Marker: B-6800 ps | Base: 20 ns
= 55T Signals
N ] Time
adder_tb e
= flag[=:0] =5
fal 1[3:0] =-8
fal j[3:0] =5
fa2 k[3:0] =-3
fa3 5[3:@] =-3
C1=0
T Sianal c[3:1] =ooo
ype Signals c[3] =0
wire A[3:0] cl[z] =0
wire B[3:0] C[lJ =0 L
C1 =0 =
wire  C[3:1] Co =0
wire Ci Co =0
. s=1
wire Co a=0
wire 5[3:0] b=1
Filter: |
Append| | Insert Replace - S
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$dumpvars()

$dumpfile(“filename.vcd")

$dumpvar dumps all variables in the design.

$dumpvar(1, top) dumps all the variables in module top, but not modules instantiated in top.
$dumpvar(2, top) dumps all the variables in module top and 1 level below.

$dumpvar(n, top) dumps all the variables in module top and n-1 levels below.

$dumpvar(0, top) dumps all the variables in module top and all level below.

$dumpon initiates the dump.

$dumpoff stop dumping.
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vVp

NAME
vvp - Icarus Verilog vvp runtime engine

SYNOPSIS
vvp [-sv] [-Mpath] [-mmodule] [-llogfile] inputfile [extended-args...]

DESCRIPTION
vvp 1is the run time engine that executes the default compiled form
generated by Icarus Verilog. The output from the iverilog command 1is
not by itself executable on any platform. Instead, the vvp program 1is
invoked to execute the generated output file.
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