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e o1l Multiplexer
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B Multiplexer
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= Boolean equation: F
y=5,5,"D0 + S,'S,01 + 5,5,D2 +S,5,03 o

T
AR E(S1,S)

B 4x1 multiplexer: continuous assignment model

module mux4(y, d3, d2, d1, dO, s);
output v;
input d3, d2, d1, do;
input [1:0] s;

assign y=-~s[1] & ~s[0] & dO | ~s[1] & s[0] & d1 |
S[1] & ~s[0] & d2 | s[1] & s[0] & d3;

endmodule
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T Multiplexer (cont')

il
B continuous assignment model (2)

module mux4(y, d3, d2, d1, dO, s);
output v;
input d3, d2, d1, dO;
input [1:0] s;

assign y = (s==2'n00) & dO | (s==2'b01) & d1 |
(s==2'b10) & d2 | (s==2'b11) & dS3;

endmodule

» QFO| R EI} O] ML 1-bit 4x1 multiplexer DS
n-bit 4x1 multiplexer2 2t%017] 2
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T Multiplexer (cont')
=1

B conditional operatorE A& 9t model

module mux4_32(y, d3, d2, d1, dO, sel);
output [31:0] v;
input [31:0] d3, d2, d1, dO;
input [1:0] sel;

assign y = (sel==0) ? dO :

(sel==1) ? d1:
(sel==2) ? d2 :
(sel==3) ? d3 : 32'bx;
end
endmodule
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T Multiplexer (cont')
=1

B f —else 22 A9 model

module mux4_32(y, d3, d2, d1, dO, sel);
output [31:0] v;
input [31:0] d3, d2, d1, dO;

input [1:0] sel;
reg [31:0] v; /

always @(d3 or d2 or d1 or dO or sel) begin
if (sel==0) y =dO0;
else if (sel==1) y =d1;
else if (sel==2) y = d2;
else if (sel==3) y =d3;

else y = 32'bx;
end

v

endmodule
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T case= il Multiplexer
=1

B caseFE 2 A0 model: case ... endcase

module mux4_32(y, d3, d2, d1, dO, sel);
output [31:0] v;
input [31:0] d3, d2, d1, dO;
input [1:0] sel;
reg [31:0] v;

always @(d3 or d2 or d1 or dO or sel) begin
case (sel)
0:y =do;
1:y=dil;
2.y =d2;
3.y =d3;
default: y = 32'bx;
endcase
end
endmodule
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T 5.2 Encoder
T

B Encoder

= n7HO] YA} MR ZE(n<2™)0] Y= Y22 A ZF QI=40j] CHOHA
m-bite] =21 A

=Y

= O 7H2] /O] SA0 12 SR=

B 0. 4x2 encoder

CE H0{01 o <.>=lr’=.='0| 1 mjoj &

-_ = T

212 (o) decoder ==

o124 » oy DO D1 D2 D3 Y1 YO
| = =7
DO —» 1 0 0 O 0 0
—> —>
B%—» _,ig 0 1 0 0 1
D3 " 0 0 1 O 1 0
data encoder code 0 0 0 1 1 1
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T Encoder (cont')
=1

B f —elseE2 A% model

module encoder4x2(code, data);
output [1:0] code;
input [3:0] data;
reg [1:0] code;

always @(data) begin
if (data==4'n0001) code = 0;
else if (data==4'b0010) code =1;
else if (data==4'b0100) code = 2;
else if (data==4'b1000) code = 3;
else code = 2'bx;

end

endmodule
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T Encoder (cont')

ul B
B caseFE S A% model

module encoder4x2(code, data);
output [1:0] code;
input [3:0] data;
reg [1:0] code;

always @(data) begin
case (data)
4'hb0001: code = 2'b00;
4'h0010: code = 2'b01;
4'h0100: code = 2'b10;
4'p1000: code = 2'b11;
default: code = 2'bx;
endcase
end
endmodule
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T Priority Encoder
il
B priority encoder

= TFQEON0] 101 M 2 GIQH o2 7H2| &l=0] SAI0f 12 B2

Olls 7P U&QA7H &2 Yo LY ACE &3
B f —elseE A YF model

module priority4x2(code, data);
output [1:0] code;
input [3:0] data;
reg [1:0] code;
always @(data) begin data[0]7} 7p&t

if (data[O]) code = 0; > OMLEOIT =2

else if (data[l]) code = 1;
else if (data[2]) code = 2;
else if (data[3]) code = 3;
else code = 2'bx;
end
endmodule
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T casexi} casez &

B caseF
» S HWE OO O, 1, x, z§ ZZ0HA| Hlu &
B casex&=
x XQ zE don't care2 A 2|&t
B casez&+
» zE don't care2 AHE|T (zLHAl ?E A% £ A 2)
= 0,1,xE F2OHA| Hlu g

B priority encoder?] Zl2| &

DO D1 D2 D3 Y1 YO

1 X X X O O

0O 1 x X 0O 1

O 0 1 x 1 O

O 0 0 1 1 1
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T casex=i} Priority Encoder
ol B

caseE22 0,1,x,z= A=2H0] Hju

o
B casex == ArE %t model OF=2 Ol GIMT A8 + ©1S
module priority4x2(code, data, valid); ol =2
output [1:0] code; DO —l | v1
input [3:0] data; D1 —* _ .vo
output valid; D2 ) _
reg [1:0] code; D3] [ valid
priority
always @(data) begin encoder

casex (data)

~Sa
4'bxxx1: code = O U =10j 191 bit7t ZAHE mf
4'bxx10: code = 1;

valid=1<l

4'bx100: code = 2; _

4'b1000: code = 3: P Reduction operator:

default: code = 2'bx; = vectorQ| I = bit0j] CHO{ A

endcase HALS A UH
end (O &, |, ~& ], ~ ="
assign valid = | data;
endmodule

= data[0] | data[1] | data[2] | data[3]
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T 5.3 Decoder
ulll

B Decoder
= encoderQ] HI}j =t

ol AL (HSEl= £ 2 12 Otd LHHA| E22 002

B 0]: 2x4 decoder

e &9 Y1 YO | DO D1 D2 D3
Yi_, 39 0 0|1 0 0 O
YO— [ D2 0 1/0 1 0 O
D3 1 0/0 0 1 0
code decoder data 1 1 O 0 0 1
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T Decoder (cont')
=1

B f —else 22 A9 model

module decoder2x4(data, code);
output [3:0] data;
input [1:0] code;
reg [3:0] data;

always @(code) begin
If (code==0) data=4'b0001,;
else if (code==1) data=4'b0010;
else if (code==2) data=4'b0100;
else if (code==3) data=4'b1000;
else data = 4'bx;

end

endmodule
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[

Decoder (cont')

B case 22 A% model

module decoder2x4(data, code);
output [3:0] data;
input [1:0] code;
reg [3:0] data;

always @(code) begin
case (code)
0: data=4'b0001;
1: data=4'b0010;
2: data=4'b0100;
3: data=4'b1000;
default: data = 4'bx;
endcase
end
endmodule

5L "T’}i“-\l
FTon% AL
A
A

FHEESA UHIC| =0 =IO A|

15



" -4 7-segment LED display
=1

B seven segment LED display2] model

module LED7seg(display, bcd);
output [6:0] display;
input [3:0] bcd;
reg [6:0] display;

always @(bcd) begin
case (bcd)
0: display=7'b111_ 1110;
1: display=7'n011_0000;
2: display=7'b110 1101,
3: display=7'b111 1001,
4: display=7'0011_0011;
5: display=7'b101_1011;
6: display=7'0101_1111;
7: display=7'b111_0000;
(A=)

S
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Digit 1 Digit 2
" 4

f b fI lh
g g
e‘ ‘L‘ eI IU
N _
d -‘\d/

Becimal Point

abcdefg £ A= data H
display[6] = a
display[5] 2 b
display[0] = ¢

12 O LED on, O O} off
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"hg /-segment LED display (cont')
=1

8: display=7'b111 1111;
9: display=7'b111_1011;
default: display = 7'b000_0000 // blank
endcase
end \
endmodule
N\
invalid 12 0j| LHOj Al = LEDZ off Al

LED7} 0 IOl ONOJ 2t outputE display L2104 disp= A ATH 204
CIE =32 F7101E .

assign disp = ~display
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" °° Verilog Loop

]
H for &2 } COlO{Q H|Z O Al
m while & e e HHE 2 2 jnjtial = always
B repeat & LHOJI A 2t AFE 7ts
addr = 0;
repeat (size) begin — sizeHH HIE A 0H

memory[addr] = 0;
addr = addr + 1;
end

B forever &

clock = 0;

forever begin T OOH)| HHE A UH
#5 clock = 1; disable 20f| O] 0H A ZCHE
#5 clock = 0;

end
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RREY AREHEE S UHICIEOIEAOIEA 18




Y Majority Circuit
|
B Majority |2 — Y2 S F0|AM 191 Z10] dtHF4+0|™H 12 =%
B (0]) 4-bit Majority circuit
module Majority 4b (Y, A, B, C, D);
input A, B, C, D;

output Y;
reg Y;

always @ (A or B or Cor D) begin
case {A, B,C, D})
7, 11, 13, 14, 15:
default:
endcase
end
endmodule

) O8] 3= = LIEY

Y=1
Y =0;

THA: bit £71 HHY A Z2 S RHEHS O OFY
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mg  Majority Circuit — BIE R AFS
=

B for2& A9 Majority circuit

module Majority (Y, Data);
parameter size =8§;
parameter max = 3;
parameter majority = 5;
input [size-1: 0] Data;

03
2

S Y2lOf bit 40| CHOHA

2 JI=
output Y, ME 7ts o
reg Y: ln:_péll EQUIJ'" ?:l-}gial ¢ %E
reg [max-1: 0]  count; (adder7f ZBHE £ Q)
integer Kk;

always @ (Data) begin
count = 0O;
for (k=0; k<size; k=k + 1) begin
if (Data[k] == 1) count = count + 1;
end
Y = (count >= majority);
end
endmodule
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T IP A A= 1} Parameterized model
=10

B Parameterized model

x» HZA 7150 ZFE parameter2 XA 8 model

= parameterz® A= ZF2 application| A M =2 X|E 7=
B Intellectual Property(IP) Reuse

» [IE S 2 0A EAHIE modelE AAIZ O] {I0HAM =
parameterized modelE A0 OF .

S|
parameter& Ar29%F module parameter Z¥ X|7d
module shift(in, out); module t_shift(...);
input [7:0] in; -
output [7:0] out; shiftul(x,a); — n=1
parameter n = 1; shift #(2) u2 (x, b); ——=> n=2

shift #(4) u3 (x, ¢); —— n=4
assign out = (in << n); -
endmodule endmodule
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T Clock Generator

B forever2} disableE A9 clock generator M =l
» disable2 named blocke| £WS F= Al

reg clock;
initial begin : clock loop —— named block
clock = 0;
forever begin
#10 clock =1,
#10 clock = 0; — 1 %7171 209l clock
end
end
initial
#200 disable clock_loop; ——— clock loop E2290] &A% =2

ET% I Ot
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T Clock Generator (cont')

]
B always 2 A%t clock generator B &2l

reg clock;
initial begin
clock = 0;
#200 $finish;
end

always
#10 clock = 1;
#10 clock =0
end

B alwaysQ} foreverQ| H|ul
= always: concurrent behavior, simulation2 A| 2 O 0j| active

« forever: always I L= initial LHOJ|AM AF20tH activity flow7F E 29 S
ool +%WE, nested 7t
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™ Adder
ul B

module adder4(sum, cout, a, b, cin);
output [3:0] sum;

output cout;
input [3:0] a, b;
input cin;
reg [4:0] carry;
reg [3:0] sum;
reg cout;
integer I;

always @ (a or b or cin) begin
carry[0] = cin;
for(1=0;i<=3;i=i+1) begin
carry[i+1] = a[i] & b[i] | a[i] & carry[i] | b[i] & carry]i];
sum([i] = al[i] » b[i] » carry]i];
end
cout = carry[4];
end
endmodule

full-adder

L/
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™ Adder (cont')
=1

module adder4(sum, cout, a, b, cin);
output [3:0] sum;

output cout;
input [3:0] a, b;
input cin;
reg [4:0] carry;
integer I;

always @ (a or b or cin) begin
carry[0] = cin;

end
end
assign cout = carry[4];
assign sum =a” b ” carry[3:0];
endmodule

for(i=0;i<=3;i=i+1) begin
carry[i+1] = a[i] & b[i] | a[i] & carry[i] | b[i] & carry]i];

}

sumd} cout assighZ2O &2 7|&
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™ 5.7 Functions and Tasks

]
B functiond} task
n 2EXNMOZ HIEDIIN AlEE|= A EE function E = task2 ZHA ot
» JdEE HIEJI AI0t= Zd ALY function E = taskE B =T
task_name(outl, out2, inoutl, inl, in2, ...); // task @ =
outl = func_name(inl, in2, ...); // function®¥ =

B task
= FORTANC] SUBROUTINEd} & A}
» QILE EOIH 42 JAEHOI ZUIE MYHS
« O8] 712 TS WS £ US
B function
» FORTRANQ] FUNCTION1} & At
» Q£ E EOIH T2 MEOIH UL 0|ES E0HK Zub7t ek

. OfLLQ| T ErE £ U8
. MIZIRIG B0 £ QIS
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‘. Task
]

B Task
= module LHO|A M A= task ... endtask

module adder4 task(sum, cout, a, b, cin);
output [3:0] sum;
output cout;
input [3:0] a, b;
input cin;
reg [4.0] carry;
integeri;

always @ (a or b or cin) begin
carry[0] = cin;
for(i=0;i<=3;i=i + 1) begin | | |, task B =
gen_carry(carry[i+1], a[i], b[i], carry[i]); — |
end

end (A1)
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Task (cont')

assign cout = carry[4];
assign sum =a” b ” carry[3:0];

/] task 9]
task gen_carry;

output carry;
input a, b, c; }
begin
cary=a&b|a&c|b&c;
end
endtask
endmodule

actual argument:

formal argument:

FHEESA

» formal argument7} A A =l
& AL = actual argumentZ}
g

gen_carry(carry[i+1], a[i], b[i], carry[i]);

[
b

carry a C
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T Function
ol

B function
= module LHO| A A AH=E]l: function ... endfunction

module adder4 function(sum, cout, a, b, cin);
output [3:0] sum;
output cout;
input [3:0] a, b;
input cin;
reg [4.0] carry;
integeri;

always @ (a or b or cin) begin
carry[0] = cin;
for(=0;i1<=3;i=i1+1) begin
carry[i+1] = gencarry(ali], b[i], carryl[i]);
end
end (A1)

Fony A MICH St i
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T Function (cont')

assign cout = carry[4];
assign sum =a” b ” carry[3:0];

/[ function 72 9]
function gencarry;
input a, b, c;

begin

end
endfunction
endmodule

gencarry=a&bl|a&c|b&c;

. HE|ZE I T)S

function [7:0] func_name;

endfunction
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