!| Chapter 5

D% o1 MICH St il

WSS UREIZBEHEN

" °-1 Multiplexer
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B Multiplexer
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B 4x1 multiplexer: continuous assignment model

module mux4(y, d3, d2, d1, dO, s);

output vy;
input d3, d2, di, 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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wyp Multiplexer (cont’)
=1

B continuous assignment model (2)

module mux4(y, d3, d2, d1, d0, s);
output vy;
input d3, d2, di, do;
input [1:0] s;
assign y = (s==2'b00) & d0 | (s==2'b01) & d1 |
(s==2'b10) & d2 | (s==2'b11) & d3;
endmodule
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g Multiplexer (cont’)
=1

B conditional operatorE Ar£ %t 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) 2 d0 :
(sel==1) ?dl1:
(sel==2) ? d2:
(sel==3) ? d3 : 32'bx;
end
endmodule
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wyg Multiplexer (cont’)
sl
B if —else 22 A% 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] vy;

always @(d3 or d2 or d1 or dO or sel) begin
if (sel==0) y =d0;
else if (sel==1) y =d1;
else if (sel==2) y =d2;
elseif (sel==3) y =d3;

R « HEE A] Q10{O} Gt
else y =32'bx; = 2% =
end - glo® 7| A7t
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endmodule ZUE + S
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™ case =il Multiplexer
sl
B caseE 2 AF29%F 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] vy;

always @(d3 or d2 or d1 or dO or sel) begin
case (sel)
0:y =do;
1l:y=di;
2:y=d2;
3:y=d3;
default: y = 32'bx;
endcase
end
endmodule
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e 5.2 Encoder
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B Encoder
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zay

012 7H2] U=0] SAI0 121 BL= §13: (Gl) decoder £

B 0f|]: 4x2 encoder

o1z == DO D1 D2 D3 Y1 YO
DO — 10 0 O 0 0
—>
e I e 01 o 0 1
D3 00 1 O 10
data encoder code 00 0 1 11
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"W Encoder (cont’)
=1

B if —else22 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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" Encoder (cont’)
=1
B caseE2 A%t model

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

always @(data) begin
case (data)
4'n0001: code = 2'b00;
4'b0010: code = 2'b01;
4'n0100: code = 2'b10;
4'b1000: code = 2'b11;
default: code = 2'bx;
endcase
end
endmodule
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"y Priority Encoder
ullE

W priority encoder
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B if —elseE A% model

module priority4x2(code, data);
output [1:0] code;
input [3:0] data;
reg [1:0] code;

always @(data) begin data[0]7} 7}z
if (data[0]) code =0; ——F— [P PNl 3x-1
else if (data[1]) code = 1;
else if (data[2]) code = 2;
else if (data[3]) code = 3;
else code = 2'bx;

end

endmodule
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™ casexi} casez &
llE

B case®
» S HIWE Ol 0, 1, x, z& HEOIA HWE
B casexs
= X2} zE don't care2 A2|¥t
B casez@
» zE don't care2 A2|T LAl 25 A% £ A2)
» 0,1,xEe HEYOHA HmH

B priority encoderQ] ZI2|H

DO D1 D2 D3 Y1l YO
1 x x X 0 0
0 1 x x 0 1
0 0 1 «x 1 0
0 0 o0 1 1 1
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T casex i} Priority Encoder
ullE

case22 0,1,x,z2 HE0| Hlul

o 2i KT A 02
B casex &2 AFE % model OI22 Ol OIXME A8 & ©S

module priority4x2(code, data, valid); 2= ] =3
output [1:0] code;
input [3:0] data; B‘{ = ::ié
output valid; D2 ] )
reg [1:0] code; b3 [—> valid
priority
always @(data) begin encoder
casex (data) e
4'bxxx1: code = 0; =dofl 1Q1 bit7f EAHE Ij
4'bxx10: code = 1; valid=1¢!
4'bx100: code = 2;
4'h1000: code = 3; Reduction operator:
default: code = 2'bx; = vectorQ] 2 £ bit0]] CHOH A
endcase HAIZ L0
end O) & |, ~& ~|, » ~
assign valid = | data;
endmodule = data[0] | data[1] | data[2] | data[3]
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T 5.3 Decoder
ol

B Decoder
= encoderQ| HIL} ==

= Y AC0 SEl= £XE 12 0til LIHX|] E32 022

B 0]: 2x4 decoder

oI e Y1 YO | DO D1 D2 D3
— DO
Yi_, — B9 00|10 0 O
YO— D2 0 1/01 0 0
g '33t 1 0/0 0 1 0
code decoder ata 1 1 0 0 0 1
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"y Decoder (cont’)
=1
B if —else 22 A% 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'h0100;
else if (code==3) data=4'b1000;
else data = 4'bx;

end

endmodule
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wmym Decoder (cont’)
=1

B case 22 A9 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'n0100;
3: data=4'b1000;
default: data = 4'bx;

endcase
end
endmodule
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" 54 7-segment LED display
ullE

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'b011_0000;
2: display=7'b110_1101;
3: display=7'nb111_1001;
4: display=7'b011_0011;
5: display=7'b101_1011;
6: display=7'0101_1111;
7: display=7'b111_0000;
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Decimal Point

abcdefg &A= data 2O
display[6] 2> a
display[5] 2> b
display[0] = g

12 Ojj LED on, 0! O} off
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"N /-segment LED display (cont’)
=1

8: display=7'b111_1111;
9: display=7'b111_1011,;
default: display = 7'b000_0000 // blank

" °-° Verilog Loop

13
m for & ]» CHO{Qt H|LTHTA
B while 2 = s=en HH= 2O jnitial E = always
B repeat & LHOI M2t A 7ts

endcase addr = 0;
end repeat (size) begin — sizeti HHE A 0H
endmodule memory[addr] = 0;
N addr = addr + 1;
invalid 220l LU A= LEDE off Al end
B forever &
LED7} 0L m{0fl ONO]2}™ output2 display Ll 210]] disp2 A Tt 2o clock=0;
S oxis % forever begin T— D3] HH2 A 0K
#5 C:OCE =1 disable20f| 2] 014 ZTHEl
. . . #5 clock = 0;
assign disp = ~displa '
g p play end
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™E Majority Circuit | Majority Circuit — HF2 2 Al
| ulll
W Majority 212 - YHE F0A 1Q1 Z0] 0fdt4L0|H 12 =3 B for2E ALt Majority circuit
® (0]l) 4-bit Majority circuit module Majority (Y, Data);
module Majority_4b (Y, A, B, C, D); parameter size :_8;_
input A, B, C,D; parameter max '.t3' 5
B, & D parameter majority = 5; }Xi- 010]0] hi
output Y; input [size-1: 0] Data; Gk f;‘;‘ bit 4~ 0if THOH A
reg Y: output Y; I8 7ts
regY; CHE B0 2dE £ U2
always @ (A or B or C or D) begin reg [max-1: 0] count; (adder7} L OHEl £ QU2)
case ({A, B,C,D}) integer k;
7,11,13,14,15: Y =1, —t ZHAOoL (e el )
default: Y =0; HEBe= 2 L always @ (Data) begin
< : ; count = 0;
endcase for (k = 0; k < size; k =k + 1) begin
end if (Data[k] == 1) count = count + 1;
endmodule end
. Y = (count >= majority);
EHA: bit £7F HH™H D2 131 RHEHS OHOF end
endmodule
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™E IP R AL i} Parameterized model
1

B Parameterized model
» HZA 7159 ZHE parameter2 X% $F model

™E Clock Generator
sl
m foreverR} disableg A2 ¥t clock generator 22l
= disable2 named block?] £ E & Al

= parameter2 X|JE T2 applicationtl A M2 X|E 7t reg clock.
m [ntellectual Property(IP) Reuse '
» CIE2 38 YUZR0AM AAIE modelg A OIZ] YA = initial begin : clock_loop —— named block
parameterized model2 A2 U OF 3t clock = 0;
m 0 forever begin
= #10 clock = 1;
parameter& A%t module  parameter 2t X| ™ #10 clock = 0: — =77} 209! clock
module shift(in, out); module t_shift(...); end
input [7:0] in; . end
output [7:0] out; shiftul(x, a), —1 =1
parameter n =1, shift #(2) u2 (x, b); —— n=2 initial
shift #(4) u3 (x, ¢); —— n=4 #200 disable clock_loop; —— clock_loop E20] £% =&
assign out = (in << n); . -
endmodule endmodule
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" Clock Generator (cont) "y Adder
ulll ulll
B always 22 A9t clock generator B =2l module adder4(sum, cout, a, b, cin);
output [3:0]  sum;
reg clock; output cout;
initial begin input [3:0] &, b;
clock = O° mpu[t4 . cin;
ish: reg [4: carry;
#200 $finish; reg [3:0] sum:
d
en reg cout;
always integer i
#10 clock = 1; . .
- always @ (a or b or cin) begin
#dlo clock=0 carry[0] = cin; full-adder
en for (i=0;i<=3;i=i+ 1) begin
o carry[i+1] = a[i] & b[i] | a[i] & carry[i] | b[i] & carry]il; /
B always?2} foreverQ] H|il sum(i] = a[i] ~ b[i] ~ carry[i;
= always: concurrent behavior, simulationE A|ZFe Oj0]| active end
« forever: always IE X initial L0l A At 0IH activity flow7 EEHHS cout = carry[4];
O}l 4 W%, nested 7Hs end
endmodule
1% 21 MILH St % ¢ MILH St
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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;
for (i=0;i<=3;i=i+1)begin

carry[i+1] = a[i] & b[i] | a[i] & carry[i] | b[i] & carry[i];

" o/ Functions and Tasks
i
B functiond} task
» AEXOZ HIEDIN A2E|= A EE function = task2 ZHA o
» IAEE HHEJI0 AF20t= Zd O 410] function = taskE B =T
task_name(outl, out2, inoutl, inl, in2, ...); // task B =
outl = func_name(ini, in2, ...); // function® =

B task
= FORTANQ] SUBROUTINEL Q A}
« Q£ E EOI0] 32 FEHOIL ZAits Mgws

» O3] 7Ol T2 WE £~ US

end end B function
assign cout = carry[4]; = FORTRANZQ| FUNCTION1} S A}
assign sum=a"b " camy[3:0]; - Q&S E010] 3t2 MUOIH Y2012 S0H0] ZAITt U
endmodule - - OfLEQ ZTHEFE £ UG
. - 7t OIS A S
sumil} cout assign2e & 7|& AIZRA 2 £+ §US
(2) RakllE iy b 1 AICH Ok il
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Task Task (cont'
| I (cont’)
ullE ullE
B Task

= module LHOI A A AHEl: 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
gen_carry(carry[i+1], a[i], b[i], carry[i]); —|
end
end A%

| » task 8=
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assign cout = carry[4];
assign sum =a” b ” carry[3:0];

/l task 29|
task gen_carry;
output carry; )
inputa, b,c; |
begin
cary=aé&bla&c|b&c;
end
endtask
endmodule

formal argument7} M A=
& ML & actual argument7t
WEE

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

[

formal argument: calry a b c
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"y Function "y Function (cont’)

ulll ullE
m function X
« module L{0JI A A 1%!: function ... endfunction assign cout = carry[4];
assign sum =a” b ” carry[3:0];
module adder4_function(sum, cout, a, b, cin);
output [3:0] sum; // function A 9]
putput cout; function gencarry;
input [3:0] a, b; input a, b, c;
input cin; begin
.reg [4O] carry; gencarry=a&bla&c|b&c; ——, HI¥} Z}2 BtA 0| 29|
integeri; end B A 0f] K AHE
endfunction
always @ (a or b or cin) begin endmodule
carry[0] = cin;
for(i=0;i<=3;i=i+1) begin HIELZF HFOF Th
carry[i+1] = gencarry(a[i], b[i], carry[i]); = MEI IS
end function [7:0] func_name; /I 8-bit vectorZ}& Hi%t
end H%)

endfunction
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