Lab 5
Verilog — Combinational Design

Department of Electrical Engineering
National Cheng Kung University
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. Verilog # -

. Behavioral Design - # * assign

4 it48(- ) 4-bit Ripple Carry Adder

. Behavioral Design - # * procedural block
LR IRR(Z ) 4-bit 2 E

2 {t38 (=) 8-bit Carry Select Adder
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Computer Architecture and System Laboratory



£ 2 Input/ Output
T 4 input/output port 7 @ &> 2 > &5 83 % 74 i 8
H

11 input/output Egiler & F
3 port emEF 0 T A 8 F oinput/output s A

in@, inl, out);
out = (sel) ? in@ : inl;

mux(sel, in@, inl, out);
sel;
in@;

inl;
out;
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< out = (sel) ? in@ : inil;




ue 24n19911ydJay Jaindwo)

o Ju# e gate

Module :# £

o < R} BFTF IO G LieRHE gate T Apd iR
fEd 2 Vet ordered list 0+ %A R F &% module (R 2
1 gate » B - f& module) #“t¥# &< port FVER 2 £ o

riA#EY ordered

list &7 4 o

e ha_1_C Y~ rnut

X
| | a
—
y
*
cin

j

d ha 2 c

c{cout, ha 1 c, ha 2 c);

s 4

Z]z:>"iizgiv—~\\ S
>/

d(ha 2 ¢, cin, ha_s);

e(s, ha s, cC);




Module :# £

7 4% module *#4gFe > 1nput/output 3

« ¥ 10 ig* connected by name 7 FViE{Tig g o

TR T A T ER A BT MR 0 B port B ep
module ig ARt g > if o

operator( - : o - tx_se, tx_s1, rx_sa,

1N12311Y24y J8ndwo)

channel ;
(.in@(A), .inl(B), .in2(C), .in3(D), .s8(tx s8), .s1(tx sl1), .out(channel)};
{.in(channel}, .out@(E), .outl(F), .out2(G), .out3(H)}, .s@(rx s@), .sl(rx s1));

(-iné&(A), .inl(B), .in2(C), .in3(D),

Lwa1s/

inl

@ *

({s1, se})
'd8: out = in@;
"di: .
‘d2- ML (
"d3: outr

fud  Pod P d



% £33 M| - Vector

» Scalar - ¥ - ¥ wire/¥ - B reg.
» Vector - - %2 wire & - % reg.

)1N19311Y2.IY J191ndwio)

e VectorStock®




% £33 M| - Vector

e VR HY - (FeE Q9 wuo @ % 0 index 3 N TF o

a[1] -

gl )4 [1:0] a;

o[0] [6:2] b;

B] . b [-2:8] c;

b[2] | T : 21)
and@(a[e], b[1], c[-2]1);

c[-2] o

c[-1] &

c[0]
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% i A - Vector

o« V- I EH I SIERE ? T U * Py L pFE e 5N o

sum_xy[5] — > higher[2]

sum_xy[4] —> higher[1] reg [ 5: 9] sum_xy,
wire [2:0] higher;
sum_xy[3] ——| higher[0] assign higher = sum_xy[5:3];
sum_xy[2]
sum_xy[1]
sum_xy[0]
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% £33 M| - Vector

* BB i (MSB) & & i

|5

- (LSB) eie § 4 A 4058 2

o ZFHA N-1:0 izffen 83 & L0 N s
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s R AR - Array

» Array - ¥ MALE % % & vector ¥¥ scalar

arr_scalar [8:7];

arr_vector| [@:7]; arr_scalar
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7 w53 A - Array

R§_vector 7 array 2w

3 Tyector P ewh— &4 | o

[3:8] arr_vector [8:7];

not@(arr_vector[@][2],

- A4

% - B index € &dpdt "vi- B vector, @ %

FaH ¢ -

—

—

EA 7
f# index Rl&dj

arr_vectoy[7]

3r r"_'h"'E‘f:t‘:' " [_' ] [1] } »

arr_vector[1]

arr_vectoE[O]
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Behavior level

PUE B

41%ﬁﬁi3
M &L 7 ak3zh 2 3% 4T 3 iR F
,q:?
;R

& i N ’iﬁ»?!‘/\%*}%’ﬂvﬁi and & xorﬂl?rﬁ

module adder (input a, input b, output ¢, output s);

assignc=a &Db;
assigns =a”b;
endmodule

adder > R
a 1/ [

[\
A s |7

m A B AR o
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Behavioral Level &3k 3+

* 7 @ f& Behavioral level =73t
* Continuous assignment

a=>b+ C;

 Procedural block
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Continuous Assignment

continuous assignment ¢ 7z = #¥%4, assign, lhs(=
), = & rhs(+ &)

TR EE Y R B E BARED 2 EaUREAR
j\alrﬁ "(:}B /J‘)F)J.é:'q:,—@mz\ii\‘ ,%1i;\%’2§#-‘—2—lj/{ég

-

i# 8 ~(wires, constant, regs) Hi# & &

b —
_[,_:)—> a 1'bz » highzee

ire highzee;

n highzee = 1'bz; 16
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- [P -
Behavioral Level & & =~
« B AL KFP & Verilog A2 F % av ok
s S REERHF S0 & ]
« 738 5 7 RRIRF ¢ nT B PTG A &gk B (unknown,
x) ¥ % fEdu(high impedance, z)

)

0 1 X Vi

Verilog Data Types (chipverify.com)

N . .
- e e — —
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https://www.chipverify.com/verilog/verilog-data-types
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Verilog oV UE EE 0 bit ik P R R
A“';@i ’ ’Z'Lf‘l‘] -&r-ﬁc”ﬁ g4 » v 1Y é"#"
ekt TLKBZ bit

. "3\4- =\
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Behavioral Levelei:& & ~

¢ 659 BB 32-bit ¢ 10 2483

e ‘h837FF  &_B 32-bit = 16 &#4|&F

e ‘07460 X B 32-bit e 8 EBH|HF

¢ 6°d32 ¥ B 6-bit 0 10 248

e 4°b1001  E_B 4-bit =z &4 EHF

e 3°bO1Xx i 3-bit &= E4#F > LSB A& 7 (x)

e« 16°b1111 0101 1010 0000 E_i# 16-bit == i&4|#HF >
FORA L E RBER
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- /2 N
Behavioral Level & & <+
« LA ® k1 24 behavioral level ¥ 1 favmit & g
Operator Description Usage Operator Description Usage
-, %/, Arithmetic opl + &, |, *, Bitwise
. 1 & 2
% operator op2 New () operation P P
! Logical negation lop ~ Bitwise negation ~0p
&, ~&, |, .
&&, ||, . opl || Al Reduction
T Logical operator ~|, 7, &op
==, I= op2 A (M) operator
<<, <K<, : opl << 5. . Condition?
5>, >>> Shift operator op2 P Conditional opl : op2
. 1, . .
{} Concatenation ciif."} {{}} Replication {op1{op2}}
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Behavioral Levels:&E & +

2

* B AL KPP - T negation & reduction i 3
*0

* Logical negation ¢ - i & =~ > 4ok iF B A X ¥
RiEE A2t jl%‘,gﬁ;iﬂ', 0 o
- Bitwise negation R € 4= gﬁj ~ et g bit 30F B o

» Reduction ¢ 38 ¥ = #0953 bit 58— Azie 7 | A & o

1o A

=
v

6

op1[0] —>—>o—> 0p2[0]
op1[1] —>—>o—> op2[1]

op1 —» ==0 > op2
P g op1[2] —F>°—> op2[2]

op1[3] —>—>o—> op2[3]
3 :E .
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op2 = N“npl;
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Behavioral Level s

« Concatenation £2 replication
L RN /f@ﬁ’_vecto P (%3 1
Concatenation ¢ 3= = |
- AL
. Repllcatlon €A MG IRREE L K
X0 eieid repllcatlon 48 Bl = Zﬁx——
T & H_F #co A oa E_wire ~ reg &

s R

wire [15:0] byte, half_word;

assign half word = {{4'd8{byte[7]}}, byte[7:0]};
- T & &% e

byte[7
byte[6
byte[5
byte[4
byte[3
byte[2
byte[1

e e e e i — |

byte[0

T

&8 3

Replication|Concat

—>»byte[7—
—»byte[7H—
—>byte[7——
—»byte[7T—
—»byte[7H—
—>byte[7——
—»byte[71—
—»byte[71—

Y Y VY VYYVYVYVYVYYVYYYVYVYVVY

halfword[15]
halfword[14]
halfword[13]
halfword[12]
halfword[11]
halfword[10]
halfword[9]

halfword[8]
halfword[7]

halfword[6]
halfword[5]
halfword[4]
halfword[3]
halfword[2]
halfword[1]
halfword[0]
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& * Behavioral Model & 73 3

* BERAEBEOE APRT T BBLG L TH R A nodule
* (Concatenation
* Vector
* Ternary operator

B,
r¥x_sl,

channel ;
(-in({D, C, B, A})}|.sel({tx s1, tx_s6}), .out(channel));
(-in(channel), .out®(E), .outl(F), .out2(G), .out3(H),
(rx_s8), .s1{rx s1));

out);
d 1n|@] @ 1n[1)])
? in[2] : in[3]) ;
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F 148 (- ) 4-bit Ripple Carry Adder

GF (- )R PR & R

 1-bit = full adder ° % & # * continuous assignment =77
AL EDR o

« 4+ 4 B full adder ¢ #FA=R Y #F3|- B & * ripple carry &
_F'.; e5e ) }z ‘F?"g\; °

e & FA.v # % > # * behavioral #= ;¥2 & p & & full adder
B -

&+ ADDER 4b 7Riptp%x# » 2 £ p e 3 72 ADDER 4b 7RiBHiLi »
I ¥ 1nstantiate % & oz B I-bit 4z B o
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F 148 (- ) 4-bit Ripple Carry Adder

File Structure

Fokkok
v

Hekdok
v

th1.v

Cin
[3:0]A

[3:0]B

ADDER_4b

Al0]

v

B[]

Full Adder

S[0]

v

A1l
B[1]

Al2]

Full Adder

S[1]

v

B[2]

Al3]

Full /Tdder

S[2]

v

B[3]

Full Adder

S[3]

Cout

\ 4
Cout

> [3:0]S

Must be the same
name and bit-width

Provided
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Behavioral Design — & #
Procedural Block
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{ Behavioral &

Bz AL C/C++ 7375 38

\\\
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Can We be More Behavioral?

- & 3 #®%* procedural block &7k 3 FEENF

e reg

« Sensitive list

A Y ﬁ .
V2 B
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Always Block

Continuous assignment #p % %4 - @ (RHS) chi & imMZzd < @

(LHS) ¢

e always block ¥ ¥ 7 £ - & 4pif n’%'ﬂﬁ:’* o AR - B

SR F e Bl FE BB O RERFT- I T IHNF > 2

%éi%i % ¥ 'ET“ = ‘Wﬁ‘»ﬁ%e& ; mﬁ¢%ﬁf7» 78 JRF S R AE é}‘i 7
Y.

4+

module mux(input[3:0] in, input[1:0] sel, output reg out);

always @ (in or sel) begin
case (sel)

2'do: out
2'dl: out
2'd2: out
2°d3: out
endcase

end
endmodule
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Always Block

PRET K& T &XEB always block €#FH 72 ¥R TRl ¥
% begin £ end #- BAENFE Ak > F C/CH iz + 3
55 > 7% always foidh i o E%;I‘&gﬁai;ff@; AT Ak Ly #H
begin/end - 7% always fj‘uf' ERFINT - B FLa

-

PN

FPEFAAMTEIE TR RS T Ak TR alvays

fie begin/end & - B f§ L enivi2

module mux(input[3:0] in, input[1:0] sel, output reg out);
always |@ (in or sel)

case (sel)

2'd9: out in[0@];

2 d1l:vout =" in[1];

2 d2:>out in[2];

2'd3: out qn[i3 1k

endcase

endmodule
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Sensitivity List

T ARG OR R T R R L e
FRE LT HAFZEER %R
T IERE AP sen51t1v1ty list I3 & ¢4 2ie B always
block ARt 2u 555 4 se P ¢ H 7

v/ &

57 & e+ @ (RHS) £ &4 if/case %% LRI wire/reg 7
5 i Efrj“ij‘&éﬁ T — =x always > *#74 sen51t1V1ty list A& ¥ 13 b it

£

1 wire/reg ¢

module mux(inputl3:0]1 in. input[1:0] sel, output reg out);

always| @ (in or sel) begin
case (sel)
2'd9: out in[0@];
2 d1l:vout =" in[1];
2 d2:>out in[2];
2'd3: out qn[i3 1k
endcase

end 39
endmodule




Sensitivity List

« #i#E %5 &® combinational TEPF> A A €F H sensitivity
list A/EFE-E P 1nput o TN Verllog A P iET - Bl e
%2 always(*)/always* - &8 8% € & simulator p @ 2 78387
R Pl & A~ sensitivity list #Z 0 FJpb vt #ud Rio M RUE

module mux(input[3:0] in, input[1:0] sel, output reg out);@module mux(input[3:0] in, input[1:0] sel, output reg out);
always '@ (*) begin always @ * begin
case (sel) case—(>el)
2'do: out = in[0@]; 2'do: out
2'dl: out in[1]; 2'dl: out
2'd2: out in[2]; 2'd2: out
2'd3: out = in[3]; 2'd3: out
endcase endcase
end end
endmodule endmodule

in[0];
in[1];
in[2];
in[3];
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& sequential block #Z & 4%
i =i (LHS) ,Tfu@?rﬁi 7 A
reg - & i A_ output = A_p R
Fe SN g TR
A% * 3] sequential block >
372 reg T % flé%l_?; r 3R,
# 1 ihoregister > 7 € A4
- i flip—flop ;i%f[% reg &
TR LI RE L ES At
k £

<

2
- =X fa % always block Z {s¢
B

odule mux_demux(in, sel_mux, sel_demux, out@, outl, out2, out3);

input[3:@] in;
input[1:0] sel mux;
output ute;
output outl;
output out2;
output out3;
input[i.o] sel_demux;

channel;
always @ * begin
case (sel)
2'de: channel = in[@];
2'dl: channel = in[1];
2'd2: channel = in[2];
2'd3: channel = in[3];
endcase
end
always @* begin
case ({s1, se@})
2'd@: begin
out® = channel;
outl = ©;
out2 = 0;
out3 = 0;
end
2'd1l: begin
out® = 0,
outl = channel;
out2 = 0;
out3 = 0;
end
2'd2: begin
outd = 0;
outl = 0;
out2 = channel;
out3 = @;
end
2'd3: begin
out@ = 9;
outl = 0;
out2 = 0;
out3 = channel;
end
endcase

end

endmodule
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Blocking Assignment

© P15 AR AR RSN RIEE D U2 R L reglster 4%
PG H A AP A ",’sfsnﬂ blocking assignment (=) ; 2z {8 &k
sequential % B FF 1 € #.3] non-blocking assignment

« &% blocklng assignment %5 > M TR 24 F 5 0] B g ARNFR
PE - FoRREFZF 0 F RGP gate @ s e Fe ek +

module Adder(input [3:0] x, input [3:0] y, input cin, output reg [3:0] s, output reg cout);
reg[5:0] sum_xy;
always @* begin

sum_Xy = X + Y;
{cout, s} = sum_xy + cin;
end
endmodule
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