Lab 5
Verilog — Combinational Design
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. Verilog ## -

. Behavioral Design - # * assign

4 {48 (- ) 4-bit Ripple Carry Adder

. Behavioral Design - # * procedural block
7T (=) 4-bit 2 F

% v48(= ) 8-bit Carry Select Adder
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Verilog # %

Computer Architecture and System Laboratory
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o Ju# & gate

Module i# £

o < R} IBITH IO ISR gate T ApdRan
g Ve ordered list 0 # AR ¥F:& % module (&2
17 gate » & - #4 module) *7¥ &< port vER 3 4% o

X #EY ordered

list &7 4% o

T ha_1_C Y~ rnut

X
| | a
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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);
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operator(

Module i 3%

7 4% module **#&4g 32 > 1nput/output 3

¥ 1 i¢ * connected by name &7
ST R T ORE A B E T ET R Y port B §ep
module gt > 1§ o

tx_se, tx s1,

channel ;
n@(A), -in1(B), .in2(C}, .in3(D), .sB8(tx sB), .s1{tx s1), .out{channel}));

(.i

wials/

3 inl
@:1-:
({s1, se})

"di:

s
"d3: oot

fud  Pod P d

(.in({channel}, .out®(E), .outl(F), .out2(G), .out3(H}, .s8(rx_s8),

(.iné{A), .inl{(B), .in2{C)},

) —

'd8: out = in®;

mu

AR

’

rx se,

51(rx_s1));




% v A - Vector

» Scalar - ¥ - ¥ wire/¥ - B reg.
» Vector - - %2 wire & & - % reg.
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a[1]

% v A - Vector

a[0]

b[0]
b[1]
b[2]

c[-2]
c[-1]
c[0]

Hoe - i£e8 2 V04> & % 02 index ¢H3 FTFF o
a
x [1:8] a;
[6:2] b;
* b [-2:8] c;
| t .
ande(a[e], b[1], c[-2]);
o
c



% v A - Vector

o V- @ F P FIERE QT U A A g o

sum_xy[5] — > higher[2]

sum_xy[4] ——> higher{1] reg[5:0] sum_xy;
wire [2:0] higher;
sum_xy[3] ———>1 higher{0] assign higher = sum_xy[5:3];
sum_xy[2]
sum_xy[1]
sum_xy[0]
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% &9 4 - Vector

e & B > (MSB) & & i

|5

o (LSB) chiicd § # A T4)§ 9

o ZEHR AN N-1:0 e 03 & 278 N ER -
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5 ik A - Array

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

= XS

arr_scalar [8:7];

arr_vector [8:7]; arr_scalar

arr_vector
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5 ik A - Array

« FRE LA f- B vector ¢ array ARG hH ¢ - iEH7

A s

$- B index € #4nH Twi- B vector; » @ %= % index B|Eiy
It Tvector ¢ ewh— ik& | o

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

not@(arr vector[@ [2], arr vector[7 [1]); ‘ 0 I;

arr_vector[1]

arr_vecto@
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Behavioral Design — i # assign

O
@)
S
©
-
—
D
-
>
®)
-
=
@D
®)
—
c
=
@D
QD
-
o
0y
<
92
—
1>
=
—
Q)
o
o
-
jab)
—
o
=
<




%zig.fgﬁég;&_‘s

. Behavior level # rmide e { % ek 3t 34 > AT
MEE A& PN FEF 1A B R~ 7 & and £ Xxor

module adder (input a, input b, output ¢, output s);
assignc=a & b;
assigns=a”b;

endmodule
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Behavioral Level g3 3+

7 = fd Behavioral level #%k3t
* Continuous assignment

a=>b+ C;

 Procedural block
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Continuous Assignment

e continuous assignment # 7 w HF{%4, assign, lhs( =
), = ¥ rhs(% &

e TN EG NI Rt B BRI 2

e AT N LiEAA TR GEE > L
i#E ~(wires, constant, regs) pli#

?”3u 451‘}
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ire highzee;

n highzee = 1'bz;
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Behavioral Level «:& & ~

g £ AL KPP A Verilog %E_}?Xﬁiff”? Ne ET IR AL -

. :f'uiéfé"'—%;ﬁév’ﬂo g

o 7 i 5 0 BEILE ¢ hR B #7115 A Aok i (unknown,
x) 22 3 e Fu(high impedance, z)

7%

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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Behavioral Levelei:& & ~

¥

o Fla T & verilog #2 > ¥ M E_ T E 0 bit #o A ki
C/CH 25 F’”ﬁ 8 2 He o ’"Lr'/&r'%”ﬁ 2R T U AE
ORI FL AR ARG ES {;{ 32-bit -
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e ‘h837FF
e ‘07460
e 6°d32

e 4°b1001
e 3°bO1x
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A _
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bit == ;
e 16°b1111 0101 1010 0000 5’—\7@; 16-b1t ==
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Behavioral Levele:& &

e L& X7 f24 behavioral level #

2o
b\

3

1] @iﬁfﬁgi;ﬁiiﬁ

—TT
Operator Description Usage Operator Description Usage
-, X/, Arithmetic opl + &, |, ~, Bitwise
. 1 & 2
% operator op2 New (1) operation P P
! Logical negation lop ~ Bitwise negation ~0p
&, ~&, |, .
&&, ||, . opl || Al Reduction
Logical operator ~, ~, &op
==, |= op2 A (M) operator
<<, <K<, . opl << 5. . Condition?
5>, >>> Shift operator op2 P Conditional opl : op2
: {op1, : :
{} Concatenation 0p2,..} {{}} Replication {op1{op2}}
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Behavioral Levels:& & +

2a

» 7 LR KPP - T negation £ reduction (i &
=0

« Logical negation ¢ ‘' #i8 & ~ > hodkiF B A
538 2t i&ggﬁ]gg 0 o
* Bitwise negation F| € 4= gﬁj ~ et g bit 30F % o

* Reduction ¢ i85 ~ é#7§ bit 38— Az 7 A ¥ o

op1[0] —>—>o—> 0p2[0]

b1 o e

=
T

6

op2

op1[1] —>» op2[1]
opl —» ==0 —>» op2 >o—)

op1[2] —»>o—> op2[2]
op1[3] —>—>°—> 0p2[3]
3 :E .
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op2 = N“npl;
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. » /N 25 =
Behavioral Level k8 & =
S AEE R = BINA A R (E S e, ERR
HeY g 2 B2 E A gty ddai
¥l v xg\z\' iy Multlplexer
sel: in0 —>
in@, inl, out; out
= (sel) ?(in@ in‘l;i int1 —»
sel
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Behavioral Level ez

Concatenation £2 replication

re [15:0] byte,

sign half word =

T fAE 8 F A eJE vector BF % 1
Concatenation ¢ 4+ & BiFE i@ 5 B
- A2

Repllcatlon e MG IRRBEE L K
=t » e 2z {7 replication 4§ % et ﬁx—
& AN ﬁz » 7 &v E_wire ~ reg s

fo 5 fc

half word;

{{4'd8{byte[7]}}, byte[7:0]};

- L&Ay K

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

—_ e e e e

byte[0

2o
b\

N

Replication|Concat

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

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 i& 73k 3+

s BRERI TR APRY T BBLT L TH R A9 nodule
 (Concatenation
 Vector
e 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)])
d in[2] : in[3]) ;
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| 148 (- ) 4-bit Ripple Carry Adder

o LFFH(-)E HPEE R

* I-bit & full adder - % & ®# * continuous assignment =77
FEES o

e« $3 4 B full adder ? #A= Xk ¥ 3| - B# * ripple carry i#

50 r /
—,E-IT mj"\j ‘/z; Bg o

e & FA.v % » ## * behavioral > ;83 §p 2 &7 full adder
E‘ o
AMEKAb?K%ﬁ?@@’éVEéE~iE%;AMEKAb?Wﬁﬁﬁi’
® 1nstantiate % & oz B 1-bit 4viz E o

\fﬂ: = ?m‘g
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| 148 (- ) 4-bit Ripple Carry Adder

File Structure

*dekk
Vv

deddede
vV

tb1.v

Cin
A[3:0]

B[3:0]

ADDER_4b

A[0] |

v

B[O]

Al1]

Full Adder

S[0]

\ 4

B[1]

Full Adder

S[1]

Y

Al2]

B[2]

Al3]

Full Adder

S[2]

A 4

B[3]

Full Adder

S[3]

Cout

\ 4
Cout

>  S[4:0]

Must be the same
name and bit-width

Provided
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Behavioral Design — i #
Procedural Block
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{ Behavioral en®

o TR EY L A C/CH 5587
module rﬂux(mt‘u‘f‘[B'@] in, inpu output reg out);
always @ (1n or
case (sel)
2'd9: out = in[0@];
2'dl: out in iR
2:d2: out =" in[2];

2 d3: out = in[3];
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Can We be More Behavioral?

= 7 @ * procedural block &7k 3 B2 EFT R
e reg

* Sensitive list

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

Continuous assignment #p % *t4 + & (RHS) eh2 % EMNEF| 2 &
(LHS) ¢

e always block A ¥ ¥ 72 § - ® 4p:@ P > @ EAF - B A

R Fane Bl 0§ e B BRI 0 ﬂgﬁﬁ—ﬁT%ﬁmg’i

@Eﬁ%”:meﬁﬁ,mﬁiﬁﬂﬁ%

fw ~ 5~ w7

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

in[@];
in[1];
in[2];
in[3];

endmodule

30
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Always Block

PRIET k& T & B always block € #FH 7 Ui 7 ehge ] > & U
%18 begin ¥ end #- BN T R4k > i C/CH i+ 4
7% 7R always AL fEH %ﬁgﬁag@ R N S
begin/end - 7% always 3% § f {73 T — B4 Hfws =
AEFAAMTEIE TR RS FRAHE R Y always #
fie begin/end & - B @ § B itk

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

negin

endmodule
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Sensitivity List

RGO - BRIIEREREDRA TR ENE L
FPREAZTIAFEZERFRAE A %

@Fﬁ@‘w}"i& L FV i e sensitivity list d13-> & ¢ /4T ig B always
block &% ﬁﬂ%ﬁ4ﬁﬁﬁgﬁ?

Fls 2%+ E (RHS) 24 if/case ¥ X 4RI wire/reg 7
-k B??J’J%%"i - =% always - #f14 sensitivity list A2 ¥ ri2x b if
1 wire/reg ¢

module mux(inputl3:0]1 in. input[1:0] sel, output reg out);
always @ (in or sel) begin
case (sel)
2'de: out = in[0@];
2 dlzr out in[d];

28d2=Fout inf2];:
2'd3: out = in[3];

endcase

end 32

endmodule
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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

end

endmodule

Sensitivity List

% %% 8 combinational T ELPEF o A7 g% % sensitivity
list #EHEHE® input ° #77 Verilog e FH x5 — Brg> § i1
5% always(*)/always* - i&f@ B /% € 3 simulator p @ 2 F7
TR S HcE & A2~ sensitivity list A2 o FJb vt U iR iefA w2

always @ * begin
case(sel)
2'd9: out
2'dl: out
2'd2: out
2'd3: out
endcase

case (sel)
2'do: out
2'dl: out
2'd2: out
2'd3: out
endcase

in[@];
in[1];
in[2];
in[3];

end

endmodule

33
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Reg Type

& sequential block #2 & 4%
H_Z 0B (LHS) fj‘bﬂ 7?13'».2_% 2V

A output B &_p R
a‘%f@'ﬂ%”i g z &

£z
b3 72 reg T4 fli:‘;r*\»ﬁﬁré“,
# e register > ¥ 7 gf}’ £
- i flip—-flop ,\ell% reg
1‘&“71:‘3’7‘&,\,7\]—\-@’; = IE' gi’:f____f
- =x g = always block 2z fs e

module mux demux(in,
input[3:8] in;
1:@] sel

_mux;

2'da: channel = in[@];
2'dl: channel = in[1]
2= channel = in[2];

channel = in[3];

gir
outé =

outl =
out? =
out3 =

channel;
e;
e;
a;

H
channel;
e;
a;

e;

= 0;

channel;

channel;

sel mux, sel demux, out@®, outl,

out2, out3);
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Blocking Assignment

© FISAPREREHEOFLRIEESY U R R > LG register 78R
pErHE A AR Ta’finj* blocking assignment (=) ; 2 ¢ ¥k
sequential T B P4 € #.3| non-blocking assignment

o &% blocking assignment %% > M TR 24 F S 6] B g ARNFR
g - T AREF T 3 BT gate W8P RS

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_XxXy = X + y;
{cout, s} = sum_xy + cin;
end

endmodule
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iz * |f-else/Case

e &% always block #F “,f T % - F % assign ‘b Ep - B
3F e d_ mux/demux ¥ 1 i % if-else & H_ case kG IR
e RT G g it * - B mux adder kP if-else §? case ¥ 2

FA(cout, X, ¥
cou

1'b0 >

cin { cout

1'D1
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iz % Case

e £ % case » & * case(variable) and endcase to enclose
all cases, AT F &ML MR 2 L BIRT F R beniT i
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Q Cln-»-l>>E: s
-

o N
0p)
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%2

—

D

S 1'b0 >
g cin { cout
O

2 1'D1 =
jb)

—
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2 * Case — Default Case

Default case #_5 7 # & 75 3% match ¥l A2 latch #7® el
© THZTER mux FWF ARG case BEFERAIX -y FEARET
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3 7 ¥48(=) 8-bit Carry Select Adder
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https://www.eg.bucknell.edu/%7Ecsci320/2016-fall/wp-content/uploads/2015/08/verilog-std-1364-2005.pdf
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