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Dataflow Modelin
//HDL Example 4-5 g
==
//IDataflow description of a 4-bit comparator.
module magcomp (A,B,ALTB,AGTB,AEQB);
input [3:0] A,B;
output ALTB,AGTB,AEQB;
assign ALTB = (A <B),
AGTB = (A >B),
AEQB = (A == B);
endmodule

1%
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Dataflow Modeling

//HDL Example 4-6
1
/IDataflow description of 2-to-1-line multiplexer
module mux2x1_df (A, B, select, OUT);

input A,B,select;

output OUT;

assign OUT = select ? A : B;
endmodule
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Specifying Boolean Expressions

* Example of continuous assignment

//HDL Example 3
I ot —
/ /Circuit specified with Boolean equations

module circuit_bln (x,y,A,B,C,D);
input A,B,C,D;
output x,y;
assignx=A | (B&C) | (~B &C);
assigny = (~vB &C) | (B & ~C & ~D);

endmodule
nemest ° assign keyword used to indicate
expression

° Assignment takes place continuously
° Note new symbols specific for Verilog
° OR->|
° AND-> &

° NOT->-~
£ce 232 Verilog tutorial 11
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More Verilog Examples - 1

//HDL Example 5
//.—..—.— ——————
/ /Dataflow description of a 2-to-4-line decoder

module decoder_df (A,B,E,D);
input A,B,E;
output [0:3] D;
assign D[0] = ~(~A & ~B & ~E),
D[1] = ~(~A & B & ~E),
D[2] = ~(A & ~B & ~E),
D[3] = ~(A & B & ~E);
endmodule
s
° Combinational functionality
° All assignments take place at the same time
° Note declaration of a bus

° output [0:3] D;
ece 232 Verilog tutorial
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More Verilog Examples - 2

//HDL Example 6

1/
/ /Dataflow description of a 4-bit comparator.

module mag_comp (A,B,ALTB,AGTB,AEQB);
input [3:0] A,B;
output ALTB,AGTB,AEQB;
assign ALTB = (A < B),
AGTB = (A > B),
AEQB = (A == B);
endmodule

° Easy to define arithmetic functionality

° Each comparison creates a single bit result

° Synthesizer automatically converts RTL description to gate-level
description

° RTL = register transfer level

ece 232 Verilog tutorial
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Behavioral Description

module Add_half ( sum, c_out, a, b );
input . b; im
output sum, c_out;
reg,sum, c_out; b c_out

alylays @ (aorb)

sum =a” b; sive or
c_out=a&b;

nd

// And

odule Event control
expression
Must be of the Fiogedure,
‘reg’ type assignme
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Procedural blocks:

— initial block: executes only once

— always block: executes in a loop

Block execution is triggered based on user-
specified conditions

— always @ (posedge clK) .........

All procedural blocks are automatically activated
attime 0

All procedural blocks are executed concurrently

reg is the main data type that is manipulated
within a procedural block
— It holds its value until assigned a new value
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Truth Table to Verilog

module COMB(A. B. Y1. Y2):
input A, B:
output Y1.,Y2:

reg Y1.Y2: Any value changes of A or B

/ will trigger this block

always @(A or B)

begin
case ({A.B})
2'b 00 : begin Y1 :end
2'b 0l : i cend

s end
cend

endcase
end

endmodule
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if and else if statements

if (expression)

statements
{ else if (expression)
statements }
[ else
statements 1

if (total < 60) begin
grade = C
total_C =total_C + 1;
end
else if (sum < 75) begin
grade = B;
total_B = total_B + 1;
end
else grade = A;

case statement

case (case_expression)
case_item_expression
{. case_item_expression } :
statements
[ default: statements ]
endcase

case (OP_ CODE)
2’b10
2'b11
2°b01
2°b00
default:

endcase
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Loop Statements

Four loop statements are supported

— The for loop 'ﬁ

— The while loop

— The repeat loop

— The forever loop

The syntax of loop statements is very similar to
that in C language

Most of the loop statements are not synthesizable
in current commercial synthesizers
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for(i=0;i<10;i=i+1)
begin

S$display("i= %0d", i);
end

i=0;

while(i < 10)

begin
$display("i= %0d", i);
i=i+1;

end

repeat (5)

begin

end

Sdisplay("i= %0d", i

i=i+1;
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Case Statement

module

constant propagation

| gonoraton :‘E@\D wor{ D,
[

Eso O Al1H
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1= $35% et en) E\\x

8 2'00: B=C;
= 2'01:B=D;
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Example of Flip-flop

module Flip_flop ( g, data_in, clk, rst );

input data_in, clk, rst;
output q;
reg q;

a‘:eagvl:@ ( posedge clk )——— peiaration of synchronous behavior

if(rst==1)q=0;
else q = data_in; ,>Proca1ura/slalement
end
endmodule
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More Verilog Examples - 3 J

* Example of sequential assignment

//HDL Example 7
l/_.._._..—_._..-._...__.._.._.__-
/ /Behavioral description of 2-to-1-line multiplexer

module mux2x1_bh(A,B,select,0UT);
input A,B,select;

output OUT; ~;§
reg OUT;
always @ (select or A or B)
if (select == 1) OUT = A;
else OUT = B;
endmodule

° Conditional statements (if, else) allow for output choices

° always keyword used to indicate action based on variable
change

° Generally conditional statements lead to multiplexers
Ece 232 Verilog tutorial 15
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Modeling Sequential Elements J

module D-latch (D, Clk, Q); D Latch
input D, Clk;
output Q;
reg Q;

always @(D or Clk)

if (Clk)
Q =D;
Qslatch
endmodule PRE ]
o[ o a >Q
Cck[>—e———e—ENA
CLR

sen 22 Verilog tutorial 19
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Verilog — D Flip-flop

module D-flipflop (D, Clk, Q);
input D, Clk;

output Q;
reg Q;
always @(posedge Clk)
Q=D;
endmodule Qa0
PRE)
of o Q
Ck[>—e——]
ENA
R

Ece 232 Verilog tutorial
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\ Verilog - Blocking Assignment (

)

module DFF-blocking(D, Clock, Q1, Q2);

input D, Clock; o\r
output Q1, Q2; of o g —a
reg Q1, Q2; Clock(
always @(posedge Clock) B“m
begin
// blocking assignment - series 2vrog0
execution e
Q1 =D; D Q) >
Q2=Q1;
end EN)
endmodule i

Ecean Verilog tutorial

21





image24.png
Verilog — Non-blocking Assignment (<=)

module DFF-non-blocking(D, Clock, Q1, Q2);
input D, Clock;
output Q1, Q2;
reg Q1, Q2;

always @(posedge Clock)

begin
// non blocking assignment can be done in
parallel (or any order)

Q1 <=D;

Q2 <=Q1; Q1090 Q2090

[P =)
end of d 0 2

Cloca[
endmodule £ e
an an

>ar
£ce 232 Verilog tutorial 22
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Verilog — D Flip-flop with Reset

* D flip-flop with asynchronous reset (asserted negative)

module dff_reset(D, Clock, Resetn, Q);
input D, Clock, Resetn;

output Q;
reg Q;
always @(negedge Resetn or posedge
Clock)
if (!Resetn)
Q<=0;
else ! Qo0
Q<=D; g o ¢
o———e]
endmodule K
S Bn
s e

Ece 22 Verilog tutorial
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Three Modeling Styles in Verilog

= Structural modeling (Gate-level)

= Use predefined or user-defined
primitive gates.

= Dataflow modeling
= Use assignment statements (assign)

= Behavioral modeling

= Use procedural assignment
statements (a/ways)
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= Structural model

//structural model of a NAND gate
// program nand2.v
module my_NAND(A, B, F);
input A, B;
output F;
nand G(F, A, B); // first parameter must be output.
endmodule
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Taste of Verilog

Module name * Module ports
module Add_half ( sum, c_out, a, b);
input a b, —

Declaration of port
output sum, c_out; e
wire  c_out_bar; o
“— Declaration of internal
signal
Xor (Sum, 4, b); Instantiation of primitive
// xor Gi(sum, a, b); / les
nand (c_out_bar, , b); ot
not (c_out, c_out_bar); b Sum
endmodule cenl

Verilog keywords c_out
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Hardware Description Language - Verilog |

° Represents hardware structure and behavior

° Logic simulation: generates waveforms

//HDL Example 1 1 <13 .
[ e
module smpl_circuit(A,B,C,x,y); ¢ {>° ‘
input A,B,C;
outputx,y; e,
wire e; N Detect errors before fabricali
and g1(e,AB); § = :m .0'1 hm.m.'.
notg2yC; Rttt
or 93(X:E,Y); wmed| 0 |
endmodule s J

= \_J

ECE232 Verilog tutorial 7.
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Verilog Keywords and Syntax

° Lines that begin with // are comments (ignored by simulation)
° About 100 keywords in total (keywords are case sensitive)

° module: Building block in Verilog
° Always terminates with endmodule

° module followed by circuit name and port list

° Each port is either an input or output

//HDL Example 2

T i ———
module smpl_circuit(A,B,C,x,y);

e
— T

input A,B,C;

output x,y;

wire e;

and g1(e,A,B);

not g2(y,C);

or g3(x,ey);
endmodule

ece 232

a B

Verilog tutorial





image6.png
Dataflow Modeling
/IHDL Example 4-3
I
l/IDataflow description of a 2-to-4-line decoder
lISee Fig.4-19

module decoder_df (output [0:3] D, input A, B,
enable);

assign D[0] = ~(~A & ~B & ~ enable),

D[1] = ~(~A & B & ~ enable),

D[2] = ~(A & ~B & ~ enable),

D[3] = ~(A & B & ~ enable);
endmodule





