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Chapter 3

Behavioral Statements



Behavioral Statements

Procedural Statement
always
initial

Block Statemen

begin ... end
Conditional Statement
case

if



Behavioral Statements

Looping Statement
for
while
repeat
forever



Behavioral Statements

Statement of Procedural Assignment

<=

Procedural continuous assignments
assign

subroutine Statements

task
Function



Procedural Statement

always Statement

always @ (sensitive signal and sensitive signal list or expression)
Various behavioral statements including block statements

sensitive signal list

always (@(a or b or c or d or sl or s0). // Verilog -1995
always @(a, b, c, d, sl, s0). /' / Verilog-2001

always @(*)
always @*



Procedural Statement AL

The Application of a/ways Statement in D flip-flop Design

Example:

module DFF1 (CLK,D,Q) :+ —
autput: Q. 3 C&EE?*A_§ L0
input CLEK, D ;« BN
reqg Qr« -

always @ (posedge CLK )« Figure: Edge-triggered D flip-flops

Q <= D;«

Endmodules
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Figure: D Trigger Sequence
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Procedural Statement

The Application of Multi-Process and Asynchronous

Sequential Circuit Design

Example:
module AMOD (D, A,CLK, Q) ;

output Q; input A,D,CLK; reg Q,Q1;
always @ (posedge CLK) //process 1

QL <= ~(A | Q)7
always @ (posedge Q1 ) //process 2

Q0 <= D; . RN .

Endmodule _ T "
AD—-—:D—GL -
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Figure: Sequential circuit of Example



Procedural Statement

Verilog Expression of Simple Addition Counter

module CNT4 (CLK, Q) ;
output [3:0] Q; input CLK; :w T UTHUUUUUTUT

32658 3@ 5833 30 33 0
reg [3:0] Q1 ; af3] | L
always @ (posedge CLK) 0lz] ] ]

Ql = Q1+1 ; // Attention to EE;_J [N I S I S
- tE i A e i 8
the assignment symbol

assign Q = Q1; Figure: 4-bit Add Counter Operation Timing
endmodule
module CNT4 (CLK,Q);
A0 - output [3:0] Q; input CLK;
A — reg [3:0] Q ;
me=2 t ; ° L>a0.0] always @ (posedge CLK)
o ENA QO <= 0Q0+1 ; // Attention to
GLKL > = the assignment symbol
endmodule

Figure: 4-bit addition counter RTL circuit diagram



Procedural Statement

Verilog Expression of Simple Addition Counter

Example:
module CNT4 (CLK,Q) ;
output [3:0] Q; input CLK;

reg [3:0] Q ;
always @ (posedge CLK)
Q <= Q+1'bl ; // no warning

endmodule




Procedural Statement

initial Statement
initial
begin statementl; statement?2; ... end

The following statement is synthesizable, at least it will affect the
synthesis results:

initial S$Sreadmemh ("RAM78 DAT.dat", mem );



Procedural Statement AL

-~ Initial Statement

'timescale 1ns/100ps // Declare simulation time unit 1lns, accuracy 100ps
module test: // Define testbench test module named test
reg A; B, C;
initial // Defining the stjructure of the initial procedure statement
begin
A=0;B=1;C=0 // Define the initial values of A, B, and C at time 0 in the process
#50 A=1:;B=0; // After 50ns delay, the input values of Aand B are 1,0 at the simulation
time of 50ns
#50 A=0:;C=1; // After 50ns delay, the input walues of A and C are respectively 0,
1 at 100ns
#50 B=l1; // After 50ns delay, the input value of B is 1 at time 150mns.
#50 B=0;C=0 // After 50ns delay, the input values of B and C are all 0 at time 200ns.
#50 Sfinish // After 50ns delay, the end
end

'timescale simulation time unit / simulation accuracy



Procedural Statement AL

‘timescale

'timescale simulation time unit / simulation accuracy

// Declare simulation time unit 1ns,
// accuracy 100ps
'timescale 1ns/100ps



Block Statement

“Begin ... end

Begin [: block name]
Statementl; Statement?’?;
Statementn;

End



Conditional Statement AL

case Conditional Statement

Case (expression)
Valuel : begin statementl; statement2; ...; statementn; end
Value2 : begin statementn+l; statementn+2; ...statementn+m; end

Default : begin statementn+m+l; ...; end
Endcase



Conditional Statement AL

case Conditional Statement
Example:
case({lsl;s07)
2000 v <= a;
9RO ¢ W <= b;
FEndcase

y3latch
PRE

Figure: RTL diagram of Example



if Conditional Statement

General Expression of if Statement

(1)if (conditional expression) begin StatementBlock; end //if statement type 1

(2)if (conditional expression) begin StatementBlockl; end //if statement type 2
else begin StatementBlock2; end

(3)if (conditional expression 1) begin StatementBlockl; end //if statement type 3
else if (conditional expression 2) begin StatementBlock2; end
else if (conditional expression n) begin StatementBlockn; end
else begin StatementBlockn+1l; end



if Conditional Statement AL

Combinational Circuit Design Based on if Statement

1f (8 ¥ = A; else ¥ = B;

module MUX41la (A,B,C,D,S1,50,Y);«
1opit A R £,D,81.,.803 output ¥Y; «
reqg [1:0] SEL ; reqg Y; ¢
always @(A,B,C,D,SEL) =«
begin // Block statement start-
SEL = {S1,50}; // S1,S0 as a 2-element vector variable SEL[1:0].

1if (BSEL==0)Y ¥ = A} // When SEL==0, that is (SEL==0)=1, Y=A.
else 1f (SEL==1) Y = B; // When (SEL==1) is true, then Y=B.
else 1f (SEL=—=2) ¥ = (3 [/ When (SEL=—=2) is true, then Y=C.
else Y = D; // When SEIL==3, 1e¢ SEL==2'bll, Y=D.
end // Block statement ends.

endmodules«




if Conditional Statement AL

~ Combinational Circuit Design Based on if Statement

module CODER83 (DIN,DOUT) ; . module CODER83 (DIN, DOUT) ;-
output [0:2] DOUT; output [0:2] DOUT; -
input[0:7]DIN;. input [0:7]DIN;.
reg [0:2] DOUT;. reg [0:2] DOUT;.
always @ (DIN) . always @ (DIN) a
casez (DIN). if (DIN[7]==0) DOUT=3'b000;.
8'b??22?272?220 : DOUT<=3'b000; else if (DIN[6]==0) DOUT=3'bl00;
8'b7222722201 : DOUT<=3'bl00;. else if (DIN[5]==0) DOUT=3'b010;.
827227011 : DOUTx=3"BEBOlO;. else if {(DIN[4]==0} DOUT=3'bl10;.
8'b?727220111 : DOUT<=3'bl10;« else if (DIN[3]==0) DOUT=3'b001;
8 2P0 L.LLL @ DOUTS=3"B001z else if (DIN[2]==0) DOUT=3'bl01;.
8'b??011111 : DOUT<=3'b1l01;- else if (DIN[1]==0) DOUT=3'b01l1;
8'b?0111111 : DOUT<=3'bO01l1;. else DOUT=3"'bl11;.
8'b011T11111 : DOUT<=3'bl11;- endmodules-
Eed-gunlt : DOUT<=3'b000;.
endcase.

endmodule-



if Conditional Statement

~ Combinational Circuit Design Based on if Statement

(DIN[7]==1) & (DIN[6]==1) & (DIN[5]==1) & (DIN[4]==1)
& (DIN[3]==1) & (DIN[2]==1) & (DIN[1]==1) ¢
(DIN[0]==0)

//This coincides with the last row of Table 3-1



if Conditional Statement

B0

a7 9

Com

pinational Circuit Design Based on if Statement

4

IIH 00000000 % 10101001 % 11000011 3y 0000011 % OODOLII1 y OOOLIT11 %  OOLI1111 ):( DITEININ | o
nouT 000 ¥ 100 ) § 010 Y| 110 VTR R 011 ¥ 111
Figure: Timing simulation waveforms

Table: 8-line-3 line priority encoder truth table
input} output.
din0 dinl din2 din3 dind dinS5 din6 din7- output) outputl output2.
X X X X X X X 0- 0 0 0-
X X X X X X 0 1. 1 0 0.
X X X X X 0 1 1. 0 1 0-
X X X X 0 1 1 1. 1 1 0-
% % X 0 1 1 1 1. 0 0 1.
X X 0 1 1 1 1 1. 1 0 1.
X 0 1 1 1 1 1 1. 0 1 1.
0 1 1 1 1 1 1 1. 1 1 1.




if Conditional Statement

= Sequential Circuit Design Based on if Statement

Example:
module LATCHI1 (CLK, D, Q) ;

output Q ; i1nput CLK,D;

reg Q ; CLk [
always @ (D or CLK) o #éiifj =0
1f (CLK) Q <= Dy; |
endmodule
Figure: Latch Module Internal Logic Circuit
PRE e
PEE»———p Qo———>Q
CLK ED>———{ENA  : I
CLR 9 ] 0 S

Figure: Latch Module Figure: Timing waveform of the latch in Example



if Conditional Statement

~Design of DFF with Asynchronous Reset and

Clock Enable —
Example: poi =
module DFF2 (CLK,D,Q,RST, EN); C?LR
output Q; o
input CLK,D,RST, EN; Figure: D Trigger with Enable and
0 e T Reset Control
reg Q;
always @ (posedge CLK or negedge RST)
begin
if (IRST) Q <= 0; cax LML LML T L1
' = D D NP 1) (! e
else 1f (EN) QO <= D; o | —
end EST I
endmodule 9 I

Figure: Sequence of Example



if Conditional Statement AL

~Design of DFF with Synchronous Reset
Rel Q-reg0 o N[ A I S R
Qat ?I\'A KT |_| |_| |_|
CLKC>————! CR g | | I_
Figure: D flip-flop with Synchronous Clear Control Figure: Timing diagram with synchronous clear control D
flip-flop
Example: module DFF3(CLK,D,Q,RST) ;
output Q ;
input CLK,D,RST ;
reg Q;

always (@ (posedge CLK )
if (RST==1) O = 0;
else 1f (RST==0) Q =
else Q
endmodule



if Conditional Statement

~Design of DFF with Synchronous Reset

module DFF1 (CLK,D,Q,RST) ;
output Q; input CLK,D,RST;
reg Q, Ql; //Note the Ql signal definition
always @ (RST,D) // Pure combination process
if (RST==1) Q1=0;
else Q1=D;
always @ (posedge CLK )
Q <= 01;

endmodule
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if Conditional Statement

“ Design of Latches with Clear

Example:
module LATCHZ
output Q ;
assign Q =

endmodule

RST B

(CLK,D,Q,RST) ;
input CLX,D,RST;

('RST)? 0: (CLK ? D:0Q); e 0

CLKI=>
DEE>

S 7

By

Figure: Logic Circuit Diagram with Asynchronously Cleared

Latches

CLE
REST

DE»———-7p0 o————Q
CLKD>———ENA

CLR

Figure: A latch with asynchronous clear
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Figure: Simulated Waveforms with Asynchronously
Cleared Latches



if Conditional Statement AL

“ Design of Latches with Clear

module LATCH3 (CLK,D,Q,RST);

output Q ;
input CLK,D,RST;
reg Q;

always @(D or CLK or RST)
if (!RST) 0<=0;

else
if (CLK)  Q<=D; DEE——— 0 | ol—— O
endmodule cthjﬁha—h—HER
RST HED—— Y

Figure: A latch with asynchronous clear



if Conditional Statement

Characteristics and Rules of Clock Procedural Statement

Mixed signals are not allowed in the sensitive signal table. Once the sensitive
signal contains the edge sensitive signal of posedge or negedge (i.e. a single
edge), all other ordinary variables cannot be placed in the sensitive signal
table. The so-called mixed signal representation is not allowed, as the
following form is wrong;:

always @ (posedge CLK or RST )
Or
always @ (posedge CLK or negedge RST or A)



if Conditional Statement

Characteristics and Rules of Clock Procedural Statement

always @ (posedge CLK or negedge RST )
begin 1if (!RST)

always @ (posedge CLK or negedge RST )
begin 1if (RST== 0)

always @ (posedge CLK or negedge RST )
begin 1if (!RST==1)



if Conditional Statement

Characteristics and Rules of Clock Procedural Statement

Example:
module DFF5 (CLK,D,Q,RST,DIN,OUT);
output Q,OUT;
input CLK,D,RST,DIN; reg Q,0UT;
always (@ (posedge CLK )

begin OUT = !DIN; .
1f (RST==1) Q=0; D% Bk —Q
else j_f (RST:: ) Q:D; Q-0 ENa
end -
endmodule e
DN s —ouT
CLk[=

Figure: RTL diagram of the Example



if Conditional Statement

Characteristics and Rules of Clock Procedural Statement

Example:

module DFF5 (CLK,D,Q,RST,DIN,OUT);
output Q,0OUT;
input CLK,D,RST,DIN; reg Q,OUT:

always @ (posedge CLK ) Rigi::fi .
begin  OUT = !DIN; il v >
1f (RST==1) 0=0;
else if(RST:: ) Q:D; wzm
end k= ® T
endmodule

Figure: RTL diagram of the Example



if Conditional Statement AL

Practical Addition Counter Design
Example:

module CNT10 (CLEK,RST,EN,LCAD,COUT,DOUT,DATA) i+

input CLK,EN,RST,LOAD ; // Clock, Clock Enable, Reset, Data Load Control Signals«

input [3:0] DATA ; //4-bit parallel loading datae
cutput [3:0] DOUT ; //4-bit count outpute

output CCUT ; // Counting carry outpute

reg [3:0] Q1 : reqg COUT ;e

assign DOUT = Ql; // Output the internal register count result to DOUT«

always @({posedge CLK or negedge RST) // Timing processe
begin«
if (!RST) Q1 <= 0;//Asynchronously clear the internal register unit when RST=0«
else 1if (EN) begin // Synchronization enable EN=1, allows loading or counting«
if (!LOAD) Ql<=DATA; //When LOAD=0, data is loaded into internal registerse«
else if (Q1<9) Q1 <= Ql+1;//Accumulation allowed when Q1 is less than 9«

else Q1 <= 4'b0000; end // Otherwise clear and return to initial value after one

clocke
ende
always @(Q1) // Combination processe
if (Q1==4'h9) COUT = 1'bl; else COUuT = 1'b0; + b

endmodules



if Conditional Statement

Practical Addition Counter Design

=33 [y Wp g Ny By gy NglgNyly Uyl Rgiyigigigipigl;)
oo ]

EST I

LOAD L I

IATA E i T ¥ 5 4
Do
cour L L

Figure: Simulation waveforms of the Example
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Q3.0 Equalo
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CLK[ =
EN[_»
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Figure: RTL circuit diagram synthesized and obtained by Quartus Il for the Example




if Conditional Statement

Shift Register Design with Synchronized Preset Function

Example:
module SHFTI1 (CLK, LOAD, DIN, QB) ;

output QB; input CLK, LOAD;
input[7:0] DIN; reg[7:0] REGS;
always @ (posedge CLK )
if (LOAD) REG8<=DIN ;
else REG8[6:0]<=REG8[7:1];
assign QB = REG8[0] ;

endmodule
a2 8o ) 0 I 5 i O
e 3E ¥ sh W es ¥
LOAD 1 1
REGS 00 9B O {E6 ¥ Fa Y Fa YFC YFEY

; | | ] I

Figure: Working timing diagram of the Example
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if Conditional Statement

Conditional Instructions in if Statements

module andd(A,B,Q) ;-
output Q ;.
input A,B;.
reg Qj;-
always @(A,B ).
1f (A==0).
if (B==0) 0Q=0;.
else 0=1;.
endmodule-

module andd (A,B, Q) ;-
output Q ;-
input A,B; reg Q;.
always @(A,B ).

if (A==0).

begin.

if (B==0) 0=0;.

else 0Q=1; end.
endmodule-




if Conditional Statement AL

Conditional Instructions in if Statements

module andd (A, B, Q) ;. QSlatch

output Q; input A, B;. BED———o o~

reg Q;. AMENSLH

always Q@Q(A,B ). :

if (B==(). Figure 1

begin if (B==0) Q=0;. -

end. ED——£>__iiT

else Q=1;. —ibbjﬁy**:”
endmodule- ai%




Statement of Procedural
Assignment

= or <=

Blocking assignments.
X = 4q,
y =Db;
Non-blocking assignments.
y <=3
y <=Db;



Loop Statement

' for Statement

for (initial value of loop setting expression; loop

condition control expression;
increment expression)

begin
loop body statement structure
end

loop control wvariliable



Loop Statement

' for Statement

module MULT4B(R,A,B),; «
parameter S=4;.
output[2*8:1] R &
input[8:1l] A:B § »
reg[2*¥5:1] B
integer i;e«

always @ (A or B)

begin -«

R =20
for (i=1;
if(B[i]) «

R=R+ (A<< (i-1));

lefte.

end «

endmodules

P |
Ft

1<=8; i=i+1)«

L /shifk

(i-1)

bit

module MULT4E (R,A,B) ;-
parameter S=4;.
cutput [2*&:1] R § +
inpitE [831] A B
req[2*8:1] R;AT;
always @(A,B )
R=0; AT =
BT = B; CT = S5;«
for{CT=S; CI>0; CT=CT=1}+
begin 1f(BT[1]) R=R+AT;-«
AT = AT<<1; //shift 1-bit left
BT = BT>>1; // shift 1-bit

reg[8:1] BT,CT;«
begine«
{{S{1'BO}}, A};

righte«
end end «

endmodules




Loop Statement

' for Statement

0 A HESVEREEENREENENEHESEEIE (IR IETEIEED SIED SN
5 B g b 15 X 3 4 B WA s Y 17
o 10 R D SN () 5 = Iz ¥ 15§18 [ ST T 3 BB T £ SEEE

Figure: Timing simulation of a 4-bit multiplier



Loop Statement

while Statement

while (loop control conditional expression)
begin

loop body statement structure

end




Loop Statement

- while Statement

module MULTA4B(A,B,R) ;«
parameter S=4;.
input[S5:1] A,B; «
gutput [2*8:07 R
raeg2*8:1] R:AT
regl8:]l] BT;CT:w
always@ (A or B) begine
R=0; AT={{S5{1'b0}},A}; «
BT=B; CT=5;-
while (CT>0) begine«
1if(BT[1]) R=R+AT; else R=R; «
begin CET= €T-1; AT=AT<<]1;
end end end o
endmodule-

BT=BT>>1;

module MULT4B(R,A,B); «
parameter S=4;.
oitpit [2*B:1l] Ry dnpuk
reg [2*¥S:1.] TA,B: o
reg [Sil] TB; =«
always @ (A or B)
R=0,; TA = A ;
repeat (S) begin «
if(TB[1l]) begin R=R+TA; end -
TA = TA<<l; //left shift 1 bite
TB = TB>>1; //right shift 1 bite
end «
end-«
endmodulee-

[S:1] A,B ;

begine«
TB = B

=
r+

+




Loop Statement

repeat Statement

repeat (loop number expression)
begin

loop body statement structure

end



Loop Statement

- forever Statement

forever statement;
or
forever begin statement; end
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task and Function Statements

task

task <task name>;
Port and data type declaration statement
Begln procedure statement; end
Endtask

<task name> (Port 1, Port 2, ..., Port N);
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task and Function Statements

task

Example

module TASKDEMO (S5,D,C1,D1,C2,D2); // Main program module and port definition
input 5; input[3:0] €c1,D1,C2,D2;

output [3:0] D;
reg [3:0] outl,outZ:;
task CMEF;

input [3:0] &,B:

output [3:0] DOUT;
begin if (A>B) DOUT= A;
else DOUT=EB; end

endtask
always @ (*) begin
CMPE (C1,D1l,0utl);

CME (C2,D2,0ut2); end
assign D=87? cutl:out2;
endmodule

// Unlimited number of port definitions

// Task definition, task name CMP, port definition statement
//cannot appear in this line

[/ Mote the ssguence of task port names

// Mission process statement describes a comparison circuit
// Other tasks or functions can be invoked in the task
//structure, or even itself

// End of task definition

/{/ The main program process begins

/{ Invoke the task once. Task invoking statement can only
/fappear in the process structure

// The second invoke to the task



w Lab

task and Function Statements

 function

Function <bitwidth range declaration>
function name;

Input port description, other types of
variable definitions;

Begln procedure statement; end

Endfunction

<function name> (input parameter 1, 1nput parameter 2, ...)



