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Welcome back. So, in this lecture, we are going to talk a little bit about Behavioral Modeling
in Verilog HDL for Sequential Circuit Design.
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Concepts Covered

* [ntroduction to Behavioral modeling in Verilog HDL

* Examples of Behavioral modeling in Verilog HDL

So, here we will first you know we have already discussed a little bit about Verilog
behavioral modeling and we will take some examples. And, here we want to give some

guidelines about Verilog behavioral modeling.
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Behavioural Modelling

* Behavioral model helps in evaluating trades offs of various architectures before
going to the hardware

* Architecture evaluation occurs in an algorithmic level without going to dataflow
or gate level

* Tt deseribes the behaviour of the eircuit without knowing the logic gates

implementation

is similar to writing program in € language
[t is similar to writing program in C: language

So, behavioral modeling will help. You know the trade-off between; that means if the
algorithm becomes more complex and if you have a timing synchronism is required. So, in
this circuit suppose in the last example we talked about a D flip flop, and to implement a D
flip flop, we have gone to know the level of the logic diagram and those actual things are

difficult to even sometime remember.

Even you know one may not remember what is the internal circuit of a D flip flop, but D flip
flop is a very common flip flop. So, can we just implement a D flip-flop writing you know in
terms of a clock edge and something that will be simple? But, Verilog will identify that it is a

D flip flop and accordingly it will synthesize.

In this way, the behavioral model helps and you know their architecture evaluation occur is
like an algorithm level. And, it will not go into more, we are not going to consider more data
flow or gate level. It is more like a little bit of an algorithm level. But, again we have to be

careful, we should not be should not go too much into the algorithm level.

So, it will be hard for the simulator or synthesis tool to optimize a circuit. And in fact, when
you want to customize or when you want to test point by point you know the timing diagram,
it is very important to understand the circuit inside. So, we should mix between some aspects

of structural as well as some aspects of data flow behavioral modeling.



So, now, we want to describe the behavior of the circuit and then without knowing the logic
implementation; that means, we do not know need to know the inside logic of a D flip flop.
But, we still want to realize a D flip flop using its behavior. So, it is somewhat similar to C

language, but we are not going too much into this ok.
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Structured Procedures e
o= O)
AT —Y =0
Twao structured procedures statements are in Verilog: ol )
. (initial: 4

“~—"Executes only once at beginning of the simulation
* Multiple initial block may present but executes once at the beginning
¢ Multiple statements inside a single initial block grouped using begin
o >eand end
/ s
*( always)

N . . . . .
e Starts at time 0 and executes statements in always block in looping

fashion

So, two structure procedures are there in Verilog. One is we have to write initialize; that
means if you want to initialize something; generally, this initialization block only works in
simulation. It does not work in hardware because, in hardware, you cannot initialize any
register value, whatever is stored has to be taken. But, in the simulation we can customize, we

can initialize.

Similarly, if we are using multiple initializations like multiple registers you are initializing,
then you have to write inside begin and end statements. More than one; that means, suppose
we have a register a which you are initialized like we are writing initial an equal to 0,
something like that. If it is a single statement then no problem. But, suppose you want to
initialize b equal to some 1, if it is a binary number or it is a decimal number you have to

specify b equal to also 0, then you have to write begin and end.

So, more than one step, another thing is always. So, one is initial which only works in
simulation, but always is the one which works for simulation and hardware also. The always
is executed, it starts with the time 0; whenever you start the hardware or the simulation. And

it executes the statement in the loop fashion, depending upon what is the trigger signal.



That means, always will be executed all the time, but whether it will go inside the loop,
always there will be a loop fashion whether the loop will be executed all the time or not, that
depends on the trigger signal, that is kept associated with the always block. If you do not put

anything, then it will always loop and will be executed all the time, but we do not want that.

We want that because it is a synchronous circuit, we want there should be an edge concerning
which, or maybe the edge of multiple signals, will decide whether to enter into the loop. And,
if it enters into the loop what are the changes that are required and that will be demonstrated

using some algorithm?
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Procedural Assignments

It updates the value of reg, integer, real, or time variahles. Two types of

procedural assignment are there: o=l
* Blocking: ==
¢ These are executed in the same order as they are specified
¢ "= "is used to specify the blocking assignment
)

* While executing a line the assignments next to it will not be executed

(that is blocked)
* Non Blocking: 0=l
¢ It schedules the assignments without blocking the procedural flow

"o " . h
¢ " <="is used to specify the non blocking assignment

So, for the procedural assignment, first of all, we need to define a register that can be an
integer or we can also it can take the value of real. Then, are two types of one are the
blocking statement and the non-blocking statement. And, we will discuss for example
blocking and non-blocking. So, only the symbols are different. For blocking, we will write an

equal to b and for non-blocking, we will write an equal to b.

There is a fundamental difference between both taking an equal to b, but there is a
fundamental difference in terms of the level of. If it is only one level there is no problem, but
if there are multiple statements then it makes a huge difference between blocking and

non-blocking.
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Example of Assignments Ny b, ¢ —* 4 it W\}‘W
. ‘ e —i®( £=0 (l<:*:>1‘
Blocking Assignment: 0= Ll R
reg [3:0] a,b,c; v b= | cee0;
o] i pte e 2 k=10
aib=4 430
a=#10 bte; § 28HE sl

A(: éﬂ;l*‘l): W &”7”7[) 12: ﬁ i azl
vend

At the end of simulation
a= 2 and ¢=4 (at time 30)

How does it work? So, let us say we take a blocking example. We are setting a register or
4-bit register a, b, c; all three are registers; that means, a, b, c all are 4-bit values stored in a
register that means, 4-bit register. I would say they are all 4-bit registers, where we can store
some value. Now, again we are initializing. So, initializing with begin because we have more

than one line, even for each line there are multiple you know this subpart.

So, it will begin and end. It should be within this beginning and end. First, we are assigning
an equal to 1, b equal to 2, and ¢ equal to 0; that means, it will first write an equal to 1, b
equal to 2, and ¢ equal to 0. This will start when the simulation starts at 0 times. At this time,
it will first execute a; that means, a will be loaded with a, b will be loaded with 2 and ¢ will

be loaded with 0. This will happen one by one.

So, 1st it will be executed, 2nd it will be executed and 3rd it will be executed. But, if the
same thing if you write an equal to 1, b equal to 2, and c equal to 0, this will also take an
equal to a, a will become 1, b will become 2, and ¢ will become 0. But, this value will actu at
the same instant, they will take instantaneously. So, it is a parallel operation or concurrent.

But, here it is sequential one by one ok.

So, now, once this takes then it goes this is the first statement that we have described in two
possible cases. So, talking about blocking statement; that means, we are talking about this

scenario. Next, there is a 10 unit time; that means, an after 10 unit time; that means, when;



that means, I am telling that at t equal to 10, then a is stored as b plus c¢. Then, what will be a

now? b plus ¢ which is nothing, but equal to 2 right at t second.

Then, after then another 20 units, that means it is after since it starts from 0, 10 units is the
interval. So, it is t equal to 10. Next, after 20 units after this time; that means, it is t equal to
30; that means, 20 is the time increment after 20 nanosecond duration executing this line after
that. So, t is equal to 30, and c is equal to a plus b. Now, at this time what is a? a is 2. What is
b? It is 2. So, it will be 4, because this is 2, this is 2, 2 it will be 4. So, let me add this end of

the cycle, our ¢ will be stored as 4 OKs and a will remain at 2.

So, a will be also 2. This is execution after, this is after t equal to 30 nanoseconds because, we
have not given anything, but we I have discussed that in Verilog by default whenever you set
the simulation time scale, if it is in nanoseconds then it will be 30 nanoseconds. If it is said
microsecond, it will take 30 microseconds, and so on. So, these are the time unit and the

actual whether it is nanosecond or picosecond, that you have to specify at the top.
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Example of Assignments
Blocking Assignment: Non Blocking Assignment: l o= ®
reg [3:0] a,h,e; reg [3:0] a,bye; " b=2 @
initial initial gk 1 0 (9
begin l)cglll /\n\adﬂb‘"‘g |
a=1; h=2; ¢=0; A=l g
La=#10 btc; |< 1#10 bte; t7 =10 M8 c—i—;;\{b
Le= #20 ath: = 7 0 |+l) 3omS
end uld =3 L pd
At the end of simulation At the end of simulation ——
a= 2 and ¢=4 (at time 30) a= 2 and ¢=3 (at time 20)

Now, imagine the second option. Now, we are the second option here you see again this will
show at t equal to 0. The first statement will be equal to 1, b equal to 2, and c equal to 0. So,
this will execute 1st, 2" and 3rd because this is non, it is a blocking statement. Here, it is
blocking for this particular block. It will go one by one initial value. So, it will take the value,

and load it with the value.



And, there is no conflict because it is just taking constant value. But, at t equal to 10
nanoseconds, 0 nanoseconds what will happen? a will take b plus ¢ ok; that means, what will
be my a? It will take b plus c. So, b plus ¢ means it is 2 right? It is 2, it is happening
concurrently. Then after 20 nanoseconds, you see while we are showing that this waveform

we are showing after 10, 20 nanoseconds.

But these lines are getting executed concurrently; that means, it will whenever it executes all
lines are executed the same type. So that means, concurrent they are concurrent. In this case,
a will take b plus c at the same time ¢ will be taking a plus b. So, it will not wait for a to fill
up with 2. What was a? Our original a was 1. So, it will take the original value of a; that
means, it will be a plus b. So, it will take the original value, the original value. What is that?

It will be 1 plus 2. So, it is nothing, but 3.

Even though we are showing 20 nanosenanoseconds this time; that means, at t equal to 30
nanoseconds you will see ¢ remain 3 and a will become 2; that means, the difference will be ¢
because these lines are executed simultaneously. But, these lines are executed one by one. As
a result, these values of ¢ will be different, though they will be shown after 20 seconds, we
are not waiting for 20 nanoseconds more time to execute because they are executing at the

same time.

This is a concurrent operation. Only the display will happen after another 20 nanoseconds

after this.
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Application of Non Blocking Assignment

b= 20

~10
- o=
Swapping of two values / mﬂ

¢ lntk

Case 1: Two concurrent always blocks with blocking JM) .

always (@(posedge clock i
o ¢ (! gecockl MW@.( @C wedis cim)
a=h; WL b s @ P
‘\ulwu_ys ((D,(pose(_]ge clock) o b0 g o v,

= — V) 22 e .

l);l, 0/./. (X 19, \b'— 0

I1if a=h; executes 1", value of b assigned toa e

/I and after that same value will be copied to b N

/l'so both a and b will be having the same value 0z0° 20



So that means, effectively it will show at 30 nanoseconds. So that means, the application of
non-blocking if you want to swap; that means, a and b always at the edge clock; that means,
suppose I have a clock, clock which is coming like this. So, typically the clocks are taken
with a 50 percent duty ratio in general. So, I will take it like this. So, add pauses because we

are talking about the pauses.

So, this is the positive edge, these are edges. So, at this edge, an equal to b, and b is equal to
a. So that means, we are swapping; that means, whatever content b has, it will load it will get
loaded into a and whatever a had earlier will be loaded into b. So that means if originally a
was 10 and b was 20, after this executing this line your b a will become 20 and b will become
10 and this will happen. So, here; that means, the same since we are using always block, that

is why they are happening.

But, suppose we use under the same always at the rate posedge clock. Now, we are writing an
equal to b, and b equal to a. In that case first; that means, first b will be loaded to a and then a
will be loaded to b; that means, whatever value b had earlier will remain the same. That
means, in this case, if originally this was the case, what will happen after executing these two

lines?

You will get equal to b equal to 20. But, suppose if we write always at the rate the posedge
clock, then if we write a less than equal to b and b equal to a, after the execution you will get

an equal to 20 and b equal to 10. So, they will simply interchange swap ok.
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Application of Non Blocking Assignment (cont.)

Swapping of two values

(lase 2: Two concurrent always blocks with non blocking
always @(posedge clock)
a<=h;

h<=a;
/I both the blocks will be executed concurrently

I/ s0 at the end of simulation a will have the value of b

// and b will have the value of a



So that means, swapping to value you can do concurrently. So, it has two concurrent blocks
that can be used with blocking, it is possible that case 1 or using here it should not have
another. So, one should be enough, two should have been enough; that means you can use

just one block.
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Event-Based Timing Control

Three types of event hased controls are there:

1) Regular Event Control: ol
N J'in\ﬁﬂﬂ?sSHHHHHHSHHHWJMHﬁHgVMUEOfun)bMHﬂ7ﬁlﬁh|NH“hE0r
a negative transition of a signal, =

* (@ is used to specify an event control B
Example: =
/IDefining a module for synchronous reset D flip flop e
module D_F_F(Q.D.clk,rst); Tjrs_l)
input D.elk,rst; Q<=1'h0;
output reg Q; else
t}l\/hl‘)% (ii}(l)OSt‘(!g(‘ﬂl{) [hwait till positive clock edge | Q<=D;
K'b(‘gin I end

endmodule

Now, even though there are three types of event regular event control; that means, what we
are using. Always at the rate. So, this is a regular event and if we want to implement a D
flip-flop; that means, it is just a D flip-flop. What will do? In the D flip-flop, what we will
have? We will have you know if we consider a D flip flop, we will have a D block, and we

will have a clock. So, this is our clock and then we can have a reset and Q.

So, if it is reset dominated; that means, when the reset is high then the output will be 0, but if
the reset is low then at the edge of the clock Q will become D. And, if you write always at the
rate clock begin if it is safe; that means, the reset is activated Q will be 1, else Q will be D
because it will only enter the clock edge so; that means, clock edge. So, at every clock edge

will first see whether the reset is high or not.

But, we have not given any reset edge here, as it reset it is all clock synchronized reset; that
means, it is not asynchronous, it is synchronized concerning the clock. Whatever, reset take
unless the clock edge comes, it will not go into the block, and it will not check the status.
Even, if the reset goes high when the clock is not there, it will not make it 0 because it is only

synchronized with respect to the clock.



But if we want to incorporate; that means, this is a D operation you can see the if-else

statement and you should start with the begin with the if else statement.
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Event-Based Timing Control (cont.)
3) Event OR Control:

* Any signal transition among multiple signal or events can trigger execution

¢ Itis expressed with OR of events or signals
Example:
*a asy nchronous reset D ﬂi|1 |]u|>$/
module D_F_I(Q.D,elk,rst);

input Dyelk,rst;
else

always (@(posedge clk or posedge rst) Q:]Bi
T = - end

lmgill
if(rst
Q=1"h0;

output reg Q;

endmodule

Now, if we want to let us say consider the second case. This is the case; that means, we have
again this D flip flop where this is our reset, this is our D and this is our clock ok and this is
Q. In this case if the reset edge comes even though the clock does not come, then it will enter
into the loop because there is a or operation. So, either of the edges of this loop will be

executed.

And when it goes high, if the reset is high, it will set high; that means, if the reset comes edge
come before the clock or after the clock edge, then also the Q will set to 0. And, then if the
reset is low the clock comes, then only it will take Q equal to D. So, it is; that means, this is
called event or control; that means, it is not just a regular event only the clock synchronizes.

You are also synchronizing the clock as well as the same.

So, when you go to you know if you want to synthesize this circuit, you need to take care
about another asynchronous clock because it is not only it is synchronized with respect to
this, and the asynchronous clock may come so, we have to reset. So, such a reset is difficult
to design automatically. So, we need to customize this because there is an asynchronous

clock. But, in the first case what we took is synchronized.



But, here if the clock is very fast then it is ok; that means you might have some delay with
you know taking the reset action into the action. Because if the reset is enabled, but the clock
is yet to come then you have to wait till the clock edge comes, and still the reset is high, then
only Q will be high. So, such may introduce some delay, but it will make use of your
automated synthesized tool to design. That means, is all about in Verilog we can customize to

an asynchronous level with no problem.

But, if you go to ASIC implementation, you have to separate the block which is a clock
synchronized with a master clock. Then, we can write a finite state machine and we can
synthesize the automated tool and the tool will do it automatically, we do not have to do it.
But, suppose some clocks are asynchronous then we have to segregate, we have to define this

block and that block has to be semi-customized.

We have to do it manually; that means, we have to design that CMOS block separately which
the automated tool cannot do. So, that is; that means, one regular event and the regular event

can be easily know synthesized by an automated tool.
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Event-Based Timing Control (cont.)
2) (N

amed Event Control:
* Adefinied event can be triggered(->) and recognized (@).
* After recognition of the event statement can be executed

Example:

[*an 1'\;l|n|)h' of a data huffer storing data aflter last ||m'|u'| of data has arrived*/

evenl data_received; //defining an event called data_received

always @(posedge clk) //check at the positive edge

begin

if (last_data_pkt) /if it is last data pkt

o r——

-> data_receive

> data_veceived

end

ubmys ((l)j(,lu,lu_lmt:i\ﬂd) [Iwait till the event triggred
data_buf={data_pkt|0], data_pkt|1], data_pkt|2|}: /storing all 3 datas

And, if the name event control we can create an event. Suppose, here the event is that data is
received. If the data is received; that means, the last packet data is high then we are creating a
trigger, the data received trigger. And, that trigger can be used under the always block; that

means, if the data received clock goes high, then you can take the necessary action under that



loop. So means, this is one example we can create a custocustomizedt based on the

requirement.

And, that event can be because we will be we will require this event whenever we will go for
the gate signal generation with the dead time, we will need this name event control also. And,
the third one is the event or control, where we have we do not only have a clock that we are
using with another signal. And, if we made more and more, it will not be possible to design

synthetic circuits with an automated tool.

So, we have to customize semi-custom, and we have to manually synthesize this circuit. So,
we need to be careful in a Verilog, when you do FPGA prototyping there is no problem
because everything will be synthesized and it will be prototyping FPGA. But, I am talking
about the ASIC implementation.
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Example of a Up Counter Using Behavioral Model

¢ ¢ ¢, ‘ TEF: T Flip Flop
i Q, P Q,‘L Q;L Q;, Diagram  signifies it s
clk 2pITFE \>TH" TFF TFE required 4 TFTF are required
J sl st sl sl to form the counter
i i e S
4-Bit Ripple Cary counter
A module having same hehaviour as above can be defined Behavioral Model

So, we can take a 4-bit you know counter; that means, it is just the clock, we will increment
the counter and there is a 4-bit you know reset pass. If the reset is high, everything will be 0.

So, this can be easily designed using the behavioral model.
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Example of a Up Counter Using Behavioral Model (cont. )

Defining the Module

module D_F_F(c, clk, rst):

input (:vlk,r.x'_l;ﬁ

c:_)ulpifétr 3:0] c;

always (ii}(llcg(‘.dg(f clk or ])OSC(lgC rst) //wait till posedge clock comes or rst rises from 0
begin il

if(rst)

e=4'd0; //if rstis 1, ¢ is resel
else

(f:(‘+17(ll; {fin all other condition ¢ is increased II) |

endmodule

How? We can define a D flip flop, we have already discussed how to write a D flip flop.
Then, under that module I mean this is a reset clock reset. So, we have a register c, always
block if the negative edge clock or the positive edge reset curve because you are talking about
the negedge of the clock. So, here the clock engagement is considered because there is it is an

active low, engagement of the clock. If the negedge comes, then what it will do?

Reset, it will become the reset is high everything will reset otherwise it will keep on
incrementing. So, this is the incrementing counter. So, every time the clock’s negative edge
comes, the counter is incremented by 1. And it is a modular counter; which means, it is a
4-bit. When all 4 bits become 1, then it will automatically get reset. But, if you separately

reset then at any point you can 0, make it 0.
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* Introduction to Behavioral modeling in Verilog HDL

* Examples of Behavioral modeling in Verilog HDL

So, in summary, we have discussed behavioral modeling in Verilog HDL and we have taken,
and we have considered some example case study case behavioral modeling in Verilog HDL.
And, now we will be going to demonstrate how can we simulate using the ISE simulator,

which we will be discussing in the next lecture, that is it for today.

Thank you very much.



