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CHAPTER

Synthesis of Synchronous Sequential Circuits

Introduction

State Diagram (State graph)
Itis a pictorial representation of the relationships between the present state, the input, the next state and
the output of a sequential circuit, i.e. the state diagram is a pictorial representation of the behaviour of a
sequential circuit.

State table
The state table is a tabular representation of the state diagram. Even though the behaviour of a sequential
circuit can be conveniently described using a state diagram, for its implementation the information of the
state diagram is to be translated into a state table. Both the state diagram and the state table contain the
same information.

5.1 Finite State Machine (FSM)

¢ Finite state machines are sequential circuits whose past histories can affect their future behaviour in
only a finite number of ways, i.e. they are machines with a fixed number of states.

e Asequential circuit is referred to as a finite state machine (FSM).

e Finite state machines are of two types. They differ in the way the output is generated. They are
1. Mealy type model 2. Moore type model

5.1.1 Mealy Machine
In this model, the output depends on both the present state of the circuit and the present inputs.
NS = F(PS, X)
Output = G(PS, X)
Fand G are some logic functions.
PS = Present state
NS = Next state
X = Presentinputs
Input changes may affect the output of the logic circuit.

(el Theory with Solved Examples MADE EARSY www.madeeasypublications.org)




MRDE ERSYH Postal Study Package PIPX] Advanced Electronics | 63

5.1.2

It requires less number of states for implementing a function than that of Moore model.

Inputs L

) Toisie Excitations | o te et Outputs
memo
(F) ! ©
Clk
Clock signal r

State diagram and state table for a Mealy circuit are given below.
0/0

NS output
X=0 | X=1
a a0 b, 1

b b, 1 c0

c d,0 c 1

d d,0 a1

11
State diagram Stable table

Present state represented by the circle.
Binary value of the state represented by the circle.
Always the arrow directs from the
Xy present state to the next state.

X = Input and Y = Output
In the Mealy model, the output depends on the present input. Hence both input, output are represented
on the directed lines.

Moore Machine
In this model, the output depends only on the present state of the circuit.

NS = F(PS, X)

Output = G(PS)

Fand G are some logic functions.

PS = Present state

NS = Next state

X = Presentinputs

Input changes do not affect the output of the logic circuit.
It requires more number of states for implementing a function than that of Mealy model.

Inputs o
(x) Next-state Excitations State Output
Logic memory logic Outputs
(F) (G)
Clk
Clock signal r
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State diagram and state table for a Moore circuit are given below.

NS Input Present
= X=0 X=1 output
a a b 0
b b c 0
c d c 1
d a d 0

.

State diagram State table

Present state represented by the circle.
Output of the circuit corresponding to the
present state represented by the circle.

TC @ Always the line directs from the
X U present state to the next state.

X = Input

In the Moore model, the output depends only on the present state of the circuit and it is independent of
the input applied. Hence, the present output is represented inside the circle belongs to the present state
and input is represented on the directed line.

m Draw the equivalent Moore state diagram for the following Mealy state diagram.
0/0

Solution :

In a Moore state diagram, each state is associated with a fixed output.

States for the Moore state diagram, corresponding to the given Mealy stae diagram, can be assigned
as shown below.

Mealy State Equivalent Moore State
a, with output 0 EN)
a, with output 1 a
b, with output 0 by
b, with output 1 by
¢, with output 0 Co

In the given Mealy state diagram, there no transition that produces next state as “c” with output “1”.
Hence, there is no need a state equivalent to “c” with output “1”, i.e. ¢, in Moore model.

(el Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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The state table and state diagram of the required Moore model can be given as,

Present state e ol )

X=0 X=1
% ao(0) bo(0)
a1 ao(0) bo(0)
bo by(1) co(0)
b b4(1) co(0)
% by(0) ay(1)

State table State diagram

m Draw the equivalent Mealy state diagram for the following Moore state diagram.

Solution :

Same state notations can be followed in the corresponding Mealy state diagram of the given Moore
state diagram.

The state table and state diagram of the required Mealy model can be given as,

Next state Output
Present state
X=0 X=1 | X=0 X=1
a a b 0 1
b b d 1 1 0/0
c a b 0 1
d c a 0 0
State table State diagram

State Reduction
e The state reduction technique basically avoids the introduction of redundant states.

e  The reduction in redundant states reduces the number of flip-flops and logic gates, reducing the
cost of the final circuit.

e Two states are said to be equivalent if every possible set of inputs generate exactly the same output
and the same next state.

e When two state are equivalent, one of them can be removed without altering the input-output
relationship.

e |etusillustrate the reduction technique with an example.

waw.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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m Develop a state diagram for the logic circuit shown in the figure below.

J_D— Y (output)

Solution :
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X T
(Input)
—>
Clock

Excitations of the flip flops are,

Output signal,

The state table and state diagram of the given sequential circuit can be developed as shown below.

I, = Xand Ty = QX
Y= Q,Q,= Moore circuit

Present state| Input | Excitations| Next state| Output
Q Q X | T, | @ Q Y
0 0 0 0 0 0 0 0
0 0 1 1 0 1 0 0
0 1 0 0 0 0 1 0
0 1 1 1 0 1 1 1
1 0 0 0 0 1 0 0
1 0 1 1 1 0 1 0
1 1 0 0 0 1 1 1
1 1 1 1 1 0 0 0

Solution :

e The state table of the given state diagram is,

NS Output
PS| x=0 x=1| x=0 x=1
a|fb__d | 0 1
b | [e f 0 1]
c| b ___d | 0 1
d| e b 0 1
e le f 0 1]
f f c 0 0

Theory with Solved Examples

MRDE ERSY

www.madeeasypublications.org )




MARDE ERSYH Postal Study Package PXPX] Advanced Electronics | 67

“b” and “e” are said to be equivalent states. So, remove “e” and replace it with “b”.
‘a” and “c” are said to be equivalent states. So, remove “¢” and replace it with “a”.

e 5o, the reduced state table is,

NS Output

PS| x=0 x=1 [ x=0 x=1
a | b d 0 1
b | b f 0 1
d| b b 0 1
Flof a 0 0

No further equivalent states are found. So, it is not possible to reduce further.

e Now, the reduced state diagram can be drawn from the reduced state table as shown below:

m

b
0/0, 1/1 tj 11, 0/0

0/0

m Reduce the following state diagram:

0/0

0/1

0/1

Solution :

e The state table of the given state diagram is,

NS Output
PS| x=0 x=1| x=0 x=1
a c b 1 1
b d c 0 0
c g d 0 1
d e f 1 0
e | |a f 1 0]
f g f 1 0
g | [a f 1 0]

“

‘g’ and “e” are said to be equivalent states. So, remove “g” and replace it with “e”.

waw.madeeasypublications.org MBDE ERSH Theory with Solved Examples
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e Thereduced state table is,

“e” and “f’ are said to be equivalent states. So, remove “f” and replace it with “e”.

e Thereduced state table is,

Postal Study Package PIPX]

NS Output
PS| x=0 x=1| x=0 x=1
a c b 1 1
b d c 0 0
c e d 0 1
d e f 1 0
e | |a f 1 0]
£l [e f 1 0]

NS Output
PS1 x=0 x=1| x=0 x=1
a c b 1 1
b d c 0 0
c e d 0 1
d e d 1 0
e a d 1 (0]

MEDE ERSY
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Solution :

e The state table of the state diagram can be given as follows:
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Present Next State Output
State [ X=0 X=1|X=0 X-=
a a b 0 0
____________________________ X = Input
L R d__|_ 0 ____ 1!
Lo |le__d [0 1
d a e 1 0
Le a f 1 0]
Lf a f 1 0]

States “b” and “c” have same next state and output for a given value of input. So, these two states
are said to be equal and we can replace the state “c” with state “b”.

“w

States “e
are said to be equal and we can replace the state “f” with state

and “f” have same next state and output for a given value of input. So, these two states

“

e .

After replacing states “c” and “f” with states “b” and “e” respectively, the resultant state table is
as follows:

Present Next State Output
State (X=0 X=1|X=0 X=1
a a b 0 0
b b d 0 1
Ld a e 1 0]
Le a e 1 0]

States “d” and “e” have same next state and output for a given value of input. So, these two states

are said to be equal and we can replace the state “e” with state “d”.
After replacing state “e” with state “d”, the resultant state table is as follows:

Present Next State (M
State [X=0 X=1|X=0 X=1
a a b 0 0
b b d 0 1
d a d 1 0

In the above state table, no two states have same next state and output for a given value of input.
Hence there are no equal states and it is not possible to reduce the state table further.

From the above table, the reduced state diagram of the given state diagram can be drawn as
follows:

0/0

C www.madeeasypublications.org
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Reduce the following state diagram:

0/0 0/0

Solution :

e | etusassume that, the input variable of the circuit as “X” and the output variable of the circuit as
“Z".

e The stable table for the given mealy type state diagram is as given below:

Present Next State Output ()
State | x=0 x=1 |Xx=0 Xx=1
[a a b 0 1]

b c f 1 0
c c f 0 1
[d a b 0 1]
e b 0 1
f e 1 0

“ a0 [l

For states “a” and “d”, next state and output are same for an applied input. Hence, states “a” and
“d” are said to be equal and the state “d” can be replaced with state “a”.

e After replacing state “d” with state “a”, the resultant state table is as given below:

Present Next State Output (z)
State | x=0 Xx=1 |Xx=0 Xx=1
[a a b 0 1]
b c f 1 0
c c f 0 1
[e a b 0 1]

f a e 1 0

“w “w o n (1]

For states “a” and “e”, next state and output are same for an applied input. Hence, states “a” and

e” are said to be equal and the state “e” can be replaced with state “a”.

[l “ on

e After replacing state “e” with state “a”, the resultant state table is as given below:

Present Next State Output (z)
State | x=0 Xx=1 |Xx=0 Xx=1

a a b 0 1

b c f 1 0

c c f 0 1

f a a 1 0

In the above state table, no two states have same next state and output for an applied input.
Hence, it is not possible to reduce the state table further.

(el Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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0/0

State Assignment

The process of assigning binary values to the states of the sequential machine is known as “state
assignment”. The binary values are to be assigned to the states in such a way that it is possible to
implement flip-flop input functions using minimum logic gates. The output values of the memory devices
are referred to as state variable.

Here in our discussion memory elements are nothing but flip-flops. So, the output of a flip-flop is known
as a state variable of the finite state machine. Follow some basic rules while assigning the binary values
to the states.

1.

4.

N<2"= N = Number of unique states of the system
n = Number of state variables (or) number of flip-flops required

States having the same NEXT STATE for a given input condition should have assignments which can
be grouped into logically adjacent cells in a K-map.

States that are the next states of a single state should have assignment which can be grouped into
logically adjacent cells in a K-map.

Resultant binary states must be unique.

Transition and Output Table

The transition and output table can be obtained from the state table by modifying the entries of the
state table to correspond to the states of the machine in accordance with the selected state
assignment.

In this table, the next state and output entries are separated into two sections.
The next state part of the state table is called the transition table.

Excitation Table

table (with D-FFs) and obtain the minimal expressions for the state diagram shown below.

The excitation table of a sequential machine gives information about the excitations (or) inputs
required to be applied to the memory elements (flip-flops) in the sequential circuit to bring the
sequential machine from the present state to the next state.

It also gives information about the outputs of the machine after application of the present inputs.

Assign binary values to the states, write transition and output table, excitation

1/1 _Ns Output
PS| x=0 x=1| x=0 x=1
1/0 0/0 a a b 0 0
a () c
5 b | ¢ b 0 1
0/0 171 0 c | ¢ a 1 1

( www.madeeasypublications.org
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Solution :
State assignment:
3 unique states (a, b, ¢) = So, two states variable (or) two flip-flops are required.

a— 00
b — 01} randomly assigned three unique binary states.
c—10
Transition and output table:
NS Output (f)
PS | x=0 x=1| x=0 x=1
a —-00 00 01 0 0
b —>01 10 01 0 1
¢ —=10 10 00 1 1
Excitation table:
PS NS F
Q Q | X| @ Q| D;| D,| (output)
0 0 |0|lO0 O0]O]oO 0
0 0 |10 1]o0]H1 0
Q4, Q, are called as state variables
o 1 |o|1 o]|1]o0 0 17 0
which are the outputs of the flip-flops.
0 1 110 1[0 |1 1
1. 0 |01 0|1]0 1
1.0 [1]0 0|0 |1 1
Minimization:
K-map for D, K-map for D, K-map for F
X - X - X -
DX 50 o 1 10 DX 50 o 1 10 QX 00 of 11 10
Q Q4 Q
0 1 3 ’_’2 0 1 3 2 0 1 3 2
0 1 0 ] 1) 0 1
| 4 5} 7 6 4 5 7 6 4 5 7 6
1] 1 x |(Ix] 1 X | x 1| [ 1 [IxX] ] ¥

5.2 Design of a Sequential Circuit or Finite State Machine

Step 1 : State the purpose of the machine in simple words.

Step 2 : Draw the state diagram which gives the complete information about the circuit working.

Step 3 : Write the state table for the state diagram obtained in step-2.

Step 4 : Convert the state table into reduced standard form state table by removing the redundant states.
Step 5 : Assign the binary values to the states (state assignment).

Step 6 : Write the transition and output table.

Step 7 : Choose the type of flip-flops and form the excitation table.

Step 8 : Obtain the minimal expressions flip-flops and the output (based on the contents of the excitation
table) using K-maps.

Step 9 : Draw the logic diagram using minimal expression obtained in the step 9.
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