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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.

6.1 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

6.1.1 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.
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6.1.2

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.

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.

Theory with Solved Examples MBDE ERSH www.madeeasypublications.org)




MRDE ERSH Postal Study Package FIFY] Digital Circuits | 197

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

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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Develop a state diagram for the logic circuit shown in the figure below.

J_Df Y (output)
Q

Solution :

Postal Study Package PIPX]
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j QTO

+

X T
(Input)
—>
Clock

Excitations of the flip flops are,

Output signal,

T,= Xand T, = QX

Y= Q,Q,= Moore circuit
The state table and state diagram of the given sequential circuit can be developed as shown below.

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,

PS NS Output
X=0 X=1 X=0 X=1
a | b d [ o 1
b | [e f 0 1]
c | b d [ 0 i
d e b 0 1
e le f 0 1]
f f c 0 0

Theory with Solved Examples
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“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

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,

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 f 1 0
e | |a f 1 0]
£l [e f 1 0]

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

e Thereduced state table is,

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 d 1 0
e a d 1 (0]

Example - 6.6 Reduce the following state diagram:
0/0

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

e The state table of the state diagram can be given as follows:

Postal Study Package PIPX]
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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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Develop Mealy and Moore type of state diagrams for a one input-one output
sequence detector, to detect the sequence “110011".

Solution :
For Mealy model design

For Mealy model, the number of unique states = number of bits in the sequence to be detected.
In this question, the sequence to be detected is “11011”.
Number of bits in the sequence =5 = Number of unique states = 5 ( let us say A, B, C, D, E)

If overlapping sequences are not allowed to detect:

if X =0= Remains in the state A
AX = ' = ns | in both cases o/p =0
if X =1 = Moves to the state B

0/0
N if X =0= Moves to the state A
if X =1 = Moves to the state C

@ 0/0 @ 1/0 @

if X =0=110= Moves to the state D
C 11X = == }inbothcaseso/p=0

B:1X }in both cases o/p =0

if X =1=111= Remains in the state C

1/0

fX=0=1100=M to the state A
D 110X = — U= VOVes 10 IS S8 A L both case ofp = 0
if X=1=1101= Moves to the state £

@ 0/0 @ 1/0 @

if X=0=11010= Moves to the state A= o/p=0
if X=1=11011= Moves to the state A= o/p=1

0/0, 1/1

As overlapping is not permitted, after the detection of the desired sequence, the machine moves to
the first state.
The resulting state diagram is,

E:1101X

0/0, 11

N
=
o

0/0

D)

0/0 A

B © (D) E
10w~ 10 0/0 1/0

0/0
If overlapping sequences are allowed to detect:
For the overlapping case, the state transitions from the states A, B, C, D are same as that of the non-
overlapping case. Only the state transitions from the state £ will change as follows,

@

(el Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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Minimization :
K-map for D, K-map for D, K-map for D, K-map for Z
QX - - — _ __ _ QX — = = | = QX — - — _ QX - - =~ _ _ _  _
Q,Q QX QX QX QX Q@ QX QX |QOX | QX Q,Q QX QX QX QX Q,Q QX QX QX QX
_ 0 1 3 z N 0 1 3 2 _ =—T—o 1 3 2] T @ 7 3 2
QQ Q. 1 QQ| 1 1 Q,Q,
_ 4 5 7 6 _ 4 5 7 6 _ 4 5 7 6 _ 4 5 7 B
Q,Q m Q,Q; (1 Q,Q,| 1 1 Q,Q,
12 13 15 14 Q.Q 12 13 15 [J_ Q.Q 12 13 15 14 0.0 | 12 13 15 |14
QQ | X X llJ X 2 Q| (X X X X LQ [ X X X X L,Q, [ [x X X X
_ _ 8 9 1 10 _ 8 9 1 10 _
Q,3, 8 of 1| 10 Q| 1 - {x Q,Q4| 1 < | lx 0,0, |1 8l 48] M X’m
T I —
(0= 0+ 02X + 3.0 b,-X z-q,
Logic circuit :
X .[
Q
Q
)
o,
: ) O
Z (output
(output) D, Q D, Q- D, Q]
D-FF D-FF D-FF
CLK >CLK >CLK
52 — 61 60 _
Clock

Student's
Assignments

I T

then which of the following statements about this

Q.1 Consider the counter circuit shown in the figure
below: counter is true”?

(a) The counter enters into a lockout state if the

L
L J J counter starts from (5),
b Q —y Q 1= Q—

o (b) The counter enters into a lockout state if the
> Fo > Fi r"D F2 counter starts from (2),,

r Ko Qof— Hj Ki O~ K K2 G “| (c) The counter enters into a lockout state if the
Cik f ° ( counter starts from (3),,

. o ) d) The counter do not enters into a lockout state.
The counter is designed such that it counts the @

states

(el Theory with Solved Examples MADE EARSY www.madeeasypublications.org)
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Q.7

EC

A Do— S Q
CLK—p
B R Q
(a) AB+AQ (b) AB+BQ

Postal Study Package EXF3] MREDE ERSYH

(c) Both Aand B (d) None of above

*® Student's
What s represented by digital circuit given below? ﬁ Assignments

CLK—

= ANSWERS

2

Q.1 Design a 4-bit serial-in, serial-out, bidirectional

Q-

shift register using D-flip flops. The design
should consist a mode control bit ‘M’. When
M =0, the register should work as shift-left shift

An S-R flip-flop with A= Sand B= R

(@)
(b) A J-K flip-flop with A= Kand B=J
(c) A J-Kflip-flop with A= Jand B=K
(d)

An S-R flip-flop with A= Rand B=S

register and when M = 1, the register should
work as shift-right shift register.

Theory with Solved Examples
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