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Computer Aided Design of Sequential Logic Circuits
(Case of Synchronous Sequential Logic Circuits)
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Abstract

This paper presents the computer program to design the synchronous sequential logic circuit. The

computer program uses the MASK method to get the circuit of optimal cost.

The computer program takes as an input, the minimal reduced state transition table where each state
has its internal code, As an output, the optimal design of synchronous sequential logic circuit is generated
for each flipflop type of JK, T, D, and RS respectively. And these circuits for 4 flipflop types are evalu-
ated and sorted in ascending order of their costs, so that the user can select the proper flipflop type and
its circuit.

Furthermore, the proposed computer program may be applied to state assignment with its facility

of cost evaluation.

1. Introduction

In our daily activites, the uses of various syn-
chronous sequential circuits are encountered. The
elevator control systems, the traffic light control
systems in the roads, and train and subway con-
trol systems, are examples of synchronous sequen-
tial logic circuits in action,

The synthesis procedure of synchronous sequen-
But these

steps have a lot of decision factors and selection

tial logic circuit is shown in Fig. 1.9
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factors, and they are so complex that design arto-
mation would be needed,

At the moment, automated logic synthesi® is
still in a rudimentary phase of development. Ir #1e
last few years an increasing number of investigations
have been performed. But general approach to logic
synthesis is still missing.12-18

In this paper, the proposed method follows the
general approach to get the circuit of optimal
design cost. It takes as an input, the state transition
table that is minimal reduced with each state having
its internal code, and outputs switching functions of
synchronous sequential logic circuits for 4 flipflop

types of JK, T, D, and RS. The block with dotted
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Fig. 1. Synthesis process.
line in Fig. 1 shows the parts automated in this
paper, and is named “MASK-SEQ”.

Furthermore, the proposed computer program
may be expanded to state assignment and up to

state minimization.

2. Analysis of Synchronous Sequential Logic
Circuit f o,.Design Automation

The is

composed of two parts: the combinational logic

The

number of flipflops is determined by the number

synchronous sequential logic circuit

circuits and the memory devices, flipflops.
of state variables, Thus it is the combinational
logic circujt that can be reduced when state vari-
ables are fixed *)>)

How to assign the internal code to each state,
is critical in reduction of the combinational part.
Even after state assignment, the reduction of the
combinational .part depends on how to determine

the switching functions i.e., the next state func-

tions, and output functions.® -1
While the problem state assign
unsolved, the reduction of the combinational

part after state assignment is accomplished in this
paper by using the MASK method already de-

(135)

_._9_

developed into

1-3)

multiple-output-switching-func-
tions,

The design procedure in this paper follows the
general steps of Fig, 1, but differs from the tradi-
tional methods in the way of getting the next

6),7),11)

state functions and output functions.

This paper uses multiple output switching functions
developed from the MASK method while the tradi-
tional one uses single output switching function for
each flipflop input.l)'s)

This
represented in the form of “sum of product”,

multiple output switching function is’

applicable to PLA directly. The more products
are shared, the lower is the design cost.

3. Procedure for the MASK-SEQ

The flowchart of MASK-SEQ is shown in Figure
2. The followings are the steps for MASK-SEQ:
Step 1:
states QNEXT, and output Y from the state transi-

Read the present state Q, inputs X, next

tion table.

Step 2: Obtain the excitation table, at first, for
JK flipflop type, in the next sequences of T, D,
and RS flipflop types, by the algorithm provided
in 3-1.

Step 3:
functions with the inputs of Q, X and the right side
(Get the Irredundant Para-
mount Prime Implicants using the MASK method)

Step 4: Validity check. Test if the result of step
3 is correct by the algorithm provided in 3-2,

Perform the multiple output switching

of excitation table.

Step 5: If the result is not valid, print error
messages and go to step 7,

Step 6: Evaluate the cost of the valid result of
step 3, by the algorithm provided in 3-3,

Step 7: If all the flipflop types are not tested,
go to step 2.
Step 8: Sort the results of cost evaluations in

step 6, for 4 types of flipflop in ascending order
of the number of produces, the number of gates,
and the number of connection lines.

Step 9: Stop.

Program “MASK-SEQ” is written in the language
of FORTRAN.



3.1 Algorithm for the Generation of the
Excitation Table

Table 1 shows the excitation maps for 4 flip-
flop types where Q stands for present state, QNEXT
Unused state is also handled with
QNEXT having don’t care, X,

for next state,

N
¥
/ lnput State Transition Table 7

*‘*“7{ Get Excitation table J

rPerform‘ multiple output switching function

: \ Vahdlty check | W

Error message

7> No
( S0 .
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Rost evaluatlon T

" Are all
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Sort for optimal circuit design
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Stop /1
an. 2. Flowchart of MASK-SEQ.
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1) JK flipflop
if QNEXT =X thenJ =X ;K =X ; return
endif
ifQ=0
then J = QNEXT ;K =X
else J = X ; K = QNEXT
endif
2) T flipflop
if QNEXT =X then T =X
if Q + QNEXT =1
then T=1
else T=0
endif
3) D flipflop
D = QNEXT
4) RS flipflop

: return endif

(136)
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if QNEXT = X then R=X ;S = X ; return
endif
ifQ=0
then if QNEXT =0
thenS=0;R=X
elseS=1;R=0
end if
else if QNEXT =0
thenS=0;R=1
elseS=X;R=0

paper is RESULT table.

endif
endif

Table 1. Excitation maps for 4 flipflops

Q QNEXT J K T D R S
0 0 0 X 0 0 X 0
0 1 1 X 1 1 01
1 0 X 1 1 0 1 0
1 1 X 0 0 1 0 X
0 X X X X X X X
1 X X X X X X X

(unused state)

32 Algorithm for Validity Check

Validity check is performed by comparing the
next states and outputs derived from the result,
with those of the state transition table.

Step 1: Get one entry of Q table.

Step 2: Choose the rows of the RESULT table
that covers the given input in step 1. Set the next

state function.

Step 3: Get next states according to table 2.

Step 4: Compare the next states and output
with corresponding QNEXT table entry.

Step 5: If they are not same, then go to step 7,

else go to step 1.
Step 6: Print success meassage; return

Step 7: Print error message: return

3-3 Algorithm for Cost Evaluation

The output of the program presented in this

It is based on ‘‘sum of



TKIEE Vol. 33, No. 4, 1984. 4

Table 2. State transition

J K |QNEXT| T | QNEXT|D QNEXTTS R{QNEXT

00 Q 0 Q |o 0 00| Q

01| o |1 Q 1] 1 01| o0

10 1 10 1

11| @ 1 invalid
product” representation, especially adequate to

Programmable Logic Array (PLA).

Consequently, the number of terms which means
product in “sum of product” is the first factor that
minimize the size of PLA. Second factor is the
number of gates (AND gates or OR gates), and third
factor is the number of connection lines. Cost
evaluation is to determine these three factors.

Step 1: Count the rows of RESULT table. It
is the number of terms.

Step 2: Count the number of AND states in the
field if INPUT VARIABLE of RESULT table,

Step 3: Count the number of OR gates in the
field of COMMONALITY FOR SELECTED PARA-
MOUNT PI of RESULT table.

Step 4:
that are the lines between inputs, present states and
AND gates, the lines between AND states and OR

Count the number of connection lines

gates, the lines between OR gates and flipflop

input pins.

4. Example of MASK-SEQ and Comparison to
Traditional Method

The table 3 is the state transition table for

modulo-5 up counter.

Table 3. State tansition table for Modulo-5
up counter

Q(1:3) QNEXT(1:3)
0 0 0 0 0 1
0 0 1 0 1 0
0 1 0 0 1 1
0 1 1 1 0 0
1 0 0 0 0 0

(137)

The FORTRAN version of the MASK-SEQ was
run on CROMEMCO SYSTEM THREE. Using
this table as an input data, the MASK-SEQ produces
the followings;

OPTIMAL FLIP/FLOP ORDER

ORDER FLIP/FLOP # TERM #GATE #CONNECTION

1 T 4 2 7
2 JK 4 2 10
3 RS 4 4 14
4 D 4 5 13
sxxwxx T FLIP/FLOP ****x
: INPUT VARIABLES : COMMNALITY FOR
SELECTED PARAMOUNT PI
A B C FI F2 F3
1 X X 10 0
(0 X X o 0 1
X 1 1 1 0 0
‘XX 1 o 1 0

Here, # TERM, # GATE, and # CONNECTION
mean the total number of terms, the total number
of gates, and the total number of connection lines,
respectively. The sorted result shows that T flipflop
is optimal.

And A, B, C mean the memory elements, flip-
flops, and F1, F2, F3 mean TA, TB, TC respec-
tively. The computer output above is interpreted
as follows,

TA=A+BC;TB=C;TC=A'

The circuit for this result is shown in Fig. 3.

A B C
JV,:_: I "‘:“k — i
Q } o Q i ]
- TA; |- TB; SN (o1
. R .
Clock = "= === [
L |
| |
N N

Fig. 3. Logic diagram of a Modulo-5 up counter



In the traditional method, the excitation table
is made from Table 3, and is shown in Table 4.
Next,

is obtained. In Fig, 4, Karnaugh Map Method isused
8)-10)

for each flipflop input, switching function

to get it.

Table 4. Excitation table of Modulo-5 up

counter
A B c| A B d|TA|TB TC
0 0 o0 0 1 0 0 1
0 0 110 1 0 0 1 1
0 1 01{0 1 1 0 0 1
0 1 1 1 0 0 1 1 1
1 0 010 0 0 1 0 0
1 0 1| X X X X X X
1 1 0| X X X X X X
1 1 11X X X X X X
A 8¢l o 01 1110 A B(‘J( 00 01 11 10 A\BF‘ 00 01 11 10
4;_ - — e —
o 1. )T; 1 1 0 [ 1Tio 171 1
| ~ o ha —
| []X:X‘X 1 <x]x 1 ‘n‘x X
[ b
' TA=A+RC Th=C TC=A'

Fig. 4. Each single switching function using
Karnaugh Map.

The result is same as that of MASK-SEQ. But
there is a difference between MASK-SEQ and the
traditional method. The former uses multiple
output switching function while the latter uses
single output switching function, It is certain
that the result of multiple output switching func-
tion will be lower in cost than the result of single

ones.

5. Expansion to State Assignment

Future direction of this study is toward state
assignment. In that case, input is minimal reduced
state table that has state in symbol, not internal
coded,

There should be a policy to assign the internal
code to each state, so that finite state assignments

8)-10)

can be tested. Assuming such a policy is

(138)
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determined, there are finite state transition tables,

For each state transition table, run MASK-SEQ,
By
choosing lowest cost for each flipflop type, the

Then save the results and cost evaluation,

best state assignment for that flipflop is determined,
and its circuit is obtained.

6. Conclusions

In order to synthesize the synchronous sequen-
tial logic circuits from the state transition table, this
paper presents a computer program which produces
the circuit of optimal cost. Optimality here means
minimization of the number of terms, of the num-
ber of gates, of the number of the connection lines.

The number of fan-in or fan-out of gate is not
considered in constructing the circuit because the
usage of PLA frees the users from fan-in or fan-out,
but optimality leads to the design with less fan-in,

Finally, the advantages and features of the pre-
sented computer program are concluded as follows;

(1) From the state transition table, an optimal
circuit for each of 4 flipflop types (JK, T, D, RS)
is obtained.

(2) Use of the MASK method developed into
the multiple output switching function in finding
the optimal circuit.

(3) The state assignment problem can be ap-
propached toward solution by trying the finite
number of the transition tables that can be possibly
derived from the minimal state table.

(4) Computer aided design enables us to ob-
tain the fast and correct design.

(5) The FORTRAN version of this program
can handle the state transition table of 32 states.
But larger state transition table can be handled
by changing some parts of the program.
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