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Direct Determination of Quasi-minimal States
for Completely-Specified Sequential Circuits

Cin, Q Young
Dep’t of Electrical Engineering.

<Abstract. >

By introducing the characteristic inputs into the concept of internal states, the determination of
minimal states has been made more simpler than the methods used so far. Other problems, e.g.
hazards, race conditions etc., are not taken into consideration in this paper.
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I. Introduction:
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Fig. 1. General
Model of Clocked Sequential Circuits.

Geneally the sequential circuits are characte-
rized from the combinational circuits, by thef-
acts that:

1. They are more economical than the combina-

tional circuits.

2. They are slower in making dicisions or in
carrying out a specified objective than the
combinational circuits.

Hence, it is, so called, the trade-off problem
(speed-versus-cost) which circuit we shall choose
for a given logic design.

So far, the synthesis of sequential circuits
was realized by the procedures as follows; (1)(2)

(i) Development of a state diagram.
(ii) Setting up a state table from step (i).

(iii) Getting the minimal state table by eli-

minating the redundant states.

(iv) State assignment.

(v) Completing the Y-map and Z-map.
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(v1) Finding cut a suitable set of Boolean
expressions.
(vii) Circuit Reahzation.
The general model of sequential circuits is
shown 1n Fig. 1. The y’s denotes the seconda-
ies; Y’s cxcitations; X’s, the input; Z, output.

1. Brief Discussion of the Current Method

To realize the logic circuit from word state-
ments, we must first draw a state diagram,
make table from this

a state transition

diagram, and then eliminate the redundant
states as introduecd in section .

To obtain a state diagram, we must consider
all the possible inputs which determine the int-
enal states.

Therefore, it is inevitable that this diagram
comprises many states.

Untill now the partitioning method (2) and Im-
pli caion table (2) have been the most powerful
tools for obtaining the minimal states.

However, with a lot of states, the abhove-me
ntioned two methods become very complex and
time-consuming. So there arises a need to reduce
the mumber of states from the beginning. There
were strong evidenes (4) that final minimal state
table had some relation with the properties of
input, and this is the basis of the approach
considered in this paper.

II. Determination of states.

To clarify the concept imposed and to simplify
the procedure, we shall confine ourselves to
single-input single-output systems. But this me-
thod to be treated here can easily be extended
to multi-input multi-output systems. The input
variables are a sequence of x,’s where X, can
take only “0” or “1”.

Suppose we want to have an output “1” for
a sepecified sequence of inputs, namely

X=(x1, %2..,2,) %e{0,1} 1=1,2,...n (1)
% See reference book (1) page 193—194 and

reference (2) chap. 10

Definition:

A CHARACTERISTIC INPUT is a sequence of
inputs followng the successful one or ones from
the first.

For example, (x,) singly is the first charact-
eristic input, (x;x;) the second characteristic
input and (x;Xs,...X,) is the final characteristic
input. So there are n characteristic mputs for
the problem ¢ nsidered here.

Definition:

“Q-state (qo)” is a s2t of states which recerved
mputs other than the characteristic nputs.

To be more specific, we define the states asso-
ciated with the characteristic inputs as follows:

q;: the state which receives the first successful

input from the Q-state.
qz! the state which receives the second suce-
essful one from the q; state, that 1s, ass-
cciated with the second characteristic input.

¢, (i=3,...n) are defined in a similar fas-
hion.

Now we are 1n the position to determine the
internal states for any sequential inputs. With
the (n+1) states defined above, we can deter-
mine all the states for any input. Hence the
following thecrem 15 evident.

Theorem: In the clocked sequential circuit, there
arc at most (m+1) states for the given input
sequence (X;Xz, Xm) which produces an output
1 at the instant final input x, has arrived.

Proof: From the defimition of ¢, (1=1,...m),

1t 18 seen that any input sequence ecither falls

m q, or belongs to q,. Therefore we have (m--1)

states at most. Q.E.D.

Whether these (m +1) states are the minin-
imal states or not 15 a question to be studied.
But at any rate the states are himited to (m— 1)
states, Which are more feasible to trcat than

the ones by curtent method.

V. Synthesis of Sequential Circuits.

The design of sequential circuits for an exa-

mple will be considered to show how easily the
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state table can be obtained.

—Example—

We consider a sequential machine which emits

a “1” at the time immediately after the arrival

of the last mnput 1f it receives “0010".

Solution: The characteristic inputs for qi, qg,
gs, qs are “0”, “00”, “001", and “0010", res-
pectively.

The state diagram 1s drawn like fig. 2 comp-
aring the inputs with the characteristic inputs.

1/0

Fig. 2 Development of state diagram.
Table 1 shows the stats table obtained. If the
computer is available, this table can be obtained
indi rectly by computer.
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Table 2. Implication table

We now check the redundant states by comp-
leting an implicition table as in table 2.

From table 2 the minimal state is acquired
as in fig 3.
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As theabove example reveals, the minimal
state table is more easily acquired than the
conventional method. The final circuit realiza-
tion using S-C flip-flops is presented here(Fig 6)
along with Y-map (Fig. 4), Z-map, Excitation
map (Fig. 5) and a set of Boolean equations.
The detailed prccedures can be found in the
texts (1)(2)(3)

{ # | wen | #=0 | x=1 | 1=0]1=1
g~ ioo 0 0 {I 1 0
a1 0 1 1 0 l; 1 0
@ |11 1 1|1 0
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Fig. 4 Next state map.
1 X X x X X
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Syz Cy, Sy Cy z
x denotes don't-care terms
Fig. 5 Excitation maps.

The final set of Boolean cquations are

Spe=n% Su=F Cyp=yy: Cu=1x Z=iy,
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Circuit Realization of the Problem

Fig. 6.
V. Conclusion

We see that the design procedure concern-
ing the minimal state table may be made
very simple by the concepts of characteristic
input and Q-state.

It is the author’s opinion that this method
can be computerized with ease if some revisions

are added.

It is a pleasure to thank Mr. S.K. Hong and
Prof. M.S. Ko, college of Engineering, S.N.U.
for their advices during the preparation of this
paper.
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