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Abstract—The first step of the automata design with 

registers is the synthesis of the combinational logic blocks 
which generates the data inputs (R-S, D, J-K, T). This paper 
presents an analytical method of synthesis which find a logical 
relation for  the data inputs (R-S, D, J-K, T). 
 

Index Term —Finite State Machine, Finite Automaton, R-S, 
D, J-K , T - latch, Asynchronous Sequential Systems. 

I. INTRODUCTION 
Let’s consider a finite automata which contains (p) input 

variables, noted as },...,{ 021 xxxX pp −−= , (N) state 

variables noted as },...,{ 021 yyyY NN −−= , (q) output 

variables noted as },...,{ 021 zzzZ qq −−= . It is described by 
the (1) equations: 
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The notation nn utu =)( means the value of the u(t) at 
the n moment of time. 

If consider the vectorial notation as },...{ 01 ffF N −=  

and },...{ 01 gqG q−=  the previous equations become (2): 
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The finite automaton described by (2) is named Mealy 
machine. 

For the Moore automaton, the equations are described by 
(3). The output variables depend only on internal variables. 
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Neglecting the logic structure which generates the outputs 
variables, the finite automaton can be implemented with 
logic gates (1a), D latch (1b), RS latch (1c), JK latch (1d) or 
T latch (1e) . In figure 1a, ∆  represents the total delay 
which is applied to the state variables while propagating 
through the combinatorial logic; (we considered the same 
propagation time for the state variables through defined 
loops). 
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Figure 1.  Implementation types for a finite automaton 
 

The D latch implementation is easy to do using the next 
equation:  

),(1,, nninini yxfyD == +  

II. IMPLEMENTATION OF THE ASS USING R-S 
LATCHES 
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The ASS(Asynchronous Sequential System) equations 
can be deducted by system synthesis or analysis. 

Lets consider the analysis of the sequential system 
described in figure 2. 
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Figure 2. Ass logic gates design 
 

If we consider two fundamental loops, formed by the (1-
2) and (0-3) logic gates, the internal variables will be the 
outputs of the (1) and (0) logic gates, noted y1 and y0 [1]. 

The sequential system is described by equation (5): 
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From the equation of R-S latch (6), can be deducted the 
Veitch-Karnaugh tables for the Ri, Si data inputs. 
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Using the equations (5) will be deducted the transition table, 
figure 3.  
 

                  (y1y0)n+1     S1                R1 
a 

(y1y0)n 

 
0       1 

 
0       1 

 
0        1 

00 01 00 0 0 - - 

01 01 11 0 1 - 0 

11 10 11 - - 0 0 

10 10 00 0 0 0 1 
 
 
                              S0                     R0  

a 
(y1y0)n 

 
0         1 

 
0         1 

00 1 0 0 - 
01 - - 0 0 
11 0 - 1 0 
10 0 0 - - 

Figure 3. Transition table and veitch-karnaugh tables for SI, RI 
 

Can be observed that when S are known, R will be chosen 
from equation 0=⋅ SR (S=0=> R=- and S=1=> R=0). 

The ASS equations are: 
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Next, we will present the proposed method; the yi,n+1 

variables can be written as: 

niini yCyBAy )(1, ⋅+⋅+=+  (8)   

and, with notation uyBA i =⋅+ , results equation: 

iini yucuycuy ⋅++=⋅+=+ )(1,   9)    
If we match the (9) equation with the (6) equation, results: 
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Observation: 
 We cannot say that the (10) equations are unique. 
The implementation looks like in figure  4: 
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Figure  4. Latch implementation 
 

The aa, can produce type of logic switching hazard. To 
avoid this situation the equations can be write as: 
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The implementation is described in figure 5: 

 

y1

y0

R1

S1

R0

S0

y0

a
0y

0y

1y

y1
 

 
Figure  5. Synthesis without switching hazard 
 

III. IMPLEMENTATION WITH J-K LATCHES 
From the J-K latch equation, [5] results: 
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Using the same transition table with the (12) results the 
Veitch-Karnaugh table for the Jn, Kn. 

To use the proposed analytical method, we need to use 
equation (8): 
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Using the proposed ASS example, applying the (14) 

equations, results equation: 
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Figure 6.  Implementation with jk latches 
 

IV. IMPLEMENTATION WITH T LATCHES 
From the (14) equations result the transition tables for the 

T inputs. 

(14) 1+⊕= nnn yyT   
To apply the analytical method we are starting for the (8) 

equation: 

1,,1,,1,,, +++ ⋅+⋅=⊕= ninininininini yyyyyyT  
For the previous example we have, (16): 
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Figure 7. Implementation with t latches 

V.CONCLUSION 
 This paper presents an original method for the calculation 

and synthesis of the data inputs for latches in asynchronous 
finite automata. 

The proposed method can be succesfully applied in 
design of Mealy finite automata. 

In cases of programable logic circuits which contains only 
logic gates it is useful to make the design with R-S latches 
because all the other types of latches (D,T,J-K) are built 
starting from the R-S latch. 
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