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Abstract. The RS flip-flop is a basic element of the computer random access 
memory. The same structure provides new properties by using fuzzy 
operations instead of Boolean ones. Applying probabilistic fuzzy operators, 
we have found that bi-stability of RS flip-flop is changed into mono-
stability, i.e. the memory achieves the ability of spontaneous forgetting. 
When two fuzzy flip-flops are interconnected in a proper way, Hebbian 
learning occurs. This means that if inputs occur simultaneously, the outputs 
are turned up for much longer period, comparing to pulses which are not 
overlapped. This property can be applied to RS flip-flops grid network. In 
this case, the excitation of flip-flop outputs depends on input pulses (their 
magnitudes, durations and positions in the time scale) as well as on a 
connection topology of the grid. 

1. Introduction 
At the Department of Infocom Networks at the University of Zilina, voice processing 
and transmission is studied for longer time period. One task in this area is also the voice 
recognition problem. As the basis for this task we have decided to build up a network of 
non linear elements.  This system structure consists of flip-flops which base function is 
defined with probability algebra. The main property of flip-flops is their ability of 
forgetting. At first the probability algebra is introduced. Then the option of 
implementing forgetting function into the R-S flip flop known in Boolean algebra is 
presented. We concentrate on the effect of repetitiveness next to forgetting and we 
expand the main structure of R-S flip flop by other inputs, which can influence the 
process of forgetting.  

2. Probabilistic algebra characteristics 
Classical Neural Networks neuron model is represented by nonlinear function of linear 
combination of inputs, where coefficients of linear combination represent the synaptic 
weights. The purpose of teaching stage is to find these coefficients, by minimizing the 
error function of the solution for specific task. Our intent is to study neural networks 
without synaptic weights in which the process of teaching will change the structure of 
network, not synaptic weights. Matrix of the system is than represented only by the 
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connections between the neurons. State variables are outputs of the single neurons. This 
of course did not exclude the use of synaptic weights (real numbers in the system 
matrix). It can be used in the future. It appears to be convenient to use only the 
condition of two state set of Boole algebra for establishing continuous inputs, states and 
outputs as the first step. This approach makes it possible to simply reduce networks with 
the probabilistic algebra to networks with the Boole algebra. That is why enclosed unit 
interval 1,0,ba , where  is the set of real numbers was chosen for the 
definition scope of input values, states and outputs and as the main structure 
probabilistic algebra was chosen. The most often used logical functions are listed in 
table Table. 1, where , 0,1 .A B   

Table 1 logical functions in probabilistic algebra 

A  B  A  BA  BA  BA  BA  
0 0 1 0 0 1 1 
0 1 1 0 1 1 0 
1 0 0 0 1 0 0 
1 1 0 1 1 1 1 

Remark: negation: A  , conjunction:  , disjunction:  , implication:  , 
equivalence:  . 

For better understanding, we show one of the logical functions (equivalence), with 
using of the probabilistic algebra in the figure below. 

 

Figure 1 equivalence bababaBA .1.1.1.  in probabilistic algebra 

3. Flip-flops with the probabilistic algebra 
Flip-flops have the property of remembering the previous states, i.e. their output 
depends not only on current inputs but also on one or more previous states of circuit. 
The main flip-flop from which the other ones are derived, is binary circuit of type RS, 
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which have two inputs marked by symbols R (reset) and S (set) and outputs Q, Qn (Qn 
is negation of Q). The truth table and the scheme of the circuit are shown below. 

 

 

Input 
S 

Input 
R Output Qi 

0 0 forbidden 
state 

1 0 1 

0 1 0 

1 1 Qi-1 

Figure 2 R-S flip flop and its truth table 

Modeling of neural networks with flip-flops and non-linear mathematic is also 
described in [1], [2]. 

The behavior of RS fuzzy flip-flop with use of probabilistic algebra is analogical to 
binary RS flip-flop as is shown in figure Figure 3. It shows values of the output in a 
time after bringing the flipping impulse on the input R in the time t = 50. 

 
Figure 3 Output Q of R-S flip-flop with use of probabilistic algebra 

By adding more inputs, logical units, etc. to the main flip-flop, more flip-flops with 
different properties can be assembled. 

3.1. R-S flip flop with memory 

In the circuits below, we will use invert units after inputs, in order to vivid the activity 
of the circuit, i.e. desire changes are induced by the greater input values. By adding next 
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input, a memory, to the basic circuit and by adding other logical units, we have 
achieved, that the output of such a circuit will flip as in an R-S circuit but after some 
time it returns to the previous value. The diagram of circuit with memory is shown in 
the figure below. 

 

                                              
Figure 4 R-S flip flop with memory and its output in time for different value of input M 

(memory) 

In the figure Figure 4 we can also see the output of the circuit in time. The input value X 
is set to 0,5. As shown in figure, by increasing (decreasing) input M (memory), the 
output of the circuit returns to the previous value slower (faster). 

 
Figure 5 Output of a circuit with a) dependency on exciting time b) dependency on 

repeating of input in time 

In the Figure 5 is shown that not only the input M can influence the output but also the 
time of excitement of input X or repeating the input X in time. 

3.2. Flip-flop circuit with memory and limit 

The behavior of flip-flop circuit above shows that for the inputs and state values near to 
zero, circuit gets to the relatively stable states, which are not possible to change by input 
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value. That is why next input, which limit�s values to the entered input value (precisely, 
to the inverted value of input L), was added. This changes the sensitivity of the circuit 
toward inputs. 

                                                       
Figure 6 Output Qn of the flip-flop circuit with memory and limit, with different input 

values of L (limit) 

The figure above shows the behavior of such circuit by setting different values of the 
limit. 

3.3. Flip-flop circuit with reward and penalty 

We plan to use above mentioned probabilistic flip-flops as elementary units of networks 
in the time domain. This means that parts of network, which are flipped in the purpose 
of a network, should be flipped considerably longer time (they should be memorized) 
according to the parts of network flipped in contradiction of network purpose and 
should be forgotten. Such strengthening or weakening will not be addressed on 
individual flip-flop circuits but overall for the whole network. That is why next inputs R 
(reward) and P (penalty) was added. 

 
Figure 7 flip-flop circuit with reward and penalty 
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Figure 8 Output Q of flip-flop circuit with reward and penalty 

In the above figure we can see the output of the circuit, first with rewarding the circuit 
and next with penalization of circuit. 

Conclusions 

Current neural networks, including Kohonen`s networks, use properties of feed-back 
nonlinear systems relatively little. This paper shows that by the combination of flip-flop 
circuit as the main memory unit in digital systems and function of forgetting (obtained 
by the use of probability algebra) is possible to achieve time coding in the term of 
remembering the duration of element state. As an example a R-S flip-flop was chosen, 
but also other types (e.g. J-K) can be taken into account. The results of experiments with 
such structure show, that it is possible to achieve some desired behavior, such as 
expansion of states with higher values of input, longer duration of input or repeating. It 
is also possible to influence the duration of state by another input (memory), what 
allows Hebbian learning. Inputs for reward and penalty allows to affect states of more 
flip-flop circuits contemporary, what imitates tools of teacher for remembering and 
forgetting support. We assume and plan to verify the teaching of such networks in 
contrast with neural networks without change of synaptic weights in further research. 
The very process of teaching, in this case, will mean to lead nonlinear system (without 
modification of system �matrix�) to such state, in which system for given inputs gives 
desired outputs. The process of finding a suitable matrix of system could then be 
separated from learning process and can be moved to the sphere of evolutionary 
development of populations of such networks. Our effort is to test mentioned ideas in a 
role of speech recognition. 
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