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Introduction

f :  Bn → B 2n different binary vectors•The Problem:

• The aims: compact representation and fast computation

of Boolean functions for artificial neural networks

Usual ANNs

Iterative algorithms

(BP, RBF,…)

Noniterative algorithms

/sequential training algorithms/

(ETL, FTFS,…)

Long training time Large memory (RAM) size
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Boolean Neuron

( )BBBB fOut wInp ,=

{ }
xNB xxx ,...,, 21=Inp

{ }
xNB www ,...,, 21=w

Bf

}1,0{, ∈BB Outf

}1,0{∈ix

}1,0{∈iw

- Boolean transfer function

( )wInp,fOut =

•Definition of a Boolean Neuron

BOut - output signal 
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Inputs Weights of synaptic connections

General structure of Boolean neuron
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Advantages of the BN:
• speeding up of calculation significantly,

• reduction of necessary memory size,

• possibility to map the BN into CLB of FPGAs.
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Boolean Neuron

• hidden neuron
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AND-Decomposition - Training of the BNN
•Training algorithm
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I - index of base row of matrix A,

NI– set of numbers of minimal values of the vector m,

sj – element of auxiliary vector s,

vj – element of base row v of matrix A,

ki – value of transfer function k,

Nj – set of column numbers j with vj = 1, nj = max(v, Nv),

wi – synaptic weight,

Nk0 – set of row numbers i with ki = 0.

z – number of hidden layers,

ai,j – coefficient of matrix A,

Nx – number of Boolean variables,

Ny – number of Boolean functions,

mi , nj – weights values

mi = Ny
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AND-Decomposition - Using of the BNN
Results of the training:

•unique transfer functions of the hidden neurons: kz = f (x),

• weights wz,j of the output neurons,

• the structure of BNN:

• three-layer architecture (fix),

• Nx input neurons,

• Ny output neurons,

• ZN hidden neurons.
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Type of decomposition: “AND”



Decomposition of Boolean Function Sets for Boolean Neural Networks

Roman Kohut / Bernd Steinbach / 6th International Workshop on Boolean Problems, Freiberg, September 23-24, 2004

8 / 11

Example
•Training process

),,( 321 xxxfyi =1021 ,...,, yyy - Boolean functions,

Primary matrix A

= min(m), I = 5

jIj av ,=

vj=1

x1 x2 x3 y1 y2 y3 y4 y5 y6 y7 y8 y9 y10 

 0 0 0 1 1 0 0 1 1 0 0 0 1 

0 0 1 0 0 0 0 1 0 0 0 0 1 

0 1 0 1 1 0 1 0 0 1 1 0 0 

0 1 1 0 0 1 0 1 0 0 1 1 1 

1 0 0 1 0 1 1 0 1 0 0 0 1 

1 0 1 0 0 0 0 0 0 0 1 0 0 

1 1 0 0 0 1 0 1 0 0 1 1 1 

1 1 1 1 1 0 1 0 0 1 1 0 0 
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y1 y2 y3 y4 y5 y6 y7 y8 y9 y10 m 

1 1 0 0 1 1 0 0 0 1 5 

0 0 0 0 1 0 0 0 0 1 2 

1 1 1 1 1 1 1 1 1 1 10 

0 0 1 0 1 0 0 1 1 1 5 

1 0 1 1 0 1 0 0 0 1 5 

0 0 1 0 1 1 0 1 1 1 6 

0 0 1 0 1 0 0 1 1 1 5 

1 1 1 1 1 1 1 1 1 1 10 
 

Matrix A after the first cycle of training

A = 1 …
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Example

),,( 321 xxxfyi =

•Structure of BNN

k1

k2

k3

x1

x3

y2

…

k4

y1

y10

1021 ,...,, yyyBNN to represent the set of Boolean function

Ny=10

Nx=3 10 Output neurons

3 Input neurons

4 Hidden neurons

x2
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Example

•Reconstruction of the set of Boolean functions

Out: 1 2 3 4 5 6 7 8 9 10            

w1 0 0 1 0 1 1 0 0 1 1             

w2 0 0 1 1 0 0 1 1 1 0             

w3 0 1 0 0 1 0 1 1 1 0             

w4 1 1 0 1 0 1 1 0 0 0             

                      

   x1 x2 x3  k1 k2 k3 k4  y1 y2 y3 y4 y5 y6 y7 y8 y9 y10 

   0 0 0  1 0 1 1  1 1 0 0 1 1 0 0 0 1 

   0 0 1  1 0 1 0  0 0 0 0 1 0 0 0 0 1 

   0 1 0  0 1 1 1  1 1 0 1 0 0 1 1 0 0 

   0 1 1  1 1 1 0 ⇒⇒⇒⇒ 0 0 1 0 1 0 0 1 1 1 

   1 0 0  1 1 0 1  1 0 1 1 0 1 0 0 0 1 

   1 0 1  0 1 1 0  0 0 0 0 0 0 0 1 0 0 

   1 1 0  1 1 1 0  0 0 1 0 1 0 0 1 1 1 

   1 1 1  0 1 1 1  1 1 0 1 0 0 1 1 0 0 
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Conclusion

Results:
(1) formal definition of the Boolean neuron

(2) simple mapping to the CLBs of FPGAs

(3) application of Boolean neurons in Boolean neural networks (BNN), that 

realize a set of Boolean functions

(4) decomposition of a set of Boolean functions into common basic functions

(5) structures of the BNN for AND, OR, XOR and equivalence-decomposition 

of a set of Boolean functions

Further work:
• optimization of the BNN using mixed types of output neurons

• developing а program that uses Boolean neural networks for compact 

presentation and fast calculation of Boolean functions


