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Abstract 

 
       The aim of this work is to create a text compression technique 

using a single layer neural networks trained using direct solution 

method. In this work, the text is made as desired output and the 

weights are pre-defined then, by using the direct solution method, we 

calculate the input vector. This process, exhibits decreasing the 

number of the input neurons, the computing size and memory space. 

The present work has been demonstrated through several experiments 

and show very promising results in compression rates as well as in the 

reconstructed text.                                                                                         
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Introduction 

        Compression is the process of reducing the number of 

bits that required to represent a file. Its benefits are to reduce the 

storage space and transmission time. In general, the compression 

techniques are broadly classified into two categories, namely; 

lossless and lossy compression techniques [1,2]. Lossless 

compression refers to a technique where no information is 

permanently lost during compression or decompression of the 

data. While lossy compression refers to a technique where some 

bits of information are permanently lost during compression or 

decompression stages.                                                               

        The Artificial Neural Network (ANN) have received 

interest over the recent few years, and successfully applied to a 

large range of problem domains. Each ANN produces solution for 

prediction, classification, etc. A neural network is a system 

composed of many simple processing elements operating in 

parallel whose function is determined by network structure, 

connection strengths, and the processing performed at computing 

elements or nodes. Neural networks, with their remarkable ability 

to derive meaning from complicated or imprecise data, can be 

used to extract patterns and detect trends that are too complex to 

be noticed by either humans or other computer techniques. The 

algorithm works as follows: It receives a number of inputs. Each 

input comes via connection that has a weight. Each neuron also 

has a single threshold value to compose the activation of the 

neuron .The activation signal is passed through an activation 

function to produce the output of the neuron.                               

        Neural networks are succefully used in compression field, not 

only ANN based techniques can provide sufficient compression 

rates of the data in question, but security is easily maintained. This 

occurs because the compressed data that is sent along a 

communication channel is encoded and does not resemble its 

original form [3].                                                                       

       In most of the neural networks based compression techniques, 

they are used for multi media compression side only. Where, for 

example an image is divided into a none overlapped blocks such 

as 8*8, 16*16 or 64*64 (or as desired) sub image blocks. These 

blocks then fed as input and targets for the neural network. After 

the neural network trained, the compression occurs in the hidden 

layer, where the neurons final values are encoded. These encoded 
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values are transmitted (as well as saved) for the receiving side, in 

which, the image is reconstructed. The reason that the ANN is 

restricted in the field of multi media compression because it 

belongs to the lossy compression techniques. In text compression, 

it’s not allowed for some information bits to be losses. This lossy 

comes from the approximation occurs during the training phase.    

        In this work, we did not make an approximation by training 

but we calculate the actual values by the direct solution method, 

which is a non-iterative method [4]. Where we make the 

compression occurs in the input vector of the ANN, which is about 

255 elements only (or as desired). Added to them an index vector 

explained the connections between the input and output layers 

which is an optional task. Here we create a two dimensional 

weight matrix like look up table with predefined values, for 

simplicity, we choose the image shown in Fig (1) to represent the 

weight matrix . The ANN used is single layer neural network 

shown in Fig (2).                                                                      
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1:- The weight matrix initialization 618*868 pixels 
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Proposed Wor 
       In this work ; we use an identical two single layer neural networks at 

both sides (compression and decompression sides),with a sigmoid activation 

function.                                                                                                             

                                                                                                                             

  Compression Side Algorithm .1  
I) Initialization Process 

      a) Put the contents of the text file in the vector called it y. 

          i.e. y=text file………………………………………(1) 

      b) Normalize the vector y in the range (0.0 – 1.0). 

          y = y / maximum value…………………………….(2) 
      c) Create the index matrix from the vector y that represents a             value 

          with  its corresponding position (which is optional                 case).    
          Let call it index [V] [M]   where 0 ≤ V ≤ 255 and    

          0 ≤ M ≤ Text file size.   

      d) Determine the weight matrix to contain a pre-define values with            

          rows equal to the vector y length and columns equal to the vector x        

          length.            

          Call it W[R] [C].  

          For simplicity, we take a picture to represent the weight matrix. 

II) Neural Network:-                                                                                           

     a) The ANN is a single layer with x-elements input neurons and y- 

                element output neurons. 

     b) Let the vector x be the input vector to the neural network with V 

          elements, y is the desired output, and W is the pre-defined weight  

          matrix. 

     c) The activation function is sigmoid function. 

Fig.2: - Artificial neural network used for 

compression/decompression process 
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     d) By assuming that the sum of inputs to the i
th

-cell of the K
th

-layer is Si
k
,  

         its output is Oi
k
, the weighting value from i

th
-cell of  (K-1)

th
-layer to the 

         i
th

-cell of the K
th

-layer is wij. F (.) is the relation input between input and 

         output (activation function). 

  Therefore,                                                                                                             

                                                                                                                                 

                                 ……………………………………….... (3)                

           

  Oi
k
=F (Si

k
)           ………………………………………………......(4) 

Since we operate on a single layer, then:-                                                                       

                                                                                 

..............................................................................(5)                      S=WX   

   For the output layer, the activation function is                                                      

                                                   
    O=F(S) =                                    ………..…………………..……… (6)               

 

    As we know, the ANN training is to find the weights; but in this work the   

    weights are assumed to be known and the problem is to find the input         

    vector x                                                                                                            

                                                                
    Now, the Direct Solution Method (which is described at [3,5]) to calculate  

  x                                                                                                                            

    Fromequation (6) we get:-                                                                                        

                                                                        

........................................................(7)                      











O

O
S

1
ln    

                                                                            

    Where O is the desired output vector, which is assumed y. 

    Changing O by y, equation (7) becomes-     

                         

…………..……………………….…... (8)         

 

 

  So; from equation (5) we get:-    

                 .........................................................................(9)        1.  WSX 

 

       In Eq.(9) the problem appear is the inverse of the W matrix. If W is 

square matrix, then we use the ordinary known matrix inverse techniques, but 

in this case there is no compression results because the number of the input 

and output elements are equals. If the number of the input and output 

elements are not equals then the W matrix is not square, in this case if the 

number of the input elements are smaller than the number of the output 

elements (where the compression is occurs) this case leads to the 

overdetermined matrix i.e. number of equations are more than the unknown 

variables or there are more rows than columns. Then we can use the 

1 k

iij

j

k

i SwS

)exp(1

1

S













y

y
S

1
ln



 

109 

 

J.Thi-Qar Sci.         No. (3)              Vol.1   Janu. /2009 
 

pseudoinverse of the W matrix inverse [6,7] which is defined as: -                   

  

 

W
#
 = (W

T
.W)

-1
W

T
………………………………………………………… (10) 

 

where:-                                                                                                                 

W
# 

is the pseudo-inverse of the matrix W.                                                           
Or, (Optional case) for simplicity we use the following criteria                          

Since the vector y contain a text characters only, so the maximum value 

would be 255, then by the help of the index matrix we restrict the number of 

elements of the x vector equal to V; then connect the y vector elements that 

have an equal values to the same input neuron. This results to reduce the 

target elements and make the weight matrix be square where the input and 

output sizes are equals. As shown in Fig3.                                            
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Finally, the compression result is the vector x plus the index matrix.  

 

2) Decompression Side Algorithm 
  a) (If the Optional case used) Use the index matrix to determine which          

       output neurons should be connected together at the same input neurons.   

                                                                                                                             

Fig3:- The Compression NN 
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  b) Calculate the vector y by single forward computing using                

Equations and 6.                                                                                            

     c) Scale the result from (b) so that the output vector is in the                

range 0 ≤ y ≤ 255.                                                                                      

 

Results 
       In this work, we introduce a new efficient compression algorithm. The 

presented technique allows individual to compress a text files. The signal to 

noise ratio (SNR) and the compression ratio (CR) [2, 4] are computed using 

equations (11) and (12) for a number of experimental text files. Table1 

summarizes these results.                                                                                     

                                                                                     

 

…………..………………………… (11) 

 

…………...…………………...…………… (12) 

 

where,                                                                                                      

        y (i) original vector text file.                                                                             

        O (i) reconstructed text file vector.                                                                   

        The adaptive characteristics of the proposed approach provide a low size 

in structuring the architecture of the network; where the number of neurons in 

the input layer is reduced to halve of the input layer neurons at maximum; 

which not only speed up the processing but also makes the network less 

susceptible to failure or saturation. According to this situation, we get 

compression size to halve the original size at worst case.                                  
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Size File Original
CR

Table1:- Compression Results 
 

Original  Text File 

Size KB 
SNR CR 

100 0.003085 5 

58 0.002183 6 

24 0.002437 8 

5 0.001027 3 

1 0.019585 1.3 

0.3 0.02566 0.4 
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Example   
    Here we consider the following text that has 2694 character or byte.                                

1. Original Text               

ARTIFICIAL NEURAL NETWORKS                                                                

      In recent years, there has been a confluence of ideas and methodologies from 

several different disciplinary areas to give rise to an extremely interesting research 

area called Artificial Neural Network (ANN). A neuron is the fundamental building 

block of nervous system that performs computational and communication function. 

The ANN is a functional imitation of simplified model of the biological neurons and 

their goal is to reproduce intelligent data evaluation techniques like pattern 

recognition, classification, and generalization by using simple, distributed, and robust 

processing units called artificial neurons or Processing Elements (PE). The artificial 

neuron was designed to mimic the first-order characteristics of biological neurons. 

The intelligence of ANN and its capability to solve hard problems emerges from the 

high degree of connectivity that gives neurons its high computational power 

(processing capability) through its massive parallel-distributed structure or 

architecture, each neuron of which performs only very limited operation. Even though 

individual neuron works very slowly, they can still quickly find and architectures can 

be implemented in VLSI technology for real-time applications.  Currently, two 

principal streams can be identified in ANN research. Researches in the first stream are 

concerned with modeling the brain and thereby explain its cognitive behavior. On the 

other hand, the primary aim of researchers in the second streams is to construct useful 

‘computers’ for real world problems of pattern recognition by drawing these 

principles. a solution by working in parallel. A major advantage of ANN approach is 

that the domain knowledge is distributed in the neurons and information processing is 

carried out in parallel-distributed manner. ANNs are highly parallel data processing 

tools capable of learning functional dependencies of data. Being adaptive units they b 

dktuare able to learn these complex relationships even when no functional model 

exists. This provides the capability to do “Black Box Modeling” with little or no prior 

knowledge of the function itself. ANNs are fine-grained parallel implementation of 

non-linear static-dynamic systems. They have the ability to properly classify a highly 

non-linear relationship and once trained, they can classify new data much faster than 

it would be possible, by solving the model analytically. The current resurgence of 

interest in ANNs is largely due to the emergence of powerful new methods as well as 

to the availability of computational power suitable for simulation. The field is 

particularly exciting today because ANN algorithms                                                      

  

2. After manipulation with the presented algorithm we get the input vector x which  

    has   600 elements = [14.77 50.444 2.4 555.678 345.09 1546.87 ………………]                    

3. This x vector will store or send.                                                                              

4. For reconstruction the original text file ; use the equations 5 then 6 then  

    multiply  the result by 255, this will get the original text. 

5.The reconstructed text is completely the same as the original text. 
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جديدة لضغط المعلومات النصية بالاعتماد على مبدأ الشبكات العصبية ذات طريقة 

 التعلم المباشر

 

 لي حسين حسنع

 قسم الحاسبات -كلية العلوم -جامعة ذي قار
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