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Abstract— The problem of speech and text understanding and its 
application to the spoken dialogue systems is investigated in the 
paper. The Neuro-Fuzzy model has been applied for solution this 
problem and received satisfactory results. Mathematical model 
and software developed for building human-computer dialogue 
system. 
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I. INTRODUCTION 
A development of the Artificial Intelligence (AI) has 

stimulated a creation of the intellectual means for serving  
people in society. The main feature of the fifth generation 
computers is their having an artificial intelligence. Currently, 
serious and outstanding works are performed towards the 
development of artificial intelligence computer systems and 
their application to human activities. An information 
recognition and its understanding by computer stands in the 
centre of the AI. At first for creation human-computer 
inteaction must be solved the information recognition and 
understanding problems. Because information understanding 
by computer is very difficult problem generally, scientists 
apply this problem in specific fields. One of these fields is the 
different purpose human-computer dialogue systems. The first 
issue in dialogue systems is the understanding user intention. 
Determination of the user intention from the first sentence of 
the dialogue has wide application. At present, the most 
information centers of companies employ interactive voice 
response systems. User choose one item of menu which 
systems presented him (her) and push some button of a phone 
during call time. At offices and organizations carrying out 
wide-range of activities this menu is greater. The user applying 
to these companies is forced to listen to such menu every time 
and eventually it makes troubles and is exhausting for the user. 
Therefore, there is a necessity for systems making intellectual 
speech intercourse with a human replacing such systems.  

Along with mathematical methods and algorithmic 
application it is necessary to take into account the peculiarities 
of natural language in development of these systems. As the 
modern dialogue systems have been designed and developed 
for languages such as English, German, Japanese etc. they 
don’t support Azerbaijani.   

The issue related to development of such systems based on 
strong mathematical models especially for Azerbaijani 
language researched in the article. Since, the initial problem in 
dialogue systems regarding the identification of which content 

does a user request corresponds to have been resolved. A 
specific object has been chosen and Neuro-Fuzzy models have 
been suggested for understanding process.  

Note that different approaches have been suggested for 
solution of such kind of problems [1-8]. Dr. Chung and his 
colleagues applied HMM for learning user intention to hold 
dialogue in transaction systems [2]. They proved that correct 
identification of user intention seriously improves the dialogue 
system performance and its decision-making function. As 
another approach for identification of user intention has been 
used Hidden Topic Markov Models [7]. It should be noted that 
this mathematical method is the combination of Hidden 
Markov and Latent Dirichlet Allocation Models. Note that as 
another method theory of fuzzy sets is applied for 
understanding problem [1,8,9]. 

II. PROBLEM STATEMENT 
The basic core of the human-computer dialogue systems is 

the understanding natural language by computer.  Natural-
language understanding the processing of utterances in human 
language in order to extract meaning and respond 
appropriately. The human-computer dialogue can be hold 
written and oral form. 

Speech understanding – the processing of speech that 
involves the mapping of the acoustic signal, usually derived 
from some form of speech recognition system, to some form of 
abstract meaning of the speech. The systems have been defined 
as computer systems with which humans interact on a turn-by-
turn basis are called spoken dialogue systems (SDS). The main 
purpose of a spoken dialogue system is to provide an interface 
between a user and a computer-based application. The main 
modules of the spoken dialogue system are followings: speech 
recognition, speech understanding, dialogue manager and 
speech generation [10].  

A system performing the functions of the information 
center has been taken as a object of research. The basic 
functions of this center are acceptance of calls, carrying out 
dialogue with a user, identification of user’s intention and 
connection to appropriate department according to user’s 
intent. The most important component in spoken dialogue 
systems is the learning user intention for speech understanding.  
Neuro-fuzzy models have been suggested for solution of this 
problem.  
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III. NEURO-FUZZY APPROACH FOR LEARNING USER 
INTENTION 

Due to a complex structure of natural language, linguists 
use different type of “soft” technologies for its analysis. We 
have used fuzzy theory for solving this task, because there are 
fuzzy relations between words and their meanings [16].  

The algorithm that we suggested for understanding of users 
query in human-computer dialogue by applying fuzzy set 
theory involves two phases: training and understanding 
process.  

The following operations are carried out in the training 
process[1]: 

1. The users queries are collected for training and 
classified according to their context; 

2. ( )( ),ijaA = ( NjPi ..1,..1 == ) -  term-document 
frequency matrix is constructed, where P is the 
number of salient terms, N is the number of 
destinations and an element ija  represents the number 
of times the term i occured in calls to destination j. 
This number indicates the degree of association 
between term i and destination j. 

3. In order to balance the contribution of each term, 
term-document frequency matrix is normalized so 
that each term vector is of unit lenght. Let B be the 
result of normalizing the term-document frequency 
matrix, whose elements are given as follows: 
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4. The vector of inverse-document frequency (IDF) is 
calculated[17].  

i
i z

NIDF 2log= , .,1 Pi =  

where i is a term, n is the number of documents in the 
corpus, and iz  is the number of documents 
containing the term t. Using this weighting scheme, 
terms that occur in every document will be 
eliminated.  

5. Membership function values ijμ , for words containing 
user queries classified according to topics are 
defined.  

ijiij bIDF ⋅=μ , NjPi ,1,,1 == . 
6. Sentences selected according to topics are trained by 

neuro-fuzzy model. The aim function is defined as 
follows:   
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The partial derivatives of this function calculate following 
form:   
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Equation (1) is minimized by conjugate gradient methods 
and defined optimal values of *y . 

The following operations are carried out in the 
understanding process.  

1. The user’s query is divided into words and 
membership degrees defined in the training process of 
words are recalled from database. If the word is not 
found in the database then its membership degree is 
taken as zero. 

2. These membership degrees are input elements of the 
neuro-fuzzy model. In next layer maximum values of 
membership degrees of each word according to 
content in the user query and the number of that 
content are defined:  

( ) ( )ikikk yy μμ max= , 

where ( )ik yμ  is membership degree of k-th word to i-
th topic, MkNi ...,,1,...,,1 == , M – is the number of 
words contained in the query.  

3. The minimum of maximum values obtained for the 
same department according to each content is defined:   

),...,,min(
21 lkkki μμμμ = , 

where li
ik ,...,2,1, =μ  is the maximum values for i-th 

topics. 

4. The next block of neuro-fuzzy network consists of 
type of IF-THEN rules. The membership of user’s 
query context given by means of Center of Gravity 
Defuzzification Method is defined in the final 
layer[16]:  
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y  quantity obtained in the result shows the context 
addressed by the user query  (fig 1). 
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Figure 1: Learning user intention using neuro‐fazzy model 

 

IV. CONCLUSION 
The understanding of a query from the initial question of 

calls incoming to information center of an educational 
company and routing according to its intention was taken as the 
test problem to be solved.  

Calls must be routed to one of the 4 departments of the 
company or connected to an operator or be rejected. These 
departments are: 1) information center 2) accounting 
department 3) test exams center 4) service departments. 

180 queries have been taken for training process. During 
the application of neuro-fuzzy model the membership functions 
of queries have been calculated by dividing into words in a 
parallel way according to departments. Due to the restrictions 
put on the volume of the article we don’t show the database of 
queries and the values of membership degrees for each query to 
fuzzy sets 

After training of neuro-fuzzy sets we have the following 
values for iy , Mi ,...,1= : 1.0285751 ≈y ; 1.7721862 ≈y ;  

3.0003833 ≈y ; 4.0000124 ≈y .  
Incoming user’s request is calculated by expression (3) in 

understanding process. If value of y  belong to the interval 
( )Δ+Δ− NN , , then system connects user to N-th 
department. Here [ )5.0;0∈Δ is the main quantity, which 
influences to the reliability of the system. The value of Δ  
round the context addressed by the query increases meanwhile 
both understanding and misunderstanding rate enhances.  

There is used kind of IF-THEN rules and according middle 
centre defuzzyfication method to determine the user intention 
for given appeal.  

Let’s apply neuro-fuzzi model to one user’s request. For 
example: User calling to the Educational Center asks a question 
in this way: “Bazar günü keçirilmiş sınaq imtahanının cavabını 
öyrənmək istəyirəm” (“I want to know results of exam held on 
Sunday”). Note that, the word “bazar” (“Sunday”) doesn’t 
belong to database.  

1. ( ) ( )( ) ;00) 0; max(0;0;...,,max 41111 === yy μμμ  
2. ( ) ( )( ) == 42122 ...,,max yy μμμ max(0,97; 0; 0,24; 0)= 

( )12 yμ =0,97; 
3. ( ) ( )( ) == 43133 ...,,max yy μμμ max(0,4; 0,07; 0,07; 0)= 

( )13 yμ =0,4; 

4. ( ) ( )( ) == 44144 ...,,max yy μμμ max(0; 0; 2; 0)= ( )34 yμ =2; 
5. ( ) ( )( ) == 45155 ...,,max yy μμμ max(0; 0; 0; 0)=0; 
6. ( ) ( )( ) == 46166 ...,,max yy μμμ max(0; 0; 2; 0)= ( )36 yμ  =2; 
7. ( ) ( )( ) == 47177 ...,,max yy μμμ max(0,95; 0; 0,32; 0)= 

( )17 yμ  =0,95; 
8. ( ) ( )( ) == 48188 ...,,max yy μμμ max(0; 0; 0; 0)= 0; 

01 =μ , 02 =μ , 2),min( 643 == μμμ ; 04 =μ . 
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It implies that computer system connects the user with the 
3-rd department.     

Table 1 shows that understanding indicators of the system 
which is given in percentage terms. It appears that as the value 
of Δ  round the context addressed by the query increases 
meanwhile both understanding and misunderstanding rate 
enhances. Depending on destination of dialogues different 
strategies is chosen by the companies. The query address is 
defined by asking new questions by the system for the rejected 
queries. The results given in the Table 1, corresponds to 
understanding of intention from the first user question. 
Software has been developed for the intellectual computer 
system. 

TABLE I.  RESULT OF UNDERSTANDING OF USER INTENTION FROM FIRST 
SENTENCE OF USER’S REQUEST 
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