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Abstract— Rule based systems are basically knowledge base systems. They imitate the functionalty of human decision making process in 
machines. The knowledge is stored in the Knowledge Base of the fuzzy rule based systems. The knowledge is expressed, manipulated 
and processed by using fuzzy logic. Fuzzy logic represents the human knowledge very well because its mathematical framework is very 
strong to deal with uncertainity and vaguness inherent with human knowledge. Interpreatbility is the subjective feature of the fuzzy rule 
based system that quantifies the understandability of the system functioning by a user. Due to its subjective nature, it is not easy to quantify 
the interpretability. No global index has been developed till now to deal with interpretability assessment. In this paper the authors have 
proposed a new interpretability assement index. The experimental activities are carried out by using open access software “Guaje”. 

Index Terms— Fuzzy Rule Based Systems, Fuzzy Logic, Interpretability, Knowledege Representation, Rule Base, Knowledege Base, 
Inference Engine. 

——————————      —————————— 

1 INTRODUCTION                                                                     
To integrate the advantages of the human decision making 
process into machine, the knowledge based intelligent system 
have been developed. The representation of knowledge in 
these systems is a complex task due to its subjective, imprecise 
and uncertain nature. Bivalent logic is ineffective to deal with 
these issues in representation knowledge. Fuzzy logic can be 
used as a knowledge representation theory with a strong 
mathematical background. The knowledge based systems de-
veloped using Fuzzy Logic are called Fuzzy Rule Based Sys-
tem. 
Interpretability and accuracy are the important features of the 
fuzzy rule based system. Interpretability means the quantifica-
tion of understandability of a fuzzy system by a user. This is a 
subjective feature and its assessment is not an easy task. On 
the other hand accuracy is the quantification of closeness be-
tween real system and modeled system. 
Interpretability and accuracy are the contradictory features. 
This means the improvement in one can be done at the cost of 
other. This leads to a trade-off situation and is called “Inter-
pretability-Accurcay Trade-Off”. Evolutionary Multiobjective 
Optimization is the best technique to deal with this trade-off.     
In this paper, the assessment parameters of the interpretability 
of fuzzy system are indentified and a system using a data set 
has been implementing with the help of “Guaje” open access 
software. A new interpretability index has been proposed.  
 
2 INTERPRETABILITY OF FUZZY SYSTEMS 
Several works has been carried out to demonstrate the qualifi-
cation of interpretability. In [1] following criterias are identi-
fied to access interpretability: 

Fuzzy partitions; linguistic interpretability of fuzzy set, num-
ber of fuzzy set for each variable. 

1. Number of fuzzy if then rules. 
2. Number of Inputs. 
3. Number of rules conditions. 
4. Defuzzification and inference mechanisms 

In [2] the interpretability of any fuzzy system is of two  types;  
1. Complexity Based Interpretability  
2. Semantics Based Interpretability  

Complexity Based Interpretability focuses on the parameters 
numbers of rules, labels, variable per rule etc. 
A taxonomy has been proposed for interpretability assessment 
parameter in [3] . There are three classification of parameters; 
Knowledge Based Interpretability (KBI), Inference Engine In-
terpretability (IEI) and user knowledge Base Interpretability 
(UKBI). 
Several other areas are found where the fuzzy system are ap-
plicable, like database [4,7], software engineering [5], control 
systems [6], etc. 
During the design of fuzzy rule based systems, high dimensi-
ionalty of data is a big problem. It creates the explosion in the 
number of rules generated and the interpretability and per-
formance has been deteriorated due to this problem. A fuzzy 
clustering based solution has been presented in [8] by Shukla 
et al.  
The Interpretability and accuracy parameters are studied in 
[9].   
A review on the interpretability issues and interpretability- 
accuracy trade off has been carried out in [10,11]. Evolutionary 
algorithms are playing vital role in the designing & FRBS as 
on optimization problem. This is also reviewed in [11]. 
Interval type-2 fuzzy systems are much more capable to deal 
with imprecision and uncertainty. A DB tuning approach has 
been proposed and implemented “Lateral Displacement/ 
Expassive Compressive (LDEC)’ using genetic algorithm in 
[12].   
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3 Prosposed Interpretibiltiy Index 
Several parameters are used to quantify the interpretability, 
i.e. number of rules, number of membership function, number 
of variable called gromelaity etc.  A new interpretability index 
has been proposed here and implemented experimentally. 
 

ARLTRL
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×
×

=  

Here,  
IAI=Interpreatbility Assessment Index  
NOR=Number of Rules  
NMF=Number of Membership Functions 
TRL=Total Rule Length  
ARL=Average Rule Length  
The prposed index covers the database interpretability param-
eters.  

 
4 Experiments and result analysis  
A fuzzy rule based system has been practically impklemented 
using the open access software ‘Guaje’. This is java based 
framework to design and implement interpretable and accu-
rate fuzzy rule based systems. This is basically the implemen-
tation of fuzzy modeling methodology ‘Highly Interpretable 
Linguistic Knowledge (HILK)’. 
 
4.1 Guaje Framework  
GUAJE means ‘Generating Understandable and Accurate 
fuzzy models in Java Environment’. This is basically the im-
plementation of fuzzy modeling approach ‘HILK (Highly In-
terpretable Linguistic Knowledge)’. The objective of HILK is to 
gain a good interpretability-accuracy trade-off that is a com-
mon framework for integrating expert and induced 
knowledge.   

 Different preexisting open source tools are combined to de-
velop a computational environment for generating interpreta-
ble and accurate fuzzy systems. This software is basically an 
extended version of open access software tool KBCT 
(Knowledge Base Configuration Tool).  

GUAJE combines the following six preexisting tools:  

1. Knowledge Base Configuration Tool (KBCT)  

KBCT is open source software tool for knowledge extraction 
and representation that integrates the expert and induced 
knowledge that is automatically extracted from data. During 
the integration of two kinds of knowledge, consistency analy-
sis, simplification and optimization operations are carried out.  

2. FisPro  

FisPro is an open source software tool for developing fuzzy 
inference systems (FIS) used for reasoning tasks specifically in 
physical or biological systems. Many algorithms are incorpo-
rated to generate fuzzy partitions and rules directly from ex-
perimental data. FIS visualization methods are presented in a 
Java based user friendly GUI.  

3. Xfuzzy  

Xfuzzy is a free software environment for developing FIS. Dif-
ferent steps of designing the FIS are integrated in the method. 
This software is encoded in Java and its tools are based on a 
common specification language XFL3.  

4. Ontology Rule Editor (ORE) 

ORE is an open source software environment written in Java. 
This is used to define, manage and test inference rules on a 
model represented by specific ontology.  

5. Weka 
Weka is an open source tool with different types of algo-
rithms for data mining purposes. Many classical algo-
rithms J48 that correspond C4.5 algorithm are implement-
ed.  

6. Matlab Fuzzy Toolbox  
This most commonly used commercial tool for developing 
fuzzy system application. It is fully integrated with func-
tionalities provided by Matlab environment commonly 
applicable in engineering, educational and business appli-
cations.  

4.2 Experimentation    
In this experiment, the fuzzy rule based system is generated 
by using a data set “Liver Disorder” [13]. This is a multivariate 
data set. Total number of instances is 345 and total number of 
attributes is 7. This data set is ceated by BUPA Medical Re-
search Ltd. First five variables are recorded by the blood test 
and the disorder may be found by excessive alchohal con-
sumption. The attribute information is as follows: 

1. mcv – mean corpus unlar volume  
2. alkphos-alkaline phosphates  
3. sgpt- alamine aminotranscfease  
4. sgot- as part ate a mino transeferase 
5. gammagt gamma- glutamye transpeptidase  
6. Number of drinks sector field to split data into two 

sets. 
The fuzzy membership functions are as follows: 
 

 
Fig. 1 MF of First Variable 1 
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Fig. 2 MF of Variable 2 

 
Fig. 3 MF of Variable 3 

 
Fig. 4 MF of Variable 4 

 
Fig. 5 MF of Variable 5 

 
Fig. 6 MF of Variable 6 

 
 
The inferencing process snapshot of the experimentation in 
fig. 7. 
  

 
 

Fig. 7 Snapshot of inferencing process by Guaje open access 
software 
 
The interpretability parameters are recorded as follows given 
below with this experiment.  
 

TABLE I 
INTERPRETABILITY INDEX 

 
S. No.  Interpretability Index  Value  

1 Nauck Index 0.003 
2 Number of Rules  48 
3 Total Rule Length  288 
4 Average Rule Length 6 
5 Theoritical Fired Rules  15.25 
6 Inferential Fired Rules  16.771 

 
The recorded accuracy is accuracy is 91.3 %. 
The value of IAI is 0.1319.  
 
4.3 Wang and Mendel Method  
 

The Wang and Mendel method has been used for the rule 
base generation. The method is detailed as follows; 
Wang and Mendel’s method is a simple and accurate data 
driven RB generation method proposed by Wang and Mendel 
(1992). Its functioning is based on the input-output data set

}..,,.........,{ 21 ndddD = , ),,........,( 21
ii

n
ii

i yxxxd = that 
represents the behavior of the problem being solved. In this 
previous DB definition is considered that consists of input and 
output fuzzy partitions. 
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Following steps are considered for RB generation in this 
method.  

1. Fuzzy partition of the input variable spaces  

Expert information or normalization approaches are used to 
obtain fuzzy partition. The input variable spaces may be parti-
tioned with equal (uniform/symmetric fuzzy partition) or un-
equal number. The MF are identified and assigned for each 
subspace.  

2. Candidate rule set generation  

A rule set is required to be generated that covers all the spaces 
of the input/output data pairs contained in D. Thus n candi-
date rules are generated. For rule generation, a (n+1) dimen-
sional real array that have n input and 1 output and setting 
each variable to linguistic label that covers every array com-
ponent are used. 

3. Assignment of importance degree to each rule  

Consider the following rule, 

BisythenAisxandandAisxifR nni .......................11=
        The above rule is generated from the example 

nidi ,......,2,1, = . The importance degree is calculated as 
follows:  

)().(...).........()( 11
l

B
i
nA

i
Ai yxxRID n µµµ=  

4. Development of final RB from candidate linguistic rule 
sets  

The n candidate rules are first clustered into p different 
groups. In this each group is composed of all the candidate 
rules having same antecedent. It is noted that Rij is the jth rule 
of ith group. The final RB is generated by selecting the candi-
date rules with highest importance degree in each group j, 
j=1,…., p.    

  
5 Conclusion and future scope  

Interpreatbility assessment of a fuzzy system is a very 
complex task due to its subjective nature. This is still an open 
problem and no global index has been proposed to assess it. In 
this paper the authors have presented a new interpretability 
index. A fuzzy rule based system has been implemented using 
“Guaje” open access software for the data set “Liver Disor-
der”. The interpreability index IAI and other interpretbility 
parameters are experimentally approximated.  

In future, this work can be extended with the following im-
provemnts proposed below in points,  

1. Use of improved versions of the fuzzy logic, like type-2 
fuzzy logic. Type-2 fuzzy logic is computationally very 
expensive so its improved version ‘Interval Type-2 
Fuzzy Logic’ is used which carries the properties of 
type-2 fuzzy logic with less computational cost.  

2. High dimensional data sets are leading to explosion in 
number of rules generated. This situation deteriorates 
the interpretability and performance of the system. 
This is an open problem.  

3. Interpretability and accuracy are the contradictory fea-

tures and leads to situation of ‘interpretability-accuracy 
trade-off’. Evolutionary Multiobjective Optimization is 
the approach to deal with this issue. A big number of 
research lines are identified at the crossroad of evolu-
tionary multiobjective optimization and fuzzy systems.                                                                                                                                
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