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Abstract: Fuzzy logic has become an important tool for number of different 
applications ranging from the control of engineering system to artificial intelligence. 
Practical applications of fuzzy logic pose a unique set of problems. The design of 
systems, which apply fuzzy logic to make use of human knowledge and experience, is a 
daunting task without facing engineering problems of real world systems. In this paper 
the author describes some of the major issues faced in the process of designing, 
developing and applying fuzzy logic in real-world applications. The author presents 
the software solution and experiences gained during the development of a fuzzy based 
diagnostic system. The paper describes the software engineering principles applied to 
improve the process of working with fuzzy logic. 
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1 Introduction 

It has been proven that fuzzy logic [1, 2, 3, 4, 5] is a viable alternative to other 
algorithms in many fields. Yet the adoption of fuzzy logic in most cases is not as 
widespread as it could be. The reason is that the choice of using fuzzy logic to 
solve a problem in a specific domain has its own challenges. The first step is to 
build a fuzzy model from the expert knowledge available for the problem domain. 
This phase includes the design of the fuzzy solution. After the design and 
prototyping phase, the solution needs to be integrated into the production 
environment, the system which provides the fuzzy logic based algorithm with 
inputs and applies the output of the fuzzy logic solution. The integration phase can 
involve a series of problems, mostly depending on the target system. It is rare that 
the prototyping and the design of the fuzzy logic based algorithm can be done 
directly ported to the final system. Even from the high level view of the steps 
involved in the development of the fuzzy logic solution, it can be seen that 
involves steps which slow down the development and add a significant learning 
curve to the process. This is a factor which hinders the adoption of fuzzy solution 
in different fields. 
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2 Issues 

One of the main advantages of a fuzzy logic based approach that it allows the 
developers to focus on the decision logic of the algorithm. Also, the architecture 
of a fuzzy logic approach requires that an algorithm for a specific problem is built 
on a bottom up design, where all sub steps of the decision algorithm are described 
and composed to reach the final solution. This comes at a price unfortunately. In 
this section the author describes some of the issues faced in fuzzy logic based 
projects [6] and a general overview of the issues with the use of fuzzy logic. 

2.1 Risk 

There is a risk involved when designing a project and deciding to use fuzzy logic. 
This includes the previously mentioned phase of designing of the fuzzy logic 
solution for a specific algorithm. Modelling a domain specific problem in pseudo 
code is easier then achieving the same in a fuzzy logic description. It is highly 
unlikely that the domain expert has knowledge is/or an expert in fuzzy logic as 
well. It also introduces further difficulties in the maintenance of the algorithm 
implementation. 

2.2 Existing Tools not Designed for Production Usage 

Most tools available for developing fuzzy logic solutions have decent support for 
designing the algorithm. Some even provide great support for debugging and fine 
tuning those. The problem is that the development environment is rarely the same 
as the production environment, where the fuzzy logic solution will be applied. 
Also, deployment of the solution is not taken into consideration. 

2.3 Learning Curve and Additional Complexity 

All professionals working on the project need to be aware of the fact that they are 
using fuzzy logic algorithms to solve a problem. This issues is present because the 
lack of appropriate tools and solutions. Other alternatives only require the 
professionals to learn a simple set of rules (for example an expert system) or a 
descriptive format which modifies the behaviour of the algorithm. Fuzzy logic 
could be used the same way with appropriate support. 

2.4 Customization and Extension Issue 

Most tools available for fuzzy logic development involve a set of available fuzzy 
logic functions (operators, defuzzification, etc.) but they do not provide a 



Óbuda University e‐Bulletin  Vol. 2, No. 1, 2011 

 – 287

straightforward way to add additional functions. In some cases there is no 
possibility to add custom functions to the solution. This can be a serious issue 
when a used function is not supported by the fuzzy logic implementation. This is a 
realistic case in most production cases. 

2.5 Issues of Modern Software 

In modern hardware and software environments the problem of concurrency and 
scaling became an important topic. The ability to trace the execution of an 
application is mandatory. Debugging step by step is no longer possible or helpful 
in every application domain. In clustered, multi-threaded and multiple concurrent 
user applications the classical debugger is not a viable solution. 

3 Fuzzy Logic and Software Engineering 

In the phase of designing a fuzzy logic solution the designer is not concerned 
about the integration environment. The main focus is on achieving the best 
possible results in a test or simulation environment. The main problem with this 
approach is that it introduces additional risk factors if the development 
environment and/or platform used for creating the fuzzy solution differs from the 
target/integration platform. Problems can be related to unsupported operators, 
differences in the arithmetic model of the two platforms and so on. All these 
issues are risk factors in the realization of a project. These issues can be resolved 
by using the same environment for development and production. In this context an 
environment covers the fuzzy logic tools (operators, membership functions, 
defuzzifiaction methods, etc.) and the software realization of the fuzzy logic tools, 
which include arithmetic operation and other factors which contribute to the 
correctness of the application. The unified environment - usable for development 
and production as well - is a reasonable solution which builds on basic principle 
used in software development, abstraction. It would eliminate the risk of migration 
from development environment to production. Also, all used fuzzy operations 
would be supported without additional effort. Correctness can be further insured 
with the usage of automated testing. 

A proper abstraction for a fuzzy logic solution would be to use it as a domain 
specific language for the algorithm. One of the major advantages of fuzzy logic is 
that it is definitions resemble human reasoning. A domain specific language [7] 
can be built together with the domain expert to minimize the learning curve and 
reduce complexity involved in the solution. In this approach membership 
functions are used as a layer of abstraction for the algorithm. For this approach to 
work a proper support is needed for the fuzzy logic implementation. By proper 
support the author means an interface, which makes it possible to declaratively 
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create a domain specific language, which can be used by the domain experts. It is 
important to abstract away the concept of fuzzy logic to minimize the initial 
learning curve and to increase productivity. From software engineering 
perspective this is one of the easier ways to adopt and use fuzzy logic, where only 
the designer of the DSL (fuzzy logic based approach) needs to have knowledge of 
fuzzy logic. 

The execution of a fuzzy logic solution in production is usually a black box. The 
surrounding software solution provides the inputs and receives the output after the 
processing. The issue with this is that there is no way of accessing partial results. 
If a result of the fuzzy logic algorithm is incorrect or differs from the development 
environment results, there is no simple way to pinpoint the source of the error. 
There is no way to trace the steps the fuzzy logic solution does to get to the final 
result. The issue might be reproducible with the appropriate steps, but there is no 
guarantee and it still requires an effort. This is a mandatory requirement in modern 
software environments which serve numerous clients all around the clock. 

4 Fuzzy Logic Solution 

The mentioned issues in the previous sections are not an issue in many use cases, 
but still these are important problems which need to be taken into consideration. 
Fuzzy logic solutions have the possibility to efficiently solve the problem of 
concurrent programming in modern software environments. By definition a fuzzy 
logic decision always produces the same output for the same inputs. This means 
that it is referentially transparent. This property is true for all of the steps taken to 
reach the final result. This means that with a proper implementation for fuzzy 
logic tools the decision steps can be executed concurrently to take advantage of 
modern hardware. The designed fuzzy logic based DSL can be described as a 
declarative approach to domain logic development which takes advantage of 
modern hardware environments. This is a significant advantage. There is no need 
to design the algorithm with parallel [8, 9, 10] execution in mind. The DSL takes 
care of it where the dependencies make it possible. 
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Figure 1 

Execution graph  

Based on the dependencies, which include partial inputs, partial results and so on 
it possible to build an execution graph [11]. The execution graph is the workflow 
for the fuzzy logic decision implementation. Figure 1 shows how an execution 
graph can look like. In case of a fuzzy solution we know ahead of time some 
initial dependencies. For example all fuzzy rules can be executed concurrently and 
their results collected. Fuzzy operators and aggregations can be concurrently 
processed with data parallel algorithms [12, 13]. 

The fuzzy logic solution proposed by the author is referentially transparent and 
based on persistent data structures [14]. The advantages are that no race conditions 
can occur, no need for synchronization between execution threads, also all 
calculations are done in a different context, meaning every partial and final result 
is available.  

5 Requirements Based on Experience 

In this section the author highlights the main requirements for a modern fuzzy 
solution based on his experience: 

1) Compatibility 

Import and export from/to other formats. This reduces the effort required for 
migration process. The supported formats might contain restrictions but provide 
an interface between different solutions. 

2) Completeness 
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Support for multiple inference schemes, operators, membership functions etc. 
Most fuzzy logic libraries lack the essential functions for in depth examples or 
research topics. 

3) Correctness  

Extensive test coverage to verify correctness of basic building blocks for fuzzy 
logic applications. If the essential building blocks are proved correct the risk of 
incorrect results from the fuzzy logic solution is reduced. Also, migration and 
integration checks are automatized. 

4) Ease of use 

The basic principle is that simple things should be simple, complex operations 
should be possible. Component based extensions through provided interfaces. The 
steps and components of fuzzy logic need to be reflected in the implementation as 
well. 

5) Tools 

Provide utilities for monitoring, tracing, improving fuzzy logic solutions.  

6) Knowledge and documentation 

The fuzzy solution should be usable for both research and development. Both 
fields have their own requirements and both fields complement each other. The 
fuzzy solution should take advantage of this fact. 

Conclusions 

Fuzzy logic solutions need to adept to the requirements of modern software in 
order to remain a viable approach for the broad field of applications. Fuzzy logic 
is a complex topic which requires proper software based solution to achieve 
efficient usage in real life use cases. In some cases, hiding this complexity is the 
key to success. In other cases by embracing its possibilities and advantages 
modern software engineering problems can be conquered elegantly and efficiently. 
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