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Traditional V.S. Fuzzy 

 Traditional control systems are based on 

mathematical models in which the control system 

is described using one or more differential 

equations that define the system response to its 

inputs. 

 

 Fuzzy control exploits a collection of so called 

linguistic rules capable of directly capturing and 

modeling the human expertise and skills related to 

a given application domain. 



Fuzzy Makeup Language (FML) 

 Fuzzy Markup Language (FML) is an emerging 

XML-based markup language whose main aim is the 

design and implementation of  fuzzy controllers (FLC). 

    => it is used to model two well-known kind of fuzzy        

    controllers: Mamdani and Takagi-Sugeno-Kang (TSK). 

 

 FML programs are coded through a collection of 

correlated semantic tags(語義標記) capable of 

modeling the different components of a classical fuzzy 

controllers by exploiting abstraction benefits offered 

by XML tools. 

 



Difference 

 Different from other similar approaches used to 

describe fuzzy controllers such as Fuzzy Control 

Language(FCL) or MATLAB Fuzzy Inference  System 

(FIS) developed by the Math works, FML allows fuzzy 

designers to simply code their ideas on heterogeneous 

hardware without having understanding about details 

related to the different platforms. 



Benefit 

 It is possible to implement the same FLC on different 

hardware architectures with a minimal effort , without 

additional design and implementation steps. 



Fuzzy controllers 



 Fuzzy knowledge base manipulates the variables used in the 

controlled system (such as temperature, pressure, etc.). 

 

 Fuzzy Rule Base  represents the set of relations between fuzzy 

variable defined in the controller system. 

 

 Inference Engine is the fuzzy controller component able to extract 

new knowledge from fuzzy knowledge base and fuzzy rule base.  

 

 Fuzzification : permits to transform the real numbers used by 

controlled systems into a fuzzy set used by fuzzy controller. 

 

 Defuzzification: transforms the fuzzy set generated by fuzzy 

controller into real numbers usable by controlled system.  

 

 



Mamdani V.S. TSK 

 The Mamdani controller uses a fuzzy set to model the 

consequent part of rule 

 

 The TSK controller uses the linear function of input 

variable to describe the rule consequent part. 

 



Fuzzy controller tree 



 <FUZZYCONTROLLER> represents the root tag of FML 

program, that is, the beginning tag of each FML program. 

which has two attributes: name and ip. The name attribute 

permits to specify the name of fuzzy controller and ip is used to 

define the location of controller in a computer network. 

 

 <KNOWLEDGEBASE> tag uses a set of tags: 

1. <FUZZYVARIABLE> defines the fuzzy concept; 

2. <FUZZYTERM> defines a linguistic term describing the 

fuzzy concept; 

3. a set of tags defining a shape of fuzzy sets are related to 

fuzzy terms. 



 

 

 <RULEBASE> tag which defines a fuzzy rule set. 

 =>uses five attributes: name, type, activationMethod, 

and-Method and or-Method. Obviously, the name 

attribute uniquely identifies the rule base. The type 

attribute permits to specify the kind of fuzzy controller 

(Mamdani or TSK) respect to the rule base at issue. 

The activationMethod attribute defines the method 

used to implication process; the andMethod and 

orMethod attribute define,respectively, the and and or 

algorithm to use by default. 



ANTECEDENT and CONSEQUENT 

 Example: let us consider a Mamdani rule composed by 

(food is rancid) OR (service is very poor) as 

antecedent and tip is cheap as consequent. The first 

antecedent clause uses food as variable and rancid as 

fuzzy term, whereas, the second antecedent clause uses 

service as a variable, poor as fuzzy term and very as 

modifier; the consequent clause uses tip as a fuzzy 

variable and cheap as a fuzzy term. 



An extension of FML: Type 2 FML 
 Type-2 fuzzy systems are able to represent such 

uncertainties because their membership functions are 
themselves fuzzy. 

 At the same way of type-I FML program, the root of a 
generic type-II FMLbased system is represented 
through the tag <FuzzyController> characterized by 
two attributes: name and ip. 

 Name permits to specify the name of the fuzzy 
controller under design. 

 IP is used to define the location of controller in a 
computer network. 



Translate FML to Java 

 IP = “192.168.4.3” , name = luminosity 



The difference with original FML 

grammar 

 In order to define the set of type-2 fuzzy concepts 

contained in the knowledge base, a set of tags name 

<Type2FuzzyVariable> must be nested in the tag 

<KnowledgeBase>. 



The details of attribute 

<Type2FuzzyVariable> 

1. name which defines the name of type-2 fuzzy concept. 

 

2. scale which is used to define the scale used to measure the 

type-2 fuzzy concept 

 

3. domainleft and domainright are used to model the universe 

of discourse of fuzzy concept, that is, the set of real values 

related to fuzzy concept. 

 

4. type which defines the position of type-2 fuzzy concept 

into rule (consequent part or antecedent part). 



The details of attribute 

<Type2FuzzyVariable> 

5. accumulation which defines the method of accumulation, 

i.e., a method that permits the combination of results of each 

rule of a variable in a final result 

 

6. typeReduction which defines the method used to execute 

the type reduction, i.e, the mapping of the type-2 fuzzy set 

obtained from inference process into a type-1 fuzzy set. 

 

7. Defuzzifier which represents the method used to transform 

this type-1 fuzzy set in a crisp output for the system. 

 

8. defaultValue which defines a real value used only when no 

rule has fired for the variable at issue. 



Conclusions 

 The choice to model fuzzy systems by using XML 

technologies allows systems designer to solve a strong 

difficulties related to the implementation of a same 

fuzzy system on different hardware architectures and 

avoid to start a novel and expensive software 

engineering process. 


