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FUZZY TOOLBOX EXAMPLE #1
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Example: Furnace Temperature Control
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Fuzzy Rules for Furnace control
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One possible way to 
represent the rules in 
a fuzzy system is to 
use antecedent and 
consequent tables.

Antecedent table 
contains indices for 
MFs of each 
linguistic variable
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1 is the index to the first row 
(or column) of the 160x5 
(5x160) matrix containing 
definitions of MFs for the 
linguistic variable 
“Temperature”

First column 
for 
“Temperature”

Second 
column for 
“Setting”
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An example of Mamdani inference in MATLAB:

Rule: if x is A then y is B
Function call C = ifthen_min(AS,AG,x,BG)
� AS = support  vector of A;
� AG = grade vector of A;
� BG = grade vector of B;
� x = Crisp input x;
� C = inferred fuzzy set
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Rule: if x is A then y is B

Function call m=, �� ) ) ��* , � � <� 3<4. �( � + - � !� � �!� � �
+ � + " � $� � �- �� ��4��� ��

� AS = support  vector of A;
� AG = grade vector of A;
� x = Crisp input x;
� m = value mA(x)
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An example of Larsen inference in MATLAB:

Rule: if x is A then y is B
Function call C = ifthen_prod(AS,AG,x,BG)
� AS = support  vector of A;
� AG = grade vector of A;
� BG = grade vector of B;
� x = Crisp input x;
� C = inferred fuzzy set


  � �� � !�� � �� � �� �

��!� � � G+ �� , � � <� 3<4<13.

� �= ��� ) ) ��* , � � <� 3<4. �H�13A

� � 
 � � � � � 2
 �� � 1� 
 �
� 
 � � 
 � 
 � � � � � � �

?

%

%

8� �� � 9

I

??%?%??%

%????%%%

%????%??

8� �� � 98+ � #�� + 98�� � 98+ � #� $� !� 98�� � 98� � !98� � $+ � �98( � �#9

� �� � � �� !�( �2� $�� " ��
8�� � 9

� �� � � �� !�( �2� $�� " ��
8� � + �#�!*9

� �� � � �� !�( �2� $�� " ��
8!� + - � $� !� $� 9

� � �� � ��� �� ��� ) ) * �� * � !� + �( � � �" � �$� - $� � � � !� #�" * �!� " �� � �� ��� �
#���� $� � !�B�� #&

���!� + - � $� !� $� ��� �� � !�� � #�� � + �#�!* ��� �+ � #� $� !� �!� � � ��� � ��� �� �� �

FUZZY TOOLBOX EXAMPLE #2
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Most membership functions can be represented by a 
trapezoid:
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1. An object to represent a member function is 
needed.

2. Each object should contain one trapezoid 
defined by 4 points.

3. Each object should be able to perform a 
fuzzification operation

4. Reference to an object has  to be made by 
a symbolic name

' � ��� �!�� � �� ��+ � + " � $� � �- ��� � ( !�� � � �

public class MembershipFunction
{
public MembershipFunction(String name_in, double [] 

range_in) //Constructor

public double  fuzzify(double X) //Fuzzifier

public double [] plot(double from, double to, int size) // Return 
an array with discrete representation of a membership 
function

}

' � ��� �!�� � �� ��+ � + " � $� � �- ��� � ( !�� � � �

1. A linguistic variable can have several associated 
membership functions (for each linguistic term, such 
as temperature={hot,cold, normal}).

2. Those membership functions should be associated 
with a single linguistic variable object.

3. An LV object should be addressed by its symbolic 
name

4. An LV object should provide an opportunity to 
add/remove membership functions / linguistic terms

5. An LV variable (object) should store results of rules 
evaluation and perform defuzzification

' � ��� �!�� � �� ��� �� � � �� !�( �2� $�� " �� � �

public class LinguisticVariable
{
public LinguisticVariable(String name) //Constructor
public void add(String name,double start, double left_top, double 

right_top, double end) // Add a membership function
public double defuzzify() throws NoRulesFiredException //Defuzzify
public String getLabel() //Get name of the LV
public MembershipFunction getMembershipFunctionByName(String

name) 
public double is(String name) //Fuzzification
public void reset() //Reset fired rules
public void set(String name, double value) //Store results of rule 

evaluation
public void setInputValue(double  � �� � . �LL� � !��� - � !� � �� �
M

' � ��� �!�� � �� ��� �� � � �� !�( �2� $�� " �� � �
Working of a fuzzy inference engine is 
specified by rules. There are two major 
approaches: table and symbolic definition of 
rules. 
- Table definition is more convenient for 
machines, but is bad for humans. A table 
may have to be fully defined with a huge 
number of entries.
- Symbolic definition is much better for 
humans, it generates less errors in 
knowledge coding. Creates overhead for 
rule parsing. 

' � ��� �!�� � �� ��� � �� � �
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1. Symbolic rules are evaluated during parsing process.
2. Parsing requires identifying a set of reserved words: if, 

then, is, not, and, or , (, ),” “. Each word carries an 
associated action.
if – starts a rule definition
then – separates left and right parts of a rule
is – performs fuzzification
not – fuzzy ‘not’
and – fuzzy ‘and’
or – fuzzy ‘or’
(,) – nested expressions
“ “ – white space, separator


  � �� � !�� � �� ��� � �� � �
3. Each linguistic variable object should be able to 

accumulate results of fuzzy evaluation and recall 
them during defuzzification.

4. Parser should have an idea where is a reserved 
word, a name reference to a linguistic variable, a 
name reference to a membership function from 
certain linguistic variable, i.e. some kind of 
“language definition”

5. Parser should be able to find and identify errors
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public class FuzzyEngine
{
public FuzzyEngine() //Constructor
public String evaluateRule(String rule) throws 

RulesParsingException //Interface for the parser
private double 

parseExpression(java.util.StringTokenizer tokens) 
throws RulesParsingException //Recursive Parser

public void register(LinguisticVariable function) //Add LV 
to the list of known LV

public void reset() //Reset all fired rules
}


  � �� � !�� � �� ��� � �� � �
1. Defuzzification is performed by a linguistic variable 

object
2. Defuzzification is performed based on the data 

accumulated during rule evaluation
3. Accumulated rule evaluation results should be 

deleted on engine reset
4. If no rules have been fired for a certain linguistic 

variable, defuzzification should return an error

' � �� ) ) ���( � !�� � �

1. Define linguistic variables and membership 
functions

2. Create an empty fuzzy engine
3. Register linguistic variables with fuzzy engine
4. Reset fuzzy engine
5. Set input values
6. Evaluate a group of rules
7. Invoke defuzzification procedure for an output 

linguistic variable object and obtain results
8. For the next evaluation, repeat from step 4
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 � ) ) * �
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// STEP 1 – Define membership functions
LinguisticVariable left_edge_distance = new  LinguisticVariable

("left_edge_distance");
left_edge_distance.add("close",0,0,1,3);
left_edge_distance.add("far",1,3,10,10);

LinguisticVariable right_edge_distance = new 
LinguisticVariable("right_edge_distance");

right_edge_distance.add("close",0,0,1,3);
right_edge_distance.add("far",1,3,10,10);

LinguisticVariable peak_align = new 
LinguisticVariable("peak_align");

peak_align.add("aligned",0.3,0.7,1,1);
peak_align.add("not_aligned",0,0,0.3,0.7);

� � �
 4� + - ��
// STEP 2 – Create fuzzy engine
fuzzy.FuzzyEngine engine = new fuzzy.FuzzyEngine();
// STEP 3 – Register Linguistic Variables
engine.register(left_edge_distance);
engine.register(right_edge_distance);
engine.register(peak_align);
// STEP 4 – Reset fuzzy engine
engine.reset();
// STEP 5 – Set input variables
left_edge_distance.setInputValue(dXleft));
right_edge_distance.setInputValue(dXright));

� � �
 4� + - ��

// STEP 6 – Evaluate rules
engine.evaluateRule("if left_edge_distance is close and 

right_edge_distance is close then peak_align is 
aligned");

engine.evaluateRule("if left_edge_distance is far or 
right_edge_distance is far then peak_align is 
not_aligned");

// STEP 7 – Defuzzify and get results
peak_alignment=peak_align.defuzzify();

� � �
 4� + - ��
Fuzzy engine diagnostic output:
Mode 1: compare peak at: 15 - 18 with peak in Mode 2 

at: 15 - 18
Alignment: 0.73
Confidence: 0.95
Sensitivity: 0.95

Fired: if peak_align is aligned(1.0)  and (confidence is 
high(0.0)  or confidence is very_high(1.0) )(1.0)  
then damage_probability is increased(1.0) 

Probability changed by: 0.96

� � �
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1. The software design should account for 
representation, storage and coding issues

2. Many different ways to program a fuzzy 
inference engine

3. Should account for trade-off between 
programming and ease-of-use
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