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THE HUMAN BRAIN AND THE FUZZY LOGIC 

Certainly, the human brain is the most complex 
structure in the universe.  

About 100 billion of neurons form this structure.  

Each neuron is connected to tens of thousands of 
other neurons, producing trillions of connections.  

BUT… 
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Do you really know how 
human thought forms in 
the brain? 
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Lotfali Askar Zadeh 

Our brain summarises 
information. 

It aggregates information 
in clusters, and it calls 
them concepts . 

Then, human thought is a 
concepts connection. 
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Then, is human thought concise and imprecise?  

Yes, it is! But precisely this is its strong point!  

It quickly extracts, from a larger 
amount of information, a subset of 
data needed to make a rational 
decision. 
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An Example 

You have to buy a tomato.  

Your brain chooses the ripe tomato.  

HOW DID IT? 

It connected the concept “TOMATO COLOR” to its “RIPENESS”, 
so… 

If TOMATO is RED then TOMATO is RIPE 
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But this is FUZZY LOGIC. 

In fact, Zadeh observed that 
the key elements of human 
thought are not numbers but 
labels of fuzzy sets. 

The fuzzy world favors interactions, human 
relations, imagination, and points to a 
model of flexible man that adapts to change. 
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Dynamic processes, characterizing the 
thought and human action, can be 
effectively modeled by a Fuzzy Cognitive 
Map (FCM). 

It allows the construction of a semi-
quantitative model, providing qualitative 
explanations of facts, also very complex, 
with several fuzzy variables, known and 
not. 

For these reasons… 
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FUZZY COGNITIVE MAPS 

Bart Kosko 

It is possible to interpret a 
cognitive scheme as a neural 
network in which each concept is 
activated depending on the 
connections with antecedents 
concepts. 
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In particular, the weight of a connection is between -1 
and 1 and is null if no connection exists 
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wij > 0 indicates that causal Cj increases as 
Ci increases (or Cj decreases as Ci 
decreases); and wij < 0 indicates a causal 
decrease or negative causality. 

“RED” 
TOMATO 

COLOUR (Ci) 

TOMATO 
RIPENESS (Cj) 

wij 

More tomato is red, more it is ripe. 

The connection is positive. 



XVIII Summer School "Francesco Turco” 
Senigallia (AN), Italy, on 11-13 Sept 2013 

12 

Each component must be chosen according to 
criteria of competence and area. 

Experts have appropriate knowledge of 
the problem but subjective 

The concepts and the connections are 
identified using questionnaires and the 
experts competence. 
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A FCM can be also designed as a matrix:  



XVIII Summer School "Francesco Turco” 
Senigallia (AN), Italy, on 11-13 Sept 2013 

14 

In this way, it is possible to analyse and simulate the FCM and to define all of the paths, 
in order to: 
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Each path has a relevance value, named Indirect Effect: 

Each concept has a relevance value, 
named Total Effect: 

T(Ci,Cj)=max{Ik(Cp,Cp+1)} 

Ik(Ci,Cj)=min{w(Cp,Cp+1)} 
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The iteration ends when a limit vector is reached or after a certain 
number of iterations. 

• xi(k) is the value of  concept  Ci  at simulation step k 
• xj(k-1) is the value of concept Cj at simulation step k-1 
• wji is the weight of the connection from concept Cj to concept Ci 

it is possible to observe the effect on other 
concepts using the following equation, appling 
a threshold function f(.):  

𝑥𝑖 𝑘 = 𝑓

 

 
 
 𝑥𝑗  𝑘 − 1 𝑤𝑗𝑖

𝑛

𝑗=1
𝑗≠𝑖  
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The problem of accidents in the 

workplace at the API refinery, in 

Falconara Marittima (Italy), has 

been analysed in this example. 

APPLICATION 1 

Accident prevention is an investment which 
has positive human, social and economic 
repercussions. 
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Sixteen causes of accidents at 

work have been defined: causes 

of accidents due to the worker's 

behaviour (WB) and causes of 

accidents related to the liability 

of the employer (LE) and general 

causes (GC).  

Some causes: 
Insufficient motivation (WB); 
Improper procedures (WB; 
Absence of information (WB; LE); 
PPE misused (WB); 
Lack of safety condition (GC); 
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Twelve types of accidents have been defined. 

They are classified as minor or grave. In the 

first case, a minor accident does not prevent 

the worker to return to perform his duties that 

makes a grave accident. 

Fall from high (minor/grave); 
Impacts (minor/grave); 
Cuts and abrasions (minor/grave); 
Slipping, falls on the same level 
(minor/grave); 
Burns (minor/grave); 
Intoxication (grave); 
Shock (grave). 
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Cognitive Modelling Group created a cognitive 
map group for each type of actor which 
represents the problem shared by some 
members of the group. So it was possible to 
construct a cognitive map for further analysis. 

The weight matrix was obtained proposing the 
concept map to the panel of experts. They 
rated the various connections using the 
following values: very low, low, medium, high 
and very high. These values have been 
rendered numerical applying one of the many 
rules of fuzzy inference.  
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For each injury, all of the possible paths are considered, 
starting from all of the causes, and the total effects for 
each factor should be evaluated to determine the 
influences on the injuries.  

FINAL INJURY TOTAL 

EFFECT 

INITIAL CAUSE PATHS 

impacts (grave) 0,80 Non-compliance shock impacts (grave)         

impacts (grave) 0,80 Fatigue Poor attention and 

concentration 

PPE misused shock impacts 

(grave) 

    

cuts,abrasions (minor) 0,86 Hurry cuts,abrasions 

(grave) 

shock cuts,abrasions 

(minor) 

      

cuts,abrasions (minor) 0,86 Non-compliance shock cuts,abrasions (minor)         

cuts,abrasions (minor) 0,86 Lack of control shock cuts,abrasions (minor)         

cuts,abrasions (minor) 0,86 Absence of 

information 

shock cuts,abrasions (minor)         

cuts,abrasions (minor) 0,86 PPE misused shock cuts,abrasions (minor)         

slipping,falls on the 

same level  (grave) 

0,96 Non-compliance shock slipping,falls on the 

same level  (grave) 

        

slipping,falls on the 

same level  (grave) 

0,96 PPE misused shock slipping,falls on the 

same level  (grave) 

        

burns (minor) 0,90 Non-compliance shock burns (minor)         

burns (grave) 0,81 Training not 

adequate 

burns (grave)           

intoxication 0,91 Absence of 

information 

intoxication           

shock 0,98 PPE misused shock           
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APPLICATION 2 

In this application, FCMs have been used for 
structuring and supporting decisional 
processes in order to define a proper 
maintenance plan for API refinery. 

The FCM approach has proved to be a tool, which 
quantifies the risk and can lead to the fixing of priorities 
and can justify choices in terms of "action/event risk – 
associated risks – possible improvements – resources 
used – result" 
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The research approach, proposed in this work, 

for developing a risk based maintenance 

model, consists of three phases. 
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Dynamic 

Criticality

Static 

Criticality

Critical Index

"Static Criticality" and "Dynamic Criticality" 
have been the first concepts identified by the 
experts: the pump criticality has been 
resolved into two concepts such as the "Static 
Criticality" and the "Dynamic Criticality"  

FI

V

P

GM

GE

AVV

Dynamical 

Criticality

Statical 

Criticality

Critical Index

Fluid 

Criticality

Sector 

Criticality

Structural 

Criticality

Subsequently, the experts deeply 
analysed both concepts. The 
question is: what are the concepts 
which define the Static and 
Dynamic Criticality?  
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The final FCM 
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FI

[t.e.=0.5]

V

[t.e.=0.3]

P

[t.e.=0.6]

GM

[t.e.=0.6]

GE

[t.e.=0.6]

AVV

[t.e.=0.5]

Dynamical 

Criticality

[t.e.=0.6]

Statical 

Criticality

[t.e.=0.6]

Critical Index
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0.1
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Fluid Criticality
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Criticality

[t.e.=0.6]

Structural 

Criticality

[t.e.=0.6]

0.8

0.6

0.3

Fluid 

Temperature

[t.e.=0.6]

Fluid Toxicity

[t.e.=0.6]

Fluid Acidity

[t.e.=0.6]

Pump 

Pressure

[t.e.=0.4]

Pump Power

[t.e.=0.4]

Seals

[t.e.=0.5]

Plant Type

[t.e.=0.3]

Service Type

[t.e.=0.3]

0.7

-0.7

0.8

0.4

0.4

0.4

0.5

0.8

0.5

0.8

0.8

0.8

The Total Effects of the concepts 
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In order to place pumps in the Criticality Areas, the first two components have been 
considered. Four criticality areas have been defined analysing the value of the third 
component. The lines that divide the four areas have been obtained interpolating the 
pumps with the value of Critical Index equal to -0.5, 0 and 0.5. Several interpolation 
curves have been attempted and the best curve has been chosen using the R2 value. 
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The analysis of the FCM  
1. identifies Concepts for the RBI&M 
2. allows having a whole picture of the 

maintenance plan with all the main 
concepts to be considered, how they are 
related and the degree of those 
relationships.  

 

Therefore, the professionals working in the 
Maintenance Engineering Department can 
identify the effect that certain changes are 
going to produce over the overall risk and 
make the necessary adjustments following the 
causal paths of the model. 
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APPLICATION 3 

The suppliers' selection is one of the most 
important activities in the new product 
development. In this application, using Fuzzy 
Cognitive Maps, a Fuzzy Expert System (FES) 
was realised in order to assist managers in this 
essential phase.  
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A panel of experts was formed and, according to interviews and questionnaires 
analysis, the main concepts, referring to the suppliers' selection, were identified 
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Regarding this application, the FCM was modelled using the Simulink tool and 
the implementation of fuzzy rules. In so doing, simulations doesn’t use 
mathematical model but, fuzzy model. 
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Analysing the fuzzy weight matrix, the panel expressed the fuzzy rules 
considered each concept with its relevance. The rules realisation was one of the 
most important activity during the FES design. 



XVIII Summer School "Francesco Turco” 
Senigallia (AN), Italy, on 11-13 Sept 2013 

33 

Once FES was realised, the panel of expert studied the concepts relevance analysing 
the Indirect Effect and the Total Effect for each concept. This phase allows verifying 
the correct FCM design. The concept relevance was examined in order to verify the 
correct importance level of each concept and, eventually, modifying the FCM.  
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(a) 

 

(b) 

 

The obtained "Supplier Suitability" concept 
values were clustered in 4 regions. 

1. "Low", the relative supplier is not 
suitable for the project; 

2. "Medium Low", the relative 
supplier could be suitable for the 
project but this is not 
recommended; 

3. "Medium High", the relative 
supplier could be suitable for the 
project and this is recommended; 

4. "High" the relative supplier is 
highly suitable for the project, the 
value for cost ratio is very high. 
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The input concepts values referring to the 
Project Management Sector, in the considered 
company 

The input concepts values referring to 
the company suppliers 
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Considering the mentioned inputs for the FES for the Supplier Selection, Table below 
shows the obtained result in terms of mean value (μ) and standard deviation (σ), 
calculated on a sample of 300 simulations.  
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• Cognitive mapping allows the schematisation/systematisation of 
the reality representation of individuals and/or organisations. 

• It reduces the uncertainty related to decision-making in complex 
systems 

• It provides help with structuring messy or complex data from 
problem solving, managing large amounts of qualitative data. 

• It can be used with groups to support them in problem solving. 


