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1. Introduction 
Defi nition 1.1

In classical logic reasoning consists of variables (also called arguments), coupled by logical operators forming a logical 
expression and a corresponding consequence. The variables a1 is A1, a2 is A2 ,…, ak is Ak are statements, which can be false or true. 
The structure of the logical expression is:

 (a1 is A1) ⋈1 (a2 is A2) ⋈2 … ⋈k-1 (ak is Ak)                                (1.1)

Where the symbol ⋈i is one of the logical operators: NOT; AND; OR; XOR. The logical expression is formulated usually with 
simple uni-and bivariate logical operators and sentences.

The structure of a rule of reasoning in classical logic is: 

If (a1 is A1) ⋈1 (a2 is A2) ⋈2 … ⋈k-1 (ak is Ak) then B                 (1.2)

Where the consequence B is a statement, which can be false or true.

Defi nition 1.2

The true value of reasoning in classical logic consist in the expectation that if the logical expression is true, (the conditions of 
the rule are fulϐilled) then the consequence is true. 

In classical logic the Boolean calculus [1] assign to any sentence or rule two values: 0 in case of the sentence or rule when 
this is false and 1 in case of the sentence or rule when this is true. In the following Table 1, the true values are given in case of the 
application of different logical operators.

Where, XOR stands for “either…, or…”

Example 1.1 demonstrates reasoning and Boolean True Value (BTV) computation used in set theory.

Research Article

What is the True Value of Fuzzy 
Reasoning in the Framework of 
the ‘Human Intelligence’ Linguistic 
Variable?
Andreea V Cojocaru and Stefan Balint*
Department of Computer Science, West University of Timisoara, 300223 Timisoara, 
Romania

Abstract

Computations are presented in the framework of ‘human intelligence’ linguistic 
variable. Computation concern fuzzy reasoning i.e. the true value of the implication 
'IF…THEN'. Computation reveal high dependence of the true value of a rule on the 
meaning of fuzzy logic operator 'IF…THEN'. The effect of the incorporation of different 
kind of understanding of the fuzzy logic expression ‘Intelligent’ in the premises of fuzzy 
reasoning is presented. This framework makes it possible that in cardiology “severe” 
and “moderate” pathology may be both be “true “for a given patient.

More Information 

*Address for correspondence: Stefan Balint, 
Department of Computer Science, West 
University of Timisoara, 300223 Timisoara, 
Romania, Email: stefan.balint@e-uvt.ro

Submitted: April 02, 2025
Approved: April 21, 2025
Published: April 24, 2025

How to cite this article: Cojocaru AV, Balint S.
What is the True Value of Fuzzy Reasoning in 
the Framework of the ‘Human Intelligence’ 
Linguistic Variable? Int J Phys Res Appl. 2025; 
8(4): 065-100. Available from:
https://dx.doi.org/10.29328/journal.ijpra.1001117

Copyright license: © 2025 Cojocaru AV, et al.
This is an open access article distributed 
under the Creative Commons Attribution 
License, which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original work is properly cited.

Keywords: IQ index; Linguistic variable; Human 
intelligence; Fuzzy reasoning

OPEN ACCESS

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.ijpra.1001117&domain=pdf&date_stamp=2025-04-24


What is the True Value of Fuzzy Reasoning in the Framework of the ‘Human Intelligence’ Linguistic Variable?

 www.physicsresjournal.com 066https://doi.org/10.29328/journal.ijpra.1001117

The results in Table.2, reϐlect the property of the implication operator that if the logical expression is true, (the conditions of 
the rule are fulϐilled) and the consequence is false then the implication is false. In all the other situations, the implication is true. 
However, this is not exactly what we expect when we speak about the true value of the implication:

If (A1 ⊆ A2) AND (u ∈ A1) then (u ∈ A2). That is because the above implication is what is called in classical logic ‘syllogism’.

Syllogism is a “Greek” word that means inference or deduction. A syllogism is a form of deductive reasoning in which a 
conclusion is drawn from two or more premises. In case of two premises, this logical structure consists of three parts: a major 
premise, a minor premise, and a conclusion. The major premise is a general sentence, the minor premise is a speciϐic sentence, 
and the conclusion is a sentence which true value logically (i.e. according to the human thinking) is accepted if the two premises 
are true. For example:

1. All mammals are animals.

2. Camels are mammals.

3. Camels are animals.

As long as premise one and premise two are true, then the conclusion must also be true. If mammals are animals, and camels 
are mammals; there is no way camels aren’t animals!

In Aristotle, each of the premises is in the form "All S are P," "Some S are P", "No S are P" or "Some S are not P", where "S" is 
the subject-term and "P" is the predicate-term: All S are P," and "No S are P" are termed universal propositions; “Some S are P" 
and "Some S are not P" are termed particular propositions. The two premises has a term in common, which is called the middle 
term. In the above example :mammals:=S1; animals:=P1;camels:=S2 ;animals:=P2 ;middle term:=S1=P2 .

The conclusion is a sentence in which: the subject-term is the same with the subject-term S2 of the minor premise and the 
predicate-term is the same with the predicate-term P1ofthe major premise. Each of the premises has one term in common with 
the conclusion. In the above example, the conclusion structure is S2 are P1.

There are inϐinitely many possible syllogisms, but only 256 logically distinct types and only 24 valid types.

A syllogism in terms of conclusion 

All S are P takes, the form:

Major premise: All M are P.

Minor premise: All S are M.

Conclusion/Consequent: All S are P.

(Note: M – Middle, S – subject, P – predicate.)

Syllogisms are the most common way of arranging premises into a good argument. A deductive argument moves from the 
general to the speciϐic and opposes inductive arguments that move from the speciϐic to the general.

This connection between the logical expression and conclusion which exist in a syllogism is completely ignored in case of the 
Boolean True Value computation of the implication if (A1 ⊆ A2) AND (u ∈ A1) then (u ∈ A2). The effect of ignorance can be seen 
changing for example in the above reasoning the conclusion putting a new conclusion for example’ camels are animals.’ The BTV 
of the so obtained implication is the same as in the case of Table 1.butwhat we think is that the so called ‘true value of reasoning’ 
is different in the two cases. Thus, the computed BTV of the implication is not fully appropriate for the evaluation of the ‘true 
value of the reasoning’ because takes into account only on the BTV of conclusion and ignore other kind of connection, which 
exists between the logical expression and conclusion in case of syllogism, which is a correct and unanimously accepted kind of 

Table 1
A B Not A A(AND)B A(OR)B A(XOR)B A(imply)B
1 1 0 1 1 0 1
1 0 0 0 1 1 0
0 1 1 0 1 1 1
0 0 1 0 0 0 1
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Remark that in the above table only the Boolean true value of the implication is equal to zero. 
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reasoning in human thinking. Obviously, the ‘true value of a reasoning’ has to depend on the arguments to which the reasoning 
has to be applied but its dependence on conclusion is not so ‘weak’ as in the case of implication is described.

2. Conditional possibility and fuzzy logic operator 'IF…THEN' in the framework of the ‘human 
intelligence’ linguistic variable

According to [2], using the conditional possibility distribution, in fuzzy logic, two type of logic operator ′IF … THEN′ can be 
deϐined.The so called

minimum fuzzy logic operator ′IF … THEN′ and a so called

product fuzzy logic operator 'IF…THEN'

Defi nition 2.1

Let A a fuzzy subset of universe U and B a fuzzy subset of universe V respectively and two fuzzy statements (u is A), (v is B).

The minimum fuzzy logic operator ′IF … THEN′ Transform these fuzzy statements into the fuzzy statement denoted usually 
by minimum′IF (u is A)THEN(v is B)′. The fuzzy subset Cminimum IF … THEN, representing the fuzzy statement minimum′IF(u is A)THEN
(v is B)′, is a subset of the universe U × V andaccording to [2] its membership function is 

 

     

, 1 ( ) (
  

, ( ) ( ) (

for ) and 

for ).for 

f u v f u f v fBC A Cminimum IF THEN minimum IF THEN
u v f v f u f v f u f vB B BA A

 
 

  
             (2.1)

The ‘true value’ or ‘degree of fulϐillment’ of the fuzzy statement ’minimum′IF (u is A)THEN(v is B)′. ’ denoted by DOF 
(minimum′IF (u is A)THEN(v is B)′ is given by: 

       ''    1   DOF minimum IF u is A THEN vis B for f u f vBA
    
 

and

         ''      DOF minimum IF u is A THEN vis B f v for f u f vB BA
    
 

             (2.2)

If A is the fuzzy subset of very intelligent persons A = Avery intelligent and B is the fuzzy subset of intelligent persons B = B intelligent 

then remember ϐirst that   2 ( ) f x f xA Avery intelligent intelligent



 see [2].

In the following we analyze the computed dependence of ‘true value’ of the fuzzy statement minimum′IF (u is A)THEN(v is B)′ 
on the couple (u,v) in the framework of ‘human intelligence’linguistic variable.

At the beginning consider the case 40 < u ≤ 100 and 40 < v ≤ 100. Computing the membership value of function 
 

 
fCminimum IF THEN  of the statement

   '        minimum IF u is A THEN vis Bvery intelligent intelligent
'

 for u = 53 and v = 81; The following result is found: 

   53 0.04694444444, 81 0.6833333333 .
 

f fBA intelligentvery intelligent
 

Hence    53 81 .
 

f fBA intelligentvery intelligent
  . Therefore  53,81 1.

 
fCminimum IF THEN


  More generally for 40 < u ≤ 100 and 

2 4 20040 100
60 3 3
u u v

      we ϐind    u .
 

f f vBA intelligentvery intelligent


Therefore   , 1.
 

f u vCminimum IF THEN




The above computation reveal a whole region of couples (u, v), where the minimum possible true value of the implication 
' (   ) (     ) '  minimum IF u is A THEN vis Bvery intelligent intelligent  is equal to 1.
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For  81  81 0.4669444444  
 

u fAvery intelligent
   and for  53  53 0.2166666667 .v fAintelligent

 

Hence    53 81 .
 

f fB Avery intelligent intelligent


Therefore  81,53 0.2166666667.  
 

fCminimum IF THEN




More generally for 40 < u ≤ 100 and 
2 4 20040 100

60 3 3
u uv 

      we ϐind    u .
 

f f vBA intelligentvery intelligent
  

Therefore   40, .
60 

vf u vCminimum IF THEN





This computation reveals a region of couples (u, v), where the minimum possible true value of the implication 

' (   ) (     ) '  minimum IF u is A THEN vis Bvery intelligent intelligent  is   the conclusion true value40 
6

.
0

v f vBintelligent
 



This fact is surprising because in classical understanding of the word very intelligent always imply intelligent. Therefore 
our expectation is that the true value is equal to 1.The explanation is that, in the classical understanding, in the mind there is 
an implicit hypothesis; this is that both faculties ‘intelligent’ and ‘very intelligent’ concern the same person. But in the present 

discussion the degree of conϐidence in case of very intelligent person  u
 

fAvery intelligent  is not necessarily the same as that of 

the intelligent person   .f vBintelligent  For this reason there is a borderline in the ‘space’ of parameters (u, v).

The borderline split the ‘space’ of parameters  ( , ) 40,100 [40,100]u v    in two regions. In the region where the conϐidence 

degree of the statement ‘very intelligent’ i.e   u .
 

fAvery intelligent  is less than the conϐidence degree of the conclusion statement 

‘intelligent’ i.e.  f vBintelligent
, the minimum possible true value of the implication is equal to 1. In the region where the 

conϐidence degree of the statement ‘very intelligent’ i.e.  u
 

fAvery intelligent   is more than the conϐidence degree of the statement 

‘intelligent’,    ,f vBintelligent  the minimum possible true value of the implication is  40 .
60

v f vBintelligent




The above-delimited regions can be seen in the next (Figure 2.1).

In the region situated upper the blue borderline the ‘minimum possible true value’ of implication is equal to 1. 

Figure 2.1: 
2 24 200 4 20040 100 and  40 100;40 100  40 100

60 3
Regio

60 3
ns :

3 3
u u u uu v u and v 

             
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In the region situated under the blue borderline the minimum possible true value of the implication is equal to 40 .
60

v 

The next step is the analysis of case 100< u < 160 and 40 < v < 100.

For   120 120 0.4444444444 
 

u fAvery intelligent
   and for  53  53 0.2166666667 .v fBintelligent

 

Hence     120 53
 

f fBA intelligentvery intelligent
   and   120,53 0.2166666667

 
fCminimum IF THEN




More generally for 100 < u ≤ 160 and  
2 16 140040 100

60 3 3
u uv 

       we ϐind     u  .
 

f f vBA intelligentvery intelligent


Therefore    100, .
60 

vf u vCminimum IF THEN





For  120  120 0.4444444444 
 

u fAvery intelligent
   and for     81  81 0.6833333333. v fBintelligent

 

Hence      and    120 81  120,81 1
  

f f fA A Cminimum IF THENvery intelligent intelligent
 



More generally for 00 < u ≤ 160 and 
2 16 140040 100

60 3 3
u u v

      we ϐind    u .
 

f f vBA intelligentvery intelligent
  

Therefore  , 1
 

f u vCminimum IF THEN


  

Also in this case there is a borderline in the ‘space’ of parameters (u, v).

The borderline splits the parameter space  ( , ) 100,160 [40,100]u v    into two regions. In the region where the conϐidence 

degree of the statement ‘very intelligent’i.e.   u ,
 

fAvery intelligent  is less than the conϐidence degree of the conclusion statement 

‘intelligent’ i.e.  ,f vBintelligent  the minimum possible true value of the implication is equal to 1. In the region where the 

conϐidence degree of the statement ‘very intelligent’ i.e.  u
 

fAvery intelligent is more than the conϐidence degree of the statement 

‘intelligent’,  ,f vBintelligent  the minimum possible true value of the implication is   40   .
60

v f vBintelligent




These deϐined regions are illustrated in the following (Figure 2.2).

Figure 2.2: 
2 216 1400 16 1400100 160 and 40 < 100;100 160  40 100

60 3 3 60
Regi

3
ons :

3
u u u uu v u and v 

            
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If the conϐidence parameters are in the region situated under the blue borderline then the ‘minimum possible true value’ of 

the implication is equal to 40
60

v  and 

If the parameters are in the region above the blue borderline then the ‘minimum possible true value’ of the implication is 
equal to 1.

We continue the analysis in the case 40 < u < 100 and 100 < v < 160

For     81 81  0.4669444444 and 120 120  0.6666666667. 
 

u f v fA Avery intelligent intelligent
     

Hence       81 120  81,120 1
  

and f f fA A Cminimum IF THENvery intelligent intelligent
 

  

More generally for 40 < u ≤ 100 and  
2 4 400100 160

60 3 3
u uv 

       we ϐind     u .
 

f f vA Avery intelligent intelligent
  

Therefore   , 1
 

f u vCminimum IF THEN




For  81 81  0.4669444444  
 

u fAvery intelligent
   and for  140 140  0.3333333333. v fAintelligent

 

Hence    81 140  
 

f fA Avery intelligent intelligent
  and  81,1 0.33333333334

 
.0fCminimum IF THEN


  

More generally for 40 < u ≤ 100 and 
2 4 40040 160

60 3 3
u u v

       we ϐind    u .
 

f f vA Avery intelligent intelligent


Therefore    160,
60 

vf u vCminimum IF THEN





The above delimited regions can be seen in the next (Figure 2.3).

The borderline blue split the ‘space’ of parameters    40,100 [100u, , 0 ]v 16   in two regions. 

If a couple (u, v) is in the region situated under the borderline then the minimum possible true value of the implication is 
equal to 1,and 

If a couple (u, v) is in the region situated upper the blue borderline then the ‘minimum possible true value’ of the implication 

is equal to 160 .
60

v

Figure 2.3: 
2 24 400 4 40040 100 and 100 < 160;40 100  40 160

60 3 3
Regio :

6 3
n

0
s

3
u u u uu v u and v 

              
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The next step is the analysis of case 100 < u < 160 and 100 < v < 160

For   135 135 0.1736111111  
 

u fAvery intelligent
   and for   120   120  0.6666666667.  v fAintelligent

 

Hence     135 120
 

f fA Avery intelligent intelligent
  and  135,120 1

 
fCminimum IF THEN




More generally for 100 < u ≤ 160 and  
2 16 800100 160

60 3 3
u uv 

       we ϐind 

   u .
 

f f vA Avery intelligent intelligent
  Therefore   , 1

 
f u vCminimum IF THEN




For  135    135  0.1736111111
 

u fAvery intelligent
   and for    150    150 0.1666666667 . v fAintelligent

 

Hence     135 150
 

f fA Avery intelligent intelligent
  and  135,150 0.1666666667.

 
fCminimum IF THEN




More generally for 100 160u   and 
2 16 800100 160

60 3 3
u u v

       we ϐind    u .
 

f f vA Avery intelligent intelligent
  

Therefore    160,
60 

vf u vCminimum IF THEN





The above-delimited regions can be seen in the next (Figure 2.4).

The blue borderline split the ‘space’ of parameters (u, v) ∈ [100,160]×[100,160] in two regions. 

If a couple (u, v) is in the region situated under the borderline then the minimum possible true value of the implication is 
equal to 1 and 

If a couple (u, v) is in the region situated upper the blue borderline then the ‘minimum possible true value’ of the implication 

is equal to 160
60

v .

The next (Figure 2.5) summarize the ‘minimum possible true value of the implication 
' (   ) (     ) '  minimum IF u is A THEN vis Bvery intelligent intelligent  for any couple    40,160 [40u,  v ,160] 

Defi nition 2.2

Let A a fuzzy subset of universe U and B a fuzzy subset of universe V respectively and two fuzzy statements (u is A), (v is B).

Figure 2.4: 
2 216 800 16 800100 160 and 100 < 160;100 160  100 160

60 3 3
Region

60 3 3
s : u u u uu v u and v 

              



What is the True Value of Fuzzy Reasoning in the Framework of the ‘Human Intelligence’ Linguistic Variable?

 www.physicsresjournal.com 073https://doi.org/10.29328/journal.ijpra.1001117

The product fuzzy logic operator ′IF … THEN′ Transform these fuzzy statements into the fuzzy statement denoted usually by 
  ' (   ) (  ) '.product IF u is A THEN vis B  The fuzzy subset  Cproduct IF THEN , representing the fuzzy statement ' (   ) (  )duct IF u is A THEN vis B '  

, is a subset of the universe U×V and according to [2] its membership function is 

   , 1 For 0
 

f u v f uC Aproduct IF THEN
 

  and    
( )

 , {1, ( )
 

f vBf u v minimum f vBC f uproduct IF THEN A



 for   0}.f uA   (2.3)

The ‘product possible true value’ or ‘product possible degree of fulϐillment’ of the fuzzy statement  ' (   ) (   ) 'product IF u is A THEN vis B

denoted,    '(  '    )DOF product IF u is A THEN vis B

is given by:

      

        

'

'

 '    1   0  and  

( ) '    1, 0.

A

B
A

A

DOF product IF u is A THEN vis B for f u

f vDOF product IF u is A THEN vis B minimum f u
f u

 

    
  

             (2.4)

If A is the fuzzy subset of very intelligent persons A = Avery intelligent and B is the fuzzy subset of intelligent persons B = Bintelligent 

then remember ϐirst that   2 ( ) f x f xA Avery intelligent intelligent



see [2].

In the following we analyze the computed dependence of ‘true value’ of the fuzzy statement’    ' '    product IF u is A THEN vis B on 
the couple (u,v) in the framework of ‘human intelligence’ linguistic variable.

Computing the membership function  
fCproduct IF THEN  of the fuzzy statement

 ' (   ) (     ) '  product IF u is A THEN vis Avery intelligent intelligent the following result is found: 

For u = 40, or u = 160 and arbitrary v we have we have  , 1;
 

f u vCproduct IF THEN


  

For 40 < u < 100 and 40 < v < 100:

if   
40 40 40

60 60 601 , min 1, 240 402 2 40( ) ( )
60 6060

v v v

thenf u vCu uproduct IF THEN u

 
   

        
  
  

 and 

if   
40 40

60 601  , min 1, 1240 2  40( )
60 60

v v

then f u vCu product IF THEN u

 
  

        
  
  

 

Figure 2.5: Represent the computed dependence, in the framework of ‘human intelligence’ linguistic variable, of the minimum possible true value of 
the implication ' (   ) (     ) '  minimum IF u is A THEN vis Bvery intelligent intelligent on the couple (u, v)  [40,160]  [40,160].
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Therefore:

if u=60 and v=70 , then  
40

960 140 22( )
60

v

u



 


 and    9, min 1, 1;
2 

f u vCproduct IF THEN
   
 

if u=95 and v=50 then     
40

24 24 2460 1 , 1,40 121 121 1212  ( )
60

v

andf u v minCu product IF THEN


       

More generally for 40 < u ≤ 100 and 40 < v ≤ 100 the blue borderline, presented in the next (Figure 2.6), and deϐined by the 
equation 

1 4 2002
60 3 3

v u u                        (2.5)

Split the ‘space’ of parameters  ( , ) 40,100 [40,100]u v    into two regions. In the region where the conϐidence degree of the 

statement ‘very intelligent’ i.e.   40 2u ( )
60 

ufAvery intelligent


 is less than the conϐidence degree of the conclusion statement 

‘intelligent’ i.e.   40
60

vf vBintelligent


 , the possible product true value of the implication is equal to 1. In the region where the 

conϐidence degree of the statement ‘very intelligent’ i.e.   40 2u ( )
60 

ufAvery intelligent


  is more than the conϐidence degree of the 

statement ‘intelligent’ i.e.   40
60

vf vBintelligent


 , the product possible true value of the implication is 

40
60 .40 2( )

60

v

u



  

These regions can be seen on the next (Figure 2.6).

In the region situated upper the blue borderline the ‘possible product true value’ of implication is equal to 1.

In the region situated under the blue borderline the ‘possible product true value’ of the implication is equal to  

40
60 .40 2( )

60

v

u





For 100 < u ≤ 160 and 40 < v ≤ 100 the blue borderline, presented in the next (Figure 2.7), and deϐined by the equation 
1 16 14002
60 3 3

v u u                           (2.6)

Figure 2.6: 
2 24 200Regi 4 20040 100 and 40 < 100;  40 100 and 40 100

60 3 3 60 3 3
ons : u u u uu v u v 

            
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Split the ‘space’ of parameters  ( , ) 40,160 [40,100]u v    into two regions. In the region where the conϐidence degree of the 

statement ‘very intelligent’ i.e.   160 2u ( )
60 

ufAvery intelligent


  is less than the conϐidence degree of the conclusion statement 

‘intelligent’ i.e.   40 ,
60

vf vBintelligent


  the product possible true value of the implication is equal to 1. In the region where the 

conϐidence degree of the statement ‘very intelligent’ i.e.   160 2u ( )
60 

ufAvery intelligent


  is more than the conϐidence degree of the 

statement ‘intelligent’ i.e.   40 ,
60

vf vBintelligent


  the product possible true value of the implication is 

40
60 .160 2( )

60

v

u



  

In the region situated upper the blue borderline the ‘product possible true value’ of implication is equal to 1. 

In the region situated under the blue borderline the product possible true value of the implication is equal to 

40
60 .160 2( )

60

v

u





For 40 < u ≤ 100 and 100 < v ≤ 160 the blue borderline, presented in the next (Figure 2.8), and deϐined by the equation 

1 4 4002
60 3 3

v u u                        (2.7)

Split the ‘space’ of parameters  ( , ) 40,100 [100,160]u v    into two regions. In the region where the conϐidence degree of the 

statement ‘very intelligent’ i.e.   40 2u ( )
60 

ufAvery intelligent


 is less than the conϐidence degree of the conclusion statement 

‘intelligent’ i.e.   160 ,
60

vf vBintelligent


 the product possible true value of the implication is equal to 1. In the region where the 

conϐidence degree of the statement ‘very intelligent’ i.e.   40 2u ( )
60 

ufAvery intelligent


  is more than the conϐidence degree of the 

statement ‘intelligent’ i.e.   160 ,
60

vf vBintelligent


  the product possible true value of the implication is  

160
60 .40 2( )

60

v

u



  

In the region situated upper the blue borderline the ‘product possible true value’ of implication is equal to 
160

60 .40 2( )
60

v

u




 

Figure 2.7: 
2 216 1400R 16 1400100 160 and 40 < 100;  100 160 and 40 100

6
egio

0 3 3 60 3 3
ns : u u u uu v u v 

            



What is the True Value of Fuzzy Reasoning in the Framework of the ‘Human Intelligence’ Linguistic Variable?

 www.physicsresjournal.com 076https://doi.org/10.29328/journal.ijpra.1001117

In the region situated under the blue borderline the product possible true value of the implication is equal to 1.

For 100 < u ≤ 160 and 100 < v ≤ 160 the blue borderline, presented in the next (Figure 2.9), and deϐined by the equation 

1 16 8002
60 3 3

v u u                        (2.8)

Split the ‘space’ of parameters  ( , ) 100,160 [100,160]u v    into two regions.

In the region where the conϐidence degree of the statement ‘very intelligent’ i.e.   160 2u ( )
60 

ufAvery intelligent


  is less than 

the conϐidence degree of the conclusion statement ‘intelligent’ i.e.,   160 ,
60

vf vBintelligent


  the product possible true value of 

the implication is equal to 1.

In the region where the conϐidence degree of the statement ‘very intelligent’ i.e.   160 2u ( )
60 

ufAvery intelligent


  is more than 

Figure 2.8: 
2 24 400 4 40040 100 and 40 <- 160;  40 100 and 100 160

60 3 3 60
Regio

3 3
ns : u u u uu v u v 

             

Figure 2.9: 
2 216 800Regi 16 800100 160 and 100 <- 160;  100 160 and 100 160

60 3 3 60
on

3 3
s : u u u uu v u v 

             
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the conϐidence degree of the statement ‘intelligent’ i.e.   160 ,
60

vf vBintelligent


  the product possible true value of the implication 

is 
160

60 .160 2( )
60

v

u




 

In the region situated upper the blue borderline the ‘product possible true value’ of implication is equal to 

160
60 .160 2( )

60

v

u



  

In the region situated under the blue borderline the product possible true value of the implication is equal to 1.

The next (Figure 2.10) summarize the ‘product possible true value of the implication 
' (   ) (     ) '  product IF u is A THEN vis Bvery intelligent intelligent  for any couple    40,160 [40,160].u,v  

Comparing Figure 2.10. with Figure 2.5 it can be seen that in the whole region of the couple    40,160 [40,u v 0, 16 ]   the true 

values of implications 
   
   

'
'         

'
'          

product IF u is A THEN vis Bvery intelligent intelligent

minimum IF u is A THEN vis Bvery intelligent intelligent

 are different

3. What means fuzzy logic reasoning in the framework of ‘human intelligence’ linguistic 
variable? Can represent the true value of a fuzzy logic expression the true value of the fuzzy 
logic reasoning?
Defi nition 3.1

In fuzzy logic, reasoning is a rule, which consists of a set of fuzzy variables (called by some people arguments), coupled by 
fuzzy logic operators forming a fuzzy logic expression and a corresponding fuzzy consequence (Figure 3.1).

The fuzzy variables   ,  , ,  1 1 2 2a is A a is A a is Ak k  are fuzzy statements. , , ,1 2a a ak , are premises. , ,1 ,2A A Ak  are fuzzy sets with 

membership functions , , ,
1 2

.f f fA A Ak


The structure of a fuzzy logic expression is:

 (a1 is A1) ⋈1 (a2 is A2) ⋈2 … ⋈k-1 (ak is Ak) (3.1)

Where the symbol ⋈i is one of the fuzzy logic operators: NOT; AND; OR; XOR.

Figure 2.10: Represent the computed dependence, in the framework of ‘human intelligence’ linguistic variable, of the product 
possible true value of the implication '  (   ) (     ) ',  product IF u is A THEN vis Bvery intelligent intelligent  On the couple (u, v) [40,160]×[40,160].



What is the True Value of Fuzzy Reasoning in the Framework of the ‘Human Intelligence’ Linguistic Variable?

 www.physicsresjournal.com 078https://doi.org/10.29328/journal.ijpra.1001117

The structure of a fuzzy logic rule of reasoning is: 

If (a1 is A1) ⋈1 (a2 is A2) ⋈2 … ⋈k-1 (ak is Ak) then B               (3.2)

Instead of the classic case, when the Btv of the logic expression is computed with certainty, in fuzzy logic only the computation 
of ‘degree of fulϐillment’ (DOF) of a fuzzy logic expression for given premises is possible.

The “truth value” or “truth grade” of a fuzzy logic expression is a degree to which the logic expression can be applied to a 
particular case. On the other hand according to [2] we have:

Defi nition 3.2

The truth-value corresponding to the fulϐillment of the conditions of a fuzzy logic expression for given premises a1,a2, …. ak is 
called the Degree of Fulϐillment (DOF) of that fuzzy logic reasoning. [2] Pg.47.Deϐinition 3.1.

In the following we analyze if the above deϐinition is correct?

Verbal reasoning is often translated into fuzzy logic reasoning. The next example show by computation made in the framework 
of the ‘human intelligence’ linguistic variable, that the above deϐinition is questionable (Figure 3.2).

Example.3.1.If it is cold and I have a long way to walk, then I usually take my coat. [2] Example 3.1.pg.45.

Here the fuzzy set A1 represents the temperature. The word ‘Cold’ might be characterized with a membership 1 for 

10 0  ,  0   15   20    .C T C forT C and T and linear between       This is the trapezoidal fuzzy set (-20, -10, 0, 15) which membership 

function is:     201 0  20;  1 101 1

a
f x for x f a forA A


     

   

 
1 1

1

1
1 1 1

1 1 1

1520 10; 1 10 0;   
15

 0 15; 0  1 5 ;

A A

A

aa f a for a f x

for a f a for a


        

     

The fuzzy word ‘long walk’ A2 can be characterized by the triangular fuzzy set (200,1500,4000) meters which membership 

function is: 
   

   

20020    200 ;      200 1500 ; 2 2 2 213002 2
4000 2     1 500 4000 ; 0    40002 2 2 225002 2

a
f a for a f a for aA A

a
f a for a f a for aA A


    


    

Figure 3.1: The word ‘cold’ membership function.
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The fuzzy word ‘usually I take my coat’ might be characterized by the triangular fuzzy set B(0,0.5,1) which membership 
function is:

   
   

0   0 ; 2     0 0.5 ;  

2 2    0.5 1 ; 0   0

f b for b f b b for bB B
f b b for b f b for bB B

     

       

In this example the fuzzy logic expression is     (  ).1 1 2 2a is A AND a is A  (Figure 3.3)

According to [2] pg.48.in fuzzy logic, there are two type of fuzzy logic operator: the ‘minimum fuzzy logic operator AND‘ 
denoted by ⋈minimum-intersection, and the ‘product fuzzy logic operator AND’ denoted by ⋈product-intersection.

Defi nition 3.3

The ‘minimum fuzzy logic operator AND transform the fuzzy logic expression ((a1 is A1) AND [(a2 is A2) in the fuzzy statement 
denoted usually by [(a1 is A1) ⋈minimum-intersection, (a2 is A2)], and represented by the fuzzy subset Cminimum-intersection, which membership 
function is

     
1 21 2 1 2, minimum[ , ) .

minimum intersectionC A Af a a f a f a


                 (3.3)

Figure 3.2: The word ‘long way to walk’ membership function.

Figure 3.3: The fuzzy word ‘usually I take my coat’ membership function.
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Defi nition 3.4

The ‘product fuzzy logic operator AND’ transform the fuzzy logic expression [(a1 is A1) AND (a2 is A2)] in the fuzzy statement 
denoted usually by 

[(a1 is A1) ⋈product-intersection, (a2 is A2)], and represented by the fuzzy subset Cproduct-intersection, which membership function is

   , ( ).1 2 1 21 2
f a a f a f aC A Aproduct intersection

 


               (3.4)

For the premises   0a 5 C   and   a 500mf a  0.66666666671 2 A 11
    and  f a 0.2307692308A 22



Therefore:     , minimum[ , ) 0.23076923081 2 1 21 2
f a a f a f aC A Aminimum intersection

 

     , 0.1538461538.1 2 1 21 2
f a a f a f aC A Aproduct intersection

  


In case of the example 2.1, the DOF of the fuzzy logic expression [(a1 is A1) AND (a2 is A2)] using

The ‘minimum logic operator AND’ is equal to 0.2307692308. 

And using the ‘product logic operator AND’ the DOF of the fuzzy logic expression (a1 is A1) AND (a2 is A2) is equal to 
0.1538461538. 

This means that the meaning of the fuzzy logic expression (a1 is A1) AND (a2 is A2) is not unique. In other words beside the 
premises a1,a2 the DOF of the fuzzy logic

Expression (a1 is A1) AND (a2 is A2) depends also on the meaning of the fuzzy logic operator AND.

This dependence shows that the     '  (  )  (   ) '1 1 2 2DOF of therule If a is A AND a is A then bis B deϐined in [2] Deϐinition 3.1 pg.47.as being 

equal to that of the fuzzy logic expression is not unique.

Beside the premises, a1,a2 this depend also on the meaning of the fuzzy logic operator AND.

Remark that in case of Boolean logic model, because the algebraic operations ‘minimum’ and ‘product’ deϐined in the set of 
numbers {0,1} 

Coincides, the above underlined differences does not exist.

4. What is the true value of fuzzy logic reasoning in ‘human intelligence’ variable,using the 
possibility distribution?

In general using the truth-value (i.e. the degree of fulϐillment (DOF)) corresponding to the fulϐillment of the conditions of a 
fuzzy logic expression

 A = (a1 is A1) ⋈1 (a2 is A2) ⋈2 … ⋈k-1 (ak is Ak) for given premises a1,a2, … ak according to [2] pg.45-46 the possibility distribution 
on the resulting set 

V = the set where the fuzzy set B is included, can be calculated following the method by Dubois and Prade [3].

Let be       , ,   .1 2U the set wherethe fuzzy sets A A A areincludedk 

Defi nition.4.1

The conditional possibility distribution B A   formula for any given v is

 ( ) { ( , , ( ))}v sup t v u uu AB A B A                        (4.1)

With t being, a triangular norm deϐined as in Deϐinition 2.7. pg.11. [2].

Statement.4.1
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In this case, using the membership functions fA and fB and as possibility distributions on obtain the inequality:

{ ( , ), ( ))( ) }u AB B Af t v u fv sup u                       (4.2)

Statement 4.2.

If the t norm selected is the minimum then the conditional possibility distribution min
B A  can be given as.

      , 1  f ( ) ( ),  and  , ,      f ( ) ( ) min minu v if u f v u v u v f v if u f vB B BA AB A B A                   (4.3)

Statement 4.3.

If the t norm selected is the product then the conditional possibility distribution prod
B A   can be given as. 

     and
( )

, 1  f 0,    , min{1,  }     f ( ) 0
( )

f vprod prod Bu v if u u v if uA AB A B A f uA
                      (4.4)

In case of the example 3.1.  ,   1 2u a a and v b  .

For       5 ,500 min[ , ) 0.23076923081 21 2
u f u f a f aC A Amin intersection

    
and       0.15384615381 21 2

f u f a f aC A Aprod intersection
  

 .

For    0.25  0.5    0.9  0.2.v f v and for v f vB B   

If the min-intersection= ⋈min-intersection and the minimum t norm are selected then for

           5,  500   0.25   0.2307692308 and 0.5  f   , 1min
A B A B B Au and v wehave f u f v therefore u f v and u v      

If the min-intersection= ⋈min-intersection and the minimum t norm are selected then for 

           5,  500   0.9   0.2307692308 and 0.2  f   , 0.2minu and v wehave f u f v therefore u f v and u vB BA A B A      

If the min-intersection= ⋈min-intersection and the minimum t norm are selected then for 

     
 
 

 

 5, 500   0.25   0.2307692308 and  0.5 min 1, 

0.5min 1, 2.166666666 1    , 1
0.2307692308

f vBu and v wehave f u f v thereforeBA f uA
prodand wehave u vB A

       
  

      
  

If the min-intersection= ⋈min-intersection and the minimum t norm are selected then for 

     
 
 

 

5,  500   0.9   0.2307692308 and 0.2 min 1, 

0.2min 1, 0.8666666666 0.8666666666    , 0.8666666666
0.2307692308

f vBu and v wehave f u f v thereforeBA f uA
prodand wehave u vB A

       
  

      
  

If the prod-intersection= ⋈prod-intersection and the minimum t norm are selected then for 

   

       

5,  500   0.25   0.1538461538 and 

0.5  f   , 1 

u and v wehave f uA
minf v therefore u f v and u vB BA B A

  

   

If the prod-intersection= ⋈prod-intersection and the minimum t norm are selected then for 

           5,  500   0.9   0.1538461538 and 0.2  f   , 1minu and v wehave f u f v therefore u f v and u vB BA A B A      

If the prod-intersection= ⋈prod-intersection and the minimum t norm are selected then for 



What is the True Value of Fuzzy Reasoning in the Framework of the ‘Human Intelligence’ Linguistic Variable?

 www.physicsresjournal.com 082https://doi.org/10.29328/journal.ijpra.1001117

   

 
 
   

5,500   0.25   0.1538461538 and 

0.50.5  min 1, min 1, 3.250000001   , 1
0.1538461538 

u and v wehave f uA
f v prodBf v therefore and u vB B Af uA

  

           
   



If the prod-intersection= ⋈prod-intersection and the minimum t norm are selected then for 

       
   0.25,500   0.9   0.1538461538 and 0.2  min 1, min 1, 1.300000000   , 1

0.1538461538 
B prod

A B B A
A

f v
u and v wehave f u f v therefore and u v

f u
             

  




The computed results above raise several key observations and questions: 

-the DOF of a fuzzy logic expression A = (a1 is A1) ⋈ (a2 is A2) for given premises a1,a2 is highly dependent of the considered kind 
of intersection ⋈min-intersecion, ⋈prod-intersecion i.e. min-intersection or prod-intersection. For the same given premises a1,a2 the DOFmin-

intersecion(A) and DOFprod-intersecion(A) can be signiϐicantly different. In case of example 2.1 for u = (5,500) DOF {[5 is A1) ⋈min-intersecion (500 
is A2)]} = 0.2307692308 and DOF {[5 is A1) ⋈prod-intersecion (500 is A2)]} = 0.1538461538. In this situation, the question is: which of 
the two intersections ⋈min-intersecion, ⋈prod-intersecion is appropriate to represent the degree of fulϐillment of the rule if A = (a1 is A1) ⋈ (a2 

is A2) then (b is B)? (see [2] pg.47. Deϐinition 3.1.) 

- the conditional possibility distribution B A  of the fuzzy logic rule of reasoning if A = (a1 is A1) ⋈ (a2 is A2) then (b is B) 

for given premises a1,a2 and given choice of intersection ⋈min-intersecion, ⋈prod-intersecion is highly dependent of the choice of the t 

norm. In case of the example 2.1. for     5 ,500  ,  , 0.9    ,   , 0.2minu n v and minimumt norm weobtain u vmin intersection B A      and for 

   5 ,500  , , 0.9 ,     , 0.8666666666produ n v and prod t norm u vmin intersection B A     . 

In this situation, the question is: which of these values is appropriate to represent the degree of fulϐillment of the rule if A = 

(a1 is A1) ⋈ (a2 is A2) then (b is B) ? see [2] pg.47. Deϐinition 3.1.

-this dependence shows that the  '      (  )  (   ) '1 1 2 2DOF of therule If a is A AND a is A then bis B
 
deϐined as being equal to the conditional 

possibility distribution B A   is questionable.

5. What means minimum, maximum and additive combination in the framework of the ‘human 
intelligence’ linguistic variable?

The analysis presented in the previous sections reveal that in general several rules can be derived for the same situation 
expressed as a vector of premises. That is because for the same premises a1,a1, ..., ak and the same fuzzy sets A1,A1, ..., Ak a rule has 
different logical expression Ai = (a1 is A1) ⋈i

1 (a2 is A2) ⋈i
2 … ⋈i

k-1 (ak is Ak) due to the logical operators ⋈i
1⋈i

2, … ⋈i
k-1. The different 

logical.

Expressions Ai has different DOF(Ai) and different consequences Bi.The rules

If (a1 is A1) ⋈i
1 (a2 is A2) ⋈i

2 … ⋈i
k-1 (ak is Ak) then (bi is Bi)

Has different true values =   (  )i
iDOF IfA then bisB .

Therefore an overall response has to be derived for the set of rules. This overall response has to be a combination of a few 
individual rule responses that takes into consideration. The individual F – s. 

There are several possibilities to combine rule responses. [4] the most common ones are the Minimum, maximum and 
additive combination methods.

Defi nition 5.1 

The minimum combination of responses  (  , )i
iDOF A B  is the fuzzy set B with the membership function

  ( ) 0[ ( ) ( ))] ii

i
B B DOFA

f x minimum DOF A f x


                    (5.1)

The minimum combination tries to ϐind a combined rule response, which at least to a certain level is in agreement with all 
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applicable rules. Thus the philosophy for minimum combination fuzzy responses considers only those elements as possible 

consequences that have a positive   0iDOF A  . 

Defi nition 5.2

The cresting minimum combination of responses  (  , )iDOF A Bi  is the fuzzy set B with the membership function

     [ , ]
( ) 0

if x minimum minimum DOF A f x iB B DOFAi
 

                    
(5.2)

Example 2.2.([2] pg.60.)Consider the following rule responses:

Rule 1 has the    1 0.4    0 ,2 ,4    . 1DOF A and the B triangular fuzzy set 

Rule 2 has the    2 0.4    3 ,4 ,5    . 2DOF A and the B triangular fuzzy set 

No other rule apply  ( 0  2)iDOF A if i 

As the supports of B1 and B2 have the intersection [3,4] the minimum is zero outside this interval. The minimum combination 

is thus obtained by taking the minimum of  4min 0.4 ,0.5 3      [3 , 4]
2

x x on    
 

As the equation  4 230.4 0.5 3        
2 7

x x has the solution
     the minimum is

     23 4 230.5 3   3         0.4      4
7 2 7B B

xf x x if x and f x if x
        

.

The membership function of the consequence B of the minimum combination is represented on the next (Figure 5.1) with 
color red.

The cresting minimum combination is obtained by taking the minimum of the two membership functions

   1 2          , .
1 2

,f f and thetwo fullfillments grade DOF A DOF AB B

The equation 4 103      .
2 3

x x has the solution
  , the minimum of the two functions and the two constants are thus found to 

be:     103         3  
3

f x x if xB      and   4 10           4.
2 3

xf x if xB


   The membership function of the consequence B of the crisp 

minimum combination is represented on the next (Figure 5.2) with color red.

Figure 5.1: The minimum combination. Depicted in red.
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Remark. A disadvantage of the minimum combination methods such as ones deϐined by Eqs. (5.1), (5.2) is that any 
disagreement impairs the usage of the rule system. In other words, if the rules are not carefully constructed then it may happen 
that the combination of responses leads to   1 20   , , ,  .kf x for somea a a premeisesB    Therefore , use of minimum combinations 
requires more care than that of other combination methods. To avoid the aforementioned problem of possible disagreement, on 
can deϐine a response combination method for which an outcome b in the set of possible responses becomes possible (having a 
positive membership value) if there is at least one rule with positive ( ( )iDOF A  for which that positive outcome was a possible 
response. In this case, only an agreement on the impossible responses is required (agreement preservation of impossible 
responses). In other words if an outcome has zero membership function for all rule responses for which the rule has positive 
( ( )iDOF A then the outcome has also a zero membership in the combined response. These requirements may be fulϐilled using 
the maximum combination method [5].

Defi nition 5.3

The maximum combination of responses ( ( ), )i
iDOF A B  is the fuzzy set B with the membership function

  max[ ( ) ( ))] 1,2
if x DOF A f xB B ii

                       (5.3)

On can also crest the membership functions instead of multiplying them by the fulϐillment grade.

Defi nition 5.4

The cresting maximum combination of responses ( ( ), )i
iDOF A B  is the fuzzy set B with the membership function

     max[min , ] 1,2,
if x DOF A f xB B ii

 
     

                 (5.4)

Remark. The maximum combination method tolerate disagreements, but they do not emphasize eventual agreements. More 
precisely the event of two rules giving the same result does not induce an increase of the membership function of the response, 
thus it has no effect on the credibility of the result. If for example the rules represent expert opinions this insensitivity to the 
proportion of experts agreeing, is not a desirably property [6]. Furthermore, the maximum combinations overemphasize rules 
with very vague responses. For example If A1 is anything and A2 is anything then B can anything would dominate all the other 
rules because it would exhibit both high DOF - s and high membership function  f xBi

For the same data considered in Example 2.2., the maximum combination is obtained by taking the maximum of the two 
membership functions, which yields the membership function:

   

       

4 230.4   0  2  ,  0.4     2   ,
2 2 7

23  0.5 3   4  , 0.5 5     4 5 
7

x xf x if x f x if xB B

f x x if x f x x if xB B


       

         

Figure 5.2: The cresting minimum combination. Depicted in red.
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The membership function of the consequence B of the maximum combination is represented on the next (Figure 5.3) with 
red color.

The cresting maximum combination require more algebraic effort. First, the minimum of the fulϐillment grades and then the 
membership functions have to be calculated.

The membership function of the consequence B of the cresting maximum combination is 

     0 0.8,  0  0.8 3. 2,
2
xf x if x f x if xB B     

  4 10  3.2  ,
2 3B

xf x if x
  

  103   3.5,
3Bf x x if x   

  100.5   4.5,
3Bf x if x  

  5   4.5   5 Bf x x if x   

and is represented on the next (Figure 5.4) with color blue.

A possible compromise between the minimum and maximum combination methods, one may select one of the following 
types of additive combinations. Namely the weighted sum, the normed weighted sum, the cresting weighted sum, the cresting 
normed weighted sum combinations. Additive combinations have been proposed in [6]

Defi nition 5.5

The weighted sum of combination of responses  (  , )i
iDOF A B  is the fuzzy set B with the membership function

 
 

 
( )1

[ ( )]1

I iDOF A f xi Bif xB I imax DOF A f uu i Bi

 


 
                (5.5)

The division by the maximum of the sum is required to ensure that the resulting membership function is not greater than 1.

In general on can state that a rule is better if its consequence is more speciϐic. A rule with the response ‘anything ‘has no 
value at all. To consider this speciϐicity when consequences are very different in vagueness, another combination method can be 
deϐined, namely, the normed weighted sum combination.

Figure 5.3: The maximum combination. Depicted in red.
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Defi nition 5.6

The normed weighted sum of combination of responses  (  , )iDOF A Bi  is the fuzzy set B with the membership function

 
 

 
( )1

[ ( )]1

I iDOF A f xi i Bif xB I imax DOF A f uu i i Bi





  


  
                 (5.6)

1   
( )

where i f x dxBi

  


In this case each consequence Bi is assigned a unit weight but rules have different weights. Rules with crisper answers carry 
greater weight than rules very fuzzy (Uncertain) answer.

The cresting version of the above additive combination methods can be also deϐined:

Defi nition 5.7

The cresting weighted sum of combination of responses  (  , )iDOF A Bi  is the fuzzy set B with the membership function:

 
   

 
min[ , ]1

[ min[ , ( )]1

I iDOF A f xi Bif xB I imax DOF A f uu i Bi

 


 

                (5.7)

Here again the division by the maximum of the sum is required to ensure that the resulting membership function is not 
greater than 1.

The normed version of this combination method can be deϐined in an analogous manner as:

Defi nition 5.8

The cresting normed weighted sum combination of responses  (  , )iDOF A Bi  is the fuzzy set B with the membership function:

 
   

 
min[ , ]1

[ min[ , ( )]1

I iDOF A f xi i Bif xB I imax DOF A f uu i i Bi





 


 
                  (5.8)

1   
( )

where i f x dxBi

  


Figure 5.4: The cresting maximum combination. depicted in red.
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Remark. Additive combinations of rules take the agreement of responses into account since by virtue of adding the 
membership functions, the membership of elements with such agreements increases. On the other hand no responses that were 
impossible for each rule with positive DOF may become possible by additive combination method. The support of the result of 
the additive and the maximum combination method is the same.

The combination methods fulϐill a number of rational requirements. The most important ones are listed here:

-Idempotency: if a response is combined with itself then the combined response should not be altered:

      ((  , ),(  , ) (  , )i i iC DOF A B DOF A B C DOF A Bi i i

Note that this property does not mean that the response should be equal to the unique response. Combination may alter 
single responses, for example, by cresting. 

     
     

1 2 3(( , ), (  , ,  , ))1 2 3

1 2 3 ( ((  , ),  , ),  , )

Associ

.1 2 3

ativity : C DOF A B C DOF A B DOF A B

C C DOF A B DOF A B DOF A B

   
   
   

       
   

       1 2 2 1(( , ),(  , )  ((  , ), (  , )1 2Symmetr 2 1y : C DOF A B DOF A B C DOF A B DOF A B

The associativity and the symmetry ensure that the combination of the rule responses can be calculated in any order without 
altering the ϐinal result.

For the same data considered in Example 2.2.the weighted sum combination is obtained by taking ϐirst the sum of the two 
membership functions, which is the maximum of the two Membership functions:

 

       

   

       

40.4   0  2  ,  0.4     2  3 ,  
2 2

40.5 3 0.4     3 4  , 0.5 5     4 5 
2

x xf x if x f x if if x

xf x x if x f x x if x


       


           

As the maximum of f(x) is 0.5 the membership function of B is fB(x) = 2 × f(x).

The membership function of the consequence B of the weighted sum combination is represented on the next (Figure 5.5).

For the same data considered in Example 2.2.the normed weighted sum combination is obtained by computing

 
1 1   0.5    1 .1 2( ) ( )
1 2

first and
f x dx f x dxB B

     
  

Therefore the normed 

Figure 5.5: The weighted sum combination. Depicted in red.
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Weighted sum combination is obtained by taking the weighted sum function ϐirst:

   

       

40.2   0  2 ,  0.2     2  3,  
2 2

40.5 3 0.2     3 4, 0.5 5     4 5 
2

x xf x if x f x if if x

xf x x if x f x x if x


       


           

As the maximum of f(x) is 0.5 the membership function of B is obtained as fB(x) = 2 × f(x). 

The membership function of the consequence B of the normed weighted sum combination is represented on the next 
(Figure 5.6).

Remark. The difference between the weighted sum combination and the normed weighted sum

Combination lies in the treatment of the fuzziness of the consequences. The weighted sum combination does not account 
for the different uncertainties inherent to the consequence elements. In contrast, the normed weighted sum combination places 
more weight on the crisper consequence.

For the same data considered in Example 2.2. The cresting weighted sum combination is obtained by ϐirst taking the minimum 
of the

DOF - s grade and the membership functions and then summing the two functions:

     

   

   

   0 0.8 , 0.4   0.8 3 , 2.6   3 3.2 ,  
2
4 43  3.2 3.5 ,,  0.5  3.5 4,   

2 2
0.5  4 4.5 , 5   4.5 5,

xf x if x f x if x f x x if x

x xf x x if x f x if x

f x if x f x x if x

         

 
        

         

As the maximum of f(x) is 0.75 the membership function of B in case of the cresting weighted sum combination is   ( ) .
0.75
f xf xB 

The membership function of the consequence B of the cresting weighted sum combination is represented on the next (Figure 
5.7).

For the same data considered in Example 2.2.the cresting normed weighted sum combination is obtained by computing 
1 1   0.5    1.1 2( ) ( )
1 2

first and
f x dx f x dxB B

     
  

 Therefor the cresting normed weighted sum combination is obtained by 

taking the weighted sum function f(x) ϐirst 

     

   

   

0.5    0 0.8, 0.2   0.8 3,  2.8   3 3.2,
2
4 4  0.5 3  3.2 3.5,  0.5 0.5  3.5 4,   

2 2
0.5  4 4.5,  5   4.5 5.

xf x if x f x if x f x x if x

x xf x x if x f x if x

f x if x f x x if x

          

 
          

         

Figure 5.6: The normed weighted sum combination, depicted in red.



What is the True Value of Fuzzy Reasoning in the Framework of the ‘Human Intelligence’ Linguistic Variable?

 www.physicsresjournal.com 089https://doi.org/10.29328/journal.ijpra.1001117

As the maximum of f(x) is 0.7, the membership function of B in case of the cresting normed weighted sum combination is 

  ( ) .
0.7
f xf xB 

The membership function of the consequence B of the cresting normed weighted sum combination is represented on the 
next (Figure 5.8).

The results presented in this section show a wide variety of different overall responses that can be obtained, in the framework 
of 'human intelligence' linguistic variable, starting from a set of two simple reasoning, that refer the same premises. Figures 5.1-
5.8 permit a rough comparison of the fuzzy set of an overall responses with the fuzzy sets of the two starting responses.

6. What means the defuzzyfi cation of a fuzzy consequence?
It is often necessary to replace the fuzzy consequence B, obtained as a combination of individual rule consequences with a 

single crisp consequence B*. For example a point prediction can be required for forecasting, decision making control.

Defi nition 6.1

The procedure that transforms a fuzzy consequence B into a crisp consequence B* is called defuzziϐication [2] pg.70.

Defi nition 6.2

The defuzziϐication by maximum of the fuzzy consequence B selects the element B* with the maximum membership value as 
the representative element of the consequence fuzzy set B [2] pg.71.

 *( )f b max f xxB B                       (6.1)

Figure 5.7: The cresting weighted sum combination. Depicted in red.

Figure 5.8: The cresting normed weighted sum combination. Depicted in red.
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Note that B* deϐined by (6.1) is not necessarily unique. It can happen that there exists an inϐinite number of elements x having 
the maximal value as membership as in Figure 3.1.

In continuous cases, rules yield consequences that are fuzzy sets deϐined over the real line that are fuzzy set deϐined on the 
real line with continuous membership functions the defuzziϐication can be done also by using another location parameter, for 
example, the fuzzy mean M(B) of B [2].

 
 

( )* t f t dtBb M B
f t dtB


  


                    (6.2)

The median defuzziϐication of the fuzzy consequence B is its fuzzy median m(B) 

   
( )

*    ( )
( )

m B
b m B defined by f t dt f t dtB B

m b


  


                  (6.3)

The defuzziϐied responses for example 2.2.are as follows:

Combination method Defuzziϐication method
 Maximum Mean Median

Minimum 3.287 3.429 3.402
Cresting minimum 3.333 3.444 3.428

Maximum 4.000 2.731 2.638
Cresting maximum [3.5, 4.5] 2.676 2.729

Weighted sum 4.000 2.769 2.775
Normed weighted sum 4.000 3.111 3.309
Cresting weighted sum 3.500 2.739 2.743

Cresting normed weighted sum 3.500 3.089 3.279

7. Th e eff ect of incorporation of some fuzzy logic expression from the ‘human intelligence’ 
linguistic variable in the premises of a fuzzy logic reasoning

In this section we illustrate the effect of the incorporation of one of the statements, (a3 is Aintelligent), (a3 is Avery intelligent), (a3 is 
Amore or less intelligent), (a3 is Aindeed intelligent), in the premises of the fuzzy logic reasoning ‘If it is cold and I have a long way to walk, then I 
usually take my coat’ Example 3.1.pg.45.[2]

Remember that he fuzzy set A1 represents the temperature. ‘Cold’ might be characterized with a membership 1 for -10C ≤ T ≤ 
0C, or for T ≥ 15C and T ≤ -20 and linear between this is the trapezoidal fuzzy set (-20, -10, 0, 15) which membership function is:

     

   

2010  20;  20 10; 1 1 1 1101 1 1
15 110 0;    0 15; 0  1 5 ; 1 1 1 1151 1

a
f x for x f a for a f aA A A

a
for a f x for a f a for aA A


        


       

The fuzzy expression ‘long walk’ A2 can also be characterized by the triangular fuzzy set A2 = (200, 1500, 4000) meters which 
membership function is:

     
 

200 40002 20    200 ;      200 1500 ;    2 2 2 2 21300 25002 2 2
 1 500 4000 ; 0    40002 2 22

a a
f a for a f a for a f aA A A

for a f a for aA

 
     

   

The fuzzy set B represents the word ‘usually’ that might be characterized by the triangular fuzzy set (0, 0.5, 1) which 
membership function is: 

   
   

0   0 ; 2     0 0.5 ; 

 2 2    0.5 1 ; 0   1 

f b for b f b b for bB B
f b b for b f b for bB B

     

       

In this example the fuzzy logic expression is, (a1 is A1) AND (a2 is A2) and the fuzzy logic reasoning is, If (a1 is A1)AND(a2 is A2) 
then (b is B).
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Consider now, the fuzzy statement (a3 is A3), where the fuzzy set A3 is the triangular fuzzy set which membership function is

 

     

     

10    40 ; 40    40 100;3 3 3 3 3603 3
1 160   1 00 160 ; 0   1 603 3 3 3 3603 3

f a for a f a a for aA A

f a a for a f a for aA A

      

       

This fuzzy subset correspond to what we call general intelligence evaluated with IQ index and we denote by Aintelligent i.e. (A3 
= Aintelligent). 

-Case when A3 = Aintelligent [8].

The new fuzzy logic expression is

(a1 is A1) AND (a2 is A2) AND (a3 is Aintelligent) And 

The new fuzzy logic reasoning is 

IF (a1 is A1) AND (a2 is A2) AND (a3 is Aintelligent) then (b is B). 

Retain that in the new fuzzy logic expression and in the new fuzzy logic reasoning a new statement appear. That is (a3 is 
Aintelligent) and concern the general human intelligence evaluated by the IQ index. The consequence is the same as in the previous 
logic reasoning. 

Computing the DOF - s of the new fuzzy logic expression and comparing them with those obtained in section 3 the effect of 
the inclusion in the premises of the statement (a3 is Aintelligent) can be seen.

In the following we give a more detailed analysis concerning this effect

Using the min fuzzy logic operator AND the membership function of the new fuzzy logic expression (a1 is A1) AND (a2 is A2) 
AND (a3 is A3) is

             , , min , , min{min[ , ], }.1 2 3 1 2 3 1 2 31 2 3 1 2 3
f a a a f a f a f a f a f a f amin A A A A A A

 
  

 

Using the prod fuzzy logic operator AND the membership function of the new fuzzy logic expression (a1 is A1) AND (a2 is A2) 
AND (a3 is A3) is

             , , [ ]1 2 3 1 2 3 1 2 31 2 3 1 2 3
f a a a f a f a f a f a f a f aA A A A A Aprod      

.

For 05       5001 2a C and a m   min    [ , ] 0.2307692308. 1 21 2
f a f aA A 

Therefore 
   
 

, , min 0.2307692308,1 2 3 33
min 0.2307692308 ,1 0.2307692308 

f a a a f amin A
 

  
 

 

For     05       500   0.1538461538.1 2 1 21 2
a C and a m f a f aA A     Therefore 

   , , 0.1538461538 0.1538461538 1 0.1538461538.1 2 3 33
f a a a f aAprod     

 -In case of the use of the min fuzzy logic operator AND [8] for

     40    1 60      , , 0 .3 3 1 2 3a very lowIQindex and a very high IQindex f a a amin  

In general 

       , , ,     100, , ,100 0.2307692308 , .1 2 3 1 2 3 1 2 1 2f a a a f a a and only for a f a a f a amin min min min   
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-In case of using the ‘minimum logic operator AND’ we have:

       
       

[     (  )] [   ]   1 1 2 2 3 1 1 2 2

100 [     (  )]  [   ] 0.2307692308.3 1 1 2 2 3 1 1 2 2

DOF a is A AND a is A AND a is A DOF a is A AND a is A and only formin minintelligent

a DOF a is A AND a is A AND a is A DOF a is A AND a is Amin minintelligent



  

On the other hand according to [2] Deϐinition 3.1 pg.47, the DOF of the inference using the ‘minimum logic operator AND’ is 
equal with the DOF of the fuzzy logic expression i.e.

          (     ]1 1 2 2 3DOF If a is A AND a is A AND a is A then bis Bmin intelligent



is equal to    [     (  )].1 1 2 2 3DOF a is A AND a is A AND a is Amin intelligent

Hence

      

     

    (     ]1 1 2 2 3

       1001 1 2 2 3

DOF If a is A AND a is A AND a is A then bis Bmin intelligent

DOF If a is A AND a is A then bis B for amin

 
   

-In case of the use of the prod fuzzy logic operator AND [8] for

     40    1 60     , , 0 3 3 1 2 3a very lowIQindex and a very high IQindex f a a aprod   .

In general 

       , , ,    100, , ,  0.1538461538 , .1 2 3 1 2 3 1 2 3 1 2f a a a f a a and only fora f a a a f a aprod prod prod prod   

Moreover

       
       

[     (  )] [   ] 1 1 2 2 3 1 1 2 2

  100 , [     (  )]  [   ].3 1 1 2 2 3 1 1 2 2

DOF a is A AND a is A AND a is A DOF a is A AND a is Aprod intelligent prod

and only fora DOF a is A AND a is A AND a is A DOF a is A AND a is Aprod intellignt prod



 

On the other hand according to [2] Deϐinition 3.1 pg.47, the DOF of the inference using the ‘prod logic operator AND’ is equal 

to the DOF of the fuzzy logic expression i.e.           (     ]1 1 2 2 3DOF If a is A AND a is A AND a is A then bis Bprod intelligent



 is equal to

   1 1 2 2 3[     (  )].prod intelligentDOF a is A AND a is A AND a is A

Hence

      

     

    (     ]1 1 2 2 3

       1001 1 2 2 3

DOF If a is A AND a is A AND a is A then bis Bprod intelligent

DOF If a is A AND a is A then bis B for aprod



   

- Case, when the fuzzy set A3 is equal to Avery intelligent. [8]

The membership function is
     

     

1 20    40 ; [ 40 ]    40 100;3 3 3 3 360  
1 2[ 160 ]   1 00 160 ; 0   1 603 3 3 3 360  

f a for a f a a for aA Avery intelligent very intelligent

f a a for a f a for aA Avery intelligent very intelligent

      

       
, and

correspond to what we call very intelligent evaluated with IQ index see [8]. Retainthat

       3 .3 3  
f a f a for any aA Avery intelligent intelligent

    The new fuzzy logic expression is

         (  ) 1 1 2 2 3  a is A AND a is A AND a is Avery intelligent  and the new fuzzy logic reasoning is

         (  )     .1 1 2 2 3  If a is A AND a is A AND a is A then bis Bvery intelligent
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-In case of the use of the min fuzzy logic operator AND [8] for

     40    1 60      , , 0.3 3 1 2 3min  
a very lowIQindex and a very high IQindex f a a aAvery intelligent

  

In general 

   

   

, , , ,     100,1 2 3 1 2 3 3min   

, , , , 0.2307692308.1 2 3 1 2 3  

f a a a f a a a and only for aminAA intelligentvery intelligent

f a a a f a a amin minAA intelligentvery intelligent

 

 

Moreover, 
   
   

  [     (  )]1 1 2 2 3  

[    (  )]   1 1 2 2 3 3 

DOF a is A AND a is A AND a is Amin very intelligent

DOF a is A AND a is A AND a is A and only foramin intelligent 

   
   

100, [     (  )]  1 1 2 2 3  

[   (  ) ] 0.2307692308.1 1 2 2 3

DOF a is A AND a is A AND a is Amin very intelligent

DOF a is A AND a is A AND a is Amin intelligent





On the other hand according to [2] Deϐinition 3.1 pg.47, the DOF of the inference using the ‘min logic operator AND’ is equal 
to the DOF of the logic expression i.e.

      

   
    (     ]1 1 2 2 3  

[     (  )].1 1 2 2 3  

DOF If a is A AND a is A AND a is A then bis Bmin very intelligent

DOF a is A AND a is A AND a is Amin very intelligent





 

Hence 

      

     

    (     ]1 1 2 2 3  

  (  )      1001 1 2 2 3 3 

DOF If a is A AND a is A AND a is A then bis Bmin very intelligent

DOF If a is A AND a is A AND a is A then bis B for amin intelligent

 
    

-In case of the use of the prod fuzzy logic operator AND [8] for

     40    1 60     , , 0.3 3 1 2 3 a very lowIQindex and a very high IQindex f a a aprodAvery intelligent  

In general 
   
   

, , , ,    100,1 2 3 1 2 3 3     

, ,  0.1538461538 , , .1 2 3 1 2 3     

f a a a f a a a and only foraprodAvery intelligent prod Aintelligent

f a a a f a a aprodAvery intelligent prod Aintelligent

 

 

Moreover, 

   
   

   
 

[     (  )]1 1 2 2 3

[   (  )]   100,1 1 2 2 3 3

[     (  )]  1 1 2 2 3  

[  1 1 2

DOF a is A AND a is A AND a is Aprod veryintelligent

DOF a is A AND a is A AND a is A and only foraprod intelligent

DOF a is A AND a is A AND a is Aprod very intellignt

DOF a is A AND a iprod

 



  (  )].2 3s A AND a is Aintelligent

.

On the other hand according to [2] Deϐinition 3.1 pg.47, the DOF of the inference using the ‘prod logic operator AND’ is equal 
to the DOF of the fuzzy logic expression i.e.

          (     ]1 1 2 2 3  DOF If a is A AND a is A AND a is A then bis Bprod very intelligent

  is equal to

   [     (  )]1 1 2 2 3  DOF a is A AND a is A AND a is Aprod very intelligent .  Hence

      

     

    (     ]1 1 2 2 3  

  (  )      1001 1 2 2 3 3 

DOF If a is A AND a is A AND a is A then bis Bprod very intelligent

DOF If a is A AND a is A AND a is A then bis B for aprod intelligent

 
    
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-Case, when the fuzzy set A3 is equal to Amore or less intelligent. [8]

The membership function is 

  0    403 3   
f a for aAmoreor less intelligent

 

   1 40    40  100,3 3 360   
f a a for aAmoreor less intelligent

    

 

 

   

 

1 160   1 00  160 3 3 360   

0  1 60  3 3   

f a a for aAmoreor less intelligent

f a for aAmoreor less intelligent

     

   

And correspond to what we call more or less intelligent evaluated with IQ index see [8]. 

Remark that           3 3 3 3   
.

   
f a f a f a for any aA A Avery intelligent intelligent moreor less intelligent

   

The new fuzzy logic expression is 

         (  ) 1 1 2 2 3    a is A AND a is A AND a is Amoreor less intelligent

And the new fuzzy logic reasoning is 

         (  )     .1 1 2 2 3    If a is A AND a is A AND a is A then bis Bmoreor less intelligent

-In case of the use of the min. fuzzy logic operator AND [8], for

   40    1 60      3 3a very lowIQindex and a very high IQindex 

 , , 0.1 2 3min    
f a a aAmoreor less intelligent



In general, 

   

 
 

 

, , , ,1 2 3 1 2 3min     

, ,     100,1 2 3 3min  

, , 0.23076923081 2 3min     

, ,1 2 3 min 

f a a a f a a aminAA intelligentmoreor less intelligent

f a a a and only for aAvery intelligent

f a a aAmoreor less intelligent

f a a a fminA Averintelligent

 



 

  , , .1 2 3 a a ay intelligent

Moreover,

 
   

 
 

[(  )    (  )]1 1 2 2 3    

[    (  )]   1 1 2 2 3  

100,      : [  3 1 1
   (  2 2 3

DOF a is A AND a is A AND a is Amin moreor less intelligent

DOF a is A AND a is A AND a is A and only formin intelligent

a thenext equalities hold DOF a is A ANDmin

a is A AND a is Amo





   
   

)]  [   .1 1 2 2   

(  ) ] [   (  ) ]3 1 1 2 2 3  

DOF a is A AND a is A ANDminreor less intelligent

a is A DOF a is A AND a is A AND a is Aminintelligent very intelligent





On the other hand according to [2] Deϐinition 3.1 pg.47, the DOF of the implication using the ‘min logic operator AND’ is equal 
to the DOF of the logic expression i.e.
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      

   
    (     ]1 1 2 2 3    

[     (  )].1 1 2 2 3    

DOF If a is A AND a is A AND a is A then bis Bmin moreor less intelligent

DOF a is A AND a is A AND a is Amin moreor less intelligent

 

Hence,

      

     

   

    (      ]1 1 2 2 3    

  (  )    1 1 2 2 3  

  (  ) 1 1 2 2 3   

DOF If a is A AND a is A AND a is A then bis Bmin moreor less intelligent

DOF If a is A AND a is A AND a is A then bis Bmin intelligent

DOF If a is A AND a is A AND a is A tmin very intelligent



    

       1003hen bis B for a    

-In case of the use of the prod. Fuzzy logic operator AND [8], 

For

    40    1 60     3 3a very lowIQindex and a very high IQindex

 , , 0 .1 2 3prod    
f a a aAmoreor less intelligent



In general

     

 
 

, , , , , ,  1 2 3 1 2 3 1 2 3     

   100, , , 0.23076923083 1 2 3    

, ,1 2 3  

f a a a f a a a f a a aprodA prodA prodAmoreor less intelligent intelligent very intelligent

and only for a f a a aprodAmoreor less intelligent

f a a a fprod A pintelligent

 

 

   , , .1 2 3 
a a arodAvery intelligent

Moreover

   
   
   

[     (  )]1 1 2 2 3    

[    (  )]1 1 2 2 3  

[    (  )]   1 1 2 2 3   

100, [3 1

DOF a is A AND a is A AND a is Aprod moreor less intelligent

DOF a is A AND a is A AND a is Aprod intelligent

DOF a is A AND a is A AND a is A and only forprod very intelligent

a DOF aprod





    
   
   

    (  )]1 2 2 3    

 [   (  ) ]1 1 2 2 3

[   (  ) ].1 1 2 2 3  

is A AND a is A AND a is Amoreor less intelligent

DOF a is A AND a is A AND a is Aprod intelligent

DOF a is A AND a is A AND a is Aprod very intelligent





On the other hand according to [2] Deϐinition 3.1 pg.47, the DOF of the implication using the ‘prod logic operator AND’ is 
equal to the DOF of the logic expression i.e.

    
     

    (  1 1 2 2 3    

   ] [     (  )].1 1 2 2 3    

DOF If a is A AND a is A AND a is Aprod moreor less intelligent

then bis B DOF a is A AND a is A AND a is Aprod moreor less intelligent






Hence,

      

     

   

    (     ]1 1 2 2 3    

  (  )    1 1 2 2 3  

  (  )1 1 2 2 3   

DOF If a is A AND a is A AND a is A then bis Bprod moreor less intelligent

DOF If a is A AND a is A AND a is A then bis Bprod intelligent

DOF If a is A AND a is A AND a is Aprod very intelligent



    

        1003then bis B for a    



What is the True Value of Fuzzy Reasoning in the Framework of the ‘Human Intelligence’ Linguistic Variable?

 www.physicsresjournal.com 096https://doi.org/10.29328/journal.ijpra.1001117

-Case, when the fuzzy set A3 is equal to Aindeed intelligent [8].

The membership function is 

     22 23 3 3  
f a f a f aA A Aindeed intelligent intelligent very intelligent

   

   0.5 . .    70    130,3 3 3for f a i e a or aAintelligent
  

  21 2 (1 ( ))    70  130,3 3 3 
f a f a for aA Aindeed intelligent intelligent

     

and correspond to what we call indeed intelligent evaluated with IQ index see [8]. 

Remark that 

        2     , 70 130,  3 3 3    
f a f a for any aA Aindeed intelligent very intelligent

    

         3 3 3 3           
and f a f a f a f aA A A Avery intelligent indeed intelligent intelligent moreor less intelligent

    See [8] Figure 4.4.

The same Figure 4.4. Show that for    70, 80 120,1303a    the following inequalities hold

       3 3 3           
f a f f a f aA A A Avery intelligent intelligent indeed intelligent moreor less intelligent

  

And in the range  80 ,120      3a thenext inequalities hold

        .3 3 3 3           
f a f a f a f aA A A Avery intelligent intelligent moreor less intelligent indeed intelligent

    

The new fuzzy logic expression is          (  ) 1 1 2 2 3  a is A AND a is A AND a is Aindeed intelligent

And the new fuzzy logic reasoning is 

         (  )    .1 1 2 2 3  If a is A AND a is A AND a is A then bis Bindeed intelligent

-In case of the use of the min. fuzzy logic operator AND [8], for

     40    1 60      , , 0.3 3 1 2 3min  
a very lowIQindex and a very high IQindex f a a aAindeed intelligent

  

In general, the following inequalities hold:

          40, 703 3 3 3 3        
for a f a f a f a f aA A A Avery intelligent indeed intelligent intelligent moreor less intelligent

   

        70, 80  3 3 3 3        
for a f a f f a f aA A A Avery intelligent intelligent indeed intelligent moreor less intelligent

   

          80,1 203 3 3 3 3        
for a f a f a f a f aA A A Avery intelligent intelligent moreor less intelligent indeed intelligent

   

          130,1 60  3 3 3 3 3        
for a f a f a f a f aA A A Avery intelligent indeed intelligent intelligent moreor less intelligent

   

Therefore, the following inequalities hold:

     
     

   

 40, 70 , [     (  )]3 1 1 2 2 3    

[    (  )] [  1 1 2 2 3 1 1 

  (  )] [  2 2 3 1 1  

for a DOF a is A AND a is A AND a is Amin moreor less intelligent

DOF a is A AND a is A AND a is A DOF a is Amin minintelligent

AND a is A AND a is A DOF a is A ANminindeed intelligent



 

    (  )]2 2 3   D a is A AND a is Avery intelligent
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     
   
   

 

 70, 80 , [     (  )]3 1 1 2 2 3    

[    (  )]1 1 2 2 3   

[    (  )]1 1 2 2 3  

[  1 1

for a DOF a is A AND a is A AND a is Amin moreor less intelligent

DOF a is A AND a is A AND a is Amin indeed intelligent

DOF a is A AND a is A AND a is Amin intelligent

DOF a is A ANmin





 

   (  )]2 2 3   D a is A AND a is Avery intelligent

     
   
   
 

 80,1 20 , [     (  )]3 1 1 2 2 3  

[    (  )]1 1 2 2 3     

[    (  )]1 1 2 2 3  

[  1 1

for a DOF a is A AND a is A AND a is Amin indeed intelligent

DOF a is A AND a is A AND a is Amin moreor less intelligent

DOF a is A AND a is A AND a is Amin intelligent

DOF a is A Amin







    (  )]2 2 3   ND a is A AND a is Avery intelligent

     
   
   

 120,1 30  , [     (  )]3 1 1 2 2 3    

[    (  )]1 1 2 2 3   

[    (  )]1 1 2 2 3  

[  1

for a DOF a is A AND a is A AND a is Amin moreor less intelligent

DOF a is A AND a is A AND a is Amin indeed intelligent

DOF a is A AND a is A AND a is Amin intelligent

DOF a is Amin







      (  )]1 2 2 3   AND a is A AND a is Avery intelligent

     
   
   
 

 130,1 60  , [     (  )]3 1 1 2 2 3    

[    (  )]1 1 2 2 3  

[    (  )]1 1 2 2 3  

[  1 1

for a DOF a is A AND a is A AND a is Amin moreor less intelligent

DOF a is A AND a is A AND a is Amin intelligent

DOF a is A AND a is A AND a is Amin indeed intelligent

DOF a is Amin







    (  )]2 2 3   AND a is A AND a is Avery intelligent

On the other hand according to Deϐinition 3.1 pg.47 [2], the DOF of the inference using the ‘min logic operator AND’ is equal 
to the DOF of the logic expression i.e.

    
     

    (  1 1 2 2 3  

   ] [     (  )].1 1 2 2 3  

DOF If a is A AND a is A AND a is Amin indeed intelligent

then bis B DOF a is A AND a is A AND a is Amin indeed intelligent






Hence,

For           (     ]1 1 2 2 3  DOF If a is A AND a is A AND a is A then bis Bmin indeed intelligent



 the above inequalities hold.

-In case of the use of the prod. Fuzzy logic operator AND [8], similar results are valid.

The above results shows: in which kind the introduction of the statement

(  ) ,(  ), (  ), (  ) 3 3 3 3     a is A a is A a is A a is Aintelligent very intelligent moreor less intelligent indeed intelligent   lied to the changes of the DOF - s of the 

logical expressions and that of the reasoning’s in sense of Deϐinition [2] 3.1. pg.47.

8. Th e eff ect of introduction in premises of the statement (a3 is Aintelgent) concerning the changes 
of the values of conditional possibility distribution

The case of minimum logic, and product logic operator AND, using minimum and product t norm respectively is discussed; 
see section 2 of the present paper. The example is the same; ‘If it is cold and I have a long way to walk, then I usually take 
my coat’.
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 

   
 

 min            5 ,500,50   0.25 

  : [     (  )]. min[0.2307692308,1 1 2 2 3 3

] min[ 0.2307692308 ,  0.166666633

If the logicoperator AND withtheminimumt normare selected then for u and v

wehave DOF a is A AND a is A AND a is Amin

f aA

 



  667]  0.1666666667 and 0.5 . f vB 

Therefore

   
   

[     (  )]1 1 2 2 3 3
         1 , , 1

DOF a is A AND a is A AND a is Amin
min minf v and theconditional possibility distribution is equal to u vB B A B A    

 

   
 

  min             5 ,500,50   0.99 

 : [     (  )]. min[0.2307692308,1 1 2 2 3 3

] min[0.2307692308,0.16666666633

If the logicoperator AND withtheminimumt normare selected then for u and v

wehave DOF a is A AND a is A AND a is Amin

f aA

 



  7] 0.1666666667 and 0.02. f vB 

Therefore

     

   

[     (  )]     1 1 2 2 3 3
       0.02, , 0.02 

DOF a is A AND a is A AND a is A f v and theconditionalmin B
min minpossibility distribution is equal to f v u vBB A B A



    

 

   
 

   min              5 ,500,50   0.25 

 : [     (  )]. min[0.2307692308,1 1 2 2 3 3

] min[0.2307692308 ,  0.1633

If the logicoperator AND withthethe product t normare selected then for u and v

wehave DOF a is A AND a is A AND a is Amin

f aA

 



  66666667] 0.1666666667 and 0.5 .f vB 

Therefore

   
 

 

[     (  )]1 1 2 2 3 3
      

0.5min 1, min 1, 2.999999999 1,    1.
0.1666666667

DOF a is A AND a is A AND a is Amin
minf v and theconditional possibility distributionB B A

minis equal to B A

 

      
 





 

   
 

   min   ,           5 ,500,50   0.99 

 : [     (  )]. min[0.2307692308 ,1 1 2 2 3 3

] min[0.2307692308 ,0.133

If the logicoperator AND withthethe product t normare selected then for u and v

wehave DOF a is A AND a is A AND a is Amin

f aA

 



  666666667]  0.1666666667 and 0.02. f vB 

Therefore

     

 

[     (  )]       1 1 2 2 3 3
0.02min 1, min 1, 0.1200000000 0.1200000000    0.1200000000

0.1666666667

DOF a is A AND a is A AND a is A f v and theconditional possibility distributionmin B
min minis equal toB A B A



       
   .

     
 

     ,           

5 ,500,50   0.25  : [     1 1 2 2

(  )]. 0.2307692308 ] 0.2307692308 0.16666663 3 33

If the prod logicoperator AND withthetheminimumt normare selected then for

u and v wehave DOF a is A AND a is A ANDprod

a is A f aA

 

     667]  0.03846153847 and 0.5. f vB 

     

   

 [     (  )]  1 1 2 2 3 3

     ,    1 , , 1 . 

Therefore DOF a is A AND a is A AND a is A f vBprod
min minand theconditional possibility distribution u v is equal to u vB A B A



   
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     
 

     ,           

5 ,500,50   0.99  : [     (  )].1 1 2 2 3 3

0.2307692308 ] 0.2307692308 0.166666633

If the prod logicoperator AND withthetheminimumt normare selected then for

u and v wehave DOF a is A AND a is A AND a is Aprod

f aA

 

     667]  0.03846153847 and 0.02. f vB 

   
 

     

 [     (  )]1 1 2 2 3 3
      

,     , , 0.02 . 

Therefore DOF a is A AND a is A AND a is Aprod
f v and theconditional possibility distributionB
min minu v is equal to f v u vBB A B A



   

 

   
 

                5 ,500,50   0.25 

 : [     (  )]. 0.23076923081 1 2 2 3 3

] 0.2307692308  0.16666666633

If the prod logicoperator AND withthethe product t normare selected then for u and v

wehave DOF a is A AND a is A AND a is Amin

f aA

 

 

   7 0.03846153847 and 0.5 .f vB 

     

 

 [     (  )]     1 1 2 2 3 3
0.5  min 1, min 1,1 3 1,    1.

0.03846153847

Therefore DOF a is A AND a is A AND a is A f v and theconditionalBprod

min minpossibility distribution is equal toB A B A



       
  

     
 

                

5 ,500,50   0.99  : [     (  )].1 1 2 2 3 3

0.2307692308 ] 0.2307692308  0.16666666633

If the prod logicoperator AND withthethe product t normare selected then for

u and v wehave DOF a is A AND a is A AND a is Amin

f aA

 

     7 0.03846153847 and 0.02 . f vB 

      [     (  )]       1 1 2 2 3 3
0.02min 1, min{1, 0.5199999999} 0.5199999999,    0.519999

0.03846153847

Therefore DOF a is A AND a is A AND a is A f v and theconditional possibility distributionmin B
min minis equal toB A B A



       
   9999.

These results show that the introduction of the statement (a3 is Aintelligenr) could have a signiϐicant effect on the conditional 
possibility distribution value i.e. the DOF – s of fuzzy logic reasoning.

9. Results
Computation developed in the framework of ‘human intelligence’ linguistic variable reveal: the meanings of the fuzzy logic 

operator ‘IF…THEN’; the dependence of the ‘possible true value’ of the implication ‘IF……THEN’ on the considered meanings; the 
fuzzy logic reasoning structure; the concepts of minimum maximum and additive combinations; the meaning of deffuzzyϐication; 
the effect of the incorporation of different fuzzy concepts of the ‘human intelligence’ linguistic variable into the premises of fuzzy 
reasoning.

10. Comments and conclusion
In medical sciences experts rely on empirical knowledge and experience in diagnosis and treatment of diseases. There 

are no generally accepted strict laws expressed in precise mathematical form as in ‘hard disciplines ‘such as physics. Such 
‘soft’ disciplines are ideal for applying fuzzy methods. The fuzzy-rule based approach is applied to arterial hypertension and 
addresses questions such as disease severity, indication of etiological check-up, hospitalization, coronary risk, and indication 
of antihypertensive treatment. These are questions that a physician may have to answer regarding any hypertensive patient. 
In the experiment described in detail in [10] ϐive medical experts in the hypertension ϐield have provided their answers to ϐive 
questions for one hundred patient ϐiles, case by case. The stated aim of reproducing the (average) opinion of ϐive experts was 
achieved, yielding highly encouraging results. Fuzzy reasoning in the framework of the ‘human intelligence’ fuzzy linguistic 
variable, developed in this paper reveal a large scale of understanding the true value of fuzzy reasoning and make it possible that 
within this framework “severe” and “moderate” pathology may be both be “true “for a given patient.

Authors’ contribution

Both authors contributed equally to the development of this work. All authors have read and agreed to the published version 
of the manuscript.



What is the True Value of Fuzzy Reasoning in the Framework of the ‘Human Intelligence’ Linguistic Variable?

 www.physicsresjournal.com 100https://doi.org/10.29328/journal.ijpra.1001117

Data availability statement

The original contributions presented in the study are included in the article; further information can be requested from the 
corresponding author.

References
1. Boole G. The laws of thought. London: Walton and Maberly; 1853.

2. Bardossy A, Duckstein L. Fuzzy rule-based modeling with applications to geophysical, biological, and engineering systems. Boca Raton: CRC Press; 1995. 
Available from: https://doi.org/10.1201/9780138755133

3. Dubois D, Prade H. Possibility theory: An approach to computerized processing of uncertainty. New York: Plenum Press; 1988; 268. Available from: 
https://archive.org/details/possibilitytheor0000dubo

4. Dubois D, Prade H. Fuzzy sets in approximate reasoning. Part 1: Inference with possibility distributions. Fuzzy Sets Syst. 1991;57(2):173–181. Available from: 
https://hal.science/hal-04069818v1

5. Mamdani EH. Application of fuzzy logic to approximate reasoning using linguistic systems. IEEE Trans Comput. 1977;C-26(12):1182–1191. Available from: 
https://doi.org/10.1109/TC.1977.1674779

6. Kosko B. Neural networks and fuzzy systems: A dynamical systems approach to machine intelligence. Englewood Cliffs (NJ): Prentice Hall; 1992;449. 
Available from: https://dl.icdst.org/pdfs/fi les3/89a89521a4e96ecbecfd5d4dc42b9279.pdf

7. Cojocaru AV, Bălint St. IQ index interpretation using fuzzy sets. Preprint.

8. Zadeh LA. The concept of a linguistic variable and its application to approximate reasoning—I. Inf Sci. 1975;8:199–249. Available from: 
https://doi.org/10.1016/0020-0255(75)90036-5 

9. Blinowska A, Duckstein L. Medical applications of fuzzy logic—Fuzzy patient state in arterial hypertension analysis. IEEE EMBS Trans. 1993.


