he Open Access (1)a]p) INTERNATIONAL JOURNAL OF

e s || ETTREEE] PHYSICS RESEARCH AND APPLICATIONS

W HSPI

Research Article More Information
*Address for correspondence: Stefan Balint,

[ ]
f Department of Computer Science, West
W h qt I S t h e T ru e Vq I u e o F uzzy University of Timisoara, 300223 Timisoara,
Romania, Email: stefan.balint@e-uvt.ro

Reasoning in the Framework of S ——

Approved: April 21,2025

the ‘HumCIn Inte"igence’ Linguistic Published: April 24, 2025

How to cite this article: Cojocaru AV, Balint S.
M bl 9 What is the True Value of Fuzzy Reasoning in
Vq rl q e " the Framework of the ‘Human Intelligence’
Linguistic Variable? Int J Phys Res Appl. 2025;

8(4): 065-100. Available from:

. s
Andreea V cojocaru and Stefan Balint https://dx.doi.org/10.29328/journalijpra.l0017

Department of Computer Science, West University of Timisoara, 300223 Timisoara, Copyright license: ® 2025 Cojocaru AV, et all.

Romania This is an open access article distributed
under the Creative Commons Attribution
License, which permits unrestricted use,

Abstract distri'bution, cm(?l r.eproductﬁon inany m.edium,
provided the original work is properly cited.

Keywords: IQ index; Linguistic variable; Human

Computations are presented in the framework of ‘human intelligence’ linguistic intelligence; Fuzzy reasoning

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” @ OPEN ACCESS
and “‘moderate” pathology may be both be “true “for a given patient.

") Check for updates

1. Introduction
Definition 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 a, isA,, a,is A,,..., a, is A, are statements, which can be false or true.
The structure of the logical expression is:

(a,isA) =, (a,isA,) X, .., (a,isA,) (1.1)

Where the symbol X 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(a,isA) ™, (a,isA,) x, .., (a,isA)then B (1.2)
Where the consequence B is a statement, which can be false or true.

Definition 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 fulfilled) 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.
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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

The results in Table.2, reflect the property of the implication operator that if the logical expression is true, (the conditions of
the rule are fulfilled) 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 specific 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:=S; animals:=P_;camels:=S, ;animals:=P, ;middle term:=S =P, .

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

There are infinitely 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 specific and opposes inductive arguments that move from the specific 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
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> #example of raisoning and Boolean true
value (Btv) computation used in set
theory in classical logic;

if (A1 SA42) AND (u
€ Al) then (u € A2).
#A1 = is a first set of objects; A2
= [s a second set of objects; u
:= [s an element,
#(Al S A2)is the statement :

any element of the set Al belongs
to the set A2;

>#(u € Al)is the statement :
element u is element of the set A1,

>#(u € A2)is the statement :
element u is element of the set A2,

> #computation of the Boolean true value
(Btv) of the logical expression
(A1 SA2) AND (u € Al)

SBv(Al € A2)=1,Btv(u € Al) =1,
Biv[ (Al S A2) AND (u € A1)]=1

>Btv(Al S A2) =1, Btv(u € A1) =0,
Biv[ (Al S A2) AND (u € A1)]=0

>Bv(Al S A2) =0, Btv(u € AI) =1,
Btv[ (Al S A2) AND (u € A1)]=0

>Btv(Al S A2) =0, Btv(u € A1) =0,
Biv[ (Al S A2) AND (u € A1)]=0

>#computation of the Boolean true value of
the conclusion (u € A2)

>Btv(u € A2) = 1>Btv(u € 42) =0

> #computation of the Boolean true value of
the rule : if (A1 SA2) AND (u € Al)
then (u € A2).

*Btv[ (Al € A2) AND (u € AI)]=1,
Btv(u € A2) =1,
Biv[if (A1 SA2) AND (u € A1) then
(e A2)]=1

ZBtv[ (Al S A2) AND (u € 41)]=0,
Btv(u € A2) =1,
Bwv[if (A1 SA2) AND (u € Al) then
(uE€ A42)]=1

>Biv[ (Al € A2) AND (u € 41)]1=0,
Btv(u € A2) =1,
Btv[if (A1 SA42) AND (u € Al) then
(€ 42)]=1

>Btv[ (Al € A2) AND (u € A1)]1=0,
Btv(u € A2) =1,
Biv[if (A1 SA2) AND (u € A1) then
(ueA2)]=1

>Btv[ (Al S A2) AND (u € Al)]=1,
Btv(u € A42)=0,
Btv[if (A1 SA2) AND (u € Al) then
(v € A42)]=0

>Biv[ (Al S A2) AND (u € A1)]1=0,
Btv(u e A2) =0,
Biv[if (A1 SA2) AND (u € Al) then
(e 42)]1=1

>Bv[ (Al € A2) AND (u € A1)]=0,
Btv(u € 42) =0,
Btv[if (A1 SA2) AND (u € Al) then
(ued2)]=1
>Bv[ (A1 S A2) AND (u € A1)]=0,
Btv(u € 42) =0,
Buv[if (A1 £42) AND (u € Al) then
(ued2)]=1
Remark that in the above table only the Boolean true value of the implication is equal to zero.
Bv[ (A1 S A2) AND (u € A1)]=1,
Btv(u € 42) =0,
Biv[if (41 S42) AND (u € Al) then
(€ A42)]=0

Table 2
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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
defined.The so called

minimum fuzzy logic operator'IF ... THEN' and a so called
product fuzzy logic operator 'IF...THEN'
Definition 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 4), (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 C representing the fuzzy statement minimum'IF(u is A)THEN

minimum IF ... THEN,
(vis B)', is a subset of the universe U x V andaccording to [2] its membership function is

f u,v)=1forf,(u)< fa(v)andf
Coninimumte..HEN ) AR Crinimum IF.. THEN @2.1)
(u,v)= fg(v) forfA(u)> fg(v) forfA(u) > fg (V).
The ‘true value’ or ‘degree of fulfillment’ 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:

DOF (minimum'u: (uis A)THEN (vis B)'j =1 for f, (u)< fg(v)

and
DOF (minimum'IF (uis AYTHEN (vis B)') = fg (v) for £ (u)> fg (V) (2.2)
If A is the fuzzy subset of very intelligent persons A = A, . ... and B is the fuzzy subset of intelligent persons B=B ...
then remember first that f S (9= £2 o (¥ see[2].
A\/ery—lntelllgent ﬁntelllgent

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

Crninimum IF.. THEN  of the statement
minimum IF (u is A\/eryintelligent )THEN (vis Bintelligent ) for u =53 and v = 81; The following result is found:

(53) = 0.04694444444, f (81)=0.6833333333.

f 9
ﬁ/eryintelligent Bintelligent
f 53)< f 81). f 53,81)=1.
Hence ﬁ/eryintelligent ( Bintelligent( )- . Therefore Crninimum IE.. THEN ( ) More generally for 40 < u < 100 and
jo UP Axu 200 g f (u)<fg V).
e 3 T3 <vs Aeryintelligent intelligent
Therefore fc (uv)=1.

minimum IF.. THEN

The above computation reveal a whole region of couples (u, v), where the minimum possible true value of the implication
minimum’IF (uis A\/eryintelligent)THEN(v's Bintelligent )" is equal to 1.
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For u=81 f ~ (81)=0.4669444444 and for v=53 f (53)=0.2166666667.
A\/ewlntelllgent ﬁntelligent
f 53)> f (81).
Hence Bveryintelligent pintelligent
Therefore fC (81,53) =0.2166666667.

minimum IF.. THEN

2 o f f
More generally for 40 <u <100 and 40 <v <2—0— 4xu +¥g 100 we find 'ﬂ/eryintelligent (“ > Bintelligent V)

Therefore f (uv)= v-40
minimum IF.. THEN 60

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

) is Y220 lusion true value = f
intelligent 1S —= € conclusion € value = B. . V).
intelligent

minimum'IF (uis A/eryintelligent)THEN(v's B

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 confidence in case of very intelligent person f/\/eryintelligent (4) is not necessarily the same as that of

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

intelligent

The borderline split the ‘space’ of parameters (u,v) €[40,100]x[40,100] in two regions. In the region where the confidence
degree of the statement ‘very intelligent’ i.e fp\/eryintelligent (w)- is less than the confidence degree of the conclusion statement

f

‘intelligent’ i.e. ' (v) , the minimum possible true value of the implication is equal to 1. In the region where the

intelligent

confidence degree of the statement ‘very intelligent’ i.e. (%) is more than the confidence degree of the statement

f
p\/eryintelligent

£ (v) . . . v-40
B . > the minimum possible true value of the implication is = (v).
intelligent

‘intelligent’,
g 60 Bintelligent

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.

/

2 2
Figure 2.1: Regions : 40 <u <100 and 40<2—0—4;‘” +¥<v3100;40<u <100 and 40<v<2—0—4><u +¥swo
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v—40

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

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

For U=120f o (120)=0.4444444444 3 for V=53 fg (53)=0.2166666667.
A\/erylntelllgent intelligent
f 120) > f (53) f 120,53) = 0.2166666667
Hence A\/eryintelligent intelligent and Crinimum IF.. THEN ( )
2
More generally for 100 < u < 160 and 40<V<L_16XU+@3100 we find f,% o u)> fg V).
6 3 3 eryintelligent intelligent
v-100
Therefore f V)= .
Connimumte. 7Hen ) ™ 60
u=120 f 120) = 0.4444444444 v=81 f (81)=0.6833333333.
For ﬂ/eryintelligent (120) and for Bintelligent
f 120) < f (81) and f (120,81)=1
Hence /\/eryintelligent ﬁntelligent Crninimum IF.. THEN

u? 16xu 1400

More generally for 00 < u < 160 and 40 < P u)<f v)-

ind T (u)
ty o <v=l100 we find Areryintelligent Bintelligent

f u,v)=1
Therefore  'C_iimum IF.. THEN (1)

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

The borderline splits the parameter space (u,v) €[100,160]x[40,100] into two regions. In the region where the confidence

degree of the statement ‘very intelligent'i.e. (), is less than the confidence degree of the conclusion statement

f

f
'%eryintelligent

‘intelligent’ i.e. 'B V), the minimum possible true value of the implication is equal to 1. In the region where the

intelligent

confidence degree of the statement ‘very intelligent’ i.e. (%) is more than the confidence degree of the statement

f
A/ery intelligent

. . ,f (v), . . . v=40 V).
intelligent,, Bintelligent the minimum possible true value of the implication is 0 Bintelligent )
These defined regions are illustrated in the following (Figure 2.2).
ll:l:l--.".
Lk \\
20 \H\\
1 ",
-
ﬁ:l- ,
L \
r H"\-..\,
T
40 - , - - e
L 110 120 130 140 150 16
H
u? 16xu 1400 uZ 16xu . 1400
Figure 2.2: Regions:100 <u <160 and40<v<a— +T£100;100<us160 and 40<%— +T<vs100
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If the confidence parameters are in the region situated under the blue borderline then the ‘minimum possible true value’ of

v—40

the implication is equal to 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 Y=81f (81) = 0.4669444444 and v =120 f (120) = 0.6666666667.
’%eryintelligent Aintelligent
f (81)<f (120) and f (81,120) =1
Hence p\/eryintelligent pintelligent Cminimum IF..THEN
uZ 4xu 400 v).

. f u)< f
More generally for 40 <u <100 and 100<v< —a+ +T <160 we find /'\/eryintelligent (u) pintelligent (v)

f u,v)=1
Therefore CminimumIF...THEN( )

(81) = 0.4669444444 v=140 f (140) = 0.3333333333.

For Y=81f and for

A/eryintelligent Aintelligent

81)> f (140) 1nq Te (81,140) = 0.3333333333.

f (
Hence A\/eryintelligent ﬁntelligent minimum IF.. THEN

2
u® 4xu 400 . f u)> f V).
More generally for 40 < u < 100 and 40<—5+ 3 +T<VS16O we find Averyintelligent( ) pintelligent()

160-v
Therefore f u,v)=
CminimumIF...THEN( L

The above delimited regions can be seen in the next (Figure 2.3).
The borderline blue split the ‘space’ of parameters (u, v) €[40,100]x[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 16070_\/

LT \

)
b0 . h
& E ] m ] ] 1
7]
u2 4xu 400 uZ  4xu 400
Figure 2.3: Regions:40 <u <100 and 100<v<—%—T+T£160;40<uSIOOand 40<—%+ E +T<v£160
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The next step is the analysis of case 100 <u <160 and 100 <v < 160

u=135f (135):0.1736111111 v=120 f (120)= 0.6666666667.

For and for

A\/eryintelligent Aintelligent

(135)< f (120) .4 fo (135,120) =1

Hence minimum IF.. THEN

f
ﬁ/ery intelligent Aintelligent

2
More generally for 100 <u <160 and 100<v< —:—0+ 16;“ +?£160 we find

f u)< f V). ~
ﬁ/eryintelligent( Aintelligent( ) Therefore meinimumIF..,THEN (u,v)=1

For U=135 f (135)= 0.1736111111 gpq for V=150 f (150) = 0.1666666667.

A\/eryintelligent pintelligent

135)> f (150) and fc (135,150) = 0.1666666667.

Hence minimum IF.. THEN

f
Averyintelligent ( ﬁntelligent

2
More generally for 100<u<160 and 100<—:—0+16XU—@<VSI60 we find

f u)> f V).
3 3 Averyintelligent( ) ﬁntelligent(

160 —v
Therefore f u,v)=
CminimumIF.‘.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]x[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

. 160 —v
is equal to .
60

The next (Figure 2.5) summarize the ‘minimum  possible true value of the implication

minimum’ IF (uis A/eryintelligent)-n_iE’\l(Vis Bintelligent )" for any couple (u, v)[40.160]x[40,160]
Definition 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 4), (v is B).

oA

u-:u: i

I'D:'_ - T T T T T 1
(LLF] 10 [F.1] 130 L4 I50 160

w2 16xu 800 u2 16xu 800

Figure 2.4: Regions:100<u <160 and 100 <v<——-———-——<160;100 <u <160 and 100 < —+ —-——<Vv<160
60 3 3 60 3 3
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i mean possible frine value
160—— x
(1604360
140 L
120 /-
b 1
\\ y
'
100 1 \‘3{ 1
f l.‘
0+ / b
w0 g {v-40160
Al . -
40 &h £ 100 (1] 140 1a0

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 (uis A\/eryintelligent)THEN (vis Bintelligent )' on the couple (u, v) e [40,160] x [40,160].

The product fuzzy logic operator 'IF ... THEN' Transform these fuzzy statements into the fuzzy statement denoted usually by
product' IF (uis ATHEN (vis B)'. The fuzzy subset C product IF.. THEN » representing the fuzzy statement duct'IF(uis ATHEN (vis BY

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

f

f
(uv)=1Forf,(u)=0 ;4 fo (u,v) = minimum{1, B

C fg) for f,(u)>0}. (2.3
product IF.. THEN product IF.. THEN fa(u) B A( )>0}. (2.3)

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

denoted, DOF(product 'IF (uis A)THEN (vis B)')
is given by:

DOF ( product 'IF (uis A)THEN (visB) ) =1 for f,(u) =0 and

(2.4)
fs (V)
fA(u)} fa(u)>o0.

If A is the fuzzy subset of very intelligent persons A = A

DOF( product 'IF (uis A)THEN (vis B)) = minimum{l,

and B is the fuzzy subset of intelligent persons B = B,

very intelligent intelligent

then remember first that f () see [2].
Aery-

2
X)=f
intelligent( ) Aintelligent
In the following we analyze the computed dependence of ‘true value’ of the fuzzy statement’ product 'IF (uis A)THEN (visB) on

the couple (u,v) in the framework of ‘human intelligence’ linguistic variable.

f
Computing the membership function Cproduct IF..THEN of the fuzzy statement

product' IF (uis %eryime”igent)THEN(vis Aintelligent )" the following result is found:

(u,v)=1

— — : f
For u = 40, or u = 160 and arbitrary v we have we have Cproduct IE. THEN

For40 <u<100and 40 <v<100:

v—40 v—40 v-40
if 60 o 60 __ 60 and
— 2 < [thenf (u,v)=min41, =
(L“O)Z Cproduct IF.. THEN U—40)2 (U _40)2
60 60
60
v—-40 v—-40
; 60 : 60
if —%___>ithenf (u,v)=min<1, 1
U402 C product IF... THEN [u _ 40)2
60 60
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Therefore:
erefore v—40 ;
if u=60 and v=70 , then —00____ 2. 1and f¢ (uv)= min{l,—} =L
Y —40)2 2 product IF.. THEN 2
60
v—-40
if u=95 and v=50 then — 00 _ _ 24 <landf~ (u,v)= min{l,ﬁ} 24
U=402 121 product IF.. THEN 121) 121
60

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

V=—xU —Exu+— (2.5)

Split the ‘space’ of parameters (u,v) €[40,100]x[40,100] into two regions. In the region where the confidence degree of the

statement ‘very intelligent’ i.e. f u :(u—40)2 is less than the confidence degree of the conclusion statement
A\/eryintelligent 60
v-40
‘intelligent’ i.e. fg " (v)= 0’ the possible product true value of the implication is equal to 1. In the region where the
intelligent
u—40
confidence degree of the statement ‘very intelligent’ i.e. f S (w)= (*=)? is more than the confidence degree of the
A\/erylntelllgent 60
v—40
v—40
statement ‘intelligent’ie. fg v)=——, the product possible true value of the implication is 6—400
intelligent 60 u-soy2
60

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. V40

60
u-— 40)2
60

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

For 100 < u <160 and 40 < v < 100 the blue borderline, presented in the next (Figure 2.7), and defined by the equation

1 2 16 1400
V=—xU" ——xU+—o

2.6
60 3 3 (2:6)

100+ /.’
mu
/
p-il /
/
A
04 I
&
m
20 /*”
l‘:l-—
40 10 60 i ] 20 100
]
u? 4xu 200 u? 4xu 200
Figure 2.6: Regions:40 <u <100 and 40 <E_ +T<VS100; 40 <u <100 and 40<v<%— +——<100
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e
S—
40 . ——__
1] 1i0 [} 130 L ] 163
=]
uZ 16xu . 1400 u2  16xu 1400
Figure 2.7: Regions:100<u£160and40<5— +T<v£100; 100<usl60and40<v<5— s +Ts100

Split the ‘space’ of parameters (u,v) €[40,160]x[40,100] into two regions. In the region where the confidence degree of the

160 —u
=( 0

statement ‘very intelligent’ i.e. f )2 is less than the confidence degree of the conclusion statement

u
A\/eryintelligent

v-40
‘intelligent’ i.e. fg i =760’ the product possible true value of the implication is equal to 1. In the region where the
intelligent
) . . . . 160-u.2 . )
confidence degree of the statement ‘very intelligent’ i.e. f o u)= )” is more than the confidence degree of the
Aleryintelligent 60
v—-40
. . . v—40 . . C . 60
statement ‘intelligent’ie. fg =——, the product possible true value of the implication is Te0-u 5"
intelligent 60 —uy2
60
In the region situated upper the blue borderline the ‘product possible true value’ of implication is equal to 1.
v—40
In the region situated under the blue borderline the product possible true value of the implication is equal to ﬁ?uz
)
60

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

4
V=——xXxU"+—XU+— 2.7
XU +oxU+— (2.7)

Split the ‘space’ of parameters (u,v) €[40,100]x[100,160] into two regions. In the region where the confidence degree of the

u—40
statement ‘very intelligent’ i.e. f o u)=( )2 is less than the confidence degree of the conclusion statement
Aleryintelligent 60
« . s 160 —v . TSR .
intelligent’ i.e. fg " (v)= 60 » the product possible true value of the implication is equal to 1. In the region where the
intelligent
40—u
confidence degree of the statement ‘very intelligent’ i.e. f o u)= (7)2 is more than the confidence degree of the
A\/erylntelllgent 60
160 —-v
,. . ) 160 —v . . o 60
statement ‘intelligent’ i.e. fg V)= , the product possible true value of the implication is 20-u"
intelligent 60 U2
60
160 —v
In the region situated upper the blue borderline the ‘product possible true value’ of implication is equal to ﬁ.
( )
60
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1304

104

2
4xu +%<v3160; 40 <u <100 and100<v<-‘;—0+4’<” +%£160

Figure 2.8: Regions:40 <u <100 and 40 <-L;—0+

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 defined by the equation

12,6, 80

2.8
60 3 3 (28)

Split the ‘space’ of parameters (u,v) €[100,160]x[100,160] into two regions.

160—u
In the region where the confidence degree of the statement ‘very intelligent’ i.e. f o u)= ) is less than
A\/erylntelllgent 60
) . “ . s 160-v .
the confidence degree of the conclusion statement ‘intelligent’ i.e., fg " V)= 0 the product possible true value of
intelligent

the implication is equal to 1.
160—-u
u)=
'%eryintelligent 60

In the region where the confidence degree of the statement ‘very intelligent’ i.e. f )2 is more than

1104

I'D:I- T T T T T 1
Liv) 150 [F1) 13 L 130 160

2 2
Figure 2.9: Regions:100 <u <160 and 100 <-U—+MTXU—¥<VSMO; 100 <u <160 and 100<v<—2—0+ 16xu —8—(3)03160

60
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. « . s 160 —v . e
the confidence degree of the statement ‘intelligent’i.e. fg V)= , the product possible true value of the implication
intelligent 60
160 —v
; 60
is —>—.
160—u. 2
( )
60 160—-v
In the region situated upper the blue borderline the ‘product possible true value’ of implication is equal to #i)uz‘
)
60

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 (Uis Aoy intertigent THEN (VIS Bjpiepiioen )' for any couple (u,v) €[40,160]x[40,160].

Comparing Figure 2.10. with Figure 2.5 it can be seen that in the whole region of the couple (u,v)€[40,160]x[40,160] the true

'

" product IF( )THEN (vis B.

uts Neryintelligent mtelligent)

values of implications , are different

'minimum IF( )THEN (vis B.

uts A\/eryintelligent |ntelligent)

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?

Definition 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 ajis A ,a,isA,,....a,is A are fuzzy statements. a,.a,....,8 , are premises. A, A,....A , are fuzzy sets with
membership functions fAl, fA2 fpk-

The structure of a fuzzy logic expression is:

(a,isA) =, (a,isA,) >, .., (a,isA,)(3.1)

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

product possible frue value

1607 —__ /f —
1404 e SRR
1204
1004

204

60+ /

. ___-—'-""/ R B0 “\—\ﬁ_ﬁ“—_

40 0 20 100 120 140 160
u

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 (uis /\Ierv intelliqent)THEN (vis Bintelliqent )", On the couple (u, v) €[40160]x[40,160].
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Figure 3.1: The word ‘cold’ membership function.

The structure of a fuzzy logic rule of reasoning is:

If(a,isA) ™, (a,isA,) ™, ..x, (a,isA) 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 fulfillment’ (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:
Definition 3.2

The truth-value corresponding to the fulfillment of the conditions of a fuzzy logic expression for given premises a,,a,,
called the Degree of Fulfillment (DOF) of that fuzzy logic reasoning. [2] Pg.47.Definition 3.1.

.. a,is
In the following we analyze if the above definition 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 definition is questionable (Figure 3.2).

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

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

-10C<T <0C, 0 forT >15Cand T <-20 and linear between. This is the trapezoidal fuzzy set (-20, -10, 0, 15) which membership
for

functionis: f, (x)=0f 20: f ( ) 3 +20
: x)=0 forx<—20;f, (a
A AT

—a

-20<a <-10;f, (a)=1for-10<a, <0;f, ( ):1515 !
for0<a <15;f, (a)=0 fori5<a;

The fuzzy word ‘long walk’ A, can be characterized by the triangular fuzzy set (200,1500,4000) meters which membership
a, - 200
fa (ay)=0 for a,<200;f, (a)= for 200 <a, <1500 ;
function | A A 1300
unction is:
4000 — a,
fpz (a,) =g for 1500 <a, <4000 f% (a,)=0 for 4000<a,

https://doi.org/10.29328/journal.ijpra.1001117
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Trag Jemg way to walk memberiisp Erefion

0,44

1000 2000 3000 4000 5000

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

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:

fB(b)=0 forb<0;fB(b)=2><b for0<b<0.5;

fg(b)=-2xb+2 for 0.5<b<1;fg(b)=0 forb>0

In this example the fuzzy logic expression is (a1is AI)AND (ayis 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 and the ‘product fuzzy logic operator AND’ denoted by

minimum-intersection’ product-intersection®

Definition 3.3

The ‘minimum fuzzy logic operator AND transform the fuzzy logic expression ((a, is A,) AND [(a, is A,) in the fuzzy statement
denoted usually by [(a, is 4,) x (a, is A,)], and represented by the fuzzy subset C which membership
function is

minimum-intersection’ inimum-intersection’

me.n.mum,mwcuo" (a1 ,a, ) = minimum] f A (al ) ,f A (a2 )]. (3.3)

testicalp [ rodee mp eoar
L I

0.2
05 -
0.4 4

04 |

Figure 3.3: The fuzzy word ‘usually | take my coat” membership function. ‘
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Definition 3.4

The ‘product fuzzy logic operator AND’ transform the fuzzy logic expression [(a, is A,) AND (a, is A,)] in the fuzzy statement
denoted usually by

[(a, 1S A,) M, iuceintersection (0 1S 4,)], and represented by the fuzzy subset C, .. iersectiow Which membership function is
f a,a, |="f, (a|xf, (a,). 3.4
Cproduct—intersection ( ! 2) Al ( 1) Az 2 (34)
. 0 —
For the premises a; =5’C and a, =500mf A (a;) = 0.6666666667 and f A, (a,) = 02307692308

Therefore: fc (a2, ) = minimum{ f A (). f A (az)] = 02307692308

minimum-—intersection

f (al,az)z fAl(al)x fAZ(az):0.1538461538.

Cproduct—intersection
In case of the example 2.1, the DOF of the fuzzy logic expression [(a, is A,) AND (a, is A,)] 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 (a, is A,) AND (a, is A,) is equal to
0.1538461538.

This means that the meaning of the fuzzy logic expression (a, is A,) AND (a, is A,) is not unique. In other words beside the
premises a,,a, the DOF of the fuzzy logic

Expression (a, is A,) AND (a, is A,) depends also on the meaning of the fuzzy logic operator AND.

This dependence shows that the DOF of therule'lf (alisAl)AND(azis A, )then (bis B)' defined in [2] Definition 3.1 pg.47.as being

equal to that of the fuzzy logic expression is not unique.
Beside the premises, a,,a, 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’ defined 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 fulfillment (DOF)) corresponding to the fulfillment of the conditions of a
fuzzy logic expression

A=(a,isA,) ™, (a,isA,) X, .=, (a,isA,) for given premises a,,a,, ... a, 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 U =theset wherethe fuzzy sets Al’ Az’Ak areincluded.
Definition.4.1
The conditional possibility distribution Mg, formula for any given v is
Mgy V) =SUpu t(TTg,  (v0).1T 5} (4.1)

With ¢ being, a triangular norm defined as in Definition 2.7. pg.11. [2].

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

fg (V) 2 sup, {tT, , (v, ), f, (u))} (4.2)
Statement 4.2.

If the t norm selected is the minimum then the conditional possibility distribution Hgﬂ can be given as.

i (u,v)=Tif f 5 (U) < f5(v), and mmin (uv)(uv)=fg(v)if foW)>fav)

BfA BfA (4.3)
Statement 4.3.
If the t norm selected is the product then the conditional possibility distribution Hgﬁd can be given as.
Hprod T _ prod . w .

BIA (u,v)=1if fA(u) =0, and HBJ(A (u,v) =min{l, . (u)} it £,(u)>0 (4.4)

A
In case of the example 3.1. u :(al,az)and v=h.

For u=(5,500) (a)]-02307692308 and €4 inirsection )~ A () T (3y) = 0.1538461538

u)=min[f, (& ), f
Cmin—intersection( ) il Al( 1) Az
For v=0.25 fg (v)=0.5 and forv=0.9 fg (v)=02.

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

min-intersection

u=(5, 500)and v =0.25wehave f, (u)=0.2307692308 and f, (v) = 0.5thereforef, (u) < f,(v)and ITg}, (u,v) =1

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

min-intersection

u=(5, 500)andv=0.9wehave f , (u) =0.2307692308 and fg (v) = 0.2thereforef , (u) > fg (v)and Hgﬁ(u,v) =0.2

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

min-intersection

fo(v
u=(5, 500)andv=0.25wehave f , (u) =0.2307692308 and fg (v)=0.5therefore min{l, 8 )}

= min{l,L = 2.166666666} — 1and we havert Prod (uv)=1
0.2307692308 BfA

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

min-intersection

fo (v
u=(5, 500)and v =0.9wehave fA(u) =0.2307692308 and f5 (v)= 0.2thereforemin{1, B ( )}

fA(U)

brod ; ) = 0.8666666666

= min{l 02 = 0.8666666666} =0.8666666666 and we haveTl BIA

’0.2307692308

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

prod-intersection

u=(5, 500)andv=0.25wehave f , (u)=0.1538461538 and

fg (v)=0.5thereforef , (u) < g (v)and ng}fl(u,v) =1

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

prod-intersection

u=(5, 500)andv=0.9wehave f, (u)=0.1538461538 and f5 (v) = 0.2thereforef » (u) < fg (v)and ng‘y‘A(u,v) =1

and the minimum t norm are selected then for

If the prod-intersection=

prod-intersection
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u=(5,500)andv =0.25wehave f , (u) = 0.1538461538 and

fo (v
g (v) =0.5therefore min1,-B M1 min{l,L - 3.250000001}and Prod (uv)=1
fa(u) 0.1538461538 BfA

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

prod-intersection

u=(5,500)and v =0.9wehave f,(u)=0.1538461538 and f; (v) = 0.2therefore min1, (V)| min{l,L = 1.300000000}and T8 (u,v) =1
f,(u) 0.1538461538

The computed results above raise several key observations and questions:

-the DOF of a fuzzy logic expression 4 = (a,  A,) ™ (a, A,) for given premises a,,a, is highly dependent of the considered kind
of intersection X, in-intersecion” Mprud-interseciun
intersecion () and DOF), (A) can be significantly different. In case of example 2.1 for u = (5,500) DOF {[5is A,) >
is 4,)]} = 0.2307692308 and DOF {[S is A,) ™M, i vorsecion
the two intersections &, . o0 D ersecion IS APPTOPriate to represent the degree of fulfillment of the rule if A = (a
A,)then (b is B)? (see [2] pg.47. Definition 3.1.)

L.e. min-intersection or prod-intersection. For the same given premises a,,a, the DOF,
min-intersecion (500
(500isA,)]} = 0.1538461538. In this situation, the question is: which of
A)) ™ (a,

rod-intersecion
lis

- the conditional possibility distribution IT A of the fuzzy logic rule of reasoning if A = (a, ,A,) = (a, A,) then (b is B)

2is

BY

for given premises a,,a, and given choice of intersection x is highly dependent of the choice of the t

min-intersecion’ prod-intersecion

v =0.9and minimumt norm,weobtain T} 3 (u,v)=0.2 and for

norm. In case of the example 2.1. for u=(5,500),n BIA

min—intersection °

v=0.9 ,and prod tnorm1 %Y (u,v) = 0.8666666666 .

u=(5,500),n BIA

min—intersection’
In this situation, the question is: which of these values is appropriate to represent the degree of fulfillment of the rule if A =

(a, A,) ™ (a,, A,)then (bis B) ? see [2] pg.47. Definition 3.1.

2is
-this dependence shows that the 'DOF of therule If (alisAl)AND(azis Az)then (bisB)' defined as being equal to the conditional
possibility distribution HBJ(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 a,,a,, .., a, and the same fuzzy sets 4,4, .., A, arule has

different logical expression A’ = (a,  A,) =", (a,, A4,) X', .., (a, A)due to the logical operators x' ', ... ' . The different
logical.

lis 2is

Expressions A’ has different DOF(A’) and different consequences B.The rules
If(a, A) ™' (a, A,) X, ..x"_ (a, A)then (b, is B)
Has different true values = DOF (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.

Definition 5.1
The minimum combination of responses (DOF (A‘) ,B) is the fuzzy set B with the membership function
fg (x) = minimum[DOF (A") x f (€9)) N, (5.1)

The minimum combination tries to find 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 DOF (Ai ) >0.
Definition 5.2
The cresting minimum combination of responses (DOF (Ai) ,B) is the fuzzy set B with the membership function
— mini ini i )
fg (x)= mlnlmum[mlnlmum(DOF(A ), fBi (X)]](DOFA')>0 (5.2)
Example 2.2.([2] pg.60.)Consider the following rule responses:

Rule 1 has the DOF(AI) =0.4and the B1 =(0,2 ,4)triangular fuzzy set.

Rule 2 has the DOF(AZ) =0.4andthe B, = (3,4 ,5)triangular fuzzy set.

No other rule apply (DOF(A')=0if i >2)
As the supports of B, and B, have the intersection [3,4] the minimum is zero outside this interval. The minimum combination

is thus obtained by taking the minimum of min[0.4 ><4;2X,0.5 x(x —3)} on [3,4]

. 4—x .23 .. .
As the equation 0.4x > = 0.5x(x—3) hasthe solutlon7 the minimum is

fB(x)=0.5x(x—3)if3<x£§ and fB(x)=O.4x% 'f2—73<x<4

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

f ,fB and thetwo fullfillments grade DOF(AI),DOF(AZ).

BB,

The equation %: X-3 hasthesolution? ., the minimum of the two functions and the two constants are thus found to

be: fg (x)=(x-3) if 3< xs? and fB(X):? if %< x <4.The membership function of the consequence B of the crisp

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

e (sl i

0E 4

0.4

Figure 5.1: The minimum combination. Depicted in red. ‘
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Figure 5.2: The cresting minimum combination. Depicted in red.

Remark. A disadvantage of the minimum combination methods such as ones defined by Egs. (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 fB(x)=0 forsomea,,a,,...,a, premeises. Therefore , use of minimum combinations
requires more care than that of other combination methods. To avoid the aforementioned problem of possible disagreement, on
can define 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 (DOF(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
(DOF(A') then the outcome has also a zero membership in the combined response. These requirements may be fulfilled using
the maximum combination method [5].

Definition 5.3
The maximum combination of responses (DOF(A),B,) is the fuzzy set B with the membership function
g (x) = max[ DOF (A') x fe CMli_i2.. (5.3)
On can also crest the membership functions instead of multiplying them by the fulfillment grade.
Definition 5.4

The cresting maximum combination of responses (DOF(A'),B,) is the fuzzy set B with the membership function
fg(x)= max[min(DOF (A' ) fBi (X)J]i=1,2,... (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 A! is anything and A? is anything then B can anything would dominate all the other

rules because it would exhibit both high DOF - s and high membership function fBi (x)

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-x

f (X)=0:4x 2t 0<x=2 , f(x)=0.4 if2<xs?,

fB(x)=0.5x(x73)if§<xs4 g (X)=0.5x(5-X) if 4<x<5
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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 fulfillment grades and then the
membership functions have to be calculated.

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

fB(x)zgif 0<x<038, fg(x)=0if 0.8 <x<3.2,

fB(x):szif 32< xs?,

fB(x)=x—3if?< X<3.5,

fy(x)=0.5if %< X <4.5,
fy(x)=5-xif 45 <x<5

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]

Definition 5.5

The weighted sum of combination of responses (DOF (Ai) ,B;) is the fuzzy set B with the membership function

s1_poF (A)x fg (0
fg(x)= —— (5.5)
B | .
maxu[zileOF(A )x fBi )]

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 specific. A rule with the response ‘anything ‘has no
value at all. To consider this specificity when consequences are very different in vagueness, another combination method can be
defined, namely, the normed weighted sum combination.

Sl 5 S b Hel s

0E 4

0.4

Figure 5.3: The maximum combination. Depicted in red. ‘
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Figure 5.4: The cresting maximum combination. depicted in red.

Definition 5.6
The normed weighted sum of combination of responses (DOF (Ai) ,B;) is the fuzzy set B with the membership function

s!_DOF (A"}, % fg )
fg(x)= . T (5.6)
maxu[zileOF(A )xﬂi x fBi )]

1

where fi=—(———
: jO_OOOfBi (x)dx

In this case each consequence B, 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 defined:
Definition 5.7

The cresting weighted sum of combination of responses (DOF (AI) ,B;) is the fuzzy set B with the membership function:

zilzlmin[DOF (Ai ) fa (X)]
fg(x)= | - (5.7)
maxy[y;_min[ DOF (A' ) fBi ()]

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 defined in an analogous manner as:
Definition 5.8

The cresting normed weighted sum combination of responses (DOF (Ai ) ,B;) is the fuzzy set B with the membership function:

Si_ % min[DOF(Ai ). fg. (X)
g (x)= | ! (5.8)
maxy[xj_ /5 * min[DOF(A ) f ()

1
jo_ooofBi (x)dx

Wwhere f; =
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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 fulfill 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:
C((DOF(Ai) B, ),(DOF(Ai) B)= C((DOF (Ai) B, ))

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.

_Associativity : C((DOF (Al),B ),C((DOF(Az) ,Bz),(DOF(A3) ,33)))
:C(C((DOF(AI) B ),(DOF(AZ) ,Bz)),(DOF(A3) ,B3j).
—Syrnmetry:C((DOF(Al),B ),(DOF(Az) ,Bz):C((DOF(Az) B,). (DOF(Al) B))

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

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

4-x

f(x):0.4x§if0<xs2 F(x)=04x =2 ifif 2<x<3,

4—X

f(x)=0.5x(x=3)+0.4x if 3<x<4 ,f(x)=05x(5-x)if 4<x<5

As the maximum of f{x) is 0.5 the membership function of B is f,(x) = 2 x 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

firstﬂlz%zo.Sand By = !

——=1.
f d f d
J.—oo BI(X) X .[—oo Bz(x) X

Therefore the normed
ﬂl;‘ﬂlfh""l s ]

0.8 4
0.5 4

0.4

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 first:

4= X itif < x <3,

f(x)=0.2x§if0<x£2, f(x)=02x

£(X)=0.5x(x=3)+02x 22X

if 3<x<4,f(x)=05%x(5-x)if 4<x<5

As the maximum of f{x) is 0.5 the membership function of B is obtained as f,(x) = 2 x 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 first taking the minimum
of the

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

f(x):lif0<x£0.8,f(x):0.4 if 0.8<x<3,f(x)=x-2.6if3<x<3.2,
2

f(X):ﬂ+x—3if 32<x<35,, f(x):ﬂ+0.5if 35<x<4,
2 2

f(x)=05if 4<x<4.5,f(x)=5-xif 45<x<5,

_fx
0.75
The membership function of the consequence B of the cresting weighted sum combination is represented on the next (Figure

5.7).

As the maximum of f{x) is 0.75 the membership function of Bin case of the cresting weighted sum combinationis fg (x)

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

1

. 1
first f =55————="0.5and 3, = —3; =L Therefor the cresting normed weighted sum combination is obtained by
f_oofBl(x)dx j_oofBz(x)dx

taking the weighted sum function f{x) first
f(x)=0.5><§ if 0<x<0.8f(x)=02if 0.8<x<3, f(x)=x-28if 3<x<3.2,

4-x 4-x

f(x)=0.5x +x-3if 3.2<x<3.5, f(x)=0.5x +0.5if 3.5<x <4,

f(x)=05if 4<x<45,f(x)=5-xif 45<x<5.
e Bt wd R [ e T
0E 4

0.5 4

.44

Figure 5.6: The normed weighted sum combination, depicted in red.
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Figure 5.7: The cresting weighted sum combination. Depicted in red.

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

f(x)
fB (X) =W.

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 defuzzyfication 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.

Definition 6.1
The procedure that transforms a fuzzy consequence B into a crisp consequence B*is called defuzzification [2] pg.70.

Definition 6.2

The defuzzification 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.

fg(b")=maxy | fg (¥)] (6.1)

CREHTHE el whfl gl s OSBRI

0.5 4
0.5 4

0.4 4

Figure 5.8: The cresting normed weighted sum combination. Depicted in red. ‘
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Note that B*defined by (6.1) is not necessarily unique. It can happen that there exists an infinite 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 defined over the real line that are fuzzy set defined on the
real line with continuous membership functions the defuzzification can be done also by using another location parameter, for
example, the fuzzy mean M(B) of B [2].

o0
* tx fo(t)dt

"= (B)= B (62)
J'—oofB (t)dt

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

* ) m(B) o
b" =m(B)defined by {D fg (t)dt= | fg (Ddt (6.3)
- m(b)

The defuzzified responses for example 2.2.are as follows:

Combination method Defuzzification 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. The effect 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, (a, is 4,,,,,.,), (@5 is 4 (a,is

more or less inteliigent)” (03 18 Ap oo imtetigen)» 1N 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]

very intelligent)’

Remember that he fuzzy set A, represents the temperature. ‘Cold’ might be characterized with a membership 1 for-10C< T'<
0C, or for T2 15C and T < -20 and linear between this is the trapezoidal fuzzy set (-20, -10, 0, 15) which membership function is:
a, +20
— 90 __1 _ _10- _
fa (x) =0 forx<20 fAl(al) o for—20<ay <-10: fAl(al) 1

15—3.1
for—losalso;fpl(x)zT foro<a, <15; fAl(al)zo for1s<a;

The fuzzy expression ‘long walk’ A, can also be characterized by the triangular fuzzy set 4,_(200, 1500, 4000) meters which
membership function is:

. a, —200 _ 4000-a,
fAZ(a2)=0 for a2<200,fA2(a2)=BT for 200sa2<1500,fA2(a2)=W

for 1500 < a, < 4000 ; f =0 for 4000 < a,

A, (a)

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:
(b)=0 forb<0;fg(b)=2xb for0<b<0.5;

f
B
fg(b)=-2xb+2 for 0.5<b<1;fg(b)=0 forb>1

In this example the fuzzy logic expression s, (a, is A,) AND (a, is A,) and the fuzzy logic reasoning is, If (a, is A,)JAND(a, is A,)
then (b is B).
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Consider now, the fuzzy statement (a, is A,), where the fuzzy set A, is the triangular fuzzy set which membership function is

fA3(a3)=0 for a3<40;fA3(a3):%x(a3—40) for 40 < a; <100;

fA3(a3):—61—0><(a3 —160) for 100<a; <160 ; fA3 (a3):0 for 160 < a,

This fuzzy subset correspond to what we call general intelligence evaluated with IQ index and we denote by A Le. (A,

intelligent

- Aintelligent)'

-Case when4,=4 8].

intelligent [
The new fuzzy logic expression is

(a,is A,) AND (a,is A,) AND (a, is A J And

intelligen

The new fuzzy logic reasoning is

IF (a,is A)) AND (a,is A,) AND (a,is A,

mtelligent)

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 (a, is
A, .o A0d concern the general human intelligence evaluated by the IQ index. The consequence is the same as in the previous
igent
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 (a, is 4, J can be seen.

intelligen

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 (a, is A,) AND (a, is A,)
AND (a,isA,) is

fmin(al,az,a3)=min{f NEYXANCAEN (%)}:min{mm[f a (30) 1 (3211, (o)

Using the prod fuzzy logic operator AND the membership function of the new fuzzy logic expression (a, is A,) AND (a, is A,)
AND (a,isA,) is

Forod (a1=az’a3): fAl (al)x fA2 (az)x fA3 (%):[fﬁ (""1)X fA2 (az)]x fA3 (a3) _

0 ; -
For & =5C and a, =500m min [fa (&) fa (2 )1=02307692308

frin (al,az,a3) - min{0.2307692308, f A (a3 )}

<min{0.2307692308,1} = 0.2307692308

Therefore

For a=5"C and a, =500m fAl(al)xfAZ(a2)=0.1538461538. Therefore

orod (al,az,a3) =0.1538461538x f <0.1538461538x1=0.1538461538.

A, (a5)
-In case of the use of the min fuzzy logic operator AND [8] for

ay < 40(verylow IQindex)and 160 <ay (veryhighIQindex) f (al,a2,a3) =0.

In general

frni (al,az,a3) <frin (al,az)and only foras =100, f i (al,az,loo) =0.2307692308 = f i (al,az)‘
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-In case of using the ‘minimum logic operator AND’ we have:
DOFmin[(alis AI)AND(azis AZ)AND (3318 A eigent) < DOFmin[(alisAl)AND(azisAz)]and only for
a; =100 DOFmin[(alis AI)AND(aZis Az)AND (@318 A rettigent)) = DOFmin[(alis Al)AND(azis Az)] =0.2307692308.

On the other hand according to [2] Definition 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.

DOF i1 [If (ais A ) AND(a,is A, ) AND (ayis Aime”igem)then(bis B)] is equalto DOF; [(ais A ) AND(a,is A, ) AND (ais Antelligent
Hence

DOF i [If (ayis A ) AND(a,is A, ) AND (ays Aime"igem)then(bis B)]<

DOFyin | If (3i5 A4 ) AND ais A, Jthen(bis B) | for ay 100

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

ay <40(verylow IQindex)and 160 < ay (very high IQindex) fprod (al,az,a3) =0-

In general

fprod (al,az,a3)< fprod (al,az)and only fora3 =100, fprod (al,az,a3) =0.1538461538 = fprod (a],az).

Moreover

DoFprod [(alis A ) AND(aZiS AZ) AND (a3is Aintelligent)] < DOFprod [(alis Al) AND(azis AZ)]

and only foras =100 . DOF 4 [(alis AI)AND(azis A2) AND (238 Aietliont)] =DOF prog [(alis Al)AND(azis Az)].

On the other hand according to [2] Definition 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. DOFprod [If (alis Al)AND(azis AZ)AND (asis Aintelligent)then(bis B)] is equal to

DOF,s[(ais A ) AND(a,is A,) AND (a,is A qigen)]-

Hence
DOF o4 [If (ayis A ) AND (ais A, ) AND (ayis Ainte”igem)then(bis B)]

< DOFprod [If (alisAl)AND(a2isA2)then(bis B)} fora3 #100

- Case, when the fuzzy set A;isequal to A, . ..iuscne [8]

1 2
f =0 for a, <40 ;f =[—x —40]]° for 40<a, <100;
ﬁ/eryintelligent (a3) % A/eryintelligent (a3) 60 (a3 ) 3

, and

(a3):0 for 16osa3

The membership function is |
—[-—x(a, —160)] for 100<a, <160 ; f
)= 3 !

f
ﬁ/eryintelligent ﬁ/eryintelligent

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

(a3)S fA (33) f0”’““”"3' The new fuzzy logic expression is

f
ﬁ/eryintelligent intelligent

(alis Al) AND(azis A2) AND (a;is '%eryintelligent) and the new fuzzy logic reasoning is
If (alisAl)AND(azis AZ)AND (331 Agry intelligent) then (bis B).
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-In case of the use of the min fuzzy logic operator AND [8] for

ay < 40(very low1Qindex)and 160 <ay (veryhigh 1Qindex ) f (al,az,a3) =0.

min 'ﬂ/eryintelligent

. a,a,,a, )< f . a,,a,,a, Jand only fora, =100,
mm%eryintelligent(1 2 3) mmAinteIIigent(l 2 3) 3
In general

min (a-32:33) = Trina. . t(al,az,a3):0.2307692308.
A\/eryintelligent intelligen

Do':min[(alis AI)AND(aZiS AZ) AND (a3is A\/eryintelligent)]

Moreover, . . .
< DOFmin[(allsAl)AND(azls AZ)AND (8515 A popligent1and only foras =

100, DOFmin[(aliS Al) AND(aZiS AZ) AND (a,is A\/eryintelligent)] =

DOFmin[(aliS AI)AND(aziS Az) AND(a3is Aintelligent) 1=0.2307692308.

On the other hand according to [2] Definition 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.

DOF i [lf (alisAl)AND(azisAz)AND (agis A\/eryinte"igent)then(bis B)]

_ ) ) Hence
= DOFmin[(alIS A1 ) AND(aZ'S AZ ) AND (a3|s A\/eryintelligent)]'

DOF. i [lf (ayis A ) AND(a,is A, ) AND (ays A\Ieryime”igem)then(bis B)l<

DOF i [If (ajis A ) AND(a,is A, | AND(ays Aintelligentthen (bis B)} for ag 100
-In case of the use of the prod fuzzy logic operator AND [8] for

a3 < 40(verylowIQindex)and 160 < ay (veryhigh IQindex) fprodAveryinteIIigent (al,az,aS) =0.

In general

fprodAveryinteIIigent (al,az,a3) < fprod Aintelligent (al,az,a3)and only fora3 =100,
) =0.1538461538 = f

fprodAveryinteIIigent (al,az,a3 prod Aintelligent (al,az,a3).

DOFprod [(aliSAl)AND(aZiSAZ)AND (a3is A\/eryintelligent)]
<DOF 4 [(alis AI)AND(aZisAZ)AND(a3is Antelligent)1and only fora; =100,
DoFprod [(aliSAl)AND(aziSAZ)AND (asis A\/eryintellignt)] =

DoFprod [(alis AI)AND(aZiS Az)AND(a3is Aintelligent)]'

Moreover,

On the other hand according to [2] Definition 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.

DOF 1o [If (ais A ) AND(a,is A, ) AND (ays A\/eryinte”igem)then(bis B)] is equal to

DOI:prod [(alis A ) AND(aZiS AZ) AND (a;is A\/ery intelligent)] Hence
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-Case, when the fuzzy set 4, is equal to A

more or less intelligent” [8]

The membership function is

(a3)=0 for a3<40

f
%oreor lessintelligent

1
f a,)=|—x(a, —40) for40<a, <100,
Alnoreorlessintelligent( 3) 60 (a3 ) 3

(a3)= 7%x(a3 7160) for100 <a, <160

(a3):0 for160 <a

f
Alnore or lessintelligent

f
Alnore or lessintelligent 3

And correspond to what we call more or less intelligent evaluated with 1Q index see [8].

Remark that fAveryinteIIigent (33)5 fa (%)S fa (a3) foranya,.

intelligent moreor lessintelligent

The new fuzzy logic expression is
(alis A ) AND(aZiS AZ) AND (a3is Amoreor less intelligent)

And the new fuzzy logic reasoning is

If (alis AI)AND(aZiS AZ) AND (a3is plnoreor less intelligent) then(bis B)'

-In case of the use of the min. fuzzy logic operator AND [8], for
ay < 40(verylow IQindex)and 160 <ay (veryhigh IQindex )

f . a,,a,,a, |=0.
Inln'OlnoreorIessintelligent(1 2 3)

In general,

(31:25:23) > foina (a2 )>

f .
MinAporeor lessintelligent intelligent

fmin Averyintelligent (al,az,a3)and only for 4= 100,

Fmin Amoreor less intelligent (al,az,a3) = 02307692308 =

fminA. (al,az,a3): fmin Averyintelligent(al’az’a3)’

intelligent

Moreover,

DOI:min[(alis AI)AND(aZiS Az)AND (a3is lﬂnoreor Iessintelligent)] >

DOF yinl(3is A ) AND ais A, ) AND (ayis Aintelligent Jand only for

a; = 100, the next equalities hold : DOFmin[(alisAl)AND

(azis AZ)AND (a3is %oreor Iessintelligent)] - DOFmin[(alis AI)AND(aziS AZ) AND.

(a3is Aintelligent) 1= DOFmin[(alis Al ) AND(aZiS Az)AND(asis /'\/ery intelligent) ]

On the other hand according to [2] Definition 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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POFmin [If (alis A ) AND(a2iS AZ) AND (2318 Ao or Iessintelligent)then(bis B)I=

I:)O':min[(alis AI)AND(aZiS Az) AND (a3is %oreor Iessintelligent)]'

Hence,

DOFpin [If (alis Al ) AND(azis AZ) AND (a3is A}noreor Iessintelligent)then(biS B)l
> DOF i [lf (ayis A ) AND (ayis A, | AND(agis Ay 1oy then (bis B)}
> DOF i [lf (ayis A ) AND(a,is A, | AND(83iS A i terfigent e (bis B)] for a; #100

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

For

ay < 40(verylow IQindex)and 160a, (veryhigh IQindex)

(a).ay.3)=0.

prOd'%ore or lessintelligent

In general

a,,a,, > f
(1 2 a3) prOdAintelligent

(al,az,a3) =0.2307692308

(""1""‘2""‘3)'

f a,,a4,a,|>f a,,a,,
prOd'%oreorlessintelligent ( 2 3) prOd'A\/eryinteIIigent( 172 a3)

and only for a3 = 100, fprodAmoreor lessintelligent

= fprod A (al,az,a3)=

f
intelligent prOd'A\/eryintelligent

Moreover

DOF 1o [(alisAl)AND(azisAz)AND (agis
DOF 1o [(alis AI)AND(aZis A2)

DOF g l{@1s A AND(ayis A, ) AND (a5is A ivetligent Jand only for

a3 =100, DoFprod [(alis Al) AND(aZiS Az) AND (asis Amoreor less intelligent)]
- Do':prod [(alis Al) AND(azis AZ) AND(a3is Aintelligent) ]

- DOFprod [(alis AI)AND(a2iS A2)AND(a3is A\/eryintelligent) I

p}nore or less intelligent)] >

AND (a3|s Aintelligent)] >

On the other hand according to [2] Definition 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.

I:)O':prod [If (alis Al ) AND(aZiS AZ ) AND (a3is A}nore orless intelligent)
then(b Is B)] - DOFprod [(alis Al) AND(aZiS AZ) AND (a3is p\nore orless intelligent)]'

Hence,

DOFprod [If (alis A ) AND(aZiS A ) AND (3315 Ao or fess intelligent )then (bisB)]
>DOF 4 [lf (ayis A ) AND(a,is A, | AND(agis Ay oy i then(bis B)}

>DOF 4 [lf (ayis A ) AND(a,is A, ) AND(ays Averyintelligentthen(bis B)} for ay 100
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-Case, when the fuzzy set 4, is equal to 4 8].

indeed intelligent [

The membership function is

- 2 -
(a3) 2 fAintelligent (a3) 2T

f a
Aindeed intelligent A\/eryintelligent ( 3)

for f (a3)<0.5i.e. a3s70 ora,>130,

Aintelligent 3

(ay)=1-2x(-f (ay))? for70<ay <130,

f
Aindeed intelligent Aintelligent

and correspond to what we call indeed intelligent evaluated with 1Q index see [8].

Remark that

(a3): 2x f (a3) foranya, & (—,70][130,0)

(2) (23)= fa (23)< T

The same Figure 4.4. Show that for a, (70,80] [120,130) the following inequalities hold

(23)= o (23) = fa (as)

And in the range a; € [80 ,120]the next inequalities hold
(a5)= a (83)= 1 (a5)

The new fuzzy logic expression is (ajis A ) AND (2, A, | AND (asis Ay geeq inteligent

f
Aindeed intelligent 'Neryintelligent

and f

<f
/\/eryintelligent Aindeed intelligent intelligent moreor lessintelligent

f <f
p\/eryintelligent intelligent ﬁndeed intelligent moreor lessintelligent

f <f a, |
’Neryintelligent A1ndeed intelligent( 3)

intelligent moreor lessintelligent

And the new fuzzy logic reasoning is
If (ayis A ) ANDa,is A, ) AND (agis A 1o intelligentthen (0is B).
-In case of the use of the min. fuzzy logic operator AND [8], for

a, <40(verylowlQindex)and 160 <ay (veryhigh 1Qindex ) f

3 (al,az,a3)=o.

min p1ndeed intelligent

In general, the following inequalities hold:

(o)< fpindeed intelligent
(83)< Ta
(a3)= fa
(a5)

Therefore, the following inequalities hold:

fora, e (40,70] f (a3)£ fAinteIIigent (a3)s fa (a3)

(23)=

p\/ery intelligent moreor lessintelligent

(25)

fora, (70,80] f

<f
'Neryintelligent intelligent Aindeed intelligent moreor lessintelligent

(=)

(23)< T

for a e (80,120] f

(=)
(25)

(23)= T

<f
Neryintelligent intelligent moreor lessintelligent Aindeed intelligent

fora, (130,160 f <f a,|<f
3 ( ] 'Neryintelligent /'\ndeed intelligent( 3) A

intelligent moreor lessintelligent

for & € (40’70]’ DOFmin[(alis Al ) AND(aZiS AZ)AND (""3iS %oreor lessintelligent )]
> DOFmin[(alisAl)AND(azisAZ)AND (331 Altetligent)] > DOFmin[(alisAl)

AND(azis AZ) AND (a3is Aindeed intelligent)] > DOFmin[(aliS AI)AND(aZiS Az)AND (a3is Avery intelligent )]

(a3) See [8] Figure 4.4.

5,
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fora3 € (70’80]’ Do':min[(alisAl)A'\lD(aziS AZ)AND (a3is Atnoreorlessintelligent)]
> DOFmin[(alis A ) AND(aZiS Ay ) AND (a3is Aindeed intelligent)]
> DOFmin[(alis AI)AND(aZisAZ)AND (331 Altelligent)) >

DOFmin[(aliS Al ) AND(azis AZ) AND (a3is Avery intelligent)]

for a e(80,120],DOFmin[(alisAl)AND(azisAz)AND (3318 A\ deed intelligent )
S

> DOFmin[(al's AI)AND(a : AND (a3|s Amore or Iessintelligent)]

)
> DOFmin[(alisAl)AND(a is )AND (@318 Ajpretigent))
)

2
2
> DOFmin[(aliS Al) AND(aZiS AND (a3is Neryintelligent)]

for &€ (120,130], DOFmin[(aliS Al) AND(azis Az) AND ('513iS %oreor Iessintelligent)]

> DOFmin[(alis Al ) AND(aZiS AZ) AND ("’13iS Aindeed intelligent)]

> DOFmin[(alisAI)AND(aZisAZ)AND (@318 Aypretigent))

> I:)O':min[(alis A1) AND(aZiS AZ) AND (a3is Neryintelligent)]

for &€ (130’160] > DOI:min[(alis A1 ) AND(a2is AZ) AND (a3is %oreor Iessintelligent)]

> DOFmin[(alisAI)AND(aZisAZ)AND (@318 Ayprettigent))
> DOFmin[(aliSAl)AND(aZiSAZ)AND (a3is Aindeed intelligent)]

> DOFmin[(aliS A1)AND(aziS Az) AND (asis Averyintelligent)!

On the other hand according to Definition 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.

DOFnin ['f (alis AI)AND(aziS A2)AND (@315 Ajpgeed intelligent)

then(bis B)] = DoFmin[(alis' A1 ) AND(aZiS AZ) AND (a3is Aindeed intelligent)]'
Hence,

For DOF.i, [If (alis Al) AND(azis AZ) AND (a5 A\ joeq intelligent )then(b isB)] 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

(3l Aintelligent) (3518 /\/ery intelligent)’ @315 Anoreor less intelligent)’ (@31 Andeed intelligent) lied to the changes of the DOF - s of the
logical expressions and that of the reasoning’s in sense of Definition [2] 3.1. pg.47.

8. The effect of introduction in premises of the statement (a3 is 4,,,,,,) 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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If the min logicoperator AND withthe minimumt normare selected then foru = (5 ,SOO,SO)and v=0.25
we have :DOFmin[(alis Al)AND(azis AZ)AND (agis A, )]. = min[0.2307692308,

fA3 (a3)] =min[0.2307692308, 0.1666666667] = 0.1666666667 and fB (v)=05.

Therefore

DOFmin[(alisAI)AND(azisAZ)AND (a3is Ay)]
< fg (v)and theconditional possibility distribution HIE?JI(?A isequal to l,ng_\ (u,v)=1

If the minlogic operator AND withthe minimumt normare selected then foru = (5 ,500,50)and v=0.99
wehave : DOFmin[(alis AI)AND(aZis Az)AND (agis Ay)]. = min[0.2307692308,

fA3 (a3)] =min[0.2307692308,0.1666666667] = 0.1666666667 and fB (v)=0.02.

Therefore

DOFmin[(a1iS Al) AND(azis AZ) AND (asis Ay)]> fg (v)and theconditional

S min _ min _
p035|b|I|tyd|str|but|0nHB+A|sequal to fg (v) —O.OZ,HB)[A(U,V) =0.02

If the minlogic operator AND withthethe productt normare selected then foru = (5 ,SOO,SO)and v=0.25
wehave : DOFmin[(alis A ) AND(azis Az) AND (a,is A,)]. = min[0.2307692308,

fA3 (a3)] =min[0.2307692308, 0.1666666667] = 0.1666666667 and fB (v)=05.

Therefore
DOFmin[(alisAl)AND(azis AZ)AND (agis A)]

. T C min
< fg(v)and theconditional possibility dlstrlbutlonHBJfA

. 0.5 . . min
=min{l,——————— 1 =min{1,2.999999999! = 1,isequal toIT =1.
{ 0.1666666667} { j a BfA

If the minlogic operator AND, withthethe producttnormare selected then for u =(5,500,50)and v = 0.99
we have :DOFmin[(alis Al)AND(azis A2)AND (agis Ay )]. = min[0.2307692308,

f A (a3)] = min[0.2307692308,0.1666666667] = 0.1666666667 and fg (V) = 0.02.

Therefore
DOFmin[(aliS Al)AND(azis AZ)AND (a3is A3)] > fB (v)and the conditional possibility distribution

amin gy 002 = min{1,0.1200000000} = 0.1200000000is equal toTIMIN —0.1200000000
0.1666666667 BfA

If the prod logic operator AND,withthethe minimumt normare selected then for

u=(5.500,50)and v = 0.25we have : DOF | 4 [(ayis A ) AND(ais A, ) AND

(a3is A3)]. =0.2307692308 x fA3 (a3)] =0.2307692308 x 0.1666666667] = 0.03846153847 and fB (v)=0.5.

Therefore DOF [(alisAl)AND(aZisAz)AND (agis Ay)] < g (V)

- R min - min _
and the conditional possmll|tydlstrlbutlonHBfA(u,v)lsequal tol,HB*A(u,v) =1.
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If the prod logic operator AND, withthethe minimumt normare selected then for

u=(5.500.50)andv = 0.99we have: DOF ) 4 [(a1is Al)AND(a2is Az)AND (agis A)].

=0.2307692308 x f =0.2307692308 x 0.1666666667] = 0.03846153847 and fB (v)=0.02.

A (23]
Therefore DOF [(alisAl)AND(azisAz)AND (agis Ay)]
> fg (v)and the conditional possibility distribution

Hg}(l(u,v)isequal tofg (v),l‘[rgﬂ(u,v) =0.02.

If the prod logic operator AND withthethe productt normare selected then foru = (5 ,500,50)and v=0.25
wehave : DOFmin[(alis Al)AND(azis Az)AND (aqis Ay)]. = 02307692308 x

fA3 (a3)] =0.2307692308 x 0.1666666667 = 0.03846153847 and fB (v) =05.

Therefore DOFprod [(alis A1 ) AND(azis A2 ) AND (a3is A3)] < fB (v)and the conditional

el e i 0.5 . i
ossibility distribution TT™m!N :min{l,i}:min 1,13} = Lisequaltor1™N —1,
P y BfA 0.03846153847 {113} a BfA

If the prod logic operator AND withthethe productt normare selected then for
u=(5,500,50)and v = 0.99 we have: DOFmin[(alis AI)AND(aZis Az) AND (a,is A,)].

=0.2307692308 x fA3 (aS’)] =0.2307692308 x 0.1666666667 = 0.03846153847 and fB (v)=0.02.

Therefore DOFmin[(alis AI)AND(a2is A2 ) AND (a3is A3)] < fB (v)and the conditional possibility distribution

omin _ 1,L = min{1,0.5199999999} = 0.5199999999, isequal to TT™" = 0.5199999999.
BIA 0.03846153847 BfA

These results show that the introduction of the statement (a, is 4, could have a significant effect on the conditional

mtelligenr)
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 deffuzzyfication;
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] five medical experts in the hypertension field have provided their answers to five
questions for one hundred patient files, case by case. The stated aim of reproducing the (average) opinion of five 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.
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