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ABSTRACT
Since 1973, fuzzy logic has been rejected b autonomous car control systems, «pilots for

majority of linguists as a theory for dealing w
vagueness in natural languageowever, contro
engineers apply fuzzy vagueness in natural lang
to control system problems. A real world exampl
automatic fan control has shown that: i) fuzzy ¢c
can be applied ii) probability theory can betterdak
the control system iii) Bdean algebra with decisic
processes can also be applied. In additior
redundancy issue for fuzzy logic has been ra

Moreover, a number of inherent flaws of fuzzy lo
from an engineering viewpoint have been identif
i) fuzzy logic as probabilityi) fuzzy conjunction iii)
fuzzy disjunction iv) fuzzy inference engine v) hyz
membership function. Fuzzy logic has been foun
be an approximate model of probability, howe
when viewed as probability fuzzy logical operatis
of OR and AND providancorrect responses. Fuz
inference will also fail when fuzzy logical operats
are applied.

Some theorists have attempted to fix the flaws
fuzzy logic in a system termed ,Compensatory F
Logic™, but the rules of CFL are ad hoc. As a resu
the reliability and robustness concerns in fu:
systems, safety may be compromise
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membership function, probability, reliability, st

1. INTRODUCTION

Fuzzy logic is a form of many valued logic in wh
the truth value®f variables may be any real num|
between zero and one, whereby one is true andiz
false and numbers in between are partial truthzzy
logic and controllers have been applinternationally
in a wide number of engineering systems
appliances in recent years. These systems in
washing machines, cameras and video cam

unmanned aixehicles, automated trains abraking,
home security systems and many n

However, inherent flaws in fuzzy logic have be
identified. According to Jakub Szymanik, Associ
Professor in thdnstitute for Logic, Language ar
Computation at theUniversity of Amsterdal, the
majority of linguists and philosophers hold thagre
are considerable problems with fuzzy logic a
master theory for dealing with vagueness in nai
language. The problems with fuzzy logic regardi
language have been shown by a successio
academics including Rescher in 1969 [1], Lakof
1973 [2], Fine in 1975 [3], Kamp in 1975 [4], Kleim
1980 [5], Kamp and Partee in 1995 [6], Williamsar
1992 [7], Haack in 1996 [8], Lassiter in 2009 [!
Sauerland in 2011 [10] and Szymanik in 2018 [
Hence, academic consensus by linguists
philosophers has concluded that fuzzy logic does
apply correctly to vagueness in langu

Susan Haack is Distinglhed Professor in the
Humanities, Cooper Senior Scholar in Arts |
Sciences, Professor of Philosophy and Profess:
Law at the University of Miami. In her book of 19

[8] Deviant Logic, Fuzzy Logic: Beyond tl
Formalism, Haack asserts that fuzzy logics
methodologically extravagant & linguistically

incorrect. She analysed Zai‘s motivations and finds
that he relies on two main reasons for adoptingyh
logic: a methodological and linguistic one. Shenfd
that Zadeh was wrong on both cou

Kamp [4] found that fuzzy logic has contradicted
principle of noneontradiction! For a proposition, /
with a fuzzy truth value of %2 the negati-A =1 - %
= %. This means that the principle of r-
contradiction can be applied to a minim
conjunction for fuzzy logic:
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min (A n =A) =%

The outcome for the principle of n@entradiction A
n-A = 0) means that it has been contradicted
fuzzy logic. Kamp asks: “How could a logic
contradiction be true to any degree?” and concl
that the result is absurd.

Uli Sauerland, a linguistic scholar of the Leik-
Centre General Linguistics (ZAS), wis in 2011
[10]:

“When | started interacting with logicians, | w
surprised to learn that fuzzy logic is still a bagd
active field of basic research. This surprise steah
from my experience with fuzzy logic in my own fi
linguistic semantics: In seantics, fuzzy logic we
explored in the analysis of vagueness in the e
seventies by Lakoff [10], but has been regardei
unsuitable for the analysis of language meaning
least since the influential work of Kamp in 197%, |
which | summarize belovitherefore, | held the beli
that fuzzy logic, though it has been useful in nexd
applications—+ once possessed a Japanese -
cooker that was advertised to use fuzzy —, was
not useful for the analysis of vaguen” --

2. A Real World Control Problem
Does the fact that fuzzy logic not apply to lindigs
mean that a fuzzy controller might not work prope

2.1 Fuzzy Automatic Fan Control
Consider an example of the fuzzy ther rules for
an automatic ceiling fan control:
i. If temperature is ,coldthen fan_speed is st
ii. If temperature is ,less warinthen fan_spee
is slow.
iii.  If temperature is ,warfh then fan_speed
moderate.
iv. If temperature is ,h6tthen fan_speed is hig

It is clear that fuzzy logic can offer a viable wabn
when applied tothe fan control example. Tl
temperatures can be given a range and the fan
parameters can be given a single value (but va).
when both parameters are considered ,f“. The
terms ,temperatufeand ,fan_speétare engineerin
terms allowing ,crispy decisions and control. Fuz
logic will work in this case.

The assignment of numbers between zero and ¢,
1] to fuzzy variables is necessary for the log

operations of AND, OR and NOT. The fuzzy lo
operations are defined as:

A AND B = min (A, B)

A OR B =max (A, B)

NOT (A)=-A=1-A

2.2 Probabilistic Automatic Fan Control
However, linguists have found that a natural lamgg
term is not a sliding scale between zero and ooe
example, the temperature terms <, ,warm"* or
,cold“ canna be assigned sliding scales between
and zero. This is because fuzzy logic holds thaiel
are an infinite number of truth values that ra
between zero and one for a single term. The fi
truth values [0,1] cannot be applied to nat
language terms.

The fan control problem can be solved w
probability [9]. The input temperature I can be
defined as a probability between zero and one, &
P(hot) = 1.0 when above=C and P(cold) = 1, is
below 16° C, the input temperatures I, ,warm®,
.less warnt or ,cold* can each be modelled as
sliding scale [0,1]. Similarly, the output ,fan_su*
could be assigned a probability whiP (fan_speed) =
1.0 for fan speedt 210 rpm anP (fan_speed) = O for
fan-speed at O rpm.

The ceiling fan control wld be applied to a
probabilistic decision proce:

I. If the temperature isP (cold), is assigned to
temperatures, T: ¥ 16° C, then the fan speed,
P(fan_speed) =0, is stopp

IIl. If the temperature is,P (,less warr),

assigned to temperatures,16° C< T < 20 C,
then the fan speed, P(fan_speed) = 0.3, i
to 80 rpm.

lll. If the temperature is, P(,war) , assigned to

temperatures, T20° C< T < 25° C, then the fan

speed, P(fan_speed) = 0.6, is set to 140

If the temperature is ,h* assigned to

temperatures, T: ¥ 2t C, If P(hot) = 1.0 then

the fan speed, P(fan_speed) = 1, is set to

rpm.

It is suggested that this result, as an approxil
model of probability, is the key to the ,paradoxi
success of fuzzy lodgid12]. This will be discussed |
more detail in section three.
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2.3 Boolean Automatic Fan Control

The problem is that the ceiling fan control carodie
equally applied to Boolean algebra with an e:
decision process:

. If the temperature is ,cold assigned t
temperatures less than or equaie® C, then
the fan speed is stop.

II. If the temperature is ,less wa“ assigned to

temperatures less thao® C and greater the
or equal toie° C, then the fan speed is set
80 rpm.
If the temperature is ,warf assigned t
temperatures greater than or eque2c° C and
less than or equal 5 ° C, then the fan spee
is set to 140 rpm.

IV. If the temperature is ,hd: assigned
temperatures greater thae C, then the fai
speed is set to 210 rpm.

2.4 Summary

The control problem of the automatic fan is onle
of many instances in which fuzzy logic could
applied, but equally well Boolean algebra witt
decision process and probabilistic approach coel
better applied. Aedundancy issue for fuzzy logic
been raised.

This result would support Susan Ha"s title of a

chapter in her book on fuzzy logi©p we need fuz:

logic?

[13]. The methodological extravagances of fu

logic are listed:

a. Fuzzy logic does not
introduced by regimentation.

b. Fuzzy logic introduces enormous complexi

c. Fuzzy logic still imposes artificial precisic

avoidcomplexities

3. Flaws in Fuzzy Control Methodology
The reliability of fuzzy logic controllers can |
questioned in relation to four aspects:

I Fuzzy Logic as Approximate Probability
Fuzzy engineer, Bart Koski the papel, Fuzziness
vs. Probability’ [14] claims that probability theory
a subtheory of fuzzy logic, even though mévalued
logic and probability are independent theor
Probability should not be a subeory of fuzzy logic
Instead, the author has shown that fuzzy logiasel
upon probability [15]. It has also been shown t
probability can model vague control system varia
and that the ,success of fuzzy logimay depent
upon this.

a. The fuzzy logic definition (An B = min (A, B))
appears derived from the full probability forra,
if events A and B are not mutually exclus
P (An B)=P(A) + P(B)- P(AOB)

Where P is probability an(A 0O B) is union.

b. The fuzzy logic definition(A n B) = min (A, B)
is correct in fuzzy logic and also probability |
applies to variables A and B if and only if th
intersect one another (dependent) and are
mutually exclusive.

c. If two events A and B armutually exclusive then
the probability of both, F(A n B), is zero and
union is:

P(ADB) =P(A) + P(B)

d. Forindependent variables A and
P (An B)=P(A).P(B)

e. For conditional probability given E
P (An B) = P(A|B). P(B)

The fuzzy logic definition A B = min (A, B) applies
only if the variables are not mutually exclusived:
dependent (intersect one another). If variablesnd
B and not mutually exclusive, partially or tota
independent, mutually exclusive or condial then
fuzzy logic will produce incorrect respons
However, input variables would typically be mutyze
exclusive and have a probability of zero(A n B) =

0. For independent variables,(A n B)= P(A).P(B).
Therefore, the fuzzy logic operation of Al produces
incorrect answers when applied as a probabilitys

is an intrinsic problem of fuzzy logic that has

remedy.

il. Fuzzy Conjunction ‘AND’

Fuzzy logic does not pass elementary logic test
conjunction. Kamp has noted that fuzzy lo
contradics the principle of nc-contradiction [4]. It
might be added that the principle of -contradiction
is also the definition of paradox in fuzzy logic:=*
-A=1/2!

The author has also given an example to illustizdé
fuzzy logic fails for traffic light [16]. A red and
amber light on (signalling stop) is interpretedfbyzy
logic to be amber, or proceed with caution or dugs
stop. Fuzzy logic conjunction is incorrect and
intrinsic problem.

iii. Fuzzy Disjunction ‘OR’
For probability, the logical OR eration has three
possibilities:
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a. A OR B = max( A, B) (dependent but r
mutually exclusive)

b. AOR B =A + B (mutually exclusive

c. AOR B = A + B - (AnB) (not mutually
exclusive and independent)

It should be noted that fuzzy logic OR has chc
only case (a). However, in the fan control exan
another input variable could be ,humic”, that is not
mutually exclusive to temperature. Other in
variables would typically be independent that isa
(c). The result is that the fuzzy logical OR op®n
gives incorrect answers.

2 Fuzzy Inference Engine

The fuzzy inference engine has a finite numbe
instances (if A then B)) as the decision system of
expert system [17]. However, real world applicasi
may go outside or beyond normal opera
condtions and demand a different response to th-
programmed inference engine, causing failure. W
increasing the number of inferences will improve
reliability of operation of the fuzzy controllerh@os
theory shows that real world applications 1 have an
infinite  number of possibilities that would
impossible to encode in a fuzzy controller [18].isI
is a problem, however, for all control syste

It is also clear that fuzzy inference may also Vaien
flawed fuzzy logic operations of OR altAND are
applied. The flaws in fuzzy logic conjunction &
disjunction from the fuzzy inference can lead to
incorrect output. The incorrect output may cause
control system to respond to new stimulus incolye
and fail or crash. It is suggested tlunplanned for
inputs for fuzzy AND and OR operations could oc
under nonstandard operating conditions when i
most likely that the fuzzy system will respc
incorrectly.

There are, however, limitations placed on

response of the fuzzy contrglystem. The centroi
method that calculates a weighted average of
outputs will also effectively average out errc
reducing the effect of incorrect responses in
system [17]. The centroid method will effective
reduce the likelihood of a crash ihe fuzzy contro
system, but will not balance all situatic

V. Fuzzy Membership Function

employed in the fuzzy inference engine is
necessarilyrestricted between (0, 1) [15] [19]. If n
restricted between zero and one, the fL
membership function may cause glitches or failu
In this case, a remedy is possible by restrictumyy
membership functions between one and zero,
making the prbabilities (fuzzy logic variables) ac
up to one in all cases.
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Figurel. Fuzzy Membership Function adding to

4. Have Theorists tried to Compensate for Fuzz
Logic Flaws?

It would appear that theorists have also recogr
flaws or limitations in fuzzylogic operations of
conjunction and  disjunction and  offer
improvements in a system termed ,Compense
fuzzy logic* (CFL) [20][21]. The ad hoc rules of CF
however, support the view that it is trying to fixe
unfixable.

The quote is from Wikipediaated 10 July 2018:

»,compensatory fuzzy logic is a branch of fuzzy |
with- modified rules for conjunction and disjunctit
When the truth value of one component of
conjunction or disjunction is increased or decrea#s
the other component is decreasor increased to
compensate. This increase or decrease in truthe
may be offset by the increase or decrease in ani
component. An offset may be blocked when ce
thresholds are met. Proponents claim that CFL a8l
for better computational semac behaviours and
mimic natural language. Compensatory fuzzy I
consists of four continuous operators: conjunct
(c); disjunction (d); fuzzy strict order (or); ar
negation (n). The conjunction is the geometric

Contrary to a probability function that is reste¢ and its dual as conjunctive and wnctive
between (0, 1), the fuzzy membership func OPerators.
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The geometric mean is defined as n" root of the
productof n numbers, that is, for a set of numbxg,
X2, ..., Xn, the conjunction in CFL is equal to t
geometric mean is defined as [22]:

x1n X2, ..nxn=nvx1Lx2...xn

The disjunction in CFL is defined as the complen
of conjunction is:

x10x2,..0xn=1-n/x1x2...xn

5. Conclusion

Linguists and philosophers have found that fu
logic does not provide a model for linguis
semantics of vagueness. Despite academic cons
to the contrary, engineers have modelled fu
vagueness in natural language in control sys

A real world example of a control system wi
automatic fan control has found that fuzzy logio
be applied. However, the vagueness of terms ce
better modelled by probability and the automatic
control can be solved probabilistically. It has 1o
suggested #it as an approximate model of probabi
the success of fuzzy logic can be found. Exactéy
same result for the fan control system could als
achieved with Boolean algebra and decis
processes, raising the question: ,Do we need fi
logic?*

Froman engineering viewpoint, a number of inhel
flaws of fuzzy logic have been identified. The f&
have been elucidated: i) fuzzy logic as probabiiity
fuzzy conjunction iii) fuzzy disjunction iv) fuzz
inference engine v) fuzzy membership functi
Fuzzy logic has been found to be an approxin
model of probability, however, when viewed a:
probability the fuzzy logical operations of OR ¢
AND provide incorrect answers. Fuzzy inference t
also fail when these fuzzy logical operations
applied.

It appears that theorists have attempted to fix
flaws of fuzzy logic in a system term
~compensatory fuzzy logic but the ad hoc rule
suggest that it is trying to fix the unfixal

Inherent flaws in fuzzy control systems, especi
when fuzzy logt OR and AND operations have be
applied and or during nostandard operatin
conditions, may lead to failure in these systen:

would be anticipated there would be further insés
of failure for fuzzy systems.

As a result of reliability and robusiss concerns in
fuzzy systems, safety may ultimately
compromised.

To quote Peter Clarke fronmn article in EE Times
entitled Whatever happened to fuzzy lo?’ in 2012:

‘But perhaps fuzzy logic's time has cC
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