20
العشرون
12 العدد

جملة كلية املأمون اجلامعة

Designing a Smart XOR Gate Depending Kenevan
Truth Interval in Fuzzy Logic
Asst. Prof. Dr. Muna Hadi Saleh
Baghdad University/College of Education for Women
Computer Science Department

Abstract:
The new Kenevan truth interval fuzzy logic, in which truth
values of propositions are represented as subintervals of the real unit
interval that contain the single truth value rather than the truth
value itself, is described here. The classical propositional logic is
shown to be a special case of the truth interval fuzzy logic in which
the truth intervals are restricted to [0.0, 1.0]. This paper has
presented both a technique and development environment for
designing and the production of hardware suitable fuzzy logic for
some specific applications. This technique a makes set of a fuzzy data,
ensuring that a high degree of both flexibility and programmability is
obtained with minimal hardware complexity. Here, some new
important properties of Kenevan fuzzy XOR operation were
introduced, that made it possible to represent the logic formula in
(KFXOR) form. Finally this circuit is designed and implemented by
computer. Simulation and experimental results of (KFXOR) are
presented.
Keywords: Fuzzy logic, Kenevan truth interval fuzzy logic, Inference Rule Union,
Intersection, KFOR gate, KFAND gate, FXOR gate.

 يـُى هـادي صــانح. د.و.أ
 قسى عهىو انحاسثاخ/  كهٍح انتشتٍح نهثُاخ/خايعح تغذاد

:انًستخهص
ي نفشظٍاخ كٍٍُڤاٌ لفتشج انًُطق انًعثة انحقٍقٍح اندذٌذج تتًثم كفتشاخ
انقٍى انحقٍقج
 وانتً تتعًٍ قًٍح حقٍقح يفشدج عىظًا عٍ انقًٍح انحقٍقٍح،خضئٍح يٍ وحذج فتشج انحقٍقٍح
 قذو فً هزا. حٍث تعد انفشظٍح انقذًٌح حانح خاصح يٍ فتشج انًُطق انًعثة انحقٍقٍح.راتها
 انتقٍُح وانتطىس انالصيٍٍ نتصًٍى االَتاج انًادي نهًُطق انًعثة نثعط انتطثٍقاخ،انثحث
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 فهزِ انتقٍُح تؤكذ انحصىل عهى أعهى دسخح انًشوَح انثشيدٍح نًدًىعح انثٍاَاخ.انًتخصصح
ً انت، تعط انخصائص اندذٌذج نعًم تىاتح "أو" اإلستثُائٍح، يع أقم تعقٍذ يادي،انًعثثح
 تى تصًٍى،ًتًكٍ يٍ وظع صٍاغح هٍكهح خاصح تثىاتح "أو" األستثُائٍح تى عشظُعها وأخٍشا
تىططح انحاسىب يٍ خالل إستعًال حقٍثح تشيدٍح خاصح
ا
تىا تح و تُفٍزها "أو" اإلستثُائٍح
.نتصًٍى انذوائش االنكتشوٍَح وتُفٍزها كًا تى تشثٍها وعشض انُتائح انتدشٌثٍح نها

1- Introduction
Fuzzy Logic, introduced by Zadeh, has proven to be a
powerful means of problem solving. It has gained success in various
disciplines, among others, control, decision theory, operations
research, and management science. According to Zimmermann the
characteristics of reality establish the aptitude and the success of
fuzzy logic as a means of describing and modeling reality [1]. Real
situations are often not crisp and cannot be described precisely.
Moreover, the description of a real system often requires far more
data than can be processed. Since fuzzy logic reflects this natural
fuzziness well it has not only become an established part of the
mentioned disciplines but has also attained considerable economical
relevance. For the implementation of fuzzy logic two options are
available: the software and the hardware approach. The software
approach simply consists of programming the demanded functions by
use of any programming language [2].
The main drawback is the lack of programming facilities, a
property that has lead to the pre-eminence that the digital
realizations have today. Accordingly, analog implementations are
generally used as tailored solutions for applications with highest
speed requirements or, exploiting the comparatively low circuit
complexity, as inexpensive solutions for high-volume products [3][4].
The mentioned drawback is overcame by the promising new
approach of fuzzy logic circuits, which is supplemented by digital
circuitry for programmability.
A special software tool is usually interfaced to support
problem formulation in terms of fuzzy logic. The software approach
is distinguished by low cost and high flexibility, permitting quick and
easy alterations. It is well suited for prototyping and a large number
of applications. However, the serious disadvantage is the low
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execution speed of the fuzzy logical connectives, which has proven to
be far too low for a lot of important applications such as embedded
control systems. The demand for high-speed execution of the fuzzy
inference has made the hardware approach attractive [3][5].
It has been pursued from the beginning of the fuzzy logic
boom in the mid of the eighties. The characteristic of fuzzy logic
hardware is that basic fuzzy logic connectives are implemented with
either digital or analog dedicated circuitry. The architecture of such
circuits is tailored to the fuzzy inference, which is the essential
operation to be executed, due to the knowledge-based nature of the
fuzzy logic approach of problem solving [6]. Fuzzy logic hardware
can be subdivided into fuzzy coprocessors and general fuzzy
processors, which can operate stand-alone. Fuzzy logic circuits are
not only a subject of intensive research but have also found access to
the market. Several fuzzy processors are available today and fuzzy
logic circuits find an application in industrial processes as well as in
consumer products. Due to increasing complexity and speed
requirements of the applications, the hardware share among the
fuzzy logic applications is predicted to rise rise up to 30% in 1997 [7].
Fuzzy logic’s basics of being subjective make it applicable to
many fields. Implementing it in systems is fairly simple with flexible
software solutions and fast fuzzy processors. It has the potential to
provide many businesses with industrial applications as well as
commercial products. It is not hard to see the advantages to using
fuzzy logic solutions, and it is quite evident how important it will
become. In the future, it will probably be very difficult to find a
system sans fuzzy logic in some form or fashion. The ordinary fuzzy
hardware system, especially using a digital technique, is constructed
by the fuzzy logic gates circuits [8]. The paper is organized as follows:
the principle of Kenevan truth interval fuzzy logic and suitable
propositions has been given.
The special characteristics of KFXOR and of the fuzzy logic
gates are reported. Finally, the logic circuits which are composed of
simple electronic tool have been designed.

2- Related Works
The fuzzy logic circuit designing strategy started nearly a
decade back. In 1995( Pérez and Bañuelos) present electronic models
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of fuzzy gates that satisfy the fundamental principles of fuzzy logic.
(Stefan [9]) discusses fuzzy logic, including how and why it is applied
in various situations, and detailing how it is applied through software
and hardware means. Finally in 2009 (Andrew) discusses fuzzy logic,
including how and why it is applied in various situations, and
detailing how it is applied through software and hardware means.
The idea of this work is to exploit this relationship for testing. For
fault modeling the behavior of faulty fuzzy gates is investigated
through simulations of transistor-level failures such as shorts and
opens. A slightly modified five-valued logic which allows for the
analog test responses makes it possible to use of the test methods for
digital circuits [10].

3- Fuzzy Truth Interval Logic
In his 1973 paper, Lotfi Zadeh introduced what is now called
fuzzy logic on fuzzy control systems and proceeded to refine its
definition in subsequent papers. Zadeh presented the truth values for
propositions of his fuzzy logic as any real number in the inclusive unit
interval, or [0.0, 1.0] [11]. A proposition "A" with truth value "a" is
written as "A:a" given this convention, the fuzzy logic compositional
rules formulated by Zadeh are presented below as Axioms
(1, 2, and 3):
Axiom 1 A: a Λ B : b: = (A Λ B): min (a, b)
Axiom 2 A : a  B : b :  (A  B) : max (a, b)
Axiom 3  (A, a) : A : (1  a)
These compositional rules clearly include those of the classical
two-valued logic as a special case. Axioms (1-3) give an algorithm for
combining truth values of propositions to get the truth value of a
composite proposition. It should be using the max and min operations
extensively and, it proposes and uses the following notation for these
operators [12]:
abc … z = max (a, b, c, …, z),
abc … z = min (a, b, c, … , z).
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The single truth value designated in the above axioms is
assumed to exist, will be represented as a sub-interval of the closed
unit interval which includes the postulated single truth value. "A:a"
will, therefore, be represented as A:[a0, a1] where the interval [a0, a1]
is assumed to contain "a". One reason for representing truth values
in this manner is that, in practice, the actual truth value is seldom
known exactly. It is simply more convenient to represent the truth
value as an interval than to guess at an exact value for the purposes
of computation [13]. A second, more compelling, reason for the
expression of the truth values as subintervals of the unit truth
intervals in the increased power of exposition is attendant upon by
this choice. Using a single valued notation an unknown truth value
can only be represented as an unknown, i.e., "A:x".
Using a fuzzy interval logic, an unknown truth value is simply
represented as the unit interval itself, i.e., A:[0.0,1.0]. A proposition
"A" in Zadeh's dispositional logic (a disposition is a proposition with
truth value of probably true) can be represented in the Kenevan
truth interval fuzzy logic as A: [x0, x1], 0.5 < x 0  x1  1.0 [14].

4- Kenevan Truth Interval in Fuzzy Logic
The definition of the Kenevan truth interval fuzzy logic,
originated and described by James Kenevan in [11], assumes that
every proposition has a single truth value contained in the closed unit
interval of real numbers [0.0, 1.0]. The value "0.0" is considered to be
the classical truth value of false, while "1.0" is the classical truth
value true. If the single truth value for the fuzzy propositions "A"
and "B" is known to be "a" and "b", respectively, then the model, or
function "µ" that maps propositions onto the set of truth values [0.0,
1.0], is defined as follows [11][13][14]:
Definition 1
Definition 2
Definition 3

μ(A)  a, a [0.0, 1.0].
μ(B)  b, b [0.0,1.0].
μ(A  B)  min(a, b)  ab.

Definition 4
Definition 5

μ(A  B)  max(a, b)  ab.
μ(A)  (1- a).
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Note that if "a" and "b" are limited to the classical truth
value analogs of true and false, "1.0" and "0.0" respectively. The
design generates the same truth values for the connective (  ,  , and
 ) as does the classical definition. The definition of (µ) given above
for the Kenevan Logic, then, includes the classical definition as a
special case. Even though it assume, that a single truth value for each
proposition exists, designate it, not by a single element of [0.0, 1.0],
but by the subinterval of [0.0, 1.0] that contains it. If the truth value
is unknown, it is then represented as [0.0, 1.0]. If the precise truth
value of a proposition "A" is "a", but "a" is not known exactly, the
proposition "A" is then written as A:[a0, a1] where 0.0  a0  a  a1
1.0. If the truth value of "A", "a", is known precisely this fact can
be expressed by writing A:[a, a].
The Kenevan truth interval fuzzy propositional logic suffers
from the same limitation as the classical propositional logic, i.e.,
requiring separate sentences to express the truth values of the same
property applied to different objects. This limitation can be removed
by representing objects as variables and writing A(x) to mean that
the object "x" has the property "A". The single truth value of this
statement, which clearly depends on the identification of the object
"x", would then be designated by A:a(x), or, using a truth interval, as
A:[a0(x), a1(x)].
As a general schema for a predicate in the Kenevan truth
interval fuzzy predicate logic it has A(x1, x2, x3, … , xn):[a0 (x1, x2, … ,
xn), a1(x0, x2, … , xn)], where the "ai" are n-array functions a:Dn[0.0,
1.0] which associate each predicate with a sub-interval in the closed
unit interval and are the fuzzy equivalent of the mappings that, as
part of a classical interpretation, map predicates onto the two
element set true and false. The basic inference rules for the
propositional version of the Kenevan truth interval fuzzy logic, taken
from [12], are given below. The first inference rule is that for
disjunction, which, like its classical counterpart, involves two possible
alternatives.
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4.1 Inference Rule for OR (  ):
To emphasize the fact that each leg of the table below
represents a different alternative, we may refer to each leg as
describing a different world, as is customary in modal logic. The
inference rule for conjunction, which, unlike its classical equivalent,
generates alternative worlds, is given below:
A: [a0, a1]
B: [b0, b1]
A  B: [p0, p1]
A : [a0, p1a1]
A : [p0a0,p1a1]
B : [p0b0, p1b1]
B : [b0,p1b1]
A  B : [p0a0b0, p1a1b1]
A  B: [p0a0b0, p1a1b1]

4.2 Inference Rule for AND (  ):
The inference rules for intersection follow:
A: [a0, a1]
B: [b0, b1]
A  B: [q0, q1]
A : [q0a0,a1]
B : [q0b0, q1b1]
A  B : [q0a0b0, q1a1b1]

A : [q0a0,q1a1]
B : [q0 b0, b1]
A  B: [q0a0b0, q1a1b1]

4.3 Inference Rule for NOT (  ):

The inference rules for negation follow:
A: [a0, a1]
A: [1 − a1, 1 − a0] 

5- Design Analog Fuzzy Logic Circuits
Analog fuzzy logic circuits offer highest speed without
consuming much chip area. This is due to three factors: First, no
time-consuming Analog-to-Digital (A/D) and Digital-to-Analog (D/A)
conversion of the processed physical quantities are necessary. Second,
a fuzzy logical value can be represented by the voltage or current of
one signal instead of a number of bit lines. Third, simple analog
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circuits exist for the implementation of the basic fuzzy connectives,
making fully parallel architectures and data processing possible. In
this work, the class of analog fuzzy logic circuits, which can be
regarded as generalization of digital logic circuits to a continuous
range of logical values is dealt with. Since these logical values are
represented by the voltage or current level of one signal, the circuits
are analog [4][8]. Hence it becomes clear that, on the one hand, the
concepts of digital testing cannot be applied directly. The functional
concepts for testing analog circuits, on the other hand, appear not
suitable because they do not allow the special structure of analog
fuzzy logic circuits, which is the same as that of digital circuits. An
embodiment of the present work provides a logical fuzzy union and
intersection operation circuit which is simple and uses a traditional
architecture generally dedicated to the arithmetic/logical operations.
Designing these circuits includes simple components
(transistor, OP-AMP "Operational Amplifier", and others), the
specifications of these components have been taken from [15]. There
are two levels, the first level for the selection of the logical fuzzy
union operation and the second level for the selection of the logical
fuzzy intersection operation. A major issue here is how to generalize
each stage of the process to make the chip flexible enough to handle
many different systems. This is necessary since reprogramming will
be possible, and designing a chip for every different system is flexible.
In order to develop this logic electronically constructs the basic gates
of the logic: "KFAND", "KFOR", and "KFXOR".

5.1 Kenevan Fuzzy Union Circuit (KFOR-Gate):
The Kenevan fuzzy union operation can be represented by
using definition 4 in section 3, [Y= μ(A  B)  max(a, b)  ab ], where
"Y" is the output and inputs (x1,x2) both are in [0.0V, 5.0V] voltage
level. The inputs and outputs values are in volts corresponding to the
interval [0.0  a0  a  a1 1.0]. The electronic design of the KFOR
gate is illustrated in figure (1) below: -
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Figure (1): Kenevan Fuzzy OR (KFOR) Gate

5.2 Kenevan Fuzzy Intersection Circuit (KFAND-Gate):
The Kenevan fuzzy intersection operation can be represented
by using definition 3 in section 3, [Y= μ(A  B)  min(a, b)  ab ],
where "Y" is the output and "x1" is a first input and “x2” represent
the second input, both are in [0.0V, 5.0V] voltage level. Remember
that the gate "KFAND" always takes the minimal value of the two
inputs in min(x 1 , x 2 ) . The input and output values in volts
corresponding to the interval [0.0  a0  a  a1 1.0]. The electronic
design of the KFAND circuit has been shown in figure (2) below: -

Figure (2): Kenevan Fuzzy and (KFAND) Gate
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5.3 Kenevan Fuzzy Exclusive-OR Logic (KFXOR-Gate):
The common fuzzy logic approach of problem solving is a
knowledge-based one. This is in particular true for fuzzy logic
hardware, which is essentially the realization of an expert system.
The crucial point is the minimization of the execution time for the
complicated operation of inference making by suitable smart circuit
architecture. The main advantages of using KFXOR logic gates are:1- Many are useful for KFXOR structure such as arithmetic, parity
check and circuits.
2-KFXOR based circuits require smaller layout areas for their
realization on very large scale integration (VLSI) chips.
3-KFXOR circuits are less expansive; it improves testability and
reduces the total design.
A better understanding of the KFXOR will now be described,
which contains a circuit for performing logical fuzzy union and
intersection operations according to the KFXOR. Circuit simulation
based on fuzzy logic and Kenevan truth interval is an alternative to
the more usual Boolean-logic analysis. The operation of “KFXOR”
gate governed by the relation; Y= max [min(x1, (1-x2)), min((1-x1),
x2)], Where (Y) is the output and “x1, x2” are two inputs. The
architecture dedicated to the arithmetic/logical operations and so it
may be employed in simple manner in any digital device. In
particular, the present smart circuit has an extremely simple
architecture formed by conventional components as shown in figure
(3). It's possible to identify a whole mapping in the interval [0.0  a0 
a  a1 1.0] with a KFXOR logic formula.
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Figure (3): Kenevan Fuzzy XOR (KFXOR) Gate

6- Conclusion and Simulation Results:
Real implementation of the complementation, min and, max
circuits have been proposed. The proposed design are very easy to
understand and implemented, which are direct and fast techniques
for computing the grade membership of KFXOR, when compared
with the traditional design. This smart circuit is likely to become the
future hardware solution for high-performance fuzzy logic
applications. In these circuits, fuzzy values [0.0, 1.0] are indicated in
voltage level [0.0V, 5.0V], and made by using a transistor-level. Then,
investigated and simulated these fuzzy circuits through the
electronics software as illustrated in figure (4). It can summarize the
results of KFXOR gate in table (1), which will show the input and
output values in volts corresponding to the interval [0.0, 1.0].
Although, the results are considered good, but, there is some a
disadvantage which must be mentioned; that the design becomes
complex when one increases the number of inputs.
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Figure (4): Investigated KFXOR Gate

Table (1): Results of KFXOR Gate
I/P value
(Kenevan truth
interval Fuzzy)

corresponding I/p value
(volts)

Kenevan
Fuzzy
O/P value

corresponding
O/P value in
(volts)

x1

x2

x1

x2

x1

x2

x1

x2

Y

Vout

0

0.9

1

0.1

0

4.5

5

0.5

0.9

4.5

0.3

0.2

0.7

0.8

1.5

1

3.5

4

0.3

1.5

0.7

0.5

0.3

0.5

3.5

2.5

1.5

2.5

0.5

2.5

0.9

0.1

0.1

0.9

4.5

0.5

0.5

4.5

0.9

4.5

1

0.3

0

0.7

5

1.5

0

3.5

0.7

3.5

0.2

0.4

0.8

0.6

1

2

4

3

0.4

2
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