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Abstract

After establishing a fuzzy rule base using the interpolation result mechanism, arranging a fuzzy
inference system is performed. The established system will infer about the level of risk using a fuzzy rule
base and input statistics. In this work, the construction of the inference system has been determined using
fuzzy rules interpolation. The construction determines the distances between input signals and relation
functions based on if-then rules. The cross section a used here reduces the distance between input
variables. In this work, interpolation is used to measure the distance between a-section fuzzy sets.

Such economics issues as forecasting, planning, calculation of expected income are considered in
uncertainty conditions, incomplete information conditions using interpolation.

Keywords: fuzzy sets, Z numbers, fuzzy rules, judgments, interpolation, difference of fuzzy
sets, forecasting, expected income

I. Introduction

The presentation and processing of data is a class of mathematical problems having an
obvious practical direction, primarily in the field of information science, radio engineering, control
and communication theory, radar and navigation equipment. In most cases, in solving
mathematical problems, the initial data is represented by a number of points of arbitrary
dependence of form y (x). In the free state, this dependence may be unknown. The interpolation
apparatus is used to calculate the intermediate values of a function.

Non-fuzzy interpolation methods allowing to solve specific problems of approximate
calculations and obtain stable solutions are used to illustrate the uncertainties and unmanageable
errors occuring in the development of various models used in technical applications, to reduce the
impact of uncertainties. The application of fuzzy set theory methods in the above-mentioned
problems provides simple and effective algorithms. One way to filter data with uncontrollable
distortions is fuzzy interpolation, which is a natural generalization of the corresponding distinct
analog. Distinct and fuzzy interpolation algorithms are based on the use of Newton and Lagrange
polynomials. Spline interpolation is widely used in computational mathematics with the further
development of variation methods to solve difference problems.

Significant advancement has also been achieved in solving various problems using fuzzy
linear systems in computational mathematics, control theory, and other fields. In this paper, based
on fuzzy calculations and the theory of fuzzy linear systems, Newton’s interpolation problem for
fuzzy data is solved and conditions are provided for the presence or absence of strong, weak
interpolation [1].

In the paper, the model of fuzzy data interpolation in the production process is developed. A
polynomial with a fuzzy coefficient is constructed as a model function. Moreover, the concept of
gravity point used to determine the distances between data is presented. The optimization
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problem is solved by the minimum of the squares sum of the distances between the initial and
model data and the equality of fuzzy functions.

I. Inclusion of fuzzy interpolation

Being a part of classical sets, fuzzy sets are always perceived as an extension of classical sets.
The elements of these sets have a degree of relation. Let us give definitions of fuzzy sets and fuzzy
triangle relation functions used in this paper.

Defintion 1. Suppose, U = {xq, X, ..., X,,} is a space of judgments, universe. The fuzzy set A
taken from the set U is a relation function of (A € U) pu,:U — [0,1] A set and indicates the relation
function of u,(x) € [0,1] x- to A[0,1].

Defintion 2. R is a fuzzy subset A defined by the elements of a set of real numbers (a4, a,, as).
The triangular fuzzy relation function of the set A means the following function:

(O, —o<x<aq
X4 g <x<a

Ha(X) =9 apex 1
— a, <x < as

L00.3—112 ’

1] = =

The fuzzy triangular relation function is often used to represent linguistic terms numerically.
Here, triangular relation functions were used to represent the constraints and reliability of Z-
number. Systems based on fuzzy regulations cover the fuzzy sets in the previous and subsequent
parts of the rules, as well as determine the relationship between the input and output of the
system. In addition, using fuzzy rules base and inputs, fuzzy inference is performed to make
decision. Various fuzzy information mechanisms are proposed for the development of fuzzy data.
These mechanisms are mainly based on analogy, similarity, composition, interpolation and
distance approach. In these approaches, the performance, speed and complexity of the inference
mechanisms are considered to be important issues [2-4].

This paper discusses an inference mechanism based on fuzzy interpolation considerations
proposed by Cauchy and Hirota. Fuzzy interpolation can be used effectively to develop a database
of rules in conditions of uncertainty. In this case, some conditions are required to be carried out.
The fuzzy sets used under such conditions must be continuous, convex, and limited normal.
Interpolation is based on measuring the distance between two fuzzy sets. In this work,
interpolation is used to measure the distance between a-section fuzzy sets. Consider two fuzzy
sets A1 and A:. a-section of fuzzy sets A: and A2 will be marked with AT and AS. Suppose, fuzzy
set A1 is smaller than A, i.e. Ai<A», if

inf{A7} < inf{A3} vo sup{A7} < sup{43}. 2)

Where inf{A$} and inf{AS} are lower boundries for A: vo Az, sup{A{} and sup{A%} are upper
boundaries for A: ve Az (1). Consider the mechanism of interpolation justification. Let’s consider a
fuzzy controller based on a fuzzy rule base with one input and one output. Suppose that the
current input variable X is taken equal to A* as a result of the observation. Let’s determine the
value of output Y of the system based on the corresponding rules database A" Suppose, A" is
smaller than fuzzy set A1 and greater than fuzzy set Az i.e., Ai<A*<Az2and at the same time Bi<B:.
Let’s define a system output for A*"input. The problem can be expressed as follows [1]:

It is provided:

X is taken equal to A%, and Y equal to B".

if X is A1, then Y is By, 3)
if X is Az, then Y is B,

Where,
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d(4*,4,) _ d(B",By)
d(A*Az) ~ d(B*By) )

Where, d(-) is the distance between two fuzzy sets. Using a-sections based metrics, Cauchy
and Hirota finally determined fuzzy sets. The distance between the two fuzzy sets intersected by
dl at the bottom and dY at the top can be calculated as follows by using « [2,3]:

df; = d*(A%, X) = d(inf{A%}, inf{X*}) = inf{A%} — inf{X7}, (5)
djj = d (A%, X*) = d(sup{Af} sup{X/'}) = sup{Af} - sup{X{'}d} =
= d"(B, Y1) = d(inf{Bf'}, inf{v"}) = inf{Bf'} — inf{v*}d} = a”(Bf",v}*) == d(sup{B/'}, sup{¥;*})
= sup{B}'} - sup{Y"}

Homming or Euclidean formula can be used to measure distances in (5). Using the distance,
Cauchy and Hirota put forward a proposal based an interpolation for the rule of 2k.

25, (1/ak(ag,4;%))inf(BE)
22k 1/at(ag,4;%)

525, (1/aY (a%,4;%) )sup{B{)
22K 1/av(afa;®)

inf{Bj*} = , (6)

sup(B;) =

Where, B;* = [inf{B;*}, sup{B;*}]. In order to find the result of the fuzzy system Z, consider the
justification using interpolation.

u (x)

inf (A)  sup (AY) inf (A5)  sup (A%) X

Fig. 1: a is the cross section of the relation function: infimum and supremum.

III. Fuzzy inference system based on Z-numbers

Defintion 1. Number Z is an ordered pair of fuzzy numbers denoted by Z (A, B), where the
first component A is a constraint for the values of fuzzy variable X, and the second component B is
a measure of reliability for A components.

Figure 1 uses the triangular relation functions to illustrate the components of number Z.
Where, A will express the fuzzy value of variable X, and B will express the accuracy degree or
reliability measure, or accuracy probability of A; for example, X is A with possible constraints, i.e.

B(X): X c A — Poss(X =u) = us(x) (7)
Where, pu,(x) is the relation function of fuzzy set A constrained by B(X). u is the total value of
X. uy(x) is a relation degree that provides u. One of the most effective ways to present fuzzy data

is to use number Z. For example, let’s consider the forecast of grain harvest in our country. As you
know, this parameter depends on a number of factors. “If we say that the grain harvest will be
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higher this year, it is considered an event that can happen 100%. More precisely, this event can be
expressed as follows: “This year the grain harvest will be higher” [5-7].

As it is shown, the event can be illustrated by a number Z, i.e.,, “X = Z (A, B)”. Where, fuzzy
variable X is the “grain harvest”. The values of variable X are described using the pair (A, B). A is
“higher” constraint and B is the reliability of A, which is illustrated as “most probable”.

N N

x) Mg (x) B

u,( A

(a) (b)
Fig.2: Z, Z (A, B): a) constraint; b) reliability

Definition 2. Suppose, Zi(A1,R1) and Z2(A2Rz) are two Z numbers. The a-cross-sectional
distance between numbers Z1 and Z: is defined as follows:

D(zf,z§) = lai® — a3®| + laf® — aZ®| + | — 3| + | — 17| )
where, al®, as®, vl vl af%, aB% rf* vo rR® are respectively a-cross-sectional fuzzy triangular
numbers of fuzzy sets A1, R1, A2 va Rz from right and left sides.
Consider the development of Z-number based interpolation mechanism. Suppose that if-then
fuzzy rules with multiple inputs and one output, have the following form:

if % =(A11,R11) .., v® Xy = (Aym, Rip), then y = (By, Ry),
lf X1 = (A21' RZl) -, U9 Xm = (Ath RZm)J then y= (BZIRZ)! (9)

if %, =(An,Rp1) 3 X = (Apmy Rum), then y = (B, R,),

where 4;; and R;; are fuzzy limiting and reliability parameters, respectively, and xi and y are
system inputs and outputs. Here j =1, ..., m, m are the number of input signals; i=1, ..., n, n are the
number of rules. Let’s use the fuzzy interpolation given above for fuzzy rules based on Z numbers
in Fig.2. Suppose that these input signals are included in a fuzzy system. In the first iteration, the
distance between the input signal included and the fuzzy values of the variables according to the
rules used in the previous section will be calculated. The distance is calculated using the a-section
using Hamming or Euclidean distances.

In the next section, the metrics will be calculated separately for each constraint and reliability
variable [1-4].

Formula (5) is used in the previous part of the rules to find the metrics of the relation function
at the bottom and top. o sections of A are used to determine the lower and upper distances [8]:

dy (45, %) = d = |ag; - xg, (10)

df = X7 dy; (A5, X7),

here, d; (A%,X ]-“) is the metrics between two fuzzy sets defined for rule i; j=1, ..., m and m are
the number of input signals; i=1, ..., n and n are the number of the rules. Distances are described as
lower and upper metrics:

145



Kifayat Mammadova, Yegana Aliyeva, Matanat Hasanquliyeva RT&A, Special Issue No 5 (75)
PROCESSING OF DATA BASED ON FUZZY RULES Volume 18, November 2023

i (A5, XF) = {df; (AT, X£), dij(AT, X)) and df (df,d).

In the special case, equation a = {0,1}.(2.10) is applied to the constraint A and reliability R. The
total distance will form the sum of the two distances:

d% = dcf + drf, (11)

where, dcf and dr{ are the distances calculated sequentially with (8) for the constraint and
reliability parameters. df is the calculated distance for this rule. Each of the calculated distances is
characterized by two left and right values [9]:

dcf = (dck,dcf)
dTl-a = (dT‘iL, dTiU)
df = df +4df (12)

Output data for output fuzzy set is calculated as:

a _ ?=1(1/df¥)B}"zL
/X, 1/df

pa = 2= (/408
LRV VT

(13)

Formula (13) is used to find the values of constraints and reliability of fuzzy sets. If we
combine (10) and (13), the following equations can be obtained:

n m a a a
i=1(1/2]- dL(AXi’j,Xj ))Bi_j

R/ ()
=1 (1/271 dy (A?(i,j’ X]'a)) Bi“tf

e (/7 4 (15, 17)

The fuzzy signal Z of the system can be obtained using (10) - (13).
It should be noted that By, is used to find the output signal, and variables Ry, are used to find

a

(14)

Y

reliability on the right of formula (13) or (14). After obtaining the output signals, the number Z is
converted into a non-fuzzy number. To do this, a formula is used to calculate the middle of two
fuzzy numbers.

Y=((M+4+Yy+Y.)/6)* ((Ry, +4*Ry, +Ry)/6) (15)

Formula (15) is used to obtain the exact value of the output signal. Here Y is the fuzzy output
value and Ry is the reliability. It should be noted that in the previous and next parts of the rules
base we use triangular fuzzy sets for input and output parameters. Given the levels a =0 and a =
1, we can obtain the left value of the output signal Y, the average Y and the right Y. Left (¥}, Ry,)
and right (Y;, Ry,) values correspond to the level a = 0, the average value (¥;,, Ry, ) corresponds to
the level a = 1. First, the left and right values are determined according to the level a =0, then the
highest value of the triangle corresponding to the level a = 1 is determined. These values are
applied to find the output triangle relation function.
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IV. Conclusions

In this work, the construction of the result system was determined using interpolation of
fuzzy rules. The distances between the input signals and relation functions based on if-then rules
are determined in the construction. The cross section a used here reduces the distance between the
input variables. In this work, interpolation is used to measure the distance between a-section
fuzzy sets.
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