DOI 10.31489/2021M3/13-24
UDC 519.852

S.M. Davoodi®, N.A. Abdul Rahman

School of Mathematical Sciences, Universiti Sains Malaysia, Penang, Malaysia
(E-mail: smd1876@gmail.com, aswad.rahman@usm.my)

Solving fully fuzzy linear programming problems
by controlling the variation range of variables

This paper deals with a fully fuzzy linear programming problem (FFLP) in which the coefficients of deci-
sion variables, the right-hand coefficients and variables are characterized by fuzzy numbers.<A method of
obtaining optimal fuzzy solutions is proposed by controlling the left and right sides of the'fuzzy variables
according to the fuzzy parameters. By using fuzzy controlled solutions, we avoid unexpected answers. Fi-
nally, two numerical examples are solved to demonstrate how the proposed model [can_provide a better
optimal solution than that of other methods using several ranking functions.
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Introduction

The general idea about fuzzy set theory was introduced by Zadeh [1]a.Bellman and Zadeh [2] postulated the
very idea of decision making in fuzzy environment. The aforementioned concept has been utilized by Tanaka et
al. [3] as a solution for mathematical programming problems. Fuzzy linear programming was first generated and
suggested by Zimmerman [4] . Using the parametric programming method, Chanas [5] suggested the contingency
of the identification of a complete fuzzy decision in fuzzy linear programming. Programming models with crisp or
fuzzy constraints as well as crisp or fuzzy goals can be solved using interactive system proposed by Werners [6].

Using a technique introduced by Fang et al. [7], linear programming problems with fuzzy coefficients in
constraints could be solved. In an attempt to find solution for fully fuzzified linear programming problems
with fuzzy numbers in place of all the parameters .and variables, Buckley and Feuring [8] proposed substitution
of the objective function for multiobjective fuzzy linear programming problem. Maleki et al. [9] solved linear
programming problems by comparing fuzzy numbers as decision parameters.

The ranking function used land suggested by Maleki [10] is a technique in solving linear programming
that has vague and uncertain constraints: "By transforming fuzzy linear programming problems into multi-
objective linear programming problems, Nehi et al. [11] proposed and defined the concept of optimality for linear
programming problems. Ganesan'and Veeramani [12] proposed and advocated an approach in which fuzzy linear
programming cannot be converted into crisp linear programming in solving a fuzzy linear programming problem
using symmetric trapezoidal fuzzy numbers. Hashemi et al. [13] suggested a two-phase method in which fuzzy
numbers replace decision parameters and the variables determine the optimal solutions of FFLP problems.
Rommelfanger [14] also introduced a new approach in solving stochastic linear programming problems with
fuzzy parameters.

Allahviranloo [15] suggested a new method in solving FFLP problems using ranking function. Nasseri [16]
proposed a‘method for solving fuzzy linear programming problems using a classical linear programming model.
Lotfi et al. [17] discussed FFLP problems by identifying all parameters and variables as triangular fuzzy numbers.
Ebrahimnejad and Nasseri [18] attempted to solve fuzzy linear programming problem with fuzzy parameters
by applying the complementary slackness theorem without necessitating the use of the simplex tableau. Kumar
et al. [19] proposed a new method in finding the fuzzy optimal solution of FFLP problems with inequality
constraints.

In this paper a new method is proposed to find the fuzzy optimal solutions of an FFLP problem with
equality and inequality constraints, as well as with triangular and trapezoidal fuzzy numbers, by solving one
linear programming problem only. Moreover, by controlling the left and the right sides of the fuzzy variables,
this model prevents the generation of broad fuzzy solutions that do not conform to other fuzzy parameters.
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One of the problems exhibited by a number of models for FFLP problems is their incapability to si-
multaneously solve equality and inequality constraints. Buckley and Feuring [8], Hosseinzadeh et al. [17], and
Kumar et al. [19] proposed three different models in solving FFLP problems. The model, proposed by Buckley
and Feuring, can only be used to solve FFLP problems with inequality constraints, whereas the models proposed
by Hosseinzadeh et al. and Kumar et al. can only be used to solve FFLP problems with equality constraints.
Another problem is the inability of some models to control the left and the right sides of fuzzy numbers, thus
generating broad answers and causing difficulties in the decision-making process. Therefore, this paper attempts
to overcome the shortcomings of previous approaches and to provide further insight.

In general, the narrow fuzzy parameters in an FFLP application indicate that these parameters have a
low range of variation. Thus, the fuzzy parameters of FFLP in this case have slight flexibility. Based on this
approach, a new model is proposed in solving FFLP problems, with equality and inequality constraints being
handled simultaneously by identifying the maximum and the minimum. Fuzzy solutions can also be determined
by this model, specifically when a number or all parameters and variables are triangular and trapezoidal fuzzy
numbers.

Preliminary Concepts

In this section we begin by recalling some basic definitions from fuzzy set theory and'introduce the main
concepts needed in this paper. N

Definition 1. Let X be a collection of objects denoted generically by z. The fuzzy set A in the set of real
numbers is called a fuzzy set in X if A is a set of ordered pairs:

A= {(z,p5(2)) |z € X}

where f 7(x) is membership function of z in 7 such that pz(r) X = [0,1].
Definition 2. A fuzzy set A is called normal if there is a real number z such that s () =1

Definition 3. Let A= (ml, m*, a, 6) g denote the LR-fuzzy number if its membership function is defined

as
!
m'—x
L ( ) . x < ml,
@
1, m! <z <md,
pi(e) = ,
r—m
R ( ) , > mY,
B
0, otherwise,

where L and R are reference functions, i.e., L, R : [0,400) — [0, 1] are non-increasing that L(0) = R(0) = 1
and L(1) = R(1) = 0 and @, 8 > 0. The membership function of a LR-type triangular fuzzy number,
A= (m,«, B) LR, can be also defined as

pi(r) = R(ﬂﬁ-ﬂ”‘)’ e,

0, otherwise.

Definition 4. A fuzzy number A= (ml, m*, a, 6) is a trapezoidal fuzzy number if (see Figure 1(a))

l

eom—a) < <ml
o
1, m! <z < m.
pz(x) =
(m +55)—$’ m* <x <m"*+g.
0, otherwise.
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Definition 5. A fuzzy number A = (m,a, ) is a triangular fuzzy number if (see Figure 1(b))

e-(m=-0) a<e<m

o}
=~ = m — X
n(@) (_’_5), m<xz<m-+p.
0, otherwise.
a a B ' a d a* B
(a) Triangular fuzzy number (b) Trapezoidal fuzzy number

Figure 1. The LR-fuzzy numbers.

Definition 6. Let A= (ml7 m*, a, B) be trapezoidal fuzzy number, then

A-0 ifs mt—a>0
A<0 if m*+8<0.

Definition 7. Let ﬁl = (mll, my, al,ﬁl) and ,ZQ = (mé,m"g, a2752) be trapezoidal fuzzy numbers, then we
define arithmetic on fuzzy numbers:

gl Jr/IQ = (mll +ml2,m7f +my, a1 + ag, b1 +52)

Al *AQ = (mll 7m1211am7111 7ml27a1 +ﬂ2751 +042)

1,40 l l A Y
(m1m27m1fm5,m10!2 + myar, mi B2 + mgﬂl) ) Ay -0, Ag > 0.
A1 Ay =% (mymbymimy, miag + mhBr, mi By + miay) , A =0, Az < 0.
Lol l 1 T 1
(m%mg,mlmg, —mY By — my B, —miae — mzal) , Ay <0, Ay < 0.

Remark 1. We denote the set of all LR-fuzzy numbers by F(R).
Definition”8. [20] A linear ranking function is a function R : F(R) — R, which maps each fuzzy number
into a real line, where there is a natural order

()= ;/Ol(La(x) + Ro(2))de

such that
R(kA+B)=kn(A)+n(B).
Let A = (m!,m*, a, ) be a trapezoidal fuzzy number, then

%(Z) = % (m' +m") +i(ﬁ—a).
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If A= (a, o, B) is a triangular fuzzy number, then
~ 1
%(A) :a—l—i(ﬂ—a).
Definition 9. [21] Let m,n € F(R) be fuzzy numbers then
e A= Bifandonly if R ( A
° A<Blfandonly1fm

. A:Bifandonlyif%
Definition 10. A fully fuzzy linear programming (FFLP) is defined as follows:

/—\/-\/-\
b}
\_/\_/v
/—\
v

Z* = Min ¢ X,
s.t. Axtg (1)
x =0,

~ ~ - ¢ <

where ¢ = (@1, +,8) s A = (@) gy > b = (brooe B ) s X = (@1, )" and @y, by,65,7; € F(R) for
1=1,....m,7=1,...,n

The decision variables are fuzzy numbers while the coefficients of decision variables and the right hand

coefficients are characterized by uncertainties.
Definition 11. The fuzzy vector x € (F(R))" is a fuzzy feasible solution to (1) if

Ax - b and X = 0;
as a result X is a fuzzy feasible solution to (1) if
m(ﬁi)zm(%) and (%) > 0.
Hence, S be a set of fuzzy numbers which satisfies the set of constraints are defined as follows:
- {i‘m(ii) zm(g) and M (X)> o}.

Definition 12. A fuzzy feasible solution X*.€ S is a fuzzy optimal solution for (1) if for all fuzzy feasible
solution X € S we have

Xt <7
as a result X* is a optimal fuzzy optimal feasible solution to (1) if
R(cx*)<NR(cx).

Solving Fully Fuzzy Linear Programming

In this section a new method in finding the fuzzy optimal solution of the FFLP model (1) is proposed.
This method can be used to solve FFLP problems with equality and inequality constraints by identifying the
maximum and the minimum. This method can also be used in solving FFLP problems with triangular and
trapezoidal fuzzy parameters. Furthermore, by controlling the left and the right side values of fuzzy parameters
to make them proportional with other fuzzy parameters, the generation of broad fuzzy variables is prevented.

For this purpose we obtained an upper bound for the left () and the right (3,,) sides of the fuzzy values.
The upper bound is prevented from exceeding «,;, and ;. Consequently, the obtained fuzzy solutions are not
considerably broad but are controlled and thinner fuzzy solutions. In this paper, the upper bounds for a,; and
Bz, are proportional to the ratio of the left and the right side values to the central value of fuzzy parameters.
Thus, we calculated the values of a,, , B, and my;, such that the maximum value of the ratio of a,; and 3,
to my, is equal to M. By adding the following constraints to the problem fuzzy variables can be prevented from
becoming exceedingly broad:

Ay
T <M,

’m%“ B

<M, j=12-- n (2)

}m%“
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Two solutions for the calculation of M are proposed. Firstly, M is calculated by acquiring the maximum amount
of the ratio of o and § to m for all fuzzy parameters of FFLP. Secondly, M is calculated by their mean.
The fully fuzzy linear programming (1) can be rewritten as follows:

Min Ci%y,

s.t. Z'dwijtgz s i:1,2,~~-,m,
x]to ) j:1727"'7n7

where ¢; = (mcj,acj,ﬁ&.) , Gij = (maij,aaij,ﬁaij), bi = (M, an,, By,), Tj = (mwj,amj,ﬁxj) are triangular
fuzzy numbers and a;;,b;,¢;,%; € F(R) for i =1,2,...,m, j=1,2,...,n.

We use the ranking function that was defined in Definition 8 for the defuzzification of the fully fuzzy linear
programming (3) and by adding constraints (2) then we have

j=1

= @
:E] S M ) .7 ¥ 1727 )n7
|mm.7|
51:] S M ) j N 17 27 )n7
|mx1|
m(gj)zo 5 j:1727"'5n7
where
1o g Y .
M= max vo Day oy B O Pe LG 20, me, £0 (5)
3::11722’ m | [ma, |m’lw‘l [, b, | [, | e |
or
1o o« Q. ;
M = mean 2o P , bi , Bo. S Be; Ma,; 70, mp, #0, me; #0 5. (6)
25\ T T Pl T T T T T

Then
Mmg, —a,, >0 and Mmy, — 3., >0, j=1,2,---,n.

Thus, we can‘write model (4) as follows:
n
j=1

s.t. Zn:m(a”i])zm(fgl) , 1=1,2,--- . m,

j=1

mej_awjzo ) j:1727”'7na
Mg, — e, >0 =12,
mrj*aﬂﬂj’azwﬂﬂ%zo v J=12-n
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A standard form on a fully fuzzy linear programming (FFLP) is also defined as follows:

Z* = Min ¢x;

st. AX=1;
x = 0;
then we have
n
Min ZQ’\(EJ@)
=1
n (o~
s.t. Zm(&“z]@):%(bl) s i=1,2,--~,m,
2 (%)
mej_awjzo ) j:1727”'7na
Mmmj_ﬂmjzo ) j:1727"'vn7
My, — Qs Qg B, 20, j=1,2,---.n

Numerical Fxamples

In this section, two numerical examples are presented to describe the proposed-method. The first application
is the standard diet problem formulated by Buckley and Feuring [8]. The first example presents FFLP with
triangular fuzzy numbers and inequality constraints, while in the‘secondrexample FFLP with triangular fuzzy
numbers is also considered, but with equality constraints. We.compared the proposed fuzzy objective optimal
solution with that from other models by Fortemps and Roubens [22], Chang [23] and Liou and Wang [24] that
use ranking function.

Example 1. Let us start by considering the following fully fuzzy linear program problem.

A farmer has three products P1, P2 and P3 to mix together to feed his pigs. He knows that the pigs need
a certain amount of foods F'1 and F'2 per day. Table 1 illustrates the units of F'1 and F2 that are available per
gram of P1, P2 and P3. Also, each pig should have at least (54, 4, 4) units of F'1 and at least (60, 4, 4) units
of F2 per day. The costs of P1, P2 and P3.vary slightly from day to day but the average costs are (8,1,1) ¢
per gram of P1, P2is (9,1,1) ¢ per gramgand (10,1, 1) ¢ gram for P3. The farmer therefore wants to know how
many grams of P1, P2 and P3 he should mix together each day, so that his pigs could get the approximate
minimum requirement and his costs reduce.

Table 1

Approximate units of food F; and product P; Example 1

Foods
Products F1 F2 Average costs
P1 (2.5, 0.5, 0.5) ( 5, 0.5, 0.5) ( 81,1)
P2 (4.5, 0.5, 0.5) ( 3, 0.5, 0.5) (91,1)
P3 (5 , 0.5, 0.5) (10, 1.0, 1.0) (10,1,1)

Buckley and Feuring [8] have formulated a standard diet problem as follows:

Min (8,1,1)%; + (9,1,1)72 + (10, 1,1)73
st (2.5,0.5,0.5)%1 + (4.5,0.5,0.5)%5 + ( 5,0.5,0.5)%3 = (54,4, 4)
(5 ,0.5,05)F; + (3 ,0.5,0.5)%5 + (10,1 ,1 )T3 = (60,4,4)

T1,T2,T3 = 07
where Z; is triangular fuzzy numbers as follows:

%j:(m$j7a$j7/8xj) 9 .]:17273
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In this example, we used formula (6) to calculate M for control the left and the right side of fuzzy variables
proportional to other fuzzy parameters.

M = mean { Yayy Bau Qp; B, e, 50]‘

) ) ) )
|mbi| |mbb| |mcj’ ’ch’

maq‘,j#o) mp, #07 mcj#o}

—mean{ 05 05 05 05 050505050505 1 1
12507 [2.5]" [4.5]" [4.5]" |5] " 5] [5] " 5] " 3] [3] " [10]” [10]"

By using the model (7) we convert the FFLP (9) to following model:

Min  8myg, +9Img, + 10my, — 20z, — 2.25ay, — 2.5z, + 2084, + 2.2585, + 2.554,
s.t. 2.5mg, +4.5my, + 5mg, — 0.625a,, — 1.1250;, — 1.2500,, + 0.62583,, + 1.12503,, + 1.256,, > 54
SMy, + 3My, + 10my, — 1.25¢,, — 0.75¢,, — 2.5, + 1.258,, + 0.753,, + 2.58z5 > 60

0.11m,, — ag,; >0, 7=12,3
0.11m,, — Ba, >0, j=1,2,3
Myp; — Oy, >0, Qg >0, 51’]- >0, Jj=123.

As a result, the fuzzy optimal solutions obtained are as follows:
z; =(0,0,0), z5 =(0,0,0), =4 = (10.5,0,1.2); Z¥= (105,10.5,22.5).
The following is the fuzzy optimal solution obtained from Buckley and Feuring [8]:
TP =(6.4,6.4,0), FP*=(115,11.5,0), F* =1(2,2,0), ZPB*=(173,173,20).

The solutions of the method by Buckley were considerably broad, whereas all fuzzy parameters in this
example are narrow. In addition, the range of variation in these parameters is low, implying that the solutions
obtained by the method by Buckley are not.homogeneous with the fuzzy parameters. Comparison between
the obtained optimal fuzzy variable solutions by the proposed method and those by the method of Buckley
revealed that the optimal fuzzy variable solutions () by the former are narrower than those (ijB*) by the
latter (Figures 2(d), 2(e) and 2(f)). Specifically, 72* and #£* were wider than Z; and Z. Thus, the fuzzy
solutions acquired by the proposed method are homogeneous with the fuzzy parameters of the fuzzy problem.
We subsequently compared /the fuzzy objective optimal solutions obtained by both methods by performing
several methods of comparison of fuzzy numbers, and the results are shown in Table 2. All ranking functions
indicated that the fuzzy objective optimal solution by the proposed method is better than that by the method
of Buckley, except for the Liowand Wang ranking function with A = 0 that exhibits the fuzzy objective optimal
solution by the method of Buckley as much broader than that by the proposed method. Therefore, a farmer can
produce food for his pigs at a reduced price, given that all conditions are satisfied. With regards to decisions
relatedto the narrow fuzzy variable, the farmer must best speculate the amounts of P1, P2, and P3 products
to be mixed together.

Table 2

Comparison of our optimal solution with optimal solution
of Buckley on the FFLP in Example 1

Ranking Functions zZ* Z B Ranking results
Fortemps and Roubens 108 134.8 Z* = 7B
Chang 1797 11773 Z* = 7B
Liou and Wang A = 0 99.7 86.5 Z* = 7B~
Liou and Wang A = 0.5 108 134.8 A A
Liou and Wang A = 1 116.2 183 A A
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Figure 2. The graphical comparison of the results obtained from this study
with the results represented by Buckley and Feuring [8] in Example 1

Ezample 2. Consider the following fuzzy linear program [17].

(15,5,2)@1 + (16,6, 4)Ta+ (14,4, 3)75 + (12,2,2)74

(10,2,3)z1 + (41,1, 2)z2 + (12,3, 1)z3 + (15,4,2)z4 = (411.75, 140, 162)
(14,2,2)7y4 (18,4, V2 + (17,3,3)T5 + (14,1,4)z4 = (539.5, 154, 220)

Max
s.t.
5’:17527537%4 N 0;
where Z; is triangular fuzzy numbers as follows:
‘%j = (majj7awj)6wj)7 J - 1, 2,3 and 4.

In this example, we used Formula (5) in order to calculate M and control the left and the right side of fuzzy

variable proportional to other fuzzy parameters.

:max{llOl’|10|’|11|’|11|’H?I’H?I’HH’HH’M’M’H&’H&’H?I’H?I’M’M’
140 162 154 220 5 2 6 4 4 3 2 2\ _ .
|411.75]" [411.75| [539.5] " |539.5]" [15] [15]" [16]" |16] [14] |14 [12] [12]f ~—

By using Model (8) for maximization form of fully fuzzy linear programming, we convert the FFLP (10) to the

following model:
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1
Maz  15my, + 16my, + 14mg,, + 12m,, + 1 (—3myg, — 2myg, — My,
—150, — 160, — 14as, — 1200, + 158, + 1684, + 148, + 125,,)
1
s.it. 10my, + 11lmy, + 12m,, + 15m,, + 1 (Mgy + Mgy — 2My, — 2my,
100y, — 11ag, — 1204, — 150y, + 108y, + 118, + 128, + 158,,) = 417.25

1
14my, + 18my, + 17my, + 14my, + — (—3my, + 3my,

4
—1doy, — 18y, — 1Tay, — 14y, + 1484, + 1854, + 1784, + 145;,) = 556
0.408m,; — az, > 0, j=1,2,3,4
0.408my; — By; >0, j=1,2,3,4
My, —Qz; >0, g, >0, By >0, 1 =1,2,3,4.

As a result, the fuzzy optimal solutions are as follows:

T =(33.23,0,13.57), #; =(0,0,0), Fi=(0,0,0), Z; = (263,0;1.07)

Z* = (531,172,228)

This example has been solved by Lotfi et al. [17]. They have solved thistexample by solving two linear
programming problem. The fuzzy solutions of first and second linear programming problem are in I and
:EJHQ* (j = 1,2,3,4), respectively (Figure 3). Then, fuzzy objective solution has been obtained by using the

fuzzy solutions of these linear programming problem. The following results have been obtained:

F1* = (38.14,10.25,0), Z3""" =(0,0,3.31), &' =1(0,0,0), F"* = (2.65,0,0)
T{1* = (37.47,8.33,0), & =(0,0,3.82); @5 = (0,0,0), [ = (2.97,1.18,0)

ZHx — (560, 226.3, 226.3)

In this example, we show that the proposed method can also solve FFLP problems with equality constraints
by focusing on one linear programming problem only. Comparison of the optimal fuzzy variable solutions of
the proposed method and those of the method by Lofti et al. revealed that #471* and Z472* are wider than 7.
(Figure 3(i)) Moreover, 4115 = ZJ2* = 7% and the widths of Z{1'* (or Z{#2* ) and 7 /I?* are almost identical to
that of 2% and 7 , respectively (Figures 3(h) and 3(j)). Furthermore, Lotfi et al. obtained two fuzzy solutions
corresponding to each fuzzy variable. However, the fuzzy solutions were difficult to determine. Table 3 displays
the comparison between the obtained fuzzy objective optimal solutions of the proposed method and those of
Lotfi et al. who empleoyed various methods in comparing fuzzy numbers. The obtained solutions by the proposed
methods are narrower and more controlled than those of Lotfi et al. All ranking functions indicated that the
obtained fuzzy objective optimal solution of the proposed method is better than that of Lotfi et al.

Table 3

Comparison of our optimal solution with optimal solution
of F. H. Lotfi [17] on the FFLP in Example 2

Ranking Functions Z* Z = Ranking results
Fortemps and Roubens 560 560 AR A
Chang 130997 126728 Z* = ZHx
Liou and Wang A = 0 444.95 444.85 Z* = ZHx
Liou and Wang A = 0.5 560 560 AR Ak
Liou and Wang A = 1 674.9 673.1 AR A
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Figure 3. The graphical comparison of the results obtained from this
study with the results represented by Lotfi et al. [17| in Example 2

Conclusion

In this paper a new method of solving fuzzy linear programming problems is proposed. The suggested
method can solve fuzzy linear programming models with equality and inequality constraints by maximiza-
tion and minimization, and by solving one linear programming problem only. By considering the constraints

Mmg, —az; > 0 and Mmy;

— Bz; > 05 the proposed model was able to control the left and the right sides

of fuzzy variables with respect-to other fuzzy parameters of the problem. Therefore, the homogeneity among
fuzzy solutions and other fuzzy parameters of the problem can be achieved. In addition, this model prevents the
generation of broad fuzzy solutions, therefore, making the appropriate decision-making process easier and more
convenient. Moreover, the fuzzy objective optimal solutions obtained by the proposed method are better than
those by other methods, whereas the fuzzy solutions obtained by the proposed method are also more limited

and narrower.
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C.M. Hasymm, H.A. A6ayn Paxman

Mamemamura eviavimoapv, mexmebdi, Manratidusa evuivimu yrusepcumemi, Ilenarne, Manatisus

AliHBIMAJIBLIIAPBIH, ©3Tepy ANaIla30HbIH DacKapy
aPKbLJIbI CHIBBIKTHIK OaFaapJiaMaJiay/ablH TOJBIK,
aHBIK eMeC MoceJieJIepiH Ienry

Maxkasaa mienriM affHBIMATBLIAPBIHBIHE KO(MMUIUEHTTEP], OH KOIMDPUITHEHTTED KOHE alfHBIMAJIbLIA-
PBbI AHBIK, €MeC CAHIAPMEH CUIATTAIATHIH TOJIBIK, AHBIK €MEC ChI3BIKTHIK Garmapiamanay (FFLP) moce-
Jieci KapacThIpbLIFaH. AHBIK eMec IapaMeTpJepre ColKec aHbIK, eMeC alfHbIMAJIBLIAPIbIH, COJI KOHE OH,
GeJtikTepiH 6acKapy apKbLIbl OHTAMIBI AHBIK €MeC IIeNNMIEPAl aly 9/ici YChIHBLIFaH. AHBIK eMec
GacKapbLIATBIH MIEMIIMIEP/Il KOJIaHCca, aBTOpJIap KYTIEereH Kayanrapaal ayiak 6osaabl. COHbIHIA,
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YCBIHBLIFAH MOJIEJIb OipHele capaJjay (pyHKIUsIapbIH KOJIJAHATHIH O6acKa diCTepre KaparaH a KaKChI
OHTAMJIBI IIEINNM 6epe alaThbIHIBIFBIH KOPCETETIH €Ki CAaHJIBIK, MbICAJ KeJITipiJiii.

Kiam cesdep: TOJBIK, aHBIK €MeC ChI3BIKTBIK OaraapjamMaliay, aHbIK eMEeC ChI3BIKTBIK, OargapJaMaliay,
aHBIK eMeC CaH, capaJiay (PyHKIUSCHI.

C.M. JlaByu, H.A. A6y Paxman

HIxona mamemamuveckux nayk; Hayuwnund ynusepcumem Manatisuu, [lenarne, Manratizua

Penitenne mo/iHOCThIO HEYETKUX 33129 JIMHEIHOTO
IMpOorpaMMUPOBaHUS IIyTEM YIIPAaBJIECHUS
ANAIIAa30HOM U3MEHEHUs NepeMeHHbIX

B craThe paccMOTpeHa 3a/1a9a IIOJHOCTBIO HeYeTKoro suneitnoro nporpammuposanus (FFLP), B koro-
Ppoit KO3 DUIMEHTHI IEPEMEHHBIX PEIleHNs], IpaBble KOI(MMUIMEHTHI U IIEPEMEHHBIE XaPaKTEPU3YIOTCsI
HedeTKUMHU ducjaaMu. [IpeniokeH MeTo I oIy YeHnsl ONTUMAJIBHBIX HEYETKAX PENICHA TyTeM YIIPaB-
JIEHUsI JIEBOI M [PABOW YACTIMU HEUYETKUX HEPEMEHHBIX B COOTBETCTBHU € HEUETKUMU MapaMETPAMU.
Wcnonb3yst HeYeTKHE KOHTPOJUPYEMBIE PEIEHNsI, aBTOPHI N30€KAIA HEOKUAAHHBIX OTBETOB. TakuM
06pa30M, TIPUBEIEHBI PEIIeHNs IBYX UMUCIEHHBIX ITPUMEPOB, JEMOHCTPUPYIONINX KAaK IpeJiaraeMast
MOJIEJIb MOXKET 0DECHEeYUTh JIydIllee ONTUMAJILHOE PEIleHre, YeM JIPYTUe METO/Ibl, UCIIOJIb3YIOIINe He-
CKOJIbKO (DYHKITUI PaH>KUPOBAHUSI.

Kmouesvie caoea: IOTHOCTBIO HEYETKOE JIMHEHHOE IIPONPAMMUPOBaHUeE, HEYETKOe JIMHEITHOe IIporpaM-
MUPOBAHME, HEIETKOE UNCJIO, (DYHKIINS PAHKUPOBAHMSI.
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