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Abstract:

The problem of optimizing an objective
function that exists within the constraints of
equality and inequality is addressed by nonlinear
programming (NLP). A linear program exists if
all of the functions are linear; otherwise, the
problem is referred to as a nonlinear program.
The development of highly efficient and robust
linear programming (LP) algorithms and
software, the advent of high-speed computers,
and practitioners’ wider understanding and
portability of mathematical modeling and
analysis have all contributed to LP’s importance
in solving problems in a variety of fields.
However, due to the nature of the nonlinearity of
the objective functions and any of the
constraints, several practical situations cannot
be completely explained or predicted as a linear
program. Efforts to overcome such nonlinear
problems quickly and efficiently have made
rapid progress in recent decades. The past
century has seen rapid progress in the field of
nonlinear modeling of real-world problems.
Because of the uncertainty that exists in all
aspects of nature and human life, these models
must be viewed through a system known as a
fuzzy system. In this article, a new fuzzy model is
proposed to address the vagueness presented in
the nonlinear programming problems (NLPPs).
The proposed model is described; its
mathematical ~ formulation and  detailed
computational procedure are shown with
numerical illustrations by employing trapezoidal
fuzzy membership functions (TFMFs).Here, the
computational procedure has an important role
in acquiring the optimum result by utilizing the
necessary and sufficient conditions of the
Lagrangian multipliers method in terms of
fuzziness. Additionally, the proposed model is
based on the previous research in the literature,
and the obtained optimal result is justified with
TFMFs. A model performance evaluation was
completed with different set of inputs, followed
by a comparison analysis, results and discussion.
Lastly, the performance evaluation states that
the efficiency level of the proposed model is of
high impact. The code to solve the model is
implemented in LINGO, and it comes with a
collection of built-in  solvers for various
problems.
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Introduction

NLP typically describes rather more
significant challenges than LP. The situation is
perhaps always difficult if all of the constraints are
linear and the objective function is nonlinear. For
example, the feasible set may or may not be convex,
and the optimum result could be placed within the
feasible set, on its boundary, or at its vertex. For the
most part, the scientific programming issue manages
the ideal use or distribution of constrained assets to
meet the ideal goal. The fuzzy NLP issue is valuable
in taking care of issues due to the uncertain,
emotional nature of the problematic definition, or
due to its precise arrangement. In this case, an
objective function must improve while working
within certain constraints. Ref [1] introduced the
theory of fuzzy and fuzzy decision-making, and the
right decision used in decision problems to attain
the optimum result [2]. Finally, the evaluation of
the optimal results for the mentioned two cases
reveals the newness and cost effectiveness so far
fuzzy model, addressing the ambiguity and
providing significantly more optimum values.

Literature Survey

This section highlights certain identified research
work collections of existing fuzzy NLP, as shown
below: Fuzzy programming techniques are likely to
have a broader range of applications for nonlinear
optimization and also stochastic optimization,
specifically for allocation problems in supply chain
management. A genetic algorithm technique has been
used to illustrate the nonlinear transportation problem
as an improved version of their previous findings for
linear transportation problems, which obtained
feasibility due to chromosome structures and genetic
operators [19]. An innovative application for
nonlinear network flow problems has been presented,
which is strong enough to handle mixed-integer
nonlinear optimization problems that in corporate an
online a transportation problem with the best
solution[20].
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The outcomes are compared to a proposed Tofindthea-cutofT,whereo.€[0,1],letus set the
approach for the design of the lowest cost canal reference functions of T to each left and right.
sections in Newton’s method, which is applied to
KKT conditions for the constrained into Expressing  xtoa,  wherexV=(t,~t;)a+tiandx®=
unconstrained NL optimization problems with ty*+(ts—ts)a which provides the a—cut of T is

standard  algorithms  [28].The  fuzzy-based
Lagrangian method can be described as the digital
information mechanism to support vector machines
for readily accessible biomedical data interpretation

“T= XM x@] = [(t—ty) atty, ta+(ta—ts)al.

An Optimization Model for Fuzzy Nonlinear

[29]. Programming
Research emphasison fuzzy optimization
Preliminaries issues in the area of NLP is mainly limited. However,
In this section, some essential primary little attention has focused on NLP, such as within
concepts and backgrounds are outlined in fuzzy quadratic programming, separable programming and
mathematics[5,6].Nowitseemstoaddressafewdefinitio search methods, and many others. However, apart
nswhicharemostrequired: from that, there are several numerous forms of fuzzy
NLP addressed extensively in various significant
Definition1 issues, mostly in complex industrial systems.

Research emphasis on problems of fuzzy optimization
in the field of NLP is generally limited. Furthermore,

LetT=[ty,t,,ts, ts]beatrapezoidalfuzzynumberwiththef there is little interest in NLP to address the vagueness
ollowingMF, soft the issues. Besides this, in many real issues, many
kinds of fuzzy NLPs occur, mainly in complex
x—tl tl<x<t2 mapufacturing systems_. _This cannot be signified a}nd
22—l enlightened by traditional models. Meanwhile,
Hr(x)= X_lt’3t2 sx=t3 scientific studies on modeling techniques and
G 3sx=td enhancing approaches for NLP in fuzzy situations
are important not only from the frame work of fuzzy
TheMFur(x)isillustratedintheFigure 1below optimization but also in the application of the

challenges.

w(x)

Numerical Hlustration

This section outlines two illustrative examples
that canbe used to optimize the models for addressing
the problem of fuzzy NLP using TFMF and its
mathematical calculations[5-7,32]. In Case(i),the fuzzy
model explains the procedure using the MF
approach,and inCase(ii), the same problem was
investigate during the robus tranking approach.

The NLP in the manner of fuzziness is as follows,
and the fuzzified form of the considered NLPP can be

Ty 3 ¢ i ( : ', stated as below:

Trapezoidal Membership luncﬂon Wix)

Minimize
Figurel.TrapezoidalMembershipfunctionuT(x).

2 2 2
[-1,0,2,31x® +[-1,0,2,3]x® +[-1,0,2,3]x® " forall
Definition2 k=1,2,3,4.

LetafuzzysetTinXandanyrealnumberain(0, 1], thentheo-

cutof T, denoted by “T is the crisp set “T= {x € X :
Mr(X) > a}. For illustration, let T be a fuzzy set
whosemembershipfunctionisgivenasabovepr(x).
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x® x® x0>0 forallk=1,2,3,4
[_2X2+2X2)L, 0,4%,—4X54, 6X2_6X2/1] =0
[_2X3,_)L AX3—34, 6X3_4/1] =0

2X1—X2—12, 3% +X5—13,5X; +2X,2+3Xg—15,6X;+3Xp>+4X3
-16=0

Solving the above the equations results in the extreme
points,they are;

Extremepointl:(x.,A.)=[(1,1.5,2.5,3),(—2,0,4,6),(0,0.5,
1.5,2),(—1,0,2,3)]
Extremepoint2:(x.,A.)=[(1,1.5,2.5,3),(—2,0,4,6),(0,0.5,
1.5,2),(—1,0,2,3)]

Extremepoint3:(x.,A.)=[(1.4,2.1,3.5,4.2),(—2,—1,1,2),(0,
0.7,2.1,2.8),(0.8,1.1,1.7,2)]

By employing the sufficiency conditions to
evaluate whether the extreme point sare maximum
or minimum. Hence, the sufficient conditions for
the LMM for minimizing the above NLPP as H=

[2356] [0134  1,34]
[-2,-1,1,2
]

[2,356] [0134] [2-112]  [2-112
]
[0134]x [-2-11, [0,}.34]-0,13, [-2,-1,1.2
2 2] 4P ]
01341 [2-LL [2-112  [0134]

2]

International Journal of Engineering Research & Technology (IJERT)

ixy) )

Degree of membership functions
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The furry vectons (1 ) ) () and the Lagrangian multipfier (L)
2®9=[0.8,1.1,1.7,2]&Z%=[-9.8,0,19.6,29.4] for all
k=1,2,3,4.

Case(ii): The Robust Ranking Approach for NLP
with Fuzzy MFs

The NLP in the manner off fuzziness i s as follows,
and the fuzzified form of the considered NLPP can
be stated as below:

Minimize

02 02 02
[-1,0,2,3]x® +[-1,0,2,3]x® +[-1,0,2,3]x® " for all
k=1,2,3,4.

Subject to the constraints,

2
[2,3,5,6]x%+[-1,0,2,3]x® +[0,1,3,4]x®=[12,13,15,1
6], for all k=1,2,3,4.

x® x® x®=>0 for all k=1,2,3,4

The confidence interval for each degree a & the
trapezoidal structures will be characterized by the
functions of a.

Therefore,
X xPN=T TV =[(tt) o+, ta+ (t—t)ar]

=[la—1,a — 3]

R(T)=R[-1,0,2,3]= (0.5)* T-T" da= (0.5)(2)da=1

Published by, www.ijert.org | SSN: 2278-0181

Volume 12, I ssue 01


www.ijert.org

NCAAIET —2024

Using the proposed approach in the previous section,
the fuzzy NLPP can be modified to the conventional
crisp problem; the crisp problem is

MinimizeZ=x,2+X,2+x5
Subject to the constraints,
AX1 X2+ 2X1 =147 %1, X0, X5>0.

Now apply the existing conventional approach to
the NLPP by using necessary  and
sufficientconditionsoftheLMMandobtainedtheoptim
umsolutionfortheaboveis

X1=2.8,X,=0,x3=1.4 A1 =1.4 & Minimum Z =9.8.

Models Performance Evaluation with Different Sets of
Inputs

This section is encapsulated to determine the
efficiency of the fuzzy model and its solutions. For
this efficiency test,we have considered four different
sets of inputs in fuzzy format and then, using the
ranking function provided in the earlier section,
wehave defuzzified all these inputs to obtain the
equivalent crisp number. The fuzzy inputs are
available in Table 1.With the defuzzified value, we
have solved the model for each set using LINGO
software and we have obtained the optimal
solution for the NLPP.The results are given in
Tablel and here it canbe easily observed that for
any arbitrary set of trapezoidal fuzzy inputs,the
model is solvable and gives the optimal solution.
The code to solve the model is implemented in
LINGO, and it comes with a collection of built-in
solvers for wvarious problems. The modeling
environment is strictly aligned to the LINGO
solver and because of this interconnectivity, it
transmits problems directly to memory which
results in the minimization of compatibility issues
between the solver and modeling components. It uses
multiple CPU cores for model simulation, thus
giving faster results

Results and Discussion

Employing the suggested model numerical
illustrations demonstrate that the optimum value of
the FNLPP is [-9.8, 0, 19.6, 29.4], which might be
a fresh attempt to clear the vagueness.The optimum
solution for the fuzzified NLPPs will be
continuously greater than —9.8 and lessthan 29.4,
and the most likely outcome will be some where in
the range of 0 and 19.6.The varieties in cost with
significance probability can be seen in Figure 3.
Additionally, obtained fuzzy optimum solutions X;;
might be empirically comprehended.
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The decision maker perception,the entire value of the
fuzzy NLPP,will be higherth—9.8and lessthan 29.4.
The decision-maker for the entire fuzzy NLPP
estimations are going to be bigger than or sufficient to
0 and less than or equivalent to 19.6. The extent of
the favors of the decision-maker for the rest of the
estimations of the entire fuzzy NLPP value has
frequently been attained as below: Here x describes
the significance of the entire NLPP,and also the
perception of decision- makers for ppin(X).
(X108 9g<x<o0
9.8

)
I
Um0<x<96 }
I
)

|

I
L 9

—for 19.6 < x < 29.4

0, otherwise

s x|

-

Degres of membership functions

-
-

-
-

-
-

=
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The fuzzy optimum solution

Conclusions

Finally, an effort has been made to create a
model that solves the problem of NLP in a fuzzy
environment. The fuzzy version of the problem has
been addressed using the necessary and sufficient
conditions of Lagrangian multipliers in terms of
fuzziness with the aid of an umerical illustration.
This approach clarifies by solving two numerical
illustrations; one is using MFs, and the other, the
approach of robust rankings.MFs provide a
significant role in the creation of a model in a
fuzzy context.Most of there search techniques have
been discussed in establishing only the MFs for the
fuzzy objectives or constraints.However, this
approach solved the mutually contradictory
complexity ofthe objectives as well as constraints
using MFs.This model offers an efficient approach
to dealing with the problems of NLP.
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Therefore, the optimal solution has been
signified through fuzziness with in the result and
discussion.Additionally, the solution is explained
by the manner of TFMs which have models of
performance evaluation with different sets of
inputs. This shows that the efficiency level of the
model is of high impact. The code to solve the
model is implemented in LINGO, and comes with a
collection of built-insolvers for various problems.
Furthermore, the comparison analysis could be a
newly-designed effort to solve NLPs under fuzziness.
The model focuses on addressing the decision-makers
uncertainties and subjective experiences, and can
help to solve decision-making issues. The model’s
future scope suggests that the model be used in
other types of NLPPs or suitable nonlinear
optimization models in upcoming models,
preferably optimization models, under numerous
fuzzy situations.
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