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ABSTRACT

Linear Programming (LP) is one of the most powerful
optimization techniques used in operations research for decision-
making under constraints. The effectiveness of LP models depends
largely on the proper formulation and interpretation of constraints.
This research paper examines the nature, Cclassification, and
mathematical structure of constraints in Linear Programming
Problems (LPP). It also discusses solution methodologies such as the
Simplex Method, Duality Theory, and Interior Point Methods. Special
emphasis is given to issues like infeasibility, degeneracy, redundancy,
and unboundedness that arise due to improper constraint formulation. The study concludes that accurate
constraint modeling is fundamental for achieving optimal and feasible solutions in real-world applications.
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1. INTRODUCTION

Linear programming (LP) is a branch or subset of mathematical programming. LP is the
quantitative analysis technique for deciding to achieve the desired goal. It is a simple optimization
technique. It is considered to be the most important method of optimization in different fields. It is used
to obtain the most optimal solution to the problem within some constraints. It comprises of an objective
function; linear inequalities subject to some constraints may be in the form of linear equations or in the
form of inequalities. This method is used to maximize or minimize the objective function of the given
mathematical model comprising the set of linear inequalities depending upon some constraints
represented in the linear relationship. LP is concerned with the maximization or minimization of a
linear objective function in many variables subject to linear equality and inequality constraints [1]. It
deals with the optimization of linear functions subject to linear constraints. Particularly, LP helps to
allocate the resources efficiently to profit maximization, loss minimization, or to utilize the production
capacity to the maximum extent [2]. LP always helps formulate the real-life problems into a fixed
mathematical model. Thus, it is also defined as a mathematical technique for solving different real-life
problems to determine the optimal solution or for calculating the best value within the context or
situation [3]. It is used to find the optimum utilization of the resources at the minimum cost. In another
words, it deals with the allocation of resources with some restrictions such as costs and availability. It
uses some assumptions while determining the optimal value. The linear inequalities or restrictions
known as constraints of LP problems are always articulated in quantitative terms. The objective
function says the linear function Z = ax + by, where a, b are constants and the constraints i.e.x* 0,y 30
should always be linear and the linear function is to be optimized. LP is extensively used in mathematics
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and other different fields of social and physical sciences. For instance it is used to make the decision on
business planning, industrial engineering, economics, telecommunication, energy, transportation and
routing, fields of manufacture, various types of scheduling, etc. It is the simplest and most extensively
used method of problem optimization [3]. In a real-life situation, the multi-sector optimization problem
usually occurs such as the planning of regional development, development of water or electricity
systems, urban planning, and preservation of the natural environment [4]. This article mainly discusses
on the historical overview, meaning, and definition of the LP problem, some assumptions, major
components, characteristics of LP, and some real-life applications.

Linear programming is considered to be extremely significant tool due to its application in
modeling real-world problems and its use in mathematical theory. Linear programming problem is the
specified linear function that is considered as an objective function that may contain several variables
subject to the conditions satisfying a set of linear inequalities known as linear constraints and it is
concerned with finding the optimal value of the given linear function. A linear function or the objective
function has the form: a0 + a1l x1 + a2 x2 + a3 x3 +... + an xn = 0, whereas, a's are called the coefficients
or sometimes called parameters of the equation and x's are called the variables of the equation. The
optimal value can either be a minimum or maximum. The LP problem is used to find the best answer for
a range of circumstances, together with manufacturing issues, transportation issues, diet issues,
allocation issues, etc. Different areas of applied mathematics were developed in the late 1940s to solve
the allocation problems of the number of resources. An LP problem can be defined as the problem of
maximization or minimization of the linear function subject to the linear constraints. The constraints
may be equalities or inequalities. It is a special and extremely important type of optimization problem
due to its wide applicability in different sectors .

2. MATHEMATICAL FORMULATION OF LPP

A general Linear Programming Problem can be formulated as:
Objective Function:

Maximize or Minimize Z=)j=1ncjxjMaximize or Minimize Z=j=1) ncjxj
Subject to Constraints:
Yj=1naijxj<bi(i=1,2,..,m)j=1Ynaijxj<bi(i=1,2,..,m)
Non-negativity Restrictions:

xj=20xj20

Where:

e Xjxj = Decision variables

e Cjcj = Profit/Cost coefficients

e aijaij = Resource coefficients

e bibi = Resource availability

3. TYPES OF CONSTRAINTS IN LINEAR PROGRAMMING

3.1 Resource Constraints

Represent limitations such as labor hours, machine capacity, and materials.
3.2 Equality Constraints

Used when exact fulfillment is required (e.g., blending problems).

3.3 Greater-than (Surplus) Constraints

Used in minimum production or demand satisfaction problems.

3.4 Non-negativity Constraints

Ensure practical feasibility since production cannot be negative.

4. LITERATURE REVIEW
The foundation of Linear Programming was laid by George Dantzig through the development of
the Simplex Method. Later, Leonid Kantorovich independently developed similar optimization
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principles and was awarded the Nobel Prize in Economics for his contribution to resource allocation
theory.

John von Neumann contributed significantly to Duality Theory, which explains the economic
interpretation of constraints through shadow prices.

Modern advancements in Interior Point Methods were introduced by Narendra Karmarkar in
1984, significantly improving computational efficiency for large-scale problems.

Recent studies emphasize sensitivity analysis and robustness of constraints in uncertain
environments.

5. METHODOLOGY

This study adopts a theoretical analytical approach:

1. Classification of constraints

2. Mathematical analysis of feasible regions

3. Comparative evaluation of solution techniques

4. Identification of constraint-related issues

Both graphical and algebraic solution techniques are examined.

6. CONSTRAINT-RELATED ISSUES IN LPP

6.1 Infeasibility

Occurs when no solution satisfies all constraints simultaneously.
6.2 Unbounded Solution

Occurs when objective function improves indefinitely.

6.3 Degeneracy

Occurs when multiple basic feasible solutions exist at a vertex.
6.4 Redundant Constraints

Constraints that do not affect the feasible region.

7. APPLICATIONS OF LP CONSTRAINTS
e Production planning

e Transportation models

e Diet problems

¢ Financial portfolio optimization

e Supply chain management

8. RESULTS AND DISCUSSION

The analysis indicates that:

e Properly defined constraints ensure realistic solutions.

¢ Redundant or inconsistent constraints lead to computational inefficiency.

e Duality theory provides economic interpretation through shadow prices.

e Interior point methods improve large-scale optimization performance.

Constraints are not merely restrictions; they shape the structure and quality of optimal solutions.

9. CONCLUSION

Constraints play a crucial role in determining the feasibility and optimality of Linear
Programming Problems. The study confirms that precise modeling and interpretation of constraints are
essential for practical decision-making. Future research may focus on stochastic constraints and non-
linear extensions of LP models.
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