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ABSTRACT :  
 Linear Programming (LP) is a fundamental optimization technique widely used in operations 
research, economics, engineering, and management sciences. The success of an LP model largely depends on 
the accurate formulation of constraints, which represent practical limitations such as resource availability, 
production capacity, demand fulfillment, and policy regulations. This paper presents a comprehensive study 
of constraints in linear programming models, including their mathematical structure, classification, and 
functional significance. The role of constraints in defining the feasible region and determining optimal 
solutions is examined. Additionally, the economic interpretation of constraints through duality theory and 
sensitivity analysis is discussed. The paper also highlights modern extensions of constraints such as stochastic 
and fuzzy constraints to address uncertainty in decision-making environments. The study concludes that 
effective constraint modeling is essential for ensuring feasibility, realism, and applicability of LP solutions in 
real-world problems. 
 
KEYWORDS : Linear Programming, Constraints, Feasible Region, Optimization, Duality, Sensitivity Analysis, 
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INTRODUCTION 
 Linear programming is a kind of mathematical procedure or tool. It is extremely useful in modeling 
real life problem as simple as household management of income and expenditure. In a real life we face with 
problems of this nature in many common diverse situations, ranging from the allocation of production 
facilities of products, to the allocation of natural resources, to domestic needs, from portfolio selection to 
the shipping patterns, from agriculture planning to design of radiation therapy and so on. In each of these 
situations, linear programming is one of the most common tools used by decision makers for planning or 
analysis in order to find best possible outcome. Most of the business and economic activities may have the 
problem of planning. The problem may be due to the limited resources. But we are concerned with the 
objective of obtaining the maximum production or to minimum the cost of production or to get maximum 
profit etc, with the use of limited resources. Such problems are referred to as the problems of optimization. 
Nowadays linear programming is used in a variety of 
applications such as maximizing profits, minimizing costs, find 
the most efficient transporting schedules, minimizing waste, 
securing the proper mix of ingredients, controlling inventories, 
and find the most efficient assignment of personnel. 

The term linear means the variable measured is of 
degree one. Mathematically, the problem of linear 
programming is formulated in the following way; it is required 
to find the absolute extremism (the least or the largest value 
depending on the sense of the problem) of the linear function. 
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F=c1 x1 +c2 x2 +c3 x3 +……….+cn xn is the objective function, provided the variables x1 ,x2 , …….,xn are 
restricted with limitations in the form of linear equalities or inequalities; ∑= ≤ n j ij j bi a x 1 (i=1, 2, …….. m) 
And non-negative conditions; 0, 0,............, 0 x1 ≥ x2 ≥ xn ≥ are called the constraints. 

John Von Neumann developed the theory of duality as a linear optimization solution, and applied it 
in the field of game theory, postwar, many industries found its use in their daily planning. The linear 
programming problem was first shown to be solvable in polynomial time by Leonid Khanhiyan in 1979. But a 
large theoretical and practical in the field cam in 1984 when Narendra Karmarkar introduced a new interior 
point method for solving linear programming problems. Nowadays these above methods are popular 
mathematical methods in solving wide range of real-life practical business, agricultural, industrial and 
economics problems. 

 
Constraints 

 Decision variables have to satisfy certain limitations or conditions or restrictions in solving the linear 
programming problem. This is, the restrictions imposed on the decision variable are known as the 
constraints. The constraints are expressed in linear equalities or inequalities. a1 x1 +a2 x2 +….an xn≥ or ≤ d1 
b1 x1 +b2 x2 +……..bn xn≥ or ≤ d2 c1 x1 +c1 x2 +…………….+cn xn≥ or ≤ dn wherea1 , a2 , ….. an , b1 , b2 , ……, 
bn , c1 , c2 , …., cn and d1 , d2 , ……,dn are constants. x1 , x2 ……,xn are non-negative decision variables. x1≥ 
0, x2≥ 0, …….xn≥ 0. The non-negative conditions imposed on the decision variables is also a kind of 
constraints. 

 
Theorems 
Theorem1: A linear objective function can reach its strict absolute extremum only at terminal points of the 
permissible domain. Theorem2: The linear objective function: f(x, y)=ax+by+c, in two variables, defined on a 
convex polygon regions R takes on its optimum value at vertex of R. If R is undounded there may or may not 
be an optimum value, but if there is then it must occur at a vertex of R. Theorem3: Fundamental theorem of 
linear programming: “If there is a solution, it occurs on the boundary of the feasible region, not inside the 
region.”  
 
Mathematical Formulation of Linear Programming Constraints 
A general Linear Programming Problem (LPP) is formulated as: 
Maximize/Minimize: 
Z=∑j=1ncjxjZ=j=1∑ncjxj 
Subject to: 
∑j=1naijxj≤bi,i=1,2,…,mj=1∑naijxj≤bi,i=1,2,…,mxj≥0,j=1,2,…,nxj≥0,j=1,2,…,n 
 
Where: 
 xjxj = decision variables 
 cjcj = objective function coefficients 
 aijaij = technological coefficients 
 bibi = resource limits 
 mm = number of constraints 
 nn = number of variables 
 The constraints collectively define the feasible region of the optimization problem. 
 
CLASSIFICATION OF CONSTRAINTS 
A. Resource Constraints 
These constraints limit the availability of inputs such as labor, materials, capital, and machine time. 
Example: 
2x1+3x2≤1002x1+3x2≤100 
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B. Capacity Constraints 
Capacity constraints restrict the production or service level based on operational limits. 
Example: 
x1≤500x1≤500 
C. Demand Constraints 
These ensure minimum customer demand satisfaction. 
Example: 
x1+x2≥200x1+x2≥200 
D. Equality Constraints 
Equality constraints maintain balance conditions, commonly used in transportation and network flow 
models. 
Example: 
x1+x2=300x1+x2=300 
E. Non-Negativity Constraints 
Non-negativity ensures realistic solutions: 
xj≥0xj≥0 
F. Policy and Logical Constraints 
These incorporate managerial or regulatory conditions such as minimum production requirements or ratio 
constraints. 
 
ROLE OF CONSTRAINTS IN DEFINING THE FEASIBLE REGION 

The feasible region consists of all points satisfying all constraints simultaneously. In linear 
programming, the feasible region is convex and polyhedral. 

According to the Fundamental Theorem of Linear Programming, if an optimal solution exists, it lies 
at an extreme point (corner point) of the feasible region. Thus, constraints determine: 
 Feasibility 
 Optimality 
 Unboundedness 
 Degeneracy 
 
Dual Interpretation of Constraints 

Each constraint in the primal problem corresponds to a dual variable in the dual problem. These dual 
variables are interpreted as: 
 Shadow prices 
 Marginal value of resources 
 Opportunity cost 
 Duality theory provides economic meaning to constraints and supports sensitivity analysis, where 

changes in constraint parameters affect the optimal solution 
 
Advanced Forms of Constraints 
Modern research extends traditional LP constraints into advanced models: 
1. Stochastic constraints (uncertain parameters) 
2. Fuzzy constraints (imprecise information) 
3. Chance-constrained programming 
4. Multi-objective constraint systems 
5. Integer and mixed-integer constraints 
6. These extensions enhance the applicability of LP in complex and uncertain environments. 
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Applications 
Constraints in LP models are widely applied in: 
 Production and manufacturing systems 
 Transportation and logistics 
 Agricultural planning 
 Financial portfolio optimization 
 Energy management 
 Healthcare resource allocation 
 Proper constraint formulation ensures realistic and implementable solutions. 
 
CONCLUSION 

Constraints are the backbone of linear programming models. They transform practical limitations 
into mathematical structures that define the feasible solution space. The quality of an LP model depends 
heavily on the accurate identification and formulation of constraints. Modern research continues to enhance 
constraint modeling to address uncertainty, dynamic conditions, and complex real-world systems. Effective 
constraint design remains essential for reliable and meaningful optimization outcomes. 
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