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Graphical Linear Programming (GLP) is an essential method used in operations research
and management science to solve optimization problems involving multiple linear
constraints and an objective function. At the heart of GLP lies the concept of the feasible
region, often referred to as the "area," which is the set of all possible solutions that satisfy
all the given constraints simultaneously. This region plays a crucial role in determining the
optimal solution to the problem, whether it is to maximize profit, minimize cost, or achieve
some other objective.

In this comprehensive guide, we will explore what the feasible area in graphical linear
programming is, how it is constructed, its properties, and its significance in solving real-
world problems. This knowledge is vital for students, professionals, and anyone interested
in optimization techniques and decision-making processes.

Understanding Graphical Linear Programming

What is Linear Programming?
Linear programming (LP) is a mathematical technique used for optimizing a linear objective
function, subject to a set of linear inequalities or constraints. It helps in decision-making
where resources are limited, and multiple options are available. The goal can be to
maximize profits, minimize costs, or achieve other specific objectives within certain
limitations.

Role of Graphical Method
The graphical method is a visual technique for solving LP problems involving two decision
variables. It allows one to:

- Visualize the feasible region
- Identify the optimal solution graphically
- Understand the impact of constraints on the solution space

This method is particularly useful for educational purposes and small-scale problems,
providing intuition about the behavior of linear constraints.



The Feasible Region: The Core Concept

Definition of the Feasible Region (The Area)
The feasible region, often termed as the "area" in graphical LP, is the set of all points in the
coordinate plane that satisfy all the constraints simultaneously. It represents all feasible
solutions to the LP problem.

Key points:
- It is a convex polygon (or region) in two-dimensional space.
- It is bounded or unbounded depending on the constraints.
- Any point within this region is a potential candidate for the optimal solution.

Constructing the Feasible Region
The process involves several steps:

Plotting the constraints: Each linear inequality is graphed on the coordinate plane.1.

Shading the feasible side: For each constraint, identify and shade the side of the2.
boundary that satisfies the inequality.

Finding the intersection: The feasible region is the intersection of all shaded areas,3.
representing all solutions satisfying all constraints.

Identifying boundary lines: The edges of the feasible region are formed by the4.
boundary lines of the constraints.

Note: The feasible region is empty if the constraints are inconsistent, meaning no solution
satisfies all constraints simultaneously.

Properties of the Feasible Region

Convexity
The feasible region in linear programming is always convex. This means:

- Any line segment connecting two points within the region lies entirely within the region.
- Convexity simplifies optimization because the maximum or minimum of a linear function
occurs at a vertex (corner point) of the region.



Boundedness
- The region can be bounded (finite) or unbounded.
- When the constraints limit the region from all sides, it is bounded, and the solution lies
within a finite area.
- If some directions are unbounded, the feasible region extends infinitely in those
directions.

Vertices (Corner Points)
- The feasible region is typically a polygon with vertices at intersections of the boundary
lines.
- The optimal solution to a linear programming problem occurs at one of these vertices,
according to the fundamental theorem of linear programming.

Significance of the Feasible Region in
Optimization

Locating the Optimal Solution
The main purpose of graphically representing the feasible region is to find the point(s) that
optimize the objective function.

Key points:
- Since the objective function is linear, its maximum or minimum occurs at a vertex (corner
point).
- The solution involves evaluating the objective function at each vertex and selecting the
best.

Advantages of Graphical Approach
- Provides visual insight into the problem.
- Helps in understanding the effect of changing constraints.
- Useful for small problems involving two variables.

Limitations
- Not practical for problems with more than two variables.
- Becomes complex with numerous constraints.
- Less precise than algebraic or software-based methods for large problems.



Step-by-Step Example of Constructing the Area in
Graphical Linear Programming

Suppose we have the following problem:
Maximize Z = 3x + 2y

Subject to constraints:

x + y ≤ 41.

x ≥ 02.

y ≥ 03.

Steps to find the feasible region:

Plot the constraints:1.

Line x + y = 4

Line x = 0 (y-axis)

Line y = 0 (x-axis)

Identify feasible sides:2.

For x + y ≤ 4, shade the region below or on the line.

For x ≥ 0 and y ≥ 0, shade the region in the first quadrant.

Determine the intersection:3.

The feasible region is the triangle bounded by (0,0), (4,0), and (0,4).



Finding the optimal point:
- Evaluate Z at each vertex:
- At (0,0): Z = 30 + 20 = 0
- At (4,0): Z = 34 + 20 = 12
- At (0,4): Z = 30 + 24 = 8

- The maximum Z is 12 at (4,0).

Conclusion: The optimal solution is at (4,0) with a maximum value of Z = 12.

Applications of the Feasible Region in Real-World
Scenarios

Business and Economics
- Maximizing profit or revenue within resource constraints.
- Minimizing costs while meeting production requirements.

Engineering and Manufacturing
- Optimizing material usage.
- Scheduling and resource allocation.

Transportation and Logistics
- Route planning with constraints.
- Inventory management.

Environmental Management
- Controlling pollution levels within regulatory limits.
- Sustainable resource utilization.

Conclusion

The feasible region, or the "area" satisfying all constraints in graphical linear programming,
is a fundamental concept that underpins the solution process for LP problems. It visually
represents all potential solutions that meet the problem's limitations, and its vertices are
the candidates for the optimal solution. Understanding the construction, properties, and
significance of this region enables decision-makers and analysts to effectively utilize
graphical methods for solving optimization problems involving two variables. While the
graphical approach has its limitations, it remains an invaluable educational tool and a



stepping stone to more advanced algebraic and computational techniques used in large-
scale linear programming applications.

By mastering the concept of the feasible region, individuals can develop better intuition
about constraints, trade-offs, and optimal solutions—skills that are crucial across various
fields, from business planning to engineering design and beyond.

Frequently Asked Questions

What is the region called that satisfies all constraints in
graphical linear programming?
The region is called the feasible region.

Why is the feasible region important in graphical linear
programming?
Because it contains all possible solutions that satisfy the constraints, helping identify the
optimal solution.

How is the feasible region represented in graphical
linear programming?
It is represented as the intersection of all the half-planes defined by the constraints on a
graph.

Can the feasible region in graphical linear programming
be unbounded?
Yes, if the constraints do not limit the region in all directions, the feasible region can be
unbounded.

What role does the feasible region play in solving linear
programming problems graphically?
It helps determine the optimal solution by evaluating the vertices or boundary points of the
region.

Is the area satisfying all constraints in graphical linear
programming always convex?
Yes, the feasible region formed by linear constraints is always convex.



Additional Resources
The Region Which Satisfies All Of The Constraints In Graphical Linear Programming Is Called
The Area

Linear programming (LP) is a fundamental mathematical technique used extensively across
various industries—from manufacturing and transportation to finance and logistics—to
optimize resource allocation and decision-making. At its core, LP aims to maximize or
minimize a linear objective function, subject to a set of linear constraints. When visualized
graphically, the solution space—the set of all feasible solutions—is represented as a specific
region in a coordinate plane. This region, which encompasses all points satisfying the given
constraints, is often referred to as the area. Understanding this area is crucial for grasping
the geometric intuition behind linear programming solutions.

This article delves into the concept of the feasible region in graphical LP, exploring its
definition, properties, and significance. We will examine how constraints shape this region,
how to identify the optimal solutions within it, and the importance of the geometrical
perspective for both students and practitioners.

---

Understanding the Feasible Region in Graphical
Linear Programming

Definition of the Area in LP Context

In graphical linear programming, the area—more precisely, the feasible region—is the
intersection of all the constraints represented as linear inequalities. It is the set of all points
on the coordinate plane that satisfy every constraint simultaneously.

For example, consider two decision variables, x and y, representing quantities such as
production units or resource allocations. The constraints might include limitations like:

- Resource availability
- Market demand
- Capacity restrictions
- Policy constraints

Graphically, each constraint appears as a straight line (or boundary line), with the feasible
side marked according to the inequality. The area that satisfies all inequalities forms a
polygon or a convex region, which is the focus for optimization.

---



The Geometric Nature of the Feasible Region

Convexity and Its Significance

One of the key properties of the feasible region in linear programming is convexity. This
means that for any two points within the region, the line segment connecting them also lies
entirely within the region. Convexity has profound implications:

- Uniqueness of the optimal solution: For a linear objective function, the optimal solution, if
it exists, is always found at a corner point (vertex) of the feasible region.
- Simplification of the search: Instead of examining the entire area, attention can be
focused on the vertices to identify the optimum.

Visual Illustration:
Imagine drawing a polygon that encloses all feasible solutions. Any point within this polygon
adheres to all constraints, and the shape is always convex due to the linear nature of the
constraints.

Constructing the Feasible Region

To construct the feasible region graphically:

1. Plot each constraint line on the xy-plane based on its equation.
2. Determine the feasible side of each line by testing a point (often the origin) to see if it
satisfies the inequality.
3. Shade the region that satisfies all constraints simultaneously.
4. Identify the intersection of all shaded regions; this intersection is the feasible region or
the area in question.

This process results in a polygon (which could be unbounded in some directions),
representing all possible solutions that meet the constraints.

---

Properties of the Feasible Region (The Area)

Bounded vs. Unbounded Regions

- Bounded Region: The feasible area is enclosed within finite limits, forming a closed
polygon. This typically occurs when the constraints effectively limit the decision variables
from growing indefinitely.



- Unbounded Region: The feasible area extends infinitely in at least one direction. While
solutions can grow without bound, the optimal solution may still be finite if the objective
function reaches a maximum or minimum at a boundary point.

Implication: Whether the region is bounded influences the existence and nature of optimal
solutions.

Vertices (Corner Points)

Since the feasible region is convex, the optimal solution to a linear programming
problem—maximizing or minimizing the objective function—generally occurs at one of its
vertices. These vertices are intersections of the boundary lines, calculated by solving the
associated equations.

Why vertices? Because the objective function is linear; its maximum or minimum over a
convex polygon occurs at a corner point, per the fundamental theorem of linear
programming.

Feasibility and Infeasibility

- The feasible region is non-empty only if the constraints are compatible.
- If the constraints don't intersect or contradict each other, the feasible region reduces to an
empty set, indicating no feasible solution exists.

---

Identifying the Optimal Solution Within The Area

Graphical Method for Solving LP Problems

The graphical approach involves:

1. Plotting all constraints to delineate the feasible region.
2. Identifying vertices—the intersection points of constraint lines.
3. Evaluating the objective function at each vertex.
4. Selecting the vertex where the objective function attains its maximum or minimum
value.

Example:

Suppose the goal is to maximize profit \( Z = 3x + 2y \) subject to constraints:

- \( x + y \leq 4 \)



- \( x \geq 0 \)
- \( y \geq 0 \)

Plotting these constraints yields a feasible region—a polygon bounded by axes and the line
\( x + y = 4 \). Vertices include:

- (0,0)
- (4,0)
- (0,4)

Evaluating \( Z \) at these points:

- At (0,0): \( Z = 0 \)
- At (4,0): \( Z = 3(4) + 2(0) = 12 \)
- At (0,4): \( Z = 3(0) + 2(4) = 8 \)

The maximum profit is at (4,0), with \( Z=12 \).

Beyond Graphical Solutions

While graphical methods are instructive for two-variable problems, higher-dimensional LP
problems require algebraic or computational techniques such as the simplex method.
Nonetheless, the geometric perspective remains valuable for understanding the nature of
the feasible region.

---

The Importance of the Area in Practical
Applications

Resource Allocation and Planning

In real-world scenarios, the feasible region represents all possible combinations of
resources or decisions that satisfy constraints. Recognizing this area allows decision-
makers to:

- Visualize the trade-offs between different variables.
- Understand the limits of feasible solutions.
- Identify optimal points that maximize efficiency, profit, or other objectives.

Identifying Flexibility and Constraints



The shape and size of the feasible region reveal:

- Flexibility: Larger areas suggest greater freedom in decision choices.
- Tight constraints: Narrow or bounded regions indicate strict limitations that must be
managed carefully.

Dealing with Uncertainty

In uncertain environments, the feasible region can shift or expand, affecting optimal
solutions. Visualizing the area helps in sensitivity analysis, assessing how changes in
constraints impact the solution space.

---

Conclusion: The Area as a Cornerstone of
Graphical Linear Programming

The feasible region—the area satisfying all constraints—is the cornerstone of graphical
linear programming. It embodies the set of all viable solutions, shaped intricately by the
problem's restrictions. Understanding its properties, how to construct it, and how to identify
optimal solutions within it equips analysts and decision-makers with a powerful geometric
intuition.

By viewing LP problems through the lens of areas in the coordinate plane, practitioners can
better visualize the complex interplay of constraints and objectives. This perspective not
only simplifies problem-solving but also enhances strategic thinking in resource
management, planning, and optimization. As linear programming continues to underpin
critical decision-making processes across sectors, mastering the concept of the feasible
area remains an essential skill for both students and professionals alike.
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