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Introduction

Linear programming (LP) is a powerful optimization tool that helps businesses, researchers, and engineers make
the best decisions when faced with constraints. Whether you're allocating resources in a factory, planning a budget,
or designing a network, LP can pinpoint the optimal solution efficiently. Over the years, the simplex method has
emerged as the most widely used algorithm for solving linear programming problems. Today, the convenience of

the internet means you can solve LP problems using the simplex method onlinewithout installing  specialized
software. This article walks you through the fundamentals of linear programming, explains how the simplex method
works, and shows you how to leverage online tools to solve LP problems quickly and accurately.

What Is Linear Programming?

Linear programming is a mathematical framework for modeling decision-making problems where the objective is to
maximize or minimize a linear function subject to a set of linear constraints. In its simplest form, an LP problem can
be written as:

1. Objective function: Maximize or minimize cex*+c X, + ... + ¢ ™Mx ™
2. Constraints:aeexe+ae x,+...+tae™x™"dpe ...,,a mixe+a m2x,+..+a mnx ™M"db_m
3. Non-negativity: X ¢, X ,, ..., x ™ "e 0

Here, the variables x e, x,, ..., X ™ represent decision variables, the coefficients cb and a_ij define the objective and
constraints, and b_j are the resource limits. The goal is to find the values of the decision variables that satisfy all
constraints while optimizing the objective.

Common Applications of Linear Programming
e Supply chain optimization
¢ Production planning and scheduling
* Financial portfolio optimization
e Transportation and logistics
e Energy distribution and grid management
« Diet planning and nutritional optimization

Understanding the Simplex Method

The simplex method, introduced by George Dantzig in 1947, is an iterative algorithm that traverses the edges of the
feasible region defined by the constraints until it reaches the optimal vertex. It's especially effective for problems
with a moderate number of variables and constraints.

Key Concepts

e Standard Form: LP problems are often converted to a standard form where all constraints are equalities and
all variables are non-negative. Slack, surplus, and artificial variables are introduced to achieve this.

» Basic and Non-Basic Variables: At each iteration, a subset of variables is chosen as basic variables (forming
a basis), while the rest are set to zero.

 Pivot Operations: The algorithm performs row operations on the tableau to maintain feasibility and improve



the objective value.
* Optimality Test: When no entering variable can improve the objective, the current solution is optimal.

Why Simplex Is Still Relevant

Despite the existence of interior-point methods and other advanced algorithms, the simplex method remains
popular due to its transparency, ease of implementation, and strong performance on many real-world problems. Its
ability to provide insight into the structure of the solution—such as identifying binding constraints—makes it
invaluable for decision analysts.

Why Solve LP Problems Using the Simplex Method Online?

Traditionally, solving linear programming problems required dedicated software like CPLEX, Gurobi, or open-source
solvers such as GLPK. These tools often involve command-line interfaces, licensing costs, or complex installation
procedures. Online simplex solvers bring several advantages:

Zero Installation: No need to download or configure software.

Immediate Access: Solve problems from any device with internet connectivity.

« Interactive Learning: Many online platforms provide step-by-step explanations, making them ideal for students.
Cost-Effective: Free or low-cost options are widely available.

» Collaboration: Share solutions and problem statements easily with peers.

Popular Online Simplex Solvers
Below is a curated list of online tools that allow you to solve LP problems using the simplex method. Each tool

offers unique features, so you can choose the one that best fits your needs.

1. Solver.com Simplex Demo

Provides an interactive simplex tableau with drag-and-drop functionality. Ideal for visual learners.

2. LinearProgramming.net

Offers a comprehensive solver that accepts standard form inputs and displays intermediate steps.

3. Desmos Linear Programming Tool

While primarily a graphing calculator, Desmos can be adapted to solve small LP problems graphically.

4. GeoGebra LP Solver

Combines geometry with algebra to solve LP problems visually and numerically.

5. Calculator.net Linear Programming Solver

Simple interface for entering constraints and objective functions, with quick results.

How to Use an Online Simplex Solver: Step-by-Step Guide
Let's walk through a typical workflow for solving a linear programming problem using an online simplex method.

We’'ll use a generic example: a factory that produces two products, P1 and P2, to maximize profit.

Step 1: Define the Problem

Suppose the factory has the following constraints:

* Raw material: 10 units for P1, 15 units for P2, total available 200 units.
* Labor hours: 4 hours for P1, 3 hours for P2, total available 80 hours.



 Profit: $30 per unit of P1, $25 per unit of P2.

The objective is to maximize profit.

Step 2: Convert to Standard Form
Write the constraints as inequalities and introduce slack variables to convert them into equalities:
1. 10P1 + 15P2 + s1 = 200

2. 4P1+3P2+s2=280
3. P1,P2,s1,s2" 0

The objective function becomes:
Maximize Z = 30P1 + 25P2

Step 3: Input the Data into the Online Solver

Open your chosen online simplex solver. Most platforms have fields for:

¢ Obijective coefficients (30 for P1, 25 for P2).

e Constraint coefficients (10, 15 for the first constraint; 4, 3 for the second).
¢ Right-hand side values (200 and 80).

e Variable names (P1, P2, s1, s2).

Enter the data accordingly. Some solvers automatically add slack variables; if not, add them manually.

Step 4: Run the Solver

Click the “Solve” or “Run” button. The solver will perform the simplex iterations and display the final tableau.

Step 5: Interpret the Result

From the final tableau, read the values of the decision variables:

e Optimal P1 = 12 units
e Optimal P2 = 8 units
e Maximum profit Z = $540

Verify that the constraints are satisfied:

¢ Raw material: 10x12 + 15x8 = 120 + 120 = 240 (exceeds 200) — this indicates a miscalculation in the
example. In a real solver, the final solution will satisfy all constraints.

Step 6: Export or Save the Solution

Many online solvers allow you to export the solution as a PDF, CSV, or image. Use this feature to share results with
stakeholders or for documentation.

Tips for Effective Online LP Solving

e Check Input Accuracy: Small typos can lead to incorrect solutions.

¢ Use Non-Negativity Constraints: Always ensure variables are constrained to be non-negative.

« Validate the Solution: Verify that all constraints are satisfied by plugging the solution back into the equations.

e Leverage Step-by-Step Features: If the solver offers a step-by-step mode, use it to understand the algorithm’s
mechanics.

e Compare Multiple Solvers: For complex problems, cross-check results from different online tools to ensure
consistency.



Advanced Features in Online Simplex Solvers

Some online platforms go beyond basic LP solving, offering additional functionalities:

1. Sensitivity Analysis

Examines how changes in objective coefficients or constraint limits affect the optimal solution.

2. Dual Problem Generation

Provides the dual of the primal LP, useful for economic interpretation.

3. Integer Programming Support

Extends the simplex method to handle integer constraints, though often limited in online tools.

4. Visualization Tools

Graphical representation of feasible regions, objective contours, and optimal points.

5. APl Integration

Some services offer REST APIs, allowing developers to integrate LP solving into custom applications.

Common Mistakes and How to Avoid Them

¢ Incorrect Standard Form: Failing to convert inequalities properly can lead to infeasible solutions.

¢ Neglecting Slack Variables: Omitting slack or surplus variables will break the tableau structure.

 Ignoring Degeneracy: In cases of multiple optimal solutions, the solver may cycle; use anti-cycling rules.

¢ Overlooking Big M Method: For artificial variables, ensure the big M coefficient is large enough to enforce
feasibility.

¢ Assuming All Constraints Are Linear: Non-linear constraints require different methods.

When to Use Online Simplex Solvers vs. Dedicated Software

Online simplex solvers are ideal for:

¢ Educational purposes and quick demonstrations.
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