
2 phase simplex method

2 phase simplex method is a fundamental technique in linear programming used
to solve optimization problems where the initial feasible solution is not
readily available. This method extends the classical simplex approach by
introducing an auxiliary problem to find a feasible starting point before
proceeding to optimize the original objective function. The 2 phase simplex
method is especially useful for handling constraints that include equalities
and inequalities requiring artificial variables. This article explores the
theoretical foundation, step-by-step procedure, and practical applications of
the 2 phase simplex method. Additionally, it discusses the advantages,
limitations, and common scenarios where this method excels. Understanding the
2 phase simplex method is essential for professionals dealing with complex
optimization tasks in operations research, economics, and engineering. The
following sections will provide a detailed overview and practical guidance on
implementing this powerful optimization tool.
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Understanding the 2 Phase Simplex Method

The 2 phase simplex method is an extension of the standard simplex algorithm
designed to handle linear programming problems where an initial basic
feasible solution is not obvious. Unlike the typical simplex method, which
starts from a basic feasible solution, the 2 phase simplex method introduces
artificial variables to create a temporary problem. This auxiliary problem
aims to minimize the sum of artificial variables, thereby identifying a
feasible solution if one exists. Once feasibility is confirmed, the method
proceeds to phase two, where the original objective function is optimized
starting from the feasible point discovered in phase one.

Background and Motivation

In many linear programming problems, constraints may be equalities or



inequalities that do not provide an immediate feasible starting point for the
simplex algorithm. The presence of artificial variables allows the algorithm
to bypass this hurdle by initially focusing on feasibility rather than
optimality. This makes the 2 phase simplex method a crucial approach when
dealing with complex constraint systems.

Key Concepts and Terminology

The 2 phase simplex method involves several important concepts including:

Artificial Variables: Extra variables added to constraints to form an
initial basic feasible solution.

Phase One: The process of solving an auxiliary linear program to
eliminate artificial variables and find a feasible solution.

Phase Two: The optimization of the original objective function starting
from the feasible solution obtained in phase one.

Basic and Non-basic Variables: Variables in the solution set that define
the current vertex of the feasible region.

Step-by-Step Procedure of the 2 Phase Simplex
Method

The 2 phase simplex method consists of two distinct phases, each with
specific objectives and operations. Understanding the process in detail helps
in correctly applying the method to diverse linear programming problems.

Phase One: Finding a Feasible Solution

Phase one starts by modifying the original problem to include artificial
variables. The objective function for this phase is to minimize the sum of
these artificial variables. The steps include:

Convert all constraints into equations by adding slack, surplus, and1.
artificial variables as needed.

Construct the auxiliary linear program with the objective to minimize2.
the sum of artificial variables.



Apply the simplex method to the auxiliary problem to find the minimum3.
value.

Check if the minimum value is zero, indicating that a feasible solution4.
to the original problem exists without artificial variables.

If the minimum is not zero, conclude that the original problem has no5.
feasible solution.

Phase Two: Optimizing the Original Objective
Function

After a feasible solution is found in phase one, phase two begins. The
artificial variables are removed from the problem, and the simplex method is
applied to the original objective function. The key steps are:

Remove artificial variables from the basis and constraints.1.

Use the feasible solution from phase one as the starting point.2.

Reformulate the tableau with the original objective function.3.

Perform simplex iterations to optimize the objective function.4.

Continue until no further improvement is possible or the optimal5.
solution is reached.

Applications of the 2 Phase Simplex Method

The 2 phase simplex method is widely used in various fields where linear
programming problems arise, especially when feasible solutions are not
straightforward. Some common applications include:

Operations Research and Management Science

Optimization of resource allocation, production scheduling, and
transportation problems often involves constraints that make direct
application of the simplex method difficult. The 2 phase simplex method
efficiently handles these constraints to find feasible and optimal solutions.



Engineering and Manufacturing

Design optimization, process control, and supply chain management problems
frequently require solving complex linear programs. The method assists in
determining feasible operational points before optimizing performance
criteria.

Economics and Finance

Linear programming models in portfolio optimization, cost minimization, and
market equilibrium analysis benefit from the 2 phase simplex method,
especially when constraint systems are complicated by equality and inequality
combinations.

Advantages and Limitations

The 2 phase simplex method offers several benefits but also comes with
certain constraints. Understanding these helps in selecting the appropriate
optimization approach.

Advantages

Robust Feasibility Discovery: Guarantees finding a feasible solution if
one exists, even in complex constraint systems.

Systematic Approach: Provides a clear two-step procedure that separates
feasibility and optimization.

Applicability: Can handle a wide range of linear programming problems,
including those with equality constraints and artificial variables.

Limitations

Computational Overhead: The introduction of artificial variables and
two-phase process increases computational complexity.

Infeasibility Detection Only in Phase One: If no feasible solution
exists, the method stops early but may not provide insight into



constraint relaxation.

Not Always the Most Efficient: For problems where feasible solutions are
easily found, the standard simplex method or other algorithms might be
faster.

Common Challenges and Tips for Implementation

Implementing the 2 phase simplex method requires careful attention to detail
to avoid errors and inefficiencies. Some common challenges and practical tips
include:

Handling Degeneracy and Cycling

Degeneracy can cause the simplex method to cycle endlessly. Using anti-
cycling rules such as Bland’s rule helps prevent this issue during both
phases.

Accurate Construction of the Auxiliary Problem

Ensuring that all artificial variables are correctly added and that the
objective function in phase one is properly set is critical to the success of
the method.

Efficient Transition Between Phases

Care must be taken when removing artificial variables and reformulating the
tableau for phase two to maintain the integrity of the feasible solution and
to avoid computational errors.

Software and Computational Tools

Utilizing specialized optimization software or libraries that support the 2
phase simplex method can streamline the process and reduce manual calculation
errors.



Frequently Asked Questions

What is the 2 phase simplex method in linear
programming?
The 2 phase simplex method is an algorithm used to solve linear programming
problems that do not have an obvious initial basic feasible solution. It
involves two phases: Phase 1 finds a feasible solution by introducing
artificial variables, and Phase 2 optimizes the original objective function
starting from that feasible solution.

Why is the 2 phase simplex method preferred over the
Big M method?
The 2 phase simplex method is preferred because it avoids the numerical
instability and complexity associated with using very large penalty
coefficients in the Big M method. It separates the process of finding
feasibility (Phase 1) from optimization (Phase 2), making the solution
process more stable and easier to implement.

How does Phase 1 of the 2 phase simplex method work?
In Phase 1, artificial variables are added to constraints to create an
initial basic feasible solution. The objective function is modified to
minimize the sum of these artificial variables. If the minimum value obtained
is zero, a feasible solution to the original problem is found, and the
algorithm proceeds to Phase 2.

What happens if Phase 1 of the 2 phase simplex
method does not yield a zero objective value?
If Phase 1 results in a positive minimum value for the sum of artificial
variables, it indicates that the original linear programming problem has no
feasible solution. Therefore, the method terminates as there is no point in
proceeding to Phase 2.

Can the 2 phase simplex method be applied to all
types of linear programming problems?
The 2 phase simplex method is primarily used for problems where the initial
basic feasible solution is not readily available, such as problems with
equality constraints or 'greater than or equal to' inequalities. For problems
with an obvious initial basic feasible solution, the standard simplex method
is usually sufficient.



What are the key differences between Phase 1 and
Phase 2 in the 2 phase simplex method?
Phase 1 focuses on finding a feasible solution by minimizing the sum of
artificial variables introduced into the problem, disregarding the original
objective function. Phase 2 starts with the feasible solution found in Phase
1 and then proceeds to optimize the original objective function using the
standard simplex method.

Additional Resources
1. Linear Programming and the Two-Phase Simplex Method
This book offers a comprehensive introduction to linear programming, focusing
specifically on the two-phase simplex method. It covers the theoretical
foundations and practical applications, making it ideal for students and
professionals alike. Detailed examples guide readers through solving
optimization problems step-by-step, emphasizing the transition from Phase 1
to Phase 2 in the simplex algorithm.

2. Optimization Techniques: Mastering the Two-Phase Simplex
Designed for advanced learners, this text delves into optimization techniques
with a strong emphasis on the two-phase simplex method. It presents
mathematical rigor alongside algorithmic strategies to handle complex
constraints and infeasibility issues. Readers gain insights into
computational efficiency and software implementations for real-world linear
programming problems.

3. The Two-Phase Simplex Method: Theory and Applications
This book bridges the gap between theory and practical use of the two-phase
simplex method. It explains the method’s algorithmic steps clearly and
illustrates its application across engineering, economics, and logistics.
Case studies demonstrate how to model and solve problems where initial
feasible solutions are not readily available.

4. Applied Linear Optimization: Two-Phase Simplex Approach
Focusing on applied linear optimization, this book emphasizes the two-phase
simplex approach to solve linear programs efficiently. It includes numerous
exercises and examples from diverse fields such as transportation,
manufacturing, and finance. The author also discusses the advantages and
limitations of the two-phase method compared to alternative algorithms.

5. Linear Programming Algorithms: The Role of Two-Phase Simplex
This publication explores various linear programming algorithms with a
spotlight on the two-phase simplex method. It covers algorithmic design,
convergence properties, and implementation challenges. Readers will
appreciate the comparative analysis provided, helping them choose the right
algorithm for different problem scenarios.

6. Foundations of Optimization: Two-Phase Simplex and Beyond



Providing foundational knowledge in optimization, this book introduces the
two-phase simplex method as a crucial tool for handling infeasible starting
points. It integrates mathematical proofs with intuitive explanations to
deepen understanding. Advanced topics include duality, sensitivity analysis,
and extensions of the simplex method.

7. Practical Guide to the Two-Phase Simplex Method
This guide serves as a practical manual for students and practitioners
learning the two-phase simplex method. It breaks down complex concepts into
understandable segments and offers tips for avoiding common pitfalls during
implementation. The book also includes software tutorials for solving linear
programs efficiently.

8. Linear Optimization and the Two-Phase Simplex Algorithm
This book provides an in-depth exploration of linear optimization techniques,
emphasizing the two-phase simplex algorithm. It discusses the method’s
significance in finding feasible solutions when initial guesses fail.
Supplementary chapters cover computational complexity and real-world problem
modeling.

9. Advanced Linear Programming: Exploring the Two-Phase Simplex Method
Targeted at graduate students and researchers, this advanced text
investigates the two-phase simplex method within the broader context of
linear programming. It presents recent developments, algorithmic
improvements, and applications in large-scale optimization. The book
encourages critical thinking through challenging problems and research-
oriented content.
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