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UNIT 1: Introduction to Operations Research (O.R.)
Meaning of Operations Research
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Operations Research (O.R.) is a branch of applied mathematics and analyticsthat focuses on the use of advanced analytical methods, such asmathematical modeling, statistical analysis, and mathematical optimization,to aid decision-making and improve efficiency within organizations. O.R. aimsto find optimal or near-optimal solutions to complex decision-makingproblems, frequently involving maximizing or minimizing objectives (profit,performance, yield, or minimizing loss, risk, or cost). The discipline originatedin military operations before World War II and has expanded acrossindustries like logistics, production, services, and finance.
Key Features of O.R.

 Utilizes scientific and mathematical techniques.
 Focuses on optimization and efficiency.
 Applies to real-world problems involving resources, constraints, andobjectives.Modeling in Operations Research

Modeling is the process of creating a representative mathematical or logicalstructure of a real-world decision problem for analysis and solution. The goalis to abstract essential elements and relationships, formulate them intomathematical representations, and analyze the effects of different actionsand policies. Modeling can deal with both existing systems and anticipatedsituations.
Steps in Modeling

 Define the problem.
 Collect relevant data.
 Construct a model that represents the problem.
 Derive and test a solution.
 Validate the model and implement the solution.

Importance of Modeling
 Identifies alternatives and outcomes.
 Provides a structured framework for complex problems.
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 Allows for experimentation with different scenarios.Principle ofModeling
The proper modeling methodology is guided by several core principles thatensure the usefulness and accuracy of the model in representing a real-worldsituation:Simplicity: If a simple model is adequate, prefer it over complexity.

 Practicality: Models are tools for decision-makers, not replacements.
 Validation: Test and validate before implementation to ensureaccuracy.
 Suitability: Avoid forcing problems to fit a technique. Choose the rightmodeling approach for the problem, not vice versa.
 Information Quality: The model is only as good as the data it uses.

UNIT 2: Linear Programming
Introduction to Linear Programming
Linear Programming (LP) is a mathematical technique used for optimizing(maximizing or minimizing) a linear objective function, subject to a set oflinear equality or inequality constraints. It is widely applied in areas likeresource allocation, production scheduling, transportation, workforceplanning, and more.
Core Elements of Linear Programming

 Decision Variables: Unknown quantities to be determined (e.g., howmany units to produce).
 Objective Function: The function to be optimized (e.g., profit or cost).
 Constraints: Limitations or requirements (e.g., resource availability,minimum production).
 Non-negativity Restrictions: Decision variables usually cannot takenegative values.

Problem Formulation
Formulating an LP problem involves translating a real-world scenario into amathematical format. The steps include:Identify decision variables (𝒙𝟏,𝒙𝟐,…).
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1. State the objective function (maximize profit or minimize cost).
2. Define the constraints as linear inequalities or equations.
3. Incorporate non-negativity constraints (𝒙𝒊 ≥ 𝟎).

Example
A company produces two products (A and B). Let 𝒙𝟏= units of A to produce, 𝒙𝟐= units of B. Objective: maximize profit.

 Objective Function: Maximize 𝒁 = 𝟐𝟎𝒙𝟏 + 𝟑𝟎𝒙𝟐.
 Constraints:

o Labor: 𝟑𝒙𝟏 + 𝟒𝒙𝟐 ≤ 𝟐𝟒𝟎

o Material: 𝒙𝟏 + 𝟐𝒙𝟐 ≤ 𝟏𝟎𝟎
o 𝒙𝟏,𝒙𝟐 ≥ 𝟎

Characteristics, Assumptions, and Applications
Characteristics

 All relationships (objective and constraints) are linear.
 There are limited resources or boundaries (constraints).
 Objective is either maximization or minimization.

Assumptions of Linear Programming
1. Proportionality (Linearity): Contributions are linear—doubling avariable doubles its effect on the objective and constraints.
2. Additivity: The impact of variables is additive, with no interactionterms
3. Divisibility: Variables can take any non-negative values, includingfractions (not required to be integers).
4. Certainty: Parameters (coefficients in objective and constraints) areprecisely known and constant.
5. Non-negativity: Solution variables cannot be negative.
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6. Finiteness: Limited, countable number of decision variables andconstraints.
Applications

 Manufacturing and resource management.
 Supply chain and transportation.
 Workforce planning.
 Portfolio optimization.

Graphical Solution of Two-Variable Problems
Graphical methods apply mainly to LP problems with two variables (𝒙𝟏 and
𝒙𝟐). Steps:

1. Formulate the problem.
2. Plot constraints as lines on the 𝒙𝟏,𝒙𝟐plane.
3. Determine the feasible region (the intersection area satisfying allconstraints).
4. Identify the objective function.
5. Find corner points (vertices) of the feasible region.
6. Evaluate the objective function at each vertex; the optimal solutionwill be at one of these points.

Feasible Region
The area that satisfies all constraints is called the feasible region. A solutionis feasible if it lies within this region and satisfies all constraints, includingnon-negativity.
Optimal Solution
The optimal value corresponds to the feasible solution (usually at a vertex)that maximizes or minimizes the objective function.
Standard Form of a Linear Programming Problem
Standard form is the canonical way to represent LP problems:
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 Maximize 𝒁 = 𝒄𝟏𝒙𝟏 + 𝒄𝟐𝒙𝟐 +… + 𝒄𝒏𝒙𝒏
 Subject to:

o 𝒂𝟏𝟏𝒙𝟏 + 𝒂𝟏𝟐𝒙𝟐 +… + 𝒂𝟏𝒏𝒙𝒏 ≤ 𝒃𝟏
o 𝒂𝟐𝟏𝒙𝟏 + 𝒂𝟐𝟐𝒙𝟐 +… + 𝒂𝟐𝒏𝒙𝒏 ≤ 𝒃𝟐
o ...
o 𝒙𝒋 ≥ 𝟎,for all 𝒋.Special Cases in LP

Infeasibility
Infeasibility occurs when no solution exists that satisfies all constraints (thefeasible region is empty). This may result from conflicting or inconsistentconstraints.
Unboundedness
An unbounded solution exists when the objective function can be increasedor decreased indefinitely, indicating missing or incorrectly formulatedconstraints.
Alternative Optima
Multiple optimal solutions exist if the objective function is parallel to aconstraint in the feasible region. In this case, more than one vertex providesthe optimal value.
Degeneracy
Degeneracy occurs when more constraints meet at a vertex than necessary,potentially causing computational issues or multiple alternate optimalsolutions.
Duality
Every LP problem (primal) has an associated dual problem where theobjective and constraints switch roles. The optimal values of the primal anddual problems are equal under certain conditions.
Sensitivity Analysis
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Sensitivity analysis studies how changes in coefficients (resource availability,costs/profits) affect the optimal solution. This is crucial for real-worldapplications where data may vary.
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