SUBJECT: DECISION SCIENCE

Module 1: Introduction to Operations
Research

Comprehensive University-Level Study Notes * DegreeLive Notes

| 1 Operations Research - Meaning, Scope and Limitations
Methodology of OR

Meaning of Operations Research

Operations Research (OR) is a systematic, analytical, and scientific approach used to solve complex
decision-making problems within organizations. Originating during World War 1l, military executives
pooled multi-disciplinary scientists to optimize strategic resource allocations under acute operational
constraints. In contemporary management, Operations Research bridges mathematical rigor and
management intuition, focusing on optimal resource deployment (such as capital, raw materials, labor,

and machinery) to maximize profitability or minimize computational and logistical costs.

Scope of Operations Research
The operational framework of OR penetrates multiple domain structures across modern enterprises:

» Manufacturing & Production Scheduling: Determines optimal product mixes, inventory master

configurations, assembly line balancing, and optimal maintenance scheduling patterns.

* Logistics & Supply Chain Management: Resolves standard transportation models, warehousing
distribution layout routing, transshipment structures, and classical traveling salesman network

frameworks.

* Financial Resource Management: Governs asset-liability portfolio diversification, working capital
allocations, capital budgeting pipelines, and risk-hedging algorithmic models.



* Human Resource Allocations: Assists in structured staffing schedules, optimal workforce sizing
constraints, incentive modeling adjustments, and skill-to-task assignment algorithms.

» Marketing and Retail: Powers algorithmic dynamic media selection modeling, sales territory design

allocation, pricing optimizations, and customer lifetime value prediction engines.

Limitations of Operations Research
Despite its mathematical optimization advantages, OR is bounded by strict real-world constraints:

 Quantification Bias: OR models demand numerical inputs. Qualitative features such as employee
morale, brand equity, or political instability are difficult to map into standard linear configurations.

« Simplified Distortions: To maintain computational feasibility, OR algorithms often assume perfect
linearity and constant variable relationships, which conflict with real-world dynamic economic

volatility.

» High Resource Overhead: Designing, validating, and executing complex stochastic optimization

models require substantial corporate investment, computing power, and expert talent pipelines.

» Implementation Distance: A distinct gap often separates the pure mathematician designing the
model and the operational manager executing the corporate strategy, creating communication

bottlenecks.

Methodology of OR

The structural execution path follows a formalized process framework that ensures scientific consistency

across execution phases:

Phase I: Problem Definition Clearly isolating corporate objectives, mapping the

operational limitations, and tracking interaction variables.

Phase lI: Model Formulation Translating the qualitative management narrative into

structured mathematical expressions.

Phase lllI: Solution Extraction Deploying specialized mathematical algorithms (e.g.,
Simplex algorithm, dynamic programming) to find an optimal solution path.

Phase IV: Validation and Testing Assessing the mathematical output against historical
organizational data to identify discrepancies.
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Phase V: Operational Control Implementation Instituting tracking frameworks to
adjust the mathematical variables as real-world market conditions change.

| 2 OR models, Applications of OR, Importance of Ethics in OR

OR Models Classification

Models are structural representations of reality used to predict, analyze, or optimize system behaviors.

They are classified into distinct structural taxonomies:

Classification Basis Model Category Types

By Degree of Physicality * Iconic Models
» Analogue Models
» Mathematical/Symbolic Models

By Environmental * Deterministic Models
Certainty » Stochastic/Probabilistic Models
By Operational Purpose * Descriptive Models

* Predictive Models
» Normative/Prescriptive Models

Core Analytical Profile

Iconic models are physical
scales (e.g., blueprinted factory
floors). Analogue maps
properties to a different medium
(e.g., flow charts). Mathematical
models leverage algebraic

variables.

Deterministic configurations
assume fixed constants (e.g.,
Linear Programming). Stochastic
structures incorporate random
distributions (e.g., Queuing
Theory frameworks).

Descriptive profiles display
status metrics. Predictive
structures forecast future states.
Prescriptive profiles dictate the
optimal course of action.



Applications of OR

In practice, Operations Research models are deployed to resolve complex, interdependent business
systems:

* Inventory Planning: Determining economic order quantities (EOQ) and optimal safety stock
adjustments to minimize holding and ordering cost configurations.

* Network Optimization: Managing multi-stage infrastructure projects via Critical Path Method (CPM)
and Project Evaluation and Review Technique (PERT) algorithms.

* Queuing System Analysis: Designing bank teller, server network, or retail checkout counters to
minimize customer waiting metrics while balancing resource overhead costs.

Importance of Ethics in OR

Operations Research exercises immense influence over corporate policy, structural automation, and

resource distributions. Ethics in OR demands rigorous accountability:

» Objectivity over Confirmation Bias: Marketers and modelers must never manipulate variable
constants or cost inputs to force a pre-determined optimization output favored by senior executives.

 Data Integrity and Privacy: Optimization pipelines often ingest massive user behavioral arrays.
Ensuring data protection and explicit consent metrics is a primary ethical mandate.

» Socio-Economic Externalities: Minimizing human labor costs to achieve mathematical optimization
goals can cause severe localized workforce layoffs. Ethical modeling balances profit math against

human welfare indicators.

| 3 Methodology of OR

As explicitly detailed within the structural heading matrix, the methodology of Operations Research
represents an unyielding iterative lifecycle loop. Below is a highly comprehensive breakdown of each
phase required for academic examination analysis:

1. Formulating the Problem

This is the most critical stage. A vague management issue must be isolated and defined. The modeler
defines three core components: the objective function (what needs to be optimized), the decision



variables (the parameters the organization can directly adjust), and the binding structural constraints
(the limitations regarding capital, machine capabilities, or structural legal metrics).

2. Constructing the Mathematical Model

The isolated parameters are written as precise algebraic formulations. For example, if a firm produces
two product types, their relationship is converted into an algebraic function mapping revenue potential
against specific variable input costs.

3. Deriving Solutions from the Model

The finalized matrix equations are executed using standardized algorithmic methods. This process
isolates the single optimal coordinate vector that satisfies all structural bounding constraints while
yielding the highest objective value output.

4. Model Testing and Sensitivity Analysis

Before deployment, modelers run *Sensitivity Analysis* (Post-Optimality testing). This step evaluates
how much the optimal solution changes if external variables fluctuate (such as an abrupt 10% increase
in raw material pricing scales).

5. Implementing and Controlling the Solution

The mathematical coordinates are converted into actionable field instructions. Control loops are put in
place: if an assembly line machine breaks down, the model must be refreshed with updated parameters
to adjust the downstream product lines immediately.

| 4 Importance of Ethics in OR

The deployment of prescriptive analytics requires an explicit ethical foundation to prevent algorithmic
manipulation and corporate distortion. This specialized unit focuses on the deep societal and analytical
responsibilities of the data decision designer.

The Ethical Charter of Decision Scientists:
 Transparency in Assumptions: Every optimization model rests on assumed

parameters. Concealing structural risks or volatilities within mathematical models




violates professional standards.

« Algorithmic Discrimination: Credit underwriting or hiring algorithms optimization
loops must be explicitly audited to prevent systemic discrimination patterns.

» Responsible Optimization: Balancing the drive for raw technical efficiency
against environmental footprints and safety metrics to ensure sustainable long-term
enterprise value.

| 5 Linear Programming — Basic Concepts, Application in
Management Decision-Making

Basic Concepts of Linear Programming (LP)

Linear Programming is a mathematical optimization technique designed to allocate limited resources

among competing activities in the most optimal manner. The system relies on fixed structural
components:

 Decision Variables: The unknown parameters to be calculated by the model (e.g., quantity of
product X and product Y to manufacture). Represented as x1, x2, ... xn.

* Objective Function: An algebraic expression representing the primary goal of the organization,
mapped as either a maximization function (for profit or output) or a minimization function (for costs,
waste, or time).

» Constraints: Linear inequalities or equations representing resource limitations, capacities, or market
demand boundaries.

* Non-Negativity Conditions: A logical baseline rule stating that decision variables can never be

negative; a firm cannot manufacture a negative number of products (e.g., x1, x2 = 0).

Fundamental Assumptions of LP Model Structures
For an LP model to remain mathematically valid, it must strictly satisfy the following criteria:

1. Linearity (Proportionality): The contribution of each decision variable to the objective function and

resource usage must be directly proportional. Doubling production must double both revenue and
resource consumption.



2. Additivity: The total impact of all activities must equal the direct sum of the individual activities
executed independently. No synergy or negative interference coefficients can exist between

variables.

3. Divisibility: Decision variables can be broken down into fractional values (e.g., producing 3.5 tons of
a chemical compound is valid). If discrete integer numbers are mandatory, the system must shift to
Integer Programming.

4. Certainty (Determinism): All structural coefficients, parameters, and constraint values are assumed
known with absolute certainty. No stochastic probability adjustments are processed within the
baseline model.

Application in Management Decision-Making

LP serves as an invaluable tool for modern corporate managers across several classic tactical

scenarios:

 Product-Mix Optimization: Maximizing profit margins by determining the precise volume of
competing products to manufacture given raw material, machine hours, and labor skill caps.

* Diet & Blending Models: Minimizing ingredient procurement costs while satisfying mandatory
nutritional, chemical, or structural strength threshold parameters (e.g., petroleum or animal feed
blending).

» Media Selection: Maximizing total target audience reach metrics given fixed advertising budget
allocations and channel frequency limitations.

| 6 Mathematical Formulation, Graphical Solution Model

The Step-by-Step Mathematical Formulation Design

Translating a narrative business issue into a rigorous mathematical matrix requires a structured
sequence of logical transformations:

1. Isolate the underlying operational variables and assign structural symbols (e.g., let x1 equal units of
Product A).

2. Construct the overarching Objective Function by matching revenue or cost weights to individual

decision variables.



3. Identify all resource limits and compile individual linear inequalities representing resource

consumption patterns.

4. Enforce the foundational non-negativity constraint architecture.

Practical Mathematical Case Study Scenario:

A firm manufactures two items: Desks (x1) and Chairs (x2).

* Profit per Desk = ¥500; Profit per Chair = ¥300.

» Wood Capacity: Each Desk consumes 4 units; each Chair consumes 2 units. Total
wood available = 100 units.

» Labor Capacity: Each Desk consumes 2 hours; each Chair consumes 2 hours.

Total labor hours available = 60 hours.

The explicit structural model is mathematically formulated as follows:

Maximize Z = 500x1 + 300x2 (Objective Function)

Subject to the Bounding Constraints:
4x1 + 2x2 < 100 (Wood Constraint Line)
2x1 + 2x2 < 60 (Labor Constraint Line)
x1, x2 > 0 (Non-Negativity Rule)

The Graphical Solution Model Engine

The Graphical Method is used to solve linear programming models containing exactly two decision
variables by plotting equations directly onto a two-dimensional Cartesian plane coordinate mapping

space.

The Exact Algorithmic Execution Steps

1. Treat all inequality bounding constraints as linear equations to find coordinate intercepts (e.g., set
x1=0 to find x2, then set x2=0 to find x1).

2. Plot each structural straight boundary line across the plane grid workspace.



3. Isolate the **Feasible Region™ — the intersections of space where all mathematical inequalities are
simultaneously satisfied. For "less-than-or-equal-to" constraints, the region shades downward toward

the origin point.

4. Identify all **Corner Points (Vertices)** bounded around the perimeter of the isolated feasible

geometry space.

5. Apply the **Corner Point Theorem™** — evaluate the quantitative output value of the Objective

Function at every single coordinate vertex.

6. Select the coordinate point that delivers the highest value (for maximization models) or lowest value

(for minimization frameworks). This is your optimal solution.
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Special Structural Cases in Graphical Analysis

Graphical models reveal distinct geometric phenomena that managers must comprehend when

evaluating solutions:

» Multiple / Alternate Optimal Solutions: Occurs when the slope of the objective function line
matches the exact slope of a binding constraint boundary line. This creates an infinite number of

optimal coordinate solution points along that line segment, allowing managers operational flexibility.

* Infeasible Solution: Occurs when the structural inequality directions conflict so drastically that no
common feasible region geometry can be isolated. No single coordinate point satisfies all constraints
simultaneously (e.g., market demand exceeds factory resource capacity limits).

» Unbounded Solution: Occurs when the feasible region is not completely enclosed by constraints,
allowing the objective function value to scale up infinitely toward infinity without limitation. This
typically signals a mathematical error in the formulation step (e.g., omitting resource constraints).

End of Module 1 - Subject: Decision Science
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