Important question , Assignment work ,
Notes
Operation Research
Class M.com 3™ sem.

Short Question :-

1. What is Operations Research?

2. List two significant applications of Linear Programming.

3. What is the objective function in Linear Programming?

4. Define duality in Linear Programming.

5. What is an assignment problem?

6. What is the Transportation Problem in Operations Research?

7. What is the North-West Corner Method used for?

8. Name two optimality testing methods for transportation problems.
9. Define a queuing system.

10. What is meant by the arrival rate in a queuing system?

11. What is a zero-sum game?

12. Define pure strategy and mixed strategy in game theory.

13. What is a saddle point in game theory?

14. What is the main aim of replacement theory?

15. What is the difference between individual and group replacement policy?
16. What does CPM stand for?

17. What is a critical path in a project network?

18. List two components of a project network.

19. What is the purpose of using PERT in project management?

20. Define precedence relationship in network analysis.



Long Question :-

**Unit 1: Operations Research & Linear Programming**

1. **Define Operations Research. Discuss its significance, scope, and various application areas
in real-life decision-making problems. Provide suitable examples.**

2. **Explain the formulation of Linear Programming Problems (LPP). What are the essential
components of LPP? Formulate an LPP for a business production problem.**

3. **Describe the concept of duality in Linear Programming. How do you formulate the dual of a
given primal problem? Explain the economic interpretation of dual variables.**

4. **\What is an Assignment Problem? Explain the Hungarian Method for solving assignment
problems with an example. How is the optimal solution determined?**

**Unit 2: Transportation Problems & Queuing Theory**
1. **What is a Transportation Problem? Discuss the mathematical formulation of a
transportation model. Describe the North-West Corner Method and Row and Column Minima

Method with examples.**

Q. 2. **Explain the formulation of Linear Programming Problems (LPP). What are the essential
components of LPP? Formulate an LPP for a business production problem.**

3. **Describe the basic structure and elements of a Queuing System. Discuss the performance
measures used to evaluate queuing systems.**

**Unit 3: Game Theory & Replacement Theory**

1. **What is Game Theory? Discuss Two-Person Zero-Sum Games. How are pure and mixed
strategies used to determine optimal strategies in such games?**

2. **Define saddle point and explain the rules of dominance in Game Theory. How are these
concepts applied to simplify and solve games? Provide a numerical example.**

3. **Explain Replacement Theory. How are replacement decisions made with and without
considering the time value of money? Illustrate with examples.**

4. **Discuss the concepts of Individual and Group Replacement Policies. How are these applied
in equipment renewal or staffing decisions? Use suitable numerical illustrations.**

**Unit 4: CPM and PERT (Project Management)**



1. **What are CPM and PERT? Compare and contrast both techniques. Explain the advantages
and limitations of using these project management tools.**

2. **Explain the components of a network diagram. How are precedence relationships and
activities represented in CPM/PERT networks? Draw a sample network diagram.**

3. **How is the critical path determined in a CPM network? Discuss the concept of slack and
float, and explain their importance in project scheduling.**

4. **\What is PERT? How are expected time, variance, and standard deviation calculated for
project activities? How is PERT used for risk analysis in project management?**

Answer of Short question
1. **What is Operations Research?**

Operations Research (OR) is a scientific approach to decision-making that uses mathematical
models, statistics, and algorithms to analyze complex problems and find optimal or near-
optimal solutions.

2. **List two significant applications of Linear Programming.**
* Optimizing production schedules in manufacturing.
* Allocating limited resources in transportation and logistics.
3. **What is the objective function in Linear Programming?**

The objective function is a mathematical expression that defines the goal of the optimization
problem, typically to **maximize profit** or **minimize cost**.

4. **Define duality in Linear Programming.**

Duality refers to a concept where every linear programming problem (called the **primal**)
has an associated problem (called the **dual**) with a structure derived from the primal, and
the solution to one provides insight into the other.

5. **What is an assighment problem?**

An assignment problem involves assigning a number of resources (e.g., workers, machines) to
an equal number of tasks in a way that minimizes total cost or maximizes efficiency.

6. **What is the Transportation Problem in Operations Research?**



It is a type of optimization problem where goods are transported from multiple sources to
multiple destinations in a way that minimizes total transportation cost.

7. **What is the North-West Corner Method used for?**

It is a method used to find an initial basic feasible solution for a transportation problem by
starting allocation from the top-left (north-west) cell of the cost matrix.

8. **Name two optimality testing methods for transportation problems.**
* ¥*MODI Method (Modified Distribution Method)**
* **Stepping Stone Method**

9. **Define a queuing system.**

A queuing system is a model that represents the process of customers arriving, waiting, and
being served in a system, characterized by arrival rates, service rates, and queue discipline.

10. **What is meant by the arrival rate in a queuing system?**

It is the average number of entities (customers, packets, etc.) arriving at the service facility
per unit of time, often denoted by **A (lambda)**.

11. **What is a zero-sum game?**

A zero-sum game is a situation in which one player's gain is exactly equal to another player's
loss, so the total payoff remains zero.

12. **Define pure strategy and mixed strategy in game theory.**
* ¥*pyre Strategy™*: A strategy where a player consistently chooses the same action.

* **Mixed Strategy**: A strategy where a player chooses among available actions according to
a probability distribution.

13. **What is a saddle point in game theory?**

A saddle point is an outcome in a payoff matrix where the **minimum value in its row equals
the maximum value in its column**, indicating an optimal pure strategy for both players.

14. **What is the main aim of replacement theory?**



The main aim is to determine the optimal time to replace equipment or items to minimize
total costs, considering maintenance and replacement expenses.

15. **What is the difference between individual and group replacement policy?**
* **|ndividual Replacement™*: Items are replaced one at a time when they fail.

* **Group Replacement**: All items are replaced together at fixed intervals, regardless of
condition, with failed items replaced individually in between.

16. **What does CPM stand for?**
*¥*¥CPM** stands for **Critical Path Method**.
17. **What is a critical path in a project network?**

The critical path is the **longest path** through a project network diagram, which
determines the shortest possible project duration**. Delays in this path delay the entire
project.

18. **List two components of a project network.**

* **Activities** (represented by arrows or nodes)

**Events or Milestones** (starting or ending points of activities)
19. **What is the purpose of using PERT in project management?**

PERT (Program Evaluation and Review Technique) helps in planning and controlling projects
by using **probabilistic time estimates** to manage uncertainty in activity durations.

20. **Define precedence relationship in network analysis.**

A precedence relationship shows the **order in which activities must be performed**,
indicating which activities must be completed before others can begin.

Long Question Answer Unit:-1

Q. 1. **What is a Transportation Problem? Discuss the mathematical formulation of a
transportation model. Describe the North-West Corner Method and Row and Column Minima
Method with examples.**



Answer :- Operations Research (OR) is the interdisciplinary application of advanced
analytical methods, mathematical modeling, and quantitative techniques to solve
complex problems and improve decision-making in organizations. Its significance lies in
its ability to provide data-driven insights for optimal solutions, enhancing efficiency and
productivity. The scope of OR is vast, encompassing supply chain management,
finance, healthcare, transportation, and more, through techniques like optimization and
statistical analysis. Examples include optimizing airline schedules, managing inventory,
and improving emergency response logistics.

Significance of Operations Research
Informed Decision-Making:

OR provides managers with quantitative tools and data-driven models, allowing for
more informed and effective decisions.

Optimization:

It aims to find the best possible solutions for various problems, leading to improved
resource allocation, efficiency, and productivity.

Problem-Solving:

OR breaks down complex real-world problems into smaller, manageable parts,
applying analytical methods to solve them systematically.

Reduced Costs:

By optimizing processes and resource utilization, OR helps organizations cut costs
and improve profitability.

Scope of Operations Research

Quantitative Approach:

Operations Research heavily relies on mathematical modeling, statistics, and
algorithms to analyze data and derive optimal solutions.

Interdisciplinary Nature:

It draws from mathematics, statistics, economics, engineering, and computer science
to provide a comprehensive approach to problem-solving.

Focus on Complex Systems:

OR is applied to complex systems, including those found in business, industry, and
government, to identify areas for improvement.

Application Areas and Examples

Supply Chain Management:

Optimizing logistics, inventory, and distribution to reduce costs and improve
efficiency.

Example: Amazon's supply chain relies on OR to route products, manage warehouse
operations, and predict demand.
Manufacturing and Production:

Improving production processes, scheduling, and resource allocation.

Example: Using mathematical models to determine the optimal mix of products to
manufacture and the ideal use of machinery.
Transportation:

Designing optimal routes for vehicles, scheduling airline flights, and managing traffic.



Example: Airlines use OR for dynamic pricing, crew scheduling, and route
optimization to increase revenue and efficiency.
Healthcare:

Allocating healthcare resources, scheduling staff, and managing patient flow.

Example: Optimizing hospital bed allocation or scheduling emergency response
vehicles for faster deployment.
Finance:

Portfolio optimization, risk management, and investment analysis.

Example: Using statistical models to predict stock market trends and optimize
investment portfolios.

Marketing and Sales:
Optimizing advertising campaigns, product placement, and pricing strategies.

Q. 2. **Explain the formulation of Linear Programming Problems (LPP). What are the essential
components of LPP? Formulate an LPP for a business production problem.**

Answer :- Linear programming formulation involves defining decision variables, an
objective function to be optimized (maximized or minimized), and constraints (limitations
on resources) as linear equations or inequalities, along with non-negativity constraints
where variables cannot be negative. To formulate an LPP for a business, identify what
needs to be decided, the goal to achieve, and any limitations, then express these as
mathematical expressions.

Essential Components of an LPP
An LPP consists of four core components:
1. Decision Variables:

These are the unknown quantities that need to be determined to find the optimal
solution.

2. Objective Function:

A linear mathematical expression of the decision variables that the problem aims to
maximize (e.g., profit) or minimize (e.g., cost).

3. Constraints:

A set of linear inequalities or equalities representing the limitations or restrictions on
the decision variables due to limited resources.

4. Non-Negativity Restrictions:

A condition that states the decision variables must be greater than or equal to zero
(e.g., you cannot produce a negative number of items).

Business Production Problem Example: "Furniture Manufacturing"”

A small furniture company produces two types of chairs: "Standard" and "Deluxe". Each
chair requires specific amounts of wood and labor. The goal is to determine how many
of each chair to produce to maximize profit, given the available resources.

LPP Formulation:

1. 1. Identify Decision Variables:



e Let x =the number of Standard chairs to produce.

e Lety =the number of Deluxe chairs to produce.
2. Formulate the Objective Function:

e Suppose the profit from a Standard chair is $150 and from a Deluxe chair is $200.

e« Maximize Z = 150x + 200y: (Total Profit).
3. Identify and Formulate Constraints:

« Wood Constraint: Each Standard chair needs 5 units of wood, each Deluxe chair
needs 7 units, and there are 100 units of wood available.

e S5x+7y=<100

o Labor Constraint: Each Standard chair requires 2 hours of labor, a Deluxe chair
requires 3 hours, and there are 30 hours of labor available.

e 2x+3y=<30

4. Add Non-Negativity Restrictions:

e The number of chairs produced cannot be negative.

e x20,y20
The complete LPP is:

Maximize Z = 150x + 200y
Subiject to:

5x + 7y < 100 (Wood Constraint)
2x + 3y < 30 (Labor Constraint)
x 2 0, y 2 0 (Non-Negativity)

Q. 3. **Describe the concept of duality in Linear Programming. How do you formulate the dual
of a given primal problem? Explain the economic interpretation of dual variables.**

Answer :- Duality in linear programming (LP) states that every LP problem (the primal)
has an associated dual problem, which provides a different perspective on the same
problem using the same data, often revealing economic interpretations like To
formulate the dual, convert the primal's objective function from maximization to
minimization (or vice-versa) and create a dual variable for each primal constraint,
assigning these new variables to form the dual objective function and constraints. The
dual variable represents the marginal value or "shadow price" of a unit of the
corresponding primal resource, indicating how much the primal problem's optimal
solution would improve if that resource's constraint were relaxed by one unit.

Concept of Duality
e Primal-Dual Relationship:

Duality establishes a relationship between an original LP problem (primal) and another
derived LP problem (dual) that is based on the same data but approached from a
different perspective.

e Mirror Image:
The dual problem is often described as a mirror image of the primal, offering an
alternative approach to the same optimization goal.
Formulating the Dual of a Primal Problem

1. 1. Objective Function:



If the primal is a maximization problem, the dual is a minimization problem, and vice
versa.

2. Dual Variables:
Each constraint in the primal problem corresponds to a variable in the dual problem.
3. Dual Objective Function:

The coefficients of the dual's objective function are the right-hand side values of the
primal's constraints.

4. Dual Constraints:

The coefficients of the dual constraints are the left-hand side coefficients of the primal
problem.

5. Sign of Dual Variables:

Dual variables corresponding to "greater than or equal to" (=) constraints in the primal
become "less than or equal to" (=) in the dual, and vice versa.

Economic Interpretation of Dual Variables

Shadow Prices:
Dual variables are often called "shadow prices" or "worth per unit" of resources.
Marginal Value:

A dual variable indicates the change in the primal problem's optimal objective function
value (e.qg., profit) for a one-unit increase in the corresponding primal constraint's right-
hand side.

Resource Valuation:

For example, if a primal problem involves producing goods with limited resources, the
dual variable for a specific resource constraint would represent the maximum price a
company should be willing to pay for an additional unit of that resource.

Opportunity Cost:
The dual can also be seen as a problem of minimizing the total cost (valued at shadow
prices) of fulfilling demands for all the products.

Q. 4. **What is an Assignment Problem? Explain the Hungarian Method for solving assignment
problems with an example. How is the optimal solution determined?**

Answer An Assignment Problem seeks to assign a set of agents to a set of tasks with
minimal cost, such as assigning workers to jobs. The Hungarian Method solves this

by transforming the cost matrix through row and column reductions, then finding the
minimum number of lines to cover all zeros. If the number of lines equals the matrix
dimension, the optimal assignment is made by selecting zeros. Otherwise, the matrix is
further adjusted by subtracting the minimum uncovered value and adding it to covered
intersections, and the process repeats until an optimal solution is found.

The Hungarian Method

The Hungarian method is a step-by-step algorithm to find the optimal assignment that
minimizes total cost.

Steps:



1.

1. Create the Cost Matrix:

Represent the costs of assigning each agent to each task in a square matrix. If the
problem is unbalanced (rows # columns), add dummy rows/columns with zero costs to
make it balanced.

2. Row Reduction:

Subtract the smallest element in each row from all elements in that row. This ensures
at least one zero in each row.

3. Column Reduction:

Subtract the smallest element in each column from all elements in that column, using
the matrix from the previous step. This ensures at least one zero in each column.

4. Cover Zeros with Minimum Lines:

Determine the minimum number of horizontal and vertical lines required to cover all the
zeros in the matrix.

5. Check for Optimality:

If the number of lines equals the dimension of the matrix (n), an optimal solution is
found.

If the number of lines is less than n, find the smallest uncovered element, subtract it
from all uncovered elements, and add it to elements at the intersections of the lines.
6. Make the Optimal Assignment:

Go back to Step 4 and repeat the process until the number of covering lines equals the
matrix dimension.

7. Final Assignment:
Once the matrix has the optimal number of covering lines, make the assignments by
selecting the zeros.
Assign zeros by starting with rows or columns that have only one zero.

Once an assignment is made, eliminate the row and column of the assigned zero and
continue with the remaining unassigned zeros.

The sum of the original costs corresponding to the final assignments is the minimum
total cost.

Unit:- 2

Q. 1. **What is a Transportation Problem? Discuss the mathematical formulation of a
transportation model. Describe the North-West Corner Method and Row and Column Minima
Method with examples.**

Answer :- A Transportation Problem seeks to minimize the cost of shipping a single
commodity from multiple origins to multiple destinations, subject to supply and demand
constraints. Its mathematical formulation involves an objective function to minimize total
cost and constraint equations for supply and demand. The North-West Corner Method
and the Row and Column Minima Method are two heuristic techniques used to find an
initial basic feasible solution by allocating goods to the transportation tableau in a
structured way, though they don't guarantee the optimal solution.



Mathematical Formulation
A transportation problem can be formulated as follows:

Objective Function:
Minimize the total transportation cost, Z:

Min Z = X (cijxij) for all i (sources) and j (destinations)

Constraints:

Supply Constraints: The total amount shipped from each source cannot exceed its
supply:

2 xij = ai for each source i, where ai is the supply at source i.

Demand Constraints: The total amount shipped to each destination must meet its
demand:

2 Xxij = bj for each destination j, where bj is the demand at destination j.
Non-Negativity Constraints: The amount shipped cannot be negative:
xij = 0

Methods for Finding an Initial Basic Feasible Solution

1. North-West Corner Method

This method allocates quantities starting from the top-left corner (north-west) of the
transportation tableau and proceeds row by row or column by column.

Steps:
Start with the cell in the upper-left corner of the transportation table.

. Allocate the maximum possible quantity to this cell, such that it does not exceed the
supply of the source or the demand of the destination.

3. Adjust the remaining supply and demand.

4. Cross out the row or column that has its supply or demand fully met.

If both the row and column are exhausted simultaneously, cross out only one of them
and continue to the next cell in the remaining table.

. Repeat until all supply and demand are met.

Q. 2. **Explain the formulation of Linear Programming Problems (LPP). What are the essential
components of LPP? Formulate an LPP for a business production problem.**

Answer :- An LPP is formulated by defining decision variables, a linear objective function
(to be maximized or minimized), and linear constraints (inequalities or equations
representing limitations), along with non-negativity constraints. For a business
production problem, you'd identify the products to make (decision variables), the goal
(e.g., maximize profit from these products), and the limitations on resources like labor,
materials, or machine time (constraints).

Essential Components of an LPP

The components of a Linear Programming Problem (LPP) are decision variables, the
objective function, and constraints. Decision variables are the unknown quantities to be
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determined, the objective function is the linear relationship to be maximized or
minimized, and constraints are the restrictions or limitations that must be satisfied by the
variables. Additionally, non-negativity constraints are required, stipulating that the
decision variables must be greater than or equal to zero.

. 1. Decision Variables:

These are the unknown quantities you need to determine to solve the problem, such as
the number of units of each product to manufacture.

2. Objective Function:

A linear mathematical expression that defines what you want to achieve—either
maximize profit or minimize cost. It's a function of the decision variables, like Z = 3x +

Sy.
3. Constraints:

Linear inequalities or equations that represent the limitations or restrictions on the
decision variables. These could be resource limitations (e.g., machine hours, raw
materials) or other requirements.

4. Non-Negativity Constraints:

A set of constraints ensuring that decision variables are non-negative, as it's usually
impossible to produce a negative number of items.

Formulating an LPP for a Business Production Problem

Scenario: A furniture maker produces two types of chairs: standard (S) and deluxe (D).
Profit:

Standard chairs yield a profit of $50 each, and deluxe chairs yield a profit of $70 each.
Resources:

Each standard chair requires 2 hours of woodworking time, while each deluxe chair
requires 3 hours of woodworking time.

Each standard chair requires 1 hour of finishing time, while each deluxe chair requires
2 hours of finishing time.
Availability:

There are 60 hours of woodworking time available and 40 hours of finishing time
available per week.

Goal:
Maximize total profit.
LPP Formulation:

Decision Variables:
Let x be the number of standard chairs to produce.

Let y be the number of deluxe chairs to produce.
Objective Function (Maximize Profit):

The goal is to maximize the total profit: z = 50x + 70y.
Constraints (Resource Limitations):

Woodworking Constraint: 2x + 3y < 60 (Total woodworking hours cannot exceed 60)

Finishing Constraint: x + 2y < 40 (Total finishing hours cannot exceed 40)
Non-Negativity Constraints:
x20
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3. **Describe the basic structure and elements of a Queuing System. Discuss the performance
measures used to evaluate queuing systems.**

Answer :- A queuing system consists of an arrival process of customers, a queue where
they wait, a service mechanism with servers, and a departure process after service. Key
performance measures evaluate a system's efficiency, such as average waiting time
(Wq), average queue length (Lq), average time in system (W), average number in
system (L), server utilization (U), traffic intensity (p), and the probability of the system
being empty (Py).

Structure and Elements of a Queuing System

. 1. Arrival Process:

Input/Arrival Pattern: Describes how customers enter the system. This includes the
arrival rate (how frequently customers arrive) and the arrival distribution (the pattern of
inter-arrival times).

Customer Behavior: How customers react to the system, such as their willingness to
join a queue based on its length.
2. Queue:

Waiting Line: A buffer where customers wait for service if the server(s) are busy.

Queue Discipline: The rule for selecting the next customer from the queue. Common
examples include:
First-In, First-Out (FIFO): The first customer to arrive is the first to be served.

Priority-Based: Customers with higher priority are served first.
3. Service Mechanism:

Servers: The entities providing the service.
Service Capacity: The number of servers available to serve customers.

Service Rate: How quickly a customer is served once they reach a server.
4. Departure Process:

The final step where a customer leaves the system after completing service.
Performance Measures for Queuing Systems

These measures help in analyzing and optimizing a queuing system:
Average Queue Length (Lq): The average number of customers waiting in the queue.

Average Waiting Time in Queue (WQq): The average time a customer spends waiting
before service begins.

Average Number in System (L): The average total number of customers in the
system, including those being served and waiting.

Average Time in System (W): The average total time a customer spends from arrival
to departure.

Server Utilization (Us): The proportion of time a server is busy serving customers.



Traffic Intensity (p): The ratio of the arrival rate to the total service rate of the system,
indicating how busy the system is.

Probability of n Customers in System (Pn): The likelihood that there are exactly n
customers in the entire system.

Probability of Idle System (Po): The probability that the system has no customers
waiting or being served.

A queuing system consists of an arrival process (how customers enter), a queue (where
they wait), a service mechanism (servers and their capacity), and a queue discipline
(how customers are selected for service), along with performance measures to evaluate
the system'’s efficiency. Key characteristics also include the population of

customers, system capacity, and potential customer behaviors like balking (not joining
the queue) or reneging (leaving the queue).

Here are the core elements of a queuing system:
1. Arrival Process

Population Size:

The pool of potential customers can be unlimited (a large, general customer base) or
limited (a fixed number of items needing service).

Arrival Pattern:

Describes how customers enter the system, often characterized by a probability
distribution for inter-arrival times (the time between customers) and arrival rates.
2. Queue (Waiting Line)

Queue Capacity: The maximum number of customers that can wait in the line at one
time.

Queue Discipline: The set of rules for selecting the next customer to be served from
the queue. Common disciplines include:

First-Come-First-Served (FCES)/First-In-First-Out (FIFO): The first customer to arrive
is the first to be served.

Last-Come-First-Served (LCFS): The most recent customer to arrive is served first.

Priority-Based: Customers are selected based on a priority level.
3. Service Mechanism

Number of Servers: The quantity of servers available to provide service.

Service Mechanism/Service Rate: The process of serving customers, defined by the
service time distribution (how long it takes) or service rate (how many customers can be
served per unit of time).

4. Departure Process

This describes how customers exit the system after they have been served.
5. Performance Measures

Quantitative metrics: used to analyze and evaluate the system's
performance. Examples include:
Average waiting time in the queue.

Average time a customer spends in the system (waiting time + service time).
Server utilization (how busy the servers are).
The length of the queue.
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**Unit 3: Game Theory & Replacement Theory**

1. **What is Game Theory? Discuss Two-Person Zero-Sum Games. How are pure and mixed
strategies used to determine optimal strategies in such games?**

Answer : - Game theory studies strategic interactions, and in a two-person zero-sum
game, the gain of one player is exactly the loss of the other, with outcomes represented
by a payoff matrix. Players use pure strategies (always picking the same move) in
strictly determined games to find a saddlepoint in the matrix, which represents the
game's value. If no saddlepoint exists, players use mixed strategies (probabilistic
choices) to determine their actions and achieve an expected value, where the goal is to
maximize their minimum guaranteed outcome (maximin) or minimize their opponent's
maximum possible outcome (minimax).

What is Game Theory?

Game theory is the mathematical framework for analyzing strategic interactions
between rational decision-makers. It models situations where each participant's
outcome depends on the choices of all involved players. It has wide-ranging
applications in economics, political science, computer science, and management
science.

Two-Person Zero-Sum Games

Definition: These are competitive situations involving two players, where one player's
gain directly corresponds to the other player's loss.

Payoff Matrix: The potential outcomes for each player are represented in a payoff
matrix. The row player chooses a row, and the column player chooses a column. The
number at the intersection of the chosen row and column is the payoff.

Goal: Each player aims to maximize their own payoff (or minimize their loss).
Optimal Strategies: Pure and Mixed

Optimal strategies are determined to guarantee the best possible outcome, regardless
of the opponent's strategy.

Pure Strategies:
When Used: In strictly determined games.

How it Works: A player chooses a single action (a "pure" strategy) and always sticks
to it.
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e Saddlepoint: This is a value in the payoff matrix that is both the smallest in its row
and the largest in its column. The row player uses a maximin strateqy to find the best
row, and the column player uses a minimax strategy to find the best column. If the
maximin and minimax values are the same, the game has a saddlepoint, and both
players can use their respective pure strategies to achieve the optimal outcome, which
is the value of the game.

« Mixed Strategies:

e When Used: When a game does not have a saddlepoint.

« How it Works: Instead of picking one action, a player chooses a probability
distribution across their available actions. A random device (like a dice roll) then
selects the actual action based on these probabilities.

o Goal: Players assign probabilities to their actions to maximize their minimum
guaranteed payoff (expected value). The objective is to make the opponent indifferent
between their own choices, which leads to a stable outcome.

e Value of the Game: The "value of the game" in this context is the expected payoff
that each player can guarantee for themselves in the long run

2. **Define saddle point and explain the rules of dominance in Game Theory. How are these
concepts applied to simplify and solve games? Provide a numerical example.**

Answer :- saddle point in game theory?

In game theory, a saddle point is a stable outcome in a two-player, zero-sum game
where the maximin (maximum of row minimums) equals the minimax (minimum of
column maximums). This position, located in a payoff matrix, represents a pure strategy
equilibrium where neither player can improve their outcome by unilaterally changing
their strategy, and the payoff at this point is considered the "value of the game".

How to Find a Saddle Point

Identify Row Minimums: For each row (Player 1's strategies), find the smallest payoff.

. Find Maximin: Determine the largest of these row minimums. This is the maximum
expected gain for Player 1.

Identify Column Maximums: For each column (Player 2's strategies), find the largest
payoff.

. Find Minimax: Determine the smallest of these column maximums. This is the maximum

loss Player 1 can expect Player 2 to force upon them.

. Check for Equality: If the maximin value and the minimax value are the same, then a
saddle point exists at the intersection of the corresponding row and column.
Characteristics of a Saddle Point

Stable Equilibrium:
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It represents a stable state where no player has an incentive to deviate from their
strategy.

e Pure Strategy Solution:

A game with a saddle point can be solved using a pure strategy, meaning each player
chooses a single strategy with certainty.

e Value of the Game:

The payoff (the number) at the saddle point is known as the "value of the game". It
represents the consistent outcome when both players play optimally.

Rules of dominance in game theory :-

the principle of dominance in game theory states that if one strategy is always better
than another for a player, regardless of the other players' choices, the inferior strategy
can be eliminated from consideration. This process, which involves comparing rows for
the row player and columns for the column player, helps simplify a game's payoff matrix
and can be repeated to reduce the game to a smaller form, eventually leading to a
solution.

How it works:

1. Identify a dominated strategy: Look for a strategy that provides a worse outcome (for
the row player) or a worse outcome (for the column player) compared to another
strategy in every possible scenario.

2. Eliminate the dominated strategy: Remove the inferior strategy from the payoff
matrix.

3. Repeat the process: Continue checking for and eliminating dominated strategies from
the reduced matrix until no more can be found.

Example (Player A's perspective, with rows representing Player A's strategies):
« Row 1: Payoffs are
e Row 2: Payoffs are

e Analysis: Each payoffin Row 1 (5, 2, 6) is greater than the corresponding payoff in
Row 2 (3, 1, 4).

o Conclusion: Row 1 is a dominant strategy, and Row 2 is a dominated strategy. Row 2
can be eliminated from the game, simplifying the problem.

Example (Player B's perspective, with columns representing Player B's strategies):
e Column 1: Payoffs are
e Column 2: Payoffs are

e Analysis: Each payoff in Column 2 (2, 1) is less than the corresponding payoff in
Column 1 (5, 3).

e Conclusion: Column 1 is a dominant strategy, and Column 2 is a dominated
strategy. Column 2 can be eliminated.

Purpose:

e Toreduce the complexity of a game by eliminating strategies that are never the best
choice.



3. **Explain Replacement Theory. How are replacement decisions made with and without
considering the time value of money? Illustrate with examples.**

Answer :- Replacement theory determines the optimal time to replace a deteriorating or
obsolete asset (like a machine or equipment) to minimize costs and maximize
efficiency, considering factors like purchase cost, maintenance costs, operating costs,
and resale value. Decisions are made without the time value of money by finding the
asset's economic life where the average total cost per period is minimized, and with the
time value of money by comparing present values of costs over alternatives, often using
discounted cash flow analysis to account for the earning potential of money.

A replacement model is a tool or a system used to determine the optimal time to replace
an item—Ilike a machine, component, or even a human worker—that has become
inefficient, broken down, or outdated. These models help in making cost-effective
decisions by balancing the costs of continued use (such as maintenance and operating
expenses) against the benefits of acquiring a new, more efficient item. They are widely
used in operations research and business to manage assets and prevent higher costs
associated with prolonged use.

Replacement Theory Explained
Objective:

To find the most economical policy for replacing items that fail or deteriorate over time,
such as machines, equipment, or even workers.

Types of Problems:

Gradual Deterioration: Assets whose efficiency decreases over time, leading to
higher maintenance and operating costs.

Sudden Failure: Items that fail completely after a certain amount of use but don't
necessarily deteriorate (e.g., light bulbs).

Obsolescence: Equipment becoming out-of-date due to new technological
advancements.

Key Costs Considered:

Purchase Cost: The initial price of a new asset.

Operating & Maintenance Costs: Expenses like fuel, repairs, and running costs,
which often increase with age.

Resale Value: The salvage value of an old asset when it's replaced.
Replacement Decisions Without Considering the Time Value of Money

This method focuses on the average cost of using an asset over its life.
How it Works:

. Calculate the total cost for each year of the asset's life, including purchase price,
maintenance, and operating costs, less any resale value.

. Find the point where the average total cost per year is at its lowest. This "economic
life" is when replacement is most cost-effective.

Example:

A machine costs $10,000 and has no resale value.



Year 1: Cost = $10,000 (Purchase). Average Cost = $10,000 / 1 = $10,000.

Year 2: Operating Cost = $2,000. Total Cost = $10,000 + $2,000 = $12,000. Average
Cost = $12,000/ 2 = $6,000.

Year 3: Operating Cost = $4,000. Total Cost = $10,000 + $2,000 + $4,000 =
$16,000. Average Cost = $16,000 / 3 = $5,333.

Year 4: Operating Cost = $6,000. Total Cost = $10,000 + $2,000 + $4,000 + $6,000 =
$22,000. Average Cost = $22,000 / 4 = $5,500.

Decision: The machine should be replaced after Year 3 because the average cost
starts increasing in Year 4.
Replacement Decisions With Considering the Time Value of Money

This method acknowledges that money received or spent at different times has different
values due to its potential to earn interest.

How it Works:

1. Calculate the Net Present Value (NPV) of costs for each alternative replacement option

over its useful life.
. The option with the lowest NPV of costs is the most economically viable.

4. **Discuss the concepts of Individual and Group Replacement Policies. How are these applied
in equipment renewal or staffing decisions? Use suitable numerical illustrations.**

Answer :- Individual and Group replacement policies are strategies for replacing aging
assets, with Individual Replacement addressing failures as they occur, while Group
Replacement involves replacing all items at fixed intervals, though individual failures
can still trigger early replacements. The choice depends on factors like cost, failure
rates, and item characteristics, with Group Replacement often more economical for
high-volume, low-cost items with sudden failures, whereas Individual Replacement suits
high-cost, easily tracked items.

Individual Replacement Policy
Concept: An item is replaced immediately when it fails.
Application:

Equipment Renewal: Used for unique, high-cost equipment (e.g., a complex machine)
where it's cost-effective to monitor and replace it only upon failure.

Staffing Decisions: Less common for staff directly, but can relate to replacing a single
employee whose specific role becomes vacant due to departure or termination.
Example: A company has 5 large, expensive generators. If one generator fails, it is
immediately replaced.

Group Replacement Policy

Concept:

A policy where all items are replaced at fixed, predetermined intervals, regardless of
their individual failure status. However, an item that fails before the scheduled group
replacement time is replaced individually.

Application:
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Equipment Renewal: Ideal for large numbers of identical, relatively inexpensive items
that are difficult or expensive to monitor individually, such as light bulbs or electronic
components.

Staffing Decisions: Used to manage large groups of employees who have similar job
functions and performance lifespans. This involves a periodic review and renewal of
the entire workforce at fixed intervals.

Example:

A large office building uses hundreds of light bulbs. Instead of waiting for each bulb to
fail, the building management replaces all bulbs every six months, but any bulb that
burns out earlier is replaced on the spot.

Numerical Illustration

Consider a system of 1000 light bulbs in a factory.
Individual Replacement Cost: Rs 10 per bulb.
Group Replacement Cost: Rs 5 per bulb.

Observed Failure Rates: The table below shows the percentage of bulbs that fail by
the end of each week:

Week % Failing by End of Week
1 10
2 20
3 50
4 70
5 100
Calculations

1. Individual Policy Cost:
If you wait for failures, 1000 bulbs fail in week 1, costing 1000 * Rs 10 = Rs 10,000.

. 2. Group Policy Cost (Example for 3 weeks):
Total bulbs to be replaced in 3 weeks = 1000 (failure in week 3).

Cost of group replacement at 3 weeks = 1000 * Rs 5 = Rs 5000.
Number of failures before week 3 = 1000 (at week 1) + 200 (at week 2) = 200 bulbs.
Cost of individual failures before week 3 = 200 * Rs 10 = Rs 2000.

Total cost for Group Policy at 3 weeks = Rs 5000 (group) + Rs 2000 (individual
failures) = Rs 7000.

Conclusion: In this simplified example, replacing all bulbs at week 3 (Rs 7000) would be
more economical than replacing them all individually if they all failed (Rs 10,000). You
would continue this calculation for each week to find the optimal replacement interval
where the total cost (group replacement cost + individual failure replacement cost) is
minimized.

**Unit 4: CPM and PERT (Project Management)**



1. **What are CPM and PERT? Compare and contrast both techniques. Explain the advantages
and limitations of using these project management tools.**

Answer :- CPM (Critical Path Method) is a deterministic project management technique
for well-defined projects, while PERT (Program Evaluation and Review Technique) is a
probabilistic technique for complex projects with uncertain activity durations. CPM
focuses on the critical path to control costs and time, whereas PERT uses three time
estimates (optimistic, most likely, pessimistic) to manage uncertainty and calculate a
project's expected completion time.

Comparison
Feature CPM PERT
Approach Deterministic (fixed time Probabilistic (three time estimates:
estimates) optimistic, most likely,

pessimistic)

Project Type Well-defined, repetitive projects Complex, uncertain, research-
focused projects

Focus Cost and time control Time control

Activity Sensitive to changes due toa  Less sensitive due to probability

Sensitivity  deterministic model distributions

Goal Identify the critical path to Forecast project duration under
optimize time and cost uncertainty

Crashing Allows for "crashing" to Crashing concept is not applicable

shorten project time at
additional cost

Advantages
CPM:

Improves Project Planning: Helps break complex projects into smaller, manageable
tasks.

Strengthens Communication: Provides a clear roadmap for project teams.
Effective Resource Management: Helps optimize resource allocation.

Facilitates Cost Control: Aims to optimize project time and cost.

PERT:

Manages Uncertainty: Incorporates time estimates with probabilities to account for
project unpredictability.

Enhances Project Forecasting: Provides a more realistic time estimate for complex
projects.

Simplifies Complex Projects: Breaks down projects into smaller, easier-to-manage
activities.



Aids Risk Management: Helps in identifying tasks that require more attention or are
prone to delays.
Limitations

CPM:

Difficult for Uncertain Projects: Not suitable for projects with unknown or hard-to-
estimate activity times.

Complex Activity Identification: Requires time to identify all activities and their
dependencies.

PERT:

Subjective Time Estimates: Time estimates can be biased or unreliable, especially
for unique projects without historical data.

Time-Consuming Data Collection: Gathering three time estimates for each activity
can be a lengthy process.

Not Cost-Focused: Lacks the cost-optimization aspect found in CPM.

2. **Explain the components of a network diagram. How are precedence relationships and
activities represented in CPM/PERT networks? Draw a sample network diagram.**

Answer :- A network diagram consists of activities, represented by arrows, and events (or
milestones), shown as nodes or circles, that depict project tasks and their completion
points, respectively. Precedence relationships (task dependencies) are shown by the
arrows, indicating the order in which activities must be performed, with a successor
activity following a predecessor. Activities are assigned estimated times, and the Critical
Path Method (CPM) and Program Evaluation and Review Technique (PERT) are used
to find the critical path.

Components of a Network Diagram
Activity:
A task or action that requires time, resources, and consumes part of the project.

Representation: An arrow (arc), where the arrow's direction shows the sequence.
Event/Milestone:

A point in time, marking the completion or start of an activity or project phase.

Representation: A circle or node.
Nodes (or Circles):

Represent either the start or finish of an activity, or both.

Arrows (or Arcs):

Link nodes and represent the activities themselves. The length of the arrow is not to
scale and is for visual convenience.

Precedence Relationships and Activities in CPM/PERT

Precedence Relationships:

The order in which activities must be carried out. This dependency is shown by the
arrows connecting the nodes.

Activity Sequence:
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An arrow originates from a node (the completion of a preceding activity) and
terminates at another node (the start of the next activity), illustrating the logical flow of
work.

CPM vs. PERT:
CPM: identifies the longest sequence of dependent activities (the critical path)
required to complete the project.

PERT: uses probabilistic time estimates (optimistic, pessimistic, and most likely) to
account for uncertainty in activity durations.
Sample Network Diagram

Here is a simple example of a network diagram illustrating the activities for building a
small house:

Code
(Start) --> A: Dig Foundation --> (B: Pour Foundation) -->
C: Build Walls --> D: Install Roof --> (Finish)

A A

A

Predecessor

Nodes: (Start), (B: Pour Foundation), (Finish) represent events.

Activities: A (Dig Foundation), C (Build Walls), and D (Install Roof) are represented by
the arrows.

Dependencies:
Activity A must be completed before B can start.

Activity B must be completed before C can start.
Activity C must be completed before D can start.

3. **How is the critical path determined in a CPM network? Discuss the concept of slack and
float, and explain their importance in project scheduling.**

Answer :- The critical path in a Critical Path Method (CPM) network is determined by the
longest sequence of dependent activities in the project, which represents the minimum
project completion time. It's found using a forward pass to calculate earliest start/finish
times and a backward pass to calculate latest start/finish times for all activities. Activities
with zero slack (or float) are on the critical path; any delay in these tasks directly delays
the entire project.

Determining the Critical Path

Identify Activities & Dependencies: List all project tasks and their relationships (which
task must finish before another can start).

. Estimate Task Durations: Determine the time each task will take to complete.

. Draw the Network Diagram: Visualize the tasks and dependencies using nodes and
arrows.
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. Perform the Forward Pass: Calculate the earliest start (ES) and earliest finish (EF)
times for each activity to find the project's earliest completion date.

. Perform the Backward Pass: Calculate the latest start (LS) and latest finish (LF) times
for each activity, working backward from the project's earliest completion date.

. Calculate Slack/Float: For each activity, calculate the slack (or float) using the formula:
Slack = LF - EF.

Identify the Critical Path: The sequence of activities with a slack (or float) of zero
forms the critical path.
Slack and Float

Slack and float are interchangeable terms for the amount of time an activity can be
delayed without delaying the project's completion date or impacting subsequent tasks.

Total Float:

The maximum amount of time an activity can be delayed without delaying the entire
project's finish date.

Free Float:

The maximum amount of time an activity can be delayed without delaying the start of
any successor activity.

Importance in Project Scheduling

Prioritization:
Critical path tasks are the most important; delays here are critical.
Resource Allocation:

Managers can focus resources on critical tasks and use the slack of non-critical tasks
for other purposes.

Risk Management:

By knowing the critical path, project managers can focus on mitigating potential risks
that could affect these key activities.

Schedule Optimization:

Slack provides flexibility, allowing for rescheduling if issues arise with other tasks
without affecting the overall deadline.

Informed Decision-Making:
The critical path helps in deciding whether to accelerate ("crash") a project or make
other adjustments to meet deadlines.

4. **What is PERT? How are expected time, variance, and standard deviation calculated for
project activities? How is PERT used for risk analysis in project management?**

Answer:- PERT, or the Program Evaluation and Review Technique, is a project
management tool that uses three time estimates (optimistic, most likely, and
pessimistic) to calculate the expected time, variance, and standard deviation for project
activities. The expected time for an activity is a weighted average: T = (O + 4M + P) / 6.
The variance for an activity is calculated as ((P - O) / 6)?, and the project's standard
deviation is the square root of the sum of variances for activities on the critical

path. PERT is used for risk analysis by quantifying the probability of completing a
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project within a specific timeframe, enabling better planning and control for projects with
uncertain timelines.

Expected Time, Variance, and Standard Deviation Calculations

. 1. Expected Time (T):

This is a weighted average of three time estimates for an activity:
Optimistic Time (O): The shortest possible time for the activity to complete.
Most Likely Time (M): The time the activity is most likely to take.

Pessimistic Time (P): The longest possible time for the activity to complete,
assuming things go wrong.

Formula: T = (O + 4M + P) / 6
2. Variance (0?):

This measures the uncertainty or variability of an activity's duration.

Formula: 6?2 = ((P - 0) / 6)?

3. Standard Deviation (0):

This is the square root of the project's total variance and represents the overall
uncertainty of the project's completion time.

Formula: ¢ = vV (202)

Note: You sum the variances of the individual activities on the critical path to get the
project's total variance, not their standard deviations.
PERT for Risk Analysis

PERT aids risk analysis by providing a framework to:

Quantify Uncertainty:

It uses probabilistic time estimates to account for the inherent uncertainty in project
tasks, which traditional scheduling methods like Gantt charts do not.

Calculate Project Completion Probability:

By using the Z-value formula, project managers can determine the likelihood of
completing the project by a specific date:

Formula: z = (Target Time - Project's Expected Time) / Project's
Standard Deviation

This Z-value can then be used to find the probability from a standard normal
distribution table, allowing for more informed decisions regarding project timelines and
resources.

Identify Critical Path:

PERT helps identify the critical path, the sequence of activities that determines the
shortest possible project duration. This highlights the tasks that are most sensitive to
delay and require closer monitoring.
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