
Part I - Optimization (IEOR 240 content) 

All the answers have to be clearly justified. An answer with no justification will 
lead to no score for the question. 

Exercise 1 

A renewable energy company plans to expand its electricity production capacity by at least 
2500 megawatts (MW) to meet growing energy demands. The company wants to minimize 
costs and has identified several sites where new plants can be built. Each site has a base 
capacity that comes with a fixed cost, and some sites offer the option to expand capacity 
further with additional investments. The data for the potential sites is as follows: 

Site Base Cost Base Capacity Additions Possible 

1 $9M 750 MW None 
2 $6M 450 MW None 
3 $13M 1100 MW $0.015M per MW, up to +350 MW 
4 $9M 800 MW $0.02M per MW, up to +400 MW 

Further, the contractor we are working with has agreed to give discount on building (the 
base version of) site 4 if sites 1 and 2 are built: If (the base versions of) sites 1 and 2 are 
built, then site 4 can be built for $7M instead of $9M (but the additions cost the same). 

Formulate the problem of expanding the company’s electricity production by at least 2500 
MW at minimum cost as a Mixed-Integer Linear Program (MILP). Clearly define your 
decision variables, objective function, and constraints, and describe the purpose of each 
constraint in a few words. 



Exercise 2 

A company is making chairs and tables, and has the following technology table that summa-

rizes their available resources in the rows, and the resources needed to produce chairs and 
tables as the columns: 

Chair Table Units available 

Labor 3 2 130 
Wood 1 2 80 
Paint 0.4 0.8 45 

a) The company’s client is willing to buy any number of chairs for $25, and any number 
of tables for $35. Formulate as an LP the problem of deciding how many chairs and 
tables to produce and sell to the client, subject to the resource information provided 
in the table, to maximize the company’s revenue. 



b) Suppose that you solve the LP and find that the shadow price of wood is 55, and that 
the shadow price of paint is 0. Explain what that tells you, and what decisions the 
company might want to use that information for. 



c) Suppose instead that the company’s client is willing to buy tables for $35 per table for 
up 20 tables, and $25 for up to 15 additional tables beyond that. The client is still 
willing to buy chairs for $25 per chair, but only up to 6 chairs per table purchased. 

Further, if the company makes 20 or more tables, they would like to make at least 10 
chairs so that their staff doesn’t forget how to make chairs. 

Given this new setting, formulate as an ILP or MILP the optimization problem of 
maximizing the revenue of the company. Describe in a few words any new decision 
variable, modification to the objective function, or new constraint you have introduced. 



Exercise 3 

For each of the following statements, determine whether it is true or false. Justify your 
answer. 

a) An LP is always either unbounded, infeasible, or has a unique optimal solution. 

b) When a slack variable for a resource constraint in an LP is positive in an optimal 
solution, the shadow price for that resource must be 0. 

c) Let uA, uB, uC be binary decision variables for yes/no decisions A, B, and C, and let 
x be a continuous decision variable with x ≥ 0, x ≤ 100. The following constraint can 
be captured by linear constraints without introducing additional decision variables: if 
we decide “no” for decision B, then we must have x ≤ 50 and we must decide ”yes” 
on at least one of A or C. 



Part II - Stochastic Modeling (IEOR 241 content) 

All the answers have to be clearly justified. An answer with no justification will 
lead to no score for the question. 

4 exercises with one question + 2 exercises with 2 questions 

Exercise 1 

Two fair (cube) dice have had two of their sides painted red, two painted black, one painted 
yellow and the last one painted in blue. Question: When this pair of fair dice is rolled, 
what is the probability that both dice land with the same color face up? 



Exercise 2 

An insurance company classifies people into three classes: good risks, average risks, bad risks. 
The company records indicate that the probability that good, average or bad-risk persons 
will be involved in at least one accident over a 1-year span are 0.05, 0.15, 0.30 respectively. 
We estimate that 10% of the population is good-risk, 60% are bad risk and 30% are bad 
risk. Question: If a policyholder has no accident in 2024, what is the probability that the 
policyholder is a good-risk? 



Exercise 3 

An electric system is composed with n transistors, each of which will, independently, func-
tions with probability p. The total system will be able to operate effectively if at least 
one-half of its components function. Question: Give a condition on p ensuring that a 
system with 5 transistor will be more likely to operate effectively than a 3 transistor system. 



Exercise 4 

Ten percent of the population is left-handed. There are currently 219 students enrolled in 
the course INDENG 241. Question: Approximate the probability that the number of 
students in INDENG 241 who are left-handed is between 15 and 25 (inclusive) by using 
DeMoivre Laplace theorem with a correction of continuity at the threshold 0.5, that is to 
find P(14.5 ≤ X ≤ 25.5) for X a random variable to be determined denoting the number of 
student left handed in 241. 



Exercise 5 

A city launch a bikeshare program with 3 bike stations, Station 0, Station 1, and Station 2. 
People can borrow a bicycle at one station and return it to the same station or either of the 
other two stations. We assume that if a bike is borrowed at the Station 0, it will return at 
Station 0 with probability 0.5, it will be return to station 1 with probability 0.4 and return 
to Station 2 with probability 0.1. If the bike is borrowed at the station 1, it will return to 
either station 0 or Station 1 with equal probability 0.5. If a bike is borrowed at the station 
2, it will be return at the station 1 with probability 1. 

Ex. 5-Question 1: Draw the graph and give the transition matrix P of this Markov chain. 



Ex. 5-Question 2: What is the proportion of time we will find a bike at the station 0? 
That is find π0 where π = (π0, π1, π2) solves πP = π. 



Exercise 6 

A store stocks two different brands of a certain type of flour. Let X the amount (in lb) of 
brand A and Y the amount of brand B (in lb)). We suppose the joint density of X and Y is 

f(x, y) = 

 
αxy, if 0 ≤ x ≤ 10, 0 ≤ y ≤ 20, x ≤ y 

0 otherwise. 

Ex. 6-Question 1: Find the value of α 



Ex. 6-Question 2: Compute the probability that the total stock of flour is less than 15 
lbs (brand A plus brand B, that is P(X + Y ≤ 15)). 
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