APS 1005 Operations Research
for Engineering Management

Lecture 1 (includes syllabus) July 28th, 2025
Instructor Roy H. Kwon



Course logistics

Classroom: RS (Rosebrugh) 208
Lecture time: 11:10AM to 2PM
Course runs from July 28t to August 11t"

Course will use quercus site for lecture slides
and assignment postings and announcements.



Instructor

e Roy Kwon (faculty member in MIE)
e E-mail: rkwon@mie.utoronto.ca



mailto:rkwon@mie.utoronto.ca

Course requirements

2 exams
(1st exam on August 4th) 40%
(2" exam on August 11th) 40%

Computational Project (due August 15,
submission through quercus by 11:49PM) 20%

Regular homework will be assigned but not
collected (solutions will be provided).

IT WILL BE IN YOUR INTEREST THAT YOU DO
HW PROBLEMS (VERY HELPFUL FOR EXAM
PREP & PROJECT)



Course (texts) references

e [1] Operations Research: Applications and

Algorithms 4" Edition, Duxbury Press, by Wayne
Winston

e [2] Introduction to Linear Optimization and
Extensions with MATLAB, Taylor and Francis, by
Roy H. Kwon

e Reference [1] is easily found in pdf form on the
web.

e | have uploaded a pdf copy of reference [2] on
quercus.



Course Prequisites

e Calculus (including some multi-variate) and linear
algebra

e Programming background (e.g. C/C++, python,
Java, etc...) enough so that picking up MATLAB
Is not a problem. The project will involve the use
of MATLAB optimization functions (python may
be used as well but | will not teach on how to use
optimization routines in python)



What is Operations Research?
What is Management Science?

e World War Il : British military leaders asked scientists
and engineers to analyze several military problems
— Deployment of radar

— Management of convoy, bombing, antisubmarine, and mining
operations.

e The result was called Military Operations Research,
later Operations Research



What is Management Science
(Operations Research)?

e Today: Operations Research and Management
Science mean

“the use of mathematical models in providing guidelines
to managers for making effective decisions within the
state of the current information, or in seeking further
information if current knowledge is insufficient to reach a
proper decision.”

e c.f. Decision science, systems analysis,
operational research, systems dynamics,
operational analysis, engineering systems,
systems engineering, and more.



Voices from the past

e Waste neither time nor money, but make the
best use of both.

— Benjamin Franklin

e Obviously, the highest type of efficiency is
that which can utilize existing material to
the best advantage.

— Jawaharlal Nehru

e Itis more probable that the average man
could, with no injury to his health, increase his efficiency fifty
percent.

— Walter Scott



Operations Research in the 00°s

LOTS of opportunities for OR as a field
Data, data, data

— E-business data (click stream, purchases, other
transactional data, E-mail and more)

— Data from sensors
Need for more automated decision making

Need for increased coordination for efficient use of
resources (Supply chain management)
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Optimization

o

As ageless
as time
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Calculus

Maximum

= Minimum

Fermat, Newton, Euler, Lagrange, Gauss,
and more
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Some of the major themes of APS 10035

e Optimization is everywhere
e Models, Models, Models

e The goal of models is “insight” not numbers
— paraphrase of Richard Hamming

e Algorithms, Algorithms, Algorithms
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Optimization is Everywhere

e [tis embedded in language, and part of the way
we think.

firms want to maximize value to shareholders
people want to make the best choices

We want the highest quality at the lowest price
When playing games, we want the best strategy

When we have too much to do, we want to optimize the
use of our time

etc.
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Mathematical Optimization is nearly
everywhere

Finance

Marketing

E-business
Telecommunications
Games

Operations Management
Production Planning
Transportation Planning
System Design

Look for it! You will see opportunities for its use.
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On APS 1005 and Optimization Tools

e Some goals in APS 1005:

— Present a variety of tools for optimization

— lllustrate applications in manufacturing, finance, e-
business, marketing and more.

— Prepare students to recognize opportunities for
mathematical optimization as they arise
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Linear Programming (our first tool,
and probably the most important one.)

e minimize or maximize a linear objective
e subject to linear equalities and inequalities

maximize 3x+ 4y

subjectto 5x+ 8y < 24
X,y=>0

A feasible solution satisfies all of the constraints.
x=1,y=1is feasible; x=1,y =3 is infeasible.
An optimal solution is the best feasible solution.
The optimal solutionis x=4.8,y = 0.




Terminology

e Decision variables: e.g., x and y.

— In general, there are quantities you can control to improve your
objective which should completely describe the set of decisions
to be made.

e Constraints: e.g., 9x+ 8y <24 ,x>0,y>0

— Limitations on the values of the decision variables.

e Objective Function. e.g.,3x+ 4y

— Value measure used to rank alternatives
— Seek to maximize or minimize this objective
— examples: maximize NPV, minimize cost
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MSR Marketing Inc.

adapted from Frontline Systems

*Need to choose ads to reach at least 1.5 million people
Minimize Cost

Upper bound on number of ads of each type

TV Radio Mail Newspaper
Audience Size 50,000 25,000 20,000 15,000
Cost/impression $500 $200 $250 $125

Max # of ads 20 15 10 15
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Formulating as a math model
Work with your partner

1. The decisions are how many ads of each type to
choose. Let x, be the number of TV ads selected. Let
X5, X3, X4 denote the number of radio, mail, and
newspaper ads. These are the “decision variables.”

2. Whatis the objective? Express the objective in terms
of the decision variables.

3. What are the constraints? Express these in terms of
the decision variables.

4. If you have time, try to find the best solution.
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The MSR Marketing Problem

Minimize

subject to

500 x, + 200 x, + 250 x; + 125 x,

50 x, + 25 x, + 20 x, + 15 x, = 1,500

0
0
0
0

<

IA IA A

x, < 20
X, < 15
x; < 10
x, < 15

MSR Marketing
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01_MSR_Marketing.xls

Gemstone Tool Company

Privately-held firm

Consumer and industrial market for construction tools
Headquartered in Seattle

Manufacturing plants in the US, Canada, and Mexico.

Simplifying assumptions, for purposes of illustration:
— Winnipeg, Canada plant

— Wrenches and pliers.

— Made from steel

— Injection molding machine

— Assembly machine



Data for the GTC Problem

Wrenches Pliers | Available
Steel 1.5 1.0 15,000 pounds
Molding Machine 1.0 1.0 12,000 hrs
Assembly Machine 4 5 5,000 hrs
Demand Limit 8000 10,000
Contribution $.40 $.30
($ per item)

We want to determine the number of wrenches and pliers
to produce given the available raw materials, machine
hours and demand.

23



To do with your partner

e Work with your partner to formulate the GTC
problem as a linear program.

e Let P = number of pliers made
e Let W= number of wrenches made
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Formulating the GTC Problem

Step 1: Determine Decision Variables
W = number of wrenches manufactured

P = number of pliers manufactured

Step 2: Determine Objective Function

Maximize Profit=

4W+ 3P
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The Formulation Continued

Step 3: Determine Constraints

Steel:

15W + P < 15,000
Molding: W + P < 12,000
Assembly: 0.4W + 05P < 5,000
Wrench Demand: o<W < 8,000
Plier Demand: O<LP < 10,000

We will show how to solve this in the next lecture. 26



Addressing managerial problems: A
management science framework

1.
2.
3.

Determine the problem to be solved
Observe the system and gather data
Formulate a mathematical model of the problem

and any important subproblems

. Verify the model and use the model for prediction

or analysis

. Select a suitable alternative

. Present the results to the organization
. Implement and evaluate
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Dealing with very large versions of the
problem

e Suppose that there are 10,000 products and 100
raw materials and processes that lead to
constraints.

e Old technique used: write a Fortran program that
generates the linear program

e New technique used: write an “algebraic version
of the model”
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An Algebraic Formulation

e n = number of items that are manufactured
— e.g., in the previous example, n = 2;

e m = number of resource constraints
— e.g., m =2, {molding, and assembly}

Represent data in the previous example, using letters that stand
for the data. In practice, the data is drawn from a table, and the
letters refer to the table, and the subscripts indicate the position
in the table.

® p; = unit profit from item j, e.g., p, = .3;
¢ d; = maximum demand for item j; e.g.,
¢ Xx; = number of units of item j manufactured

e b, = amount of resource i available

e a; =amount of resource i used in making item j
29



An Algebraic formulation
Maximize Z DX,
subject to Zalj x; <b, fori=1tom
x;<d, forj=1ton

x; 20 forj=1ton
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Linear Programs

e A linear function is a function of the form:
(X Xop . .., X)) =C Xy CX,+ ... +C X,
=2i=tton CX
E.g., 3X1 + 4XZ - 3X4.

e A mathematical program is a linear program (LP) if the
objective is a linear function and the constraints are
linear equalities or inequalities.

X = 2X5=7
e Typically, an LP has non-negativity constraints.

31



A non-linear program is permitted to have
a non-linear objective and constraints.

e maximize f(x,y) = xy
e subject to X - y32<10
3X -4y > 2
x>0,y>0
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An integer program is a linear program
plus constraints that some or all of the
variables are integer valued.

e Maximize 3x, + 4x, - 3X,4

X,20,x,>0, x,>0and
X, , X5, X5 are all integers
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An Algebraic formulation with
equality constraints

n
Max or min chxj

subject to Zalj x,=b, fori=1tom

x; 20 forj=lton
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Linear Programming Assumptions

Maximize 4W + 3P
1.5W+ P < 15

Proportionality Assumption Contribution from W is
proportional to W

Additivity Assumption Contribution to objective function from
P is independent of W.

Divisibility Assumption Each variable is allowed to assume
fractional values.

Certainty Assumption. Each linear coefficient of the objective

function and constraints is known (and is not a random
variable).
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Some Success Stories

Optimal crew scheduling saves American Airlines $20 million/yr.

Improved shipment routing saves Yellow Freight over $17.3
million/yr.

Improved truck dispatching at Reynolds Metals improves on-time
delivery and reduces freight cost by $7 million/yr.

GTE local capacity expansion saves $30 million/yr.
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Other Success Stories (cont.)

Optimizing global supply chains saves Digital
Equipment over $300 million.

Restructuring North America Operations, Proctor and
Gamble reduces plants by 20%, saving $200
million/yr.

Optimal traffic control of Hanshin Expressway in
Osaka saves 17 million driver hours/yr.

Better scheduling of hydro and thermal generating
units saves southern company $140 million.
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Success Stories (cont.)

Improved production planning at Sadia (Brazil) saves
$50 million over three years.

Production Optimization at Harris Corporation improves
on-time deliveries from 75% to 90%.

Tata Steel (India) optimizes response to power shortage
contributing $73 million.

Optimizing police patrol officer scheduling saves police
department $11 million/yr.

Gasoline blending at Texaco results in saving of over
$30 million/yr.
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