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About Me

About Me

Zhi Zhang

Email: zhangz1@mcmaster.ca

O�ce Hours: Wednesdays 11:00 - 12:00 in ITB 115

1st year M.Eng student working on research in the area of
combinatorial optimization.

Hold a B.Eng from McMaster University.
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Tutorial 1

Formulating Optimization Problems

Linear Optimization Formulation

f (x1, x2, ..., xn) = c1x1 + c2x2 + ...+ cnxn
=

Pn
i=1 cixi

e.g. 3x1 + 2x2 � 5x3

Can also be rewritten as:
min cT x
s.t. Ax  b
and x � 0
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Alinear functionis ofthe form

Totranspose itmeans c butwithits rowsswapped for columns
i non negativity constraints of
linear program
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Formulating Optimization Problems

Example 1

John is deciding which ridesharing service to drive for, Uber or
Lyft. After some analysis, he decided that on average, driving
for Uber will allow him to get an average of 1 rider every 10
minutes, and driving for Lyft will let him get 3 riders per hour.
The average Uber passenger will pay him $10, and the
average Lyft passenger will pay him $15.
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Assume John drives 4 hours a day



step1
determinethe
decisionvariables

Let be the of Uber rides
Let Xi be the of Lyft rides

step 2
Determinetheobjective
function
maximize z toy t 1542
step3 Determine the constraints
1 1 1 43 E 4 Xlt 2 2 E24

let's try to find an optimal solution by hand
Uber I 1 min

180
pig 4200 Lyft 0.8 l min

Some possible points i

10,12 180

8,8 7 200

24,0 t 240
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Formulating Optimization Problems

Example 1 cont.

Uber has recently updated their policy where each driver can
only drive 20 passengers per day. How will this a↵ect the
formulation?

John decides that he wants to drive full time (i.e. 8 hours per
day). How will the revised formulation look like?
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g
120 o 200 204242 24 42 2
Zo i 2 t 220 i 20,2 is an

optimal solution

This addsone more constraint Ezo

constraints become

XlEZO
46 1 143258 3 1 12 2 E 48
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Formulating Optimization Problems

Example 2

Jared is hungry and wants to buy lunch. He has three choices
to choose from: Subway, Taco del Mar, or Popeyes. Jared is
very health conscious and is looking to not exceed 1200
calories for his lunch, but he also knows that any meal with
less than 1000 calories will leave him hungry in the afternoon.
Subway sandwiches are $6 and contains 300 calories. Taco del
Mar burritos are $8 and contains 450 calories and Popeyes
fried chicken costs $10 and contain 600 calories. As a poor
grad student, Jared is looking for the cheapest lunch possible
that satisfies his constraints.

6 / 8



1 determinethe decisionvariables

Xi 3 of subway sandwiches

1127 ofTaco del Marburritos
437 ofPopeyes fried chicken
step 2
Determinetheobjectivefunction

min 6 1 18 21103
step3 Determine the constraints

X1 701 27 014370
Xi integer
oof 300 1 1 450 21 600 3 El Zoo

Find an optimal set of X
From the constraints we set

O C Xl E 4 Xl 1 2 14371
O EXZ EZ
0 EX EZ

43 0 43 1 43 2
2 0,1 2 1444241 41 42 0
2 0,41 4 14003 24 x I 10021
42 1 C 2101 20 XEED 20
42 2 I 201 22 1011 lol

18 16

Although lol 16 is the cheapest it doesn't

meet the calories constraints so the optimal
solution is co which is 1 burrito and
1 fried chicken
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Formulating Optimization Problems

Example 3

Jamie is taking the O03 Linear Optimization class and wants
to get the highest possible mark. She knows that the
assignments are worth 30%, the midterm is worth 30%, and
the final is worth 40% of her final grade. Jamie estimates that
every hour she spends on the assignment can increase her
mark by 1%, every hour she studies for the midterm increases
her mark by 0.5%, and every 2 hours she studies for the final
increases her mark by 1.5%. Due to her heavy course load,
she can only spend a total of 80 hours on this course.
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a determinethedecisionvariables
717 hours spends on assignment
Xp hours spds on midterm
431 hours on exam

step 2 Determinetheobjective function

Maxx 10.5421 3

step3 Determine the constraints
X2E6o

X1 E 30 o 5 24 30 X3E40
Xi 1 2 1 3 E 80

Find solution
assignment pt hr
midterm i o 5ptlhry

the same

exam Iptlhr
i C 30 lo 40
final mark 30 1 10 0.5 140 75

what if we change the question to
assignment 1 ptl hr
midterm I ptlhr
exam i 0,5 ptl Ihr

objective function MAX Xl1 21 14 3
Constraints X 430

112430
0.5 1 E40 X3 ES

3 3 Zo is the optimal solution
final mark 30 130 1 20 0 30130 1070

Jamie will fail the final exam But DrDeza said
in order to pass the course students need to get
above 50 on the final exam In order to pass

the exam Jamie needs to spent at least 40 hours on

exam So the solution is a 40 A 20 for lofaso
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Formulating Optimization Problems

Next Week

How to solve LP’s in Excel using Excel Solver.

Bring your laptops to follow along.
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