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What is optimization?
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ÁRoughly, can think of optimization as the science of making the most out of every 
situation.

Á̧ ƻǳΩǾŜ ǇǊƻōŀōƭȅ ŀƭƭ ŘƻƴŜ ƛǘ Ƴŀƴȅ ǘƛƳŜǎ ǊŜŎŜƴǘƭȅΥ

ÁCommon theme:

ÁYou make decisions and choose one of many alternatives.

ÁYou hope to maximize or minimize something (you have an objective).

ÁYou cannot make arbitrary decisions. Life puts constraints on you.

ÁWhat courses to take?

ÁTo maximize learning.

ÁTo maximize GPA (?!)

Á/ƻǳǊǎŜǎ ŎŀƴΩǘ ŎƻƴŦƭƛŎǘΦ

ÁNot before 10AM.

ÁProfessor rating > 4.5.

ÁWhat furniture to buy?

ÁTo minimize cost.

ÁTo maximize comfort.

ÁMust fit in your room.

ÁMust have 3 drawers.

ÁNot too heavy.

ÁWhat path to choose for 
a run?

ÁMinimize (2020 version) 
or maximize (2019 version) 
encounter with other 
runners.

ÁPath must be between 5 
and 7 miles.

ÁChosen roads must have 
side walks.

ÁPath should get you back 
home.



How is this class different from your every-day optimization?
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Á²ŜΩƭƭ ōŜ ƭŜŀǊƴƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ŘŜŀƭƛƴƎ ǿƛǘƘ ǇǊƻōƭŜƳǎ ǘƘŀǘ ƘŀǾŜ

ÁThousands (if not millions) of variables

ÁThousands (if not millions) of constraints

ÁThese problems appear every day in the industry, in science, in engineering

ÁHopeless to make decisions in your head and with rules of thumb

ÁNeed mathematical techniques that translate to algorithms

ÁAlgorithms then get implemented on a computer to solve your optimization problem

ÁWe typically model a physical or social scenario with a precise mathematical 
description

ÁIn this mathematical model, we care about actually finding the best solution 

Á²ƘŜƴŜǾŜǊ ǿŜ ŎŀƴΩǘ ŦƛƴŘ ǘƘŜ ōŜǎǘ ǎƻƭǳǘƛƻƴΣ ǿŜ ǿƻǳƭŘ ƭƛƪŜ ǘƻ ƪƴƻǿ Ƙƻǿ ŦŀǊ ƻŦŦ ƻǳǊ 
proposed solution is



Examples of optimization problems
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ÁIn what proportions to 
invest in 500 stocks?

ÁTo maximize return.

ÁTo minimize risk.

ÁNo more than 1/5 of 
your money in any one 
stock.

ÁTransactions costs < 
$70.

ÁReturn rate > 2%.

ÁHow to assign 
likelihoods to emails 
being spam?

ÁTo minimize probability 
of a false positive.

ÁTo penalize overfitting 
on training set.

ÁProbability of false 
negative < .15.

ÁMisclassification error 
on training set < 5%.

ÁHow to drive an 
autonomous vehicle 
from A to B?

ÁTo minimize fuel 
consumption.

ÁTo minimize travel 
time.

ÁDistance to closest 
obstacle > 2 meters.

ÁSpeed < 40 miles/hr. 

ÁPath needs to be 
smooth (no sudden 
changes in direction).

In finance In machine learning

In control engineering



Computing and Optimization
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ÁThis class will give you a broad introduction to
άƻǇǘƛƳƛȊŀǘƛƻƴ ŦǊƻƳ ŀ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ǾƛŜǿǇƻƛƴǘΦέ

ÁOptimization and computing are very close areas of applied mathematics:

ÁFor a host of major problems in computer science, the best algorithms currently come from 
the theory of optimization.

ÁConversely, foundational work by computer scientists has led to a shift of focus in optimization 
ǘƘŜƻǊȅ ŦǊƻƳ άƳŀǘƘŜƳŀǘƛŎŀƭ ŀƴŀƭȅǎƛǎέ ǘƻ άŎƻƳǇǳǘŀǘƛƻƴŀƭ ƳŀǘƘŜƳŀǘƛŎǎΦέ

Á{ŜǾŜǊŀƭ ōŀǎƛŎ ǘƻǇƛŎǎ ƛƴ ǎŎƛŜƴǘƛŦƛŎ ŎƻƳǇǳǘƛƴƎ όǘƘŀǘ ǿŜΩƭƭ ŎƻǾŜǊ ƛƴ ǘƘƛǎ ŎƻǳǊǎŜύ ŀǊŜ 
either special cases or fundamental ingredients of more elaborate optimization 
algorithms:

ÁLeast squares, root finding, solving linear systems, solving linear inequalities, approximation 
ŀƴŘ ŦƛǘǘƛƴƎΣ ƳŀǘǊƛȄ ŦŀŎǘƻǊƛȊŀǘƛƻƴǎΣ ŎƻƴƧǳƎŀǘŜ ƎǊŀŘƛŜƴǘǎΣΧ



Agenda for today
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ÁMeet your teaching staff

ÁGet your hands dirty with algorithms

ÁGame 1

ÁGame 2

ÁModelling with a mathematical program

ÁCŜǊƳŀǘΩǎ ƭŀǎǘ ǘƘŜƻǊŜƳΗ

ÁCourse logistics and expectations



Meet your teaching staff (1/3)
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ÁAmir Ali Ahmadi (Amir Ali, or Amirali, is my first name)

http://aaa.princeton.edu/     aaa@p...

ÁI am a Professor at ORFE, and affiliated faculty at COS, EE, MAE, PACM, CSML

ÁI came to Princeton from MIT, EECS, after a fellowship at IBM Research

ÁOffice hours: Wednesdays, 3-4:30pm  
(all office hours and precepts have the same Zoom link ςall times are EST)

ÁShen Shen (co-instructor and preceptor)

https://shensquared.github.io/     shenshen@mit.edu

ÁPostdoc and Lecturer at ORFE

ÁJoins us from MIT, EECS (Robot Locomotion Group)

ÁOffice hours: Tuesdays, 4:30-6pm & Wednesdays 4:30-6pm  

A3

Shen2



Meet your teaching staff (2/3)
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ÁGrace Lee (AI)

ÁOffice hours: Mon 9-10:30am 

Ágylee@p...

ÁXiaohe Luo (AI)

ÁOffice hours: Tue 9-10:30am 

Áxiaohel@p...

ÁSobhan Miryoosefi (AI)

ÁOffice hours: Mon 4:30-6pm

Ámiryoosefi@p...

ÁAbraar Chaudhry (1/2 AI)

ÁOffice hours: Mon 7-8:30pm

Áazc@p...



Meet your teaching staff (3/3)
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ÁCemil Dibek (honorary AI)

ÁOffice hours: Thu 9-10:30am

Ácdibek@p...

ÁBrian Cheung (AI)

ÁOffice hours: Tue 7-8:30pm

Ábcheung@p...

ÁWilliam Underwood (AI)

ÁOffice hours: Wed 7-8:30pm

Áwgu2@p...



Course website, Office Hours, and Precepts 
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Course website:
http://aaa.princeton.edu/orf363

Á10 weekly office hours:

Á Mondays: 9-10:30am (Grace), 4:30-6pm (Sobhan), 7-8:30pm (Abraar)

Á Tuesdays: 9-10:30am (Xiaohe), 4:30-6pm (Shen), 7-8:30pm (Brian)

Á Wednesdays: 3-4:30pm (AAA), 4:30-6pm (Shen), 7-8:30pm (William)

Á Thursdays: 9-10:30am (Cemil)

Á6 weekly precepts (each with ~15 students):

Á Thursdays: 4:30-5:20pm, 6-6:50pm

Á Friday mornings: 9-9:50am, 11-11:50am

Á Friday afternoons: 1:30-2:20pm, 3:30-4:20pm

Zoom links on course website and on Blackboard (password has been emailed to you). 
Office hours and precepts start right away!

ÁPiazza:

Sign up at http://piazza.com/princeton/fall2020/orf363
(password has been emailed to you)

http://piazza.com/princeton/fall2020/orf363


Meet your classmates
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ORF 363/COS 323, Fall 2020 (94 students)
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[ŜǘΩǎ ƎŜǘ ǘƻ ǘƘŜ ƎŀƳŜǎΗ



[ŜǘΩǎ ǎƘƛǇ ǎƻƳŜ ƻƛƭ ǘƻƎŜǘƘŜǊΗ
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ÁRules of the game:

ÁCannot exceed capacity on the edges.

ÁFor each node, except for S ant T, flow in = flow out (i.e., no storage).

ÁGoal: ship as much oil as you can from S to T.
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ÁLet me start things off for you. Here is a flow with value 9:

ÁCan you do better? How much better?

ÁYou all get a copy of this graph.

ÁYou have 6 minutes!



¸ƻǳ ǘŜƭƭ ƳŜΣ L ŘǊŀǿΧ
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A couple of good attempts
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ÁFlow of value 10

ÁCan you do better? 

ÁFlow of value 11

ÁCan you do better?

ÁHow can you prove 
ǘƘŀǘ ƛǘΩǎ ƛƳǇƻǎǎƛōƭŜ ǘƻ 
do better? 



11 is the best possible!
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ÁProof by magic:

Á¢ƘŜ Ǌŀōōƛǘ ƛǎ ǘƘŜ ǊŜŘ άŎǳǘέΗ

ÁAny flow from S to T must cross the red curve.

ÁSo it can have value at most 11.

ÁAnd here is the magic: such a proof is alwayspossible!



[ŜǘΩǎ ǘǊȅ ŀ ƳƻǊŜ ǊŜŀƭƛǎǘƛŎ ƎǊŀǇƘ

18ÁYou have 6 minutes!  ;)


