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What Is optimization?

ARoughly, can think of optimization as the science of making the most out of every
situation.
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ANhat courses to taked AWnhat furniture to buy? ANhat path to choose for
ATo maximize learning. ATo minimize cost. arun?

ATo maximize GPA (?!) ATo maximize comfort. Aviinimize (2020 version)
or maximize (2019 version

encounter with other

e

A 2dNBESE OF yai O 28n%tfinird/dubroom. runners.

ANot before 10AM. AMlust have 3 drawers. )

i _ ) APath must be between 5
AProfessor rating > 4.5. ANot too heavy. and 7 miles.

AChosen roads must have
ACommon theme: side walks.

B » . APath should get you back

AYou make decisions and choose one of many alternatives. home gety

AYou hope to maximize or minimize something (you have an objectiVeT:

Avou cannot make arbitrary decisions. Life puts constraints on you.
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How is this class different from your eveigay optimization?

R SQff 0S ftSINYyAy3I GSOKYyAIldzSa F2NJ RSI
AThousands (if not millions) of variables
AThousands (if not millions) of constraints
AThese problems appear every day in the industry, in science, in engineering
AHopeless to make decisions in your head and with rules of thumb

ANeed mathematical techniques that translate to algorithms

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

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

An this mathematical model, we care about actually fincimg best solution
R KSYSOSNI 6S OFyQl FAYR UKS 0Sad azft dz
proposed solution is
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Examples of optimization problems

Aln what proportions to
iInvest in 500 stocks?

ATo maximize return.

ATo minimize risk.

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

ATransactions costs <
$70.

AReturn rate > 2%.

AHow to assign
likelihoods to emails
being spam?
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AHow to drive an
autonomous vehicle
from A to B?

ATo minimize fuel
consumption.

ATo minimize travel
time.

ADistance to closest
obstacle > 2 meters.

ASpeed < 40 miles/hr.

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

ATo minimize probability}
of a false positive.

ATo penalize overfitting
on training set.

AProbability of false
negative < .15.

AMlisclassification error
on training set < 5%.




Computing and Optimization

AThis class will give you a broad introduction to
G2LIGAYATFOGAZ2ZY FNRBY | O2YLJz!

AOptimization and computing are very close areas of applied mathematics:

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

AConversely, foundational work by computer scientists has led to a shift of focus in optimizatio
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either special cases or fundamental ingredients of more elaborate optimization
algorithms:

ALeagt squares, root finding, solving linear systems, solving linear inequalities, approximation
YR FAGOAYIZ YFONRE FLFEOG2NAT I A2y aszs O2yadzs:
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Agenda for today

AVleet your teaching staff

AGet your hands dirty with algorithms
AGame 1
AGame 2

AViodelling with a mathematical program
ACSNXYIFGQa flad UKS2NBYH

ACourse logistics and expectations
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Meet your teaching staff (1/3)

AAmir Ali Ahmadi(Amir Ali, or Amirali, is my first name)
http://aaa.princeton.edu/

A am a Professor at ORFE, and affiliated faculty at COS, EE, MAE, PACM
A came to Princeton from MIT, EECS, after a fellowship at IBM Research

AOffice hoursWednesdays, 3:30pm
(all office hours and precepts have the same Zoontlalktimes are EST)

AShen Shelfco-instructor and preceptor)
https://shensquared.github.io/
APostdoc and Lecturer at ORFE

AJoins us from MIT, EECS (Robot Locomotion Group)
AOffice hoursTuesdays, 4:3@pm & Wednesdays 4:36pm

Sher?
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Meet your teaching staff (2/3)

AGrace Lee (Al)
AOffice hoursMon 9-10:30am

AAbraar Chaudhry (1/2 Al)
AOffice hoursMon 7-8:30pm
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ASobhan Miryoosefi (Al)
AOffice hoursMon 4:306pm

AXiaohe Luo (Al)
AOffice hoursTue 910:30am



Meet your teaching staff (3/3)

ABrian Cheung (Al)
AOffice hoursTue %8:30pm
Abcheung@p...

A
Awilliam Underwood (Al)

AOffice hoursWed 7-8:30pm
Avgu2@p...

ACemil Dibek (honorary Al)
AOffice hoursThu 910:30am
ooy g fcdibek@p...
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Course website, Office Hours, and Precepts

Course website:
http://aaa.princeton.edu/orf363

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

ALO weekly office hours:

A

A
A
A

Mondays: 910:30am (Grace), 4:36pm (Sobhan), -B:30pm (Abraar)
Tuesdays: 40:30am (Xiaohe), 4:36pm (Shen), B:30pm (Brian)
Wednesdays: 31:30pm (AAA), 4:3@pm (Shen), B:30pm (William)
Thursdays: 9.0:30am (Cemil)

A6 weekly precepts (each with ~15 students):

A
A
A

Thursdays: 4:3%:20pm, 66:50pm
Friday mornings: ®9:50am, 1111:50am
Friday afternoons: 1:3@2:20pm, 3:364:20pm

APiazza:

Sign up abttp://piazza.com/princeton/fall2020/o0rf363
(password has been emailed to you)
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http://piazza.com/princeton/fall2020/orf363

Meet your classmates
ORF 363/COS 323, Fall 2020 (94 students)

Astrophysical Sciences
Mechanical & Aerospace Eng__ ~1% __Chemistry Computer Science
3% . 1% 23%

Economics
v 6%

Electrical
Engineering
4%

\\_ Geosciences
2%

Ops Research & Financial Eng
47% Neuroscience
1% \_Mathematics

5%

Politics_/ Physics
1% 4%
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ARules of the game:

ACannot exceed capacity on the edges.

AFor each node, except for S ant T, flow in = flow out (i.e., no stora

AGoal:ship as much oil as you can from Sto T.
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ALet me start things off for you. Here is a flow with value 9:

ACan you do betterPlow much better?

AYou all get a copy of this graph.

PRINCETON ==
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A couple of good attempts

=% =

AFlow of valuel0

ACan you do better?

AFlow of valuell
ACan you do better?

AHow can you prove
UKFG AdGQa AY
do better?
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11 is the best possible!
AProof by magic:

2 5
AKS NIYooAlG Aa~UKS.NBR aOdziéH
AAny flow from S to T must cross the red curve.

ASo it can have value at most 11.

AANd here is the magic: such a proo&iwayspossible!,-

HE
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oy = AYou have 6 minutes! ;) 18
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