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What is this course about?

AThe mathematical and algorithmic theory of making optimal decision:
subject to constraints.

ACommon theme of every optimization problem:
AYou make decisions and choose one of many alternatives.
AYou hope to maximize or minimize something (you have an objective).

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

AThis pretty much encompasses everythlng that you do when you
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Examples of optimization problems

An what proportions to
invest 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 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).




Examples of optimization problems

AHow to play a strategic
game?

ATo maximize payoff.

ATo maximize social welfare. A—IOW to assign

likelihoods to emails

ABe at a (Nash) equilibrium. being spam?

ATo minimize probability]

than five strategies. g
J of a false positive.

ARandomize between no moreI

ATo penalize overfitting
on training set.

AProbability of false
negative < .15.

AMlisclassification error
on training set < 5%.
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ASo the question isot

ANhich problems are optimization problems?
(The answer would be everything.)

AThe right question is

ANhich optimization problems can we solve?

AThis is what this course is about.
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ANe will also see problems that we simply cannot solve.
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Prerequisites

ALinear optimization (e.g., at the level of ORF 522)

AFamiliarity with modeling, linear programming, and basic
concepts of optimization.

ALinear algebra

AMultivariate calculus

AFamiliarity with MATLAB
AEasy to pick up
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Tentative list of topics

AOptimality conditions in nonlinear programming
AConvex analysis (a good dose)
ADuality and infeasibility certificates
AComputational complexity

AFocus on complexity in numerical optimization
AConic programming
AMore in depth coverage of semidefinite programming
AA module on combinatorial optimization

ASelected topics:
ARobust optimization
APolynomial optimization
ASum of squares programming
AThe ellipsoid method

AOptimization in dynamical systems
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Agenda for today

AVleet your teaching staff & classmates
AGet your hands dirty with algorithms
AGame 1
AGame 2

ACourse logistics and expectations
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Meet your teaching staff

< AAmir Ali Ahmadi(Amir Ali, or Amirali, is my first name)

1 A am a relatively new Assistant Professor at ORFE. | come here from MIT, EECS,
- after a fellowship at IBM Research.

. =2 fOffice hoursTuesdays, &0 PM, Sherrerd 329.

hJ

g w» http://aaa.princeton.edu/

AVleet your classmates!

A Your name?

AGeorgina Hall

A Department?

A Maybe a bit of
background?

AGrad student at ORFE
AOffice hoursWed 57, Sherrerd 322
http://scholar.princeton.edu/ghall
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Meet vour fellow Princetonians!

Doodle

February 2016

Mon 1

3:.00 PM - 315PM- 3:30 PM - 3:45PM - 3:00 PM - 3:15PM - 3:30PM - 3:45PN - 3:00 PM - 315 PM - 3:30PM - 345PM - 3.00 PM - 3:15PM- 3:30PM- 345 PM - 3:00 PM - 315PM - 3:30 PM - 3:45PM -
20 participants 3:15PM 3:30 PM 3:45PM 4:00PM 3:15PM 3:30PM 3:45PM 4.00PM 315PM 3:30PM 3:45PM 4.00 PM 3:15PM 3:30 PM 3.45PM 4:00 PM 3:15PM 3:30PM 345PM 4:00PH

Woodrow Wilson
F. Scott Fitzgerald
Richard Feynman
Michelle Obama
Paul Volcker
John Nash
Terence Tao
Ben Bernanke
Paul Krugman
Andrew Wiles
Steve Forbes
John Milnor
Kazuyo Sejima
Albert Einstein
George A Miller

/ Alan Turing
Jeff Bezos
Meg Whitman
Donald Rumsfeld

Eugene O'Neill

AThe green check marks tell you when your visitors are available.
AYou want to meet as many of them as you can, for 15 minutes each

Wi S A20 visitors, 20 time slots. How many can you meet? 11
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AL et me start things off for you. Here is 15 meetings:
Doodle . "

February 2016
Mon 1 Toe 2 Wed 3 ™ud ms
ZOpamcnponh "% 0 JétPu 400P JI15P 30PN J45 PN 400 15PN 1M JétPu 400 J15Pn 1NN )} &5 PN 4 (27] 1° P

Woodrow Witson Q

F Scont Frzgerald ©

Richard Feynman Q
Michele Obama Q

Paut Voicker

John Nash Q

Terence Tao

Ben Bermanke Q

Paut Krugman Q
Andrew Wikes

Steve Forbes Q
John Menor i ’

Kazuyo Seyma

Albert Ensten D

George A Miler
' Aan Turng

Jeff Bezos

Meg Whitman O
Donald Rumsfeld Q@

Eugene O'Nelt

ACan you do betterPlow much better?

mmcmN - AYou all get a copy of this Doodle on the handdfat have 8 minutesh »
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20 participants

\‘ | Woodrow Wilson

i F. Scott Fitzgerald

_i Richard Feynman

Michelle Obama

) Paul Volcker

.‘ John Nash

Terence Tao

!| Ben Bernanke
Paul Krugman

| Andrew Wiles

Steve Forbes

: 4 John Milnor

_v Kazuyo Sejima

Albert Einstein

George A. Miller
4. " Alan Turing

'Y Jeff Bezos

Meg Whitman
Donald Rumsfeld

Eugene O'Neill
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February 2016

Mon 1

3:00 PM - 315PM- 3:30 PM - 3:45PM - 3:00PM- 3:15PM - 3:30PM - 3:45PM - 3:00 PM - 3:115PM - 3:30 PM - 3:45PM - 3:00 PM - 3:115PM - 3:30 PM - 3:45PM - 3:00 PM - 3:15PM- 3:30 PM - 3:45PM -
315PM 3:30 PM 3:45PM 4:00PM 3:15PM 3:30 PM 3:45PH 4:00PH 3:15PM 3:30PM 3:45PM 4:00PM 3:15PM 3:30 PM 3:45PM 4:00 PM 3:15PM 3:30 PM 3:45PM 4:00PH
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A good attempt

AL8 meetings!

Doodle

20 participants
T Woodrow Weson
F Scott Frzgerakd
Richard Feynman
L § Michele Obama
Paul Vol kee
§ John Nash
§ Terence Tao
| Paul Krugman
L Andrew Wies
Steve Fordes
] Kazuyo Seyma
Albert Einsten
'} George A Miter
Y2 § Alan Turing
7Y Jeff Bezos
5 8 Meg Whaman
Donald Rumsfeld

Eugene ONed
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ACan you do better?
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AL9 meetings!
Doodle

February 2016
Mon 1
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An even better attempt

ACan you do better?
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19 Is the best possible!

AProof by magic:
Doodle . "

IOPO"kl‘)dﬂh ’ y TP J45 PN 4 '} R P 3I0M ) >4 iy ] 35PN N it u N a2l I M Je5PN 400P “ ') INPMN 3 ;Fll 4 .
Woodrow Wison
F Scott Fazgerald——s=>p
Ric hard Feynman e——p
Michelle Obama
Paul Volcker
John Nash
Terence Tao
Ben Bernanke
Paul Krugman
Andrew Wies
Steve Forbes
John Midnor

Kazuyo Seyma

11}

Albert Ensten

George A Miler —
’ Alan Turng

Jeff Bezos

Meg Whneman

Donald Rumsfeld

Eugene O'Nelt
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19 Is the best possible!

20 portici pant 1§
Yo FSon
F Scomt ger .\-J———a
Richard Feynman ——,
\ DA

AThere are 19 red arrows.
Al OK INBSY OKSO]lYIFIN)] aKAOGAE O €SFad
Af you could choose 20 green checkmarks, you would have to hit a red arrowi twic

AANnd here is the magic: such a proo&iwayspossible!,-
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A related problem: shipping oll!

. ST2NB ¢S 3ASO (2 2dzNJ 4SO2yR 3LYS:E tSiGQa
familiar to you.

4
L PT=E
6 9 1 9
10
1 12
B) 5B
10

e 4
5 Image credit: [DPV08]

ARules of the problem:
ACannot exceed capacity on the edges.
AFor each node, except for S ant T, flow in = flow out (i.e., no stora

= Jesral AGoal:ship as much oil as you can from Sto T. 18
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A couple of good attempts

G+4+44=12

—

e (Canyou do better?

S+4+4=13

e (Canyou do better?

¢ How can you convince
someone that it's
impossible to do better?

19
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13 Is the best possible!
AProof by magic:

G+ 1+2+4 =13
AMKS NIXooAl Aada GKS NBR &OdziéH
AAny flow from S to T must cross the red curve.

ASo it can have value at most 13.
AANnd here is the magic: such a proo&iwayspossible!

Wiy B AWhat does any of this have to do with the Doodle problem?20



AThe idea of
reductions

AKSE Qf f

often
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From Doodle to Maxlow

300PM-  3:15PM-  3:30PM- 345PM-  300PM- 3:15PM- 3:30PM- 345PM-  300PM- 315PM-  3:30PM- 345PM-  300PM- 315PM- 3
20 participants 315PM  3:30PM  345PM  400PM  3:15PM  3:30PM  345PM  400PM  315PM  3:30PM  345PM  4:00PM  315PM 3:30PM 34

;u 400PM  315PM  330PM  345PM  4:00PM
Woodrow Wilson
F. Scott Fitzgerald
Richard Feynman
Michelle Obama
Paul Volcker

John Nash
Terence Tao

Ben Bernanke
Paul Krugman
Andrew Wiles
Steve Forbes
John Milnor
Kazuyo Sejima
Albert Einstein
George A Miller
Alan Turing

Jeff Bezos

Meg Whitman
Donald Rumsfeld

Eugene O'Neill

M- 345PM-  300PM- 315PM- 330PM- 345PM-
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A realworld instance of maxflow
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