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What is this course about?
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ÁThe mathematical and algorithmic theory of making optimal decisions 
subject to constraints.

ÁCommon theme of every optimization problem:

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.

ÁThis pretty much encompasses everything that you do when you 
ŀǊŜ ŀǿŀƪŜΦ .ǳǘ ƭŜǘΩǎ ǎŜŜ ŀ ŦŜǿ ŎƻƴŎǊŜǘŜ ŜȄŀƳǇƭŜǎΧ



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 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 control engineering



Examples of optimization problems
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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%.

In machine learning

ÁHow to play a strategic 
game?

ÁTo maximize payoff.

ÁTo maximize social welfare.

ÁBe at a (Nash) equilibrium.

ÁRandomize between no more 
than five strategies.

In economics
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ÁSo the question is not

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

ÁThe right question is

ÁWhich optimization problems can we solve?

ÁThis is what this course is about.

Á²Ŝ ǿƛƭƭ ŦƻǊƳŀƭƛȊŜ ǿƘŀǘ ǿŜ ƳŜŀƴ ōȅ άǎƻƭǾŜέΦ

Á²ŜΩƭƭ ǎŜŜ ǎƻƳŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǎǳŎŎŜǎǎŦǳƭ ƳƻŘŜǊƴ ƻǇǘƛƳƛȊŀǘƛƻƴ ǘƻƻƭǎ ŀǾŀƛƭŀōƭŜ 
to solve a broad class of problems.

ÁWe will also see problems that we simply cannot solve.

ÁbŜǾŜǊǘƘŜƭŜǎǎΣ ǿŜΩƭƭ ƛƴǘǊƻŘǳŎŜ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ŘŜŀƭƛƴƎ ǿƛǘƘ ǘƘŜƳΦ

Á¢ƘŜǊŜ ǿƛƭƭ ōŜ Ƴŀƴȅ ŀǇǇƭƛŎŀǘƛƻƴǎΧ



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

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

ÁLinear algebra

ÁMultivariate calculus

ÁFamiliarity with MATLAB

ÁEasy to pick up



Tentative list of topics

7

ÁOptimality conditions in nonlinear programming

ÁConvex analysis (a good dose)

ÁDuality and infeasibility certificates

ÁComputational complexity 

ÁFocus on complexity in numerical optimization

ÁConic programming

ÁMore in depth coverage of semidefinite programming

ÁA module on combinatorial optimization

ÁSelected topics:

ÁRobust optimization

ÁPolynomial optimization

ÁSum of squares programming

ÁThe ellipsoid method

ÁOptimization in dynamical systems



Agenda for today
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ÁMeet your teaching staff & classmates

ÁGet your hands dirty with algorithms

ÁGame 1

ÁGame 2

ÁCourse logistics and expectations



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

ÁI am a relatively new Assistant Professor at ORFE. I come here from MIT, EECS, 
after a fellowship at IBM Research.

ÁOffice hours: Tuesdays, 8-10 PM, Sherrerd 329.

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

ÁGeorgina Hall

ÁGrad student at ORFE

ÁOffice hours: Wed 5-7, Sherrerd 322

http://scholar.princeton.edu/ghall gh4@p...

ÁMeet your classmates!

ÁYour name?

ÁDepartment? 

ÁMaybe a bit  of 
background? 

http://aaa.princeton.edu/
http://scholar.princeton.edu/ghall
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[ŜǘΩǎ ƎŜǘ ǘƻ ǘƘŜ ƎŀƳŜǎΗ



Meet your fellow Princetonians!
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ÁThe green check marks tell you when your visitors are available.

ÁYou want to meet as many of them as you can, for 15 minutes each.

Á20 visitors, 20 time slots. How many can you meet?



12

ÁLet me start things off for you. Here is 15 meetings:

ÁCan you do better? How much better?

ÁYou all get a copy of this Doodle on the handout. You have 8 minutes!



¸ƻǳ ǘŜƭƭ ƳŜΣ L ŘǊŀǿΧ
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A good attempt
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Á18 meetings!

ÁCan you do better?



An even better attempt
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Á19 meetings!

ÁCan you do better?

ÁIƻǿ ǿƻǳƭŘ ȅƻǳ ŎƻƴǾƛƴŎŜ ǎƻƳŜƻƴŜ ǘƘŀǘ ƛǘΩǎ ƛƳǇƻǎǎƛōƭŜ ǘƻ Řƻ ōŜǘǘŜǊΚ



19 is the best possible!
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ÁProof by magic:

Á5ƻ ȅƻǳ ǎŜŜ ǿƘŀǘΩǎ ƘŀǇǇŜƴƛƴƎΚ



19 is the best possible!
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ÁThere are 19 red arrows.

Á9ŀŎƘ ƎǊŜŜƴ ŎƘŜŎƪƳŀǊƪ άƘƛǘǎέ ŀǘ ƭŜŀǎǘ ƻƴŜ ƻŦ ǘƘŜƳ όōȅ ƎƻƛƴƎ ŜƛǘƘŜǊ ǳǇ ƻǊ ƭŜŦǘύΦ

ÁIf you could choose 20 green checkmarks, you would have to hit a red arrow twice.ǐ

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



A related problem: shipping oil!
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ÁRules of the problem:

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.

Image credit: [DPV08]

.ŜŦƻǊŜ ǿŜ ƎŜǘ ǘƻ ƻǳǊ ǎŜŎƻƴŘ ƎŀƳŜΣ ƭŜǘΩǎ ƭƻƻƪ ŀǘ ŀƴƻǘƘŜǊ ǇǊƻōƭŜƳ ǿƘƛŎƘ Ƴŀȅ ƭƻƻƪ ƳƻǊŜ 
familiar to you.



A couple of good attempts
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13 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 13.

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

ÁWhat does any of this have to do with the Doodle problem?



From Doodle to Max-flow
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ÁThe idea of 
reductions

Á¢ƘŜȅΩƭƭ ŎƻƳŜ ǳǇ 
often



A real-world instance of max-flow

22


