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Front page of NYT twice
BREAKTHROUGH IN PROBLEM SOLVING

POLI\C\ES £TC.

+ Karmakar (28 years old, recent UCB PhD) features twice in NYT in '84.

+ This was a poly-time interior point method. We'll study this.

+ "It has also set off a deluge of inquiries from brokerage houses, oil companies and airlines, industries with millions of dollars at stake in
problems known as linear programming.”

+ ""This is a path-breaking result,' said Dr. Ronald L. Graham, director of mathematical sciences for Bell Labs in Murray Hill, N.J. ''Science
has its moments of great progress, and this may well be one of them."

+ K talks with American Airlines: How much fuel to carry? Where to fuel?

+ Exon's research head says “studies underway".

+ Dantzig is cautious; he was partial to the simplex method.

A Soviet Discovery Rocks World of Mathematics

+ Khachiyan (late 20s?) features twice in NYT in '79.

+ "applicable in weather prediction, complicated industrial processes, petroleum refining, the scheduling of workers at large factories,
secret codes and many other things.”

+ This was the ellipsoid algorithm; also poly time. We'll study this.



Karan: Today, such press seems parallel to the coverage ML/deep learning gets.

George Dantzig's Story

+ From WWI/WWII era (distributed) logistics, productions problems. Questions around: what to do/when to do to arrive at some state/
achieve some objective. Semantics: programming ~ planning.

+ Dantzig (USAF) 1947 formulates/recognizes the general linear programming problem as a possible compromise between solvable and
interesting problem classes. Also, proposes the simplex algorithm.

+ His claim (in his text): previous work did not have an objective function, i.e. only posed feasibility problems. An example is Motzkin's
1936 thesis which cites 42 pages, none considering an objective.

+ Some LP special cases (Koopmans, Leontif, Kantorvich) would win Nobel in Econ.

+ Meets von Neumann to discuss. Von Neumann is annoyed, “get to the point!”. On seeing the problem, delivers an impromptu 1.5 hour
lecture to Dantzig and describes both LP duality (including Farkas's Lemma) and an early interior point method. What triggered this?

Von Neumann's Story

+ See . A prodigy, and reputed as a deep mathematician who interfaces with applied
problems/worldly affairs, e.g., consults on Manhattan project.

+ Early contributions include a resolution to fundamental inconsistencies in mathematics (Russel's paradox: S is the set of all sets which
are not members of themselves. Is S in S? Others resolved it simultaneously by better means.), and rigorous unification of wave equation
and matrix mechanics in QM (earlier heuristic argument by Dirac using delta functions).

+In 1944, a book with an Economist Morgenstern on The Theory of Games and Economic Behavior.

+ Minimax duality in 2-person zero-sum games is same as LP duality. Today, called von Neumann duality. But, it is von Neumann's?

Truer Origins of Duality

+ Monge proposes a question about the transportation problem in 1700's, used to model moving ores from mines to factories at minimum
cost.

+ Kantorvich (1939) solves it, constructs the dual. Transportation is as general as LP. Kantorvich largely ignored in Russia. We will study
this too.

+ Today, applications in PDEs, convex geometry, dynamical systems, probability. Cedric Villani (later member of French Parliament) wins a
Fields Medal; see his book here
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1. History—
1. p209in
2. Dantzig's
2. Basics of Convexity— chapters 2 & 3 in
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Standardization— section 1.1 in

(Beyond this course) optimal transport— chapter 1in
(Beyond this course) extension complexity— Gerard's
Feasibility-optimization reduction— 4.2.5 in
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Fourier-Motzkin Elimination—
| like 3.1 and 3.2 in Gerard's : includes proof of Farkas' Lemma
Also section 6.7 in
Alternative: Section 2.8 in
BFS-Vertex-Extreme Equivalence—
Section 2.2 and 2.3 in
Chapter 4 in
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References:

The best reference for regret minimization & applications to LPs/minimax duality is Elad’s — specifically chapters 1 & 8.

See this from Sanjeev, Elad and Satyen for applications of the multiplicative weights algorithm.

See this fantastic by Yoav Freund and Robert Schapire, who pioneered the Godel prize-winning boosting approach to machine
learning using the regret-minimax link.

This NYTimes quoting Rakesh Vohra chronicling the (independent) rediscovery of multiplicative weights in many academic
fields; | think of this as convergent evolution. In 1957, for example, a statistician named James Hanna called his theorem Bayesian
Regret. He had been preceded by David Blackwell, also a statistician, who called his theorem Controlled Random Walks. Other, later
papers had titles like "On Pseudo Games," "How to Play an Unknown Game," "Universal Coding" and "Universal Portfolios," Dr. Vohra
said, adding, "It's not obvious how you do a literature search for this result.”



vV
ReLepsep 11350 pm  Sgp 6 Wed 4:]"(834 L INEAR
DVE 1154 pm Sep 13 Wad PROURAMM (N (y
ELECT oW \(ALLY O,a{fu(/ gc@w\/ fronk- wrhton)
QL. parT A - 2 pobite.
— T
Proww Jhok 63%2 —=\R | {[‘n): cX+P ) W—C@Wl\/%

ATX 49
v\ W = %%: de—}ﬂ/?/OSu
PART B - ¥ paimia

m X 4P
Xg)J(C A" x + §((9/)

Propme a it Pragpimming sefsinudolip. of s

apliraiyhisu, protlim. Ao, Aacnibe biow vnauld

ot #eovlimet 4 dobubion 1z (&) aimen o gplival

pafuhion of Jowv phopesd P,

Comment © Uptls S paiedds %Wo{&_@ma
ppranmdodicon. Lok prapore o edganifim, Hn oA
o (8D Loy oclwiong ruslhiphy LPs.

_@ PART A - 2pamho
fH@w ﬁxﬂ)‘b on Eudicdoam Aistopmeg © A point x' &R W
Hu %Wp&mo Hz S X+ c{‘}(:};B?
PART B - § paink
Cansidy, dhe cek Pz $x:Ax<bd: ammm to commpndt
el W—WZ° Prowecl a L Pragoia At
Lompute The i 8 dhe Loclive of dhe Lapge




A5 PART A- 6 puimbo -
I 2 - A cowriclyy
A= xel s max 3l ka1l < 12
B % cel? s \x - lxal €13
Cl)=§ xelR; wiate S€°]
Spotey, A+B amd AHC(A) 5 b Ht Munhoupdi Sum.

Conpute, b Asya (A+C(€3}— Pswa (A
5—70+ - % .

PART B- 9 poink .

Now, Comidis, 2 0 - ligpue buypen - Cudharioly
(tte, 2 amio Odiguud “n/ plimensisnal etanes
A and) B, ponilidy of wniqpad 4.

Preome  weaf, [ A+ B)Vn Z UM(A)\/ "4 \/&L(B,\\/f’




Assigpment 7 2.

RELEASED  Sgp 20 14:59 pm
, 4F 824 LnEAR
DUE Sep 2+ 11:59 pm 64 PROMRAMMING

8. (1D peimfa)

T Minkauski - Weyl, oo ek bownded, palyidron
caw L ""”“Z’me U 2% Z:"V%g uies, mea w»-(%a&tw
WMU K, o ar commim bl of domL 62t o) points,
But ﬁﬂwﬂi&mﬁﬂméfmwwf/@g we wn

(o Loty
A = COQ\&%{QX\'“ "W) B= CQ"’JEC (%\’" a 'VW\»

C =2x: Ax< b3 D= $x:Cx<dl.
) o cam 4w amy LP it *n i edilug
- ity M PD%(MM):(MJrn)?DﬁM,
How Ace R™", xi,¥ieR Gume polyporviak
Sirnr, (27, (10) % i) algouifirrs A it
7 ma/vu/g % Hunt e ,QWWZ

H 4 A =B

) % A< C?

» % C=D7

wu CS AL

Hiok s et of St 0t aolucl v Py~
2. (10 puinke)

—_—
—_—

Zicall, Hod . conie bl sequirws 4;70 ¥

2. affjml il +tgpisen 7 N = 1.

3. commex. Sl Aeqmzen b A 70 ¥, T
Jhia, gl Shad o any 224 5,

coNj(, AFEINE
eonvex (o - CONbIe) N o (S). OO



PART Rs Prow it e co M& Feor Lremaplt,
comtuet o et S fo btk () wfw&‘e
PARTY 8% What miminmit tondilions st AENE [4)

GM[W@-@M@Q'M tuwe ¥ S 2 Popue fhat
() (anolied Yol wadty Yo Propard nditi,

Q\_i' (10 PW)

Lok 277 u dhe 4eh o all gedeeks of []=%),2- ),
Comidin o fpuwetion 41275 Ry sudh ek

O 4(2)= D

SEVORE ) W SeTelnl.

B () + 4T 7 4 (AT +{(SvT) VETER
Now, comidps I feblawing LP wifl Orponsitiall
oy Cansbuin, il oamt, Wtedon C ERY,

max C'x
Sy 7oy < 4(e) ¥ Sl
jes
),

(hime o p@%mv//rm (i n) tome Mﬁmﬁm Ao
ool Fwe  LP; dhe adgwrugim Wk Lonednate
the fundtiwn - polynasiol (i 1) Loy,



Avsigpmat # 3

RELBASED (et ©2 11:59 pw 43 R34
ovE Ok O3 11757 pm LINEAR PROGRAMMING,
Ql. (10 poite)

Lk n e a2 BFE wudh WOBD@U W:”f;fbw(;

(4)Pw4/w MM%WWCM( M% e
Net mn B n /DM%W e o, Wuﬁwmﬂwﬂ

(B)% v @MUM’@VEWMW&MM@W-W'
WWW”{M%%WWM@WWE

Asrumt ”ﬁmﬁfob,w/@ 9 W’WW%O
Comnitin §(2)= mon Cdd)x ,  for A7 Os
Ax.zb X 20

by 7wl login B 19 gptimal at N=D,

(A) Prowy, o 60 2 A4 for wbdch x* o eplimu
s [0,h] fro aome A270. n fout, gome o
icient; of) am g as pondldy 1o wpute
thu Logerts sushy A2

(B) Prpme dhat FOhSALS - EAy, S AR bR 70
WOLW(A)ij"Bk gody  fot  poml AL

Wbm &MC B& Y @pﬁli’l/l[oﬁ ﬂ% /\CEAU,/\«L—fl]
05, (10 paioted
() Preow 66‘9)*— mp O % Vv LUV,

(B Prow %CC = C/&‘:;b,»czo W pAalarmes

(C) Reuwiite e C(x¥)= $¢3 Cx™7 T CY S wunbunt
PeSaAceby ag a polyebion i pm%am@mwmmm.



