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Métodos de pontos interiores: ideia e um pouco de histéria

Apresentacao

Objetivos desta semana:

» Conhecer os métodos de pontos interiores, sua histdria e a variante
primal-dual;

» Entender os conceitos de barreira logaritmica, trajetéria central,
vizinhanga e passo de Newton;

» Compreender o algoritmo do método primal-dual de pontos
interiores e usa-lo na resolu¢do de problemas de programacao linear.
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Apresentacao - Tépico 6.1

Objetivos deste tépico:

» Entender a ideia dos métodos de pontos interiores obtidos a partir
do KKT;

» Conhecer a histdria dessa classe de métodos.

Video-aula:

» https://www.youtube.com/watch?v=5FOMoJMuVhI


https://www.youtube.com/watch?v=5F0MoJMuVhI
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Métodos de pontos interiores
> Condicoes KKT...

Axr = b

Alp+s = ¢
rjs; = 0,7=1,...,n
z,s > 0

> A dificuldade estd nas folgas complementares (s&o n3o-lineares);
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Métodos de pontos interiores
> Condicoes KKT...

Az = b (1)
ATp+s = ¢ (2)
zjs; = p j=1,...,n (3)
z,s > 0 (4)

> A dificuldade estd nas folgas complementares (s&o n3o-lineares);

» Métodos de pontos interiores: Perturbam a dificuldade do sistema KKT,
para p > 0.
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Métodos de pontos interiores
> Condicoes KKT...

Az = b (1)
ATp+s = ¢ (2)
zjs; = p j=1,...,n (3)
z,s > 0 (4)

> A dificuldade estd nas folgas complementares (s&o n3o-lineares);

» Métodos de pontos interiores: Perturbam a dificuldade do sistema KKT,
para ;+ > 0. Baseiam-se na diregdo do método de Newton para determinar
diregdes de busca,
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Métodos de pontos interiores
> Condicoes KKT...

Az = b (1)
ATp+s = ¢ (2)
zjs; = p j=1,...,n (3)
z,s > 0 (4)

> A dificuldade estd nas folgas complementares (s&o n3o-lineares);

» Métodos de pontos interiores: Perturbam a dificuldade do sistema KKT,
para ;+ > 0. Baseiam-se na diregdo do método de Newton para determinar
direcdes de busca, de forma que iterativamente o valor de p é
estritamente reduzido e, assim, p — 0.
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Métodos de pontos interiores
> Condicoes KKT...

Az = b (1)
ATp+s = ¢ (2)
zjs; = p j=1,...,n (3)
z,s > 0 (4)

> A dificuldade estd nas folgas complementares (s&o n3o-lineares);

» Métodos de pontos interiores: Perturbam a dificuldade do sistema KKT,
para ;+ > 0. Baseiam-se na diregdo do método de Newton para determinar
direcdes de busca, de forma que iterativamente o valor de p é
estritamente reduzido e, assim, y — 0. Além disso:
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Métodos de pontos interiores
> Condicoes KKT...

Az = b (1)
ATp+s = ¢ (2)
zjs; = p j=1,...,n (3)
z,s > 0 (4)

> A dificuldade estd nas folgas complementares (s&o n3o-lineares);

» Métodos de pontos interiores: Perturbam a dificuldade do sistema KKT,
para ;+ > 0. Baseiam-se na diregdo do método de Newton para determinar
direcdes de busca, de forma que iterativamente o valor de p é
estritamente reduzido e, assim, y — 0. Além disso:

» Método primal-dual:
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Métodos de pontos interiores
> Condicoes KKT...

Az = b (1)
ATp+s = ¢ (2)
zjs; = p j=1,...,n (3)
z,s > 0 (4)

> A dificuldade estd nas folgas complementares (s&o n3o-lineares);

» Métodos de pontos interiores: Perturbam a dificuldade do sistema KKT,
para ;+ > 0. Baseiam-se na diregdo do método de Newton para determinar
direcdes de busca, de forma que iterativamente o valor de p é
estritamente reduzido e, assim, y — 0. Além disso:

> Meétodo primal-dual: usa (1) e (2) simultaneamente para calcular as
diregdes de busca.
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Métodos de pontos interiores
> Visao geral

» Bastante usados atualmente, podem ser mais rapidos que métodos tipo
simplex;
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Métodos de pontos interiores
> Visao geral

» Bastante usados atualmente, podem ser mais rapidos que métodos tipo
simplex; A maioria dos softwares de otimizag¢3o jd inclui métodos de
pontos interiores;
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Métodos de pontos interiores
> Visao geral

» Bastante usados atualmente, podem ser mais rapidos que métodos tipo
simplex; A maioria dos softwares de otimizag¢3o jd inclui métodos de
pontos interiores;

» Podem ser aplicados a problemas n3o-lineares;
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Métodos de pontos interiores: ideia e um pouco de histéria

Métodos de pontos interiores
> Visao geral

» Bastante usados atualmente, podem ser mais rapidos que métodos tipo
simplex; A maioria dos softwares de otimizag¢3o jd inclui métodos de
pontos interiores;

» Podem ser aplicados a problemas n3o-lineares;

» Primeiro algoritmo: Karmarkar (1984);
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Métodos de pontos interiores
> Visao geral

» Bastante usados atualmente, podem ser mais rapidos que métodos tipo
simplex; A maioria dos softwares de otimizag¢3o jd inclui métodos de
pontos interiores;

Podem ser aplicados a problemas n3o-lineares;
Primeiro algoritmo: Karmarkar (1984);

Primeiro método a ser competitivo com o método simplex;
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Métodos de pontos interiores
> Visao geral

vV vV v Vv

Bastante usados atualmente, podem ser mais rapidos que métodos tipo
simplex; A maioria dos softwares de otimizag¢3o jd inclui métodos de
pontos interiores;

Podem ser aplicados a problemas n3o-lineares;
Primeiro algoritmo: Karmarkar (1984);
Primeiro método a ser competitivo com o método simplex;

1979: Khachyan propos o método Elipsdide;
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Métodos de pontos interiores
> Visao geral

vV vV v v Yy

Bastante usados atualmente, podem ser mais rapidos que métodos tipo
simplex; A maioria dos softwares de otimizag¢3o jd inclui métodos de
pontos interiores;

Podem ser aplicados a problemas n3o-lineares;

Primeiro algoritmo: Karmarkar (1984);

Primeiro método a ser competitivo com o método simplex;
1979: Khachyan propos o método Elipsdide;

Embora com complexidade polinomial, o método elipséide é

extremamente lento na pratica;
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Métodos de pontos interiores
> Visao geral

» Bastante usados atualmente, podem ser mais rapidos que métodos tipo
simplex; A maioria dos softwares de otimizag¢3o jd inclui métodos de
pontos interiores;

Podem ser aplicados a problemas n3o-lineares;
Primeiro algoritmo: Karmarkar (1984);
Primeiro método a ser competitivo com o método simplex;

1979: Khachyan propos o método Elipsdide;

vV vV v v Yy

Embora com complexidade polinomial, o método elipséide é

extremamente lento na pratica;

» O método de Karmarkar foi o primeiro algoritmo com complexidade
polinomial que funcionou bem na prética.
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O algoritmo de Karmarkar...
www.nytimes.com/1984/11/19/us/breakthrough-in-problem-solving.html

Breakthrough in Problem Solving

By JAMES GLEICK

~old mathematician at A T&T. | “Science has its moments
may

mlgllm the solving.
symms of equations that often grow 100
vast and complex for the most powerful

computers.

‘The discovery, which is to be formally
published next month, is already cir-
culating rapidly through the mathernatical
world. It dnmﬁudeolnu;eof
inquiries from com-

e o s s i s
m‘dollmdm\zhwmlsnuknwnu
linear programming.

Faster Solutions Seen

These problems are fiendishly com-
plicated systems, ofien with thousands of
wvariables. They arise in a variety of com-

and government applications, rang-

must be spread most efficiently among
competing users. And investment com-
panics use them incr!aun‘wnﬁnlm ‘with
the best mix of stocks bonds.

ncies
also make it possible to tackle problems
that are now far out of reach.
-breaking result,” said Dr,
director of
Bell

ause problems in linear
ing can heve billlons or mors possible
answers, even high-speed computers can-
not check cv:'r]ym;: So compulers must
uge speclll ure, an
examine ible before

few answers as possi
finding e best one — typically the one
that minimizes cost or maximizes

T
pmeeﬂwedwﬂmm’kmmqﬂel
method, is now used for such prol

Continued on Page AI9, Column 1

THE NEW YORK TIMES, November 19, 1984
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O algoritmo de Karmarkar...

http://content.time.com/time/magazine/article/0,9171,923774,00.html

Karmarkar at Bell Labs: an equation fo

a now way through the maze

Folding the Perfect Corner

A young Bell scientist makes a major math breakthrough

very day 1,200 American Airlines jets
crisseross the U.S., Mexico, Canada and

the Caribbean, stopping in 110 cities and bear-
passengers. More than 4,000

pilot, copilots, light personnel, maintenance
workers cariers are shuffied

ights; & total of 36 million gal.
of high-octane fuel is bumed. Nuis, bolts,
altimeters, landing gears and the like must be
checked at cach destination. And whilk per-
forming these scheduling gymnasic, he

Indian-born  mathematician at  Bell
Laboratories in Murrsy Hill, N.J., after only
a years' work has cracked the puzzle oflinear
programming ing a new algorithm,
step-by-siep mathematical
translated the procedure into a program that
should allow computers  track s greater com.
bination of tasks than ever before and in a frac-
tion of the time.

Unlike most advances in theoretical
mathematics, Karmarkar's work will have an

company costs, pro-
ot evenus and mﬁh “Breakthrough is one of the most sbused

Like Ame ne, housands of oo woris sl s Romd G, dirc-
‘panies . mmm:\y untangle the myriad | tor of mathematical sciences at Bell Labs.
variables e th ehciers i | “But 0 ¢ on saton where i s 1l ap-

‘ion of their resources. Solving such monstrous
problems requires the use of an abstruse
branch of mathematics known as linear pro-
gramming. [t is the kind of math that has
iruruedheoreians or e, s even e
fasics: and most powsrful computers have had
g lffculy ugging e s and

2. Now Narendra Karmarka

propriate”

‘Before the Karmarkar method, linear equa-
tions could be solved only in  cumbersome
fashion, ironically a5 the simplex
method, devised by Mathematician George
Danizig in 1947, Problems are conceived of
as giant geodesic domes with thousands of
sides. Each cormer of 4 facet on the dome

TIME MAGAZINE, December 3, 1984
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O algoritmo de Karmarkar...

THE STARTLING DISCOVERY
BELL LABS KEPT IN THE SHADOWS
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Now its breakthrough mathematical formula could save business millions

* happens all too ofien in science. An
BSCUTE fesearcher announces  stunning
breakihrough and achieves instant fame.
But when other scientists try 10 repeat his
results, they fail. Fame quickly
turns tonotoriety, and eventually
1he episode is all but forgorten

That seemed 10 be the case
with Narendra K. Karmarkar, 4
young scientist ai AT&T Bell
Laboratories. In late 1984
the 28-year-old rescarcher
astounded not only the scientific
community but also the business
world. He claimed he had
cracked one of the thorniest
aspects of computer-aided
proen-chin, [F 20 i o

would have meant a

it o ey i companics.
Icould o have pomed o bet
ter software for small companies
that use computes 1o help
manage t

Normariar s he had
discovcred a quick way 1o solve
problecs so hideously com-
plicuted thal they ofien defy even
the most powerful
computers. Such probiems be-
devil 3 broad range of business
activiiies. from assessing risk
factors in stock ponfolios 10

HEAD START. To mw mathematicians,
Karmarkar's s feat was hard (o

twist. Other scientists weren't able to
duplicate Karmarkar's work. it tums out

swallow.
mon, a special branch of mathematicscailed

~
Fame

KARMARKAR: SKEPTICS ATTACKED HIS PRECOCIOUS FEAT

that way. Vital
details about how best o translaic m:

printed pages. into digital com-
puter code were withheld (o give
Bell Labs a head start a1 develop-
ing commercial - products.

karsnlgvidn s b

r high-speed parallel
pmc\ssmg TM sysiem would be
instailed at St. Louis' Seott Air

Just about any company tha

(LP) has evolved, and

Force Base, headquarters of the Military

" that was as far asthey  Airlift C ). Neither party will
ucts through more than a handful of [could go. Sumemu;n whcnmh:rmunh- comment on the deal’s cost or where the
fed 10 test Kar i s

warchouses
calculating the cheapest routes for gelting

10 customers. Even when the problems
aren't terribly complex. solving them can
chew up <0 much computcr time that the
answer is useless before it’s found.

[process, i e e disappointing. Al
scientific conferences skeptics attacked the
sigorithm’s validity as well as Karmarkar's

veracit

s easy 10 fathom.
JUGGLING ACT. On 2 typical day
thousands of plancs ferry cargo and

B (s sory ey end wih T G

the world. To keep those jets flying, MAC

BUSINESS WEEK, September 21, 1987
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» Obrigado pela ateng3o!

» Ddvidas?



