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Motivacia

e Uloha konvexného programovania v sirsom zmysle - triedy koénick-
ych dloh

e Aplikacie konvexnej optimalizacie: inzinierske, financie, ekondmia
(optimalizacia portfélia, preferencie,....) optimalny dizajn (topolog-
icky, experimentalny,...), aproximacia a fitovanie dat, Statistika, si-
ete, spracovanie signalu (obraz, zvuk), optimalne riadenie, geomet-
rické Glohy (linearna a nelinearna separacia bodov, ..), medicina,
...- dokonca modelovanie vesmiru

e Existuju algoritmy, ktoré vedia spol’ahlivo a efektivne riesit aj
vel'ké dlohy (zalozené na metddach vnitorného bodu).



e Existuju solvre a modelovacie nastroje, v ktorych si tieto al-
goritmy implementované - stadi len spravne definovat dlohu (napr.

CVX).

e Je dolezité vediet rozpoznat konvexnd alebo kénickd struktdru tlohy,
odvodit dualnu tlohu a vyuzit dualne vlastnosti, najst vhodnu kon-

vexn( (kénick() aproximaciu nekonvexnych, tazko riesitelnych dloh.



Aplikacia: TTD

Vyuzitie konvexnej optimalizacie

e Topologicky dizajn - Problém Eiffelovej veze

A

— TRUSS - mechanicka konstrukcia zlozena z priecok a uzlov, na

ktoré posobi zataz

— Optimalizuje sa "pevnost konstrukie"



Aplikacia: TTD
e — Vstup: pozicie uzlov, zataz na uzly, celkovd hmotnost (objem)
konstrukcie
— Premenné ulohy: vahy pridelené jednotlivym prieckam

— Uloha: njjst optimalne rozlovZenie véh tak, aby bola kon$truk-
cia Co najpevnejsia - aby bola potencidlna energia reprezentu-

juca poddajnost konstrukcie minimalna

e M. P. Bendsge, O. Sigmund: Topology Optimization - Theory,
Methods and Applications



Aplikacia: TTD

Topology
Optimization

Theory, Methods and
Applications

4.3 Computational procedures and examples 243

Fig. 4.6. The flexibifity in choice of ground structure. Optimal design of a weli-
known structure. Left hand picture shows the ground structure and the right hand
picture the optimal topology for a single downward load at the top of the structure.
The example shows that it is crucizal to consider multiple load cases for realistic
structures. By courtesy of M. Kocvara and J. Zowe.



Aplikacia: kozmologia

e Rekonstrukcia ''raného'' vesmiru

— Y. Breiner, U. Frisch, M. Hénon, G. Loeper, S. Matatrrese,
R. Mohayaee, A. Sobolevski: Reconstruction of the early
Universe as a convex optimization problem, Monthly
Notices of the Royal Astronomical Society, 2003.



Aplikacia: kozmologia
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ABSTRACT

We show that the deterministic past history of the Universe can be uniguely reconstructed
from knowledge of the present mass density field, the latter being inferred from the three-
dimensional distibution of luminous matter, assumed (0 be tracing the distribution of dark
matler up toa known bias. Reconstruction ceases W be unigue below those scales —a few Mpe
— where multistreaming becomes significant. Above 6 o' Mpe we propose and implement
an effecive Monge-Ampére-Kantorovich method of unigue reconstruction. At such scales
the Zel'dovich approximation is well satisfied and reconstruction becomes an instance of
opltimal mass ransportation, a problem which goes back to Monge. After discretization into N
point masses one oblains an assignment problem that can be handled by effective algorithms
with not more than (N7 time complexity and reasonable CPU time reguirements. Tesling
against N-body cosmological simulations gives over &) per cent of exactly reconstructed
points.

We apply several interrelated tools from optimization theory that were not used in cosmo-
logical reconstruction before, such as the Monge—Ampére equation, its relation to the mass
transportation problem, the Kantorovich duality and the aucton algorithm for optimal assign-
ment. A sell-contained disenssion of relevant notions and techniones s nmowvided
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Sylabus predmetu konvexna optimalizacia

e Ulohy konvexného programovania v Standardnom tvare
(opakovanie)
e ZovSeobecnenie konvexnych uloh
— Uloha konvexného programovania v u$om a $irSom zmysle
— Konické linearne programovanie (KLP)
— Pojem konvexného kuzela

— Zakladné triedy - LP, SDP, SOCP, ...



— Maskovanie standardnych konvexnych dloh do tvaru KLP

e UzitoCné témy z tedrie matic
— Schurov doplnok

— Moore-Penroseho inverzia

e Ulohy koénického linearneho programovania
— Vztahy medzi zakladnymi triedami

— Konicky reprezentovatelné funkcie

e Geometria konvexnych kuzelov



— Pojem vlastného kuzela, indukované usporiadania

— Pojem dualneho kuzela, samodualne kuzele

e Dualita v kénickom linearnom programovani
— QOdvodenie dualnej dlohy
— Zovseobecnena Farkasova lema

— Slaba a silna dualita

e Vybrané aplikacie KLP

— Optimalizacia portfélia



— Optimalny navrh experimentov
— Uloha minimalnej plochy

— Linearna a kvadraticka diskriminacia

o Konické relaxacie
— Konické relaxacie nokonvexnych kvadratickych tloh
— Uloha maximalneho rezu

— Exaktné relaxacie



Pravidla hodnotenia predmetu

e Celkové hodnotenie predmetu zavisi od hodnotenia projektu (40
bodov), a od domécich uloh, ktoré budi zadavané v priebehu
semestra (60-+ bodov)

e Projekt aj domace ulohy sa vypracovavaji v skupinach (1-3 stu-
denti). Projekt pozostava zo spracovania aplikacie, odovzdava sa
textova Cast vypracovana v Latexu (4-8 stran) a prezentacie pro-
jektu na konci semestra pred ostatnymi Studentami.

e Ocakava sa aktivna ucast na prednaskach. Jedna neospravedlnena
nelcast je bez nasledkov, za kazdi dalsiu je -5 bodov. Plati od 2.

tyzdna semestra.



Znamka za predmet konvexna optimalizacia

body  znamka

100-91 A
90-81 B
80-71 C
70-61 D
60-51 E

Stranka predmetu:

http://www.iam.fmph.uniba.sk/institute/trnovska/

konvexoptim.html
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