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S tim bude veta:
Nahodu ukotvi
limitni vétal




Zpravy a informace

RECENZE KNIHY: OPT ART
BOOK REVIEW: OPT ART

Pavel Striz

E-mail: pavel@striz.cz

V roce 2019 vysla v nakladatelstvi Princeton University Press kniha Roberta
Bosche: Opt Art — From Mathematical Optimization to Visual Design. ISBN
978-0-691-16406-9.
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Robert Bosch is professor of
mathematics at Oberlin College and
an award-winning writer and artist.
His sculpture Embrace was awarded
first prize at the 2010 Mathematical
Art Exhibition in San Francisco. He
lives in Oberlin, Ohio.

Visit dominoartwork.com for more
of Bosch’s mathematical art

TwiTTeR | @baabbaash

Praise for Opt Art

“As a longtime admirer of Bosch’s
‘award-winning art, | couldn’t
wait to get my hands on a
copy of this book. His obvious
delight at teasing out the
tensions between constraint
and creativity, between image
‘and imagination, jump out from
the pages of each chapter. Opt
Artis an engaging and warm
introduction to the uses and
limitations of optimization, and
to the nuanced human choices
that underlie its approach.”

—Annalisa Crannell, coauthor
of Viewpoints: Mathematical
Perspective and Fractal
Geometry in Art

“Opt Art features many striking
images and also gives an
accessible introduction to the
field of optimization.”

~William J. Cook, author of
In Pursuit of the Traveling
Salesman: Mathematics at the
Limits of Computation

“Opt Art is a beautiful tour of
the intersection of art and
mathematics. From Legos to

inoes and from mazes to
, Robert Bosch shows.

W. Hart, mathematical

sculptor and designer

“Opt Art is a book of Bosch's

personal explorations of
optimization techniques to
develop geometric art pattems.
Reading it, | felt like he was
sharing his secrets of how to
use the power of computing to
discover new ideas and create
new art.”

—Erik D. Demaine, coauthor
of Games, Puzzles, and
Computation

“Bosch takes a unique and

inspiring approach by using
art to teach readers about the
mathematics of optimization.
Opt Art s very well written and
fun to read—and the artwork is
really cool.”

—Robert J. Vanderbei, coauthor
of Sizing Up the Universe: The
Cosmos in Perspective

“Opt Art blends the artistic

beauty of a coffee table book
with enriching classroom
exposition, keen innovation to
inspire new scholarly directions,
and that unquantifiable
something that compels a reader
to turn the page and keep
reading. Want to connect the
dots between math and art?
Bosch’s unique book is one of
the quickest paths to such

an understanding.”

~Tim Chartier, author of
Math Bytes: Google Bombs,
Chocolate-Covered Pi, and
Other Cool Bits in Computing
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A fun and stunningly lllustrated
introduction to the art of
linear optimization

Linear optimization is a powerful
modeling method for discovering the
best solution to a problem among a
set of available alternatives. It is one
of today’s most important branches
of mathematics and computer
science—and also a surprisingly rich
medium for creating breathtaking
works of art. Opt Art takes readers
on an entertaining tour of linear
optimization and its applications,
showing along the way how it can be
used to design visual art.

Robert Bosch provides a lively and
accessible introduction to the
geometric, algebraic, and algorithmic
foundations of optimization. He
presents classical applications, such
as the legendary Traveling Salesman
Problem, and shows how to adapt
them to make optimization art—opt
art. Each chapter in this marvelously
illustrated book begins with a
problem or puzzle and demonstrates
how the solution can be derived
using a host of artistic methods and
media, including 3D printing, laser
cutting, and computer-controlied
machining. Bosch focuses on
mathematical modeling throughout—
converting a problem into a workable
mathematical form, solving it

using optimization techniques, and
examining the results, which can take
the form of mosaics, line drawings,
and even sculpture. All you need is
some high-school algebra, geometry,
and calculus to follow along.

Featuring more than a hundred

illustrations and photos of Bosch’s
own art, Opt Art demonstrates how
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mathematics and computing can be
used to create beauty and express
emotion through amazing works of art.

Kdybychom meéli knihu shrnout do jedné véty, tak je to ukadzka matema-
tické optimalizace s vystupy do svéta vizualizace a uméni. Tedy misto Op-art
(optické umeéni) prechazi do Opt-art (optimaliza¢ni uméni).

Prvni dvé kapitoly uvadi do problematiky prikladem flexibilnich Tru-
chetovych dlazdic. Stupen Sedi rastrovych obrazk® pasuje na vhodnou dla-
zdici. Opticky klam pak odvede svou praci: zblizka ¢lovék vniméa jednotlivé
dlazdice, z vétsi dalsi clovek vnima ptvodni obrazek. V druhé kapitole knihy
pak zkousi nékteré dalsi flexibilni dlazdice.
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Pro méné znalé uvadi problematiku linearniho programovani (principy,
Simplexiiv algoritmus, Branch-and-Bound) v tfeti kapitole. Na pomoc si
bere program Gurobi, https://www.gurobi.com/. Zaujalo mé, Ze si bez
vétsich problémi nechdva vypsat vice/vSechna Feseni, to neni u linearniho
programovani aplné obvyklé. VSiml jsem si, ze v ndzvech proménnych pou-
ziva ¢arku, to si nevybavuji, Zze by jiny program umeél. Tedy doslova, napft.
misto nezndmé X4 ;, j =1,...,5, pouzivd XA,1 az XA,5.

V kapitole ¢tvrté zminuje prifazovaci ulohu, tedy uvod do binarniho
linearniho programovani. Pixely rastrovych obrazkt nahrazuje rtiznymi ob-
razky ¢i dilky. At uz se jedné o kreslené obrazky, cifry, nebo domino kostky.

Experimenty s nimi pak provazi cela pata kapitola. Kde je to potfeba,
pridava celé sady domino kostek. Zminuje, ze obrazky Martina Luthera Kinga
Jr. ¢i prezidenta Baracka Obamy jsou détmi slozeny a vystaveny po celjch
Spojenych statech. Autor na svych webovych strankach ma rozkresy.
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Kapitola sSesta potési priznivce TSP, tedy problém obchodniho ces-
tujiciho. Z trasy vznika ptvodni obrazek. Uvadi metodu Branch-and-Cut
a heuristiku Lin-Kerninghama, vedle linedrniho programovani v Gurobi si
bere na pomoc program Concorde, https://www.math.uwaterloo.ca/tsp/
concorde.html. Nasince potési, ze tento nyni jiz legendarni program spolu-
vytvaii Vasek Chvéatal (https://www.math.uwaterloo.ca/tsp/concorde/
contact/team.htm), absolvent prazské MFF. Za pozornost stoji metoda stip-
pling (algoritmus MacQueena), tedy prevod obrazku do série bodu. Seriézni
badatele by méla zaujmout soutéz The Mona Lisa T'SP Challenge, tedy snaha
najit globalni optimum TSP pro 100 tisic boda. Zatim vede Yuichi Nagata
se svou optimalizaci z roku 2009.




Zpravy a informace

Autor v kapitole sedmé dale zkouma moznosti optimalizace TSP, kon-
krétné uziti vice tras a praci se symetriemi. Inspiraci nasel v dile Rinuse Ro-
elofse. On se totiz cyklus da4 vymalovat barvou. Kapitola obsahuje nespocet
obrazki, véetné ukazek laserového a vodniho fezani. Vznikaji tedy unikatni
projekty ze dieva a kovi. Typografy potési zminka konstrukce Beziérovy
krivky jako metoda vyhlazovani dvou ¢i vice bodii.

Kapitola osma je lahiudka. Autor si bere do paraddy cestu Sachového
konika na Sachovnici 8 x 8, a i kdyz vi, ze neexistuje rotacni ¢i zrcadlova
symetrie takové cesty, hleda cestu, ktera se idealni symetrické nejvic blizi.
Pracuje se slovickem nearly, napt. nearly 4-fold symmetry, volné prelozeno
jako témer rotacné symetrické. Vedle obrazka potkame fotky 3D tiskd.
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V kapitole devaté se vraci k mozaice, tentokrat na konstrukci bludist.
Za stavebni prvky si bere moznosti dilku bludisté (jak vypada trasa a stény)
a bludisté si nechava vygenerovat za nejrtizné€jsSich omezeni.
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V tomto experimentu pokracuje i v kapitole devaté, tentokrat vsak
transformuje stavebni prvky mozaik. Aby barvy netvorily velké shluky, na-
stavuje omezeni na oblast. Doslo i na mozaiku inspirovanou Escherem, véetné
méné znamé mozaiky Cyrila Stanleyho Smitha, ktera méla tvorit alternativu
Truchetové mozaice. Gurobi uz nepocita vteriny, jako v tvodu knihy, ale ho-
diny a dny. Kdo by si pral komercéni program Gurobi vyzkouset, zkuste si jej

-server.org.
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V posledni kapitole jedenacté zkousi vizualizaci pres Game of Life
Johna Hortona Conwaye. At uZ nalezenim symetrickych dilka ¢ zajimavy
pokus optimalizovat dva snimky tohoto celularniho automatu.

Knize nelze nic vytknout. Jedinecny projekt s mnoha inspirativnimi néa-
pady podporena fadou obrazkt a fotek. Knihu mize ¢ist ¢lovék neznaly ma-
tematiky, ale i matematik, neb zavérecné kapitoly knihy jsou vyzvou. Jako
priznivec volné dostupnych programt bych misto Gurobi uvital Scip ¢i Sym-
phony, ale jak by tekli pocitacovi hackeri: Musime si umét poradit.

Myslim si, ze pokud ze svych kolekci vytahnete domino kostky a zac-
nete experimentovat, tak kniha splnila sviij icel. Za pozornost stoji pred-
naska autora knihy na Talks at Google, https://www.youtube.com/watch?
v=g3CiVrN-BnY. Knihu podporuji autorovy webové stranky, dominoartwork
.com, a nékolik animaci na https://www.youtube.com/user/baabbaash.
V sekci Downloads najdeme RLE soubory (Game of Life Patterns), spus-
titelné napriklad pres program Golly, https://golly.sourceforge.io.

- conway40x50p2.rie [Life] - Golly - + x f] - frankenstein vs the glider gun.rie[Life]-Golly — + X - marshland stills.rle [Life] - Golly -+ X ~ still_life_with_glider.rle [Life] - Golly -+ x
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