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pEvolučńı algoritmy: Hlavńı charakterisktiky

:: Evolučńı algoritmy

� Jsou stochastické optimalizacńı algoritmy, ale ne ve smyslu náhodného prohledáváńı.

� Pracuj́ı na principu ”vyšlechteńı” kvalitńıho rešeńı postupnou evolućı populace potenciálńıch

rešeńı založené na [Davis L. et al.]:

− genetické dědičnosti (J.G. Mendel) a

− zápasu o prežit́ı, kde v́ıtěźı ti nejsilněǰśı (Ch. Darwin), nejlépe adaptovańı v daném prosťred́ı.

”V p̌ŕırodńı evoluci je základńı úlohou biologického druhu vyhledáváńı výhodných adaptaćı vuci

složitému a dynamicky se měńıćımu prosťred́ı. Znalost, která charakterizuje každý biologický

druh, byla źıskána vývojem a je shrnuta v chromozómech každého jedince.”

� Jsou populačńı opt. algoritmy – nemuśı být rychlé.

Přesto, mnohdy p̌redstavuj́ı elegantńı alternativu pro nalezeńı dostatečně kvalitńıho řešeńı v

rozumném čase.

� Jsou robustńı – jsou použitelné pro širokou škálu optimalizačńıch problémů.
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pEvolučńı algoritmy: Pojmy

Pojmy p̌revzaté z terminologie p̌ŕırodńı genetiky

� Jedinec (chromozom + ohodnoceńı jeho kvality ”hodnota fitness”) – kandidátńı řešeńı

problému.

� Chromozom – reprezentace řešeńı daného problému.

� Fitness (ohodnocovaćı funkce) – ḿıra kvality jedince, vyjaďruje jak dob̌re je jedinec adaptován

na dané prosťred́ı.

� Gen (p̌ŕıznak, proměnná) – elementárńı jednotka, ze kterých je vytvǒren chromozom.

� Genotyp – zápis chromozomu.

� Fenotyp – význam genotypu; interpretace parametr̊u řešeńı zapsaného daným genotypem.
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pReprezentace

:: Problém může být reprezentován jako

� binárńı řetězec –

� řetězec reálných hodnot –

� řetězec znak̊u –

� nebo jako strom nebo jako graf, . . . .

Genotyp ⇐⇒ Fenotyp
genetická informace o řešeńı konkrétńı hodnoty parametr̊u řešeńı

ke každému genotypu muśı být definován fenotyp
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pOhodnocovaćı funkce

:: Fitness

� jediná informace o řešeném problému, kterou uživatel poskytne EA,

� muśı být definována pro všechny možné chromozomy.

:: Fitness může být

� mnohorozměrná,

� nelineárńı,

� multimodálńı,

� v́ıcekriteriálńı,

� diskrétńı

:: Fitness nemuśı být definována analyticky

� výsledky simulace optimalizovaného systému,

� úspěšnost klasifikace.

:: Výpočet fitness by neměl být časově náročný!!!
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pPř́ıklad na kódováńı

:: Funkčńı optimalizace

� hledáńı maxima funkce f (x, y) = x2 + y2,

� na intervalu celých č́ısel 〈0, 31〉,

� x a y jsou kódovány na 5 bitech.
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pEvolučńı cyklus
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pInicializace počátečńı populace

:: Náhodná

� náhodné navzorkováńı zvoleného počtu chromozomů (náhodný generátor nul a jedniček s p-st́ı

0,5),

� žádná apriorńı znalost o podobě hledaného řešeńı,

� spoléhá pouze na ”š̌tastné” pokryt́ı celého prohledávaného prostoru omezeným počtem vzork̊u.

:: Informovaná

� využit́ı (meta)heuristik pro navzorkováńı počátečńı populace; využ́ıvá apriorńı znalost o problému,

� Náhodné vzorkováńı vychýleno ve směru oblast́ı s vyš̌śı pravděpodobnost́ı kvalitńıch řešeńı

− může vést k nalezeńı lepš́ıch řešeńı,

− může zkrátit celkový výpočet,

− !!! může způsobit nevratné nasměrováńı GA k suboptimálńımu řešeńı.
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pSelekce (reprodukce)

:: Modeluje p̌ŕırodńı princip ”p̌rež́ıváńı nejsilněǰśıch”

� up̌rednostňuje zdatněǰśı jedince p̌red slabš́ımi,

� každý jedinec má šanci p̌rispět svým kódem do daľśı generace.

:: Ruletové kolo

� pravděpodobnost výběru jedince je úměrná jeho fitness

Pi = fi/ΣPopSize
j=1 fj

� populárńı, ale nep̌resná metoda.

:: Daľśı metody

� stochastic universal sampling,

� reminder stochastic sampling,

� turnajová selekce, . . .
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pGenetické operátory

:: Kř́ıžeńı

� myšlenka – máme-li dvě dobrá řešeńı daného problému, pak jejich vhodným zkombinováńım

můžeme źıskat řešeńı, které bude ještě lepš́ı.

� úloha ǩŕıžeńı – vzorkováńı ”exploration” prohledávaného prostoru.

Př́ıklad: 1-bodové ǩŕıžeńı (slepé ǩŕıžeńı)
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pGenetické operátory 2

:: Mutace – částečná variace řešeńı

� udržeńı diverzity populace,

� minimalizace možnosti ztráty potenciálně užitečné části genetického kódu.

:: Selekce + Mutace

� tato kombinace může být dostatečně silná i bez ǩŕıžeńı,

� evolučńı strategie.

Př́ıklad: jednoduchá mutace Populace s neúplnou genetickou informaćı
ch1: 0 0 1 1 0 0 0 1 1 0

ch2: 0 1 1 0 0 1 0 1 0 0

ch3: 0 0 0 1 1 0 1 0 1 1

ch4: 0 1 0 0 1 0 0 1 1 1

ch5: 0 1 1 0 0 0 0 1 0 1

. . .

chn: 0 1 0 0 1 1 0 1 0 0
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pEA a prohledáváńı s omezeńımi

:: Prohledávaný prostor s omezeńımi – obsahuje p̌ŕıpustná i nep̌ŕıpustná řešeńı.

Př́ıklad: Problém obchodńıho cestuj́ıćıho (Traveling Salesman Problem)

−→

Žádný z potomk̊u offspring1 a offspring2 neńı p̌ŕıpustným řešeńım – některá města buď v cestě

chyb́ı anebo se vyskytuj́ı dvakrát.
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pTři základńı zp̊usoby, jak ošeťrit omezeńı v EA

:: Penalizace

� nep̌ŕıpustné řešeńı je penalizováno, č́ımž se mu zhořśı p-st výběru,

� funguje jen s jednoduchými omezeńımi.

:: Dekodéry a opravné algoritmy

� speciálńı procedury, které dekóduj́ı chromozóm na p̌ŕıpustné řešeńı, nebo ”oprav́ı” nep̌ŕıpustné

řešeńı na nejbližš́ı p̌ŕıpustné,

� může být velice náročné.

:: Problémově závislá reprezentace a speciálńı operátory

� slibný, ale náročný postup, ad hoc reprezentace.

:: Transformace optimalizace s omezeńımi na v́ıcekriteriálńı optimalizaci

� ḿıra porušeńı omezeńı p̌redstavuje daľśı (minimalizované) kritérium.
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pTSP: Hranový operátor (Edge-Recombination Operator)

:: Př́ımá reprezentace (Path reprezentation)

genotype: a e d b c

tour: a → e → d → b → c

:: Edge recombination crossover

1. Sestav tabulku sousedů – každé město v ńı má seznam měst, se kterými soused́ı v rodičovských

cestách.

2. Začni tvǒrit cestu z náhodně zvoleného města.

3. Z aktuálńıho města jdi do některého z měst z jeho seznamu sousedů, které ještě neńı použito

v cestě.

Když už takové město neńı, tak zvol náhodně některé ze zbývaj́ıćıch měst.
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pNahrazovaćı strategie

:: Úloha nahrazovaćı strategie

� jak velká část populace bude nahrazena v každém generačńım kroku,

� ktěŕı jedinci budou v populaci nahrazeni.

:: Generačńı strategie

� stará populace je kompletně nahrazena novou populaćı,

� analogie se short-lived species.

:: Steady-state strategie

� pouze část populace je nahrazena, ostatńı jedinci z̊ustávaj́ı,

� analogie s long-lived species.
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pIdealizovaný p̌ŕıklad vývoje populace

rovnoměrné navzorkováńı prohledávaného

prostoru
zaosťreńı na slibné oblasti prohledávaného

prostoru
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pOblasti nasazeńı EA

:: EA jsou populárńı pro jejich

� snadnou implementaci,

� efektivnost,

� robustnost.

:: J. Holland: ”Nejlepš́ı uplatněńı GA je v oblastech, kde nemáme žádnou p̌redstavu o tom, jak

by mělo řešeńı vypadat. Právě tam nás často p̌rekvaṕı s č́ım p̌rijdou.”

:: Aplikace

- ř́ızeńı - návrh neuronových śıt́ı

- inženýrský návrh - zpracováńı obrazu

- plánováńı a rozvrhováńı - bankovnictv́ı

- alokace zdroj̊u - predikce časových řad

- layout planning a daľśı . . .
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pVyhledáváńı podežrelých

:: Policejńı databáze ”ȟŕı̌sńık̊u”

:: Ćılem je vytvǒrit podpůrný systém pro vyhledáńı podežrelých v obrovské databázi fotek.

:: Struktura chromozómu

:: Svědek slouž́ı jako ”vyhodnocovač” kvality potenciálńıch řešeńı.

? UK Home Office, Police Systems Research and Development Group ?
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pArtificial Ant Problem

:: Santa Fe trail

� 32× 32 grid with 89 food pieces.

� Obstacles

− 1×, 2× strait,

− 1×, 2×, 3× right/left.

:: Ant capabilities

� detects the food right in front of

him in direction he faces.

� actions observable from outside

− MOVE – makes a step and eats

a food piece if there is some,

− LEFT – turns left,

− RIGHT – turns right,

− NO-OP – no operation.

:: Goal is to find a strategy that would navigate an ant through the grid so that it finds all the

food pieces in the given time (600 time steps).
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pArtificial Ant Problem: GA Approach

:: Collins a Jefferson 1991, standard GA using binary representation

:: Representation

� strategy represented by finite state machine,

� table of transitions coded as binary chromosomes of fixed length.

Example: 4-state FSM, 32-bit long chromosomes
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pArtificial Ant Problem: Example cont.

:: Ant behavior

� What happens if the ant hits an obstacle?

� What is strange with transition from state 01

to the initial state 00?

� When does the ant succeed?

� Is the number of states sufficient to solve the

problem?

� Do all of the possible 32-bit chromosomes

represent a feasible solution?
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pArtificial Ant Problem: GA result

:: Representation

� 32 states,

� 453 = 64× 7 + 5 bits !!!

:: Population size: 65.536 !!!

:: Number of generations: 200

:: Total number of samples tried: 13× 106 !!!
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pGenetické programováńı (GP)

:: GP je založeno na stejných postupech jako GA – simulovaný princip p̌režit́ı těch nejsilněǰśıch

jedinc̊u a analogie genetických operaćı.

:: GP se lǐśı od GA reprezentaćı, genetickými operátory a oborem vhodných aplikačńıch oblast́ı.

:: GP jako rozš́ı̌reńı konvenčńıch GA – struktury, které jsou vyv́ıjeny, jsou stromy proměnné

velikosti a tvaru, reprezentuj́ıćı programy.

:: Applikace

� konstrukce programů – sṕı̌se podprogramů,

� učeńı klasifikátor̊u – rozhodovaćı stromy,

� učeńı rozhodovaćıch a klasifikačńıch pravidel,

� modelováńı – symbolická regrese,

� učeńı strategíı,

� . . .
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pGP: Reprezentace

:: Stromy se skládaj́ı z funkćı (vniťrńı uzly) a terminál̊u (listové uzly) vhodně navržených pro daný

problém.

� Terminály – vstupy vyv́ıjených programů

(nezávislé proměnné), reálné, celoč́ıselné nebo

logické konstanty, výkonné akce.

� Funkce

− aritmetické operace (+, -, *, / ),

− algebraické funkce (sin, cos, exp, log),

− logické funkce (AND, OR, NOT),

− podḿıněné op. (If-Then-Else,

cond?true:false),

− a jiné.

Př́ıklad: Strom reprezentuj́ıćı LISP-ovský

S-výraz 0.23 ∗ Z + X − 0.78

:: Podḿınka uzav̌renosti – každá funkce muśı být schopna akceptovat jako sv̊uj vstupńı

argument výstupńı hodnotu libovolné funkce nebo terminálu.
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pGP: Kř́ıžeńı
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pGP: Mutace a jiné operátory

:: Mutace nahrazuje náhodně zvolený uzel a jeho podstrom jiným náhodně vygenerovaným

podstromem.

:: Other operators:

� permutace,

� editace,

� zapouzďreńı,

� decimace,

� . . .

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � Evolučnı́ algoritmy



pArtificial Ant Problem: GP Approach

:: Terminals
� motorial section,

� T = MOVE, LEFT, RIGHT.

:: Functions
� conditional IF-FOOD-AHEAD – food detection, 2 ar-

guments (is/is not food ahead),

� unconditional PROG2, PROG3 – sequence of 2/3 ac-

tions.

:: Ant repeats the program until time runs out (600 time

steps) or all the food has been eaten.

Santa Fe trail
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pArtificial Ant Problem: GP Approach cont.

:: Typical solutions in the initial population

� this solution

completely fails in finding and eating the food,

� similarly this one

(IF-FOOD-AHEAD (LEFT)(RIGHT)),

� this one

(PROG2 (MOVE) (MOVE))

just by chance finds 3 pieces of food.

Santa Fe trail
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pArtificial Ant Problem: GP Approach cont.

:: More interesting solutions

� Quilter – performs systematic exploration of the grid,

(PROG3 (RIGHT)

(PROG3 (MOVE) (MOVE) (MOVE))

(PROG2 (LEFT) (MOVE)))

Quilter performance

� Tracker – perfectly tracks the food until the first ob-

stacle occurs, then it gets trapped in an infinite loop.

(IF-FOOD-AHEAD (MOVE) (RIGHT))

Tracker performance
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pArtificial Ant Problem: GP Approach cont.

� Avoider – perfectly avoids food!!!

(I-F-A (RIGHT)

(I-F-A (RIGHT)

(PROG2 (MOVE) (LEFT))))

Avoider performance

:: Average fitness in the initial population is 3.5 – not much, but no surprise!!!
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pArtificial Ant Problem: GP result

:: In generation 21, the following solution was found that already navigates an ant so that he

eats all 89 food pieces in the given time.

(I-F-A (MOVE)

(PROG3 (I-F-A (MOVE)

(RIGHT)

(PROG2 (RIGHT)

(PROG2 (LEFT)

(RIGHT))))

(PROG2 (I-F-A (MOVE)

(LEFT))

(MOVE))))

:: This program solves every trail with the obstacles of the same type as occurs in Santa Fe trail.

:: Compare the GP computational complexity with the GA approach?!

GA approach: 65.536× 200 = 13× 106 trials.

vs.

GP approach: 500× 21 = 10.500 trials.
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pGP: Trigonometrická identita

:: Ćılem je nalézt ekvivalentńı výraz ke cos(2x).

:: GP implementace:

� Množina terminál̊u T = {x, 1.0}.

� Množina funkćı F = {+,−, ∗,%, sin}.

� Trénovaćı množina: 20 pár̊u (xi, yi), kde xi jsou hodnoty rovnoměrně navzorkované v

intervalu (0, 2π).

� Fitness: Suma absolutńıch odchylek požadovaných hodnot yi od hodnot vrácených gen-

erovaným výrazem.

� Ukončovaćı kritérium: Řešeńı s chybou menš́ı než 0.01.
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pGP: Trigonometrická identita (2)

:: 1. výpočet, 13. generace

(−(−1(∗(sinx)(sinx))))(∗(sinx)(sinx)))

což se po úpravách rovná 1–2 ∗ sin2x

:: 2. výpočet, 34. generace

(−1(∗(∗(sinx)(sinx))2))

což je pouze jiný zápis p̌redchoźıho výrazu.

:: 3. výpočet, 30. generace

(sin (−(−2(∗x2))

(sin(sin(sin(sin(sin(sin(∗(sin (sin1))

(sin1))

)))))))))

Pozn.: Výraz na druhém a ťret́ım řádku se poměrně p̌resně bĺıž́ı hodnotě π/2, takže objevená

identita je

cos(2x) = sin(π/2–2x).
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pMateriály: Literatura, Dema, Software

:: Literatura

� D. E. Goldberg: Genetic Algorithms in Search, Optimization, and Machine Learning, Addison-

Wesley, 1989.

� Z. Michalewicz: Genetic Algorithms + Data Structures = Evolution Programs, Springer, 1998.

� Z. Michalewicz: How to solve it? Modern heuristics. 2nd ed. Springer, 2004.

� K. A. DeJong: Evolutionary Computation, MIT Press, 2002.

� C. Bishop: Neural Networks for Pattern Recognition, Oxford University Press, 1995.

� C. Bishop: Pattern Recognition and Machine Learning, Springer, 2007.

� P. Hájek: Mathematics of Fuzzy Logic. Kluwer, 1998.

:: Dema

� M. Obitko: Introduction to genetic algorithms with java applets,

http://cs.felk.cvut.cz/ xobitko/ga/
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pMateriály: Literatura, Dema, Software (2)

:: Software

� ECJ 16 – A Java-based Evolutionary Computation Research System

http://cs.gmu.edu/ eclab/projects/ecj/

� Open BEAGLE 3.0.1 - An evolutionary computation framework in C++

http://www.archivum.info/fm.announce/2005-10/msg01260.html

� PISA – A Platform and Programming Language Independent Interface for Search Algorithms

http://www.tik.ee.ethz.ch/sop/pisa/?page=selvar.php

� GeneXproTools 4.0: Data mining software based on Gene Expression Programming

http://www.gene-expression-programming.com/Downloads.asp

� The Genetic Algorithm Utility Library (GAUL), an open source programming library written in

C

http://gaul.sourceforge.net/
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