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1. BBegeHue

Lenp manHOM maboparopHON pabOTBl — MNpPUMEHEHHE TE€HETHMYECKUX aJTOPUTMOB IS
IIOCTPOEHUSI KOHEUHBIX aBTOMATOB. B KadecTBe mpuMepa pacCMaTpUBacTCs MOCTPOECHUE KOHEYHOTO
aBTOMaTa MW, pemaroniero 3ajgaqy 00 «YMHOM MypaBbe».

[Ipn BBIMOTHEHHMH J1TA0OPATOPHOM pPabOTHI HCMONIB30BaJNach MNporpamma «BupTryanpHas
naboparopusi», HaluCaHHasl CTyIeHTaMH Kadeapsl KoMnbloTepHbIX TexHomoruit CIIOI'Y UTMO.
JlaHHas mporpamMma I103BOJII€T PEATU30BbIBaTh OCOOb M TCHETHYECKHH aJfOPUTM B KadeCcTBE
MOJKJIIOYaeMbIX Moayne (plugin'os) [1].

2. NocTaHoBKa 3agaumn

3amavya naHHOW J1a00paTOPHOM pabOTHl — MOCTPOCHUE aBTOMaTa MuIIH, peraromiero 3aiaqay
00 «YMHOM MypaBbe». [Ipu MOCTpOeHHMH CleAyeT CTPEMHUThCS K HaumOonbled (yHKIMM
npucnocobaeHHocTu. HbIMU clioBaMU, MypaBel, yIpaBisieMblil [TOJTy4€HHBIM aBTOMAaToOM, JTOJIKEH
CheIaTh KaK MOXKHO OOJIbILIE €/IbI 32 KaK MOKHO MEHBIIIEE BPEeMsI.

2.1. ABTomat Munu

ABromMar Tuna MuiaMm — 3TO KOHEYHBI aBTOMAT, KOTOPBIM TI'€HEPUPYET BBIXOAHBIE
BO3ICHCTBHS B 3aBUCHMOCTH OT TEKYLIETO COCTOSIHUS U BXOZHOTO Bo3xencTBus. [Ipumep aBromara
Munu B BUZie AMarpaMMbl IEPEX0/10B IPUBEEH Ha puc. 1.

on

o

Puc. 1. [Tpumep aBTOMara Muu, 3ajaHHOTO TrpadoM

Han xaxapiM peOGpoM pacrioiokeHo J1Ba 3HAUYE€HUSI — COOTBETCTBEHHO BXOJTHOE U BBIXOHOE
BOBH@ﬁCTBHH. HpI/I 3TOM BBIXOJHOC BOSHGﬁCTBHG 3aBUCUT TOJBKO OT COCTOsJAHHUA U BXOAHOI'O
BO3JIEHUCTBUS.



2.2. 3agaya 06 «<YMHOM MypaBbe»

Hrpa nporcxonut Ha MOBEPXHOCTH TOpa pazMepoM 32x32 KJIETKH. B HEKOTOPBIX KIIeTKax
TOpa HaXoAUTCs e1a. MypaBell HaUMHAET JBUKEHHUE U3 KIETKH, TIOMEUEHHOM «Start».

Mypageii ymeer onpeaensiTh, HaXOAUTCS JIM HEMOCPEACTBEHHO MEPel HUM €/1a. 3a ONH X0/
MYypPaBEN MOYKET COBEPILUTH OJHO U3 CIEAYIOIIUX ACHUCTBUML:

® TIOBEPHYTH HaIPaBoO;

® TIOBEPHYTH HAJIEBO;

® cjenath IIar BIepes U, €CIIM B HOBOM KJIETKE €CTh €11, ChECTh €€;
® HUYero He JeJaTh.

CobeneHHasg el1a HE BOCCTAHABIMBAECTCSA, MYpPaBEHl XWUB Ha MPOTSHKEHUU BCEH WIPBI, a
pacrionoxxenue enpl guxcupoBaHo. Mrpa mmurcs 200 xomos. Llenms urpel — co3marb MypaBbs,
KOTOPBIN 32 MUHUMAJIBHOE YHCIIO XOJ0B ChECT KaK MOKHO 0OJIbIIIee KOJTUYECTBO €JIbI.

3. Peanu3auusn

«BuprtyanbHast nmabopatopus» COCTOMT U3 s[pa M TNOAKIO4YaeMbIXx moxyien [1]. Jlms
pelieHus MOCTABICHHON 3a7jaud HE0OXOIMMO CO3/1aTh JIBa MOIY/s. Momyib «0CcOOM» — KOHEUHBIN
aBToMaT Muu, peraronuii 3axaay 00 «YMHOM MypaBbe», 1 MOIYIb, PEaTH3yIOUIH FeHeTHIeCKUN
aJTOPUTM.

3.1. MpeacraBneHme aBTomaToB

Kaxxapiii aBTOMAT TpeACTaBiIseTCS B BUIEC OMTOBOM CTPOKH, pealM30BAaHHOW HAa OCHOBE
Kiacca ArrayList u3 crangaptHoi o6mbauorexu Java. Ilpencrasnenne apromara u3 N COCTOSTHHI
IIPUBENIEHO HA pHC. 2.

CraproBoe Cocrossnue 1 =~ Cocrostnue 2~ CocrosiHue 3 Cocrosinue N
COCTOSTHUE

Puc. 2 IlpencraBnenue apromara

B npencraBnenun aBToMara XpaHUTCSI HOMEP CTApTOBOTO COCTOSIHUSI, 3aTEM APYT 3a IPYroM
cocTosiHMsI. B ommcaHumM COCTOSIHHMS NJIsi KaXXIOTO W3 JIBYX BO3MOXKHBIX BXOJHBIX BO3IEHCTBHIA
(«ecTh ena», «HeT ellbl») 3aKOJIMPOBAHO CHAa4Yala COCTOSTHUE, B KOTOPOE OyJeT MPOU3BEACH NEPEXOI,
MOTOM BBIXOJHOE Bo3jeciicTBHe. [Ipyu KoaMpoBaHWM COCTOSIHHS, Kyda OyIeT COBEpIIEH IMepexof,
3aMUCBIBACTCS] €0 HOMEP B JBOMYHOM CHCTeMe cuuciieHus. Uucino OUT B MpencTaBiIeHUH HOMEpa
COCTOSIHHSI PAaBHO YHCIy OWT B JBOWYHOW 3alMCH MaKCHMaJIbHOTO HOMEpa COCTOSHUS. BbhixomgHoe
BO3JICHCTBHE KOAUPYETCS IBYMSI OUTaMU:

® (01 — nosopor Haneso (L);
e 10 — moBopot Hampaso (R);
e 11 — mar Bepen (M).

3HaUYEeHUE YUCla COCTOSIHUMA XPAHUTCS OTIIEIBHO.



3.2. MeToa cKkpewmBaHuA

Omneparop cCKpelmuBaHus («KpoccoBepa») MoIydyaeT Ha BXOJ ABE OCOOU M BBIJIAET TaKkKe JIBE
ocobu. CkpenuBaHie MPOUCXOIUT IO CIEeIYIOLIEeH cxeme:

® Ciy4ailHBIM 00pa3oM BRIOMpAETCs TOUKa KPOCCOBEPa;

® OUTOBBIE CTPOUKH OOMEHUBAIOTCSI XBOCTAMH I1OCJE TOYKHA KPOCCOBEPA.

3.3. MeToa myTauum

Omneparop MyTaluu HHBEPTHPYET POBHO OJMH CIy4YailHbIH OUT B OMTOBOI CTpOYKE, KOTOpast
IIPEIICTABIISIET aBTOMAT.

3.4. Mogenb reHeTUYeCKOro anroputmMa

OCTpOBHOW TE€HETHUYECKHN aJITOPUTM pEeaM3yeT MOENb MapaljIeIbHOIO TEHETUYECKOTO
asnroput™ma [3]. CyTh OCTPOBHOTO aJIrOpUTMa 3aKJII0YAETCs B ciieaytonieM. Bece ocobu pazouBaroTces
Ha HEKOTOpPOE KOJIMYECTBO MOMYISIIHMI («OCTPOBOB»), KOTOPbIE Pa3BUBAIOTCS HE3aBHUCHUMO APYT OT
apyra. Bpemst oT BpeMeHM MpPOUCXOAUT OOMEH XOPOUIMMH OCOOSMH MEXAY OCTPOBaMHU. DTOT
mpolecc HOCUT Ha3BaHMe Murpanus. OHa MO3BOJISIET OCTPOBAaM OOMEHHBATHCS TEHETHMYECKUM
MaTepuaioM.

Tak Kak HaceleHHOCTbh OCTPOBOB OOBIYHO HEBEIHKA, MOAMNONYISIIUN OyIlyT HMETh
TEHJICHLIUIO K MPEeXACBPEMEHHON cxoauMocTH. [103TOMy BaKHO MPaBHIIBHO YCTAHOBHUTH YaCTOTY
Murpanuu. Uepecuyp yactas MUTpalys IpUBEIET K CMEUICHHUIO MOATIONYISIIUA U TOTAA pe3ylbTar
paboTBl OCTPOBHOTO TEHETHMUYECKOTO ITOpPUTMa OyldeT Mallo, YeM OTJIMYaTbCcs OT Pe3yabTaToB
paboThl KaHOHUYECKOTO anroput™a. Eciin ske murpanus Oyner CIMIIKOM PEeIKOil, TO OHa HE CMOXKET
MPEAOTBPATUTH MPEKIEBPEMEHHOTO CXOXKICHUS OO YIS IUAN.

3.5. MeToa reHepaunn oyepeaHoOro NOKoneHus

HayanpHoe mMOKOJEHHE COCTOMT M3 HEKOTOPOro (UKCHPOBAHHOIO YHCIA CIy4dailHO
Cr€HepUPOBAHHBIX 0coOed. UHMCIo COCTOSIHMI YIpaBISIOUIMX aBTOMAaTOB HEM3MEHHO B paMKax
OJHOU 3aJayu.

st reHepany o4epesHOro MOKOJIEHUsS UCIIONIB3YETCs OCTPOBHOM N€HETUYECKUU aJIrOpPUTM
u MeTon pyneTkd. Kakaplil mar anroputMa pa3OUT Ha TPH CTAJUM: T€HEepalysl IPOMEXyTOUHOIO
MOKOJIEHUsT TyTeM oT0opa ocoOell U3 TeKyllero TIOKOJEHHUs, CKpelIMBaHuEe ocobel u3
IIPOMEKYTOYHON MOMYIISALNUN U MyTalusl.

Ha srane or6opa B MpOMEXYTOUHYIO TOMYJISINIO TOOABISIOTCS 0COOH, MOTYYHUBIINE TPABO
pasMHOXaThcst. OTOOP MPOMCXOMUT TO MeToay pydaeTku. CyTh METOIa COCTOMT B CIEAYIOIICM:
pacmoiIokuM 0coOH Ha KoJiece, IPUUeM pa3Mep CEKTOpa JUIsl KaXKI0M 0coOHM MpPOMOPIIMOHATICH €€
MPUCTIOCOOIEHHOCTH. 3amyckas pyleTky N pa3, moayduM N ocoOeil, KoTopbie U CHOPMUPYIOT
MPOMEXKYTOYHOE TIOKOJIEHHE. 3aMEeTHM, YTO TpPHU TakoM croco0e TreHepaluyd MPOMEKYTOUYHOTO
MTOKOJICHHUS OJTHA 0COObh MOXET OBITH OTOOpaHa HECKOJIBKO Pas.

3areM K 0c00SIM M3 IPOMEKYTOUYHOTO MTOKOJICHHSI IPUMEHSIOTCS ONIEPATOPhI CKPEIIMBAHUS 1
myTanuu. [Ipy 3TOM MOryT HOJIYYMTBCS <«IIJIOXME» OCOOM — OWUTOBas CTPOUYKA IPEACTABISIET
HEKOPPEKTHBIN aBTOMAT. MOT'YT MOSIBUTHCS MEPEXO/bl B COCTOSHUS, OONIbIINE MAKCUMAIBHOTO WIIN



HCOMPCACIICHHBIC BLIXOAHLIC Bo3aeHcTBHA. «Ilnoxue» 0CcO0M HE BKIIIOYAIOTCS B HOBOE ITOKOJICHHEC,
OHH 3aMCHAIOTCSA HOBBIMH cnyqaﬁHo CIrCHCPpHUPOBAHHBIMH aBTOMaTaMHu.

Hns poctmkeHust Oonee OBICTPOM pabOTHl alrOpUTMa C HEKOTOPOH MEPUOAMYHOCTHIO
MPUMEHSETCs] OOJIbIIIasi MyTaIusl — Yy BCEX 0COOEH MEHSETCs HEKOTOpoe (HUKCHPOBAHHOE YHCIIO
6uros (Hanpumep, 20%).

3.6. Cnoco6 BbluncneHusa PyHKLMUMU NPUCNOCOBNEHHOCTHU

bynem sMmynupoBarh MOBEACHUE MypaBbs 10 TE€X IOP, IOKA OH HE CHECT BCIO €y WM HE
MPEBBICUT JIOMyCTUMOE 4Yucio mmaroB. Jlamee 3HaueHWe (YHKIMU MPUCTIOCOOTIECHHOCTH
BbIUHCISETCS 10 hopMyrie

Fitness = Food — Steps / 200,

rne Fitness — GyHKUIUs npucrnocodseHHocTH, Food — KOMMYEeCTBO CBHEIACHHON enbl, Steps —
MaKCHUMAaJIbHBIN HOMED I1ara, Ha KOTOPOM ObLIa ChelleHa efia.

4. Pe3ynbtaTtbl paboThbl

B pesynbrare pa®otsl anropurma 3a 195 xonoB ObUT IOTyYeH aBTOMAT M3 ISITH COCTOSTHUM,
uMmeromuii  3HaueHne (yHkuuu npucnocodiennoctu 82,01. Mypaeid, ynpaBiasieMblil JaHHBIM
aBTOMAaToM chemaeT 83 st0oka 3a 198 xom0B.

4.1. Npadmk chpyHKLMM NPUCNOCOOBNEHHOCTH

Standard finess-function
IS
o

o 10 20 30 40 50 60 70 80 20 100 110 120 130 140 150 160 170 180 190 200
Generation's index

Ha puc. 3 npueznen rpaduk MakcuManbHOro (max) U cpefaHero (mean) 3Ha4eHUs QyHKIMU
npucrnocobiaennoctu. Puc. 3 I'paduk GpyHKIIMN TPUCTIOCOOICHHOCTH



4.2 [lvarpamMmma nepexonoB Nofy4eHHOro aBTomara

[Tonyuennsiii aBTOoMar Munu mpeAcTaBieH Ha puc. 4 B BHUAE AMArpaMMbl MEPEXOJ0B.
BxonHoe BO3zelcTBHE OIMMCAaHO CUMBOJaMu 1 — «ecTh ega» U F — «Her enpl». BrIxomHoe
BO3JICMICTBHE OMHUCHIBACTCS CUMBOJIAMHU R — «1moBOpOT HarpaBo», L — «moBOpoT HaseBo» 1 M —
«HIar BHIEpea».

Puc. 4 Jlnarpamma nepexo 0B MOJy4EHHOTO aBTOMaTa

3aknroyeHue

Pesynbrarsl 1abopaTopHOil pabOTHI MOKa3ajIH, YTO UCIOJIb3yeMbIe METObI Y(PPEKTUBHBI IS
MOCTPOEHUS YIPABIISIIOIIETO aBTOMATa C MAThIO COCTOSHUSIMU, KOTOPBIN peliaeT 3a1a4y 00 «YMHOM
MypaBbe», cbefas 83 s00Ka, TaK Kak IMOJIHBIN mepedop MO3BOISET CTPOUTH aBTOMAT C TaKUM XKe
pesynbratoM. [lomumo 3Toro rpaduk QyHKIUHA TPHUCIIOCOOICHHOCTH TOKA3bIBAET, YTO HEIJIOXHE
pe3yJbTaThl MONYYAIOTCS YK€ Ha TMEPBBIX MOKOJICHHUSIX 0CO0€H, 4TO TOBOPUT 00 3(h(HEKTUBHOCTH
MPEJICTABICHHS aBTOMAaTa U OCTPOBHOTO T€HETUYECKOTO adropuTMma. [Ipu 3TOM CTOUT 3aMETUTh, Y4TO
M3BECTEH aBTOMAT, TIOCTPOCHHBIN ISl ATOW 3a1add BPYYHYIO, KOTOpBIA chemaeT 81 siomoko [2]. K
HEJ0CTaTKaM HCIIOIh30BAHHOTO TOAX0Aa MOKHO OTHECTH OOJBIIIOE BPEMS T€HEPAIMHU OYePETHOTO
MOKOJICHHS, HO 3TO KOMIIEHCUPYETCSl TeM, UYTO B PE3y/lbTaTe MOJy4eH aBTOMAT, KOTOPBIM Kak pa3
Hanbosee OBICTPO pelaeT JaHHYIO 33/1a4y.
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MpunoxeHue. KoHdurypaumoHHbie dainbl

Jluctunr Individual.properties

external=5

internal=0

name=Mealy Automaton
task.name=Ant
description.file=description.html

name=Madagascar



INuctunr Algorithm.properties
number.island=30

size.island=200

mutation.probability=0.1

size.elite=0.01

number.swap=0.015

period.swap=20

period.big.mutation=40

percent .kill.island=0.5
label.number.island=Number of islands
label.size.island=Island size

label .mutation.probability=Mutation probability
label.size.elite=Elite size
label.number.swap=Number of swap
label.period.swap=Period of swap
label.period.big.mutation=Period of big mutation
label.percent .kill.island=Percent of killed
title = Algorithm properties

width = 400

height = 400

title.operators = Select operator

300

operators.width
operators.height = 250

description.file=description.html
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NMpunoxeHue. UcxoaHble TEKCTbI NporpamMmm

INuctunr MealyAutomaton.java

package laboratory.plugin.individual.mealy;

import laboratory.plugin.task.ant.individual.AbstractAutomaton;
import laboratory.plugin.task.ant.individual.Automaton;

import laboratory.plugin.task.ant.Ant;

import java.util.Arrays;

import java.util.Collection;

import java.util.ArraylList;
import java.io.File;
import java.io.PrintWriter;
public class MealyAutomaton extends AbstractAutomaton({
public MealyAutomaton(int is, Automaton.Transition[][] tr,

super (is, na, tr);

public String getStateString(int i) {

return (1 + 1) + "";

public Automaton.Transition[][] getAutomatonTransition(ArrayList<Integer> bitString,

stateCnt) throws Exception{

Automaton.Transition[] [] t = new Automaton.Transition[stateCnt][2];

boolean bad = false;

int localCnt = 0;

MealyAutomaton na) {

int transitionCnt = 0;
int statelength = (Integer.toBinaryString(stateCnt)).length();
ArrayList<Integer> transitions = new ArrayList<Integer>();

for (int 1 = 0; 1 < 2 * (statelength + 2); i++)

transitions.add(0);

ArrayList<Integer> transition0O = new ArrayList<Integer>(statelength + 2);

ArrayList<Integer> transitionl = new ArrayList<Integer>(statelength + 2);

for (int 1 = 0; 1 < stateLength + 2; i++) {

{

int
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transition0O.add(0);

transitionl.add(0);

int missedChar = 0;
for (int i = statelength; i <= bitString.size(); i++) {
if (localCnt < 2 * (statelength + 2) && 1 != bitString.size()) {
if (i != statelength && localCnt == 0) {

localCnt = 1;
transitions.set (0, missedChar) ;
}
transitions.set (localCnt, bitString.get(i));
++localCnt;
} else {
if (i != bitString.size()) {

missedChar = bitString.get(i);

localCnt = 0;
for (int j = 0; j < transitionO.size(); j++) {

transitionO.set (j, transitions.get(j));

for (int j = 0; j < transitionl.size(); j++) {

transitionl.set(j, transitions.get(transitionl.size() + J));

ArrayList<Integer> endState0 = new ArraylList<Integer>();

ArrayList<Integer> endStatel = new ArraylList<Integer>();

for (int j = 0; j < statelLength; ++3) {
endState0.add(0) ;

endStatel.add (0);

String strAction0O, strActionl;

char charActionO 'N';

char charActionl 'N';
for (int j = 0; j < statelLength; j++) {
endStatel.set (j, transitionO.get(j));

endStatel.set (j, transitionl.get(j));

strAction0 = String.valueOf (transitionO.get (stateLength))

+ String.valueOf (transitionO.get (statelLength + 1));



strActionl = String.valueOf (transitionl.get (stateLength))

+ String.valueOf (transitionl.get (statelength + 1));

if (strActionO.equalsIgnoreCase("01")) {
charAction0 = 'L';

}

if (strActionO.equalsIgnoreCase("10")) {
charAction0 = 'R';

}

if (strActionO.equalsIgnoreCase("11")) {
charAction0 = 'M';

}

if (charAction0 == 'N') {

bad = true;

if (strActionl.equalsIgnoreCase("01l")) {

charActionl = 'L';

if (strActionl.equalsIgnoreCase("10")) {

charActionl = 'R';

if (strActionl.equalsIgnoreCase("11")) {

charActionl = 'M';

if (charActionl == 'N') {

bad = true;

int eS0 = 0;

int eSl

Il
o
~

for (int j = endStateO.size() - 1; j >= 0; j—-) {
if (endStateO.get(j) == 1) {

eSO += (int) Math.pow(2, endStateO.size() - j - 1);

13



if (endStatel.get(j) == 1) {

eSl += (int) Math.pow(2, endStatel.size() - j - 1);

if (eSO > stateCnt - 1 || eS1 > stateCnt - 1) {

bad = true;

if (transitionCnt < stateCnt) {

t[transitionCnt] [0] = new MealyAutomaton.Transition (eSO,
charAction0);

t[transitionCnt][1] = new MealyAutomaton.Transition(eS1,
charActionl) ;

++transitionCnt;

}
if (bad) {

throw new Exception("Bad individual!");

return t;

public Automaton setInitialState(int newIS) {

return new MealyAutomaton (newIS, getTransition(), (MealyAutomaton)getNestedAutomaton());
}
public Automaton setTransitions (Automaton.Transition[][] transitions) {

return new MealyAutomaton(getInitialState(), transitions,

(MealyAutomaton)getNestedAutomaton () ) ;
}

public Automaton setNestedAutomaton (Automaton a) {

return new MealyAutomaton(getInitialState(), getTransition(), (MealyAutomaton)a);

public ArrayList<Integer> toBitString() {
ArrayList<Integer> bitstring = new ArrayList<Integer>();
String initialStateNumber = Integer.toBinaryString(getInitialState());

int stateCntlength = Integer.toBinaryString(getNumberStates()).length();

while (initialStateNumber.length() < stateCntlength) {

initialStateNumber = "0" + initialStateNumber;

14



for

for

(int 1 = 0; i < initialStateNumber.length(); i++) {

bitstring.add(Integer.parselnt (String.valueOf (initialStateNumber.charAt(i))));
(int i = 0; 1 < getNumberStates(); i++) {
String chromosomeO, chromosomel;
String endState0 = Integer.toBinaryString(getTransition(i, 0)
.getEndState());
String endStatel = Integer.toBinaryString(getTransition(i, 1)
.getEndState());
String actionO = "";
String actionl = "";
char act0 = getTransition(i, 0).getAction();
switch (act0) {
case 'L':
action0 = "01";
break;
case 'R':
action0 = "10";
break;
case 'M':
action0 = "11";
break;
}
char actl = getTransition(i, 1).getAction();
switch (actl) {
case 'L':
actionl = "01";
break;
case 'R':
actionl = "10";
break;
case 'M':
actionl = "11";
break;

15



String zero = String.valueOf('0'");
while (endState0.length() < stateCntlength) {

endState0 = zero + endState(;

while (endStatel.length() < stateCntlength) {

endStatel = zero + endStatel;
}
chromosome0 = endState0 + actionO;
chromosomel = endStatel + actionl;
for (int j = 0; j < chromosomeO.length(); Jj++) {

bitstring.add(Integer.parselnt (String.valueOf (chromosome0

.charAt (3))));

for (int j

0; j < chromosomel.length(); Jj++) {
bitstring.add(Integer.parselnt (String.valueOf (chromosomel

.charAt (j3))));

return bitstring;

public static class Transition extends AbstractAutomaton.Transition({

private final char action;

public Transition(int endState, char action) {
super (endState) ;

this.action = action;

}

public Automaton.Transition setEndState (int newEnd) {
return new Transition(newEnd, action);

}

public char getAction() {
return action;

}

public String toString() {

return "" + action;
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INuctunr MealyindividualFactorylLoader.java

package laboratory.plugin.individual.mealy;

import
import
import
import
import
import

import

import
import
import
import
import
import

import

public

laboratory.plugin.individual.mealy.factory.MealyAutomatonFactory;
laboratory.plugin.individual.mealy.gui.ConfigDialog;
laboratory.common.genetic.IndividualFactory;
laboratory.common.genetic.operator.Fitness;
laboratory.util.loader.AbstractIndividualLoader;
laboratory.util.loader.JarReader;

laboratory.util.StandardFitness;

javax.swing.*;
java.util.jar.JarFile;
java.util.List;
java.util.Arrays;
java.util.ArrayList;
java.util.Properties;

java.io.File;

class MealyIndividualFactoryLoader extends AbstractIndividualloader<MealyAutomaton>{

public MealyIndividualFactorylLoader (JarFile jar, File dir) {

super (jar, dir);

Config.getInstance().setEx(Integer.parselnt (getProperty ("external")));
Config.getInstance () .setIn(Integer.parselnt (getProperty("internal)));
}
@Override

public List<IndividualFactory<MealyAutomaton>> loadFactories() {

return Arrays.asList((IndividualFactory<MealyAutomaton>)new

MealyAutomatonFactory (Config.getInstance () .getEx (),

Config.getInstance().getIn()));

@Override

public List<Fitness<MealyAutomaton>> loadFunctions () {

}

List<Fitness<MealyAutomaton>> res = new ArrayList<Fitness<MealyAutomaton>>();
res.add (new StandardFitness<MealyAutomaton>());

return res;

@Override

public JDialog getConfigDialog(JFrame owner) {

this);

}

return new ConfigDialog(owner, JarReader.getProperties(getJar(), "frame.config.properties"),

17



INuctuur ConfigDialog.java

package laboratory.plugin.individual.mealy.gui;

import
import
import
import
import
import
import
import
import
import
import

public

laboratory.util.gui.config.TextFieldsPanel;
laboratory.util.gui.config.OkCancelPanel;
laboratory.util.gui.config.Util;
laboratory.util.loader.AbstractIndividuallLoader;
laboratory.plugin.individual.mealy.Config;
laboratory.plugin.individual .mealy.MealyAutomaton;
javax.swing.*;

java.awt.*;

java.awt.event.ActionListener;
java.awt.event.ActionEvent;
java.util.Properties;

class ConfigDialog extends JDialog {

public ConfigDialog(JFrame owner, final Properties p, final
AbstractIndividualloader<MealyAutomaton> 1) {

super (owner, p.getProperty("title"));
final TextFieldsPanel fieldsPanel = new TextFieldsPanel (new Stringl[]{
p.getProperty ("label.external")/*, p.getProperty("label.internal")*/},
new String[]{p.getProperty("external")/*, p.getProperty("internal")*/},
new String[]{Integer.toString(Config.getInstance().getEx())/*,
Integer.toString(Config.getInstance().getIn())*/},

new int[]{3/*, 3*/}, 1);

getContentPane () .add (fieldsPanel, BorderLayout.CENTER) ;
getContentPane () .add (new OkCancelPanel (new ActionListener () {
public void actionPerformed (ActionEvent e) {
String[] value = fieldsPanel.getValue();
Config.getInstance () .setEx(Integer.parselnt (value[0]));
Config.getInstance().setIn(/*Integer.parselnt (value[l])*/0);
showOperatorChooserDialog(p, 1);
dispose();
}
}, this), BorderLayout.SOUTH) ;

Util.setSize(this, new Dimension(Integer.parselnt (p.getProperty ("width")),

Integer.parselnt (p.getProperty ("height"))));

}

private void showOperatorChooserDialog(Properties p, AbstractIndividualLoader<MealyAutomaton>

final JDialog dialog = l.getOperatorChooser (this, p.getProperty("title.operators"));

Util.setSize(dialog, new Dimension (Integer.parselnt (p.getProperty ("operators.width")),

Integer.parselnt (p.getProperty ("operators.height"))));

Util.showModal (dialog) ;
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INluctuur MealyAutomatonFactory.java

package laboratory.plugin.individual.mealy.factory;

import laboratory.plugin.individual.mealy.MealyAutomaton;

import laboratory.plugin.task.ant.Ant;

import laboratory.plugin.task.ant.individual.factory.AutomatonFactory;

public class MealyAutomatonFactory extends AutomatonFactory<MealyAutomaton>{
public MealyAutomatonFactory(int ns, int nns) {

super (ns, nns);

protected MealyAutomaton fullRandomAutomaton (int ns) {

MealyAutomaton.Transition[][] tr = new MealyAutomaton.Transition[ns][2];
for(int i = 0;1 < ns;i++){
tr[i] [1] = new MealyAutomaton.Transition(r.nextInt (ns),

Ant .ACTION_VALUES [r.nextInt (3)]);

tr[i][0] = new MealyAutomaton.Transition(r.nextInt (ns),
Ant .ACTION_VALUES [r.nextInt (3)1]);

}

return new MealyAutomaton (r.nextInt(ns), tr, null);

protected MealyAutomaton randomAutomatonWN (int ns, MealyAutomaton na) {

MealyAutomaton.Transition[][] tr = new MealyAutomaton.Transition[ns][2];
for(int 1 = 0;1 < ns;i ++){
tr[i][1] = new MealyAutomaton.Transition(r.nextInt(ns + 1) - 1,

Ant .ACTION_VALUES [r.nextInt (3)]);

tr[i1][0] = new MealyAutomaton.Transition(r.nextInt(ns + 1) - 1,
Ant .ACTION_VALUES [r.nextInt (3)1]);

}

return new MealyAutomaton(r.nextInt(ns), tr, na);
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INuctunr IslandGA.java

package laboratory.plugin.algorithm.madagascar;

import laboratory.common.genetic.Algorithm;

import laboratory.common.genetic.Individual;

import laboratory.common.genetic.IndividualFactory;
import laboratory.common.genetic.operator.Mutation;
import laboratory.common.genetic.operator.Crossover;
import laboratory.common.genetic.operator.Selection;
import laboratory.common.genetic.operator.Fitness;
import laboratory.common.genetic.FitIndividual;
import laboratory.util.functional.Util;

import laboratory.util.functional.Functorl;

import java.util.ArrayList;
import java.util.Collections;
import java.util.List;

import java.util.Random;

public class IslandGA<I extends Individual> implements Algorithm<I>{
private final SimpleGA<I>[] islands;
private int indexGeneration;

private final int exchangeNumber;

private final int exchangeTime;

private final int bigMutationTime;
private final double percentKilledIslands;
private final double probabilityMutations;

private final int eliteSize;

private final Fitness<I> fitness;

private final IndividualFactory<I> factory;
private final Mutation<I> mutation;

private final Crossover<I> crossover;

private final Selection<I> selection;
private Random r;
public IslandGA(int numberIslands, int sizeIsland, double probabilityMutations,

double numberSwap, int periodSwap, int periodBigMutation,

double percentKilledIslands, double eliteSize,
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IndividualFactory<I> factory, Mutation<I> mutation,
Crossover<I> crossover, Selection<I> selection, Fitness<I> fitness) {
indexGeneration = 0;

islands = new SimpleGA[numberIslands];

this.eliteSize = (int)Math.round(sizeIsland*eliteSize);
for(int 1 = 0;1 < numberIslands;i++) {
islands[i] = new SimpleGA<I>(sizeIsland, probabilityMutations, factory, mutation,

crossover, selection, fitness, this.eliteSize);
}
this.exchangeNumber = (int) (numberSwap * sizeIsland);
this.exchangeTime = periodSwap;
this.bigMutationTime = periodBigMutation;
this.percentKilledIslands = percentKilledIslands;
this.fitness = fitness;
this.probabilityMutations = probabilityMutations;
this.factory = factory;

this.mutation = mutation;

this.crossover = crossover;
this.selection = selection;
r = new Random() ;

public List<I> getGeneration() {
List<FitIndividual<I>> gen = new ArrayList<FitIndividual<I>>();
for (Algorithm<I> ga : islands) {
gen.addAll (Util.map(ga.getGeneration(), new Functorl<I, FitIndividual<I>>() {
public FitIndividual<I> apply (I i) {

return new FitIndividual<I> (i, fitness.apply(i));

1)

}

Collections.sort (gen);

return Util.map(gen, new Functorl<FitIndividual<I>, I> () {
public I apply(FitIndividual<I> 1) {

return i.ind;

public void stop(){}

public void nextGeneration () {
indexGeneration++;

for (Algorithm<I> ga : islands) {



ga.nextGeneration() ;

}

if (indexGeneration % exchangeTime == 0) {
int ni = islands.length;
List<I>[] generation = new List[ni];
for(int 1 = 0;1 < ni;i++){
generation[i] = islands[i].getGeneration();
}
int size = generation[0].size();
for(int 1 = 0;1 < ni;i++){
for(int j = 0;j < exchangeNumber; j++) {
generation[i].set(size - j - 1,
generation[r.nextInt(ni)].get (r.nextInt (generation[r.nextInt(ni)].size())));
}
}
for(int 1 = 0;1 < ni;i++){
islands[i] = new SimpleGA<I>(generation[i],

crossover, selection, fitness, eliteSize);

}

} else if(indexGeneration % bigMutationTime == 0) {

bigMutation () ;

public void bigMutation() {

for (SimpleGA<I> ga : islands) {

if (r.nextDouble () < percentKilledIslands) {

ga.bigMutation() ;

probabilityMutations,

mutation,
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JNluctuur SimpleGA.java

package laboratory.plugin.algorithm.madagascar;

import laboratory.common.genetic.Algorithm;

import laboratory.common.genetic.Individual;

import laboratory.common.genetic.IndividualFactory;
import laboratory.common.genetic.FitIndividual;
import laboratory.common.genetic.operator.Mutation;
import laboratory.common.genetic.operator.Crossover;
import laboratory.common.genetic.operator.Selection;
import laboratory.common.genetic.operator.Fitness;
import laboratory.util.functional.Util;

import laboratory.util.functional.Functorl;

import laboratory.util.functional.FunctorO;
import java.util.*;
public class SimpleGA<I extends Individual> implements Algorithm<I>{
private List<FitIndividual<I>> generation;
private final double probabilityMutation;
private final IndividualFactory<I> factory;
private final Random r;

private final Mutation<I> mut;
private final Crossover<I> cross;
private final Selection<I> sel;

private final Fitness<I> fitness;

private final int fixedPart;

private final int eliteSize;

public SimpleGA(final List<I> generation
,final double probabilityMutation
,final IndividualFactory<I> factory
,final Mutation<I> mut
,final Crossover<I> cross
,final Selection<I> sel
,final Fitness<I> fitness

,final int eliteSize) {

this.probabilityMutation = probabilityMutation;



this.factory = factory;

this.mut = mut;
this.cross = cross;
this.sel = sel;

this.fitness = fitness;

this.generation = Util.map(generation, new Functorl<I, FitIndividual<I>> () {
public FitIndividual<I> apply (I 1i){

return cons(i);

}) i

Collections.sort (this.generation);

//ToDo: Rewrite this!!
fixedPart = generation.size() / 2;

this.eliteSize = eliteSize;

r = new Random() ;

public SimpleGA(final int sizeGeneration, final double probabilityMutation, final
IndividualFactory<I> factory,

final Mutation<I> mut, final Crossover<I> cross, final Selection<I> sel, final
Fitness<I> fitness,

final int eliteSize) {
this(Util.listFromFunctor (new Functor0<I> () {
public I apply(){
return factory.getIndividual();
}
}, sizeGeneration),

probabilityMutation, factory, mut, cross, sel, fitness, eliteSize);

private I winner (FitIndividual<I> al, FitIndividual<I> a2) {

return ((al.compareTo(a2) < 0) 2 al : a2).ind;

private FitIndividual<I> cons(I i) {

return new FitIndividual<I>(i, fitness.apply(i));

private FitIndividual<I> randomI () {

return generation.get (r.nextInt (generation.size()));



public void nextGeneration () {
// System.err.println(generation.get(0).fitness);

int size = generation.size();

List<FitIndividual<I>> newGeneration = new ArraylList<FitIndividual<I>>(size);

for (int 1 = 0; 1 < eliteSize; ++1i)
newGeneration.add (generation.get (1)) ;
// System.err.println(newGeneration.get (0).fitness);

newGeneration.addAll (sel.apply(generation, fixedPart));

while (newGeneration.size() + 1 <= generation.size()){
List<I> s = cross.apply(Arrays.aslList (winner (randomI (), randomI()), winner (randomI (),
randomI())));

for(I ind : s){

newGeneration.add (cons (ind)) ;

}

if (newGeneration.size () < size){
newGeneration.add (cons (mut.apply (randomI().ind)));

}

for(int i = 0;1 < size;i ++){

if (r.nextDouble () < probabilityMutation) {

// newGeneration.set (i, cons(mut.apply(newGeneration.get(i).ind)));

}
generation = newGeneration;
Collections.sort (generation) ;
// System.err.println(generation.get(0).fitness);
// System.err.println();
}
public List<I> getGeneration() {
return Util.map(generation, new Functorl<FitIndividual<I>, I>(){
public I apply(FitIndividual<I> 1) {

return i.ind;

b i
}
public void stop () {
}
public void bigMutation () {
for(int i = 0;1i < generation.size();i++){
final I ind = factory.getIndividual();
generation.set (i, new FitIndividual<I>(ind, fitness.apply(ind)));
}

Collections.sort (generation);
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INuctunr Config.java

package laboratory.plugin.algorithm.madagascar;

import

import

import

public

laboratory.util.loader.JarReader;

laboratory.util.Parser;

java.util.jar.JarFile;

class Config {

static int islandsNumber, islandSize, exchangeTime, bigMutationTime;

static double mutationProbability, exchangeNumber, islandPercentKill,

public static double getEliteSize() {

return eliteSize;

public static void setEliteSize(double eliteSize) {

Config.eliteSize = eliteSize;

public static int getIslandsNumber () {

return islandsNumber;

public static void setIslandsNumber (int islandsNumber) {

Config.islandsNumber = islandsNumber;

public static int getIslandSize () {

return islandSize;

public static void setIslandSize(int islandSize) {

Config.islandSize = islandSize;

public static int getExchangeTime () {

return exchangeTime;

public static void setExchangeTime (int time) {

Config.exchangeTime = time;

public static int getBigMutationTime () {

eliteSize;
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return bigMutationTime;

public static void setBigMutationTime (int time) {

Config.bigMutationTime = time;

public static double getMutationProbability() {

return mutationProbability;

public static void setMutationProbability(double mutationProbability) {

Config.mutationProbability = mutationProbability;

public static double getExchangeNumber () {

return exchangeNumber;

public static void setExchangeNumber (double number) {

Config.exchangeNumber = number;

public static double getIslandPercentKill () {

return islandPercentKill;

public static void setIslandPercentKill (double islandPercentKill) {

Config.islandPercentKill = islandPercentKill;

public static void setJar (JarFile jar) {

Parser p = new Parser (JarReader.getProperties(jar, "algorithm.properties"));
setIslandsNumber (p.getInt ("number.island"));
setIslandSize(p.getInt("size.island"));

setMutationProbability (p.getDouble ("mutation.probability"));
setExchangeNumber (p.getDouble ("number.swap")) ;
setExchangeTime (p.getInt ("period.swap"));
setBigMutationTime (p.getInt ("period.big.mutation"));
setIslandPercentKill (p.getDouble ("percent.kill.island"));

setEliteSize(p.getDouble("size.elite"));

27



INuctunr IslandConfigDialog.java

package laboratory.plugin.algorithm.madagascar;

import laboratory.util.gui.config.TextFieldsPanel;
import laboratory.util.gui.config.OkCancelPanel;
import laboratory.util.loader.AbstractAlgorithmLoader;
//import laboratory.util.loader.JarReader;

import laboratory.util.gui.config.Util;

import javax.swing.*;

import java.awt.*;

import java.awt.event.ActionListener;
import java.awt.event.ActionEvent;

import java.util.Properties;

public class IslandConfigDialog extends JDialog {

JFrame owner;

public IslandConfigDialog(JFrame owner, final Properties p,
super (owner, p.getProperty("title"));

this.owner = owner;

final IslandGALoader<?> 1) {

final TextFieldsPanel fieldsPanel = new TextFieldsPanel (new String[]{

p.getProperty ("label.number.island"), p.getProperty("label.size.island"),
p.getProperty("label.mutation.probability"), p.getProperty("label.size.elite"),
p.getProperty ("label.number.swap"), p.getProperty("label.period.swap"),
p.getProperty ("label.period.big.mutation"), p.getProperty("label.percent.kill.island") },

new Stringl[]{p.getProperty ("number.island"), p.getProperty("size.island"),
p.getProperty ("mutation.probability"), p.getProperty("size.elite"), p.getProperty ("number.swap"),
p.getProperty ("period.swap"), p.getProperty("period.big.mutation"),

p.getProperty ("percent.kill.island")},

new String[]{Integer.toString(Config.getIslandsNumber()),

Integer.toString(Config.getIslandSize()),
Double.toString(Config.getMutationProbability()), Double.toString(Config.getEliteSize()),
Double.toString(Config.getExchangeNumber ()), Integer.toString(Config.getExchangeTime()),
Integer.toString(Config.getBigMutationTime()), Double.toString(Config.getIslandPercentKill())},

new int[]{3, 3, 3, 3, 3, 3, 3, 3}, 8);

getContentPane () .add(fieldsPanel, BorderLayout.CENTER) ;

getContentPane () .add (new OkCancelPanel (new ActionListener () {

public void actionPerformed (ActionEvent e) {

String[] value = fieldsPanel.getValue();

Config.setIslandsNumber (Integer.parselnt (value[0]));

Config.setIslandSize (Integer.parselnt (valuell]l));

Config.setMutationProbability (Double.parseDouble (value[2]));

Config.setEliteSize (Double.parseDouble (value[3]));

Config.setExchangeNumber (Double.parseDouble (value[4]));

Config.setExchangeTime (Integer.parselnt (valuel[5]));
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Config.setBigMutationTime (Integer.parselnt (value[6]));
Config.setIslandPercentKill (Double.parseDouble (valuel[7]));
showOperatorChooserDialog(p, 1);
dispose();
}
}, this), BorderLayout.SOUTH) ;

Util.setSize(this, new Dimension(Integer.parselnt (p.getProperty ("width")),
Integer.parselnt (p.getProperty ("height"))));

}

private void showOperatorChooserDialog(Properties p, AbstractAlgorithmLoader<?> 1) {
final JDialog dialog = l.getSelectionChooser (owner, p.getProperty("title.operators"));

Util.setSize(dialog, new Dimension (Integer.parselnt (p.getProperty ("operators.width")),
Integer.parselnt (p.getProperty ("operators.height"))));

Util.showModal (dialog) ;
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INuctunr IslandGALoader.java

package laboratory.plugin.algorithm.madagascar;

import
import
import
import
import
import
import
import
import

import

import
import
import
import

import

public

laboratory.common.genetic.Individual;
laboratory.common.genetic.Algorithm;
laboratory.common.genetic.IndividualFactory;
laboratory.common.genetic.operator.Crossover;
laboratory.common.genetic.operator.Mutation;
laboratory.common.genetic.operator.Selection;
laboratory.common.genetic.operator.Fitness;
laboratory.util.loader.AbstractAlgorithmLoader;
laboratory.util.loader.JarReader;

laboratory.util.gui.config.Util;

java.util.List;
javax.swing.*;
java.util.jar.JarFile;
java.awt.*;

java.io.File;

class IslandGALoader<I extends Individual>

extends AbstractAlgorithmLoader<I>{

public IslandGALoader (JarFile file, File dir) {

super (file, dir);

Config.setJar (file);

@Override

public String getMessage() {

if (getSelections().isEmpty()) {
return "Please, select only one selection strategy!";
} else {

return "OK";

@Override

public Algorithm<I> loadAlgorithm(List<IndividualFactory<I>> individualFactories

,List<Crossover<I>> crossovers
,List<Mutation<I>> mutations
,List<Selection<I>> selections

,List<Fitness<I>> functions) {
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return new IslandGA<I>(Config.getIslandsNumber ()
,Config.getIslandSize ()
,Config.getMutationProbability ()
,Config.getExchangeNumber ()
,Config.getExchangeTime ()
,Config.getBigMutationTime ()
,Config.getIslandPercentKill ()
,Config.getEliteSize()
,individualFactories.get (0)
,mutations.get (0)
,crossovers.get (0)
,getSelections () .get (0)

, functions.get (0));

public JDialog getConfigDialog() {
//Todo: Implement this method.

return null;

@Override
public JDialog getConfigDialog(JFrame owner) {

final JDialog d = new IslandConfigDialog(owner, JarReader.getProperties(getJar(),
"algorithm.properties"), this);

return d;



