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RAREARR, RS SMBEREIENRIAM T LY. SFXA6TF, WRFEH
WA EAMERE FIBH, ZE P ERE NSRS

19



18 BN

B T T LAAE R R SR ) R SRR AR, A SRR W] DA A R B
TR R Z A5 55 5T & AT HAREER S5 . I REE T — N
B L, IEREIE KRR R,

1.10 £&)1F

A A AT DAAREE BEA T RORIE MR, TR T ZE LA 1] o AR () A
Jit, ARSI AIEAT I A AT LU JURR BB JLARE | BRATIRe 18 1 S 58 A R O 4%
AR LB AT

— LR R R b SRR
B HAKIRKEH .

2 Hogs ' i ]
R0 T 7 2 O
L LR T —MaEl B .

ANV 2 AR B, R BCE BRI R RS, e

BE S AR REPRATZS AL, AARH T E .

1.11 EBRIE

ERARZRLEHR, RN — PP THREEEREERNIEADTRE, W
B 1-10 fizm.

20



1.1 ERYE

#

X

1
S DL . —|F[ B
m e :§
2]
|t
3
H

—| %R
A 1-10 —stEEEmERE

1. BAESEITIG, YIIRWIRIEME TR . X8 % RN RS
[ F) 359 50 8 i o

2. FRR, B AFEEP AR B ANENEE, R RRET VF
fitio FEZXNHB, BATHEFEEELaTHIME, UURFRERFIEN .

3. iPilfE, MIELIERMAE, ZHEREERBTNIZL LR, BEX
RN ZHEE KRR E O ARHE, NESKBEAH#.

4. MRZLIEFHAFL, FHEE —NEREN B, ETENEFS, A
R PIEEME. ENEEE, MOERISBOERE.

5. F—BrBO gAML R XA 7 o XA BOAD T — AR BB A .

6. BERTHARREREENEAE SR, SREHITH. RIORZMEFKE—
R — AR

7. MRLILFMARLWL, FEPimEsr, &% mA R ER)E R
RER.

21



W EIE BN

112 S

Turing, A.M. (1950). “Computing Machinery and Intelligence”

Simon, H.A. (1965). “The Shape of Automation for Men and Management”

Barricell, N.A. (1975). “Symbiogenetic Evolution Processes Realised by
Artificial Methods”

Darwin, C. (1859). “On the Origin of Species”

Dorigo, M. (1992). “Optimization, Learning and Natural Algorithms”

Rechenberg, 1. (1965) “Cybernetic Solution Path of an Experimental Problem”

Rechenberg, 1. (1973) “Evolutionsstrategie: Optimierung technischer Systeme
nach Prinzipien der biologischen Evolution”

Schwefel, H.-P. (1975) “Evolutionsstrategie und numerische Optimierung”

Schwefel, H.-P. (1977) “Numerische Optimierung von Computer-Modellen
mittels der Evolutionsstrategie ”

Fogel L.J; Owens, A.J; and Walsh, M.J. (1966) “Artificial Intelligence through
Simulated Evolution”

Holland, J.H. (1975) “Adaptation in Natural and Artificial Systems”

Dorigo, M. (1992) “Optimization, Learning and Natural Algorithms”

Glover, F. (1989) “Tabu search. Part I”

Glover, F. (1990) “Tabu search. Part I1”

Kirkpatrick, S; Gelatt, C.D, Jr., and Vecchi, M.P. (1983) “Optimization by

simulated annealing”

22



TEARTE S, WA TRIFERER S A BE FVE R ER . REIFRIREF,
B G E T P IATES, IMAThRE. RN, FRATHARERIT R T 8 % Hk
ZHAEE, URERITERES AR .

BEARIBAT AT A, FFESEAETH L B3 Java JDK. ARAT A
Oracle [t L4 9% 8 %% Java JDK:

oracle.com/technetwork/java/javase/downloads/index.html

B T %% Java IDK, R0 AT DAIERE 2235 KF Java I IDE, EL4n Eclipse B
NetBeans, BARIXAELTH.

2.1 SCELZAE]

BB AL IR 2 AT, el R S I AR R R AR SE T EAE S5 (N IERIE
oo FEAEAT EAF A BOAKAR G B AR RIOL AL 1 R, 380 5 2 R F — T4
RAER . BAEHERSOEIERK, S “897%7, Be N % ITVER



W E2E TM—TENEEEER

R, AN AR E KSR AR BV RIS B TRXNRE, WRE
A AEAT CA0 SR 52 K& RTT T8 Bh 5 | R R, BEFEVIRAT LA
KR BLETE KR o
WRELHHEFMRINEREEN, BNVIZE BRI IERRE., X
A e R BB RINER G T T4 R, A RER A BITIEE RS
T, TEMTERIEED, BT AR K TR W RS 2 A SR .

22 EBERRFREERNNMNE

B AR EE K O ARD AT

1: generation = 0;

2: population[generation] = initializePopulation(populationSize);

3: evaluatePopulation(population[generation]);

3: While isTerminationConditionMet() == false do

4: parents = selectParents(population[generation]);

5: population[generation+1] = crossover(parents);

6: population[generation+1] = mutate(population[generation+1]);
7 evaluatePopulation(population[generation]);

8: generation++;

9: End loop;

P ARAD B B AE BIE VIR RETT 06 AR)E, SRR AT IS, K
HEMARENEE. T8, HEMEREFEANZIERAEET AL,
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23 RIABEUERHE

WKW, BAERIEITGIERS, ML R MEER, RiEEHIT
flic WjE, REEHATRENMNARSR, HEIWAL IR, BERERLIE.

RBRMARERERT BIEEENERLRE, BERMNAFLEFHEEFEENS
R, RO TRmAEIE N AR RS LS.

23 XFAPBEIRDRHE

ABRRGE—FEEHELN N, BHEEWNHH Eclipse W H+ . #MREZE
Y 4NE,
® GeneticAlgorithm 3§, ‘Efi%R TH#MER AL, HEOTTERME T
XF i AL, MR, 'R, ENEEHMNE LA HRE.
® Individual 28, RN PR SLH G4,
® Population 3, ERR—MMEEEAER — MR, FEREANTNHE
MR RAE
® HFE main AN, GF L5 A, FrmEAAREK AR,
DA K B AR o) ] R 75 22 IR AT 4 B DA o X B SR AR B Af v B i K
fir44, 1 AllOnesGA. RobotController %%,
TEAZIFUE S T ) GeneticAlgorithm. Population #1 Individual 28, FHFE
Bt XA T & =T B
PRAT LA KX Ee K 50 B #R R O BAASZIL, W1 Genetic Algorithm
Interface. PopulationInterface ! Individuallnterface, 1B 4 T it Eclipse I H i
fi R R FefR 8, BATRAEEHED.
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KA FH GeneticAlgorithm 2 SEH T —L8H K )57, W calcFitness,
evalPopulation . isTerminationConditionMet. crossoverPopulation #1 mutatePopulation .
B2, MEF LRBKESK, XEhERNAESETIREG AR,

FEZRAA P R i, AT XS BN i) 8 2 i GeneticAlgorithm,
Population Al Individual 28, KI4—275 7L SEIAE & =P REFAZE, (H—L
TESA AR,

HeAb, S0 BRI Eclipse T H YRACHS  OVERE ! O THEAAS AT
BRI, BRIIC24A TRKMEBRMICMERE, B AERETHT
K Eclipse XA IRHE T 784 MURARRDERE . XMHRK B, XHBIEE K
B—F!

EUZELT, A PHNENTSERFE - PRPFNRE STk —
RAELLS, A AL ERIE TR A ERE, PR SEIL T, A
BALEHIF PR RIS, B2 RBRREEL, NORFEBIRREFE
AR i) o

2.4 EARSI

T HEBRITE ADERMAT, REFEVIERE S 2R, ABHMANSE
— AR FORE R 18] B o A .

ZHHRIB AR IR LR A B, M TR SRR R, BT RER AR
BARM TR, RATRECISAES 1 FHRE], —REHi£ 5% i Holland (1975)
% H 1 SR B AL LV
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2.4 EAS

2.41 [o]@R

H5E, EERMNEWE—T “4&—" 8, &~ A shlE e kg R
B —ANEH EE A (] .

Zi AR R, EEI—RRA R, VR 2RI R
AER. BLEX, ZRERERRSTHEH | MR FRE. Bib, XTKRE
S WFrE R, BAUMER “111117,

242 B

BESRE T EMPRI 8, iEIRATAREERT LI . RATEME —FF 2
BLOBAAEESE. WETHTR, X 3N EESERMBEIE, TREMTNE,
RER, BABEFINT —MNEA HFEEN Celitism)” F#ES, IREE/FERE
RRZENZHL —.

B, BIE A4 A GeneticAlgorithm 126, 1Rk Eclipse, 7] LLE
I i%E#E File > New > Class KM BIX— o FEAPH, TAVEFEANNFE
Lk, FURMNESAER “Chapter2” F TAE.

XA GeneticAlgorithm ZEK0 BB &SR A S IR BT fa 07 AR & . B2,
XA RAFELEEN . BR ENEHELIERARERZE. ZRERE, &
IM—AMAETT i, EEZ 4 NBH: MR, BRE. STENEIR A E.

package chapter2;

[k

* Lots of comments in the source that are omitted here!

*/

public class GeneticAlgorithm {
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private int populationSize;
private double mutationRate;
private double crossoverRate;

private int elitismCount;

public GeneticAlgorithm(int populationSize, double mutationRate, double
crossoverRate, int elitismCount) {

this.populationSize = populationSize;

this.mutationRate = mutationRate;

this.crossoverRate = crossoverRate;

this.elitismCount = elitismCount;

e
* Many more methods implemented later...
*/
}
N TR S, EAMIE T KR BT BC &, €2 GeneticAlgorithm
KB L.
WAE, BAINZEIESFE: FE—T, SEHFTEIFE, HTY
B E L, FFEAN PR S . BixE ML R “AllOnesGA”, &
S —A main F¥%::

package chapter2;
public class AllOnesGA {
public static void main(String[] args) {
// Create GA object

GeneticAlgorithm ga = new GeneticAlgorithm(100, ©.01, 0.95, 9);
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// We’ll add a lot more here...

}

B, WA LR SHE: FEFER=100, &R%E=001, XX
#=0.95, HEIAEOH 0 CEf L EHEME). £ABLER, JIRETHT U
ERRER, TREIRERIXESH, FE AW R E LRI,

2.4.3 a1k

TR — SRR R R . Xl R BN, (EfER
RERH RGBT BTG, W AR A8 R 2= A ) 25 BOR VIR AR R .
XA, MM BRI . RATTRT DL B o A 1) AN (R
BENLIERE 1 88 0, SEHIX— 4.

WGP EEZ AT, RATFEQIENNE, —MEEIFQIEME, 75—
HAGIEMB R AME. WA E I, PIUREAMEEN B, SEF R
o B A5 BB Y 1 A

H5E, EFATMAIE Individual KTF4G. WEHER, AT WERE, &AI4E
W& T T AR T R SOR R SR U UR AT LAZER 77 1 Eclipse T H H R 2% 28
52 R AR A .

package chapter2;
public class Individual {

private int[] chromosome;

private double fitness = -1;
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public Individual(int[] chromosome) {
// Create individual chromosome

this.chromosome = chromosome;

public Individual(int chromosomeLength) {
this.chromosome = new int[chromosomelLength];
for (int gene = @; gene < chromosomelLength; gene++) {
if (0.5 < Math.random()) {
this.setGene(gene, 1);
} else {

this.setGene(gene, 0);

public int[] getChromosome() {

return this.chromosome;

public int getChromosomeLength() {

return this.chromosome.length;

public void setGene(int offset, int gene) {

this.chromosome[offset] = gene;

public int getGene(int offset) {

return this.chromosome[offset];

}

public void setFitness(double fitness) {
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this.fitness = fitness;

}

public double getFitness() {
return this.fitness;

1

public String toString() {

String output = "";

for (int gene = @; gene < this.chromosome.length; gene++) {

output += this.chromosome[gene];

}

return output;

}

Individual BARR —MEEM, FEFATTAEARE—FROME. HER,
Individual RWAH W MYETTE. —MGETEEZ — B (RREAHH
KED), TEVHRANREEAIE KNSR EEK. H— Mg EEZ
R, RErEARARE.

BT Individual BB EAE, EHIEEEAMERENEE, HAE{ATH
HOITEA— ¥4 &

NP B A Population 28, "EFRALE B R AT —4LMR B BT RE

BAEE —FF, FRMIMEBRREX —EHTCEERT, EEZFF
Eclipse T H, TH#EZHR!

package chapter2;

import java.util.Arrays;

import java.util.Comparator;
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public class Population {
private Individual population[];

private double populationFitness = -1;

public Population(int populationSize) {

this.population = new Individual[populationSize];

public Population(int populationSize, int chromosomelLength) {

this.population = new Individual[populationSize];

for (int individualCount = @; individualCount <
populationSize; individualCount++) {
Individual individual = new
Individual(chromosomeLength);

this.population[individualCount] = individual;

public Individual[] getIndividuals() {

return this.population;

public Individual getFittest(int offset) {
Arrays.sort(this.population, new Comparator<Individual>() {
@verride

public int compare(Individual ol, Individual o2) {
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public

public

public

public

2.4 ERSH)

if (ol.getFitness() > o2.getFitness()) {

return -1;

} else if (ol.getFitness() < o2.getFitness()) {

return 1;

}

return 0;

s

return this.population[offset];

void setPopulationFitness(double fitness) {

this.populationFitness = fitness;

double getPopulationFitness() {

return this.populationFitness;

int size() {

return this.population.length;

Individual setIndividual(int offset, Individual individual) {

return population[offset] = individual;

public Individual getIndividual(int offset) {

return population[offset];
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public void shuffle() {

Random rnd = new Random();

for (int i = population.length - 1; i > @; i--) {
int index = rnd.nextInt(i + 1);
Individual a = population[index];
population[index] = population[i];
population[i] = a;

}

}

Population ZKAH4 & H, ©HEZEIIRER R A MM A — /N A, fe
WS VAT VT e . B4 getFittest()FN setIndividual GIXFER i, fiE
Vil HEFA B R I AMA . BR T IREAME, B T MR R AENE, 1
ME SEBUEFE AR, RIREE,

BEARBATE T R BRI NMEZ, #iATLALE GeneticAlgorithm 28R & AT SE 4
the BEMBEIX—&, REQE KB A “initPopulation ” 771k, HAE
GeneticAlgorithm Z& fR{T BT & -

public class GeneticAlgorithm {

/**

* The constructor we created earlier is up here...

/4

public Population initPopulation(int chromosomeLength) {

Population population = new Population(this.populationSize,
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chromosomeLength);

return population;

}
J¥*

* We still have lots of methods to implement down here...
*/

}

BESAH T Population F1 Individual 28, FATEAT LA[F2] AllOnesGA 28, JF
4% H initPopulation /7%, [BIAH—T, AllOnesGA 2R A —/ main /7%, 1M
HERRAFTRE AR AR,

£ main JVEPAIIRMARERT, BT BEREMERAARKE, X8, &
ITE A 50:

public class AllOnesGA {
public static void main(String[] args){
// Create GA object
GeneticAlgorithm ga = new GeneticAlgorithm(1e@, .01, 0.95, 0);

// Initialize population

Population population = ga.initPopulation(59);

2.4.4 g

FEVPAERT B, R BRI HE N B, A7 LABRERGER -
AT HENMERENRE, BAUEAPTIRR “ENEERE.
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WAL KT RIS RE, FBIE G ME. BOY IEREN R
BRI A EFEONTTRE, T DU R BUNAZ BT R AT, SAHEA A0S Y BE 1Y
AR, IXIREE . 0 ROE N RO S AN LT, W] BE 7R B S K I ) 4R
BRI BRACPRAERI AR, R REAR AR AS B w] LLEEZ %

I R B R AP R ERZ AL . ER bWk, &N
BB, BB T HRME, ibEEE s T, RIREH.

FAFFE AR, #FHE MR RENE RS 7 “2—" 1
BREIFH, ENEREAEE R, AFHEAEREET 1 HEE.

BLAE M GeneticAlgorithm 2875 II—" calcFitness /7%, % iEKHE R A4
1N, RERRAB ORI, % ARG, 7E 0 A0 1 Z (A, fRATLA
£ GeneticAlgorithm KA ER AL BRI 7, BT i g 7 H & B s:

public double calcFitness(Individual individual) {

// Track number of correct genes

int correctGenes = 0;

// Loop over individual's genes
for (int genelIndex = 0; geneIndex < individual.getChromosomeLength();

genelndex++) {
// Add one fitness point for each "1" found
if (individual.getGene(geneIndex) == 1) {

correctGenes += 1;

// Calculate fitness
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double fitness = (double) correctGenes / individual.

getChromosomelLength();

// Store fitness

individual.setFitness(fitness);

return fitness;

}

BT E—E RGBT, BHENMEHFHEEN] (XS
A8 calcFitness) . FAIFRIX/N 54 evalPopulation, FF¥F & ¥ i
GeneticAlgorithm 2. EHFEKRNZG T HXAE, R O &R INEAET
(AR

public void evalPopulation(Population population) {

double populationFitness = @;

for (Individual individual : population.getIndividuals()) {

populationFitness += calcFitness(individual);

population.setPopulationFitness(populationFitness);

}

BEEY, GeneticAlgorithm KN iZEFH LT Ak, FiEERMN, RITEHE T H
ik, REEBRERIFTEBIE:

package chapter2;

public class GeneticAlgorithm {
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private int populationSize;
private double mutationRate;
private double crossoverRate;

private int elitismCount;

public GeneticAlgorithm(int populationSize, double mutationRate,
double crossoverRate, int elitismCount) { }

public Population initPopulation(int chromosomeLength) { }
public double calcFitness(Individual individual) { }

public void evalPopulation(Population population) { }
}
SRR I P BT, WEIEREI LS. BATER 4 M
1EEAE GeneticAlgorithm 28 58] : isTerminationConditionMet. selectParent.

crossoverPopulation 1 mutatePopulation.

245 &IHEE

ETRFERNEZIEFMHRBTCLWHL. ATFSARRENEZILEN. A
R A RERE B AR R4 CERPIhE, R REERERIENEE), £
XFEO T, AT EHEREERRE. R, JHES 2R RIE & R S
RLERAT 4, BTUARATAT CATERRZRMS “ 24T RH281E, BI5GB
BIfH. WRFIEEBIT T ARKEE CRBHAA), WATBATLIZIE, & LIS
FEER, RELILZFEE.

BT “&—7 mEREE, $FEE, RIMMEEHNENENZE 1, £
XMIEOLT, REIEMAEMLLL, KRN, EFLIFIFERIXHE! H5E
£, ROSXH. HENRFE, XM R E
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B, WAL IAME— MR, RELXEFHRETCRE. BATATLE
GeneticAlgorithm BN PSR LM — . BEBNEERAMAE, ™
E—RE, h T, RATERE T HAMRKE.

public boolean isTerminationConditionMet(Population population) {

for (Individual individual : population.getIndividuals()) {
if (individual.getFitness() == 1) {

return true;

return false;

}

BRI BB EAAME, WSRO R AMERERES 1, Bt
BE true GXFRY, RAICEKE T —NEIEEM, TR,

BEAR CA N T &R, BATLAZE AllOnesGA K55 P asin
— MG, FHAE BTSN 2 R AR R B IR A o W RE B EIR ] true,
BAE E O (LIEFR, FREIHE R,

T RNERELIEIR, AT AllOnesGA i main J7 LB SN INR FizR.
TEAR A BRMETHITCAAE main JFiEP . BEERIXEARS, RATEEE:
TIMAZTF L RARH ARG [EHZ—F, main 73RS EREHRB K B AE
. FHRZ main FiEIAERFET

public static void main(String[] args) {

// These two lines were already here:

GeneticAlgorithm ga = new GeneticAlgorithm(1€0, ©.001, .95, 0);

Population population = ga.initPopulation(50);

// The following is the new code you should be adding:
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ga.evalPopulation(population);

int generation = 1;

while (ga.isTerminationConditionMet(population) == false) {
// Print fittest individual from population
System.out.println("Best solution: " + population.
getFittest(@).toString());

// Apply crossover
// TODO!

// Apply mutation
// TODO!

// Evaluate population

ga.evalPopulation(population);

// Increment the current generation

generation++;

System.out.println("Found solution in " + generation + "

generations");

System.out.println("Best solution: " + population.getFittest(®).
toString());

}

AT — N BHLIERR, 0 isTerminationConditionMet fJ%fitt . main
THERH A B BIEER I Z UATEFR 2 WA T evalPopulation WA, HT
IBEFHACEH (1) generation &, PARIAWE, LMEILRanEs — A &E
fif R B
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BAVEHEIN T RRFE R HARAD: EIRRHE, ITESRTBRAME—LER.

SR, IMAERAVHEAL R ESIZIT, EASKER ! BATHBA—INT
FRIGEFR, BRIEFABRIZE, BEV~ER—MMERETR “2—7. RATBLA
i Eclipse H1/ “Run” %4, HEEBIXFERAT A . HFERFE —E X —kEH
WAL, TAHRKEASEGE R IRAEA S Eclipse #H| 6 LA “Terminate”
4, SREIREFE L.

AT SRS BATNEEHEE, FTEERDINEMRES: TXHEF. &
HRENE R MBS A7, XL S e _EHESh T R A AL .

246 =X

BUAE, RERMETTRIE AR AL SORBEAHEE T . AXE TR LR,
FEXANERET, FEPEMZRENNEEER, HEE - MHRAME,
BERNER A B RIE D .

R REF, BEMBP IR ES 5N, KIHERRSX RS,
I HRR AT R A — A BN LEL,  BATATLARE MER N IZS 5N, ERNIZE
A TR, AR WRIEFET M MEZ 5N, BHERIE
AR BEBIB RN, BAIREAESH A R ET P,

2.5 WEEEEF

HARMERE (PRGN BE LLBERE) AR AL, AFEEhER
MERI T IXPARVERAREF B P AMERENAE, HENTBEE—MRAER
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RALE. MAENEES, ERE ESEOZSEBEZ. B2-1 BRTEX
AT, MEEFEmARE.

~
C

B 2-1 AR

Eimsest RN TR NME . 2 MERDE N R,
IR IE R AR AR . I RFIE S A5, EEREmMMERE
AREROE S, EAENSE TRENEZ 2. XA AKX % %
PR IE N B LB, DR R RO R R T e AT E N RE S R b oAl AN
&N JEE Y L] B

FAiewT AR VRS HAIE R 7, Blintmindeiase (58 3 ) MEEHLEH
Kt CENEHGLEF—MRELA). R, EEEF, RIGLIAEE
WEIERTEZ — ARG . £FHPETF, BRI EF HLAEFETE,
AR ENTHZESR .

26 RXGE

R AT, BT HARRERITE, &8 T AR EE R A
Z AR BB E R . ARBEBEA AR —HE R, RAREE R X7 EE

42



2.7 BB

4. B, “4—" nEREREEH | WRKTERFSR. FRE “00111” 55
fres “10101” BAMRKENEE, FABMEHGE 34 1. X FXrRR R
WAEREE, BOIHER R2Intt. WAERMAEGE —NF/H, BRINFFIH
BF 13 5. ERXMERT, FRHE “123457 5 “524317 ENEEIEER
. ZFREABMAR I KIEFHOE T, BT RKIEFBHBIT. T XFER A
A, A K% B R A X T .

BATHEX RIS X 71~ 5 X (uniform crossover) . fEIXFH7EH,
JEARHIEN EREA S0%MIFIak B —ANEAREEHE — AR, W 2-2 Fir.

e[ [l « [

B 2-2 WX ITE

2.7 RXPHE

BERA TR XM TT, hBATRE — L hARAD, KAtk T 2L
HIAR R .
1: For each individual in population:

newPopulation = new array;

If crossoverRate > random():

2

2

3 secondParent = selectParent();

4 offspring = crossover(individual, secondParent);
5

newPopulation.push(offspring);
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6 Else:

7 newPopulation.push(individual );
8: End if

9: End loop;

2.8 X

N T LU WEER, £ GeneticAlgorithm 2 [ 1T & {7 & 14 i — 4
selectParent( ) /5%

public Individual selectParent(Population population) {
// Get individuals

Individual individuals[] = population.getIndividuals();

// Spin roulette wheel

double populationFitness

population.getPopulationFitness();

double rouletteWheelPosition = Math.random() * populationFitness;

// Find parent

double spinWheel = ©;

for (Individual individual : individuals) {
spinWheel += individual.getFitness();
if (spinWheel >= rouletteWheelPosition) {

return individual;
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return individuals[population.size() - 1];

}

selectParent( ) JVEEEA R RETUR AN . £y, B LCEHIRD,
RIGTERE s, SRERVENIE. HEXE, TATGEFE—EIE, &
Ja R B TAE, FEREWAMENLTZALE. £5E L, XFEERSER. &
—ANT 0 MBS E N E RN, RAEEMRESNME, RN R NeE]
MENEE, HERBEYIEFENIEIALE.

BESR CLisin TIEHE A 1%, F— PG — A5, FIFIXA selectParent()
FFRERAT K. %, B N X NZ)] GeneticAlgorithm 2K,

public Population crossoverPopulation(Population population) {

// Create new population

Population newPopulation = new Population(population.size());

// Loop over current population by fitness
for (int populationIndex = @; populationIndex < population.size();
populationIndex++) {

Individual parentl = population.getFittest(populationIndex);

// Apply crossover to this individual?
if (this.crossoverRate > Math.random() && populationIndex >
this.elitismCount) {

// Initialize offspring

Individual offspring = new Individual(parentl.

getChromosomeLength());

// Find second parent

Individual parent2 = selectParent(population);
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// Loop over genome
for (int geneIndex = @; geneIndex < parentl.
getChromosomeLength(); geneIndex++) {
// Use half of parentl's genes and half of
parent2's genes
if (0.5 > Math.random()) {
offspring.setGene(genelndex,
parentl.getGene(geneIndex));
} else {
offspring.setGene(genelndex,

parent2.getGene(genelndex));

// Add offspring to new population

newPopulation.setIndividual(populationIndex,
offspring);
} else {

// Add individual to new population without applying

crossover
newPopulation.setIndividual

(populationIndex, parentl);

return newPopulation;

}

fE crossoverPopulation() /7 VA8 —AT, I F—REIE—MH I TMHEE. #
TR, WHFEE, FIALNERERBENNMEHZEX CXRER —MRBRIAR
B ORBEEXL, BATEBET 0. WREMEALEALX, EREZEMA
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T—AMEE, BUSAE—NHMME. FEREEARKIER T ERERAGEE
&, BEHLNEANERIEREEE, IMABERIEEAE. FXTPE NS MESE R
AR XEREG, ZXITHEIRET — AR FhEE .

2k, HATATTELL AllOnesGA /] main 773k, LI HTIAE. B
AllOnesGA KA main J7VEITENGNT, EMUIATEL, ME—RARLRFE “Apply
crossover” VEBE N, HNA—AT crossoverPopulation()if /-

package chapter2;
public class AllOnesGA {
public static void main(String[] args) {
// Create GA object

GeneticAlgorithm ga = new GeneticAlgorithm(100, 0.001, 0.95, 0);

// Initialize population

Population population = ga.initPopulation(50);

// Evaluate population

ga.evalPopulation(population);

// Keep track of current generation

int generation = 1;

while (ga.isTerminationConditionMet(population) == false) {
// Print fittest individual from population
System.out.println("Best solution: " + population.

getFittest(0).toString());

// Apply crossover

population = ga.crossoverPopulation(population);

a7



// Apply mutation
// TODO

// Evaluate population

ga.evalPopulation(population);

// Increment the current generation

generation++;

}

System.out.println("Found solution in " + generation + "
generations");
System.out.println("Best solution: " + population.

getFittest(0).toString());

}

MAE, BATRFFMIZEETIE, HREI-MERIM! RATAZA—T, &
i Eclipse [ Run #5441, M6 T 45 5.

EWRFTE B, BRAMAAS SO AL FRBE . SR, WREHR R, itk
HIRB BN Rt A etk B2 Rt . EXAEREER T, FATA
REFIXMIG, (BIEFE R IR R BGUE, FATTHFEMHUR], B — AR
B mE i, WIAE BB A AL 1. X228 R I REAL M A AR A A
Jis MR MRERAE R AR B, BENLEF AT B BB [ BRI T 1), ke R
& L AT

281 BEIENX

FEVHR AR Z A, JeREEBATER X ITEH FIANM elitismCount Z 4.
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HFRZXMEFHFHIMR, ERREEEEEREHRZ R E TR+
BOUFHANME. R, BRATHEZ L FREBI L MM . EIESLEHE XA
)8, R B RS, St —RATEN BoE N AMARE N . R
SR, RECEESNEK, AMRELXINERNRNFESER, LI
B

XA o] RE ) — AN TR B AL R, s R IR 2 BE & B ME AL
&, BT —ARORRET . XA, BEUMEASERARZEZR. BRIXE
AMEBA AT X3RAE, BB SHER 57— MMERSER, EEiIrERfE
15 SIS AT LURIAR o i AR AN 2. BB AU R B B F — A AR A
“REEEX,

WEENT, BAh B MerRER B R SR E SRR
4. JRERMPHMERE, MaMEREFEHRIE, HARBRZMES
Bk Z B AE R . FUATTHS M AR S BERML, AR R E — -V 4,
XA EER.

LR R R NAER NP EB R AR, iERINEFRKAE crossover
Population( ), FHH & MNZ%ZMN A X:

// Apply crossover to this individual?

if (this.crossoverRate > Math.random() && populationIndex >= this.

elitismCount) {
I ose
}
AT AR HEMEA KGR, 43X
IMEWT A FRESE? SRR, FREFRRAMEAC R e IRE N B, Bt
BORKHIMERSHESR /D . B, RBATHE 3 MFEME, NMixpkidR5I
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0~2, XKREBIRAHIME, LEMRFAZE, LEF TN EETRK
ZRAET, BRAITREER 2R ET.

282 TR

BN RE, BEERNNERR. XX —F, AFZAFRKNER
TRERTERE. R TRt s, — AP EEUE WA RBTIER “ LB
TR RATRECLMER], MM RREAL WWIGE, e 1 85N o,
B 0 BEEE] 1. MAREAFRAIEM ARG, EESKARERESR
Jrig, DAMESE iR X R RS .

EEFER R X TTERN, F—RIEHEE, B RRERN TR E
B—ANFHE. BATEREETHEIX —MESOLE, BT EE, &
MAFEERFERTRRAEAE M 1. i, ERERK 7HEE LXK
i) 8

FEAER, INMEVLFRAFLRFEREL, mWAETHE, AFEEES—
fa B A, WMRRFEAETHM 1 2] 6 HF (BIBE] “123456™). ZHHE
P SRR B MR 1 B 6 Z [RIRIBENLEL, TIAE=AE “1264567, HH] “6” PIIK,
XHR—ADEHME, FAENFREEH K. ENRTESIR, BMEE R
M, ARBHEERER,

5 XKW, BRETRERENHTME. MRERERERN 0.1, H2
BNMNEREZRMBRREZRIINESRZ 10%.

iEFRAISREE, 4 GeneticAlgorithm KR MR M IhEE. o LUK SR INEIT
DETA

public Population mutatePopulation(Population population) {

// Initialize new population
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Population newPopulation = new Population(this.populationSize);

// Loop over current population by fitness
for (int populationIndex = @; populationIndex < population.size();
populationIndex++) {

Individual individual = population.

getFittest(populationIndex);

// Loop over individual's genes
for (int genelndex = ©@; genelndex < individual.
getChromosomeLength(); geneIndex++) {
// Skip mutation if this is an elite individual
if (populationIndex >= this.elitismCount) {
// Does this gene need mutation?
if (this.mutationRate > Math.random()) {
// Get new gene
int newGene = 1;
if (individual.getGene(geneIndex) ==1) {
newGene = 0;
}
// Mutate gene

individual.setGene(geneIndex, newGene);

}
// Add individual to population

newPopulation.setIndividual (populationIndex, individual);
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// Return mutated population
return newPopulation;

}

mutatePopulation( ) 7 iEFF 468 2 7 /MG — N S F B, ARG
WA . R, BRIENNMERREE, ETERE, ZEENERZ
AT R R R MARI BN QORI ERE, ZAMMERB AR R
. A RMAREL R RE, RERZAEFME.

WA, FAT0] LLSE S EIR B e — 20, KA R ThREIN B main J7i%k.
SERHK) main J7 U0 R o SATTEAH HCAA PR AN A : 15 5%, AT 14E“ Apply mutation”
FERER N SN T mutatePopulation() i« tb4b, EEAR LA TR E XK
TAERHEE, BAAE new GeneticAlgorithm #3777, % elitismCount Z%{ M 0
Bh 2.

package chapter2;
public class AllOnesGA {

public static void main(String[] args) {
// Create GA object

GeneticAlgorithm ga = new GeneticAlgorithm(100, 0.001, 0.95, 2);

// Initialize population

Population population = ga.initPopulation(50);

// Evaluate population

ga.evalPopulation(population);
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// Keep track of current generation

int generation = 1;

while (ga.isTerminationConditionMet(population) == false)

-~

// Print fittest individual from population
System.out.println("Best solution: " + population.
getFittest(@).toString());

// Apply crossover

population = ga.crossoverPopulation(population);

// Apply mutation

population = ga.mutatePopulation(population);

// Evaluate population

ga.evalPopulation(population);
// Increment the current generation

generation++;

System.out.println("Found solution in " + generation + "

generations");

System.out.println("Best solution: " + population.

getFittest(@).toString());

2.8.3 HhiT

WAE, IREZL5EK T 3B — AN stfE % . Individual 1 Population J87E A T/
M EAEETE, REIXERN ZHERRMRE LT —F. B/EH AllOnesGA
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PATR (B AIBITHRIRRIZE) HE/E Emigft.

GeneticAlgorithm KA, fR—R—BHhEIE T &, Frolsent, HRE
RGO T LUF BN %, AT TERE, XEEE T ITE KRN
R (BRARERTROTEBNED, BEHRKPRFRETE, RaTmt
HE—HLH.

package chapter2;

public class GeneticAlgorithm {

}

private int populationSize;
private double mutationRate;
private double crossoverRate;

private int elitismCount;

public GeneticAlgorithm(int populationSize, double mutationRate, double
crossoverRate, int elitismCount) { }

public Population initPopulation(int chromosomelLength) { }

public double calcFitness(Individual individual) { }

public void evalPopulation(Population population) { }

public boolean isTerminationConditionMet(Population population) { }
public Individual selectParent(Population population) { }

public Population crossoverPopulation(Population population) { }

public Population mutatePopulation(Population population) { }

W SRR Eclipse IDE, HAER LLEATiZE L, $T7F AllOnesGA X 14,
RJE T “Run” #&8, 1Z3HE F7E IDE TS B,

fEis

T, 2SR BITEN 2RI 6, i Run B, =66 S HEIHEL

£ Eclipse o A —DRAFIENBINYE, SRIEITERRE SAR, E
AR R AT RELN T BT«

54



29 I\

Best solution: 11001110100110111111010111001001100111110011111111
Best solution: 11001110100110111111010111001001100111110011111111
Best solution: 11001110100110111111019111001001100111116011111111
[ ... Lots of lines omitted here ... ]

Best solution: 11111111111111111111111111111011111111111111111111
Best solution: 11111111111111111111111111111011111111111111111111

Found solution in 113 generations

Best solution: 11111111111111111111111111111111111111111111111111

BEE, TR 1% ZIRZ GeneticAlgorithm #iE A LR A FE S £
populationSize. mutationRate. crossoverRate 1 elitismCount. AEKid, il
Y TIBAEEIERMRIL, BT BRI AT — R — N RS AR E W)
RI: BHARPRERDESRK 10 K, A AN HEIR.

29 NG

EATES, ROL¥ET LRBEFEELRMR. EEFFLAHRER
BT —ANE A SRR, B AR H R T B HLRA Hk
RPN RE, REFEAN—NMER, HITEX. ZRMEFIHE.
G R & 2R, AR MG

fEART S, FREESL T L BRI SRR, IR Individual A1 Population
Xk, fEEEMFENTHEA ESTREN. REREITEILT GeneticAlgorithm
%, Rk “A—7 W, HRIHETT e,

55



0 E2E T—TENEEEX

RET i T LT AL BRENBEEEEMS ERgH EAL, BEARRF
P ) R B AT ZEPPAS BOR (RIE NI PP A+ A8 HERMIZR 7 AR HIAN [F L.

AR AR B 4 B Ik R (R R, BRI AN [ B R « 7 R T R EE R
7 ¥ 5 H Population I Individual 28, RFEHEMMIBE. K1, FHEEEX
B GeneticAlgorithm 28, B AXNERZAZ N R, L4 FE NV
fili RA )T o

210 43

1. BT AR HEIRLIR, WS R BELYE . Bl 2 2 Ok
FIIZA ) R — M2

2. FRARNFHRE R o g/ NP RUR ] S M LR A RE ? R
SN AR B — A E K HEARH? IR AR ] S i S K 2 e e
S R B M ZE AR

3. KRR BE N 0. ORI s AR S5 SRR RE N 2 T RS
K, WM R

4. (ERMERAENER. RAAXET, FIERIF?

5. ZRHBRERBHACHI Rk, J DA N R S R etk . 7EAEESE A
BEKHREARR, NRBSHRE TEREL?

6. JAMEAN R RS, HeBaR A kiR B

7. SRRV BRSO SUEREATINR . B fp s 18 R R B ?
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AT, BT AT — SRR, A B SR AR B S
. BATEM R AP R, R AR .

AR TAEA, (ERB 2P A hI TiE, LELE
ABEBATHZMESRTH, AEET LHBEAONE AR, 52T,
PREEST T — AT AZE A et B BRI A . REe8S T AEIRSS, SXilHLI NS T
SHAEREE, JRATE T RN, BT LS AR IS ASRATRE . BIAER
T2, WTEHE RIS EOR 5 DA M RER, WA R AT,

Hel vk, SRR, KR SO AR T LB A T8
RS, BRI . (B, S5t ot b SO — (1 18 T 77
Vo PR LG A R R HL S A FE SRR B, R SR 2 5]
Kk S

B, BEEEAH—KBAME, BRI — M TR VP



U E3E s AR

At AR B AT 38 . BE BR B 5T R s 2 BR BT U SCRI AR SR T & A
RHRI. B, FRieHELIENE RN THHEEANN, a7 —
ASFTEIPRAR: BERMRKHIFEE, PEPFEFPLSAZHSEATITH. X2
B AP AR LS A HI AR AE, JF X R R I ER K. T
ANRE, PLas A ERISSEE R TERE, BENINAH T S ELES AR
BERREIAE R . XAt REAE A DU VE S RN %, R T LR SR B
TYENAEN ERT S, TAPEHFH ZBERIEAAFER AR, RBHHIEEA
s, HOTER e N AT BIIASE+ F AL A .

3.2 [afA

FATE R o) B R B — A HLAE N FE RS, A FANLES A AL R3Sk S0
PLES N, BBl — N ERE . ZHEE AT AT 4 FhEifE: mar—F. K.
fi, BEMPERT, Al HBAH 6 Mk 3 MERTH. 1
MEE 1 NMEATL. | NMERTH, Wk 3-1 k.

Bl 3-1 HLEs ARIfEERES
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BANNBRREE R, PLEsAANGEF S, S &KL, W
B 32 s, BRAIHEHSENBENE. Wi, AFENHBARIZG—MHEEA
KA E . RIMMEKE, BERETH 6 MERBOYLENZHIE, e
Astilh, TAITRERHAREEN—DEROIEL, RMAHLE A8

AP A\ A AR I B B SR AR, BT . B, R ER
MEIHLEF BT 25, HLEs A BIAT RS K 0E -

3.3 SEH

3.31 Fiazwl

AEETHE 2 BIFRNAE. JTHRZET, B2 —N#HH Eclipse B
NetBeans i H, SAEEHXTAFHIIUE a1 —/NEi, %4 “chapter3”.

MEE 2 ZE R H Individual. Population F1 GeneticAlgorithm 2§, ¥ E/1%
AE| chapter3 . B{REF AN RICATIHKEA, NZE MR T L

“package chapter3”.
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HEARZEF, RELSAUEH Individual and Population 28, HENGE L SCH
“chapter3”.

B2, FREMBM GeneticAlgorithm 2K JLAN k. BEAS, PRIBGIZSES MR LA
& 5 ANJ5¥k: calcFitness. evalPopulation. isTerminationConditionMet. selectParent
F crossoverPopulation. fEAFES, RESEEIX 5 Mk, IAEMEREATAT LA
RASE AN RS 2 FHEIL.

FEAFER, FEFECE LLHMZE (Robot fl Maze, i&H AT K] Robot
Controller 2§, £ &2 main J77%) . WRIR{EH Eclipse, R % 5@l File >
New > Class K RETREE—IMHEL. ERBELARFE, HHRE
“chapter3”.

3.3.2 %#5

FIER R AL EIE, AR BEFETRRTHRB. LRI E
MR B TFR: BATTRENLAS NI HI8% 00 78 890 S M — M 2R, #Hupr
AATRERIRIAA S

WRTATE, BATPVLBAS 4 Motk tHam Al EaE—2, EFU
Bt X een] DLBL = BER 2R

®  “00”: HAHAM;

® “01”: gt

® “107: ¥,

o “l1”. H¥.,

BATER 6 MFERFF/RLEEE, Gt 26 (64) Finl gEHIfL B E A A
Ao WMREAMRIEFTE 2 (R%IS, HATLUA 128 732742 %I 4% AEAT AT e f
Ao BEZ, BATH 64 MARMERIPRE, Hlas AT DUAETHAp —Fr, Al
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AR 428 ) B 5 B2k B AP O — N E . BRI — B EFER AL, FATHIFE
Hll P T EAEAE 64X 2 =128 fi.

H TR AR BARRSEE, BRINTMR AR XA KE 128
PRSI . ZEXFMEOL T, FIABRMKERRRZX 7%, RALHELENIEE
BN ERE S, R R X RIEBREEN. BEERE, RALINE TR
MR, RERHTEH T AEIES.

YF 128 ALRRIN 64 NAFI LKA SIS RER, AN Z WA
BRI gk, UETREMBENE? Wt Ui, FampEANE %N T
P B ANIAE? IMERINFRA? MTF “ R fE a8 4 s~ 1
B, BINELREARA LM ERBZNE? REAKPRMNRTEE, BRAW
farRR?

iFZ NRE, XAR—NEWRK RS CRIERTTE), BrblibZEANIL—
e NPIR, SRR A, B PR E—ME R AKATERR
N %2R

1E&AS #1 (H0): on

1EIKEE #2 (ZCRT): off

1ERE% #3 (ART): on

fE%2% #a (&): off

{EI%3% #5 (F): off

{28 #6 (J5): off

184 ¥ (LmzEXHEE “10” )

B 63 MERFRITA A REFAS, XMEATE. BAE, XHERN
MERNEE. BATEATH—/ND, BEEALEERSE, B “on” M “off” BiFEM
1 #10:
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#1: 1
#2: 0
#3:

=

#4:

#5:

® o ©

#6:

54 10

BMNC2mE T —2itE, HXMREER 64 MeLTaEm— 128 4L
FIEH. T—PRIAE 6 MERBKME (AN, H#t—FPHRE. Bellhs
FIZEHEBN, FHPiEES P R iR “H8 4

#6:0, #5:0, #4:0, #3:1, #2:0, #1:1 => 10

HAE, Vst S :

000101 => 10

A0 SR DAL R A% TR ARG 10 ELAs B R g o a3k, AR 2

5 => 10

e, BATERTRIL. 34K “57 R REBMA, AiAK “10” R
XX LR, HLEF ANz 4 Cartt). BATRMI ML B R AR —
HFIRRHER IR, Frol R MRS A S Rws L s s.

BATTUL ST s EARGHETIIME, ForfeBSmAR—FfHE. W
REBEMNFTELIXANGREL, FAE “107 (B B “5”7 (R4 RTf&RkES

KB KIESRMN, FATE “17 F “0” BHEFREARNE 11 M 12 MIE
(B SETRE 2 60, FATM 0 FFEREALED, W Fiow:
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XX XX XX XX XX 10 xX xX XX xX (... 54 more pairs...)

fE bR AT, B—X (L 0) RS MmAL SR 0 MHs)
fE: 2 offo X (FLE 1) RpERBEMALEH 1 HHzE: R
ERBFRNBE. H=xX (LE 2), Ron R LS R. B (L&
3), RANEIAMARERSBABEE . KK, HEIRE X (LE 63),
LR AR A il

XA gRtE T 0 — MR E 3-3 iR, B&AAK “42RE87 RNk
AR, AR RS, RN R Gtk B — MR R
BRI EE AR AR A BER S, BT LR B 3R AF B B A B X N AL B

XFgwi 7 IR AR A B OF RREAEARARTTERD, HE
AINE IR R B REAETT LA AR, AR DR
REMERBIIWY, AR BRMEMREERSGE . Kk, 81 128
PIRMEHRRE MR (BRA RN, ATEHERREITHRIX A

&l 3-3 ik T HL B R AR S DR ER A RO AR K AR (R R S 2B 1

B %% FL| F ik REk

olojojofofof| 11 11001001101001 ... 11
010(0|O0]O]1 00 11001001 101001...11
olojofo|1]O0]| 10 11001001 101001 ... 11
0j0j0|0|1]1 01 11001001101001...11
0j]0|j0|1]0]0 10 11001001101001... 11
ofofof1f{o]1 10 11001001101001...11
ofofof1f1y]o 01 11001001101001...11
0 1 U O O O W O B 11001001101001...11

B 3-3 LRSS EN MBS fF
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3.3.3 ¥k

AL, HEREWRMYPIGL —MEE, EHPBITYESRA. &
MBI — 5L, B N Maze RAREHAE . XAT LU T AR R 56 B
7f Eclipse H, 3£+ File > New > Class, f#—/NF2E, HHifrfEH EM
M4, FralRWRIRMEE 2 EEH] T30

package chapter3;
import java.util.ArraylList;

public class Maze {
private final int maze[][];

private int startPosition[] = { -1, -1 };

public Maze(int maze[][]) {

this.maze = maze;

public int[] getStartPosition() {
// Check if we've already found start position
if (this.startPosition[@] != -1 && this.startPosition[1] != -1) {

return this.startPosition;

// Default return value

int startPosition[] = { ©, @ };
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// Loop over rows

for (int rowIndex = @; rowIndex < this.maze.length;

rowIndex++) {
// Loop over columns

for (int colIndex = 8; colIndex < this.maze[rowIndex].

length; colIndex++) {

// 2 is the type for start position

if (this.maze[rowIndex][colIndex] == 2) {
this.startPosition = new int[] {
colIndex, rowIndex };

return new int[] { colIndex, rowIndex };

3

return startPosition;

public int getPositionValue(int x, int y) {
if (x <@ || y<@e || x> this.maze.length || y >=
this.maze[@].length) {

return 1;

}

return this.maze[y][x];

public boolean isWall(int x, int y) {
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return (this.getPositionValue(x, y) == 1);

public int getMaxX() {

return this.maze[@].length - 1;

public int getMaxY() {

return this.maze.length - 1;

public int scoreRoute(ArraylList<int[]> route) {
int score = 9;
boolean visited[][] = new boolean[this.getMaxY() + 1]
[this.getMaxX() + 1];

// Loop over route and score each move
for (Object routeStep : route) {
int step[] = (int[]) routeStep;
if (this.maze[step[1]][step[@]] == 3 &&
visited[step[1]][step[@]] == false) {
// Increase score for correct move
score++;
// Remove reward

visited[step[1]][step[@]] = true;

}

return score;



33 i

}

XEABEAE—IMHERE, EA—D 24 int HAHACE—HREE, L
R—Yn FriEk, REEGLE, REMERE, il XERE S .

scoreRoute 774 /& Maze R B EZ 7L, E1FE LA AR BEAE,
ET R EMERBE, REENER. scoreRoute J7EIR[FII1F 57,
¥ 1E N GeneticAlgorithm 28] calcFitness 7772 A /M) 1E N PE 4>

BERE TREMS, AT LUCIEPITE CERFPITEENZS), H4)
SR 3-2 B IR E . BIE S — MK, 448 RobotController, F6I# main
JivE, fERREFHAR,

package chapter3;

public class RobotController {

public static int maxGenerations = 1000;

public static void main(String[] args) {

/ll:*
* @ = Empty
* 1 = Wall

* 2 = Starting position
* 3 = Route
* 4 = Goal position

*/
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Maze maze = new Maze(new int[][] {
{0,0,0,0,1,690,1,3, 2]},
{ 35 @ Ly 152, @5 1; 35 1 )y
{1, 0
{38y B 35 1y 3, 1, 1,08, 1 )
{3,1

{ 3) 31

0,1, 3,3,3,3, 11},

s 3; 3, 351, 1, @, @ },
1, 1,1, 1, o, 1, 1},
f Ls 34 00, 3y 35 35 35:3 Js
{e03,1,1,3,1,0, 1, 31},
{ 15 3, 35 By 35 1,1, 1, 4 }
1)
/**
* We'll implement the genetic algorithm pseudocode
* from chapter 2 here....

*/

}

BATEIE R R S X S AF B HCR R AR ARIKMIE AL 1 RorkE, 2 2
WALE, 3R T HFERERRERRE, 4 ZERME, 0 RTAE, HLEEAAT
LUERIZALE, (HENSEAEREA BRI BN #E L.

BTk, RUBAMICIATRSEI, FEAGRENLMARIFEE. A MEERMN
AR 128 Gk, WRTATIR, 128 f7iEIRATHEITE 64 Fhig A BGT 2
. POAANATRENIX — W BBHE TR L ok, BT LLAT MR LART—FER A IR
fikENLRIaRtL: [EHZ—F, MBI R AR Individual ZRMIME T,
IS 2 SR EGE R, RIESE). BRIRREGN, R TXa6ErpLEs A
REKIBENEE. TR, B IR BRI FIT A .
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£ main 7¥EH AR KB E 2 ERRBABEEFEMABZET, BRI
%5 NE 2 T IR GeneticAlgorithm AT —MES. BATERIN—A 2 A
tournamentSize 1B (AZERFRITEIEANTTIZ), MM GeneticAlgorithm 2
FFIIETT s

&2 GeneticAlgorithm K FF 2585, HH W FHR:

package chapter3;

public class GeneticAlgorithm {

/**

* See chapter2/GeneticAlgorithm for a description of these
properties.

*/

private int populationSize;

private double mutationRate;

private double crossoverRate;

private int elitismCount;

[ **
* A new property we've introduced is the size of the population
used for
* tournament selection in crossover.
¥/

protected int tournamentSize;

public GeneticAlgorithm(int populationSize, double mutationRate,
double crossoverRate, int elitismCount,

int tournamentSize) {
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this.populationSize = populationSize;
this.mutationRate = mutationRate;
this.crossoverRate = crossoverRate;
this.elitismCount = elitismCount;

this.tournamentSize = tournamentSize;

e
* We're not going to show the rest of the class here,
* but methods like initPopulation, mutatePopulation,
* and evaluatePopulation should appear below.
*/

}

BAVEATT 3 R Iksh: Hk, EREEPHINT protected int
tournamentSize. LK, ¥ T int tournamentSize 1E & 7725 5 NS
B, {EMIE VAN T this.tournamentSize= tournamentSize I {H .

AbFREF tournamentSize JBYEJG, FRATTAT LAGREERTHE, AR B % 2 FH
RIS, BAEE—F, XBABESERITER main J7dH, XEEATRZE
fir 4 4 RobotController.

T FARRASBAEAEE, 4R, BATERA EIEAI T ERN T, T
7£ &M TODO HEBRREX—Y. HEAXM G AR tH main 77 ERFR,
Bh T oAb B A% HE MRS PAT LR, A B T AT AR L8 7 E LB 7
B XA, HUeREEH L.

55 RobotController 28, & FHIXFE. & & SCHLART—HFE, B FHEA
AR Z A
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package chapter3;

public class RobotController {

public static int maxGenerations = 1000;

public static void main(String[] args) {

Maze maze = new Maze(new int[][] {

{e,0,0,90,1,0,1, 3,

N

}s
}s
1
}s
}s
1
b

{1,90,1,1,1, 0,1, 3,

w
-
w
-
w
-
[
.
w
.
[
.
'—\
[a>]
-
® B Rr B

P e
=W
v -
w o w
.« w
® B
. e
e
v =
w
v -
w
. -
w o
-
w =
o w
w K

}s

// Create genetic algorithm

GeneticAlgorithm ga = new GeneticAlgorithm(20e, .05,
0.9, 2, 10);

Population population = ga.initPopulation(128);

// TODO: Evaluate population

int generation = 1;

S8
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// Start evolution loop
while (/* TODO */ false) {

// TODO: Print fittest individual from population

// TODO: Apply crossover

// TODO: Apply mutation

// TODO: Evaluate population

// Increment the current generation

generation++;

}
// TODO: Print results

}

RobotController 28158 2 FE ] AllOnesGA 2 HH — AN [A] . AllOnesGA %
%A maxGenerations JEE, FIAIRAE 2 H50E HARKIE NS R4 . B
FERXABI T, BATR =S A —F 7 2RSS HRELAEH . AllOnesGA KA
i — Maze 3K, HERERBEFILEBG, 2% KN Maze XFFEHICHF
K. WA, XARRAH GeneticAlgorithm KFE 5 M8, MAR 44D, BAA
BAREEARFEF 5| AR FEERE (tournament selection) HIFMS. &5,
XA T, REARKER 128, MARSE 2 ZFH 50 ERE—F+ 8
6 %), FOAKKEREER, EEXMIFH, REFAKEREGREXN, BT
T i B G 5 77 R E
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3.34 &4

FEVHEBT B, FATTE & X —MENE R E, E R ML AN EHI2E
Xt B E BRI IR S, TATAT AN AMARE RN, MR — .
[ —TF, FRATLERTH QUE K Maze 28 — A scoreRoute 771%, AT HPFAL .
R, BREASKE B EEH TSN BTLL, 7EIRA14E Maze KITH KBS
LZHT, SEEGE AT LLEEIE KRN, Sl HATIX LR 4 T A R
2.

A —> Robot FREHHLE AKITIRE. 7E Eclipse ', {RAT LA L
SKEAYEIRN File > New > Class REAIE K. MARrEHAEHRKEELE. BT
THT AR BV I B2 A

package chapter3;

import java.util.Arraylist;

/**
* A robot abstraction. Give it a maze and an instruction set, and it will

* attempt to navigate to the finish.

*

* @author bkanber

*
5
public class Robot {

private enum Direction {NORTH, EAST, SOUTH, WEST};

private int xPosition;

private int yPosition;
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private Direction heading;

int maxMoves;

int moves;

private int sensorVal;

private final int sensorActions[];
private Maze maze;

private ArraylList<int[]> route;

/**

* Initalize a robot with controller

@param sensorActions The string to map the sensor value to actions

* @param maze The maze the robot will use

* @param maxMoves The maximum number of moves the robot can make
*/

public Robot(int[] sensorActions, Maze maze, int maxMoves){
this.sensorActions = this.calcSensorActions(sensorActions);
this.maze = maze;

int startPos[] = this.maze.getStartPosition();
this.xPosition = startPos[0];

this.yPosition = startPos[1];

this.sensorVal -1;

this.heading = Direction.EAST;
this.maxMoves = maxMoves;

this.moves = 9;

this.route = new ArrayList<int[]>();

this.route.add(startPos);
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J**
* Runs the robot's actions based on sensor inputs
*/
public void run(){
while(true){

this.moves++;

// Break if the robot stops moving
if (this.getNextAction() == @) {

return;

// Break if we reach the goal
if (this.maze.getPositionValue(this.xPosition,
this.yPosition) == 4) {

return;

// Break if we reach a maximum number of moves
if (this.moves > this.maxMoves) {

return;

// Run action

this.makeNextAction();
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/**
* Map robot's sensor data to actions from binary string
*
* @param sensorActionsStr Binary GA chromosome
* @return int[] An array to map sensor value to an action
*/
private int[] calcSensorActions(int[] sensorActionsStr){
// How many actions are there?
int numActions = (int) sensorActionsStr.length / 2;

int sensorActions[] = new int[numActions];

// Loop through actions
for (int sensorValue = 0; sensorValue < numActions; sensorValue++){
// Get sensor action
int sensorAction = @;
if (sensorActionsStr[sensorValue*2] == 1){
sensorAction += 2;
}
if (sensorActionsStr[(sensorValue*2)+1] == 1){

sensorAction += 1;

// Add to sensor-action map

sensorActions[sensorValue] = sensorAction;

return sensorActions;
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/**
* Runs the next action
*/
public void makeNextAction(){
// If move forward
if (this.getNextAction() == 1) {

int currentX = this.xPosition;

int currentY = this.yPosition;
// Move depending on current direction
if (Direction.NORTH == this.heading) {
this.yPosition += -1;
if (this.yPosition < @) {

this.yPosition = @;

else if (Direction.EAST == this.heading) {
this.xPosition += 1;
if (this.xPosition > this.maze.getMaxX()) {

this.xPosition = this.maze.getMaxX();

}

else if (Direction.SOUTH == this.heading) {
this.yPosition += 1;
if (this.yPosition > this.maze.getMaxY()) {

this.yPosition = this.maze.getMaxY();
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}

else if (Direction.WEST == this.heading) {
this.xPosition += -1;
if (this.xPosition < @) {

this.xPosition = @;

// We can't move here
if (this.maze.isWall(this.xPosition, this.yPosition) == true) {
this.xPosition = currentX;

this.yPosition = currentY;

}
else {
if(currentX != this.xPosition || currentY
I= this.yPosition) {
this.route.add(this.getPosition());
}
}

}

// Move clockwise
else if(this.getNextAction() == 2) {
if (Direction.NORTH == this.heading) {
this.heading = Direction.EAST;
}
else if (Direction.EAST == this.heading) {

this.heading = Direction.SOUTH;
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}

else if (Direction.SOUTH == this.heading) {
this.heading = Direction.WEST;

}

else if (Direction.WEST == this.heading) {

this.heading = Direction.NORTH;

// Move anti-clockwise
else if(this.getNextAction() == 3) {
if (Direction.NORTH == this.heading) {
this.heading = Direction.WEST;
}
else if (Direction.EAST == this.heading) {
this.heading = Direction.NORTH;
}
else if (Direction.SOUTH == this.heading) {
this.heading = Direction.EAST;
}
else if (Direction.WEST == this.heading) {

this.heading = Direction.SOUTH;

// Reset sensor value

this.sensorvVal = -1;
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/**
* Get next action depending on sensor mapping

*

* @return int Next action
*/
public int getNextAction() {

return this.sensorActions[this.getSensorvValue()];

/**
* Get sensor value

*

* @return int Next sensor value

%/

public int getSensorValue(){
// If sensor value has already been calculated
if (this.sensorvVal > -1) {

return this.sensorVal;

boolean frontSensor, frontLeftSensor, frontRightSensor,
leftSensor, rightSensor, backSensor;
frontSensor = frontLeftSensor = frontRightSensor =
leftSensor = rightSensor = backSensor = false;

// Find which sensors have been activated

if (this.getHeading() == Direction.NORTH) {
frontSensor = this.maze.isWall(this.xPosition,

this.yPosition-1);
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frontLeftSensor = this.maze.isWall(this.xPosition-1,
this.yPosition-1);
frontRightSensor = this.maze.isWall(this.xPosition+1,
this.yPosition-1);
leftSensor = this.maze.isWall(this.xPosition-1,
this.yPosition);
rightSensor = this.maze.isWall(this.xPosition+1,
this.yPosition);
backSensor = this.maze.isWall(this.xPosition,
this.yPosition+1);

}

else if (this.getHeading() == Direction.EAST) {
frontSensor = this.maze.isWall(this.xPosition+1,
this.yPosition);
frontLeftSensor = this.maze.isWall(this.xPosition+1,
this.yPosition-1);
frontRightSensor = this.maze.isWall(this.xPosition+1,
this.yPosition+1);
leftSensor = this.maze.isWall(this.xPosition,
this.yPosition-1);
rightSensor = this.maze.isWall(this.xPosition,
this.yPosition+1);
backSensor = this.maze.isWall(this.xPosition-1,
this.yPosition);

}

else if (this.getHeading() == Direction.SOUTH) {

frontSensor = this.maze.isWall(this.xPosition,

this.yPosition+1);
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frontLeftSensor = this.maze.isWall(this.xPosition+1,

this.yPosition+1);

frontRightSensor = this.maze.isWall(this.xPosition-1,
this.yPosition+1);

leftSensor = this.maze.isWall(this.xPosition+1,
this.yPosition);

rightSensor = this.maze.isWall(this.xPosition-1,
this.yPosition);

backSensor = this.maze.isWall(this.xPosition,

this.yPosition-1);

}

else {
frontSensor = this.maze.isWall(this.xPosition-1,
this.yPosition);
frontLeftSensor = this.maze.isWall(this.xPosition-1,
this.yPosition+1);
frontRightSensor = this.maze.isWall(this.xPosition-1,
this.yPosition-1);
leftSensor = this.maze.isWall(this.xPosition,
this.yPosition+l);
rightSensor = this.maze.isWall(this.xPosition,
this.yPosition-1);
backSensor = this.maze.isWall(this.xPosition+1,
this.yPosition);

}

// Calculate sensor value

int sensorVal = 9;

82



33 i

if (frontSensor == true) {
sensorVal += 1;

}
if (frontLeftSensor == true) {

sensorVal += 2;

}
if (frontRightSensor == true) {

sensorVal += 4;

}
if (leftSensor == true) {

sensorVal += 8;

}
if (rightSensor == true) {

sensorVal += 16;

}

if (backSensor == true) {

sensorVal += 32;

this.sensorVal = sensorVal;

return sensorVal;

[**

* Get robot's position

*
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84

* @return int[] Array with robot's position
*/
public int[] getPosition(){

return new int[]{this.xPosition, this.yPosition};

/**

* Get robot's heading

*

* @return Direction Robot's heading
o
private Direction getHeading(){

return this.heading;

/**

* Returns robot's complete route around the maze

*

* @return ArrayList<int> Robot's route
LY/
public ArraylList<int[]> getRoute(){

return this.route;

/**

* Returns route in printable format

*

* @return String Robot's route
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*/
public String printRoute(){

String route = "";

for (Object routeStep : this.route) {

int step[] = (int[]) routeStep;

route += "{" + step[@] + "," + step[1l] + "}";
}

return route;

}

EAREE THETERAE A Robot. EHAE LT, RILH
HLEE AR aR, EXSHLES AR M, ibHL3 AFERRE I F). X4 Robot
HKRBAVER— A BB AR I, XA LT 100 4> LBrilas A M R
FEEHEAT 1000 ARRIBEL, . 2EIXAE RO PUAL 0] B, 3RATTH H LR Maze A1 Robot
KRR, SRR, B REg EIRGE R, XEARARK K.

FE—TF, HA LR Maze FRIMEBRLEINENE. HE, RIMWIRTFELE
GeneticAlgorithm 285528} calcFitness /77%. calcFitness /7VEAN & BT S0E M FE
Py, MRMTA Individual 4tk (BMfERRIEHIZRIEAE) A8 —NHH
Robot, %1% Maze J¥{#i'el, M4 Individual. Robot Fl Maze JKEXRTE—E.

7 GeneticAlgorithm 2K+ 44 5 R TH [ calcFitness Bi¥. BIEH —#F, &
2] LUBAER AT AL E

public double calcFitness(Individual individual, Maze maze) {
int[] chromosome = individual.getChromosome();

Robot robot = new Robot(chromosome, maze, 100);
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robot.run();
int fitness = maze.scoreRoute(robot.getRoute());
individual.setFitness(fitness);

return fitness;

}

IXH, calcFitness J:EEZ M ANS4, individual A1 maze, FTEILHH
PLEEN, FFLEERERITE. RENTISEARBREES, HFREN MERE
OB o

XEBARIGEIE T — ML, HEBHERE F, IR B A3 il 28 % H2t
TR . Robot T MG — B HZ AVFILSR AB B KR AT H. XH
BB B ANBERAR], BRE RS LR SE R . SR, FRATAT LA SR EAS HLES A
R KIVF4y, A FH Maze (1) scoreRoute J5i%, KeAEAEN IR M.

T HMH calcFitness J7i%, A5 AT LLAIEE —4> evalPopulation J5i%.
A 26 2 349 evalPopulation J7vk, & SR IR BRIV EAE, J4
SHZAMAWH calcFitness, £ [J7 N0 SAAMBE MG R BEKAT. Fisc b, A&
ff) evalPopulation JLF-HIEE 2 BAHF: (HAEX/MIFrb, RATIEFHERRE
Xt G AL 84 calcFitness 771k, BT LA EREB .

¥4 R T 0 775 N3 GeneticAlgorithm 287, o] LUBHEEREALE :

public void evalPopulation(Population population, Maze maze) {

double populationFitness = 0;

for (Individual individual : population.getIndividuals()) {

populationFitness += this.calcFitness(individual, maze);
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population.setPopulationFitness(populationFitness);

}

XANRA LSS 2 A Z (8] FIME— X 5 2% Maze maze /EASE 2 5
¥, I+ H¥ maze fEHE 2 NSEAEL calcFitness.

ik, PRATLLEE 2 RobotController ] main /57 P4k TODO: Evaluate
population T o FREERLTITHIRMNMLE

// TODO: Evaluate population

Re AR

// Evaluate population

ga.evalPopulation(population, maze);

A 2 FHAHPAH, ZHEREENRENZIENE 2 M. WE,
RobotController f¥] main J7iEH N iZ HFE T 5 4~ “TODO” 18 7. HATKAE T
— PRI 3 4. KRB !

335 #&IIKE
EAEI LB B S i — M BAAEFE R AR X, FATH
Ik B R KA E JE 21k

AT ISIIX AL LR A, SE7E GeneticAlgorithm 2K+ i A\ isTermination
ConditionMet J77%, B FHIXFE.

public boolean isTerminationConditionMet(int generationsCount, int

maxGenerations) {

return (generationsCount > maxGenerations);
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% R BB LR AT B R B HEAR, RIBEER BN
W, IR true BF false. ViSCTE, XIRMIEL, FATATAZEEfEHIEH) while TE3A
FEEMHZEE, £, BRI, RNSEBLLFARELIN
GeneticAlgorithm 28— ANk, BEEE LI, 2—MRRKTE.

BIZE, FATATLLLE RobotController f] main /&S N LA FARS, 2k
R N FREAIEER . AT R B AR B s KR BUE A S H R

o] while iBRITRIN T & 15, TRFFEEA ERBETAET , BriAZRAIE N %
L2, FTENH— g IR R B .

TR B R # # B 58, FH while 444, {#/ ga.isTerminationCondition
Meto HIR, & T B/t ERSE R, TEIEFF PG JG 4 IN% population. getFittest
Al System.out.println f¥13E FH »

FTHZ UL RobotController ZKHIFET, IATRIA XA T 3 A TODO #f
G, MERFT 247!

package chapter3;
public class RobotController {
public static int maxGenerations = 1000;
public static void main(String[] args) {
Maze maze = new Maze(new int[][] {
{e,0,80,0,1,0,1, 3, 2]},

{110}1.!1)1!9)1)3)1}1
{1161011.'3)3!31311};
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3,3,3,1,3,1, 1,0, 1},
3,1,3,3,3,1,1,0, 0},
3,3,1,1,1,1,6, 1,1}

E 11 3’ 3’ 3) 3’ 3 },

P s e e
[
-
w
-

0

e, 3,1, 1, 3, 1, 0, 1, 3 },
3,3,3,1,1, 1, 4 }

s

// Create genetic algorithm
GeneticAlgorithm ga = new GeneticAlgorithm(200, ©.05,
0.9, 2, 10);

Population population = ga.initPopulation(128);

// Evaluate population

ga.evalPopulation(population, maze);
int generation = 1;

// Start evolution loop

while (ga.isTerminationConditionMet(generation,

maxGenerations) == false) {
// Print fittest individual from population
Individual fittest = population.getFittest(9);
System.out.println("G" + generation + " Best solution

(" + fittest.getFitness() + "): " + fittest.

toString());

// TODO: Apply crossover

SEHL
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// TODO: Apply mutation

// Evaluate population

ga.evalPopulation(population, maze);

// Increment the current generation

generation++;

System.out.println("Stopped after " + maxGenerations + "
generations.");

Individual fittest = population.getFittest(9);
System.out.println("Best solution

(" + fittest.getFitness() + "): " + fittest.toString());

}

R RILALE sl Run #2401, BAEBIEERNMEIR 1000 £ GRA LR
AL D, I B AR AR IR, WG BE, ENERA
ATRER 1.0,

EARNE, EABRNEEEMENEHE R EWIRIES 2 F P 2EEH,
B, EOTFEXEHHE P H—A, BBk, HALHEEREE, U
G PN R FBEAR -

7E_LTH #) main 775, EFT 2 4 TODO #4r, FEMRZ, RATALIE
HRGEM AR R — A RATESE 2 B¥BMBERHEAR (IEEER), thid
FF3XA 1)
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VA — N RS AT IR, e Ui B — R, BB S —
MEBIIR AR . FEIXAMEIFH, W TXANREE A, ARk R AR:
B BRI, JFHAAUR 128 fitc. REWLSXM NN Frafids
BFFIEBAA R RA R BT, RATAT AR S 2 TR R ik,

KHAR R B, A% 2 E—H. % TODO: Mutate population 1T, ¥f
HAR T R T

// Apply mutation

population = ga.mutatePopulation(population);

B FIRZRIBIT IR . & RIFAEH, 1000 X5, RATRESEE 5 5
10 P& EVFSY » (B — SR MG DLEFMREAEREL, BATIEBSREEEIT L 5.
HEFETF—4 TODO T, Xt .

3.3.6 EFEFEMZTX

ELLAT 384 SR, AR e A IRk Dbt kAR, HEAT I 5938 AR 1E
FIRR—TF, ZXE—MEAR, HTEEHMRANEEEER. £ LIRS,
FATTRHAE ] — B IR TV, 44 N HRFRFEESE (tournament selection), LK
—FB A X 7%, A A X (single point crossover) .

3.4 {RIRERIERE

BACRLEE R, WbR TG T —Fh vk, MR MERE N EEE R
EFEAE . B, MARIEN OB, FaEPHTEXHPSEA.
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1 E3F VISARHIE

T A FE LT — RIK “WIngE” FEFRN. HIE, BEHLNFEE
PR —LAMA, AR, BT, W] LUE I b SN A R I B R
S, ARJE ERRIE N B i i B AR SR AR.

PRI PR T B RSB, 185 NFPBE i B2 D MRS
ik BARZHSH—H, REIEKNE, EHRLESFIE. WIRERIEX
15, S B SBFREE P S RMIES S o X A S5 SR BRI PR R34 M
R, WARFEIENIE, SEATEREUN, BRI R EBEANME, ®
HIBUARRRA 2 MME . SR SEIE AT Re 2 3 BUE B MAROE
YERSRA, I RIBA R . AR, SRARFERUARE /N 2> B8k D #E K 77
AN 9 18 S 0 22 i

TSR R BERET R EHNGERETEZ — ERMRABET, XL
— AN A B R ASE L, F ARV E BT IR AR RO, AT AR R R
HEhH KRR, H5EBEIBIRKMEIMA T —MEARSEKIE . AR
FHAB A MNMEIAZ AN RS, BRI RPOEFE, HHHA MR EHA
550 R O 2 R AL o X AN T LA FE S P S I — NI B R AR ok - 5120
WAEF MR BN 0.6, ENEREKMERHE 60% KNS POEHE. WMARHE
EFEN R EANMA, B FE N B R R B AME, Wk &, BREF A
M. BAREME SUEBHA RERN MR ERUSTIESE, HEHRREFEAN
WHERN EZE A B, WiR 3 D MEBE S Inibr Ik #, —MENEE
A9, —NENEEA 2, HAENEEKR 1. ERMELT, ENEER 2
B AR EE N A 8, thARIIEF KW RENE. XERE, Mgk
HIBER AR S S BRI

BANASEMFTEE R LI P RAEFEBR, EHE, BX TEHRIEEHR
4FHIZR
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T SEDUERARIEIERE, R T A N GeneticAlgorithm 857, AT LA
HAEAERALE :

public Individual selectParent(Population population) {
// Create tournament

Population tournament = new Population(this.tournamentSize);

// Add random individuals to the tournament
population.shuffle();
for (int i = @; i < this.tournamentSize; i++) {
Individual tournamentIndividual = population.getIndividual(i);

tournament.setIndividual(i, tournamentIndividual);

// Return the best

return tournament.getFittest(@);

}

B, WATRIE—NBRIFEE, FRREFET A ME. &5, 4
FREEHAINEIF B+, EEMRSE TRIRENESH. &5, BEMEME
FEPRRE P BOEH FFIR ]

3.5 BRRR

B A AT L RBA Z AT S BRI S 3 X518 o B A S — AR
B T3k, ERXMITES, RATEVUEFEEATHR—MIE, #HEmft
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RER B TFHAER. EXALEZ ATHEEEBRE TER 1, ZEHSERER
Bk A TR 2, mE 3-4 Fix.

FRIJ1]olof1]1
FR2lo0lo0]1]1]0
o[1T1To]

etk
Bl 3-4 BRI

AR X WA 5L, SHEZNAM, © RS BEMNERE
HRHER, XX XHENE SR, 5 BRNOE AR, Kk
RETF 6 MEBRBMANRmBIESE, HHBMESKEBL—{I.

HE—T, BEMNZXHELNT: BESRR 15T 32 MERER K ERER
i, R 2 XM TEE 16 MEBBERIERLE . WRMEHE 2 ERHHEILTXH
AR, BAERAAERIRE ! AR SN NP SRR, F A5
XX SPENERMI A . AR A WIFRARSRE, FAEANEL WRAL
i, —RIATRESAIB . (ER, B A AR BATREI X — AR Il WL
X ARAEREAR T, ENRERENER 1 BRI WM 64 1 (3 32
£I82), HMFER 2 BERIFH 16 K154 . FTLL, 7E 64 FHTARRASHK) 48 Ff
i, IEEREBRIABME . XMESREE TR FRATREHERE
il —J5 S ak, BT MR 46A& T BT 5T .

B2, BARXHIERARRE. B AR XH— R, FAREEAL
FAel & RABAARTRER. B, FEBHNER: —ANEELL 001007, 5
—/NR “100017, HOEEAR X, FAR “101017 BRANATRER), RAEEHTERE
BB FRFEHE . FEMR, BATEHE —FEHLEIN 2R, 5 X
S #sit, FEA “10101” BARTRER .
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FRAE X S — AN BRI, SEAMAIEERA R B3R 1 KR, S A
HEPRIH ok B 3RAR 2 RO 1) o PR AXAN [ AT LR AT W 238 3, B R AT
RVF X R RIER A ML %, W 3-5 . AR AZXEASGTE

B

il 1lofof1 |1
200110

|

ETQI II 011 Il
P =5

SRR FFiRE
B 3-5 PImEX

h T SER R GRS X, R ARSI E] GeneticAlgorithm 38 . XA
crossoverPopulation 7 AT # I SKILA selectParent 7575, KL T #idw
FEFE. BHER, BPARXEFERLALE HmrFEERE, KA LAEH
selectParent PAEATSEBL, (HXTT3XA ) /8, FATRA T Fbr TR IEFEA B AL,
A EATER 2 W B EE RS, FEEMR.

public Population crossoverPopulation(Population population) {

// Create new population

Population newPopulation = new Population(population.size());

// Loop over current population by fitness
for (int populationIndex = ©@; populationIndex <
population.size(); populationIndex++) {

Individual parentl = population.getFittest(populationIndex);

// Apply crossover to this individual?

if (this.crossoverRate > Math.random() && populationIndex >=
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this.elitismCount) {

} else

// Initialize offspring
Individual offspring = new Individual

(parentl.getChromosomeLength());

// Find second parent

Individual parent2 = this.selectParent(population);

// Get random swap point
int swapPoint = (int) (Math.random() *
(parentl.getChromosomeLength() + 1));

// Loop over genome
for (int geneIndex = ©; genelndex < parentl.
getChromosomeLength(); geneIndex++) {
// Use half of parentl's genes and half of
parent2's genes
if (geneIndex < swapPoint) {
offspring.setGene(genelndex,
parentl.getGene(geneIndex));
} else {
offspring.setGene(genelndex,

parent2.getGene(genelIndex));

// Add offspring to new population
newPopulation.setIndividual(populationIndex,
offspring);

{

// Add individual to new population without applying
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crossover

newPopulation.setIndividual(populationIndex, parentl);

return newPopulation;

}

HER, BRAFETFRARIGEEN, BENALNE LT, £XRH
T CREE 2 E, KIEHED.

AR RS, BEE A KNSR ARt (REFESEREED, HH
HERESEH. £ EEMORES, AHMEQIRET MR, R TRER
SEACFREE, TIE N PR AME . R AR EX, BREMEEB,
BHEMNFFEE, B NARYERR KR ERBA G M. R L
RATFREX, Afmirdetikshirs — A,

BTR, BHLEFE MR A EXMIE, RAVMZIEREAFNA 1 K2R,
FraafE R 2 MERE. RE, BROTRZRHREME, SokEM 1 KRR S
JE, BEZXXNRZEVIHEIRMA 2 HER.

BAE, FATIATLAFE RobotController ] main A AALX T . HMARES
4T population = ga.crossoverPopulation(population), iXf## T £ f5—~ TODO #B
¥, 183 RobotController 2K5FE # R N iZ 41 F Fizs

package chapter3;

public class RobotController {

public static int maxGenerations = 1000;
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public static void main(String[] args) {

Maze maze = new Maze(new int[][] {

{e 0, 0,0,1,80,1, 3,2},

{3,8; 1, 1; 1, @, 1, 3,1 )}
{1, 0, 0, 1, 3, 3, 3, 3, 11},
{ 3, 3, 3y 1y 3, 1y Ly @5 T Fs
{3, 2; 3; 3; 3; 1, 1; @0, @ },
{135 35 1.4, 151,00, 1,.3 F
{ 1y 35 @y 1y 35 By 3, 3y 3 s
{0, 3 1, 1, 3, 1, 9; 1, 3 },
{1, 3, 3,3, 3,1, 1, 1, 4 }

s

// Create genetic algorithm

GeneticAlgorithm ga = new GeneticAlgorithm(200, 0.05,
0.9, 2, 10);

Population population = ga.initPopulation(128);

// Evaluate population

ga.evalPopulation(population, maze);
int generation = 1;
// Start evolution loop

while (ga.isTerminationConditionMet(generation,

maxGenerations) == false) {
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// Print fittest individual from population
Individual fittest = population.getFittest(9);
System.out.println("G" + generation + " Best solution
(" + fittest.getFitness() + "): " + fittest.
toString());

// Apply crossover

population = ga.crossoverPopulation(population);

// Apply mutation

population = ga.mutatePopulation(population);

// Evaluate population

ga.evalPopulation(population, maze);

// Increment the current generation
generation++;
}

System.out.println("Stopped after " + maxGenerations + "

generations.");
Individual fittest = population.getFittest(@);
System.out.println("Best solution

(" + fittest.getFitness() + "): " + fittest.toString());

I, GeneticAlgorithm KN Z BA LR BRI 784 -
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package chapter3;
public class GeneticAlgorithm {

private int populationSize;
private double mutationRate;
private double crossoverRate;
private int elitismCount;

protected int tournamentSize;

public GeneticAlgorithm(int populationSize, double mutationRate,
double crossoverRate, int elitismCount, int tournamentSize) { }
public Population initPopulation(int chromosomeLength) { }
public double calcFitness(Individual individual, Maze maze) { }
public void evalPopulation(Population population, Maze maze) { }
public boolean isTerminationConditionMet(int generationsCount,

int maxGenerations) { }
public Individual selectParent(Population population) { }
public Population mutatePopulation(Population population) { }

public Population crossoverPopulation(Population population) { }

}

MBI T ERESL S EIARF, WEAN/NMIER T — Nk, X8 IDE
FAEATEHR B, HS A VRBLAE R IZAR [F] 25 Al R L8 ] 1

A, s Run,

RIZEF] 1000 MEACHKIFEAL, (B IRIR A0Sk 519 20 & N 1 40 2
29, XREXMFERE B KME (R ERE P HE X “#gek” B&
R (Bl “3” RoR), WBEIXAMET].
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[BIAE—F, ZEER H AR R — AR B R, TR AN AR
RIS . WTLMBUE, EPATERN, BT CLREIRE R ak, e
BEA—ANYEHEAN, HFREFEEEL, SRS EH S A M &K
s, ERANREFFT, MEEEAEES, HAXES. ARRRIE XIS
ASHREEL R E R &E B EE, FARARBANEESHBER, EEEd
EASHER.

RE 64 Mt BSAEXN TFIRECFEARKRE, EIFHE 3 4+
FIRERIIRDE: — N AES BE ATKIDUH TSR 20 MERKE:, 1
AR 64 TEXFEM T, RULAA 220 & RIBBMAL & RIZ, KL 100 F1
FAFHES .

3.6 /NG

BAEHIETT UUADR BT R AR, RN TRA, XA RERIERE, 1R
FEIS o MLES NP8 th il B B R BOR VR, BATEHE RSN RIHASE, A
i BB, T 45 e 8]

WL AP NIRRT MRIER &R, AT AR B ERERE— a4,
FI RN A BRI FIT R E . B MER R OGRS T, hEM e
A G E —NENE, FTRMBEDNX — o A A XANAE 7 e R K BEAL N AZ A,
FEEFA RN ST, RIS BEL MEH 3.

FEBAESFET, WA R WBIRAT AR AL —. B TIFRER
BEALABE (A DR TE SR M ANME, ARG LBk MAREN B, BT
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Mo B el N BE (L B MAFESRBR R “BRME 7, ARJE 1R BOEFE R MATTR [E] .
BKHERAR A S B R IR R R ), FEE R R R AR TR AR, BHE
%18,

AAMEBEE R, BT AT LA AR X5 R B R X .
XM Trik, Stk ERNIgE — 8 e, RIEIZRZ AT 3
fefd BER B TR A, ZRZERABRELEEHR A THRAB. XIHET
SRR E BB KB4 S, (%5 SOk N G 2 O R A . 7R R
XA, S MR-, HEfRiEFk R A A KEEFER, R
JE R R KB AR Bk B TR B,

3.7 &3

1. A=A, ERELPELRRFEE AT,

2. HAFKSRFRSEBEIT AL e i s Sk iR .

3. ARG A IR R . AR B E R BFRE
DA M S R o

4. ERMRREN, FURECRERE TSGR
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FEATED, BAVERITRATR R, LA AT s SOk e . fEstd
Ferb, AR FURAT R ) LR, ARt ) P e e R B v g A

JRAT R M8 (Traveling Salesman Problem, TSP) J&—/™ 37 f4f 4k, 1] £,
KT EMBIFAT LLEW S 19 HE20. FiAT R A 8 & RGN — A I A
ks, AR ) —K. '

JRAT TR o) L R R A 2o — T I R, (B2, RAT RS 1S
ATLARN T 3fbhdg . fln, X TRENA, BMimsET N TFES,
FEEREXNMN TSR R A RS MES, 7T LA R At R,
1 G ik 1]

FEH B ] B, SRTTAT LA IR B B AL, AT I A BE
RAFAKE LB 4-1). —%& “BRE” 5“7, mhe LT MZEHN
4, VAR . REEE RS, HEHBE TS



7E20 4, B HEFMB TR T RATH S, KAMEESK, &%
] EATS IR B R . B9 B AT 7 o) R B AR, ME— T DMRAE R 7k 2 2
hE%. BHOEENRGHZRETRNE. REMREROTEESF
BB AR KBRS B KRR AT ) B Ch R, FEABEERTHE
Wn, WREMBMIEE BRI K. MRREEKEE R EEN TR,
XX h A B ) AR R AT W ) R L R SRR . B, XEF S AT, 120
ANATRERIAR (1X2X3X4X5), KT 10 METH, XAFFHINZ] 3628800,
SHF 15 ANMETT, FBE— 2R, T 60 MR, AT AERIAREE T AT
= 9 B JR 1 8

R AFRD AT, °TCAHBR D RVERKBIBAL, (HBEE T $o
m, AR B PRkt . BIER A — SR R SR ok [E1 38 A0 AH [R] Fr B
2, SRATRIRERAS T BEZE A B (¥ A ) Py SR B B AR

B 4-1  SETATEAZ A i BE

FEFUSEF, BAVENIE, BB AR R B BE, BT R RE
BEWERE. S ARMESE, TLIRERS| L4, EIRTRE R T &I
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MBIl —FHEE AR ERRIEMEE. FAXANEE, LSS —
IR . R)E, REIT—NEBIEH. RT3, SR BT R —
MR GREERFEROEH) . RUTREST, BEEIFTAMTACYH, SR
Zogiks|. REBFIECHIENAL ARTHER, [EMKF T SRINEE
. EWRR, ETERMERN AR XEFEEREAFZHILT
BA— ARG NEIRRTT R, EEWVRERERANEATX.

4.2 [o)&k

FATHE XA SE T o 2 Aab P 11 i) 0 2 LAY ) g AT e ) R BRAT] A AL
—HIE T KRR LR . AT ATE 2 4E B [AIRENLAE B — 23k, Boh AT iR E
BENLED x, vOLE.

FERf € PI/ 0 TiT 2 [ B BE B I, st A3k Al B e . WU Tl A
AR

BEE =, -x,) + 0, -3

BEELT, REHXERR. E£XNTFH, BOBESFMETTZE
FEEENEERE, XWHRh “RKRER”. XEFARBBNEFRL, FA
A BEAFAE R TP RERS Y, R LhrRERBHRKKREEREE . RITEEEMN
HAZ BHESMBHE A MR E 4. [, BLSEHXHELRD
Wo WHSHBUER, WBATE, HULEREETT M AT R E f 2
FETRAT 7 6] A SEBL AR, 4 SR 3T (8] R BE B ARAL BX R T 07 [, AR A XS AR
TR AT 7 I
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4.3 LI

AR AT AR EERTE, FIFARMTEBRAE T LR Z 0 8. i n) g
SLHTH Java/Eclipse L )5, AR i6 0 B &40 iE .

431 FEzwl

AENERETE 3 BEHRORIG. TR, B0 — A HH Eclipse 5
NetBeans i H , sREEF XA BRI H h A& — ML, %4 chapterd.

M 3 EH | Individual. Population 1 GeneticAlgorithm 3§, #1415
A2 chapterd F1. VERMHIREFEFANRCH TR RA | S AIH#R AR TN
| “package chapter4”,

fTJF GeneticAlgorithm 28, MiFRELF /i%: calcFitness. evalPopulation.
crossoverPopulation A1 mutatePopulation. fEAZE [FJHFEH, REETIXEL.

£ TR, #TF Individual 28, HFR%54 4 public Individual (int chromosomeLength)
MItIE 77 Individual KE MGG, BT AB/NOA BRI | BB
MG ER B IRt e i TR, IR TEAERETE.

B 7 XTI R4, 5 3 F ) Population KAT BB,

4.3.2 Zwf5

BATERZAG 7 Ik FR HO S 5 ZREW “ 1T bl — MR, &
AR LA RN T TG 2 ME— (9 1D, AR5 IR B 2 I AE S (A 5
By MR — /. AR B R4 hs 2] T 2R GF,  FR 4 He 51 4 i
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(permutation encoding), IF ¥ IE A AT # IA) o

AR — 13, MR AWM IME— ID. WRA 5 MR ED
], BATATCAREHAEAISE ID: 1. 2, 3. 4 1 5. K5, WRRINE
RRIRB| T iR E, FEMATTRERET ID HF, BiR: 3. 4. 1. 215, X
BERE RATAIBT 3 TG, REATHET 4, REHTH 1, REWT 2, RE
Wi 5, BeJE PR 3, Sk .

433 %k

TR IALRR R 2 /T, AT EQRE — L3N . (EMaTmR 2R, FATTL
PREAEE x. y 245, AERRBENLAIIETT, A EATRE T R B .

B, BATREQE A City 28, B ARIEIFRAF 3T, Ht 5
AT R R LR

package chapter4;
public class City {
private int x;
private int y;
public City(int x, int y) {
this.x = x;

this.y = y;

public double distanceFrom(City city) {
// Give difference in x,y
double deltaXSq = Math.pow((city.getX() - this.getX()), 2);
double deltaYSq = Math.pow((city.getY() - this.getY()), 2);
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// Calculate shortest path
double distance = Math.sqrt(Math.abs(deltaXSq + deltaYsq));

return distance;

public int getX() {

return this.x;

public int getY() {

return this.y;

}

City KA — MG ik, #Z x My Mhr, £ 2 %Pl LaJg— M.
ZREHH — distanceFrom F7v%, FIA M e BEVHE S AT B 5 — M 0
HE&HR . &G, EFWANBUETE, BEREHH x My 8455,

IR, BAINZIKE Individual EIE T, BITE 4.3.1 1 RMIER
TRAT Tl 16 X e AR B AR S AT AN M AR AR —F, HLAS A2 4188 1 &
HIME—L R, JetaiknZn 128 A1k, FF HAZR — 36

B, RATR R B ERAR, AREGEES, HREEVHL.
AE X AN 7 Ay DUME B AR . ZERXANE o, Jeta ks B E MK E (5
WTTERR MK ), EFS R KR MR MY —K, BR
R, BUEREEREMN. REAPEEERIER, Akl sRms
A3 T
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AR 25 MO8 —AME B Individual ¥ A, WAEEMEEE. R
gAYk, WHESMATK ID: 1. 2, 3. 4. 5. 6 %. EAERX,
BERLA AT AR G (o A B 20 SR B AE 4R .

W F T AR VAR NS Individual 25, VRAT LUK EIREUEMALE, {BTR
0 B R TR AL 7V AL R . RAEE — R, RSO BRI A
WS, {HiE A A PBIRMLE Eclipse T B M RS

public Individual(int chromosomeLength) {
// Create random individual
int[] individual;

individual = new int[chromosomelLength];

for (int gene = ©; gene < chromosomeLength; gene++) {

individual[gene] = gene;

this.chromosome = individual;

}

SRR, BATTET AR PAAT 2 F0 B /) main 77 vk . JB 1L File > New > Class
SCHLIRAIEE — N4 8 TSP #9128, J7EAD chapterd H1. 1258 3 T—#F, &RATH
— & TODO “z) #h H 8t & B A0 ARED, IXFERE AT LAAE SE LI 2 AR D BRAT TR
.

BATEAS N %, 76 main JVEMTIBAIG— SR, BE 100 FEL
AR City W5 faT s AR FRBE AL X A Y ARKR, e 1fEA City MigiE
o BRPRIG TSP K845 T HIXFE:
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package chapter4;

public class TSP {

110

public static int maxGenerations = 3000;

public static void main(String[] args) {

int numCities

[}

100;

City cities[]

new City[numCities];

// Loop to create random cities

for (int cityIndex = ©; cityIndex < numCities; cityIndex++) {

int xPos

n

(int) (10@ * Math.random());
int yPos

(int) (180 * Math.random());

cities[cityIndex] = new City(xPos, yPos);

// Initial GA
GeneticAlgorithm ga = new GeneticAlgorithm(100, 0.001, 0.9, 2, 5);
// Initialize population

Population population = ga.initPopulation(cities.length);

// TODO: Evaluate population

// Keep track of current generation

int generation = 1;

// Start evolution loop
while (ga.isTerminationConditionMet(generation,

maxGenerations) == false) {



// TODO:

// TODO:

// TODO:

// TODO:

43 S

Print fittest individual from population

Apply crossover

Apply mutation

Evaluate population

// Increment the current generation

generation++;

// TODO: Display results

}

BN ERGRE, BAVHIITAEINE 2 TR H ) th RS,
BATRAERT City XTIV, MRV TTEP A, BURAESS 3 TP —#,

FAER T Maze X2 R ANME.

TR LR AWRIEE . WI154L GeneticAlgorithm X% (HLIEFHEEIME, 25
R AXE., BRI SGHEMERFRAED, REVIHAMEE. MErEeE
RKRE, S A Y5 R R R AR

WANEERE 3 FEPEER “BRAHEAR” Zib&Mt, FrUBERN A F
'~ 6 1~ TODO A LAETEIR . ibBAVEAER —HE, MPHEFLEN BV JTETT4R .
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package chapter4;

public class Route {
private City route[];

private double distance = @;

public Route(Individual individual, City cities[]) {
// Get individual's chromosome

int chromosome[] = individual.getChromosome();

// Create route
this.route = new City[cities.length];

for (int genelndex = @; genelndex < chromosome.length;

geneIndex++) {

this.route[geneIndex] = cities[chromosome[geneIndex]];

public double getDistance() {
if (this.distance > 9) {

return this.distance;
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// Loop over cities in route and calculate route distance
double totalDistance = 9;
for (int cityIndex = @; cityIndex + 1 < this.route.length;
cityIndex++) {

totalDistance += this.route[cityIndex].

distanceFrom(this.route[cityIndex + 1]);

totalDistance += this.route[this.route.length - 1]
.distanceFrom(this.route[@]);

this.distance = totalDistance;

return totalDistance;

EAERRAE —MYETNER — A B B R R B A 7k . MG TR
Individual 1 City %€ X )51 (TSP 28] main 753 G2 K [F—4 City 4.
BEJE, MIETERBR AT, 83— City SR H . XFHEIEEH
fE15R A S 1E getDistance J &R VPl B2k B FE B

getDistance 75 B E4H (City X E A FE4), A City KK
distanceFrom 77i%, WKIKiHERR MR ZBIFKFEER, [FR BiKH.

AT ZIEAENEVE S %, BAIFEEH GeneticAlgorithm 2K ]
calcFitness J7¥%. calcFitness 779N % BE B v &4 Route 2K, & T
X—m, EWEREZ City & XA HEE1LES Route 3K,

¥ T B 7L INE] GeneticAlgorithm 38, 7] LAJSUZE SCHF AT RALE -
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public double calcFitness(Individual individual, City cities[]){

}

// Get fitness
Route route = new Route(individual, cities);

double fitness = 1 / route.getDistance();

// Store fitness
individual.setFitness(fitness);

return fitness;

XA TS, ENEH 1 BRUBREBEE BRI, FHEEOERAS

FRNED. ENESEE, ERRMAER, DMERRTER fERERR .

IAE, FATTA] LLEE 1 GeneticAlgorithm 28] evalPopulation /5, 5% cities

ZH, FRBFBP N ERES K.
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public void evalPopulation(Population population, City cities[]){

double populationFitness = 0;

// Loop over population evaluating individuals and summing population

fitness

for (Individual individual : population.getIndividuals()) {

populationFitness += this.calcFitness(individual, cities);

double avgFitness = populationFitness / population.size();

population.setPopulationFitness(avgFitness);
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BAEE—F, ZREIRRRIFR, HHEHENMERENE. MEE
HISEIAR, BATHE PHMBENEE, TARFRERENESM (TR
KA AT R, MAZREMEER, P KR AT EMRRENE. R
RARCFEREXME, BASHEHAHE).

SRR, FRATAT AR R TSP 28/ main 75 H5IF NI -4 R A K/ 4
TODO. FEH TSP 2K, R FHXFE. 4 MFHR T i TODO #72MAT Evaluate
population (fE¥FZFIFIIEHANER), TG FF4R4ALHT Print fittest individual from
population 1T, LA RAENEIFZ J5 i) Display results 1T .

package chapter4;

public class TSP {
public static int maxGenerations = 3000;
public static void main(String[] args) {

int numCities

100;

City cities[] = new City[numCities];

// Loop to create random cities

for (int cityIndex = ©; cityIndex < numCities; cityIndex++) {
int xPos = (int) (108 * Math.random());
int yPos = (int) (10 * Math.random());

cities[cityIndex] = new City(xPos, yPos);

// Initial GA
GeneticAlgorithm ga = new GeneticAlgorithm(10@, ©.001,

8.9, 2, 5);

// Initialize population
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Population population = ga.initPopulation(cities.length);

// Evaluate population

ga.evalPopulation(population, cities);

// Keep track of current generation

int generation = 1;

// Start evolution loop

while (ga.isTerminationConditionMet(generation,
maxGenerations) == false) {
// Print fittest individual from population
Route route = new Route(population.getFittest(®),
cities);
System.out.println("G"+generation+" Best distance: " +

route.getDistance());

// TODO: Apply crossover

// TODO: Apply mutation

// Evaluate population

ga.evalPopulation(population, cities);

// Increment the current generation

generation++;
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// Display results

System.out.println("Stopped after " + maxGenerations + "
generations.");

Route route = new Route(population.getFittest(®), cities);

System.out.println("Best distance: " + route.getDistance());

}

BER, FATTAT AR T Run, fEFFREELT, FTENRFEAIAZ 3000 1K, {E
A XBRETRL 2, BAITFRELIF T 2 4> TODO #4): 32 RAEFR

435 &ILKEE
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R, BJE 4k, BRI AE RS 3 Z P GeneticAlgorithm 3[f] isTermination
ConditionMet 77¥%.
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EZERATIGIFri, FA1RFEEE 3 TMANE 7k, EATMLR, 5L
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XFF AT i ) R, BRI AR A AP R ., H b, W T
FEAT 7 ) R, R BRI AGE A R R BT ZADEIA . XS AT,
A 40 e B e, ST ANV 1] — R BL b WARE 3 MRS A
M. BHAMCHi. A, B, CMER&ELAE MM, HC. B, CHEEETUN:
YT C IR, JEEMRYI A . Bk, BERBGERA MR X
B, REFFAEREIE R, XIREE,

FEAR X d e, BATEEEE [BSRARP AR I . XREE Y, Betikmi
FP AR ERN . s b, RAFREEMN. KT BB L4
KB, T RE DL P AL 7] 35 R 1 B 2% 0 1T e A AN

Route 1: A,B,C,D,E

Route 2: C,A,D,B,E
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FALIRTIHEE SR, AT, B3I EERH TAMEER 1K,
AEEREARRIT . B R X E AR, FAEMeEEsk s
B, RFFXLE B BT . ARTA B AU RN s A8 XU RBAE T, B TR LR
SERL PRI N e 5 R ER M IR IXREORE AT REF B R, ST R
S FESTTRIZ A5, BE BRI

Rl R T IX PR R B X7V, RHFFFRE X . TEXFMAE X ITiEd, B—
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KRR X FEMNERRE TR ZIRTF, X TERITRXAFR R, ik
AR K

RANEER A H T RZBAEATH Individual BAREM: XFHHEAFTE
B ERA R EA, EERFERENZETELE. EWIKNETF, RIMNEERE
MIEE (RATE @SR ER), FTURALELIRE - MEREREHK
HAELER T

IFHE, WINIEA LR # . FTIF Individual 28, FEERMERN—N 4
A “containsGene” [ 777%:

public boolean containsGene(int gene) {

for (int i = @; i < this.chromosome.length; i++) {

if (this.chromosome[i] == gene) {

return true;

}

return false;

}

FOTERE AR AR, MRRNEEIROER, HiRE true,
BNERE] false. {f FHZTIEMR T XA A : “XAMMEVTE T #5 B2 ik
F A1 individual.containsGene(5)KEH ”.
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BAE, BAMERH GeneticAlgorithm 38, FEIA%LHVEH B HEF 28 XH)
Tk BETHE R ETT—8E, AT LUSCHURPRIEIESE, 1E 028 XA A a7
%, BRIBERFHES E—FK selectParent 7.

HFIX A crossoverPopulation /5% %] GeneticAlgorithm 287

public Population crossoverPopulation(Population population){

// Create new population

Population newPopulation = new Population(population.size());

// Loop over current population by fitness
for (int populationIndex = @; populationIndex < population.size();
populationIndex++) {

// Get parentl

Individual parentl = population.getFittest(populationIndex);

// Apply crossover to this individual?
if (this.crossoverRate > Math.random() && populationIndex >=
this.elitismCount) {

// Find parent2 with tournament selection

Individual parent2 = this.selectParent(population);

// Create blank offspring chromosome
int offspringChromosome[] = new
int[parentl.getChromosomeLength()];
Arrays.fill(offspringChromosome, -1);

Individual offspring = new Individual(offspringChromosome);

// Get subset of parent chromosomes

int substrPosl = (int) (Math.random() *
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parentl.getChromosomeLength());
int substrPos2 = (int) (Math.random() *
parentl.getChromosomeLength());

// make the smaller the start and the larger the end
final int startSubstr = Math.min(substrPosl, substrPos2);

final int endSubstr = Math.max(substrPosl, substrPos2);

// Loop and add the sub tour from parentl to our child
for (int i = startSubstr; i < endSubstr; i++) {

offspring.setGene(i, parentl.getGene(i));

// Loop through parent2's city tour
for (int i = ©; i < parent2.getChromosomeLength(); i++) {
int parent2Gene = i + endSubstr;
if (parent2Gene >= parent2.getChromosomelLength()) {

parent2Gene -= parent2.getChromosomeLength();

// If offspring doesn't have the city add it
if (offspring.containsGene
(parent2.getGene(parent2Gene)) == false) {
// Loop to find a spare position in the
child's tour
for (int ii = @; ii <
offspring.getChromosomeLength(); ii++) {
// Spare position found, add city
if (offspring.getGene(ii) == -1) {
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offspring.setGene(ii,
parent2.getGene(parent2Gene));

break;

// Add child

newPopulation.setIndividual(populationIndex, offspring);
} else {

// Add individual to new population without applying

crossover

newPopulation.setIndividual (populationIndex, parentl);

return newPopulation;

}
ERXANTTET, BATE SR MHRMEERREENR. B, 8HE

FORNEE, U R IE R R i M e . SR IR 38 3 3, BT LA RS B
el BEMMBIFOFEE, AMESER. RERBEREE, X THME
BN WRZXENHTAME, H selectParent FikiEHE—ANRAR (FEX
AT, selectParent SEHL T SARIEERE, B2 3 ), HEIE—FH
ZHEANME.

B, AR 1 R AR B BENLALE, XA B AR AR

BFRESmEBERMEEAY . &E, it HREMEREBHEER 2 TR
PN, SERZIG s ZAMEBR N BT A R b
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AE, FATAT LAFE TSP 28] main /759, SEBR crossoverPopulation 5%,
R —/~ TODO #4+. #ZE| TODO: Apply crossover ¥4, B HE A .

// Apply crossover

population = ga.crossoverPopulation(population);

SRR ST Run, NIZAREIRE T/ERISIE! 3000 RLLE, RNiZSFE 2K tE
BB RZIRE 15000 810, FRATREIEESAE, UERRXAESBARRRIL, Xt
TRATRE K IEER E RN . BATRAZRR BT, BENUHRHRE N A3 2]
AR E, XEBTHRERMNSGR, AMEHRAEHSR.
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B SEPIXFRAR S 77125, 55K mutatePopulation 7778 1% GeneticAlgorithm 2§,

public Population mutatePopulation(Population population){

// Initialize new population

Population newPopulation = new Population(this.populationSize);

// Loop over current population by fitness

for (int populationIndex = @; populationIndex <

population.size(); populationIndex++) {
Individual individual =

population.getFittest(populationIndex);

// Skip mutation if this is an elite individual
if (populationIndex >= this.elitismCount) {

// System.out.println("Mutating population member

"+populationIndex);
// Loop over individual's genes
f or (int geneIndex = @; genelIndex <
individual.getChromosomeLength(); geneIndex++) {
// Does this gene need mutation?
if (this.mutationRate > Math.random()) {
// Get new gene position
int newGenePos = (int) (Math.random() *
individual.getChromosomeLength());
// Get genes to swap
int genel = individual.getGene(newGenePos);
int gene2 = individual.getGene(geneIndex);
// Swap genes
individual.setGene(geneIndex, genel);

individual.setGene(newGenePos, gene2);
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// Add individual to population

newPopulation.setIndividual(populationIndex, individual);

}

// Return mutated population

return newPopulation;

}

BOTERE — BB —HMEE, RRERRIME. R, NEEN
MAMETF G A B . WRBH TREEEX, B sy /L ME, BRER
MBGFAEES, AMESEE. RE, BHRKMERREE, RIEEREREE
BMERREEER. WR-EEEERR, SN MEENER S — N E,
BAT e, Bef5, KR RMEIMABRE

WAE, BATTLLEZERITEIMA TSP KK main 5%, MRBE—1
TODO #4r. #£F3ER TODO: Apply mutation, # HE# K.

// Apply mutation

population = ga.mutatePopulation(population);

438 1T

TSP )5 &A% R X AF -

package chapter4;
public class TSP {
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public static int maxGenerations = 3000;

public static void main(String[] args) {

// Create cities

int numCities 100;

City cities[] = new City[numCities];

// Loop to create random cities

for (int cityIndex = 0; cityIndex < numCities; cityIndex++) {
// Generate x,y position
int xPos = (int) (100 * Math.random());

int yPos = (int) (1@ * Math.random());
// Add city

cities[cityIndex] = new City(xPos, yPos);

// Initial GA
GeneticAlgorithm ga = new GeneticAlgorithm(100, ©.001,
0.9, 2, 5);

// Initialize population

Population population = ga.initPopulation(cities.length);

// Evaluate population

//ga.evalPopulation(population, cities);

Route startRoute = new Route(population.getFittest(@), cities);
System.out.println("Start Distance: " + startRoute.getDistance());

// Keep track of current generation
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int generation = 1;
// Start evolution loop
while (ga.isTerminationConditionMet(generation,
maxGenerations) == false) {
// Print fittest individual from population
Route route = new Route(population.getFittest(9),
cities);
System.out.println("G"+generation+" Best distance:

+ route.getDistance());

// Apply crossover

population = ga.crossoverPopulation(population);

// Apply mutation

population = ga.mutatePopulation(population);

// Evaluate population

ga.evalPopulation(population, cities);

// Increment the current generation

generation++;

System.out.println("Stopped after " + maxGenerations + "

generations.”);

Route route = new Route(population.getFittest(@), cities);

System.out.println("Best distance: " + route.getDistance());
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b, Kr# GeneticAlgorithm 25 FFIBHM T EE S . MEFREE T —
ANHERSEI, H—PNHERERTE, B4, ITERE 2 XA [ .

package chapter4;

import java.util.Arrays;
public class GeneticAlgorithm {

private int populationSize;
private double mutationRate;
private double crossoverRate;
private int elitismCount;

protected int tournamentSize;

public GeneticAlgorithm(int populationSize, double mutationRate,
double crossoverRate, int elitismCount, int tournamentSize) { }
public Population initPopulation(int chromosomeLength){ }

public boolean isTerminationConditionMet(int generationsCount,

int maxGenerations) { }

public double calcFitness(Individual individual, City cities[]) { }
public void evalPopulation(Population population, City cities[]) { }
public Individual selectParent(Population population) { }

public Population crossoverPopulation(Population population) { }

public Population mutatePopulation(Population population) { }

}

BJE, MROCLERTHETE, WIT containsGene VL, B T
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R FIBE LI R -

® HFAEALTHRFRE R Al R B L —TTER;

HEELWKR, HIZIHFEE;
AT R B TE) R e E— 1T
HELNB G REN B .

— L g R L R AT EE :

® H=EMARNIZE SR

® HIREMMHE;

® HIREIM LIRATE] .

HINE, RN R RENR, TEAECIIZ A i, —HEn]
REHA 10 %4, IERAR AT RER R RGN A E, HAH 10 AL
B2, FUIRMEERATREENCE RIS, FTLARSY 30 2224, WRBEHIFLHE
ARLIR, KEERE 2 —PHRSEH IR, IR BHRRE P RIS . 7B M HScEl+,
R LAESEE R R AR AIRE, FUEM MRAREREZD, BLHRE.

BAT R RS, AT DU AT BIHER W) L ) B (i o (HR2, BEHIE
FECEBH g, B SR . fEXEEL T, SR E R
REHCR AU AR R/ATATH, B E R R R0 BRAREIRIE TR
B ACm, EENRAERASERNRRN, FEREEELKE.
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PR, WA REEE. THREE. NBEMEESH, ST R¥ER
i TR R

AN AZER, G — T KR A R 5 818 F /) 2 1) I 8] R g A
. P/NEREREREZERFERCHFRENTENEER, AR,
tR, MK KFENBREH H B HitE, XBRTEEERT 0%
HJT,

HERIEFP R A BRI — DB — B3R — B RM—AE L5
Ao B RIFESANEE, FUGNSZEDHETEMKFE T BTH, RATT
D E R EARO IR B 5.

TN AR EARKE DR, RINIXHRELUFELAR:

o L HREHET NI ER;

® (I HIRAEALATAT IR R BEH— B

® HFEUIMEBWK, RENFELEDA.

AT REFRIE, EXALIF, BATEN R EBEAR . EARYE R
FRI A5 B 5, EHAE L HIBELIR . shsh, HUNE BE 15 th AT R AL & — SR AR,
BTG 2B BRRARBER, EFEBRARELE S IEBRERE LK
[R)ZRAE i _E K AN
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DUE R IR AR AL ATEE, FIBRAT BB BRI VURMR R DB T o XA 7 L
HESL—MBTH) Java/Eclipse £, BATMGmLGEAATTES .
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531 Fia=wl

AFENFETIRE AR A EW AR OAE, B LB HEREX — N
HEXR, X+oEE!

FEFFIRZ AT, BE — M8 Eclipse 5L NetBeans 1 H, ifES X AHCH
AT H eI —N B, 444 chapterS.

MZEE 4 T HE F| Individual. Population F1 GeneticAlgorithm 2§, HKENIS
AE| chapter5 # . EHHRE AR CHATER K EAL | £ SRR 2% 0
_I package chapter5.

#TFF GeneticAlgorithm 28, Fi#47T LR HE K-

® JHIFR selectParent /7%, F£F chapter3 f] selectParent /7% (HRbRFEEFE)

BAE;
® fHIFR crossoverPopulation 757%, F+H] chapter2 [f] crossoverPopulation
Jivk (35330 BRE:

® JiIFR initPopulation. mutatePopulation. evalPopulation F1 calcPopulation

ik, BEAVRSERR S EFLIMEN].

Population 1 Individual 87] LN B T, ik, ZEAEME, HEH
PSS RIS I — A BT A 77 2

532 %G

HAEHRRE 7 P O B 77 X, 7 BERERS A RO 4w L BT 7 I S MR R
Bt A FREAEH, BENR: ZRTHNE. ZROHERUSOZRNEE.
BATAT LU AR B #3R. HEDBR DT ID. RaRAEEHA
KRR, XRBIMNABHT. TEREBITELHNIEATEI A
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BTG, WME 5-1 B,

L PRRE2 PRFE3

| |

[ I T |
1 3 2 2 4 1 4 6 2

/N
WEB D HED  H#ED

B 5-1 HafRE

BN 3 B, ST ISR A FENGE R .
5.3.3 Bk

BERIRAMTC LB 1 e, F0iE 7 i dmpg getatdk, vl AFARSEE. &
, R LEE, AR ORAER . Bk, BiEEE. Bk, W
VA RTTEEAESA, BATKEES eI AN E.
WHXMEBIERE DB, S BERRE R ) oo A k. 2
R, HIBFIASZIN E K, AR AU — Lol gu il ik e, HTLIE.
EFRATEE S, — S4B Java K. TATSA U BN EIERAE (=, ¥
P . BEFR. FARITGMNED QI - DAEMREK. XEFFREFHR L,
ENIRZ RN T —SREM., BETEMRE L BAEREREZSE. RAIIE
XBRARIRATEIEAT
B, B Room K, (RIFARBENFELR. BERE—H, WREH
Eclipse, #RA]LLH File > New > Class 3080, O IXNK,

B cR

package chapter5;

public class Room {
private final int roomId;
private final String roomNumber;

private final int capacity;
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public Room(int roomId, String roomNumber, int capacity) {
this.roomld = roomld;
this.roomNumber = roomNumber;

this.capacity = capacity;

public int getRoomId() {

return this.roomld;

public String getRoomNumber() {

return this.roomNumber;

public int getRoomCapacity() {

return this.capacity;

}

ZRAEG MG TR, EEZHE ID. HESHEEFRIEASH.
BRI T LT, DR EERNEN.

BTk, B Timeslot 28, W BRIRBEH EURAEA LA A BSTA].

package chapter5;

public class Timeslot {

private final int timeslotId;

private final String timeslot;

public Timeslot(int timeslotId, String timeslot){

this.timeslotId = timeslotld;
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this.timeslot = timeslot;

public int getTimeslotId(){

return this.timeslotId;

public String getTimeslot(){

return this.timeslot;

}

I BOAT AR ARG ok B, [ B AR B ID MK BT FAr 4 (4
AT BEBE KA Mon 9:00—10:00 IXFE). ZKE A& —LEE TV, LUREUY
ZHIRTE.

BRI 3 MR Professor K

package chapters;
public class Professor {
private final int professorld;

private final String professorName;

public Professor(int professorId, String professorName){
this.professorld = professorld;

this.professorName = professorName;

public int getProfessorId(){

return this.professorld;
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public String getProfessorName(){

return this.professorName;

}

Professor K& — MGk, BEHEEN ID HERNELT. BHES
—SA T, BRI R

B TR, WI—A Module 2, (RFARRELIETHER. “FEIH
JL” ARERC CWRIE”, W AR 1017 Bk “SEESE 3027, BRILSLAEER
AR —HE, ATV ZANERSY, SRR K A 4 4 7R A A () A 1) 0y AS [ 2
R

package chapter5;

public class Module {
private final int moduleld;
private final String moduleCode;
private final String module;

private final int professorlIds[];

public Module(int moduleld, String moduleCode, String module,
int professorIds[]){

this.moduleld = moduleld;

this.moduleCode = moduleCode;

this.module = module;

this.professorIds = professorlds;
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public int getModuleId(){

return this.moduleld;

public String getModuleCode(){

return this.moduleCode;

public String getModuleName(){

return this.module;

public int getRandomProfessorId(){

int professorld = professorIds[(int) (professorIds.length *
Math.random())];

return professorld;

}

A% RTRAE ML, BEZ¥IRTID (HF), %48
JCARES CEEL “CS101” Bk “Prs 3027), ¥ JHTLHR, —HBIM ID, i
TR A% S o0, 2 3] Bnl iRt 7 — B vk, DA —/NBlEALE
FHFZ ID K55,

TR Group, BERTEA RFESAME L.

package chapter5;
public class Group {
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private final int groupId;
private final int groupSize;

private final int moduleIds[];

public Group(int groupId, int groupSize, int moduleIds[]){
this.groupId = groupld;
this.groupSize = groupSize;

this.modulelds = modulelds;

public int getGroupId(){

return this.groupld;

public int getGroupSize(){

return this.groupSize;

public int[] getModuleIds(){

return this.modulelds;

}

Group RHIMIE J7 34 5140 1D, 7 H RIS 4 IEE B — 4% 3] BT
ID. Bt T —ERESE KRNIAR L.

BER, BI—A Class K. XEMARE A fEERE R RIREL, Fib

HF RGN Class F8 I RREQI#EIXA Java 2K, BATH/NE R class f8/E
] HoAth Java 28,
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Class EREFTH LRFERNAS. ERR-NFES ALK SR,
FrEfE, REFEER, 3 1EIRTH—#2.

package chapters5;

public class Class {
private final int classId;
private final int groupld;
private final int moduleld;
private int professorld;
private int timeslotId;

private int roomId;

public Class(int classId, int groupId, int moduleld) {
this.classId = classId;
this.moduleId = moduleld;
this.groupIld = groupld;

public void addProfessor(int professorld) {

this.professorld = professorld;

public void addTimeslot(int timeslotId) {
this.timeslotId = timeslotlId;

public void setRoomId(int roomId) {

this.roomId = roomId;
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public

public

public

public

public

}

int getClassId() {

return this.classId;

int getGroupId() {
return this.groupId;

int getModuleId() {

return this.moduleld;

int getProfessorId() {

return this.professorld;

int getTimeslotId() {

return this.timeslotId;

int getRoomId() {

return this.roomld;

53 3

WAE, IATATLAGIE —A Timetable 28, ¥Frf XXt S35 —/ it a]
RXZH, Timetable HKEES N IEREBEMNZE, FHE LW —HEHFEARRPL
PRAR b2 18] N iz ] A B AT B R — MK
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Timetable Jth F1iE AN AT Je 4k, BIE{RIER) Timetable SE, T ¥
AT 73 -

package chapter5;
import java.util.HashMap;

public class Timetable {
private final HashMap<Integer, Room> rooms;
private final HashMap<Integer, Professor> professors;
private final HashMap<Integer, Module> modules;
private final HashMap<Integer, Group> groups;
private final HashMap<Integer, Timeslot> timeslots;

private Class classes[];

private int numClasses = 0;

/**

* Initialize new Timetable

*
*/
public Timetable() {
this.rooms = new HashMap<Integer, Room>();
this.professors = new HashMap<Integer, Professor>();
this.modules = new HashMap<Integer, Module>();
this.groups = new HashMap<Integer, Group>();

this.timeslots = new HashMap<Integer, Timeslot>();
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public Timetable(Timetable cloneable) {
this.rooms = cloneable.getRooms();
this.professors = cloneable.getProfessors();
this.modules = cloneable.getModules();
this.groups = cloneable.getGroups();

this.timeslots = cloneable.getTimeslots();

private HashMap<Integer, Group> getGroups() {

return this.groups;

private HashMap<Integer, Timeslot> getTimeslots() {

return this.timeslots;

private HashMap<Integer, Module> getModules() {

return this.modules;

private HashMap<Integer, Professor> getProfessors() {

return this.professors;

/**

* Add new room

*

* @param roomId
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* @param roomName

* @param capacity

*/

public void addRoom(int roomId, String roomName, int capacity) {

this.rooms.put(roomId, new Room(roomId, roomName, capacity));

/**

* Add new professor

*

* @param professorld

* @param professorName

*/
public void addProfessor(int professorId, String professorName) {

this.professors.put(professorld, new Professor(professorld,

professorName));

/%%

* Add new module

*

* @param moduleld

* @param moduleCode

* @param module

* @param professorlds

%/
public void addModule(int moduleId, String moduleCode, String

module, int professorIds[]) {
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this.modules.put(moduleId, new Module(moduleId, moduleCode,

module, professorlds));

/**
* Add new group
*
* @param groupId
* @param groupSize
* @param moduleIds
*/
public void addGroup(int groupId, int groupSize, int moduleIds[]) {

this.groups.put(groupld, new Group(groupId, groupSize,
modulelds));

this.numClasses = 9;

J¥*
* Add new timeslot
*
* @param timeslotId
* @param timeslot
*/
public void addTimeslot(int timeslotId, String timeslot) {

this.timeslots.put(timeslotId, new Timeslot(timeslotId,
timeslot));
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* Create classes using individual's chromosome

* @param individual

public void createClasses(Individual individual) {

// Init classes

Class classes[] = new Class[this.getNumClasses()];

// Get individual's chromosome

int chromosome[] = individual.getChromosome();
int chromosomePos = ©;

int classIndex = 0;

for (Group group : this.getGroupsAsArray()) {
int moduleIds[] = group.getModuleIds();
for (int moduleId : moduleIds) {
classes[classIndex] = new Class(classIndex,

group.getGroupId(), moduleld);

// Add timeslot

classes[classIndex].addTimeslot(chromosome
[chromosomePos]);

chromosomePos++;

// Add room
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classes[classIndex].setRoomId(chromosome
[chromosomePos]) ;
chromosomePos++;

// Add professor

classes[classIndex].addProfessor(chromosome

[chromosomePos]) ;
chromosomePos++;
classIndex++;
}
¥
this.classes = classes;
¥
/**

* Get room from roomId

*

* @param roomId
* @return room
¥
public Room getRoom(int roomId) {
if (!this.rooms.containsKey(roomId)) {

System.out.println("Rooms doesn't contain key " +

roomId);

}

return (Room) this.rooms.get(roomId);
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public HashMap<Integer, Room> getRooms() {

return this.rooms;

/**
* Get random room

*

* @return room
*/
public Room getRandomRoom() {
Object[] roomsArray = this.rooms.values().toArray();
Room room = (Room) roomsArray[(int) (roomsArray.length *
Math.random())];

return room;

/%%
* Get professor from professorld

*

* @param professorId
* @return professor
*/
public Professor getProfessor(int professorld) {

return (Professor) this.professors.get(professorld);
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* Get module from moduleId

*

* @param moduleld
* @return module
%
public Module getModule(int moduleId) {

return (Module) this.modules.get(moduleld);

Jx*
* Get modulelds of student group
*
* @param groupId
* @return moduleId array
*/
public int[] getGroupModules(int groupId) {
Group group = (Group) this.groups.get(groupId);
return group.getModuleIds();

J**

* Get group from groupId
%
* @param groupId
* @return group
*/
public Group getGroup(int groupId) {

53 3
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return (Group) this.groups.get(groupId);

/%%

* Get all student groups

*

* @return array of groups

®/
public Group[] getGroupsAsArray() {

return (Group[]) this.groups.values().toArray(new

Group[this.groups.size()]);

/**

* Get timeslot by timeslotId

*

* @param timeslotId
* @return timeslot
*]
public Timeslot getTimeslot(int timeslotId) {

return (Timeslot) this.timeslots.get(timeslotId);

J**

* Get random timeslotId

*

* @return timeslot

*/
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public Timeslot getRandomTimeslot() {
Object[] timeslotArray = this.timeslots.values().toArray();
Timeslot timeslot = (Timeslot) timeslotArray[(int)
(timeslotArray.length * Math.random())];

return timeslot;

/**

* Get classes

*

* @return classes
*/
public Class[] getClasses() {

return this.classes;

/**

* Get number of classes that need scheduling

*

* @return numClasses
*
public int getNumClasses() {
if (this.numClasses > 0) {

return this.numClasses;

int numClasses = ©;

Group groups[] = (Group[]) this.groups.values().toArray(new
Group[this.groups.size()]);
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for (Group group : groups) {

numClasses += group.getModulelIds().length;
}

this.numClasses = numClasses;

return this.numClasses;

Vads

* Calculate the number of clashes

*

* @return numClashes
*f
public int calcClashes() {

int clashes = ©;

for (Class classA : this.classes) {

// Check room capacity

int roomCapacity = this.getRoom(classA.getRoomId()).
getRoomCapacity();

int groupSize = this.getGroup(classA.getGroupId()).
getGroupSize();

if (roomCapacity < groupSize) {

clashes++;

// Check if room is taken
for (Class classB : this.classes) {

if (classA.getRoomId() == classB.getRoomId()

156



53 il

&& classA.getTimeslotId() == classB.
getTimeslotId()
8& classA.getClassId() !=
classB.getClassId()) {
clashes++;

break;

// Check if professor is available
for (Class classB : this.classes) {
if (classA.getProfessorId() == classB.
getProfessorId() &% classA.getTimeslotId() ==
classB.getTimeslotId()
&& classA.getClassId() !=
classB.getClassId()) {
clashes++;

break;

}

return clashes;

}

IAROE L, BEE. WNB. B0%. I RnMEAEN AR
IR . X F 3, Timetable XHMEH K): — Timetable X5 411
Fraa S B, #i%%, {8 Timetable X% tha] DAE Stk M B
tBAREIEER TR, HIIEROARRENE.
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EHEVIREEANEP WP NEETTE: createClasses Fll caleClashes.

createClasses J7%:4% 5% — " Individual (BI—4c4etafh), FHRIAEIRMZA
Sy BRI HEIR I 25 ) BT B, X e A A R TT Bl — 26 Class A& .
WG, FGHETFREB AR AL, JRETRNER (B, #E. #50) s
XERHG—A . Bk, createClasses VA RS BEIGA RITMEESH, H
EF B ERENERI R AR SAN B HEEMBERAFRA S . Timetable
P X EAF MR AFAEA M (FE N this.classes), DAZFEE1EH .

Classes HUf 5, calcClashes JTYEK KK ER—A, Fit “WR” KEE.
FEARGIH, “PR” RERAEMELAR, FIIBERRBEERA . HEHR B
5%, BRI B R . MR EE MG B GeneticAlgorithm ] calcFitness 77
A

534 T

WAE, BATATELBIE—MATE, BEEERFH main 775, BETJLE—
B, BANETE 2 TOMHAEREEXANL, HhaE L% TODO R, &
A ol i AR SRR

H5E, BIE—AH Java 26, A4 TimetableGA. iE#i{R'ETE package
chapter5 #1, FHA'EH ML F A

package chapter5;
public class TimetableGA {

public static void main(String[] args) {

// TODO: Create Timetable and initialize with all the available
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courses, rooms, timeslots, professors, modules, and groups

// Initialize GA

GeneticAlgorithm ga = new GeneticAlgorithm(100, 0.01, 0.9, 2, 5);

// TODO: Initialize population

// TODO: Evaluate population

// Keep track of current generation

int generation = 1;

// Start evolution loop
// TODO: Add termination condition
while (false) {
// Print fitness
System.out.println("G" + generation + " Best fitness: " +

population.getFittest(®9).getFitness());

// Apply crossover

population = ga.crossoverPopulation(population);

// TODO: Apply mutation

// TODO: Evaluate population

// Increment the current generation

generation++;
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// TODO: Print final fitness
// TODO: Print final timetable

}

AT SEMAE, BRITET 84 TODO #H4. HFHEE, ZXAR—/ TODO
iy, BRAMTHERS 3 ERNMRIRERE, DAE 2 ERHARX.

—A> TODO I REGMR, BAERSM. —BR¥, —¥R
MHRRE BR B BIRE, (3078 AR L — PR A . T T AR
HRIUK, IATAETE TimetableGA K QI — BB J7 k. H W] LIZEFE
BALER XA 7

private static Timetable initializeTimetable() {
// Create timetable

Timetable timetable = new Timetable();

// Set up rooms

timetable.addRoom(1, "A1", 15);
timetable.addRoom(2, "B1", 30);
timetable.addRoom(4, "D1", 20);

timetable.addRoom(5, "F1", 25);
// Set up timeslots

timetable.addTimeslot(1, “"Mon 9:00 - 11:00");

timetable.addTimeslot(2, "Mon 11:00 - 13:00");
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timetable
timetable

timetable

timetable.

timetable
timetable
timetable
timetable
timetable

timetable

timetable.

timetable

timetable

// Set up
timetable
timetable
timetable

timetable

// Set up

timetable.

timetable.

timetable

timetable.
timetable.

timetable.

.addTimeslot(3,
.addTimeslot (4,
.addTimeslot (5,

addTimeslot(6,

.addTimeslot(7,
.addTimeslot(8,
.addTimeslot(9,
.addTimeslot(10,
.addTimeslot (11,

.addTimeslot(12,

addTimeslot(13,

.addTimeslot (14,

.addTimeslot (15,

professors

.addProfessor(1,
.addProfessor(2,
.addProfessor(3,

.addProfessor(4,

"Mon
"Tue
"Tue
"Tue
"Wed
"Wed
"Wed
"Thu
"Thu
"Thu
"Fri
"Fri

"Fri

"Dr
"Mrs

"Dr'

53 il

13:00 - 15:00");
9:00 - 11:00");
11:00 - 13:00");
13:00 - 15:00");
9:00 - 11:00");
11:00 - 13:00");
13:00

15:00");
9:00 - 11:00");
11:00 - 13:00");
13:00 - 15:00");
9:00 - 11:00");
11:00 - 13:00");

13:00 - 15:00");

P Smith");
E Mitchell");
R Williams");

"Mr A Thompson");

modules and define the professors that teach them

addModule(1, "cs1", "Computer Science", newint[]{1,2});

addModule(2, "enl", "English", new int[] { 1, 3 });

.addModule(3, "mal",

addModule(4, "phi",

addModule(5, "hi1",

addModule(6, "dri",

"Maths", new int[] { 1, 2 });
"Physics", new int[] { 3, 4 });
"History", new int[] { 4 });

"Drama”, new int[] { 1, 4 });
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162

// Set up student groups and the modules they take.
timetable.addGroup(1, 10, new int[] { 1, 3, 4 });
timetable.addGroup(2, 30, new int[] { 2, 3, 5, 6 });
timetable.addGroup(3, 18, new int[] { 3, 4, 5 });
timetable.addGroup(4, 25, new int[] { 1, 4 });
timetable.addGroup(5, 20, new int[] { 2, 3, 5 });

> 4, 51);
timetable.addGroup(7, 16, new int[] { 1, 3 });

timetable.addGroup(6, 22, new int[] { 1

timetable.addGroup(8, 18, new int[] { 2, 6 });
timetable.addGroup(9, 24, new int[] { 1, 6 });
timetable.addGroup(10, 25, new int[] { 3, 4 });
return timetable;

}
DUAE, MERAE main J7IETIEREE —4> TODO #7r, ML AR €.

// Get a Timetable object with all the available information.

Timetable timetable = initializeTimetable();
main J7 AR TRE AL B R RN AZ A1 F TR .

public class TimetableGA {

public static void main(String[] args) {

// Get a Timetable object with all the available information.

Timetable timetable = initializeTimetable();

// Initialize GA ... (and the rest of the class, unchanged

from before!)

GeneticAlgorithm ga = new GeneticAlgorithm(10e, ©.01, 0.9, 2, 5);
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BAVEE THH A LERE SN Timetable 526, ATEIEM Genetic-
Algorithm X ZRLATHIJLE: —MEALEVE, 8 100, ZBFHFE 0.01, TXE
0.9 2 MHEFEAEFIHRFRFERBLE 5.

HATIAER T 7 4 TODO #4r. F—4A TODO #8 KW FEE. A
TR, BRAOFEIENTFREAIKE, XM Timetable 114> 4
% 3] BT EORME -

AT LR M Timetable X ZHIEW— Population, XEHRERATET
ELAERS M Timetable XTZAEHL— Individual. Rk, b T @#HIXA TODO #
51, BT 12045 3 455 : A GeneticAlgorithm 25 ill—~) initPopulation(Timetable),
A Population #8I—AM%3Z Timetable 4i&757%, A Individual ¥IN— M52
Timetable (143 J7i%.

AT EE R EIFS TAE. ¥ Individual 28, Zin—ANBrME %,
M id Timetable ## — Individual. %1% J73:F ] Timetable X% K Aff &
HER I BE B, X T R AR E. Gk A S M Timetable BEFLEX
B B A R .

¥ F 77 R N3] Individual 28T B AL B

public Individual(Timetable timetable) {

int numClasses = timetable.getNumClasses();

// 1 gene for room, 1 for time, 1 for professor
int chromosomeLength = numClasses * 3;

// Create random individual

int newChromosome[] = new int[chromosomelLength];

int chromosomeIndex = ©;
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// Loop through groups
for (Group group : timetable.getGroupsAsArray()) {
// Loop through modules
for (int moduleld : group.getModuleIds()) {
// Add random time

int timeslotId = timetable.getRandomTimeslot().

getTimeslotId();

newChromosome[ chromosomeIndex] = timeslotId;

chromosomeIndex++;

// Add random room

int roomId = timetable.getRandomRoom().getRoomId();
newChromosome[ chromosomeIndex] = roomId;

chromosomeIndex++;

// Add random professor

Module module = timetable.getModule(moduleId);
newChromosome [ chromosomeIndex] = module.
getRandomProfessorld();

chromosomeIndex++;

this.chromosome = newChromosome;

}

XAMIE TT G — M (A RN B, FFl P B 22 A 20 A R 2 A ot )
AT (G HFEHRK Class B80. X THA Class, FEHLKIHEE. &
PRI BB, AR ID B B g atheh
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Bk, BT e iE T RN Population 2. 1A /7 v FHERATIRI
A& 1 Individual #3E 757, BiE Timetable ¥JUH L —2¢ Individual, E—4

Population.

public Population(int populationSize, Timetable timetable) {
// Initial population

this.population = new Individual[populationSize];

// Loop over population size

for (int individualCount = @; individualCount < populationSize;

individualCount++) {
// Create individual

Individual individual = new Individual(timetable);
// Add individual to population

this.population[individualCount] = individual;

}

Bk, FEH LI GeneticAlgorithm 28[) initPopulation J/5¥%, i TR
Population 43 77 1%

public Population initPopulation(Timetable timetable) {

// Initialize population

Population population = new Population(this.populationSize, timetable);

return population;

}

BATET A LUM# R T —> TODO #4y: B ARAIITHE main F775H ] TODO:
Initialize Population, i ] GeneticAlgorithm [ initPopulation J5%:
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// Initialize population

Population population = ga.initPopulation(timetable);

AT TimetableGA ) main FVEIER RN IZE T HIXEE. B
WEA LML, HREAS M 2F8BIH. E£FF L, Java giidasnl fe
SHASHEA A TCIESAT B AR . AT SR BRAF X /S ] 7

public static void main(String[] args) {
// Get a Timetable object with all the available information.

Timetable timetable = initializeTimetable();

// Initialize GA

GeneticAlgorithm ga = new GeneticAlgorithm(100, 0.01, ©.9, 2, 5);

// Initialize population

Population population = ga.initPopulation(timetable);
// TODO: Evaluate population

// Keep track of current generation

int generation = 1;

// Start evolution loop
// TODO: Add termination condition
while (false) {
// Print fitness
System.out.println("G" + generation + " Best fitness: " +

population.getFittest(0).getFitness());
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// Apply crossover

population = ga.crossoverPopulation(population);
// TODO: Apply mutation
// TODO: Evaluate population

// Increment the current generation

generation++;

// TODO: Print final fitness

// TODO: Print final timetable

53.5 i

WILAF I DAL, BATFRE VX AR T HOE N EEH . FRATAAT
M4NIE, PR ARE AR, RRATREAEITHARSM . XEWE, 1
PR H3E N BEAE 5 3 ] & DATRARAF R

FTFFH KA Timetable 281 createClasses 712 'EANIETA HEHFAE
Z 1] Groups Fl Modules, A& 2R E BT B, FIF X L5401, B Ak
PR Class MR HIBA, IEREANFBREER A TR G I EARBAT TS
BrAOVEAL, (B RGO ARFIPEAl D B A AT .
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B R, MR —12F K calcClashes 17775 . X7k LA PEH A
HANFTE IS, WRER TREANR, sl — AR fln, nREEMHE
KA, MR ZEER AR, REMRBEROLZHH MR ZhEREE
RIHR B

WE—VICZH%, PTLABIEEN ERE, Hm A UPAMRE - AMARE N .

FTF GeneticAlgorithm 2§, 554N T IH H calcFitness /772

public double calcFitness(Individual individual, Timetable timetable) {

// Create new timetable object to use -- cloned from an existing

timetable

Timetable threadTimetable = new Timetable(timetable);

threadTimetable.createClasses(individual);

// Calculate fitness
int clashes = threadTimetable.calcClashes();
double fitness = 1 / (double) (clashes + 1);

individual.setFitness(fitness);

return fitness;

}

calcFitness 712 70 % T 545 'E i) Timetable X1 %, i fH] T createClasses J5i%,
11T calcClashes 772 v S SR B HUR: o 18 IV 52 g SCOM i BRI 1 i B8
0 MK FHUER A 1.

4 GeneticAlgorithm Z8¥%5 I evalPopulation 77i%. fRATHJLE—F, %
FERREEIFRE, FER BN calcFitness.
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public void evalPopulation(Population population, Timetable timetable) {

double populationFitness = @;

// Loop over population evaluating individuals and summing
population
// fitness
for (Individual individual : population.getIndividuals()) {

populationFitness += this.calcFitness(individual, timetable);

population.setPopulationFitness(populationFitness);

}

BJa, BATATCAVPAL PP #8 R BAT2E TimetableGA ) main i —
4 TODO #i45. ¥~ TODO: Evaluate Population #7358 A :

// Evaluate population

ga.evalPopulation(population, timetable);

SR, MAZ#ET 4 4> TODO #7r. BFIAEAREET, BOAZIEZMF
BAENL, TEAMARRE M.
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WEFREFNT 5, AR TZIERE. M, ROTATHARLFE
I FER R E AL LB, X —IK, BRATHESEXPFE L&, REH
FHRZE, HERI AT, & ESEREE,

BT IE N B R TR E, BAVEIE, ERMBEENEER 1.
R ART L IER B ARAE, 7E GeneticAlgorithm ZE RN IXAN&AF, 1ERZE
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IR E. EPITEA T, BT R RER XA R

public boolean isTerminationConditionMet(Population population) {
return population.getFittest(@).getFitness() == 1.0;
}
IR, A S —/ isTerminationConditionMet /774 (W% CL 2 7E GeneticAlgorithm
K BT HIEAF:

public boolean isTerminationConditionMet(int generationsCount, int

maxGenerations) {

return (generationsCount > maxGenerations);

}

WAE, FATATLATE main FEH AL LR, SZRRIER. 79T
AT TimetableGA, & FHIXFEA#ER TODO: Add termination condition ¥4}
// Start evolution loop

while (ga.isTerminationConditionMet(generation, 1000) == false

&& ga.isTerminationConditionMet(population) == false) {

// Rest of the loop in here...

55— isTerminationConditionMet i F PR B4k 1000 48, 55 — /M2 fh ¥
HREBHENEN N 1 WM.

IERATHFPREAR RIS TODO. FEAFIALE RS, H —SF R G EER.
MIBRFEER 2 J& FIF4S TODO #43 (Print final fitness F1 Print final timetable),
AR ARG B e e A1 ]

// Print fitness
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timetable.createClasses(population.getFittest(®));

System.out.println();

System.out.println("Solution found in " + generation + " generations");
System.out.println("Final solution fitness: " + population.getFittest(®).

getFitness());

System.out.println("Clashes: " + timetable.calcClashes());

// Print classes
System.out.println();
Class classes[] = timetable.getClasses();
int classIndex = 1;
for (Class bestClass : classes) {
System.out.println("Class " + classIndex + ":");
System.out.println("Module: " +
timetable.getModule(bestClass.getModuleId()).getModuleName());
System.out.println("Group: " +
timetable.getGroup(bestClass.getGroupId()).getGroupId());
System.out.println("Room: " +
timetable.getRoom(bestClass.getRoomId()).getRoomNumber());
System.out.println("Professor: " +
timetable.getProfessor(bestClass.getProfessorId()).getProfessorName());
System.out.println("Time: " +
timetable.getTimeslot(bestClass.getTimeslotId()).getTimeslot());
System.out.println("----- b
classIndex++;

}

B, PREZ AR IEATX MR, BEEIES, FERE 4R, W
REAZR, "WRAZHREAR —ME, EIEEFAMHE 2 2. B3 5PN
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EHEREME.
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public Population mutatePopulation(Population population, Timetable
timetable) {

// Initialize new population

Population newPopulation = new Population(this.populationSize);

// Loop over current population by fitness

for (int populationIndex = @; populationIndex < population.size();

populationIndex++) {
Individual individual = population.

getFittest(populationIndex);

// Create random individual to swap genes with

Individual randomIndividual = new Individual(timetable);

// Loop over individual's genes
for (int geneIndex = ©; geneIndex < individual.
getChromosomeLength(); geneIndex++) {
// Skip mutation if this is an elite individual
if (populationIndex > this.elitismCount) {
// Does this gene need mutation?
if (this.mutationRate > Math.random()) {
// Swap for new gene
individual.setGene(geneIndex,

randomIndividual.getGene(genelndex));
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// Add individual to population

newPopulation.setIndividual (populationIndex, individual);

// Return mutated population

return newPopulation;

}

FERXF RS, BT JLERAR R, W REE AR AR e R
SCOUM B R . NMEHARREARAEF S ERBSEN, XMREE"E—
MEEFUB A REAE, FE P BENLEE T3

BUAE, FRATAT AR RIAT KA main J773% &5 —A TODO #4r. fEEE
Ao EiX—AT

// Apply mutation

population = ga.mutatePopulation(population, timetable);

BUER iZ—VIgigs, LS TBERE, Bl — MR R, Wk
YRE9 Java IDE B4R, BCEBUEC LA TE, W EIATE, WHRRAKILKE
] I i o

5.3.8 #H1fT

TAARAR K] TimetableGA K40 F B 7s:

package chapter5;
public class TimetableGA {

public static void main(String[] args) {
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// Get a Timetable object with all the available information.

Timetable timetable = initializeTimetable();

// Initialize GA

GeneticAlgorithm ga = new GeneticAlgorithm(100, ©.01, 0.9, 2, 5);

// Initialize population

Population population = ga.initPopulation(timetable);

// Evaluate population

ga.evalPopulation(population, timetable);

// Keep track of current generation

int generation = 1;

// Start evolution loop

while (ga.isTerminationConditionMet(generation, 1000) == false
&R ga.isTerminationConditionMet(population) == false) {

// Print fitness
System.out.println("G" + generation + " Best fitness: " +

population.getFittest(0).getFitness());

// Apply crossover

population = ga.crossoverPopulation(population);

// Apply mutation

population = ga.mutatePopulation(population, timetable);

// Evaluate population

ga.evalPopulation(population, timetable);
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// Increment the current generation

generation++;

// Print fitness
timetable.createClasses(population.getFittest(Q));
System.out.println();

System.out.println("Solution found in " + generation + "
generations");

System.out.println("Final solution fitness: " + population.
getFittest(@).getFitness());

System.out.println("Clashes: " + timetable.calcClashes());

// Print classes
System.out.println();
Class classes[] = timetable.getClasses();
int classIndex = 1;
for (Class bestClass : classes) {
System.out.println("Class " + classIndex + ":");
System.out.println("Module: " +
timetable.getModule(bestClass.getModuleId()).
getModuleName());
System.out.println("Group: " +
timetable.getGroup(bestClass.getGroupId()).
getGroupId());
System.out.println("Room: " +
timetable.getRoom(bestClass.getRoomId()).
getRoomNumber());

System.out.println("Professor: " +
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timetable.getProfessor(bestClass.getProfessorld()).
getProfessorName());

System.out.println("Time: " +

timetable.getTimeslot(bestClass.getTimeslotId()).

getTimeslot());
System.out.println("----- B H
classIndex++;
}

}
[ **
* Creates a Timetable with all the necessary course information.
* @return
L

private static Timetable initializeTimetable() {
// Create timetable

Timetable timetable = new Timetable();

// Set up rooms

timetable.addRoom(1, "A1", 15);
timetable.addRoom(2, "B1", 30);
timetable.addRoom(4, "D1", 20);
timetable.addRoom(5, "F1", 25);

// Set up timeslots

timetable.addTimeslot(1, “Mon 9:00 - 11:00");
timetable.addTimeslot(2, "Mon 11:00 - 13:00");
timetable.addTimeslot(3, "Mon 13:80 - 15:00");
timetable.addTimeslot (4, "Tue 9:00 - 11:00");
timetable.addTimeslot(5, "Tue 11:00 - 13:00");
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timetable.

timetable

timetable

timetable

timetable.
timetable.

timetable

timetable

// Set up

timetable

timetable.

timetable

// Set up

timetable.

new int[]

timetable.

timetable

timetable

// Set up

timetable.

timetable

timetable

addTimeslot(6, "Tue 13:00 - 15:00");

.addTimeslot(7, "Wed 9:00 - 11:00");
timetable.

addTimeslot(8, "Wed 11:00 - 13:00");

.addTimeslot(9, "Wed 13:00 - 15:00");
.addTimeslot (10, "Thu 9:00 - 11:00");

addTimeslot(11, “Thu 11:00 - 13:00");
addTimeslot(12, "Thu 13:00 - 15:00");

.addTimeslot(13, "Fri 9:00 - 11:00");

timetable.

addTimeslot(14, "Fri 11:00 - 13:00");

.addTimeslot(15, "Fri 13:00 - 15:00");

professors

.addProfessor(1, "Dr P Smith");

addProfessor(2, "Mrs E Mitchell");

.addProfessor(3, "Dr R Williams");
timetable.

addProfessor(4, "Mr A Thompson");

modules and define the professors that teach them
addModule(1, "cs1", "Computer Science",

{1, 2});

addModule(2, "enl", "English", new int[] {1, 3 });

.addModule(3, "mal", "Maths", new int[] { 1, 2 });
timetable.

addModule(4, “phl", "Physics", new int[] { 3, 4 });

.addModule(5, "hil", "History", new int[] { 4 });
timetable.

addModule(6, "dri", "Drama", new int[] { 1, 4 });

student groups and the modules they take.
addGroup(1, 10, new int[] { 1, 3, 4 });

.addGroup(2, 30, new int[] { 2, 3, 5, 6 });
.addGroup(3, 18, new int[] { 3, 4, 5 });
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timetable.addGroup(4, 25, new int[] { 1, 4 });
timetable.addGroup(5, 20, new int[] { 2, 3, 5 });
timetable.addGroup(6, 22, new int[] { 1, 4, 5 });
timetable.addGroup(7, 16, new int[] { 1, 3 });
timetable.addGroup(8, 18, new int[] { 2, 6 });
timetable.addGroup(9, 24, new int[] { 1, 6 });
timetable.addGroup(10, 25, new int[] { 3, 4 });

return timetable;

}

BOXPEIBITHRRARRE, NAZE KL 50 b —AMi, 3 BEFEER
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/**
* Get average fitness

*

* @return The average individual fitness
*/
public double getAvgFitness(){
if (this.populationFitness == -1) {
double totalFitness = @;
for (Individual individual : population) {

totalFitness += individual.getFitness();

this.populationFitness = totalFitness;
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return populationFitness / this.size();

}
BUAE, AT AR FHBRATH B &N A8 7 VA BT A R 8 S8 BSEHL

/**
* Apply mutation to population
*
* @param population
* @param timetable
* @return The mutated population
*/
public Population mutatePopulation(Population population, Timetable
timetable){
// Initialize new population

Population newPopulation = new Population(this.populationSize);

// Get best fitness

double bestFitness = population.getFittest(®).getFitness();

// Loop over current population by fitness
for (int populationIndex = @; populationIndex < population.size();
populationIndex++) {

Individual individual = population.getFittest(populationIndex);
// Create random individual to swap genes with

Individual randomIndividual = new Individual(timetable);

// Calculate adaptive mutation rate
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double adaptiveMutationRate = this.mutationRate;

if (individual.getFitness() > population.getAvgFitness()) {
double fitnessDeltal = bestFitness - individual.
getFitness();
double fitnessDelta2 = bestFitness - population.
getAvgFitness();
adaptiveMutationRate = (fitnessDeltal / fitnessDelta2) *

this.mutationRate;

// Loop over individual's genes
for (int genelndex = @; geneIndex < individual.
getChromosomeLength(); geneIndex++) {
// Skip mutation if this is an elite individual
if (populationIndex > this.elitismCount) {
// Does this gene need mutating?
if (adaptiveMutationRate > Math.random()) {
// Swap for new gene
individual . setGene(geneIndex, randomIndividual.

getGene(geneIndex));

// Add individual to population

newPopulation.setIndividual (populationIndex, individual);
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// Return mutated population

return newPopulation;

}

B T SEBl BRI A IE N AR ARRS 2 5, IXANHT ) mutatePopulation 77
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I (] PR A0 (B RWXE.

188



6.2 ZRBR

BT, ERERRE-MEREE BEREA “BER” (KA taboo)
Rz, By IREEI B R 2 T LA R ). EAIRER XK. XAEE
BYIRA Y T@AHEREHREURIEIN. CHMEERME.

W, ZWRRITE RAEE BRI R & Suk,
A RRER . Flin, WRBEFIEARR TR — XSSO R, AT
SEBUARLR K, 7T AR B TR HI S S

AR E 2B REEN— MR 86T, EESEEET S S TRINE
kE . WRERTATR, BRURXEER MRS, BIFEUBREM R ER
RERR, REHEEIENIZT, BB/ EEROERZHE.

ARG LR R R R v, MR B R RRNTNE, W&
E LRI, REMHERERET, BHREEEFENENE. BYIBREH
BREMTXE, FBUMEHEERE R R R, REHELRE
M X ZNG G AR, BREN XTI TERER M PENEER SR
X35

BT BB R XMER, BRI MEEER, TIFHRNE (R
#O, HEFZEIT, BRMEE (HAE). XM MmAFAHEREEE
HiREBKIEOBRR. BF—RPRESWHBAE, XBETERMRLZX

BRI, RATT EA GeneticAlgorithm 2 o1 6 2 5 AN Fi 45 & .
coolingRate N & B A —/ MR/ 4, WHEHE 0.001 BED>, REZEE
RER TR A BT R HACE,  DAREHIR K 2 3 .
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private double temperature = 1.0;

private double coolingRate;
BT RFTEUZE —ERE, HET coolingRate KA HIEE .

/**

* Cool temperature
*/
public void coolTemperature() {
this.temperature *= (1 - this.coolingRate);

}

WAE, BAMATLAEFZREL, FERERTHITERN, %8 temperature
T, EMEX—K, 7TRMESXATARS:

// Does this gene need mutation?

if (this.mutationRate > Math.random()) {
PMEH A S — BT temprature 288, W1 FFTR:

// Does this gene need mutation?

if ((this.mutationRate * this.getTempature()) > Math.random()) {

ESERIXAMES, BEHPATE main HiEH B EE BT, £8—
REERIFIZFT coolTemperature( )BR ¥ . [FIFE, Rl FEREREVINERE,
FAERERETREANZSLE.

6.2.2 %3]

A RSB K R R TT R, BN TR,
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6.3 MERECN#H

BT SO RN R R, A HA TR SR ATRELIR AR S
ERBEARTRZ — MRESEMAE. WREEREERETEETH
TR, RESAKEER R L0228, B ORI B K2 1TR ).

6.3.1 EBENEREOEIT

K] o 3 5 R B0 R B A A R U R BRI, AR T EN
RS, DUNRRAIRFOERERR, XEFE XK.

FER TE N BE R CHAT RO 2 /T, BIFREMRER A HFR T RE. e
HFEARDEN B RS, fREMERRE R REREK, EHFEFRR. ZEK
&, B R IIE N BR B X R BE ) At AL EE R R AE E R 4R
M. 240607, B —MRAEFER T RO EER, EXNHEEE
BREIE N R BCR B8 TR E R B g . R A EE A R RS RE R E
e — RN AL RS AMETREZEKRS, UAFEeZE5 %, BAK
ot T ] R (03 R B o 80 FT RE TCVA SR A AL B N BE AL

6.3.2 FFiTabiE

BUARTHEHLIE S BC& LA AL A AL B 5 T0EL “ AR . AR T hn v ) B
MRS, ZREAGHEGERN A HARZ O R LB 2. XEWRE AR O
RN R, NEEF X —FFE, e A ER TR M fE ] H A e 2
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b T —HNHER, XAREPRE —Mx EAE GUI HXHHE, JF
127 —M% LA BT oAb T .

BEPAE L ESEIERE S, SRS RGNS R — T ] BT A 2L
A IEWMIATETEIFTINRA), SN EREBESE R — R RENRS. X
e mch 2 A R B AR . B A 2%, B AT AR SR 2 A )
BN, WRSANFREEE LA NEERM, XA HT .

WFTE, Java 8 8RO4LT —SLAEEHHME, ERAEBIER ED SRR HATAL
HASRE . FIH IntStream, FATRT LASLHLE N B R E AT ALRE, TR HHE
DLIFTRBRAT (ERMNFEFOAZER), ERETHZEE, €
EREHH MR

S =, JRA] BEAR4N00E K114 GeneticAlgorithm [€] calcFitness 7%/
{7 Timetable X R Z AT EE . EHITRAHENZEENHERF T, FEE
EHRE—NERET KNS AXERES — MR R . EXA T+,
—/NERFEXT I R) X BT VE AR, 7T e AH [] B [ 43 FH A (R 52 () HoAh 2R 78
WHRBIMNOE R, BT T Timetable ik RATH ML A AN 5

A TAT LUE 252 GeneticAlgorithm f¥] evalPopulation /73, FI| i Java ff] IntStream,
k38 5 B HRRIE R R 2 AR A4

/**

* Evaluate population

*

* @param population

* @param timetable
*/

public void evalPopulation(Population population, Timetable timetable){
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IntStream.range(®, population.size()).parallel()

.forEach(i -> this.calcFitness(population.getIndividual(i),

timetable));
double populationFitness = 0;

// Loop over population evaluating individuals and suming

population fitness
for (Individual individual : population.getIndividuals()) {

populationFitness += individual.getFitness();

population.setPopulationFitness(populationFitness);

}

PAE, WRRSLFF, calcFitness M AETE 2% LiB1T .

T AR B A TR TR R BRI R A AT A E AT e
EIR BRI RESR Tt o A — MRIF 77 VRN AT A B 4 e GE R R 1B 4% 55
VERITERE, BNTEIE R BE B B H A N Thread.sleep() R A o« ORHIEI R EAH
25 I TH) SR AMAT 038 1 P52 R o

6.3.3 ENEEHT

IEUNRTTE BT R R » 38 N R B0 R B AR Sk T v SR B SRR 2« (RIS,
BEIE N BE R /it B RTREXS PERE IR AN . (R S —FI5iE, &
WAEBF IR RAT ARTVH L@ N B, A D T SE N B I TR FERZY S
MAXRGH, IRATLMER —MRTHAEAFRS (W Redis 5L memcached), SEHL
[RIFERT H
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FEPATHAR], BTSRRI NMERES, LT RKILKEE RS E R
). BEEB A HVEMISN, HIFIATEE R 2 1A R/ i Xl B 4R, IX
Fh R SR EE Uy I ) e A AR AR AL

BIREFVH—MER, EHENEERTEENTE, £E5. REit
HER%R TR . HEXRASBIE, REATEENEHERE, HEMRk
FAERFIRT . EEFBILIATTHE S AN, ErENEE BRI H
B, #%T ZERTE.

AT AR PR INEREERS, 5E7E GeneticAlgorithm 2 5 88 & M B
#FI%,

// Create fitness hashtable
private Map<Individual, Double> fitnessHash = Collections.
synchronizedMap(
new LinkedHashMap<Individual, Double>() {
@verride
protected boolean removeEldestEntry(Entry<Individual, Double>
eldest) {
// Store a maximum of 1000 fitness values

return this.size() > 1000;

|3

EAHI, BIIREZHRF 1000 MENEHE, BBz E.
XATDMREREE S, DMERIIRERNERTE. BRBEAREIIRT AAEH
BLENEE, EANESHES AT,
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BAAE, FTRABNA get F1 put J73%, R BEMRFENEME. & calcFitness
TEEFHWM T, UL — A5 R, BI1CABR T &5 —#5 1 IntStream
G, DAMERERS A N — AN ek SR .

/**

* Calculate individual's fitness value

*

* @param individual
* @param timetable
* @return fitness
*/
public double calcFitness(Individual individual, Timetable timetable){
Double storedFitness = this.fitnessHash.get(individual);
if (storedFitness != null) {

return storedFitness;

// Create new timetable object for thread

Timetable threadTimetable = new Timetable(timetable);
threadTimetable.createClasses(individual);

// Calculate fitness

int clashes = threadTimetable.calcClashes();

double fitness = 1 / (double) (clashes + 1);

individual.setFitness(fitness);

// Store fitness in hashtable

this.fitnessHash.put(individual, fitness);
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}

return fitness;

®mJa, BEAEAMEA Individual MR ENEIIERNE, IIHFEES
Individual 28] equals F1 hashCode J7¥%. X2 K A TRATFH EE TAME R Sk
K, MARNEEE, MEARETNREIN. XIREZE, FIARAM
[FIG EARPIAN IS AMA, A0 0 BE (B | 2 A s A AR TR o

/**

* Generates hash code based on individual's
* chromosome
*
* @return Hash value
%
@Override
public int hashCode() {

int hash = Arrays.hashCode(this.chromosome);

return hash;

/**

* Equates based on individual's chromosome
*
* @return Equality boolean
=y
@0verride
public boolean equals(Object obj) {
if (obj == null) {

return false;
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}
if (getClass() != obj.getClass()) {

return false;

Individual individual = (Individual) obj;

return Arrays.equals(this.chromosome, individual.chromosome);

6.3.4 ZR15

WAL VA REM S — AN TR IE RN mIL T K. BARERR L, T
I RS AT LA O F1 1 f) —REHI gk £ R, (HIX AR o] Be A R i 3R A dm it %

BB EEAE ST T, FEEEA &S T RFRImE T, F
B RAE T LL AL R A . B B8 M 1 MU SR B i i gmig =X, B AT T
B Hgnts 7 OB S AN R . B, R RF BT R s mg
0~10 Z[AJf] 10 NEF, W B4 10 NMERHIGIG, AR 67/ .
IXFEE A 5 N AR SRR SRR B, K b B RT TR ER, T R R A
TG, XBEWRE ALY, Fln 1111 /K 15, BHT
FAVE R TEE 0~10,

6.3.56 THEMXZXTFE

R R AR TIE T RN, IEF RN ITER S —AE
BT . B KRR SR ANAE X 7 ¥ R B R T e 0 G 4y 2 ) R A B
o U HIAR R BT X TR A% RE 6 7 A RUKIAR I AR B+ R TIU A) 77 =Xxe
MEBATR R A
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B, WMRBMNERE—DERE, ©EZ 0~10 ZEPMERME, —AATE
(28 7L R A R (Gaussian mutation), B AFEFERIN T —/NBEHIE,
T N ER AR F R IME . AT, 5 — MR R TERIUAER (boundary
mutation), ‘EIEFE TR LR EMBEIE, BHRER. XHFHERITIEHE
PR RIS, EARYE i AR M TR AN SEE A0 oA BLARRE B, —FRAETREIR T A
—Ff . AR 7 VT R R R AR TR R E, & AA 0 BX 10, 7EXFMEL
T, BRAEEROBENATERNE, XATESBEZENTRE. VIHEN 1%
WA 0, XRAX DML B, WIHE S BB HN 10, XFHRLE
KI8% . X P2 T A S BUE MR T86E 0 F 10, XIBH G HEEE R
T 7= HE £ TR o

6.4 NG

BAERET URARK T RB S, EIEE ERESuHE. ERFEFR, BA
FRTHEARMAKRE, ULMAERERERLIEN.

& N S — PR e, P DA PRiE R SR it R i . B
EMNREFELEHERENSEFHSH, BFREHRFRARINER. #E
E XS EASHREIIERRET HEE, M2 T, ZFHESHNSEEREE
AT LAIRT AP HI4E R

FEZEKH MUK R Z A K. XK EEREFES A —MRE
RIFEARG S, WEALRKEE. B 4a5 R KRR R, FiXE
FRAANERT, cOtsut. AEPFHRITORABAEE, B2ETHE

198



6.4 I\

R KTE. fEREEEDSEIN, BFGATERAY RERKNZL, RiE
BHR N FREE, LR TR R P AR X .

TSCIIVERR S, BB TTVE L — BRI IE N B R . TE KRR H0E
HREBEGRWIUTHERS, XMEERNBEAKMANT S &N EREE X R,
AR S BRI SE PR & N BE, X AR R . RGN B PR A RE TR S o =
BRI, ERWIBHRLE, KRS AR R TR ER XK.

TRAE B bR B —Fh B S I 775, BISCRIFT AL, Bt — IR LA
BN RE, AR KRR A FVE VA MR R R 1A

TPl R0 BT N RE R BT K R, 5 — AN SRR RGN B S o TR
EBFFIHBIIER, REFERLHEH RO AR ENEE. MRXELE
HEFETHREI, fePRERSRENEE, FAHERTE. XAl
X SRITAE KA A E B R AE

B Je, AT REA BT B SO R R GRS 55, BUE A AN 2E 5+ BT X
Fig, eI ASEHA R . B, A8 K gn S T iR A BEAR S R R A e
MAME, BRARRITEANRE AR ERZRN, X2PEEREN, NS
BU= R ERIR
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