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(b) Result of evolution until the 20th
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(a) Original size(Drawing concerning fit- (b) Twice size(Drawing concerning fitness)
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(¢) Four times size(Drawing concerning fit- (d) Eight times size(Drawing concerning
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6.1 U0OOO

O0o0ooooooooobbboboooodoooooooooooooooooooon
0000000 Genetic Algorithm: GAOOOODODOOOODODODOODOOOOOOOOO
0000000000000 ooooooooooobobooobooooDobo0oD GAOOOd
00dddooooooooooobbbbobobobooooDoooo0o0ooooooog
O[O0 03,0005000000000000000000000000O0O0O0OOOO
0ooooooooooooooooooooobobooooooooooonOdImmune
Algorithm: TAO [0 97,00 05,00 04|0 00000 IADOCODOOOODOOOOOOO
0000000000000 o000obO0o0ooooo0ooDooooooooooooooa
00000000000 bOO000bO00o0ooo0ooDbOooooooDooooooDOoOoon
O000D00OIAO GAODOOOODODODOOODOODOOODODODOODOOooDOooDoooooDon
00000000 DOO0o0obOoooobOooooboooobooooooooooooono
O0000O0ODOO0000000oDooDoOoOoOoOo00000o0oIADDDODOODOOOOOO
000000000000000000 IAO00O0O DDL (Dynamic Link Library) 00 0O
000000000000 DOO0000ooooOoOO0Javad0OOOOODOOO0OO0IADDOOO
000000000 DDLODDOIAOOODDOOOOOODDOOOOO

0000000000000 oooobOo0oobOooooboooooooDoooooo
O0000000000000000GAOOOOD GeneOO [ODO 05)00000OODO
000 Espace00 [0 03,00 06|00000000000000000 AntO0O [O00O 07]
000000000000 bOO00oOOoIADOodDOoOooDDOOo0oDbOOoooDoboOooooa
00 ADDOOOOOOO0OD0O0OO0OO0O00O00O0O0IADDODO Immune0 0O [O00O 06]00
Oo0ooooooooooboooodooooooboobobbbbOUdKnapsack Problem:
KpOOOODOOOODODOOOAO Traveling Salesman Problem: TSPO O OO OOOOOOO
O000000mmune 00000000000 0000O ImmuneD 000 JavaO OO TA
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O0O00O0O000O00DOoO0bOo00bO00JavabD0O0O0ODOOODOOODOOODOOIA
gboboboogoobood

GAOIADODODOOODODOOODOODOODODODOODOUODOODODOODOO
O0000000000000000000000Gened0000OEspaced O [0 03,00 06]
OOo0o0O0bOOoCOO00oooO0ooOo0obD0oobDOoO0oo0boUooOUoboobDOooboUODoIA
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OO0OIAOKPO TSPOOOOOODOOODOOODOOO0 ImmunedO0O0OO0OO0O
OOobooooooooboooooootdmmumed 00 KPO TSPOOOODOOODO
gbobobooogbboboooobobooogn

6.2 UOUUULOOUbLOOUbLOoUbooobuobognon

6.2.1 0O0OO0OOOOOOOOOOO
guoooooog

O0oboob0ooboobboobobbob1b0oboo0oobbtnbOod Knapsack Prob-
lem: KPOOOOOOOOODOOOOOOODODOOOOooOOoobooboooooooboboo
gobogobbuogbboobooobbuooobboobooobbooobboaob
OOob0obO0obobooooooobobobobo KepOoOOO

gbbboodaobood

000000 -000040i=1,2---,n00000 wt(wt; > 00000 vl;(vl; > 0)0
00000000000000 cw(ew>0)00000KPOOOOOO0OO0O00000O

max Z’Ulil‘i, (61)
’ i=1

subject to Zwtixi < cw, (6.2)
i=1

r; €{0,1} (i =1,2,--- ,n). (6.3)

gbobubbbd g, 00000bog.0bogobuobobbodb »=1000000
U0y, =0000000000

IAODKPOOODOOODODOnOOODOOOOOODOMOIO0O0DOOODDOOO
Ooooboboooooooboobo cog

C= (129 -+ Ty), (6.4)

gooo
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6.2.2 JUOO0OOOOOOOOOOOOO
guooooooobn

0000000000000 OTraveling Salesman Problem: TSPOODOODOOOOOO
0000000000000 000000000000000000000000000
Ooboooboobooobobo0oboooobooobooboobooooDoooOoDoOo TSP
OO000bOO0bO0o00O00O0oDO0obO0bobOoooOOooDOooDOoDbOoDo
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C=(ccy - )0 000000000000 DODODOOOODOOOO

mcin z_; des e (6.5)

0000000000000 0:0000000000000000000R-000100
0000000000006, 000000 ¢0=¢,,00000

GAOODOO TSPOOOOOOODOOOOOOR000O0000000000000 n0O
000000000000000000000000 CcO00

C=(c1c3 -+ cp), (6.6)

O000oooooooooOoOoOoOoOO000000 nO0000O000000000 path rep-
resentation0 0 0 000000000000 OOOOOOOOODODOOOOOOOOOO0O
Jo0fddddooooooooooodddd nh00ooooooooooooooon
00000000 oooooooooooooooon
O00000000ordinal representationd D0 000000000000 O0O0O0O0O0OOO
Oorder crossover 0 0 0 00000000 DO0O0O0OOODOOOOOODOOOOO

6.2.3 KPUOTSPUOUODOOUOOOOOOODDOOOODO

02800000 IA00DOOOOO0000OO00O0O0ODOOOOOOODOOOOOODO
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gbbodbbuoogbbodobbuoobooobboooboobooobboabn

l0000000000000000000000000000000000000000
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O asymmetric TSPO OO OO0OO
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gbobobogboboobobgobobobobooboboobooboboboboon
gboogobuogbdbtuedlbuogbbuodobobuoobbuobobboobbogn
gbobdbbuogobboobobboogbbooobbuooobbooboboobboon
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Step 4000000 O
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Step 50000 O
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00000 P)00000000000000O0O00O00O0O0O00O0OO0O00O0 Step1
O00D00000O0OStep20Step400000000O0OO0O

Step 60000 O
P(H)00 ¢,000000000000000000000024000000000
0E00000E00000000000000000 p,0p, 000000

Step 70000 O
dooodouoooo pnp, 000000 ooo 200000b0ooood
oo ooooooooooouououoa
000 Pt+1)0000000000Step200000000

Step 80 00000 O
obobobooboobooboobobboboobo

6.3 UU0UO0OImmunell 00000000 0OOO0OOOO0O
[

Immune 00 0O0O0JavaOOD immune OO OUOO0OD0 immme 00000 OOOOO
00000000 imumeO00000IADOCOOOOODOOOOOOODOOOOOOOOO
0000000 mmme 00 0000000000000 0O0O0O0 Immuned 00000
O000JavaO0OODODOOOOOODODOOOOOOJavaOOOODODOOODOO Java OO
O000000000mmune0 0000000000000 00O0O0OCOOOOOOOO
0000000000 OpenMP O HPF (High Performance Fortran) 0000000000
O0O0000OD0IADO0ODOO0O0DOO0O0DO0OD0O0ODOOoDOOoOoDOOoOooDOOooDOo
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O0 imune 0000000000000 IAODOOOOOODOOODOODOO JavalO
gboboboooobboood

OO0Dmmune0 00000000 IADOOCOODOODOOODOODODOOODOODODOO
gbooboboboobobboboobobobidbimmune 00000000000
obobobood0bDmmune0 0000000000 O0ODOO0ODOOOO0ODOODOODOO
OTSPO0O0O0O0O0O0ODO0ODOODOOO KPOOOODOODO

IADDOOOD0O0ODO0ODOOOD

IA000O0ODOO0ODOO00OO0DOOO0OOO0DOO0O000oCOO0bOOo0oDOOoDOoOoboODoOO
oboooooooobDod mmume00O0oooooooO

obobodoboobooboboobooboblobooboobobboboon
oboboooobobobooboboboboobooboboobobooobooboon
obobooobogoobi1obobooi1booboobobobboboobobDoobnooo
obobooboobooboon

0000000 nGenesU I U U nAntibodiesU U U OO DOUOOMN nSteps U0 O
googobooobobbdd fNameJOOODOOO0O0O0OO0O startdgooggnoog
obooboobobd

//000 1

start (nGenes, nAntibodies, nSteps, fName);
//000 2

start (nGenes, nAntibodies, nSteps);
//000 3

start (nGenes, nAntibodies, fName);
//000 4

start (nGenes, nAntibodies);

gboobooggn

OOobO0o0obO0o0o0O0b0o0ooO0obOooo0ooboobobOoboooDOooboooDobooboo
OobooboboobooooboobobobobooooKpOODobOobOobOoOoOoOoOoOoD
OOooobooooTspO00O0OO0DObDOOOUOODzO0DyO0ODO0ODODOOOO

Oo00ob0obo0o0obO0obOOobO0obooboooooDOobOobooboobOOooDOoDoOoo

KPOODOOOD int00000 luggageD TSPOOODOODO double DO OO0 cityd
OOoooboobobooog

/000000000000
int luggage[][] = {{50, 10}, ... , {100, 703}};
//00000000000000
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double city[]1[] = {{37, 52}, ... , {30, 40}};

gbobobooodaon

goboboobbouogogoobbobobbboodooogoobobbboooooon
Oooooooobooooooboobooooboobooobooobobobob0ob00ObOKP
ooboooboooooooooTSPOO0OO0OO0ODOOO0OODOODOODOODOODOOD
gooo

obobobgobooboobgoboobi1oboboobobobobooboogoboon
gbobogobboodgbbouobbboooboobbodobbuooobboobbooobn
OO000000Gene0OO00ODOODODDODDODODODODODODODOOOODOODOODOO
obooobbgooboobb TOoOoOObOoOoobobooobobooobboobDboo
gbobogobobogbboodgbbuogooboobbobbuooobboobobooobon
gbobuogobbuogobboooboodobbooobbooobboobbo1nooa
Oo0ooOo0obOz20000000000000DOO00O0O0O0O0O00ODOODIAOODOO
boolean OO ODOOOOODODOIAOODD int0O0O000OODOCOOODO

U000 cNameJ O OO OO nCellUNUDUDUODOOODOO setAffinity U Udouble
gbbboodgobbboodgbbbooaoobbd

/000000000000

public double setAffinity(boolean[][] cName, int nCell) {
double affinity = 0.0d;
int weight = 0;

int value = O;
int limit = 550;
for(int g = 0; g < nGenes; g++) {

if (cName[nCell] [g]) {
weight += luggage([g] [0];
value += luggagelg] [1];

+
affinity = value;
if (weight > limit) affinity = affinity / weight;
return affinity;

}

//0000000000000O0

public double setAffinity(int[][] cName, int nCell) {
double affinity = 0.0d;
double len = 0;
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for(int g = 0; g < nGenes; g++) {
double dx;
double dy;
int gNext = g + 1;
if (gNext == nGenes) gNext = 0;

dx = city[cName[nCell] [g]] [O]
- city[cName[nCell] [gNext]] [0];
dy = city[cName[nCell] [g]][1]

- city[cName[nCell] [gNext]] [1];
len += Math.sqrt(Math.pow(dx, 2) + Math.pow(dy, 2));
}
affinity = 1.0d / len;

return affinity;

gobobouoooon

gbbodgbbuooobooobbuoobooobboobbooboobbooobo
ooooogoooooooooobobobobobobobobobobooboOooKP
OOoO0oOO00oO0oooOOobooOoooTSspPO0O00O0ODOO0OO0ODOOO0ODOODOODOODOOO
gbooooao

gbboogobbogob2000bbobdaoil1obobuoogbboooobboonn
gbobodg20bboggobobogoboogbobooobbooobbo20b0b000
OO00000b0o0bobo0oobbobGenegoooooooboooboooooobboOoOoD
goboobdoobuoobooboobooboobL TOoLboobLOoOobbOobDbooboo
gbobogobbooboboodbbooobbuooobbuooboobooooboboon
gbbdbbuooobboobbooobbuooobbuooobboobboboobbob
gbb1l1uggbboogob200bbbooobbooobbbuoooboboonoon
OIAODOOOvoolean DO OODOODOOODOOIAODDODODOD intO0O0O0OODOODOODO

100000000 cName1lD OO DO nCelliU U 100000 DOO0O cName2D U 0 0
nCell2 0O OOUODDODODON setSimilarity O Udouble DO ODODOOOOON
gooboooooobodan

/000000000000
public double setSimilarity(boolean[][] cNamel, int nCelll,
boolean[] [] cName2, int nCell2) {
double similarity = 0.0d;
int commonLug = O;

for(int g = 0; g < nGenes; g++) {
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if (cNamel[nCelll] [g] == cName2[nCell2] [g]) commonLug++;
}
similarity = (double) commonLug / nGenes;
return similarity;
}
//00000000000000
public double setSimilarity(int[][] cNamel, int nCelll,
int[][] cName2, int nCell2) {
double similarity = 0.0d;
int commonPath = O;
int commonPath_Rev = 0;
for(int g = 0; g < nGenes; g++) {
int gNextl = g + 1;
if((g + 1) == nGenes)gNextl = 0;
int gSame = 0;
while(cNamel[nCelll] [g] != cName2[nCell2] [gSame])gSame++;
int gNext2 = gSame + 1;
if (gNext2 == nGenes) gNext2 = 0;
int gNext2_Rev = gSame - 1;
if (gNext2_Rev < 0) gNext2_Rev = nGenes - 1;
if (cNamel[nCelll] [gNext1] cName2[nCell2] [gNext2])

commonPath++;
cName2 [nCell2] [gNext2_Rev])

commonPath_Rev++;

if (cNamel[nCelll] [gNext1]

}
if (commonPath < commonPath_Rev)commonPath = commonPath_Rev;
similarity = (double) commonPath / nGenes;

return similarity;

imune U0 O00DOOOOOOO

imune D0 O0O00IAOODODOOOOO0ODOCOOIAOODOD booleanOODOOOIADDO
U0 int000000000000000O0O00O0bO0ObLO0Ob00bLOnLOImmuned
OO0D0O0000D0O0O0Db000O0DIADODODODODODOO0ODOODbOObOJavadOOO
gbobobouoogon

OlIAd00DO00oO0O0ooobOobooooOob I A0booboooobobooooooo
OO0 start 00000 OC0OO0OO0O0ODOOODOIAODODOODOODOOOOOOOOO
000 setAffinity0 0000000000 OCOOOCOIACOODOOODOOOODOO
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U00000 setSimilarityl DO 000000000 OO0O00OO00O00O0O00O00O0OO0
OO00O00o0D0b0ob0o0o0oo0OnD KPOOUO luggagel TSPOOD cityOD OO OO
gooooogd

/000000000000

immune start(boolean, setAffinity, setSimilarity, luggage);

//0000000000000000

immune start(int, setAffinity, setSimilarity, city);

6.3.2 Immune 0000000 Immuned 0000 0OO0OOOOOOO
00
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0000000 JavaO0OODOO0ODOOOOOCOOODOO0O ImmunedO0O0O0O0O0O0 ““mmunec”
O0000000 Immuned 0000000000000 00Immuned 0000000000
D000 Java0OOODDOOODOOODODOOODOOOO0DO000ImmuneddOOO0OOd
Ommune0 00000000000 O00O0O00O0DOOO0OJavad0O00O00OO0OODOOOJDKLA4
O000O0000oooooooooon

0610 mmume000000000000O0O06.3.1 00000 Immuned 00000
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O00000000D0DOO00IIAD00D0DOO0O0DOO0O00DDO0O0OO0 Java00oonooOO
0000000000000 0000000000000bO000D0bO000ooOOoOoGeUI
O Graphical User Interface0 0 0 00000000000 DOO0OO00ODODOOOOOOOOOOO
O0000 JavaODOO0O0O0O0O0OJavalDODODODOD0O0O0O0O0O0O0OO JavaDOOOOOO
O0000JavaOOODODOOO JavaOOOODODODOOOOODODOOOODOO
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DO0000mmumed 000000000000 0000000000 ImmuneOD 00O
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sample.immune sample.java

Immune — Java

>java immunec < sample.immune > sample.java
(a) Immune file to Java file by Immune compiler “immunec”.

sample.java sample.class, etc

ui Java |
3 compile .

>javac sample.java

(b) Java file to class files by Java compiler “javac”.

Java

sample.class, etc Execution

— - Java
—_— VM
= class

>java sample

(¢) Executing class files on Java VM.
U 6.1 mmumed00000O0O0OOO

OO00000DO0bO0bO0o00o0ob00oooDoDoD mmune0 00000 IADODODO
gboobobooooboo

OOD0O0OO0OKPO TSPOOUOODOImmune 000000000 0ODOOOOOOODO 6.20
O6300000000000 Immuned 000000 0O0OO00O0OO0O0O0OO B1OOOO
B200000000O0O
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Parameters Values used
Number of all antibodies N, 800
Maximum number of memory cells N,, 10
Maximum number of generations g,nqz 10,000
CX ratio rox 0.5
NéSP)
Number of antibodies for CX ncx X rox
HX ratio rgx 0.5
. NS
Number of antibodies for HX ngyx X THX
Mutation rate rps 1%
Threshold T 0.7
Threshold T, Tro, Ts, Th, 0.8
Number of subupopulations IV, 1,2,3,4,5,6,7,8
Number of subupopulation’s 800
antibodies NS W
Migration interval I, 20, 50, 100, 200, 400, 1,000, 2,000, 5,000, 10,000
Migration rate R,, 0.5
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0 A20000:p,00000000

Migration interval ipzgq
Items evaluated 20 50 100 200 400 1,000 2,000 5,000 10,000

Discovery rate of the
optimal solution [%] 72 82 98 96 100 98 100 98 96

Average makespan 933.2 931.7  930.2 930.2 930.0 930.1 930.0 930.1 930.2
Average number of

770.2 9109 1133.0 1133.0 1682.2 1559.8 1611.6 1915.1 2227.6

generations for search

0 A3000000 N, 00000000

Number of subpopulations N,
Ttems evaluated 12 B 3 1 5 6 7 3

Discovery rate of the
optimal solution [%] 90 80 80 98 98 96 86 54

Average makespan 931.0 i 932.1 9319 930.2 930.2 930.2 930.9 933.1
Average number of

generations for search 2207.0 ; 669.8 724.1 1133.0 1623.2 2628.3 3698.7 4172.3

A32 0J00O0OOOO0ODLDDOOOODOOOOD

0000000000 N,,=400000000 1, = {20, 50, 100, 200, 400, 1,000, 2,000,
5,000, 10,000} 00 000000000000 O000 A2000017, >100000000
000000 100% 00000000000000000000000000000000
O0IA0DDO0DODOC0ODOOO000ODO0DO0000000000001, =10,00000 96%
00000000000 000000000000000000000000000000
00000 IADDODOODODO00O000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000004,000000000000
000000000000000000000000000 96% 000 4y, = {100, 200,
400, 1,000, 2,000, 5,000, 10,000} 000000000000 O00000O0000O00000
ing=10,000000 DIADDDODOODOOO0D0000000O 4y, =10000000000
00000000000000000020000000000000000000000
001,=10,000000000000DIAD0D0CODONDIADDODOOOOOOO
000000000 A2000DIADC0ODOOCOODOOOODOODOODOODOnO
00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
ooooo

“2Simple IADDDO.
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A33 0D00D0DOOO0ODDDODOOOODDOOOOO

000000000000001,=1000000000000 N, =1{1,2,3,4,5,6,7,
8} 00000000000000000A300000000000000000N,,=10
DJAD0OO0OO[00 070000000 N,080000000000000 rex00O
0000 rpy 0 (rex,rux) = (05,05 000000 1A0 9% 000000000000
0000000000000 000000000000DIADOOOOODOD 40500
098% 000000006000 9%0000000IA000O0DO0O0D0O0ODOONOO
0000000000000000000 N, 00000000000000000000
000000000000000000000 NYO000000000000000000
00000000000000000000000000000000000000000
DIAON,, >20000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
00000000 00O0000

00000000000 N,03,0000000000000000100% 0000000
000000000 000000000000000000426.6000000000000
00000000000000N,0800000000000000400000000
000 NP020000000000000000000000000000000000
N,03,00000000000000000000000000 N?02000000000
0000 N,O 150000
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B.1 KPUUOUU ImmuneUOOUOODOOOOUO

OO000OKPOOODODOODODOO Immune0 00000000000

public class IA_bin {
static int nGenes = 20;
static int nAntibodies = 50;
static public void main(String ar[])throws Exception{
IA_bin ia_bin = new IA_bin();
//IA0000000000000
ia_bin.start(nGenes, nAntibodies);
}
/000000000
int luggage[][] = {{50, 10}, {30, 40}, ... , {120, 100}, {100, 70}};
/0000000000
public double setAffinity(boolean[][] cName, int nCell) {
double affinity = 0.0d;
int weight = 0;
int value = 0;
int limit = 550;
for(int g = 0; g < nGenes; g++) {
if (cName [nCell] [g]) {
weight += luggage[g] [0];
value += luggagelg] [1];
¥
}
affinity = value;
if (weight > limit) affinity = affinity / weight;
return affinity;
¥
/000000000000
public double setSimilarity(boolean[][] cNamel, int nCelll,
boolean[] [] cName2, int nCell2) {

90
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double similarity = 0.0d;
int commonLug = O;
for(int g = 0; g < nGenes; g++) {
if (cNamel[nCelll] [g] == cName2[nCell2] [g]) commonLug++;
}
similarity = (double) commonLug / nGenes;
return similarity;
}
//immune 00 000000000O
immune start(boolean, setAffinity, setSimilarity, luggage);

}

B.2 TSPUUUUO ImmuneOOOOOOOOO

OoOooTSpOO0OOO00OO0O00 ImmunedOO0OO0D0OOOODOODO

public class IA_int {
static int nGenes = 51;
static int nAntibodies = 100;
static public void main(String ar[])throws Exception{
IA_int ia_int = new IA_int();
//IA0000000000000
ia_int.start (nGenes, nAntibodies);
}
/000000000
double city[][] = {{37, 52}, {49, 49}, ... , {56, 37}, {30, 40}};
//0000000000
public double setAffinity(int[][] cName, int nCell) {
double affinity = 0.0d;
double len = 0;
for(int g = 0; g < nGenes; g++) {
double dx;
double dy;
int gNext = g + 1;
if (gNext == nGenes) gNext = 0;
dx = cityl[cName[nCell] [g]] [0] - city[cName[nCell] [gNext]] [0];
dy = cityl[cName[nCell] [g]][1] - city[cName[nCell] [gNext]][1];
len += Math.sqrt(Math.pow(dx, 2) + Math.pow(dy, 2));
}
affinity = 1.0d / len;
return affinity;
}
/000000000000
public double setSimilarity(int[][] cNamel, int nCelll,
int[] [] cName2, int nCell2) {
double similarity = 0.0d;
int commonPath = 0;
int commonPath_Rev = 0;
for(int g = 0; g < nGenes; g++) {
int gNextl = g + 1;
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if((g + 1) == nGenes) gNextl = 0;
int gSame = 0;
while(cNamel[nCelll] [g] != cName2[nCell2] [gSame]) gSame++;
int gNext2 = gSame + 1;
if (gNext2 == nGenes) gNext2 = 0;
int gNext2_Rev = gSame - 1;
if (gNext2_Rev < 0) gNext2_Rev = nGenes - 1;
if (cNamel[nCelll] [gNext1] == cName2[nCell2] [gNext2]) commonPath++;
if (cNamel[nCelll] [gNextl] == cName2[nCell2] [gNext2_Rev]) commonPath_Rev++;
}
if (commonPath < commonPath_Rev) commonPath = commonPath_Rev;
similarity = (double) commonPath / nGenes;
return similarity;
}
//immune 00000000 OO00ODO
immune start(int, setAffinity, setSimilarity, city);

}



