
<CK? E;>JD�32
THE INSTITUTE OF ELECTRONICS,

INFORMATION AND COMMUNICATION ENGINEERS

�35J
TECHNICAL REPORT OF IEICE.

:��LB$����1%��	
�������O�A�9���

%��	
���0

�� ��† �� M�† @H ��†

† F !"#"I & 770–8506 F 8F '()* + 2-1

E-mail: †{t-inoue, uwate, nishio}@ee.tokushima-u.ac.jp

,-./ 467=GNPQRSTUVWXYZS[\]6^_`abcdRSTUVW (EAII)^edXfghij
klXfgmnopiPQRSTUVWGqrs^tehiuv=w^xyhiRSTUVW=zij{|NYZS
[\]6vGq}~qrX��hiuv=qr���{�~�]hiuvX��o����w^xyhiuv~=�
i�6=zij467=GN_`abc��]��� 1�=zi 2����o�� (QAP)X�poNfg�����
^���� ¡¢�£¤ ¢¥�^¦pNEAII~�§¨©ª§^«iuv^¬®dj
¯°±°² PQRSTUVWNYZS[\]6N2����o��

Combination of Immune Algorithm and Virus Theory of Evolution for

Optimization Problems

Takuya INOUE†, Yoko UWATE†, and Yoshifumi NISHIO†

† Department of Electrical and Electronic Engineering, Tokushima University

2-1 Minami-Josanjima, Tokushimashi, Tokushima, 770-8506, Japan

E-mail: †{t-inoue, uwate, nishio}@ee.tokushima-u.ac.jp

Abstract This paper presents the solving method of Quadratic Assignment Problems (QAPs). This method uses

both Artificial Immune System (AIS) and Virus Theory of Evolution (VTE), and we call it Evolutionary Algorithm

with Immune and Infection (EAII). EAII has characteristics of both AIS and VTE. We consider that EAII is effec-

tive method for QAPs. Thus, we apply EAII to the QAPs and confirm that EAII obtains more effective result than

IA. Furthermore, we analyze the reason for obtaining better solution in EAII.
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1. ³ ´ µ ¶

·¸¹º»¼½¾¿ÀÁÂÃÄ¿ÅÆÇÈÁÂÉÀÊËÀ·
ÌÍÈ½·ÎÏÐÑÒÓº»ÄÔÓÕÖ×ØÙÀ·¸¹º»Ú
ÛÖÜ½·¸ÝÐÑÒÓÞ¼ßàáÄÔÓ¼âãÇÜÖÓÕä
åæçÊËÀ·¸¹º» [1]çèéêëìíîïº» [2]çðñ
òóñôº» [3]ç2 õö÷øÜº» (Quadratic Assignment

Problem: QAP) [4],[5] ùßúûãÇÓÕ
üýþÿ%í�� (Artificial Immune System: AIS) [6] ¼
½@Jß;Øþÿ%í��Ð4Ú$È�ï��ë�%í��Ä
ÔÓÕAIS½·¸¹º»ç��ëïGâç��ñ	ý3
�À
½�Ò¼ÓM!
�L [7]-[9]Ä1�ß2�ÄÔÓÕAISÐ�
ì����¹$Èþÿ�ì���� (Immune Algorithm: IA)

½9B7Ð�?ÓÞ¼ÄÝÐC:Ó�ì����ÄÔ÷ç
·¸¹º»ÐÝ×<K¼$ÜI�×85ÆÇÜÖÓ [10]-[12]Õ

$Ù$çIAÄ½ÝÐÑÒÓ���ÝÀ�EÚº»�ßÔÓÈ
Òç?È
<KÐD0Ó��ßÔÓ¼�!½�åÈÕ
 ÞÄç�!½"#ìí&¹O (Virus Theory of Evolution:

VTE)[13]-[15] ÚØÖÜ'($ÈÕ"#ìí&¹Oß;Ø¾)
½·¸¹º»ÚÛ*ÓÝÀF=��ÐÎÆ×$çÝÀ�EÐ
N×Ó2�+ßÔÓÕ Ç,ç�!½ AIS¼ VTEÀ-#.
�ñ/<KÄÔÓ Evolutionary Algorithm with Immune and

Infection (EAII)Ð?ÈÚD0ÓÕEAIIÀ+�ÐQAPÚÛ
*Ó�ï��ë�%6�>ë%AïÐHÖçPQ<K¼À+�
RSÐHTÈÕ

2. 2UVWXYZ[

2 õö÷øÜº» (Quadratic Assignment Problem:

QAP)[4],[5] ¼½(\ÊËß 2 õ]¼
Óö÷øÜº»ÄÔ
ÓÕQAPÀ¿Å½ n^�_Ð;Ø 2ØÀH` (H` F ¼H`
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D) ßMåãÇÈ¼$ç] (1) ÚÛ*Ó E(P )À·ÎÏÐÑÒ
Óº»ÄÔÓÕ

E(P ) =
n
∑

i=1

n
∑

j=1

fijdp(i)p(j) (1)

fij ½H` F À iÙã j ÍÄÀ�_çdp(i)p(j) ½H` D À iÙ
ã j ÍÄÀ�_Ð<Õ
QAP½M!
º»Ú1�Ä$ÓÕ0ä¼$Üçn ^À;@
Ð�À��ÚGCÓÀÙÐ7ÒÓ>ÂÚÛÖÜçF Ð Ç�
ÇÀ;@�ÀJN�çD Ð Ç�Ç¼;@�À5�¼$ÜçG
C�í	ÄÔÓ E(P )À·ÎÏÐÑÒÓº»¼$Ü QAPÐä
åÓÞ¼ßÄ$ÓÕÞÞÄç? (1)À��
 4ØÀ;@Ð 4Ø
À�6ÚGCÓ¼$ÀGC�í	Ð�åÓÕ Ç�ÇÀ;@
�ÀJN�¼5�ß? (2)¼? (3)À¼$çF ¼D½ Ç�Ç
] (2),(3)¼
ÓÕP (f2, f1, f4, f3)Ð (d1, d2, d3, d4)¼
GCÓ¼$ÀGC�í	 E(P )½] (4)Ú<��Ú��Ä
$ÓÕ

� 1 4 	
���LB�.
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� 2 ��4
J��. � 3 ��4
��.
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4
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4
∑
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? (1)À��
�
Ö�_Ë nÀ>ÂÄ½çA�Â��Ëß
�
ÖÀÄ��Ú·¸ÝÐÑÒÓÞ¼ß2�ÄÔÓÕ$Ù$ç
�_Ë n ß�2ÓÚ=ÖçA�Â��Ëß�H\Ú�2
ÓÕ Ç,ç·¸ÝÐÑÒÓÞ¼ßá$×
ÓÕ�_Ë nÀÏ
ßÌ$Ö>ÂÚÛÖÜç�ÜÀA�Â��ÐÑÒÜ·¸ÝÐÑ
ÒÓÞ¼½8�\ÚI2�ÄÔÓÀÄçK85Ä½7â��ì
����À0�ÄÔÓ Evolutionary Algorithm with Immune

and Infection (EAII)Ð�ÖÜ QAPÀÝÀF=ÐHTÈÕ

3. %� !"#O

&'(3ÚÛÖÜç@JÀ&¹½)*Ú+$Ü¸1Eß9Ö
,�-×@$.÷ç¸1EßDÖ,�õ(/Ú.÷Ú××
ÓÕ
 $Üç¸1Eß9Ö1E:,�FGÓPQÚRÍÇÓÀÄç
õ(/Ú½�÷¸1Eß9Ö1E:ßS@ÆÇÓTUß9×

ÓÕ ÀÈÒç(/F/ÐV÷WÞ¼Ä1E:½�÷)*Ú
¸1$ÜÖ$ç@J½&¹ÓÕ$Ù$
ßãç&¹Ú½Ë-
×À(/F/ß��¼
ÓÀÄç-×À��ß��¼
ÓÕ
0Xç"#ìí&¹O [13]¼½"#ìíßYZÓÞ¼Ä&
¹Ó[OÄÔÓÕ"#ìíßYZÓÞ¼Ä1E\]ßÌ$
×^¹ÓÞ¼¼
ÓÀÄçË�
Ö(/F/ÄÌI
1E:
À^¹ß2�ÄÔÓÕ=TÜçYZÆ�Ó"#ìíß)*Ú+
$Ü¸1EÀ9Ö\]Ð;TÜÖÓÀ
ãæç_`À&¹�÷
abcÚd×¸1EÀ9Ö1E:e¼&¹Ä$ÓÞ¼ßfgÄ
$ÓÕ

4. Evolutionary Algorithm with Immune

and Infection (EAII)

D0<KÄÔÓ EAIIÀNÇÐ StepÄhiÓÕStep2Ùã
Step5ÍÄ½@¿$È9BÀ�?éË tmax �j*V÷W$Üç
ÝÀC:ÐH�ÕÍÈç? 4Ú EAIIÀk�ëlmë	Ð<Õ

Step1 nopq

rf@¿¼$Üsït�Úuv$ÈwxÐ U ^�yÓÕÞ
Çã Ç�ÇÀwxÐ9B¼¿ÅÓÕ

Step2 z{|}~�

9B7 Ç�ÇÀRSÏ½] (5)Ä¿ÅÓÕ

φv =
1

E(v)
(5)

E(v)½ Ç�ÇÀ9B v Ú+Ó�í	ÄÔ÷çφv ½�í
	ßDÖ,�9ÖÏ¼
ÓÕ
9BÀ��E
9BÀ��E½9B�ÚÛ*Ó��+Ðy�ÓÕ] (6)½
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� 4 EAII 
%�!��!�.

9B vçw ÚÛ*Ó9BÀ��EÐI$ÜÖÓÕ

Ψvw =
1

1 +Hvw

(6)

Hvw ½9B vçwÚÛ*Ó9Bß;Ø\]À��+ÐIÏ
ÄÔÓÕa$açHvw = 0ÄÔÇæ9B vçw½�×F�\]
Ð;$çHvw ÀÏßÌ$×
Ó¼9B vçw½�÷0
TÈ\
]Ð;ØÕ Ç,çΨvw ÀÏßÌ$Ö,�9B vçwÀ;Ø\
]½��$ÜÖÓ¼ÖåÓÕ
9BÀGE
9BÀGE½] (7)ç(8)Ä¿ÅÓÕ(U ½9BÀ^ËÐy
�ÓÕ)

Θv =
1

U

U
∑

w=1

πvw (7)

πvw =

{

1 (Ψvw >= T1)

0 (Ψvw < T1)
(8)

Ψvw ½ Ç�ÇÀ9B�À��EΨvw ß$$ÖÏ T1 Ð1å
È¼$ÚÀ�H�ÓÕ Ç,ç9BÀGE Θv ½&��3À
9B¼À��+Ðy�ÓÕ=TÜçΘv ÀÏßÌ$×
Ó¼
BÀ9B¼��$ÜÓÞ¼ÐIÕK85Ä½$$ÖÏ T1 Ð
@¿ÓÞ¼ÄçÎÆ
��+½��$ÜÖ
Ö¼�
$ÜÖ
ÓÕ9BÀGEßÎÆ
��+Ð;ØÞ¼ÄÏÚH�$
Ö�
�Ú@¿$ÜÖÓÕ

Step3 J2

Step3À�¹Ä½ Step2ÄRS$È9BÐ5�:K¼T:K

Ú�¹Æ�Ó�6ÐH�Õ
5 � : K

Step2ÄÑÒÈ9BÀGE Θv ÀÏß$$ÖÏ T2 Ð1åÈ
¼$Ú5�:K8� µe¼�¹ÓÕa$aç@¿$È5�:
KËÀÃ	ÚC$ÜÖ
Ö>Âç5�:K8� µ ½5�:K
me¼�¹ÓÕ$Ù$ç@¿$È5�:KËÀÃ	ÚC$Ü
ÖÓ>Âç5�:K8� µ¼5�:Km¼À9BÀGEΨµm

Ð��ÓÕ·a9BÀGEΨµm ßÌ$ÖÏÀRSÏ φmmax

¼5�:K8� µÀRSÏ µ Ð
�Üç5�:K8� µ ÀR
SÏ µÀÌ$*Çæç5�:K8� µ¼·a9BÀGE Ψµm

ßÌ$ÖÏÀ5�:K mÐ�ÇåÓÕ9BÀGE¼RSÏ
Ð�ÖÜ5�:KeÀ�¹ÐH�Þ¼Äç5�:KÀ-M+Ð
<TÜÖÓÕ
T : K

5�:KeÀ�¹ß=N�ç9B vÐ T:K tÚ�¹Æ�Ó
�6ÚØÖÜH�Õ9B v¼ T:K t¼À��EΨvtÐ��
ÓÕ��E Ψvt ÀÏß$$ÖÏ T3 Ð1åÈ¼$ç9B v Ð T

:K tÚ�¹Æ��Ú>LÆ�ÓÕÞÀ�6ß;Øy�½�×
�È9BÐ>LÆ�Üç9B7À��+ßÌ$×
ÓÀÐ��
�ößÔÓÕa$a9Bß>L$È>Âçsït�Ú@@$È
9BÐ�@$çT:K tÚ�¹Æ�Üç?$Ö9BÐ��ÓÕ
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Step4 z{|};@}B?$M�

@Q¼>L
T:K tÚ�¹$È9B7Ú+$Üç Ç�ÇÀ9BÀRS
Ï φt Ð��ÓÕÃ0H�RSÏÐ;Ø T :K t ½@Q$ç
 Ç�3À T:K t½>LÆ�ÓÕ
?È
9B7ÀS@
@Q$È T:K tÚ+$ÜçF:Ð�ÖÜç?È
9BÐ@

@ÓÕF:¼½ 2ØÀ9BÀ\]ÐA�Â��Üç?È
9
BÐ@@Ó�6ÄÔÓÕF:ÚØÖÜ½? 5Ú<ÕF:Ú
�TÜ@@ÆÇÈ9BÐ>L$È9BÀËj*��ÓÕ

Step5 4�

5�:KÙãsït�Úu�ç98¼ÓÕ À98Ð9B
7Ú? 6À��Ú98\]À0IÐYZÆ�ÓÕ98\]À0
IÐYZÆ�ÓÞ¼Ä9B7À\]À0I½^¹ÓÕÞÀ0
OÀNÇÐYZ�ì����¼��ÕK85Ä½98ÀËÐ^
¹Æ�Ü%6�>ë%AïÐHTÈÕÍÈçYZEÂÖÐ^�
Æ�ÓÈÒÚYZTUÐ¿Å$ÈÕ

� 5 ��
��.

� 6 �	%
���
��.

5. ����!���

D0<KÄÔÓ EAII¼PQ<KÄÔÓ IA¼À+�Ð
3
ÓÈÒÚçJËÀ QAPÚ+$Ü�ï��ë�%6�>ë%A
ïÐHTÈÕ9BË U Ð 1024ç9BÀ�?éË tmax Ð 4000ç
%6�>ë%AïéËÐ 10éç5�:KË½ 20¼$ÈÕÍÈç
·¸Ý¼À��UÄÔÓ Error rate Ð] (9)Ä¿Å$ÈÕ

Error rate[%] =
(FãÇÈÝ)− (·¸Ý)

(·¸Ý)
× 100 (9)

Error rate½FãÇÈÝß·¸ÝÚ6Ö,�ÎÆ
Ï¼
ÓÕ
Error rateß 0%
ãæç·¸ÝÐFÈÞ¼Ðy�ÓÕ

I 1 Ú EAII ¼ IAÀ Error rate¼1���À%6�>ë
%Aï72Ð<Õ�ÖÈ QAP½ 5�� [5]çÏ½ 10éÀ�
�ÏçYZTU½ 20% ¼$ÈÕIAÀ tmax ¼ U ÀÏ½ EAII

¼ù$ÖÏÐ�ÖÈÕ? 1 À Error rateÀ72ÚÛÖÜ½ç
EAII½ IA�÷aNÖ72ßFãÇÓÞ¼ÐTG$ÈÕ$Ù
$ç1���ÚÛÖÜ½��$a EAIIÀXß�ÇÜÖÓ¼�
å
ÖÕ¾Ú had20ÚÛÖÜ½ EAIIÀXß1���ÀÏßÌ
IÚÌ$×
TÜ$ÍTÈÕQAP À��Ú�TÜ½YZ�ì
����ÐA�ÓÞ¼ÄÌ$×1���ß�2$Ü$Í�2
�+ßÔÓÀÄç1���À�ÌÐ�åÓÞ¼ß��ÄÔÓ¼
�åÓÕ

� 1 EAII � IA 
�� "!�#&'(

QAP Size Error rate[%] )*+, [s]

type n IA EAII IA EAII

tai12a 12 6.15 1.05 217 204

scr12 12 2.58 0.00 201 200

nug20 20 9.51 6.85 327 340

had20 20 2.62 1.07 338 456

nug30 30 14.23 12.42 563 522

õÚçnug30ÚÛ*Ó5�:KËÐ^¹Æ�È¼$À1��
�¼�í	 E(P )À^¹À%6�>ë%AïHTÈÕ? 7½5
�:KË¼1���ÀÊ-ç? 8½5�:KË¼�í	 E(P )

ÀÊ-Ð<Õ5�:KËÐ^¹Æ�ÓÞ¼ÄçYZ�ì��
��Ä�ÖÓ98ÀËa^¹ÓÕ? 7�÷ç5�:KËÐ�
2Æ�ÓÞ¼Ä1���½�2ÓÕ0Xç? 8�÷5�:K
ËÐ�2Æ�ÓÞ¼Ä�í	E(P )ÀÏßÎÆ×
ã
ÙTÈÕ
E(P )ÀÏÚæãØ$ß.ãÇÈßç5�:KËß 15/�Ä·
aNÖ72¼
TÈÕ? 7ç8 À72Ùã1���¼ E(P )À
Ï�÷ç5�:KËÐ�2Æ�Üa��$aNÖ72ßFãÇ
Ó�*Ä½
ÖÕ5�:KËÐ¸5
ÏÚ@¿ÓÞ¼ß��
ÄÔÓ¼�åÓÕ
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6. ³ $ �

K85Ä½çAIS¼ VTE À-#.�ñ/<KÄÔÓ EAII

ÐÐ?ÈÚD0$ÈÕ·¸¹º»À 1ØÄÔÓ QAPÚÛ*Ó
�ï��ë�%6�>ë%AïÚÛÖÜçD0<KÄÔÓ EAII

ÀM8+ßTGÄ$ÈÕ
:�À2»¼$Ü½çFãÇÓ72À�s�ë�À0Q+�


�NÖ72ßFãÇÈÀÙÀ>:D�ÐHTÜÖ$ÈÖÕÍ
ÈçK85Ä�ÖÈ QAP�÷a�÷ó#�ÀÌ$Ö QAPÚ
+$ÜçNÖ72ßFãÇÓ��Ú�ì����À�N$ÜÖ
$ÈÖÕ
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