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(1) actual solution space (2) weighted solution space

function value

solution
space

function value

solution
space

give different weights based on
the convergence degree
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(2) solution space with penalty

fitness

solution
space

give a penalty to the
solution with lower
fitness

distance fitness

solution
space

(1) actual solution space
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Step4. Memorize to memory cell
and suppressor cell

Step1. Recognize an antigen

Step2. Generate initial antibodies

Step3. Calculate affinity

Step5. Accelerate and Restrain
    to product antibodies

Step6. Product antibodies
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Step4: Memory important antibody to the 
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Step1: Recognize an antigen
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Step4      : Secondary memory mechanism
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Immune system Memory mechanism
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local search based on primary memory mechanism

global search based on GA
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Search with GA

True

False

True False

Memory cell
(Primary)

Suppressor cell
(Secondary)

start

Durling local search?

Calculate a template

Restrain researching
 similar solutions Accelerate local search

Restrain researching
 similar antibody

Concentration Cv[i] > Threshold Tc

Create new population at random

Return to normal search
(return thresholds)

Create new population had high 
simlarity from the template

Move to local search
(increase thresholds Tc, TAC1)

Memorize the template to memoty cell

Mmeorize an antibody with 
maximum concentration
to suppressor cell

(3)

(1)

(2)
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initial population

generations

characteristic
abstraction

searching by GA

acceleration

memorizing

individual

making a template
memory cell
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reproduced population
by memory cell

generation

characteristic
abstraction

searching by GA

restraint

memorizing

individual with
maximum concentration

suppressor cell
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(a) C-type maximum
(R=0.5, r=0.384)

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

(b) O-type maximum
(R=0.5, r=0.386)
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Fitness(c-type)=0.180515
Fitness(o-type)=0.180075

Fitness(c-type)=0.180254
Fitness(o-type)=0.181439
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O-type C-type

Fitness

Solutions

deceptive problem
global optomal = O-type
   local optimal = C-type

memorize candidate solution,
achieve a local search.

(1) primary memory mechanism

: search point

restrain to re-search.
(2) secondary memory mechanism
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1 2 3 7 6 4 5 8 9 10 1 4 5 6 7 10 8 9 3 2

Parent A Parent B

Offspring 1 Offspring 2

cross point

identical elements
{4,5,6,7}=={7,6,4,5}
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Concatenating 5 identical, 6-bit problems

30-bit bipolar deceptive problem
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Step1. Definition of antigen and MHC

Step3. Acquisition of information

Step4. Competition processing

Step5. Production of candidate solutions

Step6. Extraction of a superior solution

Step2. Preparation of initial MHC and immune cells

/
���� !0�1 7�� �
���
��� �� ������ $
���
%���� ������
�
�� &��%
�� "�
���

$��� �/��� 
K � ,'��-

5"����0 ������
��� �� 2����� 
� ��
�#�����6
�� �"� ����������� ����������) � ���������� �� ��	� ������� ��	��

,$- ��	 ��	��

,$�-�
�� �"� ��	��

,$�- ���"�
� �"� ������ �� ����������� �� "��") �"� ����6����� ��	�:��
�"� :����� ���� ��	��

,$- �� ��	��

,$�- ��	 �"� $7# ���� $��� �� $���� ��
�
����� ���� �"� ������ �� ����������� �� ����� 5� <�"������) �� �� !�����

5"����0 ������
��� �� 2����� %��,��� ��
� ��� �����
� ������6
� ���������� �� ��	� ������� ��	��

,$- ��	 ��	��

,/-� �� ��	��

,$- �� "��")
�"� ������ �� ����������� ��� ���������	 ���� ����� 5� <�"������) �"� ������ ���
���������	 ���� ����� ��

,���� %���
��� ��� ���
���

/"� �������	 ���"�	 �������� �� ,�- ����������� �� ����������� 
���� $7# ��	 ,�- ���6
	
����� �� ��"������ 
���� ���
�� ������8� 5���	 �� �"� ������
�����) �"�� ���"�	 "��
�����"���� �	��������� �� ������� ,����) ��� 0��
��'��-�


�



7�%
� !0�1 $�2�
�
��� �� �����1 >��� @�����A ������� ��� �
����
�� ���� ���
������ �� 	�����
�
�� ��� �

�
����� %� ��� ��

�,
�� �,� 	�����
����0

���� ����� $ ������� ����� /

���8 	�����) ��� $��� /���

���8 	�����) ����� $���� /����

:�����) ��� ��	��

,$- ��	��

,/-
:�����) ����� ��	��

,$�- ��	��

,/ �-

False

True

False True

Competition processing

B          :=B’

fitness(A) fitness(A’)

fitness(A) fitness(B)

MHC MHC A          :=A’MHC MHC

/
���� !0�1 �� � ���
� �� 	�����
�
�� ���	���
��0

�� ,32������� �� �"� ���8 	�����- 3��" ����� �	���� �� �"� 	�������� �� ������� �"�
����� �� :����� �� �"� ����	� �� ������ �"��
�" ���	
����� 
����%��� ���
�� ������8�

�� ,��	
����� �� �"� ���8 	�����- 3��" ����� �	���� �� �"� 	�������� �� ����������� ��
���Æ����� ������ �� ���" ���8 	����� �"��
�" ����������� �� ������������

�����	��� �� �"��� ������������) �
� ���"�	 �� ������� �� ������� �"� 	�������6��6�����
�������� �Æ��������

,�� �����
����

�� �"�� �"�����) �� ���
�� 1������
��	 #���������� ������� !����� ����	 �� �"� ��	���

���� � ����������� ���������� ����	 �� $7# ��	 � ��"����� ���	
����� ����	 �� ���
��


�



(a) Expansion of the work domain
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BC

(b) Reduction of the work domain
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Step1 Step2 Step3

Step18 Step22Step20

Step51 Step54 Step57

Salesman 1
Salesman 2
Salesman 3

(1) from step 0 to 10

(2) in the vicinity of step 20

(3) from step 50 to 60
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Parallel Distributed system with role differentiation

Antigen

Elimination by
the specific
antibodies

others Antibody

Control

Fragmentation and
presentation by making
‘MHC+peptide’

Activation of producing
specific antibody

B

Th2

B

Antigen presenting cell
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Immune cell-cooperation Division-and-Integration processing

modeling

Antigen presenting cell

Antibody

Fragmentation
and presentation.

Activation

B cell

T cell

B cell

T cell

Antigen

Production
and Elimination

Solves whole the problem
through combination of

the sub-solutions

Solves the fragmented
sub-problems by

specific sub-solutions

Fragments problem
into sub-problems
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Activities of immune system in the body

Antigen

Immune
System

Invasion

(1) Antigen Recognition
(Affinity)

(2) Mutual responces

(3) Antibody production
Production

Mutual resopnces

Antibody

Cell-cooperation

Mutation

*

*

Changing,
Duplicating

Counterchecking
mutual resopnces

Duplicating

Escaping behavior of Antigen

Attempt to survive antigen itself
by counterchecking (1),(2) and/or (3).

Evolution based on cell-cooperation
in Immune System

Evolution based on escaping
behavior of antigenvs.
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A coevolutionary concept in antigen vs. immune system

Antigen

infection

presentation, activation,
production and elimination
against the infected cells.

Immune System

infected cells

recognition

production

elimination

escaping by
  infection into
other cells,
  duplicating own,
  changing own’s
characteristics,
  etc.

Antigen
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Definition of problems

Calculation of objective
function

DIVISION processing with
Simulated Annealing

INTEGRATION processing

Mutation

Calculation of objective
function

Escape processing

Cost optimization by Salesman

Cost equalizing by City

Step1.

Step2.

Step3.

Step4.

Step5.

Step6.

Step7.

Terminal condition?

goto Step2.

end

true

false
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touri

subtourj new touri

division

touri

subtourj new touri

division

touritouri

subtourjsubtourj new tourinew touri
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(A) DIVISION (B) INTEGRATION
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1 : Target

Changing
ID1

3

8

6

11

5

9

S1

Cost=0.5
S2

Cost=0.4

1
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S1

Cost=0.5-y
S2

Cost=0.4+x

Neighbors=4

City number
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(A) 1-salesman
(cost=4.447073)

(B) 3-salesman
(cost=4.793818)
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When any two routes are binded, it is connected the combination,
which has the highest saving-value, has been bound.

S     =2d    +2d     - (d    +d    +d    )0, ji, 0 i, 0 0, j i, ji, j

Difference between
        "the cost before bound" and
        "the cost after bound".
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Case1(ºÇÅ¬²ò¡áO·¿) Case2(ºÇÅ¬²ò¡áC·¿)

Saving method

Saving-GA
(subtour-
crossover)

proposed
method

Cost = 8.027483
sum error = 0.583389

Cost = 7.935821
sum errorr = 0.525077

Cost = 7.784298
sum error = 0.620788

Cost = 7.792588
sum error = 0.62767

Cost = 7.538377
sum error = 0.004391

Cost = 7.545442
sum error = 0.013327

Cost = 7.935821
sum error = 0.764257

Cost = 8.267139
sum errorr = 0.72970

GA
(subtour-
crossover)

2063sec

1sec

198sec

13sec
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