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Mission oriented cannibalization policy problem and its solving algorithm

LI Ling-wei, ZHANG Jian-jun, ZHANG Tao, GUO Bo

(School of Information System and Management, National University of Defense Technology, Changsha 410073, China)

Abstract A type of mission oriented cannibalization policy problem is studied this paper, the problem is

modeled as a multi-dimensional knapsack problem, and a solution method what is based on genetic algorithm

(GA) for the problem is presented. A two stages GA with better performance is designed and comprehensive

analysis and design what including the optimal-frontier restriction algorithm, encoding, crossover, mutation,

evaluation function, selection policy and simulated anneal based local search algorithm is performed. At

last, the practicability of the solution method is verified by an example and analyzes the performance of the

GA by computational experiment respectively.

Keywords mission oriented; cannibalization policy; multi-dimensional knapsack problem; two stages genetic

algorithm
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¿NÀNÁNÂNÃNÄNÅNÆNÇNÈNÉNÊNËNÌNÍ

, ÎNÏNÐNÑNÒNÓNÔNÕ ÄNÅNÖNÊN×NØNÙNÚNÛNÜNÝ (Line replaceable unit,

LRU)
¿NÄNÞNßNàNáNâNÃNãNäNåNÊNÄNÅNÊNæ �NçYèNé .

¿NÀNÁNÄNÅNÀ � ÊNæNãNêNëNìNí , î ßNïNïNðNñNÅNòóNôNõ
, ö ÂN÷NøNÅNòNùNúNûNòNÍ ,

ßNà ÎNü õNý ÊNÄNÅNþNÿ��NÅ���� , ������� ÄNÅNÊ ÎNÏ Ù Ï�� .	 � ÊN¿NÀ�
��NÁ��NÜYÊ , 
 ë ô ¿NÀNÞNÊNÄNÅNÖ��Y÷ LRU � ��� . � ãN¿NÀ�
�� ��� Ö��������N÷ÄNÅ����QÊNäNåNÁNÜNæNÊ
,
ÄNÅNÊ��NßNÁNÜNæNÊ

, ��� ÄNÅNÊNÙ��������NÁ� "!�# LRU $"% Ê .
ÙNÁ

, ��&ÊNÄNÅ�'NäNå�(�(N÷�)NÍ�*�+
: ,"-�.�/ ÿ�0NÄNÅNÊ��Nß�(�(N÷Yÿ�1�� , 
 æNãNÄNÅNÙNßN÷ ý ã��Nß , ��23 Ê��Nß�4�5 2 3 Ê LRU 6 1 (LRU combination, LRUC); 7  Ó �NØNËNÌNÊNÿ�0�� ,

ÄNÅ����QÊNäNåNÙ
8:9<;>=

: 2008-03-11?:@:A<B
: C:D<E>F:G:H:I:J (70501031)K:L:M:N
: O:P:Q (1982–), R:S:T:U:V , W:X:Y:Z:[ , Y:Z:\<] : ^:_:`:a:b:c:d:e:f:g:h:i:j:k:l .
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ßN÷ ý #Nã�u ö ý #�v�w , ��2 3 äNå�4�5 Ó�2 3 ÊNÄNÅ��Nß 6 1 .
Ù�x

,
Â 2 3 ÊNäNå ,

ý�y ÊNÄNÅ��Nß�'
÷NøNÊ

LRU z Í ,
¿NÀNÊ|{~}NÙNßNÁNþNÿ��������������Nß

[1] , ��� ¿NÀNÊ�
����Në�� z���� .� Ó Ö�� �  , ������� � ý ãNäNåNÍNÊNÿ�1��NßNÄNÅYÊN¿NÀ�
������ , ����� �������NÊ�����������
.
Â � �YÖ ����������� ��)YÍ ��� : ,¡ �¢ “

äYå
→
�Yß

”
Ê���£�¤�¥��YäYå�¦ Ó ÄYÅ��YßYÊ�����§�

; 7" �¢ “
�Nß

→LRU”
Ê���£�¤�¥��NÄNÅ��Nß�¦ Ó LRU

Ê�����§��
; ¨"© )NÖ�ª�«NÊ�����§�� � â�¬1

,
¤�¥���­NãNäNå�¦ Ó LRU

Ê�����§��
, ����®"¯�° Þ�­NãNäNå�� ó ëNÊ LRUC, ±�²�³ ­NãNäNåNÊNêNë

��¯�° Þ�4�5NÊ LRUC
ÊNêNë � ; ´ )N¿NÀNÞNÊ�!Nã LRUC

Ê�� õ�µ ¿NÀ�
��
,
)�!Nã

LRU
Ê�� õ�µ�¶

·
,
)N¿NÀ�
���'

LRUC
ÊNêNë � ��¸�¹NÊNäNå�º�»���¼�½�§�� µ {~} , ��� �N¿NÀ�
������NÊ�����������

.

��& Ö , ������� ÊY¿YÀ�
���� � ÁYæYã ý�¾�¿�À ��� (Multi-dimensional knapsack problem, MKP).

MKP
ÁNæ�u�5 Ï�Á�ÂÄÃÆÅNÓ�Ç ��È�É Ó ô £YÊ NP

���
,
Â ¢�Ê Ê 40 Ë�® MKP

¤�¥���Ì�Í�ÎNÊ Á�Â ¦Ï ��� Þ��Nï õ�Ð�Ñ . ��Ò Ð�Ñ ï�Ó�� µ ª�u ,
æ�uNÁ é�Ô ��� [2] ,

��Õ�¹�Î
[3] Ö 	 � Ð�Ñ , × æ�uNÁ�Ø�ÙÚ / [4] Ã~Û 	 Ð�Ñ [5] Ö�Ü . Ú / Ð�Ñ .

¦ Ó MKP
Ê �N	 *���' ô £ Ð�Ñ ÊNÚ�Ý�ÞYÊ�¬��NÙ�x ��ß [6]. �µ

MKP
Ê

NP à É�� ° Ó Ô {~á�â�ã�äN÷N÷�åNÊ�¸�¹�� Ð�Ñ ,
��) ��� ��æ��NæNã�ª�v�w Û 	 Ð�Ñ (Two-

stages genetic algorithm, TGA) Ñ ô £ ������� Ê MKP
� �

. TGA  �¢ ª�# Ð�Ñ v�wNÊ $"%�ç 1 Ñ�è ¥é�ê ��/�ë�ì ÊNã�Ù ý�y ��' ��/�í�ì Ê�î�ï�ð � Ê|{ Ê , ñ�í Ê�æ Ð�ò�ó�ô�õ � TGA
Ê �NÏ ��'N÷�å�� .

��� Ê Ô�ö ����÷�ø�ùYÍ : ú�û�ü Á���� Ç � 
 ��� , ú�ý�ü���� ��Ú / � � , ú�þ�ü ��æ���� � Ê ô£ Ð�Ñ
, ú�ÿ�ü�� Þ�� Ð�� '���� ò�ó , ú���ü�� ��� � .

2 �	�	
	�	�	
��
��� æ�#��N÷�� 3 ÊNÿ�1 � ÄNÅNÊNÄNÅ�Ù

,
4 z���� í /�Ç ��ùNÍ : , �NÄNÅ�ÙNÙNßNáNâNÊNäNåN÷ B

ã
,äNå���1 µ

M = {M1,M2, · · · ,Mb, · · · ,MB} , b = 1, 2, · · · , B.
���NÍNæ�#NäNå

M ′
ÁNæ�#������ õ

, Ô����
��� Á

Pr {M ′ = Mb} = pb �
B
∑

b=1

pb = 1; 7 � Ä Å Ê � ß ÷ E
ã

,
� ß�� 1 µ

F = {F1, F2, · · · , Fe, · · · , FE} ,

e = 1, 2, · · · , E; ¨ �NÄNÅNÊNêNë LRU
÷

A
ã

, LRU
��1 µ

P = {P1, P2, · · · , Pa, · · · , PA} , a = 1, 2, · · · , A.���� Ó ÈNÉ ö�� ��� ° Ó LRU
� õ � õ Á

θ = (θ1, θ2, · · · , θa, · · · , θA), Ô�® θa
ô��

Pa
Ê�� õ

.��� , äNå Mb

'NÄNÅ��Nß���1
F
Ê�¦���§�� µ

αb, 
 Mb = αb (F ); 7 �Nß Fe
'

LRU
��1

P
Ê

¦���§�� µ
βe, 
 Fe = βe (P ). © Fe, e = 1, 2, · · · , E

Ê ô è í .� Mb

Ê ô è í , ! Ù�¤ Mb

'
LRU

�
1

P
Ê�¦���§�� µ

Mb = ϕb (P ). Ô�® ϕb (P ) =
Kb
∑

i=1

ϕbi (P ), Kb

Á
ϕb (P ) z�® Ê�"�� ,

­�#
ϕbi (P ) ��#÷

ϕbi (P ) = P c11 P c22 · · ·P caa · · ·P cAA
Ê � í . ϕb (P )

Ê�$�%NÁ
:
ä�&

i = 1, 2, · · · ,Kb

4�5�'
ϕbi (P ) (�)�* '

LRUC +�,�-�.�/ Mb. ϕbi (P )
'�$�%�0

: )�*�1�2�3�4�5�6 Mb

'
LRUC, 7�8 a = 1, 2, · · · , A, 9 LRUC:�; '

Pa
'�<�=�0

ca.

3 >	?	@	A	B	C
D %

ϕbi (P )
'�E ;�F�G <�H

IM (ϕbi (P )) =
B
∑

b′=1

pb′ × ϕb′ (ϕbi (P )), IKJ , L�M ϕbi (P )
0

ϕb′ (P ) J
'�N�O

ϕb′ (ϕbi (P )) = 1, P O ϕb′ (ϕbi (P )) = 0.
:�;�Q &�'�0

, 7�8 b 6= b′
'

ϕb (P ) R ϕb′ (P ) JS,�4�TU�V�'�N
, W�X�Y V 2�3 LRUC ,�-�.�/ Mb R Mb′ Z 3�[�\ ( T�,�4�]�^ ).

-_(_T ' LRUC, ϕbi (P ) , b = 1, 2, · · · , B, i = 1, 2, · · · ,Kb

H_`_a
, b_c_2_d_e E_f_`_a_'hgi= φ =

(φ1, φ2, · · · , φh · · · , φH) , h = 1, 2, · · · , H , IKJ IM (φh) ≥ IM (φh+1). j H 7�8 b 6= b′
'

ϕb (P ) R ϕb′ (P )

JS,�4�T U�V�'�N , (�- H ≤
B
∑

b=1

Kb.

D %KgS=
ρ = (ρ1, ρ2, · · · , ρh, · · · , ρH), ρh

0
φh J '�k�l�m / 'KgS= , W , n φh = P

ch,1
1 P

ch,2
2 · · ·P

ch,a
a

· · ·P
ch,A
A ,

O
ρh = (ch,1, ch,2, · · · , ch,a, · · · , ch,A), IKJS7�8�[ & h = 1, 2, · · · , H ; a = 1, 2, · · · , A, +�T ch,a ∈
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N , N
0�����<����

. ρh R φh +�)�*�1 E ;�F�� Y�� h � ' 2�3 LRUC, ��� H LRUCh.D��K�S� =
: ������� gS= n = (n1, n2, · · · , nh, · · · , nH) , nh ∈ N , nh *�������� ' LRUCh

'�<�=
; �

���
: LRU

<�= ������  H
∑

h=1

ρh × nh ≤ θ; ¡£¢ l : � n
' [�\�¤�¥�¦�§�¨ G <�H f (n) =

H
∑

h=1

IM (φh) × nh.

O ����©�ª�«�¬ '�­�<�®�¯�°�± ,�-�²�³�L�´ .

max
n

f (n) =
H

∑

h=1

IM (φh) × nh

s.t.











H
∑

h=1

ρh × nh ≤ θ

nh ∈ N, h = 1, 2, · · · , H

(1)

IKJ , ��2�d ������  *Kµ LRU
'�<�=�¶�· Y θ �K¸ , ��¹�d ��� *KµSº 0�­�<_®�¯ . »�¼�9 °�±�'�½�¾

,�-�¿�À�Á 0 2�d�^�Â�Ã�Ä�«�¬ (MKP).

4 Å	Æ	Ç	È	É	Ê
MKP

0
NP .�Ë�«�¬ , Ì�X�Y�T�Í '�Î�Ï�Ð�Ñ , (�- :�;�Ò�Ó�Ô 4�Õ�Ö Ð�Ñ_× 6 Î_Ï . Ø�Ù Ð�Ñ�0 2Ú�Û 8 Û j�Ü�Ý ��Þ�ß ·�' Ô 4�Õ�Ö Ð�Ñ , Á�à�T�Ë�á × Ö�â�ã '�ä�å . -�´�æ�ç�è�é�2�3 Z�ê�ë Ø�Ù Ð�Ñ

(Two-stage genetic algorithm, TGA)
× 6 °�± (1)

'�Î�Ï
.

æ�ì�I�í�î�ï�ð � L�´ : 4.1 7 Z�ê�ë Ø�Ù Ð�Ñ�× 6�ñ�ò ; 4.2 ó�ô�õ�ö , Ü�Ý�R ��Þ�÷ TGA
' Û æ ;a

;
��ø

4.3 ù���Ü�Ý�R ��Þ�ú M�,�4���8�,�6�û�ü ' «�¬ , ý�þ���ÿ�Õ���� ¶ D Ð�Ñ���Ï�� � ; 4.4
0

TGA'��������
, IKJSó�ô�1 Z d ê�ë '���� � Ñ R TGA ê�ë�	�
 '���� ��  ; 4.5 ó�ô�1�2�3 Ó ��
�� á�î��� '���� á�î�â�ã���� .

4.1 �����������������
Ø�Ù Ð�Ñ�' Û æ ; a�0 Ü�Ý ,

��Þ R ������� , Á ' 2�d�� Ó�� å�0 Ø�Ù Ð�Ñ R� �!�«�¬ ' ú b�¦�" Þ ,

9#" Þ#$#% Ð_Ñ_' Û j �#�#&#'_'_ø ) � -#(#)_Y# #!_«_¬ ' ,_6_û . Ø_Ù Ð_Ñ_' � � ¦_R Ï_' ^#*_¦ 0
2�7 ;�+�,�- J '�. ;�/#0 , 132 &�' 1�-�´�4 Ú�5 � :

� (�) Ï�' ^�*�¦ ' ��� , L�6 '�7 ��� [7]
÷

; �
�� Ø�Ù Ð�Ñ�' á�î�� � ' ��� , L ����Ð�Ñ [8], æ�8�â�ã [9]
÷

; ¡ 
�� Ë�á�� � ' ��� , L�9�: Ð�Ñ [10]; ;H 1 +�,�<�= ' - J , >�?�@ Ó '�A�Ñ�0 Ò Ø�Ù Ð�Ñ à�T�B���¦ [7] . C � Ø�Ù Ð�Ñ�' � Ó�D�E /�M�R�F ��G×�H ^ , I 0 j H Ø�Ù Ð�Ñ æ�J k�0�K ß â�ã Ð�Ñ , ý�L�I�� Ó Í�M�?�? + � 8�à�M�«�¬ ä ¦�R Ð�Ñ#N�O�P
 �À�Q�ì , (�- Ð�Ñ�P  �!�¦�4 :�; é Ð  �R P Í�M ��S D .

æ�ç�þ�� P TGA
P�T�U è�é���� 0�V���� ©�ª�ï�/�1 Z d ê�ë . TGA

P è�é N�O�0 :
� V ��2 ê�ë Pú M�3�W ��H ��¹ ê�ë P�X�Y 3�W ,

��Z�[ ��¹ ê�ë Ð�Ñ 7 X�\�P�]�^ ¦ ; �S»�¼ Z d Ð�Ñ ê�ë P`_3a F ���b�c�d�e�× Ö X�f�P 3�W_^#*�¦_R × Ö ø�f#P � � � F P ¢ P . TGA
P�g M ú b�L�h 1 (�� , hKJ P kP�i � 0 3�W P ) < , I�j�k <�P�i � ,�l ø ç .

m
1 npopqprpsptpupvpw

4.2 x�y{z}|�~��������������V ,_6 Ï n = (n1, n2, · · · , nh, · · · , nH) �#�_¹ ×_· õ_ö_� Ñ 	 Ö_/_2_d H Â P Û j _ g = (g1 , g2,

· · · , gh, · · · , gH). º�*�� P =�� 0 Ò Û j ��� (�)���� P�Ï�����i � .

Ü�Ý ��� Ò�Ó ��Â�Ü�Ý ,
��Þ ��� @ Ó ��� ��Þ . æ Ð�Ñ @ Ó k < B���¦�©�ª , � k )�3�W P Ü�Ý�ñ��

R ��Þ ñ���ï�� H PC (k), PM (k). ��è�W�M���6 H MC , � k )�3�W P d�M ����0 G (k). >�¼�Ü�Ý{z ��Þ
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R�ÿ�Õ���� ¶ D ( &�'#P�� 3#W ( ��>�¼ ��� )
P d�M ����0 _

G (k),
O ,�- D�� � k )�3�W�Ü�Ý ��Þ ���

P� �¡ j�¢ H χ (k) =
∑

g∈G(k)

f (g)

/

∑

_
g∈

_
G(k)

f
(

_
g
)

,
O � k + 1 ) P Ü�Ý�ñ���R ��Þ ñ���ï�� H :

PC (k + 1) = PC (k) × χ (k) , PM (k + 1) = PM (k)× χ (k)
£�¤

,
K�¥ 3�W�J = Ì � þ�¦ , Ü�Ý ��Þ &�' ]�Õ Ï�P ,�4�¦�Ì ��§�¨ ,

O
χ (k) ≤ 1, ©�ª lim

k→∞

PC (k) =

lim
k→∞

PM (k) = 0. « ; è D � B P k <�X�\ , º�d�k <�¬�· ©�ª�,�-�Y X�f#­�× 3�W × Ö , ®�Y ø�f (�¯�Õ
°3P Û j ä ¦ .

4.3 ±�²�³�´�µ�¶����
Ø�Ù Ð�Ñ�P Ü�Ý�R ��Þ�ú M�Ì�4�·�(�¸ � 8�«�¬ (1)

P ÿ�Õ���� k . º�Ä i Z 3�¹�º :
� 0

g )�* P ï» ����¼�� θ
P�½`¾

; � 0 g
P ï » ����¿�T�À�ï�Á Ó θ �KJ P�Â T LRU.

H 1 Ò â�ã�¼�Ã�(�)�Y�ÿ�Õ��
� , æ�ç�@ + 1 V Û j ��� ú M���Ä c ÿ�Õ���� k�P�A�Ñ , I� �J 0 Y ®�¯ «�¬ (1) J 
�Å L�´�ÿ�Õ�¦ ��� :

θ −

H
∑

i=1

ρi × ni 6 ≥ρh, h = 1, 2, · · · , H (2)

º�d ������  *KµSï »�Æ í P LRU
<�= Ì�4���� LRUCh, Á�4 V�Ï�¶ D Y�ÿ�Õ���� k ,

£�¤ 2 ��� 0Ç í P , j H Á� �! k�È�i 8 (1)
P ¢ l G < �KJ .

7���8 k ò���2�3�¹�º , è�é�2�3 ß�É�Ê�Ë Ð�Ñ���V g ��Ä c «�¬ (1)
P ,�6�û , / H g′. 9 Ð�Ñ�P�Ì

h�L�h 2.

m
2 ÍpÎpÏpÐptpu

L�M � 8�«�¬ (1)
P ,�6�ûKJ P g′ Ñ ¤�¥ ¾ (2)

���
,
O

g′ Ò > � 8�ÿ�Õ���� . P O ,�����h 3
P Ê

Ë Ð�Ñ�V
g′ ��Ä c�®�¯ «�¬ (1)

P ÿ�Õ���� , 	 Ö H g′′.

m
3 ÏpÐptpu

 �! k , Ó g
� 8���2�3�¹�º�Ô , ,���Õ Ó Ê�Ë Ð�Ñ�V g ��Õ 	 Ö c ÿ�Õ���� , , 0 º É Ò Ø�Ù Ð�Ñ�Ö× � � c Ó Ê�Ë Ð�Ñ ï » θ

Â , P ��� k�Ø .
ß�É�Ê�Ë Ð�Ñ 4 Ò ��Ä Ð�Ñ T�2 D K ß ¦ , Ù�® Ò Ê�Ë Ð�Ñ ÌÚ 8#Û � D ¦ � Ó . I 0 , ÿ_Õ#�#� ¶ D Ð_Ñ#P#K ß ¦#Ü_T_,_4#Ý#Þ_Ü_Ý �_Þ Â#&#'#P Û j ä ¦ ,

Ò ¦#ß FP Ü�Ý ��Þ Õ�à�8 K ß â�ã .
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4.4 á�â�ã�ä�å���æ�ç�è�é
��è M ′

C(k) = MC +NCM (k), NCM (k) *���� k )�3�W�Ü�Ý�R ��Þ &�'�P Ì V 8�ê�) P�� Û j < ,
Â

- ��������0 Y�Ä i M ′

C(k) d�d�M P�ë Ô�3�W G̃ (k)
k�× 6 P , G̃ (k) = G (k) ∪

_

G (k).
��� ��� P ; a T

B�� F�G < R ��� ©�ª , I�è�é�¢ l�0 : Y × Ö Ö�f (�)�3�W P ^�*�¦ ;
ø�f�
�� � � .

æ�ç�ì�í�1 Z 3 ��� ��� , ï�� 0 :
� ��� 1“

��î ���
+ ï�ð�©�ª +ψ”; �S��� 2“-�¢�)�ê +f”. �

� 1
0 Y�(`ñ3ï�ð P ��þ�´ , ��Õ�7�Ü�Ý ��Þ � ø�P M ′

C(k) d�d�M���� ψ
\ ��î ý + � MC d�d�M , IKJ

ψ
0�ø ç D�� P §�¨ G < ; ��� 2

0 ¢�)�Õ�ò (
] � f) d�M�)�ó�7�� P ê�)�d�M . * 1

0 Z�ô P`õ < .

ö
1 np÷pøpùpúpûpüpýpþ

ÿ�� ��� �s� ������� �s|���	 
���� 
������ ��������� ��������
1 ��� ��� + ���s�s� ψ ��� �� ��! ��" ��#���
2 $�%�&�' f (�)�*�+ �� ��, ��- �� 

��� 1 J P ψ .0/01�ì�í01�W P ^�*�¦ P §�¨ G02 , 304 g̃ ∈ G̃ (k), ψ 5 �06 ψ(g̃) = (dg̃)
D(k) × f(g̃).798

(dg̃)
D(k) .:3 f

×:; �#Ä P:<:=:> ¢ , dg̃ =
∑

g̃′∈G̃(k)

d (g̃, g̃′), d (g̃, g̃′) .:?:@#M g̃ A g̃′ B �#P:C9DE<
=

, D (k) .0F0G03 CHDI<0= A dg̃ J ;0K0L0M0N0O0P0Q 2 . R0S G̃f (k) .0T G̃ (k) U0V f W 20X0Y , Z0[0\
MC @0]0^ M 10_ , `0a M , G̃ψ (k) b0T G̃ (k) c0d ψ

X0Y
, e0Z0[0\ MC @ , [0f0gHhIi0j0k0]0^ M0l _ .m0n0o

k p l _0U0V0q0r 1 J0s0t0u M0v0w0>0x0y ζ (k) =
∑

g̃ψ∈G̃ψ(k)

f (g̃ψ)

/

∑

g̃f∈G̃f (k)

f (g̃f ), z0{0|0} ζ (k)

~
D (k) J0s N0O0P0K0L , � D (k + 1) = D (k) × ζ (k). � m0n0� 0 ≤ ζ (k) ≤ 1, �0d D (k) � k

M0�0� k�0�
.

TGA b0A0? l t0u q0r0�0�0�0� M : � o0�0�0�0� F0q0r 1; �IR0S D̄ b0S m MH�I� , � D (k + 1) ≤

D̄, z0�0� o0�0�0� , �0�0�0� �0�0� F0q0r 2.
o0�0�0�0� F0q0r 1

M \0�0b0{0d0\0� l _ M0�0 0¡0¢ , £o0�0�0�0¤0¥0¦0§ M0¨0�
;
o0�0�0�0� F0q0r 2

M \0�0b0{0d0g0©0\Hª l _ M0« m P , �0[0f0¬ ¦0­0®0¤0¥¯0°
.

4.5 ±0²0³0´0µ0¶0·0¸0¹0º0»¼0½ S0¾ � l0¿0À0 0Á0Â0Ã (Simulated anneal local search, SALS)
¤0¥ G0Ä0Å0@0@0Æ M0 0Á0Â0Ã .

~
o

k p l _ G (k) ÇIÈ0@0@0Æ g É s SALS
M0Ê0Ë0Ì0Í

4 �0Î , ÏHÇ t (k, g) b g
~ O0M0¨ �0Ð0Ñ , tc b �¿0À ¤0¥0Ò0Ó MHÔIÕ Ð0Ñ , ∆t b0Å0Ö0×0Ø M0Ù Ð � , g′ b ¤0¥ M0Ú0Û . R0S ng b0T g Ü0Ý0Þ0ß M0à0á0â0ãäIå

, τ (ng) b ng �0Ü0æ0çHÇ M0è0é0ê0ë , T (τ (ng)) b SALS Ç0ìIí0î0ï Ê0M τ (ng)
M0ð0ñ

.

SALS
M S0¾0ò0ó0ô : �I[ ¨0M t (1, g)

O0N0õ S0ö0d0÷0ø Â0Ã0ùHúIÊ0û , g ∈ G (1). �IR0S0Å0Ö ~ g É
s SALS ü0ý B f0Þ0ß0þ0Ü g′, z t (k + 1, g′) = t (k, g) × f (g′)/f (g) − ∆t,

Ì0ÿ {�� Ê ~ g É s SALS
M

¯�� G���� t (k + 1, g′),
�������

∆t b y�� � SALS
M ¯0° P ��	 k

M0�0��
��0���
. 
0� ® ¿0À {������� Ü , �0d ~ ¿0À Ò�� J0s0t0u���� ò0gHhIi0j ( {�� Í 1). SALS

Ì0Í
4 �0Î .

�
4 ���������������
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5 -/./0/1/2/3&4
5.1 ¸�5

R m �76 É s7879 M�:7; _HÇ ô0��<7=�> l�? ë�@�:7; , Å l7:7; ô 30
l

LRU,
¡7A b P1, P2, · · · , P30.

� :�;�B�C 15
6�D0¼�E � ,

¡�A0y
F1, F2, · · · , F15, T E � ¡ Ü0ß LRU, Þ0ß E �0��F0W � y :

F1 = P1P2 + P1P6P7, F2 = P1P4P10, F3 = P4P5P7, F4 = P7P9 + P2P6, F5 = P3P10, F6 = P23 + P8,

F7 = P13P19, F8 = P24P25 + P21P27, F9 = P11P17 + P12P14, F10 = P19P30, F11 = P16P18, F12 = P15P22,

F13 = P12P17P26 + P20P28, F14 = P17P29 + P6, F15 = P21P25P26G�6 :�; _0{�� M 8�9 ô 5
6

,
¡�A0y

M = {M1,M2,M3,M4,M5}, H �0� � ò0É s M 8�9 y M ′, ÏI�J0¡0¢0y
{0.3, 0.25, 0.2, 0.15, 0.1}. T0ü�K0Å 6 8�9 � � M ��L ¡ Ü0ß D0¼�E ��M , Þ0ß 8�9 ��F0W � y :

M1 = F1F3F4 + F2F9F11,M2 = F2F4F8 + F11F15,M3 = F5F7F12 + F12F14,

M4 = F6F9F10 + F5F13,M5 = F12F13 + F8F10F11

T E �0��F0W � p�N0ß 8�9 ��F0W � , Þ :

M1 =P1P2P4P5P7P9 + P1P4P5P6P7P9 + P1P2P4P5P6P7+

P1P4P10P11P16P17P18 + P1P4P10P12P14P16P18

M2 =P1P4P7P9P10P24P25 + P1P4P7P9P10P21P27 + P1P2P4P6P10P24P25+

P1P2P4P6P10P21P27 + P16P18P21P25P26

M3 =P3P10P13P15P19P22 + P15P17P22P29 + P6P15P22

M4 =P11P17P19P23P30 + P12P14P19P23P30 + P8P11P17P19P30+

P8P12P14P19P30 + P3P10P12P17P26 + P3P10P20P28

M5 =P12P15P17P22P26 + P15P20P22P28 + P16P18P19P24P25P30 + P16P18P19P21P27P30O M�P Ò�Q W ��R�S Û
φ = (P1P2P4P5P7P9, P1P4P5P6P7P, P1P2P4P5P6P7, P1P4P10P11P16P17P18, P1P4P10P12P14P16P18,

P1P4P7P9P10P24P25, P1P4P7P9P10P21P27, P1P2P4P6P10P24P25, P1P2P4P6P10P21P27, P16P18P21P25P26,

P3P10P13P15P19P22, P15P17P22P29, P6P15P22,

P11P17P19P23P30, P12P14P19P23P30, P8P11P17P19P30, P8P12P14P19P30, P3P10P12P17P26, P3P10P20P28,

P12P15P17P22P26, P15P20P22P28, P16P18P19P24P25P30, P16P18P19P21P27P30)

R0S :�; _HÇ LRU
�0å M�T A0b

θ =(24, 20, 28, 27, 28, 25, 23, 22, 27, 28, 25, 20, 28, 25, 21, 20, 27, 23, 28,

23, 25, 27, 24, 29, 22, 25, 23, 22, 26, 24)

|0} φ U ­ Þ0ß ρ, � ®�V�W Õ0L , ρ
M�X P0� ÿ�Y0ã . T ρ A θ p�N�Z @ (1) {0Þ0ß ¼0¤�[ M�\ Æ�Z@

. ]0f�^0F ¼0½�_ Û0M�` �0��a�b0¤0¥ , Ü0Þ M [0\0q0rHÇ M ��6 b : n = ( 19, 4, 0, 0, 0, 0, 0, 0, 1, 20, 0,

12, 9, 9, 15, 0, 0, 5, 22, 0, 0, 0, 0), [0\ �0y f (n) = 24.00.c
2 d�e�f�g�h�ijlknm�o p�q�r�s�t u�v�w�x

SALS y tlznp�q�{�|
A ψ(n) → f(n) }�~ u�v + ��� w�x → ��� u�v �

t (k, g) , PC (k) , PM (k) , D (k)

B ψ(n) }�~ u�v + ��� w�x � �
C ψ(n) }�~ u�v + ��� w�x �

PC (k) , PM (k) , D (k)

D f(n) ��� u�v �
t (k, g) , PC (k) , PM (k)

E f(n) ��� u�v �
PC (k) , PM (k)

F f(n) }�~ u�v �
PC (k) , PM (k)
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5.2 ¸0¹��������
� ÿ � Ê ¾ ¤���� G ~0¤0¥ J0s���� , ���� �¡ B�C :

l _0i0j M�¢�£0N0O Ñ f̄∗,
6 Æ0ç M�¢�£�¤�¥ d̄¦ l _ M�¢�£0N0O Ñ f̄ , ÏHÇ f̄∗

¦
f̄ § D0® ��� W � f . ¨ l ��� q0r M S0¾ Ì�© 2 �0Î , ÏHÇ ` �0��ab0¤0¥0~ O0M b A q0r .

S m l _�ª�Z y 100, ¨ ��� 50 Ö , �0¾ ¤0Ò�� ÇIZ 100 p , Þ0ß Í 5, 6, 7
M Ò��

.

�
5 «�¬�­�®�¯�°�±�«�¬�²�³�´�µ�¶ �

6 «�¬�­�·�¸�¹�º�±�«�¬�²�³�´�µ�¶

�
7 «�¬�­�·�¸�»�¼�½�±�«�¬�²�³�´�µ�¶

Í
5 ¾0Î M b l _HÇ f̄∗

� ¦ l _0p � M ��F . AD q0r M i0j�¿ å�À�Á0��Â ��Ã0\ ® ÏÅÄ M q0r , �
d0{ � SALS

~0¤0¥ M0 0Á�Æ \���L0ô�Ç m P0M�È�É . k B
¦

C
` 6 q0r M ~ËÊ { � , Ì�Í M�Æ \���LH�®�� ß�Î K0L0M ��� W � ψ

M <�Ï0k0[�Ð . E
¦

F
M ÊÒÑ {0d ��Ó�Ô�Õ p�Ö t:u ÆÅ× [0\:Ü M �ÅL Ñ�Ø ,G b ¨0� |�Ù P�Ú K M .Í

6 ¾0Î M b d̄
¦ l _0p � M ��F . AD q0r M ~ËÊÒÛËÜ � A q0r o0�0�0� ��Ý0ô�Þ�ß �0�0l _ M�àá0P

.
¼ Ö ��� T A

M o0�0�0� Õ0L � 30 p�â�ã , ß 100 p � A
¤0¥ M ¯0° Ë ÑHìIí D0¼ ¦ D ��> . k

B q0r © Ü “
X0Y t0u + i0j â0ã +ψ”

M t0u q0r�ä � ��Ý0g0©0Ü M�à�á0P . E
¦

F
` 6 q0r M ÊÒÑ © Ü

“ p�Ö t0u ”
â0ã ÷0ø �0l _ M0Ê�å ¯0° .Í

7 ¾0Î M b f̄
¦ l _0p � M ��F .

õ�æ p 100 p � , A q0r Ê F q0r M�¢�£0N0O Ñ ã \ , {0b Ò ë0Í
6 { � A

M0l _ ¡�ç0Ë Ñ�Ã�è ® F, �0d A q0r0Ü0Þ M b0{ s é Ç ¦ à0M \0Ü , > � ¬�é Ü � F q0r0b å¯0° M
. e Ò ë0Í 6 ê Í 7

ÊÒÑ
A q0r ¦ D q0r0{ � : � A q0r M o0�0�0�0� l _ M�à�á0P Þ0ß ��� ¦ � 0¡0¢ Þ0ß0\0� ; � A q0r M o0�0�0�0¤0¥�ë ]�ì D q0r0��> , {0b A q0rHÇ o0�0�0�0¤0¥ M�í ô Ñ \ ¨�

, î ÿ A q0r��0�0Ï d̄
Q � ��ï0\ ® D q0r M�ð�ñ H f̄

Q � ¬�ò�ó�ô�õ�ö ; 
IÅ0Ö�÷�øHÇ , A q0r M [
ï l _HÇ M è à ��6 Æ�§ ¯0° ß ¼�ù�ú M [0\üû ¡ W � � 24 M , Z0Þ � ÊÒÑ�ý�þ�ÿ�� M Þ � .

6 ���
¼0½�_ Û�� ��6��Hä 8Å9 M:à0á:â:ã ùÅú , ]0f���� � � ù�ú M�à���	ÅB ù�ú (MKP) Z @ ,

_ Û�� D
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®�a�b0¤0¥ M�
 Ü â0ã . ��	��0} 
 Ü MKP

M � ò0S0¾ � � l�` �0��a�b0¤0¥ , [0f�� Ê ¤�[ 
 Ü ¦ ÷�ø��� ¡�A�© Ü � � ¤0¥ M � F P ¦ ô�Þ P .
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