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[abstract] Eventhougha branch-and-boundalgorithm(BB for short)is themostgeneraltechniqueto dealwith
variouscombinatorialoptimizationproblems,thecomputationtime is likely to beexponentialasthesizeof input
increases.Parallelizationis oneway of improvement. We canexpect that usinga betterupperboundmakes
boundingoperationsappearat early stagesof computation,possiblyresultingin shortcomputationtime. Here
we considerusingan approximationalgorithmin computingan upperbound. In this paper, we experimentally
evaluatehow usinganupperboundgivenby anexistingapproximationalgorithmandvariableselectionstrategies
affect thecomputationtimeof a parallelBB for solvingtheminimuncostvertex cover problemona PCcluster.
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������ � é�2�U P þ ó N�O� J��	���� ���F ô�â l J���ý >�� 
�U ^ W F���� é PK¡�¢�Í(Î� �kP������/p�hC=�d J e�¥ J�Ú ö ~ SA7�� ~ D�ElP��XS�u J 7���Õ�D�E�F���� q � p�h�= ö�÷�~ >� Ó�U p W �
1. � �"!$#&% @ Z(')+s �+*�y P Ú ö Õ,� ) ��P 7� ~-)/. e10#Ó $ � F��
2.
'(q32

( ; @ Z ) p�h�=�¡�¢�Í¯Î�� ' �q�. p�h ó
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ô Â @�U	4 N # N NSR ��5 W/' J v ° h þ óN�O�� � � U	6��
3. � � J ÖQ× Õ87 �9 � ¡]¢ U 7 �9 �3�úp�h¢=kP1� ) 7 �9e U P ° � Ú ö ~ _1: ; � FK�<7 �9 J ¡K¢��`�`l
� � J 7�� ~ S���h(i é p�h�= Step7 =�s¤£f�

4. � � J � × Õ�7 �> � ¡]¢ � F]�?7 �> ¡ �Ûp�h`=fP Step
7 =�s¤£f�

5.
� ���� ���`l Pb� � ° h J ó#ô ½�¾ S�� � ekpi(= Step7 =��

6.
ó�ô ÉQñ U	4 N # N VSR����l���� ° h É�ñ c  � U	@�P1� � ° h ÞBA J ò�N�O � �DC w�tvt�t�wv� �FE � W
Y U P '3)/'�G`s � �DC wvt�tvt�w�� �DE yAe � F�� é�2�U P
; é ��H¯'�F�ò�N]O JJI R�}DK (

Ø ã c ã Þ ) > P
} K �q }ML (

Ø ã	N]ã Þ ° �kc(�q N ) ��è�U P ° �	O
H P JQ' �K��R��Ai`F"ò�NkO J$I RVeA>�ÿ`pKF_ J e � F��

7.
')/' Î s � � yke1:	; U ^AP Step2 =	S�F�� ©ª

3.3 TVUXW¯éZY�[V\X]�^`_baVc(d�ekå
7�9�L�M�@�B�C�N�O`>�H J ��û(� U ^ ó�ô�õ�ö � ���l ~ £�d�e�S�D�¥�F��p J @ @ Z�� @�H ñ�J 5(¥ W @ ° h(9 �(W @	=	��d����w.� Ë w�tvtvtxw.���Ke ��U P�Qk���Æ��� U&É�ñ c�� q Ø >� � � @�B�C J @ Z ��H¯' c � qk� >]@�B-C J @ Z �
HÅ'�p W d�e ���#� �¿7#9�LKMK@�B#C�NkO J Ö�× ÕKP� × Õ�>�H J ��û(��¡�¢ � F��
f � × Õ�¡�¢ * ó-ô ½ ¾ �]j ´-F#Q þ ó N]O �� D J G H I �hg � e � � �b��  J v D-@ B Cº�c�  q Ø È ��Ë ö PV_ U £�>A@�B�C J @ Z ��H('p W º�c   q � È e�Ë ö U�é @ �ig � ° h�j�k U ^ö ��F�l	m�Y ó �kp � q º Ç � w ½ � È Pu} q Ø w Í w t t t w Þ  e � F���� é P�»ÉÇ��Ý» qon �æP�Q p �ÐD J 7 5�H ñ�Zprq�s c � P�7-9�H ñ �Zprq } F � e � F�� � h]�n � ãt J�Y�ZQn � P prq	s c � P prq } F � J c�^ JC!�Z
#���� U Q p � v J @#B�C ñ�J 7K9�ÕÊF � � õ��^�d(i�h ��� ���`e���^�j7¥�P n �Æãt J�Y�Z >d(i ��u ¬ U ^ F � � õ���F��-� é P n �wv�x JY�Z >�P
F � q

Ø prq	s c�� qbn � Î Ø J e�¥»É½ � »zy prq�s c � prq	s c � �qbn � Î Ø J e�¥
D ö ��F�� d(i�� p � J @ J 7�9�L�M ��{ ´ é_ J��oq � e ��� �
� × Õ >�P�d J ��û³� U ^�õ�� é|q � J�}	~ eþ ó N�O v J @�BKC���Ë ö UAé @ J LKM J�~ DE�F��

f Ö�× Õ�¡�¢ * Ö�× Õ�>�P þ ó N�O J�� Ë ö É�ñ@ Z � � U P 4
Â�J��	��~�� � é > |�}�~����

¬ W ^���F .

3.4 �ZYo�V�V�V�V��_�o�V�V�V�V�i�
�	�"!�#&% @ Z('%J v ° h ó#ô Â @ Ò þ ó N�O � �
U	4 N # N (NSR) ����\�^�U	4 U P � Ë ö É�ñ`J v° h ó�ô É�ñ U	4 N # N (VSR) ����\�^�Pb; é � 0� é > 1 ��Õ � Ë ö � F É�ñ�� U	4 � F��`d(i���D� w�ñ�J N # N S��	� � i�^ W F�S�ó�¦�eX¦�§ J 9
ê�1�p þ ó >���e�V7_�Ë��K\#^ W F��`û(D�EVl P [4]� @ 5�Y � i�^ W F��ó�ô�õ�ö � ��j W ^�>�P�d(i�h J U	4 N # N J�!Z t�#���� � U ^�P���N�O ��~�W ^�_(�Vh(i�F óô�³ J�� S É t�\�^ U ��û���5�\�^�¡�¢ ã�ñ P	�	@¡�¢ z�{ ��_65(¥�p��	� ��g '	� é ��P�U	4 N # NJ�!�Z t�#� ó�ô�õ�ö � ��j W ^�L � p �`����� �e1�('	� .

3.4.1 ° ²	�	�	� º � (NSR)

NSR����H� (a)� (b) ���	� 	¡	�	¢
(a) Depth-FirstNodeSelection£	¤	£ (DFN)[4] ¥§¦¨© ¤&ª¬«	X®"�	¯	 �°�±���²³�´	µ	¶ ( ·¸¹ �	º¼»½b�J¾¿±1´bÀ¼ÁÂÄÃ ) ÅÄÆ	Ç¼È�É	¢�ÊË ±1ÌÉ�À	ÁÂ�Ã�Å	Í	ÎÏ�Ð	Ñ�Ò	Ó	ÈÉ	¢
(b) Best Upper-Bound Node Selection £V¤i£

(BUN)[4] ¥§¦ ¨�© ¤`ªÔ«bÕ®|�¼¯b JÖ¼×�Ø��Ù ²  ¡	É�µ	¶Å�Æ	Ç	ÈÉ	¢$Ê Ë ±1ÌÉ�À	Á"Â
ÃÅÚ1¤Û	Ñ�Ò	Ó ÈÉ	¢

ÜbÝ	Þ  bß [1-3, 6] �JàbáÅJâ�ã1�	µb¶¼Æ	Çb£¼¤
£ß DFN Å�ä	´É .

3.4.2 å	æ	ç	è	é	ê	é (VSR)

Á	ë	µ	¶��Æ�Ç�±1ÌÉì1�	íß�îï�ð	ñ	ò"¯	 ó��
ñ	òÅbï�ð	ÈôÉ	õ	ÅÄö	ð�÷Jø	ã�Ìôù	øúÄø�´¢ VSR
Ñ�·�´û ß�ü ¹þý ÿ Â�Ã�Ñ ��� û ý ´���ñ�� É��	���
 Â�ÃÑ���÷�û�ä�	ÈÉ	¢Ù ¾	���	¶	���ÂÄÃÑ��¿÷�û¼ß�í� (i) � (ii) Å�ä
´É .

(i)
Ù ²	í¼ò���¶ôÅ�ÆbÇ¼ÈÉ ( �¿÷ � íbòô�	�����
Ñ	ß��	�� Ù ¾���¶Å�Æ	Ç	ÈÉ ) ¢

(ii) �	�	�	í	òø	É���� Ù ¾��¶Å�Æ	Ç	ÈÉ	¢
4
��� ��! "�#%$�&%')(%*�� !

Ù ¾��	�b¶����ÂÄÃôÑ��bÈôÉ,+	-�.�/1032546487:9<;	=> �@? 2 ACB�É 2 ·@DE= > .�/GFIH ®ôìKJ1®MLN;PO �Q�R�SUT .C/WVNXZY ÅE[�\�ÈÉC] øEO�; Ü µ�A ý ÿ +
-	.	/	O � Q = > .	/�D�^�_�`ß�í�D�a ¹ A	B	É	]
b�c

: d�àCe	f�gUh�i�jCkl0�mKnporq:sIt?ì ¶	�C�@u�òv�w oyx{zM|{}�~	�	�	ò	��]� c
: ¶	�	��F���o�]
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4.1 �����������r�5�����
(1) oy�{o�;�0�����0E� o�� ;�FK�¢¡ .
(2) o�m�¡�¸	A�£�¤	ÅE¥ ¹§¦ È :
76¨ª© n�«¬t? Ù ¾�D�¶®«�¯ o3Å$Æ@°�A$í@D�±C²"Å�³ÿ ]���÷�; í	ò�?�´�÷1´	¶@?�µ	ò	¶	·	ÈÉ��	
ß�;¸«Z¹ºD	¯	A�¶C�	��? Ù ²�D�¶�ì1ÈÉ	]
o�� o�»¼n¾½p«À¿�Á�®�7ÃÂ:¨r©Än�«¬tÅtÆ;ÇFÈ� FlÁ

®�7ÃÂ:¨r©ÄnÉ«¬tÊ;�0��Ë�{0�� o�� .
4.2 Ì�Í�����ÎCÏ�Ð [17]

(1) Ñ	�DÒ«C¯�o�Ñ���÷�;�Ó�n�«¬tº� v n�«¬t , ÔÕnÉ«¬tI�
7 ¨ nÉ«¬t:]

(2) FK�¢¡ , o���{o , s��Ë�{s�]
(3) s��Àm�¡ ì�ø	É	¸	A�í�D�±	²"Å�¥ ¹§¦ È ¥

“ Ö,×ÙØÛÚÜ ×ÙØÛÚ ?
Ù ¾�ìJø	É¼«�¯@o�ÅJÆ	Ý�]PF��ÞF�Á

½p«À¿ , Ó�n�«¬t��àß , oº�I�àoº�Ë»á½¾«À¿ , s��I��s��Ë»
½6n�«�qÄ«â� täã<«â��¯"®M7�Â:¨r©Än�«¬t¾¿ . �¿÷�;�0��3m�nporqås�� tæ]
èç ¯�®M7�Â ¨ª© n�«¬t ÑéO¼´ôûé;�Ó�n ç tê�ëÓ�n ç t3»
Ö,×ÙØÛÚÜ ×ìØÛÚ , ÔÕn

ç tí��ÔÕn ç tâ»ïî$ì<È"É�]�ð�÷ÇÔÕn ç tñmKß
øú�ù�;�o��ª��o��¬»�½ ç ¿ ì1ÈÉ	] ”

4.3 Ì�Í�����ò	Ð�ó [11]

(1) Ñ	�Dá«�¯¸o|Ñ���÷�;�Ó�n�«¬tí� v nÉ«¬t:]
(2) FK�¢¡�;�s��Ë�{s�]
(3) s��Àm�¡ ì�ø	É	¸	A�í�D�±	²"Å�¥ ¹§¦ È ¥

“ Ñ	�Ñ®n çõô q ç�ö tí¯¸s�� Å�ÆCÝ@]ïÓ�n çõô tí÷øÓ�n çùö t
øôúJù®Â	mèî6;�ú ÿ A¼øbãJÌôù¼Â�müû�ì¼÷Äû,;
Fý� FÒÁ�½ ç ¹ ¿ , s��P� s��ñ»þ½ÿn ç ¹ qÅ«�� tCã3«â�é¯
®�7ÃÂ ¨r© n ç ¹:t¾¿å;�Ó@�Ë��Ó�n ç ¹6t?ì È"ÉC]º�|÷�;�0��Àm
n orqås�� t§A�B¼É�] � Ñé;�Ó�n ç�� t��àÓ�n ç�� t3»�Ó@�
(�3møîZqåû ) ì1ÈÉ	] ”

4.4 ���	������
��� [38]

(1) FK�¢¡Ë]¸s��Ë�{s�]
(2) s��Àm�¡ ì�ø	É	¸	A�í�D�±	²"Å�¥ ¹§¦ È ¥

“ ÑUÑ¢n ç qÅ«¬t�¯�s�� ÅJÆ	Ý�]éßé÷��þ÷ v n ç t��v n�«¬t�»�î ø	É���ò���Å R Ê�±��É�]������"Å��
�! é; v n ç t�÷ v nÉ«¬t ì ÈÉ�]"�$# v n ç t?ø�úJù
FK�{FÕÁí½p« ¿BìÄ÷º;�ú ÿ A�øÄã Ì"ùKF��{F�Áí½ ç ¿
ì1ÈÉ	] � Ñ�;�s��Ë�{s��ù»�½Û46¿�ì1ÈÉ	] ”%�&
4.1 ( ')(�*�+�,�-�.0/ &�1�2�3�% ) 4 1 A�506

ú1Ì���i�j	k Ñ���ÈÉ Ù ¾��	��¶C�	�"Â�Ã�Å�786	É .4 3; 4 ß�ú$Ì89�Ì Ö�× Ø;:�<"Ñ¼032546487:9<;,FäH ®	Å= ä�÷����	�D�>	³�?@A	B	É	]	ú�Ì09�Ì	;	À	ÁÂ�Ã
Å 8 @"¸�� ß 4 @ Ê Ë ÈbÉ�ìA>C³@?�B8Cb÷$û�O ¹ ;1Ö
×�Ø):�<�D�/Ñ �"¹ :�<FE�ò�?HG"ø�É0I ì�?�Á�õ�É�]

0

1

2 7

 8

 c

 d

1

1

0

0

U=13 JLKNMPONQSRUT
L=2 < 13

U=15
L=6 < 13

U V  WSXSO
L V  YPXSO

Z\[S]_^a`
3 6

 e1 0

U=15
L=10 < 13

4 5

 b1 0

U=15
L=10 < 13

bPcAdfe ]gih\j ]Uk
U=10 JlKNMSO\QSRUT
L=10

ZS[S]m^"`bfcAdPe ]
U=15
L=15

bfcAdPe ]
U=13
L=13

4 3: Ö�×	Ø�:�<"Ñ®0N2548487:9�Å�ä ´����	UD�Á	ë8n�ð
/�D�>	³�?�]���o÷�;�p	¶0q	D�r�sß�À�ÁÂ�Ã�D�tu�v�w Ñ���x	ÈÉ

0

1

2 3

 4

 c

 d

1

1

0

0

U=10 yLzN{P|N}S~N�
L=2 < 13

U=14
L=6 < 10

U �  �P�\|
L �  �f�\|

�\�P�m�a�
�\�P�m�a��P�U�P� ��i�S� �U�

U=10
L=10

4 4: Ö	×�Ø�:)<Ñ®FIH ®�Å�ä ´������D$Á	ë8n�ð	/
D�>	³�?�]���o÷�;�p	¶0q	D�r�sß�À	Á"Â�Ã�D�t uv�w Ñ���x	ÈÉ
5 ������� �����
5.1 ���Ù ¾K�ø�ô¶ø���QÂ¼ÃQÑ��ôÈQÉ��¡ ôÁôë¢n ðK/¿Å
100Base-TXD�»�¤ º)£�Ï¡¤íA�à�8÷�� ( 4 6 ¥)¦ )12@�D	Û8§m¨�Ï º } CPU:PentiumII 450MHz õú Pen-
tium III 500MHz; ©!ª¬« :800MB õ�ú 1GB��õ�úJø
É:)<�®)£8Ï�¤U¯<¤"Ð�Ö (


 :)<�®@D OS ß FreeBSD
4.3-RELEASE)Ñ C °�±Å�ä	´û�>�²�÷���]��� �³
Ñ	ß MPI[5] Å�ä	´��	]
5.2 ´¶µ¸·$¹¶º�»$¼Ù ¾�����¶����8ÂJÃ�DC^�`KiUj�k 0{m n orqåsät<ßé;
ã oêãrm®û ß q¾½ ßZq¾¿ ß q¾À ß q:î ß6ß Ñ��¿÷�ûé; í�D!Á	/�Ñ �ô¹
ú�Ì09�Ì 10 @ ( Â	ò 50 @ ) D	i	j	kbÅ�Ê Ë ÷�� : ¶
ò�?èãìo�ãùD�ÃÅ�j�Ä�ÅÇÆ	ÑJÊ Ë ÷Õ;�ßÉÈ û�ãìo�ãÊ�Çî Ü DË Å�Ì	� Ë�ÍÏÎ�Ð £	¤Û	Å�²�ú�ø�´ �ÿ Ñ�j�Ä�Å�Æ
Ñ�Ñ�Ò	ÈÉ	] ( ·"¸ ¹ ;Uãìs�ãâmKîÉÈ û�ãìo�ã¾�UîIA	B	É�] )

5.3 Ó�Ô¸Õ�Ö
:�<�®�D�×	òÅÙØ�ì�OÛÚ�]
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ÜPÝHÞàßmá\âàã_ä

C00(ROOT) C01(WORKER1) C11(WORKER11)
100Base-TXåAæPçNèAé�ê�ëíìïîñð
4 5: ò	Í�ó0Æ�ô�õ�D�[�ö

[ ÷)ø�ù)ú�û)ü�û 1�ý)þ ] ÿ 3; 4� 5�)4 6
������� ÿ��	�
��� ��������������	������ ��!#"%$'&�( �*)�+,�-�.�/�0 � 1�2#3 ÿ ��� ÿ 3

�547684:9<;>=>=?	#@�A
�#B C�D

PC E�F�G�HJI 	#K PC
	 )�L M#N 	#O�P �ÿ 4

�547684Q9%;>=>=?	#@�A �RB C�D
PC E�F�G�H�I 	K

PC
	 )�L M�N 	�S�T�U �ÿ 5(1)V (5)

��W#&�X#&
Y 9Z;\[^]\[^_\[^`\[^;>] �#a�� D )�L b�c 3 �%d#e#fgD�� .B�h�i U )�L�j�k ��l�m�� k�n�o:pqpsrut 3#v f e�f D��w�x � ÿ 5

	 y z �
(i)
S�T�{ N 	#| 3#}�~ ( � d{ N ������@�A � ��������S��g	�|�3�}�~ )

��� f w
x 3 ��d#e#f D�� |���� �#� �#B�f e � � � D |�3|�������A �#� ��D 2#W�	��#��| �#{ N 3#��� ���D 1�2#� ,�- W#& 3������ � 1�2 � y ��� F�� 	�K��w � F�� 	#���  �����$�¡ . D�� { N �#T - f |3#} ¢�£#¤ � y ��¥%¡#� F�� 	#K ��w � F�� 	#��� ��#��$�¡ . � � ¥�¦ �#§�¨�©�ª � 3#« e#¬� ���® D ��� � (i)

��� f w�x 3 �%d�e�fgD 2'¯ ��° & D��
[ ±�²�³�´�µ�¶�·�¸�¹�º ] » 6� 7� 8� 9� 10��¼ 7

�
����� » ��	½
u�¾� �����#�¿�����g	����#�g��!�"�$'&( �*)�+ ,�-�.�/�0 ��1�2�3 » ��� » 6� 8

��W#&�X
&À47684:9<`>= � 47684:9Á;Â=>=?	�@�A �#B C�D PC E�F�G
H�I 	�K PC

	 )�L M�N 	#O�P �Ã» 7� 9
��W#&�X#&

4Ä6?4Å9Æ`Â= � 47684Q9Æ;>=Â=?	#@�A �#BÇC�D PC E�F�G�H
I 	*K PC

	 )�LÇM#N 	#S�TJU ��» 10(1)V (5)
��W

&�X�& Y 9Ç;>[q]>[q_>[q`>[q;s] ��a�� D )�L�b�c 3 �Èd�e�fD�� . B � h�É 	 w�x / °�Ê N }�Ë�Ì�Í�Ì � � (i)
S

T�{ N 	�|g3�}�Ë ��D ( � d � { N ������@�A � ���� �#S�� 	#| 3#}�Ë � D
)
3#v f e#f D��

» 8� 9
yÇ� 47684Î9Ï;>=Â= � Y 9Æ;>]8	*@JA �*B�fÇe� � h�i U )�L �RÐ�Ñ�Ò�Ó � kÕÔ'ÖØ× 3#Ù�v � D 12 � y � � O )JL M*N�Ú K PC

	 )�LÛM#N 	#S�T�U
Ú�Ü�Ý $�Þ D 1�2#� ,�- � �d / d �àß?×âá��àã¾ä\å 3RÙJv d �#@JA � � � O )
L M#N�Ú K PC

	 )�L M#N 	#S�T�U Ú�æ �Èd#e#f�D��
[8]
� y D 2 �çÔèÖé× � ß�×êá¾�àã�ä\å y � Ú�ë�ì �� f � 3�!#" d#e#B � � Ò�Ó � k 	#í ª 	#î�ï �#O

)�L M�N 	�î�ï ��a�ðÈd#e�f D 1�2���ñ / D�� » 10y � � Y 9ò;>]'	#@�A �#B�f e Ô'ÖØ× 3�Ù�v d �#@�AO )�L M#N � Ü�Ý d � � Ú /�/ ñ ° ( ��)�L b�c �

æ T d�e�f D�� 1�	�1�2 / ° ��Ô'ÖØ× 3�Ù�v d ��@�A� n¾o:pqpqrt �#ó�ô�h�i U )�L 1 M�õ �Ï��	 )�L b�c�#ö�÷ �#ø�f 1�2#��ñ / D��#Ò�Ó � k � y D#h�i U
)�L 	 b�c#æ T �#ù�ú�û ¬ ü#ý k 	 )�L b�c 3 æ T$�Þ D w�x 2 .�0 � �1þ	 w�x / ° � û ¬�üÿý k ��B*f�e 	 h*i U )*L ������g��� Ý�� ¡ e Ú'�èë*ì � U�3�!ÿ" ��D Ú 	*3�Ùv ��D ¤g��y � ë�ì � �g�#« ° & D 1�2#��ñ /�0 � �

6
���
	 ����������
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» 5:
Ê N }�Ë�Ì�Í�Ì è3é#)�L b�c ( ó�ôöõø÷ )

(1) Y 9Z;ù ìïú íûú üïú îïú ëïúïú
(i) 0.0070.0170.275 2.406 23.422
(ii) 0.0070.0439.039117.217803.466

(2) Y 9Z]ù ìïú íûú üïú îïú ëïúïú
(i) 0.0080.032 0.353 2.376 23.215
(ii) 0.0100.05810.042102.564691.703

(3) Y 9Z_ù ìïú íûú üïú îïú ëïúïú
(i) 0.0170.0230.323 1.962 17.708
(ii) 0.0100.0496.56761.400446.277

(4) Y 9Z`ù ìïú íûú üïú îïú ëïúïú
(i) 0.0210.0420.182 0.862 13.522
(ii) 0.0280.0693.26639.062253.731

(5) Y 9Ç;>]ù ìïú íûú üïú îïú ëïúïú
(i) 0.0610.0790.216 0.656 10.231
(ii) 0.0820.1051.95331.506167.862

» 6:
h�i U )�L�j�k (

4Ä6è4 9ò`>=
) è3é O )�L M#Nê � ë ì í î ëïì

Greedy4358039423401163160328699
CLA 4010340984405503201330718
BAR 5563751093513624172736828
PIT 5192551764470163508731087

» 7:
h�i U )�L�j�k (

4Ä6?4 9ò`>=
) è3é PC E�F�G�H�I

é K PC é#)�L M#Nðé S�T�Uð+5ñ�ò I � Y 9%; é @A�2 é ó ê � ë í ëïì
Greedy4358017869(2.4388)4245(10.2661)
CLA 4010319531(2.0532)4448(9.0159)
BAR 5563723222(2.3958)5220(10.6584)
PIT 5192520934(2.4804)4619(11.2416)

» 8:
h�i U )�L�j�k (

4Ä6?4 9ò;>=>=
) è3é O )�L M#Nê � ë ì í î ëïì

Greedy353134359328365848434580413128
CLA - - - - 392433
BAR 719509673788679658782872658357
PIT 605062441850568256633961532472

» 9:
h�i U )�LJj�k (

47684 9%;>=Â=
) è3é PC E�F�G�H

I�é K PC é#)�L MRN3é S�TJU3+5ñ�ò I � Y 9%; é@�A�2 é óê � ë í ëïì
Greedy353134146048(2.4179)62114(5.6852)
CLA - - 59258(- )
BAR 719509250908(2.8676)93041(7.7332)
PIT 605062204590(2.9574)77995(7.7577)

» 10:
h�i U )�L�j�k�è3é#)�L b�c ( ó�ôöõø÷ )

(1) Y 9Ç;ù ìïú íûú üïú îïú ëïúïú
Greedy0.0070.0170.275 2.406 23.422
CLA 0.0070.1031.69212.040 -
BAR 0.0070.0420.607 5.477 81.378
PIT 0.0070.0270.427 3.698 52.647

(2) Y 9Ç]ù ìïú íûú üïú îïú ëïúïú
Greedy0.0080.0320.353 2.376 23.215
CLA 0.0090.1001.57811.360 -
BAR 0.0140.0500.635 4.764 66.568
PIT 0.0110.0380.474 3.421 42.084

(3) Y 9Ç_ù ìïú íûú üïú îïú ëïúïú
Greedy0.0170.0230.3231.96217.708
CLA 0.0180.0811.1487.573 -
BAR 0.0080.0500.5003.42342.368
PIT 0.0100.0280.3822.51028.869

(4) Y 9Ç`ù ìïú íûú üïú îïú ëïúïú
Greedy0.0210.0420.1820.86213.522
CLA 0.0600.0790.5782.939 -
BAR 0.0340.0490.2621.30528.184
PIT 0.0420.0490.1910.97319.867

(5) Y 9Ç;>]ù ìïú íûú üïú îïú ëïúïú
Greedy0.0610.0790.2160.65610.231
CLA 0.0920.1120.4372.12033.067
BAR 0.0840.1100.2310.98719.205
PIT 0.0890.1030.1790.76413.635
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