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1.1 )+*-,/./021
1.2 3547658
¡ g:9 ���>n4o�@ 5W�4� �6�L�I�A����@ï� a E<;�=ÄK|E?> �A@�­�B�C �6�L�I�A��� ­ �>n4o } [9F�w4x ; qr n4o�@D> �T¬ � @ï�4�4n4oFE Parallel Processing G � a � h �4�4n4o�@ï� a g�¬ � ; } [¹5 nOo ¦t§ � v�H`JI�K yML m�k 5 « _I5 nOoG�O¼ F �O�Op g �ON�P � k E a g9h �4�4nOoX7RQ�S�T�U��RV�W�X�Y��>ü[Z]\_^�`;9� a m�k<g Q�Sba�c<dbeCµgf `7h 5?i {OE v f ` qOr n4o�@Dj�k � p g Ô9Õ��9ü�l<;I� a m�keg>h

1.3 354+monqp�4� �L�6�I�A���X@�� a g~¬ � ­ �4�4nOoA@�> �,¬ � yT±~� ` q,rLs @C�O� q,rLs (Parallel Computer)
�a �Zh �6� qLr~s ;t7 5 ÑeEe�~�~�,�ª�|�Gy�rts7u�v�ù (Shared Memory) ;<w�KïE�x<ñTØÄfL@y> a,5 �~����Z� § �yz�{�7�u<vÄù�@Dz"K|E?> � r�sbuMv ù}|6�O� qWr6s (Shared Memory Parallel Computer)

� 5 jk�~Tk �L�6�I�A���e79M5�|;y���2u<vÄù (Local Memory) @C�b� 5 z�{�;47 U �X³C´Iµ~¶ § ­ ��ue�|�~µ S ��g� {ª@>�~�Gp gJ��� u�v"ùA|~�6� qLrts (Distributed Memory Parallel Computer) � v f�ý 2 �e; � Dg~¬ � y ­ f g9h r�s2u<v ù}|6�4� qWr nOoX7 qWr6s § ��� N �OÔ9ÕtH���µgfT� ��� { � aedi_ Ô>Õ�;yw"K E7�uMv ù�@Dr�s"K|E a g _ {
w4n"KZHtp a y 5 �6�I�A���e�y��� `2h �JX���yt¡ dT_y��� ;47 5 uMv ù|;>Ñ�E�L�6�I���Z�X@D�LB��>� g�¬ � y��
�X; `Gd E�Ki« � hLj � _ {6; 5?��� ­ 7y���buMv ù y,�L� ­ f gR��� u
v ù}|6�O�LnOoGy<��� � `ed E a g>h?CW� 5 ��� u<vÄù�|6�4�4n4o�;47~¶Oô V f�a V�� ûL� ­ Y\ýCö4��ù��6µ
a7�
�I76« °J� `4a � a � I �~y~¡ g9h
1.4 �o�]354+mqnopu4ve` ��µgfL@ w4x nOoGp g ;L79�4�4nOoGyMs�� ° y 5 C?� ¿ ; 5 �O� qWrLs+  ��7R¡�¢�; w6²G`<F � ­ ¡[^5�£ �¥¤ V ³ F ¡�¢�; w ý ` g9htj � _ { 5 �4� qOrLs @C�����47§¦<ý C ��� v�¨ HOË4Ì�� j KCE<©�ª"K ¢` ý 5 Â�Ãi7e� k E a~_ y�«~�"Ki;Äý aTb6c ­ ¡ dW_ hOj�¬>­ 5W�6� � q4r~s @ U ��³�´,µG¶ ­ ·-¬ ¬ � ;} [ 5 q4rts Ñg��@ 1 �6� ½6¾<¿L` �L� qOrts � p g ½6¾ �L� qOrts (Parallel Virtual Computing) y,Â�Ã� k E a gih ½t¾ �6� qLr~s @>Ù Y p g�­ õ�³¯®�°Lö4;t7IJg± ­�²g³ � k E a g F � F ¡ g _ { 5 » ² ­ �� q4rts @�Ù�´ ­ f gIh�µ�¶ ¿4`T½6¾ �L� q4rts @�Ù�´ep g�­ õ"³¯®�°Oö � KïEG7 5 PVM(Parallel Virtual

Machine)[3] H MPI(Message Passing Interface)[2]
5

OpenMP[5]
`2h y~¡ g9h

1.4.1 PVM(Parallel Virtual Machine)

PVM(Parallel Virtual Machine)[3] 7i�L� q4r @R> � _ {t� ­ õ"³¯®�°4ö ­ ¡ g9h ö�u�ù�·t�?¸Gµ�¶XùW�S?¹T] ËLÌ�� [13] �tu§��º�µ,y[»y¼ � `ed E�½?¾ª� k _ ­ õ�³ ­ 5 Linux,Windows,BSD
`7hÀ¿ �C� OS

­
Y4À"K 5 ßO� �L� y�Á�Â ­ ¡ g9h PVM @MÃ[� V ³ µi÷6p g � 5<U ��³|´Iµ~¶,;y�LB�� k _I�O� �6� qOrLs @B�C �9�O� qWr6s � KCEM«6�tp g�¬ � y ÁRÄ gt}G� ; ` g>h

PVM ;yÅ"K _ nOoX7<ÆgÇt�Rz [ ­ ¡ g>h
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• �È� qWr ò�É�;<��Ê 5 z�{�Ë�Ì�y w ý `La nOo
• ¡�¢�;yË�Ì�� w<a Ô9Õ�@�Í s�Î r�� ­ nOoGp g ���
• Q4o ¿ ;yÏ k _ qWr6s @C� d E,nOo�p g ���
•
��� nOoA@D> � ���

1.4.2 MPI(Message Passing Interface)

MPI(Message Passing Interface)[2] 7I�O�Ð\ ��� �6�I� V6§ �guG�C�~µ S s �<@ ²�³ p g¯Ñ�Ò T�Ó ­ ¡ g9h
1995

3 ; MPI õgÔiµtôiû~; } d E Ñ�Ò ��� k E�Æ Ä45yÕ ý �yÖ�×�y?Ø � K|E�Ù [^5 ¤,µ+Ú �yÛ�ÜL�<;JÝ k Ea g9hq JÞ ;>�6� ­ f g Ö�× � KCE~7 MPICH
`7h y~¡ [^5 ô?ÃgßLô�ù�eOàO÷ ­ �9�4��� ­ ¡ g _ { 5Èá�â @ÔMã�äM«L� ­ f 5 �L�6óOô<å4yMæ�¢ a�ç dWµ�èé�,óIyM>�ê g �,yM«�ë ­ ¡ g>h

MPI ;RÅ�K _ nOo�7MÆ�Ç~�Rz [ ­ ¡ g>h
• �È� qWr Ë�Ì�;<��Ê 5 z�{�Ë�Ì�y w<a n4o�@9p g ���
• ì C ` �6�I���Z�e; },g wLx n4o�@D> � ���
• ùCöI÷éfMÃOûin4o�@¯> � ���

1.4.3 OpenMP

OpenMP[4] 7
��;
rts7u�v�ùA|��L� qLr~se­ � a m|k 5 �6��V�W � ¡��6��VgW ­�ígî � C � ­ µ V ¤Oµ
ÚZ@��t� ­ f g � a � «�ëGy�¡ gIh OpenMP 7 MPI ;M��ÊtE[uMv"ùïö~¶i� V �t�4µ�·ªù �[ï y�ð ý ` gyñ�Wy�¡ g � ­ 5�ò�ó�` u?v"ùïö~¶I� V y~¡ g �t�tó4ô,û ­ 7 5 MPI � � y w6x<`<�g� y Õea h ¹ � ­ Ö�ô�;� d E a gyõ 7J¡g¢�; � `6a y Linux �6�t�T� V @ U ��³C´Tµ~¶Rö Þi­§í ¢G��¶4ô V f�÷Oµ/Ú ;yÖg>ª�>� g
OpenMosix[11] H�ö�ø�ù�ª�úGy�û ] K _
ü �L�LnLotËLÌ�ýL=�þgÿ�� ­ ¡ g���� Ö6nLo�½?¾ s ÙX;WE�½�¾A� k_

Linux ��¶Oô V f,µ qWrLs � ü �O���6�Ló4ôiû
Ö�>�V�W Score[12]
`2h yt¡ g>h

1.4.4 ����	6þ�
��
������ �O� qOr ������ë�@ ¶ 1 ;��Gp h
�

1 ����������� �"!�#

PVM MPI OpenMP

Í s�Î § ; },g ½L¾ �4� qWr ±�� $W±G� $O±��%'&)( Å � � wea ð a ð a
ue�|�~µ S z�{~�O¼ ð x w4x ð x

Í s�Î § ; }Wg ½4¾ �O� qWrLs 7 jTk�~ik �<Ã ¿ ¢ m �~�Ly
� d E"ý g>h PVM 7yÍ ÎLqOrLs U �X³C´Iµ~¶@GÃ ¿ � KïE,À Y � k E a g �4;
wÄK 5 MPI H OpenMP 7gu<�C�Gµ S X�*2a V�� û � KCE,À Y � k E a g9h+ ; 5 %'&,( �X7 5 PVM 7 ½6¾ �4� qOrts ;6�t�i�ª� ��@¯É[ê _Ä[.- K _Ä[ p gG¬ � y ­ f g y 5 MPI H
OpenMP 70/4Ê ¿ ;L7 ÁyÄ<`6a6_ { 5 PVM � � y w�a �L¼�@ï� d E a gIh %1&2( � � 7 (03 ¾LP ¦ ��4 3@|Ï6ÐG¤ £ ;�5[ê g �4¼�� ¬ � ­ ¡ g9h uG�C�~µ S �Rz�{~�O¼G7 PVM 7RÍ s�Î § z�{ `7h �)6tµ�³^p g _ {

2



�<¸GµJº�7ª�bÚ^yt¡ g y 5 MPI 7yz�{�� w4x �<;>®�ë~y'8W¢ k E a g _ {6; 5 PVM ;JwÄK|E MPI � � y wx � `Gd E a g9h��9X;0:�¸ _T½t¾ �L� qLr VgWª@>Ù�´<p g§­ õ�³R®�°4ö6��» ­ 7 5��g� MPI y��t� � `�d E a gIh<j�¬­ Ê�Ë~Ì ­ 7 5 MPI @I� a g Ê�Ë~Ì ­ 7 MPI �<Öt× � K>E H<; ý � a mCk E a g MPICH2[6] @I� a gTh
MPICH2 76ögu�ùD·t�6öLµ�øt� ¹i] ËLÌ��Gy?U<=�Ö�× � K|E�½?¾"K 5 J�± ­2­ µ V ¤Wµ/Ú @">'?"K _ ô�ÃgßôXù ­ ¡ g9h Û�Ü"KZHtp<�O@C®L¯"K _ À [ ; `Gd E a g _ { 5
@)A ;yÛ�Ü�yM>tã k 5�B ¥b»O� í � A7h �<à2�C �I�O��å�a��9� ­ «6�tp g~¬ � y ­ f g>h
1.5 DFEHGJIHKMLON
P'Q�R2S2T�U

MPI V0W2XZY�[�\)]Z^�_�`'V0a�bZc0dfe�g"hji'k<l�m�noc0dpY�q,r)^0s�i'k�l�m�noc0dJe TtZujv�wZx2y<z�{
G = (V, E) |�}Z~����2_Oej� U G V�i'k<l�m�n�Y"�Z`2^�c�d S)� ^�s������ |V | = n

U��
� |E| = m V�i�k�l�m<nZc�do��aFg�h U Prim

T
O(m + n log n)

U
Kruskal

T
O(m log n)

U
Sollin

T
O(n2)

V��'���0�O�o�����,Y"���fg�_ [1] so��_ U Sollin V'�0�O�������<�F� T�U CREW PRAM � S�U p �'�
��� 
O(n2

p
+ log2 n) ¡'¢ Sj£M¤.¥<¦ �����Z���<��|�§H���,^ [1] s

1.6 ¨H©«ªf¬®­°¯
P�Q<R1S)T�U�±�² t�³�´ Y�µ¶g�h�r1^�·<¸ ¥�¦�¹�º�» V�W1XZY�[�\']2^�s�·<¸ ¥�¦�¹�º�» Y�¼<½)]2^)¾ {¶¿À�Á ��� T MPICH2 Y�Â�q)]Z^�s P�Q�R ��Ã2Ä'^�[�\�Å�ÆHe�g�h T0U MPICH2 Y�q2r<h�·�¸ ¥<¦�Ç�È Y�¼

½Hg U MPI � S c0d�Y £ r�_Oe���� 1 É S�Ê�Ë g�_0Ì�ÍfeÏÎ<��É S�Ê�Ë g�_�Ì'Í S�Ð�Ñ g�h U�Ò V0Ó ´ U�ÊË ¡'¢�|
Ô�ÕOÖ��1_��ZY ¹<× ]2^�s
[�\�Y"ØHÙ"_�`�V<c�dfe�g�h T i�k�l<m�nZc�dOY"q2r1^�s
1.7 ¨MÚfÛHÜÝ¬�ÞMß
P�à<á<â V�¼�ã T
ä'å V�æMç S1� ^�s 2 è S)T�U"¹�º�»�U MPICH2 é ÒêP�Q<R Y"ØHÙ�� � _2ë�h�Â�q°g�_ ÇÈ�ì�í Y�î2ï U 3 è S2T0U�P�Q�R)S�ð ëj_�c�d)ñZò�V £ Æ����O�Z�Ï���'��ó�r�hjî)ïZ^�s 4 è S2T�U�¹�×�ô<õ

Y�î)ï U 5 è S1T�U�¹<×<ô<õ ��ö)÷�r�h�ø0ùpY�î)ï,^�s 6 è S1T�U
P�Q<R V ô<ú�U Ã�û�ü
ý<þZV0ÿ�dpY�î1ïZ^�s

2 �������
2.1 MPI(Messe Passing Interface)

MPI (Message Passing Interface)[2]
T

1991
² � ¹�º'» ¢'V��,�"�
	���æ�
oV��������fe�g�h����pÖ�� ¥¦�¹<º Y��'q1]Z^�_<`1V������pÖ��)_���� S)� ç����! #"OY�$,]&%)e(' � ^�s MPI

T Î<��V CPU |() à Y*,+ ¿ ¦ �F��é2^��,�"�
	���e<g"h.-�/�
)]Z^
%)e S.0�1�2�3 Y"ØZ~)^)û,Ù���],^0s MPI V& �4<��Â'q S �
^����Je<g"h T MPICH |(5�6 S1� ^0s�7��8':91q�;=<(>�é Ò �,û�^@?! �V����,|(A�B2],^0s���_ z +�C z
�EDF;�� S V ¥<¦ � S1� ^�_�` U�GEH Yjc�I�J���q S � U1� ^ Ç<È2S.3 ã¶g�_'��� y<z �<|.7ZV Ç<È2S ' 2�3
]2^
%'e�|�KEL S ��^�sw�M S ��NOÖ���h�r)^ MPI VPO,é��E�fe�g�h U MPICH2[6] ñ LAM[9]

U
OpenMPI[10] Q)| � ^�s

MPICH
T

MPI YP���,]o^<_�`)VZ¾ {f¿ À<Á ��e�g�h Argonne National Laboratory[6]
S ���°Ö0�2_�s

2005
² � T MPICH V�þ�RHe�g"h MPICH2 |��(��Ö��2_js LAM

T�S 	 ¿ �&>
�.T�U�V�VEUXW�<EY�Z�	
[
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\
2 ]@^�_a`:b@c�dfehgjiPk�lnm

oEp ¿
PC

  C
PC1

  C
PC2

  C
PC3

  C
PC4

OS Windows Vista Windows Vista Windows Vista Windows XP Windows Vista

CPU Core2 1.4GHz Core2 1.4GHz Core2 1.4GHz Pentium 1.6GHz Core2 1.4GHz

RAM 1GB 1GB 1GB 512MB 1GB

Q1R�q | 3 ãJg
_ { �@	1V MPI
z +8C z � S,� ^js MPICH ehr�r U�s 	�t=<�Y�uJg�h�æ

°Y�ØMÙ0V S<U

MPICH � Ð ï�h�æ�
)|�v�w��<é)^0s OpenMPI
T

Open MPI Team |����Hg�h1r2^�v'W)Xx�Z���
	���y°�z < y�z +�C z �êsxW�{aZa|E}8~�	a� Q<R�»�� ��y8	 ¿�� 	@���Z�2û�ë�hE�.���a���pÖ���h'r1^��,	��,<<¾�	p
MPI-2 Yj�E�¶g�h�r)^�s

2.2 �������X�
P�Q<R1S)T�U�¹�º�»

5 É)Y 100Base-TX �2ûZç LAN ���Fg MPI
Ç�È Y"¼�½)],^�s P�Q<R)S Â�qFg�_ ¹�º» V�W1X,Yj� 2 �@�¶g U�� 1 � P�Q<R1S Â�qFg�_�·�¸ ¥<¦�¹�º�» V�¼<ã � Y:�)]�s<��_ U0P�Q<R1S Â�q1]2^ ¹º�»oT�U

OS e�g�h Windows � OS Y"q2r1^�s Windows �oV OS ],^�V T 7E�oV OS ûZç������2|avZr����S'� ^�s
2.3 MPICH2 ¬=���
P��2S2T0U

MPICH2 V + < p ¿ 	
�¶e Ç�È��E  ��ó'r<hjî2ïo^�s MPICH2 Y�Â�q)]Z^�_�`'� T0U MPI Y
¼<½,]Z^"l,h)V ¹<º�» � MPICH2 Y + < p ¿ 	j� (Install) ],^@¡ ³ | � ^0s MPICH2

T + <�[(	�¢�� ¿ �
V MPICH2 V À�Á C.£ 	�� [6] ��Ã1r�h w�M S�¤�¥ Ö��'h1r)^<V S Â'q1]Z^ OS �0ÍfÙ('
V)Y�> À <��E	§¦
g U U ò�V {x¨ + ��Y���Ø2]Z^
%)e��,û�ç U + < p ¿ 	 z |�© 2 g� 2�ª � + < p ¿ 	j��Ö��Z^�s P�Q�R2S)T
2010

²
12 «�¬�B�V Windows q MPICH2 V�i�­�V�® S1� ^ mpich2-1.0.6p1-win32-ia32.msi YP¯ ¹�º'» �

> À <j�(	!¦"g U C: ° Program Files ° backslash MPICH2 V å � + < p ¿ 	0�oY"ØOëj_
s + < p ¿ 	
��|(±² ]Z^�e U ¯ ¹<º1» V MPICH2 V *x+ � �"V � ^ {�³ �&>��
aHg�h Ç'È�´ �OV PATH(”C: ° Program File

° MPICH2 ° bin”) V�$   YZg"h'Ã ¤ ¡ ³ | � ^0s PATH |�æFë
h)r,^j� Ò Ù���Y�µ,�1`2^<� T ­�� S Wa¶
<=¦Ï�'�
<�� ¿ � S ”mpiexec ·)e�W�¶&<¸¦¹�'ØpÖ�º2_�ej��� U�» ��V�¼�½�Y�¾2] Usage �Z���,	���|����°Ö
��h1r2^
� Ò Ù�� S.¿8À�S ��^0s<��_ U Windows � S MPI Y�Â'q1]Z^"Ì'Í U MPI Y�¼<½,],^�l,h)V ¹�º'»
�@Á Ë�ÂEÃ8Ä Yj�)ó�Å(6)V��(Æ À < ¿ YnÇ,` ��  g U ¯ ¹�º�» V���Æ À < ¿ � T Å�È2V�y p�É 	Ê¦ÏY ��  ]2^
¡ ³ | � ^�s,��_ U ¯ ¹�º�» ���PË�5 {�³ ��>�Y 3 ãFg�h�Ã ¤ %'e S�U ��Ø {8¨ + �,VP/oÄ�ÌFgjY�Í�Îo��ØfÙ
%'e�| S ��^�s
2.4 Visual C++2008Express Edition ¬=���
P2Q2RoS�3 ão]O^ ¥1¦1Ê1Ë Y�Ø Ù MPI �2� y1z � T�U C++

G
H Y
q�ro^�s C++
G
H V�W8<@y + ���T

Microsoft ��ÏpV Visual C++2008Express Edition [8] Y�Â)q,]�^js,�)� y'z {�< y Y�]�^�� � _oëjh
Visual C++ ��� MPICH2 Y�Â�q S ��^'û)Ù�� �E  g"é'Ä
�,Ð�éO��é<r�s���J U Visual C++ � SaÑ V����
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Ò
1 Ó�ÔPÕPÖ@gji�k�×FØPÙ Ò

� Á�Ú ¿ Y 3 ã¶g U,Û 	0���2� z=Ü <���� + < Ú �,	Ê¦ {8¨ + �°e z +�C z � {8¨ + �oY MPICH2
{�³ �Ý>

� � ^ lib e include
{�³ ��>�Yn$   gßÞ�àOY"Ø2éOÙÏs��o������� Á�Ú ¿ V �� )S �a<�Æ�¼�½)V�áEA {x¨ + �

YnÞ�à)]2^ U Þ�à)],^�áEA {8¨ + � S1� ^ mpi.lib YjÞEà2]2^�s=%��F�"V �E  Y"Ø2éOÙ�%'e S MPICH2 �2û
^ ¥<¦ ��� y�z {(< y |aâ2Xpe�é)^�s
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3 ãåä�æèçêéìëîí ïñðóòõô÷ö�øúùüûþý
3.1 ÿ�����������	�

� ^ y�z�{ G = (V, E) ��Ã1r<h U G V�l2h2V � (u, v) ∈ E (u, v ∈ V ) �0a¶g"h � (u, v) |(A�B2]Z^�é��
Ð � (v, u) ':AEB1],^,ej� U G Y w,x)y�z<{ e�rpÙ s�]�é(I�� U w,x)y�z�{ e T�U ¯�
ZV����¶e��<�1| Ò ���S1� ^j�ZY��o��g�é�r y<z�{ ' � ^�s %jV2û,Ù"éOe�� U���� �'V�����U ª ��¬ S2T ¯�
pYj��¬,],^����2�F�
� �'Y"!pë�h U ò<V y<z<{ Yn�E¬2]2^�s,��_ U y�z�{ G �jÃ�r�h U ����ñ � �@�<�EQ2|$# ç&%0h°�Ï�Z^�Ì�Í UtZujv � y�z�{ (weighted graph) ��_ T z ;�� v � y<z�{ (labeled graph) e('�)�s tou T0U ����V�Ì�Í�'� ç U ��_�*�+1ñ,*�+ ¦1S1� ^�%1e�' � ^�s<�$-ZV wZx1y�z�{ e t,u0vOy�z�{ V�.�ÅZV�W�/�Yj�pëj_8'0V�| tu0v�w,x1y<z<{ S'� ^�s y<z<{ G | t,u0v�w,x)y�z<{ Voej� U G V�l2h1V � (u, v) ∈ E (u, v ∈ V ) ��aFg�h
w(u, v) = w(v, u) e�é)^�s1_�0og U w(u, v)

T��
(u, v) V t,u S'� ^�s

3.2 13254�6HKMLON
i1k�l'm�nÝe T t�ujv'w�x2y�z�{ G= (V, E) |�}�~°���,_Oe�� U G V0lZh,V��1��Y�798 G V;:=<�nOVOÙ
� U<� V tou V;>�?2|�i�kZé y�z�{ S)� ^0s1��_ U i'k<l�m�noc0dfe T tZujv�wox2y<z�{ G |j}o~p���2_�e
� U G V�i�k�l<m�nOY��,`1^�c�d S'� ^�s
i�k�l<m�nZc�dOY £M¤ OZé'�����Z�����Oe<g�h U Prim V��0���Z���<� U Kruskal V������Z�Ï��� U Sollin V

�����Z�Ï��� [1] Q)| � ^�s����<� |V | = n
U�� � |E| = m V t,u0v�w,x)y�z<{ ��a¶g U RAM � S Prim V

�����Z�Ï��� T O(m + nlogn)
U

Kruskal V������Z�Ï��� T O(mlogn)
U

Solin V������o�Ï��� T O(n2)
S i

k�l�m<nZc�dOY £Ý¤ %1e�| S ��^�s���_ U Sollin V��0���Z���<� T�@�A V ´�B YnàZ~1^
%'e S PRAM ��V ¥¦ �0���Z���<�1�j]2^
%'e�| S � U CREW PRAM � S p ���0�p�   Y"q)r�h O(n2

p
+ log2n)

S i�k�l�m<n
c�dpY £Ý¤ %'e�| S ��^�s
3.3 Sollin ¬DCFEHGJI9K3L
P�Q<R1S)T�U i�k�l�m<nZc�dOY £Ý¤.¥<¦ �0���Z���<�pe�g�h U Sollin V��0���o�Ï�<� [1] Y�q)r U MPI � S

��� y�z �.�Fg�_
sä'å � Sollin V������Z���<�Oe�ò<V ¹�º�M �jó'r�h
î)ï,^�s
Sollin V������o�Ï���

NPO
:
t,u0v�w,x)y�z<{

G V$Q���Ø ¦ W s W V�¯ ³�R Wx,y (0 ≤ x, y < n)
T ���
�O�   Px |,S��2]2^�sT O

: G V�i�k�l<m�n T VUQ.��Ø ¦ C s C V@¯ ³�R Cx,y (0 ≤ x, y < n)
T ���
�O�   Px |,S��)],^�s

step 1: ¼�½ ¤�¦ W Y 3 ��q ¤�¦ W0 �
W�Y.	Zg ,k = 0 e�],^�s&%
V ¹�º�MoT�  ��VoV�W�¼ZV�_<`   �2¡�¢S'� ^�s
step 2: Q.��Ø ¦YX � ³PR | � ^�¢�0�Ä U step2-1 Z 2-3 Y&[Mç]\)]�s
step 2-1:

¤�¦�´ � k � 1 Ynà,~)^�s&%
V ¹�º�MoT�  ��VZVPà º é'V S.  �2¡'¢ S'� ^�s
step 2-2: ¯'�)� v ∈ Vk �<Ã2r�h U v ��QE�o]�^ � (v, u) (u ∈ Vk) V�^�i!'"kFÖ�r � {(v, m)|w(v, m) ≤

w(v, u) (u ∈ Vk)} Y�_Ýg U �)� m Y v V$` p[v] e'g�h�a v 5 xUb Y�¼1ãZ]�^js2��_ U %�Vpe�� �
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(v, m) Ã�û0ü � (m, v) Y 3 �'qJ� p ¿ Lk �@ào~2^�s ¹�º�M�T T'k Ð�Ñ Y�ØZé�r U'Ð�Ñ ],^ � Y(cP<
�j],^,e"rOÙ 3 ��Y log n d$[Ýçe\)])V S n2

log2 n
���0�p�   S O(log n) e�é1^�s

step 2-3: ¯���� v ∈ Vk ��Ã�r�h U r[v] V�a¶e"é1^���� r[v] Y"_2]�s=%0V Ê<ËoTgf + <([(�Ph�<�Y�< y Y&[
ç]\2]Ý%1e S<S � U 1 d1V f + <�[���h�<j���2ûZçea�� S V�i�j2|$c�<Z��é)^�s¶g�_�|Zë�hÝ%0V Ê�Ë Y
log n dU[Ýç]\2]1V S %0V ¹�º�MoT n2

log2 n
���0�p�   S O(log n) e�é)^�s

step 2-4: ¯���� v ∈ Vk �jÃ�r�h U v V�a r[v] � v �P���1]2^"l)h)V � (v, u) (u ∈ Vk) V tZu Ã�û�ü u V�a
r[u]
s 	�[�Y"kZ`1^�sÝ%
Voej�n¯E5 x�b V�aZ��k,`p�Ï�1_ s 	�[�Y�l)��¯E5 x�b Y 1 ó1V����¶e�]2^ yz<{
Gk+1 Y"¼<ã1],^�s ¹�º�M�T.s 	�[<Y&k,`)^�_�`'� T 2 ó)V s 	�[<Y Ð�Ñ ]2^�V SjU ¡�¢ T n2

log2 n���
�O�   S O(log n) e�é1^�s
step 3:

3 ��qf� p ¿ Li (0 ≤ i < k) �°� £ Ø ¦ B Y 3 ã)]2^�s ¹�º�MoT ¯ � ��Ã�r�h   �md'Va6�n2V â �o ~2Y�ØfÙ"V S�U n2 ���0�p�   Y�q)r�h O(1) ¡'¢�e�é)^�s
step 2 V�[Ýçe\¶g(d0� T O(log n) d S1� ^�V SjU Sollin V��0���Z���<� T�U p ���0�p�   CREW PRAM

� S O(n2

p
+ log2 n) ¡�¢ S i�k<l<m<noc�dpY £Ý¤ %'e�| S ��^�s

3.4 13254�65pMLONrq sut MPI v�w��x	yL
P�Q<R1S)T�U

MPI V�W1X,Y�z�{)]2^�_<` U Sollin V��0���o�Ï�<�,Y�l,� MPI � S i�k�l<m�nZc�dOY £M¤.¥¦ ��� y�z �2Y C++
G�H Y"q2r�h 3 ãFg U 1 É�V���� ¹�º �2û�^ Ê<Ë e U Î��oÉ��2û�^ ¥<¦�¹�º �)û�^ Ê<Ë

e S�U<Ê�Ë ¡)¢1� Ò �9| Ò V;},|,~��0��^j�,V�['\pY"ØÝÙ�s vP� A � P1Q'R,S�3 ãfg0_ MPI �1� y�z �ZY
�)]�sP�Q<R1S�3 ã¶g�_ MPI ��� y<z � T�U�¹�º�» V�Ù�� 1 É)Y oEp ¿ PC e�g�h�q2r1^�s oEp ¿ PC

T ¼�½°e
é1^ t,u0v�w,x)y�z<{ G Y 3 ãFg U G V�:�< y<z<{ Yj¯   C PC �E¢o� ¿ É 	 Ú Y�æ¶g�h.-�
)]2^�s   C PCT -�
�Ö��2_ s 	
[��0a¶g"h Sollin V'�0�O�������1�0ö2÷o� Ê<Ë Y�Ø,r U ò�V Ê<Ë'ô<õ Y o�p ¿ PC ��\�-
]2^�s oEp ¿ PC

T \E-�Ö��)_ Ê�Ë�X&� ��� y<z<{ Y"��¼�ã1],^�sä'å � P�Q<R)S.3 ã¶g�_ MPI ��� y�z �'�jó'r�hjî1ï,^�s
[ i�k�l�m<noc�dOY £Ý¤ MPI ��� y�z � (

¹�º�»
k É )]

NPO
:
w g�s(¼�½�e"é1^ t,u0v�w,x)y�z<{ G

T�U ��� y�z ����Ø��U��~�ãpÖ��,^�sT O
: G V�i�k�l<m�n T VUQ.��Ø ¦ ansewr s answer

T o�p ¿
PC ��SE�pÖ��Z^�s

step 0-1:
oEp ¿

PC � S ¼�½�e"é1^ tZu0v�w,x1y<z<{ G Y&~�ãFg U Q.��Ø ¦ top e�g�hUSE�)]2^�s
step 0-2: top Y oEp ¿ PC ���   C PC �@-�
1],^�s=%0Voej� U   C PC l�:o� top e ���Z� � ],^ s 	�[

Yn-�
1],^�s,Yn-�
1],^�s
step 1-1:

o
p ¿
PC �J�h- �"�o_ s 	x[��f�
 �<o|��3%�]�^��2�°Y$��`o^js
%0� T for �&	2�)V for(int

tantou = (size*myrank)/numprocs ; tantou ¡ (size*(myrank+1))/numprocs ;tantou++) �F���O�
^0sm� tantou =  ��)|,�F%j]Z^"�'� ,size = �'�<� , myrank =  ��oV'�'�
���  ���� , numprocs =

���
�O�   � , � ò,%"�°� i�' � V t,u |jkOÖ
rx'
V'Y"�Zü;S�A1]2^�s
step 1-2: SEA¶g�_�����i�kZV tZu s 	�[<Y oEp ¿ PC � s 	�[<Y&\E-2]2^�s
step 1-3: \E-�Ö��1_ s 	�[�����Q.��Ø ¦ ansewr V ú�Ë ?�Y,e�^�s
step 2-1: ò
���
�)V����o�����
�O�   Y"# ç]� ç f + <�[���h�<j�
],^�s1��_ U�f + <�[�|�Ã$�9���P-�
3�

ÍOë�������Ì�Í��,��� �����,�F� ����+ ��� � ´�¡ ��¢
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step 2-2: �£%m�"�����&���9¤�` ¤�` ���9� ´�¡ ��¢
step 2-3: ��ÐU¥=¦�§ ¨�©�d�ª�«¬��ÐU¥P­��9®�¯��U°���¢
step 2-4: ` ��± < ± �9¤����9¤�²�³��$´ ¤Uµ�¶P·�¸&` ���9��¹ ¡ ��¢
step 2-5: ` ��± �=ºP­y»�­�¼$¦£½$¾&�=¿�¤����£¸&À�����ÁgÂ���� ¨�Ã�Äy�(­��U¢
step 2-6 ¿U¥��$¥�¤Uµ�¶P·�¸&kmÅ$� Æ�¯�Ç�È�É�ÊÌË PC ��ÍÌÎ�­gÏ�°g¢
step 3-1: Ð���¤Uµ=¶=·�¸&kmÅ=��¢

step1.2 ¸ logn dU[ÑÎe\�°g¢Ò�Ó�Ô º�¨��$����� � 5 � 10 � 20 � 40 � 80 � 160 ¤ 6 Õ�Ö ¤�×mØ;��ÙmÚ�Û�Ü�Ý���Þ���� MPI ßgº 1 à 5 á;âã�ä ¸(Ä����$å � Ð�æ�çF¸&èmÅ�¦�²�³ ¤�â ãmé�ê ¤�ë�ìF¸&íx¯�¢
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î
2 ïñð�ò&óUô�õ�öø÷"ù�ú�û�ü�ý¬þ

4 ÿ������
Ò�Ó�Ô º�¨�� MPI ��®g���	��
9¤
��Ä	�F¸����P°��g¦�ÅP� MPI ßgºUå � Ð�æ�ç����F¸��F¾&�P¿�¤ é�ê ¸(â
ë���¦$¢�Á��P� Ò�Ó�Ô �UÏ�����â�ë����F¸! �°g¢

4.1 "�#%$'&)(+*
MPI ß�º�â ã=ä 1 à 5 á�¸�Ä-,�.gå � ÐPæPç��/�y¸��-,P¦;²P³ ¤�021Y¸�3%4g­�,-5�6�7�8 éPê ¸:9 2 �/ 
°�¢�9 2 ®FÎ<;�7�8Y��Ï9�>=>5�6?7�8 é�ê ¨:@?�9°A=:BDC PC ¤:E2FÌ½=½�Æg�:GH»&­ ¼H.>,x»JIm½�K	 �
¥L=�¢

4.2 MONQPD$O&)(R*
MPI ßgºgâ ã�ä 1 à 5 á�¸(Ä?,	.$å � Ð�æ�ç-�
�F¸��L,�¦�²�³9¤�Ð�S ¤�7	8 é�ê ¸/9 3 �� �°g¢ 3 ¤�����®
ÎT;%5U6�7�8 éPê ½�¨�V ��@��=°L=�B�C PC K:E ¡ =m½�Ð�S ¤�7	8 é�ê ¨�E�F+�!.�,y»
I=½UKH � ¥-=�¢

4.3 &QWYX[ZAPY\�]
Ò�^ º=¨
; MPI _�`�Û�Ü:a=¤�7	8 é�ê ¤�â�ë��	�x½b8�c�d�½�¤/eJfY¸&íx¯�¢
Sollin ¤�g/hAi�jlk�a=¤�â ã�m ¨ O(n2

p
+ log2 n) º2n�=g¤,ºH;

Tcomp(n, p) =
an2 + bn + c

p
+ d log2 n + e logn + f (1)

9



î
3 o�pgü�ò(óUô�õ�ö ÷&ù�ú�û�ü�ý�þ

½�qm¾!;?9 2 ¤
d=ª�«b@�r�s�t	uY¸!r>.>=�¢�I$¤�@�r�s�t�u�®9Îv;
Tcomp(n, p) =

1.2n2 ∗ 10−6 − 7.6n ∗ 10−6 + 2.3 ∗ 10−6

p
+ 1.86 ∗ 10−6 log2 +2.06 logn ∗ 10−6 + 3.89 ∗ 10−6

(2)

KHwx«�¥L=�¢
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5 x�y
Ò�Ó�Ô ºJw5«�¥=¦;â�ë�����º=¨
;/9 2 z� %{�¥-=�0DÎvB-C PC ¸!E�|}��¦�²�³9¤
7	8�G�È9¤�Ú�ß	KH~��=ºm¾
¦U¢%I(¥Lzm® Î�;�5�6�7�8 é=ê zJ�2,	.�¨/; MPI ¸�ÄL,	.	����7�8Y¸�í ¡�� 7�8 é=ê ¤�Ú�ß:�L�P­AI=½�KJ 
{�¥-=�¢%�&ªD��Ð�S=ºJ�A=m½�9 3 z� %{�¥L=�0ÌÎvB�C PC ¤�E�F�z��L,/7�8 é�ê ¤��>�	K:��Ig¼;¦U¢?I&¥�¨��
B-C PC ª�«�¤Uµ=¶=·!0�1 é�ê KH�Y¾ »����Y�U.�,�=m½�����¥-=�¢�4g¦�9 3 ¨
;$ºJB-C PC K 3 á�z�E ¡ ¦ ½
¾Jz/7�8 é=ê ¤/���m­:E�FLKJ��I�¼U¦,¢-I(¥m¨
���£¤ PC ¸��A��¦-I�½
z�® Î LAN z/���LK�ª�ª ¼U¦�¦�ÅH;
Æ���»�¨ 3 áA��z MPI �A� Ë��;¶���z�F- �¡;â ã�ä º�n�=�B-C PC3 ; 1 á�¢�£ OS ¤�Õ�Ö?K:¥9­2=?IP½�ªy«¦ ¡:§�«�ª>¤�¨�©mªy«�z�®	=�Æ:¤�¢£½�ªPë%{
«-=/¬�¿�¤/­>®9¸�~���°L=	¡�Å�z/; MPI �A�FË��$¶?��z$â ã�ä
¸�F� >=�¯�°F¸�±?«J²� 	.�â�ëF¸�íY¼J¡J¬�â�ë�¤/����;�BAC PC ¤�á/�Az�³
´�ÙD»v;�B�C PC3 ¸ MPI ���
Ë!�$¶��Jz�FL �¡ ½$¾Jz�7�8 é�ê ¤�E�F?K:��Ig¼H¡LIP½"ª�«<;
7	8 é�ê ¤�E�FAµ�Â�¶�¤�­>®�¤�·�¸�KH¹Y¾/,F½
����«L=�¬
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6 �»º ¼�½¿¾ÁÀ�ÂÄÃ
Ò=ÓPÔ º>µ:; MPI z9®�=/����
�¤:�=Ä���¸�����°-=�¡�Å?z MPI ¸�Ä-,�.,å2Å�ÐPæPç�¸�� » é=ê ¸�â�ë+�
¡H¬}�&ªÆ� Ò�Ó�Ô º>µ/; MPI z�®	=
����
�zm®�¼
.A5!6�7�8 é=ê µ�Ú�ß�z�µ
Ç�ÈO��¡J¬��&ªÆ�l;�â ãPä ¤
E
FDz/�Ñ¯l� PC

ê ºL¤/021 é=ê z9®£Îb;�Ð�S�¤:7�8 é=ê µUâ ã=ä �y¸�E2|Y�
¡;²P³�;�É2ÊAz:ËR��. é=ê KPª
ª ¼/.�Ï5Î�; MPI ¤/��Ä��?KJÌ�Í� >Î?¡F½
µ:Ï> �­�,�¬24	¡:Ð>Ñ?¤ Ó�Ô º?µ;Ã�ÄY�
¡$â ã�ä µ�ÒU«YÆ�Ö�Ó ä
Õ-z�®J=�Ô�Õm­�¤UºH;�Ö�Ê�����â ã�ä ¤
×�Ç-¤�Ø;º�Ê�Ù%�H�J¤
�>,$â ã�ä K�n�=(²�³m­AÒ�µ�Ú:Û��!.�,�­�,:¬
I�«y«�¤
Ü=ªy«b;��A� Ë��;¶���×	Ý é ¤�Þ�ß�s�à�|L_�`�ÛgÜ:a�¤�g�h�iLjlk	am¸U0�1F¸
Ú:Û���¡ BSP[14] |

CGM[15] ¤�g:h�iAják�a9¸�âPÄ���ãHä�°L=?I=½"ºUÐ�S�¤
7�8 éPê ¤�Ú�ß�¸�w�=?I=½á|	;�¥9­>=,Ê	Ù}�H�	¤$âã�ä º MPI ×�Ý�°>=?IP½�z�®9Î�ÏAIJ=�7	8�G�È-¤�åL,:|m¿/«?z
��¯�¨	©Y¸!Ô	Õ�°?=2IP½UK:Ð�ÂL¤
æ	�=º�n�=
¬
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ç¿è
Ò�Ó�Ô ¸;°>=	z	n�¡yÎT;�é�ê?ë/ì�í�z�µ���î�¤g­�ªHï	ð�ñ�ò Ò�ó z�n�Î�KY½�¯Jô�õ:,�4>��¡:¬�4�¡ Ò�Ó�Ô ¸ö z�íF¼�.5»b«?¡
÷	ø�c	8�ù�ú Ó�Ô	û ¤/ü�ý�z�Æ=½U. ÆUþ�ÿL,�¡��:4���¬
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���
A �! #"%$#&(' Ã*),+ - MPI .�/�0%1	2

Á���z�; Ò�Ó�Ô º�3�Ç���¡�å�Å�Ð�æ�ç����Y¸��Ñ» MPI _�`�Û�Ü:am¸! 4��¬
Stree.mpi

#include "mpi.h"

#include <iostream>

#include <stdio.h>

#include <stdlib.h>

#include <time.h>

#define SIZE 80 // 5�6�7
int oya[SIZE]; // 8:9�;�9=<�5>6�<�?
int alive[SIZE];// 5�6=@�ACB�D>E�FHG�<HI�J
int trank[SIZE];// 8H9�;K9�<H5�64L>MN< PC @HOQPQRSD>E�FHG�<:T�U
int answer[SIZE][SIZE];// VQW>X�YN<:T�U
int change_x[SIZE][SIZE];// Z=[�\]R_^�`K<�a>b�c:[ed=f
int change_y[SIZE][SIZE];

int top[SIZE][SIZE];// g=<Kh�i�<:T�U
int myrank,numprocs,zerop;

double st1=0,st2=0;

double St1start,St1finish,St2start,St2finish,start,finish; // j�k�l�m�n
MPI_Status status;

int size = sizeof oya/sizeof oya[0];

int log(int n){// o�b�p�q�7>lHm�n
int i = 0;

while(n > 1){

n /= 2;

i++;

}

return i;

}

int Hen(int x){ // r�s>t�<�gC<H7�l�m
int i = 0;

x--;
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while(x > 0){

i += x;

x--;

}

return i;

}

void PStep1(){// 8:9�;�9=<�5>6uL:p�v�wyxSz>[�{}|�~�|����H���=[��=�=F
int ans[SIZE][SIZE];

MPI_Bcast(oya,size,MPI_INT,0,MPI_COMM_WORLD);// ����� PC <Ka>b�c:[Kz>� PC �����QF
MPI_Bcast(alive,size,MPI_INT,0,MPI_COMM_WORLD);

MPI_Bcast(top,size*size,MPI_INT,0,MPI_COMM_WORLD);

MPI_Bcast(change_x,size*size,MPI_INT,0,MPI_COMM_WORLD);

MPI_Bcast(change_y,size*size,MPI_INT,0,MPI_COMM_WORLD);

MPI_Bcast(answer,size*size,MPI_INT,0,MPI_COMM_WORLD);

St1start = MPI_Wtime();

for(int tantou = (size*myrank)/numprocs ; tantou < (size*(myrank+1))/numprocs ;tantou++){

int min = 999998;

bool hantei = false; // �:�>��@N�=�y�e^�G4M�Y�G�[NI>J>�4FS��7
int box = 0;// �H����<:���=[�d�f
if(alive[tantou] == 1 && tantou < size){

for(int j = 0;j < size;j++){// �H���=[��=�=FNo>b�p
if(alive[j] == 1 && min > top[tantou][j]){

min = top[tantou][j];

box = j;

hantei = true;

}

}

if(hantei){

answer[change_x[change_x[tantou][box]][change_y[tantou][box]]][change_y[change_x[tantou][box]][change_y[tantou][box]]]++;//�Q��� W���<�5>6=[N��R���8�<H���C[��¡ �¢>�
oya[tantou]= box;

}

}

if(myrank != 0)MPI_Send(&oya[tantou],1,MPI_INT,0,tantou,MPI_COMM_WORLD);// �	�� PC £�¤C< PC @K�=�¥� PC LNa�b>cK[N�QF
}
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St1finish = MPI_Wtime();

st1 += (St1finish - St1start);

if(myrank == 0){ // z>� PC <Ka�b>c:[K����� PC @�¦ �N§ F
for(int i = zerop;i < size;i++){

MPI_Recv(&oya[i],1,MPI_INT,trank[i],i,MPI_COMM_WORLD,&status);

}

}

MPI_Reduce(answer, ans, size*size, MPI_INT, MPI_LOR, 0,MPI_COMM_WORLD);// ¨ © <
answer <Kª:«K¬u[ § F

if(myrank==0){

for(int i = 0;i < size; i++){

for(int j = 0;j < size ; j++){

answer[i][j] = ans[i][j];

}

}

}

}

void PPointJump(){// 8:9�;K9=<�5>6uLHp�v�w­x_z>[�{y|®~�|_¯>°4±�c�²=³�±Np:�CF
/*´�µ ?4<�?u@C¶S·y¶�¸C<�@�¹:ºy��D>E>F��=[H��5>6:»�¼C@N�Q½�E�¾C[?u[C¶_·y¶e¸QL �Q��� W>F
*/

MPI_Bcast(oya,size,MPI_INT,0,MPI_COMM_WORLD);

for(int tantou = (size*myrank)/numprocs ; tantou < (size*(myrank+1))/numprocs ;tantou++){

trank[tantou] = myrank;

if(tantou == oya[oya[tantou]] && tantou < oya[tantou]) oya[tantou] = tantou;

if(myrank!=0)MPI_Send(&oya[tantou],1,MPI_INT,0,tantou,MPI_COMM_WORLD);

}

if(myrank == 0){

for(int i=zerop;i < size;i++){

MPI_Recv(&oya[i],1,MPI_INT,trank[i],i,MPI_COMM_WORLD,&status);

}

}

/* 8:9�;�9�<Ka�b>cK[N¿=�:��À=YeÁ:Â>��|ÄÃ=ÅK� */
MPI_Bcast(oya,size,MPI_INT,0,MPI_COMM_WORLD);

for(int tantou = (size*myrank)/numprocs ; tantou < (size*(myrank+1))/numprocs ;tantou++){

St2start = MPI_Wtime();
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for(int j=0;j <log(size);j++){// ¯>°=±:c�²=³�±Np
oya[tantou]=oya[oya[tantou]];

}

St2finish = MPI_Wtime();

st2 += (St2finish - St2start);

if(myrank!=0)MPI_Send(&oya[tantou],1,MPI_INT,0,tantou,MPI_COMM_WORLD);

}

if(myrank == 0){

for(int i=zerop;i < size;i++){

MPI_Recv(&oya[i],1,MPI_INT,trank[i],i,MPI_COMM_WORLD,&status);

}

}

}

void Step3(){// ÆyLN�:ÇCDK<�a>b�c:[N¿C��F:È>Éux4Ê
for(int i = 0;i < size;i++){

if(i == oya[oya[i]]){ // ?4<N?4@C¶S·y¶e¸=<H��º
for(int j= 0;j <size;j++){

if(i == oya[j] && i != j){

top[i][j] = 999999;// ��ËCLSÌ��e^Ngu[NÍ=�
top[j][i] = 999999;

for(int count = 0;count < size;count++){// ?­<=aub4c>@�Î�Ï­½�9u^��ºQL�Ð><H5�6C[ed�f
if(top[i][count] > top[j][count] && top[i][count] != 999999){

top[i][count] = top[j][count];

top[count][i] = top[count][j];

change_x[i][count] = j;

change_y[count][i] = j;

}

}

for(int count =0;count < size;count++){ // ?­<=aubuc>Ñ=Î>Ï­½�9Q^��ºQL�Ð><H5�6C[ed�f
if(top[i][oya[count]] > top[i][count] && top[i][oya[count]] != 999999){

top[i][oya[count]] = top[i][count];

top[oya[count]][i] = top[count][i];

change_y[i][oya[count]] = count;

change_x[oya[count]][i] = count;
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}

}

}

}

}else {

alive[i] = 0; // o>b��®Ë:Ã4E�5>6=[�\C�
}

}

}

bool hantei(int x){ // ÒuÓSh�i�<�gCÑNÔ}EHG>[NI>J
for(int i = 0; i < size ;i++){

for(int j = i ; j < size ;j++){

if(top[i][j] == x){

return true;

}

}

}

return false;

}

void makeGraph(){ // r>s�t�Õ�Ö>×H·
for(int i = 0;i < SIZE;i++){

alive[i] = 1;

oya[i] = (SIZE+i+1);

for(int j = 0;j < SIZE ;j++){ // Ø:Ù>Ú
answer[i][j] = 0;

top[i][j] = 0;

change_x[i][j] = i;

change_y[i][j] = j;

}

}

int y;

for(int x = 0 ; x < numprocs;x++){// MN< PC ÑCM�<�5>6=[�OQPN�4F�<�G>[ed=f
for(y = (size*x)/numprocs ; y < (size*(x+1))/numprocs ;y++){

trank[y] = x;

}
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if(x == 0)zerop = y;

}

srand(time(NULL));// Û�7�<�ÜQ[�Õ�Ö
for(int i = 0; i < size ;i++){

for(int j = i ; j < size ;j++){

if(i == j){

top[i][j] = 999999;

}else {

int x = rand() % (Hen(size)+1) ;

while(hantei(x)){

x = rand() % (Hen(size)+1);

}

top[i][j] = x;

top[j][i] = x;

}

}

}

/*for(int i = 0; i < size ;i++){

for(int j = 0 ; j < size ;j++){

printf("%3d ",top[i][j]);

}

printf("\n");

}*/

}

int main(int argc,char **argv)

{

MPI::Init(argc,argv);

MPI_Comm_size(MPI_COMM_WORLD,&numprocs);// Ý�Þ]R_D�E�F:p�v�w���7=[:l�m
MPI_Comm_rank(MPI_COMM_WORLD,&myrank);// ¶�¸=<�p�v�wC��»�¼4[��:ß
start = MPI_Wtime();

if(myrank == 0) makeGraph();

for(int i = 0;log(size) > i ;i++){ // 5>6�7 n <:��º logN q:o>b>pH�4F
PStep1();

PPointJump();
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if(myrank == 0)Step3();

}

printf("rank%d Step1 à�«=j�kâá %10.6f seconds\n",myrank,st1);

printf("rank%d Step2 à�«=j�kâá %10.6f seconds\n",myrank,st2);

if(myrank ==0){

/* for(int i = 0; i < size ;i++){

for(int j = 0 ; j < size ;j++){

printf("%2d ",answer[i][j]);

}

printf("\n");

}*/

finish = MPI_Wtime();

printf(" à�«=j�kãá %10.6f seconds\n",finish - start);

}

MPI::Finalize();

}
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