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1nÙ Linux Å+

�Ù0�3�Å�¸¥��!SC MPI ¿1�¸"��BQã§ùp=�Ñ�{ü����{
6Ø�ÄÙ§¯K§X�ä5U!�äS���"

�ÙQã��{± RedHat–9 (½ Fedora Core) �~§XJ¦^Ù§ Linux XÚ3�
[!þ¬
Ñk�É"

§3.1 Úó

• Linux Å+XÚC¤��61�p5UO�²�§3p5UO�Å¥Ók�5���'

• XÚ5��lüÅ!�êA�é���Å���)þZ�(:��5�¿1XÚ

• Q���íd�¿1§SNÁ�¸§���O¤ý��p5U¿1Å

• Ê9¿1O�7Ø���óä

• ^up5UO��Å+XÚ3(�þ!¦^�^�óäþÏ~kOu^uJø�ä!êâ¥ÑÖ
�Å+ (�ö½¡�ÑÖì8+)

• TOP500 Supercomputer Sites

• Cluster@TOP500

• ë�]�: ^'�i “cluster howto” 3�þ|¢�'á� . . .

§3.2 �ï Linux Å+���

• ü�½é��õ��Å½ÑÖì

• Linux XÚ: RedHat, Debian, SuSE, Mandrake, . . .

• (�À) p�Sé�ä: Zî±��§Myrinet , QsNet , Dolphin SCI , Infiniband , . . .

• ?ÈXÚ: gcc/g++/g77, PGI , Intel , . . .

• MPI XÚ: MPICH , LAM-MPI , . . .

• �ä©�XÚ: NFS, PVFS , Lustre . . .

• ]+n���NÝ: PBS , Torque (OpenPBS U?��), Condor , LSF , . . .

• êÆ¥:

BLAS MKL, ATLAS , Kazushige Goto’s BLAS (í�)

FFTW http://www.fftw.org/

LAPACK http://www.netlib.org/lapack/

ScaLAPACK http://www.netlib.org/scalapack/

37

http://www.top500.org/
http://clusters.top500.org/
http://www.myricom.com/
http://www.quadrics.com
http://www.dolphinics.com
http://www.infinibandta.org/home
http://www.pgroup.com
http://developer.intel.com/software/products/compilers/
http://www-unix.mcs.anl.gov/mpi/mpich/
http://www.mpi.nd.edu/lam/
http://www.parl.clemson.edu/pvfs/
http://www.lustre.org
http://pbs.mrj.com/
http://supercluster.org/
http://www.cs.wisc.edu/condor/
http://www.platform.com/
http://developer.intel.com/software/products/mkl/
http://math-atlas.sourceforge.net/
http://www.cs.utexas.edu/users/flame/goto/
http://www.fftw.org/
http://www.netlib.org/lapack/
http://www.netlib.org/scalapack/
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. . .

• Ù§óä:

PETSc http://www-unix.mcs.anl.gov/petsc/petsc-2/

UG http://cox.iwr.uni-heidelberg.de/~ug/

. . .

http://www-unix.mcs.anl.gov/petsc/petsc-2/
http://cox.iwr.uni-heidelberg.de/~ug/
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§3.3 A«;.� Linux Å+(�

§3.3.1 ü��Å

• �±k��½õ�?nì

• SC Linux XÚ, C!Fortran ?Èì, ±9 MPICH ½ LAM-MPI

• �[¿1: ��?nìþ$1õ�?§½�§

• ý¢¿1: õ�?nìþ$1õ�?§½�§

• ÏL��S�½ TCP/IP ?1Ï&

§3.3.2 dA�F~¦^��Å�¤�Å+

• Ï~ë�3Ó��Û��, Ï&ÏL�ä?1

• SC Linux, ?È�¸, MPICH ½ LAM-MPI

• ��B¦^, �Ð�á�����8¹ (NFS), ±9�� NIS ½ LDAP ÑÖì

§3.3.3 ;^¿1Å+

�;�ïE�^u¿1O��Å+"

• Ï~üÕ/¤��Û��§2ÏL���'ë�� Internet

• Ï~¦^SÜ IP /� (X 192.168.0.x), é	Üó�k�'´���

• ��âI��á��ê�ÑÖì§©O«ú�'!�¨ÓÚ (NTP)!NIS/LDAP!�ä©�XÚ
(NFS)!]+n!̂ r�¹!��NÝ�ÑÖ

• ÏL IP �C (IP Masquerading) ½�ä/�=� (NAT , Network Address Translation) ¦�SÜ
(:U
���¯ Internet (ipchains ½ iptables)

• |^LVS (Linux Virtual Server) ò	Ü^r©���¹(:

• �.Å+Ï~æ^SC3Å@¥�Åeª½¡ªÑÖì§¿k;���� UPS 9�N

• A�Å+¢~: CRack, LSSC–I , LSSC–II

§3.4 3üÅþSC!�� MPI ¿1�¸

§3.4.1 Linux �SC

• �±SC?Û Linux uÙ�, í� RedHat � Fedora Core

• �
7LSC�� ('uXÛ^ RedHat � rpm ·-SC^���ëwMaximum RPM )

gcc � GNU C, ^u C §S�?È

gcc-g77 � GNU Fortran 77, ^u Fortran §S�?È

http://www.faqs.org/docs/Linux-HOWTO/IP-Masquerade-HOWTO.html
http://www.netfilter.org/documentation/HOWTO/NAT-HOWTO.html
http://www.linuxvirtualserver.org/
http://lssc.cc.ac.cn/
http://lssc.cc.ac.cn/
http://www.redhat.com/docs/books/max-rpm/
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ã 3.1: ;. Linux Å+(�«¿ã

rsh �Ú rsh-server � ^uéÄ MPI ?§

• �� rsh-server, e¡�ö�7L± root �°�1"

– ?6©�/etc/hosts.equiv, 3Ù¥\þ�ÅÌÅ¶ (üÕÓ�1)"XJT©�Ø�3KMï
��"

– mé rsh ÑÖ:

/sbin/chkconfig rsh on

– ÿÁ rshd ���"±ÊÏ^r (� root) �¹¿$1·-:

rsh ÌÅ¶ /bin/hostname

XJ���(, T·-ATw«�ÅÌÅ¶"XJÑ�§�±�w /var/log/messages ©�
¥��Ø&E"

– 5¿�y shell Ð©z©� (.cshrc, .profile, .bashrc �) Ø� stdout Ú stderr ÑÑ
?Û&E§=þã·-�ÑÑØ
ÌÅ¶	ØATk?ÛÙ§SN"ÄK�UK� MPI ?
§�éÄ"

§3.4.2 MPICH �SC

MPICH �Ãþ3§S� doc 8¹¥"

• l�� http://www-unix.mcs.anl.gov/mpi/mpich/ ?e1 MPICH �#���§S, ©�¶
� mpich-1.x.x.tar.gz, Ù¥ 1.x.x� MPICH ���Ò (8c��#��� 1.2.5)"3e¡£
ã�L§¥I^ MPICH �¢S��ÒO� 1.x.x

• Ðm MPICH §S:

tar xzpvf mpich-1.x.x.tar.gz

http://www-unix.mcs.anl.gov/mpi/mpich/
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• ��!?È MPICH:

cd mpich-1.x.x

./configure -prefix=/usr/local/mpi --disable-weak-symbols

make

þã·-)¤� MPICH ¥AT¦^ ch_p4 ?1.�Ï&"À� --disable-weak-symbols �
¦^´�;� MPICH 1.2.5 ��� bug, ÄK�)�¥¥òvk MPI_File_xxxx �¼ê (�k
PMPI_File_xxx �¼ê)

• SC MPICH:

make install

ù�Ú7L± root �°�1, §ò MPICH �©�SC�8¹ /usr/local/mpi ¥"SC�.�
�±íØ MPICH ©�8¹"

• ©Oò “/usr/local/mpi/bin” Ú “/usr/local/mpi/man” \\��¸Cþ PATH Ú MANPATH ¥"
�I38¹ /etc/profile.d ¥Mïü�©� mpich.sh Ú mpich.csh, §�©Oé Bourne shell

Ú C shell å�^, ùü�©��SNXe:

– /etc/profile.d/mpich.sh :

#!/bin/bash

export MANPATH=${MANPATH}:/usr/local/mpi/man

export PATH=${PATH}:/usr/local/mpi/bin

– /etc/profile.d/mpich.csh :

#!/bin/csh

if ( $?MANPATH == 0 ) then

setenv MANPATH :/usr/local/mpi/man

else

setenv MANPATH ${MANPATH}:/usr/local/mpi/man

endif

setenv PATH ${PATH}:/usr/local/mpi/bin

• ÿÁ MPICH:

C §S
cp /usr/local/mpi/examples/cpi.c .

mpicc -o cpi cpi.c .

mpirun -np 1 cpi

mpirun -np 2 cpi

Fortran §S
cp /usr/local/mpi/examples/pi3.f .

mpif77 -o pi3 pi3.f .

mpirun -np 1 pi3
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mpirun -np 2 pi3

(§S$1L§¥�gÑ\ 10000 Ú 0)"

5: XJ¦^ MPICH–1.2.5, K3üÅþ$1õ�?§�I�^ ‘-all-local’ À�§=:

mpirun -all-local -np ...

§3.5 3é��õ�ÅìþSC!�� MPI ¿1�¸

Linux XÚ�SC�¦�c�!üÅ�¸��"d	§3m©e¡�Ú½�c�ATk��Ð
TCP/IP �äë�"�;��	æ�, 3���ä��Ø�mé?Û�»p��"

d	§��B�p�¯§ò¤kÅì�ÌÅ¶�3 /etc/hosts ©�¥"�±3¤kÅìþ¦^
Ó�� /etc/hosts ©�§§�¹Xe/ª�SN:

127.0.0.1 localhost.localdomain localhost
10.10.10.1 node1.mydomain node1
10.10.10.2 node2.mydomain node2
... ... ...
10.10.10.n noden.mydomain noden

(Uý¢�¹O�Ù¥�ÌÅ¶Ú IP /�)"

e¡0���{¦^NIS (Network Information Service, ��� SUN Yellow Pages) +n^rá
Ò§¦^NFS (Network File System) ��^r8¹"

Äk�â�¹ÀJ��Åì�� NIS Ú NFS ÑÖì§·�òTÅì¡�ÑÖ(:½Ì(:Å§
Ù§Åì¡�l(:Å"Ì(:ÅÚl(:Å����ªØÓ§e¡ò©O0�"

§3.5.1 �� NFS

Ì(:Å

• Mï8¹:

mkdir -p /home/local

• ò /usr/local ó�� /home/local:

/bin/rm -rf /usr/local

ln -s /home/local /usr/.

(5: XJ±c� /usr/local ¥SCkk^�©�, K3�1þã·-cATòÙ��½£
r)"

• (@3Ì(:ÅþSC
 nfs-utils �"mé NFS ÑÖ:

/sbin/chkconfig nfs on

/sbin/chkconfig nfslock on

/etc/init.d/nfslock restart

/etc/init.d/nfs restart

• 3©� /etc/exports ¥\\e¡�1:

/home *(rw,no_root_squash)

§ò /home 8¹ÑÑ�¤kÅì"(5: ÑuS��Ä�±��=ò8¹ÑÑ��½��

(:Å, 9ò no_root_squash U¤ root_squash"�^·- man 5 exports �w�'ëê
��{)"

http://www.linux-nis.org/nis-howto/
http://www.linux.org/docs/ldp/howto/NFS-HOWTO/
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• ÑÑ�½8¹ (/home):

exportfs -a

(��#éÄXÚ)"

l(:Å

• Mï8¹:

mkdir -p /home

• 3©� /etc/fstab ¥\\e¡�1:

<Ì(:Å¶>:/home /home nfs defaults 0 0

(ò <Ì(:Å¶> O�¤Ì(:Å�ÌÅ¶½ IP /�)"

• $1·-:

/sbin/chkconfig netfs on

§¦�XÚéÄ�gÄ!�Ì(:Åþ� /home 8¹"

• $1·-:

mount /home

(��#éÄXÚ)"

• ò /usr/local ó�� /home/local:

/bin/rm -rf /usr/local

ln -s /home/local /usr/.

(5: XJ±c� /usr/local ¥kk^�©�, K3�1þã·-cATòÙ��½£r)"

þã¤kö�7L± root �°�1"�Ú½�¤�§¤k(:Åþ� /home Ú /usr/local 8
¹�SNAT´���"3l(:Åþ�^·- df u�!��¹"

k' NFS �?�Úá��3�þ|¢ “NFS” �'�i"

§3.5.2 �� NIS

±e£ã¥b�± ‘CLUSTER’ �� NIS �¶"

Ì(:Å

• (@SC
eã�:

ypserv, ypbind, yp-tools

• 3©� /etc/sysconfig/network ¥\\e¡�1:

NISDOMAIN=CLUSTER

• mé NIS ÑÖ:

/sbin/chkconfig ypserv on

/etc/init.d/ypserv start

• Ð©z NIS êâ¥:

/usr/lib/yp/ypinit -m

§S$1�U Ctrl-D, ,�U “y” Ú£�"T·-ò)¤ NIS êâ¥"�±�Ñ
No rule to make target ...

�a��Ø&E"
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• mé NIS �r§S:

/sbin/chkconfig ypbind on

/etc/init.d/ypbind start

• �y NIS ��

– ·- “ypwhich” ATw«ÑÌ(:ÅÌÅ¶"

– ·- “ypcat passwd” ATw«Ñ (Ì(:Åþ�) ^ráÒ"

l(:Å

• (@SC
eã�:

ypbind, yp-tools

• 3©� /etc/sysconfig/network ¥\\e¡�1:

NISDOMAIN=CLUSTER

• mé NIS �r§S:

/sbin/chkconfig ypbind on

/etc/init.d/ypbind start

• �y NIS ��

– ·- “ypwhich” ATw«ÑÌ(:ÅÌÅ¶"

– ·- “ypcat passwd” ATw«ÑÌ(:Åþ�^ráÒ"

• �
U
¦^ NIS ^r�¹§�I�?U /etc/nsswitch.conf ©�§¦Ù�¹eã��:

passwd: files nis

shadow: files nis

group: files nis

hosts: files nis dns

5¿3l(:ÅþØ�E½Â^r&E§=3l(:ÅþATò¤k NIS ^r (�^·-
“ypcat passwd” w«Ñ5) l©� /etc/passwd Ú /etc/shadow ¥íØ§ò¤k NIS | (�^·-
“ypcat group” w«Ñ5) l©� /etc/group ¥íØ"
�¤ NIS ���§Mï#�^ráÒ�I3Ì(:Åþ?1 (5¿ò^r�Ì8¹�� /home

e), ,�$1·- “cd /var/yp; make” =�"
XJ3Ì(:Åþ?U
��^ráÒ&E§�AT$1�gþã·-±M# NIS êâ¥"
NIS ^r3l(:ÅþØU^ “passwd” ·-?U^r�-§7L^ “yppasswd” ·-5?U"
þã¤kö�7L± root �°�1"
k' NIS �?�Úá��3�þ|¢ “NIS” �'�i"

§3.5.3 �� rsh

• (@SC
 3.4.1 ¥�Ñ��"

• ò¤ÌÅ¶\�©� /etc/hosts.equiv ¥"

• mé rsh ÑÖ:

/sbin/chkconfig rsh on
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5: �¦ root ^rU
^ rsh �1�§·-§Iò /etc/hosts.equiv ©���� /root/.rhosts,

¿3©� /etc/securetty ¥\\ “rsh”"
þãö�7L3¤k(:Åþ± root �°?1"
�¤þã���, 3?Û��(:ÅþAT�±3¤k(:Å (�)gC) þ�1�§·-"�U

Xe�{ÿÁ:

• ±�� NIS ^r�¹���(:Åþ¿$1·-:

rsh ,��(:Å¶ /bin/hostname

XJ���(, T·-ATw«é��ÌÅ¶"XJÑ�§�±�wé� /var/log/messages ©
�¥��Ø&E"

• 5¿�y shell Ð©z©� (.cshrc, .profile, .bashrc �) Ø� stdout Ú stderr ÑÑ?Û
&E§=þã·-�ÑÑØ
ÌÅ¶	ØATk?ÛÙ§SN"ÄK�UK�� MPI ?§�é
Ä"

§3.5.4 MPICH �SC

MPICH �SC�üÅe�SC����§�I3Ì(:Åþ?1§Ï�¤k(:Å /usr/local

8¹´���"d	§I�ò©� /etc/profile.d/mpich.sh Ú /etc/profile.d/mpich.csh ���
¤k(:Åþ"

§3.5.5 MPICH §S�?È!$1

MPICH §S�?È�±3?Û��(:Åþ^ mpicc (C), mpif77 (Fortran), mpiCC (C++) �·
-?1"§�´ MPICH Jø� shell ��§̂ {�ÊÏ� C/C++/Fortran ?Èì��"

MPICH §S�$1�ª�ûu?È MPICH XÚ�ÀJ�.� driver"ùp0��?È�ª¦
^ ch_p4 ��.� driver, ù«�¹ekü«�{ÀJ$1�� MPI §S¦^�(:ÅÚ?§ê, =:

• mpirun -machinefile ©�¶ -np 4 MPI§S¶ [MPI§Sëê]

©� ©�¶ ¥�ÑF"¦^�(:Å¶§�1��"mpirun ò3�½�(:ÅþéÄ�½ê8
�?§ (ùp´ 4)"�?§ê8�u(:Åê8� mpirun ¬3�
(:ÅþéÄü�½�õ?
§"·- “mpirun -help” �±w«�� mpirun �{�¦^`²"

• ./MPI§S¶ -p4pg ©�¶ [MPI§Sëê]

ù«�ª�±°(��3z�(:ÅþéÄ� MPI ?§ê�?§SÒ§¿�#N3ØÓ(:Å
þéÄØÓ���1©� (·^u Master/Slave �ª�¿1§S)"©� ©�¶ ¥Ue��ª�
Ñ�(:ÅþéÄ�§S¶:

(:Å¶1 0 ��1©�¶1

(:Å¶2 1 ��1©�¶2

(:Å¶3 1 ��1©�¶3

... ...

(:Å¶n 1 ��1©�¶n

Ù¥ (:Å¶1 7L´$1T·-�¤3�(:Å, ��1©�¶1 7L�·-1þ� MPI§S¶

�Ó�©�"¤k ��1©�¶ 7L¦^ýé´» (X /home/zlb/test/cpi)"Ï~�¹e§¤
k ��1©�¶ ´���"�Ó� (:Å¶ Ñyõg�L«3T(:ÅþéÄõ�?§"
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~X§b�^r3(:Å node1 � /home/zlb/test 8¹e§T8¹¥k®²?ÈÐ� MPI

§S cpi"3T8¹eMï��¶� p4file �©�§§�¹XeSN:

node1 0 /home/zlb/test/cpi

node2 1 /home/zlb/test/cpi

node1 1 /home/zlb/test/cpi

node2 1 /home/zlb/test/cpi

K·- “./cpi -p4pg p4file” ò3 node1, node2 þ$1o�?§, Ù¥?§ 0 Ú?§ 2 3 node1

þ, ?§ 1 Ú?§ 3 3 node2 þ"

§3.6 ;^¿1Å+XÚ

�;�^u¿1O��Å+XÚ"ùaXÚ�A:´(:Å�éÅ+�^å²L;�À.§(:
Å��'�Ú�"

• (:ÅUì¤KI�õU©¤Aa, X I/O (:!O�(:!�¹(:!ÑÖ(:�§Ó�a(
:ÅÏ~äk�Ó�M���Ú©�XÚ(�

• ��üÕ�¤��Û��§¦^SÜ�ä/�

• ��]NÝÚ��+nXÚ

• XÚ5��±lê�(:�þZ�(:

ã 3.2 ¥�Ñ���¹ 5 �(:�Å+«~§§k 1 �Ì�(:§4 �O�(:"

ã 3.2: �.;^Å+«~

±ã 3.2 �Å+�~§b� 4 �O�(:�M�������§K§�SC�XÚ©��Ä��
�§��«O´ÌÅ¶Ú IP /�"3 RedHat Linux ¥, ÌÅ¶d©�

/etc/sysconfig/network

�½§b�±��k��¶� eth0 �{K IP /�d©�
/etc/sysconfig/network-scripts/ifcfg-eth0

�½§ù´O�(:©�XÚm���«O"��Bö�XÚ�SC�+n§·�F"¤kO�(:
þùü�©������"���ù�8�§���{´|^ DHCP �ÆlÌ�(:¼� IP /�§
äN�{�ëw, ~X, http://www.linux.org/docs/ldp/howto/mini/DHCP/"·�3ùp0�,�
�{ü�{§§ò¤k MAC /��3©� /etc/hosts ¥, O�(:éÄ�ÏL MAC /��Ñg
C�ÌÅ¶Ú IP /�"e¡´äN�{"

http://www.linux.org/docs/ldp/howto/mini/DHCP/
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• /etc/hosts ©�:

127.0.0.1 localhost.localdomain localhost
192.168.0.254 node0 node0.cluster 00:90:27:57:42:64
192.168.0.1 node1 node1.cluster 00:90:27:57:45:F2
192.168.0.2 node2 node2.cluster 00:90:27:57:42:B4
192.168.0.3 node3 node3.cluster 00:90:27:57:45:E1
192.168.0.4 node4 node4.cluster 00:90:27:57:3F:7E

(����A�¤ý¢ MAC /�§MAC /��3(:Åþ^·- /sbin/ifconfig eth0 ¼�)

• /etc/sysconfig/network ©�:

1 NETWORKING=yes

2 hwaddr=‘/sbin/ifconfig eth0 | /bin/grep -i HWaddr | awk ’{print $5}’‘

3 HOSTNAME=‘grep ’^[0-9]’ /etc/hosts | grep -w $hwaddr | awk ’{print $2}’‘

4 unset hwaddr

5 GATEWAY=192.168.0.254

6 NISDOMAIN=CLUSTER

• /etc/sysconfig/network-scripts/ifcfg-eth0 ©�:

1 DEVICE=eth0

2 BOOTPROTO=static

3 IPADDR=‘grep ’^[0-9]’ /etc/hosts | grep -w "$HOSTNAME" | awk ’{print $1}’‘

4 BROADCAST=192.168.0.255

5 NETMASK=255.255.255.0

6 NETWORK=192.168.0.0

7 ONBOOT=yes

Uþã�{��, �I�SCÐ��O�(:§Ù§O�(:�±{ü/ÏLM���?1E�§
�N´|^�§Ú� (PXE boot) ¢ygÄSC"

§3.7 |ï�.Å+XÚI��Ä��
¯K

• �¸�Ä: ÙÛ!>!�N�

• (:Åö�XÚgÄSC!¡E

• (:ÅG�i�: CPU K1!̂ r��!S�¦^�

• (:ÅM�G�i�: >Ø!º÷!§Ý� (http://secure.netroedge.com/~lm78/ )

• MPI XÚ?§ê���

• rsh à�ê��

• ¿1§S�¯�éÄ

• ©�XÚ!¿1 I/O

http://secure.netroedge.com/~lm78/
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1oÙ Ý
¿1O�

3�Æ�ó§O��Nõ¯K¥, Ý
$�, AO´Ý
�¦!¦)�5�§|ÚÝ
A��¯
K´�Ä��SØ. �XMMP ¿1O�ÅÚ�ä¿1�¸�ØäuÐ, �
¿©u�©Ùª¿1O
�Å�õ�, k7�éO��{?1�\�ïÄ. ùpX�ÄÝ
¦ÈÚ¦)�5�§|�õ«¿
1�{, Ù�þz�{ [2, 3] �ÖòØ�0�. �êA��¯K9Ù�'¯K�O��{3©z [4] ¥
k��[�?Ø, ùpòØ�0�. �
?Ø�Bå�, k��
�½, b�k p �?nÅ, Pj L«1
j �?nÅ, Pmyid L«�c$1§S�?nÅ, send(x, j) Úrecv(x, j) ©OL«3 Pmyid ¥r x Dx
� Pj Úl Pj ¥�Â x, �Ù�Ñ��{Ñ´3 Pmyid ?nÅþ�. d	, ^ i mod p L« i é p �
�$�.

§S�O�Åì¢y´�Ø�©�, O�(J�Ð��?§Eâké��'X, cÙ´3¿1O
�Å�¸e, ï�p�þ�§Séu�O�Å�5UåX�'���^. ·�(Ü�{ïÄ�Ñ3
ØÓ¿1Åþ��
�~f5L²§S�Og�, ¿æ^§S�ª£ã�{, ±|uÅì¢y.

3¿1�{�ïÄ¥, ²~�^�\�'�Vg, §´µd¿1�{Ð�����IO. 'u
\�'�õ«½Â31nÙ¥®²�Ñ, ùpr�^��2rN�e, ^ Sp L« p �?nÅ�\�
', Ù½ÂXe:

Sp = üÅ¦)¯K��1�m/p �?nÅ¦)¯K��1�m

ù�½Â3A^¥²~É�üÅ)K5����, �Ò´`, 3õ?nÅþU¦)�¯K3üÅþ´
�Ø
�, Ï~´¯K5�O��, üÅS�Ø
���. ,��N´U?�\�'�½Â�

Sp = p �?nÅ¦)¯K�$��Ý/üÅ¦)¯K�$��Ý

Xd½Â�\�'éó�þ(½�¯K´N´���, éuùp¤�Ä�¯KXd½Â�\�'´Ü
·�, �éó�þØ(½, üÅqÃ{¦)�¯Kùü«½ÂÑØ·Ü.

'uÏ&�ª, êâDÑ�ªkNõØÓ�b�, ù��b�3nØþ?Ø¿1�{�\�'9
�Ç´�~��. éu�ED4.¿1XÚ, Ï~�ÄÙ�: Tc = α + β × N , Ù¥ α ´éÄ�m, β

´DÑü êâ¤I��m, N ´êâ�DÑþ.

§4.1 Ý
�¦�eZ¿1�{

Ý
¦È3¢SA^¥´²~�^��, Nõk?�O�ÅþÑ�kp��G1§S¥. �
3
¿1O��¸þ¢yÝ
¦È, ïÄ¿1�{´�~7��. �!��Ä�O�¯K´

C = A × B (4.1)

Ù¥ A Ú B ©O´ m × k Ú k × n Ý
, C ´ m × n Ý
. Ø���5, b� m = m̄ × p, k = k̄ × p

Ú n = n̄ × p, e¡�ÄÄuéÝ
 A Ú B �ØÓy©�¿1O��{.

§4.1.1 1�y©�{

ùpòÝ
 A Ú B ©Oy©�Xe�1¬fÝ
Ú�¬fÝ
:

A =
[

AT
0 AT

1 ... AT
p−1

]T

, B =
[

B0 B1 ... Bp−1

]
(4.2)

49
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ù� C = (Ci,j) = (Ai × Bj), Ù¥ Ci,j ´ m̄ × n̄ Ý
. Ai, Bi Ú Ci,j , j = 0, . . . , p − 1 ��3 Pi ¥,

ù«���ª¦êâ3?nÅ¥ØE. 3�!¤�Ä��{¥, Ñ¦^ù«êâ����ª. du
¦^ p �?nÅ, zgz�?nÅO�Ñ�� Ci,j , O� C I� p g5�¤. Ci,j �O�´Ué��
?1�, O��{Xe:

�{ 4.1.1.

for i = 0 to p − 1 do

l ≡ i+myid mod p

Cl = A × B, mp1 ≡ myid+1 mod p, mm1 ≡ myid-1 mod p

if i 6= p − 1, send(B, mm1), recv(B, mp1)

end{for}

3ù��{¥, Cl = Cmyid,l, A = Amyid, B 3?nÅ¥zgÌ��c£Ä��?nÅ, zg��
êâ� k × n̄ Ý
, ��gê� p − 1 g. XJ^ DTA1 L«3�{ 4.1.1 ¥êâ���þ, CA1 L«
3�{ 4.1.1 ¥�O�þ, Kk DTA1 = 2 × k × (n − n̄), CA1 = m × k × n/p.

§4.1.2 11y©�{

ùpòÝ
 A Ú B þy©�1¬fÝ
, Ý
 A �y©Óª (4.2), B �y©Xe:

B =
[

BT
0 BT

1 ... BT
p−1

]T

(4.3)

Ci �Ú Ai �éA� C �1 i �¬, ?�Úr Ai U�©¬� B �1©¬�éA, P

Ai =
[

Ai0 Ai1 . . . Ai,p−1

]
lk

Ci = Ai × B =
p−1∑
j=0

Ai,j × Bj

Ð©êâ A, B Ú C ����ª� 4.1.1 �Ó, 3(: Pmyid þ�O�L§�8B��{ 4.1.2.

�{ 4.1.2.

for i = 0 to p − 1 do

l ≡ i+myid mod p

C = C + Al × B, mp1 ≡ myid+1 mod p, mm1 ≡ myid-1 mod p

if i 6= p − 1, send(B, mm1), recv(B, mp1)

end{for}

ù��{¥�êâ��þÚO�þ��{ 4.1.1 �Ó, ¤ØÓ��´O� C ��ª, Ù¥ Al =

Amyid,l.

§4.1.3 ��y©�{

ùpòÝ
 A Ú B þy©��¬fÝ
, B �y©�ª (4.2) �Ó, A y©�Xe/ª:

A =
[

A0 A1 ... Ap−1

]
(4.4)
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ù� C �y©� B �y©�éA, �´U�©¬�, ?�Úr Bi U1©¤� A ��©¬�éA�
1©¬, P Bi =

[
BT

i0 BT
i1 . . . BT

i,p−1

]T

, lke¡O� C ��{.

Cj = A × Bj =
p−1∑
i=0

Ai × Bi,j

ù��O�L§´DxÝ
 A Ø´ B, äN��{£ãXe:

�{ 4.1.3.

for i = 0 to p − 1 do

l ≡ i+myid mod p

C = C + A × Bl, mp1 ≡ myid+1 mod p, mm1 ≡ myid-1 mod p

if i 6= p − 1, send(A, mm1), recv(A, mp1)

end{for}

�{ 4.1.3 �O�þ��{ 4.1.1 Ú�{ 4.1.2 ´�Ó�, �{ 4.1.3 �êâ��þ´ DTA3 =

2 × m × (k − k̄). � m 6= n �, DTA1 6= DTA3. ü«�{êâ��þ���´d m Ú n û½�, =�
m ≤ n �, DTA3 ≤ DTA1. du§��O�þ´�Ó�, Ïd��UÏ&þ��ÀJ�{Ò�±��
Ð�¿1�Ç.

§4.1.4 �1y©�{

ùpòÝ
 A Ú B ©Oy©��Ú1¬fÝ
, A �y©�ª (4.4) �Ó, B �y©�ª (4.3)

�Ó. dd��

C = A × B =
p−1∑
i=0

Ai × Bi

C �O�´ÏL p �5�Ú C �Ó�Ý
�Ú���, lé¯K�y©�±wÑ, ¿1�{�'�´
O�Ý
�Ú, �Ok�/O�Ý
Ú��{, éu�©Ùª¿1XÚ��ÇåX��^. �
¦
K1��²ï, ·��ÑXe��«{üO��{, Ù¥ùp� C �Ù§�{¥� C ØÓ, §Ø´©
¬�, ´����3¤k�?nÅ¥, �3O� C �Ú�æ^� 4.1.1 �Ó�U1©¬.

�{ 4.1.4.

C = A × B

for i = 1 to p − 1 do

l ≡ i+myid mod p k ≡ myid-i mod p

send(Cl, l), recv(T , k)

Cmyid = Cmyid + T

end{for}

�,3¦Ú�kNõ¢y�{, ùp�Ñ��{{'´Ã, ÙÏ&þ DTA4 = 2× (m− m̄)×n. X
Jæ^U�©¬�ªO� C, �{ 4.1.4 �Ó�·Ü, ù��Ï&þ� DTA4 = 2 × m × (n − n̄), du
m × n̄ Ú m̄ × n ´���, ÏdÀJÛ«�ªO� C ��âI�½.

§4.1.5 Cannon �{

b�Ý
 A, B Ú C �±©¤ m × m ¬Ý
, �=, A = (Aij)m×m, B = (Bij)m×m, Ú C =
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(Cij)m×m, Ù¥ Aij , Bij Ú Cij ´ n× n Ý
, ?�Úb½k p = m×m �?nÅ. �
?Ø Cannon

�{, Ú\¬��Ý
 Q = (Qij) ¦�

Qij =

{
In, j ≡ i + 1 mod m

0n, Ù§�¹

Ù¥ In Ú 0n ©O´ n �ü Ý
Ú"Ý
. ½Âé�¬Ý
 D
(l)
A = diag(D(l)

i ) = diag(Ai,i+l mod m),

N´í�Ñ A =
∑m−1

l=0 D
(l)
A × Ql. Ïd

C = A × B =
m−1∑
l=0

D
(l)
A × Ql × B =

m−1∑
l=0

D
(l)
A × B(l)

Ù¥ B(l) = Ql × B = Q × B(l−1). |^ù�4í'Xª, ¿r?nÅ(:?Òl��N����, =
k Pmyid = Pmyrow,mycol, êâ Aij ,Bij , Ú Cij ��3 Pij ¥, N´��e¡�3?nÅ Pmyid (:þ
��{.

�{ 4.1.5.

C = 0

for i = 0 to m − 1 do

k ≡ myrow+i mod m; mp1 ≡ mycol+1 mod m; mm1 ≡ mycol-1 mod m;

if mycol=k then

send(A, (myrow, mp1)); copy(A, tmpA);

else

recv(tmpA, (myrow, mm1));

if mycol 6= mp1, send(tmpA, (myrow, mp1));

end{if}
C = C+tmpA ×B; mp1 ≡ myrow+1 mod m; mm1 ≡ myrow-1 mod m;

if i 6= m − 1 then

send(B, (mm1, mycol)); recv(B, (mp1, mycol));

end{if}
end{for}

T�{äkéÐ�K1²ï, ÙA:´3Ó�1¥2Â A, O�Ñ C �Ü©���, 3Ó�¥E
Ä B. êâ��þ DTA5 = m × 2 × n2 + (m − 1) × 2 × n2 = 2(2m − 1)n2 = 4m2n2/

√
p − 2m2n2/p. d

uO�þéz�?nÅ5`´�Ó�, Ïd3ÀJ�{��I�ÄÏ&þ.

l¤�Ñ�ùÊ�¿1O�Ý
¦È��{�±w�, éu�
�¦È, � p ≥ 4 �, Cannon �
{äk`�5. 3nØþù
�{�\�'�¯K5�O��Ñª�u?nÅ�ê, §��±d�Ù
m©��Ñ�\�'�½Â±9êâDx�múª�Ñ, a,��Öö�r§��¤öS5�.

§4.2 �5�§|�){

�5�§|´Nõ�¯K�Ø%, Ïdk�/¦)�5�§|3�Æ�ó§O�¥´�~�
�. ¿1O�Å�¯, ¦¦)¯K��ÝÚ)K5��ÌÝ/Jp, Ó��¦O��{�)
Cz.

3DÚ�G1Åþ, Linpack ´¦)�5�§|�k�^��. ,3¿1Åþ¦)d¯K, ÒI��
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OÑ·ÜuTÅ�¿1�{, �{�`�¬é¿1Å��Ç�)é��K�. ùp�Ä�¯K´

Ax = b

ùp�?Ö�±©�ü�¡, ��¡´¿1O�Ý
 A �LU ©), Ù¥ L,U ©O´en�Úþn
�Ý
, �=�3�ü�Ý
 Q, ¦ AQ = LU . ,��¡´¿1¦)n�/�§|, =, ¦)�§|
Ly = b Ú Ux = y. e¡·�£ãk'��{.

§4.2.1 ©ÙªXÚ�¿1 LU ©)�{

Äk�Ä n× n Ý
 A = (aij) �G1LU ©){. �â¦)�5�§|�I�, æ^Ü©ÀÌ�
� Gauss ��{, ?1���, ¦� L ´ü en�Ý
. 3�{¥ ak L« A �1 k 1.

�{ 4.2.1.

for j = 0 to n − 2 do

find l: |alj | = max{|aij |, i = j, . . . , n − 1}
if l 6= j, swap Aj and Al

if ajj = 0, A is singular and return

aij = aij/ajj, i = j + 1, . . . , n − 1

for k = j + 1 to n − 1 do

aik = aik − aij × ajk, i = j + 1, . . . , n − 1

end{for}
end{for}

3�{ 4.2.1 ¥, Ì�O�ó�þ´?�Ý
 A, =� aik − aij × ajk, Ïd¿1O��Ì�?Ö
Ò´3õ?nÅþÓ�éÝ
 A �ØÓÜ©�?�. 3õ?nÅþ LU ©)��ó�´¦1Ö¦
�U�²ï, ·�æ^òð (wrap) �;�ª3�?nÅþ©�Ý
 A, rÝ
 A �1 i ���3
Pi mod p ¥. b� n = p × m, 3e¡�{¥ A �1 i ���5 A �1 i × p + myid �, e¡�Ñ3
Pmyid þ�(:£ã.

�{ 4.2.2.

icol= 0

for j = 0 to n − 2 do

if myid=j mod p then

find l: |al,icol| = max{|ai,icol|, i = j, . . . , n − 1}
if l 6= j, swap aj,icol and al,icol

if aj,icol = 0, A is singular and kill all processes

ai,icol = ai,icol/aj,icol, i = j + 1, . . . , n − 1

fi−j−1 = ai,icol, i = j + 1, . . . , n − 1

send(l, myid+1) and send(f , myid+1)

icol+1 → icol

else

recv(l, myid-1) and recv(f , myid+1)

if myid+1 6= j mod p, send(l, myid+1) and send(f , myid+1)
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end{if}
if l 6= j, swap Aj and Al

for k=icol to m − 1 do

aik = aik − fi × ajk, i = j + 1, . . . , n − 1

end{for}
end{for}

�{ 4.2.2 ´3©Ùª¿1O�Åþ� LU ©)�k��{��, ·�3I�¿1Åþ�
Nõ
¢�, �JéÐ. XJæ^©¬òð�ª�;, O�
�{�âÝ, �J�Ð. �~�3��?nÅþ
O�©)Ïf�Ù§?nÅÑy���, �±æ^JcO�e�g�^��Ïf. �=, �{ 4.2.2 ¥
�^��äd if myid=j mod p C¤ if myid=j + 1 mod p, Äk�?�O�e��Ïf�^���,

,�ÒO�©)Ïf, ùéuäkux�EØI����¿1XÚ5`´�~·Ü�. XJ¿1XÚ
Øä�ù��5�, @ÒØ�^ù«U?��{, ÄK¬¯�õ�.

§4.2.2 äk���;XÚ�¿1 LU ©)�{

���;XÚ´¿1O�Å�,��L, Ùþ��{�O�©ÙªXÚ��{�Oké��ØÓ.

Ì�Ny3Ï&�¡, ���;XÚêâ���´ÏL��Cþ¢y�. 3� LU ©)�, ·�®²
��O�ó�©�ü�Ü©, �´O�©)Ïf, ,�´?�Ý
 A. duI����êâ´zÚ�
©)Ïf, Ïd·�r©)Ïf½Â¤��Cþ, ¿^ gfactor L«, �d�éA�ÀÌ��CþP�
gl, §��ÛÜE�¬^ lfactor Ú l L«, Ó�^ flag Cþ�� gfactor �^L�Ä�I�. �{Xe:

�{ 4.2.3.

icol= 0

for j = 0 to n − 2 do

if myid=j mod p then

find l: |al,icol| = max{|ai,icol|, i = j, . . . , n − 1}
if l 6= j, swap aj,icol and al,icol

if aj,icol = 0, A is singular and kill all processes

ai,icol = ai,icol/aj,icol, i = j + 1, . . . , n − 1

lfactori−j−1 = ai,icol, i = j + 1, . . . , n − 1

if
∑p−1

k=0 flagk 6= p, wait

copy(lfactor, gfactor), copy(l, gl), flagk = 0, k = 0, . . . , p − 1

icol+1 → icol

else

if flagmyid 6= 0, wait

copy(gfactor, lfactor), copy(gl, l), flagmyid = 1

end{if}
if l 6= j, swap Aj and Al

for k =icol to m − 1 do

aik = aik − lfactori × ajk, i = j + 1, . . . , n − 1

end{for}
end{for}
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�{ 4.2.3 ��{ 4.2.2 3Nõ�¡´�Ó�, ùp� copy �O
�{ 4.2.2 ¥� send Ú recv.

3ù��{¥, Ó�I���. 3ùaXÚþ, �±�OÑA�ØI�����{. 3�{ 4.2.3 �Ä
:þ, éu1 0 �?nÅ�ÄkO�Ñ©)Ïf, ���O�L§dXe�?U�{�Ñ:

�{ 4.2.4.

icol=0

if myid=0, icol=1

for j = 0 to n − 2 do

cid=j mod 2p, next=j + 1 mod p

if flagcid 6= 0, wait

copy(gfactor, lfactor), copy(gl, l)

if myid=next then

if l 6= j, swap al,icol and aj,icol

ai,icol = ai,icol − lfactori × aj,icol, i = j + 1, . . . , n − 1

find gl: |agl,icol| = max{|ai,icol|, i = j + 1, . . . , n − 1}
if gl 6= j + 1, swap aj+1,icol and agl,icol

if aj+1,icol = 0, A is singular and kill all processes

ai,icol = ai,icol/aj,icol, i = j + 2, . . . , n − 1

gfactori−j−2 = ai,icol, i = j + 2, . . . , n − 1

flagcid+1 mod 2p = 0, flagcid+2 mod 2p = 1

icol+1 → icol

end{if}
if l 6= j, swap Aj and Al

for k =icol to m − 1 do

aik = aik − lfactori × ajk, i = j + 1, . . . , n − 1

end{for}
end{for}

ù��{�A:´O�©)Ïf�Ø´3?��ÜÝ
��?1�, ´r�c�O�Ïf��
�?�ÒO�©)Ïf, ù�3e�gÙ§?nÅ�?��ÒØI���, ¢y
O�©)ÏfÚ?
�Ý
3�mþ�U, ù´3ùaÅìþ�LU ©)��«n��{, ��©z [5].

§4.2.3 n��§|�¿1){

�!�Än��§|�¿1O��{, ·�Ø�=?Ø)en��§| Lx = b. n��§|�¿
1¦)ék��¿1¦)�5�§|´Ø�"��, §�¿1�J�Ð�é¦)��¯Kk���K
�, ùp�Ñü«¿1¢y�{. Äk�Ñ��G1�{.

�{ 4.2.5.

for i = 0 to n − 1 do

xi = bi/lii

for j = i + 1 to n − 1 do

bj = bj − lji × xi
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end{for}
end{for}

3ù��{¥zgé b ?1?��^� L ���, XJUù«�ª¿1?� b, K¡���×£
�{. éu�×£�{, �©êâ L ·ÜuU1��, �?� b ���, Ò�±¿1O�. Ó��¦
z�?nÅ�ó�þ¦�Uþï, �æ�òð�ª��êâ. �X·�¤£ã�, �
¢y¿1O�,

I�òzÚO�Ñ5�)���©þDx�¤kÙ§?nÅ¥, ÙÏ&gê´éõ�, ùéu�ED
4.¿1XÚ´Ø�·Ü�. �´éuk���;�XÚ´�±æ^ù«O��Y�. �c�!¥�
LU ©)���, I�Ú?��Cþ flag Ú gb, ù�3���;XÚþ��{�£ã¤Xe/ª:

�{ 4.2.6.

k = 0

for i = 0 to n − 1 do

if myid ≡ i mod p then

gbi = bk/lki, flagi = 1, k + 1 → k

end{if}
if flagi 6= 1, wait

for j = k to m − 1 do

bj = bj − lji × gbi

end{for}
end{for}

ù´�«�~g,�¿1¢y�{, �´�~���, �±æ^?� b ���©þÒO�e��
)��ª, ù�Ù§�?nÅ3�e�g?��Ò®²k
�^�#�, ØI���. ù
Ñ´�{
�§S�O�AT5¿�E|, �EÁ�Ò¬k¤N¬. 3�Ü©yk����;¿1XÚþ, ÑJ
ø
ÓÚÅ�, 3�{¥^��ä�����±dXÚJø�¥¼ê5¢y, =3dÓÚ. �éæ^É
Ú�ªO�e��#)��{ÒØ·Ü
, ù�ÒA^·�3�{¥�Ñ�^��ä���5¢y.

e¡0��«3©Ùª¿1Åþ�en��§|�¦)�{, T�{æ^U�òð�ª��êâ,

zgD4�´Ü©?��mà�, Ø´#¦Ñ�), ÏLU\��ªO�eg�#). ù��{3
©ÙªXÚþ�2�A^, ´�~k��¿1�{, Ù/ªXe:

�{ 4.2.7.

k = 0

if myid=0, then

ui = bi, i = 0, . . . , n − 1, vi = 0, i = 0, . . . , p − 2

else

ui = 0, i = 0, . . . , n − 1

for i = 0 to n − 1 do

if i > 0, recv(v, i − 1 mod p)

xk = (ui + v0)/lik

vj = vj+1 + ui+1+j − li+1+j,k × xk, j = 0, . . . , p − 3
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vp−2 = ui+p−1 − li+p−1,k × xk

send(v, i + 1 mod p)

uj = uj − ljk × xk, j = i + p, . . . , n − 1

k + 1 → k

end{for}

'uù��{��[?Ø�ë�©z [6].

§4.3 é¡�½�5�§|�¿1){

éué¡�½Ý
 A � LU ©), ·�æ^Cholesky ©), �= A = RT R, Ù¥ R ´þn�Ý

. dun��§|�¦)3c�!¥®²�Ñ, ÏdùpX�Äé¡�½Ý
�Cholesky ©).

���{´3DÚ� Cholesky ©)��ª�{�Ä:þ, éuuxêâØI���¿1XÚ, JÑ�
¿1�{. ,���{´^V^=C���ª5� Cholesky ©). e¡Ò©O0�ùü«�{.

§4.3.1 Cholesky ©)��ª�¿1O�

ùp�Ñ�¿1 Cholesky ©)�{, ´3DÚ� Cholesky ©)��ª�{�Ä:þ, (Ü©Ù
ª¿1O�ÅXÚ�A:�Ñ� [7]. §´3©Ùªõ?nÅXÚþ¦ Cholesky ©)�k��{. Ä
klG1�{Ñu

�{ 4.3.1.

for j = 0 to n − 1 do

ajj = ajj −
j−1∑
k=0

ajk × ajk, ajj = √
ajj

for i = j + 1 to n − 1

aij = (aij −
j−1∑
k=0

ajk × aik)/ajj

end{for}
end{for}

3ù��{¥, Ý
 RT ��3�Ý
 A �éA�en� �, §éu j Ì�5`, zgO�Ñ
RT ���, �¡����ª�{. du1 j ��O�^�c¡� j ���, Ïd3¿1O� R �Ò
�r§�c���&EDx�T�¤3�(:þ. 3TG1�{�Ä:þ, Ú\©)ÏfCþ F , §
P¹�c?nÅ�c� p − 1 �?nÅþ�©)Ïf, ´ (p − 1) × n Ý
, �©Ý
 A U1òð�ª
��3?nÅ¥, K3(: Pmyid þ��{Xe:

�{ 2

for i = 0 to m − 1 do

k = i × p + myid, l = k − p + 1

if k > 0 then, recieve G from Pmyid−1

for j = 0 to p − 2 do

ai,j+l = (ai,j+l −
j+l−1∑

t=0
ait × gjt)/gj,j+l

Fj = Gj+1
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end{for}

aik = aik −
k−1∑
t=0

ait × ait

aik =
√

aik, Fp−2 = Ai

Send F to Pmyid+1

for e = i + 1 to m − 1 do

for j = 0 to p − 2 do

ae,j+l = (ae,j+l −
j+l−1∑

t=0
aet × gjt)/gj,j+l

aek = (aek −
k−1∑
t=0

aet × ait)/aik

end{for}
end{for}

ù�¿1�{�A:´zÚO�Ñ RT � p �, 3Ó�Ì�¥, �?nÅO�Ñ� RT � p �´
Ø�Ó�, l¢yO��Ï&�ÉÚ?1, ~�?nÅ���. nØ©Û�ê�O�(J�ë�©
z [7].

§4.3.2 VC� Cholesky ©)

VC�Cholesky ©)´�� Cholesky ©)�¦^Xe�VC�:

H =

[
coshφ sinhφ

sinhφ coshφ

]

3·���{¥, ¦^e¡�/ª:

H = (1 − ρ2)
− 1

2

[
1 −ρ

−ρ 1

]

Ù¥ ρ = tanh(−φ). ÏLù�C�rÝ
 A z¤ RT R, Äk·�l§�Ä�nØm©.

b� A = D + UT + U , Ù¥ D ´é�Ý
,U ´î�þn�Ý
, P W = D−1/2U , Ú V =

D1/2 + W . ÏL{ü�í�k
A = V T V − WT W

lke¡�'Xª¤á:

[
RT 0

] [
I 0

0 −I

][
R

0

]
=

[
V T WT

] [
I 0

0 −I

][
V

W

]

Ù¥ I ´ n × n ü Ý
, ��VC� Cholesky ©), �^�e¡��
½Â�Ún.

½Â 4.3.1. XJ�� 2m × 2m Ý
 Θ ÷ve¡�'Xª:

ΘT

[
I 0

0 −I

]
Θ =

[
I 0

0 −I

]

Ù¥ I ´ m × m ü Ý
, K¡��´���� (pseudo-orthogonal) Ý
.
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lù�½Â�±w�, XJ�3�����Ý
 Q ¦�

Q

[
V

W

]
=

[
R

0

]

@olc¡�'Xª¥Ò��Ñ A = RT R, ÏdÌ�?ÖÒ´Ïé���Ý
 Q. e¡Ø\y²/
�Ñ©z [8] ¥�Ún.

Ún 4.3.1. XJ R Ú S Ñ´ n × n þn�Ý
, ¦� RT R − ST S é¡�½, K R ´�_�, ¿÷
v:

| skkr−1
kk |< 1, 1 ≤ k ≤ n

Ún 4.3.2. XJ R Ú S Ñ´ n×n þn�Ý
, ¦� RT R−ST S é¡�½, ¿- ρk ≡ skkr−1
kk , 1 ≤

k ≤ n, Q̂ = Q̃(n)Q̃(n−1) · · · Q̃(1), Ù¥ Q̃(k) ���½ÂXe:

q̃
(k)
ij =


1, i = j 6= k ½ i = j 6= n + k

(1 − ρ2
k)−

1
2 , i = j = k ½ i = j = n + k

−(1 − ρ2
k)−

1
2 ρk, (i, j) = (k, n + k) ½ (i, j) = (n + k, k)

0, Ù§

d	, XJ

[
R̃

S̃

]
= Q̂

[
R

S

]
, K Q̂ ´���Ý
, ¿� R̃ ´þn�Ý
, S̃ ´î�þn�Ý
.

l Q̃(k) �½Â�±w�, §´�^3 R Ú S �1 k 1���C�, XJ

Hk = (1 − ρ2
k)

− 1
2

[
1 −ρk

−ρk 1

]

K Hk

[
Rk

Sk

]
� Q̃(k)

[
R

S

]
�1 k 1Ú1 k + n 1´�Ó�. dd·�` Q̃(k) ´��^=C�.

b� Q ´ n × n Ì���Ý
, Ù¥ p1,n = 1 Ú pi,i−1 = 1, 2 ≤ i ≤ n. �âÚn 2, VC�
Cholesky ©)��{�£ã¤Xe:

�{ 4.3.2.

V 0 = V , W 0 = W , A = V T V − WT W

for i = 0 to n − 1 do[
V i+1

W i+1

]
=

[
I 0

0 Q

]
Q̂(i)

[
V i

W i

]
end { for }

�{¥ Q̂(i) �Ún 4.3.2 ¥ Q̂ �½Â�Ó, ù�� Q̂(i) ´r Wi �é��þ����� 0. X
JÝ
 A �_´��°� β ��GÝ
, K�{ 4.3.2 ¥�Ì�Cþ i �I� β Ò�O�Ñ A �
Cholesky ©), l~�
O��m, �[�?Ø�ë�©z [8]. duO�z� Hk ´�pÕá�, Ï
d´u¿1O�, ùpÒØ2�ã
.
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§4.3.3 ?��VC� Cholesky ©)

3�{ 3 ¥ Q̂(i) ´ Q̃(k) �¦È, z� Q̃(k) �K� V i Ú W i �1 k 1, ¢SþÒ´VC�
�^��� 2× l Ý
þ, b� M ´ 2× l Ý
, H ´VC�. ·��8�´3O� M = HM ¦�
m̄21 = 0 ��X�O�L§¥~�O�þ.

�¦ m̄21 = 0, H ´N´O��,�d�±ÀJ ρ = m21m
−1
11 . �´ùI�m�$�Ú 6× l g�â

$�. ���Øm�Ú~��â$��8�, b� M = KB, Ù¥ K = diag(K1,K2) ´ 2 × 2 �é�
Ý
, = K1 > 0 Ú K2 > 0. - G = K̄−1HK, Ù¥ K̄ ´ 2× 2 é�Ý
. XJ B̄ = GB, K M̄ = K̄B̄.

ùpÏL·�À� K̄, ±��~�$�gêÚm�$��8�. 3ùp·�¿Ø��O� K̄, ´^
§�²�/ª. b� L = K2, L̄ = K̄2, K L̄ �O�de¡�Ún�Ñ.

Ún 4.3.3. b� α = L2
L1

, β = b21
b11

. XJÀ� L̄ = (1 − αβ2)−1L, K

G =

[
1 −αβ

−β 1

]

Proof. l H �½Â·��� ρ = m21m
−1
11 = K2b21

K1b11
. ÏdÒk

HK = (1 − ρ2)
− 1

2

[
K1 −K2

2b21
K1b11

− K2b21
b11

K2

]
= (1 − αβ2)

− 1
2 K

[
1 −αβ

−β 1

]

Ún�y.

Ún 4.3.4. XJ R Ú S Ñ´ n× n þn�Ý
, ¿� E Ú F ´é�Ý
, ¦� RT ER − ST FS ´
�½�, ¿b� αk = Fk

Ek
, βk = skk

rkk
, XJ[

R̃

S̃

]
= Q̂

[
R

S

]

Ù¥ Q̂ = Q̃(n)Q̃(n−1) · · · Q̃(1),Q̃(k), E Ú F ���´Xe½Â�:

q̃
(k)
ij =


1, i = j

−αkβk, i = k, j = n + k

−βk, i = n + k, j = k

0, Ù§

Ú
Ẽk =

Ek

1 − αkβ2
k

, F̃k =
Fk

1 − αkβ2
k

, 1 ≤ k ≤ n

K R̃T ẼR̃ − S̃T F̃ S̃ = RT ER − ST FS, ¿� R̃ ´þn�Ý
, S̃ ´î�þn�Ý
.

ù�Ún�y²´N´�, �dÑ�.

b� A = V T EV − WT FW , K?��V Cholesky ©)�{��£ã¤Xe/ª:

�{ 4.3.3.

V 0 = V , W 0 = W , E0 = E, F 0 = F

for i = 0 to n − 1 do



§4.4 né��§|�¿1){ 61

[
V i+1

W i+1

]
=

[
I 0

0 P

]
Q̂(i)

[
V i

W i

]

Ei+1
k =

Ei
k

1 − αi
kβi

k
2 , F̃ i+1

k =
F i

k

1 − αi
kβi

k
2 , 1 ≤ k ≤ n

F i+1
1 = F̃ i+1

n , F i+1
k+1 = F̃ i+1

k , 1 ≤ k ≤ n − 1

end { for }

ùp Q̂(i) �½Â�Ún 4.3.4 ¥ Q̂ �½Â�Ó. ù��{��{ 4.3.2 ��Ñ´´u¿1¢y�.

§4.4 né��§|�¿1){

)né��5�§|3 �©�§ê�)¥åX�~���^, Ïd®²k
éõ'u§�¿
1�{, ù�¡�ó��ë�©z [9]–[10]. ùpX0�A����{, �Ø�ÙG¿1O��Ö
öJø�
¢~, ±Bé?�Ú�¿1O��eÄ:. 3ùp�¦)�¯K´ Ax = d, Ù¥

A = T (c, a, b) =



a0 b0

c1 a1 b1

. . . . . . . . .

cn−2 an−2 bn−2

cn−1 an−1


§4.4.1 4í{

3�Ù�1�!¥, ·�®²0�
XÛ�Ý
 A � LU ©), ùpdu A ´né�Ý
, Ù
LU ©)�L�¤Xe/ª:

A =



1

e1 1
. . . . . .

en−2 1

en−1 1


×



f0 b0

f1 b1

. . . . . .

fn−2 bn−2

fn−1


dd�±�Ñ:

f0 = a0, fi−1ei = ci, fi = ai − eibi−1, i = 1, . . . , n − 1

8B�nkXe���54í'Xª:

fi = ai − ci × bi−1/fi−1, i = 1, . . . , n − 1

XJ- fi = ui/ui−1, u0 = f0, u−1 = 1, Kke¡����54í'X:[
ui

ui−1

]
=

[
ai ti

1 0

][
ui−1

ui−2

]
, ti = cibi−1, i = 1, . . . , n − 1

·�l���54í'Xªm©?1�54í'Xª�¿1O�, §äkXe/ª:

x0 = 0, xi = aixi−1 + bi, 1 ≤ i ≤ n
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�
¿1O��I� [11], Ú\¼ê

Q(t, s) =
t∑

j=s

(
t∏

r=j+1

ar)bj

Ù¥b½
∏t

r=t+1 ar = 1, 1 ≤ s, t ≤ n, s ≤ t. Xd½Â�¼ê Q(t, s) äk±e�5�:

(1) Q(i, i) = bi, 1 ≤ i ≤ n

(2) ∀l ≥ 0, ¦� s + l < t, ØJy²eª¤á:

Q(t, s) = (
t∏

r=s+l+1

ar)Q(s + l, s) + Q(t, s + l + 1)

(3) dc¡ü�5�N´íÑe¡�'Xª:

xi = Q(i, 1), 1 ≤ i ≤ n

±þ5�L², �±^4í�O��ª¿1O����54í'Xª. ± n = 2m ¿1O� xn =

Q(n, 1) �~, �âcã�5�ØJ��

xn = Q(n, 1) = (
2m∏

r=2m−1+1

ar)Q(2m−1, 1) + Q(2m, 2m−1 + 1)

3d©)¥,Q(2m−1, 1) Ú Q(2m, 2m−1 + 1) (����Ó�Ó�O�, §�q�©O4í/UYU
©)�ªO�, Ó�3O�§���mS��±O�

∏2m

r=2m−1+1 ar. Ïd¿1O� x1, . . . , xn ��5
`©OI� d logne �¦{ÚÚ\{Ú, �=, ¿1O�¤I��m� O( logn), duG1O�¤I�
�m� O(n), �\�'� O(n/ logn). ù�¦^�?nÅ�ê� n, ¢S�¥U¦^�?nÅ�ê�
�uù��ê, ÏdI�·��?n. ã 4.1 �Ñ
3 n = 8 �¿1O� x1, . . . , x8 �6§ã, Ù¥
Q(i, i) = bi, i = 1, . . . , 8.

c¡�Ñ����54í'Xª��{�ùp��{���Ó, �´ù��$�´��Ý
¦È,

Ïd·���XÛ^ù«4í��{¦)né�Ý
� LU ©). ¦)�5�§|I�2��g�
��54í, ��^Ó�«�{5¦)d�§|, k'��[O�L§3dÑ�.

§4.4.2 ©�{

��!�Äé¡�½né��5�§|�){, §ÄuéÝ
�©¬, �d¡��©�{ [12, 10].

Ù©)/ª�Xe�¬né�Ý
:

A =



A0 B0

BT
0 A1 B1

. . . . . . . . .

BT
p−3 Ap−2 Bp−2

BT
p−2 Ap−1


Ù¥ Bi �k�e������Ø�",Ai ´é¡�½né�Ý
. Ïd�±é Ai � LDLT ©), ù
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6 6 6 6 6 6 6 6

r r r r r r r r

6 6 6 6 6 6 6 6

r r r r r r r r

6 6 6 6 6 6 6 6

r r r r r r r r

r r r r r r r r

¶
¶

¶
¶

¶
¶7

¶
¶

¶
¶

¶
¶7

¶
¶

¶
¶

¶
¶7

¶
¶

¶
¶

¶
¶7

¶
¶

¶
¶

¶
¶7

¶
¶

¶
¶

¶
¶7

¶
¶

¶
¶

¶
¶7

´
´

´
´

´
´

´
´́3

´
´

´
´

´
´

´
´́3

´
´

´
´

´
´

´
´́3

´
´

´
´

´
´

´
´́3

´
´

´
´

´
´

´
´́3

´
´

´
´

´
´

´
´́3

³³³³³³³³³³³³³³³³³³1

³³³³³³³³³³³³³³³³³³1

³³³³³³³³³³³³³³³³³³1

³³³³³³³³³³³³³³³³³³1

a1

Q(1, 1)
a2

Q(2, 2)
a3

Q(3, 3)
a4

Q(4, 4)
a5

Q(5, 5)
a6

Q(6, 6)
a7

Q(7, 7)
a8

Q(8, 8)

a2a1

Q(2, 1)
a3a2

Q(3, 2)
a4a3

Q(4, 3)
a5a4

Q(5, 4)
a6a5

Q(6, 5)
a7a6

Q(7, 6)
a8a7

Q(8, 7)

a3a2a1

Q(3, 1)
a4a3a2a1

Q(4, 1)
a5a4a3a2

Q(5, 2)
a6a5a4a3

Q(6, 3)
a7a6a5a4

Q(7, 4)
a8a7a6a5

Q(8, 7)

Q(1, 1)
x1 =

Q(2, 1)
x2 =

Q(3, 1)
x3 =

Q(4, 1)
x4 =

Q(5, 1)
x5 =

Q(6, 1)
x6 =

Q(7, 1)
x7 =

Q(8, 1)
x8 =

ã 4.1: 4í{6§ã

p D ´é�Ý
,L ´ü en�
. b� Ai = LiDiL
T
i , - L = diag(Li), Kk

L−1AL−T =



D0 B̄0

B̄T
0 D1 B̄1

. . . . . . . . .

B̄T
p−3 Dp−2 B̄p−2

B̄T
p−2 Dp−1


Ù¥ B̄i = L−1

i BiL
−T
i+1 = BiL

−T
i+1, §´Ø���1	þ� 0 �Ý
. du Di ´é�Ý
, �±©Or

B̄i ����1Ø������	þ�� 0, P����Ý
� D̃i Ú B̃i, l D̃i Ú B̃i ±9 B̃T
i ��

������¤��#���né��5�§|. éuù����5�§|�3��Åìþ5¦),

rù�)Dx�¤k�?nÅ¥, Ò�¦Ñ�¯K�). 3ù��{¥, Äk�^��´ LDLT ©),

ù�©)�daquþ�!¥� RT R ©)��{��, ùp�I^G1�©)�{, �Ø2äN�
Ñ LDLT �G1©)�{. nþ¤ã, ·���Ñeã�{:

�{ 4.4.1.

(1) O� Li, Di, ¦ Ai = LiDiL
T
i ;

(2) éÝ
�C�, ¿é Bi �cã���;

(3) /¤��né��5�§|, ¿¦)�;

(4) ¦)��¯K.

ù��{äkéÐ�¿15, ´8c�@�¦)ùa¯K�k���{. ÏL{ü�O��±�
Ñ, T�{�¿1O�E,5'G1O�E,5O\
��, �,O\
¿15, �O�E,5�O
\ü$
�{��Ç. 8cdu"��k��né��§|�¿1O��{, T�{3¦)d¯K�
E�2�æ^. du§´©¬3z�?nÅþÕá?1�þ�$�, Ïdù��{ØJA^�¬né
��5�§|.
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§4.5 ÉÚ¿1S�{

ÉÚS��{3¿1O�¥åX���^, Ï�da�{ØI�?nÅ�m���, ¦?nÅ
�ó��ÇU
��¿©�u�. ù�¡�ïÄó�@3 60 c�Ò®²m©, ©z [13] ¥�Ñ
�
5S� x = Bx + c �Âñ½n, �Ì�» ρ(|B|) < 1 �, dS�L§´ÉÚS�Âñ�. Ud��,©
z [14] �Ñ
��5S� x = Fx �Âñ½n, � F ´ P - Â N��, dS�L§´ÉÚS�Âñ
�. P - Â N� (P-contraction) �½Âë�©z [15].

§4.5.1 ÉÚ¿1S�{Ä:

ÄkÚ\'u x = Fx �ÉÚS��{�½Â, ���Ñ©z [14] ¥���(Ø. P |A| � A �
z����ýé��Ý
, |x| L«é�þ x �©þ�ýé���þ, A ≥ 0 L« A ���þ�u�
u 0. Fx �1 i �©þP� fi(x) ½ fi(x1, . . . , xn), �þS�P� x(j), j = 0, 1, . . ., ¤k�K�ê�
8ÜP� N .

½Â 4.5.1. � F ´ Rn → Rn �N�, K'u�f F ÚÐ©: x(0) �ÉÚS�´deã4í'X
½Â��þS� x(j) ∈ Rn, j = 1, 2, . . .,

J = {Jj |j = 1, 2, . . .}

S = {(s(j)
1 , . . . , s

(j)
n ) | j = 1, 2, . . .}

x
(j)
i =


x

(j−1)
i , i /∈ Jj

fi(x
(s

(j)
1 )

1 , . . . , x
(s(j)

n )
n ), i ∈ Jj

Ù¥, J ´ {1, 2, . . . , n} ���f8�¤�S�, S ´ Nn ¥���S�. d	, éz� i = 1, . . . , n,

J Ú S ÷vXen�^�:

(1) s
(j)
i ≤ j − 1, j = 1, 2, . . .;

(2) s
(j)
i �� j �¼êªuÃ¡�;

(3) i 38Ü Jj (j = 1, 2, . . .) ¥ÑyÃ¡õg.

e>�^�©z [14] ¥����(J, �d·�±Ún�/ª�Ñ.

Ún 4.5.1. b� |Fx − Fy| ≤ A|x − y|, Ù¥ A ´�KÝ
¿� ρ(A) < 1. KS� x = Fx ´ÉÚÂ
ñ�.

§4.5.2 �5S����Âñ5(J

3ù��!¥, �Ä¦)�5�§| Ax = b ��
S�{�Âñ5. éu�5S�{, Ï~æ^
A �©�/ª, A = B − C, ù��S�/ªXe:

x = B−1Cx − B−1b (4.5)

Ù¥ B ´�_�. dÚn 4.5.1 ��, � ρ(|B−1C|) < 1 �, þã�S�L§´ÉÚS�Âñ�. e¡
·�Òé A ´ M Ý
½é�Ó`Ý
��¹?ØÙÂñ5, ù
(JN´í2�©¬ M Ý
½ H

Ý
, 'uù
Ý
�½Â�ë�©z [15]. e¡Ø\y²/�Ñ©z [15] ¥��
(Ø. Äk�Ñ
f�K©��½Â.
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½Â 4.5.2. � A, B Ú C ´¢Ý
, XJ A = B − C, B−1 ≥ 0 Ú B−1C ≥ 0, K¡ A = B − C ´ A

�f�K©�.

Ún 4.5.2. � A = B − C ´�f�K©�, K ρ(B−1C) < 1 ��=� A−1 �3¿� A−1 ≥ 0.

Ún 4.5.3. � B Ú C ´ n × n �Ý
, XJ |C| ≤ B, K ρ(C) ≤ ρ(B).

Ún 4.5.4. � A ´î�½Ø��é�Ó`Ý
, XJ aij ≤ 0 (i 6= j), � aii > 0, K A ´ M Ý
.

e¡·�Ø\y²/Ú^©z [16] ¥�ü�(Ø.

Ún 4.5.1. � A = B −C ´ A �f�K©�� A ´ M Ý
, KS�/ª (4.5) ´ÉÚS�Âñ�.

ù�½n�A^�NõS�{¥, 'X Jacobi Ú Gauss-Seidel .S�{�. éuù«a.�S�
{, ÙÝ
 A ©)¤ A = D − L − U , Ù¥ D ´é�Ý
,L Ú U ©O´î�eÚþn�Ý
. Äu
ù«©�/ª�S�L§�ÉÚS�Âñ5�^e¡�½n�Ñ.

Ún 4.5.2. � A ´î�½Ø��é�Ó`Ý
,A = B − C, Ù¥ B = D − αL, C = (1 − α)L + U ,

0 ≤ α ≤ 1, KS�/ª (4.5) ´ÉÚS�Âñ�.

ù
(J3¦) �©�§��©lÑ��§¥ké���^, Ï�3æ^«�©){��ÿ,

&E����±ØI���, ¤±�±Jp¿1?nÅ��Ç.
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MPI ¿1§S�O





1ÊÙ �ED4¿1§S�O²� MPI

MPI ´=© Message Passing Interface � �, ´Äu�ED4?�¿1§S��«^r.¡.

�ED4´8c¿1O�Åþ2�¦^��«§S�O�ª, AO´é©Ùª�;��*Ð�¿1O
�Å SPCs (Scalable Parallel Computers) Úó�ÕÅ+ NOWs (Networks of Workstations) ½ COWs

(Clusters of Workstations). ¦+�kéõÙ§�§S¢y�ª, �´L§�m�Ï&æ^�ED4®
²´�«�£. 3 MPI Ú PVM ¯±c, ¿1§S�O�¿1O�ÅXÚ´���'�, éØÓ�
¿1O�ÅÒ�?�ØÓ�¿1§S, �¿1§S�OÚA^�5
Nõæ�, 2�¿1O�Å�^
r½�I��
Ï^��ED4^r.¡, ¦¿1§SäkÚG1§S����£�5.

3L�� 4 c¥, ISþ(½
 MPI ��ED4^r.¡IO, gl 1994 c 6 �íÑ MPI ±
5, §®�2��ÉÚ¦^, 8cISþíÑ�¤k¿1O�ÅÑ|± MPI Ú PVM. éu¦^ SPCs

�^r5`, ?� SPMD ¿1§S¦^ MPI �U���B. 3¦^ MPI ¼ê�~ê��5¿, MPI

�¤k¼ê�~êþ± MPI_ mÞ. 3 C §S¥, ¤k~ê�½ÂØey�	�Æd��i1|¤, 3
¼êÚêâa.½Â¥, � MPI_ ���1��i1��, Ù{�Ü���i1, 3¤k¼êN^��
Ñò�£���Ø&Eè, éu Fortran §S, MPI ¼ê�Ü±L§�ªN^, Ù�Øè±å�ëê�
£. d	, MPI ´U?§| (Process Group) �ªó��, ¤k MPI §S3m©�þ�@�´3Ï&
f MPI_COMM_WORLD ¤Pk�?§|¥ó�, ��^r�±�âgC�I�, ïáÙ§�?§|. d	
�I5¿�´, ¤k MPI �Ï&�½�3Ï&f (communicator) ¥?1. d?·�ÀJ
¦^ MPI

?§¥~^�¼ê�0�, ¿(Ü¿1O��¢SI�, �Ñ
�þ� Fortran §S«~, ±BOré
MPI ¼ê�n), 'u MPI ��[0��ë�©z [1].

§5.1 MPI ¿1�¸+n¼ê

3?� MPI ¿1§S¥, 7Ø�����¼ê´ MPI_Init( ) Ú MPI_Finalize( ). §���
[½ÂXe:

MPI INIT

C int MPI_Init( int *argc, char **argv )

Fortran MPI_INIT( IERROR )

INTEGER IERROR

du ANSI C �Ì§S main �Éëê argc Ú argv, Xd¦^ MPI_Init �òù
ëêDx�z�?
§¥. 3 Fortran §S¥, MPI_INIT ��£���Øè. ù�¼êÐ©z MPI ¿1§S��1�¸,
§7L3N^¤kÙ§ MPI ¼ê (Ø MPI_INITIALIZED) �c�N^, ¿�3�� MPI §S¥, �U
�N^�g.

MPI FINALIZE

C int MPI_Finalize( void )

Fortran MPI_FINALIZE( IERROR )

INTEGER IERROR

69
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ù�¼ê�Ø MPI �¸�¤kG�. =��§�N^, ¤k MPI ¼êÑØU2N^, Ù¥�)
MPI_INIT.

3��§S¥, XJØ�Ù´Ä®²N^
 MPI_INIT, �±¦^ MPI_INITIALIZED 5u�, §´
����±3N^ MPI_INIT �c¦^�¼ê.

MPI INITIALIZED

C int MPI_Initialized( int flag )

Fortran MPI_INITIALIZED( FLAG, IERROR )

LOGICAL FLAG

INTEGER IERROR

ëê`²

OUT FLAG, XJ MPI_INIT �N^, �£�� TRUE, ÄK� FALSE.

,	3 MPI ¥�Jø
��^5u�ÑÛ«�Ø�¼ê MPI_ERROR_STRING, §ò�Ñ�Ø&E.

MPI ERROR STRING

C int MPI_Error_string( int errorcode, char *string, int *len )

Fortran MPI_ERROR_STRING( ERRORCODE, STRING, LEN, IERROR )

INTEGER ERRORCODE, LEN, IERROR

CHARACTER*(*) STRING

ëê`²

IN ERRORCODE, d MPI ¼ê�£��Øè.

OUT STRING, éA ERRORCODE ��Ø&E.

OUT LEN, �Ø&E STRING ��Ý.

3¦^d¼ê�, A5¿ STRING ��Ý��A� MPI_MAX_ERROR_STRING.

§5.2 ?§��¼ê

3ù�Ù¥, 0��?§|k'��
Ä�¼ê, Ù¥�)XÛïá?§|ÚÏ&f, (¹¦^
ù
¼ê3¢S§S�O¥¬�5ã��B.

§5.3 MPI ?§|ö�¼ê

MPI COMM GROUP

C int MPI_Comm_group( MPI_Comm comm, MPI_Group *group )

Fortran MPI_COMM_GROUP( COMM, GROUP, IERROR )

INTEGER COMM, GROUP, IERROR
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ëê`²

IN COMM, Ï&f.

OUT GROUP, éA COMM �?§|.

MPI_COMM_GROUP ù�¼ê´^5ïá��Ï&féA�#?§|, ��Ò�±éd?§|?1I�
�ö�.

MPI GROUP FREE

C int MPI_group_free( MPI_Group *group )

Fortran MPI_GROUP_FREE( GROUP, IERROR )

INTEGER GROUP, IERROR

ëê`²

INOUT GROUP, º�?§|¿�£ MPI_GROUP_NULL.

� MPI_GROUP_FREE �N^��, ?Û'ud?§|�ö�òÀ�Ã�.

MPI GROUP SIZE

C int MPI_Group_size( MPI_Group group, int *size )

Fortran MPI_GROUP_SIZE( GROUP, SIZE, IERROR )

INTEGER GROUP, SIZE, IERROR

ëê`²

IN GROUP, ?§|.

OUT SIZE, ?§|¥�?§�ê.

XJ?§|´ MPI_GROUP_EMPTY, K�£� SIZE � 0.

MPI GROUP RANK

C int MPI_Group_rank( MPI_Group group, int *rank )

Fortran MPI_GROUP_RANK( GROUP, RANK, IERROR )

INTEGER GROUP, RANK, IERROR

ëê`²

IN GROUP, ?§|.

OUT RANK, ?§3?§|¥�?Ò.

XJ?§Ø´?§|¥�¤
, K�£� RANK � MPI_UNDEFINED.

MPI GROUP TRANSLATE RANKS

C int MPI_Group_translate_ranks( MPI_Group group1, int n, int *ranks1,

MPI_Group group2, int *ranks2)

Fortran MPI_GROUP_TRANSLATE_RANKS( GROUP1, N, RANKS1, GROUP2, RANKS2, IERROR )

INTEGER GROUP1, N, RANKS1(*), GROUP2, RANKS2(*), IERROR
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ëê`²

IN GROUP1, ?§| 1.

IN N, RANKS1 Ú RANKS2 ¥ê|���ê.

IN RANKS1, ?§| 1 ¥k�?Ò|¤�ê|.

IN GROUP2, ?§| 2.

OUT RANKS2, RANKS1 ¥���3?§| 2 ¥�éA?Ò.

XJáu?§| 1 �,�?§�±3 RANKS1 ¥é�, ù�?§Øáu?§| 2, K3 RANKS2

¥éA RANKS1 � ��£�� MPI_UNDEFINED.

MPI GROUP INCL

C int MPI_Group_incl( MPI_Group group, int n, int *ranks,

MPI_Group newgroup)

Fortran MPI_GROUP_INCL( GROUP, N, RANKS, NEWGROUP, IERROR )

INTEGER GROUP, N, RANKS(*), NEWGROUP, IERROR

ëê`²

IN GROUP, ?§|.

IN N, RANKS ê|¥����êÚ#?§|���.

IN RANKS, ò3#?§|¥Ñy�Î?§|¥�?Ò.

OUT NEWGROUP, d RANKS ½Â�^S�Ñ�#?§|.

MPI GROUP EXCL

C int MPI_Group_excl( MPI_Group group, int n, int *ranks,

MPI_Group newgroup)

Fortran MPI_GROUP_EXCL( GROUP, N, RANKS, NEWGROUP, IERROR )

INTEGER GROUP, N, RANKS(*), NEWGROUP, IERROR

ëê`²

IN GROUP, ?§|.

IN N, RANKS ê|¥����ê.

IN RANKS, 3#?§|¥ØÑy�Î?§|¥�?Ò.

OUT NEWGROUP, Î?§|¥Ø3 RANKS p���|¤�#?§|.

MPI GROUP UNION

C int MPI_Group_union( MPI_Group group1, MPI_Group group2,

MPI_Group newgroup)

Fortran MPI_GROUP_UNION( GROUP1, GROUP2, NEWGROUP, IERROR )

INTEGER GROUP1, GROUP2, NEWGROUP, IERROR
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ëê`²

IN GROUP1, ?§| 1.

IN GROUP2, ?§| 2.

OUT NEWGROUP, ?§| 1 Ú?§| 2 �¿.

MPI GROUP INTERSECTION

C int MPI_Group_intersection( MPI_Group group1, MPI_Group group2,

MPI_Group newgroup)

Fortran MPI_GROUP_INTERSECTION( GROUP1, GROUP2, NEWGROUP, IERROR )

INTEGER GROUP1, GROUP2, NEWGROUP, IERROR

ëê`²

IN GROUP1, ?§| 1.

IN GROUP2, ?§| 2.

OUT NEWGROUP, ?§| 1 Ú?§| 2 ��.

MPI GROUP DIFFERENCE

C int MPI_Group_difference( MPI_Group group1, MPI_Group group2,

MPI_Group newgroup)

Fortran MPI_GROUP_DIFFERENCE( GROUP1, GROUP2, NEWGROUP, IERROR )

INTEGER GROUP1, GROUP2, NEWGROUP, IERROR

ëê`²

IN GROUP1, ?§| 1.

IN GROUP2, ?§| 2.

OUT NEWGROUP, ?§| 1 Ú?§| 2 ��.

±þ'u?§|ö��¼êõU, ÚêÆ¥8Ü$��Ó.

§5.4 MPI Ï&fö�

e¡0��'uÏ&f�ö�Úþã'u?§|ö��©aq.

MPI COMM SIZE

C int MPI_Comm_size( MPI_Comm comm, int *size )

Fortran MPI_COMM_SIZE( COMM, SIZE, IERROR )

INTEGER COMM, SIZE, IERROR

ëê`²

IN COMM, Ï&f.

OUT SIZE, Ï&f¥�?§�ê.
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MPI COMM RANK

C int MPI_Comm_rank( MPI_Comm comm, int *rank )

Fortran MPI_COMM_RANK( COMM, RANK, IERROR )

INTEGER COMM, RANK, IERROR

ëê`²

IN COMM, Ï&f.

OUT RANK, Ï&f¥�?§?Ò.

MPI COMM DUP

C int MPI_Comm_dup( MPI_Comm comm, MPI_Comm *newcomm )

Fortran MPI_COMM_DUP( COMM, NEWCOMM, IERROR )

INTEGER COMM, NEWCOMM, IERROR

ëê`²

IN COMM, Ï&f.

OUT NEWCOMM, COMM Ï&f�E�.

MPI COMM CREATE

C int MPI_Comm_create( MPI_Comm comm, MPI_Group group, MPI_Comm *newcomm )

Fortran MPI_COMM_CREATE( COMM, GROUP, NEWCOMM, IERROR )

INTEGER COMM, GROUP, NEWCOMM, IERROR

ëê`²

IN COMM, Ï&f.

IN GROUP, Ï&f COMM ���f8.

OUT NEWCOMM, éA GROUP �#Ï&f.

MPI COMM SPLIT

C int MPI_Comm_split(MPI_Comm comm, int color, int key, MPI_Comm *newcomm)

Fortran MPI_COMM_SPLIT( COMM, COLOR, KEY, NEWCOMM, IERROR )

INTEGER COMM, COLOR, KEY, NEWCOMM, IERROR

ëê`²

IN COMM, Ï&f.

IN COLOR, f8���.

IN KEY, f8¥?§?Ò�^S.

OUT NEWCOMM, dd�)�#Ï&f.
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ù�¼êy© COMM ¤éA�?§|�Ø���f?§|, z�f?§|k���Ó�� COLOR,

Ò´`, z�f?§|¥�¹ COLOR �Ó�¤k?§.

MPI COMM FREE

C int MPI_Comm_free( MPI_Comm *comm )

Fortran MPI_COMM_FREE( COMM, IERROR )

INTEGER COMM, IERROR

ëê`²

INOUT COMM, Ï&f.

§5.5 :�:Ï&¼ê

:�:Ï&´��é?§�m�êâ=�, �Ò´`, �>uxêâ,�>�Âêâ. :�:Ï
&´ MPI Ï&Å��Ä:, §©�ÓÚÏ&ÚÉÚÏ&�«Å�.

§5.6 {lªÏ&¼ê

MPI SEND

C int MPI_Send( void* buf, int count, MPI_Datatype datatype, int dest,

int tag, MPI_Comm comm )

Fortran MPI_SEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, IERROR )

<type> BUF(*)

INTEGER COUNT, DATATYPE, DEST, TAG, COMM, IERROR

ëê`²

IN BUF, ¤�ux�Eêâ�Ä/�.

IN COUNT, ux�Eê|����ê.

IN DATATYPE, ux�E�êâa..

IN DEST, �Â�E�?§?Ò.

IN TAG, �EI\.

IN COMM, Ï&f.

ùp COUNT ´ BUF ����êØ´i!ê.

MPI RECV

C int MPI_Recv( void* buf, int count, MPI_Datatype datatype, int source,

int tag, MPI_Comm comm, MPI_Status *status )

Fortran MPI_RECV(BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, STATUS, IERROR )

<type> BUF(*)

INTEGER COUNT, DATATYPE, SOURCE, TAG,COMM,STATUS(MPI_STATUS_SIZE), IERROR
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ëê`²

OUT BUF, �Â�Eêâ�Ä/�.

IN COUNT, �Â�Eê|������ê.

IN DATATYPE, �Â�E�êâa..

IN SOURCE, ux�E�?§?Ò.

IN TAG, �EI\.

IN COMM, Ï&f.

OUT STATUS, �Â�E��£�G�.

3ù��Â¼ê¥, �±Ø�½ SOURCE Ú TAG, ©O^ MPI_ANY_SOURCE Ú MPI_ANY_TAG 5
�O, ^u�Â?Û?§ux��E½?Û?Ò��E. �Â�E��£�G� STATUS 3 C �ó¥
´^(�½Â�, 3 Fortran ¥´^ê|½Â�, Ù¥�) MPI_SOURCE, MPI_TAG Ú MPI_ERROR. d	
STATUS ��¹�Â�E����ê, �§Ø´wª�Ñ�, I�^��¡�Ñ�¼ê MPI_GET_COUNT.

MPI �Ä�êâa.½Â��A� Fortran Ú C �êâa.éì'XXe:

Fortran §S¥�¦^� MPI êâa.
MPI datatype Fortran datatype

MPI_INTEGER INTEGER

MPI_REAL REAL

MPI_DOUBLE_PRECISION DOUBLE PRECISION

MPI_COMPLEX COMPLEX

MPI_LOGICAL LOGICAL

MPI_CHARACTER CHARACTER(1)

MPI_BYTE

MPI_PACKED

C §S¥�¦^� MPI êâa.
MPI datatype Fortran datatype

MPI_CHAR signed char

MPI_SHORT signed short int

MPI_INT signed int

MPI_LONG signed long int

MPI_UNSIGNED_CHAR unsigned char

MPI_UNSIGNED_SHORT unsigned short int

MPI_UNSIGNED_INT unsigned int

MPI_UNSIGNED_LONG unsigned long int

MPI_FLOAT float

MPI_DOUBLE double

MPI_LONG_DOUBLE long double

MPI_BYTE

MPI_PACKED

ùp MPI_BYTE Ú MPI_PACKED ØéA Fortran ½ C ¥�?Ûêâa., MPI_BYTE ´d��i!|¤
�,  MPI_PACKED ò3�¡0�. �8c��,·�®²�±?��
{ü� MPI §S, e¡�Ñ�



§5.6 {lªÏ&¼ê 77

� MPI §S�~f,·�(Üù�~f`²�� MPI §S�|¤Ü©. :I�Ýº� MPI ¼êk
Ð©z¿1�¸�¼ê MPI_INIT, ���?§�?Ò¼ê MPI_COMM_RANK, ���Ü?§�ê�¼ê
MPI_COMM_SIZE, òÑ MPI ¿1�¸�¼ê MPI_FINALIZE, ±9?1�ED4���¼ê MPI_SEND

Ú MPI_RECV.

~ 5.6.1. b���k p �?§, 3?§?Ò� myid (myid= 0, . . . , p− 1) �?§¥k���ê m, ·
��r m Dx�?§ (myid + 1) mod p ¥.

program ring
c
c The header file mpif.h must be included when you use MPI fuctions.
c

include ’mpif.h’
integer myid, p, mycomm, ierr, m, status(mpi_status_size),
& next, front, mod, n

c
c Create MPI parallel environment and get the necessary data.
c

call mpi_init( ierr )
call mpi_comm_dup( mpi_comm_world, mycomm, ierr)
call mpi_comm_rank( mycomm, myid, ierr )
call mpi_comm_size( mycomm, p, ierr )

c
c Beginning the main parallel work on each process.
c

m = myid
front = mod(p+myid-1, p)
next = mod(myid+1, p)

c
c Communication with each other.
c

if(myid .eq. 0) then
call mpi_recv(n, 1, mpi_integer, front, 1, mycomm, status, ierr)
call mpi_send(m, 1, mpi_integer, next, 1, mycomm, ierr)
m = n

else
call mpi_send(m, 1, mpi_integer, next, 1, mycomm, ierr)
call mpi_recv(m, 1, mpi_integer, front, 1, mycomm, status, ierr)

endif
c
c Ending of parallel work.
c

print *, ’The value of m is ’, m, ’ on Process ’, myid
call mpi_comm_free(mycomm, ierr)

c
c Remove MPI parallel environment.
c

call mpi_finalize(ierr)
end
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MPI GET COUNT

C int MPI_Get_count( MPI_Status status, MPI_Datatype datatype, int *count)

Fortran MPI_GET_COUNT( STATUS, DATATYPE, COUNT, IERROR )

INTEGER STATUS(MPI_STATUS_SIZE), DATATYPE, COUNT, IERROR

ëê`²

IN STATUS, �Â�E��£�G�.

IN DATATYPE, �Â�E�êâa..

OUT COUNT, �Â�Eê|����ê.

du3�Â�E�¦^�´���ê, �
O(���Â�E��ê, Ò�¦^d¼ê.

MPI SENDRECV

C int MPI_Sendrecv( void *sendbuf, int sendcount, MPI_Datatype sendtype,

int dest, int sendtag, void *recvbuf, int recvcount,

MPI_Datatype recvtype, int source, int recvtag,

MPI_Comm comm, MPI_Status *status )

Fortran MPI_SENDRECV(SENDBUF, SENDCOUNT, SENDTYPE, DEST, SENDTAG, RECVBUF,

RECVCOUNT, RECVTYPE, SOURCE, RECVTAG, COMM, STATUS, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, DEST, SENDTAG, RECVCOUNT, RECVTYPE

SOURCE, RECVTAG, COMM, STATUS(MPI_STATUS_SIZE), IERROR

ëê`²

IN SENDBUF, ¤�ux�Eêâ�Ä/�.

IN SENDCOUNT, ux�Eê|����ê.

IN SENDTYPE, ux�E�êâa..

IN DEST, �Â�E�?§?Ò.

IN SENDTAG, ux�EI\.

OUT RECVBUF, �Â�Eêâ�Ä/�.

IN RECVCOUNT, �Â�Eê|������ê.

IN RECVTYPE, �Â�E�êâa..

IN SOURCE, ux�E�?§?Ò.

IN RECVTAG, �Â�EI\.

IN COMM, Ï&f.

OUT STATUS, �Â�E��£�G�.

ù´ux�EÚ�Â�E|Ü3�å���¼ê, Ð?´Ø^�Äkux�´k�Â�E. 3«
~ 5.6.1 ¥lÏ&m©�Ï&(åÜ©�^Xe���¼ê5�¤:

call mpi_sendrecv(m, 1, mpi_integer, next, 1, n, 1, mpi_integer,
& front, 1, mycomm, status, ierr)
m = n

dd��¦^ MPI_SENDRECV �±¦§S{z, ���´3Ï&L§¥ØI��Ä=�?§kux

�´k�Â, l�±;��ED4L§¥�k£.
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MPI SENDRECV REPLACE

C int MPI_Sendrecv_replace(void *sendbuf, int count, MPI_Datatype datatype,

int dest, int sendtag, int source, int recvtag,

MPI_Comm comm, MPI_Status *status )

Fortran MPI_SENDRECV_REPLACE(BUF, COUNT, DATATYPE, DEST, SENDTAG,

SOURCE, RECVTAG, COMM, STATUS, IERROR )

<type> BUF(*)

INTEGER COUNT, DATATYPE, DEST, SENDTAG, SOURCE, RECVTAG,

COMM, STATUS(MPI_STATUS_SIZE), IERROR

ëê`²

OUT BUF, uxÚ�Â�Eêâ�Ä/�.

IN COUNT, uxÚ�Â�Eê|����ê.

IN DATATYPE, uxÚ�Â�E�êâa..

IN DEST, �Â�E�?§?Ò.

IN SENDTAG, ux�EI\.

IN SOURCE, ux�E�?§?Ò.

IN RECVTAG, �Â�EI\.

IN COMM, Ï&f.

OUT STATUS, �Â�E��£�G�.

3ù�¼ê¥, uxÚ�Â¦^Ó���E�À« BUF. Ïd«~ 5.6.1 �Ï&Ü©�?�ÚU�
¤Xe�/ª:

call mpi_sendrecv_replace(m, 1, mpi_integer, next, 1,

& front, 1, mycomm, status, ierr)

3?1�/Ï&�, ¦^ MPI_SENDRECV_REPLACE ´�~�B�. �
��B¦^d¼ê, MPI ½Â


���?§ MPI_PROC_NULL, XJÏ&æ^ù��?§òØå?Û�^. 'X3«~ 5.6.1 ¥, XJ·
�ØI�l1 p − 1 �?§�1 0 �?§Dx m, K�^Xe�ª5¢y:

......
if(myid .eq. 0) front = MPI_PROC_NULL
if(myid .eq. p-1) next = MPI_PROC_NULL
call mpi_sendrecv_replace(m, 1, mpi_integer, next, 1,
& front, 1, mycomm, status, ierr)

MPI PROBE

C int MPI_Probe(int source, int tag, MPI_Comm comm, MPI_Status *status )

Fortran MPI_PROBE( SOURCE, TAG, COMM, STATUS, IERROR )

INTEGER SOURCE, TAG, COMM, STATUS(MPI_STATUS_SIZE), IERROR
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ëê`²

IN SOURCE, ux�E?§�?Ò.

IN TAG, �Â�E�I\.

IN COMM, Ï&f.

OUT STATUS, �£���E�G�.

d¼ê�e¡�Ñ� MPI_IPROBE �õUÄ�aq, �´ MPI_PROBE �½����Eâ�£.

MPI IPROBE

C int MPI_Iprobe(int source, int tag, MPI_Comm comm, int* flag,

MPI_Status *status )

Fortran MPI_IPROBE( SOURCE, TAG, COMM, FLAG, STATUS, IERROR )

LOGICAL FLAG

INTEGER SOURCE, TAG, COMM, STATUS(MPI_STATUS_SIZE), IERROR

ëê`²

IN SOURCE, ux�E?§�?Ò.

IN TAG, �Â�E�I\.

IN COMM, Ï&f.

OUT FLAG, XJ�½�E®²��, FLAG �£�� TRUE.

OUT STATUS, �£���E�G�.

ù�¼êéd SOURCE, TAG Ú COMM (½��E´Ä��, §Ñòá=�£. ùp SOURCE Ú TAG

Ó MPI_RECV ¥��, �±^Ï�Î (wildcard) MPI_ANY_SOURCE Ú MPI_ANY_TAG 5�O.

§5.7 �{lªÏ&¼ê

�{lªÏ&¼ê´�3Ï&L§¥, ØI���Ï&(åÒ�£, Ï~ù«Ï&L§�dO�
Å���5?n. XJO�ÅXÚJøM�|±�{lªÏ&¼ê, Ò�±¦O��Ï&3�mþ�
U, lJp¿1O���Ç.

MPI ISEND

C int MPI_Isend( void* buf, int count, MPI_Datatype datatype, int dest,

int tag, MPI_Comm comm, MPI_Request *request )

Fortran MPI_ISEND(BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR )

<type> BUF(*)

INTEGER COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR
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ëê`²

IN BUF, ¤�ux�Eêâ�Ä/�.

IN COUNT, ux�Eê|����ê.

IN DATATYPE, ux�E�êâa..

IN DEST, �Â�E�?§?Ò.

IN TAG, �EI\.

IN COMM, Ï&f.

OUT REQUEST, �¦éY±�ò5�Î.

MPI IRECV

C int MPI_Irecv( void* buf, int count, MPI_Datatype datatype, int source,

int tag, MPI_Comm comm, MPI_Request *request )

Fortran MPI_IRECV(BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, REQUEST, IERROR )

<type> BUF(*)

INTEGER COUNT, DATATYPE, SOURCE, TAG, COMM, REQUEST, IERROR

ëê`²

OUT BUF, �Â�Eêâ�Ä/�.

IN COUNT, �Â�Eê|����ê.

IN DATATYPE, �Â�E�êâa..

IN SOURCE, ux�E�?§?Ò.

IN TAG, �EI\.

IN COMM, Ï&f.

OUT REQUEST, �¦éY±�ò5�Î.

MPI_ISEND Ú MPI_IRECV ØI���ux½�Â�E�¤Ò��1Ù{�?Ö, wux½�ÂL
§´Ä(å, ke¡��
¼ê:

MPI WAIT

C int MPI_Wait( MPI_Request *request, MPI_Status *status )

Fortran MPI_WAIT( REQUEST, STATUS, IERROR )

INTEGER REQUEST, STATUS(MPI_STATUS_SIZE), IERROR

ëê`²

INOUT REQUEST, �¦éY.

OUT STATUS, ux½�Â�E�G�.

XJ REQUEST ¤��ö�®²�¤, MPI_WAIT ò(å��G�.

MPI TEST

C int MPI_Test( MPI_Request *request, int* flag, MPI_Status *status )

Fortran MPI_TEST( REQUEST, FLAG, STATUS, IERROR )

LOGICAL FLAG

INTEGER REQUEST, STATUS(MPI_STATUS_SIZE), IERROR
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ëê`²

INOUT REQUEST, �¦éY.

OUT FLAG, REQUEST ¤��ö�®²�¤�£�� TRUE.

OUT STATUS, ux½�Â�E�G�.

±þù��¼ê¥ STATUS éux�Eö�´vk½Â�, ���3ux�Eö�¥¦^ STATUS

�´�Î¼ê MPI_TEST_CANCELLED.

MPI REQUEST FREE

C int MPI_Request_free( MPI_Request *request )

Fortran MPI_REQUEST_FREE( REQUEST, IERROR )

INTEGER REQUEST, IERROR

ëê`²

INOUT REQUEST, �¦éY, �£�� MPI_REQUEST_NULL.

±þ´éü� REQUEST ?1�Î�¼ê, XJ�éõ��¦éY?1�Î, ke¡��
¼ê�
±¦^.

MPI WAITANY

C int MPI_Waitany( int count, MPI_Request *array_of_requests,

int *index, MPI_Status *status )

Fortran MPI_WAITANY( COUNT, ARRAY_OF_REQUESTS, INDEX, STATUS, IERROR )

INTEGER COUNT, ARRAY_OF_REQUESTS(*), INDEX,

STATUS(MPI_STATUS_SIZE), IERROR

ëê`²

IN COUNT, �¦éY��ê.

INOUT ARRAY_OF_REQUESTS, �¦éYê|.

OUT INDEX, ®²�¤Ï&ö��éY�I.

OUT STATUS, �E�G�.

ù�¼ê�¤k�¦éY¥��k��®²�¤Ï&ö�, Ò�£, XJkõu���¦éY®
²�¤, MPI_WAITANY ò�ÅÀJÙ¥���¿á=�£.

MPI TESTANY

C int MPI_Testany( int count, MPI_Request *array_of_requestS,

int *index, int *flag, MPI_Status *status )

Fortran MPI_TESTANY( COUNT, ARRAY_OF_REQUESTS, INDEX, FLAG, STATUS, IERROR )

LOGICAL FLAG

INTEGER COUNT, ARRAY_OF_REQUESTS(*), INDEX,

STATUS(MPI_STATUS_SIZE), IERROR
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ëê`²

IN COUNT, �¦éY��ê.

INOUT ARRAY_OF_REQUESTS, �¦éYê|.

OUT INDEX, ®²�¤Ï&ö��éY�I.

OUT FLAG, XJk��®²�¤, K FLAG=TRUE.

OUT STATUS, �E�G�.

ù�¼êÃØkvkÏ&ö��¤Ñòá=�£.

MPI WAITALL

C int MPI_Waitall( int count, MPI_Request *array_of_requests,

MPI_Status *array_of_statuses )

Fortran MPI_WAITALL( COUNT, ARRAY_OF_REQUESTS, ARRAY_OF_STATUSES, IERROR )

INTEGER COUNT, ARRAY_OF_REQUESTS(*),

ARRAY_OF_STATUSES(MPI_STATUS_SIZE, *), IERROR

ëê`²

IN COUNT, �¦éY��ê.

INOUT ARRAY_OF_REQUESTS, �¦éYê|.

INOUT ARRAY_OF_STATUSES, ¤k�E�G�ê|.

ù�¼ê�¤kÏ&ö��¤��â�£, ÄKò����.

MPI TESTALL

C int MPI_Testall( int count, MPI_Request *array_of_requests,

int *flag, MPI_Status *array_of_statuses )

Fortran MPI_TESTALL( COUNT, ARRAY_OF_REQUESTS, FLAG, ARRAY_OF_STATUSES, IERROR )

LOGICAL FLAG

INTEGER COUNT, ARRAY_OF_REQUESTS(*),

ARRAY_OF_STATUSES(MPI_STATUS_SIZE, *), IERROR

ëê`²

IN COUNT, �¦éY��ê.

INOUT ARRAY_OF_REQUESTS, �¦éYê|.

OUT FLAG, XJk��v�¤, K FLAG=FALSE.

INOUT ARRAY_OF_STATUSES, ¤k�E�G�ê|.

ù�¼êÃØ¤kÏ&ö�´Ä�¤Ñòá=�£.

MPI CANCEL

C int MPI_Cancel( MPI_Request *request )

Fortran MPI_CANCEL( REQUEST, IERROR )

INTEGER REQUEST, IERROR
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ëê`²

INOUT REQUEST, �¦éY.

ù�¼ê^5����ux½�Âö�, Ù��¦^ MPI_WAIT ½ MPI_TEST �¼ê, Ïd¦^d
¼ê¬��Nõ�Ç. �´���'u REQUEST �¦éY�ö�´Ä®²���, ��¦^e¡�u
ÿ¼ê:

MPI TEST CANCELLED

C int MPI_Test_cancelled( MPI_Status *status, int *flag )

Fortran MPI_TEST_CANCELLED( STATUS, FLAG, IERROR )

LOGICAL FLAG

INTEGER REQUEST, IERROR

ëê`²

IN STATUS, �E�G�.

OUT FLAG, XJ®²��, K FLAG=TRUE.

§5.8 AÏ�:�:Ï&¼ê

MPI SEND INIT

C int MPI_Send_init(void* buf, int count, MPI_Datatype datatype, int dest,

int tag, MPI_Comm comm, MPI_Request *request )

Fortran MPI_SEND_INIT(BUF, COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR )

<type> BUF(*)

INTEGER COUNT, DATATYPE, DEST, TAG, COMM, REQUEST, IERROR

ëê`²

IN BUF, ¤�ux�Eêâ�Ä/�.

IN COUNT, ux�Eê|����ê.

IN DATATYPE, ux�E�êâa..

IN DEST, �Â�E�?§?Ò.

IN TAG, �EI\.

IN COMM, Ï&f.

OUT REQUEST, �¦éY±�ò5�Î.

MPI RECV INIT

C int MPI_Recv_init(void* buf, int count, MPI_Datatype datatype,int source,

int tag, MPI_Comm comm, MPI_Request *request )

Fortran MPI_RECV_INIT(BUF, COUNT, DATATYPE, SOURCE, TAG, COMM, REQUEST, IERROR )

<type> BUF(*)

INTEGER COUNT, DATATYPE, SOURCE, TAG, COMM, REQUEST, IERROR
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ëê`²

OUT BUF, �Â�Eêâ�Ä/�.

IN COUNT, �Â�Eê|����ê.

IN DATATYPE, �Â�E�êâa..

IN SOURCE, ux�E�?§?Ò.

IN TAG, �EI\.

IN COMM, Ï&f.

OUT REQUEST, �¦éY±�ò5�Î.

MPI_SEND_INIT Ú MPI_RECV_INIT ´��±È5Ï&¼ê, §��ëêÚc¡ù��ÉÚÏ&¥
�ux��Â�Ó, dd�±rÏ&±Ï��ªïáå5éA'X, lJpÏ&�Ç. �´=kù�
�¼ê�ØU
��Ï&�8�, §��I�^ MPI_START ½ MPI_STARTALL 5-¹.

MPI START

C int MPI_Start( MPI_Request *request )

Fortran MPI_START( REQUEST, IERROR )

INTEGER REQUEST, IERROR

ëê`²

INOUT REQUEST, �¦éY.

3¦^ MPI_START ��, MPI_SEND_INIT Ú MPI_RECV_INIT ÒÓÉÚux��Â.

MPI STARTALL

C int MPI_Startall( int count, MPI_Request *array_of_request )

Fortran MPI_STARTALL( COUNT, ARRAY_OF_REQUEST, IERROR )

INTEGER COUNT, ARRAY_OF_REQUEST, IERROR

ëê`²

IN COUNT, I�-¹��¦éY�ê.

INOUT ARRAY_OF_REQUEST, �¦éYê|.

~ 5.8.1. 3«~ 5.6.1 ¥, �ê m �´3?§�¥�c£Ä�g, XJ·��£Äõg, �±¦^e
¡�§S¢y:

program mring
include ’mpif.h’

c
integer iter
parameter(iter = 3)
integer myid, p, mycomm, ierr, m, status(mpi_status_size, 2),
& next, front, mod, n, i, requests(2)

c
call mpi_init( ierr )
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call mpi_comm_dup( mpi_comm_world, mycomm, ierr)
call mpi_comm_rank( mycomm, myid, ierr )
call mpi_comm_size( mycomm, p, ierr )
print *, ’Process ’, myid, ’ of ’, p, ’ is running’

c
m = myid
front = mod(p+myid-1, p)
next = mod(myid+1, p)
call mpi_send_init(m, 1, mpi_integer, next, 1, mycomm,
& requests(1), ierr)
call mpi_recv_init(n, 1, mpi_integer, front, 1, mycomm,
& requests(2), ierr)
do 10 i=1, iter
call mpi_startall(2, requests, ierr)
call mpi_waitall(2, requests, status, ierr)
m = n

10 continue
print *, ’The value of m is ’, m, ’ on Process ’, myid

c
call mpi_comm_free(mycomm, ierr)
call mpi_finalize(ierr)
stop
end

§5.9 MPI �Ï&�ª

c¡¤J��Ï&�ª´IOÏ&�ª, §´d MPI ¢y¥(½�, �UÀJ�´�À«�ª
(buffered-mode) ½ÓÚ�ª (synchronous-mode), d	 MPI �Jø
ÒX�ª (ready-mode). ù
�
ª=éux�Eå�^, ÃØ^?Û�ªux��EÑ�^���Â¼ê5�¤�Â�E. 3e¡�
Ñ��ux�Ek'�¼ê, Ùëê�éAIOÏ&�ª�´�����, Ïdùp·�=�Ñ¼ê
¶i9{�`².

• MPI_BSEND, ¦^�À«ux�E, ���À«v
�, Ø+�Â?§´Äm©�Â§Ñòá=
�£, �Ò´`, 3ux�E�´ØI����.

• MPI_SSEND, §�±3vk�Â&Ò�Òm©ux, �����Â�¤��âU(åÏ&ö�, Ð
?´ÃI^rgC���À«.

• MPI_RSEND, ��®²k�Â&Ò�âm©ux�E, ÄKòÑy�Ø.

• MPI_IBSEND, ÉÚÏ&� MPI_BSEND.

• MPI_ISSEND, ÉÚÏ&� MPI_SSEND.

• MPI_IRSEND, ÉÚÏ&� MPI_RSEND.

• MPI_BSEND_INIT, ïágC�À«� MPI_SEND_INIT.

• MPI_SSEND_INIT, ÓÚ�ª� MPI_SEND_INIT.
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• MPI_RSEND_INIT, ÒX�ª� MPI_SEND_INIT.

k'�E�À«�+n, �±¦^Xe���¼ê:

MPI BUFFER ATTACH

C int MPI_Buffer_attach( void *buffer, int size )

Fortran MPI_BUFFER_ATTACH( BUFFER, SIZE, IERROR )

<TYPE> BUFFER(*)

INTEGER SIZE, IERROR

ëê`²

IN BUFFER, Ð©z�À«�Ä/�.

IN SIZE, �À«Ui!���.

ù�¼ê�²¦^�E�À«�ªÏ&�^=���À«.

MPI BUFFER DETACH

C int MPI_Buffer_detach( void *buffer, int *size )

Fortran MPI_BUFFER_DETACH( BUFFER, SIZE, IERROR )

<TYPE> BUFFER(*)

INTEGER SIZE, IERROR

ëê`²

OUT BUFFER, ����À«.

OUT SIZE, �£�À«�i!ê.

§5.10 ^r½Â�êâa.���

§5.11 ^r½Â�êâa.

3 MPI ¥^r½Â�êâa.Ú C �ó¥�(�´�~aq�, §�)êâa.!êâ�ÝÚ
êâå© �, ù�#½Â�êâa.ÓÙ§ MPI ½Â�IOêâa.��, �±^5��uxÚ�
Â�E�êâa.. éuù�#½Â�êâa., äN/`§�|¤�±V)�Xe�/�£ã:

• §�¹
�X���©êâa.;

• Ú�X��¡�� £ (displacement) ��ê.

êâa.� £´¤éÑy�, ù�X��êâéÒ´¡��a.N� (type map). ^a.N�5L
«��#�êâa.�:

Typemap = {(type0, disp0), . . . , (typen−1, dispn−1)}

3ù�#�êâa.¥, �) £´ dispi ��©êâa. typei, Ù¥ i = 0, . . . , n− 1. XÛ�E#�
êâa.·�ò3±e?1�[0�.



88 1ÊÙ �ED4¿1§S�O²� MPI

MPI TYPE CONTIGUOUS

C int MPI_Type_contiguous( int count, MPI_Datatype oldtype,

MPI_Datatype *newtype )

Fortran MPI_TYPE_CONTIGUOUS( COUNT, OLDTYPE, NEWTYPE, IERROR )

INTEGER COUNT, OLDTYPE, NEWTYPE, IERROR

ëê`²

IN COUNT, E�3�å� OLDTYPE ����ê.

IN OLDTYPE, �©êâa..

OUT NEWTYPE, #�E�êâa..

ù´�Eêâa.¥�{ü��«, Ò´r�©êâa.E COUNT g, ·�Þ�{ü�~f5
`²Ù¹Â. b� COUNT=5, OLDTYPE=INTEGER, KN^d¼ê���)�#�êâa. NEWTYPE � 5

��ê.

MPI TYPE VECTOR

C int MPI_Type_vector( int count, int blocklength, int stride,

MPI_Datatype oldtype, MPI_Datatype *newtype )

Fortran MPI_TYPE_VECTOR( COUNT, BLOCKLENGTH, STRIDE, OLDTYPE, NEWTYPE, IERROR )

INTEGER COUNT, BLOCKLENGTH, STRIDE, OLDTYPE, NEWTYPE, IERROR

ëê`²

IN COUNT, OLDTYPE �¬��ê.

IN BLOCKLENGTH, z¬��Ý.

IN STRIDE, ^ OLDTYPE ���Ýþ�z¬å©�må.

IN OLDTYPE, �©êâa..

OUT NEWTYPE, #�E�êâa..

b� COUNT=3, BLOCKLENGTH=2, STRIDE=3, OLDTYPE=INTEGER, KN^d¼ê���#êâa.
NEWTYPE � 6 ��ê|¤. ù 6 ��ê´3�©ê|¥lm©� 2 �, ���2� 2 �, 2���2
� 2 ��¤�.

MPI TYPE HVECTOR

C int MPI_Type_hvector( int count, int blocklength, int stride,

MPI_Datatype oldtype, MPI_Datatype *newtype )

Fortran MPI_TYPE_HVECTOR( COUNT, BLOCKLENGTH, STRIDE, OLDTYPE, NEWTYPE, IERROR )

INTEGER COUNT, BLOCKLENGTH, STRIDE, OLDTYPE, NEWTYPE, IERROR

ëê`²

IN COUNT, OLDTYPE �¬��ê.

IN BLOCKLENGTH, z¬��Ý.

IN STRIDE, ^i!êÝþ�z¬å©�må.

IN OLDTYPE, �©êâa..

OUT NEWTYPE, #�E�êâa..
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ù�¼ê�' MPI_TYPE_VECTOR �äÊH5, �´§�z�¬´�½ØC�, e¡ò0�C¬�
Ý�êâa.XÛ�E.

MPI TYPE INDEXED

C int MPI_Type_indexed( int count, int *array_of_blocklengths,

int *array_of_displacements,

MPI_Datatype oldtype, MPI_Datatype *newtype )

Fortran MPI_TYPE_INDEXED( COUNT, ARRAY_OF_BLOCKLENGTHS, ARRAY_OF_DISPLACEMENTS,

OLDTYPE, NEWTYPE, IERROR )

INTEGER COUNT, ARRAY_OF_BLOCKLENGTHS(*), ARRAY_OF_DISPLACEMENTS(*),

OLDTYPE, NEWTYPE, IERROR

ëê`²

IN COUNT, OLDTYPE �¬��ê.

IN ARRAY_OF_BLOCKLENGTHS, z¬�Ýê|.

IN ARRAY_OF_DISPLACEMENTS, ^���ê½Â�z¬�å© £þê|.

IN OLDTYPE, �©êâa..

OUT NEWTYPE, #�E�êâa..

ùp ARRAY_OF_BLOCKLENGTHS Ú ARRAY_OF_DISPLACEMENTS ´d OLDTYPE ½Â����ê5Ý
þ�, � ARRAY_OF_DISPLACEMENTS ´���é�. c¡�Ñ� MPI_TYPE_VECTOR ¼ê´d¼ê�
A~, �=e¡���N^�)�Ó�êâa..

MPI_TYPE_VECTOR( COUNT, BLOCKLENGTH, STRIDE, OLDTYPE, NEWTYPE, IERROR ) Ú
MPI_TYPE_INDEXED( COUNT, LENGTHS, DISPLACEMENTS, OLDTYPE, NEWTYPE, IERROR )

Ù¥ LENGTHS(i)=BLOCKLENGTH, DISPLACEMENTS(i)=i*STRIDE, i=0, ..., COUNT-1. 3ùp·��Ñ
�¼ê MPI_TYPE_INDEXED � £þ´d OLDTYPE ½Â����ê(½�, e¡ò��Ñ�¼ê� 
£þ´di!ê(½�.

MPI TYPE HINDEXED

C int MPI_Type_hindexed( int count, int *array_of_blocklengths,

int *array_of_displacements,

MPI_Datatype oldtype, MPI_Datatype *newtype )

Fortran MPI_TYPE_HINDEXED( COUNT, ARRAY_OF_BLOCKLENGTHS, ARRAY_OF_DISPLACEMENTS,

OLDTYPE, NEWTYPE, IERROR )

INTEGER COUNT, ARRAY_OF_BLOCKLENGTHS(*), ARRAY_OF_DISPLACEMENTS(*),

OLDTYPE, NEWTYPE, IERROR

ëê`²

IN COUNT, OLDTYPE �¬��ê.

IN ARRAY_OF_BLOCKLENGTHS, z¬�Ýê|.

IN ARRAY_OF_DISPLACEMENTS, ^i!ê½Â�z¬�å© £þê|.

IN OLDTYPE, �©êâa..

OUT NEWTYPE, #�E�êâa..
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±þ�Ñ�'uêâa.�E¼êÑ´ü���©êâa., e¡ò�Ñ�������E#ê
âa.�¼ê.

MPI TYPE STRUCT

C int MPI_Type_struct( int count, int *array_of_blocklengths,

int *array_of_displacements,

MPI_Datatype *array_of_types, MPI_Datatype *newtype)

Fortran MPI_TYPE_STRUCT( COUNT, ARRAY_OF_BLOCKLENGTHS, ARRAY_OF_DISPLACEMENTS,

ARRAY_OF_TYPES, NEWTYPE, IERROR )

INTEGER COUNT, ARRAY_OF_BLOCKLENGTHS(*), ARRAY_OF_DISPLACEMENTS(*),

ARRAY_OF_TYPES(*), NEWTYPE, IERROR

ëê`²

IN COUNT, ¬��ê.

IN ARRAY_OF_BLOCKLENGTHS, z¬�Ýê|.

IN ARRAY_OF_DISPLACEMENTS, ^i!ê½Â�z¬�å© £þê|.

IN ARRAY_OF_TYPES, �©êâa.ê|.

OUT NEWTYPE, #�E�êâa..

3¤k MPI ��Eêâa.¥, MPI_TYPE_STRUCT ´¦^�2����¼ê, �(¦^d¼ê3
¢SA^¥´�~��. �8c�d, ¤k�Eêâa.�¼êÑ®²0�
, �´�¦#�E�
êâa.ý�U
¦^, �I�k±e��
¼ê�Üâ1, Ïd'uXÛ¦^ù
êâa.�E¼
ê�~fò3Ù§�
k'�¼ê0�����Ñ.

MPI TYPE COMMIT

C int MPI_Type_commit( MPI_Datatype *datatype )

Fortran MPI_TYPE_COMMIT( DATATYPE, IERROR )

INTEGER DATATYPE, IERROR

ëê`²

INOUT DATATYPE, O�J��êâa..

3¦^g½Â� MPI êâa.�c, 7LN^ MPI_TYPE_COMMIT.

MPI TYPE FREE

C int MPI_Type_free( MPI_Datatype *datatype )

Fortran MPI_TYPE_FREE( DATATYPE, IERROR )

INTEGER DATATYPE, IERROR

ëê`²

INOUT DATATYPE, º�Ø^�êâa..
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MPI TYPE EXTENT

C int MPI_Type_extent( MPI_Datatype datatype, MPI_Aint *extent )

Fortran MPI_TYPE_EXTENT( DATATYPE, EXTENT, IERROR )

INTEGER DATATYPE, EXTENT, IERROR

ëê`²

IN DATATYPE, êâa..

OUT EXTENT, êâa.ÿÐ��i!ê.

MPI ADDRESS

C int MPI_Address( void* location, MPI_Aint *address )

Fortran MPI_ADDRESS( LOCATION, ADDRESS, IERROR )

<type> LOCATION(*)

INTEGER ADDRESS, IERROR

ëê`²

IN LOCATION, 3�;ì¥�CþL«.

OUT ADDRESS, Cþ3�;ì¥�/�.

�
`²XÛ�Eêâa.Ú MPI_TYPE_EXTENT ¼ê�¹Â±9 MPI_ADDRESS �¦^, ·��
Ñ��äN�~f\±)º.

~ 5.11.1. b�3 C �ó¥½Â
��(�, Ù¥�)��V°ÝêÚ��iÎ, ·��½Âù�(
�� MPI êâa..

#include <stdio.h>
#include "mpi.h"
typedef struct {
double value; char str; } data;

void main(argc, argv)
int argc; char **argv;
{
int p, myid, lens[3]={1, 1, 1}, i;
MPI_Comm mycomm; data tst[3];
MPI_Datatype new, type[3] = {MPI_DOUBLE, MPI_CHAR, MPI_UB};
MPI_Aint disp[3], size; MPI_Status status;

MPI_Init( &argc, &argv );
MPI_Comm_dup( MPI_COMM_WORLD, &mycomm);
MPI_Comm_rank( mycomm, &myid); MPI_Comm_size( mycomm, &p);

if (myid == 0)
for(i=0; i<3; i++) { tst[i].value = 1.0; tst[i].str=’a’; }

printf("\nThe Process %1d of %1d is running.\n", myid, p);
MPI_Address(&tst[0], &disp[0]); MPI_Address(&tst[0].str, &disp[1]);
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for (i=2; i>=0; i--) disp[i] -= disp[0];
MPI_Type_struct(3, lens, disp, type, &new);
MPI_Type_commit(&new);
MPI_Type_extent(new, &size);

if(myid == 0) printf("\nThe Extent of Struct Data Type is %d.\n", size);
if(myid == 0) MPI_Ssend(tst, 3, new, 1, 1, mycomm);
else if (myid == 1) MPI_Recv(tst, 3, new, 0, 1, mycomm, &status);
MPI_Type_free(&new);
if(myid == 1)
printf("\nThe values are %f and %c\n", tst[1].value, tst[1].str);

MPI_Comm_free(&mycomm);
MPI_Finalize();

}

3ù� C §S¥, ·�½Â
��#� MPI êâa., ��¦^§?1�ED4. ùp·�¦^


 MPI ¥Jø��êâa. (pseudo datatype) MPI_UB, 3 MPI ¥�k���êâa. MPI_LB. ù�
½Â� MPI �#êâa. +new+ 3N^¼ê MPI_TYPE_EXTENT ���£��Åì'uV°Ýê´
U 4  �´ 8  éàk', XJ´U 4  éà, �£�� 12, ÄK� 16. �´XJ·�¦^e¡�
¼ê MPI_TYPE_SIZE, §��£�´ 9.

MPI TYPE SIZE

C int MPI_Type_size( MPI_Datatype datatype, int *size )

Fortran MPI_TYPE_SIZE( DATATYPE, SIZE, IERROR )

INTEGER DATATYPE, SIZE, IERROR

ëê`²

IN DATATYPE, êâa..

OUT SIZE, êâa.�i!ê.

MPI GET ELEMENTS

C int MPI_Get_elements(MPI_Status *status,MPI_Datatype datatype,int *count)

Fortran MPI_GET_ELEMENTS( STATUS, DATATYPE, COUNT, IERROR )

INTEGER STATUS(MPI_STATUS_SIZE), DATATYPE, COUNT, IERROR

ëê`²

IN STATUS, �Â�E�G�.

IN DATATYPE, êâa..

OUT COUNT, MPI Ä�êâa.��ê.

T¼êÚ MPI_GET_COUNT �¹¿´ØÓ�, MPI_GET_COUNT ´�Â��êâa.�ê, ùp�
Ñ� MPI_GET_ELEMENTS ���´ MPI Ä�êâa.��ê. XJùp�êâa.´ MPI Ä�êâ
a., X C �ó¥� MPI_INT (Fortran ¥ MPI_INTEGER) �, K MPI_GET_COUNT Ú MPI_GET_ELEMENTS

�d. ·�¦^e¡��ã§S5`²§���O.
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......
call mpi_type_contiguous(2, mpi_integer, type, ierr)
call mpi_type_commit(type, ierr)
if(myid .eq. 0 .and. p .gt. 1) then
call mpi_send(ia, 3, mpi_integer, 1, 1, mycomm, ierr)

elseif(myid .eq. 1) then
call mpi_recv(ia, 2, type, 0, 1, mycomm, status, ierr)
call mpi_get_count(status, type, count1, ierr)
call mpi_get_elements(status, type, count2, ierr)

endif
......

��5`, 3·�gC��§S¥é�¬Ñyux��Â�êâa.´ØÓ�, Ïd3�Ü©¢SA

^¥, �I¬¦^ MPI_GET_COUNT ÒØ¬��?Û(J. 3ù�!¥, ·�®²0�
XÛ�Eg½
Â� MPI êâa., Ï~3½Âù
êâa.�¦^�´�é �£Äþ, XJ¦^ýé/�5�E
#� MPI êâa., 3¦^ù�#�êâa.?1�ED4�, MPI ½Â
��¡�� MPI_BOTTOM

��E�À«~ê, ±ø MPI �ux��Â¼ê¦^, äN�¦^�ªò3±��~f¥�Ñ.

§5.12 MPI �êâ����

ùp�êâ����Ú PVM (Parallel Virtual Machine) k�Ó�5�, 3 MPI �ý�õêA
^¥¦^^rg½Â� MPI êâa.Ò�±�¤Nõêâ�åux��Â�8�. �´éuE,�
�¹¦^êâ���U¬Â�Ð?.

MPI PACK

C int MPI_Pack( void* inbuf, int incount, MPI_Datatype datatype,

void* outbuf, int outsize, int *position, MPI_Comm comm )

Fortran MPI_PACK( INBUF, INCOUNT, DATATYPE, OUTBUF, OUTSIZE, POSITION, COMM,

IERROR )

<type> INBUF(*), OUTBUF(*)

INTEGER INCOUNT, DATATYPE, OUTSIZE, POSITION, COMM, IERROR

ëê`²

IN INBUF, O��3�¥�Ñ\�À«.

IN INCOUNT, Ñ\����ê.

IN DATATYPE, êâa..

OUT OUTBUF, ���À«.

IN OUTSIZE, ^i!ê½Â����À«���.

INOUT POSITION, ���À«��c �.

IN COMM, ���E�Ï&f.
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MPI UNPACK

C int MPI_Unpack( void* inbuf, int insize, int *position, void* outbuf,

int outcount, MPI_Datatype datatype, MPI_Comm comm )

Fortran MPI_UNPACK( INBUF, INSIZE, POSITION, OUTBUF, OUTCOUNT, DATATYPE,

COMM, IERROR )

<type> INBUF(*), OUTBUF(*)

INTEGER INSIZE, POSITION, OUTCOUNT, DATATYPE, COMM, IERROR

ëê`²

IN INBUF, ��À«.

IN INSIZE, ^i!ê½Â���À«���.

INOUT POSITION, ���À«��c �.

OUT OUTBUF, ÑÑêâ�À«.

IN OUTCOUNT, ÑÑêâ�À«����ê.

IN DATATYPE, êâa..

IN COMM, Ï&f.

æ^ù«���ª?1�ED4�, êâa.�½�¦^ MPI_PACKED. �
U
���|êâ3
���I�õ���À«, MPI Jø
Xe�¼ê:

MPI PACK SIZE

C int MPI_Pack_size( int incount, MPI_Datatype datatype,

MPI_Comm comm, int *size )

Fortran MPI_PACK_SIZE( INCOUNT, DATATYPE, COMM, SIZE, IERROR )

INTEGER INCOUNT, DATATYPE, COMM, SIZE, IERROR

ëê`²

IN INCOUNT, O�������ê.

IN DATATYPE, êâa..

IN COMM, Ï&f.

OUT SIZE, Ui!ê½Â���I���À«��.

d¼ê�£�� SIZE �'�©êâ��¤Ók�i!ê��, ù´Ï�3�¥�k�
Ù§�
&E. ±e·��Ñ¦^ MPI_PACK Ú MPI_UNPACK ���~f, 5(å'u^rg½Â�êâa.Ü
©.

~ 5.12.1. b�·��r���êê|Ú��V°Ýê|l1 0 �?§Dx�1 1 �?§, ¦+·
��±¦^^rg½Âêâa.5���gDx�8�, �·���^��Ú���ª¢yþã�
¦. äN¢yXe:

program pack
include ’mpif.h’

c
integer maxbuf, len
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parameter (maxbuf = 200, len = 10)
integer myid, p, mycomm, ierr, status(mpi_status_size, 2),
& ia(len), count1, count2, i, pos
real*8 a(len)
character buf(maxbuf)

c
call mpi_init( ierr )
call mpi_comm_dup( mpi_comm_world, mycomm, ierr)
call mpi_comm_rank( mycomm, myid, ierr )
call mpi_comm_size( mycomm, p, ierr )
print *, ’Process ’, myid, ’ of ’, p, ’ is running’

c
if(myid .eq. 0) then
do 10 i=1, len
ia(i) = i
a(i) = dble(i)

10 continue
endif
call mpi_pack_size(len, mpi_integer, mycomm, count1, ierr)
call mpi_pack_size(len, mpi_double_precision, mycomm, count2, i)
print *, ’The pack size of 10 integer and real8 are:’,
& count1, count2
pos = 1
if(myid .eq. 0 .and. p .gt. 1) then
call mpi_pack(ia, len, mpi_integer, buf, maxbuf, pos,

& mycomm, ierr)
call mpi_pack(a, len, mpi_double_precision, buf, maxbuf, pos,

& mycomm, ierr)
call mpi_send(buf, pos-1, mpi_packed, 1, 1, mycomm, ierr)

elseif(myid .eq. 1) then
call mpi_recv(buf, maxbuf, mpi_packed, 0, 1, mycomm,

& status, ierr)
call mpi_unpack(buf, maxbuf, pos, ia, len, mpi_integer,

& mycomm, ierr)
call mpi_unpack(buf, maxbuf, pos, a, len, mpi_double_precision,

& mycomm, ierr)
print *, ’The received values are: ’, a(1), a(2), a(3)

endif
call mpi_comm_free(mycomm, ierr)
call mpi_finalize(ierr)
stop
end

§5.13 àÜÏ&

àÜÏ& (collective communication) ´�õ�?§ (Ï~�u 2) �m�Ï&. 3ù�!¥, 0�
n�¡�SN, æNÓÚ (barrier synchronization)!�ÛÏ&¼ê (global communication functions) Ú
�Û8�ö� (global reduction operations).
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§5.14 æNÓÚ

MPI BARRIER

C int MPI_Barrier( MPI_Comm comm )

Fortran MPI_BARRIER( COMM, IERROR )

INTEGER COMM, IERROR

ëê`²

IN COMM, Ï&f.

ù´ MPI Jø������ÓÚ¼ê, � COMM ¥�¤k?§Ñ�1ù�¼ê�â�£, XJk
��?§vk�1d¼ê, Ù{?§ò?u��G�. 3�1�ù�¼ê��, ¤k?§òÓ��1
Ù��?Ö.

§5.15 ü:�õ:Ï&¼ê

MPI BCAST

C int MPI_Bcast( void* buffer, int count, MPI_Datatype datatype,

int root, MPI_Comm comm )

Fortran MPI_BCAST( BUFFER, COUNT, DATATYPE, ROOT, COMM, IERROR )

<type> BUFFER(*)

INTEGER COUNT, DATATYPE, ROOT, COMM, IERROR

ëê`²

INOUT BUFFER, �À«�Ä/�.

IN COUNT, �À«¥����ê.

IN DATATYPE, �À«�êâa..

IN ROOT, ±§�?12Â�?§?Ò.

IN COMM, Ï&f.

¦^d¼ê�7L5¿3 COMM ¥�¤k?§Ñ�1d¼ê, XJ?§?Ò ROOT, KL«rd?
§¥� BUFFER �SN2Â� COMM ¤kÙ§�?§¥. d¼ê´¿1§S¥²~Ñy�, Ïd´�7
LéÐÝº� MPI Ï&¼ê.

MPI GATHER

C int MPI_Gather( void* sendbuf, int sendcount, MPI_Datatype sendtype,

void* recvbuf, int recvcount, MPI_Datatype recvtype,

int root, MPI_Comm comm )

Fortran MPI_GATHER( SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNT,

RECVTYPE, ROOT, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, RECVCOUNT, RECVTYPE, ROOT, COMM, IERROR
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ëê`²

IN SENDBUF, ux�À«�Ä/�.

IN SENDCOUNT, �ux�����ê.

IN SENDTYPE, ux�À«�êâa..

OUT RECVBUF, �Â�À«�Ä/�.

IN RECVCOUNT, �Âz�?§¥êâ����ê.

IN RECVTYPE, �Â�À«�êâa..

IN ROOT, �Â?§�?Ò.

IN COMM, Ï&f.

ù´ MPI Jø�à8 (gather) ¼ê, Ù�^´r COMM ¥¤k?§ (�) ROOT) �êâà8�
ROOT ?§¥, ¿�gÄU?§?Ò^S��3�Â�À« RECVBUF ¥. éu� ROOT ?§, �Ñ�Â
�À« RECVBUF.

MPI GATHERV

C int MPI_Gatherv( void* sendbuf, int sendcount, MPI_Datatype sendtype,

void* recvbuf, int *recvcounts, int *displs,

MPI_Datatype recvtype, int root, MPI_Comm comm )

Fortran MPI_GATHERV( SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNTS,

DISPLS, RECVTYPE, ROOT, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, RECVCOUNTS(*), DISPLS(*), RECVTYPE,

ROOT, COMM, IERROR

ëê`²

IN SENDBUF, ux�À«�Ä/�.

IN SENDCOUNT, �ux�����ê.

IN SENDTYPE, ux�À«�êâa..

OUT RECVBUF, �Â�À«�Ä/�.

IN RECVCOUNTS, �Âz�?§êâ����ê�êê|.

IN DISPLS, �Âêâ��� �ê|.

IN RECVTYPE, �Â�À«�êâa..

IN ROOT, �Â?§�?Ò.

IN COMM, Ï&f.

ù�¼ê´ MPI_GATHER �*¿, §#NlØÓ�?§¥�ÂØÓ�Ý��E, ��Â���
E�±��3�Â�À«�ØÓ �, Ïd¦^�' MPI_GATHER �(¹. e¡·��Ñ��~f5
`²XÛ¦^ MPI �à8¼ê:

~ 5.15.1. b�3z�?§þÑk�|êâ, y�ò§�Â8�?§?Ò� ROOT �?§¥, ¿U?
§?Ò�^S��, KkXe�§S¢ydõU.

program gather
include ’mpif.h’
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c
integer maxbuf, len, mp
parameter (maxbuf = 200, len = 10, mp = 5)
integer myid, p, mycomm, ierr, root, ia(len), iga(maxbuf), i,
& displs(mp), counts(mp)

c
call mpi_init( ierr )
call mpi_comm_dup( mpi_comm_world, mycomm, ierr)
call mpi_comm_rank( mycomm, myid, ierr )
call mpi_comm_size( mycomm, p, ierr )
print *, ’Process ’, myid, ’ of ’, p, ’ is running’

c
do 10 i=1, len
ia(i) = i+myid*len

10 continue
c

do 20 i=1, p
displs(i) = 20*i-20
counts(i) = len

20 continue
root = 0

c
call mpi_gather(ia, len, mpi_integer, iga, len, mpi_integer,
& root, mycomm, ierr)

c
if(myid .eq. root) then
print *, ’The gather values are: ’,

& iga(1), iga(len+1), iga(2*len+1)
endif

c
call mpi_gatherv(ia, len, mpi_integer, iga, counts, displs,
& mpi_integer, root, mycomm, ierr)

c
if(myid .eq. root) then
print *, ’The gatherv values are: ’,

& iga(2), iga(2*len+2), iga(4*len+2)
endif

c
call mpi_comm_free(mycomm, ierr)
call mpi_finalize(ierr)
stop
end

ù�§S�ÑÑ�A©O�: 1, 11, 21 Ú 2, 12, 22. MPI_GATHER �Â��êâ3�Â�À«¥´ë

Y���,  MPI_GATHERV �Â��êâ3�Â�À«¥´ØëY���, 3·�ùp�Ñ�~f¥,

du COUNTS �¤k©þ´�Ó�, �±w¤´z�Ú�� 20 � �����#�Â�êâ.
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MPI SCATTER

C int MPI_Scatter( void* sendbuf, int sendcount, MPI_Datatype sendtype,

void* recvbuf, int recvcount, MPI_Datatype recvtype,

int root, MPI_Comm comm )

Fortran MPI_SCATTER( SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNT,

RECVTYPE, ROOT, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, RECVCOUNT, RECVTYPE, ROOT, COMM, IERROR

ëê`²

IN SENDBUF, ux�À«�Ä/�.

IN SENDCOUNT, ux�z�?§¥�����ê.

IN SENDTYPE, ux�À«�êâa..

OUT RECVBUF, �Â�À«�Ä/�.

IN RECVCOUNT, �Âêâ����ê.

IN RECVTYPE, �Â�À«�êâa..

IN ROOT, ux?§�?Ò.

IN COMM, Ï&f.

ù´ MPI Jø�ÑÙ (scatter) ¼ê, d¼ê´ MPI_GATHER �_ö�.

MPI SCATTERV

C int MPI_Scatterv( void* sendbuf, int *sendcounts, int *displs,

MPI_Datatype sendtype, void* recvbuf, int recvcount,

MPI_Datatype recvtype, int root, MPI_Comm comm )

Fortran MPI_SCATTERV( SENDBUF, SENDCOUNTS, DISPLS, SENDTYPE, RECVBUF, RECVCOUNT,

RECVTYPE, ROOT, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNTS(*), DISPLS(*), SENDTYPE, RECVCOUNT, RECVTYPE, ROOT,

COMM, IERROR

ëê`²

IN SENDBUF, ux�À«�Ä/�.

IN SENDCOUNTS, ux�z�?§¥�����êê|.

IN DISPLS, ux�z�?§¥�êâå© £.

IN SENDTYPE, ux�À«�êâa..

OUT RECVBUF, �Â�À«�Ä/�.

IN RECVCOUNT, �Âêâ����ê.

IN RECVTYPE, �Â�À«�êâa..

IN ROOT, ux?§�?Ò.

IN COMM, Ï&f.
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§5.16 õ:�õ:Ï&¼ê

MPI ALLGATHER

C int MPI_Allgather( void* sendbuf, int sendcount, MPI_Datatype sendtype,

void* recvbuf, int recvcount, MPI_Datatype recvtype,

MPI_Comm comm )

Fortran MPI_ALLGATHER( SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNT,

RECVTYPE, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, RECVCOUNT, RECVTYPE, COMM, IERROR

ëê`²

IN SENDBUF, ux�À«�Ä/�.

IN SENDCOUNT, �ux�����ê.

IN SENDTYPE, ux�À«�êâa..

OUT RECVBUF, �Â�À«�Ä/�.

IN RECVCOUNT, �Âz�?§¥êâ����ê.

IN RECVTYPE, �Â�À«�êâa..

IN COMM, Ï&f.

MPI ALLGATHERV

C int MPI_Allgatherv( void* sendbuf, int sendcount, MPI_Datatype sendtype,

void* recvbuf, int recvcount, MPI_Datatype recvtype,

MPI_Comm comm )

Fortran MPI_ALLGATHERV( SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNT,

RECVTYPE, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, RECVCOUNT, RECVTYPE, COMM, IERROR

ëê`²

IN SENDBUF, ux�À«�Ä/�.

IN SENDCOUNT, �ux�����ê.

IN SENDTYPE, ux�À«�êâa..

OUT RECVBUF, �Â�À«�Ä/�.

IN RECVCOUNT, �Âz�?§¥êâ����ê.

IN RECVTYPE, �Â�À«�êâa..

IN COMM, Ï&f.

d�¼ê´z�?§Ñ?1êâà8ö�,  MPI_GATHER Ú MPI_GATHERV �´Ù¥���?§
?1êâ�à8. ùpz�?§Ñux�E�Ñ�Â�E.



§5.16 õ:�õ:Ï&¼ê 101

MPI ALLTOALL

C int MPI_Alltoall( void* sendbuf, int sendcount, MPI_Datatype sendtype,

void* recvbuf, int recvcount, MPI_Datatype recvtype,

MPI_Comm comm )

Fortran MPI_ALLTOALL( SENDBUF, SENDCOUNT, SENDTYPE, RECVBUF, RECVCOUNT,

RECVTYPE, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNT, SENDTYPE, RECVCOUNT, RECVTYPE, COMM, IERROR

ëê`²

IN SENDBUF, ux�À«�Ä/�.

IN SENDCOUNT, �ux�����ê.

IN SENDTYPE, ux�À«�êâa..

OUT RECVBUF, �Â�À«�Ä/�.

IN RECVCOUNT, �Âz�?§¥êâ����ê.

IN RECVTYPE, �Â�À«�êâa..

IN COMM, Ï&f.

MPI ALLTOALLV

C int MPI_Alltoallv( void* sendbuf, int *sendcounts, int *sdispls,

MPI_Datatype sendtype, void* recvbuf, int *recvcounts,

int *rdispls, MPI_Datatype recvtype, MPI_Comm comm )

Fortran MPI_ALLTOALLV( SENDBUF, SENDCOUNTS, SDISPLS, SENDTYPE, RECVBUF,

RECVCOUNTS, RDISPLS, RECVTYPE, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER SENDCOUNTS(*), SDISPLS(*), SENDTYPE, RECVCOUNTS(*), RDISPLS(*),

RECVTYPE, COMM, IERROR

ëê`²

IN SENDBUF, ux�À«�Ä/�.

IN SENDCOUNTS, ux�z�?§¥�����êê|.

IN SDISPLS, ux�z�?§¥�êâå© £.

IN SENDTYPE, ux�À«�êâa..

OUT RECVBUF, �Â�À«�Ä/�.

IN RECVCOUNTS, �Âêâ����êê|.

IN RDISPLS, �Â?§¥��êâ�å© £.

IN RECVTYPE, �Â�À«�êâa..

IN COMM, Ï&f.

ù��¼ê�du3¤k?§¥�êâ?1ÑÙ. �
Bun)Ú�(¦^d¼ê, ·��´�
Ñ��äN~f.

program allall
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include ’mpif.h’
integer maxbuf, len, mp
parameter (maxbuf = 200, len = 10, mp = 5)
integer myid, p, mycomm, ierr, igb(maxbuf), iga(maxbuf), i,
& sdispls(mp), scounts(mp), rdispls(mp), rcounts(mp)

c
call mpi_init( ierr )
call mpi_comm_dup( mpi_comm_world, mycomm, ierr)
call mpi_comm_rank( mycomm, myid, ierr )
call mpi_comm_size( mycomm, p, ierr )
print *, ’Process ’, myid, ’ of ’, p, ’ is running’

c
do 10 i=1, maxbuf
iga(i) = i+maxbuf*myid

10 continue
do 20 i=1, p
sdispls(i) = 20*i-20
rdispls(i) = 15*i-15
scounts(i) = len
rcounts(i) = len

20 continue
call mpi_alltoall(iga, len, mpi_integer, igb, len, mpi_integer,
& mycomm, ierr)
print *, ’The alltoall values are: ’,
& igb(1), igb(len+1), igb(2*len+1), ’ on Proc. ’, myid

c
call mpi_alltoallv(iga, scounts, sdispls, mpi_integer, igb,
& rcounts, rdispls, mpi_integer, mycomm, ierr)
print *, ’The alltoallv values are: ’,
& igb(1), igb(16), igb(31), ’ on Proc. ’, myid

c
call mpi_comm_free(mycomm, ierr)
call mpi_finalize(ierr)
stop
end

§5.17 �Û8�ö�

MPI REDUCE

C int MPI_Reduce( void* sendbuf, void* recvbuf, int count,

MPI_Datatype datatype, MPI_Op op, int root, MPI_Comm comm )

Fortran MPI_REDUCE( SENDBUF, RECVBUF, COUNT, DATATYPE, OP, ROOT, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER COUNT, DATATYPE, OP, ROOT, COMM, IERROR
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ëê`²

IN SENDBUF, ux�À«�Ä/�.

OUT RECVBUF, �Â�À«�Ä/�.

IN COUNT, �À«¥����ê.

IN DATATYPE, �À«�êâa..

IN OP, Û«8�ö�.

IN ROOT, �Â?§?Ò.

IN COMM, Ï&f.

ù�¼ê´U©þ?18�ö��, Ù$�d OP 5(½, ���(J�3 ROOT ?§¥, Ù§?
§¥� RECVBUF Øå�^. 3 MPI ¥5½
�
#N�ö�Xe:

ö�¶ ¿Â

MPI_MAX ¦��
MPI_MIN ¦��
MPI_SUM ¦Ú
MPI_PROD ¦È
MPI_LAND Ü6�
MPI_BAND U �
MPI_LOR Ü6½
MPI_BOR U ½
MPI_LXOR Ü6�½
MPI_BXOR U �½

MPI_MAXLOC ¦��Ú �
MPI_MINLOC ¦��Ú �

ù
$�´kêâa.�¦�, Äkéêâa.?1©a:

C integer: MPI_INT, MPI_LONG, MPI_SHORT, MPI_UNSIGNED_SHORT, MPI_UNSIGNED,

MPI_UNSIGNED_LONG

Fortran integer: MPI_INTEGER

Floating point: MPI_DOUBLE, MPI_REAL, MPI_DOUBLE_PRECISION, MPI_LONG_DOUBLE

Logical: MPI_LOGICAL

Complex: MPI_COMPLEX

Byte : MPI_BYTE

y3éz«ö�#N�êâa.5½Xe:

OP #N�êâa.

MPI_MAX, MPI_MIN C integer, Fortran integer, Floating point

MPI_SUM, MPI_PROD C integer, Fortran integer, Floating point, Complex

MPI_LAND, MPI_LOR, MPI_LXOR C integer, Logical

MPI_BAND, MPI_BOR, MPI_BXOR C integer, Fortran integer, Byte

'u MPI_MAXLOC Ú MPI_MINLOC, MPI é Fortran §SÚ C §S¦^�EÜêâa.5½Xe:
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Fortran §S
EÜêâa. a.£ã

MPI_2REAL pair of REALs

MPI_2DOUBLE_PRECISION pair of DOUBLE PRECISIONs

MPI_2INTEGER pair of INTEGERs

C §S
EÜêâa. a.£ã

MPI_FLOAT_INT float and int

MPI_DOUBLE_INT double and int

MPI_LONG_INT long and int

MPI_SHORT_INT short and int

MPI_LONG_DOUBLE_INT long double and int

MPI_2INT pair of ints

~ 5.17.1. b�3z�?nÅ¥k��ê, ·��3ù
ê¥é�����, ¿(½ù���ê3=
�?nÅ¥, K�^Xe�§S:

program reduce
include ’mpif.h’

c
integer myid, p, mycomm, ierr, m, n, root, pair(2), answer(2)

c
call mpi_init( ierr )
call mpi_comm_dup( mpi_comm_world, mycomm, ierr)
call mpi_comm_rank( mycomm, myid, ierr )
call mpi_comm_size( mycomm, p, ierr )
print *, ’Process ’, myid, ’ of ’, p, ’ is running’
root = 0
m = myid
call mpi_reduce(m, n, 1, mpi_integer, mpi_max, root, mycomm, ierr)

c
if(myid .eq. root) print *, ’The maxmum value is ’, n
pair(1) = mod(myid + 1, p)
pair(2) = myid
call mpi_reduce(pair, answer, 1, mpi_2integer, mpi_maxloc, root,
& mycomm, ierr)
if(myid .eq. root) print *, ’The maxmum value is ’, answer(1),
& ’ on process ’, answer(2)

c
call mpi_comm_free(mycomm, ierr)
call mpi_finalize(ierr)
stop
end
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MPI ALLREDUCE

C int MPI_Allreduce( void* sendbuf, void* recvbuf, int count,

MPI_Datatype datatype, MPI_Op op, MPI_Comm comm )

Fortran MPI_ALLREDUCE( SENDBUF, RECVBUF, COUNT, DATATYPE, OP, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER COUNT, DATATYPE, OP, COMM, IERROR

ëê`²

IN SENDBUF, ux�À«�Ä/�.

OUT RECVBUF, �Â�À«�Ä/�.

IN COUNT, �À«¥����ê.

IN DATATYPE, �À«�êâa..

IN OP, Û«8�ö�.

IN COMM, Ï&f.

d¼êÚ MPI_REDUCE �¿g´�Ó�, �´��(J3¤k�?§¥.

MPI REDUCE SCATTER

C int MPI_Reduce_scatter( void* sendbuf, void* recvbuf, int *recvcounts,

MPI_Datatype datatype, MPI_Op op, MPI_Comm comm )

Fortran MPI_REDUCE_SCATTER( SENDBUF, RECVBUF, RECVCOUNTS, DATATYPE, OP, COMM,

IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER RECVCOUNTS(*), DATATYPE, OP, COMM, IERROR

ëê`²

IN SENDBUF, ux�À«�Ä/�.

OUT RECVBUF, �Â�À«�Ä/�.

IN RECVCOUNTS, ���ê�ê|.

IN DATATYPE, �À«�êâa..

IN OP, Û«8�ö�.

IN COMM, Ï&f.

d¼ê��uk� MPI_REDUCE, ,�3� MPI_SCATTER.

~ 5.17.2. �·�¦^ p �?§O� c = Ab, Ù¥ A ´ m �Ý
, b ´ m- ��þ. b� m = np

(XØU�Ør�{Ü©�3����?§¥), 3z�?§¥�� A � n �ÚéA� b � n �©þ,

y�3z�?§¥��� b éA� c ½´ c ��Ü, K·��±^e¡�§S¢y:

program redsct
include ’mpif.h’

c
integer lda, cols, maxnp
parameter (lda = 100, cols = 100, maxnp = 5)
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integer myid, p, mycomm, ierr, m, n, counts(maxnp)
real a(lda, cols), b(cols), c(lda), sum(lda)
logical sct

c
call mpi_init( ierr )
call mpi_comm_dup( mpi_comm_world, mycomm, ierr)
call mpi_comm_rank( mycomm, myid, ierr )
call mpi_comm_size( mycomm, p, ierr )
print *, ’Process ’, myid, ’ of ’, p, ’ is running’
if (p .gt. maxnp) goto 999
m = 100
sct = .false.

c sct = .true.
call initab(m, myid, p, n, a, lda, b, sum)
call locmv(m, n, a, lda, b, sum)

c if sct = true, call reduce_scatter, otherwize call allreduce
if(sct) then
call mpi_allgather(n, 1, mpi_integer, counts, 1,

& mpi_integer, mycomm, ierr)
call mpi_reduce_scatter(sum, c, counts, mpi_real, mpi_sum,

& mycomm, ierr)
else
call mpi_allreduce(sum, c, m, mpi_real, mpi_sum, mycomm, ierr)

endif
c

print *, ’The values of c are ’, c(1), c(2)
c
999 call mpi_comm_free(mycomm, ierr)

call mpi_finalize(ierr)
stop
end

subroutine initab(m, myid, np, k, a, lda, b, sum)
integer m, myid, np, k, lda, i, j, l
real a(lda, *), b(*), sum(*)
do 10 i=1, m

10 sum(i) = 0.0
k = m/np
l = myid * k
if(myid .eq. np-1) k = m-l
do 20 i=1, k

20 b(i) = 1.0
do 40 j=1, k
do 40 i=1, m

40 a(i, j) = real(i+l+j)
return
end

subroutine locmv(m, n, a, lda, b, c)
integer m, n, lda, i, j
real a(lda, *), b(*), c(*)
do 20 j=1, n
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do 20 i=1, m
20 c(i) = c(i)+a(i, j)*b(j)

return
end

MPI SCAN

C int MPI_Scan( void* sendbuf, void* recvbuf, int count,

MPI_Datatype datatype, MPI_Op op, MPI_Comm comm )

Fortran MPI_SCAN( SENDBUF, RECVBUF, COUNT, DATATYPE, OP, COMM, IERROR )

<type> SENDBUF(*), RECVBUF(*)

INTEGER COUNT(*), DATATYPE, OP, COMM, IERROR

ëê`²

IN SENDBUF, ux�À«�Ä/�.

OUT RECVBUF, �Â�À«�Ä/�.

IN COUNT, ���ê.

IN DATATYPE, �À«�êâa..

IN OP, Û«8�ö�.

IN COMM, Ï&f.

d¼ê´ MPI_REDUCE 3ØÓ?§¥�E¦^, ?§ i ¥���´3d?Ò� {0, 1, . . . , i} �?
§�¤�?§|¥¦^ MPI_REDUCE (J, ´��¿Ø~^�¼ê.

3 MPI ¥Jø
^rg½Â�ö�¼ê±÷vØÓI�, §dXe�A�¼ê5¢y:

MPI OP CREATE

C int MPI_Op_create( MPI_User_function *function, int commute, MPI_Op *op )

Fortran MPI_OP_CREATE( FUNCTION, COMMUTE, OP, IERROR )

EXTERNAL FUNCTION

LOGICAL COMMUTE

INTEGER OP, IERROR

ëê`²

IN FUNCTION, ^r½Â�¼ê.

IN COMMUTE, �u TRUE ´����, ÄK�´�(Ü�.

OUT OP, #�8�ö�.

d¼ê½Â
��#�8�ö� OP.

MPI OP FREE

C int MPI_Op_free( MPI_Op *op )

Fortran MPI_OP_FREE( OP, IERROR )

INTEGER OP, IERROR
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ëê`²

IN OP, 8�ö�.

d¼êº�8�ö� OP. 3 MPI ¥, ^rg½Âö��¼ê´kî��¦�, Ù/ªXe:

C void user_function( void* invec, void* inoutvec, int *len,

MPI_Datatype *datatype )

Fortran FUNCTION USER_FUNCTION( INVEC, INOUTVEC, LEN, DATATYPE )

<datatype> INVEC(LEN), INOUTVEC(LEN)

INTEGER LEN, DATATYPE

e¡�~f´^g½Â�¦Ú¼ê5¢y�Ûö��:

program userdef
include ’mpif.h’
integer len
parameter (len = 100)
integer myid, p, mycomm, ierr, m, root, myop
real x(len), y(len)
external userfunc
call mpi_init( ierr )
call mpi_comm_dup( mpi_comm_world, mycomm, ierr)
call mpi_comm_rank( mycomm, myid, ierr )
call mpi_comm_size( mycomm, p, ierr )
print *, ’Process ’, myid, ’ of ’, p, ’ is running’
m = 100
root = 0
call initx(m, myid, x)
call mpi_op_create(userfunc, .true., myop, ierr)
call mpi_reduce(x, y, m, mpi_real, myop, root, mycomm, ierr)
call mpi_op_free(myop, ierr)
if(myid .eq. root)
& print *, ’The values of answer are ’, y(1), y(2), y(3)
call mpi_comm_free(mycomm, ierr)
call mpi_finalize(ierr)
stop
end

subroutine initx(m, myid, x)
integer m, myid, i
real x(*)
do 10 i=1, m

10 x(i) = real(i+myid)
return
end

subroutine userfunc(x, y, m, mpi_real)
integer m
real x(*), y(*)
do 10 i=1, m

10 y(i) = y(i)+x(i)
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return
end

§5.18 ?§ÿÀ(�

?§ÿÀ(�´ (�S) Ï&ì���N\á5, §£ã��?§|�?§m�Ü6é�'X. ?
§ÿÀ(��¦^��¡�±�B!{z�
¿1§S�?�, ,��¡�±�Ï MPI XÚ�Ð/
ò?§N��?nì±9|�Ï&�6�, l¼��Ð�¿15U.

MPI �?§ÿÀ(�½Â���Ã�ã, ã¥(: (node) �L?§, > (edge) �L?§m�
é�. MPI ?§ÿÀ(���¡�J[ÿÀ(�, Ï�§Ø�½éA?nì�Ôné�.

MPI Jø
�|¼ê^uMï�«?§ÿÀ(�. A^¯K¥��~�!�´��{ü��a?
§ÿÀ(�äk��/ª, ùa(�¥?§�±^&k��I5I£, MPI ¥¡ùaÿÀ(��&k
� (Cartesian) ÿÀ(�, ¿�;�Jø
�|¼êé§�?1ö�.

§5.18.1 &k�ÿÀ(�

§5.18.1.1 Mï&k�ÿÀ(�

C

int MPI_Cart_create(MPI_Comm comm_old, int ndims,

int *dims, int *periods, int reorder,

MPI_Comm *comm_cart)

Fortran 77

MPI_CART_CREATE(COMM_OLD, NDIMS, DIMS, PERIODS, REORDER,

+ COMM_CART, IERR)

INTEGER COMM_OLD, NDIMS, DIMS(*), COMM_CART, IERR

LOGICAL PERIODS(*), REORDER

T¼êl��Ï&ì comm_old Ñu, Mï��äk&k�ÿÀ(��#Ï&ì comm_cart.

ndims �Ñ?§����ê. ê| dims �Ñz�¥�?§ê. ê| periods K`²?§3��
�þ�é�´Ääk±Ï5, =T�¥1��?§�����?§´Ä�é, ±Ï�&k�ÿÀ(�
�¡��¡ (torus) (�, periods[i] = true L²1 i�´±Ï�, ÄKK´�±Ï�. reorder �²
´Ä#N3#Ï&ì comm_cart ¥é?§?1#üS. 3,
¿1Åþ, �â?nì�Ôné��
ª9¤�¦�?§ÿÀ(�é?§#üSkÏuJp¿1§S�5U.

comm_cart ¥���?§ê�È7LØ�u comm_old ¥�?§ê, =:

ndims−1∏
i=0

dims[i] ≤ NPROCS

Ù¥ NPROCS� comm_old �?§ê. �
∏ndims−1

i=0 dims[i] < NPROCS ��
?§òØáu comm_cart,

ù
?§� comm_cart ëêò�£ MPI_COMM_NULL.
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§5.18.1.2 9Ï¼ê

C

int MPI_Dims_create(int nnodes, int ndims, int *dims)

Fortran 77

MPI_DIMS_CREATE(NNODES, NDIMS, DIMS, IERR)

INTEGER NNODES, NDIMS, DIMS(*), IERR

T¼ê��½o?§ê9�ê�gÄO����?§ê, ¦�§��¦È�uo?§ê, ¿���
þ�?§ê¦þ�C. (�/`, �½ nnodes Ú ndims, ¼êO���ê dims[i], i = 0, . . . , ndims−1,

¦�
∏ndims−1

i=0 dims[i] = nnodes ¿�� dims[i] ��¦þ�C.

T¼ê�¦Ñ\� dims �¥������K�ê, ¿�§=?U dims ¥Ñ\�� 0 ���. Ï
d^r�±�½�
��?§ê=�¦O�Ù§��?§ê.

Û�: vk�Ä¢Sêâ3��þ���. ~X, 3~ 7.2.4 �§S«~¥, bX?§ê� 4, �©
�ä� 100 × 400, Kn��?§ÿÀ(�A� 1 × 4, d�Ã{N^ MPI_DIMS_CREATE gÄO��`
?§y©§�ö¬�£ 2 × 2"

§5.18.1.3 ò&k�ÿÀ(�©�¤$�f(�

C

int MPI_Cart_sub(MPI_Comm comm, int *remain_dims,

MPI_Comm *newcomm)

Fortran 77

MPI_CART_SUB(COMM, REMAIN_DIMS, NEWCOMM, IERR)

INTEGER COMM, NEWCOMM, IERR

LOGICAL REMAIN_DIMS(*)

T¼êò��äk&k�ÿÀ(��Ï&ì comm ¥�½��Ä�Ñ5, �¤��äk$�&k
�(� (f��) �#Ï&ì newcomm. ê| remain_dims ����½�A��´Ä��¹3#Ï&
ì¥, XJ remain_dims[i] = true L«f���¹1 i �, ÄKL«f��Ø�¹1 i �.

§5.18.1.4 �Î&k�ÿÀ(���ê

C

int MPI_Cartdim_get(MPI_Comm comm, int *ndims)

Fortran 77

MPI_CARTDIM_GET(COMM, NDIMS, IERR)

INTEGER COMM, NDIMS, IERR

MPI_Cartdim_get 3 ndims ¥�£Ï&ì comm �&k�ÿÀ(���ê.

§5.18.1.5 �Î&k�ÿÀ(���[&E

C

int MPI_Cart_get(MPI_Comm comm, int maxdims, int *dims,

int *periods, int *coords)
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Fortran 77

MPI_CART_GET(COMM, MAXDIMS, DIMS, PERIODS, COORDS, IERR)

INTEGER COMM, MAXDIMS, DIMS(*), COORDS(*), IERR

LOGICAL PERIODS(*)

MPI_Cart_get �£Ï&ì comm �&k�ÿÀ(���[&E. ê| dims, periods Ú coords ©
O�£���?§ê!́ Ä±Ï9�c?§�&k��I. ëê maxdims �Ñê| dims, periods Ú
coords ��Ý�þ..

§5.18.1.6 &k��I�?§SÒ�N�

C

int MPI_Cart_rank(MPI_Comm comm, int *coords, int *rank)

Fortran 77

MPI_CART_RANK(COMM, COORDS, RANK, IERR)

INTEGER COMM, COORDS(*), RANK, IERR

�½��?§3Ï&ì comm ¥�&k��I coords, T¼ê3 rank ¥�£?§3 comm ¥�
?§Ò. XJ,�äk±Ï5, K coords ¥éA��I�#N/�.0, =�u 0 ½�u�uT��
?§ê.

§5.18.1.7 ?§SÒ�&k��I�N�

C

int MPI_Cart_coords(MPI_Comm comm, int rank,

int maxdims, int *coords)

Fortran 77

MPI_CART_COORDS(COMM, RANK, MAXDIMS, COORDS, IERR)

INTEGER COMM, RANK, MAXDIMS, COORDS(*), IERR

�½��?§3Ï&ì comm ¥�?§Ò rank, T¼ê3 coords ¥�£?§3 comm ¥�&k
��I. maxdims �Ñê| coords ����Ý.

§5.18.1.8 êâ²£ (shift) ö�¥/��8�/��O�

3��äk&k�ÿÀ(��Ï&ì¥²~3���½�� (�) þ3?nìm?1êâ²£
(shift), X^ MPI_SENDRECV ò�¬êâux�T�þ�¡��?§, Ó��ÂlT�þc¡��?§
ux5�êâ. MPI Jø
��¼ê5�Bù«�¹e8�/�Ú/��O�.

C

int MPI_Cart_shift(MPI_Comm comm, int direction,

int disp, int *rank_source, int *rank_dest)

Fortran 77

MPI_CART_SHIFT(COMM, DIRECTION, DISP, RANK_SOURCE,

+ RANK_DEST, IERR)

INTEGER COMM, DIRECTION, DISP, RANK_SOURCE, RANK_DEST,

+ IERR
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Ñ\ëê direction ´?1êâ²£��Ò (0 ≤ direction < ndims), disp �Ñêâ£Ä�/Ú
�0(ýé�) Ú/��0(�KÒ). ÑÑëê rank_source Ú rank_dest ©O´²£ö��/�Ú
8�/�.

b��½�þ�?§ê� d, �c?§T���I� i, ?§ rank_source T���I� is, 8
�?§ rank_dest T���I� id, XJT�´±Ï�, K:

is = i − disp mod d

id = i + disp mod d

ÄK:

is =

i − disp, if 0 ≤ i − disp < d

MPI_PROC_NULL, otherwise

id =

i + disp, if 0 ≤ i + disp < d

MPI_PROC_NULL, otherwise

?§ÿÀ(�¦^�§S«~ë�~ 7.2.4.

§5.18.2 ��ÿÀ(�

§5.18.2.1 Mïã (graph) ÿÀ(�

C

int MPI_Graph_create(MPI_Comm comm_old, int nnodes,

int *index, int *edges, int reorder,

MPI_Comm *comm_graph)

Fortran 77

MPI_GRAPH_CREATE(COMM_OLD, NNODES, INDEX, EDGES,

+ REORDER, COMM_GRAPH, IERR)

INTEGER COMM_OLD, NNODES, INDEX(*), EDGES(*),

+ COMM_GRAPH, IERR

LOGICAL REORDER

lÏ&ì comm_old Ñu, Mï��äk�½�ã(��#Ï&ì comm_graph.

#Ï&ì�ÿÀ(�ãdëê nnodes, index Ú edges £ã: nnodes �Ñã¥�(:ê (XJ
nnodes �uÏ&ì comm_old ¥�?§ê, K�
?§òØáu#Ï&ì comm_graph, ù
?§¥ë
ê comm_graph ��£�ò� MPI_COMM_NULL), index[i] (i = 0, . . . , nnodes − 1) �Ñ(: 0, . . . , i �
�Øê�Ú, edges K^S�Ñ¤k(:��Ø�SÒ. ^ Neighbor(i) L«1 i �(:��Ø�SÒ
8Ü, K:

Neighbor(0) = {edges[j] | 0 ≤ j < index[0]}

Neighbor(i) = {edges[j] | index[i − 1] ≤ j < index[i]}

i = 1, . . . , nnodes− 1

(5¿: Fortran 77 ¥¤kê|eIAT\ 1).

ëê reorder �²´Ä#N3#Ï&ì¥é?§#?Ò (�¼ê MPI_Cart_create ¥aq).
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§5.18.2.2 �ÎÿÀ(�a.

C

int MPI_Topo_test(MPI_Comm comm, int *status)

Fortran 77

MPI_TOPO_TEST(COMM, STATUS, IERR)

INTEGER COMM, STATUS, IERR

�ÎÿÀ(�a.. �£�, XJ comm äk&k�ÿÀ(�K status = MPI_CART, XJ comm ä
kã(�K status = MPI_GRAPH, ÄK status = MPI_UNDEFINED.

§5.18.2.3 �ÎÿÀ(��(:ê�>ê

C

int MPI_Graphdims_get(MPI_Comm comm, int *nnodes,

int *nedges)

Fortran 77

MPI_GRAPHDIMS_GET(COMM, NNODES, NEDGES, IERR)

INTEGER COMM, NNODES, NEDGES, IERR

T¼ê3ëê nnodes ¥�£Ï&ì comm �ÿÀ(�ã�(:ê (�u comm ¥�?§ê), 3ë
ê nedges ¥�£Ï&ì comm �ÿÀ(�ã�>ê.

§5.18.2.4 �ÎÿÀ(���[ëê

C

int MPI_Graph_get(MPI_Comm comm, int maxindex,

int maxedges, int *index, int *edges)

Fortran 77

MPI_GRAPH_GET(COMM, MAXINDEX, MAXEDGES, INDEX, EDGES,

+ IERR)

INTEGER COMM, MAXINDEX, MAXEDGES, INDEX(*), EDGES(*),

+ IERR

T¼ê�£Ï&ì comm �ÿÀ(�ã¥� index Ú edges ê| (� §5.18.2.1, 112 �). ëê
maxindex Ú maxedges ©O�½ê| index Ú edges ����Ý.

§5.18.2.5 �Î�½?§��Øê

C

int MPI_Graph_neighbors(MPI_Comm comm, int rank,

int maxneighbors, int *neighbors)

Fortran 77

MPI_GRAPH_NEIGHBORS(COMM, RANK, MAXNEIGHBORS, NEIGHBORS,

+ IERR)

INTEGER COMM, RANK, MAXNEIGHBORS, NEIGHBORS(*), IERR
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ê| neighbors �£Ï&ì comm ¥SÒ� rank �?§�¤k�Ø�SÒ. maxneighbors �½
ê| neighbors ����Ý.

§5.18.3 .�|±¼ê

�!�ü�¼ê´��B MPI ÿÀ(��¢y�, ÊÏ^rÏ~Ø¬^�.

§5.18.3.1 �Î�½&k�(�en��?§?Ò�ª

C

int MPI_Cart_map(MPI_Comm comm, int ndims, int *dims,

int *periods, int *newrank)

Fortran 77

MPI_CART_MAP(COMM, NDIMS, DIMS, PERIODS, NEWRANK, IERR)

INTEGER COMM, NDIMS, DIMS(*), NEWRANK, IERR

LOGICAL PERIODS(*)

T¼ê3 newrank ¥�£�½&k�ÿÀ(�e�c?§�ïÆ?Ò. ëê ndims, dims Ú
periods �¹Â�¼ê MPI_Cart_create ¥�Ó (ëw §5.18.1.1, 109 �).

§5.18.3.2 �Î�½ã(�en��?§?Ò�ª

C

int MPI_Graph_map(MPI_Comm comm, int nnodes, int *index,

int *edges, int *newrank)

Fortran 77

MPI_GRAPH_MAP(COMM, NNODES, INDEX, EDGES, NEWRANK, IERR)

INTEGER COMM, NNODES, INDEX(*), EDGES(*), NEWRANK, IERR

T¼ê3 newrank ¥�£�½ã(�e�c?§�ïÆ?Ò. ëê nnodes, index Ú edges �¹
Â�¼ê MPI_Graph_create ¥�Ó (ëw §5.18.2.1, 112 �).
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MPI �¿1Ñ\ÑÑ¼ê ({¡ MPI–IO ¼ê) áu MPI 2.0. 3 MPI 2.0 ¥, ¼ê��½Â�
¹ C, C++, Ú Fortran n«. Ñuî>5�Ä, Fortran ��¥�
ëê¦^
 Fortran 90 a. (X
INTEGER(MPI_OFFSET_KIND)), 3 Fortran 77 �è¥ù
ëê3ØÓ�²�þ�UI�æ^ØÓ��
{ (X INTEGER*4, INTEGER*8 ��), Ï¬K���è��£�5.

�Ù0��¼ê3 MPICH 1.2.2 9�Y��¥®²�Ü¢y, �3Ù§ MPI ��¥8c�Ø�
½U^. Ïd, 3¦^�Ù¥0��¼êcAk(@¤¦^� MPI XÚ´Ä|±§�.

§6.1 Ä�â�

©� (file) MPI �/©�0�±w¤däk�Ó½ØÓa.�êâ��¤�S�. MPI |±é©�
�^SÚ�Å�¯. MPI �©�´Ú?§|�'é�: MPI �m©��¼ê (MPI_File_open) ¥
�¦�½��Ï&ì, ¿�TÏ&ì¥¤k?§7LÓ�é©�?1�m½'4ö�.

å© � (displacement) ��©��å© ���éu©�mÞ±i!�ü ���ýé/�, §
^5½Â��/©�ÀI0�å© �.

Ä�ü�a. (etype) Ä�ü�a. (elementary type) ´½Â��©����¯ü�� MPI êâ
a.. ��©��Ä�ü�a.�±´?Ûý½Â½^r�E�¿®²4�� MPI êâa., �
Ùa.ã¥� £7L�K¿� £S�´ (�î�) üNþ,�. MPI �©�ö���±Ä�
ü�a.�ü : ©�¥� £ (offset) ±Ä�ü�a.��ê�i!ê�ü , ©���o
´����Ä�ü��å©/�.

©�ü�a. (filetype) ©�ü�a.�´�� MPI êâa., §½Â
é��©����ãY.

©�ü�a.�±�uÄ�ü�a., ��±´3Ä�ü�a.Ä:þ�E¿®4��?¿ MPI

êâa.. ©�ü�a.��7L´Ä�ü�a.����ê, ¿�©�ü�a.¥m�/É0
����7L´Ä�ü�a.����ê.

ÀI (view) ©�ÀI���©�¥8c�±�¯�êâ8. ©�ÀIdn�ëê½Â: å© �, Ä
�ü�a., ©�ü�a.. ©�ÀI�lå© �m©ò©�ü�a.ëYEü��¤�ã
Y, MPI é©�?1��ö��ò/aL0ãY¥�/�É0, �eã.

 £ (offset) MPI � I/O ¼ê¥ £o´�éu©�å© � (�cÀI) O�, ¿�±Ä�ü�a
.���ü .

115
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©��� (file size) ©����l©�mÞ�©�(��oi!ê.

©��� (file pointer) ©���´ MPI +n�ü�SÜ £ (Ûª £). MPI 3z�?§¥�
z��m�©�½Â
ü�©���, ��ø�?§Õá¦^, ¡�Õá©��� (individual file

pointer), ,��ø�m©��?§|¥¤k?§�Ó¦^, ¡���©��� (shared file pointer).

©�éY (file handle) MPI �m��©��, �£�N^§S��©�éY, ø±��¯9'4T
©��^. MPI �©�éY3©�'4��º�.

~ 6.1.1. b� ext(MPI_REAL) = 4, etype = MPI_REAL, �m©� fh �?§|�) 4 �?§ pi,

i = 0, 1, 2, 3, o�?§¥©�ü�a.©O½ÂXe:

p0 : filetype = {(REAL, 0), (LB, 0), (UB, 16)}

p1 : filetype = {(REAL, 4), (LB, 0), (UB, 16)}

p2 : filetype = {(REAL, 8), (LB, 0), (UB, 16)}

p3 : filetype = {(REAL, 12), (LB, 0), (UB, 16)}

XJo�?§¥Õá©���þ� 0, KN^:

CALL MPI_FILE_READ(FH, A, 1, MPI_REAL, STATUS, IERR) ò©�mÞ�o�ê�gD�o

�?§¥�Cþ A.

§6.2 Ä�©�ö�

§6.2.1 �m MPI ©�

C

int MPI_File_open(MPI_Comm comm, char *filename,

int amode, MPI_Info info, MPI_File *fh)

Fortran

MPI_FILE_OPEN(COMM, FILENAME, AMODE, INFO, FH, IERR)

CHARACTER*(*) FILENAME

INTEGER COMM, AMODE, INFO, FH, IERR

�m�� MPI ©�. ©�¤õ�m�, 3ëê fh ¥�£T©��éY, ø±�éT©�?1ö
�^. comm �½�m©��Ï&ì, ¤káu comm �?§7LÓ�N^T¼ê. filename ´�m�
©�¶, comm ¥¤k?§Jø�©�¶7L�LÓ��©�. amode �Ñ©���m�ª ([!�e
©), comm ¥¤k?§7LJøÓ�� amode ëê.
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Ñ\ëê INFO Jø� MPI XÚ�
N\J«&E, §d MPI �¢yäN½Â, ·�Ø3d0
�. ^r�^~ê MPI_INFO_NULL �O§, L«vkJ«&E.

amode ëê�ÊÏö�XÚ¥�©��¯�ªaq. MPI �Ù½Â��k:

• MPI_MODE_RDONLY — �?1Öö�

• MPI_MODE_RDWR — Ó�?1Öö�Ú�ö�

• MPI_MODE_WRONLY — �?1�ö�

• MPI_MODE_CREATE — XJ©�Ø�3KMï��#©�

• MPI_MODE_EXCL — Mï©��e©��3K�m�}

• MPI_MODE_DELETE_ON_CLOSE — '4©��òÙíØ

• MPI_MODE_UNIQUE_OPEN — ^r�±(��k�c§S�¯T©�

• MPI_MODE_SEQUENTIAL — �Ué©�?1^SÖ�

• MPI_MODE_APPEND — �m�ò©����u©�(�?

þã��ª�±^�?�/½0$�?1S\ (C ¥� “|”, Fortran 77 ¥�±^ “+” �O/½0,

��Ó��ªØÑyüg±þ).

§6.2.2 '4 MPI ©�

C

int MPI_File_close(MPI_File *fh)

Fortran

MPI_FILE_CLOSE(FH, IERR)

INTEGER FH, IERR

'4©�. ©�'4�¤�, ©�éY�º�, fh ��¤ MPI_FILE_NULL. ^rAT(�N^T¼
êc¤k�T©�k'�ö��¦þ®�¤.

MPI_FILE_CLOSE ´àÜ.¼ê, ?§|¥¤k?§7LÓ�N^¿�JøÓ��ëê.

§6.2.3 íØ©�

C

int MPI_File_delete(char *filename, MPI_Info info)

Fortran

MPI_FILE_DELETE(FILENAME, INFO, IERR)

CHARACTER*(*) FILENAME

INTEGER INFO, IERR
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íØ�½©�. XJ©�Ø�3, K�£ MPI_ERR_NO_SUCH_FILE �Ø. �íØ�©�Ï~AT´
v�m�½®'4�.

§6.2.4 �½©��Ý

C

int MPI_File_set_size(MPI_File fh, MPI_Offset size)

Fortran

MPI_FILE_SET_SIZE(FH, SIZE, IERR)

INTEGER FH, IERR

INTEGER(KIND=MPI_OFFSET_KIND) SIZE

ò�½©���Ý (�l©�mÞ�©�(��i!ê) �¤ size. XJ�c©��Ý�u size,

K©�ò��ä¤ size i!. XJ�c©��Ý�u size, K©�������½�Ý, d�ö�
XÚØ�½�T©�¢S©��;�m.

MPI_FILE_SET_SIZE ´àÜ.¼ê, ?§|¥¤k?§7LÓ�N^¿�JøÓ��ëê.

§6.2.5 �©�ý3�m

C

int MPI_File_preallocate(MPI_File fh, MPI_Offset size)

Fortran

MPI_FILE_PREALLOCATE(FH, SIZE, IERR)

INTEGER FH, IERR

INTEGER(KIND=MPI_OFFSET_KIND) SIZE

XJ�c©��Ý�u�u size, KT¼êØå?Û�^. ÄK§ò©��ÝN�� size �½
���, ¿�r�ö�XÚ�©�©�Ð�;�m.

MPI_FILE_PREALLOCATE ´àÜ.¼ê, ?§|¥¤k?§7LÓ�N^¿�Jø�Ó�ëê.

§6.2.6 �Î©��Ý

C

int MPI_File_get_size(MPI_File fh, MPI_Offset *size)

Fortran

MPI_FILE_GET_SIZE(FH, SIZE, IERR)

INTEGER FH, IERR

INTEGER(KIND=MPI_OFFSET_KIND) SIZE

3ëê size ¥�£�½©���c�Ý.
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§6.3 �Î©�ëê

§6.3.1 �Î�m©��?§|

C

int MPI_File_get_group(MPI_File fh, MPI_Group *group)

Fortran

MPI_FILE_GET_GROUP(FH, GROUP, IERR)

INTEGER FH, GROUP, IERR

T¼ê3ëê group ¥�£�©�éY fh �'é (=�mT©�) �?§|éY. ^rATKI
3Ø2I�TéY�òÙº�.

§6.3.2 �Î©��¯�ª

C

int MPI_File_get_amode(MPI_File fh, int *amode)

Fortran

MPI_FILE_GET_AMODE(FH, AMODE, IERR)

INTEGER FH, AMODE, IERR

T¼ê3ëê amode ¥�£©�éY fh ¤éA�©���¯�ª.

§6.4 �½©�ÀI

C

int MPI_File_set_view(MPI_File fh, MPI_Offset disp,

MPI_Datatype etype, MPI_Datatype filetype,

char *datarep, MPI_Info info)

Fortran

MPI_FILE_SET_VIEW(FH, DISP, ETYPE, FILETYPE, DATAREP,

+ INFO, IERR)

INTEGER FH, ETYPE, FILETYPE, INFO, IERR

CHARACTER*(*) DATAREP

INTEGER(KIND=MPI_OFFSET_KIND) DISP
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ò©�ÀI�å© ��� disp (l©�mÞ±i!�ü O�), Ä�ü�a.�� etype, ©
�ü�a.�� filetype. ëê datarep �Ñ©�¥�êâL«�ª. ëê info ^5#�½N\
J«&E.

MPI_FILE_SET_VIEW ´àÜ.¼ê, ?§|¥¤k?§7LÓ�N^. ØÓ?§�±JøØÓ�
disp, filetype Ú info ëê, �7LJø�Ó� datarep ëêÚäk�Ó�� etype ëê.

XJ�m©��¦^�´ MPI_MODE_SEQUENTIAL �ª, K disp ëê���U´©��c �§
= MPI_DISPLACEMENT_CURRENT.

§6.4.1 ©�¥�êâL«�ª

ëê datarep ´��iÎG, �Ñ©�¥¦^�êâL«�ª. §ke¡�
�U�:

"native" ©�¥êâ��UÙ3S�¥�L«/ª��. ¦^TêâL«�©�ØU3êâ�ªØ
oN�O�Åm��¦^.

"internal" � MPI SÜ�ª, äNd MPI �¢y½Â. ¦^TêâL«�©��±(�U3¦^Ó
� MPI XÚ�O�Åm?1��¦^, =¦ù
O�Å�êâ�ªØoN.

"external32" ¦^ IEEE ½Â��«Ï^êâL«�ª, external data representation ({¡ XDR). ¦
^TêâL«�©��±3¤k|± MPI �O�Åm��¦^. T�ª�^u3êâL«Øo
N�O�Åm��êâ.

Nõ MPI XÚ8cÿ��Ü¢yþãn«�ª (§�Ï~�|± "native" �ª).

ØþãêâL«	, ^r��±ÏL¼ê MPI_REGISTER_DATAREP ½ÂgC�êâL«/ª, ·
�Ø3d0�. a,�ö�ëw MPI IO©�.

MPI Øòk'êâL«�ª�&E�3©�¥, Ïd^rL�y3�½©�I���½�êâ
L«�ª�©�¥�¢SêâL«�ª�Î.

AOI�5¿�´, � datarep Ø�u "native" �, Ä�ü�a. (etype) Ú©�ü�a.
(filetype) 3©�¥�/ªk�U�§�3S�¥�/ªØ��. d�, XJ^�ü�a.�êâa.

/́�£��0(portable datatype, ½Â� §6.4.2), K MPI 3¼ê MPI_FILE_SET_VIEW ¥¬gÄéÙ
?1N� ( �) ±B�©�¥�êâL«�ª���. XJ^�ü�a.�êâa.Ø /́�£�0
�, K^r7L�y§��©�¥�êâL«�ª�Î, 7��¦^ MPI_TYPE_LB Ú MPI_TYPE_UB 5
?1N�.

§6.4.2 �£�êâa.

MPI ¥��êâa.¡�´�£��, XJ§´��ý½Âêâa., ½ö´3���£��ê
âa.�Ä:þ¦^eã¼ê��Mï�:

MPI_TYPE_CONTIGUOUS, MPI_TYPE_VECTOR, MPI_TYPE_INDEXED,

MPI_TYPE_DUP, MPI_TYPE_CREATE_SUBARRAY,

MPI_TYPE_INDEXED_BLOCK, MPI_TYPE_CREATE_DARRAY

(Ù¥�o�¼ê´ MPI 2.0 #O�êâa.Mï¼ê). Ïd, �£�êâa.� £Úþe.Ñ´

±,�ý½Âêâa.�ü �. �ó�, �£��êâa.3Ù�EL§¥ØU¦^eã¼ê:

MPI_TYPE_HINDEXED, MPI_TYPE_HVECTOR, MPI_TYPE_STRUCT

(=ØU��±i!�ü 5�½êâa.� £Úþe.).
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§6.4.3 �Îêâa.�Au©�êâL«�ª��

MPI Jø
��¼ê^5�Î�� (S�¥�) êâa.3©�¥�� (�©��êâL«�ª
Ø�u "native" �, êâa.3©�¥���U�§3S�¥��ØÓ).

C

int MPI_File_get_type_extent(MPI_File fh,

MPI_Datatype datatype, MPI_Aint *extent)

Fortran

MPI_FILE_GET_TYPE_EXTENT(FH, DATATYPE, EXTENT, IERR)

INTEGER FH, DATATYPE, IERR

INTEGER(KIND=MPI_ADDRESS_KIND) EXTENT

§6.5 ©�Ö�ö�

MPI ?1©�Ö�ö��¼êdeL�Ñ, Ù¥�©O xxxx �L READ Ú WRITE, ©OéAuÖ
ö�Ú�ö��¼ê.

?§|?§m��Ó�ª
½ �ª ÓÚ�ª

�àÜª àÜª
wª £ {l. MPI_xxxx_AT MPI_xxxx_AT_ALL

�{l½ MPI_Ixxxx_AT MPI_xxxx_AT_ALL_BEGIN

©�. MPI_xxxx_AT_ALL_END

Õá©� {l. MPI_xxxx MPI_xxxx_ALL

�� �{l½ MPI_Ixxxx MPI_xxxx_ALL_BEGIN

©�. MPI_xxxx_ALL_END

��©� {l. MPI_xxxx_SHARED MPI_xxxx_ORDERED

�� �{l½ MPI_Ixxxx_SHARED MPI_xxxx_ORDERED_BEGIN

©�. MPI_xxxx_ORDERED_END

MPI ©�Ö�ö�¼êU�½êâ3©�¥� ���ª©�¦^wª £ (��3¼ê¥�
½ £þ, ±Ä�ü�a.���ü )!¦^Õá©���Ú¦^��©���na. z«a.�ö
�Ø¬éÙ§a.ö�� ��)K�, X¦^wª £�ö�Ø¬UCÕá©���½��©��
�, ¦^Õá©����ö�Ø¬UC��©���, ¦^��©����ö��Ø¬UCÕá©
���.

���?§¦^Õá©���½��©���é©�?1ö��,©�¥� £d©�����
c�û½. ��¦^©����ö��¤�, T©������gÄM#, ��©�¥ö�Ö½��
����êâ��. Õá©���´�?§hk�, §�M#=�6u�?§, ØÉÙ§?§Ö�ö
��K�. ��©���K�?§|¥¤k?§��, �õ�?§Ó�¦^��©���?1Ö�
�, z�?§�Ö�ö�Ñ¬£Ä��©���, ©���o�£Äþ��u¤kÖ�ö��S\.
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©�Ö�ö�¼êU?§|¥?§m��Ó�ª©��àÜª (noncollective) ÚàÜª (collec-

tive) ü«. �àÜª¼ê��¤��6u�?§, §�Ø�¦?§|¥�¤k?§Ó�N^, d�
?§©OÕá/N^, �õ�?§Ó�N^�àÜª¼ê�, ØÓ?§méêâÖ��k�^S´Ø
(½�. àÜª¼ê��¤�6uÓ|¤k?§m��N, §��¦?§|¥�Ü?§Ó�N^,

�?§éêâÖ��k�^Sd?§�SÒ(½.

Uì¼êN^´Ä{l, =3©�ö��Ó�´Ä�U�1Ù§?Ö, MPI �©�Ö�¼êq©
�{l. (blocking)!�{l. (nonblocking) Ú©�. (split) n«. {l.¼ê�£�=L²Ö�ö
�®²/�¤0, ?§êþ�±éÖ��À«?1�Yö�½'4©�. �{l.©�Ö�¼ê��
{l.�ED4¼êaq, ��XÚuÑ��Ö½��¦, �� (AO´3'4©�c) ?§I�N^
MPI_WAIT ½ MPI_TEST �¼ê5��ö���¤. ©�.¼êò©��Ö�ö�©)¤m© (BEGIN)

Ú(å (END) üÚ, ±B#N?§3Ö�m©Ú(å�m?1�
Ù§�O�½Ï&.

§6.5.1 ¦^wª £�{l.©�Ö�

¤k¦^wª £�{l.©�Ö�¼ê (*_AT, *_AT_ALL) ���ëê����, ùp=�Ñ¼
ê MPI_FILE_READ_AT ���ëêøë�.

C
int MPI_File_read_at(MPI_File fh, MPI_Offset offset,

void *buf, int count, MPI_Datatype datatype,
MPI_Status *status)

Fortran
MPI_FILE_READ_AT(FH, OFFSET, BUF, COUNT, DATATYPE,
+ STATUS, IERR)
<type> BUF(*)
INTEGER FH, COUNT, DATATYPE, STATUS(MPI_STATUS_SIZE),
+ IERR
INTEGER(KIND=MPI_OFFSET_KIND) OFFSET

fh �©�éY, offset � £. buf, count Ú datatype ©O�êâ��À«/�!�êÚa..

status �£ö�(JG� (�Ï&¼êaq).

§6.5.2 ¦^Õá©����{l.©�Ö�

¦^Õá©����{l.©�Ö�¼ê�¦^wª £�{l.©�Ö�¼ê�õU���
�, �´©� £dÕá©���Ûª�½. ù
¼ê���ëê¥'¦^wª £�¼ê�
��
offset ëê, Ù§ëê����. ��~f, ·��Ñ MPI_FILE_READ ���ëê.

C

int MPI_File_read(MPI_File fh, void *buf, int count,

MPI_Datatype datatype, MPI_Status *status)

Fortran
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MPI_FILE_READ(FH, BUF, COUNT, DATATYPE, STATUS, IERR)

<type> BUF(*)

INTEGER FH, COUNT, DATATYPE, STATUS(MPI_STATUS_SIZE),

+ IERR

§6.5.3 ¦^��©����{l.©�Ö�

¦^��©����{l.©�Ö�¼ê���ëê�¦^Õá©����{l.©�Ö�¼
ê���ëê����. ��~f, ùp�Ñ MPI_FILE_READ_ORDERED ���ëê.

C

int MPI_File_read_ordered(MPI_File fh, void *buf,

int count, MPI_Datatype datatype,

MPI_Status *status)

Fortran

MPI_FILE_READ_ORDERED(FH, BUF, COUNT, DATATYPE, STATUS,

+ IERR)

<type> BUF(*)

INTEGER FH, COUNT, DATATYPE, STATUS(MPI_STATUS_SIZE),

+ IERR

du¦^��©����©�ö�¼ê¥?§|��Ü?§�Ó¦^Ú?UÓ��©���,

Ïdùaö��~aqu±©��/�?§0�êâÂ8ÚÑu, =§���uò?§|¥�?§
�êâ¬Ü¿�\©� (Â8) ½Ö�©�¥�êâ¿©u��?§ (Ñu). �¦^�àÜª¼ê
MPI_FILE_READ_SHARED Ú MPI_FILE_WRITE_SHARED �, �?§l©�¥Ö�½�\©��êâ¬3
©�¥��é �´Ø(½�, àÜª¼ê MPI_FILE_READ_ORDERED Ú MPI_FILE_WRITE_ORDERED

K�(�ù
êâ¬3©�¥î�U?§SÒü�.

§6.5.4 �{l.©�Ö�¼ê

z�{l.�àÜª©�Ö�¼êÑk��éA��{l.¼ê, d{l.¼ê�¼ê¶¥3
READ ½ WRITE c¡\ I �¤, X MPI_FILE_READ ��{l.¼ê� MPI_FILE_IREAD. �{l.¼ê
���ëê¥�IòéA�{l.¼ê�ëêL¥� status ëê�¤ request, Ù§ëê����.

�{l.¼ê4�©�Ö½���¦, 3 request ¥�£���¦éY, ¢S�Ö½�ö�3��?
1. �{l.©�Ö�¼ê�£��¦éY��{l.�ED4¼ê¤�£�éY�ö��ª���
�, =^rI3'4©�cN^ MPI_WAIT, MPI_TEST �¼ê5u�!��ö���¤.

��~f, e¡�Ñ MPI_IREAD_AT �ëê.

C

int MPI_File_iread_at(MPI_File fh, MPI_Offset offset,
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void *buf, int count, MPI_Datatype datatype,

MPI_Request *request)

Fortran

MPI_FILE_IREAD_AT(FH, OFFSET, BUF, COUNT, DATATYPE,

+ REQUEST, IERR)

<type> BUF(*)

INTEGER FH, COUNT, DATATYPE, REQUEST, IERR

INTEGER(KIND=MPI_OFFSET_KIND) OFFSET

§6.5.5 ©�.©�Ö�¼ê

MPI �z�{l.àÜª©�Ö�¼ê½Â
�é©�.¼ê, ©O3{l.¼ê�¼ê¶�
¡\ _BEGIN Ú _END �¤. ©�.¼êò©�Ö�ö�©)¤m©Ú(åüÚ, ^r�±3m©Ú(
å�m�\Ù§Ï&½O�, l¢yO�½Ï&�©�Ñ\ÑÑU?1. ù
¼ê�¼ê¶9�
¹���ëêXe:

MPI_FILE_READ_AT_ALL_BEGIN(fh, offset, buf, count, datatype)

MPI_FILE_READ_AT_ALL_END(fh, buf, status)

MPI_FILE_WRITE_AT_ALL_BEGIN(fh, offset, buf, count, datatype)

MPI_FILE_WRITE_AT_ALL_END(fh, buf, status)

MPI_FILE_READ_ALL_BEGIN(fh, buf, count, datatype)

MPI_FILE_READ_ALL_END(fh, buf, status)

MPI_FILE_WRITE_ALL_BEGIN(fh, buf, count, datatype)

MPI_FILE_WRITE_ALL_END(fh, buf, status)

MPI_FILE_READ_ORDERED_BEGIN(fh, buf, count, datatype)

MPI_FILE_READ_ORDERED_END(fh, buf, status)

MPI_FILE_WRITE_ORDERED_BEGIN(fh, buf, count, datatype)

MPI_FILE_WRITE_ORDERED_END(fh, buf, status)

§6.6 ©���ö�

§6.6.1 Õá©���ö�

§6.6.1.1 £ÄÕá©���

C
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int MPI_File_seek(MPI_File fh, MPI_Offset offset,

int whence)

Fortran

MPI_FILE_SEEK(FH, OFFSET, WHENCE, IERR)

INTEGER FH, WHENCE, IERR

INTEGER(KIND=MPI_OFFSET_KIND) OFFSET

UCÕá©���� £. ëê whence ���e��:

• MPI_SEEK_SET — ò��� £�� offset

• MPI_SEEK_CUR — ò��� £���c £\þ offset

• MPI_SEEK_END — ò��� £��©�(�\þ offset

§6.6.1.2 �ÎÕá©�����c £

C

int MPI_File_get_position(MPI_File fh,

MPI_Offset *offset)

Fortran

MPI_FILE_GET_POSITION(FH, OFFSET, IERR)

INTEGER FH, IERR

INTEGER(KIND=MPI_OFFSET_KIND) OFFSET

3ëê offset �£Õá©���� £.

§6.6.2 ��©���ö�

§6.6.2.1 £Ä��©���

C

int MPI_File_seek_shared(MPI_File fh, MPI_Offset offset,

int whence)

Fortran

MPI_FILE_SEEK_SHARED(FH, OFFSET, WHENCE, IERR)

INTEGER FH, WHENCE, IERR

INTEGER(KIND=MPI_OFFSET_KIND) OFFSET
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UC��©���� £. ëê whence ���e��:

• MPI_SEEK_SET — ò��� £�� offset

• MPI_SEEK_CUR — ò��� £���c £\þ offset

• MPI_SEEK_END — ò��� £��©�(�\þ offset

MPI_FILE_SEEK_SHARED ´àÜ.¼ê, ?§|¥¤k?§7LÓ�N^¿�Jø�Ó�ëê.

§6.6.2.2 �Î��©�����c £

C

int MPI_File_get_position_shared(MPI_File fh,

MPI_Offset *offset)

Fortran

MPI_FILE_GET_POSITION_SHARED(FH, OFFSET, IERR)

INTEGER FH, IERR

INTEGER(KIND=MPI_OFFSET_KIND) OFFSET

3ëê offset �£��©���� £.

§6.6.3 ©� £3©�¥�ýé/�

C

int MPI_File_get_byte_offset(MPI_File fh,

MPI_Offset offset, MPI_Offset *disp)

Fortran

MPI_FILE_GET_BYTE_OFFSET(FH, OFFSET, DISP, IERR)

INTEGER FH, IERR

INTEGER(KIND=MPI_OFFSET_KIND) OFFSET, DISP

T¼êò± etype �ü �éu�c©�ÀI� £ (offset) ��¤±i!�ü l©�mÞ
O��ýé/� (disp).

§6.7 ØÓ?§éÓ�©�Ö�ö���N5

�ü�½õ�?§Ó�éÓ��©�?1�¯�, MPI ¡ù
�¯´�N�, XJù
�¯�±
��/�w¤´±,«^S�g?1�, =B§��k�^S´Ø(½�. �ó�, éÓ��©��
õ��¯´�N�, XJ§�¥�?��¯ÑØ¬3ö�L§¥mdu�,���¯�ä½Z6K
���¯�(J. MPI XÚ#N^ròé��©���¯��¤äk/�f50(atomicity, ¿=/Ø
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�©�0) 5�yáu�T©�'é�?§|¥�?§éT©���¯��N5. �XJÓ��©�
©O�ØÓ�?§|�m, ¿�ü�?§|¥éT©���¯�3Àâ, K^r7LÏL3§S¥N
^ MPI_FILE_SYNC ¼ê±9ÓÚ¼ê (MPI_BARRIER) �5�yé©��¯��N5��¯^S.

§6.7.1 �½©��¯��f5

C

int MPI_File_set_atomicity(MPI_File fh, int flag)

Fortran

MPI_FILE_SET_ATOMICITY(FH, FLAG, IERR)

INTEGER FH, IERR

LOGICAL FLAG

T¼ê�½ MPI ´ÄI��y�m©��?§|¥?§éT©���¯��f5. � flag �
true �, d MPI XÚò�y©��¯��f5l�yáu (�T©��'é�) Ó�?§|�?
§éT©���¯��N5. � flag � false �, MPI Ø�yé©��¯��f5, I�^r
ÏLÙ§å»5�yé©��ØÓ�¯m��N5.

MPI_FILE_SET_ATOMICITY ´àÜ.¼ê, ?§|¥¤k?§7LÓ�N^¿�Jø�Ó�ëê.

~ 6.7.1. 3©��Ó� �þ��?§�!,��?§Ö.

INTEGER STATUS(MPI_STATUS_SIZE), FH, A(10)

... ...

CALL MPI_FILE_OPEN(MPI_COMM_WORLD, "myfile",

+ MPI_MODE_RDWR + MPI_MODE_CREATE,

+ MPI_INFO_NULL, FH, IERR)

CALL MPI_FILE_SET_VIEW(FH, 0, MPI_INTEGER, MPI_INTEGER,

+ ’native’, MPI_INFO_NULL, IERR)

CALL MPI_SET_ATOMICITY(FH, .TRUE., IERR)

IF ( MYRANK .EQ. 0 ) THEN

DO I=1, 10

A(I)= 5

ENDDO

CALL MPI_FILE_WRITE_AT(FH, 0, A, 10, MPI_INTEGER,

+ STATUS, IERR)

ELSE IF ( MYRANK .EQ. 1 ) THEN

CALL MPI_FILE_READ_AT(FH, 0, A, 10, MPI_INTEGER,

+ STATUS, IERR)

ENDIF

3T~¥, Ï� atomicity ��� true, Ïd?§ 1 òo´Ö� 0 �ê½ 10 � 5. XJUCþ¡�§
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Sò atomicity �� false, K?§ 1 Ö��(J´Ø(½�, §�äN� MPI ¢yÚ§S$1L§
k'.

§6.7.2 �Î atomicity ��c�

C

int MPI_File_get_atomicity(MPI_File fh, int *flag)

Fortran

MPI_FILE_GET_ATOMICITY(FH, FLAG, IERR)

INTEGER FH, IERR

LOGICAL FLAG

T¼ê3ëê flag ¥�£ atomicity ��c�.

§6.7.3 ©�Ö���;��m�ÓÚ

C

int MPI_File_sync(MPI_File fh)

Fortran

MPI_FILE_SYNC(FH, IERR)

INTEGER FH, IERR

T¼ê(�òN^§�?§#C�\©��êâ�\�;��. XJ©�3�;��¥�SN®
�Ù§?§UC, KN^T¼ê�(�N^§�?§��ÖT©�����´UC��êâ. N^T
¼ê�ØUkÿ��¤�éT©���{l.½©�.Ö�ö�.

5¿, XJ�m©��?§|�ü�?§¥��?§ ©�¥�\�|êâ, ,��?§F"l
©��Ó� �Ö�ù|êâ, K�?§�UI�N^üg MPI_FILE_SYNC, ¿3ügN^m?1�
gÓÚ (MPI_BARRIER). 1�gé MPI_FILE_SYNC �N^(�1��?§��êâ��\�;��, 
1�gN^K�(�#�\�;���êâ�,��?§Ö�.

MPI_FILE_SYNC ´àÜ.¼ê, ?§|¥¤k?§7LÓ�N^¿�Jø�Ó�ëê.

§6.8 fê|êâa.Mï¼ê

C

int MPI_Type_create_subarray(int ndims,

int array_of_sizes[], int array_of_subsizes[],

int array_of_starts[], int order,

MPI_Datatype oldtype, MPI_Datatype *newtype)
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Fortran

MPI_TYPE_CREATE_SUBARRAY(NDIMS, ARRAY_OF_SIZES,

+ ARRAY_OF_SUBSIZES, ARRAY_OF_STARTS, ORDER,

+ OLDTYPE, NEWTYPE, IERR)

INTEGER NDIMS, ARRAY_OF_SIZES(*), ARRAY_OF_SUBSIZES(*),

+ ARRAY_OF_STARTS(*), ORDER, OLDTYPE, NEWTYPE, IERR

ù´��9Ïêâa.�E¼ê, �^ué©Ùªê|�Ö�ö�.

T¼êMï��/fê|0êâa., =£ã�� n� (�Û) ê|¥��� n�fê|. Mï�
#êâa.��éAu�Ûê|, a.¥êâ� £dfê|���3�Ûê|¥� £(½.

ndims �Ñê|��ê. array_of_sizes[i] �Ñ�Ûê|1 i����. array_of_subsizes[i]

�Ñfê|1 i ����. array_of_starts[i] �Ñfê|1 i �3�Ûê|¥�å© � (ØØ
C �´ Fortran þ^ 0 L«l�Ûê|�1����m©). ëê order �Ñê|���ü�^S,

order = MPI_ORDER_C L«ê|��U C �ê|^Sü�, order = MPI_ORDER_FORTRAN L«ê|�
�U Fortran �ê|^Sü�. oldtype �Ñê|���êâa.. newtype �£¤Mï�fê|ê
âa.�éY.

fê|�����7L�u 0 ¿��u½�u�Ûê|�A����. fê|�å© ��±
´�Ûê|¥�?Û �, �7L(�fê|��¹3�Ûê|¥, ÄK¼êN^��.

XJêâa. oldtype ´�£�êâa., K#êâa. newtype �´�£�êâa..

~ 7.2.5 ¥�Ñ
��¦^ MPI–IO ¼ê�§S«~.



130 18Ù ©�Ñ\ÑÑ (MPI–IO)



1ÔÙ MPI §S«~

§7.1 Ý
¦È

A � M× N �Ý
, B � N× L �Ý
, C � M× L �Ý
"O�Ý
¦È C = AB"

§7.1.1 �{£ã

b�µ¦^ NPROCS � MPI ?§§�{üå�b½ M Ú L þ� NPROCS ��ê"A Ú C U1�
©¤f¬©O�;3ØÓ�?§¥§ B KU��©¤f¬©O�;3ØÓ�?§¥"A, B Ú C �
f¬��©O� MLOC × N, N× LLOC Ú MLOC× L Ù¥ MLOC = M/NPROCS, LLOC = L/NPROCS"äN�;
�ª�:

{ ai,j | k × MLOC < i ≤ (k + 1) × MLOC, 1 ≤ j ≤ N } �;3?§ k �ê| A ¥

{ bi,j | 1 ≤ i ≤ N, k × LLOC < j ≤ (k + 1) × LLOC } �;3?§ k �ê| B ¥

{ ci,j | k × MLOC < i ≤ (k + 1) × MLOC, 1 ≤ j ≤ L } �;3?§ k �ê| C ¥

k = 0, . . . , NPROCS− 1

�{: Ý
 A Ú C �f¬ØÄ, Ý
 B �f¬3��?§mÌ�£Ä"ã 7.1 ´� NPROCS = 3

��O�6§«¿ã"

ã 7.1: Ý
¦{O�6§

§7.1.2 MPI ¿1§S

·�òÌ§SüÕ�3��©�¥§§KI©��;ü�¿)¤Ý
 A Ú B �f¬§,�N^
f§S MATMUL �¤Ý
�¦{$�"

f§S MATMUL �ëê/ªXe:

SUBROUTINE MATMUL(M, N, L, MYRANK, NPROCS, A, B, C, WORK)
DOUBLE PRECISION A(M/NPROCS, N), B(N, L/NPROCS),
& C(M/NPROCS, L), WORK(N, L/NPROCS)

Ù¥ NPROCS � MPI ?§ê, MYRANK ��c?§� MPI ?§Ò"ê| A, B Ú C ©O�;Ý
 A, B

Ú C �f¬"WORK �ó�ê|, §����ê| B ��"

131
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~ 7.1.1. Ý
¦ÈÌ§S (§S3©� matrix-main.f ¥)"

1 *

2 * Parallel matrix multiplication: main program

3 *

4 PROGRAM MATMUL_MAIN

5 IMPLICIT DOUBLE PRECISION (A-H, O-Z)

6 INCLUDE ’mpif.h’

7 PARAMETER (NBUFFER=128*1024*1024/8)

8 DIMENSION BUF(NBUFFER)

9 DOUBLE PRECISION TIME_START, TIME_END

10 EXTERNAL INIT, MATMUL, CHECK

11 *

12 CALL MPI_INIT(IERR)

13 CALL MPI_COMM_RANK(MPI_COMM_WORLD, MYRANK, IERR)

14 CALL MPI_COMM_SIZE(MPI_COMM_WORLD, NPROCS, IERR)

15 *

16 IF (MYRANK.EQ.0) THEN

17 PRINT *, ’Enter M, N, L: ’

18 CALL FLUSH(6)

19 READ(*,*) M, N, L

20 ENDIF

21 CALL MPI_BCAST(M, 1, MPI_INTEGER, 0, MPI_COMM_WORLD, IERR)

22 CALL MPI_BCAST(N, 1, MPI_INTEGER, 0, MPI_COMM_WORLD, IERR)

23 CALL MPI_BCAST(L, 1, MPI_INTEGER, 0, MPI_COMM_WORLD, IERR)

24 *

25 IF ( MOD(M,NPROCS).NE.0 .OR. MOD(L,NPROCS).NE.0 ) THEN

26 IF (MYRANK.EQ.0) PRINT *, ’M OR L Cannot be divided by nprocs!’

27 CALL MPI_FINALIZE(IERR)

28 STOP

29 ENDIF

30 *

31 IA = 1

32 IB = IA + M/NPROCS * N

33 IC = IB + N * L/NPROCS

34 IWK = IC + M/NPROCS * L

35 IEND = IWK + N * L/NPROCS

36 IF ( IEND .GT. NBUFFER+1 ) THEN

37 IF (MYRANK.EQ.0) PRINT *, ’Insufficient buffer size!’

38 CALL MPI_FINALIZE(IERR)

39 STOP

40 ENDIF
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41 *

42 CALL INIT( M, N, L, MYRANK, NPROCS, BUF(IA), BUF(IB), BUF(IC) )

43

44 TIME_START = MPI_WTIME()

45 CALL MATMUL( M, N, L, MYRANK, NPROCS, BUF(IA), BUF(IB), BUF(IC),

46 & BUF(IWK) )

47 TIME_END = MPI_WTIME()

48

49 CALL CHECK( M, N, L, MYRANK, NPROCS, BUF(IA), BUF(IB), BUF(IC) )

50 *

51 IF ( MYRANK .EQ. 0 ) THEN

52 PRINT *, ’TIME = ’, TIME_END-TIME_START

53 PRINT *, ’MFLOPS = ’, M*(N+N-1.0)*L/(TIME_END-TIME_START)*1D-6

54 ENDIF

55 *

56 CALL MPI_FINALIZE(IERR)

57 STOP

58 END

59 *

60 *------------------------------------------------------------------

61 *

62 SUBROUTINE INIT(M, N, L, MYRANK, NPROCS, A, B, C)

63 IMPLICIT DOUBLE PRECISION (A-H, O-Z)

64 INCLUDE ’mpif.h’

65 DIMENSION A(M/NPROCS, N), B(N, L/NPROCS), C(M/NPROCS, L)

66 *

67 MLOC = M/NPROCS

68 LLOC = L/NPROCS

69 *

70 * INIT. A, B

71 DO J=1, N

72 DO I=1, MLOC

73 A(I,J) = I+MYRANK*MLOC

74 ENDDO

75 ENDDO

76 *

77 DO J=1, LLOC

78 DO I=1, N

79 B(I,J) = J+MYRANK*LLOC

80 ENDDO
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81 ENDDO

82 *

83 RETURN

84 END

85 *

86 *------------------------------------------------------------------

87 *

88 SUBROUTINE CHECK(M, N, L, MYRANK, NPROCS, A, B, C)

89 IMPLICIT DOUBLE PRECISION (A-H, O-Z)

90 INCLUDE ’mpif.h’

91 DIMENSION A(M/NPROCS, N), B(N, L/NPROCS), C(M/NPROCS, L)

92 INTEGER LOCAL_CODE, CODE

93 *

94 MLOC = M/NPROCS

95 LLOC = L/NPROCS

96 *

97 * CHECK THE RESULTS

98 LOCAL_CODE = 0

99 DO J=1, L

100 DO I=1, MLOC

101 IF ( ABS(C(I,J) - N*DBLE(I+MYRANK*MLOC)*J) .GT. 1D-10 ) THEN

102 LOCAL_CODE = 1

103 GOTO 10

104 ENDIF

105 ENDDO

106 ENDDO

107 *

108 10 CALL MPI_REDUCE( LOCAL_CODE, CODE, 1, MPI_INTEGER, MPI_SUM, 0,

109 & MPI_COMM_WORLD, IERR)

110 *

111 IF ( MYRANK .EQ. 0 ) THEN

112 PRINT *, ’Code = ’, CODE

113 ENDIF

114 *

115 RETURN

116 END

~ 7.1.2. Ý
¦f§S: ¦^ MPI_Sendrecv_replace (§S3©� matrix1.f ¥)"

1 *

2 * Parallel multiplication of matrices using MPI_Sendrecv
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3 *

4 SUBROUTINE MATMUL(M, N, L, MYRANK, NPROCS, A, B, C, WORK)

5 IMPLICIT DOUBLE PRECISION (A-H, O-Z)

6 INCLUDE ’mpif.h’

7 DIMENSION A(M/NPROCS, N), B(N, L/NPROCS), C(M/NPROCS, L),

8 & WORK(N, L/NPROCS)

9 INTEGER SRC, DEST, TAG

10 INTEGER STATUS(MPI_STATUS_SIZE)

11 *

12 MLOC = M/NPROCS

13 LLOC = L/NPROCS

14 *

15 DEST = MOD( MYRANK-1+NPROCS, NPROCS )

16 SRC = MOD( MYRANK+1, NPROCS )

17 *

18 JPOS=MYRANK*LLOC

19 *

20 DO IP=1, NPROCS - 1

21 TAG = 10000 + IP

22 *

23 DO J=1, LLOC

24 DO I=1, MLOC

25 SUM=0.D0

26 DO K=1, N

27 SUM = SUM + A(I,K) * B(K,J)

28 ENDDO

29 C(I, J+JPOS) = SUM

30 ENDDO

31 ENDDO

32 *

33 CALL MPI_SENDRECV_REPLACE(B, N*LLOC, MPI_DOUBLE_PRECISION,

34 & DEST, TAG, SRC, TAG, MPI_COMM_WORLD, STATUS, IERR)

35 *

36 JPOS = JPOS + LLOC

37 IF ( JPOS .GE. L ) JPOS = 0

38 *

39 ENDDO

40 *

41 DO J=1, LLOC

42 DO I=1, MLOC
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43 SUM=0.D0

44 DO K=1, N

45 SUM = SUM + A(I,K) * B(K,J)

46 ENDDO

47 C(I, J+JPOS) = SUM

48 ENDDO

49 ENDDO

50 *

51 RETURN

52 END

�±^eã·-?È!$1~ 7.1.1–7.1.2 �Ñ�§S:

mpif77 -O3 -o matrix matrix-main.f matrix1.f

mpirun -np 4 matrix

§7.1.3 MPI ¿1§S�U?

~ 7.1.3. ¦^ÉÚÏ&¼ê MPI_Isend/MPI_Irecv§3·��M��¸e§�¦�O��Ï&U
?1"T§S3©� matrix2.f ¥"

1 *

2 * Parallel multiplication of matrices using MPI_Isend/MPI_Irecv

3 *

4 SUBROUTINE MATMUL(M, N, L, MYRANK, NPROCS, A, B, C, WORK)

5 IMPLICIT DOUBLE PRECISION (A-H, O-Z)

6 INCLUDE ’mpif.h’

7 DIMENSION A(M/NPROCS, N), B(N, L/NPROCS), C(M/NPROCS, L),

8 & WORK(N, L/NPROCS)

9 INTEGER SRC, DEST, TAG

10 INTEGER STATUS(MPI_STATUS_SIZE, 2), REQUEST(2)

11 *

12 MLOC = M/NPROCS

13 LLOC = L/NPROCS

14 *

15 DEST = MOD( MYRANK-1+NPROCS, NPROCS )

16 SRC = MOD( MYRANK+1, NPROCS )

17 *

18 JPOS=MYRANK*LLOC

19 *

20 DO IP=1, NPROCS - 1

21 TAG = 10000 + IP

22 *
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23 CALL MPI_ISEND( B, N*LLOC, MPI_DOUBLE_PRECISION, DEST, TAG,

24 & MPI_COMM_WORLD, REQUEST(1), IERR )

25 CALL MPI_IRECV( WORK, N*LLOC, MPI_DOUBLE_PRECISION, SRC, TAG,

26 & MPI_COMM_WORLD, REQUEST(2), IERR )

27 *

28 DO J=1, LLOC

29 DO I=1, MLOC

30 SUM=0.D0

31 DO K=1, N

32 SUM = SUM + A(I,K) * B(K,J)

33 ENDDO

34 C(I, J+JPOS) = SUM

35 ENDDO

36 ENDDO

37 *

38 CALL MPI_WAITALL(2, REQUEST, STATUS, IERR)

39 *

40 * �� WORK -> B (�±ÏL3O�/Ï&¥�O¦^ B/WORK 5;�Tö�)

41 DO J=1, LLOC

42 DO I=1, N

43 B(I,J) = WORK(I,J)

44 ENDDO

45 ENDDO

46 *

47 JPOS = JPOS + LLOC

48 IF ( JPOS .GE. L ) JPOS = 0

49 *

50 ENDDO

51 *

52 DO J=1, LLOC

53 DO I=1, MLOC

54 SUM=0.D0

55 DO K=1, N

56 SUM = SUM + A(I,K) * B(K,J)

57 ENDDO

58 C(I, J+JPOS) = SUM

59 ENDDO

60 ENDDO

61 *

62 RETURN
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63 END

~ 7.1.4. N^ BLAS ¥¼ê�¤Ý
f¬�¦È"À^·�� BLAS ¥�±�ÌÝJp§S�¢S
$15U"§S3©� matrix-blas.f ¥"5¿§?ÈT§S�7L� BLAS ¥ó�"

1 *

2 * Parallel multiplication of matrices using MPI_Isend/MPI_Irecv and BLAS

3 *

4 SUBROUTINE MATMUL(M, N, L, MYRANK, NPROCS, A, B, C, WORK)

5 IMPLICIT DOUBLE PRECISION (A-H, O-Z)

6 INCLUDE ’mpif.h’

7 DIMENSION A(M/NPROCS, N), B(N, L/NPROCS), C(M/NPROCS, L),

8 & WORK(N, L/NPROCS)

9 INTEGER SRC, DEST, TAG

10 INTEGER STATUS(MPI_STATUS_SIZE, 2), REQUEST(2)

11 *

12 MLOC = M/NPROCS

13 LLOC = L/NPROCS

14 *

15 DEST = MOD( MYRANK-1+NPROCS, NPROCS )

16 SRC = MOD( MYRANK+1, NPROCS )

17 *

18 JPOS=MYRANK*LLOC

19 *

20 DO IP=1, NPROCS - 1

21 TAG = 10000 + IP

22 *

23 CALL MPI_ISEND( B, N*LLOC, MPI_DOUBLE_PRECISION, DEST, TAG,

24 & MPI_COMM_WORLD, REQUEST(1), IERR )

25 CALL MPI_IRECV( WORK, N*LLOC, MPI_DOUBLE_PRECISION, SRC, TAG,

26 & MPI_COMM_WORLD, REQUEST(2), IERR )

27 *

28 CALL DGEMM(’N’, ’N’, MLOC, LLOC, N, 1.D0, A, MLOC, B, N, 0.D0,

29 & C(1,1+JPOS), MLOC)

30 *

31 CALL MPI_WAITALL(2, REQUEST, STATUS, IERR)

32 *

33 * �� WORK -> B (�±ÏL3O�/Ï&¥�O¦^ B/WORK 5;�Tö�)

34 CALL DCOPY(N*LLOC, WORK, 1, B, 1)

35 *

36 JPOS = JPOS + LLOC
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37 IF ( JPOS .GE. L ) JPOS = 0

38 *

39 ENDDO

40 *

41 CALL DGEMM(’N’, ’N’, MLOC, LLOC, N, 1.D0, A, MLOC, B, N, 0.D0,

42 & C(1,1+JPOS), MLOC)

43 *

44 RETURN

45 END

�� 7.1.1. ?U~ 7.1.4 ¥�§S§±;�1 34 1�Ý
�� (DCOPY) ö�"

�� 7.1.2. ?U~ 7.1.4 ¥�§S§�¦3Ø¦^¥mê| work ��¹e¢yO��Ï&� (Ü©)

U"?U��§Sé5Uk�oK�? (J«: òê| B ©¤ü�§��Ï&§��O�)"

§7.2 Poisson �§¦)

�O MPI §S§¦)½Â3��5K«�þ� Poisson �§:−∆u(x, y) = f(x, y) (x, y) ∈ Ω = (0, a) × (0, b)

u(x, y)|∂Ω = g(x, y)
(7.1)

Ù¥§f(x, y) Ú g(x, y) �®�¼ê§©O½Â3«� Ω �SÜÚ>."

§7.2.1 ¿1�{�O

÷�I¶ x Ú y ��§©O�Ú�

hx =
a

IM
, hy =

b

JM
(7.2)

ò«� Ω lÑ¤5�� IM×JM ���§Ù¥ IM Ú JM ©O�÷�I¶ x Ú y �����ü��ê"
Ø���§ (7.1) �Cq) u(x, y) ½Â3¤k��(:þ§�^Xe��þL«ui,j = u(i × hx, j × hy) 1 ≤ i ≤ IM− 1, 1 ≤ j ≤ JM− 1

ui,j = gi,j = g(i × hx, j × hy) i = 0 ½ i = IM ½ j = 0 ½ j = JM
(7.3)

^��¥%�ûCq�ê:
uxx(i × hx, j × hy) ≈ ui−1,j − 2ui,j + ui+1,j

h2
x

,

uyy(i × hx, j × hy) ≈ ui,j−1 − 2ui,j + ui,j+1

h2
y

(7.4)

¿P
fi,j = f(i × hx, j × hy) (7.5)
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ò±þ§ª�\ª (7.1), K¯K=z�¦)DÕ�5�ê�§|µ

2(h2
x + h2

y)ui,j − h2
y(ui−1,j + ui+1,j) − h2

x(ui,j−1 + ui,j+1) = h2
xh2

yfi,j ,

1 ≤ i ≤ IM− 1, 1 ≤ j ≤ JM− 1
(7.6)

äN/§·�òæ^¯¤±�� Jacobi :S��{¦)�§ (7.6)"

§7.2.2 MPI ¿1§S�O

�O¦)�§ (7.1) � MPI ¿1§S7L�Äü�'�¯Kµ
1�§ÀJ�(�«�©)üÑ"ò«� Ω ©)¤õ�f«�§©��ØÓ�?§§¿�y?§

m�K1²ïÚ����ED4Ï&m�"Ï~kü«�ªµ1¤÷ y �����^©)üÑ§Xã
7.2(a) ¤«¶2¤÷ü������¬©)üÑ§Xã 7.2(b) ¤«"w,§XJ� x ���?§�ê�
u 1§K��¬©)üÑÒòz���^©)üÑ"ÃØ=«�ª§ÑAT¦þ�yz�f«��¹
���(:�ê��§Ï�ù�âU�y?§m�K1²ï"

(a) ��^©) (b) ��¬©)

ã 7.2: ü««�©)üÑ

1�§ÀJÜ·�Ï&êâ(�"dª (7.6) ��§3?¿��(:þ§�1 Jacobi :S�I�
��T(:þ!e!�!mo���(:þ�Cq)"Ïd§3zg Jacobi S��c§z�?§7L
�Ù���?§��>.(:þ�Cq)"
�
£ãÏ&êâ(�§Ø���§Cq)½Â3��ü��¥%"ã 7.3 �Ñ
�� 3×3 ��

�¬«�©)§Ù¥§��f«��©��ØÓ�?§§��?§KI¦)Tf«��Cq)"äN
/§?§ 5 ò�Ù���o�?§ (?§ 2!?§ 4!?§ 6 Ú?§ 8) ÑÑ “•” I«���ü��C
q)¶Ó�§lùo�?§�Â^ “◦” I«���ü�þ�Cq)"Ïd§XÛ+nù
÷«�©)
>.�����ü�þ�þ§ò¬��K�� MPI §S�¿15U"ã 7.4 �Ñ
��'�k��
�{§Ò´÷��f«��>.§�	O\��°Ý� 1 �9Ï��ü�§̂ u�;��f«�3ù

��ü�þ�Cq)"

aq/§Ó��êâ(��·AuCq)½Â3��(:þ��/§ùpØ2?Ø"
e¡§Äu±þ��¬«�©)üÑÚÏ&êâ(�§�Ñ¦)�©�§ (7.6) � MPI ¿1§

S"Ù¥§Cq)½Â3��(:þ"�
{ü§ùpb���ü��ê IM Ú JM U©O�÷ x ��
Ú y ���?§�ê NPX Ú NPY �Ø, ?§�SÒUg,Sü� (k÷ x ��§�÷ y ��)"

~ 7.2.1. ¿1 Jacobi :S� MPI §Sµ��¬©)üÑ (§S�©� poisson0.f )"

1 ! Poisson �§¦): ¦^{lÏ&(�Uk£)"�ö: #K�
2 INCLUDE "mpif.h"

3 PARAMETER(DA=2.0, DB=3.0) ! ¯K¦)«�÷X!Y�����
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ã 7.3: 3 × 3 ��«�©)

ã 7.4: 9Ï��ü�«¿ã

4 PARAMETER(IM=30, JM=60) ! ÷X!Y����Û��5�
5 PARAMETER(NPX=1, NPY=1) ! ÷X!Y���?§�ê
6 PARAMETER(IML=IM/NPX, JML=JM/NPY)

7 ! �?§÷X!Y���ÛÜ��5�, =��Û��5��1/(NPX*NPY)

8 REAL U(0:IML+1, 0:JML+1) ! ½Â3��(:�Cq)
9 REAL US(0:IML+1, 0:JML+1) ! ½Â3��(:�°()

10 REAL U0(IML, JML) ! JacobiS�9ÏCþ
11 REAL F(IML, JML) ! ¼êf(x, y)3��(:þ��
12 INTEGER NPROC ! mpirunéÄ�?§�ê, 7L�uNPX*NPY

13 INTEGER MYRANK,MYLEFT,MYRIGHT,MYUPPER,MYLOWER

14 ! �?§g��SÒ, 4���?§�SÒ
15 INTEGER MEPX,MEPY ! �?§g��SÒ÷X,Y����I
16 REAL XST,YST ! �?§Pk�f«�÷X,Y���å©�I
17 REAL HX, HY ! ÷X,Y�����lÑÚ�
18 REAL HX2,HY2,HXY2,RHXY

19 INTEGER IST,IEND,JST,JEND

20 ! �?§÷X,Y���SÜ��(:�å©Úª��I
21 INTEGER HTYPE, VTYPE

22 ! MPI^rg½Âêâa., L«�?§÷X,Y��
23 ! ���?§���êâü�
24 INTEGER STATUS(MPI_STATUS_SIZE)

25 ! In-line functions

26 solution(x,y)=x**2+y**2 ! )Û)
27 rhs(x,y)=-4.0 ! Poisson �§�(mà�)

28 !

29 ! §S��1�ém©
30 CALL MPI_INIT(IERR)

31 CALL MPI_COMM_SIZE(MPI_COMM_WORLD,NPROC,IERR)

32 IF (NPROC.NE.NPX*NPY.OR.MOD(IM,NPX).NE.0.OR.MOD(JM,NPY).NE.0) THEN
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33 PRINT *, ’+++ mpirun -np xxx error OR grid scale error, ’,

34 & ’exit out +++’

35 CALL MPI_FINALIZE(IERR)

36 STOP

37 ENDIF

38 !

39 ! Ug,S(k÷X��, �÷Y��)(½�?§g�9Ù4���?§�SÒ
40 CALL MPI_COMM_RANK(MPI_COMM_WORLD,MYRANK,IERR)

41 MYLEFT = MYRANK - 1

42 IF (MOD(MYRANK,NPX).EQ.0) MYLEFT=MPI_PROC_NULL

43 MYRIGHT = MYRANK + 1

44 IF (MOD(MYRIGHT,NPX).EQ.0) MYRIGHT=MPI_PROC_NULL

45 MYUPPER = MYRANK + NPX

46 IF (MYUPPER.GE.NPROC) MYUPPER=MPI_PROC_NULL

47 MYLOWER = MYRANK - NPX

48 IF (MYLOWER.LT.0) MYLOWER=MPI_PROC_NULL

49 MEPY=MYRANK/NPX

50 MEPX=MYRANK-MEPY*NPX

51 ! éA��NPY(NPX Cartesian1ÌS�I�(MEPY,MEPX).

52 !

53 ! Ä�CþD�, (½�?§KI�f«�
54 HX =DA/IM

55 HX2=HX*HX

56 HY =DB/JM

57 HY2=HY*HY

58 HXY2=HX2*HY2

59 RHXY=0.5/(HX2+HY2)

60 XST=MEPX*DA/NPX

61 YST=MEPY*DB/NPY

62 IST=1

63 IEND=IML

64 IF (MEPX.EQ.NPX-1) IEND=IEND-1 ! �m>�«�X�����:
65 JST=1

66 JEND=JML

67 IF (MEPY.EQ.NPY-1) JEND=JEND-1 ! �þ>�«�Y�����:
68 !

69 ! êâa.½Â
70 CALL MPI_TYPE_CONTIGUOUS(IEND-IST+1, MPI_REAL, HTYPE, IERR)

71 CALL MPI_TYPE_COMMIT(HTYPE, IERR)

72 ! ÷X���ëYIEND-IST+1�MPI_REALêâü�,
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73 ! �^uL«T?§�Ùþ!e?§���êâü�
74 CALL MPI_TYPE_VECTOR(JEND-JST+1, 1, IML+2, MPI_REAL, VTYPE, IERR)

75 CALL MPI_TYPE_COMMIT(VTYPE, IERR)

76 ! ÷Y���ëYJEND-JST+1�MPI_REALêâü�,

77 ! �^uL«T?§�Ù�!m?§���êâü�
78 !

79 DO J=JST-1, JEND+1

80 DO I=IST-1, IEND+1

81 xx=(I+MEPX*IML)*HX ! xx=XST+I*HX

82 yy=(J+MEPY*JML)*HY ! yy=YST+J*HY

83 IF (I.GE.IST.AND.I.LE.IEND .AND. J.GE.JST.AND.J.LE.JEND) THEN

84 U(I,J) = 0.0 ! Cq)DÐ�
85 US(I,J) = solution(xx,yy) ! )Û)
86 F(I,J) = rhs(xx,yy) ! mà�
87 ELSE IF ((I.EQ.IST-1 .AND. MEPX.EQ.0) .OR.

88 & (J.EQ.JST-1 .AND. MEPY.EQ.0) .OR.

89 & (I.EQ.IEND+1 .AND. MEPX.EQ.NPX-1) .OR.

90 & (J.EQ.JEND+1 .AND. MEPY.EQ.NPY-1)) THEN

91 U(I,J) = solution(xx,yy) ! >.�
92 ENDIF

93 ENDDO

94 ENDDO

95 !

96 ! JacobiS�¦)
97 NITER=0

98 100 CONTINUE

99 NITER=NITER+1

100 !

101 ! ��½Â39Ï��(:þ�Cq)
102 CALL MPI_SEND(U(1,1), 1, VTYPE, MYLEFT, NITER+100,

103 & MPI_COMM_WORLD,IERR) ! ux�>.
104 CALL MPI_SEND(U(IEND,1), 1, VTYPE, MYRIGHT, NITER+100,

105 & MPI_COMM_WORLD,IERR) ! uxm>.
106 CALL MPI_SEND(U(1,1), 1, HTYPE, MYLOWER, NITER+100,

107 & MPI_COMM_WORLD,IERR) ! uxe>.
108 CALL MPI_SEND(U(1,JEND), 1, HTYPE, MYUPPER, NITER+100,

109 & MPI_COMM_WORLD,IERR) ! uxþ>.
110 CALL MPI_RECV(U(IEND+1,1), 1, VTYPE, MYRIGHT, NITER+100,

111 & MPI_COMM_WORLD,STATUS,IERR) ! �Âm>.
112 CALL MPI_RECV(U(0,1), 1, VTYPE, MYLEFT, NITER+100,
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113 & MPI_COMM_WORLD, STATUS,IERR) ! �Â�>.
114 CALL MPI_RECV(U(1,JEND+1), 1, HTYPE, MYUPPER, NITER+100,

115 & MPI_COMM_WORLD, STATUS,IERR) ! �Âþ>.
116 CALL MPI_RECV(U(1,0), 1, HTYPE, MYLOWER, NITER+100,

117 & MPI_COMM_WORLD, STATUS, IERR) ! �Âe>.
118 DO J=JST,JEND

119 DO I=IST,IEND

120 U0(I,J)=RHXY*(HXY2*F(I,J)+HX2*(U(I,J-1)+U(I,J+1))

121 & +HY2*(U(I-1,J)+U(I+1,J)))

122 ENDDO

123 ENDDO

124 !

125 ! O��°()m�Ø�
126 ERR=0.0

127 DO J=JST,JEND

128 DO I=IST,IEND

129 U(I,J)=U0(I,J)

130 ERR=MAX(ERR, ABS(U(I,J)-US(I,J))) ! ^L\infty�±¦Ø��NPÃ'
131 ENDDO

132 ENDDO

133 ERR0=ERR

134 CALL MPI_ALLREDUCE(ERR0,ERR,1,MPI_REAL,MPI_MAX,

135 & MPI_COMM_WORLD,IERR)

136 IF (MYRANK.EQ.0 .AND. MOD(NITER,100).EQ.0) THEN

137 PRINT *, ’NITER = ’, NITER, ’, ERR = ’, ERR

138 ENDIF

139 !

140 IF (ERR.GT.1.E-3) THEN ! Âñ5�ä
141 GOTO 100 ! vkÂñ, ?\egS�
142 ENDIF

143 !

144 IF (MYRANK.EQ.0) THEN

145 PRINT *, ’ !!! Successfully converged after ’,

146 & NITER, ’ iterations’

147 PRINT *, ’ !!! error = ’, ERR

148 ENDIF

149 ! ÑÑCq)(Ñ)

150 !

151 CALL MPI_FINALIZE(IERR)

152 END
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3þ~¥§·��½
T MPI §S�)�?§�ê NP = NPY*NPX§ù�����Ì�8�´
�
¦�?§�S��m=��AG1§S� 1/(NPY*NPX)§l¦��5G1§S3üÅþduS
�Ø
Ã{O��¯KÏLõÅ¿1O�¤��U"�,§ù����5�
ØB§~X§�¦
MPI $1·- “mpirun -np xxx” ¥�ëê xxx �u NPY*NPX§�XJëê NPY Ú NPX �UC�§7
L#?ÈT§S"

§7.2.3 MPI ¿1§S�U?

3~ 7.2.1 ¥§��½Â39Ï��(:Cq)� 8 ^�ED4�é (102–117 1) ´T MPI §
S�'�"�´§d MPI IO��, §�´ØS��§Ï�3,
¿1Åþ§��E��� (~X�
u 16KB)§�Udu MPI XÚ��«�����§���1T MPI §S�?§�k£"Ïd§·
�ò§�O�¤Xe��{lÏ&¼ê"

~ 7.2.2. U?�µ�{lÏ& (§S�©� poisson1.f )

... ... ... ... ... ... (Ñ)
! ^e�1O� poisson0.f 1241

INTEGER REQ(8), STATUS(MPI_STATUS_SIZE,8)
... ... ... ... ... ... (Ñ)

! ^eãSNO� poisson0.f 1102-1171
CALL MPI_ISEND(U(1,1), 1, VTYPE, MYLEFT, NITER+100,
& MPI_COMM_WORLD,REQ(1),IERR) ! ux�>.
CALL MPI_ISEND(U(IEND,1), 1, VTYPE, MYRIGHT, NITER+100,
& MPI_COMM_WORLD,REQ(2),IERR) ! uxm>.
CALL MPI_ISEND(U(1,1), 1, HTYPE, MYLOWER, NITER+100,
& MPI_COMM_WORLD,REQ(3),IERR) ! uxe>.
CALL MPI_ISEND(U(1,JEND), 1, HTYPE, MYUPPER, NITER+100,
& MPI_COMM_WORLD,REQ(4),IERR) ! uxþ>.
CALL MPI_IRECV(U(IEND+1,1), 1, VTYPE, MYRIGHT, NITER+100,
& MPI_COMM_WORLD, REQ(5),IERR) ! �Âm>.
CALL MPI_IRECV(U(0,1), 1, VTYPE, MYLEFT, NITER+100,
& MPI_COMM_WORLD, REQ(6),IERR) ! �Â�>.
CALL MPI_IRECV(U(1,JEND+1), 1, HTYPE, MYUPPER, NITER+100,
& MPI_COMM_WORLD, REQ(7),IERR) ! �Âþ>.
CALL MPI_IRECV(U(1,0), 1, HTYPE, MYLOWER, NITER+100,
& MPI_COMM_WORLD, REQ(8),IERR) ! �Âe>.
CALL MPI_WAITALL(8,REQ,STATUS,IERR) ! {lª���ED4�(å
... ... ... ... ... ... (Ñ)

3~ 7.2.1 ¥§·��±ò 118–123 1�Ì�©�¤ü�Ü©§Ù¥��Ü©I�9Ï��:þ
�Cq)§,��Ü©ØI�9Ï��:þ�Cq)"ù�§�
U?T MPI §S�¿15U§·
��±ò���Ü©�O��~ 7.2.2 ��{l�ED4Uå5§l��¶-�äò´�8�"
äNU?Xe"

~ 7.2.3. U?�µUÏ&�O� (§S�©� poisson2.f )

... ... ... ... ... ... (Ñ)
! ^eãSNO� poisson1.f 1119-1241

DO J=JST+1,JEND-1
DO I=IST+1,IEND-1

file:poisson1.f
file:poisson2.f
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U0(I,J)=RHXY*(HXY2*F(I,J)+HX2*(U(I,J-1)+U(I,J+1))
& +HY2*(U(I-1,J)+U(I+1,J)))
ENDDO
ENDDO
CALL MPI_WAITALL(8,REQ,STATUS,IERR) ! {lª���ED4�(å
DO J=JST, JEND, JEND-JST
DO I=IST, IEND

U0(I,J)=RHXY*(HXY2*F(I,J)+HX2*(U(I,J-1)+U(I,J+1))
& +HY2*(U(I-1,J)+U(I+1,J)))
ENDDO
ENDDO
DO J=JST, JEND
DO I=IST, IEND, IEND-IST

U0(I,J)=RHXY*(HXY2*F(I,J)+HX2*(U(I,J-1)+U(I,J+1))
& +HY2*(U(I-1,J)+U(I+1,J)))
ENDDO
ENDDO
... ... ... ... ... ... (Ñ)

3~ 7.2.1–7.2.3 ¥§�?§Ug,S (k÷ x ��§�÷ y ��) (½�§��� 4 �?§�
SÒ (MYLEFT, MYRIGHT, MYLOWER, MYUPPER), ±9§gC¤?�1ÌS � (MEPY§MEPX)"¢Sþ§ù

?§U«�©)üÑ�±ég,/N�� NPY*NPX ��� Cartesian ÿÀ(� (ëw §5.18.1)§
(MEPY§MEPX) Ò´�?§3TÿÀ(�¥��I"Ïd§·��±lÏ&ì MPI_COMM_WORLD Ñu, ï
á�� Cartesian ÿÀ(�§l�B/(½�?§���'X§¿¦����¤k MPI �ED4þ
ÄuTÿÀ(�?1"

~ 7.2.4. U?nµ�� Cartesian ÿÀ(� (§S�©� poisson3.f )

... ... ... ... ... ... (Ñ)
! 3 poisson[012].f §SÞ(Cþ(²Ü©)\\e¡�1

INTEGER COMM, DIMS(2),COORD(2)
LOGICAL PERIOD(2),REORDER
... ... ... ... ... ... (Ñ)

! ^eãSNO� poisson[012].f 139-501
DIMS(1)=NPY ! ÿÀ(�¥Y���?§�ê
DIMS(2)=NPX ! ÿÀ(�¥X���?§�ê
PERIOD(1)=.FALSE. ! ÷Y��, ÿÀ(��±Ïë�
PERIOD(2)=.FALSE. ! ÷X��, ÿÀ(��±Ïë�
REORDER=.TRUE. ! 3#Ï&ì¥, ?§#ü�SÒ
CALL MPI_CART_CREATE(MPI_COMM_WORLD, 2, DIMS, PERIOD, REORDER,
& COMM, IERR)
CALL MPI_COMM_RANK(COMM,MYRANK,IERR)
CALL MPI_CART_COORDS(COMM,MYRANK,2,COORD,IERR)
MEPY=COORD(1)
MEPX=COORD(2)
CALL MPI_CART_SHIFT(COMM, 0, 1, MYLOWER, MYUPPER, IERR) ! Y��
CALL MPI_CART_SHIFT(COMM, 1, 1, MYLEFT, MYRIGHT, IERR) ! X��
... ... ... ... ... ... (Ñ)

file:poisson3.f
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3~ 7.2.1–7.2.4 ¥§·��Ñ
Cq)�ÑÑ§ùp§·�^1 18Ù Ù¥0�� MPI ¿1
I/O ¼ê¢yCq)�¿1ÑÑ"AO/, ·��¦ÑÑ�Cq)Ug,Sü�§��¹Ôn>.(
:"

~ 7.2.5. U?oµ¿1 I/O (§S�©� poisson4.f )"T§S¦^
Õá©���!àÜ.¼ê
MPI_FILE_WRITE_ALL (ëwL 6.5)"

... ... ... ... ... ... (Ñ)
! 3§SÞ(Cþ(²Ü©)\\e¡SN

INTEGER FH, FILETYPE, MEMTYPE, GSIZE(2), LSIZE(2), START(2)
! 5¿: le¡n«/ª�Cþ(²¥�â¤¦^�MPIXÚÀJ���(�
! (�±ë�©� mpiof.h ½ mpif.h ¥ MPI_OFFSET_KIND �½Â)
! INTEGER(kind=MPI_OFFSET_KIND) OFFSET ! ·^u Fortran 90
! INTEGER*8 OFFSET ! ·^u 64  XÚ

INTEGER*4 OFFSET ! ·^u,
 32  XÚ
... ... ... ... ... ... (Ñ)

! 3Ik/ÑÑCq)(Ñ)0? (�ê1o1) \\eãSN
GSIZE(1)=IM+1
GSIZE(2)=JM+1
LSIZE(1)=IEND-IST+1
IF (MEPX.EQ.0) LSIZE(1)=LSIZE(1)+1
IF (MEPX.EQ.NPX-1) LSIZE(1)=LSIZE(1)+1
LSIZE(2)=JEND-JST+1
IF (MEPY.EQ.0) LSIZE(2)=LSIZE(2)+1
IF (MEPY.EQ.NPY-1) LSIZE(2)=LSIZE(2)+1
START(1)=IML*MEPX
IF (MEPX.NE.0) START(1)=START(1)+1
START(2)=JML*MEPY
IF (MEPY.NE.0) START(2)=START(2)+1

!
! ½ÂÛÜfê|êâa.

CALL MPI_TYPE_CREATE_SUBARRAY(2, GSIZE, LSIZE, START,
& MPI_ORDER_FORTRAN, MPI_REAL, FILETYPE, IERR)
CALL MPI_TYPE_COMMIT(FILETYPE, IERR)

!
! �m�?�©�

CALL MPI_FILE_OPEN(COMM,’result.dat’,
& MPI_MODE_CREATE + MPI_MODE_WRONLY,
& MPI_INFO_NULL, FH, IERR)
OFFSET=0 ! 5¿¦^�(�Cþa. (INTEGER*4 ½ INTEGER*8)

! (ë�©� mpif.h ¥ MPI_OFFSET_KIND �½Â)
CALL MPI_FILE_SET_VIEW(FH, OFFSET, MPI_REAL, FILETYPE,
& ’native’, MPI_INFO_NULL, IERR)

!
! ½Âêâa., £ãfê|3S�¥�©Ù

GSIZE(1)=IML+2
GSIZE(2)=JML+2
START(1)=1
IF (MEPX.EQ.0) START(1)=0
START(2)=1
IF (MEPY.EQ.0) START(2)=0
CALL MPI_TYPE_CREATE_SUBARRAY(2, GSIZE, LSIZE, START,

file:poisson4.f
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& MPI_ORDER_FORTRAN, MPI_REAL, MEMTYPE, IERR)
CALL MPI_TYPE_COMMIT(MEMTYPE, IERR)

!
! ÑÑCq)(¹Ôn>.(:)

CALL MPI_FILE_WRITE_ALL(FH, U, 1, MEMTYPE, STATUS, IERR)
CALL MPI_FILE_CLOSE(FH, IERR)

!
... ... ... ... ... ... (Ñ)

��§~ 7.2.2∼~ 7.2.5 ©Ol�{lÏ&!UÏ&�O�!ÿÀ(�Ú¿1 I/O o��¡§
|^�A� MPI ¼ê§�gU?
~ 7.2.1 ¥ MPI §S�õUÚ¿15U"ÏLTA^«~§Öö
�±�Ð/ò¤0�� MPI ¼êéX3�å§)û¢S¯K"

�� 7.2.1. 3~ 7.2.1–7.2.5 ¥^
�ü9Ï��ü�"ÏLO\J[��:�°Ý�±JpÏ&â
Ý"~X§XJ¦^üü9Ï��ü�§K�±zügS����gf«�>.NC�Cq)§�d
´f«�mO\
�þ�EO�"Á?U~ 7.2.4 ½~ 7.2.5 ¥�§S§3§S¥O\��ëê BW,

§�L9Ï��ü��°Ý (bw ≥ 1), ¿'�ØÓ BW ��é§S5U�K�"

�� 7.2.2. ?U~ 7.2.5 ¥�§S§ò Jacobi S�U�ùç^S� Gauss–Seidel S�"
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§A.1 Linpack 5UÿÁ

§A.1.1 �'ó�

• ¥Ip5UO�Å TOP100 ü1�

– http://www.samss.org.cn/

• Top500 Supercomputer Sites

– http://www.top500.org

• Clusters@TOP500

– http://clusters.top500.org/

• Frequently Asked Questions on the Linpack Benchmark and Top500

– http://www.netlib.org/utk/people/JackDongarra/faq-linpack.html

– http://netlib.amss.ac.cn/utk/people/JackDongarra/faq-linpack.html

§A.1.2 HPL {0

• A Portable Implementation of High Performance Linpack Benckmark, Ùc�¡� HPC (Linpack’s

Highly Parallel Computing benchmark).

• �ö: A. Petitet, R. C. Whaley, J. Dongarra, A. Cleary, Innovative Computing Laboratory, Com-

puter Science Department, University of Tennessee.

• e1:

http://www.netlib.org/benchmark/hpl

½:

http://netlib.amss.ac.cn/benchmark/hpl (ISº�)

• �{!õU�A::

– 1Ì� LU ©)¦)�.È��5�ê�§|.

– �ED4¿1, ·^u MPP ÚÅ+XÚ (��^uÙ§¿1XÚ, X SMP �).

– �ÑØ��OÚ§S�¢SO��Ý (Gflops).

– p5U!p¿1�Ç!p�*Ð5.

– ·^u�5�¿1 Linpack 5UÿÁ (Highly Parallel Linpack benchmark)
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ã A.1: HPL ^�(�

§A.1.3 ·^u Linux � BLAS ¥

• IO Fortran/C §S:

– http://www.netlib.org/blas/

– http://netlib.amss.ac.cn/blas/ (ISº�)

– ":: 5U$, Ï~ <∼ 10% ¸�.

• ATLAS: Automatically Tuned Linear Algebra Software.

– http://www.netlib.org/atlas/

– http://netlib.amss.ac.cn/atlas/

– 5U�p

• ASCI–Red BLAS: http://www.cs.utk.edu/ ghenry/distrib

• Intel Math Kernel Library: http://developer.intel.com/software/products/mkl/

• Kazushige Goto’s BLAS: http://www.cs.utexas.edu/users/flame/goto/

§A.1.4 HPL �?È!$1�5U`z

• e1�è:

– http://www.netlib.org/benchmark/hpl/hpl.tgz

– http://netlib.amss.ac.cn/benchmark/hpl/hpl.tgz (ISº�)

• Ðm HPL �è:

% tar xpvf hpl.tgz

% cd hpl

• 5¿: AT3^rÌ8¹eÐm, ÄK make �¬Ñ�.

• c[�Ö©� INSTALL ¥�SC`².

• 3 setup 8¹¥ÀJ��©� Make.xxxx, òÙ���º��c8¹, X:

% cp setup/Make.Linux_PII_FBLAS .

• �â?Èì!MPI � BLAS ��¹é Make.xxxx ��A?U, ,��\ “make arch=xxxx”, X:

% make arch=Linux_PII_FBLAS

• ?È�¤�ò3 bin/xxxx/ (þ~¥� bin/Linux_PII_FBLAS/) e�)©� xhpl Ú HPL.dat

http://www.netlib.org/blas/
http://netlib.amss.ac.cn/blas/
http://www.netlib.org/atlas/
http://netlib.amss.ac.cn/atlas/
http://www.cs.utk.edu/~ghenry/distrib
http://developer.intel.com/software/products/mkl/
http://www.cs.utexas.edu/users/flame/goto/
http://www.netlib.org/benchmark/hpl/hpl.tgz
http://netlib.amss.ac.cn/benchmark/hpl/hpl.tgz
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• ?\��1§Sf8¹ bin/xxxx, X:

% cd bin/Linux_PII_FBLAS

• ?6!?U HPL.dat ¥�ëê. 'uXÛÏé�`�ëê��Ö©� TUNING ¥�`².

• $1 xhpl, X:

% mpirun -np 4 xhpl

(5¿ MPI ?§ê�éA HPL.dat ¥�ëê P Ú Q).

• XÛ¼�Ð5U?

– À^·�� BLAS ½ VSIPL ¥.

– Ïé�`©¬�� NB, ±9�`?nìy©�ª P Ú Q.

– 3S�NþN��cKe¦þ\�ÿÁ¯K�5�.

– Ù§ëê�À�.

±e´ HPL §SÑÑ«~§Ù¥ T/V �Ñ
 HPL.dat ¥½Â�Ì�ëê, N ��§|�ê, NB

�©¬��, P Ú Q �?nìy©�ª, Time �O��m (pþ�m), Gflops �§S¤���¢S5
U (= Linpack 5U, ±�·g/¦�ü )"

1 ============================================================================

2 HPLinpack 1.1 -- High-Performance Linpack benchmark -- January 1, 2001

3 Written by A. Petitet and R. Clint Whaley, Innovative Computing Labs., UTK

4 ============================================================================

5 ... ... (Ñ)

6 ============================================================================

7 T/V N NB P Q Time Gflops

8 ----------------------------------------------------------------------------

9 W02C2R1 2000 64 2 2 6.33 8.434e-01

10 ----------------------------------------------------------------------------

11 ||Ax-b||_oo / ( eps * ||A||_1 * N ) = 0.0147384 ...... PASSED

12 ||Ax-b||_oo / ( eps * ||A||_1 * ||x||_1 ) = 0.0035825 ...... PASSED

13 ||Ax-b||_oo / ( eps * ||A||_oo * ||x||_oo ) = 0.0007784 ...... PASSED

14 ============================================================================

15 ... ... (Ñ)


