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1 ¿¿¿111888+++������äää������

Äk·�ò©¤3|§z|5�PC

• 11|µbio11-15: 192.168.2.11-15§Ù¥!:bio11��ÑÖì¶

• 12|µbio21-25: 192.168.2.21-25§Ù¥!:bio21��ÑÖì¶

• 13|µbio31-35: 192.168.2.31-35§Ù¥!:bio31��ÑÖì"

·�7Lé¿18+��ä?1��§¦�8+S�!:�m�Ï
Õ¤��U"1�ÚI����´Åì�IP!!:¶¡§I�?U�
©�´/etc/hosts§ò�8+�!:¶¡ÚéA�IP\\T©��§$
1service network restart­é�äÑÖ"
�
����B§·�Ñ\·-chkconfig --levels 35 iptables off'

4�»p"�,ù3¢SA^¥¿Øí�"

2 NFSÑÑÑÖÖÖ������

NFS´�ä©�XÚ£Network File System¤� �§�¶gÂÒ´38
+SÜMï��©�XÚ"
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2.1 ÑÑÑÖÖÖìììààà

1. ?U©�/etc/exports§ò8¹/homeÚ/usr/local ����"

/home 192.168.2.0/255.255.255.0(rw,no_root_squash)

/usr/local 192.168.2.0/255.255.255.0(rw,no_root_squash)

5¿1�9�iÎG¥m´vk���"

2. éÄNFSÅo?§

1 chkconfig --levels 35 nfs on

2 service nfs restart

2.2 ���rrrààà������

1. ?6©�/etc/fstab§òNFS\\�/´»¥

bio11:/home /home nfs default 0 0

bio11:/usr/local /usr/local nfs default 0 0

2. ò�k�/home8¹�¶¿Mï#�/home§¿\1NFS

1 mv /home /home2

2 mkdir /home

3 mount -a

3. Ñ\·-df -k§�wNFS´Ä¤õ\1"

3 NISÑÑÑÖÖÖ������

NIS�Ì�õU´�±4ÑÖìàV\�^r�¤k�rà¤��Ú£
O§ÏdI�3ÑÖìàSCypserv§S§3�ràSCypbind§S"ä
N���&E3ùpÒØKã
§�ë��¢��slides"

4 SSHÑÑÑÖÖÖ������

3·��ÅìþSC
OpenSSH§ù´m
�SSH^�"·���SSH�
8�´�
48+S!:�m�p�¯�§ØI�Ñ\�è?1�¯§Ù
�n´|^ú�/h�?1\�/)��Å�"
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1. 3¤k!:þéÄsshdÅo?§

1 chkconfig --levels 35 sshd on

2 service sshd restart

2. 3ØÓáÒe§©O$1·-�)ú�/h�éµ

ssh-keygen -t rsa

L§¥ØÑ\�è§ù�Ò3∼8¹e�)
��©�Y.ssh§Ùe
kA�©�µid rsa§id rsa.pub§©O��h�Úú�",�$1

1 cd /home/<user >/. ssh/

2 cp id_rsa.pub authorized_keys

3 ssh <client_machine >

ù�Ò�±Ø¦^�èp��¯
"

5 SSSCCCÚÚÚ������MPICH

MPICH´¿1mu���­�¥§SÚ?Èì��|Ü"

5.1 333serveràààSSSCCCMPICH

?ÈÚSC��¯·�®²ù��õ
§3ùpÒØõKã
§ùp��
�`�Ò´I�?6MPICHSC8¹util/machinese�©�machines.LINUX§
�½¤k�8+!:"Ø�#P�´§�7LòMPI·-�´»\\�¸
CþPATH"

5.2 MPI§§§SSSÿÿÿÁÁÁ

SC���¤±�§\I�ÿÁ�e\�¿1�¸´Ä®²���¤
§
�±�1�eexample8¹e�ÿÁ��"

1 which mpicc

2 which mpirun

3 mpicc -o MPIcode MPIcode.c -lmpi -L/PATH/TO/MPI_LIB -I/PATH/TO/MPI_INCLUDE

4 mpirun -np 2 MPIcode

XJ3dL§¥��^|�{§@oöU\§\®² MPI�´þò?

��Ú
"
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6 OpenPBS���SSSCCC���������

PBS´dNASmu�¡���NÝÚXÚ]
+n�^��§^uÓ�½
É��8+XÚ"OpenPBS´PBSXÚ�m
¢y§�Ìm
^���'
�½"

6.1 OpenPBS���|||¤¤¤

OpenPBSÌ�dn�Ü�|¤µ

???§§§¶¶¶¡¡¡ ???§§§£££ããã
pbs server PBSÑÖÅo?§§Ì�KI��J�§SC3ÑÖ!:þ
pbs sched PBSNÝÅo?§§Ì�KI��NÝ§SC3ÑÖ!:þ
pbs mom PBS-MOMÅo?§§KIi��Å¿�1��§SC3¤kO�!:þ

�
SCÚC�!:�Ú�B§3¤k!:þþSCùn�|�§�´
ÏLéÄØÓ�|�5��C��Ú�I�µéÄOpenPBS�§ÑÖ!:
n�|��ÜéÄ§
O�!:�éÄMOM?§"

6.2 SSSCCCOpenPBS

3¤k�!:þ�1SCµ

1. )Øe1�OpenPBSSC�¿?\�'8¹"

2. �1configure��·-�¤Ð©��¿�¤?ÈSC:

1 ./ configure --disable -gui --set -default -server=<serverName > --set -

server -home=/var/spool/PBS

2 make

3 make install

6.3 ������OOO���!!!:::

1. ��MOM?§��©�/var/spool/PBS/mom priv/config§�\e
�SN

$logevent 0x1ff

$clienthost <server_host>

Ù¥<server host>´8+ÑÖ!:�Åì¶¡"
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2. ?6/var/spool/PBS/server name©�§��server name§�\8+
ÑÖ!:¶"

3. �1pbs mom§éÄ��O�!:�MOMÅo?§"

6.4 ������ÑÑÑÖÖÖ!!!:::

1. ?6spool/PBS/server priv/nodes©�§�\¤k!:¶"

2. �1·-pbs server -t create§éÄPBSÑÖì?§£=ÄgéÄ
$1¤

3. �1·-pbs sched§éÄPBSNÝ?§

4. ^qmgrMï¿����è�:

1 qmgr -c "c q bio" # create queue bio ‘

2 qmgr -c "s q bio queue_type=Execution" # set queue

3 qmgr -c "s q bio resources_max.cput =24:00:00" # set max resource

4 qmgr -c "s q bio resources_min.cput=1" # set min resource

5 qmgr -c "s q bio resources_default.cput =12:00" # set default resource

6 qmgr -c "s q bio enabled=true" # set status

7 qmgr -c "s q bio started=true" # set status

8 qmgr -c "s s default_queue=bio" # set default

6.5 òòòPBS\\\\\\XXXÚÚÚÑÑÑÖÖÖ

1. ?6/etc/pbs.conf©�§\\±eSN

pbs_home=/usr/spool/PBS # PBS¤3´»
pbs_exec=/usr/local

start_server=1 # server_node: 1, compute node: 0

start_sched=1 # server_node: 1, compute node: 0

start_mom=1 # all 1

2. òOpenPBS8¹¥�src/tools/init.d/pbs©�E��/etc/init.d/

3. $1chkconfig -add pbsòÙ\\éÄ"

6.6 uuu���SSSCCC´́́ÄÄÄ¤¤¤õõõ

?\���rootár§�1·-

1 echo hostname > test.pbs # job scripts

2 qsub test.pbs # qsub to submit job
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7 MPI\\\���

MPI´Message Passing Interface� �§´�«&ED4¥IO£5�¤§
´�«©ÙªS�²���.§
��«?Èì5�§�^uÓ�½É�
�¿1O�Å!8+ÚÉ��ä"´;�^r!¥?�ö!óämuö�
O�§Ù��IO®�C/C++/Fortran §S£ã"ÏÙIOz!ª²�
5!¼êzÚm
5
�2��É"
·�3ùp¿Ø¬�9��õ'u¿1O�nØ�SN§­��´XÛ

|^ù
nØ§�Ð�mu¿1§S�Ï·��)û)Ô&EÆp¡�¯
K"

7.1 MPI���???§§§���ªªª

éuÄ�A^§MPIXÓÙ¦�ED4XÚ��´u¦^"e¡´��
{ü�ÄuC§S�MPI���è§§´SPMD£single program, multiple
data¤�ª�§�Ò´z�?§Ñ�1�Ó�§S§ÏL�£�?§?Ò
5«©ØÓ�?§"T§S�¤d?§0�?§1uxêâbuf"

1 /* first.c */

2 #include "mpi.h"

3 #include <stdio.h>

4

5 int main(int argc , char **argv)

6 {

7 int rank , size , tag =333;

8 int buf [20];

9 MPI_Status status;

10 MPI_Init (&argc , &argv); /* Initialization function */

11 MPI_Comm_rank(MPI_COMM_WORLD , &rank); /* process rank */

12 MPI_Comm_size(MPI_COMM_WORLD , &size); /* number of processes */

13 if (rank == 0)

14 MPI_Send(buf , 20, MPI_Int , 1, tag , MPI_COMM_WORLD); /* send data */

15 if (rank == 1)

16 MPI_Recv(buf , 20, MPI_Int , 0, tag , MPI_COMM_WORLD , &status); /*

receive data */

17 MPI_Finalize (); /* end of MPI */

18

19 return 0;

20 }

7.2 MPIÄÄÄ������ééé

1. MPI COMM WORLD
?§d���I£ê£rank¤L«§Ù���0−(N−1)"MPI COMM WORLDL
«“MPIA^¥¤k�?§”§�¡�Ï&f§Jø�ED4¤I��
Ü&E"
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2. ?\ÚòÑMPI
MPICHJø
ü�¼êMPI Init()ÚMPI Finalize()"

3. �p£O
¿1§S¥�?§��pÏ&´ÏLI£5?1�§ÏdI��pU

£O"��?§ÏLN^MPI Comm rank()5uyg��I£§

ÏLN^MPI Comm size()5�£?§oê"

4. ux�E
�E´�|�½êâa.���"ÏL�½8II£§�E�ux�
���½�?§§Ù¼ê�.´

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

int tag , MPI_Comm comm);

5. �Â�E
�Â��½�E�I£Úux?§�I£"MPI ANY TAGÚMPI ANY SOURCE�
^u�Â?¿I£Úl?¿ux?§ux
5��E"

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

int tag , MPI_Comm comm , MPI_Status *status);

k'�Â�E�&E3��G�Cþstatus¥�£"

ÏLþãù
¼ê§\�±?�?¿A^§S"3MPI¥�NkéõÙ
¦¼ê§�î8��ý�Ü©ù
¼êÑ�±3þãù
¼ê�Ä:þ�
E��"

7.3 MPI¢¢¢~~~

e¡´A^MPI¢y���«{üC§S"

1 /* cycle.c */

2 #include "mpi.h"

3 #include <stdio.h>

4

5 #define T_SIZE 2000

6

7 int main(int argc , char **argv)

8 {

9 int ierr , prev , next , tag , rank , size;

10 MPI_Status status;

11 double send_buf[T_SIZE], recv_buf[T_SIZE ];

12 MPI_Init (&argc , &argv);

13 MPI_Comm_rank(MPI_COMM_WORLD , &rank);

14 MPI_Comm_size(MPI_COMM_WORLD , &size);

15

16 next = rank + 1;

7



17 if (next > size) next = 0;

18 prev = rank - 1;

19 if (prev < 0) prev = size - 1;

20

21 if (rank == 0) {

22 MPI_Send(send_buf , T_SIZE , MPI_DOUBLE , next , tag , MPI_COMM_WORLD);

23 MPI_Recv(recv_buf , T_SIZE , MPI_DOUBLE , prev , tag+1, MPI_COMM_WORLD ,

&status);

24 } else {

25 MPI_Recv(recv_buf , T_SIZE , MPI_DOUBLE , prev , tag , MPI_COMM_WORLD , &

status);

26 MPI_Send(recv_buf , T_SIZE , MPI_DOUBLE , next , tag+1, MPI_COMM_WORLD);

27 }

28

29 MPI_Finalize(void);

30

31 return 0;

32 }

7.4 OOO���π���§§§SSS

1 #include "mpi.h"

2 #include <stdio.h>

3 #include <math.h>

4

5 double f(double a)

6 {

7 return (4.0 / (1.0 + a*a));

8 }

9 int main(int argc , char **argv)

10 {

11 int done = 0, n=100, myid , numprocs , i;

12 double PI25DT = 3.141592653589793238462643;

13 double mypi , pi, h, sum , x, a, startwtime , endwtime;

14 MPI_Init (&argc , &argv);

15 MPI_Comm_size(MPI_COMM_WORLD , &numprocs);

16 MPI_Comm_rank(MPI_COMM_WORLD , &myid);

17

18 if (myid == 0)

19 startwtime = MPI_Wtime ();

20

21 h = 1.0 / (double) n;

22 sum = 0.0;

23 for (i = myid + 1; i <= n; i += numprocs)

24 {

25 x = h * (( double)i - 0.5);

26 sum += f(x);

27 }

28

29 mypi = h * sum;

30 MPI_Reduce (&mypi , &pi, 1, MPI_DOUBLE , MPI_SUM , 0, MPI_COMM_WORLD);

31 if (myid == 0) {

32 printf("pi is %.16f, Error is %.16f\n", pi, fabs(pi - PI25DT));

33 endwtime = MPI_Wtime ();

34 printf("wall clock time = %f\n", endwtime - startwtime);

35 }

36

37 MPI_Finalize ();

8



38

39 return 0;

40 }

8 MPI???������

8.1 ÄÄÄ���VVVggg

1. �E�
3�ED4L§¥§uxÚ�Â��EØ
êâÜ©	§��k
£O�EÚÀJ�Â�E�&E"ù�&Ed(½��|¤�§·
�¡��&µ§ù
��)µsource(
)!destination(8�)!tag(I
£)!communicator(Ï&f)"

2. |ÚÏ&f
��|(group)´?§�kS8Ü"|S�z�?§����êrank�
éX§S�´ëY�¿l0m©"|^�
�|é�5£ã§ÏdØ
U��l��?§�,��?§Dx"�3��Ï&f¥¦^|5£
ãÏ&�m¥�ë�ö¿éù
ë�ö?1©?(rank)"

��Ï&f(communicator)�½��Ï&ö��þe©"z�Ï&þ
e©Jø��üÕ�“‘Ï&��”¶�Eo´3��þe©S�ux
Ú�Â§ØÓ�þe©ux��EpØZ�"Ï&f��½��ù�
Ï&þe©�?§|"ù�?§|�?Ò§¿�dù�|¥�?§Ò
I£"

��Sï�Ï&fMPI COMM WORLD3MPIÐ©z�ïá§§#NÚ�
���¤k?§ÏÕ§?§´d§�3MPI COMM WORLD�I�Ò¤I
£"

3. Ä�êâa.
MPIXÚ£ã
�E�êâa.§l�{ü��©Åìa.�E,�
(�!ê|ÚeI"±e´�C£ã�MPIÄ�êâa.µ

8.2 :::���:::ÏÏÏ&&&

MPI:�:Ï&kü«�ED4�Å�µ{l�Ú�{l�"éu{l�
ª§7L���El�/xÑ±�§âU�1�Y��é§�y
�E�
��]
��2^5¶
�{l��ªØI���El�/uÑ§Ò��
1�Y�é§l
#NÏ&ÚO��­U§|^Ü·�M�¦�O�ÚÏ
&ÓÚ�1§�´�{lN^��£¿Ø�y]
��2^5"
:�:Ï&�uxÚ�Â�é7L´���§�
«©ØÓ?§½

Ó�?§ux5�ØÓ�E§�±æ^ÏÕN£source-dest¤ÚI� 
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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 unsigned int
MPI UNSIGNED LONG unsigned long int
MPI FLOAT float
MPI DOUBLE double
MPI LONG DOUBLE long double
MPI BYTE
MPI PACKED

£tag¤¢y�A�é���§��±�ÂØ(½sourceÚtag��E§~
XMPI ANY TAGÚMPI ANY SOURCE"

1. {lÏ&
éu{la.�Ï&§MPI SendÚMPI Recv¼ê��.�µ

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

int tag , MPI_Comm comm);

2 int MPI_Recv(void *buf , int count , MPI_Datatype datatype , int src , int

tag , MPI_Comm comm , MPI_Status *status);

ux�¹Â´ò�¹count�datatypea.�Ä/��buf��Eux
�dest ?§§T�E´�I£tagÚÏ&NcommµC3�å�¶�Â
�¹Â´�ÂI£�tagÚÏ&N�comm��E§¿òT�E�\Ä
/��buf��À«§�£�status´�«(�N§�¹ü��§©
O�MPI SOURCEÚMPI TAG"T(�N���¹N\�"

2. �{lÏ&
éu�{lÏ&§�kü�¼êµ

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

int tag , MPI_Comm comm , MPI_Request *request);

2 int MPI_Irecv(void *buf , int count , MPI_Datatype datatype , int src ,

int tag , MPI_Comm comm , MPI_Request *request);

�^MPI WaitÚMPI Test5(å�{lÏ&µ

1 int MPI_Wait(MPI_Request *request , MPI_Status *status);

2 int MPI_Test(MPI_Request *request , int *flag , MPI_Status *status);

10



Ù¥MPI Test^5uÿ�{lö�J��?Ö´Ä(å¿á=�£§

MPI WaitK�����{lJ��?Ö(åâ�£"Ïd�±@
�µ

{lÏ& = �{lÏ& + MPI_Wait

3. �E�uÿ
¼êMPI ProbeÚMPI Iprobe#N3vk¢SÑ\�E��¹eéÏ
&?1uÿ§^r�±�â�£�&Eû½XÛ�Â£T&E��
^status�£¤§½�â�u��E��Ý©��Â�À«��§½
?1^�©|�§Ù�ªXeµ

1 int MPI_Probe(int src , int tag , MPI_Comm comm , MPI_Status *status);

2 int MPI_Iprobe(int src , int tag , MPI_Comm comm , int *flag , MPI_Status

*status);

üö�´{lÚ�{l��O§XJMPI Iprobe�£flag=true§K
G�8I£status¤âU¼�source§tag±9�E�Ý¶
MPI Probe´
��{l��é§7L�������E£src§tag¤��â�¤"

8.3 :::���:::ÏÏÏ&&&¢¢¢~~~

1

2 #include <stdio.h>

3 #include "mpi.h"

4

5 int main(int argc , char **argv)

6 {

7 int locId , data [100] , tag =8888;

8 MPI_Status status;

9 MPI_Init (&argc , &argv) ;

10 MPI_Comm_rank(MPI_COMM_WORLD , &locId) ;

11 if(locId == 0) {

12 MPI_Request events;

13 MPI_Isend(data , 100, MPI_INT , 1, tag , MPI_COMM_WORLD , &events) ;

14 MPI_Wait (&events , &status) ;

15 }

16 if (locId == 1) {

17 MPI_Probe(MPI_ANY_SOURCE , tag , MPI_COMM_WORLD , &status);

18 if (status.MPI_SOURCE ==0)

19 MPI_Recv(data , 100, MPI_INT , 0, tag , MPI_COMM_WORLD , &status) ;

20 }

21 MPI_Finalize ();

22

23 return 0;

24 }
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8.4 +++NNNÏÏÏ&&&

+NÏ&¿�X��Ï&f¥�¤k?§N^Ó�~§§¤k�+Nö�
Ñ´{l�§Ì��)µ

1. ÓÚ(barrier)

1 int MPI_Barrier(MPI_Comm comm);

T¼ê¦�N^ö{l§��TÏ&fS¤k?§ÑN^§§å�Ó
Ú�õU"

2. l��?§�|S¤k?§�2Â(broadcast)

1 int MPI_Bcast(void *buf , int cout , MPI_Datatype datatype , int root ,

MPI_Comm comm);

¤k?§¦^Ó�Oê!êâa.!�ÚÏ&f"ö�c§�?§�
À«�¹���E¶ö��§¤k?§�À«þ�¹T�E"

3. l��?§©Ñêâ��|S¤k?§(scatter)

1 int MPI_Scatter(void *sndbuf , int sndcnt , MPI_Datatype sndtype , void *

rcvbuf , int rcvcnt , MPI_Datatype rcvtype , int root , MPI_Comm

comm);

�¡�ÑÂ§¤k?§¦^Ó�Oê!êâa.!�ÚÏ&f"3ö
�c§�ux�À«�¹�Ý�N ∗ sndcnt��E§N�?§ê8¶
ö��§��y©�E§¿�©Ñ���I£êS�¤k?§£�)
�¤��Â�À«¥"

4. l�|¤k?§ÃÅêâ���?§(gather)§�scatterfÐ���
L§"

1 int MPI_Gather(void *sndbuf , int sndcnt , MPI_Datatype sndtype , void *

rcvbuf , int rcvcnt , MPI_Datatype rcvtype , int root , MPI_Comm

comm);

5. ògather���êâux�|S¤k?§(allgather)

6. |S�õéõ©Ñ/Â8(alltoall)

7. ¦Ú!���!���9^r½Â�¼ê��®oö�(reduce)

12



1 int MPI_Reduce(void *sndbuf , void *rcvbuf , int count , MPI_Datatype

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

¤k?§þ¦^Ó�Oê!êâa.!�ÚÏ&f"ö��§�?
§3Ù�Â�À«¥��¤k?§�ux�À«�®o(J§ù

~^ö��)µMPI MAX, MPI MIN, MPI SUM, MPI PROD, MPI LAND,

MPI BAND, MPI LOR, MPI BOR, MPI LXOR, MPI BXOR§½ö´^rg
½Â�®o¼ê"

8. scan½prefixö�"

8.5 +++NNNÏÏÏ&&&¢¢¢~~~

1 #include "mpi.h"

2

3 int main(int argc , char **argv)

4 {

5 int i, myrank , size , root , full_domain_length , sub_domain_length;

6 double global_max , local_max , *full_domain , *sub_domain;

7 MPI_Init (&argc , &argv);

8 MPI_Comm_rank(MPI_COMM_WORLD , &myrank);

9 MPI_Comm_size(MPI_COMM_WORLD , &size);

10 root = 0;

11 if (myrank == 0)

12 get_full_domain (& full_domain , &full_domain_length);

13 MPI_Bcast (& full_domain_length , 1, MPI_INT , root , MPI_COMM_WORLD);

14 sub_domain_length = full_domain_length / size;

15 sub_domain = (double *) malloc(sub_domain_length * sizeof(double));

16 MPI_Scatter(full_domain , sub_domain_length , MPI_DOUBLE , sub_domain ,

sub_domain_length , MPI_DOUBLE , root , MPI_COMM_WORLD);

17 compute(sub_domain , sub_domain_length , &local_max);

18 MPI_Reduce (&local_ax , &global_max , 1, MPI_DOUBLE , MPI_MAX , root ,

MPI_COMM_WORLD);

19 MPI_Gather(sub_domain , sub_domain_length , MPI_DOUBLE , full_domain ,

sub_domain_length , MPI_DOUBLE , root , MPI_COMM_WORLD);

20

21 return 0;

22 }

�§S¿Ø��§}Á��õù�§S§cÙ´A�^r½Â�¼ê"

8.6 ÙÙÙ§§§¼¼¼êêê

ùp{�`��¼ê§Ò´'u�¨�¼ê§ù¼êéu5UNÁ´é­
��"

1 double MPI_Wtime(void);

2 double MPI_Wtick ();
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Ù¥MPI Wtime()�£�cXÚ�Wall time§´��2:�¦ê¶
MPI Wtick()K
�£þ�¼ê�£��°Ý"

9 MPI???§§§SSSKKK

1. 3ãØ¥§ãG���ëÏ©þ(connected components)´G����
�ëÏfã§Tfã¥zéº:mþk�^´»"�âãG§XÛé
ÑÙ¤këÏ©þ�¯K¡�ëÏ©þ¯K")ûT¯K��{kn
«µ(1) ¦^,«/ª�ã|¢Eâ¶(2) ÏLã�Ù�ë�Ý
O
�D44�¶(3) º:Ü¿�{"e¡�
§SÒ´º:Ü¿�{�
¿1¢y"

º:Ü¿�{¥§m©å¥�N�º:�w�N��á��º:
£super vertex¤§�{�1L§¥§k>ëÏ��º:�UÜ¿§
��/¤�����ëÏ©þ"z�º:áu�áu���º:§�
º:¥IÒ���¡�T�º:��"

T�{�6§d�X��Ì�|¤"zgÌ�©�3Úµ(1) uyz�
º:���IÒ���º:¶(2) rz��º:��ë���IÒ�
��º:��þ¶(3) ¤k31(2)Úë�3�å��º:Ü¿¤��
�����º:"

ãG�º:oê�N§Ï��º:��êzgÌ����~���§
¤±rz�ëÏ©þë�¤ü��º:�õI�logNgÌ�"º
:i��º:���D(i)§fm©�D(i) = i"�{$1�§¤k?u
Ó�ëÏ©þ�º:äk�Ó�D(i)"

�{¥�º:��ê|CþDÚC§Ù¥D(i)�º:i¤3��º:
Ò§C(i)Ú�º:i½�º:i�ë��º:Ò�§�â§S$1
��ãØÓ§¿Â�k�A�Cz"�{Ì�©�5�Ú½µ(1)
�?nì¿1�z�º:éÑ�A�C(i)¶(2) �?nì¿1�
z��º:éÑ�����º:§?Ò�\C(i)¥¶(3) ?U¤
kD(i) = C(i)¶(4) ?U¤kC(i) = C(C(i))§$1logNg¶(5) ?
U¤kD(i) = min(C(i), D(C(i)))"

1 /* connect.c */

2 #include <stdio.h>

3 #include <stdlib.h>

4 #include <malloc.h>

5 #include <math.h>

6 #include <mpi.h>

7 #define A(i,j) A[i*N+j]

8

9 int N;

10 int n;

11 int p;

12 int *D,*C;

14



13 int *A;

14 int temp;

15 int myid;

16 MPI_Status status;

17

18 void print(int *P)

19 {

20 int i;

21 if(myid ==0)

22 {

23 for(i=0;i<N;i++)

24 printf("%d ",P[i]);

25 printf("\n");

26 }

27 }

28

29 void readA()

30 {

31 char *filename;

32 int i,j;

33 printf("\n");

34 printf("Input the vertex num:\n");

35 scanf("%d",&N);

36 n=N/p;

37 if(N%p!=0) n++;

38 A=(int*) malloc(sizeof(int)*(n*p)*N);

39 if(A==NULL){

40 printf("Error when allocating memory\n");

41 exit (0);

42 }

43 printf("Input the adjacent matrix :\n");

44 for(i=0;i<N;i++)

45 for(j=0;j<N;j++)

46 scanf("%d" ,&A(i,j));

47 for(i=N;i<n*p;i++)

48 for(j=0;j<N;j++)

49 A(i,j)=0;

50 }

51

52 void bcast(int *P)

53 {

54 MPI_Bcast(P,N,MPI_INT ,0, MPI_COMM_WORLD);

55 }

56

57 int min(int a,int b)

58 {

59 return(a<b?a:b);

60 }

61

62 void D_to_C ()

63 {

64 int i,j;

65 for(i=0;i<n;i++){

66 C[n*myid+i]=N+1;

67 for(j=0;j<N;j++)

68 if((A(i,j)==1) &&(D[j]!=D[n*myid+i])&&(D[j]<C[n*myid+i])){

69 C[n*myid+i]=D[j];

70 }

71 if(C[n*myid+i]==N+1)

72 C[n*myid+i]=D[n*myid+i];

73 }

74 }
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75

76

77 void C_to_C ()

78 {

79 int i,j;

80 for(i=0;i<n;i++){

81 temp = N+1;

82 for(j=0;j<N;j++)

83 if((D[j]==n*myid+i)&&(C[j]!=n*myid+i)&&(C[j]<temp)){

84 temp=C[j];

85 }

86 if(temp==N+1) temp=D[n*myid+i];

87 C[myid*n+i]=temp;

88 }

89 }

90

91 void CC_to_C ()

92 {

93 int i;

94 for(i=0;i<n;i++)

95 C[myid*n+i]=C[C[myid*n+i]];

96 }

97

98 void CD_to_D ()

99 {

100 int i;

101 for(i=0;i<n;i++)

102 D[myid*n+i] = min(C[myid*n+i],D[C[myid*n+i]]);

103 }

104

105 void freeall ()

106 {

107 free(A);

108 free(D);

109 free(C);

110 }

111

112 int main(int argc ,char **argv)

113 {

114 int i,j,k;

115 double l;

116 int group_size;

117

118 double starttime , endtime;

119 MPI_Init (&argc , &argv);

120 MPI_Comm_size(MPI_COMM_WORLD , &group_size);

121 MPI_Comm_rank(MPI_COMM_WORLD , &myid);

122 p = group_size;

123 MPI_Barrier(MPI_COMM_WORLD);

124 if(myid ==0)

125 starttime=MPI_Wtime ();

126

127 if(myid ==0) readA();

128 MPI_Barrier(MPI_COMM_WORLD);

129 MPI_Bcast (&N,1,MPI_INT ,0, MPI_COMM_WORLD);

130 if(myid !=0){

131 n=N/p;

132 if(N%p != 0) n++;

133 }

134 D = (int*) malloc(sizeof(int)*(n*p));

135 C = (int*) malloc(sizeof(int)*(n*p));

136 if(myid != 0)
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137 A = (int*) malloc(sizeof(int)*n*N);

138

139 for(i=0; i<n; i++) D[myid*n+i] = myid*n+i;

140 MPI_Barrier(MPI_COMM_WORLD);

141 MPI_Gather (&D[myid*n], n, MPI_INT , D, n, MPI_INT , 0,

MPI_COMM_WORLD);

142 bcast(D);

143 MPI_Barrier(MPI_COMM_WORLD);

144

145 if(myid == 0)

146 for(i=1; i<p; i++)

147 MPI_Send (&A(i*n,0), n*N, MPI_INT , i, i, MPI_COMM_WORLD);

148 else

149 MPI_Recv(A, n*N, MPI_INT , 0, myid , MPI_COMM_WORLD , &status);

150 MPI_Barrier(MPI_COMM_WORLD);

151

152 l=log(N)/log(2);

153

154 for(i=0; i<l; i++){

155 if(myid ==0) printf("Stage %d:\n", i+1);

156

157 D_to_C ();

158 MPI_Barrier(MPI_COMM_WORLD);

159 MPI_Gather (&C[n*myid], n, MPI_INT , C, n, MPI_INT , 0,

MPI_COMM_WORLD);

160 print(C);

161 bcast(C);

162 MPI_Barrier(MPI_COMM_WORLD);

163

164 C_to_C ();

165 print(C);

166 MPI_Barrier(MPI_COMM_WORLD);

167 MPI_Gather (&C[n*myid], n, MPI_INT , C, n, MPI_INT , 0,

MPI_COMM_WORLD);

168 MPI_Gather (&C[n*myid], n, MPI_INT , D, n, MPI_INT , 0,

MPI_COMM_WORLD);

169 MPI_Barrier(MPI_COMM_WORLD);

170

171 if (myid == 0)

172 for (j=0;j<n;j++)

173 D[j]=C[j];

174 for (k=0; k<l; k++){

175 bcast(C);

176 CC_to_C ();

177 MPI_Gather (&C[n*myid], n, MPI_INT , C, n, MPI_INT , 0,

MPI_COMM_WORLD);

178 }

179 bcast(C);

180 bcast(D);

181

182 CD_to_D ();

183 MPI_Gather (&D[n*myid], n, MPI_INT , D, n, MPI_INT , 0,

MPI_COMM_WORLD);

184 print(D);

185 bcast(D);

186 }

187

188 if (myid ==0) printf("Result: \n");

189 print(D);

190 if(myid ==0){

191 endtime=MPI_Wtime ();

192 printf("The running time is %lf\n",endtime - starttime);
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193 }

194 freeall ();

195 MPI_Finalize ();

196

197 return 0;

198 }
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