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Abstract

In general, we use a parallel processing computer manufactured specially for the purpose of parallel
processing to do high performance computings. But we can deploy and use a PC cluster composed of
several common PCs instead of the very expensive parallel processing computer. A common way to get a
PC cluster is to adopt the star topology network connected by a switch hub. But in this paper, we grope
efficient implementations of hypercube networks based on TCP/IP to connect 8 PCs directly for more
useful parallel processing environment, and make evaluations on functionality and efficiency of them
using ping, netperf, MPICH. The two proposed methods of implementation are IP configuration based on
link and IP configuration based on node. The results of comparison between them show that there is not
obvious difference in performance but the latter is more efficient in simplicity of routing table. For
verification of functionality, we compare the parallel processing results of an application in them with
the same in a star network based PC cluster. These results also show that the proposed hypercube
networks support a perfect parallel processing environment respectively.
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Table 3. IP configuration based on node

S (hostid) | CIEHHIOIA net id [device] | =S(host id)
nOdSO(101) [eth1] 192.168.101 [eth1] | nodel(110)

0de0(102) | [eth2] 192.168.102 [eth1] | node2(120)

03e0(104) | [eth3] 192.168.104 [eth1] | noded(140)
node1(113) [eth?] 192.168.113 [eth1] | nodel3(131)
nodel1(115) | [eth3] 192.168.115 [ethi] | nodeb(151)
noce2(123) | [eth?] 192.168.123 [eth?] | node3(132)
node2(126) | [eth3] 192.168.126 [ethi] | nodeB(162)
node3(137) | [eth3] 192.168.137 [ethi] | node7(173)
noded(145) | [eth?] 192.168.145 [eth?] | nodeb(154)
noded(146) | [eth3] 192.168.146 [eth?] | nodeb(164)
node5(157) | [eth3] 192.168.157 [eth?] | node7(175)
node6(167) | [eth3] 192.168.167 [eth3] | node7(176)
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=Cinterface]| ECHE IPFANxx.yy=12.168)| [interface] =

nodeOfeth1] [xx.yy.100.101<xx.yy.101.100 [eth1]nodet

nodeOfeth2] [xx.yy.100.102<xx.yy.102.100 [eth1]node?
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Fig 5. Hypercube network based on Table 4
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Table 5. Hc;st addresses based on Table 3

SH L9 |P = AS192.168.° 2H=)
nodel: 101.110| node2 102.120
nodel | Nnodel3 123.132 | noded: 104.140| node5 145.154
nodeB: 126.162 | node7: 137.173
nodeO | 101.101 node2 123.123
nodel | node3 113.131 | noded 145.145| node5 115.151
node6: 167.167 | node7: 137.173
node0: 102.102 | nodel: 101.110
node2 | node3  123.132 | node4: 104.140| node5 145.154
nodeB: 126.162 | node7: 167.176
nodeO ! 101.101 | nodel { 113.113| node2: 123.123
noded: 145.145| node5 157.157
node6: 167.167 | node7: 137.173
node0 ;| 104.104 | nodel: 101.110| node2 126.126
noded | node3 123.132 node5 145.154
node6 : 146.164 | node7 : 167.176
nodeO ! 101.101 | nodel { 115.115| node2 123.123
node5 | node3 113.131 | noded: 145.145
node6: 167.167 | node7: 157.175
node0 | 104.104 | nodel: 101.110| node2 126.126
nodet | node3  123.132 | noded ! 146.146| node5 145.154
node7: 167.176
node0: 104.104 | nodel | 115.115| node2 123.123
node7 | node3 137.137 | noded 145.145| node5 157.157
node6 ; 167.167
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Table 6. Host addresses based on Table 4

SN LCO| |P SA(AIS192.168.° AL=)
nodet; 101.100| node2; 102.100
nodeO | node3 | 103.101 | node4 ! 105.104| node5: 105.104
nodes | 106.102 | node7! 107.103
nodeO  100.101 node2 102.100
nodel | node3 ; 103.101 | node4; 104.105| node5: 105.101
nodeB | 106.102 | node7 | 107.103
node0 ' 100.102 | nodel’ 101.103
node2 | node3  103.102 | node4: 104.100| node5: 105,101
nodes | 106.102 | node?: 107.106
nodeO | 100.102 | node1 ! 101.103| node2! 102.103
node4 104.100| node5 105.101
nodeB  106.107 | node7: 107.103
node0 | 100.104 | nodel: 101.100| node2: 102.106
node4 | noded | 103.107 node5 ' 105.104
nodes  106.104 | node7 107.105
nodeO  100.101 | nodel; 101.105| node2; 102.106
node5 | node3 | 103.107 | node4i 104.105
nodeB 106.104 | node7 107.105
node0 . 100.104 | nodel . 101.105| node2 . 102.106
nodes | node3  103.102 | node4: 104.106| node5: 105.107
node7! 107.106
nodeO 100.104 | node1 101.105| node2. 102.103
node? | node3 ; 103.107 | node4; 104.106| node5; 105.107
nodes | 106.107
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Table 7. Routing information for Fig 6

Le 2t 28 & Y [interface]
noded <node3 : nodel [eth1]>,<node? : nodel [eth1]>,
<nodeb : node2[eth?]>,<node5 : noded[eth3]>
nodet | oce2: nodeO[eth1]>,<nodeb : nodeOleth1]>,
<node7 : nodeB[eth?]>,<noded : nodsb[eth3]>
nodke? <node4 : nodeOleth1]>,<nodel : node3[eth2] >,
<nodeb : nodeB[eth?]>,<node? : nodeb[eth3]>
nodke3 <node5 : nodel [eth1]>,<node0 = node2[eth2] >,
<node4 : node2[eth?]>,<nodeb : node? [eth3]>
noded | ocet nodelleth1]>,<node? : nodeS[eth2]>,
<node : nodebleth?]>,<node? : nodeb[eth3]>
node5 <node0 : nodel [eth1]>,<nodeb = nodedeth2] >,
<node? : nodedleth?]>,<nodeB : node? [eth3]>
nodks <node3 : node2[eth1]>,<node0 : noded eth2] >,
<nodeb : node7[eth3]>,<nodet : node?[eth3]>
node7 | <oce2: node3[eth1]>,<nodel : node5[eth2]>,
<node4 : nodeBeth3]>,<node0 : nodebeth3]>
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/sbin/ifoonfig ethl 192.168.101.101/24 up
/soin/ifoonfig eth2 192.168.102. 102/24 up
/soin/ifoonfig ethd 192.168.104.104/24 up

/sbin/ip route add 192.168.101.110 dev ethl #1
/soin/ip route add .163.113.113 cev ethl #1
/sbin/ip route add 192.168.115.115 dev ethl #1

/sbin/ip route add .102.120 dev eth2 #2

/sbin/ip route add 126,126 cev eth2 #2
/sbin/ip route add 123.123 cev eth2 #2
/sbin/ip route add .104.140 cev eth3 #4
/sbin/ip route add .145.145 cev eth3 #4

/soin/ip route add

/sbin/ip route add
/sbin/ip route add
/soin/ip route add

/soin/ip route add
/soin/ip route add
/soin/ip route add

/sbin/ip route add
/soin/ip route add
/soin/ip route add

.146.146 cev ethB #4
13.131 via 122.168.101. 118

1137137 via 192.168.101.110
126,182 via 12.168.102. 120 #2-6

1167167 via 1. 168.102. 120 #2-6

145154 via 12.168.104. 140 #45
.115.151 via 192.168.104. 140 #4-5
157157 via 192.168.104. 140 #45

/sbin/ip route add .137.173 via 122.168.101. 110 #1-37
/sbin/ip route add 1 67.176 via 192.168.101. 110 #1-3-7
/soin/ip route add 192, 168. 157175 via 1. 168.101.110 #1-3-7

T2 7. 23 el IP A% 2ol node02| WIET AF
2ATRE
Fig 7. Network configuration script for node0 in link based
IP environment
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(-net) 71%te] 299 Elol& Aol Jksditt. (I8 8)l
node02 93k SlEjs|o] ~ F49} 2h9-8 HolE A4S 93t
2IYEZ B3 nodel ~node7S ¢34 &= 0|9}
fAleiTE.

/sbin/ifoonfig ethl 192.168.100.101/24 wp
/sbin/ifoonfig et 192.168.100. 102/24 wp
/sbin/ifoonfig et 192.168.100. 104/24 wp

/sbin/ip route acd 192.168.101.0/24 dev ethl #1
/sbin/ip route acd 192.168.10R.0/24 dev et #2
/sbin/ip route acd 192.168.104.0/24 dev ethB #4

/sbin/ip route add 192.168.103.0/24 via 122.168.101.100 #1-3
/sbin/ip route add 192.168.106.0/24 via 122.168.102.100 #2-6
/sbin/ip route add 192.168.106.0/24 via 122.168.104.100 #-5

/sbin/ip route add 192.168.107.0/24 via 122.168.101.100 #1-3-7
T2 8. == 2iFe| IP MFE 2HoliM node02| HEESHZ MF ATRIE

Fig 8. Network configuration script for node0O in node based
IP environment
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Table 8. Network configuration for star network

‘- Hdies, interface) QIHH|O A IP =4
node(hpcD, eth0) 192.168.0.100
nodel(hpcl, eth0) 192.168.0.101
node(hpc2, eth0) 192.168.0.102
node3(hpc3, eth0) 192.168.0.103
node4(hpcd, eth0) 192.168.0.104
nodex(hpcs, eth0) 192.168.0.105
nodeB(hpcB, eth0) 192.168.0.106
node7(hpc?, eth0) 192.168.0.107
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#include <stdlib.h>

#include <mpi.h>

#include <math.h>

#define MAX 200000000
#define f1G,j) *(fl+(MAXx)+j)
i{nt main(int argc, char *argv[])

int my_rank,p,tag=0;
char *fl;
int start,stop,i,j;
MPI_Status status;
fl = (char *) malloc(sizeof(char)*MAX);
MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &p);
MPI_Comm_rank(MPI_COMM_WORLD, &my_rank);
for(i=0; i<MAXji++)

fllil = "a’;
/# check time */
if(my_rank == 0) start = milliclock();
if(my_rank == 0) {

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

MPI_Send(fl, MAX,MPI_CHARi,tag, MPI_COMM_WORLD);

) else
MPI_Recv(fl, MAX MPI_CHAR,0,tag, MPI_COMM_WORLD,
&status);
/# check time */
if(my_rank == 0) {
stop = milliclock();
printf("%d\n”, stop - start);

free(fl);
/* parallel program end */
MPI_Finalize();

}

#include <sys/time.h>
#include <unistd.h>
milliclock()

{

struct timeval tb;

struct timezone tzp;

int isec, usec, msecs;
gettimeofday (&th,&tzp);

isec = th.tv_sec;

usec = th.tv_usec;

msecs = 1000 * isec + usec/1000;
return(msecs);

[5-= 2] MPI Beast 731 3=

#include <stdlib.h>

#include "mpi.h”

#include <math.h>

#define MAX 200000000
#define TIMES 1

#define fl(1,j) *(fl+(MAX*i)+j)
i{nt main(int argc, char *argv[])

int my_rank,p,tag=0;
char *fl;
int start,stop,i,j;
MPI_Status status;
fl = (char *) malloc(sizeof(char)*MAX);
MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &p);
MPI_Comm_rank(MPI_COMM_WORLD, &my_rank);
for(i=0; i<MAXji++)

flli] = "a’;
/# check time */
if(my_rank == 0) start = milliclock();
start = milliclock();
for(i=0; i<TIMES; i++)

MPI_Bcast(fL MAX,MPI_CHAR,0,MPI_COMM_WORLD);
/# check time */
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stop = milliclock();
printf("my_rank : %d[%d]\n", my_rank,stop - start);
if(my_rank == 0) {

stop = milliclock();

printf("%d\n”, stop - start);

)

free(fl);

/* parallel program end */
}MPI_Finalize()?

[5- 3] MPI_Cannon 7-& 1=

#include <stdlib.h>

#include <mpi.h>

#include <math.h>

#define MAX 500

#define LOOP_TIMES 100

#define A(i, ) *(A+(i=)AX)+j)

#define B(i,j) *(B+(i=MAX)+j)

#define C(i, 1) #(C+(i=MAX)+])

#define local_a(i,j,n) *(local_at(i*n)+j)
#define local b(i,],n) *(local_b+(i=n)+])
#define local_c(i,j,n) *(local_ct(i*n)+j)
#define temp_a(i,j, 1) #(temp_a +(im)+j)
#define temp_b(i,j,n) *(temp_b +(i=n)+])
#define tempmatrix(i,j,n) *(temp_matrix+(i=n)+j)
int main(int arge, char =argv[])

float =A, =B, =C, *local_a, *local_b, *local_c,
*temp_matrix,*temp_a,*temp_b;
int 1i,j.k,times, start_num,
int dest_b,source_b, dest_a, source_a:
int p, q, my_row, my_col, my_rank;
int n_bar, start,stop, loop;
MPI_Comm my_row_comm, my_col_comn;
MPI_Status status;
A= (float *)malloc(sizeof (float)*(MAX+MAX));
B = (float *)malloc(sizeof (float)*(MAX+MAX));
C = (float *)malloc(sizeof (float)*(MAX+MAX));
local_a = (float *)malloc(sizeof(float)=(MAX<MAX));
local_b = (float *)malloc(sizeof(float)*(MAX<MAX));
local_c = (float *)malloc(sizeof(float)(MAX<MAX));
temp_matrix = (float *)malloc(sizeof (float)*(MAX#MAX)):
temp_a = (float *)malloc(sizeof (float )*(MAX=MAX)):
temp_b = (float *)malloc(sizeof (float)*(MAX=MAX)):
/* generate the input vectors */
for(i=0; i<MAX; i++) {
for(j=0; jAUAX; j++) {
A(i,j) = (float)rand()/(f loat )RAND_MAX;
B(i,j) = (float)rand()/(float )RAND_MAX;

}
/% start parallel program */
WPI_Init(&argc, &argy
MPT_Com_size(MPI_( C()MM WORLD, &p);
MPT_Comm_rank(MPI_COMM_WORLD, &my_rank);
/% check time */
if(my_rank == 0) start = milliclock();
for (1oop=0; 10op<LOOP_TIMES; looptt) {
q = (int)sart(p);
my_col = my_rank % a
my_row = my_rank / g
nbar = MAX/(mt)sqrt(D)
/% compute start position *
start_num = ((MAX+MAX)/q) * (my_rank / @) +
(MAX / q * (my_rankfq)) s
/* set local a */
for(i=0: i(n bar: 1++)
for(j=0 Litd)
local a(ij.n bar) =*(A+start num+ (i*MAX) +j);
/* set local b */"
for(i=0: i{n_bar: i++)
for(j=0: j(n_bar: j++)
localfb(i jn bar) =*(B+start_ num+ (i*MAX) +j):
/* grind A *
for(i=1: i{q+1: i++) {
if(i-1 == (my_rank / @) {
if((my rank%aq)-i { 0) dest_a = my rank+(g-i);
else dest_a = my rank - i;
if(my rank%q + i { q) source_a = my rank + i:
else source_a = my_rank+i-q;

)
/* grind B ¥/
for(i=1: i{gq+1: i++) {
if(i-1 == (my_ 1ank %a)) {
if((my_rank/q)-i <
dest b = q*q + my rank - (i*q):
else dest b = my rank - (i"q):
if(my rank + i*q { (q"q))
source b = my rank + i*q:
else source b = my rank - (q-)*q:

}

}
/* send A and B(gnndmg ) */
MPI Send(local a, n_barn bar, MPL FLOAT, dest a,
0. MPI_COMM_WORLD) :
MPI Recv(temp_a, n_bar*n_bar, MPI FLOAT, source_a,
0, MPI_COMM_WORLD, &status):
MPI Send(local b, n_bar*n_bar, MPI_FLOAT, dest b,
0. MPI_COMM_WORLD) :
MPI Recv(temp_b, n_bar*n_bar, MPI_ FLOAT, source_b,
0, MPL_ COMM_WORLD, &status):
MPI Barrier(MPI_ COMM WORLD) :
for((=0: i(n bar: i++)
for(j=0: j{n_bar: j++) {
local a(i,j.n bar) = temp a(i.j.n bar):
local b(i,j,n bar) = temp b(i.j,n bar):

/* compute
Diagonal of A shifted to rightmost column
Diagonal of B shifted to bottom row

if((my rank%q)-1 ¢ 0) dest.a = my rank + q-1:
else dest_ a = my rank - 1
if((my 1 1ank/q)+1 )= q) source_a = my rank - (g-1):
else source a = my rank + 1;
if((my_rank/q) == 0) dest_b = (q-1) * q + my rank:
else dest_b = my_rank - q:
if((my_rank/q) +1 >= q) source b = my rank - (q-1)* q:
else source b = my rank + q;
/* compute algorithm (cannon’s) */
for(tlmes 0 tlmes(q times++) {
/*C+=A+B*
for(i=0: i{n_bar; i++)
for(j= 0 J<n bar: j++)
for(k=0: k{(n bar: k++)
local C(IJ n bar) +=
local_a(i.k.n_bar) * local b(k.j.n bar):
/* shifted */
MPI_Send(local_a, n_bar*n_bar, MPI FLOAT,
dest_a, 0, MPI_COMM_WORLD):
MPI Recv(temp_a, n_bar*n_bar, MPI_FLOAT,
source_a. 0, MPI_COMM_WORLD, &status):
MPI_Send(local b, n_bar*n bar, MPL FLOAT,
dest_b, 0, MPI_ COMM_WORLD):
MPI_Recv(temp b, n_bar*n_bar, MPI_FLOAT,
source_b, 0, MPI_COMM_WORLD, &status):
MPI Balllel(MPI COMM _WORLD)
for(i=0: i(n bar: i++)
for(i=0: j{n_bar: j++) {
local a(i.j.n bar) = temp a(i.j.n bar):
local b(i,j,n bar) = temp b(i.j.n bar):

/* send local ¢ array to O rank */

MPI_Send(local ¢, n_bar*n bar, MPI_FLOAT, 0, 0,
MPT_COMMORLD) ;

if(my_rank == 0) {

for(i=0; i<p; i++) {
MPI_Recv( temp_r matnx n_bar#n_bar, MPI_FLOAT,
0, MPT_COMMY ‘v\()RLD &status)
/% compute start position */
start_mm = ((MAXMAX)/q) * (i / @) +
X/ q * (i%));
for(j=0; j<n_bar; j+t+)
for(k=0; k<n_bar; ktt)
#(CH(start_mm + j=NAX+k)) =
} temp_matrix(j,k,n_bar);

}
MPI_Barrier(MPI_COMM_WORLD) ;
} /+ end LOOP_TIMES *#/
if (my_rank==0) {
/% check time */
stop = milliclock():
printf("%d¥n", stop - start):

/* parallel program end */
MPI_Finalize()
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