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Dynamic Load Balancing in HPC applications for
Autonomic Computing

MASAZUMI MATSUBARA, KAZUHIRO SUZUKIT and AKIRA KATSUNOf

In recent years, “Autonomic Computing” attracts attention as technology which solves
the problem of increasing administration cost in IT infrastructure, such as iDC and ASP.
The technology can realize efficient administration by optimizing resources, and reduce TCO
dramatically. Existing HPC applications, however, can not get the benefit of the resouce
optimization because the parallelism is fixed. In order to overcome the problem, we propose
a new mechanism which adjusts CPU loads, changing the number of processes dynamically
according to the number of nodes. We have implemented the dynamic load balancing mech-
anism using message passing library LAM/MPI, and prepared API for using the mechanism.
We evaluated the performance of the mechanism on heterogeneous PC cluster systems, and
got the conclusion that the mechanism can balance CPU loads appropriately according to the
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number of nodes and each node’s performance.
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Fig.1 Overview of autonomic computing.
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Table 1 LAM/MPI administration commands to control
nodes.
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Fig.4 Implementation using LAM/MPI.
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02 0000000 API
Table 2 API for dynamic load balancing.
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0ooooooo MPI_SD_schedpoint (void)

MPI_SD_init(int argc, char *xargv, int interval)

MPI_SD_shared_data(void #*var, char *tag, MPI_Datatype dtype, int dim, int *arysize,
int dir, int blksize, int *sleeves)

MPI_SD_common_data(void *var, char *tag, MPI_Datatype dtype, int count)

MPI_SD_sync_param(void *var, char xtag, int param)

MPI_SD.add-cbfunc(void *(*func) (void))

MPI_SD_remove_cbfunc(void *(*func) (void))

parent = MPI_SD_init();
MPI_SD_shared_data();
MPI_SD_common_data(); A S e 2
MPI_SD_sync. param(): B 7 B A O B
MPI_SD_add_cbfunc();

if (parent) {

o Ty
: JBE R

R A 2 for (n=0; n < N; n++) {
AL 2 E\\ MPI_SD_schedpoint();
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Fig.5 Program structure.
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1 #include <stdio.h> 1 #include <stdio.h>
2 #include <mpi.h> 2 #include <mpi.h>
3 3 #include <mpi_sd.h>
4 #define N 10000 4
5 #define LOOP 100 5 #define N 10000
6 6 #define LOOP 100
7 double a[N][N], b[N], X[N]; 7
8 8 double **a, *b, X[N];
9 int 9
10 main(int argc, char *argv[]) 10 int
11 { 11 main(int argc, char *argv[])
12 inti,j, k, I; 12 {
13  int myrank, npe; 13 inti,j, k, I;
14 int blksize, extra; 14 int myrank, npe;
15 15 int blksize, extra;
16 MPI_Init(&argc, &argv); 16 int arysize[2], sleeves[2], veclen[1];
17  MPI_Comm_size(MPI_COMM_WORLD, &npe); 17
18 MPI_Comm_rank(MPI_COMM_WORLD, &myrank); 18  MPI_Init(&argc, &argv);
19 19  MPI_Comm_size(MPI_COMM_WORLD, &npe);
20 blksize = N/ npe; 20  MPI_Comm_rank(MPI_COMM_WORLD, &myrank);
21 extra =N % npe; 21
22  if (myrank < extra) blksize += 1; 22  blksize = N/ npe;
23 oooad 23 extra =N % npe;
24 24 if (myrank < extra) blksize +=1;
25  /* main routine */ 25  arysize[0] = N; arysize[1] = N;
26 for (1=0;1<LOOP; I++) { 26  veclen[0] =N;
27 for (i = 0; i < blksize; i++) { 27  sleeves[0] = 0; sleeves[1] = O;
28 for  =0;j<N;j++) { 28  MPI_SD_init(argc, argv, 3);
29 b[i] += a[i][j] * x[j]; 29  MPI_SD_shared_data(&a, "a", MPI_DOUBLE, 2, arysize
30 } 30 0, blksize, sleeves);
31 } 31  MPI_SD_shared_data(&b, "b", MPI_DOUBLE, 1, veclen,
32 oooao 32 0, blksize, sleeves);
33 } 33  MPI_SD_sync_param(&blksize, "a",
34 oooo 34 SD_PARAM_BLKLEN);
35 MPI_SD_common_data(&I, "I', MPI_INT, 1);
36 oooo
37
38  /* main routine */
39 for (1=0;1<LOOP; I++) {
40 MPI_SD_schedpoint();
41 for (i = 0; i < blksize; i++) {
42 for (j=0;j<N;j++) {
43 b[i] += afili] * x[il;
44 }
45 }
46 oooo
47 '}
48 oooo

(000000 (pyOooooooooooo

06 0O0O0O0OOOODOOOOOOOOODOO
Fig.6 Sample Program (Matrix-vector product).
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Table 3 Experiment system.
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Fig.7 Processing flow of dynamic load balancing.

gobooobooooooobooooooobooooon
gboboobooooooooboobooooboobooo
goobooooooooobooooooooocooon
goooobooooooooooboooooooo
goobooooooboooooboooboooooo
gboooooboboooboooooboooboboooboo
gooboooooobooooobbooooboobooDo
gooooooooboooboooobooobooood
gooooooooooboooooooooooo
gooooooooooobooboooooboOoooobo
goooooboooboobooooooooooooon
gboboobooooooOoboocoboobooboooooo
gobooooooooboooooooobooooooo
goooooooooooboooooooooooo
goboooooooobooboooooooooo

5. 0 0004

goooooboooooooooooooooobo
0000000000®0000000000000
ooooboobooooobooooboooodoao
gooooooobooobooooboooooooooo
goboooboooooboooooobooboooo
goooooocoooooooboooooooooon
gooooooooobooocooooooooooDo
gooooooooooboooobooooobobboooo
oooob 200000000

ooooooooooos3soooooooobooo
oooo0OO01wo0Mbps OOOOOOOOOOOOO
goooooooooooooooooobooobon
oooooooobOo0oooO0Ono 100Mbps OO0
goooocoooobooboboboOoboOooooo
O0BOOOOO “CooOboObo”0000000O0O
gooooboooooooooooboobooboo
ooooooocpUO0OO0OOOODOOOOODDOO
goo0o0o0o0o0oooooooBOOOODOOOO
gooooooobooOoooooboooboooooon
gbooooboooo

5.1 000000 O0O0OOO0O00Oooon

0000000000 A0 10000000000
gooboooboobooobooooooboooooon
gboooooocoooboooboboboboooooo
goodoooooboobOooOn 128 x 128 x 256 U
gobooooooboooboboooobooooobobon 10
goboooboooooooooobooooooboooo
goooooooooooooooboooboooboobo
gooooooboooobobooboDo
2000000000000000000000O00O0
gbobobo40000D00OCOSOOO0O0DOOO0O0
goo0oboooOmooOooooooooooobooon
ocoooooooooooooooo “ooooo”
oooo“coo0ooo”ooobobOoooooOoooon
goooooooooooooOooDoODoOo“oOn
gor’oo0oooooooooooooObooODO0 s
gbooooooooooobooooooooboo
gooobobooooboooooboooobonn
ooooooOooooOoOooooooooo«wcood
go”00o0ooobo0ooooooooooooooo
goooooboooboboooooooooooan
obooooooooooooooooobooooboo&o
o0oooo0”’0 0000’00 20000000
goooobooboooo9obOoOOObOOOobOODODOOOn
gboboobodoboooooboocobooboooooboo
gobobobooooooooooooboooooboooo
“O0000boocoOooO00oOooooO0’oooObOoon
o0oooooooooog sccoooo”oooo
gooooon



Vol. 44 No. SIG 11(ACS 3)

04 0OD0ODODODOO
Table 4 Execution time comparison.

goooo ooooooboo
ooooo 25.35
gooooo 30.41

gooooooooooobooooo 25.40

for (n = 0; n < NN; n++) {

for (i=1; i < blksize + 1; i++) {
for (j=1; j< jmax - 1; j++) {
for (k=1 ; k <kmax - 1; k++) {
s0 = a[i]]ik][0] * pli+110 Ik 1+
afililkIct] * pli 1o+110k 1+
afillilki2] * pli 1 1k+1]1+
bLGIKIO] * ( pli+11+11k 1- pli+110-11k 1-
pli-110+11k 1+ pli-1]0-11k 1) +
bOIGIKINT ™ Cpli 1+11k+1] - pli 10-11k+1] -
pli 1i+1]k-1] + p[i 1[-111k-1]) +
bliGIKI2] * ( pli+1]] Jk+1]- pli-110 1k+1] -
pli+11[ 1k-11+ pli-11[ 1k-1]1) +
c[iliIkIo] * pli-11G 1k 1+
[k ™ pli 16-11k 1+
clililkI2] * ofi 16 1k-11+
wKAI{IK];

ss = (s0 " afi][j](k][3] - p[iI[j](k] ) * bnd[i{il[k];
gosa = gosa + Ss*ss;
wk2[i][i]ik] = pi][][k] + omega * ss;

08 O000O0OO0OOOOOOOODOO
Fig.8 Calculation core portion of HIMENO benchmark

program.

(—=KTET 72 2AHD~ 7 1)
#define ary3(name, x, y, z) \
(name[(x * YSIZE * ZSIZE) + (y * ZSIZE) + z])

(78NN — T AT DY D)

wk2p = &wk2[0][0](0];

pp = &p[0][0][O];

ary3(wkap, i, j, k) = ary3(pp, i, j, k) + omega * ss;

09 OO0OODOODOOODOODOOOOODO
Fig.9 Replacement multi-dimensional access with linear

access.
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Fig.10 Elapsed time per simulation step.

200 T T T T T

«— (A +B) —><— (A+B+C) —>§<—(A+C)

150 | r—— 1

Block Size
=)
o

|

|

|

|

|

|
L

50

Cluster A —
Cluster B -
ClusterC ———

0 L L L L L
0 100 200 300 400 500 600
Simulation Step
011 00000O0OOoOoOoOooo
Fig. 11

Block size.
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Fig. 12 Data redistribution time.

O0000DA+COO0 1600000000000
gooobooooooooooboobooobooooon
cOOoooooooo AQ0OOODO 1700000
o0o0o0oo0ocCcooooooooooooooo A
oo 13900b0o0o0obi1moooooooon
obooobooooooooboobooooooboobooo
000000 A0O0O0OO0OOOOOOO0OO0OOOo
Oo0sMmOooooooooooooooogogo e
00000 AD14000000000000O00COCO

Aug. 2003

05 00ODDOODOO
Table 5 Each node’s performance.
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