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An Improved Execution-Time Estimation Model for Heterogeneous Clusters

Y OSHINORI KISHIMOTO! and SHUICHI ICHIKAWA

A heterogeneous cluster can incur the performance degradation caused by the load unbal-
ance in executing the application for homogeneous cluster. The total execution time can be
sometimes improved by neglecting some of the PEs because communication time is reduced.
This study examines to invoke multiple processes on fast processing elements (PEs) to avoid
load unbalance. In this study, the execution time of each PE is firstly modeled from measure-
ment results. Then, the derived model is used to estimate the optimal PE configuration and
process configuration. Model composition is also proposed to reduce parameter extraction
time. The derived models yield sub-optimal configurations in most cases, where the errors
are less than 20%.
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Node 1 AMD Athlon 1.33 GHz, Main memory 768 MB
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Node 4-7 | Intel Pentium-II 400 MHz (dual processor), Main memory 768 MB
Network 1000base-SX (NetGear GA-620), 100base-TX (Intel Pro100+)
(O] RedHat Linux7.0J (kernel 2.4.2)
ooooo gce 2.96, -DHPL_DETAILED _TIMING -fomit-frame-pointer -O3 -funroll-loops -W -Wall
ooooo MPICH-1.2.5, ATLAS 3.2.1
000 N | Athlon  Pentium-II 100 ‘ ‘ ‘ ‘
400 3.9 96.7 Memred Exetuton Tine.
600 7.4 130.1 ‘s &
800 10.8 178.8 e i
1200 20.5 305.2 s
1600 37.4 508.5 g w0
2400 97.5 1117.3 g /
3200 197.2 2042.2 2 A
4800 566.0 5360.0 o sl
6400 1239.5 10950.3 0 1000 2000 3000 4000 5000 6000
Total | 2180.3 20689.0 02 0ooOOODOOOOO

goooooo
gbooooooooboooooooobooao
0000000000000 0GSL (GNU Scientific

Library)® O gslmultifit_linear() 00O OOODO

GSLOOO0OO0O0O0O0DOo00o0D 1msOOOOOO
0000000000 20000000004 Athlon
010000000 AODOOODOO 1O000O0OP-T
00oo0oooooboooooOonoO Pentium-110
P-TOODOOODO 03070000 0OAthlond P-T 0O
00000ooo0o(ooooo)o

0000000 o0oUooUOooUo 2(WoO)o
godddoobooobooooooboobooooad
ooooooooOoo(@ooooo)ooooooo
0000ooOog Athlon 0000000 OCOOOO
000000000 0Athlon O Pentium-1100 00O
0000000 1400000 0AthlondOO0OOO
MO 10600000 00Pentium-1I10 00000
Jooooooooooooooonono MO 1000
0000000 Athlond P-TO0O OO Pentium-II
Op-TOODODODODOOODODOOODOODO
M, =1060000

0400000000000 0DOO0O0OOO00O00O
goodoooo roboooooooboooooa «
oooooo0ooooo 2(oo)ooooooo
doddoooooooooooooooooooa
0000 (ooooo)ooooo 4000007
JdoddoooOoooooooOonDooOoON = 1600
dooooobooobbooooooooooo 34
gododbobooooooobooobobobooooagn
O0OON >3200000000 124%0000000
ddddddooooooooboooooa

dbddoboooobOoooOoooooooooo

gooo3ooooooooooeboonobobOonO
Athlon 0 Pentium-11000000000000000O
0000 Pentium- 110000 5000000000
gboodooooooobooboboooooooooo
gobooooooon
oobooooNOOO0OODOODOOOOOODbOOO
ooooooobooboOooOoOnb0 NOON = 400, 800,
1600, 3200, 64000 00000000000 OO0OO
gooobboooooooooooooog sod
gooobooooooooooooooooooon
0o00oU0ooOooooUooo 1s%0000000
cooooobooooboboboooooboboboooboo 40
oooooooooo (osoo)o
240000000000NDOOOOOO 5000
gooboooooooboooooooboobooboooo
ooNOOOODOOOOoODOODOOODO 600N
= 400, 600, 800, 1200, 1600 D00 O0O0O0O0O0OOO
gbooboboodoooooboooooboboooobon
oo 2o0000b00b00boo0o0bodooboooo
ooobob-rOooobooooooooooooboon
goooooooooooooon
oooooooooOoOOooooNDOOboOOO
goboooboooboooobooooooon 20
P,=8, M, =5000000000000N > 5000
UTn<o0o00boooo3ooooooooooon 2
oooooooooooooooobooooNDOO
ooooooNOOOOOO0OO0OOOO SSO000D0
gooooo
geboddbroobooooooooooboo
goboboobooooooooooooooobooboooo
OO0 N=9%60000000D060000D0D00OOO
00ooooUuoouoUo (o 3)poUoUoooo

0760


研究会Temp 
－76－

研究会Temp 
 

研究会Temp 
 

研究会Temp 
 

研究会Temp 
 


04 0000000000000 (N =400,600, 800, 1200, 1600, 2400, 3200, 4800, 6400)
ooo ooooooooo ooooooooo oo
N P17M1,P2,M2 T 7 P1,M1,P2,M2 T (T—T)/T (%—T)/T
1600 1,2,0,0 0.48 4.28 1,1,0,0 2.82 -0.828 0.518
3200 1,1,0,0 20.04 20.42 1,1,0,0 20.42 -0.018 0.000
4800 1,4,8,1 57.67 68.73 1,1,8,1 64.00 -0.099 0.074
6400 1,4,8,1 113.19 128.04 1,2,8,1 125.24 -0.096 0.022
8000 1,4,8,1 195.33 | 226.25 1,3,8,1 222.86 -0.124 0.015
9600 1,4,8,1 309.25 | 340.86 1,4,8,1 340.86 -0.093 0.000
05 O000000000000 (N =400, 800, 1600, 3200, 6400)
ooo ooooooooo goooooooo oo
N Py, My, P2, M> T T Py, My, Py, Ma T (r=T)/T (7 =-T)/T
1600 1,1,0,0 2.82 2.82 1,1,0,0 2.82 -0.001 0.000
3200 1,1,0,0 20.81 20.42 1,1,0,0 20.42 0.019 0.000
4800 1,4,8,1 58.89 68.73 1,1,8,1 64.00 -0.080 0.074
6400 1,4,8,1 113.29 128.04 1,2,8,1 125.24 -0.095 0.022
8000 1,4,8,1 190.43 | 226.25 1,3,8,1 222.86 -0.146 0.015
9600 1,4,8,1 293.52 | 340.86 1,4,8,1 340.86 -0.139 0.000
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ooo ooooooooo ooooooooo oo
N Pl,Ml,PQ,Mz T T Pl,Ml,Pz,Mz T (T*T)/T (‘IA'fT)/T
1600 1,1,0,0 2.84 2.82 1,1,0,0 2.82 0.007 0.000
3200 1,4,8,1 18.25 32.83 1,1,0,0 20.42 -0.106 0.608
4800 1,5,8,1 28.24 79.24 1,1,8,1 64.00 -0.559 0.238
6400 1,5,8,1 26.64 142.05 1,2,8,1 125.24 -0.787 0.134
8000 1,5,8,1 3.82 | 245.21 1,3,8,1 222.86 -0.983 0.100
9600 1,5,8,1 -49.66 | 374.49 1,4,8,1 340.86 -1.146 0.099
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08 0000030000000000000000000 (Pentium-IIT0 P-TO000000000)
ooo ooooooooo ooooooooao oo
N Pl,Ml,Pg,Mg,Pg,Mg T 7 P1,M1,P2,M2,P3,M3 T (T—T)/T (‘IA'—T)/T
1600 1,1,0,0,0,0 3.38 3.47 1,1,2,2,0,0 3.33 0.014 0.042
3200 1,4,0,0,8,1 24.64 33.49 1,1,2,2,0,0 18.33 0.344 0.827
4800 1,4,0,0,8,1 63.15 74.79 1,2,2,2,0,0 51.61 0.224 0.449
6400 1,5,4,3,8,1 108.98 | 129.54 1,2,2,2,0,0 104.65 0.041 0.238
8000 1,4,4,3,8,1 202.36 | 204.01 1,2,4,2,8,1 188.60 0.073 0.082
9600 1,5,4,3,0,0 314.81 | 385.58 1,3,4,2,8,1 292.77 0.075 0.317

09 00000 30000000000000000000 (Pentium-TTT0 P-TO0O0MO0CO()

ooo ooooooooo ooooooooo oo
N Pl,Ml,Pg,Mg,Pg,Mg T 7 P1,M1,P2,M2,P3,M3 T (T—T)/T (‘IA'—T)/T
1600 1,1,4,1,0,0 3.25 4.38 1,1,2,2,0,0 3.33 20.023 0.315
3200 1,2,4,1,0,0 17.11 22.98 1,1,2,2,0,0 18.33 -0.067 0.254
4800 1,2,4,1,0,0 47.58 59.23 1,2,2,2,0,0 51.61 -0.078 0.148
6400 1,2,4,1,0,0 100.48 118.90 1,2,2,2,0,0 104.65 -0.040 0.136
8000 1,4,4,1,8,1 179.30 | 218.27 1,2,4,2,8,1 188.60 -0.049 0.157
9600 1,4,4,1,8,1 270.37 | 343.51 1,3,4,2,8,1 292.77 -0.076 0.173
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2) Petitet, A., Whaley, R. C., Dongarra, J.
and Cleary, A.: HPL — A Portable Imple-
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