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A High Performance Cluster System Design with
Adaptive Power Control

YOSHIMICHI IKEDA," MASAAKI KONDOt and HIROSHI NAKAMURA'

Compact and dense packaging is indispensable for cluster systems to achieve high perfor-
mance/cost ratio. Packaging of cluster systems, so far, is designed to satisfy the restriction
that is, peak power consumption does not exceed a given TDP (Thermal Design Power)
derived from cooling limitation. However, practical power consumption seldom reach TDP,
and thus cluster systems operate with allowance for power consumption most of the time.
Therefore, in this paper, we propose a new implementation scheme of cluster systems. In
the proposed scheme, although theoretical peak power consumption exceeds TDP, practical
power consumption is still below TDP by adjusting supply voltage and clock frequency of each
node, and thus effective performance gets higher than that in conventional implementation

schemes.

1. Oo0o0oano

ooooooooooooooooooooooaod
gooobooooooobooooobooboooooo
goooboboooooooooobooocoooooo
gooooboooobooooooooooboooooo
gooobooooooooooobooooooooo
goboobooooooooboooooobooboonoooon
goooooooboooooooobooboooooDo
goooboboooooooboboooooobobDbo
goooboooooooooooboobooooooo
gobodooobooooooooood

goooooooooooooooooooooon
gooooboooooooboooobocOoooooboooo
goooboooooooobooocooooooboooo
gooobooooooooooboooooooooo
gooooooooooooooooooooooon

t00o000o00o0oooDoooooon
Research Center for Advanced Science and Technology,
The University of Tokyo

262

O000000000000O00OoOoooOoooooo
000000o0o0oo0ooooooo0ooooo
000000o0o0oo0oo0oooooooooo
O000o0o0oO0o0ooOoOooooooooOooooo
0O0000O00TOP500Y 00000000000
50000000000000003600000000
O000000oO0o0oOo0pooooooOoooooo
O0ooOoooooooooo
O00o0o0o0o0oOo0oooOoooooooodg
00000U00o0oOoooooooUoOooooooo
0000000000 0000o0o0oooooooo
0000000o0o0oo0oooooooooooo
000000000o00o0oooooooooo
O000000o000o0ooooooooooooo
O00000o00ooO0oooooooooooooo
O0000o0ooOooooooooooooooooog
O000000o00oo0o0oOo0oooOooOoooOoO
0000 “Green Destiny” ? O “Mega Proto” ® 0O
000000000000 000O0O00O00oOoog
0000000O0o00oO0ooooOoUooOooooooo



Vol. 47 No. SIG 12(ACS 15)

O0o00o00oo0ooooooooooooooooo
O00000000ooooooooOoIBMOOO
000 BlueGene/L* 00 PowerPCOOOOODOD
O000000o0o0oo0oooooooooooooo
Oooooooooooo
0000o0o0o0o0oo0oooooooooooog
00000000o000o0oU0oooooOoooooo
O0000000000o00oo0oooOo0ooooo
00ooO0ooo0boo0oo0ooooooooooo
O0000o00o0o0o0oO0oo0oooOoooOooboo
O000000o00ooooooooooooooog
O00000000Oooooooooooo9oo
000000000 1Uo0oo0oooo 3o0wWo
O000000oo0oo0oooOoooOoooOoooo
O000000O00Oo0o0OoOo0ooOooOoOooooo
0000000000o00oOo0oooOoooOoooo
000000o00o0oooooooooog
0o0o0o0oooooooooooooooooog
00000000000000000o00o00d TDP:
Thermal Design Power0O0 D O0000D0O00ODO0ODO
O0o0o0oo0oooooooooooooooo
O0000o0oooooooooooo TbpOOOO
O0000o0oo0o0oooOoooooooooooo
O000000o0oo0oooooooooooooo
O00000000oooooOoooooooooo
0000000000000 0ooooooooooo
00000000000 00O0oOooooooooo
0000oo0o000o0oooo0oooo0oooooo
0000000o00o00o0o00ooooooooooo
0Y0000000000000000000000
O00o0o0o0oO0o0ooOoooooooOooOooooo
O00o0o0o0o0o0ooOoooooooooooooo
O0o0000o0o0oO0o0oo0ooooooooooo
O0000OO0o0ooO0ooOoooooooooooooog
O0000000000O00OOo0oOooOoooooO
O0ooooooooooo
O000o00o0oo0oUoOoooooooooodg
0000000o00o0o0ooo0oooooooooo
0000o00o00o00o0ooooooooooo
O0o0o0o0o0o0ooO0ooooooooooooo
O00o0o0o0ooo0ooooooooooooooo
O000o0ooO0o0ooOoooooooooooooo
O000000o0000oo0oooOoooOoOooooo
O000o000o00Oo00oOooOoOooOoOoooOoO
O DVS: Dynamic Voltage Scalingd 00000000
00000000oo00oo0o0oooooooooo

goooooooooooooooooboooooooo 263

goboooooouooobooocboOoooooobooo
gbobooobooooooooobooooooooboooo
oboogoog
gobooooooooooboooboooooooon
gobooooooooooooooo3soooonooboo
gobooooboooo40000000000DDO
goooos000000000000600000
goooovooooooboooooobooobooooo

2. 00O00OO0O0OO0OoOObOOoOooOoon

2.1 0OO0O0OO0OO

gobooooooooobooboooooooooo
gbobooooooooobooooooooooboo
gobooooooooooocoooooboobooobooo
gobooOoooooooboooooooooooooo
gooooobooooooooooOooooooooo
goooooooooobooooooboboboboo
gbobooooooooboobooooobooooooood
gobboooooooooobooboooooobooon
goboooooooooooooooooooood
0000000000 0000000000 0O Intel
Pentiutm MOOOOO PCO 8O0O00OOOOO
gbobooOoooooooooobooooooooboooo
ooooooooooooooooooooooooo
goooooooooooooooooooo100
goooboboooiooooobooobooooooo
goboooooooobooooooooobobobo
00o0ooooooo3100o0ooooogo pCO
gool10000 HPLODOOOOOOODODOOO
S5rwoOOoOooOooo 17)0oooooooouoo
0o0o00O0000000000000D0 LinpackO0O
gboboooooooobooobooocOouooooboooo
gbobooOoooooooooobooooooboooo
gooooooo0ooooOo0oo pCcOooboOODO

400

380 Q

360 X

340 \

320 \
300 V\e\é\

~

SHEEAMW]

280 - -
1.e—6 1.e-4 1.e-2 1
BISHE [BERNYK/ EHEGSE
01 0000O00000000000

Fig.1 Power consumption for various transfer rate.
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M/B Commell LV67318)
Gb Ethernet x 2
Pentium M 760
0 Max 2 GHzO FSB533 MHz0
DDR2-SDRAM 1GB
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Table 2 Clock and voltage setting for Pentium M 760.

Clock (GHz) | Core Vdd (V)
2.00 1.356
1.86 1.308
1.73 1.260
1.60 1.228
1.46 1.196
1.33 1.164
1.20 1.132
1.06 1.084
0.80 0.988

02 0000
Fig.2 Experimental platform.
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Fig.3 Relationship between performance and power.
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Table 3 Performance on 300 W power limit case.
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Fig.4 Runtime power control system.
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Cuait_time = 100 / Thovershoot
freq = Freqmin;
set_freq-all_nodes(freq);

(invoke application)

while(application_is_running) {
/* for every power measurement cycle */
Wopserved = get_power();

if (Wobsemed >= Wmaz_t}weshold) {
freq——;
set_freq_all_nodes(freq);
Csafe_tzme = 0;

else if (csafe_tzme >= cwa,zf,_f,zme) {
if (Wobsem/ed <= Wmm_t,h?”eshold) {
freq++;
set_freq-all_nodes(freq);
¥
}
csafe_E'L77le++;

05 0DO00O0O0O0OOOO0OOO0O
Fig.5 Algorithm of runtime clock control.
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Table 4 Selected clock frequency for the conventional
cluster.

oo CG EP FT IS
350 W 1.86 1.86 1.86 1.86
300 W 1.33 1.73 1.33 1.60
250 W | 0.80 1.06 0.80 1.06

oo LU MG Himeno-Bench HPL
350 W 1.86 1.73 1.86 1.86
300 W 1.46 1.33 1.46 1.20
250 W | 0.80 0.80 0.80 0.80
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Fig.6 Relative performance of the proposed cluster.
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Fig.8 Breakdown of execution time spent in each clock
frequency.
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