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Power-performance Modeling and Optimization for
Cluster-based Web Servers

TAKATSUGU OvA,! HIirROsHI Sasaki, 2+
MasaAKT KoNDo™3*2 and HirosHI NAKAMURATH3

With increasing costs of energy consumption and cooling, power management
in Web server clusters has become an increasingly important design issue. Cur-
rent Web server clusters are designed to handle peak loads, where all servers
are fully utilized. But in practice, peak load conditions rarely happen and
servers are most of the time underutilized. We, so far, proposed a low power
cluster-based Web server, which is reconfigured to reduce power consumption
by adjusting the number of nodes and clock frequency of each node according
to load conditions. In this paper, we describe power-performance modeling and
optimization for cluster-based Web servers.
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Fig.1 The maximum request rate to average page size (Disk-bound).
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Fig.4 Power consumption to load (CPU-bound).
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Table 1 Base power consumption and coefficient at each frequency.

frequency | base_power | gradp gradc
[GHz] W] Wl | w)
2.0 36.7 2.5 12.8
1.6 33.2 2.1 9.8
1.2 31.3 2.0 7.8
0.8 29.7 1.7 5.6
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Fig.5 The maximum Loadc to Loadp in concurrent processing.
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Table 2 £ and 2 at each frequency.

a

frequency g <
[GHz]
2.0 0.38 1.00
1.6 0.43 1.25
1.2 0.51 1.67
0.8 0.59 2.50

03 00000000 <04
Table 3 § and % at each frequency.

frequency 5 %
[GHz]
2.0 1.00 | 0.22
1.6 1.00 | 0.29
1.2 1.00 | 0.44
0.8 1.00 | 0.75
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0 4 Intel Pentium M 760 000000000000 O0OOOO
Table 4 Clock and voltage setting for an Intel Pentium M 760 processor.

Clock (GHz) | 2.00 1.86
Core Vdd (V) | 1.356  1.308

1.73 1.60 1.46 1.33 1.20 1.06
1.260 1.228 1.196 1.164 1.132 1.084

0.80
0.988

05 O0O0O0O

Table 5 Specification of a node.

M/B

Commell LV673
- 1915GM + ICH6M chip-set
- Gb Ethernet x 2
12v cpunooong

Processor

Intel Pentium M 760
(Max 2 GHz, FSB533 MHz)

Memory

DDR2-SDRAM 1GB

HDD

80 GB, 7200 rpm

SATA 3.0GB/s
Seek Time 8.8 ms

goooooOooODOOO0OO0OO0O0000O0sM100000OCCOOODODODODODOOOOOO
gogooooobobobbodooooobobobbbooddgbpb b LoBbbo
oo 40000000000 00DODOOODODODOODOODODODODODOD
goodooooboobboooooooobobooboboooobobobobbbboooooLob Lo
gooboooobobooobbuooobboobbboobbboobbboobnbboo
Disk-bound 00000 HTMLOOOOOCPU-bound OOODODO perlOOO0OOCOODO
000oo00o0o0oO0oo0ooooo0oO0oo0oooUooUooUooooOn
O0000oo0o00ooo0ooOo0o0ouURLOODOOOOOOOO0OOOO0OOOOOO
0000000000000 000000Disk-bound0000000O0CPU-bound 000
000000000 200msO00000O0O
O000000oomo0o0oooooooooo ST-30000 00000000000
000000 BOXUA/DUOUOUOOOUOOOOUOODOOODOUUDDOOODOOOOOUDOO
000000000 ooooOO0000ooooOoOOo0o00oOo0oooooOoooooo
0000 12V0 ATXO0OO0O0O0OD0OOO0O000O0 12v000000000000000
12vi00o0o0oooooo0o0oooooooooobooboobooooobooboboobobooooo
O000000O0O00oo0O00ooO0o0ooooOooUbooOoOooo

(© 2008 Information Processing Society of Japan



128 000000000 WebOOOOOOOOOOOOOOOOODO

6.2 0O00O0OO

go0o00oOooooooOoUodooooDooooUoooo0 40000000000 ODOO
o Always-Mex0 0000000 DOODOOOCOCOOOCOOOOOO

e Only-DVFSOOCOCOOOOOOUOOUUUOOOUOODODODODODODODOODODOODOODOO

00oo0oooooooooooooo
e Only-NodeOODOOOOOODOOOOOOOODOOOOODOOODOOOOOOOCODO
0000ooooooooooooooo

e Proposedd 00000000000 DODODODODOOOCOOCOOOOOOOOOOOO
000000Disk-bound 0 CPU-bound 00000000000 LoadpO0O0O0O Loadc
O00U0oU0oUOoUOUOUDO0O00O000 200000000000O00O00OO0O Disk-
bound 0 CPU-bound O0O00OD0 1000000000000 0O00OQOOODODOOOOOO
100000 Loadp 000 Loade OODOODOOODOODODOODOOOOODOODOOOO
0200000000000000 100000000DO00DO0DO0O01I0D0UDOOOOO
00000000000 000000 2000000000000000O0O0O0O0ODOO
0000000000000 0000000000000000000o0oOoO0oOooooOon
gdo0od0o o0oobodbDooobOodbDoooooooDbOoooDboOooboOooo
gdo0o0d0ooo0oboOoo0obOo0oobOo0oboObOooobOooooOOooDO 1co0boooo
goodoooooooooboobobooobooobooooooooooooooog
0o0o0o/ooooooooooooooob l100ooooooloooooooooo
0o0ooooooooooddoooooooooobooooo

6.3 0D O0OO
000o0oO0O0oO0o0o0ooU0UoUoOoUoUooooooooOODOoOoOoOoooOoOo’8OOOd
040000 Disk-bound 00000000000 CCOOO 40000 CPU-bound 00O
ooooogooooooooooo

060 Disk-boundOODODOODODOOOO 70 CPU-boundDO00OOOOOODO 100
000o0o0ooooDO0O00oDOO0OO0O000000O0O0000000oCoOoooooooooooo
gooooooopoobooooooOoCoOoObOOoUUos200oboboOobOobDDODDODODO
oooO0oo0UO0UOUOULDUOOULOODOUDUOUDOODOOO (1I3)0DUODO (15)
00000000 Disk-bound 0000000000 (15)0000000 2000000
Joood0ooOoOooooooo 3poouooogoooag

060 Disk-bound 000000000000 0OAIways-MaxOOQOOOOOOOOO

000000000 0OoDOoooDOoooooog Vol No.o1 o 120-132 (June 2008)

[—Max - - Only-DVFS — Only-Node —Proposed — LoadD|

1"
[l

| M-_],.\-H_l \
]

ul i e 14

80

PowerD [W]

40 [

LD
0 0

0:00 6:00 12:00 18:00 0:00
time

06 0U000OO0O0O0OO0OO0OOO0OODODOODisk-boundd
Fig.6 Power consumption to load variation for each policy (Disk-bound).
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Fig.7 Power consumption to load variation for each policy (CPU-bound).
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Table 6 System configuration and power consumption for each policy at Hp and Lp in Fig. 6.

oo HD (LoadD = 30) LD(LoadD = 09)
oo oo oo oo
Always-Max | (4, 2.0) 153.6 | (4,2.0) | 149.1
Only-DVFS | (4,0.8) | 1236 | (4,08) | 120.4
Only-Node | (3,2.0) | 117.3 | (1, 2.0) 39.0
Proposed (3, 0.8) 94.2 (1, 0.8) 31.3
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Table 7 System configuration and power consumption for each policy at Ho and L¢ in Fig. 7.

oo Hc (Loadc = 3.8) Lc(Loade = 1.2)
oa oo oo oo

Always-Max | (4, 2.0) 197.2 (4, 2.0) 161.6
Only-DVFS | (4,2.0) | 1972 | (4,0.8) | 1253
Only-Node | (4,2.0) | 197.2 | (2, 2.0) 88.2
Proposed (4, 2.0) 197.2 (2, 1.2) 71.6
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Table 8 Energy consumption in a day for each policy.

oo 000 [KWh]
Disk-bound CPU-bound MIX
Always-Max 3.65 3.99 7.65
Only-DVFS 2.94 3.35 6.12
Only-Node 2.17 2.14 3.20
Proposed 1.74 2.00 2.92
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Fig.8 Power consumption to load variation for each policy (MIX).
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09 08000 HyOUOU Ly 0000000 0ODDOOOOODOOOOOOO
Table 9 System configuration and power consumption for each policy at Hy; and Ljs in Fig. 8.

oad Hpp L

oo oo oo oo

Always-Max | (8, 2.0) | 350.8 | (8, 2.0) | 310.7

Only-DVFS | (8,1.2) | 3104 | (8,0.8) | 245.7
Only-Node | (6,2.0) | 278.0 | (2,2.0) | 90.4
Proposed (6,2.0) | 278.0 | (2,1.6) 79.7
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