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MegaProto: A Low-Power and Compact Cluster
for High-Performance Computing

HIROSHI NAKASHIMA,t* HIROSHI NAKAMURA,t? MITSUHISA SATO,3
TAISUKE BOKU, SATOSHI MATSUOKA,t DAISUKE TAKAHASHI!3
and YOSHIHIKO HOTTAf®3

MegaProto is a proof-of-concept prototype for our project “Mega-Scale Computing Based on
Low-Power Technology and Workload Modeling”, implementing our key idea that a million-
scale parallel system should be built with densely mounted low-power commodity processors.
The building block of the MegaProto is a 1U-high 19 inch-rack mountable motherboard unit
on which 16 low-power, one-dollar note-sized, commodity PC-architecture daughterboards are
mounted with a high bandwidth, 2 Gbps per processor network based on Gigabit Ethernet.
The peak performance of each unit is 14.4 GFlops for the first version and will improve to
38.4 GFlops in the second version through a processor/daughterboard upgrade. The intra- and
inter-unit network bandwidths are 32 Gbps and 16 Gbps respectively. As for power consump-
tion, the entire unit consumes 300-330 W maximum under extreme computational stress; this
is comparable to or better than conventional 1U servers comprised of dual high-performance,
power hungry processors, while benchmarks exhibit up to 279 % superior performance for
some NPB programs.
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Table 1 Performance/power ratio of modern microprocessors

(a) 20030 90000

000 000 00 TDP|OOOOO

(*1) (*2) (*3) (*4)
Athlon XP Model 109 | 2.20 4.40 76.8 57.3
Xeon3) 3.00 6.00" 85.0 70.6
Pentium 43) 3.20 6.40" 82.0 78.0
Mob. Pentium 43) 3.06 6.12F 70.0 87.4
Mob. Pentium III-M3) | 1.00 1.00 10.5 95.2
TM5800%) 0.93 093 7.5 124.0
Mob. Celeron® 2.40 4.807 35.0 137.1
Mob. Pentium 4-M3) 2.60 5.20" 35.0 148.6

(*1) 00000 (GHz)O
(*3) Thermal design power (W).
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(*1) (*2)  (*3) (*4)
Xeon?) (*5) 2.80 5.60T 111.0 50.5
Pentium 4% 3.80 7.607 115.0 66.1
Mob. Pentium 44 | 3.33 6.667 88.0 75.7
Celeron M%) 1.50 1.50 24.5 61.2
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Pentium M%) 2.10 2.20 21.0 100.0

1.10 1.10 5.0 220.0
TM88005) (*6) 1.20 2.407 4.0 600.0

(*2) 00000 (GFlops)0 10000000 SSE2000000
(*4) 000000000 (MFlops/W)O
(*5) 3.0~3.6GHz 00 000000000000000 TDP O 4) 00000000000

(*6) TDP 0OODOO

serial
&
------------------- . OV =)
RTC | [CPCi |
1
. i on |
® x16 !
L4 1
'
i
'
'
[oombef-----4 | *16 $| SW
RTC PCI Dual

01 00oooooo
Fig.1 Cluster unit

0000 432mm(W) x 756 mm(D) x 44 mm(H) O
iwwoooooooooooooooowOOOO
O00o00o00o0o00o0o0o0o0o0oo 20002400
O GbEODOODOOOODOOOOODOOOOOO0ODOO
goooooooooooooooobooboooooboo
goboboooooooooTrMssooogogo 100
Oooo3oowOTM8spoODOOO 200000
Ooo3owoooooooooooooobooobo 40
goboooooooooooobooooooooon
3.1 OOO0OO0O0OO
pobooobooobuooboobobuoobooba
gbooooooooooodd 65mm x 130 mm O
oooOooooooUoooooooooor/oood
gooooobooooooooocoooooboobooboo
gooooooooooooobobooooooobo
goobooooooooooboooooooonbo
goboooooooooooooooooon
020010000 2000000000000O
gooooooooooooooocoooooboooboo
TM580000 TM8800O O OO OOOOO 10000
000 093GHzO TMh800000000O0O0ODOO
O000000000000000 14.9GFlops 00O

0 1230


研究会temp
テキストボックス

研究会temp
テキストボックス

研究会temp
テキストボックス
－123－


02 00000000000

Table 2 Processor card specification

1st version 2nd version
MPU TM5800 (0.93GHz) TM8800 (1.2GHz)
Caches |[L1=64KB(I)4+64KB(D) |L1=128KB(I)+64KB(D)

L2=512KB(D) L2=1MB(D)
Memory|256 MB SDR (133 MHz)|512 MB DDR (266 MHz)
Flush |512KB 1MB

I/O Bus|PCI (32bit, 33 MHz) |PCI-X (64 bit, 66 MHz)
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03 NPBO HPLOOODO
Table 3 Performance of NPB and HPL

# of NPB (class A)[Mop/s] HPL
proc.| IS MG EP FT CG |[GFlops]
2/101 1531 5.0 (*1) 95.6 (*1)
4(17.4 262.6 10.0 257.9 115.7 2.07
8129.6 507.9 19.9 476.4 163.4 3.61
16|43.8 831.6 39.8 923.9 217.5 5.62

(*1)D0oooOoooOoooooooo
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Fig.2 Speedup of NPB and HPL
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Fig.3 Peak and average power consumption

300

N ﬂrwm e
P

0
0 1000 2000 3000 4000 5000 6000
Time (ms)

Power (W)

04 ISOOO0OOO0OOO
Fig.4 Power profile of IS

gooooooooOoOoocGoOoooODoOoOoOoOoO
goooooooooobobo EpO00ooooDOO
gooboooooooooooobooooooboood
goooboooooooooooocoooooboooboa
000000000 1s000 4000000000
goooobooooooooobooboooooooboooboo
g000o0bD0o0b000LongRun OOOOOODOO
goooooooooobooooooooooooa
gooboooboooooooooocoooooboooboa
gobooooooooooon
gb200000000000000000D012V
goooboooooooooboobooooooobooo
gooooooooooooooboooooooood
goobooboooboooooooooooooobooboo
gooooooooooooooooobobooooboo
OO0O00OMegaProto 00 DOOO0OOO0OOOODOO
gooooboooooboooboooooooooboo
oooooooooreooooooooooobooo
gobooobooooooooooooooooooboa
goooooooooocoooooooboooboo
gooooooooooooooooboooooobo

B0 MegaProto 0000000000000 OOOOOOOOO

0 1250


研究会temp
テキストボックス

研究会temp
テキストボックス

研究会temp
テキストボックス
－125－


[T dual Xeon (base)
I dual Xeon x 2
5 [ 1 MegaProto

N

[u

relative performance

IS MG EP FT CG HPL

05 0000 XeonOOOOOOODOO
Fig.5 Performance relative to dual-Xeon server
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