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FAmazon EC2 LiE{TMPIERER S

e Performance is below the level seen at dedicated,
supercomputer centers, however, performance is comparable
with low-cost cluster systems.

® Significant performance deficiency arises from messaging
performance where latencies and bandwidths are between one
and two orders of magnitude inferior to big computer center
facilities.

System latency uni-bw bi-bw

LAM 81.20ns  57.85MB/s 81.98MB/s
GridMPI 83.46us 54.60MB/s 77.07MB/s
MPICH2 nem 300us 15.72MB/s 26.08MB/s
MPICH2 sock 85.87ps  58.49MB/s 83.42MB/s
OpenMPI 300us 16.44MB/s 17.99MB/s
LAM/ACES 35.83ps 117.64MB/s 198.59MB/s

---MIT Constantinos Evangelinos and Chris N. Hill CCA-08 paper
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Multicore Is Bad News For Supercomputers

e Throughput = Concurrency/Latency
> EXxploiting parallelism
> Exploiting locality

e Multi-core Cannot Deliver Expected Performance as It
Scales

e “The Troubles with Multicores”, David Patterson, IEEE
Spectrum, July, 2010

e “Multicore Is Bad News For Supercomputers”, Samuel K.
Moore, IEEE Spectrum, Nov, 2008
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Layer Technique Reductions Factors References
System System shutdown 41%~99% V,k [CSB94,CIC94]
Dynamic voltage & frequency scaling | 10%~73% V, f [SEOOQ5]
Algorithm selection 33% k [OY94]
Compiler optimization 13%~20% k [Lee00]
Architecture Data representation 13%~32% k [yuO2][STD94]
Parallel processing with low voltage | 51%~80% V,C,f [CSB92]
Cache design 20~80% V,C,f [Yang02] [BAF94,PR95]
Bus encoding 15%~48% k [Lyuh02]
Operand isolation 30%~40% k [Banerjee06][Munch00]
Logic Logic synthesis <70% C k [HsuO2][IP94][TMA95]
Clock gating 20%~75% k [LiO2][Monica03]
Technology mapping <47% C k [LMO3][TAMI3]
Path balancing 9%~41% C k [KimO1][BCH94]
Circuit Low swing clock 30%~63% V [ELEOO][HK98]
MTCMOS,VTCMOS,DTCMOS 20%~80% | ook [Li99][Far97][Tad96]
Power gating <100% V, |k [David02]
Device stacking 1%~56% | ieax [Halter97][Rahul03]
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SRS WFE | T | &% | DieM Ti#e | DRBEER PHEREDIFELL
(GHz) | (nm) (mm2) (W) 2= (GFLOPS/W)
(GFLOPS)

Intel Core i7980XE | 32 | 32 | 6 240 130 107.55 0.827
Intel Sandy Bridge | 3~4 | 28 | 8 370 130 256 1.96
AMD Opteron X12 24 | 45 | 12 346 130 152 1.16

IBM Power?7 3~41 | 45 | 8 567 100 264.96 2.64

IBM PowerXCELL | 32 | 45 | 9 221 80 100 1.25

Fujstu SPARCTxVIIL | 22 | 42 | 8 513 50 128 2.56
Jeit>3B 10 | 65 | 8 300 40 128 < 392 2
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TEN ARV AR EREX B

L1 cache reference: 0.5ns
Branch mis-predict: 5ns
L2 cache reference: 7 ns
Mutexlock/unlock: 25 ns
Main memory reference 100 ns
Compress 1K Bytes with Zippy 3000 ns

Send 2K Bytes over 1 GBPS network 20000 ns
Read 1 MB sequentially from memory 250000 ns

Round trip within data center 500000 ns
Disk seek 1000000 ns
Read 1MB sequentially from disk 2000000 ns

Send one packet from CA to Europe 15000000 ns
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