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(GHz) | (nm) (mm?2) (W) A (GFLOPS/W)
(GFLOPS)
Intel Core i7980XE | 32 | 32 | 6 240 130 | 10755 0.827
Intel Sandy Bridge | 3~4 | 28 | 8 370 130 256 1.96
AMDOpteronX12 | 24 | 45 | 12 | 346 130 152 1.16
IBM Power7 3-41 | 45 | 8 567 100 | 264.96 2.64
IBMPowerXCELL | 32 | 45 | 9 221 80 100 1.25
Fujstu SPARCHVIIL | 22 | 42 | 8 513 50 128 2.56
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Emerging Technologies Hype Cycle 2009

expectations

4

—Cloud Computing
E-Book Headers

Social Software Suites
Microblogging

Green IT
Video Telepresence

Wireless Power
Internet TV

3-D Printing
Augmented Reality
Surface Computers

Mobile Robots
Behavioral Economics

Mesh Networks: Sensor

Speech Recognition

Online Video
Corporate Blogging

S0A
Location-Aware Applications

Home Health
Momitoring
Public Virual Weorlds

Wikis

Electronic Paper

Tablet PC

ldea Management

Wieb 2.0

Soecial Metwork Analysis

Chwer-the-Ar Mobile Phone Payment Systems,
Ceveloped Markets

Video Search

Context Delivery Architecture
Guantum Comparting

3D Flat-Panel Displays

Human Augmentation RFID (Case/Fallet] As of July 2008
Peak of
Technology Trough of . Plateau of
. Inflated - - Slope of Enlightenment .
Trigger Expectations Disillusionment Productivity
: g
fime
Years to mainstream adoption: obsolete

O lessthan 2years © 2toSyears @ Sto 10years & more than 10 years @ before plateau

Gartner



B BRI A [B)FE2

o WRITHNRAREMENHARIAA
B4 =ZNicholas CarrE#J “The Big
Switch”, E|NEIER “ITABEER"

o MENE (ER) BIBRETHA { \
B (50) Bkt AR ;u;mmmgg
T ARE B,

o EBERHHSHAMMARE, BAMI |G s S o
EEERTRENA, ANNAE
EPSRME; MiE8RS A LE

T RLZFRIE @
o HNIZELLAHEEERNME, HIERE

fig, W, FEADIFEAEBIRS

HARABRE, BN FRIZRT,
o LiITEFE UM T /74K,

RN TRE FL RAVIER.




R EIETES MR ER

® Dan Reed: #“ITEDAX I ZENYFEHBWIERE

BETRITEN N E R R, WWR—FhpetascaleitE
FEREBESEBEIER, SKHNIHTESTE
MEE. BEXNTRZHERBNNIRIEZRIHH
RE, ITERERSINHERSE.

o BRINZHREHA A ZHFNMHBRITE. shA
grand challenge M AR A =1 E A2 15 AR
BEWFE—FREAZRENRITERATISE.

o HPCEFEMITIHEEZEEES, CPURNFIAR
F,EZ’I‘?ET%, FERME I AR IR S HPCRICPUFI A %

I~ Ko




BRI =it B HPCRRBHUR

o ETAITHERRMEBRITEF L, RTHEHRFEN

MEWHPCHRPEXIN, FEEZMNRCEFH WS AXZFM
I EY o

o =[EFEMNLFHITE G (TACC) By Edward Walker %
Amazon EC2 FHPCN AR REFRINIAIT T, NMHA
s AR EEMRIZENPB, SMiRZ5 R 35AH: JLF4EE
B ZET, XOpenMPRRZASBISAS IR FEFEC2 4 &E
TEE7%ZE21%4F, MPIRRZAMEEEN T FE40% 2 1000%
=

o EMMLIMITEERER (MRBIRERZABUEAT) MR
MR, IO Ei"&ﬁﬁﬂ’ﬂ'lﬁﬁﬁﬂﬂ%ﬁ-i?l‘%




FEAmMmazon EC2 EBZTMPIMRES S

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

e® 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 81.20us  57.85MB/s 81.98MB/s
GridMPI 83.46us  54.60MB/s 77.07MB/s
MPICH2 nem 300us 15.72MB/s 26.08MB/s
MPICHZ2 sock 85.87us  58.49MB/s 83.42MB/s
OpenMPI 300us 16.44MB/s 17.99MB/s
LAM/ACES 35.83us 117.64MB/s 198.59MB/s

---MIT Constantinos Evangelinos and Chris N. Hill CCA-08 paper
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“Computing for Masses”

v SR — AT &

e Computer Science for the
Ternary Universe
> Algorithm Networks Computing for the Masses
> Ternary Systems | i Xuand Guojie i
Modularity T ehinens Acotoms of Seenece

> Fundamental Impossibility | Computing for the masses means

e A Universal Compute providing essential computing

Account for Everyone value for all people, tailored to
their individual needs.

e [ean System Platforms e It demands paradigm-shifting

for the Masses research and discipline
: rejuvenation in computer science,
e A Science of the Net to create augmented Value (V),
Ecosystem Affordability (A) and Sustainability

: : (S) through Ternary computing (T).
e National Information e Computing for the masses is

Accounts VAST computing.
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2009 Thacker, Charles P Alto personal computer, Ethernet .

2008 Liskov, Barbara fault tolerance, and distributed computing.

2007 Clarke, Edmund M, Emerson, E Allen, Sifakis, Joseph

effective verification technology

2006 Allen, Frances optimizing compiler techniques

2005 Naur, Peter ALGOL 60 compiler

2004 Cerf, Vinton, Kahn, Robert E internetworking, TCP/IP

2002 Adleman, Leonard M. Rivest, Ronald L, Shamir, Adi
public-key cryptography

1997 Douglas Engelbart mouse GUI

1992 Bulter Lumpson PC environment

1990 Fernando J. Corbato HIFELEFTHEN ARG I K

1987 John Cocke FF & RISCi+HAL

1983 Ken Thompson. Dennis M. Ritchie UNIX#/E &5t

1967 Maurice V. Wilkes &2+ 1+ EAL

1966 A.J. Perlis Jcit g e Fi AN g5 PR 4214
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Multicore |Is Bad News For Supercomputers

® Throughput = Concurrency/Latency
> Exploiting parallelism
> Exploiting locality

e Multi-core Cannot Deliver Expected
Performance as It Scales

® “The Troubles e “Multicore Is Bad News For
W|th_MuItlcores : Supercomputers”, Samuel K. Moore,
David Patterson, IEEE Spectrum, Nov, 2008
IEEE Spectrum,

July, 2010 e Memory wall

o “IR” T, e Bandwidth wall
RHEER?
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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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out
Layer Technique Reductions| Factors References
System System shutdown 41%~99% V,k [CSB94,CIC94]
Dynamic voltage & frequency scaling | 10%~73% Vv, f [SEOO05]
Algorithm selection 33% k [OY94]
Compiler optimization 13%~20% k [LeeO0]
Architecture Data representation 13%~32% k [yu02][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][MunchO0]
Logic Logic synthesis <70% C,k [HsuO02][IP94][TMA95]
Clock gating 20%~75% k [LiO2][Monica03]
Technology mapping <47% C k [LMO3][TAM93]
Path balancing 9%~41% C k [KimO1][BCH94]
Circuit Low swing clock 30%~63% V [ELEOO][HK98]
MTCMOS,VTCMOS,DTCMOS 20%~80% lieak [Li99][Far97][Tad96]
Power gating <100% V, lieak [David02]
Device stacking 1%~56% lieak [Halter97][Rahul03]
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