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ZORITEDSE ., ENN—FBMMEREINABLIVNIN?

ITHE B8 MHiiEEE (km) EE (Mach) REEHE(I/h)

Boeing 737-500 132 4444 0.74 2933l/h
Boeing 747-400 416 13,450 0.89 12,788 I/h
BAC/Sud Concorde 120 7250 2.2 30,000I/h
Lockheed Martin F16 1 3900 2.2 3000I/h

Concord, F16(X747&£LLEL T, EDFRHEEELN?
747 [ 737 ELLRL T, ENFETREHZERS?
TAT(E, 73TELLEL T, AEDBEEEZE RS2
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3D Performance Score (1024x768)

Compal NBLB2 (i7-640M + HD5650)

21442

Acer 5551G-4591 (P520 + HD5650) 19942
Dell Studio 17 (i7-720QM + HD4650) 18906
ASUS U41JF (i3-380M OC + GT425M) 17958

ASUS N82JV (i5-450M + GT335M) 17273
ASUS N53JF (i5-460M + GT425M) 16612
Dell XPS L401x (i5-460M + GT420M) 16471
Clevo B5130M (i7-640M + GT425M) 16363
Dell XPS L501x (i5-450M + GT420M) 15552
Sandy Bridge (i7-2820QM + HD 3000) Ii2200!
Apple MBP13 2011 (i5-2415M + HD 3000) 10542
Apple MBP13 2010 (P8600 + 320M) 10502
Dell Studio 14 (i5-430M + HD5470) 9290
ASUS UL8OJT (i3-330UM OC + G310M) 8763
HP dm1z (E-350 + HD6310M) 5697
0 5000 10000 15000

20 000
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Response Time (latency)
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10D T O 5 LDEFTHRMIFH AL
ystem time (OSD NEB D EITHRT) &
user time(OSDAEBTHOA—F TS 5.LEHEDRITHR)
HhbhhDEBTREHLD: user CPU time
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B4 L 200x10°
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o Q: BAMNKETTSITOSSLPIR200MhzD YOV IEEDHBHTY
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HT50EFEH-THY, RETOD2—SvrELTIERLTAS 5 L%6
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e RIZRIVALTIOTSLPRITICHRELBT AL E%E
k &95L.
— CPUBSME, =k / BFE#,
—k=10x2x108=2x10°H 1)L

- Y UBTOHOCPURRE L.
— CPUBSRSI; =k x 1.2 / K%,
— FBE#=1.2x2x10°/6 =4 x 108= 400Mhz
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TRT3LDERITORE

— HABOGMT (WA

- HRIRDIOVIHAIIL

— HAHEME(FD)

hoDEEHNREZRR I HHGE:

— YA )L34M4 L cycle time (1514 2)L&HT=Y O BERE (7))

— Ovy9L—Fk clock rate (1#H=YDHAILE)

— CPI (cycles per instruction, 18p FH=-YDE¥ IOV H L)L)
EBINBREEEFEZBHT ST TVIFCPIA B L MELALL

— MIPS (B#MIBE A H3E1TH millions of instructions per second)
HiafsZRAVSTRAT S LTIEEN-BRLRETIEAL
c.f., HHXIMIPS: H57L U DEEZTEE(IMIPS)ET S (Vax MIPS)
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CPI 05

¢ QRLHEEYRNT—FTIFV(SA)D—_DDELEZEEMNH-T-ELLS
(9l: Pentium & Pentium Pro)

HHTO5S5LIZR LT,
<V A IOy A4IILE34A4LHM0 ns T, CPI A% 2.0
<V B Xy A4I)L34LH20 ns T, CPI A% 1.2

ELE5DTIUNCOTATILIZHLTIKEDIREELV?

o EN EL=DDVIHECISATHo/=ETBE BELZDEEHREDE L E—
[Z75B2? (e.g., 2Oy —N CPI, E1THE], #5178, MIPS)

- [EE: BHTERTBEKET S TR TN DOETERRM t,, tglE.
— t,=k/(10 x 109 )x 2.0
— tg=k/(20 x 109 )x 1.2
— fhEEEEE =t I, = 1/1.2
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MIPS )5l

¢ Q: Z2ODAVIINMTHM100MhzD Ty L TTFRRENTEY ., KRET7S
Jr—<avRAOa—K#HhT 3
— WHEDIOYIYALYILISRIBIRERIZ. VF5RA: 1YL 9)L, V5 AB: 2
L)L, V5AC:3HAI)L
— E—a N A5DA—FTIX. V95RXA 500565, V5 AB 1005645,
PSRXC 1005 Mm%, KNEITEIND
— EZa /I L5Da—KTIE. V5AA 10005865, V5AB 1005645
OFAC100GME . NETINDS

+ OB,
— MIPSTEQFEWAIXELLDIAY /(572
- RTHENEVMEESBV)DIXESELNDIV/I(5?
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NFI—IICELT

MEEEREBEDT TV r—Sa EHhT ONRRAMNERELLS
- HfFShE7—/0—FIZHLTRBMETOTSLEZRALD
— FrlE, —BBEICRENGISRADT I ) r—avERNS
e.g., AVNAIITT 13, HERWEE. TIT719IX GE.
INELIWRFT—2 (Small benchmarks)
— P—XTIORON—FIzT7THFAFITEoTIEH/R DT
— {EH{LITE5: Bl: Dhrystone, Whetstone, Sieve
- EAASNZBh: SHMNEXLEER, Fa—= S HETHE
(benchmark tuning)
SPEC (System Performance Evaluation Cooperative)
- ZBOLERMT. KPOTOT S LEANZEELL (BF~HTBT)
- ZTNTHLPRRVELAShSAREMELHEH(RDRSMF)
- MROFRBICEELGRE, 7—XTI/FVEGFTEL AV A5 OFE@EIZE
Alsbnsd
— SpecCPU (SpecINT, SpecFP) 89, 92, 95, 00
— IRTE(X Spec CPU 2006
— BATIISHIZHRRGERFHHS (SpecHPC, SpecdVM, ...)

e www.spec.orexZ B8




SPEC ’89

o RUFI—HFa1—=UHDER —-matrix300[Z LR FIFERIZ

800

700

600

500

400

300

SPEC performance ratio

200

N I [
e o .| -: ! . -I I I|

gcc espresso spice doduc nasa7 li eqntott matrix300 fpppp tomcatv

Benchmark
Compiler

- Enhanced comqlg



2 B: SPEC 95

Benchmark Description

qo Artificial intelligence; plays the game of Go

m388ksim Motorola 88k chip simulator: runs test program

qcc The Gnu C compiler generating SPARC code

compress  |Compresses and decompresses file in memory

l Lisp interpreter

ipeg Graphic compression and decompression

per| Manipulates strings and prime numbers in the special-purpose programming language Perl
vortex A database program

tomcatv A mesh generation program

swim Shallow water model with 513 x 513 grid

su2cor quantum physics:; Monte Carlo simulation

hydro2d Astrophysics:; Hydrodynamic Naiver Stokes equations

marid Multigrid solver in 3-D potential field

applu Parabolic/elliptic partial differential equations

trub3d Simulates isotropic, homogeneous turbulence in a cube

apsi Solves problems regarding temperature, wind velocity, and distribution of pollutant

foppp Quantum chemistry

waveb Plasma physics; electromagnetic particle simulation 20




SPECint

SPEC ’95

0y L —rEEICT DEMELIEICHEDH?
B oOyoL—rDTo 2 DIEH KRN RIVGEDBHEHV?

10 10
91 9L
8 8
Tk 7L
6 6

SPECfp
o
T

) /
4 4

— 3

././l

| | |

Al i
9 2
1" T
0 I | | 1 ;0 '
50 100 150 200 250 50
Clock rate (MHz) . Pentium
Pentium Pro

100 150 200

Clock rate (MHz
(M) . Pentium

Pentium Pro 2 1

250



55 EB: SPEC 2000

CINT2000 and CFP2000 are based on compute-intensive applications provided as source code.
CINT2000 contains eleven applications written in C and 1 in C++ (252.eon) that are used as

benchmarks
Name
164.
175.
176.
181.
186.
197.
252.
253.
254.
255.
256.
300.

.

gzip
vpr
gcc
mcf
crafty
parser
eon
perlbmk
gap
vortex
bzip2
twolf

1400
1400
1100
1800
1000
1800
1300
1800
1100
1900
1500
3000

Ref Time Remarks

Data compression utility

FPGA circuit placement and routing
C compiler

Minimum cost network flow solver
Chess program

Natural language processing

Ray tracing

Perl

Computational group theory
Object Oriented Database

Data compression utility

Place and route simulator

CFP2000 contains 14 applications (6 Fortran-77, 4 Fortran-90 and 4 C) that are used as

benchmarks
Name
168.
171.
172.
173.
177.
178.
179.
183.
187.
188.
189.
191.
200.
301

wupwise
swim
mgrid
applu
mesa
galgel
art
equake
facerec
ammp
lucas
fma3d
sixtrack

.apsi

1600
3100
1800
2100
1400
2900
2600
1300
1900
2200
2000
2100
1100
2600

Ref Time Remarks

Quantum chromodynamics

Shallow water modeling

Multi-grid solver in 3D potential field
Parabolic/elliptic partial differential equations
3D Graphics library

Fluid dynamics: analysis of oscillatory instability
Neural network simulation; adaptive resonance theory
Finite element simulation; earthquake modeling
Computer vision: recognizes faces

Computational chemistry

Number theory: primality testing

Finite element crash simulation

Particle accelerator model

Solves problems regarding temperature, wind,
velocity and distribution of pollutants

22



SpecD RS D HI

BIISPEC CPU 2006

&

CEFP2000 Result

178.galgel,

Cogyrgght O1955-2004, Sanbal Pafommece Evalinion Copoaton
IBM Corporation SPEC{p2000 = 2796
IBM eServer p5 595 (1900 MHz, 1 CPU) SPECfp_base2000 = 2585
SPRC heeme 11 Teuted by TEM| Tt e Jun- 2008 [ilasdwence Avel Nov-2004 Software Avsl Dioc- 2004

Bezchmark x.'f'.i::" RIB:I:..-O :::0 Rootme Racio R .:clcol s o0 w8 ::EO? . })(_ml
168 wupwize 1600  654| 2448 371| 2800 .
171 swim 2100) 814 3800| 758| 4088 L
172mend 1300 636| 2623| 681 2643
173.appla 200 05| 2320] 03| 220F—4
177.mesa 1200|116 1207 | 110 1268 B3
178.galgel 2000| 41| s5336| 370 7650 - )
179.art 2600] 27, 9623 | 231 11279 - )
183.equake 1300 256 s0e8| 256| 5076 ]
187 facarec 00| 798| 2381 | 77| 2615 -
188 ammyp 20| 160 1373 | 130 1452 33
189 Incas 2000 493 2060 403| 4050 ]
1901 fma3d 00| 120 1743 | 116 1904 —=
200.sixmack 00| 131 g0 | 125 =
301.apsi 2600 | 152 1712 | 140 1358 —=4

Hardware Software

CPU: POWERS Openating System: ~ AIX SL V53

CPU MHz: 1900 Compler: XL CAC++ Enterprise Bdition Version 1.0 for ATX

FPU: I:remoed ‘xLF:rr;:Wim-Fw. o t:aben V.1 for AIX

) ore, 1 chip. 1 core'chip (SMT o) | gyje gpcpamy: AROFS o

Cpb%ej Of(le'ﬂb]e: {%1‘43" .40.48,56,64 S_VS!E‘D State Multi-user

Pcmache 6<K3BI+32K38D (on uum

Sac y Cache 1920K3 unified (on chip)

L3 Cache: nun ed (MY, | RN, § NOMIRIT

Other Cache-

Man)ary ‘\6 GBDDR2

23k Subsystem: 236GB SCSI, 1SK RPM
Ocher Hardware: None
Notes/Tuning Information
Portability Flags:
-gqfixad used in: 168.wupwise, 171.awim, 172.mgrid, 172.applu,

200.sixtrack, 201.apsi

~qouffixefefi0 uzad in: 178.galgel, 187.facerec, 189%.lucas, 121.fma3d
Base Optimization Flags:
Fortran: -05 -lhmu -blpdata -lmass
(=5} -gpdfl /pdf2
-05 -blpdata -galignenatural
Peak Optimization Flags
158.wupwige: fdpr -g -02
-0% -gé4 -blpdata -lmass -galignestructenatural -gfdpr
171.swin: fdpr -q -03
-C5 -g64 -garchepwr3 -qtuna=pwr3 -blpdata -lmass -galignestructenatural -gfdpr
F77=x1£20
172.mgrid: -gpdfl/pdf2

Standard Pecformance Evaluation Corporation
@epec.oTg
bap:wwwspec.oTg.

23
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« “The Top500 Supercomputing Sites” http /
. www.top500.org/

- 199346 AIZHans Meuer(EE), Erich Strol JIJ‘J,JJ—Jf
(Manhelm REE), ask Dongarra (Tennessee X

‘_

—_jﬁ) HOrStSim éﬂﬁo)n'l'g U,
/\‘/9'-7—7; f—"ﬁ nozy |* ﬁrJ
— C.f. “Dc JJ‘ l'~J:5
. EZEFH. 68 ;;"LJ 30 I,L, rational
‘dlperc mputing }QI , L KEIEEE
| Supe chmr puting| <= p3BizEREZ, 500

LLi’C




Top500 &(X? (D2, BfiTARAR)

S00

SUPERCOMPUTER SITES

« 52X %5 #848: Linpack (Partial pivotingZ{T5LU% fiR) E{TH D
SO BEH/NMNUREER(FLOPS) (TH1H 4 XnlzxiL 2/3
nA3 + O(nA2) SHH)

— EHFHEHTIE HPLAE QI FESh LU O TSI 5.4
33 AT
- FFE
— Rmax - §tHlch-Linpack3E{TOFLOPS{&
— Nmax — RmaxZzZERL-EEDTHH (X
— N % -Rmax®D# 5> DHEREZZERLI-EZDITHYAX
— Rpeak — = HEEFLOPS{E
— Efficiency (3217%h3) — Rmax / Rpeak
— #proc - 7Oty Y
— Nworld - tf R E£FHETORmMaxIZ&kd5F> 45 (1-50041)
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Top500& (X 2(Z M3, iRSF)

- KEOHFBEMEAEDLFYAFEFTIEELN O
= g/ﬁf“@.unpacklin‘fi*ﬁd)/\—I~"b:|:7(D|sk HOZERR)ITEAR
A B RIE AR
. ;1’333¢Nworld =1MDCM-5(59GigaFlops)MSIRFEY . FITEFEELA
Ly
— C.f. Moore®;%RI3ET45 . Top500(L6£5
- LI, A—h—, BEH, BEHIT TORANLGTFMF DB

— 200254 R 1ﬁ(iNEC @tl’ﬂf* :.l/—’;'l(Rmax 35. 86
TOPsg ()(JTIGT&FI'OPS)I the SC2002 Conference in Baltimore, Marylan - USA, Noven nbher 12, 2002

— 2005%11AH 11ild:5lélLawrence leermore National Laboratory
?MBlueGene/L Riniax'='280.60 TeraFlops'’"

- EHMTLRALAL
5 ‘MHATOPSOOI J\’Jf'ﬁ‘ e

l Dy




Top500MD tERER £

Projected Performance Development

10EFlops

1 EFlops -
100PFlops
10 PFlops
1 PFlops -
100 TFlops A 50.9 S

10 TFlops 4

Performance

1 TFlops

100 GFlops

e JETHIOHRE ., 104

NG S

-=- i
v #500
-=- Sum
— 1 Trend
Line
— #2500 Trend
Line
— Sum Trend
Line

001Z

10 GFlops - & ):/’ p
- . —
e (Moore D& Bl [E3FE T4E)
1 GFlops 455
1DOMFIOpS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
) D) O~ O MO — NS WO DO~ (NM s O~ 0mo
D M D D OO0 0000 00 0 e e v o v v v v N
DO D O O OO0 00 00 00 000 0000 00 000
— v v v v v v (OO NN NN OO O OO OO OO OO OO N
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The Green 500

+ BHTop500DHREICM L TEAMENRVNR/RAV DTV F YT
 LinpackZE{TOMREEZETDRDE N TEI-T-E,
* http://lIwww.green500.org

2010/11 [] | Groupings [=] | vies

el " iy TR Rt N - O o ‘\b.”'i p— Ehee
g SR SN Vo AL RS . XTIV s L B A TS h !
ABOUT GREEN USTS NEWS RESOURCES FAQ CONTACT

Environmentally Responsible Supercomputing

The GreenS00 prowdes rankings of the most energy-efficient supercomputers in the world. We raise
awareness aboul power consumplion, promote alternalive total cost of ownership performance
metrics, and ensure hat supercomputers only simutate climate change and not create it

Recent Green500 News

The Green500 List

Statistics for the November 2010 GreanS500 kst are now avalable. Topping the GreenS00 s the IBM

BlueGeneXd profotype. the third in a senes of energv-efficent Blue Gene supercomputers. following Dec 10,2010




TSUBAME2.0OIHR S X245
A/NOAV KR (2010511 F

The Top 500 (N FT—#ExttERE, X470V TR)
14i: 2.566 H[EFHE K Tianhe 1-A (11)
24 : 1.758 KEA—") v EILHZERT Cray Jaguar (81)
36L: 1.271 - HEFEYIEILR /SOt 32— Dawning Nebulae (13)
A67: 1.192 : HA FET K/HP/NEC TSUBAME2.0 (2) (Green500 rank)
5(if: 1.054 :KEO—L 2 A/N—FL—EILHAZFFT Cray Hopper (30)
64iL: 1.050 : {ACEAEIILFFZLAT Bull Bullx (97)
7L 1.042 KkEBEA—2") v EILHZZFT IBM Roadrunner (16)
I3L(HAR24L): 0.1914: BRIRFHIARFHFEE/E L& (95)

cGNRLCLEIN
The Green 500 (R FI— B HMERE. AH 7Y T X /W) SOC\
14iI: 1684.20 : K[E IBMHBIFLFT BlueGene/Q AR AT (116) =
241 : 958.35 : HA I X/HP/NEC TSUBAME2.0 (4)
343 : 933.06 : K [E NCSA Hybrid ClusterZEE&# (403) (Top500 rank)
Aff: 82867 : HA IEWF I (170)
5-7{i: 773.38 : K1Y 2—1)yE X% IBM QPACE SFB TR (207-209)
10{s2( B A3{1): 636.36 : HA REERF (102)

111
~—

®
S00

SUPERCOMPUTER SITES

“Little Green 500” Tl TSUBAME2.0D EERIEM A
1.037 Gigaflops/W Z R (KMicrosoft& D 3 [ 7R)
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REIZJAYIRA?2XH70V9TX/W?

Laptop: SONY Vaio type Z (VPCZ1)

CPU: Intel Core i7 620M (2.66GHz)

MEMORY: DDR3-1066 4GBx2

OS: Microsoft Windows 7 Ultimate 64bit

HPL: Intel(R) Optimized LINPACK Benchmark for
Windows (10.2.6.015)

256GB HDD

18.1 ¥HUN0)ZAvFR
369 AH(10570v TR / Watt

6.6 5 {Z=&E
3BAET

<<

Supercomputer: TSUBAME 2.0

CPU: 2714 Intel Westmere 2.93 Ghz

GPU: 4071 nVidia Fermi M2050

MEMORY: DDR3-1333 80TB + GDDR5 12TB
OS: SuSE Linux 11 + Windows HPC Server R2
HPL: Tokyo Tech Heterogeneous HPL

11PB Hierarchical Storage

1.192 RAZ(101%)27AYTR
1037 AH(109)7Av TR / Watt



S5[210R4270vJ R, 1005 CPUIaZ B~

201046 At A HIE(11A13241) EAEO#HFIER](2011-12)

ORNL/Cray XT5 "Jaguar” - g .
~250,000 AMD"Istanbul” Opteron FUjitsu Sparc VIII-fx “Venus

CPU Cores, 2.3 Petaflops Peak, 1.8 ~700,000 Cores, > 10 Petaflops
Petaflops Linpack Peak

~200 racks, ~580m2 floorspace > 1PB Memory, ~20MW Power
362TB Memory, ~7MW Power, 5 1000 packs, 55 & EfE~6500m2
10 Petabytes HDD ~ 100PB HDD

>1 THHo7nvTR
> 10{ECPUT7 in 2018 33




7 LA —)LDiER] (Amdahl's Law)

WMREDOETHRRE =
FEINTVE D DETHRE +(EEINS5TH P DETHE / XBRDES)

il

Q: 57055 LDERITERAM100F T, ZDS5LFEHNE0%DEHHEZE G
HTW=ET B, BITHEREZXAEICT BICIE. REDHEREZFIEICLELTIE
EDIELVA?

— T =1/5T + 4/5T => 1/4T = 1/5T + 4/5T*1/P => P = 16
Fl. RITHBEZESBICT HDICIE??

— P->00

I 5| 0 E 128 B<{AmdahlDERIAHLIb S

34



T LA —IILDERIDHI

« LT, HFEFEOWREZFHENLR T, BLTHE

* Suppose we enhance a machine making all floating-point instructions run
five times faster. If the execution time of some benchmark before the
floating-point enhancement is 10 seconds, what will the speedup be if half of
the 10 seconds is spent executing floating-point instructions?

 We are looking for a benchmark to show off the new floating-point unit
described above, and want the overall benchmark to show a speedup of 3.
One benchmark we are considering runs for 100 seconds with the old
floating-point hardware. How much of the execution time would floating-
point instructions have to account for in this program in order to yield our
desired speedup on this benchmark?
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