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H 1& M =

+ 719 e A AFA(GPU, Graphic

Processer Unit)& ©|&3%t st 7l=o] i, tE HFEH 7MY

eto 2 AEA7FRF=A(FPGAY % WHE=A(ASIC) 9 A&

e AHESHAY Cell ZRAAM S Zo] Bt AYdE&e= 7dd A

A Z2AA(Game Processor)E #38H4<Ql o] Z Aol AT} 7]d& o
=g Aol ol o] &st = o] thFHal it}

2 HIA A= o]yt 7t )=l die] Adwsta A S A

2] gt

H 2 & cpugt GPU Sk

1. CPU %3

CPU(Central Processing Unit)& < A2 Zx9 o=, AL A
om| 2= HIFH Alojet dHlolHE APt FAE E3th. CPU Al
S A B, 1985d 32HE ‘368 HEH 2008d ‘A= 3o 7bA]
Intel?} AMDE %= CPU 4ol 3AY] BATEE & 5 AUtk

19713 Hzx9 CPU=A & 4 & 99 “4004'4BE)7F E %

g o] F CPU AF & HoFHQl WS AFgon, PC AQe B2 A
A T ] e A0S gk Ade 19684, AMDE196910 7}
2 dgsgon], F S BF delddumehs wral 34 F050)
dAPrhe FERL P Ak

olele 19719 Hz< CPUQ 4H|E ~4004'E 2x @i, thg &9l
1972 3¢ 8HIE CPU2QI"8008'%, 1974del= ~8080'S 7dts] A%
= AT 2R oAy wteA] gAlEe] duFo] CPU 7o) o
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E7] A&k AMDE 19759 C8080A'E EAISHWA EAH R
CPU Atgdell Hel=RAar, ojulR-g A< AMD b 2451 F Ao

A2 AT

CPUAIFo] 27 AgAslr] A2 32 HJad HFHPOE 94
MekE 168 E CPUZF A9 197835 -E o]t} <lele %9 160 E
ZZAARQL 80867 80885 EA1gon, AMD HAl 19794 AA A<
“8086' AES AT IMBY W Re 9t 8.33MhzE e GA
16H]E CPUE F %9 PCel IBMY XT Xdo| A& i),



<E 2-1> Agd wE Fo

CPU A& HAA}

Ao A& (linear)
dx |32 CPU A¥ 54
(Generation) [EEA T4 T3
1978 |Intel 8086, 16-bit
1 (IA-16) first x86 microprocessors
Intel 8088 /20-bit (segmented)
Intel 80186, Intel hardware for fast address
2 1982 see above
80188, NEC V20 calculations, fast mul/div etc
16-bit (30-bit virtual) |MMU, for protected mode and a
2 1982 |Intel 80286
/24-bit (segmented) larger address space
Intel386, 32-bit (46-bit virtual) |32-bit instruction set, MMU with
3 (IA-32) 1985
AMD Am386 /32-bit paging
risc-like  pipelining, integrated
4 1989 |Intel486 see above
FPU, on-chip cache
Pentium, Pentium superscalar, 64-bit databus, faster
5 1993 see above
MMX FPU, MMX
Cyrix 6x86, register renaming, speculative
5/6 1996 see above
Cyrix MII execution
Pentium Pro, p-op translation, PAE (not K5,
see above / 36-bit
6 1995 |AMD K5, Nx586 Nx586), integrated L2 cache (not
physical (PAE)
(1994) K5, Nx586)
AMD K6/-2/3,
6 1997 see above L3-cache support, 3D Now, SSE
Pentium II/111
Athlon, Athlon superscalar FPU, wide design (up
7 1999 see above
XP to three x86 instr./clock)
deeply pipelined, high frequency,
7 2000 |Pentium 4 see above
SSE2, hyper-threading
Pentium M, Intel
6/7-M 2003 see above optimized for low power

Core
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64-bit / 40-bit physical|x86-64 instruction set, on-die
8 (x86-64) (2003 |Athlon 64
in first impl. memory controller, hypertransport
Pentium 4 very deeply pipelined, very high
8 2004 see above
Prescott frequency, SSE3
low power, multi-core, lower
9 2006 |Intel Core 2 see above
clock frequency, SSE4 (Penryn)
monolithic quad—-core, 128 bit
2007 see above, 44-bit|FPUs, SSE4a, HyperTransport 3
AMD Phenom,
10 - physical for Beckton|or QuickPath, native memory
Intel Core 17
2009 Core 17 controller, on—die L3 cache,
modular design
In-order but highly pipelined,
2008 |Intel Atom see above
very—-low—-power
Intel Sandy
11 2010 |Bridge, AMD |see above SSE5/AVX
Bulldozer

1982'd <ldle] W g 16¥E CPU 80286 wxata, A9 PC
o] utge] = PC ATE IBMeo| Aol EAletat £AH o2 PCE
st Adi7E E3th 286 CPUS 542 ARE 7hed Wzt
I6MBR Fol%til, 7HIRES Addsty] A&, Al 1GB7HA 9] 71
RS AR 7 UI HEA Z12AR] "EE A o] Thsst F
Atk FAl AMDE 19824 286 CPUE ZAIon, @A =
AMD= 1"ell7] gfe]id g whop M2 o]9S s JEY WA
7P

o] CPU 2371 Ade] 550 AMDE= el sEUHS
T3 TEaE Aldgith dde] 19789 pPCE 91¥ Hx CPUS
16| E "8086's EA1F o]F Q&3 AMDE 43 Holdxs o
3t T3 mlelaR IEE ARG AN el Aol 99

throl o) FEsd F AP AT FEYIAM AARAR 5
AL 32°|E A2 st 19851 0= 320 E L2 AA
o] Al#toletar & = Sl 80386 #lEo]l &A1Elen, o] CPUE A

F &3] &%% 386 AFFE Atk & 80386 CPUx HlolH




& 329 ER AYsty] wjie] 286KTE 7Aoo R & ou

Aol AL, Ael 4uje) ibsE S A HoATh B M 2d 2
=5 A9, 7 7he] DOSE Al Add 4 A, =R HEE AT
= HA st AMDE 1991 AAIZQD 32HIE Z R AA Q]

"Am386's =4, AHI 7HAH Hold AT oE HESglt. oF
olgle 1997y HAEIAJNES, 1998doll= FEY 119 AZHE G+
B3 CPUS AZES o, AMDE oo A “K-6'%
19979, K-7 & &2 19980l &gkt

o]% 204 7}7te] A&EW PC CPUY 32H|E A7} 64H|E AF
Y AR dojgtorn Al= X Ee AAS AlEstal k. ZEAA
7)o A FA1He AEAHS wo|d Fow JYE e F
2AA Fel A F A= 20059 5F-H A EE AdE AEsta
olelyl AMDE 20054 49 8% zbol& 7H7t "lAdEg W
ZRAAN D AHE T FZo] ZEAME AR o), A
A o] ZEAA o}7|EA W HdES A FAAoZ A
d Fo] ZEAAN AFES FAlet Aok FHtol= €, AMD
CPU :E ARG o8 #FHS wEA AT F 91‘; U}5 5.0
CPU F-ol 2‘10}51 o, 2007dollE T E 47 AL A==
o] CPU fé— ZH7 disel Bk itk 21.

| AMD CPU L} ioronn @ |

AHDO

B

(213 2-1) AMD CPU ¥ A}



;[[ntel Models Clockspead Eﬂl“!"j!ﬂ.l"dll itecturell2 cache :;rnntslde
i LS
Cora 2 |QNGTTS, QXSTF0, 2.66GH= to M4 MEnm, 65nmdaMB to |1,066MHz
Quad  |QXOS5S0, QXEES0, 3.20GHz [ 12M8  land
QXES00, QKETO0 _ 1,333MHz
Core 2 @950, Q9430, |2.40GHz to 4 [43nm, 65nmiEME to  [1,066MHz
Quad 9300, 96700,  2.83GHz [ 1ZMB  land
QEED0 1,333MHz
Core 2 |[EES00, EB400, 1.B0GHz ta |2 45nm, 65nmZME to  S00MHz to
Cua EE200, EE190,  3.16GH= E4ME  [1,233MHz
ES250, EETS0,
E5700, ESS00,
EG550, E6540,
EG420, EG400,
ES320, EG300,
E4700, E4500,
E4500, E4400,
E4300
Pantium [Extrame Edition, |1.30GHZ to |1, 2 &3nm, 90nmM{IME,  S3SMHZ to
Pentium O 500,  3.20GHz [ ZMB 1,066MHz
Pentium D 200,
Pantium 4 |
Celeron [Celeron Dual- 1.30GHz to |1, 2 &3nm, S0nm255KE to 533MHz,
Core, Calaren D, 32.805H=z 1ME E00MH=z
Celeron
;Mll:l Models :Chchspeed Cores) itectural? cachej:mntslde
[ us
Phemom 9250, 9750, 9650, 1.8GHz ta |4 S5nm S12MB LA
Ba lasnn, 9550, 9500, 2.96H [ 4 (pluz
a100e 2ZME of
L3
| cache)
Fhenom 8600, 8400 2.3GHz, |3 &5nm S1ZMB = NA
3 2.1GH=z | 3 [plus
2ME of
L3
wachea)
lathlon  |3600+ to 6000+ |1.90GHz to [z 90nm, 65amiMB,  NA
64 X2 3.20GHz | ZMB
lathlon  [FX-74, FX-72, FX- [2.20GHz to [z &0nm ZMB per MA
54 FX |70, F¥=62, FX-60, 3.00GH= [ care
F¥-57, EX-55, F-
33, FX-31 |
wthlon 2200+ to 4000+ 1.80GHz to |1 F0nm, 85nm3L12KB. MNA
2.6GHE { 1ME
Sempron|2800+ to 3800+  1.60GHz ta |1 [F0nm 128KE. MA
2.26Hz | 256KEB

[ 2-2] 2008 d d2=% CPU €3}
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[ 2-2]+ 2008 & PC AlHoA 2 351 I+
LEld Aolth, F&2 2-3GHz ¥ 23 =(clockspeed), 74 9]
A= 510 CPUZF 5 ol FaL Ut}

MNew Intel techinology q-—-n#-r:ltlnn every ¥ years
Intel RED technole S pace well into the next
|:I-=~ ade

e ——————— R;_]Hdr"al_] ——————————. — ROgaATCh —

(19 2-2) Intel Ag& 2=

Increasing Processor Performance

Through Multi-threaded Cores

Flops
16415 Peta

1.E+14

1,F+13
1.E+12 Tera
™

-

1E+11 /-

1.E+10 Intel® Care™ uArch
Penatium® Il Architactiire & * 4 Architectuna

1E+09 Giga .

8 Fontium’ Il Architocrure

o // Pentium® Architectura
& 486

1E+07 858
LE+0G

1985 1930 19395 2000 2005 2010

Sourges g

(728 2-3) Intel CPU A% ==
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(18 2-3)& Intel Ag& 2=y Intel CPUY A
F33 =xolth4]. 2008 8¥€ A 45nm(Yw) F
A&l 9lom, Intele 20079 29 3.16GHz, 803L9]
71301 1. OlEﬂE‘r%% (teraflops)e] A& HAEZITIE 7|AE i3l

5.

Q3 ‘08 Q2 ‘o8

sl

Mission
Critical

Boxboro-EX Platform
@ 7400 saries [Dunnin glnn'l- i L Mehalem-EX processor
e Qan n

P ® processar FA00
Expandable

Stoakley Platform Tylersburg Platform (g1'09)
Quad-Core Tniel® Leon®™ prooessor
= A0 warins Mehalem-EF processor
— e Intel® Xeon® processor
Efficient ™ Tylerstaary -S4 chipset
Performance | inee s

(19 2-4) Intel CPU 2% & 2=

(28 2-DolA & & 3ol Inteld] CPU AFwS Aol uhel
A AEZ S, I A¥ g, EEHAA AW g, stold= M 47}
A 2FoE YE ok JEZFS 7E & FHE FZof 1] &7
O F o]FoXl AFdolH, dWtHor Aqrte] rtAdo=m AALS F
Tskar M) A" F= 2220t 1€l Dual-Core, Quad-Core
Xeon 3000 Algj=7}F of7]o] &g} dnk A¥EE 2 &7 CPURN
Dual-Core, Quad-Core Xeon 5000 A|g]Z7} o]e] £33t} 20099 =
g mdel H]ﬂ"{ﬂ(Nehalem)—EP AFEFao]l HxE ool vEY
1A MW FE 4 A7 TE 5 A R AEFLSE Dual-Core,
Quad-Core Xeon 7000 /\]HZJ} of7le &ttt 153 PSS
Q8 Stoldl= MW A|lET o2+ Dual-Core Intel Itanium
9000 Alg]=7F At

10
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Takt L2-Cache | L3-Cache | Sockel | TDP | Launch

reneb dx 3,0 GHz | dx 512 KiB & MiB AME+ | 125 W | Q472008

Deneh 4% 2,8 GHz | 4% 512 KiB & MiB AMZ+ | 125 W [ Q472008

Deneb 43 2,6 GHz |dx 512 KiB & MiB AM3 Q5w | Q172009
reneb 4x 2,4 GHz [ 4x 512 Kib & MiB a3 95 W | Qi/2009
Propus |«dx 2,6 GHz |dx 512 KiB - AM3 Q5w | QL2009
Fropus |4x 24 GHz | 2x 512 Kib - AM3 a5 W | Q172009
Propus EE | 4x 2,4 GHz | 4x 512 Kib - AM3 65 W | Q12009
Takt L2-Cache | L3-Cache | Sockel | TOP | Launch

Deneb dx 3,0 GHz | dx 512 Kig & MiB AM3F [ 125w | Q22009
Deneh 4x 2,8 GHz | 4x 512 KiB & MiB L3 125w | Q2/2009
Propus EE [4x 2,2 GHz | dx 512 KiB - AM3 A5 w | QEfE009

[3£ 2-3] AMD Deneb &A] ~A=

# of Threads/Processor o ULTRASPAR‘E::'.
c2007.6 =4 HIE

SunFire T1000§T2000 32

3;

: Planned , But Mot Yet

:u.;:!l

2004 2005 2006 2007 2008

(18 2-5) CPU /I EA=: HE 3o, Wy 2d=

Zx]: Sun. 20073 6€¥

[;{ 2-312 AMDoOA 45U % ZAHo 7 AZHE YUy E(Deneb) #

ol9] EA] AAEFo|th WA 2008 1E7]oE AM2 A2AL AR
gl B e} Z2HA7F FAEHI AM2+ AAS AFEsheE ddlBEs
o

=A1E Agoltt. F= 3o 2.2GHz~3.0GHz4] Al&Fo] 2008

_O|L
e rlr H

7]

11
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W 20090 = F5 o]F A& o

(18 2-5)% 99, IBM 5 Z2AA AL gAES] CPU /T E
Aeg wolzt A% 7;<J AZJAEL A3t AMDE B3] v}
olABAAF = IBM 52 AT Fd= Al F N ol CPUE
shite] e thojd ELZH%& Ag Ads) 24, Ay 2 5
& A e ot ol# g it B2 CPUEC] #xy A
o £ME AL AAsY] ddel, 4w HolHE eiAY

7] flste] v o8 Zivke|ok s, ol utel WE o] LAYS

o,
ofr
o

| Askd sbsgel WFsa, w3 e $ETRIPE
o HH3tslo] 94 Prbe Aol A
5 Jbeste] aE Wemole] g% thgol duHol

B
o
K
2
>,14

ALA A5
= AZs 7R ' AMDO] 2ERE she] ol Bo B2 A
2 A& FAT Aol

12
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2. GPU %3

age Jtes g Z2AA(GPU, Graphics Processing Unit) 9}
A s 7HA A glew, AFHAA aqE s 2 A B 4
A ANES T2 993tk 19949 3dfxA 38 a8
(Voodoo)E ®3x3h ofefl, HEmHojek Aol Q7] gio] e

I 2MA = v FdQl HHd S AFsl il At

(238 2-6)2 gl Z2AMH9 old CPUY HEASFH Ax %
HE vk 0= oln GUY Aso] CPUE HE'E}E 9)&-S ol
<t} SUPERCOMPUTING 200694 Hare nfe} o] 138 A 8%
%191 GPU(Graphics Processing Unit)9] & 2ol G40 &=
A GPU 1818 9wt olug} v|agld T2 AAS Yaidx e

-85 3

H+ old GPUY Ao Al 7ME53t 7= Algste AHIZE 532
oitt. CPUSH GPUE ¢ GPUx= H4 <Akl Adtei=s
AAE e, WE ALk 53td 25 7RKIY. e ERE EW
Z| 2~E (transistor)E°] dolg MAY & Aol (flow control) Bt}
ol ZEAEE 444 g

mlo E m
o)
L o -
£

1m0

.
200

(28 2-6) AZAPE GPU A s34 o]

<4 SUPERCOMPUTING 2006 Tutorial

13



Control ALU | ALU | o R B
, [ RA e 35 1A G B []
CALU | ALY 5 0
m [ | [ 1
-I:||::|::'::::'.!§'
| B [
CPU GPU

(¥ 2-7) CPU ¢} GPU G+Z%(Architecture) H]xl

ALU(Arithmetic Logic Unit) : Atg3=2] €14-4%

(25 2-7)ollA e Zo] B 4 slxo] 1719 Z=AA7F dHoly 7)4]
L} 5E Ao](flow control) 5 W& 7|5og Horo] R o] A<
?ﬂﬂ'gi 213 E =4 H|3], GPU+= EE 2y =E9 Eill‘j/“

3.9

A
of Wy, FAxah vimt dd A Adsel g
YepA s WA o S

.

S Ze 2ol Ao we dolH fi(element)® WHE A
st 4= 9= dlol¥ WY AXHdata-parallel computation)el 5315
L
ol dvkar & 4 Ut
i GT200
el HVIMA. GPLI
===y te| CPLI
TS0
-ﬂ
[N
g
5 5w
b
L]
a
3.2 GHz
20 Nvas NV40 3.0 GHz Rirparbowi
W30 Core2 Duo
[x]
Jan Jun Apr Jun Mar Nov May Jun
2003 2004 2005 2006 2007 2008
GT200 = GeFores GTX 280 G71 = GeForce 7600 &TX NV35 = GaForce FX 5950 Ultra
(92 = GeForce 9800 GTX G710 = GeForce 7500 GTX NY3D = GeFores FX 5300
GA0 = GeForoe BEN0 GTX MV = GaFares 6800 Uitra

(19 2-8) CPU ¢} GPU 9] Floating-Point A& F9|

14
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CPUSF GPUS 4% xdste dxd 84+ 45 @92 FLOPS
(Floating—point Operations Per Second)®} wWlE g o9 Z(Memory
Bandwidth)o]th. FLOPS+= 1x° QA, WAl w4, sl 59 A=
(F5a) Ads T 2 | & F AdesAE e+ 3 7o

(18 2-8)2 2008 64¥€eo] NVIDIAAA xS AuE AR 4
HAFHY AsS ®As= FLOPS(Floating—point Operations Per
Second)& CPU® GPUE Hluske] yetdl Aeolal, (2d 2-9)=
CPU® GPU9| Hwxg tgFo] b Fol& Hawz|A e Flojt)
[6,7].

gy T2 AA L AEo] on CPUY Aes ¢=shal I8 W

o=t

[ 2-4]= AAA SHE a8 d o At T a8¥= HEolA
= grEdor GPUZE $AIES HojFa glo], do=m GPUY dit
TH = ol&sh o] dntskd ol

120

GEO
Ultra
100 - o
G;'/
B0 {?ﬁ
Bandwidth j/
GBfs 60 “';,r“
o
40 NVAT
Harpertown
Wooderest
20 —3FVao—
Prescott EE
Morthwood _ et

2003 2004 2005 2008 2007

(719 2-9) CPU ¢ GPU ©] #®2] o) % (Bandwidth) &3 3]

15
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sanu | el G2 Qud | e
8800GTX
a4k 96 GFLOPS 330 GFLOPS
wze] el & 21GB/s 55.2GB/s
A | $1100(chip) $550(board)
ubA &1 x 17(ixel)
(oA} x 14 x 2.3 (vertex)

[ 2-4] #H241 CPU ¢ GPU ¢ H|uL

(Intel Core2 Quad & Geforce 8300CTX)

16
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M3 7% 7= S

1. 7} 71+ /&

kg ol Alolde FE AREete s AFE Aol dat
Qo] S7FeAA TEESte] did Aol AstEA A= FAlolth
olol AFH 7h&3te] dictew AP RE=A(FPGAY FwF 1F
EAASIO) T A8 He AHESAY Cell Z2AM9L Zo] HT L
AdEoz 7 Ald Z2AA(Game Processor)E #3H4 Q1 o &
Aol a3 71dE oJEg Aol ddl o] &stel= =Hol tiFFar St

7}. Cell Processor ©]&3F 7}& 7]&
H AT AFYH AlAANAE 249 Playstation39F 22 ¥ L
Al ZHES Yaf tjxield T2 AMAE CPU 2l o] &3teE A=

s
A S AFE ]ﬂﬂﬁ 219 Playstation39} #& H|tj S
AY ZAES 98 tAJANE ZZAAE CPU Al o] &3t = A=
7} Eol ﬂ%ﬂﬂ ﬂﬂ

Hoﬂ/ﬂ 19E AA3F 2 =21 (Roadrunner)
H Cell ZEAAE o]&ste] AA A
20084 6¥ %xﬂ-ﬁ—,ﬂi’j\” HAX(SCO)ol A W3t 73978 Top500

oA 195 AAl HEE 1026HHFEF2FLOPS: 29 13 %3

ArA)E e FHAFE ‘==Y (Roadrunner)’ 7} # 3T o]

s 478.2 HIHZFA(TFLOPS)Y Aso® 295 X3 &332

(BlueGene)2] 28fe] &3+ Aot}

HUUH
r&g
F-l>

o] 2xdyx gl &~y 9 Playstation3®t £ HH A =
ZS 98 txiele Al mlo]mg 2 Z A A (Cell Broadband Engine)Z
H3& 3l PowerXCell 81 3200 MHz (12.8 GFlops)®t AMDY] e & =
2AAE A AFEste] HAkRlE Aol 5ot 2= Y= 12,240
MY Cell I3 6,56270¢ FQ o] AMD FHEO R o] FojHt}. o]
wAAFE Aol F 19 33007 &b Fdsien BMI 22
el AT YA A(LANL) A7 o] o (8],
(19 2-10)2 2=y A 2Ee] eJH & ARxlo|t)
17
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(198 2-10) Top500 19 Z =79 (Roadrunner) A] ¥l
(2008 64¥ 715)

[3£ 2-5]¢F o] 2008d 6¥ 7|+o= FHAFE Top5000°l+=
Cell ZRZAME o]&3F Alx=Elo] 19], 3249], 4649 370 227} 9l
[121].

[ 2-5] Top500 oA Cell ZZ2AA A|2~H

(2008 6 ¥ 71+)

Rank| Site Computer Cores |Rmax |Rpeak

Roadrunner - BladeCenter

QS22/L.S21 Cluster,
DOE/NNSA/LANL .
1 ) PowerXCell 81 3.2 Ghz /122400 /1026.00/1375.78
United States

Opteron DC 1.8 GHz ,

Voltaire Infiniband

Monte Capanne -
IBM Germany BladeCenter QS22 Cluster,
324 1512 11.11 |18.28
Germany PowerXCell 8i 3.2 Ghz,
Infiniband /

Cell - BladeCenter QS22
Fraunhofer [TWM )
464 Cluster, PowerXCell 81 3.2| 1260 [9.26 15.23
Germany o

Ghz, Infiniband

18
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. FPGAE ©] &3 714 71+

FPGA# Field Programmable Gate Arrary®] A= dwk A&7}
dolz w=ol HRE AAstn BEAES 2o AFse] Agae
Ae HIH. FPGA+ 198549 wl= ALdG2A7E Hx= 7dst
PLD(Z21flolE =2 tuto]2)o|th[10].

A ASICE Ao @A) UF 7 A YN UF we
o= <lsle] FPGAS T a4 A3 71X AL S, 8F 5914
FPGA ©7bE Stobxa glom g 7bsd 24 27w 433
Aar dvt. LA 719 ASIC B Tl o] ol WA F o
A %7}011 g wigrgt A|&®le] FPGAZF ol AE&¥a ok &
ASICES THE7] Ao dd2 FPGAR 3|2 & Fdste] HZZE 54
= O FPGAE AREshal gl Aol

o213 FPGAE AA7FESto] Algste= X=¥o] X3 Folu.
FPGAT (2135177} vl oieﬂx]m 3k Hol s 2 zsg 3=
& vol AR LA M= G| & Hol
E3] Agdatolt} HEXAL 7o A9

)

=

lo rot (B Nl oo

1_

Supported Hardware

Cray XD1™ Supercomputer

Mallatech BenDATA™.DD PC| boards

Mallatech BenDATA™I PClboards HilirxWirtes 1| Pro
Hiline Virtes |l Pre

Mallatech H101-PCIXM PCI-X board
Mallatech H101-ESERVER
Mallatech H102-EBLADE

SGI RASC Module {Version 1}
561 RASC RCT00

(19 2-11) FPGA #& A F-

A#olet SGIi= FPGAES FFH Al&Hlol| AREsh= A5 Ao,
522 WEH A= PCI-XE &3 d4dsts thalel okdeo] 2o H
S T WA oE Ffd o] Al NPT Algolrt. A 3)A}
Sol+ Xilinx, Altera= tx3+= H AxPAe}+ SGI, CRAY,
Nallatech ¢ A2l #ly, 18]a1 Mltron¥} #Zo] FPGA 7|9k X =&
19
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Ty &3 EdAlEel o] okl w=Fakar 3l

t}. ASIC ZEAAS o] &3 71& 7|

g s AAl 7HE TEE ATV f1E U E WHeE S

3] =9l ASIC(Apphcatlon Specific Integrated Circuit)S Ab
HE 2853 (9]

2006 11¢ 7|+ «474 B Topb00o4 99 E =}A| gk dkR 2]
Ei¥gdieta(Tokyo Institute of Technology)® TSEBAME Grid
Cluster Top5009lA H%2 ASIC st=go] 71431 & o] &3
S 2~H Al2glo|t), o] Al=Ele A& Al2~EE HAFste] 20089 6
9 7] Topb00o A& 24915 =R 8k Q)

=
O

Ol ot g

i

olo M
L o X

o
o

NEC7} AAE o] +HAFEE 17480712 AMD SHE HS &
Algk SUNS| A 655te ofs] F-5% )t Egk ofZg Aol 5
ASIC A ZFA Ego]2~v = "HIAs==ZX(ClearSpeed Technology)
o] =9 7FE3st H(CSX600)S FAS 360719 HEE F712 &
A8kl Linpack WlX|vl= HAE Ay HAA| HEHAARE 24% S7HA
71 47 TFLOPSE doul=d AZ-&skdet [11,12,13]. (28 2-12)9
TSUBAME Al 2®l 24 =& YERYQIT

Voltaire ISR9288 Infiniband
oltaire nfini Sun Galaxy 4 (Opteron

Dual core B-Way)
10480core/655Nodes
50.4TeraFlops
ux (SuSE 9, 10)

10Gbp=s x2 (xDDR) x
~700 Ports

Unified IB
network

7t on June2006 Teop500, .
li\_‘\‘fﬂﬁ TFInps V!
: B
NEC SX-8
Small Vector
Nodes (under SIMD accelerator
plan) 360 boards,

35TeraFlops{Current)

(71¥ 2-12) TSUBAME A28l F4 %
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(19 2-13)2 71453k 3 CSX6009] AsS dRkAel CPU Ae
Mg freleh At £k x86 Ade] TAMe v Arf gl
e e A o

o]
o A

o ™,
64-bit Function Operations per Second (Billions)

25
@26 GHz dual-core Cpteron

20 @3 GHz dual-core Waoderest
B ClarSpeed Advance card

Son InvSart Exp Ln Cos Sin SinCos I
Function name
L A

(¥ 2-13) CSX600 Performance Data

<Z*]> Clearspeed

<esNany  Came-D  Came
b Current : “Camnac H? Hardened Mahie
Product e

Gn Roadmap ; 1'..--.-1-.‘

T Pa S208.000, SDUBIS-EF GILOPE 8 watt
: B H T 18.32 NI eOMAN 200G Byseata)]
i InPlanning g4 GO chiz-ta-chis

CSXTI S R R ENE RSN E R R R ELEEE RN

" ish" Fadaion
Callanish Fuggedid iR

CEXBOD . E.E

s M DParGPGFLGr s
= 10 wattz [powsr manapsd)
= BDGAWODRE
= B0 GRMW chipds-chip

T —— Irdagraied P21 Espress 516
- A0 watts

= 43 GE% DORE

» 3.2 GBS chipda-chip

GFLOPS | Watt

2008 2009 2010 2011 "

(¥ 2-14) Silicon roadmap
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(29 2-15)9 (¥ 2-16)2 7153 g4 o=z AF&5a
7Hs H CSXAlEl =29 H e =W ASIC coprocessors
st 713t Al2~Ee] A 7199l ClearSpeed A3 ZE=WS-
1t} 2008 71F 1U A ¥ 1.1 TFLOPSY A%< Agsta ¢

1 CSX600 Callanish
Geminus
= A0 GFLOPS

+ 192 PE={Dual)
Kepler . .oosl as @) ol

Sustained GFLOPS (DGEMM)

Advance Dlocles « 200 GFLOPS
. + 192 PEs(Dual)
« 50 GFLOPS + 350 GFLOPS
= 25 Walts (average) 25 Watts (averaas)
+ 6.4 GE/z DOR2 +6.4 CB/fs DDAZ
- R} PO @
2006 2007 2008 2000

(718 2-15) ClearSpeed ASIC Rt 2=

CATS-T00P

Danse CSXTO0 intagration

PelaScale Application
ATFLOPSHU
< 1000 Watts

CATS-T00G2

Advance av10

* EM codes 1ATFLOPSMU

* LINPACK Hest sanneclion B Cle Gend < 200 Waits

Hest connection PCle Ganl

CATS-700
e st 11TFLOPSMU
» Molecular Dynamics

» Montecarlo I | 1
THOE ZHO8

(19 2-16) CSX700 S &A%+ ClearSpeed A% CATS ==
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2. GPU 71 7€ =3

A3 GPUS 452 4%
A7 1 ek olefd GPUE 8
i A fe] el Ag

=
-
W XW =4 QE%H] AA s A

o2

A A hEst J1ER g Al
2 74%% e FokE 75
CERE

jd
=
O

SN SR
AMAps} wepaso] Al

146X

Inibera et visimlration lonic placamani for Trarseoding HD videa Srnubation i Matish Asiropinmics MN-body
o volumeinic white: iECL AT CyTETie siream io H. 264 using mex fiks CUDA simulmtion
matier conmactivity simulation on GPU

149X .

Financial simulation of GLAME@IND: An M- Uitrascaind medcal Highiy optimized abject Cmabch a:zact string
L0 model with weripd AP for linear imaging for cancer onenied mokscular resiching o find simitss
sanplions Algehia cpeTalions o dingnoaties cyramica proting and gene
(el T] SEqUEnCES.

(13 2-17) GPU o] & FoF ¥ A5 AL

S Toked ARESE o & AvEW, g2 A VjeE A
Ao = FH3E ¢ Alole] ElcomSoft A7} NVIDIA A 129 7}
£ o|&3t A= ad VeERE [§ 2-6]Y 22 55E VA
H

o ma ope} AEE Auatel ujetm it

®
By
@
gl
12

(29 2-18)& CPUS GPUY dA9e &9 &=
o] gk dijE By, BE NTLM 3 MD5 9o £&& H
NTLM o] 43k xfo]l& wg] 430%™, LanMan hashs Ex g
T3 e,

S Hed, webd, 254 oolE W, GPUE 283 &
CPUSl M8l Hul 67u744 webd Ze G
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ElcomSoft A}el A
] F2ld|,

9 93] NTLM o]yt MD5 3lA]7F LanMan 3lA]el H|3sj

= AS ¢ 5 Ay o]A2 LanMan s|lA] &argl5e] o

GPU zi:ﬁﬂoﬂ kS FAE Aol o gEH
olHES o] £S5 o]g3d BEAY &£FAS

o]
20t glo] A7} $599% wj7b 7} st

[ 2-6] United State Patent related Elcomsoft

Title Computer program for securely viewing a file

Inventors |Harris, Steven M.; (Tulsa, OK)

Serial No |797216
A method for distributing a password protected content file without
revealing the password to a recipient. An unlocking program that has
access to at least one password corresponding to the password
protecting the content file is distributed to the recipient's computer.

abstract S o
A password protected content file is distributed to the recipient's
computer wherein upon activation of the unlocking program, the
unlocking program automatically supplies the at least one password
upon loading of the password protected content file.

background

of the|/Advanced PDF Password Recovery

invention

=4 United States Patent and Trademark Office
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Password Recovery Speed
| 265
e T 1
MOS S i | i

a7 = $B006TX

s _________________[l ° W 3B00CT

g |
5.4 = 3600GTS
o 110 w Corel Duo
s N 7O
B :o
175
o 100 200 300 400
Milllans
Password Recovery Spead

S——— TN 2500 = SEOOETH

e zopy T it ' = 3500GT
i 700 m §5006TS
160 wCone? Duo

] 500 1000 1500 3000 2500 3OO0

(29 2-18) =973 PAHE &%

(2 2-19% CUDAZE AMg3lx e GPUY #ofag vebdic
GPU7F 138 #oF o vt
2007% #ufjgFo]l 2% S5¥MRE Il S
Rnom, olgfgt FA= AlS ol H AS=E oiFHT. ofF FAAH LS
U R EAE AT 2009 AR GPUE High Performance
Computing okl =43t Top500 ¢ 1099# IYS Adstn
ATtar g,

2
|

A

ol

o[\ M
N

_O|L

(L 2-20)2 CPU® GPU=E MHE FF313S Wl 455 Bl
Az o)t} NVIDIAGI A W3 #xtgo] wt=w, CPU 1U AH o 4%
7} CPUY W A%<S 70 GFLOPS, 44| ¥ 400Weol™, GPU 7%
= 470 GPUY o, 4 TFLPS, 700W¢] d=&S A sio},

NG
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Total GPUs

{millions)

0 NVIDIA Carporafion 200G-2000

(19 2-19) Millions of CUDA-enabled GPUs

nwinn

Building a 100TF SP datacenter <

T

4 CPU cores 4 GPUs: 960 cores Tesla 11 System

007 Terafop 4 Terafiops
$4000 $a000
400 W o0 W s

1429 CPU servers [ 25 CPU servers
| 25 Tesla systems
3588 M S030M — 7

571 KWW 27 KWW —

(18 2-20) CPU ¢} GPU 7}2 Wy A% 8]

TkeF 100 TFLOPS d"lolHAEH S &3ty 714 3S w, CPU 7]
Hhol A9 142919 M7} Z skl GPU 7|¥kel A9+ 2519
A el 25te] Tesla Al2®lo] HQ3lt), o3-S A= HusEA
GPUZ} 7k el 1749, d=e] 218 HA A},
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Zesg AsEe TEEA Qo] Axwe] 4ol g A4
HAR, A2 B0l U@ Fadel RAHWA, Avlsh g el v

H
45 T8% ol5r2 wWeuw vk 7Y AR} 7 AR To] F&
8 Z7bela QlRe] A% Walo] QYIS FAow dt HEw W
M, AFE 5 T A7 WEee otz ool ureitim
$-e3ta 9]

8 #A3FY (Green Computing) o] gk

Relative Performance

4

Clearspeed NV IDIA

(19 2-21) Xeon, Clearspeed, NVIDIA A& H]iL

(18 2-21)2 Xeon, ClearSpeed, NVIDIAY] A%5<& v W3 E3Eo]
3,38 2-22)= AujAE o A=S Hlwst zzo|th A
NVIDIA7} Xeon CPUe H|ste] 14949}, ClearSpeedel] H]3l 379 A=
= YERth AnAdE @ A WA % NVIDIAZE Xeon®] 894,
ClearSpeedEt}t 8¥l A% A Uetwth. 288 Z=2AME A4
MR8l GPU 714 Al=glo] dnk CPU 7]wk Al2=glojuh ASIC X2

1 1) 238 AFY(Green Computing)®]® AFH 225 B af402 ALE37] ¢3h
ATFE = AS 9w,



S Korea Institute of

K.S..Im and
3} ClearSpeed A]~®l HT} o|x] 80| & o=
Ae A 3= ol

A2 o8
Uebskeh olel @ HelA GPU Zej27t 3

shbol /]t et
AFQl NVIDIAS] GPU A|

NAAERE 918
Quadro Al8]#, High
2 vE T A

(L 2-23)2 71 "xA<) GPU Hx 9]
FY SAES Ued  adlot dnkz
GeForce Algl%, 199 AEES 9 L
Performance Computings $]3F Tesla A3

n{u

Performance per Watt

Clearspeed HVIDIA

Quadro®} GeForced AS& St
o] ‘/}—E e g2l

(1 2-24)+=

Quadro FX$} GeForce? Also] A A= 4u)
F NVIDIAS] A& 5 2AF A =42 &8 7hsd
To] d Aow AlgdHt

%—8— QuadrOO]"L = Quadro, Tesla A&
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NVIDIA GPU Families

nviDIA

CONBUMErs: " Professionals:

1 Ll Enfertainmient e 2 HPC
— nvinDla —
| — A

Professionals:
§ | Deshyn & Creation

NVIDIA Quadro NVS 1 Industry Solutions

Professional 20 Quadro S0
Corporate NVIDIA Quadro FX Quadro G-Sync
Senver Guadro Plex
Middleware

Care Technical 3D
WS Applications

(718 2-23) NVIDIA GPU Families

Relative Performances of NVIDLA Quadro FX vs, GeForce equivalent
(at same clock/power budget)

Jdsmax-03  cabia-01  ensight-01  Bght-07  maya-01  peos-03 sw-01

» GaFonce equivaient 100% 100% 100% 100%: A0 100% 1S
= NVIDIA Cuadm FX. 178% 2463% 1065 00 214% 208% 216%

(19 2-24) NVIDIA Quadro FX ¢} GeForce A% H|x

<Z=x]: NVIDIA CUDA X3 Aw"]i}>
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Number of Compute
[ Multiprocessors | Capability
GeForce GTX 280 30 1.2
GeForce GTX 260 24 1.3
GeForce 9300 GX2 216 11
| GeForce 3800 GTX 18 | 11
GeForce 8300 Ultra, 8800 GTX & 1.0
GeForce 8300 GT 14 1.1
_ GeForce 9500 G50, 8800 G, SL00M GTX 12 | i1
GeForce 8300 GTS 12 1.0
Geforce 9600 GT, 8800M GTS i 11
GeForce 9500 GT, 8600 GTS, 8500 GT, o 11
B700M T, 8600M GT, 66DOM G5
GeForce B300 GT, 8400 GS, 8400M GT, z 11
B400M G5
GeForce 8400M G 1 i1
Tesla 51070 430 1.3
Tesla C1060 30 1.3
Tegsla SETD 416 1.0
Tesla DETO 2x16 | 10
Tesla CETO 16 10
Quadro Plex 1000 Modal 54 4xl6 [ 1.0
Quadro Plex 1000 Medel 1 2116 T
Quadro FX 5600 16 10
Quadm FX 3700 14 I 11
Quadro FX 3600M 12 1.1
Quadro FX 4600 12 10
Qusdro EX 1700, EX 570, MVS 320M, £X 1600M, 4 ' 1.1
FX 570M
Quadre FX 370, NVS 290, NYS 140M, NVS 135M, bl 1.1
FX 3E0M
Queadro N5 130M 1 1.1

[ 2-7] CUDA & A Y3t A g =E

-7]1& NVIDIA®] A|¥E+ T CUDAES A YstE #Al#F g 2EF
ojth, 17e] Z= A 8709 2l =7} A& 7hsstEE 9
H ZZAA Gl 8ulE S, 2= Ho] U "y ¥9
& (Compute Capability)?] 7} 2= AL F2 o7 €A
oJu gttt = A hstE Y= FHEX], GPUY AMEE
mREee e P Ale]=rl o= AESE 9H|dth. Compute
Capability7} 1.1914 1.30.2 Z45F &4d HAE gujst, = 1.0
o Hl&l 1.1& Z=23 W2y (Global Memory)oll Al 32-bit wordE &
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Rar, L.le] Hlaf 1.2¥= ==H #wRejddA 64-bit wordE
S = ow, MEZRAA G AHE7Hs X ~E e 57t
7Fakgieh. oleldt W8 CUDA T2 7ho]=oA] &<l

]Oﬂ NVIDIA®] GPU AlF g =EL 7} AMYSE EAISHS
o [ 2-8]9lA GPU Aol 7H d%&= vd & s 84
I2AA F=Zo] F, ZEAMA ¥ (Processor Clock), wWlxEz ¢
(Memory Clock), #WXEg] th¥Z(Memory bandwidth), X2 =H7|7}
T8k BZE T

o m

It
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[3 2-8] NVIDIA A|F AA| ALk

Max
Graphics|Processor|Memory|Standard |Memory |[Memory |Graphics
Product Processor
Operation Clock Clock Clock |Memory Interface |Bandwidth|Card
Description Cores
(MHz)  |(MHz) (MHz) |Config Width (GB/sec) |Power
(W)
1GB 512-bit
GeForce 256 (128|600 1500 1000 128 (64
32bit (512MB (256-bit 197W
9800 GX2 per GPU) |MHz MHz MHz per GPU)
per GPU) |per GPU)
GeForce
738 1836 1100 256-bit
9800 32ibt 128 512MB 70.4 141W
MHz MHz MHz GDDR3
GTX+
GeForce 675 1688 1100 256-bit
32bit 128 512MB 70.4 140W
9800 GTX MHz MHz MHz GDDR3
GeForce 600 1500 900 256-bit
32ibt 112 512MB 57.6 105W
9800 GT MHz MHz MHz GDDR3
GeForce 650 1625 900
32bit 64 512MB 256-bit  |57.6 95W
9600 GT MHz MHz MHz
GeForce 550 1375 800 192-bit
32bit 96 384MB 38.4 105W
9600 GSO MHz MHz MHz GDDR3
GeForce  |64bit 240 602 1296 2214 1GB 512-bit  |141.7 236W
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GTX 280 MHz MHz MHz GDDR3
GeForce 576 1242 1998 448-bit

64bit 192 896MB 111.9 182W
GTX 260 MHz MHz MHz GDDR3
Quadro 600 800 384-Dit

32bit 128 1.5 GB 76.8 171W
FX5600 MHz MHz GDDR3
Quadro 2GB (1GB|256-bit

32bit 51.2 226W
FX4700 X2 per GPU) |GDDR3
Quadro 700 384-bit

32bit 500 MHz 768MB 67.2 134W
FX4600 MHz GDDR3
Quadro 800 256-bit

32bit 500 MHz 512MB 51.2 78W
FX3700 MHz GDDR3
Tesla 800 384-Dit

32bit 128 600 MHz [1.35 GHz 1.5GB 76.8 170W
C870 MHz GDDR3
Tesla 800 512-bit

64bit 240 602 MHz 1.3 GHz 4GB 102 200W
C1060 MHz GDDR3
Tesla

256 (128 3GB(1.5GB|384-bit
D870 32bit 600 MHz |1.35 GHz |800MHz 76.8 520W
per GPU) per GPU) |GDDR3

Deskside
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[1] gA"9 e} =, http://www.dt.co.kr

[2] #1712} website, http://ko.wikipedia.org/wiki/X86

[3] http://en.wikipedia.org/wiki/X86#cite_note—6

[4] Intel &3 ©]A], http://www.intel.com

[5]wired intel & 7]A}, http://blog.wired.com/gadgets/2007/02/monday_news
_rou_1l.html #comments

6] NVIDIA CUDA Programming Guide, version 2.0, 20081 64¥

7] $1719 2} CUDA http://ko.wikipedia.org/wiki/CUDA

8] IBM web page, http://www-03.ibm.com/press/us/en/pressrelease/ 24405.wss

9] ®H= E¥|o]A], http://www.terms.co.kr/ASIC.htm
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— o

it
— l-o{u

111 ©]E¥+2, http://www.etnews.co.kr/news/today_detail.html?id= 200708220028
12] #9373 E Top500, http://www.top500.org/country/100/1list/28

13] clearspeed home page, http://www.clearspeed.com

14] NVIDIA home page, http://www.nvidia.com
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