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Cluster . New HPC Physics : 30% Edu : 86%
- . 256Nodes 2H42AH YIS ? ! ’

128Nodes . Cluster Atm : 11% Research : 4%
(PLUTO) (HAMEL) Etc : 17% Etc : %
Application User Affiliation
2002 2003 2004 2005 2006 2007 Arch. o o
0 0
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222 SEEOF H A H#EB &

e X/JIM, /M, tIl/&d E &M =2O0HHAE U=

=

= mesh—based

DEE ME6t 22, 38/ S0 A= particle—based ZEE AMSE.
® [BMI Hameldll €& HIZel= 22 8 &Y 2F 250GB 2F 3GBY. =
cg Moldl HEZ2E =Ucte 2 OpenMP & MPI S2 0120600t
e Z0iY MRl XU AMESS IBM2 HP SIsH/MHAZIOFNA 278, LI X

200A= 500GB 259 HRZ2E @76t ZEE A28
® Hamel® Z= OJI/&&d ¥ Z2e|/E20A 50GB, LKAl 20t= 5GB 0l
5to MI22l AtERotE ZEE AM=2E
7b. 2o djze| zof ALESE
1) IBM p690
(20058 &, &42:MB)
8 18 28 38 48 58 68 78
22/ H 578,240| 879,456|1,648,192| 101,312| 101,312 67,104 65,288
2/l 0 96 523 12,128 1,038 2,432 2.464
thol/etA 492,700| 577,428 15,760 18,576 34,496 16,568| 482,080
=cl/&8 S 436,816 57,184 67,989 496,180 496,180 31,648 16,464
st/ MYy 199,044|1,061,984|2,145,856|1,050,464| 426,944|1,048,640| 210,016
2) HAMEL &3 AH
(20058 =, ©2/:MB)
2 18 28 38 48 58 68 78
2XE/OH 949 951 1,070 1,017 1,017 1,276 1,017
2/sH 951 952 1,017 1,016 1,016 1,016 280
thol/ed 3,587 55,021 36,282 59,226 15,013 59,222 43
22/d2 3,601 3,596 15,012 7,709 3,898 59,220f 59,219
ol st/ MY 4,190 1,680 3,858 3,859 1,440 4,193 3,858

- Xiv -




IEAN PSP Eorea mstitule of Science and Techralogy Inleemation ‘?‘(/g@ KIETI-

o2zl = AFE Z(IBM p690) o 22l #cf AFS 2 (HAMEL)
% 1,000,000 % I
e i
%,A; &/X g\lﬁ %Q;/, y»ﬁé f;ﬁf af @J %5%% @\J‘?
Lt IBM p690 ALEX HE Hzez AL 2x sg
[cHel: 1,000A12H]
7= 2003 (78-128) | 2004E(1&-128) | 20054 (18-98)
&M CPU AlZt 508.7 1,751.1 1,768.1
CPU Al2F 207.6 1,057.3 1,035.8
2GB 0l & HIE[%] 40.8 60.4 58.6
FEZ CPU A2} 34.6 88.1 115.1
CPU Al2t 128.3 571.1 595.5
4GB 0 & HlE([%] 25.2 32.6 33.7
FEZ CPU A2t 21.4 47.6 66.2
CPU Al2t 41.6 164.6 197.4
16GB 0] 4t HIE (%] 8.2 9.4 11.2
FEA CPU A2t 6.9 13.7 21.9
CPU Al2t 8.2 83.7 96.6
32GB 0l 4t HlIE[%] 1.6 4.8 5.5
FEZ CPU Al2t 1.4 7.0 10.7

Ct. 20 CPU AME7Hs =X (20054 )

® [BM p690: 474 Olotel CPU AtEXF R =2

® Hamel cluster:

oro
s ™

ANEXIE 8~32IH2] CPU ALE
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1) IBM p690
CPU % 1 2 4 6 8 16 32 64 | 128 gt
2x/DA | 1.043] 5254 3,754] 151] 553] 258] 194 11 o| 11,218
VYT 393 17 11 27 37 21 60 0 0 566
tol/aa | 7,770 1,734] 4,039 128 2.878] 1,651 9 8 o| 18,304
sel/d2 779] 164|905 32| 1537 793 53 5 o| 4,268
siat/M9 | 5356 1,339] 3,010( 589 634 69 18 3 o 11,018
&t 15,341| 8,508] 11,719] 927| 5.639] 2,792 421 27 o| 45,374
2) Hamel 22 2AH
CPU 2 1 2 4 6 8 16 32 | 64 | 128 | 256 | @
2/ 42 51| 140 83| 260 956 613 0 0 o] 2,145
o/ 9 71 58 13]  997| 1,630 1 0 0 o] 2,779
/2 84| 106| 163 27 55|  396| 187] 45| 95 1| 1,159
sz1/#2|  719] 1.051] 626] 399] 994 1,712 597] 132 1 2| 6,233
stat/mg| 1,167 73] 188 5/ 130 60| 62 4 0 o] 1,689
&t 2,021| 1,352| 1,175| 527| 2,436| 4,754| 1,460 181 96 3] 14,005

8 7H

12.4%
674
2.0%

25.8%

CPU ALXt 2% (IBM p690)

128 7H

32 74 ;
1670 ggo | 00% o o
9
6.2/0\ 0.1%

174
33.8%

\ 274

18.8%

64 7

32 7
10.4%

\wem

33.9%

wswxm
3%

CPU A8 &t

128 7M

0.0% 4 g
14.4%

=X (Hamel)

256 7

6 74
3.8%

8 7l
17.4%

2 7
9.7%

)

4 74
8.4%
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H 3% = rHAFE AMl2H &

o =U HSDI=R20 FHIAFE NES M3 = Js 82z JI2s2 HE=2
7 S&2Clusterdt 47.4%2 Jtd ¥2 dstlEs AAg 8 SMPE 10.4%E

o Vector= =2 JI&EOUMA 18TF=22 CRAY X1EE Z2otRJl 201 41.5%2

T HlE =2 45 HIE= LIEE.

o7 X E HHAMEH2S Al &8

SMP
104%

MPP
06%

Vector

415% Cluster

47 4%

(D2 111-1] OPIEHYE AH2ALHSEIS AAss

[Z N-1] S=nHAREMEE S A E27 88 [20059 118 S ]
ok AlAEY NESS loPu | sl AlAgl MESS oy =
A NEC SX-5 224 28 AR |PC 28 AH 2,048 | 512

CRAY X1E 18,000 | 1024 KAIST |PC 22{AH 115.2 24
IBM p690 4,364.8 | 672 M2l |IBM RS/600 51.2 64
NEC SX-5/6 240 24 sa |PC 28AH 629.8 | 120
HP GS320 46.8 32 Z20f  |HP Exemplar 56.3 32
KIST! HP HPC320 42.7 32 | SHMEW (IBM RS/600 13.2 27
PC Z2{AH 435.2 128 gx||  [SGI Origin 3400 12.8 16
IBM xSeries S2{AE | 2,867 512 | A& ZE7|8l |HP/Intel/Alpha3 2 AE] 1,373 | 392
e IBM SP 216 144 =3%1% |HP Superdome 102.4 32
IBM JS20[Blade] 8,518 | 968 KIST  [IBM xSeries 22| AE 4,915 | 1,026
BAY |PC 2B{2H 193 84
A(0l2A5) 44,464.4 GFlops
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H 4 =

41 2

sl e wHAFE Al2H &
oo rEHHAFEME ofF|H XY FHH|

® OfchH =2 8 o2l 5+

c ol
=

o3 2001E 0 M 20054 A&

= (Clustere 2t I8 XNHESE2 ZA 20%, =0 81%, B 40%2
HEZ BS.
= SMPE 3 JIZ20AME ERGHA &0 JASH, 2 I8 I4s
ZI0H 52%, B2 30.6%% HIEZE BES.
= MPP= 2005301 500 J120M CH#22 BlueGene ¥ XT3 =& 0|
OI2HAN = 67%, BZ 52%°| HI22 2R.
= Vector= HLRSOIACH 77%2| HI2x ES.
ng e N|ds Hlg
= EA 200 R
Cluster 20% 81% 40%
O% O, O,
SMP (39091 2] 52% 30.6%
O% 0, 0,
MPP 212 67% 52%
Vect 0% 77% ~
ector (7941 2] [HLRS]
OlF|El X & XAIAM S H 2 Vector

3%

il

s JIEez

o
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[ IV-1] =2 die #HZEFEHE I8 E 24|
olmeRoiy) |45Y U 2001 2002 2003 2004 2005
(TF) | (%)
IBM p690 IBM p655 12.2TF IBM p655 15.5TF
SMP | 348 | 13
0.3TF IBM p575 6.8TF
MCR Cluster |Xeon Cluster 2.8TF |Tiger4 Cluster 22.9TF
Cluster| 55.3 | 20 1TF IBM Cluster 9.4TF |IBM XSerise Cluster
LLNL
GE) 9.4TF
IBM Power3 IBM BG/L 183.5TF
1.6TF
MPP | 185.6 | 67
IBM Power3
0.5TF
IBM p655/690+
SMP | 11.7 | 52 10.4TF
SDSC IBM p690 1.3TF
(01=) TeraGrid Cluster Teragrid Cluster 3.9TF
Cluster| 4.9 22
1TF
MPP 5.7 26 IBM BG/L 5.7TF
IBM p690 1.99TF SGI  Altix 3700
SMP | 8.49 | 19
6.5TF
Netifinity Cluster HP rx2600 0.46TF |TeraGrid Cluster Tungsten?2
e 1TF Dell PowerEdge  [10.2TF Cluster 7.3TF
Cluster| 37.26 | 81 |Titan Cluster 1TF 15.83TF
TeraGrid Cluster
2TF
PSC SMP 6 38 |[HP SC45 6TF
(@=) ['wep [ 98 | 62 CRAY XT3 9.8TF
Opteron Cluster
Cluster| 2.8 22
NERSC 2.8TF
(01=) IBM Power3
MPP 9.9 78
9.9TF
Magi Cluster Gfarm Cluster | Super Cluster F-32
0.9TF 1TF 3.1TF
Bakoo Cluster Super Cluster P-32
Cluster| 17.1 43
é|ls'|' 0.7TF 8.8TF
(2=2) Super Cluster M—-64
2.6TF
IBM BlueGene
MPP 22.9 57
22.9TF
Cray Cluster 1TF NEC Cluster 2.5TF
HLRS |Cluster| 3.5 23
(s2)
Vector| 12 77 NEC SX-8 12TF
SMP 6.6 31 IBM p690 6.6TF
QCDOC Cluster
epcc |Cluster| 10 47
(@3) 10TF
IBM Bluegene
MPP 4.7 22
4.7TF

[TOP500 2001 6" - 2005¥ 6¥ Xtz JIE]
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42 F2 oo rHAFEME X3 FEH|

un
10
o
3

[E IV-2]0IN =2 diel #HBFEHEHNAMN 2R5t0 As AIAE
A

BIXHE Ol ds UHl HRel 22 dls2 4HEH 30 &0
2o SRUH22IE EME SMPE AIAES HR20e= 2 052 JIE =2 4
s WHl HI2el 22 JtXALD U220, commodity SSHAHE AIABE 0.342
SMP2I MPPOl 2t HEo| HI82 JIXNL UCH E£3, =2 YBHS 275
S Zz )Y +d8H S IBM BG/LI &2 MPPE AlAHS H=20= 0.13
oz J1E e HI8S UEHD UL
[ V-2] =2 2 AHIEEHMH e FEH|
- O0l2 s bl
AS 282
A =g B2 x oE EIJA’é'c(TF) el |;c?(TB) Ho2 =22 HS
[B/A]
p655/690(*) 10.4 3.8 0.4
SDSC IBM BG/L 5.7 0.5 0.1
Linux Cluster 3.1 1.0 0.3
Linux Cluster 6.3 1.0 0.2
TACC p690 1.2 0.5 0.4
IBM SP(ASC White)(*) 12.3 8.0 0.7
IBM SP(ASC Lilac)(x) 9.2 3.0 0.3
IBM SP(*)(ASC UM)(*) 6.1 2.0 0.3
IBM SP(ASC UV)(*) 6.1 2.0 0.3
LLNL IBM SP(uP) 6.5 3.2 0.5
Linux Cluster(MRC) 11.0 4.6 0.4
Linux Cluster(ALC) 9.2 3.8 0.4
LinuxCluster(Thunder) 22.9 8.2 0.4
IBM BG/L(*) 136.8 32 0.2
IBM RS/6000 SP 10.0 7.2 0.7
NERSC Opteron Cluster 4.4 2.0 0.5
SGI Altix SMP 6.0 3.0 0.5
NCSA p690 5.0 1.5 0.3
PSC HP AlphaSever 6.0 3.0 0.5
Linux Cluster 12.4 3.0 0.2
RIKEN NEC SX-7 0.3 0.3 1.0
NASA(NAS) SGI Altix SMP 15.0 20 1.3
£7) p690 8.9 5.0 0.6
IBM BG/L 5.7 0.5 0.1
HPCx(UK) p690 10.8 1.6 0.1
ARSC p615 5.0 2.0 0.4
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43 F o2 wHAFEME X ME T4
4.3.1 NCSA

Yy, ZRH2 2PHE L HS2AN0H B8 SO AlAgo A2 3
=ot U3.
7+, SGI Altix[cobalt]

SGI Altixe =2 SU+T 2H =2 ENXS 28 4[35-51201 T2 AHA]
2 R0t MWS2H0IE =88 =82z 6tH, S0l 2 SRUHZEE ER=
StALE U2 Ustal HIoIH 24, =2 =&2 JIASE RFot= HE2AH0lE
Ol = &atit.

1) A2l 74
Machine . L3 Cache | Oi=el Internal
Name Model Function Processor type #Procs ZeMME | (GB) [
. SGI Altix | Interactive use| 1.5 GHz Itanium 2 .
co—logint 3700 debug jobs (6 GFLOPS peak) 32 6 Mbytes 256 | SGI NUMAIink 3
. j ) SGI NUMAIlink 4
co-compute | SG! Alix e eoive | 1:8 Gz tanium 2 | o1, | Mbytes | 1024 InfiniBand 4x
3700 Bx2 ] (6.4 GFLOPS peak) ;
dedicated (to Prisms)
. j ) SGI NUMAIlink 4
co-compute2 | G Allix e | 1.8 Crz tanium 2 | o1, | Mbytes | 2048 InfiniBand 4x
3700 Bx2 ] (6.4 GFLOPS peak) ;
dedicated (to Prisms)

co—vizi = Visualization SGI NUMAlink 4

o . only 1.6 GHz ltanium 2 |8 CPUs InfiniBand 4x

6% Svtgris) SGIPrSMI (1ot vet  |GPU: ATI FireGL X2|4 GPUs| @ MOYtes | 8 | (prcmar zime

4 available) == AbOl)

2) AlAE”l AZEY O

Operating System

SGI ProPack 3.4
Kernel: 2.4.21-sgi304

Compilers

Intel 8.1: Fortran77/90/95 C C++
GNU: Fortran77 C C++

Programming Model

OpenMP, Message Passing Interface (MPI)

Program Analysis Tools

Totalview

Floating point format

|IEEE

Batch System

Portable Batch System (PBS Pro) with MOAB Scheduler
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Lt IBM p690
IBM p6902 2 £=9 YHEAM[1-32 ZZAMNA]IS 2Fol= HE2IH0IA
L AZE2H0NE s SHOZ ot UCH AHCHIF 402 32-way =E=
U2 W22 Atsols HE2IHOIES XJotI| oA 256GBE JHAl LD UL
32 TZHA OIS AI=2dl= OHE2IAH0IE 2 SGI Altix AIAENAN &S =2
g AS &S
1) Ala" 28 U 8
Interactive system (cu)
= 16 processors, 32 GB memory
Systems Batch — 11 32-processor nodes
= 7 nodes with 64 GB memory
= 4 nodes with 256 GB memory
Processor type IBM Power4
Processor speed 1.3 GHz (5.2 GFLOPS)
= L1 instruction: 64KB
= L1 data: 32KB
Cache
= L2: 1440 KB (shared by 2 processors)
= L3: 128 MB (shared by 8 processors)
Shared gpfs Scratch Disk 2.8 1B
Interconnect between systems Gigabit Ethernet
2) AlAH”H AT EQ O]
Operating System AIX 5.1 (based on Unix System V)
Compilers Fortran (77, 90, 95), C/C++
Programming Model MPI, OpenMP
Program Analysis Tools prof, gprof, tprof, Xprofiler
Floating point format |EEE
Batch System LoadLeveler
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c}. Xeon Linux Cluster[tungsten]

Xeon Linux Clustere 2 ZS2AEZUA =2 =TNXQ HEH[32EZZ MM 0l

AlE @F6t= HE2IAHOIE =3

1) Alag 24

Dell PowerEdge 1750 server

Systems dual-processor
3 GB ECC DDR SDRAM memory
Number of systems 1,450 (1,280 compute nodes)

Intel Xeon 3.2 GHz (32-bit)
533 MHz System Bus

512 KB L2 cache

Processor 1 MB L3 cache

Peak Performance

6.4 Gflops (double precision)
12.8 Gflops (single precision)
Gigabit Ethernet

Interconnect Myrinet 2000
Disk Node local: 70 GB
Shared : 122 TB

Operating System Linux 2.4.20 (Red Hat 9.0)
) Intel: Fortran77/90/95 C C++
Compilers
GNU: Fortran77 C C++
Batch System Load Sharing Facility (LSF)
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4.3.2 SDSC

7}. IBM p655+/690+[Datastar]

Datastar= SDSCOIA JIE 2 Hicla AMAEOZ E35| dole fAF=2| HAHE
A HEoIH RAHEEN read 2.1GB/s2 write 1GB/s2 I/O0 s M=ot

0 J

Ch. S8t 12l ZRE &FQl TeraGridOil UHatal &k CIOIEBIONA, 22
SHOZCIE R+ots HIXI St HE2AN0IES =Y = UESF p690 4=
2 GPFS 28TBE HMZot) UL

8-way p655 === 2 =0 8 AIESXS HHO HHEIECZ 2EHH, =2
H484 2 =2 g2 /02 R+dts HY S SHZ B, £&H p69o
= 256GB 32-way p690 =E= UHRE % HECIE ot &Y =30 &
e otCt.

1) Al2d 74

Memory per | CPUs per 5
Type | # Nodes Node Node CPU Speed |Peak Performance Hl 0
p655+|approx. 176 16GB 8 1.5 GHz 6.0 GFlops|not shared node
p690+ 6 128GB 32 1.7 GHz 6.8 GFlops
[mm)
0690+ 1 256GB 32| 1.7 GHz 6.8 GFlops| 9%, % 2°
SDSC P Frseraen .
H St o
DataStar T PRSY Mod
T > -
..... taEjabit L |um|.~:u W] Irieractse {51
Elhuurnuul: Clnnzans Bateh (¥
ey N . B "——
[T 3
[ L] |
‘ (e 'J‘ ) 67 =
[
RO S -]_
e 11 pEal
T H LA
e 187 Total Nodes -{_ ;¢ .

[02 IV-1] SDSC DataStar A|IAEl RAE
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2) AlAl AZES O

Operating System AlX 5.2
IBM : Fortran77/90/95 C C++
Compilers
GNU : C C++
Programming Model OpenMP, PE(MPI)
Batch System IBM LoadLeveler with Catalina

Lt. TeraGrid €2 A E

DataStar AMAE DN H=0 TeraGrid Z2HEQ 2l &3 3
HED A= SDSC & |A-64018F elsA SHAH AAEOICH

Hh
njo
O
%
x
e

1) Alad 74

* Qguad-processor
Access Nodes e ECC SDRAM memory: 8 GB
« 2 nodes (8 processors)

* dual-processor
Compute Nodes + ECC SDRAM memory: 4 GB
« 256 nodes (512 processors)

e Intel® ltanium® 2, 1.5 GHz
Processor * Integrated 6 MB L3 cache
* Peak performance 3.1 Tflops

Network Interconnect Myrinet 2000, Gigabit Ethernet, Fiber Channel

Disk 1.7 TB of NFS, 40 TB of GPFS (Parallel File System)

Operating System Linux 2.4-SMP (SuSE SLES 8.0)

« Intel: Fortran77/90/95 C C++
« GNU: Fortran77 C C++

Batch System Portable Batch System (PBS) with Catalina Scheduler

Compilers
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C}t. IBM Blue Gene

IBM Blue Gene AIAEIE
Y HR2e 2FS0 &2

g LS9 129049 1/0

—

ine—grained Y24 JtXl 1D scalibility?l 220

DE ol MESHCH MM AIAEE2 1,204002

E2 A4 =Y ol 2520 Ul ==

S = point—to-point HIAIXl TH&I S @6t

Y Eldlg dZ50 Ul 2BE 1/0

2 JIJHIE OlHYS S HZEN

x| 1) 8GB/sSl 1/0 d=52 W10 ULH

Blue Gene AlAEIZ ZTES 2 =X Z=AAMHE AL UD

S2H0 CHEE R
==l

oy

g
o

il
T
in © =
ir | of 31 i

40
o
10y

0
[wl

2
MO
==
&

o o

4~ oy

0
Y
° 3H
om
0x
or
mjo

O 1l
4
Qi
or
N
1]
2
x
[l
I
>
_D
U
o
W —J
ar o on
0z

=
K
50
a
.
0
:“T—:I
U
=
Hu
4
0z
ul}
=
00
fol

$0 40 00 4J
om o

=
8
[w

1) Al 74

5.7 Tflops Peak
512 GB memory

T2HA ¥ BiZel
16 GBps aggregate 1/O rate
4.62 TF on Linpack at SDSC (81% of peak)
1024 compute nodes
EEC

128 1/0 nodes

3D Torus and Global tree connections

Interconnect LIE|3 Rest of the I/O infrastructure is at various stagesof
installation

2) Matst g83E=

- Spectral element codes, CFD

- QCD, QM/MD

- Codes involving Data streaming
- Ab-initio protein folding codes
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4.4 NSF &5 v A FEME SEE0tH EBE
o ZOE O0|&Xt L AFEAIZEZ2 NSFII &2 Sz SES20E 2.
® 200443 =c2lutst =0t 0lZ2A=2 CPU ArEAIZt2 2120 &2l 38%%t
60%E XIXIE.
441 2O0H O| A=
=0t 20023 | 2003 [ 20043 ZOHE AlEAL
4231(BIO) 229 | 220 | 241 - —
HA™SSHCISE) | 547 501 342 ||B w
Z8H(ENG) 419 422 443 ff o —
00 400
Xl 7 1H8H(GEO) 243 165 214 ||< *\1—:!
| wemees) | 101z [ w22 | o6 | | e——a
NEETRER) 8 12 6 e o o
JIE} 415 323 306 —e— gEs(a0) B mumeom ERTETe)
_ ATRIEHGED) —k— s2iRisvPY —O— rzistisE)
S 2,873 2,565 2,498 —+—v
442 Z2O0FH CPU At8AZH
20t 2002 | 2003E" | 20044 CPU AL8AIZE (Hour)
AMZ235HBIO) 19,912,296 | 34,472,813 | 22,532,169 140,000,000
., 120,000,000 N
M AHE 2 8HCISE) | 18593946 | 12,740,526 | 11,140,031 | [ 100.000000 )/‘H
010 30000000
Z&(ENG) 8.131,815 | 18,503,630 | 35,238,645 | | < £oo0000
X D8HGEQ) | 5285244 | 11,054,374 | 12,562,236 | |& ZZZZZEZE F._("\\g
Ab2|8H(SBE) 13,937 41,072 107,285 ue
J| et 1,067,274 840,494 785,275 —— w=2(80) —— cuEweCise) B0
X 7242HGEO) —¥— s2|22HMPS) —@— 1alzH(SEE)
Ell 133,806,828 | 199,024,905 | 205,721,759 —t—e
x B20HEQ
® B|O(Biological Sciences) : At IS stAMSsH MBStz s MUl &
T, SEN M2s U S S
® CISE(Computer & Information Science & Engineering) : Z2EH & 2 =g
d8s, 22&, 0t0l32 &I 882 XMl AlAE, HERY L Sdl S
® ENG(Engineering) @ at&f88f, JIH & P2X, CHAQL L MAF AJAE MESt
N OAAE ZBSEAM ol X JfE, A BE U JI=EA S
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® GEO(Geosciences) : Ho|s&, XIFtsH, oHsH EHEH
)

® MPS(Mathematical and Physical Sciences) : &8t &2, S¢l, ats, W=

st =
= S

® SBE(Social, Behavioral, and Economic Sciences) : =2ltst AlglsF & A

s S

45 Top 500 ot7[EHI X ¥ HrE M3 Fo

® 20014 CHHI 2005& Ois= & 0124
= Cluster?t SMPJt 404 Of21&1H

.

6|, Cluster= SMP2t Bl Al OI2HS0HA 2 581 0l =2

ot FHE LIEHY.

N
N
12
©
o
T
-
o
®
T
-

=
S
=
" -/
=
S

& 22 XHXI§ Clustere SMP 2CH Ui & 0I24s Bl

DEOA < 20 3% 20| 22X US.

* MPP= IBM BlueGene AIAEIS A8 SIHZ OIEHSUHAM 21.5%E
XHRISH SMPOI 2& &t HIE2 LIEHY.

= Vector= 3.5%Z Cluster2t SMPOIl HIotH 22t 2F 14842 78 Ol &

A 223,

S 20014 [HHI 20054 =2E 2005% 68 HIg
- TEIES OIB4Ss JI&E TEIES O84S JIE
Cluster o {13HH =t o 9h5Hi =t 60% 50%
SMP oF 1.2H1 24 oF 18HH =Dt 30% 25%
MPP ok 8hf 24 ok 5.3 SOt 6% 21.5%
Vector ok 2 7Hi ZA ok 4 78 =t 4% 3.5%
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op B HelEo |7 1D O [HXY #21%=0|(Roeak 7|2
14000000
0 VP WOl ko @ 9P 12000000 {+MPP—|—0uster+Vecto(+SMP7L
x 2 10000000
20 3
=0 5 0000
1 %E 00000
© 5 40000
0 200000
05 O 05 QM 36 ¥ 0405 O¥H O5B 0106 011 (206 G/ 0306 O3/ 0406 0411 0006
el e
OLZ|EIXME H3t Fol[th 7|&F] (2ol @ o)
E_'ﬂ/% 2001/06 | 2001/11 | 2002/06 | 2002/11 | 2003/06 | 2003/11 | 2004/06 | 2004/11 | 2005/06
MPP 240 190 110 68 54 39 16 13 30
Cluster 24 30 61 70 129 193 280 287 301
Vector 49 46 43 39 43 35 25 21 18
SMP 187 234 286 323 274 233 179 179 151
Al 500 500 500 500 500 500 500 500 500
OoF7|EHl M B35} F0|[0|EMS[Rpeak] 7|& [Et2] : GFlops]
H/E

e 2001/06 | 2001/11 | 2002/06 | 2002/11 | 2003/06 | 2003/11 | 2004/06 2004/11 2005/06

MPP | 89,249.2| 95,379.2| 86,307.8| 75,944.4| 73,705.5| 68,580.5 74,002.1| 160,624.5| 565,139.7

Cluster | 13,852.2| 18,442.1| 48,081.4| 91,566.4|214,525.1{479,047.3| 810,817.8| 1,071,740.5| 1,316,104.5

Vector | 19,652.9| 20,236.9| 64,282.5| 64,199.6| 70,216.4| 79,018.0 78,054.6 76,851.4 92,025.2

SMP | 36,902.3| 64,129.1(144,924.0|224,557.7|273,981.4|297,908.1| 404,814.6| 570,660.4| 658,863.8

A 159,656.6(198,187.3|343,595.6|456,268.0(632,428.4|924,553.9| 1,367,689.1| 1,879,876.8| 2,632,133.2
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H I =

o2

H 5% +Hd
5. AfFE Alx

0z :|I=I

5.1.1. SMP A[AH|

SN L&Y ey 5% HRelE Mot WEEQ SMP AMAECS=ZE= IBM
SLEQ POWERS Z2HIME EME IBM ps95 AIAE, Intel@ Itanium2 Z&
HIME EMdt= HP Integrity Superdome, SGI Altix 3700 Bx2 AIAEO| UCH.
0= SGI Altix 3700 Bx2 AlAEES &2 &Y z0 8B 27 HIZ212 =
256002 T2 MIME EMoH IHE =2 EXEE M35t UCH

7} IBM p595
- = W
OPIE N 22 ® SMP 24 AH
HEo/gsasolEas ® POWER5 1.9GHz 7.6GFlops
® POWER5 2.0GHz 8.0GFlops
20 SS| ® POWER5 1.9GHz : Z0OI 649 486.4GFlops
T2 ANA o2 A~ Ce[#] g |e POWER5 2.0GHz : =t 6490 512GFlops
- v ° LC5/32,768 T2AHAN DA R4 Jts
/&8s AAE G
° 32_L_[_TII|01| Ay dAIs], 16LE[8s5 0d]
M= (L1/L2/L3) ® 32:64KB/1.9MB/36MB
=8/2% ® DDR1 266MHz, DDR2 533MHz
o3 = CH LY ® DDR1 : zICH 278, DDR2 : Z=I0H 256GB
M=El oo ga[ Ara g -
A=/ MSESXNHE ® DDR?2 : 25.6GB/sec
=" SE/EZZX ® HPS/Fat Tree
- == oy (== 2|
JREEY o= /marols ® Y 2GB/s, 32ZZAIA 16GB/s[8HE 2]
o ® bSusec
UERAI qZIIs LE & o
e RE/ER> ® GX Bus < |/O-Hub < PCI-X(64bit, 133MHz)
= 5.1GB/s 4GB/s
0/S AlX 5.3
Al AE HEIAC ® MPI, PVYM, OpenMP
_ %5t 2lolEeel ® ESSL, PESSL
L2EZELO ol
o 2te| ® |oadleveler
HATA A AE ® GPFS

- XXX —



IEAN PSP Eorea mstitule of Science and Techralogy Inleemation ‘?‘(/g@ KIETI-

8 W e
IIEF EX ® On-Die Memory Controller
Z2MA

£
-
"

-3

ZZNAM/O2e A8 27X

VE

|

=30=Im=

l

e - Bl
f’lltléllﬁtfg

o
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i Bma i
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Ll. HP Integrity Superdome

2 g

HI=

O8N 2=

SMP 22 AH

MEg/25H5c/012d

or

Itanium2 Madison 1.6GHz 6.4GFlops,
1.1GHz 4.4GFlops[mx2]

% Montecito Dual Core 2.0GHz/24MB I AI[2006E =
All

core & 8GFlops

TZAHAM o X|0§ 64/1287H
°
FTHE 2 M A LC[i}JS]I : iOifgl}gliﬁIZ:)%s ”[mt>,<2C D;leL F;rgchessor Modules]
4\_/@3 —=1= = =] e = X s
® Cell EE & ZITH 4/80H
Al A Ed -
M (L1/L2/L3) ® 16-16KB/256KB/9M, L4 32MB
. ® SDRAM[125MHz]
=8/2%
o =22 HEEH : L& EE & 5XLE 32 AH}
Hoe | EO 022l [SSILEY e G 178
=& Al A Ed -
e =Z/8sXHE ® 16GB/s
_ ® 4X Infiniband[PCI-X,HP-UX]
LCot SRY/EEZX )
== ® Hyperfabric2[64= =Xl K& ]
S o4
d4sa2 He=Z/M&XHS @ 800MB/sec, Busec, 4.0Gb/s, 22usec[MPI]
HEXA
HAIs L& £ -
/0 RE/ERS ® Cell controller < PCI-X
A= ® 2GB/s
® HP-UX[=E¢Y 128-way K&
Al A El
_ 0/s ® Linux[RH EL AS3, SUSE ES9]
AT EAN )
® Windows server 2003

— XxXxii -
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a2 = W
JlEt E& ® X[ 16JH2 WEId 4 Jis
Z2MM PE — | i: =t

i o T R R I__r__i"-_:

me

HP Integrity Superdome cell pp Integrity Superdome cell
board and interconnect board using mx2

architecture Dual—Processor Modules

and interconnect architecture

ZZHMA/MRe 2 2=x

The HP Integrity Superdome's
hierarchical crossbar
architecture
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Ct. SGI Altix 3700 Bx2

= =
oy & SMP 22{AH
HEY/2BHEZ/0128s Itanium2 Madison 1.6GHz 6.4GFlops
o = X[ 641 409.6GFlops
SSI ® CR-Brick & =ICH 84
T2 A Eijﬂéﬁ LE[] g |e SSI AN 2560H[2 400 014]
/8s ® 3,276.8GFlops, 51274[2005]
AAm o |® 2.0489 [13,107.2GFlops]
—-—= < ® 16,384I1[2005E NUMALiInk4 34 Jis ZZAIA 2]
A (L1/L2/L3) ® 16-16KB/256KB/9IM
=E/2 ® DDR1 PC2700/166MHz
e o ® X0 8TB [M-Brick 8l&]
=Rl e 22 ® CR-Brick & zl0i 96GB
AAE 2 @ 24TB, 196TB[2005H ]
HEZ/HERNAS ® 12.8GB/sec
et RE/EEZX ® NUMALIink4/Dual Plane Fat Tree
dsoz EEEENNEE ® 6.4GB/s
HWES3 s L&
e RE/IER> ® XIO < PCI-X(64bit, 133MHz)
A= ® 2.4GB
0/3 ® SGI Advanced Linux Environment with SGI Propack
Al AE ® SUSE Linux ES 9
ATEY O HEXNAEP ® MPT[Massage Passing Toolkit]
HEMAAAEH o XFS[IIUAIAE], CXFS[EHEIUAIAE]
Z2AM 2E L ek e
[tanium 2
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4
AI

AT Mt Board

T2AAM/HRE 92 X g
CR—Brick — Components
Compute Rich Configurations

LE o X b

Router Plane 2
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5.1.2. WEHE AlLH
S HHE AAHEE 9

CRAY X1-E2+ 0I2C+ A

IZNAM & zI0H 18GF2 Ol ds8 X
S0l E0{Xl= NECS| SX-701 =HStCH.

0K
Ol
rr

7t. CRAY X1-E
? = W =
OBIgH 2= PVP
NEBH/2855/0128s 18GFlops
F0) Z2A M| SSI =EE |® MSP(4SSP), SSP(2P, 1S), 8MSP x 1671 2,304GFlops
ZT2AMAM C
T/ES | Nrw g -
A (L1/L2/L3) T2 NA 2+ 2M
RE/2Y R-DRAM
oz X CH SSI L&Y 16GB/node
- Heel 22 | A ¢ -
e =/ MSXNHE 12.8GB x 16section/sec
see SY/EEZ2F Hypercube
a0 e =Z/MsXME 6.4GB/s
HE<f3A HZls L& = -
e RE/ER% 12x2x2
A= 4.8GB
Al AE
ATES 0/s UNICOS
of
P‘iﬂ"u [ l'P'M 1 L}
Ei}\‘“}d 2 .I T : 3 } .._":-‘
LE oY X
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5.1.3. MPP A&

st AIEUIA MPP AIAEIC] BIHAIOE ZA0HCHE 20056E S MZ22 MPP
A E

AAEISZ |IBM BlueGene AIAEIDF CRAY XT-3 AIAEI0 SATHAN AEAOI
U2 AIAES0l EXIE UL
S AMAE BF e S o ZIZ2HAN BEZIF B AIAE O™ Hlol 2
sol =20, =2 E&8 202 0t =2 Yg42 7ote Wl 88 T2
Hol AlHH At=ZECH OFXICH L2 HE2AHO0E XN SHUHM S840 €0
XD 02 Ads UHl H2el 22 HI=0l &4Ys 2ot e HI22E EMst
SMP AIAED XIEAHS JHAI LD UL
7}. IBM BlueGene
7 g W 8
OPIEH 7= MPP
HEY/285E/0/128s |@ PowerPC 440 700MHz 2.8GFlops
® 2J{/Chip 5.6GFlops
ss| ® 4J{/compute card 11.2GFlops
=| CH Lo ® 32J1/node card 180GFlops
TI2MAM | Z2AMAM % = < ® node card 32H/rack
/8= ® 2048J4/rack 5.73GFlops
® ZI0f 131,07274 360TFlops
INES ==
® XUl 6400 racke 2 74
M+ (L1/L2/L3) 32:32KB/MB/4MB
=8/2 DDR
. = CH SSI == & |e 512MB/Compute Card, 512GB/rack
- Heel 22| AA® Y |e 0 32TB
A=/ MEXNHE
= cm/szax ® 3D Torus
ASHA ® Global Tree
R FEEEEEE ® 2.1GB/s
H=#3 0ZEIE LC & e
® |/O =AM M
/0 SRY/ER+ ® 4 node card with I/O Card / midplane
® 2 |/O node / 1/O card
A= -

= XXXVil —
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a2 = W
® J& == : Lightweight proprietary kernel
0/s ® |/O =S : Embedded Linux
N8 ® Front End and AHIA =C : SLES 9
ATEYN HEXNACF e MPI XIg
SRl ® [oadlLeveler
HELZAAE  |e GPFS
JlEt E3 ® Compute card0l CPU2L BI22|Jt & EHZ &S,
* 3 1 1 ) .
- F] I
o Ly et = —..Ir
.., i -hee | ]
_ il L =1} .
TI2MA 2E 1 'i b |.
E A |
- i | - |
oy e L L | %
c ol e = ~
o) LR L. T iy
Pl i, Sl TS
T ke Cards
TZMNA/MRe AZ 2X s I
L R Rl RS A
T
Copam Card @
- CAR TR <
L] g
(=" LR
i ey
* AESi 00w
(E-1- ]
FREE O
£l
LE da 2x
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Ll. CRAY XT3
e W E
OPIeEr Fe MPP
HMEH/2HE5T /0|28 |@ AMD Opteron 100 Series 2.4GHz
2 4 A X0 Z2AMIA| SSI “EY |® 96Jl/rack 460GFlops
- 2/Hs AAE S @ 256~ 30,0004
M4 (L1/L2/L3) 64:64KB/1MB
=a/24 SDRAM
ES ] SSI =EEY |e 1-8GB/PE
H2el /
M2l 82| AL d -
HeEZ/MERAS 6.4GB/s
LE2t SRY/EEZZX ® SeaStar/3D Torus
ASHA HEZ/MEXAHES ® 7.6GB/s, 3 miro sec
HESA H2ZIls L& £ -
[E/ER> ® 2 PCI-X 64bit 133MHz/PE
/o o= -
Al AEl 0/S ® UNICOS/Ic
_ HE AP ® MPI A&
ATEQN = o T
HATLAAE ® [ustre

ZZMA/MRe 22 2=

o
n
2
iy
4
Y
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5.1.4. Commodity 23 AE AlAH

Commodity 21AH AIAEHE F2 Intel2 Xeon Z=ZAMIA2 AMD2l SHIE
T NIAME EMst Ha AIAE0 =32 01210 ULH WetA AlAEISl 2 =8|
aY 22 ZZMAM ZXH2 ZEWO S=HO0ICH ofXIeH Aol Chst AIAE
HIHO A Commodity ZZ2MIA, WERZAD S2 52 EMst NE=2 £&AIot2
ULEH &Est, Z2 SdI0IE EE2l AIAE ZAIJF 226t 0IFHXL2 U=,
=2 9 HEY AAHO AMETE SAAZ = AL HOISHS 2HEHGHA &
4 UCHE =0 SOIM ZES IR & UL
7. IBM €8 AH

Et LA FASHH Intel2 Xeon Z=2MA2t AMD2l SHIZE Z=2HMAE EM
gt HIE2 S Aot QUCH GHX2E 0|2 HEX 1K PowerPC ZZ MAE EX
gt 2dl0I= AAES H3otd UCH &M Intel@ ltanium2 ZZHAME EME
AAEIS SAIGHA &2 UL

= Cluster 1350
BladeCenter BladeCenter
JS20
x346 x336 e326 HS20

Platform ﬁ'ﬁm__ - — =

Intel Xeon Intel Xeon
2.8/3.0/3.2/3.4/|2.8/3.0/3.2/3.4/ Intel Xeon
Intel Xeon PowerPC 970

3.6 3.6 2.8/3.0/3.2/3.4/

Processor 2.0/2.2/2.4 2.2GHz
-2MB L2 -2MB L2 3.6

-1MB L2 -512KB L2

800MHz front [800MHz front -1MB L2
side bus side bus

Processors

1 or2 1or2 1 or2 1 or2 2
per node
up to 16GB up to 16GB 8GB PC320
Memory per
q PC2-3200 PC2-3200 DDR or 512MB/1G 512MB
node

DDR2(400MHz) | DDR2(400MHz) | 16GB PC2700

Disk / media

6(SCSI) 2 or 4 2 2 2
bays

Form Factor 2U 1U 1U 7U 7U

Interconnect GbE, Myrinet, InfinBand

_Xl_
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= Cluster 1350
Managemnet
Network
Integrated
Ultra320 Ultra320
Storage Ultra320 SCSI Ultra320 SCSI IDE
SCSI/SATA SCSI/SATA
Contollers
0S RH EL3/SUSE ES9
Cluster
Management Linux Cluster Install Tool/CSM/GPFS/Scali Mpi Connect
S/W

Lt. HP XC 22 AH

HP= XM SLSHH Intel2 Xeon, Iltanium, AMD2l =HIE Z=HANE EM
gt SAH AIAEE MBotD UL SHAHS Interconnection UWIERIAZ
Myrinet, Infiniband, Quadrics, GbE 2| L2t MS&S A&otd UL

1) Xeon ZE2AMA 7|dte] 23 AE

Number of nodes

= HP Cluster Platform 3000
Proliant DL140 ProLiant DL360 ProLiant DL380
Platform
e ——. RESCTECTS Rasaz=:§
;ﬁ\jg”éﬁéngHz Fsg) | Zeon 8.0/3.4/3.6 - Zeon 3.0/3.4/3.6
Processor “Xeon 3,6 - 1MB L2Cache - 1MB L2Cache
(2MB L2. 800MHz FSB) |~ 800MHz FSB - 800MHz FSB
Processors per o o 1 or2
node
Memory per node 1-16GB 1-8GB 1-12GB
v P [PC2-3200 DDR?] [PC-2700 DDR] [DDR 333MHz]
) ) Up to 2 drivers Up to 2 drivers Up to 6 drivers
Disk / media bays (SCSI or SATA) (SCSI or SATA) (SCsl)
Form Factor 1U 1U 2U
MIN : 1 control node & 4 compute nodes

MAX : Total of 512 nodes ( utility + compute node)

Management S/W

Interconnect Myrinet XP, InfinBand, Gigabit Ethernet
Managemnet 10/100 network or Gigabit Ethernet
Network
SAN Storage in Optional MSA1000 Storage subsystem mounted in cabinet as part of
cabinet cluster
0OS RH Enterprise 3.0 / SUSE SLES8/SLES9, MS Win2003 HPC
_Operating HP-MPI, HP MLIB, Scali MPI Connect
environment Tools
Cluster

HP XC System SW v2.0/ Scali Manage

- xli -
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2) AMD ZZAMAM 7|+

22 2 H

& HP Cluster Platform 4000
ProLiant DL145 Proliant DL385 ProLiant DL585
® AMD Opteron ® AMD Opteron
Processor 1.6/1.8/2.2/2.4-1mp|® AMD Opteron 2.4/2.61° a1 g0 55 4-1m8
-1MB L2
L2 L2
Processors per |® 2(compute)
node ® 1/2(control) ®2 ® 2/4
Memory per node ® 2-16GB ® 1-16GB ® 2-64GB
yp e [PC3200 DDR] e [PC3200 DDR] e [PC3200 DDR]
Disk / media bays 2 Drivers Up to 6 drivers(SCSI) 4 Drivers
Form Factor 1U 2U 4U

Number of nodes

MIN : 1 control node & 4 compute nodes
MAX : Total of 512 nodes ( utility + compute node)

Management S/W

Interconnect Myrinet XP, Quadrics QSNetll, InfinBand, Gigabit Ethernet
Managemnet 10/100 network or Gigabit Ethernet
Network
SAN Storage in Optional MSA1000 Storage subsystem mounted in cabinet as part of
cabinet cluster
0S RH Enterprise 3.0 / SUSE SLES8/SLES9, MS Win2003 HPC
_Operating HP-MPI, HP MLIB, Scali MPI Connect
environment Tools
Cluster

HP XC System SW v2.0/ Scali Manage

- xli -
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3) ltanium ZEAM A 7|dte] E={AH

- HP Cluster Platform 6000

HE

Integrity rx1620 Integrity rx2620 Integrity rx4640
Platform '——J = E
® [tanium?2 ® [tanium?2 ® [tanium?2
e 1.3[3MB L3, e 1.3[3MB L3, ® 1.5GHz/4MB L3
® 400MHz FSB] ® 400MHz FSB] ® |[tanium2
® 1.6GHz ® 1.6GHz ® 1.6GHz/6MB L3
® [3MB L3, ® [6MB L3, ® |[tanium2
® 533MHz FSB] ® 400MHz FSB] ® 1.5GHz/9MB L3
Processor ® L1 :32KB ® [1:32KB ® L1 :32KB
® |2 : 256 KB ® |2 : 256 KB ® 2 : 256 KB
® System Bus ® System Bus ® HP mx2
Bandwidth:8.5GB/s Bandwidth:6.4GB/s dual-processor
module
® System Bus
Bandwidth:6.4GB/s
Processors per node 1 or2 1 or2 1-8
Memory per node 1-16GB 1-24GB 1-128GB
[PC2100ECC DDR266] | [PC2100ECC DDR266] | [PC2100ECC DDR266]
Disk / media bays 2 per node 3 per node 2 per node
Form Factor 1U 2U 4U
® MIN : 1 control node & 4 compute nodes

Number of nodes ® MAX : Total of 512 nodes ( utility + compute node)

Interconnect Quadrics QSNetll, InfinBand, Gigabit Ethernet InfinBand, Gigabit
Ethernet
Managemnet Network 10/100 network or Gigabit Ethernet
SAN Storage in cabinet Optional MSA1000 Storage subiyllj;?g: mounted in cabinet as part of
RH Enterprise 3.0 / SUSE SLES8/SLESS9,

(O RH AS3/SUSE SLES9

HP-UX 11iv2

Operating environment

HP-MPI, HP MLIB, Scali MPI Connect
Tools

Cluster Management
S/W

HP XC System SW v2.0/ Scali Manage

- xliii -
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=
[

o &t

224 AH Interconnection UWER3A
=2 Infiniband WEY A S{AH AIAEQ Interconnection WERIAZ 2

o

2O U2 SHAE AMAEUAS HSAOL SItotl UL

EX|
o

: 4
{%Em
i

Myrinet

— Rev D - Speeds 489MB/s < 7usec MPI latency
— Rev E — Speeds 875MB/s < 6usec MPI latency
— 16port, 128port, 256Port Switches

— Scalable topologies with federation of switches

— Emerging industry standard

- IB  4X-speed[PC-X] 750MB/s, 6usec MPI
Latency

- IB[PCI-Express] 1.6GB/s, 5usec MPI Latency

— 24 Port, 288 Port Switches

— Scalable topologies with federation of switches

&

P =
Infiniband g

Ty

Quadrics i

Elan4[PCI-X]-900MB/s < 3usec MPI Latency
32 Port, 64 Port, 128 Port Switches
Scalable topologies with federation of switches

GibE

- 100MB/s, > 40usec MPI Latency

- xliv =
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5.2, AE2|X]|
5.2.1 NAS

7F. NAS2} File Server

File Server= 2372 It MblActe AHEM JISZRH AMEE £
S&0ICH UE=0l 2<2atX 2ot GI0IH 20l RXLE AIEN FAEZ IHY
S7E ol L= D0l OHsr &2ele Hel - =Rst Itde ¥y =718 jed
£ OtAl 210 MLYAHUA 22IAHE NE dEELe=Z Xelole Hs - E 4
off AIREIAE 202 mM2Eas £ I AMUlA Jiss fdidse H=E0S
(Unix &&= Windows NTS)UHA M3dese €222 JIs(NFS £= CIFS)E2 0l
ol HIOIE MEEXE=E F2 MBI WESE CAIAE AIEAIQCH 2l M
/220IHE 2X2 MUMHIL AHZEAMS HES 2t End-user? St (PC L&
Workstation)0l SCI0IHEZ A2l &S ot== P}

&M Al2t0l S23HA AFEX 220l Haded HmMoE oigdss ¥ oy
MHIAE g OO0l 0| =Z0IRUCH OI0IHS =ZE322 GI0IH2 22t &
SO AN MZ2 X2o JIgol 70 HANOZ H0IEHE B&dte X9
SL40l AXHA SACH & HWM2 Bl MABR L MAANEIASE 28 1/0Jt
B0 =2 Y=l 552 FPsCeE EO0ICH |12 & JtX2 S0l CHollk J1&
O NHEAC MM &FEe=z2E= 0S8 E501 AL ZEo6t= UHIOIEHE
22|, 255610 foiME ML AMHS CPUNMA S IOIH 22 B3 JIlsi HE0
HEEIINAL OIH EF, 2217150l SR0ot] E£8t 0 SA0IS HAHDI S
of &ICH DU MEMHE MHBNM 828 S2HCZ HI0IH MEEX 22
AHMOb StEAHAE dsit JIsol SAHIE UAA2SH HEEHIXICS AZEUHH I
s HO NMSotK RotUCH 2l I/OSHUNME MEAHeE st JIs2S
J=F H3ote JIsE Jtdl HE 0OSE AIEotH S22 A W MEIAN 2HEE
o

2238t 240l NAS(Network Attached Storage)Ol
NASE MEEXIC Jlss dxs Aoz HE

I
SIERAINA ds/Jls® Otllet AZEJAHE I|Is0l Ao MM
P

21 sEol =
Mets XEst SACH 21D JOSSNME 28 OSHAN MYAHIAN Sst
€ X8O OS2 MESHOEM 2O Li2 /0 852 MZotD ACH 121 g
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i5Ti
o AAME 1= ML At End-user S0l Oist ML AMBIAE MEote &
g2 2Xe BH NASE End-userh2ofl CHst JI&E MY MLl FEE 0 OfLlet
OHEcIAOlE MBiel HIOIHE UWE=(LAN)S Sol M&EDIH UE=0l HZd R
Oid= AHl HOMetE AECIKE E=5clM AMEE = As WE2AH0E MH
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(PATA: Parallel Advanced Technology Attached, £36| IDE2t £E&CHS &l
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28 Jlgol It X (Infrastructure)2 X2lE &2 AEI0ICH

OHOIH RHE Sl fHE SE2 Than 20

O Bt oz SAEQ FHJ|J| 2t QI HO0|AO0|CH
ZF=& 2t H (Master/Slave) 0l QULH.

O CI0IE HMel=Eo0l =Lt

O St=0 HFXO0ICH

_54_



IEAN PSP Eorea mstitule of Science and Techralogy Inleemation '?(“él? KisTi

O 242 0l2l & 2 UCH

O &R0 ®Z(Error Free Delivery)2 ZR2 &L}

O ®&X A (Transfer Delay)2 £ XH=0|CH

ool MEel Jl2 A EEE(Topology)e & & & Z(Point-to-Point), SMEX
(Arbitrated Loop) & IHEZI(Fabric) Ml JIXZ2 0IF0HAE QUCH D2l 1 J|=
24 AZ2=E L& HEY L ZEE = £ UL &= SA2E Y TOIH X
g AHl =, AL HOIZ &H S2 Yol IHEE2 L& 219 ASHES
Xste &, IHBEE A/AXNE LsotH ZE= LE2I IHBEES /& HYHE &
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O ZEHZA(PTP, Point-to—Point)
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I J|s0| GiCt g8t 8= Ty e oM MEEI0H ZY 0l MEEX £0tE
HE A2 MELOOeH ot=0 HEE fE=(Control Word)2t 0F0IEA(Idles)2
IHLE 0|S SE& HEE Z-=(FW, Fill-Word)et StCt.

HEE = FEE 22 FHIII JUHU=IHR_ROY)E HEAlot, 0l0ISAE
HEXIF &G A0 JU=XESE ZAISCH £=AX0s ZHL0l S=2#M=X O
S0l CHEt 200 QD 20 Z-ASE= SIEYHE oAlg 2 A ALR20 0
et LEJI BIEoIEE MEdEs = 2Bz 286 &2 NSsHC.
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ANEAZES SO N_PortBtsS HZ& 4 QUXICH ME2 224 ZENX A
SHOH B2 Xoz IHEE 2 HEE S 246D |l As&&6t= ofLt Ol&akel I
Bg ALl A/XZE RHECH HEE PFAHASEEI= M X 2 EE S0 JHE
S&0t1D, F_Portlt FL_Port2 MEZN &8=%zdte =262 &2 ASEE0] It
=olC}.
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SHI Jls2 ZdigsS HIHE otk H=C0h IHEHN Hloh ez Hg =+
o LE(2-126)8 XI&otD L& 20l sLE HAES 2RotH 25200 2dh
gt AIZOl otLtel 858 =0
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sclJ| PN IHEE EEQ FIIE ER=Z @E} A0l
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2 2430 JACH olHY JIgte] TCP/IP WIERAE AECIX UWERHIAN &
Zotkt= FHXOOAM S8 IP-SANZ JIJHHIE UWERA Jls=2 ¥AdD SCSI &=
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= ES g otXl &= AOICH 2=
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=
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dE =00k el EO0ICH
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L

gt & ISl 2HE SAlN iZ2E = e ez s Jys A0
M 2KI0H SAN2Z =cl= IP-SANOICH IP-SANS| EZ&E2 0101 ZE<IoH
MHEIO A= OICY D18t TCP/IP UIERIASE HEN AECIX UERKIIE <l
Zot=Jt0l JACH IP-SANZ DJIJHHIE UHIERIZ JIs2 Z2&(1Gbps~ 10Gbps)
b SCSI Z2E29 &3 (A SCSI-3)2 &M XS 1 Itssds U=s 843
tD A= SO0IC0H

o

o]

IETF(Internet Engineering Task Force, QIHUISA ZZES0| L&t AIYS =
Blote 2HMIIR)2 IP AECIX ¥ &(IP Storage Working Group)2 CHekst
HZSE oF S0A 3AH 3JHX o8 HEE2 Qs 282 AF3¥=0, 10| ui2
FCIP(Fibre Channel over IP), iFCP(internet Fibre Channel Protocol) &
iSCSl(internet SCSI)0ICF.
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O FCIP(Fibre Channel over IP)
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cigt 0IRZ MOIHIE AKX EHS2 =712 IP-SAN 2822 FCIP HE
g Jl=0l =& %=1 UL ddLr IFOIHME AfIXIS JIg2XE U2
S2&Eots A2 WOIHME SANOI WWEoStD U= G 2HsS, & a2 &
=, Edd 2 2l Sl JANKe MAEES JUE Lgols 2UE =0

E8h FCIPE 0l =2 OE IP-SANCZ HEg = U= HHE N3t 2&
Cte S2MT ¢ JAL22 MOIBHE SANIE 2FE 201 g X2z 210 UL
SS 0l IP-SANDt IP-AELIXIDF Z2HRAGH &sRE2 2 X2IE F&FOLIZ Z2=2(Q
2 2 Nes o =dohls HgXxe), FCIPE JIE IIOIHME SANS |=
Hegtel JDIsgts H3ot22 1 R840l IH 20HE A2 200

QO iFCP(internet Fibre Channel Protocol)

iIFCP= TCP/IP UERA AUHAM LOIHME mEZ MHBIAZS TOIHIE AE
el X0l ME3dtIl /st “HOIEROl  HOIEROI Z2E20IC FCIPLE TSSO
ATHE ISCSI2t BEX22Z &&22|(Congestion Control, HIOIEISAINA SalS
o Melsde xicle HIOIE0l LHELUS M 012 Helots MOUHIIY)E <

ol TCPE AtEZEtLY.
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JdU IoIBE g9 He=ol gHBote 922 ot FCIPR €al, IFCP=
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B S&& IP AEZIX(TCP/IP AWAM && SCSI-3E AIE5t0! S2=0I0IEHE
HEs 4= JAes AELIX, JIEQ NASE (HE) £84&sS HM30ot)| <ol Lol
e me=l 90 AXE £ UCH =S LoIHIHE AE21X odlol,
HBA(Host Bus Adapter), 2t<E, SAN ALIX & 5l S iFCP &Hlo AE

iFCP= iSCSI2H OI&IIXZ Z2E=2 ASOZ JIJHHIE 0|4 NIC(Network
Interface Card) LHE0N &0l Jisolld IP AEC2IK HEEZYH QHHOIAZ &=
&0l Jtsot Old2 JI&2 WOoIHME &EbBI2 M=z2 IP AE2IXIE otLES

Ct.
IP-SANOl S = UAs EE= N

g
tC}.

I
ron

O iFCP HE®3a AUA

IFCP= JHEg WOIHIHE OHE=dA O IP HEdA HEsS ="l W20l
FCIPII =11 U= stHE =58 = AU, FCIP= A2 CHE SAN gF2t0l 2
8 BHEE Jl=2 N2 OE SAN ZZ2te] SAlogt TCP/IPE AtEct= BHHO
iIFCPE Z= JHE LIOIHIHE EHI2H0 &elel S0l Jtsotlt. WetA, FCIPOI
N HE0WAN Zdots =52 ZE SAN F2te Sl Eet= 012t Lt
iIFCPOIASl B=8a2 MOIHME FH|2te JHE Salo2t Se= 0t

iFCP= JIES WOIHIHE FHI2 IP AELX HH 2FE SA0N X &ot
= J

2 ot ZEZ20IC} iIFCP= FCP2l & & SCSI-3H&E=2 EgotEz
AMAEIDE AECIX OHESIAHOIAN HIZ2 &0l Jisolld E-Copy(Extended
Copy, A e &

oo WP 22 JIs0l AkZots SCSI-32 It EE
= 1T

=& g0l N&Eg = AT el iFCP

O iSCSl(internet SCSI)

P AECIXl H&a0A FCIPIL &% Z0| UCHH iSCSIIF THE & & &0 UCH
1 = = UL FCIPE IP WES JtE JJ EZgotd A0 WOIBHES &
ot= 2&H0A BZotd UCH BHH, SCSI= Y B2 IP HES Egotl /UL

O IOIHIHE 4= &6 Z&otl UK L
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ol CHEt SslsSa=, & &0 A A, AIAE D HIOIEHE S3ole O ARG
= AZE2 oL HENA GIRE 2400t0 2tAE HMAO 2HE 2|0|&
Ch. RTOQ JIF0| PAS4= ISEIUS =2 £ AXC AAl HIES St
b S GEC.
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= QXIOF JFRMA AIEED QUCH QUM HYE HE YUS, CIATIE w 0|C]
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112 [E 2]l 220 8= HUHA =2 A2D0 e Hol=Z/00A3 0l

Cloe sl =8 dHluoll UL

[E v-3] HIOIZY S &
TE |HolZ FF/| £ |EX(Per sec)| %X (Per hour) ToFTFA
DAT | DDS-4 | 20/40GB | 2.4/4.8MB 8.6/17.2GB
DLT 7000 | 35/70GB 5/10GB 18/36GB
2% ADIC,HP,
DLT | DLT 8000 | 40/80GB 6/12GB 22/44GB Al 71
Super-DLT|110/220GB| 10/20SGB 36/72GB e
AIT | AIT-2 |50/100GB | 6/12GB 22/44GB NS
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5.2.6 SAN 2EZ|X| &z &£7M

7
22580 HOolHS 259 = {8 OOolH =M, SH=Es 0188 HY &
S5, Mol=s2HEHe 252 S8 XN AL #8, AECX HIE A0 CH
st JtE4d2l 2tel, AECIX UESRIAY JtastE S8 H0IH & =28 22, &
| = =)

et 28 & NHlA =22 S8 25 AECAl 22l &
5

SRIMLAIAEE2 SAN(Storage Area Network) EHZ UM =2 NHERH S
Aol HAAE £ UAs JIsES HS3SCh I -E-%’OHE NFS(Network File
System)Jl 20| AFESE 1D UX 2 NFSOHIME LANS ZSolA NFSAHS OO0l
£ MM AGHE HEHOID| 20 UWERKT 2ote 2 1|6HE% ol M9 MM
HOI 2R0otALt 27 MY AIAEE2 LE MAHERH DY AIAEO0l IIREZ O
U= BAH0IJ] U M2 Fail overdl ZMEMHE IIAH MHE THLAIAE
Al SZE R0t =0 Fail over AIZ0I CH=E SH=ECH 8, AHZHM OHE
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e
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ct. HSM % olzfoldl A= E9fof

OPPI0IBEE= CIAZ3 L= HOIE0|BZEle 22 BXJ0|9 &AXI0 GOolEeE
D12t 22361 foll GIOIEHE otlh = o e Iz s X &2 3
g2 ASAAH HEGts HAS JI2l2ICh F 2249 OUA30 A= CIoIEHE &
A1 &EXIel MG ClA3LE HIoIZ 2tolEdel2 0l&atHA, 0l2& dlol
BHOl CHoll Cl230 HEE OOoIHA SLs 222l HNAE HSBots JI=2
SSStth OlEH & B2 UEaY UA3E KAXNote HIES2 A EZ2E = U2
M, OIS etEAQI &I B SAl 22 &= UL

HSMOlet AFE Xt Zeh 73 10 Z20| Oetd CAIZ2RH M 22 HE X
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EE N SEE MR Eomea lastitule ol Science and Techralogy Infermatien %E KisTi

B 22l Mg AZENOICH. = g0l Uole2 s&0 Tet =t A3
| N
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of MER=X 28 428101 262 =22t UAIXME OoIEHE Sd=2 = UL

HSMZt Ott0IE= R(view)= CEXIH SHE U0 O3t01B= HAHA D
g0l 22 OOoIEHE diolzetolZdelo MESFEMN 22l HIES =0/1X
A0IXIgH HSME XIa& M0l1d, WEE M =

CIOIEI S0l =+6td HIO0IZetol=Z e el ol

2 Xet HolZetol=Eeielol MES AL
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&, 1 GoIeot A0 M&EE
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|-lI 7o rroox

pu

HSME Hcloi2® s 20,

R

O HSM (Hierarchical Storage Management)O|gt Itgl B
Ist | Bto 2tg|gty.

ENV V=

O “H&(Hierarchy)” Olgt 0ief typell AER2IXl OICIHE ZLolH 2 type
retrieval?l =& ¥ HIE2 WMict TOE dIZS LIEHHCY.

O & T20l archive & AEHUIA IHSHECZ HIE0| MESH AEZIXZ 0lS

O HSM 2ZEQ= Cdst ER2 TN St copy BHMES s=8lotn L
o ZMY Mt LE 240l HsH2=2 22| T A St

O HSME ob3tolenr ek =5 st MY B85 L AE2|X ClHtolA 2
cl 520l ZEECH.

O E@ AECIX CIHHOIA HSO0 et 0r0IZ1eH0l«, OF310lY, sHeiSol Xt
S™MOZ 0|20 LY.

O Qe mIgdse NsH8oz HEst AELIXNZ 0ISEHH ZERA SA &
2 Jtsot) EYSHH restoreE| 00k SHCH.

O mgol st AE2X DICIHMAM G2 Re2 olsste W& S 0tol2Hel
&olet sttt
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I

i1

7t. SDSC

* Data-Intensive computing
» Data—Intensive OHEZ2IH0I&2 E&

O

O

O

ENZO

UCSD

HE Mol ®H2e2lst HPC HE2IHO0IE, 2= M4 = HE =dU4EHS T

-4

Computer—intensive AIZI0/&. =8H0F A

FB/=FIOIC CPUIL =&Iilel IS writing. 20TB data sets
=2 S

Ny
o
0

LSO AtEot)l ?Iof HIOIHE & EC=Z ME

Hi=st HOIH ZEU=S ==

EGst O/HES &I st HOIEH Z=2 M4, 2EHEE HOIEH=E & di# A
EcIX HE

ZUE JtAlg OIOIH s

optole A2 Xu H&

Montage

Caltech

NVO(National Virtual Observatory)

= Fg
ZotE OO0IE ZHES AISotH =& SE8& &g =

20TB data sets

TeraBridge

UCsD

AXLIHE dolYe =& 2lMXI

Ciele MAMZ22RH HASH0l oI AEY =& = TeraGrid HIOIEHHIOIA
2 ME

22! 400,0000H2 row data =&
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7 hY
Visualization

Visualization / Collaboration Environments (AVS, MICE...)| ——eScalable
7 ° visualization tools
Data Mining *App-specific data
Data Mining / Analysis Systems (Iminer, Splus,... analysis for applications,
T P Databases

Customized interfaces
Interaction Environments (MICE, AxioMap, ... for applications, Portals
T |
|

1
Knowledge Representation

Database Mediation Middleware (MIX
|

*Data/Knowledge
representation

1
| Performance Tuning Transparent Archiving

[Grid Storage (SRB, Griditp)

Data Modeling —Development of

Database Mgmt Sys (Oracle, DB2... application specific
! extenders
| Filesystems (GPFS, Linux 1i‘/s,...) | Wide Area Network Parallel
I Filesystems

i i
Networked Storage (SAN, NAS, ...) *Storage Area Network (SAN)
— T Infrastructure

[0& Vv-9] SDSCSo EZXQl [H0olH &

SDSCQl elAA : Data-oriented

(O Data-intensive computation

— DataStar — 11.1 TFlops
v IBM 1.5/1.7 GHz Power4+ AIX nodes
v SDSC and TeraGrid resource
v (Crid database serving
v Information Integrator database federation
v Oracle, MySQL, DB2 sharing data/queries
v Protein Data Bank, Sloan Digital Sky, Encyclopedia of Life, TeraBridge

— TeraGrid Linux — 4.3 TeraFlops
v IBM 1.3/1.5 GHz Itanium?2 Linux nodes

— Data-intensive storage infrastructure
v Every node is SAN attached
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v 600 TB Sun SAN T3, T4, Minnow disk (5000 drives)

v Brocade 12000 SAN switches 1400+ ports

v 6 PB capacity StorageTek silos, 36 99408 tape drives

v HPSS (1+ PB stored), SAMQFS (500+ TB) archival systems

Sun Fire 15K
SAMOQFS

[Od& V-10] SDSC : Data-oriented Resources

O SDSC #HAFH OIOIH #= @ D&sS HOIH 8&E8 22
- 88 MLAAE0l 25, OA230HAM HZ22 10GB/s 014
- IBMEl GPFS2t Sun2 QFS SAl AtE

- D45 HSM E=, AWM HE2Z 1GB/s 014

- IBM&] HPSS2t Sun2 SAM-QFS AtE

O &2 ¥=3te dolg 2

- SDSC= TeraGridE <let GO0 2IHZA MCIAte!
- 03& 500TBOI&2 LA AELCX 2R

- STK 9940B HIY =c2t0IE 320101 9PB EEE 2%
- 1,40001 Ol&2 2Gb/s SAN ZE
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- DASE 8l HE=E2 UAds SANLZ 74

O dieta2l=29 SAM-FS AMH

er 1A-64 Linux Cluster

1 x Brocade 12000
(1408 2Gb ports)
1 ]
e

16 (7 currently)
STK 9940B FC
Tape Drives

90 Sun FC Disk Arrays ( 110 TB total)

[O& V-12] Sun F15K SAM-QFS OIJI&1 X
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O HIOIE 2laAsSs Oelez &4t
- & D2IEE Q& 2D A2 OO0l 2AASE SHE M2
- =9 A=35lE WOIEZ 0l2gsil OIXl 22 CATI™ME 0ol &2

- uEg UA3 A+ - 400TBOI &
- HZEez s ot3tolgy : 1GB/s 014

Lt. teraGrid

NSF2 KXoz REFHE =2IF AIOIH QEAES ™ TeraGride 2 ZT2E2H
2z Moty S 01=229 st & ZE2E Jlodotl UCH TeraGridel S
o= AMEX X oZeiet ATZEQN EAHA2 ASHEZ sti=2 A2
allocationg S8t 4o = ZEE AAEEO OfLlet AE2lXl elAA

=
= S
d2g JATE St

JIBt =& McKinley ZZAlA

.
=
S
Im
N
pal
|> 02

E2IX 2 44 PBO 013t0l8 AlAE
21 0IEYN
O AL OHE2IH 0| &

(O ANL(Argonne National Lab)
e JIAISIE SISt 1TFlopsS IBM 2l=A 22 AHE E8 2|2E JHAl
9 DHAE HHY X

F

tol

(O CACR(Center for Advanced Computing Research) at Caltech

W72 scientific data collection(#2, DOHUHX Sel S)° =22t2! access
M=
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O Indiana and Purdue University
6TFlops ZFE A&, 400TBL AE2IX, JHAIS 2l4A HSB
O NCSsA
10TFlops IBM clsA 2
2 AECX HS.

dAH, 600TBY 2x AEcClA & 2PB2l Ot310I

O ORNL
10Gig/s2l TeraGrid 318 #=.

O PSC
6TFlops HP AlphaServer MZ. 150TB2 2&t AE2IXl ¥ 2.4PBo U=
AECIXl M3

O SbsC

10TFlops IBM DataStar. 6PB2| IBM HPSS & Sun SAM-QFS HIOIZ Ot
ol AIAE HIS

O TACC

6.2TFlops= JtAISH AIAEN & 2.8PB tHEE AECX AIAH B

?12 9 MEHSS Sot 40TFlops Ol&2] ZRE It
Olel A&2IXl, 40Gig/s O0l&2 UESR A bandwidthE HNIS8tCh.

Caltech
0os5TF = 256p HP X-Class 17TF T a2
4 TB Memory, .25 TB Memory Y
- 128p HP V2500 128p Origin
86 TB disk | ,, ’ P o
“ 92p IA-32 HR Display &
VR Facilities
Y HPSS HPSS
ocas
X, ESnet

Chicago & LA DTF Core Switch/Routers
«—Cisco 65xx Catalyst Switch (256 Gb/s Crossbar)

> MREN/Abilene
Starlight

vBNS . SDSC NCSA
Abilene 4.1 TF 6+2 TF

Calrer < oo 2 TB Memory 4 TB Memory
ESnet 225 TB SAN 240 TB disk

UniTree

4
HPSS .
350 TB
4
10|

1176p IBM SP
1.7 TFLOPs
| 15xxp Origin

Blu?/ Myrinet

Sun F15K

[Od2 Vv-13] TeraGrid &%
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TeraGrid OIOIEl 22l &HI2 &2 s &0
O Sun F15K, 72 Z2MNIA, 288GB SR 0I=Zel, 16 FC SAN HBAs, 10 GbE

O % GB/s I/O capability
QO Bricade SilkWorm 1200 FC A2 X
- 2X64 ZE(2Gb/s)
- SAN UHIES®I3Sl &#H4A

CalTech 0.5TF
Potential for
el Grid-wide backups

can access Cache LAN
every disk Manager

SDSC [l"b\
LAN
4TF a v
il W % é \SAN
LAN
GPFS Cache -
50TB  1S0TB &| “1
Local |
50TB
Tape Backups TG Data architecture
1TF is a work in progress

Argonne d
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o, A&

IPS= XAIO HIERZ 2
Hel BiXI (S0t OtLiet 0™ IPSE & EaliOF ot=X
Ct. IDS HILH SAl OI2 2&oH)| AHASH MetA X
ULCE.

J180l IPSE F0iot2 Xt & 32 M32 UERZD JissS HZol HEd0F &
Ct. IPS= UIERZ &0 &=ctH 2 220IH IPSIt Gh2EHU £= 4501 Mot
2 22 UERIN HEZHe=z HasS 0IXIA &I S0l =8t otllet IPS
HZ2 UERZD &2 AAXE zile 2ESH2ZMN M2 Y 88X Jlz=s +
Sg2 28 e HE HNAEE M3E = A0 Ok 8t

Sol M0l AN RA2E0 S2e X2 JIYS0l M3 e s I
S XA UERZD 2 S HEGH 2 [ Oiss0 d8E = UAES
SUEHEZENAM 22X aHZ0l OIZ2JIMX "Z2FQl(ramp-up) &2 SES M3

Olet 22 2= SES 2Rotl] U= IPSetE J10l AH2E WERAIDC et
AU =EHE FALS 2IIH2E 29 = UAS A0ICh IS O olde &
O =XI& IPSOF QITHE 2t=HoHAl 200 & = AL
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5.4 Sgtake|
5.4.1 IBM Tivoli
Z}. TDM(Tivoli Distributed Monitoring)

1) HE R

Tivoli Distributed Monitoring® 22l X SLXNG0A A2 £F, 40t
el 24 AMAEHSZS 2Hst 282 Sdol 74, ZLIHE, 2eldl =L
Tivoli Distributed MonitoringE ol AIAE, HEIAHOIE, T2AAQ 22

Ctefet WERD NHES2 EEE +=8/80/AUSEX g = UASLICH

2) ME 7ls
— Centralized Configuration
- HI2 A2 Jts8t monitors(ready—-to—use monitors)

- Xsste 2He 'Xl, =X, o Jls
- O|HIE E L (event forwarding)
- Cj2s B8 A|AE

— Tivoli Distributed Monitoring for Windows

3) HE 49
(91) Centralized Configuration
SYo ZZ AAE XD A AIAEESE o HE S monitors2t Y
HXE &, RHE == USLICE Tivoli GUIE 0123 A Tivoli Distribution
Monitoring2l profilesdt monitors& &&, F&0t1) frameworke JIsSE 012
M HES AMAECZ ZHHELIC.

(L}) ready-to—use monitors
Tivoli Distributed Monitoring2 Windows NT performance monitors, GIO0|
EtdliolA, Cla3, W, UWESRZA, =&
monitors, SNMP monitors S U
LICH 8t 1 0128 UASH HE2AHO0
=0 Al ZeE = U
X

AN [
32 8= ?oi 7= LSt A2t =85S ZZ0ot0 SLIL

ot AlAE” TGRS st
monitors collectionS HZ=&t
g s AFEXF H2 monitordt

HU
=
0
S

@ 0 m
o -
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(CH Xs3tel 2w X, =X, oY Jls
monitoring collection0] &2 AAEIN 26 L EXEH A AIAEE2 S
2tel AIAES JHE 20l HO 2ZAIE fol 2L EE (monitoring) € LI CH.

ZOoF BA =H”s BR, As XX Z2JE80| JISHEE 2832 = US
LICH S8 ¥l REE2 422 0 HAHAZ 236t SHXE AMEN &
o & = USLILH FAXNE =g B2 o =XE +dS2EZHN ZHE

o

W
HIEN Ool MHEEHESZ Tivoli Enterprise Console22 ZE <
. TECH M= 2= AABINAN ZMS OIHE

F
et 22 242 Soll a5l 0 222 sl Lt

d 2 9, H0IsSHIDIZe S8, S PCz2 HAIX &85 & U
st 2 YEES MIELIO e S 42EE Jdotll, oilg 2l ke

(HF) Tivoli Distributed Monitoring for Windows
Tivoli Distributed Monitoring for Windows= Windows 2000/NT AlA &9

l2ddt d5 i€ 2LIHE of sUICh

- Health Console
Health Console2 ODOM for WindowsE @98t Atdt JIEH2l graphical
interface2 DM for Windows Z 2 I+ 3t resource modelOl =ZbiE AEIL
QIEQ| MHE & AIZ2F HIOIE =2 historical HIOIEHZ CIAZYOI&LICH
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[10& Vv-15] DM2 Health Console

- Tivoli Distributed Monitoring Workbench for Windows
Tivoli Distributed Monitoring for Windows= =& resource modelE M &
e LICH. Z1efLt Tivoli Distributed Monitoring WorkbenchE M%’-SPO# AlAE
o RF AE0 XA MZ2 resource modell MA, ClHZ, TIIEOl It
SELICE resource model& AtE0t0 ClA3, OI2e2l, CPU, HEcIAH0IE
o 22 O2st resource?l s HIOIHE =&, 24848 = UASLICHL

Lt. TEC(Tivoli Enterprise Console)

) HE N

Tivoli Enterprise Console2 UWER3A, AIAE, GIOIEHIOIA, OHE2IAH0E
22|18 SEGIH == st 2 JIE (rules—based)2 OIHE 22| SR &L
Ct. Tivoli Enterprise Console2 =20l fIXIst &0 F(view)E H32=

M HEcAHoIEn IH|SH e =2 J2ds 2&o SLICH
Tivoli enterprise Console& Tivoli HZcIAI0I4&, Tivoli partner {Z2/3 0|
Et (IE2IA0lE, UWERT 22l 2=, HIOIEHHIOIA AIABS LSt
Ctst AAZRHS OIBMEN CHoll =&, Mel, Xt=stE M3l SLICH

a, Dl
—
—
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2) ME 7ls
OIHE S&(event integration)
Zst 2 A X(rule engine)
Atgh J1ete] OlMIE ZZ(java based event console)

Availabilty Intermediate Manager

3 HME HY

(OF) OIHIE =& (event integration)

Tivoli Enterprise Console2 Tivoli HEZCIAHO0IE, Tivoli WEH HE2IAH0lA

& OtLIch Tivolitil 2ol 22T Xl &= AAE, HE2A0ESZRHS OB E

SIA Sg 2c2lotod sLIt. ASA 1

o oS2IAHOoIE &S Tivoli
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(Lh &

2&dst 2 X (rule engine)
O|BIEDL MAE [, OIMIE AbBi(event server)= 11 OIHEN HZL=

' £
(rule)ol E=Mdt=Xl 2AELIC. & Tivoli Enterprise Console0l Hl&dte=
GUI rule builderE 0IE0ot0 & MAE = JU2H, O88 HH JHKl JIssS
=g = USLICH
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XOF FHoH XXl 22 OIME0N ol escalation JIs&S0l MS&ELICH

(CH Xtgt olgtel O E Z&£(java based event console)
OlHIE 2 (event console)2 2A2IXIF OIHIEES 21 XXIE FotE= ol
£ GUI(Graphical User Interface)LICt. otLtel & AQRlES Sol R
At 28T AHE

SHANAN ZMol= Ol‘ﬂ“E 01I CHst 2teldF Jis&LIch S8t
roledil 2Haol Ch Q

Fet Ol = =3 t
ZH d(filtering)2 S35t0d IH\_|9| PRt 2aE OlHER E0lE =+

o
U
>
]
[af
° X

0> mn un A HH
no 1o
0

-
[w

Tivoli Enterprise Console 3.72 Xtdl J|8to O|HIE Z&ES2 M Z06t0d, Ol
managed node, endpoint &£ 0tLI2t non-TME EZH9| Al <
Q& LICE.

(2h) Availability Intermediate Manager
Tivoli Enterprise Console Availability Intermediate Manager= Tivoli IE &
= HE="Q Ez{HE(traffic)S 22l6tJl {8t S2HELLICE. non-TME 0|
HESZ2 AlM(availability intermediate manager)0l Z&E 24 MU
(distributed server)2 2 UWALICH 24& AHe ZZO0OM OIHES Helotl

HZE EtAIL HEZ HELICH OIHE MtH(event server)2 ZXIJt 3'9
st OIHIEESES & AHE Soil OIHE Atz SUELICH AIM2 UES &
o OIHIE Ec{H(traffic)2 ZAAIII1, OIHE MBS 26t =0 228 It
41 RALES HSELICL
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ct. TMF(Tivoli Management Framework)

1) HE N

Ctetst 312 O/S, 248 UWERA Ol Ch=2 AIAEN st 2el &
fS0l Zg=, 012X Az FHdE 24 SFS 2eletts A2 UHO
S&et YLICH ddL Tivoli MS30l Slof =4 &2 220 et 2HE
gl HZEE = ASLICHL

Tivoli FrameworkE Sol &l 2& 220t Jisst sd&E=sA SH JIs2
(]

HNSE22ZM, & AIAE 22[E SH=2tAIZLICH 8t S 2elkel 2el
TEtS offl Ztel MUl &St fIotsE JIssS Sofl 22k 182 =848
Td2 NJLO. 22 Xes otLtel AIAHOESZRH K UIEAIN 2
MUeE B IT X2 SHOE Jtsctl, Tivolie AIAE 229 MMISn =
M, 2E3stE Oet 22l JIsSS M3otl Asubt

2) HZE Zls
- LAN JIgtel Sei0IHE/MYH HERD S3UAMRE =gy, dAag
=

’

CIHHYE Eglol= S&E &0l O0I2JIHA HE A2, |FE0lcts 23HE
s s

- datetdol SghEl 2elE flet dEHE0ILD WAL H2 YA WH

- HIZLA 70 el AIAE FHS d8otd HEE = YRS RHdS
N

- HEHQ SAHSZ, OOIEHHIOIA, AIAE, IHY, HSclAH0lE 2el MBS
2% XN&ots A HE 38 M3

- HI=2UA dZ0 et et OleHE Holst ZZXOIT 22| 24

- IT &S0l tolst Ao &EH

3) HE 49
(O}) Frameworke F=&

Tivoli= 2HAl XIE X (Object-Oriented) &2YAS RESStD JA20, Policy
I\/Ianagement Profile Management, AHZE 1t 2He|HE ERS MHIA
£ 2Jot MUt 0l X2 25t &XIE Tivoli & Third Party HE
EI%IOI@J Agent= Z2l=E0 EXIE0 HSEOXILD, Tivoli MHMSE SAl
Tivoli & third party HZ2IAH01&E0] AXZH TH ASLICH HIIA Tivoli M

ol
A
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clAolE=2 25 TMFOUIA HSBEs

= j|.X|_J Ol= NMAIO| EEA SH=
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Aot

”é* Jls8t 3EH(Three Tier) X
ct

10,000

b

AT
= T T

JI2 Servicet
S7otH, ©®2 User Interfacelll 2/t0d F2E 22 Tivoli
i

Function2 20l
UNGIH SSELICH Uetd HE2IHONEES2 M2 HHDF JisolH, 2el &
BE BRotd, HEZAHOIEL S=gALE SF, N0 A210] atLtel A

(L) TMRS &4

- End Point @ Tivoli Management AgentE
UNIX)Z A Tivoli Enterprise Gateway2t &2l
A2 0Aa3 4 N2l BgS 22 6

tsot=s A EASLICH

=)

pa}
Mo o
=
0o
B

N

XD UAses 22l==(PC ¥
gtLICt. Endpoint=

et S22t

0 <

- Gateway : Endpoint groupt Endpoint managerdt && SAIGt= Gateway

.

Is2 HS3&LICH e GatewayOll =ICH 2,0000H2 End pointJt
o

' C

Asl

4
b

ENE

- End point Manager : End pointE2 =51 XS0 =8 GatewayE 2

clol=e MEHZ M Endpointet 2tgdE AsS £2l5)
S & Endpoint2 OEZ Gatewayll XI&ot= F= &HLICE.
(CH Tivoli Enterprise Framework &3 2 XA

- Single—action AlAE! 22|

Framework2 Tivoli &2l 2Z&(management environment)E M4
A2TEAAHLYLICE. =L AXUA Tivoli HEIAHOIEES AXIGHL,
T2 g MY, ST AAEN 265 Tivoli HE2IAH 0140 T
AAE 22D JtsoH&ELICH S20lAM Steiet AXIoHH Tivoli O
A AEHIZC0lX20 ZE ZHE sH=SE otE22 single—action AlA
22 2 €U,

1 Gateway HOHAl K=

IS
Nze
B 24
EP:pl!

T
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- Tivoli Desktop

Tivoli QIA3E (desktop)2 22l A2 ot Tivoli 22l &AHE JeHZ6HA
B0, Mg & A= HZots GUILICE Tivoli IA3ES Aldal)] <
(e]]

kJ

oM 22l Xi= #SHE JHAl U 0F &LICH Tivoli Desktop for Windows
£ Al25tH non-TME WinodwsAlAE WM S TMR managed nodeOl CH&t
X

20! Jts& LIt
- AAED TR0 CHol &2 2o M=
Tivoli © 108 AAE XD TESS policy region0l2t ELICH 2+2
AFLICH [

—

A Tivoli = 2t22| policy region0ll C
1 AFEXS QFALEN SH AIAE X2

o
NAE THelo S8R0 XAse AeH

©| policy region2 policyct] 2cl= Zcl& ruledl 2o 2
i =

—v— =
on

- Y AEE XJTMA Identification IS 0/SE5t0 EndpointE A& 5|
It EHQ IP HEHAIN 2R QU EASLICE Identification MY S
083t L E= S0l DHCPJIsE 0|&0t0 &elg 2= = UALE ot
SLICH &, 29 Endpointdt N/WOI 225t TMAJE Xtalel E=ME &
2l Endpoint Managerdt 1 = E=0I OHoi pending &0 U= 22l EtA
JE 82 = JUETF EHlot Adol= AL LICH

- NSEX ZOH0IEEndpointdl EXIZHXI= Tivoli Management Agent

(TMA)= XHHICl 2tel J1s0l 8ol HIOIEOINA 22l Method (2F&HsH 2
el TS st T2 )2 (HREE 2ot 22l A E S3oIES Do
AsLICh £t 22l BA3I 2=EHEE 22l Methode= Z X0 Tet
EndpointOil JH& TIGELICH Ol E22M, M BIE2 OHE220182
£ gddiols stAU =It JlsS ?oti AHZRE Z2& Endpointtil &
20l €XE oz ExJt 80l 220 WOt EndpointtilA AHsHL=Z U=
2C 2EE R0 ek 22Xl JHY 8ol S/W ZdI0IEId HsH
oz JadE =+ UAsLICH

- Ao EEE3 Tier O™ Z QI6HA Tivoli ABE 228 = U= 2cel

LE9 =Dt 2 10,0000H2 =& USLICH
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5.4.2 CA Unicenter

7t e
[E V-6] Unicenter JIs¥ HMZ 24
AFE A 7] &
oWl E 7],
Unicenter NSM FaEETY
#9192
Unicenter Framework Event Agent ol 2]
U.NIX Knowledge Agent Aol 2]
Windows 2000 Knowledge
ds g
UDPM Agent
Oracle Knowledge Agent
ge A8 DB #2
MS-SQL Knowledge Agent
Unicenter Management for Web Servers Web Server #2]
Unicenter MGMT for Exchange Microsoft Exchange Server # 2]
GAUCE B A #e

L}. Unicenter NSM
1) e

22 Xge M3 SH A0 A

jval

g5 dlE

==

Ot

o
e

3 o al t<ot= 0
2 RAZ HSIC HE2UA AAMAS =S80 Mot =52 FJ149
of CAOIA=E HIZUA ZRE A2 XA MSe! Unicenter NSME JH &6t

Lt Unicenter NSM2 LIS 2JtXIE HIZ8HC.

« HIZLIA ZRE0H Uet ME22 Wt
+ 0l 2= e s = salHel OPIEH

<

Unicenter NS
HOolA 2H2IE s

ZE=2HI &

E
o "End-to-End" HAIE Zte|(AISHA
22 HIE £ UYs EFHE HBotse EEI|I=29 2370
U

J

I BRIRYS oS AAEY
F

X
|

MAG| HXSCH Ol AFEEZE Unicenter NSM2l ORI I1E8 2t Z&2 M IT DI
HREXE 22 = U= LES E2ES MSEHC
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882 Manager A

TE DL UCH Unicenter NSME "220lA WEZ(From Outside In)', =
ASHAUPTHUHAN AZEJNH HHUHZ HIXUA ZZ2AHA S(Business
Process View)2 F=ol-= SYo| DO UC

e HIEALIA HEEON et M22 TH T
Unicenter NSM I ed CHY | 2t
OlE &aoll 810l 820t E2YUAO0ICH 0lH2 BIERLIA

p]
ZOfl 2HEHSIXICH 2B 3IIK| B2 WAIOR ML AT

« HIEUA EZ2NA 57 0 2EE S HIE2UA ZZNAS 2HH, HI6H

ZAIE
- End-to-End ®AIE 2l TAZEN 246 0[S0 = I WD
=7

« AMA STEHHOIA ¢ FA GUI

HIZUA Z2AA HE End-to-End HAFE Z2DHE D AA A
o RLRIEIR A0 H2sH ASE £ UCH HIZUA Z2AA RHe
End-to-End2t212 JIZHE0ID &AM AEHOIAE DAS AIZSHEHCT

« Unicenter NSM OF2| &l H
Unicenter NSM2| EAIEQOI O8I = SAHOMNA JIE 20l 27H= JIs
£ s MIIKZ2 2AEHC

« Manager/Agent & : J|gel &A IT JIEt 2XE Z2LIEGILD 22l6l=
Jigh 2=
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Unicenter NSM OF2IEIM = J|&2 HEZ=1W HEZ2IH0IEE LESID ME2
HES N 02 HgEE0lD &&EH0|l ACE 0l Unicenter NSM2 286t
=0 0101 AlAEN s A= NS2H0IEE MBSt HLE CHAl &4
OtXl 240tE EChs 242 20I6tH, O HE2AHoIE0l S5 HOIHE M+74
OlXl 240t €8 SE8HCh
2) MZE 7ls
(OB WorldView Jls

Unicenter NSM WorldView= 2-D%2 3-D Map=Z AtEGtH  Enterprise
ManagementE &1 H2AHOZ £ £ QUH StCH. Map2 Infrastructure
Navigator?t 20l S&GIH H- HALE He AIZIOIEX &AM AEHZet0l X9
2E RS #og > JUEE HECH

Unicenter NSME AIS& 22 [T Infrastructure®ttfl s 2E HERZI 2B
MEZ, 2lAaAE, 02l Unicenter NSM Agen =2 OO, 2= HHME A
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1. MA rHPAFEHEL 2 AA” 724 H HSM Archival AlAHE
(20054 73 ®A)

o ZIOIE M2l CIAT|HIS =
HIES zo wg pa  (HUASMESCSSIHES Hom |2
p655/690(x) 10.4 3.8 540 1
SDSC BM BG/L 57 | 0.5 | 500] 6.0 ghhSSLo[2
Linux Cluster 3.1 1.0 3
Linux Cluster 6.3 1.0 27
TACC p690 1.2 0.5 7.1 2.8 DMF 4
IBM SP(ASC White)(*) 12.3 8.0 147
IBM SP(ASC Lilac)(x) 9.2 3.0 34 5
IBM SP(ASC UM)(*) 6.1 2.0 64
IBM SP(ASC UV)(x) 6.1 2.0 64
LLNL IBM SP(uP) 6.5 3.2 130|1.55 HPSS
Linux Cluster(MRC) 11.0 4.6 90
Linux Cluster(ALC) 9.2 3.8 176 6
LinuxCluster(Thunder) 22.9 8.2 151
IBM BG/L(*) 136.8 32 900
IBM RS/6000 SP 10.0 7.2 44 7
NERSC Opteron Cluster 4.4 2.0 30 8.8 HPSS 8
Linux Cluster 12.8 122 9
NCSA SGI Altix SMP 6.0 3.0 370| 2.0|DiskXtender| 10
p690 5.0 1.5 2.8 11
PSC HP AlphaSever 6.0 3.0 2.4 12
LANL ASC Q(*) 20.0 HPSS 13
SNL Opteron Cluster(*) 41.5 240 14
IN2PS HPSS
Linux Cluster 12.4 3.0
RIKEN NEC SX—7 03 03 0.2 HPSS 15
NASA(NAS) SGI Altix SMP 15.0 20 440110.0 DMF 16
) p690 8.9 | 5.0 50 TsM |17
IBM BG/L 5.7 0.5 /DFS 18
CSCS(Swiss) p690 0.7 SAM_QFS
HPCx(UK) p690 10.8 1.6 36| 1.0 TSM 19
ARSC p615 5.0 2.0 25| 1.0 SAM-QFS | 20
p690 4.3
KISTI Linux Cluster 1.8 0.34 HPSS
A H Cray X1 7.0 SNMS

(x) ASC(Advanced Simulation and Computing program) platforms. ASCIJb & 20 ASCZ HE 0|
HHE. ASC= NNSA(National Nuclear Security Administration)2t &&ol=s T2 O2 Lawrence

Livermore, Los Alamos, Sandia national laboratories @ &M $#FJ| HE A HAN ZHE.
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ol ITSEC(Information Technology Security Criteria)2 &HEGHACH. 1991 Holl=
IHLICHOHI Al CTCPEC(Canadian Trusted Computer Product Evaluation Criteria)Ol
ct= HOJIES MEGHACH S 01=2 NIST(National Institute for Science
and Technology)2t NSA(National Security Agency)= 1993 & 1 &0l &0z
st= TCSECZS UHME ™It JI=ENMZA FC(Federal Criteria)Z2 HHZ5HRACH.

1990 | ISO= LAl AIZ2E2 <Iol =X EE Tt JIES WY otede
£ AMAGIRUCH M2 JIE0 dAH EE)I= MNEUHAME E&E3tE 20 3
U2 HE £ UTE AS OlE st LTPE SSAIZ ZLIt JUULCH 0]
gdel HYE2 ISO/IEC JTC1/SC27/WG3 Ol EHEZIRULCH o

T "

CTPEC, FC, TCSEC, ITSECHAXSO0l &l =M 3= #It JIE CC(Common
(=10
=

o =

Criteria)2 2tSJ| |t ZT2MEZS AI&GI0 1996 A
R[SM M HE 2.0 0] ISO/IECY ZMEE2S=2 SClE AEH0ICH

Il E2 2= HAE 2=z ZTIIE AMBEHE H&Z2II=E2 0/01 CC M A
2o M3s 9o o 220 01=2 NIAP(National

Aot X=2 HMHUH LE== =H
Information Assurance Partnership)S 1997 & 8&0l Aol 2HEESZ )|
= HOHAE AHAHQ o oy T )ds Jigoln UL

Lm0 o

7t. 0| =2 TCSEC

0l=2 1983 4“0 QX S22 =cls s HEH AlA
TCSEC(Trusted Computer System Evaluation Criteria)2l == HMASHL, Ol
CHst 2k2tol &g Jist & 1985 Holl 01 =2¥AHel EF(DoD STD 5200.28)2
£ TESIACE O =284 E=| g

2 & HF2 JI20 250t)| fIot0 TCSECS 6IHAl S& : ,
B3, A1 22 EFot 2 J|&4E SHU = ZRE AMABS T2 2Fotc=S
Aot QUCH TCSEC 2 2N HHE Hi 201 6 S22 F4EMH A, B, C,
D & &2 4018 JI2&el JHZS JHEIL Y AL gl S22 D, &
? S22 Al 0ICH
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L. 782l ITSEC

ITSEC(Information Technology Security Evaluation Criteria) %=, S, =
gA g EE S I=29 HEES AAH B JI=Z2 HAEGSIH Al&lsE 4
=0l "It M3 &s & L EI JI=2 A0lgd e 3EEs HN32
2O AQEHE A2, o3 2 4@ dHEs ZH2sH)| 2ol 'Harmonized
Criteria'E &4doldlz &2lotd 1991 E0ol ITSEC HAE 1.2 £ NESHULC
ITSEC2 TCSECU= Ze2l & J|Eez 2= 3EES HI%% ZOtstCt. WetM

ot JIsE2 MNEXIt HSB0l AMEE &ds 1dote 2ot JIsS &dEotHL
TCSEC &2 =29 ZSIEC(Criteria for the Evaluation of Trustworthiness of
Information Technology Systems)HlA 02| &Holgt BoF JIs2 AIEEE I
S0, M3l e "oit= B3 208 It =>30| O ITSECY 2ot JIs

ron

2 TCSECHS §§% ?/8t F-C1, F-C2, F-B1, F-B2 ¥ F-B3 S OA JtXI2
S2o| ZSIEC2 2o JIs2 0I88 FINRZ4H), F-AV(OIE4d), F-DI(& S dlol
H f24), F—DC(H 24) ¥ FOX(®S CIOIH HIYd) & 5 E JHXIot O'E}
Jeld ITSECS Ss=2 E1, E2, E3, E4, E5, E6 2 6522 L0 XIH,
S RHEg s 2ot 6 = 1 S8 0Bt 224 2852 8F
LictE BH=EGHAl 2ot E0 S=S2 2 0
Ch I XM3&EI7|E CC

1993 & 6 &, CTCPEC, FC, TCSECYt ITSECS HRAXNSE2 B2 =522
Ol SE8& 2 JI=S S8ot( ottt EEESAIAE EIJIES 2H=0 Eal
ol2e = Ul ot1A &S &sS AMAMGIULH =HMSSEIIE2 HEsS =&

=92| NSA(National Security Agency), NIST(National Institute of
Standards &  Technology), JHLICISl  CSE(Communications  Security
Establishment), Z=2 CESG(Communications and Electronics Security
Group), Z&AOSl SCSSI(Service Central de la Securite des Systemes
d'Information), S0 BSI(Bundesamt fur Sicherheit in der
Informationstechnik), Hgstegl NLNCSA(Netherlands National

Communications Security Agency)O|LC}.
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10.
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12.

13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.
25.
26.
27.

CIXNEELE IT=MAIZz A
http://www=kr.netapp.com/tech_library/kr_r200_snapvault.html
http://www.sdsc.edu/user_services/datastar
http://www.sdsc.edu/user_services/bluegene
http://www.sdsc.edu/teragrid/tech—summary.htmi
http://www.tacc.utexas.edu/resources/hpcsystems
http://www.lInl.gov/computing/hpc/resources/SCF_resources.html#white
http://www.lInl.gov/computing/hpc/resources/OCF_resources.htmld#bluegenel
http://www.nersc.gov/nusers/resources/SP/
http://www.nersc.gov/nusers/resources/jacquard/
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