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2. Architecture of high—performance computers

2.1. The Main Architectural Classes
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2.2. Shared—memory SIMD machines
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Memory

Instr/Data Data Vector
cache cache registers

IP/ALU FPU VPU

IP/ALU: Integer processor
FPU  : Scalar floating-point unit

VPU  : Vector processing umit
IOP  :I/O processor

19 1: Block diagram of a vector processor
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load a

load b

(a) c=a+b

store C

load 2

load b

c=a+b

store ¢

fime

19 2: Schematic diagram of a vector addition. Case (a) when two load— and one store

pipe are available; case (b) when two load/store pipes are available.
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2.3. Distributed—memory SIMD machines
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Hogteng Control Data lines to

Processor .
front-end and I'O processor

Processor Array

Register Plane
Interconnection Network
Data Movement Plane
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19 3: A generic block diagram of a distributed memory SIMD machine.
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4. Shared—memory MIMD machines
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1% 4: Some examples of interconnection structures used in shared-memory MIMD

systems.
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1% 5: Some often used networks for DM machine types
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19 6: Block diagram of a system with a “hybrid” network: clusters of four CPUs are
connected by a crossbar. The clusters are connected by a less expensive network, e.g.,

a Butterfly network.
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.8.1.  AMD Opteron
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2% 7: Block diagram of AMD Opteron processor
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19 8a: Block diagram showing the functional units in a Alpha EV7 processor
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1% 8b: Chip layout for the Alpha EV7 processor
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2.8.3. Hewlett—Packard PA-RISC 8800
Superdome®} #Z-& Hewlett Packard Al2=8le] AAL A5 PA-8800 HollA vt} 23]

26
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13 9a: Block diagram of an HP PA-RISC 8800 processor core
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PA—RISC 8800 chip
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S

To/from system (cell) memory

=i

12[[0JIUOD ]2 WOLJ/0].

1% 9b: Chip layout of an HP PA-RISC 8800 CPU
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2.8.4. IBM POWER4+
POWER4+ & Sli= POWERS7} IBMe] th& Au| 2pQloflAf ofw] ARE FolA vk, IBM9] 7
HAFEH Aol pb90Ar B2 =52 ofF % POWER4+ & ALk dzlo=z Ag3ta
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CIU: Core Interface Unit
MCM: Mult: Chip Module
Processor Processor GX Bus: IO System bus
core 1 core 2
r ‘ CIU crossbar N —l
Non Non (3)
cache cache
unit 1 L2 cache | (L2 cache | |L2 cache umit 2
i (0.5 MB)| [(0.5MB)| |(0.5MB) 1
From othgr chip: | | | K To other chips
- Fabric Controller -
From other VT To other MCM
’_u_‘ L3 ’#‘
GX Bus=—] GX Controller Directory L3i/Mem. Controller ==
L3Mem. Bus

1% 10a: Diagram of the IBM POWER4+ chip layout
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1% 10b: Block Diagram of the POWER4+ processor core
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Fo]+= Fused Branch/Dispatch Unit tHAl £2]% Branch and Conditional Register Unit&
7hA, B 8ol Ad fFUS 7RI Bolg A WEo] A A7) dHoly Al A
719] 2uQl Zela(dao] FNA: 64 KB 23 AR, dlolg] Al 32 KB 2-way A% 3
HE A8 §U9S 257 #dE P8 F(queue)E 7HITE Zlolth. o] WH#o] i+ th
gk A Al 200709 o]2& WEHOJE out-of-order A2 4= Q). o]FA HWe WH
ol wAldl Agsts AL Wi AYEE 27] A5 e¥€s a7 AuUdE 27 95
logicoll 9J8l 33 H= Instruction Fetch Address Register®] Ajo] sfol] W& o] 7A] <
A wHEol7 Aol Tk o] AL 27 16K entryE 7HAlE 23 229 Branch History
Table(BHT)# shite] A g ol & (selector table)® FA® T A8 HolEe 53¢ 43
AN HAH e d=& A ¥ BHTE 7198 & ol 4oz FAF 4971 vebd 4
F-ol 2ol BHTY 45 $-H4e9E 771 g slolth
POWER3¢} € fixed point F451& & Ale]Ze] k=" 4 gl
ojuf vcAlF 3ol o] AlelEo] HeElw Be dAlw Itk
I o] @ Abo]Fo] AMEE ALRS fE mE EhjdE
4 A2 FP filel 98] A= PA-8800HH, axpy 3
o7} 9t} ©] A& IBMell A= Fused Multiply Add (FMA)2hal 31 o] &
AtolE wmit} 2749 Fsia AAA 7t Zhsettt ol2 2l 1.9 GHz 295

5ol 7.6 Gflop/soll ©]2th HP ZE2AMHH, Beid Aite] 74 =

Kol

A7F FP o] FMAE 33 5 Sl Feolof & 1384 Fud de

¢

oA71A AFstal e olF FolE AT ZEAAIE dirdor wol ARgH AR HPC

31



okl A e @ FolE Ve ZEAME AFEI vk 1 o]fE L2 AAIRFE] o
o Zo] CPUE Alolel &f= Fart glojA 108.8 GB/soll o2& 7 3¢l =(contention-
free) AE& & 5 7] wWiLolth ofel Wkl o]F o] Mol M= 163.2 GB/sel A o
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2.8.5.  IBM POWER5
UM A% POWERSGE dul A kol POWER4+E diald Zlojm= o] 3Lof A
POWER52] EAJo thal] Lol &4 POWERS:E 7HE w2 POWER4+ (1.9 GHz)$F %
S & 7HA 2 Ytk POWER4(+)9F 7] POWERSGE &tufe] Hel 7 79 Z2AAE
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CIU: Core Interface Unit
Processor Processor MCM: Multi Chip Module
core 1 core 2 GX Bus: I/O System bus
17 ‘ CIU crossbar 3 —[
Non y Non
cache cache
unit 1 L2 cache | |L2 cache | |L2 cache unit 2
(0.625MB)| |(0.625 MB)| |(0.625 MB)
17 1 [N i1 To/from neighouring L3 Cache
L3 cache (36 MB)
From othar chips Y To othler chips
Fabric Controll
From othen MCM abric L-ontroser To other MCM
GX Bus :_—"‘ GX Controller | | Memory Controller |
Tk
Memeory

1% 11: Diagram of the IBM POWER5 chip layout

o e A 540 AR A HolE el dis ti7AgHe Fol Al "k aixp vk o
AR} @de] Aol POWERSE Hth A9 90% 52 1 o3& RolFod s
POWER4+ ol X3= 65 ~ 75% =& Wepdlth qfx#e]#] &2 oy A
g dsidE de S ¥E U= POWERGS & HE
Simultaneous Multithreading(SMT)o]t}. POWERS CPUE B Ao F23ts= 5 719 Z 2 A
2 29 =5 7Fd 4 9t} Functional FHES 7 &Y= o= ZHOoIREHE 9
Functional 35S AF&3lE WHO S Wt} F ~d=s E5% 9 Functional 5 o=
AWold o] A== slots A 5 AUrk o] WA S % Functional #3¢ o B2

H
ol AFHE=F & 5 glo] AAAQ] &&S FolA Ay AW, ofF HR A AL

—=

= e Afe 9 2ds 2EE Y us Ak o2& SMT EE=oA F Jhe] 249
=7k AN entryE T3 AASA =W, F2A dolE Hto] A9 Al thrashing©]
WA Ey] wiolth, o]l WA SMTE HEC thE ~#d 9 (multi-threading) ¥ th=
oh ts 2dEdelA oW ddow NaAw APt WA o] &3 A ] FA o
2 ZaAse ~g=g gidgnh. ojul Alzke] AH|E AL, o] AHAZE o]ojxE A=
o o9& WAk gl o) AL F HAl Y=yt A Alo]FH(FH o =l Ale]F) ot
Agsojof s AL ou|gt). SMTell= oA o] glAInt, F 2o gajo] 2
=7 o] ofF Titaitl.

2.8.6. IBM BlueGene Processor
FAA o] TR AA= WaE PowerPC 400 Z2AMAE IBM BlueGene I E 98] &
el H A dA 700 MHze 25 7FXa ol o2 583 Aoz g HollA

>

W3

i

33



BlueGene A|2®1-S At wf o] L2 M X tdl] 7|t =S sl

2.8.7. Intel Itanium 2
Itanium 2% <1€e] 24t [A-64 64H|E Z2 A4 i S i3} o] A2l Itaniume
2001l EAHAo Y avhA] Fo] AREHA Fk=d, FE ol Itanium® AR
2vivt &3E Itanium 27} 2olo] ygh7] wiitolth A% v Itanium 2 A% 0.8 ~ 1.0
GHzel £5& HoY dul QJA o} shrink 7]%(code name Madison)S& 483 &9
7} 1.3 ~ 1.6 GHzoll °]2% @19 Itanium 27} Yo}
Itanium AlE2] TRZAA = LdolA gHY RISC HEFAE= & EAS 7IA L

Store

: units (2)  |—

Load
|| units (2) 1 i
Da}a Integer Floating
i cacte Pomnt

(16 KB) Registers Registers
. load table (128)

system =™ I[A-32 29
";g" L3 cache - *| L2 cache decode & [
OMB) (256 KB) 1 confrol
Fetch/prefetch
Branch
engine & TLB [ units (3) :‘;ﬂ_

Instruction
cache

(16 KB)

Branch
registers (8)

Integer MMX
units (6) wnits (4)

Register stack

1% 12: Block diagram of the Intel Itanium 2.

o Fo A= AY F
12014 &7 A3
Functional R &°] 3 ’é”’ﬁ Foll A=EF 3] 98 A7I7F S(128 HE) HHEHol =&
ARSI o] WEo] =+ 3719 41 BIE wWEoje} WHEolE sAstal A SHE
template 3PS 7FKTh o] A& ok 100 Ao AlF] Usgtd Very Large Instruction
Word(VLIW) A|Z=8lell A ARg-3tel ofolrjojojt}. 5 7He] load/store o] AlelEd F
Nl WEo] JuE AU AHRAo R Alo]Ed o4l Jie] WE o7t AelE}. Itanium®]
HEol 27EY e RISCoE th2/ T2af) A Fo THo= s @u Hade
of oJs] Helx=ul o] JAx= VLIW A|=®3 e wg2olrt. VLIW-like A4 o 5#
(predicated) Aoz =}, dukdoz By HAES AE 7|vHof s HH
0%%94 ARs dS5d AgS Fa HEE Adsts 3lo] 7bsetth o] tE VLIW 2=
2 <ldlo]| A= Explicit Parallel Instruction Computing (EPIC)o]#}tx H-Et}. load W
A a3t ZEE AHY load® e BV Al oA AR 5 A St

L e 1 At Ud faAde dustE AoZ s5slth Advanced loadE #9131

MB9] L3 AWAIE F&al 7 w2 Itanium 29 ojs] Aok 1
oF s}
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A
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o ©
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vanced Loa ress Table dA== 7|58 .. vanced loa
el Ad d Load Add Table(ALADd 13 &S 7|53 Fr}. Ad d loadell ¢

Tote AAke] FrEAdol AR W ALATZE A=, o]u sid entry7} flvkd, 1 A4k
AS Farb Ha AdE fix-up Z=7F Ak o] Z== A9 dAelA wrEelzl
Feolal of¢h @2 FA AP s Ao FA st=ddol= FasA] Frt o]Flo] oW
T3 FAO F¥E 4 9= B Functional €S w9 5335k 3o}

a8 12904 B 4 9% Fused Multiply Accumulate(FMAC) €14F $=8lo] 7153k 4709 F
ShT AL fFYlo]l vk aRARE o]E F 7H~ [tanium Z2ZAA 9] U FF<] 82
HE AAres ¢bds] AR&ehs b whel, yw#] 7 7= 328E Adx dAint =33 &
9lth. 64 HIE AYE Zdojx] 1 GHz F8& 7}*]—‘: Itanium X 2= 4 Gflop/se] °]
2 Al dss HoFrh 32 HE Feig At Hudse] 2ui7r Hrh 1A
[taniumell = A5 A4k Ay £ AgE A 4719 B4 Fylo] Adesd B B%
o vk FHojubA ekl wiitol 2709 B fylo] Itanium 20 © F7FE AT Lela
HEJut]o] AXAEE 98l Intel Pentium Z2AA AlDoA ALgE = MMX §58 470

7HAaL gtk B, Pentium Ald¥e] s84dE& 98] 1A-32 sj4{(decode) FH 7 Ao
WS 5938 7 gl

AFet B5aFE 93 gAY 3de Z7; 128 entryE 7FAARF A 32 entryWF 124
T a1 33 ~ 128 entryE A2 "o g FHIET F doly ALt HEHo] A= 4-
way d% A#E 7 ddiFoem A7]7F Aol 7z 16 KB olth o3 o]H e
Itanium¥} 2t} 22t L1 A9 & 2u7h s dolEeh WEols v Sttt ¥
A~EHZ AE5E = gk Ay L2 71X 96 KBelA 256 KBZ A7]7F AX AL 8-way
A dBAS 7Y, A7, 9 MBoll o2& L3 AAZ A A2 SAAT. o9k e )

Ho

(control

V

Al FER7F ZRAA ZoR] gAFHS HiH o R AR FLAF o] AMdS ZE F

£ 800 MHzelA 1.6 GHz= %<1 ARG o U4 Ads F4S 7HA0h =8, w=efe}

A Abole]l thAZEL 3ul o]k Z71H <l 128 HER Yolz vlAE 400 MHze Zg o

2 FAEA AAA R 6.4 GB/sY HYES 7HIHh o)A Itaniume 2.1 GB/s®] thelF

S 7M. ZREAOlE B 27 ¥ AA Flo] oy wjiel, ZEAA Y] &ET7 FThE

WA o] Hr7b o Wb A ks Zlolar, upEha du oA @kelA = A Al Wit
]

A2 Itaniume] WE7F AL v FHAAA HPC EofolA] 1o st #Alo] @o] Fof
EAJARE, 2002 SFRE7] O Itanium 27F YEE o]F o] ZEZAMAE MYt H]Eo] w

Z7t9 1t} HP/Compaq ®al%, Bull, Fujitsu, NEC, SGI®} Unisys %°] Itanium 2%
Fzret g T2 AMA A|2'S FFelal 9tk HP/Compadq, Fujitsu, SGI Sl A Z2hzt A &)
3] AH&3HE Q= Alpha, PA-RISC, SPARC, MIPS 59| TaAA5e wxgkol Abek) A
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2.8.8. Intel Pentium 4/Xeon Nocona

Pentium XZZAMA7F v]5 SgE BH Alxglo]A A} ATk Beowulf ¢
2E 9 ANt wmEoAet o] S AH RokA FaFd 94T st vk I™ of =
Pentium X2 Ao thsf 7FeFs] dolE ). Xeon EEA|A 7} Pentium 4 XUt ©f & 744
FET o] g% Z2AA SFHAAME OFE Xeon ZEAAZE O At A

Fae] Qe 7wk FE Ao E 2-Z2AAN =g AMREERE Xeon TEAATZE 7FE
Adattt, o] 3tel A 7wk Aol S A9 Pentium 49F Xeon oFEA = 5 dttt

2AA ] s F53 7]eA ARE ATshs e Qddo] st o= s o}
P4 ZEAAMS 2HE o] FEE FHE 1 gi=FAQl otk

o
o)
Kl
o,
)
rlr

8B/ | Instruction TLB/

evele prefetcher ]
. ] Microcode ROM | [LOp queue -
Trace cache g
12K Hops ?
e
| memory [lop queue | | Integer/Floating Point L op quene | &
System * §
Bus L2 cache | Memory Scheduler | |Fasr | |Slmv.-’General FP Sched. | | Simple FP| =
- (1 MB) J( + T} 1 g
64GBis Integer Reg. File / FP Reg. File/ L]
Bypass network Bypass network
Trice
0L WE 4y | 4f 1]
AGU || AGU ALU ||| ALU \E\lzx
Simple|| | . LV o
(store) (load) ( 2)5 Comple KSE(2/3) Move
32B/
cycle
L1 Data
cache
(16 KB)

19 13: Block diagram of Intel Xeon Nocona
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AlaL vk ZRAAM Y Ass Fol7] A8 AREshe 7 7HA FE S
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Ho] 3|5(IPC)E Fol: Aottt o] F 7H# H+

ox
o
N
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X
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Wi
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N
Nh

(mooE ol &2 re X
flo 1% rlo I

TE Fol AN AtolEd AE 1
MRZ FEElA IPCE Folaal 45 1 He oS R348 "ok Ho] o R84
22 29 Alo]lE St ¥ B dEo] Ay AdEolol st FE o i o
F& FA Aok ol ZEXAT F AAREC] FEH IPCE Zo] Sule Ao AFsie
A% 9tk 2% A% Pentium 404w olek Ze S AFA R, 1A <ddo]
Adegh A2 IPC 7410 ~ 20%)E st 28 5 Folv Aot sde A4 7<=



7FA3L Pentium 3 ti¥] 40% ©]/ S7b). v & X2 M A thE W8yt AR 2¢

KR
=
S 27he Ba AAA A% G4 93 Jrh @A oF 38 GHzol ol2t ¥e wzA)

A 28 FE A AsiA e obF 2 WEo] o]z ekdle] I8 sttt Pentium 39 T
ol mrolzekel zlol7b 1091 Wl P4cllM= 1 Zol7k 31dAlol o2tk o]3lo] &2
29 Fol Adetrie Ak, 771 o5 Aol e gzl g 13 A EHol
o AXA HeE ™ol vk g Ad9-E& Branch Target Bufferd Z7]Z 0.59014 4 KB
2 Fo] 7] dF s o FEAIZATE Pentium 40+ A3 5% 7)A] (execution trace

N

cache)7b St} of7lol= ol A3 FAHA dFE i FHolE AHs] 74 Hrh

olFHA A o7t olFo] AHEvtH, A= o] sfAlo] mlE AHzHoHY ol

ot o] gpolzecle - (hole)o] BA o vk A= @A E wholaw ol

A3k pop(micro operation) ol W], stve wRe] A4ks 91F Aol v&

At Fsad dibs AE slolth

F M9l A4 Arithmetic/Logical Unite FY&E9 F vz AdgPs 4= J== 317] ¢
o

st Al FAET 71710 g Abol Sl A

o
=

KeX
T

DR

i

51 o]9lo] Streaming SIMD Extensions 2%} 3(SSE2/3) WwHo] HS
A0 R Eo] o vt SSE2/3% 144719 WHAE 7HA & HHo] Jgo=z
F= dyurolel 32k A3t ZRORE 98] 290tk o] FRES AF Ao Hol
= 128 H|Eott. " Aude = SSE2/3 Y& d=ddte 7lss /A= ol &

3 i AN s 2w A= o 1Y 5 Aok

Hyper-threading 7]1&S& AF3t). oS 59 o] 7|o2 IF £7]9 4548

2 7 vk ARS T8 vhge Z=oA Fit o 30% A A FHE 4Es 7 U
I G HAN HAAR 3~5% Jx] AT TUHE B 5 Uk

T MAl= FH2o] Tl vl ofF ZAU=dl(8 KB) Prescott AlFolAl 16 KBZ F w7}
FQt}t. FAl= Functional X2 & HolEE HWE latency’} o]l 2A}o]|F ol Ao
3rtol 2= 7kl Aot

gy, G ol ZEAA e b F kel 64HE AES AP 5 vk Aol

QDL sk gt} o] 7]&E ¢lHo A= Extended Memory 64 Technology(EM64T)2}aL
- AL ol 64 HIE wHdo] daEojof st=x] A2 delr] 918 x86 W
of }ge] HEol YrolA “AMRHA FE HE'E ARSI B8 64 HE BEER F4st
7] #lell EF FIEA ZAAZE § desk, of7lel= 8718 A Z& general purpose

registers(GPRs), SSE2/3& A 3sl7] 3k 8719 M=EZS #l X ~H, 18] 64 HE GPRs

= 4o e AU A 5 9lv] AadE Ande
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Aol w9 Fastth AWAE oF 30% ool A% AML AL 5 drkm sk
wep agnh o] ZRAME JWoR HPC FU2HE THY RE AE FUEE U
2 ot}

2.8.9. MIPS R16000
MIPS R1x000 Alg]z= Z2AA el AL wl %3 R100000] ke o] & w3kt Ao ¢l
t}. @AE= R16000¢] SGI Origin3000 Algj=9] dao s Agw 1 glth. R16000S o] A
°] R140003 &8 Ato]Z il ot Hlssstth. @Al R160009 28 = 800 MHz=
HPC A ¥lo] A AFE F9l BE RISC ZR2AIME FollA 7 @e =22 7,

To Secondary Cache
- System Interface Secondary Cache Control - :

From Secondary Cache

Instruction Cache Data Cache
12KB 32KB
2-way Set Associative 2-way Set Associative

System

Bus
Branch Unit Switch -
L

Instruction Decode
Register Mapping

+
+

i e
1 .
vy vy 144 l
Address Integer Floating Pomnt
Queue Quene Queune
[T
| | ]
L Yy
Integer Registers Floating Pt. Registers |
TLB (64) (64)

Address ALU ALU Fit Pt Fit. Pt. _
Cale. 1 2 Add Muliply 0ckS | | TLB: Translation Look Aside Buffer

ALU: Arithmetic & Logical Unit

1% 14: Block diagram of the MIPS R16000 processor

R160002 out-of-order®} F4 AL 3= o5 A3 A RISC T2AAE Y E3T}.

Compaq Alpha ZZ A A} o] GiAlzl FAS 95k 5PA2l F 7o Feiad iyl 9
3 FrHH R HEAS YAy AlFd AMS Fdete F 1Y 9 o MR
1405 FAE] AA er}). ey o] HIMEQ FEiag FHS vo]Leielr o] ¢lA

O
o
Fom AHor =7 20 ~ 30 Alo]F9Y latencyE 7HAt. BF 579 mlo]Zufel

functional §R0o] 9o, F& A2y dolg et W&ol loading/storings 8= T4
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L AR el A5 A S1F T Al ALU S5 94 QE@ Eas 4w

L1 W&ol AA 9 doly A= 32 KBZ Ads 2718 7M1, 2-way JEAHAS
et ole w3 2xF A= w9 AA 16 MBe o] &t} Fget Fsig dALEH F 7t
RF 64 entry®] =84 A7E JHAARL 15 32707 AXES O o) HE7bss)
3 YA whe g A 2E re-mappingS Y8 CPUel ¢l 24 Aot}
MIPS R1x000 Z2ZAA1e] &8 & gAlz w2 Holth A5 R10000¢] 180 MHze] &
gS 7hAd whd A 28 R160002 700 MHzE 714 713bel] wlal] 28 ¢ F7F A%t
avA] AA gtk 7] 700 MHz 28 Z2AA 9 o]& Hu 45<S 1.4 Gflop/s °lth
Fused multiply-add 7]%5°] §lv SHAQ i 9 Gitol HuAdsdd 7k 27
£ 4E F U A9 FF vk G FEC vE Ay RFREERE A WA S50
100 MB/solA 200 MB/s® S uj7} ®21aL, R12000 ZZA A oA Heo] 2/3HEE A&
I A" L1 A =7 R140003HE Hu 22 5218 =3
R16000 Z&=AA = 0.11 pm 7IE2 AzZkEH, #A 800 MHzo S3& 7HAaL d ¥ 4]
7F Ag- 20 Well &3) mj§- W& FAE HolFErh A2 bl e ZRAAE ARe F
JE BHES ES A2ES 98 SGIE EFHor FE £E v sta vk
#H Origin3000 A|2]ZE Itanium 7]¥Fe] Altix A9z 2A3] A stHA SGIZF MIPS
ZAES HE Zolghs AL B Btk wEld R16000S oo AlEg= 2004 5
Jholl R18000, R200000] Al&aiA oA DX sy AAZ 1 AdAS wol mel
c}.

e

9

2.8.10. Sun UltraSPARC IV
UltraSPARC 1Vi= UltraSPARC Alg 9] 44t =24 e]ty. HP PA-RISC 88003 IBM
POWER4/5¢ %ol Sun &4 stutbe] Hel F 7M1 3olE Fi vk CPU Foj&=
UltraSPARC III Z2 MM} 2w @bl @A 22 4 1.2 GHzZ 0.13 ym CMOS 7|
2 A gt} UltraSPARC Z2AAE Yaze o] ARE 157} 2 Fire 3800-15K A1 0|
o271 744 RE SUN A&l AFg®T olgl 28L& UltraSPARC IV ol Eoj7l= =
ZAA ZE HoFh
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= Instruction Issue Unit
Instruction | Ipstuction Miss ) (a)
transl. buff. cache queue Steering .
Branch (31KB) Instruction logic
predictor ) fqueue
[
¥
Data cache umit Floating
Prefetch | Data Write Store Point
Registers
cache | cache | cache | queue g Working &
|
- architectural
L
fﬂ:E External memory unit file
To SDRAM | External | SRAM P—L
Memory
Y| control | cache
tags control
FP = = =
L= (] .,
v . £; [—— x FP é) ? e
ystem interface wmt [ Vo 3 3 &
Snoop pipe | Data switch =2 = =
controller | controller J | < < [z
To ¥ system interconnect

1% 15a: Block diagram of the UltraSPARC IV processor core

g & F A% o ZrAMY 54L& veeta A7t wig- 2 el dvh Data
Cache Unit(DCU)E 64 KB 3719 4-way g Ad#AA WA gEo] 2 KB 379 227
(write) 7HAIeF AQ1Z(pre-fetch) NAIE 7HXIth A= WA= dolE WA 9 =52 o]
Adsttial AdE v volB & load® o UTh A7) A= L2 AR 2A7]E A7|AIA
AA ARl o] ZalEojok & wj7hx] Z}zbe] nlo] EE E-F Qs 7] sk Ae Y
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TLBS} B Eo] 32 KB 4719 4-way H3 A3 WHo] AA7F Ao} T MU= o] 2u) 2
3 FF(miss queue)’t Uvk. A3 Feol= E7] 5ol A B9 A3 FHolA A ARE
st Wy@o]E Yo Ty 7] o5 UltraSPARC MHIA ¢A3] AAo|a, A7) wZo
vpolZglel A w = [UNA 1 6KB2 HlolEZ F3Hd,
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Aol S wAlS o]zl A EA T voAle 23A gk veAl& ALUsel I
]E"/‘r?l BoS F£X 9= Arithmetic Special Unit(ZZ@e] Yl 9x]= &t))e] o)
"1k A dAzH gde gHFoer F R u¥olx SUNA+= Working#
Architectural Register Fileo|g}al z}Z} K&t} A7} H¥ 3l o2 A3+ working 2l
A 2gel AgE) g7t dAPS uf 2 (working) BEIAZ~HAAA HA AHYE e dde
ob7|ElA o] A= AEE HAH 2A7l€rh A UltraSPARC I Yzk1e] tiste] &
2 & A= 227 AAE AT A 9ol 7k Bloltt o] Aol 7] A 34
= AFel ok Aol dis) 27 A g Fo] o AAA duh FEiF
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2 AE7t AvEE FEAaT Al Alaa ALES 98 stel ekl AgEA ge f4
< 3ty 9 7ExiYh ®E FPUYE dholZekl A u = adder®t multipliers dWF4<l 64
HE 7ArtE3d frste 289 st=ddloj7F dvi(ad 16a0ls debd A &), 1.2
GHz 28< 7HAE e o2 AW Ase Z2AA =ojd 24 Gflop/s °lth

7

UltraSPARC 1V 7]&o] Zwolgte v 29 & zolud dle AIks ¢4 & d& A
o2 71 ¥}, UltraSPARC IVelA FPUE IEEE754 H-E45 o7 dist AgE x Y3}
= St=EdolE XA 9lo] ddE AHeS BT o o= AE3 AHYHA Zow &

Aol & 4 A}
L2 /AN Y Z7]= 2x8 MBolal ztzhe TR AA o] F S Ao w vk L2 AAlE
©12 dlo]E contentionS Z°]7] 9&l 512 Hlo]EGY Aol UltraSPARC IVelHE 128
Hho| E= Frolxl

Sun Fireplane Interconnect Bus

MCU: Memory Control Unit
SIU: System Interface Unit

A UltraSPARC IV Chip | DCDS: Dual Chip Data Switch
I I
| | _
: SIU 1
| -+
: | DCDS
|
I UltraSPARC TII UltraSPARC III |
|
| Core —l 17 Core : (b)
I I
| ¥ i |
| L2 cache MCU L2 cache |
: tag tag [
|
| + ! * | -
| | Memory
R B ik el £ ittt __
L2 Cache (2*8 MB)

1% 15b: Chip layout of the UltraSPARC IV processor
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ofe] 7je] Ad 2= sA5k= ZlolojA CMTE EE9 e 2ddds var. 14
Aol CMTEE gole Ed2deS <o

SPARC Z2AA Aldoe] <Fox o' Hx Ago=id wEsiA] &t gHo
Fujitsu-Siemens® TS &% Suno| Fujitsu-Siemens®] SPARC64 A|ZES #=ksl A
Al22']S eSS Aoz Bt #F RISC UARIS wEth= HolA SPARC64 22
“317 %7 etk SPARC64+= 2004d Tl 7 Hof AlFe] Al Ug Zeolth E e §
o=, Sun 20041 4¥7b4] UltraSPARC Vo VI Z2AME Welvhs A8S BFA
1AL 871 o] o] ZRAA Fo& 7HAAL, 7} FojoM= o] A8 2H=E A
A= MEE ZRZAAME Agstar 7] wielth Niagara®Z o5 £91% o] Z2A|
AA A A dom, st 8749 FojE 7HAAL 72 Fojo A= 47 2 ETHA]
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“throughput processing” 0.2 o|& Eoj7 o]} & F7F9o T2 AAS Y3t A}, 17
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2.9. Networks

e ZeAMe tEo] TRAAMCL TRAME At wE HEYIE 9 ¥E A=
Qi ZY2E EFA obF Fash gw:} =% 1 St ENC R iiﬁw Aol ] FAlE
5 Ethernets AFE3AIL, o2 &) H HEAD fYZ3 %L latency’} =&
319 Q’X“*Oﬂ A &2 S HH

gepart = Aol ol ME] tlald kA ABE LA

o 2o Byow AdAd 4% 2 Aol 14 WEAD ARE FiE W s

Gigabit Ethernet2 % 52> ®9ldlA A& 7F538tal 125 MB/sol|l o2& Ho g9+
XIE_ ojr 2] 0 2 E latency-boundstA] &L UdH & T gMoA {83 IS

st = Ath. 28y, 100 ps Btk ZF2 latency® 35 ~ 45 pus A X9 in-switch latency=
A AL YEY A S AFEE 7ol B Algke] k. o714 = IBM¥ SGIOl 1AAH
4 A2EE g 5124 WEYAR Aol yekds MEYIE 74 && Aot

)
o e YENAE AY AxgY A GFES & ol YENR Foks Y W
el g

Al W] wiZel o] 3tellA 5 UESL I s ¢dd AS vFAs &% Aotk AR
U= HPC #oFs &ol&E wf whuAl 293 =08 b Fiol tfa] ol Zlojnt.

SYZ=E A ALt & UMEYJIE Hist she 2S mseh s Apo]o] Aot
T BE Az wmso Fske A 3k (customizing)F ol == o] Wi
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Z3 YES A o Fo] & gixvk FAE A= PC7IHE = & PCI M2 o
o] g3 F&soF 3}t 32 HE(33 MHz)olA 64 HIE(66 MHz) WS 7HA+= PCI
2-o] Efgle] HIESIE F3 vlolgrt duph} e v o HAFy = 7HE A4St
,olE = w2l A ddES AASA He Aotk AA AME Ths g
110 ~ 480 MB/s A% o]t} 1999 PCI-X7} U2 o]F, A& 1 GB/sold thZo] PCI-
X 2.000 ¢}A = 204 4 GB/sell o] 2A AT S 2H =ERE ALEH= PCREofA
PCI-X& A&ate A2 oAl ddstE et <2<l PCI Express7t AHE 7hsatAl = A
= o]3E ol #HIT 200 MB/s¢] S HS A&l dloly #de 1x, 2x, 4x, 8x,
12x, 16x, 32x th& dolg #Hle] AYwo] ofw FAl HESLA JAe] &2E B2 oy
S A 3 4" 4 Atk 1A UEHE V|EstE HEYAEY g8 £F oE o
B a3 ggFe] =28 & glE PClL W2~ g A HAle] o
o mebA FxEHe SEE @ $2E w59 pPCl vt 83 Ha

W=t 74 2

m 2
o _IR

_EEE

AN
o
kg

2.9.1. Infiniband

Infiniband7} =E3F VIEQ AR de] ALEE=d 2obA] B3 Algke] ZEx] ekskrh. 2001
W 6ol 2do] yska, 20025 B2 JAE°] Infiniband FFol 7Wehe AES A
AHet7]l A#HY Infinibande GHERE A2 T84S o] AlAFlo R AAst s o
1 4t} Infiniband 7%+ Host Channel Adapters(HCAsS)E A& Z2A|A7F YEL T
AbgE 4 9la [/O ABA 'S Aoy Gigabit Ethernet 29 % &2 v T2EF
2912 9ke] AA Foll AH&E 4 St old 'ﬂrok”—gi sl Aol e ZEAAZEE]
EQAolnt AFAA ARREA] Fkon, ojFlo] B2 o] AHE EYdor] FuHow
Infiniband®] 7}Ae] Yrolx 7] =t} Infiniband WY Zo] #& g A4S 9814 A4
& 4 vt Infiniband FFA = 2| d3 F A A4 5o digk Al FoJE shaL
AL, =9 TQP g SAS Aot vk w=F, 37 el HAAE 2RI A B
° -8, $X=91 2 A (prioritizing) ¥ 27 A €l(error handling) 5°] &
T X7 71EHo] Y o9k e 5EAE0] InfinibandE 5A 7|wel & HSHYo=
TET ar, 2 g ez Qs 1 9o MPI9F e Tl goluygE FEHEE d 9l
o] £ 7]nko] HT}

Infinibande Al2¥ly AZAxE AYEE Host Channel Adapters (HCAs)@t Target
Channel Adapters(TCAs) ©o]&€ A F 74 & <148t} obx AT HCAZF ZZAA
Abolo] Talo] ALgE = AYE R Wol AL whdHol|, TCAsE A¥Hoz /0 ABA
glvto] e AMgE Tt Infiniband® 2.5 GB/s(312.5MB/s)9] 7|24l AA&E e} o] 5]
4¥1(1.25 GB/s), 12u1(3.75 GB/s)ell ol2+ AA&EE=E HFoJstal vl = HCAs®F TCAs
= 5HA v ZEE VM 5 Aol o & £19 AFEE BT

3lte] HCA/TCAZHE tE HCA/TCAZ HUE WAAE= Remote Memory Direct

l:l:l

:lm;:

m
rsl'
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Access (RDMA)E 7IWre = eiA dEd 4 Sl=dl, oA shte] HCA/TCAZE th&
HCA/TCAS] wme & ¢j7]/227]17} sl &tk Aotk o= <3 ddk A 27]/97]
AA7E AAE w9 w2 dEo] s Kok HCA/TCA®F vl&Eo], £ E shbr) 128HE
AU S 7R = HAA S AFe) uE [Pv6E W23 cut-through wormhole #$-8-&
A BEXR 2 dAEste d - AFEEY. cut-through wormhole 982 2 ~93
AA s GAZ BHule ghe-do] A dEEnt 32 vo]ES 2 WAIAEES Al
ol WA E tigk 4 AlZH(negotiation time)S =°|7] 18] #Alo] wA]X]of] ¥t =
At
HPCE 3 Infiniband =A== 8 ~ 128 X E9} 1.25 GB/s9 £LE& A|&3tt}. o] 29
A= o FHe) EEEARRE AA JheshANt AAR= fat tree EERAVE B2 A5
of Qo] Muwar vk AAEETF 2o Sko] Anpy 28 ¥ =1+ Infiniband
o] gl 118k MPL &l wheh @ebx]E o] &3t} Infiniband 7]uke] 2]
oA Ping-Pong 2¥<& & Az oF 850 MB/s¢] Wl9%& wola A7|7F 22 WA A
el MPI latency™= 7 upskEt} #Ze AiE @2t} ;ﬁt‘é’ﬂ © 7 in-switch latency:= 2
200 ns J=7} A

A AN Ago] 7 =S Myrinetd Hlugs uf EY 74 oAds] 23 Erh 1
21} Infiniband’} AF&S FolWA 714LS 2ol "ojd Aola 18 A W Myrinet2]
A3 A4 Aot @ ¢ g Aol

H A PCI Express® 7}84 22, 12-wide Infiniband A4do] 7|&d oz AHS 71Xl
o 28Rk 27le] AdH oz ofdA|= Fr XA Hol ATt

2.9.2. Myrinet

Myrinet2 @A 14 Z¥AE UEYQI A|FoA 718 Zo] AFg% a1 9lth. Myrinet
&= MyricomAts 828 =22 A28 EthernetS hAIE Myrinet 73 A
7FA AL 19940l A2 ATH25]. 1 FA] oF 100 MB/sell o] 2= A o2 52 o
7 Y o FARTE 93] user spacedl A FEETHE FAES 7HA A
78] user spaceolX EAFFowM FFAA S Fa o2 I3 AT &4
Qa o]z 23] FA7|7F FL wA|X|o] 3 latencyE= °F 10 ~ 15 us7HA
. Latency®} &2 1 TA] Convex, IBM, SGI 5o AW =3 H=2
UEL At vws] sl Fdth vlF MyrinetS AHE3h7] 918 w]go] FAE
LA, B2 9ol %o} Etherneto® AZE A|=golu} 22 o @& H[-§o]
Y HE A="olA o)L= Myrinete = 9] o] s whgk 2o ® HriE

|&H 02 stEdojel AZErt dadol=sa AR AA S 2E A A EE
UEYAE Myrinete] Hol MY HI7HA %= W23 latency’} @ UEYIAR
MyrinetS thAler whsk AS 27] o] g gl

Infiniband*] & Myrinetdl %= &4 < UYEHT ALES ¢ cut-through #F$+EHS AFE

18 o
IO =

;z
22
v

tio

rks

tlo
d
1=}

32y

w 5
B
4

Al 2=

r e £ o
o
I 4 lo 3o

2

r\r

N
_11~)
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), 2ga AR g8 32E oy Jh=(Lanai 7t=gta 3o 97 vz 2
71781715 #18) RDMAE AR&-@ith. o] k=52 J150] F-3d $2E9] PCI-X H 29t 9l
B o] 231 ). HA1e] Myrinet AL 213 AP A} (signal carrier)® fiber?t AF-g&3kc}.
o] Aol AZeA 9 flexibilitys FolFi 4lwe] HEe B headrooms FUh T2
fiber AlolEH} AYEH = A7 A9 E82~H =1

Myrinet& 8 ~ 256 £E 7|d% 29AE AFITh 8 XES 16 LE 29 e & A8~

vpelet. o] ~91AEL AT Clos MEAZL EERAF olgs RE WY YEAIES
O~

o
wuo] £

8%8 | Spine switches

I

l6x 16 lex 16 l6x 16 ].Glx 16 lex 16 lax 16 lex 16 l16x 16
L 1 T
fim T

To hosts (64)

1% 16: An 8x16 Clos network using 8 and16 port crossbar switches to connect 64

processors.

:

Clos MIEY A= T4 AU bisectional 19E&S 7HA & 2344 W ES Tt 16x

16 A= onk 29149 47) ZEE AEHA AR BE 44 U Be 29A0 o ge

¢

- = o=

HE E= = BEFE

MyricomAtoll A Al &8k ME T Mixvta SAX[24]5 A HA19] Myrinet2000 29
27 olF £L AE Ho)Fa 9t} Ping-Pong AdolA thgZEo] oF 230 MB/s,
MyricomAtell A vz =9k o] wjE3dt= MPI M-S o] &3 Aul z& wA]x]o] djs
latency”7} 7 us A xo]t},

2.9.3. QsNet
1990d ] Computer Surface 13 2% Ed HH A|2®HS FAstE 972 Meikodghs=
A= Al2HE QuadricsAbe]l FEolak A7 AakEe] QsNetolth, @Al CS-2¢14+= of

T ZF 2ag5H UEHAE AFEAS A, MeikoZl 5 B2 FH o] WEYIA= 5
Zol AEo 7 whEo] Arh o|F YEYT FELS ojgdylo} 3A}<l Aleniacl A A4,



AlES Quadrics#h= HH3AF AAZ QsNete] AL gk QsNet®] A&
Digital/Compaqe] #2159 thd HPC A|~Elel AlphaServer SC #F¢lg 93 UEY IR
QsNetg ARE3sIHA AJZE STy o] A]~¥lE Pittsburgh Supercomputing Center$}
French CAE S¥ #2 3o tgo=z AztEo] Z=dFHATE QsNet> wl-$- w231 A=A
U= H]Eeqii 1780kekar o] oF 21wt Sel2y A2 ={1¥Att. Infiniband
9} Myrineto] 191 AAHH QsNete F F#S a¥H o=z 7HHt}. Infiniband®] Host Bus
Adapters T+ Myrinetﬂ Lanai Qg #o]~ 7l=o9] s@3sl= ELAN Qe o]~ Fl=9}
Infiniband 9] #]/2}%-H H= Myrinet 29130l s 3ab= Elite 29A7F 130t B
2A = EH‘:'EAQI Infiniband =9 ** 7 (quaternary) fat treeE AF&3cH(1d 5b FF).
ELAN 7l=E S2E 35569 PCI-X ¥E¢ QH#A o]~ g},

FYAHE 93 7]AF Elite 29%= 16 £EQF 128 XEZ 7HA = A F 7HA v vk
EE2 YE U g8 A9AE o] AL = AN Sk 7HAA] S Fgo] wH
g g2 2957 Aol AdAdG F Mo 7 e Ald(virtual bi-directional
channels)S A3t Aolt}h, 2003 & o] % QuadricsAtE 2 Al QsNet?l QsNet [[E

ofstar Ak o] AL o]He] QsNet¥} X} ZREF Fo] FARIARE HE7F g
2t} MPI Ping-Pong 2dl4 QsNete] 300MB/s9] £%=E H<l wHH[30], QsNet I
1.3 GB/s9] dA&HEE HoFEth o|FA wWE AZAEEE 7= A9, PCI-X M= &£
7F AA Aol 984S & 4 Jdd QsNet 104 PCI-X ¥ £X& °F 900 MB/s ©]4F

HE wAE EEd

o] 585 7kdth zely, PCI Express7t &#3WAA PCI7F B 50
A A wAA O] gigh latencyte ©F 5 psellM 3 pse. 2 JAE AT AT elH HAIA]
e g’ el AA 71olsk= 7 N9l priority @AIE A 7F A Qs Ak oA

S Myrinet®.t}E= WX Infiniband®] 16 priority @A XU+ 22 Ao|t}. In-switch
latency: 2F 35 ns A== wf$- v}

Infiniband* & QsNet(I)X%= ELAN 7}=XAo]Aq 924 HEE JHo(E= JIdozHE)
917]/# 712 8 4 9l= RDMA 7]5< 7FAt. 8y QsNeto] A= o] Ao &

A AAe WEE gdom FHE 4 grh g Yozl QsNeto @ A A]lA
g Jpa FaHag Ala"oz B S o9ty ag v oW A AHE(ES MY A|AHE IE
= Y EEDAAE ol ¥ A AAEt HAl= ¥kttt adelx: &8kl ThreadMarks[1]
A =9 wre #Holx] 7|gke] 7P} Ry AAES AT 7 ds AoE Vg
ot get? put AAE o] &3 dEAS & = Cray 2BY 9 shmem gho]He]g]7}

A& E .

—

2.9.4. SCI
ool A olr il Qe UESLAE FolA 7FE S#i¥® SCIE Scalable Coherent
Interface®] °Fztolth. SCI= 1992¢ 109¥el IEEE/ANSI 3<Eo] HUTh 1 BA] W2 7]
Hho] tha R A A|&Fo] 7H SHAlE S5ek] A s S 37] fEl o fgAS o
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2 2 o] SCIelt.

SCI A7l F& #AAAE 2o S F3t7] 98] SCIolA deg B s ~E9
o] AdAE B TE=E she Aok AR ofe] B HES FA Al TAE Afold o
AT E 7155k 3o} ol A4S AL M (noise interference)§lo]l wW$ =& A3 &(signal
rate)°] 7bFestes Alse AEHAQ 55 FAS ok k= SCIo A7 de] wiEolth
olefgt A7 del B2 A s T oolojof dtar, whof dEHolof & HAA|
7F 1 W= Zdel7t 021 payload HIAIAIE RuUlAl H& Folth w7 Ule] AR Hol= 0,
16, 64, 256 vlo|ER 1 IA7|7} A o el 7] 16 vlo]E T 32 ufol
E ot} oz, Il 2vulolE F7]9] oF 4 CRC :Eol 9d et w79
2ol o 48 Z=E JHHoEN HolBZt A=A obdAE vtE & 5 glar o]d uet
SZA QD 22 7F Tk Algke sizl Eule sjle] gk wE A3 HANE 7Hs et

A 7

N
N
>
X
e
pory
o
=
[
Aoy
=
o
w

Z,
@
2
o
wn
a
Ll
o
oo
o
N
N
O
of
Ho

e Fdo] 7hsaith. 18 AR QsNet?= 2 A SCIE o] &gk AA 7 & wiE
F-&o] x| 911 9o Data Generalo]t ©] A2 Convex Exemplar 5ol A

AL 98 SCIE ol &3t dAl= o)A SequentAH(A w2 IBMORE  ‘dojzit})e]
NUMA-Q Alz="lolA wizeg] dde 98 SClE AFE3th S8 2EddA SCle 3 ==
ZFUEAR AREE =, oW MIEYAE 1-D, 2-D, & 3-D Egjaz dZ9r) oA
< SCI9| & 3 wiolth

A

RIICRCD
<L)
A

2-D Torus

0

3—D Torus

"‘-H

oy

N
5

\

1% 17: SCI networks arranged as 1-D, 2-D, and 3-D toruses
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B2 YES A= fat treet Clos 2 o2 HEY A Hl3] d_AE zta Qo 1
T St =5 ofwly shrh AujHw o wrv) gle S Ffete BEE =27 2
o] M= Aojth 1efA] SCI Al F & oA 19 22 A3olA] HAadhe] wrvt
B0l s Efag QA AZEOE AlFstal JtHDolphin VIEHA). 77
ot BEejx EEZZARE 3] FexHd < rEE wAY Frbshe o] &
Veatthe g E ok

SCI 718k ZF#j2go) i8] Bad thELS MPIQ] Ping-Pong AdelA <F 320 MB/sol
o] 21}, ZF& WA Ao 3t latencys 1 ~ 2 us®E o}F At}

R
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3. Recount of the (almost) available systems

UM AuE Aow AR Aol yekdAY 671 Wl veA He R JEe] Al=d
= o] el A BT} AAE] doldth. Cray Al&=HlE FolA X137 XD1& ofF th&
E 7HAAL Ak ol A" g QAo g TEA] FE o] Al=EE A

o5& WEUWE FEfA dol & Holth

A4 Compaqe HPZ €73 ATt 184 Compaqell *2|E & Alpha 7]4¥e] A
Atekel st HPoll A A2kl PA/RISC 71Rbe] 2fels +1H3ak7] 918 %7] Compaq Al =H1ES
“HP/Compaq” F-#2o2 Yo F3th

|
2
=
o
f

3.1. System descriptions

A8l g dubyl o], “Machine type” AF3FS <ko A =9]% Processor Array,
o]

ccNUMA, 53 7 A~ Ele] EAS Jehg:= Ao|t).

3.1.1.  The Bull NovaScale
Machine type: ccNUMA system.
Models: NovaScale 5080, 5160.
Operating system: Linux, WindowsServer 2003, GCOS 8
Connection structure: Full crossbar.
Compilers: Intel's Fortran 95, C(++).
Vendors information Web page: www.bull.com/novascale/

Year of introduction: 2002.

System parameters:

Model NovaScale 5080 NovaScale 5160
Clock cycle 1.5 GHz 1.5 GHz
Theor. peak performance 48 Gflop/s 96 Gflop/s
No. of processors 8 16

Communication bandwidth

Point-to—point 6.4 GB/s 6.4 GB/s

Aggregate peak 12.8 GB/s 25.6 GB/s

Remarks:

[tanium 2¢] &840l dFHS=E HPC AYS A 21 dF JAES o okl HolE

A sta Qdtr == F7} 16709 o]2+ NovaScale ccNUMA SMPsE Al #ol]l =< Bull
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o] 1¥ AAE T 3ol NovaScale Al2EE X F 2E Quad Building Blocks(QBBs)
2 FAE A Z7be] QBBE ltanium 2 Z2AA 4719} HEE] AR o] Foizith o] QBB
E2 AHd® FAME Scalability Switch(FSS)ell o] AZ¥ Tt Bull i1f¢] o] 2=91A=
25.6 GB/s9 aggregate WHEZ S A F3lch A AL =o]7] 998 NovaScale 51609 A+
2 71 FSSE 7FA AL glow, ol& I8 QBB =912 Apolo] ddZolv; ~=91x|9f 291X
Atole] AZAo] AFPE wie A|=®lo] FFAOR A% Z; FSS+ 8708 XEE 7HA]
W ol T 670%e] 5160 Al=® dputel] EIET ywA] XEE o]&a F JHe] 5160
A" R FE g AL ol3le] 327 ZRANE 7HAE st ccNUMA A=l o]
Hrt oA AZA(coupling)d A|2=HES QsNet [[2 FFo] Bty Z A ~8LS A48 4 9l
ot BullAbell A= vl a&4oleta ezl MPI 7382 AAA o2 Azt 9l
NovaScale A|2=®lo] 7kx]&= 2pEstE 542 3 (partition)©] 7HsallA ol& &3 A=
e mEdi AR & JAAE 758 + Avte Aotk o9 e
AEed = Fx 9t oyl Aol 53] HPC AFEAE HojEol= AL ofdAgt: Bull
2 i

ALl GCOS &FAAE AHgohs S of4 Frstal glto]l e okl s &

1

pae gHow

il

4719 TRMME 717 £ ¢ ZF2 A|~HQ] NovaScale 40402 departmental 4Bl = A}
238 4 gt} Bullo] Itanium 25 A3t A A4 o=z <ldol Fortran 959 C 1< &
&3 AA HATE Bulle] #A o= AME 7hed thE HPC A Ed oo gk A
o) x|

DA T Ttanium 2 Z P Eo] W= BE third-party 2ZEY ]S AR = S Aol

Measured Performance:

1.3 GHz Z=2 A4 16 7I& 33k NovaScale 51609 W3] EuroBen BenchmarkE
sk oha P wixula Aol 2004 ol 3= Sltk. EuroBen Benchmarks
3l dense matrix—vector wA1S] MPI B]Ado] 167019 Z2ZAAE AF&3&] 13.3 Gflop/s® Y}
sk}, 371 N=10002! dense linear system3 =7] N=65356¢%1 1-D FFTE Zo|3l+= o
B=5 £ 3.3 ~ 3.4 Gflop/s%

s

°]
o8

3.1.2. C-DAC PARAM Padma
Machine type: RISC-based Distributed—memory multi—processor.
Models: C-DAC PARAM Padma.
Operating system: AIX(IBM’'s UNIX flavour), Linux.
Connection structure: Clos network.
Compilers: Fortran 77/90, C, C+ +.
Vendors information Web page: www.cdac.in/html/parampma.asp

Year of introduction: 2003.
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System parameters:

Model PARAM Padma
Clock cycle 1 GHz
Theor. peak performance

Per Proc. 4 Gflop/s
Maximal 1.13 Tflop/s
Memory 500 GB
No. of processors 248

Communication bandwidth

Aggregate 4 GB/s
Point-to-point 312 MB/s
Remarks:

o1%=9] C-DACOA WHE HA A28 PARAM Padmaty 470 T2AAE 7HAE 54709
SMP w=X9} 327] Z2AME 7[AE shube] w2 -1 FAlo] Bl Holtl, BE - o
A= 1 GHz IBM POWER4 Z=2AX & AF&&th C-DAC i+°] PARAMnet-IIE 44 |
EQAR AME38lH o312 2.5 Gb/s(312 MB/s)2 Hul &S 7[xa &2 wA]X]el| o
3 2k 10 psY latencyE A&dth UEYIE 16 FEE 714 E PARAMnet-1I 2 A =2
TF=5 3 Myrinetoll A AFgE 729 9 FAL3F Clos6d EZEAE 71Xt} o] YEY =
£ o] &3 MPI 4% Ax= gl

C-DAC2 olv] 2 AFet W AlAglS 53 gk, 1o 8t fro] A EdolE 34
Al ek 22 Padma Al2¥lolE 1o 2= Fortran90, C(++), MPI$} Parallel File

System®]| $J

Measured Performances:
o] 2 Also] 992Gflop/sdl °]E2E 62%=E Padma:s =7] N=224000¢! linear systemol] Tt
3+ HPC Linpack Benchmarkell A 532Gflop/s(E& 53.6%)0] o2& AT5S BT

3.1.3. The Cray MTA-2
Machine type: Distributed—-memory multi-processor.
Models: MTA-2x, x = 16, 32, -+, 256
Operating system: Unix BSD4.4 + proprietary micro kernel.
Compilers: Fortran 77/90, ANSI C, C+ +.
Vendors information Web page: www.cray.com/products/systems/mta/

Year of introduction: 2001.
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System parameters:

Model MTA-x

Clock cycle —

Theor. peak performance

Per Proc. (64-bits) > 750 Mflop/s
Maximal (64-bits) > 192 Gflop/s
Main Memory <1TB
No. of processors 16{256

Remarks:
Cray MTA® w3t dlo]g 7} ujdel] 44 lo] MTA Al=H1e] A3 A £ee S¢
o= Fold = vk Hl Ae9 shgk Awto] AN el vk 200 MHz$F 227 MHz
=8S 7H= Al&Fe] AR 227 MHzE HAd 29 2 & F gl o+, oA
Cray Aol WAlE &9 of 1/34 %= Hholl ¥#] 7] wjolrt

ol7|8 X EAS BHAW, MTAS WEZ= E84o=2 FAE YA A A8 & w=
2] Al2=¥l(non-uniform access time)2.& ZFZFo] Aot v}, wEe ol A

= latencys U5 2ddoR HAHEY. v ~dde oy sl a3 A~
Tt = AYHES sk Aotk & AW, load WEol7F ¥R latency® I3l A2
2 7 gls W g 2dee o] BEo AME RS 945 Hal EEolr AgE S
UE e Yot AYEHES wgto] doju= Aojnh, TRIH AYE Afo
Atelgo] Adn. 1287] WH@o] 353 8/ el Fxrt A ZAdsE 7
issue® 4 oA 1024 AFelZF 9] latencyE ol a7} Auk. AdE FEE retry
poolZH-H AA =T}, oo} FALSHA &2tek= &2 E Stern Computing Systems®] SSP
Al z=dlo| e B g gl

Ad vELIE pAe ZRZAAE 7HAE 3-D cubeR FAHLE O]2A HE R=EE 6
F 49 ol%3 AZdEY. pAl TEAN AzEle Gu 2.25p" Ale]E, Hote] 7

4.5p"* Abo] 2] latency® 7T RE wEdE VOZEEZF sy Qirh 2 YEY S %

o

E= Ao]lE9 64HIE Y= shvE $A1% FAlE ¢ o X EQ g 9Ee 5.33 GB/sel
ol2t}. Au7} AAHH YEA FEES AAE AEHHE glo] 9319 4= o)
MTAY: o d9) Fortran TEIWES T3] APAZ 5= glojof 3t} o]E T E 7o) A
T 29 =8 o8 F e FEo] HHHA vE HEAdS o8& & AR =2
o WHEAS WAHoR Aojata &l dHeolH AJAAE ol&sh= 3ol o s FE 3l

-

=
t} olE Y3 MTAJ A= A% ~d= & 3k synchronization, barrier, reduction

¢

AN B IS goluelel FUS AFHL Ak & Zzadeld Alolw WA
AoYEA e WA AGEA Aol AT & Ak Atk 4 s HuE Fakglol



HEAdH 57155 Aolste dl AR & A= full/lempty HIEE st 7HHth DNA
sequence alignmento] A o] EAS Zv|FA A3

28709l TEAA(RE 327DE 7 A MTA A28 20029 vl=r2] Naval Research
Laboratory®ll ‘&35 1t}

Measured Performance:
Cray”} San Diego Supercomputing Centerol]l W& A X3t 16 Z2AMA A|AHELS 44
ns(q5 Al¥2 3 ns)o FE Apo]EFE TbEHI ZEAA st Hd A 450
Mflop/s®|t}. EuroBen Benchmarkoll A+ 800 matrix—vector ol tisl] 388Mflop/s 2
HE 86%e] AES Bol Foh Aol Wk Aol o]== 1-D FETel tis] ZzAlr
W& 106 Mflop/s®] £%=7F Ukttt ZeAA dl JAZ=% o]ef HlS2gh Axprt vsgh=dl oA
- Y 2= G840 FReA HajAolth

NAS parallel benchmark[27]5 o]&3] A2 Agtd Asdolg7} Fuxz[5]o] A
o] x& FEFAW CG, FT, MG AgolA 700 ~ 750 Mflop/s¢] &£%5 Holx 47]9] Z&
AM=Z oF 90%7 H= &8-S Helth
FuAgblele o H29 45 A3H &

Asteta 9l

e

2% F=o] th3F scalabilitydl] thsir =

3.1.4. The Cray SX-6
Cray SX-6% "= Al NEC SX-62 e} glo] NEC SX-6 A4 th&E Flo|th

3.1.5.  The Cray Inc. X1.
Machine type: Shared—-memory multi-vector processor.
Models: X1 (cluster).
Operating system: UNICOS (Cray Unix variant).
Connection structure: Crossbar.
Compilers: Fortran 90, C, C++, Co—Array Fortran, UPC.
Vendors information Web page: www.cray.com/products/x1/

Year of introduction: 2002.

System parameters:

Model Cray X1
Clock cycle 800 MHz
Theor. peak performance

Per Proc. (64 bits) 3.2/12.8 Gflop/s
Maximal 819 Gflop/s
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Memory <1TB

No. of processors 16-64 (MSP, see below)
Memory bandwidth

Memory-Cache 34.1 GB/s
Cache-CPU 76.8 GB/s
Remarks:

Cray X19] st=9o] &+ o]d9 Cray SVlex (Disappeared Systems #=x)3 A9 +
Absteh 28 427F 5000014 800 MHzZ &5t vwRe|e} T2AAM 2 tjdZo] F7tE
o 7 ZRAA BEE Aol A 4719 Fsia A4S AYE & e 4719 CPU
S 7Y CPUY ol & Ul 452 3.2 Gflop/sell o]t} 28y o] 248} Multi Streaming
Processor (MSP)gt= A S 53] o8] CPUREo AXA 47§74 CPUS AZ2E 4 i
IO AR 3 ZRAN e o H Aso] 12.8 Gflop/sol @38t E3E 74 &t

@l CPU £, 71& MSPe| AAEA &2 AglFstol wel s4o= sdd - v, v
CPUSl w3t #E A2 A7k MSPel R ok, M 2 e gisjys v
CPUZF vtar 21 Wgj 5 Aelshs L2299 49+ MSP7F felsivtar & 4= lvh. MSP
Revh 5 ARrRE7E Ho] Craye] Aldels MSPE 7oz ZEAA /f57F Foi3it
atibol cabinetell Hdl 64709 MSP7F E3teiths 212 256719 SSP Z2AAE X3
T s ou7h "vh Crayel A3 Aol osbdl @A Cray Programming
Environment7} o} SSP 2 Al disl] ¢hdstA HA s oA grha o 1€t

aL o]Ae] Add zmIglo] SSP RECAM maAor HAPHA Fevhe A ovlsh=

AL ok

mxelol A CPU RE=R Jegal A eM CPURS Bl % F% W% SViexel H]

a gol It vimeldlA CPU BER 5371 8 Hio|E b7t dfd & 9la 7
A

Alell A CPURE Aol i FellA 127) 8 nlo]E A4k Afpo] 7had 23 dxt 3]
Twotth A TR 28l SR sfube] Bl 9l 47) SSP 7M7) 16KB 2-way
A AvAd L1 dlolg Axe BEe] AAE 7Hnh L1 vy A= &4 27w wo]
Elv A3tk L2 71419 7] 2 MBelal CPU B=9] SSP Z2 A 5o A= /3
EAECA # =uA] ¥ 5422 [EEE 754 YA BE dibs w2E 39 A
= 2 =

1E} uﬂaﬂo} 1161—0 5 &

=

) 5 & E It} o] A2 Wy YHoE T A, 944 =
sk Fr18ket FAAAAL s FE AEE SAAS Y F AR Y o]AL 53] BE
cabinete] F&]2EHY 3 w2 FE F 7] W Ed 835t FeAHY 3 w52

Q121 %= cabinet F£AHHE 2-D EYA EEZZAE E3

Cray= 4719 MSPE 7HA+= shve REE 3 =

Add F2E 7MY E9 A wEEo] AoR Ay
=

AR de weel Azdd. 2dA AN el te

L
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hopsit A €t} 2 3 HH[S S}he] aggregate W52 400 GB/solt}. vhg 7§H]
S A4S 3AS Cray T3EoA Z23d AAH 2-D EHAE 3-D Eglx F+x22 843}
= Aot} Point-to-point E4l] thdl latencydt tHEZ dlolHE o} 9= Aol glornt
MPI 874 thFstAl 45 o] gth(old] Measured Performances #3).

4-SSP CPU ®.E= dtuel4 OpenMPE AHEE < Stk t& CPU BHES HIE v
Cray® shmem z}o|B.#]8]E one-sided E21e] AF&3F 4= ¢)la1 MPI, Co-Array Fortran

5% Mg Tbss,

Measured Performances:

Oak Ridge National LaboratoryolA 5047] Z=2ZAMA(MSP)E o]&3a] 494,592%F linear
system= F+H 5895Gflop/se] &7t vpgkth[42]. o] AL & &o] 91%°] &3l Aot}
Zazts [10]e] ORNL Alz=dlel] gk ®Wrh F et 3237 yelddth o|3ts BH,
4-MSP & xZofA point-to-point W¥EHo] 13.9 GB/s, =59 == Alo]o] Ul H2
11.9 GB/so]aL, Z+Ztol] sl 22 WA #]o] th3l MPI latency+: 8.2, 8.6 ps©|th. shmem3}
Co-Array Fortranol A9 latency+= A% 3.8, 3.0 us°|t}.

3.1.6. The Cray Inc. XD1
Machine type: Distributed—-memory multi-processor.
Models: XD1.
Operating system: Linux (kernel 2.4.21 with Cray HPC enhancements).
Connection structure: Variable (see remarks).
Compilers: Fortran 90, C, C+ +.
Vendors information Web page: www.cray.com/products/xd1/

Year of introduction: 2004.

System parameters:

Model Cray XD1
Clock cycle 2.2 GHz
Theor. peak performance

Per Chassis (see remarks) 52.8+ Gflop/s
Per Rack (see remarks) 663+ Gflop/s
Memory

Per Chassis 96 GB
Per Rack 1.2TB

No. of processors

Per Chassis 12
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Per Rack 144

Communication bandwidth

Point-to—-point < 2.9 GB/s
Aggregate, per chassis 96 GB/s
Remarks:

A FL Cray® <14% 1 glE OctigabayAtel Al A&9 Cray XD1S A& Jidslsc)
Cray XD1°] A9 Octigabay Al2=®1¥} th& H2 dags 7145E 98l Al2="9 ALt
REo] FPGAsES F71g = due= Aotk dugsx: 71%£e t4+E FFTsY DNA

sequence alignments 5 WE ALFS F3s)joF 3= ALEAISC] E3] AL 7Y

qkattt. #19] system parameter YAEONX o] Hul s Fhell +7 71ZE =1 olF7t

vz daeF 7 7)E ditolth Craye AlRF R =28 ddsts 5483 T4 UE
=

AaAE Frel] A ~"ES FA3ITE Cray 29 Rapid Array Network® -
Al(chassis)&Fal gk},

XD1e] AWt el 2= v &k AjA] st 6709 ALE 7h=TF Al ZF ALE ThEs
2712l AMD Opteron(2.2GHz) Z2Z A4 et EAXS 33+ sy} == F+ 719 RapidArray
Processors(RAPs)E FAETH % 719 Opteron ZEAAE 3.2 GB/sY 9 ZES 7[A+=
AMD®] HyperTransportE AA AZA%S] 2-way SMPE +A3%t}. HyperTrandport B2
o]t o] %Eo} shute] BEolA F Jfe] ZEAAME 4&8}% Ao Qg My
EAHS ]l Tof 2709 ZRAME 7HA = R SEEHES WEy A2l
TAEE A AL 9,&}. Aeggdog §8& 2 7k T2 AAM(FPGA)ZE AlMt HEo &
dd ¢ glvh BEY 5 7o RAPsE 7AW B9 RHE Apolo] thFe 8 GB/s(4
GB/s bi-directional)® RapidArray 2=9XE AXA Hr}. o] 29F+= 487129 A4
=dl, 2 5 v AA Y] AE BEo] 9JAE RAPseFY] Ao AREH AL v A gk
e AAjete] AAe]| Argdth. ¥F (rack) Shubels 12709 MAZE A s
RapidArray 2=91Xwit} Q= A AA(free links)e] = wiiLol 7 79 o Q&= MAI7}
24 dddn. &8, 3-D B2 fat treexld F o A UEYA dZT4x2E S8 H
= A|=El o R o] dAo] THs sttt

RAPsE Opteron Z2AMAY B2 F&E do]Fi, MPI, Cray-style shmem3 Global
Arrays(7Fd & "R A28 Fol s st=9do] FFollA] A Y& sk} Crayel A 2
#3 Y&& HW, RapidArray UEHAE o]&3 MPI B4 EAL, A7|7F & HAA]
sl 2.9 GB/s, 22 WA Aol tHallA= 1.6 us= ofF 8t

Cray—enhanced Linux 0S¢] F7}4¢l EA stU=R, A A" A 2AdEE S sk =
718k 7150l Ak Al=E el FReR 2AlE" He AYEC] latencyE T7HAA

A
MPL A5& 4ar2 4 b, 44§78 oY 2AS 643 +
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Measured Performance:

Cray XD1& o}F Hize] Alzdlole o} 4% 49

3.1.7.  Fuyjitsu/Siemens PRIMEPOWER

Machine type: RISC-based shared—-memory multi-processor.

Models: PRIMEPOWER 900, 1500, 2500.
Operating system: Solaris (Sun's Unix variant).

Connection structure: Crossbar.

Compilers: Parallel Fortran 90, OpenMP, C, C+ +.

Vendors information Web page: primepower.fujitsu.com/en/index.html

Year of introduction: 2002.

System parameters:

A7} hskalA) e,

Model PRIMEPOWER PRIMEPOWER
1500 2500
Clock cycle 1.89 GHz 1.82 GHz
Theor. peak performance
Per Proc. (64-bits) 3.78 Gflop/s 3.64 Gflop/s
Maximal 121.0 Gflop/s 466 Gflop/s
Main Memory
Memory/node < 4GB < 4GB
Memory/maximal < 128 GB < 512 GB
No. of processors 4 - 32 8- 128
Communication
bandwidth
Point-to—-point — —
Aggregate 17.2 GB/s 133 GB/s
Remarks:
900 ®E2 2 AMA 747 Hol 16717HA 7 7 stk AS A9 stals 1500, 2500 &
A3} FUS F2E 7HA 7] wEel o] 3ol A= PRIMEPOWER 15003 25000 djaiA g <

ol¥t}, PRIMEPOWERE olz] 7}A ZwolA SUN Fire E25K9F frAlstth Z2ZAA &=
Fujitsu®] SPARC 64 VE AFg3lE= d), o] AL SUN9 SPARC ZEANE A53 Aow
G4H|E o}7|8x & 7FAH, SUN9| EE A3 S3HTh Fujitsu®] SPARC64 ZEZAA &
R CPU Ai# 714, dA2=H, dd 5 5ol & RAS 545 7H4 AgEs =43

°l R
1500 E@elAE 1.89GHz Z2AAE 2500 Rh M= 1.82GHz Z2AXE 2447 ALE

r?L'.:L
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t}. PRIMERPOWER A|Z®lo] A Z2A A Abole] 1AL Fire E25KSF & Aow HE
ZRAXE TS dAsts AR 2uE o] &gtk F o] A]2HlS NUMA A|2=Ho] of
Yyt

HEM7E- A2 Fujitsu®] §§ Aol Eo A Algsh= GE ol o] A|xgol tig t& 7]=4
ol AHE S 4 glue Aot} FuyjitsuollA Al&3t= dlo]E 9+ point-to—point, bi-
sectional, aggregate %9 WAFY FAE Ao EE HHIL AgHol Qdrf. thykh
PRIMEPOWER 2500 29| aggregate 9 %o] FAdstAl veldl=dl, o] hfZe + 74
°] 66.5 GB/s AZ2HE Fall 133 GB/solgts 2 s 7tk deb de ARE 7HA
ao @, 1500 2 HPCHUE A4 &2 AW stE A 2al, 2500 2Ee
HPC A4S Ex2 3t o=z Bt Fujitsus 4x4 GB/soll o2& %i14 optical 9
3 @2 9 PRIMEPOWER 2500 AlZ=®& AAA A Al=gs 753 5 2

{31

oo
tlo
ol

e
ol

o
;

Measured Performance:
1.3 GHz Z2AHE #23 2438 PRIMEPOWER 2500 Al~¥lS 18t 28] A" &
H2HE HAER A Arsh Fuxba(42]d veb gk odl mEW N = 658,800%]
linear system® &S &= d, 230470 Z2AAMNA 45%2] A& sEEE 5.4
Tflop/s<] A7} vkt

3.1.8. The Hitachi SR11000
Machine type: RISC-based distributed—memory multi—processor.
Models: SR11000 H1.
Operating system: AIX (IBM's Unix variant).
Connection structure: Multi-dimensional crossbar (see remarks).
Compilers: Fortran 77, Fortran 95, Parallel Fortran, C, C+ +.
Vendors information Web page: www.hitachi.co.jp/Prod/comp/hpc/SR_e/11ktop_e.html
Year of introduction: 2003.

System parameters:

Model SR11000 H1
Clock cycle 1.7 GHz
Theor. peak performance

Per Proc. (64-bits) 109 Gflop/s
Maximal 27.8 Tflop/s

Main Memory

Memory/node < 64 GB
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Memory/maximal 16.4 TB

No. of processors 4 - 256

Communication bandwidth

Point-to—point 12 GB/s (bidirectional)

Remarks:

SR11000+> Hitachi®] 4Adt] &4F w22l ®WH AJxgloz o]xe] SR8000(Systems
Disappeared from the List) A]2=8lS thA]staz v}, SR80000] M= tE X2 A4 &Y
W g Zo] upel 4709 Rdo] gl WA, SR110002 &AA dhvfe] R =(SR11000 H1)
ekl

7N w= Z2AAME IBMO 1.7 GHz POWER4+ o]t} o]z 2] SR2201¥ SR80000] A=
Hitachi®] Pseudo Vector Processing®] W E& I ZAME AP o} SR1100000A4+= 9]
9} Ao A glo] POWER4+ X =ZAME A3t} Hitachi®] Pseudo Vector Processing
= WAl = dHlelElel Hed wf dwbH o WAstE SAg ) glo] dolrh w11 9
HE A8 = = 7]tk oA Hitachi= FxR¥E dolg X<2AE(prefetching)s &3
22 avns 4 Ak

SR11000¢] 7|E Z2 AT HH As(EE IP)S 2709 simultaneous multiply/add ™
o1& %3] 6.8Gflop/sol o]&th 1yt AREAP Al 71EAQ Axt @7t HE A 167H
o 71 ZRAAE Fol BE HEHE FRHetEF AT Y ZTEAY wxolt o
I2AN w=r9 ol HY e 108.8Gﬂop/s°ﬂ &3}l Hitachiol e o]¢f & =t
A4S Co-operative Micro—Processors in single Address Space(COMPAS)2}al gt} A}

2l o] A& 9k the main architectural class®t ccNUMA Al ~"lo A AwE SMP e~

o) QFolth B SMP Zelssh e He, FesH =g THGE 4 =
AN gL 2@ S gtk Aol e, RE wEd: shiel SPAE gk SP
Azg) A9E SYsa, B wEste] BAS dUe] V0 FAE pelshe sy L2
Aok,

SR11000-> 12 GB/s®] single-directional AZ2&%=E 7= theatd A= 2utE 7HA 1L
Aot 18] 31 IBM Federation Switch fabricol2hi= IBM 7]&& ARE3stal Qlt). o] IBM 7]
=2 IBMo] p690 AMBel A AREsh= A= thE EEZEA 0|t mE7F 4 ~ 87 o]l A
Y ES A cross-section® lhopo]l ATt 16 ~ 647 ==& 7Fd 45 2 hopelal 128 =&
o]ge] Al2~'le 3 hop7t Uth.

Cray XD1, AlphaServer SC, ©]d 2] NEC Cenju—4 72 t& A|2®1EX2 SR11000 A~
HolA ZaANE o8 924 Z2AM wEgdd AR J2F 4 vk oju 1&9] gt=
ol 7Ivk AH F7IstE ARESHAl Hedl o] Fr|ste wlg- W2 WY Felr A4 2O
Hol 275 A dsfoF gt

3] PVMoly MPI 22 F4l gelBefg)7t Al drt. MPIE AREshd == do A 7l

FUFU
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£ Z3te o] 7Hsstth. A7lel & w==olA OpenMPE o] &3t A%® 7Hs3d)

9. o ®Ee] 4% Hitachi®) Bod# g ol8sl AEULSE s o] o SAR, Aol

Js o|5d T&dl7] Y& OpenMPE ©]-&3] coarse-grained Ej2== H

9Jt}. Hitachi® dense, sparse linear system™ FFT & £7] $3F 11/ $3
delE ATk NAGH IMSL3 22 A 7% ghojueles AREE o deA ofe

o}z kel AA] eksrt.

200549 %o POWERGE 7|¥lo & 3l SR11000 Al Z~€lo] A& o] 1}& Aoz Helth

Measured Performances:
SR11000-> 20031 el A7R=SATh ZAFe] oA 2 tje] Al~®lo] ujE]glon} of

4 wEd 4 Avhs st e

3.1.9. The HP 9000 Superdome
Machine type: RISC-based ccNUMA system.
Models: HP 9000 Superdome.
Operating system: HP-UX (HP's usual Unix flavor).
Connection structure: Crossbar.
Compilers: Fortran 77, Fortran 90, Parallel Fortran, HPF, C, C+ +.
Vendors information Web page:
www.hp.com/productsl/servers/scalableservers/superdome/
Year of introduction: 2000, 2004 with PA-RISC 8800.

System parameters:

Model HP 9000 Superdome
Clock cycle 1 GHz
Theor. peak performance

Per Proc. (64-bits) 8 Gflop/s
Maximal 512 Glop/s
Main Memory

Memory/node < 64 GB
Memory/maximal 1TB

No. of processors < 64

Communication bandwidth

Aggregate (global) 64 GB/s
Aggregate (cell-backplane) 8 GB/s
Aggregate (within cell, see below) 16 GB/s
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Remarks:

Superdome o]A|= E#yW HP9 Exemplar V2600(Systems Disappeared from the List
Z2)S WAL At} Superdome? 9Z FERE o]H9 2600 A|AHlY FERE |4 o
2 9" A7 Aot} Superdomed 47) ZEAAE JFAE cell ¢ro #HEI 2 AH
backplane &2 cells &&= T fute] el@7bA] 2-level A22uE 7T BE cell
< 8 GB/s9] £ =& backplaned| AZEojA A aggregate %2 64 GB/soll o] &t}
Superdome& 4-processor cellE 7|20 2 A FAHY cell WHoAe 2E HolH
2%& Cell Controller(10-port ASIC)ell o] A|o]E ). Cell Controller= 16 GB/sZ 47}
o] 274 HWEZE AZA L, 8 GB/s® backplane A&Z4utE A%t} 1E]a F e ¥
EE dZste= U 3 LEVL 6.4 GB/s9 $EE T /e TRANE APt 7 Tz AN
7F 5 788l CPU =ojE 7FAA CPU &g 7H8 W2 1.6 GB/s7} &t SGI Altix A
"3 Zro] Superdomeo| A= 7HA] d#HAS $3 directory memoryE AF&3kt). HPO
whatol]l oJstAtH 647 ZEZAMAE sl 7HA= Al~¥le] NUMA factor= A-- 1.8°|t}.
PA-RISC 8800 &AM 1 GHz 9o & 528t} 2t TRAM7L 7 s T2Ax =
ol& 7HAaL Zt Fole FshT wAd SIS A Addte HEAE AT 7 A= F
M HEr, FY9S 7H4 H A A3t A 8 flops/cycleE AL 4 9t} o2 ¢l ==
Al shtel o] & Ha Asol 8 Gflop/sell o]t wetA 6470 Z2ANE 8] 7HA =
Alz="e] Ho) £%7} 512Gflop/sel]l &38tA .

o omREE MY ZRay Rdo] HA Alxgle] HA AYEE=E OpenMPE ©]-&3)
647] ZZAA(128 CPU Fo))E R5F AMEE 5 3

Superdome2 Itanium 29 Z& &2 ZZAAE o]&s] AIdyes A= e ZIH
(complexes)E% Y= F At} o] H$ 22 backplaneS AFE3AIRE cell&E2 M2 T E
EfYo] =} o]2Fo g IR A A7 &35 HP 9000 Superdome} Integrity Superdome

[e) 2=
2 744 % 9l

[H

Measured Performances:

74 3o} PC-RISC 8800 ZRZAAE A&e Rde 2004 49 Aol Hxsd A2 Al
8oz} HPCE YA &deixl de ZA37b gluh. A717F daAA &2 &4 linear
system®] 3|E A=d) 756 Gflop/sY] 571 V& AL Fuae[42]04 13 4= 9l
o] Az F 512719 875 MHz PA-RISC 8700+ ZZAAME 71X o|#9 8-way
coupled A|&=FE o] &3] A2 Fojrh. o] A= ARRI S XZE| ol Hi Aol

1,792 Gflop/sQl A& ZtetH 42%° &&S Holx ol

3.1.10. The HP Integrity Superdome
Machine type: RISC-based ccNUMA system.
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Models: HP Integrity Superdome.

Connection structure: Crossbar.

Operating system: HP-UX (HP's usual Unix flavour), Linux
Compilers: Fortran 77, Fortran 90, Parallel Fortran, HPF, C, C+ +.
Vendors information Web page:
ww.hp.com/products1/servers/integrity/superdome_high_end/

Year of introduction: 2004.

System parameters:

Model Integrity Superdome
Clock cycle 1.5 GHz
Theor. peak performance

Per Proc. (64-bits) 6 Gflop/s
Maximal 768 Glop/s
Main Memory

Memory/node < 128 GB
Memory/maximal <1TB

No. of processors < 128

Communication bandwidth

Aggregate (global) 64 GB/s
Aggregate (cell-backplane) 8 GB/s
Aggregate (within cell, see below) 16 GB/s
Remarks:

Integrity Superdomea "|#| 9] slo]-d= MHE 3] HP7} FAst = Al2=Ho|t},
2ol X x| gFol o] AJxElo] PA-RISC 7]¥Ee] HP 9000 Superdome= t#|stAl € A
o2 oAX =, HP= cellg Abol9] E4l& #1&l cello] backplane ZLZnpo] A2
ANA 25 T THAA do2A mel Ry ol& dAAA Skt cell Qtell A2
I 2 A7 PA-RISCQIA] ItaniumQl A= backplaneo| Al F83F Aol ofYt}, Integrity
Superdome®] #AAA FFE A9 HP 9000 Superdomes =3l = Aot} =3t
cell W5 F%% "% FAIA 24 w2 "2, /O 274, backplaneS 71X+ thE cell
o] BA T2 A3t A FHe 9SS HP 9000 Superdomed U3+ Cell
Controller ASIC7} @43t}

1.5 GHz Itanium 2 X =2AMAE AlEStyi= AHo] Integrity Superdome®] HP 9000
Superdomed® ThE Holtl HPE 2709 Itanium= sfrte] &Ale] #Aae = 9= ES3

2R
TR A 2L e WA 2 F 8709 Itaniumo| cell BX=o] X3 4709 A&

it e
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Aol FAE & Ak 2 ltaniume] FEAF SAS FAL BAR Aste PPl E
M REaF G9e 208 AAA AH] FFIA 4 fops/eycle®] H5E 9E & Ak

o
olo me} AT o]E Hul AT 6Gflop/sell o]2i e A|AEI(128 ZEA|A])
oA H &£X=7F 768 Gflop/sol |24 FHt}.

+ Superdome A]=¥l Alo]o] FAA o] Y AHAA Integrity Superdome® HP 9000
Superdome® U3+ ccNUMA EAS 7R Ho 1287 TE2A|A o ZAx OpenMPZ
A28 4= it} Integrity Superdome< Itanium 2 Z2AAE 7|Wto g2 317] wl&o] Linux
OSE AH&E F Ut AAEZE A|2Ho] 2&0] 7k, &2 A|2E oA A= & &
A (complexes)E 438 Linuxet HP-UXE EF 53 4 3}t HP 9000 Superdome
oA AFdxe] 2 HFAQ celle tE BN TRAMAME 7HE £ oA, oF
Integrity Superdome¥} ©]% HP 9000 Superdome A]|Z~®lS FAlsH= Zlo] 71s 3t

O mlo

Measured Performances:
I717F AR e 24 linear system? 1S FE=d 1,049 Gflop/sY S=7F v A
2 FMARM2]NA FAZG = Yok o] A= F 220749 LRAHE s AzE

A ZA® Aolx o] ZelxE AxEe] o] Hu A%o] 1,320 Gflop/solB& 79%°] &
&9 noFE ol

3.1.11. The HP/Compaq GS series
Machine type: RISC-based SMP system.
Models: AlphaServer GS80, GS160, GS320, GS1280.
Connection structure: 2-D torus.
Operating system: Tru64 Unix (Compaq's avour of Unix), OpenVMS.
Compilers: Fortran 77, Fortran 90, HPF, C, C+ +.
Vendors information Web page: h18002.www1.hp.com/alphaserver/sc_gs.html

Year of introduction: 1999.

System parameters:

Model GS1280
Clock cycle 1.3 GHz
Theor. peak performance

Per Proc. 2.6 Gflop/s
Maximal 166 Gflop/s
Memory < 512 GB
No. of processors < 64

Memory bandwidth
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Processor/memory 12 GB/s

Communication bandwidth

Point-to—-point 6.4 GB/s

Aggregate/processor 25.6 GB/s

Aggregate (global) 1638 GB/s

Remarks:

GS A8l sidele] oy 7hA] md Fo] 7P wE & 7] ol hsjAnt dopEn

ojZ L 7IEt v RHEES Agd AFe HA Al=F £%(80 GB/s)& dol 7HA %a7]
olth. GS /\]HE-‘E ccNUMA A #idal2 dA4 73 wE EV7z(1.3 GHz Alpha

EV7) Z2AAME F&etal ol o] A28 4719 7w ZEAAN 7t=E 7HA= drawer

2 A" oA 01 ¥l GS1280 Al2=®l2 8719 drawerE 7FxITY,

Hell 47000 6.4 GB/s tFH)e] AH &4 AZE 7= EV7 ZEZAAE 7|9to = &)
WA 2-D Efs PR ZIAAES 1o] AFd~e Wo] H il A Azl
=AS 23 9o A 167 ZEAAE A E A A9 NUMA factor7}F A$ 1.69|t}
[21]. 1.3 GHz EV7 Z2A|A <] o]& A 452 2.6 Gflop/s °|th. Hul Adso] th& =
ZAMEN Hlas] doHos oA gt W] o Fo] ofF fFof @ R A
o e 5285 /g & O‘D} W Eee] Ho §72 512 GB(JEHWDP 8 GB)= HHgt
Mol TRAAR slo]l-<l= #H3trE &8 T2 ALgsly|o FEh

Al2='o] ccNUMA 574 ﬂﬂzoﬂ AHEAHES OpenMPE o] &3] & wlxg WHsb 7hs
sch. olw] GS1280 AlZz~ElolA Hu] 6477 ZZA A Algo] 7t5slth. 2 MPIE A}
£ 7= drh

> o
r2
v
_OL
rir
>,\I

Measured Performance:
EV7& 7IRFO. 2 shi= GS1280 Alz=®lo] dis) ot4 45 2347t vk A

rr

Zo] it

3.1.12. The Compaq AlphaServer SC45 Series
Machine type: RISC-based SMP-clustered DM-MIMD system.
Models: AlphaServer SC45.
Operating system: Tru64 Unix (Compag's flavour of Unix).
Compilers: Fortran 77, Fortran 90, HPF, C, C++.
Connection structure: Fat Tree.
Vendors information Web page: h18002.www1.hp.com/alphaserver/sc/

Year of introduction: 2002.

System parameters:
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Model AlphaServer
SC45
Clock cycle 1.25 GHz
Theor. peak performance
Per Proc. (64-bit) 2.5 Gflop/s
Maximal (64-bit) 10 Tflop/s
Main Memory < 8TB
No. of processors < 4096
Memory bandwidth
Processor/memory 1.33 GB/s
Between cluster nodes 280 MB/s

Remarks:

AlphaServer SC(SCE SuperComputerZ 2]1])= HP AlphaServer @019 7}4 &fo]-dl=
Azloltt, o] AlZEle AAAQ SMP 2 sE AsHlo® 7|E SMP xSt Compaq
ES450]th ES45% 4709] 1.25 GHz Alpha 21264a(EV68) CPUS 747+ SMP Al 2elo]t},
reo YR VEYIR 5.2 GB/s9 aggregate YZE(Z2AMT 1.33 GB/s)S 7HA = A
F2utE ALESTE o] HEYAE Ed =t Ul 7t ZRAAE BAY 29 Ale)2d
1.064 wle]=e] dlolE] o] 7bsaitt.

S e TG vme] A]Aso s o] oA OpenMPES o] &3 & Wz W g
7} Vssit), Wl T2 S ] AR o 2ol A}gdof gt MPI, PVM, HPFS3} 7+
& AA Ay Seady U Agsel @t wfel HPF @ude s Agshs o4
7} 78 2% @<od HP/Compaq o} 1¢-¢] HPF Asde2 A &stx 9t}

SWP o= Ajels] $§ A5 SCE QSWAAN ATAS QaNetd AE T ¥4 U
AA T QsNetZ o d Meiko CS-2 Alz=gloll Al AREEIE W] ES] .9 _G-LO]‘jr PCI 7%
Hko 2 &l QsNetd fat tree 722 7FA™ 280 MB/s¢] point-to-point Y ZS x}]
o}, fat tree 22 Qe WEYIY] A9e@el &S 340 MB/s2E FA €t} A
b 2bge] ostd Hol g9 %S AT 500 MB/sZ vheb itk wjg- & g Ze)r]=
ARk ke Aol FrbEo] QA ol AREA O Zpx|7E "ol HRItE E QSWE
Al 2"lo] MPI wA Ao el wl-$& W& latency(b ps)E Heltha F3sic)

£y 3
0{1
=

©

Measured Performances:

Fazrs42]el 8,19270¢] Z2AAME 7HA= AlphaServer SC45s 2-way Zel2H A~
elo] A A%o] 13.88 Tflop/s® HiH o] 9t} o= 633,000+ linear system<S =
ojgk 210 % 68.0%°] E&S HolFE Zo|th

65



3.1.13. IBM eServer p690
Machine type: RISC-based distributed—memory multi—processor.
Models: IBM eServer p690.
Operating system: AIX (IBM's Unix variant), Linux.
Connection structure: Q-switch.
Compilers: XL Fortran (Fortran 90), (HPF), XL C, C+ +.
Vendors information Web page: www-—
1.ibm.com/servers/eserver/pseries/hardware/highend/p 690.html.
Year of introduction: 2002 (16/32-CPU POWER4+ SMP).

System parameters:

Model eServer p690

Clock cycle 1.9 GHz

Theor. peak performance

Per Proc. (64-bits) 7.6 Gflop/s

Per 16-proc. HPC node 121.6 Gflop/s

Per 32-proc. Turbo node 243.2 Gflop/s

Maximal 124.5 Tflop/s

Main Memory

Memory/node < 1TB

Memory/maximal 512 TB

No. of processors 8-16,384

Communication bandwidth

Node-to-node (bi-directional) 2 GB/s

Remarks:

eServer p690< RS/6000 SPe] v} A]2Hlo]t}, RS/6000 SPE= ths CPU :=E=+55 3l
o] ZyQd <tolA g AYAY switched Ethernety} T2 ¢ o= d43 125
7}R) =4 o]l¢} e AA Al FEE eServer pbI0N A E IHE F-XEF k. A TH

UM POWER4+ ZZA A 2dfold AvBsE woo] FxE @ol niyl),

Federation 2=$¢]*|+= p690 AlE|=E 9l8] THE0lR 4 A A5 AAZXZ o]} v}
A 2 Q-switch 7% Z 7FAY o] 29X += bi-directional 12 £%7} 2 GB/soll &
stal, 5 ~ 7 pse MPI latencyE 7Hth 145 2=9A& p690olA &21& a8 Al

T 9= 71 w2 Mol A9k Gigabit Ethernet®} 7S 7]g} & HXE o] &3 &
7} stk

He Z2a3E2 MPIY PVMS AREs) Add 4 ok IBM2 a9 M7} Portland

ol
r Oko

rot
M1 ot
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Group® 7ZAude] WA E ¥ sl High Performance Fortrang A g&] $for}, oA =
A Qstal YeEAE Fax gl IBME dolE 9 wWdly] XDRS AAG 159 PVM H
ARg-gttt I MPL @374 Q1 MPI-F7F p690 719+ Al 2=glof] 2t A= Qi) Al
TAeE w=EEo] AARow FH wEy SMPAIAHo]A ZF oA
fi BEsts F3 + Jon, dasiud MPIoF o] A
2 5% 9tk IBM9 Unix 0S¢l AIX%# ofye} 47 Linux ¥ Z¥H(RedHat?} SuSe®| Z&
AL WHE p690°lA AREE = dth)e A3ttt
Aol Yokl A9 A 3 REe Ho 128719 =g FAHAY, 583 SRR A}
&¥ = Alz="ol s Hof 51270 =214 7hsetrt obA 128 =g Z2dekE Al2E o
T E) R = kA uk 9]9] System parameters A5E= FHo 73 A
o2 A Aolth. POWERS 718ke] p690 Al~®lo] &+ Ao & Flo]x|vt o}#] 4
]|

Measured Performance:

7] N=355,000¢! dense linear system< FEd 16007019 1.7 GHz ZEZAMAE o] &3]

6,188 Gflop/se] A& Moi_o_rti [42], ol ¢F 57%° &E&S Holx etk 8749

Turbo =EZ 7} A|2Hlo A 377} 285,0009! linear systeme F+=d| 73 7Gflop/s9]

ANE Hth oA dF Ala"e] o2 Ha Awe] 1,331 Gflop/sel 2& #etstd
S WolFe ot ost Z2 o ZrIOPES F= L1 HAE o83

*‘EBE]UE 2 AR 38 e Ao AZEn

U""

3.1.14. The IBM BlueGene/L
Machine type: RISC-based distributed—memory multi—processor.
Models: IBM BlueGene/L.
Operating system: Linux.
Connection structure: 3-D Torus, Tree network.
Compilers: XL Fortran (Fortran 90), XL C, C+ +.
Vendors information Web page: www-1.ibm.com/servers/deepcomputing/.

Year of introduction: 2004.

System parameters:

Model BlueGene/L
Clock cycle 700 MHz
Theor. peak performance

Per Proc. (64-bits) 2.8 Gflop/s
Maximal 367/183.5 Tflop/s
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Main Memory

Memory/card < 512 MB
Memory/maximal < 16 TB
No. of processors < 2x65,536

Communication bandwidth

Point-to-point (3-D torus) 175 MB/s
Point—-to-point (Tree network) 350 MB/s
Remarks:

=48 7AFE (very massively parallel computing)S ¢l IBMolA Hd-d A At Al A
o] A 217} BlueGene/Lolth. BlueGene/Le 2% #7143 Z2AMY A& LuE
w37 flE ZEAAMY HEE SASIGth Al=E A AgEtE 7R ZRAAE 700
MHz &35 7M1= 8% PowerPC 400°|t}. sibe] Hell= 4 MB9 L3 HAIE &3t
= 7 e ZEAATE Eojitth 2 KB A7]9] L2 AAE 7 ZRAA Y mE EAj g
Z2AMNE L2 A9 AAEE F M9 load £ES}F 39 store £EVF v} ZF X E
+ 8 bytes/cycle?] £EE 7IA =4 o] F M9 FPUoIA 875 di9gFe] vto]r)
7} CPUT 32 KBe| W&ol sfAlet && 719 dlolE] F|AIE 7FAaL Qt}. F+ 719 FPU
7F QAl-wAS SA AgleteE WEdE 9T 4 Jerng HH Ao gte] CPU
2.8 Gflop/s9 Hdl A& 7Hzth AgE Fo] L2 A9 A7|7F LIAA R At
g ol¢} e FxE T wuh wE Y= A "ot
|2~8 714 vhe3 2k 512 MBe] WE2E 7HA = 3] compute 7H= 7 9]
Hol E0] 7t} ©] compute 7= 16707 dhbe] == HEd Soj7lal == HE 32/f®
ahte] AfHIS g el shbel AfHlYlel= 1,024709 =, 2,04870¢] CPU7F
IA HE= Aolth. Hul 64719 AHAL Fo] Fpe] A ~E(65,356 chips/130,712
CPUS)S FAE 4 uh. AAH 2 mooa el 2d = F 719 CPU F
S Hdl AREE I U A] v B4 2l AFEETE o] oA Al ~E
o] o] Ha A%e 183.5 Tflop/s7t ®tl. Leju} B4 @Fo] ofF A& AL F 719
CPUE EF AXE $8] AHg3she= Aol 7hestar, olw i e F w7t dch 1A
System parameters Atgeol] i &£=7F F 74 #7159 9t IBMS 360 Tflop/sE <
4 AEE ARES
BlueGene/Lol = 571¢] MEH A7 Ut 1 F 3-D Edx UES IS EF UEYA F
Me Z2AA 7o BAS gt Evs YEYIE giie gukxel 24 sjdd
AFEE 1 EY] U EQ IE broadcasting®]y reduction® 22 HIFEA o] A AR
Hrt. Eg U ES A st=do] dgdFS dAY 350 MB/sZ E#]2~ U ESA(175 MB/s)
o] F wijelth, A7 o] A7} HAEE AlHl oA 3] AAgE Alxdlo] gloy & 3

9ol Lawrence Livermore Laboratoryel] 3+ th7} Ax]€ o Ho|t}, g ©] Z2 A|~H

rir
o ok

M
2,

Y
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(H 3L 34 Tflop/s)o] WE&=9] HE 77132 ASTRONe| A= 7 o]t}

Measured Performance:
FH IBMS HPC Linpack #lx]ml=30) A 36.01 Tflop/sd £x=7F A=t &x ).
o] e AE AL linear system® =7} BlueGene A|Z2¥Ql = 7)o thall <]zl uf

=3
- o]
- BA

g

3.1.15. The NEC SX-6
Machine type: Shared—-memory multi-vector processor.
Models: SX-6i1 SX-6A, SX-6xMy.
Operating system: Super—-UX (Unix variant based on BSD V.4.3 Unix).
Compilers: Fortran 90, HPF, ANSI C, C+ +.
Connection structure: Multi-stage crossbar (see Remarks)
Vendors information Web page: www.hpce.nec.com/468.0.html

Year of introduction: 2002.

System parameters:

Model SX-61 SX-6A SX-6xMy
Clock cycle 500 MHz 562.5 MHz | 562.5 MHz
Theor. peak performance

Per Proc. (64-bits) 8 Gflop/s 9 Gflop/s 9 Gflop/s
Maximal

Single frame: 8 Gflop/s 72 Gflop/s —
Multi frame: — — 9.2 Tflop/s
Main Memory (per frame) 4-8 GB 32-128 GB < 16 TB
No. of processors 1 4-8 8-1024

Remarks:

SX-6 Alg]Ze & thFet 2 ol
2 45 e Zo] giFdoltt oo EHAAoRE AR tE RS i &o}
Aolgy, ZE Rdd 5U3 8-way replicated vector ZZAME 7|HFo 2 FFal Q)

I 2AMel z} WE 1}o]3Z set(87H)9 & logical, mask, add/shift, multiply, division 3}
Z7F AHSM-MIMD systems =), w413} Slajo] A7=e] gle] 500 MHz & »jo]s=
set?] H A5 1 Gflop/s®]t}. 8-way replication®. & 21& CPU 3sl}e] Hd A5

Gflop/s7} €tk ahvpe] 2=zhe} Z2=AA7F ¥ FylS Bebstal Itk 562.5 MHzo| ©]
27} L2 AME 4-way HAZEE o]E H ATo] 1.125 Gflop/seltl. CPUR H i

Wo QAT He 59 FF TRANE AT e 2y

e

o

—_ =

o
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=

4>
X2
K

A Z S 64 Bytes/cycle®E, o]A-E& 8719 8ufo]E ALk
st AAbE 7217+ 9) replicated o] E setel] A3 4 )
o Z2AM Ho ATo] SX-69 ol AlxElQl SX-5914 10 Gflop/sold # o]
8Gflop/s= Holzl AL FwFth 1 olf= ofd WA CPUE ts ol ZaqAwh
SX-69] CPUx= 9 Hel Zep7br] wjZolth. Ze o|f= SX-bolA= 16°Ud
replication factor7} SX-6|4= 8% 1/2°] = At}
SX-6i @Y CPU A 2802 desk side AR AFHAT, F Ao A|~8S shtol &
of ¥ ¥ Relx qlu} ojuf o MXE F A|AES A2 AAHA Feth
SX-6A Ed9o @ ZSlols & Y FE 7= CPUZE 87744 &0zttt =<l
Yo Al CPUE2 ©@d CPU Al2=¥l¥) 22 tl9#(36 GB/s/port)<S 7HAl= 1@ A2 2ul2
AAE, ¢ds] AAE 2P A 72 Gflop/sell o2& £EE 71d 4 gl
SX-6xMy+= WEZH A EAZ 7|4 x(= 8,-+,1024)= F CPU & HERH y(= 2
- 128)% =YY el SX-6 ZeEde HElZEdoer Hie WHES 27HA7)
ATk NECoA &= thdst ZEls Adsty] f8] IXS A2 ankghs & AZ2240kE8 A3gh
o} o] A= 2uk= 8 GB/sY £E2 29l 999 point-to-point unidirectional &41°]
7FsetH Hdl 1,024 GB/s bisectional %3 Algghrh. 2e]al 9& HEI} £ 2
g 7o A8 98 HiPPI Qg #H o] 2 ALgo] 7bsalth IXS A& 2H} solutions ©] &
3l AA dE =z A=ES o] FAFNOR Fol NUMA A2"ow 748 4 3l
ok gy AR s MPIE o]&ste A vl REoA Alags AR 3S
ek i
CMOS 7]=S &3l fabrication H]&¥ H¥ AME A SFATHCMOSE o] d 9]
Fujitsu VPP5000%} Cray SV1 Z2#l3 9] Cray X1l % AR 1 git}). RE el
EcREll=s
b v AFES 98 HPF ARyt dar wWAA sidE 98 HHskd
MPIMPI/SX)E AH&3 4 St 2e8)ar 3 w2 HE4S 938 OpenMPL A3 4

0]
PR

ddo =z HEE
od
=

Lo
ol
il

Measured Performance:

3170 e ol 248709 Z2MAE F2et SX-6/248M31 Al2=®el gk Axrt [42]]
uhekslel. A717F 220,22491 linear A12~®loll el 2,155 Gflop/s®] oS AL o]zl
97%° E&S HAFE= Zlot

3.1.16. The NEC TX-7 series
Machine type: Shared—-memory SMP system.

Models: TX-7 19010, 19510.
Operating system: Linux, HP-UX (HP's Unix variant).
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Connection structure: Crossbar.
Compilers: Fortran 90, HPF, ANSI C, C+ +.
Vendors information Web page: www.hpce.nec.com/465.0.html

Year of introduction: 2002.

System parameters:

Model 19010 19510
Clock cycle 1.5 GHz 1.5 GHz
Theor. peak performance

Per Proc. (64-bits) 6 Gflop/s 6 Gflop/s
Maximal 96 Gflop/s | 192 Gflop/s
Main Memory (per frame) < 64 GB < 128 GB
No. of processors 16 32
Remarks:

TX-7 A &E 47H4 BEo] JARE AA7|ME 1 F F 7HA 49 BEl fisiA doli
o} TX-72 HZ Ao Y2 Itanium 2 71¥Fe] A B E(Bull NovaScale, SGI Altix3000,
Unisys ES7000 &) % stuoltt. @A A== 2d 5 7B i8> TX-7/195100. =2 32
7Rl 1.5GHz Itanium 2 X2 MM E 7FHth NECE olv] 167 2 M A& 7FA|+= Itanium
1 AW (AsuzA)E A2EE 0] glojA TX-7 A|2EE 2 A Alaglor B 5= giu)
TEAME Y Az2An2 AZA9t NECE TX-7 A|&=®d 3 ~ 6 MB2] L3 74X =S 7}
A= Intel TERAMNE ZF8 42(1.3, 1.4, 1.5 GH»ol wet Aeadd = Jdr= sta gl
(Itanium 2 section ZF=).

[tanium 25 AE} ARE&stal A= vhE JAEH= b2, NEC= HPF A#delE H| %
3 o AYAdHE ATsta vk TX-7 22 Ff vy AxEo Hz 2Y o
Sls A 2 HPF AgdelE Algsts olf+ ovb% NEC SX-6 AXEo]ete] 5314
£ Zoltl, MPI®F OpenMPX Al &3t} Linuxe ol HP-UXE A AAZ A-&shar

o] HPolA 7y Zeas &4 TX-722 4 4 AL=F dkaL Q).

50

Measured Performance:

2004 iF, EuroBen Benchmarks o83 3 9ld wixwta H2E7F 1.5 GHz Z2ZAA
1670& 7k TX-7 19010 Al=®lol] 3= At EuroBen WIX|wtaE ©]&3F dense
matrix-vector wA¢ MPI Ao 14.5 Gflop/s7} Wskar, =7] N = 2,000¢] linear
system? =7] N =16,384¢]1 1-D FFTE “F+dl 3.8 ~ 4.1 Gflop/s® £%=7} UsitH40].
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3.1.17. The Quadrics Apemille
Machine type: Processor array.
Models: Quadrics Apemille.
Front—-end: Almost any Unix workstation.
Operating system: Internal OS transparent to the user, Unix on front—-end.
Connection structure: 3-D mesh (see remarks).
Compilers: TAO - a Fortran 77 compiler with some Fortran 90 and some proprietary
array extensions.
Vendors information Web page: www.quadrics.com

Year of introduction: 1999.

System parameters:

Model Apemille
Clock cycle 267 MHz
Theor. peak performance

Per Proc. (32-bits) 533 Mflop/s
Maximal (32-bits) 1 Tflop/s
Main memory < 64 GB
No. of processors 8-2048

Communication bandwidth

Per Proc. -

Aggregate local —

Aggregate non-local —

Remarks:

Apemille& Italian National Institute for Nuclear Physicsol4] %13 APE-1000 X2 A
Eo] FdH F& oA APE-100& Sl Al&Flolth. of AJARE: 8709 ZEAAN ==
e BES 92 A" Ad 16709 BE=(128 =5)7F ] crates /33t
g gk Alz=wlo = H A shuel A Hdl 16719 crate7bA] 7Fsskth Quadricse] WH-AZ
EL2As i@y} d4EE 3-D ags 722 Ad5oss 3-D Eel~v) ®rk 8 -
== 7}A+= FPB(Floating Point Board)¥ point-to-point %413} global control
distribution & &8} crate backplaneo] &€ th FPBE 27 cube® TAE0] ThE 1

2 dAdxy dAHor 3-D 8= FERE A A Ak

o o

Iy

MAD HoZ Belt 7RHel REas JEHW—E A28 shede] 12879 X ~E S
AT, o dAzEe A F oA dPHeR 0 Ei 19 ge AN ez EFE B
WA QA WHel R olgel B4 EE FAL EAY & AEF @k A4E, FA ax
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+00.2 QAL axl+bZ XA Aot HAQ AstoA Z2AA = AlolEd F 719
FAhg Arte] hEEith WHolES AEZE o8 2 Alo]Ed e HIERE issued

212 crate?] backplane®] ¢*% Memory Controller?} Communication Controllerll
3l Aloj¥tt. Memory Controller’} F4E #AA7|W 1 4+ Communication
Controllerell o] s Hc} =-274 o] B3 49, Communication Controller7} 2
3k doly AES A Aot TRAAMG vy thqF3} =-27 Fild g <
I B EA BE A QA &t OPE}Z}H}E Quadrics® 27 F4loly 224 A4l &
Lo e A W8S AleshA el ol
Apemillex= PCl o{HH 7125 AA ZTE2EE-d= A|AHI EAISL. olu] 41 )Y
°F 100 MB/s¥ A o= Hof AAnt AA Lo tfafd= defA A v F4l <l
o]~ wr WRrE s /0 zjggaioﬂ #7119} 717F 7bedkar 8.5 GB/sol o2 T
= 7= Ao R deA 9
TAO ¢o]= Quadrics® SIMD EAS AL&317] Y& 93 gEAS 7pzith
= O3S AL e ZRAAMCNA 2E WER FHF
= 22 ¥R &9d Ut uE $H4EA
2 4 ¥ ANY, ALLZ WHERE/END, WHERE 7|9 =&
‘%QX] e TZAMES I 27 d¥dE YHES ﬂﬁ-ﬂﬂ Ely —’F ATt
g3t =25 fA 3t7] 8 LEFT, RIGHT, UP, DOWN, FRONT, BACK¥}
o] AFHT. A7l 2L HolE Bl oo dutd AiAE 1

2} overloading o] AYHL}. olF T3 A AINES v§ HEFeA FESE 4

ﬁom;m

S Jb

=2
> 2
f
i)
rE
o

Bomy B opE @ oz Ry
o
mﬁg

Mg 0 2 oo
°

Hog T
(R
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Measured Performance:
o] Alz=dle] g <&z s dlolE 7t oF« gl

3.1.18. The SGI Altix 3000 series
Machine type: RISC-based ccNUMA system.
Models: Altix 3300, Altix 3700.
Operating system: Linux.
Connection structure: Crossbar, hypercube (see remarks).
Compilers: Fortran 95, C, C+ +.
Vendors information Web page: www.sgi.com/servers/altix/.

Year of introduction: 2003.

System parameters:

73



Model Altix 3700

Clock cycle 1.5 GHz
Theor. peak performance

Per Proc. (64-bits) 6 Gflop/s
Maximal 1.5 Tflop/s
Main Memory

Memory < 512 GB
No. of processors 4-256

Communication bandwidth

Point-to—point 1.6 GB/s
Aggregate peak/64 proc. frame 44.8 GB/s
Remarks:

Altix 3700 A]Z2~®eo] %3+ SGI Origin®] %9 SAFsitr. 37008 A9 HL3k Altix
33008 o] A t}FEA &t} Origin A28 3 npa7ix 2 Altix® C-bricksE 7FA |,
o] Foll= 4709 Itanium 2 Z2AAM e} 2709 w2e 2&E, 2709 /0 £E Zg]al, SHUBs
2 By 2709 ASICsE Edete HErb 5o] 7th ZF SHUBE shvbe] Hiie] 2Edt
shutel /O XE 18 7 e ZEAATE SRS e el AR dAdn. 1
i 7 SHUBs+® 6.4 GB/s®] ti9Foz A= dZd% E? w22l 25 [JOXE7F SHUB®I
A2 = HYFLS 22 10.29F 2.4 GB/s ©|th. tH& bricksete] A5 93] Origin 3000
o Aol FUdF ZFHe UESL AV AFEHETE o] ¥ Numalink3d UlEf A= 21
25.6 GB/s¢] bi-section &S 7} t} OriginAl 9 Altix= 4 F3Fto] BE ZZA|A
A FFEE ccNUMA Al 2="lolt), (CZRAXEo] EAH o= Akl qlo] wxe 3ol
uniform sH#] &t}) HE=E Ao A= A ES Numalinkd 7]E90] AFEHO == oA o
o] HE wro ol AA} vaus) e Fo] At

SGIE= 1Lf9 AvNAYE AFstA] ¥l ltanium ZEAAE &) <l
I ok EGAAE SGI a9 UNIXS IRIXE AFE&FA & Al Linuxs AFE-3ho)
SGIE= LinuxolA F55E Ze2H 39 A28 CXFSE MY Foli & ALE3HA 2 A
ot}

647) Z2AME 7FA = ZEYde] Al Numalink3E 53] d45 o Fe28E T4,
47 ZH AR A A|2=E ou A2 AT ¢ glo] EEAAE 2567, HiL o] 1.5
Gflop/sell o2& Al~Hlo] =}, = OpenMP HE3ZE Fa Ho 256719 #HH F

&Jo]l 7Fs3l Frh. Numalink7} 94 o=gdS APtz o & Al2"s 74
3 ojuli= MPIE ofyel dWEAlS 93] Crayd shmem glolH e E|® ARESH 4=
SGIE ™A o} o Be 59 ZRAAMZ 9d Alag onAE #4948 F dS Ao
Helt,

OFO
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Measured Performance:
Altix®] 647) ZZAA ZH IS 87 AZAT A|2d"oA 252,960 A719 linear system$
= 2,439 Gflop/s7F S ATH42]. o] 79%2] @&l sidE+= Aot}

3.1.19. The SGI Origin3900
Machine type: RISC-based ccNUMA system.
Models: Origin3900.
Operating system: IRIX (SGI's Unix variant).
Connection structure: Crossbar, hypercube (see remarks).
Compilers: Fortran 77, Fortran 90, HPF, C, C++, ADA, Pascal.
Vendors information Web page:
www.sgi.com/products/servers/origin/3000/overview.html.

Year of introduction: 2003 (With new R16000-based nodes).

System parameters:

Model Origin3900
Clock cycle 800 MHz
Theor. peak performance

Per Proc. (64-bits) 1.6 Gflop/s
Maximum (64-bits) 819 Gflop/s
Main Memory

Memory < 1TB
No. of processors 16-512

Communication bandwidth

Point-to—point 1.6 GB/s
Aggregate peak 717 GB/s
Remarks:

Origin3200, Origin3400, Origin38002.% A% A 22 Origin3000 A2 27} Origin2000
Alglz=E dialskAl | 22 2000 79ol it o] A Origin3000 Alg]=dl= Hrh 22
3 29& Origind50 Hl=d1A] AW 7E 9lar she]-<el= Fokell = Origin3900%7+e] ‘Fo}
Atk Origin20009] @& 5450 ad® olofie=d 1 F 7P $83 3 ccNUMA
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3.1.20. The Sun Fire E25K

Machine type: RISC-based shared—-memory multiprocessor.
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Models: Sun Fire E25K.

Operating system: Solaris (Sun's Unix flavour).

Connection structure: Crossbar (see remarks).

Compilers: Fortran 77, Fortran 90, C, C+ +.

Vendors information Web page: www.sun.com/servers/highend/sunfire_e25k/index.xml

Year of introduction: 2004.

System parameters:

Model Sun Fire E25K
Clock cycle 1.2 GHz
Theor. peak performance

Per Proc. (64-bits) 4.8 Gflop/s
Maximal (64-bits) 345.6 Gflop/s
Main Memory < 576 GB
No. of processors < 72

Communication bandwidth

Aggregate < 172.8 GB/s
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3.1.21. The Unisys Server ES7000
Machine type: RISC-based shared—-memory multiprocessor.
Models: ES7000 Orion 440.
Operating system: Microsoft Windows Server 2003, UnitedLinux.
Connection structure: Crossbar.
Compilers: Fortran 90, C, C+ +.
Vendors information Web page:
www.unisys.com/products/es7000__linux/hardware/orion__440.htm

Year of introduction: 2004.

System parameters:

Model Orion 440

Clock cycle 1.5 GHz

Theor. peak performance

Per Proc. (64-bits) 6.0 Gflop/s

Maximal (64-bits) 192 Gflop/s

Main Memory < 512 GB

No. of processors < 32

Remarks:
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4. Systems Disappeared from the List
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4.1. Disappeared machines

Machine: The Alex AVX 2.

Year of introduction: 1992.

Year of exit: 1997.

Type: RISC-based distributed memory multi—processor.
Theoretical Peak performance: 3.84 Gflop/s.

Reason for disappearance: System is obsolete, there is no new system planned.

Machine: Alliant FX/2800.

Year of introduction: 1989.

Year of exit: 1992.

Type: Shared memory vector—parallel, max.28 processors
Theoretical Peak performance: 1120 Mflop/s.

Reason for disappearance: Manufacturer out of business.

Machine: Avalon A12.

Year of introduction: 1996.

Year of exit: 2000.

Type: RISC-based distributed memory multi-processor, max. 1680 processors.
Theoretical Peak performance: 1.3 Tflop/s.

Reason for disappearance: Avalon is not in business anymore.

Machine:

Year of introduction:

Year of exit:

Type:

Theoretical Peak performance:

Reason for disappearance:

Machine: The AxilSCC.

Year of introduction: 1996.

Year of exit: 1997.

Type: RISC-based distributed—-memory system, max. 512 processors.
Theoretical Peak performance: 76.8 Gflop/s.

Reason for disappearance: System is not marketed anymore by Axil.
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Machine: BBN TC2000.

Year of introduction: -

Year of exit: 1990.

Type: Virtual shared memory parallel, max. 512 processors.

Theoretical Peak performance: 1 Gflop/s.

Reason for disappearance: Manufacturer has discontinued marketing parallel computer

systems.

Machine: Cambridge Parallel Processing DAP Gamma.

Year of introduction: 1986.

Year of exit: 1995.

Type: Distributed—-memory processor array system, max. 4096 processors.
Theoretical Peak performance: 1.6 Gflop/s (32-bit).

Reason for disappearance: replaced by newer Gamma II Plus series.

Machine: Cambridge Parallel Processing DAP Gamma II Plus.

Year of introduction: 1995.

Year of exit: 2003.

Type: Distributed—memory processor array system, max. 4096 processors.
Theoretical Peak performance: 2.4 Gflop/s (32-bit).

Reason for disappearance: system became too slow, even for its specialized tasks.

Machine: C-DAC PARAM 9000/SS.

Year of introduction: 1995.

Year of exit: 1997.

Type: RISC-based distributed—-memory system, max. 200 processors.
Theoretical Peak performance: 12.0 Gflop/s.

Reason for disappearance: replaced by newer OpenFrame series (see below).

Machine: C-DAC PARAM Openframe series.

Year of introduction: 1996.

Year of exit: 1999.

Type: RISC-based distributed—-memory system, max. 1024 processors.
Theoretical Peak performance: Unspecified.

Reason for disappearance: The system is not actively marketed anymore by C-DAC.
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Machine: C-DAC PARAM 10000 Openframe series.

Year of introduction: 2000.

Year of exit: 2002.

Type: RISC-based distributed—-memory system, max. processors: Unspecified.
Theoretical Peak performance: Unspecified.

Reason for disappearance: The system is replace by the newer C-DAC PARAM Padma.

Machine: Convex SPP-1000/1200/1600.

Year of introduction: 1995 (SPP-1000).

Year of exit: 1996 (SPP-1600).

Type: Distributed memory RISC based system, max. 128 processors.
Theoretical Peak performance: 25.6 Gflop/s

Reason for disappearance: replaced by newer HP 9000 Superdome. series.

Machine: Cray Computer Corporation Cray-2.

Year of introduction: 1982.

Year of exit: 1992.

Type: Shared memory vector—parallel, max. 4 processors.
Theoretical Peak performance: 1.95 Gflop/s

Reason for disappearance: Manufacturer out of business.

Machine: Cray Computer Corporation Cray-3.

Year of introduction: 1993.

Year of exit: 1995.

Type: Shared memory vector—parallel, max. 16 processors.
Theoretical Peak performance: 16 Gflop/s

Reason for disappearance: Manufacturer out of business.

Machine: Cray Research Inc. APP.

Year of introduction: 1994.

Year of exit: 1996.

Type: Shared memory RISC based system, max. 84 processors.

Theoretical Peak performance: 6.7 Gflop/s

Reason for disappearance: Product line discontinued, gap was expected to be filled by

the Cray J90 (see below).
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Machine: Cray T3D.

Year of introduction: 1994.

Year of exit: 1996.

Type: Distributed memory RISC based system, max. 2048 processors.
Theoretical Peak performance: 307 Gflop/s

Reason for disappearance: replaced by newer Cray T3E (see below).

Machine: Cray T3E Classic.

Year of introduction: 1996.

Year of exit: 1997.

Type: Distributed—-memory RISC based system, max. 2048 processors.
Theoretical Peak performance: 1228 Gflop/s.

Reason for disappearance: replaced Cray T3Es with faster clock (see below).

Machine: Cray T3E 1350.

Year of introduction: 2000.

Year of exit: 2003.

Type: Distributed—memory RISC based system, max. 2048 processors.
Theoretical Peak performance: 2938 Gflop/s.

Reason for disappearance: Cray does not market the system anymore.

Machine: Cray J90.

Year of introduction: 1994.

Year of exit: 1998.

Type: Shared—-memory vector—parallel, max. 32 processors.
Theoretical Peak performance: 6.4 Gflop/s.

Reason for disappearance: replaced by newer Cray Inc. SVlex (see below).

Machine: Cray Research Inc. Cray Y-MP, Cray Y-MP M90.
Year of introduction: 1989 (Cray Y-MP).

Year of exit: 1994 (Cray Y-MP M90)..

Type: Shared memory vector—parallel, max. 8 processors.
Theoretical Peak performance: 2.6 Gflop/s

Reason for disappearance: replaced by newer C90 (see below).

Machine: Cray Y-MP C90.

Year of introduction: 1994.

Year of exit: 1996.

Type: Shared memory vector—parallel, max. 16 processors.

Theoretical Peak performance: 16 Gflop/s

83



Reason for disappearance: replaced by newer T90 (see below).

Machine: Cray T90.

Year of introduction: 1995.

Year of exit: 1998.

Type: Shared—-memory vector—parallel, max. 32 processors.
Theoretical Peak performance: 58 Gflop/s.

Reason for disappearance: replaced by newer Cray Inc. SVlex (see below).

Machine: Cray SV-1(ex).

Year of introduction: 2000.

Year of exit: 2004.

Type: Shared—memory vector—parallel, max. 32 processors.
Theoretical Peak performance: 64 Gflop/s.

Reason for disappearance: replaced by newer Cray Inc. X1.

Machine: Digital Equipment Corp. Alpha farm.

Year of introduction: —--

Year of exit: 1994.

Type: Distributed memory RISC based system, max. 4 processors.
Theoretical Peak performance: 0.8 Gflop/s

Reason for disappearance: replaced by newer HP/Compaqg GS series.

Machine: Digital Equipment Corp. AlphaServer 8200 & 8400.

Year of introduction: -

Year of exit: 1998.

Type: Distributed—memory RISC based systems, max. 6 processors (AlphaServer 8200)
or 14 (AlphaServer 8400).

Theoretical Peak performance: 7.3 Gflop/s, resp. 17.2 Gflop/s.

Reason for disappearance: replaced by newer HP/Compag AlphaServer SC45.

Machine: Fujitsu AP1000.

Year of introduction: 1991.

Year of exit: 1996.

Type: Distributed memory RISC based system, max. 1024 processors.
Theoretical Peak performance: 5 Gflop/s.

Reason for disappearance: replaced by the Fujitsu AP3000 (see below).
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Machine: Fujitsu AP3000.

Year of introduction: 1996.

Year of exit: 2003.

Type: Distributed memory RISC based system, max. 1024 processors.

Theoretical Peak performance: 614 Gflop/s.

Reason for disappearance: Fujitsu does not market the system anymore in favour of its

PrimePower series.

Machine: Fujitsu VPP500 series

Year of introduction: 1993.

Year of exit: 1995.

Type: Distributed memory multi-processor vectorprocessors, max. 222 processors.
Theoretical Peak performance: 355 Gflop/s

Reason for disappearance: replaced by the VPP300/700 series (see below).

Machine: Fujitsu VPP300/700 series.

Year of introduction: 1995/1996.

Year of exit: 1999.

Type: Distributed—-memory multi-processor vectorprocessors, max. 256 processors.
Theoretical Peak performance: 614 Gflop/s.

Reason for disappearance: replaced by the VPP5000 series (see below).

Machine: Fujitsu VPP5000 series.

Year of introduction: 1999.

Year of exit: 2002.

Type: Distributed—-memory multi—-processor vectorprocessors, max. 128 processors.
Theoretical Peak performance: 1.22 Tflop/s.

Reason for disappearance: Fujitsu does not market vector systems anymore, this

machine line is replaced by the PRIMEPOWER series.

Machine: Fujitsu VPX200 series

Year of introduction: ——-

Year of exit: 1995.

Type: Single-processor vectorprocessors.

Theoretical Peak performance: 5 Gflop/s

Reason for disappearance: replaced by the VPP300/700 series (see above).

85



Machine: Hitachi S-3800 series.

Year of introduction: 1993.

Year of exit: 1998.

Type: Shared—-memory multi—-processor vectorprocessors, max. 4 processors.
Theoretical Peak performance: 32 Gflop/s.

Reason for disappearance: Replaced by the newer SR11000 system.

Machine: Hitachi S-3600 series.

Year of introduction: 1994.

Year of exit: 1999.

Type: Single-processor vectorprocessor.
Theoretical Peak performance: 2 Gflop/s

Reason for disappearance: Replaced by the newer SR11000 system.

Machine: Hitachi SR2001 series.

Year of introduction: 1994.

Year of exit: 1996.

Type: Distributed memory RISC based system, max. 128 processors.
Theoretical Peak performance: 23 Gflop/s

Reason for disappearance: Replaced by the successor SR2201 (see below).

Machine: Hitachi SR2201 series.

Year of introduction: 1996.

Year of exit: 1998.

Type: Distributed—memory RISC based system, max. 1024 processors.
Theoretical Peak performance: 307 Gflop/s.

Reason for disappearance: Replaced by the newer SR8000 (see below).

Machine: Hitachi SR8000 series.

Year of introduction: 1998.

Year of exit: 1998-2003 (different models).

Type: Distributed—-memory RISC based system, max. 512 processors.
Theoretical Peak performance: 7.3 Tflop/s.

Reason for disappearance: Replaced by the newer SR11000.

Machine: HP/Convex C4600.

Year of introduction: 1994.

Year of exit: 1997.

Type: Shared memory vector—parallel, max. 4 processors (C4640).

Theoretical Peak performance: 3.2 Gflop/s

86



Reason for disappearance: The C4600 is not marketed by HP/Convex anymore.

Machine: The HP Exemplar V2600.

Year of introduction: 1999.

Year of exit: 2000.

Type: Distributed—-memory RISC based system, max. 128 processors.
Theoretical Peak performance: 291 Gflop/s.

Reason for disappearance: Replaced by the HP 9000 Superdome.

Machine: IBM ES/9000 series.

Year of introduction: 1991.

Year of exit: 1994.

Type: Shared memory vector—parallel system, max. 6 processors.

Theoretical Peak performance: 2.67 Gflop/s

Reason for disappearance: IBM does not pursue high—-performance computing by this

product line anymore.

Machine: IBM SP1 series.

Year of introduction: 1992.

Year of exit: 1994.

Type: Distributed—memory RISC based system, max. 64 processors.
Theoretical Peak performance: 8 Gflop/s.

Reason for disappearance: Replaced by the newer RS/6000 SP series (see below).

Machine: IBM RS/6000 SP series.

Year of introduction: 1999.

Year of exit: 2001.

Type: Distributed—memory RISC based system, max. 2048 processors.
Theoretical Peak performance: 24 Gflop/s.

Reason for disappearance: Replaced by the newer eServer p690.

Machine: Intel Paragon XP.

Year of introduction: 1992.

Year of exit: 1996.

Type: Distributed memory RISC based system, max. 4000 processors.

Theoretical Peak performance: 300 Gflop/s.

Reason for disappearance: Except for a non-commercial research system (the ASCI
Option Red system at Sandia National Labs.) Intel is not in the business of high—

performance computing anymore.
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Machine: Kendall Square Research KSR2.

Year of introduction: 1992.

Year of exit: 1994.

Type: Virtually shared memory parallel, max. 1088 processors.
Theoretical Peak performance: 400 Gflop/s

Reason for disappearance: Kendall Square has terminated its business.

Machine: Kongsberg Informasjonskontroll SCALI.

Year of introduction: 1996.

Year of exit: 1997.

Type: Distributed memory RISC based system, max. 512 processors.
Theoretical Peak performance: 76.8 Gflop/s

Reason for disappearance: Kongsberg does not market the system anymore.

Machine: MasPar MP-1, MP-2.

Year of introduction: 1991 (MP-1).

Year of exit: 1996.

Type: Distributed memory processor array system, max. 16384 processors.
Theoretical Peak performance: 2.4 Gflop/s (64-bit, MP-2)

Reason for disappearance: Systems are not marketed anymore.

Machine: Matsushita ADENART.

Year of introduction: 1991.

Year of exit: 1997.

Type: Distributed memory RISC based system, 256 processors.

Theoretical Peak performance: 2.56 Gflop/s.

Reason for disappearance: Machine is obsolete and no new systems are developed in

this line.

Machine: Meiko CS-1 series.

Year of introduction: 1989.

Year of exit: 1995.

Type: Distributed memory RISC based system.

Theoretical Peak performance: 80 Mflop/s per processor

Reason for disappearance: Meiko does not build complete systems anymore (but see

below).

Machine: Meiko CS-2 series.
Year of introduction: 1994.
Year of exit: 1999.
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Type: Distributed—memory RISC based system, max. 1034 processors.

Theoretical Peak performance: 200 Mflop/s per processor.

Theoretical Peak performance: 204.8 Gflop/s.

Reason for disappearance: Quadrics Supercomputers World Ltd. does not market the
system anymore. The updated network technology is now offered for other systems

like HP/Compaq's AlphaServer SC45.

Machine: nCUBE 2S.

Year of introduction: 1993. Year of exit: 1998.

Type: Distributed memory system, max. 8192 processors.

Theoretical Peak performance: 19.7 Gflop/s.

Reason for disappearance: NCUBE has withdrawn from the scientific and technical

market. The nCUBEZ2S is now offered as a parallel multimedia server.

Machine: nCUBE 3.

Year of introduction: ——- (see remarks at nCUBE 2S).
Year of exit: ——-

Type: Distributed memory system, max. 10244 processors.
Theoretical Peak performance: 1 Tflop/s.

Reason for disappearance: Was announced several times but was never finished.

Machine: NEC Cenju-3.

Year of introduction: 1994.

Year of exit: 1996.

Type: Distributed—-memory system, max. 256 processors.
Theoretical Peak performance: 12.8 Gflop/s.

Reason for disappearance: replaced by newer Cenju—4 series (see below).

Machine: NEC Cenju-4.

Year of introduction: 1998.

Year of exit: 2002.

Type: Distributed—-memory system, max. 1024 processors.

Theoretical Peak performance: 410 Gflop/s.

Reason for disappearance: NEC has withdrawn this machine in favour of a possible

successor. Specifics are not known, however.
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Machine: NEC SX-3R.

Year of introduction: 1993.

Year of exit: 1996.

Type: Shared memory multi-processor vector processors, max. 4 processors.
Theoretical Peak performance: 25.6 Gflop/s

Reason for disappearance: replaced by newer SX-4 series (see below).

Machine: NEC SX-4.

Year of introduction: 1995.

Year of exit: 1998.

Type: Shared memory multi—-processor vector processors, max. 256 processors.
Theoretical Peak performance: 1 Tflop/s.

Reason for disappearance: replaced by newer SX-5 series (see below).

Machine: NEC SX-5.

Year of introduction: 1998.

Year of exit: 2002.

Type: Shared memory multi-processor vector processors, max. 512 processors.
Theoretical Peak performance: 5.12 Tflop/s.

Reason for disappearance: replaced by newer SX-6 series.

Machine: Parsys SN900O series.

Year of introduction: 1993.

Year of exit: 1995.

Type: Distributed memory RISC based system, max. 2048 processors.
Theoretical Peak performance: 51.2 Gflop/s

Reason for disappearance: Replaced by the newer TA9000 (but see below).

Machine: Parsys TA9000 series.

Year of introduction: 1995.

Year of exit: 1996.

Type: Distributed memory RISC based system, max. 512 processors.

Theoretical Peak performance: 119.3 Gflop/s

Reason for disappearance: Parsys does not offer complete system anymore. Instead it

sells node cards based on the TA9000 for embedded systems.
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Machine: Parsys GC/Power Plus.

Year of introduction: 1993.

Year of exit: 1996.

Type: Distributed memory RISC based system.

Theoretical Peak performance: 266.6 Mflop/s per processor.

Reason for disappearance: System has been replaced by the Parsytec CC systems (see

below).

Machine: Parsytec CC series.

Year of introduction: 1996.

Year of exit: 1998.

Type: Distributed memory RISC based system.

Theoretical Peak performance: unspecified.

Reason for disappearance: Vendor has withdrawn from the High-Performance

computing market.

Machine: Siemens—Nixdorf VP2600 series.
Year of introduction: ——-

Year of exit: 1995.

Type: Single—-processor vectorprocessors.
Theoretical Peak performance: 5 Gflop/s

Reason for disappearance: eventually replaced by the PRIMEPOWER series.

Machine: Silicon Graphics PowerChallenge.

Year of introduction: 1994.

Year of exit: 1996.

Type: Shared memory multi—-processor, max. 36 processors.
Theoretical Peak performance: 14.4 Gflop/s

Reason for disappearance: replaced by the SGI Origin 2000 (see below).

Machine: SGI Origin2000.

Year of introduction: 1996.

Year of exit: 2000.

Type: Shared—-memory multi—-processor, max. 128 processors.
Theoretical Peak performance: 102.4 Gflop/s.

Reason for disappearance: replaced by the SGI Origin 3900.
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Machine: Stern Computing Systems SSP.

Year of introduction: 1994.

Year of exit: 1996.

Type: Shared memory multi—-processor, max. 6 processors.

Theoretical Peak performance: 2 Gflop/s

Reason for disappearance: Vendor terminated its business just before delivering first

systems.

Machine: SUN E10000 Starfire.

Year of introduction: 1997.

Year of exit: 2001.

Type: Shared—-memory multi-processor, max. 64 processors.

Theoretical Peak performance: 51.2 Gflop/s.

Reason for disappearance: replaced by the SUN Fire 3800-15K (see below).

Machine: SUN Fire 3800-15K.

Year of introduction: 2001.

Year of exit: 2004.

Type: Shared—memory multi-processor, max. 106 processors.
Theoretical Peak performance: 254 Gflop/s.

Reason for disappearance: replaced by the newer SUN Fire E25K.

Machine: Thinking Machine Corporation CM-2(00).

Year of introduction: 1987.

Year of exit: 1991.

Type: SIMD parallel machine with hypercube structure, max. 64K processors.
Theoretical Peak performance: 31 Gflop/s

Reason for disappearance: was replaced by the newer CM-5 (but see below).

Machine: Thinking Machine Corporation CM-5.

Year of introduction: 1991.

Year of exit: 1996.

Type: Distributed—-memory RISC based system, max. 16K processors.

Theoretical Peak performance: 2 Tflop/s.

Reason for disappearance: Thinking Machine Corporation has stopped manufacturing

hardware and hopes to keep alive as a software vendor.
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5. Systems under development
3 249 A Azuol) ofx BEAF A~ ol A K61 A
o a stolmaa sl YA, ofd A Folu A A%

B AN2EES o oA TEA B delA oy
e AzEEe] ta e oldE AL Aghu)
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. ©17]4 gvss}—e AZES o wakz PHAL AHLD 19 o A e
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¥

Alz=dlo] whujElo] M E 7] el 1 Al
= Ys 4 Atk 252 %H% HduE WA o
S Zola Sl ¥ ALY e 83 du 9

20 AZE Z1HEHAl ek Blo] dwe U ofuth

A=5E 671delA g ojulel Aol oA AP AQ A ~ES A Alzgle] o)
3] ool A dolr Zloth. A ~HE HE AR 2oy =
WA= dEe] H o] d@AE] tharh)o] wEl deEe A RYEEdE Wel o
s & o

o] F&e w3k ALA-E Intel®] 1A-64 Itanium ZZAA A Go] L7jE Zolt} o]m] 4
Mol Aol A Itanium 2 71¥Fe] Al =¥1-S AlF3tar Yt} HPOl A+ Itanium Z2AA AL
& ¢I8) Alpha$t PA-RISC 7|¥F Al=Hle] s T85T 2o=m deA dvk Al SGI
T MIPS 7]uke] A2l kS o o]AF &% &S Ao|th o|AL HPC A|AHS 9 d
RISC ZEAAE A& AA6H HE gAs oz 423 ol AMDS IBM, Inteld SUN
o] A & Aol AL udit} W o7 AR Earth Simulator AlA¥le] 530
2 Qg FASR HFo]  vhE ZRAANS FAFFH op7|gA ATE 3 FAE oA
Be Aoz Hoain AAZ dFAAME on] 13t AlFo] AlFE o] & Fo]7]= 3
215k, IBM®] BlueGenes A|€Jstae 1, 24 o] 7HA1AQ1 AE HI|E o8& Folth

5.1. Cray Inc.

2002 ol CrayAbe] Ao e Z2AA, X1o] Al=glol] 42w 7] Al4bsiit, X1
Cray SV-1sollA @& = = 7IsEs 7IWez s3lth Craye of 2010497H4] ko=
of AlaglEd gk m=gs gy Fasta o 25 F dvid g2 AlagEe] Add
A= Fa vlol AT, Hoj 2% A2EE 20050 Al Ug Aol 3.
2 % et Cray Xle2 dAe] X1 Al2=¥)3} Blas] 2244 S2o] 800 MHzel4 1.2
GHz=Z A% A olQox= & Aol ol AR givt. vt syt Cray Strider® Cray7}
Sandia Laboratoriesel] A X3 AMD Opteron(11,6487] Z=2A|A) 7]¥te] Red Storm A]Z2~
elo] Aelg Bldo|t). o] A|AHIL %}”& T2 A AMD9 HyperTransport, Cray9
SeaStar router ASICE 7|RFO.2 3}= UEL AR Qs B A4S Fa1 ).
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XleE Holo] Black Widow7} 200670l Alge] ye oz A Fojt}f, FHtode =
=1 “Rainier” 22]& M2 B9 A28 7 Algo] d#Ft) o] A|xdgA= 22
AA Aele] MEY AV T2 olar o] YEYANAE= WE e (Black Widow), 27

nn
2t B} (AMD or other) =& 53t & 9|3t FPGAs/DSPs 53 &2 A= & B4
o] w7} Eguo] AFRE $ 9tk Red Storm WEYAES O dadol=A71 et
ol9} e AlxElS Q& ulg- H3E] Holrl= SHANE AdH V| = of# Ajto] ¢ HQ

H
3 wolal 7]EAQl EA FeAA 2 A2 A Bl

5.2. Hewlett—Packard/Intel

HP¢ Intel Itanium Z2ZAA A& F3l trbs Fd &< ofF & IS 71
2 Zolt}. ItaniumE 7|HFo 2 sl 7Y 3ol T EA A7} o]v] drawing board’el AL
1, 2 ool A4S et Blojth dRtA o g Fd Fo ZEANE L3 HF 3o
ZEAAC HlE] A er £4] 2 ATE VHHEE w4 FZo] ZEAAC og He

gatol avtA| AAE 2S Ao|th. ojH U= Aléﬁ‘ ol7|gl X7} ¢ o Zlo|u}, T3
T 2AA AA ] WEly <
ZA|A e HFPow ol Al

_|_,
X
off

52 E‘:]' =l ué%’O% wordE 7HA= ZR2AA T
193l FFTY sparse Matrix—Vector #A413}
T AAE 93 58 AXE 23T bl dig 7idE QT
do] mefo] A|~®le A AA| ojBA AALDA = Bt 2
o= oJH i Aotk HPQ drawing boarddoll &gk Al2E o
FH O op7lEAE 7HA= AL oA glrk. thal HP= olv] Itanium 7]¥ke]
el

AR LA gl FHYAE Rokl H B2 #4dS 71eolal 9
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5.3. IBM

IBM& o]u] ¥ d %ot Blue Gene A|2Hlo] &8 23 gt} A A|~E 02 Blue Gene/L

o] 2004 Y& Aoz Bt} o] AlA~ES 700 MHz 83 F /MY 2545 FYS
F AL A5 POWER4SH v}

M= ZRAA 65,5367 o] Fojd Flolth 7t KEi
ZH7FA| 2 fused multiply-add”} 7Fs3ll o]& #Hdl Adso] 183.5 Tflop/soll o]&t}. & v
T2 Blue Gene A|Z~HEE=R Ho A To] 1Pflop/s¢l Blue Gene/Pet Ho ATo] 3
Pflop/s¢l Blue Gene/Q7} A& Fo|t}, o] RE AAHIELS HPC AFRAISES F Ao ®
A JHEE Han dATE, Auk A A R AMR ThseteE A A o7 EUA 548 mids)
Ha =283 Aolu}

52 POWER4 Z2AA 9] 7w A& Zlo|th, POWERS ZZA A= POWER4E 57ta)
= 7140 FHE MA@ Zelth. POWERSOIA 1#l=ial v 2 Z2AA 871E
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ol 60 ~ 80 Gflop/soll ]2 shhe] 7R WE] ZZAAE FAsE ot o3l
ViVA(Virtual Vector Architecture)gtal H-2t}, o] 2 WS Hitachi®] SR8000 X Z A
Ay Cray X194 AFEE MSP Z2AME A4 AJZIth ViVALl 82 2004/2005 9
POWER57} Yo% % 1 ¢ Aefof 7hsa 3ot

-~

5.4. SGI

SGI7} MIPS7IRE A28l AAHS & Aoleh= ARdo]l HZol A vk webA
SGI+= Itanium 7|9k A|2~®LE AlFetes thE dAIETS APHA S SGI Al2="19] macro-
architecture®] LA} St} AlA~®l ol7|E]x o] o JfA WES U E A (Numalink3E
Numalinkd @ 7 o]Ao = t]L 7)o &5l s} A28 ojulx] o teke] T2 4
ME 7S AaEE sk A Solth 1 Aol flefA SGIE ol wEle] Altix x000
Azglog AP EAE R2E MIPS 7|8 Origin 3000 Alz=¥el gk A3 o] 9l

g
i ndt

5.5. SRC

SRCA= Gdle] Al £r5 &o &2l 43S B4vh SRC= Field Programmable
Gate Arrays(FPGAsS)E Fd AWt Z2AMES Bedss 7&S AHEsta, o2 S A
27 Aejste S AH9ES A A=" A4S JbsekA sk o] 7S AMEstd
TAE Agel s Ik ZRAAME ARt AR dAASH wE ARE dS F Atk
SRC7} Al F3dk= SRC-6 Al=®lE HF [A-32 Z2ZAAME 7HA= 256709 7 Z 2 A4
REg FAEY Zhzte] W= due] Multi-Adaptive Processor(MAP) 502 AZA%
t}. MAPE FPGA, 7Y v®d], MAP AEEZT e dos v FYS AEdA3E logice =
TAEC MAPELS 9 UESIAR M2 dAd¥x 27 WEE 7IHAE I7 Z2AA 12
== MAPsE AA ¢l7|9} 7] A2 A0S B 229 vRgZ AAdrc
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6. Glossary of terms
Az AAEHAT BEA AWEA ol olsrt oJHAY AAA B e)EA Aol

F2 Arol oldfel H XS & F U &5l Uk old FojEel uid S ol

of Ho} £t

Architecture: FFE Al=®oly Heo] Ui Fx. ol7|g X wet s Al2=Eo|y 39
Axk 7153} Aol AAH LY

Architectural class: o}7]€ Ao W& HAFEH Alxgle BF. 4 #x2E MIMD, SMP &
o] Fio] olo] I, o] 71H FHAESe| sk Awe o] gol¥ I} ‘architecture’

A4l st 9l

ASCI: Accelerated Strategic Computer Initiative®] A2 145 A|~E9] ALY AFE
AT =] ot AY ZRAE, o] TR AEL A4 FY]|E Hlwo] AP HAR F
ot o Ak oo Ay A Aoz dA duk ASCIE 14d%s A2=H
o] SMP Z¥ ¥ e & Wwgoz I /tes & JdFS T

Bank cycle time: iAW E 2] W3] A E dolg HZE st v 23S He o
THA AElE HA AIZE o] AIZE Fot s Wl Fef e 2L &HA et

Beowulf cluster: PCl} A ~Eo]lH S AME HEYAR 43 F#2H., AgdeE 5%
Hy A]2Ee] kg theto® PCES Linux$ EthernetS o] &3] (243 DIY Fe]~EES
AAsh= ol A= 1 Fo7F AL A O/SE Linuxtt WindowsE A3 A
g 29 UESAS RISC 7w Z2AME AREstal, JAldA wlg] Az A3

rack-mounted A28 % o] &o]E A}&3t1 ¢

Bit-serial: H}o]E X 4/8 HlolE dHlolglo] thd AAilo]
sk ol g HEX A, Z2AA HjE Al 2EHOA AaA Y GFAEE HE bit-

serial dAto] fF8&3hA 2221t

Cache --- data, instruction: CPU® Q153 = 2o we wRelz Azjd delHy 3
HolEe] dF-E XV%H E T Atk F AAGEE 1 olgtnx $he WEo] AAe} HolH
A Z v oA o -] A5 CPUQ} A Holl g1Ag HE 2 AN T F
Hhell $1x]8t™ do] 19} BEoE BF AT 5 vk JAIE dHolHE HEAA A
oo S AAAS 5] A8 AbgE e A 22 dolEy HEolE A
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Capacity computing: ™3 HAFH dFo=2 Al2=H 29E& 7}
28l AA|e] AHe &5o] Havt HEF S
o

B AFY A9 Al

ccNUMA: Cache Coherent Non-Uniform Memory Access. o9} 728 &elo Hxa H
= At A2ge] mregs B o FAEHJAIT =g ogs FfEh vy e
AA7F Aoz Zpol7k Q7] wiitel dloly fiel] A= A2 s HlolE o] 9o
upet GepA A gk o] Al &gl A= W et FfAIZE B AR o] glojA Al 2EL A A
of A4 dely duds FAZ dark qlon, ofE fa tHEy wRe], 2y W
TREZ T tYg 7IHEe] A% o JIHE F sty FEE] A HRE o

}+= A|2~®1S cache coherent il 3t}

o

)

[e) o
T4 S 74

1l

ol

Clock cycle: AFEL 718 AIZF ©@9]. HAFE & FdH = ZE A2k ot 194

G AbelZol AeA Ak AR 28 AelZe 164 F ez Wl

Clock frequency: &8 Alo]Z9] I TAIZFG Alo]E 47} Hz2 HdHAY. 859 &

g Sy giAld o2 400 MHz ~ 1 GHz °|th

Clos network: 21354 HEYAR = A9Xo AL} o] HEYFA ~9

Communication latency: WA A7} B4 HEYAE AH 3 ZZA MM ThE T2 HHZ
A" o WA= A7 15k A4 2 & Infinibandt} Myrinet 28 E¥aA AAE o)
EQIoA9 EAXAL & s HYolal, (Gigabit) Ethernet®] 7%+ ¢F 100 ps AX ©]

.

i

Control processor: Z=ZAA vl A|AHlA EE iAo o] A= wulo]
issue b= ZBAM A, shHOo 2= [/0 Aibely &xf At o] 2 AA wjdel Q&

ZANEe] FASA Tahe AL FT S8 Y,

[H
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CRC: "8 & olxsz Ak Aol 7we] 272 AMstn F4she Wgel sh,
Hole ox4E thE % = @

al
(checksum) 2. & o]&3t}. SCI U EY I A CRC &7 HAALE o] &3t}

Crossbar (multistage): T2 EEEHHQ HA 2] 7o) SlEE RE QY ¥EV RE &
g YEo AYPAHoR AAH UHESYA 19t AZ2ufo A ojdd AHAAL AFEH A|=E
o] RE vRE REFo] RE CPUS’Jr A3 ddHe= g 7RI oA tg CPU 9
A 2=EloA] &3] & 4 Qlth b 2248 Y EYAA = g A

EEae] 99 e dddrh ol ¥YoR AY UESA 7=

] =
Baxgo] 2asteRor Zylete YEYIS =8 £ )

Distributed Memory (DM): Al &8l w27} A28 o] o] mte AA FAkE o] Q&
A2l o7 8 A S Al2Ee] 9l dlolHe g HIe =EE5S AZAsE UESA
E AAA "k olu mAA S S AR Aoy hAlAQ Aol Fhssitt
AA A dolE H+& HPFE o8& AU ccNUMA A&l A= Ago R =aer)

Dual core chip: -+ 7H¢] CPU% WA(F/E F%= ¢ -8—)%-‘: 7= st A JE 9
Wz ol o e FAEo] dhtel 3o
(POWER4)S A2batar 9low, the A=

H tio f
k)
N
oy
%0,
g
it
&
=
=2
=

it
e
KU
2
o

™
[e]
Ho] FaS xH3h EPICS 345 VLIW(Very Large Instruction Word) AFEHOE &
. T8 =S RISC ZRAML o] gidofo] el &4 2AEdS ohx &L =
to 4 Ay yHo] xAEHo TEae]l HAud dANA v AAE = =5

oz Qs A} AAE s A3, fEony Be WHdso WHw Agw & x 7

Fat tree: o|& (A}2) Ef F+ZE 7= UEYA. FE ZH 9 71&
ARG ¥ 255 FAHAY. E FRoA FE L2 AMAZHEE
Hlo]E & gather 34U} broadcast 3= A9, o9 Z2 FAo] §lttH FE XA

3H(contention) &= W Eo] Al&|d Aot}

FPGA: Field Programmable Gate Array. AF&A7F A A3 2 S ¢35l eE sl=9go] & o
=2 AolES ujdolt}, o]l& Edl AFEA= ofWH ASHA Q] #d
5838 549 functional f5& 1 4= Utk FPGAELS 53

=
[}
A& 100 ~ 10008 ARG 745), B% Bikstn SEd 2]

rr
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B=)
2 d
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Functional unit: 7|2] gold 59 S Agst= CPU e F4. 5 lAJelA dlo]E
2 2Y8E 59, 3

Grid -=—-- 2-D, 3-D: =E=%50] 2-D1} 3-D 28 E Fololoz A4dE UEYT Fx. U
F39] Age o agl=e EHES YA AlFHo R ddH o] 2-DY 3-D EY A Fx
A st

hud

mlm

HBA: Host Bus Adapter. &5 UEY I 3 FRo = YELI A< AA =9 PCI
W22 Afo] QI H o] 25 A%t HBAE SA19 A& WH", A HAF ol tis) 4
23 o] T2 AMA ARE A|F3td. HBATE Infinibandol A& HCA T+ TCA, Myrinetol
A1+ LANai, QsNetoll 1= ELAN S0 vESF0] wal g 4 H).

HPF: High Performance Fortran. Fortran TE13#& 24 w2g] A28 Abo A T o
2] A" A} o] APAI 5 = Aol el Al~ElL do]H 'EHH, A

A=}
A glolol- Fol 4 A AJol(comment directives)Z 7] %o Aoz AFPss o]
7bestet. @A ”%‘ﬂzi 7@ HPF 2hael wu] AZsh mE Z2AMES] FA
23 I E 28t SPMD AEFI WS &35t ¢t
Hypercube: ¥wkslyl FH FX2E 7= UESA. 2540 S34& 7M. @A)

Ua Ak e stolvFE s

Instruction Set Architecture: CPU7} Adlat=s AAl® W59 J. [SAE AR}
Y CPUE 98 Addetttar Z2Ag WHolse H55 veidth =7 wEo1x CPU
EE TYe ISAE 7Hd F itk dlE 59|, AMD Z2AA = vE 725 7HAWA Intel
[A-32 ISAE A &5t

Memory bank: A w2l BAE] JFolA AEHEHow o= 2H= GRA) HEE e
F dolE ame] WA bol A%E W alnt 1> WA b+ 1ol AFATE A HEE =
o] BAER UHA WA Alo]E AlRbel o3 aE vltar vk F, HolE7F A&
o= AFHI AUl A W 7 WAas s WA vhy o] B3] Mol TS 3
EA 7S 7 Al == Aot
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Message passing: =4F W22 A|AES 93k Y 22y e, YAIHOR QHEH=
=27 dlolg7t AAg A A wA Ko 9] Qs T2 AMAZ AFE]ofof st}

MPI: Message Passing Interface. WA A 37 glolH gl g]9] U= wA|A] A 2ElLe
RIS FAst @A MPIE #AIA 3 ~Ede] Z2adyS 9% AMEAe 1

Se] A2esh SMPIA WHE 498 5 9k FH ovlme WY 22
WHshE 4 A 20| (Fortran) 3= pragma(C/C++)® Ao] 814 £dd ==
) glol

@A AP E Agd &

PCI bus: PC =9 W2, giAdld o=z [/OE Hdl AH85H, B4 HEH A9 =

at7] Yl AbgET dee wel 110 ~ 480 MB/s9] o ZS 7FAt. AEA o2
o]=¥ PCI-X9} PCI Express7} & A& 7bs3al %t}

Pipelining: W#Hol& AA Adst= o B2 Ato]Zo] Zugets, wl Alo]Evitt A=
AMTE BS F JEF Functional 95 FE3h= 2. Fo]Zepdl Fx2E= 7ddolo]
E7} gto]zedlo] Agd wizhx] FulS wropA wl AtolEwitk AnE WEe A3 ol
R i

Mo

Processor array: 7td3dr @ T2 AAES vl (EE 2-D 18|=)o] 213 el
S Al T & (ock-step) o2 AePsh= A|2~FlL P o] gsg% Aolsk= Ao] A}
AT}

111

PVM: de] Abgso] & = ohe wAA s ghelnele). e Aaxeolds
AN AP Em ALEAL APS AaAFHAA Jixﬂ*e THoR A4
= o] 7hsetth. dA PVMS tii-& MPIZ thA|¥ L 3

Register file: CPUW ] Z2ZAA HA2H JE. 0/17% 22 FF A4S 93 @A 2H,
T A= Aysty] 98k dA2E 28 a, A9 wEbA s sk el TR #|
FAES AFE7] Y3 Eyd gA2E 28 o] BT,

RISC: Reduced Instruction Set Computer. ©]#9 Complex Instruction Set
Computers(CISCs)9} vl a] Bt} wea)zl Malo] 1ats 7kx= CPU. W Eo] Halo] o
RO 2= 1 Ao]Eo AdEH e s WHojEz FAEJT

e
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Shared Memory (SM): =5 T2 A A E0] AJ2HU e RE HREgo A AZEE AFE
o] W] ?“. THEE gdFd gigt 71E4 AR QE FEY WrEIEE FHeeE 2

ZAAE Adukd o7 167 B} B2 gt}

SMP: Symmetric Multi-Processing. Bt} & A|~El9o] QR7} m= F& wra AAl &
E AAse go® &3] AHEHM oY =EES dAdd A Ala'E 7Ag o] ==
E°] ccNUMA A|=glom gAY e A4 dlie] Ax=gom 449 5 Q) o
b W zE] Al2a"le] SMP =Eo]AE OpenMPE T2 & 4 Qx| mre} w= A}

ols] FAle WAA sgow FA= ok Hut.

TLB: Translation Look-aside Buffer. ZTE13 ZZoA AL EHE 7T 4 H$st=

2e]4 F29 Ho|BS AFIE 55 A

Torus: Z1g]=9] EHI} A|ZFHES AZs 7% HEd AJ2®He A4 YEYIRZ 2-DY 3-
D 22l= #AE A5 ARESo)

Vector unit (pipe): #1E] A 2=HolA AAGFE P+ gto]Zghdd functional 4. T}o]
Zepglo] Azl & v Apo]Suirt #E PA 2y 3 FEEd i AAdE WES
T A

VLIW processing: Very Large Instruction Word processing. %+ functional % 9]
g2 gy Aggeel AnS obv] s & FHol =g Agats A HHo ~7EY
Ayt gEHow Asa Addele o uEFA F= Qo] Fasith VLIW
ZZAY S TA-64 of7| gl Ao A ] AolubA EPICO.Z EHT]

flo ok
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