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(Finite Element Analysis on Supercomputers )
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2. CRAY-2S FHAFE AIXEHIHR

7}. Mainframe 43

CRAY-2S/4-128 Al2¥ 2] Mainframe & 2z}
2 =gd HaedE& 71 4719 Background
Processor9} 3t7§ e} Foreground Processor, ~1&]
I 4709 CPUZ} &zt & M2 Ff3te ALE
g 4= gl 128 Mega Wordel Common Memory
2 A"}, w38 4709 Channel Loope] 19}
Background Processor, Foreground Processor, Front-
end, Disk Storage Unit, Tape Controller, Common
Memory 8} dZA = o] Q.

Foreground Processor+= Common Memory,
Background Processor, Disk Controller Front-end
Processor 2 ## Foreground Processor Ape]dl]
A wrElE HubE ) AlAYEE-S Alojsin
Background Processors® 2tz Control Section 3t
Computation Sectiong 7}*]31 13 Vector Pro-
cessing 2 Scalar Processinge] 7}k

SRAM (Static RAM) 2. 2 74 ¥ 128Mega Word
o] #tfd Common Memory 2 4749 CPUE A}
s8] o]l gtEo we ARy & 7AeFE ¥
8z 3= zgadss §94% 22 Multiprogra-
mming, Multiprocessing & = 9l 21l CRAY 25
o) 223 EXojgt & 5 Utk (2™ 1) (3)

uosl=de] #4 2 4%
(1) CPU
— R4
— A3 3=:Scalar (490MIPS), Vector(1942 MF-
LOPS)
—Registers : Scalar £ (S) 64 bit % 8
Vector&(V) 64 bit ¥
64 element ¥ 8
Address8(A) 32 bit %X 8

7)e} Control Register 5

—Clock Cycle Time : 41NS
—Word Structure : 64 bit ¢ 8bit
(2) Main Memory

—Common Memory : 128 MWords
—Local Memory /CPU : 16, 384 Words
—Cycle Time 155 NS
—dE9E :16 Ghbits / sec
(3) ®.Zx7]} ¢ (DASD(DD-40))
— &2 (Formatted) 1 5297 Gbytes %
8
—Sectors / cylinders 1 912
—Sectors / track 1 48
— Bytes / sector 1 4,096
—Bytes / track : 196,608
—Transfer rates 186 Mbits / sec
(4) Tape
—Reel Tape
Units T4
Transfer rate : 200 IPS

Density : 1600/ 6250 BPI
—ACS(Automated Cartridge Subsystem)
Drives ;8
£ / Cartridge : 200MB(4KB / B-
lock duf)
Tape Speed : 79 IPS(Read /

Write), 158 IPS
(Rewind and
Search)

Tape Density : 37,871 Bytes / Inch
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1) UNICOS Operating System’4]

UNICOS+E AT & T4 UNIX System V Release
30% 712 o2 33 Fourth Berkeley Software
Distribution(4.2 BSD)-& *33t31 v CRAY-
2Sx] A8 o] Operating Systemo]t}. UNICOS=
UNIX System V& 712& 397 di&of 71,
T 9 Ve 2F¥o=w UNIXe #Zouy 3t
ZF UNIX3¥& Micro2} Maincomputer& AF£-3}7]
sle] AAE Zolmz FHFAFEY HeE
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UNICOS+= 2 CRAY-2E #{3ld A 5
o} 19830 CRAYA} A Z 2] A & b
P 2E FHAHFE L EFE Operating System
o2 ZAA3NSH xRl CRAY-1, CRAY-2, X-
MP, Y-MP %A 7Hg €}

UNICOSol A g4 7igd $8e v #
o}.

(1) Networking

Gateways) 9} o] Al&5ua Mz EANF 2=
A= MEE Protocole] 3 g3ty TCP /IP(The
Transport Control Protocol / Internet Protocol),
USCP(UNICOS Station Call Processor)% Net-
working AZEo]E F7latgTh

(2) Multiprocessing & Multitasking

CRAY A FE 9 B9 CPUE Atgslo 3

Bl 45S 29 + UAEE Jxe Fsan
.(5)

(3) Batch Processing

CARY HA#FH & o9&  ZHFEH (Network EF UNIXe w3l 2d$lFolmz Batch
Common Memory
128-Mwords Static Memory (4 Quadrants, 128Banks)
(:BU U cgu les [ cgu - ..,I CPU I‘.,P
1 channel
LO0PT3 [Hoe. ) E5E°] | LooP o0
L Foreground
Processor
Maintenan
(Control >
System
Biae
DD-40 =L
l Ter o—
DC -40
DD-40 oolngt‘
— T
It $—| FEI-3
DS1 & fise
Controlle opera—
N ‘\375
| [FEI-3 A130
SUN
Ethernet S U Y 8
Ethernet
[ ]
Hyper channel
] 1 7
{Hg A223 Al10 A400
CYBER v W/S
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Processing 7] % (Network Queuing System: NQS)
& 7H waled ot

23l g2 Utility 9 Language Compiler, Library
2 1A= Uth

U 2

4) CRAY FORTRAN(CFT, CFT2, CFT77)

CRAY =R

B Adoll A
wo] Al&5|= Compilero]22 &

FORTRANo] 7}#
oz 4%

3 4« Qe |75 FrhstAT
5) Accounting

CRAY AbE 217 @78le Accounting of ¥
A2 ggA AT

3 JRE

Ase 4

6) Security Feature

System Integrity ¢} Sensitive Information®] =
&3 9lste] Security Feature® 7Z+3A| Fth.

2) UNICOS(4.0)9l "3

UNICOSE 10,000 Line =2 C o2 o o] 7o
21 Kernel# Shell z8)3 AF&AM Al MH| L&

3. CRAY2S S84ZTEO

#H A CRAY A]2==(CRAY-1, CRAY X-MP,
CRAY2)N A 285E LEATEO(S/W)
= 40099707F e d 2 3 CRAY2SoA ARg-
7453 S/We 13074 Fxolth

g% 57 dH 7+ FopdE ¥ FE
FEH & ¥ FW FreFE A
£go] HE 28 S/WEo| =¢E AHolH
A £o] YA =H4d4H) && S/
Fax2et 2t) (6]

(HE1) CRAY A} 22 28 AIES S5 (ssHT TUMH)
H of | CRAYA} 33} ATriglo] 7} 5
714 2@ 43| BOPACE3D A non-linear stress analysis program by FEM (isoparametric
& 44 element)
DYNA 3D An explicit 3-D FEM code for analysing the large defor-
mation dynamic response of inelastic solids
SAP IV A structural analysis FEM code for the static and dynamic
response of lincar 3-D systems
A A A} IEEE Signal Processing A package of signal processing programs and subroutines
Package
SPICE 2G2.5 Simulation program for nonlinear DC, nonlinear transient,
and linear AC analysis |
Q1 2} RELAP/MOD2 To describe the behavior of a light water subjected to po-
stulated transients
3} &} MOPAC 4.0 A semi-empirical molecular orbital program for the study
of chemical reaction
od Ak ¢l CSADIE A filo-oriented software svstem for the manipulation of
digital image data
GLDPLOT A Calcomp compatible plotting package allowing Gould 5000
printer/plotter as a graphics output devices
MOVIE., BYU A graphics svstem for the display and manipulation of data
representing math., topological, architeciural model
OASIS A s/w tools for the production of both still and animated
computer generated imags
SKETCH Used for generate perspective projections of 3D objects
with hidden lines removed
=8 A AMOSILIB Including routines:the error fn., gamma fn., beta fn,
Bessel fn., Airy fn., sine/cosine integral, etc.
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ARRIBA Solving small integer programming problems by several
algorithms
BATCHLP A linear programming system which employs a modified
SIMPLEX methods in an in-memory solver
EISPACK A complete package of approximately 70 subroutines for
solving the standard eigenproblems
MATHEMATICAL/SUB Supplied by Cray Research, Inc.. representing a collapsing
of several seperate subroutines libraries !
LINPACK/SCILIB A complete package of Fortran routines for analysing and ‘
solving linear algebraic equations. LINPACK is a part of
SCILIB
REDUCE A system for carrying out algebraic operations accurately,
no matter how complicated the expressions become
SCIPORT A portable Fortran emulation of SCILIB
Ao PROLOG A nonprocedural programming language based on the first-
order predicate calculus
(#2) '88dx ZRI0H 8 2ZEYNH =25
I oF PROGRAM 7h u} A} 7] =
T2 ABAQUS Hibbit, Karlsson & Sorenson | A general purpose, FEM code designed for
linear/non-linear engineering analysis
ADINA ADINA Research & FEM program for routine and advanced
Development engineering analysis
MSC/NASTRAN MSC Ltd. Large scale, general purpose program for
engineering analysis by FEM
# 71"z | HSPICE Meta Software, Inc. Analog electronic circuit simulator
MAGNA/FIM Centurv Research Center Electro-magnetic field analysis program
Corp. with the finite integral equation
HILO 3 GenRad, Inc. For broad range of 1C and PCB design,
modular system architecture
UM-SPICE Univ. of Minnesota Gallium arsenide circuit simulator using
Takeda capacitance model
4 == COBRA41 National Energy Software | Steady-state and transient thermal-hydra-
ulic analysis of rod bundle nuclear fuel
elements and cores via the subchannel
analysis method
A FIDAP Fluid Dynamics International| Package for the numerical simulation of

fluid and heat transfer(by FEM)

FLOTRAN Compulfo FEM code for 2-and 3-D fluid flow and
heat transfer problems

FLOW3D AERE Harwell Lab. A finite difference code for the prediction
of 2D and 3D laminar and turbulent flow
and heat transfer

PHOENICS CHARM. Ltd. A finite volume method code for the simul

ation of fluid flow, heat transfer, mass -
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transfer and chemical reaction
VSAERO Analytical Method, Inc. For the non-linear aerodynamic character-
istics in subsonic flow
3} 8} AMBER Univ. of California A macromolecular simulation package
DISCOVER BIOSYM Technologies, A full featured molecular simulation pro-
Inc. gram for application in computer assisted
design
GAUSSIAN 86 Carnegie-Mellon Univ. A quantum chemistry package with a broad
range of uses in chemical, pharmaceutical
sciences
IDEAS National Cancer Institute A package for analysing sequence and st-
ructural data of proteins, nucleic acids
oy TAURUS Technical Numerical It plots contours, time history, deformed
— Algorithms Group, Inc. shapes for files generated by the LLNL,
NIKE3D, DYNA3D, TACO3D and GEMINI.
DISSPLA ISSCO For data analysis, representation, diagram-
ming, contouring, mapping, simulation, etc.
MOVIE. BYU V6 Brigham Young Univ. A general purpose graphics system for
the display and manipulation of data
PATRAN 11 PDA Engineering An open-ended, 3-D, integrated CAE envir-
onment that links design and analysis
71 4 NCAR-GKS NCAR A meta-code with high level graphics
utility routines for generating a wide
variety of pictures
UNIRAS UNIRAS A.S. For data Presentation, topological mapping,
geological mapping, petrolium and mining
industry applications
et &A | NAG Technical Numerical Fortran Lib. available areas are linear
— Algorithms Group, Inc. algebra, ordinary-partial differential eq.,
FFT, interpolation, curve/surface fitting,
optimization, numerical integration, etc.
IMSL IMSL A large library for mathematical and stat-
istical program development
el F A% | CLIPS COSMIC An expert-systems-building tool
FHZFEHE 0|28 RERLY T =¥ CRAYI(COS)& MSC/NASTRAN
% FPS Scientific €8 ANSYS ] 742 AS/
A TEENA gL F3T B, XL Vector Z+E-& MSC/NASTRAN ¢ 7it
ANSEEE 270717 AHE PR 5ol F& Aotk (7)
e A5 A0 $8Y & YTE =z durHos g8 Codes Aol we 49l
aWe 43 (Vectorization) dld ok st 744 A o8 ¥nyg 7|&X g 1% 9o Syntactic Vectori-

HlA Q) HowrAl o 7 = T2 a3y 9] 7| & Algorithm
& &xA&EdA EHAIEES Vector Processoroll
= §Fsl A 224 5l Syntactic Vectorizationg &

zation ©] |3 AHE 21} Vector Processor
9 75E ”“:’3] o] &3l= Hiv= A gloxm

2 F3arsiAd )y e Algorithm 1| & Vector
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3} &+ Algorithmic Vectorization 7)o )&
A77F Y3 o, o] A CPU 28413t
ol A 10u0]7d, 1/0 2AAAIZE Al A& 1000
A=A AL 288 FT/ME # Ue Heg
A Ak [11]

Hol FAZ 2 o faitsMrIHe] &
XU AL Fag AidETe vgHoZ
712 dAwtoln vl AP FHHY FA FSE
dz &9 FHu 10°MFLOPSHE 9] AA&Er}
498 Aow FAHHL Uh[8]

Single Processor #FEl2] AAEL o] A=
) 2+ 10° MFLPOSH & o] =. 2 Multi-Processor
AFE e FEo] AMEE Z71E 4% A2
o2 25 1 ). om CRAY2(4 Processor), ETA10
(8 Processor ) S MIMD Multiprocessor #7387 &6
so] oz} M E wrdstz Yct

Hhdo] @A deE €851 e WRrEY &
ety Z2aYe FAHY AN FH
(Sequential Computer)E& 71&E02 /Es R
o2 Multiprocessor ZFE ol AN S ZFE
3 ggat7ldle @A Ao wEA JE T2
19 Vectordeb v 3)sled Multiprocessor
FE Y Tz T HEANF FFassH]
W Zzade e g #Ho] Frkstm
=3
HEAEFEassY sPgal dg  dFe
Asynchronous MIMD #HFE](43 944 o4
9] Processor2 TFAIE 1 2z} Processorys =3
o 2 Instruction-g FE3FAY E3I T2 7Y 9]
Helzt 7ted AFH)E Rdes I3t 53
3 glen o83 HFEHZE CM(A Modular,
Multi-micro processor), NASA Langley Research
Center®] Finite Element Machine @ FLEX 32,
HEP Multi-processor ComputerE ¥ §}8lo CRAY?,
ETA105 +HAFEHE & & At [9]

FHEAYE 2AFoE o4 HANIE
TP F Ae FEo] Bon(HfaFdEvES

=
zel 44, 389 ANS) o dE FEUE
el

’OE

2 2o 3§ Fg Ao A e TN
ol A AlZtHE(Time Integration) 7' Fo
A HEATE 2888 5 UE AAV oz

Hx % Multiprocessor o] 4HE& #8377
gl sty widdo) Multiprocessorg o] 88 A
Processor ztel Z¢j¥w(Load Balancing)o]ut
%Al (Interprocessor Communication) FA]9] &
A2 AMelrt 74 oy & EAR 24H 1
o8B 2 o]Eo] Multiprocessore] #&ol ©X&
IS A3 € & e duadF ol
PRI R

9ol A% 80ddle]l Sof CM, FEM, BBN
Butterfly, Multimax5 2] MultiprocessorE i 4
o2 HHEAM VY W A7) #Ed] 3
5ol gon(10) tJEe] #38isA HolollA
= M Ao dRAMNLAAEEH 2 AL
Py Aol Al g HEZ AHsAY £
MultiprocessorE& $3 f3oisd T2adgs
M2 o] Autsizle A7t Ao shoh[11-17]

A frahs]siore] WA ANIY L
A QA E B 2 REHOZ ol
Aol ZHY HTHN A7 wHEHnE
Aot EHF H/WE tjdoez A8 EFPEA
o] #Hgo| FgtE ZHo] @on Ad4E Load
Balancing &#|u Interprocessor Communication
of 9% Overhead2 913l AFHo AFAz
of 2 & Z57F Brh18] =3 7 H¥H
HEA HFEE FFahs)y T2 ho] s
Ao ofe AntE Ao Yz e Yo
N, REEAE e A¥olvt. &H CRAYZS,
ETA105 Multiprocessor <r3 A EE| (A2
1GFLOPS o]’ & tiAdo s 3 waxassta
Mol B AT obd BHHA gL AF
ot o g e ATt ZidHT Uk
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