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Using High-Performance Distributed Computing - David Forslund (LANL)

Many of the projects la the ACL invelve cooperative computing Detween
saversl different iystams. This might take the fomm of aimply
processing 4daths ganerated by the Connectics Machias to linking
togethar over the HIPPI netwerk two diffazect codes running con xore
than one Auparcomputesr. For sassmple., for thes Global Climate Grand
Challange, we have irplemanted a distriduced dpplication vhers a
genaral circulation model for the ccean is corputed on the QM=2 while
ths atmospheric general ciroulatian modal is slmultanecusly run on the
Cray. Infermation at the coean susface involving wind veloaities,
sallinity and temperatures ize szchanged betwean the coda avery cycle
or evary few cycles to ecuple the applloations together. While ve
svnit higher lewel protocols o fungtion betwesan these twe disparste
machinea, we arw using cav HIPPI to sxchange the information in single
plocx tranefers. We Nave ussd PN to centzol and aynchronizg the data
commanications betvesh the two maoiines. Becaude the CX-2 HIFRD
crannel {3 ectually amanaged by & sepacate campucer of the CN-ID Lss,
tha contrel can ba somevhat corpllcated, and a8 & rasuln, the
latancies aze quite high,

To start tha procesd, we 4pltialize the PVM daemons on the {Med
frontend, onh the Cray and zn the CM-2 WIPPI computer., The CHM-=1 KIPPI
cozputer ¢ actaghed to tha Q-7 I/Q Bus ¢nd oan send or seceive data
over thar bus frem aither Lhe CM-2 memory or the ON=2 Datavauls:, The
digtzipuend appalcatisn i3 contrallagq from che =2 froat end, whioh
initinliaes tasks on the CIay sha on the (N« HIFYI computar, We have
used two diffarent techniques co sransder the data to try to hide
latanay. In the first case, the O« writes its ccean surface data to
che OM-2 Datavault, saynehzonously netifies the Cray and then the Cray
reacs The datavaul: through the CM-d EIPR! computer whan it Li» ready
to do s9. The process then cavessws itoelf to send data bagx t¢ the
C=2. The data vault is used t2 simulate aaynobreaous I/0 oA tha M2
so that both computsrd don't have to syschroniye in ordar to send the
data. TBe price %9 be paid, however ls ths agditional transfar of
data over the CM=2 I/0 pus. Althougl the Lwe syatams nesd to be
synchronisad, we mes such faater overall performance when we sead Lha
data diregtly betwess mamory on tha twe maghines. A significant
pertion of the time, however, is spent in transposing the dats an the
CH=-2 to make it undaratandable by the Cray. We ase 0o dagracatian of
pesfozmanes over the fiber-extandesre wa have and ses Audch snbanced
pezformancs when sending date between two Y/MP's than Dwmtwees the CM=2
and tha ¥/NP. Somscime in FY8) ve hope to demonstrate this capabilicy
Laing the CNRI spoascred CABA Figablt netwezk Detwean Las Alamas, San
Pisge Supercomputar Centerx, JPL, and TalTeen.

e also are running applisationa with teolkits from Pazsseft (LEFRAESS)
and frof Jels Platriduted Syscsms (III3). The former will ba used to

iink together appiléations in che QANA Glgabit provect, and the latter
il mapsoially usaful in medeling event driven syatesa and has
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importent capsbility for high performance by pipelining messages (and
thus hiding latency) and fox prograca That nust run in the face of
wachirng failures., Botl: sre most usefu. for coarse-gzained simulations
for whish thas massage pailving svarhsad is not too ssvers.

Propsz utiligation of the lszge massively parzallel maghiner that ace
gcomirg on line in the 90's will require rcbust distributed computing
toels over high spesd necvorks combined with sdvanosd viavalisstien
teohniques. %a antiaipate ceatinued development in this area as nors
appilcatieons and most of the Qdrand Challenges Bagin to use tlsas tocls
svar local snd wide ares gigablt netwerka.
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A Ylsuallzation Envirgament for Bnginocring Beimncos
Larry A Benoor
Anplied Visualization Group, Org. 1425
Randia Nativaal 1.aborstories
Albuguarqus, NM

AdNrag

This prasentation describes our efforus 1o implement & producuon visualization envirenawrs for
use by ¢ lurge community of enginsesing sctendata ac Sandis. Tha nranntent anvirnnment makes
ue of & visualisaton merver condent o provide slfocuve, inteructive visualization 1o the user’s
deaktop. Qur pretotyps environment includes « visuslgstion sarves maching cennccied vin high
eed commusications to e seatl supwroemputar and netwark stosuge facility, Experienceq using
this anvironmens wili be summasicod Bensfits of uaing the visunilsaion server approsch will be
discusred, and some thoughtt regarding desivable fraaires for visyallzation verver wrohlicotures
will be addresand. A bitel dixcusaion of the s0ftware snvisonmen, which is bued on the Applios-
don Visuslizazion 3yram (AVY) yoftware, will be livivdod, aloag wish a gences! satus repors on
ous progrem owerds compledion of tha production saviroament.
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Chris Hendricksen
Abstract for Russian Visit - “Language [ssues in Parallel Computing”

Abstract

Functional languages hold the promise of allowing ease of programming massively parallel
computers that imperatve languages such as FORTRAN and C do not offer. At LLNL, we have
initiated a project to write the physics of a major production code in SISAL, an applicative
language developed at LLNL in collaboration with researchers throughout the world. We are
invesdgating the expressibility of SISAL, as well as its performance on a shared-memory
multiprocessor, the Y-MP. An important aspect of the project is that the SISAL modules call
FORTRAN modules, and are callable by them. This obviates the rewriting of 70% of the
production code that would not benefit from parallel execution. The presentation will include:

(1) A brief comparison of functonal languages and imperative languages.

(2) A discussion of recent research that has overcome some major shortcomings of functional
languages.

(3) A discussion of the experience in programming the production code 1n SISAL.

This work was performed under the auspices of the United States Department of
Energy by Lawrence Livermore National Laboratory under contract #W-7405-ENG-48.



SESSION E

High-Performance Computing

MEDUZA: A Method for Numerical Gasdvnamicz
Calculations on irregul ar meshes

Vol kov 8.5., Malshakov V.D., Nesterenko L.V., Sofronov I.D.

This report presents one of the methods <+for solving
twao=dimensional probl ems in computational physics using
irregul ar meshes. The methods of this type appmared within
Lagrangian approach as a base for implementing "halt-free"
programs for flow calculations involving strong deformations,
jets and vortex motion. A method called MEDUZA uses an
irregular polygonal mesh obtaineg as a matching a triangular
one bultlt for establishing neibourhood relations between
pointes of discrete set replacing the computation region. The
ma jor procperty o+t MEDUZA is the wvariation of point
neibourhood when computations proceed, sc each mesh cell 1is
loaded with data on neibouring points in additien to
gasdynamis parameters.



MEDUZA: A METHOD FOR NUMERICAL GASDYNAMIC
CALCULATIONS ON [RREGULAR MESHES .

Volkov S5.G., Malshakov V.D., Nesterenko L. V., Sofronov 1D

VNIIEF, 37 Mir Avenue, Arzamas-16, Nizhny MNovgorod Region, 607200.

In the late  60-s numerical methods for soiving
two-dimensional problems in computational physics using irregular
meshes appeared within Lagrangian approach to serve a base for
implementing “halt-free” programs for f{low calculations involving
strong deformations, jets, and vortex motion. Many methods and
programs rely upon this approach. For more details on related
papers refer to {1,2}. This report presents one of the methods of
this class.

MAJOR MEDUZA FEATURES

MEDUZA MESH. Meduza (4] is designed for time-dependent
two-dimensional gasdynamic calculations on an irregular polygonal
mesh using an explicit scheme. The computation region is replaced
by a discrete point set where each point is determined by
gasdynamic parameters and data on neighbouring point states. Al
of the gasdynamic parameters are defined by the mesh cells, that
is we have a scheme with nondistant mesh functions., as opposed
to CREST-type methods [S]. Neighbourhood relations are
estabiished at early times using some principles. For example,
Delaunay triangulation is performed over a given point set. A
polygonal mesh  maiching a triangular one may be used for MEDUZA
{Fig.1). The properties of such mesh are reported in multiple
papers, for example, in /6/. The major property of MEDUZA is the
variation of point neigbourhood when computations proceed.

Viny



MEDUZA MESH

Delaunay triangulation is shown by dashed lines. Solid lines

correspond to the irregular MEDUZA mesh.

Figure 1

MESH EQUATIONS. The equations are approximated with
intergation/interpolation technique commonly wused in explicit
Lagrangian methods. Without detailed description of how to obtain
a difference version of gasdynamic  equations  written in
Lagrangian form and noting thai integral subscripts correspond to
computation points, semi - integral subscripts represeni cell
vertices, next timestep values are marked with un upper zero
while the current value is marked with a lower zerc, one has:
for cell volume
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and the point coordinates ifor the next timestep are
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where = is the number of neigbors for the point to be computed,
S, is the area of a triangle with iis vertices being located at
the basic point and on two consecutive cell vertices T, . , T, .,
X, Y, U, V - point coordinates and velocities; E, P, ¢, q, M -
internal energy, pressure, specific density, mathematical
viscosity, and point mass, respectively, T - timestiep.

The computations are performed on a uniform mesh without
exphicitly selecting physical region boundaries. The boundaries
are treated according to mixed cell concepts including several
materials separated by an interface which may be placed anywhere
within the cell. For mixed point model, difficulties occur when
solving an energy equation which is replaced by 2Zr+1 sysiem.
where n is the mixture component number, for a multicomponent
cell.



where ¢ - average specific point density, M- total point mass;
M., 0 ,E, - specific  density and  internal energy for i
component, respectively.

This approach is c¢ommonly used both for particle-in-cell-like
methods and other Euler-Lagrange techniques [5,7]

Clearly, the above sysiem s explicitly solved only for the
simplest medium component models. [n a general case, iteration
techniques are used {0 sclve it  Formulas for one of the
potential iterative processes are given in 5,6/,

MESH OPERATIONS. The most remarkable feature of the mesh
described is represented by the operation modes which exploit
irregular mesh invariance to local changes 1in  internal mesh
struciure which allows the mesh operations, such as removing or
introducing a4 new vertex, replacing point neighbors etc.  Note,
that such -features are specific only {to the c¢lass of meshes
described. Each of the above operations has i1ts own origires,
some of them are scheme-defined (nondistant values), others arise
from an attempt to perform computer simulations of physical
processes poorly described by a pure Lagrangian approach (strong
medium deformations, jets ¢i¢.), or may be due to the desire to
improve numerical (lechnology level ( pouring points where
increase in accuracy 1S needed or removing them from where, for
example, the shock wave passed. No place 1is available in this
paper to describe these origines in more details. Here some mesh
operations only will be illustrated (Fig 2,3,4).

Figure 2 contains two of several possible cases of point
location when the neighbourhood changes. The points shown on Fig.
2a are all internal and T. are consecutive neigbors of



T,.,, T,, T,.,. Each timestep verifies whether the neighbourfood
criterium is valid and if it is no longer valid within the period
starting from the current time, the neighbourhood changes. If the
pair T,, T. breaks the neighbourhood relationships then T, ,
T... become  neighbors. The figure shows elementary volumes
(masses) participating in reinterpolation and the mesh changes.
The arrows corespond to the transfer direction of mass and
whatever it carries. Figure 2b illustrates a similar situation
for the case where the points are near - boundary with respect

to the symmetiry axis.

CHANGING NEIGHBORS IN MEDUZA

Zhaded volume elements participate in mesh function
interpolations.
a) internal point case b) "rigid"” wall case

Figure 2

Figure 2 presents the point spacing which consists of moving
the point in a given direction at some distance. The point
neighbor tables do not c¢hange when spacing is performed while
each mesh function should be reconsidered as in the case of

neighbor changes,
Figure 4 contains a case of removing a point which resiricts



the timestep. When a point is removed the neighbor tables change

for all neighbors of this point.
MOVING APART IN MEDUZA

The dashed line shows the ceil boundary locations atter

the point moved along the given direction.

Figure 3

REMOVING A POINT [N MEDUZA

Figure 4

We shall say the following as an additional comment on
figures. Actually, “halt-iree” nature and high technology level
of MEDUZA are just provided by the ability to manipulate the mesh
without changing its conceptual structure

MESH FUNCTION REINTERPOLATION. For any mesh change, the mesh
functions are reconsidered using mass , total energy, and
momentum conservation laws that are written for the vicinity of a
changing point.

The mesh changes may result in mixed points. lf a “"mixed



point” participates in reconsideration then the following rule is
valid;: if the points being handled contain the same material
component composition, then reconsideration is partially
performed regarding the concentrations. {f one point is “pure”
and another 1s a4 “mixed” one, then values are transferred so that
the "mixing zone” shouid remain as small as possible {which would
minimize the computation diffusion). The mixed point first
transfer to the pure point the material contained by the latter
and if it is insuificient, the remainder is compensated by
another material.

This approach appeared to be a poor feature of the method
during the long-time program usage. However careful testing
{other program c¢omputations and comparison with experiments) has
dispersed our doubts.

To iltustrate the MEDUZA possibilities some computational
results will be given, but first we shall make some remarks on
implementation.

MEDUZA IMPLEMENTATICNS

MEDUZA has been always implemented “marginally” on such
computiers as BESM-6, ES, Elbrus-2 or IBM PCs. It is clear
intuitively, that wusing directly a Fortran-like language which
does not support the capabilittes for handling <omplex aggregate
data, adequate to the methods and simulated medium concepis, is
actually impossible. Maximum language dynamics required
(inserting and removing points, an arbitrary number of mixed
point components, arbitrary difference temptate and others are to
be kept in mind) make things even worse. Even though a language
includes appropriate concepts (sets, template and list pointers,
memory allocation and deallocation efc.) the MEDUZA still remains
relatively complex. One of the ways to decrease the software
complexity is to c¢reate a multilevel structure: the lowest level
carries modules depending on computer architecture and resources
(memory control system, input/output etc.), which are followed by



data management routines (creation of difference template buffer,
neighbor table, connected point set buffer, neighbor table for
several generations) and f{inally multiple computational modules
which were organized in view of formula <considerations:
calculations of pressure, cell viscosity, mesh quality
verification, mesh changes eic. Such programming discipline
allowed to minimize the difficulties involved in  program
portability and make multiple modifications. This is worth to be
included in a detajled report that is still waiting for its time
to appear.

COMPLUTATIONAL EXAMPLES

Problem 1. Light gas bubble rise-up within a heavy one and
circular vortex formation [81

PROBLEM FORMULATION
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Figure 5



Cloud history, welocity field and
the mesh at vortex formation time
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Problem 2. Numerical calculation of a pinch effect [10].
PROBLEM FORMULATION

100
gas soili receiver
i channel
-100 y 50
Figure 7

—— —— -

At the lert y=1,4. Mo pinch effect is observed. At the right
¥=5. The channel is «losed.

Figure 8



[11].

Problem 3. Explosion in a water-filled cavity
PROBLEM FORMULATION
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R, its the radius of spherical portion of the cavity, 2/3R, is
a distance from the center to the cavity bottom, 1/3R0 is
a distance from the burst point to the bottom (1} - density
profile, {2) - pressure profile, {3) - velocity profile.
Figure 9
Velocity field for various times
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Bubble motion dynamics

* Figure 11
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Computer Bimulation at the VNIIEF
Sofroney I.D.

The history of the Computational Division of WVWNIIEFR ix
briefly presentsd. Methods and programs for one-dimensional
problems are summarized. The evolution of the
multidimentional calculations in VYNIIEF {s considersd and
existing ragular and irregular schemes are reviewed.
Programs +for multidimensional calculations on Elbrus-2 are
presented.

The evolution and the state of computer  network are
sxamined. '
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~onsisted o©of nine machines  though & si1ngle  Sroolem was
aztunally run on T or 4 comouters. Connecting A 4Qr2at  numeer
ar complLters diaga norT regquce  suostantlislly trhe comoutation
mime, The evperience sacaulr=d ailowed o perform  es+icientl]lw
parallel computations on tne cibrus [I-2F multiorocessor zi1nos
rthe 1280—-s. This cComoles o st11l aoerareq demonstrating i

s
raliable oerformance. It mavimum  configurstion ComTain:s
five processors and (s usec Sy several oroarams fFor DT a&ng
REEY, calcuiatiorns, The starTuo af T WG Elbrus~-_
mulbinracessars Pas Besn o racent SACN1evemanT L thi=
“3isla. Owur expeErience si:0wed o oSresate sSBveraiy Dragram
comiieves that RS err1Crently the TG T mLm clbrus-

COftt i aur ATl on containring Ten Processors. Finall- tbe
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bei1rg geveloned ang 1MOrovYec DOVEr TWentw J8ars,
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ES-T9T0 standar.

The MCMN Pas Dpoth local o sach homoaepnecus  CcompDlUter
complex! glst files anc & alobal disk file on  control
COMDUTErS., The alocosal F1sy file i1s aAac-esseag v S A
computer. The comouters oyCnange gdata tnrougn these aisks.
Tha sscond level of magnetic <:le 15 reoresented bBwv  meanetic
Tapes. Less Freguentlv ased aata 1s pusned to magneti1c tapes
far long-term storage. fhe Uivision nas & rich sSoftware.
The sgtrtware avallanle i ori1ented to various nroplems 1n
computational ohvsics.

. Tha moget maszive zazlcuiations are represents=d avw =
called one—-dlmensional croglem=s whera the eguations anc
=nluttiaons Iepend an 3 single —ime  or  SoacZ varisble. The

sSguatiarns To “@ SClved hawve T4 fOrme
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matrices and Free—torm
F. The =sguation ‘i is
Torrectiv Domolamentiea Ard boundarw cgonditions.
EqQustlons  of frhe rorm SzIribhe Aagrabatic Sas ovnamics.
2as  awnamics 1nciluding Reat oonducticon. strength foroces.
sEuTran transport celowlatsEs usSing winmetic o and  diffusion
AnCronlmatiaon Sno,

whers A, F,”.0 and YV osr=
ang LM E M OwW SECTOrS

Loand JoLndar s—wal ue aFonlem tor Ea. 12 is
rvoical lw formllated as follows: & fraction of sSpace between
£ ana X1 is f1liea with gas lavers whicn differ 1n DhRvslcal

B - PO
te o1noitioa

Jropoertles =Yalu are characterized B itmn1itial censity.
SrEsSSLHre,. Lemperaturs eTte. =Ea - L1 -] ZompDiemented Wit
YAarious AOuaTlOoOnNsS descriolnc mEeaium orooertes. wWwe shoud o

arlmarl iy mentiaon here =0Uatl ons ¥ state, paths., aeutran
CoOnRsStants =to.,

Jdne—na1mensional calcoculations use & wvariatwy 3t numericai

methods. gasdwnamlc “alculations are @more Jreguentlwv oone
Jds1n@Q =Hpliclt schemes. The heat conguction =auatign  for
nlan—-Ttemper atur e gas gwvramlecs 13 soiveda wlth 1mpiiCit
zChemes. The winetlc =2gustion often wWwses running sSchemes.
Sale all onNe—glmensl anad calculations. an rntegrated
acoRlications oDackage zalled “OJdnomernwv comples

Lane-dlrmensi1ional comolex) 1% created which incluges some tens
2+ modules implementing various methods far a wide soectrum
o+ proolems.

The mgst massive calouiatiaons are reoresented ov tthe
faliowing classes:

. rdlabatis nasdvnamics. 'Drest’. Goaunov and imotici o
sChemes +or SOome ClaASS8S O+t Jrchiems are useaq.

o HlAf—TEMDErATUr e Jas JvNamlcs where neat CoRauctl on
SM0OUL o ne ncluged. DarTzCcuiariv. Wl tn = =l F Y- Y-y
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conauctiwvitw,

. Sas dvrnamlcs with strength forces anad detonation
1nciuded.

4, Meilticomoornent ang acltiohase gas dvnamics.
rJe Multitemperature gas dvhnamlcs.

L. Gas dvnamics with: magnetic f1eld ama orooagatian  or
varilous radiation tvo@s 1ncluaesd.

e 3RS dvnamics wlth heat conaucticn, neutron
prosagatron.  chemical and neurtron-nuclear reaction kinetics
inmclugedg.

Al1l romoutation madules ose the samne servica routlines
whilch facilitates new method and orogram aevelobpments.
[mtearated swvstems ot gouationsg  of z=tate. oaths. neutron
constants and others are createa within the ddnomernwv
Comole:x. Tata reported in domestic and +oreidrn literaturs
aiong with experimental results from our Institute were used
to Ccreate the svstems of gguaticons  oOf state. oaths and
neutron CONSsStants. FORTEAN serves the basic Drogramming
larngquaage. Serwvice blocks are written 1n Assembler to  achieve
the oceaw =fficiency of the Complex. It seems possible to
aoandocn dssempler as the camouter pertomance wili inCcrease.
Mowever dsindg the (oW1 w2l 1andUuagde wWwag reEascnsable in view
of Low CGrocessor Dertoarmance =nigd maln emory C3DAT1 T =houan
1D oatfects thne oradram oortatllitw.

The Jonometny —omol e cUME successtill lv on SR 1 OoUs
COmpuTar  TVhes fOr @anyv s ears;: the programs 1T ZORTALINS are
dEEd ror several tems of fumders of crolems. Thisz means
That The e+faorts fto wWwrits oroarams carefuliv and to acnieve
The TzZak ZTFigleEngy arse reasonacle. iJstuallv the oraoblems ni
(nf=] =ulveg Contailn several —ens of  Combutation  Feglons.
mundreaags (LD one thousand) of points ang reaulr= [hundreds  or
thousands of tlimesteds. The Computation  fime ranges from

tens of minutes Lo tens of hnours for ES—-1idsa.

Since 1772 the peaoers on "Oonomernvy CTomoles® Dw a1 ous
authors can be found in the reaview gntitled 'Froblems of
Atamic Science  and  EPNgioeering, oerles: Methods Aana
“rograms for numerical calculations 1M Computational

Fhvsics'.
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he greatest fract.on oY comoutation kKime 13 tablen

0w THO-2imenslanai calculations That 15 -+ thnase wnevre fhe
zswestan of 2Quations a&nd ~he solution degend ]l o zoace
Coorcinates and one time coordinate. These svstams nave the
Foarms

AZE ~Bsx r (57 DU =& (2)



Here the coefficients and unknowns have the same meanino
as il Eg.l). We assume Eqg. (I} tg be correctlv complemented
with boundarv and initial conditiorns alona with all necesszarw
eauations of state. paths and constants.

Lagrangian and Langaranglan/Eulerian coordinates are the
most cooltlar., thouagh Eulerian and arbitrary mobile
coorginates are also used.

The greatest part of two-dimensional methods ase the so
called regular arid where data is arderea in the form of &
two-dimensignal &arrav. However for manvy  vears lrregular
grids are successfullv agperated which have no fined algorithm
*or nelghdor selection.

For neighbor selecticn ar oriainal algorithm considerinag
the ooint logcation at a given Lime amg in a gaiven space is
wsed at each point of the irregular orid. Irregul ar aporoach
has =some advantages in a number of cases and in successfullw
used +or & varietv of pbroblems.

in oractice. the irregular apprgach components Q&
SMcountersd in manv re2gular grids in the form of 1nterfaces
bBetween two different reaular arids. or separate ooints, or
=xtended tempolate on highlv noncrtzhogonal arids.

Fractical two—dimensionali calculations are pEr+formed
wtth saveral ogrogram comolexes containing multiple socecial
orcarams such o as  lnltilal oata  comoutatian. combutational
modLules. arid coeration routines. computation comtrol
rouwtines., result handling routines and manv othars. we dio
not SLuCZeeda in creation of an inteagrated service svstem for
alil methods as we did 10 gne-gimensional case. LCurrentlv
zgveral orogram comolexes are run. 2ach 1melementing multiole
meTnods. The lack of an integrated SEervice SVETEM
comolicates data transfer between orograms. However an
aareement on standard ex1sts  "de facto” whichkh detsrmines
vraplem 1nformation Evoe to be transfervred to snother oroaram
campienx.

BESM=-» was owr basic machine for a2 long  time. oF
Course. Tols 18 aot intended for two—dimensiona:
Ccalculations. however hicgher performance cComputers were noh
Aavallable n the former Soviet Union till lacte 1970s. Manua|
orogramming allowed fto write fnighlv efficient oregrams  fullwy
exololiting comouter capbabilites. Mo serious two-dimensionai
oroblem can be compoletelv stored in  the main memory of

I

BESM=5. naerefore we had o =plit a oroblem into several
zubtasks and to compute solution walues at  sach  fimesteo 15
Jarallel. S orogrammers mad to cevelon the desireg
zoliTtting theory and to imoiement the =olittimg technigue :n
multiole oDrogr ams. The experlencs  acguired with BESM-&
multilcomouters allaowed = palnless  trancsition to the Elbrus
eI multigrocessar amg was  further used  whnen develobino

Aethods anag coograms for Elbhruas-I,



The f1rst two-dimensional caleulations were performed in
1 50—  atter D code Fas besen written 1n 1956 to imoplement an

alaorithm for two—dimensional time-dependent gasdvramlic
caloculati1ons using Lagrangian wvariables anmd an  exolicit
=cheme (the well-=-kpowns Neumann—-Richtmever method generalilized
to two-dimensional CASE) . This Drocedur e is still

successfullv used,

The greatest nuLmo e o comolen two—dimensional
calculations were perftormed since late &60-s5 to vearlv 7i-s on
BESM~46 using the Siagma code. Ziama imolements several
comoutational merthods. Farticulariv. gasdvnamic calculations
in Langrangian variables are verformed using a methaod similar
to L.

The heat conduction eguation 15 solved with  lterative
methods uwusinao directional solittinag. This complex was later
snriched with Smanv codes: in particular. 1t was run  together
with energv release which in  turn 15 a relativelv large
prodram  compolex. The latter 1ncludes codes +or  kinetic
neutron eduations. chemical  and nuclear reaction dipetics
HTC.

mundrers of oroblems were vearls solved wsina  TIGR-F.
E—71. DMK MEDWU7& orograms and  others. The first one 13 &
modi+ied version of TIGBR  orogram  writtem bv 1. Yanenko
VMITEF:, the second is tnat of B-71 ~rom kEeldvsn Institute.
FwWwo  remainlng  orograms  iraolement  irregular smethods. The
~apabilities of TIGR-F are similar to those of SIGMA. 1t 2lsg
runs  together  with enernwv release codes. DME which
1mpiements  1rregular metnoaos for dasdvoamls calculations with

heat conduction inmcluded can =2lso runm 1t parallel with enerav
release CodeEs.

. Threa—-dimensiaonal metnod develiooment started Man

vears  aqd. HMowever first -0 calculations  were actuall-s
performed on ES-1066 and Elbrus-Z2  in tne 1980—<, The
devel ooment of an operational cCcode takes manv vEArS. It 1=
a0t only because &n algorithm shouwld  be designed ari
implementea a5 & code. This wory is of 1moortance. sti1ll 1t
is onlv the +First stage in creatino 3 practical code. The

orogram  shouwlg be rurther orowvided wniithr riCh suproutine
librarv describling materi1al orocerties and carameters must  be
soecl1fied for Lhese subroutines.

Then the orogram must be wused to ogertorm relativelw
lustrative axoerimental computations wnicn will demonstrate
= =gecial features and capapilities to potential customers.
The obrogram must be adiustea wdsing  the results  of «2al
oroduct f1elg fests and this onlv will ensuwre the customer =
creadihility ano the code wiil be used to Jdesiamn new oroducts.
v oractical crogram o must have 3 number  of  technoalogical
featuUres; +ar examolz. one Could nMot skwpect the new orogram
tg be wseo zoleiv by the authors. Fractical orIoram 1S run
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bv technicians and laboratorv assistants which are sometimes
helped bv enginears. The authors are inveolved in hiohlwv
imoortant and complicated comoutations onlwv.

Computers Ppaving an or ger ¥ maanitude hiagher
performance natuwralilvy  regulire new methods and orograms. 2l
nlrdher performance  cambuyter sncourages ane to fthink lesg
about reducing the number of arithmetic ooerations but more
about halt—¥ree comoutation. less attention could be
attributed to main memory sSavings And more L1mportance shaouwld
be given to the desired accuracv etc. For this reason we
have completelv modified our orograms many times.

Till late (P80-s the cambutations were performedg using =

number of Z-D proorams which &allowed to calculate the
2lectromagnetic radiation transter (including light
orooagati on? 1n compl e three—dimensional geometries
zCccounting detonation and strength forces: neutron motion.

kinetics and energyv release along with gasdvhnamic f1ows.

The mnew program deneration was originallvy desiagred  +or

threse—dimensional calculations, However their efficient use
for two-cimensional calculaticns was also cConsidersd. The
go0als =zeem to be achieved. Mamw thousangs of two-alimensional
zalculations nave been performed usinag new =0 orograms  irn
CECent = ar T owvears. ne can conclwde that the cecicsiomn ©o
AFlte 1ntearated orocaramming camplexes for Cwo— ad
thres—oi1mensional calculations was reasonable. Moreover .

recentiv several cases occurred where  dood  two-dimenslonal
SEQQrams and methogs wWwere modlflied tv the authors so thar
they cCowla be  wused both + o two-  anag three—-dimensional
CZalcuiations. This 15 oggecause two—dimensional calculatiaons
are sti1ll nmeeded thouah nood rhree—aimencional methoads anA
orcarams are available.

Thiz results oprimarlily srom the fact that tne per+omance
o+ domestic <Computers 1ncluaina the £i5rus—2 ten—-processor
comolex i1 not bhigh enougnh For large three-dimensionatl
caloculations, Two—dlmensional orobiems  rum well on thi=
svsiem. it 1s also suitea -ar Z.o—dimen=1onal —alculat:aons
wWhiera threse—dimensional Orocessas are camouted 10
two—aimensional asometrv or ~“hree—dimensional fixed geometry
15 used to comoute a three—dlmens:onal orocess =2to. Larae
“hree—dimensional —amoutations containing hundreds at
Thousanas of oolnts ang accounting the 1mpact of 3 varietv of
ocNvsS1lCcal ZroCesses regulre nundreds oF thousands of hours ot
el Eime. Mathematicrans must 3o herolc etforts to cerfarm

zuCh Talcularions., When NE mEVE SFLCF computars DL
MAathematicians life mav DeEcome casler.

Howaver 1t mav not be the case since amathematical model =
=rmou ko os  Jogated. a more detsiled description o+ ohvsica,
OrOCEesseEs JCoWwrrlnmg 1N croducts  will be needeg and rthe
computation Aaccuracy will e 1NCcreased. All thnis wili be
Jdone At kre enpensa Iml CoOmDut er rESources arc



mathematicirans time. Mathematical models obviouslv need o
be imoroved: for examole. the detonation bprocess is Doaorlw
comouted. mling model = are not satisfactorv. neuwtron
computaticons ipclude & 2 1aw  $UEcer of  e2rmergdy  arouos  Sto.
Fimnaliw. Thne number wha COMDUT AT On ooirts 1= too small.
Two—a1mensional orobl ems ol v contain tne CONWargence
caiculations whnile tne rgsiilkts ocotailned Frmm Two— &amo

three—gimensional calculaticorns Odeoend on the mathamaticilan,
hiz 'or her: experience ang sklli.

We wunaerstand gulte well whv comguters agle fto Der+fam
birii1on= o+ arithmetic oneErAatlons oDer second bl mor = .
teranyhtEs 2f Mmailn memorv and ciobal networis are needed.

The maigrity of the szstowve mentioned cevelooments ars
repartad iy the revicw YFeopl ams aFf Atomlc Science and
Socrimesr s,

T zhauld he nots=d That the comolete li==x at
three-dimensi1onal codes is  not srhaksted. Saome 1nteresting
amd impooartant orojects are Cow LI e develooment . however
tnev do rot reach the oraduction level. Cur noal = te
oraars At Least two  ifaecsennsnt Tethods +or il = ame
three—-dimerszi1onal problem. Thiz ~2biective was z=chicves r¢
che— ang Tweg—gdimensional caiclations and this allowsd t o
AVDOld @mam- alfricities,

Carrescondencse 2 Jlscrsoans nEtiaesn The resill ks Tor
the sams  Jrohlem Sum Wit dirfeErent metmods either 2110w bt
groect The ~=sult fo g2 sloczZa o the  truz ogne O show The
negentalr T (2es] os Tnz Ccomoobtstion,



