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ANUPAM SUPERCOMPUTER SYSTEMS

H.K.Kaura, P.S.Dhekne, Sunita Mahalan, K. Rajesh, R.5. Mundada,
J.J. Kulkami, B. S. Jagadeesh and D.D. Scnavane
Computer Division

The development of ANUPAM supercomputer systems based on parallel
processing techniques has been ihe most outstanding achievement of
Computer Division, BARC. ANUPAM Pentium III(16, is the latest and fastest
supercompuler developed in April 2000, using 18 Pentium Il @ 550 MHz.
personal compulers as compule nodes. This supercomputer is having a
sustained speed of 3.5 Giga Flops, which is 2-3 times higher than the speed
achieved on any of the supercompuiers developed indigenously so far. In
December 1891, Computer Division, BARC, entered the field of R&D in the
suparcomputing, when it developed the first sup ANLIPAM 860/4
using 4 Intel 860 microprocessor based boards as compute nodes giving a
sustained speed of 30 Mega Flops. Subsequently, the computing speed
available on the ANUPAM series of supercompulers was gradually increased
by adding more number of compute nodes.

ANUPAM 860/64, a fid-node system, giving a sustained speed of 400 Mega
Flops was operafional in 1995, Presently, the ANUPAM-Alpha and ANUPAM-
Pentium supercomputers using Alpha Warkstations and Penlium Personal
Computers (PC) as compute nodes, are belng developed.

The supercomputers developed at BARC have proved to be highly reliable,
highly cost effective, easy to use, easily up-gradable and also require much
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less  inf fure  for f g. These
supercomputers have been used extensively for
salving many large compute intensive problems of
BARC as well as many other R&D crganisations In
the country. Some of these problems were very
vital for the success of RED projects of national
importance, and could not have been solved
atherwise but for the availability of the ANUPAM
supercomputers.

ANUPAM Installations

Fig. 1 ANUPAM instailations im (ndia

The vatious models of ANUPAM-860 seres of
supercomputers are installed al BARC, Mumbai,
|0F, Bhubaneshwar, CAT, Indare, |GCAR,
Kalpakkam, and 1T, Mumbai. ANUPAM-Alpha
series of supercomputers are installed at BARC,
Mumbai, (IT, Mumbai, NCMRWF, New Oelhi, and
VSSC, Thiruvananthapuram. The laiest Pentium-ll|
based ANUPAM supercomputer installations are at
BARC, Mumbal and ADA, Bangalore. Another
Pentium based sysfem has been recently sef up at
|OF, Bhubaneswar, while another 16-node
ANUPAM-Pentium  system at NPC is under
installation, Similar systems are being planned
at ([T, Kanpur, UDCT, Mumbai and also at WS5C,
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Tniruvananthapuram. With the presently available
paraliel processing technalagy, the
supercomputers based on Alpha workstations and
Pentium PCs can be easily integrated up to 128
nodes thus giving a sustained speed of up to 25
Giga Flops on ANUPAM-Pentium and 50 Giga
Flops on ANUPAM-Alpha series of super-
computers, The systems are directly marketed
lnrough Technology Transfer & Collaboration
DI\NSIOH of BARC. These can be procured by
d organizations either as P
systems or a1tetnadwely can be integrated on site
with assistance from BARC, abtaining the requirad
components, which are industry standard and
available off-the-shelf, directly from the market and
parallel processing software enviranment from
BARC.

Background

High speed computing requirements have been
grawing exponentially for a large varety of



computational problems in science, engineering,
defense, industry and business. It Is wel
established that no R&D in the frontier areas of
science and technology can ba caried out without
the support of high-speed computers. Due lo
sanctions, BARC has always been facing problems
in procuring even ordinary high-speed compulers
for meeting its computational requirements. Alsa,
jonal veclor superce were not
easily available to other R&D and educational
institutes in the country. Dual Cray XIMP was the
onfy supercomputer that could be procured from
USA by Depariment of Science & Technalogy
(DST) for medium range weather forecasting, that
too, afler agreeing not to allow access o this
supercompuler to any other organization. In view
of the severe problems faced in procuring the
supercomputers, Government of India initiated a
mission mode project for  development of
supercomputer at Centre for Development of
Advanced Computing (C-DAC), Pune in 1987 At
the same time, another major effort in the
d of P was initisted by
Advanced Numenca.l Research and Analysis
Group (ANURAG), Hydersbad, a Defence R&D
Laboratory, Besides these two major efforts,
National ~ Aeronautical ~ Laboratory  (NAL),
Bangalore, and Centre for Development of
Telematics {C-DOT), Bangalore, also initiated R&D
in the field of development of supercomp
BARC intially decided to make use of the
suparcomputers developed by these arganizations.
However, various supercompulers developed by
these organizations after an effort of 2-3 years
wera not able to meet the requirements of the
scientific community at BARC. 5o it was decided to
starl our own R&D program in mid 1990, The
approach followed at BARC was to concenfrate
R&D efforts only to the parallel computing aspects
of the super-computing by making maximum use of
the indigencusly available off-the-shell hardware
and software components, rather than developing
all the required components in BARC. As a result
of this approach, the development cycle was
considerably reduced thereby allowing the use of
the latest available microprocessors giving highest

speedicost ratic.  The first ANUPAM 860
supercomputer with four compute nodes was ready
at BARC in December 1991, within six manths of
the inifiating R&D. This was about 5 times faster
{nan the olher supercomputers available at that
fime in India delivering very high refiability wilh
ease of usage at a significantly lower cost.

Parallel Processing Supercomputing
Technology

Earlier during 1980s, the only type of super-
compulers available were conventional super-
computers called “Vector Supercomputers” which
achieved fhe supercompufing speed using ihe
latest stale-of-the-art electronic components for
allaining highest feasible clock speed and
advanced architectural features such as the very
wide word, multi-stage pipelined execution of
instructions and multiple arthmetic units. These
supercomputers  also had  veclor processing
hardware units, consisting of a number of vector
registers and floating point arithmetic units, which
performed very high-speed computations on large
veclars of floating point numbers.  The cost of this
type of supercomputers was encrmous, as these
computers contained very large amount of custom-
built hardware, based on the culting-edoge
electronic technologies, which generated large
amount of heat and thus required sophisticated
liquid cooling mechanism, Moreover, development
of such supercomputers required huge amount of
resources and highly skilled manpower, thereby
limiting the design of such supercomputers in the
hands af a few large manufacturers in the world,

Parallel Processing Supercomputers, on the other
hand. make use of a number of readily available
microprocessor  based computers, concurrently
warking on varous independently exaculable
madules of a single computational problem, to
attain the supercomputing speed. Since the spead
avallable on microprocessors is increasing very
rapidly, coupled with reduction of cost due to
advances in VLS| technology, the paraliel
supercomputers  provide  highly cost  effective
allemative to the conventional Vector Super-



p Designing supercompulers based on
paraliel processing technology requires much less
investment and also there is no thearetical limit on
the speed achievable on such systems as is the
case in i Vecior Sup I
Development of parallel supercomputers has
proceeded along two distingt trends. One of them
involves high speed Inter-connection of number of
independent computing nodes, complete with their
own memary and other resources, and software for
synchronization and co-ordination of activities of
compute nodes to achieve overall high speed of
computation, These are the Distributed Memary
Multiple Instruction Multiple Data systems. Other
approach deals with connecting  muliiple
processing units o multipie memary units through
powerful interconnection architecture so that the
entire memory is accessible to all the processars,
This is the shared memory approach. Distributed
memory sysiems can be built from the standard
off-the-shelf components and besides having very
low cost, they are also easily scalable whereas the
shared memory systems are bogged down by the
memory access bottleneck, This is the reason
behind most parallel processing systems being
distributed memary systems. ANUPAM series have
foflowed the same distributed memory approach,

AMUPAM seres of parallel processing super-
computers consist of fhree major hardware
components . master compute node, slave
compute nodes and an interconnection network,
and a paralle| sofiware environment.  The master
compule node carries out the overall contral of the
execution in parallel processing system and slave
compute nodes camy oul the execulion of
independently  executable modules of a
computational problem under the control of master
compute node. The programmer divides a large
computational problem info two independent
program modules - masler module which is
loaded in master node, and siave module which is
replicated in all the slave nodes. The data is
parfitioned in multiple domains to be exscuted
concurrenily in all the nodes. The master module

communicates with /O, down-oads the data
domains fo the slave modules, confrols the
execution in a coordinated manner and collects the
results from sfave modules. They process the data
senl by the master node and fransmit back the
result.  The interconnection network provides the
communication between master node and slave
nodes. The overall speed of the Parallel
Supercomputer upan the puiing
speed of fhe master node and slave nodes,
compulational load on each and communication
efficiancy. Since the speed available on micm.
processors |5 increasing very rapidly, in order to
achieve the maximum speed at the lowest cost and
with the least number of nodes, the design cycie of
the supercomputer should be very small or eise, it
would be obsolete bafore it stared,

The Interconnection network is the next most vital
companent of the Parallel Processing Super-
computer, There are & number of approaches
possibfe for high-speed interconnection network.
For shared memory systems, it could connect
processor modules with the memory modulgs. The
interconnection network can be a bus, & crossbar
switch or a multistage interconnection (MIN)
switch. The MIN and crossbar switthes are
complex to manufacture. The bus has latency
problem and memory access boileneck. In
distributed memory systems, the interconnection
network consisis of a bus, multiple busses,
hypercube, or a switch. It should have a very high
speed of communication, be easy to interface and
it should also have low latency. Communication
speed between any two nodes should be uniform
across  the  system. Shared memory intar-
q £ tworks are i i pleces of
hardware and hence difficult to procure. Distributed
memory systems can be connected by same
communication hardware like Ethemet used for
LANs and ATM used for \WANs. This leads to
vendar independence and assurance of getting the
fastest swilches as they enter the market. All these
aspects were cansidered in designing the different
versions of ANUPAM series.




ANUPAM Series of Supercomputer
Systems

Initially, Computer Division, BARC, developed
ANUPAM 850 series of supercomputers which
used processor boards based on Intel iBE0
microprocessors as compute nodes and multiple
busses, i.e. Mulibus-I| and madified wide SCSI, for
Inter- i Sinca 1997,
ANUPAM Alpha and ANUPAM Pentum senes of
supercomputers are being developed based on
industry standard high-speed network swilches
and either Alpha Server/Workstabons or Pentium
Servers! PCs as compute nodes. Very high-speed
inter-node communication is provided by one of the
high-speed swilches like ATM, fast Ethernet and
Gigabit Ethernet. One of the magor bomenecks
found in most parallel p ing ]

and 4 Intel iB60 based processor boards with on-
board memory as compute nodes all in one
chassis. Each compute node had a peak speed of
B0 Mega Flops. These compute nodes were
interconnected using industry-standard Multibus-Il
back-plane bus of the mini computer, which
provided a uniform communication speed of 40
MBytesisec between any two compute nodes of the
system. The overall sustained speed of the system
for user jobs was 30 Mega Flops. The system was
later on upgraded to 8 nodes in August 1992 giving
& sustained computational speed of 52 Mega Flops,
This involved redesigning of the processor boards
so that 8 slave compute nodes could be
accommodated i the same single 880 mini
computer multibus-ll chassis. The system was
furher upgraded fo té-node ANUPAM-860 in

the IO handiing. On ANUPAM, this lzcuna has
been removed by providing dedicated file servers
having two independent high speed networks, one
for handling file systems via netwark fle system
(NFS) and the other for inter-process
communication.

ANUPAM-860

First ANUPAM-880/4 was developed in December
1891, It made use of Intel 860 microprocessor
40 MHz, based mini computers as master nodes

ANUPAM-860

Sustained speed on 64 nodes - 20 Mop
Year of introduction - 1903

Fig. 2 ANUPAM-860 sysfam

il ber 1992, giving & sustained speed of 110
Mega Flops. This invoived coupling of twe BSD mini
computer chassis with the wide SCSI interface,
developed  specially for  Multibus-to-Muitibus
communicaion.  This provided a communication
speed of 20 Megabytes per secand. Subseguently,
ANUPAM 880132, a 32-node system  was
developed in February 1594 by inferconnecting 4
mini computers Multibus chassis, using the multiple
wide SCS| busses. The sysiem was funher
upgraded to 64 nodes in November 1995 by adding
32 more slave compute nodes which were
designed using the latest Intel BE0 microprocessor
@ 50 MHz and providing up to 256 MB on board
memary.  The G4-node ANUPAM-BED, gave a
sustained computational speed of 400 Mega Flops,
which was equivalent to the spead of CRAY YIMP
Vector Supercomputer.

ANUPAM-Alpha

First of ANUPAM-alpha series of supsrcompulers
was developed in July 1997 giving a sustained
speed of 1000 Mega Flops on & compute nodes.
This system made use of six Alpha servers, based
on Alpha 21184 microprocessor @ 400 MHz as
node processors and Asynchronous Transmission
Mode (ATM) swilch operating at a peak speed of
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Fig. 3 ANUPAM-Alpha system

155 Mbps and sustained speed of 134 Mbps as
interconnecting netwark. The design of the system
differed significanily from the earlier ANUPAM-860
design. This system used complete servers/
workstations with memary, disk, other 10 and
operating syslems as compute nades instead of
processor boards with only memary as compulte
nodes in the earber ANMUPAM-BGD series of
systems. This permitted disk /0 on slave compute
nodes, use of any node as master node and
simullanecus processing of a mix of seq and

to provide full redundancy for highly reliable
cperation required for the production run of medium
range weather forecasting computations, The enfire
system runs at 3 Giga Flops spaed

One more ANUPAM-Alpha system has been
installed at Vikram Sarabhal Space Centre(V3SC)
at Thiruvananthzpuram. VS5C has been actively
involved in solving highly complex Computational
Fluid Dynamics (CFD) equations for computing
turbulent liguid flow. Since May 1988, they have
obtained & set of 8 Dec Alpha workstations at 500
MHz speed, each having 512 MB memory. The
whole set of workstations Is connected via fast
Ethemet switch. VSSC scientists have paralielized
fneir CFD applications using the standard message
passing library MPI on the network of Dec Alpha
workstations. CFD programs are highly compule-

ive but fi ly ly paralelizable.
When VSSC scientists visited BARC. they ran
benchmark programs using both MPI and ANULIB
calls and were happy with the gain in performance
with ANULIB.

ANULIB aiso gives better performance than ancther
message-passing  standard  PYM. This  was

parallel jobs, resulting in & very high utilization of
the entire hardware. The system was further
upgraded to ANUPAM-Alphai10 in March 1958 by
adding 4 compute nodes, thus giving a sustained
speed of 1.5 Giga Flops on 10 nodes. ANUPAM-
Alphs series of supercompuler can be easily
upgraded to 128 nodes, thus giving a sustained
speed of about 50 Giga Flops using currently
available Alpha 21264 micropracessors @ 700
MHz.

Another ANUPAM-Alphal® system was developed

benchmarked at our center. The ANULIB/PVM
comparison which has been done for Linpack
benchmark is given balow:

for National Centre for Medium Range Weather
Forecasting (NCMRWF), New Delhi, in

1999, The system made use of 2 Alpha servers
and B Alpha workstations based on Alpha 21154
microprocessor @ 600 MHz as compute nodes and
two Gigabit Ethemet switches for  infer-
communication, The system was configured as 2
wlentical systems with 1+4 node canfiguration each

No of ANULIB PVM
CPUs
1 45.13 4513
2 89.55 B1.3
3 133.44 116.3
4 177.15 144.0
- 2201 167.8
6 260.5 185.7
T 280.5 196.7
8 301.7 204.7
[ 3210 2131
T 3429 2200
MFLOPS rating for Linpack
(1000*1000) double-precision matrix




The main atiraction of this system comes from
ANULIB which is faster and compatible to the older
version of ANUPAM, thus offering upward
compatibifity to the ANULIB users,

ANUPAM-Pentium
ANUFAM-Fentium PLI
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Fi.4 ANUPAM-Pentium syslam

The computing speed available on personal
computers based on the |atest Pentium
Micrapracessors have increased lo a level almost
malching the speed of workstations based on
RISC micropracessors and they also support large
RAM memories required for large compute-bound
jobs. Being commodity items, these personal
computers are readily available at much fower
prices from multiple vendors.  Tha development
work on ANUPAM-Pentium senes of super-
omputers based on Pentium PCs was initiated in
January 1998, the main focus of development
being minimization of cost and the targeted
endusar being from Academia and Universities,
who should have a parallel maching at affordable
cost. The first ANUPAM- Pentium (/4 using 4
Pantium || PCs operating @ 266 MHz as compute
nodes and a fast 100 Mbps Ethernet switch for
interconnection was ready in July 1958, This gave
a sustained speed of 248 MFlops, Subsequently
ANUPAM-Pentium || was expanded in March 198%
to 16 nodes using Pentium Il personal computers
@ 330 MHz giving a sustained speed of 1.3 Giga
Flops. In April 2000, the system was further
upgraded to Pentium N/16 using 16 Pentium M
personal computers @ 550 MHz as compute

nodes and a Gigabit Ethemel switch for
intercannection, giving a sustained speed of 3.5
Giga Flops. This is the fasiest supercomputer
operating in the country having a speed of 2-3
times faster than any olher available computer
ANUPAM-Pentium series of supercomputers can
be easily upgraded 1o 128 nodes for meeting any
desired speed requirement up to 25 Giga Flops.

Another major achievement was the ANUPAM Pl
system instalied al Aeronautical Development
Agency (ADAj, Bangalore in June 2000, The
ANUPAM system at ADA gives 5 Giga Flops speed
far their CFD code VASBI. The parailel system has
18 compute nodes and a file server. Each node has
a Pentium-1ll @ 550 MHz, with 256 MB memory and
16 hard disk. The file server is also Pentium-li
(@550 MHz, with 512 MB main memory and 40 GB
hard disk, The nodes and file server are inter-
connected by a Fast Ethemet switch of 100 Mbps
spead.

ANUPAM Software Environment

Developing a program for execution on a paraliel
processing system is a much more difficult process
than daing the same on a sequential computer.
The parallel program has to be partiioned into
multiple independently executable tasks thai can
be executed concurently on mulliple nodes,
thereby gaining high computational speed. The
software environment should co-ordinate overall
execution of the paraliel system, balance the load
on all the nodes and provide tools for parallelising
and debugging users programs.

ANUPAM computer systems are based on Mulliple
Instruction  Multiple Data (MIMD) disiributed
memory architecture, with 2ach node having its
own local memory, |t is 3 No Remote Memary
Access (MORMA) architecture. The pragrams
in each system execute  independently,
communicating explicitly through message passing
betweaen the nodes. ANUPAM series' programming
madel is the Master/Slave model where the main
portion of the program executas in a comaute node
which is called master node, and the other pars



execute in other compule nodes caled slave
nodes, under the control of Master and Slave
tasks. The function of the master task is to partition
data in different domains, to transfer the slave
domains to slave compute nodes and o execute
ts own domain, The master task then controls the
execulion of slaves, collects the result from the
slaves and performs inputioutput operations. The
slave tasks accept their portion of program and
data domains. execute them and pass the results
to the master task. The communication betwsen
the tasks is carried out explicilly via communicating
network through messages. The message passing
is implemented as 3 set of [fibrary routines
providing calls for sendingfreceiving data as a
single element or as buffers, Due lo the
architectural differences between ANUPAM-BS0
and other ANUPAM series, the software
environment for the slave nodes veres for
ANUPAM-Alpha and  ANUPAM-Pentium  seres.
though the user interface of ANULIE - the
message-passmg library remains exactly identical,
providing upward compatibility.

Software Environment on ANUPAM-860

In the ANUBAM-BB0 series of syslems, the
operating system and other system software like C
and Fartran, Campilers, Vectariser and Debugging
aides, etc. reside anly in master node. The slave
nodes do not have the slandard O.5. and
compilers, and are controlled by a monitor program
developed as a part of sysiem software, The
parallel processing software for ANUPAM-B60 was
developed at two levels - System level and
Application level. System level software consists
of writing the control program for slave nodes,
which Includes an absolute loader and an emor
handling reutine for floating point exceptions
occurring in the slave nodes, a stripper program
and a down loader for master node and message
passing run time library for master and slave nodes
with the relevant device drivers, added to the
software companent.  Application level software
consists of various parallel program development
tools fike —

= ANULIB - he message passing library

+ PSIM - the simulator for AMULIB which
prowides the same user interface as ANULIB
and runs on & sequential maching, It proved to
be extremely useful in developing user
pragrams which could run on single systems
during initial debugging stages, thus saving the
parallel machine for production runs.

»  S-Trace and PSIM-Trace - utility for tracing run-
fime error

e PSHED - utility for semiautomatic paralleization

» FPROF - a sequential profiler

= FFLOW - & Forfran-flow analyzer

* FDB -PFDB - debuggers for sequential and
parallef programs

Moreover, user level parallel libraries like SCLIB-
numerical library, IMAGEPRO- parallel image
processing applications and XMOL, XIMAGE -
scientific visualization packages are developed,

Software Environment on ANUPAM Alpha and
ANUPAM Pentium series

ANUPAM-Alpha and ANUPAM-Pentium seriss of
computer systems have idenfical software
environment on each node. Operating system, C,
Fortran compilers and debugging aldes form the
standard system component  Since both the
interconnection networks, ATM and Ethernet, uss
TCPIP, the message-passing library ANULIB has
been implemented on TCP/P using socket fibrary
calls, This gives architectural independence as we!l
as network independence. ANULIB can ba
implemented on any system offering sockel library
interface. The present envionment facilitates
multipie parallel programs execution; disk 110 on all
nodes and flexibility of choosing any of the nodes
as master node. Similardy, PSIM is available as a
mode of aperation where all nodes are mapped an
a single node. All program development toals of
ANUPAM 860 are also present. Additional utilites
like SYN- syntax checker and ANULIB-to-MPI
converter have been provided. Thers s a filg
server, which holds the enfire user accounts, and
they are shared through Network Information
Service (NIS). Network File System (NFS) is used
to share all the user files. Another ufility is auto-



mount daeman, which automatically mounts remote
directories requested by the user. The combination
of NIS, NFS and automount make all the systems
appear identical to the user and parallel programs
can be submitted from any system. A special facility
called 'Hold' has been developed to half the entire
parallel program execution for a certain period and
then continuing from the same point of execution.

ANULIB is the passing library, develop
for both C and Fortran languages. Itis a tool for
explicit parallelisation, which is implemented
through message passing, invelving a set of
sendfreceive calls. ANULIB has 4 modules:

« Module 1 - initiafization and termination calls
for master and slave programs,

= Module 2 - communication of messages for
transfer of a single element, mulliple elements
and buffers and broadcast o all nodes.

+  Module 3 - error handling module,

s Module 4 — ANUSER daemon for execution of
slave programs.

Other parallel libraries such as PYM (Parallel
Vifual Maching) and MPl (Message Passing
Interface) are also implemented an the ANUPAM
system, However, the perdormance wilh the
ANULIB is 20-30% better than the other libraries

Applications

For using parallel supercomputers, considerable
effort is invalved on the part of program developer,
since large programs nommally developed for
conventional  sequential  computer  require
modifications before they can be executed on
parallel supercomputer. Thus, necessary conditions
for the use of the parallel computer are the
availability of the source code, possibility to divide
the program into fairly independently executable

dules and minimum ication between the
concurent modules. Thus, for minimizing the
required parallelization effort, many advanced lools
for  parallelisation, debugging, profiling, toad
balancing and opfimizing should be provided.
ANUPAM-series of suparcomputers, besides being

very fast, easy to use, highly reliable and cost
effective. are very rich in terms of paralielising tools
as compared o other available parallel
supercomputers,

All the three series of supercomputers — ANLIPAM-
850, AMUPAM-Alpha and AMUPAM-Pentium -
have been extensively used for solving some of the
very large computational problems for BARC
ANUPAM systems have also been used by many
other R&D organizations in the couniry.
Replacement of CRAY X/MP supercompuler at
NCMRWF, Delhl, for running operational weather
forecasting codes with ANUPAM-Alpha, and the
recent installation of ANUPAM-Pentium at ADA,
Banglore, for CFD computations related to aircraft
design, have been two  most  significant
achigvements of nafional importance of ANLIPAM
systems in supercomputing

Applications at BARC

BARC has used ANUPAM senes of super-
computers for the past fen years for solving large
computational problems in various fronfier fields of
stlence and enginesring. Some of the major
applications Implemanted on  ANUPAM  super-
computers are as follows: -

1. Molecular Dynamics Simulation © This simulation
is camied out by setting up a box consisting of &
number of parficles. Then, assuming cerlain
starting values of posiions and velocities of atoms,
the equations of motion are solved iteratively with 2
small time step, with the new fteration utilizing the
results of the previous cycle, The paralielization is
done an calculaiing the net forces on the atom at
each time step and the values of atomic
coordinates are passed belween processors
for each iteration, This involves  minimum
communication and can be scaled very nicely with
more number of nodes,

2 Crystal Stuclure Analysis © In this prablem
computations are required for the processing and
analysis of huge experimenial data, optimising
thousands  of  sfructural  parameters  and
visualisation of 3 dimensional structures of



Protein Moleenle Strocture

Fig 5 Profain molecule struciue

biological macromolecule like Proteins. It has
been parallelized using data domain partitioning
technique. Data partitions are lotally independent
leading fo very litte inter process message passing.
It is a very scalable algorithm using event
paralielism

3, Neutron Transport Calculations - This problem
involves solving of neutron transport problems,
invalving complicated geomelry and large flux
gradients using Monte Carlo method. A large
amount of computations is needed for reducing
uncertainties  associated with this method by
increasing number of histaries. Since the individual
histories are essentially independent, this is a good
example of event parallelism.

4. Gamma Ray Simulation by Monte Carfo Method:
This simulates the development of the
electromagnetic cascade, initisted by Cosmic
Gamma ray, in the earth’s atmosphere. This
simulation enables one 1o device and tune the
performance of the detector for the detection of
Cosmic Gamma Rays from extra-terrestnal source

5 Three Dimensional Electromagnetic Plasma
Simulafion | This si i high
performance computers and are used for studying
plasmas of various types such as those occurring
in high power microwave cavities, magnetic
confinement fusion devices and in earth's magnetic
sphere, Parallelization has considerably reduced

Fig. & Elgclromagnedic plasma simulahon

the time taken to analyze and display vanous time
frames of electromagnetic plasma.

6 First Prnciple  Electronic  Structure
Computafions © These are used for computing
inter-particle ~ potentials al  various  ionic

configurations for finding new materials and
predicting their behaviour under static and dynamic
pressure. These calculations make heavy demand
on computation speed, for even a medium sized
sample containing 10 to 100 atoms. This is an
example of fine gran parallelism where data is
exchanged al every iterative loop

7. Finite Element Analysis Method : Finite Element
Analysis program for camying out linear static and
dynamic analysis of arbitrarily loaded axisymmetric
plates and shells requiring large amount of
computations has been imp The shell
may be meridian curve of any shape.

Strurture Anplyses

Fig. 7 Structure Analysis



8 Laser-Atom Interaction  Computation

Computation of inlense field  Laser-Alom
interaction is a very complex problem. In recent
years, there is an intense activity in the direct
solutions of Schradinger equation (SE) involving
time pend To) i i This

routines were written in assembly language of
CRAY, the first challenge invalved re-wriing of
fresh routines, replacing many of CRAY specific
functions and libraries, and obtaining the Waather
Forecasting Results with the same accuracy as
achieved on CRAY. The second challenge was o

necessitates  high  per ce I
solutions. This program has been successiully on
ANUPAM parallel system.

Applications in Outside Organizations

1. Weather Forecasting at National Centre for
Medigm  Range Weather  Forecasting
(NCMRWF], Delti Dual CRAY XMP
Supercomputer, procured in 1988, was being used
for Medium Range Weather Forecasting at
NCMRWEF, Delhi. The search for the replacement of
this suparcomputer was started by Department of
Science and Technology in 1984. Since procuring
such a computer from abroad involved difficulties
due to technalogy control regime and since various

Weather Forecasting

BH0tFa WINDAGFMCMENT WODEL-TA0 24rf TCST ANLEMM-ALPHA

Fig. 8 Madium Range Wealher Forecasting Mode!

organisaions in the country were actively invalved
in developing supercomputers, it was decided to
attempl the replacement of the Cray with the
indigenous product.  The job involved porting of
entire suite of weather forecasting programs,

paralielise the codes on the local supercomputers
s0 {hat the time taken for the complete execution of
the weather forecasting suite is less than the time
of execution on CRAY.

So far, out of all the indigenously developed
suparcomputers, only ANUPAM-Alpha with [1+4)
one master and four slave node configuration, has
been able to meet both the conditions of matching
accuracy and execution time on CRAY. An
ANUPAM-Alpha system was fully commissioned at
NCMRWF, Delhi, in December 1988, thus
providing & solution fo a long-standing problem of
finding an altemative to obsolete Dual CRAY X/MP
supercomputer. The ANUPAM system. having
fully redundant configuraion for the very high
availability required for the production fun, is
operating very satisfactorily for the past several
manths. This has resulted in saving the huge
maintenance expenditure on  obsolete  CRAY
system and eliminaled dependence on it for
medium range weather forecasting applications.
ANUPAM-Alpha system, using Alpha 21184 @ 800
MHz microprocessor based workstations, can be
easily upgraded to provide a 25 fimes faster
computational speed by using the [atest available
workstations, based on  Alpha 21284

MICTOPrOCEsSor.

2 G tational Fluid Dynamics, A ical
Development Agency (ADA), Bangalore © Solving
Computational  Fluid Dynamics  problem  far
studying aiflow through air-intake ducts of an
aircraft is one of the very large computational
prablem demanding huge amaunt of computations.
This prablem became one of the major challanges

primarily consisting of Modeling Code T-80 and
Analysis Code 381, from CRAY supercomputer to
the paraliel supercomputer developed locally.
Since CRAY is a 64 bit computer and many of the

to the indig ly developed supercomputers’
VASBI, a three dimensional explicit finite volume
code in computational fiud dynamics, was
developed at ADA. VASBI code oblained the
compressible  turbulent  viscous  flow  through



symmetric bifurcated air-intake ducts by solving the
3D unsteady Reynolds averaged Navier-stokes
equations. This code was taking 30 days of
computation for @ single result on the fastest
sequential computer available al ADA. I was
implemented on ANUPAM-880 in 1994 giving one
result in less than 2 days. Thus, this challenging
problem was solved using the ANUPAM-BSO
syslem for a dedicated period of 2-3 months.

ANT ENGINE DUCT DES

f

e

Fig. 9 Air craft engime duct pressune diagram

Recenfly ADA had another problem of
Computational Fluid Dynamics involving 4 million
grid points. This problem could not even be loaded
on any of the supercomputers available in the
country. It was implemented on a 16-node
ANUPAM-Pentium |l developed last year using 18
Pentium-Il PCs with 760 MB memory each. Based
on the benchmarking and evaluation carried out on
ANUPAM-Pentium supercamputer, ADA decided
Io procure this system from BARC. An ANUPAM-
Pentium based on the latest Pentium il PCs was
installed at CFD Labs, ADA on June 1, 2000. This
system is 5 fimes faster than the existing PACE-32
supercomputer at ADA, supplied by ANURAG,
Hyderabad, at a cost of Rs. 2 crores, ANUPAM
supercomputer &t ADA has 16 nodes and a file
server, each node is Pentium Il PC @ 550 MHz
with 256 MB memory each, The file server and the
nodes are interconnected using Fast 100 Mbps
Ethermet Switch. The cost of the system is Rs.30
lakhs. Most of the industry standard components
such as PCs and Ethemet Switch were procured
directly by ADA. The ANUPAM parallel system

was integrated at site by a team of three expers
from BARC in a period of less than a week.
ANUPAM-16, being the fastest system available at
ADA, would be used for solving many new farge
CFD problems. This can be easily upgraded io
higher configuration for underaking even larger
probiems in future

The list of ANUPAM installations in the country is
given below

Existing Installations

1. BARC, Mumbai

2. |IT, Mumbai

3. NCMRWF, New Delhi
4. CAT, Indore

5. |OP, Bhubaneshwar
6. IGCAR, Kalpakkam

7. VSSC, Thiruvananthapuram
B. MS University, Vadodara

9. IS¢, Bangalore

10, ADA, Bangalore

Proposed Future Installations

11. NPC, Mumbai
12. W7, Kanput
13. UDCT, Mumbai

Conclusion

R&D in the field of developing parallel super-
computers, undertaken at BARC for the past ten
years, has been very successful in meeting the
supercomputing requirements of BARC and other R
& D arganisations in the country. ANUPAM super-
compulers developed at BARC have featuras of
very high speed, high reliability of cperation, aase
of usage and are highly cost effective. LUsing this
technology, the design cycle of the system has aiso
come down very significanty. Thus, ine
supercomputer based on the [atest micro-
processors can be integrated within 2 short pericd:
of 1:2 weeks of procuning fhe required components,
thereby, giving the best possible speed on
minimum number of compute nodes in @ most cost
effective manner  ANUPAM supercomputers are



very easy lo manufacture as the components used onmponenm the  system with  sustained
are  indusiry-standard  readily iiable  at comp speeds up to 50 Giga Flops can be
compefiive cost, ANUPAM systems can be easlly integraled which is matching the
integrated at site by obtaining the computational speed i on any of the
directly Imm markel and pmwnng only ms paraliel supercomputers available abroad.

| and softy
fmm BARC.  With the presently available

il i

INTEGRATED GARTER SPRING REPOSITIONING
SYSTEM (INGRES) FOR REMOTE REPOSITIONING
OF GARTER SPRING SPACERS IN COOLANT
CHANNELS OF 220 MWe PHWRS

B.SV.G. Sharma and B.B. Rupani
Reactor Engineering Divisicn

Introduction

Garter spring (3S) spacers maintain the spacing
between the Pressure Tube (PT) and the Calandria
Tube (CT) of Pressurised Heavy Water Reactor
(PHWR) coolant channets. The actual location of GS
spacers in PHWR coolant channel plays very
significant role in maintaining stipulated service life
of coolant channels. The displaced GS spacers can
lead fo develop contact betwesn the PT and CT
resulting in formation of hydride blisters over a
period of operation, The embritlement and cracks
caused by the hydrdes (developed in the form of
blisters) will result in rupture and will lead in eventual
failure of PT,

There has been evidence of these GS spacers
shifting from their installed locations in the early
generation indian PHWRs. Hence, there was a need
to design and develop a tool which can precisely
detect and reposition these displaced GS spacers in
the PHWR coolant channel assembly. The
INtegrated Garter spring REpositioning System,
abbreviated as INGRES, has been designed and
developed for repositioning the GS spacers in the
highly radioactive coolant channels of 220 MWe

PHWRs. The tool can be operated remotely from
control room located at a distance of 100 meters
(cable distance) from reactor vault fo minimise
radiation exposure of operating personnel.

Fig 1 INGRES-25 system under opsration at MARS. ]

The INGRES system consists of eddy current
trans:luoers linear induction motcr and bending

bled as integrated tool along with
auxiliary support equipment for remote detection
and repositioning of GS spacers in the PHWR
coolant channel assembly. The auxifiary suppon
system equipment consisis of INGRES tool carrier
cum delivery system, variable frequency power




supplies, hydraulic and pneumatic pumps. main
auiliary and interfacing contral panels for the
cantral and operation of the taol.

The first versicn of the tool {version INGRES-15)
was developed in the year 1995, This toal needed
both the fueling machine vaults of PHWR for its
operation, Subsequently, the next version of tool
namely INGRES-25 was developed in the year 1537
for single vaull operaion. Both these systems are
meant for dry channel operation.

This report describes general feafures of the
hardware modules, control and automation software
modules and support equipment of the system. The
INGRES-25 syslem has been successfully used for
reposifioning  garter spring spacers in Madras
Atomic Power Station (MAPS) unit-1 during March-
April 2000 (Fig 1). It has extended the life of 28
caolant channels of the said reactor by 1.5 effective
full power years (approximately 3 calendar years).
The rehabilitation of coolant channels of MAPS-1 is
aiso highlighted in this repart,

Design Philosophy and Constraints in
Development of INGRES

The GS spacers are not physically accessible from
gither side of coolant channel as they are
concealed/confined in the annular space between
PT and CT of coclant channels. The schematic view
of PHWR coofant channel assembly showing PT,
CT and GS spacers is shown in Fig. 2. The only
access available to the repositioning fool for
repositioning these spacers will be its insertion
through the inside of pressure tube (Fig. 3).

One way of imparting physical movement in GS
spacers for repositioning wil be by generating
mechanical force in it by means of electromagnetic
induction technigue, The interaction between
primary and secondary electromagnatic fislds (that
are generated by primary device and produced in
GS spacer circuit by induction respectively] wil
causeé the movement of unpinched GS spacers.

coalaNT -
e JHANT OLT
VIR ] ' . b i
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Fig. 2 PHWE coolan! channel assembly schematic
_ CALANDRIA _GARTER _ PRESSURE
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| BT —1
INGRES TOOL 5

Fig. 3 INGRES toal in cootant channe!



As such the tool should have transducers for precisa
detection of GS spacers and PT-CT eccentricity. It
should have electromagnetic device to produce
physical force an GS spacers by electromagnetic
induction to move them in axial direction. Furiher,
there should be pressure tube bending or flexing
tool for comecling their eccentricity at the GS
location to unpinch the spacers to facilitate their
movement, In addition to these basic modules, the
system should have auxiliary support systems lo
position and control the tool operation in the coolant
channel,

There are various constraints on the design, size
and operating parameters for the tool These are
described below:

fa) Physical In-accessibility of 53 spacers
{b) Hostlle operaling conditions, wviz. operation
under intense radiation fields and presence of

significant negative role during GS repositioning
aperation,

(g Requirement of smaller size and weight of tool
The tool diameter should not excesd 80mm and
none of the modules of the integrated tool
should exceed length of fuel bundle (around
500mm). Suitable universal couplings should be
used between modules,

(h) The tool should have fealures like maoderate
operating voitages. remole operability from
control room and reasonable in-channel service
ife during operation.

Major Modules and Essential Features of
INGRES

The INGRES-2S tool head is shown in Fig 44 and
48, Fig.54 shows the schematic of INGRES-2S
setup in reactor fuelling machine vault and Fig.58

heavy water in channefs during teal operation.

{c) Pinched condition of GS spacers makes it
difficult to move unless they are unpinched.

{d) Unfavourable electrical and magnetic properties
of the PT, CT and GS spacers. They are made
of zircaloy.

(e} Shielding effect of pressure whe is unfavourable
for force generation in garter spring spacers by
electromagnatic induction device. This affects
repositioning of G& spacers.

{f) Presence of muck in annulus region of PT and
CT. distorfion in shape of GS spacers and
electrical contact resistance of girdle wire play

shaows sch ic of auxiliary and support equipment
of INGRES-25.

The work involved was indigencus design and
development of following modules of the system.

1. A4 ftransducer system for precise defection of
garter spring spacers in PHWR coolant channals,
under elevaled operating temperatures (30 o 95
Degree C). The GSDP (Garter Spring Detection
Probe) eddy current fransducer system has been
developed for precise detection of GS spacers as
per requirements.

————————— UNIVERSAL JOINT

BENDING MODULE —

GARTER SPRING
| DETECTION FROBE
|

Fig 44 INGRES-25 tool head



Fig. 58 Schematic of auriiary squigmen! of INGRES-25 system

2. A transducer system for CQualitative &
CQuantitative detection of PT-CT eccentriclty © This
information is essential to plan  un-pinching
operation of GS by actuating Bending Module of the
system. The CDP (Concentricity Detection Probe)
eddy current transducer system has been developed
for precise detection of PT-CT eccentricity within an
overall accuracy of +-1 mm.

3. A compact electromagnetic device working on
moderate operating voltage (415V 3 Phase AC) 1o

induce electro-mechanical force on GS spacers by
linear induction principle to facilitate their mavement,
The GSRD (Garter Spring Repositioning Device) is
a non-conventional tubular linear induction motor
which has been designed and developed far
generating intense electromagnetic field in the
vicinity of GS, This induces current in the girdle wire
of GS by induction, The flux generated due to girdle
wire current opposes the main flux of GSRD
creating mechanical force on the GS spacers
resulting in its movement.



4, A Device for flexing the Pressure Tube to comect
PT-CT eccentricity 1o faciitate unpinching of GS
spacers. The BM (Bending Modules: 2 Numbers),
namely forward and rear bending modules, have

Necessary safety interfocks have been incorporated
in the cantrol system for safe operation of tool in the
reactor channels. Fig.6 shows typical view of PC
scrsan showing features of the cuslom made

besn designed and developed to flex the p
tube in desired direction to correct thelr eccentricity
and hence o unpinch the GS spacers. These
devices afe acluated hydraulically, which can be
precisely controlled to adjust the ift of PT relative fo
CT for perfect unpinching of GS spacers.

5. A PC based control system for precise coniral of
tool operation. A PC based control system namely
INGRES-25 control  wversion 2VB  has been
developed. The user software and confrol han:lwara
for the system has been d d and develop

developed and used for the control and
automation of the system.

6. Tool carmier and positioning mechanism : Electro-
pneumatic tool positioning mechanism has been
developed for precise | of teal in the
reactor coolant channels.

7. Umbilical cable : A special umbilical cable has
been developed which contains hydraulic and
hoses, instrumentation, therme-couple

using \isual Basic version 5.0 and other lated

tension and el | power cables needed for

i The is having exclusive fealures
for auto detection of G5 spacers and tool positioning
functions with audio visual feedback to the operatar,

controlling the operation of varlous modules of
INGRES tool remotely from a distance of 100
meters from the tool head,

Fig. § INGRES control saftware fzatures



_Performance of INGRES at MAPS-1

®EFPYs for 0.2mm blister size (10} Pre-INGRES

lmvnmumumnn:wwwnblm
" |

Effective Full Power Years

'

A20 J—

$§55335%5551% 1§21 98898%88
Coolant Channels
Fig. 7 Life extansion of MAPS-1 coolant channels by INGRES-25
Table 1: Unique features of INGRES
Parameter Features

1D of Pressure Tube 83 mm*
Gap between Pressure Tube (PT) & Calandria Tube (CT) | 8.5 mm
Diameter of Garter Spring (GS) 6.8 mm
Eccentricity between PT &CT Exists*
Gap far ing the Concentricity 1.7 mm*
Repositioning Criteria Optimum Location of GS
Nos. of Garter Springs i
Condition of Channel Dry (Tool designed & tested for Wet Channal)
Cost of Disposable Tool Rs.4 Lakhs
Davelopmantal Cost Rs.110 Lakhs
Maximum Movement per Firing 145 mm

Demonstrated Life of Tool inside Core

353 Hrs (still functioning)

Average Time for Repositioning

10 Hrs per Channe!

Time for Installation of System

48 hours for Parking Station

**"= Challenging parameters



8. Conirol pangls : The operation of tool is controlied
through various control panels, The control circuits
are so designed that it can operate the INGRES loo!
through PC in aute mode of operation. During
emargency or at the time of PC failure, the manual
intervention is possible by selecting manual mode
operation.

9. Awdliary equipment The system uses special
power supplies and hydraulic and pneumatic
systems, These systems have been procured and
incorporated.

Rehabilitation of Coolant Channels in
MAPS Unit-1 by INGRES-25

During  April 2000, INGRES-2§ has been
successfully used for repositioning garter spring
spacers in coalant channels of MAPS-1.The ife of
28 coolant channels has been extended by 1.5
effective full power years (approx. 3 calendar years).
Fig. 7 shows performance of INGRES-2S tool in
MAPS-1

Conclusion

INGRES system has been developed in Reactor
Engineering Division (RED) of BARC for predicting
and extending safe operating life of coolant
channels of early generation Indian Pressurised
Heavy Water Reactors (PHWRs), with loose fit
garter springs vulnerable to shifting from their
inslalled positions. INGRES is used to remotely
move the inaccessible garer springs in the annular
gap landria fube and tube to
desired axial position. INGRES incorporates
indigenously developed sophisticated elecirical,
electronics, | i P ic, hydraulic
and mechanical subsystems. The system is
operated through computer interface located in &
special contrel room outside the reactor building.

On account of the compaciness of the Indian 220
MWe caolant channel, the challenge for design &
development of INGRES has been very large. The
unique features of INGRES system are highlighted
in Table-1. Presently RED, BARC, is working for

development of wet version of the system to save
the reactor down time.

RUSSIAN PRESIDENT
VISITS BARC

Russian President Mr Viadimir Putin visited BARC
on October 5, 2000, He is the first leader of Russia
fo visit BARC.

Mr Putin visited Dhruva reactor and also an
exhibition specially put up for the accasion depicting
the scientific and technological strength of the
Department of Atomic Energy.

Russian President Mr Wiadimir Pufin being takan fo the Ceniral
Compler Auditorium far an exhibition at BARC

While addressing the gathering of senior scientists
of DAE, Mr Putin lauded the achievements of DAE
and complimented them for their accomplishmeants.
He said that he was impressed by fhe Indian reactor
safety record. He described BARC as a temple of
seience and technology of the 21% century’. The
President also remarked that the interaction
between India and Russia on peaceful uses of
alomic energy dates back to early 1970's and it
continues till date.



SEMINAR IN HINDI ON
RADIATION AT TARAPUR

A Seminar in Radiation was organised on December
15, 2000 by the Official Language Implementation
Committee, BARC, Tarapur. The Seminar was
inaugurated by Mr AM. Meghal, Uranium Extraction
Division, BARC, who also presided owver the
function. Mearly 110 persons participated in the
Seminar. The following persons delivered lectures
during the Seminar ;

Mr H.S. Sukheswala, Atomic Ensrgy Regulatory
Board, Mumbai, on "Natural and Artificial Source
of Radiation and Safety’; Dr Sharad Pawar, Nuclear
Agriculture & Bio-Technology Division, BARC, on
"Confribution of Radiation in the field of Agriculture®;
Dr V. Rangrajan, Radiation Medicine Centre, Parel,
Mumbai, on *Radiation in Diagnasis and Ti

of Diseases"; Mr D, Mitra, Isotope Division, BARC,
on "Contribution of Radiation in the fiekd of Industrial
Progress'; and Dr Brij Bhushan, Food Technology
Division, BARC,on "Preservation of Foad ltems by
Radiation.”

B
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Saminar on Radiafion organised by fhe Official Language
Impmentation Commities, BARC, Terapuwr. (Lef fo Right]
Mr D Mitra, Dr Brij Bhushan, Dr Sharad Pawar; Commifiae
Mambers | Mr Nendkumar L Sorar;, Mr Kaushel Kumar
Snivastava, Mr Ramhsrakh R, Singh, Mr Amns Prakash,
Mr Rejendrasingh G. Yevathikar and Mr Jogendrs R, Yaday

The second session of the Seminar was organised
in the evening in Atomic Energy Central School No,
2, BARC. Tarapur, for the benefit of the family

members of employess, Large number of residents
of the colony attended the Seminar,

BARC SCIENTIST
HONOURED

+ Dr SK. Sikka, Director, Sofid
State and Spectroscopy Group,
BARC, has been chosen io receive
the MRSIHICSC "Superconduciivity
| & Materials Science Annual Prize”

for the year 2001. This award will
be presented to him during the Annual General
Meeting of MRS| to be held at Calculta during
January 31 to February 2, 2001. Dr Sikka works in
the area of high pressure physics and shock waves.

~ 4 Mr Nisar Ahmed Mohammed

Siddigue Shaikh of Electrical Works
Section,  Technical  Services
Division, BARC, has been

conferred the award of "Shram Vir'
fclr the year 2000 by the Prime Minister of India.

Mr Nisar Ahmed is a specialist In rewinding and
repairing of all types of conventional and special
rotating elecirical equipments requiring high degree
of skill, He has carried out repairs of various critical
RED equipments lke micro-motor for dye laser
system, special transformer for Nd-YAG laser
syslem, high frequency generator and high voltage
high raling motors, etc. On many occasions,
Mr Nisar Ahmed has organised major breakdown
repair works with minimum time fo re-commission
varipus essential utiliies in BARC, Including
devising necessary infrastructure. He has shown
exemplary zeal and enthusiasm in discharging hls
duties thus motivating the other work farce,

The award carmies a cash prize and a citation,
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