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NEED FOR SUPERCOMPUTING

Scientific computing particularly simulation and
modelling needs high speed number cruching capability

Computational fluid dynamics,fast fourier transforms,

Monto Carlo simulation,matrix multiplications etc. are

some of the algorithms which require teraflops speed

to obtain a relevant answer in a resonable time period.

Some scientific problems are abandoned for lack of

suitable computing power. A solution of quark field

theory of nuclear forces quantum chromo dyanamics
orQCD would take 1 year to selve on a Supercomputer

GF1l having 11 GFlops computing speed.

The $ 9 million Cray YMP for example can blast
through 1+3 billion calculations per second.

BUT IS THAT ENOUGH POWER?

NO - = -~ -~ NO —=~=-~=-NO



APPLICATIONS OF HIGH PERFORMANCE

COMPUTING IN INDUSTRY

(O COMPUTATIONAL FLUID DYNAMICS (CFD)
IN AEROSPACE INDUSTRY

(O SEISMIC MODELLING
IN OIL INDUSTRY

O DRUG DESIGN
IN PHARMACEUTICAL INDUSTRY

(O WEATHER FORECASTING & CLIMATE MODELLING

O AR FLOW & IMPACT ANALYSIS
IN AUTOMOTIVE INDUSTRY

(O IMAGE PROCESSING
IN SATELLITE BASED SPACE APPLICATIONS

(O INDUSTRIAL ROBOTS



SUPER COMPUTING AL TERNATIVES

» VECTOR PARALLEL PROCESSORS : VPP
Traditional Cray like systems

- Cray , NEC, FuJiT2 U,

» SCALABLE HIGH PERFORMANCE COMPUTING : SHPC
Today’s "parallel machines

. Inf!’, cM-2,CM-5 5 NCUBE) Tvqn_’.'l-nptv based

F

> HIGH PERFORMANCE CLUSTER COMPUTING : HPCC

Network of workstations via Fibre Opftics
networks

® MASSIVELY PARALLEL PROCESSING SYSTEMS: MPP

OR TERAFLOP MACHINES

- Intet cmM-5 » CRAY cenNuex

Which is architectrally correct technology 7
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o SuperCompufers . COH- ‘- de,q.“[ily'
MPP R P T n'i"‘q R T

o Networks of W!S*

;gfficiencies are norrible, .- vy

° Architectural correcf technology

® .:MMP

% Very specialised

¥ Still very expensive . more ‘than " avan cray

« Not mble +vo mmatel,
I/o performance

_ % People talk about 'MPP% are still small

# Problem size .ahoul.d be large.

%* I/o band width s ot Ia.Lquafa

* Uncle.aY q,ﬁoht which de.sign ,,w:'H

Survive é’
% Predicted 3row'”1 ~ale 1S ot gnogah

4o Susdoun 3¢ many quyer_ge
L R4 D expendidfure .
b



OBSERVATIONS

A Majority of scientific/engineering appln. use more
cpu time than I/0

A  Large cpu bound calculations invariably involve loops
that are executed several times

A Most cpu time is consumed in this loop

A Most scientific programms are written in Fortran

A Most of these algexthms

have buslt 1n pa'rq”elt':m



R B O T L B A

* The CMOS mrcroprocessors has been achrewng
a 50 fo 60% -annual growrh rafe

[EAETIE ST

’ Tradmonal Super Compufer progress rs 5 to 10%
every year. = =

*  Due to this fundamenfal dlfference in growth
- . rafe Mrcroprocessors are overfakrng |

. SuperCompufErs in ferms of raw. compuhng
power and cost. ' |
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UNLIKE SUPER COMPUTERS PARALLEL -
PRICESSORS

> COST MUCH LESS

D> TAKES UP CONSIDERABLY LESS SPACE

D> CONSUMES LESS POWER
> NO DEMAND FOR SPECIAL COOLING ARRANGEMENT
> PROVIDES SCALABLE PERFORMANCE

> CAN BE BUILT USING COMMERCIALLY OFF THE
SHELF TECHNOLOGY (COTS) |



 PARALLEL PROCESSING?

* Subdividing a problem info independent tasks and p erforming
them simultaneousty allowing required information fc be shared

between fhem

# A problem subd vided in 20 lashks

fakes 20 units of fine.

¥ Same problem has 3 to 3 fasks absolutely
independent of euch other- sinlarly tasks Il fo Z0.

* In g single CIUE it fakes 20 lime units. |
* n 10 identical CHUs, il Takes © unils of time.

If tasks 12,9 and W) were dlso independenty if
would have taken only 2 time unifs.



Main Comfao'nen\c;

®  Avchitecture
- Sim P!e,
- Scalable

- Prece ssor I-rljo"&.f:?f)de}nb
© Inter (Conne cting Ne‘f‘waf&
; -~ Scalable band width
. Avchitecture 12degpendent
- cost &£ Lfechve | |
@ Parallel Software Emvironment

- User fn'tnalj

he
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P M

P M

P M

P LY
P M
P M

Butter My computers from BRN Advanced Computers
are interconnect parallel machines in which multiple
processors, P, are connected to multiple memory
madules, M. The interconnect hardware is a collee-
tion of VLSI switching nodes U1at provide a path
from every processor (o every other processor und
from the processors to all of the memory maodules.

Iy
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INTERNODE CHANNELS

ARFAY OF HODE
PROCESSONS

HOST-HODE
COMMUNICATIONS

HOST PFROCESSOR

4)

PROCESSORS

LJ 3 CJ CJ CJ
| { l | [ [

IMTERCONMNECT

|

MEMORY

b)

Host-array parallel machinés have communications
finks between array processurs, such as nodes in a
hypercube, znd the host processor (a). Each node
processor has its own memory. Coding and allocation
of computing tasks to the array processors is gener-
ally performed by the user for cach application. in-
{erconnect parallel machines, or the other hund, have
A common, global memory (b). Parallel processors
are connecled to the global memory through com-
mon bus or through a switching array desipieo (o
relieve bus congestion. ‘

Iy




~ MULTICOMPUTER NETWORKS

-2 HYPERCUBE--LOW DIAMETER |
--EFFECTIVE USAGE OF LINKS.

DRAWBACKS‘LINK PER NODE HAS T0 INCREASE |

AS DIA. OF THE HYPERCUBE INCREASES.

eMESSAGE HOPS' INCREASE WITH LARGE
NETWORK. |

. @SUITABLE MAINLY FOR SERIAL LINKS.
~ ®SOFTWARE HAS TO BE REWRITTEN FOR
CHANGE OF HYPERCUBE DIMENTION.

© 2-D MESH WITH WARMHOLE ROUTING MOST
PREVELENT NOW & APPEARED AS ALTERNATIVE -

- T0 HYPERCUBE.--
--WIDER CHANNELS.

--HIGH COMMRATES .
--SUITABLE FOR VLSI.

o --SIMPLER HARDWARE.
~ WHICH OUT- - WEIGH ADVANTAGE OF
HYPERCUBE. -
~-ROUTER PROP, DESIGN
--NOT YET ACCEPTED STANDARD.

it



MULTICOMPUTER NETWORKS

PROCESSOR.

NETWORK

MEMORY

N

SHARED MEMORY

_E]_J

pPROCA

P2 P3
D 4
NETWORK —\

N\

DISTRIBUTED MEMORY|

INPUT >

e

¥ | ROUTER | =% ,,1puT cHANNELS

CHANMNEL it

...—L-,

parqlld

4



SPMD

MPMD

SOF TWARE

MESSAGE PASSING

HARDWARE

SHARED MEMORY

¢ BUS

e CROSS BAR SWITCH

e LATTICE

K

DISTRIBUTED MEMORY

® BUS
o HYPERCUBE

¢ MULTICUBE MESH



FACTORS USERS’SHOULD BE AWARE OF

MICROPROCESSOR USED
PROCESSOR BOARD DESIGN
INTER CONNECTING NETWORK

ARCHITECTURE

O 0 O O O

SOF TWARE ENVIRONMENT

— OPERATING SYSTEM
— USER INTERFACE
— PARALLEL  TOOLS & DEBUGGING AIDS

— APPLICATIONS

O OTHER SUPPORT HARDWARE & SOFTWARE
OVERALL PERFORMANCE

O €ASE OF UPGRADABILITY (SCALABILITY )}/ padd on cost

O cosT



BARC’S APPROACH

» MESSAGE PASSING DISTRIBUTED MEMORY
® HIGHLY SCALABLE
® LASY TO DEVELOP
e MOST POPULAR
® CAN BE BUILT FROM OFF-THE-SHELF COMPONENT:
» TOPOLOGY
e BEST INTERCONNECTION SCHEME AMONG
DIFFURENT TOPOLOGIES.
e SCALABLE IN TERMS OF PROCESSING
- POWER AND I/0 BANDWIDTH.
® LOW LATENCY/HIGH BANDWIDTH.
» PERFORMANCE
® ATLEAST > 200 MFLOPS
» METHOD & TECHNOLOGY —
® USE MAX.POSSIBLE OPEN COMPONENTS.

@ MINIMUM MODIFICATIONS FROM THE CONVENTIONAL
TECHNOLOGY

® USAGE OF CLUSTER APPROCH
--EASY TO BUILD UP & REGGEDISE

® USE OF LARGER RESOURCES MEMORY/CPU

® USAGE OF INDUSTRY STANDARD BUS CONNECTION
FOR P-P COMMUNICATION.

N



THREE COMPONENT SELECTION

I) ARCHITECHURE - 2-D MESH MOST PREVENT &
EFFICIENT- COUNTERMANDED BUS PROBLEMS
THREE WAYS. |

® DISTRIBUTED MEMORY (LOCAL)MESSAGE

PASSING, BUS.
a REDUCES BUS TRAFFIC
a NO CACHE COHERENCE PROBLEM

® USAGE OF LIMITED NUMBER OF NODES PER BUS -

a CLUSTER APPROACH |
@ USE oF MULTIPLE BUSES TO SCALE COMMUNICATION

BANDWIDTH.

II) PARALLEL SOFTWARE ENVIRONMENT

® UNIX SVR 5.4
® ANSI C & FORTRAN 77

® SIMPLE MONITOR PROG. ON NODES
® SEND/RECEIVE CALLS

® SIMULATOR
ITT)NODEPROCESSOR

® USE OF HIGHEST PERFORMANCE
MICROPROCESSOR (FROM INTEL)

® | EE E BACK PLANE BUS FOR PROCESSOR

INDEPENDENCE
o USE OF L NDUSTRY STANDARD

PERT PHERAL BUVS FoR CLUSTER.
COMMIN!CATION

A
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!

X DIR BUSES

BPPS-64 NODE SCHEME

~uuil)

Y DIR BUSES ___

CLUSTER 14) ¢+ CLUSTER 3/}
?__?_ﬁ g '?"l"?
<~ >
<,L ié BIT gUs >
-
o
9
<z
T3 oo [3Ed
CLUSTER 7V | CLUSTER 9V
DELAY oNLY oONE HeP
CLUSTER - 8 NODE MULTIBUS CRATE.

COMMUNICATION = 4OMB/Sec.[Peak) on Multibus

within cluster

20MB/Sec.[Peak)Cluster to
cluster.

ADD ON COST PER CLUSTER -Cost of rrata ranteallar an!



CLUSTER CONTROLLER |

< :BT___> MULTIBUS

0
V.
DMA MPC
L86sx | b— 1L DRAM
[ 20MH ] 28
l - —
SRAM 5R/l\M 3K2X32
53-C-720 53-C-720{
16 BIT PARALLEL
BUS —™
V \V
CHANNEL 0 CHANNEL 1

< MULTIBUS >

| y ¥\
CHANNEL 0 CHANNEL 1




WHY WSCSI

» INDUSTRIES STANDARD PERIPHERAL BUS WITH FLAT CABLE.
» VLSI SUPPORT 53 C720. {80MHz)

» SCRIPT LANGUAGE SUPPORT.

» HIGH BAND WIDTH,20MBYTE/Sec, MAX POSSIBLE
TRANSFERRATE, FLAT CABLE.

» SYNCHRONOUS MESSAGE PASSING FEATURE'.
» 16/32 BIT PARALLEL BUS.

» SPEED HIGHER THAN EVEN FDDI.
» COSTS MUCH LESS.

26



SINGLE CLUSTER OF ANUPAM

HosT NODE NODE

NODE

1 2

T

p

l

SCSI

s
8

1

ET'IIERENE

TC

v

OTHER SYSTE

M

At

I l*l

1860 PROCESSOR
MPC

64 KB CACHE
1664 MB MEM,

MmoLTIiBLSs T




wby MBI ?

———— e

e L —

-
ANY CARD ANY OTHER CARD
ON MB-(| ON MB-J|
MPC MPC
Tp >

} | TDACKETg>
N {7

40 MB/SEC (SUSTAINED)

MESSAGE PASSING

o

!—Hjh band wid #,

0  jpowey o re,congq'_gu vah'oy,

0 rmesg are  baggy ng Seatu re,
©  poss, b:\-ﬂf"j‘ d), mulhple o .. Sepport
O Visy Mprc  2oludidn o synchymous bus

7h DRAM
o Tadqyfs Foje Meg !ni'm adaptor Poards uw»



PROCESSOR BOARD

RISC
40 MII;IZ

50 MNZ

LOCAL @

64 BIT

DRAM
UPTO
64MB

@ BUS

—>

3

0

- DMA

82380

MPC
82389

J

8

64KB

SRAM

32 BIT MULTIBUS 4OMB/Sec.

<

& DMA--DIRECT MEMORY ACCESS CONTROLLER.

& MPC--MESSAGE PASSING CONTROLLER. .
& SRAM--HIGHSPEED STATIC MEMORY.

& DRAM--DYNAMIC MEMORY {MAIN MEMORY)
€ RISC--REDUCED INSTRUCTION SET COMPUTER.

B

>



JOB UNDER DEVELOPEMENT FOR
FOR 32 NODES

O SELF ORGANISED CRITICALLY in FRACTALS
BARC

% CURRENTLY RUNNING ON 16 NODES

O ASTROPHYSICS GAMMA RAY SIMULATIONS
| BARC .

* CURRENTLY RUNNING ON 8 NODES

O WEATHER PREDICTION T-80 AND
SSIOC  codes .

#¢ PRESENTLY RUNNING ON 4 NODES

O MOLECULAR MODELLING & SIMULATION(X PLOF
BARC

* PRESENTLY RUNNING ON ANUPAM
(SEQ.) HOST
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WHY 1860

- RISC,64bit chip with super scaler architecture

@ 0On chip integer unit, floating point add and mulhply,
ﬁf MMU, 8KB instruction cache, 4KB datacache, -
Vector processing capability & graphics processor

o ® Gives > 30 MFlops Lihpack performance (handcoded)

- @ Most popular among parallel machines

- ® Major vendors

4 |ntel — 1Psc64 / Delta /Paragon
| (I28node) (512node) (2048node)

4 Mercury systems —1860/VME based parallel
Race series - . system/

Alacron — Multiple PC based 1860 Cards

"CSPI —1860 Acceletor -

Meiko -- 1 860 based paralleli machine
Alliant— 860 based 2048 nodes-parallel m/c

» »p ; .-
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RBPPS BLOCK Diracranm

(SOFTWARE)

A\

/ SLAVE S \
Sund Re
bse - o $HuseRr And Rl ise R
PROLE £ Rec Send|  Prece ss (3.2 and]  PROBESS
TRAN ST TRANS PORT TRANSPIRT
L b Lib L8
MONITOR Mo NITOR MeNITOR
RIGCH RISC+
LOCAL MeM lecAL mem LSAla.SMS:
MPC mpC mpC
hY
MpSSAGE PASSING BOS )
MPC |
RisC Common
UNIX MEM .
comm
L1O.
Fovtram
CV
User mam
Proce £
MASTE R

o RISC - Raduced Tnshucton Set Gompufer

o MPC

- Message Passing contrlley



SPECIAL FEATURES OF BPPS

o HIGH PERFORMANCE 64 BIT RISC PROCESSOR
‘@ LARGE MEMORY PER NODE
@ 'PROCESSOR INDEPENDENT ARCHITECTURE :
- 30 HIGH, SPEED INDUSTRY STANDARD MESSAGE -
..~ PASSING"BACK PLANE ‘COMMUNICATION BUS; -
“PROVIDING BOTH POINT'TO: POINT AS WELL AS
" BROADCAST DATA TRRANSMISSION

Q VERY SIMPLE & FLEXIBLE COMMUNICATION o
- LIBRARY CONSISTING OF - - -

INITIATION CALLS
TERMINATION CALLS

SEND/RECEIVE CALLS
MISCELLANEOUS CALLS

.. o*NO 'NEED FOR PARALLEL COMPILERS LIKE PAR C
" OR'FORTRAN OR SPECIAL LANGUAGE SUCH AS

o :0CCAM, WRITNG PARALLEL PROGRAM INVOLVES'

ONLY INCLUSION OF A SIMPLE SEND/RECEIVE
. CALLS IN A " SEQUENCIAL PROGRAM.

‘o' SEND/RECEIVE CALLS CAN TRANSFER PATA FOR
'S MULTIDIMENSIONAL ARRAY, THUS AVOIDING
'DUMMY ARRAY,




PARALLELISATION STEPS

® DECOMPASE THE PROGRAM INTO TWO MODULES

MASTER AND SLAVE.,

MASTER MODULE GETS EXECUTED ON HOST
PROCESSOR AND INCLUDES INPUT/OUTPUT MOPULE,
FILE I/0 MODULE AND COMPUTATION MODULE..IT

SENDS DATA TO THE RESP SLAVES, COMPUTES ITS
OWN AND RECEIVES INTERMEDIATE FINAL OUTPUT.

SLAVE MODULE GATS COPIED ON ALL SLAVES AND.

GETS EXECUTED ON EACH NODAL PROCESSOR. |
IT RECEIVES DATA FROM MASTER OR OTHER SLAVES
COMPLETES ON IT AND SENDS BACK INTERMEDIATE/

FINAL RESULTS TO MASTER OR OTHER SLAVES.
COMPILATION AND TESTING USING SIMULATOR ON
ANY UNIX MACHINE. |
COMPILATION ON THE TARGET AND EXECUTION ON
THE SAME. |



7 -SYAS x_zu
nlsvw

Hzﬁﬂduﬂﬂzmﬂ@m«éu_ 0S WVJNNV




P Sl Ne <o d

© Fivst and fore mo skt use o

Srmulador IS debuggriryg

P simM simallate o (;orr\};lde, ]:a.m”e_l

eNnviyon ment o¥F ANV PAM o

any UANIX base d seguen cc'al Ui pricesor

machine . ( UNIXK  versior Y.32.2 & above)

P-re,.st-’J qvm“qblc oY ary UNIX
platform suech as 56T, SUN  HP &
Pe/AT 48¢ and h‘aief A 32 mb memory

User fokffa ce [elenh' cal o ANVIAM

Carvenily sup porls rdtan L C

C t1 ;b"'e_v&—te and S_trace Jﬂu/e«.z&l_

avoslable )n new Versi on

S-Trace Jaeidhy™ provides  siman e ing

I‘D Case o-f q},m’,b QKit
g



Foatures of PgIm

@ Compq—l—fble w i th ANUPAM

Yserxr Oﬂb‘ need 1o 7E_.CO"‘13;’€, R l‘;”‘\
Source a_j d‘-l'h 5 UV:"H)OMJ" cbans I'nJ S’“ﬂa IC_
ve ot Code , on ANUPAWM

@ Once baralld brogram IS -Fodle
Ae-b"\ﬂsﬁd I~ can reen on the
target ANUPAM  machine

@ Provide s o Ser f;-imd.lj , menQq drvew

I;Dkﬂ-ra}'e,d c:le,rdop ment  Envirom mem} @Da)
For e diting Compi ("_!5 X execud'ng

©® MakKes y se of Oxden wve UNIK
tvols Sa ch as sdb, i, sces
de | W €a se user work load i mp
de bugging

g1



SCLIB

¥ PARALLLL SUBROUTINE LIBRARY FOR

MATHEMATIC, NUMERIC FUNCTIONS

% HAS SIMPLL USER INTERFACE

% USER CAN CALL THIESE PARALLEL
ROUTINIS IN HIS SEQUENTIAL AS WELL
AS PARALLLL CODL

% SUPPORTS

®
®
®
o

MATRIX ALGEBRA

SOLVING DIFFERENTIAL EQUATIONS
FUNCTION EQUATION
RANDOM NUMBER GENERATOR

LEAST SQUARE FIT

* LINPACK

VECTOR OPERATIONS
FINDING ZEROS OF POLYNOMIALS.

* USER SPECIFIC ROUTINE CAN BE EASILY
ADDED 1O THE LIBRARY

A



IMAGEPRO

>

Image Processing subroutines

implimented using parallelisation
Technique.

> Has simple user interface.

* Userneed not do parallelisation.
User can insert parallel calls
in his sequential code.

* Parallel Routines such as 2DFFT,
Sobel's edge detection, histogram
equalisation, high pass/low pass
filters,Median filtering, thinning,
are available.

*»Modular software approach

allows user specific function
to be added in the library.

ho



COMMON PLATFORM FOR
PARALLEL & MULTIPROCESSING

MULTIPLE SEOUENTIAL JOBS'AND MULTIPLE

PARALLEL JOBS EXECUTION POSSleLE |

FEATURE NOT AVAILABLE ON ANY INDIAN -

PARALLEL MACHINE TOopAY '

UNIX RUNS ON MASTER & SLAVES

o EASE OF DEVELOPEMENT OF PARALLEL
... TOOLS LIKE PARALLEL PROFILER |

AND PARALLEL DEBUGGER
SHARED FILE SYSTEM

AUTOMATIC LOAD BALANGING POSSIBLE

1h



JOBS ON 32 NODE ANUPAM

Efficiency
» VASBI-{CFD code from ADA) — 76%
» PROLSQ-(Molecular Modelling BARC) — 68%
» LMTO —(Electronic structure calculatons
calculations BARC) — 70%
» MANALI-(Monte carlo simulation for — 54%,

Reacter Physics BARC)

> MCNP-code -(Radiation Transport

— 80%
problem BARC)

ha,
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©

FACTO RS ABOUT EFFCIENCY

COMPUTING EFFiciENCY (MFLOPS [NodE)

N6 oF NODES

START UP TIME

COMPUTATION TO COMMURNICATION RATIO

NATURE OF ALGORITHM A |ITS INHERENT
PARALLELISM

SIZE OF THE APPLICATION

COMPUTE , 1/0, COMMUNICATION
LOAD RALANCE/ DISTRIRUTION

b
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EFFECT of AmDALR'S LAw

'TET = Tse.-,_ + T;ca.r
Tpar = TSt“f‘t'-p + Teom + Twait
Amdedk's | o Says

o Seq_ucna.'aj Palt' G""‘mﬂ% 4“—54&5
the  eoverall Speed  uwp

— ividing Tpa
TP“'Y = 0 by < v'd“_nj 7: Manp BhRo

ET & 2'&?5“1 -4-"me

Seq . S«Lutnu’d Uepsed H'me
par a dJopsed Hme Rr fporalelisable code
Parellel codes

) Embva.ss"nj'y f’eu—o.llei Code s
® Not SO “"3"”3 FPorallel Code g

& Poo -rlj pParalledr s able Codeg
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PARALLELISATION

20

N
!

:sPan upP RATIO
D == 1
((1-PX)+P/N)

NO-OF PROCESSORS
® o
1 ]

_ Processor with gty PV
= :
-1 .5 1 -
PROCESSING POWER
Compute & Communication

Tes = Tep + Tes

Processor onth oY prwer

TES = Execuhion -ime for
Se.cfuc:n-l-t'a.l

Tep= Execublion Hme for

pavellelrsable code

Te s = ExecuHonhme fox

sexrrod code(non |oaorodle,\|'5abk;

TE p= Execuhon time For "

ppoval lel code with N processor

Tpar(N)= Te(N)+Tcomm@ + Twait +Te s
speedupS(N)= TES

Tdeolly TEP= 1:B

T .
pavy T Time f—ov
o TP dxecurion
Effrventy E (W = T .
execuHon

o qel <T§P>‘n' fow ol CPUS showd be
equodl)t \oaded. .
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COMMUNHNICATIHG SEQUENMNT .« AL PROCESSES

- =
DATA GEM . : PROCESS .
1
[}
1
1 +t1iA I T
DATA DIST |----- 4
T ¥ I. L.
] PF OC L |
PROCESS | I s RE STD Y
J
RESUJUI.T - RESUWUI.T
L
PR QOQcC 7 | PR 0OC -
COMMUMHNICATION BETILIEEM PROCESSES
donmne imitiaoally £ o A a ta
distribtion.
done firmnally £ or receae iving resul ts ..

PRO
Pro

00
ge

EXTRA RCT T W

PROGRANS

— COMMMUN ~ C

— LI I TIMG

I S TO SYHMHCHROMNMISE LI TH

ITIES FOR PARAL.I.EL

AT IGOGH 2 "-THEELH PROCZSSORS
FOR SYHCHROMNMISATIOHN

THL, L OMALIL
Qoo ot L cad:

TN oax o
Compru:/ajim)

Addg>xaxy  cecemerwseddyyynnnddzisans . ssebbbddddddubbunndn > saxddandddgeady dds:
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PROLSQ ON ANUP AM.
TABLE A
| PROBLEM SIZE=X
NO OF EXECUTION TIMINGS IN SEC.
PROC. T PARALLEL T SEQ. T TOTAL
1 606-5 35.5 642
2 307-6 35-5 3431
3 207- 4 35-4 242-8
L 157- 3 35-4 192-7
5 126-8 35.4 162-2
6 106-8 354 1422
7 92-7 35.4 128-1
8 80-5 37-7 18 -2
[ TABLE BB
PROBLEM SIZE =14 X
1 74216 35-5 24571 )
8 309(305): 35.7 ' 344-7(308-6)
12 240(223) | 36-4 276+4(2156) "
16 219 (195) = 36-4 255+4 {168-9)

* WITH 32KB DATA BUFFER INSTEAD OF 16KB

+

WITH WSCSI BUS TIMINGS

K8
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- EXECJUTION TIME
| WITH SPMD

\
1 X = pro blem Size
w
p3
-
A
g
k-
P4
U .
ul //_-
l’ﬁ a— MINIMUM
NO .0F PROCESSORS —»
O FACTORS

- ARCHITECTURE
— COMMUNICATION SCHEME & SPEED OF DATA Xer

— CPU SPEED /COMMUNICATION SPEED
— LOAD PALANCING

— PROBLEM S\z€& & TYPE

Muler's Law



OUTSIDE BARC USERS

® IOPB--COMPUTATIONAL PHYSICS
® ISRO.BANGLORE-CFD

@ CENTRE FOR __IMAGE PROCESSING

ARTIFICIAL INTELLIGENCE
AND ROBOTICS-CAIR

. SAC AHMEDABAD-IMAGE PROCESSING — SAR
® DEPT OF PHYSICS,POONA UNIVERSITY

"ELECTRONIC STRUCTURE CALCULATIOl
® IISC.BANGLORE __CFD ~- moL.modL -~ Roiet
'® ADA,BANGLORE - Four groups '

® VSSAC, TRIVENDRAM --CFD

® CW & PRS, PUNE-MATH.MODEL.FOR POLLUTION

® DRDL and DEFENCE " MEASURE M®
®.11T.--BOMBAY -- PHYSICS CODE - - ¢ D

©® ONGC,’;.DEHARADOON - SEISMIC

‘® ADRIN, HYDERABAD - - IMAGE PROCESSING

@ HAL , BANGLORE

@ WEATHER PREDICTION

15/]



TYPE OF APPLICATIONS

~ % MONTE CARLO SIMULATION FOR PHOTON TRANSPORT
/AND DISCRETE ORDINATE NEUTRON TRANSPORT.

ELECTRONIC STRUCTURE CALCULATIONS
MOLECULAR MODELLING

*
*
* MOLECULAR DYNAMICS & SIMULATION
*
*

HIGHLY RESOLVED 3D VERSIONS OF PHYSICS CODE

SURFACE RECOGNITION IN IMAGE PROCESSING -
* RANDOM NUMBER GENERATION

* COMPUTATIONAL FLUID DYNAMICS

* SEISMIC STUDIES

* 2D & 3D FFT’s

* MATRIX MULTIPLICATION

* MULTI GROUP INERGAL TRANSPORT EQUATION



KEY FEATURES OF BPPS -

Modularity —— cluster upprouc‘h
Openness —— open backplane bus Multibus
Open O.S. | UNIX ,SVR 4
Std. language compilers Fortran & C
Compatibility— 1007 UNIX compatible .  Fortran,C
Scalability ——  no.of cpu’s performance
generation cost
size problem
Cost —— unmaotched best performance

>%00 MFlops for Rs. iCrore 25 Lakhs

for 32 modes

~ Appin. pdriubility Accross message passing, SPMD

Performance 4-1 times faster thon IBM RS 6000/560'
OoN BPPsié6
E.4tmes Faster on BPPS 24

6:8 h'mes Fasiey on BPPS 32



l

Increased performance throughpit

/
® Increased reliability

® Graceful degradation in the event of failure
e Multibus

- power on reconfiguration

( not possible on VME or transputer based systems)
~  high band width

— new enhancements

— Mmessage passing approach

® VLSI,MPC, solution

-

A



SCIETIFIC COMPUTING.

® MOLECULAR MODELLING & SIMULATION

® MOLECULAR DYNAMICS

® FLUID DYNAMICS

® MONTE CARLO SIMULATION

® SPEECH ANALYSIS

@ IMAGE PROCESSING

@ FINITE ELEMENT ANALYSIS

e FINITE VOLUME METHOD

oy



'Eme;qinq Use's of PARALLEL M/C

m Modelling and simulation

®  Geophysics exploration

m New drug design

®m Aerospace design

@ Global climete modelling

W Astrophysics

® Robotics

W Image processing
m Medical Imageing

@ Critical Real time jobs

6



Lite Cycle ©OF

) SC_I‘Qﬂ ce OWWCI Tgclﬂ'h()l‘ogj

Modelh ny
Simwlehie

Genvaly dbloc (nsual)
0 yendy |
tm‘,, < Ne s MCL%)
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U VisuaL comPuTivG

Computational methods are' being used for

simulation & modeling as an alternative to
experimental methods -

These lechniques require supercomputing power
fo obtain results in reasonable time |

Also these methods generate huge volume of
aata which is impossible to analyse using -
conventional methods -

Computer world tfoday is mo ving fowards
object oriented graphics or what is kno wn as

“visual computing™
since

Picforial data appeals more to human mind

All this requires still higher computaltional power

Once niche market now it fs becoming common
place due to the availability of low cosft |
parallel processor



A D G . —— ke b d  n o ey e —p —— — - — e e ke T — o o ——— -
8ize of Matrix: 1004100 Double Precision :
nproc ol ime MF1LOFS

: 1 .15 1.50

2 0.51 1.34 ‘ _
] .40 1.7L i
A 0.37 1.85 . i
5 0.1% 1.96 ' {
] . to 1.91 :
) 0.1y’ 1.a% ) ;
8 .10 1.71 .
8ize of Matrix: 200+200 Uouhle Precision )
nproc T ime MF1.0PS i
1 0, un 5.00 ;
2 1.40 1.67
3 t.ul .06
1 .01 5,965
5 .00 6.729
6 ., 1A G.AA '
7 0. nhn G.16
8 . 6.94

S G s e e G ke e i e e e e e e A e e . e e —— . i —

R S A o L e e e e e e e e e e e e A b e . e T —— - —

nproc Time NF1.0rP3 Speed Up Efflciency
1 2.0 Hh.66
2 1.0t 11.1% 1.67 B3.5
i, fon 13.17 1.97 65.6
4 1.2 ¥1.54 2.10 A5.5
5 V.22 14.90 2.21 44.8
6 1.10 1%.28 2.29 38.1
7 1.1%5 1%.81 2.37 33.8
B t. 1) 16.09 2.40 30.0
Size of Matrix: 400*400 Double vPrecision
nproc Tt e nrLoprs Speed Up ELficiency
1 6. 07 7.08
2 Y. 60 12.68 1.64 82.0
3 2,00 16,04 2.26 75,3
1 2.1 (I 2.60 65.0
5 2.6 19,02 2.008 531.6
[ 2.0 21.08 .00 50.0
7 v, 22,51 3.17 45,2
8 1.19 22,774 3.21 40.1

S A A e s e L e . " ek ek P " e S - e A me . —
—— = ——— A S A = - et T— e mE = s e == i

56



_..,.__._..___,_._.,.________.,_,____*___,

..,.__._.,...__._.-.—-.._._-.-—._.___...._—-—u—————..__q.--.—-_——-

-—-.---;——-._-—-.-..-.__._._._.-.-.._ -

___....___.........-__--—..._...___._-..-.——-.-.-—_-__.__._-......_-._

hproc Time HFLOPS Speed up Efficlency
1 11,106 7.38
L2 6.15 13,63 1.04 . 92,0
3 4.n06 17.99 2.43 81.0
4 3.04 21.83 2.95 73.0
5 3.44 24,37 .30 66.0
6 J.2n 25,71 3.48 58.0
7 3.09 27,13 3.67 52.4
8 2.99 28.04 1.80 47.5
Bize of Matrix: 600*G00  bouble Precision
nproc Time NrLops Speed Up Efficiency
1 19,00 7.62
2 9,45 15,731 2.00 100
h G.nn 21.04 2.76 92.0
4 5.50 26,31 . 3.1% 86.2
5 1.913 29,136 .85 77.0
6 4.40 12.89 41,31 71.8
7 1.06 15.65 1.67 66.7
B 3.92 16.92 1.84 60.5
Size of Matrix: 7004700  Double Precision
nproc I'Iima fovac: NFLOPS e Bpesd Up Efficiency
1 29.71 T
2 14.n9 15.42 1.99 99.5
3 10,05 21,17 2.173 21.90
1 n.51 26.92 3.48 87.0
5 7.47 30,74 3.97 79.4
6 .19 ‘ 35,39 1.57 76.1
? G.00 an.27 4.9% 70.7
8 5.68 6290wy 40, 4310 a5, 20 65.0
Size of NHatriy: Boornog  bouble precision
nproc T i HFLoPrs peed Up Efficiency
1 13.27 7.n9
2 201 .09 15.85 2.00 100
] 15,137 22.50 2.85 95
4 L.y n.n5 3.65 91,2
5 10,04 11.96 1.30
6 n.77 n.9» 1.90
7 FAUTE 12.80 .40
8 7.0 A6.°76 5.90
2
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BPPS-8

LINPACK PERFORMANCE
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NO. OF PROCESSORS
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GE’APHICS APPLICATION ON PF’S

e LOW COST PARALLEL PROCESSING HAS
GIVEN NEW PUSH TO VISUAL TECHNOLOGY

® SCIENTIFIC VISUALISATION

® COMPUTER GRAPHICS-ENGG.APPLN.FEM ETC.

e COMPUTER ANMATION/VIRTUAL REALITY

® /MAGE PROCESSING

® MEDICAL IMAGING

(N



SCIENTI!HC VISUALISATION

Co rnpw‘hf we thed of converting

numeric data into  yrsual forma |-

R@sgarchers toclay ~estort 1o o

Com¢>ut+ey Ed.se,cl ona..,)lsf.s and
Viswali saton +cchm'o}_we to prancJ
thelr

| understamnd ing of
'“‘\eo 1’€+l Ca.} Co n(gpt W.CL geo me frecal

Colﬂ Shucle

AVal‘,a..bfLiLj— e+ loow cost )oetro\”&',l

compuders coupled w3 th colowy grphics
wor K Stafion (wfm'cb has vealh'me tex huviy

Cw}:o\b;/((%'e.s) arnd UNIX yer$Si on of

Symbol,‘c: (bYW-PtL'rLdL'HonJ , ha s “made

Xy prachble  mow -

eh
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VISWAL FoRMATS § ToolLS

®  VYiswal tools gare needed 1o comvert
the lovge ameunt’  of  daln  processed
51 Pamllei processors _rote ophcal
proper ire s SUuch agc< colour) hue

lb't'-en 5!'3 3 OPQ Cl‘lg Q.rc

‘ |
s> To day Jdser Can u se '‘GUT tools
available with WworkKstatron Such as

GNU PLOT | MATH CAD | MATHAMATICA, HPGQ o

o VYisualisagtron tools not onN " allew
Users Viswal VUFrmo+o\41'on of -Fhéj-r
dala Lut ysers - also Cav reveal
Cey Jaun Chavacteri sHcs o-flaervwi.:e. Unknrwn |

o Wi th SCl'en#Jcl'C visuarsatton users 'c'qh
atain betfer  undersiamding  and Knnwlufjp

aboul lefs:‘CoJ proce s under shudy

s



O

O

v

Wf‘“»cz%' IS mMmecdedo F

Concert ye +he

WSt Omfﬁuﬁ"

Mo del  <lhe salpul dals
f2v mals

(f<o gﬁome‘l’n‘(‘o«) (onShucls
/o Ao hro e ! f:')\_iv
GQYDQ Y'G\FQ | F{C;;’a W' el Nala
for  Visual catom
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" USER REQUIREMENTS

% OFF LINE VISUALISATION
‘o LARGE CPU BWND USER JOBS

* ON LINE VISUALISATION

® NEAR REAL TIME GRAPHICS

— IMAGE PROCESSING
’ — SIMULATION

— MODELING

® REAL TIME GRAPHICS

— VIRTUAL REALITY

— PICTURE ANIMATION
— MEDICAL IMAGING

(-1
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© TECHNOLOGY ON BPPS (Anonam)

% EACH APPLICATION DEMANDS DIFFERENT
' GRAPHICAL INTERFACE

*TCP/IP-FTP->NETWORK OR LOOSE COUPLING

— FOR OFFLINE DISPLAY/VISUALISATION
GENERAL PURPOSE USER |

* X -LIB —(CLIENT/SERVER)

] — FOR NEAR REAL TIME APPLICATION
* SKILLED USER/VISUALISATION

% DEDICATED CLIENT/SERVER-SPECIFIC APPLN.

* IMAGE PROCESSING —~  XIMAGE
v MOoLECVLAR [MoDELLING — X MoL
¥ CLIENT/SERVER —TIGHT COUPLING
GRAPHICS - X SERVER FOR REAL TIME
GRAPHICS APPLICATIONS

G



SC l'e,n"#ijcf'(, \/ISuOLJ fsah on

W.S.

ON |
ANUPAM  (Software)
! —_— = — —— —
‘ ) )
! — |
| T Sleve, '
I
\ Masltr | )l
- A

X- S.%'rvev ' ‘
CX— window }
}

- '
’ -—-—._--—I-.—J

CII.Qnt

wWorksiah on

- Any gvaphics work statron
Suppork
- SGI, SUN, HP, P/AT
Supported .

A

S

/

with UNIX £ X

436 are



:BPPS CONFIGURATION. ( jiayaare )

TERMINALS SERVER TERMINALS
O~ el
% ~ e =__l‘l=

: 1 BPPS-8 BPPS-16/2{ !
' - ~ I
e ~
== . HETHERNET/ TCP/IP ].[ l
clivnt | </ ienh
. PC/AT486  GRAPHICS W.S. SUN W.S.
S6l PI/4D SPARCI
LOOSE COUPLING ———
MBII- TCP/IP

MASTER T"
NODE  SLAVE
NODES \
GRAPHICS NODE

TIGHT COUPLING
20




SQ l'e_n—rlij"fc VISLLOJ:'SQ Hon
(N

¢ Softwart )

AN
G )

R
) " -
-
[ ——— een— =

s WS, ey Rstlahon
work sfah on with UNIX & X

_ f}nj awwh'rr
Support
- SG6I, SUN, H P, R/AT 486 are

Supported .

¥4



X IMAGE ON ANUPAM

X IMAGE PROCESSING APPLICATIONS ARE
COMPUTE INTENSIVE & IDEAL FOR
PARALLELISATION.

* XIMAGE SOFTWARE IS BASED ON
CLIENT/SERVER MODEL.

* SERVER MODULE RUNS ON ANUPAM
PARALLEL COMPUTER.

* CLIENT MODULE CAN RUN ON ANY COLOUR
GRAPHICS WORKSTATION WITH
X-WINDOW SUPPORT.

*SUN * SGI *PC/AT WITH SVGA
AND X SERVER

¥ SERVER SUPPORTS PARALLEL IMAGE
PROCESSING ROUTINES SUCH AS FFT,
IFF Ty FILTERS, EGE DETECTION,ETC.

* USER DEFINEDFUNCTIONS CAN BE EASILY
ADDED .

* COMPLETE MENU DRIVEN USER FRIENDLY
INTERFACE.

12



X-MOL

® BASED ON CLIENT/SERVER APPROACH WITH
ANUPAM AS BACKEND SERVER PROVIDING
COMPUTATIONAL POWER & X-BASED GRAPHICS
WORKSTATION AS A CLIENT FOR DISPLAY
PURPOSE ‘

® PROVIDES VISUALISATION OF PROTEIN & NUCLEIC
ACID MOLECULAR STRUCTURES USING . .
BROOKEVEN PROTEIN DATA BANK DATA

® PROVIDES SIMPLE GRAPHICAL USER INTERFACE
WITH POINT-AND-CLICK OPERATIONS

® PROVIDES VISUALISATION OF MOLECULES IN

VARIOUS WAY LIKE STICK MODEL,STICK MODEL
WITH DEPTH QUEING,STICK & BALL MODEL,
SPACE FILLED MODEL,ETC.

® SCAN CONVERSION & RENDERING ALGORITHMS
RUN IN PARALLEL MODE ON ANUPAM USING
OBJECT PARALLELISATION APPROACH

¢ GUI'IS COMPATIBLE WITH OPENLOOK TOOL-KIT

¥



