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BRIEF HISTORY OF THE INSTITUTE

Rescarch in the theory and applications of Statistics as a new scientific discipline began in India in
the carly mentics through the pioncering imtialwe ind cfforts of Professor P.C. Mahalanobis. Soon aficr his
retum from Fngland. Mahalanobis began (o carry oul statistical studics with the help of some part-time
assistats A chamce mocting with Dr. Nelson Annandale (the then Director of e Zoological and
Anthropological Survey of Indea) and subscquent intcractions with m led 1o the first scieatific paper by
Mahalanobis on Lhe statistical analysis of stature of Anglo-Indian males of Cakcuita This was followed by
Torther rescarch in anthropomictry. in meicorology and in problems of flood contro! in North Bengal and
Onssa. Gradually, a smali group of young scicatists were picked up be him in the Depanment of Physics.
Presidency College. Calcuita, where he was a professor. This group formed the mickeus of a laboratory which
Tater canic 1o be known as Ihe Stastical Laboratory.

In the carly (hirtics. realising the nocessity for 1 concerted cffon for the advancement of 1hwarcucal
and applicd statisiic < m lndia. Professor Mahakunobis togcther with Professors PN Bancryee and NR Sen.
both of Calentta University. comveimnd a mioetmg on 17 Decentber. 1931, to consider various sicps 1o be

dertaken for the establishoient of an ion for the cniof statisiics in the country 1t was
unanimously resohed that the Indian Sianstcal Institote be csiablish.d with Sir RN Mookerjee as President
and Professor P C Mahalanobis as (Honoranyy Scretany. The Indan Stanstical Institute (1S)) was regisicred as
a won-Government and non-profit. distributing learned socicts on - Apnt 28, 1932, under the Souiciis'
Regssiration Act No XX! of 1860. The total cxpenditure in the first year was 2 meagre Rs. 238 00 ind the
mnnber of workers was only two or throe. From such a indest begimuing the Institute grew. under the
renarkadle leadership of Professor Mahalanobis. into an all-India organisatios «hich now has around 1600
workers. including abom %) scientific workers. The Institute has its headquarters in Calcurta and two other
Centres ar Delw and Bangalore and a branch av Giridih. In addition it has a nctwork of service units of
Statisireal Qualiy Control and Operations Rescarch Division at Baroda.  Mumbai. Pune, Coimbatore,
Chennai. Hyderabad. Calcutta. Delhi and Bangalore.

From Ihe very beginning, Professor Mahalanobis and his associates who included Professors S.S.
fosc. RC. Bose. S.N. Roy. K.R Nair. K. Kishen and H.C. Sinha worked with zeal and enthosiasm for the
development of siatistical theory and methods. and in promoling rcscarch and practical applications in
diferent arcas of natural and social scicnces. Sanbhwi. the Indian louma| of Statistics. was started in 1933
with P C. Mahalanobis as its Editor. and reccived instant i K ition which conli il today.
Pionccring research activities werc carried out in many areas of stuistical theory. especially in the core areas of
multivanate analysis. sample surveys and design of cxperiments. Such achivities were strengthened and new
dircctions were openod up by Professor C.R. Rao and many thers who joined the Institute n the fontics and
the tradition continucs. The Insbitute proncered the development of statistical methods in agricultural research
and  the conduct of Jarge scale sample survey. This led 10 a large number of research publications and 1o the
inoduction of iraming aclivitics offcring short term courses in slatistics for officers i government

and scicntific mslitutions. The scicntists of 1S). lcd by Professor Mahalanobis, helped in
imroducing the firsi post-graduaic degree course in statistics in India at the Calcutta University in 1941, and in
securing A scparaic section for Statistics in the Indian Scicnoe Congress.

Acivitics of the lnstitute gaincd frther momentum from 1938. Profcssor Mahalanobis stanted sample
surveys Lo estimate the area under jute crop in Bengal in 1937 as an exploratory work. which Laicr grew 1o a
full-scale survey of the enlire provie in 1941 Gradually. sample surveys of agricultural crops and other
SOCI0-CLONOMMC SUMVEYS bec:mx some of the mo<t important activities of (he Instilute and camed the Tnstiluie
and Professor Mahalanobi | ion Afler i Professor Mahalanobis was d
Honorary Statistical Adviscr ta the Cabinet. Govemment of fudia, and in 1950. theough his mlualnc. the
National Sampic Survey (NSS) was started for conducling socio-cconomic surveys of all-India coverage on a
conlinuiny basis. This was the first cver atiempt in [ndia to have a daia basc for various developmental
programnics and the five year plans. The ISI group on sample surveys served as the Technical Wing of the
NSS from 1950 1ill it was iransferred 10 the Governoent of India in 1972,




The IS was first again to play a pioncering role in siarting the Siatistical Quality Controd (SQC)
movemen! in India by organising a visit of Profcssor W.A. Shewhant, the father of SQC. 1o India in 1948 and
later by inviting other expents like W.E. Deming for the same purpose. SQC promotional work was gradually
spread all over (he industrial centres in India under a comprchensive programme covering ¢ducalion and
training. applied rescarch and consultancy services.

Rescarch in economics was greally stimulated when in 1954 Prime Minister Jawaharlal Nehrg
entrusted the preparation of the draft Second Five-Year Plan of the country 1o Professor Mahalanobis and the
Lnstitute. The “Draft” submuticd by Professor Mahalanobis and the planning models formulated by him in that
connection have since been regarded as major contributions to cconomic planning in India. Stnce then many
cconomusts of Lhe Institutc have worked in  different centres of the [nstitute on various aspects of naliomal
plaaning and unul 1970. were directly helping the Planning Commussion 1n the preparation of the long ierm
perspective plans for the country. Research in other disciplines of Social Sciences was also staried in the
Institute wn the Late fiftics. Professor Mahatanobis' participauon n 1946 in the annual scicntific conferences of
the Milbank Foundation lod (o the initiation of sysiematic studics in India on e growth of population.
Earlies. the well known Y-sample estimates for 1941 Census population were also denved by the ISI.
Theoretical and empirical rescarch in sociology using statistical techniques was sted in the Intitute for Ui
first time n south<cast Asia. Simularly, the pmen! and introduction of psychometric tests for seloction
processes in different organisations was first made by the 1S1 in India besides carrying oul basic rescarch in
Psychometry. The studies of the phonelic structure of some major fndian languages have been made on 2
continuing basis in the [nstitute undes the guidance and cotlaboralion of the famous linguist Djordye Kostic.

Thc lnsumu: since its moepuon recognised the need for development and use of accurate and fast

for the p g and analysis of data. Professor Mahalanobis strongly belicved that to

be a good theoreuical stallsncnan one musl also compute and must therefore have the besi computing aids. The

Instilute has lived up to this iradition from the very beginning. In 1953, a small analog computer was designed

and buill in the Institute. In 1956, the Institute acquired a HEC-2M machine from the UK.. which was the

first digital computer in [ndia. In 1958, a digital computcr URAL was received as a gifi from U.S.SR. Since

1956 il mid sixties. the Instilute had been scrving as a de facto national computer centre for the country. tn

carly sixties. the Institote. in collaboration with the Jadavpur University. undertook Lhe design. development

and fabrication of a fully transistorised digital computer. called ISIJU-1 which was commissioned in 1966 by
Shn M. C. Chagla. the then Minister of Education. Governmenl of India.

Quantitative analysis in Physical and Earth Scicnces was one of the novel ideas of Professor
Mahaianobis pursued in the true spicit of the Institute. In addition (o cvolving some interesting lechniques and
obuunmg some wrv lnlcrcsllng resul(s from the analysis of dirctional geological data, the Instilute also made
a by d g the bones of a 16m (+) long sauropod dinosaur named. Barapasourus
Tngvn-u from the lower Jurassic l\o{a rocks near Sironcha, Gadchiroli district, Maharashira. in the sixues.
The discovery has heiped in undersianding the intcresting problem about the origin and cvolution of sauropod
dinosauss. It in fact. represents the only inlermodiate form between the prosaurppods and the sauropods. and is
called a "missing link” in the cvolution of the sauropod dinosaur.

The Institule expanded its research, teaching. training and project activilies and camed national and
iniernational recognition over time. The substantial contributions of the Institute 1o theoretical and applicd
statistical work have culminated in the recognition of the Institute as an Instilulc of national inportance by
the Government of India through the Indian Statistical Institute Act, 1959. By the act the Instiwie was
cempowered (0 award degrees and diplomas. Nonc other than Pandit Jawaharlal Nehru. the then Prime
Minister of [ndia, piloted (he bill in the Parfiament. With this recognition, the alrcady cxisuing Icaching and
training  programmes were consolidated and expanded and courscs for the degrees of Bachelor of Statistics
[B.Stat. (Honours)] and Masicr of Sualistics (M.Stal.). Post Graduate Diplomas in SQC & OR and in
Compuler Scicnce were started (rom Junc 1960. The Institute was also cmpowered 10 award Ph.D./D.Sc.
degrecs from the same time. Later on, courses leading to Master of Technology degrees were started in
Computer Science and in Quality. Reliability and Operations Rescarch which also rectived formal recognition
from the All India Council for Technical Education (AICTE). Subscquently, a Master of Science programme
in Quantitati ics was also i In recognition of the excellent rescarch work donc by the
scientists of the Institute in scveral areas refated 10 Staistics. the section 4 of the Indian Statistical Institute
Act of 1959 was amended by the Parliament in Scplember 1995 to empowes the Instituie to award




Degreey/Diplomas not only in - stalistics but also in mathcmalics. quantilative ccOROMICS, Compuicr science and
such other subjects refated 10 stalistics as may be determined by the Institute from Lime to lime.

The role and imp of 1SI in conducting and ing teaching of stalistics has been
apprecialed by intemational bodics as well. In 1950, the internationa) Statistical Institute had initiated the
International Statistical Education Centre (ISEC). Calcutta, jointly with IS4, to impan iraining n Theoretical
and Applicd Statistics (o participans sclected from developing countnies. The cealre is run by ISI jointly under
the ausprees of UNESCO. Iniernational Statistical Institute and the Government of India.

Recognition of the Institute by the Act of Parliament provided greater encouragement to restarch
activilics nol only in statistics and mathematics but also in vanious branches of the natural and social sciences,
withoul whose hive contact. it was belicved. the methodology of statistics could not grow 1o its current level. It
is also duc (o this fact that *Unity in Diversity” is adopicd as the motto of the Institutc. In view of thesc. the
Memorandum of Association of ISI was updated first in 1976 and subsequently in 1995, The objectives of the
Institute as laid down in the Memorandum of Association arc :

i) to promotc the study and dissemination of knowledge of sastics. 1o develop statisticat theory and
methods. and their use in research and practical applications penerally. with special reference to
problems of planning for national development and social welfare;

i) 10 underiake research in vacious fields of natural and social scicnces with 2 view 10 the mutal
devclopment of statistics and Lhese scicnees; and

i) 10 provide for. and ke, the collection of information. investi projects. and ional
rescarch for purposes of planning and the imp. of efficicncy of and p i

iv)  toundertake any other ancillary activitics in fulfilment of the objectives i), ii) and iii) above.

The units of academic. scienlific. project and administrative service activities of the fnstitute were
regroupod into eleven divisions under the new Memorandum of Association (MOA) of the Institute effective
from 1996.

From the carly days. the Inshiute has been in touch with many intemationally famous scienlists in
different disciplines from the world over. Some of these scieusts have worked in the Institute for several
months or cven longer Sir Ronald A. Fisher. a pioncer of modern staustics. was a regular visitor o the
fnsttutc and lent it considerable suppon. Professor 1.B.S. Haldanc. a geneticist of iniernational repute. was a
member of the faculty for several vears beginning from 1957 At the inspiration of these stalwanis and other
renownied scientisis, the Instituic began (o expand and/or undertake rescarch activities in several areas of
natural and social sciences with the hope that collaboration under the same roof would foster the mulual
development of staiistics and other disciplines. In fact. the Institute stood up to Sir Ronald Fisher who called
Suatistics a "Kcv Technology™ of the century, in view of its intimale relevance o all scientific endeavours
which involve experimentation, measurement and inference from sample (o aggregalc.

Coming (0 more reoenl limes. Lhe Institute has continued to pursuc its goal of altainment of excelience
in the vanious ficlds of scicnee. Fundamental research in statistics with its rools in applications has been the
boliom linc cver since the inceplion of the Instituie. The contributions from the Instilule in mullivanate
analysis. design and analysis of experiments. sample surveys, statisuical methods of data analysis and staususcal
infcrence have found their places in lext books and monographs. and the iradilion continues. In addition,
probability theory and stochastic processes have also been major arcas of research in (he Institute. The
(heoretical mathematicians of the Instituic. in addilion 1o oliaborating with the siatisticians, are aiso making
fundamental contributions 1n scveral fickls - Topology. Functional analysis, Harmonic analysis. Algebra
Combenatorics. Quantum Mechanics. Game Theovy. 1o name some. The current Urend of rescarch in statistics
nol only carries forward Lhe traditions sct up in Lhe Institutc, bul is also seiting new directions, both in theory
and applicatioas, in different disciplines.



The Ingtituic has been maintaining its tradition of high quality rescarch and development in the field
of computer science. In 1979, a microprogrammed signal processing sysiem using Fast Fourier Transform
(FFT) was designed and developed. Keeping pace with the global advances in computer lechnology, the
achwilies of the Institule in the fickd of computer scicnoe gathered a iremendous momentum in the late
sevenlics, resulling in diversification of rescarch in differemt areas including Algonthms and Complexity,
Parallcl ang Distributed Processing. Fault-Tolerant Compuung. VLS), Computatsonal Geometry. Fursy Sets
and Systems. Cyvbernetics. Patiem Recognition. Neural Nets. Arificial Imiclligence. Image Processing.
Computer Vision. ¢ic. n rocognition of its contributions in the ficld of computer science. the Government of
India cstablished. in collaboration with the United Nations Development Programine (UNDP). one of the five
national Nodal Centres for Knowledge Based Computing Systems (NCKBCS) at {S) in the vear 1988, The
Institute also has the infrastructure for providing the most modern computational environment with faciities
for c-mail. internet connection. eic.

The different disciplines under the Social Sciences also continued to develop and flourish over time by
canying out basic research as well as inter and muhi-disciplinary programnics. In cconomics. the Institute has
come 10 be known as a ized centre for its sigmfi i in diffcrem branches of theery and
also for stndics on such arcay as Demand Analysis, Poverty and Levels of Living. Measurcment of Incqualitics.
Production and Priccs. National Income and allicd topics. Development and Planning eic In Demography.
Sociology. Psychometry and Linguistics also the lnstituic mantained its distinctive fealure for the focus and
cmphasis on quantitative aspecis  Mention may be made. in this context aboul the pioncering theory for
teaching and training for the hearing smpasrod children. devcloped by Prof Kostic Based on thus theory the
Electronics Unit of the tistitanc. 10 collaboration with the Linguistic Rescarch Unit and the Government of
Tripura, designed. developed and fabricated a sct of instruments for the hard-of-heaning children of the
tngtitute of Speech Rehabifitation. Government of Tripura. Agartala. This has come 10 be regarded as having a
significant impact on social welfare.

Plant and huinan biology have becn ihe major arcas of research in biological sciences. Both basic and
applicd rescarch  are conducted.  with  emphasis on quanufication. Statistical design and analysis. and
modclling. In the arca of plani biology. rescarch has included quantificabon of natural variabifily and
modelling. animal behaviour. ¢ffect of interaction of rice varictics on vicld. use of protcin extracted from leaves
(0 suppk human food. detling of ccological and cmbnological p clc. In the
arca of human biology. rescarches have mcluded amh genctic and bioch | studics on
population affinities. micro-cvolution. studics on ulilising data on amhroponictnc variabslity in designing car
scats. human adaptation to diffcring environments. human ccology and prowth and genctic epidemiology.

With 2 view 1o devcloping i gics for and analysis of qualily suney data.
ing and g with ongani like NSSO. €SO. DoS. Planning Commission. RBI. cic..
promoting the growth of wicr-disciphnany rescarch in statistics and data amalysis in (he Institvie. and
disseminaling the methodologics (old and new) Lo the scicntific. academic and rescarch organisabions. a Survey
Rescarch and Data Analysis Centre (SURDAC) has been cstablished at ihe Institulc in February 1997, Such a
centre would benefit the planmng processes and national development In 1995, 1he Plan and Policy Rescarch
Unit (PPRU) was cstablishod under the Planning Unit at Delhi Centre which has already undertaken several
projects of natioral and inicmational imponance.

Over the vears, the SQC & OR Davision has grown 1o the sizc of having len operating units all over
the country and have uniquely served for promsonon. education and iraining and (echnical guidance in Total
Quality  Manug Mclhodology. Quality Ass Svstems for the denelit of the manufaclunng and
service indusury over the decades. [0 has thus. as was inteadod. plaved A keading role in dissemination of new
coneepls, meshods and techniques in the areas of Quality and Productivaty.

The Central Library of the Institwie is locatod al Calcutta witha network extending to other
locatiops of the Institute. Over the vears, Lhe library of the Iustilule has atlained the distinction of being onc of
the richcst librarics m the country. particularly in the ficlds of stastics and relaied disciplines.  The
library has developed 2 well-cquipped Reprography and f hy Umt. The library's gift collections

include the personal hibrarics of Professor P.C. Mahatanobis and Professor Walter A Shewhart, The library
has been recognised as the Depaoritory Library for World Bank publications. A scparaic collection of books and

)




Journals in Mathematics, Statistics clc.. known as Eastern Regional Centre of National Board of Higher
Mathcmatics (NBHM) has been developed out of the grants from the (NBHM). Computerization of library
facilities hias boen Laken up which will ccriainly enhance the facilitics for the users. Much more is on the anvil
in this direction.

The Professor P. C. Mahalanobis Memorial Muscum & Archives. which was inauguaraied on June
29. 1993 by Sht P V. Narsimba Rao. the then Prime Minister of India. has been established in Amrapali
on the Inshtutc campus in Calcutta.

The Documicniation Research and Training Centre {DRTC) established at Bangalore in 1962 by the
late Profcssor S.R. Ranganathan, a doyen in the ficld of library and information scicnce. is engaged in
rescarch, leaching and Iriamg in documentauon and infosmation scicnce. The Institute awards post-graduale
diplomas 1n documentalion sciences.

An index of the contributions of the Institutc is the publication of many books and monographs, 1
addition 1o a large number af scientific papers in national and international journals. receipt of national and
wternational recogmitions of very high order by the scientists of the Institute in terms of awards. htles. and
feltowships. and holding of prestigious positions in various scienlific organisations of higher leaming as
well as i goverimental organssations both in india and abroad. With a dynamic group pursuing and
guiding rescarch work in some of the most modern topics 1 stanstics, mathematics. computer scicnce.
ccononncs and in various ficlds of natural and social sciences. there exists a close interaction among U
scicnusts from all over the world



Director's Report

During the year 199798 Lraining in core areas of Siatistics. Mathematics. Economics. Computer
Sciences and other related disciplines was in full gear. The scientifie and technical workers kept a busy
schedule with research activities. project works. case studies and proftssional activities both in (heoretical and
applicd stalistics as well as ‘in other inlerdisciplinary areas. In the project “Development of Sttistical
Techniques as an Aid to Geological Mapping”. the very important problem of developing a sampling scheme
for allocation of oplimum number of ob ion poinis to most alc solulion has been laken up and
answers (0 the questions of how many points to sample and where 1o sample have been answered. n the
project *Projection of HIV Incidence in Calcwla™ a preliminary study based on limited survey information on
wncidence of HIV in Calculia has been compleied and work relaicd 1o pooling available daw and morc
sophisticated analysis based on extensive cpidemiological modelling is ongoing. This is the first time
Statistical Projections of HIV-Infection are being made in the city of Calcutia.

The Plan and Policy Rescarch Unit (PPRU) at the Planning Unil al Dethi has undenaken seversl
projects of national and iniernational importance which include - Impaci of economic reforms on productivity
of I'mns specially l.hc slu:l mdu.wy Inter-regional disparics and growth. Gender Bias and differential

plos I trade liberalisation and spatial P with focus on rural
dovelop Pmmoung i ion with ASEAN in the developing environment; and Do
environmental regulations promotc growth? The Survey Rescarch and Data Analysis Centre (SURDAC) has
taken up several interdisciplinary rescarch projects covering arcas such as Primary Edumuom Social
Newworks. Small Scale Industry. Cervix Cancer database. Biodiversi Monitoring. Biometry.
Air Pollution and also conductod a seminar scrics on *The Inlerface of Statistics & The Sclcnus The

SURDAC Experience®.

The use of Statistical Quality Control and Reliability technique in controlling Joss and cost and for
improving and augmenting productivity in industrics has pencraled greal impetus to the quality movement in
Ihe Counlry. Professor Mahalanobis was a Messiah of Quality movement in India which was initiated at this
Institute in 1947. The [nstitute with its expertisc in the Quality Movement since the last 50 years is providing
Iraining and consultancy through its SQC & OR Units spread over the country in all areas of quality
management and quality systems related lo 1SO-90XI certification.

The Quality and Reliability tochniques developed by the Institule were and are being widely used in
Japan for improvement of Quality of their products and management Undcr (he new economic scenario, in
India it is absolutcly nocessary to use Quality toechniques and sysiems impl ion for our mational
development and welfare of the sacicty. The Indusiry and Government of India should as far as possible
implement these through the newly formed Quality Council of India with active panticipation by the Institute in
this process.

During the year 1997-98. services for designing and implementation of 1S0-9000 quality systems
were rendered 1o 120 organisations. The crash for training of trainces undertaken by the Institute
as the “Quality Mission Project® during the Bih five year plan has been welf received by the (ndustry and a five
fold increase in the number of participants in inplant training could be achieved by the SQC & OR Division
during this period.  This Project is being implemented during the Yth five year plan with some changes of
focus. based on the recommendations of a pect group and accepied by lhe Section 8(i) Commitiee of the
Institulc. on Lraining p and systems lo industrics like Leather, Food Processing.
Gems and Jewellery. Service Sector, Small Scale ladusirics, Environmen and Quality System implementation
for financial sesvices including Banks. Health management cte. Efforts for export of our consultancy seevice
have been initiated.

Research in Compuler Scicnce and related areas include incorporation of sex discrimination in
genctic algorithms thercby showing a marked improvement over the conventional one in terms of both
schemala and performance. integration of rough seis with fiwzzry neural nctworks in sofl computing paradigm
for cfficicnt knowledge encoding and rule generation, which also improves Ihe speed and performance of the
sysiem. A pionccring development of a spell checker on Bangla has been achicved with a novel iechnique
based on reversed word dictionary. The sysiem can both locale and deteet the spell eror in word processing
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most ty. A new definilion of HausdnolT distance metric has been proposed in the fuwzy sel theoretic
frame work. A number of cfficicnt parallel ithms for various applications including ical analysis.
graph theovy. signal p ing. image ing have been developed by the parallcl ing lcam of the
Instituie. The CAD 1o0ls dc\tlopedb\ the VLS) icam kead 10 cheaper. faster. more reliable and arca cfficient
VLSI chips with complex i strcture. {mp ibutions have been made by colleagues in
cconomic theory. i i trade. macro- ics and growth. industrial cconomics.
planning. environmental cconomics. health scctor reforms. dyvnamical sysiems. fimance. poverty and
agricultural economics.

The Institule also underiook scveral externally funded projects of national and intcrnational
importance from different g and £ ganisati including i
organisations.

The Institutc has been designated as onc of the four Core Institutions in the eo\muy for the projoct

“The impl jon of the cavi of the Envi Capacity
Building™ undenaken ln the Ministry of Environment and Forests. Governmen of India. wath assistance from
the i D Association {[DA) of the World Bank. The project includes a number of

componenls and one such arca is environmental cconomics. The broad objechive of the project is to strengthen
the cnvironmental management capacity of the eoun(r) The cnuronmcmal cconomics componcnl includes,
among other things. P of model Iraining ists as well

as non ists in cnvi ics and suppont applicd rescarch in environmental ecconomics.
The duration of the praject is five years beginning 1997-98.

A sludy on health scctor reforms : An cvaluation of impact and palterns of ulilization among
sulncrable groups in 3 Indian States (1997-2000) (Ministry of Health and Family Welfare. GOI and Evropean
Commission) has boen laken up.  The study is a response 10 expressed interest within the European
Commission on health sysiem rescarch.  The objective 15 to explore the extent (o which a 'safety net’ has been
operational that protects (he health needs of the most vuinerable groups by age. gender and socio~cconomic
alcgory. The study therefore intends, for the first time in a major developing country. 10 cvaiuate the health
reforms. controlling for factors such as oquity and allocahw: cficiency. Emphasis will be placed on
methodological tools thal arc mulli-disciplinary and i idemi and health ics for the
purpose of a comprehensive perspective. The States (¢.g.. West Bcngal Tamil Nadu and Andhra Pradesh) are
sclecied on the basis of levels of socio~cconomic development that are 1o some degroe comparable.

The other externally funded projects which emphasise the faci that Statistics is a key technology and
isan isziplinary research and theoretical as well as applied scienee include Tracer Study of ITI Graduates
(Ministry of Labour. Gol). Indcpth Studics on the levels of development of Scheduled Castes and Scheduled
Tribes (Ministry of Weifare. Gol): Devclopment of speli<hecker and morphological processor in an Indian
Language with spoech output for the blind (DOE. Go!): Development of a real ime intelligent decision support
sysiem for range safety (DRDO): Sonwarc P for Cry lvsis (DRDO). A fwzy image

jon sysiem : P for forensic applications (CSIR). A study of mathemaucal
techniques in water wave problems (CSIR). Develop of Statistical Techniques as an Aid (o Geological
Mapping (CSIR). Cancer Managemeni in Sot Computing Paradigm (CSIR); Studics of the PBL dynamics
using sodar and tower data and 1o predict a scalar transport model for the monsoon periods (DSTY.
Develop: of compuler ithms for ition and imcrpretation of sodar patierns (DST). Large
amiplilude ion & clectron acoustic waves i relativistic plasma (DST); A neuro-fuzzy image based (ramework
for diagnosis and therapeutic planning using multimodality medical imaging (DST). Devclopmenm of
ics for sclf organtzing fuszy logic with special emphasis on ncuro-fuzzy techniques.
genetic algorithms and stability aml)ms (DST): Bilingual (Bangla and Devanagan) OCR sysiem development
(DST): Unsicady surface waler waves in Occan (UGC). Compilation and Oplimi for
Co-processors (IRISA. France). Savings and Investment intermediation 1 the tndian coonomy - A structeral
vector aulo regsession model (RBI): Evaluauon of rainfed farming project (ODA, UK): Change in livelihood

(UEA. UK): Sustainab ihood studics under cnvi stress in castem platcau of tndia
(UEA. UK): Ricc based cropping system studics in rainfed regions of Eastern Indian Plaicau {IRRD:
Development of CAD lools for idcmification of (i) logical equi of library clements & (ii) ideatification

of false path in a switch lcvel nelwork (Motorola & IIT. Kharagpur): Genomic Diversity in Indian populations.
Investigations through bio-lechnological (ools in Easten Indian populations (Mimstry of Science and
Technology. DBT): Molccular epistasis and the human globin gene clusicrs with special reference 1o
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hacmoglobinopathies in Eastcrn India (DBT. Gol): Genetics of quantity traits of commercial importance of
the silkworm (CSB). Survey of possibilities and problems of small indusirics in Birbhum disiric (Gowi. of
W.B.): Total Literacy Campaign (TLC) project in Caleutta Municipal Corporalion area (CMDY. TLC project in
Purulia district of Wesi Bengal (Govi. of W.B.). Evalualion of continuing education in the district of South
-Parganas (Govi of W.B.): Algorithm development for matural language processing (IILCA. ‘Tokyo
University of Asian Studics. Japan). Algorithm develop for paltem ition & image g of
biomedical picwres (GDF. Munich. Gennany): Mid-ierm review of family welfare project IPP-VIIL, Calcuna
(CMDA).

In appreciation and recognition of the high standards of rescarch and scientific excellence maintained
by the rescarchicrs and scicnists ol'lhc Insnmm severl facull) and scientisis of the Institule received laurels in
the form of awards and ps from ions of national and international repute.

Prafessor J.K. Ghosh. Jawaharlul Nchru Professor and Professor KR Parthasarathy: INSA C.V
Raman Professor. continiie o be with us by prosiding acadennc leadership al Caloutta and Delhi centres of the
Insutute. Honorary Professor N. Bhattacharya was the Président of the Statistics Scction of the Indian Science
Cougress 1997, Scveral other eollmgncs and young faculty and voung scicntists reccived young scienlists
award and i Associaleship awards from scicnlific bodics such as INSA. Indian
Acadeiy of Scienees clc

It has been a practice of the Instituie to share its expentise and ils (acilities with colleagues and
scienlists. rescarchers and (cachers from other Institules. Universities. Colleges and Rescarch and Scientific
orgamsanons.  Following this view. various confercnees. summerhvinier schools. symposia. seminats
workshiops were held dunng the year 1o disseiminaie results oblained as well as to strengthen the rescarch.
project works. casc studics and consultancy and profcssional work of the Institute with fresh sdeas and
meihods. Several intcmational conferenceshvorkshops were held during vear 1997-9% (Golden Jubikee vear of
Independent India) which emphasise the Role of Ntatistics as a key technology,

The Stai-Math Division and 1he Apphod Smusms Division in collaboration with othcr Divisions

ised 2 h and ful i “Recent Advances - Statistis and

Prob:lbxhl\ Jointly with the Bernoulli Society for Mathematical Stausstics & Probability. The Conference was

the biggest of its kind in the country with 232 regisicred panticipanis from 14 countries around the Globe  This
was followed by a Satclite Bavesian Conference by Stat-Math UniL Cakuita.

The Machine Tniclligence Unil conducted an {nternational Workshop on "Soft Compuung and
Inicligent Systems™ at Calcuita. A workshop on “Compuung and C ions Technologics™ was
organised by the Applied Statistics Division jointly with CICT Mumbai at Calcunta.  This resulied in a new
Mullimiedia project for development of lectures in statistics for sludcms al the Higher Secondan level. Thc
Compuier Vision and Pattern Rocogmition Unil an I | confe on "C i
Linguistics. Speceh and Documentation Processing™ ai Calcutta. Others by Stat-Math. Unil include Winter
Schoo! on “Statistical Mcthods in Social Sciences®. sixth discussion meeting on "Harmonic Anatysis™. UGC
Refreshers Course (PG level) ai all India level. Regional and National Mathematical Olympiads. “The
Interface of Statistics and the Scicnees : The SURDAC experience” at Calculta and the Nurture programme of
the NBHM (or Indian National Mallemalical Olympiad students at Bangalore. A seminar on "Mathematical
Progranuning and Economic Theon™. and a conference on “Recent Advances in Quantitaine Mcthods with
applications to Indian cconomic studics” by Economic Analysis UniL Bangalore Centre. an Annual Conference
on “Economic Theory and Policy” by Planning Unit. Delhi Centre. a Winter School on “Lincar
Complcmentarity Problems and Game Theory™ and a workshop on "Statistical Process Control Meshodology
and Applications™ by SQC & OR Division al Delhi Centre. a national symposium on “Mcthods 1n Quantiative
Linguistics® by Linguistics Rescarch Unil. al Calcutta, a Winter School on "Human Genetics @ Concepls.
Paradiyms and Metlods™ sponsored by DBT (Gol) jointly with Indian Instilute of Chemical Biology (11CB) at
Calcutta by the Anthropology and Human Genetics Unit. This winter school was very timcly because the DBT
has recenily Laken up Lwo national initiatives on Human Genonie Research and Human Genome Diversity.

Regarding the leaching and (raining activilics of the Institute. during the vear 10215 candidates
applied for admission 1o various courses offercd by the Inshifutc including B.Stal. (Hons.). M.Siat. (M & S
Streams ) Master of Science in Quantitative Economics, M. Toch ( Compuler Science ). M. Tech.(Quatity.



Reliability and Operations Rescarch) etc. A Iotal 6833 candidaics finlly appeared for the admission lests
conducted at 21 dilferent centres all over the counlry. A \otal of 481 candidaies qualified for inlerview for
final sclection. Basod on the academic record, performance in the wrillen lests and interviews. a total of 226
candidites were offered admission Lo vanious courses lcading (o the degrees and diplomas during Uhe academic
session under review [ may be nientioned here that enzouraped by the recent imendment of the ISI Act 1959,
by the Pariiament of India wn 1995 whach coipowers the Institute to award degrees and diplomas nol onty sn
stabstics but also in mathematics. quantilative cconomics, computer science and such other subjects related to
stalistics as well as 10 moel some of the noeds ¢f the countzy for developinent of hunian resources and research,
a o vear Masier Degree Course tn Quantitative Feonomics was intioduced by the Inslilne in 1996 and the
first batch of students will be completing theif course i May 1998

Recantment of faculty. cssential scienafic. icchnical a.ad admi.nstsative siaff based on the minimal
needs of the Institule is in progeess. Academiv legve mles afe ey formulated i the Institule. Further (he
Courwil of the Insttinte adopied revision of the rules of the Instiutc poverning scientific works financed by
padies oiner than the Tnstitute.  Certain Medical benchits for the retired colleagucs of the Institute will be
miroduced soon.

The Tuternatronal Statistical Eaucation Centre (ISECY is run b the Insntute as an associaled
bod/insitntuion under the Mcmorandum of A.socianon of Wi Iudtitute jointly with the Iniemational
Statstical Ingtitute under the sponsorship of the UNESCO and the Governmcnt of [ntha sinee 1950 During
1997-9% the Centee conducled its Glty-first v b 14 forergn 1zances The fellowships under the Special
Coruaonwealih African Assistance Plan 1SCAAF of Govi of Indus which were vathdrawn from the 1SEC
dunag 1he last few vears have been reintroduced

As far as the Non-plan gramt 11798 s concemed. cnough mncrease has been given by the
Governmeni for payment of arrcars 10 non-£rcully workers, subscqueat npon the revision of pay scales based on
the Fifih Ceniral Pay Commission and the Government of India decisions in this tegard. by the Council.
Negotiations are going with the Government regarding upgradation of two scales for the non-faculty workers.
However. the faculty pay scales have nol vet boen fisstised by (ile Govt and the lnsiutute. Negotiations are also
gowng on in this regard with the Covernment. The approved plan budget for BE 1998-49 1s slightly lower than
that for BE 199798,

Constructiun of the New Guest Housc. 2 long feli need. at Caleutta has boen completed in December
1997 and several infernational. national conference - arksliops held duning Dee 97 and March Y8 used this
facility eviensively. An addiztonal floor of the bosicl onilding at Cingalore Centre has been constructed. The
construcnion of an Admimisteativ- Building ai the Dethy Centre is i progress Equipment for modernisation of
the pnnung press has been brought.  Upgraded Iniernet comnections for research work was installed at
Culcutia, Dellu and Bangalore Centres of the Instimte The campus wide netwerking at Calcutta using optical
fibre 15 in progress and 18 expecied 10 be completed in the year 19899 The PCM Museum & Aschuves 15
expected 1o be completed ta the financial vaar 199%-99 Several new construciions including those of faculty
quarters. bank and post-office building. new acadeimic building: and canteen building have been staned

Passion for Qualily should permeate all aspects of human life and orzanisahons In the pew
environmient. (he Institute has a dynamsc role 10 play for furtherance of the excellence of the fstitute. also in
the cucrging arcas of rescarch especially relating 10 the naliond) development. social and human welfare. Our
Institute Js nationally and micenationally recognised as a centre of excellence both for its contribubons 1o
theorclical statistics. matheniatics. ccononuics and computer sciciees and oher interdisciphnan rescarch arcas
in natural and social scicnccs as well as to their applicarons. We all pledgc (o uphold the siandards and kecp
ihe banncr of recognition high. "WORK 1S WORSHIP", "PASSION FOR QUALITY™, "UNITY IN
DIVERSITY" should be our mollocs.

March 31. 1998 (S.B.RAO)



Part I. Teaching and Training, Convocation, Research and Publication

. TEACHING AND TRAIN

Degrees and Other Courses

A brief account of teaching and training activities of the Teaching and Training Division duning the
period from April 1997 10 March 1998 is given below

During the academic scssion 1997-98, 1 tofal of 10215 candidates applied for admission and were
called for written schochion (csts for the varions courses offered by (he Instilute, viz. B.Swt. (Hons.). M.Siat
(M-strcam and S-strcam). Master of Scicace (M.S.) in Quantitalive Ceonomics. M. Tech. in Compuier
Science. M. Tech. in Quality, Reliability and Operations Research, Two-vear Part-time Post-Graduate Diploma

in SQC and OR (Chennai), Rescarch Fellowsinps in Statistics. Mathematics. Economics. Camputer Science
and Ce ion Sciences. Theoretical Computer Science. Theoretical Physics and Applied Mathematcs.
Anthropology. Geology. Sociology. Biometry und Statiseal Quality Conteol and Operations Rescarch. Ore

Year Pan-time Course in Statistical Mcthods and Applications and 1he course on Operation and Programning
of Automatic Data Processing Fauipment. Admission (ests were conducted ai 21 different Centres all avet te
country. A lotal of 6883 candidaies finally appeared for admission tesis 2nd a 1ol of 43! candidaics who
qualificd in the wrinen iesis were catled for imterviews Based on Uhe performance in the wnilen tests and the
interview. 226 candidates were oifered admission 1o s arious courscs during the acadesmic session under review.

Apart from (e abave. for the conrse in i ion and ! ion Scicnce (DIS). candid:
were chosen through an initial screcning followed by an infcrview. Six candidates were finally sclocied.

The annual examinations for all the regular courses were held in May-June 191, The 19978
academic session commenced on Lst July. 1997.

The number of candidates admitted (o the different degree. diploma and trainiag courss in 1997-98
and the nurber of students passed in the annual cxaminations in 1997 are given belov.

Forty five trainees in Engi and T logy from vanious Universitics (Motilal Nehru Regional
Colicge. Allahabad. Regional Engincering Collcge. Kurukshetra. Instituie of Radio Physics & Electromes.
Calcutta University. Jadavpur University. Regional Engincening College. Durgapur. Biria Institute of
Technology. Ranchi. Regional Compulcr Centre. Calania. Regional Instituic of Technology. Jamshedpar.
Indira Gandhi Institute of Technology. Orissa. Regional Enginecring College. Rourkela. Regional Enginering
College, Roorke. Assam Engincering College. Guwahati, Collcge of Engincenng Technology. Bhubancswar.
Indira Gandhi National open University. Calcutta. University College of Engincering. Sambalpur. Depit of
Computer Science, Tezpur, Assam, Tezpur University, Assam. Dept. of Scicnee and Applicauen. Utkal
University. Bhubx ) received a I Wsix-weck/six months M.C.A Enpincening/practical iraining in
the different Computcr Scicnces Units of the [nstituie. viz. ECSU, CYPRU, CSSC. MIU and ACMU.




NUMBER OF STUDENTS ADMITTED AND PASSED IN DIFFERENT COURSES

Number of Studenis
Courscs Passod in the Enrolled
annyal cxam n
n 197 199798
m ) (U]
Degrees
1. Bachelor of Statistics with
Honours |(B.Stat J(Hons.))
Ist year 13 i
2nd vear 36 n
3ed vear 29 36
2 Master of Statistics (M.StaL)
1t vear (M-stream) - 8
151 year (S-stream) 34 k1]
2nd year 53 28
3 Master of Science in
Quantitative Economics (M.S.)
Ist ycar 15 n
nd year - 15
4. M.Tech. in Compuler Science
15t year 26 %
2nd year 21 2
5. M.Tech. in Quality. Reliability
and Operauons Rescarch
Ist year 12 15
2nd vear 12 12
Centificaic/Diplosna
6. Coursc on Operation and
Programnung of Automatic
Data Processing Equipment
181 year 4 15
2nd vear 12 14
7 Part-time Centificale/Diploma

Course in Statistical Qualitv
Control and Operations Research

Chennai - Isi year - -
2nd year 5 6



)] 0] @]
8. Coursc in Documentation and
Information Scicnce (Bangalore)
Lst year 6 5
2nd year 8 6
9. One Year Pant-lime Coursc in Statistical
Methods and Applications
Calcutia 9
Delhi 8 -
Hyderabad 9 )
10. Six-month Pan-time Course in
Statistical Quality Control
Bangalore [July.-Dec. 1996) 17 bal
Bangalore |January - Dec. 1997] 15 17
Hyderabad |July - Dec. 1996] 12 24
Hyvderabad [July - Dec. 1997) 3
11 Intensive Course in Programming and
Applications of Electronic Computers 12 19
12. (a) Statistical Assistantship [Nov. 1997) -~ 1
(%) Junior Diploma in Statistics | April 1997} - m
(c) Senior Diploma in Statistics [Nov. 1997) - 1
Fellowships
13 Junior and Senior Research Fellows. and
and Research Associates in different
disciplines 8 15¢
GRAND TOTAL 386 551
*Number of scholars who joined in 1997,



Internationa! Statistical Education Centre (ISEC), Caletta

The jonal Statistical jon Centre was established in 1950 and is operated jointly by the
Interational Statistical Instiluic and the Indian Statistical Insiitute, under the auspices of the UNESCO and
the Governemtn of India. The Ceatre funciions under a Joint Board of Directors. Professor P.C. Mahalanobis
was the Chairman since the inception of the Centre in 1950 unul his death in 1972. Since then Professor CR.
Rao has been the Chairman of this Board. During 1997-98 the Board of Directors consists of Chairman : C.R.
Rao. Member : (1) W.R. Vanrwel, President, [ntermational Statistical Insuune (lSl) Nethertands. (2) M.G.
Ouaviani, President. [ASE. (3) M.P.R. Vandenbroecke. Director. | j istical Insutute. $.B. Rao
(Dircctor, Indian Stalistical Institue) and P. Mukhopadhyay (Mcmber-Sccrctary) of the Indian Statistical
Instilute.

The Centre provides training in Thooretical and Applicd Statistics at various levels 10 selected
participants from the countrics in the Middic-East, South and South-East Asia. Lhe Far East and the
Commonwealth countries in Africa.

The Centre offers a ten-month (June to March) Regular Course of training every year The Course is
divided into Iwo parts. The first cight months are devoled 1o lraining on gencral stansticat methods inctuding
six-woek traming in Official Statistical Sysiems conducted by the Central Statisucal Organisation, Government
of India, New Dclhi. During the remaining two months, each traince specializes in one sclocted branch of
applied siatistics, like Large Scale Surveys, Data Processing. Economic Planning. Statistical Quahity Control
and Operations Rescarch and Vital Statistics and Demography. The cours is offered through lectures,
practical work and assignments, field visils, and guided reading.

ISEC successfully completed its training program of Slst term of Regular Course. This year, there
were fourtcen trainees from cight countrics viz. Sni Lanka (3). Maldives (2). Philippines (2), Carshodia (2),
Bangladesh (1), Bhutan (2), Korea (1) and Myanmar (1). The Centre organised a study tour of the trainces lo
Darjecling in December last year.

During the period under review, Mr. M. Jashirouddin of C th § iate, London visited
the Centre during 10 -12 June, 1997, Dr. §. Stan¢ey Young. Fellow. Aincrican Statistical Association visited
the Centre during 6 - 8 January 1998. Dr. Carles M. Jarque, President of the National Institute of Statistics.
Geography and [nformatic (INEGI) Mexico visiled the Centre during 2 -3 March, 1998.

The applications have been sought from different countries through Indian High Commissions abroad
for admission 10 the next session commencing June, 1998 and these are at various stages of processing al
prescnt.

Professional Examinations in Statistics

The Indian Statistical Institute holds Professional Examinations in Statistics in the theory and practice
of analysis of statistical data for the extemal candidates on the basis of some mode) guidance for the award of
following certificates and diplomas :

1. Swatistical Assistaniship Cestificate
2. Junior Diploma in Statistics
3. Seniot Diploma in Statistics

By ihe decsion o the Academic Counil and Couni o IS, oew egisron for S
Assi Certificate imued from fuly 1995,

Thest examinations are separate from, and independent of the cxaminations held for the award of
degrees, diplomas and certificales on (he basis of raining given by the Institute.
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The Government of India recognises the: Junior Diploma in Statistics as equivalent 10 & Bachelor's
degree in Statistics and the Senior Diploma in Statistics as equivelent to a Masier’s degree in Statistics.

These examinations are held now-a~days twice in a year usually in or about the months of April/May
asd November/December at different cities in India (Bangalore, Bombay. Calcutta, Delhi, Hyderabad,
Lucknow and Madras).

The total oumber of candidates and their results for April 1997 and November 1997 term of the
examinations are shown below. The May/June 1998 lerm cxaminations are under process. The examunations
will be held about last week of May or st woek of June 1998. Hence shown below are the nos. of total
registered Candidates for November 1997 term .

| Number of Candidates Il
| Regsored [ Appearcd | Pased® |
‘ Aprit | Nov.** | April ‘ Nov ‘ Apnl ‘ Nov
1997 | 1997 1997 | 1997 1991 | s |
1. Sutitcal Assisniship Cenificaic | 4 7 « [ 3] 3 |1
2. Junior Diploma in Statistics 6 9 0 B 1] 16
3. Seaior Diploma in Statistics 1 I [ [ 2 2
* Passed in one or more papers only, not i pleted the

Preparation for the next 1erm Professional Examinations scheduled to be held in May/June. 1998, is
urder way. Preparation of the Model-answer booklet for the compulsory papers in Senior Diploma in Statistics
is also under way.

The total number of candidates who have qualified for the award of the Certificates and Diplomas in
Lhe Professional Examinations in Statistics including the result of November 1997 tcrm arc 488 and 280
respectively.



2. RESEARCH AND OTHER SCIENTIFIC ACTIVITIES

The major thrust of the lnsulule is on rescarch in various disciplines comprising theoretical statistics
and statistical methodol ing both internal and externally funded projects in diverse
fields of appli v and coll ion with several scicntific organizations and industries. For
academic and administrative oomtmcnce these arc grouped in the Divisions lisiod below. 1t may, however.
be mentioned that scientists belonging to 2 Division carry out independeat as well as coltaborative rescarch
with scicntists belonging to other Divisions.

Theoretical Statistics and Mathematics Division. Applied Statistics Division, Physics and Eanh
Sciences Division: Computer and Communication Scicnces Division: Biological Sciences Division.  Social
Scienoes Division: Statistical Quality Control and Operations Research Division, Library. Documentation and
Information Scicnces Division. There is also a well oquipped Computer and Staustical Scrvices Cenure
(CSSC) which manages the VAX system, c-mail and intemet [acililies and provides computing and statistical
services 1o rescarchers. This supplements to a large exient the computer facilities slowly being developed
within the wnus for casy and quick access. The instilute is planning to have a compleie network of the
facititics. In view of the growth of some new disciplines, the Council of the Institute reorgamized the divisions
and also the different units belonging to the respective divisions a few years ago.

A brief account of the research activities in different divisions and units during the year is presented
below :

Theoretical Statistics and Mathematics Division

The Division with units in Calcutta, New Delhi, Bangalore and Hyderabad has a mayor role in
\eaching Probability, Statistics and N ics 1 the B.Stat (Hons.), M.Stat.. M.Tech.{CS). M.Tech. (QR &
OR) and other courses of the Institute. Tiw Division also conducts courses for 3 semesters at an advanced
level for rescarch fellows ercoiled for Ph D degree of the Institute. The unit in Caloutta regularly conducts a
weekly colloquium with speakers both from withun the umit and ontside  The Division regularly conducts
workshops, summer/winter schools, relresher courscs and confercnces with extensive inleraction from
academics (rom various organizations both in india and abroad. funded by external agencics as well as by the
Institute. the details of which for the year undes eeview arc given clsewhere. The rescarch activinies of the
Duwision are in Probability theory. Theorctical Stanisiics. Stochastic processes. Mathemaucal Stochastic
Modelling. various branches of pure mathemalics such as Algebra. Functional analysis, Combinatorial theon,
1o mention some broad arcas, Several members also provide statistical consuliation 10 other units in IS1 o1
other organizalions.

Some of the areas of research and contributions from various unis are given below :

Calentta Unit
Research Activities

Matbematics

General. Algebraic and Differential Topology. Topology with cmphasis on Function spaces.
C Algebra. Eq plus ion and acyclic maps. Gromov theory on parval differentsal
relations. Uncertainty principles on Nilpoient and Solvable Lic groups. Wiener Taubenan Theorems in
Semisimple Lic Groups, Equivariant Cobordism, Stochastic Differemtial Geometry. Descriptive Set Theory.
Automata Theory. Theoretical Computer Scicnce. Harmonic Analysis. Ergodic Thoory. Funclional Analysis.
Goometry of Banach Spaces. Differential Goometry. Graph Thoory and applications 1o Social Networks.
Combinalorics and Construction of Designs.

Probability Theory and Stochastic Processes

Limit theorems, Rates of genot and ions. Stochastic Integrals. Markov Processes and
Dwnamical Systems. Slochastic Differential E.quauons. Random Walks, Finitcly Additive Probability,
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Probability ties and Stochastic majorisation. Martingale thoory and calculus, Markov chain
simulation. Percolation Theory.

Theorctical Statistics

Asympiotic theory in Statistics. chuenual Analysis. Bayesian (nference. Ranking and Seloction.
Cramer-Rao type Iniegral Incqualiti i Analysis, N % Inference, Inferenoe 1n
Stochastic Processes. Directional Daia Analysis, Optimal Designs and other aspects of experimental designs.
Suney Sampling. Survival Analysis. Tlmc Scnu Analvsis. Boolsirap. Jackknife and other resampling

hniques, Parametric and hniques and related lopics. Bayesian nonparametric
statistics and cstimalion. Baycsian scmlpﬂmmcmc inference and infesence with many nuisance paramaiers,
Robust Bayesian Analysis. Reliabilily theory. Applicalions of Statistical and graph iheoretic techniques 1o
Social and Biological Scicnous.

Some major coniribunions (rom this unil are as follows.
Mathcmatics

A structure  (heorens for finitely gencratod locally A®-algebras over noctherian domains has becn
proved.

Minimal sufficicnt fibre conditions for a finitely generated flal algebra over a noctherian normal
domain 1o be locally A® has becn given. A salient fealure of thus result is that conditions on mercly the gencnc
and codimension one fibres arc assumed.

The structure of a finilcly generated overdomain of a discretc valuation ring whose generic fibre is A*
and closed fibre is geometrically intcgral has been descibed. The problem of A* fibration over general
noctherian domain has also becn investigaled with examples.

Theory of Function Spaces : The interplay of functional analytical and measure-theorctic resuls in
function spaces were used to inc intimale ions between ical and analytical facts. Some
new sevealing results have been obtained.

A sullicient crilerion for 2 manifold with Z, x Z, action with isolated stationary points to be a
boundan has been oblained. The critenion can be used to delcrmine cobordism classes for many manifolds
sansving the condition. An example is explicitly discussed to show how the above result can be used.

A joint rescarch project with P. Sankaran (SPIC) is going on. The main problcm being Lackled is 1o
inc which Gl i are nilpotent spaces. Nilpoten! spaces are very uscful in lecabzabon
probleis.

Work continucd on ic norming (and we plotic rorming) prop of Banach
spaces introduced by R. C. James which has intimate connections with the Radon-Nikodym property in Banach
spaccs.

U-subspaces of Banach spaces and their conncctions with w* asymptotic norming propertics were
examined. This leads to many refinements of the Hahn-Banach theorem in various contexts. The work is still
in progress.

Extensions and Jocalizalion of carlier resulls on nicely smooth Banach spaces have boen obiained.
Some conditions for a space to be nicely smooth were oblained, and their equivalence for separablc o Asplund
spaces was shown, which sharpen known results. Nice smoothness of certain operator spaces has boen studied
and the strikiag result that cvery equivalent renorming of a space is nioely smooth if and only if it is reflexive,
has been oblained.

A recenl work of L. Vescly in which Banach spaces that admit weighted Chebyshev centres for finite
sets. was examined. In Lhis connection, the notion of central subspace of a Banach space was introduced and
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it was shown that Use so-called L'-preduals have this property. Certain stability results for spaces of
vector-valued conti and Bochner i ble functions were also obtained.

In a subscquent work somc of Vesely's optimization results have been exiended 1o larger classes of
scts. Subspaces with relative intersection propertics with the centres of the balls coming ftom  finite, compact.
or boundod or arbitrary scis have also been defined.  The first of these defines contral subspaces and Lhe last
one is refated 1o the Finite Imersection Property (FIP). Exicnsions were obtained of some carlier resulls in this
gencral sct-up.

Harmonic analysis on Step Two Nilpotent Lic groups has been done in more explicit terms than
known before. This has resulied in some analogucs of the classical i inciples and Lhe Hei
incquality.

Work is being carricd on on  approximate algorithms for sclected NP hard optimization problems
such as max-cul. huear ordering and related probiems.

Work was done on Cellular automata and Neighbourhood Logic.

In Graph Theory and ils application o social networks, various aspects of the social network of a
village in Birbhum district in 1970 were studicd. A comparison with the situation in 1998 revealed interesting
changes like many-fold increase in tics outside the village. disiniegration of the farge cliques balanced by
increase in connectedness. clc.

Markov Chain Monic Carlo methods were developed 10 generate random eiworks and random
partitions of a scl.

Stochastic Processes
Pant of the work on infinitc-dimensional stochastic calculus - ing Lhe formulae of 1to and

Tannka using Schwarz  distributions - is now complete. The results were presented at the Bemoulli
conference in December, 1997.

Hewitt-Savage zero-onc law in Strategic set-up was discussed. A detailed analysis of completeness of L,
spaces over finitcly additive probabilities was carried oul

Theoretica) Statistics
Work was donc in the arcas of : Bayesian testing. model selection and analysis of infinile dimensional

problems. history of cvolution of statistics in India. ALDS forecast, estimating the number of birds irf an arca
based on birdsightings. geological mapping. and modelling Lransport of sedi

A graphical \echnique for assessing statistical significance of observed structures in curve estimates
construcied from noisy data has been developed. The methodology is based on some fundamental ideas from
the scale space theory in compuler vision and non-p ic statistical hi

Projection of HIV infoction in Calcutla : Starting with the basc year of 1991, projections of HIV
infection 1o 1999 for 1he total populauon. as well as various high-risk sub-populations of Calculta were
provided. The methodology for the study of the spread of HIV infection Lakes various social interactions and
praclices inlo account. and also uses data thal arc already available. Rates of these interactions and practices
and cstimaics of demographic paramcters uscd in making projections were obtained primarily from surveys
and census data. This is the first lime stalistical projections of HIV-infection are being made for the city of
Calculta. The total projection of the aumber of HIV infected cascs in Calcuta for 1999 is between 49.000 and
1.26.000 (approx). Scparalc projections are also provided for high-risk sub-groups. Among these sub-groups.
the sex-workers expeciedly will continue 10 manifest the highest numbers of newly infected cases. What is.
however. alarming is (hal the (cmporal rate of increase in prevalence is projected to be higher in the general
population than cven among sex workers. although the aciual prevalence will continue 1o be the lowest in the
general population compared to all other sub-groups of the populalion.
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Words in DNA sequence : Some casc studics basod on their frequency statistics : Sequence alignment
and homology techmques that are quilc popular for comparing and analyzing relatively smaller DNA
sequences of nearly cqual sizes arc not applicable to data of large with widcly varying
sives. Besides, large DNA  sequences muy contain segments with nnknown or no biological functions. and this
makes their companson through functional homology cithcr impossible or extremcly difficolt. One of the
critical requirements of data analysis involving large DNA sequences is an effcctive statisucal summarization
of those sequences. In an article. DNA sequences have been analvzod based on word  frequencics. The
analysis mainly focuses on staustical detection of the structural signature of a genome reflected in word
frequencics aed identification of phylogenciic relalionships amung different species reflecied in the variation of
word distri*utions in their DNA scquences. The explotatory analysis conducted amply demonsirales the

of DNA word ics in reducing the dimensionality of Targe equences whike tetaining some of
Ihe fundamcutal structural information.  Froquencics of DNA words appear 10 be quile useivl 1n explonng
structural pauerns that arc intrinsic of speaific genemcs ws well as 1. unmasking phylogenctic relationships
among different specics. Some concepiual issues that ansc in course of 1he investigations have been addressed,
and a fow interesting problems related lo the sulistics of DNA wards have been poinied out with sone
indicatior. of their possible solutions.

On Homogencous clliptic clusicrs in i data basod on Mahalanobis’ distance @ A new
algorithm for partilioning a sci of objects into Iwnnogcncous groups has hoen developed ival biends key
features of hical cl g and opiimum parti hms uscd in cluster analvsis  Scveral

quantitative characteristics of a glvcn partlion  have bren pmpowd and studixX. which can be used as
indicators for the amount of homogeneily and heteropeacity present in the suis of the partition.  An adaplive
data based approach for choosing (he oplimal number of homogenecus grocps and an cstimate of the common
intra-cluster dispersion mairix based on the opsmal partition of the multivariate data have been supgesied.
The new method is applied 10 three data scts and (he resulung pamitions arc cvaluated wsing verfain
homozcneity and heterogeneity indices that provide useful insights inio the performance of the clusicring
algorithm developed.

Exact Minimum Disparity inference in complex multinomial models : Estimation of the probatuity
veclor in A multinomtial sc1-up 1s an ymporiant practical problem.  Under moderatc contamination scveral
minimum distance estimators of the Cressic-Read fanly of disparitics are supenor (0 the maximum likelthood
Nnnaxoy Hmmu it has also been observed hefore 1hat when an enpty cell penaly 1s imtroduced. the above

d show marked imp in their efliciencics compared 10 the maximum bhclibood
estmator.  The role of different penallics in reducing  the incan square etvors of the cstimators and in
improving the chi-square approximation ~f the penalized test statishies have been studied.

Some interesting results were obiained in the following arens : (3) Incquality between various order
statistics for ceriain symmetric nnimodal distributions. (b) Ranked set sampling and loss function. ‘c) Usc of
mixture models in paticrm recognition.

A problem about order statistics of normal i i.d. samples and another (a twenty vear old) problem of
Pitt (1977 Ann. of Prob.) regardsng associalion of symniciric convex scis 1n R*, with normal (i 1.d) probabitity
have been solved. Some work. has been done on sclf-organising maps as well as patiern recognition.

A yeneral method of construction of symmetncal as well as asymmetrical orthogonal arravs of
srength 2 and higher has been obtained. An interesting apphicaion Ieads 1o some senes of tight orthogoral
arrays. Some results on resolvable 1ncomplete biack dessgns have also been obtained.

Families of universally optimal Dwalel/Triallel Cross designs arc oblained.  Thesc arc all compicte
diallel designs. MS optimal parual dialtel cross designs have been characterized and senes of such optimat
designs oblaincd. The designs have high A- and D-cfTicicncics.

Optimality of proper cfficicncy balanced designs having (wo ypes of replications have been studied
and an exhaustive list of such optinial designs along with constructions bulaied.

Work on altocation problems in stratificd sampling continucd. Ulilivation of auxiliry information for
cstimation of population total by the use of ratios is explored further.
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Rescarch work on the problems related 10 the following main topics has also been laken up : (8)
Estimation of mean vector for finite populations and domains, (b) Non-response in multivaniaic sampling. (c)
D+ jon of oplimum p ilitics of sclection based on multivariate infe i {d) Estimation of
transition probability matrices relaied 1o occupalionnl and cducational mobility based on complex designs. and
{¢) Modcl basad survey sompling.  The results obramed have importamt practical applications and arc quite

usefut for some ic. d hic and agricuitural sludics.
Publication of Sankhya
The unit renders necessary assistance 10 Sankhya office for publication of Sankhya
(A&B).
Projects Undertaken

Homogencity and Hicrarchical Structures

Las( year a research project was undertaken in the Stal-Math  Unil on Statistical Explor*:an of
Homogencous and Hicrarchical Structures 1 the data. Man focus of the project 1s on Phylogenctic Analysis
of vanous nuclcic acid scquences availabic 1n DNA Data Bases W are accessible through the Intemel Some
significant progress has been made lowards development of novel stanstical methodology for efficient analysis
of large volumes of genomic soquence data.

Develop of Statixtical Techaigues us an Aid to Geological Mapping (funded by CSTR)

The aim of the project is 10 provide a statistical method (or geological mappiny with a view (0 aiding
and hopefully pantially replacing the exisung toechniques which depend a lot on the geologist involved.

A stmplificd version of Ihc geological mapping problem was consideted in the initial stage. The problem
was (o divide up the irea (to be mapped) inle “homogencous” subregions on the basis of the rock types and the
object was o provide an auiomauc Bayesian sotution to Ihis problens. A model already set up for the available
data toollccted carlier in the study arca of Bhimaram in the Godavari valley. India) gives the subregions into
which a ginen set of boundanes partitions the whole arca. Thus the problem of choosing a st of bounuarees
betwoen “homogenoous™ subregions corresponds (o selecting one of several possible models.  Recendy
developed automatic Bavesian melhods of model selection were cruployed o solve the problem.

The very imponant problem of developing a sampling scheme for ullocation of optimum number of
abscrvation poinls (0 locations 1hat :rc maost appeopriate. has aiso been taken up. This aaswers the imponant
question of where to sample and how many 1o sample.

In addition to the above projects. the faculty of the Stat-Maih Unit alsa collaborated with the aculty of
1 Population Studics Unit. Sociological Rescarch Uit and (he Biochemistry Unit of the Institute on propcts
funded by SURDAC. the Sunvey Research and Data Analysis Center of (he Institute. Work was dnrc on the
projects entitled “Changing Secial Relations : Social Neiwork Approach® and “Cervix Cancer Data Base
Molecular Epidemiology *

An INSA-funded project entitled *Studies of Mathematical ar:d Probability Incqualities™ has started.
Regional Math Olympiad

The Regional Mathematical Olvinpiad 1997 1or West Bengal sponsored by Nauonal Board for Higher
Mathcimatics or students of Class IX X and X1 was organized on  December 7. 1997 ai various centers
including Berhampore. Burdwan. Calcntia, Kalyani. Kharagpur. New Jalpaiguri and Purulia. The Indian
National Maihematical Olympiad 1998 was held at 1.S.1.. Calcuita on February 1. 1998, This year Pro.. S.M.
Srivagtava organized these  Over 1he yeors, these events have become very popular and led (o great inierest
and cnthusiasm in Mathematics in (he region.



Delhi Unit
Research Activities
Statistics

Oplimum design for dialiel cross experiments and fractional faciorial design. Estimation of a
common mean. Associaled random vaniables : general method of density cstimation. U-statistics-their sirong,
law of Jarge numbers and central limit theorem. Wavelets : cstimation of intcgral of square of a density and
integral of square of derivative of a densily. Disiributions with periodic failure rate. Cramer-Rao incqualitics
\in Banach spaces. Scmi-matingales and statistical inference. Stochastic orders. concomants of order
slatistics.

Probability and Mathematics

Ch isation of stochastic processes. Mullivariance and multicorelation. Covariancc identitics.
1-th order strong mixing. Uniform approximations for families of stochastic integrals.

Directed spansing trees. Backbends on the 2-dimensional planar latuce. Exil times for tnangular
simplices. Mantingale problems. Stochastic control. Fillering Theory. Fiedler's results on cigen spaces of
scoond eigenvalue of Lhe Laplacian mairix of graph. Maurix and Operator Theory. Noncommulalive
differentiation in Operator Theory. Numerical Analysis and Quantum Theory.

Bangalore Unit
Research Activities

Probability theory

Quantum P ility. Applications of large deviations to ion theory. semi-stable measures

and processes, diffusion processes.
Statistics

Sample surveys. Large sample theory. Bavesian inference, Bavesian non-paramctnic statistics.
Bavesian non-parametric cstimation. Robust Bayesian Analysis, Reliability theory. Optimality and consiruction
of expenmental designs:
Mathematics

Groups of exceptional Lic type. Coxeter groups and the Monsier group. Combinatorics (Bruck-Ryser
type-theorems for quasi-symmetric designs and strongly regular graphs). Functional Analysis, Geomeiry of
Banach spacc. Ergodic theory, Opcrator algebras and Operator theory. Harmonic analysis. Differential
Goometry and Topology, Spectra of Laplacians (cspecially on Vector bundles). Spectral (heory for partial
differential operators, Finitely additive measares, g-inverses.

Some major contributions are as follows.

The Concept of majorisation has becn utilised (0 prove the optimality of the following two classes of
designs with regard (0 a large class of oplimalily criteria. in the general class.

(a) A class of strongly regular graph designs with k large compared lo v. This includes semiregular and
singular group divisible designs with &, = A, + | as well as many linked block designs.

(b) Group divisible designs with A, = X, 1 | and group size 2.
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Bailey and Cheng recently praved the optimality of partial geometric group designs within the class of
binary equi-replicalc designs. This result has been extended 1o the class of all binary designs - cquireplicate of
nol. under Somc paramelric restriction.

In the literature of survey sampling of conlinuous population a large number of sampling siralcgics
have been proposed.  However. an optimal stralegy scldom exists. Comparison of sampling strategics. in the
absence of an opiinial onc. is thus a major probiem of interest 1o survey stalisucians. Therefore the problem of
companng the performances of some design unbiascd sampling stratcgies of estimating the population mcan
w.r.t. measurcs of uncerwinty under regression modcl. was taken up.

In the thoory of Dynamical Systems. propertics of onc-dimensional unimodal maps on an interval of
the real line were sudied.

Work on asymptotics of reflecting diffusions continued.

A study of the partially ordered sel of quantum dynamical semigroups dominated by 2 given
semigroup has been undertaken. |t is proved that such semigroups can be lifled for dilations and then they can
be deseribed through cocveles.  Local cocycles of CCR flow can be computed.  This helps onc to show thal
mininal dilations of quantum dyramucal scmigroups with bounded gencrators can be realized through

Hudson-P v cocycles. A factorivation theorem for a class of dilations has becn obtained.
Hilben modules over function aigebras and quoticnt modules were investigated — Homogencous
ions and their rlationship with ions of Mobius group are being studied. The Nagy-Foias
h istic function of | ions arc being gal This has led to a compleic
classificaiion of the contractions with a constant characieristic function. A product formula for ihe c.f. of
h including rep of the Mobius group - leading (o new interlinks belween

representation theory and operator theory. has been obtained.

A structure theorem for combinalorial pscudo-manifolds was oblained: this was applicd lo oblain a
complete classification of the pscudo-manifolds with n < d + 4. 1t has been conjectured that pscudo-manifolds
vath the property are ical ifolds - this conj is being investiga

It was guessed thal factorization theorems for the space L* (R") may be uscful 10 prove a conjecture for
some partial differential operators in L’ (R*). Work is continuing.

Rescarch continucd on various aspects of geometry of Banach spaces. Proximinality of the space of
Bochner iniegrable functions w.r.l. a sub-sigma-ficld has been investigated.

Improving on a result of Grzaslewicz and Sherwenike. il was shown thal there are no points of
weak-norm continuity n the unit ball of the spacc of all operators on Ihe space of intcgrable functions with
vajucs in a Banach space.

The generalized centses of finite sets in a Banach space were studied. [t was shown (hat any Banch
space whose dual is isometsic lo the space of inlegrable functions. admits centers for finite sets. Cerain
stability results for spaces of vector-valued conlinuous and infegrable functions were obiained.

For a Banach space X whosce scoond dual has the Radon-Nikodym propenty. it was shown that the
dual of a subspace F of compact operalors has the Schur propeny implics that the sets {T(x): T€ F,}
and {T* (x*): T € F,} are relatively compact. extending some secent work of Ulger. Saksman and Tl

Alicmpts are being made 10 prove poiniwise crgodic thcorems for certain onc paramcier family of
probability measurcs associated 1o Gelfand pairs on the Hensenberg group using karmonic analysis lechniques.

Ongoing rescarch concerning Unccrtainty principles in harmonic analysis on R* and on Lic groups.
and concerning applicalion of harmonic analysis of questions in integral geometry/gcometric analysis {in R* as
well 2s on Symmetric Spaces) were continved.
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Research on determining the structure of the principal Indccomposable modules of the group Sp (4. Q)
was camicd oul  Modular representation Ueqry of the simple group G, (q) and the associated generalized
Hexagon was studicd.

Apart from continuing rescarch activity in various arcas of Mathematics and Statistics outlined sbove
the depanmenl is actively involved in Ihe cfforts 1o promole quality teaching at the undergraduate level
Mathemaucs. These include involvement in the *Nurture® programme of the N.B.H.M and the Mathcmatical
Olvmpiad. A three week contact programme was held for the students of the Nurture programme al ISI-BC
during July 1997,

Applied Statistics Division
Applicd Statistics Division consists of only onc unil viz Ui Applicd Statistics Unil.

Applied Statistics Unit

Scicntists of the Applicd Statistics Unit (ASU) are imvolved in mulifarious activites relsicd to
teaching and training in 1he Inslitute. ASU is fully responsible (or conducting the course “Intensive Coursc on
Programming and Application of Electronic Computers®. This unit also conducts several icaching/traming
progranis like wi schools and workshops. Some members collab with other units of IS on
joim projects.  Curvently, Where are collaborative on-going projects with the Theorctical Staustics and
Mathematics Division and the Social Scicnces Division. The scicntists of the unit are also acuvely involved in
the activitics of the newly formed SURVEY RESEARCH & DATA ANALYSIS CENTRE (SURDAC).

Research Activities
Sample Surveys

Oplimal sampling sirategics arc derived (0 estimale lotal, vaniance and disiribution function of finite
populations using classical. hicrarchical and empirical Bayesian i
crrors 1n variables of inlerest and covering small domain problems. Relative performances of ordinary and
generalized least squares csti under crror-comp models in survey sampling and design of
experiments arc simultancously cvaluated. Mcthods of borrowing strength across domains and over ume in
order 1o develop scrviccable small domain statistics are being explored further. Modcl assistod straiegres for
cstimating (initc population lotal and mean square crror of estimator of total applyving asymptotic methods are
developed.  Some asymplotically optimal double sampling procedures are also found. A ncw variance
estimalor in throc-stage sampling is proposed and found to farc marginally beuter than a raditional one. In
connection with an actual socio-cconomic survey based on a siratified unequal probability sample tken in
three stages. confidence inlervals are worked out for total. multipke and partial correlation cocfficients and towal
and partial regression coeflicients involving uplo four vanables simultancously considered.  Probabiliny
distribution of the number of distinct units in a PPS with replacernent sample is warked out in a closed form in
order to study (he propertics of a Rao-Blackwellized version of Hansea-Huewitz estimator, Some progress has
been made 1n the ficldwork for a survey project undertaken on small area cstimation I ion with 2
project on ‘mangsove’ in Lothian island of the Sunderbans some studies are made 1o work out appropnate
shapes of plots in forest areas (0 appropriaicly cstimate biomasses of plants. Prapertics are investuigated of 3
general class of cstimators of (he ratio of two lotals based on gencral complex sampling designs waing
muluivariaic data.

Design of Experiments, Combinatorial Methods and Their Applicatioas

Cross-over designs are studied under non-additive non-circular models wilh camy-over effects of

orders morc Lhan one. Thuse models are gencral forms of the simple addilive models which ate currendly used

for studving cross-over experiments. Under these models. optimum designs are developed. 11 has aiso been

shown Ihat (hese optimality resulls remain robust under the corresponding model with raadom unit effects.
The construction problem of these optimum designs is also compleicly solved.
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A practical problem in the area of cross-over experiments is thal all subjects may nof be available for
cqual time-periods.  Oplima) cross-over designs are developed for experiments with arbitrary number of
subjocts siudicd over varying time-periods. Work is in progress in developing cllicient designs which require
The subjects to be tested over a small number of time periods.

Construction problems of strongly balanced uniform repeated measurement designs. both in the lincar
and in the circular cascs. have been satisfactorily dealt with - Concepls gencralizing nearly batanced uniform
repeated measusemient designs and second order RMD's are introduced. Construction problems of such designs
have boen solved for some general classes of paramelers.  The problem in its full gencrality is under
invesligation.

Routing algorithms of sircel sweeper vehicles have bocn considered under various consirinis that are

involved in muni ipal strect swecping I 1 ing graph-theoretic and combinalonial problems are
involved n the process of developing cficicnt solutions. The general problem has becn shown (o be
NP-complete. Vanous ions of the algorithms arc under consideration and an € imaic algonthm

has been developed for mixed graphs. Combinatorial aspects of designs are studied particularly wilh respect to
characterizing the well known class of lambda designs. Some characierizations have been oblained under
structural and parametric condilions.

Multivariatc Analysis

A probability incquality appli in 2 dimensions is shown 10 be truc for higher dimensions in a
special symmetnic case. Mimmnm distance methods in multinomial models are being applied 1o study the
effect of an emply cell penalty tn mimmizing the variance and the mean square of the estimator  Work 15 in
progress on proyection of HIV incidence in Calcutta. As an aliernative 1o principal components analyss 1
redvcing dimenstonalily efficacy of ‘'subsct modeling’ through proper conditioning on inatrices is being
explored - 1rving several al with i in regression analvsis n the prescnec of

v. Work on scmi ic classification rules g the logistic discrimination ruie of
Cox 15 being done through a generalization of pscudo-MLE approach. Applications include many standard
mullivanate distributions and a varicty of bivariate reliabifity models. Optimal tests arc derived for
no<contamination 1 mullivanate mixture models, Neymann's ('t - test is generalizod (o mulliparameler
wo-sample case and its applitation to change-point problems is being studicd.

Inference

Robust methods based on mininum distance techniques arc being developed  New disphniics are also
being pencrated.  New weighted hkclihood procodures based on mini distance csti g cquations
applicable 1n robust cstimation and outlier detection are developed. Robust tests for equality of vananccs are
developed. A new 'set estimator’ useful in describing the extcrnal shape of a point set has boen construciod

Generalized Regression

Likelihood based non-parametric regression mcthod has been developed in multiparameicr and
multiresponse situations with some analysis of simulalod and real life data  Extenston of the methods to
data s under igati

Esuimating cquation based method has becn developed for regression data. assunning onh the mean
sinucture and nonparametrically estimating the variance structure using kernel smoothers  The extension of
the approach o fikelihood based micthods is under study.

Progress has been made in developing robust procedurcs based on mimmum distaice rdeas in i.1.d.
siluations as well as more generul regression set ups. Recent advances anelude 1he dex clopmicnt of i pew class
of divergences outside the scope of “disparitics™ and relaed inference  Other work includes new weighted
likelihood procedures hased on minimum distance eshmitng equations which can be used cffectively both in
robus! cstimation as well as in detection of outliers,
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Linear Models

Some works that began as pari of an 1SI-funded project have been compicied during this period.

These include the vanous methods of diagnosing collincarity and dealing with it.  Specifically. some

for the collincarity-infl of groups of obscrvations were developed. The various methods 1o

identify the groups of variablcs forming collincar relationships were studicd. and their inter-relationships were

cxamined The lhemcl.u:l question of ‘how wdl-eondmomd a subscl of variables can b’ was studied. and 2

fow methods of identify ll-conditioncd subsets were developed.  The cffect of Jocationchange oa
collincarity was also studied.

A new approach (o developing Lhe thoory of Best Lincar Unbiased Estimation in he General Lincar

Model, based on Lincar Zero functions. was developed carlicr. The method yiclded several advaniages.

including stmplicity of derivation. and a clcar und of the singular dispersion case. As a follow-up

of this work, the updaics in the General Linear Modcl for data and modcl changes were cxamined from this

pmm orwc\\ The ncw appmach led 10 ing of the ion Lerms, which bring out the
of the inciples in the singular and non-singular dispersion cases.

Reliability, Life Testing and Survivat Analysis

Slndu: arc being carricd out on the analysis of compeiing risk data with cause of death arbitrarily
missing. E: using EM algorithms have been worked owl. A counting process approach is
under study 1n the mnu-.ﬂ

E of comp life rime distributions from data on sysiem life limcs of a cohcreat structure
has been worked out  The investigation of estimation methods with intermedsaic observations on the sysiem
and ils components is under consideration al present

Maximum likelihood method for paramciric cstimation of the number of compancnls in a systen of
superinpased rencwal processes has been worked out. The sam is being atempied in a non-paramelnc set-up.

Biostatistics

Distributional results have been obtained and methods of analysis developed for correlated. repeated
observations on a single subject in dealing with skin papilloma.

The use of Markov chain method is being explored 10 analyze cancer dala specially in dealing with
hetcrogencity in cell dynamics between animals.

A preliminary study on projection of HIV incidence in Calculla based on limiited survey informalion
on incidence of H1V in Catcutia has already been compicied. Work related to pooling available data and more
sophisticated analysis based on extensive cpidemiological modelfing is ongoing.

Computer Scicnce

(a) 2-D Cetivlar Automata

Algebraic properties of cxceptional rules and also of onc group of non-cxceptional riles have been
studied. A few cesulls are derived on particular hybrid transformations.

(b) Design of Computer Networks

A reliability measurc of a compule network is obtained using pretiminary idea of information thoon
leading to a propascd dynamic design of a reliable compuier neiwork.
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Projects Undertaken
A. Externolly Funded
Tracer Study of ITI Graduates
Projoct Leader : Bimal Kumar Roy

Dircctorate General of Emplmmcnl and Tratning, Minestry of Labour, Govt. of India requested 151 to
conduct a ‘sindy 10 assess the emp lovability of ITU certifi holders. A ingly. the
Applicd Statistics Uil took up Lhe srudy 4 states viz. Wesl Bengal. Delhi. Tamil Nadu and Gujaral were
chosen for (b sfwdy  For cach suic. 6 ITI's were chosen representing privale. women's, Got.-large and
Govt-small ITI's. For cach chosen 1T), 2 sample of size not exceeding 125 was chosea from the list of all
trainces who passod oul wn 1991 or 1994 The survey. data entry and data processing are already over. The
report 1s al the final stage of 1ls preparalion

Software Development for Ceyptanalysiy
Project Leader  Bimal Kumar Roy

The progect 1s being taken up jointly with Bengal Enpincering College  The duration of the project 1s
wo and half vcars and may be extendod further. The atm of the project is o develop and implement
cnptanalysis of LFSR bascd encryption scheme which uses 2 memoryiess combining function.  The
methodolopy involves statisticat techniques and the implementation requires cfficient atgorithms supporied by
spectal purpose hardware  The results of the project will significantly help the Sysiems Analysis Group of
DRDO 1 Ihese work.

Development of Statistical Techaique as an Ald to Geological Mapping

Project Leader : J.X. Ghosh

Project Co-Ordinator * Tapas Samania

“After the location of boundaries in (he first stage we took up the very important problem of developing
a sampling scheme for allocauion of oplimum number of observauon points for most appropriale locations.

This answers the question of how many points lo sample and where 1o sampie.

B Plan Projecis
Applications of 2-D Cellular Automata

Project Leader - Pabitra Pal Chaudhury
Studics of various mathematical of nearest neighbourhood 2DCA forT
continuimg. We have divided them into vmons groups. The study of onc of these groups conceming only M
ncighbours 15 near compleuon.

We have identificd some exceptional iransformations which do not match with others and thereby do
1ol {21l in any of the above groups. Their properics are being studied separately.

A class of hybrid transformations has becn identified & (heir properties are being studied.
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Small Area Estimation of Population for the Districts of Hoghl and Murshidabad

Project Leader : Parimal Mukhopadbyay

No substantial progress could be made in respect of the project, “Small Area Estimation of Populstion
for the Districts of Hugli and Murshidabad® in view of the fact thei no suitable candidate has s Qir been found
for the project-linked position of Dala Processing Technicians.

Undll now dats have been collected from around 1000 houscholds sciccted from 11 municipal arca of

the urban area of Hugli district consisting of 44 municipal and icipal arcas. The scrutiny of Lhe
schedules and sub ions are yet 1o be
Software Package for Directional Data

Project Leader :"A. Sengupta
‘This on going project is inicnded to develop software for various graphical aspects of recent inlefest in
terms of behaviour of directional random variables, 10 incorporate some recent aspecis of statistical infereace

e.8. change-point analysis. classification techniques, simulation eic. and to extcnd the work done on circular
date to spherical data.

Applied Directional Dats Analysis
Project Leader : A, Sen Gupta

This project is meant (o establish the usefulness of Directional Data Analysis in vanous applied areas
through real life data. Work on this has staned only recently.

Optics! Character Recogaition (OCR) of Printed Tefugu Script
Project Leader : C.H, Sastry

Selected Telugu text samples are digitized. Programs for scanning the text image for determining a
threshold level in order (o convert the image 10 a 2-tone image have been developed for segmenting the text
image for lines and words. Studies aye 00 to sel up logical criteria (o segment the characters. Maay schemes
are unider consideration and experimentation. The problem of Ll correction is also being sudied. Efforts are
on 10 set up the infrastructural facilities required for the project.

Telogn Language Processing

Project Leader : C.H. Sastry

From the point of view of designing an OCR system for prinied Telugu scripts, efforts are on to sy
the stalislical characteristics of Telugu language. which is in common written use. For this purpose passages
are being collected from popular Telugu magazines, ncws papers and chifdren's literature. This is required for

the purpose of collecting Telugu words used in different expressions of thoughts. Efforts are an 1o aoquire
facilities needed to store the passages in compuler medium for statistical analyses Later.

Analysly of Incomplete Life Time Data

Project Leader : Anup Dowanji

There have been extensive work involving incomplete life time data, examples of which can be found
in almost all areas of applied sciences. We intend lo concentrate on some specific problems with incomplese
data a5 described in the following.

(). Unceriain failure types in competing risks.
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(1i). Non-availability of component life Lime data in a coherent system.
(isi). Superimposition of a number of independent and identically distributed (iid) point processes.

(iv). Only a surrogaie process in available.

We would like to develop methodologics o carry out cstimation and tests for relevant hypotheses .
based on such incompieic data, and also to apply them to real data whenever svailsble.

Presently. the following problems are being atiempled :

(i). Nonparamelric cstimation of cause specific hazard rates in competing risks with missing filure
types.

(ii). Nonp ic csti of life time distribution from observation on system life
time in a coherent system.

(ui). Nonparameinc estimation of a number of component processes in a system of superimposed iid
renewal processes.

A Comparison of Robust Density-Based Minimum Distance Methods with Traditional Robust
Procedures

Project Leader : Ayancndranath Basu

The project ‘started in April 1997 and’lerminates- in March 1998. Significant progress has already
boen made on a few papers dealing with certain aspects of the project. while work on a few others. still al an
carly stage. is expected lo be compleled within the project, A brief oulline of the work unider progress and
expecied (0 be completed is given below

Several aspects of the munimum distance procadures ate explored in the work going on under this
project.  An algorithm for faster and efficient computation of the above minimum distance methods 15 being
developed. A new class of fobust tests for equality of several population variances based on the above
minimum distance procedures has becn developed A new  class of density-based minimum distance
esumators with bounded influcnce has been constructed.  Theoreti ification of several empincall
observed phenomena, such as the apparcat bounded influence’ type behavior of scveral mimmum distance
esumnates in spite of their thooretical unbounded influcnce, and the empirically observed improved behavior of
aclass of ‘penalized’ minimum distance methods are afso being atiempled.

Analysis of Biomedical Imagery
Project Leader : Amita Pal

Focusing on imagery obtained from slides of peripheral blood, Bayesian and other paradigms are

bcmg implemented. initially on simulated images and subsequently on actual images, with a view to

ifying dillerent comp and detaching at least some of the many possible abnormalities in them.
Work an actual images has siarted only rwcnlly

Worksbop on Computer & C ication Techooloeies in Ed

Project Leader : ).K. Ghosh
Project Coordinalors : K.S. Vijayan. N.M. Singhi (TIFR)

An expository workshop on "Computer and C ication Technologies in Education® was be held
4t the Caleutta campus of Indian Statistical Institule during 19-20 January 1998. The workshop aimed at
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creating an swarencss regarding the rapid changes taking place in information technology. how this would
affect education in general, how to make the best use of the emerging technologies for improvement in
teaching and training and how quality education can be made availablc on a larger scake.

TMMnanuoqumAedanyMorwumdlwomhomede\mngOdm 1996 0
look a1 some of thesc problems and & non profit jum for 1 and
Communication Technology (CICT) was formed (o create or the and
challenges tha( come with the emerging technologies. Some advanced workshops have already been held in
Mumbai through CICT.

The workshop had lectures and presentations. dealing with themes like impact of computer related
information lechnology on society. use of internet for providing exiensive quality education, mullimedua 1n
training and preparation of course materials, Indian languages software and distance education.

Computer and C; ication Sciences Division

The Division comprises Compuler Vision and Pattern Recogmition Unit, Advanced Computing and
Microelectronics UniL Electronics and Communication Scicnces Umit. and Machine Imelligenee  Unit
Faculty members of the Division are also cngaged in icaching and 1raining M.Stat . M Tech (CS) and M Tech,
(QROR) programs, in addition lo their research and project works  Many undergradvaic and posigraduaie
engincering students of Computer Scicnees. Electronics and Tel ion. Elecirical Engi g and
students of MCA courses from different universitics and institutes undergo their vocauonal/semesiral (raning
under the supervision of the faculty members of (his division Rescarch works camed out in these umits are
descnibed below.

Computer Vision and Pattern Recognition Unit
Research Activities
Docurvent Analysiy

Improvement in respect of style, font and size  variations has been done on Lhe existtng Opucal
Character Recognition (OCR) system of prinied Bangla.

(a)  Arobust lechnique for automalic skew-deiection and correction for Bangla and Devnagar
lext has also been developed.

(b)  Some statistics have been compuled for Hindi language for OCR development on Devmagad
sripl A bi-lingual printed OCR system has been developed 10 read two most popular Indian scripis
(Bangla and Devnagari).

©) Since India is 2 mulii-lingual country, it ls important 1o develop 3 multi-lingual OCR.
Tostan with, a system has been foped for paration of Bangla. Hindi, Enghsh and
Unrdu scripts in a document

() A docoment page may contain different types words like bold. italics. allcapita) ctc. An

avlomatic, simplc and fast method has becn developed to detect these different types of  words. The

lnl'omauon nn hclp fo cnhance the recognition accuracy of the OCR sysiem as well as o extract
from d which are prinied in uppercase or bold and italic style.

Work on hand-prinied Bangla character recognilionis in progress.

Mathematical Morphology, Dot Pattern and Cluster Analysia

(a) Shape analysis of dot patterns is an i ing and i study in Palten Recogniti
A human obscrver is quick lo understand the perceplual boundary of a point set undesr normal viewing
condition when the points are cleardy visible as well as fairly denscly and  homogencously
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distributed over a region. On Lhe other hand, if the dot pattern S clongated of curvilinear then what we
perceive as Lhe shape is a lincar form representing the skelelon of the patiern. Shape descniptors try to
capture the same  shape information from the dot patiem based on some hypotheses and computation.

()  Two simple linear order (in lerms of cardinality of the pattern) shape descriplors called s-shape
and rshape are proposed The edges in s-shape arc restricted only in horizontal and vertical
direcuons, whereas  the r-shape  produces a smoother representation  without any such  restrictions in
dge~directionality. A new structural basis called  dispersion matrix is evolved from the s-shape The binary
image resulting from this dispersion matrix s successfully used 1o extract the skeleton of the dot patiern.
Some efficient morphology based algorithms arc also proposed.

(6} To lake care of complex cases where Lhe data density is varying in a single component. or where the
paltens are overlapped. a new K-NN based clusicnng is proposed. The approach for detecting curvilinear
dot patierns is also developed.

(@  The above problem may be viewed as a problem of sci estimation given a finite number of
sample points drawn from Ihe st A good set estimalor (a) should be consistent. v.¢. the Lebesgue measure of
the symmetnic difference of the actual region and the set estimator should go to zero in probability as the
number of sample potnts increases arburanly. () should be computationally cfficient. (c) should be
automanc, tn the sense (hal the method should be able 1o detect the number of independent disjoint
components making up the true region and should not depend on Lhis number being known and (d) should be
robust (n presence of additive noise. None of the currently known estimators combine all these propertics
A s-shape based class of set estimators is developed which satisfy alt the four propertics. It 1s proved that the
s-shapc 1s a consisien! estimalor nol just under the uniform distribution. but also when the points are drawn
according 10 any contsnuous distribuuion. The order of error in jon as well as i i
which is lincar. 1s independent of the dimensionality.

Biomedical lmage Analysis

@ An ic algorithm has been developed to scgment 2-D cell images.

® A system for Automatic Analysisof the Three-Dimensional Histo-Pathological images has been
developed. The 3-D images are acqured  using Confocal microscope in GSF, Munich. Germany, under
the Indo-German Collaboration project on Algorithm Development for Bio-medical Image Processing and
Image Database Generation. Vanous noise reduction. image cnhancement and 3-D segmentation methods are
developed and tesied on Confocal image data seis. High level segmentation methods such as Acuve Contour
Modcls or Snakes and Active-Volumes are designed and i d. Region based (echni such as
Automatic Setded Volume Growing and Constrained Succcssive Erosion-Dilation techniques are
implemented. A 3-D Watershed with an Automatic Detection and Merging of over segmented cells has been
designed and implemenied. Algorithms are developed  for quantification of various Histo and Cviological
features related 10 the carcinomic grades and/or ical status of Lhe issue specimen. Efforts  for
quanufication of cell distribution based on Expectile Quantile plot and automalic subclassification of the
volumetric data into differcnt carcinomic grades are under progress. A Graphical User Interface (GUT) has
been developed for  visualizati gmentation and quantification of pathological features by the

hol and the cytologi ic Pipelining of the jobs over Uhe Ethernet in an existing Distnibuted
Medical Data Processing Sysiem  has been  successfully  completed. There would be a single relational
database for maintaining the inlermedialc images, outpul data and process log. etc. This work is donc under

the image Database G jon part 1o minimizes human i ion in the project.

() A project on Recognition, Seg ion and Quantification of the bacteria 1n industrial
sludge has been successfully undertaken. The bacierial filaments are d from compli ' i
images and used for quantilati {uation. An attempt for quali ion of the

bacteriz based on morphology and other prior information will be laken up in the coming year.

29



Digital image and fozzy peometry

(2) Many ional ical definitions of Evclidean spacc do not work in digital space. For
exampk, there is mo unique  definition of convexity in dxgual domam Ancw defimtion of digital
convexity has been proposed receatly and their prop are A ponding definulion of

convex hull as well as circular hul! in dipital domain has also been proposed. Furzy geometry is 3
convenient lool for defining object shape propentics.  An approach of finding convex hull, starshapedness,
clongaledness, compactncss. ¢lc. have been proposed. Also. 3 HausdorfT distance metric between  fuzzy
sets has been defined. Relational fuzzy propertics between fwzy objects have also been developed.

Computational Lingnistics, Natural Langusge Processing and Speech Analysls
A. Bangla Spclling Error Pattern Analysls and Spell-Checker Design

(2) The aim of this project i6 1o develop an appropriaic eror  patiem  found in lexts writicn in
Bangla. the second most popular [anguage and script in the Indian sub contincat. The sady was made on
graphemic as well as phonctic emor found 10 hands a8 well as hic data. For graph
ervor. handwrilien daia were colkecied from different sources. whule typographic data were collectied from
2 corpus developed using PCs. For phonetic crror. data were collecied  from dictauonal handwritings and
dictationa) tex1 typing. A fotal of 1,51.62.117 handwriticn words and a lotal of 3,75.723 typographic words
werc collected and  studied. Studies wetc snade on two major levels of crror, ramely. word devel crror and
sentence kevel errors. Non - word error and uraphemi shape ¢rror cic., are the types of errors belonging lo
the class of word level errors, while real word ervor like stylistic such as “Guru  Chandali* crors,
grammanical crrors etc.,  run on and split word error and punciuation error belong (o senience level emrors
The misspelled words were first sorted out from the raw data. They were further processed and calegonaed

wnio different types of crrors in differcat levels. Pattems of these types of errors were developed and
lisied tn the form of ables.

(b A novel ique of localization and ion of non-word eror is described. In thus
lechnique 3 candidatc swing S of n characters is scarched in  the conventional dictionary Dc. If S is2
non-word. its first kI n characicrs will match with a word in Dc. (k1 = n then the word in D¢ must be
longer than n). A reversed word dictionary Dr is also gencraied where the characters of the word arc
maintained in a reversed order. If the last k2 characiers of S match with a word in Dr then, for single
error. it is located within the intersection region of first k] + | and last k2 + | characters of S. We observed
that thus regton is very small compared 1o word length for most cases and the number of suggested
cormect words can be drasucally roduced using this information. We have used our approach 1 comecting
Bangla text, where (he problem of inflection is cleverly tackled.

B. Machine Translation

Bilingual machine Lranslation from Hindi to Bangla in the restncted domain of weather forecast
has been considered. The approach is essentially one to one mapping of words and phrases from the
source language 1o targel language because both  Hindi and Bangla seniences have similar — syntactic
siructurcs. However. one (0 onc  mapping is nol always possible because of word polysemy and some
minor variations in syntactic structurcs of the (wo languages. Some rules have becn used in the transtation
process (o lake carc of (hem. The algorithm has boen lesied on onc hundred sentences with
satisfactory result in most of Lhe cases.

C. Morpbeme Parser

For NLP, an automatic morpheme parser fof single Bangla verb form has been developed. It can
work forboth finite and non-finite verb forms. The machine automatically dentifics a verb from a
running Lext. breaks it into root and suffix pant (if any), determunes if any morpho-phonesuc change has
taken place within Lhe surface form. identifies its morphological propertics such a5 aspoct (coahmatrve).
auxiliary, person, tense, partickc markers etc. and finally supplics the meaning of it Morcover. o
provides all the possibic valid parmes with all relevant morphological information for a surface verd
if it has he possbility of multiplc parsing. This single verb parser 5 beng used for
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compound and reduplicaled verb form analysis, The same mcthodology (with necessary modification)
can be generalized for parsing other grammatical text categorics such as Bangla nouns, adjectives and
adverbs. etc.. for which work is in progress.

D. Ruke G lon for Specch Synthesk

For standard uttcrance of Bangla words an cxhaustive st of  rules is formed afier thorough
scarch on a large (ext  corpus.  In standard uticrance of Bangla, the first and the tast grapheme of a word
is most |mpumm Hence. our work has cmphasizod mostly  on word-inilal and word-final  grapheme

But i 8 are not kel d Most of the rules for word-inmial and word-final
h are i for 2 also. However, cxceptions arc also menhioned with
mmpla Each rule is supporied by p 8¢ of found 1n the corpus with  examples and

excepions. These rules arc being lmplcmcn(od in the machine for syntheuc speech so that it sounds more
buman-like rather than mechanical. The rukes will also be uscful for language leamers.

Neural Network

(a) A ncwsal network model 10 synthesize lexture iinages has been proposed The model 1s based on a
contmuous  Hopficld-like network where cach pixel of the image is oocupicd by A neuron  1hat is
caght-connceied 10 1ts neighbours A state of the newron denotcs a certain gray level of the corresponding
pixel. The finng of the ncuron changes its state. and hence the grey kevel of lhc corresponding pnel
DrfTerent wo-tone and  grey lonc Iexture images can be sy d by the

weights and by varying the algonthm. A Markov chain pninciple has becn employed to decide on 1he
muluplc staie transiion of a ncuron. The model can be cmployed  for texture  propaganon with the
dvantage that il allows propagation withoul showing any blocky effect

®) Using 2 mullifayer perecptron (MLP). a2 lexture seg jon algorithm has been develop
Herc uscrs can avoid stlection  and computanion of the feature sci and hence realHime  segmentanon may
be possible. The techmque  apparently works in a fashion similar 10 our visual system whereby we do not
consoiously compute  any feature for Icxture discrinination. A detailed siudy has been made for the
selection of Lhe network size A newly proposod vaniant of the back-propagation  algorithm has been used
for more efMicient training  of the network An odge-preserving  nowsc-snicothing approach — has been
proposed 10 remove noisc (rom the  segmenied image.

() Concepts of “activation level” and "actsvation region® have boen introduced 11 a scif-organizsng
ncural network model for more accurate shape extraction. The new model 1s quite robust with respect 10
several types of noisc and works for binary images. doi pallerns and gray level images

Adwaced Computing & Microelectronics Unit
Research Activities

Heterogeneous Computing

During recent Years. Heterogeneous Computing (HC) has become onc of the thrust arcas of research
in the ficid of parallel proocssmg HC involves the usc of differcnt types of paralle! processors. processing

or 1o maxi the overal] sysiem performance. cost cllecuvencss and
dmlopmem cfforts.
The goal of heterog: puting is the high perfc execution of a single complex

application on a cluster of hagh performance systems with possibly dissimilar architectures. [t is an important
and emerging fickd drawing concepls from both paralled and distributed computing.  Though the diffcrent
componcnts of HC have appeared in Lhe scienlific literature over the past few years, heterogeneous computing
is olill in as infancy Heterogencous computers promise cost cffective compute cycles. But there are lol of
issucs yel 10 be studied in terms of cfficient scheduling, case of program development, performance evaluation
and design of optima) HC for a specific application. Scientists and rescarchers from a varicty of
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disciplines have startod pertcipaling in the development of ions uting 1

currently svailable tool nnmed Pmllel Virtual Machm\: (PVM) and Lhe mled job dispsichers. The
objecuve of our proposed project consists of the following :

(8) We plan to develop a suitable mode] of ion for a heterog

involving a combination of dissimilar machines. Devising a swablc topology for interconnecting different
componcnt processing units is also planned (0 be studied. Appropriate methods of analysis wll also be
developed to predict the behaviour of such complex sysiems.

® Different application problems will be mapped on such an HC environment containing several (3-6)

processing nodes having different archil The perfc of the HC in executing
different problems of varying size under different i igms and different scheduling pohcics will
be measured through actual expen jon. Then the i | results may be compared with Lhe
theoretical cstimations. The best possible j i for a given application can be identified
from hese experi data. Typical applications include weather-ft ing, genetic cngincering, eic.

Several theoretical results have been obtained on the efficient topology for interconnecting
multiprocessor systers and also on designing paralle] algorithms for solving different numerical and
graph-theorelic problems.

Logic Synthesis and Design for Testability

Logic synthesis and design for testability lechniques are indispensable in the VLSI circuil synthesis
and testing. A typical VLS| chip may consist of hundreds of millions of Lransistors, design of which requires
speciahzed design tools. To ensure high reliability, yield and maintainability. these chips must be lested
during design. production, and while under operation. Unless the chips arc designed with in-bullt easy
lestability scheme, testing will be a formidable Lask, if not impossible. In this project, our objective will be to
innovatc new design methodology for gate-level logic synthesis and redundancy elimination. targeted (o having
high fault coverage, in terms of stuck-at faulls. as well as robustly testable delay fauls.

The results obtained in this area during the period in question are given below :

18)  Logic synthesis with non-scan sequential circuits is of ulmost importance in the recent trends of high
performance circuit design.  Investigations have been donc on the redundancy problem in synchrorous

ial circuils. Identification and elimination of redundancy have becn studied, wath a special emphasis
on isomorph-redundancy. Several new altributes of such redundancies have been formulated. and therr impact
on logic synthesis has been studied.

®) We have also developed a novel scheme of BIST (Built-in Selfl Test) technique for detecting
stuck-open faults in combinational CMOS VLSI circuits.  Efficient BIST design for universal 1esting of
stuck-open faults was an open problem. The proposed scheme is not only robust but also universal. its
hardware overhead is low. and testing lime is significantly reduoed. In addition. a new technique called
adapive BIST has been developed. The scheme is useful for testing arbitrary CMOS complex cells, and the
test sequence is independent of Lhe circuit structure and its functionality.

Multi-Mesh Architecture

The Multi-Mesh (MM) architecture, built around 2-D meshes, has newly been proposed by us (Ref
Das and Sinha, Proc. 9t [PPS. pp. 17-21, April 25-28, 1995, Sania Barbars, and M. De, D Das, M. Ghosh
and BP. Sinha, Proc. HiPC'9S, pp. 707-712, held in New Delhi, India during Dec. 28-30, 1995). This
architectuse provides the following features :

(a) ‘The number of processors is N = n', for some integes n > 2. Thé smallest systems can be built with 81
PIOCESSOf.

®) Every processor will have & uniform degroe of 4 only.
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(@ Although the number of links is same as that of an Hliac IV archilecture or a 2-D rorus. the MM
topologs provides a diamcler of 2n, i.c.. 2N* in contrast 1o 2N'* for an tihac IV topology. This reduced
diameter helps to implement the fotlowing algorithms very efficiently :

/A Maxi Aini O (N} liine
Matnx Transposc : O (N lime
p x p matnx multiplication * O (p"*) time (compare this with 0(p)
time on a 2-D mesh)
p-point DFY computation © O(p*) ume
Sorting .
n* independent sels of ' elements cach O(n) ume
n independent scts of w’ clements each 2 0(n) lime
n' clements 0 {n) ume

Lagranges tnicrpolation on n° elements O () time

0] The 2-D mesh can also be emulaied on this MM tupology in constant time.  Thus the 4-neighbour
adjacency property can also be preserved 1n a ceniain sense on thes (opology.

] Point-to-Poinl commumcation. singlc nodc breadcast and mulucast can all be implemented on this
network in O (n) = ) (N"") time.

in Under single node or link failure, the diameter wall nol increase by more than 6. Other properties wall
be gracefulty degraded with favlts.

() Anv cusiing algortthm on a 2-D mesh or torus can be casily Iransported to (his new archiieciure and
this is sull 2 subject of further siudy and software development

Apparently. the proposed architecture will be ble 10 efficiently implement a large class of algonthies
m numencal applications. image processing and other real-life siuations very efficicntly without auy
addimonal hardware investment over that required for a 2-D mesh.

Dunng (he academic ycar in question. ¢fMicient algonthms for (i) multicast in (2 (N) tne. )
compleic exchange using wormhole routing 1n ) (N*) time and also (i) permutation routing on the
Mulir-Mesh have been developed  The sortny algonthm on (he Multi-Mesh has also been further impron ed.

Elcctronic Design Automation

Dunng the past 10 years, members of 1his Umn had donc extensive research in the area of VLS!
Deugn including synthesis. testing and phvsical design New lechniques of tesadle design. partioning.
foorplanamy and routing in microchips lane been developed  With the advent of high-performance VLSI and
ULSE (b Large - Scale Intcgrationt chips. and MONT's tMulit-Chip Modules). eMicicnt EDA 1ools targeied

10 ke high speed and fow pawer design are iiow 1n great demand - The rescarch arcas explored inciude 1he
following

1) Perfornmance drven logic p and Noorpl

' A L3

() Umficd schemw for global and local routng
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(c) Low power design of VLSI chips.

Efficient algorithms for high performance foorplan design and routing in VLSI Circuits have bocn
propased and lested on denchmarks. The results outperform carticr methods both in cost of chip fabrication
and turmaround time. In parucular. we have addressed (i) the optimal lincar placement problem of circiiil
graph to minimue signal delay. (ii) Noorplan-area optimization for cusiom designed microchips. and (i
partitioning for smproved wire routing bascd on geometric measures

Applications of Computatlonal Geometry to VLSI Layout

Th: physlal dcs:gn phase of VLS! (Very Large Scale Intcgration) circuils involves many peoblems on
wire routing and area compaction Funhermore, vanations of lavout
nvlc (e:hnology and packaging. ¢ g.. FPGA's (Ficld Programmable Gatc Arrays). and MCM's (Mulli Clup
Modules). lead 1o numerous design and oplimization problems, the formulation of which nceds graph theon
and combinatorial optimizalion  In this project. our ebjective is 10 identify vanous VLSI design problems
which can be efficicnthy solved using Ihe paradigms of computational geometry. We behieve that these new
technuques, by vinue of their inhetent power and novelty of spatial data structures and scarch methods. wifl
outperform or augment the convensoral EDA (Electronic Design Automation) tools. In addiuon. these
techniques will have manifold applications 1o defensc. robolics. dalabase. and paticrn recognition.

We have idennfied many new design problems that anse 1 VLSI ph)’ﬂc.‘ll design automation and
mapped them lo computalional geometric problems. New algorithms for ply region recog
among isothetic/non-isothelic obstacles have been proposed The algonihms also tnclude recognton of
max-widtvarca emply slarcase channcls, 3D cuboids etc. We also 1ntraduced the shouter fcanon problem
and proposed cfficient algorithms for solving 1t. A novel routing-driven pantitioning scheme has been
formulaied.

Moblie Compuling

Mobilc computing refers to the use of portable cted Lhrough wirchess 8
It allows (he mobilc users 10 cffect versatile communication with other people along with continuous access (o
the services and resourees of the 1and-bascd computer neiwork. Designing software for a mobile computing
system 15 different rom 1hat involved in case of a stationary networked sysicm 1n ceriain aspects. as mobility
induces several new probiems.

Wireless communication used for mobile computing system is ized by low band:
chaanels with high error rates and mote frequent disconmections. These factors can increase the
communication latency resulting from the requirement of retransmission of data packets anising due lo error
control protocol and shon temporary disconncctions.  Mobility. in tum. causes wircless conncctions 10 be
sometmes lost or degraded due Lo signal weakening. when the users travel beyond the coverage of nework
transcervers. or enter arcas of high inlerference. Also. the number of deviecs in a network cell varies
dynamicaliy and a large concentration of mobilc users at 3 single place like conventions, may also ovesioad the
network capacity.

A mobile computers nel-address changes dynamically. This dynamic feature in mobile wircless
neiworks leads 10 a problem of keeping track of the topology coonectivity. This problem, also known as the
location management problem. becomes 100 complex when the raie of change is high and the network size 1
large. Thus, an important issuc in mobilc computalion is the design and analysis of the lopology management
schemes.

New routing schemes are also needed for such mobilc neiworks. Conventional routing protocols are
not applicable for ncrworks where the 1opology connectivily is subject lo frequent unpredictable changes. A
suitable loop-free routing 1s desirable for this purpose. sunee a loop-frec routing will minimize (he consumption
of resources during ication and also the ication delay involved in the process. Routing
schemes als0 need to be developed to tolerate cormupt wircless lioks.




In 8 mobiic d all the neighboring base stalions are connecied 10 8 Mabile
Switching Centre of MSC. Wiicn 3 mobilc user 1s aboul 10 leave a cell. the cell's base sianon Lransfers the
ownership of the ccll 1o another base station getting the strongest signal from the mobile user 1 a call was in
progress al this point of ime. then this call should be swiiched 1o 2 new channel as the old one is nol used in
an\ adjacent oclf). This new channel assignmen 1s basicalls done through a swilching network.

We have developed a generalized shuffic exchange neiwork. which can be nsed as an efficient MSC.
cven when the number of  base stalions is nol nocessanly a powct of 2 The network offers a very
cost-cfecine as well as fag1 swiiching techmque for hond-nff procedure between base siations. The routing
algonthm and the fault-4olerance of these networks are currently under siudy.

Microclectronic Syxtem Design using FPGA'

Ficld-Programmablc-Gate-Arrays (FPGA's) arc now being extensively used lo synthesize complex
logic carcunts in the laboratory  These IC chlps have boen followng features * (i) high degree ofmmplc:ulv
(1housands of gates). (i1) compicic prog) 10 1mpk arbirary archi (i) prog;

10 the Laboratons and (iv) a large number of contact pins I this projeci. we have two objectives 1n mind -

An exposure to FPGA's has now become indispearsable 1n i VLI Design’ course.. FPGA deviees can
be configured in hours rather than weeks o months  The fopic devices as well a5 routing pariems are
pre-fabricated on the chip. Synthesis of an arbitrany srchitecinre can be made by proper logic design followed
by programming the FPGA 10 implement the circust and routnig  This nceds
(a) A hardware platform with FPGA logic card.

(b Design software,

() FPGA chips which are (o be programmed.

of moderaie lexity can be leted  within one course  The feasibility of rapid
prolotyping of systems would encourage (he sludents to underiake more experimental rescarch on realisuc
problems of larger size.

Optimal logic synthesis and routing targeied for FPGA realization has become an upcoming area of
research.  [n particular, we shall undertake the investigation on logic - ing problem in an FPGA
cavironmenl. Given a complex circuil in terms of interconnection of modules. the probiem 15 (o partition 1t
nlo smaller sub-complexcs, such that the averall design and routing on FPGA bocome oplinized.

Svnthesis of fault-tolerant systolic arrays with FPGA architectures 1s being studied  We have also
developed a new lechnique for synthesis of large synchronous sequential machine. The proposed design has
less hardware overhead. shorter test application time, and 3 very high fault coverage  The design can easily
mappod (0 a FPGA-based architecture.

Discrete Eveat Simulation

Synthesis of very large soquential machine now forms an integraf part of hugh performance ASIC
VLSI chlps Typically. such circuit mng,hl consist of 30,000 fogic gates or more. The curcuil 15 desenbed 1n
VHDL then steps of par g, (inite-state machine synthesis, and final logic design need to be
performed.

To check the correctness of the design. il is required 1o have an extensive simulsuion stwdy. This
involves : (i) logic simul (ii) fault si hon, {ifi) timing I (iv) lavout simul

I( any design error is identified during simulation. it 1s corrected and the process is ilerated. Discrete

ovent is also indi n ing the of a parallel ing system. In our
amay processor-based system, performance of various compuler networks and parallel algonthmis are being

35



studied. Study of such designs will also require discreic event simulation in 8 large scale  Typreal cpamples
arc job queuning. deadlock. broadcast, message routing protocol elc.

Various studies on the develop of efficient gics for discrete event simulauons have
boen camied out A Parallel Virtual Machine (PYM) clmromncm 15 also being siudied w2 UNIX
environment run on a Silicon Graphics Workstation. Logic si at switch-level 1s being studied on a PC

platform.
Large scale simulation studies have been made in the earlicr years to assess the performance of 2 (64 «

64) bascline switching network with output buffering. It has been observed that the output rate was varied
from 20% 1o 100% whereas, the number of buffers in a queue within a switch was varied from 1 0 12

Flectronics and ("ommunication Sciences Unit
Research Activities

‘Theoretical and experimental investigations are being carried oul in the following areas.

A. Computer Vision, Biomedical Imaging and image Analysis, Artificiz] Intelligence, Approrimate
Resoning and Neuro-Fuzzy Computing.

Mathematical Morphology

! j | ks for image p g and analvsis arc cxtensnch studied  Fast
algonthm for gcncraung patiern spectrum in hexagonal grid using honc-comb distance transform 1< proposed
The propased morphological multi-scale edge detector 15 d both q ively and quahtainch wih

other well known edge detectors and 1s found to be superior in ovmll.
Document image analysis

Document image is analyzed and d inlo h lar blocks of umque entines as  1ent
half-tonc pictures. graphics or line drawing. headings and lables Before scgmentation. documicnl page mage
is deskewed 1.e.. the page image s aligned ventically  Mathematical miorphological operators arc usd 10
develop fast algorithms 1o the said job. Results of the developed algonthms arc compared wuth it of exising
methods.

Multisource dsta integration

For the betier interpretation of the abject/scenc that has bien 1maged. integration of molusource dati Juning
various spectral and spatial resolutions 15 being camicd out from the combinod informauon  Preprovessing
techniques. 1n this work. tnclude classificabon of vanous regions based on higher spectral resolution dawa and
extraction of hncar features from higher spanal resolution data using multiscale operator  The fechmgues are
applicd on biomedical images as well as remoic sensing data

Analysis of 3D objects

A new method Lo estimale robustness of a shape preserving parallcl thinming algonthm wnder ramdom novse
and rolation has boen introduced. Topology based segmentaiton method for 1D obpcts devised :tnd tesied for
its capability of handling noisy objects. Local topological parameters of 1D objecis were studred and reporicd
Geometric invariance in Symmetrical object

Application of geoniciric invaniance 1n compuicr vision imcludes delection of symnicine contour parrs undet

non-{ronto-parallel viewing condition 1 tus 15 (ollowed by deicrmination of symmetry line imaes subjected 10
projecied object onto image transformation. This is evaluatod (rom the anier-contour reflection matnx
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Newro-furzy computation

A fusion nicthodology (beiween fuzzy logic and ncural nct) has been developed and tesied for recognition of
vowels and occluded object

Qualitative physics

Extension of the qualitative simulanion (QSIM) algonthm has been made with qualitaive cunvature  The basic
purpose of qualitative physics is fo describe Lhe behaviour of the complex dynamical system in qualiative
manner inscad of quantitative diffcrential equation

B. Remote sensing and data unalysis in atmosphere science and wave propagation

Analysiy of sateflite duta

A comprehensive algorithm for classifying convective clouds i satchlite images has been des cloped. and tested
on INSAT data. The objective 15 10 track cloud clusters in a sequence of satellile 1mages and aiong with the
clond classificantan 1t will provide clond monon vectors {CMV)  The CMV determimation using correlahion
lechinque 1n hall hourly INSAT miage tnblet 15 toumely perf by India M weal Dep

{IMD) and classificition based technigues could supplement this process i {crims of 1mprovcment 1n qualiy
and quaatty of CMV's. The outhine of 1lus algorithm 1s alieady presented before Space Apphcanon Centre
(SAC). ISRO scieutists 1n RESPOND (ISRO) scrnar senes tha leads (o funding of rescarch in this ine by
ISRO

A sludy of convective clouds and therr classificanion based on temperure profile from satellue (1R-band)
imagerics was conducied and a bnanae normal disinbution was considered as modet for convechive clouds
duning e wopical disturbances  The work has been reported i 1EE Trans and 1s under review

Analysis of SODAR images

Pattcrns of ABL (Atmospheric Boundary Laver} shapes hive been exiricted (om SODAR images A nile
based alporithm for nctwork dnven inferencing mechansm has been developed and successiully tesied on
recognimion of SODAR paucerns A algonthm for image scgmentation based on Fuzzy c-nicans has also becn
implemented for SODAR image

Modclling of transport phenomena in ABL

To understand the dynanncs of 1he Planctans Boundan Laver (PBL). study of transport phenomenon i the
PBL 15 being simuliancousty carned out for developing a smtable model for wransport of scalar m i PBL
Validity of the model was continuously checked with the help of 30m meteorological tower data The nuan am
of the project was to derelop a turhulen wransport modcl for the monsoon perod. substaniial pan of whach has
been carnied oul Analvsis of the sodar and tower data svailable a1 different stations in India conbinued with a
view Lo demning som decper undersianding of PBL dynamics

Fractal algorithm for study of ABL dynamics

Some studics have been conducied on the apphcability of modern iechnique of fractal and mulufractal w the
dymanucs af aumiosphere and cavironment  The fractal nature of senmdwrnal variation of radio refracivity
tnden has been siudied and reporied 1n RSP, India - Applicabiliny of fracial decompostion of sodat invage
lechmque 10 study thermial convection in the planctan boundan laver has been studied and (he result was
publishicd in 2 journat
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C. Acoustic phonetle studies on Indian specch and musical sounds leading to asiomsted spoech
recognition

Acoustic Phonetlc Study

Acoustic phonctics studics of Assamese vowels and plosive consonants have been reporied.  Spectrographic
analysis of 130 Oriya words spoken by four male informants arc continuing 10 study the acoustic phonctic
featurcs. These will providc rehable data for computer recognition and synihesis of speech for thesc languages
a5 well as assistance 10 the effort in standardization of phonetic quality of educational and cullural use of voice
media,

Perception study

For automalic computer proocssing of speech il is nocessary (o have comprehensive knowledge aboul acoustic
correlates of stress and the percepiual signaficance of these.  With this view. the perecption expenment of
continuous specch (or Bengali language 1s conducicd for 10 minuics long radio news broadcasung in standard
Bengah by a female news reader  The analysis of text reading indicales that siandard Bengali is a language
with bound stress. the siress being at the first syllable and clearly exhibits augmented-ariiculaton <font 1o be
cssential as in spoken language p g (SLP) latly stress plays a very ymportamt
role. Furthermore in languages having bound stress this may help in word boundarn deiection.

Neuro-fuzzy specch recognition

Neuro-fuzzy sysiem has been developod for recognition of Bengali and Assamese vowels and about 0%
recognition score i achicved.  In next phase speaker independemt word recognition using fuzy
classification technique will be developed. All these systems will be used for man-machine communication in
context of Indian languages.

Identification of musical ragas

The analysis of 'shruti® positions in Indian classical music is very important for identification of different
gharanas. Records of aciual performance of several macstros on raga Iman have been analyzed. and diffesent
shruts positions have been extracted. The shruu posinons have to be extracted for other importani ragas of
Indian classical music and being carried out in collaboration with Sangeet Research Academy. Calcutta

Machme Inteltigence Unn

The objective of the Machine Intetligence Unil (MIU) 15 1o carny out basic rescarch concerning cerian
aspects of machine intelligence. Machine nnelirgence significs the work associated with atiempting (o make a
machine behave like human beings I other words, il conveys the core concept of palicn eecogniuon and
machine lcanmng with the advanced technologics hike fuzzy logie. amificial neural networks. genelic
algorithms. fractal. rough scts.

The nvestigation that is cuerenty being done in MIU compnses both the development of these

d lly and tn an 1nicy thybndization) manner. and demonsirating their cffectiveness

i solving various problems of pattern recogmiion. Hage processing. brain modelling, expen system. vision,

control ¢t¢ . related 1o the design of niclligem sysiems  Hybridization such as neuro-fuzzy. ncuro-rough.
neuro-furzy-geneue helps 1n making such systens anuficially more inicliigen.

Note that these 10ols are collectively known as sofl computing paradigm. They provide the theon of
Nexible informanon processing. which can deal with real hfe smbiguous siuations in an ¢fficient manrer ke
human beings. and therefore form the basis of future gencration compuling sysiems
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Research Activities
Pattern Recognition

Genetic algorithms (GAs) have been applicd for pattern classification in N-dimensional feature space.
where a fixed numbxr of h is used for tling the decision boundarics of the classes 1t has been
proved that as the size of the traiming data iends to infinity. the crror rate of the GA-based classifier approaches
the crror probability of Bayes classificr. The number of hyperplancs required for modelling the class
boundancs has also been adaptively evolved from the GA itself utilizing (he conoept of vanable string length.
Inaddion. clectiveness of several other stratcgics like simulaied annealing. lincar discriminant functions and
leamning automata 1n classifving pattemns in 1* have also been studied  The ulility of GA based classificr in
classifving the pixels of SPOT 1mages rcpn:scnung some pants of India has been demonstraied  In another

ion. an cffect of for p g restricied cross-over operalion 18 studicd.
‘This helps in acccleraling convergenee of the GA process. An analogy of the GA classification with MLP 15
detcrmined. Based on this, an algorithm for optimum network gencration is formulated.

A multivalued recognition system. which i inty in decision making by providing
output in four stales. has been n denufving ill-defined de objects such as
Arpons. scapons. road maps and beaches from RS i image dala Vanous supervised and unsupervised fuzzy sel
thcorene models are also examined in this context for SPOT images. Under an externally funded project. a
software package has boen developed on this and handed over 10 defense personnel for their use. A modified
aersion of the multivalued recognition system is also used as a medical expen sysiem for diagnosing hepatic
digeiscs

A minimal spanning trec based criterion for the selection of sced points has been formulated along
with nis esperimental demonstration. A split and merge clusiering technique and a metne for higher
dinxnsional data scis have been developed in this regard. A modification in k-means algorithm is suggested
for reducing the computation time. A minimal spanning Irec based criterion for finding o for the
construction of ¢-hull has been found. A concept of fuzzy @ -hull is also proposed. A new mimmal
spanning tree based clustenng algorithm has becn proposed and its relationship with Bayes classifier has been
theoretically found.

A new model for fuzzy-possibilisnc  clusicring has been proposed. Unlike existing modcls. Lhe
proposed mixed model can provide us with both fuzzy membership values and npicalitv (possibility) values,
and conscquently can give a much better undersianding of the substructures present in a data scl.
Dempsier-Shafer theory of evidence has been used to inicgrate feature-wise rank information to design
classifiers.

Eleciroencephalogram (EEG) reflects the clectrical activity of the brain in the various staies of slecp
and wakefulness. One of the methods for quantifying (QEEC) such activity 1s calculating the FFT (Fast Fourier
Transform) of the EEG waves.  Under different conditions of siress and excrcise. the gEEC s found to be
sunable as input featuse to MLP (multi percep for imination between normal and depressced
animals.

For classifying fingerprint patterns. the use of unprocessed gray level images reduces the loss of
wformation (and henee uncertainty) in decision making. Power speciral (1-D FFT) estimate of texture along
somc (4 or 8) sclecied dircctional bands has been found to be uscful as input features of MLP based
classification. Here the global ch istics ( ¥) of fi patterns are utilized. Ns comparison
with those of fuzzy geometrical features and other dircctionalitextural features 15 made for various noisy and
distoned fingerprints.

The effectiveness of fuzzy goometrical fealures has been demonstrated for classifving distoried
overlapping fingerprints directly from raw unprocessed images. The oulput is defined hese 1 terms of six
classes viz., LeR-loop. Right-loop, Twin-loop. Plainarch, Whorl and Overlapping. Overlapping (between any
wo of the above five pure classes) in various deprees and oncntalions is artificially produced on pure
fingerprint images. Distorted patterns arc gencrated for all the six classes. with random noisc. cut marks and
information loss in certain random locations. Thc fuzzy geometrical fealures are found 10 be the best for
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classifying these paticrns when Bayes'. #-NN (with k = |, 3. 5) and MLP (multi-laycr perceptron) classifiers
arc used.

An intelligent decision making system for obstacie avoidance by a mobile robol has been developed.
The task af incorporaling audio and visual capability is in progress.

Image AnalysivProcessing and Computer Viston

Efficicnt smoothing algorithm using isotropic and anisotropic diffusion processes. and coding
algorithms using a modificd Besicr-Bernsiein approximation fechnique have been developed.  Bascd on the
sccond generation coding techique. 1wo difTerent algorahms have been developed which are scen (0 vicld
high compression ratio. A new contour coding scheme. based on the propertics of discreic crle, has also been
developed. The algorithm s scen 1o yield high compression ratio for a class of binary images  Vanous [ractal
and wavelcl methods for nnage data compression are under investigation.

Al odge delection problem using aulomatic thresholding scheme is under invesugation.  The
muttiresolution aspect of wavelet analysis is used 10 aulhcnucalc the cdge locations A new method of edge
detection using the concept of multi ion and is developed. The new method is
found to have betier noisc immunity and positional accuracy compared 10 olhcr existing morphological
techniques.

Fuzzy control paradigm has been used for image processing. Effective edge detoction algorithms have
been developed integrating human psychovisual facts with fuzzy reasoning,

The application of spatial/spatial frequency (s/sf) representation {Wigner distribution) for diffcrent
low and intermediate level"vision problems are currently under investigation. A new framcumk in analvzng
the formal mathematical corvespondence between quanium hanics and Lime-{req ion of
signal 1s proposed. It 1s also shown that the joint time frequency distributions (s/sf) havc a closc link with
Hersenberg imcerainty relation if the observables are  taken as fuzy cntities. It is postulaied thar these
mechanisms will be of crucial 1mp n highly f | structure, such as ncucal
nehworks as they may exhibit a strong mutual ticrsclion between daia and operator.

A new grav scale based Hough (ransform algorithm has been proposed for finding line segments in
gr level images. This algorithm has been found to be uscful in cxtracting regions in gravicvel images.
cspecially for salctlite images.

Antificial Neural Networks
A conncctionist model. mamely. X-tron is developed for perccplion of mixed object calegorics.

Necessan supervised and unsopervised learning algorithms are proposed. Net work model for mixed categon
perception which is capable of accepting ahsolulc l'mlulc \1Iucs as input arc also developed. The principle of

X-iron has been used 10 butld a psychologi ist system. called PsyCOP, for
learning and simultancous rocobmuon of mulllplc objects. A conncctiomist System for learming and
ion of lincar and its ion 10 handwritten characier ion has been desclopd

Principle of Hough transform is used in this development. The effoctiveness of neural nctworks is studiod for
Ihinning i graylevel images.  Somc cfficient algonithms based on cellular neural nctworks have also been
developed for object extraction problem.

Dimensionality reduction using different acural networks has been done.  Sclection of an optimal
feature sct for paticrn recognition problems has been realized. Several algorithms for automatic scloction of an
optinal/ncar oplimal aschitecture for an MLP have been developed. An MLP based approach for determining
the shape of a pattern class (rom its sampled points is proposed.

Feasibility of using conncctionist models for implicil idenitfication of the highly inicracnioning
relations between varions mgmdlcnls of composite matcrials has bocn investigated.  The effecuvencss of
ionist modcls for P ion of hydrogen storage maicnals has been demonsirated.  Such

methods can drastically reduce the lime and cost R & D in material scicace, tyre industnics. modicing, eic.
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A ledge-based ionist system § g domain g has been developed for
classification and mlc gencration, The network is then mrmod bv learning. This hclps in speeding up lhe oct
other than improving performance,

A new learning algotithm is designed for blind scparation of uniformly distribuled source ‘signals.
For uniformly distibuted sourees the Fisher information matrix diverges, and under such circumstances the
Gramer-Rao bound is not apphcable It is possible 10 design new algonthms for such special cases which
exhibit supercificiency of O (1/7T°) convergence  The design of the new leaming algonthni is an altempt n
that dircclion

Genetic Algorithms (GAs) and Practaly

Here the investigation involves both theoretical development of GAs and its different applications 1o
patiem recognibon problems.

Comvergence of GAs wilh clitism is proved.  Attempls arc also being made to find the optimal
stopping time for GAs.

An aucempt has been made (0 study the effoct of emulating sexual discriminations in artfical genctic
algorithms. The results shows a marked improvement over the cewwventional or asexual genctic algonithm.
The schema theorem s shown to hold for the modified methodology. It is also esiablished that in most
sivations the fower bound of the number of schemata samipled by the modificd method is betier than its
convenlional counterpart.

A concept of "age of individuals™ so as 1o decide the ‘parenihood' of them is introduced: and (his is
seen o maintan more dversity in the popujation.  Middle-aged indivi are considered to be more fit to
produce offspring. In another work, parents’ fitness is used as a part (o decide the fitness of individuals thereby
giving more importaace (o individuals coming (rom betier familics'. This gives more dirccuonality towards
the goal. GAs arc made ellicicnt also by muroducing better individual in 1erms of fitness function from outside
the population or presenving and reintroducing individuals which were dropped oul at cartier generations.
This promuses 1o increasc the general degree of exploration of the scarch space. thercby improving the
performance. A few siralegues are developed to sclect mating pairs for the crassover operation. A study o the
uuity of the multi-parent cressover {in contrast to Lwo parent crossover) is also made.

A concept of search space division by employing 2 multi population scheme is i d in GAs. In
this scheme a GA divides the whole search space 1nto sub spaces depending on the convergence status of the
population and the solutions obtained so far  The scheme helps 10 prevent premature convergence 1o local
optinial for multi-modal problems. 1115 shown that for a bs-population real coded GA he scheme can provide
local scarching capability lo genetic search.

A methodology for scarching robust solutions (in contrast (o the best one) by GAs is developed  The
scheme emplovs addition of noisc with (he starch space paramelers, before evaluaung the fitness of
indwviduals  The schemie detects stable solutions in conlrisst 1o sharp ones and this helps in real life design
problems where solutions are expected 10 be unaliered with small vananion of parameters.

An application of GAs for automalic sclection of optimal p valyes of multil
and ccflolar networks has also been made. [t relicves mullilayer perocpiron from using back pmpagauon
technique. A GA based made! 10 evolve Hopficld type optimum nciwork avchlwnms for object c.\lracnon has
boen developed. The performance of GAs vis-a-vis simulated fing for op is

A method has been developed for magnification of digital images using ilerated funcuon system (LFS)
with the help of GAs. GAs have helped 1n reducing the search space for finding near optimal transformations
for codsng. These codes are directly used for image magnification wnsicad of the original images and thus
reducing the memory requirements as well as compuling lime.  Further. a mathenalic:! anihasis of the
roconstructed images using IFS codes has also been carried out.  Attempis are being made to de . b~pr an
odge detection algonthm using (ractal codes and lo develop a GA based photocopring algorithm of fractal
wnage compression for beuer compression ratios. [FS and GA based EBG signal compression has been
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successfully implemented. Moreover. the attempis arc being made 1o retrieve the class specific features of
EEG signals from [FS codes.

A method has been developed for fiing straight lincs 1o data sets using GAs. The method is found io
Possess nicc i and, experi it is found to provide acceplable results. 1t is found 1o
provide betier resulis than the spline based methods for straight linc fiuing. The problem of outliers has been
tackled efflectively with that method.

Nearo-Fuzzy Computing

Attempts are being made to integrate the merits of fuzzy Jogic and anificial neural petworks for
designing an c(ficicnt decision making system. Concept of fuzzy sels has been incorporated at vanous stages
(c.g.. input, outpul, leamning and nenronal level) of Kohonen's network and mulu-layered percepiron to handie
imprecise, incomplete or linguistic input data and intractable paltem classes for recognition. lts exiension ko
connoctionist expert system for rule gencration and inferencing has been made along with applications (0 real
life data. This shows how pattern description in Lerms of linguistic properties and membershup valucs can be
processed by a neural net for fuzzy and crisp classificalion. and their meriis over conventional networks and
Bayes' clasxl'cr Utility of such architectures for gencrating non-convex decision regions is also demonstraled
A g fi rk for i ion of multilay plron and (uzzincss measures has been developed
0 dwgn an unsupervised system for object extraction. implementation of fuzzy set theoreiic operalers using
neural networks and he utility of these networks in patiem classification and nue gencration have been
demonstrated.

Anmrxlnetwork ization of fuzzy i ing has been develop Ih¢ proposed scheme

pagaes (he si imilanity between and Lhe facts 1o Lhe inferred conclusion and thereby

mduccs some of the problems of original compositional rule of inference. Some investigation has also been

donc lo obtain a neural realization fuzzy relation for infercacing with a view 10 geting better inferencing and
obizined encouraging results.

Various ways of integrating fuzzy set theory and connectionist system for fcature cvaluation have bren
formulaied. The performance of the sysiem has been theorelically analyzed. Currenty. atiempls arc being
made to develop a neuro-fuzzy ‘system with unsupervised leaming for both feature tclection and cxiraction.
These newro-fuzzy systems have been applicd 1o various real-life data sets. In addiuon. the neuro-furry system
for fcature extraction under unsuperviscd mode of Lraining, has been applied Lo IRS images to determine new
spectral band(s) which is (arc) more informative than the original ones.

An aticmpt has been made for building a case-based pattern recognition sysiem using fuzzy sets and
neural networks. Cases arc typically labelied patterns which represent different regions or characteristics of
the classes. Incorporation of fuzzy sei theory helps in selecting the cases from ambiguous‘overlapping regions.
The methodology is realized in a connectionist framework where the architecture is determined through
growing and pruning of nodes, under supervised mode of training. on the basis of fuzzy simitarity between
patlerns.

One important project in this arca entitled “Neuro-fuzzy cxpert system : design and implementation
has been sfull; under the harlal Nehru Fell p scheme. This project was fully fanded
by the Jawaharlal Nehny Mcmonal Fund as part of the Fellowship aw:ud

Brain Modeling

The buman brain is a much supcrior information processing machine compared to any antifivial
device constructed 5o far. This has led scientists Lo study in detail the differcnt processes involved in biological
neural computation and 10 sneorporate the focts so gicaned into more realistic models of brin function, This
enlerprise, known as "brain modeling”, aims lo create artificial entities, more "intelligeat™ corupared 1o
prescnt-day sysiems in performing cognitive Lasks.

Work has been carried out in networks of excitatory-inhibitory neural pairs with piscewise linear
activation function. Even simplc networks have been soen [o exhibit a complex range of behavior, including
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super-stable periodic orbils and chaos. Analytical calculations and computer simulations have been features
tike border-collision bifurcation and riddied basins of ttraction of the system. The network behaviour has also
been studied using sigmoidal activation functions.

The pheromenon of state synchronization among clements of a coupled chaotic network has been
studied. A system of three chaolic clements was couplod with cach other, such that they competed with each
other in phase-synchronizing the network. This work is pertinent in discovering the neural basis of
“aliention”.

Stochastic Resonance (SR) is a nonlincar phenomena, where noisc plays a constructive role by
enhancing subthreshold signals. As the outpul of delerministic chaolic process is ofien indistinguishablc from
noisc. 2 siudy on whether chaos can give rise 10 SR-like behavior was carried out. Using a piccewise lincar
chaotic map. periodic pcnurbauons were given in both multiplicative and additive sense.  Analytical

d by computer si ions. showed thal in all cascs the response of the system is
enhanced at the signal frequency  This points (o the utility of chaos in neural networks for amplifying weak
stimulus. Al present. a simple ncural network model showing this phenomeaon is being studied 1n detail.

Work has also been carried out on the application of network of excitatory-inhibitory neural pairs for
low-level viston.  Motivaled by the neural architecture of the retina. three lavers of such pairs have been
connected via appropriate weights.  Edge-detection and segmentation of ‘gray-level images by processing
through these lavers have been studicd.

Rough Sets, Logic and Applications

The theory of Rough Scis is a mathemaucal tool which deals with problems involving vaguencss and
unccnainty. As Fuzzy Set theory also deals with such problems, there naruratly anises a scope of an interplay
between the two.  We have attempied an integration between Lhese theonics. by providing a measure of
toughness of a fuzzy set. Propertics of this measure have indicated possible applications for handling
uncertaintics in the field of pattem recognition and image analysis, and we have started investigations in this
direction.

OnmccthcrhancLaspanofo\uwrkinmemorlog;alanalysisofmu@su&\\thaw

a few algebraic and the fomul positional systems. 1t is found that

these can be imparied a rough sci semantic and momover P dness and of the
svsiems can be established  We have startod a study of Lhe refationship of these new entities with other known

structures and logical (rameworks.

An alempt has becn made to integrate rough sets and fuzzy newral networks for designing a
knowledge-based sysiem.  Rough set-theorctic techniques are ulilized for extracting crude domain knowledge
that 15 encoded among the connccuion weights. Methods are derived 1o model (i) convex decision regions with
single object representatives. and (i) arbitrary decision regions with multiple object representatives. A
Lhree-layered fuzzy MLP is considered. The featurc space gives us the condition artributes and the output
classes the decision attnbutes. 50 as to result in a decision table. This able. however, may be ransformed.
keeping the complexity of the nctwork fo be constructed in mind.  Rules are then gencrated from the
{transformed) wbie by computing relative reducts. The dependency factors of these rules are encoded as the
initial connection weights of the fuzzy MLP. The network is next (ramcd to refine its wclghl v:.lms 1t may be
noted that the opumal aumber of hidden nodes is ically d The classifi
found 1o be better than the conventional and fuzzy versions of the MLP. The model is mpablc of hzndlmg
snpul in numerical, linguistic and set forms, and can tackle uncenainty due (o overlapping classes.

Puzzy Logi, Uncertainty Analysis sad Control

Characieristics of determinants of fuzzy matrices under general S-norm and T-norm have been
A shape estimati has been developed with the help of fuzzy alpha bulls.
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Adaptive fuzzy logic have becn ped using rei -type lcarning )
A new concepl of rul ing has been i and its effecti for
realizang 2 robust fuzzy oonlmllcf has been dcmonsunled.

An cxtension of the comvenlional fuzzy rcasoming model thal can account for incomrect and
inconsisient rulcs obtained from human cxperts or othcrwise has been proposed  Thi extended model has been
used not only for handling inconsisient rules but also for sclection of rukes for a fuzzy controller The eatended
modcl can be used in any other non-control rulc based systems tncluding paiiem recogntion  Algonthms have
beer developed for ccalizing self-tumng Pl and PD type fuszy controllers through on-line of oulput scaling
factors, The o:line gain upd winy factor 15 computed using a rulc-base defined on error and change of crror
The striking feature of the schcmc 15 that it is model mdl:pcndcm and works cxcelient even with Ihe most
natural and unbiased b funcuons ic tnangle with 0% oveilap with
neighbours) for all linguistic value& Sclf-wning controllers have also been designed through onling
adjustment of the input as well as simultancous update of both tmput and output scaling factors  Genetic
algonthms have been used to design self-orgamang fuzzy controllers A fuzzy neurat neiwork has also boen
used for rule sclection. A general purpose neuro-fuzzy too! for realizing fuzzy rcasoning with more intutusely
plausible propertics has been developed. Exg v dala analysis is used to design system for direet exraction
of rules from numerical data. The proposed scheme clusiers the input data and output data separately and
establishes correspondence between the clusters found in the 1wo domauns and finally ranstates the results into
rules. Mcthods for estimaling various parameiers of the rule-base are also supgesied

Fuzzy control paradigm has been used 1o design systems for siructure prescrving dimensionahy
reduction  Unlike Sammon's method such a sysiem has good prediciability and can handic large data sets.
The schemes are found to outperform the cxisting neural implementations of Sammon's method both 1n (erms
of quality of outpul as well as computation ume.

International Collaboration

The Intituie has an international collaborative project with the College of Engincering. Osaka Prefecture
University, Osaka. Japan-which was initiated and 15 being coordinated by MIU Members of MIU are also
involved as co-investigators in the INDO-POLISH collaborative project Litle “Reasoning under unceriainty
aboul complex objects/rough sel theory and fuzzy st theory™. This is coordinated by the Dept of Screnes &
Technology (DST). India and the Polish State Committee for Scientific Rescarch (KBN). Poland.

Physics and Earth Sciences Division

The division comprises Geological Studies Unit and Physics and Applied Mathematics Unit - Facuhy
members of the division arc engaged i \eaching and training in B Stal.. M. Tech. (CS) and M.Tech.
(QROR). besides their sescarch and project work. Rescarch carried oul in these units are descnbed below

Geological Studies Unit
Research Activities

The broad areas of research activilies that were carried out in the Geological Studies Uant (GSU)
between April 1997 and March 1998 may be grouped under four heads - (a) Procambrian . (b)
Gondwana, () Quantitative Geology/Computer  Applicauon, and (d) Collovd and Surface Scicnee and
Environmental Potlution in relation to Soil and Ground Water. n all 17 ongoing and 4 new projocts were
involved: one of the new projects was externally (DST) funded.

(A)  The Precambrian rescarch in the GSU strives al the ing of the crustal develop in the
southeastern pant of the Indian peninsula. integrating lectonic, i structural,
magnetic and metamorptuc studies in the Pranhila-Godavan Valley, the Chattisgarh and Cuddapah basins.
and the Sonakhan granite-greenstone belt and the Eastern Ghats.




(B) The M@_mmmh basically involves the i mlegmuon of the studies that arc being carried out on
togic. climatic and scdil aspects with an aim to reconstruct the history of
|he Gondawana succession in Lhe Pranhita-Godavari Valley. Damodar Vallcy and Satpura Basin.

() In the research of Quantilaliv logy/ ter Application, empirical-statistical analyses of
naturally arising field and laboratory data provide ways lo build or cvaluale quantitative modcs of significance

in geological problems. Computer ications are done in- ion of various
employed by the carth scientists.
{D)  The rescarch on Colloid ind Surface Science continucs since it has a good potential for its application

10 the studies of environmental science in the national context. In the rescarch of Eavironmenial Pollution in
relation 1o Soil and Ground Water (geochemical/physicochemical aspocts). it has been noted that in the last
three docades. proiection of the environmental compartments of waler. soil and air all over the world has
become 2 lopic of growing imporiance*and concern. There arc. bowcver. Ssome important differences in the
advances in obtaiming clean soil and water in comparison with the goal of oblaining unpolluted air. The
rescarch has just been taken up.

A. Precambrian
(8) Pranhita-Godavari Valley

The studics on the cvolution of the Penganga Carbonate platform have been completed and a Ph.D.
degree has been awarded to Sri Joydip Mukhopadhyay. a collaborating scientist. Large number of debns flow
limeclast conglomeratcs and calcarcnile turbiditcs were identified in the distal pant of the Penganga limicstone
sequence and existence of a major carbonaic stope was inferred.

A lacrally persistent bedded chan. which developed al the base of the slope was studied
petrographically. and it has been inferred that the mawuration pathway of the chen is similar to that of biogenic
bodded cherts of the Phanerozoic. The bodded chert developed at very shallow burial depth, and can be used as
a straugraphic marker honizon in regional cormclation. The origin of Lhe bedded chert is now being looked
into. 3nd the role of Proterozoic organisms as wetl as of cold waler oceanic upwelling on precipitauon of silica

15 being mlualed

A “Fabric Develop inP ic Bedded Chen. Penganga Group. Adilabad. India :
S ic Lmplication® has been submitled (o the Journal of Sedimentary Rescarch, and is in revision
stage.

Mapping of the thrust sheets within the Penganga Group identificd in last several years was exiended
wn arcas NW of Adilabad during February, 1998. A large fault related fold has been identified and mapped.
The structural clements collectively indicale that the Penganga Group in the northern part of the P.G. Valley
evolved into a fold-thrust bell under a broadly NNE-SSW dirccied regional compression.  Analysis clearly
contradicts the long standing idea of tectonically passive character of the northern part of the Pengaga basin
with a mobile belt situated (o north or north-cast of Adilabad.

Extensive occurrence of authigenic Fe-illite has been identified in a deep marine siliciclastic fan
sequence incised within an on-slopl limestone succession of the Pengaga Group. Our analysis suggests thal the
mincral is cr h jate berween gl itc and illitc. and its formation 1s controlled more
by the mi i than by the i This appears 10 be the first report of marine Fe-illite,
and cicarly contradicts the envil ntal significance that has so far been aitributed to Fe-illite or glauconite.
The analysis of chemical data from glauconile. Fe-illite and iltite in different Prolcrozoic formations in the
P.G. Vallcy shows strong lincar comclation between several catons pointing o chemical substitution and
(ransformation of onc phase lo another and possible existence of a chemical series from illite to glauconite
Ihvough Fesillite.

Bar-pool couplets have been recognised within the fluvial succession of Mancheral Quartzite, Sullavai
Group. On the basis of the bar-pool scquences a new mode! for shallow braid bar deposition has becn
doveloped.  This mode! differs from existing bar models and is morc compatible with the process-based
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approach developed from the study of modem rivers and scaled laboratory models. A paper has been
communicated.

(b) Chattisgarh Basin

Stratigmphic and sedimentdlogical analysis of the Chattisgarh ion in the southy and
eastern part of the basin has boen completed.  An atluvial fan-fluvial 1o shallow marine transition has been
established in south-castem pant around Panduka Group. A paper on the siratigraphy of the Chandrapur
Group has been published by Sn Basudeb Dulla.  Analysis of paleocurrent data suggests casterly and
southeasterly paleoslope.

A thick fan delta complex with mixed carbonate-siticiclastic in the outermast shelf and slope has boen
ideniified in the castern part of the basin. It has been inferred that 1k basin. like the Penganga basin, apens
up lowards north. with a major northerly slope charmcnnd by abundant sadlmcnl gravity flow beds and
pyroclastics including welded (ufls. in the basinal pan S of intrabasinal volcani |

and develops
of fan delta point 1o an unstable basin condition and mlllmlc against the concept of tectomically stable
Chatisgarh basin.

(c) The Eastern Ghats

It has boen demonstrated through forward modelling thal granulite facics imctamorphism and partial
meiting in decp crust is possiblc without mantle involvement in any form. The miodels using ume-dependent
heat iransfer solutions provide realistic constraints on the lime-scalcs and Yength-scalces of orogeny. panicularty
for coflisional orogeny.

Dehydration meiting under granulite facics conditions has been documented [rom several granulite
belts - Kabaldurga in Karnataka. Chitka Lake arca and Jenapora - Bhuban arca in Orissa Granulie-granite
conncciion has been peisologically documented and isotopically dated as an Archacan event in the Eastem
Ghats bell. New cvdence of reworking in different granulile belts has been documented.

(d) Cuddapah Basin

The details of structure and stratigraphy in some key mon of thc Nallamalai Fold Beh (NFB) in
pans of soulh [ndia have been analysed 1o the ki of ion in the NFB and adjoining
pans of the  Proicrooic intracratonic Cuddapah basin. The nvolvemenl of the basement in the cover

ion has also been igs Data obtamed from S.R Puram and Vellatur areas along the castem
miargin of the NFB. from around Giddalur in the centrc-west and from those around Cuddapah. Vontimitta and
Rajampet have been inlerpreted 1 terms of an overall non<coaxial deformation with west verging folds and
thrusts. LPS strain indiated by development of slaty or spaced cleavage in argillacoous of other types of racks
accounts for a pan of shoriening across the belt as much 1n the western half of the NFB as in the castern
margin. However, hgher LPS strain and refolded structures are recorded (rom the castern margin. The
granitoid basement 1§ overthrust along the castemn margin only (Vellatur arca). The smaller granue bodics of
Vellatur and Ipur ace post-tectonic with respect to main deformation in the NFB.

A structural map covering ¢.600 square Km in the southern NFB has been prepared. An area of about
200 squarc Km around Vcl]alnr m the castern margin has also been mapped 1o decipher the detals of
structures in the cover t rclation and empl of the Vellatur granite body.
Preliminary fabric and microstructural siudics show ‘lop-to-west' shear not only in the eastern margin bu also
in other subsidiary thrust zoncs internal 1o the cover sequence.

8. Gondwana Research
(n) Pranhita-Godavari Valley

Study of the osieology and p gy including ication, hearing and Laphy of the
cndathiodonts from a dicynodont complex from the Late Permian horizon of the Pranhuta-Godavani valicy has
been completed. This late Permian horizon has been designated as Kundaram Formation. On the basis of the
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fossil conients, Lhis horizon is with the Trophid andfor Cls halus Assemblage 7ont of
the lower Beaufort Group South Africa  Two luldollrmdon species arc csubluhed of which onc is a ncw
taxon, The other one Endothiodon uniscries is studied for the first time in India. This entire work is submitted
as a Ph.D. thesis titled "Endothiodont Dicynodonis from the Lower Gondwanas of the Pranhita-Dodavari
valkey. Decean India” (o the University of Calcuita on December 1997 Stody of the other Late Permisn

dicynodonts is being continued.

(b) Satpura Basin

A new (punal assemblage wnsisling of a dipnoan fish. lcmnospondyl amphibians, rhynchosaurs,

and has been d d from the Denwa Formation. Two ncw specics of

mpumundshavcbaendescnbed from Lhis horizon. Besides some archosaur remains have also been collected
from the overiying Bagra Formation.

A fossiliferous area of the Denwa Formation (a the central pant of the Satpura Basin) has been
mapped in detail. Lllholog: are prvpamd particularly from the areas close to the upper boundary of the
Formation. A g of ibians is di d from \he upper pan of the Denwa
Formation. The locahly has yielded some oomplde skulls with manry post cranial elements and the study of
the taphonomy of these fossils is now in progress.

A siudy of sedimeatology of the Denwa and the Bagra Formations of the Satpura Gondwana basin of
central India was cammied out which included the study of the palacosols with an aim 10 reconstruct the
Mesorsic palacncli Extensive field investigations were carried out in the Chindwara and Hoshangabad
districts of M.P. 10 ideality key lithological scctions of the Denwa and Bagra Formatons, characterize the
different sedimeniary facics, and collect palacocurrent data and rock samples for analysis. A geological map
on a scake of 1:50.000 of the study area had been under construction and orientation analysis of the
palacocurrent data was under progress.

A stretch of Bijori-Pachmari oumaci has been mapped around Nandia in Madhya Pradesh. The
contact appears sharp but igation of the Pachmari Formation indicates the
presence of a hicrarchy of intemal boundmg nufm within the fluvial sandstone. The bounding surfaces are
significant in lerms of architectural clement analysis of the sequence.

Climate controlicd change in the deposinonal environment scems 1o best cxplam the changing
stratigraphic architecture of Barakar and Motur F i Detail petrofz invest indicate that
provenance and teclonic regime remained unchanged duriny Lhis pcnod.

(c) K-T Boundary Extinciion

An excavauion was carricd oul at Balasinor. 100 Km. cast of Ahmedabad, GujaraL, lo determinc the
vanous kinds of dinosaurs that were buricd (ogether and the cause of their sudden death. The area excavated
was aboul ]Smewrby 10 meter, and it exposod more than 200 dinosaur bones. [t was noticed thal both

and d young and adults. perished together in a catastrophic flood mitlions of
vears ago. An almast oompldc skeleton of abelisaur, twe different kinds of litanosaurs and an ankylosaur wese
recorered.  The dinosaur remains show striking similarities with thase from other Gondwana continents.
especially South America and Madagascar. [t is now known Lhat the isolation between northern and southesm

produced ically different ionary pathways among dinosaurs. The Indian dinosaur
femains may provide important clucs lo their migration roules. Lheir relationships with other Gondwana
dinosaurs, as well as Ihe past position of India about 65 million years ago, before the rise of the mighty
Himalayas.

C. Quantitative Geology/Computer Applications

Sysiematic microstructural investigation of naturally deformed Q-F rocks and refated theoretical
investigation was undertaken with the following objectives - (a) of the strain sensitivity of strain
partitioning between phases and deformation mechanisms, and (b) lo find oul how varied feldspar content
effects the development of quartz CPO in Q-F rocks.
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Based on analysis of microstructures in naturally deformed rocks it has been found that »
brittleduciile toggle controls aggregate flow behaviour in nalural progressive deformation of arkoses,
feldspathic sandstones and grits under low grade metamorphism (Saha. 1995). An aggregate flow law for
combined diffusion and dislocation creep in  polymuncralic rocks has been derived considering the volume
fraction of the constituent phases affected by diferent deformation mechanisms (Saha, 1997).

Studics on samples collected from the Singhbhum mobile belt south of Tatanagar show an associauon
of crystal plastic and pressure soluuon mechanisms plus some degree of microcsacking (parucalarly in
feldspar). in Q-F rocks containing significant muscovite (recrystallized argittaccous component or break dovn
product of feldspar). In muscovite poor sysiems. crystal plastic mochanisms predominate. Microstnictural and
fabne data represcnting deformation in a relatively higher temperature domain are being studied (rom samples
of granitoid rocks belonging 1o Lhe Sonakhan granite-gt bell and coliected from around Pithora, M.P
and those of the Vellatur arca along the casicen margin of the Cuddapah basin. Meso-and mucre-structures
indicauve of flow in magmatic to subsolidus state have been obscrved from the latter set of sample.

A rescarch in the development of a computer simulation of nalural waler Oow, erosion and
sedimentation was in progress.

Aparent apenodicity in fold development in Banded lron formauon has been simulaied by
superposition of different harmonics.  Also the highly conirasting rheology of quaruie-hematie muki-tayers
not displaying large wave iength folds has bocn miodeticd as bulk-homogencous shonieming and locahized
folding. This implies a transient but homogencous maicrial response during fold development

Ccphalomemc slud:cs ol' a group of Triassic amphibians is being cammied out  This has hefped 1
g Indian metop i as a scparale taxon. Numenical analysis of the changes noied 10
the morpholog) of the skulls of 1he capuosa\md amphibians over time is currendy in progress

D. Collied and Surface Scicnce/Environmental Poliution in Relation to Soil and Ground Water
(Geochemical/Physicochemical Aspects)

The scope of Colloid and Surface Scicnce is wide since it embraces multidisciplinary areas of
rescarch, Of these the fundamentals and applted aspects of self-organised amphiphites, viz.. mcelles. roverse
micelles and microemulsions, were undertaken for rescarch. The applicanon of microemulsions hase been
extended to numerous technological areas (rom tertiary oil recovery 10 nanoparticle synthesis. The availability
of mgh interfacial area. combined with thermodynamic stability and the abihity 1o solubthze othcrwise
immiscible liquids have led to the use of Isions in cosmetics. p icals, lubricants, food
technology. agricultural sprays. coalings. diation. cleaning. jon. chemical
synthesis, microporous media synthesis, cnhanced reaction kinctics and chemical analysis.

Since most.of the commercial surfactants used in industrial processes are mixtures of isomers andior
homologues, the investigations arc aimed at lo systematically siudy the basic phase behaviour of gl
surfactant (both nonionic and ionic) as well as mined surfactant microemulsion sys!cms In formulanng thase
microemulsions, ailempts have been made to use bile and non-toxic i 100.

Physics and Applied Mathematics Unit
Apart from rescarch activities in Physics and Applied Mathematics faculty members of this Unit are
engaged in (caching various courscs like B.Stat (Hons.), M.Tech. (CS), M.Tech. (QROR) and other courses
the scicntists also guide and assist rescarch students (towards the Ph.D. degroe course) and rescarch associates.
Research Activities

Topological field theory, Chiral anomaly and Berry phase, Quantum Halt Effect, Superfluidity. Quantum
cosmology. Skyrminos.

Quantum field theory in flat and curved space ime.
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Quanium My of Anyons: Sup ic Quantum Mechanies: g-dcformed Quantum Mechanies,
Quantum ophcs, Confined Systems. Modirted Airy Function Mcthed 1s being apphed 1o confined Quantum
sysiems

Fourdational Preblems of Quantum mechanics, Quantum ficld theory by Siechastic quantization approach.
Stochasiie quantization of Gauge ficlds <todv of liquid helium nsing a new 1dea of quantization  Quantum
fic'd theany of dissipative sssiems. Blackhole physics.

Extended Electromagnenc Theory
Wolf mechanism and alierate logs. Redshit ph e, Masaive cleireds s. Recently a signifi

work s bees, doin 1owards cstablishing a viable physica approach explaweing red shil phenomenon without
considering any parieutar cosinologieil model

lowut dasteibition functions and Image analysis
Modelling Cescbellum and Cognruion Process.

Antinwlier sarches. searchies on the quak-gluon plasmi (QGP) and the ies of i
in hugh energy collissons v the central topics of mierest

Suluary waves and dauble layers in plasma, and Duety Plasma. Kinehie Alfven waves. 1t has been shown that
(inuc 10n temperature restnets the region of exisicace of solitons i Pusly Piasma.

Eiteets of rapd distortion theory and coriohs rotation on turbulert Now  Modelhng of wrbulent flows with
nronhnear tcems, dedwctive theory for a homogencous turbulent flow.  Caleulations of wrbulence cnergy
SpeCiTz. PRESSUre spectaum cic

Hvdrodynamic Stabiny, Fluid flow. Thaw Film development. Sirctehing Sheer. Crysial growth It has been
shown theorctically how a thermocapillary force helps 10 enlance the thinmag rate and can achieve the desired
tnckness before the skin hardens at all.

Water waves. Mathematical micthods, Inventory models.

Sediment transport, Dispersion processes. Navigation hydraulics, MHD flow and Heat transfer

Blood flow through artery. Two layer model, H it dependence, Temp dependent viscosity, Effects
of magnetic fictd. Blood flow in cardiovascular system.

Multwvaniaic system and control theory: Design and Analysis of conwrol sysiems, development of numerically
seliable algonthms.

Patiern formung instabilitics, Physics of Granular material, Flutd flows. Dynamical systems and Bifurcation
theory

Biological Sciences Division

The Biological Sciences Division is cngaged in studying the varied biological processcs covering plani
and animal kingdoms, scluding humans. It comprises the following vnits : Agriculural Science Unit.
Anthropology and Ruman Gencetics Unit, Biochemistry Uit Biomeuy Uit Chemistry Uinit. Embryology Unit
and Plant Chenustry Unit - Faculty members of all unils paricipated in teaching vanous conrses of the
{nstitute and of other organrzations They were also aclively engaged in guiding rescarch of Ph.D students.
Activities carned out 1 Uhese units are described below
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Agricultural Science Unit

There are altogether 6 ongoing rescarch projects and 2 cxicrnally funded projects in this uni. The
ongoing projects arc mainly conducted in iwo distinctly different ecological regions. namely Gisidih tcgion of
Bihar platcau and Sundarbans region of South 24 paraganas, West Beagal. Farm Based studics are carried oul
in Gindih experimental farm with the focal theme on i g Cropping i ilics and produchivity through
rainfed farming  Coastal region studies arc botanical and ceological work on Mangrove vegetation and
caltvation/introduction of oil palm and high yiclding coconut varictics in the arca.

Research Activities
Crop-Soit Weather Relationship

Objective of this project is lo emphasize in-depth studics on weather parameier ¢flectng moisture
leved in different land establish suitable cropping sysiems (hrough proper utilization of rain water and seloet
potential traditional and improved variclies producing siable vicld under vancd rainfall situation  Studics are
also made (o identify growth stages being affected by occasional droughts both n tradiional and improved
varictics and 1o identify suitablc one in combaling water sircss  Now the studics have been mamly
concentrated in collection and analysis of weather data of Gindih farm where besides rainfal, other parameters
affecting productivity are also being studicd. Farm based trials with cmphasis on rice based sysicms were
carried out this year with the above objectives.

During this year. atiempis were made o correlate long lerm rainfall data with rice vanctal
performances during last 10 years in our farm on difTerent 1opo sequences.

Technology Performance Studies

In phase 11, few individual projects of previous vears. are merged 10 a single project. This project with
objective of selection of sustainable ecologically suited technologics. will atiempt to study management in
integrated trials so that we can come up with packages of farm practices related 10 crop/varicties on different
land sitvations.

Following are the different aspects of studies carried oul.

(@) Trials could identify suitable cultivars of rice. maize. pigeonpea ctc. for rainfed farming through
productivily criteria based on yicld and stability.

V)] Different management practices were tried where few coologically suited and economically accepicd
low input technologies have been suggested.

The work of phase I} has started this year only. hence. data collection is in progress. Some results
have already been achieved and data are being analysed. 1t has been cstablished that totally croded rocky
upland/failow land could be resiored through aforestation programme within few years with a suitable
combination of agro-forestry.

Subsistent Rarming Studies of Bihar Plateau Region

This project was iniliated to locate the stalus of resovrce ulilization, constraints for lechnological
adoption, and to identify and cxamine the indigenous knowledge systems of the villages while practising
subsistence farming.

A survey work was conducted at the Usri watershed of Giridih area to probe agro-ceolopical

These include microlevel rainfall patiern as aflected by environmental changes. soil resource

status, technology adoplion by farmers cic. [n order (o gain intimate knowledge of technology adoption. a
complete household survey of thrce villages was done in (he walcrshed arca with varying socio-cvonomic
sysiems, p ivity, ccology and lechnology adoption rate. The data collected in this survey are being
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analysed. During the year under review an atiempt has also been made to analyse the resource data through
GIS wofs. This will continuc in the next year.

Work on Palmae

The project deals with the study of various aspecls of the family Palmac (Arccaceac) such as,

analomy. phyllotaxy, ontogens of pcrm in fruits, palynology. ontogeny of
cndosperm in [ruits. pnhnology eoolog\ and conseration.
The phase | and !l of this project deall with comparati hological and ical variations

belween seedlings and adult palms. ontogeny of stomata and mchomcs ln‘.achcn clements of roots, and the
effect of foliar spirality and sides of lamina on the density and siz¢ of slomata and Irichomes of the leal
epidermis.  Inleresting findings were obtained from these sludics. The phase 111 work deals with ecological
analomy of palms from different habitats. ontogem of Inchomes of fcaves. and conscrvalion of some
endangcered specics. Further studics on these aspects arc in progress.

Introduction of Oil Paim and High Yielding Coconut Cultivarx in the Sundarbans Area of West Bengal

The Alrican oil palm and coconut arc the two important oil yiclding palms. Oil patm fruits contains
45-50% oil and coconut (copra) 60-80% oil. In view of this. the project was iniliated in collaboration with the
Dy of Agriculture. Gov of West Bengal i 1986 with the objectives : (i) 1o find out the
possxbllll\ of muodumon of il paim and (ii) to sclect the most high yiclding coconut palms among the well
known high yiclding cultivars, suitable in the Sundarbans. About 95% of oil patms and 40% of coconul palms
started flowering. Further studics. particularly on the yicld of fruils and growih behaviour are in progress.

Eco-floristic and A lcal ions on Mang of Sundarbans

Mangroves are economically important woody halophytic plants which grow in the littoral zoncs of
Ihe 1roprcal world.  An aitempt has been miade to study the mangroves of Sundarbans with respect (o their
Noristic survey. morphology of scods and scedlings. anatomy of Icaf. siem and rool. palynology, ecology. and
chenucal characicnzauon in view of their salinily stress. and medicinal properiies. The project was initiated in
1989. g resulis larly on ical aspects were obtaned.  Funher studies on root anatomy.
chemical estimation of prolincs and medical properties of leaves of different mangroves are in progress.

Projects Undertaken
SURDAC Project
Tille Biodiversity of Sundarbans M and ification of Eco-conditions for Rehabilitation of Some

Endangered Spccm This project ns initiated in September, 1997. Mangroves provide nch and diverse
living resources.

The mangrove forest of Sundarbans (2185 sq. km.) contributes 26.8% area to the whole forest mass of
Wesl Bengal. Among the important but endangered mangrove trees arc ‘Sundari’ (Heritiera fornes). ‘Pasur’
(\Viocarpus mekongenesis), Dhundul' (X. granatum) amd ‘Golpala’ (Nypa fruticans). The preseat study will
identify the vital ecotogical conditions necessary for rehabilitation of these plan. Heace the objectives of the
progect are *

(a) To study Lhe species diversity of mangroves al varied ecological niches,

()  Toidentify the coo~conditions of different mangrave species, and

©) To suggest ili of the imp dangered species of mangroves on the basis of the above
study.
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Anthropology and Human Genetics Unit

Faculty members of the AIIGU regularly participated 1 teaching in B.Stat (Hons.) in Anihropology
and M.Stat. in ASDA. SQC & OR undcr Biostatistics 11 and M.Stal. in ASDA, BSDA. SQC & OR under
Statistical Mcthods in Genetic courses offered by the Instiluie.  One facully member is also teiching
Anthropology al Calcutta University. Some of the faculty members are also engaged in Supervision of Ph.D
theses. Two Research Fetlows have already boen awarded. iwo have submitted.

Research Activities

Faculty members of AHGU are also engaged in active research in different areas of Biological
Anthropology and Human Genetics. The details arc as follows :

Human Adaptability Program
A. Healtb Stetus and Labour Productivity

Demographic information. which include census. fertility, mortality, seif assessment of health and
ailment symploms, were collected from aboul 300 houscholds.

Preliminary analysis shows that both fertlity and monality is comparanvely lower in this population
compared 1o their agricubtural counterpant. Further analysis of the bio-medical data on agricuhural labousers
show less prevalence of hyperiension and lung diseases in the agncultural populatton compared @ tea garden
labourers, physical activity of the agncultural Jabourcrs show maximum physical activity is ataned at a
specific age and the decline of the trait stans from 2 particular age also.

B. Effects of Microcavironmental Factors on Health in Rural Populstions

The demographic data, collecled from Munda (tribel) and Poundra (Hindu) living in the similar
habitat and more or less same working patiern. indicate the following : The fant mortality rale among
Munda was found 10 be marginally higher than in Poundra. However, the mortality rate amang |-5 years or
toddler morality was found to be significantly lower among Poundra than in Munda. This could be due 1o
lack of toddler health carc or the cultural belies of the Munda.

C. Women's Studics : Health & Well Being

Analysis of a part of data have been donc. and the results obtained thereof have been used to prepare 2
Ph.D disscrianon on the biological. psychological and social concomitants of old age indwiduals anwong
groups of middic class men and women in Calosia  Results showed that. biological problems (hke
hypericnsion and problers refated 1o cves and cars. digestive sysiem. musculosketatal systems cic ) are more
frequent 1n the retired group. specially among reired men  Psychological problems are more frequent in the
non-rcuired group. specially among not retired women.

D. Determinants of Health Among the Hindus and Muslims Living at Different Cultural Settings

Health sceking bebaviour is one of the main components of health culture of a community. Health
culture is dne of the major components of the total way of life of human bemgs.

Each community has its own cultural identity. With the development of various health instinutions
bring about changes in health culture of a community. Access to health services and beal(h care delivery
systems determine the culiural responses of the community.

A same community is sometiroes found at different culture-complex (from remote rural vallage 1o the
Industrial and further 1o siressful city). Thus there is a change in health culture at dilferent social mitiew
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With the above end m view, ihe Hindus and the Muslims living side by side in adjacent but different
clusters will be sclected from (1) a rural village in WB, (2) one Industnial town in WB and (3) an urban
(ewsessful) shum in Caleunta city.

Anthropometric data {c.g. height. weight, eic.) are being collected from urban sium from mather and
the children upto the age of 12 years, 10 assess (he health status.

Data on health secking behaviour and other cultural practioes have been collected.

E. Modernization and Health in the Sikkim Himslaya

(2) Pre-testing of i ining 10 soci ie ch istics and individual mod
seale have been done.

b) Analyses of data coliccied carlicr have been done.
Genetic Diversity of Indian Populations

Based on duta gathered from relevant publications. this project focuses on carrying oul stansucal
analvses for cbtaining a profile of genctic diversity and afimties among Indian cihnic groups on an all-lndia
scale. The project is ongoing and data analysis arc in progress.

Genetics of Complex Traits

Dunng the year. we have focused on evols g stauistical methods for mapping quanutative traus  We
have proposed two methods for this pupose first. when cpistatic interactions arc abscal. and socond. when
such interactions are present The first mcthod 1< based an the EM-algonthm. while the second 15 based on
ANOVA  Both nrcthods have been shown o provide reliable csumiatcs of paramicicrs based on simulaied dita
SIS

Iluman Ecolopy

The changing patterns of resource use and its culiural and biological implications are being <hidied
anone o Nuke inibe called Gangle. who are currently hving in ihe ells of Mampur and are undergong rapid
1tasition from <hfiny cultnaiors 1o the urbamzed mode of subsistence.

The resulix obtainod so far suggest general improvement 1n the cconomic situanon and literacy and
redncion m cluld monaliy A trend of dechine 1 the avaitability of biological resources and increase in
dmnnviure with non-Gangies s also apparcnl.

Papulation Structure and Human Variation
Numan impact on biodiversity, inlerphase between forest dwetling communiues and forest resouroes

Statistical analyses of different data sets collected cartier. are being persued. As pant of this. we have
50 far synthesized all-India data on (1) the inbreeding cffects on reproductive ovicome. and (2) Finger ndge
count variation of the Indian populations. We have also analysed (1) genctic differences between migrint
populations and their parental counterparts. (2) cffect of life styles on blood pressure vanauon, and (3)
dermatoglyphic and anthropometric affinities of some local clusters of populations. tn the light of

PN Lol by

and

Genetics of Dermal Ridge

Research work on dermatoglyphic arca namely finger. palm. loc and sole are being done over the last
fow vears. The mamn objective of this project are (i) heredity of dermaioglyphics and (n) heredity of
dermatoglyphic asymmetry.
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The existence  inheritance as the dominant feature of dermatoglyphic Lrait is very well knoun
However, estimation of inheritance paitem through proper hypotheses icests i.c. appeopriaic gencic modcls are
lacking except only pareni-child corrclation methad. The cmphass is thescfore 10 find o\n 1f there 18 am roke
of a specific genetic model in g paticm of of hph Vanous
genctic models will be applicd for example © Mcndcllln Emaronmental. No Mapl Gene Effect. No Polygenic
Component. Sporadic Modcls. ctc. on 300 family data from $ cndogamous groups of West Bengal ramely
Brahmin. Mahisya. Padmaraj. Mulsim and Lodha  Compuier entry of palmar dermatoghphi data of $
populations. 1otal wndividual 2439 and 36 varables o7 cach individual. have becn completed.  Staustical
analysis for the distribution paticm of 36 variables among $ populations have been donc by using a
dermatoghphic package (SPSS) developed by Kobyliansky o al., Tel Aviv University, Isracl and the results
will be incorporaled in a repont shortly. Statistical analysis of a few traits ¢.8. TFRC. ATFRC. a-b ndge-count
of two popuiations namcly Brahmin and Malusya have been done using PAP Package. The results indicale
that the geneuc componenl 1n addition 10 cmaronmental factora play a rolc in wnhentance pattern of
dermatoghvphic characters on both nghi and lefl side  However. these findings cannot be inlerpreted as a final
conclusion until the final analysis of cntire data be made. The anatysis and repon wriing will be continued.

Humun Growth

Analysis of BMI data is 1n progress. A manuscript has been prcpared - Analysis of inicrcorrelations
between BMI and the measures of body composiion and body shipe wn deffereni age penods from 70 (0 164
CATS 1S 1N PrOgress

Epidemiological Study

Detailed analysis of the data collected carlier have been done and preparanion of L repon S in
progress.

Genetic Survey

Analus of the data has been done  The repon 1s under preparation. Polvmorphic. biochemical
genetic marker has heen screened among some Inbal population from Aganala and DNA polymorphism
analysis is in progress

Epidemintogical and Clinical Studics

(a) Epidenuological profile surnvey dala on “Diabetes™ has boen collected (hrough family studies on
Bengali Hindu population by cnumerating the number of persons belonging 10 a Municipal
Corporation/Panchayet Wards in three habitats  Rural (471 familics). industnial (487 families) and Urban (561
familics). Aualyses of primary data and confirmation of discase siatus are 1n progress

®) Surgically incised organs - Appendix. Gall Bladder and Hermal Sac collected on Hindu Bengah
individuals have been analysed to study tustopathological and genctical changes  Associations of organ 1ssucs
with 4-polymorphic (PSM. ESD. AK and ACP) genctic loci have been studied.  Further 6-monomorphc loc
(LDH. MDH. 6PGD, G4PD. CA,. CA,) have also been screened for detcction of vanants. la respect of
Hemial sac sigmificant association was found with Esterasc D (ESD) and for Gall Bladder wilh Acd
phosphatase (ACP).

Gene Environment Interaction

A. Oral cancer

Under this project present work is going on to uncover whether there is any susceptible genes for oral
cancer in some individuals, who arc being cxposed Lo tobacco products. alcohol eic. Onc of Lhe probable
susoeplible gencs (GSTMI) a1 the DNA level both in oral cancer palients and maiched control individuals have

been studied. But no conclusion could be drawn now, since our sample size is small. So work is going on o
collect more sample from paticnts and control individuals.
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B. Human genome diversity

Genetic loci are being screened at the DNA level in different ethnic populations from different paris
of India. Many more foci would be screencd in the same population to get an idea of migration of population,
affinity between populations cic.

Biochemistry Unit

The major cancer burden of the (emale population of India is the uterine cervic cancer. By the lime
most cases are reporied. the stages are advanced and fatal. It has been projected that Lhe number of annual
incidence of 0.09 million in 1986 will be increased 10 0.14 million by the turn of the century  Prevention and
control of many of these premature death is. thercfore. worthy of serious consideration, especially, in the
context of women health in India.

Resesrch Activities
Folic Acid in Cervical Prencoplastic and Neoplastic Diseases

Our study remained focused on women with cervical dysplasia/cancess lo investigate several aspects
of the role of folic acid in neoplasia. A major question is whether folic acid play any rolc 1n programmed ccll
death |PCD] (1hrough apoptosis) dunng the process of normal maturation and diflercnuaton of cervical
epithclium versus in the abnonnal cell proliferauon? Duning 1996-97. we have standardrzed methodologics
for identifying apopiotic bodics in the paraffin sections of formalin-fixed cervix fissucs and in the epithetial
cells obiained from cervical lavage preparations. Part of this work was presented in an inicrmauonal
conference in 1996. Another was presented in an international conference in March 1997.

Dunng 1997, we have funiher studicd apoptosis in cells from cervical scrapes of women who are at
risk for the p of cervix dysplasi cr along with controls  The study 1s ongoing and will be

continued for at least two years.

Development of Vitro Model for Carcinogenesis/Tumorigenesis

There has been a nced for a model system for the study of carcinogencsis/ tumorigenesis. The
immediate objective is to cstablish a lymphocyte culture system and 10 explore the possibility of using n for
developing aids/markers (through apoplotic mechamsm) for lumorigenesis. The long lerm goal is to establish
tumour cell line(s) and 10 use them in biomedical application (raising antibody etc.)

During 199697, we have siandarized procedure for cultunng human lymphocytes. Using these
lymphocytes we studied the action of various (mutagenic/carcinogenic) drugs on the apoplotic principles.

In 1997-98. we have cxpanded our cell culture program by growing Iwo cervix cancer cell lines.
namly. Siha and Caski. These cells will be used as references for further studies on apoplosis and human
papillomavirus.

Molccular Mechanism(s) of Defence Against Oxidative Stress : Cellular, Biochemical and Genetic
Approack

Of various kinds of stresses thal mammalian cells encounter. oxidative siress is being studied widely,
bocause of the involvement of oxidant states in several degencrative discases including aging and cancers. In
carhier work. we have obsen cd thal by the pretreatment with a small non-toxic dose of H,0,. Chinese hamster
V7 cells would develop resistance 10 H,0,. ionizing radiation and the alky lating agem MNNG. The
induction of this resisiance invalves RNA and proicin synthesis  We have further isolated a cell sirain MS
tresistant (o high ion of the drug and with dihydrofolale reductase gene amphification)
This strain was also radio/oxidant-resistant like its parent strain V79, subyected 1o low dose H,0, pretreatment.
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Our objective is (0 work on the underlying molecular mechanisms of such resistance in V79 and M$ cclis to
various oxidative stress(es). Data indicates that both cell types involve inhibition of apoptosis and rzduced
glutathione (GHS) level in resistance lowards oxidative siress(cs). While high GSH was responsible for the
resistance in M$ cells, the parental V79 strain depicted resistance both at high and low GHS levels.

Human Uterine Cervix Cancer Databasc : Molecular Epidemiology (under SURDAC funding)

Cancer of cervix starts with a pre-invasive curable stage, cervix dysplasia, which 1s considered ¢
precancerous lesion.  Therc is a lar:¢ body of cvidence winch indicaics that effective cenvical cytology
serecning (Pap Lest) program coutd result in reduction of monality from cervix cancer  Morcover. 1t becomes
necessary o have an insightful grip on vanious relabons and dvnamics prescnt among the key factors tsuch as
Pap and HPV infection indicators. Age. Age at consumption of martiage (ACM) and Panity) of the process

The process of cancer building 1s quite complex and nonlincar in nature. Keeping this i mund we
adopt a ‘forward scarch’ approach (0 model building in tus context

In the first, we look inte a Pap screcning data collecied from Caleutta Mcdical Collece hospnal on
308 women 10 understand the nature of relatonslnp beiwee Pap indicalor and other demographical and
socioeconomic factors. A simple model search using multiple correlation identifics the n.asor facicis 25 Age.
ACM and Panty for prediction of Dysplasia status. N1 huwever. turos out that both the prospecine and
relrospective models have limntations. A carcful investigation reveals some possible dependence belween Pap
status dicalor and Panty  Morcover. the Pap indicater. which is obiained through cvtalogical tesis. show
srong possibility of being subjectcd to measurement crror.

This icads to the second ¢ of i igation, where a reg analysis based on calibraled
posterior (RACP) techaique has been developed for scaling ordinal micasurimients using proporuonal odds
model. This is applicable whenever expenmenis are replicaied single subjects  No accurale et of
measurements are niccessary as required for usual calibrations.

The (inal phasc cncompasscs a relrospective Study on cervix cancer patients collected 1hrough
in-depth ficld wisits. In ihis study information on the presenee of HPY (16/18) has been collected along with
olher cvio and histopathological information. This part is engomng. Several descripuve statisneal patterns and
scientifically relevant hypotheses emerge from preliminary analyscs.

Biomeiry Unit
Research Activities

Fishery Science

Expenmenial and quantitative Flshcry Science 1o explore the growth and development of Indian
major carps by judtcious sclecuon and app of suppl | feed The a1l rrowtk cudrs of
the Indian major carps ing the bioch | like protein. hpid. glyeogen amd divesiive
enzymes in laboratory condition \vtlh selecied judrcious dicts have been studied  The degree of wlerarce of
pesticidal siress of the air-breathing fishes is also being investigaied  Analvais of directional data generated
from carp growth study is a new addition to the activaty of this arca of rescarch

The highlights of the results are :
(a) Average velocity and acceleration of growth raic of Ihe Indian major carps have been deternuned

(b) Satisfaciory improvement of geowth rates of the Indian major camps have boen achueved by the apphcauor
of supplemental diets.

Carp Growth and Histopathological Studics on Fish

Application of supplemental diets on Indian major carps under controlied aboratory condition reflocts
the changes of crzyme systems responsible for metabolic responses which effects the growth of the species
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Dircctional Datg Analysis (o Study the Growth Rate Paitcrn of Indian Major Carps

The optimal design in the placement of hoopnets according to the design of DD analysis have been
worked oul  Stnoc a complicated eniiy. Iike growth of a Iving system. depends upon the exiernal ambicni
condition as well as intermal somatic system the tnf] of ths Lype of needs some cxlra carc
and the same 15 almost i the skage of completion

Longitudinal Growth Studics of Fresh Water Indian Major Cerps Under Different Dietary Conditions

The infrastructure 1o generate the longiudinal data on carp growth is being persuaded  h needs to
Jocaie the "problem arca’ of growth of carps by longiudinal study and s possible removal with an eve 1o
having hener growth of the spocies

Invesiigation into Malnutrition Related Rickets and Fibro-Calculous Pancreatic Digbetes

Im-sugation 1nio this problem is 2 novel and ncw one and vic are the first 10 repon this in Fagiern
Il The progsmes of this work upto this datc 1s quite satistaciory The data <o far have revealed that 1t 1s not
geriticalh nneriied as onty 11 2% of the first degrec relatives amongst the patients are found 10 be drahein
Since the prnicnis posses ingh 1gG and 1gA levels in thetr serune 1 s presumed that som immwinological
disiurbances nught have developed them  Studics of HLA-Class 1l antgemic associations in the panenis show
1hat they may be a sub-class of IDDM  C-peptide and Insulin assay clearly indicaic the nutritional \ains plins
att umporcnt sole 10 them it 1. also imteresting that 6% of these paticnts show diabeie retinopaihy
Higtologrcal study of ver and kidney of FCPD paticnts e being studied 1o compare thent wth thar IDDM
and NIDDM  Recently we are planminy 10 undeniake 2 pilor cprdemiological studs 1 order 10 reach i conceele
conclusion 4bout them

Siudies of Gymnemma Sylvesire as Controlling Diabeies

Thes 15 @ new project which stans from Apnl. 199 The idea of 1aking up this project is to develop 4
lwpoghcacmic drug from Gymmnemma Svivestee, a well known and wadely asarlable Indian medicinal plant
Qur preseat siudy works on a thorough and systcmalic probe 10 find out the active principles of thus plant feaf
catract which posscsses antidiabetic acivats with therapeunic relevanee and also 10 find oul the possible
mechanism of 1ts antdiabeuc action Uptl now. the lenes of the plant from diffcrent places m different
seasons have been collecied  They are made air-dricd and stored for follow up aciion  Afler ascertamng ' 1,
e have been now ablc 10 find oul the working dose of the extract  This dose 15 now being tried 1o work on the
anmneaty under vanous conditions such as normal. induced drabenic and induced drog I will one dav unravel
the mystries of Indian medicinal plamt

Chenustry Unit
Research Activities

A. Disiribution and characteristics of allophanic materials in souls of West Bengal
B Heavy metals in soil
Embryology Umi

Research Activities

Mathematical and Stochustic Modelling an Cellular Growth, Differentiation wnd Morphogenesix during
Embryonic Development and Carcinugenesis

of sp patieen and ¢ ¢nce of ordered siructure through
wif-orgamzation has been fusther sudied with special emphasis on the anaiysis of spanal simeture and
spatally vanable membrane properies  Mifferent standard mathemaieal models have been examned 1o
mcshigate the rolc of high effective cooperativity which accounts for several binding sics of gene controtling
proicing
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A model for the switching behaviour (deicrmination) of a codl has also been consdered and the mn
charactenstic of 4 reactional system in the prescoce of difusion in order 1o mantain inhomogenciles Teadhny,
to spatio-temporal order have boen imestigatod

A nonlincar reaction difTusion model of otlluly differentianion and conscquent paticr gencraon
dunng cmbrvogencsis has been proposed and anhsed  Inclusion of » ncgatine ctoss diffirec can mnntan 2
wave like solution and give nisc 1o a dissipalive structuic has been confirmred by Hopfbifrcaiion anah sis

p Intcraction - A Mathematical Study of Agricultural Ecology

Allctopathy has an wnportant role 1 agriculiure  Allelopithy 1s the effect of one plam upon another
ococurving undt maturl condibons and cvered by chemical means ofber than aunnowil oaes  The
allelopathec imteraction between defferean e of varwctics of nee (nze Natnn) mimcly Pt and 1ET 2308
Patnai and Nubarna. Kalam Katht ind IR-36, Radhumpagnl and Ratna, A dh and . Innovk teng been
further imvestigaled.

Another line of work deals with the study of woed<crop nierction  We hane sthed Ty offcr
mainiy on two weed namchy ¢ ronphora and Lewsrns AN porls of Crsepdura prodiee milibnors
observed by germmiation cxperoment with rice whet and musiard  Stiaph nadenhilicd . one aof 1y
allclopathuc sigent 10 the weed  Anothier 16-C abphane avid with s mol we s atsaintas atllopathie agards
This substance requircs funther sindy for complere cluecienzanon  Cafae i denificd s e of i
liclopathic agents n fewnurns We 2lso studied 1w allclopathic effect of Zamaradus planis - \eecliton
under the tres 15 ven sparse  Rool chudates and leal Tuachine of ihese pleais lave dovn fonnd 1o hane
nhibitons effects an gerimimanion of nee soeds but in constrst. the brown seed coat enrt fun heen fownd
be shimudaton suggesting thai the extract could b atihised as biotemibiacr

W have persued amother ling of work dealing with the wartiee of the frut pulp 1 i< welt know i e
the pulp of mam specres of fnut contans mhibslors of gernunation  This makes scine i the wolopical
perspective. foi such snhibitors wondd not only provent premiatare gentmation of sds m the fout <l
atached 10 the trec bui also of thus: dropped from the tree and ving below  Dckived germuiiion should ke 1o
the tierest of the troe because 00choric agents can remon ¢ the mhibitars thiroaih ther ahnwenian qal whik
disporsnyg sceds iu distnt preis 1 s therefore of imlerest 10 studhy the geemoiaton-mlnbiiors of relatneh
linic known tropscal specics

We have sclected o less known tropical frut namely  teacra eneduba and Nterculin Focidda, the
former 18 z00choric and the fater 1s nonzoochonc  Boih have a burd thick pod

The pulp extrirct of .1 e i ermluha shows inhibitory effect bul on gaper chromalographic separizon.
three simulators and three inhibitors were revealed

Nercuha jeioceda. (his Indian frn 1s encased 1n very hard. woody cover and so appasrcitly mevd ot
contan am mhibior  In Laboraton expermem. the pulp cxtract shows inhibion cfft  On paper
h ion. Mo sli onc strong and onc slight and onc shight mhibtor wer: e caled

Pulp of vanious little known tropical faut niy comani mhibriors ang stimilaiors which might be of
value 1n agncultuml prctice - For cxmpke. somee inhibitors might be used on woeds for erhcnion aml xoi
stimulators on scedhings ol ciop for i cshgahion

Muthematical Epidemiology

Further siudics with mathcmatical and stochashe models of Japancse Encephalitis (JE). mwales mud
other vector-bome discases have been made with special emphasis on seasonal Muctuations and sl yvad
AnS = | = R — § (susceptible - infective - recovered - suspecnbic) epidemiological modvl conphng
dvnanucs of the spread of JE mn two populations. human and resenoir animals (pigs. caltlc quines. dinds
cic ) through a vector population ( particular specres of mosquitos. (wlex vishwe. { wlet irnoeatrin nohm
¢ic.) has boen proposed and anahvsed 11 has been assumed thal there 1s 4 constant recnniment fte of 1
susoeplibles 1sto both the populaions whereas the death ries are proportional 1o the populaiion sizes ihat 18 3

IN
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arebh o W e alse assamwad shat (he himan population 1 regulaled by the disease. Condanons for Ihe
CMgey of 3 amgue ciemic apilibium have been found and (he endemici of (he discase 1 discussed
The eritena for cradication of 1he discase have been worked owt The asatviacal results corresponding 1o the
solutions of our swstem e v+ified by nmnenel analy sis and compuicr smulation The dvaamics of discase
ansnnssion of 11 duning 1% - 9% 0 Japan have also been imestipaied with the help of avalable data

Diffusionat EMects un Twa or Mare Interacting Species in Community Ecology

The problem of irhing ccological specics would be more vissble af onc in mcorporaic the
cpdenmolognal icrmn also The iponance of transmissible discase 10 ccolowical whalion vl so be
enored Ty problem of s clasacal predator-pray dvamics i which 1he discase 1s \preading amony 1he prey
gruies ond s hoen consadered  The relative remov) aaie of the suscepnble prcy due 10 1nfccdion has been
worked v i satal) amphinde periodic osciitanons bifurcaniny ftom posiine micnor equilibnium point has
boon obseivad The sy as wedl s the direction of bifurcatnig branches s been calenlated aibvuically by
apphvng 1 alponthn duc to Hassard which depends on the conter nuimifold ilworem The Tollowing o
wnpuan o e deen answered . Do prey disease mcreass o1 decicine 1 osillalon tendencs of
predame-prcs wicrrnon® - Can we possibly guess thal the discase on e prey <povies acts as i biologscal
connol lor prednor-prer coenistony™  Numencal solulion and compuict simulition hine also gecn 10
ainbontiae the i) cesults

Soue works have also been done 1n plankion aliclopaihs Sy of tremendon flucisnons in
iusdance of wany phylophinkion commumtics is an unporanl subxxl i aquank coolopy A delin
iferentia) equanons model of plankion aliclopathy  has been proposed and uwestigaied 1o cxplan the
acenrrence of periodic bloom. succession and pulses obsensed in different plankion comnrumises

Plant Chenstry Unit
Research Activities

Screcning of Local Vegelation

Screcning of vegeiation being a fundamental asgect of keaf protcan work. wonk s contming on cw
specia A licld Inp to the Agncultural Experimental Statson. Gindih was nidertaken 1o studv the multipie
e of e vanous (rec species growing in the lateratic tract of Bibar plalcau. S <'mpics were atso collected
from difTerem locations and (heir mirogen and orgame carbon contcnis analyzed

Microbiology and Technology

A thort lenm i viiro study was conducted 10 & the aucrobial population. the aclivity and the
ra1¢ of decomposition of the muxture of fibre cesidues from two perennial plants viz Toona ciiata and Trema
artentahis i \he cnvironment of forest soil 1n relation 1o moisture, (emperalure and pH. The most surtable
condinon was found (0 be 25% moisture content a1 18U and 6.8 pH for microbral association and fibre
decomposiion  The effect of iemperalure. movgure arid pli "on the spocies composition of fundal flora
associaied with decomposition were also tmestigaled

Nutriliosal snd Bischemicat Studies

Minceal contents of leal petoins extracted from Seshanra grandhflora & Monnga vledera was
studica  Vienagn alerfera was 3 gond sorce ol tron while leaf peotcin (rom Sexbanra grunchflira was a belter
source of potzssium  The gross enctgy content of Nexhama grandiflora was $ | K cabigm. Amino acd content
of Ihe leaf proteins were also studied. Both had a hugh lysine content which indicated that the leaf proteins
could be usod 10 complement human diets.

Aquatic Weeds and Water Refationship

Fornightly analysis of water quality parameters like pH. alkalinity. total mirogen. total phosphorus
and dissolved oxygen arc being done on a local pond (0 ssess changes in ils waier quality. Water woed
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samples when present, are also harvested and the plani samples analvzed for dry matier, crude protein. and ash
conicnts  This data will be used 10 study the refationship between aquatic plants and water qualin of ponds
where they grow

Yield Performance

Uuhzauon of sugarbeet root for cthano) production on a laboralory scale was undenaken The
recoven penentage of R5-%1% was found 10 be quite promising  Though the success of sugarboct crop as a
source of aloohol by solid phase fermentation now requires tnals on a large scale and esumation of praciwal
dosls. the present study indicates the future economic prospects 1n this direction

Enzymex from Soil Micrabes

A sireplomyecte (S1) with high proicolytic activity was isolated from sorl of Gosaba. Scuthern West
Bengal Changes i protolvtic acliies and growah as indicaicd by mycehial dry weight of SIwith davs of
incubation 1n three diffcrem media were measured. 1t was noted that SI produccs thermastable proicolytic
enzymes in all the three media under study  Appreciable amount of enzyme 15 produced 1n media conlaining
asparagine. gelaun and peplone as mirogen sources and crzyme activily increased wilh the increase of
ncubation temperalure

Social Sciences Division

The Social Scicnces Division includes the following umits  Economic Rescarch UmiL Economic
Analysis Umn. Linguistic Rescarch Unir. Planming Unit. Population Studics Uni. Pevchology Research Uni
and Sociological Rescarch Unin - Economic Anatysis Unit 1s tocased at Bangalore. Planning Uit 1 Jocated 1
Delh. while the remaimag five umis arc located a1 Calculia Faculty members of this Division were engaged
10 teaching and 1raning activilies at vanous Jevels, including Ph D supervision  The research work done in
these units diming the year under review 1s described below

Feonomic Research Unit

The faculty meniders of this Unit were engaged n tcaching and research actwities. including
supervision of Ph D students Two Ph.D students submnled therr theses  The faculty, as in previous vears.

100k active part in teaching all and courscs 1n B.Stat (Hons ). M Suat.
M Tech (QROR). [SEC (both regular and spectalwauon) programs.  With the starung of the new (wo-year
Master of Science (MS) prog n Quanti s from 1996-97. the teaching respansibifity of

the faculty of (s Unit has increased substantiatiy Thc rescarch work done dunng the vear under review
covered. broadhy speaking. differcat areas of theorctical and applied cconomics and econometnics  Some of the
mayor areas 1n which rescarches were done are given below

Research Activities
Lconomic Theory

Research works on vanous ateas in economic heory have been done 1n the last year  Some of hest
areas are  macro theory. gencral equilibrium analysis. welfare economics. economic efficiency. industal
organization and general aggregation issues.

Industry

Some studies have been carmied oul to evaluate the performance of Indian [ndustries in terms of
Productivily. Efficiency and Growth with special emphasis on the impact of liberalization of indian cconom
Both ndusiry level and firm level studics were done and it was found that there is no significant impaci o
on-going liberali process on the of Indian industics The studics suggest thal lodan
indusiries are slill under the grip of monopoly elements instead of expected risc in competibiveness.
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Economic Development and Mucro-Economic Palicy in India

Swdies on financial liberalizaton. role of moncy. credit and government fimiie hidpciin policies
etc are bemy citeried out in the Unn

Intcrnational Trade

Rescarch s being crened out 10 examinc the cleet of forergn myestment 1n output and cmplos tiem i
a developtng couniry ke Indit where the sizc of the donrestic markel is large Somie sludies on the cfect of
protection on exports have also been donc These are bemy funher i csiigited

Mention mas be miade of studics which fovised ou the cooperaine and non-cooperatne R .nd 1D
beha iour of competing firms as also of jotm ventures. merper and other conuccicd problems

Agricultural Economics

A study was undertaken 10 cxaninc some imphicinons of firm efliciency on the basis of & sample ol
307 paddy culnating farms 1 West Bengal for the sear 19%9-90 usimg the non-fronter profit fuschion
lechmgue with iranslog spectficanon

The method proposed 1n the study intes 1o Eike sccount of the cconomie ens ironinent of the fanne

In another study the relation beiween the agracntiiral price scasomabiin and narked armal scasoni e
of wheat and nice was enatiined
Studies on Consumer Behaviour and Level of Living

Work on studving the trends i the extem of inoquabits poveny. agncultucal growth. miral-urban
disparity 1 the levet of g India. absotute level of g, poverty and deprnsinon conlinued during e
ear

Another study locused on the measurement of ihe cost of clildren swhich s in nsnc of coritat
iportance m pohcy related nitiers hke poveny. income distnbuhon, weome manicnance progmmis chiid
benefil programs cic

Economctric Mcthods and Applications

The areas under Time Scnes Econometrics i which resciirch 1s being carned on e amtoregressne
conditional hetcroscedastic (ARCH) models and Lime vanving nsk premia modcls A conditiowil counerpxan of
mean-Gim capnal asset pncing model 1 which the nisk 1 1aken 1o be wme vie g s been suggesied. the
cstrmauon and testing of hypothesis aspects of this model are being look o

Somc of Ihe arcas m apphed cconometncs include (a) optimal  commodity  Laxaton. (b

ploy Nuc rann . (c) p demand analvsis, (d) causahin between socral

devclopment and cconomic growth. (¢) csimation of fronticr production funchion and () scasonaly with

Indian stock exchange data. Here the day of the week cffect and also the lrn-of-the-vear effect on return data

on Indian siock cxchanges arc being studsed. In the fr k. both the app (0 studving Iy
\1... deterministic and siochastic seasonality have been considered

Corporate Finance
Studies on the interaction of real and inancial decision of firms were carmed oul in Ihe Umit - Some

broad issues include capital budgenng. capital structure, pavout policics, COTPOrAlC BOSCIRINCE. MICIRers
Lakeovers and leveraged buy outs. corporate restructunng. bankrupicy and corporalc reorganization
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Feonomie Analysis Unit

The Untt was actively engaged 1n research in the arcas of agnculiural ccononics. measurement of
poverty. cconomic policices and economctric methods and applications

Research Activities

Savings-lnvesiniem Inicnnediation
Liqmdis Preference Functson

Imipact of Economic Reforms
Game Theon
Macrocconomic Theory
Growth
Vartabiliy and Subility of Cereal Crop Yiclds i India
Units Roots and Comtegranon
W.ieoer's Law on Public Lxpendinre
Apphiod Bavesian Mcthods in I-conoiies
lospirct of External Assistance on India‘s coononn
Lingnistic Rexearch Ut
During the penod nnder revicw. the Unit continued its programme of rescarch wn (e arcas ol
Quantanve Languiencs amt Compuiational  Lingusstics with special cmphasis on Speech Pathology
Psycholingusiics, Socrolmgunstics, Svukin awd Tesl Analysis as descibed below
Research Activities
Computational Linguistics
A Valenoy fased Natral Limginge Processing
B. Furzy Logical Expressions in Bangla
C Problem of Conceputal Tense and Aspect vis-a-vis Grammatical iense in Bangls Discourse
D Legitmuacy Cnsis of Computatsonal Lingwistics
Methods in Quantitalive Linguistics
Studics on the phonetic and phonological structures of major Indian lungusgex und applications

A. Spoech Paiholog)

B Sccond Language Acquisition
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C. Cultivation of Mother-tangue

D Language Standardizalion

E Comparauve suprasegmental studics on Indo Aryan and Dravidian
Suciniinguistics

A Study of language athtudes

B Language maintenance and shifl

C Measurement of bilingualism

DG of inguistic sub-alicrnity and language planning in 3 plural soctety

E Aualvais of Folklore and Folklanguage
Habilitation programmc for hearing impaired children
Projects Undertaken
P proscnt objectine of the Uit 1s (o develop methodology for the quantificanon of micro nd miro
i data using stanstical and computanional techmques I spatc of substanuial application of statsstics 1
the ceabm ot huzastic research (here 1s no indigenous and icgrated method for statistical-hnguisuc analysis

appropreity (o the Indum sitwaion Therefore we wish 10 develop a methodology covening differeni ficlds of
Tnnstics. compntar sciiee and stansiies The following areas are covered.

Comparative Suprascgmentals of the Indo-Aryan and Dravidian Lunpuages

The main objective of the project is 1o analvsc the sup of specsfic languages withn the
droud Indo-European group  Vanous types of inicrrelationsiips among some of the major languages of the
Lodian sub~contnent are being explored with a view 1o mieasure the stusheal distance between them In order
10 study the spowrangous siress pailerns (i mikerropatn g, exclamalon and imperaine senences. A miap 1ask
tFdmburgh map task) test was admsmsiered to cight pairs of Bengali speabers Tape recordings have boen
made of the guided discourse and the analysis 18 being done willt 1he help of appropriale nsiruments

Language Processing and Planning in the Indian Plurilingual Perspective

The progect devoles solely to the problem of computational parsing of Bangla Language with a view 10
plantitng kanguage in the Indian millew  The problem 15 benig dealt wih i fonr phases | the bst Phisc the
emphasis will be on the ordur of Bangla verb tn senicnces and the typology of Bangla senterices will also be
taken 1nlo account  [n Phase 2. the impontance of the verb in projeciing the siructure of Bangla sentences from
the snumtics pornt of view will be undertaken  In Phase 1. we plan 10 explore different possibihiies of Bangla
rerb combinations and Phise 4 will supp!y the rules for these combinations (particulariy contpound verbs) ind
exephions 1o these rules. Stawsstical analysis of the combinatony rules 1s also planned

Tabilitation of Hearing Impaired Children

The Uit carned out habilnauon of heannyg impaired nicgried i gencral schools at iy habihation
centre throughont the vear  Consuliation services have also boen offcred (o other ishinnions irmmng heanng
mpaired childeen. and connselmg of parcnts and teachers of heanng impaired children his also been
undertiken
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Planning Urit
The facully of the Plamung Uni was very much involved in basic rescarch. applied rescarch as well
as Icachimg 1 cconomics  Instead of PiLD and one-year of Masiers students only. W now Icaches a
full-Nedged. two-ycar Masiers program (MSQE)

his faculty members hine published 1n top inicmational journals such as Journal of International

K . Review of Develnpment F . Juurnal vf Policy Reform and Juurnal of Eeconomic Theory
A textbook on nuacrocconomics was publishod. Important projects on applied topics were completed - namely.
Cuunting the Poor sp d by the Dep of Statistics and published alrcady in 2 book form. Regional

Dispanyties i Ciriwth and Infrasiructure and Gender Hias all penaming 10 the indian Economy (the last two
projecis supporied by PPRU)

The spectrum of rescarch has broadened. It ow includes cconomic growth and infrasiruciure.

| lrade and di ion of wealth and income. snicmational tradc and covironment and
industry-wise ic studics. The applied ics expertise of the unil members continues 10 be used
by various g | izations and other insi

The Planning Unit hosted its 12t Annual Conference on Economic Theory and Pohicy i January
1998 There were a large number of particspants (rom within the conntry and from abroad 1n partiular there
was 2 session on applied works on the Indian econonty

The recently instituted Masiers program s considerably enbanced the visibihiy and direct serviee of
the Planming Unil to the society 1t competes with best such programs in the country such as i Delhi Schoo
of Econonucs and Jawahurial Nelru Uuncisity

Population Studies Unit

Research Activities

The main broad arcas of rescarch of the Unit include demographic transition in tndia. stodies on
) of lileracy

¥ progl

Agriculturt Development, Child Labour and Fertility

This siudy Ines 10 find oul the interrelanonship between agriculture developnient. child labour and
fentility  Child labour is defined under several calcgorics such as. wage caming child labour e work for
carning) and domestic child labour (i.e.. work in the family farm or houschold. part tinc or scasonal) A
sample of aboul thousand households were selected at random (rom rural arcas of iwo blocks respecuvely from
the district of Hooghly and Midnapore 1n West Bengal.

Preliminary findings show that the demand for wage carning child labour increascs i the bouschold
with development and modermisation of agncultural farm i has a negative relation with fentily - However
the houschold with raditional agncultural management i the farm has a positive relation with domesix
child-labour as well as fenility. Supply of child Iabour in the houschold with modern farm inanagement comes
from the household with no agricultural land or 8 marginal (armer and fenility 1s higher among this group

Digit Preference Error in Age Data : Implicit Model Approach

Indices have so far been constructed to measure the extent of digit prefcrence error in age data (singke
vear) cither from census or surver Al indices passess deficicncy in (heir constructions  As such
modifications are donc at different sieps by different rescarchers and modificd indioes sometimes are of litik
value n their use because of cumbersome calculations. The present method. however. tnes to highlight some
tlcoretical condinons under which ali the cxtrancous sources of variations are eliminated implicitly in a singkc
altempt leaving behind a true index



Women Education and Employment in Indie, 1951-1991

The study is undertaken to find oul the patiern of growth of educalion and employment of women and
the differcntiai rate of growth of scctors over time. Data collection from secondary sources is in progress.

Demographic Study of Santals of Medinipur District of West Beoga)

A pilot study on the project cntitied Demographic Study of Santals of Medinipur District of West
Bengal has boen started in April 1997, The study will examine a varicly of demographic processes that
impinge on the size. structure and viability of the minority population. For the purposc the major tribal group,
Sanual has been considered which comprised 54 per cemt of Total tribal Population and aboul 66 per cent in
Medinipur district in 1981, To have further information village level data have been collected from the 1991
Census on the Mcdimpur district which are under process. This study is confined in the Jhargram block,
which is Santal dominated. Five willages have been selected comprising Santal population as total, around 75
per cent. 50 per cenl, 28 per cent respectively. A set of questionnaires has been preparod and canvassed in the
selocted villages. The land rocords of these villages in the Block Land Reforms office have also been searched
10 collect data on Lhe main asset and land of the villagers. The collection of data from the rcoords and the

survey have been completed.

Study of Fertility and Mortality in West Bengal : Treads, Levels and Patterns

West Bengal. a constituent state of India. has been facing the problem of rapid population growth
during the lasi five decades. This population growth is ined by its  fetility, mortaliy and
migration.  Migration data being meager and ofien flawed in the census, have been ignored in the present
study  Recently developed indirect methods have been applied to census data 1o estimate these parameters and
these cstimates have been substantiated by the estimaics oblained from National Family and Healih Survey
dawa as well as from SRS csimates. This study has been completed in December 1997.

Migration in India

Objoctive of this study is to highlight intcrnal migration flow and Nepali migration in India. Nepali
migration has never assumed a status of large scale exodus at any point of ime in the past. The work based on
1951-81 ccnsus data is complete. Datz on 199) census have been compiled form floppies which are avaitable
Just now. Nepali migranis show a declining trend.  Bul during 1981-91 the volume of migranis have falien
significanUy so that there has been a negative growth rate - The study is in progress.

Impact of Total Literacy Campaign in the District of Birbbum - An In-depth Study

A study on the Impact of Tolal Literacy Campaign in the Districts of Birbhum and Bankura of West
Bengal (sponsorod b Govt. of W.B.) was undcrtaken in the vear 1993, The repont of the Project was
submitied 10 the govt. Now further aticmpts are being made to study the impact of the programme i terms of
behavioural change and 10 develop method of quick assessment of (he programme. Data entry has already
boen completod. Analysis of data is in propress.

Mortality and its Determinants lo India

The purposc of this rescarch is o analysc SRS dala on mortality over the two decades following 1970.
The study involves the natonal level as well as the regional level.  Aiempt is being made 1o study the
mortality Irends and determinants, and in particular thosc of infant, child and old age mortality.

Estimation of Volume of Hlegal Migrants from Bangladesh

The independence of Bangladesh in 1971 crealed a vast displaccment of population between
Banpladesh and India. specially castesn region. Frequent crossing of borders continues 1o be a political flash
point between Bangladesh and castem region of India. Large number of migrants from Bangladesh tend 1o
hide their identity. Large volume of refugces (rom Bangladesh, a densely populaled poor country, has created
political and coonomic problems in this rcgion of India. Poverty, unemployment, social security and
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increasing pressure of population on Land forces the people to take shelicr in other neighbouring places. Still
Do sysiemalic approach has boen made lo examine social. economic and potitical impact of migrants from
Bangladesh to eastern region of India. An attcmpt has becn made (o estimate the volume of illegal migranis
from Bangladesh to West Bengal using Census records.

Population data by age and sex and place for all districts as wedl as for total West Bengal have been
collected and compiled with th: help of computer from 1961 to 1991 census rocords. Migrations data for all
districts and 21so for totsl West Bengal have been oollocied since 1971 to 1991. Denvalion of methodology is
under progress,

Publication of a Commemorative Vohume of Professor Ajit Das Gupta's work in Demography

Thc primary objective of this proposal is 1o collate and compile the vast ammay of Ajit Das Gupla's

(ADG) conlfibutions lo demography in a single volume. All his pioneering studics. being either not ail

documented or scal(ered in various journals, monographs and reports. are not casily available 1o Lhe present

of students and hers. But for tracing the development of Indian demographic research. it is

W(ohwaMmﬂ\mgNdADGsuhdaﬂymmme on population during 1he
three decades (1950-70). The work is in progress.

Child Labour In Indla and Ity Determinants

‘This study examincs the staius or child laboul (i.c.. work pamapanon of children aged 6-14 years) in
India and its major states by various soct and istics from Nationa) Family
Health Sarvey Data. 1991-93. Factors associated with the incidence of child labour is explored through
multivariate statistical analysis.

Psychology Research Unit

The Unit ized a training progr on of employee satisfaction fo the managers
of Asia Brown Boveni Limited (ABB), Bangalore from 22nd (o 26th Sepieiber, 1997, The programme was
conducted by D. Dutta Roy.

Rescarch guidance for the Ph.D. students of different Universities have been given by S. N, Banerjo
during this period. One of them has been awarded the Ph.D, degrec by the Calcutta University during this
period.

Research Activities

The scientific workers of Psychology Rescarch Unit have been carrying oul research work in the area of

P i i ivalion (0 work, primary cducation eic.

Potential Eatreprencur School Leavers

A scale for i hi jality has been d 1o wdentify potential
entrepreneurs from among (bc young boys and g:rls who can mdcpcndcnlly starl some business of
manufacturing units for their livelihood The scake has been developed on the basis of data colkecicd (rom
iraince and h by taking into accouni some cssential psychological
characieristics. Dala analysis for mbhshmg psychometric properties and report writing is going o,

Motivation to Work for Primary Level Workers

For assessing the motivalional level of primary level workers a questionnaire has been developed on
the basis of pilot study donc on a group of 52 workers, 346 data from three groups of workers for c.g.. Clerks.
Typists and Factory workers have been collected. Analysis and rcport wrifing is going on.



Attainment level of Primary Studests at the end of Class IV o West Bengal (Particularly (he
Non-scholastic Achicvements)

An ongoing project aims 10 obiain 2 clear picturc of the Non-scholastic achievements of the primary
students of the stale of West Bengal covering all the 18 districts. During this period sampled schools of six
districts have been contacted through the District L of Schools and Chai of the
District Primary School Councils. Al the same time data have also boen collected from the schools of four
districts contacted carlier. Simuliancously scoring, tabulation and computer data enury from cvaluation are
also in progress.

Statistical Amalysis of Influence of Personal, Social and Background Variables on Academic
Achicvement of Primary School Students (SURDAC funded)

The objective of the study is 1o develop a Rasch type probabilistic latent trait model lo measure the
ability of primary school children directly related 1o academic achicvement. The objective is also lo develop a
quality based approach to measure the deviance from Larget of the primary cducation process. The model has
been developed on the basis of a field experiment done in a primary school in Madhyamgram. The model has
been Iried oul on the data from Murshidabad district collocied dunng basc-fine survey of District Primary
Education Programme. In future, the other DPEP districts will be taken into consideration for model fitting.

Geader Study for the District Primary Education Programme

An in-depih gender study for the District Primary Education Prog; has becn underiaken in three
districts. namely. Birbhum, Murshidabad and Coochbehar of West Bengal. Spucial emphasis is being given lo
look into the problem of girl swdents. specially minority girls. Field work in all the districts have been
compleied. Analysis and report wriling is going on.

Sociological Research Unit

The faculty members of Sociological Rescarch Unit (SRU) participated in teaching Sociology for
B.S1aL students. Guidance is also provided 1o Ph.D. scholars in Anthropology al Calcutta University.

The Second [S] Review Commitice recommended that SRU should consolidate and expand its
academic activilies pivoting round Lhe broad theme of social transformation. In pursuance of this crucial
recommendation. the scientific workers of SRU have been carrying out their research projects, both external
and intemal. in arcas which have direct implications in understanding Lhe rubne of social transformation. The
Unit has also given emphasis on cotlaborauve research work with the scientists of other disciplines belonging
(0 different units of 1SI in the event of internal as well as extomnal projects.

In the context of the broad theme of social transformation. SRU sincc 1958 has been cffectively

pumnng in Giridih research projects conceming Lhe problems of urbanizalion. migration. dimxcnsions of

ion in rural life, inicr-caste and inter-class relati in Gindih and ding villages. fled

of ferility. application of is's D (o social scicnec dala on intcrgroup relations,

appraisal of houschold of stocks of handicrafl and machi de producls in the villages. cxploration in

Palamau area 1o measure the impact of development plans o the T populstion, cco-systemic programme of

work and agro-sociological collaborative study on rain-1% ¥ P ung. Some of these imvestigalions were taken

up solely by SRU as TAC-DCSW approved projects. wone others were recently carried oul in coblaboration

with the Agriculural Science Unit, wiule a few other projocts were funded by important cxiernal agencies
approved by [SI and Government of India.

A specal initiative has been rocently taken to begin the task of computer processing of the huge
socio-cconomic dala collocted and stored in Giridih since the days of pioncering field surveys of Professor
Ramkrishna Mukherjee, involving more than | Lakh filled-in questionnaire schedules which was unani
accepted by the 181 Council.
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Research Activities / Projects Undertaken

Forest protectien and income generstion for the tribal poor - of an organized

A pilot survey has recently been cammiod out in ltambazar block of Birbhum disirict whuch is being
followed up by a comprehensive field work for collecting empirical data in order 1o assess the relevant impact
of (i) tand reforms, (ii) decentralized Panchayal-ofiented planning process. (iii) literacy movement. and (v)
organizational activities of the local peasant organizations in motivating the Forest Protection Communitics in
the Champahati jungle in the Ilambazar block in the district. The process of data analysis is going to be
undertaken soon.

Involvement of people in the decentralized planniog process : Experiences in West Bengal

The study aims al (i) assessing the extent of involvement of the people nght from plaaning (af village
level) down 1o in implementation. (i1) gaining an tnsight inlo the cfficiency of villagers is ubhang ihe
resources (material and human) and the constraints of full capacity utiizanon, (in) companng the cfficacies of
carlier District Plans implemented at village level. Through analysis of data gathered 1n course of cxamiming
relevant documents on plan-pesformance gaps clc. as well as in field-level invesbigation. the study secks 1o
suggest concrele measures which are needed in higher aggregate level of planning.

The study has already been initiated in Midnapore and Purulia districts by examiming various
Gram-Panchayat Samity level plans and reponts and through idenufication of appropn P al
village. block and district levels.

Scope and constraints of rural women leadership with special reference to experimentation in local
Self-Government bodics

Genenally the participation of women in politics and social work was rare specially in the rural areas.
exoepling some notable examples. Women pasucipated in the froedom struggle and in different democrauc
and class struggles. but their number was very small specially because of their social status in the socien
However. duc lo long-drawn movements by womcn for cqual status with men there was some change in the
Constitution in order lo ensurc lcgal sanction for their parucipation 1n pohitical and social activities Our
enquiry sians from this point. afler reservation of seats for them in Yocal setf-Government bodies (i.c. in three
Liers of Gram Panchayat) has been allotted.

A report (for 1995-96) has already been completod and submitted.

Three Gram-Panchayals from each of the districts of Midnaporc and Birbhum werc undenaken for
formulating the socio-economic and cultural profiles of women leaders. Data collection has been completed
Final report is being prepared.

Interpersonal contacts and social development : A rural experience in West Beogal

In the changing mural scenario it scems that individuality is gamning its strength. [nstrumental use of
personal relation is very much associaled with the process. Social development in lerms of mobilisation of the
scarce resonrces by the individual person 1s very much likely (o be influcnced by the nature and context of the
personal contact of the individual. Thus. besides other factors. the role of personal contact of the individual, as
such, deserves attention.

In this study we aticmpt 10 understand the role of personal contact in the process of motivating the
individual for securing the scarce resources and sustaining it. The cssential Lask of the study is ficld work. i ¢..
selection of locality. establishing communication with local Panchayat and other key persons relcvant for the
purpose. Deucha Mouza of Md. Bazar in Birbhum District 15 selected for imvesiigation.



Chamars and Santhals of Girldib

In Bihar. Chamars and Santhals arc i inant among Ihe Scheduled Castes and
the Scheduled Tnhs and lhcy arc dmnhled I.I\mugho\u the State. Besides. it is generally assumed that the
impact of i and i iated with social change. as also with the emergenee of

new type of occupations within umbral zone of such process. Hence. it is expocted that Chamars and Santhals
will be more influenced by such process, since they have very litthe to lose. by way of social prestige, in
whaleves occupation they engage themselves, being placed in lower rung of the social hicrarchy.

As regards collection and computstion of available data. satisfactory progress has been achicved
regarding the Chamars. List of villages having  lotal of 5.539 Chamar bouscholds and that of 16.131 Santhal
houscholds have been prepared lo facilitale sampling procedure.

Transfer of owacrhip of propertics and chasging social scesario in Calcutta - A sociological analysis

Calcutta is one of the most important commercial centres of India. Three centurics back Calculla
started its life as a trading centre and that is still continuing to-day. Ox ions of the inhab here are
diverse in nature, With vanious language differences. different socio-cconomic. cullural and institutional traits
these people formod distinctly different social-cultural groups and setuled in diffcrent localities within the city
of Calculta.

Due 10 the increasing trend of population density of Calcutta. demand of housing has become. during
Uhe last few decades. extremcly acute. This opencd up land market 1o the promoler-contractor nexus. Earlier
this process of transfer of property was a sort of gradual, slow change which has now bocome abrupt and
conflict-nidden. Under this purvicw, the proposed siudy is 1o enquire the following.

(&) To identify the socio-linguistic groups in differem parts of Calcutta metropolis which are involved in
the phenomenon of ransfer of ownership of land and residential housing.

® To make an outline of the sacio-cultural. economic and other related factors of these who have been or
arc being uprooted from the original settements.

(© To examine whether a process of alienation has siaried as a consequence of this social situation,
Role of family aad local community in elder care : An exploratory study

Traditionally the clder care in our socicty has mastly been the responsibility of the famity. The clderly
members are cxpected lo be considered as an inicgral part of the family. They serve the roles of imponant
resource ‘person’ of knowledge and wisdom. prescrver. propagator, and protector of culture while taking part in
domestic chores.  The national system of gencrational co-residence was. Lherefore. mutually beneficial and
henee, remained widespread in India.

But in recent past, various socio-economic changes, i.c.. industrialization. urbanization. migration.
ctc. have affected intergencrational cohesion and solidarity. The joimt family structure has also staried
breaking down duc to pressure of rapid social changes. It is also observed that nuclear and small-sized
families have become the numerically dominant mode of living.

The project will make an attempt to cxaminc the current status of the role of family as well as
communily in providing elderly care for identifying the problems and asscssing Iheir various aspocts in two
purposively selocted arcas in West Bengal.

Collection of information sbout the houscholds having 60+ persons of 10 sampic wards from north
Caleulta and 6 sample wards from south Calcuiia covering 259 houscholds was made from the sample
houscholds surveyed by the Calcutta Mewropolitan Development Authority. The same source was tapped for
cbatning data from the 12 wards of Scrampore town. The town samplc consisted of 101 houscholds having
¢lderly members. From the district of Burdwan a relalively remote village under the Mangalkot P.S. was
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selectod to gather information aboul the houscholds having aged members. The village Palashi had 61
houscholds having 60+ members. A few casc histories were also coliccted from the village.

Statistical Quality Control and Operations Research Division

The basic objective of the Dlvmon is Io propagaic the use o! SQC. OR And allied management
techniques for controlling loss and cost. improving qmluy lnd 8 g productivity in Indian indusiry.
The Division cntinued ils activitics in developing i peciatists in Quality Control,
Reliability and Operations Research (QCR & OR) impaning mphnl appreciation and lechnical traning in
QCR & OR for diffcrent levels of personnel, undertaking projoct studics and scrvice assignments, promoting
the use of quantilative (ools and adoplion of modern methods of Quality Management, and also undertaking
theoretical and applied rescarch in the relevant ficlds.

Academic Programs

The Division is running a two year M.Tech. course (o fum out professionally compelent specialist for
industry. At present 11 engincering graduaies and 9 M.Sc. (Statistics) students are attending the course. The
Division also offers 3 Specialist Development Programme (SDP) to provide carcer in industry through on the
job training and guided development. Besides, evening courses are organised al Bangalore, Hyderabad and
Chennai. The Division also provides faculty supports for the SQC & OR specialisation al the M.Stat
programme.

Consultancy Services

The Division has camed 2 ion for providing services in all areas of Quality
Management and Productivity. At prescnl 140 organizations throughout the country are taking services of he
Division. Besides this. the djﬂ'cmnl SQC & OR unils are vigorously pursuing Quality System work related (o
1O 9000 cenification, and p ltations in this area to over 60 organizations. The Division has
also conducted certification audn on bchal[ of KEMA. Holland al 10 organizations for [SO 9001/9002 Quality
Assurance System standards.

150 5000 Survey 199

During the last four years. more than one thousand companies have boen certified for 1SO 9000
Quality Assurance System Standards. The SQC & OR Division has conducted 2 survey 1o evaluate the degree
of competitive edge which the centified companices have been able 1o gain. The findings of the survey were
brought out in August, 1497. Salient findings of Lhe survey include the following :

[6)] The main motivation for secking 1SO Cenification was customer demand (68%) fotlowed by the
desire lo prevent nonformance (54%).

()] 180 Centification has been reported to be | in (i) better ing of processes and
ibilitics (66%). (ii) imp in ication leading 1o beticr control (45%). and
(jii) beuter linkage to other functions (40%).

©) More than 60% of the companics reporied poor/no awarencss of SQC/SPC concepts.
Mr. U.H. Acharya and Mr. Sanjit Ry coordinaicd this survey.

Quality Improvement Projects-Righlights

(a) In a plant. the occurrence of inlet shrinkage defecis was brought down from 15.1% to 0.2% by using
control charts. Other defects like round-punch defects and dic-side shrinkage defects were also roduced from
4.5% 10 0.7% and from 3.3% 10 0.5% respectively during the same Lime period.

(b} A comprehensive project has been carvied out in en clectrical indusiry 1o reduce the tolal through-pul
lime of circuil breakers. Proocss mapping has boen done for the entire activity and disconsects have becn
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identified at interfaces. Using Statistical Techniques, remedial actions have been taken 10 remove the
disconnects. Ideal process has been mapped and implemented.

© Using Robust Engincering methodology, two new molors with improved performance characteristics
have been developed in two cliemt companies.

@ A special project has been Laken up on ‘Evaluation of cost of Poor Quality’ in an [T Company. This
siudy hightighted major area of concern and 6-sigma projects have been initiated on $ major high yielding
areas.

The exicnt of consultancy. inplant and general training programs are summarized below :
0] No. of industrial Units served ~ : 140
(i)  General raining programs

No. of programs rn

No. of participants 1 450
(i)  Inplant programs

No. of programs L1

No. of participants : 18%
(iv)  Scminar/Talks

No. of programs 3%
) No. of promotional visits : 8

The details of training programs and a partiat list of factorics scrved under consuliancy programme
arc given in Appendix A & B (Page 78 and 83 respectively).

Quality Mission Project (QMP)

Quality Mission Exceutives (QME). under Quality Mission Project continued their active panticipation
in conducting training programme and rendering Quality Sysicm refaled consullancy services to industrics and
service organizations.  Onc o( the ma;or i that QMEs underook is supplier P
prog! for a major multi company which f; frigeratogs and washing machincs. A
special programme for the scnior exceutives of leather industry jointly sponsored by Council of Leather
Exports and Central Leather Rescarch Institule was also organised. .

During the current year. the QMEs have rendered services of 215 days in consultancy, 60 days in
Iraining programme and have trained 1797 persons a1 various Ievels in industrics and servioe organizations.
The QMESs are actively assisting ten osganizations in implementations of ISO/QS 9000 Quality Systems.

ThcpafovmnecofOMPhsbeen reviewed by a commitice chaired by Prof. JK. Ghosh. The

further continuation of project for another five years and certain changes in

focus. This lns been subsequently approved by the Gowi. of India. Recruitment of new batch of QMES 1s on
progress.

Training Course

Tailor made in-house programs to suil the specific requi of differcnt izalions were
conducted for about 95 plants. A large number of shon duration courses were conducted on Stanistical Process
Control and [ndustrial i ion. A numiber of ion and motivalion courses were for
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workers in reglonal languages for a few organizations. 32 gencral irining programs were also organised
during Lhe period under review.

Resesrch activities

The rescarch activitics of the Division covered areas like optimum sampling plan for detection of

defects in defect interference. effect of welding parameter on weld mela! chemistry. Fuzzy Goal Programming.
ion of repeated designs, itivity analysis of decision plans. continuous sampling

plan, mumy of SN rauos\ inference in Lincar models, LCP, slochasuc B, Symmemc games, hvoung
Non Zero sum Stochastic games. Perfect informati games,

method. HAT matrix. Oplimal sampling of bulk materials with multi-characteristics etc.

During the year under revicw. 13 papers were published in different journals: 7 were published in
conference proccedings; 2 were publishod in books: 8 were accepted for publication in diffesent journals and 6
were sent for publications. The book ‘Quality Case Studies. edited by C.R. Prasad has boen published by ihe
SQC & OR Division. ISI. A Monograph on lincar Models and Regression is under preparason by Di, P.
Bhimasankaram.

Mr. AK. Chakraborty has been awarded Ph.D degree by the Indian Institule of Science. Bangalore for
his thesis on ‘Softwarc Quality Testing and Remedies, while Mr. D.K. Manna has been awarded Ph.D degree
by the 1S1 for his thesis on ‘CTV Minimization in Singlc Machine Scheduhng’. Mr. T.K. Dutta submtted his
Ph.D thesis entitled ‘Construction of Some Combinatorial Design Arising out of Statistical Experiments’ {0 the
1S1. Two rescarch scholars attached to the Division arc working in the areas of OR/SQC.

Other xctivities
A. Siatistical Survey of Knitwear Indusiry : The survey is in final siage of analysis.
B. Publications : Quarteriy News Letter of the Division is being published as per schodule.
C. Coltaborative Projects :

(0] A special project on ‘Enumcration of Mail through sample survey in Delhi and West Bengal' is being
carmied out for the Department of Post and Telegraph. Ministry of Telecommunication. Govt. of India

(i} Prof. S.C. Chakravarty was 2 member of the team for the project entitied "Tracer Studv of T
Graduates” funded by the Directoraie General of Employment and Training, Minustry of Labour. Govt. of
India.

(iii)  Prof. PR Lakshmikanthan initiated a project on "Line Balancing Using Priority Concepls fos
Customers®, logether with Prof. N.K. Jaiswal in M/S. Gapp's Industries Lid.

N Collaboration with othcr Organisations : Collaborative work were with 1he American
Supplicr Institute. NIQR. KEMA (Holland). 1APQR. Transpon Planning Depariment. BIS, Foundation for
Organisational Rescarch. RBI. FICCI. ClI. Central Road Rescarch [nstitute, Productivity Councils etc.

Stalf Development Programme

During the year under review, six faculty members of the Division sucocssfully completed the QS
XX AIAG regisirar training organised by IRQS al Mumbai duning Junc. 1997, 23 faculty members attended
the ISO 14000 Ad d Envi Audit P ganised by FICC) Quality Forum at New Delhi:
whilc one faculty member successfully completed lhc 1SO 9001 Lead Asscssor Programme Organisad by
TQMI Punc in July, 1997.

Mr. Shin Taguchi, President. American Supplicr Instifule. conducted a two days programme on
Robust Design using Taguchi Method during July 17-18, 1997 at Calcutta. The progmmme was attended by
51 persons including four from industry, 3 from Applied Statistics Division and 2 from Stat-Math UniL
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Centre st

In line with the dation of the iltec. work has been initiated for establishing
a Centre for Managenient Development. It is expected to stant funclioning soon.

Library, Documentation and Information Sciences Division
Documentation Research and Training Centre (DRTC), Bangalore
The activitics of DRTC have been orgamsed inlo several programs. such as (2) Research Programme,

(b) Advisory Servives Pregamme. {c) Publication Prog (d) Educational and Training Programme, (€)
ion Prog: . ) Continuing Educational and Traimng Programme and (g) Faculty

DC\rz:lt;pmnl Propramme.
Training in Documcatation end [nformation Scicnce

Course leading 10 "ADIS™ Award :

Under its educaiion and teaining programme. DRTC conducts a coursc of 24 months duration leading
10 the award of "Associateship in Doc ion and [nfc ion Scicnce™ (AIDS) This award is recognised

by the Govt. of india and several Universics. as equivalent Lo a Master's Degree in Library in’Information
Sciene.

Short-term Course on Computerized Information Work and Service

Under the sponsorship of the National Information System for Scicnce and Technology (NISSAT) of
\he Department of Suientific and Industrial Rescarch (DSIR). Gowt. of India, New Dclhi. the DRTC is
conducting a six-week course on “Computer Applications to Library and Infonination Work” since 1986. This
veat, the DRTC conducted the 191h Short-term course.

Research Activities

The main areas of rescarch in which the different members of the DRTC facuity were engaged during
the penod. April 97 1o March 98 are furnishied below :

(1) The study of vanous methods of knowledge representation. such as. semaniic nets. frames. and
predicaic calculus. cic (2) The application of the modern scientific management techmiques 1o the planming
and wanagement of information system. centres and serviees (3) The study of the methodologies of

analysis and ion. (4) The develop of bibl . 5 cs measurcs for
evaluanng the use of |ibrary and information sen ices and scicntific outpul respectively (S) The preparation of
puidelines and actuat development of software and apphication packages for hibrary house kecping operaons,
such as. arcufation control. serial control.

Projects Undertaken
Library Automation

A Project on sofiware development for library automation is being caried onl.  Many modules for
Serial Control were developed - creating a databasc of journals in 1SO 2709 format. to upgrade tlic databascs,
10 gencrale mdexcs. le prnt selected or all records. to print invoice. subscription letters, ¢ic. In addition to
these modules. a module for Caratopuing. and a module for Acquisition Conirol arc being developed since
Apnl 97, Program to compuic circulation slatistics and detailed user manual has lo be wntien.
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