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BRIEF HISTORY OF THE INSTITUTE

Research in the theory and applications of Statistics as a new sientific discipline began in India in
the early twenlies through the pioneering iniliative and efforts of Profcssor P.C. Mahalanobis. Soon afier his
return from England, Mahalancbis began 10 carry oul statistical studics with be help of some pari-time
sssistans. A chance meeting with Dr. Nelson Annandale (the then Director of the Zoological and
Anthropolagical Survey of Indie) and subsequent interactions with him led to the first scientific paper by
Mabslanobis on the statistical analysis of stature of Anglo-Indian males of Calcutta. This was followed by
further rescarch in anthropometry, in metcorology and in problems of flood controf in North Bengal and
Orissa. Gradually. a small group of young scientists were picked up by him in the Department of Physics,
Presidency College. Calcutta, where he was a professor. This group formed the nucleus of a Laboratory which
laier came (o be known as the Statistical Laboratory.

In the early thitics, realising the necessity for a concerted ¢ffont for the advancement of Lheorctical
and appliod staistics in India. Professor Mahatancbis together with Professors P.N. Banerjer and N.R. Sen.
both of Calcutta University. convened a meeting on 17 December. 1931, to consider various sieps Lo be

for the i of an iation for the ady of statistics 1n the country. It was
unanimously resotved that the Indian Statistical Instivie be established with Sir RN. Mookerjee as President
and Professor P.C. Mahalanobis as (Honorary) Sccrctary. The Indian Statistical Institute was registered as 3
non-G and profil distributing learned society on 28 Apnl. 1932, under the Socicties'
Registration Act No. XX1 of 1860. The total expenditurc in the (irst year was a meagre Rs.238 and the number
of workers was only two or (hree. From such a modest beginning. the Institute grew. under the remarkable
leadership of Professor Mahalanobis, into an all-India organisation which now has around 1600 workers,
including about 500 scientific workers. The Instituie has its hcadquariers in Calcutta and two other Centres at
Delhi and Bangalore and & branch at Giridih. In addition it has a nctwork of service units of Staisucal Quality
Conirol and Operations Rescarch Division at Baroda, Bombay, Trivandrum. Punc. Coimbatore. Madras.
Hyderabad. Calana. Dethi and Bangalore.

From the very beginning. Professor Mahalanobis and his associates who included Professors $.5.
Bose. RC. Bose. S.N. Roy. KR Nair. K. Kishen and H.C. Sinha worked with zcal and enthusiasm for the
development of statistical iheory and methods. and in promoling  rescarch and practical applications in
different areas of natural and social sciences. Saakhya, the Indian Journal of Statistics. was Sarted in 1933
with P.C. Mahalanobis as its Edilor. and received instant international recognition which continues till today.
Pioneering research activities were carried oul in many areas of statistical theory. especially in the core areas of
multivariaic analysis. sample surveys and design of experiments. Such activities were strengthened and new
dirccuons were opened up by Professor C.R, Rao and many others who joined the instituie in the forties and
the wadition continues. The Instimte pioncered the development of statistical methods in agricultural research
and in the conduci of large scale agricultural enquiries. This lod [0 a large number of sesearch publications and
10 the introduction of training activitics offering short term courses in statistics for officers in government
and scientific instituli The scientists of ISI. led by Professor Mahalanobis. helped in
Inireducing the first post-graduale degree course in Statistics in India al (he Calcutta University in 1941, and
in securing a separale seclion for Siatistics in the Indian Scicnce Congress.

Adtivitics of the Institute gained further momentum from 1938, Professor Mahalanobis started sample
SuIveys 1o estimate the area under jute crop in Bengal in 1937 as an exploralory work. which later grew lo a
full-scale survey of the entire province in 194), Gradually, sample surveys of agricultural crops and other
$0CI0-600n0mMic surveys became some of the most important activilies of Lhe Institule and camed the Institule
and Professor is i ion. Afier indep Professor is was appoiticd
Hororary Stalistical Adviser 10 the Cabinet. Government of India. and in 1950. through his initiative, the
National Sample Survey (NSS) was started for conducting socio-economic surveys of all-India coverage on 2
continuing basis. This was the first cver aliempt in [ndia to have a data basc for various developmental
programmes and the five year plans. The IS group on sampke surveys served s tbe Technical Wing of Lhe
NSS from 1950 till it was trangferred 1o the Government of India in 1972,




The IS was first again to play a pioneering role in starting the Statistical Quality Contral (SQC)
movemen! in India by organising a visil of Professor W.A. Shewhart, thc father of SQC. 1o India in 1948 and
later by wnviting other experts like W,E. Deming for the same purpose. SQC promotional work was gradually
spread all over the industnal cenlres in [ndia under a comprehensive programme covering education and
training, applied research and consultancy services.

Rescarch in economics was greatly stimulated when in 1954 Prime Minister Jawahaslal Nehry
entrusted the preparation of the draft Second Five-Year Plan of the country to Professor Mahalanobis and the
{nstitute. The “Draft” submitted by Professor Mahalanobis and the planning models formulated by him 1n that
connection have since been regarded as major contributions o economic planning in India Sioce then many
cconomists of the Institute have worked in  diferent centres of the Institute on various aspects of nauonal
planning and uatil 1970, were directly helping the Planning Commission in the preparation of the long term
perspective plans for the country. Research in other disciplines of Social Sciences was also started in the
Institute 1n the late fifties. Professor Mahalanobis' participation in 1946 in the annual scientific conferences of
the Milbank Foundation led 10 the initiation of systemalic studics in India on the growth of population
Earlier. the well known Y-sample estimates for 194) Census population were also derived by the IS)
Theorctical and empincal rescarch in sociology using statistical techniques was started in the institule for the
first time in south-cast Asia. Similarly. the p and i ion of ¢ lests for selection
processes in different organisations was first made by the IS! in India besides carrying oul basic research n
Psychometry. The studics of the phonetic structure of some major Indian languages have been made on a
continuing basis in the Institute under the guidance and collaboration of Lhe famous linguist Dyordje Kostic.

Thc Institule. since its inception recognised the need for development and use of accurale and fast

qui for the and analysis of data. Professor Mahalanobis strongly believed that to

be a good theoretical stalistician one must also compule and must thercfore have the best compuling aids. The

Insuitutc has lived up to this tradition rom the very beginning. In 1953, a smalt analog computer was designod

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

digital computer in [ndia. In 1958, a digiial computer URAL was received as a gift from U.S.S.R. Since 1956

tall mid sixtes. the lnstitute had been serving as a de facto national computer centre for the country (n carly

sixties. the Institule, in collaboration with the Jadavpur University. undenook the design. development and

fabication of a fully transistorised digital computer. called 1S1/U-1 which was commissioned in 1966 by Shn
M. C. Chagla. the then Mimster of Education, Government of Lndia

Quantitative analysis in Physical and Eanth Sciences was one of the novel ideas of Professor
Mahalanobis pursued in the Lrue spint of the Institute. In addition to evolving some interesting techniques and
ob(z:mng some very u\lcm-nng results from the analysis of directional geological data, the Institute also made
a by g the bones of a 16m (+) long sauropod dinosaur named, Borapasaurus
lagl'r('H from the lower Jurassic Koia tocks near Sironcha, Gadchiroli distict. Maharashtra. tn the sixucs.
The discovery has helped in understanding the interesting problem aboul the ongin and evoluuon of sauropod
dinosaurs. It 1n facL. represents te only intermediate form between the prosauropods and the sauropods. and is
cathod 2 *missing link” in the evolution of the sauropod dinasaur

The Institute expanded its research, teaching. training and project activitics and camed national and
intemational recognition over ime. The substantial contributions of the Institute 10 the quality of theorerical
and applied statslical work have culminated in the recogmition of the Institule by the Government of India
enacting "The Indian Statistical Instituie Act. 1959" (No.57) which declared the Institute as an "Instirauon of
National Importance™ and empowered it 1o award degrecs and diplomas. None other than Pandit Jawaharlal
Nehru, the then Prime Minisier of India. piloted the bill in the Parliament. With this recognition, the alrcady
existing Icaching and training programmes were consolidated and expanded and courses for the degrees of
Bachelor of Statistics [B.Stat. (Honours)] and Master of Statistics (M.S1al.) were staried from June 1960. The
Institute was also empowered 10 award Ph.D./D.Sc. degrees from the same time. Later on, courses icading 1o
Masier of Technology degrees were staned in Computer Scicnoe and in Quality. Reliability and Operations
Rescarch which also received formal recognition from lhc All lndm Counal for Technical Education (AICTE).
Subsequently, a Master of Science inQu was also i d In
of the excellen rescarch work done by the scientists of the Institule in several areas related to Stabstics. the
section 4 of the [ndian Sttisucal Institute Act of 1959 was amended by the Parliament 1n Scpicmber 1995 1o
empower the Instilute to award Degrees / Diplomas not only in stalistics but also in mathematics, quantitative
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economics. computer science and such other subjects related to statigtics as may be determined by he Lnstitute
from Lime 1o time.

The role and imp of ISl in ing and ing leaching of statistics has been
appreciated by international bodies as well. In 1950, the mernational Staustical Institule had initiated the
Intemational Statistical Education Centre (ISEC). Calculta, jointly with ISI, to impart training m Theoreucal
and Applicd Statistics to participants sclected from developing countries. The centre is run by 1S) jomtly under
the auspices of UNESCO, International Statistical lastitute and the Government of India.

Recognition of the Institute by the Act of Parliament provided greater encouragement 10 research
activilies not only in statistics and mathematics bul also in various branches of the nawural and social scicnoes.
wilhout whose live contact. it was believed. the methodology of stalistics could not grow to its curvent level. It
is also duc lo this fact that *Unity in Diversity” is adopted as the molto of the Institute. In view of these, the
Memorandum of Association of IS1 was first updated n 1976 and subsequently in 1995, The objectives of the
Institute as faid down in the Memorandum of Association are ;

i) 10 promote the study and dissemination of knowledge of statistics. lo develop statistical theory and
methods. and their use in rescarch and practical applications generally, with special reference 10
problems of planning for national development and social welfare;

i) to underiake research in various fields of natural and social sciences with a view to the mulual
development of statislics and these sciences; and

i) o provide for. and the collection of informati igations, projects. and
rescarch for purposes of planning and the improvement of efficiency of management and production.

iv) (o undertake any other ancillary activities in fulfitment of the objectives ). ii) and iii) above.

From the early days, the Institute has been in touch with many internationally famous scientists in
diffcrent disciplines from the world over. Some of Lhese scienusts have worked in the Institute for several
months or cven longer. Sir Ronald A. Fisher, 2 pioncer of modem statistics. was a regular visilor to the
Institute and lent it considerable support. Professor J.B.S. Haldane, a genelicist of interuational repute, was a
member of the faculty for several years beginning from 1957. At the inspiration of these stalwans and other
renowned scicatists, the Institute began to expand and/or underiake research activilies in several areas of
natural and social sciences with the hope that collaboralion under the same roof would foster the mutual
development of statistics and other disciplines. In fact, the Institute stood up 1o Sir Ronald Fisher who called
Suatistics a "Key Technology™ of the century, in view of its intimatc relevance 1o all scientific endeavours
which involve experimentation. measurement and inference from sample 1o aggregate.

Coming to more recent Limes, the Institute has continued lo pursuc ils goal of attainment of excellence
in the various ficlds of scicnce. Fundamental research in statistics with its roots in applications has been the
bottom line ever since the inception of the Institule. The contributions from the Insutule in multivariate
analysis, design and analysis of experiments, sample surveys, stalistical methods of data analysis and statistical
inference have found their places in text books and monographs. and the tradition continues. In addition.
probability theory and stochaslic processes have also been major arcas of rescarch in the Institute. The
theoretical mathematicians of the Institule, in addition to collaborating wilh the statslicians, are also making
fundamental contnbutions in several Relds - Topology. Functional analysis, Harmonic analysis. Algebra,
Combinatorics, Quanium Mechanics, Game Theory, to name some. The curtent trend of research in statistics
not only carrics forward the traditions sei up in the [nslitute, but is also setling new directions, both in theory
and apptications, in different disciplines.

The Institute has becn maintaining its tradition of high quality research and development in the ficld
of compuler science. In 1979, a microprogrammed signal processing system using Fast Fourier Transform
(FFT) was designed and developed. Keeping pace with the global advances in computer technology. the
activities of the Institute in the field of computer science gathered a tremendous momentum in the latc
seventies, resulling in diversification of research in differcni arcas including Algorithms and Complexity.
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Parallel and Distributed Processing, Fauii-Tolerant Computing, VLSI. Computational Geometry, Fuzzy Sets
and Systems, Cybemelics, Pattern Recognition. Neural Nets. Artificial Intelligence, Image Processing.
Computer Vision, etc. In recognition of ils contributions in the field of compuler science. the Government of
India established, in collaboration with the United Nations Development Programme (UNDP), ooe of the five
national Nodal Ceatres for Knowledge Based Computing Sysicms (NCKBCS) at ISI in the year 1988. Tbe
Institule also has the infrastructure for providing the most modem computational eavironment with facilities
for cmail. [niernel connection, efc.

The different disciplines under the Social Sciences also continued 10 develop and Nourish aver ime by
canrving oul basic research as well as inter and multi-discipli In ics, the Instituie has

come 10 be known as a specialized centre for ils signi ibutions in diferent branches of theory and
also (or studies on such areas as Demand Analysis, Poverty and Levels of Living. Measurement of lnequalities.
Production and Prices, Natonal Income and allied topics. Development and Planning etc. In Demography.
Scciology. Psychometry and Linguistics also the Institute maintained its distinctive feature for the focus and
emphasis on quantilative aspects. Mention may be made, in this context. aboul the pioneering theory for
teaching and training for the hearing impaired children. developed by Prof. Kostic. Based on this theory (he
Electronics Unit of the tnstitute, in collaboration with the Linguistic Research Unil and the Government of
Tripura. designed. developed and fabricated a set of instrumenis for the hard-of-hearing children of the
Institute of Speech Rehabilitation, Government of Tripura, Agartala. This has come 10 be regarded as having a
significant impacl on social welfare.

Plant and human biology have been the major areas of research in biological sciences. Both basic and
applied research are conducied. with emphasis on quantification. statistical design and analysis and
modelling. In the area of plamt biology. research bas included quantification of natwral variabilty and
roodelling. aniroal behaviour, effect of interaction of rice varicties on yield, use of prolein extracted from leaves
10 supplement human food, mathematical modelling of ecological and embryological phenomena. cic. In the
area of human biology. rescarches have included ic. genctic and bioch | studies on
population affinilics. micro-evolution. studies on utilising data on anthropometric variability in designiog car
seals. human adapiation to differing eavironments, human ecology and growth and genetic epidemiology.

With a view to ing i i ics for collection and analysis of quality survey data,
ing and ing with isations like NSSO. CSO. DoS. Planung Commussion, RBI. eic..
p ing Lhe growth of inter-disci research in suatistics and data analysis in the lnstitic, and

disscminating the methodologies (old and new) to the scientific, academic and research organisations, a Survey
Rescarch and Data Analysis Centre (SURDAC) has been established at the Institute in February 1997. Such a
centre would benefil the planning processes and rational development. In 1995, the Plan and Policy Rescarch
Unit (PPRU) was established under the Planning Unit at Delhi Centre which has already undertaken several
projects of national and inlermabional importance.

Qver the years, the SQC & OR Division has grown (o the size of having ten operating units all over
the country and have uniquely served for promotion, education and training and technical guidanee in Total
Quality M Methodology, Quality A Systems for the benefit of the manufacturing and
service industry over the decades. It has thus, as was intended. played a leading role in dissemination of new
concepts, methods and (echniques in the areas of Quality and Productivity.

The Central Library of the Institute is located at Calcuita with 2 network extending to other locations
of the Iasuute. Over Lhe years, the library of the Institute has atiained the distioction of being one of U
richest libraries in the country, particulady in the fields of statistics and relatod disciplines. The library has
devcloped a well-equipped Reprography and Photography Unit. The library's gift collections include the
persoual libranies of Professor P.C. Mahalanobis and Professor Walter A Shewhart The library has been
recognised as Ihe Deposilory Library for World Bank publications. A scparate coliection of books and journals
in Mathematics, Statistics eic., known as Bastern Regional Centre of NBHM has been developed out of the
grants {rom the National Board of Higher Mathcmalics. Computerization of library (acilitics has been taken up
which will certainly eahance the facilities for the users. Much more is on the anvil in this direction.



The Professor P. C. Mahalanobis Memorial Museum & Archives, which was inauguarated on Junc
29, 1993 by Shri P. V. Narasimha Rao, the then Prime Minister of India, hes been cstablished in Amrapafi on
the Instirutee campus in Calcutia.

The Documentation Research and Training Centre (DRTC) established a1 Bangalore in 1962 by the
late Professor S.R. Ranganathan, a doyen in the field of library and nformation science, is engaged in
rescarch, (caching and training in documentation and inforration science. The Institute awards post-graduate
diplomas in documentation scicnoes.

An index of the contributions of the Institute is the publication of many books and monographs, in
addition to a large number of scientific papers in national and international journals, receipt of national and
intermational recognitions of very high order by the scientists of the Institute in torms of awards, Litles, and
{e hips. and halding of prestigious positions in various scicntific organisations of higher leaming as well
as in governmental organisations both in India and abroad. With 2 dynamic group pursuing and guiding
rescarch work in some of the most modem lopics in stalistics, mathemalics. compuler scicnce. cconomics and
in various fields of natural and social sciences, there exisis a close interaction among the scicntists from ail
over the world.




Director’'s Report

During (he year, training in core areas of Statistics, Mathematics, Economics, Compuler Sciences and
other related fields was in full gear The scientific and technical workers kept a basy schedule wilh rescarch
activities, project works. case studies both in theorctical and applied siatistics as well as in other
interdisciplinary arcas. Scveral techniques for expl analysis of regression data arising in mdunml
socio-cconomic and biomedical studies have been developed. Non i¢ quantile regressi
developed in this conncction led 1o many interesting and useful results when applied to financial and
coonometric data oblained from the Reserve Bank of India and the centre for monitoring ndian economy. The
class of Stciner Triple Systems (STS) on 3' points constructed by our colleagucs Dr. S. Bagehi and Dr. B,
Bagchi amed out 1o be more than counter examples, this STS have lots of beautiful hyperplanes and subspaces
and these designs closely resemble and approximate (o the affine geomelry designs without being themselves
one such: an interesting siep forward lowards the serlement of a long unsolved problem.

The Plan and Policy Rescarch Unit (PPRU) established in 1995 under the Planning Unit at Dethi
Cenure of the Institute with an endowment fund of Rs. 2.00 crores from the Governmeni of India, apant from
developing some infrastructural facilities. has embarked, during 1996-97. on several projects of National and
International importance which include. impact of Economic Reforms on Productivity of rms specially the
stec! industry: Inter-regional disparitics and growth; Gender bias and differential employment opportunitics;
Agricultural (rades liberalisation and spatial P! with focus on rural developmcm Pwmoung
economic cooperation with ASEAN in the ping envil and Do cnvi 8
promote growth?

The Survey Research and Data Analysis Centre (SURDAC) created in 1996 at the Iastitute at Calcutia
has conducwd a sm:msﬁﬂ two day symposium in February 1997 on "Statistics as an Interface in
inary Rescarch : Methodology and Data Analysis™ with two focal themes - one on “Statisucs in
Pl:mmng and Policy Making™ and the other on "Statistics in Environmenl, Ecology. Wild Life and Natural
", The aim of this Symposium was to bring logether the policy makers in Lhe Government and other
organisations along with the scientists of the hmuml& 10 identify focal areas for munedxatc consideration for
Daa Analysis and Development of New as wel as i ive Slalistical gies in collaboration with
these organisations which include Planning Commission. NSSO. CSO. DOS, RBI and others. The SURDAC
has also embarked on projects during 1996-97 which include Markey Share Models. Social Networks, Soif
Resource Potential, Small Scale Indusirics, Human Uterine Cervix Cancer Dala Basc and Molecular
Epidemiology. 1t is hoped Lhat suitable endowment funds for continuance of the SURDAC at the Institule on a
long term basis will be reccived from the Govemnment of India and other Governmenta! Organisations.

Thc use of Slallsucal Quality Control and Reliability techniques in controlling loss and cost. and also
for improving and productivity in industries has generaled greal impetus to the quality control
movement in lhc country. The Institute with its cxpertisc in Lhe Quality movement in the country since 1953 is
providing wraining and consultancy through its SQC & OR unils spread over the country in all areas of quality
management and quality systems related to [SO-9000 centification. During this year 1996-97 scrvices for
designing and implementation of 1SO-9000 quality systems were rendered to 60 organisatons. The crash
programme for training of trainees undertaken as \he "Quality Mission Project” during the 8ih Five-Year Plan
period has been well reccived by Indusiry and a five fold increase in the number of panicipants in 1n-plant
training could be achieved by the SQC & OR Division dunng this period. A peer group appoinied for
feviewing its progress and achi its ion during the th Five Year Plan period
with, among others, some changes 1o focus on Lraining programmes and sysicms implementation to industnes
such as Leather, Food processing, Gems and Jewellery. Scrvice Sector. Small Scale Industries: and Quality
System Implementation for Financial Services including Banks, Heaith Management ctc. This
recommendalion has been accepted by the Section 8(1) Commitice for 1997-98. Efforts for export of our
consultancy services have been initiated. An agreement for providing such a consullancy suppon for oil and
gas industry in Nigeria is in the process.




In Computer Science and related areas, an epsilon siopping time for genetic algorithms has boen
detcrmined which provides a solution to a long standing problem of evolutionary computation. A new measure
called "Roughness of Fuzzy Sets” is provided for handling vagueness and uncenainty in real Iife problems in
stronger soft computing paradigm. A povel confocal laser scanning microscope (CLSM) image processing
sofiware has been developed with a view to automatic detection of prostrate cancer. The automalic reading
system for printed Bangla has been exiended to read Hindi (Devnagari) printed documents.  Several new
lnpologws for pmllcl processing along with d]icmu parallel algorithms for various applications including

analysis, signal processing, image p g ave been developed. Several i ing results have
been obtained on remote seasing and dala analysis maurwsphencmd wave propagation.

Important contributions have been made by colleagues in wonomlc lheory international trade,
econometrics. macro and growth, industrial ics, planning, ical systems, finance,
porerty and agricultural economics.

The fastitute also undertook scvml externally funded projects of nalional importance from different

and non g i These include Genetics of quantity Lraits of commercial
xmponzne:oflhc Snlk Worm (CSB)," P of statistical technique 2s an aid to geological mapping -
(CSIR). A study of mathernatical lechniques in waler wave problems - (CSIR), Development of thin film on a
rotating disk - (CSIR), A knowiedge based computing - (CSIR), A neuro fuzzy image recognition system :
P for forensic applications - (CSIR), Poverty assessmenl in India - (DOS), Molecular

epistasis and Lhe human globin gene clusiers with special reference 1o hacmoglobinopathies in eastern [ndia -
(DBT). Studies on the PBL dynamics using sodar & towes dala - (DST), Development of computer algorithms
for recognition & interpretation of sodar pattern - (DST), A knowledge based frame work for diagnosis &
therapy planning using multimodality medical imaging - (DST), Large amplitude ion & clectron acoustic
waves in relativisic plasma - (DST), Development of software package : handling uncentaintics for machine
inierpretation of ill defined structures present in gray level images (DEAL Dehradun), Indepth studies on Lhe
levels of development of schedule castes and schedule Lribes (Ministry of Welfare, GOI), Rice based cropping
syslmsnm«smnmfedrtyonsofcaﬂemlndunplamu(!RRl).Dcvclopnulo(CADloolsfov

of (i) logical cq of library elements and (ii) identification of false path in a switch leved
Mwori-(Mo(omha.llT Kharagpur), Unsicady surface waler waves in ocean - (UGC). Sustainable
ivelihood studies under envil I stress in castern platcau of India - (UEA, UK), Change in livelihood

trajectories - (UEA, UK), Evaluation of rainfed farming project - (ODA, UK). Survey of the possibilities and
prodlems of small industries in Birbhum district - (Small Industries Corporation, GovL of West Bengal), Base
line asscssment study (or the district primary education programme - (Government of West Bengal), Gender
study for the DPEP - (Government of West Bengal), Efficient VLS) layout design (Motorola India Electronics
Ld.).

In appreciation and recognition of high standard of research and scientific excellence maintsined by
the researchers of the lnsululc several faculty and scientific workers of the Institute roccwed laurels in the
form of awards and fellowships from Insti isations of National and | i

Professor K. R. Parthasarathy continues (o be with us as INSA C.V. Raman Professor and he won the
prestigious Third World Academy Sciences Award for his oulstanding research contributions. Professor V.S.
Sunder who had been with us till recently (presently at Mat-Science, Madras) was awarded the S.S. Bhatnagar
Award of the CSIR for his work done al the Institute. Professor B.L.S. Prakaca Rao received the outsianding
Alumai Award from the College of Nalional Science, Michigan Siate University, USA. Several other
colleagues and young faculty members reccived Young Scientists Award and Fellowships, Associate Awards
from Scienlific bodies such as INSA, Indian Academy of Sciences, Instiluie of Blectronics and
Telecommunication Engineers elc.

Tt has boen & practice for the Institule to share its expertise and its facilities with colleagues and
scientists from other institutes, vniversities, colleges and research organisalions. Following this view, various
summer/winter schools, seminars, workshops, lecture series and conferences were held during the year 1o
disseminate new resulls obtaincd ss well as o strengthen Lhe research, project works, case studies and
consultancy work of the Institule with fresh ideas.



The Stai-Math. Unit : An jonal Workshop on *P ion theory" at Dethi. A
winter school on "Logic and computer science” al Calcutta. an [nicmational Symposium on "Probability and
analysis® a1 Delhi. workshop on “"Optimal i design with icati jointly with Applied
Sutistics Unit a1 Sambalpur University, the regional mathemaucal olympiad at Calcutta and other centres,
National Mathematical Olymplad 1997 a1 Calcutta. The Applied Statistics Unit conducted : A School on
"Sample survey” al Calcutia, an UGC Refresher Course for College/University teachers and researchers al
Calcutta, a (raining programme on “Small area statistics® for scnior/middle level officers of the DOS (GOI) at
Calcutia. a Workshop on "Dircctional data analysis® a1 Hyderabad. The Social Sciences Division organised the
following : A state level disscmination seminar “On policy implications based on NFHS. West Bengal® al
Calcutta by Population Studies Unit with IIPS, Mumbm A summer school on “Advanced cconometnc

ques and their applications”, a Confe on "l reforms in India®. and a Special Seminar
discussion on "The mle or iMF in Indn and world economy®, by the Economic Research Unit at Calcutta. A
seminar on "Recent advances in quantitative methods and their applications to indian economic studies® by the
Economic Analysis Unil at Bangalore, A symposium on “ltem response (heory and ils applicalions” by the
Psychology Research Unit at Cakeutta. A workshop on “Staustical and computational intervention in language
1n a phural society : The case of [ndia™ by the Linguistic Research Unit at Calcurta. The SQC & OR Division
conducted a special programme on QS-9000 for participants [rom various industrial units, a wintes school on
"SQC & Reliabitity* a1 Calcutla.

The Institule inviles a distinguished statistician every alternate year to deliver the presiigious
Mahalanobis Memorial Lectures here and at our centres al Delhi and Bangalore. These lectures were delivered
this year by Professor James Berger, till recently Richard M. Brumficld distnguished Professor at Purdue
Unuersity and now at the Institute of Statistics and Decision Sciences, Duke University. Durham, USA  The
main (heme of his thought provoking Lalks was "Bayuian Statistical Analysis®. Professor Berger dwel upon
the recent develop n the C jonal Statisucal Analysis. focusing mainly on Bayesian hypothesis
testing and mode! selection techniques.

Regarding the Ieaching and Iraining activities of the Institute. during the year. 9925 candidates
applied for admission lo various courses offcred by the Institute including B.Siat (Hons.), M.Stal. (M and §
streams), Master of Science in Quanitative Economics. M.Tech (Computer Scicnee). M.Tech. (Quality.
Reliability and Operations Rescarch). eic.. A total of 5889 candidates finatly appeared for the admussion lests
conducted at 21 different centres all over the country. A total of 424 candidates qualified for interview for
final selection. Based on the academic record, performance in Lhe wrilten lesis and intervicws a tofal of 218
candidates were offered admission 10 various courses leading 1o degrees and diplomas during the academic

sesston under revicw, [t may be ioned here Lhat ged by the recent dment of the ISI Act 1959
by Parhamcm in I995 nhnch empowers the Institule to award degrees and diplomas not oaly in Satistics but
also in M ics. Computer Science and such other subjects refated (o Statistics:

as well as to mect some of Lhe needs of the country for development of human resources and rescarch. a iwo
vear Masters Course in Quantitative Economics was introduced by the Institute in 1996. Recruitment of
facully. cssential scientific, lechnical and adminisirative staff based on the minimal necds of the Jastitute 15 in
progress.

The International Statistical Education Centre (ISEC) is run by (he Institule as an associate

under the R ions of the of Association of the Institute jointly with the

International Statistical Institute under the sponsorship of the UNESCO and the Government of India since

1950. Al present the Centre is conducting its fiflieth term with ten foreign irainees. Due to discontinuation of

the fellowships by the Government of India under SCAP and ITEC programmes, representations (rom the

Affrican countries is conlinuously absent during the last threc years. The Institute has approached the

G to restore these scholarships as there are requests from UN Agencies and African Government for
such a training and recently the Government has agreed to restore the same.

As far as the financial position is concerned, appreciating the new budget control mechanism adopted
by the [nstitute, the Governmenl increased the non plan budget of the Institute for 1996-97 reasonably so far as
(he salaries and other atlowances are concerned. However, the amount approved under the head “non salaries
items” is less than the minimum requised by the Instituie for this purposc. The approved plan budget for
1996-97 is slightly more than that of the carlier year. | am happy 10 inform thal the approved plan budget for
1997-98 is substantially higher than that of 1996-97. 50 as 1o enable the [nstitute (o undertake a)l the imporant

8



proposed plan projects/schemes in almost full capacity and for development of infrastmctural facilities
including computer networking using opticat fibre.

Subsiantial progress on the construction of the new guest house at Calcutta was made and it s
expected to be ready in 1997, The construction of D' type quarters at Calcutta was completed and alloed o
colicagues. An additional floor on the hoste! building at Bangalore Centre is being construcied.  Residential
accommodation at Bombay has been bough for furtherance and strengthening of the Quality Control and
Rehability consultancy services. INTERNET connection for rescarch work was installed at Calcutta and Delbi
Cenire of the Institute and is expecied also to be installed soon at the Bangalore Centre of the Institute.

As a recognition of the excellent research work done by the scientists of Lhe Jnstitole in several areas
related to Statistics, the Council, the General Body of the Institute, the Govemment of India, and the Registar
of Societies, West Bengal approved regrouping of the Units of academic, scientific. project and administranve
service activities of the Institute into eleven divisions under the new Memorandum of Association (MOA) of
the Institute effective from 1996. The Council of the Institute, as per the new MOA, has been formed with
effect from 18 September 1996 for a term of iwo years. In this new environment the Institute has a dynamic
rolc 10 play for furtherance of the excellence of the Institute in the above and related areas for planeing .
national development and social welfare.

Our Institute is nationally and internationally recognised as a centre of excelience both for its
theoretical contributions lo Statistics and related areas as well as applications of Statistics. We all pledge 1o
uphold the standards and keep the banner of recognition high. “WORK IS WORSHIP* AND "UNITY IN
DIVERSITY" should be our mottoes.

31 March 1997 (S.B.RAO)



PART |. TEACHING AND TRAINING, CONVOCATION, RESEARCH AND PUBLICATION

1. TEACHING AND TRAINING

Degrees and Other Courses

A bricf account of icaching and training activities of the Teaching and Training Division dunng the
period {rom 1 April 1996 10 31 March 1997 is given below :

During the academic session 1996-97. 9928 candidates applied for admission and were called for
writlen scloction tests for the various courses offered by the Institutc. viz.. B.S1at, (Hons.), M.Stat. (M-stream
and S-stream). Master of Science (M.S.) 1n Quantitative Econonics, M. Tech. in Computer Science. M Tech.
in Quality. Relability and Operations Rescarch. Two-ycar Pan-time Post-Graduate Diploma in SQC and OR
(Chennai). Rescarch Fellowships in  Stalistics, Mathematics, Economics. Computer Scienct and
Communication Scierces. Theoreucal Computer Science. Physics and Applied Mathematics. Anthropology.
Goology. Sociology. Biomeiry and Statistical Quality Control. and Operations Rescarch. One Year Pani-time
Course in Statistical Mcthods and Applications and the course on Opcration and Programming of Aulomauc
Data Processing Equi Adnussion tests were al 21 different Centres all over the country. A
total of 5899 candidates finally appearcd for admission lests and a total of 424 candidates who qualified in the
wniten fesis were called for interviews. Based on Lhe performance in the wnitien tests and the interview, 218
candidales were offered admission 1o various courses during Lhe academic session under revicw.

Apant from Lhe above. for the course in Documentation and Information Scieace (DIS). candidates
were chosen through an initial screening followed by an interview. Six candidates were finalty selected

The annual examinations for all the regular courses were held in May/func 1996. The 1996-97
academic session commenced on 1t July. 1996,

One hundred and seven candidaics received their degrees and diplomas at the Thirty first Anmual
Convocation of the Indian Staustical [nsiitutc held on 31 March 1997 Seven rescarch Fellows were awarded
Ph.D. degree of the Indian Statistical Instituie. Also during the samc vear five of the Research Fellows of the
Institute obtaincd their doctorol degree from acadcmic bodics other than the ISI,

‘The number of candidates admitted to the different dcgree. diploma and Iraining courscs in 1995-9
and 1996-97 and the number of students passed in the annual examinations in 1996 arc given below.

Twenty-six trainees in Enginecring and Technology from various Universities (Rourkella Eng.
College. Jadavpur University, LLT. Kharagpur. Birla Institvie of Technology, Ranchi. Indian School of Mincs,
Dhanbad. University College of Engincenng. Orissa, Benaras. Malaviya Regional College. Jaipur. Motilal
Nehru Regional College. Allahabad, Regional Engineering College. faipur, Durgapur) roceived a six-woek
practical training in the different Computer Scicnce Units of the Institte. vie.. ECSU, CSU. EU. CVPRU.
CSSC. MIU, SQC (T and P). Besides 8 MCA and M.Tech. students (from Regional Engg. Collcge. Rourkella.
North Bengal University. Assam Engg. College) did their six months project work in the above Computer
Scicnoe Units of the Institute.



NUMBER OF STUDENTS ADMITTED AND PASSED IN DIFFERENT COURSES

Nomber of Students
Courses Enrolled Passedinthe  Entolled
in annual exam. in
1995-96 in 19% 1996-97
(3} [v)] ™ (4
Degrees
L Bachelor of Statistics with
Honours |{B.Stat. XHons.)|
181 year 36 36 16
2nd year 0 27 16
Ird year 10 8 n
2 Master of Stalistics (M.Stat.)
18t year (M-stream) 1L 14 8
15t year (S-stream) N 3 20
2nd year 30 27 6]
kX Master of Science (M.S.) in
Quantitative Economics 17
4 M.Tech. in Computer Science
1st year 21 19 2%
nd year 2 2 2
S. M.Tech. in Quality. Reliabitity
and Opcrations Rescarch
Ist year 16 14 16
2nd year 1’ 1] 13
Centificaie/Diploma/
Associateship
6. Coursc on Opcration and
Programming of Automalic
Data Processing Equipment
1t year 12 12 15
2nd year 12 9 12
1 Pant-time Centificaic/Diploma
Course in Statistical Quality
Control and Operations Research
Madras - (sl year 6 6
nd year - 6 6



m ) &) (D}
8 Course in Documentation and
Information Science (Bangalore)
Ist year 9 9 6
20d year 10 10 9
9. One Year Pan-time Course i Statistical
Methods and Applications
Calcutta 2 16 19
Hyderabad 3 " 4l
10. Six-month Part-time Course in
Statistical Quatity Control
Bangalore {Jan.-fune 19%6] 16 15 3
Bangalore [July - Dec. 1996] 3 3 b1)
Hyderabad [Aug. ‘94 - Jan. 1995] 17 §] .
Hyderabad |Sep. ‘95 - Feb. 1996) 2 17 .
Hyderabad [uly '96 - Dec. 1996) - . 2
11. Intensive Course in Programming and
Applications of Electronic Computers 6 6 12
12 (a) Statistical Assistantship (Jaa. '96 - Sept. 1996) 13 1 13
(b) Junior Diploma in Statistics | January 1996) 8 4 42
Fellowships
13 Junior and Senior Research Fellows.
Visiling Fellows, Post-doctoral Fellows
and Rescarch Associales in different
discipline 95 12 2
GRAND TOTAL 593 368 534




Ph.D. Degrees Awarded

(A) PILD. Degrees awarded by the Institute ;

iy Anish Sarkar : "Some problems of continuum percolalion”
Supervisor  Rahul Roy. ISI. Calcuita

i) Samir Kumar Neogy : *On some gencrolisations of the linear comp
problem*®

Supervisor : §. R. Mohan, 1SI. Delhi.

i) Tirthankar Bhatiacharyya : "Some problems in joint spectral theory”
Supervisor * R Bhatia, [S1, Delhi.

)  Anpkumar Pal : “On some quantum groups and their representations™
Supervisor : K.R. Parthasarathy, ISI. Delhi.

v)  Bimal Kumar Ray : “Polygonal approximation and scale-space analysis
of closed digital curves *
Supervisor : K.S. Ray. (SI. Caleutta.

vi)  Dipti Prasad Mukhopadhyay : *"On detection and use of reflectional summetry in
computer vision”
Supervisor : D. Dutta Majumdar, 1S1. Calcutta

vii)  Sundar Maddala : *The Fouricr transforms of very rapidly decreasing
functions on centain Lie groups™
Supervisor : A. Sitaram. 1S!. Bangalore.

{B) Ph.D. degrecs awarded by other Universitics to the Rescarch Fellows of the Institute :

i} Dyuti Prasad Dolai ! " A study of some problems on propagation and gene-
ration of water waves”
Supervisor : B. N. Mandal, IS1. Calculta.
(Awarded by Calcutta Umiversity)

iy Pabitra Banik : "Studics on paddy based cropping system under different
agronomical prachices in Easiern Plateau area”
Supervisor  D.K. Bagehi, 1S), Caleutia.
(Awarded by Calcutta University)

i) Sauren Das : "Cenain aspects of morphology. anatomy and palynclogy
of some mangroves and their iates of Sunds
West Bengal®

Supervisor . Monoranjan Ghosh. 181, Calcutta.
(Awarded by Calcutta University)



iv)  Prasanta Chatierjee : “Non-perturbative Approach 10 Solitary waves in
Plasma™
Supervisor - RK. Roy Choudhury, 151, Calcutia,
(Awarded by Jadavpur University)

v) Anjana Sinha : "Some Probtems in Supersymmetnc Quantum
Mechames and Quantum Ficld Theory 1n Flat and
Curved Spaces™
Supervisor . RK Roy Choudhury, ISI, Calcutta
(Awarded by Jadavpur University)

International Statistical Education Centre (ISEC), Calcutta

The ional Statistical E ion Centre was established in 1950 and is operaled jointly by the
Treernational Statistical Inststute and the Indian Statistical Institute. under the auspices of the UNESCO and
the Government of India. The Centre functions under a Joint Board of Dircclors of which Professor P C.
Mahalanobis was the Chairman since the inceplion of the Centre in 1950 until his death in 1972. Since then
Professor C.R. Rao has been the Chairman of this Board. During 1996-97 the Board of Dircctors consists of
Chainman : C.R Rao, Members . D.R. Cox, President. Iniernauonal Statistical [nsttute, 181, Netherlands. A.
Hawkins (Psesident. [ASE). Z.E Kenessey (Director. 181), Secretary. Depaniment of Statisties, Govi of India
(representing the Govt of India). S.B. Rao (Dyrcctor. Indian Statistical Institute) and P. Mukhopadhyay
(Member-Secretary) of the Indian Statistical Institute.

The Centre provides Iraining in Theoretical and Applied Statistics at various levels to selected
participants from the countrics in the Middle-East. South and South-East Asia, the Far East and Lhe
Commonwealth countries in Afnca.

The Centre offers a ten-month (Junc lo March) Regular Course of training every year The Course 1§
divided into lwo parts. The first cight months are devoied (o Iraining on general statistical methods including
six-week training in Official Statistical Systems conducted by the Central Statistical Organisation. Government
of India. New Delhi. During the remaining (wo months, cach traince specializes tn onc sclecied branch of
applied statistics, like Large Scale Surveys, Data Processing, Economic Planning. Statisucal Qauhty Control
and Opcrations Rescarch, and Vital Statistics and Demography The course is offered through lectures.
practical work and assignments, ficld visits. and guided reading.

In addition to the Regutar Course. a few persons are admilted from time 1o time. on an ndividual
basis. for Special Courses of varying duration (generally, 3-6 months) and in different ficlds. Facilitics arc also
available for rescarch work and advanced study by senior visiting statisucrans from abroad.

During the year under review. Lhere were [0 trainecs in the Regular Coursc from 3 countrics.

Maldives 4, Bangladesh 2. Sri Lanka 4.



Since inception, the Centre has provided Lraining 1o about 1249 Irzinees and their countrywise
distribution is shown below :

Alganistan 18 Israel | Solomon Island 1
Australia 1 Japan 2% South Africa !
Bangladesh 27| |lordan 1 Sri Lanka 151
Bhutan 26| |Kenya 4 Si. Christopher Nevis- 2
Brunci 16 Republic of Korea 4] Angolla

Burma (Myanmar) “ Laos 5 Sudan 2
Kampuchea ) Malaysia 20 St. Lucia 1
Republic of China S| |Malawi 4 Swaziland 4
(Taiwan) Mauritius 2 Syna 1
Peoples’ Republic of $|  Maldives R Seychelles |
China Nepal 15 Tanzania 36
Ethiopia 7 New Zealand | Thailand 53
Fiji Islands 19| |Nigeria 58 Uniled Arab 2
Gambia 10 Pakistan 64 Republic

Ghana 3| |Philippines 9 Uganda K]
Hong Kong 15 Papua New Guinea 2 VAE (Abu Dhabi) 4
India 241 [Sarawak 1 Victnam 19
Indonesia 64 i 17 Wesiem Soma 2
Iran 2 Sierra Leone 9 Zambia 3
Iraq 5| |Somaha 1 Zimbabwe |

Mayority of the candi have been supported by Fellowships awarded by the Gowt. of India. mainiy

under the Technical Co-operation Scheme of the Colombo Plan. the Special Commonwealth Afncan
Assistance Plan (SCAAP), Indian Technical and Economic Co-operation (ITEC), Aid to Sri Lanka and Aid to
Maldives. In recent years. a number of fellowships have been awarded by the Commonwealth Fund for
Techmeal co-operation (CFTC). Commonwealth Secretarial. London Since \he opening of the CEntre in
1950. altogether 649 ISEC trainces have been awarded Colombo Plan and SCAAP fellowships. 75 ITEC
fellowship and 36 Aid To Sri Lanka fellowship.

1996-1997 (S0th Term of Regular Course)

Number of

Country Applicants  |Candidate offered admission Candida\c joined
Bangladesh 3 2 2
Myanmar 2 . .
Ivory Coast 1 1 .
LaoPDR | 1 -
Maldives s 4 4
Sri Lanka 4 4 4

Total : 16 12 10

The Convocauon of the SOth regular course of ISEC was held on 3isi March, 1997. Al the Regular
Coursc trainces were awarded Statistical training Diploma.



Professions! Examinations Io Statistics

The Indien Statistical Ingtitute holds Professional Examinations in Statistics in the theory and practice
of analysis of statistical data for the external candidales on the basis of some mode! guidance for the award of
following certificates and diplomas :

1. Statistical Assisiantship Certificate
2. Junior Dipioma in Statistics
3. Senior Diploma in Statistics

*By the decision of the Academic Council of ISI. aew registration for Statistical Assil hi
Centificate examination were discontinued from July 1995.

These examinations are scparate from. and independent of the examinations held for the award of
degrees, diplomas and certificates on the banis of Lraining given by the Institute.

The Government of India recognises the Junior Diploma in Statistics as equivalent 10 a Bachelor’s
degree in Statistics and the Senior Diploma in Statistics as equivelent to a Master's degree in Statistics.

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

The total number of candidates and their results for Scpiembes 1996 1erm only of the examinations
arc shown below. The results for April 1997 term are under process for immediate finalisation.*®

[— [ Number of Candidates ]

Examinalions | Registered | Appcared Passed '4‘
Sepiember | April ‘ Sepiember | April Scp(cmbcv’ m
199 1997 1996 1997 1996 1997
1. Statistical Assistaniship Certificate § 4 5 14 1 L]
2. Jumor Diploma in Stausics “ 66 2 - ) e
3. Senior Diploma in Statistics 6 10 4 . - o
*  Passed in ooc or more papers only. not i leted the

*¢ April 1997 (erm just completed and resull not yet been published.

Preparation for the next term Professional Examinations scheduled to be held in November/Docember.
1997, is under way. Preparation of the Madel-answer booklel 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
the Professional Examinations in Stalistics including the result of Scpiember 1996 term are 486 and 278

respectively.



2. THIRTYFIRST CONVOCATION

Indian Statistical Instilute held its Thity First Convocation for awarding the Ph.D.. M.Tech.
(Computer Science), M.Tech. (Quality. Reliability and Operations Research), M.Siat. B.Stat. (Hons.) degrees
and Diplomas, Associateship etc. on March 31, 1997.

Professor M.G.K. Menon, FRS, President of the Institute presided over the Convocation and awarded
Degrees, Diplomas, Associateships and Awards to the students. Professor .S.B. Rao, Dircctor of the Institute.
presented annual review of leaching and raining activities of the Instiwte. Dr. C. Rangarajan, Governor,
Reserve Bank of India delivered the Convocation address. In his address Dr. Rangarajan highlighied the
context and objectives of Monetary Policy in [ndia.

The number of students who obtained Degrees. Diplomas. Associateships and Awards in the
Convocation are given below :

Degree/Diploma/Associaleship Number of candidates

Doctor of Philosophy (Ph.D.) 7
Master of Technology (M.Tech.) in Computer Science i
Master of Technology (M.Tech.) in Quality, Reliability and Operations Research 1
Masicr of Statistics (M.StaL) 2
Bachelor of Statistics (Honours) [B.Stal.(Hons.)| ]
Diploma on Operation and Programming of Aulomatic Data Processing Equipment 9
Associaleship in D and Information Scicnce. Bangal 0
Professional Examinations in Statistics - Junior Diploma in Stalistics 4
ISEC Regular Course 10

Total : 107

AWARDS 199

1. Award ol N i ional St ium on Statistics prize 10 the most outstanding M. Stal studeat

of Statistics of the Institute :
Debashish Goswami

2. Award of [SI Alumni Association Prizes 10 the outstanding students of the Institute :

B.Suat. (Hons.) : Riluparna Sen
M.Stat. © Debashish Goswami
M.Tech.(CS) : Subhamoy Maitra
M.Tech. (QROR) : Sirshendu Biswas



3. RESEARCH AND OTHER SCIENTIFIC
ACTIVITIES

The major thrust of the Institute is on research in various disciplines comprising Lheoretical statistics
and sutistical 3y i ing both intemal and exicrnally funded projects in diverse
fields of applicati 1 and collaboration with several scientific organisations and industrics. For
scademic and administrative convenicnee these are grouped in the Divisions lisicd below. It may, however, be
menuoned Lhal scientists belonging 1o 8 Division carry out independent as well as collaborative rescarch with
scientists belonging (o other Divisions.

Theoretical Statistics and Matbematics Division, Applied Statistics Division, Physics asd Earth
Sclences Division. Computer and Communication Sciences Division: Biological Scicnces Division: Social
Sciences Division, Statistical Quality Control and Operations Research Division; Library, Documentation and
Information Sciences Division. There is aiso 8 well cquipped Computer and Stalisucal Services Centre (CSSC)
which manages the VAX system, e-mail and internet facililics and provides compuling and statisuical services
10 rescarchers. This supplements to 2 large exient the computer facilitics slowly being developed within the
unils for easy and quick access. The Inslitute is planning 10 have a complete network of the facilities. In view
of the growth of some new disciplines. Lhe Council of the Institdc reorgnised Lhe divisions and also the
diffcrent units belonging to the respective divisions.

A brief account of the research activilies 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 Hydersbad has 2 major rof¢ in
teaching Probability. Statistics and Mathematics in the B.Stal.(Hons.), M.Stal., M.Tech (CS). M.Tech.(QR &
OR) and other courses of the Institute. The Division also conducts courses for 34 scmesters at an advanced
level for research fellows cneolled for Ph.D. degree of the Institute. The unit in Calcutta regularly conducts 2
weekly colloquium with speakers both from within the unit and outside. The Division regularly conducts
workshops, summer/winter schools, refresher courses and conferences with exiensive interaction (rom
academics from various organisations both in India and abroad, funded by exicrnal agencies as well as by the
Institute, the details of which for the year under review arc given clsewhere. The rescarch activities of the
Division are in Probability theory, Theoretical Statistics, Stochastic processes, ical Stochastic
Modclling. various branchics of pare mathematics such as Algebra, Functional analysis, Combinatorial theoty,
1o mention some broad areas. Several members also provide statistical consuliation to other uaits in IS! or
other organisations.

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

Caleutta Unit

The main areas of research are as follows.
Mathematics

Commutative Algebra, Geometry of Banach Spaces, General Topology, Algcbraic and Differental
Topology. Topology with emphasis on Function spaces, Equivariant plus construction and acyclic maps,
Gromov Lheory on pantial differential relations, Quantum groups, Uncenainty principles on Nilpotent and
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Solvable Lie groups, Wicner Tauberian Theorems in Scmisimple Lic groups. Equivarian! Cobordism,
Stochastic Differential Geometry, Descriptive Set Theory, Automata Theory, Theoretical Computer Science,
Harmonic Analysis. Ergodic Theory, Functional Analysis. Operator Algebras, Differential Geometry, Specira
of Laplacians. Sediment Transpont, Graph Theory, Combinatorics and Construction of Designs, Random
partitions, Markov Chain Monte Carlo methods and application to Social Nelworks.

Probability Theory and Stochastic Processes

Limit theorems, Rates of gence and ions, Siochastic Integrals, Markov Processes and
Dynamical Systems. Stochastic Dxﬂennual Equauons. Random Walks, Flmlcly Additive Probability,
Probabihty i ities and gale theory and Stochastic caloulus, Markov chatn
simulation.

‘Theoretical Statistics

Asymplotic theory in Suusucs Sequenual Analysis, Bayesian Inference. Ranking and Sclection,
Cramer-Rao type Integral | i iate Analysis, N ic Inference. Inference in
Stochastic Processes, Directional Data Analysis, Optimal Designs and other aspects of Experimental Designs,
Suncv Sampling, Survival Analysis, Tlmc Serics Analysis. Bootstrap, Jackknife and other resampling

P ic and Nonp ion Techniques and related topics, Bayesian nonparametric
suusmx and estimation, Bayesian scmnpmmcmc inference and Inference with many nuisance paramefers,
Robust Bayesian Analysis, Reliability theory, Applications of Statistical and graph theoretic techniques (o
Social and Biological Sciences.

Some major contributions from Lhis unit are as follows.
Mathematics
1. Algebra

Investigated the kemel of a non-2cro locally nilpotent R-denvation of the potynomial ring R{X,Y]
over a noctherian integral domain R 1f R is normal, il is shown that the kemel has a graded R algchra
structure isomorphic 1o the symbolic Rees algebra of an unmixed ideal of height one in R and conversely, Lhe
symbolic Rees algebra of any unmixed height one ideal in R can be embedded in R{X.Y] as the kemel of 2
\ocally nilpotent R-derivation of R|X.Y]. In panticularthe result shows that (he kerel need not be finitely
gencrated over R The question of finite gencration of the kernel and its connection with the class group of R
is discussed with cxamples. A neocssary and suflicient condition for the kernel lo be 2 polynomial ring. in
general, is given. Minima) sufficient fibre conditions for a finitely generated flat algebra over a noctherian
domain 10 be locally A", or al least an A', fibration and he structure of locally A'. algebras are being
investigated.

2 Harmonic Analysis on Lie groups

A result on a Mathematical Uncentainty Principle on R and the Heisenberg group - appear particularly
inicresting as it shows a near equivalance of an integral form of smallness introduced by Cowling and Price for
a function fand ils fourier transform { simultaneousty wilh the classical pointwise estimates.

i Topology
Hopficity and Cohopficity of certain spaces with group actions were determined.
Grassman manifolds which are nilpoient were also determined.

TFunction Spaces from Topological, Functional Analytical and Measure theoretic poinis of views were
studied. The intensive study of bounded open lopology on C(X) . the set of all real valued continuous functions
on an asbitrary Tychonofl' space. descrves special mention.  The importance of the Lopology vis-d-vis other

Jl-known and well-studied topologics has already becn brought out. The study is sill continuing and s

expected 10 bring out some surprising results.
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4 Functional Analysis

Rescarch was donc on the problems dealing with asymptotic norming propertics of Banach spaces,
tensor product chacacterizaions of smooth spaces cic. Thesc topics are smponant because they help o 1o
clarify onc’s und ing of the long-standing cony in Banach Space theory that the various asympiotic
normung propertics and the Radon-Nikodym property are cquivalent.

s. Theoretical Computer Science

Work on cellulor automata (CA) continued. The relation of two-dimensional CA with Gand G°
game has boen studicd and necessary and  sufficient conditions for invertibility have been oblained. An
extensive study of multi-dimensional CA has been cacned oul and nteresting resulls regarding ther
invertibility and conncction wath number - theorclic properties have been obtained CA-based architecture for
efficrent multiplication and inversion in finitc ficlds have been proposed.

Probability Theory & Stochastic Processes

Probability results (Random Walks; Zero - onc laws) in the finitely additive Strategic set up were
developed.

Limits of lutions of probabilities on the space of siochastic matrices were oblained
Vanden Berg - Kesten inequality in conti (Boolcan) p model has been obtained
Work on the ions between Stochastic Calculus. (Schwanz) distribution theory and local umes

continucs. One of the outcomes of this research is a precise rendering of the physicist's tierpretation of the
local time There are other consequences. Attempis atc on to show how the diferent resulis on inlersection
local times obtained by Marcus & Rosen. Yor. Yor & Legall can be viewed in a consistent manaer Work on
“applications of lost entrance imes' (o reliability and degrading phenomena continues.

New p y matrices arc d on 1, with applications (o rob investigations. Work is
continuing to show that these matrices topologize weak convergence.

Theoretical Statistics
1. Nonparamelric Analysis

Method of Successive Projecting in non-parametric discriminant analysis improves resulls obiained by
Hastic et al (1994). This mcthod serves to achieve better accuracy than other cxisting classifiers in most of the
examples that have been looked at.
2. Design of Experiments & Lincar Models

Research work was carried out (o obtain Optimal Diallel Cross Designs and Ophmal Block Designs

Balanced nested row-columa designs, Nested BIB designs and Balanced Bipartite Weighing detigns
were constructed.

Optimality of block designs. row column designs. desigas under non-orthogonal row-column set wp
were studied.

A study on partitioned linear model and some associated reduced models was made. The coitcidence
of i on the cstimated lincar p. ic functions under full modcl and reduced model was also
examined.
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). Sampling Theory
Work continued on various aspects of Sampling Theory.
4, Applications

Work continued on application of graph theory to socml networks. Nonuniform bounds in CLT and

some problems retated to quality control iated wilh d: ion of measured ch istics are being
studied.

Various exploratory data analytic tools (o7 anaiyzi ivariate dala and ion modcling have

been developed. These techniques are quite useful in analyzing economelric data as wcall as data ansing from
biomedical studies.

11. Projects Undertaken

|8 Exploratory Genceralized Regression

P ) that are appli 1o ion scl-up involving high
dimensional data have been developed and studied. The methodology dcvcloped is usc(ul in analyzing data sets
that arisc in biological, physical. p gical. industrial and ec igations. Data analyuc tools

developed include likelihood based and quantile regression based gencralization of kernel, nearest neighbour.
local polynomial and tree structured techniques as well as some relaled cross validation proceduses. The
performance of the procedures when applied [0 real data has been evaluated critically.

Exploratory regression analysis of high dimensional data using average derivative nonparametric
quantile regression has been developed and studied in detail. The technique is useful in survival analysis and
eoonomelric studics. Adaplive sequential designing of nonlinear experiments and analysis of dependent
sequence of data g d from such experi have becn investigated. Findings ase of critical importance
in chemical cnginecring and biochemical studies, where one is interested in gaining insights into various
reaction mechanisms undeslying ihe chemical and the bio<chemical processes.

In addition to collaborative research among (he scicntists and the research fellows of Indian Statistical
Institute. there has been fruitful collaboration with scucnusls based i in Universities abroad. Several research
articles have been published or accepied for publication in 1l-k journals. Dr. Probal
Chaudhuri of the Stat-Math. Unit is the project lcader for this project.

2. Robust Multivanatc Inference

ic and robust iques for analyzi llivariate data have been developed and
smdmd The techniques developed have been critically evaluated in (erms of their breakdown and cfiiciency
prop Such techniques are ially uscful uhcn there may be outlying obscrvations in the data as well
as when the exact form of the true lyi jon is nol known. Statist i of the
d d dures have been ghly investigaled through analvtic studies as well as Monte Carlo

slmulauons Scveral useful and intriguing statisticat n:sulls have evolved in course of the investigation.

A number of robust cstimates of multivariate location and scatier have been developed and their
performance has been critically siudicd. Some concepts of quantiles l‘or mullivariale daia based on the

geometry of multivariate data clouds have been i and investigated. An adaplive Iransfc and
retransformation strategy for constnxcting affi e invariant estimates and lests for multivariate location
and i in lincar model problems has been developed. The

mclhodology has been apphod 10 data arising [rom biological and sociological studics and it leads (o very
encouraging results.

In addition o coliaborative research among the scicnlists and rescarch fellows of Indian Statistical
Institute. there has been fruitful collaboration with scncnusls based i in Universities abroad. Scveml rescarch
articles have been published or accepled for publicalion in il-k sournals. Dr. Probal
Chaudhuri of the Stat-Math Uni is the project Icadcr for this projecL.
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3 Development of Statistical Technique as an Aid to Geological Mapping  (funded by CSIR. Scheme
No. 25(0077/9S/EMR-L1)

Prof. J.K. Ghosh of Stat-Math Unit is the principal investigator. for this project. Dr. Tapas Samanta of
Applied Statistics Unit is the project coordinator and Dr. Joydeep Bhanja is working as research assocrate of
the project.

The project aims at providing a stalistical method aiding geologicat mapping (A geological map is the
basis for exploration of a varicty of natural resources like rocks. mincrals and fossil fucls). A simplified version
of the geological mapping problem was considered 1n the initial stage. The problem was to divide up the area
(10 be mapped) inlo “homogencous™ subregions on the basis of the rock rypes and our obgect was [0 provide an
automatic Baytsian solution to this problem. A model alrcady sei up for the available data (collected carlier in
the study arca of Bhumaram in the Godavari vallcy. India) given the subregions into which a given set of
boundanu pamuons 1hc wholc arca Thus our problem of choosing a set of boundarics between

ponds 1o selecting one of scveral possible models. Recently developed
automauc Bayesian rnclhods of model sclection have been used to solve the problem.

With the available (first stage) observations we obtained the "best” partition which gave bands for the
boundaries. More precise location of the boundaries is possible with additional second stage observations for
which a sampling scheme is to be developed. We have now laken up this problem of developing a sampling
scheme for allocation of oplimum number of observation points 1o most appropriate locations.

4, An impact study on changing social relations ~ A social network approach.

A SURDAC - funded project entitled "An impact study on changing social relations A social network
approach” is undertaken joinuy by the Star-Math Unit, Sociological Research Unit and the Computing and
Stanstical Scrvices Centre from 1 November 1996 with Prof. A.R. Rao and Prof. S. Bandyopadhyay as the
project leaders. The project aims al the study of some social relations and their emporal changes in 2 rural
setting. Data collected on somc villages of Birbhum district in 1970° by the Sociological Reseatch Unit of 1St
is used as bascline data. Several aspects of the social networks arc planned 1o be studied including the (emporal
changes in them and the main factors influencing thesc changes.

5. Regional Math Olympiad

The Regional Mathematical Olympiad 1996 for West Bengal sponsored by National Board for Higher
Mathematics for class 9. 10 and 11 students was organised on 1 December 1996 at various centres including
Berhampore, Burdwan. Calcutta, Kalyani, Kharagpur. New Jalpaigun and Purulia. Thus year it was orgamised
by Prof. $.M. Srivastava. Over the years, this has become very popular and led 10 greal interest and enthusasm
in Mathemalics in the region.

Delhi (‘enire

The main areas of research arc s follows.
1 Probability and Mathematics
Markov processes. Martingale problems. Stochastic control. Filtering theory. Infinue dimensional
slochastic differential equations. The theory of nonnegative matrces, particularly Perron-Frobenius theory and

gencralized inverses.  Maiix and Operator Theory.  Inequalities. Siochasuc games and Linear
Complementarity Problem.

2 Statistics

Optimality of designs under resovroe ints.  C ion of asy ic othogonal amays
Incomplete block designs for diallel crosses. Optimality of block designs and cobustnass of designs against
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ruissing data.  Estimation of 8 common mean. Nonparametric Density Estimation, Limit theorem for
associated random variables, Spatial Statistics. Global Cramer-Rao Incqualities. Reliability Theory. Survival
Analysis. Infcrence and Stochastic Orders.

Bangalore Centre

The main arcas of research are as follows.

Probability theory

Applications of large deviations (o ion theory, semi-stable measures and processes. diffusion

Processes.
Statistics

Sample surveys. Large sample theory. Bayesian inference. Bayesian non-parametric stausties.
Bayesian non-parametric eslimation, Robust Bayesian Analysis. Reliability theory, Optimality and construction
of cxperimental designs.

Mathematics

Groups of exceplional Lie type. Coxetcr groups and the Monster group. Combinatorics (Bruck-Ryser
type theorems for quasi-symmetric designs and strongly rcgular graphs). Functional Analysis. Geomelry of
Banach space. Ergodic Lheory. Operator algebras and Operator theory. Harmonic  analysis, Differcnual
Geometry and Topology, Spectral theory for partial differcntial operators, Quantum Probability. Finitely
additsve measures. G-inverscs.

Some major contributions are as follows.

Cheng and Bailey( 1991) have proved the optimality of a class of designs within the cquireplicale and
binary class  Aucmpts ace being made to extend this result (0 the general class. The opimality of a subclass of
Cheng-Bailcy designs within the cquireplicate class has been lished and some progess has becn made
towards removing the binary restniction as well.

Two scries of nonorthogonal row-column designs were constructed. The members of one arc
universally optimal and another are highly efficicnt.

Allempls are being made 10 construct £” experiments with block size 7. 1 prime 10 <. estimating all but
a fow higher order interactions. In the case s=2. n=4 and r=3. a balanced design has been oblained with
replication numbers 1 and 2.

Specification of the prior probabilty on a given class of curves is one of the main problems of the
nonparametric Bayesian Analysis. For the class of increasing (or decreasing) convex (or concave) curves
Joining given two points a prior was developed. I it is assumed thal the image of an object consisis of scgments
of above type of curves joining a finitc number of randomiy sclected points then one 1s able to place a prior on
the image of an object. Using such ideas a method for restoration of distortcd images is developed.

Problems in the general arca of Chaos Theory and the assocated Fractals were studicd. The
mathematical side of Chaos Theory has been (and is being still) developed only duning the past fificen years.
One of the inferesting and important family of maps exhibiting typical chaotic behaviour is the logisic famly
on the unit interval. The fractal nature of the Feigenbaum diagram associated to this family was investigated.

Resulls concerning Iransition densitics, i and positive of diffusion
processes wilh oblique reflecting boundary conditions (in domains like hall space. orthant/quadrant) wen
obsancd. As an application a "real variablc" proof of a resull duc to Rogers (TAMS' 91) concerming refleching
Rrownian motions in a half plane was given: such an approach enables onc 10 exhibit other cxamples of
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recurreat diffusion in R which bécome transient when confined to half space by stipulating certain reflecting
boundary conditions.

Work continved on Geometry of Operator spaces and Lhe space WC(X.X).

It was shown that no vector of norm one can be a point of weak-norm sequential continuity in the unit
ball of WC/K.X). In the case of operator space L (X.C(K}) it was shown thal there are no denting points in the
it ball. By using some results from the M-structure theory it was shown that there are no denting points in
the unit bail of L("), extending a resull that R. Grzaslewicz has proved for the case of a Hilbent space.

1n the case of the dual unit ball of WC(KX). when K has a dense set of isolated points, a complete
descripion of Lhe points of weak® - norm continuity was obtained. This extends some recent work of Hu and
Smith and complements a classical result of Ruess and Stegall on weak® denting points. This identificauon
leads one 1o the conclusion that for a non atomic measure |1, there are no points of weak-norm conlinuity in
the unit babl of the space of Bochoer integrable functions L' (1, X ).

It was shown thal Lhe space of compact operators K (X. ¥) is isometric to 2 continuous function space
C( Q) iff there are compact spaces €2, and Q, such that X ¢ is isometric to C/2, Yand ¥ is isometric 1o
C(82,) and § is homeomorphic to Q, x €2,. A similar resull was obtained for the space L (X.) under the
added assumption thal A" has an extreme point in its unit ball.

Problems relating to "Uncertainty principles in harmonic analysis™ and "The Pompeiu problem” were
investigated. Both problems are in the general area of “Harmonic analysis on Lie groups and on R

The quotient module ing 10 a submodule of holomorphic functions vanishing to some finite
order on a hypersurface was studied. It was shown that such a quotient rodule can be realised as a module of
veclor valued holomorphic functions on this hypersurface.

A product rep involving two proj P ions of PSL(2. R). was established for
the characteristic function of i i ion. Using this. an explicil formalz for the
characteristic function of twisted Bergman shifts was given. Further developments led to many new examples
of homogencous operators including an explicit model for all the irreducible homogencous contractions in
B,(D). Further work in these directions is in progress.

As a conlinuation of the study of codes ialed with finite g i drangles. the dimension
and the submodule structure (over the algebraic closure of the field of two elements) of the code associated
with a regular generatized quadrangle of even order and its subcodes associated with he classical ovoids of the

lized quadrangle were A

(with the help of Peter Sin).

Harmonic analysis on spheres was exploited to give unified proof of the optimality of a large class of
spherical codes, called light and quasi tight codes. In the process. a significant exiension of a theorem of Seidel
¢L. al. on the annihilator polynomial of spherical codes was oblained.

An algorithmic version of Zagier's recent proof of Fermat's two-squares Lheorem was oblained.
thereby settling 2 conjecture of Shirali in the affirmative. This also led to 8 new prime testing algorithm,

Applied Statistics Division
Applied Sratistics Unit
Applied Statistics Division consists of only one unit viz. the Applied Statistics Unil.
The following are the research and other activities of the Applied Statistics Unil (1996-97).
Scientists of the Applied Statistics Unit (ASU) are involved in multifarious activities related to

teaching and training in the Institute. ASU ig fully responsible for conducting the course ** Intensive Course o
Programming and Applications of Electronic Computer”. This unil also conducts several teaching/training
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progr like winter schools and ps. Some members collaborate with other unils of IS on
joint projects. Currently, there are collaboralive on-going projects with the Theoretical Statistics and
Mathematics Division and the Social Scicnces Division. The scientists of Lhe unil arc also actively involved in
the activitics of the newly formed SURVEY RESEARCH & DATA ANALYSIS CENTRE (SURDAC)

Rescarch Activities

Biostatistics: Distributional resulls have been obtsined and methods of analysis developed for
correlated. repeated obscrvations on a single subject in dealing with skin papilioma.

The use of a Markov chain method is being explored 10 anelyse cancer data specially in dealing with
heterogeneity in cell dynamics between animals.

Projection of HIV incidence in Calcutia: A preliminary study based on limited survey information on
incidence of HIV in Cakulta has already been completed. Work related to pooling available data and more
sophisticated analysis based on extensive epidemiological modelling is ongoing.

Computer Science: Cellular automata (CA) are discrele dynamical systems in which cell values
evolve synchronously in discrele time steps ding lo the inational logic On 2-dimensi
CA 9-neighbourhood lincar rules are studied with special emphasis on their algebraic properties and state
transition diagrams. Some interesting matheraatical results have been obtained in this connection and others
are under investigation.

CA have been used 10 design cryplographic systems at the hardware level for several data
communications; research is in progress for application of CA to the dala compression problem.

Design of Experiments, Combinatorial Methods and Their Applications: Repeated

designs have been studied under very general models which allow for the residual effects of ucaments 1o
persist uplo k subscquent time periods, k 2 | Here k may be chosen according o the needs of the experiment.
These models should be practicatly more useful than the ones currently used in the literature where all residual
effects are assumed to die out afler just one Lime period. Morcover, the intcraction effects between Lreatments
applicd at successive Uime periods. which one found to be significant from the analysis of live data but are
1gnored in the existing models. are also considered. Under such general models. using the Kroneckker
Calculus (ools, some optimum designs are obtained. Morcover. the construction problem of such opumal
designs for general k and any number of treatments. is completcly solved. it has also becn shown that these
optimalily results remain robust under the corresponding model with random unil effects.

Construction problems of strongly balanced uniform repeated measurement designs. both in the linear
and in the circular cases. have been satisfactorily dealt with. Concepts generalising nearly balanced uniform
repeated measurement designs and  second order RMD's are introduced. Construction problems of such
designs have been solved for some general classes of parameters, The problem in ils full gencrality is under
investigation,

Routing algorithms of sireet sweeper vehicles have been considered under
that are involved in municipal street sweeping operations. Intercsting graph-theorelic and combinatorial
problems are involved in the process of developing efficient solutions. The gencral problem has been shown 1o
be NP-complelc. Various ions of the ilhms are under ideration and an € approxi
algorithm has been developed for mixed graphs. Combinatorial aspects of designs are studied particularly with
respect lo characterising the well known class of lambda designs. Some characterisations have been obtained
under structural and parametric conditions.

Generalized Regression:, Likelihood based non-paramelric cegression method has been developed in
multiparameler and mulliresponse situations with some analysis of simutated and real life data Extension of
the methods to Jongitudinal data is under i i




Estimating equation based method has been developed for regression data, assuming only the mean
structure and nonparametrically estimating the variance siructure using kernel smoothers. The extension of
the approach [0 likelihood based methods is under study.

Minimum Distance Estimales: Progress has been made in developing robust procedures based on
minimum distance ideas in i.i.d. situations as well as more general regression scl ups. Recent advances include
the development of a new class of divergences outside the scope of disparitics” and refated inference. Other
work includes new weighted likelibood based on mini distance cstimaling equations which
can be used effectively both in robust uumalion as well as in detection of outliers,

Lincar Models: Some work (hal began as part of an ISI-funded (ASSC Division) projoct was
eomplaed during this period. They include the various methods of djagn(mng collinearity and dealing with 1L,

ifically. some diagnostics for the collincarity-infl of groups of ot ions were developed. The
vlnous metl\ods fo identify lhe gmups of variables forming collinear relationships were studied. and their
were d. The Lheoreti qua;uon of how well-condilioned a subset of variables can
bewassludled.and:l‘cwmetmdsol' ifyi ili subsets were developed. The effect of

location-change on collincarity was also studied.

A new approach of developing the theory of Best Lincar Unbiased Estimation in the General Linear
Model, based on Linear Zero functions. was develaped last year. The method yielded several advantages.
including simplicity of derivation, and a clear und ding of the singular disp case. As a folow-up of
this work. the updates in the General Lincar Model for data and model changes were examined from this point
of view. The ncw approach led 1o inleresting interpretations of the correction terms. which bring out the
ity of the underlying principles in the singular and non-singular dispersion cases.

Multivariate Analysis: Significant work was carried oul in semi| ic statistical
and other areas of mullivanate statistical infercnce. neural neiwork. directional data analysis, change point and
slippage problems in circular data and opiimal test for multiparameter mixture distributions.

Selection theory: The multinomial selection problem is studicd for sclecting the t *“best™ colfs using a
subsel of size (2 (). As a particular case of the result obtained. a long-standing conjecture in the area of
muitinomial selection theory is settled.

Reliability, Life Testing and Survival Anslysis: Studics are being carried out on the analysis of

compeling risk data with causc of death arbitrarily missing. procedure using EM ithms has
becn worked oul. A counting process approach is under study in the context,
of comp: life time distributions from data on system life Limes of a coherent structure

has been worked oul. The investigation of estimation methods wilh intcrmediaie cbservations on the system
and its componens is under consideration
at present.

likelihood method for ic cstimation of the member of components in a sysiem of
superimposed rencwal processes has been worked oul. The same is being attempied in & noa-parametric set-up.

Sample Surveys: Centain innovalions are made in three-stage sampling with uncqual probabilitics in
the conlexi of an actual survey related to rural indebtedness undertaken by the {S1.

Brewer's asymplotic technique has been and is being applied in dim and randomised response
surveys in onc and (wo phases covering quantitative data admitli i and 8l in
developing approprialc small domain statislics. Bayes method in various l‘om\s are also being emploved in
desiving small domain estimators. Measurement error models arc studied in esiimaung finite population otals
and variances and small area parameiers. Some significant resulls are reported The work is stiil in progress
Esti g functions in respol dent sampling from flnito populations and in sampling using
randomised response models have been studied.




Project;
L. Statistical Approach for Evaluation of the Efficiency of PEMF Therapy
Project Leaders: Anup Dewanji, Tapas Samanta

The main objective of the study is to obtain an insight into the effects of PEMF on different human
physiological processes in relation (o specific pathologics involved in Rhicumatoid Anthritis based primarily on
the subjective responses on certain specific symptomatology. Data taken fmm a pllol s'mdy have been anzlysed
and attempis have been made (o develop statistical methods for of p
preparation and post aplication durabil

2 Intergenerational Occupational Mobility among Residents of Calcutta

Project Leader: P. Mukhopadhyay

A field survey covering aboul 1100 housebolds from among residents of Calcutia has been completed
and data on migration, inter and intra-g pational mobility have been collected. The final tables
have been obuained. Different indices of occupational mobility are being worked out. It is expected that a draft
project report will be completed very soon.

3 Small Area Population Estimation for the Districts of Hooghly and Murshidabad
Project Leader: P. Mukhopadhyay

The work of the project started in August 1996. The relevant literature is being studied and
preliminary information for forming sampling frames for these two districts is being coilected. Sampling
design has been worked oul and the schedule has been prepared. Data have been coliected from sampled
households in the urban area of Hoogly district.

4 Development of Statistical Technique as an Aid to Geological Mapping (funded by CSIR, scheme
No.25(0077)/9S/EMR-11)

Principal Investigator: Prof. K. Ghosh
Project co-ordinator: Tapas Samanta

The project aims at providing a statistical method aiding geological mapping. (A geological map is
the basis for exploration of a variety of natural resources like rocks, mincrals and fossil fucls.) A simplified
version of Lhe geological mapping problem was considered in the initial stage. The problem was to divide up
the area (10 be mapped) inlo ~homogeneous™ subregions on the basis of the rock types and our object was lo
provide an automatic Bayesian solution 10 Lhis problem.

A model was already sct up for the available data (collected earlier in the study area of Bhumaram in
the Godavari Valley. India) given the subregions into which a given set of boundams pumuons the whole
area. Thus our problem of choosing a sel of boundaries belween ™ 0
selocting one of several possible models. Recently-developed automatic Bayesian mcthods of model sclection
have been used to solve the problem.

With the available (first stage) obscrvations we obtained the **best® partition which gave bands for the
boundaries. More precise location of the boundaries is possible with additional second stage obsesvations for
which a sampling scheme is (0 be developed; we have now Laken up this problem of developing a sampling
scheme for allocation of optimum number of observation points to most appropriate locations.
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s Software Package for Directional Data

Project Leader: A. Sen Gupta

‘This is an ongoing project on software package devel for directiona) data. So far progr
have been developed for di i/ pictorial rep as a descriptive statstical (ool, robust
parameler estimates. and statistical (esting procedures. goodness-of-fit iests, model selection etc., in a semi
parametric framework for circular data.

6. Application of Two Dimensional Cellular Automata
Project Leader: P. Pal Chaudhury

This project relates to study of cellular autorata of various dimensions. particularly in (wo
d regarding the theoretical propertics and their practical applications. For a class of 2D cellular
aulomata. several algebraic properties have been established. Application to cryptology have already been
reported. Work 1s in progress 10 apply 2D automata in areas Jike data compression. production of fractals. etc

1 Bayesian Analysis of Biomedical [magery:
Project Leader: , Amita Pal

An attempl is being madc 1o Lackle 3 variety of image understanding problems pertaining 10 1mages of
biomedical arigin. The approach is to some extent application-dependeat in he sense that the choice of pnors
10 be used is governed by the problem being atacked We have staried work with photomicrographs of
peripheral blood film. Preprocessing problems have been taken care of and algorithms for datecting some types
of abnormal blood cells are being developed.

Computer and Communication Sciences Division

The Division comprises Computer Vision and Patiern Recognition Unit, Electronics Unit. Electronics
and Communication Sciences Unit and Machine Intelligence Uait. Faculty members of the Division are also
engaged in teaching and training in M.Stat.. M.Tech (CS) and M.Tech.(QROR) programs. in addition to their
rescarch and project work. Many gineering students of Computer Science.
Electronics and Te ication, Elecincal Engi and students of MCA courses from different
uruversities and institutes undergo their vocational/semestral training under the supervision of the faculty
members of Lhis division. Research works carricd out in these units are described below.

Computer Viston and Pattern Recognition Unit

I Mathematical Morphology, Dot Pattem and Cluster Anslysis

(a) An efficient approach based on mathematical morphology has been developed to detect circular
objects in a soenc. Also, mathematical morphology has been extended to detect shape of dot patterns.

(1] The task of shape identification of dot pattems has been considered. A new shape definition called
S-shapc has been proposed. It has been refined to r-shape which can be computed in lincar time while other
exsting lechnigues take O(N log N) time.

(c) Generalization of the dot pattern shape ideatification has been made 10 (ake care of patterns with
variable density and having line-like extensions.
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[C)] An improved multi-seed data clusicring algorithm has been proposed. 1t has been demonstrated that
the algorithm works quile efficicnily. Detection of clusters within a cluster has been worked out

© Another problem considered is the clustering of noisy and imprecise data. The problem has boen
considered 1n the context of k-means clusiering algorithm.

2 Computational Linguistics. Natural Language Processing and Speech Analysis

(@) From a large corpus. stalistical analysis of Bangla text is conlinued. Statistical analysis of phonemic
representation of the data has also been donc.

L] Morphological analysis of Bangla words has been started from the linguistc point of view. This

includes preparation of suffix fist. ization of comp words. re-dupli and  ccho-words.
p inal and othcr ambiguity categorization. clc.
«©) Work on Bangla verb analysis has been continued and hologtcal parsing of verbs. has

been implemented. Work on non-verb words has now been siarted.

) A spell checker prototype has been designed for non-word error detection in Bangla lext. A correction
strategy has been formulated. It is being extended to 1ake care of some real word error detection.

(©) Computer i of grap 10 phoncme ion rule has been worked out. Work 15 in
progress 1o produce specch mode output of OCR and spelt checker already developed. The work will be useful
for the visually handicapped.

(n Work has been staried on limited domain automatic tsanstation between Bangla and Hindi languages.
The domain chosen is wealhier and calamity forecasting.

® In coltaboration with International School of Dravidian Linguistics. a study has been started on
automalic synthests of Malayatam speech sound.

L Optical character recognition and document processing.

(a) The prototype Bangla OCR system already developed is being improved to recopnize multi-font
mulli-size Bangla documents.

® A system has been developed (o segment

() A bilingual OCR stem to Bangla and Devnagari (Hindi) characters is being developed.
4. Preliminary study has been started on South Indian Language OCR like Telugu and Tamil.

() Work is in progress for automalic idenlification of tables and mathematical expressions in a comples
document. Automalic merging. appending and resiructuring of tables arc also being worked out.

() Work has beea started on hand-printed Indian script recognition system.
S, 1D Digital Geometry and Biomedical Image Processing
(a) The problem of confocal mi pic (CM) image p ing has been consi Multiplc lavers of

CM images have been combined 10 make a 3D celiular representation. The work bias been compared with
SNAKE algorithm. The work on cell segmentation hes becn extended 1o auiomatic FISH signal detcction.

® 3-D binary image thinning and skelelonization algorithms have boen propased. The work has been
exiended to segment the skelcton into meaningful parts

(©) Work has been started on Modical Image Daiabasc Management Sysiems.
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6. Neural Networks

(l) Anadlwvcmcundhasber.ndmlopedloupdm,mmmmnommnmy the leaming rate of the

ithm for a In this context & ncw concept. namely. the effective
valu: function of the learning rate. has been dd‘mod The new adaptive algonithm has been found 1o be nscful
in some real life pmblcms and has produced much better perft in terms of gence speed than te
originai backp The idered are (a) texture segmentation problem which

docs pot consda a feature sel and (b) classification of remote sensing imagery.

Also, the robustness of the proposed algorithim is being studied.

®) A modification of Lhe seif-organising neural neswork model of Kohonen has been proposed. A
dynamic version of the network has been developed where Lhe size of the network can grow or reduce duning
the learning process depending on the data. The dynamic network has been applicd for efficient shape
representation and a unified approach 10 skeletonization of 2-D panems (bmary or gmy leve) images or dot
paliemns) has been propased. The robustness of the proposed shape in 1o
the existing algorithms for the same puspose, has been established.

Also, modifications have been made so that even Lhe local topology of the network gets adapied
(unlike in Kohonen's feature map) on the basis of the input.

©) A work is continued lo sec how a redundant multilayer network behaves under component (aifore
both during training and operational phase of the network.

Electronics Unit

During the period 1996-97, the faculty members of the Unit were engaged in research in (he field of
Computer Science. The research areas include Parallel Algorithms and Paralle! Archi Network
Topology. Interconnection Networks. VLS! Layout Design, Computational Geometry, Logic Synthesis and
Design for Testability, and Discrete Event Simulation.

1 Heterogencous Computing

During recent years. Heterogeneous Computing (HC) has become one of the thrust areas of research

in the field of paraltel pmmng, HC involves the use of different types of parallel processors. proosssing

D or ¢ P o imize the overall system performance, cost effectvencss and
development efforts.

The objective of our research in Lhis area consists of the following :

a) We plan lo devclop 2 suuahlc model of computation for a helerog
involving a of di hines. Devising a suitable (opology for m(emnnccung different
oomponcnl processing units is also planned to be studied Appropriate methods of analysis will alsa be

developed 10 predict the behavior of such complex systems.

b) Different application problems mll be mpped on such an HC envitonment containing several (54)

processing oodes having different arch p of the HC envi in execuung
different problems of varying size under different i digms and differeat scheduling policies will
be measured through actual experi jon. Then the | resuls may be compared with the
theorelical estimations. The best possible computing eavi for a given application can be dennficd

from these experimental data. During 1996-97, we have developed some new 1deas for scheduling different
tasks on a heterogencous system. These have been simulated on an existing workstation and the results of
simulation are being studied for consolidation of the ideas. Along wilh the sbove expenments several
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theoretical resulls have been obtained on the cfficient topology for interconnecting multiprocessor systems and
also on designing paralicl algorithms for solving different numerical and graph theoretic problems.

2. Logic Synthesis and Design for Testability

Logic synthesis and design for testability lechniques are indispenssble in the VLSI circuil
synthesis and testing. A typical VLS! chip may consist of hundreds of millions of transistors. design of which
requires specialized design 1ools. To ensure high reliability. yield and maintainability. these chips must
be tested during design. production, and while under operation. Unless the chips are designed with
in-built casy testability scheme, testing will be a formidable task. if nol impossible. In this project. our
objective will be fo innovate new design methodology for gate-level logic synthesis and redundancy
elimunation. lasgeted to having high fault coverage. in terms of stuck-al faulls, as well as robustly lestable
delay faulls.

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

(i) Logic synthesis with non-scan sequential circuits is of utmost importance in the recent trends of
high performance circuit design. Investigations have been done on the redundancy problem in synchronous
sequential circwls. i and elimi of redundancy have been studied. with a special emphasis on
isororph-redundancy. Scveral new aitributes of such redundancies have been formulated. and their impact on
fogic synthesis has been studied.

{ity We have also developed 2 nove] scheme of BIST (Buill-in Self Test) technique for detecting
stuck-open faults in combinational CMOS VLSI circuits. Efficient BIST design for universal testing of
stuck-open faults was an open problem. The proposed scheme is not only robust but also universal. lis
hardware overhead is low. and Icsting ume is significantly reduced. In addition. a new techmque called
adaptive BIST has been developed. The scheme is useful for testing arbitrary CMOS complex cells. and the
test sequence is independent of the circuit structure and its functionality.

3 Multi-Mesh Aschilecture

The Multi-Mesh (MM) architecture, built around 2-D meshes. has newly been proposed by us (Ref.
Das and Sinha. Proc. 9th IPPS, pp. 17-21. April 25-28. 1995. Santa Barbara; and M. De. D. Das. M. Ghosh
and B.P. Sinha, Proc. HiPC '95, pp. 707-712. held in New Delhi. India during Dec. 28-30. 1995). This
architecture provides the following features :

a) ‘The number of processors is N = r', for some tnieger n > 2. The smallest system can be built
with 81 processors.

2) Every processor will have a uniform degree of 4 only.
3) Although the number of links is sare as that of an Illiac IV architecrure or a 2-D torus, the

MM topology provides a diameter of 2n, ie.. 2N incontrast to 2N'* for an liac IV topology.
‘This reduced diameler helps (o implement Lhe following algorithms very efficicatly :

S i B i Mini © O(N™)time

Matrix Transposc © O(N")time

P x p matrix multiptication : 0 (p™)tme (compare this with
0 (p) time on a 2-D mesh)

p-point DFT computation : 0(p™) lime

Sorting :

o' independent sets of ' elements each : O{n)lime

n independent sels of n’ elements cach : 0(n) ime

n' clements © 0(n)lime

Lagranges interpolation on n’ clements © 0(m)lime

4 The 2-D mesh can also be emulaied on Lhis MM topology in constant lime. Thus Lhe
4-neighbour adjacency property can also be preserved in a certain sense on this topology.
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] Point - to - Point ication, singe node broadcast and multicasi can 2l be implemented
on this network in 0 (1) = 0 (N**) time.

6) Under single node or link failure, the diameter will not increaso by more than 6. Other
properties will be gracefully degraded with faulls.

n Any existing algorithm on a 2-D mesh or lorus can be easily transported to this new
architecture and this is still a subject of further study and software development.

Appmnlly the proposed uchneclure will be able 10 implement a large class of algorithms in
image p g and other real-life situations very efficiently without amy additional
hardware investment over that required for 2 2-D mesh,

During the academic year in question, efficient algorithms for i) multicast in O(N) ime. i) compiete
exchange using wormhole routing in O(N*" ) time and also iii) permutation routing on the Multi-Mesh have
been developed. The sorting algorithm on the Mulli-Mesh has alsa been further improved.

4. Electronic Design Automation

During the past 10 years, members of this Unit had done extensive research in the area of VLSt
Design including synthesis. testing and physical design. New techniques of testable design. partitioning.
floorplanning and rouung in microchips have been developed. With the advent of high-performance VLSI
and ULS! (Ulira Large - Scale Inicgration ) chips. and MCM's (Multi-Chip Modules). efficient EDA tools
targeted 10 achicve high speed and Jow power design are now in great demand. In the forthcoming years, we
would thus like 1o explore the following emerging areas of research :

A Performance driven logic partitioning and Nloorplanning
B. Unified scheme for global and local routing
C. Low power design of VLSI chips

Efficient algorithms for high performance floorplan design and routing in VLSI circuils have been
proposed and 1ested on benchmarks. The results outperform earlicr methods both in cost of chip fabrication
and d time. In paticular, we have addressed (i) the optima) linear placement problem of circuit
graph to minimize signal delay. (ii) loorplan-area optimization for custom designed microchips. and {iii)
partitioning for improved wirc routing based on geomelric measures.

5. Applications of Computational Geometry to VLSI Layoul

Thc physxul deslgn phase of VLS (Very Large Scale Integration) circuits involves mary probiems on
ing. wire routing and arca compaction. Furthermore, vaniations of Lavon
nylc lechnoiog\ and packaging, e.g.. FPGA's (Ficld Programmable Gate Arrays). and MCM's (Mulu Chip
Modules). lead to numerous design and optimization problems, the formwlation of which needs graph theor
and combinatorial optimization. [n this project. our objective is to identify various VLSI design probiems
which can be efficiently solved using the paradigms of computational geometry. We believe that these new
techmiques, by virtuc of their inherent power and novelty of spatial data structures and search methods, will
outperform or augment the conventional EDA (Electronic Design Automation) tools. [n addition. these
techniques will have manifold applications to defence, robotics, database, and patiera recognition.

We have identificd many new design problems that anise in VLSI phm:l design aulomlm ad
mapped them fo computational geomelric problems. New algorithms for pRy-region
among isothetic/non-isothetic obstacles have been proposed. The algorithms also include mogmuon o
max-width/area empty staircase channels, 3D cuboids etc. We also introduced Lhe shooter Jocation prodlem
and proposed efficiem algorithms for solving it. A novel routingdriven partilioning scheme hes been
formutated.
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6. Mobile Computing

Mobile computing refers to the usc of portabic computers interconnecied through wireless networking.
1t allows the mobile users lo elfect versatile communication with other people aloag with continuous aceess
(0 the services and resources of (he land-based computer network. Designing softwares for a mobile computing
system is different from that involved in case of a stationary networked sysiem in certain aspects, as mobility
induces several new problems.

Wircless communicalion used for mobile computing system is ized by low bandwidth
channels with high crror rates and more [requent disconnections. These factors can increase Ihe
communication latency resulting from the requirement of retransmission of data packels arising due 1o error
control protocol and short temporary disconnections. Mobility. in tum, causes wireless conncctions 1o be
someumes lost or degraded duc lo signal weakening, when the users travel beyond the coverage of network
transreccivers or enter arcas of high interfercnce. Also. the number of devices in a nelwork cell  varies
dynamically and a large jon of mobile users al a single place like conventions, may also overload
the network capacity.

A mobile compuler's nct-address changes dvmamically. This dynamic feature in mobile wireless
networks leads 10 a problem of keeping track of (he topology connectivity. This problem. also known as the
location management problem, becomes too complex when the rate of change 1s high and the nerwork size is
large. Thus, an important issue in mobile computation is the design and analysis of the topology management
schemes.

New routing schemes are also needed for such mobile networks. Conventional routing protocols
are not applicable for retworks where the topology connectivity 1S subject 1o frequent unpredictable changes. A
suitable loop-frec routing is desirable for this purpose, since a loop-free routing will munimize the
consumption of resources during ication and also the ication delay involved in the process.
Routing schemes also need (o be developed 10 tolerate corrupt wireless links.

In a mobile i i all the nej ing base siations are connected 1o a Mobile
Switching Centre or MSC. When a mobile user is about lo leave a cell. the cell’s base station transfers Lhe
ownership of the cell to another base station getung the strongest signal from the mobile user. If a call were in
progress at this point of lime, then this call should be switched to a new channel (as the old one is ot used in
any adjacent cell). This new channel assignment is basicaily done through a swilching network.

We have developed a generalized shuffle exchange network, which can be used as an efficient MSC.
even when the number of base stations is not necessarily a power of 2. The network offers a very cost-cflective
as well as fast switching technigue for handofl  procedure between base stations. The routing algorithm and the
fault-tolerance of these networks are currently under study.

1 Microelectronic Sysiem Design using FPGAs

Field-Programmable-Gale-Arays (FPGA'S) arc now being extensively used lo synthesize complex
logic circuits in the laboratory. These IC chips have the following fcatures : (i) high degree of complexity
(thousands of gatcs), (ii) complele ility to & arbitrary archi (i) p ili
in the laboratory and (iv) a large aumber of contact pins. [n this project, we have iwo objectives in mind ;

An exposure to FPGA's has now become indispensable in a 'VLSI Design’ course. FPGA devices can
be configured in hours rather than weeks or months. The logic devices as well as routing paticrns arc
pre-fabricatcd on the chip. Synihesis of an arbitrary architeclure can be made by proper logic design followed
by programming the FPGA 10 implement the circuit and routing. This needs:

(i) ahardware platform with FPGA logic card,

(i) design soflware
and  (iii) FPGA chips which are (o be programmed.
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Assi of moderaic ity can be within onc course. The feasibility of rpd
prototyping of systems would encourage the students {0 underiakc more experimental rescarch on realistic
problems of larger size.

Optimal logic synthesis and rmmng targeted for FPGA realization has become an upcoming arca of
rescarch. In particutar. we shall und, the investigation on logic - parti problem in an FPGA

environment, Given a complex circuit in terms of interconnection of modulcs the problem 1s 1o partiuon 1t into
smaller sub-complexes. such that the overall design and routing on FPGA become optimized.

Synthesis of fault-lolerant sysiolic arrays with FPGA architcclures is being studied. We have also
derveloped a new lechnique for synthesis of large synchronous sequential machine The proposed design has
fess hardware overhead. shorter test application time, and a very high fault coverage. The design can casily be
mapped 10 2 FPGA-based architecture.

3 Discrete Event Simulation

Svnthesis of very farge sequential machine now forms an integral parnt of high performance ASIC
VLS! chips. Typically. such circuit might consist of 20.000 logic gates or more. ‘The circuit is described 1n
VHDL environment : then steps of partitioning, finite-stalc machinc synthesis. and final logic design need to
be performed.

To check the correctness of the design. it is required 1o have an extensive simulation study This
involves - (i} logic simulation. (ii) fault simulation, (iii) liming simulation, (iv) layoul

1f any design ervor is identified during simulation. il is corrected and the process is iterated.

Tn this project. we would like to investigate different sirategies for such discrete event simulavon
Typically. simulation programs run on mainframe for several days at a streich. New techniques based on
circunt pantiuoning and cfficient data structures are to be devised (o cope with this rapidly expanding area.

Discrete event si is also indi ble in ing the perfc of a paratlel procesaing
sysiem In our amay processor-based system. performance of vanous computer networks and paralicl
algorithms are being studied. Study of such designs will also require discrele event situlation in a lasge scale.
Typical examples are job queuing, deadlock, broadeast. message routing protocol., etc.

Vanous studics on the p of cfficient ies for discrele cvent simulanons have
been carried oul. A Parallel Virtual Machine (PVM) cnvironment is also being studied in a UNEX environment
run on a Silicon Graphics Workstation. Logic simutation al switch-level is being siudied on a PC platform.

Large scale simulation studies have been made in the earlier years 10 assess the performance of a (64
x 64) baseline swiching network with output bufTering, It has been observed thal the outpul buffering scheme
provides mote throughpul and manages huge traffic quite efficiently. The raffic rate was vaned from 20% to
10(%% wheseas. the number of buffers in a queue within a swilch was varied from | to 12.

Exiernally Funded Project

Development of CAD Tools for Identification of Logical Equivalence of Library Elements and
Identification of False Paths in a Switch-Level Network  (Funded by Motorola India Elcctromes Lid.
Bangalore).

Date of commencement : January 1997

Duration : | year.

Principal Investigators * B.B. Bhattacharya (IS1, Calcutta). P. Palchaudhuri (Intel Corp.. Oregon).

Collaborating Scientists : S. Choudhury (B.E. College), I Sengupta (IIT Kharagpur). S. Misn
{Motorola, Bangalore).
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Objectives :

i) To develop theory and tools for boolean logic verifier with an objective of recognizing logic functions
under permulation and negation of inputs. This is necessary in logic synthesis of VLSI Circuits, and would be
usefvl in replacing a logic module by an equivalent one having betier permonfance features, from the cell
library.

i) To extract circuit iplion from a swilch-level netlist. and d ine false paths actoss talches in a
sequential circuit, This is necessary 1o reduce simulation time and to optimize logic and critical delay in high
performance VLS circuits.

Electronics and Coimmunicatlon Sclences Unit

1. Theoretical and Experimental lovestigations in Computer Vision, Paticm Recognition. Biomedical
Imaging and Image Analysis

! ical : Use of i hological Lools for image processing and
analysis arc mcns:vely sludxed Conoepls of digital convexity, ramp-~convexity, ortho-convexity are expressed
in ithms for g g relevant convex hulls are suggested. Fast algorithms

for oompunng pailern spectrum m dcvclopeni Morphologml edge detector is designed and its supenonty 15
established over existing edge detectors. used in document image
segmentation and analysis.

Mulli daia i of mulli data having various spectral and spatial
resolutions is being carried ou( 50 lhal bcllu nterpretation of the object/scene that has been imaged can be
obtained from the oombmcd mfomuuun One of the major steps is the registration of the preprocessed

i data, P ques. in (his work, include classification of various regions based on
higher spectral resolution data and extraction of linear features from higher spatial resolution data using
lliscale operator. The iques are applied on biomedical images as well as remote sensing data.

Analysis of JD objects : Topology and shape preserving paraliel 3D thinning algorithms were
developed. A new method 1s i 10 cstimale of a thinning algorithm under random noise and
rotation. Topology based segmentation method ts proposed for 3D objects and it is shown thai the method is
quite capable of handling noisy objects.Local topological parameters of 3D objects in lctrahedra
representation is studicd and the resulls were reported.

Geomelric invariance : Application of Geometric invariance  in computer vision includes
detection of symmelric contour pairs under non-fronto-parallel viewing condition. This is followed by
determination of symmery line in images subjected to projective object onlo image ransformation. This is
evaluated from Lhe inler-contour reflection malrix.

2 Remole Sensing and Data Analysis in Atmospheric Science and Wave Propagation:

Analysis of Satellite data : The research focus is to first classify the atmospheric images into
meamngful subparts of meterological relevance and this is primarily based on ils reflectance value, This
information are then used 10 Study the motion 10 a sequence of almospheric images Laken from INSAT.
Algorithms were developed to classify the bands concenlric to eye ol‘ the cyclone in ages. Further works are
going on to monilor, track and predict the future course of like cyclone.
The two crilical aspects of this study are : (a) The shape under m\tsugauon |s deformable in nature. (b) A set
of metcorologica) factors is involved in formation and deformation of the eye of the cycloac and its
encompassing bands. Cloud systems are then modelled through ray tracing.

Analysis of SODAR images : Atmaspheric Boundary Layer (ABL) shapes have been extrecied from
SODAR images. A rule based algorithm was pmpamd for the interpretation and classification of the SODAR
patterns. An algorithm for neiwork driven i ism has been developed and 1t has been applied
on SODAR patlern recognition problem. An algonlhm for image segmentation based on Fuzzy c-means has
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also been implemented for SODAR image. Algorithms arc being developod for fracual based study of
wrbulence on SODAR patierns.

Modelling of Trensport Phenomena : Dala collecied by 30 meler meteorological towers were analysed
10 understand the dynamics of the Planclary Boundary Layer (PBL). Study of transpont phenomenon in the
PBL is being simultaneously carried oul. A suitable model for transpont of scalar in the PBL is under
preparation. Validity of the model was continuously chocked with the help of lower data.

Study of Atmaspheric Boundary Layer : Study of the dynamics of aimospheric boundary tayer has
been continued during the last financial year. The main aim of the project was to develop a turbuylent
lransport model fot the monsoon period. Substantial work has been carried out lowards Lhat goal. Besides tis.
the objective of Lhe project was 10 analyse the sodar and lower data available al differemt stations in India with
a view to deriving some decper understanding of the planciary boundary Layer dynamics. A number of papers
have been published and a few others have been sent for publicauon.

Fractal algorithm for study of ABL dynamics : In 1996-97 extensive study has been conducied on the
application of fractal methods in general and atmospheric urbulence.

In a paper. published in *“Indian Journal of Spacc and Radio Physics”. Vol 25. pp 245-248. the fracial
rarure of semidiurmal variation of radio refractivity indcx has been siudied.

Applicability of fractal decomposition of sodar image technique to Study thermal convection in the
planctary boundary layer has been studied in a paper. which has recently beea communicaied to the
Inicrnational journal **Fractal” afier second revision.

kN Statistical Studies on Acoustic Phonetic Characicristics of Indian Speech and Musical Sounds with a
view 1o Automated Speech Recognition

Acoustic Phonctic Study : Acoustic phonetic studics on major Indian languages like Assamese are
continuing. Investigation on Assamese vowel has been compleled and reporied in conference. Spectrographic
analysis of 360 multisyllabic Assamese words spoken by three male informaats provide data for this study In
nest phasc acousuc phonetic studics of Assamesc plosive consonants will be cammiod owt.  An claborate
imestigation is started to find out acoustic corrclales of the nasal and non-nasal disunction of vowels 10
Bengali language.

Percepiion : Perceplion experiment is continued for finding cues (or different manncr of producton.
Pecception experiment has been completed 10 detect cues for Bengali unaspiraled plosive consonants. Similar
experiment will be conducted for 2 aspirated plosive consonants.

Perception cxpenment has been sct up 1o find cucs to distinguish non-nasal and nasal vowels.
Tentative cues have been located and stimuli are prepared from 7 minimal pair of words, onc for cach sowel of
Bengali language using these cues. Elaborate perotpti peri will be conducted to find ow th
sulMiciency of Lthe cue.

The pereeption of illusory note 'ni' in tanpura sound has already becn reported 1t was also reported
that this sensation is accomplished with a appearance of a strong harmonic. A softwarc has beca developed for
this experiment. This work is being done in collaboration with Sangeet Rescarch Academy.

Word recognition : Work on word recognition using fi technique is going on.
Here a paliern recognition scheme, using fuzzy logic and back propagnuon 1ype neural network 1s proposed In
another experiment approximale msomng approach lo patiern recognition of vowel speech sounds of majos
Indian | has been pplication of this method for Telugu, Bengabi and
Assamese vowel recognition provides promising result.

Music : A theory based on principlc of and categoricity of pitch perceplion an music mod¢
is being elaborately tesicd with data from ectual vocal performances by macstros. So far this has becn tested for
raga Iman,
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The work on the theory of (anpurs siring vibration using two-length siing vibration mode! is
continuing. So far striking similarity has been observed between the simulated results and the resulls oained
from actual sirings.

Identification of diffcrent gharanas in Indian classical music has been Laken up. The software alieady
built for pitch detection is being used 1o detect shruli positions in actual performances of master musicians.
These are used for identification.

The research on music is being camried out in collaboralion with Sangeel Rescarch Academy.
Caleutta.

Mochine Intelligence Unit

The objective of the Machinc Intelligence Unit (MIU) s 1o carry out basic rescarch concerning
certain aspects of machine intelligence. Machine intelligence signifies the work associated with attempiing 1o
make a machine behave like human beings. In other words, il conveys Lhe corc concepl of patiern recopnition
and machine leaming with the advanced technologics like fuzzy logic, antificial ncural networks. genetic
algorithms, fractal. rough sets.

Thc investigation that is cuncnllv being done in MIU encompasses both the development of these

h individually and in an i d (hybrid manacr. and d g Lhcir effectiveness

n solvmg various pmblcm of paticn recognilion. image processing. brain modeling. g\pen sysicm, vision,

contro! eic. related lo the design of intctligent systems. Hybridization such as ncuro-fuzzy. neuro-rough.
neuro-fuzzy-genetic helps in making such systems artificially more intclligenL

Note that these lools are collcctively known as soft compuung paradigm. They provide the theory of
fleible information processing. which can deal with real lifc ambiguous sitvations in an cfficient manner like
human beings. and therefore form (he basis of future generation computing sysicms.

Research work Lhat has been carried oul in the aforesaid line is categorized as folfows.
I Pattem Recognition

Genetic algorithms (GAs) have been applicd for pattern classificauon in N dimensional feature space
where a fixed number of hyperptanes is used for modeling the deeision boundancs of (he classes. It has been
proved that as the Size of the Lraining data tends 1o infinity. (he crror probability of the GA based classificr is
less than or equal to that of Bayes classifier. The number of hyperplanes required for modeling the class
boundaries has also been adaptively evolved from the GA itsclf utilizing the concept of vaniable string length.
In addaion. cffectivencss of several other siralegics like lated ling. linar dscri functions
and Jeaming aulomata in classifying pattens in /R ™ has also becn studied. In another investigauon, an cffect
of ch differentiation for p g restricled cross-over opcrauon is studied. This heips ia
accelerating convergence of the GA process. An analogy of the GA classification with MLP is d ined
Based on this, an algorithm for optimum network formulation is formulated.

A multivalued ition system. which minimi; inty in decision making by providing
output in four states. has been lly i d in ideniifying ili-defined ade objects such as
airpons, seaports, road maps and beaches rom IRS image data. Various supervised and unsupervised fuzzy st
theorclic models are also examined in this context for SPOT images. Under an externally funded project a
soflware package is developed on this and is handed over (o defence personnel for their use A modified
version of the multivalued recognition system is also used as & medical expent system for disgaosing hepalc
diseases.

A minimal spanning tres based crilerion for Ihe selection of seed poinis has been formulated alony
wilh 1ts expenmental demonstration. A split and merge clusiering Iechnique and o meinc for higher
dimensional data seis have been developed in this regard. A modification in k-means algonithm is suggesied
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for reducing the computation time. A minimal spanning tree based criterion for finding 0t for Lhe constraction
of 0 -hull has been found. A concept of fizzy @t Aull is also proposed.

A new model for fuzzy-possibilistic clustering has been proposed. Unlike existing miodels, (he
proposed mixed model can provide us with both fuzzy membership valucs and typicality (possibility) values,
and consequenlly can give a much betier understanding of the subsiructures presep! in a data set
Dempster-Shafer paradigm has also been used to design a classifier.

Electroencephalogram (EEG) reflects the electrical activity of the brain in the various siates of sleep
and wakefulness. One of the methods for quantifying (QEEG) such activity is calculating the FFT (Fast Fourier
Transform) of the EEG waves. Under different conditions of stress and exercise, the qEEG 1s found to be
swiable as inpul feature to MLP i P for di jon between normal and depressed
ammals.

For classifying fingerprint patierns, (he use of unprocessed gray level images reduces the loss of
information (and henee uncertainty) in decision making, Power spectral (1-D FFT) estimate of texture along
some (4 or 8) selected directional bunds has been found o be useful as input features for MLP based
classification. Here the global i fr ) of print paitems are ulized. Its comparison
wilh those of fuzzy geometrical features and othcr directional/ficxtural features is made for various noisy and
distorted fingerprints.

The effectiveness of fuzzy geometrical features has been demonstrated for classifying distorted
overlapping fingerprints directly from raw unprocessed images. The output is defined here in terms of six
classes. Lefi-loop, Right-loop, Twin-loop. Plain-arch, Whorl and Overlapping. Overlapping (between any two
of the above five pure classes) in various degrees and orientations is artificially produced on pure fingerprint
images Distorted patterns arc generated for all the six classes. with random noise, cut marks and information
loss in certain random locations. The fuzzy geometrical features are found to be the best for classifying these
patterns when Bayes', k-NN (with k=1, 3, 5) and MLP (multi-layer perceptron) classifiers are used.

2 Image Analysis/Processing and Computer Vision

Various efficient smoothing algorithms using mlmp»c and amsouopnc diffusion processes, and
coding algorithms using a modified Bezier-Bernstein i que have been developed. Based on
the second ion coding lechnique, an algorithm has been lated which is seen 10 yield high
compression ratio. A new contour coding scheme using the properties of discrete circle has aiso been
developed. The algorithm is scen to yield high compression ratio for a class of binary images. Various fractal
and wavelet methods for image data compression are under investigation.

An anempt is being made to recognize and classify planar polygons using a new set of local shape
descriplors, namely extended angle and extended ratio. Thesc together with a proper measure of the dircction
of the extended lengths make the feature set translation-rotation-scale invariant and also help in complete
reconstruction of the unknown polygon.

A new multiscale morphological edge detector has been developed. The proposed detector has berier
noise immunity and intensity response compared to other existing morphological edge delectors. Fuzzy control
paradigm has been used for image processing. Effective edge detection algorithms have been developed
integrating human psychovisual facts with fuzzy reasoning.

The application of spatial/spatial frequency (v/sf) representation (Wigner distribution) for different
low and intermediate level vision problems are currently under investigation. A new framework in analyzing
the formal mathematical correspondence between quantum mechanics and time-frequency representation of
signal is proposed. [( is also shown that the joint time frequency distributions (v/sf) have a close link with
Heisenberg unceniginty retation if the obervables are (aken as fuzzy enlities. ll is postulated that hese
mechanisms will be of crucial i in highly fr jonal structure, such as neural
nctworks as Lhey may exhibit 8 slmng mutual inlersction between data and operator.
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3. Antificial Neural Networks

A connectionist model, namely, X-iron is developed for perocption of mixed object categories.
Necessary supervised and ansupervised learning algorithms are propased. Network models for mixed calegory
perception which is capable of accepling absolule rumm values as input are also developed. The principle of
X-tron has been usod 10 build a psychologi ionist system, catled PsyCOP. for
leamning and  simultancous mognmon of multiple objects. A connectionist system for leaming and
recognition of linear structures and its appli 1o handwritien character ition has been developed
Principle of Hough transform is used in this development. The effectiveness of neural networks is studied for
thinning in grayleve! images. Some efficient algorithms based on cellular ncural networks have also been
developed for object extraction problem.

The generalizations of Kobonen's LVQ model have been propased and used in clustering and image
processing problems. In this context. relalions between LVQ and various c-means type algorithms are
established.

Dimensionality reduction using different neural networks has becn done. Selection of an optimal
feature set for pattem recognition problems has been realized. An algorithm for selection of an optimal/near
optimal architecture for a MLP has been ped. Application of NN (or G ies analysis is in progress.
A MLP based approach for determining the shape of a pattem class from its sampled points is proposed.

A knowledge basced jonist system i ing domain has been developed for
classification and nle generation. The network is then refined by learning. This helps in speeding up thg net
other than improving performance.

4 Genetic Algorithms (GAs) and Fractals

Here the investigation involves both theoretical development of GA and its different applications to
paliem recognition problems.

A new mutalion method called directed mutation is developed which accelerates the rale of
convergence of genetic algorithms to a greal extent. Convergence of GAs with elitism is proved. Anempis are
also being made 1o find the optimal stopping time for GAs.

A new crossover lechnique, called self crossover has been developed which satisfies the constraint

cardinality (number of 1's) of the coded string remains the same” but relains the stochastic and evolutionary

charactenstics of GA. The mclhod provxds betler resull for problems like Lraveling salesman problem and
feature selection in pattern i red 10 existing techni

An aiempt has been made lo study the effect of emulating sexual discriminations in artificial genetic
algorithms. The results shows a marked improvement over the conventional or asexual genetic algorithm. The
schema theorem is shown 1o bold for the modificd methodology. It is also established that in most situations
the Jower bound on the number of schemata sampled by the modified method is betier Lhan its conventional
counterpant.

A concept of "ae of individuals” 5o as to decide the ‘parenthood’ of them is introduced; and (his is
scen to maintain more diversity in the population. Middle aged individuals are consi 10 be more fit to
produce offspring, [n another work, parents’ finess is used as a part to decide the fitness of individuals thereby
giving more importance 10 individuals coming from “betier families’. This gives more directionality towards
the goal. GAs arc made efficient also by mtrodmmg beuu individuals in lerms of fitness function from
outside the p ion or pf ing and rei divi whuch were dropped out al earlier
generations, Thls promises to increase the gencral degree ol' exploration of the scarch space. thereby improving
the performance efforts arc also being made to develop some strategies lo select mating pairs for the crossover
aperalion.

A concept of search space division by emplaying a multi population scheme is i d in GAs. In
Lhis schenic 8 GA divides the whole search space into sub spaces depending on the convergence status of the
poputation and the solulions obtained so far. The scheme helps lo prevent premature convergence 10 focal
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optima for multi-modat problems. I is shown that for a bi-population real coded GA Lhe schem can provide
local searching capability to genetic scarch.

A methodology for scarching cobust sotulions (in contras! 1o the best onc) by GAs is developed The
scheme employs addition of noisc wilth the scarch space paramcters. before evaluaung the fitness of
individuals. The scheme detects stable sofutions in conlrast 1o sharp ones and (his helps in real life design
problems where solutions are expected to be unaltered with smal) variation of paramelers.

An application of GAs for automatic sclection of optimal image cahancement operators has boca

shown. The selection of optimal p values of multilayer perceptron and ccllular neiworks has also been
made. It relieves multilayer pereeptron from using back propagation iechnique. A GA based model io cvohve
Hopficld typc optimum ncmvrk hi for object cxtraction has boen developed. The perf of
GAS vis-a-vis si for optimization is i igated

A method has been developed for magnification of digital images using iterated function system (IFS)
with the help of GAs. GAs have helpod in reducing the scarch space for finding ncar oplimal ransformations
for coding. These codes are directly used for image magnification insiead of the origmal images and thus
reducing the memory requircments as well as computing time. Further. a mathematical analysis of the
reconstructed images using [FS codes has also been carried out. Allempis are being made 1o develop 2 hydnd
coding system of images mcorpomllng [FS for better compression ratios. IFS and GA based EEG signal

ion has becn d. Morcover. attempts are being made to retricve the class
spm.ﬁc features of EEG signals from IFS codes.

5. Neuro-Fuzzzy Computing

Atiempls are being made to inlegrate the merits of fuzzy logic and antificial ncural networks for
designing an cfficient decision making system. Concepl of fuzzy scts has been incorporated at various stages
(c.g.. inpul. outpul. lcaming and neuronal level) of Kohonen's neiwork and multi-laycred perocptron 10 handle
imprecise. incompletc or linguistic inpul data and ntractable paliem classes for recogmition. lis extenston lo
connectionist expen system for rule gencrauon and inferenciny has been made along with applications (0 real
life data. This shows how pattern description in terms of linguishic properties and membership values can be
processed by a neural net for fuzry and crisp classification. and their ments over conventional networks and
Baves' claxnﬁcr Utility of such architectures for gcncmung non-convex docision regions 1s also demonsiraied
A fr k for i ion of mul perceptron and fuzziness measures has been developed
to design an vnsupervised system for object etraction. Implementation of fuzzy set theoretic operators using
aeural networks and the wtility of these networks in pattern classification and rule gencration have boen
demonstrated.

Various ways of inlegraling fuzzy sct theory and connectionist system for fcature cvaluation have been
formulaied. The performance of the system has been theorehically analyzed. Cumently. auempts are being made
10 develop a ncuro-fuzzy system with unsupervised [carniny for featurc evaluanon.

One important project in this area entilted ~“Neuro-fuzzy expen system . design and implementation”
has been y comp under the harial Nehru Fellowstp scheme. This project was fully funded
by the Jawaharlal Nehru Memorial Fund as part of the Fellowship award.

6. Brain Modeling

The human brain is a much superior information processing machine compared to any anifical
device construcled so far. This has led scienusts o study in detail the different processes involved 1n brologial
neural computation and 10 tncorporatc the facts so gleaned into more realistic models of brain function Ths
enterprise. known as “brain modcling”. aims Lo creaic anificial cntities, more “intelligem™ compared 1o
present-day sysiems in performing cognitive tasks.

Work has alrcady boen carricd out in networks of excitatory-inhibitory neural pairs which extubnt
chaotic behavior in cerigin parameter regions. Using vanable feedback control, the nctwork was made ko
converge to any one of a large number of possible periodic paticms. On wilhdrawal of coourol ngnal, e
network reveried (o the chaotic stato.
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The phenomenon of state synchronization among clements of a coupled cheolic network has also been
studied. A system of three chaolic eiements was coupled with cach other, such that they competed with each
other in phasc-synchronizing the network. This work is peninent in discovering Lhe neural basis of
“attention®.

in another piece of work, by using decomposition techniques, an m-bil gray level image has been
represented as a sequence of m two-lone images and subsequently stored in a suitably modified associative
memory model. Good recall performance has been achieved both for noisy and occluded images.

Work is currently being carried out on the application of network of excilatory-inhibitory neural pairs
for edge-detection and segmentation of gray-level images. The encouraging results so far indicate a possible
exiension of these methods for noise-removal and thinning in images.

7 Rough Sets, Logic and Applications

The theory of Rough Sets is a mathematical tool which deals with problems invotving vagueness and
uncestainty. As Fuzzy Set theory also deals with such problems, there naturally arises a scope of an interplay
between the two. We have aticmpted an integration between these heories, by providing a measure of
roughness of a fuzzy set. Properties of this measure have indicated possible applications for handling
uncertaintics in Lhe field of patiern recognition and image analysis, and we have started investigations in this
direction.

On the other hand, as part of our work in the area of logical analysis of rough sets, we have

duced a few algebraic and the ponding formal propositional systems. It is found that these

can be imparted a rough set semantics and moreover, resp dness and of the systems

can be established. We have stanied a study of the relationship of these new entities with other known
structures and logical frameworks.

An atiempl has been made to integrate rough sets and fuzzy neural networks for designing a
knowledge-based system. Rough set-theoretic techniques are utilized for extracting crude domain knowledge
that is encoded armong Lhe connection weights. Methods are derived to mode! (i) convex decision regions with
single object representatives, and (ii) arbitrary decision regions with multipie object represcniatives. A
three-layered fuzzy MLP is considered. The feature space gives us the condition attributes and the outpul
classes the decision attributes, so as to result in a decision table. This table, however, may be transformed,
keeping the complexity of the network to be constructed in mind Rules are then generated (rom the
(transformed) table by computing relative reducts. The dependency factors of these rules are encoded as the
initial conncclion weights of the fuzzy MLP. The network i is next uamed lo refine its wclghl values It may be
noted that the optimal number of hidden nodes is d. The
found 1o be better than the conventiooal and fuzzy versions of the MLP. The model is mpable of I\andlmg
input in numerical, linguistic and set forms, and can tackle uncertainty due to overlapping classes.

8. FuzzyLogic, Uncertainty Analysis and Control

A new measure of total uncertainty for Dcmpﬂer-ShAIer framework has been suggested. This new

measure takes care of inty duc to p and and is frec from several drawbacks
of carlicr attempts. An axiomatic approach has been used to definc a measure of conflict for Dempsier-Shafer
(ramework. Unlike other measurcs of inty which izes Shannon’s i jon measure the

proposed one is a generalization of Vazda's quadratic eniropy and it considers only the conflictual aspects of
lotal uncentainty that arises due (o the randomness in the sysiem, For possibility distribution new metrics have
been defined using different measures of non spectﬁaly Properties of iterates of fuzzy circulant matrices under

max-min operations have been i igated. C| ics of i of fuzzy matrices under gencral
S-norm and T-nomm have been investigated. A shape estimation p has been developed with the help of
luzzy @t hulls.
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Adaplive fuzzy logic lters have been developed using rei type leamning algonithms. A
new concept of rule-dependent/ dent inferencing has been i d and its effects for
realizing a robust fuzzy controller has been demonsirated.

An extension of the conventional fuzzy reasoning model thal can account for incomect and
inconsistent rules oblained from human experts or otherwise has been proposed. The exicnded mode) bhas been
used not only for handling inconsistent rules bul also for selection of rules for a fuzzy logc conuroller The
extended model can be used in any other non-control mile based sysiems including pattem recognion.
Algorithms have been developed for realizing self-luning P! and PD type fuzzy conrollers through omline
tuning of output scaling factors. The striking feature of the scheme is that it 1s mode! independent and works
excellent even with the most nalural and unbiased bership functions (equi d tnangle with
50% overlap with neighbors) for all linguistic values. Genetic aigorithms bave becn used (o deagn
seli-organizing fuzzy controllers. A fuzzy ncural nttwork has also been used for rule selection A general
purpose ncuro-fuzzy tool for realizing fuzzy reasoning with more intuitively plausible propertics has been
developed. Work is in progress on fuzzy sysiem identification through exploratory data analysis.

Intemational Collaboralion

The Institute has an intemational collaborative project with the College of Enginecring. Osaka
Prefécture University, Osaka, Japan which was iniliated and is being coordinated by MIU. Members of MiU
are also involved as co-investigators in the INDO-POLISH collaborative project tited " Reasoning under

inty aboul complex obj gh set theory and fuzzy set theory”. This is coordinated by the DepL of
Science & Technology (DST). India and the Polish State Commitice for Scientific Research (KBN), Poland.

Physics and Earth Sciences Divisicn

The division comprises Geological Studies Unit and Physics and Applied Mathematics Unit. Faculty
members of the division are engaged in teaching and training in B.Stal.. M.Stal.. M. Tech. (CS) and M.Tech.
(QROR). besides (heir research and project work. Research carried oul in these units are described below :

Geological Studies Unit

The broad areas of research thal were carried out in 1996-1997 in the Geological Studies Unil can be
placed under five heads : Precambrian, Gond Supra Gondv Quantitative Geology/Compier
Application and Colloid and Surface Science. In 1996-1997. the unit conducied 17 ongoing 2nd 1 rew
projects. All the projects remained incomplele by the end of March 1997, hopefully that 11 of them would b
completed in 1997-1998.

(a) the Precambrian research in the unit involves the history of the crustal development of the
southeastem part of the Indian peni integraling tectonic, i i ic, stnactunal,
magmalic and melamorphic studies in Lhe Pranhita-Godavari Valley. Chatisgarh basin. Cuddagah besin.
Sonakhan granite-greenstone belt and the Eastern Ghats.




()  th Gondwana research aims io iniegrate sindies on suratigraphy, palacontology, climate and
sedimentation Lo work out the history of the Gondwana succession in the Pranhita-Godavari, Rewa and Sstpura
basins.

(©) empmul-suusual analyses of mmmlly arising l'lcld and Jaboratory data provide ways of building or
| itative models of signifi in geological problems. Computcr applications are done in
of various ) cemployed by the earth scientists.

(d)  the rescarch on colloid and surface science has 8 good potential in its applicalion (o Studies in
environmental scicnce in the national context

R Precambrian

The details of the structure and straugmphy in some key sec(on of the Naltamalai Fold Bell (NFB)
have been analysed (o the of in the Pre
Cuddapah basin. Analysis of structures and stratigraphic data in some key sectors along the western margin of
the NFB has been done. On he straligraphic front, transition rom the Proterozoic Nagari Quarizile (o the
Pnllzmpcl Fonnauon \mhm the Nallamalai Group is interpreted in terms of the transgression of the sea
increase in lemi influx which led 10 the development of a
progmdmg ﬁn-dclla overlying the lower tidililes showing prevalence of casterly ebb curents. Wesierly
varging mesoscopic and larger folds and thrusts, pormal sense crenulations overprinting a staty cleavage or
mylonitic foliation. and on a microscopic scale, asymmetric fibres in pressure [ringes suggest development of
non-coaxial deformation zones cven in (he western part of the NFB.

Organized markings on bedding suggestive of fossil worm trails and/or burrows from the basal
sandstones of the nagan Quarzile unconformably overlying the granite gneisses (Pcminsular gneiss) have
recently been discovered from the Cuddapah district. If thesc markings are indeed fossil worm trails one may
raise the question whether the earliest metazoan forms evolved much earlier than the Vendian represented by
the Ediacara fauns. The base of the Cuddapah sediments is at Jeast 1555 m.y. old {Crawford & Compsion.
1973).

A collisional boundary between the Singhbhum craton and the Easlcm Ghals in an arca ammd
Rengali, Orissa was documented with structural and p gical data. i were condy
10 cvolve forward and inverse models for thermal cvoluuon of the Eastern Ghats granulitc bell. A new
analytical solution to the partial differential equation describing the Lransient thermal regions in the crust was
worked out in the form of the fundamental solution | = (Ly).

An area of about 250 sq. km. was i near Sini in Si Dist.. Bihar. to have an idea
about its general litho-structural set up. The rock types includc varicties of semi pelites locally interlayered
with amphibolites. Common presence of bodded rock fragmenls suggests volcanic ancestry. Present work

on the ion types of i

Origin of Fe-illite, 2 group of clay minerals less wel) undersiood Lhan their end member countespants
illite and glauconite. has been studied. It has been shown that authigenic illitic mincrals form at the expense of
detrital fcldspar and mica. and progressively change over lo Fe-illite and glauconste through different
substitutions between cxchangeable cations. [1 is also obscrved lhal substrate oomposuuon may ha\c suong
influence on the composition of Fe-illite. i and of
Proterozoic Fe-illite, collected from different environments in lhc P.G. Valley, have been analyzed.

Distribution of several exchangeable cations was assessed by running BMDP regression program 6 D.
Substitution relationships between different cations like Fe. Al. K and Mg are marked by high correlation
co-¢flicient. A few dala points in cach plol show wide varialion (rom the normal wrend. and have unusually
1a¢ge effect in the estimates of the regression co-efficients. The data points defined as outliers were identified
by using BMDP program 2R Geologica) interpretation of the outliers has been offerod. A manuscnpt has been
completed by Sarbani P. Deb. SRF. jointly with Dr. M. Fukuoka of Hiroshima Univ.. Japan.

Work on the development and evoluion of the deep water Proterozoic Penganga carbonate platform
has been completed. A transgression - regression cycle with an episode of major sea level risc leading to
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development of black limestone deposited in anoxic environment has been identified. Trend of transgression -
repression points 1o 8 northerly palacoslope and the exisience of a large marinc basin north of the P.G. Valicy.
Jovdip Mukhopadhyay. a non-SI worker. has submitted a Ph.D. disscriation under the guidance of Professor
AK. Chaudhuri of the Unit, on the Penganga cacbonate platform evolution. in December 1996.

Ficld work on the khan g delt which underlics 1he Chhalisgarh
Succession was continued. The north-south trending bell of volcano-sedimentary succession bounded by two
volczmc belts has been identified asa major turbiditc basin. developed in front of a rising volcanic chain.

P hic analysis of volcanicl d is in progress.

A short reconnoitary field work was conducted in the Indravati basin.

Recannaissance maping of about 250 sq. km. around Dewalmari Pranhita-Godavari Valley. suggesied
Tevision of W. King's map done more than a century ago. It was found that the Sultavar rocks occupy much
Jess area than whal is shown in King's map.

The sedimentary rock sequence in this arca compriscs a marinc li dstone sequence
unconformably overlain by fluvial pebbly arkosic sandstone. Slightly deformed marine scquence s broadly
corrclatable with the infra-Albaka lithostratigraphic units of the adjacent arca. Limestone is stromalolitic and
sandstone shale sequence bears imprint of storm and wave-dominated shoreline processes.

The overlying fluvial sandstone bears close resemblance (o the Sullavai sandstoncs of the

th-western belt. Remarkable similanty of facics and lithology of the Sullavai rocks in 1wo bells demontraies

the patential of the pre-Silurian alluvial system in spreading sandstonc shecls across the basin. A paleocurrent
reversal in these rocks lends support to the inferred eifl origin L0 the Sullavai basin.

A number of publications were being prepared on Lhe sedimentology of the Sultavai rocks.

‘The Triassic and Jurassic sediments of the Salpura basin have been explored cxiensively Diosaur
bones and other archosaur bones have been recovered for the first time from the Bagra Formation of i
Saipura basin. [n the lower Denwa Formation, a Triassic horizon. several parts of dicynodonl skull and
rhvnchosaur skulls have been found. Several dyl amphibian, mainly capi ids. have also boen
recovered.

Siudy on endothiodont dicynodonts from the Pranhita-Godavari valley was nearly complete. Apan
from the known form. a new specics of the dicynodont would be described for the firsi time from this
continenl. The study would lead (o a Ph.D. dissentation for Sanghamitra Ray. SRF. to be submilted soon 1o the
Calcuha Universisy.

Both laboratory and ficld work on the project was concentrated on (he geology of the Triassic deposits
in the Damodar Valley of west Bengal. Restudy of the Triassic venebrate fossils of this arca suggested 3
thorough revision of the fauna of the Panchet Formaion. High resolution lithologs and detaited mapping.
along with fossil scarching operations, have localed the Permian-Triassic boundary which 15 probably the st
exposure of such 2 boundary in India. Considering globally. it can be siudied as the type area for Permo -
Tnassic change-over wilhin continental deposits. Many new fossil laxa have been identified.

A new venebralc fossil fauna has been ldcnuﬁcd m the Upper Gona\m\as of the Satpura area.
Madhya Pradesh. This includes new capi 0 and dinosaurs.

The amphibian (auna has been studied in detail and few new laxa have been erected. An interesiing
paper on amphibian cvolutionary trend has been prepared and sent for publication in a reputed foreign journal

Westen part of the basin around Suk Tawa was cxamined with special emphasis on the Bagn
Conglomerate. A remarkable Gacies change from east (0 west within tlus basin has been observed and it 1§ fcht
that the Lower Gondwana lithostratigraphy in the western part nceds (0 be established indcpendently.

Sedimentologic and petrographic analysis of Motur and Barakar Formations of the castern part of the
Satpura basin was completed. Molur rod clays aad intcrlaycred sandsione lenses display evidences of
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deposition (hrough overbank shect-floding. contrary {0 the cartier inlerpretation of meandering streams.
Scdimentary succession of the Motur Formation in the easiemn part of the basin is reinterpreted 1o represent an
anastosmosed (uvial sysicm

A write up on the siraligraphy and sedimentology of the Motur Formation is under preparation.
2, Supra Gondwana

The research (Re. Chatterjee and Rudra, 1996, KT events in India. cic. Mem. Queensland Museum,
39)). 489-512. Brisbanc. Australia) on the KT mass cxtinction (65 million years ago) and the Deccan
volcamism suggests (hat among the vanous meteorite impact siles Uat are linked 1o the same extinclion. the
prime candidates today are the Cheexulub Crater 1n the Yucatan Perinsula. Mexico. and the Shiva Crater as
identificd from the subsurface data a the India Seychelles rifl margin. The crueial evidenet for the Jaticr
comes from the Bombay High ficld, the giant offshore off basin and the associaled alkaline intrusnes within
the Deccan Traps. The age of the crater is inferred from its Decean lava Moor. Palacocene age of its overlying
sodiments, 1solope dating of presumed mell rocks and the Carlsberg rifing event (Chron 29B) within the
basin [t is speculated that a 40 kn. diameter melconte crashed on (he wesiern conlinental shell of India around
65 Ma. excavating the Shiva Craicr, shatlening the lithosphere and inducing (he India-Seychelies nfting, The
Deocan volcanism was already on. starting 1 Ma beforc the KT impact event. but the impact enhanced the rate
of lava extrusion 10 an ¢normous cxienl The origin of the Deccan voicanism is aunbuted to the
Deccan-Reunion hotspol Though at the carly stage of Deccan cruption, sauropods. Iheropods and ankylasavrs
Nounshed in India, they dicd out suddenly at the KT impact boundary Both impact and Deccan voleanism
appear (o have buted towards Lhe del i | leading to the biotic crisis at
the KT boundary. However, the smpact appears lo have plaved the major role as the killing mechanism.

3 Quantitative Geology/Compuler applicalion

Influence of impunty on Quartz CPO . The project on the influence of micaceous impurity on Quart:
CPO has been completed The major findings are  a) asymmeury of quanz C-axis fabric. a type | cross-girdle.
or a kinked single girdle. is independent of the medel mica content in the range 2% to 35%. and b) a negative
correlanion berween model mica content and fabne intensity

A project on the sy ic mi investig; of naturally deformed quartzofeldspathic
(Q-F) rocks has been undertaken with a view 10 understand the nature of flow i the upper and muddle crust.
The nature of the aggregale flow law. where both diffusion and dislocation creeps act together on a polyphase
aggregate. has been worked out. Some deformed arkoses and feldspathic schist (soda granute) from the
Singhbhum Shear Zone has been studied for microsiructural details.

4. Colloid and Surface Science

The scope of Colfoid and Surface Science is wide since it cmbraces multidisciplinary areas of
rescarch, OF these, the fundamentals and applicabilities of the self ofganised amphiphiles, viz micelles and
microcmulsions. were undertaken for tesearch  The amphiphifes can produce  microhetetogeneous
environments for posscssing novcl physicochemical propertics and research on them has potential 1n
technological applications. ¢.g., cahanced oil recovery. pharmaceuticals. agriculture. semiconductors.
iotechnotogy, cle. Microemulsions are polential sysicms for formulalng agrochemicals becuase of their
isotropic. thermodynamic stability. indefenitc shell ume. small droplet size. transparent and enhanced

biological cflicacy. Investigations are aumed al the betier und ding of ph of ilization in a
single surfactant and mixed surfactant microemulsions (o improve both the cost compelitiveness and the
performance of \her products The ing results on the ion of mic jons arc reported

though these lemary systems produce various complex phases.
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Physics and Applied Mathematics Unit

Apart from research activitics in Physics and Applicd Mathematics faculty members of this unil are
engaged in teaching various courses of the Instituic and other universilics and also in guiding rescarch
students.

Major topics of research are

1 Topological ficld theory, Berry phase. Quantum Hall Effect. Superfluidity, Quantum cosmology.
Skyrmions

2 Quantum field theory in flat and curved space time.

3. Quantum Mechanics of Anyons, S ic Quantum Mechanics, g-deformed Quantum
Mechanics. Quantum opucs. Confincd Sysiems.

4 Foundational Problems of Quantum mechanics. Quantum field (heory by Stochastic quantization
approach. Quantum field theory of dissipative systems, Blackhole physics.

s Extended Electromagnetic Theory.

6. Wolf mechanism and alicate cosmology.

7. Joint distribution functions and Image anaiysis.

8. Modelling Cerebellum and Cognition Process.

9. Studies in the reported "Strangeness' abundance in high encsgy collisions. Large antibaryonic yiclds
related with the QGP sly\alurcs in the framework of the standard theory. Gcncnl aspects of antimatler

searches and the several | h istics of the i i p arc now under
imvistigation.

10 Multivariate modelling of the Gamma Ray Burster data from BATSE 3B catalog : Hicrarchial
clusiering amalysis of data rcveals Kouvcliotou effect. Presence of (hrec stalistically significant clusters
estiblished.

Analysis of Glasgow Laser Intcrferometnc Detector data with the intention to mode] the
non-Gaussian nature of the noisc.

it Solitary waves in plasma, and Dusty Plasma. It has been shown that finitc temperature restricts the
cegion of exsstence of solitons.

12 Rapid distontion thoory and Coriolis rotation on a tucbulent flow. Modelling of lurbulent flows with
nonlinear terms, deductive theory for 2 homogencous turbulent flow in presence of helicity, acceleration
correlation in turbulent flow. Calculations of urbulence encrgy spectra, pressurc spectrum.

13 Hydrodynamic Stability. Fluid flow. Thin Film development. Streiching Sheet. Crystal growth 1t has
been shown theorelically how a thermocapiliary foroe helps to eahance the thinning raie and can achawe the
desired thickness before the skin hardens at all.

14 Waler waves. Mathematical methods. Inventory models.

15 Sediment transport, Dispersion processes. Navigation hydraulics. MHD flow and Heat transfer.
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16. Blood flow through ariery. Two layer model. P
viscosity, Effects of magnelic ficld. Blood flow in cardiovascular system.

17 Multivariable system and control theory: Design and Analysis of control systems: numerical methods,

18. Patiern forming instabilities. Physics of Granular malcrial. Fluid flows. Dynamical sysiems and
Bifurcation theory.

Teaching activities

1. Scicntists in PAMU took part in teaching courses in Physics. Fluid Mcchanics and Waler waves 1o
research students in PAMU.

2 §. Gangopadhyay took part in teaching courses in M. Tech (QROR). K. Hajra and K. Kumar laught
Physics courses to B. Stat (Hons.) Students.

Biological Sciences Division

The Biological Sciences Division is engaged in studying the varied biological processes covering
plant and animal kingdoms, including humans. It comprises the following units : Agricultural Scicnce Unil.
Anthropology and Human Genetics Unit. Biochemistry Unit. Biometry Unit. Chemistsy Unit. Embryalogy Unit
and Plant Chemistry Unit. Facully members of all units participated in teaching various courscs of the Insitute
and of other organisations. They were also actively engaged in guiding research of Ph.D. students. Activities
carried ot in thse unils are described below.

Agricultural Science Unit

Research studies in Agricullural Scicnce Unit arc mainly conducted in two distinctly different
ecological regions, namely Giridih region of Bihar Plaleau and Sundarbans coastal region of South Bengal.
Farm based studies are carmiod out in Gindih Experimental Farm with the focal theme of “increasing cropping
intensities and productivity through rainfed farming. In coastal Sundarbans region. studies arc aimed al
detailed botanical and ccological work on mangn getation. and cullivation and i of oil paim
and high yiclding coconul cultivars in that area.

The studies included the following eight research projects.
Crop-soil-weather relationship

This project was initiated in 1995 with the following objectives : (i) 1o establish i cropping
systems through ulilization of rain water, (ii) lo sclect potential traditional and improved varieties producing
stable yield under varied rainfall situation, and (iii) to identify growth stages being affected by occasional
draughts both in Lraditional and improved varietics and identify suitablc ones in combating water siress. Long
lerm weather data have been collected from Sckhampur, Birbhum. to identify quantum, distribuuon and levels
of uncenainty in rainfall paticrn. The data are now under analysis and will be correlated with rice vanictal
performance. The siudy on relationship of weather parameters like (emperature. humidity. sunshinc.
evapolranspiration affecting crop growth and yield is in progsess.

2 Croplvarieial performance

‘This project was inilialed in {98Y. The main objectives of (he study are : (a) to scloct suilable cultivars
of paddy. maize and pigconpea for rainfed farming. (b) o adopi different management practices affecting vicld
stability svilable for small and marginal farmers. (c) to find out the oplimal date of sowing of the cultivars
which affects yield considerably, and (d) to select suitable crop varieties for cultivation in fallow land area of
Bihar plateau.
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Some results have already been achicved and given in the last Annual repont. In addition to that it
has been that cropping i ities can be increased with management of minimum waier
harvesting facilities (possible duc to large volume run-off watcr) on mid-up to upland situation. On
mid-upland. shon duration nce or maiz¢ grown between June 10 early Scplember offers scope of successful
sequence with kulthi (pulse) and miger (oil sced) as follow up autumn crops between Sepiember-November. it
has been cstablished in our farm that lotally croded rocky upland could be restored through afforestation
programme within three to four ycars. Sisoo (timber) and cashewnut have deronstrated their potential in this
region.

3. Work on Paimae

The family palmae compriscs many economically important plants. It consists of 2779 species
growing mainly in tropical climate. The main objective of the project is 1o conduct indepth studies on differcat
aspects of Lhe family such as. hology. anatomy. phyll ontogeny of end in
frunts, palynology. ecology and conscrvation.

This is an ongoing project. The phase 1 of this project dealt with morphological and anatomicai
variations between seedlings and adult palms. Besides these. ontogenelic study of stomata and nchomes of
leaves and tracheary clements of roots of some palms were studied extensively. In phase-11. the siudy amed to
find out whether there is any efect of foliar arrangement (phyllotaxy) on the density and size of stomata and
trichomes of leaves. This study rcvealed interesting vaniations between lefl and right spiralled palms. The third
phase of work of the project deals wath devclopmental process of (richomes in some palms, coology and
conservation of some threatened palms. The work is in progress.

4 Introduction of oil palm and high yielding coconul cultivars in the Sundarbans arca of West Bengal

This is a long term project inutiated in 1986 in collaboration witl the Depanment of Agnaulture.
Government of Wesl Bengal. with the following objectives : (i) to find out the possibilily of introducuon of oil
paim. and (ii) to select the most high yielding coconul cultivars. suitable in the Sundarbans area Eight
cultivars of coconut (five tall cultsvars and three dwarf cullivars) and one cultivar of oil palm ('tenera’) were
transplanted at the District Seed Farm. Manmathanagar. South 24 Parganas. in July 1987. Early growth dawa.
such as number of leal production, ginh at stem base. plant height and flowenng at different age points are
being collected rcgularly. Uniil now aboul 94% of oil palms and 10-37% of coconut palms staried Mowering
Since the palms are perennial long duration crop. they will require another six years to show their full
potentials and stability in yicld. On the basis of stabilized yield data. sclection could be made for high yielding
coconul and oil patm cultivass.

S. Eco-floristic and ical investigations on mangroves of Sundarb

The project was initiated in 1989. with the objectives of p hensive account of
mangroves of the Sundarbans in respect of their floristic survey. morphology ol' wds and seedlings, anatomy
of leaf, stem and oot and palynology. towards ding of their in and ecological
elucidation of the taxa,

In the first phase of this projct the anatomical work on leaf. stem. palynology and soodiing

logy have been leted in 22 true mangroves and scven mangrove associated spocies. The phase Il
work of this project includes comparalive ccological anatomy of trachcary elements of sicms and rools of
mangroves coliected from differcnl coological regions of mangrove forests, viz.. Sundarbans, Bhitark

(Orissa). etc. The work is in progress. Besides these. development process of stomata and non-glandular keal
bairs have been studied in five specics of mangroves of Sundarbans.

6. Subsistence farming studies of Bihar plateau region
‘nus project was initigted in I9‘n wuh the following objoctives : (i) ta locate the status of resource

and for p and (ii) 10 identify and examinc the indigenous
knowledge systems of the villages whilg praclicing subsisicnee farming.
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A survey work was conducted al the "Usri' walershed of Giridih arca to probe agro-ccological
constraints. These included microlevel rainfall pattern as aflecicd by environmental changes, soil resouros
status. technology adoption by farmers cic In order (0 gain intimate knowledge of technology adoption. a
compleic houschold survey of three villages was donc in the watershed arca with varying socio-cconomic
sysiems, productivity, ccology and (echnology adoption cate. The data collected in the survey are under
analysis During \be year under revicw an altempi has also boen made to analyse he resource data through GIS
lools. This will continuc in the next year.

1. Weed crop interaction

The project was initiated in 1993 with the objectives of studying types of weeds. Lheir infcraction with
the crops, and to evolve a composite system to control weed problems in the upland soil conditions of Bihar
plaicau.

Crop-weed interaction experiments carried out with paddy and wheat in "Khanf' and 'Rabi’ scasons
respectively have indicated the usefulness of intensive Iand use through intercropping of paddy-blackgram and
wheat-bengal gram for increasing cfficicncy in system productivity as aiso effective weed suppression Bur
clover. a natural winler weed., associaled with wheal in Lhis region have shown its usefulness in conservation of
soil mowsture and sustaining soil nutnent status.

8. Food grain damage by rodents

This is a short term  project initiated in April 1995 and has been completed in March '97.

The objectives of Lhe project were (i) to assess vield loss of paddy in the field duc 1o redents. and (ii) to
find out the aMlinity of rodents 1o different nct variclies. Somme data had been collected on the nature of rodent
burrows. their numbers of openings and the quantity of grains hoarded per burrow. This work also continued
in the "Rabi* season of (his ycar  The afMinity of sodents to different rice varieties. such as, coarsc. medium.
fine (scenled) etc. have been examined in laboratory condition. Preparation of the report is in progress.

Anthropology ond I{umon Genetics Unit

Faculty members of the AHGU regularly panicipated in teaching in B.Stat.(Hons.) in Anthropology
and M.Stal. in ASDA. SQC&OR under Biostatistics 11 and M.Stat. in ASDA. BSDA. SQC&OR under
Satistical Methods in Genetics courses offered by the Institute. One faculty member is also teaching
Anthropology 21 Calcutta University. Some of the facully members arc also engaged in supervision of Ph.D.
theses One Research Fellow has aircady been awarded. onc has submitted. two fetlows arc aboul to submit and
1 fellows arc working for their Ph.D.

Faculty members of ARGU are also engaged in active rescarch in different areas of biological
Anthropology and Human Genelics. The details are as follows :

Human Adaptability Programme : Within the general framework of this programme. the followiny
plan projects are being conducicd

) Health Status and Labour Productivity

Empirical studies outside India reveal that an individual's health status play an important rolc in
dctcnmmng higer labour output. On the basis of this. U objective of (he project is 1o cxaming the health -

p ip in different pational groups of Oraon labourers of Jalpaigun distncl West
Bengal.

Data collected from the Oraon agricultural labourers of Jalpaigun disinct. West Bengal. reveal that
both ferility and mortality are comparatively lower 1n this ion in ison with their tca garden
¢ parts. Less p of hyp ion and lung discases in the Oraon agricultural population compared
(0 the lea labourers.
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2 Effects of Microenvironmental Factors on Heslth in Rural Populations

Data analysed so far reveal that both fertility and mortality have decreased over a short span of 10
years in Chakpota village.

From the data on reponed ailincm symploms and treatment it was found thal in all the groups and

b of Kayastha, Poundrakshatriya and Oraon of South 24 Parganas district. West Bengal. the

percentage of aduit males nol affected by any ailment is highes than that of adult females and the difference is

statistically significant. Gender difference in cducation is marked In all the groups and subgroups. the

petcentage of "not atlended school” is higher amony females than among males. and the percentage of
“continuing school” is higher among males than among females. The differcnces are statistically significanl.

3 Pyychological Stress and Health of Mother and Child

The overall purpose of the project undertaken was (o evaluale (he health status of females over their
entire life span. divided into phases. In their prime working age urban middlc class educated women face both
physical and psychological problems resulting from constant exposure lo day to day stress and strain Agcing
adds a more difficult dimension (o this. as women generally live Jonger compared 1o men. Informauon on

hological and social ch istics of women who are al prime adult working age and who are
al posl-adull working age (at or about their retircment age) are being cotlected from the city of Calcutia.

A pan of the data collected so far has been analysed. where a comparison is made between a group of
college teachers and a group of women sccrelaries and exccutives from public and private scclor argamisations
The executives show highes anxiety scorcs (33.78+1.99) compared to the college teachers (32.0+2.60). though
the difference is statistically non-significant,

As a pant of the ongoing project data on socio-economic characleristics and anxiety levels were
collected from a cullurally/cthnically different group of women. engaged as gazetted officers in differcnt
depanments of the Government of Sikkim. It is intended 1o find oul whether economic factor. andior
culturab/ethnic factors per s¢ {i.c.. independent of the economic factors gencraily associated with the latier),
affect the (raits discussed above.

4. A Study on The Determinants of Fertility and Mortality in an Urban Setting : An Anthropological
Perspective

The major thrust of the project is {0 investigate into the corrclates of infant and child mortality among
the Hindu and Muslim stum dwellers of Calcutia city.

Almost 75% of the work has been completed. The results show that the Muslims have higher fertility
and mortality compared 10 the Hindus. and thal the Hindus are economically betier off. literacy rate is highes
and the overall hygienic condition is belter than the Mustims. The results also show that the adoplion rae of
family planning methods as well as perceplion levels arc highcr among the Hindus than the Muslims. The
study demonsirates thal the desire for additional children is the result of a strong gender preference (son) as
well as lower survival prospect especially among the Musfims. The study also reveals that the expeciation of
lifc at birth is slightly higher among both malc and female Hindos compared to the Muslims The higher
fertility among the Muslims may perhaps reflect the perecived threal of existence of a minosity community.

5 Human Biology of Himalayan Populalions

The objective of the project is 1o evaluale the effects of socioculural faciors associated witk
modernization on the demographic and health stalus (measured in 1erms of fertility. mortalily: selecied
biological traits, health perception and health care practices) among the Lepehas of Sikkim Himalaya.

Data collected earlier from the Lepchas inhabiling 3 rural Revenuc Blocks of Dzongu arca. North
Sikkim on anthropometry, blood pressure and behavioural 1rails (c.g. lobaceo use. aleoho) use. etc.) have been
analyzed. Analysis of the data reveals that while significant effocts of age. aicohol intake and triceps skinfold
thickness (among the femalcs) on blood pressures cxist among the study population: cfiecis of smoking.
Lobacco chewing. oral contracepfive use on the trail arc not discernible. Morcover. 8 high prevalenec of
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esscntial hyperiension (males : 30.8%: females : 25.8%) Js found 10 occur. The above finding clearly indicates
that compared (o many other rural Indian populations. rural Lepchas of Dzongu area have much higher
prevalence of hyperiension,

6. Genetics of Complex Trails

Research in the area of genelic epidemiology of complex disorders (disorders wilh vanable ages al
onse1 that aggregate in I'amnlus but do not segregate in a clear Mcndellan fashion) is currently an inlernational
interest. We have P i based methods for g modes of inheritance of such disorders.
We were able Lo propose and cross-validate a multilocus model ustng I'amlly dala on a dermalological disorder
(witiligo) and also study robustness properties of the proposed meihods. We were able to establish, contrary to
traditional belief. that vitiligo 1s not a single-locus disorder but is controlied by cpistatically intcracting
recessive alleles at three unlinked autosomal loci.

In ion with the Bi istry Unit. we completed a genetic epidemiological study on blood
pressures and lipid and lipoprotein levels among Marwaris living in Cakculta. Using a path model. for familal
data. (hat takes genetic and environmental factors into account we have found that : (i) the gencuic cffects on
blood pressure are indirect and are perhaps mediated by genetic factors controlling adiposity. (ii) the gencuic
heritability of HDL-cholesterol level (the so-called "good™ cholesterol. higher levels of which are protecuve for
vascular diseases) is aboul 80%. and (iii) the genenic henuability of Triglyceride level is abow $5%. The
implication of these findings is that contro] of body fat by regular physical exercise and lowering the intake of
saturated fats and oils can sigaiticantly contribute (o lowering Whe risk (o cardiovascular discascs. While this

is not novel. itative estimales of heritability from p ions with non-Western life styles are
very fc“ In fact, this is lhc first family study conducted India wnh the explicil objective of estimating genetic
and 10 lipid and li in levels.

1 Human Ecology

(i) The changing patters of resource use and its cultural and biological implications are being studicd
among a Kuki tribe called Gangte. who are currendy living in ihe hills of Manipur and are undergoing rapid
transition from shifiing cullivators lo the urbanized mode of subsistence.

The resulls obtained so far suggest general improvement in the cconomic situationand literacy and
reduction in child mortality. A trend of decline in the availability of biological resources and increase in
admixrure with non-Gangtes is also apparent.

8 Population Structure and Human Variation

(ii) Human impact on biodiversity. (iii) intcrface between forest dwelling communities and forest
1€S0U10RS.

Statistical analyses of different data seis collected earlier, are being pursued. As pant of this. we have

50 far synthesized all-India data on (i) the inbreeding cffects on reproductive outcome. and (2) finger ridge

count variation of the Indian populations. We have also analysed (1) genetic differcnces betwoen migrant

populations and their parcnial counterparts. (2) effect of life styles on blood pressure vanation. and (3)

dcrmaloglypluc and anu"oporm:mc an‘mllus of some local clusiers of populations, i the light of
and i

9. Dermatoglyphics

Dermatoglyphic data on toe. sole. finger and palm of a large aumber of nuclear Mmilics (S0 from
five different cthnic groups have been collocied and panily analysed. Bilaleral asymmelry (directional and
fluctuating) is the main cmphasis of the project which is considered to be a direct reflection of developmenial
homeostasis in humans. The study aims to evaluale : (1) genﬂlc and comamon family wherilance components
of plantar glyphics. (2) genelic of p ionship belween loc and finger, solc and
palm as wel! as bewween characters within the plnmzv and palmax dcmmloglyphms. (3) nature and extent of
variation wilhin and between cthnic groups; in genelic disorders and on twins.
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The study between toes and fingers reveals that (i) the same genetic influences mighi be exeried on
both the dermatoglyphic regions bul produces differential cffect for different functions in their independent
courses of cvolutionary specialization, and (ji) laterality may be uscful for ethnic comparisons.

10. Human Growth

A cross-sections! growth study on 26 body dimensions on the boys and 9 dimengions on the girls from
Calcutta city was undertaken in order 10 assess their growth performance in the context of the Indian
population. The study also evaluales the influence of sociodemographic vanables on Lhe growth by univanale
and multivaniate analysis. Curve fitting techniques have also been used 1o estimale the biological parameters of
{he growth process.

Family based study on anth ics undertaken in a rural end lation of West Bengal

has and heritabilities of 22 body dimensions.

11, Population Varialion Programme

(1) Studies on Rheumatoid Arthritis : Statistical sampling design involves a two-siep design. The first
stage sampling units are Panchyats and the scoond stage units ase villages within sampled Panchyals. Al cach
siage simple random sampling with replacement was donc. We have compleled a ficld survey with this
sampling design in Ranaghal Block, Nadia DistricL

About 3,000 families have been surveyed comprising about 16.204 individuals. Ont of thesc. %0
individuals have been d as Rb id Arthritic (RA). Suspected RA. individuals were clinically

examined and their blood \Ivas collected for laboratory investigaton. Out of 90 {0.56%) suspected R A pauenis
only 63 RA paticnls have examined. Out of 63 paticnis. 20 (12.6%) paticnis are clinically positive Rhcumatoid
Anhritic and by laboratory investigation 11 (6.93%) paticnts acc R.A. factor posilive.

The prevalence of Rhcumatoid Arthritis in the surveyed area (Ranaghat) is much more than i North
24 Pgs.

(ii) Genetic Variation : A field work was conducted in Varznasi. U.P- About 150 blood samples were
collected from four different endogamous populatians ; Brahmin. Rajput. Chamar & Mustim. In the field Hb%
esimations, G-6PD deficient test. ABO, & RHD blood groups have been done. The following biochemical
markers have been screened - AK . ADA, G-6PD, 6PGD. PGM,, ESD. Acid Phos. CA,, CA,, LDH. MDH. b
type. Hp, Cp-Tg & Albumin etc. in our Institute.

From the laboratory screcning few new varianls have been obscrved - G-6PD (New slow variani).
PGM, and MDH.

(iii) Two predominant alleles - HHE and HbS of beta globin gene cause hacmoglobinapathy 2mong a

i proportion of lations of India. Molecular characier of these alleles arc known and these

allcles show a wide range of clinical manifestations. Drstnbution of thesc alleles are Limited to specific

populalions, Prequency of HbE in some populations has becen fournd upto 835% and HbS upto 45%. Although

Lhese alleles are known 0 be delcterious and these arc mainwained in populalions in such a high frequeacics

but how it spread Lhrough a wide area is not known. Objective of Lhis study 1 to throw some light oa the
mechanism of maintenance and spread of these alletes.

(a) spread of HbS in the region due lo wide range of migration of the tribes:

() excess of homozygotes and prevalence of high (roquencies due: to practice of coasanguinity and
random effect among populations;

(c) similar Hb (evels and longevity of homozygoles compared 10 Lhat with normal or carrier individuak
observed in the dats. This is possibly duc to i ion with high [r ies alpha Lhal ia in he region.

Study on HbE has been conducted among (hrec subdivided groups of Deshi poputation in two districts
of Malda and North Dinajpur of West Bengal. A total of 521 individuals belonging 1o three W
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studied for 17 genetic maskers, Hb and haematocrit levels. Information about marriage patiem and marriage
distance have been collected. Results reveal that (2) allcle freguencies Muctuale between gencrations of each
subpopulation. (b) significant asymmetry exists in ges beiween g ions in each populalion. (c) a
large difference 1s obscrved between estimales of inbreeding leve) from genetic data and gencalogical data. (d)
we observed two alicles of 1wo genctic sysiems - ACP and Tf 1n onc of the threc subgroups which are not
common among the populalions of the region. and (e) a correlation belween hacmatological profile variation
and alpha globin content vaniation was cbserved.

12. Epidemiological and Clinical studies

(i) Epidemiological profile survcy data on "Diabetes™ has boen collected through family studics on
Bengali Hindu population by enumerating the number of persons belonging o 3 Municipal
Corporation/Panchyat Wards in threc habitats : Rural (47) families). Indusirial (487 families) and Urban (361
families). Analyses of primary datg and confirmation of discase status are in progress.

(1) Surgically incised organs - Appendix. Gall Bladder and Hemial Sac collected on Hindu Bengali
individuals have becn analysed to study histopathological and genetical changes. Associations of organ tissues
with 4-polymorphic (PGM. ESD. Ak and ACP) genctic loci have been studicd. Further 6-monomorphic loci
(LDH. MDH, 6PGD, G-6PD, CA,. CA,) have also been screcned for detection of variants. In respoct of hermal
sac. significant association was found with Esterase D (ESD) and for gall bladder with Acid phosphatase
(ACP).

Biochemisiry Unit

Cancer Chemoprevention

As an approach towards Cancer Contro. the following projects are ongoing on Utcrine Cervix Cancer
Prevention.

Studies remain focused on women with cervical dysplasiasicancers to investigate several aspects of the
role of folic acid in neoplasia. A major question is whether folic acid plays any rolc in programmed cell death
(PCD} (through apoptosis) dunng the process of normal ion and dillcrentiation of cervical
versus the abnormal ccll proliferation. During 1996-97 we have standardi hodologies for
apoplotic bodies in the paraffin sections of formalin-fixed cervix tissues and 1n the epnhchal cells obumcd
from cervical lavage preparauons. Pant of this \vork was presented in an inlcmational conference in 1996, A
second one has been submitted Lo another i It 10 be held in March 1997.

N

The project has been approved in Der. 19%6 Iry the SURDAC. Our objective was to devclop
ically designed hod of jon for two new molecular techniques of
mecasurement in the assesment of risk of canocr of the uterine cervix. These are human papilloma virnus
infechon (HPV), and perturbation of (he programmed cell death (PCD) apoplosis. pathway. We have
siandardized the PCR (polymerase chain reaction) protocol for HPV detection in cervical cells obtained as
scrapings. Also, we have standardized the TUNEL reaction proloco! for detecting apoplotic cells in cervical
scrapings. Ulilising these two molecular parameiers along with pap tests. we have screened 17 samples. Only
onc sample was found (o be HPV+ (high risk HPV-16 infection) and scveral samples were diagnosed as SIL
(squamous intracpithelial lesions) high or low grade. from pap rc:\dmgs Several of these SIL cases were found
to exhibil a disbalance in the cell proliferati -death (apop Ulilising these data,
utistical analysis and calibration of the methodology are ongoing.

During the past year. we have standardized the procedure for culturing human lymphocytes. Using
these lymphocytes we have been siudying the cffects of various drugs (mulagenic/carcinogenic) on (he
apoptotic ccll death pathway. When PHA-stimulated lymphocytes were treated with H,0, . a dose dependent
percent increase in the apoplotic cefls was noted. coupled with a drop in the nuclear division index (NDI). an
estimalc of cell proliferation. BuL. a pretreatment of the lymphocytes with a tickling dase of H,0, . 24h pror 1o
the challeaging treatment with H,0, . significantly decreased the percent of apopiotic cells with an increase in
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Lhe NDI in a dose dependent manner. This kind of responsc. (ermed as he adaptive response, appears Wherefore
1o involve an infubition of apoptotic cell-death process. Further studies are in progress.

Tt is important to understand the response of mamalian cells 10 oxidative siress becsuse of the

of such conditions in various d ive diseases including ageing and cancers. We have
observed that, pretreatment of the rodent cell Jine. V79. with a tickling dosc of B,0, confers clonal growih
advaniage 10 these cells upon subsequent exposure Io oxidative siress. Also a derivative MS. of V19 cells,
ressstant 10 the ch h ic drug exibils similar phenolypic behaviour 10 oxidative stress,
as observed in case of pretreated V79 cells. Ovr objective is 1o clucidate. some of the underlying molecular
mechanisms of such resistance in - MS and V7% cells. We have been able 10 establish the imvolvement of an
increase in the glutathione level and inhibilion of the apoptotic ceil-death process in the resistance obscrved in
case of MS otils. In case of preteated V79 cells. inhibition of apoptosis coupled with the involvement of

] levels and hionein (an anli oxidanl enzyme) have been implicated.

Seiniochemicals

The primary aim of the prescnl phase of this ongoing project is o investigaie the chemical nature of
the Marking Fluid (MF). the putative source of pheromonc of leopard (Panthera pardus) and Cheetah (Atnonyx
jubatus). Samples of leopard and cheetah were collecied from Rajabhatkawa Reserve Forest, Jalpaiguri. W B
and Africal Foundation, Oyjiwarongo Farm. Namibia, respectively The volatile molecules like free fany
acids(C -C ). primary, Sccondary and tentiary amines. aldchyde and kelones have been isolaicd and xdentified
by Gas<chromatography (GC) and GC Mass spectrometry Thesc volatile molecules are made to last longer
nawure wilh the help of some nonvolalile or less volanle lipid fixauves. A thorough chemical analysis of these
fixative part were performed to find out the fany A phylog hip among those three
mammals,  liger (Panthera tigris tigris work donc in the year 1994-199%) leopard (Panthera pardus) and
choetah (Acinoayx jubatus) has to be establishesd finally regarding Lhe pheromonal conslituents.

Bivmetry Research Unit

Fishery Science

G jonal siatistical methodol ining to the analysis of longitudinal growth data and
directional data are being applicd to study mrp gmmh Aulorcgrcssmn and Finite difference methods are also
applied parailely. The results so far obtained indicate the prablem area of growth where negative velocity and
aceeleration of growth patiern were obscrved. By applying suitable nutrients during thase periods of growth;
growth promotion is possible.

Carp growth by nutrients and polt and (he hi hological and physiological changes ia Ihe
Gastro-Intestinal tract of air-breathing fish expased (o pesticides.

The role of digestive enzymes in different regions of alimentary canals of Ihe freshwaler Indian major
carps. viz. Catla Caua and Circhinus mrigala by Lecaument of protein enrictied supplementary diets has boen
found to be promising as far as the growth performance of the carps arc concemed The growth of O mrigala
is increased in ison Lo C. Catla by the application of the protewn enriched dict

Result on longlitudinal growth studies of two (resh water Indian major carps. Catfa Cailz and
Cirhinus mirgala reared in the pond and in controlled laboratory conditions during the early stages of theit
have been sub d for publicali

Biomedical
1. lnvestigation into Fibrocalculous Pancreatic Diabetes (FCPD)

The progress of (his work upto (his dalc is quile salisfactary. The daia so far have revealed that i
disease is not genctically inherited as only 11.2% of the relatives of our patients are found (0 be dubetic Sinos
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the palients passess high 18G and IA. il is presumed that some immunological disturbances might have
develaped in them. Our HLA studics show thal they may be a sub-class of IDDM C-peptide and Insutin assavs
clearly indicate that nutritional status plays an important rolc. [t1s also interesting that 60% of these patients
show diabetic retinopathy. A histological study of liver and kidncy of FCPD patients are being siudicd to
coniparc tem with that of NIDDM and IDDM.

2 Rale of Interleukin -8 (FL-8) on the regulation of some infectious discases

Interleukin-8 plays an active role in the induction of inflammatory response in some discases Work
on the regulation of IL-8R cxpression. through which IL-8 actsvily is manifested. are in progress Uptill now
the study has been able 1o demonstraic thal scrum activated LPS {Lipo Polysaccharide) a1 a concentration 10
ng/ml induces expression of functionally actve IL-8R by 120% within X0 minutes through denovo proicin
synihesis. This sigmficant obscrvation shows that stimulation of PMN's with LPS induces IL-B4 expression
which enhances the IL-8 mediated biological responscs and provides evidence for post sumulatory restoration
of recepior level on ncutrophi! surface by proteoiytic cleavage of the aminoterminal end of the receptor

Besides this. antihyperglvcacmic effects of some medicinal plants arc now being studied. Al the start
Gymnema sylvestre is taken for our experimental study.

Chemistry Unit

1. Distribution and ch istics of allophanic materials in soils of Wes Bengal

Previous research findings of the unit hinted at (he possible existence of allophanic substances in
some soils of West Bengal. As these maicrials are important in modifving some soil propenics and its almost
decisive role in aggregaic formation we took up Lhis project to make our soil studicd more comprehensive.

Weakly developed acid soils formed out of basic rocks under forest cover were found 1o contam
appreciable amount of thesc matcrials in the clay fraction. Absorplive and other inferaction of the isolated
allophanic material and nutrient cations were studied. Gelling property of Lhese malerials and consequent
agpregate size and shape was intensively sludied. Allophanes from soils exhibited vasying degree of cation
enchange capacity and exist in combination with considerablc quantity of organic mattcr.

Two papers have 5o far been commiunicaled on these aspects. We have also offered an equation
ing the allophanc-content and sic distribution in soil aggeegates.

2 Heavy metals in soit
This project deals with the heavy metal behavior in presence of various soil components. This
fledging projoct was 1aken with an cyc on plant nutrition as well as ground water pollution The latter objects

is more in with the present spate of ground water pollution 100. One scnior research feliow has been camying
out the main bulk of work.

Embrvology Unit

‘The unit has becn engaged in camying oul the following ongoing projects.

1 ! ical and i ing on cellular growth, differcntiation and morphogenesis during
embryonic development and carcinogencsis

Mathematical and stochastic models of cetlular growth. differentiation and morphogenesis have been
constructed on the basis of well recognized experimental obscrvations and biological principles. Application
and develop of advanced ical tools of nonfinear analysis, bifurcation. catastrophy thoorics.
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global stability and control theories. sysiem analysis, probability theorics ctc. have boen made 1o siudy the
complex biological systems. Mechanisms of carcinogenesis have been further investigated by introducing the
idea of activator and inhibitos of mitosis and contact cell inhibition of cell division in the reaction - diffusion
aonlincar spatio-icmporal mathcmatical and stochastic models. Genelic contnbution on paticen formation has
been investigated with the help of one locus, (wo alicle three genotype reaction - diffusion model The results
of this model help to distinguish between (wo animals of the same specics. Detaited work is in progress

2. Intcretop i ion - 8 ical study of Agri Ecology

Plants liberate different metabolites through their root sysicm inio the soil ang such subsuances may
significantly allect the growth of other neighbouring plants. 11 1s suggested that soil sickness problem in
agriculture might be duc 10 exudates of crop plants and that rotation of crops could help to alloviate the
problem. So, aliclopathy can play an important rolc in agriculture.

Allclopathy is thc effect of one plant upon anather oocuring under natural conditions and exerted by
chemical means other than nutnitional ones.

The allelopathuc interaction between two varictics of rice (Ory2a sativa) secdling. namely Subarna and
Pankaj, was further studied. The study of the ition and propertics of phenolic amino aods
and fauty acid detected caslier in RE (Root exudates) has been further perused. UV spectrophotometer and MS
analysis of root exudales (RE) have been carried oul and some interesting resulls have boen obiained.

Another line of work deals with the presence of natural chemical retardants or inhibitors 1n weed that
infest uncared fands and cultivated fields. Crozophora ottleri. is a common seasonal weed that grows
abundanily in various places. Al parts of the weed produce inhibitors as observed by germination expenment
with ric, wheat and mustard. Sinapic acid is identificd as onc of the allelopathic agent in the weed. Another
16-C aliphatic acid with a mol. wi. 362 also acls as an allelopathic agent. This substance roquires further siudy
for complete characierization.

We also studied the allelopathic effect of Tamarindus plants. Vegetation under the trecs is very sparse.
Root exudales and leaf Ieachate of these plants have been found to have inhibitory effects on germination of
rice secds but in constrast. the brown sced coat extract has been found to be stimulatory suggesting that the
extract could be utilised as biofertilizer.

We have purused another line of work dealing with the nature of the fruit pulp. ft is well known that
the pulp of many specics of fruit contains inhibitors of germination. This makes sense in the ccological
perspective. for. such inhibitors would not only prevent premature germination of sceds in the frui sull
attached to the tree but also of those dropped from the trec and lying below. Delayed germinauon should be to
be interest o the tree because zoochoric agents can rewmove the inhibitors through their alimentary canal whik
dispersing seeds to distant ponis. 1t is therefore of interest to study the germination-inhibitors or relatvely
little known tropical specics.

Stercuha foctoeda, this indian fruit is encased in very hard. woody cover and so apprently need not
contain any inhibitor. In laboratory experiments. the pulp extract shows inhibitory effect. On paper
h hi ion, lwo onc strong and onc slight inhibilar wer mvealed

In mangroves, however, seeds germinate when the fruit is still aitached to the tree and so the question
arises - whether the mangrove fruit pulp lacks inhibitors and/or contains stimulators.

On laboralory experimentation we have found that the fruit pulp of Candelia candel strongly inhibits
the germination of standard rice scods. But on chromiatographic scparation we have observed thal the
wndividual componenis are much less inhibilory and two or three are even slightly stimulatory. Funher
investigations are in progress.

1 M ical and compuler lling of the cellular and molecular details of how (he animal's
embryonic body plan is established

The project leader was away in New Zealand and so the project could nol be purused.
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4 Mathematical Epidemiology

Mathematical and stochastic models of Japancsc Encephalitis (JE). measles and other vector bomc
diseases have been further modified and investigated (0 sce the dynamical behaviour of the systems. Special
emphases have been put on seasonal fluctuation and spatial spread of (he discascs. An cpidemiological model
of the dynamics of JE spread coupling the SIRS (susceptible - infoctive - recovered - susceptible) modcls of the
JE spread in the resovoir  population and the human pepulahen has been proved and investigated. The
development of immunity in the ble class by a inical infection is a observed
phenomenon in many infectious discases. This imporiamt feature has been incorporaied in an SIRS
epidemiological model with both the rates of incidence and increase of immunity being nonlincar in nature.
The local and globat dynamics of this model have becn investigaied. Some work has also been done 10 obizin
the optimal vaccination age for JE. [t has been observed that the optimal vaccination age is at the age of school
entry. The result also shows thal cven with optimal vaccination strategy ncatly 45% of a cohort would get the
infection and the cumulative incidence of death could be reduced to about 4% only. I the vaccination coverage
which could be achieved were independent of (he vaccination age. there is a tocal oplimum around the age of 4
years. Beforc. the mode] can be applied in practice it is neccssary to estimate the relevant parameters on the
basis of field data and Lhis work is on progress.

5. Diffusional cffects on two or more intcracting species in community ecology

The importance of dlﬂ'u:nual speucs mobility by considering spatio - temporal vanations in the

and the biogeophysi f have been further investigated. The basic question of

how Lhe epidemics aﬂm the predators and uitimately the ccosystem self is also an important problem in

eccologd. We have ined to sy something by considenng a simple two-urophic level sysiem. namely. the sound

phstoplankion cells (sound prey (susceptible). predator {or grazcn). and the infected cells (infected prey). By

inlroducing the delay term sn the growth of infected cells we have obscrved the local dynamical behaviour of

the sysiem around he pantial feasiblc and positive equilibria. we have also established the results of global

asympiouc stabiity of the positive equilibrium. Our approach here makes use of another novel and nontrivial
way of constructing proper Liapunov functionals.

Plant Chemixiry Unit

1. Screening of local vegetation

Screening studies werc donc on a semiaquatic plant (vperus tegeium Roxb. a perennial herb growing
naturally in marshy lands. and its chemical composition worked out for Ihe potential utilization of the plani.
The results of chemical analysis of the siem indicate that cellulose (31-33%). pentosan (24-27%) and lignin
(22-27%) are the major constiluents of this plant. The ash & crude far content were in the range of 9.5 1o
11 3% and 5.0 to 5.3% respectively. Glucose accounied for cellulose while xylose and arabinose constituled
e main hemicellulose [raction in the plant.

2 Microbiology & Technology

For isolation of aeromicroflora in ecologically differcnl 2oncs. deproteinised leaf juice (DLJ). the
liquid by-product of LP technology. from cowpea, furnip end radish was used insicad of the usual media in
order to determine their efficiency as potential growth media for different types of microbes. The four different
ecological zones selected for (he study were i) Densely populated and industrially poliutod Calcutia; i) Plalcau
region of Western part of the state: iii) Terai region of North Bengal and iv) Sandy coastal zone of Midnapore
disirict of southemn Bengal. The relative abundance and specics diversily of microbes were noted. The study
indicates that pollution and ecological diversity both play imponant roles in controlling the above two factors.
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kN Nuteitional and biochemical studies

Anti-nutritive factors present in thirty wo tree species were studied. The presence of alkaloids in the
leaves of cight leguminous and six non-leguminous trec species was noted. Tanmun contents ranged from
0.11% 10 6.28% 1n the non-leguminous group and from 0.24% 10 4.20% in the leguminous one. it appeared
that a higher conicat of phenolic substances seemed 10 be an inhcrent and disinct characieristic of e leaves
1 wiuch the non-leguminous group exhibited a higher range when compared Lo the leguminous group.

4. Aquatic weeds and water refationship

A aumber of ponds around the Baranagar area have been surveyed and two ponds have been seleoied
for penodic sampling. The macrophyte density in the ponds 15 being estimaled primanty from visual
observations. Increasing numetical valucs (0-8) correspond with increasing plant densaty for densiy raungs
Taxonomic identifications of different plant species is being made. Plant and water samples are being collecied
atnonthly inicrvals. Protein content sn the floating plants were found to range from 14.6% in  Salvinio

iculata 10 294.4% in L. h cristatum

5. Yield performance

Vanety Ramanskaya-06 was sown on 20th Nov, 1996. Nitrogen doses were NN, N, N, kg/ha
and potassium doses were K. K and K, kg/ha. Highest root yield of 56.08 uha was gven by N.X .,
tremment closcly followed by 55.10 Uha given by N, X, kg/ha treatment. It is cleas from the experiment thar
nitrogen fernlizer influenced root yield in the range of 120-180 kg/ha, Highest root yicld was always given at
Lhe last harvest of 150 days for all realment combination. Sugar concentration in root juice vaned from
16-21.5% at 130 days with N, K, and N.,K,,, treatment combination. ft has been established from this
expenment that higher K doses of 100 to 150 kg/ha with higher nitrogen can check falling sugar concentration
at later growth siages.

6 Enzymes from soil microbes

A protease producing streptomycete (Streptomyces sp. 1) was sceeened from alluvial soil of Hooghly.
West Bengal The physiological ch ics of the Swepiomyees  have been worked oul Il can ose
D-plucose. maltose. galactose, mannose very efficienty It can also use D-xylose, sucrose. L-arabinost as
carbohydrate source. It does not produce melamin and H,$ in the media. It cannot decompose L-tyrosine The
Sirepromyeete very efficiently use peplone. gelatin and asparagine as nitrogen sources for proicase production.
It liberates 7 32 10 8.58 ug of tyrosine/min per mi of subsirate fermented on fourth day of incubation

Social Sciesces Division

The Social Sciences Division includes the following units : Economic Research UniL Ecanomic
Analysis Unit. Linguistic Research Unit. Planmng Unit. Population Studies Unit. Psychology Research Unit
and Seciological Rescarch Unit. Economic Analysis Unit is located at Bangalore, Planning Umi is located at
Delhi, while the remaining five unus are located at Caicutta. Faculty members of this Diviston were cngaged
in (caching and traimng activitics al vanous levels, sncluding Ph.D. supervision. The research work donc in
thege units during Lhe year under roview is described below.

Economic Research Unit

The faculty members of this Unit were engaged in teaching and rescarch activities, including
supervision of Ph.D. students. The faculty. as in previous years, took active pant in leaching all cconomics,
cconomelnes and lime-series courses in B.Stat (Hons.), M.Stal., M.Tech. (QROR), ISEC (both regulas and
specialization) programmies With the starting of (he new two-year Masier of Science (MS) programme
Quantitative Economics from 1996-97, the teaching responsibility of the faculty of this unit has increased
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substantially. The rescarch work done during the year under review covered, broadly speaking, different areas
of theorctical and applied ics and ics. Some of the major arcas in which researches were
done arc given below.

8 Economic Theory

Rescarch works on various areas in economic theory were done in the last year. Some of these areas
are : macrocconomic theory, general equitibrium analysis, weifarc economics. economic cfficicncy eic.
Research in emerging ncw areas such as industrial organisations and endogenous growth theory recesved
cmphasis.

2. Indusury and labour

Thus vnit carned out, in the past. many studics on Indian Labour and Indian industry - both large-scale
and small-scale. However. this area of rescarch has assumed importance in the context of the cument
B policy of liberali and isation. In the last year studics were underiaken to investigale
such aspects of small-scale indusiry as factors leading to high mortality. problerns of demand and financial
constraints cnoountered by such industrial wnits. policies of anciliarisation and reservation etc. This work
concentraled primarily on small-scate shoc-making uruts in and around Calculta. Another aspect on which
emphasis was placed was the informal sector. Besides king quantitative studies. theorctical analysis of
informal sector was also done to investigate various aspects of the funclioning of this sector including, in
particular, its relationship with the large scale sector and Lhe rest of the economy, and its role in the
development process.

3 ic Develop and ic policy in ndia

Some analytical works in this area have been completed These include issues in financial
liberalization. role of money. credit and government finance. budgelary policics clc. Studies on the patterns of
intcr-regjonal development in India and growth of service sector in India during the period 1960-90 were also
undenaken during this year.

4. International trade

Rescarches are being cammied out lo examine the effect of foreign investment on outpul and
employment in a developing country like India where the size of the domestic market is large. Some sludies on
the effect of protection on exports have also been done. These are being further investigated. Mention may be
made of studies which focussed on the co-operative and non ive R and D behaviour of i
finus as also of joint ventures, merger and other connected problems.

5. Agricultural economics

A study was underiaken 1o examine some implications of farm efficiency on Lhe basis of a sample of
597 paddy cullivaung farms in West Bengal for the year 1989-90 using the non-fronuicr profit function
technique with translog specification. The method proposed in the study Iried to take account of the cconomic
environment of the farmer The empirical results showed considerable differences in the resource - usc pattern
of various size groups of farms: but little differences in technical efficiency. Another study focusses on the
relation between the agricultural price seasonality and market arrival seasonality of wheat and rice.

6. Studies on consumer behaviour and level of living

The gical study on the estimation of Enge! elasticities of clothing and other items based on
NSS 8th round houschold budget data was continued during the year. Interesting results were obtained by
applying instrumental vanablc method of cslimation to fast month data with a view to overcoming the
difficullies ansing duc to scasonality and other (ransitory influences.

As a part of the rescarch project on siratcgics and financing for human development sponsored by the
Govemment of [ndia and UNDP. som faculty members had taken up a project entitled “Employment, [evel of
Iiving and uiilisation of public distribulion system™.
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Work on studying the trends in [he extent of inequality, poverty, agricultural growth, rural-urban
disparity in the level of living in India, absolute leve! of living, poverty and deprivation continued during the
yesr.

7 Econometric Methods

Time scries econometrics has becore very imponam in the last decade. Keeping this in miod,
emphasis is being given (o lopics n:lawd o umc sena ooonomemcs During the penod under review exiensive
works have been done on g ic (ARCH) models. In particular, the well
known ARCH mode! has been gencralized in which the dependent vaniable 15 transformed by the Box-Cox
transformations. The ARCH-M model has also been gencralised by allowing for time-dependence of the risk
aversion parameter. Some works on long-memory models are also being done.

8 Other econometric applications

Some of me aress in which researches were done relate to (a) oplimal commodity Laxauon. (b)

h inty. (c) P ic demand analysis and (d) causality between socul

dc\tlopmenl and economic growth. The nonparametric exploratory analysis of the form of Enge! curve was
carried out in great detail using the NSSO data for rural Maharashtra.

Economic Analysis Unit (Bangalore)

The unit was actively engaged in rescarch in the areas of agricultural economics, measurement of
poventy. ic policies and ic methods and app}

‘The major topics of research were :
L Growth, stability and variability of crop yields in India and Ahdhra Pradesh.
2 Agricultural markets integration.

3. A new approach 10 modelling macroeconomic time series based on expectation of the macroeconomi
paraeters of the cconomic agents.

4. Derivation of heirarchy of needs of based on jon points of ditywise engel
Quves.

5. Operational Research approach to planning of Professor P.C. Mahalanobis in the context of curreat
Indian economic reforms.

6. i on

1 Exploratory Bayesian analysis of modelling incomes.
8. Tests of heteroscedasticity.

9. A simulation study of the impact of priors on nonlinear parameters.



Linguistic Research Unit

During the period under review, the Unit continued its programme of rescarch in the areas of
quantilaiive Linguistics and Computational Linguistic with special cmphasis on Speech Pathology,
Prycholinguistics, Sociolinguistics. Syntax and Text Analysis as described below.

I Quantitative Linguistics

The main aim of this project is to develop mcl.hodolog for the quantification of Micro and
Macro-Linguistic Data by using Statisucal and C: iques. In spitc of ial application of
Satistics in the realm of Linguistics Research, there is no indigenous and inicgrated method for
Staustical-Linguisuc analysis appropniate for the Indian situation. For this basic need. we wish 1o develop
meshodology covering different ficlds of Linguistic. Computer Scicnce and Stavistics. The areas which asc
imended to be covered al the outset are lexicology, semantax, sociolinguistics and lext analysis.

2 A of articulatory p in hearing impaired children

The aim of this project was 1o examine the degree of correlation between the amount of hearing loss
of hearing - impaired children and their articulatory performance. Djordje Kosuic proposed a classificatory
sysiem by which hearing - impaired children are classified into 5 groups depending upon the degree of heanng
loss. Fifty children between (he ages of S to 10 years with Telugu. Hindi and Bengah as LI were tested in
Hyderabad. Dethi and Calcutta respectively using the Kostic - Mitter (1982) test for aruculalory cvaluation.
Analysis showed that the performance of the subjects varied according to the group they belonged 1o. The age
of onsct of hearing loss. the cniena upon which the groups were furthier sub classified was found 1o be
important as subjects with congenita) hcaring loss had very poor articulauon compared to the ones whose
hearing was affecied during the language acquisition period.

3 C ive Si Is of the Slavic, Indo-Aryan and Dravidian languages

Out of the eight branches into which the living Jndo-European languages have been arranged (vide
Chauterji 1926) the Balto Slavic branch and the Indo-Aryan group display suriking symilantics in many aspects.
This project cxamines the interrelationships between some of the major languages of the Indian sub-continent
wilh 2 view (0 measure the Stalisucal distance betweoen them. The stress patterns of isolated Hinds dasyllabic
words containing combinations of long and short vowels have already been analysed in order 10 study whether
the length i.e. duration of syllables is a significant one for the prescnce of siress in Hindi words. A similar
study has been done for Bengali and ai present the study is beng extended 1o Telugu and Tamil. The dala are
being analysed on the Visi-pitch (6087DS). The role of juncture in coarticulation and syllable stress have becn
studied 1n detail by collecting fresh daia from a larger sample size from Telugw Tamil, Oriya. Hindi and
Bengali speakers residing in and around Calculta.

Planning Unit

The faculty members of the Planning Unit are actively cngaged in theorctical and cmpirical research
in cconomics. We conlinue (0 publish in journals lhal are raled high by intermational standards. Many of our
colleagues are inviled abroad Lo participate in and wilh scholars. Many
foresgn scholars have also visited our unit to interact with collcagues.

Our collective rescarch continues 10 be broad, despite the modest size of faculty members. Apan (rom
our strength in game theory and welfare economics, we have worked in intemational economics, growth and
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development theory, finance, environmental economics and poverty and inequality. Those whose main
concentration is in coonometrics are doiag micro and macro econometric studies of the lndian cconomy.

The new related development is the initiation of several Indian economy related research projects
financed by PPRU (Planning and Policy Research Unit). The topics are Mdo-mngmg One of the objectives
here is to widely circulate the research findings among g and dep: wilh the
aiin of being used for cconomic policy decision making by the govcrnman

The unil also held its 12th Annual Conference in the second week of January 1997 for three days.
Besides our own faculty members, scholars from other organizations in india and from abroad participated in
thus conference.

In terms of teaching, the new feature of Lhis academic year is Lbe initiation of the M.S.Q.E. program.
We lLaught five compulsory courses to about seventeen students in their first scmestes. Our aim is to produce
the modern quantitative economic analysts.

The following research projects funded by PPRU (Plan and Policy Research Unit) have also been
undertaken by the Uait :

i) Impact of economic reforms on the productivity of firms, i) Inter-regional disparities and growth,
iii) Gender bias and diflcrential employment prospects, iv) Does environmental regulations promote growth ?
v) Agricultural trade liberalization and spatial devel vi) Promoting i ion with ASEAN
countries in the emerging environment.

Population Studies Unit

The main broad areas of research of the unit include demographic transition in lndia, studies on
i ] of literacy Some of the hes are described below.

1 Agriculture Development, Child Labour and Fertility

This study exarmines the intervelationship between agri pment, child labour and fertility,
Child labour is defined under several categories such as, wagc eaming child labour (i.e.. work for eaming) and
domestic child labour (i.c., work in the family farm or household part time or secasonal). A sample of about
thousand houscholds were selected at random from rural areas of two blocks respectively from the district of
Hooghly and Midnapore in West Bengal for the purpose of Lhe study. Preliminary ﬁndmss show that the
demand for wage eaming child Jabour increases in the h with d ion of
agricultural farm but has a negalive relation with fetility. However, lhe household wilh traditonal
agricultural management in the farm has a positive relation with domestic child-tabour as well as festility.
Supply of child Jabour in the houschold with modem farm management coraes from the houschold with no
agricultural land or a marginal fanmer and fenility is higher among this group.

2 Study of Digit Preference Error : Some Generatisation, Modification and a New [ndex

This work generatises some existing indices of digil preference error in single year age daia from
survey or Census. This type of data possesses some unusual peaks and troughs in ages duc 10 preference or
non-preference of ending digits in reporting ages. Several indices have been developed from Lime (o time (o
measure this error such as Whipple's index, Myers' index, preference patiern index and so on. [n this study
atlempts are made to review some of Lhese indexes for Lheir possible sh ings for further irap &8
well as lo develop 2 better index.

3 Women Education and Employment jvIndia, 1951-1991

The study is undertaken to find out the pattern of growth of education and employment of women and
the differential rate of growth of sectors over time.
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4 Micro-Regional Statistical Surveys in Indis, 1800-1875 : An Evaluation

Under this project a massive volume of data on population with various classifications and land use
and other cconomic variables have been collected from the reponts of the surveys conducted during the 19th
century. Writing of the final report is in progress.

s. Populations Dynamics of West Beogal

West Bengal has been facing the problem of rapid population growth during the fast five decades.
This ion growth is ined by its . fenility, morality and migration. As migration
dala arc ofien Nawed in the ceasus, these have been ignored in the present study. Recently developed indiroct
methods have been applied to consus data 1o estimate these paramesers and Lhese estimates bave been
substantiated by the estimales obtained from National Family and Health Survey data

6. Migration in [ndia with special reference Lo Nepali Migration

‘This research is devoted lo study inter-state male migration flow, Nepali migration to India in general
and to West Bengal in particular, using mainly 1951-8) census data. In recenl years, there has been a renewed
interest in Lhe history of movement of Nepalese 1o India in gencral and 1o West Bengal in panticular. The full
fledged migration of Nepalese is belicved 0 have been  initiated with the recruitment of Gorkha from a
particular region of Nepal into British Army. High concentration of Nepali migrants are found in Assam,
Bihar. Uttar Pradesh and West Bengal. The Nepali migration in 1971 have decclerated compared to previous
ccnsus vears reflecting (all in growth rate.  But during 1981 the volume of migrants have fallen significantly
5o that there has been a negative growth rate.

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

A study on the [mpact of Total Literacy Campaign in the Districts of Birbhum and Bankura of West
Bengal {Sponsored by Govt. of W.B.) was undertaken in the year 1993. The report of the Project was
submitied to the govt. Now further attempts are being made to study the impact of the programme in terms of
behavioural change and 1o develop method of quick assessment of the programme.

8 Mortality and its determinants in India

The purpose of ths rescarch is to analyse SRS data on mortality over the two decades following 1970
at (he national as well as regional level. Attempt is being made to study the mortality rends and delerminants,
and in particular those of infant. child and old age montality.

9, ltem Analysis of Two N : A Soci jc P

The role of newspapers in modern world is highlighted as an imporiant yet controversial mass media.
Studies are generally undenaken to judge ils performance and assess the extent of social responsibility. It is
often ignored that 3 newspaper may be Lreated as a special type of 'cconomic good' with primary focus on
consumer sali The ities represenl a lypical industry which larget at maximising
renuc camings. A study bmd on the different items of a newspaper was undertaken o ste how these
conflicting objectives are considered keeping in mind the social responsibility of 1his media.

10 Estimation of Volume of lilegal Migrants from Bangladesh

The independence of Bangladesh in 1971 crealed a vast displacement of population between
Bangladesh and India. specially castern region. Frequent crossing of borders continues to be a political flash
point between Bangladesh and eastern region of [ndia. Large number of migrants from Bangladesh tend to
hide their identity. Large volume of refugees from Bangladesh, a densely populated poor country, has created
poliucal and cconomic prodlems in this region of India. Poverty, uncmployment, social security and
increasing pressure of population on fand forecs the people 10 take shelter to other neighbouring places. Still
no sysicmatic approach has becn made to examine social, economic and political impact of migrants from
Bangladesh (0 castern region of Indis. An attempt has been made to estimate the volume of illegal migrants
from Bangladesh 10 West Bengal using Census records.
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Psychology Research Unit

The scientific workers of Psychology Research Unit have been carmying out research work in the areas
of Entrep jal behaviour, motivation 1o work, primary education etc. Some of these rescarches are
described below.

1 Potential Entreprencur School Leavers

A scale for i P hip ability is being developed to 1dentify potential entrepreneurs

from among the school lcavers. The scale is being developed on the basis of data coliccied from trainee
p and p: taking into account some cssenual psychological characlenistics.
Psychometric propertics of the scale has to be ished for standardi and future i

2. Molivation to work for primary level workers

For assessing the motivational level of primary level workers a questionnaire has been developed an
the basis of pilot study done on a group of 52 clerical workers. Data from four different groups of workers. for
example, clerks, typists, account assistanis and factory workers have been collected. Analysis of the daia for

blishing the psych ic propertics of the ionnaire are being done.

3 Auainment level of Primary students at the end of Calss-1V in West Bengal on Non-scholastic
subjects

The National Policy of Education put emphasis on the whol develop: of a child’s body and
mind at the primary stage of cducation. To achicve the goal a comprehensive curriculum was drawn for ihe
clementary education that includes the following : 2} Games. Physical education & healthy living b) Socially
uscful productive work c) Creative expressions. d) Work based on direct participation and e) Work based on
teaching & learning (Scholastic work).

To help children achicve this capacity it is needed 10 identify the most essential compeicncies.
atttudes and values rather than learning facts and information. The present study examenes through a
coinprehensive assessment in all the above arcas whether and how leamers have gained through participation
in the above activities. The present study would cover all the 18 districts of West Bengal.

4. Gender study for-the District Primary Education Pogramme

An indepth gender study for the District Primary Education Programme has been undertaken in three
districts. namely. Birbhum, Murshidabad and Coochbehar of West Bengal. Special emphasis 1s being given (o
look into the problems of girl students specially minority girls. Obscrvations on gender study in Bitbhum
district has been prepared.

Sociological Research Unit

The scientific workers of SRU have been carrying out their intcrnal and external research projects in
arcas which have direct implications in understanding the rubric of social transformation. A bnef descnpuon
of these rescarch projects, both internal and external, are given below.

I Fores! protection and income generation for the tribal poor - evaluation of an organised movement

A pilol survey has recently been carried oul in llambazar block of Birbhum distnct which will
facilitate the deployment of both the case-siudy method and the structurcd ‘questionaire-schedule’ method for
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collecting empirical data in order to assess the relevant impact of (i) land reforms, (i) decentralised
Panchayat-orienled planning process, (iil) literacy mavement, and (iv) organisational activitics of the local
peasant orgarusauons in molivating the Forest Prolection Commitices in the context of undertaking specific
measures to check d ion of Chaupahari (orest and income ion for the poor tribals in
the Ilambazar block area of the district

2 Involverment of people in the decentralized ptanning process : Experience in West Bengal

This snudy aims a( (i) assessing the extent of invoivement of the people right from the planning (at
village level) down 1o its implementation, (ii) gaining an insight into the efficiency of the villagers in utilizing
the resources (material and human) and Lhe constraints of full-capacity utilisation. (iii) comparing the
efficacies of earlier district plans implemented a( village level. Through analysis of data gathered in course of

ining relevant d on Plan-perfc gaps etc. as well as ficld-leve! investigation, the study
seeks 10 suggest concrete measures which need o be Laken lo optimally accommodate grass-root level needs in
higher aggregate level planning.

3 Scope and constraints of rural women leadership with special reference o experimentations in
self-government bodies

Due to long-drawn movements by women for equal status with men, the Constitution was changed to
ensure legal sanction for Lheir participation in political and social activities. Our enquiry starts from this point,
affer reservation of seats for them in self-Government bodics. One third of the total number of seats in each of
the tiers of Panchayats has been reserved for women. The 1993 election in West Bengal was held on the basis
of this reservation. Three Gram-Panchayals from each of the districts of Midnapore and Birbhum were
undentaken. In the first year 1995-96. we conducted the census of all Panchayat members in six Gram
Panchayal areas. We formulated the socio-cconomic and culture profiles of women leaders. Data collection is
underway,

4. Interpersonal contacts and social development : A rural experience in West Bengal

In (he changing rural scenario il seems Lhat individuality is gaining its strength. Instrumental usc of
pemnal relation is very much associated with the process. In this context personal contacts draw special
ifi Social develop in terms of mobilization of the scarce resources by the individual person is
ver) much likely to be influenced by the nature and context of the personat contact of the individual. Thus,
besides other factors, the role of personal contact of the individual, as such, deserves atiention. In this study we
altcmp! 1o understand the role of personal contact in Lhe process of molivating the individual, securing the
scarce respurces and sustaining il. This study is exploratory in naturc and tries to delineate different methods
and techniques suitable 1o comprehiend bolh (he structure and personal contact and Lhe process through which
it influences the developmental activities.

s. Chamars and Santhals of Giridih

1t is generally assumed that the impact of jzation and i d with social
change as also with emergence of niew type of occupalions within wmbral zone of such process. The present
study examines whether Chamars and Santhals in Bibar who are prodomicant among the SC's and ST's in the
stdy are influénced by such process, since they have very little (o lose by way of social prestige in whatever
occupation they engage Lhemselves, being placed in lower rung of the social hierarchy.

mic activities of Glridih Branch of Sociologi ch Uni

In the conltext of the broad theme of social transformation, since 1958 SRU has becn effectively
pursuing in Gindih research projects concerning the probems of urbanization, migration, dimensions of
integration in rural life. imer-casie and inter-c} lationship in Giridih and ing villages,

of fentility. application of Mahalanobis's D' (0 social science data on intergroup relations.
appraisal of household stocks of handicraft and machi de products in the villages, exploration in Palamau
area lo measure Lhe impact of developmient plans on the rural population, eco-systemic programme of work and
‘agro-sociological collaboralive study on rain-fed farming. Some of these investigations were taken up solely by
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