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BRIEF HISTORY OF THE INSTITUTE

Rescarch in the thoory and applications of Statistics as a new scicntific discipline began in India in
the early twenlics through the pioncering initlative and cfforts of Professor P.C. Mahalanobis. Soon afler his
retum from England, Mahalanobls began 10 camy out siatistical studies with the help of some part-time
assistants. A chance meeting with Dr. Nelson Annandale (the then Dircctor of the Zoological and
Anthropological Survey of India) and subsequeat intcractions with him led (o Mahalanobis® fimst scieniific
paper on the statistical analysls of staturc of Anglo-Indian males of Calculta. This was followed by further
research [n anthropometry, in meteorology and [n problems of flood control ln North Bengal and Orissa.
Gradually, a small group of young scientists were plcked up by him in the Department of Physics, Presidency
College, Calcutta, where he was a Professor, This group formed the nucleus of a laboralory which tater came
10 be known as the Statistica) Laboratory.

In the carly thirties, realising the necessity for a d cffort for the adv of th
and applied staustics in India, Professor Mahalanobis together with Professors P.N. Banerjee and N.R. Sen,
both of Calculta University, convened a meeting on 17 December, 1931, to consider various steps to be

d for the of an association for (he ad of statistics in the counury. It was
unanimously resolved that the {ndian Institute be established with Sir R.N, Mookerjee as President
and Professor P.C. Mahalanobis as (Honorary) Sccretary. The Indian Statistical Institute was registered as a
non-G and profit distributing lcamed sacicty on 28 April, 1932, under the Societies’

Registration Act No. X0 of 1860. The lotal expendilure in the first ycar was a meagre Rs.238 and the number
of workers was only (wo or three. 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 sclentific workers. The Institute has its headquarters in Calcutta and wo other Centres at
Delhi and Bangalore and a branch at Giridih. It also has a network of service units of Statistical Quality
Control and Operations Rescarch Division at Baroda, Bombay, Trivandrum, Punc, Coimbatore, Madras,
Hyderabad in addition (o Calcutta, Dethi and Bangalore.

From the very beginning, Professor M and his iates who included Professors S.5.
Bose, R.C. Bose, S.N. Roy K. IL Nair, K. Kishen and H.C. Sinha worked with 2cal and cnthusiasm for the
development of statistical theory and methods, and in promoting rescarch and practical applications in
different arcas of natural and socal sclences. Sankhya, the Indian Journal of Statistics, was started in 1933
with P.C. Mahalanobis as its Editor, and received instant International recognition. Pioncering research
activities were carried out in many areas of statistical theory, especially in the corc areas of mullivariate
analysis, sample surveys and design of cxperiments. Such activitles were strengthened by Professor C.R, Rao
and many others who joined the Instituic in the fortics. The Institute pioncered the development of statistical
methods in agricultural rescarch and in the conduct of targe scale agricultural enquirics. This led to 2 large
number of rescarch publications and to the introduction of training aclivities offering short term courses in
statistics for officers in g d and scientific institutions. The scientists of ISL led by
Professor Mahalanobls, helped in introducing the flrst post-graduate degree course in Statistics in India at the
Calcutta University in 1941, and in securing a separatc scction for Statistics in the Indian Science Congress.

Activities of the Institute gained further momentum from 1938. Professor Mahalanobis started sample
surveys to estimate the area under jute crop in Bengal in 1937 as an exploratory work, which later grew to a
full-scale survey of the entire provinee in 194). Gradually, sample surveys of agricullural crops and other
socio-economic surveys bemnc some of Ihe most lu\pomn( activiies of the Institute and amcd the lmulule
and Professor Mahalanobi: After independ Professor M bi
appointed Honorary Statistical Adviser to |hc Cabinct, Govemment of India, and in 1950, through lus
initiative, the National Sample Survcy (NSS) diviston was started for conducting soclo-cconomic surveys of
all-India coverage on a continulng basls. The IS! group on sample surveys served as the Technical Wing of
the NSS from 1950 (il it was transferred to the Government of India in 1972




The 181 played a ploncering role in starting the Statistical Quality Control (SQC) movement in India
by arganising s visit of Professor W.A. Shewhart, the father of SQC, to India in 1948 and later by inviting
olhuupuuuchLanhuarmcmpmponSQCpmmﬂomlwﬂmmnymmww
the industrial ceatres in India under a compreh covering education and training, spplied
research and consultancy services.

Rescarch In economics was greatly stimulated when in 1934 Prime Minister Jawaharlal Nehru
entrusted (he preparation of the drafl Second Five-Year Plan of the country (o Professor Mahalanobis and the
Institute, The "Draft* submitted by Professor Mahalanobis and the planing models formulated by him in that
connection have since been regarded as major contributions to economi¢ planning in India. Since then many
economists of the Institute have worked in different centres of the Institute on various aspects of national
planning and until 1970, were directly helping the Planning Commissioa in the preparation of the long term
perspective plans for the country. Research in other disciplines of Social Scicaces was siso started in the
Institute in the Late fiftles. Professor Mahatanobis' participation kn 1946 in the anaual scicatific confereaces of
the Milbank Foundation led to the Initlation of systematic studies In India on the growth of population.
Earlier, the well known Y-sample estimates for 1941 Census population were also derived by the 1SL
Theoretical and empirical research in soclology using statistical techniques was started in the Institute for the
first dme In south-cast Asls. Similarly, the development and Introduction of psychometric tests for selection
processes In different organisations was first made by the ISI in India besides camrying out basic research in
Psychometry. The studles of the phonelic structurs of some major India languages have been made on a
continuing basis In the Institute undor the guldance and cotlaboration of the famous |inguist Djordje Kostic,

'nte Institute, sincs lis Innqﬁon recognised the need for development and use of accaraie and fast
g equipment for the p g and analysis of data. Professor Mahalanobis strongly believed that to
bﬂgnodtheomdulmﬂnlclmonemnnnlneompuuﬂmumhudmhveﬂubmeompuﬂn.m The
Institute has lived up to this tradition from the very beglaning. In 1953, a smail analog computer was designed
a0d bullt 1n the Instituto. In 1956, the Institute acquired « HEC-2M maching from the U.X. which was the first
digital computer in Indla. In 1958, a digital compuler URAL was recsived as a gift from U.S.S.R. Sincs 1956
i1} mid sixiies, the Instinute had been serving as a de facto national computer ceatre far the country. In early
sixties, the Institute, in collaboration with the Jadavpur University, undertook the design, development and
fabrication of a fully transistorised digital computer, called ISUU-1 which was commissioned [n 1966 by Shd
M. C. Chiagls, the then Minister of Education, Government of India.

Quantitative analysis in Physical and Earth Sclences was one of the novel ideas of Professor
Mahalanobis pursued Lo the true spirii of the Institute. In addition (o evolving soru¢ interesting tochaiques and
obtatning some very interesting results from the analysis of directional geological daca, the Institute also made
a significant contribution by discovering the bones of a 16m (+) long sauropod dinosaur, Barapasaurus
tagoreli, from the lower Jurassic Kota rocks near Stroncha, Gadchiroli district, Maharashira, in. the sbales.
‘The animal has helped in understanding the interesting problem about the origin and evolution of sauropod
di 1t, in fact, rep the only i dialc form between the prosauropods and the sauropods, and
i3 called a "missing link® in the evolution of the sauropod dinosaur.

‘The Institute expanded iz rescarch, teaching, training and project sctivitics and camed national and
international recognition over time. The substantial contributions of the Institute (o the quatity of theoretical
aod applied statistical work have culminated In the recognition of the Instituic by the Govemment of India
enacting "The Indian Statlstical Institnle Act, 1959" (No.57) which declared the Institute as an *Institution of
National Importance” and empowered it to award degrees and diplomas, Noac othier than Pandit Jawaharial
Nehru, the then Prime Minisier of Indls, plioted the bill in the Parliament. With this recognition, the already
existing teaching and training programmes were consolidatod and expanded and courscs for the degrecs of
Bachelor of Statlstics [B.Stat. (Honours)] and Master of Statistics (M.Stat) were started from June 1960, Tho
Institute was also empowercd 0 award Pi.DJ/D.Sc. degrees from the same time. Later on, courses leading to
Master of Technology degrees were started in Computar Science and in Quallty, Rellability aod Operations
Research.



The rolo and importance of ISI in conducting and promoting lcaching of sutitics bas beeo
apprecisted by international bodics a5 well. In 1950, Uve [niemational Statistical Institule had iniliated, jointly
with the IS1, the International Statistical Education Centre (ISEC), Calcults, 1o impan training in Theoretical
and Applicd Siatistics 1o selected pasticipants from developing countrics. The ceatre is sun nnder Lhe: auspices
aof the UNESCO and the Government of India.

Recognition af the Instiluic by the Act of Parfiament provided greales cocoursgement (o research
activitics not only in statlstics and mathematics bul also in various branches of U natural and social sciences,
withow whose Live conlact, it was believed, the methodology of siatistics could not grow L0 its oureat fevel. It
is also due 1o this fact that “Unity in Diversity® is sdopted as the motio of Lho [nstitute,

The objectives of the Institute as laid down in the Memorandum of Association of 1976 are :

i) 0 promote the stody and dissemination ¢ knowledge of statistics, (o develop statisticat

theory and methods, and their use in researct and practical applications geacrally, with special

reference 1o problems of planning for nations) development and social welfare;

ify to undertgke research in various ficlds of natural and social sciences with 4 vicw 10 the
mutual development of statistics and these scicnces; and

L) o provide for, and undertake, the of infe investigations, projects, and
opmuondmmhforpurpumnfplanmgndlhz of cfficiency of 8 and
production.

From the early days, the Institule ha been in touch with many internationally famous scientists in
different disciplines from the world over. Some of (hese scientists have worked in the Instituie for scveral
months or even longer. Sir Ronald A. Fisher, & pioacer of modemn stalistics, was a regular visitor (o the
Institute and lent it considerablc support. Professor J.18.S. Haldane, 2 genclicis! of intcrnational repule, was &
member of the faculty for scveral years beginning 1957. At the inspiration of thes¢ sualwarts and other
renowned scicatists, the Insttute began to expand and/or undertake rescarch sclivilies in scveral arcas of
natural and social sciences with the hope that collaboration under the same roof would foster the mulwal
development of statistics and other disciplines. La fact, the Institvic stood up 1o Sit Ronald Pisher who called
Statistics 2 "Key Technology” of the ceatwsy, in view of us intimaic reevance to all scientific endeavours
which involve experimentation, measuremend and inference from sample 1o aggregale.

Coming 1o more recent times, the Institute has continued 1o pursue its goal of atiainment of cxecllence
in the various fields of scicnoe. Fundamental research in stalistics with its roots in applications has beea
bottom the line ever since the inocption of the Institute, The contnbutions from the Instituie in multivariale
analysic, design and analysis of experiments, sample surveys, statistical methods of data analysis and statistical
inference have found their places in text books and monographs, and the tradition coatioues. ln addition,
probability theory and stochastic processes bave also been major areas of research in the Institute. The
theorctical mathematicians of the Institulc, in addition 1o collaboraing with (he' statisticians, arc also making
fundamental contributions in scveral ficlds - topology, functional analysis, harmonic analysis, algebr,
combinatorics, quanturn mechanics, game theory, to name some. The current trend of research in statistics ot
ouly carries forward (¢ traditions sct up in the Institutc, but is also sciting new directions, both in theory and
applications, i different disciplines.

The Institute bas becn maintaining its tradition of high qualily rescarch and development ia tz field
of computer science. In 1979, a microprogrammed signal processing system using FFT was' disigoed dnd
developed. Keeping pace with the global advances in computer technology, he activities of the Institute in the
field of computer science gathered a tremendous momentum in (he lale scventics, resulling in diversification of
research in different arcas including Algorithms and Complexity, Parallel and Disiributed Processing,
Fault-Tolerant Computing, VLSI, Computational Geomeiry, Fuzzy Sets and Sysicms, Cybernetics, Patiern
Recognition, Neural Nets, Artificial Intelligence, Image Processing, Compuler Vision, Particle Physics, Fuid
dynamics, Plasma physics nu: In recognition of dis contributions in the field of computer science, the

of India established, in coll ion with the Uniled Nations Devetopment Prograinmo (UNDP),
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one of the five nationa] Nodal Contres for Knowledge Bosed Computing Systems (NCKBCS) in 181 In the
year 1988,

The different disciplines under the Social Scionces also continuod 1o develop and Mourish over lime
by camying out basic rescarch s well as inter and multi-disciplinary work. Is coonomics, the Institute hay
como to be known as a specilised contre for lts significant contributions in dfferem branches of theory sad
slso for studics on sch arcas as‘Demand Amlysis, Poverly and Levels of Living, Measurement of
Incqualitics, Production and Prices, National Income and Allied lopics, Development and Planning eic. In
Demognphy, Soclology, Psych and Linguistics also tbe Institutc maintaincd its distinctive feature for
mkmmmhﬂmqmdmmmmyhmhmhmwmm
theory for teaching and traning, developed by Prof. Kostic, for the hearing-impaired children. Based on this
theory the Electronics Unit of the Institute, In colloboration with the nguisiic Research Unit and the
Government of Tripwa, designed, developed and fabricated a sct of i for tha hard-of-hearing
children of the Institutc of Specch Rehabilitation, Government of Tripura, Agaftala. This has come 1o be
regarded as having significant impact on social welfare.

Plant and buman biology have becn the major arcas of research in biological scicnces. Botk basic and
spplied rescarch arc condncted, with emphasis on quamification, statistical desipn and amalysis, and
modelling. In the arca of plant biology, research bas incloded quaniification of natural variability and
modelling, animal behaviour, effect of interaction of rice varieties on yicld, usc of protein extracted from
leaves 1o suppl human food, mathematical modelling of ecological and cinbry=logical phwomena. cte.
In the arca of buman biology, mseudm have included anthrop ic, genelic and biochemical studics on
lation affinitics, mi n, studies on wilising data on antroporactric \“"l:lblhly in designing car
daptation to dm‘emng b fruman, ecology and growth and genctic cpidemiology.

seats, human

Over the years, the SQC & OR Division has grown to the size of having 11 operating units all over

me country and have uniquely served for promotion, education & training and technical guidance in Quality

TQC Methodology, Quality A Systems for the beaefit of the manufaciuring and service

industry over the decades. It has thus, a5 was intendoed, played a lcading role in dissemination of new
concepts, methods and techniques in the area of Quality ard Productivity.

The Central Library of the Institute is located at Calcutta with a nelwork cxiending to other locatlons
of the Institute. Over the years, the library of the Institute has auained the distinction of being one of the
richest librarics in the country, particularly In the ficlds of satistits and refaled disciplines. The library has
devcloped a well-cquipped Reprography and Photography Unit. The library's gift collections Include the
personal librarics of Professor P.C. Mahalanobis and Professor Waller A Shewhart. The library las been
recognised as the Depository Library for World Bank publications. A scparate collecton of books and
journals in Mathematics, Statistics etc., known as Eastem Regional Centre of NBHM has beea developed out
of the granis from the National Bosrd of Higher Mathematics,

‘The Documeniation Research and Training Centre (DRTC) cstablished at Bangalore tn 1962 by the
iate Professor S.R. Ranganathan, a doyen in the ficld of library and information science, is engaged in
research, teaching and training In the documentation and information science. The Institute awards
post-gradusto diplomas in documentation science.

An [ndex of the contributlons of the Institute s the publication of about 30 books and monographs, la
additlon o severnl hundrods of sclentific papers in national and intermational journals, In the recent past,
recelpt of national and intematlonal recognitions of very high order by Scicatists of the frstitute by way of
awards, titles, and fellowships, and holding of prestgious positions in varlous scientific organisations of
higher jcaming as well as in govemmental organisations not only in India but also In scvernd intemational
organisations. With a dynamic group pursulng and gulding rescarch work in some of the most odem toples
in statfstics, mathematics and In various flelds of natural and social sclences, thero is closc interaction with
scientists from all over the world,



DIRECTOR'S REPORT

The year under repocting was special In the history of the Indian Statistical Institute being the binth
centenary year of the Founder-Direcior Professor Prasanta Chandra Mahalanobis. His blrth centenary fell on
29 June 1993. To mark and celebraie the special day a varicty of functions were held. A special function,
chaired by the Hon'dle Prime Minister of india, Shri P. V. Narasimba Rao, was beld. Shet Jyoll Basu, Hon'dle
Chief Minister of West Bengal, Central Ministers Shei Pransb Mukherjee, Shri Giridhar Gomango and Shri
Sukh Ram, were also present on the occasion. Hon'dle Shri Narasimha Rao released 8 ive stamp
of Professor Mahalanobis (n the denomination of one repce. Later, he uaveiled a bust of Professor
Mahalanobis and opened the A is archiv . Healso L A peclal conf on
‘Planning and Economic Policy in India' as & pan of the centenary celcbration.

In continuation of the celebration several other confe ia were fz¢d besides the
fi on "Planning and Policy in India". The Third Intemational Conference on "Advances in
Patten Recognition and Digital Techniques™ was by the Electronics and Communication Sciences
Unh during 28 - 31 December, 1993. The Theoreti al Statistics and Mathematics Unit at Calcutta organized
anl ional Conf on "Envi ) Problems : Issues, Statistical Models and Methods" during 20
- 22 December, 1993. The Unit in collaboration with Compuler Science Unit also organized a National
Symposium on “Sample Surveys® during 15 - 17 December, 1993, The Anthropology and Human Genetics
Unit organized a lecture series on "Frontier of Anthropology” lo celebrate the birth centenary as well as to
commemorate the Silver Jubilee of the Unit in December 1993, The Soclological Research Unit organized a
National Confe on “Social Transformation : Different Di at Glridih. A special lecture was
delivered by Professor P. V. Sukhatme entitled "A New Dimension to the Poverty Problem of the Country® on
6 November 1993 at Calcutta as a pan of the celebration.

Different branches of Institute also celebrated the y by i2ing special function on the
occasion. A special function chaired by Dr. S. Sathika, Vice-Chancellor of the Madras University was
orgamzed by the SQC/OR Um( of Madras on June 25, 1993. Al the function, the new premises of the Unit

was and dedicated to Professor M is. A video film with the ule "Quality: Owr Own
Hmuge was released by Dr. Sathika and: was pmenled 1o Professor M. G. K. Menon, President of the
Institute. At Trivand a haif-day jum on “Statistical Sciences for National Development* was

organized by the SQC/OR Unil, jointly with NSSO (Kerala) and other organizations dealing with Statistics
and its applications,

To mask the occasion of birth centenary a documentary film with the title “Tale of a Savant™ was
produced by the Institute and was telecast by the Doordarshan on natlonal network on 30 June, 1993. Calcutta
Doordarshan also produced and telecast a documentary film enitled “Prasants Chandra Mahalanobis : A
Doyen of Indian Science®.

During the year the Institute as usua! organized several other national and intemational conferences,
workshops, summer and winter schools st different centres on a variety of subjects besides the special
conferences/symposiums. Mention may be made of a Winter School oo "Logic Programming” and & UGC
sponsored Refresher Course in Statistics by the Theoretical Statistics and Mathematics Unit at Calcutts, 2
five-day Workshop on "Neuro-Compuling, Patiern Recognition and Compuier Vision™ by the Machine
Intelligeacs Unit (jointly with the Electronic Research and Development Centre) and & Workshop oa
“Frontiers of Research In Finite Population [nference” by the Th Sttistics and Mathematics Unit at
Calcutta. A seminar on "Lidrary Network fn India® was organized by the Documentation Research and
Tralning Centre jolntly with INSDOC at Bangalore during August 1993 and two in-plant courses on "Quality
Management® and "New Seven Tools in Quality® was organized by the SQC & OR Unit at Baroda.

As a recognition of high research standards and scientific excellence maintained by the researchers of
the Institute, several faculty members received laurels in the form of awards and fellowships during the year.



Professor K. B. Sinha of Theoretical Statigtics and Mathematics Unit, Delhi and Professor Sankar Pal of
Machine Intelligence Unit were elected as Fellows of the Indian National Science Academy. Professor Pal ales
received Lhe p Nehru Fellowship for the year 1993. Professor Rajecv Karandikar of
Th jcal Statistics and Math ics Unit of Delhi was elected Fellow of the [ndian Academy of Sciences.
chenlmmw[ﬂmedewmmmwfeIMwmmmMsuMH
Indian Science Congress Association, Institute of Electronic and Tek k

Society for Scientometrics and Informatics etc.

Keeping the idea to maintain the high perfection and excellence of the Institute in the national as well
a8 intemational scientific scenario in view, research activities were in full swing during the past year,
Research and training in core areas of Statistics, Matbematics, Economics, Computer Science, Electronics and
Communication Sciences and other related fields are also in full gear. Active work on a number of
mtu-dmphmrypmpmby;pphed isticians, economists, sociologists, biologists etc. were undertak
The Geological Studies Unit di d imp and very well p ‘fmlamphﬂmnsﬁomlhebenm
formation of the Satpura Gondowana basin. Under FYF-LC Project on improvement of health and economic
status, intervention programme using Leaf Concentrates (LC) was undertaken by the Leaf Protein Unit The
Planning Unit undertook a project, sponsored by the Ministry of Industries, Government of India on
“Industrial Sickness in India®. The report of the project atiracted a good deal of attention. Another project
:ponsoredbythelndo-bu(ch:‘, on "Alternatives in Develop to study “India‘s Exports to

: C ints and Prospective® is under progress. The project is aimed at studying the
pmweunndoonsmmuoﬂndnsexponsmlhehgmdmlwonomcpohcyxmualedbylthovemmmL
A project * Procedures for Spectral Characterization® that has physical meaning for reduction of features in
mulnspeunl remole sensing data was sponsored by Defence Electronics Application Laboratory. The
logical Research Unil completed the study (o gauze the impact of literacy campaign in Bankura and

Birbhum.

In the changed phere of p ing export and imp of product quality, the use of
Statistical Q\ulny Control and Openuon Rcsenrch and allied management techniques in controlling loss and
o8, i g and ity in industries is ty necessary. This has been felt swrongly

by the Indian industrialists and the nationwide awareness has opened up a vast opportunity for the SQC and
OR movement in the country. To-caler to this demand, the SQC and OR Unit went ahead in academic
programmes, consuliancy services, in-plant and general training courses for people from industry and research
in the methods and procedures of quality control and allied programmes, i.c., 1S0-9000 and Total Quality
Management (TQM) programmes etc.

Regarding teaching and training activities during the year, 9925 candidates applied for admission to
vanious courses of the Institute including B.Stat. (Honours), M.Stat. (M- and S-streams), M. Tech, (Computer
Science), M.Tech. (Quality, Reliability and Operations Research). Out of the total applicants, 5896 appeared
for the admission test and finally 218 were selected after written test and interview for the academic session
1993-94. Five foreign students applied for admission to these courses lhmu;h test conduc(ed at the Indian
Embassies. The Examination Commitice of the Institute conducted jons in Statistics for
mrdofanlom in Statistics in June and December 1993, Nmeand:dammofmy—!wopmdinone
of more papers in these examinations.

The International Statistical Education Centre started functioning in 1950, ‘The Institute operstes the
Centre jointly with the Internstional Statistical Institute under the sponsorship of UNESCO and the
Government of India. The Centre is conducting its forty-seventh term with 13 foreign and 2 Indian trainees.

As far as the financial position is concerned, there is no perceptible change. Problems of fund
position remain as before. Institute is ot able to provide sufficient funds even for some nationally important
projects. However, it should be mentioned that scientists should also look for and work in projects which bave
nationat if not global implications rather than on projects of limited relevance or value. The memorandum of
the Institute gives very linle chance for optimisation of resources under the present set up. Library problems
remain which need no longer be emphasized. From the limited resources available, & reasonsble amount for
the Library was apportioned. Thanks to the efforts of all the workers, the accounts were closed in a ressonabie
time and the Institute was able {0 submit the Annual Report by November 13, 1993. Cash flow problems were
less as compared to last year,



On the administraliive side, the problem of cmbargo on recruitment (rom outside imposed by the
Government remains.  Partisl lifling of embargo for specific posts by allowing recruitment on 2 temporary
basis has not cased Uhe problems. Several middie level officers in the adminisuration have retired. I is
important that new blood is inducied to give a boost to efficiency. 1t should be recognized by one and alf that
the Institvlc by its very nature is involved in study and dissemination of knowlodge of statistics, is lo undertake
research in nalural and social scicnces for development of statistics and other sciences and finalty 1o undertake
projects for the purpose of planning and the i of efliciency of and production. In
order 10 achicve these objectives, it is necessary for the Institulc lo employ people on time bound projects.
Employment of this type is cmporary in naturc by the very definition and il is just nol posssible for the
Instituic {0 regularisc such temporary jobs. This should be recognized by one and all. If these is no agrecment
o this, projects are bound (o sufler in the tong nn,

Indian Statistical Institule is intemationally recognized as a centre of excellence boih for its
thoorelical contribulions o Statistics a5 well as applications of Stuistics. We hope (0 have coninued
cooperalion from the Department of Statistics and Ministry of Planning as il is an academic institule under
their wing for which they can be proud of.

Calcutta B.L.S. PRAKASA RAO
31 March, 1994



PartL  Teaching & Training, Convocation, Research and Publicati

y

1. TEACHING AND TRAINING
Degrees and Othier Courses

A brief account of (caching and training activities during the perod from Ape! 1993 to March 1994
is gtven below *

During the academic session 1993-94, 9925 candidates applied for admission and were called for
written selection tests for the various courses offered by the Institute. The courses and fcllowships for which
admission was sought this year were - B.Stat. (Hons.), M.Stat. (M-Stream and S-stream), M.Tech. in
Computer Science, M.Tech in Quality, Relisbility and Opcrations Rescarch, Two-year pant-ime
post-praduate Diploma in SQC and OR (Bombay and Madras), Rescarch Felawships in Statistics,
Mathematics, Economics, Computer Scicace, Physics, Applied Mathematics and Fluid Mechanics,

Antropology, Geology, Physiology, Electronic Ct ication Science and Theorctical Computer Science,
One Year Part-time Course in Statistical Methods and Appli and the course on Openation and
Pro ing of A ic Data Processing Equi Admission fests were d at 22 differcnt

centres all over the country, A tolal of 5896 candidates finally appcarcd for admission tcsts and a total of 424
candidates who qualified in the wrilten tests were called for interviews. Based on the performance in the
written tests and the interview, 218 candidates were offered to various courses during the academic
sesston under review,

There were five foreign students who applied for admission to these courses. Admission tesis were
conducted for them through the Indian High Commission/Embassy in Dhaka and Kathmandu,

The annua) examinations for all the regular courses were held in May/June 1993, The 1993-94
academic session commenced on 5 July, 1993.

Fourteen trainees in Engincering and Techrology from varlous Universities (Jadavpur, IT,
Kharagpur, MN.RE. College, Allahabad, College of Engg., Burla, R.E.Collcge,Kurukshetra and S.V.U.
College of training, Tirupatl) reccived a four to six-week practical training in the Electronics and
Communication Sclences Unit, the Machine Inelligence Unit, the Computer and Statistlcal Services Cenlre
and the Electronics UniL

One hundred and seven candidates received their degrees and diplomas at he Twenlycight Anoual
Convocation of the Indian Statistical Institute held on } February, 1994 and 92 candidates \ho passed the
various regular courses of ‘varylng durations (one year or less) received the ceftificates during the year.
Eleven Research Fellows were awarded Ph.D. degree of the Indian Statistical Institute and two Rescarch
Fellow were awarded Doctoral Degree by Jadavpur University & Caleutta University for work don in IST
during 1993-94.

‘The number of candidates admitted to the different degrec, diploma and training courses in 199293
and 199394 and the number of students passed in the annual examinations in 1993 are given below.



NUMBER OF STUDENTS ADMITTED AND PASSED IN DIFFERENT COURSES

Number of Students

Enrolied Passed Earolled

Courses in in the in
1992-93  annual exam 199394
in 1993
) ® o ®
Degree
L Bachclor of stalistics
with Honours
(B.Stat.(Hons.)]
1st year b} 2 10
nd year 13 12 2
3rd year 2 1 1
2 Master of statistics
(M.Stat)
15t year (M-Strcam) 9 4 12
15t year (S-Stream) 18 17 25
20d year 2 2 21
3 M.Tech. in Computer Sclence
15t year 0 17 19
2nd year 20 20 17
4. M.Teeh, in Quality, Reliability
and Opcrations Rescarch
18t year 17 12 19
20d year 13 12 12
Diploma\Certificale\
Associateship
5 Coursc on Operation and
Programming of Avtomatic
Dala Processing Equipment
Ist ycar 12 12 8
2nd year H H 1
6. Pant-lime Certificate\Diploma in
Statistical Quality Contro) and
Opcrations Rescarch (Bombay
and Madras)
Bombay - 15t year and 2ad yrs . .
Madras - 15t ycar 10 [ 12
20d year 6 4 10
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Fellowship

12.

Associateship in Documentation
and Information Science

Ist year

2nd year

Part-tie course in Statistical
Mecthods and Applications
Calcuita
Delhi
Hyderabad

Six-month Part-time Course in Sta-
tistical Quality Control
Bangalore - Jan. - June
July - Dec.
Hyderabad - Jan. - June
July - Dec.

Intensive Course in Programming
and Applications of Electronic
Computers

Junior Centificate Course in
Statistics (Jointly with C.5.0.)

Junior and Scnior Research
Fellows, Visiting Fellows
in difercat d isciplines

SDP Fellows

15
18

2

138

12
16

1%

16
16

16
n

140

Grand Total

520

268

454

¢ Course not offered

+ Result yet to be announced

*¢ Awarded Ph.D. in 1993



Ph.D.J/D.Sc. Degrees Awarded

(A) Ph.D. Degrees awarded by the Institute :

@ Arvind Kumar Lal "Coxcter groups and positive matrices”.
Supervisor : R.B, Bapat, ISL, DeiM.

() Ansharks Sen *Somé limit theoreens om conditional U-Statisties and
censored data noo-paramelric regression”.

Supervisor : BLL.S. Pralmsa Rao, ISL, Calcutis.

() Anindita Mukherjee “Rural |abour markets and sesonality : A theareiical and
empirical analysis®,
Supervisor : Debrj Ray, Bostoa University, USA.

(v) R Sridhar "Exact order matrices and the linear complementarity
problem
Svperviosr: S.R. Mohan, 1SI, Delhi.

{v) B.V.Rajarama Bhai “"Markov dilauons of nonconservative quanium dynamical
semi groups and a quantum boundary theory*.
Supervisor: KR, Parthasarathy, 151, Delhi.

(i) Abhay Gopal Bhatt *On Markov processes charaterised via martingate
problcms®,
Supesvisor : R.L. Karandikar, IS, Delhi.

(vil) Prasanta Pathak "Diagnostic regional analysis on the shortfalls in
developement and utitisation of human resources in
India".
Supesvisor : MN, Pal, IST, Calcutta.

(vili) Ashish Ghosh "On image segmentation using newral netwarks
and fuzzy sets®,
Supervisor: Sanlar Pal, 18], Calcutta.

(ix) X Manjunatha Prassd ~ *Generalised inverses of matrices over rings”.
Supervisor : K.P.S. Bhaskar Rao, ISI, Bangalore.

(x) Prabal Ray Chaudhud  “Jolnt Ventures and Bargaining”
Supervisor : Dilip Mukherjee, 181, Delhl.

(d) Deba Prasad Mandal *A mulUvalued approach for
In pattem rccogpition problems using fuzzy seis®,
Supervisor : Sankar Pal, ISI, Calcutta.

(B) Ph.D. degrees awarded by olber Unlversities to the Scholars and Staff of the Institute :

) Joydev Chattopadhyay  “Mathematical and Stochastic Modelling of Self-
organisation in biological systems with special
reference to the mechanism of carcinogenesis®.

Name of the University : Jadavpur University
Supervisor : PK Tapaswl, IS1, Calcutta.



() Asim Roy *Topological Aspecis of enomalies io quantum field theary
Name of the University : Calcutta University
Supervisor : Pratul Bandopadhyay, 15!, Calcutts.

(iii) Nabanita Das *“On the permutation capabilities, Routing and Fault -
Tolerance of some Mulli stage interconnection Netwarks”
Namo of the University : Jadavpur University
Supervisor : J. Dutsgupta, 1SL, and D K. Bamy,
Jadavpur University.

Internstional Statistica) Education Centre, Caleutta,

The Centre was opened in 1950 and is operated jointly by the International Statistical Institute and the
Indian Statistical Institute, under the suspices of the UNESCO and the Government of Indis. The Centre
funcuions under a joint Board of Directors. The Dicectors represeni Intemational Statistical Institule, Indisn
Statislical Lngtitute and the Governmen( of India. Prof. P.C. Mahalanobis was the Chairman of the Board of
Directors sinoe its inoeplian in 1950 uatil his death in 1972, Since then Nations) Professor C.R. Rao, FRS, ha
been the Chairman of the Board.

The Centre provides training in Theorctical and Applied Statistics al various levels o seleded
participanis from the countries in the Middle-East, Soulh and South-Eag Asia, the Far Eaqt and the
Commonwealth Countries in Africa, sp d by resp G Major training programme of the
Centre is a ten-month regular course, In zddxuon‘. special cobrses of varying duration are also ofganised
Facilities exist for ressarch work and advanced study by senior statigticians from abroad. Since iaception, Lhe
Centre has provided training to 1212 trainces from 56 countries.

A total of 39 candidates from 18 different countries were nominated by ive G for
admission to the 47th term of the reguler course of this Centre. Of these 39 mdxdms 20 were offered
admission and 16 panticipants from 6 countries joined. There were onc each from Ethiopia and Maldives, ton
each from Bangladesh and Philipines and three and seven from India and Srilanka respectively. Twelve
trainees were supported by fellowships awarded by the Government of India under the Technical Cooperation
Scheme of the Colombo Plan, Indian Technical and Economic Cooperation and Aid to Sri Lanka schemes
Among the other 4, 2 were from Indian Air Force, one cach was from Tribal Sub Plan Cel), Collectoraie of
Daman, India and the remaining one was from Sni Lanka. All these foue trainees were supported by theis
respective employers,

Teachers of headquarters at Calcutta of the India Statistical Institute and officers of the Government
of India participated in teaching the regular courses during the year.

All the regular course trainees have been recommended for the award of the Statistical Training
Diploma.

In continuation of the staff develop P d and financed by the UN Statistical
Office, New York, special courses were arranged in collaboration with Indian Statistical Institute at Calcutia
for two trainess, One from Mozambique for a S-month course and the other from Botswana for two weeks,
Both the ralnees completed the respective courses successfully and salisfactorily,




The Indian Statstical Instituic holds professional examinations In Statistics, in the thoory and
practice of analysis of statistical data, for the external candldates on the basis of some model guidance for the
award of the following certificale and dlplomas -

1) Statistical Assistantship Certiffcate.
1§} Junior Diploma in Statistics.
1if) Senfor Diploma in Statistics.

These examinations are separate from, and independent of the examinations beld for the award of
degrees, diplomas end cendficates on the basls of training given in the Institutc.

‘The Govemment of India recognises the Junlor Diploma in Statistcs as equivalent to 2 Bachelor's
degres [n Statistics and the Senior Diploma in Statistics as equivalent to a Master's degres in Statistics.

These examinations are held now-a-days twice 2 year usually in or sbout the months of May/June
and November/December at different cities in Indla (Bangalore, Bombay, Calcutta, Delhi, Hyderabad,
Lucknow and Madras),

‘The details of the examinations for June 1993 and December 1993 terms arc given below :

Number of candidates

Examinations Registered  Appeared  Passed®

June Dec.  June Dec.  June Dec.

1. Sutistical Assistant-
ship certificate u 16 6 9 2 3

2. Junior Diploma in
Statistics 4 6 23 K T

3. Senlor Diploma in
talistics 0 6 2 3 Nil Nl

*Pagsed in one or more papers only not necessarily completed the examination.

The total number of candidates who bave qualificd for the awand of the Certificate and Diplomas in
the Professional Examinations in Statistics including the results of December 1993 term are 484 and 265
respectively.



2, TWENTYEIGHTH CONVOCATION

Indian Statistical Institute beld its T lon for rding the PhD., M.Tech
(Computer Sclence), M.Tech. (Quality, Reliabllity and Opanuons Research), M.Stat, B.StaL (Hans) degrees
and Diplomas, Assaciateship cic. on 1] February, 19%4.

Shri P.N. Haksar, Chairman of the ISI Council, welcomed the guests and recipients of the Degrees,
Diplomas, Assoclateships and Awands. Professor B.L.S. Prakusa Rao, FNA, Director of the Institute,
presenied annual review of teaching and (raining activities of the lstitule. Professor M.G.K. Menon, PRS,

. President of the Institute, presided over the Convocatioa and swarded Degrees, Diplomas, Associateship and
Awards 1o the students. Professor G. Rama Reddy, Chairman, University Grants Commission, New Delhi,
delivered the Convocation address. In his address, Professor Reddy highlighted the interdependence of

and higher education - a that scems to have been neglecied (e far loo loag.

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

Degree/Diploma/Assoclateship Number of candidates
Doctor of Philosophy (Ph.D.) 1
Master of Technology (M.Tech.) in Computer Scieace 20

Master of Technology (M.Tech.) in Quality, Reliability and

Operations Research V]
Master of Statistics (M.Stat.) 2
Bachelor of Statistics (Honours) (B.Stat. (Hons.)) n

Part-time Diploma in Statistical Quality Coatrol and Operations

Research, Madras 5
Diploma on Operation and Programmijng of Automatic
Dlu Pmc&mg Equipment 5
pin D jon and Information Sclence, Banfgal ,

Professional Examinations In Statistics
Junior Diploma in Statistics 3l

Total 107

AWARDS 1993

1. Award of Mahalanobl jonal Sympasinm on Statistics prize to the most outstanding M.Stat. student
of Statistics of the Instibne :

1. Kingshuk Roy Choudhury
2. Award of 151 AJuma! Associatlon Prizes to the oulstanding studenis of the Institule :

B.Sat (Hons) ¢ Sarat Chandra Dass
M.StaL . Kingshuk Roy Choudhury
M.Tech, (CS) Palash Sariar

M.Tech. (QROR) : Tirthankar Dasgupta



3. RESEARCH AND OTHER SCIENTIFIC ACTIVITIES

The research activitics of the Instiwte are grouped in the following Divisions :

Theoretical Statisucs and Mathematics, Applic.. Statistics, Surveys and Computing ; Physical and
Earth Sclences; Blological Sciences, Social Sclences; Statistical Quality Control and Operstions Rescarch;
and Library, Documcntation and Information Scicnces. [n additon, the National Centre for Knowledge Based
Computing, jointly sponsored by Dcpartment of Elccironics (D.O.E)) and Uniled Nations Development
Programme (U.N.D.P.) and located in the Institule at Calculta, has been engaged In rescarch work under
FGCS/KBCS programme. There is also a well equipped Computer and Statistical Services Centre (CSSC)
which provides computing and statistical services to rescarchers.

A brief account of the progress of research in different Divisions and Unils of the Lastitute during the
year is indicated below :

Theoretical Statistics and Mathematics Division

The Division of Theorctical Statistics and Mathematics has Units at Calculta, Dethi and Bangalore
and Hyderabad. The Division is basically cnsxged in rescarch in different arcas in l.heorcuul statistics,
probability theory, stochastic pi and ics apart from providing theoretical suppon for a

number of applied problems lhal arise In various projects undertaken by IST and other Institutions. The
Division has a major rolc in teaching probability, statistics and mathematics in the B.Stat,(Hons.), M.Suat.,
M.Teeh, (Computer Science), M. Tech, (Quality, Reliability and Opcrations research) and other courses in the
Institote. The Division also conducts 2 coursce for 34 scmesiers at an advanced level for Rescarch Fellows
enrolled for Ph.D. degree of the Instituie. During the period under revicw, cight Rescarch Fellows in statistics
and mathematics, four in cach, have beea awarded the Junior Rescarch Fellowships. A strong feature of the
Division is lo organisc Summer/Winter Schools and Workshops in a varicty of advanced and curent topics in
stalistics, p ility and ics. Besides, coll lalks and scminar talks by faculty members and
visilors are organiscd regularly.

‘The broad areas in which researches were carried out during the year are indicated below :
Calcutta Unit
Statistics

L Bayesian Analysis, Decision Theory, Inferenoe and Asymptotics,
A ically minimax proced ic prop of posterior distributi

non-regular pmblems Change pum( problem, Baycxl'u\ gcnemlised linear models, Generalized Cramer-| Rao

type integral incquatitics with applications to lincar models with clliptically distributed crvors, Adjusted and

conditional likelihood, Second order Pitman closencss and Pitman admissibility, Second order minimaxity,

Admissible lests for mean of Langevin distribution, Probability matching equation for a parametric funclion,

Numerical investigations for Polya-trec priors, Inference in sacial neiworks,

2 Sequential Analysis, Ranking and Selection, Non-parametrics

Scquential estimation of mean in NEF-DVP distributions, Likelihood based nonparamelric smoothing
and cross-validation techniques.

Represeatation theorem for Usstatistics, One-sided esth ; Optimal sequenti dures in
ranking and selection sciup, Nonparametric cstimates of eonditional quantiles and their derivatives,
nonparametric density estimation for associated sequences.
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kN Multivariatc Analysis

D' statistics, Asymptoli fons for distributions of test criteria for dispersion

matrix, local imp; in estimati variate normal mean, Robust procedures for analysing
multivariate data using geometric features of data clouds, Analysis of multivariate ranked data sets.

4 Sample Surveys

Optimum cstimation based on multivaniale information, Finite population domains, Allocation
problems m stratified sampling. S ics for di g new specics, Multivariate surveys, Sampling
mcl.hodology in social networks and anthropology.

s, Design of Experiments

Optimal computer experiments, Optimal designs for growth curve models, Use of approximate theary
in exact optimality, Optimality of block designs, row column and factorial designs.

6. Applications

Applications of statistical techniques and models have been made to assignments of rotor blades in
hydroturbines, lower tolerance timit for atmospheric ozone layer, wastage in paper trimming and metal
cutting, ete.

Probabllity and Stochastic Processes

Studies on random iteration of maps are being continued. Young's theorem on limits of functions is
being examined in a general framework. Progress has been made in studying the asymptotics of (Y), 2 0 of

the system (Y,, X where dY, = b(L, Y, X) dt + @ (1, Y, X9 dW,. Here (X)) is a rell (nght conunuuus. left
limit existing) process taking values in a Polish spacc. Optimal asymplotic tests for composite hyp for
continuous time stochastic processes have been obtained.

The relationship between gence of Lhe trajectories of a semi ingalc and boundedness, ast
~ 00, of the local times of the semi-martingales, has been studied.

Using an elementary approach, several classical results on the WLLN and SLLN and (he related
L*-convergence problem have been extended. Convergence speed in CLT was studied under stringent
conditions. Uniform approximations for familics of stochastic integrals are being worked out,

Mathematics

In Descriptive Set Theory. random versions of extension theorems of Dugundy lype and ﬁxed point
theorems, results on app and imation scleclion of Carath and
extensions of mullifunctions, have been obmmul In continuation of research in ccllular automata (CA),
properties of additive 2-dim CA have been obtained for possible application in Cryptology.

1 igation of the ic properties of H' and its dual BMO, both in the disc and half-plane, is
still being pu:sucd The study of the conncction between farthest points of a closed bounded convex sct in a
Banach space and the Mazur intersection property, hias been undertaken.

In General Topology, the main preoccupation has been the study of function spaces from several
points of view - topological, i lytic, and theorelic. Atiention is being specially directed
to Buchwalter's bounded-open topology on the set of all real-valued continuous funclions on a Tychonoff
space,
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Tn Algebraic Topology, work is in progress on (i) Fixed polnt theory using sheaf-thearetic methods
and (il) Bquivariant cohomology of de Rham lypc. with applications. The work on differeatial topology
rises classification of equivariant | (ectic and isometric

In Ergodic Theory, substitution of dynamical systems and the study of their specira was undertaken.

In Theoretical Caomputer Science, study of cxac/approximaie algorithms for selecled NP-hard
problems and the question of approximability, s belng continucd.

In Graph Theory. topics of study inctude reciprocity in nciworks arising in social and biological
sclences along with simulaion and other problems, Problem of Orc on spanning Lrecs of infinite graphs,
centre and diametral grapls, perfect climination orderings of chordal graphs and applications to discrete data
analysis, self- gruphs, and k-trees.

A project entitted "Exploratory Generatized Regression : Function Bstimation, Cross-Validation and
Robustficition” was undertaken by Probal Chaudhuri and Dduyny: Sengupta. A weighled maximum
likelihood approach uu( generalizes kemal and nearcs! neighty d type hniques and a
likelihood based ‘dati and lize least-squarcs lidation have been developod
and investigated in mndupmmeler andior multiresponsc set ups. Further, a likelihood based generalization of
free suuctured regressioc and recursive partitioning techniques were studied. In  a different direclion,
nonparametric quantile regression has been used 16 develop parameder estimates in various survival analysis
models and the monoton¢ single index model popular in cconometrics, Many useful technical resulls have
been discovered in he coursc of these investigations. The project is expected (o be completed in 1994-1995.

A project entitled "Affine Invariant Distribution Free Mullivariate Techniques : Breakdown Point and
Efficiency” was underiaken by Probal Chaudhuri, Arup Bose and Debapriya Scogupta. Some new robust
procedures for analysing mullidimensional observations have been developed and studied. The techniques
developed exploit some critical geometric features of multivariate data clouds. Several intercsting and useful
results have beea discovered in course of the investigation of the statistical propestics and pesti of
these new procedures. The project is expected (o be complmd in 1994-1995.

A workshop on *Sronticrs of Research in Finite Population Infereace* was organised in the Stat-Math
Unit, Calcutta, during 1-9 November 1993. Thirteen pirticipants from various universitics in the country and
four local partici attended the Workshop. Recent P in finite population inference were
discussed by faculty members of the Institute as well as guest lecturers from Caleutta University and Indian
Institute of Management, Calculta. The session on the last day was dedicated to the memory of the cmineat

sampling expert the late Prof, M.N. Murthy, who was associated with the Institute from 1955 10 1970.

The Institwe is cagaged in the publication of Sclected Papers of C. R. Reo. Volume 11l has been
completed during the period under review and the book is expected to be out soon. Work on further volumes
is going on aad at Jeast one more volume is expected lo be brought out in 1994-'95.

Delh) Unit
Statistics and Probability
1 Order Statistics

Recurrence relations, Duality principle, Moments of order statistics, Openator methods in order
satlstics.

2, Characterization of Distributions
Charscierizations bascd on order statistics and conditional cxpectations.
3. Relisbillty and Survival snalysis

Tests In presence of compelingrisks,



4 Design of Exporiments

Optimality of designs under resource constralnts; Robustness of designs spalngt missing data;
Construction of arthogonal arrays; Recovery of interblock information.

Probabitity

Weak rgence, Mutingale theory, Percolation theory, Particle systcms, Quanium stochastic
processes.

Mathemalics

Linear Algebn:Amly:kofmm) M-ponuvitylndOowumhqmnu«sfu
of It loverse of matrices, Linear

mwlemmnnu and Q-m-mm
. Operator Theory
Variation of positive operators, Spectral theory, Quantum dynamical semigroups.
2 Partisl Differcntial Equations :
Regularity of solulions of elliptic systems.
3. Game Theaty and Global univalence

Jacobian conjecture.

Bangalore Unit

Research was carried out in the following arcas of probability theory, statistics and mathermatics :
Probability theory

Applications of targe deviations to Information thcory, semi-stablc measures and process, diffusicn
processes ;

Statistics

Sumple muveys, Large sample theory, Bay: infe Baycsian 000 ic statitics,

Bayesian non-pammetric esmation, Robust Bayesian scalysis, Reliability theory, Optimality and
construction of experimental designs ;

Mathematics

Groups of exceptiona! Lie type, Coxeter groups and the Moaster groip, Combinatorics (Bruck-Ryser
type theorems for quasi-symmetric designs and strongly regular graphs), Functional Analysis, Geomelry of
Banach space, Ergodic theory, Operator Algebras and Operator theory, Harmonic analysis, Differeatiat
Geomeury and Topology, Spectra of Laplacians (especially oa Vector bundles), Spactral thoory for partal
differeatial operators, Finliely sdditlve measures, G-luverses.

Work continucd in the area of non-paramciric Bayesian approach to catimating change poiats of a
hazard rate. Asymptotic properties of the same have boen investigated.
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A conditional gauge theorem for the third boundasy value problem was proved. Transition densities
for reflecting diffusions were coastructed using & combination of paametrix method sod probabilistic
P Asyrpiotle behaviour of reflecting diffusions was investigated with spocial reference (o diffisions
in half space

aod In the quadreats. Strong Feller property of semimartisgale reficcting Brownian motion 1o an arthent was
caiablished.

Various aspects of (ho Porpeiu problem end the "Uncertaloty principle® have beea investipaied.
D-anal of the Wiener-Tauberian theorem have bean astablished.

Work continged on generalisod Rock spaces, clrele geometry and sbetract inierpolation. Plaacherd
type theorems for measures have been oblaioed for ho case of Hemits and Laguerre expansions. A stady of
mean periodic functions on the reducod Helsenberg group (s undarway. Using 3 Paley-Wicaer theorem for tha
Fourier-Weyl transformation, It is conjectured thal an analogue of the fundamenial (heorem of mean perlodic
functions on the read ling Iy possible In this set up. this had boen proved in the case where the fimctlon has &
tampered growth,

The problem of computing (he principal graph of » sbfactor obtained from a vertex model was
considercd. Some results bave been obtained uting the semi-<ancelcal tuanel construction. Subfactor
associsied (o 4 veriex moded coming from s "blunitary perawiation matrix® was also investigaied.

The topological and geometric proparties of the space of Bansch space valued functions oo 8
mmmﬁnmmﬂmwﬁnﬂwhﬂwhﬂhmwh‘ynnmmw&ﬂ
such a space is isomedric to the dual of a Banach space then it is proved that the undertying Banach space is
reflexive. This along with some results of Cambern and Grelm, settles a vector valued Grotheodieck-Dixmier
problem in this set up. Using Banach space (heorctic (echniques It has been proved that “all weakly
continuous functions are of Baire class]® is equivalent o “any weakdy compact set of scalar valued continuous
functions in separable®. These results improve on some work done by Srivatss where st theorelle lechniques
have beea employed. Theso ideas alao lead to a moro 'direct’ proof of a classical theorem of Dunford, Pettls
and Philtips.

A new geomeiric property which Is useful ln computing tho esscntial norm of & opertor was studisd.
1t turns out that (") Is the only Z'produal spaca that has this property. Some partis) results were obtalned on
the question of complementability of the space of Bochner Intcgrable functions In its bidual, M-struciure of
the space of vertor valuod affine contlnuous functions was studicd snd & vocior valued analogue of a classical
result of Bauer wat oblained.

Applied Statistics, Surveys And Computing Division

The Applied Statlstics, Surveys and Computing Divislos conslsts of two unlis f.¢. Blometry Research
Unit and Computer Sclence Unit. Faculty members of the Division were engaged In teaching and (raining in
different courses like B.Stal (Hons), M.StaL, M. Tech. (Computer Sclonse), M. Tech. (Quality, Rellability sod
Operatioas Research) and other courses besides rescarch and project work, Researches carried out by Lhess
units are Indicated below :

Biometry Ressarch Unit

Blomeiry Research Unlt iz engaged ln ths pursait of different Blomedical, Toxicologleal and
Eaviroamen(al problems with the generstion of data In the taboralory. Rascarch sctivitics during tho year
include (i) the study of (he oatogenctic development of Indlsn major carps including thelr performance in
regponse (o supplemental feeding, (i) the genctic insozyma studics focus the varisbility of LDH-A and
LDH-B at tho carly developmental sisses, varisbility of LDH-C locus Indicates taxonomic distance between
the species of the same family of carps, (ilf) Pisciculture and growth siudy of the IMC soed from carly stage
with soma supplemental food, (tv) effects of bo extract of madicinal plants Vinca rosea, cecimum Sancium
aod Azedirachia Indica In lowering the blood sugar levels, improvement of damagad liver cells and (0 act as
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anti-inflammatory agents in discased experiments! animals inducced by drugs and & comparative sudy
revealed that leaf extract of Azadlrachta indlea is mors potent in lowering the blood sugar level and to reduce
Inflamation, (v) the problems of the malnutrition related young disbetes specially of Flbrocalculus Pancreatic
Dlabeties (FCPD) in the region of Eastern Indla.

Projects
1. Modelling Viscoelastlc Propertics & Blood

This s an on-going projoct. The Influence of radiational siress on rheological lics along with
smultancous monitoring of the relevant tumlolopul properties of rabbit blood wis pumai Significant
alteration of h lobin conlent, mean

cancentration and blood cell cound was obsorved.

2. Developmaent of Hypaglycemic Drugs from plant sources

In this on-golng project, the crude water soluble h.uion of alcobolic extract of leaves of some
medicinal planss viz, Vinca rosea, Oscimum sancium, Azadirachia indica revealed that these extractives are
:ﬂ'ncuve in Iowalng blood sugar level in experimental animal models. A comparaiive study with these

ing anti-infl y property revealed that indica leaf extract is more potent than others.
Some worlr on the isolated of different fraction from the water sofuble portion of the alcoholic extract of these
extractives with the technique of TLC is under progress.

3. An investigation into the young lnsulin dependent and adult non-Insolin'dependent  malnutrition related

In this on-going project the recent work includes the problems of Fibrocalculous Pancreatic Diabetes
(FCPD), which is a subset of malnutrition related diabetes.This study is being done for the first Ume in
Eastern India. The data obtained by biochemica! and clinical experiments indicate that most of this disease is
immunogenetically predominant with HLA- DR), DRWS3, DQWS3, which is somcwhat differeat from other
workers report. Their C-peplide and plasma insulin leve! in blood suggest that this disease may be related to
the different nutritional status of the subjects. Case study of hepatic histology on 26 patients could not give
ready explanation for the greater prevalence of hepatic functional and histologic abnormalities in FCPD cases.
‘The work in this field is new and Lnvesiigation is in progress.

Computer Science Unit

The mvn.lu of lhe Compuwr Sclence Unit mainly consist of research In Statistical theory,

hodology and lop of computer software for Stalistical purposes, providing
statistical and services (o individual In various fields and organisations, conducting
studies on topics of nationa! interest requiring statistical techniques. The expgrtise of the uait s in & constant
demand by Gi d and Organisations in the public sector. A brief account of research

activities during the period is given bdcw :
1, Sample Surveys.

Fruitful theoretical research is continuing around oplimal estimation of finite population mean and
variance under errors-in-variables superpop models and ion of population totals and variances
under various models-such as, sampling, rndomized response swrveys and small Domain
estimation. The nearest proportional 10 size sampling design and its application 1o controlled sampling is
recelving speclal aitention.

1, Design of Experiments,

Successful research findings relais o () construotion of symmetric Balanced Squares, nearly
balanced uniform repeated measurements (i) opllmal repeatod measurements designs under mixed affocts
modals.
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3. Multivarlate Analyals, Directional data analysls and Relisbility Inference.

Research areas of special attention cover () selection of the t-best cells in multinourial distribution,
(ti) studies of symptolic estimation problem for & large class of multiparameter discontinuous desities in
obmﬂuuynpmdtbehviorofﬂwmximwnhkdlhooddm Bayes estimators and posterior
(i jon problem for multiparameter families of denseties with singularity w.
r. t. one parameter, (iv) an cxpansion of Bays' risk w. r. L entropy loss has been obtained for a family of
discontinuous densities with a single parameter and used Lo obaln a refcrence prior in the sense of Bermardo,
(v) Derivation of oplimal invariant (est in possibly non-regular mixture families, (vi) characterisations and
semiparametric Infereace refated to Cox's Discrimination rales, (vii) Tests for change-point and uniformity i
Dircctional dala problems, (vili) optima) tests for independence in Bivariale exponential distributions, (ix)
Reliability bounds for the L~class and Laplace order, and (x) monoferacily of soms tests in the Langlvin
distribution.

4, Regression Analysis.

Important works in this area cover (i) recursive inference in the general linear madel, (1i) a

jonally robust and p ing altematlve to the ridge cstimator in the context of collincarity in
regression. Some significant contributions in the arcas of survival analysis, signal processing and cctlular
automa arc (i) testing the hypothesls of proportional hazards in two poputations, (ii) Lesting the jonali
of hazands due to competing risks, (iif) estimation strategies for the ammval angle of multiple signals from
observations made by an amay of sensors, (fv) cellular sulomala based VLS! architecturs for computing
multiplication and tnverses in GF(2"),

Projects

1L An Empirical Investigation of Effects of Emaging Small Domain Estimation Procedure

compared to Traditional Methods in the Indian Context

‘This i$ an on-going project. As the plan is (o examinc the performances of the procedures based on
Indian data some live data of size 200 from ISI accounts office have been coliected. Various units (say
domains) of ISI are of varying sizes. So the traditional methods of sampling strategies for estimating domain
total are not found effective for those of very small sizes. A newly emerging model-based estimators are tried
1o examine if cfficicacics may be improved. Necessary data have been gathered from the 18T Accounts office.
On the basis of the findings a Technical Report has been prepared.

2. Study On Rural Indebtedness In West Bengal

‘This is a now project. The NSSO conducts All India Debi and Investment Survey (AIDIS) cvery 10th
year and (he latest survey was conducted [n 1991-92, the result of which {s still awalied. The resull based on
earlier survcy indicated a steep decline in the Incidenca of indebtedness, This led io wide debate since such
declinc was contrary o the gencral expectation, specially when the banking network penetrated in decp rural
areas.

The main alm of this project is {6 make a comprehensive study of data supplied by institutional
sectors and data to be collected from houschold surveys. The proposed arca of coverage is fow blocks from
2-3 districts of West Bengal.

During the year, ground work for the survey has been done. Contact has been made with Reserve
Baak of India, Planning and Development Dept. Govt. of West Bengal and NSSO. For conducting the survey
two districis of West Bengal have been chosen purposively ~— Hoogly (near Calcutta) and Murshidabad (away
from Caluita) and 4 blocks have been sclected from cach district using Rao-Hanloy-Cochran scheme, the
size measure being the 1991 census population of the blocks. The sampling frame has been construcied and
ais0 the sampling is completed. The schedule for the houschold survey has been preparcd and printed. The
household survey is scheduled (0 start from March 1994,
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3. Genennllved Linesr Modal

This is an ao-golog project. A partial survey of the Literature an collinearity diagnomtics has been
made An altemsilve to ridge regressian estimator has been consldered. A comparison af this estimator with
ridge estimator s made from the computational point of view. A oumber af advantages has been found in
favour of the proposad estimator. A study of the estimator from the poiad of view of conditicn anmber is stso
made and some opllmal propertics of ihis scheme are established. The variance decompotitica
propartions

method of detection of collinear relationships among regressors seems (o have some dawbacke A
sllernative procedure Is proposed and detalled study using Live data sets sod simulstions is i progress.

Bxtemmally Funded Project (CSU)
1. Socio- Ic Survey of the !

There are five States in Indla (Kamnataka, Andhra Pradesh, Tamilaadu, West Bengal and Jammu and
Kashmir) traditionally producing mulberry silk. Apart from these the Central Silk Board (CSB) is wrying to
extend sitk farming in other 12 States of India under its Nationa) Sericulture project.

The CBS, Bangalore of the Ministry of Textiles, Government of India had peaded a project an
Socio-economic Survey of the Seri-culiurists and non-sericuliurcsts in West Bengal. Compuyter Seience onif
had undertaken this project. The objective of the project was ta estimate lotsl acreage under mulberry, iotal
production of cocoon and silk yam in West Beagal. 1t was also projected that the survey would through vp
estimates of income generated from sesi and highlight its imp in relation to other productive
activities. It was also planned to estimatc family labour participation, in particolar the female labour in
sericulture, The project hias been completed during this year.

The project leader delivered the following invited wlks () ‘On Mico-Level planning’ ~ at the
Adminisirative Tralning Institute, Calcutta, Government of West Bengal in an In-service Tnining o
Deceatralised District plaaning on June 16, 1993. (ii) On Data Requi for ion of Microlevel
Plans’ ~ at the State Institute of Rural Development, Kalyani, Nadia, West Bengal in a Training of Trainess*
course on Deccatralized planning, conducted by the Nationa! Insilute of Rural Development, Hydersbad on
Dec 8, 1993.

Phytical and Earth Sclences Division
The Division comprises the Chemisry Unit, the Blecwronics Unit the Elecyonies and
Communication Sciences Unit, the Geological Studies Unit and the Physics and Applied Mathematics Unit
Faculty members of the Division are engaged in teaching and tmining, besides research and project work.
Researches carmied out In thase ualls are described below :
Chemisiry Unit

Besearch activitles of the anit during this period was camied out through the following approved
projects.

1)  Disribution a0d Ch istics of Aflophancs In West Bengal solls.

Soil profiles from sub-Himalayan and lateritic regions of the state were critleally examined for the
presence of allophanes o the clay fractions of alll the bortzons It has been established mainly by
IR-Spectroscopic method that considesable quantities of allophane exist on bath the solls and their sbundance
Increases with depth. This explaing the sccumulstion of spprociable quantity of orgasic mafier in the
sib-qurface region. Allophanes are found to bind organic marter strongly.



2)  Absomption at solid-solution interface

hmdpuﬂddﬂmdmnllyrdlldmuahhbywbol:nllm»llmmuhnebem
i d. Cationic and amphoteri icides have been found (0 be strongly zhsorbed. Surfactants favour
the ahsarpuan probably throu;h mspmlon effect. Study of the desorpiian, mabllity with imigation water and
persistence were aiso undertaken but remaing to be completed.

‘This work is of utmost impaortance in soil iavironmental sudles.
Electronics Unit

The faculty members of the Electronics Unit are cumently engaged in teaching, rescarch and
deveclopmental work in the ficid of Computer Scicnoe. Details of these activities are described below.

The Unit shared a large portion of the teaching load in the M. Tech. (Computer Science) programme
of the Institute. Also, the disscriation works of a numbes of M. Tech. (Camputer Science) students of the
Institute have been and are being supervised by the facully members of the Unit cvery year. In addition, quite
a large number of students from IIT's and other Universities visit the Unlt far helr vocationa! raining.

Faculty members of the Unil were engaged In supervising the Ph. D. works of $ 1.5.1. scholars and 11
outside scholars from different Universities and Institutions. One research scholar and another staff member of
the Unil submitted their Ph.D. dissertations during the period.

The research arcas persued by the members of the Unit included Parallel Algorithms and Parallel
Architectures, Network Topology, Interconncction Neiworks, VLSI Layout Design, Logic Synthesls and
design for testability, and Computational Geometry.

1. Parallel Algorithms and Parallel Architectures
The objective of rescarch in Lhis arca includes the following :

i) Design of efficient paralle! algorithms for varlous numeric, non-numeric and graph-Uheorelic problems,
problems on compulational geometry; mapping Lhese alorithms on suitable parallel architeclures.

il) Design of fault~toleran paraliel archilectures for different numeric and non-numeric problems.

ili) Testing and design for testability of systollc amrays.

New parallel algorithms (or fast Upll In redonds Yy number systems,
Lagrange’s intespolation wllh i) O(lon) time and O(a') processors and L) O(nlhnn) time and O¢n log n)
soludon of pol lons, power series manip have been ned during the
palod 1993-94.
2. Neawork Topology

The objective of this study s (o substitute (opoiogies for computer networks In order to have a
network wilh small dlameter, low oumber of communication llnks, locremental extenslbility, faull-tolerance
and case of rouing ln both fauli-free and faulty situationt Many of these requirements are mutually
conflicung In natwre. An optimal design s sull called for.

A acw network lopology called Multimeah (MM) network has bocn proposed. This network uses
smalf 2-D meshes as the basic bullding blocks, which src inlerconnecied In & sultable manner. The proposed
topology s 4-regular with a diameter of 2n for n' Algorithms for various applications hava been
efficlently mapped on this architecture.




A new network topology which exploits the ideas prescat i Cube-Coanected-Cycles and Genenlized
Hypercubes, has boen Introducod. This network Is (1+1)-regular with a diameter of 2.5m for I* sumber of
nodes. Connectlvity of this network It |. The diameter increases only by 2 for & maximum of ! faulis in the
network. Various algori hms have boe efficiently mapped on this architectare.

Another new network topology with average node degree of 3 and diameter of 1.5m, where m Js the
least number satisfying the tnequality N <= 2m.2%, N being the total number of nodes, has also been found
out. Mapping of algorithms on this network and rellsbility analysis of this network are being studied.

Oplimal communlcation algoriihms for doubls loop netwoks kave been developed.
A family of generalized odd-degroe dense graphs have been introduced.

Another new network architecture with the maximum node degree of 3 has been proposed. This
nework uses (rees as the basic building blocks which arc intcreonnccted in a suitable manncr. Algorithms for
bitonic son and DFT have been cfficienily mapped on this architecture.

3. Interconnection Networks

A general class of reammangeable interconnection neiworks have been defined. Different setf-routing
algorithms have been developed for these networks to route different classes of permulations. New growp
transformation rules have been proposed for rearrangeable networks that enable us to touts a large clss of
permutations in Olog N) time in an N x N reamangeable network. Some fault-tolerance propesties-of this
class of reaangeable networks have been studied and specific fault-tolerunt routing algorithms fave been
developed for routing permutations in presence of typlcal classes of faults.

Multi-layered design of strictly non-blocking Benes and shuffle-cxchange networks have beea
completed. Variations of this mult-layered design approach with m x n switches (m, o > 2) arc currently under
study.

Fault-models for detecting and diagnosing short-circuit faults in Benes network as well as Clos
network have beea developed. Test vectors for Jocating these faulis have also been designed.

4. VLSI Layout Design - Phase It

The objwtive of this project is to develop algorithms for efficient design of VLSI layout. We
cousider the graph dualization method of floorplanning, Given a lopological neighborhood graph, a heuristic
search technigue based on AND-OR graphs has been investigated uid implcmcnled ‘The proposed algorithm
produccs optimal solutions on almosi all standard benchmark ll also recogs inherently non-slicing
floorplans very quickly. We also studied various fi hnk for g non-sliciog
floorplans 1o slicings. This would greatly help the placement and routing in the later phases of chlp design.

Another area of investigation includes the study of various new routing models. New algorithms
based on overlap-diagonal mode! have been proposed. Elegant and fast solutions have been obtained for
difficult benchmarks using this model, ¢.g, Deutsch difficult example, cycle.lough, Burstein's channel and
swilchbox. We also explorod various Al-based techniques for channel routing, and oblained very significant
results in terms of execution time, cost of solutions etc,

S. Applications of Computations! Geometry 4o VLSI Layoui Design

We identified many new design problems that arise in VLSI physical design automation, and mapped
them (o computational geometric problems. New algorithms for pty-region recognilion among
Isothetic/non-isothetic obstacles are proposcd. This includes recognitlon of max-width / area staircase
channels, 3D cuboids eic. We also introduced a new class of stabbing problems called “optimal firing®. These
problems have manifold applications (o defense, VLS, robotlcs, database and pattem recognition.




6. Logic Synthesis and Deslgn-for-Tesmbilly

hic redund. in seq I logic circult is a mysterious property and whether or not there
exists a real cirewt that exhibits this kind of redundancy remained an open probler for a long time. We have
studied this problem in detail and found a serics of examples of such circuits and thewr underlying properties.
Currently we are working on their identification and removal,

Delay-fault lesting is another area of curreal intercst, and we have developed 8 design-for-testability
technique for constructing 100% delay-fault (estable combinational circuit. Our results outperform existing
techniques in simplicity and cost-effectiveness.

7. Design of Reconfigurable Faull-Tolerant Array Processors/Systolic Amays
This is a research as well as a developmental project. The major goals of this project arc as follows :

i) Studics and q
interconnceting processors

design of fault - tolerant parallel arclulectures constructed by

u) To dcvelap algonlhms for reconfigurability and routing in presence of faults in different parallel
p ¢.g., hypercube, cub d cycles, mesh, de Bruijn network, etc. ;

fii) Studies on algorithmic fault tolerance in the context of parallel prucessing ;

iv) Studies on design for testability of unilateral/ bilateral 1-dimensional /2-dimensiona! systolic arrays and
their implementations ;

We have studied models of 1-D bilateral systolic arrays and developed new techniques for their
testing. The problems of fault-tolerance, reconfigurability and design for reduced diameters in hypercube
architecures have been completed,

During this period, 11 papers have been published in teading | jonal Journals and I
& National Conference Proccedings, 7 papers have been accepted for publication in Intemational Joumnals, 3
papers have been accepted for publication in conference proceedings, onc article has been published n book
and 14 papers have been icaled lo difereat i ional joumals of reputc Facully members of the
Unit were actively associated with organizing onc Intemational conference on VLS| design and another
national scminar on Theoretical Computer Science. Seven distinguished scholars visited the Unit and delivered
seminars besides collaboraling with the (acalty.

Electronics and Communication Sciences Unit

Apan from regular research activities, faculty members of the Unit regularly participaied in teaching
and training 0 M Stat., M Tech, (Computer Science). M. Tech (Quality, Reliability and Operation Rescarch
Courses) of the Instirute. They also were engaged in supervision of Ph D work Many under graduate/post
paduale studeats of Computer Science, Electronics and Telec i . Elcctrical Enginccering, Master
of Computer Application Courses from different Universiucs underwent their vocational semestral ralning
under the supervision of the faculty members of the Unul Also, a 5taff member submitted his Ph.D. thesis
dunag this penod

1. Studies in Pattern Recagnition, Pattem Classificalion and Learning Algorithms

1)  An Optical Character Reader (OCR) system has been designed for machine reading of "Bangla® printed
senipt. The accuracy level of the OCR is quite high. Wark 15 in progress for further development of the
system. One goa! in this context is development of reading ald for the blind

il) Work on analysis of biomedical images using texural features has started in collaboration with scientists
in GSF, Munich.
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i) Work on classification of sateilite lmages bno physical classes (like waker, vogatation, mao-mada
is A ncw percoptron based cwra) sotwock classifier bas been devedoped for
classification of multispectral imago data,

Iv) Studles on data clustoring, dot pattern shapo smalysis and probability density cstimation are coatinuing
Algorithms for seed point detcction have been developed aad & now dofinition of neighbourhood is proposed
that feads to a set of symmetrical nelghbours of a polat.

2 Studies in lmage Analysis and Texturs Analysia

1) Work on mathematical morphology..mum 100 for lumplweduwmlyﬁs. isennumdnp Past
algorithras for basic math have been developed and
their computational complexity studied. These opemlom hm nmed\uly been applied W PCB inspection
and object rccognition problems. They have also been used in ibe study of geometrical and topological
ies like vity dty, Buler number etc. of image objects.

i) Work is o progress for sutomatic textare segmentation wsing Fractsl Geometry. An efficient method of

puting Fractal Di ion has been published. Ti ical classification of textuse s also continuing. A
mmerwrmwmmmmwumrmmmmm“
neural network and other tools is in progress.

tli) An inicresting characterization of 3D digital topology Is reported. An efficient approach to computing
Buler number has been developed. A topology preserving 3D thinning algorithm has-been proposed. Also,
segmentation of 3D skeleton using topological information has been studied.

iv) An efficient algorithm for segmentation and linking of linear structures like roads, small rivers that may

be present in gray level images, has been developed. It has been tested on [RS (Indian Remole-sensing
Salellite) images with satisfactory results. The algorithm is now being modified for application on SPOT
(French Satellite) images which have a different resolution from IRS images.

v) A Robust and Paralle Thinaing Atgorithm (RAPTA) for binary images has been developed and reported.
Tt is quite efficient in terms of both speed and accuracy.

3. Sigual Processing, Mi Propagatioo, Aunospheric Studies with Appropriate Appli

@)  In-depth study of beyond-the horizon mi signal propagation and their ch istic analysis
is being continued. The T.V. Signal transmitted from Khulna Bangladesh 150 Km away (rom ISI, Calcuita has
been received for analystic studies purposes. Simullancously LOS signal tansmitied from Satknin,
Bangladesh has also been considered for performance analysis along with the metcorological/climatological
condition prevailing in lower aimosphere at that period of observation. Onc paper containing thesc results is
being accepted in LUP and two others papers have been published in Int. conferences at Japan & India. Same
observational studics on Railways Link (at Sealdah and Khana) are belng continued.

@)  Computer analysis using image processing and pattem recognitlon techniques have been applied in
the large volume of sodar data for the analysivmodelling of lower phert Successful
application of these techniques resulted in moise free ABL structures to ensure indepth studies of them. On
these aspects onc paper has been published in URSP, two papers have been accepted in int. journals and ooe
paper has been published in Inl. Conf. Proceeding. On the modelling aspects one paper has been acoepted in
Intt. journal and onc published in Int. Conf. Proceeding.

(i) Laboralory experimentation on Laser system has been continved. For details siudy betweea
Geology Building - Library Building and also Library Building and INRAPHEL, Calcutia University some
accessories like power amplifier & PMT are belng moeded and also processed for thelr purchasing. Full
fledged operation will be started on geiting those in 1994,

Rescarch carried out in microwave propagation either In lne-of-sight or bayond-tho-horizon modo
will be utillsed in designing microwave link system, 1o study (be fading rate and depth and aitenuation
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chanacteristics. In conjunction with lunowllu'lc mdlu 1n the lower stmasphere will glve the prabable causes

and their sources for the heric fiekd of studles the computer analysis (uaing
lPIPR)ln junction with ical climatological Jon would resulied in an expent system for
the p i guition of ABL and their

4 Speech and Music

The acoustic analysls of non nasal vowels and nasal consonanis have been completed. The spectral
haracteristics of fricativg have been reported in confereace. Acoustle phanctic study of vowel
formants tn Assamess language has been oompleted. Identification of (ricative consonants an the basis of on
glide vowel forman( u-mitlonlnsbm d 1o & ional journal for publication. Perception
7l has been conducted to investigate the mi duration required for identification uf fricatives.
One experiment pesformed here strike at thc root of old accepied conviction of perceplion of vowel category
(hrough formant structures.

Dialogue has been designed and synthesis routines worked ovt (o develop a system for reservation
and enquiry using speech Mode Interaction (RESMI). Work also has been done on speaker indopendent large
lary Isolated word recognition system.

In the arca of speoch synthesis, Bengali and Hindi speech sounds in word form and continuous
sentence form have been g d. Work on introducing i ion is in progress.

In the arca of muslc research, procedure and software for synthesis of singing has been developed
using purely time domain approach. This altracted intemational attention. The unil was included in an
exclusive intemational singing synthesis group consisting of four other ions sbroad. The group s
further Lnvited to present an voca) ensemble with the other members of the group in SMACY3, a ten yearly
International Conference in Music,

5 Artificial Intelligence and Fuzzy Seis

] Natural Language Processing : A computer in pl I jvated morphological and syntactic
formiatizm for Indian Languages (Bangla or Bengali in particular) has been proposed.  An object-ariented
implementation platform designed and partially Implemented. Also, problem related to anspbona resolution
and other ambiguity analysis are belng studied. Work for development of Bangla spell checker is in progress.

1) A imate R Ing : An allemative approach 1o fuzzy reasoaing has been proposed. With the
concept of Likeness of fuzzy sets, a mathematical model has been formulated for approximate reasoning using
truth~qualified vague predicates.

6. Anificial Neural Networks

b} Work on the speed and accuracy of the ANN leaming algorithms s i progress. If ths galn term
during leaming is made adaptlve, lcaming algorithms converge faster. Another problem (hat tavolves getliag
stuck at 2 Jocal minimum on Uhe error surface during leaming is also being sindied.

] Investigation into application of neural networks in compuler vision has started. A dynamic acural
network has been developed for computing an efficient shape representation of simplo objects in 2
dimenstons. Also, Hopfield neural networks are belng used for texture generation,

The International conference organised as a part of the Birth Centenary Celcbrallons of Professor
P.C. Mahalanobis, FRS, a pioncer of Indian statistical research, was held ai the Indian Stauistical Ingtitute,
Calcutta. The inangural session of the conference was presided over by the famous physicist Professor
M.GK. Menon, FRS, President of Indian Statistical Institute and former Minigter of Science and Tocknology
of the Govemment of India. The conference was truly international in character with 40 registered
participants from North America, Europe and lapan, and as expected (here were more than 100 Indian
partcipants, Total number of papers preseated were 81, aut of which 17 were invited papers, There were 20
scssions in 4 days on different topics.
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Professor 1K Aganwal, PrmldmllAPll,hhlsimngmlnddrusmmdonlthnmd
contributions of P.C. Mahalanobis in diverse arcas, such as Anth
Science, Sample Survey, National Planning and Statistical Classificatory imlysis. lnclndmg Ma)ulmobu‘:
Distance Function. Aclive participation by the President of IAPR was very much appreciated by the Indian

participants,

One of (he significant features of this conference seem 10 be the Indication of a new arca of
applications of PR and IP n the ficlds of atmospheric and environmental sciences. This was amply indicated
in his address of Chief Guest by Professor A.P. Mitra, FRS, former Director General of CSIR and also in the
inviled Lalk by Professor R. Narasimhan, FRS, Director of National Aerc wutics Laboratory of India. There
were bout 13 contributod papers in this broad fleld.

Professor D. Dulta Majumder In his plenary lecture entitled "Mindbody Duality : Its impact on
Paltem Recognition and Compuler Vision research "presented a revicw of avesiem and castem vicws on this
controversial issue.

Professor A K. Joshi of the University of Pennsylvania, USA presented an invited lecture on
recent trends in natural |anguage processing which was extremely useful in the context of NLP problems in a
multitingual cnvironment in India. The papers on Indian classical music and musical instruments were
another significant features in this conference.
Extemally Funded Projects

1 Procedures for Spectral

The goal of the project is spectral characterization of objects of defence interest on the basis of satellite
imagery.

2. Data Compression and ic Feature ion from remotely sensed data and topographic maps,

The main activities of the project are to find algorithms for (1) satellite data compression (2)
avlomalic feature extraction from remotely sensed data and topographic maps. Geometric shaped object
is also consi Scientists from ADRIN visited IST and were satisfied with the progress of the

project.

3. Studies of the Tropical Boundary Layer Meteorology at Banaras using sodar and tower dala (National
MONTBLEX Program)

This project has been completed (1990-1993). Final report is bemg oomplcle\t Part reports were
already discussed in the DST) (AS) confe and published in the resp

P &

4. Compuler Application for R ition & pretation of Acoustic Radar Imageries.

‘This is an ongoing project started in Jamvary 1994,

5. Studics on PBL Dynamics using sodar & tower data s BHU, Banaras & ISI, Calcutia and to predict
Scallar Transport Phenomena.

‘This project Is in continuation of earlier STBLM project (1990-93) and started during December 1993.
Some analysis work is being camried out in-continum (o earlier project. Tower data/sateliite data has lo be
procured and project personnel to be employed.

Geological Studies Unit-

During 199394, the unit (ook past in the lcaching of B.Stat,(Hons,) course of the Institute and Ph.D.
supervision. Some members also took part in the teaching of other units on invitation. A scnior rescarch
fellow of the Institute also submiticd the Ph.D. disscriation during the period.
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Restarch was undertaken Lo the followtng areas during the pertod :
A Strocure, tectonlcs and stratigraphy of procambrians

(1) Tectonostratigraphic studies of the Delhi Supergroup, ita relation Lo the adjoining BGC, near
Kharwa, Central Rajasthan,

(if) Cover deformation In the Cuddapah basln,

(HT) Structura) constralni relaiing taciono-thermal ovents 1o Charkonite formatlon in the amphibolites
to granulite transition zone in south Kamatake,

(iv) Stradgraphy dimegtation of the p di In the exstem part of the
Chatdsgarh basin, with ipeml reference sdhm:nmy dynamics, basin tectonics sad evolution of the
carbonate platforms.

B. Palcontalogy and iphy of Gand
(1) Stady of the crocodilian remaina from the Kota Formation of the Pranhita-Godavari Valley,

(i) Fossil amphibians from the Denwa Formation of the Satpura Gondwana basin and their bearing
on the stratigraphic relatonship with the Maleri Formation.

(iii) Dinosaur remaing from the Infra-Trappean (=Lameta) sediments a1 Pisdurs and Dongargacn in
the Wardha Valley.

(Iv) Straugraphy, fossil and geological relationship of the Lameta Beds of Jabalpur, with special
emphasis on lerminal cretaccous extinction,

(v) Stratigraphy and sedimentation of the Lower Gondwana of the Satpura basin, Madhya Pradch.
C. Quantitative Geology
Influence of impurity phase on quartz c-axis orfeatation development
‘The Importam developments in the research activities of the unit are :

\. Cover Deformation In Cviddopah Basin

Field geologic dala obtained from the ¢ast of Cuddapah (Kanomalopalle - Bakhurpet - Vontimitta
section) and companison of the section with (he structure section st Diguvametta - Nandi ka Nama Pass
traverse indicate that (here is a longitudinal varistion in the deformation style along with westem margin of
the Nallamalai fold belt. West verging imbricate thrusts are common in the northwest of Kanomalopalle R.S.
Large transverse faults (B-W trend) influence the facies distribution within the Nallamalai Group outcrops and
these were reaclivated during the evolution of the Nallamalal fold-thrust beit. Reorientation of the eary
formed folds and clesvage along the fransverso fault zones is common.

1, Struciural constrainis n the amphibollLes to granulllle transition zane in south Karnatoka
Fleld work, supported by lab studies, indicates that he In situ chamackites are rebomn from the basic

granuilites, and these are unrelated 1o the Pehingular Gnelss. The Peninsular pu:lss is nlm Inhomogencous;
only the melanosomes sre of (onalitic composition, ble {0 the ch J

LA lc strotigraphy and sedimentation In the aastern part of Chattisgarh basie

Mapping of sbout 500 sq kem. of the Protarozolc Chatilsgarh scquenco sround Sarangarh, Madhya
Pradesh suggests a shalllow water as well s 8 deop water aasemblage; the latier appears (o have been thrusted
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1p oa tho former. Tha shallow water smemblage represents a thick fin dalts sequencs, comprising of
wavehide influenced shallow marine sandsiones with intorcalaied pyrociastics. The doop water asscmblage
consists of thick pyrociastic deposils, red shalo sad lithogyaphic Limestones of shelf - siope affinlty. The work,
for tha first timo, roconds th prescace of a thick deep water d by pyrociastics in a besin
that appears t0 bo tecioically more disturbed (ian what was anvissged.

4. Gondh aligraphy, palasonlology and

Ths research sctivitles include stady of lower Jurassic crocodifian remains from the Xota Formation
which i« llikely to provide vital information sbout the ostcological dotails of the Kota crocodile siull sloag
with its phylogenyand ecology, not avallablo till now.

Another project lavolves study of dinossur remains from the Infratrappean sodiments at Pisdurs sod
Dongargaon in Wardha Valley, Centra) Indla. It reexamines he lype malcrial obtainod from the arca lo
ovaluate the txonomic status of Mo dinosaurs (nearly 65+ million years old) and 10 correlate them with
similar faunas obtained st other places In Indla.

An exploration for vertebrate fossils from the Motur Formation of the Lower Gondwana sequence of
the Satpura basic had been canrled out. The work has a considerablle stratigraphic significance sinee no fossii
bas 50 far been obtained from the same formation. A mapping of the lower Gondwana sequencs of the basia s
ubderway,

The stratignphic field work that lnvolves the Upper Gondwana Pychmarhl, Denws and Bagn
Formations in the Satpura basin has resulted in the delineation of the Bagra and the Deawa Formations, a
problematic subject tlll now. A major revision and modification of the earilier stratigraphic set up for (he
Triassic Gondwana of the Satpura basin is almost complete.

Important and very well preserved fossll amphibians have been discovered from the Deawn
Formation.

The stratigraphic work in and around Jabalpur has resulted in 2 major revision of the previons
stratigraphic set up of the mesozoic sedimentary rocks exposed there. The Jabalpur and the Lameta
Formations have been redefined and a conformable interrclatlonship has been cstablished. Besides, the
sedimentary hisiory of the iwo Formatlons, one (Lamcta) lylng above the other (Jabalpur), has becn worked
out. It suggests that both are the products of the same fluvhatile process(es) acting on the surfzce of the tarth
at Jabalpur at the Upper Cretaccous lime.

5. Quantitative Geology and Computer Applications
CPO in Quarts, influenze of impurlty phase

New quantitative meassrements on quarts-c-axes demonstrate thet the quartz tectoailes (mylonites)
from the Singhbbum Shear Zons kave & typo-l crom girdle pattera whose asymmetry [s consistent with &
kinematic movement of hanging wall (Chalbaxa Formation rocks) towards south over Dhanjori Growp. Some
additional mylonite zones, mapped ta footwall qeartzites (Dhasjori Group) Also show a similar CPO (c-axis
prefarred oricotation) suggesting & member of aorth dipping thrusts bolow the classical Copper Belt Thrust
(the zoe with Ce-U-Fe mincralization) la the sector Royams and Rokinbera, Singhbhum district

CPO in & oumber quartzites with mica proportion varying between (1% - 15%) have beea frther
analysed using orientation toasor mairix (OTM) calculation and olgenvalue ratios of OTM. There appears
be an empirical nagative correlation betwesn mics conicot and fabric intensity cstimated by eigeavalue ratio.

A two-dimentional cephalometric stody of Triasic Temnospondyls (amphiblan) has been conducied
It is cpected 10 be helpful io palacontologlats, particularty laterested in temnaspondyls. The work, which bes
been recently published, includes variation in shaps of the sulls and minor variations within the akulls k&
‘population’. Somo spocial characters showlag Imporiant shape changes and some sspects of functionsl
morphologies have bess comsidered. Fector asalysis parformed oo some messured distances between
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landmarks of ‘metopossurid’, 8 temnospondyle, sicull bas brought out important shape varishilities within &
family,

Soll Chemistry

‘Electron transfer is important in any fleld of chiemical aspects. Absorption and fluorescence spectra of
TCNQ (scoeplor) in presence of bexylamin (HA, donor) has becn measured in apolsr, miceliar and W/O
microcmulsions media stabilised by AOT. TCNQ forms 1 : | change-lransfer complex with HA in all media
and quenching by smine itself has been observed. The CT-complex is characterised by Bensi-Hildebrand and
Stern-Volmer equations, and preferable location of the complex has also been asceriained. A method for
messuring crilical micelle concentration (CMC) in apolar media has been developed from the study of
flurescene quenching.

K. Dasgupta, SRF, has sbmilied her Ph. D. thesis tlled ™New Repliks (Dlopside :
Archosauromorpha) from the Triassic Yerrapalli Formation, Doccan India : their importance in Geotogy and
hhnmoloy'mthe&lmmumuhbemhulm.HuwpuvlmumMTJLRoyChwdhwy_.

Externally Funded Project

The Unit has underiaken & project entitled *Structure, metamorphism, anatexis and magmatism
across the northern boundary of the Eastern Ghats mobile belt around Bengal and Orissa®, The leader of the
project is Samarcadra Bhattacharya and the project is funded by the Departme of Science and Technology,
Govt. of India,

Machine Intelligence Unit

‘This unil was formed on 30 March, 1993, The main research areas of the unit include Pattem
Recognition, Image Processing, Computer Vision, Fuzzy Sets, Neural networks, Genelic algorithms, Fractals,
Approximale reasoning and Uncertainty analysis.

‘The academic activities of the unit from April '93 to January ‘94 are fumished below.

The faculty members'af MIU arc engaged in Leaching and training in M. Stat and M. Tech (Computer
Scicace) courses of 181, They ‘are also engaged in the supervision of M. Tech projocts/dissertations besides lhl:
supervision of Ph.D. works. Many students from dilferent universitics undergo their ional/
training under the supervision of the faculty members of MIU. Two research scholars and one research
associate received their PhD, degrees during the period.

_ During the period under report, research activities wers camied out in the following areas with
satigfaciory progress.

1. Pattem Recognition

Algorithms have been developed for determining multiclass (fzzy) boundary and shape of a patiern
¢lass in both R* and R* from its sampled prototypes. This reduoes And/or represents the uncertainties involved
in unc eonvcnuml cnsp procedures. A multivalued rocognition system has also been developed. Its theorctical

8 the rgenice properties) has been cstablished. Successful implementation of this
sysuminldmufymull«ﬂmdmmdoobjecurudmlhpom seaports, road maps and beaches has boen
demonstrated on IRS image data.

A new concept of generalized guard zonc (GGA) has been formulated for discarding uarcliable
pattemns for parameter learning. Its convergence and sclestion of opiimal guard zons have boen established.
Some applications on real life data have also been demonstrated.

A minimal spanning (ree based criterion for the selection of seed polnts has been proposed and its
utility has been demonstrated on various data sets. A density cstimation procedure, which uses Parzen's results,
has als0 been developed in ¢his regard, This estimation procedure has been found 10 give satisfactory resulls 6a
artificial as well 39 real Life dats sets,
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A split a0d merge clustering technique and a metric for higher dimensional data sets have also been
developed. A modification in k-means algorithm has been suggested for reducing the the oo, of computalions.
A minimal spanning Lrec based criterion for finding alpha for (he construction of alpha hull has been found.

2 Image Analysis/Processing and Computer Vision

New definition of classical cntropy based on exponcntial behavior of gain, and the definitions of
various image chtropies have been introduced along wilh Lheir properties. The image entropy measures include
local, conditional, pasitional, bybrid and higher arder fuzzy catropy. These information measurcs take care of
the dependency of pixel intensities, probability and possibility distributions of pixel, collective pixel property
and location of an odject in the scene. Various algorithms for image segmentation, quantitative scene analyss
lndmbolv:smnproblenshzvcbecn‘ loped using these Mathematical theory of fuzzy image

g has also been P

Techniques for data compression of binary contour images as well as extraction of contours from gray
imapes have been developed. Preprocessing part of the low cost parallel mode algorithms for image processing
and analysis of finger print data (using graph theoretic technique ) have also been completed.

A new smoothing algorithm for digital images using isotropic and anisotropic diffusion processes has
been developed. Data compression of binary contour images using discreie circular geometry is now under
investigation. lts merit over other conventional tochaiques atso
being studied.

3. Artificial Neural Networks

Principles of neural computing have been successfully employed in Pattern Recogrition, Image
Processing and Computer Vision fields.

Neural networks (NN) have been used 10 find the maximum-a-posterior probability (MAP) estimaie of
a scene modeled as a Gibb's random ficld. The MAP estimation problem which is computationally prohibitive
has been solved using a modified version of Hopfield's neural networks. Relaxation type algonthms for object
extraction have been developed which optimize objective functions that can be mapped as the energy function
aof a Hopfield-type network Kohonen's mode] of self-organizing feature map has been modificd 10 solve object
exiraction problems. The algorithms work well in noisy eavi A ical model for investi
the robustncss of neural nuworkbnedqmmwﬁmcomponcmhnlmhualmbundcvdopedmlhu
context.

A connectionist model, namely, X-tron is developed for perception of mixcd object calegories.
Necessary supesvised and umpcmsed lunung llgomhms are proposed. The principle of the modc! has been
used (o build a psychologi ist system for Jeaming and simulancous recognition of
multiple objems (PsyC()P) Apphuuon of Hopficld model has been studied for graphical matching of dufferent

P propertics of neural neiworks arc also exploiled to link different
edge and hne segments. A connectionist system for leaming and recopnition of lincar struclurcs and 1ts
application 1o handwrilien character recognition has been developed. Principle of Hough Lransform is used in
this development Presently, the effectivencss of ncuro! networks is being studied for skeletonization in
greylevel images. Some efficient algorithms based on cellular neura) neiworks have also been developed for
object extraction problem.

The generalizations of Kohonen's LVQ mode! have been propesed and used in clustering and image
processing problems. [n this context, relations betwoen LVQ and various c-means type algonthms arc
established.
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4. Puzzy Logic and Uncertainty Analysls

Varlous fuzzy set theoretic operators are developed for sofi data analysis These Includs index of area
coverage (10AC), fuzzy medlal axis transformation (FMAT), bounds for membership functions, divergence
between fuzzy sets and spectral fuzzy sets. The bound funclions and spectral fuzey sels enable 10 reduce the

intics in assessing p valuc and to make the fuzzy su theorelic approach cnough (lexible.
FMAT is useful for both skelcion ion and cxact ion of images withoul
comumitting ourselves to a specific hard thresholding. The divergence masun between (wo fuzzy sets
provides an amount of discrimination betweea them and has been successfully utilized in image scgmentation
problem.

Based on approxi ing, 2 linguistic recognition system has been formulated and tesied with

real life data. This hAs been found capzbl: of handling various imprecise/uncertain inpul paitems and provides
a natural decision system.

A new measure of total uncertainty for Dempsier-Shafer framework has been suggested. This new
rmeasure takes care of uncertainty due to non-specification
and randomness and is free from several drawbacks of carlier atiempts. Pmpcmu of iterates of fuzzy
cireulant matrices under max-min operations have been i igated. A shape procedure has been
developed with the help of fuzzy alpha hulls.

5. Neuro-Fuzzy Processing

Attempts have been made 1o Integrate the inerits of fuzzy logic and anificial ncural neiworks for
designing an cfficient decision making system. Concept of fuzzy sets has been incorporated at various stages
(¢.g., inpul, output, learming and neuronal level) of Kohonen's network and multi-laycred perceptron to handic
imprecise, incomplete or linguistic input data and intractable paitem classes for recognition. Its extension to
connectionist expert system for rule generation and infcrencing has been made along with applications to real
life data. This shows how pattem description in terms of linguistic propertics and membership values can be
processed by a neural net for fuzzy and cnsp classification, and lhcxr merits over conventional networks and
Bayﬁ classu'lu Uulny of such arch for decision regions is also

d A for i ion of multilayer perceptron and fuzziness measures has
been developed lo design an unsupervised system for object extraction. Implementation of fuzzy set theorelic
operalors using ncural networks and the utility of these neiworks in paltem classification and rule gencration
have been demonstrated.

6. Genetic Algorithms and Fractals

Genelic algorithms - which are adaptive, parallel and robust search techniques - have been used in

Paitern Recognition and Image Processing problems. Their applications in the automatic selcetion of optimal

image enhancement operators have been established successfully. The selection of oplimal parameter values

of multitayer perceptrons and cellular networks has also been made. It relicves multilayer pereeptron from

using back propagation technique. A new mutation method calied {\em dirccted mutation) is developed which

the rate of gence of the genetic algorithm 1o a great exient. Efforts are being made to prove

the convergence of genelic algorithms to the optinal solution. Atlempts arc also being made to find the
optimal stopping time for GAs.

Fractal dimension has been found to be a uscful tool to scgment an image. Attempls arc being made
to improve upon the methods of calculaling fractal dimensions of images. Attcmpts are also being made to
find the IFS ( lterated function system ) code automatically for digital images.

Externally Funded Projects

The Unit has also been conducting three exicmally funded projects entitled (i) * A neuro-fuzzy image

grition system : Methodology development for forensic applications, (i) Neuro-fizzy expent sysiem :
Design and Implementaion, (lh) Development of Software Package - Handling Uncertainties for Machine
ion of Ill-defined Su present In Gray-level Images*. Professor S.X. Pal has been acling as

the ci\lcf investigator for all the three projects.
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Physics and Applied Mathematics Unlt

Apant from research activitles, faculty members of this unit are engaged In teaching various courses
in 11 as well as i guiding research students towards the Ph.D. degree,

1 Quanmm and lopologlcal fleld theory, beny phase, gkyrmions, ctatistcal systems, high T,
y and superfluldity, qantum and lopology gravity, quantum cosmology.

e 4

2 Quanrum mechanics and quantum fleld theory by stochastic quantization spproach, quantum
dissipative systems, black hole physic

3 Anyon physics.
4. Primordial universe : Fluctuation of Maxwell vacuum.

5. High CneTgY. phenomuu ‘The problem of buyomc dictatorship at high and ultrahigh cnergy:

of amongsi the darics p in high EACTEY ¢ Nisions, aspects of
mtumhlency phcnomuu in high cacrgy collisions ; chargy tral ratios; ground muon flux; Ji
related with photoproduced showers.

6. Astrophysics : Neutrino energy sepetrum, magnetic field decay in pulsars.

2 Sine gordon field theory in curved space-time, Gaussian approach; modified 1/N spproach in Dirac
fleld; Supersymmetric quantum mechanics, Solitary waves in plasma,

8. Rapid distribution theory and corfulis rotation on a turbulent flow. Modelling of turbulent Nows witb
nonlinear terms; deductive theory for a homogeneous turbulemt Now. Caleutations of hwbulesce energy
spectra.

9. Uniform thin film on a hot/cold rotating disk. Effect of magnetc ficld on film thinning,

10. Scattesing and radiation problems, wave maker problems, two-layered fluid problems, problems with

bortom defc ion; Iniegral Integral lons; inventory models.
1),  Sedimeat transpont, dispersion p Navigation hydraulics, MHD Nlow and Heal transfer,
12, Blood flow through artery ; two layer model, h i depend P depend

viscosity, effects of magnetic field ; blood flow in cardiovascular sysicm.

13, Multivariable system and control theory; realization; ldentification and decoupling of rulti-inpul
mulUoutput systems.

Blological Sciences Division
The Biological Sciences Divislon is engaged In studying the vasicd blological processes covering
plant gnd anlmal kingdoms, including humans. It compriscs the fallowing anits : Agriculiural Sciences Unit,
Anthropometry and Human Genelles Unil, Biochemlsiry Unit, Embryalogy Unit and Leaf Protein Uil
Activities carried out In these unils are described below.
Agricultural Selence Unit

Members of the Unlt panicipated in the Post graduate teaching of the Calcutta University sd
contlnued supervising rescarch work of 8 Ph.D. scholar,
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The Unit conducted rescarch work on 8 ongoing plan research projects and iwo cxternally funded
projects during the year under review. Project studies have been mainly carried out in two distinctly different
agroclimatic regions, namely Giridih region of South Bihar plateau and coastal region in Sundarbans of South
24-Parganas, West Bengal, Farm based swudics were caried out in Giridibh Experimental Farm of ISI with
focal theme on “cropping system improvement through nml’ed farming”. Agro-sociological siudics have also
been taken up (0 probe agro-ccological and soci affecting farming systems in Ussi
watershed of Girldih region. Overall objective has been to cvolve sysiems suitable for the small and marginal
farmers of south Bihar platcau arcas.

In the coastal region studics were aimed &t (i) introducing suitable cultivators of coconut and oil

palm. (il) dculled botanical studics particularly in respect of palynology, ccology and amatomical
of mangr g in Sundarbans salinc arcas. Morc detailed information about the

projects are given below :

1. Cropping system studles

Crop sequence studies could successfully demonstrate success of double cropping in upland with
Kulthi and niger as follow up crops with significant produclivily increase,

2. Intercropping studies

Hopeful crop combinations with their effect on yield, intercropping advantages and soil fertility status
were noted (o be positively recommendable for the plateau areas.

3, Crop-varicial performance

) Trials on different germplasms could establish some polential variclies of paddy, groundnul and niger
in difficult upland soils.

Ii) Trials on long duration paddy variclics could cstablish fow input fertilizer combinations in organic
and inorganic forms for maintaining optimum yicld and soil fentility.

4, Agro-sociological constraints of iechnological adaplation in subsi farming of Bihar plateau :

In a collaborative sindy with SRU, survey on Usri watershed with an agro-ecosys- temic approach
has been completed and report submiticd.

5. Oil palm introduction and coconut imp: in area:

Exploratory work on palmac, leaf anatomical dala of Arcca calechu in respect of phyllotaxy could
successfully establish tha left-spiralled planis differ significantly from the right-spiralled oncs. A
possiblc refationship of spirality of the plant with yield performance was shown.

6. In studles on performance of oilpalm and coconut, ¢arly growth habit of oil palm and coconut in the
Sundarbans area were covered.

1 On the Eco-floristic and anatomical investigations on mangroves, significant results were obtained in
respect of racheary elements of stems with special reference (o their coology. In-depth study of morphology
and anatomy of the feaf hairs and stomata of the mangroves were donc.

s Studics on weed crop interaction in upland soll conditions of Bihar plaicau

From our previous working exp on weed crop jon cffect some new cxperl were
set up wilh two principal crops, paddy and wheal, to understand the merils of inlercropping, in the light of
weed suppressing ability of the supporting crap. In this coniext we studied the effect of black gram on paddy
in the Kharif scason and the ¢ffect of Bengal gram and wheat in the Rabi scason. Analysis of data is in
progress.
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Anthropometry and Humnan Genatics Unit

Paculty members of the Unit regularly participated in teaching in B.Stat. (Hons.) md M.Stat
courses of the Institute. They were aleo engaged In supervising scholass in their Ph.D. work

Research activities carried out by the Unit may be summarised as follows :
L Human adaptability programme

This programme aims at (1) cvnluldng (he mnu of huuh and well-bdng of various populations of
castem India in relation to their physiol t and including the
strategles for child survival under urban impoverished condltions, and thereby (2) deermining the limits 1o
human adaptation. Recent studies include the study of out-of- home employment on psychological status of
mothers and labour productivily in tca gardens. Efforts arc being made to study the determinants of mortality
and morbidily at various ages, and in impoverished populations inhabiting slums and squatter seitlements at
the micro-level. Projects 1-3 are being conducted within the general framework of the programeue.

Project 1. Health stalus and labour productivity : Our carlier studies have shown thai a labourcr’s health staius
does not affect their pmducuvc ouiput ln tea garden labour population. Similar investigations arc belng

among the agri pop

Project 2. Effects of microenvironmental factors on hicalth in rural populations, phase I : Our study shows thal
both fertility and mortality have declined between the late seventies and late eighties. A survey on seasonal
variation in dietary intakes (4 seasons, one year period) has been completed. Family data on anthropometric
and blood pressure have been collected for the purpose of heritability estimation.

Analysis of demographic data on 3 south Bengal populations show that both fertility and child and
toddler mortalities decline from the low to high SES groups. Analysis further shows larger intakes of cercals
and vegelables in all the 3 groups compared 1o ICMR datl Intakes of pulses and milk are
almost zero among the low and middle SES groups. Data on SES, ailment symptom and food intake have
been computerised.

Dala on demographic characteristics, marriage pattems, migration are being cotlected on a squatier
seitlements.

Project 3. Women's studies : Health and well-belng of the child, adutts and elderly : Non-working mothers
show longer andety level than (heir working counicrparts, but the difference is statistically nonsignificant
Anviety score of nonworking mothers ncreases with increasing age of children. However the age of mother
herself was not related to her anxiety level. Further data on anxiely level of women executives - & high stress
group, are being collecied.

Project 4. A study on the determinanis of fertilily and mortallty in an urban selling : An anthropological
perspective : Both fertility and mortality levels arc higher among the Muslim slum dwellers compared to the
Hindu slum dwellers. Bul the Hindu slum dwelless have better perception as well as higher adoption of
family planning methods.

Project 5. Human biology of Himalayan populations : Official data on health status of the Dzongu populations
have been wmpuei Some health related data on the Lepchas of Dzongu area arc belng collecled
on prevalence of goitre in the Dzongu area being collected.

2. Study of physical growth of the Bengall children
Physical growth dats on helght, welght, skinfold thickness and menarcheal status have been

collected from 300 Calcutta based Beagal] schoo! golng girls. A repetitive survey is planned during the
current year.
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3. Rheumatoid arthritis

AbmuLOOOﬁmﬂluwnlllM(wm)hﬁthwbmquhmvﬂhguol
Nadia district to estimate age and sex specific p of Rb Arthrlis.
arthritic cascs were clinically cvaluated by a clinician for final clinical diagnoses. Abloodnnplewu
collected from each patieat. Laboratory investigations of blood samples have boen dooc. Purther screening is
in progress.

4. Man-Bavirooment Interactions

Investigations are being conducied among some tribal groups of Manipur who are undergoing and
have undcrgone rapid wransidion. The cffcet of this transition in changing the relationship between forest and
people in the predominanily shifting cullivator tribals of Manipys and its implications both (o the peoplc, and
{0 the health of the forests are being studied. A rescarch student is working for Ph.D. on this problem.

S, Population variation

Laboratory analysis of sbout 1,000 blood samples from ten different endogamous populations,
collected from north India, have been done for 18-20 markers including the level of immunoglobulin and
HTLV-L From these analyses some eazyme and proiein variations were found. Further screening s in
progres.

Research was carried out in the area of populaion genclics and hacmoglobinopathics. Haemoglobin
S Is highly prevalent in central Indian wribes (Das ¢t al 1993) but litle was known about its spread in the
region. Our recent studies have enabled us 10 understand that migration of kin groups of particular
populations, nol necessarily inversely related 10 geographic distances, and admixture across tingulstic barriers
are the sources of spread of HbS geae in the region. Sccondly, Little was known about maintenance of Hb In
high frequencies (0.61) in some populations of castem and north-castern lndia. Our studies have provided
some clues, for example, cooccurrence of alpha-thalassemia in high frequencics which lowers the B+
thalassemia like expression HYE; asymmelry in migrational pattems between gencrations may also have
attributed to the observed-fluctuations In gene frequencics between gencrations of a

6. Genetic cpidemiology

(2) Research was conducied in the area of genctic modelling and analysis of multilocus waits.
Statistical methods appropriate for the analyses of family data on 8 multifocus trait with variable age at onset
were developed. A genetic mode! for vitlligo proposed by us carlier was successfully cross-validated and
robustness studies were conducted. The significance of these studics lles in the fact that development of
statistical methods for analyses of family data under multilocus models is only beginning to get attention in
the field of genetic epidemiology.

(b) Research was carried out, in collaboration with the University of Pittsburgh, to map genes for abdominal
aortic aneurysm (AAA) - a vascular disorder found to be reccssively inherited by us carfier. Even though it
was postulated by others that AAA is a defect in collagen melabolism, our statistical and laboratory analyses
have conclusively revealed that none of the collagen loci s genctically linked to AAA.

(¢) A genetic analysis of family data on blood pressure collected by us on Marwaris of Calcutta has revealed
that when blood pressure measurcments ars adjusied for cffects of obesity (primarily body weight and skindold
thickness), there is no geaetic transmission of the residual blood pressure lovels. We have postulated that
effects of the genes controlling blood pressurc lovels are medlated through secondary variables, such as
obesity,

(d) An epidemiological siudy of blood pressure was conducted in colllbonllon wllh Dr. A. Nirmala and other
colleagues from S.V. University, Tirupatl, among the soci lons of Andhra

Pradesh, including catire range of llfc siyle back ds. The resulls d in elfect of

changing life styles (lowards urban mode) on the rise In bload pressure, and rolated candiovascular probems.
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7. Dermatoglyphics

Studies in this area include (a) development of ncw ridge counting lechniques of palmar and planiar
patterns, scoring of hypothenar triradii and designing a few new variables, (b) population variation, (¢)
bilateral asymmciry, (d) sex variation, (o) inheritance of dermal iraits, (f) inheritanco of dermal asymmetry and
(8) genctic disorders,

The results obtained confirm that (i) the dermatoglyphic traits in genera and palmar charsciers in
particalar do help in understanding the biotogic (ethnic) afinitics among different ethic groups, (i) the
differeat types of traits which are influenced by different genetic and environmental factors give rise 1o
diffecent clustering patiems and (1if) studies in the area of dermatoglyphic asymmetry would focus on a betier
understanding of the hypothesis of developmental homeostasis in man which is an important aspect of receat
interest in the field of anthropological genetics.

The work done during this perod includes & complete anatysis of qualitative traits of to¢ and finger
prints from five different population groups (500 males, $00 females). Scoring of quantitative traits of palmar
and plantar dermatoglyphics are in progress.

Blochemisiry Unit

Faculty members of the Unit participated tn toaching in the B.Stat (Hons.) course of the Institule and
also at the Calcutta University. There were, in addition, scholars working for their PhD. under the guidance
of the faculty members.

1. Cancer chemoprevention

® An approach towards cancer control : Three projects are on-going on uterine cetvix cancer
prevention through nutrient intervention. These are (a) Development of blochemical/immunological assay
system for nutrient analysis, mainly folic acid and betacarotene.

Conventional microbiological methods for delsrmination of folic acid are time consuming and
laborious. A simple assay using Sireplococcus faecalis in a 96 - well tissue culture plate (micro-assay) and
automatic plate reader has been established.  Sensitivity of the assay has been increased S-fold aver the
conventional assay; the standard curve ranges from 0.1-10 ng/ml. Assay for human blood samples arc in
progress.

The clinical application of the newly established enzyme immunoassay for folic acid is currently being
tested on sera oblained from subjects with (i) neoplastic diseases ; the work is being done in collaboration with
the Indian Institute of Chemical Biology and Cancer Centre and Welfare Home, Thakurpukus, (ii) different
kinds of anaemia. The fotic acitl levels are compared with the haemoglobin status.

()  Detailed statistical analysis and mathematical modelling of thé data collected from Catcutta Medical
College and Hospital was completed. Based on the model(s) a 'Biological Ageing Index' (BAI) on the
evolution of Lhe diseases, namely (0.014) ACM + (0.05) EP has been constructed. Also, parity (P) in
assoclation with age at the consurmation of marriage (ACM) and sexual exposure period (EP) comes out as 3
significant 'risk factor' for the development of dysplasia.

Cancer related epidemiologic data on the gencral population of Domjur, a8 well as oo (e sex
professionals are currently being analyzed.

(©) No progress can be mentioned except that the cell culture lsboratory is slowly laking shape in the
project 'In Vitro Model Cervical Cells',

In phase II of the Genetic Epidemiology of Blood Pressure study, dietary and other epidemiologic
survey work has been staried on Marwari families along with biochemical parameters (as in phase I). The
criteria for selection of a family is to have at least ons hyperiensive patient (proband) in the family. During
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past year dietary history and blochemical estimation of blood sugar, serum-ures, total cholesicrol, and lipid
fractlons were done on 170 subjects.

These will be utllized in order to find out whether any dictary 'risk factor(s)' can influeace the
dovelopment of hypertension.

2, In the on gy of Rh id Arthritis (RA), analyses of blood samples from
100 suspected RA cases have been done during the past ycar, 30 cases were seropositive. ESR values were
also found to be high In seropositive cases. Serum calclum and alkaline phosphate levels are also being
measured.

Embryology Unit

Faculty members of the Unit participaied regulardy in teaching Biostatistics in B.Stat (Hons.) and
M.Stat. degree courses of the Institnie. Details of research work carvied out by the Unit in the form of projects
are reported below

1. Mathemalical and stochastic modelling of celfular growth, differentiation and morphogencsis during
embryonic development and carcinogensis.

A few new non-linear reaction diffusion, spatial-emporal, mathemalical and stochastic, madels of
pattern formation and morphogenesis modifying the cxisting ones have been proposed and analysed. Since
global stability of the pattern thus evolved ls the most important point for consideration, all the spatial systems
studied have been analytically investigated for their global sibility properties in one and two dimensional
geometry using suitable Liapunov functions. In some cases the three dimensional behaviour of the systems
have been observed numerically by using superfast computer. Bifurcation theories, catastrophe theories and
system analysis have been used to study the non-linear systems.

One and three P ton-diffusion models involving spatially variable
diffusion coefficients based on the concept of contact cell inhibition of milosis have been proposed and
analytically studied to shed some light on one of the possible mechanisms of carcinogenesis and tumour

growth.

2. Intercrop interaction - a mathematical study on agriculiiral ecology

A repetition of field experiments on intetvarictal interaction between two pairs of varicties of rice :
(i) patnai vs. pankaj and (ii) pauui s, IET 1449, wes cnnducled ln Glridih farm, Bihar, This study was aimed
at confirming our earlier on i ) allelopethic effect through root exudates. Our earlier
findings of significant differential effects at different spacings suggesi that root exudates (of one variety)
containing activator and/or inhibitor diffuse through the soil and undergo chromatographic separaton in the
soil. Two clear cul inhibitor & stimulator of short length have been isolated. The inhibitor with lower Rf
coincides with one of the two presumable phenolics.

A comparalively rapid and efficient technique using descending ch hy has been utilized
for eluting these inhibitor & sumulator molecules. This is now ready for GLC and Ms analysis which will
identify the molecules.

3. Mathematical epldemiotogy

The dynamics of Japanese Encephalitis (J.E.) have been studied by constructing mathematical
models, The validity of these madels with its conctusions have been verified by the data of J.E. in Memari
Block II (with high prevalence rate) and the Burdwan district as a whole [n West Bengal, India.

The frequency of occurrences of J.E. during different months of the year 1986-1990 in Burdwan

digtrict of West Beagal, India, has been studicd with the help of a mathematical model using a thind order
barmonic Fourier series having 4 ltinear trend. This model scems fo have a wide universal application where
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predominant seasonal effects prevail. The develop of ity in the plive class by low level
exposure lo infection, a commonly observed phenomenon in  cases of many infections discases have been
incorporated in the existing SIRS model and has been extended by coupling the dynamics of the disease ln
two populalions.

To study the spread of the dreaded disease, 3 — population system namely vector, reservoir our and
human populalion have been considered where the vecior and human populations are varying in size whereas
the size of the reservolr population is fixed.

4. Mathematical and computer modelling of the cellular and molecular details of how the animal’s embryonic
body plan in cstablishcd.

The mechanism of cellular differentiation and paticm formation in the developmental stages of
growlng cmbryo has been investigated with the help of a reaction-diffusion model in cwrvilincar coordinales
namely, cylindrical and spherical. Model analyses have boen performed in two phascs. In the first phase it
has been obscrved thal (a) the bifurcating curves in the paramelric space have no resonance poinl (b) when
the growing embryo reaches uplo a final pattem, the morphogen gradient which scrves the purpose of
positional information within the cmbryo will vanish. Thereby it may be concluded that after getting a final
paltern Lhere is no Jonger any need of “Positional Information”, (c) active counter transport of micro -
molecules ¢.g. morophogen, plays the vita! role of getting Turing structure in the epigenctic system,

In the second phasc it has been observed that the information of the pre-assigned gradient of certain
known gene products (biologically a more realistic phcnomenon) on the reaction kinetics dramatically affects
the behaviour of the system. Major results in the second phase are : (i) there exists two gradient systems,
namely a pre-assigned gradicat responsible for large scale global pathway and a local gradient, (ii) duc to the
effect of the pre-assigned gradient a repelition of patien may be obtained along the, anterior - posterior axis of
the growing embryo, this may also be described as a sort of metamerism, (iii) for some higher values of the
pre-assigned gradieat, this repetition may lead (o 2 7 - band structure in growing cmbryo, which may also be
regarded as a first approximation to the seven bands of the Drosophila larva.

Leaf Protein Research Unit

The aajorthrust of the work done in the Unil was on the proper selcetion of suitable sourccs for leal
protein production, their quality parameters, cxperimentation on animals & humans to judge its cffectivencss
for suppl in dicts, ics of praduction and ulilization of the two main by-products, 1) whey
and i) the fibrous residucs.

Brief information aboin the projects are given below !

L Screcning & agronomic studies on various plant specles including fodder crops, tree leaves and
aquatic weeds for lcaf protein production, A number of plants have been found to be promising.

2. Agronomic studics on sugar bect crop as an altemative source of sugar, alcohol and leaf proicin as a
by-product have been conducted . Tt was found Whal a reduction of sucrose percentage as a result of high
nitrogen doses could be checked by the application of polassium fertilizers.

3 Biochemical and nutrilional studics have been made on leal proteins prepared from the above
mentioned sources followed by protein quality studies on promising sources. When leaf protcin (rom
Ailanthys excelsa, a tree leaf, was supplemenicd at 25% to a soyabean diet, the growth of chicks fed on this
dlet was comparable (o those fed on the standard dict.

4 A project on human feeding trials (o study the improvement in health and cconomic status of two
communilles by intervention programumie using leal concentrales has been taken up. The feeding trial has
been comipleted, This project Is externally funded by Find Your Feet, London.

5 Utilization of the fibrous residue left afler leaf protein oxtraction is belng tried out. The possibilities
belng considercd are :
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1) As a source of fodder materials : Palatability trials on cows using flbre samples of a promiging tree,
Samapea spman, showed that It could be uscd ag a feod.

b) For mushroom production : chemical analysis of an ediblc mushroom, Plcorotus sajor-cajn, collected
from different fibrous by-products and agricultural residues have shown if io be a good source of proteins snd
minerals.

¢) On lsolation of cellulolytic eazymes from soll microbes : Encoursging results on the production of
cellulose in the culture filtrate of Aspergillus fumigalus has been obtained. This enzyme will be used for
saccharification of pre-treated fibrous residuc.

Social Sclences Division

The Soclal Sciences Divislon Includes the following units : Economic Rescarch Unit, Economic
Analysls Unit, Planning Unlt, Population Studics Unit, Psychometric Research and Services Unit and
Sociologicat Research Unit. The Economic Analysis Unit is located ai Bangatore, the Planning Unit 18 located
at Delhi, while the remaining five units arc located at Calcuits. Facully members of these division were
engaged In teaching and training activitics at various levels, including Ph.D. supervision. The research work
donc in Lhese units during the year under roview is described below.

Economic Research Unit

Members of the scientific staff shouldered the responsibilities of teaching economics, economic
statistics and econometrics in the degree and rescarch courses In economics as well as in other training
courses conducted at IST, Calcutta. Several faculty members participated in the teaching progy of other
universitics also and served in many technical and expert commitices of Government and other organisations.
There were, in addition, a number of rescarch fellows working for the Ph.D degree under the supervision of
faculty members of the Unit Three research scholars bave submilied their dissertations for the degree from
151 and one scholar from cutside ISI has completed all the requirements for the award of the degree of ISI
under the supervision of one of the faculty members of the Unit during the period under reference.

The research activitics of the Unit during the period under review covered fields like cconomic
theory, macro-economic policy, indusirial cconomics, welfare cconomics, demand analysis, incomc
distributlon, level of living and poverty in Indla, agricultural economics, economics of informal seclor,

cconomic development etc., besides other investigations in applied ics and dological studies in
econometrics. Research in the followlng arcas may particularly be highlighted for the period under review.
1. Economlc Theory

Research work has beea golng on over the past scveral years on various areas in cconomic theory.
Mention may be made of renisecking theory, Industrial cconomics, cconomic efficiency and welfare
economics. Allempts have been made to characiesise the Shanon-Theil inverse conceniration formula using a
principle which requires concentration to increase under horizontal merger of two or more firms. A measure
of the slzc of welfare loss resulling from rent seeking within the government budget has been formulated.
Another work looks at the social-welfare implicatlons of relative deprivalion ordering gencrated by two
on-intersecting relative deprivation curves.

2. Beonomic Development

A study has been made to analyse Industrial dualism, vertical specialisation and credit policy.
Attempts have also been made to study the formation u( amcullural prices and' growth and Instability in
agricultural production In India. The problem of pl and forcign borrowing has been
dealt with in another paper.
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3, Macro-economic Palicy in India

Several analytical work (n this area have beda wadartaken. One study considers the lsmnas in finaocial
Liberalisation, La-snothor, am aticmpt has boce made o cxamiag the agricultural pollcy with respect 1o current
Uberalisaticn programme.. Aliespis arv also belng made 0 develop approprisio asalytical framawork for a
rigorous analysis of carrent macro economic problems.

4, Incomeand Level of Living

Various aspects of lncome and level of living have boen axamined In & oumber of studies. The stady
which was undertaken al the instance of Department of Statistics, Govemment of Indla, examined the
suitability of some altemative simple criteria for ideatifying the rusal poor. Preliminary resulis have already
been released and communicated to the Department of Statistics. The findings have also boen prosentéd o two
workshopt/seminars on Poverty - one at NTRD at Hyderabad and other at ISEC, Bangalore, Anodher study
‘based on NSS 38(h round household budget data showed that Engel elasticiues of ilems like clothings change
dramatically if one utllises data for the last year reference puod, in place of daia relating 10 the last mooth
reference period. This shows the need for using appropriste iechniques for estimation of Engel relations when
the data relate to shont reference periods lke last month or last week. Instrumental variables estimation or
method of moments may be superior to OLS method. Work on the analysis of time trends of the extent of
Inequality, poverty and level of living continued during the year and s0mo rosulls have been roleased for the
wban and the rural people separately.

S.B ric Methods und Applicati

A considerable amount of research has beea carries out on various wpics In Bconometrics, ¢.g. (1)
estimation of linear regression models, (il) lesting under non-standard conditions, (iii) dynamic model, (iv)
stochastic modelling, (v) estimation of deviations between measures of real and nominal valuo-added shares
of GDP, and (vi) fronlier production functions,

6, Other Studies

The statistical-linguistic analysis of Rabindranath Tagore's works reached the fina! stage, The project
had been undenaken in coflaboration with the Institute for study of Languages and Cultures of Asia and
Africa (ILCAA), Tokyo Univessity of Foreign Studies. The fimt repont on Gitanjali would be publishod
shortly. The manuscripts of two other reports - one on Lhree poctical works (Sandhya-Sangeet,
Prabhat-Sangect and Manasi) and the other on prosc works (Galpaguchcha, Sabhyatar Sankat and Lipika) - are
under preparation.

Externally Funded Project

A dofi repont on the "Differential Impact of Modem Rice Technology on Favoursble and
Unfavoursble Environments® based oa 60 sample villages in West Beagal was circulated (0 operts for
comments. The report is now being finalised in the light of the suggestions and comments received from these
experts. The study is concerned with identifying the determinants of modem rice technology adoption and
also with assessing the impact of such adoption on cropping lntensity, Aactor shares, labour uss and bousehokd
Income, poverty and inequality.

Economic Analysls Unit (Bangalore)

Economic Anslysis Unit (EAU) staff taught courses on indox numbers, official statistics and Ume
scries analysls for M.Stal. students. A. Ganesh Kumar, Senlor Research Fellow, has sobmitted his Ph.D.
thesis on “Stabillty of Cereal Crop Yields' Performancs : An economeiric analysis for India & Asdhn
Pradesh”, under the research guidance of N.S.S. Naraymna.
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The unit carried out, besides teaching rescarch in certain areas of cconomic theory, econometric
methods and applications during the ycar. Important problems and arcas lo which the facully remainod
actively engaged are (i) Computable general equilibrium model for Indla focussing on separate treatment of
non-agricullural sector as tradable and non-tradcable components. This, coupled with a reasonable
disaggregated agricultural sector, faciiiutes mcsmcm of trade liberalization policies pursued in India with
regard 1o their ic impact on ional trade, price levels and patiem of income and
consumption distributions, (ii) work on growth, variability and stability of crop yiclds in Indian agriculture
involving application of nonlinearily measures while cstimating yicld functions arc continuing. (jii) Another
area of rescarch that s pursued is consumption distribution with emphasis on how to compare inequalitics in a
staistically acceptable way. (iv) On history of cconomic thought and structure of Income Determination in
Kalecki's Macro Sysiem. (v) Baycslan Vs. Classical approaches with regard 10 modelling size disuribution of
incomes. (vi) Total factor productivily in Indian Industry and also impacl of struciural reforms programme on
Indian economy.

Planning Unit (Dethiy

During the year under review, the Planning Unit was engaged in teaching and training at various
levels, both in the Institute and in other Universitics, and research in the disciplines of Economics and
Sociotogy.

Memibers of the unit participated In the regular teaching in the degree and rescarch courses in
economics as well as in the ISEC and ISS training programmes. There were also a number of research fellows
working for the Ph.D..degree under the supervision of the faculty members of the unit. One of them got the
degree and another scholar submitied his disscntation during the year.

Research in Economics covered a large number of areas, both (heoretical and empirical. Theorctical
research revolved broadly around problems of Optimal Tax Enforoement and Corruption, Social Choice,
Public Goods, Implementation Theory, Game Theory and Macro Theory & Discquilibrium economics.
Empiriml and applicd work also covered many problems, viz, Growth, Distribulion & Poverty in Indla,

Reform & the § | Adj P Supply Response functions in Agriculture, Input
decisions in the face of risky Agricultural Production, Consumer Price Indices and their comparability elc.

Apan (rom publishing scicntific papers in journals and books, members of the faculty arc also
engaged in project work. Amongst Lhese were (he projects on “Reforms in Indian Income Tax Enforcement”,
“India's Exports to European Union : Constraints and Prospects”, and "Fiscal Reform and Struclural
Adjustment : Micro and Macro Dimensions”,

In Sociclogy, attention was focussed on Social conflicts in Indla, Nationalism & Natlon-building,
Agrarian structure etc. There is an ICSSR-sponsored ongoing project on Agrarian conflict and Rural Labour
which secks (0 look Into the phenomenon of agrarian conflict as it is affecting rural iabour in the feudalistic
agrarian region,

Linguistic Research Unit

During the period April 1993 1o March 1994, the Lingulstic Research Unit continued ils programme
of research in the arcas of Fundamental/Applied Linguistics and Computational linguistics with special
emphasis on Speech Patholagy, Psycholinguistics, Soclo linguistics, Syntax and Toxt Analysis. Therc arc five
main headings under which the unit's rescarch projects may be grouped, namely :

L Studies an the phonetic structures of major Indian languages and application of the resuls In the
areas of : (a) Speech Pathology; (b) Second Language Acquisition (c) Cultivation of Mother-tongue (d)
Langusge i (c) Comp | swdies on Indo Aryan, Dravidian and Slavic,

2. Sociolinguistics : (a) Study of language attitudes, (b) languago mainicnance and shift and ()
measurement of bilingualism.
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k) Socio/Psycholinguistic aspocts of cognition In relation (o Language, Class and Creativity,
4 Bengall syntax and Semantics related to patural lsnguage processing.
5. Application of Staiistics to Linguistic problems : Computational Text Analysis,

6. Archacology of Bangla Grammar : Using Post-Structuralism 0 waderstand the probloms of Bangla
Grammar under colonial rule,

1 A sudy on language movements in Indla, i the context of socio-political’ planaing, with special
emphatis on lower strala pressurcs and dimensions of change.

8. The unit also carried out habilltation programmes for the hearing impaired children with related
speech disorders.

2, Ou-going Projects
1. Assessment of aiculstory porformance in beariag impaired children - the relevance of e Kostic
classification

A sample of fifty children between the ages of § to 10 yesrs with Bengali as L1 were tested in
Calcutta using the Kostic, Mitter (1982) test for articulatory evaluation of Bengall speech sounds. Another set
of 25 children between the ages of 5 to 10 years with Teluga a5 L1 were tested and classified using
sudlometric tests and articulatory tests of Telugu peech sounds (Kostic, Mitter and Krishnam wthy, 1982),

2, Study of Suprasegmentals of the Hind) Language

Syllable stress in a sample of 30 disyllsbic words ni binations of opea and close
qﬂﬁlsmlmedﬁomﬂmdvemwmmiﬂnghmdmmwmSmunocmdodyud
intonation patterns were also studied and analysis has been camied out on the Visipitch. Further data have
been collected from another sample of native speakers of the language mainty from the arcas of Delbi,
Allahabad and Agra. The pext phase of the project will be dealt with in the project on comparative
suprasegmentals.

3, Study of the Suprasegmentals of the Telugu Language

Syllable stress in liable, disyllabic and polysy words has been studied and some
w:ﬂnﬂmmﬂymhasbemamedmmmvw-htdxnemphnaoﬂhpmjeawmbcddlwmh
the project on comparative suprasogmentals.
4. Comparative Suprasegmentals of the Slavic, Indo-Aryan and Dravidian languages

Presh daia were collecied from new linguistic arcas, both Indo-Aryan and Dravidian. The influcace
of affective meaning In isolated words was studled In contrast Lo the same words within scotences.

3. Study of the phonetic structure of the Tami! language

Data of Tamll phonemes was processed (0 oblain the first set of specirograms of Tamil pecch sounds
from which the acoustic structure of Tamil phonemes it to be established,

6. Survey of the articulatory norms in Bengall speaking children of Pre-school age

50 pre-school children between the ages of 2 and 4 years were testod using the Kostic and Mitler
(1982) test for aniculatory evaluation of Bengali specch sounds, in order to study the norms of articulaiion for
each age In that age group. Natural Ive Phonology fra rk (Ve 1970, Hooper, 1976) was
used for analysls,




7. Educational problems of hearing impaired children attending schools fo pormst children

A set of questionnalres 1o test the attitode and swareness of parenis and toachers on the process of
habilitation and cducation of hearing handicappod children atiending general schools were administered on 50
parcats and 50 teachers of hearing handicapped children. The tests were also supported by interviews of both
teachers and parcais. The results of the test are meant to highlight the shortcomings of both the social land the
academic cstablishment, on their approach (o habililate the hearing impaired child. Special awarcncss
programmcs were also launched in this conncction.

Completed projects
1, The concept of Crippled Creativily and correlation of class and codes

The fundamental and spplied rescarch have been completod. Results are prescated al the Social
Sclence Congress and two technical repons have been brought out ia this conncction.

2. On the heterogeneity of Kolkata Dialects

An attempt has been made to deal with the problem of sandardization of the dialects across the
districts of Kolkata, For this purpose a survey of the North Kolkata Dialects was carried out. The results have
been released.

Population Studies Unit

Faculty members of the unit were engaged in teaching demography in B.Stat.(Hons.) and M.Stat.
courses of the Institute. They also participated in the icaching of ISEC courses, Diploma in Health Statistics
Course of the All India Institute of Hygiene and Public Health. Providing guidance to research scholars for
doctoral work also continued.

A Extemnally funded projects (On-going)
1. Attainment Level of Primary Students in West Benga!

The study was conducted in all the 17 districts of West Bengal (o evaluate the performance, in an
independently formulated test, of the students al the end of class 1V. Only the scholastic arcas (¢.g. vemacular,
mathematics and environmental science) were included in the first analysis. A (wo-parameter logistic model
was used for analysis and deriving scores. The model had been found 1o be useful for asscssmeat, and could
also be used for pedagogical rescarch 50 as 10 help reorganising materials for Jeaming and improving
\eaching-lcaming process.

Externally funded projects completed
1. Lmpact of Tota Literacy Campaign (TLC) in Bankura District, West Bengal

Short term impact of TLC is the main focus of the empirical study. In order to discern the Impact of
TLC on the reflective domain of the leamers, two types of appraisal were carried out. It is found in course of
aitivde measurement that the female participants in the TLC programume showed more positive atitude
compared (o female illitcrales. As far as panicipation in TLC is concemed, the cver-maried females, the
scheduled castes and the scheduled iribes were the most noteworthy.

2 Impact of Tou! Literacy Campaign (TLC) In the District of Birbhum, West Bengal
The main purpose of this short-term impact study was lo maximise the long-tem impact and

efficiency of the TLC programme by rapidly identifying useful leads and experiences, and feeding these back
Into the operational framework.
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B. Plan project
Mico-regional statistical surveys in India upto 1875
The study has been undertaken (o analyse the statistical materials on land and peaple of the 20th
century. Data sources for (he study are the national and state archives of India. Using the data, 8 umber of
analytical studics have been completed.
C. Non-Plan Project
Study of Incidence of Nepali migrants to Indfa
The study of Nepali migrants to India in geacral and to West Bengal in particular is based on censu
data It attempis to cstimate inter-censal migration and annual volume of migrants based on a struetural
graduation mode!, and rctum migration. The project has been completed.
Psychometric Research and Services Unit
Rescarch work done by the unit during the period is briefly summarized below projects.

1. Potential Entrepreneur School Leavers

The study undertaken with the objective to idealify potentlal entreprencurs [rom among the young
bays and girls who can independently start some business or manufacturing units for their livelihood afier
their high school cducation oonlmued. During this period data collection have been done from trainees

undergoing P ip D p progi at three centres of Wesl Bengal viz., Uluberia, Bolpar
and Bankura, Data from some ful E from Bangalore have also been collected.

2. Motivation to work for Primary level workers

This is also a continuing project. Its objeclive is to develop a questionnaire for assessing the
molivation level of different groups of workers for e.g., Clerk, Typist, Factory worker etc. A preliminary
questionnaire with two parallel forms have been prepared. Data from S0 clerical workers for the pilot study
have becn collected.

3. Personality pattem of different occupational groups

Attempls are being made in the ongoing study to determine personality profiles of four occupational
groups viz., teachers, executives, antists and Bank Managers. Sixtecn p factors of four occupational
groups were measured by Caltell's 16 PF. Siepwise discriminant analysis shows that of the sixteen factor,
only five personality faclors can predict the differences among four accupational groups.

ot denrivarl
g

Aamle 2phi

4. Consequences of social and on

Prolanged socio-cconomic deprivation is ilkely to have important cffeets upon the scholastic
schievement of School going children. The study takea up ta investigate about such cffcets on students
reading in Class X in different districts of West Bengal continued this year also. The impartant findings a
(a) Though intelligence is the most imp i of academic achi yet the Influence of somc
non-cognitive factors such as achi ivalion, prolonged socio-cconomic deprivation are aever
negligible. (b) Prolonged deprivation adversely affects academic achi developt of imell
elc., (c) the nature of this relation varies across scx and region. Report wriling hu been completed.

§. Assessmeat of Minimum learning In Primary education

Plest volume of the final report has been published. Prepamilon of second vohume is In progress.
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Some members of the unit also participated actively in a number of other externally funded projects
detalls of which are reported clsewhere.

Surcndranath Banerjee, onc of the stafl members of the unit, submitted a dissertation entitfed A
study on the Impact of Min Leaming P on the P measures of Bengalee children in
the primary school leaving class® for the Ph.D. degree of the Calcutta.

Sociological Research Unlt
Rescarch activitics carried out by the unit may be summarized as follows.
1. Pressurc from below @ A study of the Impact of the Poputar Movements in 1940¢'

To find out the data basc of the Tebhaga Movement in Bisbhum, five types of source
materials, most of which have so far remained untapped, were explored : (i) the records of the District Courts,
(1i) the files on FIR shelved in the relevant Police Stations, (iii) the old journals of the district, (iv) the
organisational reports of the Krishak Sabha, and (v) the tape-recorded intervicws of the lcaders and
participants in the Tcebhaga uprisings in Birbhum. Colleclion of rarc source matcrials is over. Collection of
archival data and exclusive interviews with the leaders have been completed. Repont wriling is in progress.

2. Haldia : A study in the Linkage of Poputation and Development in an Industrial Complex

An atiempt is belng made to identify the linkage between population demography and lndustrial
effect with regand to the potentiality and carrying capacly of the growing industrial complex, Haldia. It will
also try to understand the socio-cconomic availability between core poputation and fringe group with respect
to their quality of life. Field work being over, data-processing, analysis, and repart writing arc underway.

3. Social Ecology of Minority/Marginal Group of Easiern India

This is a study of the Inter-conncction between the cco-condition and the emergeace of Soclal
polarization, if any, over and above the cconomic differentiation belween castes of different strata, A
technical report has been preparcd.

4. Disserination and Adoption Process of New Technology tn Agricultural Activitics of Tribals in Village
Situation

The study secks to identify the process of diffusion of new technology in agriculture among the
backward tribal communities and 1o suggest ways for proper cxtension technology
1o be used by them. The repont writing is underway.

$. Agro-soclological Cx ints of Technological Adaptation in Subsi Farming of Bihar Plateau
Region

The objectives of the study arc to (i) identify the nature of indigenous farming system and multiple
cropping varicties in the Bihar platcau region, (ii) cxplore the present monm.s. and cxamine the prcscn(
strategies of the farmers 1o ensure subsi . (iif) Und d their p iour and rationali:
towards decision-making and, (v) assess (he feasibilily of adopuon or new lechnology by cesource poor
farmers, Transcription of data collected in the last year as well as in this year is undcrway. Tabulalion of
secondary data on agricul(ural production in the sludy arca and Giridih district is being made. Collection of
data on activities allicd to agriculture is underway.

6. Incquality and Distribulion of Gains in Tribal Societics - A pilot study
‘This s a study on develapment in tribal arcas and the disiribution of development inputs among tribal

famities of different economic strata through ITDP and other poverty allcvlation programmes in the Jast (wo
decades, The study seeks (o test the hypothesis that there bas been Increasing incqualily among the ribal
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houscholds through development Collection of dats, tranacription and tsbulation of village level and
housshold lcvel data of one district are over. Field work in other districts of West Bengal is being undertaken

Debasish Bhattacharya and Bholanath Ghosh sitcaded a ten week course or moaitoring and project
cvalnation al the University of Easi Anglia.

Statistical Quality Coatrol and Operations Research Division
The Division continued its activities in ping jonall specialists in Quality

Control, Reliability and Operations Research (QCROC), imp 1l inplant Y and techinical training
in the tools and techniques of QCROC, undertaking project studies and service assigaments ia sddiion o
theoretical and applicd research to develop end improve methodologies in the rejovant fields.

‘The Division continued its activitics in the follofwng areas :

. Developing professionally competent specialists in Quality Control, Relisblity and Operations
Research (QCROR) for industry, trade and service sectars through various courses leading to Degree, Diploma
and Certificates.

2 Imparting inplant (industrywise and general orientation), apprecialtion and technical training in the
tools and techniques of QCROR to sclentists, managers, executives, supervisory staff, and even worker.

3 Undertaking project studies and service assignuments in all aspects of Quality and Relisbility
management relating to organisation, development, training and research in QCROR for improvemeni of
quality, productivity and efficiency and reduction of cost of goods and services.

4 Promoting the use of Quantitative tools and adoption of modern methods of Qaulity Managemen
through seminars, lecture prog and p jonal talks,

3. Undertaking theoretical and applied research to develop and improve methodologies in the relevant
fields.

‘The new activities pursued by the Division included the following :

1 Follow up of INDO-US-Japan Conference beld during Prof. P.C. Mahalanobis Birth Ceatenary
Celebrations at Bangalore 1o organisc Indo-Us-Workshops on process and product Quality Improvement
through Experimental design (4 days) and Quality through Malcolm Baldrige Award crileria and
competitiveness (one-day) in different centres.

2. Starting a follow up project on Enumeration of Mail through Sample Survey in West Bengal and
Dethi for the Dept. of posts, Ministry of Communications, Govt. of Indla.

3 Inducing two batches of Quality Mission Exccutives and ising 3« months ori
for the first baich to equip them ib organising training programmes on 150-9000, TQM, SPC, Andncu-.ﬁu
industries and service organisations.

4. Organising a gpecial 3-day havioral aspects in interface for the staff of
tkmmonwmmdwmmhmmuofmnmm;mnpm

There has been an all round increaso in the various activities of Lhe Division in response to the
growing demand for our services.

During the period under review, 16 plants became new clients and a (otal of 113 organisations were
taking our consultative services at the end of March 1994. About 196 projects were carried oul in differest
organisations, The problem areas involved are (§) optimisation of process parameters, (b) improvement in
productivity, (¢) improvement in quality and reliability, (d) reductioh of cost, (c) introduction of quality sysiem,
(f) development of software for various system eic.
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Congultancy services arc now being rendered 10 2 number of organlsstions desiring to achieve
registration for ISO 9000 standard for Quality System. Alrcady 4 members have got the certificate and several
organisations are at the final stage of audit. Salicat features of a selected fow projocts are as follows :

() A new cost efficiency Compressor Mode! for Coolers and Mini-Refrigeration was developed which
belped the Company to incorporate best features of world leaders.

o Optimum proportions of different Quartz Grain size was arrived at using mixture design and multiple
regression for beiter functioning of the Fuse to successfully intemupt short-circuits without developlag any
cracks and with minimum let-through energy before fusing.

© Optimum levels of different process parameters were amrived at using Design of Experiments which
helped consistency in Alk-Cel preparation in Staple Fibre Industry which in tum helped to improve the
product quality of the Fibre.

(@  Variability of Gold plating Thickness was reduced from + 3. 0043 to + 0.83 through experimental
approach in a watch plant.

© Process standards are achicved through Design of Experiment 1o reduce the defect levels from 15.7
per board 10 0.2 per board.

(U] A mathematical mode] has been developed based on approach of P.Y. Wang (OR 83) for obtaining
Optimal cutting plans and the necessary sofiwarc was also developed using FORTRAN 5.1 version. Cuuing
Plan Is under trial implementation and expected to gencratc a savings of Rs.33 lakhs per anoum.

(8  Amodified method of Spacer was developed and the yleld of cathode spacer in TV Electron Gun was
tmproved from 80 to 98 together with reduction in setting time from 1/2 a shift to 2 minutes.

(M) A study was conducted to evaluate the possidility of reduction of the Microblal Burden in crude
drugs by heat treatment 50 that the count is within the pharmacoepial limits of cxport countries. Result
suggests a significant reduction with respect to the total cnterobacteriaceea and total fungal count.

[0} Cost effective preservative system for Drug was developed through experimentation which has
resulted in savings of Rs. 12 lakhs per annum apart from faproving the qualily of the product

During the period 12 papers by the scientific stall were clther published or aceepled for publication
in the national and intemational journals; another 13 papers were presented at conferences, 13 papers
submilied for publication. 26 manuals and technical reports were prepared. Some of the areas of work are ()
Bayesian acceptance sampling plans, (b) Contlnuous sampling plans, (c)Fuzzy goal programming in
aceepance sampling, (d) Life test experd (¢) Reliability optimisation, (f) P: ic design and global

Imigation, (g) Linear \ rity problom, (b) Convex function, (i) Invex and pre-invex functions, (j)
Charaterisation of p-matrices, etc.

Apart from the academic (M.Stat. and M.Tech. in quality Reliability and Operations Research in
Calcutts, Dethi and Bangalore) and professional courses on Quallty, inplant {raining programmes for
Managers, Executive, Supervisory staff and operators were continued during the period under review; a total
of 7,356 persons at various levels had undergonc training through 278 inplant gencral and other courses. The
increase in the oumber has been quite phenomenal, The cell for specialist Developement Programme has
been organising relevant input programme for SDP fellows and newly inducied Technical Officers of the
Division,
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Library, Documentation and Information Sciences Division

Documentation Research and Training Centre (DRTC), Bangalore

The main areas of rescarch in which the different members of the DRTC Faculty were engaged
during the period, are furnished below :

1, The preparation of a manual for the construction of a classaurus.

2, The designing of a "Classaurus® for the depth indexing of micro subject going with the base, agriculture
and related science and technology.

3. The demonstration of the usc of the above mentioned classaurus,

4. The application of the "Colon Classification, ED, 7", for the purpose of (a) arranging documents and for (b)
documentation work and service.

5. The designing of "Multi-Access Thesaurus®.

6. The study of the varictics of "Thesaurus-structures formats” {rom the point of view of their impacts on
information retrieval.

7. The study of various method of knowledge representation, such as, semantic nets, frames and predicaic
caloulus and of their relaied features to ascertain their co-relation with the classificatory language of colon
classification.

8. The designing and developement of National depth classification schemes, Thesauri and claassauri for the
depth indexing of micro subjects going with various recogrtized disciplines.

9. The application of the "Modem Scicntific management techniques” to the planning and management of
information systems, Centees and services.

10. The study of the methodologies of information analysis and consolidation.

11. Preparation of stale-of-the art report on "Performance standards in the field of secondary information work
and service®,

12. The develop of bibliometric measures for evaluating the use of Jibrary and information services.

13. The preparation of guidelines for developing software and application packages for house keeping
operations of information centres, such as, circutation control service control and acquisition control.

14. The devel ofa ized planning model for information centres.

P L4 P

15. Restructuring of curricula and syllabi specially for the advanced courses on “Lnformation Scienct”
including *Documentation® and "Library Science” with a view to accomodate essential contents pertaining to
the nse of the machines and equipment which are alll results of advances in information technologies.

16. The developement of a computerized (utorial for CDS/ISIs (Mini-Micro Version).

17. Natural Language Processing and Vocabulary control for Information Retricval.

18, Developement of PROLOG-BASED vocabulary control Davices.
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Fixternally Funded Project

There is ono externally fusded peoject under the coatrol of DRTC. This projact s the *Short lerm

of computer appli to library and work®, 11 is specially meant for the

in the fletd of Jon work and scrvices. 1t s fully financed and sponsared by the National

Information Systems for Scicnce and Technology by the Department of Scicauific and Indusirial Research,
Gowt. of India, New Dehi.

Programmes of Acitvities
The activities of DRTC have been organised into several programmes, such as the following :
1. Research programme ;

2, Advisory service programme ;
3. (i) Extension programme ;

(i) Publication programme ;

4. Educational and raining programme

5, Empl PR .

6. Continui jonal and tralning progs H

7. Faculty dovclopement programme.
Trainiog in Documantation and Information Sclence
1. Course leadlng to *AIDS" Award

Under iis Education and Training programme, DRTC conducts a course of 24 moalhs duralion
leading to the award "Assoclaieship in Documentation and Information Sclence® (AIDS). This award is
recogaized by Govt. of India as equivalent to a Masster's Degree in Information Science.
2. Short term course on computerized Information work and service

Under the sponsorship of the Natfonal Information System for Sclence a0d Techanalogy (NISSAT)
forming part of the Department of Science and Industrial Ressearch (DSIR), Govenment of lodia, New Dethi.

DRTC has been conducting a six-week conrse on “Compuier Applications to Library and lofarmation Work®
since 1986  Normally, two such courses are conducted during each financlal year.

Librories
Bangalore
1. Additions to the library during the year
) Book Acquisition
350 books were added (o the library by purchase; 25 books were recelved on grals,
11) Stock position
The total stock position as on 3151 March 1994 1¢ as follows :
Books - 13,168, Books on gratls - 885; Bound volumies of perlodicals - 5,600, Number of periodicals titles
subscribed - 246, Number of periodicals seceived on gratis - 20.

ify Technical processing
About 700 books wers clasaifted and catalogued during the year. Nearty 3,800 cards were filled.
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2. Circulation statistics
During the year Library facilltics were enjoyed by 180 readers. 118 of them availed the lending
facilties. 8 visiting professors of different Units of IS! were also provided with the lending facilives A tobt
of about 8,500 books and periodicals (including loose issue) were circulated by the Jibrary. The inkowe s
of books and periodicals.were around 31,100. About 210 inter library loan transactions were registered.

The membership includes 18T staff, Rescarch Scholar, Project Assistants, M.Stat students, M.Tech
students, SDP Fellows, DRTC students, Trainees of DRTC short term compuler course eic,

3. Inter library loan service
Inter library loan facilitles were availed of by the Bangatore Cantre Library.
4, Reprography service
Library provided 2,70,000 xerox copies to the users during academic year 1993-94.
5. Documentation servics
The following publication were brought out regularly from the library : f) Bimonthly additions List of books,
z mﬂ\ly list of current periodicals, 1) Cumen contents of journals, iv) List of perodicals holdiog

Calcutla

With the addition of 1,179 books o the stock, the lotal collection of the Library rose to 1,96,019. Detilsf
the activilies are givea below :

1. Acquisition Unit : The Unit accessioned 1,179 books during the perfod under report, out of which 948 wex
purchased and 231 were received as gift.

2. Periodicals Unlt : The Unit received 1,100 periodicals out of which 209 were recived as gift, 432 agaies
bscription and 450 on exchang B with national and iniemational organisations. The Unit a0

acquired 9 new journals. 9 journals were subscribed under NBHM granL It accessioned 133 joumals ad
completed the technical processing of 373 journals.

3, Circulation and Stock Maintenance Unit : The Unit issued 52,737 books and journals to the users oa e
and ref The (otal bership of the Library was 2,614 ou of which 230 memberships wen
withdrawn. The total membership includes ISI staff, research scholars, project assistants, B.Stat & MSl
students, ISEC trainees ctc. as well as ouiside students and Institulc members. 571 rcaders were given specat
permission to use the Library for a short period. 81 books and jounals were bomowed from ather libans
and 39 books and Joumals were loancd to other librarics under the inter-library loan arrangement.

4. Reports and Records Unit : The Unit accessionad 282 titles and processed 75 titles. 679 titles were syl
to the borrowers for reference use during the perlod,

5. Circulating Library : The worker's circulating Library acquired 494 new Litle bringing Uhe total collectioat
35,238, Itissued 31,126 books to the members,

§. Technical Procassing Unit : The Unit classified 1,164 books and catalogued 1,179 books. In addition o8
usual work of (hls Unit, it has ken the 'C Jon and Develop of Information Retrices
‘Thesaurus on Statlstical Science and its Applications' and the work Is In progress.

7. Docuemntatlon Unit : The Unit has been Issulng current contents list services to (he users on the followisg
group of subjeets : (a) Statistics and b () El fcs and C Jcatlon Sciences, (c) Geology.
(d) Life Sciences, (¢) Economics, (f) Recent addilion of books (o the ISI Library.
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8. Reprography and Photography Unit : The Unil provided 6,46,620 xorox prints for the users during the
period under report. 1280 frames of photographs of differcnl matures, 2,540 prinis of photographic
cnlargements, $0 frames of lecture slides were made during the perlod under report. 4,27.850 pages of off-set
prints were done during the period under report.

Delht
During the period the Dedhi Centro Library performed the following activitics :

1. Acquisition : Due to budget constraints, only 250 new baoks could be purchased and added to the stoek.
Received 85 publications as gift from various sources. 455 sets of loost issues of periodicals duly bound has
been added to the stock, thus raising the stock (0 31,549 volumes. Aboul 300 fechnical reports/discussion
papers/reporting etc. have been received during the above period.

2, Perfodicals : 223 titles of journals, both foreign as well as Indian have been approved for renewal for the
year 1994-1995. In addition 24 Litles of journals were received as complimentary and against exchange
programme. 435 sets of loose issues of joumals duly bound were added to the siock. Joumals/Technical
Reports have been received under the exchange p ished with different Institutions against

exchange of joumal Sankhyd.

3. Circutation : During the period April 01, 1993 (o March 31, 1994, 124 members availed the lending
facilities as permanent members, and 32 mcmbus availed the reference [acilitics as \cmporary members.

Approxi 6,427 p were laled during (he period among s members.  Under the
inter-liby 6, about 56 p jons were lent out 10 the neighbouring Institutes and Uibraries and
9 pnbhuuom were borrowed from them for use by Dethi Centre Library members.

4. Reprographic Services : Approx. 31,643 photocopics were made during the period on the request of users of
library. Reprographic facilities have also been provided to 150 rescarchers of other Instituies on a nominal
payment of Rs.0-50p. per page.

5. Other Activities : Like every year this year (oo Library trainees with remuneration have been appolnted. At
the end of their training, each trainee will be given an experience certificate.

Computer and Statistical Services Centre

‘The Computer and Statistical Services Centre (CSSC) manages the central computing facility of the
Institute at Calcuita. It serves about 400 users - students, rescarch scholars and scientific workers - with the
inhouse computer system VAX 8650 and SUN SPARCSTATION 1. NSSO and CSO (1-S wing), Govt. of
India are also using the computational facilities available at the centre. CSSC maintains an archive of NSSO
survey data for the users in the eastem region of the country. E-mail and FAX facililics are also available in
the centre,

Statistical and C: i scrvices are provided by CSSC. During the year under
report the centre provided statistical and computational services to 14 users. CSSC offered a course (of one
month duration) on Objected-Oriented-Programming using C++ and MS-Windows Programming, Thirtyfive
persons attended the course including the M.Tech. (CS) students, Rescarch Fetlows and Facully members of
the Institute. On the request of the Director, ISI, CSSC offered a series of courses on Word Processing for the
non-scientific workers of different units. Totally 139 persons aliended the courses.

The centre has also started developing program packages for Jis users. A package has been developed
fm: the Dean's Office which is now in use. Currently, a package is under development for the medical welfare
unit

This year the cealre has also taken up (wo projects from outside agencies. The first one is on the
development of 2 database of "The technical manpower availablo at the varlous academic organisations in
West Bengal®. The project has been given by the West Bengal Academy for Science & Technology. The

i



second project is on the development of 2 *C rized Archacological Information Base” This project &
funded by tho Deptt. of Archacology, Govt. of West Bengal.

The saff members of C3SC also serve as the faculty of various full time courses in the Institute aod
gulde the projects carried out by the students. The maln research areas on which the workers of CSSC are
involved are Daubase and Knowledge Base Systems, Compuler Vision and Image Processisg
Interconaection Network and Distribuled Operating Syslcms. Compnlzuoml Geometry and VLS| Desig,
Knowledge Acquisition for lmage Daia and some Combi | Applications related probl

National Centre for Knowledge Based Computing

Funded under the KBCS programme, sponsored jointly by the Department of Elecurosics (DOE) and
the United Nations Development Programme (UNDP), the National Centre for Knowledge Based Computing
(NCKBC) in he Institute was engaged for aboul six years in ative rescarch and development work in the
ﬁdd of Pallcm Rwopnﬂom Image Processing, Computer Vision and Anificial Intelligence with a view o

based application software In these areas. 1t is onc of the six premier research centres
in India that were dulgnmd as National Centres under the KBCS programme. The year 1993-54 was the i
year of the programme with sponsorship from DOE/UNDP.

Research activities of the members of the ceatre during 1993-94 are summarised as follows :
1 Applications of Image Processing and Psttern Recognition

0] Prinied Bangla Optical Character Recognition : The goal here is recogaition of Baagla Printed
charactess of a single font from books and Joumnals. For computation of statislics of character occuence,
wordlength, bigram and trigram, data are collected from newspapers and' Juvenile literature. Another sel of
daua is collected from the concise Bangla dictlonary, The Bangla printed script image is segmented into lines,
words and characters. The simple character features are Isolated, thelr detection methods are found and 3
feature based tree classifier is designed.

@  Coal Quatity Analysis : Several statistical pattem classification and texture analysis techniques have
been used to estimate the constituents of coal from microscoplc image samples, in arder (o quantify the
quality of coal samples. Geological Survey of India bas been collaborating in the project.

()  Forrogram Analysis : Image of l‘cmp‘mt are used for analysls of machine wear in industries An

carller database system for his [ phs has been upgraded (o facilitate image
comparison. A set of lincar lalun: mnclu: have been designod (o idenlify matcrials (rom an RGB

d calor space. Prop 3 to lize intensity variation among images have beea
developed.

(iv)  Delermination of Drinking Water Quality In Publlc Healh Applicadon : As recommended by (e
WHO, the number of Escherichia coli in water Is 8 parameter of |is quality. The E. coll content ln water
sample is estimated by counting the number of yellow. For processing large aumbers of samples, the manual
munUng process normally used becomies mther tedious md crror-pronc. Three different methods based oo

hological fi and fuzzy ch g have been lested The results obtained agre
well with diagnosls by human experts.

(v)  Classificatlon of Ground Cover Types from Satelilte Imagery : An atternpt has been made to relate
pixe) groups In satellite images with actual earth surface cover Iypes ¢.8., vegetallon, soll water, urban area
eic. A npervised classifier has been designed using satlstica) (Gausslan) mixture models. Leaming of
parameiers ls done on the basis an iterative method.

2 Theoretical Research Ln Image Processing and Pattern Recoganition

0 Practal mathemat/cs and its spplication in (8) texture analysls and sspmeniation and (b) dala
compression.
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(i) Artificial penral networks and genetic algorithms and their applications in thape analysls, compuler
vision and leaming.

(] Shapc analysis and recogniliop in 2 and 3 dimeasions.

V)  Mathematical hology and ts applicatlons in shape analysis,

) Digital topology.
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4. EXTERNALLY FUNDED FROJECTS

Ongoing Projects :

Namc of the Project : Refresher cowso In Statistles for under-gradusic teachers of varlous
universities and Colleges.

Project Leader (s) : Y.R.X. Sarma and GM. Saha.

Unit involved : Stat-Math, Calculta.

Funded by : University Grant Commission.

Name of the Project : Socio-economic survey of the sericulturist
Name of the Project Leader : T. Maitra,

Unit involved : Compuler Science.

Funded by : Central Silk Board. .

Name of the Project : Data compression and ic feature lon form remotely seased data
and topographic maps.

Name of the Project Leader ; B.B, Chavdhuri,

Unit involved : Electronics and Communication Scicnces.

Funded by : ADRIN, Department of Space, Hyderabad.

Name of the Project : Computer application for recognition and interpretation of acoustlc rader
imageries.

Name of the Project Leader : J. Das

Ugit iavolved : Electronics and Communication Sciences..

Funded by : DST, New Delhi.

Name of the Project : Structure metamarphism, anatexis and magmatism approach for the northern
boundary of the Eastem Ghats mobile belt around Rengali, Orissa.

Name of the Project Leader : Samarendra Bhattacharya.

Unit involved : Geological Studics.

Funded By : The Department of Science & Teclinology, Govt. of Indla.

Name of the Project : A neuro-fuzzy image ition system : meihodology develop: for
forensic applications.

Nare of the Project Leader : S, Pal

Ul invalved : Machine Intelligence.

Funded by : CSIR, New Delhi,

Name of the Project : Neuro-fuzzy expert system : design and lreplementation,
Name of the Project Leader : $.X. Pal

Unit involved : Machine Intelligence.

Funded by : Jawaharial Nehns Memorial Puad.

Name of the Project : Development of software package - handling unceraloties for machlne
interpretation of J1I-defined structures present in gray-leve) images.

Name of the Project Leader: S.K. Pal

Unil involved : Machine Inielligeace.

Funded by : Defence Elecirenics Applications Laboratory, Dehmdun,

Name of the Project : Genetics of tatlve Lraits of al imp In the sllkworm.
Name of the Project Leader : Panha Pratim Majumder.

Unit involved : Anthropometry and Human Genetics.

Funded by : Ceniral Silk Board and Department of Biotechnology.
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Name of the Project : Improvement of health and economlc slatus of iwo communitics by
i I using leaf (LO).

Name of the Project Leader : S. Matal.

Unit involved ; Leaf Protcin.

Funded By * Find Your Fest (FYF), London.

Name of the project : *India‘'s export to EC : constraints and prospecis®.
Project Leader : A, Sarma.

Unit involved : Planalng (Dethi).

Funded by : Intematlonal Developement Rescarch Centre, Otwa, Canada.

Name of the Project : Attainment level of students at the end of Class 1V,
Name of the Project Coordinator : Samir Guha Roy.

Unit involved : Psychomelry Research & Services.

Funded By : Govt. of Wes! Bengal,

Name of the Project : Guidance and consultancy services tn data processing.
Name of the Project Leader : Prafulla Chakrabarti.

Unit involved . Sociological Research .

Funded By : Indian Council of Social Science Research(ICSSR), New Dethl.

Name of the Project : Study of the socio-economic impact of total literacy campaign (TLC).
Name of the Project Leaders : Samir Guha Roy and Atis Dasgupta,

Unit involved : Sociological Rescarch,

Funded By : Department of Mass Educalion, Govt, of West Bengal.

Name of the project : Short term training programme on compuler applications (o Jibrary and
information work.

Project Leader : M.A. Gopinath.

Unit iinvolved : DRTC (Bangalore).

Funded by : National Information Systems for science and Technology (NISSAT), CSIR.

Narme of the Project : Fifth generation computer system and knowiedge based computing systems
(FGCS/KBCS).

Pmject Leader : BB, Chandhuri.

Unit involved : National Centre for Knowledge Based Computing.

Funded by : Department of Electronics, Government of India and UNDP.

Completed Projects ;

Name of the project : Delermination of survival, growth and reproduction rates of fresh water Indian
¢arps with particular refeence to bundh-bred, hatehery and riveriae,

Nanic of the project leader : T.K. Basu.

Unit involved ; Biometry Research.

Funded by : Di of Figheries, G of West Bengal.

Name of the project : Proccdures for speciral charaterization .
Name of the Project Leader : Swapan Kr, Parui.

Unit involved : Electronics 20d Communication Sciences.
Funded by : Defeace Elecironies Applications Lab (Deradun).

Name of the Project : Studies of the tropical boundary layer mateorology al Banarus using sodar and
tower data (National MONTBLEX Programme).

Name of the Project Leader : J. Das.

Unit invalved : Electronics and Communication Scleaees.

Punded by ; DST, New Delhl,
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Name of the Project : Differential Impact stiudy of modem rics lechnology saoss production
environments (jolntly with Kalyanl University)

Principal Invesigator : Sudhin Mukherjee

Co-ordinalor of 1S] team : Roma Chowdhury

Units involved : Computer Scieace, Computer snd Statiglcal Service, Ecooomic Research,
Populalion Studics and Stat-Math,

Funded by : Rockefeller Foundation, USA.

Name of the Project : Pereeplion, performance and potential of development in usri ratershed ares of
Bihar plateau region : An Bcosystems Approach.

Nanic of the Project Leader : Ashok Mally, Dipak Bagehl.

Unit involved : Agricultural Selence.

Funded By : Indian Councl) of Social Science Rescarch, New Delhl.

Name of the projest : Indusirial sickness in India.
Project leader : O. Goswam..

Unit involved : Planning (Delhi).

Funded by : Ministry of Industry, Govt. of Indla.

Name of (he Project : Evaluation of rainfed farming project in Easiezn plaicau areas.

Name of Lhe Project Leader(s) : Ats Dasgupta (from October 1993)¥C. Dattagupla (unti! September,
1993)

Unit involved : Sociological Research and Agricultural Sciences.

Funded By : Overscas Development Administration, UK.
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& SYMPOSIA, CONFERENCES, WORKSHOPS, LECTURES AND SEMINARS ORGANISED

The Synmposia, Conferences, Workshops, Lectures and Seminars organlsed by the Instituts during the
year 1993-94 arc mentloned below,

Symposta, Confereices, Workshops

A Winter School on Logic Programming and Related Toplcs was held al Stat-Math Unit, Calcuita
Quring Jamuary 3-21, 1994, This was organised by K. Sikdar in collaboratioa with TIFR, LIS, ITT Bombay
with partial support from NBHM, CSIR aod DST. There were 19 registered participants including University
lecturers, and Rescarch Fellows from all over India and a few others audlied the talks.

A Workshop on "Reliability and Survival Analysis® was held at Computer Science Unit, Calcutta
during February 28 to March 4, 1994, organised by D. Sengupta and A. Dewanji. Twenty nine participants
from different parts of India atended the Workshop.

An Intemational Conference eatitled VLSI Deslgn, 1994 was held in Calcutta during January -8,
1994, Electronics Unit of 1SI was one of the co-organtzers of this Conference along with other organizations
including VSI, IEEE, DO, UT Kharagpur and CMC.

A five-day Workshop on Neuro-C: ing, Pattem Recognition And Compuler Vision was jointly
organised by the Machine Intelligence Unit of IS! and Electronics Research and Development Centre (ER &
DC), Calcutta at Taratala, Calcutta from December 6 to 10, 1993. The course Director was S, K. Pal. The
speakers from ISI include $.X. Pal, MK. Kundu, N.R. Pal, C.A. Murthy, A. Ghosh, J. Basak, S.N, Biswas and
D. Dutta Majumder. The participants were from various Organisations, Research Institutions and
Industrial Organisations. B.L.S. Prakasa Rao, Dircctor gave away (he certificates (o the panicipants al the
valedictory session.

A group discussion on "Gender and Decision Making” was held on November 9, 1993 organized by
Blochemistry Unit in jon with Psychy and other Units of the Institute. This was organized to
asscs the current Indian status on the subject matier which is important for the polential collaborative study
with the University of Bast Aaglla (UEA), UK. Major participants and discussants were from IS1, Calcutia,
UEA, UK. and investigators from various Universities and lnstifutes in and out of Calcutta

The B ic Analysis Unit f‘ Hlaboration with Indian Siatistical Instirute (Kamataks
Branch) an open public discussion and review of 1994-95 Budget" al Woodlands Hotel, Bangalore an 11
March, 1994, T.R. Salish Chandran, former Chlef Sccretary, Govemmenl of Kamataka, Indira Rajaraman,
Professor, Indian Institute of Management (LIM), Bangalore, Prasanna Chandra, )M, Bangalore & former
Member of Malhotra Committee and P.S. Jawadekar, Exec. Viee President, Kirloskar Eleciric Co. Lid

Bangalore were the main speakers along with many others.

The DRTC (Bangalore) Unit organized a Workshop on "Antificis) Intelligence Application to Library
and Information Work® on 26 May to 28 May, 1993 as pan of its regualr academic programme. A.RD.
Prasad presided over the Workshop. 12 participants atiended the Workshop, A Seminar on *Library
N In India® was organised by DRTC (Bangalorc) during 12-13 August, 1993, This Seminar organised
by LK. Ravichandra Rso. 68 participants attended the Seminar. A special Seminar on *Multi lingual
Thessurus was organised al DRTC (Bangalore) on 3 December, 1993, The Jead preseniation was given by
Visiting Professor, Steve Pollit from UK. [t was anended by several delegates who aitended the
Internationa) Seminar INFOTEX 93 held during 28 November - 2 Decamber, 1993.

An Industrial Meet on Applications of Image Processing Jointly sponsored by Computer Society of
India, Caloutia Chapter aad Natloaal Ceatre for Knowledge Based Computlng Centre was srganized in 151 on
21 APRIL, 1993,
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Lectures and Seminars

Lectures/Seminars onganised by the Ingtitute and dallvered by outxide members and Visitog
Professors are given below :

Theoretical Statistics and Mathemuties Divislon
Caleutta Unlt
Basu Parantap, Fordham Unfversity, USA (5.8.93) : A martingale theory of amet pricing,

Bhatiacharya R.N., Indiana Unlveralty, USA (7.1.94) : Random perturbations of dynamical systems siaring
on 7 January 19%4.

Biswas Indranil, TIFR, Bombay (8.10.93) : Vector bundles on Riemann surfaces.

Bose Sudip, Georgs Washington Universlty, USA (17.6.93) : Rob 10 the Prior : neighbourhood classes.

Bose Sudip, George Washington University, USA (18.6.93) : The association in time of a finlte eate
semi-Markov process.

Dasgupta Aniruddha, Pennsylvania State University, USA (27.12.93) : Repeated games with asymptodcally
finite horizons.

Destipande M.N,, Insticute of Statistics, Anrangabad (8.11.93) : A family of Hartley-Rosa type estimator.

Dhanmadhikart A.D., University of Paona (15.6.93 and 18.6.93) : Two sample tests based on cumulsiive
incidence functions from coherent systems.

Dutta Somnath, University of Georgia, USA (20.12.93) : Point processes, bootstrap and Inference for positive
autoregressions.

Guemd F., University of Rome, Italy (6.1.94) : The Casica Process - Diffusions with singular drift flelds.

Kawaguchl T., Japan (2.7.93) : Parameter spaces constructed by Jolnt probabillly density funclions and their
applications.

Kundu Subiman, IIT Delhl (5.7.93) : Equality of spaces of Ught measurcs and of measures with compact
supporL

Majumdar Suman, University of Californla at Santa Barbara, USA (23.8.93) : Weak convergence of postertor
mean in mixture and product of Gausstan shift experiments.

Manda) Satya, University of Kansas, USA(4.1,94) : Sections of projective modules and divisibility in KoX.

Mukhopadhyay N., University of Connecticut, USA (27.5.93) : Sequentia! estimation of the maas of a
exponential distribution via replicated plecewisc stopping number.

Mukhopadhyay N, University of Connecticat, USA (27.5.93) : Sequential analoguo of the Bebrens Fisher
problem.

Patianaysk 8., Sambalpur University (27.5.93) : Toeplitz operators and their Predholm indices.
Puntanen Simo, University of Tampere, Finignd (6.12.93) : Matrix tricks for Regression Dlagnostics.

R hy R.V., Michigan Staic University, USA (22.2.94) : Capacitics in Statistics.
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Rao uganti R., University of Balth USA (17.9.93) : Logistic Problems.
Seagupta J., TIFR, Bombay (13.4.93) : Simplectic Geomeiry and represcatation of semi-simple Lic groops.
Shah Riddhl, TIFR, Bombay (13.7.93) : Limits of commutative triangular systems on real and p-adic groups.

Yanagawa T., Kyushu Unlversity, Japan (10.12.93) : Projection methods for Mantel-Haenszel estimators in 2

x J ables.
Delni Unit
Bagehi A.. University of Twente ENSCHEDE, Nethertands, (17.11.93) : Smoothing for nonlincar Elliplic
boundary valuc processcs,
Chal i RS, Cochin University, (18.8.93) : N herian Rings and

Goana Bhasiaar T, IIT, Kanpur (21.9.93) : Differeatial Operators with Interfaces,

Gupta V.K,, IASRI, Delhi, (8.9.93) : Use of combinaiorics in unequal probabilily sampling.

Hislop P., University of Kentucky (2.9.93) : Spectral properties of hyperbolic manifolds.

Isozaki H., Osaka University, (7.9.93) : Introduction to limiting sbsorplion principle.

Jeasea A., Institute of Blectronic Systems, Denmark (2.9.93) : L, catimales for Schrodinger Operators.

Kosman-Schwarzbach Y., University of Lille, France (3.9.93) : R - Matrices and the Young - Baxter
equations.

Kundu Debasis, LT, Kanpur (14.12.93 and 15.12.93) : Statistical methods to estimate signal processing
models (1) Diroct approach (2) Indirect approach.

Kundu §., IIT, Dethi (24.8.93) : The equality of the spaces of Light and compactly supported measures.

Kshirsagar AM., Universily of Michigan, USA (6.1.94) : A ncw measure of rotatability in response surface
designs.

Mardia K.V., Uiversity of Leeds, UK (12.1.94) : Shape, suatistics and images.

Meeater Ronald, University of Utrechi (15.9.93) :1 - dependent processes and k-block factors.
Mokhari A, ICTP, Trieste (18.11.93) : Markov Cocyles.

Murty V. Kumar, University of Toroato (6.8.93) : Fermat's last theorem is now a theorem.
Murty M. Ram, McGill Unlversity (16.9.93 and 17.9.93) : Fermat's Last theoreq.

Punianen Simo, Univergity of Tampere, Finland (1.12.93) : On some matrix versions of the Cauchy-Schwarz
snd Kantorovich inequaliiles.

Raghunathan M.S., TIFR, Bombay (5.10.93) : Beitl Numbess of mamifolds with constant negative curvature
Shah, KR, University of Waterloo (3.3.94) : Cholce of optimality criteria.
Shah, KR., University of Waterloo (17.3.94) : Tread-frec designs.

Singh, Batwant., TIFR, Bombay (23.11.93) : The Jacoblan problem.
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Sridhar, R, Indira Gandhl Inst. for Devt. Research, Bombay (4.11.93) : Completely mixed games and lincar
complementarity problems.

Srinivas V., TIFR, Bombay (29.9.93) : Ou the Hodge type of projective varicties defined by equations of kow
degrees.

Bongalore Unit

Anwinda, G, TIFR, Bombay (11.11.93) : Rank 1 aspherical manifolds.

Athreys, KB., IOWA Sate University, Ames, USA (30.6.93) : Iterations of functions : random and
ponranddom.

Athreys, KB., IOWA State Univensity, Ames, USA, (12.1.94) : Stalistical Inference for Heavy-tailed

Distributions.

Balsgangadharan, K., TFIR, Bombay (20.5.93) : Rlemann's Memoir on the representation of a finction by
Trigonometric Series.

Chal J, RS, Cochin University of Sclence and Techmology, Cochin (27.5.93) : Localisstion in
pod-commutative noctherian rings.

Chandru, Vijay, ISc., Bangalors (17.2.94) : Linear programming and the design of discrete ncural networks,
Chanlilo Sagun, Rutgers University, N.J,, USA (21.1.94) : On the diameter gF rotating stars.
Daal, §.G., TIFR, Bombay (2.9.93) : Meaasure - type o lie groups.

Krish A, Cochin University of Sclence and Techaology, Cochin (22.6.93) : Muld-commodity
laventory system.

Mathews, Hans V., SPIC Sclence Foundation, Madras (23.9.93) : Cellular twisied products.

Mukhi, Suni, TIFR, Bombay (26.11.93) : Who ordered Mathematical Physics.

Raman, §. Ganapathi, TIFR, Bangalore (9.12.93) : Asymptotic properties of eigenvalues of certain integral
operators.

Sastry, Swali, Institute of Math. Sclence, Madras (14.9.93) : Picard's theorem and Rictman's theorem via
Harnack inequality.

Sofi, M.A,, TIFR, Bangalore (10.2.94) : Certaln operstor theoretic aspects in the geometry of Banach Spaces.
Thatte, B.D., Department of Mathematics, [1Sc, Bangalore (13.5,93) : Graph reconstruction problems.

Wildberger, Norman., School of Mathematics, University of Newsouth Wales (22.4.93) : Geometric
quantization, representation theory and the moment map.

Yoganands, C.S., ISc., Bangalore (16.9.93) : Elliptic curves and Fermat's last theorem.

Applied Statistics, Surveys and Computing Division
Computer Science Unlt
Banczjes, Anurag, CORE, Univemity Cathlique des Louvain, Belgium (17.8.93) : Averge desivalive
estimate,
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Basu, AP., University of Mizsourl, USA (18.1.94) : Baycsian estimation of rellability for complex sysiems.
Charl, Monoj., Luisiana State University, USA (17.6.93) : Enumeraation problems in mairoids and graphs.
Deshpand, J.V., University of Poons, Punc (1.3.94) : Estlmation afier selection.

Ghosh Subir., University of California, USA (12.1.94) : Stauistical designs and analysis of cxperiments : new
direction In application.

Ghosh Subir., University of Califomia, USA (13.1.94) : Efficient composite designs with small number of
runs.

Kundu, Debasis, [T, Kanpur (27.7.93) : Estimating parameters of exponential signals : A review.

Kushary Debasis., Rutgers University, USA (21.9.93) : Adaptive and unbaised prodiciors in a change poini
regression models,

Mukherjee, Jayanil, Miles Canada Inc, Canada (25.1.94) : The Rolc of the Blostatistician in clinical research.
Mukherjoe, Rahul., IIM, Calculia (12.10.93) : On the existence of salumted asymmeirical orthogonal amays.

Nayak, K. Tapan,, George Washington University, USA (6.1.94) : On the theory and comparison of
randomised response surveys.

Sarkar, Abhinanda., Stanford Unlversity, USA (7.9.93) : On missing data, ignorabliity and sufficiency.

Sarkar, Palash., Computer Maintenance Corporation, Calcuita (28.9.93) : Some results on two combinatorial
problems.

Sinha, Debajyoti., University of New Hampshire, USA (11.1.94) : Semiparametric Bayesion analysis of event
time data.
Physical and Earth Sciences Division
Elecironics Unit

Das, Sajal Kumar, Dept. of Computer Science, University of North Texas, Denton, USA (17.3.94) :
Parcntheses matching as a stratogy for designing ciMicicnt paratic) algorithms.

Dey, Tamal Kumar, Dept. of Computer Science, TUPUI, Indianapolis, USA(25.6.93) : Counling crossing
traingles and halving planes.

Ghosh, Kanad, Dept. of Corputer Science, State University of New York, Binghamton, USA(12.1.94) : Using
WDM optical fibre interconnection for distribuled shared memory mulliprocessing.

Jacke!, Arunita, Dept. of Computer Scicnce, Universily of Windsor, Canada (4.1.94) : Layoul influcnced
factorization of boolean functions.

Roy, Rabindra Kumar, C & C Rescarch Lab, NEC, Princeton, NJ, USA (11.1.94) : Optimal parallel scan
during behavioral synthesis,

Sriman), Pradip Kumar, Dept. of Computer Sclence, Colorado State University, Fort Collins, USA (24.12.93)
TA graphs as ion networks.

Sur-Kolay Susmita, Dept. of Computer Sclence, Jadavpur University, Calculta (28.9.93) : On different
complexity classes (part I).
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Sur-Kolay Susmits, Dept. of Computer Sclence, Jadavpur University, Calcuita (5.10.97) : On different
complexity classes (part IT).

Sur-Kolay Susmita, Dept. of Computer Science, Jadavpur University, Calcutia (24.11.93) ; On different
complexity classes (part IIT).

Physics and Applied Mothematics Unit

Evans, D.V.,, University of Bristol, UK (10.1.94 and 11.1.94) : Waler waves,
Guerm, F., Unlversity of Rome, Italy (7.1.94) : (8) Stochastic quantization, (b) Spin glass.

Parson, L., University of Trondheim, Norway, (14.11.93 and 7.12.93) : Two-phasc flows and problems of
turbulencs,

Penrose, Roger, Oxford Undversity, UK, (3.1.94) : Twistor Goometry.

Subbata, V. De., University of Bologna,, Italy : Torsion and curvature.

Social Sciences Division

Economic Research Unit

Bagehi Amiya, Centre for Studies in Social Sciences (7.3.93) : The central budget : 1994-95.
Bhattacharya, Dhiresh, Calcutta University, Retd. (7.9.93) : The central budget : 1994-95.
Chakrabani, Santl, Govi of Kenya (20.9.93) : Some results from a macro mode).

Datta-Chaudhurl, Tamal, Industrial Reconstruction Bank of India (30.9.93) : Industrial sickness and corporate
restructuring.

Krishnan, T.N., CDS, Trivandrum (6.4.93) : An Indircct cstimate of forcign remiltances.
Marjit, Spgata, Jadavpur University (12.1.94) : GATT Dunkel proposals : implications for India.

Nuastepad, C.W.M., Erasmus Univenity, Rotterdam (10.3.94) : Macroeconomic effects of the Governmeat's
financing pattem : A model for Indls.

Roy, Aloke, IM, Calcutta (12.194) : GATT Dunkel propasals : implications for India.

Sengupta, Ramprasad, Jawaharlal Nehru University, New Delhj (31.12.93) : Economics of natural resources
and enviroament - some analytical pollicy lssves.

Storm, Servass, Erassmus University, Rotierdam (10.3.94) : Domestic constraints on export-led growth - a case
study of Indla.
Economic Analysis Unit (Bangalors)
Tendulkar, Suresh D., Delfd School of Economics (15.1.93) : Current situation of Indian cconomy : Structural

reforms,
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Library, Documcntstion And Information Sciences Division

DRTC (Bangalore)

Parameswanan, M., Head, Depl. of Lib. & Sc., University of Calicut : Five laws of library catalogue.

Parthasarathy, S, Honorary Directory, lnstituie of Informabon Studics, Madras (26 7 93)  Knowledge aod
Skoll Required for future infarmation professionals

Neetamegham, A., DRTC Honorary Professor (22.7.93) Qualily In Information resources management .
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& PUBLICATIONS
Sankhya

Professor Prasanta Chandra Mahalanobls founded Sankhyd, the Indian Joumal of Siatigtics bn 1933
and he was the Pounder-ditor during 1933-1972. Since iis im:qsuon_ cminun scholars from all over the

world have contributed articles for p lon in Sankhya. This and i ly rencwnad
joumnal is now publiched bi- mon(hlylnlwoseda nneonl’mbabllllymdmhcmual Statiqtics and the.
other on Statistical Methodology and Ap including Sample Surveys and Quantitative Bconomica

The Editorial Baard was reconsituled dunng the ycar.

Editorial Board of Sankhya Series A and B

Edion Somesh DasGupta, O, Kalilanpur, K R. Parthasarathy, B.L..S. Prakasa Rao,
CR Rao.

Co-Editors:  Series A : Anwp Bose, Probal Chaudhuri, Mohan Delampady, R L. Karandikar,
Bimal Kumar Sinha

Series B : Probal Chaudhuri, Dipankar Coondoo, S.R. Mohan,
T.J. Rao, Bikash Kumar Sinha,

Mamaging Editors : Series A : RL. Karandikar,
Series B : TJ. Rao.
The following issues of Sankhya were released during the year 1993-94
Scries A, Volume $S, Pats 1, 2 and 3; Volume 56, Part |

Scries B, Volume $5, Pans 1, 2 and 3

Otber Pubication

Volume $5, Part 3 of both Serles A and Serics B of Sankhya have becn published as special issues
in memory of Jate Professor P.C. Mahalanobis oa the occasion of his Birth Centenary.
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7. SCIENTIFIC PAPERS AND PUBLICATIONS
Booka Published

Theoretical Statistics & Mathematics Division

Delhl Unit

Cambing, S. Ghosh, JK, Karandiker, R.L. and Scn, PX. (Eds.) : Stochastic Processes (Fesischrift in
honour of G, Kallianpur), Springer-Verlag, 1993.

Bangalore Unit

Thangavelu, S. : Lectures on Hermite and Laguerre expansions, Math. Noics, 42, Princeion University Press,
Princeton, 1993.

Physical & Earth Scicnces Division
Electronics & Communication Sciences Unit

Chaudhuri, B. B, and Dutta Majumder, D.: TWo Tonc /mage Processing and Recognition, Wilcy Eastem,
New Delhi, 1993.

Biological Scicnces Division
Anthropomelry and Human Genetles Unil
Danda, A.K., Basw, Am. and Basu, Ar. (Bds) : Fronllers of Research in Anthropology. Indian
Anthropological Soclety, Calcutta, 1993.

Majumder Partha P. (E): Human Population Genetics : A Cenfennial Tribute to J.B.S. Haldane, Plenum
Press, New York, 1993.

Biochemistry Unit

Ch dhyay, M.: O ional Socialization ; A Study of Hospital Nurses, Sarat Book House, Caleulta,

Social Sciences Division
Economic Research Unit

Bhattacharya, N. and Coondoo, D. : Collection and Analysis of Survey Data on Income and Expenditure :
Training Handbook, Statistical Institute for Asia and the Pacific, Tokyo, v +219, 1992,

Ray, B. (ed.) : West Dengal Today - A Fresh Look, Mintal, New Delhi, 400, 1993,

Sociological Rescarch Unit
Dasgupta, Atis : Sankater Mukhe Bharater Dharmanirapekshata, (Bengali translation of The threats (o Indian

Secularism by Prol. Amartya Sen, Neliru Lecturc delivered at Cambridge Universily in 1993), Nodal
Rescarch Ceatre, Calcuita 1994
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Maitl, Asok : Development : Undone, done and nol done (a stiudy of Bibar villages), People’s Institute of
Development.and Training, New Delhi.

Papers published bn journals
Theoreucn) Statisties & Mathematics Division
Calcuita Unlt

Banerjee, Soumitra snd Bancrjce, Pradipla : A new performance lndex for paremeter sclaction wnder
random kad changes, Eleciric Power System Reseorch, 77, 169-172, §99).

Bhandar S.Kand Ali, Kascam N. : An asympiotically minlmax procedure for sclocting che ¢ best
multnomial cells, J.EP.1, 38, 65-74, 1993,

Bhandani, $X., Handa, S.M. and Ali, N.M.:Anoptimal sequenlisl procodurc for runking pairwis
compared treatments, CSA Bulletin, 43, 191-197, 1993,

Base, Arup and Chandhuri, Probal : On the dispersica of the maltivarisie median, Ann. /ast Siat Mok,
45(3), 341-350, 199).

Bose, Arup aod Dasgupla, Ratan : Speed of coavergence of the least squares etimator ln awsregressve
models, J. Stat Plann. and Inf., 38(3), 371-380, 1993.

Chandn, T and Buse, A. : Cesaro uniform integrability and the L¥~convergeace, Sankhyé , Sa. A, 85,
12:28, 199,

Chatterjee, AK., Bandyopatthyay, Suraj, and Rao, AR. : Relative importance of different factors for
boundary of reciprocity : An illustration, Connectlons, 16, nos. | & 2, 15-22, 1993,

Chandhuri, Probal and Mikland, Per : Nen-linear experiments | Optimal design and inference based on
Iixelihood, Jowr. Amer. Siat. Assoc., 88(2), $38-846, 1993,

Caudhur Probal and Sengupta, Debapriya : A nofe on robust estimation of location, Stat. and Prod letten,
183). 241-244, 199].

Chaudhuri Probal and Sengupta Debapriya ; Sign tests in multidimension Inference based on e goometry of
the data cloud, J, Amer. Stat. Assoc., 88(4), 1363-1370, 1993,

Chaudhuri Proba), Kuang, Min Ching, Loh Wei Yin and Yao Ruji : Piecewise polyaomial
regression trees, Statistica Sinica, 4(1), 143167, 1994,

Chandhuri, G. : Coefficient of variaiion for the L-clags of life distributions, Communications in Stailstis :
Theory and Methads, 22(9), 1993.

Das. Ashis : E-optimal block and row-colums destgns with unequal sumber of replicates, Sankhya . Sa.8.,
85,7790, 1993.

Das, AX. and Tripathi, T.P. : Estimation of cocficient of varialion using suxillary iaformation, Aligerk J
Stat., 12, 1992,

Dasgupia, Ratan : On the dlsisibution of squares, Sankhya, Ser. A, $5(1), 29-36, 1993 .

Dasgupta, Ratsa : Momeat bounds for some tlochastic processes, Sankhyd, Ser. A, 33(1), 1%0-152, 1993
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Daspipta, Ratan : On tho distribution of eccentriclty, Sakhyd, Ser. A, $5(2), 226-232, 1993,

Dasgupta, Ratan : Sharper speed of coavergence 1o normallty for some m dependent processes, Sankhya,
Ser. A, $5(2), 259-266, 1993,

Dasgupta, S. : On the evolution of the D Stadlstic of Mahalanobis, Sankhyd, Ser. A, 58, 42459, 1993,

Ghosh, J. K. and Joshi, S.N. : On asymplotic dlstribution of generalised M-cstimales, Scwtkhyd, Ser,
A, 55,312:320, 1993,

Ghosh, J.K. and Mukhcrjee, R. : Adjusicd versus conditional likelihood : Power propenies and Bartielt typs
adjusiment, J.R. Stalist. Soc., B, 56, 185-188, 1994,

Xundu, S., Mc. Koy, R.A. and Raha, AB.: Topologies between compact and uniform oomvergeace
on function spaces - Il, Real Analysis Exchange, 18(1), 176-189, 1993.

Xuadu, S. and Raha A.B. : Pscudocompactness versus first countabilily, Question and Answers in Geseral
Topology, 11, 183-191, 1993.

Rajeev, B. : On asymplotics of a class of onc dimcasional diffusions, Math Proc. Camb. PAIl. Soe., 114,
499-506, 1993,

Sinha, BK. and Sengupta, §. : Estmation of the probability of discovering a new category ia fiile
population sampling, Cal. Stat. Assoc. Bull,, 43, 75-84, 1993,

Srivastava, S.M. and Sarbadhikari, H. : Random versions of extension theorems of Dugundji type and fixed
point theorems, Bulletino UMY, (7), 1-B, 631-642, 1993.

Delhi Unit

Balakrishnan, N.and K. : Log: ity of probabllity of of exactly
arbitrary cveals, Statist. Probab. Letters. 16, 249-251, 1993.

Balakrishnan, N. and Balasubramanian, K : Indicator method for 2 recurmrence relation for order
siatistics, Statist. Probob. Letiers. 14, 6769, 1992.

Balakrishnan, N.and Balasubramanlan, K. : Bquivalence of Hartley-David-Gumbe) and Papathanasio
bounds and some further remarks, Statist, Probad. Latters. 16, 3941, 1993,

Balakrishnan, N.and Balasubramanian, K. : Dualily principlo in order stalstics, /. Roy, Starlstl. Soe.
Ser. B. 55Q3), 687691, 1993,

Balakrighnan, N, Balassbramanlan K. & Govindarajulu, 2. :Relationships beiween moments of
two related sets of order staistics and some extensions, Ann. Jasil. Siatist. Moths. 45(1), 243-147,
1993,

Balakriehnan, N, Balassbramanian, K. and Madik, M.J.: Operalor methods in order stadlstics,
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