INDIAN STATISTICAL INSTITUTE

FIFTYSEVENTH ANNUAL REPORT
April 1988—March 1989

L I8TATISTICAL

x> -0 Z—~
CRI Ty

| et w2 [

203, BARRACKPORE TRUNK ROAD
CALCUTTA-700 035



INDIAN STATISTICAL INSTITUTE
FIFTYSEVENTH ANNUAL REPORT

April 1988—March 1989

CONTENTS

). Iptroduclion

art |. Teaching, Training, Rescarch, Projects and Publications

Tecaching and Training .

Dcgree and Training Courses
Internalional Stalistical Education Centre (lSEC) Calcnlla
Professional Examinations in Slatistics

Research Work
Theoretical Statistics aml Mal.hemancs
Applied Stalistics, Surveys and Computing
The Compuler and Stalistical Secvice Centre (CSSC)
Physical and Earlh Sciences
Chemistry .
Electronics
Electronics and Commumcauon Scnenc,es
Geological Studies
Physics
Flume Project
Blological Sciences
Agricultural Scicnces
Anthropometry and Human Geneucs
Biochemistry
Embryology
Entomology
Leaf Protein
Social Sciences ..
Econamic Rescarch
Planning (Delhi)
Economic Analysis (Bangalore)
Linguistics .
Population Studies ...
Psychometry
Sociology
Statistical Quality Conl.rol and Operalwns Resenrch

Page

00 =~ then

14

21
21
22
26
3
33
34
34

35
39
40
42
42
44
44
46
47
47
48
52
54
56



Page

Library, Documentation and Information Scierrtes .. 58
Contral Library ... . 58
Bangalore Centre Library ... - 59
Delhi Centre Library ... 60
DRTC (Bangalore) . Bl
3. Symposia, Seminars, Leclures and Conferences ... .. 64
Symposia, Conferences, Workshops ete. .. 64
Leetures and Scii .nars .. .. 65
4. Publications R
5. Scientific papers and publications ..
Scientific papers published - W
Books published .. 83
Articles published in books ... - 86
Papers accepted for publication ... . 90
Papers submitted for publication .. 99

Papers read at Conferences and/or Lo he pubhshed in
Conference proceedings .. 110
Project report submitted .o 119
Technical Reporls .. 120
6. Ph.D./D.Sc. Degrees R V)

Part II. Convocation, Visiting Scientists, Honours and Awards, Scientific
Tours and Assignmenls

7. Twentythird Convocation ... . 128

Visiting Scientists .. 128
9. Honours, Awards and Special Assng'nments ..o 134
10. Scientific Tours and Assignments Abroad .. 138
11. Scientific Assignmenls in India o 144

12. Ninetyfifth Birth Anniversary of Lale Prol’essor P. C. Mahalanobts 158
Paxt 11I. Administration and Office bearers

13. General Administration ... .. 159
14. List of names of the President, Chairman and Members of tbe
Council, Members of different Committees of the Council and
Academic Council. .. . 162

Part-- [V. Staterment of Accounts and Auditors, Report for the year 1988-89  1-64

i



INDIAN STATISTICAL INSTITUTE
FIFTYSEVENTH ANNUAL REPORT
April 1988 — March 1989
0. INTRODUCTION!

Itis a pleasure (o begin (his year's reporl with a record of some exciting
discoveries made by our Geological Studies Unil. In the course of looking for clues
for the causes of global mass exlinclion 65 million years ago, an exciling development
in geological resenrch has tnken place. Exploration conducled by lhe Geological
Studies Unit has led to the discovery of Lhe last remains of Lhe flesh-cating dinosaur,
tyrannosaur, in Jabalpur from a limestone bed which is £i5 million years old. The Ut
has also succeeded in linding quartz crystals showing fealures of shock metamorphism
from n sandstone layer in lhe same place. The sandstone occurs nbove Lhe
tyrannosaur-yielding limeslone and immedintely below the Deccan Trap lava flows.
If it is proved thal the shock-mewnmorphic fealures in the quarlz crystals are due to the
effect of a very high pressure impact, Lhen its presence indicates thal the enormous lava
flows in the Deccan plateau 65 million years ago perhaps had been (riggered off by
the impact of a huge meleorile. The resulling atmospheric pollulion was of such a
scale that it caused a global environmenlal crisis leading to the sudden and massive
extinction of a large number of organisms, including the dinosaurs, all over the world.

These major discoveries are the joint work of a leam consisting of Dr. D.
K. Rudra and Sri P. K. Mazumdar of the Geological Studies Unil and Dr. S. Chatterjee
and Dr. A. R. Basu of the US.A. Dr. Challerjee is a former student and faculty of the
Institute. It should be mentioned here that the Insiitute was the lirst to discover
remains of dinosaurs in the Indian subcontinent, The dinosaur reconsltrucled out
of fossilized bones and named Barapasaurus tagorei, has now found a place in many
text Looks.

Among olher major evenls during Lhe yenr are two international conferences to
honour the memory of Professor Raj Chandra ose, a famous slalistician and
combinatorial mathematician, who had been closcly associnted with the Inslitute. The
first, entitled Raj Chandra Bose Memorial Canference on Combinalorial Mathemalics
and Applications was organized joiully with Caleut(a Slatislical Association and held
in Calculla during 14-16 December, 1988. The second, entitled Raj Chandra Bose
Symposium on Probabilily, Statistics and Design of Experiments was jointly organised
with Delhi University and Indian Agricullural Slatistics Research Iustitule and held
in Delhi University during 27-30 December, 1983. DBoth Llie conferences were well
attended by participants from Indja and abroad.

In this conrection il should be poinled oul that the Institute lias remained very
active in combinatorial mathematics and design of experiments. A monograph on
Optimal Designs, which has been co-authored by Dr. . K. Sinha of the Division of
Theoretical Stalistics and Mathematics has been accepled for publication by
Springer-Verlog.

1 Based on tho Annual Review presented by the Diroctor at the twentythird convocation
of the Ingtitute held on 24 January 1989,
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An important result in combinatorics, oblained recently in the Institute, is
described Lelow :

A unital of order s is a Balanced Incomplete Block Design with v = s +1,
k=s+41 and A=1. A classical construction due to R. C. Bose gives a unital of
order s which is naturally embedded in a projective plane of order s* for each prime
power s. It was conjectured by D. R. Hughes and F. Piper that unilals exist only for
prime power orders. Dr. Bhaskar Bagchi and Dr. Sunanda Bagchi of the Instilute
recenlly constructed a unilal of order 6 disproving this conjcclure. Efforts are now
being made elsewhere to see if this unital could possibly be extended to a projective
plane of order 36. 1t may be recalled in this conlext that, Lill now, projective planes
are koown only for prime power orders.

Another significant Ltheoretical result obtained by a young colleague, Dr. R.Bhatia,
deserves o be mentioned. A signilicant improvement of existing results on
perturbation of roots of polynomials has been obloined in collaboration with L. Elsner
and G. Krause. In 1950, A. Ostrowski had oblained an estimale which roughly says
thal the distance between the roots of Lwo polynomiais of degree n is bounded by
(2n — 1) times a certain measure of Lhe dislance bhetween Lheir coeflicients. In 1981
Elsner had improved this by showing that (2» — 1) here could be replaced by n. Now
it has been shown thap n can be replaced by a constant smaller than 4 for polynomials
of any degree. This result has signilicant applications in numerical analysis.

The Institute organized a Indo-U.S. Workshop at Bangalore, sponsored jointly
by the D.S.T., the National Science Foundation (U.S.), and the Indian Economelric
Society. The theme of Lhe workshop was Bayesian Statislics and Econometrics, an
area of research on foundalions and new tools which remain largely neglected in India.
The workshop was very successtul, thanks to the efforts of Professor N.S. Ivengar,
who is currently (he President of the Indian Econometric Sociely,and other colleagues
at 1S.1., Bangalore. In the last report, relerence was made to a volume of radical
essays on foundations by Professor D. Basu, which was edited by Prof. J. K. Ghosh
for Springer-Verlag. The monograph, which came out in the summer of 1988, will
also act as a catalyst in the spreading of Bayesian ideas.

The Institule, along with other organisations, is preparing to hold an Asian
Congress on Quality and Reliability in October, 1989. The Prime Minister has been
kind enough to agree to inaugurate the Congress and the Ministry of Industrial Develop-
ment has promised substantial financial support. Much of the work for this Congress
is being done by the Division of Statistical Quality Control and Operations Research.

The Instilute will start a new two year M.Tech. programme in Quality, Reliability,
and Operations Research from the next academic year. The programme, which will
prepare students from two streams, namely, engineering and stalistics, was approved
by the Academic Council and the Council recently. It is hoped thal studenls
out of the course will have a strong background in both engineering and various aspecly
of qualily, reliability and operations research. The course will meel a well felt need
in Indian industries,

For the ncademic session 1988-89, a total of 9515 candidates applied for admission
and were called for wrilten selection tesls for the courses offered by the Institute. A
tolal of 5456 candidnles appeared for the admission lests and out of them about 271
‘candidates were selected for admission to Lhe various courses of Lhe lustitute. Que_

2
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scholar from Egypt and one scholar [rom the USSR have undergone advanced studies
in Slatislics for a yenr under the Indo-ARE Cullural Exchange Programme and Indo-
Soviet Cullural Exchange DProgramme respectively. Three (2 in Caleutta, 1 in
Bangalore) research sludents and one oulslanding M. Stat. I year student of the
[nstitute have been awarded the National Board of Higher Mathematics Scholarship.

During the period under review, the Tnternational Statistical Education Centre,
which started functioning in 1950 ender the auspices of UNESCO and the Government
of India, conducted the Regular Course of the 42nd lerm with 26 trainees from different
countries in South and South-East Asia, the Middle Easl, the Far East and Common-
wealth Africa. The Governmenl of Tndin have awarded fellowships to 21 foreian
trainees—3 under the TCS of the Colombo Plan, 10 under Special Commonwealth
African Assistance Plan (SCAAP) and 7 under ITEC. Two Indian trainees, snd one
trainee from Sierra Leone are supporied by lheir respeclive governments.

The publication of all issues in the Fiftieth volume of Sankhya is nearly complete,
The first volume of Professor C. R. Rao's selected papers 1s almost ready.

The Inslitute’s expertise has been sought by agencies. The World Bank, which
is advising the Chinese Government on major price reforms, has sought the help of
our colleague in Planning Unijt, Delhi, Professor V. K. Cheltw. Professor Chetty's
expertise in price controls in India is well-known.

Several important projects have been taken up al the request of different agencies.

The Reserve Bank of India has entrusled the Instilute with a project on the Long-
Term Forecasts of Requirements of Fresh Notes and Coins. One has lo develop a
model for determining the demand for currency in our country—hoth the agrgegate
demand as well as the demand for diiferent denomiunalions of currency. The study
is being carried oul joinlly by the members of Economic Research Unil and Computer
Science Unil.

‘Differentinl Tmpact of Modern Rice Techuology on Favourible and Unfavourable
Production Environments' is a rescarch project sponsored by Rockefeller Foundalion
as a parl of the nelwork study undertaken in several Asian countries and co-ordinated
by the Tnternational Rice Rescarch Institute, Manila. The general objective is to
examine and lo measure. in the conlext of the rice-based farming system in West Bengal,
how and to what exient technalogical change in rice production is accepted by the
people, and how il affects their well-being under dilferent produclion environments.
Government clearance has heen obtained very recently.  The preliminary invesligations
have Leen completed, and Lhe slage is set for the Grst phase of data colleclion at the
village level.

Recently, the National Sample Survey Organisation (NSSO) has conducted a
pilot study on houschold income, expenditure and savings to see if any meaningful
estimate of household income could be found through household enquiries. The
Institule 1s collaborating with the NSSO in processing and analysis of the data collected
through sample survey.

Last yenr it was menlioned Lhal the Applied Statistics, Surveys and Computing
Division has underlaken (he development of a software package [for ediling data
collected by NSSO through their surveys. The package, now ju the fina) stages of
development, provides for a simple English-like language for the user to specify the

3
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required consistency checks. The package has been implemented and throughly tested
on our computers. It is now being implemented on the NSSO computer at
Baranagar.

llaborative work with Gesellschaft fur Strahlen und Umweltforschung (GSF),
Munich, and ovr Electronics and Communication Sciences Unil, has developed some
important quantilative methods of diugnosis of stratified epithelia in pathology for
puterised detection of pre- and cancerous lesions of varying grades. The
work was carried out by Dr. B. B. Chaudhuri of the Institute and Dr. K. Rodenacker
and G. Burger of GSF. They developed image analysis and pattern recogoition
techniques of selected lissue areas in the sections based on the minimal spanning tree
(MST) and the zone of influence (ZOI) tesselation graphs.

The Institute, which maintains a branch at Giridih has recently iniliated action
on a few important socio-ecological projecls centred in and around Giridih.

The DOE/UNDP sponsored Nodal Centre starled functioning as a Centre of
Advenced Study in Fifth Generation Knowledge-Based computing with [Professor
D. Dutta Majumder as the principal co-ordinator. About Lwelve academic and industrial
R and D groups in the country will be collaborating and using the experlise generated
in the Centre.

After some unavoidable delay, the Institute has installed the VAX 8650 compuler
system. It is a modern system with complete interactive facility. It is supported
with 16 Megabytes of main memory and more than 2000 Megabytes of on-line disk
storage facility, About S0 terminals and PC's would iritially be connected to the
system. In addition, two Micro VAX satellite systems would also be connected Lo the
main VAX 8650 system. Apart from slandard language compilers and other utilities,
the system would also provide specialized software packages for Graphics, Simulation,
Image Processing, Numerical and Statistical Analysis.

Considering the growing importance of computer orienled aclivities, a separate
Computer and Statistical Service Centre has been formed in the Institute in accordance
with the Council decision of February 5, 1985. Apart from routine operational and
management activities, this Centre would also provide statistical and computational
consultancy to its users, would organize specialised trainings and would be responsible
for the development of software and data archivel service. A Policy Advisory Committee
(PAC) and a Technical Group (TG) have been constituted.

Construction of Senior Students Hostel in Calcutta has been completed. [n
Delhi the Guest House has been extended substantially and a deep lubewell has been
sunk to prevent water scarcity on campus. Ie Madras no construction could be under-
taken since the land on which construction was to be made has been encroached upon
by a group of unauthorised persons. ~ Attempts are being made to evict the encroachers
through usual legal processes,




Part 1. Teaching, Training, Research, Projects and Publications
1. TEACHING AND TRAINING
Degree and Training Courses

During the academic session 1988-89, 9515 candidales applied for admission
and were colled for written selection lests for the courses offered by the Institute viz.,
B. Stat. (Hons.), M. Stat. (M-stream and S-stream), M. Tech. in Compuler Science,
One-year Post-Graduate Diploma in SQC and OR (Calcutta), Part-Time Certificate,
Diploma in SQC and OR (Bombay and Madras), Research fellowships in Statistics,
Mathemalics, Economics, Compuler Science, Theorelical Physics, Physics, Anthropology
and Geology; One-year Evening Course in Slatistical Methods and Applications and
the course on Operation of Automatic Data Processing Equipment. Admission tests
were conducted at 14 centres ull over the country. A total of 5456 candidates appeared
for admission lests and a lotal of 376 candidates were called for interviews and 271
candidates offered admission to various courses during the academic session 1988-89.

Four foreign applicants who applied directly for admission to our courses were
given special admission lests conducted through the Indian High Commission or
Embassies in Paris, Los Angeles, Colombo and Dhaka,

The annual examinations for the B.Slat. and M .Stal. courses were held in May/
June 1988. The 1988-89 academic session commenced on 4 July 1988.

One hundred and eleven candidates received their degrees and diplomas at the
Twenty-third Convocation of the Institute held on 24 January 1989. Ninety-seven
candidates who passed Lhe various regular courses of varying duration {one year or
less) recejved the certificates during Lhe year. Seven candidates were awarded Ph.D.
degree of the [ndian Statistical Institule.

Four trainees in Enginecring from Ranaras Hindu University received six-week
practical training in the Electronics and Communication Sciences Unit and the
Electronics Unit.

The Council on the recommendalion of the Academic Council, decided lo
introduce a new course—Lhe M.Tech. programme in Qualily,Reliabilily and Operations
Research from the ncademic session 1989-90.

A new specialisation course on ‘Advanced Probability and related topics’ for
the M.Stat. II year has been finolized. This will be introduced from the academic
segsion, 1989-90.

It was also decided to slart a One-year Evening Course in Statistical Methods and
Applications at Hyderahad. The course will starl from the ncademic session, 1989-90.

A revision of the syllabi and course structure of the B.Stat. and M Stat. programmes
was underlaken by a commitlee constituted by the Academic Council. The new syllabi
were introduced from the ncademic session 1988-1989.

A new selectjon fest centre has been decided to be opened at Sambalpur (Orissa)
for admission to the courses during 1989-90.

The number of candidnles admitled to the different degree, diploma and training
courses durings 1987-88 ond 1988-89 and the resulls of the examinations held during
the period are given on the following page 1
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NUMBER OF STUDENTS8 ADMITTED AND PASSED IN DIFFERENT COURSES
APRIL 1088—MARCH 1980

Nuwmber of atudonta

enrolled in  aron passnd in onrolled in
1087-88 November annual  1888-89

Courses 1987 oxamina-
tion in
1988
1) 2 (3) 4)

fdsta
o -

Conrses lrading to a Degres sn Statiatics
Baohelor of Statistics with Honours
B.&tat. (Hons.)

lat year 25 21 21 18
2nd year 12 12 1n 21
8rd vear 18 18 16 12
Maatar of Statistics (M.Stat.)
18t yvear (M.stream) " 14 12 7
18t yoar (8-stream) 4«0 40 38 30
2nd yoar - 45 42 52
Junior and Senior Research Follows,
Visiting Fellown in the following areas® 81 a1 00 80

Bpecialised Oouraes in 4 pplisd Statistica
leading to Diplomas

Statirtical Quality Control and Operations

Researoh {Ono-yonr) 10 0] 5 13

Couraes in Stulislics for persona in
Employment ( jointly with C.8.0.)
Junior Cortifiecate Course in Statistics

(September-Frbruary) 9 9 L] 21
Tndian Statistical Service Probationars’ Training

Courses (Octoboer-Docember) 18 15 15 —
Evening Corrse

Statistical Methora and Apphmuonn Calcutu as 27 ] 27

‘Two year Post-Grad Diploms in S

Quality Control anl Operations Research
(Bombay and Madraa)

Bombay— st year 5 4 2 4
2nd year 3 2 2 9
Madras —Int year ki 5 4 —
2nil yenr 5 3 2 —_
Six-montha Evening Course in 8 \
Quality Control (Bangalors)
Bangaloro-January-June 1988 20 20 9 —
. Compuler (lourats
M.Tech. in Computer Scienco
) 1nL year 21 19 19 17
2nd year 14 14 14 19
5.2 M.Teoh, by Dissortation — — 1 —
6.3 Intonsive Courso on Programming and Applications 28 28 28 23
5.4 Courso on Operations and Automatic Dato
Pronessing F.quipment
1at year 13 12 n 13
2nd yoor 14 12 12 10
Associateship in Documentation and
Information Scionce
18t year 7 8 8 7
2nd yoor 8 8 8 (]
Grand Total 428 404 208 280
*Btatistios, Math ica, E ios, Th tical Phyeios, C Ant}

Y
and Human Gonetics, Computor Seionao, Emhr)olog Geolo gh‘l}lomot.r). Chomistry. i‘h\alu.
‘Lenf Protoin and 2 CSIR Fellowahips in Theorotioal Physios. o figure includes 16 Rossareh
Fallows and Assoolates at Delhi Centrs and 4 at Bangalors Centre.
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International Statistical Education Centre (ISEC), Calcutta

A brief report on activities of the International Statistical Education Centre during
the year 1988-89 is ns follows :

It may be recalled thet the Centre was opened in 1950, ana is operated jointly
by the International Statislical Institute and the Indian Statistical Instilute, under Lhe
auspices of the UNESCO ond the Government of Indin. The Centre functions under
a joint Board of Direclors. The Directors represent International Statistical Institute,
Indian Statislical Instilute and the Govt. of India. Professor P. C. Mahalanobis was
the Chairman of the Board of Directors since its inception in 1950 unlil his death in
1972. Since then National Professor C. R. Rao has been the Chairman of the Board.

The Centre provides training in Theoretical and Applied Statistics at various
level to selected participants fram the countries in Lhe Middle-East, South and South-
East Asin, the Far Easl and the Commonweallh countries in Africa, sponsored hy
respective Governmenls. Major training programme of the Centre is a 10-month
Regular Course. In addition, Special Courses of varying duralion are also orgauised.
Facilities exist for research work and advanced study by senior slalislicians from abroad.
Since inception, the Centre has provided training lo 1141 (rainees from 52 countries.

Two trainees of the 41st Term attended Special Course of lwo months duration
in Advanced Dala Processing ; one of them enjoyed ITEC fellowship and the other
was supported by her Sponsor.

A lotal of GO candidates from 17 different countries were nominated by respective
Governmenls for admission to the 42nd Term of the Regular Course of this Ceulre.
Of these 60 candidates, 32 were offered admission and 26 participants from {1 countries
joined. Twenly Lrainees were supported by fellowships awarded by the Government
of India under Lhe Technical Cooperation Scheme of the Colombo ['lan, Special
Commonwealth African Assistance Plan, and Indian Technical and Economic Co-
operation Scheme. Of the remaining G, Lhree from People’s Republic of China enjoyed
UNDP fellowslips. 3 received supper! from respeclive employers and Governmenls.

Fiftyfour teachers of Calcutta, Bangalare and Delhi Centres of the Indian
Stalistical Institute and 40 Officers of the Government of India parlicipaled in leaching
the Regular Course during the year. One trainee wenl Lo Bangalore Cenlre of ISI
to undergo specinlization in SQC and OR and § trainees to Delhi Cenlre to undergo
specializalion in Economic Planming.

All the Special Course trainees completed their training programme successfully.
All the 26 Regular Course trainees have been recommended for Lthe award of Stulistical
Training Diploma.

The officials of the International Statistical Instilute maintained their cooperation
snd interest in the matters relating to the Centre. The members of the Board of
Direclors have shown their conlinued interest in ISEC Teaching programme, and parti-
cularly Professor 1. K. Ghosh, Director of the Indian Statislical Institule, has lent his
constant guidance and has shown active interest in smooth functioning of the Centre.

7
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Professional Examinations in Stallstics

During the period under reporl, the Statistical Assistautship Certificate, Junior
Diploma in Stalislics and Senior Diploma in Stalistics Examinatious were held a
Bangalore, Bombay, Calculia, Delhi, Hiyderahad, Lucknow and Madras Centres during
April 1988 and Oclober 1088 terms regpectively.

The total numher of candidales registered, appeared and heir results for April
1988 and October 1988 lerms are shown helow.

Number of candidates

Examination Registered Appeared Pasged*

April  October  April Oclober April October

1. Statistical Assistantship Certific:

3 16 5 7 3
2. Junior Diploma in  Statistics 26 AN 17 19 7 8
3. Senior Diploma in Slatistics 12 12 10 10 2 7

*Passed in one or more papers only —not necessarily completed the examinalion.

The (otal number of candidales who have qualilied for (he award of 1he Certificates
and Diplomas in the Professional Examuations in Statistics including (he results of
October 1988 term are 481 angd 245 respectively.

2. RESEARCII WORK

A brief account of the progress of research in difierent divisions and units of the
Instilute is given below :

Theorelical Statistics and Mathematics

The division hws the major part of the respansibilily of teaching theoretical statis-
tics and mathematics in the B.Stat., M.Stat., and other courses of the Institute.  The
Division also conduets a course, lasting 12-18 months, at an advanced level far research
scholars enrolled for the Mh.D. degree of the Instilute,

Caleulta
Main topics of Research

Asymplotic Theory in Slatistics, Decision Theory, Statisticul Inference. Inference
in Stochastic Processes, Scquentinl Analysis and  Inference, Mullivariale Analysis,
Discrete  Mullivarinte Analysis, Robustness, Linecar  Models,  Constructional  and
Combinalorial Aspecls of Designg, Oplimality Theory of Designs, Sampling Theory
and Surveys, Ergodic Theory, Stochaslic 'rocesses, Morkov PProcesses, Slochastic

8
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Models, Characterizations of Distributions in Statistics, Limit Theorems in Probability,
Inequalities, Applicalion of Stslistics in Geology and Human Genelics, Statistical
Compulations, Slatistical and Quantitutive Economics.

Descriptive Set Theory, Graph Theory, Combinatorics and their Applications to
Social Sciences, Functional Aualysis, Geomelry of Banach Spaces, Measure Theory,
Harmonic Analysis, Analysis on Lie Groups, General and Algebraic Topology,
Differentinl  Topology, Automala Theory, Computational Complexities, Complex
Analysis and Moduli Problems, Complex and Hypercomplex Maunifolds, Binary Codes
and Finile Geometries, Classical Finite Simple Groups, Sedimenl Transport and Theory
of Dispersion.

Nature and descriplion of research work done during the current year :

1. Probability Theory and Slochastic Processes : Relations belween Crossings
and Sojourn (imes for continuous local martingales were sludied. A semi-marlingale
is associalted wilh Crossings of an interval by a martingale und their local limes were
described. These are used lo discuss Levy's down crossing Iheorem and some ratio
limit theorems.  An exlension of Levy's Characlerization of DBrownian motion using
IHermite Polynomials was obtained. Simple Markovian molions of u parlicle with
Velocities O or 1 were studied.

Prediclion process for jump processes were oblained. Their levy systems were
derived and applied to pet o Markovian Proof of Davis' resull on martingale representa-
tions and also a formula [or compensations of jump Process. A Conjecture of Frank
Knight regarding jump lype process was seitled.

2. Inference : Resulls were oblained on the lopics. Stopping rules, permu-
talion invariance and sufficiency principle, bounded risk estimation of a finite
population mean, optimal stralegies, sequenlinl methods for finite populations,
consistency between model and design-bused estimators in survey Sampling. Local
asymplolic minimax estimation in Non-regular case. Asymptolic oplimum properties
of Rao's test in one and severnl parameler cases when the observalions are dependent
and asymplotic properties of Durbin-Walson lest, properties of Stein's lwo stage
procedure for poinl nnd inlerval estimalion were investigaled. Resulls on Edgeworth
expansions, eslimating change poinls in a [uilure rate, elc. were obtained.

3. Designs and Analysis of Experimenls :  Optimalily properties of 3-concurrence
most balanced designs, New concepls in faclorinl dexigns (admissibility efficiency-
consistency) were studied and a monograph on the Calculus for Factorial arrangements
was prepared. Optimality resulls in experimental designs (eMiciency balinced rota-
table designs, bio-assny designs) were obtained. Slalislical problems of the estimation
of oplimnl strategies wilh reference to Inventory models under risk were investigaled.

4. Mullivariate Analysis :  In Discrele Mullivariate Analysis, [raction selection
problem was invesligaled. Concepts of regression und Carrelalion and corresponding
inference problem for Circular dalan were discussed. The basic problem of ordering
multivariate distribution was undertaken. Some general resulls on mullivariate
ordering and mullivarisle majorizalions have been oblained. The problem of
direclional majorizations have been couvsidered in detwil. The concepl of dilfereutial
effect of u drug bas been posed and Lhe inference problems have been deall with. The

9
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classification problems when the festure varisbles sre suhject to error have been
considered and certain results on the effects of the noise distributions have been
obtained.

The estimability problems in product multinomial sampling including connections
with fractional factorial plans have been studied. Optimal mullivariale designs for
incomplete observable vectors have been sludied. Characterizalion problems of
dsstributions, Symmetrical directional distributions in relation to multivariate inference
problems have been studied.

5. Survey Sampling : Certain problems connected with the allocation of
sample size to strala have been solved and the lechnique of regression estimation was
revisited and the exact and asyvmplotic properties were eslublished. Much of the
research concenlrated on praclical problems such as ulilisntion of additional resnurces
in sampling, randomized response lechuiques, non-negative variance estimation, small
area eslimation, crop forecasting and other estimation lechniques in agriculture with
special reference to India.

A s'udy was iniviated regarding the inferential aspect of Social network. In
this, one is primarily interested in estimation of the tolal number of “Symmetric ties"”,
A simple sequential stralegy was shown to have betler performance over the conventional
stralegy based on simple random sampling.  Certain probability incqualities for proba-
bility proportional to size without replacement (PPS\W OR) sampling were eslablished
which were quite useful for the choice of *preferred samples” and to derive the
pon-negativily of various eslimatiors.

6. Combinatorics, Graph theory and Theoretical Computer Science : Significant
work has been done on exislence and non-existence of certain special series of t-designs,
those which occur classically in conjunction wilh finite simple groups, groups and
strongly regular graphbs, biplanes, inversive plane.

Measures of reciprocity in social networks have been studied by considering
both simple networks as well as those with muliiple arcs and (he results have been
applied lo sociology, demography, irade Stalislics etc., giving inleresting resulls.
Interesting resulls on strongly regular lolally super compact self complementary graphs
were obtained. Results on in the fields of Data structures and efiicient algorithms
NP compleleness, were oblained, generalized t-arrny trees were introduced and those
which minimise various path lenglhs were charoclerized, using these results parallel-
comparision complexities of searching problems and ¢-nrray search algorithms were
determined. Studies on transportation prollems, unions and common complements
of subspaces were made.

7. Descriptive Set Theory : Random onalogues of some results in Topology
(eg. Tietze exlension theorem, Urysohn Lheorem etc. ...} have been proved. Several
random fixed point theorems with stochaslic domain are obtained. These results
significantly generolize various known resulls.

Structure properties of hyper-arithmetical sets of ainhiguous classes were obtained.
A new charncterization of Q.,., under PD was obtained. Simple proofs of invariance
of Borel poinl classes were given. Applications of selection theorems to parameteri-
zation problems were made.

10



FITTYSEVENTH ANNUAL REPORT : 1088.88

8. Analysis. Geometry and Topology : The work on the Pompein problem has
given raise lo certain unified frentment of the main problem in Euclidean spaces as
well as in symmelric theory of the compact and non-compact type. In the context
of operator algebras, kernel function Hilhert spnces associnted with domains in Cn
and their relation to Cowen-Douglas operators, Halmos’ conjecture concerning complete
boundedness, representation of some semi-simple lie groups and their symmetric
domains, were investipated.

Several studies have been made on the area of Moduli prohlems an Riemann
surfaces and Riemann surfaces in string Physics, embedding of homoreous space in
the universal Teichmuller spaces wilh applications in string theory, Tomotopy studies
on the classification of locally stable seclions, contacl structures on closed manifolds
were made. Danach spaces with MIP, CI properties were studied. Intersection
properlies of balls and a ‘dual’ decomposition property were sludied for injective and
projective tensor prnducts respectively of Banach spaces, leading to an interesting
characterization of /'-preduals. The investigntion of another intersection praperty
(due to Behrends), with particular emphasis on the space of compact operators, vielded
several new examples of a Manach spaces that answered in the necative several questions
raised originally by Rehrends. Also studied was the relationship hetween the finjte
intersection property and the properly of being ‘Constrained’ in a dual space.

In the area of differential topology, the Gromov theory on the hamotopy classi-
fication of cerlain types of seclions of a smooth fibre bundle was exlended hy replacing
the hypothesis that the domain of the seclions be a non-closed mainfold by a lechnical
condition called “local stability’'. A conjeclure of S. S. Chernofi on contact structures
on manifolds was verified. In point set Topology an elemenlary construction of a
a regular space that fails 1o be completely regular wilh the additional property that
it does nol supporl any non-constant continuous function was given, and invesligation
of certain problems of a topological-cum-measure-theoretic nature is continuing.

In studying the spectrum of ergodic transformalions, a question of Banach and
Rokhlin, viz, whether there nre measure-preserviug transformations with finite Lebesgue
spectrum, a particular result, obtained in 1984, was generalised and relaled results
published.

Bangalore

Main topics of research : Theory of Large deviations, Information theory,
Probability theory on infinite dimensional vector spaces, Stable and semistable proba-
bility laws, Diffusion processes, Sample Surveys, Large sample theory, Bavesian
inference, Reliability theory, Funclional analysis —Geomelry of Banach spaces,
Operalor theory and Operalor algebras, Harmonic analysis, Topology, Diflerential
geometry and topology, Finitely additive meusure theory, G-inverses.

Delbi

The broad areas of research in which the faculty members of the unit have
worked are :

Probability theory, Quantum stochastic calculus, Semi-martingales, Cohomology
and quantum ficlds, Stochastic processes, Fillering theory, Finilely additive probability,
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Hstimation of Common mean, Parametric and non-parametric inference, Diffusion
processes, Strongly p-mixing in stochnstic processes, Bool-strapping, Permanents
in probability and statistice, Mathemnticnl statistics, Linear Algebra and matrix
inequalilies wilh applicstions to order statistics, Generalised inverses of matrices, Cost
oplimal integration of surveys. Operators in Hilbert spaces, Spectenl theory of operalors,
Schrodinger operators, Distance hetween roots of polynominls of degree n with
opplications to numerical analysis, Topology, applications of topological and
Geometrical methods to perturbation of eigen-values, Coincidence poinl lheorems,
Combinatorics, Game theory, P-matrices and the linenr complemenlary problems.

Nature and description of research work done during the current year :

A signilicanl improvement of existing results on perlurhation of rools of poly-
nominls has been oblained in collaborntion with L. Elsuer and G. Krause. In 1950,
A Ostrowski hiad obtained an estimate which roughly says that Lhe distance between
the roots of two polynominls of degree n is bounded by (2n—1) limes o certain mensure
of the distance belween their coefficients.  In 1981 Elsner had improved this by showing
that (2rn—1) here could be replaced by n. Now il has been shown that n ¢an be replaced
by a constant smaller than 4 for polynominls of any degree. This resull has significant
applicalions in numerical analysis.

Unbiased estimation of a parametric funclion of scale parameters of Lwo gnmma
distributions with known shape paramelers and its applicalion to Olkin-Pratt estimator
of intra-class correlation and common-mean problem, extensions and unification of
existing results on improved eslimation of a common mean in non-normal set ups have
been obtained.

Io the paper “Majorization and Singular Values I a unified trentment of several
majorization resulls concermng eigenvalves and singluar volues is given. The starling
point of the Lheory is a classical result of Schur which asserts that Ihe eigenvalues of a
symmetric malrix majorise ils diaganal elements. Sevecral generalization of 'his result
were then given by different nuthors using Hadamard products and disgonally equi-
valent matrices. The result of the present paper captures oll the known results in this
direction.

In the paper “"Permanents in probability and stalistics™ several areas in probability
and statistics are considered in which the theory of permanenls can he fruitfully
employed. These include mullinominl and related distribution. order statistics,
sequential experiments with feedback and sampling. ft is shown thal lhe Alexandroff
inequality for permanents can be used Lo demonstrate thal certain sequences arising in
prebability and statistics are log-concave. This is a completely new area, except for
some scattered examples found earlier in the literature.

The following matrix progromming problem has been solved. Given the diagonal
blocks C, and C, of a matrix
Cc, *?
= ( )
P Cy

to determine the off-diagonal blocks so that rank of € is minimum subject to the
¢onditions that the column span of C is contained in (hat of a given matrix
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T
T . N . .
4= ('11 :‘T) und the row spun is coulained in that of another given matrix

B =(B,:B.). For a mnlrix C so determined, A—-CB~ is a common solution of
minimum possible rank for a pair of equations A, X B, = C,, A, X B. = C,.

Mutrix partial orders for complex malrices can be induced by the classess of
minjmum norm g-inverses and the least squares g-inverses. Shorled malrices have
been studied in ferms of these partial orders as well as a star order of Drazin.

A coincidence-paint theorem hns been praved for certnin classes of maps of
manifolds with boundary. To a special case ane can obtain an algebraic topological
methad of counting the number of fixed points of a generic class of maps in the interior
of a manifold with Lioundary. No such homological counting procedure seems to
appear in the literalure,

Notions of cohomology hive heen inlroduced in the semigroup of finite suhsels
of a sel under union and utilised Lo construct a whole fumily of quantum fields connecting
the free boson and free fermion ficlds. Quantum stochastic differential equations are
solved in the framework of Manssen’s kernel calculus in Fock space.

A remarkable class of Martingales called Azema martingales has bheen realised
as solutions of appropriale quantum stochastic differential equations and their chaos
completeness eslablished.

Quantum Tio's formuls has been established when fltration is described by a
conlinuous spectral measure in the time axis.

Geometric churaclerization of P-matrices due to Gale-Nikaido is well known,
A similar characterization for V-matrices—these are malrices in which all the principat
minors are negolive—has been given. This result has been used to give another
characterization using Lirear complementarity prohlem.

The Iaw of iterated logarithm lor Muclualions of posterior distributions for a
class of diffusion process was obtaired and a sequentjal test of power one for testing the
drift coeflicient is derived. DBounds for the equivalence of the Bayes and the maximum
likelihood estimators were ohlained for such processes. Boolsirapping technique is
applied for obtaining the first passage distribution of a fnite state Markov chain.
Minimax linenr estimalor of the trend parameter in random flields was studied. A
new notion of ‘mixing slrongly’ is introduced for slochaslic processes and its
properties were investizated. Methods of slatistical inference from sampled data
from stochaslic processes were studied both in the parametric and the non-parametric
framework. It was shown that the kernel type density estimator is inconsistent for
exchangeable sequences. A new class of Gallon-Watson type processes (branching
processes wilh continuous state space) is introduced and non-parametric extimation
of characteristic function of “offspring” distribution for such processes is studied.
Inequalities of Chernolf-lype for stochastic inlegrnls were derived.

Research an the spectral theory of operators, particularly Schrodinger operators,
is continuing in collaboration with Profeszor won Amvnin of Geneva and his student
from Sambalpur University, Orissa. In particular, n theory of resonances is being
developed.

Study of the theory and application of quantum slochaslic processes has
reached an interesting stage wilh our discovery that every classical Markov Chain
can be thought of as an approprinte quantum diffusion. An attempt to give a
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dynamical theory of the celebrated ‘collapse postulate' of quantum mechanics based
on q.s.d.e. is currently on. An interesting estension of Evawo-Hudson theory of
quantum diffusions -has been obtained.

Applicd Stalistics, Surveys and Computing

The Applied Statistics, Surveys and Computing Division consisis of two units :
Computer Science Unit and Biomelry Research Unit. Research activities in the
Division include hoth theoretical investigation of melhodology and application of
existing methods Lo the solulion of practical real life problems. The scope of the
Divisional research work is broadly in the arens of applied statistics, compuler science
and biometry. In addition, Compuler Science Unit has the responsihilities of
management of in-house compuler syslem of Lhe Institute.

Research Activities in Computer Science Unit

Sample Survey : Aren 1 : Sample Survey ; Oplimal sampling strategies under
super-populalion models are derived based on sujtably procured randomized response ;
variance estimalors in this conlext are also examined.

Superiorily to Hansen-llurwitz sirategy of llorvitz-Thompson procedure based
on a particular IPPS scheme is eslablished and exislence of non-negalive variance
estimalor for Lhe latler is established.

Asymplotically optimal sampling strategies are found under correlated super-
population models. Combinatorinl methods applied in construction of IPPS scheme
of sampling.

Area 2 : Life tesling and reliability : Allernative lestimalors for the gshape
parameter of the Weibull distribution are demonstraled 1o be more efficient than the
existing ones ; Appropriate significunce levels of the test involved in teslimation are
derived according mimmax regret, average regret and other criteria. Teslimators are
also derived for Inverse Gaussian distribulion.

Combinatorics and Design : A Steiner design 2-(288, 8, 1) has been constructed.
Optimality of nested mulliway designs has been studied. A class of designs, called
A-designs, has been studied with a view lo sellle the A-design conjeclure. It is shown
that the conjeclure holds if every A-design has a point, all blocks through which have
the same size. A new method, called the method of sum and differences has been
developed and used for construcling strongly balanced uniform repeated measurements
designs. An algorithm for constructing group divisible designs has been developed
and 5 new GDD's are consirucled.

Methods of constructions of balanced weighing matrices and generated Hadamard
Matrices have been developed and Lheir interrelationships with orthogonal faclorial
plans and symmelrical Group Divisible Designs with dual properly have been
investigated, yielding some new series of such designs.

Econometrics : Research activities have been carried out relatiog lo the estimation
of different indices used in Econometrics. Work has also Leen carried out on relevant
statislical problems relating to equalily measures and indices of growth,

Parallel Pr ing, Fault diagnosis, Parallel architecture : The fastest diagnosis
algorithm (IEEE Traus. on.Computer 1884), for the system level fault dingnosis, has
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the complexity Ofn*%), where n is the total number of processors in Lhe sysiem. Based
on some theoretical work, the diagnosis algorithm is expecled lo have a complexily
O(n?). The algorithm has been modilied Lo that extent for all examples now al hand.

Investignlion has been continuing for Lhe design of faull-lolerant pipeline
processors which continue to give uninlerrupted service even when n segment of the
pipeline fails.

Image Processing :  Several alyorithm for objecl extraction nnd edge deteclion
have been developed. One of the nlgorilhm is based on an ideal digilal image model.
This method uses only global information hul produces results even bhetter than some
local informalion hased methods. Some ol the segmentation lechniques use Lhe x?
statistic, the cdge deteclion algorithms fuzzy sel. Unlike other methods, this is
not sensitive to the direction of edges. Work is in progress (o deline higher order
entropy of a fuzzysel which can give n measure of the average ambiguily present in any
arbitrary suhset of a fuzzy-set. This mensure will have application in different decision
making problems.

Softuware Design and Developments : The applied slalislicians and the software
specialists of the Division have successfully collaborated in developing a software
package for ediling NSSO survey data.  The package is designed so that specification
of the edit requirements may he made in an English-like language requiring no knowledge
of Computer Programming. The packige has heen tested with live NSSO data on
IS1 computer system. It is ready lor implementation on NSSO hardware.

The Division has been developing microcompuler-based statistical package which
should meet the daln analysis requirements of hiologists, hydrologists and environmental
scienlisls.

Linear Models : Explicil algebraic formulae are derived for recursive estimalion
and lesting in general linear models (with possibly singulor design and dispersion
matrices). Their application lo regression diaguostics is demonstrated.

Applied Multivariate Analysis : The work on eslimalion and lesting hypothesis
of pallerned covariance and correlation matrices conlinued during this year. A new
algorithm for the analysis of patlerned correlation matrices by maximum likelihood
procedure was developed. Various models for centrosymmetric covariauce and
corrlution matrices were proposed in terms of autoregressive processes and repcated
measures designs and problems of idenlification, maximum likelihood estimation and
tesling hypolhesis were solved. Eslimation and lesting problems of circumplex
covariance struclures have also been solved. Some applicalions of these techniques
in psychometric problems have been made.

Psychometry : A technique based on canonical correlations was developed for
the construcltion of Altitude Scales. This technique was successfully applied to
measure atliludes towards air pollution in Calcutta, based on the data from the survey
on saitiludes lo air pollution.

Statistical Pattern Recognition : Conlinuing Lhe earlier work on patlern
recognition with imperfect supervisors, the problem of stochsstic supervision was
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considered, motlivated by applications in remole sensing snd medical disgnosis.
Two models were proposed for stochaslic supervision—a heta modcl and » logistic-
normal model—-aud the Efron efliciencies of the supervisors were derived and computed
for various parametric values lo understand the effect and worlh of stochastic supervision
compared to delerministic and perfect supervision.

Projects

(a) Internally funded project :

(i) Attitudes of scientists and professionals lowards environmental pollution :
The study aimed at determining the nature and extent of concern on the part of scientists
and professionals about the present stale of environmentul degradation in Calculla,
Using a sample of 100 scientists who voluunteered to fill in the preceded questiounaire
develaped for this pilot study, an atlempl was made to analyze the experienced or antj-
cipated environmental siress of air and waler pollution along some principal cognitive
dimensions, e.g., awareness, knowledge, concern as well as atlitudes and values,

Although lhe present study is based on 'sofl data” connected with scientists’
attitudes, Leliels, opinions and suggestions, the findings emerging from il will have a
great bearing upon policy decision-making and socially imposed change.  The technical
suggestions solicited from he scientisls, for example, for the ubatement of air and water
poliution in Caleulla can be very useful 1o goverumenlul asgencies dealing with
environmental prolection.

A semalic dilferential scale has heen developed to measure indireclly one’s attilude
towards air pollution.

(ii) Survey on u Socio-economic  classification of medical engincering and post-
graduate sludents, Celeutta-1986 : A stratilied sample of 877 students ol the final
years of various universily departments, medical and engineering colleges in Calcutla
and Sibpore has been surveyed. SRSWOR's were laken from 13 strala composed of
students of various corners cutting across the affilinting bodies. Only theoretjcal
innovalion consisls in trying qualilative and quantitative techniques for randomized
references on conlidential issues. The report writing has been completed and is in the
press.

(itiy TV Viewership Survey, Calcutta, 1987 :  The field work covering 496 louse-
holds and 1214 viewers was over by May, 1088, Dala entry (0 the computer systems is
complete for 316 household schedules and 778 viewers' schedules. Consistency checks
nre over for 57 household schedules and 202 viewers' schedule.  The tabulation process
is to be completed and the progrnmmes for the computaiion of eslimales ure 1o be tested
on the computer.

(iv) A survey of cancer patients in and around Calculta 1987-88 . Schedules
collected from nhout 3350 palients suffering from oral cancer were scrulinised and
samples of the schedules were resurveyed for verifying Lhe correctuess of the dula already
collecled. The dala were parlicularly analysed nnd some of Lhe lindings obtained.

(v) A study of Domestic Tourism in Orissa : The objective of the study of
domestic tourism i8 to collect and apalyse dala on domestic tourists and tourism
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infrastructure to discover hasic parameters for the purposes of proper and realistic
planning and promotion of domestic tourism.

All domestic lourists travelling in Orissa during a one-year period is the popula=
tion for the purpose of this study. Domestic lourists al each lourist spot is considered
a sub-population.

In this scheme, the sample is one of the tourist days, and parameters related to
total number of tourist days can be estimated from this sample. For the purpose of
estimating the total number of domeslic tourists in Orissa during the year and other
paramelers related lo number of lourisls as opposed to number of tourist days, a subset
of this sample hes Lo be used. This subsel will consist of these tourists in the sample
whose lirst (or last) plnce of visit in Orissa is the particular Lown, where he is residing at
the time of interview, A new sampling plan to choose a lourist from a selected
accommodalion (say, a hotel) has been developed. From the information of number
of rooms and their respective capacity, a sequence of rooms (identified by their capacity)
for each sampled accommodation has been prepared. From this list the rooms are
taken sequentially and checked whether there is any occupant. If not, the next room
is taken [rom the sequence. This procedure is such that each person has equal chance
to be chosen.

The field work for this survey slarled in August 1988 and was compleled in July
1989. The data was ccllecled through repealed visils of holels, dharamsalas and olher
places where domeslic lourisls stayed in selecled towns of tourist inlerest in Orissa.
A type study was also conducted at Rajlway and Inter cily Bus Slation at Puri to cover
departing tourists. Another type study was also conducted near the Jagannath Temple
and the sea beach at Puri.

A complete report on the survey is expected to be ready by the end of 1989.

(b) Externally funded projects :

(iy ISI-ONGC Collaborative Research Project : Faculty members of the
Division parlicipated in this inter instilulional collaboralive projecl. Aggregated
econometric models for the discovery and production phenomena restricled to a basin
level were already developed for Cambay basin, for which the relevant part dalo were
available adequately. A stochastic model for discovery, preserving the probabilistic
nature and discreleness of each discovery involved and its associated impact in future
decision making has been developed. A simulalion packnge has been construcled
based on the model, which has also been verified on the test data obtained from Cambay
basin. Also anolher simulation package has been developed aimed at pragmalic
oplimization, giving the producl and cost proliles for different feasible investment
strategies proposed lo be followed in diflerenl basins of the country. Along with the
expected relurns in fulure the models also estimate the extent of random fluctualions
to which they may be subjected for a given slrategy of investments. The packnges
are more or less at n linal shape and are being checked wilh the test dala available.
The reports on these packages are under preparalion.

(il) Diflerential Impact Study of modern rice technology on favourable and un-
favourable production environments : The project is sponsored by Rockefeller
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Foundation and coordinated by International Rice Resesrch Institute and forms a
part of a network study undertaken in several Asian countries. The general objective
of the project is Lo examine, and to estimnte, in the context of the rice based farming
system in West Bengal, how and to what extent Lechnological change in rice production
affects the well being of preople under different production environments. There are
proposed to be two Lroad phases of the study : Phase 1 conslilutes the extensive
study based on the aggregate dula to be collected at Lhe village level. Phase 2 will
focus attention on the complete village economy, subjec: to the basic scope of the
project. ‘The required data for Phase 2 at the household level will be collected from
some of the selected villages already covered in phase 1.

After receiving the clearance of the Government of India on the subject, a project
team was formed by the Director including some faculty members of the Division as
well as o few scientists from Kalyani University, in October 1488.

After a preliminary assessment of the situation from the district level data
available from secondary sources, the phase 1 ot the study was initialed. The seleclion
of districts, blocks from the districts and villages from the blocks selected was completed,
capturing the exlent of agro-environmental vsriation prevalent in the state as far as
practicable. The village level data were collected. Some analysis have been made
and the results hove been recorded. The preparnlion of Lhe questionnaire for Lhe
second phase of the survey is in process at presenl. A work schedule hss been
prepared. The household survey constituting phase 2 of the project is expected to
commence in early December 1989, the reference period {or which Lhe datn are proposed
to be collected being the Kharif season, just concluded.

(i) A Pilot Study of Social Attitudes Towards Air Pollution in Proper Calcutta
(funded Dby the Department of Environment, Miristry of Environment nnd Forests,
Government of India): The main purpose of the above mentioned study was Lo obtamn
general and specific data concerning Lhe level of awareness and knowledge of the sample
residents regarding air pollution in Calculta and their attitudes towards the quality
of air and atmosphere of the locality where they presenlly live. The study also aimed
at investigating into the people's perceplions of Lhe effecls of air pollulion, their opinions
regarding the possibilities of combaling it and their willingness to pay for its abatement.
Using a Lwo stage probability sampling procedure, data bave been collected on Lhe basis
of personal inlerview from a Lotnl of 1724 respondents living in 56 dillerent NSS blocks
of Calcutta proper which were selecled randomly in the first stage.

The results of the survey clearly indicate that about 78 percent of the residents of
Calcutta proper are quite aware of the air pollution problem.

The survey reveals that feeling of altachment with ane’s stay in a prrticular
locality is associated with the expressed concern for air pollution. The more involved
or identified the persons are with Calculla, the more concern they tend to express with
air pollulion as 8 communily problem. In other words, concern wilh air pollution in
Calcutta proper does nol apparently stem from, or lead lo, or express ilself in terms of
generalized negotive feelings towards or rejection of the locality as a place to live. On
the contrary such concern appears to grow out of widespread feelings of community
identification and lo lead to ameliorate the situation.
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Further nnalyses are in propress for examining the role of length of residence as
well as various sacial and demographic varinbles in determining one’s concern with
and altiludes lowards air pollution. A Dralt report is being prepared for the
sponsoring agency.

(iv) Study on per acre yield of FFDA/Non-FFDA water areas : The field work
has started in the districls of Burdwan, Bankura and Nadia.

Research Activities in Biometry Research Unit

Analysis of bjochemical resulls on the onsel of dinbeles from elislogical point
of view indicale some geographical variation of immunoglobin (M) particles of serum
of diabetic people localed with oral anti-diabetic drugs for a shorl period. This may
raise serious doubls ahoul the long-slanding hypothesis that natural immunity is an
almost sinble and invariant character.

Studies on the dietary influence on the synthesis of cholesterol in human body have
revealed that Lthe pure carbohydrate food does not produce hyper-cholesterolemia
whereas butlter or any food that conlains saturated fally acids of animal origin is
hyper-cholesterolemic.

A study is in progress on the role of hinlogical, immunological and genetic
variables in malaria. Another study has been undertaken to investigate the different
sub-unils of genetic markers in tlissues of Indian freshwater carps.

Projects
(@) Internally funded project :

(i) Impact of common oral antidiabetic drugs at the immunoglobulion levels of
diabelic people : Shorl lerm and long term effects of commeon oral antidiabetic drugs
al the immunoglohulin and prolcin level of maturity onset diabelic people were studied.
The immunoglobulin, 1gm behaves peculiarly in the shorl term trenlment. This is
very important finding and furlher sludies conlinued.

iy An invesligation into the young insulin dependant Diabelic people : The
possible role of ‘stress factor’ on diahetic mellitus is the objective of this study. Dala
has been collected from the Industrinl aren of Jumshedpur, rural and urban area of
Calcutta and tribal people al Giridih. One paper has been published and another
is under preparation.

Mal-nutrition related diahelic patients are found to possess increased serum
lipid levels along with high levels of 1gG. This shows that there is some abnormality
in the metabolic funclions of lipids.  Work on some immunological paramelers in such
palienls reveals that the prol»lém nceds grealer atlenlion on the immune syslem of the
hody.

(b) Externally funded projects :

Pilot survey on the determination of survival, growth and reproduction rates of fresh
water Indian carp with reference to bundh-bred, hatchery and riverine sonrces :  Some
of the physical parameters such ns length, weight etc. and a few biochemical pnrameters
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were measured of carp seeds from different sources such as Hatchery, Chnba, bundh
and river. Work has been completed and a final report will be submilted to the
Directorate of Fisheries, Government of West Bengal.

The Computer and Statistical Service Centre (CSSC)

Following the recommendations of the Indian Statistical Institute (ISI) Review
Commitlee and a decision of the ISI Council, the CSSC was sel up by Dr. 1. K. Ghosh,
the Director of the Institute by his office order No. D.0./(358 dated 2nd December,
1988. A Techuical Group (TG) to examine technical matters relating to the ceutre nnd
a Policy Advisory Commiltee (PAC) to formulate overall policy regarding the ulilisa-
tion of the services of the CSSC have also been constituted. Unlil permanent arrange-
ments are made, Dr. J. Roy, Chairman of the TG will be in charge ol adminisiration
of the CSSC.

The Computer and Statistical Service Centre (CSSC) will be responsible for
operalion and maintenance of the compuler system allocaled to the cenire to provide
the following services to users with specinl arrangements for students @ (a) Statistical
and computational consultancy ; (b) Assistance in choosing and using software available
at the centre ; () Assislance in compuler programming and debupging of programs ;
(d) Training in syslems software, application packages and programming langunges ;
(e) Bulk data transcriplion service and (f} Data urchival service.

The CSSC will be equipped with VAX 8650 system of Digital Equipment
Corporation, USA, Conliguration of Lhe system is given below :

Hardware :

VAX 8650 CPU with 16 MB memory

5 % 456 MB Fixed Disk (RAS1)

Two 8" Floppy Disk Drives (R X 21 — BN)

Two 1600 /6250 BPI Tape Drives (TU 81 — AB)

One 800 /1600 BPI 9 track lape Drive (9300-F)

Twenly Video Display Terminals (VT 320)

Eight 240 CPS Dot Matrix Printers (LA 210-AA)

Two (00 LPM line Printers (B — 600)

One Laser Printer (LNO3 — AE)

Two Desklop color Graphics Terminal (Tektronics model 4209)

Two 367 3 48" Graphics Tablel (Teklronics model 4958)

Two Ink jet Color Copier (Tektronics model 46906)

One ZETA — 8 plotter, 8 pen

There will be two MICRO VAX — Il systems of the following configuration
atlached Lo the main system.

Micro VAX 1l (VS 460 — D3) with 4MB memory, 42 MB fixed Disk and One
5.25" FDD 1.2 MB Capacity

19* Graphics Terminal (Resolution 1024 x 864)

Corporate N ouse

Micro VAX.VMS operating System with FORTI1AN and PASCAL Compilers.

20



FIFTYSEVENTH ANNUAL REPORT : 1988.-89

Software :
(@) VAX/VMS Operating System Ver. 4.7
BASIC
C
COBOL
FORTRAN
PASCAL
Computer Aided Instruction
DB (Relational Data Base Software)
WDPS Plus (Word Processing Software)
LISP
QUINTUS PROLOG

(b) Ultrix Operating System with FORTRAN, PASCAL, C, FRANZ LISP

(¢) The following program packages will be available under VAX/VMS
IMSL (Internntional Mathematical and Stotistical Library)
SPSS (Statistical Package for Social Scientists)
GI'SS (General Purpose Simulation System)
ACSL (Advanced Continuous Simulalion Language)
PLOT 10 Inlernctive Graphics Library (SIGGRAP'HI/ACM)
BMDP
NAG

The C$EC will maintain o Data Archive consisling of dala tapes from the National
Sample Survey Organisalion, and nlso of other important surveys, which may be made
available to the CSSC.

The CSSC conducted a Course on Word Processing for sciemtific workers of
ISI, 23 participanls atlended lhe Course. The cenlre also conducled a two weeks
course on “Programming in BASIC” for Technica) Officers of SQC/OR.

The CSSC will soon announce refresher and orienlation courses for computer
professionals of IS], and others.

Physical and Earlh Sciences
CHEMISTRY

Research Activities

1. Study of Soil Rhizosphers : Plant roots being the habitate for the develop-
ment «f symbiotic and non-symbiolic micro-organisma the soil rhizosphere permealed
by them is Lhe zone ol vigorous activity. This attribules Lo the rhizosphers properties
and composition different from those in the bulk soil. A comparalive investigation
was undertaken (1o understand 1he biochemicel And microbiological patl ways) of
humus formation through measure of physico-chemicnl parameters al root-zones and
away. Signilicant difference in humns composition nund soil physienl properties hnve
been observed.
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2. Colloid chemical behaviour of days and relcted minerals : Adsorption and
desorption of orgnnic and inorganic ions on fine-grained rocks, feldspars, quarlz and
and clays have been measured to understand the growth of surfuce aren and exchange
capacily during the  soil development. Relative  flocculation—sedimentation
characteristics of organo-mineral substances are being employed to develop a possible
method of isolating individual mineral from their complex mixtures in soils.

ELECTRONICS

A. Digital Systems Research :

1. Parallel Algorithms and Parallel Architectures :  Design of elficient parallel
algorithms and their implementation on suitable systolic architectures for diflerent
numeric nnd graph problems like binary mulliplicalion, nll pairs shortest path generation
in a graph etc. have already been completed. Significant resulls on these areas have
already been published in different internulional journals of repule. Exlension of the
eavlier algorithms and archilectures for fault-tolerant hinary muliliplication and division
are currenlly under study. Studies on efficient parallel algorithms for lernary arithmetic
and their implementations on syslolic architectures have also been undertaken for the
current year.

2. Network Topology : Studies on suitahle topologies for computer networks
in order to have a network with low diameler, low number of communication links,
incremental extensibility and fault tolerance have nlrendy been carried out and signi-
ficant results on these areas have also been published. Recently we proposed 1o under-
take a program lo study the reliabilities of different network structure and hence to
devise certain algorithms for designing a suitable topology with a given reliability
under the constraints of s given maximum number of edges and a minimum value of
the diameter.

3. Some Studies On Interconnection Nelworks : Different types of full-access,
unique path mullistage interconneclion network (MNT’s) have been studied extensively,
The problem of parlitioning a given permutation into an oplimal number of compatible
subsets, such that each subset may be passed through the MIN simullaneously, have
been solved [or a definite class of permulations. To resolve the same problem for
any arbitrary permutalion is under development. A new mathemalical representation
of MIN’s and to delermine Lhe equivalence of different MIN’s using this representation
are under study.

4. BENES Network ond Its Faull-tolerance : Benes network being a rearran-
gable MIN, can realize any arbilrary permutations in single pass. It has been observed
that it also posseses a high level of faull tolerance withoul any extra stage. IL can
tolerale any single faull wilh a very simple rerouting. Its fault-tolerance and routing
in presence of mulliple faulls have nlso heen found. New designs for faull-tolerant
non NXN's having log,N stsges introducing minimum redundancy are currently
under study.

5. Synthesis of MIN’s [rom Some New Consideration : Some new design
methodologies for the MIN's are under development. Design of an NXN with

near-optimum hardware that will realize a given set of permulation in a single pass is
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under study. Synthesis of an NXN MIN when N is not a power of 2 covering & wider
spectrum of application area will be developed.

6. Testing and Fault Tolerance of Interconnection Networks : The versstility
of MIN’s have led lo widespread use of these nelworks in multiple processor and
communication syslems. As na result, lesting of Lhe MIN is becoming a topic
of increasing inlerest and research. Fault tolerant design schemes for a class of MIN’s
implemented with 2 < 2 swilching elemenls have been obtained. These schemes
tolerate only control elemenl faults. But the novelly of the scheme is thal they do
not use any multiplexures of any specinl type of elements but only some additional
stages of swilching elements and they cover a large number of multiple faults as well.

7. System Diagnosis : Work is in progress to develop an efficient algorithms
for diagnosis faully unils in a multiprocessing environment. Graph theoretic modelling
is adopled and several intervsting results have been obtained. A new algorithm has
been proposed whose performance is currently being estimated.

8. Delay Fault Analysis : The delection of delny faults is an important area
of concern to any VLSI designer. Effecls of logic parlilioning on the behaviour of
delay faulis are investigated. Atlempls would be made lo devise methodologies for
designing circuit with guaranteed performance.

Q. VLSI Layout Design : In hierarchical design of VLSI chips, a floorplan is
often oblained as a reclangular dual ol a given graph depicling ltopological neighbour-
hood among functional modules. The area and shape constrainls for each module are
also given. Since il is advantageous to generale sliceable floorplans, an investigation
of the graph-theoretic conditions under which a given graph has a sliceable dual has
been done and method lo construct it has heen devised. A polynomial-time algorithm
has been developed for transforming a given nonsliceable floorplan to a sliceable one,
with changes in aspec! ratios of minimal number of models. Further work includes
decomposilion of nonsliceable floorplan from Lhe connectivily consideration of channel
graph and to find an cfficient algorithm to hreak all cycles in the channel graph with
minimum number of channels. This will greatly enhance to roulabililty on the chip.

B. Theoretical Physics

1. Holomorphic Quanium mechanics and conformal geometry : The internal
symmetry of hadrons has been investigated from the point of view of holomorphic
quantum mechanics and conformal geometry.

2. Stochastic fleld theory and thermofield dynamics : Thermofield dynamics
has been formulnted on the basis of Lhe finite temperature stochastic field Lheory. The
equlibrivm and nonequilibrium states in quantum statislical mechanics has then been
studied on the hasis of Lhis formalism.

3. Stochastic fleld theory and supersymmetry @ The realisation of supersymmetry
from stochastic field theory bolh at 7 = O and T ¢ O has been inveslignted. Super-
symmetry has also heen investiguled utilising the lechniques of holomorphic quantum
mechanics in an iateracting theory.
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4. Stochastic quantisation and Berry phase : Stochastic quantization in
Minikowski space-time hus been studied luking into account a complexified space-time.
It has been shown that this formalism leads to a gauge theoretical extension of a
relativistic particle which gives rise to Berry phase in the sharp point limit.

5. Superstring and Ising model : The relationship between nonlinear o-model
having a Wess-zumino term with a Polynkov ferminico string and three dimensional
Ising model has been invesligated.

6. Quantum gravity and supergravity : The role of microlocal struclure and
and geometry in gravitational phenomena has been invesligaled. Tt has been shown
thal quantum gravity and ¥ =1 supergravily may be represented by the forstan term
in Einstein-Castan action which can be formulated in terms of SL (2,C) gauge theory.

7. Geometrical and topological features of quontum fleld theory : The role of
non-hermitian operation and complex manifold has been invesligated to s(udy ihe
topological aspects of quantum field theury. [t bas been shown Lhat the topological
aspects of a fermion help us to avoid the chiral anomaly.

8. Quantum field theory and quantum mechanics : Supersymmetry breaking hes
been studied in a number of models. Finile temperature effects on strings in Nat as
well os curved space have heen studied. Some studies on Kaluza-Klein theory has also
been made. Gaussian analysis of several lield theoretical models have been performed.
Existence of solilons at finite temperature has also been sludied uwsing this approach.
Presently this method is being used to sludy models in curved space and nonlinear
models.

In quantum mechanics exact solutions of a number of non-exactly solvable problem
have been found uSing super symmetric quantum mechanics. The problem of
partition algebraition is under study at present.

The shift 1/N expansion technique for relativistic equalions, namely, the Dirac
equation has been developed. The method is general enough to be applied to” any
potential and the cases Lhat have been treated includes scalar and vector potentials.
Further development of this method and reloted methods are currently under study.

9. Plasma physics : lon accoustic solitary wave equations have been studied
extensively. Double layer formation in both magnetized and unmagnetized plasma
has been studied. These problems have been treated using the pseudo potential
approach.

10. The worker has been conlinuing bis researches in the field of Ultrahigh
Energy Physics with an aim at understanding the nature of the collisions of the particles
and olso the structure of the particles as well. The researches in the final analysis are
motivated to suggest and/or build up an alternative basis of particle structure and
particle collision.

11, The investigation of a quantum particle wilh random background field is
studied using the cluster expansion technique. A genernlised master equation is derived
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similar to that for a particle interacting with a thermal bath. This has profound signi-
ficance in the theory of mensurement process in quantum mechanics. The decay of
quantum coherence and the Feynman paths due to this background lield ore slLill under
invesligation.  The random background lield can be shown to generate the conlining
potential for quark and gluon. This random background field induces the Muctuation
of the space-time melric or vice-versa.

12. The Mucluntion of space-time metric raises a small but finite cosmological
constant in Einstein equation. The creation of particles and olher cosmolngical
scenario can be studied within this framework. The nontrivinl space-lime objects like
warm holes and otlher foundational problems are also under iuvesligalion considering
the fluctuation of Lhe space-lime metric. Moreover, the Finslerian structure of mani-
fold and related gauge lields can be studied laking Lhe probabilistic struclure of
geomelry.

13. The ultrahigh energy Cosmic Ray and its galactic origin are also under
investigation.

C. Fluid Mechanics

1. ln slatistical methods, as applied to geophysical turbulence prohlems, often
the gradient diffusion assumption is made regarding transporl of mass, energy or ather
propeities within the flow. Appropriate formulation of the associated lurbulent
transport coefficient or speciral eddy-viscosity is of considerable impoctance in such an
approach. The specire] eddy-viscosily for the case of a stratified turbulent flow wilhout
shear has been worked out. Such calculation for the case of stratified turbulent Now
wilh shear is under progress.

2. Blood flow in cardiovascular system : In the cardiovascular system the
normal blood Mlow is somctimes disturbed by some unnalural growlh (medically called
stenosis) formed in the lumen of an artery. The important How characteristics, such
as velocily, wall shear stress, pressure, ele. which have medical signilicance are also
disturbed and reveal some alternation in the flow caused by slenosis.

The effects of slenosis on the one-dimensional flow field of viscoelastic Muid in
a rigid tube have been studied. The present investigalion is going for examining the
stenosis on the llow characleristics for two-dimengional flow in a rigid lube.

3. Thermocapillery flow phenomena and formation of surface waves : The
unsleady ow of a liquid [ilm on a cold rotating disk is analyzed by means of matched
asymptotic expansion and the velocily field, film Lhickness, lemperature and (he rale
of heat transfer are determined. A zone S, bounded by a curve in Lhe r-z plane may
be dilineated such that the temperalure is minimum on this curve. Thus, heal Mows
from the disk to the fluid inside the zone § and in the oppesite direction oulside S.

Theoretical study of this problem is a first step Lowards Lhe understanding of the
complicated eflfect of heat and mass Lransfer on spin coaling problem.

4. Effect of a strong vertical vortex on the sandy bed in a river : Experiments
have been corried out in our laboratory by crealing n vertical vorlex by rolating u
holiow and perforated circular cylinder in o wuler reservoir with n bed of sand.
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Boundnry layer in a conical scour hole has been studied for one phuse flow and vertical
velocity distribution in the solid body vortex calculuted. An eleclronic instrument for
measuring accuralely the speed of rotation of the vertical cylinder has been constructed.

5. Scour Near bridge piers : An approximate model incorporating horse-shoe
vortex ns well as verlical woke vorlices has been drawn up to explain the fow field
around a bridge pier. Bxperiments have been conducted at the laboratory of Civil
Engineering Department of LLT., Kharagpur.

ELECTRONICS AND COMMUNICATION SCIENCES

Activities of the Unit include (i) invesligation for the methodology and algorithms
development of the various problems in the application aren of compuler and commu-
nication sciences (ii) teaching some of lhe courses in M.Tech. (Computer Science),
B.Stat. and M Stat. programme of the Inslitute and conducting vocational traming to
engineering students of differenl universities and I.L.T's and (iii) carrying oul external
project work.

During the period April 1088 to March 1989 research work was directed in the
following areas.

1. Development of methodologies for Image Analysis, Shape Analysis, Image under-
standing System and Computer Vision Technology :

Major contributions in this Geld may be enunciated as follows :

(@) A unified approach to pattern recognilion, image processing, computer
vision and artificial intelligence in the light of knowledge based compuler sysiems
technology for fulure generation computer syslems has been formulated and published
in international journals.

(b) Some important development in respect of imnge segmentation using visual
response system and a new coding scheme has been developed for Lwo tone image
contours and published, which is being extended for gray tone images.

(¢) A methodology and software for 3-D shape analysis has been tested with
generated image data and important contribution in the field of shape analysis from
the point of view of robotics and computer vision was recognising and locating partially
occluded objects applying some methods of differential geomelry was completed and
published.

2. Studies on Paltern Recognition/Classification, Feature Evaluation, Learning
Algorithms and Parallel Processing Algorithms including Neural Computing :

(@) In the field of cluster analysis and non-parametric patlern recognition an
estimation procedure was developed on the basis of minimal spanning tree for three
different classes, viz. compact region, bounded line closses and bounded mixture classes.
An intelligent seorch method for clustering using arlificial inlelligence technique was
also developed. All these are being applied in image processing prollems.

() In the field of fuzzy mathematics and its applications a group of generalised
fuzzy operators were developed and published along wilh a method for computing
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bounds for membership functions to be used in real life problems. A group of optimal
fuzzy measures were developed for decision making purposes when the patterns are
incomplete and ill defined. Fuzzy transforms for colour image enhancemenl and
segmentation were developed.

(¢) In the feld of statistical pnttern recognition theoretical property of the
Bhattacharyn coefficient as o feature evaluation criterion and looseness of error bounds
provided by Lie gencralised separability measures of Lissack and Fu has been developed
and published.

(d) A fractal based crileria was developed 1o evaluale Lhe performance of digital
image magnilication technigues as a measure lo compare the performances of different
techniques. Fraclal dimensions were applied to different landsat TM images and
are found to be an attractive measure for such comparison since Lhey are not only data
structured depending bul also invariance lo scale changes lo original data. Experiments
confirmed that bilinear inlerpolation preserves lhe fraclal dimension upto eight limes
maghificalion while bicubic interpolation preserves iL upto four times.

(e) A parallel architecture for spatial aggregation which is an imporlant psycho-
physical attribule were sugpested and a simulator for Hopliele type neural nelwork is
under development for paltern recognition and visual image processing.

3. Digital Communication, Signal Processing, Microwave Propagation and
Atmospheric Studies :

(a) Studies on the properties of Tropospheric propagalion over the coaslal
region of eastern India : Tnvestigalion of the propagalion of Bangladesh TV signal
transmitted from Salkhira cenlre, in the fringe region of reception has been completed.
Analysis of some ol the data recorded simullaneously at three stations at Channel
V11189 MHz provided some interesting resulls specially during the presence of
atmospheric irregularilies and also st atmosplieric disturbances. These resulls have
been reported and published in different journals and conference proceedings.

We are planning lo relate these propagation characterislics with the boundary
layer behnviour prevailing at that time. To gel informalions regarding the earth's
dilfraction and scaltering in well beyond the radioliorizon, we are extending Llhese
observations to anolher Bangladesh TV cenire Khulna, which js far from Calcutla
and also transmits in higher frequency.

(b) Observatlions and Studies on the Almospheric behaviour by Sodar within
1 km range : The almospheric characleristics as thermal plumes, nocturnal inversion,
turbulences etc, have been exlensively invesligaled over Lhis region through the
continuously operated Sodar (indigeneously developed at 1SI). Huge amounl of data
collecled from the syslem has been in Lhe analysis stage and some of the resulls are
going to be published in the journal and conferenc: proceedings (already accepted).

Liternture survey on the studies on aerosol, acid-rain, and other pollution eflects
are going on. Planning of a pilol survey on this study and also selection/development
of necessary system [or moniloring Lthem is under consideration.

(¢) On Instrumentation work for communication network : Instrumentation
works on u-processor based inlerfacing system in denling vast amount of propagation
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data are -in progress. Some suitable algorithms for processing of these data have been
developed. p-computer based data acquisition system with on-line digitization facility
and storing of VHF/atmospheric signal data for further analysis and processing are
under consideration.

4. Automatic Speech Recognition, Music Analysis and Speech Processing System
Development :

(@) Acoustic phonetic study of Bengali speech sound : A detajled study of
Bengali vowels hes been completed and the results are accepted for publication.
Anpalysis of spectograms of about 300 Bengali words uttered individually by 6 male
and female speakers have been completed.

Phonetic transcription of 30K Bengali words have to be computerised and some
progress has been achieved in phonetic transcription and computerisation. For
handling these large data for lexical analysis some software packages development have
been completed. In the aress of existing ambiguities, a standard for pronounciation
has to be developed.

Study of the properties of large lexicon to develop efficient organisation and
management of data-base has been in progress. A knowledge-base for key-syllable/
key-word related statistics and coherlsize statistics for various distinctive features at
the phonetic level are under consideration for development and would be used in
developing knowledge-based lexical expert systew.

(b) Statistical studies on North Indian classical music (Gharans) : To
discriminate gharanas (say, Agra, Jaipur and Bishnupur) ‘strutis’ play an ijmportant
role. Hardware and software system developmentl for acquisition and processing of
of these ragas are going on. Statistical and fuzzy-based methodologies are proposed
for the analysis of data for all these three gharanas in collaboration with SRA. Cues
of nasality in musical sounds for establishing an objective measure of degree of nasality
is also undertaken,

() Development ‘of voice-interactive Knowledge-Based Computer System :
An expert system model for limited vocabulary isolated word recognilion has already
been tested. The syntactic and semantic relations for processing of Bengali language
is being completed. Development of a lexical data structure with morphological base
has already been undertoken, Symnthesis of speech is under consideration. The overall
programme is a part of the project jointly underlnken by six different Institutes
including ISI.

5. Indepth Studies on Cybernetics, System Theory and Artificial Intelligence (Al) :

(a) Procedural Knowledge and Logic Programming : A theory and method
to synihesise Logic Programs from the structured algorithmic specification programs
has been in progress. For primary invesligation a subset of specification language
containing only simple input/output, assignment, conditional and loop statements has
been considered. Arrays and more complicated data structure would be considered
afterwords for implementing machine independent Logic Programming synuthesis
algorithms based on structured algorithmic language and standurd PROLOG semantics,
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() Nalural Languoge Understanding specially of Bengali Nutural Language :
I js one of the imporiant topics of Al by which compuler understands nalural langunge
by Experl System approach and the ultimate objective is Lo have a fullfledired working
system with Bengali sentences as accepled inpuls and produces representations of
knowledge carried by the sentences. Inherent formalisms of standard ‘sadhu’ Bengali
Language has heen identified with a word grammar for common Dengali verhs on a
possible structuring of Lexicon. Knowledge representalion scheme compatible wilth
other standard KBS (as vision and speech understanding systems) ure in consideralion.

Future plan of works consisl creation of a rensonably large lexicon of common
words, formation of prammars for different word classes/parts of speech and extraction
of word-analysed seulences from lhe semantic information.

(¢) Stludies in Knowledge Representational methodolozies for recognition of
partially occluded objects and 3-D computer vision : A new method has heen
proposed lo recognize and locate partially occluded 2-D and 3-D rigid abjects from
an initially generated set of local features of shapes using lhe concept of differential
geometry. For the best possible recognilion, a compuler vision scheme hased upon
the matching of local features with that of models of cognilive data-base are
considered.

Development of 3-D vision knowledge representational scheme including frame-
line representalional language, a resolution thearem prover and an inleraclive
man-machine interface is going on. The svitability of logic programming for 3-D
knowledgre representalion has been studied and experimented with a small scale system
designed 1o lest some of the 3-D vision paradigms in the hlock-world.

6. Development of Al Methodologies in building Expert Systems for different
application :

(a) Artificial Intelligence in developing Expert System : Developmenl of expert
system using Al for the applicalion in field of speech and language processing, image
processing and biomedical engineering field has been under processed. A scheme for
an experl system in vision rescarch has heen developed. ‘Associalion of Experts’ have
lested satisfactorily and the development of primitive experl (module PEX) is heing
continued. 3ased on lotal enewry prolile, primary labelling (@ purt of PEX) and
ultimately lexical expert (module LEX) would be undertaken.

(b) Fuzzy Expert Syslem in management of Uncerlainity : Exlraction of
informations from incomplele data-inpul and knowledge-base would hie possilile through
those paramelers of fuzzy expecled value, fuzzy expected interval und fuzzy relations
to design Compiler, Inference-Engrine and Queslion-Answering programme.  Algorithms
bave heen developed to handle hand-writlen character and speech recognition prolilems
to facilitate natural language processing and communication belween man-machine
at fasler rate.

(¢) Expert System for Hand-wrilten characler recognition : Development for
the melhodology for recognilion of well formed hand wrillen jsolated afphannumerics
have bheen conlinued. In the subsequent phases of work developmenl of hardware
fucility for reading documents in lhe formutled version of Zip-code, Bank-cheques
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would be undertaken so as to automatic reading of the programme/data sheets by the
systems would be possible.  To model Lhe system as an expert one, development
provision for recognition of well formed hand-written documents has to be incorporated.

7. New Computure Architecture for Signal Understanding, Intelligent Interface
towards Knowledge-Based Computer Systems (KBCS) in FGCS :

The Nastional Centre for Knowledge-Based Computing with Prof. D. Dutta
Majumder as Principsl Co-ordinator is engaged in active resesrch and developmental
work in the field of pattern recognition, image processing, computer vision and artificial
intelligence in connection with the Future Generalion Computer Systems (FGCS/KBCS
Programme) development. The chief activities of the centre are as follows :

(a) Development of a Simulator for a Multi-layered Parallel and Distributed
Systems to implement low level visual processes : For synlaclic and semanlic
validation of user-supplied network description and function definition, a data validator
has been developed along with soltwares for network definilion file and function liles.
A pseudo-parallel simulator is being implemented under UNIX environment.

(b)) Neural computing for pattern recognition and computer vision : Since
for non-existence or rarity of efficient conventional algorithms for solving complex
visual pattern tecognition, neural compuling parndigms nre thought of. Artificial
neural nelwork functioning as an Associative memory or Optimisalion network may
solve those problems. Amnalog network model with dynamic Lehaviour and with well
defined, regular attractor basins has been developed Lo facilitate aulomatic and efficient
synthesis of the network for a given visual pattern recognilion prohlem. Implementa-
tions of artificial neural nelwork as an allernative architecture for vision computing in
possible circuit theoretic application is under consideration.

(¢) TParallel architecture for Spatial Aggregation : Spatially apart objects can
be grouped into a single entily to extract underlying arrangement within them may
be possible by spatial aggregalion. To handle this problem au effort has been made
to design an SIM D architeclure with a massively parallel PE plane. Design, allocation,
and possible reduction of plane size for PE is in progress.

(d) Becognition of Partially Occluded objects and knowledge representation
scheme for high level computer vision : Work is in progress to recognize and locate
portially occluded 2-D rigid objecls, the local features of ils shape is generated using
differential geometry concept. Based on matching local fentures of the objects in a
scene, a compuler vision model has been developed. Model matching has been done
by a scheme for hypothesis generation and verificalion.

The software for different functional modules with incorporation of high level
visual knowledge in the network has been in nearing complelion.

(e) Remote Sensing application : Localization and registration of satellite
images with topomap, algorithm development for geomelric correclion of remotely
sensed dnta and principal component analysis for developing prololypes of rocks,
classification of densely vegetated and waler-body regions have been done,
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Testing of supervised classification techniques over a resiricted terrain for
detecting/identifying different rock types using gray values of pixcls (4 hands of MSS
datn) are going on with development of algorithms for interpolaling/growing regions
expectedly covered by homogeneous rock Lypes.

Project Work
Externally Funded Collaborative Projects

Ongoing Projects

1. Collaborative research project on 'Hindusthani Raga Sangeet and Indian
Stringed Instruments' hetween ISI and Snngeet Research Academy (SRA) has bLeen
continued during the period under review.

2. The joint project entitled 'Statistical Studies on the Tropospheric Preparation
for VHFIUII I’ and Microwave Link’ amongst ISI, IRPE—Calculla University and I3, E,
College has been continued and is on the stage of completion. Now the work on
multi-sodar and Doppler Sodar syslem is under processing. This project was [unded
by the Department of Science and Technology (DST). Final Technical Report
containing the interesting and fruilful results have already been seut.

3. Project funded by Electronics Commission entitled ‘Application for Pottern
Recognition and Image Processing Techniques to Geological Mapping and Mineral
Detection’ is completed. On successful applications of supervised classilication
techuique smaull area containing dense vegelalion and water-body and 6 rock Lypes can
be identified and subsequently a geological map of them cau be developed.

4. Defence Grant-in Aid Scheme project entitled ‘Systems and Algorithm Develop-
ment for Pattern Recognition and Shape Analysis for object of Defence Interest' is under
progress.  Usmg principal component analysis, various filtering techniques and
applying diflerent transformation, eflective slorage and segmentation of images can
be performed in a result-griented fashion.

5. The collaborative rescarch work on ‘Intelligent Robot Fabrication' wilh Birla
Industrial & Teclimological Museum (BITM) is continued.

6. National Knowledge-Based Computer System (KBCS) has been established
with Prof. D. Duita Majumder as Principal Coordinator-cum-lroject Director in the
field of Pattern Reciognlion, Artificial Intelligence, Inage Processing and Computer
Vision for Fifth Generation Computer Sysltems (FGCS) Programme of UNDI' and
Govt, of India. A part of the Project on ‘Some Applications of Artificial Intelligence
in Developing Ezpert System’ is under Progress.

Geologlcal Studles
Research :

Resenrch waa undertaken in the following broad areas during the year (1988-89) :

Tectono-straligraphic studies of the Delhi Supergroup, Rajasthan; Tectonics,
siraligruphy snd sedimentation of the Prolerozoic rocks of the Pranhita-Godavari
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Valley ; Gondwana geology and palneontology of the northwestern Pranhita-Godavari
Valley ; Studies on Iate Crelaceous dinosaur fauna from the Lamelas jn Maharashira ;
Ulira-structure and SEM siudies on dinosnur egy shells from ceniral India ;s Evaluation
and descripion of late Crelaceous fish fuunas; Fossil amphibjans of the Satpura
Gondwana basin ; Stratigraphy, fossil and geological relationship of the Lamela beds,
Jabalpur ; An empirical statistical study of preferred orientation of line in 3-dimensional
space—applicaiions in geology ; Experimental study on the development of large-scale
vertical scour holes thirough action of slationary vorlex.

Significant progress that has been achieved in certain broad aress of research
ig given below :

Delhi Supergroup : The Delhi Supergroup of central Rajasthan has been
interpreted as shallow water deposits younging away from the contact witl 1he basement
complex. The complex set of thermo-lectonic evenls in these rocks has Leen inter-
preted in terms of Lwo broad tectonic episodes, interspersed by a phase of thermal high.

Proterozoic geology of the Godavari Valley : A history of multiple rifting in an
intraconlinental selling for the evolulion of the basin in-fill, erosional remnants of
which constilule the Proterozoic sequence of the eastern Proterozoic belt of the Godavari
Valley has been suggesled. There is an indicotion of considerable shorlening across
the basin strike, raising the debate aboul a palinospatic collisional suture along
the Godavari join between two cratons.

The different sedimentary units in the southwestern Prolerozoic bell of the
Godavari Valley can be grouped into three assemblages, each having a distinclive
depositional framework. It is suggested that there is a successive change through time
from shallow marine to deep marine Lo continental regime under tectonically unstable
conditions, perhaps related Lo development of the rift valley basis.

Gondwana stratigraphy and palaeontology : The vertebrate founal studies of
the late Triassic Maleri and Dharmaram Formations recognise three replacement events
which may coincide with the base of Carnian, Carnian-Norian boundary and Rhaetic-
Liassic transition, respectively.

Mesozoic fish faunas and dinosaur egg shells : New material of Eoserranid
fishes, represented by 3-D skull malerial and parts of body, collecled from late
Cretaceous sediments of central India are under examination. Screening of the matrix
has revealed additional new micro-veriebrates, as fish teeth and scales.

Regults of the work on dinosaur egg shells, including ultra-structure examination
under SEM, conducted jointly with Laboratoire de Paleontologic, Montepellier, France,
and Centre for Advanced Study in Geology, Chandigarh, throw light on the last of the
dinosaurs in India and their Buropean contemporaries.

Lametas, Jabalpur :  Bxploration in the late Cretaceous Lameta beds in Jabalpur
has resulted in the exciting discovery of the last remains of the flesh-enting dinosaur,
from a 65 million year old limestone bed. Some quoriz crystals showing features of
shock metamorphism from a sandstone layer overlying the limestone bed and
immediately underlying the widespread Deccan Trap lava flows have also been
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recovered. The discovery of tyrannosaur and the shock metamorphosed quartz, if
indeed the shock metamorphism is proved lo be induced by the very high pressure
impact of u huge meteorile, may lead to an important understanding of a global problem.
With regard to the mass exlinclion as well as the triggering off mechanism of the
enormous volcanism that occwred in the Deccan plateau 65 million years ago.

Quantitative geology : Variation in the nearest neighbour densily eslimatesin
C-axis fabric in some quartz leclonics has been invesligated. An exponenlinl function
apparently compatible with monoclinic point group symmetry has been and is being
examined for its suitabilily in describing observed preferred ofientations in natural
samples.

Teaching and Training :

Members participated in teaching geology in the B.Stat. (Hons.) Course. Several
members participated in the teaching programmes of other universities and institutjons,
viz., M .Sc. course in Geology, Calcutta University, B.Sc. ([1ons.) and M.Sc. in Applied
Geology, Jadavpur University.

Physics

1. Research Activilies :

Tbe research activities of the Physics Unit have been on problems of
‘Bioengineering and Medical Phbysics' and during the period April 1988—March 1989,
the Unit worked mainly on the following.

(i) Electrical properlies of the horny layer of the skin such as the determination
of high frequency electrical conductance, the state of hydration and the sorplion-
desorplion experiments to evaluate the boundary [unclion of the skin.

(ify Measurement of Lransepidermal water loss—normal and pathological—and
correlation with hydration slate and the eleclrical conduclance.

(iii) Design and development of an instrument for measuring lhe coefficient of
skin friction and ils changes with hydration and such diseased processes as psoriasis
and ichthyosis vulgariss.

PROJECT WORK

Ongoing project :

The only ongoing projecl of the Unil is entitled ‘Thermal and Electrical Properties
of Skin' which is a logical extension of Lhe previous completed project ‘Mechnical
Properties of Skin'.

In short, the project aims at, among others,

(a) quantitative measurement of culonceous thermal sensory thresholds, loss
and recovery
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(b) determination of skin surface pH—normal and pathological and at different
environmental conditions

(c) evaluation of skin surface hydration, sebum excretion rate, electrical
impedance, transepidermal water loss, skin friclion etc. to cheracterise the quality of
the skin

(d) studying the phenomenon of heat transport in skin and subcutaneous tissue.

Progress of the project : The project is almost at the completion stage. An
electronic device has been developed to measure culanceous Lhermal sensory thresholds
(TST). The TST'S of 200 normal and many groups of pathological skin have been
determined and their changes with sage, sex, locations, humidily and ambient
temperature etc. studied by multivarinte analysis and their correlations determined.
It has been been found that TSt could be used as ‘aging index’ of the skin,

Studies of sensory loss in leprosy palients of various types —indeterminate lo
lepromatous—have been made on about 250 patients. In o large number of cases,
the recovery of loss on treatment have been evaluated by follow-ups.

A complete mapping (pH-mapping) of skin has been made by determining the
surface pH of skin at 21 cardinal points in all age groups. The inleraction of skin pH
with the distribution of sweat glands, sebaceous glands and the normal flora has been
established.

Sorption-desorption studies of skin by measuring the skin impedance, hydration
state and the transepidermal water loss have thrown lighl on the hydroscopicily and
the water holding capacity—the two compelitive processes—ol the skin and also in the
barrier function of the skin,

Iontophoretic application of drugs on cerlain skin disorders (e.g. hyperkeratosis)
has shown speclacular results and is being continued.

Teaching aclivities : The Physics Unit was engaged during the year under
reference in giving one full semester course lo the Second Year 3.Slal. Honours students.
The course conlents included, as in last year : Thermodynamics, Slatistical Mechanics,
Relativistic Mechanics and some selected topics of Atomic and Nuclear Physics.

Flume Project

The uniformily of velocity distribution in the flume bolh in verlical and lateral
direclions has been made by setling two honeycombs, one in front of jels and other at
the source.

Data obtained so far from Mume experiments conducted at Uppsala and ISI
Calculta, and also from natural environments have been analysed for interpretation of
grain sorting.

Blological Sciences
AGRICULTURAL SCIENCE
Research Activities

With a focal theme on improving productivity through efficient water management
and cropping syslems under ‘Rainfed farming’, field based trials were undertaken at
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Giridih Experimental Farm, Bihar. During the period studies have indicated a few
interesting results listed below :

() Cropping Sequence studies in High land indicated barley, mustard and linseed
to be particularly suitnble as winler crops capable of giving moderante yield with
residua!l soil moisture. This indicale the possibilily of introducing double
cropping without irrigation in a monocropped region.

(i) Intercropping studies revealed the posibility of incrensed productivity in high
and medium land with maize in combination with groundnut, soyabean and green
gram.

(iii)  Of the different crops/varieties tried in the farm pigeonpea, groundnut and maize
in the Klarif season and muslard, barley and linseed in the rabi season seem Lo
be most suilable in medium to high land siluation including ‘tans’ which mostly
remain fallow throughout Lhe year.

(iv) Collaborative long term studies with IRRI, Manila and Calcutta Unijversity
initinted from June, 1988 on P adsorption in acid laterilic rice soils have shown
marked increase in rice yield with rock phosphates. This is suggeslive of use-
fulness of rockphosphates in acid soils.

Morphological and anatomical studies :

(v) In exploratory work on Palmae, anatomical studies on 19 species of palms were
compleled. In levo and dextrorolalory plants studies were also made to find
oul Lhe analomical dillerences and possible causes of these characteristics.

(vi)  Adaplability trials on coconut and oil palm in saline regions of Sundarban are
in progress with periodical data collection on morphological characters.

(vii) In studies on mangrove vegetation, palynological work on 12 species were
completed along with epidermal structural sludies of 20 sp. Amnatomical
invesligation on rools, slems, leaves and tracheary elemenis are in progress.

ANTHROPOMETRY AND HUMAN GENETICS
Research activities

1. Human Adaptability Programme :

The G projects undertnken under its Human Adaptabilily Programme aim at a
comprehensive study of human adaplation Lo environmenlal stresses, including
biocuitural interaction and the chances of, and strategies for, survival of disadvantaged
groups. These studies, taken togelher, may provide important clues o promotion of
the chances of survival and well-being of these groups. They may also lead to develop-
menL of new slalistical tools for mensuring (he level of well-being, relative effects
OrF various environmentnl siresses, and so forth, and thereby enrich both Statistics
and Human Biology. Specilically, the following results are obtained :
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() Health Status and Labour Productlvity : The results show no relation between
the labourers health stalus and their productivily, implying the wide range of
adaptability of the human biolegical system.

() Effects of Mlcro-environmental factors on Health tn Rural Populations : A
repeat (demographic) survey has been conducted in a West Bengal village afler
10 years. The results are likely to provide insights into the factors aflecting
fertility, mortality, migration and famijly struclure at the micro-level. These
insights may have important applications in population planning.

(if) Psychological Stress and Health of Mother and Child : The data on working
slatus of women, their anxiety level and physical/physiological health status
themselves and their children, collected so far, will have important implications
planning middle class women’s outdoor employment with minimal health
hazards.

() Socio-cultural characteristics and community Health Status of the Lepchas of
Darjeeling district, West Bengal : No field work could be undertaken due to
political disturbances in the Darjeeling area. The resulls oblsined from earlier
data have already been reported.

(v) Impact of Altitude on Human Population, Phase I1. Determinants and Consequences
of Human Health and Activity Patterns in the Mountain Ecosystem : WNo field
work could be undertaken due to political disturbances in the Darjeeling area.
The results obtained from earlier data have already been reported.

(vi) A study on the Determinants of Fertility and Morlality in an Urban Setting : An
Anthropological Perspective : Field work has recenlly been started in a slum
in central Calcutta. No results bave been obtained yet,

(vi)) Biostatistical study in Vitiligo : a skin disease : On this study, epidemiological
data were gathered from 15685 individuals. Data on 208 families, each
ascertained through a single affected individual were also gathered. A genetical
model is found to provide a gaad [it Lo {family data on vitiligo. Serological and
biochemical analyses of blood samples were also done.

2. Genelic Epidemiology Programme :

There is a growing awareness among the people about the risk factors for diseases.
Some diseases are purely genetic in origin (haemophilin) and some are purely environ-
mental (diarrhen). It is now wellknown thal the manifestalion of some diseases are
due to the aclion of bolh genelic and environmenlal (hypercholestorolemia). The cause
of essentin} hypertension is still not well understood. There is opinion that it may be
the result of a large number of factors—both genetic and environmental ; and genetic
factor may be due to single gene or polygenic, and the environmental factors mny bhe
many. It would be interesting to study and idenlify the delerminants of blood pressure
and to measure the magnitude of the risk factors involved.

Rheumntoid disease i3 a crippling disense and produces a large number of ortho-
predically handicapped persons every year. Geunetic influence, environmental
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conditions, psychological stress etc., have heen said to he the causative factors for this
disease. and it is relevant for Rheumatoid arthritis disease (o study (i) prevalences of
the diseases, (if) nature of inheritances, and (iii) risk faclors. For both the studies a
family will be treated as a samplintg unit.

(i) Genetic Epidemiology of Blood Pressure : Analysis of data of the study
already conducted on blood pressures it reveals : {a) Some anthropometric variables
have low hul stalistically significant correlation with adull blood pressure; (b) influ-
ences of anthropomelric variables nlone can predict blood pressure; (c) educalion
appears to be the ouly significant prediclor of systolic blood pressure.

Further 20 Marwari families living in Calculta were screened for (i) blood pressure,
(&) physiomeltry, (ifi) anthropometry, (iv) clinical, (v) social and cultural informations.
Oul of the total 80 families screened for lhe above purpose, blood samples were
collected from S families camprising about 280 individuals for following biochemical
tesls in collaboralion wilh the Post-graduate Institute for Medical Education and
Research, Calcutin @ (i) Glucose, (i) Urea, (i) Creatininine, (iv) Triglycuride,
(r) Tolal Cholesterol, (vi) HDL Choleslerol, and (vif) Blood groups etc. The blood
samples are under analysis.

3. Population variation Programme :

The programme aims to understand (i) nature of distribution of various hio-
chemical, serological markers, I1b lypes, gamma globin groupings elc. in the endogamous
population groups ; (i) immunoglobin level (IgG), populations ; (i) genelic variation
within and between population groups based on a large number genetic loci;
(ir) measuring the distance between populalion groups and to build up phylogenetic
tree ; (1) quantifving the extent of various ethnic components in the population groups
and (ri) genetic relationship belween genetic proximily and genelic distances of the
populations.

(i) Genetic surrey of some endogamous groups of Eastern India : From two major
studies already compleled in Assamy, Manipur and \West DBengal the imporlant
findings are (i) very high prevalence of Ilaemoglobin E gene in North Easlern
Didia, particularly, highesl in the world amongst the Kacharis ol Assam (0.645)
as well as in the Deshis of northern West Bengal (0.612) which have drawn the
allention of clinician, genelicist and public health workers. Subsequent screening of
Thalassaemia amongst the TILE gene carrier populations in northern West Bengal
(in collaboration with Dept. of Ilnematology, School of Tropical Medicine,
Caleulia) have not revealed the presence of any HLE That Gene in the
populations, (if) genelic study in Assam populations have identilied the existence
of two major racial groups—Mongoloid and Cnucasoid, where as in West Bengal
Ihree mnjor cluster have been observed as Mongoloid, Caucasoid and Proto-
Auslroloid.

(i) Genetics of Dermal ridges among some castes and tribes in India : Dermato-
glyphies in populntion genetic brsed on their ethnographic and geographic
proximities : the oblained resulls confirm the general presumplions (a) lhat
dermal trails in general and palmar characters, in parliculur, do help in under-
standing Lhe biologic/ethnic aflinities among different groups bolh at macro and
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micro levels and (b) that different types of traits, which are likely to be influenced
by different genetic and/or environmental factors give rise to different clustering
patterns,

Study of Physical Growth of the Bengalt Children : (a) A cross-sectional growth
study of 25 anthropometric characters was undertaken on 825 Bengali boys
aged 7.0 to 16.0 years in Calcutta. The methodology was followed according
to the recommendation of International Biological Programme (IBP 1969).
Results show that attainment of peak adolesceni growth in 12.5 years for a large
number of linear and skeletal dimensions including height. The results thus
generated for the first time a base line growth data on the Bengali boys not given
by ICMR (1972) which could be used as a reference population data when
required. In addition, the results also show the influence of different socio-
economic and demographic factors influencing the growth variables in wvarying
magnitudes. Finally, multivariate factor analysis applied on these anthropo-
melric data showed four important factors namely (1) linear, (2) transverse,
(3) cephalofacial and (4) fatness responsible for determining size and shape
during the growing years of 7.0 to 16.0 years. These four factors together
explained 77 %, of the total variance.

(s

=

A cross-sectional growth study of 7 anthropometric characters was undertaken
in 715 Bengali girls aged 5 to 18 years in the suburbs of Calculta. Peak annual
increments for height (6.7 cm/year) occurs among them between 9-10 years, while for
weight the peak growth (4.47 Kg/year) occurred between 12-13 years. Moreover, a
gignificant difference was observed in growth of size, mass and subcutaneous fat
between menarcheal and nonmenarchesl girls. Both these studies thus give an idea
of the growth status of the contemporary Bengali children in relation to the children
from other parts of the country. The earlier onset of adolescent growth of the
Asiatics than U.S.and European children has also confirmed by the resulls obtained.

For the first time a family study of 28 anthropometric characters was underlaken
on 110 rural endogamous Mahisya families of Soulh 24 Parganas district of the state
of West Bengal (N = 540). Resulls have generated for the first time the inheritance
pattern of a large number of anthropometric characters in this population. DPreliminary
analysis of data show parent offspring correlations to be of high order for linear and
skeletal dimensions, while circumferences and fatness revealed 8 moderate order.

4. Genetic survey of some endogamous groups of India :

Central India was chosen as the field of the study as it is inhabited by large
number of Lribes having various ethnic and cultural back ground, and a survey was
conducted amongst the following 16 tribal groups during January—DMarch 1989, in
collaboration with the Dept. of Human Bialogy and Anthropology, Bremen Universily,
Bremen, W. Germany ; and the Dept. of Aunthropology, Sambalpur University, Orissa.
Madhya Pradesh : Maria, Muria, Bhatra, Halba, Dhurwa ; Orissa : Kishan, Binjhal
Deshi Kondh, Rajgond, Savara, Kuvikondh, Konda Dora, Parojn, Gadaba;
Maharashtra : Raj gond, Maria gond. About 1700 blood samples were collected
(100 individuals from each tribe) from the tribes which are under laboratory tests for
the following markers : Bloos groups—A,BO, Rh system, M NSs, Kell, Dufly, Disgo ;
serum grouping8 — Gm Inv. (gamma globulin groupings); serum polymorphism-
Haptoglobin, ceruloplasmin, Albuminby gel electrophoresis, Transferrin, a,—antitrypsin
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and group specific components (GC) by LEF electrophoresis ; enzyme polymorphism-
Acid phosphotase, Eslrase-D, glucose-G-phosphate dehydrogenase, G-phosphogluconate
dehydrogenase, Glyoxalase, Laclate dehydrogenase, Adenosine deaminase, Carbonic
anhydrase (1 and II), and HMaemoglobin puitern. Desides, estimation of tHbL level,
blood pressure, tests for G-8PD deliciency were performed. The data are under
analysis.

BIOCHEMISTRY

Main topics of research :
1. Distribution of intestinal parasites in West Bengal :

The proposed study is designed for intestinal diseases taking into consideration
of Lhe wariation iu ecological cthnic, dietary and socio-economic palterns of the
populations from different regions in West engal. Dala generaled from this sludy
would conslitute the basis of an epidemiological background which may ultimately
help in the eradicalion programme.

Analysis of previous data has been done, and some more informations about
depth of Lube well for collection of drinking water and its distance from sea are to be
collecled.

2. Genetic epidemiology of Blood pressure :

To study of relative influence of the determinanls of hypertension along with
antlhropological and demographic data, diilerent biochemical paramelers on lilood/
serum with special reference to lipid metabolism are being estimaled among &flluent,
vegetarian population in the first stage.

So far about 300 blood samples have been estimated. The study is being done
in callaboration with Department of Biochemisiry, Post Graduate Medical Research,
S.5.K.M. Hospital.

3. Cancer Chemoprevention : An approach towards cancer control :

The goal of cancer research is to reduce the morbidity and mortalily that is
associated with Lhe disease which can be achieved either by prevention or through cure.
The concepl of cancer ‘Chemoprevenlion’ referred to the prevention of cancer by Lhe
use of pharmacologic agents to inhibil or reverse the process of carcinogenesis. The
current proposal has the following approaches :

1. Folic and in cervical pr lastic and lastic di

P P

2. Development of in vitro model for human uterina cervix.
3. Dietary ‘risk foctor(s)’ in cervical preneoplastic and neoplastic diseases.

4. Cancer prevention with putrient intervention.

Ulerine cervix cancer i3 number one female cancer in India. However,
epidemiologic informalion for its various ‘risk factor(s)’ remain largely unknown. The

38



INDIAN STATISTICAL INSTITUTE

present study would constitute the basis of the nutritional epidemiologic data base.
Furthermore, these sludies would constitute the basis for 8 Chemoprevenlion intervention
clinical trial which is the ultimale goal.

EMBRYOLOGY

Madin topics of research
1. Biochemical Embryology :

Various biochemical and physiological processes during embryonic development
have been the long-term subject of research in this Unit. Limnaea (mollusc) has been
the most studied system. Recently the Mediterranian squid and local squid at Digha
have been studied on a year round basis depending upon its availability.

Microinjection of 14¢c~amino acids into Loligo embryonic yolk has shed light
on the problem of embryonic nutrition in the cephalopod. At a certain stage of
development of the embryo, a new lipid arises in the embryonic tissue (which till that
time resembled yolk lipid pattern). With micro-injection of {4c—acetale this and
other lipids can be studied. In Limnaea lipid biosynthesis peaks at trochophore stage
and then again declines. These have been studied by fractionation on TLC and
counting with LSC. Inhibitors like actinomycin -and cerulenin used in earlier
investigations in the Embryological Laboratories may be used to study the course of
biosynthesis.

Further work on adhesion and deadhesion in molluscan cells will be carried out,
for this is a fundamental process which makes morphogenesis possible,

2. Mathematical and stochastic modelling of cellular growth, differentiation and
morphogenesis during embryonic development and the mechanism of carcinogenesis :

Mathematical investigation of cellular differentiation, morphogenesis and sell-
orgenization in biological systems with the help of advanced malhematical tools, such
as, catastrophe theories, bifurcation analysis, control theories, stochastic processes etc.
is the principal object of this project. The mechanism of controlled cellular growth
during embryogenesis involving morphogenesis and pattern formation is a very
important and interesting subject of invesligation both in the experimental and mathe-
matical fields. There exist many hypothetical theories of morphogenesis and
differentiation. Mathematical studies along wilh simultaneous experimental veri-
fications may shed new light on the mechanjsm of the epigenetic system more perfectly.
These studies may ultimately lead to the revealation of the underlying mechanism of
carcinogenesis which is, in fact, a process of unregulated random growth of un-
differentiated cells. The present project involves the studies of these complex biological
mechanisms at the molecular level. Mathematical and stochastic models of the
epigenetic mechanism during embryonic development have been further developed and
analysed in the light of nonequilibrium thermodynamics. Sponteneous emergence of
a spalially dissipative structure far from the thermodynamic equilibrium has been
observed in the model biological system. The results have been published in standard
international journals. New methods have been explored to analyse the nonlinear
multiple-loop biochemical control network models of the epigenetic system. Stochastic
models of the reaction-diffusion system have been further developed and analysed both
by analylical and numerical method. The formation of the primary layer of
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differentintion, e.g. cctoderm, mesoderm ond endoderm have been mathematically
exhibited with the help of nonlinear diffusive models. Multidimensional nonlinear
mathematical models have been further developed and explorative studies on Lhese
models with the help of advanced mathemalical lools have Leen carried out. The
resulls of all these sludies have been published in standard interational Journals.
A Ph.D. thesis has been submilted lo the Jadavpur Universily.

3. Intercrop interaction—A mathemalical study on Agricultural ecology :

It has long been observed by many agricullural scientists that some crops influence
the yield and vegeiative growlhs of other crops in mixed cullivations. This influence
may act in different ways. The growth and yield of one crop may be (i) activaled or
(ii) inhibited or (iii) remain uninfluenced by anuther crop. Apart [rom compelitions
between difierent crops for the same sources of food, light elc. there scems to
exist another [actor in each crop—a chemical component which comes out inside Lhe
s0il as root exudate. This componenl may be an activaling or inhibiting catalytic
agenl which aclivates or inhibits the growth and yield of the other crop growing in the
vicinity ol the former crop. The transporl of this calalylic component from one crop
to another is supposed to take place by u process of diffusion lhrough the soil. The
exislence of such root exudate, although not yel experimentally established, Las been
proposed by many workers. The academic interest of the present study is lo invesligate
both mathematicolly and experimentally into the exislence and properties of such
catalytic root exudates and the mechanism by which the jntercrop interaction takes
place whereas the praclical abject of Lhis research is to maximize the yield of grains and
fodder per unit area of land with minimal investment by well-designed mixed
cultivation.

Intervarielal interasclion belween lwo varielies of wheat and between two varieties
of rice were conducled at the IS! experimental farm at Giridih. The intervarietal
interactions in these cases resull in macroscopically significant increase ol yields and
growth of each variety al a parlicular spacing. The resulls also indicale the existence
of a growlh promoting (sometlimes inhibiting) factor which comes out from the plants
inlo the soil as rool exudate and diffuses through the soil with a wave like

propagation.

Externally Funded Project :
1. Chemical communicalions in mammals through non-volatile molecules :

This is a multidisciplinary subjecl and is being studied in a project funded by
DOEN, Govt. of India.

Many samples of the semiochemicals in the liger have been studied with GLC,
and a GCMS (at IISC, Bangalore). The most nolable indication is the presence of
2-methoxy-propane as a semiochemical. If conflirmed in further samples with GCMS
run, this would be a very remarkable finding in a bivlogical sample. Further
comparisons have been made between the musky odour of tiger and 2-acetyl-1-pyrroline,
the principle of fragment rice.

Obaservational data on marking in tiger have also been accumulated.
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ENTOMOLOGY

1. Influence of some physical faclors in the swarming of mosquitoes : As the
dste of commencement of the project is 1989-90, cerlain preliminary observations ‘on
the size of swarm in relation to swarming site has been made. The swarming of this
species takes place during late winter and spring.

LEAF PROTEIN

The Leaf Protein Research Unit, conducting agronomical, biochemical, nutritional
and microbiological sludies on a large number of crop plants, have established certain
optima in these areas for maximizing economic leal prolein production, which is
advocated for food/feed use b8 ullerustive prolein and A-carotene source. Again
microbiological investigations carried out by this unit, indicated the possibility of
introducing cheaper microbial growth media with immense potential to agricultural
and pharmaceutical industries,

1. Screening and agronomic studies of various plant species including fodder crops,
weed and tree leaves :

(@) The objective is to screen and select hopeful water weeds and semiaquatic
weeds, cole crops, Lree and shrub leaves for mullipurpore uses with the aim of exploiting
their potential for betler and eflficient nulritional value. Thirty one Lree species from
Ranaghal (West Bengal) and an adjoining area were screened for prote n extraction.
Leaf protein concentrate from Samanea saman showed hest nitrogen percentage (9.95%),
the leaf protein concentrate from Gliricidia sepium gave highest in vitro digestibiljty
(50 to 25%). Lowest percentage of free polyphenals (247%) was found in the leaf
protein of Albizzia procera. Besides obove, paramelers like mineral conlents, available
lysine and carotene and antjpulrilional subslances like oxalales, niirates, alkaloids
anins and antitrypsin is being initisted. (b) Eight variclies of sugar beel were grown
in the field and data were collected at the interval of 20 days starting from 75 days upto
150 days of the crop. HMighesl rool yield observed at lasl harvest ie. 150 days and
highest shool yield dry matler and protein yield observed al 115 days of the crop,

2. Microbiological aspects of leaf protein :

The feasibilily of LP by-products for hiomass and metabolic production is the
aim of the investigation. A number of funga! isolates were identified during the
microbiological food study of the decproteinized leaf juice as Penicillium wotatum,
Aspergillus nidulans, Sporotrichum Xylophila, Alternaria tenuissima, Alternaria altermata,
Curvularia sp, a number of Cellulose degrading strains isolated from fibrous residues
when the residues were mixed with diluted soil sample. The isolates are known as
Aspergillus sp LP—50, 52, 53 Actinomycete SB, SB, SB, SB,. The strain have been
used for quicker decomposilion of the organic wastes. The cellulolytic aclivity of the
strains were measured in lerms of reducing sugar (0.450—1.400 mg of glucose/ml culture
filtrate). Chemical analysis of 25 fibrous residues have been worked out chemical
composition a3 follows :

Ash 5.3—15%, Nitrogen—2.5—4.25%, Lipid—4,7—16%, Holocellulose 36—G0%.
Pentosan—6—1619;, Pectin—1—12%, Modified Acid Delergent fibre 35—55%
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3. Studies on aquatic weeds :
(a) RBnsed on their chemical analva's, twelve plants were found to have potential
for direct utilization as a feed source.

(b) The seasona! chanpgea in the chemienl compnsition of four. edible. aquntic
plants namely. Allmania nodiflora. Enhudra fluctuans, Ipomoea replans and Moarsilea
quadrifolia were studied and were found to he promising when compnred Lo other plants
commonly used as green vegetnbles.

(¢) The possibility of exirncling lenf proteins fram aquatic planta were also
assessed.  Tn animal experiments, supplrmentation of whent flonr diete with amall
amounts of leal proteins (30°/) prepared from Pistia sirat'otes and Lemna minor
considerably improved the qunlity of cerenl based diets.

4. Acceptability trials of leaf protein in poor rural and lnctovegrterian sector :

The Leaf Protein Research Unit is conducting the efflciency of Meaf protein as
human lood and far ite nceentance by adulls of tribal and non-trikala of lactoveretarian
groups as cheap and gnod protein source. The praject is mainly ‘ormulated to transfer
the technalogy from lah to land and te convince the Government and public about
ite feasihility and merits.

The first group, the tribals particularly live in isnlated groups and are economically
downtrodden. They are hasicallv dependent nn forest resources hecause cultivation
also 15 not possible due Lo lack of arable lands in the'r vicinity. The second groun is
not 80 poor like 1st group hut they are purely dependent on vegelahle and are defi~je-t
in protein intake mainly hecause of ignorance. In the light of (he above situation
L.P.R.U. canducled acceplahility trial on schoal children of 1arget proups. Two main
points which emeree fram past researches are (i) Given the freedam. children might
not have nccepted it and (i) Acceplance by adul's has not heen tried. A pilot survey
was carried out on the Rauri’s of Bansgram, Vill. Bero, Dist. Purulia, West Benga on
social economic and nutritional status.

5. Total ntilization of sugar beet (Beta vulgaris L) mainly sugar product from root
and LP from tops :

(a) Eflect of nitrozen, harvesting time of the crop and method of cultivation.

4 N doses were (0, 120, 180 and 240 ke ha. Harvesting stapes were 80, 100, 120 and

140 days after sowinp. Method of cultivations were earthing-up and non-earthing-up.

(b) Studies have heen carried out on the following aspects : (i) Yield of sugar
t/ha at different level of fertilizer. (i) Yield of LP and fihre kg/ha from the tops at
different stage of prawth. (iiiy Comparisan of effic’ency aof Sachharomuces cerevisiases
and Zymononas mobilis for conversion of sugar ta ethanol. {iv) Exlraction of pectin,
(v) Conversion of cellulose and hemicellulose to suger and ethanol. (vi) Comparison
of various lypes of fermentation lechnology.

After harvests nnalysis are heing carried aut.

However previous experiment showed highest sugar yield of 5.42 t/ha at 140 Kg
N/ha level with earthing up methad of cultivation. Again LP production was maximum
(6.5 Kg/ha/day) when harvested at 100 days with treatment at 180 Kg N/ha.
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Social Sciences
ECONOMIC RESEARCH

The Unit continued to be engaged in teaching and traiming at verious ievels and
in research work covering different areas of theoretical and applied economics and
econometrics.

Research Activities :

The research activities of the Unit during the period under review covered fields
like economic theory, national and regional economic planning, issues in development
economics, level of living and poverty in India, besides works in applied economics
and methodological studies in econometrics.

1. Economic Theory : Research work. has been going on over the past several
years on the history of economic thought and on various areas in economic theory.
Investigations has conlinued on social choice theory and game (heory, covering topica
like mensures of induslrial concentration, welfare economics elc. Another study is
attempled to present a macro view of administered prices and deficit financing.

2. Economic Planning and Developmen! : One study develops a planning model
for railway network expansion. The method is firsl to estimate the total cost,
which is the sum of current cost and capital cosl, for a number of alternative expansion
programmes and then Lo select one with the minimum cost. An application of cluster
analysis has been attempted in a paper on the basis of time series data for defining
sgricultural regions in West Bengal.

3. Income and Level of Living : Various aspects of income and level of living
have been examined in a number of studies. On the basis of a sample survey, a study
attempts 1o assess the level of income and inequality in income among different
occupation groups. Atlempis have also been made to study empirically the inter-
temporal variation in the real wage rate of agricultural labourers in India. A
theoretical-cum-empirical model has been developed to aunalyse the inlertemporal
variation in the incidence of poverty in rural Indija.

4. Agricultural Economics : The Unit has a continuing interest in studies on
various aspects of agricullural economics, like marketable surplus and size classes of
holdings, changes in cropping pattern, marketing of agricullural products and its
efficiency etc.

5. Economelrics : A considerable amount of research has heen done in various
topics on econometrics, e.g. (i) problems relating Lo multicollinearity in misspecified
models, (ii) estimating Box-Cox models with non-spherical disturbances, (iii) Bayesiau
estimation and comparison of expenditure model with addilive or multiplicative
heteroscedasticity etc.

Profect Work :

The members of the Unit have undertaken a number of projeots. These projects
are described below In brief.
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(a) Intra and Inter-Occupational Differentlals in Income and Level of Living :
So far as income and expendilure are concerned, a great deal of economic inequality
is observed letween occupation graups as well as within such groups in India and this
is the subject matter of the present study. For this purpose two imporlant occupation
groups, namely supervisory and clerical office workers in a number of employing
ngencies, e.g.. Banks, the Life Insurance Corporation, Central Government service,
West Bengal Stale Government service, the nrganised privale sector and the unorganised
private sector, have heen selected. The dala needed for the study have been collected
through a sample survey covering sample earners and their households. To keep
the scale of the field work within manageable limils, the survey has been confined to
the Calcutta Municipa) Corporation Aren. The feld work is already over and a
number of working papers have slready been prepared. A comprehensive report
covering all the selected emplovers is proposed to be prepared during the next financial
year.

(b) Investment Planning for Iron and Steel Sector : An allernative approach
to measure the capacity utilisation of ‘Blast Furnace’ and ‘Steel Melling Shops' in
Integrated Steel Plants has been developed. Using this measure, capacily ulilisation
of Blast Furnace and SMS of all the integraled Steel Plants of India for the recent years
have been assessed. The performance of precise technological variables responsible
for under-utilisation in respective Plants has been jdentified.

Sixth Plan Technical Note prepared by the Planning Commission, Government
of India provides 89 % &) Input-Output tables for India for the year 1979-80. This
table has heen aggregaled to a 13 x 13 table retaining the 4 seclors of sleel as il js, while
the other 85 sectors have been aguregated lo O sectors. Implications of alternative
growth scenarios in terms of variations in the relative sectoral weights in the growth
of fina' demand calegories on Lhe requiremenl of each product of steel have been
examined. Based on the came 83 x 89 transaction flow for 1979, 13 % 13 allocation
coefficient malrix is also constructed. A simulation exercise is also carried out to see
the behaviour of technical coefficients of sleel seclors when allocation coefficients of the
same sleel seclors are kepl unaltered and the outpul vector have been made to
change.

Steel sector should have a further breakdown into at least 8 subsectors so that it
will help to make possible more thorough understanding aboul the demand forecasting
of steel. Attempts are made to have an extended [-0 table of 17 x 17 with 8 steel
sectors and 9 non-sleel sectors enlirely with the help of secondury data available from
NCAER, MECON and SAIL. Though a lentative 17 x 17 [-0 table is conslructed
where all lows for steel sectors to non-sleel sectors and those from all non-sleel seclors
to steel sectors are all physical flows, und only flows between noun-sieel and non-steel
seclors are in value terms, it has not been still now possible Lo arrive at a balanced value
1-0 table probably due lo lack of consistency in the valuation procedure. Efforts are
on to obtain a 17 x 17 balanced value I-O table wilh 8 steel seclors and 9.non-steel
sectors.

(¢) Linguistic Analysis of the Complete Works of Rabindranath Tagore Based
on Complete Statistical Counts : ‘The Institute for Study of Languages and Cullures
of Asia and Africa (ILCAA), Tokyo, has been tranacribing Tagore's works on magnetio
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tapes far compuferized procedsing supplying word counts and other results Lo the ISI
groups for further linguistic and stutistical analysis. Three poetical works—Gitanjalt,
Sandhya Sangeet and Prabhat Sangil—have been taken up for analysis. Cerlain types
of analysis, e.g., studies of compound verbs, are being carried out directly from the
texts themselves.

(d) Long-Term Forecasts of the Requirements of Fresh Noles and Coins : The
Unil is currently engaged in a study sponsored by the Reserve Bank of India (RBI)
an the long-term forecasls of Lhe requiremenls of fresh noles and coius in Indin. The
study is going lo be based mainly on lhe secondary dnla svnilable from the RBI
However, some data had also been coliecled through a modesl-sized surveys of currency
transactions of commercial banks in and around Calculta (such an area for survey
was chosen mainly because of its proximity (o the Institute). The study is expected to
be divided inlo two interrelated parts. First, it would try to forecast the required
amount of the total currency. Secondly, it would attempl Lo estimate the necessary
amount of currency required of each denomination, by figuring out the ‘right’
denominational mix.

(e) Modelling for Estimation of Discovery and’ Production Costs of Hydro-carbon
in India : The ISI-ONGC Collaborative project on the estimation of Discovery and
Produclion Cost is nearing complelion. Earlier, members of the project leam made
a number of presentalions at Tel Bhavan, ONGC, Dehradun on the Discovery Cost
model developed by the ISI scientists. A methodology for estimation of production
Cost has also been proposed by the ISI scientists and a paper has been prepared for
presentation at Dehradun.

Teaching and Training Activities :

Members of the scientific siaff shouldered the responsibilites of teaching
economics, economic statislics and econometrics in the degree, research courses in
economics and other courses conducted at ISI, Calcutta. Several faculty members
perlicipated in the teaching programmes of other Universities.

PLANNING (DELHI)

Research: Activisies :

The members of the Unit conlinued research in a number of fields in both applied
as well as theoretical economics, regional planning and analysis of social movements,
Research in applied economics included diverse topics such as planning, problems in
estimntion of poverty, estimates of labour force and unemployment, foreigun trade
and economic development, health and family planning, amongst others. Work was
conlinued on the development and application of macroeconomic models for analysing
policy issues (such as dual pricing and quantity rationing). Research in economic
theory revolved sround game theory and its applications, economic inequality, industrial
organijzation, models of unemployment and the design of contracts and mechanismas.

Project Work :

Various members of the unit have been working an a number of projects. Topics
epvered incjude (9 A atudy of provision of basic sacial service in rura)l areas of
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Haryana aud Rajasthan, (&) Conlict, structure and change, (ifi) Autonomy-seeking
movements in Punjab and Darjeeling, (i) Resource Inventory for planning
() Terspeclive Plan Model for Economic Development of Assam, (vi) Family Planning
awareness, nllitudes and praclices among members of Parlinment, (vti) Family Planning
among warkers of 1lindustan Latex Limited, (viii) Disparities in  household income
and level of living within and between various occupation groups in Delhi.

ECONOMIC ANALYSIS (BANGALORE)

Research Activities :

During the period under review, the Unit continued its research aclivities and
published major results in econometric theory and ils applications. One study
concentraled an the Intra- and Inter-secloral Decomposilion of Consumplion at
all-India level. Another study went into the question of heteroscedaslicily in Lhe
estimation of additive Engel Curves. A Bayesian approach was used in yet another
study involving additive and mulliplicalive heteroscedaslicily. On economic theory,
one study focussed on the generalized !enry George Theorem as applied to inlerregional
equity. A significanl contribulion was the evolution of a new concept of poverty
based on nulrilion, and its evaluation through the Bayesian methods. A comprehensive
survey of the literature on Indian poverly was prepared and Lhe major conceptual and
statistical gaps were identified.

Projects work :

Work was continued on the two following ongoing projects during the period
under review under the direction of Professor lyengar @ (a) Sludies on Poverty and
[nequalily : Regional Dimension, (b) Summer Course in Quantilative Techniques
in Economics.

The projecl entitled *'Studies in Poverty and I[nequality : Regional Dimensious™
made furlher progress with Lhe collecling of nearly 600 articles in the area of income
distribution, poverly and inequality with reference to India. Nearly 600 articles
relating to levels of living, poverly in olher counlries and consumer cxpendilure are
being collected. A comprehensive review was prepared. This formed lhe basis of
the Presidential Address al the Twenly-sixth Indinn Economelric Conference in Hombay
in January 1989 by N.S. lyengar. An ediled version cntilled : “Recent Studies in
Poverly in India : A Survey' of this Address will appear in the July 1989 jssue of the
Journal of Quantitative Economics.

Two other methodological studies are under way : (a) A regional study of
consumplion of milk and milk production, (b) A study of 1he impact of pay revisions
on the distribution of incomes of salaried workers.

Preliminary work on the second project namely, Summer Course in Q uantitative
Bconomics began and the necessary circulars calling for nominations to the Course,
were sent to universities in March 1989.

LINGUISTICS
During the period April 1988 Lo March 1989, the programme of research in the
areas of Fundumenlnl and Applied Linguislics was continued. The Units’ research

projects may be grouped under three majn headings, namely
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1. Studies on the phonelic struclures of major Indian Languages and spplication
of the results in the aress of :—(a) Speech Pathology: (b) Sccond Language
Acquisition ; (¢) Cultivation of Mother-Tongue.

I1. Studies on acquisition of lunguage and bi-lingualism.

II. Application of stalistics in linguistic problems.

1. Fundamental research : A survey of the articulatory and acoustic structure
of the Oriya language is in progress. Research on Lhe suprnsegmentals of Oriya has
been commenced. Statistical processing of duta on the frequency of occurrence of
Oriya phonemes will be carried oul.

Research on the suprasegmentals of Hindi, Telugu and Bengali was continued.
throughout the year.

Applied research : Studies are in progress on : (a) Development ol speech
sounds arliculation during the period of language acquisilion in the pre-school age
child. (b)) Measuremenl of the threshold of Dilingualism. (c) Academic achieve-
menl of hearing impaired children allending general schools with normal hearing
children. (d) Comparative intonation patterns of Indo-Aryan and Dravidian
languages as well as languages wilhin (he broad Indo-European group. Studies on
pitch and intensity patlerns are being carried out, utilising the Visi-Pitch.

POPULATION STUDIES

Research Actlvities :

1. Some Determinanis of Child Mortality and the Laiter's Impact on Fertility :
The mein ubjective of the sludy is Lo undersiand the phenomenon of high infant/child
morlalily and ils effect on ferlility through a comprehensive study of level of living
including dietary habits and nutrition, education, fertility, morbidity, access to medical
facilities etc. in rural and urban areas of Hooghly Districl, West Bengal.

The transfer of dala from field schedules to computer lape is complete for the
urban sector of the survey aren while some progress is being made in respect of rural
sector dala. Some labulation work with urban data is being undertaken.

2. Education Development Survey in Rural area around Patna : This survey
has been taken up to study the educational development and olher socio-demographic
aspects of the rural population around Patna.

One reporl hased on the household dala and four other technical papers have
been prepared. The preparation of o consolidated reporl on Lhe survey is undertaken.

Education and literacy status changes belween father and son were sludied over
different time periods using birth cohort approach. It was revenled that upper caste
and other Hindus possessed bigher education nnd lileracy mobility (han thal of
scheduled caste Hindus and Muslims. Bcheduled casle Ilindus showed slight trend
of development. Downward trend in education and literacy of daughters over their
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educated mother wos observed for the Muslims in the study area. FHigher net upward
education and lileracy mobililty was found among populution of the study area,
especinlly amony upper casle und other llindus in comparison with thal for the popula-
tion in rural areas of Lhe districl uround and away from Calculln. The occupational
mobility annlysis indicales a significant improvement in the employment slatus of Lhe
migranls at places of their destination.

3. A Study on Educational Wastage (Stagnation and Drop-out) at Primary and
Middle School Levels (in collaboration with Socivlogical Research Unit) : This siudy
is continued : (a) lo estimale lhe expecled sludent life, a problem of methodological
interest ; (b) to find out educalionnl wastage differentials by various demographic
socio-economic and other related factors and (¢} to idenlify and evaluale various
factors as determinants of educational waslage.

The sample survey conducted for lhe study employed three schedules—one for
schools, one for teachers and nnother for students’ houscholds. The field work for
rural areas and verilication of 10% schedules have Leen completed. I’rocessing and
analysis of collected data are in progress. The second phase of the feld work, i.e. the
urban area survey, lns been laken up. Sampling and other preliminary jobs are
compleled and Lhe three lypes of schedules are printed. About 60% of the school
schedules have been filled up.

4. Child Mortality and Environmenlal Diflerentials in a Newly Industrialised
Indian City—Durgapur in West Bengal (A Colluborative Project with the School of
Oriental and African Sludies) :  The central purpose of this study was Lo investigate
the degree of dualily that emerged belween the various social and envicon-
mental seclors of this industrialised new town.

The message obtained was that using child mortality as an index, the city was
strongly divided in ways that allected the child survival aparl from being divided in
general welfare lerms, for example, in access to basic amenities like sanitalion.

5. Estimating Future School Enrolment in Disiricts of West Bengal (1981-2011) :
The study undertaken during the current financinl year (1988-8U) has the following
objectives : (i) lo projecl the general population at state and dislrict levels by rural-
urban and age-sex calegories ; (i) lo derive population exposed to risk of eurolment,
and eslimale funclional ratios; (iif) Lo estimule student population al primary, middle
and ~econdary slages by districts and to investigate the rural urban and sex differentials
in lhese estimates.

The general population is being projecled under plausible ferlility-mortality and
migration regime. In culeulnling “exposed to risk”, four single yenr age ot entry
corresponding to each «lass in a particulsr slage would be assigned. Based on empirical
evidence, differential weigling scheme would be adopted for any sel of ages. Using
the enrolmenl statistics al the base year, “‘functional ratios’” will be estimated under
various sels of assumplions.

6. Economic Changes in Rural India : (a) A Study of 200 villuges in Benyal,
1850-1954 : Data on land and people we.e collecled for more than 3,000 villages
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of the districts of 24-Parganas, Nadia, Murshidabad, Malda, Birbhum, Bankura,
Purulia, West Dinajpur, Darjeeling, Coochbehar and Jalpaiguri for 1846-1850 on a
ten percent sample basis. Among Lhem 198U villnges have beeu identified on o current
list from which o syslemalic sample of 200 villages have been drawn. The data on
variables like population, area, house, occupation elc. of lhese 200 villages thrown
up by the District Census Handbooks for 1051, 1961 and 1971 have heen labulated.
Data for a selected village in the disirict of Nadia have also been collecled for three
points of time, viz., 1927, 1955 and 1979, from the records of right preserved in the
Settlement and collectorate Record rooms to make an intensive study of the pattern
of change of the nature of land utilisation and its fragmentation. Tabulation of Lhese
data js being done.

(b) Trends of Socio-Economic Changes in 4 Districts of India—Burdwan, Broach,
Gorakhpur and Bellary, 1801-1981 : Data collection has been compleled. A number
of documents on Revenue Surveys and settlement reports sre being consulted at the
National Library al the linal stage to incorporate the information in Lthe report.

7. Micro-Regional Statistical Surveys in India upto 1875 : An evaluation was
starled in April 1988. A full index of the survey reports, conducled during the first
balf of the 19th century and preserved at the National Archives of India, has been
prepared ; a large number of documents have been thoroughly consulted, and necessary
data collected from them. The collected materials from Lhe earlier surveys are being
scrutinised to prepare the final reports.

8. Differential Impact of Modern Rice Technology on Favourable and Unfavourable
Production Environments (Sponsored by Rockefeller Foundation and Approved by the
Governnent of India : ISI Project) : The general objective is to examine and to
estimale, in the context of Lhe rice based farming syslem in Wesl Bengal, how and to
what extent technological change in rice production affects the well being of people
under different production epvironments.

Phase I (extensive) of the study has been completed. Preparation is being made
for phase IJ (inlensive) study.

9. Perspectives on the Population Ageing in India : The study focuses on
statistics concerned with the phenomenon of ageing in India, using data mainly from
the United Nations and National census series. It examines the dynamics of changes
in the population age composilion over the period 1950-2025, and discusses population
ageing as a socio-demographic topic with specific atlention to its prospects for India.

Some of the issues addressed in the study are the basic concept and measurement
of ageing, worldwide trend of lhe process, threshold of old age, pallerns and trends
of mortality for the elderly and health aspects of the sub-population.

10. A study on the Demography of West Bengal : The present study was under-
taken at the initiative of the Government of West Bengal, which made available all
facilities for the purpose. It involves the task of finding the (rends of the various
elements of population dynamics through a long period of Lime, resulling in passible
changes in the prowlh and age structure of the population. As one of the componenls
of grawth, the issue of migration hus been considered in detail in Lhis study. The Lrend
of migration will be examined in both aspects of “stock’” and “flow".
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11. Conlraceptive Prevalence Rates In Indla : A Multivariate Analysis of Factors
Responsible for the Variation by States :  The objective of Lhis study is to explore
certain factors such as demographic, ecological, health and family planning inpuls,
maternal and child henlth outpuls and development to study the varialion of contracep-
tive prevalence rate in Indin by states. Clusler analysis was allempted lo minimise lhe
number of independent variables by selecling one among a few independenl variables
based on similarity (correlation) between variables. Only sixteen variables were
selected oul of hirlysix variables and further analysis was donc on the basis of 'best’
subsels regression in terms of adjusted It? and Mallows Cp. The best prediclor subset
(adjusted R? = 748% and C, =1.76) is associaled with female lileracy, percent of
medical officer in position, percapitn income and ralio of slale to total arca. There
are needs lo emphasize more for the improvement of female literacy, to have enough
medical officer lo il up vacanl posilions wilhin Lhe slates, improvement in cconomic
stalus and finally improvement in management to run the (amily planning in larger
slales.

12, Population Projections by Marital Status, India 1981-2001 : The object
of the study is lo prepare population projections by marital status for all India Females
1981.20n1.  Cohert companent method has been used for the projeclions. Some
consistency criteria as relevant lo population projections by marilal status for both
sexes have also been discussed.

13. Estimation of Adult Mortality from Widowhood Data Districtiwise Analysis :
Baseline data have been collected from Lhe Census of India, 1981. Analysis is in
progress.

14. Biological Malturity among Rural Females in Utlar Pradesh : Biclogical
maturity—i.e., the end of adolescent sterility, is a necessary condition for exceplion,
Knowledge of the age at which biological maturily lakes place is important for all type
of social planners especially for family planning policy makers because of low age at
marriage/consummation in India,

The primary focus is Lo estimate biological maturity among rural females in the
district of Kanpur and Elawah from one paint retrospeclive survey data on demographic
and fertilily history from eligible females hetween ages 15 and 45. The lowest median
year from consummation lo first implantalion among various consummaljon coliorts
provides the time necessary for a biologicully mature female to conceive due Lo influence
of various factors and the corresponding consummation age is known as the maximum
age of allaining hiological malurity. The maximum age at allaining biologicil malurity
is alto supported hy estimaling the expecled interval belween consummalion and
first implantation for various consummation cohorts through life table lechniques and
selecting the cohort corresponding Lo the lowest expecled interval as the maximum age
at allaining biological malurily. The lowest expecled inlerval between consummation
and (irst implanlation is known as expecled waiting time. The number of biologically
mature females nt each nge is estimated by proraling the proportion of females who are
pregnant within the expected waiting time for each age at consummation assuming
all are malure at Lhe maximum age of biologicnl malurity,  Then Lhe restricted
qundralic curve is used to smooth Lhe estimated proportion of bhiologically mature
females at each age until the altainment of the maximum age at reaching biological
malurily,
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The meximum nge at atteining biological maturity is 20 yenrs and the waiting
time is 1.38 years where as the expecled wailing lime is 1.63 years. Seven percent
women are matured at nge 10, 25 percents at age 12, 53 percents at age 15, 81 percents
at age 18 and all at age 20, The mean age at altaining hiological muturity is 45.7 years
which means marringe/Gauna below age 16 has little effect on ferlility due to the extent
of adolescent alerility.

Teaching and Training Activities :

In nddition to participating in ISI & ISEC's teaching and training programmes
the following leaching and fraining programmes were also organised : (1) Training
Programme in Demography for WO I'ellow (18 April—29 April, 1988). (2) One
Year Evening  Course (Vilal Statistics and  Democgraphy) (Nov.-Dec., '88).
(3) Demography and Vital Statistics for participants of (he ISEC Course (1988-89).
(4) Dissertation for Students of MA Economics, Kalyani Universily (Specialisation :
Population, April-July, 1988). (5) Teaching Demography to M.Stat. (M-Strenm)
Studenls (1988-89). (6) Providing guidance to two M.Stat. (Finnl Year) Students
towards completion of their project work. (7) Teaching Demography teo DIIS
Students, All India Institute of Ilygiene and Public Health (March-April, 1989).
(8) Specialisation in Demography for ISEC Students ({lanuary—March, 1989).
(9) As a part of the training programme, the Certilicate Course Trainees of 1he Inler-
national Institute for Population Sciences, Govandi Slation Road, Deonor Bombay,
Visited the Indian Statistical Institute, Calcutta on 22.2.89 and 23.2.89. The batch
consisting of 21 students, including 19 foreign students (from different countries of
ESCAP region) was accompanied by Dr. Kamla Gupla, Reader, 11PS, faculty In-charge
of the study tour.

PSYCHOMETRY
Research work carried during this period :

1. Consequences of Social and Economical Deprivation on Academic Achievement :
The objective of the study is to investigate the effect of socio-economic deprivation
upon the scholastic achievement of schoo! going children. Several psychological and
environmenlal factors which are expecled to be related with scholastic achievement
are also brought under the scope of the study.

Subjects are the students reading in Class-X in different schools of West Bengal.
The intellizence level motivation and prolonged deprivation score of the subjects are
being lested with the help of standardised lests. Data are being collected from different
schools of West Bengal, half of which are siluated in rural areas.

Such a study may throw some light upon the problem of school dropouts in our
country and the results of the investigalion may be utilised in planning the educational
system that il suits our requirements specially in rural areas so that the whole system
becomes more eflective.

Data have been collected from 55 schools covering 1267 cnses from 13 dislricls.
A report was wrillen analysing G41 cases covering 25 schiools. Data [rom the remaining
3 districts will be collected during 1989-90, so Lhat those who will be appearing in
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Madhyamik Examination in 1990 are covered. It is further planned lo have part
scores of the Prolonged Deprivalion Scale indieating different areas of deprivation
and the annlysis will be done to invesligate their differential effects on academic
achievement,

2. Development of an intelligence test for hearing-impaired children : The aim
of the sludy is to develop an Tutelligence test for hearing-impaired children when they
come for ndmission to schools. The Lraining of these handicapped children cannot be
carried on along with the normal ones because (heir lraining procedure has lo he
different and the teachers should be specially trained lo set up communicalion with
them. In our country there are very few schools cquipped wilh such (raining facility,
whereas there are many children who require such training. llence, it is desirable
to identi’y those children from this group who are mentally normal and only such
children should he admilted to these schools Lo ensure maximum ulilization of training
facility. Tt means that the intelligence level of the child has to be measured at the lime
of admission. PRut, it is difficull to design a lest for these children when they come
fresh from home having no prior training.  The directions for the test should be simple
and at the same time the questions should be so designed that il would be possible to
identify the intelligent children from Lheir responses to the questions.

Such a non-verbal intelligence tesl has been developed. It was revised on the
basis of ilem analysis and was validated against Goodenougl's Draw-a-man and
Draw-a-woman test.  Data have been collected from four different regians of India
ie., East, Wesl, North and South, for preparing age norms. Analysis of the data and
report writing are almost complele and the lest is ready for publication.

3. Predictive validity of the Forced-choice scale of Managerial skill : The
objective of the present study is to find out Lhe predictive validity of the Forced-choice
scale of managerial skill. The scale alrendy developed, measures five (ypes of
managerial skill, namely, decision making, leadership, human relations, communication
and conceptual skills. At thal time concurrent validily of the scale has been developed,
Now, the prediclive validity of the seale has Lo be established. It has been decided
thal the scale will be validated against ralings made by peers and supervisors. Data
from aloul 200 middle and lower level managers from different parts of [ndia and their
peer and supervisor’s rating are being collecled. Dala collection hiave nearly been
completed. Analysis and report wriling is Lo he done,

4. Intelligence and personalily pattern in some social groups of West Bengal based
on some Dermaloglyphic and Anlliropometric variables :  The oljective of the present
invesligation i3 1o find oul whether intelligence and personality paltern varies wilh the
variat'on in Lthe dermatoglyphic and anlthropometric variables. Data from about 100
families helonging to different socinl groups (for example, groups formed on the basis
of cnstes and (ribes) residing in different parls of West liengal have been
colected.

S. Assessment of minimum learning in primary education : Evaluation of data
collected during the year 1987-88 is on progress. Simullaneously, tests have been
prepored for Class-I pupils to be administered during the year 1988-89.
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SOCIOLOGY

Research was carried out on the [ollowing projects :

1. Potentialities and Constraints of Development : A Social-Ecological Approach :
The primary objective of this study is to explore the scopes and harriers to development
of symbiotic relationship between societal groups and their natural resources in a
specific ecological zones. The area under sludy is Simlipol forest range in the district
of Mayurbhanj, Orissa.

The field survey has been completed. A draft report has been prepared.

2. Social Ecology of Sundarban : The objective of the study is to identify the
possibilities and potentialities of development and survival through a network of
relationship within and belween the societal groups and Lheir nalural resources.

A preliminary report on some aspecl of the study has been prepared.

3. Ageing of population in India : The objective of the project is to find out
the nature and impact of ageing of population on socicty, and that of sociely an ageing
of older and the conditions of life of older persons under varying social and econamic
circumslances. The studies undertaken were : (i) Ilealth and medicare survey of
the elderly persons; (i) Opinion about the elderly persons: (iif) fluman ageing
in rural-urban Bihar (Senile Dementia) ; (iv) Country monograph on the demographic
and socio-economic aspects of population ageing (a collaboralive study -ponsored by
the CICRED, Paris).

Data under (i) and (ii) have been transferred to tape. Analysis is in progress,
Preparation of a country monograph is also in progress.

4. The peasant movements during the carly phase of colonial rule in Bengal :
Collection of data from the Sinte Archives and records preserved in the District
Colleclorates of West Bengal is in progress.

5. Value system and Social Change : Detail analysis of the entire data is in
progress for preparing the final report.

G. New Pattern of leadership and social action : An exploratory enquiry : The
objeclive of Lhe enquiry is Lo study the process and background of the new generatinn
of leaders emerging in the villages along wilh the recenl socio-political changes in
West Bengal. This study tries to answer queslions like whether “new’ generation of
rural leaders appenrs to be qualitatively different from the fraditional paltern of “local
leadership”* in the village which usually consisted of elile cliques wilh vesled interests ;
whelher the pattern of distribulion of power in rural socicty seems to he changing in
West Dengal; and so on. The full report based on the study is under preparation.

7. Child labour : An exploratory enguiry in Giridih, Bihar : Usually voung
workers below 14 years of age are known as child labour in Indin. Percentage of such
workera (vide Census of Ind a 4971) Lo totnl workers is nearly 6 % which covers nearly
8 % of total children population. In Bihar percentage of child workers Lo total workers
and o lolal children are G % and 4 % respectively.
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8, A siudy of Educational Waslage (Stagnation and drop-out) at Primary and
Middle Scheol Levels (in collaboration with Populution Studies Unit, 181) : The objeclive
of the sludy is o (a) atlempt an eslimation of expected “life” of a sludent—a problem
of methodological interest ; () find oul educational wastage differentinl Ly various
demographic, socio-cconomic and other relaled factors ; and (¢) try to identify and
evaluate various factors as determinunts of educational wasloge. The study is conlfined
in the 24-Parganas district of Wesl Bengal.

The fhield work has been completed for both the rural and urban phases.
Scrutiny and labulation work is in progress.

9. Tribal Economics : Trends and Perspectives : Tribal development pro-
grammes met with Tailures in the past as most of the measures were gambles in
ignorance. In changed situation, when tribuls are restive for their identity and develop-
ment, il is necessary that there should be a thorough overhau! in the understanding and
much need be learut from the Lribals themselves and orient our endeavows lownrds
the need of people.

A review of literature was completed. Colleclion of dala is in progress.

10.  Agro-sociological erploralory study in south Bihar plateau : This is a
collaborative research underlaken by Sociological Research Unit and Agricultural
Science Unil in three tribal villages near Giridih town. This sludy is in conlinuation
of the recommendations regarding “Farm lo Village Lo Farm communicalion” made
by IS1 Council's Commillee on Giridili.  The study is planied as an exercire in dealing
with cropping syslems in rainfed plaleau region focussing upon farmers’ perceplion,
praclices and their responses o risks and uncerlainties of rainfed larming. The Soil
Couservalion Division of DVC is aclively involved in (his project.

A draft report has been prepared.

Ezternally Funded Project :

Evaluation of Rain-fed Farming in eastern India :  The project has heen sponsored
by the Ovcersens Development Agency (ODA) of the Governmenl of U.K. in colla-
boralion with the Overseas Development Group (ODG) of the Universily of East
Anglia, U.K. and is being implemented by the Ilindusthan Fertilizer Corporation
Limited. The 1Sl is doiug the work of impact evalualion and monitoring of the
project.

Vast tracls of arable Jand in India slill remain rain-fed and untouched by any
marked agricultural improvement. Empirical studies 1o explore polentinlities and
appropriate measures for improvement in currently pursued agricultural praclices in
such rain-fed areus are Lherefore quite imporlanl. The oljective of the project is to
find out how Lo increase and slubilise agricultural production under ruin-fed conditions.
Erforts will be made 1o reach the poor [armers in rain-fed areas, specially the resource
poor und innccessible communities.  The project in its current pliase covers 45 villuges
in various treated and un-tresled micro-watershieds in the states of Orissa, Bibar and
West Beugal.
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In this connection requested by HFCL/ODA, ISI has sgreed to do the following
studies : (1) A base-line survey (BLS) before the HFCL begins its work in the
villoges and another survey after five years; (ii) Annual monitoring and evaluation
(AES); and (i) In-depth studies (JDS) on specific issues as and when required.

For this purpose a mullidisciplinary tenm consisting of scientists from social
sciences, agricullural science and applied statistics division has been formed. Field
work has just started.

Institutional collaboration : Dr. Suraj Bandyopsdhyay worked collaboratively
with a team of researchers on ““Co-operative and Rural Development in India” covering
eight states of Indin. This work was sponsored by the Department of Seciology,
University of Delhi, the Departmenl of Anthropology, McGill University, Montreal,
Canada and International Development Research Centre (IDRC), Canada.

The final reporl has been prapared and submitted for publication.

Statistical Quality Control and Operations Research
1. General :

The SQC & OR Division is engaged in diverse types of aclivities in the field of
Quality Control, Reliability and Operational Research. The regular activities of the
Division include : (a) Rendering assistance and expert advise to manufacluring
induslries and service arganisations in the field of Quality Conlral, Quality Management
and Operations Research ; (b) Taking up project assignments in tite areas of Quality,
Productivily and Oplimisation of resource allocation; (¢) Promotional work in
propagating the coneepts of quality, productivily and reliability and training of techno-
logists and engineers in these methods for motivalion and applicalion of these
techniques in live problems for qualily and productivily improvemenls; (d) Teaching
in various academic courses of the Institute at all centres. The Division also part.cipate
in teaching in ISEC course and in lhe Evening courses of Llhe Inslitute; (¢) Design
and devkldbpment of sofiwares for compuler aided qualily control and (f) Underlaking
both theoretical and applied research in the field of Quality Control and Operations
Research.

The Division during the period under review, initiated the proposal for M.Tech.
in Quality, Reliability and Operational Research (Q, R & OR) in place of Diploma
in SQC & OR st Calculta. The M.Tech. (Q R & OR) progremme is due Lo start from
from 1989-90 academic sesgion. All the preliminary arrangements have been completed.

The Division is participaling as one of the principal orgauvisers of the Asian
Congress on Quality and Reliability scheduled to be held during 30 Ocloler to 2
November, 1989 at New Delhi under the distinguished partronage of the Prime M inister
of India and Organising the Congress with its Secretariate at 1SI, New Delhi.

The Division is also taking a major role in organising Post Congress Conferences
at Bangalore and Celcutta.
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The Division is actively engoged in the design and development of software for
computer aided qualily countrol. The Division is also engaged in developing “An
Intelligent Computer Aided open learning system of Orlhogonal Arrays” at Madras.

The Division has undertaken several new assignments during the period under
review. Promotional octivities continued in both the public and the private sector
industries through inplant lecture programmes, seminars and by way of training
technologists and engineers in SQC & OR methods.

A special programme on vendor development was carried out for top manage-
ment covering 152 companies and for middle management covering 128 industries
throughout the country sponsored by Bharat Ileavy Electricals Ltd.

Besides the regular aclivities, the various units of the SQC & OR Division
continued liason with diflerent academic, scientific and other institutions in India and
abroad. The Division also collaborated with BIS, NPC, {IM, DGOA, Unijversities
and professional organisations like OR Sociely, IAPQR, IAQR, NIQR, CEI, Quality
Circle Forum of India elc..

2. Consultancy Service and Projects

During Lhe period under review, 76 organisations were availing the services of
the Division and 10 new organisalions were taken up for service. 101 short term
training programmes were organised. 59 organisalions were visiled lo promole the
applications of SQC & OR 15. Surveys/pilot projects were carried out and 17
proposals were sent.

Projects involving SQC & OR methods were taken up for various Lypes of
problems, some of the selected areas of work are ; tea packaging, computer application
in qualily managemenl, vibration in generators, process capability of radial drilling
machine, rejection and rework ol circuil-breakers, noise on compressors, gas leakage
in water eooler, refrigeralion system, SFC variation on Diesel Engine, drifl variation
on the relays, vendor qualily rating, sampling and festing ol incoming malerial.

3. Education and Training

Inplant training programmes for Executives and technologists at various faclories
continued. In addition to regular inplant programmes for excculives at various levels,
at BIIEL, a series of training programmes for senior executives continned on a regular
basis. One year special programme for the BIIEL Execulives at Madras at a faicly
advanced level with practical orientation conlinued for the ninth batch.

During the period under review 2157 managers and technologisis were given
training in SQC methods, 117 trainees underwent professional Lraining in SQC and OR
at Calcutta, Bomboy, Bangalore, Hyderabad and Madras, at the post Graduate./I'ost
Masters degree level. The Division also trained 9 SDI’ Fellows during the period.

The Division shared a fairly heavy load in teaching in he academic courses of
the Institute ot all centres. The facully members of the Division have lnken all the
courses prescribed for Diploma in SQC & OR at Calculla, part Lime SQC & OR
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Diploma programmes at Bombay and Madras and in part lime certificate courses at
Bangalore and llyderabad.

The Division also undertook teaching most of the courses prescribed in M .Stat.
11 (Specialisation in SQC & OR) at Calcutte aud Delhi and participated in teaching in
both M.Stat. i & II at Bangalore. The Division nlso parlicipaled in leaching [SEC
courses at Calcutta and Bangalore and in one year Evening course at Calculta,

4. Research

Applied and theoretical research were carried out in different areas. Some of
the areas of work are, Bayesian three decision acceptance Sampling plan ; continuous
sampling plan; Optimum investment in drilling ; strongly balanced uniform repeated
measurement design, Fuzzy Goal programming in Acceptance Sampling plan: Life
testing experiment and minute analysis; Parametric Design and Glabal Optimisation ;
Desirahility function to evaluale erection quality ; Ratio Stalistic for weighl variation
in tablets ; Design slability of lable fans at low voltage, contro! of rolor-stalor gap
of ceiling fan; sirongly degencrate complementary cones and solution rays; Linear
complementary problem with No Matrix.

5. Promotional Activities

Introductory visits were paid to 59 factories; 15 surveys and/or pilot projects
were carcied out and 17 reporls were sent. The industries covered in these surveys
are of diverse type such as : Air conditioning ; Agricultural machinery; Ceramics
and Glass, Chemicals and Fertilizers ; Electricals ; Electronies ; Electromagnet ;
Engincering (light as well as heavy) Motor Cars; Paper; Storage battery; Stee} ;
TV, Tractors ; Tobacco ; Watches ete.

A Two tier special programme for Top and Middle management on '‘Vendor
Development” was carried out under the sponsorship of Bharat !eavy Electricals Lid.
throughout the country. Participants from the Industries were trained in SQC
technigues for improved productivity and quality. 152 industries represenled in the
Top Management programmes and 128 induslries participated in the Middle
Management programmes.

The specialists from the Division delivered 315 lectures and talks to various
organisations/institutions on different aspects of Quality Control, Quality Management,
Concepls of Productivity, Production, etc.

The specialists from various unils attended 42 seminars on topics relevant lo the
fields of quality control, 14 seminars were organised by the Division during the period
under review.

Library, Documentation and Information Sciences
CENTRAL LIBRARY

The Institule maintains a Central Library at Calcutta. With the addition of
1,184 hooks and 1,493 journals to the stock, the total collection of the Library rose to
1,89,699.
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Acquisition : The Central Library accessioned 1,184 books during the period
under report, out of which 610 were purchased and 549 were received as gift. 16 titles
were received on exchange basis. 1t also ncquired 223 Litles for the Circulating Library.

Periodicals : The Central Library received 1,493 periodicals out of which 330
were received as gift, 608 against subscription and 550 on exchange arrangement with
national and international organisations. The Library also acquired 6 back volumes
of jourmals and subscribed lo 5 new journals. [t accessioned 1,021 journals and
completed the technical processing of 805 journals.

Circulation and Stock Maintenance : The Library issued 43,616 books and journals
Lo the users on loan and reference. The total membership of the Library was 1,034
(after the introduction of New Library Rules from May 2, 1988) out of which 8
memberships were withdrawn. The total memberships includes ISI staff, research
scholars, project assislants, B.Stat. and M .Stat., M .Tech. students, ISEC trainces etc., as
well as outside students and institute members. 469 renders were given special permission
to use the library for a short period. 48 book~ and journals were Lorrowed from other
libraries and 8 books and journals were loaned to other libraries under the inler-library
loan arrangement.

Reports & Records : The Library accessioned 674 titles and processed 704 titles.
2,203 tilles were jssued to borrowers during the period.

Documentation : The Library prepared a short bibliography on statislics, a list
of articles on compuler scientists abroad and their contributions in Indian periodicals
and a short list of bibliography on rice.

Special Materials : The Library accessioned and transliterated 90 Russian
books and translated 70 Litles.

Technical Processing : The Library classified 543 and catalogued 918 new
books.

Reprography & Photography : The Library provided 3,76,514 xerox prints for
the users during the period under report.

414 frames of photographs of different natures, 6,000 prints of photographic
enlargements, 412 frames of miorofilming from drawing books, charts, journals etc.,
255 frames of lectlure slides and 2,07,340 off-set prints were made during the period
under report,

Circulating Library : The Workers' Circulating Library acquired 223 new titles
bringing the total collection to 33,779. It issued 25,194 books to the members.

BANGALORE CENTRE LIBRARY

1. Additions :
During the period, 404 books were added to the library by purchase. 12 books
were received on gratis. 400 books were tronsferred to Lhe library from the SQC Unit,
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Bangalore. During the year a total of 388 volumes of journals were bound. 15 back
volumes of journals were purchased. Among the current titles received in 1988, 3
titles were cancelled and 9 new titles were subscribed.

2. Stock Position :

The total stock position es on 31 March, 1989 : books 10,578 ; books on gratis
608 ; bound volumes of periodicals 3,747 ; number of current periodical Litles 237 ;
number of current periodical titles (gratis) 28.

3. Technical Work :
About 782 books were classified and catalogued during the year. Neorly 3,200
cards were filed. The books received from the SQC Unit are yet to be processed.

4. Circulation :

A total of about 8,700 books and 2,400 periodicals (including loose issues) were
circulated by the library. The in-house use of books and periodicals was around
16,500. About 150 inter-library loan transactions were registered.

5. Services :

During the year, ISI Bangalore Centre Library provided the following services :
(i) Circulation service, (i) Inter-library loan service, (i) Reference service,
(iv) Quarlerly addition list of books, (v) Monthly list of current periodicals received,
(vi) Bibliography compilation on demand, (vii) Reprograpbic service, (viii) Library
cooperation in Lhe form of exchange of about 25 current issues of periodicals with the
TIFR centre in Bangalore.

DELHI CENTRE LIBRARY

During the period April 1, 1988 to March 31, 1989 the Delhi Centre Library was
was busy performing following activities :

1. Acquisition : 271 new books purchased and added to the stock during
the period. Received 56 publications as gift from various sources and agencies. More
than 360 sets of loose issues of periodicals after getting duly bound have been added
to stock, thus raising the stock to 27,727.

Acquisition section also helped the students and researchers by way of procuring
165 publications for their personal use.

Besides more than 100 reprints/technical reports have been received in the
library during the above period.

2. Periodicals : During the period April 1, 1988 to March 31, 1989, 274
current jssues of the periodicals both foreign as well as Indian were received in the
library. Out of these 256 were against subscriplion and 18 as complimentary. 380
sets of loose issues of the periodicals after getting duly bound have been added to the
stock during the sajd period.
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3. Membership and Circulation : During the period 306 persons enjoyed the
the Ybrary membership with 150 as lemporary members availing the reading room
facilities only, whereas 139 as permnnent members availed the lennding facilities. 17
Visiling Professors were also given all the lending fucilities. Approximately 9,516
publications were circulaled during the period among the members.

Under the Inter-library Loan program, aboul 162 publications were lent out to
the neighbouring Inslitules and about 83 publicalions were horrowed from other
libraries for use by ISI, Delbi Centre Library members.

4. Reprographic Services : Requests for providing photocopies of more than
56,933 pages were received during the period and complied with, Xeroxing facilities
have nlso heen provided lo outside research scholars on nominal rates for taking
photocopies of Lbhe arlicles available in library resources.

S. Documentaion Services : An Annual issue of 'List of Addilions' listing Ihe
new books added to the stock during the period January to December 1988 has been
brought out.

G. Other activities : Like every year, this year too Library Trainees with
remuneralion were appointed. At the end of their training each (rainee was given an
experience certificate.

Automation of Circulation section has already heen done. Efforls are on way
to automale olher routines in Lhe library, for which packoges have already Leen
procured.

DOCUMENTATION RESEARCH AND TRAINING CENTRE (DRTC)
BANGALORE

The activities of DRTC have been organised inlo : (1) Research programme
(2) Advisory service programme; (3) Extension programme ; (4) Dublication
programme ; (5) Training programme ; (G) Employment Information programme ;
(7) Continuving Education programme and (8) Faculty Development programme.

The following is the report of activities of the DRTC during the period April
1988 to March 1989 :

Training in Documentation and Information Science :

Course leading io ADIS Awards : Under its Training Programme, DRTC
conducts a course of 24-month duration leading to the award ‘‘Associnteship in
Documenlation and Informntion Science” (ADIS). This award is recognized by the
Government of Indio as equivalent 1o a master’s degree in “Information Science’.

The students of 1987-89 session, appeared for their final examination in July
1988 after the complelion of their course for the firsl year. There were G students in
the 1987-89 balch. All Lhe second year students nre now enguged in their respective
research projecls. They are to submit their dissertations on or before 31 August 1989
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The session for 1988-90 commenced on 1st September 1988. In all, 8 condidates
were selected for admission to the ADIS course (1988-90). All the candidates joined
the course. However, one of them had to leave the course after a mouth because of
some personal difficulty.

Short Term Course on Compulerized Informalion Work and Service : Under
the sponsorship of the National Information System for Science and Technology
(NISSAT) forming part of the Department of Scientific and Industrial Research (DSIR),
Government of India, New Delhi, DRTC has been conducting a §-week course on
*'Computerised Information Work and Service” (CIWS) since 1986. Normally two
such courses are conducled during each financial year. During the period April 1988
to March 1989, the Sth and Gth courses were conducted.

The 5th Course was conducted during the period from 4 July to 12 August 1988
with 14 candidates. All of them completed the course. The {ith Course was conducted
during the period from 16 January to 24 February 1989 with 15 candidates. 13
candidates compleled the course.

Study Tour by ADIS Students : According to DRTC policy, the students of
each session are provided with the opportunily of visiting information centres including
libraries, documentation centres, data centres, elc. for the purpose of carrying out
ohservationa) study of the information work and services in action. The programme
of Educational Tour for the students of 1988-90 and 1987-89 was fixed up for the
period 15 to 28 December 1088. The Educational Tour was conducted by Dr. G.
Bhaltacharyya. The studenls were taken to Calcutta to participale in the 34th All-
India Library Conference organized by the Indian Library Associalion and the 13th
JIASLIC National Seminar organised by the Indian Association of Special Libraries
and Information Centres which were held during 19-23 December 1988 al the Yuba
Bharati Krirangan at Salt Lake Cily in Calculta. For Lhe purpose of observational
sludy the students visited : (1) National Library, Calcutla. (2) Indion Statistical
Instiute, Calcutts. The students attended the ILA  Conference and the IASLIC
Seminar during 19-23 December 1988. The sludents left Calcutta on 26 December
1988 and reached Bangalore on 28 December 1988,

3. Research Activities :  The main areas of research in which the different
members of the DRTC Facully were engaged during the period of the report are :
(a) Preparation of a State-of-the-Art Report on the “Methodology of Couslructing
a Vocabulory Control Device” such as, schemes for classification, thesauri and
classauri, (2) Preparntion of a Manual for the construction of a Classaurus,
(3) Designing a Classaurus for the depth-indexing of micro subjects going with the
Base "“Agriculture and Related Sciences and Technology”, (4) Demonstration of the
use of the above mentioned classaurus, (5) Application (use) of the Colon Classi-
fication, Edition 7 (a) for the purpose of arranging documents on shelves, and () for
documentation work and service, (6) Design of multinccess thesauri, (7) Study of
the varieties of thesaurus-formats and their impact oun information retrieval,
(8) Design and developmenl of Depth Classification Schedules, Thesauri and Classnuri
for depth indexing in different disciplines, (9) Planning and managemenl of infor-
mation systems and services, (10) Information Analysis and Consolidation,
(11) Preparation of e State-of-the-Art Reporl on Performance Standards in lhe field
of secondary information services, (12) Bibliometrics : Development of measures
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for evaluating use of library and informalion services, (13) Library automation :
Guidelines for developing soflware for library bousekeeping operalions, (14) Develop-
ment of a computerized tutorial for CDS/ISIS (Mini-Micro Version).

4. Project Work :

1. Preparation of a manual for the construction of classauri : (The fundamental
basis of the classaurus would be the general theory of subjecl/information analysis.
For the purpose of demonstration, the discipline “Agriculture and Related Sciences
and Technologies” would be considered as Lhe Base).

A select-bibliography was compiled with 200 entries. The bibliography was
on the “Melhodology of Construcling Vocabulary Control Devices”. Such devices
include : (1) Schemes for notational classification ; (2) Lists of enumerative subject
headings/proposilions ; (3) Thesauri and (4) Classauri. The nexl stage was
devoled (o the compilation of a slate-of-lhe-art report on researches in Lhe field
of the “Methodology of Construcling Vocabulary Control Devices” on the hasis of
the bibliography. These sleps are essential for the preporation of a manual for the
construclion of a classaurus. During the period July 1988 Lo March 1989. the activities
completed are as follows : (1) Dreparation of fully informalive abstracts/extracts/
digests of the original sources of information; (2) Designing an organisational
framework taking the shape of a systematic verbal scheme for classification ;
(3) Tndexing of the entries according to this reference Iramework ; (4) Arranging/
sequencing the entries 1o generate sections and chapters and (5) Writing the sections
and chapler according to the principles of consolidation. The first drall of the text
portion of the slate-of-lhe-art report was completed during the period.

2. "Performance Standards for Library and Information Work and Services” :

Compilation of an annototed bibliography on Performance Standards has been
completed. It covers the literature from 1930-80 and consists of 172 entries.

Based on the bibliography, a state-of-the-art-report on “Siandards for Libraries
and Information Centres” is being prepared. A draft of the same has been prepared
and needs to be finalised.

Critical evalualion of the activities of each seclion in a library or information
centre to idenlify the intelleclual (processing) content to be done manually and those
which can be done using computer technology has been started. It has been found
that the distinctive library funclions like acquisition control. serinl econtrol, circulation
control, reference service and some information services like SDI, Information Retrieval
Services can be carried out by applying computer technology. On the other hand,
information consolidation work and services have to be done manually. Computer
technology has not as yet entered informalion consolidation area.

In regard lo an automaled acquisition control, a suitable Now charl has been
derived. For the purpose of compuler npplications to Libraries and Informalion
Ceutres, the CDS/ISIS software package and dBase I + are being used. The testing
of CDS/ISIS PASCAL is in progress,
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8. SYMPOSIA, SEMINARS, LECTURES AND CONFERENCES

Among different conferences, symposia, seminars, workshops and lectures
organised by the Institute mention may be made of the following :

3.4 Symposia, Conferences, Workshops etc,

A Summer School on Probability and Analysis was held in May-June 1988 at
Bangalore Cenlre of the Institule by the Stat-Math Division. This was attended by
twentyfive people from various Colleges/Universities from different parts of India.

The first series of P. Kesava Menon Memorial lecture on “Algebraic Coding
Theory” was delivered by Professor D. K. Ray-Chaudburi, Ohio Slate Universily,
USA at Calcutta during Lhe period 12-13 December 1088. This was allended by the
participants from India and abroad.

The Institute organized two international conferences to honour the memory of
Professor Raj Chandra Bose. The first, entitled Raj Chandra Bose Memorial
Conference on ‘Combinatorial Mathematics and Applications’ was organized jointly
with Calculta Statistical Association and held in Calculta during 14-16 December,
1988. The second, entitled Raj Chandra Bose Symposium on ‘Probabijlity, Statistics
and Design of Experiments’ was jointly organized with Delbi University and Indian
Agricultural Statistics Research Institute and held in Delhi University during 27-30
December, 1988. Both Lhe conferences were well attended by participants from India
and abroad.

A INDO-U.S. Workshop on ‘Bayesian Analysis in Statistics and Econometrics’
(BASE) was organized in collaboralion with the Depariment of Science and Technology.
The National Science Foundation, USA, Ohio Stale Universily, USA, and the Indian
Econometric Sociely in Bangalore during 19-23 December 1988. The theme of the
workshop was Bayesian Statislics and Econometrics, an area of research on foundations
and new tools which remains lorgely neglected in India. The workshop was attended
by 30 experls from abroad including such eminent scientists as C. R. Reo, Arnold
Zelloer, Joseph Kadane and Bruce Hill, who presenled inviled papers. There were
50 Indian statisticians, and econometricians participating in the Workshop. Several
contributed papers were discussed in the Poster Sessions.

The Institute was one of the co-sponsors of Nation building, development process
and communicalion : A national seminar in search of I[ndia’s Renaissance. This
was held in Delhi from December 3-7, 1988. Many of the India’s leading intellectnals
participated.

DRTC Annual Seminar on Computerised Software and Information Work and
Services was held during 6-8 March 1989 at ISl Bangalore Centre. Like all other
years, the Seminar was based on research contributions made by Information Service
Professionals all over India. There were 26 papers presented in the Seminar. The
seminar was attended by Information Scientists from all over India. There were 102

perticipants.
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A National Workshop on Thesaurus for Information Relrieval was organised
by DRTC in collaboration with IASLIC, NISSAT and Govl. l'vlylechnic for Women
during 15-25 March 1989, The workshop was sliended by 25 purlicipants from all
over Indin. The workshop covered the tools and lechniques of information analysis
including the different kinds of vocnbulary control devices.

A 10-day all India Workshop on ‘Information Managemenl® was organised by
the Central Library in Culcutta from 7 to 17 June 1988, The workshop was
co-sponsored by IASLIC and the Department of Science & Industrial Research, New
Delbi.

A seminar on ‘“Application of Software in Qualily Conlrol and Inspection™ was
conducled by SQC Unit, Calcutta during 15-16 December, 1988.

A summer course on “Iractical Optimization Techniques and Application™ was
organiscd by the SQC & OR Division at 1IN, Bangalore during 30 May—11 June
1985. Dr. T. S. Arthanari was the Course Direclor. 25 Teacliers and research
scholars from different universilies and colleges allended Lhe course.

A Top Munagement seminar on ‘Qualily’ was organised by SQC and OR Unit,
Bangalore at Titan Watch Co., Bangalore on 25 August 1988, Ten senior execulives
including the Managing Direclor and three Vice Presidents atlended the programme.

A Workshop on “Taguchi Techniques of Quality Engineering” was organised
by SQC and OR Unit, Bangalore during 17-31 August 1988 at the Bangalore Centre
Campus. 18 Execulives of dilferenl industries throughout the country attended.

A Seminar on “Orthogonal Array Experimentation” was organised by the SQC

Unil, Bombay—for Lhe Conlederation of Engineering Indusiry, Western region, during
December 1985 al Hotcl Centaur, Bombay. [t was allended by 20 parljcipauts.

32 Lectures and Seminars

The Stat-Math. Division at Calcutta conducts Monday colloquia, other seminars,
invited talks by experts in the tields of rescarcl.

The following seminars/lectures were arranged during the period :
Stat-Math {Delhi)

Dr. T. Parthasarathy, ISI Delbi (19.4.88) : * Axiom of choice and determinacy”.

Dr. K. R. Parthasarathy, ISI Delhi (264.88) : 'A remarkable class of
marlingales’ .

Prof. Balwant Singh, TIFR, Bombay (4.5.88) : “Resolution of singularities
of an alpebraic variety'".

Ms. Sambavi Madhavan, Universily of Texas al Dallas (20.5.88) : “Integer
I’rogramming”’.

Dr. S. K. Mitra, ISI Delhi (12.7.88) : *“A malrix programming problem™.

Dr. Alladi Subramaniam, IIT, Bombay (13.7.88) : “On Asymplotic aspecls of
Sequential estimation”.

Professor 3. Ramachandran, ISI Delhi (26.9.88) : “On some functional equa-
lions of Probability Theory'”. Under lhe auspices of IS1-Delhi University Joiul
Seminar Progrumme held ot Delhi Universily.
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Dr. R. L. Karandikar, ISI Delhi (28.9.88) : ‘‘Martingale methods and the
Boltzman equation”.

Professor D. I. Finney, FRS, University of Edinburg, UK. (26.10.88) : (a) “A
few memories of PCM”, (b) “Some thoughts on Data and the Statistician”.

Dr. L. Saulis, Inst. of Math, and Cybernetics, Lithuanian Acad. Sci., Vilnius
USSR (2.12.88) : “On large deviations for random vectors”.

Professor Adam Idzik, Warsaw, Poland (17.11.88) ‘‘Theorems on Closed
Coverings of a simplex of the KKM-type”.

Professor Czeslaw Olech, Warsaw, Poland (16.11.88 & 22.11.88) : (1) ‘‘Univalence
and Differential Equations”, (if) “An introduction to Optimal Control Theory”.

Dr. Rahul Roy, IS! Dethi (9.12.88) : “Critical densities for continuous
percolation”.

Professor 1. J. Seidel, Eindhoven University of Technology (21.12.88) : “‘Designs
and Measures”.

Professor M. S. Nikulin, Leningrad, USSR (22.2.89) :  “‘x™-test, theory
and practice’,

Dr. P. Vellaisamy, IIT, Bombay (28.2.89) : ‘‘Estimation after selection : A
study for some populations”.

Professor G. A. Margulis, I.P.P.I, Moscow, USSR (30.3.89) : “Flows on
Homogenous spaces and their applications in number theory".

Malriz-operator Seminar

Professor M. S. Raghunathan, TIFR, Bombay (12.7.88) : ‘Values of Quadratic
forms at Lattice points’.

Dr. R. B. Bapat, ISI Delhi (18.7.88) : ‘Order Statistics and Permanents”.

Dr. R. Bhatia, ISI Delhi (2.8.88) : ‘““Averaging and Dispersion’’.

Dr. J. M. Lindsay, (3.8.88) : ‘“Quantum Chaos ?"

Dr. Bryan B. Csin, IOWA State University (16.8.88) : Conjugate Cones and
Semi-definite Operators”.

Dr. K. G. Ramamurthy, ISI Delhi (30.8.88) ‘: “Certain classes of matrices in
the Jinear complementarity theory’.

Dr. Kalyan Mukherjea, 1SI Delhi (6.9.88) : *‘Elliptic Operator and Topology".

Dr. R. Sridhar, ISI Delhi (27.9.88) : ““On the simplex melhod and a class of
linear complementarity problems”.

Dr. R. L. Karandikar, ISI Delbi (13.9.88 & 29.11.88) : (i) “Mulliplicative
decomposition of non-singular matrix valued semimartivgales”, (i) “On Feynman
Integrals”.

Professor Miroslav Fiedler, Czech. Academy of Sci. (254088, 1.11.88 and
8.41.88) : (i) "Algebraic connectivily of graphs nnd its modilications”, (i) *‘Matrices
and Buclidean Geometry”,and (i) “Hankel, Bezout und Loewner matrices (A survey)”.
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Dr. Amit Roy, TIFR, Bombay (6.12.88) : ‘‘Epimorphisms of DPolynomial
Rings".

Mr. Rahul Roy, ISI Delhi (13.12.88) : ‘‘An introduction to Percolation Theory".

Dr. Karl Pelersen, University of North Carolina (17.1.89) : ‘“Nonhomogeneous
ergodic theorems’.

Dr. Joseph [Horowilz, University of Massachusetts, Amherst (24.1.89) : “A
glance al image-processing’’.

Dr. Ka-Sing Lau, University of Pittsburgh (31.1.89) : “Harmonic Analysis of
Functions with Bounded Means'.

Mr. B. V. Rajaram Bhat, ISI Delhi (7.2.89) : ‘The Berberian Exlension of
Hilbert Space Operators’.

Mr. Anilesh Mohari (14.2.89) : “The equation AX — XB = C inBanach Spaces”.

Mr. K. R. Parthasarathy, 1SI Delhi (21.2.89) : “Chaos of Markov Chains”.

Mr. W. Von Waldenfels, University of Heidelberg (7.3.89) : “An example of

Quantum Central Limit Theorem”.

Dr. L. Elsner, University of Bielefeld (14.3.89 and 21.3.89) : (i) “On the
spectral radius of entrywise funclions of maltrices™, (i) “Convergence of asynchronous
paracontraclions ; application to lomographic reconstructions'.

Game Theory and O. R. Seminar
Dr. T. Porthasarathy, ISI Delhi (1.9.88, 8.9.88, 22998 and 29.9.88) : (i)
"“Introduction lo repeated games™, (if), (iii) and (iv) ‘‘Repented Games”.

Dr. G. Ravindran, IS1 Delhi (7.9.88, 6,10.88, 13.10.88, 27.10.88 and 3.11.88) :
(i) “N-malrices”, (i), (i), (iv) and (v) “Repeated Cames”.

Applied Statistics, Surveys and Computing

Dr. Bikas K. Sinha (8.4.88) : ‘‘A Statistical Analysis of Social Nelworks :
problems and Perspectives.”

Dr. A. K. Thakur (6.4.88) : *“Statsitical Modelling and Risk Estimation of
Carcinogenic Dose-Response’’.

Dr. Bijan K. Chakraborly (4.5.88) : ‘‘Xerophthelmia in under-five children
in Rural \West Bengal™.

Dr. David Abler (19.5.88) : ‘‘Distributional Implications of the Green Revolution
in India”.

Dr. Sibdas Bandyopadhyay (2.8.88) : “‘Forgot the sampling design at estimation
stage”’,

Dr. J. Roy (23.8.88 & 30.0.88) : (1) '‘Short Term Forecasting : An Empirical
Approach’, (ii) "“Japan todoy".

Dr. Subir Ghosh (3.4.89) : ‘“Mensuring Dispersion Efects in Factorial
Experiments'’,
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Dr. Anup Basu (23.2.89) : ‘‘Robot navigation”.

Economic Research

Mr. P. Gajapati (28.12.88) : “Price Formation in the IO framework”.

Dr. I. Y. Lin, Development Institute, Beijing (11.1.89) : ‘‘Agricultural Reforms
in China".

Dr. Jouko Pannie, University of Helsinki (16.1.89). Instability and slow growth
in Burope™.

Dr. D. K. Bose, Vice-Chairman, West Bengal State Planning Board (2.3.89) :
“Public Sector Pricing”.

Economic Analysis (Bangalore)

Professor D. K. Bhaltacherys, University of Leicester, UK (12.4.88) :
“Estimation of Ilidden Money with reference to the UK and USA”.

Dr. S. N. Joshi, Stat-Math Unit, Indian Statistical Institute, Bangalore (17.5.88) :
“Bayesian Analysis in Statistics and Econometrics™.

Dr. A. K. Sengupta, Economic Research Unit, ISI, Calcutta (7.6.88) : “An
alternative Measure of Factor Intensity in Production”.

Professor Sanjit Bose, Economic Research Unit, ISI, Calcutta, (17.6.88) :
“Service Form of Production”,

Dr. P. A. V. B. Swamy, US Federal Reserve Board, Washington, USA (22.8.88) :
“Foundations of Bayesian Analysis in Statislics and Economelrics”.

Professor Ranganath Bharodwaj, Director, Bombay School of Econemics,
University of Bombay (15.7.88) : “Pedagogics in India”.

Professor P. R. Brahmananda, ICSSR, National Fellow (25.8.88) : “Comments
on Dr. Sukhmoy Cbakravarty’s Recent Relections on Development Processes”.

Dr. M. H. Suryanarayana, Economic Analysis Unit, IS], Bangalore (9.9.88) :
“Poverty and its Determinants’’.

Dr. Somdeb Lahari, Indian Instilute of Management, Ahmedabad (14.9.88) :
““A General Saddlepoint Property for Two-Person Variable Threal Games™.

Dr. M. . Narayana, CSIR Pool Officer, Economic Analysis Unit, IS, Bangalore
(20.0.88) : “'Federal Transfers and Inter-regional Resource Allocation : The case
of India”.

Ms. Suchitra Chakravarthy, Economic Analysis Unit, Indian Statistical Institute,
Bangalore (30.9.88) : ‘'The Role of Institulional Agencies in Karnataka’s Agricultural
Finance” .

Professor Prem K. Goel, Ohio Slate University, USA and Professor N. S. Iyenger,
Indian Statistical Jnslitute, Bangalore (19-23 Dec. 1988) : ‘“Indo-US Workshop on
Bayesian Analysis in Stalistics and Econometrics’, Bangalore.

Population Studies

Population ageing in India with special reference to its Demographic and
Socio-economic aspecls, on 5 May, 1088,
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Interface between Family Planning Workers and Clients in Bangladesh, on 6
May, 1088.

Use of Micro Computer Software for Demographic analysis and Projection, on
21 July, 1988.

On Follow-up lime lnterval in Estimating and Comparing (wo Rates in Demo-
graphic Studies. P'resented at a seminar at the Department of Demography, Kerala
Unjversily, On Augusl 16, 1988,

Explaining  high Contraceptive Prevalence in Matlab, Banglndesh : A focus
group Mcthodology, on 13 Oclober, 1088,

Life Table Techuniques, on 29 December, 1988.

Ischaemic Hlearl Discase in Indian Population : I'asl, Present and Fulure, on
20 January, 1989.

Population-related Prablems of Bangladesh on 23 February 1989,

Some Demographic Problems of Bany ladesh, on 20 March, 19 9.

Statistical Quality Control and Operation Research

Shri 8. C. Bliatlacharyya (4.4.88) : “'Production Scheduling of Compounded
Nylon Chips”.

Shri P. K. Swain (5.5.88) : ‘'Control of Rejeclion at neck sealing, neck Manging
and pipe culting”.

Shri A. Sarkar (11.4.88) : “Uscable wasle study in spinning mills’,

Shri G. Ravindran, ISI Delhi (June, 88) : *“Game Theory".

Dr. T. . Tripathi, 1S] Calculta (21.7.88) : “Estimatlion of some parameters
based on ancillary information'.

Dr. B. K. Sinha, IS] Culcuttn (21.7.88) : 'Noun-adaptive hypergeometric group
testing designs for almost twa delectives™.

Dr. S. K. Majumdar (22.7.88) : ‘'Mechanistic modelling for stalistical
applications”.

Shri R. Anantha Rao (25.7.88) : ‘‘Bela-correcltion methods’.

Shri Rajiv Goel (31.10.88) : A group sampling attribule plan to attain a given
strength proposed by T. K. Chakraborly™.

Prof. T. E. S. Raghavan, (23.12.88 and 24.12.88) : ‘Nash Bargaining in Two
Person Games and application of Slochastic Games™.

Shri A. Bandyopadhyay (Jan-Mar. 1988) : “Software Designing and File
Management through Turbo Pascal”.

DRTC (Bangalore)

A Seminar on Construction and Mainlenence of Thesaurus by using CDS/ISIS
(along with a demounstration) was held on 27th April 1988. The seminar was oflered
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by Prof. A. Neclameghsn, Honorary Professor, DRTC, Bangalore. About 30
participants atiended the Seminar.

A seminar on “Marketing of Scientific and Technical Information' was held
on G June, 1988. The seniinar was oflfered by Shri N. K. Gopalakrishnan, Chief, Centre
for Documentation, Institute of Public Enterprises, Hyderabad-7. About 40 participants
attended the Seminar.

A Seminar on ‘Information Support for Technology Management' was held on
8-9 June, 1988,  The seminar was offered by Prof. A. Neelameghan, Honorary Professor,
DRTC, Bangalore. About 40 participants atlended the seminar.

‘Seminar on Trends in Information Technology' was held on 10 June, 1988. The
Seminar was offered by Shri N. V. Salyanarayana, Direclor, Informatics (India) Ltd.,
Bangalore. About 20 participants atlended the Semin:r,

A Seminar on Trends in Information Products Development was held on 15
June 1988. The seminar was offered by Shri N. V. Salyanarayana, Direclor, Informalics
(India) Ltd., Bangalore. About 40 parlicipanis attended the seminar,

A Seminar on Bibliometrics was held on 4,6,8 and 11 July 1988. The seminars
were offered by Dr. Quentin Burrell, Lecturer, Stalistical Laboratory, Department of
Ma hematics, University of Manchester, UK. About 40 participanls atlended the
semivars on each date.

Seminars on (1) Information and Communication ; (2) Information Transfer
Chain ; (3) Information Syslems ; (4) User Needs; (5) Searching and Retrieval of
Information and (6) Information Dissemination Techniques was held on  26-30
September, 1988.. The seminars were offered by Dr. (Ms.) . Vijaya Lakshmi, Reader,
Andhra Unjversity, Waltair. About 20 participants atlended the seminars on each day.

A Seminar on ‘Impact of New Information Technologies on Library/Information
Work and Service was held on 27 Seplember 1988. It was a special seminar organised
by DRTC attended by general public of Bangalore. The seminar was offered by Ms. B.
Vijoyalakshmi as spart of the Five Laws Lecture Series.

The DRTC Refresher Seminar—17 (1988) was held during 26 and 28 October
1988. The theme of the seminar was Colon Classilicalion Edn. 7. The working
document for this seminar was prepared by Prof. M. A. Gopinath. In the
presenlations Prof. M. A. Gopinath, Prof. A. Neclameghan and Prof. 8. Parthasarathy
took part. About 55 parliciponls altended Lhe Seminar.

A Seminar on ‘Selection and Marketing of Library materials’ was held on 23
January 1989, It was a special seminar organised by DRTC and allended by general
public in Bangalore. Dr. K. §. Umapathy, Specialist, Northwest Regional Library,
Philadelphia, USA.

A Seminar on ‘Impact of Information Technology on Professional Training
Programmes’ was beld on 31 January, 1989. It was a special seminar organised by
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DRTC and attended by the general public of Bangalore. The seminar was offered hy
Prof. S. Parlhasarathy, Director, Inslitute of Informalion Studies, Madras-S.

4. PUBLICATIONS
The following publications were broughl out during April 1988-March 1989 :
(i) Sankhya : The Indian Journal of Stalistics, the official organ of the Indian
Stalistical Instilute. -
Series A : Vol. 50, Parts 2 & 3
Series A : Vol. S1, Part 1
Series B : Vol. 50, Parts 1, 2 & 3

(iiy Twenlyfour lechnical reporls from the Statistics-Mathematics Group have
been ivsued during the period.

(iif)  Advances in tnformation Sciences and Technology, Vol. Il : Information
Storage, Retrieval and Processing, Edited by J. Roy, 1st Edition, 1989.

5. SCIENTIFIC PAPERS AND PUBLICATIONS
SCIENTIFIC PAPERS PUBLISHED
Theoretical Statistics and Mathemalies
Calculta
1. DBagchi, Bhaskar (with Sastry, N. S. N.) (1988) : Codes nassociated with

generalized polygons. Geom. Dedicata, 217, 1-8.

2. ——— (1988) : No exlendable biplane of order nine. Jour. Comb. Theory (A),
49, 112,

3. ——— (1989) : Intersection psitern of classical ovoids in symplect space of even
order. Jour. Algebra.

4. Ghosh, 1. K. (with Bhattacharya, R. N.) (1988) : On momeni conditions for
valid formal Edgeworth Expansions. Jour. Multi. Anal., 27(1), 68-79.

5. Mazumder, B. S. (with Mukherjee, A.) (1988) : Dispersion of contaminant in
oscillalory flows. Acta Mechanica, 74, 107122,

6. Mukherjee, R. (with Sen, M.) (1988) : Kronecker factorial designs for multiway
elimination of heterogeneity. Amn. Inst. Stat. Math., 40, 195-210.

7. ———(with Sen, M.) (1988) : Non-equireplicate Kronecker faclorial designs.
J. Stat. Plam. Inf., 19, 261-267.
8. ——— (Kogevama, 8) (1988) : Classilicntion of semi-regular group divisible

designs with Ag=A, 4+ 1. Ars Combinatoria, 25, 51-57.
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——— (with Kngeyama, S. and Saha, G. M.) (1988) : D=} -partially efficiency-
balanced designs. Commun. Stal.—Theory and Methods, 17, 1669-1683,

——— (with Gupta, 8) (1988) : Universnl oplimalily of main effect deletion
designs. Stalistics and Probability Lett., 7, 89-91.

——— (with IHudn, S.) (1988 : Optimal weighing designs : approximate Lheory.
Statistics (formerly a series of Malh. Operntions forschung und Slatistik), 19.
——— (with Dose, M.) (1988) : Estimalebilily-consisiency and ils equivalence
with regularity in factorial designs. Utilitas Mathematica, 33, 211-24G.
Ramakrishnan, C. S. (1988) : An improvement of Goyel's modified VAM for
the unbalanced ‘ransportation problems. Jour. 0. R. Soc. (U. K.), 39, GOY-1510,
Rao, B. V. (with Maitra, A. and Srivalsa, V. V) (1988) : Some applications
of selection theorems lo parametrization problems. Proc. Amer. Math. Soc.,
104 (1), 96-100.

Rao, T. J. (1988) : Transformation on the auxiliary variate for Midzuno-Sen
sampling scheme. J. Ind. Soc. Agri. Stat., 40, 173-177.

——— (1989) : Efficiency of a new estimator in PPS sampling for multiple
characieristics. J. Statist. Plan. Inf., 21, 75-84.

Sinha, B. K. (with Shah, K. R.) (1988) : Optimalily aspects of 3-concurrence
most balanced designs. J. Statist. Plan. Inf., 20, 229-230.

——— (with Mukhopadhyay, N. and Sen, P. K. (1988) : Stopping rules,
permutation invariance and sulficiency principle. Aun. fnst. Stat. Math., 41,
121-138.

——— (with Mukhopadhyay, N. and Sen, P. K.) (1938) : Bounded risk esti-
mation of a finite populalion mean : optimal stralegies. Sequential Analysis,
7, 91-109.

Tripathi, T. P. (1988) : Estimation for domains in sampling on two occasions.
Sankhya (B), 50, 103-110.

——— (with Singh, H. P. and Upadhyay, L. N.) (1988) : A generalised method
of estimation in double sampling. J. Ind. Stat. Assoc., 26, $1-101.

Delbi
Bepat, R. B. (1989) : Infinite divisibility of multivariate gamma distributions
and M-matrices. Sankhya, Ser. A, 51, 1, 73-78.

——— (with Beg, M. 1) (1989) : Order statistics for non-identically distributed
varigbles and permanents. Sankhya, Ser. A, 51, 1, 79-93.

——— (with Raghavan, T. E. S.) (1989) : An exlension of a theorem of
Darroch and Ratelifl in loglinear models and its application to scaling multi-
dimensional matrices. Linear Algebra Applic., 114/115, 705-715.

Bhatia, R. (1988) : Perturbation inequalities for the absolute value map in norm
ideals of operators, J. Operator Theory, 19, 129-130.
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——— (with Holbrock, J. A.) (1988) : On the Clarkson— M cCarthy Inequalities,
Mathematische Annalen. 281, 7-12.

——— (with Kittaneh, Y¥.) (1488) : On some perturbation inequalilies for
operators. Linear Algebra Applic., 106, 271-279.

——— (with Davis, C. and Koosis, P.) (1989) : An exiremal problem in
Fourier analysis with applications lo operator Lheory. J. Funct. Analysis, 82,
138-150.

——— (with Sinha, K. B.) (1988) : A unitary analogue of Kato's Theorem on
variation of discrete spectra. Lett. Mathl. Phys., 15, 201-204.

— —— (with Holbrook, J. A. R.) {1989) : A softer, stronger, Lidskii Theorem.
Proc. (Mathl. Sciences) Ind. Acad. Sci., 99, 75-83.

Bhatlacharya, C. G. (1988) : On Ihe Colen Sackrowitz estimator of a common
mean, Statist.. 19, 4, 493-501.

Mitra, S. K. (1988) : Infimum of a pair of matrices, Linear Algebra Applic.,
105, 163-182.

Mitra, S. K. (1988) : On the method of overlapping maps in survey sampling,
Sankhya, 50, 9-38.

Parthasarathy, K. R. (1988) : The passage from random walk to diffusion
in quantum probability. Appld. Prob. Celebration (Ed. J. Gani) Applied
Probabilily Trust.

——— (wilth Lindsay, J. M.) (1988) : The passage from random walk to
diffusion in quantum probability 1I. Sankhya. Ser. A, 50, 151-170.

—- -— (1988) : A unified approach to classical, bosonic and fermionic Brownian
motions. Asterisque, 157-158, 303-320.

——— (1988) : Andrei Nikolaevich Kolmogorov, Obituary. J. Appl. Prob.,
445450

Parthasarathy, T. P. (with Ravindran, G.) : Completely mixed games and global
univalence in convex region, Optimization, Design of Experiments and Graph
Theory. Edited by M. N. Gopalan, G. A. Patwardhan, 1T, Bombay, 417423,

Prakasa Rao, B. L. S. (1988) : Laws of iterated logorithm for fluctuation of
posterior distributions for a class of diffusion processes and a sequential test of
power one. Teor. Veroyat. iee primenen, 33, 289-294.

——— (1988) : Statistical inference from sampled data for stochastic processes,
Statistical Inference from Stochastic Processes. (Ed. N. U. Prabhu) Contemporary
Math., Amer. Math. Soc., Providence, Rhode Island, 80, 249-284.

Ramachandran, B. (with Lau, K. S. and Gu, H. M.) (1988) : On characteristic
functions satislying a functional equation and related classes of simultaneous
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