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0. INTRODUCTION
Research in the theory and applications of the new discipline of

in India in the (wenties at the pioneering initiative of the late Professor P. C.

Mahalanobis. During this period a small group of young soientists collected around

him, which later came to be known aa tho Statistical Laboratory. This group deve-

loped into the Indisn Statistical Inskitute in 1032 in the form of a learned society
d under the Societies Registration Act.

As the Institute expanded its teaching, research and project activities and earned
nationsl and international recognition, in 1959 tho Parliament of India enacted the
Indian Statistical Ingtitute Act, declaring the Institute to be an Institution of National
Iraportance and empowering it to award degrees and diplomas. The already existing
teaching prog were now lidated and expanded, and courses for the degrees
of Bachelor of Statistics (B.Stat. Hons), Master of Stabistics (MLStat) and for
diplomas in several applied fields of statistics were initiated. The award of the
Ph.D. degree was underbaken and courses and guidance for this purpose developed.
At o later stage, M.Tech, programmes wero atarted in Computer Science and in
Quality, Reliability and Operations Research.

The recognition by Parlisment gave greater encoursgement to research
activities not only in statistica and mathematics, but also in various areas of the
natural and social sciences without whose live contact, it waa believed, the methodo-
logy of statistics could nov grow. One of the primary objectives of the Institute is
to emphasise the importanice of statistics in relation to other disciplines, The research
activities of the Institute are, therefore, of multi-disciplinary nature. The Institute
therefore does not only maintain research groupa in statistic and methemasics, but
also in the social, biological, physical and earth sciences.

The Institute has its headquarters at Calcutta and two other centres at Delhi
and Bangalore. It also has o network of service units in Statistical Quality conrol
covering many major cities of India.

The Institute has, over the years, had the distinction of having on its rolls and
a3 collab of Professor very eminent seientiste, among whom may
be mentioned the late Profersor J.B.S. Haldane, F.R.S., the late Professor 8. N. Roy,
the late Professor R. C. Bose and Professor C. R Rao F.RS.

During the year under review tho Institute organized sevoral national and
intornational confercnces, workshops and summer and winter achools in & variety of
subjects. Special mention roay be made of 8 Workshop on Linear Models and Design
of Experiments (a¢ Calcutta), o Winter School on Algorithme and Computational
Complexity (at Culcutta), an Intornational Workshop jn Quantum Probability and
Applications (a¢ Delhi, jointly with NBHM), a Confe on Recent Develop
in Probability and S¢abistics in memory of Professor C. G. Khatri (a6 Delhi, jointly
with Dept. of Statistica, Delhi University), an International Conde on Game
Theory and Economie Applications (a6 Delhi), an Instructional Conforence on Operator

Mahalanohi
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Algebras (st Bangalors, supported by NBHM), a Seminar on Problems of Large
Scale Sample Surveys in Indio (a% Caleuttn), an Intornationsl Workshop on Applica-
sions of Stutiskical Mcthods in Th ical Physics and Fluid Mechanics (at Calcutta),
a Symposium on Central and Gonesic Diversity in Indian Population (at Bangalore,
jointly with IISo, Bangalore), and tho Sccond Swmmer Course in Quantitative
Economics (st Bangalore). In addition to tho above, the different Units of the SQC
& OR Division and DRTC, Bangalore Centre, organized a number of ‘workahop
Symposia otc. during the year.

The Institute also organized & UGC-sp d training course in statistics for
university and collego teachers.

Many faculty members from the Division of Theoretical Statistics and
Msathematics and Applicd Statisties, Surveys and Computing participated in the
Statistics Section of she Indian Science Congress in which Professor J. K. Ghoth
wea the Presidens and Professor B. K. Sinha wes the Recorder. Dr. Debashish
Sengupta of ISI won an Young Scicntist Award at the Science Congress. Also,
Professor K. R. Parshasacathy was clected President of the Statistics Section for the
next year.

The two-year M.Teoh. programme in Quality, Reliability and Operations
Research, started during 1989-90 ot Calcutta, made satisfactory progress. The
8QC & OR Division won another laurel when Shri N.T.V. Rangs Rao of the SQC& OR
Unit o¢ Hydcrabad got an internations] award and s cash prize from Japan for his
essay on “Improving quality of work life through productivity in small industry”.

The Institute's regular courses went on well. For the acadomic scssion 199091,
a total of 8,844 candidates applied for admission to the various degree and diploma
courses, and they were called for writben selection tests which were conducted st
21 centrea distributed all over the country. A total of 5,172 condidates appeared for
these writton teats, and subsequently, a total of 540 condidates were called for inter-
view. Finally, 315 candidates wore offercd admission $o various courses like B.Stas.
(Honours), M.Stat. (S-stream and M-géream), M.Tech. (Computer Science) and M.Tech.
{Qulity, Reliability and OR), besides Ph.D. programmes in different fields.

The Institute oporates the Internabional Statistical Education Centre (ISEC),
which was establisted in 1950, jointly with the International Statistical Insitute,
under the auspices of the UNESCO and the Govt. of Indis. During the year 1080-91,
this Centre conducted the 10-month Regular Courso of the 44th Term with 26 parti-
cipaats from 17 countrics in South and South-East Asia, the Middle East, the Far
East and Commonwealth Africa. The Govs. of Indis awsrded fellowships to 24 of
these traingea under the Technical Co-operation Schemo of the Colombo Plan, under
the Special C l6h African Assi Plan (SCAAP), under Indiar Technical
snd Eeonomic Co-operation (ITEC) programme snd under Aid to Sri Lanka Scheme.
The remaining two were from she Indian Air Force snd wero supported by their
employers. Twontyfive of the trainees complesed she Regular Course and received
the Statistical Training Diploma.

In addition to the sbove, ISEC organized a Spoecial Course in Advanced Data
Procesaing for one traince of tho provious Term.
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The printing and publication of Sankhys-Series A and B, made satisfactory
progress sad work on Vols 52 mud 53 wers nearly completed.

The Institute continued it’s sutivities in fund | as well as applied ressarch,
much of which is interdisciplinary. Ono of the highlighta of tho research sctivities
of the Division of Theorctical Statistics and Mathematics was somo imp work

done by Dr. V. 8. Sunder of the Bangalore Centre, who made significant contributions
%o ons of the frontier arcas of mothematics and physics where the theory of knots,
Von N algobras, q h and statistical mechanics come together.
Sunder worked on the problem—initinted by Jones, one of the Fields Medalliate of
1890—of which positive real numbers could srise as the ‘dimonsion of an irreducible
Ginit> oxtension of tho hyperfinite factor’. He identified certain mashematical struc-
Sures called hypergroups, which contain groups and unitary duals of compact groupe
a3 special cases, constructed several non-trivial examples of such bypergroups and
used shom to show that soveral new numbers could arise sa pomsible values of ths
dimension of sn extension as above: exomples of numbers so realized by him
are @8, 3¢ (whero ¢ is the goldon ratio) aud more generally,
(12 (N+ VN F4K)®, where £ =1 or 2, N any positive integer.

Tho Institute’s scicntists worked on o variety of multi-disciplinary projecta
taken up at the request of different agencies.

In o project sponsored by the Reserve Bank of India, statisticians and economists
of ISI developed the basic concepts relating to the demond for currency, and one
model and two methods based on it for forecasting the aggregate demand for currency
aa well as the demand for different donommntnons of currenoy in the country. It
may be montioned that while standard r hniques fail d ically for
forecasting demaud for particulsr ourrencics, che methods developed by the ISI wun
scem to work well. A report on the project was submitted to the RBL

In another project, funded by the ONGC, statisticians and economists of IS
used deterministic and stochastic methods for relating exploratory and other costs
7] mngmtude of diseovory of hydrocarbon for various basing in India. A report on
this, g an evaluation of various strategies and projections for future scenarios,
was submitted dunng the year under review, but many challenging soientific questions
remsin to be settled,

A number of projects sponsored by the ICSSR, the British Overseas Develop-
ment Ageney (ODA) and tho Rockefeller Foundation, wore concerned with various
agricultural, socio-cconomic and reological aspecta of the rainfed and irrigated farm-
lands of West Bongal, Bihar nnd Orissa.

The projeet on “D:fl’erem.ml Impact of Modern Rico Tochnology on favoursble
and unfavourable envi . 8P d by the Rockefeller Foundation, made
considersble: progress. The main aim of this project is to examine the determinsuts
of the adoption of modern rico technology in West Bengal and also the impact of
such adoption on the economic well-boing of the people. During the year 1990-81, 8
report on the Benchmark Survey of oulti houselolds was submitted to the
Foundation, and the field work for the Intensive Survey of housoholds was comploted.

Satisfactory progress waa also mado on the project funded by ODA, UK, where
I8I sciontista drawn from Socia) Soiences, Biological Soiences and Applied Statistics
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Divimons of the Inatitute collaboratod with the Hindusthan Fertiliser Corporation
for working out risk sversive atrategies for agriculture in rain-fed villages of West
Bengal, Bihar and Orises.

At the instsnce of the Department of Statistics, Govt of Indis, & team of
economiats of ISI embarked op s eurvey-based project in an attempt to evolve
eimple criteria for identifying the rural poor.

Instituto's experts oontinued to bo iated with the National Sample Survey
Organization (NSSO) in many ways. Some of them collaborated with officials of
NS8O in analyzing NSSO data collected through a Pilot Survey on housshold income,
consumption and saving. The first report on tho income dats was submitted
during the year. Others developed a software for editing survey deta and this could
be of immense help to the N8SO.

The Leaf Protoin Unit of the Inatitute completed the first phase of the project
on production and adoption of leaf protein at the village level, sponsored by the
Dept. of Scienoe & Technology.

The Noda! Centre for Knowledge Based Computing System (NCKBCS) Techno-
logy and Fifth Generation Computer System Developmont Project, sponsored by
DOE/UNDP, was working well under the leadership of Professor . Dutta Majumdar.
It began an important joint projeot with SAIL during 1980-01, Scientists in the
Nodal Contre and in the Eleotronics and C ication Sei Unit continued
their important work on pattern recognition, imsge analysis and apeech recognition,
for which the Inatitute ia well-known. Dr. Sankar Pal worked on fuzzy models for
pattern recognition and on the impl tation of fuzzy set th i ethodolog)
for the managoment of uncertainty in spaco station autonomous operations, Menuon
may be made in thig connection of the work of Dr. B. P, Sinha of the Electronica Unit,
who was ablo to obtain rigorously a lower bonnd to the worst case complexity for
Bottom-Up-Heapsort, settling o conjecturc made a few years sgo. Also, Sm.
Tandra Rao developed a Bengali word-p in jon with a comp
based statistical and linguistic study of Tagore's works.

The Institute celebrated during the year the birth centenary of Sir Ronald
Fisher, a long time friend, philosopher and guido of the Institute, by holding &
one-doy saminar and arranging a special lecturo at the Science Congress. Professor
C. R. Rao and othera spoke at tho seminar and elucidated Fisher's influence on the
statistical world, in general and the Institute, in partiowlar. Preparations were also
started for colebrating tho birth contenary of Professor P. C. Mahalanobis, the founder
of ISI, in 1093, and also that of Professor J, B. §. Haldane, who worked in the Institute
for several years, in 1992,

On tho administrative side, negotiati were tinued between the
Government and the Institute on revised pay-soales for administrative and supporting
technical staff belonging to (non-faculty) A, B, C and D categories. The Government
removed the constrainta on direot recruitment and promotions to these catogories
towards tho end of 1090-01, thoreby facilitating the normal functioning of the Inatitute.

Aftor long negotiations, Govt. of India finally agreed to allow the take over of
Statiatical Publighing Socioty (SP8) by the Inatitute, aud took necessary steps for
effeoting the take-over, expocted to bo finalized during 1091-92,

4




Part L Teaching, Training, Research, Projects and Publication
1. TEACHING AND TRAINING
Degree and Training Conrses

A brief account, of teaching and training activities during the period from April
1900 to March 1981 is given below :

During the academic seesion 1090-91, 8,844 candidates applied for admission
and were called for written selection tests for the various courses offered by the Inati-
tute, viz., B.Stat. (Hona.), M. Stat. (M-stream and 8-stream), M.Tech. in Computer
Sciences, M.Tech. in Quality, Reliability and Operations Reeearch. Two-year Part-
time Post-Graduate Diploms in 8QC and OR (Bombay and Madraa), Research Fellow-
ships in Statistics, Mathematics, E ica, Computer Science, Physics, Fluid Mech-
anics, Anthropology and Geology, One Yenr Part-time Course in Statistical methoda
snd Applications and the courss on Operation and Progs ing of A ie Data
b3 ing Equip Admission tests were conducted at 2] different centres all
over the oouniry. A total of 5,172 candidates finally appeared for admission testa
and a total of 540 candidates who qualified in the written tests were called for inter-
views. Based on the performanes in the written teste and the interview, 315 candida-
dates were offered admission to various conrses during the academio session under
review. (July 1090-June, 1081).

There were five foreign etudents who applied for admission to our courses.
Admisaion tests conduoted through the Indian High Commissions in Colombo and
Dhaka,

The annual exsminations for all the regular courses were held in May/June
1980. The 1080-01 academio session commenced on 9 July 1990,

Eleven trainees in Engineering and Technology from various Universitios
(Jedsvpur, Banaras Hindu University, Aligarh Muslim University) received & aix-
week practical training in the Electronios and Communication Sciencea Unit and the
Eleotronica Unit.

One hundred and four candidates recoived their degrees and diplomas st the
Twenty-fifth Annual Convocation of the Indian Statistical Institute held on 23
Pebruary 1901 and eighty-two candidates who passed the various regular coursea
of varying duration (one-year o less) received the oartificates during the year, Eleven
reeoarch follows were awarded Ph.D. degree of the Indian Statistical Institute.

The number of candidates admitted to the different degres, diploma and training

oourses during 1989-00 and 1080-01 and the results of the examinations held during
the period are given below :
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NUMBER OF STUDENTS ADNITTED AND PASSED IN DIFFERENT COURAES

AFPRIL 1990—MARCH 160}

Number of students
Couress onrolled® aton  carolled® pamed in
In in sanoal
1989-90 19%0 189091  examina-
tion fn
1990
a &) ® “
Degrets :
1. Bachelor of Btatistios with Honours (B. 8tas. (Hons.))
st yoar 18 1 % 14
#nd yoar 10 10 12 10
3rd year 2 I 10 3
2 Mastor of Statistica {M.Blat.)
16t yoar (M-stronm) [ [] ] N
lot yoar (S olroam) 20 L] o b
2nd yoar » ® 2 Y
8. M.Trch. in Computer Scionce
It year 20 % 16 I«
2ud year it 14 it )Y
4. M.Tech. in Quality, Reliability and Opsrations Research
1at year N n 1 18
2nd year - 18 13 courme
sarted
from
1689-90
Diploma|Certificata] A ssaciateship :
8. Stauistical Quality Control and Operations Rossarch
g‘;,\-m) . . oourss discoatinued 10
6. Courw oo Oporation and Progremming of Autoratio
Data Prucessing Equipment :
lst yoor 2 n 18 o
2od yoar 8 11 ”n 4
7. Part-timo Lontificate/Diploms in Statistioal Quality
Contro! and Operations gh-uuh {Bombay and Madraa)
Bombay—1st yoar 1 1 1 1
#nd yoar H F - ]
Madras— st yoar s 8 10 ]
2nd yoar 2 4 s 4
[N ip in Dy and Tufc Ssience
lut year 8 8 [} 1
2ad yoer 8 7 13 7
9. Part-tino course in Statistical Msthods and Applications
(i) Caleutts (3 % 8 n
) Delhi 18 15 n 2
(ili) Hyderabed © 2 8 coarss
startad
from
1969-90
10. Six-month Part-timo Course in
Btatiatical Quality Control :
Bangalore Jen.June - — [ NA
July-Deo, 12 NA 10 [
Hydorabad Jau.-Juno - — 2 NA
In July-Dee, o 8» NA ] 8
11. Intonsive Courss on Programm
and Applications 1 17 17 16
13, Junior Certificata Courws in Slatiskics
{Jointly with C.8.0.) 14 NA 1 1
wahip :
18. Junior and Sonior Rosoarsh Follows, Visitiag Fallows
in difforous disciplines L] L] 0 NA
14. SDP follows ] [} 18 NA
Grand Total 458 418 887 7

Sinel, thoso admitiod (o the Aret yser of the course.
NA = Not spplicablo
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)/ iomal Statistical Education Centre (ISEC), Calcatta

A brief report on sotivities of the I ional Statistioal Education Contre
during the year 1990-91 follows,

It may be recalled that the Centre was opened in 1850 and is operated jointly
by tho International Statistionl Institate and the Indian Statistical Inatitute under
the suspioss of the UNESCO and the Government of Indis. The Contre funotions
undor a joint Board of Direotors. Tho Directors repreaent: International Statistical
Institate, Indian Statistical Institute and the Govt. Of Indin. Profemsor P. C.
Mahalanobis was the Chairman of the Board of Direotors since ita inception in 1050
until hie death in 1972. Since then Nationsl Professor C. R. Rsn. F.R.S., haa been
the Chairman of the Board.

Tho Centre provides training in Theoretical and Applied Statistics at various
levels to solected participanta from the countries in the Middle-Eaat, South and South-
Easst Asio, the Far East and tho Commonwealth countries in  Africa, sponsored by
respective Governments. The major training programmo of the Centre is a 10-month
Regular Course. In addition, Special Coursea of varying duration are also organised.
Pacilitics oxist for resssrch work and advanced study by senior statisticians from
abroad. Sinee inception, the Centre has provided training to 1165 trainees from
868 countries.

One trainee of the 43rd Term atteneded and completed a Special Course of two
months duration in Ad d Dats P

Daring 1990-91, a total of 46 candidates from 21 different countrivs were nomi-
nated by respective Gov for admission to the 44th term of the Regular Course
of this Centre. Of thess 46 candidates, 20 were offerod admission and 26 participants
from 17 countries actually joined. Twentyfour trainces were snpported by fellowships
awarded by the Government of India under the Technical Cooperation Schemo of the
Colombo Plan, under the Spoclal C alth African Assi Plan, under
Indisn Technical and E i ion Prog| and under Aid to Sri Lanks
Scheme. 'ﬂzommunmg%mfmmlhelnd:mh?mmdwmwppoﬂedby
their employers.

Teachers of Calcutts, Bangalore and Delhi Centres of the Indisn Statistical
Institute and Officers of the Government of India participated in teaching the Regular
Course during tho year. Thres trainees went to the Bangalore Centre of IST to under-
go specislization in SQC and OR and 12 trainees went to the Delhi Centre to undergo
one part of the specialization training in Economic Planning.

of Ghe 26 Regular Course mmooa one had to discontinuc the Course under

fc The g 25 trainees received the Statistical Train.
ing Diploma a$ the end of $he course.

During $he term Professar JK. Ghoh, Direotor, Indien Statistical Institute

who is one of the members of the Board of Directors for ISEC, constituted s Review

?

ng.
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Committes tv oritically examino tho syllabus and other aspects of the Regular Course
and suggest improvements of thia Course in tho perapestive of changing needs and
baokgrounds of the partioi from different countries.

P P

Professional Examination in Statistl

During the period under report, examinations for the Stasistical Asaistantship
Certifioste, Junior Diploma in Statistics and Senior Diploms in Statistics were held
at Bangalore, Bombay, Caleutts, Delhi, Hyderabad, Lucknow and Madraa centres
for tha June 1880 and the November 1080 terms.

The total number of candidates who registered and d in these ing

PP

tions and their results for June 1890 and Novembor 1080 terma are shown below.

Number of candidates

Examinations registored oppearsd pamad®

Juos  November  June Novembar  Juno November
1950 1080 1980 1090 1090 1990

1. Batistical Assistentabip Cortificate 7 10 5 5 2 3
2. Junior Diploma in Statistios s u 17 2 10 13
3. Senior Diploma in 8tatistics (Naw) 3 5 2 2 2 -
4. Senior Diploma in Statistica (Old) 1 2 1 — — —

*Pasead in one or more papers only, but not neceasarily campleted the oxamination.

The total number of candidates who have ao far qualified for the award of the
Certificates and Diplomas in the Professional Examinstions in Statistica including the
regults of the November 1990 term are 462 and 256, respectively.

2. RESEARCE WORK

The research activitics of the Institute are grouped in the following Divisiona :
Theoretical Statistics and Mathematics ; Applied Statistics, Surveys and Computing ;
Physical and Eorth Scienccs ; Biological Sciences; Social Sciences; Stabistical
Quality Control and Operations Research; and Library, Documentation and
Information Soiences. In addition, the Computer and Statistical Service Centre
(CSSC) has the responaibilities of of in-house comp system of the

snd of providing ing and Statistical Services to eolentific workers.

P

A briof account of the progress of research in different Divisions and Units of
the Lustituto during the year under review is given below :

T scal Statistics and Mathemath

The Division of Theoratical Statistics and Mathematics has Unite at Caloutta,
Delhi and Bangalore Centres, besidos one Unit at Hydersbad. The Division is basi-
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cally ongngod in research in different areas in theoretical statistics, probability theory
and ics, besidos providing th icsl support for s number of applied
probleme that arise in different projeots undertaken by ISI and other institutions.
One major responsibility of this Division is to provide instruction in theoretical statis-
tics, probability nnd mathematica for the B.Stat. (Homs.) M.Stat., M.Tech.
(Computer Science), M.Tash. (Quality, Reliability and OR) and various short-term
training programmen of the Inatitute, The Division also conducts advanced courses
in mathematics, probability and statisticx for the Research Follows. A strong
feature of the Divinion is to organise Summer/Winter Bchools and Workshops in a
variety of advanced and current topics in statistics, probability and mathematics.
Details are given below.  Besides, colloquium talks and seminar talks by faculty
members aud visitors are organised regularly.

During the period 1890-81. the members of this Division were engaged in
reacarch in the following areas :

(a) Tllwrdwal Slalullu Asymplotic theory in statistivs. nonli regres-
sion, | methods, inft in stochastic p theory of estima-
tion, nequential analysis, ranking snd selection, multivariste analysis, analvnis of
dependence, directional data anslysis, nonparametric methods, optimal designs,
survey sampling. reliahility theory, competing risk theory, linear models.

(3) Applied Statistics : Statistical methods for geological data, Statistical
analyeis of social networks, statisticol models for oil exploration, etatiatical quality
control, and applications of statistics in physica,

(¢) Probability snd Slochastic Processes: Large deviations. limit theorema,
h izations of digtributions, probability inequslities. chsracteristic functions,
stochastic integrals, martingale theory, Markov processes, diffusion Processes, porco-
lation theory, stochastio differcntial aquations, etable laws, q h pro-
oesses, finitely additive messures.

(d) Mathemalics: Geometry of Banach spaces, genera! topology, algebraic
topology, differontial topology, descriptive sot theory, automata theory, theoretical
computer seisnce, harmonic analynis, ergodic theory, theory of operators and spectral
theory, linear algebra, generalized inverses. perturbation of eigenvalues, game theory,
graph theory and combinatorics.

During 1990-8}, 73 papers were published by members of this Division in
leading international and national journals, and many other popers have been
accepted for publication. Three books have been authored by the membera of this
Division. Three international conferences and four Winter/Summer Schools and
Workshop have been organised by this Division in 1080-81. During this period,
about 45 distinguished acholars visited the Division and presented seminara besides
collaborating with the faculty.
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This Division also organised UG Refresher Training Course in Statistios for
Callege/University teachers.

Detalls of the research sativities of the Units of this Divieion a¢ different Centres
are given below :

Delails of Research activilies :
1. Division of Theoretical Statistics and Malkemalics (Calewtta Centre)

{a) Slatisics and Probability : ic mini seloction procedure »
multivariste multicomial distribution ; '.wo and multi-stage eeloction procedure
for Woibul disteibution, eearch for Bayes optimal Bernoulli sequential mmpling
phnl loast I'Avounble disteibutions and ssy ic efficiency at multivariate rank

P ¥y

of prediction in future sample with correlate obesrvating

P

Y

ohtrlcumuon of dutnbutlon of r.v's whose sum of sequences ia chi-quare ; non-

ic of quantitiea and their local Bahadur repreeentation
globd nonplnmnmo munmon of conditiona! quantile functions and their deriva-
tives multivariate location estimation ; optimal design and reference based on Likeli-

hood on nonlinear experiments ; rogression trees and function estimation ; on the
distribution at sequonces and cccentricity ; sharper speed of convergonos to nor-
mality for some independ ; speed of gence of L3e in autoregres-
sivo models ; Cauchy equuwn on discrete domain snd some characterizations analy-
sis of process control of proportion wastage : Cessro uniform intigrability, The ween
snd 40 convergence ; higher order asymptotica for the LR, Reo's and Wald’s tists

characterization of priors under which Bayesian and frequeintist Barthett
are equivalent in the multip an,nh;bmtyofyowthmodmh;eﬁdmt
estimation with msny nui p ympiotic distribution of generslized
M-eeti h ization of ing times through the distribution of sequential
CR statistios ; confid fhicient in Stein's two-stags procedure ; Linnlk's
unlinking proportion ; uhwunuuon of uniform distributions through order atatis-
tios ; maxi likelihood cl jxation of Voo mises-Fisher matrix distribution ;
s doﬁ.niﬁon of oirculsr ssmple median ; Bdudur!ype npmnnumn of circular
H lhxmhgo i ; asymp of reg in survey
." H of empirical in sample surveys; estimation of
domain pnnmurn using inverse SRSWOB and partial strstification ; use of malti-
variate for obtai 'v near opti probabilities of selection m varying
probability ssmpling, double samp for PP8 estimation; uss of auxiliary uniforma-
tion for estimating the cosfficient of ion ; analyuis of balanoed i multi-

respanse designs ; construction of BIB row-column dasigns ; oonn.ruouon of robust
non-orders of treatments; e-optimal blcok dosigns under heteroscedastio model
universal optimality and non-optimality of row-coltmn deaigns ; optimal varian;
sud sfficlenoy-balanced designe for one-way and two-way elimination of heteroucity.

10



FIFTYNINTH ANNUAL REPORT : 1990-01

(0) Mathematics : Oovenng morphisms bohvnen nets ; binary codes related
o 0 (5, 2) generalized quadrangle ; quasi-ay ic designs ; the plane of order five
insides Potersiss’s graph mazur intersection property for families of closed bounded
convex sotd in Bunach spacoe ; on & topology of the set of bounded tight contents ;
topologics betweon compact and uuiform couvergenco on function spaces; on a
theorem of Scott and Watson ; coincidence theory for mlmfolds with boundary ;

equivariant cohomology with local ; B

(c) Applications : Rolative importanco of different factora for boundary of
reciprocity in social nebworks ; spin measurement ; snalysis for process control of
proportion wastuge ; auapsnaion models in geology ; several network.

2. Division.of Theorelical Slatistics and Mathemntica (Delhi Cenlre) :

(a) Stakistics and Probability : spproximations of solutions to stochastic
differensial cquosions ; infinite-dimensional a.d.c: realisation of some master
p through Schrodinger and Heisenberg type evolutions in Hilbert space :
parametric and nonp ic statistical inference for ic p + percola-
nou H\con qummun stochastic prowm [unctional cquasion in probability theory :

istic fi competing risk theory ; inference under order restrictions ;

combination of independent uhmar:on of o common location paramoter, goodnesa
of Yaxis-Rao procedure for recovery of miter-block uniformation ; optimal design
theory and robustness of designe.

(8) Mathematics : Latin squares, numbered graphs; Mnore-Penrose uni-
verve and group universe of & masrix over an integral domain ; perturbation of eigen-
values of matrices use some symmetzics ; matrix partial orders based on outer uni-
verscs, square mubrices with Drazian index larger than one; @-matrices in linear
complementary problem ; theory of operstors and apectral theory.

3. Division of Theoretical Siokistics ond Mathemalics (Bangalore Centre) :

(a) Statistics and Probabilily : Generalized M-estimates ; ic distri-
bution of un cetimute of change point in hazard rate; etrategies Admu;hng non-
negative unbinsed variance estimators.

Positivity of densities of stable laws ; prediction of stochestic process ; diffu-
sion proccases, stable and semi-stable processes and the theory of large deviation.

{8) Mathematics: Spherical functiona on symmetrio apaces ; Ri sur-
faces ond hyperbolic geomeu-y H jons of C*-algebras, hypergroups and Vonn-
cumaun algebras, generalized universes; geometric aspeots of Banach spaces;

funotional analyeis.
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Applisd Statistics, Surveys and Computing
The Applied Statistics, Surveys and Computing Divigion consists of two unite
Computer Soisnce Unit and Biometry Reaslroh Unit. Regearch activities in the
Division include both theoretical i of methodology and application of
existing methods to the solution of real ll.fe problema. The research m.lvn'lea of the
Division broadly cover the areas of Applied Statistics, Computor Science and bic-
mekcy. A brief acoount of thess research activitiea ie given below :

Sample Surveys: Proporties of g lized i i of finite
population means under varying probability-sampling in ﬁwo phases have been inves-
tigate. Lower bounds for asymptotic model-expected design 8q errors
of theso estimators have Loen derived ond model-based design which attain these
bounds have been ch ized under infinite seq of finite population models.
Sarndal et al's {1989) and Kott's (1090) variance esti for i di
have been, respectively, shown to coincide with and approximate, for lArge samples,
to differsnt known varisnce csti Efficiencies of two esti based on

randomized responses from pps samplos have been examined.

Optimal variance estimators have been derived under general linesr models
and their robustncss examined. Superiority of Horvitz-Thompeon (HT) strategy

over some optimal model-depend gics, based on balanced ssmples has been
demonsirated.  Alternative estimators of variance of HT estimator have been pro-
posed and ined empirically. Comparaive study has been made of Deshpande’s

sampling strategies and their competitors and of Midzuno and Hansen-Hurwite
strategies. Ratio of sample means as an estimator for population ratio of totals
has been studied under different sampling schemes like ppswr, ppewor, stratified
sampling etc. The effect of sampling from imparfoct frome and the use of indepen-
dent subsamples for improving the estimator have also been studied,

Life Testing and Reliability : Non-p i hods for estimation of life-
time distributions for the comp of a parallel aystem using censored/uncensored
data have been developed. Estimasion of the sheorem of number of bugs in a software
system and its relinbility after removal of such bugs under genersl distribusions have
been inveahgﬁed Ror the shape parameter of a Weibull distribution, efficiencies
of al ive Iuvabeen ined. An efficient estimator for the mean
of & two p Inverse G distribution is proposed and ined. Work
on the characterization of different life time distributions for comparing two or more
brands of producta with respect to their average life time ia in progrees. Similar
study on various aging properties and pcrml ordenng of life distributions of different

populesiona is also going on, Nonp of comp life distribu-
tions with observations from @ parallel System is under way. Rescarch on inferen-
tial procedures in corapesing risk problems with incomplete csuse of desth data ia also
being considered.
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Mullicariale Analysia: Studies have been carried om on (5) optimal m(or

0o contsmination in non-identifisble mi with exp ], curved oxp
and non-exponsntial components, (ii) optimal tests for uniformity ngnmn wrapped
stable distributions in directional data, (iii) g ic stable distrib and mix-

wures, and (iv) signal detection and ssymptotic inference. An interactive method
based on Q-procedure for finding the maximum likelihood estimasors of correlation
matrix has been proposed and studicd. Certain centro-symmetric covarisace swruc-

fures have been ch ited a8 an suto-regreasive process and some methods for
imating p of auch have been examined.

Linear Models: Recursive inference in genersl )inear model—vmh ponlbly
aingular digpersion matrix—was ssudied and its applications so

and optimal designs were given. In this contoxt, s study was mndn on uho mixed
effects models also. Dowailed study of regression diagnostics is in progress.

Patlern Recognition and Image Protessing: Application of neurs! network
for image processing is being spudied. Studico on statistical image processing and
shape recognition are going on. An efficient algorithm for general aystem diagnosis
has been derived. Studies on efficiencies of iraperfect supervision in statistical
pattern recognition were carried ou.

Genelics and Biomathematics : Use of the EM algorithm in genetics has beon
studied. Studies on the distribution of the number of premaliguant and malignans
tumours and their sites using a two-stage model for carcinogenesis have been carried
out,

Computer Science: Some observations have been made on one-dimensioual
and swo-dimensional celluler theory. An Expert System Shell has been
developed which can work in my general domain-field. A genersl sofiware package

wes developed and impl d in the for scrutiny and editing of

pr

laozyme activily of Indian Major Carp seeds : A problem on the investigation
of genetic marker isozymes of Indisn Mujor Carp Seeds including the Cab fish H.
Joasils wos pursved during the year. The genotic mapping of the aforessid apecies
is lacking and shia would be an important contribution to the fisheries acience in the
Indian context.

Adiidlogical studies of calabolic diseases : Studice with experimental observa-
tions of immunological profiles have revesled a prominent role of malnutrition ag one
of the causative factors of young insulin dependent diabetica. The possible role of
the common medicinal plant V. rosea aa hypoglycemic agent is being examined.

Theoretical sudies on the onset of diabetes mellitus : The “two pool” theory
of insulin tion has been fully employed ¢o propare mathematical modela
t0 mimic the oral glucoes tol A possible lation between viscoaity and
eatly onset of disease is envisaged.
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Project work :
1. The project funded by Roakefeller Foundation on the ‘Differential Impact
of Modern Rice Technology across Production Environments” is going on. A pre-
liminary report on the Benohmark Survey of Rural Households was submitted during

the year. Field work for phase II of the Project the “Intensive Survey of Households”
hea besn completed and the daa are being analysed.

2. Analyaig of the data collooted for the *Fish Farmers Development Agency
Project” ia going on and the report is under preparation.

3. The Nstionsl Sample Survey Organisstion (NSSO), Govt. of Indis, hea
generally avoided the collection of data on houschold income in the belief that data
collected would be unreliable. It hes, inatead loid emphasia on collection of date
on houschold consumer expenditure. There has, howover, been constant pressure
from different users for collection of data on household income, and in response to
this, the NSSO decided to conduct a Pilot Survey on collection of dats on household
income, conaumer expenditure and savings from hed semples of household
with a view to oxamining the reliability of income data collected by different
approaches. At the request of the NSSO, the Indian Statistical Institute sgreed to
process, analyse and repott on the data collected through this Pilot Survey. A team
of acientific workers of tho Institute bas been collaborating with some officers of
NS8O on this job. The final report on income data collected through Schedule
1.1A (Household Income) was submitted to NSSO suthoritiea during this year.

4. Determination of growth and survivability of three major Indian carps :
The first part of this project, with particular emphasis on hatchery, bundh-bred and
riverine sources, was sponsored by the Directorate of Fisheries, Government of West
Bengal, and this has been completed and the report submitted to the sponsors, On
further requeyt from the Government, o continuation of this study hag been under-
taken to incorporato the cffects of pollutants and selective foods on the growsh of the
carps. The studies on Inctate dohydrogonase activities of the carp have also been
puraved.

5. Medelling of visco-elastic properties of blood : The structural viscodity
of rabbit blood is boing catimated under different streases, viz., physical, radiational
and chemical, with the aim of finding out the variation in haematicrit values, pro-
teins and immunological fractions.

6. The medicinal pland vinca rosea a8 hypoglycemio sgent: Preliminary
studies on albino rats have revesled an initial breakdown of protein content with &
subsequent elevation of urea level by LP. injection of aqueous extract of the leaves.
The poasiblo reasona of thia protein degradation along with hypoglycemia are being
investigated.
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7. An investiga¥ion on young insulin dopendent dinbebes mellitus patients
within 20-30 yoars of age. This project doals with the problem of malnutrition rela-
tod disbetic patients. Tho aim is io find ou‘ the uwnhve factora of this problem.
These factors may bo genetic or | ) The ducted so far
revesl that IgG and IgM level is very Iugh in the caso ol‘ these pationts whilo IgA
lovel liea almost within the normal rangs. HLA studios arc now hoing conducted.

8. Variasiona in response to Radiotherapy produced by differeneen in nutri-
tional stakue in patients with malignancies of hoad and nock : This is & new project
faken up with aim of finding oud (§) where co-nuttitional atatun affects the responss
0 radiotherapy ang (is) to comparo tho radiotherapeutic reap besween mal-
nourished and normal nourished patienta.

The Computer and Statistical Service Centre (CSSC)

The Computer and Stasistical Service Centre (CSSC) manages tho central com-
putational facility of the Institute. It houscs a VAX-8650 computer system inatalled
in 1989. It supports about 400 users including the students, rescarch scholara and
scientific workers of the Institute. Thers arc some external users from other instim-
tions also. NS8O, Government of Indin, is also using this computational faciliy.
CSSC hes started creating an archive of NSSO data for nse by resesrchers from vari-
ous sgencies.

Statistical and computational coneultancy services are also provided by CSS8C
to its users. The Centre organizea courses for its users on programming languages
and software packages available o4 the Centre. The Centre originelly had sbout
2000 MB of disk space, 16 MB of main memory and 20 terminals. During the yesr
under roviow, CSSC added another 16 terminals.

The Contro has completed the work of inserconnecting the different acientific
Unite of the Institute with the central VAX system by providing intelligent termi-
uals (PCa) to the Units. The torminal network is working satiafactorily. An E-mail
facility has beon installed st CSSC and this is being used by scientific workers
of Instituto and also by its administration.

This year the Centre hes updeted ita operating syster sofsware by the recont
vertions provided by the f Other software packagea have also been
updated. SPSS-Trends has boen acquired during the year.

Teaching: The staff membera of CSSC have served as facultyy in various
courses of the Institute and have also guided projecis of the students.

Physical and Earth Sclences

The Division comprises the Chemistry Unit, the Electronica Unit, the Elee-
wronics and Communication Soiences Unit, the Geological Studies Unit, and the
Physics Unit. Faculty members of the Division are engaged in teaching and training,
beaides research and project work. Rescarches carried out in these units are dee-
oribed below :
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Chemisiry

1. Disiribution, Characlerization and reackion of allophanic malerials in soile
of Weat Bengal :  Tropical soils developed from acid rocks under high rainfall condi-
tona ofson contain varying quantities of non-orystalline minerals called allophanes
which imparb properties of far-reaching consequences to the bulk soil. Systematio
inveatigation of such important constituents in Indian soil is almost absent. Efforta
have beon directed at identifying, isolating and characterising allophanic materials
from West Beogal eoils and studying their effect on soil properties.

2. Adsorplion of organic substances on clays and related minerals : Adsorptive
interaotion between claya and organic materiale ia & very important and much re-
mearched topic. Investigations on such i ion with mica, feldapar, metamorphic
rock and modified talo have been undertaken to fill a void. Thin is likely to throw
light on rock westhering through organic adsorption desorption reaction.

Electronics

A. Digilal Systems Reseorch :

1. Parallel Algorithma and Parallel Archilectures : Parsllel algorithms for
finding the all-pairs of shortest patha and dismeter of a graph, binary multiplication
and their mapping on eystolic architecture have been proposed. Methodology for
testing bilateral bit-level systolic Amya bas also been developed. Two new tree-
fype archi have been prop

{a) by connecting leaf processors of & simple tree in the form of lattice, and

{3) by connecting root processors of several trees according to certain rules.

An officient paralle] algorithm for ternary multiplication with its implement
tion on a systolic architecture has boen proposed.

Extension of algorithms and architectures proposed earlier for fault-tolerant
binary arithmetic are under study.

2. Network Topology : An incrementally extensible network haa been pro-
posed. Properties of some dense trivalent grapha as network topologies has been
studied. Studies have also been carried out on the quantification of network relia-
bilities. A stochastic model of fault in the network has been considered and an
algorithm has besn developed to compute t.hc nhablhty of the network. Some
optimality criteria have beon proposed to the di of loop networks.
Algorithms have also been propooed to find the shortest path between any two nodes
of 8 Joop network, in fault-free case os well as under single fault. An algorithm hes
been d to find maximal suboubes in & residual hypercube.

PIOP

3. Interconnection nefworks : From the analysis of confliot graphs, an opti-
mal graph coloring algorithm hes been developed to find out she optimsl number
of peasen for a set of permutstions. This has been studied on baseline network and
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then generalised for other &ypea of full-acoess unique path MIN's. It has been foond
that the set of all poesible permutations can be partitioned into s number of equi-
valent clesses. For each class, we define & eced-permutation. The conflict graph
of any permutation is isomorphic with that of the reed-permutation belonging to the
samo equivalent class.

Soveral self-routing techniques on bl ks (Benea network)

have been atudied. Work has been done towardl the classification of the permuta-
tions acoording to different self-routable techniques.

4. VLSI Leyoul Design-phase 1l : Graph-theoretic ch ization of
inherently nonslicing (INS) foorplans has been explored. An entirely new family
of INS floorplans have been discovered. In the placement sres, efficient algorithms
for optimal linear placement of parallel graphs have been developed.

6. Sysiems disgnosie: New properties of & {-diagnosable systemn have been

discovered and reported. Based on these results, an algorithm for disgnosis has been
proposed which fares comparably well with respect to existing algorithma,

B. Tieordical Physics :

1. Topological aspects of fermions are being investigated and these are being
studied in the context of snomaly, fractionsl statistics, high To super-conductivity,
superfluidity and Quantum Hall effect. The relationship of Berey phase with these
phenomena are being studied. Algo, these sopological features are being investigated
in the context of quantum gravity. Various quantization procedures sre Dbeing
utilised o have she relevance of Berry phase. Topological investigations are being
carried on in various statistical aysboms. Besides, stochastic quantization ia being
&horoug.hly investigated in the realm of dissipative aystems. Some related fractional

of hanics are also being studied.

P ]

2. Reaults of supersy ic Quantum Mecheni Iuve been used to find

exact eolutions of the oub off Coulomb potential V(r) = and Pir) ——+pl7

ﬁ
+p'+pP+pet. In quantum field theory, a finite temperature formula with
chemical potential 4 has been derived and uveed to study spontancous aymmetry
breaking in onrved space-time. In plasma physics, ion-acoustic solitary waves hes
been atudied for o plasma in presence of intense relativistic electron beam which
has many useful applications.

3. Quanium Gravily : A project hea been undertaken (jointly with Profeasor
HH.V. Brozeskonski, Einstein Lab y of Theoretical Physics, Germsay) to
study the Einstein-Markwell Thoory. Tha cut-off length arising in Quantum General
Relativity impliea also & out-off of the eleotromagnstic spectrum. I$ raigee now
possibilities to quantize different flelds without adopting renormali d
The work is complete only in case of electromagnstio fields but work i gomg en to
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investigato the effeot of Auctuation of gravitational field on nthar fields. It ia an
important atep towarda the und ling of the i of gravitaional field

sa wall es the messurement process in Qunnhlm Mochanica.

C.- Fluid Mechanics

L. Some etudies regarding ths offact of helicity on turbulent flow have been
dertaken. A deduotive theory for & homog turbulence posscssing helicity
haa beon worked out. A closed set of equationy for the velacity-velocity and helicity-
helicity correlation functions are obtained. These cquations are solved following
Kol " principle. Accalerabi lation in also determined in such u tur-
bulent flow. Development of some modeln regarding the effectd of rotation on the
homogeneous turbulent shear flow is in progress.

2. Blood flow in Cardiovasculgr System : Normal blood flow is sometimes
disturbed by abnormal and unuaturs! growth formed at any location of cardiovas-
cular gyatern reaulting in arterin] direascs. It is necessary to study the offect of this
abnormal growth on the flow characteristic of blood.

One model has been developed for studying separation of blood flow in &
constricted tube. The pressnt investigation is concerned with the study of blood
flow through a stenized artery in the presence of magnetic field.

3. Sopitering problems : A pumber of problems on water wave scabtering
by obatacles of various nhspeu and related mathematical methods have been syudied.
The probl idered are mostly d with nearly vertical barriers, deforma-
—_— bottom ebc. The first order corrections to reflection and transmission
coefficients were obtained by perturbation technique in each of thesn cases,

4. Radiation problems : Probloms on generation of water waves due to small
ocillasions of & Aonting or submerged body have been considered, the foating body
being in the form of an immersed nearly verfical plate, or o thin submerged or pat-
tially immersed two-dimensionsl thin plate, and the submerged body being in the
form of a two-dimensional thin plate.

5. TWavemaker problems : Problems on generation of water waves due to a
plane vertical wavemaker as well as & oylindrical wavemaker are being studied. The
offect of surface tension at the free surface is considered in all thess probloms. A
regularity property of integral transforms has been mitably exploited to caloulsts
the wave amplitude a3 infinity. Further work in this ares is being continued.

6. Source problems: Water wave potentials due o sources of various kinda
are of immenss importance in the theory of water waves. Problems concerning
ring sources submerged in water with an ineriial surface and a line source in the
presenios of a nearly vartical oliff have been considered.
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D. Mathematical Methods

L. [Inlegral transforms : Integral transforms with Legendre functions aa
kernel are generally known os Meliler Fock transforms. Mehler Fock type integral
transforms wibh associatod Legendre furictions as kernels with the superseript aa the
inbegration variable in she inverse transform formuls, are being examined.

2. Inlegral equations :  Integral'equations play vor; lmpomm. role in tackling
any boundary value problem arising in g hematlcal phyaics
and other atess of npplied mnhembm Singular integral equations, Fredholm
integral equutions aud Dua! integrul equationa are being studied, some for exact
solution, and some for approximate analytical as well as numerical solutions and
these are being applicd to various problems of water waves.

E. Operations Reaearch

1. Inventory models : Some deterministic inventory modals are bsing studied
under various ptions about the ption rate, about the nature of the item
(¢.g- deteriorating itoms) etc. The economic order quantity in esch of these models
ia usually obtsined by solving certain nonlinear equations. Further work in shia
ares is being porsued.

. Queueing models :  Meny queueing problems are modelled mathematicall
on f.he mumpllon of Markovian arrival and service processes. A pre-emptive pno
rity queueing model with two classes of customers having different prioritiea have
been considered. The Laplaco ttansform in time and the method of gencrating
functione are used to attuck the problem. The steady state reaults me deduced by
using Abel's theorem in Laplace tranaform.

Somo queueing probloms osn be modelled as houndary value problems almost
similar to those arising in continunm mechanics. These bomldnry value problems
are reduced to singular integral equati \\luch are fully handled
by the function-theorctio method, generally kaown as the method of R.munnn
Hilbert problem. Some research work in this area is being pursued.

Project Work
Ezlernally Punded Projects

1. Problems in the linearised theory of waler waves and relaled mathematical
lechnigues :  This project is aponsored by the Third World Academy of Sciences,
ICTP, Treiste, for a period of one year from Octaber 1089, being administered thraugh
the Calcutta Mathomatical Society. This is concerned with further mathematical
work in the linearised theory of water waves involving problern on scattering of
water waves by obstaoles of various g i symptotio snalysis of unsteady
motion in water generated due to various types of disturbances inside the water or on
ite eurface or a boundary.
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2. Inlegral transforms, inlegral equations and applicalions : This project in
sponsored by the Coundil of Sofentific and Industrial R h, New Delhi, and is
being administered through the Calcutta Mathematicsl Society, since August 1888,
This is d with tho develog of integral transforms involving various
epecial funotions as kernels and also a study of the various properties of the
transforma. Tt is also oonoerned with the integral equations (singular, second kind,
dual) and their applicotions to various problems arising in continunm mechanics
and other areas of applied wathematics. Already a Mehler Fock type integral trans-
form involving associated Legendre function has been developed. Explicit soln-
tiona to & Fredholm integral equation of second kind and to dua! integral equations
with associated Legendre functiona as kernels have been successfully obtained.
Further work in thess areas is in progress.

Internally funded projects
1. Development of an efficient dala siruclure lo support VLSI layout lools: A
new data structure based on interval trees which efficiently solves many VLS design
blema has been developed. Soft tools have been developed to characterize
vnhd alice paths and to develop algorithms for identification of all auch paths, Theore-
tical results oharaoterizing valid slice patha have been obtained. Investigationa
on channel graph and the cycle breaking problem have been completed.

2. Development of efficient algorithma for design for leslability, test generation
and foult simulation in VLS8! civcusls : An efficieat method of transforming a gate
Ievel cireuit description of a single ontpnt combinational circuit to an equivalent
design with DCVS haa been formulated. This design slso yields cirouits with good
testability. The proposed method has been successfully implemented in PASCAL
on PC AT. Efficient algorithms for generating test vectors for deteoting stuck-open
and stuok-on faults on the transistors in the logic tree of 8 DCVS circuit have been
developed. New results on design for testability for combinationsl circuite based
on fault behaviour have been explored and reported. Studies on logical redundancy
and non-checkpoint target faults have also been made thoroughly. Design for
testability in systolic artays have also been investigated.

Elesironscs and Communication Sciences

Besearch
Inveatigations for the methodology and algorithms development of varions
problems relsted to the Applloahon ares of computer science and communication
hnology with rel ftware/i ion baoking were carried out during
the period under report.

1. Studies on Pallern Recognition, Paﬂa-n Clazsification and Learning
Algorithm : (i) As & part of hi tion, a computer-based system
for racognition of alph haracters using d ition tachnique and involv-
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ing only loesl processing has besn implementad and tested with 8 CCD camers. The
algorithms developed for the purpose are parallel with fast implomentation possibill.
tes and extendable to other soript recognition problems.

(i) Biomedical studles related to the io di is of mali oolla
from various parts of human body and to find suitable algomhml for O,he detection
of cancerous rolls/sections are continued. [Extended studies on the effect of thiourss
on brsin v cells and ol of the lian is under consid
and the ch for these planti have fully been d and
digitizod. Some works on histological section grading and oell lassifications, on the
basis of image featuring and texture analysis, have been completed.

2. Development of melhodologies for Analysiz and Undersianding of Image,
Shape and Texiure: (i) An exactly recoverable type of 2-tone thinning slgorithm
for the extraction of 2-tone images have been developed and this could be fruitfully
utilized for dats compression purpose besides the extraction .of structural featurea,
Generulization of parallel mode thinning algorithms was developed and tested with
reol life duta. ln another experiment, tho data compression of binary contour images
as well as extraction of contoura from gray images have been completed and the
slgorithme are in the stage of development.

(i6) Algorithms develop for extrema deteotion and gray level ranking in
moving window regurding texture analysis have been completed using statistical,
fuzzy and deterministic methods, Current research 18 concentrated on segmentation
and clugsification of toxtured images with continuous gradation for textured to non-
textured images. This has applications ranging from satellite imagery to micros-
copic image and biomedical images. [n another experiment. from the intensity
of multiple images the depth of the physical surfaces, hsa been continued.

(#8) Pre-processing part of the low cost image processing and snalyais of finger-
print data have becn completed and a demonstration packege of this portion on
IBM-PC/AT is ready.

{iv) A library of satellite image processing routines on PC/AT based aystem
was doveloped and implemented with satellite images using 4th speotral band. This
is dono by the following steps : (a) onh for making lmeu features m be
clearor using additive/multiplieati re—for better sog exact ical
dintribution of the maltiplicative score is to be found out— (b) thinning for producing
1-pixel thick ourvilinear pattern from one to four pixel thickness pattern, and (c) in-
feroncing from ths ion of thinned output in the form of graph.

P

In snother project, linear atructures like roads, smail rivers etc. are isolated
from their gray lovel images. Direotional masks have been used to enhance the linear
structures and then certain segmentation teohniquea used to isolate thess structures
from the bsckground. Developed algorithins for this purpose can be used in parallel
machins for sutomatic propunuon of road mape from the satellite images.
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9. Signal Processing, Microwave Propugulion. dbmospheric Studies with appro-
priale application : (i) Detailed i igations of mi signal propagation in
LOS were comploted and further exteuded W beyond-the-horizon mude in studying
and charnoteristic annlysie of microwave aignal (T.V. signal) sransmitted from
Khulna, Bangladesh, 150 km nway from Caleutta. The design nud commissioning
of a apecial type of omni directional Yagii anteins haw been completed and the said
microwave signal has been recorded during mid-night peried.  Performunee annlysia
of the reccived signala nnd corrclutional factors of these with the meteorologicalf
alimatological condition of the lower atmospliers during that period would e consi-
dered later.

(i) Huge volume of recorded sound radar data refiectedfacutiered back from
the lower atmosphere (1 km vertical) huve been prucessed for differnt obscrvations)
analysip of lower atmospheric abruckurcs. Specinl features of ABL dynamicn like
gravity wave perturbutions, ground-based and clevased layer inversions were
analysed and reported.  Atmospheric modelling wiud detailed investigntions on plume
characteristic and stabilityfunstability criteria for the ABL have been eontinued.
Development of an expors sysiem for tha detection, recognition and classification
of atmoaphario structures revealed from sodar cchogrum will bt considered.

(34) Procurcment of laser unit uml ibs avceasories for setting up of constrained
Iaboratory oxperiment on aerosol and the sizen of other susperuled particles and their
diatrib in the almosphere hag been complesed.  Literature survey wiul planning
and p ing for this experi is continued. Continustion of the experiment
is oot possible for the nob-yeb completr laboratory infrastructure.

4. Speech Analysis and Synthesis, Music Analyms ond ASR research :
(3) Acoustio analysia of non-nasal vowels and nasal consonants. nstered individually
in Bengali language by 3 male and 3 female informants. which were stored in kpectro-
gramg of 350 mulbi-syllabic words, hns been vompleted.  Avoustic phonetic swudy
of non-nasal consonnnts and dipthongs is going to he startel.  These studies will
meet the requi of cstablishing o statistical dutabnse of relinble acoustic—
phonetic data for computer recognition, specch synthesis and assistance for seran-
dordisabion of phonetic quality.

() Microprocessor-based bexb to upeech ayntheais, especially of Benguli speech
sounds, has been completed. Procedure of speech-cvent vonenbenntivn is beinyg
used for tho genoration of Bengali sentences and the phonetio seripts are being typed
over the console of PC-AT 386. Intunution patterns are to be introduced for more
natural output which will have immense application in industry, aa communication
aids for blind and dumb peoplo eto.

(i4i) Studies reloted to cues of nasality and their spectral charscteristics of
sung vowels in Hindusthani Shastriya Sangeet have been completed. Work on
identification of Indian 'ragaa’ as well as aubomatic ranscriplion of miusic into nosa-
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Sions ia boing inued for further develop To deteod pitch for exiracting
the notation of songs sung by human being, software algorithm has been partially
developed that attract futuro collaborating work o be undertalien by Views Bharati
University, Santiniketan, on dardisation of the style and other aspects of
Rabindrasangoet.

(ie)  Phonebic manneriptions of 20,000 Bengali words have bean entered into
lexieal tree regurding the development of Bengali lexicon for ASR system. A
manner-dirceted ambiguity driven loxical tree for word hypothesis verification and
disambiguation related to ASR is eontinued with collsboration from Univeraitat di
Torino, Ttaly. from where the knowledge shell ML-SMART hes besn acquired but
installation is pending because updating of 08, SUN-workstation bar yet to bs done.
An expit syskem for spocific tosks in man-machine interaction like apeech mode
conmunication. seript, and sketeh for interaction and sequiring of suitable knowledge
of enginering environment fur the purpos is continued. Purther development of the
knowledge shell by collaborating acientists on their expected vieit to ISI may provide
a more cfficient way of sackling certain existing problems of speach recognition.

3. Research on Compulational Geomelry, Compuler Vision Technology :

(i} Ae o part of 3-D shape description and matching project, algorithms for
normslizing the orientation symmetry identification and sige of simple 3-D chjects
have been developed. Characteriatic plancs provided from the 3-D object are used
to define shape distance having all metric properties and useful in clasaifying an
wiknown 3-D shape into | of several known shapes. In another scheme, a computer
vision algorithm based on the concept of differential geometry has been developed
$0 locate/recognise partially occluded 2- and 3-D rigid objects. For the best possible
recogaition, a computer vision algorithm ia derived using hypothesia generation and
verification of features and will be implemented in & prolotype robot model. Both
the schemes have tial application as comp vinion system in industrial

P

edvironment.

(i) An efficient algorithm haa been developed to implement optimized error
of fit for ohjecta by fiking rectangles, ellipses and their 3-D vergions. Computational
geometric techniques has been applied to igolabe boundary points from the eample
set of points nob necessarily conves. A new fractal geometry based criteris was
developed and wag applied o the performance evaluation of digital image magni-
fication techniques. The criteria will be applied in natural acene analysis snd com-
puter graphics.

(i4i) For any computer-bssed vision system, the ultimate aim of preprocesaing
technique should be the human visual aystem (HVS). A model based op HVS res-
ponsc has been proposed for edge exiraction and quality enh 6. An sutome-
tic thresholding of cdge detector was developed and different effects and typéa
of tranaformation used were studied on the quality of extracted odges. Based on
futzy mesaurement, nelestion of mapping functions used in contrast enhancement
have been developed.
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8. Artifiial Intelligence ond Ezpert Sysem methodologies :

() Natural language processing (NLP), a major topie in Al, is concorned with
tho building of computer modals sither to schieve an intelligent system capable of
human Tike user interfaces or to gain a better understanding of how humans com-
monioats using natural languages, Creation of large lexicon end some mor-
phologicalfsyntactio level of sualyais of Bengali sentences wore achieved.

(#) Based on approxi ing, s linguisti gnition system has been
formulated and tested with real typs data. Aﬁ.orwud.l » multivalued recognition
system based on fuzzy set theory and approximate reasoning has been designed and
found capable of handling various impresisejuncertain input patterns and provides
s natoral decision system.

(i) To mimio human porformance in pattern recognition/image processing
fislds, artificial neural network—a massively parallel interconnection of simple,
robust, {ault-tolorant ing el has been fully employed. Though
human reasoning is |nherently fuuy, it often recognises incomplete and noisy patterns
quite efficiently. Fuzzy set theory is capable of efficient modelling of uncertainties.
Obvioualy, fuzsy ion to the multilay ption model and the self-organising
Kohonen 's not, model have been developed snd tested for their applicsbility to pattern
olassification problems and found quite satiafactory as compared to Bayesian

olassifiers.

7. PGCS activities in New Compuler Archi Jor Simal Und ding
and Intelligent Interfacing : The National Nodal Centre for Knowledge Based Com-
puting st ISI, Calcutta, is engaged in reasearch and developmental work in the field

of Pattern Recognition, Image Prooessing, Comp Vigion and Artificial Intelli-
gonoe, in connection with the Fifth G ion C Systems develop (the
PGCS/KBCS programme of DoE[UNDP). The main sotivities of the Centre are :
(i) Application of pattern ition, image p ing, puter vision and
expert system techniques in remote sensing and natural resources stucies :
{a) Applicati of Knowledge Based Comp System (KBCS) Approsch
for Geologioal Infc Extracti (b) Statistiosl Learning with Neural Nets

for Applications to Remote Sensing Data. (¢) Knowledge Based conclusion drawing
techniques for Remotely Sensed Images. (d) Modelling of Basins and Development
of the theoretical tools for Proapect Evaluation (Oil and Gas Explormon)

(#%) Application of Pmm-n giition, image p vision
and artificial inteltige in industrial inspeoti farrolevnnt Indian
Industries : {a) Intelligent Visusl Inlpechon Svatem (1VIS) for Iron and Steel Indus-
try ; (b) development of & P.C.-based Image Processing System for Coal Quality
Analysis, and (c) development of s P.C.-bssed Imege Understanding System for
Anslysis and Interpretation of Ferrograms.

%
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(1%5) Parsllel architectures, connectionist models aud algorithms for image
processing snd computer vision : (a) On-line PCB Inspection aad Verification ;
(b) development of Robot Vision Algorithm for Manipulating Objocts in Cluttered
Scens ; (5) development of morphological tools for Image understanding : (d) parallel
KBS Applioation Teat Bed ; (¢) studics on Conneotionist Models for Object Recogni-
tion, and (f) Image Proceesing und 2-D vision.

(iv) Microprocossor-based cxport system for moss screcning/health care and
related public health applications : {a) Development of PC Based System for Auto-
matic Detootion and Estimation of Malaria Parasitea in Blood-film ; (6) Expert
System on ONCOLOGY (CANCER); and {¢) Development of a Microcomputer
Based Systein for Automatic Dotermination of Drinking Water Quality in Public
Health Application.

Ezernally Funded Projects
Research work carried out for externally funded projects in collaboration with
other institutions is briefly deacribed helow :

1. To develop and instal & sound radar (SODAR) at BHU for monitoring the
atmospheric dynamics #nd to relate these parameter to monsoon activities in the
northern part of India, tho Centre is ongaged in a project entitled, *“Studies on the
Tropical Boundary Layer Meteorology (STBLM)". This national project has been
funded by the Depurtment of Science and Technology (DST), New Delli, us & part
of its main programme on ‘Monsoon Through Boundary Layer Experiment
(MONTBLEX)' which aims at predicting the hehavioural pattern of monsoon scti-
vities. Three observing centrer had been selected at IIT, Kharagpur (eastern India),
BHU, Varanasi (northern lodia) and CAZRJ, Pilani (north neetern ludm) and have
been provided with a variety of facilities for g
Moreover, a number of institutions and organisations of mmonsl |mpor!auce like
ISI, I1S¢, IITM, LIT’s, NPL, IAF and IMD, have been directly involved in this

programme,
ECSU hsa fully shouldered tho dedicated task of installation of a port-

y
able sound radar, specially designed,. developed snd fabricated by tho scientistsy
technioal staff of ECSU attached to thia projoot. A portable SODAR was installed
at the Geophysica Department of Banarar Hindu University (BHU), Varanagi, in
May 1990, and since then it has continuously operated in specified monsoon perioda.
A technioal roport containing the details of Sodar design-development-operation is

in preparation.

2, The National Centre for Knowledge Based Computing System (KBCS)
has been established at I8I, Caloutta, with Professor D. Dutts Majumder as Principal
Coordinator-oum-Project Director for Fifth (oneration Computer Systems (FGCS)
Progrsmme of UNDP and Government of India (DOE). A part of the project on
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“Some Applioations of Artificial Lntelligence in Developing Expert Systam" has been

full inued with the followi : {a) Parallel architectures
and nlgonthml for imsge p ing, pettern ition, and vision ;
{8) Model studies for high love} vision nyuuam (HLVS) ond the Apphmhon of HLV8
in remote sensing studies, (c) Simulstion of lower lovel vision system (LLVS) for
grolngical applications, algorithms for middle lovol vision system (ML.VS) for geology
and natural {d) Dovelop of algorithme for industrial

B Progr

inspection systom with special attention to occluded 2D-3D scene recognition, and
{¢) Acquisition of state-of-the-art computing resources sod the setting up of s well-
equipped machine vision laboratory,

3. Defence Grant-in Aid Scheme Confidentisl Project entitied, ‘Systeras sud
Algorithm Develoy for Pattern R ition and Shape, Analysis for Object of
Defence Interest’ in being carried out in collaboration with DRDO, Dehra Dan, It
involves tho identification of objects (of defence interrat) from its shape in some
direction using principal component anslysis and various fltering and transformation
techniques.

Teaching and Training

Facnlty members of ECSU are also engaged in teaching and training in some
of the regular courses in [SI like the M.Stat.. M. Tech. (Computer Science) and the
nowly introduced M. Toch. (Quality. Reliability and Operation Research) pro-
grammes. and also in supervision of M. Tech. projecta/dissertations besides supervi-
sion of PhD work. A number of externsl undergraduste/post-graduste studenta
of Comp Science, El ics and Tel ication, Elcctrical Engineering
and slso of Master in Computer Application (3CA) from different universitics and
IIT's undergo their vocational/semestral training under the supervision of faculty
members of this Unit.

Geological Studies
Research was undertaken in the following brosd areas during 1990-81 :

Tocwnoamhgnphw atudv of the Delhl Supergroup of ccutral Rajaathan ;
P and ion in the Pranhita-Godavari

Valley ; Stratigraphy and Pal logy of the Gond sequonce of tho Pranhita-
Godavari Valley ; Dincssur and Fish faunas from the Maostrichtisn beds of
Maharashtra ; Amphibians of the Satpura Gondwans ssquence ; Lameta Beds of
Jabbalpur ; empirical atatistioal study of p i of line in 3-D space-
pplcations in geology (Quantitative Geology).

The most signifiosnt findinga in theee broad areas of ressarch are highlighted
below :
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Defhi Supergroup: The Delhi Bupergroup of centrsl Rsjasthan has been
described a8 oither geosynclinal or shaliow water ensialic. The onsislic model ia
gonerally socepted for the north-sastern part of the Delhi belt. The present work
auggeats that the sucosssion of the fold and fault seta that are doveloped in the Delhi
metasediments around Kharwa can bo best interpreted in terms of two broed tectonio
events, interspersed by a thormal high.

Prolerozoic Qeology of the Pranhila-Godavari Velley: (a) The Proterozoic
soquence of the Pronhita-Godavari Valley has been classified into (i) carbonate-
dominated Pakha! and Penganga Groups and (ii) siliciclast-dominated Sullavai
Group. The atratigraphical relationship betwean the Pakhal and the Sullavai (iroups
oand that between the Penganga and tho Sullavai Groups have been catablished. Also,
the Pakhal group of rocks is interproted to have deposited in shallow marine environ-
menta whereas tho Sullavai Group of rocks had deposited in continontal envi
such a8 in extensive braid plains and deserts. The Pongangs Group of rocks seems
to have deposited in deep wmarine environment.

(8) The Proterozoic Albaka group of rocks, an enigms over  long tims, is now
interpreted to be a current-dominated shore faciea to a etorm—and fair-weuther
wave-dominated shallow marine shell deposit.

(¢) In the courso of the Isboratory experiment conducted to nnderstand the
prooesa(os) leading to the formation of structures similar to the vertically oriented
structures that have been located in the Proterozoio rocks of the Pranhita-Godavari
Valley, it is found that the vortex did soour out & similar looking cylindrical hole in
a bomi lidated sandy and flled it up with well-sorted coarse grained
material. The oxperiment, therefore, throws light on the ‘possible’ creation of the
scoured holes along with the naturo of texture of the fillin material as observed in
the Protorozoic rocks.

Gond Siraligraphy and Pal logy of the Pranhila-Godavari Valley :
(a) Soveral morphological varioties of the trace fossils that occur in abundance in
the Trisssic red beds of the Pranhita-Godavari Valley have been recognized. The
varieties have been identified to be those of Skolifhos, Polaeophycws, Taenidium.
cacape burrows and ‘smell stuffed’ burrows. The distribution of the trace fossils
ia facies controlled. (b) Detailed study of the fossil remaina of chigutisavrid amphi-
bians discovered from the red clays of the upper part of the Upper Trinssic Maleri
Formation hes Jed to the ereotion of two new laxs.

Maesirichiian Fish and Di : (a) A paper on lower perocid Eoserranus
hislopi from Indian non-marine Maestrichtian is under preparation. This centropo-
mid fish is of importance in the history of the Mesozoic Acanthopterygians as the only
pre-Palacocene percoid. A olosely resombling form has been described from the
Palasocene of Saudi Arabia a few yesra ago.

{0) Lab y woek on ti id pod colleoted s few years ago was
continued. In addition, research into the world-wide titancesurid records and an
evaluation of the skeletal material available in Indis was undertaken.

2
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Lemeis Buds of Jobbalpur: The shook mstamorphosed quarts from the
Lameta Beda of Jabbalpur has been interprated to be the fall out material of the ejecta
from & masaive motearite impact on tha surface of the Barth 65 million years sgo.
The orater sits seoms to have been located. A field trip to the Bombay ocosst led
to the understanding that the Panval flexure perhaps represonts a part of the rim of
the crater the crator itself being filled up with volosnic material. The other part
of the ciroular rim ia presumed to lio under sea sonth of the Soychellen Ialands east
of the African mainland. Ths two parta are on either sides of the Mid-Ooceanic Ridge
from which the African plate and the Indian plste got ssparsted away from
oach other.

Q@uonditative Qeology : The axponential function derived from the investigation
of the variation in the nearset neighbour denaity estimates in C-axis fabrio in some
quacts tectonites has besn tested sgainat the available quartx C-axis orientation
data for compatability. Some observations on the effect of impurity phase on the
C-axia orientation development have been made. Thees indioate that for natural
quarte teotonites with phyllosilicates upto 18 per cent, the C-axis fabrio pattern with
reapoot to the girdie organisation is essentially the same ea thst for the quarts tectoni-
tea with insignificant mioa.

Phyrica

During the period uader review, the research sctivities of the Phyzies Unit
have been on problems of ‘Bio-engineering and Dermatophywios’ and the Unit worked
mainly on the following topica :

1. Sorphion-desorplion studies of akin with woler: Theee inolude messure-
menta of skin impedsnce, hydration state of the skin and the transepidermal water
loas in various skin disorders. A statistical model that was developed in this regard
for the iohthyotio akin is being improved upon with the help of statisticians. These
studies have also thrown light on the quality of the skin and its barrier function.

2. Dermalologic iontophoresis: This is an on-going sotivity of the Unit.
lontophoretio application of druge under carefuliy controlled conditions on certain
skin disordars, ¢.g., hyporkoratosis of the palm and sole has been found in the Physics
Isboratory to show exoellent results and this is now being used in some dermatologia
olinics in the country, Studies have been oontinuing with vitiliginous spots.

3. Bkin characlerisation : Studies on quantitative charscterimtion snd
objectiva evsluation of skin quality with s number of blopbynul plnmohn mdi
as skin pH, hydration state, sebum lovel, elactrical hygr
skin friction eto, were in the final stage of reporting.

4. Sidier of epidermal extemaibility in wivo: This project was taken wp
recently and the inetrumental set up has besn completed.
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Blological Scleace

The Biological Sciences Division is en.gaged in wudymg the varied biological
proocessos covering plant and anmal kingd g humans, It comprises the
following unite : Agricultursl Soience Ums‘ Anﬁhropommy and Human Genslics
Unit, Biochemistry Unit, Embryology Unit, Entomology and Leaf Protein Unis.

Laboratory Rescarch activities carried ous in these Units sre described below :

Agricullural Sciences

Six research projects were being conducted at two distinot ecological zones,
namely, Giridih region of the Bibar plateau and the saline aroas of Sundarban in
West Bengal. In Giridih, ongoing projects (l. nos. 1 to 3) were carried out on ISI's
experimentsl farm where the central theme ia increasing productivity through
rainfed farming. The other three projects (sl. nos. 4 to 8) aimed at adaptation of
promising coconut and oilpalm cultivars in the saline tracts of West Bengal as well a0
in-depth ecological studiea on the mangrove vegetakion. During the period under
review (1090-91), the following interesting findinga were obtained in these on-going
projocta :

1. Crop sequence sludies under mid-upland situalion : (i) Paddy based system
in better suited to medium land, wheress in mid-upland maize based gystem is more
productive and remunerstive. (i) Puddy-barley, paddy-toris and peddy-linseed
systoms produced reasonably well under strictly rainfed conditions where paddy-
siraw mulching of winter crops proved to be effective. (iii) In mid-upland sitvation,
however, winter crops like barley and toria could be grown with two life-saving
irrigations and in this light soil-type mulching gave better resulta. In both the
aituations, the beneficial role of organic manure (snother varinble) coald be distinetly
noted.

In coliaborative long-term paddy-based studies, coil and plaut nutriens dats
2 also yield dota revealed the usefulness of indig rock phosph mainly for
its residual effect in shis phosphate-deficient, low land and acid soil.

2, Intercropping sludies on wpland situation : (i) Moize-groundnut, both se
alternate or paired row were highly ivo with regard to different
| critoria and ic). (ii) Paddy and pigeon-pes-based inter-
cropping studiee clearly revealed the advantages of legume inclusion, Soil/plant ans-
lysis is in progress to find out the treatment offects oo nutrient uptake, soil fertility
sad follow-up winter arope.

hinlogieal

3. Studies on performance of different polential crope :  Superfast, short duration
LARI paddy varietics, i.e., Pusa Jaldi strains, could be offectively introduced in
medium land situation with 2.0 0 2.5 t/ha grain yield in 60-65 days. Other important
varietios of different summer and winter crops with good production potential under
water and fortilizer resource constraints could also be identified.
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4. Kzploratory work on Palmae: Anatomics! studies on 20 species of palms’
were completed. In levo and dextrorotatory plant studies also revesled the'
anatomical difforences. Statistical enelysis ore being arried out to examine the'
magnitude of differences ae also the posaiblo causes of these characteristics.

8. Studies on the adaplabilily of coconul and ollpulm : These studiea indicated
the suitability of these plantation crops in the saline areas of Sundarbans. Periodic
growth daba as also othor botanical characteristics ste being studied and these are
to be correlated with soil nutrient data.

8. Mang gelation project :  Pelynological work md studies on epidermal

structures of different specivs wero completed. A gationa on roots,
sbems, leaves awd tracheary eloments arv in progreas.
Bxiernally Funded Projects :

In an oo-going I.C.8.8.R.-funded project undertaken in collaboration with she
Soclologlunl Resemch Univ of 18I, nttempts were being made to evaluat farmers
and p 1 of ag y productivity in a micro-watershed of Biher

plnenu. The projoct waa initisted in January 1990 and will be continued sill June

1892. Primory survey work covering villagea and householda wers recently lesed
Data tabulation and anolysis is in progress.
Anthropomeiry and Human Genetice
Human Adaplabilily Prog : This p prisea the first five

projecta in the accouns given below, nanely, (l) Hunlt.h atatua and labour producti-
vity, (2) Effeots of micro-vnvironmental factors on health in rural populations, Phase
1, (3) Paychological stresa and health of mother and child, Phase II, (4) A study on
the determinanty of fertility and mortality in an urban netting : An anthropological
perspectivo, and (5) Human biology of Himalayan populations.

All the five projeots aro long term onss, d with human adaptability,
ie., the capacity of humans to adapt to various environmental conditions, Adapt-
ability is to be asseased from observable facts of adapsation. The environmenta!
conditions encompass the whole spectrum, viz., the abressful conditions associated
with terrestrinl high altitude at the one extreme, and those ssociated with modern,
urban way of life, ot the other.

The 1§ decade-long study of Himalayan populations (Project-5) shown that
the biological response of theso people o the high altitude stresses are quite different
from those of Andesn highlanders. This finding implies that each population res-
ponds to its onvironmens in & unigue way, even through the environmental conditions
may bo similar, presumably becauso of its unique genetic endowment. This inference
stands out In sharp contrast to the reaults obtained from experimontal animol popu-
lations showing a gonerally uniform pattorn of mpom bo altitudo wmues and
emphasises the need for dotalled micro-fevel study of i | popul rather
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than osing results obtained elsewhere, for polioy formulation. The study also shows
that micro-sociooultural fastors may have considerable effect on biomedical trais,
indicating that such (actors should be taken into cognizance in formulsting develop-
mental (health, nutrition eto.) policies. The effects of micro-cconomic factors on
biomedica) traita (e.g., dict/nutrition, infant and childhood mortalities, child growth,
ansomic statue, eto.), indicaling aimilar polioy implications has been shown in Project
2. Project 3 oxamines the common notion that working women, because of the
necessity of taking care of the two worlds (home and workplace) and tho consequent
tight time sohedule, suffer frem impairment of physical, mental and socia) well-being.
Our resulta show ¢hat the comraon notion is nob valid in the caso of middle class urban
women (like women college teachors of Cslcutts). In practical terms, these are
encouraging recults, in viow of the fact that middle class urbsn women are increasingly
taking up out-of-home jobe over the last soveral decades. Project 1 also produces
unexpected reaulte, viz., while it may be intuitively oxpected that o Iabourer’s health
status ia positively co-related with hisfher work output, dats collected from » tes
labourer population does not show such a lation, Obviously, the gement
cannot be coxaed inko improving tho labourers’ bealth facilities on the basis of these
reaults. The questions that are now asked in connection with this problem are:
(1) to what extens, if at all, these resulta can be generalized ? and (2) were the right
heslth parameters selected for this study #  The thrusb of Project 4, which is presently
a$ the stege of collection of primary data, is on (1) the determinants of infant and
childhood mortality, and (2) percepkion of parents about these bio-events. There
are many atudies on the determinants of fertility and actual measurement of demo-
graphic variables in different populations, but the present study, when completed,
will provide inf jon on the rather neglected aapects of determinants of morts-
lity and parental perceptions in an urban slum-dwelling populstion. Such infor-
mation will hopefully help in planning health and family planning policies and pro-
grammes. Project 2 also examines the common notion thab in the Indian socieby
females (eapecislly female children) are discriminated against in respect of intrs-
household food distribution while the males are favoured. A small scale study on
this sspect showed that the common notion may not be true. The present study,
when completed, would (1) provide further information on this social evil (if it exiata),
and (2) placs this phenomenon of gender discrimination in tho context of an overall
pattern of gender bias in reapect of nutrition, heslth, education and such other faci-
lisies aa well as property rights, eto..

Five Ph.D. theees have slready emerged out of these projects, in addition to
numerous publications in reputed journgls and edited volumes.

\. Health status and lobour produchivily : Further analyses of the data leading
to publications were continued.

2. Effects of micro-environmental factors on health in rural populations, Phass LI :
Anthropometzio dats have been collected, family-wise, for estimation of the herit-
ability of the raite: Furihar analyace aud reporting on extant data were continued.
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3. Payohalogical siress ond healih of mother and chld, Phass II: A PAD.
dhesis has beon submitied. modwhnmnﬂybeen awieded). Further

snalyses of the date and reporting on shom were

4 Adudymlhddﬂmﬂnhoffﬂddyudmtd#ymmwhauﬂ\w
An anth p Data on d aapects of & alum-
dwullmgl(udm lesion waa lotod. Dats collecti onhulﬁ, hygienic

wﬁmnndmio—ctﬂhrﬂupo&mmpmu

5. Hueman biology of Himalayan populations: Daia collection on demogra-
phinupwh&om\hehpohuomethEikkimwmmd.

8. Bpidemiological siudy of Rheumathoid Arthritis: Rbeumatoid srthritia
in generally & dueue of the conneotive hune. bus ita setiology is unlmown. Geaetio
constitution, envi | condition, psychological strees 650, may be the causative
factor for the disease.

With the help of 12 probands, who were eatlier disgnosed by the Nasional
Institute for the Orthopaedically Handicapped (NIOH), Govt of Indis, Caleutta,
2,560 families were investigated covering about 12,804 individuals from differens
aress. Amongst them, approximately 200 subjects were suspected to be Rheumatoid
Artbritis patients. After the docsor’s disgnoais, 90 subjecta were confirmed and they
wore advised for screening of their blood in 1.81. 8o far &8 subjects from the field
and 7 from NIOH OPD have been acreened for different parameters.

After screening the patients in the laboratory, the following salient points
were noted :

{a) The number of female patients is much higher than thet of rmale patiente.
The ratio is nearly 4:1.

(b) ESR value is high in the Active phase of theumatoid divease.
(o) ESR value is moderste in the Burnt-out case of theumatoid disease.

(d) In the cases of rheumatoid arthritis, the globulin lsvel iv high, especially
fhe gamms globulin of seram protein.

(o) Tmmunoglobulin lsvel 1gG, IgH, JgM are also high.

Rheumatoid dissase produces a large mumber of orthopaedically handicapped
persons every year. The results of the projest would be helpful in formulating
poesible preventive messnres for this diseass and rehabilitation programmes by NIOH,
Government of India, who are the collaborators in thia projest.

Population Variahion Programme.

Populalion genetics of HbE :  Becsuss of the political turmoil in narth Indin it
s 10k yet been possible $o carry out the fiald work for the project, “Genetio Survey-



FIFTYRINTH ANNUAL REPORT : 1080-91

of 8ome Endog; Groupes of Northern IAdia”, under the Populstion Varistion
Programme s earlier planned. Bome funda for this project were utilized for a rolated
project, “Genetic Structure of the Koches of North Bengal with special reference to
HbE".

The major findinga of the work done on the three descendant groups have alroady
been reported. The salient pointe are the following :

Among the Deshi, the HBE is found to be aa high as int the Bodo-Knchari popo-
Istion, which has the highest reported HbE frequency in the world, Nn evidence of
changes with age could be traced in the prescnt series of rdata. Cenetic diversity.
involving 11 genetic markers, within populations was found to be greater than the
between populations diversity. Genetic distance mensures showed Poliya and Tiyor
wora closer to sach other than the Deshi snd the Rajbanshi of West Bangal and the
Rajbanshis of Assam were set spart from these populations. No relstionship of
HBE of individuals with humoral immunity, .., IgG. IgH, IgM, levels. waa obeerved
in thess populations. A lower level of Hb concentration was obscrved smong the
HbE homozygous individusl pared to normal HbA of heterozygous HbAE
individuals.

Further field investigation waa recontly carried out on the Koch to study the
distribution and number of subgroups of Koch, their population sizes, marrisge
pattern, migration, ethno-history, eto, in the four districts of North Bengal.

8. Bio-slatisical sudy on vilikigo : A skin disease : Efforts were concentrated
on data collection covering phenotypo atatus of sib-pairs and family members, collec-
tion of blood samples and extraction of DNA, IEF-i blotting for factor XIIIB,
along with red cell enzyme analyses for biochemica! markers.

9. Chimpanzee dermaloglyphics: A study was undertsken to examine the
natore and extent of variation in the aize of palmar and snle patterns in chimpanzee,
The analysis showed thst the palm and eole of chimpanzees and humsns display
noteworthy differencea in pattern intonsities, siza of the patterns and total patterned
surfsce, As compared to that of the ohimpansee, the human palm is characterized
by reduced pattern intensity, smaller size of the patterns in sll configurstional areas
and significantly reduoed total patterned surface. The sotes on the other hand of
humans end chimpanzees possess identical pattern intensities. but differ in totsl
petterned ares, humsna being significantly smaller. Apparently, phylogenetic and
functional differences in hand and fest in chimpanzoes and humans aro also reflested
in pasterns of variation in ridged skin of their palms and soles.

10. Joint managenent of forest lands i Weat Besgal : Detailed atadies under-
taken in 42 forest Proteotion Committees (FPC) in Midnapore Distriot of Weat Bongal
showed that the best functioning FPC's were the ones where only one villsge waa
Involved, ethnic composition was tribal, sach housshold was repressnted in the FPC
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and the forest lands were reganerating {as opposed to plantation). One of the main
reasons for ined inetreet in protecting the reg d foreats in the region fa the
flow of bio-diversity which meets the fuel, foder, medicinal, small timber, and othar
noeds of the people. These results have far-resching implications as soveral states
in the country have agreed to adopt Joint Management Systoms. These atudies and
atudies carried out by others have greatly influsnoed the Ministry of Forests and
Environments to taks s historic policy decision for the forsetry soctor, by issuing an
order on | June 1900, asking all states and UTs to initiste joint management of
foresta on the lines of the West Bongsl modsl.

1. Studies in the area of dermaloplyphics (finger, Loe, palm and sole) : These
include studies on (1) the development of now ridge counting techniques of palmar
and planter patterns, sooring of hypothenar triradii sod design of a few now variables ;
(2) population varistion ; (3) bilstoral asymmetry ; (4) sex variation ; (5) inheritance
of dezmal traita ; (6) inharitance of asymmetry, and (7) genotic diseases.

The results obtained in population variation confirm that (a) the dsrmatoglyphio
traits, in geners), snd palmar characters, in particular, do help in understanding the
biologio affinities among different ethnic groups ; (b) the different types of teaits,
which are likely to be influenced by different geneticjenvironmental factors, give rise
to differsnt clustering patterns.

Reocent interest in the study of esymmetry has been fooussed towards better
understanding of the hypotheais of developmental homeostasis.

12, Study of the physical growth of the Bengali children (Phase I11):  Anlhropo-
meiric and socio-economic survey among Bengals boys and girls :  The anthropomelric
mdy of families urned out in an endogamous Mahisya caste population has generated

familial and eati of heritability for 28 anthropometric traits.
For example, iu tricaps skinfold thioknesa father-dsugh Jation is 0.21, mother-
daaghter 0.15, father-son 0.05 and mother-son 0.19. The mib-xib value ia 0,12,

Growth study of Bengali gitls haa gonerated dasa on menarcheal age of around
1000 sample individuala of lowor middle class urbm Bengali girls. The findings will
throw up important information for this p ion on he and its relationshi
with body development and other ooi io and demographic variables.

P

18. Man-environment snleraclions in conslal ecosysiem : The entire Orissa
coass was surveyed during 1980-01, and the distributiona) patierns of both indigeneons
and migrant humans were mapped, slongwith tho historical, occupational, techno-
logival and linguiskio backgrounds. This will be followed by the etudy, 1o be taken
np during the currend year, of parental aress of the migrant fishermen who
ara ourrently saying on Orisss cosst, to throw light on adapiational patterns.
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14, @enctica of complex disorders: Disorders whioh sre primarily dekermined
by genes but are not inherited in & simple Mendelian fsabion are termed ss
complex disorders. Such disorders have in the past been ofien clasdified a8
polygeniojmultifactoria). However, it is pomsible to construct aimple gonetic
models involving two or thres loci for such so-called complex polygenic disorders.
With tho Avnllbihty of hgh-cpoecl comnuting facilities and the development of

for such multiloous models is now feasible.
The focus in thr present stydy has primarily beon on developing such concreto genetic
models, on testing these models on family dats of various complex disorders {o.g.,
Vitiligo, prelingual deafness, sbduminal aortic anourysm, ete.), and on developing
statistical strategies for mapping loci controlling such disorders. Usefulness of cove-
riste m[ormshon on modelling mode of inheriance is being investigated on o group
of paych lisord Tho motivation for theso offurts is that now the concopt
of polygenic inheri for complex disorders is being questionsd. It hes been
parmuy possible 1o ovolve simple and concrete genetic models even for disorders
that do not exhibit a simple Mendelian mode of inheritance. The utility of theso
efforts ie thot if the segrogation pattorns of 8 complex disorder can be shown 1o be
compatible with segregution of slleled st a few loci, then it is possible to map the
disorder. Furthor, such modelling helpe in probabilistic genetic counselling, which
otherwiss would heavily rely on empirical risk estimates.

Other projecis in progress

1. Biological Affinities of some Telegu-spesking populalions of contraning socio-
economic backgrounds : This ressarch is being pursued in collsboration with Dr. P.
Chengs! Reddy, Reader, Dep $ of Anthropology, 8. V. University, Tirupati,
and is in the final stages.

2. Probable implications of migration for the biologioal composition of the flahing
communities on the Basl Coget: This project ia being pursued in collaboration with
Institute of Human Biology, University of Hamburg, Germany. The statistical

analysis of the data is in progress,

3. Exended fomily study of the dermaloglyphic trails: Dala from Vadde
fshermen of Kollen Luke, Andhra Prodesh : Statistical anslysis of the data on 100
extonded families ia being pursued in collaboration with Institute of Human Biology,
Hamburg University, Germany.

4. Graphical represeniation of the multivariale finger ridge cousd dala of fhe

lations ot different hierarchical levels: The finger ridge count dats on sbout
260 Indian N'Id Weaum populmom are boing snalysed with the help of BIPLOT
sad i | techniques to deli the usefulness of the graphi
techniques in pormymg the population differentiation, on ons hand., and to delineats
the deruatoglyphic sfinities of populations at different bierarchical levels, on the

other. Thia project is being pursued in collaboration with Profeesor T. Krishnan
of the Applied Statistics, Surveys and Computing Division of the Institute.

8
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i» being carried ont in collab with tigts from the Anthropological Survey

of Indis, Dibrugarh University, Ssmbalpur University, eto. Data on orsase patterns
of the noiden, aa woll as for the geneul populmon from tba aam sthnic b&drgmnd
wero gathered from some tribal populations of Gadohiroli diskrict in ¥ h

In sddition, dsts were gathered from about 25 populations with differsnt ethnio/
racial backgrounds, and these have alresdy been analysed for their phalangeal cresss
pattamns.

Biochemisiry
The Biochemistry Unit haa been carrently puraning research moetly in the ares
of Biochemical Epidemiology. The following areas were being inveatigated wnder

this programme during the year 199081 :

1. Genetic Epidemiology of blood pressure : An investigation of both genetic
and environmental factors with the apecial refarence to the lipid profile of blood serum
was taken up to help in understanding the etiology of blood pressure, 43 Marwari
families including 268 individvala were studied in 1000-81. From partial analysis
of theso dats it appeara that Cholesterol : HDL cholesterol ratio ia generally
well within the risk factor limit (5 :1). The above finding leads to the concept of
some repressor gone which may be responsible for the blotkage for breaking down
the edible teiglycerides into glyoerol and fatty saidsfor enters into the path of arachi-
tonic scid while the “Atherama” fata (in heart) are being metabolised.

2. EBpidemiological study on Rheumaloid Ariheiéis: This is & collaborative
project taken up by 1.S.I. and the National Institate of Orthopsedically Handicapped
(NTOH) (under the Ministry of Walfare, Goveroment of India). Thia is also partially
financed by NIOH. The atudy is being done to obtain information on the magni-
tude and risk factor of the diseass. Abont 2600 families have been studied with the
proband (known RA cases) and abont 225 patients (SRA) have been examined for
Rheumatoid Arthritis; and analysis of blood/serum heve beon done on the patienta
in 1080-91. The project is designed to throw light on the following aspecta : (s) to find
the prevalence of the dissase ; (b) to study the nature of inheritance ; (¢) to atudy the
risk factor(s) ; (d) to study bho Anvuonmenhl fnmrn and (o) to eonﬁ.rm '.he RA
8009 through lab y i g logical, biochemioal and

immunologica! examinations) to locate propar prabandn.

3. Cancer Chemo-prevention : An approach loward cancer conirol, Dislary Risk
factor(s) and Cervical prencoplastic and Neoplastic disase : (n) Hospilal-based study :
Four hundred fifly female subjects were screened with pap cervico vaginal amears
for cervical dysplasiss (pre-cancerous lesion) at Caloutta Medioal Collsge Hospital
during 1089-0]. Detailed epidemiologic and distary information waa oollected on
these pubjects to find ont any associated risk factar{a) for carvical dysplasiss.

80
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(5) Population-based aludy: Pap smests wero taken on 250 mubjects for
the ing of dysplaaia. Detailed epidomiologioal and dietary information were
also colleoted on these subjeols. Approximately 39 of tho scrsened population
showed vervieal dysplasiss and almoat 789, of women either had sn inflamatory smear
or infection with low Lo high degree of leucorrhes. Blood lovel of several vitaming
such as vitamin (. folle asid, vitamin A and bet. will also be d ined for
those subjecte.

CSIN-Funded Project

Evaluation of cyloloxicily of tin on plamt sysiem (Allium ap.) in vivo : Prevalent
occurrence of heavy metals in carth’s crust is responsible for
of metal compounds in different planta and plant-perts, which is exclusive food mm-
rial for animals and human beings.  Such pherio and Liological
of metals has led for the screening of the cfficienoy for toleranco of plants and higher
organisms to the heavy motals.. In this ongoing project-which was started recently
eytotoxioity of tin (n commonly used heavy moal) is measured so far in bulbous plant-
Allium Ceps. The roota of fresh and healthy bulbs aro treated with different con-
centrations of trimethyltin chloride for different durations. Somatic chromosomes
from root tips are prepared following usual aeetoercein schedule and 1000 and 60
cells age scored for mitotic index and ohromosomal abnormalities respectively. The
froquencics of dividing cells are dopressed and tho trond is doso and duration depen-
dent. However, the frequoncies of chromosomal sbnormalities are significantly
clevated compared to control. Trimethyltin chloride induced chromatid and chromo-
some breaks, lickbridge Inggards, early as well a8 late separation of chromosome in
metaphase and anaphase, Therefore, it can be suggested that the presant metal
componnd has effects on spindle formation as well as on chromosomes of plant colls.
Thus, it can arrest the growth along with loss of DNA content of the cells.

Embryology
During the year under review further analysis has been niads of the freo fatty
acids, chemica) signals in the Tiger. The very diffioult question of whether thess
chemics] signalling molecules coflect the iadividualily of the animal has been tackled
and preliminary support for the theory has been obtained.

P

The synthesia of tho molecule that is responsible for both the aroma of fragrant
rice and Tiger marking fAuid wns accomplished in the laboratory, though with a poor
yield.

In the studies on Mathematioal and stochastio modelling of Cellular growth,
differontistion and morphogenesis, it was demonatrated thet Turing systems are fac
moro goneral then ohemical networka with explicit activationfinhibition. Indeed,
oll two-component Turing aystoms are mathoniatically equivalent to an extent which
has 6o far gone unnoticed.

This is important in applicationa : First, experi lists should not confine
themselves to look for evid of oxplioit activation/inhibition propertiea in the
8
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‘biochsmioal networks of intevest for morphogenesis. Instead, it has beon obssrved
in thia laboratory that such networks should have a Jacobian with A very apecific sign
combination of the elements, Beocond, the gonerality of Turing systems suggeats
that computer results obtained by using an explioit chomical network to a wide extent
may oarry over to other Turing systems.

In the studies of Carcinogenesis and Tumour growth it was observed that the
growth of normal oells and the growth of tumour cells differ due to the spatlal vari-
ability in the ratio of sslf-diffusion and cross-diffusion.

The formation of the primary layers of differentiation, ¢.g., Eotoderm, Mesod
and Endoderm, haa been matk ically exhibited in the three-dimensionsa! geometry,
i, in the cylindrical and spherical-shaped embryo with the help of non-linear reac-
tion-diffusion modols.

A reaction-diffusion model of tumour tissue growth with spatially variable
diffosion coefficiont of the wmitotio inhibitor (Chalone) has been constructed. This
modsl has been analysed on one-two- and three-dimensional di and has
been observed to explain tumour growth with its characteristic mitotically active

heral zono d ically inactive) contral layers.

Potip g q {

In another model based on negativo feedback epigenetic control aystem, the
mechanizms of three types of cellulsr devplopment, namoly, ordered structure during
embryonio development, normal tissue growth and tumour growth, respectively, for
different ranges of valuss of the ratio of self-diffusion and cross-diffunion, have been
Tovealed.

Also, some other models have been proposed to find the roles of Chalone (mitotic
inhibitor protein) during osllular development and tumour growth.
Furthermore, some models on epidomiology have been constructed and explored.

Fuorther field experiments on intervarictal interaction between two varieties
of wheat and two varieties of rioe ware conducted. Inter-op interactivn experi-
menta botween mustards and whost were also conducted. Both in the inter-varietal
and inter-crop interaotion significant differontial effects at different spacings were
observed. Simultaneous laboratory experimenta with labelled precursors vonfirmed
the secretion of root exudates by plants during geowth ; thus, the lsboratory oxperi-
ments jointly with fiold triala etrongly indicate the existence of a growth promoting
(or inhibiting) factor which exista in tho root exudates and diffuse through soil to
undergo chromatographio ssparation.

Entomology
Reetarch waa carried out in connection with the following projeoct :

Situation in Mosquilo-Japanese Encephalitia research in India: The picture of
Japaness encephalitis in India is not so olear a8 in Japan. The species of veotor
quito (Culex Irilaeniorhynchus) ia the same aa in Japan. But thers are reasons




FIFTYNINTH ANNUALREPORT : 1099-01

to believo that other vector mosquito apeciss exist in Indis. Like malaria Japaneee
encophalitia doss not spresd from man to man. Some of the infocted mosquitoes
bite pigs, which are called amplifier Aost, s they can infect o large number of
moaquitoes. Tn Indis, tho virus of this dissase ciroulstes in the pig-moaquito-pig
oyole. Cattlo are not relsted to this diseaso. Cariously, this veotor species shows
proferonce for cattle blood. It is contonded that the large cattle population in Indis
net 08 a brake in the dissemination of the virus of this disease by doflecting veotor
mosquitoes. This is why Japanese oncephalitis in Indis is & menaco rather than
a big problem like malaris.

Leaf Protein

Regearch activitics of she Lesf Protein Unit carried out during the year sre
briefly described below :

1. Among 18 bree oaves abudies for protoin extrackion, 8 species were found
promising. Among the 8 specii, dilanthus ezcelss appeared b0 be vory promising
0 far as nitrogen content, in Vilro digesibiliy of chloroplastic, cytoplasmic
and unfractionstedl leaf protein parta aro concorned.

2. Thirky squabic weeds were tested for the presence of somo anti-nutritional
factors. The qualitative presence of alkaloids having poisoning properties, apecislly
Ritrates and polyphenolic compounds, in sll plant ssmples have been worked out.

3. Chemical analysis of five-preased fibrous residue, a by-product of leaf
protein production pland, was underteken. The pressed residue consists of lignin,
cellulose, pentosan, poctin and minerals, Various irials were rendered using the pressed
regidue 83 a basic substrate ulong with other agrioultural wastes such ag rice siraw,
bagsase and saw dust for growing mushrooms. Tho yield of edible mushroom was
1300 g when sun-dried fibrous residuc (500 g) waa fortified with 500 g of rico straw,

4. The ity kitchen progs & amall leaf protoin acceptance trial
waa carried out for 4 days. The main meal was khichri slong with some green leafy
vogetnble, chilli, onion, ginger and 5-7%, leaf protein. The response was quite
satisfactory.

5. Research on sugar beot (Bela vulgaria L.) was initioted in the rabi season
of 1880-01 with the objective of studying whether sugar beet can grow even in
coaabal paline region. The erop waa sown in randomised block 5. Five nitrogen dosea
along with 3 potassium doses rosulting in fiftbcon binations were ran-
domly distributed in 80 plots. The dats on shoot yield, root yield, sugar yield and
leaf protein yield were colleoted starting from 70 days after sowing.

Social Sciences Division

The Social Soiences Division includes the following Units : Economio Resoarch
Uni#, Economio Analysia Unit, Planning Uniy, Population Studies Unit, Linguistio
R h Uni, Payok o R h and Hervice Unit and the Sociologicsl Ressazoh
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Unit. The Economio Analysis Unit is located at Bangalore, the Planning Unit is
located at Dolhi, while the remsining five Unita aro located at Calcutta. Faculty
members of this Division were engaged in teaching and training activities at various
levels, including Ph.D. supervision, and some of them taughb at other Universities
on & part-time basis. The research work done in shese units during the year under
review is desoribed below :

Economic Research

The Economi b Unit inued its teaching and training activities at
various levels beaides research work covering different arcas of sheoretical and applied
oconomigs and cconornetrics. The research activities of the Unit during the period
under review covered fields like economic theory, economic planning and policy,
industrial economics, domand analyais, income distribution, level of living and poverty
in India, agriculturs, economics of the informal sector, economic development ete.,
besides other investigations in applied economics and methodological studies in
econometrios.

Project Work : Members of the Unit completed two projects taken up earlier,
worked on some ongoing projects and also started work for new projects. These
projects are desoribed below in brief.

1. ISI-ONGC Collaborative Project

This project was undertaken by ISI in collaboration with the Oil and Natural

Gas Commission (ONGC), Govt. of India. The main objective of the project was to
develop a methodology for estimation of discovery and production cost of hydrocarbon
taking into account the uncertainty involved in the discovery of hydrocarbon. Two
different typea of models for discovery and production of hydrocarbon. yiz.. an eco-
and o statistical model, were developed and used for projecting future
discovery of hydrocarbon and the iated costs. The ic approach
o make the forecast on the basia of an analyais of the past obeervations on explors-
tion, discovery and production of hydrocarbon snd the related costs. The statistical
spproach, on the other hand, dealt with the uncertsinty involved in the discovery
of hydrocarbon by explicitly specifying probability distribution of relevant variablea

and obtaining by ion mothods.

These project was completed during the period under review and the project
report was submitted o ONGC in May 1900, The ISI team included ecientists from
Economic Resssrch Unit and Computer Science Unit and the Director (Professor
J. K. Ghosh) was also actively associated.

2. Currancy Regui ¢ by Denomination : 4 f ing Model for Indic
This project was sponsored by the RBI, Bombay, and taken up in 1988. The
pripary objeotive of the project waa to evolvo & method of prediction of denomination-
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wiss domand for currenoy and to obbain projechion of currenoy req by deno-
mination for future yoars. The study was cacried oud in shree stages. The first
2450 was d with tho prediction of requil of total currency in circulation
—i.e., total valuo of all denominaivna of currency taken togethor. In the second
stage, & method for deriving the “nppropriabe * denvminational compodition of total
carroncy waa developed.  The resultn of shese two stages were finally integrated snd
requirementa of currency by denomination were projected for the future yeam.
Obviously, the difficulty of carrving out a study like the prescns ohe aros from the
fact that there was neither any information on the denomination-wise demsnd for
enrrency in Indis at any point of time in the past nor any standard method for esti-
mating the gap between the denomination-wise requirement snd wvailsbitity of
curroncy. A prototype sample survey hed heen carrieil out on the currency transac-
tions taking place in the commercial banks within the Caleutta postsl area which
might serve as u basis for estimating the exsent and nature of discrepancy between
the requirement and availability of currency by denomination. This prototype
sample survey constituted the third and the final stage of the study.

The project was completed during the period under review and the report of the
project was submitted to the RBI in November 1990.

3. Relinbility and walidity of income dala collected by different approaches

The Nationsl Sample Survey Organisation (NSSO), Govt. of Indis, conducted
a Pilot Survey on household income. consumer expenditure and suvings, collecting
datn on these characteristics from matehed samples of households elected from
different states of India. The aim was to examine the relisbility of data on household
income collected by different approaches. At the request of the NSSO. the Indian
Statistical Institute agreed to analyse and report on the data collected through shis
pilot survey. A team of scientific workers of the Institute drawn from Economic
Research Unit and Computer Science Unit has been collaborating with some officers
of NSSO for thia job. Thefinal report on the income data collected through Schedule
LIA was submitted to NSSO authorities during 1090-81.

4. Idenlification of Rural Poor

A tesm of scientista of the Unit, with Professor A. Rudra s consultant, hes
started this survey-bosed project, which was taken up at the request of the Depart-
ment of Statistics, Govs. of India. The objeetive of this project ia to evolve simple
criteria for identifying rural poor which could be used in anti-poverty programme
instead of conventional criteria hased on per capita honschold income/consumer
expendiure or per capita honsehold intake of caloric. During the vear under review,
field work for the survoy was started and completed to n great extend.  The survey
covered random samples of houscholds in four purposively selected rural areas of
West Bengal, including hilly and tribal areas. The houscholds were intervicwed for
filling up the muin questionnaire on fulfilment of baxic needa covering some simple
indicators of lovc! of living, auch A intake of coreals in phyaical terms, stock of clothing,
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bedding and of durables like cooking utensils, housing conditions, availsbility of
public goods ete.. The standard consumer extpenditure schedule was alsa filled up
for all the sanple households. Attempta would be made to define poor households
on A joint id of multiple indi of absolute poverty and to examine
how well & aubyet of indicators could be used to reach a reeonsble clasification of house-
holds by poverty status.

5. Linguidic Analysis of Works of Rabindranath Tagore based on complele Sialistical
Connls

A team consinting of linguiats, statisticians and comJ entista hna becn
ongaged in a statistical-linguistio analysis of Tagore's works. This project is being
conducted in colluboration with the Instituto for the Study of Languages and Cultures
of Asin and Africa (ILCAA). Tokyo University of Forign Studies, Tokyo. ILCAA
hag been transferring Tugore's works to computer tapes and preparing and publishing
word-counts and conoordanors for individual pootical works. The team in ISI bar
hoen carrying ot various Lypes of analysis starting either from the computor outputs
supplied by TLCAA or from the toxts themselves. These include finding the relstive
frequenoies of Sanskrit, Bongali, Mishra and Fideshi words, studies on compounds,
compound verbn, pronouns, verba! roots, suffixes and prefixes eto..

During the year under review the work on this project mode considerable
progress. Steps wore taken to print the firet report on (itanjali, based on such ana-
lvees.  Work on three other poetical works—Prabha! Sanyes, Sandhya Sangeet and
Manasi—wore in progress. Work on prose works of Tagore had just been started
siug the Begali word prooessor developed by one member of the research team.

Economic Analysis (Bangalore)

The following research projects were continued under the leadership of faculty
memberz of the Unit :

1. Studies in Poverty and Inequalily : Regional dimensions : A comprehensive
study of pre-revised and post-rovised salary structures of technical and non-technical
workers of ISI, Bangalore Centre, was completed. The results support the hypo-
thenin that the revision hed a favourable impact on the lower catogories of workers
in terms of pay os well as D.A..  Among other important studies in this broad ares,
wmention may be made of onv on a test for oxpenditure elasticity estimates from survey
data, sud wnother on an wnalysis of earnings and consumption expenditure of Indian
rural labour households, in which an extension of the LES was employed. Theso
studies have led to & number of papers submittad to reputed journals,

2. Sludies in Economic Theory: Efforts in this ares concentrated on the
foltowing : (i) Reconstruotion of economic theory on olassical foundstions. (ii)
Perception of reality oonospt of production and schemes of sooial scconnting—e
stady in History of Econamio Thought.

[V
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Both of thesc are essentially writing projecta given to cunoeiving Eoonomio
Theory in relation to its classical foundations and therefore to relevant histotical
conditions, The work doue vonsisted mainly of » critical re-exnmination of the works
of some ‘greats'—of Quesnay, Smith, Ricardn and Marx (of the ‘past’) and of Kaleeki
(of tho ‘proeent’).

In addition to the above, faculty members were engaged in Ph.D. supervision
and also helped in teaching tho M Stat. (M.-stream) coursc at Bangalore,

Plunning (Delhi)

The members of the Unit continued research in & number of fields in upplied
a8 well as theoretical cconomics. regional planning and analysis of social movementa.

Rueuch in applied cconomics covered divere topica such as developrentsl

) blems in estimation of poverty, eatimation of labour foree and unemyploy-
mone fomgn trade and economic devnlopmenl heslth aud family planning. smongat
others, Work was continued on the development and spplication of marroeconomic

models for analysing policy isaues.

A survey project on the Disparity in Income and Level of Living among teachers
in Delhi was completed and a similar projeot for medical practitioners ia under
progress.

Research in economic theory revolved around gaoe theory and its applications,
eoonomic inequality, industrisl organization models of unemployment and the design
of contracts and mechanisms.

Linguisic Research
During the poriod under review the Linguistio Research Unit continued ils

programme of research in the arcss of fundomental and spplied linguistics. Ther

are five main headings under which the Unit's research projects may he grouped.
namely :

1. Studies on tho phonetic structures of major Indian lunguages and applica-
tion of the resulte inl the areas of : (a) speech pathology ; (b) sccond langunge acquisi-
tion and () cullivation of mother-tongue,

. Socio-linguistio aspeots of convergenco,

. Language, clase and cognition.

2
3
4. Bongsli syntax and semantics.
5.

Annlicati PUPTTTSU S ")
P of in ling P

A bricf account of research work done in 1990-81 is presented below :

Fundamental research : A survey of the articulatory and ncooustic structure
of the Tamil language was in progress. Fundamental research on the suprastgmentala
of Bengali, Hindi, Oriys and Telugn waa also in progress.

[
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Applied rastarch :  Studies were continusd on the followi bl

8 P

{a) Dovelopmant of articulation of npesch sounda during the period of llngmge
soquisition by the pre-school-age child.

(b) Faotors leading to convergenco between the numerous major and minor
langusges belonging to the three major language families in India, namely Indo-Aryan,
Dravidinn and Muuds, from s socic-linguistio perspective,

Btudies were continued on the scademic schievement of hearing-impaired chil-
dren sttending general schools along with normal hearing childron.

Studies were aleo in progress on the comparative intonation petterns of Indo-
Aryan and Dravidian languoges as well aa between languages within the broad Indo-
European group. Studies on pitch und intensity were oarried out, utilising the
Visi-Pitch, In-depth statistical studies, initiated slmost four decades ago on the
voeabulary of Tagore's novels aud short stories were also contined. Finally, research
waa initiated in tho areas of language and cognition in the context of class, code, con-
trol and also on Bengali syntax.

Project work (On-going) :
I: Study of Suprasegmentals of the Hindi Language : Svllable atress in words,
sentanoe molody snd intonation patterns were studied and some preliminary anlysis

oarried out. Further data were collected from native speskera of the language,
from Delhi, Allahabad and Agra.

11, Study of the Suprasegmentals of the Telugu Language: Syllable stress in
monosyllabio, disyllabic and polysyllabic words was atudied and some preliminary
analysia carried out with the help of the Visi-Pitch.

I11: Comparalive Suprasegmenials of the Slavic, Indo-Aryen and Dravidian
Languages : In the first phase, data on suprasegmentals of Hindi, Telugu, Baugls
and Sorbo-Croatian have been collected. The analysia would depend on the availabi-
lity of necessary equipment.

IV : Slakistical studies of the vocabulary of Tagore's shorl stories : Data for
a quantitativo analysia of the voeabulary of cach volume of Galpaguccha haa alroady
heen complnted.

V: Study of the phonelic alructure of the Tamil language : Preliminary data
wore colleated for the purpose of identifying the phonemes of Tamil,

VI: Survey of the articulalory norma in Bengali-speaking children of pre-echool
age: Speoial tosta for artioulatory evaluation of children under the age of four years
were comploted,

Vil Educational problems of hearing-impaired children ablending schools for
normal children : Sohool texts have boen analysed with o view to obtaining a realistie
picture of the linguistio requi of the nchool-going ohild.

“
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Vi1, Socio-lingnistic napects of convergence—Aquantitalive siudy: Some
preliminary survevs were condnoted in the Hyderabud-Secunderabad ares snd also
inn xome horder areas betwoen Orissa and Andhsa Pradesh.

IX. Verb-ceniric Pursing of Bangla Senlences on Compuler: Vorh-centrio
pursing of Bangla sentences has been done.  Verbs have been eategorised in auch &
way thut the categocixation will rigger the of including rompound
verbr and composite verbs. Thia might be a ploneering work in Natural Language
Provessing as far as South Asin is conoerned.

Populalion Sindies

Edernally Funded Project
Attaiwnent leeel of primary achool children ul the end of cloas 1V in Weal Benpal:

A rollshorstive <tudy was undertaken with the State Council of Edueationsl
Resenreh wd Training (SCERT), Guvernment of Weat Bengal, for cvalusting the
Ievel ul lenrning attuined by students completing Class [V in Bengali medium achools
of the State,  Besides lnngusge. mathemativs and environmental atudies, other aspects
xuch as crentive, productive. and physical education were also included for the purpose
of evaluation. The administration of testu in varioun subjects to students of more
than Lo primary schools belonging to 17 districts was completed. Besides the
tedts. n guarding schedule wax also canvasaed for collecting information on the sosio-
economic  hack-ground of the households to which the students Lelonged. After
the scoring work is compheted. the data will be computerised for prosessing and analysis.

Thiz xtudy was undertaken in collabaration with the Scientific stafl of Paycho-
metric Research and Serviee Unit.

ther {'rojecls

V. Effects of sociocullural and behaviowral faclors on provimale delerminanls of
Jertility und on acceplance of fumily plowwing : This project adopts the “proximate
determinants of fertility™ approach, which perits a mathematically tractable decom-
position of fertility levels und expresses fertility in terms of a few intermediate deter-
winants (1) the onset of the period of exposurs to the riek of conception. (2) the
period af pustpertum sterility, (3) the onset of secondary sterility, (4) fecundability,
(5) pregnancy waatnge, and (6) effectiveness of conbraception. With this echeme one
ean simulnte the fertility experienre of » woman with given reproductive parsmeters.
‘The spproach provides a method for integrting various ptions about biological
and behaviornl interdependencies that sum to reproductive performance.

2. Micro-regional salidtical swrveys in India uplo 1875: An evalualion :
Massive volume of materials on populstion with various classifications and land use
and other aspects were collected from records of old survoys conducted by the Briti-
shors during the 19th cenury. Thess matorials would bo used to reconatruct ths
paat in quantitative terms. One snalytical study was sotually completed using such
materiale,
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% Delerminants of infont morialily in India :

The study points out that a major weakaess of tho analysis of data on early age
mortality in the use of the overall infant mortality rate. This is becauss the com-
ponont rates of neo-natal and post-noo-natal mortality arc dotermined by different
types of factors which the oversll rate fails to identify. Thus, osrly infant deaths
are largely dependent on endogenous factors related to the birth process or congenital
phenomena. On the other hand, the exogouous vausos, such ss cnvironment,
are the predictors of post-neo-natal mortality.

The strongth and consistency of the rolntionship between birth spacing and
infant mortality suggests that the priority in national population policy should ahift
significantly from permanent methods of control to spacing methods, The study
gives & quantitativo illustration which shows to what vxtent infant mortality can
be reduced through changes in birth spacing patterns.

4. Couple fertility and migration :

One common assumption in the derivation of probsbility models for number of
births to o woman during a given segment of ber reproductive period, say (0, T), is
that tho spouses stay togethor throughout the period of observation. Thus, the woman
is exposed to the rigk of conception at any time 40 < ¢ < T) if she is not pregnant
nor in the state of poat-partum swmenorrhocs nt that time, Therefore, the sforesaid
models may not b suitable for explaining variation in the number of births to couples
having a physically interrupted married life,

In India, the pressurs of increasing population on limited land have aconlerated
migration from rural aress, and usually the males migrate and visit their homes at
varying intorvals of time. This physical separation between the spouses offects their
reproductivo pattern. The number and duration of such visits can be sssumed to
be of random naturo.

Under o sot of assumptions, a model is proposed for the number of births to a
femalo whoso husband hiss migrated, but visits howe at cortain intervals of time

8. On the distribution of last closed birth interval :

It has boon tho practice in reoent retrospective fertility surveys to collect infor-
mation on birth intervals ouly for a specified period preceding the survey instead of
recording sll birth intervals botweon marrisge and the date of survey. OF particular
interest is the last closed birth interval, which is expected to be more reliable than
earlior intervals because of smaller recall bins.

Theorotical distributions of the last closed intorval derived earlier require in-
formation on parity, macriage duration, and knowledge of the distributions of the
earlier birth intervals, The expressions ofton becowo too complicated, moking their
application difficult. Further, roporting parity ly andjor making listi

p abous ths distributions of lower order closed intervals, oto. may lead to
reeulta of doubtful quality.

a8
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In this study a distribution of the laat closed intsrval was derived under suitable
Thia distribution is indopendent of parity of women whose last but

one birth ocourred during a specified poriod prior to the dats of the survey, The
applieation of the model was also illustrated with reforenco to real data.

8. A profile of migralion patlern in West Bengal, 1971—81 :

This study analysed the census data on migration during 1971-81, The purpose
of the study was to investigato (i) the pattorn of inter-distriot migration in West
Bengal and {is) the inter- mu- in-migrant and out- mlgnnt pattern during 1971-81,
and possible factor ibuting to such

Paychomelric Research and Service

Tho research work dono in thie Upit during 1990-91 ia briefly summarised below.
All of these wore projeots funded by IS or external agenoies,

V. Personalily patiern of different occupational groups : The objective of the
study is to develop porsonality profiles of different occupations! groupe based on
Indian population.

It waa decided that the differont aspecta of personslity would be messured
through & standardised personality inventory. Five different ocoupationsl groups
of individuals, viz., (i) E ives, {#5) Medical Repr ives, (iif) School Teachers,
{iv} Dootors, and (v) Artists, would be the subjects of tho etudy. Five hundred indivi-
duals, 100 from each of the five groups, would be studied, and 16 porsonality Factor
Questionnsire of Cattell would be administered on the subjects of this study. Data
have heen collected so far from 75 Teachers, 33 Doctors, 37 Artists and 23 Executives,
Currently, data collection work is going on in the southern region.

2. Consequences of Social and iced Deprivation on Academic Achieve-
men : The objective of the stndy is to investigate the effect of socio-economic
deprivation upon the scholastic achi of school-going children. Several

paychological and environmental factors which are expected to be related with scho-
lastic achievernent would also be hrought undor tho scope of the study. Subjects
for the study would be tho students reading in Clm X in different schools of West
Bengal. The intelligence level, achi and prolonged deprivation
of the subjects would bo aso-rtained with the help of Atandnrdiud tests.  Such 8
atudy may throw light upon the problem of school droponts in our country end the
results of the investigation may bo utilised to make our educational system more
effactive especially in rural areas,

Deta for the study were collected from 84 schools locatsd in both rural and
urban sreas of West Bengal, cuvering 1508 casea from 18 distriota. Data collection
waa comploted and the analysis of the data waa taken up.

41



INDIAN STATIBTICAL INSTITUTE

3. Assessmend of minimum learning in primary education : For this study
data wero collected on the socio-economio status of guardians and other related in-
formation for about 1700 Class—I students studying in 57 primary achoola selected
by systematic sampling from the Hooghly district in West Bengal. The scoring and
analyzis of tho data collected during previons ycars were in progress.

4. Atizinmend level of primary siudenis ol the end of Clase—IV : At the instance
of the Government of West Bengal, a toam of scientists of this Unit and of Population
Studies Unit of ISI undertook this study in collaboration with the State Council of
Educationsl Researoh and Training (SCERT), Govt. of Weat Bengal. The aim of
the study was to evaluata the atlsinment of primary studonts of the Stats of West
Bengal at end of Class—IV. It was decided to cover all aspocta of the primary school
xyllabus, viz., language, mathematics, environmental studies and creative, preductive
and physical aspects of eduoation,

The questionnairss for the study woro evolved through a sorios of seminars and
workshope attended by primary school teschers and eubject mattor experts besides
represantatives of ISI and SCERT. These wero tried out in a number of achools in
and around Caloutta before using them for conducting the teats in March 1881 simu-
Itaneously at sbout 1,000 primary achools covering nearly 2,000 pupils of Class—IV
representing all the 17 districts of West Bengal. Dats were also collected on sacio-
eoonomio and other related aspeots of the students and also about the schools. Analy-
sis and reporting of the huge amount of data would be taken up in 1091-62,

Saciology
Members of the faculty participated in the teaching of sociology and sociometry
in the B.Stat. (Hons) course of ISI.

The research activities of the Unit during the year 198091 are outlined helow :

1. (a) Collaborati hes with scientists of Bio-Soi Division snd

of the Theoretical Statistics nad Mathematice and Applied Statistics

Divisions of 18I have been undertaken on the following topics : i) Farmer's percop-
tion and response to rain-fed farming system (including potential and i

in East Indian plateau region ; (i) Vulnerability of rain-fed farmera and their strategies
of risk menegement ; (iis) Conditions of development of sustainable agriculture in
mono-crop rica producing villages of Eastern India inoluding exploration of endoge-
nous sourees of change and development in local oropping practices; and. (iv) Methodo-
logy of asseaning degree of impact of exogenous inputa for induoed development while
developmental activitiea are going on.

{b) Collaboration has also been going on with sciontista of Theoretical Statistios
and Mathematios Division of ISI for researches on : (i) Identifying boundaries of
soolal intersotion by graph-theoretic method ; (if) Deoompoamon of nelpmm in a
souial network smong the villagers by their various p dial and new ch

)
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like osate, community affiliation, olass, oto. ; and, (iii) obtaining measurs of reciprocity
in weighted di-graph of a social or cconomic notwork aa in rase of vnlumojvalue of
flow of goods between rursljurban within s country/between various countries engsg-
ing in inteenational trade. or. frequencies ar intrnaitics of interaction among villagern
in different dimensions.

2. Survey wauterials and ficld data wre boing wmlysed for preparing a report
entitled, “The Nesperate Dolta™, on the sncinl cenlogy of the Rundarban.

3. A project on the “Socinl ecology of the minority/marginal groups™ hes
revenled the emergenee of social polarization aver and ahove the economie differentis-
tion between castes of different strata.

4. (a) Data collected through a project on the “Value syatem and sacial change"
aro being processed on computer for o detailed mnltivariate analysis. The results
of analysis show a high correlation between vulue-orientation and the daily behaviour
in rursl socicty.

{b) An annlysis of data collected from rural Giridil concerning the aged people
raises doubts regarding the empirical validity of the “Discngugement Theory” in
agrarisn sodiety.

5. Research work was continued in the following areas :

(8) Analysia of data related to continuity in peasant uprisings in Bengal since
the introduction of the colonial rule ; (b) Explication of the impact of popular upsurges
during the terminal years (1845-47) of Britigh rule. leading to the transfer of power
in the subcontinent ; and, (¢) Stresses and strains in the communal rituation in con-
temporary [ndis—their variations and the process of historical evaluation of theee
variations,

6. Another inveatigation was undertaken to study people’s preception about
risks and developorunt, the carrying capacity of land in terms of human population
and the on-goivg changes at the grase-root Jevel.

Project work : Externally  funded  projects

). Bealuation of Rainfed farming (JSI-HFCL Project).

Sponsored by the Oversens Developent Administration (ODA) of Government
of U. K., the Hindustan Fertiliser Corporation Ltd. (HFCL) in consultation with the
Overseas Development Group (ODG) of Uie University of Enst Anglia at Norwich,
U. K., has undertaken a project on how to promote and stubilise farmer participatory,
sustainahle agriculture under rain-fed condition of the Rsat Indiun plateau region.
With this aim peoject aetivitien are being undertaken in villages located in 6
districta of throe states of Eastern [ndin—namely, West Bengal, Bihar and Orissa.

As requested by HFCL and ODA, 18I hay sgroed to cvaluate the impact of
these activities as well as evolve appropriste methodalogy in Uhis cogard,  Scientists
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from Boois) Sciences, Biological Sciances, and Applied Btatistics Divisions of IS are
working as 8 team in this regard.

Firat year's fleld work for tho Bass—Line Survey (BLS) and Annual Monitoring
und Evaluntion Survey (AMES) way completed. A report was prepared based on
Rrst year's work., Sccond year'’s for AMES was in progress,

2, Perceplion, performance and polential of development in Usri waler-shed area
of Bikar plateau—An eco-syslemic approach {ICSSR—Funded project).

Bihar although immensely rich with natural respuroes, is considerod onc of the
pourest states of Indin with neor stagnation in terms of growth rates by gross domestio
praduct and agriculturs! productivity, Agein, when we focus on Chhotonagpur
platean in Bihar acoounting for 46 porcent of the State’s geographieal ares, the picture
tirns further dismal.

"This study was taken up in the watershod of Usri fowing through Giridih distriet
in the castern part of Chhotonagpur plateau. As s component of agro-ecosystem,
it represents a major part of the platesu. It is mostly inhabited by tribals. This
study intends to explore linkages between cropping system and ecology in an ares,
gonerally held as sooinlly and rconomically backward, and to suggest ways and mesns
for improving upon man-environment relationships in accordance with the perceptions
and involvement of the people of the ares.

Finalization of questionnaires, check lists and mapping were completed. The
field work for the study was also nearly completed.

3. Guidance and Consullancy services in Dala Processing (funded by 1C3SR)

Since 1988, the Sociologicnl Research Unit (SRU) has been conducting a pro-
gramme. “Guidance and Consultancy Servicos in Data proceasing”, under the auspices
of 1CSSR. New Dulli. The faculty of SRU have been providing guidance to Ph.D.
acholars from different Universities in Esstern Indis.

4. ICSSR Post-doctoral Fellouship Prog

Dr. Anil Kumar Choudhuri, Poat-ductoral Fellow of ICSSR, worked on the
project of IC3SR. “Socio-econoime mechanism for the survival of landless agricultural
labour in ricc areas of West Bengal : Two case studics” under the guidance of the
Hoad. Sociological Research Unit. Field work for the study was completed and

analysis of data and report writing was in progreas during 1880-81.

Oolher projecis
1. Peasant movements during the early phase of colonial rule in Bengal :

Data collection from the State Archives and records proserved in the District
Collectorates of West Bengal was completed. The final raport was under preparatian.
Threa paper based on the atudy were published and three othera ware pressnted to
seminars,
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2. A sudy of educalional waslage (slagnalion and drop-oul) at primary ond middle
school levels :
This projoot waa condueted in collaboration with tho Population Studies Unit.
Field work for rural sreas was completed. Data editing and tabulation work was
in progross,

3, dpplication of reciprocity meusure as an indicalor of bulance in international frade
by couniries and contmodities :
This research project was undertaken in colluboration with the svientists of
Theorctical Statistics and Mathematics Division of ISI. A technical paper was under
Ppreparation.

Statistical Quality Control snd Operation Research

Iniroduction :

The SQC and OR Division was sturted in 1853. Over the years it has grown
to 11 operating units seattered throughout the Country. They ar located at Banga-
lore, Bombay, Burods, Culcutta (2 units), Coimbatore. Hyderabad, Madras. Now
Delhi, Pune and Trivandum. The SQC & OR Division is primarily devoted to
professional work in the field of Quality Control. Operations Resenrch. Reliahility and
soft-ware developemnt programme in Quality Contral work., It renders assistaner
and expert advise to mannfacturing industries. takes up project sssignments in the
ficld of Quality Control. Operations Research and other related arcas. The main
thrust of the Division is to promote and propagate SQC and other quantitative teeli-
niques, helpful in sugmenting production and productivity. These are carricd nut
through plant visits. organising Seminars and hy organising training programnies
at the plant level from operators to the top management. Training progrummes are
mostly dirceted towards motivating the work force and getting support from the top
management in carrying out quality activities as n routine exercise.

The specialists of the Division aluo take up regulnr tegeling ussignments in
academic courses of the Instilute, c.g., M.Tech (QR & OR), M.Stat. B.Stat. ISEC
courses and evening courses at many of the Centres and Units of IST listed above.

The specialists of the Division are also engaged in theoretical as well as applicd
research in their respective fiolds besides rontine aetivitics of tenching and professional
work.

A few soft-wares developed by the SQC and OR Division have succegafully been
operated in 8 few plants and were d | at seminar organised independently
or jointly with otlier organisalions, such as Confederntion of Engineering Industries.

A comprehensive package on 8PC (Statistioal Process Control) tools and uther
statistical methodology for suitable routine work, lisve been developed. It has been

81



INDIAN STATISTICAL INSTTTUTE

at various industries with live date from the respective
units. The paoksge is now reedy for use.

2 1 r

The Division has initisted work in two major directions and steps have been
taken to sot up a Research Cell at Bangalors and a Centre for Training of Managerial
Personnel at Hydorabad.

The Division, bwdel enrrylng ou', rcguhr IMIVIMQI have maintained liason
with other organi and in hnical and teaching ex-
portise. The Division has olose relation and oollabornl.lve activitios with the Buresu
of Indian Standurds, National Productivity Councils and local Produclmty Comldll.
Indisn Institute of Manage Defonce Organizations, Uni and p

ganisations, such o the Operati Rmelrch Society, IAPQR, NIQR, CE] eto,

2. Consuliancy Service and Projecis

During the period under review 93 organisations were availing themselves of
the servicsaof the Divisian ; 20 new organieations were taken up for service,
86 training prog wero orgenised, 72 organisations were visited for promotional
work, 22 surveys were oarried out. and 28 promotions! reports were sent.

Projects involving 8QC aw.d OR methods were cacried out in various orgauiss-
tions involving verious types of problems. Some of the areas of work are : computer
upplication in Quality Manngement, general purpose computer software on simple
statistical tools, design and analysis of mixture expanmem nnd u',lll!,y puhge for
dise screen mansgement, optimal control of cond) for
tion cables, sampling schema for carrick d luation of outgoing quality and

development of system of oontrol for foils, control of cabinet shrinkage in PU foam
process, and energy conservation in plant,

3. Educalion and Training

In-plant training prog for b hnologists and other p
porsonnel inoluding opoerators were continued dunng the period under review. The
training programmea for exeoutives BHEL at varioua levels continued. One year
special programme at Madras for BHEL Exeoutives continued.

During the period undor review, 2176 managers and technologista were given
training in S8QC methods. In addition, 215 traineos at post-graduste/post master’s
degree level underwent training at Caloutts, Delhi, Bangslore and Madras, and in
part-time Cortificate Courses in Hyderabad and Bangalore. Further, 12 SDP Fellows
were trained during the period.

The Division shared a fairly heavy load of teaching in the academio courses of
the Institate, at all the centres. The faoulty members of the Division have taken
all the couraes preseribed for the Diploma in SQC and OR and M.Tech, (QR and OR)
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at Caloutts, and for the Diploms in 8QC and OR ot Madras and Bombay (part-time).
The Division also essisted in the following teaching programmes ;

(a) M.Tech. in Computer Science,

(5) B.Btat. and MStat. Courses,

{¢} Part-timo Cortificate Courses at Bangalore snd Hydersbad,

{d) ISEC Courses at Caloutta and Bangslore,

{e) Part-timo Coursss on Statistical Mathods at Caloutts, Hydersbad end

Delhi,

(/) One year specisl programme at Msdras for BHEL,

(9) Junior Certificate Course at Calentts, and

() Training of SDP.

4. Research :

Applied and theoratioal ressarch were carried out in differont aress. Some of
the areas of work ato : Bayesion three decision accepting umplmg plans, ssmpling
plan under stratified random _‘ schemes for in-p pection, Fuszy goal

g in g, Optimum i in drilling. approxi
uons of doubly non- eonu'nl Z dmt.nbuunn strongly balanced uniform measurement
design, Life testing experimont and minute sualysis, parametrio design and global
optimisation, trim-loss problem, optimisation of fuel injection syatern, Linear Com-
plimeutarity problem with N and N, matrices, characterisation of P-matrices, opti-
mum, allocation of parallel-geriea and series-parallel systems, Optimisation of bicsi-
teria, quasi-concave function, comrol of rocontator 2ap. A Ph.D. has been aobtained
in the field of opti deoi in geological exploration on mining
A book on cohorent structures was also pnbluhed During the period under review
20 papers wero published, 10 papers were accepted for publication, 16 papers were
sont, for publication, 21 papers were read at conferences andjor were accepted
for proceedings, 10 technical reports were published and 16 manual were
propared.

5. Promotional Activities :

Introductory visite were paid to 73 factories ; 22 surveys and/or pilot projects
wero carried out and 28 promotional reports were sont. The surveys covered various
types of industries, Theso include : toxtilos, printiog pmss, aluminium, cell dry
battery, refmctory, almmmum foll textile machi lephone cables,

tomobil heavy machinery, mnchine tools eto.

The specialists of the Division delivored 397 leotures and talks to various
organisationsfinstitutions on different aspects of Quality Control and Operations
R b, including Quality Mangament

Tho speoislists from the Division attonded 42 seminars in the field of quality
control and relovant statistioal techniques/theories. During the period under review,
58 seminara wore orgsnised by the various Units of the Division.
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D, don snd Infe lon Sek

Library,

Documentation Research and Training Oenire (DRTO),
Bangalore

The activities of DRTC have been organisod under the following hesds :
(1) Resoarch pmgrnmmc {2) Advisory eervices programme ; (3) Extonsion progra-
mmo; (4) Publi pr i (6) Educational and trmrung programme ;
(8) Employmont Information progr: ; (7) Continuing Educational and Training
programme ond (8) Faoulty Development programme.

The following is the report of the activities of DRTC: during the period from
April 1990 to March 1901 :

1. Objectives and Programme of Activities .

The objectives of DRTC are the following : (a) To contribute to the development
of the different branchos of the diseipline, “'Information Sciences including “Docu-
mentation” and “Library Scionce”, by carrying out, guiding, and supporting regearch
and development wctivities in the concerned ficlds, aiming at the development of
expertise and excellonce in the different branches of Information Sciences.

(b) To promote the development of "Information Centres” including Libraries,
Documentation Centres, Data Centres, Information Clearing Houses, Information
Analysis and Consolidation Centres, Archives, etc., by offering ldmory services in
designing spocific dovelop plans ; professional tools ; profe !
method and procedures ; information service products ; ete., as & particular mtuanon
warraote it and admits of, specially in reaponse to specific formal requests.

{0) To disscminate results of research, nformation analysis and consolidation,
advisory sorvices, and of compilations in the different bravches of “Information
Sciences™ including “‘Dooumentation” and “Library Seience”, through publications
and extension sorvices, as the caso may be.

(d) To develop manpower equipped with appropriate professional knowledge,
understending and skills, that is capable of participating efficiently and offctively
in the (i) Manag ie., design, dovelop ganisation, imp! ti
oporation, control, evaluation, eto. of information service aystems, centres, programme
and projections ; and (if) In ad d toaching and research in the field of “Tafurma-

tion Sciences" including ‘Documontation™ and “Library Seiences” by conducting
appropriate professional educational and training programine.

{e) To ensuro and promote the professional ad of the ed d and
trained manp by organising and conducting continuing educationsl and training
programmes on professional topics and diseipli

2. Training in Documenlalion and Informalion Science:

Course Leading to “ADIS Award: Under its Educatioual and Training Pro-
gramme, DRTC conduots & course of 24—month duration leading to the Award of
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“Associateship i Dooumentation and Information Boionce” (ADIS). This award
is recognised by the Govt. of India as equivalont to a Mastor’s Degroe in Information
Saience. Normally, the entry qualifioation for ADIS courss is & post-gradusto degree
in “Library and Information Science”, BLIS or its oquivalent. Not more than ten
studenta are admitted in each scademis eeasion of 24-month duration.

Seven studonta had beon selected for the academic session, 1988-00 (24 months)
on the basis of All-India admission test and intorview. They appeared in tho final
examination in 1989 after completing their formal residentia! port of the course of
12 months. Subsequently, they were engaged in their rcepective guided reeearch
projeots. They submitted their dissertations in August 1890, The final resuits of
the course were declared in Novembor 1880. Al the seven students were paased and
obtained first olass.

For the academic session 1989-91 (24 months,) cight students had been admittod.
All the eight students completed their formal rosidential part of the course in August
1980 and sppoared in the fins! examination held in 1080. Thoy were thon assigned
to work on their respective gnided research projects.

The academic session 1980-92 (24 months), commenced on | Septomber 1990,
8ix atudents were selected for this session, and all of them joined the course.

Educational Study Tour by ADIS Students. 19000-81: It was not possible
to conduct any educational study tour for the ADIS students during the finanoial
year 1090-91 due to stringent economic measures.

9th Short-lerm Course on Compulerized Information Work and Service :

This couree waa conducted during tho period from January 16 to February 26,
1901. Fifteen candidates satisfying the necosssry conditions were admitted. All
the cendid ploted the course fully by meeting all tho requirements.

3. Research Aclivitier
The main ereas of research in which the different members of DRTC faculty
were engaged during 1990-91 are indicated below :

1. Preparation of the 8tate-of-the-art report on tho “Methodology of Construct-
ing Vocsbulary Control Devioes, such as Schemes for National Depth Classification,
Thessuri and Claasauri.

2. The preparation of a Manual for the construction of & Classsurus.

3. The designing of s “Classaurus for the depth indexing of mioro subjeots
going with the base, Agriculture and related Sciences and Technologies”.

4. The dsmonstration of the use of the above-mentioned Classanrus.

8. The application of the “Colon Classification, Ed 7", for the purpose of
(8) ging d ; and for (3) d work and servioe.
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6. The designing of s "Multl scosss Thesusrus”.

7. The study of the varieties of '‘Thessurus-Structures/Formats” from the
point of visw of their impsot on information retrieval.

8. The study of various methods of knowledge repressntation, such sa semantic
Dots, fnme.. snd predicata caloulus ; and of their related l‘eswm. to ascortain their
lationship to the clasifiostory language of colon dlassifi

9. The deaigning and devel of Notational Depth indexing olamification
sthomes, Thesauri And Gnmn-l for the depth indexing of micro subjects going with
various disciplines.

10. The application of modern scientific M t Techniques to the plana-
ing and Management of Information Systems, Oanu-as. and Semeu

11. The stady of the mothodologies of Inf ion Analysis and Consolidati

o

12. The preparation of a state-of-the-art report on “Performance Blandards
in the fild of Secondary Information Work and Service'.

13. The develop of bibli i for evaluating the use of Library
and Information Servioes.
14. The proparstion of guidelines for developing eoftware and appli
paockages for ho\ln -keoping opormom of information centres, such as, Circulation
Control, Serial Control, and Acquisition Coatrol.

15. The development of s Computerized tutorial for CDS/ISIS (Mini, Micro
Version).

16. The develop of s computerized manpower planning mods! for Informa-
tion Centres.

l7 Reatrucwrmg of ou.rnoulp and eyllabi specially for the advanced ocourses

on i jon scionce includi ion and library ecience with a view to
accommodating essential eonwnta ining to the appropriate ad in informa-
tion technologies.

18. Applioations of computer-based natural language proceesing in identifying
descriptors for contenta of dooumenta.
4. Project Work (Eddernally funded project)

Short Term Cousse on Compulerized Information Work and Service (Sponsored
by the NIBBAT):

Under the sponsorship of the National Informmtion System for Soience and
Technology (NISSAT) forming part of the Depar of Scientifio and Industrial
Research (DSIR), Government of India, New Delhi, DRTO haa besn oonducting &
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six-weok course on “Computer Applications to Library and Informstion Work"
sinoe’ 1888, Normally, two such courses are conducted during each financial year.
Daring the peried form April 1090 to Maroh 1901, only tho 8th cuurse could be con-
duated ea the sponsoring agenoy oould not provide funds for conducting two courses.
(See also Seotion 2 abave).

Ceniral Library (Ouleubia)

The Institute maintains a Central Library at Caloutta. With the addition of
925 books and 2 new journals to the stoek. the (otal collection of the library rose to
1,82,377.

Acquisition : The Central Library accessioned 926 books during the period
under report, out of which 842 were purohased, 38 received on subseription, 211
received as gift and 34 were received on an exchunge basis. It aleo acquired 171 books
for the Statistical Workers’ Circulating Library.

Periodicals :  The Contral Libracy received 1,337 poriodicals out of which 244
were received as gift, 812 agianst suhacription and 481 on exchange arrangement
with national and international organisations. The Library also acquired 28 new
journals. 13 new journals wero subscribed under NBHM grant. It accessioned
733 journals and completed the technical ing of 551 journals.

P

Circulation and Stack Mai : The Central Library issued 45.600 books
and journals to the users on loan and refe The total bership of the Library
wag 1772 (after the introduotion of New Library Rules from May 2, 1888), out of which
108 memberships were withd The total membership includes IS1 staff, research
scholars, project assistants, students of B.Stat., M.Stat., and M.Tech. courses, ISEC
trainees eto., a8 well as ontside students and Institute members. In addition, 402
readers were given special permission to use the Library for short periods. During
the year 1800-91, 45 books and journals were borrowed from other libraries and 19
books and journals were loaned to other libraries, under the inter-library loan arrange-
ment.

Reports and Records :  The Central Library ccessioned 807 titles and processed
508 titles. During the year under review, 1567 titles were issued to the borrowers.

Circulating Library: The Statistical Workers' Circulating Library acquired
171 new titles bringing the total colaction to 34,331, It isavied 24,641 books to the
members.

Technical Processing : The Central Library classified 353 books und catalogned
705 books.

Reprography and Pholography : The Central Library provided 5,27,828 xerox
prints for the usera during the period under report. 1n addition. 731 frames of photo-
geaphs of different nature, 3,045 printa of photographio cnlargoments, 524 frames of
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microfilming from drawing books, charts, journala etc., 150 frames of Jecture slides and
28,200 off-sst printy were made during tho year 1090-81.

Bangalore Centve Library

Acquisition : During tho yeur 1080-91, 629 books were adlded to the library
by purchase and 25 books wora reccived on gratis.

Periodicals :  As rogards periodicals, 496 volumes were hound und added during
this period to the existing wbook of 4135 bound volumes. Tn addition to 264 kitles,
5 new periodical titles wore ordored. There was o cancellation of periodical sitles.
All the titles subscribed for 1900 wero continued for 1891 subscriptions ulso.

Slock position : . The tobal stock position as on 31 March 1091 was as follows :
Books—11.608 ; Booka on gratis 833 ; Bound voluraes of periodicals—4,630 ; No. of
periodical titles subscribed—271 ; No. of periodicala received on gratis—27.

Technioal Processing :  About 800 books wore olaasified end catalogued during
the year, Nearly 4000 cataloguo carda were filed.

Circulation Statistics : During the year, library faoilities were enjoyed by 150
readers, and 03 of them aveiled themsclves of the lending facilitiea. 5 visiting Pro
fessors/Scientists of ISI were also provided with she lending facilities. A total of
about 8.800 books and periodicals (including looss issues) were issued by the Library.
The in-house uss of booka and periodicals was around 28,500. Abont 195 inter-library
losn transactions were registered.

The membership includes ISI staff, research scholars, project sasistants
snd M.Tech. students, SDP Pellows, D.R.T.C. studenta, trainees of DRTC short-term
Computer Course ete.

Inter-Library Loon Service : Inter-Library loan facilivies were availed of by
staff, studente etc. of Indian Stabistical Institute. Bangalors Centre. The library
also extendod inter-library loan facilities to users from different local libraries.

Reprographic Service: Modi xerox machino model 1026 Z was installed in the
library on 11 September 1990. From then onwards, reprographic servico was provided
to the users. From the date of installation to 81 March 1881, #he number of xerox
copies supplied waa 35,630,

Documentation Servics : Bi-monthly lists of additions to the stock of books
were issued from fime to ¥ime. The monthly list of ourrent periodicals was aléo brought
regularly.

Delhi Cenire Library
Acquisition :  Due o budget constraints, only 174 new books could be purchased

and added to the sbock during the year 1090-91. In addition, 260 publications wers
received s gifb from various sources ond agenoies, The personal colleotion of about
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600 publications belonging to Late Professor Prem 8. Puri received s gift by Delhi
Centre Library. Besides these, 47 publications were pr d by the Acq
Section for use of students and resesrchers of the Institute. Aboub 150 Technical
reports/Discussion papers/Reprints ebo. were received during the period from different
institutions of India snd abroad.

Periodicals : 267 titles of journals, foreign as well ss Indian, were subscribed
during the year. In addition 19 titles of journals were received 88 complimentary or
against exchange programme. Further 5698 seta of loose issues of journals, duly
bound, were added to the sbook. Some new titles of the journals were subscribed
while some other ditles were discontinued. In addition, exchange programme of
journals was established with various Insti for exchange of their Technical papers]
journala with Discussion Papers of the Institute.

Circulation : During the period under review, 544 persons enjoyed the Library

bership with 401 as temporary bers availing tk Ives of the reading room
facilibiea oaly and 143 es permanent members availing shemselves of the lending
facilities, Approximately, 7282 publications were circulated during the period

among its members,

Under the inter-library losn service programme, about 114 publications were
lend out to she neighbouring institutions and libraries and 48 publications were borro-
wed from them for use by membera of ¢he Delhi Centre Library.

Reprographic Services: 32,030 photocopies were made duriug the period on
she request of users of the library. Reprographic facilities were algo provided to
Tesearchers of other institutions on a nominal payment of Re, 0.50 per page.

Other aclivities: As in other-yeors this year too Library Trainees with re-
muneration were appointed. At the end of their training. each trainee waa given sn
experionce corbificate.

3. SYMPOSIA, SEMINARS, LECTURES AND CONFERENCES

o

Among different workshops aund lectures
organised by the Inatitute during tha year 1090 8l mention may be made of the
following :

3.1 Symposia, Conferences, Workshops elc.

A Workshop on Linear Models and Design of Experiments waa held during
27-29 December 1990, a4 Calcutta and waa organised by the Theoretical Statistics and
Mathematics Division (Stet-Math Division). The following persons presented talks
on recont developments in these aress : Professor K. V. Mardia, Professor J. S. Rao,
Professor K. R. Shah, Professor D. Majumdar, Professor A. Mukhopadhyay, Professor
8. K. Mitra, Professor T. Mathew, Professor R. Mukherjee, Professor C. R. Rao,
Professor P. K. Sen, Professor M. Ghosh and Professor 8. K. Chatterjee.
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‘The Wintor Sohool on Algorithms and C: ional Complexity was held a¢

Csleutts during 10 Docomber 1880 to 11 January 1991 and was organised by the
Stat-Math Divition. The following persons gave lectures on modern developments
and resoarch probloms in tho above areas : Professor A. Bagchi, Profeasor R. Lasker,
Dr. Aditya Bagehi, Dr. Rana Barus, Dr. B. B. Bhattachsrys, Dr. A, Goswami,
Professor 8. B. Raa, Profeasor A. R. Rao, Dr. K. Sikdar, Dr. 8. M. Srivastava, Dr.
K. §. Vijayan, 8bri 8. C. Nandy end Mra. 8, Sur. This programme was organised by
Dr. K. Sikdar.

RA. Fisher Birth Conbenary Seminar was held on 30 December 1890 and
this was organised by the Stat-Math Division. Professor S. Dasgupta gave an iniro-
duetory lacture following on Fisher’s work in a social perspective. Professor C. R.
Rao, Professor P. K. Sen and Dr. P. P. Majumdar discussed the importent contribu-
tions of Professor R. A. Fisher.

An Internationsl Workshop on Quantum Probability and Applications was held
ak New Delhi during 31 December 1890 to 4 January 1981 jointly with NBHM, Forty
delegatea participated in the Workshop. T4 was organised by Professor K. R.
Parthasarathy snd Professor K. B. Sinha.

A Conference on Recent: Developmenta in Probability and Statistics in Memory
of Professor C. G. Khatri waa held at Delhi University during 22-24 December 1800
jointly with the Departmen of Statistics of the Delhi University. Sixty delegstes
participated in the Conf Thia confe was organised by Professor 8. K.
Mitrs.

The Interngtional Conference on Game Theory snd Economic Applicotions
weg held at ISI, New Delhi, during 18-22 December 1890. Eighty delegates parti-
oipated in she Confe . The Conf: way ised by Professor T.
Parthesaratiy.

An Insructional Conference on Oporator Algebrss was organised at the
Bangalore Centre of IST during 11-30 June 1990. About ¢wenty-five external dele-
gaties and ten loca) scholars participated in the Conference. Besides Dr. V. S. Sunder,
Dr. V. Pati and Dr. G. Misra of the Stat-Math Unit of ISI Bangalore Centre, Professor
Klaus Thompson from Denmark gave loctures in the Conference. This Conference
waa funded by the National Board for Higher Mathematics,

A three-week Workshop on “Mixed Hodgo Structares” was organised by Dr.
V. Pati a¢ the Bangalore Centze during 22 July 1890 to 4 August 1990. Four scholars
from TIFR, Bombay, participated in this Workshop.

A Serinar on “Problems of Large Scale Sample Surveys in India” was held at
I8I, Caleutts, during 20-27 Decomber 1900. It waa organised in 3 sessions by the
Applied Statistics, Surveys and Computing Division and 69 scientists participated
in these sessions, The first two sessions wore held on 26 December 1090, and the
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third on 27 December 1980, Papers were presentord by invited speakers and each
presentation was followed by ohsarvitivns of the official discussant and then by
floor discusslon. In addition to participants from RBI, (S0, 1IMC ofc.,
Dr. P. Vissria, Chairman—designate und Professor B. N, Minhas, outguing
Chairman of the Governing Council of NSO, were nlao present. Also theoresi-
cians like Professor H. Steager, University of Mannheim, Profexcor P. K. Sen,
University of North Cnrolina, Professor A. R. Ren, University of Calgery.
Profewsor 8. P. Mukherjee, Caleutts University, Professor Rahul Mukhesjee, IIM.
Calcutts, Professor A. Goon, Presidency College, Caleutts, Dr. Dibyen Majumder,
University of Illinois anil okhee acientists from IST participuted. The seminar was
organized by Dr. Aaup Dewanji of TSI Calentts,

In seasion . which was previded over Prof. J. Roy (151). papers of theoretical
regults on sampling serabegics were presented by Professors Rahul Mukherjee (1IMC),
Arijis Chaudhuri  (IS1),  H, Ntenger (University of Mannheim),  Shibdas
Buudyopadhysy (IS1). 4. K. Adhikari (1S1) and Dibyea Majunider (University of
[llinoir). Discussante in thiy session were Professors Debesh Roy (Preai-
dency College). 8. Nengupta (Caleutts University), Rshul Mukherjee (IIMC), T.
Krighnan (I181). J. Roy {IS[) and Bikas K. Sinla (18)). Svssion [1. chaired by Prof.
B. 8. Minhas (NSSO). wus ddevoted to papers stressing on the applied sspecis of nample
surveys and the contributors were Professora 8. P. Mukherjee ((‘alcutta University),
V. N. Reddy (1TMC), J. Roy (1S1). K. V. R. ¥. Ruo (NSS0), V. K. Rajagopalan
(NSSO) and 8. Roy (NSNO).  Discussaats in this seasion wrre Professors A. M. Goon
(Presidency.  College).  Prabir  Chaudhuri (NSSO). S. P. Mukherjee {Calcutta
University), Arijio Chaudhuri (15]). T. Krishan (IST) and N. R. Pal (IS1). Session
111 was specially meand for pupers relating to problems of lurge-seale surveys like NSS
and Prof. A. R. Sen (Univerity of Calgary) presided uver this sension. Contributors
of this seasion were Professors V. Anandan (NSSO). R. Sathysnarsyana (RBI). A. M.
Goon (Presidency Uollege). Parimal Mukhopadhyay (IS1), K. Sankaransraysnen
(NNS0) und P. Chattopadihyay (NSSO). Di in this seasivn were Professors
P. Mukhopadhyny (IS1), T. Krighnan (IS1). Shibdas Bandyopadhyay (IS1), Pulskesh
Maisi (I81). A. K. Adhikari (IS[) and R. Mukherjee (1S1).

An Internationsl Workshop on Application of Statistical Methods in Theoretical
Physies and Fluid Mechanica was organised by the El ics Unit at Caleutta
during 8-15 Jonusry 1991, About 55 delegaten parsicipatcd in she Workshop.

A Symposium on Cultursl and Genetic Diversity in Indisn Populasion (joiutly
organised by Professor K. C. Malhotra, Anthropometry snd Humen Genetics Unit
of ISI, Caloutts, and Professor Madhav Gadgil of Indiau Institute of Sciences,
Bangalore) was held at Bangalore centre of ISI during 27-20 January 1991.
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The Bconomic Analysis Unit of [S1 Bangslore Centre conducted ite second
Summer Courss in Quantitakive Economics from 25 April 1900 to 25 May 1980, for the
benefit of research scholar, colloge teachera of various universities and State
Government Officore eugaged in quantitative snalysis of oconomic daa.

A one-dsy Workshop on “Economic Theory and Rural Institntions” wae
organised by the Eeonomic Anslysis Unit os Bangalore on 20 December 1080,
Speakers included Professors V. M. Rao and Abdul Azis from the Institute for Social
snd Economio Change (ISEC), Bangalore, and Dr. S. Shivakumer from AModras
Univeraity, Madcas.

The Economio Research Unit a# ISI, Calcusta, organised an Economic Inatitue
Workshop under the auepices of the Unibed Stntes Educational Poundation in India
(USEFI) duriag 15-31 May 1990. In this Workshop, faculty members of ERU and
soms invited speakera from other institutious in Caleutta delivered lecires on statis-
tics, eoonometrics, mathematical methods in cvonomiy, Tndisn economic problems,
eto,, 10 28 participants who were teachers of economics in colloges and universities
in differens parts of India.

A Workshop on Comp pplications in Quality Management and Contzol

wea organised by 8QC Unit of I8I, Caleutta, during 15-16 Jauusry 1991, 36 execu-
fives from different industries participated in the Workshop.

A Workshop on Quality Cost Evaluation, Control and Manage WS Orge-
nised by 8QC Unit of ISI, Calentts, on 28 June 1980, About 70 persons participated
in the Workshop.

A two-day Workahop on Quality Assursnce for Sendor Executives of HAL at
Bangslore Complex was orgaaised by SQC Uuib of IST Bangalore Centre, at Bangalore,
during 5-6 November 1990 for a batoh of 30 Executives.

A Workshop for the Top Managemont a6 Madras waa organised on Compeny
wide Quality Management and on ISO 1000 Series. C. A, Setty and A. N. Naakana
delivered talked a$ the Workshop.

A two-day Bymposium waa organised by the SQC Unit of ISI, Calcutts, jointly
with the Confederation of Engineering Industries at Taj Bengal during 15-16 January
1981, on ‘Statistical Process Contral Tools—A Software Package', doveloped by
BQO Uni, Calcutts. Abous 40 Exacutivea from different organisations participated
in the programme,
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A sominsr on ‘Industrial Information Systems snd Services’ was organised by
DRTC, Bangslore Centre from 21 to 23 Mey 1080. Tho leading presentstions were
made by Sri B. 8. Ramanands, Adviser, Titan Wasches, Bangalore. Professor 8.
Scctharamn presided over the sominar. About 30 parkicipants aitonded the seminar.

Frery year, DRTC organizos apecial weminare on the oceasion of Professor
Ranganathan's birthday. Thin year too. seminers on ‘Raugsnsthan’s Tesching
Methods, and on ‘Doveloprents in Informetrics' were organized, ono in $he moming
and the other in the afteriioon on # August 1990. Professor G. Bhattacharyys mede
the leading presentation in the morning seminar and Dr. I. K, Ravichandra Rao made
the lending pregentation in the afternoon session. Abou 30 participants attanded the
KEMINATA,

A Chinese delegation from China Nociesy for Scientific and Technieal Infor-
mation (CSSTI). Bejing, consisting of six sciontists under the leadership of Mr. Ting-
Jiong Wang visited DRTC on 6 September 1090 for the purpose of knowing in detail
the ohjectives. functions and achievements of DRTC, and to inform us sbout thoss
of CSSTI. A Seminar on DRTC and CSSTI : Their Objectives, Functions and
Achievementa was held on this ocession at DRTC (Bangalore) on 6 September 1900.
The leading preacntation on DRTC was made by Professor G. Bhattacharyys ; and
on CSSTI. by Mr. Lin Yi. Abont 30 participanis attended the seminsr.

Every yesr. on the death anniversary of Dr. S. R. Ranganathan, DRTC
organizes & special seminar under the title “Five Law Lectures”. The 18th lecture
in this series on Information Systeras and Services for International Tendering, was
organised by DRTC in the Tnatitute of Information Studies, Rajajinagar, Bangalore,
on 27 September 1990, Dr. (Mra.) Ranjita Chandran, Manager, Information Systems,
HMT Ltd., Bangalore, was invited to deliver the lecture. About 50 participants
attended the leure.

A Seminar on bhe ‘Litest Devolopments on Depth Indexing' was held on 22
October 1990 for the participants from Afro-Asian countries who attended » short-
term “International Course on Information Storage snd Retrieval” conducted by the
National Institute for Nmall Industry Extension Trsining (NISIET), Hyderabsd,
during their visit to DRTC for study tour. The leading presentation was made by
Professor G. Bhattacharyys. About 10 parsicip ded the Seminar.

3.2 Leciures and Seminars

The following lecbures/seminars were arranged during the period :
Theoretical Slatistics and Mathemalics, Calentin

Profossor V. R i, Bell C: ieations R h Ine., U.S.A. (20.6.00) :
Applied Probahility in Telecommunicstions.
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Dr. Anis Maitrs, Siatisticsl Adviscr, UNO (12.7.90) : Biasistios) Training s
promoted by United Nationa.

Professor N. D. Chakraborty, University of Burdwan (23.7.900): A survey of
resulte rolated to Pittis integration.

Dr. Prabic Burman. Universiby of Californis, Davis. U.S.A. (3.0.00): Some
issues in cross-validation.

Professor M. S. Raghunsthan, T.I.F.R., Bombay (7.9.60): Flowa on homo-
geneous spaces.

Professor K. V. Mardia. University of Leeds. U. K. (27.12.00) : Stasistien of
shepe with image analysis. applications.

Professor T. Mathew, Univorsity of Maryland. Baltimore County. USA.
{28.12.00) : Non-negesice variance component estimstion.

Professor M. Ghosh, University of Florida, Guinesville, US.A. (29.12.00):
Hierarchical and empirical bayes multivaciate cstimasion.

Professor 5. K. Chatterjee, Univemity of Calcutta (20.12.90): Multivariste
goneral linear model with applications to designs.

Professor P. J. Lahti, University of Turku, Finlsnd (18.1.01}: Quantum pro-
bability and theory of measrement.

Professor Rahul Mukherjee, Indian Institute of Management. Calutts
(18.3.01): Conditioning and power : higher order asymptotics.

Delhi

Dr. Girish A. Arss, University of Santa Barbara (1.8.90) :  Randomly stopped
averages and their applicationa o sequential catimuti

PP

Mr. Pradiptn Bandyopadhysy, ISI Catcubbs (7.8.40): Mazur Intersection
property in Banach Spaces —An overview.

Dr. Rahul Ruy, TSI Delhi (8.8.80) :  Percolation of Poisson sticks on the plane.
84
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Dr. Bikas Sinhs, ISI Calootta (7.9.90): Statistioal methods for combini
oxpert opinions.

Dr. O. P. Sharma. IIT Dethi (19.0.00) : A new approsch to the M/G/1 queue.

Dr. A. V. Nagaev. [ontitute of Mushemativs, Uzbekingan (21.0.80) : - Asymplotic
properties of locativi scale invariant testa.

Dr. Trilochun Shaatri, M.LT. (15.10.40) : Polyhedral abruckure of the product
eyeling problem.

Professor Fal Green, University of Minuesota (13.12.00) :  On Pacudo random
inference.

Sir Michael Atiyah. F.R.S. (27.12.80) : Interacting Solitors.

Professor Malay (Ghosh. University of Florids (8.1.81): Bayesian Pitman
Closeness.

Dr. 8. C. Kochar. ISt Delhi (16.1.81): Statistical inferenre for the k-sample
Hazard rate ordering problem.

Professor P. K. Sen. Universiey of North Carolina (18.1.91):  Pitman closeness
of statistical catimates.

Professor 8. C. Kochar, IST Delhi (23.1.19) : -Testing for the proportionately
of cause apecific hazard rases in the competing risk problem.

Professor B. L. 8, Prakasa Rao. IST Delhi (30.1.91) :  Cramer-Reo type integrat
inoqualities.

Professor A. Dey, ISI Delhi {8.2.01): Minimally connected optimal block
deaigns.

Dr. C. G. Bhattacharya, IS Dolhi (20.2.91) : Estimation of a function of scalo
parametors of two gamma disiributions with applications,

Mr. P. K. Srinivisan, Secy., Asan. Math Teachers of Indis (28.2.91):
Mathematica education in Indian Schools.

Mr. Saunok Sen (6.3.81): Exponential random variables and the PPS\VOR
ssmpling scheme.
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Professor T. Parthesarashy, ISI, Delhi (13.3.81): An operator molution to
stochastic grinen.

Mr. Arusharka Sen (20,3.81): Uniform strong consistency of conditional
{-stntigtivs.

Dr. H. L. Manocha, IS1, Delhi (31.8.00) : Lie theory of hypergeomebrio fune-
tiona on solutions of 4-varisble wave oquation.

Dr. Rajendrs Bhatia, [SI, Delhi (28.8.00) : Eigenvaluea with symmetries.
Shri Arvind Lal, TSI, Dethi (4.8.90) : Coxeter graphs and path positivity.
Shri ‘' Bhatbucharya (11.9.80) :  The Hilbort mutrix.

Dr. H. L. Munochs, ISI, Delhi (18.0.00): Lie theory snd special functions.
Dr. H. L. Manochs, [S], Delhi (18.9.00) : g-representation of al. (2,C).

Dr. T. Parthasarathy, [SI, Delhi (25.9.90): Linear complementarity problem
and completely mixed games.

Dr. Kelyar B. Sinha, ISI, Delhi (16.10.00) : Interpolation of operators.

Dr. G. B. Folland, University of Washington (7.11.:0) : Wavelets and their
applications.

Ms. Snehlata, 181, Delhi (13.11.90) : L-sequential graphe.

Abhay Bhat. ISI, Delhi (12.3.01) : Martingale problems and Markov processes.

Bangalore
Profeasor M. 8. Raghunathan of TIFR, Bombay (8.6.90) : Arithmetio Groups.

Dr. Girish Aray, University of California (10.8.00): Moments of randomly
stopped averages and their applications to sequential eskimati

Professor K. B. Athreys, Iowa State University {16.8.00) : Bootsirapping the
empirical distribution funation.

Professor G. B. Folland, University of Washington (26.8.90) : Meta-Heisenb
Group.

Dr. Vinod Bherma, Department of Electrical Engineering, LI Bo., Baugalors
{8.11.00) :  Stabiliky of Communication Networka.
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8.2 Applied Slalistics, Surveys and Computing

Dr. Shibdas Bandyopadhyay (3.4.00): Impset of FFDA Scheme (WB
Government sponsored sample survey projeck condueted by CAU).

Shri Jovdip Mitra (10.4.80) :  QR-DPredictors in Survey Sompling.

Shri D. T. Ghosh {17.4.90 aud 28.4.80) : The Optimum Continuous Ssmpling
Plan that Minimises the Amount of Inspection.

Shri P. Palchowdhury (24.4.00): How to Identify Efficiently Dishoneay
Persona in an Ensemble of Honest awd Dishonest Persons.

Dr. P. Mukhopadhyay (21.8.90) : Robuxt Estimation of a Finite Population
Variance Under Some Linear Regression Modely.

Dr. Anup Dewanji (28.5.80) :' A Two-stage Model for Carcinogencais.

Dr, C. Dattagupta (4.9.80) :  Cancer Chemoprevention : An Approacl Towands
Cancer Control.

Dr. B. N. Mukherjee {11.9.80) : A Simple Iterative Procedure for she Analysis
of Correlation Structures.

Dr. P. Mujumder (18.9.90): Esbi
Genetic Disease.

the Age-of-onset Funetion for o

Dr. N. Sarkar (25.0.00): A Now Estimator Combiniog the Ridge Regreasion
and the Restrietod Leass Square Methods of Estimation.

Dr. B. K. Sinha (8.10.90) :  Stutissical Methods for Combining Expert Opinions.

Dr. (Mrs) S. Bliattacharya (18.10.00): Predicting a Population Total under
Balanced Samples.

Dr. T. Semanta (23.10.00) :  Asymptotic Efficiency of Esti

Dr. (Mrs.) 8. Bhendre (30.10.90) : On the Treatment of Ontliers.

Dr. D. Sengupta (6.11.80): How to Tuke & New Observation in o Lincar
Model.

Dr. A. Bagehi (18.11.00) : Object Recognition—a DAI Model and & Possible
Software Architecture.
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Dr. T. K. Nayak, ticorge Washington Univorsity. (20.11.80): C
of Equivalent Estimstors under Generalized Pitman Nearness Criterion.

Dr. 8. K. Bhandari (27.11.90) : Multinomisl Renking Procedurea: A Com-
parative Study.

Shei A. K. Adhikari (4.12.90): On [nbsrpenetrating Subssmples.
Dr. K. R. Swh, University of Waterluo, (11.12.80) : Miming Plots Technique,

Dr. H. Stenger, University of Mannhoim, (18.12.80) : Asymptotically Minimax
Serubegios in Sutvey Ssuipling.

32 Electronics
Dr. Uras Basu, Caloutts University (10.4.80): Application of Functional
Analysis to Continum Mechanics—Part—1.

Dr. Uma Basu, Csloutes University (17.4.80): Application of Functional
Analysis to Consinum Mechanics—Part—(1.

Dr. Uma Basy, Cslcutta University {24.4.90): Application of Punctional
Analysia to Continum Mechanics—Part~111.

Dr.

1=

K. Hajra, ISI,, Calcutta (8.5.80): Stochastic Processes—Part—L
Dr.

5

K. Hajra, (8L, Calcusta (16.5.90) : Stochastic Processes—Part—II.
Dr. K. Hajra, ISL, Caloutta (22.5.80): Stochastic Processes—Pari—LIl.
Dr.

=

K. Hajra, ISL, Colcutta (29.5.90): Stochastic Processes—Part—IV.
Dr. K. Hajra, ISL, Calcutts (5.8.90) : Stochastic Processes—Pari—V.
Dr.

&

K. Hajrs, 181, Osleusts (12.8.80): Stochastic Processes—Part—VI.
Dr.

I

K. Hajra, ISL, Calcutta (19.6.90) : Stochastic Processes—Part—VII.
Dr.

5

K. Hajra, ISI, Colcutta (26.0.90): Stochastic Processes—Part—VIIL

Mr. Ashim Roy, ISI,, Culcutia (10.7.80): Modern Differsntial Geometry—
Part—I.

Mr. Ashim Roy, ISL, Caloutta (17.7.90): Modern Differential Geometry—
Part—TI.

Mr. Ashim Roy, ISI., Caloutsa (24.7.90): Modern Differential Geometry—
Part—ITI.

Mr. Ashim Roy, IST, Caloutts (31.7.00): Modern Differential Geomeiry—
Part—IV.,
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Mr, Ashim Roy, ISL, Celoutta (7.8.80): Modern Differential Geometry—
Pan—V.

Mr. Ashim Roy, IBI, Celoutta (21.8.80): Modern Differential Geomefry—
Part—VL.

Mr. Ashim Roy, IBIL, Csleutta (28.8.80): Modern Differential Geometry
—Part—VII.

Mr. Ashim Roy, ISI,, Caloutta (4.9.80) : Modern Differential Geometry—Part
—VIL

Mr. Ashim Roy, ISI., Caloutta (11.9.80): Modern Differential Geometry
—Part—IX.

Mr. Ashim Roy, ISI., Celeutta {18.9.80): Modera Differential Geomeiry
—Part—X.

Mr. Ashim Roy, IS, Caloutts (25.9.90): Modern Differentis! Geometry—
Part—X1.

Mr. Ashim Roy, I8I., Calcutta (16.10.00): Modern Differsntisl Geometry—
Part—X11.

Mr. Ashim Roy, I8I., Caloutta (23.10.80): Modern Differential Geometry—
Part—XI11.

Mr. Pratap Chandra Roy, Hooghly Mohsin College {30.10.00) : Film Cooling
ou s Rotating Disk.

Dr. PX. Tapaswi, I8I., Caloutta (13.11.90) : Mathematical Modelling of the
Epigenetic System.

Dr. Asit Kr. Saha, ISI., Caleubts (20.11.80): Pettern Formetion and Mor-
phogenesis—Part—I.

Dr. Asit Kr. 8sha, ISI., Calcotta (27.11.90) : Pattorn Formation and Morpho-
genesia—Part—I1.

Dr. Asit Kr, Seha, ISI., Calcutis {4.12.80): Pattern Formation and Morpho-
genesis—Part—II1.

Prof. B. P. 8inha, I8, Calcutts {7.2.91): A Worat-case Example for Bottom-
up-Heapsort.

Dr. B. B. Bhattacharys, ISI., Caloutta (14.2.81) Testablo Design of Bilateral
Byutolic Arrays—Part—1I.

Dr. B. B, Bhattacharya, ISI., Caloutba (21.2.91) : Tesable Design of or laseral
Syatolic Arrays—Part—I1.
]
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Mr. 8. K. Venkatesan, ISI, Caleutts (12.2.81): Chaos in Turbulence—
Part—I.

Mr. 8. K. Venkatesan, ISI., Calcntta {19.291): Chacs in Turbnlence—
Part—LI.

Prof. B. N. Mandal, ISI., Caloutta (26.2.91): Explicit Bolution to a Cleas of
Fredholm Integral Equation.

Shri K. Mukhopadhysy, I8I,, Calcutis {7.8.91) : Deeign and Optimal Routing
of Distributed Loop Notworks.

Shri D. Kesava Ram, ISI., Caloutta (14.3.81) : A Dintribubed Shared Memory
Bystem for Multiprocessors.

Shri Dobsaish Das. ISI., Caloutts (21.8.91): Parallel Matrix Algorithms on &
Tres Type Architecture.

Shri Anupsm K. Basu, ISL, Caloutts (28.3.1): A Discussion on Feature
Extraction from 2-D Shapes.

Dr. B. 8. Dandapat, ISI., Caloutts (6.3.81): Use of Variational Method to
Solve the Integral Equiations—Part—I.

Dr. B, 8. Dandapat, ISI., Celcutts (12.3.01): Uso of Varistiona! Method to
Solve the Integral Equations formed from Rotating Couette Flow.

Prof. K. P. Das, Caloutta Univorsity (26.3.81): Effect of Viscosity on
Benjamin-Fier Instability.
Eeonomic Research

Dr. Sunands Roy, Jadavpur University (11.4.90) : Obsol and Economic
Lifetime of Machines,

Dr. Tamol Dutts Chaudhury, Caleutts University (18.4.90): M
Mode! with a Binding Foroign Exchange Constrain.

Dr. Sharmils Banerjee, Calcutta University (25.4.80): Dumping and Trade
Policy Under the Condition of demend Uncertainty and the Presence of Factor
Spocificity Together with Fuotor Infloxibiliy.

Dr. Chiranjib Neogi, ISI (2.5.00): Structural Changes in Indian Indosiry :
An Empirical Study of Privato Cooperative Sector, 1951-1980.

Dr. Tarun Kabiraj, 8. Paul's Collegs, Caleutts (8.5.80): Technology and
Price in o Non-Cooperative Framework,

Dr. Nirmala Banerjee, Centre for Studies in Sociaf Sciences, (6.6.00): Well-
being and Work : Indisn Women in Development,

70
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Dr. Suraj Bandyopadhyay, ISI, Caloubta (13.6.80): Cspturing Grosa-rood
Changes : Need for an Appropriate Desariptive Model.

Dr. Malabiks Ghoeh, IBI, (20.6.80) : Credis Market, Sub-contracting and the
Informal Sector.

Dr. Chitts Mslakar, ISI (27.6.80) : Child Mortality in Weat Bengal.

Dr. Arpita Dhar, ISI (3.7.00) : Domand and Supply Constraints for the Indian
Indusizial Sector : A Disequilibrium Model.

Dr. Pradip Maiti, ISI (11.7.80) : On forecasting the Demand for Currencies of
Different Denorainations in India.

Dr. Meenakshi Miara, ISI (18.7.60) : Some Observations on the Role of Money
a8 8 Medium of Exchauge.

Dr. Buddadeb Ghosh, ISI (26.7.00): A Survey of Studies on Agriculural
Wagea in Indis.

Dr. Ashok Maiti, ISI (1.8.00): Perception and Potential of Development :
An Agro-Systematic Approach.

Dr. 8. P. Mukherjee, ISI (8.8.00): Exponentislly Decaying Inventory—I.
Dr. §. P. Mukherjee, ISI (22.8.00): Exponcntially Decaying Inventory—II.

Dr. Krishna Mazumder, IST (20.8.90): An analysis of the Disproportionality
in the Service Sector in India.

Dr. Sarbajit Sengupts, Visve-Bharati, Santiniketan (5.9.00) : The Economica
of Scale Regulation and Smoll Scale Industrics Policy.

Dr. Sugats Marjit, Jadsvpur University (12.9.90): Intersector Linkage and
Rural-Urban Migration : Theory aad Policy.

Dr. Sanjey Benerjee, Jadavpur University (19.9.90): Tournamentd and
Sharecropping.

Dr. Sugata Bhattecharys, Carnogie Mellon University {10.10.90): Ex Ants
Va. Interim Rationality end the Existence of Bubbles.

Dr. 8atya Ranjon Chakraborty, ISI, Caloutta (31.10.80): Conoentration and
Market Powsr.

Dr. Sugata Marjis, Jedavpur University (7.11.90) : Ink | Linkage snd
Rural-Urban Migration.

Dr. Tarun Kaviraj, St. Paul's College, Caleutta (14.11.80) : Transfer Under
Potential Threas of Entry.
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Dr. Anindita Mukherjee, ISI (21.11.90): Labour Typing: Some Counter
Exomplea.

Dr. Abhirup Sarkar, ST (28.11.80) : On the Forma¥ion of Agrioultural Prices.

Dr. Ssnjay Banerjee, Jadavpur University (5.12.00) : Inter-linkage and Adverse
Beleotion.

Dr. Tenuks Bhowmik, Presidenoy College. Calcatta (12.12.90): Investment
Planning for the Indian Stee! Industry.

Dr. Amits Mazumdar, ISI (19.12.80): Sequentisl Purchase and Consumer
Demand.

Dr. 8. P. Chakraborty, University College of North Wales (26.12.90) : 8truc-
tural Adjustment in Europe.

Dr. Manash Rajan Gupts, Jadavpur University (2.1.01) : A Theory of Two Tier
Interlinkage.

Dr. Sanjib Bose, ISI (8.1.90) : Foundation of Kalecki.
Dr. Parimal Bag, Cornell University (16.1.91) : Efficient Allocation of Pie.

Dr. Deb Kumar Bose, Wost Bengal State Electricity Board, Caleutta (18.1.01) :
Investment Planning in Power Sector.

Dr. Bheewar Maitra, Presidency College, Calcutts (6.2.01): Migration,
Unemployment and Effective Demand : A Re-exsmination of the Harris-Todaro
Model.

Dr. Sugats Mariit, Jadavpur University (18.2.61): I ions! Trade and
Endogenous Production Structares,

Dr. DS.P. Rao, University of New England, Australis {20.2.91): An Econo-
metrio Approsch to the C jon of Generalized Theil-Tornavist Indices for

Mulsilateral Comparisona.

Dr. B. Ghosh and C. Neogi, I8I (27.3.9): Technology Intensive Iudustria-
lizafion in LDCs: An Experience of Indian Industries.
Beonomic Analysis (Bangalore)

Professor P. R. Bra} da (10.4.90) : Di jons on Planning Strategi

Professor P. Chattopadhysy (14.8.90): ‘“Gorbachev’s Economis Reforms:
Mors Socislism or Reaponse to Crisia of Capital Accumulstion™.

Profeseor Tan Preston (17.0.80): “The Treatment of Income and Consumption
in the Measurement of Household Welfare",

Professor Kirit 8, Parikh (4.10.00) : "Sustsinable Development”,
k]
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Professor A. Kumar Ganesh (13.12.80): “Moethodologiosl Comments on
8tudying History of Economio Thought”.

Profeseor 8. 8. Shivakumar (28.12.90) : “'Agrarian Conditions in 18th Century
Tomil Nadu”.

Professor B. P. Vani (9.7.00) : “‘Consumption pattern of the Rural Poor”.

Professor N. 8. lyengsr (9.11.80): “Asymplosic varisnce for Iyengar's
Elsstioitiee—Two examples”.

Professor D. 8. Prasada Rao (27.3.01): “Index number methods for
)i ional Compari Some Recent Developmente™.

Pogulation Studies
Professor B. D. Misra, Indisn Institute of Technology, Bombay (13.6.90):
Accelersting family planning performance in Indisn States.

Dr. R. Bairagi, ICDDR, Bangladesh (23.7.80): Ts discrimination against
girls or profe %o boya selective in rural Banglodesh ?

Mr. Arjun Roy, UGC Research Scholar in ISI, Caleutta (9.10.80): Bongasrts'
aggregate fertility models.

Mr. Shantanu Mukherjee, ISI Research Scholar (10.12.00): On derivation
of & model for a number of births to & female whose husband is 8 migrant.

Dr. David R. Phillips, University of Exeter, U. K. (5.2.01): Maternal and
ohild health and primary health care.

Statistical Quality Control and Operations Reseorch
The following promotional lectures and seminars were organised during the
period of report :

One dey Seminar on ‘Quality Manaeg " for Senior Managers on 10.7.00 a4
Kerala Electric Lamp Works, Alwaye. 20 Managers including Chief E
attended the Seminar.

One dey Seminar for QC Cirole was conducted on 20.7.90 &% Kerals Electric
Lamp Works, Alwaye for Trade Union Lesders. 25 leaders and Deputy Lesders
attended the Seminar.

2.day Seminar on ‘SQC Techniquee and Approaches for higher Prod y
and Quality’ at Hindusen Latex Lid., ‘Trivandram. 35 staff members sttonded
the seesion.

A seminar on New conoepte of Quality by Prof. ¥. Kondo. Seminar on Projecs
Soheduling under earliness and tardiness pensliies for key events by Dr. N. R.
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Achuthan, School of Math ica and Statistics, Curtin University of Technology,
Bentley, Australia, at SQC Unit, Maclras.

Compaay-wide Quality g by Prof. C, A. Setty, 180 9000 by A. N.
Nankana.

‘Two half day seminsrs were couducted in Kannada at Ms. Wilkoh Ltd., Mysore
by Shri R. Anantha Rao for the benefit of patrol Inspectors, on 20 June 1980. 25
porsons attended.

A half-day seminar for the senior executives of HAL Lucknow Division on
23 November 1980, This was attended by 35 senior executives including the General
Manager.

A helf-day seminar on Csnon production mystem at Mfs. Widis (Indis),
Bangal 20 senior

thandad

A couple of seminars orgsnised by Bnngnlon Centre by Dr. Nl]ol.p-l Chlknhorty

of ITM, Calcutia in March 1081 on ‘Compl of Math g g algo-
rithms and related $opica.

Project p jon of SPC applications dated 12, 13 November 1990 attended
by Executives and Technologists at APPM Raj dry, SQC Unit, Hydersbad

Seminar on Taguchi Methods on 7 January 1991 attended by Chief Exeoutives
at Hotel Banjars, SQC Unit, Hyderabad.

Seminar on Vendor Quality Management on 12 January 1981, sttended by
Exeoutives at CAFEL, SQC Unit, Hyderabad.

Seminar on ising for Quality i

p! on 19 and 20 Pebruary 1891,
The seminar was attended by Executives of HCL, by SQC Unit, Hyderabad.

A one-day seminar on CWQC at Kerale Blectric Lamp Factory, Athani, Alwaye
for senior manegers by SQC Unit, Trivendrum.

Half day seminar on QC Circles for trado union leaders at Kerala Elsctric Lamp
Factory, Athani, Alwaye by SQC Unit, Trivandron.

Top Mt t Seminars dated | November 1960 at Oberoi Towers on Taguchi
Methods, 11 parhmpanm SQC Unit, ISI, Bombay.

Top M Seminars on Quality Management dabed 14 November 1980
% HAL, Nasik, 30 partioipants, by SQC Unis, ISI, Bombay.

A two-day ssminar on ‘Chellengea of the Ninetiea' on 8—9 December 1080
by Shri K. M. Date.

Shri B. K. Pal {11.4.00) gave & talk on ‘Emerging Trends in Quality' st Mja.
Hindusian Motors, Calontta.

“



FIFTYNINTH ANNUAL REPORT : 1090-01

Shri C. A. Setty (13.4.00) gavo & lecture on 'Role of Operators for Quality’ at
M/s. TVS Eleotronics, Tumkur.

Shri K. K. Chowdhury (16.4.90) gave u sominar on 'Quality Function Dovelop-
ment at Indian Tolophono Industries Lid., Bangal

Shri B. K. Pa) (17.4.90) spoke on 'Quality Control and Humsn Relations’ at the
National Labour Inatitute, Bongalore.

Shri B. K. Pal {18.4.90) gave a talk on ‘Sampling Techniques ot Hyderabsd

Ping q

8bri C. A. Sotty (18.4.90) gave a lecture on 'Japancse Production Syssem for
Quality’ at the Nationsl lustitusion for Quality und Reliability, Bangslore Branch.

Shri C. A. Setty (24 and 27.4.90) delivored lecbures in Kennads on ‘Role
Operators for Quality' a¢ M/s. HMT Watch Factory, Tumkur.

Shri C. A. Setty (8.5.90) gave locture on o Workshop on ‘Compsny-wide Quality
Constol’ at the Institute Headquarters, Calcutta,

Dr. V. Rajendra Prosad (26.5.90) delivered lecture on ‘Liaesar and non-Linear
Programming’ at the Indian Statistical Institute, Bangslore ('entre,

Shri C. A. Setty (11.6.80) gave a talk on ‘Emerging Trends in Quality Assurance’
&t Mjs. Indien Telephone Industries Ld., Bangalore, snd at the Hindustan
Aeronantics Ltd., Bangalore on 18.6.90.

Shri A. 8. Rajgopul (24.5.90) gave o lecture on ‘Graaite Exploration snd Export’
8t 8QC T & P Unit, ISI, Colcutta.

Shri N. R. Achuthan (8.1.91) gave a lechure on ‘Routing Problem’ st SQC T & P
Unit, ISI, Calcutta.

Shri N. R. Achuthan (9.1.01) gavo a loeture on ‘Network Scheduling Problem’
at SQC T&P Unit, Calcutta.

Shri T. K. Chekraborty gave s talk in the summer programme on ‘Recent
Developments in Statistical Quality Control’ on 28 May 1080 and on ‘Fuzzy Sets
for Acceptance Sumpling’ on 8 June 1890 at 8QC Unit, Bangalore,

Shri T. K. Chakraborty gavo a talk in the summer programme on ‘Recent
Develop in Sampling Inspoction by Attributes’ on 8 Junc 1980 as SQC Unit,
Bangalore.

Shri T. K. Chakraborby gave a talk in the ssminar on ‘The search of a model for
Dosigning o uniquo singlo sampling inapection Plan’ on 12 June 1980 oy IS,
Bangaloro Centre.

Shri T. K. Chakraborty gave a talk on Multiple objective programming in the
Winter School on Optimisation and Design of Experimenta at ISI, Calcutia.
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Shri 8. K. Cheudhuri delivered o talk on 'Statistical Mathods in QC' o the
Mansgern and Technologists st Hindustan Motors Lid., on 18 April 1960,

A lecture on some specisl cases of 2/2/F/F msx was given by 8hri D, K. Msana,
8QO Unit, Madraa,

Shri D. K. Manna delivered lecturea on the project on A sbudy on outgoing
Quality Improvement of NPK : 17—17—17 fertilizer’ conducted at Madres Fertilizers
Ltd., Madras during the Intersotion Seminar at ISI, Calcutta.

8hri D. K. Manna delivered lectures on the project on ‘Seientific Inventory
Management of sparce at NPK Plant’ conducted at Madras Perjilizers Limited,
Madras during the Interaction Sominar at ISI, Calcutsa.

Shri A. K. Chakraborty delivered lectures in the sominar on ‘Software Relisbility’
to the faculty of ISI, Madras.

Sbri P. B. Lakshmikanshan gave lectures on (a) ‘Introduction to Quality Control’
ab Bharat Blectronics Ltd., Ghaziabad on 19.4.90. (b) ‘Tests of Significance’ at Bharat
Electronics Ltd., Ghaziabad on 21.4.80.

8hri A. Majumder gave leoture on ‘Quality Improvement recent irend’ a¢
TELCO, Jsmshedpur.

A weminar was orgsniged and lectures were dolivered by Mr. G.S.R. Murthy on
‘Varistion Flow Analysie’ in which ISI faculty snd students attended, 8QC Unit,
Madras.

A gominsr was orgsnised and lectures were delivered by Mr. G.S.R. Murthy oa
‘Optimsl Integrated Surveys’ in which ISI faculty membars sttended.

Lectures were delivered by Dr. Sridharan, IIT on ‘Reliability Models' for the
benefit of the faculty members of the SQC Unis, Madras.

A looture on Soheduling—open Shop was given by Dr. T. §. Arthanari.
Bhri V. D. Paluskar (30.4.80) gave a talk on ‘Kaizer’ at the SQC Unit Bombay.

Shri Rajiv Goel gave & lecture as a part of promotional activity for Hotel
Windsmoor National ab Parwanoco, New Delhi.

Shri U. H. Acharya gave a seriea of lectures on ‘Simple Problema Solving
Techniques’ ab WIDIA, Bangalore.

Dr. V. Rajondre Prasad gave a seriea of lectures on ‘Stochastio Scheduling’ and
‘Math. Programming’ in March 180 at 8QC Unit, Madras.

Shri V. Narayana (13.4.90) gave a lecture on Quality in competition at Nagarjuns
Ooated Tubes, Hyderabad.

16
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8Shri J. Venketappaish (5.7.80) gave s lecture on 'Total Quality Managemens’
at Hindustan Aeronsutios Ltd., Hyderabsd.

Shri N. T, V. Reo (25.7.90) lectured on *Vendor Quality Management' at NISIET,
Hyderabad.

Shri V. Narayuna (0.8.90) lectured on ‘SQC in Plastics’ s CIPET, Hyderabad.

Shri N. T. V. Ruo (21.8.00) lecbured on ‘Quality Management' st Bharat
Dynomics Ltd.. Bhanur, Hyderabad,

Shri B. Ramachundradlu (7.4.80) gave w tatk on ‘Quality management of video
session of Juran on Quality’ ab SQC Unit. Bombay.

Nhri A. Roy Chowdhury (31.10.00) gave talks on ‘Concopt of Variation’ at the
R and D Engineers of Widis (India) Ltd., Bangalore.

Shri K. K. Chowdhury (24.10.80) lectured on ‘Organising, Planning snd Moti-
vating for Quality’ at M/s. Bharat Electronics Ltd., Bangalore,

Shri A. K. Chaudhuri (October 1880) gave a lecture on ‘Total Quality
Management' ut the Arcot Plant of Keltron. Bangalore.

Shri P, K. Pernmallu lectured on (i) ‘Parameter Designing for Robust Product
Design and (ii) ‘Tmproving Robustuess of Tolerance Design’ on 26 October 1990 at
Taguchi methods for Quality Engineering organised by the SQC and OR Unit,
Hyderabad.

Shri . A. Setty (16.11.90) on ‘Special Factora influencing Dormancy in Quality
Circles” 86 BHEL Electronics Division, Bangalore.

Shri C. A. Sefty (21.11.80) gave n half day seminar on *“Tosal Quality Management
to the top s’ of Hindustan A ies Lid., Bangal

B

Shri K. K. Chowdhury gave w lecsure on ‘Tolerance Design and Case Studies’
ut BHEL on 28.11.80 by NQC Unit, Bangalore.

Shri A, K. Chaudhuri (November 1990) gave & talk on ‘Quality at Hindustan
Aeronsutics Ltd., Bangalore.

Shri A. K. Chaudhuri (November 1980) gave a talk on ‘Quality Policy Formu-
lation" at Hindustan Acronsutics Lil., Korwa Plant, Bangalore.

Shri K. N. Anand (23.1.91) conducted & half day ssminar on 'Canaon Produetion
System’ at Widia, Bangalore.

Shri K. N. Anand conduoted a half day seminar on ‘Policy Management’ for
the Senior Management of K.B.L. Dewss, Bangalore.

kY
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8hri 0. A. Setty conducted two one day training programme for the workers
of Gun Assernbly Division of B.E.L., Bagalote.

Shri R. A. Rao (20.8.60) gave lectures on Ssven Tools for Quality and (22.6.90)
on "Process Conirol charts including Master Control charts and Beta Partial Correc-
tion Technique’ at Bangalore.

8hri U, H. Acharya leotured on 'Process Capability’ in June 1980.

8hri A. Roy Chowdhary (26.6.90) lectured on ‘Tools and Training for Quality
Ciroles’ on Quality Mansgement for HMT in Bangalore.

B8hri K. K. Chowdhury spoke on ‘Upper Mansag and Quality’ at Bangal

8hri A, Roy Chowdhury gave s talk on ‘Tools and Techniques of Quality aad
Reliability’ st Kirloskar Eleatric Co. Ltd., Bangalore during Ji November 1999.

8hri K. K. Chowdhury (3.7.00) gave lectures for Diploma Holder Engineors
of TVS Eleotronics Ltd., Tumlur,

Shri A. K. Chaudhuri (in August 1990) gave a talk on ‘Quality Function
Deployment’ at Hindustan Aeronautics Ltd., Korwa.

Shri A. K. Chaudhuri gave a talk on 'Design and Quality' ab HMT Watoh Plans,
Tamkur in August 1990.

8hri 0. A. Sotty (1.9.90) spoke on ‘Quality and Profitability' at NGEF Lid.,
Bangalore.

8hri A. Roy Chowdhury (6—7.8.1680) took lectures on ‘Check Shees and
Stratification’ at HMT Machine Tool Division, Bangslore.

8hri C. A. Setty and K. N. Anand lectured on 'Canon Production System’
on 22 September 1980 ot Widia (India) Ltd., Bangalore.

8hri K. K. Chowdhury (12.10.90) spoke on ‘Accepbance Sampling and Demerit
Rating’ ot M/s. TV Eleotronica Ltd., Tumkur.

8hri 8. P. Mulherjee delivered a talk on 'Bulk Ssmpling’ in January 1891 at
TISCO, Jamshedpur.

DRTQ (Bangalore)

A sominar on 'Infc ion Marl * wes organized on Bth April 1990, The
loadmg presentafion was mede by Shri N K. Gopalakrishnan, Chief, Centre for
Institute of Publio Enterprises, Hydersbad. Prof. G. Bhattacharyya

ymded over the seminar. About 35 participants attended the ssminar.
78
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A Seminar on ‘Informasion Inpub for the Proparation of an Industrial Project
Roport® was orgauized on 12th June 1090. The leading prescntation was made by
Dr. N. 8. 8. Narayans, Economic Annlysis Unib, Indian Statistical Instituto, Bangalore.
Prof. S. Seetharama prosided over the seminar. Abous 30 porticipants aitonded
the seminar.

A seminar on ‘Information Inputs for Quality Mansgement’ was organized on
18sh June 1900. Tho leading presentabion was made by Shri A. K. Cheudhuri,
Statistical Qualiby Control Unit. IS, Bangaloro. Prof. G. Bhattochsryya presided
over tho eeminar, About 30 participants attended the sominar.

A seminar on ‘Current Trends in the Development of Education and Training
for Library and Information Science’ was held on 5¢h July 1090. The leading pre-
sentation was mado by Mr. Gatachew Birru, University Librarian, University of
Addis Abbu, Addis Abba. Ethiopin. Prof. G. Bhattacharyys presided over the
seminar. About 30 participants attended the seminar.

A weminar on ‘(lnssification of Indology' was held on 19 November 1890. Dr.
Narender Kumar Sharma, Prof. and Head, DLIS, Kurukshetrs University,
Kurukshotra made the lesding p ion. About 30 particip attended the
ACMINGT.

A seminar on ‘Information Network’ was held on 7 February 1881, Professor
P. N. Kaula, Chairman, UGC Panel for Library and Information Seience mode the
leading p tation. About 50 p $tended tho seminar.

P

4. PUBLICATIONS
The following publications were brought out during April 1990—March 1981 :

(i) Sankhyi: The Indisn Journal of Statistice and the official orgen of the
Indian Statistical Institute.

Series A: Vol. 52, Parta 1, 2a0d 3
Vol. 63, Part 1

Series B: Vol. 52, Part 1
(#6) Fiftesn techuical reports from the Statistics-Mathematics Group have been
issued during the period.

(i) 2nd Volume of Selected Papers of Profeassr C.R.Rao.
ki
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5. SCIENTIFIC PAPERS AND PUBLICATIONS
SCIENTIFIC PAPERS PUBLISHED

Teaching and Training Division

. Das, P.K.{1000): H® interpolation into a cnas of analytic functions. Demon-

siration Maikematics, 23.

Th ical Statistics and Mathemadi

Caloulla

. Bagehi, Bhaskar (1891) :  Corrigendum to "No extendable biplane of order nine',

J. Combin. Theory. (A.)

Bagehi. S. C. (with Sitaram, A.) (1890): The Pompeiu problem revisited,
Denseignemen! Malhemalique, 38. Fasc. 1-2, 67-81.

. Bandyopadhyays, P. (with Roy, A. K.) (1901): Some stability results for

Banach spaces with the Mazur intersection property, Indaqaliones Mathemalicae,
1, 2, 137-164.

. Barua, R.(1080) : On Borel hierarchies of countablo producta of Polish spaces,

Real Arnalysis Exchange, 18, 1, 80-66.

. Bhandari, S. (with Boee, A.) (1090): Exist of unbounded estimation in

sequontial Binomisl experiments, Sankhyd, A, 127-130.
(with Roychaudhuri, A.} {1990): Ou two conjectures about two-stage
selsction procedures, Sankhyd, A, 134141,

(with Purkayastha. 8.) (1880) : Characterization of uniform distsibu-
tiona by inequalities of Chernoff type, Sankhyd. 376-382.

. Chandra, T. K. (1991) : A note on lower bounds of large deviation probabilities,

Cal. Slatig. Assn. Bull.

(1901) : Extensions of Rajohmen’s string law of large numbers,
Sankhya.

(with Mukerjes, R.} (1991): Bartlett-type modification for Reo's
efficient score statistio, J. Mulis. Anal.

. ~—— (with Mukherjee, R.) (1901) : Bartlett-type adjustment for the conditio-

nal likelihood ratio statistic of Cox snd Reid, Biomelrika.

. ——— (1881): Extensions of & result of 8. W. Dharmadhikari, Bull. Cal.

Math. Soe.

. Das, Ashish (with Dey, A.) (1090): Optimality of row-column designs, Cal.

Statist. Assn. Bull, 39, 63-72.
(with Dey. A.) {1880): A note on construotion of Grasco-Latin square
of order 2n+1, J. Ind. Soc. Agril. Stat., 42, 247-249.
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. —— (with Kageyams, 8.) (1091): A charaotorization of generalizod binary

proper effiviency balance designs, Bull. Fac. School Edu., Hiroshima University,
18, 17-20.

. —— (with Gupts, V. K. and Dey, A.) (1901) : Universal optimality of block

designs with unequsl block sizes, Siar. Prob. et 11, 177-180,

. Ghoeh, J. K. (with Bickel, Peter J.) (1000) : A decomposition for the likelihood

ratio statistios and Bartlett oorreotion—a Bayesian argument, Ann. Sial., 3,
18, 1070-1080,

. Purkaysatha, 8. (1880) : A rotationally symmetrio dircotional distribution :

btained through maxi likelihood ch ization. Sankhyd, A, 63, 1, 70-83.

. Raha, A. B. (1991): Abundsnce of spaces akin to 8w, Topology Applics. 39,

£05-210.

. Reo, A. R. (with Rao, K. P. 8. Bhaskara) (1091) : Unions and common com-

plemsnts of subspaces, Amer. Math. Monfhly, 08(2), 127-131.

Sinha, B. K. (with Bagohi, 8. and Mukhoadhyay; A. C.) (1800): A search for
optimal nested row-oolumn designs, Sankhyd. B, 93-104.

. —— (with Ghoeh, M.) (1800): On tho consistenoy between model snd

and design-based estimators in survey sampling. Comm. Stat. Theor. Meh.,
089—702.

——— (with SahaRay, R. and Mukhopadhyay, A. C.) (1980} : Non-additive
linear models : estimability and efficient estimation of interaction, Comm. Stat.
Theor Meth., 370-184.

——— (with Sengupts, 8.) (1000): Coherent mixtures of SRSWOR sampling
sohemes for bounded risk estimation of a finite population mean, Sequential
Analysia.

. 8ri , 8. M. (with Sarbadhikari, H.)(1080) : Random theorems in topology.

Fundomenis Methemalica, 138, 65-72.

. Tripathi, T. P. (with Biawss, 8. K.) (1880) : A comparative study of employ-

ment situation of the aged, Man in India, 70, 1, 26-48.

—— (with Maiti, P.) (1680) : Some further resnlts on the estimators better
than H-T estimator, Nigenian J. Malh. and Appl. (NIMA). 3, 20-34,

. ——— (with Mir, A. H. and Chaturvedi, D. K.) (1601) : Estimation of mean

on second cccasion using PPS sampling snd multivariate information, Aligarh
J. Biat,, 9, 16-27.
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. Bulnsubramsniam, K. (1990): On Transvorsals in Latin Squeres. Lin. 4lg.

Applics., 131, 125-120.
{with Beg, M. 1.)(1990) : On Expeotations of Functions of Order Statis-
ties. Sankhyd. A. 52, 108-114,

. Dapat. R. B. (1900): Permanents in probability and statistics. Lin. 4k,

Applies, 127, 3-25,

. —— (with Bhaskara Reo. K. P. 8. and Prassd, Manjunsths K.) (1890):

Generslized inversen over integral domains. Lin. Alg. Applic., 140, 181-196.
(with Bhnskara Rao, K. P. 8. and Manjunaths Prasad, K.) (1891):
Geneenlized inversos over integral domaine IT: Group inverses and Drazin
inverses. Lin. Alg. Applics, 146, 31—47.

Bhatia. Rajendra (with Kittaneh. F.) (1980) : On the singular values of a pro-
duct of operators, STAM J. Matriz Analyria, 11, 272-277.

(with Elsner, L.) (1090) : On the varistion of permanents. Lin. Multi-
lin Alg. Applies 27, 105-110.

(with Elaner. L. and Krause, G.) (1080) : Bounds for the variation of
the roots of & polynomial and the cigenvalues of o matrix. Lin. Alg. Applics,
142, 195-200,

(with Kittaneh, F.) (1000) : Normal inequalities for partitioned operators
and an application. Mathematisthe Annalen, 287, 719-728.

(with Kittaneh, F. and Horn, R. (1691): Normal approximsnts to
binormal operators. ILsn. Alg. Applics, 147, 168-179.

. Bhattacharya, C. G. (with Prakesa Rao, B L. 8.){1990): On two stage ehrin-

kage testimntion, Commu. Slat. Theor. Meth. 19, 3527-3558.

. Dey, Aloke (with Srivnstava, R. and Gupts, V. K.) (1990) : Robustness of some

designs againat missing obseravtions. Commun. Stal. Theor. Meik. 19, 121-126.

. ——— (with Das, A.)(1090) : Optimality of row-cohmmn designs. Cal. Stakis.

Assn. Bull. 39, 63-72,

. ——— (with Nguyen, N. K. ) (1800) : Computer-aided construction of small

(M, S)—optimal incomplete block designs. Aust. J. Slal., 32, 200-410.

. ——— (with Gupts, V. K. snd Dss, A.) (1891) : Univereal optimality of block

designs with uncqual blook sizes. Slal. Prob, Lett. 11, 177-180.

. Kochar, 8. C. (199Q) : Some pactial ordering results on record values. Com-

mun. Slat. Theor. Meth. 19, 208-308.

(1990) :  On preservotion of some partial orderings under shook models.
Adv. Appl. Prob. 22, 508-509.

(with Abmad. T. A)) (1890): Testing for whother one distribution is
moro IFR than the other. Melrika, 87, 45-58.
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(with Gupta, B. P.) (1980) : Distribution-free tests based on sub-sample
oxtrems for testing against positive dependence. Auat. J. §lal. 32, 46-52.

(with Frank Proschan) (1801): Independence of time and causo of
faiture in the dependent competing risks models. Stalisticn Sinica. 1, 203-269.
Mitra, 8. K. (1990) : A poir of simultaneous linesr matrix equations 4,x B, =
Cy Ayx By = C, and matrix programming problem. Lin. Aly. Apphics 131,
107-123.

(1990) :  Shorted matrices in star and related orderings, Cirouils, Sys-
lems and Signal Processing, 8, 108-212,

Parthasarathy, K. R. (1890) : A genoralised Biane process, Seminaire de Pro-
babilities XXIV, Springer LNM 1426, 345-348,

(with Sinha, K. B.) (1888/88): Markov chains as Evans-Hudson diffu-
sions in Fock space, Sominairc do Probabilities XXIV. Ed, J. Azemz el.al.
382-369.

Part) thy, T. (with Ravindran, (.) (1860) : N-matrices. Lin. Alg. Applica,
139, 88-102.

(with Jurg, A. P., Jansen, M. J. M. and Tije, 8. H.) (1000): On wenkly
completely mixed bimatrix games. Lin, Aly. Applics, 141. 61-74.

{with Olech, C. and Ravindran, G.) (1991): Almost N-matricer and
linear complementarity, Lin. Alg. Applics. 145, 107-125.

. Prokass Reo, B. L. S, {1980) : Boot-strapping a finite state Markov Chain.

Sankhyd, A, 51, 178-191,

——— (1090} : Remarks on univariate slliptical distributions. Stat. Prob.
Leit, 10, 307-315.

———(1880) :  On mixing for flows of d-algebras. Sankhyd A. 52. 1-15.
———(1990): Remarks on univariste elliptical distributions. Slat. Prob.
Lelt, 10, 307-315.

(with Lau, K. 8.) (1080) : Characterization of exponential distribution
by relevation transformi. J. Appld. Prob. 27, 726-729.

. ——— (with Bhattacharya, C. G.) (1890) : On two-stage shrinkage testimation.

Commun. Stal. Theor. Meth. 19, 3527-3568.

. Roy, Rahul (190) : The Russo-Seymour-welsh theorem and equality of the

critical densities and the “dual’ aritical densities for P
on R Ann. Preb, 18, 1603-1575.

Sinha, K. B, (with Puri, P, 8. and Robertson, J.) (1080) : A matrix limit theo-
rem with applications in probability theory. Sankhyd 6%(1).
{with Mohari, A.) (1660): Diffusion with infinite degrees of freedom
and countabls stage Markov processes. Sankhyd 5(1).
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. Bluwkara Rao, K. P. 8. (with Prasad Manjanatha, K. and Bapat, R. B.) (1690) :

Generalized inverses over integral dowaine. Lin. Alp. Applice. 140, 181-196.
(with Prusad Manujnatha K. and Baptat, R. B.) (1091): Generalized
invorzes over integral domains 1f-Group inverses and Drazin inverses. Lin.
Alg. Applios. 146, 31-47.

(with Duntsch, 1.} (1080} : Generalized inverses with respect to general
norms. Lin. Alg. Applics. 133, 33—42.

. Misra, G. (1990) : Completely bounded modules and associated extremal prob-

lems. J. Functional Analysis, 91. 213-220,

. Rao, T.S. S. R. K. (1880) : LX, C(K)) as o duel apace. Proc. Amer, Maih

Soc., 110, 727-720,

. Sitarem, Alladi (with Bagchi, 8, C.) (1980): The Pompeiu problem revisited,

L' Enseignement Mathematique, 36, 67-81,

. Sunder, V. 8. (1090) : Pairs of /I, factors, Proc. Indian Acad. Sci. (Mathe-

matical Sciences), 100, 1567-177.

(1990) : The work of Vaughan Jones—From Von Neumenn algebrss
to knot theory. Curvent Science, 59.

Applied Statistics Surveys and G i

. Chaudhuri, Arijit (with Adhikary, Arun Kumar} (1960) : Variance Estimation

with Rendomized Response. Commun. Stat. Theor. Meth., A, 19(3), 1119-1125,
{with Chandrs, N. K.} (1980) : On the efficiency of a testimator for the
weibull shape parameter. Commun. Stal. Theor. Meth,, A, 19(A), 1247-1269.
(with Mukherjee, Rahul) (1990): Asymptotio optimality of double
pling plans employing lized i imaters, J.S.P.I, %,
173-183.

. Dewanji, Anup (with Moolgavkar, S. H. and Luebeck, E. G.) (180]): Two-

Mutation Model for Carcinogonesis : oint Analysis of Premalignant and Malig-
nant Lesions. Math. Biosci, 104, 97-109.

. Krishnan, T. (with Nandy, 8. C.) (1000) : Efficiency of diseriminant analysis

when initisl samples aro classified stochsatioally. Pai. Recog., 23, 528-5317.

(with Nandy, §. C.) (1800) : Effiienoy of logistic normal supervisor,
Palt. Recog., 23, 1276-1270.

. Mukerjee, Bishwa Nath (with Maity, S. 8.) (1090): A note on distributional

properties of the Joreskog—Sorbom fit indices. Psychomeirika, 55(4).

. Mukhopadhyay, P. (with Bhattacharyys, §.) (1990): On ocstimating the

variance of a finite population under a super population model. J. Ind. Sial.
Assoo,, 27, 3740,

84
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. Bengupts, Debasia (with Koy, B.) (1880): Perameter eatimstion and GLRT
deteotion in colored Gaussi i IEBE Tranmac.

P

Acoustics, Speech and Signal Processing, 38, 10.
Physical and Earth Sclences
Chemisiry

. Ghosal, D. N. (with Das, T.) (1980) : Characteristica of the clay-bound humus

and type of soil aggregates in the coastal Sundarban ares. J. Ind. Soc. Constal
Agric. 11, 193-129.

Elecironics

. Digital System Research
. Srimani, P. K. (with Sinha, B. P, Bhattacharys, B. B. and Ghose, 8.) (1001) :

Properties of a olass of trivalent network graphs and optimal routing. Com-
pulers Math, Applic., 22(2), 3547,

Theorelical Phyics

. Bandyopadhyay (with Hajra, K.) {1801): Stochastic Quantization and The

Berry Phase, Ini. J. Mod. Phys. A (World Soientific, Singapore), &17), 3081-
3080.

Bhattacharyys, 8. {1091): Coemic Radiati duction of anti and

their implications. IL Nuovo Cimenlo, 14C(1), 81-70.

. Dasgupta, R. (with Roy, 8.) (1080) : Multinomial distribation and the Indisting

unstability in Quantom Mechanics. Phys. Lelk. A, 149, 83.

. Hajra, K. (1091) : Stochastio Quantization of s Dissipstive Dynamical Syster

and its Hydrodynamical Interpretation. J. Malh. Phys. (US.A.), 3%8), 1606
1608.

(with Bandyopadhyay, P.) (1981): Equivalence of Stochastio and
Klauder quantization and the concept of locality and nonlocality in quantem
mechanice. Phys, Lelts. A. (North-Holland), 1661), 7-14.

. Roy, B. (with Royohondhury, R.) (1660) : Dirac equation with Hulthen poten-

tial : an algebraic approach. Jour. Phys., 23, 5085-5102.

. Roy, P. (with Roychoudhury, R.) (1890) : Some observations on the nature of

solutions for the intoraction V(z) = 2%+2Y(14¢"). Jour. Phys. A, 23, 1657
1660.

. Roychoudhury, R. (with Varshni, Y. P. and Sengupta, M.) (1990) : Family

of exaat solutions for the Coulomb potnetial perturbed by & polynomial. Phye.
Rev. 4, 42(1), 184-180.

. Roy, Sisir (with Dasgupts, Ratan) (1000): Multinomial Distribution and

Quantum Stasistics. Proo. 2nd World Cong. Bernoulli 8oc. Maih. Siaha. Prob.
Uppsala Sweden (P44, 50.
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. Sinhs, Anjans (with Roychoudhury, R.) (1000): Exsot analytical solutions

for the out-off Coulomb potential Vor) = Zelfir+ ). Jour. Phya. 4, 23, 386~
272,

. 8inhs, M. {with Ray, 8.) (1990) : Multiplicity and Distribution at High Evergy

aud approach to chaos in Hudron Production. 304 ICRC, Adelaide, HE, 1-2-1, 7.
Fluid Mechanice

. Dandapat, B. 8. (1080): Onset of Buoysncy and Surface-Tension Driven

Instabilities in Presance of Random Vibrations. Z. Nalurforshung, 454),
1235-1240,

——— {with Ray, P. C.)(1980) : Film Cooling on & Rotating Diak, International
Journal of Non-Lin Mech. 25(5), 562-682.

. Halder, K. (1990) : (a) Effects of erythrooytes on the flow characteriatios of

blood in an indented tube (b) Archives of Mechanics.

Mandal, B. N. (1881) : On waves due to smsll osoillations of a thin vertical
plate in deep water. J. Aust. Math. Soc. B, 32, 200-303.

Mandal, B. N. (1991) : A note on the refleotion coefficient for & glass of water
wave problem. Appl. Math. Let:, 4(2), 48-52.

——— (with Basu, U.) (1080): A note on cblique water wave diffraction by
s oylindrical deformation of the bottom in the presence of surface tension,
Archives Mech. 43(8), 723-721.

. ——— (with Ghosh, N. K.) (1960) : Generation of water waves at an inertial

surfaco dus o explosions. Int. J. Math and Math. Sei. 13(3), 608-606.

. —— (with Ghoah, N. K.} (1890): Generation of water waves dve to an

arbitrary period surface pressurs at an inertial surfaoe in an ocean of fimte depth.
Proc. Ind. Nal, 8ci. Acad. A 58(6), 621-631.

(with Kundu, P. K.) (1080} : A noto on the reflestion cosfficient in »
water wave scattering problem. Appl. Maih, Leit. 34), 6-7.

{with Kundu, P. K.} (1880 : Scattering of water waves by a submerged
nearly vertical plate, SIAM J. Appl. Math. 50(5), 1221-1231.

(with Kundu, P. K. }{i991): A note on the transmission of cblique
waves through small apertures. Compulers Math. Applic. 21(4), 17-22.

EBlecironica and Communication Sciences

. Choudhuri, B. B. (1990) ¢  Fuzzy sct theoretio interpolation of objeot shape and

rolational propertics for computer vision, Inf. J, Sysf. Sei. 21(7), 1169-1184.

——— (1890) : Optimal oiroular fit to objects in 2 and 3 dimensions. Pok
Recog. Ledl. 11, BT1-574.
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. ——— (with Chandra Sokhar, 8) (1900): Noighboring dirootion runlength

ooding : An efficient contour coding schems. IEEE Trans. Sys. Man ond
Cybernt 20(4), 018-921.

. —— (with Chaudhuri, D.) (1861): Elliptic and circular fit of a two-tone

image snd their 3-D extensions. AMSE Review, 15(4), 15-36:

(with Samanta, G. P.) {1681) : Efliptic fit of object in 2 and 3 dimension
by moment of inertis optimization. Pal. Recog. Leld. 21, 1-7.

. Dan, T. (with Datts, A. K. and Mukherjoe, B.) (1980) : Speech synthesis using

signal concatenation. J. Acous. Soc. Ind., 141-146.
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