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A BRIEF HISTORY OF THE INSTITUTE

Research in the theory and appfications of Statistics as a new sclentific discipline bagan in India in the
aarly ninetean twentles through the ploneering Initiative of Professor P.C. Mahalanobis. Soon after his
return from England, Mahalanobis began to carry out statistical studles with the help of some part-time
assislants. A chance meeting wrlh Dr. Neison Annandalo {the then Director of the Zoological Survey
of India, Depl. of Anthropology) and sub ions with him led to the first sclentific paper by
Mahatanobis on the s!a!ishca! unalysls of stature of Anglo-Indian males of Calcutta. This was lollowed
by further research in anthropomatry, in meteorology and in problems of flood control in Nosth Bangal
and Onssa. Gradually, a small group of young sclentists was picked up by him 1o start the Statistical
Laboratory, in the Dapariment of Physics, Presidency College, Calcutta, where he was a Prolessor.

in tne caldy nineteen thiies, roalising the necessity of a i effort lor the of
theorelical and applied slalistics in India, Professor Mahalanobis together with Professors P.N.
Banerjea and N.R. Sen, both of Calcutta University, convened a meeting on 17 Dacember 1931, lo
oconsider various steps o be for the i of an iabon for the

of Statistics in the counlry. & was unanimously resolved (hat the Indian Statistical Institute be
established with Sir R.N. Mookerjee as President and Professor P.C. Mahalanobis as (Honorary)
Secretary. The Indian Statistical Institute (1S1) was registered as a non-Govemment and non-profit
distributing learned society on 28 April 1932, under the Societies’ Registration Act No.XX! of 1860. The
lotal expendilure in the first year was a meagre Rs.238.00 and the number of workers was only two or
three. From such a modesl beginning, the institute grew, under the remarkable leadership of Professor
Mahalanobis, into an all-india Institution. Now the Institute has its headquarters in Koikata and two
Centres al Delhi and Bangalore and a branch at Giriih. Ir addition, it has a network of units of
Statistical Quality Control and Operations Research (SQC-OR) Division al Baroda, Mumbai, Pune,
Coi Chennai and Hydarab

From the very begi Professor Mahalanobls and his lates including Professors S.S. Bose,
RC. Bose, S.N. Roy. KA. Nair, K. Kishen and H.C. Sinha worked with untiring enthusiasm for the
development of statistical theory and appiications In ditterent areas of natural and social sciences.
Sankhya, the Indian Journal of Slatistics, was slarted in 1933 with P.C. Mahalanobis as its Editor, and
received instant i ional ition which conlinues till today. Pioneering research aciivities were
carried out in many areas of s!ausbcal theory, especially in the core areas of mutivariate analysis,
sample survays and design of experiments. Such activities were strengthened and new directions
were opened up by Professor C.R. Rao and many others who joined the Institute in the lorties and the
lradition continues. The Institule pioneered the development of statistical methods in agricultural
research and in the conduct of large scale sample surveys. This led to a large number of high quality
research publicalions and ta the inlroduction of training aclivities offering short term courses in
Stalistics for officers in g and scientific inslitutions. The scientists of 1S, led by
Professor MahaJanobns helped in mlroducmg the first post graduate degrea course in Statistics in
India at the Calcutta University in 1941.

In 1937, Professor Mahalanobis started sample surveys o estimate the area unde jute crop in Bengal
as an exploralory work, which later grew 1o a full-scale survey of the entire province in 1341. At the
request of the Government of Bengal in 1944, a survey of economic and social conditions in Bengal
was undertaken by the Institute to assess the cause and impact of the severs lamine which had
occurred in 1943. This survey yielded information of much social significance. Gradually, sample
surveys of agricuitural crops and other socio-economic surveys became some of the most important
activities of the Institute and eamed the Insmme and Prolmor Mahalanobis intemational reputation.

After i Professor was inted Honorary Salistical Adviser to the
Cabing!, Government of India, and in 1850, through is initiatve, the National Sampie Survey (NSS)
was staried lor ic surveys on a continuing basis. This was the first ever

attempt in India to have a dala basa lor various developmental programmes and he five year plans.
The ISI group on sample Surveys served as the Technical Wing of the NSS from 1950 until 1972 when
the latter was lransferred to the Govemment of India.



The IS also played a plonsering role In starting the Statistical Quality Control (SQC) movement in
India by organlising a visi t of Professor W.A. Shawhant, the father of SQC, to India in December 1947
and later by inviting other axperts like Or. W.E. Deming, Dr. Elis R. Ott, Dr. H.C. Tippett and Or.
Genichl Taguchi. The SQC promotional work was gradually spread all over tha industrial centres in
Incia under a prog covering tion and lralning, applied rasearch and
ConsUltaNCy sanvicas.

in was greatly In the Institutg when in 1954 Prime Menister Jawahartal
Nehru entrusied the preparation of the dratt Second Five-Year Pian of the counlry to Prolessor
Mahalancbis and the Institute. The “Dralt" submitted by Profassor M is and the planning
models fomulaled by him in that connection have since been regarded as major contributions 1o
economic planning in India. Since then many economists of the Inslitute have worked in ditterant
centres of the Institule on various aspects of national planning and uniil 1970, were ditectly helping the
Planning Commission in the ol the fong term ive plans for the country. Professor
Mahalanobis's participation in 1946 in the annual scientific conferences of the Milbank Foundation led
10 the initialion of systematic studies in India on the growth of populalion. )l is worth menboning here
that the application of statistical techniques in many areas in Social and Nalural Sciences began in
the Institute in the fifties. For example, the Institute developad new Nes (or the
analysis ol directional geological data.

The Insmulo sinca its inception, reoogmsed the need for davelopment and use of accurate and fast

for the p g and analysis of data. Prolessor Mahalanobis slrongly
believed that to be a good slaushclan one must also leam to compute and must therefore have the
bast computing aids. The Instiluta has fived up 1o this tradition from the very beginning. In 1953, a
small analog computer was designed and built in the Institule. In 1958, the Instilute acquited a HEC-
2M machine from the UK. which was Ihe first digital computer in India, while in 1958 a digital
computer URAL was received as a gift from U.S.S.R. Since 1956 Lill mid sities, the Inslitule was de
faclo a national compuler centre. In early sixties, the Institute, in collaboration with khe Jadavpur
University, undertook the des ign, P and fabrication of a fully i digital
computer, called ISWU-1 which was commissioned in 1966 by Shri M.C. Chagla, the then Minister of
Education, Govemment of India. The Institute has regularly upgraded its computing facilities and
cumently has a network of high-performance computers and a large bandwidth connection 1o the
Intemet.

Asthe Institute expanded, its re Search, teaching, training and project activities eamed national and
The ions of the Institute to Lheoretical and applied
statistical work culmmaled in Prime Mlmsler Jawaharial Nehru piloting the bill in the Parfiament leading
to the Indian Statistical Institule Act of 1959, which recognized the Institula as an ‘Institution of
National Importance”. By this act, the Institute was empowered to award degfees and diplomas and
the already existing teaching and training p wefe
the courses leading to the degrees of Bachelor of Stalistics |B.Stat. (Honours)] and Masmr of Statistics
(M.S1at) as well as Ph.D. programmes were stared from June 1960. Later on, courses leading 1o
Master of Temnology degrees in Computer Scienca and in Quality, Reliabiity and Operations
Research were introduced. These p have bean eminently successful in tuming out well-
trained students, many of whom have gona on lo attain international repu!ahon

The Indian Statistical Institute Act of 1959 was amended by the Parfiament in September 1995 lo
empower the Institute to award Degrees/Diplomas not only in Slatistics but also in Mathemabics,
Quantitative Economics, Computer Science and such other subjects relaled to Statislics as may be
delenmned by the Insmule from nme to time. Following the amendmen, a Master of Science course in

and an course, B. Math. (Honours) in Mathematics, have been
addod to the teaching and training progran\ma&

The role and importance of ISI in conducting teaching and training in Statistics has baen apprecialed
by intemational bodies as wel. in 1950, the i istical Institute in Natherands, joinlly with
the Indian Stalistical Institute, initiated the International Statistical Education Centre (ISEC) at Cakutta
to impart training In Theoretical and Applied Statistics o participants setacted from deveioping




countries. The centre is run by IS! jointly under the, auspices of UNESCO, International Statistical
Institule and the Govemment of India.

Recognition of the Institute by the Act of Parllament provided greater impatus 1o research activities not
only in Statistics and Mathemalics bul also in various branches of Ihe natural and social sciences,
which often provide tive data for lesting available statislical methods as also problems which need the
development of new statistical methods. The Institute has always remained in the forefront of research
in Statistics, Probability and Malhemalics, bolh nationally and intemallonally. In Computer Science,
new research areas were iniroduced in keeping with global developmems Selected areas in natural

sciences began with small groups and saw some like the ion of
Importani dinosaur fossils from the Godavari Valley. This also justifies the adoplion of *Unity in
Diversity" as the motto of Ihe institute. The M of A ion of IS| was first in

1976 and subsequently in 1995. The objectives of the Institute as laid down in the Memorandum of
Association are :

0] to promote the study and dissemination of knowledge of stalistics, to develop statistical theory
and methods, and Iheir use in research and practical appiications generally, with special
reference to problems of planning lor national development and social welfare;

(M  toundertake research in various fialds of natural and social sciances with a view to the mutual
developmenl of stalistics and these sciences;

(i) o provide for, and undertake, lhe collection of information, investigations, projects, and
operational research for purposes of planning and the improvement of efficiency of
management and production, and

(v  toundertake any other ancillary activities in fulilment of the objectives (i), (i) and (iii) above.

The Units of academic, scientific, adminisirative and service activities of the Institule were regrouped
inlo eleven divisions under the new Memorandum of Association (MOA) of the Institute effective from
1976.

From the earty days, the Institule has been interacting with many intemationally reputed scientists in
ditferent disciplines from all over the world. Some of these scientists have worked in the Institute for
several months or even longer. Sir Ronald A. Fisher, a pioneer of modem slatistics, was a regular
visitor 1o the Institule and lent considerable support to its organization and developmen. Professor
J.B.S. Haldane, a geneticist of international repule, was a member of the faculty for several years
beginning from 1957. The celebrated mathematician, Norbert Wiener visited the institute twice in 1954
and again in 1955-56 when he stayed for seven months and gave a course of 60 lectures. The olher
academic personalities whose visits influenced the development of the Instituta include the
stalisticians Harold Hotelling, Frank Yates, Herman Wold, Edwin Harper (Jr.) and H. Cramer; the
mathematicians A.N. Koimogorov, Yu.V. Linnik, J.L. Doob and more recently Vaughan F.R. Jones; the
experts in Slatistical Quality Control Walter Shewhart and G. Taguchi; the Economists Simon Kuznets,
Paul A. Baran, Joan Robinson, Jan Tinbergen, Nicholas Kaldor, R.M. Goodwin, David and Ruth Glass
and JK. Galbriath; the geologist Pamela Robinson; the biochemist N.W. Pirie and the linguist D.
Kostic. All along tha fnstilute has tried to live up (o Ronald Fisher's dictum Ihat Statistics is a "Key
Technology” of the century, in view of its intimale refevanca ta ali scientific endeavours which involve
oxperimentation, measurement and inlerence lrom sampla to aggregale.

For a long time the Institule has bean isi ional cont and
on focussed topics, sometimes on a broader ﬁeld Particular mention may be made of the 1974
Symposium on Probability and Statistics, the Golden Jubilee Conferences of 1981-82, the Haldane
Cenlenary Conference of 1992, the Mahalanobis Centenary Conference of 1993, and the ISI-Bernoullt
Society Conference of 1997, each of which, through tha participation of a very large number of
statisticians, probabilists and scientists of other disciplines from ail parts of the world, were lruly global
meetings on the subjects.




Director's Report

Itis with & profound sensa of graituide and of partial, yat genuine fulflmant that | write my penultmate
reporl as Diraclor of the indian Slaistical Institute. It has been a privilege and ofien a pleasure lo serve
al the heim of this great institution for the past nearly 4 years, and | owe a deep debt of gratitude to so
many Faculty and Workers, Councll Members, Visiting Scientists, professional colleagues and iriends
- who have halpad make my tanura as Diractor an experience of a fifatime. The only tegret | have is
that | coukd not 6o more as & few of my concaived projects will not see tha ight of the day before | lay
down charge.

Nearty threa quarters of a century afler its birth, the Inslituta remiaing Largely trua to the course sel by
the Founder, Professor P.C. Mahalanobis, 1o create a lree socikely of scholars - lree because mature
persons, animaled by intefiectual purposes, must be ek Lo pursue the goals of teaching the highest
inlemational standards. As a lastimony to this, Prolessor Arup Bose ol Theoretical Statistics &
Mathematics Unt has recerved the C.R. Rao award in Slahishes lor the year 2002-2003, Profassor
Arunabha Sen of the Planning Unet, Delhi Cantre has been elected a lellow of the prestuous
Econometric Society and Professor B.B. Choudhury of Computer Vision and Patlem Recognition Url,
Kolkala was awarded the Jawaharial Nehru Fellowship as well as the Homi Bhabha Award of the
Univarsity Grants Commission. Amongs! the younger facully, Dr Debashish Goswarmi receved the
INSA medal for young scientists whil Or. U. Pal got the oulstanding youny researcher award lrom
Intemational Association of Pattem Recognbon. Tha Institule is aiso proud 10 have been awarded a
“Centre lor Soft Computing Research : a Natonal Faciity” from the Department of Science &
Technology under the leadership of Professor Sankar K. Pal of the Machine Intelicence Und, Kolkata.

The first phase of constructions in the Headquarters al Kolkata has aimost come 10 an end with the
Academic Buitfing Phase-| and the subway about to be handed over. With the commissioning of these
two faciiities, it is hopad that the faculty and other workers will strive towards theic respective higher
goals with new enthusiasm and vigour while the students and other residents in 205, B.T. Road wil
find the access Lo the main campus more convenient and more Secure. The firsl phase of renovation
work of Amrapali, which presentty houses Prolessor P.C. Mahalanobis Memorial Museum and
Archives, has been undartaken,

The next phase of ) isages the ion of a modem substation (which is scheduled
1o begin shortly), the second building housing some academic units as well as a new audiorium, and
possibly an additional floor 1o housa a bank on top of the post office building.

1t has taken a ot of etforl 1o make these things happen in a restrictive regime, and | salute al my
coleagues in the Engineering and Accounts Section, and other areas of adminisiration. Las!, but not
the leasl, | must mention hat without the untiring efforts and help of a few of my facully colleagues,
none of this would have besn possible and | am etemally gratehul to them,

30.3.2004 K.B. Sinha



Part 1. Teaching & Training, Convocation, Research and Publications
1. TEACHING AND TRAINING
Degrea and Other Courses

A briel account of leaching and traming actvities of the Teaching and Training Drasion during Ihe
academic session 2003-2004 is gven below.

During the academic session 2003-2004 a lotal of 6853 candidates apphed for omssion and weie
called for writlen selection tests for vanous courses offered by the tnsitute. viz, B.StaL(Hons.).
BMalh (Hons ), M.Stat (S-stream), M.Math . Master of Scierce (M S ) m Cuanblatve Economics,
M.Tech. n Compuler Science, M.Tech. in Qualily, Reliability and Operabons Research, Assocaieshp
in Documenlalion & Informaton Science, Research Fellowships in Stabsics. Mathematecs,
Economics, Compuler and Commumcation Sciences, Physics and Apphed Mathematcs, S0c020gy.
Demography, Geology, Agnculture, Plant Chemisiry, Embryology, Anthropology & Human Genebes
Admission lesls were conducied at 24 diflerent centres ail over Ihe counlry A tolal of 4219

finally for ission lests and a lotal of 521 candwdates who qualified m the
wiilien lests were called for intervi Based on the in (he wolten tests, inlerview and
the record, 190 weie olfered agm: 10 vanous courses dunng the academs.
$0SSI0N under review.

The annual examinations for all the reqular courses of 2002-2003 were held in May-June 2003. The
2003-2004 academic session commenced on 28" Juty 2003.

Two hundked ninety trainees in Eng g and T from vanous U hes (Asansol
Engneenng  Coliege; College of Engmeenng & vanagemenl Kolaghal, Halda Instiule of
Technoiogy. B.N. College, Palna University; IIT Kanpur; Jadavpur Unwversity, Indian School of
Mines, Dhanbad; Institule of Engineering & Managemenl, Sall Lake, Calculta. Regonal Engmeenng
Coflege, Trichy. NT Guwahati; Inslitute of Technology, Bhubaneswar), Indira Gandh Natonal Open
University, Sikkim Manipal Institute of Technology, B.P Poddar Instiule of Management &
Technotogy, College of Leather Technology (Gowt. of W.B). RCC Inslitute of informaton &
Technology, College of Ceramic Technology. Bengal Institule of Technology. Karpagan Arts & Scence
Coliege, Regional Engmeenng Collega Durgapur, Netaji Subhash Engineering College, St Thomas’

Callege of Enga h Dr. B.R. Amb University, Agra, Electicnics Research &
Davelopment Cenlro ot Inma (Calculu Unit), G.H. Raisom Cotiege ol Engineenng, Tezpur Unversiy,
Vidyasagar University, ) College of Engs g and Technology. Buibhum Inshiule of

Engineering and Technology, Siliguri Institute of Teemology. Buira Institute of Technokogy Birsa,
MCKV Institute of Technology. Jorhat Engineering Cotiege, Nabonal Institule of Management
Calculfa(NIMC), IIT Kharagpur and Kaipalaru Insbiute of Technology receved two weeksisix
weeks/two monthsour months/six months M.C.A/Projedt training in diterent Computer Sciences Umits
of the Institute, viz,, ECSU, CVPR Unit, CSSC, MIU, ACM Unit and ASU.

The number of candidates admilled ta the ditferent degrea, diploma, Associaleship courses
and Junior Aesearch Fallowship in 2003-2004 and the number of studenls who passed in the annuat
examinations and Ph.D degrees awarded in 200J are given below.
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Ph.D. Degrees Awarded

A} Ph.D. Degres awarded by the institule :

SL No. Neme of the Thte of the Thesis Name of the Supervisor(s)
Fellow
1. Moels Keswani | Theorescal lssues in The Prol. Satya P. Das
Mehrs Economcs of nsemalionsl Trade | Plannng Undd, [S1 Dedhi
and Emvi
2 Pabdra Mira Cestain Patiem Recognibon Prof. Sankar K. Pal
Tasks for Data Mining Problems ' MU, ISI
a Samargt Das Some Issues on Trmg Varying | Prol Nityananda Sarkar
Rusk Premium n ARCH-M Model | ERU. IS
4 Rajakshmi Aspects ol Frnancal Dusigmin | Prol Abherup Sarkar
Matis Lass Developed Countries ERU, 18I
LS Sangseta Bargal | Enw'onmental Reguiaton in he | Prol. Subhashis Gangopadhyay
Presance of Environmentally Pannmng Unit, [SI Delta
Consoous Consumen
6. Anirban Kar Essays on Menimum Cost Prof Bhaskar Dufta
Trea Games Planning Uni, ISI Delts
7. Sanphamitra Pal | Contributions 1o Emenging Prol. Anjit Chaudhuri
Technques in Survey Samping | ASU, ISI
| & Doryoti Essays in Socisl Choice Theory | Prol. Arunava Sen
! Majumdar Planning Una, ISt Delhi
9. Susania Morphologscal Tower. A Tool b | Prol. Bhabalosh Chanda
Mukhopadhyay | Mus-Scale kmage Processing | ECSU, 1S4
10. | Arigt Bishny Combinatorial Techrsqueslor | Prol Bhargeb B. Britacharya
Digilal image Characienzation | ACMU, (31
and Retneval: Algonihmg,
Archisctures and Af
11. Mausumi On Textred image Anabysss Pral. Maiay. K. Kundu
Acharyys using Wavelets MU, 181
[‘Z Anta Majumdar | Deformaton Theory of Prol. Goutam Mukhenee
| Dk Stat-bath, ISI
13 Kausk Kunar | Some Studies on Uncerainly Prol. Dwyesh Duta Mamder
Majumdar Managemant in Dynarmcal ECSU, 19
Systems using Fuzzy Technigues
with Applicabons
14. Amab  Kumar | Sippage and Change Poin Prol. Ashis San Gupta
15, A Basy | Some St Contributons 1o
the Analysis of Human Genome | Prot. Partha P. Majumder
Diversity and Evolution. AHGY, 11




B) Ph. D. Degree awarded by Academic Bodies other than IS! for work done In ISI,

SI. | Name of the Title of the Thesls University Name ol the |
No. Fellow Supervisor(s)
1. | Sujit Maize Based Intercropping Visva Prof D K Bagehi, ISt &
Adhikary SystemsWith Legumes and Their Bharali Prof. T. K. Chakrabroty
Residual Effect on Wheal and Barley VBU
Under Rainled Condilion of
Chotanagpur Plateau Region. |
2. | Prabir Kumar | Studies On The Direct and Residual | Visva Prof T.K. Chakraborty
Ghosal Eect of Diflerent Sources of Bharali V.B.U& Prof
Phosphalic Fertilizers On Lateniic Rice Buddhadeb
Soil In Chotanagpur Piateau Region. Bhattacharyya CU
3. |Tapan Agsicultural Practices in Usri Watershed | Visva Prol. D. X. Bagch. IS1 &
Kumar Area Of Binar Plateau- A Study in Bharali Prof D. Dasgupta,
Sasmal Different Agro-Ecosystem BCKV !
|
4. | Basuded Sedimentofogical Evolution of The Jadavpur | Dr. S. N. Sarkar, IS 1
Datia Protenozoic Siliciclastic Succession in 1
the South- Central Part ol Chattisgarh ’
Cenlral India. ;
5. | Rohini Maternal and Child Health in two Ethaic | Calcutta | Dr. P. Bharati, ISI
Ghosh Groups Inhabiling a Peri-urban
Habital: A Micro-leve! Study.
6. | BhaskarDe | Scaling Ideas in High Energy Jadavpur | Praf. Subrata I
Physics : a Stalus Report and an Bhaltacharyya, 1S! [

Impact Aalysis.

INTERNATIONAL STATISTICAL EDUCATION CENTRE (ISEC)

The Centre was eslablished in 1950 and is operaled jointly by the International Statistical Inslitute,
Netherlands and the Indian Statistical Institute, under the auspices of UNESCO and the Government
of India. It functions under a joinl Board of Directors. The Directors represent international Statiscal
Insiitute, Indian Stauistical Inslitute and the Government of India. Pral. £.C. Mahalanobis was the
Chairman of the Board of Directors since the inceplion of the Centre in 1950 until his death 1n 1972,
Since then National Professor C.R. Rao, FRS, has been the Chairman of the 8oard.

The Centre provides lraining in theoretical and applied statistics al various levels (0 selected
pantcipants from the countries in the Middle-East, South and South-East Asia, the Far-East and the
Commonweallh counlries in Alnca. Major training programme of the centre is a 10-month regular
course in Statistics leading lo Statstical Training Diploma. In addition, special courses of varying
duration are aiso organized. Facilities also exist lor research work and advanced studies by seor
statisticians from abroad.

The announcement of the 57" ferm ISEC Regular Course was issued and prospectus and applicaion
forms were distributed by the Centre at Kolkala on behall of Ihe Permanent Office of the International
Stabistical Institute at Voorburg, Nether: A number of and application forms were aiso
distributed through Governmenl of India. The governments of different countries were nvited 1o
nominale suitable candidales lor (raining at the Centre. The Centre also requested the Indian Missions
in diferent countnes 1o exiend their co-operation in receiving and forwarding applications both for

admission and for fellowship.




A total of 15 candidates had been offered admission to the 57" term of the Reguiar Course of this
Centre. Of the 15 candidates, 11 joined he course. 9 trainees were supported by leliowship awarded
by Government of India under the Technical Co-operation Scheme of (ha Colombo Plan (TCS of
Colombo Plan) and the remaining 2 trainees recawved support from Special Commonwealth African
Assistance Plan (SCAAP).

Al the Irainees in the Regular Course have successfully complated the course and have been
racommended for the award of Statistical Training Diploma excepl one trainee Irom Sri Lanka who had
discontinued the course on health ground. While mos! of he evaluation was through written lesls, the
evauation of lhe specialization training was partly carried out through project work and assignments.

The rainaes were provided with compuler facililies with inlemet connections in tha ISEC PC room and
inthe ISEC hostel. They had access (o IS! library. The trainees participated in different programmes in
181 and outside. The ISEC hoslel has recently been ranovated.

The Ragular Course of the fifty saventh (erm started on 1 June 2003. English is the medium of
instruction at the Cenire. The training inciuded leclures, laboralory work, project work and
assignments. The first four months at Kolkata were devoted fo general stalistical training inctuding
lraining in ics, el ic dala ing, probability theory, descriptive statistics, sample
survay lechniques, statistical melhods and economic stalistics. Thesa courses were compuisory for all
students. Further lraining for six weeks in Official Statistics was conducted by 1he Central Statistical
Qrganization, Government of India, New Defhi, during Seplember 29, 2003 to November 01, 2003.
This was followed by eight-week training at Kolkala in general stalislical methods for optional subjects
during November 04, 2003 to January 03, 2004. In this phase the lrainees pursued more vigorously
some of the courses (at least four) studied by them during the first four months. Finally, from miadie of
January to March 2004 the Mainees specialized in particular fiekds of applied statistics fike
demography, data processing, large-scale sample surveys and Economic Planming. All these
Specialization Courses expect Economic Planning were held in Kolkata. The Speciaiization Course on
Economic Planning was held in Bangalore in the Economic Analysis Unit of Indian Statistical Institute.

The teachers at Kolkata wete mostly drawn from the various units of the Indian Statistical Institute
while Slatistica! Officers of the Gowt. of Indsa took part in the teaching programme ol Lhe six-week
course in Official Statistics organized by the D of Statistics, of India, New Defhi.
The teachers of Economic Analysis Unit al Bangalore Cenlre of IS! taught the specialization course on
Economic Planning. Besidas, Professor Dipankar Coondoo, ERU, Indian Statistical Institule, Kotkala
was inviled lo give special lectures.

The valedictory ceremony for the ISEC Regular Course was held on 26 March 2004. Professor K B
Sinha, Director, Indian Statistical Institte presided over the mesting and Professor Asis Kumar
Banerjee, Vice Chancellor, University of Calculta was the Chiet Guesi and delivered tha valediclory
addrass.

Professional Examinations In Statistics

The Indian Statistical Institute hotds Professional Examinations in Statistics in the theory and practice
of analysis of stalistical data, for the external candidates on the basis of some modei guidance for the
award of the following diplomas :

1. Junior Diploma in Statistics

2. Senior Diploma in Statistics

These examinalions are separate from and independent of the examinations heig for the award of
degrees, diplomas and certificates on the basis of training given by the Institute,



The Govemment of indla recognizes the Junior Diploma in Stalistics as equivalent Yo Bachalors
degree in Statistics and the Senior Dipioma in Sialistics as equivaient ‘0 a Master's degres in
Statistics.

Thesa examinations are heid now-a-days iwice in a year usually in or about he months of Apray
and November/Dacember al dilerent cibes in india (Bangalore, Chennai, Defty, Hyderabad, Kobala.
and Mumbal).

The iotal number of candidates regisiered, appesred and passed for January 2004 ferm gnd May 2004
lorm are given below :

EXAMINATIONS Registered ‘Appeared Passed
January May January 2004 January 2004
2004 2004

Junvor Diploma In Stabstes |19 10 09 [

Senvior Diploma in Stalistics |09 o 05 o

The cumulalive tolal number of candidales who have quafified for tha award of the Diplomas
in the Professional Examinations in Statistics including the resuit of January, 2004 lerm s 300.



2. Convocation

The 36" Convocation of the Ingian Statistical Institute was held on 27 February, 2004, at 3:15 PM, It
starled with National Anthem by IS! Club lollowed by weicome address by Prol. M.G.K. Menon,
President, ISI, and report/speaches by Prol. K.B. Sinha, Dwector, IS!, Shii Satyabrata Mukherjee,
Union Minister of State and Shn Viren J. Shah, Governor of West Bengal. Honorary D.S¢. degree was
awarded to Prol. S.R.S. Varadhan, USA, by the chiet guest Dr. A.P.J. Abdul Kalam, Hon'ble President
of India. This was followad by Convocation address by Dr. Kalam. The first phase of the Convocation
was closed after a vote of Ihanks by Prol. G.M. Saha and National Anthem by 1SI Club. After the
departure of Hon'ble Presidant of india, the remaining part of the Convocation started with Vedic Hymn
by IS Club. Then, the degrees and diplomas were awarded 10 studenis by Prol. M.G.K. Menon,
President, 1S). The Convocation was closed by Prol. M.G.K. Manon, alier a vote of thanks by Prof.
G.M. Saha.

The Numbers of ates who obtained deg in tha Thirty Eighth Convocation of the
Instilute, is given below.

Deqree/Diploma Number_of Candidates
1. Doclor of Philosophy (Ph.0.) 15
2. Master of Technology (M.Tach.) in Computer Scence 21
3. Master of Technology [M.Tech.) in Qualty, Refiabilty 12
and Operations Research
4 Masler of Statistics (M.Stat } u
5. Master of Science (M.S.) in Quantitative Econormics 2
6. (a) Bachedor of Stabstics (Honours) (B.Stal. (Hons.)) 14
{b) Bachelor of Stahistics (B. Stat) 1
1. (a) Bachelor of Mathamatics (Honours) (B.Math. (Hons.)) 5
(b) Bachelor of Mathematics (B. Math.) 2
8 A in Dy and Inf ion Scignce, 8
Bangalore

9 Professional Examinations in Statistics :
Junior Diploma in Statistics []

Total 130




Awards

1. K ymposium on Statistics Priza lo the most outstanding M.Stal
studant of the Institute :

Bhamidi Sreekalyani Shankar

2. Inian Statistical Institute Alumni  Association Mrs. M. R. tyer Memorial Medals lo the
outstanding students of the Institule :

8.9tal, (Hons.)  Art Chakrabarty
M.Stat : Bhamidi Sreekalyani Shankar
M.S. (QE} : Sambuddha Ghosh

M.Tech. (QROR) . Sarbari Ghosh

3 Indian Statistical Institute Alumni Assoclation Rashi Ray Memorial Medal for outstanding
pedomanca in M.Tech. in Computer Sclence :

Subhamoy Chakraborty

4. Haldane Memorial Priza: 2003-2004 for research work donie in Medical Stabstics, Biostabstics:

Sourabh Ghosh

5 Raja Rao memorial Prize : 2003-2004 for research work dong in the areas Survey

4 gidphy

Ravandra Kumar Sharma (Institute of Economic Growth, Dei)



3. RESEARCH AND OTHER SCIENTIFIC ACTIVITIES

The major thrust of the Inslitule is on research in various disciplines compnsing Theorelical and
Applied Statistics, Mathematics, Computer Sciances, Biological Sciences, Economics and other Social
Sciences, Physical and Earth Sciences, Statistical Quality Conlrol and Operations Research and
Library, Documentation and Information Sciences. Sclenhsts of lhe Institute carry oul mdependenl
research in their own basic discipine and also k i research in

with olher units withi the Institute and also with oulside organisations. The Insutule also takes up
various intemally and extemally funded projects in diverse fields on challenging five problems of
nabonal and international importance. As a part of vesealch aclmhes scientists of the Institule are
involved in consullancy work as well. For academic and a number of
Drisions (each divisior: having one or mora nits) have been lormed which are lisled below :

1) Theoretical Statistics and Mathemalics
2)  Applied Statistics
3) Compuler and Communicalion Sciences
4) Physics arxi Earth Sciences
5) Biological Sciences
6) Social Sciences
7 Statistical Quality Control and Operabons Research
8} Library, Documentation and Information Sciences
In addition, Ihere is a well equipped Computer and Statistical Services Cenlre (CSSC) which manages

the central computing system, e-mail and intemet facilities and provides compuling and slatistical
services to researchers.

There 1s a campus-wide compuler network in the Institute’s head: at Kolkala and

sludents, scholars elc. can access the computing facifities rom any terminal. As a part of oompuler
networking, all laculty members have been provided with individual PCs, connected lo the network, in
their offices. Delhi and Bangalore Cenlres of the Insfilule aiso have simiar lacilities.

A briel account of the research activities in different divisions and units during the year is given below.

Theoretical Statistics and Mathematics Division

The Division with a unit each in Kolkata, Dethi and Bangalore is engaged in Research in Statistics,
Probability Theory and Mathematics, with a small group in Kolkala pursuing Theoretical Compuler
Science. Side by side with research, members play a major role in the teaching ol Staisfics,
Probability, Mathemalics and Theorelical Computer Science in the B8.Stal.(Hons.). B. Maih. (Hons.),
M.Stat. and M.Tech. (Computer Science) programmes of the instilule. Courses are also run for
1esearch leflows and there are seminar activities all round the year. Members organized and taught in
saveral specialized workshops, some of them under the Norh - East programme. The administration
of Sankhya is also done from Ihis division and a number of facully members are also engaged in its
editorial functions. Some members of lhe facully are also associated with 1he administralion of the
Mathematics Otympiad Project of the NBHM at the regional and national levels.



Stat-Math Unit, Kolkata
Research Activities

Tha Unit is engaged in research in many areas of Statistics, Probabiity, Mathematics and Computer
Scianca. Some details of rasearch activitles of the facufty are given below:

We have studled the relation betwaen the MIP and a farthest point phenomenon. It was known that in
a reflexive space the MIP s equivalent lo the following: every closed bounded convex set is Lhe closed
convex hull of its farthesl points. Wa extended this result 1o characterize when every member of 2 so-
called "compatible™ faindly of closed bounded convex sals is remotely generaled. In particular, we show
that it X Is striclly convex, then every (weakly) compact convex set in X is remotaty generated if and
only it every such sel is admissible; and if X has the Radon-Nikodym Propaity (RNP), then similar
resul holds for w*-compact convex sets in X°. We also studied a notion of strongly farthest ponts and
characlerized strictly convex and locally uniformly convex spaces. We also studied the larthesi
dislance map r of a closed bounded set K and its subditierential dry.

We introduce a notion of called nicely proximi 0 \ze them. We
give a characierization for spaces havmg RNP using nnoeiy pmnmmal subspaces We show thal the
metric projections onlo nicely p We also prove slability and

transitivity results in some particular cases.

We dertve the proximal normal formula for almost proximinal sets in 8 smooth and locally uniformiy
convex Banach space. Olr technique leads us to show the genenc Frechet smoothness of the
distanca function in the case the norm is Freche! smooth and we derive a necessary and sufficient
condition for (he convexity of Chebyshev set in Banach space X with norms on X and X" locally

uniformiy convex.
Pradipta Bandyopadhyay

Some general results on the rate of convergence of the empirical speciral distnbutions of large
dimensional random matrices were obtained (jointly with Sourav Chatterjee, Stanford Universty).

An invariance resull was obtained for random Toeplitz matrices (jointly with Sourav Chatterjee,
Stanforg Univarsity and Sreela Gangopadhyay).

Some progress has bean made in the study of limits of sums of ranked et observations (jointly with
Anlsh Sarkar, ISI, Delni).

Work on generalised bootstrap (jointly with Snigdhansu Chatlerjes, University of Minnesota) that
demonstrales its theorelical validity and its application in a wide variely of estimaling equations was
finalised.

Arup Bose

Some scale-space rype varsions of kemel and nearest neighbor classifiers were developed that were
found to have very | on several high dimensional dala well known
in machine leaming lflerature. These new classifiers have performed much better than dassifiers
based on a single optimum value of the bandwidth parameter in the case of kemes discriminant
analysis and the neighborhood palamewr in the case of neares! neighbor discriminant analysis. A
mutti-scale visualizalion devica that ff the aggregated final classification has

been loped and d on several benchmark data sets.

Probal Chaudhuri

Investgations were done on the existenca of a connection on a principal Ofn}bundie with pfsscrbed
first Pontiagin fomm. More spacifically, if Pls a principal Ofn) bundle over a C infinity manifold M of
dimension m, then we showed that every differential 4-form representing the first Ponlriagin class of P



Is the Pontriagin form of some connection on P provided nig greater than or equal to Smv-4+4({(m+1)
choose 4)).
Mahuya Datta

it was shown thal dialgabra Cohomology of a diaigebra A with Coefficlents In itself, admits G-algebra
structure which relales delormation theory of diaigebras.
G. Mukherjes and Anita Majumdar

A homotopy Garslenhaber structure on the Bredon-liman Complex defining cohomology of a space
with & lopological group action was obtained.
G. Mukharjee and Neela Pandey

Sludy of quasi-isomatry group of 1.g. group continued. Characterization of groups I for which the
nalural homomarphism Aut (M — QI (I} is 2 monomorphism was obtaingd.
A.C. Naolekar and P. Sankaran

We have addressed the issue of use of improper priors, necessary for integrating oul nuisance
paramelers under both the null and alternative hypotheses while testing a composile hypoihesis by
SPRT. If the prior is improper, Wald inequalities will not hold in general. We have discovered sufficient
conditions and have then verified thal the usual sequential | | |--lest satisfies these conditions bul
Walds | t |--lest does not satisfy these oondrbons and in lac cannot satisly a strengthened form of the
Wald ies in general. Nonethel lations show Wald's inegualities for the boundaries A,
8, corresponding to usual small probabilities of error (alpha, beta) will usually hold.

Conflict of P-values and posterior probabiliies has received substantial attention in statistical fiterature.
Moreover, Bayesian P-values have been proposed in eralure as altemalive to classical P-values. We
have reviewed the refation between P-values and posterior probabilities, and also the Bayesian P-
values for composite null hypothesis when there is no alternative. Some new resulls have been
obtained in the process. In particular, we have obtained some asymptolic results companng the P-
vaiue with likelihood ratio and Bayes factor and argue that a part of the conflict between them arises
from different choices of the framework far asymptotics.

In our work in Brain imaging, we have employed Bayesian methods on a data-set obtained from the
website of Keith J. Worsley. It is related to study of perceplion of pain. The melhods are inspired by
the paper Bayesian Spatiotemporal Inference in Funclional Magnetic Resonance Imaging (C. Gosst,
D.P. Auer, and L. Fahrmeir, Biometrics 57, 554--562, 2001).

In our work in robust discriminant analysis, we have developed classifiers based on weighled
Ikelihood eslimalors based on cerain minimum divergence crileria. These may be considered as

robust to Fishers discriminant analysis. Usef of the prop methods has been
explored by extensive simulation study and also by employing these on some real data sels.
Sumitra Purkayastha

A theorem of Molnar (PAMS, Jan. 2001) asserting that surjective maps @ : C(X) — C(X). whare Xis a
compact Hausdortt space, which satisly the condition @/ 0g) = offg) for all f, g £ C{X) and aff)
refers to the spectrum for 1, are induced by of X, was g in
varnous directions :

{8) for function aigebras defined on compact, (resp.) locally compact, spaces

(b) for A(K) spaces where K is a Choquet simplex.

The results in (a) are joint work with N.V. Rao and (b} Is on-going research with T.S.S.R K. Rao.
AK Roy

Investigations were done on the extension of Helgason Fourier transform for L-1 and L-p functions on
lhe Riemannian symmatric space. Some baslc theorems of L-p-analysis like Wiener Tauberaln



theorems, Hardy-Litlewood-Paley theorem, Hausdort! Inequallty, Benecics theorem wera proved on
aymmelric spaces In this set up using Helgason Fourier transfom,
Rudra P. Sadar

Wa have proved that no sigraph on the complets graph K, p 2 6 is gracehul and also gave the
characterization of graceful sigraphs on K;, p < 5. This Impiies thal thers Is no subset S of cardinalty
p26irom {0,1,2,..., g-n), such that each element of (1,2....,n} occurs exaclly iwice and each element
of the remalning set n+1,n42,..., g-n} occurs exactly once as absoiuie ditierence of pair of distinct
elements of S, and alse produces all such subsals of cardinality p < 5.

Lot G = (V.E) be a graph with [V(G)f =n verticas and |E(G)] = m edges. Lel { be a function from
the vertex set V(G) to the set {1,2,..., n) such thal for ll vertices u, X . ey V) = a whichs a
constant and independent of . Then / Is called sigma labeling of graph G and a graph which admils
such a labeling is called sigma labaled graph. We have proved the loliowing:

(1) there exist an infinite number of connacted non-complete muitipartita sigma labeled graphs,
(2) that every graph is an induced subgraph ol sigma labeled graph and

(3) wa hava given the necessary and sulficlent condition for the bipartite graph Ky, x lo be sigma
Labeled.

{4) we have proved that P, x C, n, m2 3 I8 not a sigma labeled graph and L{m ,n) = Ku x K, whers
m,n23ksnota sigma labeled graph.

(5) we have also proved that Toms Grid C, X Cy. , k 2 6 is sigma labelad if and only if n = k = 2(mod
4).

Let G=(V.E) baa {p.g}-graph. Let be & mapping from the edge set of Glo set {1,2...., k} whete k2
0, such that at each vertex all the numbers are present as adge labels (incident edges may have the
samg labels). Such a labeling # s called edge k-cover labeling of graph G. If at each vertex ali the
numbers are present as edge labels, then such labeling ¢ is called a saturated k-ecge cover labeling
of G and the maximum such K is denoted by s(G). We have proved that for any graph G with the
minimum degree & (G) 2 2, 6 (G} -1 s(G) < 8 (G).

Tarkeswar Singh

We (jointly with A.S. Hedayat, UIC, Chicago, USA) worked on an iniriguing problem to assess the
almast negligible chanca of electronic loys generating electric shock (o chitd users. We worked ona
samyling strategy lo generate necessary data and developed the undertying theory of paint estimation
and variance estimation. Than we carried out the data analysis and gave our recommendations.

Wa (jointy with T.J. Rao, ISI, Kolkata and T. Sri Bangalore University), investigated
the monolonicity property of the first order and second order inclusion probabilities as functions of the

ing normed size measures for the Rao-Hartley-Cochran sampling scheme. The results throw
further light on the basic premises for use of auxiliary information in survey smpiing.

W (jointly with N.K. Mandal and K. Das of Calcutta University), examined the constructional aspects
ol optimal covariates’ designs. We were able to give & very clear and meaninglul insight into the
undertying structure of the covariates' matrices which was missing in the fiterature. We provided some
series of optimal designs.

We (ointly with K.R. Shah, University of Waterloo, Canada), worked on some aspects of Data
Envelopment Analysis (DEA). The earlier work centered on what are known as “TOPSIS™ and
“ELECTRE" methods. We could establish that neither of the two methods satisfies certain basic



requirements for DEA. We suggested two modifications 1o the existing formulae. We also carried out
necessary dala analysis.

Work is going on in Data Analysis lor Dyadic Models and Finite Populstion Inferential aspects of Social
networks, Reliability Eslimation using broken samples, Study of Pareto Optimal Subsels in Market
Research Strategies and Stalistical study of Appori Indices for use in lorestry research.

Bikas Kumar Sinha

The problems of eslimaing linite population mean veclor ufy) = {si(y). ... inly)J have been considered
under vanious situalions. Some new esltimalion procedures have been suggested and their efficiencies
are found 1o be higher under empirical investigalion. The optimum se! of selection probabifities P = {p,,
o Pu P50, 5, p. = 1] based on size measures X =( X,..., Xy for estimating single mean or mean
veclor u (y) have been obtained under superpopulation model.

TP. Tripathi

Stat-Math Unit, Dethi

Research activities

The work on generalized inverses of partitioned matrices was continued. Some classes of ouler
inverses were characlenzed using centain rank equations. An explicit formula for the inverse of the
resistance matrix of a graph was obtained, generalizing the formula known for trees.

A. B. Bapal

Methods for proving the positive definiteness and the infinite divisibility of matrix expressions were
developed. Several-variable versions of some classical matrix inequaliies were proved. Equations
generalising the classical Lyapunov equation were studied.

Rajendra Bhatia

We conti to sludy R properties of the optimal filter in nonlineat filtering. In particular, we
studied the case of linear filtering when the observation noise is an Omstein-Ulhenbeck process.
computed the filter explicitly and showed that the filter converges weakly lo the oplimal fiier in the
“standard model' in nonlinear fitering theory when the OU process tends to a standard brownian
motion.

We also continued our work on martingale problems and Iheir solutions - in particular - on
of Markov p via martingale problems.

We looked at a problem in Slochastic Control and got some new resulls on existence of oplimal
Markov Solutions for ergodic control of Markov processes.
Abhay Gopal Bhatt

Obtained efficient block designs for Symmelric Paralle! Line Assays with Block Size odd.
Ashis Das

Obtained optimal block designs for diallel crosses to estimate linear functions of general combining
abilty eftects in the presence of specific combining ability effects. Also obtained Optimal Dialle! Cross
Designs lor Estimation of Heritability.

Obtained optimal fractional factorial plans for asymmelric factorials for main effects and specified
interactions.
Aloka Dey and Ashish Das

Oblained optimal crossover designs under nonadditive mixed effects model.
Aloke Dey



Continved with statistical Inference problems lor associated random vartables- and aiso unitorm and
non-uniform Barmy-Esseen bounds for associated random vasiables.
Also continued with the study of ing risks — ic models for sub-
functions and davised tests lor indapendenca of fgilure ime and cause of failure.

ic lests lor comparison of ion functions of the setf heip groups and non sell
Mpgwpshlmtmrﬁwmstwy

Isha Dewan

Continued the resaarch work in Mastingale problams, Markov processas and Flering theory.
Rajeeva L. Karandiar

The problem of comparing the degree of association boiween wo pairs of omerod random vanabiu
was considered. A nolion of relalive {or Q) was
considered. Using lhis concept, it was proved that !ov iqj, the dependence ol the jth order statisic on
the ith order statistic decreases as i and j draw apart. Similar resuits were proved for generafized
order statistics. Also conti research on ic inference for ing risks problems,
Subhash C. Kochar

We have been working on noncommutative geometry and its inlerplay with quantum groups. The casa
of the quantum SU(n) was investigaled in some detail 1o see if Connes’ lormalism works well for this
group. To do this, 8 new, essentially combinatoria) technique to study Dirac operalors on

noncommutative spaces was initiated.
Arup Pal and Parthasarathy Chakraborty

Worked on statistical inlerence problems for ic p govemed by ic diflerential
equations driven by Iractional Brownian motion; continued work on probabilistic as wedl as inferential
aspects for associated sequences of random variables jointly with Prof. isha Dewan and on large
deviation moqualltles for MLE and 8E for parameters of some SPDE’s jointly with Prol. M N Msm ol
Institute of Bh oblained izations of some p '
binary associative operation in a joint work with Prof. Pietro Muliere of Umvsvsnry of Mom Mian and
derived limit theorem for maximal segmental score for partial sums of random number of i..d. random
variables in collobaration with Prof. M. Sreehari of Baroda University, Vadodara.
B.L S. Prakasa Rao

Worked on problems on random graphs and percotation theory. Also wrote two arficlas on the history
of mathematics.

Rahwd Ray

Worked on random graphs and some modals of percolation theory. Aiso worked on the convergencs
of partial sums of records.
Anish Sakar

Slat-Math Unit, Bangalore
Research Activities

For the first time exislence has been shown of diations of completely positive semi- groups o -
endomorphism semigroups which are not minimal but still “atomic' in the sensa that they have no
“smaller dilations. It has also ben shown that such a phenomenon cannot occur for unital semigroups
ot for reguiar dilations.

Inthe paper ‘Standard g ang g dilations of g tuplas’ It is shown that
slandard commuting dilation sils as tha maximal commuung piece inside the standard non-commuing
dilation. This work and soma relaled work has led 10 the PhD thesis of Mr. Santanu Dey. Hibett
modula product systems of Evans-Hudson flows have baen computed In joint work with M. Lindsay.
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Swarnajayanthi Faliowship prajact

Finaizad the work on product systems of Hilbert spaces arising from sum systems. We extend Shale's
Theorem and prove an ofd conjecture ol K. R. Parthasarathy on this topic. These resulls are used lo
obtain a Funchanal Analylic of T 'S exolic les of product systems, which
has been obtained using Probability Theory ("slightly colored noises’).

B.V. Rajarama Bhat

CGontinugd work on the Tate Conjecture for divisors analogue for normal vanebes.
Jishry Biswas

Research has been carried out in understanding the finite projective plane from the point of of linear
algebraic codes. In particular, eflorts are made to understand the mnimum wesght of the code
gensrated by the 'ines ol a finite projectve plane of prime order.

Shreedhar Inamdar

A study is done on the semilinear ellipic problem with criical nonlinearity and an indefinte werght
function, namely Lu = Au + h (x) U™ "1 a smooth domain bounded {respectively unbounded) O ¢
R".n > 4, for A 2 0. Under suitable assumptions on the weight function, obtained the positve solution
branch, bifurcating from the first eigenvalue Ay (Q ) {respectively 0, the botiom of the essential
specirum).

A relationship between stationary isothermic sudace and uniformly dense domains has been

blished. A stationary ic surface 1s a level surface of temperature which does not evolve
wilh time. A domain Q0 1n the N-dimensionat Euclidean space R is said to be uniformly dense in a
surtace I < R" of codimension 1 it, lor every small 1 > 0, the volume of the intersection of (1 wilh a
ball of radius r and center x does not depend on x for x € . We have evidence to fhink that every
undormly dense domain which is baunded {or whose compiement is bounded) must be a ball. Then we
examine a unilormly dense domain with unbounded boundary @ Q and show that the prncipal
cuvatures of @ Q salisly certain identives. The case in which the surface I coincides with d Q 15
particularly interesting. In fact, it is shown that, il the boundary of a unilormly dense domain is
connecled, then (i) if N = 2 it must be either a circle ora  steaight fine and (ii) if N = 3, it must be either
a sphere, a spherical cylinder or a minimal surface. Discussion is concluded on uniformly dense
domains whose boundary is a minimal surface.

Jyolshana Prajapat

There is a vast literature available on the growth properiies of compactly generated groups but not
much is known about general locally compact groups, especially non-compactly generaled groups.
The growih properties of p-adic Lie groups were considered. It may be noted that many p-adic Lie
groups are nol compaclly generated. The focus is on the conneclion between growth and the
eigenvalues of elements in Ad (G} ang on showing that any p-adic Lie group which is not of type R has
exponentially growing compact neighborhoods of identity.

The next consiceration is on groups admitting recurrent random walks. Such groups are called
recurrent groups. A conjecture of Guivarch and Keane says that a locally compact group s recurient
it and only if it has polynomial growth of degree at most two, that is, for every compact neighborhood K
of identity in G there exists a consfani ¢ such that m(K") < cn’ for all n 2 1 where m is a left-nvanant
measure on G. The natural growth conjecture of Guivarch and Keane lor p-adic Lie groups and for
groups of pofynomial growth whose connacted component of identity (s compact is besng investigated.

The Choquel-Deny Thearem {s valid for a probabiiity measure p on a locally compact group if constant
funcuions are the only conlinuous bounded p-harmonic functions. The validity of Choquet-Deny
Theorem for any probability measure on comp p-adic Lie groups of polynomial growth
1s being examined. 1lis also shown that polynomial ngml is a necessary and sufficient condtion tor
the validity of Choquet-Dany Theorem for any spread-out measure on p-acic algebraic groups.
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A counter-example is lso provided (a discrale extension of the p-adic Helsenberg group) to show that
results proved above are not true for general p-adic Lia groups.
CA.E Raja

Research into infinfle h analysts / is being cond
woﬂdwnoalongawidehontConmhmauwm;raahsbemloldenmyamemlwammofa
class of equations that K. io calls “type 2 equations. It Is shown hat the classical slochastic
diferential equations of llo with smoolh coefficients, can be viewed as ‘type 2' equalions on an
appropriale scale of ‘sobolev spaces’. ﬂ\eappmammalhasbeentamwsmSDE‘salsothm
new light on the connection between partial differential ions and etoch The
general solution of the heat equation lor the Laplacian using the Ito formula as a “ype 2 equation has
been reconstructed. Work on the heat equation for more general elliptic operalors is in progress. At
interesting side light of this approach I8 the role of the acjoint oparator. The role of the adicint has
been somewhai of a mystery in the classical approach.

Work on Martingale Representation theorem

This is continuation of eanler work with P. Fitz The slochasth
can now be put on a rigorous looting. Also of interest is an expiicit formuta for conmmal
axpactations on the Wianer space. The formula generalizes to other Markov processes.

Time change by last entrance times (a;) and tha Induced transformation (X X - Xa) were introduced
by the author in his thesis and its semi-martingale properties studied in later work. A question of soma
interes! is: What happens 1o the Markov properties on (X) under this Iransformation ? For a Brownian
motion (Xt) and at = sup{, < t: X, € (a,b)) it is shown that the procass Z1 = (Xt - Xat, Xat ) is (strong)
Markov for appropriate intial conditions, and we identiy its transition function and prove its semi-group

property. .
B. Rajeev

Work on reflacted Markov and the Skorokhod problem was continued. An for
the Iransition probabiliy density function of a reflected symmelic stable Levy process in an orthant
was oblained, and shown (o ba continuaus In the interior; the reflection lerms could have fairty general

time and space dependancy. s

Geometry of Banach spaces

A wel-known resuft of Kadison that describes surjective tsometrias of the space of operators on 2
Hilbert space has been extended 10 the space of operators between Banach spaces, fox 3 hlgo class
of Banach spaces. A partial solution to the local surjactivity problam on L(X.C(K)} was obtained by
showing that when X is both uniformly convex and unifomily smooth and K is first countable, any local
surjactive isometry Is a C{K)-module map.

Work done under externally funded projects :

Banach algebra techniques and tha geometry of Banach space

Developed an abstract theory of unitaries in Banach spaces and studied Russa-Dye type theorems. i
has been shown that for the space of operators that the unit bal is the closed convex hull in the strong
operator topology of the sat of unitaries is equivalent to the convex trasitivity of the undertying space.
$Studles In Geometry of Banach Spaces

Using renomming techniques it has bean shown that untike the case of a von Neumann eigebre, in &
general dual space, waak'-unitaries need not attain thelr nom. A ¢lass of Banach speces where
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exireme poinls remain exireme in the unit ball of the fourth dual but not in the unit ball of the sixth dual
were exhibried. These resulls indicale thal it is not possible to have a notion of extremalily that agrees
with Ihe usual notion for reflexive spaces but remalng he sama in all the duals of even order in the
non-reflexive case.

T.8.8.AX. Rao

The intersection patiern of the Ree groups In G4(3™") were detarmined. The submodule structure of
the code generaled by the finito regular generalized quadrangles as a module for the orlhogonal
groups ware determined, Substantial look lowards the inalion of the maximal subg of finile
groups of the type F, was carried out. Exposilory wriling on the Monsler simple group, the theory of
buildings and Coxeter groups was continued.

N.SN. Sasly

Properties of Ounkl translation and convolulion were sludied. Maximal functions, multipliers ang
singutar inlegrals associaled lo Ounkl transform have also been invesligated.

The heat kemel transform for the Heisenberg group has been invesligaled. Il has been proved that the
range of this translorm is not a weighled Bergman space which is in sharp contrasl 1o the case of
compact Lie groups and R’

S. Thangavelu

Study is being done for nonzsro rational numbers a, b and rational polynomials C(y), Diophantine
equabons of the forms

a8 Bafx) = 0 B,ly) + Cly).

aBafx) = blily) + Cly). and

alafx) =D Byly) + Cly)

with m 2 n > deg C + 2 for solutions in integers x, y. Optimal finiteness theorems have been proved in
all cases.

1 Diis a division algebra with center a number field K and with an involution of the sacond kind, it 1s not
known if the group SU(1.DM{U(1,0).U(1,0)} is trivial. It is shown that i, by contras, K is a function field
n one variable over a number field, and if D is an algebra with cenler K and with an involution of the
second kind, he above facior group can be infinite in general.

Shudy is being done on Ihe congruence keme! of an arilhmetic lafica I in a rank one algebraic group
over a local fied k. )| has been proved thal, il I" is cocompact (in partcular, when char k = 0}, then the
congruence kemet C is isomorphic to \hat{F}., the free profinite group on countably infinitety many
generalors. It has also been proved that, il I is non-uniform, then C is a free profimte product of
thal{F}., and ndpotent pro-p groups, each of class at mosl 2 and each generated by elements of p-
power order, where p = char k. Several identities ivolving binomial coefficients have also been
proved.

B. Sury

Applied Statistics Division

The Appiied Statistics Division came into balng in September 1996 in piace of Applied Slatistics,
Surveys and Computing Dvislon. The Compuler Science Unit was renamed as the Applied Statistics
Unit and the Biomelry Uit was translerred to the Biological Sciences Division. Thus at present, the
Applied Statistics Division consists of onty one unit viz. the Applied Statistics Unit.

The following are the research and other aclivities of the Applied Statistics Unit of the Appiled
Staistics Division during the year.
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Applied Statistics Unit

Scientists of the Applied Statistics Unit (ASU) are Involved in vanous teaching, lmmng researoh and
davelopment aclivities. This unit regularly conducts i
schools, workshops and Probationers’ Training for indian Slatishcal Service Tra.nees The members
of the faculty conduct wsea:ch in various areas of stalistics, mathematics and computer science, with
special on i Some with othar unis of (S) on joint projects
and also wilh scientists from other Universiti i Currently, there are cotiaboratve on-gong
projects with the Theorelical Slalistics and Mathematics Division, Computer and Communicabon
Sciances Dmsion and the Biological Sciancas Division.

Research and Other Scientific Activities
Sample Surveys

In complex surveys, compulsory versus optimal randomized response lechniques were sfudied.
Further rcsearch was eamed out in examining consequences of cutting down the scale of a sample
survey. wore to complex 2-stage survey sampling and smail domain
statistics were developad in complex muiti-stage sample surveys.

Adit Chaudhuri

Research was done in adaptive sampling and methods devised lor keeping Lhe final sample size in
check.
Arijit Chaudhun and Mausumi Bose

Audit sampling was dona by mulfistage sampiing technique with varying probabilities lor selecting the
firsl stage units.
Arijit Chaudhuri, Arun Adhikary, D.K. Chaturbedi and Kasluri Basu

Design of Combinatorial Methods and their Applicati

PP

Crossover designs where both the number of periods and treatments are arbitrary were sludied and in
approximate design theory, necessary and sufficient conditions oblained in the lorm of lnear
equations, for the design to be unversally oplimal for carry-overs. The existence of optmal
“symmetric” designs was proved and a method given 1o oblain it.

Latin Square Designs based on orlhogonal arrays were used to obtain a class of new (2,0} visual
cryptography  schemes (VCS). These new schemes cover a wide range of values and am
improvements over the existing schemes. Study is continuing on use of PBIB designs in developing
new classes of (2.n) VCS and some highly efficient schemes have been obtained.

Mausumi Bosa

Clinical Trials

Adaplive designs for phase Il clinical trials were studied. Some sunable designs for continuous type of

P were proposed and their properties and p es were studied. Paniculaty
some possible extensions of lhe recently developed drop-! u\o loser rule were made, namely, ko
when iates are prasent. Some optimal

adaptive designs ware also studied. Some Odds Ratio based adaptive allocation designs wera
sludied.

Some adaplive ion designs were theoretically and ically studied in the survival analysis
setup, i.e., when the data pertain lo life-time.




Some crossover designs were also studied in Ir\e contexi of adaptive phase H! clinical (nals with binary
trealment Some were

The problem of finding optimal dosa levels in a phasa | trial was studied.

Some non-parametric methodologies are being worked on for the dasign of Phase 1 and Phase 2
cinical inals lo investigate the Maximum Toleraled Dose (MYD) and Ethcacy of a test drug
Atanuy Biswas and Anup Dewanji

Reliablility and Survival Analysls

A new modeling has been developed in Ihe software reliabiity context Lo investigate refiability of a
Fight Conlral Soltware developed by ISRO. The new model is being analyzed with dala from ISRO,
Anup Dewanji and Debasis Sengupta

Parametric and non-parametric methods are being 1o study eslimation of Ihe disiri ol
Quality Adjusted Liletime (QAL).
Anup Dewaniji and Debasis Sengupta

A robust parametric method has been developed for censored survival data. The method adapts some
densily based minimum divergence techniques which have been successfully used earlier in the case
of compiele (fully observed) data for standam parameinc models A major advaniage of the method is
(hat d does not require any no for p g a dala based density esumate for
the Lrwe density function,

Ayanendranath Basu
Stalistical Genetics

An age-of-onset correction was proposed for the Sio-TDT via Cox Proportional Hazard Model. An
ensling non-paramelnc method for mapping quanlitative lraits based on sib-pair data was extended to
incorporale sibship gata. A regression strategy using multwvariate phenotypes for mapping complex

frarts was ped, which ci many ional and data-reduction problems encountered
n exising methodologies.

Saurabh Ghosh
inference

An adaplive fank based tes! procedure for the equality of two distribution functions was developed
using panial sequential sampling scheme and Wilcoxon score.
Atanu Biswas

The probiem of finding fixed-width confidence inlervals for different adaptive designs was studied.
Alanu Biswas

Distribution of jog 0dds ratio and the Mantel-Haenze) estimator was theoretically and numencally

studied in some dependent cases.
Alany Biswas

Bayesian analysss of bivariale ordinal data with covariates was done wilh appiication fo some real

epdemioiogical dala.
Atanu Biswas

A new algorithm was developed for the computation of density based minimum divergence estimalors,
ganing a lot in simplicity without giving up a substantial part of the efficiency.
Ayanendranath Basu

A set estimator was developed in high dimensions; the method is automatic and its implementation 15
simpie,
Ayanendranath Basu



Cryptology

Research was carried out in different areas of cryplology as indicaled below.

Boolean functions: Subhamoy Mailra and Palash Sarkar

Design & analysls of symmetric clphers: Bimal Roy, Subhamoy Maitra and Palash Sarkat

Hash functions: Bimal Roy and Palash Sarkar

| ton of elliphic & ptic curve bllinear pairing based
Protocol : Palash Sarkar

Visual cryptography: Bimal Roy

§f hy & digital king: Subh Maitra
Algebraic properties of 2D-celluisr eutomata

The nine variable linear Boolean functions {total 512) were divided into nine groups depending on the
number of variables. Several malrix algebraic properties ware observed nterrelating these groups of
functions. Furiher, on using tha concept of Jacobean malrix, the stale lransition diagrams of several
nonlingar Boolean functions were lound to be quile regular and syslemalic.

Patxtra Pal Chowdhury

Pattern Recognition with SODAR Data

The acoustc echo sounder or sodar is a radar-ike instrument designed lor remote probing of the
lower atmosphere. The data it generales provides valuable insights into the lurbulence patterns v the
lower atmosphere, that are useful lo meteorologists, communication Scientisls, awalion authonties,
and 5o on. Pattem recognition lechnigues were used on these data lor identitying two of the typical
categories of almospheric conditions, namety, thermal plumes and inversion. A chunk of the data was
treated as an image over lime, and the boundary between the furbulent and non-lurbulent regions. as
observed in the data, was estimaled using various slahshical (Maximum Likelihood and Bayesian)
change-point delection techniques. This boundary was Irealed as a ime senes, and three different
sels of fealures were proposed on the basis of the Fourier transform of this lime senes. Some
slandard classifiers, like the Bayes and the k-nearesl neigl were for distnguishing
between the two classes of patiems. Tha resuls obtained are encouraging.

Amita Pal
Other areas
Some work on he measure of social mobility wilh respect to several social indices was carned out with
teference o dala on the intergy ional mobility of Caste lation in two districls of
West Bengal.

Anup Dewanji and Bimal Roy

A method was daveloped lo evaluale a training programme with reference to a lraining programme
conducted by Stale Institute of Panchayat and Rural Development (SIPRD), Kalyan, West Bengal.
Anup Dewanji and Bimal Roy
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Projects:

Internally Funded Projects

Bayeslan analysis of SODAR data

Bayesian image ing and patiem recogniti iques ate being i for
X i of observed in SODAR (Sound Delection and Ranging) data

obtained from Antarctica during 1995-86.
Alr pollution modelling

The aim of this project is to develop mathematical models which can be used o analyze the huge
volume of data collected by various Pollution Control Board’s in India, in a periodic. non-uniform,
imequiar patiems, over lime - lo find Irend aver the years, seasonality patlems, estimation at distant
places, and luture ion of pollutan

ppl to high-di {onal modal selection criteria and evaluation of performance.
The aim of the projact is lo develop approximation 1o high-dimensional mode! selection criteria and

U therr An jon to Bayesian model seleclion Crilerion for high-
dimensional modets has been proposed and this has been ful din a icated
example from ecology with a large data set.

C lon of Boolean functions of cryptographlc Imp

A class of new single variable and muht-variable Boolean functions of cryptographic imporiance have
been constructed.

Implementation of provably secured public key protocols

The aim of the project is to develop and implement secure protocots. This requires the development of
a Rorary for doing arithmetic with large numbers. Currently, we have partly developed such a Bbrary
and have implemented RSA-OAEP, a provably secure variant of RSA.

Robust estimation and goodness of fit tests for circular models

Robust estimators ol circular paramelers are derived and their exact progenies are §ludied.
Distributions of rotationally invariant  goodness-o-fit lests are derived and their cut-ofi-points are
labulaled for a general class of circular distributions.

Studies of algebralc properties of 2D-cellular automata

Malix algebraic properties interrelaling various groups of nine-variabie Boolean functions were
stn&admgeﬂmwﬁhhsmmmns&ﬁondagvmdmalmfmmmm

Developing Audit Sampling tools for PWD, PHE and 1&W

Multistage sampling was used with varying probabilities for selecting the first stage units.

Externally Funded Projects

Rellabifity Assessment of a solld Rocket Motor

The reiiability (probability that the various performance parameters will have vatues within specification

limits) was estimated In tarms of various explanatory variables, using data from tasts as well as actual
fughts.



Evatuation flight control software

A model was lor predicting the p ility of no lailure of the software during tight time,
using past failure and complexity dala on vanous modules of the software.

Cryptanalysis of complex LFSR based systems

A faster algorithm has been designed lor recovery of the connection polynomials of the LFSRs. A
model that assumes Markov process of higher oder, has been used o estmate the combung
Boolean function having memory.

Visual cryplographic schemes

A software has been developed 1o implamenl a visual threshold scheme for BW pictures.

Design aldfaol for & testing of p

for jon of primilive ial of degree $ 128, hat do not have sparse multiples
of degree less than 5000, have been developed & implemented.

Dx of Cryp hic p Is based on Weil and Tale pausing on elliptic curve

Efficient Algorithms are being designed for multi-party key exchange and short digital signatures that
will be uselul for e-governance & e-commerce.

Steganographic Schemes for Satellite Images for ISRO

Efficient Steganographic schemes which suil satellite images (i.e. for lhe images where most of the
part may be of litile information) were studied.

hin eah

Cr lysls and design of steg p

ic schemes were Consi as Cryptographic models and cipher text only jamming
altacks and thelr remedies were studied.

Development of an Indigenous Block Cipher Scheme for ISRO

The goal is to develop a large famity of ciphers with security against known atlacks 10 be as good as
thai of AES. Tt ical work on identifyi perties ol AES, which can be varied, has been done.
Also a siw has been developed to randomly generate a variant of AES.

Computer and Communication Sciences Division

The Division comprises Advanoed Compunng and Microelectronics Unil, Compuler Vision and Pattern
Recognition Unil, El i ication Sciences Unit and Machine Inteliigence Unil.
Faculy members of the DIVIsIon are engaged in teaching and training related to M. Slat., M. Tech.
(CS) and M.Tech. (QROR} programmes, m addition 1o lheir research and project work. Many

g and sludents ol Compuler Science, Electroncs and
Tel jcation, Electrical Engineeri g, and students of MCA courses from several univarsities
and inslitutes undergo their vocational/semestral training under the supervision of Lhe fecully members
of this division, Research work carried out in these units is summacized below.




Advanced Computing and Microelectronics Unit
Research and Other Sclentlfic Activities

During the period under review, the faculty members of the unit were engaged in research In Low-
pawer Logic Destgn for Testability, image Processing Architeclure, Development of Course Module on
Dala Structures (for the North-Eastern States) besides the areas of Computer Sclence as presented
below.

Facility Location Problems

This is an important research area with several practical applications, lor example, in mobie
computing, peth planning, garbage disposal, to name a few. Given a set of demand points, a dislance
function and & parameter k. the problem is to find a set of k supply objects (points, fines, segmenis,
etc.), which minimizes soma objective function related lo distances, for example, the maximum
disiance between a demand point and its nearest supply, or the sum of distances of all demand points
1o lhair nearest supply. The aim of this project is lo investigate some special cases of these problems,
such as finsar/non-linear facility localion, obnoxious faciity location, poygonal obnoxious facility
location elc., and designing efficient tools that help to generate optimal solutions in polynomial lime if
possible.

The closestfarthest point problems and their generalizations arise in different areas of the lacility
location problem. Designing efficient algorilhms for ditferent versions of Ihe k-nearest neighbour
problem for Enes and segmenls and k-point clustering probiems among a set of points distibuted on
the plane play key roles for designing efficient algonthms for various facifty location problems. We
developed efficient algorithms for these problems. For Ihe & nearesl neighbours of a fine, the
preprocessing time of the demand points in 20 needs O{rf) time and O(rFlog n) space, and the query
tima is O(k + logn). For the k nearesl neighbours of a line segment, the preprocessing time and space
ate both O(f), and the query time is O(k + log’).

Wa have also studied different variations of A-point clustering problams. The objective is to find the
minimum area reclangle and square (of arbiirary orientation) such (hat il contains exactly k points.
This problem is optimaRy sotved in O(n’Iog n + kn{n-K)(n-k+ogk)) time and O{n) space. Another
variation of this problem is the colour-spanning reclangle problem, where each point is attached with a
colour from a set of k distinct colors (k << ), and the objective is to get the minimum area rectangle
containing at least one point of each colour. We have designed an algonithm lor this problem which
works in O{rlog ) time using O(n) space.

S.C. Nandy, S. Das, N. Das and J. Dattagupta

Multi-layer VLS| Routing

The motivation of fopological routing is to solve the problem of global routing for a given netfist and
placement of modules efficiently, without having the restriction of pre-defined shapas of routing
regions. Typically, (he nets are routed one by one. For each net, the shortes! Stainer tree connecting
all ihe terminals avoiding a set of obstacles is to be delermined. The ordering of the nets plays a
critical role in achieving 100% success in routing. Re-ordering of the nets cannol guarantee completion
even though a solution may exist because most of the existing routers emphasize on determining the
shortest path at every stage.

An allemative approach is to consider ali the nets concurrently and connect the pins of all nets
simuhaneously. We assume the obslacles to be arbilrary convex polygons. Although this may seem
unusual for the stale-ol-lhe-ant VLSI chip lechnology, this siluation arises if we have lo consider pre-
rouled special nets or groups of pre-placed and routed blocks which are obstacles for the router.



An algorithm for obtaining a skelch, i.e., a lopological routing of nets having multiple terminals on one
layer in a concument manner, has already been devised. Hence in Ihis project, the following two
relaled sub-problems are being addressed: (i) extend the topological aigorithm lo muttiple layers,
where each layer may have polygonal obstacles; (i) algorithm for delailed routing of the skelch using
Manhattan and diagonal wires on multiple layers.

The primary objectives are lo reduce delay, crosstatk and number of tayers. The perlormance of thase
algorithms will ba critically analyzed and resutts on benchmarks compared with those produced by
standard routers.

The routing model used is unreserved layer in which wire segments in a layer may be in any of the
pre-assigned directions, typically horizontal and vertical. A graph depicting reachabwity of routng
regions is extracted by employing a sweep-line technique and Lhen a search heunstic 1s apphed ko
dalermine a polential Steiner lree for each nel. Nexi, the tayer assignment problem has lo be soived
followed by finding non-crossing rectilinear paths for wire segments of each net on each layer.

A polynomial time algorithm for determining non-crossing rectilinear paths for wire segments
of each net on each layer has been designed and implemented. Computational geometnc
properties and data structures are used.

Partitioning of the routing area inlo zones having no common nels tends (o accelerate the
topological router; thus an efficient heuristic for this NP-complete problem was designed.
Additional constraints of non-overapping zones with high pnority for convex shapes have
been incorporaled in the design of the graph-based heuristic for this problem. Al the core of
the heuristic lies a ciique-partitioning formutation.

Lack of industrial benchmarks to date has made il difficult to test the robustness and the scalabilty of
the implementations.
S. Sur-Kotay, B.B. Bhattacharya, S.C. Nandy and S.0as

Checkpointing In Distributed Systems

Chackpointing In distributed message passmg systems is difficult to nmplement as it requires finding
Consistent Global Cl ints. Though axist for inting with muttiple concurren!
initiations for general topologies, the performanca of tha existing algorilhms is poor for the simple ring
network, Checkpointing and recovery schemes have been proposed which work for the unidirectional
and bi-directional ~ ring networks. These algori rorm the existing algorithms m terms of
number of messages and tme. A new scheme for medspomung and recovery using mobile agents
has been proposed.

There are several schemes lor checkpointing and rollback recovery. Performance analysis is very
important for the utilty of Whese schemas. A performance analysis of different checkpointing and
fecovery schemes has also been done using a stochastic model. It has been done on the basrs of
expecied cost of checkpointing, roliback recovery, message loggmg and piggybacking wnh appiication

in sy as well as asy For a quasi
checkpomnng scheme the upper bound and lower bound of selectrve megssage logging has been
calculated.

K. Mukhopadnyay

Wireless Networks and Moblle Computing

To cope up with the changing demand of channels In a wireless communication anvironmen, 8
dynamic channal assignment schame has been proposed that staris with & known demand but can
accommodate new perturbations In demand with minimal rearrangement. Simulation studies on well



known Philadaiphia benchmark problems show that the algorithm performs batler compared fo the
earfier ones, both In tarms of compulation time and blocking.

For ad hoc natworks, 8 noval routing scheme based on connacted dominating set has been proposed.
Simulation studigs show thal the algorithm outperlorms the earller ones in lerms of cardinafities of the
dominating sels and number of message exchanges.

N.Das, B.P. Sinha, J. Dattagupta, K. yay and S. Mukhopadh
Test Responsa C: lon for Seq ( y 8-Chip (S-0-C)
Designing of zero-gliasing space for tesponse In a sequential crcuit has been
investigaled. For scan-hasad sequential cores, a naw lschnique has been (0] ize a

2ero-akasing compacior basad on a noval concept of distinguishing lines and characleristic function of
the responsa malrix. The proposed oompaclor is appiicable lo any arbitrary sequental crcuil, and

provides single-oulpul with zero (minimum) aliasing. This solves a ong-
standing open problem tn compaclor de5|gn il date, it was belleved thal for a random circut, 2efo-
akasng single-output 18l ificant reduction of hardware overhead can be

achlgved by lolerating a negligible amount of armslng
B.B. Bhattacharya

Power Supply Droop Nolse Madeling

While performance and densily gains have soared up due to smaller transistor lealure size, S0 has
semiconduclor power density. Microprocessors of loday have power density of about 60Watts/Cm2,
and his figure may be extrapolated to about 200Watts/Cm2 by 2010. This emphasizes the criticality of
mainlaining steady power supply, with diminishing voltage levels as well, lo the device layers through
multple layers of metal on one hand. On the other hang, delay sensitivity to power Supply variation is
also on the rise, Ihereby raising the importance of rellable distribulion of power manitold. This issue
has three lacets: analysis of the problem, synthesis of power distribution network and targeted lest
development to expose performance impact when practical constraints limit us from designing a fulty
comprehensive power supply design. The first issue has been addressed and a methodology for
modeling gate delay faults from power supply droop noise has been developed based on which the
lest pattem generalion probiem is being sotved.

The circuit model for Ihe distributed power grid has been sludied in depth and wilh realistic values of
parasitics exiracted by public domain software on benchmarks, an accurate model has been
proposed. Simulation set-up has also been tesied on small examples bul scalability issues are being
tackled. Methodology for test pattem generation for power supply droop excitation has also been
decided on.

S. Sur-Kolay and B.B. Bhattacharya

Fast FPGA placement methods

Fiel- -Programmable Gale Armays (FPGASs) arg used extensively o synthesize complex logic citcuils by

p 9 FPGA approach has been designed. First the output cones are

tdenuhed and these are piaced one by one lo obtain a very good inilial placement. Then two ilerative

lgorilhms have been proposed and i {0 yield very compelitive placement

solutions in terms of area, nellenglh and delay with lime savings of upto 75% compared to commercial
tools.

S. Sur-Kolay

Hybrid Archif for ParallelDistributed Computing
Hybrid architectures using both electrical and optical links for interconnecting processors in a parallel
and distibuted environment have gained imporlance over the last lew years due lo betlar
characleristics of the optical links in lerms of speed, power and cross lalks. A new hybrid architeciure
called OMULT (Ophcal Mulll -Trees) has been proposed with only three »nks per processor on which
several fund such as ion, average, maxi ini matrix




matrix mulupfuuon ulscrele Fourier ransform, sorting can be all computad in Ofiog n) ume

lion and ion time). This may be contrasied wih Ofn'?)

execuuon ume ol these aigorithms on the OTIS {Optical Transpose Interconnection Sysiem) Mesh.

Also, algorithms for soma problems in compulational gsomatry ike convex hull, ECOF, ANN, etc have
been ped on the OMULT archi all of which can be axecuted in Oflog ) time.

B.P. Sinha

0On-Chip Implementatlon for Content-based Image retrieval

We addvm the content-based image relrigval (CBIR) problem using novel ideas of combrratorial

ol an image, i geomelry, and data mining Parameters lke Euler
Number, Euler Vector, geometric distribution of conlrol points, elc. have been considered fov
ization of an image. Aj ions to image dalabase searching ana fingerpnnt analysis have

been studied. On-chip VLSI architectures of these algorithms have been designed. Fulure generations
of personal and mobile compulers are likely lo provide on-chip implementation of CBIR 1o acceletate
image searching and relrieval. CBIR has versalile applicabons o intemel surfing, forensic, medical
and geographical image processing. This work is currenlly being pursued under a coflaboratve project
with MIU, 1SI and Intel Corporation, USA. Eight patents have been fied at the US Patents and
Trademark offica.

8.8. Bhattacharya, M.K. Kundu and C_A. Murthy

Computer Vision and Pattern Recognition Unit
Research and Other Scientific Activities

Document Analysis

Systems for word-wise script identification from triplet-script documents in Devnagan, Enghsh and
Telugu; Devnagari, English and Gujarati, Devnagari, English and Oriya have been developed Al
present the system achieves an accuracy of about 97%. A modified scheme has been developed for
word-wise idenlification of Bangla, Devnagari and English schipls. An improved chasacler
segmentalion algorthm has been developed. A sysiem for multi-onented text line extracbon has also
been developed. For muli-oriented and mutt-sized prinled Engfish character recogrtion, a system
has been developed.

Under the externally funded project entitled “+ if ition for postal " funded by
Indo-French Centre for the Promotion of Advanced Research (IFCPAR), a database of about 7000
scanned images of envelopes, posicards, inland letters, etc. has been developed. The database is
maintained in such a way Ihat ihe destination and the language in which the address is watten, can be
understood from the file name. Such a database is useful to train and lest a recognibon syslemA
preprocessing module to separate (he slamped region from the address par has been developed. A
syslem to extract the pin code from Lhe pin code boxes in the address region has been developed A
modified scheme has been developed to recognize the pin code writlen In Bangla as well as English.

A study of information conlent in different parts of Indian language scripts has been made. In this study
it was established that Bangla and Hindi scripts contain predominant information in the upper ha
while Oriya script contains more information in the lower half.

U.Pal, U. Garain, B.B. Chaudhud

Functlonal Magnetic Resonance Imaging

The timmed least squares based algorithm for fMRI image registration has been further studied and
exiended. The performance of the algorithm in the presence of white Gaussian noise had been studied
earlier. Modifications have been explored 1o deal with Rician noise, which is more common in IMAI
images.



A wavelot-based scheme based on B-spline filters has been used for identitying the activation region,
preceded by de-noising and its modificalion fo include temporal changes This has yelded very
encouraging results, Performance of the algorithm has been exiensively compared with that of
standard softwares.

Sarban: Palit, Sumilra Purkayastha and Debasis Sengupta

Character Recogniti

() A large database of 38.000 handwrilten isolated basic Bangla characler images has been
Hoped Two other of isolated Devnagan and Onya numerals have also
been developed. Also, a set ol more than 25,000 sampies of handwritien isolated Bangla characters
with vowe! modibers and compound characters has been collected. (i) Recognition pedormance for
handwritten Bangla numerals using wavelel-based leatures has been improved by implementing a
majority voting scheme. Also, a system for recognition of uncanstrained Onya numerals has been
develcped (i) For h Bangla basic two skeleton rep schemes have
been developed. Shape lealures from one of them have been wenufied using EM algonthm. A
database of such shape features has been developed on the basis of which an HMM based classifier
vl be designed to recognise indrdual characters. (iv) Systems lor segmentaticn of unconslrained
handwntten Bangla texts mnto lines. words and characters: for automatc separation of Oriya
handwritten texi ‘1o 'nes and words, for segmentation of English-Oriya handwnlten touching strngs

ard for touching string identifi and have been devel
U. Bhattacharya, U. Garain, U. Pal, SK Parut and 8.8. Chaudhun

Natural Language Processing

The spell-checker developed over the fast few years has been improved by testing on a large amount
of data, mainly newspaper corpus. The dictionary has been ennched, suffixes have been added and
the rules have been modified to take care of the drawbacks. Also, rules for echo-word formation have
been included in the spell-checker. Algorithms for tackling of compound words formed by joining two
noun words have also been developed. The system has now become very powerful and neary
complete,

Another study of Bangla word re-duplication has been done in detal. Words of various parts of
speech and other grammatical roles have been analysed for their re-duplicalive rofe. The semantic
roles of different re-duplicated woids have also been studied.

Compilanon of Bangla - English electronic dictionary has been compieted. This dictionary has about
65,000 word entries and it may be searched in diflerent modes. It can be used even when the exact
spelling of a source word 1s nol known.

B.B. Chauthun
Digital Data Compression and Security

An algonthm has been developed for compression of Indian {anguage textual documents which gves
a compresston ratio that is better than that given by the standard algonthms CCITT Gr-4 and JBIG
which are publicly available. Detection of text lines and words has been implemented in the
compressed domain. Word occurrence lrequencies have been computed in the compressed domain.
Several exsting algorithms have been lested to sludy their useulness for compression of Indian
language efectronic text dala and a comparalive study has teen made. A test database containing 150
lexiual images has bean developed. A scheme lor watermariong still images, both gray-level and
colour, has been devised to provide a measure of image degradation due to noise, which can serve as
an imporlant feature of qualily assessment. A modilication of the above scheme lor images
undergoing JPEG compression, is being explored.

U.Garain, S. Palit, and B. B. Chaudhuri
Information Retrleval

A large corpus of Bangla news articles ining over 50,000 has been The
artcles were oblained by crawling the website o! a popular Bangla dally, and converting the crawled
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lext 10 a standard ancoding. This is tha first corpus of ils kind, and will be very useful for emprical IR
and NLP research in Bangia. Some elementary corpus slatistics have been caiculaled for this
coklection. Investigalions inlo sentance-level information relrieval and novelty detecion has been
iniliated. Work on IR Irom biological documents has jus! slarted.

M. Milra

A for Signal P

A new and generalized transform for signal ition ang ion was ped which
can be uselut lor signal processing lasks like compression, encryption etc. The proposed scheme has
several advantages over the existing translorms like wavelets and fiter bank. It is implicilly assumed in
the signal processing community that the fiters need to be of OMF or CQF type in order to ge! perlect
reconstruction of the original signal lrom its decomposed components. However, in the proposed
transform, perfect reconslruction is possible with filters that are nol necessanly of QMF or COF type
Also, in the exisling translorms, finding perfect ion fillers is nol siraig while i the
proposad scheme it is faidy simple. In the exisling decomposition schemes. a signal s ahways
decomposed inlo an approximation and a detail. Bul here a signal can be decomposed lo an
approximation and a defail or into two details or inlo two approximations, without sacrificing the
reconstructibility property.

SK. Parui and Y. Singh

Speech Analysis and Synthesis

A new approach to speech synihesis has been initialed. Our earlier approach was based on diphone

concatenation. We now plan to use biggar units l'ke CV, VC, GGV, VCV for the concalenation process.

A new algorithm has been developed for ampli Also, a morphing atgonthm has

been wrilien to combine the two ends of two speech signals. Work has been done on the spectiat

charactenstics of basic phonemic units like vowels. Tha formart frequencies of seven Bangla vowels

have been characterized. The nasalized forms of these vowels have aiso been studied. Nex, the
gs have been ined for their ; igs between two vowels.

A laboratory for recording speech sound in a noise-Iree room has been built. This lab will be equipped
with recording instruments soon.

8.8. Chaudhuri
Electronics and Communication Sciences Unit
Research and Other Scientific Activities
Mathematical Morphology and Its Application In Image Processing
M é ical algorithms have been developed for jon and p ing of various
entities of document page images. The Algorithms have been fully i to process the

image regions containing mathematical expressions. content pages of books and journals, and subject
index pages. Morphological aigorithms for identification and procassing of official forms have aiso
been developed.

An algorithm for automatic generation of structuring element has been developed. The efficacy of this
method is demonslraled by developing a Bengali numeral recognition system based on morphological
tion wilth g elements g d by the algorithm.

B. Chanda
Image Compression

Work is being carried on to integrale two well-known spatial domain image compression techniques «
biock truncation coding (BTC) and vector quantization (VQ) using pattem Fiting. The pattem code
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book Is generated using a clustering algorithm applied on the processed block of training images.
Predictive coding and Interpolation methods are used for further reduction of bpp.

A new parformance maasure has been proposod and basod on thal the parformancs of our proposed
ique of image comp using g feature map is reevaluated.
B. Chanda

Content Based imege Retrleval

Perceptual image features based on petal projection, fexture co-occurmence matrix and fuzzy index of
colour have been proposed. Shape fealures of segmenled objects are computed based on a newly
proposed schame called ‘pelal projection’. Texel co-occurrence malrx is proposed using a newly
defined texture unil ‘texel’. A sel of lextural features is calculaled based on this malrix. Perceptual
colour featwes ke redness, blueness elc. are compuled as a fuzzy index oblained from hue
histogram. Using these leatures, simiar images are retrieved lrom a reasonably large database and
the pertormance of the same is evalualed. For efficient retrieval, a multi-dimensional indexing schema
is proposed.

B. Chanda and D.P. Mukherjee

Estimation of Cloud Motlon Vector

The proposed qy for J ic idantification of lracer clouds is based on
lealure ion of neigh inf ion of image features and identification of a
set of compacl polennal regions of tracer clouds from the coidast cloud segments (for 3 successive
image frames). The whole procedure is repealed and the P among the seg of
these frames based on shape/size eic. has been established. For correspondence, even in unequal
number of segments, a suitable energy minimizalion function has been formulated and several chaing
of associaied cloud regions are found. They are ranked using fuzzy reasoning to ideniify the ‘best’
tracer cloud sequence. Next CMV s estimaled by caiculating the set of relative dispiacement centroid
of tracer saquence and the resull is compared with the classical aulo cross correlation method.
AK.De and J. Das

Breast Cancer Detection using Cl Tools

Prevention and early detection of breast tumors and micro calcification (cancer) are challenging
problems and an immediale demand from society. Digflal mammogram is a digiized image of the
breas! using low-dose X-ray. Microcaicification in Ihe breast form groups of tiny bright spots on the
bright part of the Image. These spots are ignored by traditional image processing (IP) tools. In this
context we thought computational intefligence (CI) tools are most suitable for this problem. some of the
Omost jmporiant criteria 1o distinguish malignant calcification from benign are the morphological
features namely size, shape, densnty elc. of calcification. We intend o axploit these morphoiogical

using ligms for delection of malignancy. We plan lo
develop methods for detection and characterization of micro-cakcification and tumours. This will involva
the following : i) P ol rnodel based i aided by expert
provided fuzzy rules, ii) P of ap i i {it may ba noled that,

q do not won() i) lealurs extraction and analysis, iv) designing
of classifiers for Getection and classification of breast cancer tumors (such as benign, malignant and
cakcifications). Here even some aiding lools for the doctors wouid be very useful.

S. Pal, N.R. Pal and J. Das

Forecasting using ANN

The main objective of this project Is to study the forecasting techniques for atmospheric science
applicalions using arificial neural network (ANN). Most of the conventional techniques are designed
based on parameler estimation using statistical tools when the patlam of the data is a priori assumed
to follow a particular dislribution. In genaral this ion does not hold because of some dynamic
behaviour of environmental effects. This affect is nol taken inlo account in the conventional method of
forecasling. "Model free” computing tools ke artificlal neural networks, fuzzy logic elc. are expected to
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do & better job In such slluauons In this project, we
and minlmum), cloud motion etc.

J.Das, S. Pal and N.A. Pal
Machine Intelligence Unit

The faculty of MIU lake active parl in leaching and training in 8. Stal., M. Stat., M. Tech. (Compuler
Science), M. Tech. (QR & OA} and CCPA/ DCPA courses. They also supervise M. Stal and '
Tech. projecls/dissertations besldes Ph.D. theses. Many 9 and 0 g
students of Computer Science, E ics and T icali Electncai qoeering and
students of MCA courses from dittereni universilies and institules undergo Iheir vocational/ semester
training under Lhe supervision of the laculty members of MIU.

Research and Other Activities

The objectiva of Ihe Machine Inletligence Unit (MIU) is lo carry out basic research concernung certan
aspects of machine inlelligence. Machine inlelligence signifies the work associaled with aliemptng lo
make a machine behave like @ human being. In other words, 1t conveys the core concept of pattem
fecognition and machine feaming with the advanced tachnologies like fuzzy logic, artificial neural
natworks, genelic algorithms, fractals, wavelets and rough sels.

The investigation thal is currently being done in MIU comprises both the development of these
technologies individually and In an integrated (hybridized) manner, and demonslrating thext
affecliveness in solving various problems of pattern recognition, machine leaming, image processing,
expert systems, vision, data mining, bio-informatics elc. refated lo the design of intelligent systems.
Hybridization such as newro-fuzzy, neuro-rough, neuro-fuzzy-genetic helps in making such systems
antificially more inleliigent.

These tools collectively conslifute what is known as Lhe soft computing paradigm. They provide a
theory of fiexible information processing, which can deal with real file ambiguous Situabons i an
afficient manner like human beings, and therefore form the basis of future generation compiting
systems.

Research work that has been carried out in the aforesaid line is categorized and given below.
Pattern Recognition
An algorithm for density based cluslering using K-NN density estimation procedure has been
developed.

CA Murthy

A technique for clustering data inlo arbitrary shaped clusters has been developed. The algorithm uses
1he concepl of relalive dislances between two points. Two poinis that are dislant in he fealure space
may be considered 1o be relanvely close if there is a sequence of polms lhal lies wuhm these two
points. Based on this , an ic shape indep ] que has been

demonsiraled.
S. Bandyopadhyay

Image Analysls/Processing and Computer Vision

A hue p ing color image enh scheme has been developed for color images. This
scheme generalizes the gray level image anhancament procedures to color images without
possassing the gamut problem.

An automatic thrashold selection procedure for edge detection In gray scale images has been
davaloped using principles of statisties.
C.A Mury



A computationally efficient and robust image watermarking lechnique in transform domain has been
developed. Expenmental results indicate thal the proposed lechniqua is resifient lo common extemnal
altacks lika mean, median & lan filtering, lossy compression (JPEG), cropping, scaling and
change of dynamic range of intensity. Ona US patent on block based watermarking has been granted.

Analysis of various textured images has been made. M-band wavelets have been used lo segment
lextured images for real lile image analysis. Extraction of [eatures using M-band wavelet packet rame
and their nguro-fuzzy evaluation for multi-lextura segmentation has been completad.

Content Based Image Retrieval (CBIR) is another important research area of MIU. An efficient
technique for gray tone image corners using luzzy set thecrelic approach has been developed. CBIR
using visually significant mult-scale edge corner points and a colour feature has also been developed.
The performance of such characlerizalion for a CBIR system was tested on a variety of benchmark
dalabases like irademark database. Olivetti and COIL picture databases and the resulls were found to
be satstaciory. One US patenl on a new dislance measure based on Mahalanobis distance has been
granted.

MX. Kundu

An algorithm for segmentation based gray level image data compression has been developed.
S. Biswas

Data Mining and Knowledge Discovery

An aigonihm for generaling support vectors wilh probabilistic query has been developed in the context
of dala mining.

S.K. Paland C.A. Murthy
Genetlc Algorithms (GAS)

An aulomatic fuzzy clustenng technique where tha number of clusters is not specfied a priori has been
developed. The technique makes usa of the searching capability of genetic algorithms for this purpose.
In order to keep the number of clusters vanable, the string length in GAs is also kepl vanable, and
appropnate aperators are defined. In this coniext, new cluster vahdity indices, lor both crisp and fuzzy
clusters, are proposed and utifized in the genetic fuzzy clustering lechnique The etlectiveness of the
proposed technique is demonstrated on several adificial and real fe data sets. including some satelite
images.

S. Bandyopadhyay

A new genetic operator has been daveloped which models the influenca of the ancestors on siblings.
SK. Pal

Fractals and Wavelels

A robust and computationally fas technique for multi-class texture segmeantation using mulii-scale M-
band wavelet fifter has been developed. This is found lo be extremely useful for the segmentation of
lext and graphics in unstruclured and complex (overlapping lext and graphics} document images. Here
a document image 1s decomposed by M-band wavelet filter into a set of M X M band-pass channels.
Various combinations of those channels represent the image al different scales and orientations in the
Irequency plane. Measuring the local energy around each pixel at ditferent scates, a map of feature
veclor 15 formed. This scale-space signaluce with Iraditional k-means clustering algorithm is used to
develop a robust d image seg i hnique, which is nearly independent of font size
and lype, scanning resolution, rolation, skewed Iransform, type of layout (irregular/regular} and non-
convex overlapping of lext & graphics. The method is found to be superior lo many exisling popular
techniques. Segmentation of remotely sensed images as well as of complex documents has been
done using wavelst featuras. Their evaluation has also bean done in a sofl computing framework. One
US patent has been granted on image compression using Iractals. This is basad on lterated Function
Systems with probability.

MK Kundu



Case Based Reasoning

An algorithm for generating cases uslng rough sets has been developed and its ulility has bean
demonstrated on real-Fe data sets.

SK.Pal
Neura Networks

An algonthm lor architecture selection for multi-layer percapirons has been developed using cross
validation lechnique.

C.A Muthy

Neuro-fuzzy have been fulty utilized for ion In the context of radio-wave
propagation.

SK.fal

Fuzzy Sets, Rough Sets and Applications

A new model of multi Layer percepton, namely rough-fuzzy MLP, has been developed by utizing the
concepls lrom rough set theory and fuzzy sel theory. is performance over the other exisling methods
has been experimentally demonstrated.

A rough sel theory based classifier has bean developed for which the fealura space has been
discretized using concepls from fuzzy set theory.

An algarithm for ing has been davek using EM { i imization) aigorithm and
rough sels which efficiently finds non-convex clusters.

SKPal
Blolnformatics
An algorithm for three dimensional flexible search for has been ped lor
chemogenomics.

CA Muthy

An algorithm lor ining gene regulalory networks i ing the strength of gene-prolen
interaction has been developed.

AKX De

Physics and Earth Sciences Division

Geological Studies Unit

Members of the Geological Studies Unit have been active in B.Stat. leaching programme and
supervising research students enrolied in Ph.0. programme.

Research Activities

Pengangs seq and Neop paleageagraphy
] of the early Neop ic Penganga Group developed along the western side
lho DO|thSl0'y Prolerozow: nh basin has been reconstructed. The Penganga Group comprises a magr
formity bound nft bounded between the undertyng

Pakhal and overtymg Sullavan groups. Norlhwesterly basin slope, and occurrence ol a major seaway
skirting the northerm margin of the south Indian cralon has been interpreted from palaeogeographc
analysis of the Penganga sequence. The Mesoproterozolc Pakhal Group, on the other hand, had &
southwasterly axial siope, and it opaned up to a seaway lo the east of tha south Indian craton.

Asru K Chaudhur & 8.
Chattisgarh stratlgraphy



F of the strati L In the eastem pan of the Chattisgarh basin has been

p A hitherto unreported formily at the top of k hale dom:naled Raipur Group

ol the Chamsgarh Supergmup has baen ldenlmed The unconlovmny i3 overiain by a sandstone
of ic sands. Tha and the

oveﬂymg shale show proluse P ol sott sedimant delt which may indicate
saismic disturbance In the basin. The i ion is overiain by the
Talchir and Barakar rocks of late P ic - Mesozoic jon. A fift onigin of the

Chattisgarh basin has been proposed and palagogeography of the nft basin has been established.
Northerly opening palaecgeography of the basin, connecting with a major saa-way lowards north has
been propesed.

Sarbani Pairanabis-Deb and A K Chaudhur

Ca'cite myloniie and oblique grain shape fabric

An inverse relation between obliquity of shape prefeired orientation (SPO) and intensily of SPO as
defined by recrystaliized grain aspect ratio has been demonstrated from measurement on a sample of
calcite myloniles obtamed in the footwall of a Proterozoic Nallamalas theust sheet (Palnad nappe). The
relaton can be exploited as a kinemalic indicalor and in Wracing low tempesature progressive
deformation of limestones under non-coaxial straln path and where twinning and dynamic
recrystallization are the main controlling factors In fabne development. )t has been shown that
moderale grain shape madification and dynamic recrystaliization do not significantly alter the c-axs
pattem evolved through eartier incremants ol crystal plastic strain.

Dilip Saha and Sukanya Chakraborty

Eastern Ghats orogeny

A cruslal scala shear zone at the western margin of the Eastemn Ghals belt has been documented with
field-structural, mi and palrological data. The implication for the craton-moble belt relation,
could be rapid exhumation of the deep cruslal rocks in the marginal paris of the Eastem Ghats
Orogen, consistent with the model of “extrusion teclonics® by Thompson (2001).

S. Bhattacharya
Discovery of Middle Triassic reptiles and amphiblans

In the Satpura Godwana basin of central India, a new fossil site has been discovered in the red
mudstone of the Middle Triassic (- 240 my) Denwa Formation, which is located al the western part of
the Satpura basn. This is the first record of fossil vertebrates from the westem part of the Satpura
basin. Laboralory preparation of a major part of the collections revealed thal thesa bones belong to a
raulsuchid septile, which is a new species and is recorded from the Denwa Formation for the lirst time.
From the adjacent site more fossil bones were recavered recently; the lentativa identrfication of hese
banes indicales the prasence of an erythrosuchid, which was also not recorded earfier from the Oenwa
Formation.

A new famﬂy 01 a ram lemnospondyl amphihian has been identified from the Denwa Formation. The

y and y of this new family have been worked out. A similar
speclmen has eartier been !ound in the Unlleﬂ States in early twentieth century. This is only the
second such collection in the worid.

A critical review of the theropod dinosaur coflection from Late Cretaceous Lameta Formation of
Jabalpur was carried out. Several previously described theropods identification and their phylogeny
have been revised on tha basis of recent findings of new genus and species of Lheropods from
difterent parts of the world.

In connection with compitation of evolution of fossil vertebrates in India, a thorough analytical study of

Indian terrestrial Yetrapods spanning nearty 250 m.y. (Lale Palaeozoic lo Recent / present day) has

been done and several serious gaps in the history of terrestrial vertebrates of India were identified.
Saswati Bandyopadhyay and Dhurjsti P. Sengupta
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Geomorphology and palecclimate in Satpura upper Gondwana

The Motur Formation has been inlerpreted as 8 sandy braided river daposit, Whila prevalence of red
units with in the easlern pad has been interpreled in tems of and to
semi-arid climate, their absence in ha westerm part is conspicuous. Existanca of much larger channels
in the westam pant has been mnlerpretad lrom bedform and sandbody thickness i (he westetn pan.
This kind of spatial variation has also been observed in the Biori Formaton. The Latter has been
identified as a ing defla i ining saveral matres thitk carbonaceous snalg and
fing sandstone wilh large-scale wave and Slom g A wel 0 paleo-
drainage network appears 10 have been in existence in the western pan of Salpura basin. Contrasting
geomorphology in ditferent parts of the basin may have been conlrolled by intrabasinal faulls.
S.N. Sarkar, Tapan Chakraborly. Chandan Chakraborty P. Ghosh and P.K. Mauik

Projects

Evolution of the Nallamalal fotd beit - fault and Inan fold
belt

Early Neoprolerozoic convergence of the Eastem Ghats terrane and East Oharwar-Bastar lerrane has
baen proposed on the basis of new structural data from the northeastarn Palnad, Cuddapah Basin, 1t
has been shown that the convergence led to thrusting of the Nallamalai tocks over the Kurnool

and P of loid and cleavage under {Neoprolerozoic) £-W shorening.
Saismic sections have earfier been interpreted lo suggest deep and relalivety steep laults both along
Ihe eastern and weslern margin of the Nallamalai fold oeft. Influence of 1arge top-to-west subhonzontal
shear tefated 1o the major thrusts which are genlly eastery dipping al current erosion lavel of the
foreland like fold-and-thrust belt has been estabiished lrom new mapping and analysis of kinemate
indicalors at key localities of the NFB.

Dilip Saha and Sukanya Chakrabody

River Dynamics of the Sub-Himalayan Alluvial Plain in Northeastern India: A Study of
Interaction between Tectonics and Climate in a Foreland Setting (A North East Project)

A new project has been undertaken 1o study the dynamics of rivers flowing through the sub-Himalayan
alluvial plain in the north-easlern part ol India in Ihe conlext of flood hazards n this area. A
reconnaissance has been done around Guahati and Nonth Bengal. Rapid deforestation of the
catchment area and high rale of riverbed aggradation had been observed for a number of major nvers
of this area. Several tributary aliuvial lan systems (both Recenl and Quatemary) have been focated
the upstream parts of these rivers. The climalic and tectonic changes of this alluvial plain thal govem
the dynamic behavior of the rivers can ba understood from the study of these lan sediments.

P. Ghosh and Tapan Chakraborty

Tectonic setting of alkaline Intrusives : A case study for two such complexes around Rairakho!
and Koraput in the Orissa sector of the Eastern Ghats granulite belt (A CSIR Project)

Fiald-structural ang micro-structural data for the Koraput complex, have been analyzed 1o show thal
mylonitic shear zone developed in granulitic country tocks al the boundaries of the Koraput alkatne
cOomplex, The kinematics of the shear zones has been inlerpreted. This is compalible in terms of a
pull-apart structuse that maiches the shape of tha inlrusive body.

$. Bhattacharya

Physico chemical Studles of Self-organised systems using Surfactant(syCosurfactants/Ofis{sy
Polar Solvents (aqueous and non-aqueous)

Rarely reported microemulsions and reversa micelles stabilized by single and mixed surfaclants using
different oils {of nonconventional lype, IPM, plant and hydrocarbon) and water have been foimulated.
The physicochemical parameters of these novel sell-organized systems with respect to phase

haviour, the extent of 20ne, Slability in different environmental conditions (addives.
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temperafure), solubllzation capacily (of both oil and waler). hydrophile-lipophile balance (HLB), mixing
ratio of surfactants elc. have been measured Some novel properties like

Insensilivity, three phase body (balanced microemulsion of Wnsor 11 type) etc. have been examined,
which bear some significance lowavds posslble apphcalkms In various spheres includi ing

environmental po”ution. The including  thermody
paramelers, structure 8nd dynamics of mese novel m»crohelerogeneous systems have been
eluctdaled, and the role of type, and compx lyle, additives, and oif
has been eslablished.

BX Paul and Rajib Mitra

Physics and Applied Mathematics Unit

Apart from research activities in Physics & Applied Mathematics, Scientists of this Unit are engaged i
teaching vanous courses like B. Stat (Hons.), M. Tech. {GS), M. Tech (QROR}-Hl and ISEC. The
Scientsts also supervisa research students enrolled in Ph. D, programme.

Research and other scientific activities
Physics
Condensed Matter Physles :

An altemative machanism of high temperature superconductivity from the viewpoint of quanium fietd
theory where Berry phase pfays an important role has been proposed. In this topological framewiork
each charge carner is dressed with a magnetic flux quantum and represenls a skyrmion. The
skyrmion-skyfmion bound state leads 1o the d-wave Cooper par formation. The enhancement of
antrlerromagnelic correfation along with the pseudogap in the underdoped region has also been
explained.

Another inleresting condensed malter system, quantum Hall skyrmions were studied in the lramework
ol O(4) non linear sigma mode! . The Magnus force on these skyrmions and vortices along with the
polanzation of different frachional quantum Hall (FQH) states have been studied. These states have
also been studied in the formalism of noncommutalive geometry. it has been shown thal Ihere exists a

dual relationship between the lative lield theory realized through the star product of U(1)
gauge lields and the deformation of symplechi structure in the noncommulative manifold M, X Zy
B. Basu

Classical Optics

Work on “understanding the most essential features of particle size distribution in the extinction
spectrum through numerical expefi " has been comp Many i ing results have been
oblained. This is a collaborative work with Professor S. K. Sharma of S. N. Bose National Centre for
Basic Sciences.

AK Roy
Foundation of Quantum Mechanics

Sel of hazy lumps and probabilisic geometry have been used to undersland the physics at Planck
scale. The concept of generalized time has been introduced al sub-Planck level so as to understand
the space-time at Planck scale. This noh’on of generalized lime has been shown (o b related lo the

concept of lime introduced in the | rk of sheal gy as proposed by Kato et al This has
impontant role in understanding non-locaiity in quanlum mechanics from the geometric point of vuew
Impicavons in Quantum i ion and computing are under igation. This is a collab

praject with Prolessor M. Requardt (Germany), Professor G. Kalo and Professor M. Kalalos (USA).,
and Professor M. Draganescu (Romania).
S. Roy



Dynamic Multiple Scattering and the Shift of the Speciral Lines (DST-Project)

Soma experimants have been carried oul at NPL, New Delhi, to verify the predictions of the dynamic
multiple ing theory as by Roy et alin lon with the shifl of spectral lines due to
induced correlation in turbulent medium. These results have great significance in astronomy and in
cosmological debate. Stalistical analysis of the data from quasar emissions has been done lo compare
with our Iheoretical predictions. This work was dona in collaboration with Professor H. C. Kandpal,
Prolessor R. Mehrorira (NPL, New Dethi), Professor M. Kafatos, Professor J. Gullory (USA), Dr. S.
Datta and Dr. M. Roy (Calcutia).

§. Roy

Brain Function Modeling

The concept of tensor network and functional geomelry play significant role in modeling brain function
and explaining higher order cognitive activities. The issue of conslructing smooth geometric structure
and lopological properties over he neuro-manifold has been studied. This has very important cole in
underslanding the appiicability of quantum concepls in brain function and future researches on artificial
intelligence. Collaborators include Professor R. Llinas, Professor Karl Pribram, Prolessor M. Kalatos
(USA) and Protessor G. Barnroider (Austia).

S. Roy

Quantum Information and Entanglement

Exact preparation of a d-gimensional quanium state from a special ensemble of stales has been
carfied out at multiple remole locations. This was achieved by a single shol multiparticle
measurement, classical communicalion and the use of dark states as quantum resources. The
communication cost involving dark slales turned out to be exactly equal to that given by maximaly
enlangled states, theraby making them equally good quantum resources 10 carry out remolte state
preparation (RSP). It was also observed thal not all dark states were useful for exacl RSP.
Nevertheless, any superposition of dark states gave rise to exact RSP in a probabilistic manner.

G. Kar and P. Parashar

Quantum Field Theory

Recently Non-Commutative Quantum Field Theory (NCQOFT) has emerged as an area of inlensp
activity in High Energy Physics. The NCQFT appears in certain low energy limits of String Theory in
the presence of background field, in the Open String boundaries, connected lo d-branes. Various
NCQFTs in 2+1-dimensions have been studied from ditferent perspeciives. Higher dimensional
bosonization of NC Thirring model, duality properties of NC Maxwall-Cher-Simons and NG Seif-Dudl
models have been investigated. A novel geomelric model, which is inherently noncommulative dua Io
the inlroduction of spin degrees of Ireedom, has been Soliton-ike

an NC extension of the CP{1) model have been studied. These are distinct from the NC CP(1) soﬁlus
s0 lar sludied. Similar analysis for the NC extension of the Chem-Simons-Higgs model has been
reported. The subtle nature of Lorentz invariance violation in NC gauge theories has besn elaboraled
in the Hamiitonian framework.

S. Ghosh

Quantum Mechanlcs

A generalised second ordar intertwining operalor has been consiructed in the context of
Quantum M ics. This has been found to be very useful in oblaining isospeciral
pam\els of rea! (in particular the Natanzon ciass) as weli as PT symmetric polentals. PT symmetric
systems with non fype jals and i systems based on excited states hava aiso
been studied in detail. Also some important results conceming potentials connecled by pseudo
supersymmetry have been oblained. Quasi exact solvability of the Dirac equation in the presence of
electric fields has also been studied using Lie algebraic as also supersymmatri¢ techniques.
P. Roy, B. Roy and R. Roychoudhury




Theoretical Piasma Physics

Large Amplituda lon Acoustic Double Layers In Multispacles Relativistic Plasma (Funded by

Electron Acoustic Solitary Waves have been studiad for a Relativislic Electron beam Plasma system.
A naw double layer solution has bean obtainad which was not reporled before. Also some exact
solutions of cylindrical and spherical dust fon acoustc waves have been obtained.

. Roychoudhury
High Energy Physlcs and Heavy lon Physics

Several aspects ol heavy ion collisions at high enargies have been siudied. A new combinational
approach has been buiit up 1o explain the extensive data-sets obtained from the latest SPS-CERN and
RHIC-BNL experiments with impressive success. Besides, some problems related to Cosmic Ray
Physics phenomena are also under the purview of the presenl studies.

S. Bhattacharyya
Interacting Fock Space

The atom-interacting fiekd svolution in the dipole and rofating wave approximation by probalility
amplitude method in the conlext of Jaynes and Cummings model have been studied considering onfy
tesonance case. Also phase fluctuations of phase operator when the field is in the interacting coherent
state have been calculaled.

PK.Das
Fluid Mechanlcs and Applied Mathematics

Basic Fluid Fiows

Industrial fluid mechanical problems are modelled to understand the physical process involved in their
respective applications in industry. Coaling the microelectronics substrates with ultra thin film is an
important matler in microelecironics induslry. In this area of research it has been shown thal surdace
fension enhances the Lhinning at the central region of the spinner, Intial amount of coating lluid does
not affect the final coating on the subsirate. In polymer extension process it has been found that the
thesmocapiiary surface lorce drags the liquid film in Ihe same direction as the stretching sheet and a
focal velotity minimum occurs inside the film.

B.S. Dandapat

Hydrodynamic Stability and Waves
Waves on a thin conducting liquid film flowing down an Inclined plane (North-East Project)

Stabilty characteristics of a thin conducting liquid film flowing down a non-conducting inclined plane
under transverse electromagnetic field Is studied. A surface evolution equation has been derived using
{he long-wave approximation. A linear and nonlinear stability analysis of Ihe evolution equation shows
thal the magnetic field stabilizes the llow whereas the electric field stabilizes or destabilizes the flow
dapending on its oriantation with the fiow. It was lound that both subcritical instability and supercritical
stability are possible in a finite amplitude regime.

B.S. Dandapat and A. Mukhopachyay

Nonfinear Problems of Laminar & Turbulent Fiows
Applying a scaling group of transformations, Ihe problams on flow of viscoelastic fluid caused by a

stretching sheat, viscous incompressible flow ol a Newtonian fluid past a flat plate and flow of a power-
law fluid in a convergent channel have baen worked oul. Investigations have also been carried out on
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probiems of turbulent boundary layer in fiows through channal, pipe and In Ireely decaying
homogeneous turbulent flows and some turbulent two-phase flows within the similarity Iramework.
Group-theoretic melhods have been spplied 10 some homogeneous turbulent flows and to some
problems of dynamical systems.

H.P. Mazumdar

Water waves, integral equations

Water wave scattering by bottom delormation in ocaan wﬂh an lce cover, ring source potantials in ice-
coverd water and wave ditiraclion by surface have bean The wave
ditfraction problems require the use of Carleman type singular integral equations leadmg 1o solving
Rieman Hilben problams.

B.N. Mandal
Intergisciplinary Research
Flume lab Y (Sedi logical fluld fes - plinary h In
with Mathematic and Geologists)
I ions of flow and lon over bedform
experimental and theoretical sludles.
A of all three of mean velocity and turbulent characteristics in an open

channel flow of constant depth over an artificial wave form siruclure had been performed using 3-0
Micro-Acoustic Doppler Velocimeter (Micro-ADV) at Ihe IS! flume. The primary molivation of this lest
has been to idenlify the spatial changes of flow events due to anificial waveform, which are
responsible for the process of sediment upliftment, grain sorling and transportation.

B.S. Mazumder

Turbulent and inciplent suspension of particles due to bursting and their sedimentological
implications- an experimental study (Funded by DST)

Experimants with flat sand bed of uniform size at the ISI fiume were performed to devefop the patterns
and evolulion of bed form structures; and to investigate the spalial and temporal changes of bed lorms
while they pass over Ine fixed symmetric wavaforms under known flow condilions. The images of
bedlorm struclures were collected using the High Speed Camera (500ips). Data collected for turbulent
flow characteristics and images of bed form structures are being processed.

B.S. Mazumder

Environmental Diffusion

jgations on slream-wise dispersion of suspended fine particles with settling velocities releasedin
oscilliatory turbulent shear flow with or without a non-zero mean, employing the models for time-
invariant and time-varying turbulent eddy diffusivity, have been camed out. Tne numenal mulls show
that the lime-varying eddy diffusivty has a fi finite effact on the The of
this study is mainty to the di ion of ded particles in estuaries or tidal basin,

which is much more complex process.

B.S. Mazumder
Multivariable system and Control theory
Numerical methods for analysis, design and development of multivariable control systems have been

developed. An attempt has been made to design observer for matrix second order system.
S. Gangopadhyay
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Blological Sclences Division

Agricultural Sclences Unit
Research and Other Scientific Activitiea

Studles on sustainabllity criteria In rainfed eastern plateau area

To davelop subsistenca farming in risk prone Iragile ecosyslem low input technologies well suited to
wealher-soil-crop variables and having potential lowards contributing to productivity and stabifity were
evalualed and transferred to the farmers. Field traits carried out Guring the year 2003-04 established
supremacy of application of 40 kg N through chemical fertizer along with 20 kg N through
vermcompost over control and 60 kg N through chemical fertifizer alone on rice - based cropping
system. A similar trend was observed in winter crops—ice systems. Best result was noted when
vermicompost was applied in three spiits: al maximum tilering stage; at flowering stage and at dough
stage. The improved nuirient management technologies which were already tested at experimental
farm were diffused to larmers’ field through ‘on farm’ trials. In the year under review experiments have
been conducted on farmers' plots in 10 villages of Girigih district. The resulls obtained from the
farmers' plots also confirmed our expenmenial findings.
D.K. Bagchi, P.Banik, P.K. Ghosal, B. K. Sarkar, T.Sasmal
and J. Chattopadhyay (Embryology Research Uni)

Rice area characterization using satellite imagery and geographical information system tools

Studies were conducted to minimize the uncertainties associated with rice farming and o induce
sustainablity in rice agniculture in the region. Rice area characlerization was done using GIS and
Remote Sensing lools and appropriate time and space lor rice cultivation was thereby identified that
will increase the productivity. The work has been completed and report supmitted. Some of the salient
findings of this work are that the south eastern part of the plateau (Purutia) is moderately affected
whereas the south western part (Giridih) is severely alfected by drought. Uplands and mid uplands are
not at all suitable lor any types of rice. In he medium land situation, short lo medium duration rice
should be encouraged. In the lowlands HYV/improved long duration rice varieties can be grown with
mitimum nisk. Rice can be grown in Purulia and southem part of Gindih upto 38 standard
meteorotogical week.
P. Banik, R.N. Das, P.K. Ghosal, S. Das. T. Sasmal
and T. Samanla (Applied Statistics Unit)

Ecology and phy studles on the mang of
g are specialized woody halophyti ically important plants, which grow in the litoral
zones of the tropical world. The vegelational paliem of S changes ically from the

shatiow region o the upland portion of an island. Recently it has been found that some mporlanl treg
species of mangroves are dectining day by day at an alarming rate. In some lslands a large central
area has been devo»d of any mangroves, The reasons behind it are not clear. In view of these, cerain
igations have been camed oul on some lue
mangmves from the Sundarbans to find out their oommmrry slructure and biomass production, and
adaptive slalus against salt siress.
M. Ghase, S. Das, K. Bhattacharya, P. Nandy, H. Joshi, A. Choudhury
and S. Bandopadhyay {Appiied Statistics Uni)




Studles on the ecology, conservation, propagation, and utllization of paims with special
referenca to rattans (North East Project)

The largest genus Galamus of ratian paims has 52 species in Indian flora. Northeast Himalayas is a
major centre of their distibution. The other rattan paims are Karthalsia, Daemonorops ang
Piactocomia. These paims form one of the most important Non Timber Forest Products (NTFP).
Commercially thay play an important role in Lha socio-economy of forast dwelling communities.
Hawaver, lho cane spacies, of which the golla (Daamomrops) Is endemic o the northeaslem regon,
are g ingly rare due lo u and d ion of habital. In view of
these, an exlansive study on ion, growth behaviour and ic quabities of
canes has been inialed at Siichar, Assam In collaborason with Assam University.

M. Ghose, S. Das, and K. Bhatlacharya

Anthropology and Human Genetics Unit

Research and Other Scientific Activitles

Genetles of dermal ridges

Complex segregation analysis of itative d lyphic trails based on factors from pnncipal
components analysis was caried out on 500 pedigrees from 5 ethnically and geographically different

populations of West Bengal. The results confirmed that a major gene model of Mendehian inheritance
with two co-dominan alfetes was the mos! parsimonious model,

8. Karmakar
Etfects of Ethnicity and Environment on Health

This project aims to evaluate the effecls of ethnicily and hfe-styles on health in populations inhabding
diverse ecozones. Data on various social, graphic and clinical have
bean collected from individuals belonging (o 114 households of two lons inhabiting a mountain
eco-niche (Sikkim) and 573 households mhabvbng a coastal eco-niche (Orissa).

S y. SX. Roy, B. Mukhopachyay, P. Bharati and R. Gupta

Genomic Diversity in Arunachal Pradesh

Populations which are relalively remote and unacculuraled (such as, the Adi tribals of Arunacha
Pradesh) are of special importance for genstic studies since they provide an opportunity to investigate
microevolutionary processes. The Adi tribal cluster consisting of at least ten tribes shows diferences in
culture, geographic distribution, history of migration etc. About 200 blood samples, collected from
seven villages, for 15 autosomal loci have shown that (hese Lribes have low values ol average
heterozygosity when compared with other Mongoloid Iribes of the northeast

T.S. Vasuy
Genes, Environment ang Oral Cancer

Investigation on the risk of tobacco induced oral cavity precancer and cancer in respect of
polymorphisms in diflerent drug metabofizing GST genes has been conducted. It is found thal
polymorphisms in giterent GST genes enhance Lhe risk of cancer ditferentially in fobacco users.

8.

Genetic Reconstruetlon of Peopling of Indla

Genetic avidence of Austro-Asialic irbals possessing characteristics indicativa of their being the most
ancient inhabitanis has been provided. 1L is also shown that the northeast may have sarved as a major
corridor for peopling of India. Further, genetic evidance 1o suppon thal speakers of Oravidan
languages may have been widespread throughout India before the entry of the speakers of Indo-
European languages has been provided.
Partha P. Majumdar in eollaboralnn wvm alarge nunbu
of from various and i




Statistical Genetics

The time to the most common anceslor (TMRCA) is an importani parameler in population genetics. It
has been shown that the current statislical methods of estimation of this parameter are highly biased
under many common demog: i0s. Various p ilistic search agorithms for identification
of polymorphic molifs rom ONA saquence dala have been proposed.

Pariha P. Majumdar and his collaboralors

Biochemistry Unit

Research and Other Scientific Activities
Cervical Neoplasia: Host Genetic Factors for High Risk HPV-Infection

Many women are exposed 1o high-risk HPV (major enologic lactor of cervical cancer) duning their
Ifetime But only a Iraction of infected individuals develop cervical cancer after a long latent period,
indicaling that the genatic background of the host infl the persi of HPV inection with the
onset of cervical cancer. Soma of thesa host factors are HLA polymorphism, pS3 polymorphism elc.
Study on both factors revealed the lormer to be associated with HPV infection and cervical cancar
while the latter appeared to be associated with cervical cancer only.

S. Sengupta

HPV infection and Cervical Cancer in the Northeastern States of Manipur & Sikkim {North East
Project)

HPV infection and its relation to cervical neoplasia in Manipur have been studied. HPV infection was
found to be sh d with premalignant lesions as well as CaCx with increased risk for
the latter. in !ms populanon Alihough HPVIﬂ was more prevalent in (he population than HPV18, the
risk of the latter type however was much higher for development of CaCx and to a lesser extent for
premalignant lesions. In Sikkim, 14.7 % HPV infection has been found among the normal women. This
was feasonably high, compared to 7.4% in Manipur and other states of India. The trend of HPV
infection was lound 10 increase with increasa in age of the subjects both in Manipur and Sikkim.

S. Sengupta
Biometry Research Unit
Research and Other Scientific Activities
Studies on Hepatoprotective activity of neem (Azadirachta Indica) leaves
Neem has greal ion in Ayurvedic medicine for of liver di and some peopie use
the juice of neem leaves to combal liver di But no L igations have so far been

reported regarding its action on liver.

in spite of temendous strides In modern medicine there are hardly any drugs that stimuiate liver
functions, offer protection to the hver from damage or help regeneration of hepatic cells. There are
however, a number of drugs employed in Iraditional system of medicine lor liver affections. Many
lormutations conlaining herbal extracts are sold on the Indian market for Ireatment of various liver
disorders.But management of liver disorders by a simple and precise herbal drug is still an intriguing
problem.

A study was undertaken for a systematic probe lo find the aciual invoivement of neem as a
hepaloprotectve agent and chemical conslituenls responsible for this activity and possible mechanism
betund this action.



The leal extract/paracelamol/saline wera given with the help of fesding cannula. Thiee groups (Group
1, Group Il and Group Ill) of rats wilh six rats in each group were laken. The leaf exiract at a fxed dose
(500 mg/kg, p.0.) which was found lo be the working dose in our pravious experiments, was led daly
for7 days 10 0ne group {Group i) of rats and paracelamol (2g/%g, p.o.) was adminisiered on Sth day
after 5™ administration of the leal extract. The nommal control group (Group 1) and the paracetama
treated group (Group 1) received normal saling in place of leaf exiract. After 48h of paracelamdl
leeding rats were sacfi by cervical di ion for ion of blood glutathione, fiver gt

fiver Na+K+-ATPase activity and fivar Lhi iric acid reative and ant EnTymes
actvity using standard methods.

It was interesting lo obsorve that the conceniration of GSH in animals trealed with paracetamol was
significantly reduced in homogenale of livar and so was (he lave! of glutathione in blood and Na+Ke
ATPase level as compared with saline control animals. Whila thicbarbutiric acid reactve o
paracetamo treated animals was significantly higher than the saiine lrealed conlol anmais.

Administration of neem laal exiract increased the concentration of GSH in liver and ghutatheong in
blood and liver Na+K+ -ATPase activily significantly when compared to s paracelamoi treated controt
group. On tha other hand, the i level of liver thi ine acid reachve substances of
paracetamof treated animals was significantly reduced in group of animals receiving both neem led
extract and paracetamol.

Thus, it can be speculated that neem leal extract is a promising hepatoprolective agent and thes

hepaloprolective activity of neem leaf extract may be due to its antioxidant and normalizahon of

impaired membrane function actity. It followed funther, the study may yield an ellectve drug,
and i ive for the of tiver ailments.

R.A. Chatlopadhyay

Chemistry Unit

Research and Other Scientific Activities

Status and Level of Molybdenum (Micronutrient) in Coastal Saline Soils of West Bengal
Micronutrients are normally present in the soll in an oxidized form. Molybdenum is regarded s a

mictonutrient for its involvement in the fixation of almospheric nitrogen and plays a specal rofe as a
promoter of growth and D of 1 crops. This nol only yieids ul aiso

prolein conlent. Molybdenum also acts as an agent improving the uptake of soil-denved nilrogen.

The quantity of water soluble forms of moly with g acuity of the sol. The
coastal safine soils in Canning, Bakkhai, Dutterchalk, Nikarighata, Tulstghala and Naigarh located in
the district of 24 Parganas (South), Wesl Bengal were considered lor analysis which led to the findings
mentioned above.

The assessment of tolal and available amount of Molybdenum in soils were studied spectrophoio-
metrically at 470 nm wave length, pH and cation exchange capacity in the laboratory.

Results obtained from the investigation showed Ihat the total molybdenum in sods ranged from
1.08ppm whereas ptant available micronutrient varied from 0.27ppm-0.3dppm. The Soils 1n thes region
were acidic with pH value ranging from 5.35-6.62 and the calion exchange capacily was high al

14.9meq/ 100gm.
S. K. Bhattacharyya



Embryology Research Unit

Research and Other Scientiflc Activities
Mathematical Models on Ecology and Epidemlology

Quantilative ecological studles to establish in situ impacis of harmhul algal species and their blooms
are a high priority of research, now a days. The blooms which tmpair or disrupt “equifbnum’
trophodynamics and whether they fall within the vafiance in natural catastrophic events which shape
the equilibrium need Special investigation. From (he field collecled samples from Digha-Talsari-
Sankarpur region of Coastal Wesl Bengal and Orissa, it was observed that there was high abundance
of zooplanklon populations and less amount of Toxin producing plankton (TPP) in the collection zones
nearer to the nverside. But the situation was reverse in (he coliection zones farther from e rverside
A nontoxic ph loxic phytop and model has been proposed basec on
the real life observations. Our results indicate that occurrence of toxin producing phyloglarklon ray
not atways be harmiul but it may help to maintain the stable equilibium in trophodynamics thicugh
coaxstence of all the species. Moreover, the effect of nutrients and other hydrological parameters in
1his context have also been observed. Introducing the effect of TPP in a tri-trophic food chain model,
we concluded that chaotic behavior is less likety in a real Iood chain dynamics.

J. Chattopadhyay
Plant Chemistry Unit
Research and Other Scientific Activities :
Study the lon and changil diversity of bio-organic

composting system.

The disposal and management of various solid wastes ls an ever-increasing probiem, both financially
and environmentally. Composting is one of the oldest and simplest methods for organic waste
statiizavon. It is a sell-heating biological conservation, which generales a stable producl. high in
nutnents, which are easily by plants or for andbiogas. The aclive

g the biodegradation process is the resident microbial communilies. The
optimization of oompost quality is directly linked 1o composition and succession of microbial
cemmunities in the composting process. Our understanding of microbial diversity and species
composnbon of microbial communities is hampered by the mabm'y lo cultivate and classify
MICIOOIG Microbial ification based on iological and ical fealures is often not
possible because an estimated 99% of the microbes can nol be isolaled. The advent of PCR
(Potymerase Chain Reaction) has revolutionized microbial ecological studies. It ampiifies 16S rONA, a
piylogenetic marker, which is helplul in the identification of microbes. Composting was done by 3
different methods: (1 ) in pits, (2) in earthen pots and (3) by piling or heaping.

Some of the composl samples collected were fixed with paralormaldehyde. A smear was made on a

gelatin coated slide. The smear was hybnidized with I e lagged oligo- ide probe of

Thermus. The smear was counter stained by DAPI and observed under epifluorescence microscope.
§. Chanda, S. Sarkar, P. Mazumdar and S. Bark

Ponds, aquatic weeds and water quallty : an Investigative study.

The study explores the causes of and/or
dominance/disappearance in small wa(er bodlss like ponds, which ale widely used by people 101
various anthropogenic purposes.

The data coliected at the end of one year indicale that the phytoplankion-dominated ponds had more
phosphorus, total kjeldahl nitrogen and cholorophyll-a values and lowar Secchi depth visibility
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D lo the o ponds. The species number in the macrophyte dominated
ponds varied irom 3 lo 7 whrle Lhe biooms in the phytoplankion dominated ponds comprised mainly
blue green and green algas.

A Dewanji, G. Mukhopadhyay and S. Sengupla

Adaptability and yleld performance of new sugar beet (Beta vulgaris L) varieties in lower
Gangetic plans of West Bengal

The Pune-based multinational seed Co. "SYNGENTA" has conducted field tnals on new Swedsst,

sugar beet varieties at Pune during the past 5 years. Results from these Inals indicaled thal three

variehes are photo-tharmo insensitive and can be grown round the year. The crop yields are 60-80

lonnes of sugar beet per hectare in duration of 5-6 months depending upon the season. From one

hectare field sugar beet crop yield was estimaled as approximalely 80-80 lonnes, which llimately

yields 9-10 lonnes of sugar or 6000-7000 lilres of Ethanol. Elhanot can be distlied lrom the beet juce

and pulp through solid state fermentalion. In India Vasamdada Sugar Instilute, Pune and te

SYNGENTA seed Company have a coll p1og 10 explore the possibiity of

introducing sugar beet in the sugar cane based cropping system lor sugar and ethanol producton.

Thus Ihe present study will focus on the new varieties namely Hi 0064, Dorotea and Posada wituch are

supplied by “SNGENTA India Ltd". Yield data collection 1s going on. Till date the performance of new

varielies namely Posada, Dorotea, Hi 0064 are quile encouraging, particulariy in lotal suga yieid. The

study will continue to invesligale the following :

a) Fertilizer requirements for optimum roo! yields;

b) vaniation in sugar concantration for dilerent varielies al different growth stages and correlation
wilh fertilizer use;

¢) ethanol production in laboratory scale for diflerent varieties,

d) find out the optimum harvesling time by which maximum sugar yield can be obtained for ethanol
production; and

8) transler of lechnology from experimental field to farmer's hields.

S. Bank and S. Chanda
Social Sciences Division

Economic Research Unit

The scientists of ERY have been teaching various courses in economics and econcmelrics for the
B.Stal. {Hons.), M.Stat., ISEC (regular and specialization) and M.S.(Q.E) programmes. S research

tellows are currently working for their Ph.D. under supervision of members of the faculty of ERU.
Research and Other Scientific Activities

Ouring the past year the Economic Research Unit has undertaken both theoretical and empical
research. The theoretical research includes topics in :

Industrial Organization

Multinational companies, Technology lransler, Mergers, Joint ventures, Intellectual property nghis.
Research and Development

Tarun Kabiraj and Uday Bhanu Sinha
Cooperativa Game Theory (Voting gama)
Salya R. Chakravaty
Welfare ics (Welfare ordering; of inequality and poverty)
Salya R. Chakravary
[ Trade (| ional trade under istic compelition; Trade and wage inequaiity)
Brati Sankar Chakraborty



Mechanism Deslgn Problems (A problems, $ ing problams, F i
Manipushpak Mitra

Polltical Economy (Opimal Assambly size)
Manipushpak Mitra

Endogenous Growth Thaory {Productive consumption and Endogenous growth; Human capital
accumulation and dualism; Long run growth and received theory, Growth in privats and command
economies, Technical progress; Uncartainty and economic growth)

Dipankar Dasgupta and Manash Ranjan Gupta

Macroeconomics (Issues on Indian economy: E ic liberalization, & ic policies)
Chandana Ghosh

Econometric Methods (Effect ol extreme observations and Errors in Variables in Frontier Production
Function; Modelling of non sampling errors in survey)
Manoranjan Pal, Chiranjib Neogl, Buddhadeb Ghosh and Pulakesh Maitl

Envi tne I, G i for pallution controt)
Pradip Maiti

The empirical research areas are:

Wetfare and Development Economlcs (Human development; Slandald of living and Poventy;
Gender inequality and depri

Dipankor Goondoo, Amna Majumdev Knshna Ma2umder, Diganta Mukherjea,
Maaoranjan Pal and Buddhadeb Ghosh

Applied Financiel Economics (Economelric and Time series Analysis of Indian bond and money
market)
Dipankor Coondoo

Financial econometrics (Predictability of refums; Testing market efficiency, and Finding causes of
markel inefficiency; Nonlinearities in financial dala; Role of Cenirat Bank in foreign exchange markel)
Nityananda Sarkar

Environmental Economics (Solid waste managemenl; Eco-tourism; Impact assessmeni, Waler

resource g Foreslry; Non: ional energy sourcs; Awareness about enviranmental
pollution; Etfect of growth and development on environment)

Dipankor Coondoo, Snigdha Chakrabarti, Subhendu Chakrabartl,

Kunal Chattopadhyay, Krishna Mazumdar and Pradip Mati

Index Numbers (Regional consumer Price Indices from househeld level data; Nulrient Prices from
household level tood expenditura data; Gomposile indices of well being/ standard of living)
Dipankor Coondoo, Amita Majumder and Krishna Mazumdar

Ind E I g technical efficiency; Impact of i jon on Small Scale
Industries)
Chiranjib Neogi and Buddhadeb Ghosh

Agricuitural Economics (Wellare aspecis of agricultural growth in India; Agrarian institutions; Price
formalion in agricultural markets)
Manabendu Chattopadhyay, Abhirup Sarkar and Sandip Mitra

(Income disirib and inflationary process; Trade-off between employment and
outpul growth, Determinants of wall-baing)
Arun K. Sengupla and Krishna Mazumdar



Health Economics {Relatlonship betwaen standard of living and health)
Sandip Milra and Krishna Mazumdar

Economics of Education
Krishna Mazumdar

Public Finance (Tax performance, Taxable capacity and debt problems of states in Indla}
Dipankor Coondoo, Amita Majumder and Chiranjib Neog

Globalizatlon (Ct Divery of slandard of fiving; Economic growth and productivity,
Effect of globalnzahon on inequality, poverty, growth and fteracy; Asian Economic Cooperation: Trade
and lransaction cost)

Krishna & Ghosh and jan Pab

Several projects have been undentaken dunng the pasl year. Apan from the externally funded projects
the Unit has undertaken three plan projecls. of which two are workshops/conferences. Two of the plan
profects are related to the North-Eastern region of India.

Externaliy funded project

Environmental Management Capacity Building Assl: Project: Envi tal E
Component

A project of five years' duration, undeﬂakan by the Ministry of Environment and Forests, Gowt. of Inda,
with assi from the | i ialion of the World Bank, was completed in
June 2003. Under this project a number of training programmes, workshops and seminars were
organised. The project has helped improve lhe infrastructural 1aci|ilies and has also ennched the
library. The project 'Solid Wasle Manag in B Municipal area', that was undertaken s a
part of this bigger project, has been completed. The repon wiling is under way.

Study about the Steel Sector (Medium and Small Scale) Units

The project was undertaken in response 10 a request from the West Benga! Financial Corporation
(WBFC) 1o sludy (i) the present stale of units in the Sleal Sector financed by the Corporation, {i) the
prospect of luther exposure by the Corporation in the Sleel Sector, and (i) the markel prospects l
such producls in the region. The report has been submitied in September 2003.

Workshop on 'Quantitative Analysis of North East Indian E was organmised in ¢
wilh the Department of Economics, North Eastem Hill University (NEHU) duning 8-13 March, 2004,
The purpose of this plan project was lo have an excnange of ideas berween academicians of the
Indian Stalistical institute and the Norih-East indian Universi garding the problems of
North-East India and application of relevant quantitalive lechniques 1o analyze Ihem. Twenty one
workshop paricipants were selected rom Research Scholars/Facully members in Economics of
under-graduate colleges and universilies of North-East India. Of them, nineteen turned up tiom
colleges/univarsilies ol Aizawl, Darrang, Dibrugarh, Goalpara, Golaghat, Guwahali, lmphal, Shiliong,
Snk:hal Tua and Umsning. The lopics covered in the workshop were MiCroeconomics.

ic Methods and Applicalions and Time Sernes Analysxs The workshop
furned out 10 be a success and the from the participants was ]

A ‘Conference on Models and Methods in Economics’ was held during 15-17 January, 2004, as
part of a project in its third year. The conlarance was weil attended and speakers from ah over the
counlry participated in the conlerence.

The plan project ‘Study on some Health Ecanomic Issues in the North East’, which stated in Apr

2003, has the loliowing main objectivas : (i) To undersland the heaith and sanitation facilities avalable
to (he Khasi and Naga tibes of Meghalay and Nagaland, (ii) To examine thair ability to avail such
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lacifities, (iil) To find oul the access to privale health care syslam and (iv) To examine the coverage of
health nsurance schemes among Lhese Lribes and 1o suggest some policy prescriptions. So far data
coliection, compulerization, partial tabulation and analysis have been dona.

Economic Analysis Unit
Research Activities

The unil s actively engaged In research in quantitative methods In economics and soclal sciences.
Application of lhese methods to ditferent problems In agriculture induslry and monetary economics Is

being aclively pursued. Topics in agri applied general
models and growth and inflation are of currenl inlerest.

Research in Iransfer pricing, inventory-modals under production smoothing hypolheses and variance-
bound lests, intervention analyeis and transfer function analysts and VAR models is being pursued by
the research scholars of the unit.

N.S.S. Narayana

Two senior research lellows are working for thefr Ph.D In the unit. The unit conducted training
programmes on ‘Economic Planning’ lor five trainees of Inlemational Stalistical Education Centre
(ISEC) and on 'Econometrics, Tima Seres and F ing Techniques' lor eighi probationary officers
of the Indian Statistical Service (ISS).

Planning Unit

Research and Other Scientific Activities

The laculty participated in the leaching of Master ol Science in Quantitative Economics (MSQE)
programme.

A lour week lralning program was for ISS F i in
microeconomics and Economic Development in Seplember 2003. A three day training program was
conducted in December 2003 for 1SS officers.

Members of the Pianning Unil carried on a wide range of research activities. Some of the areas in
which research was underaken are : ) Impact evaluanon of primary school educauon in India,
(i) Water filtration Methods in Gurgaon cily, ifi) i lor | ia, iv) Credit
Markets, Loan Contracts and Househoki Poverty: A Study of Salf Heip Groups in the Slale of
Jharkhand (joinlly with Jean Marie Baland, University of Namur and Isha Dewan, ISI Delhi), v)
Measuring Deviations from Optimality in Allocations of Public Amenites Across Villages in India (jointly
with Siva Athreya, IS! Dethi), vi) Peers and Hierarchies: A Study of Labor Productivily in the Indian
Steel Industry (jointly with Sanghamitra Das, ISI, Dethi), vii) Theoratical and empirical analysis of the
diterence in performance levels of private and cooperative piants in the Indian sugar indusiry, vii)
Theoretical and empirical work on the link betwaen poverty, local governance and deforestation in

Uttar Pradesh and Hi Pradesh, ix) x) Political Economy, 1) Public
Finance, i) Mechanism Dasign, xii) Auction Theory, xiv) Voting Theory, xv) Game Thory,
xvi) Industrial Organization, xwi) D W Ec ics, xvil) Corporata Finance, xix) Risk and
Insurance and xx) Food Policy.

Endogenous Distributlon, Polltics and Growth

This work davelops a framework In which I1he long-frun weatth and income distribution in a market
economy is ‘'endogencus’ In the sense Ihat It is independent of initial distribution. Long run growth is
aiso endogenous, via provision of a public Input financed by tax on income or capital. In contrast to
the existing liiarature it shows that policles that bring in more equity do not necessarily improve long
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fun growth. i a redistributive poficy goes towards financing a productive input then it enhances growh
as well as equity. But if it Is primarily redistributive, it hurts fong run growih. In other words. running a
‘wellare stale’ is nol conducive to growth.

Satya P. Das and Chetan Ghate

Trede Policy and Distribution of Income and Wealth

One par of the research examines the issue of free trade and relative wages. It recognizes that
producing ‘quality’ of a good is more skilled-labor intensive han producing ‘quantity’. This implies that
free trade between skilled labour abundant developed countries and unskilled tabour abundant
developing countries may increase the skill premium in both groups of countnes.

Another part builds an agglomeration type model of ‘North-South’ Irade. Instead of comparing autarky
lo frea trade, it examines how gradual liberalization may affect inequality of income within and between
countries. There is a working paper, “Gradual Liberalization and inequality wilhin and between
Countrias™.

International Trade, by changing relative prices of goods, changes relalive reward to skilled and
unskilied labor. In turn, this influences decision to acquire skill. The paper models this process and
wealth distribution in an economy. It is shown that free trade between developed and developing
countries worsens income di ion in the d tries bul improves 1l in developing
countries, However, financial liberatization may have opposite effects.

Satya P.Oas
Inequallty and Segregation

Despite dacfining group inequality and the rapid expansion of the black middke class in the Unded
States, major urban cenlers wuh significant black populabons continue to exhibit extreme racal
paration. Using a th in which individuals care about both the affluence and the
racial composition of neighborhoods, we show that lower inequality is consistent with exireme and
even rising levels of segregauon in cmes where the minority population is large. Our results can hep
explain why segreg to ch ize the urban even though survey evidence

suggests thal individuals favor more integration than they did in the past.
R.Somanathan and R. Sethi, Bamard College, Columbia Universty

The political economy of public goads: Some evidence from Indla

This paper examines how public goods get allocated by a centralized state. We use dala on socdl
slructure and public goods In rural india over the sixties, seventies and eighlies to examine the
influence of particuiar social groups, and of social and economic heterogenaity more generally. on the
availability of public goods. This was a period of rapid expansion in these goods and of important shits
in the polftical leverage enjoyed by difterant groups. We find that social divisions are important, but s0
ara the relalive positions of particular groups in the b(oader social hnemdiy Thesa divisions are not
however immutable, nor is their infiuence Some previ
have gained over this period while others conlinue Io be dnsadvamaged There has also been
in the availability of public goods over this period, Suggesting that the state
foels some cormulslon 10 equalize access, aven 1o those who are not politically influential.
R. Somanathan and A. Banerjes, Department of Ecanormics, MIT

P ge tn Public A ( Pasltlon Assig and the
Performance of Korean Public Pmsecutors. 1992-2000

Presidential elections in Korea in the eighties and ninetigs provide an opportunity to examing lhe mie
of political patronage in a newly formed democracy. We axamine whether the bureauctatic reshuffing
which aooompames presndenﬂal changes depends on the polilical connections of bureaucrals and

whethar is iatad with changes in administrative performance. We use
data on all pubtic prosecuwrs in Korea betwean 1992-2000 and find that sharing birth and schoal
with the i president roughly doubled the odds of being assigned to a range ol
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infiuential positions within the Public Prosecutor's Office. In the lasi of the three presidential regimes
we consider, we aiso find that branch offices wilh high fractions of connecied prosecutors performed
pooty relative to other branches. Obsarvations over multiple years allow us to contro! for unobservabla
charatteristics of prosecutors and offices whila estimating Lhese effacts of political palronage.

R. Somanathan and No-Wook Park, Korea Institute of Public Finance

Ownership Form and Contractual Efficiency: Comparing Performance of Cooperatives and
Private Factories in the Indian Sugar Industry

The key incentive problem is hat faciory owners are inclined to exploit their monopsony power and

underprice cane supplied by farmars. This results in undersupply of cane to factories, the extent of

which Gepends on who owns Ihe factory. We find Ihat the respective cane price dislorti

the effect of changes in cane qualily, lechnological change, prices or ifrigation in accounting lor

differences in growth of tha industry between different ownership forms and regions over this period.
S.0as and Dilip Mookherjee (Boston University)

Poverty, Local Governance and Deforestation in Uttaranchal and Himachal

Alhree-year long primary dala compilation on 165 villages and about 4000 households was compleled
with the purpose of examining the view lhat assigns poverty a key role for ‘over-consuming’ common
fesources such as forests leading to environmental degradation. In the data we find that (1) almost all
households collect ficewood, {2) all forms of local governance seem Io be decaying with greater
commercialization ang (3) informal instilutions are more effective than formal ones initiated by the
govl. Curently, interactions of all these factors are being modeled balose it is econometrically
estimaled,
P. Bardhan (U.C. Berkeley), Jean-Marie Baland (U. of Namut),
S.Das, Dilip Mookherjee and Rinki Sarkar,

Impact of decentralised community management on forest conservation in the Himalayas

The work is nearing completion. Research lor a book on environmental problems in India continuas.
Some working papers are available for download from the Planning Unit home page.

Valuing Lives Equally: Distributional Welghts for Welfare Analysis

Cost-benefit analysis as performed by gavernments and public-sector organisations typically applies
equal weights fo changes in incomes accruing 10 individuals from projects even when there is no
proposal 1o compensale losers. One reason for the use of equal weights despite the absence of a
Lheoretical justification for this practice is that all weights appear arbitrary. This note proposes the use
of weights based on Iwo axioms: {1) that all lives should be equally valued, and (2) that the monetary
value attached 10 a person’s life should be his or her own. This implies weights Ihal are proportional to
the reciprocals of the values of statistical lives.

E. Somanathan

Awareness and the Demand for Environmental Quality: Orinking Water In Urban indla

The demand for envi | quality is oflen 10 be low in ping countries dus to
poverty. Less atlention has baen paid lo the possibility that lack of awareness about tha adverse
health effects of environmental pollution could also keap the demand low. We use a household survey
Irom urban India to estimate the sffects of awareness and weaith on home waler purification. Average
costs of diferent home purification methods are used to gat estimates of lower bounds on willingness
to pay for batter drinking waler quality in Dethi, We find that measures of awareness such as schooling
and exposure to mass media have stalistically significant effects on adoption of diferenl home
purification methods and therefore, on wilingness to pay. These effects are similar in magnituda to the
waalth sfiects.

Jyotsna Jatan, E.Somanathan and Saraswala Chavdhuri
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Belng informed Matters: Exp Evldence on the Demand for Environmental Guailty.

A randomly selected Ireatment group of households in Gurgaon was informed whather {or nol) thair
drinking waler had tested posilive for fecal contaminalion using a simpie lest coshing about $0.50.
Households that were not inilially punitying their water, and wete told thal their dnnking water had
lested positive, were 11 percentage points (p-value < 0.01) more likely to begin some lomm of home
punfication in the next 7 waeks than households in the contre! group thal recewved no information. This
offect rarsad tha mean purification expenditure in the sample by 10 perceni. By way of companson, an
additonal year of schooling of the most educaled person In the household, rasses the probabty of
(imiial) punfication by 4.4 percentage points while a move from one weaflh quartile fo the next raises it
by 15 percentage points. Households that received a negative test result weie nol signficantly
ditferent in thesr behavior from control households. Gurgaon is considerably, waaithier than the average
Indian city, yet awareness about the causes of diarhoea s low.

Jyolsna Jalan and E. Somanathan

Collective Action In the C: :ATh leal Fi for R

A mode) of collective action in the commons that is intended to provide a framework for empincal
research into the question of when cooperation 1s likety 1o be successtul 1 presented. It 1s based on
the presence of costly punishment opportunilies, some players who have a laste for punishing those
who violale ag 1o coop {an ion strongly by recenl
research), and bounded rationalily. It predicts that eooperabon 15 more ikely when communication
cheap. the lechnofogy of public good provision 15 sutfs eltective p
opportunities are avaulable al sumaenIJy low cost, and when gmup size 1§ large (holding oonstanl the
other g in the ability 10 inflict punishment or be hun by it may
resull in coflective action becommg infeasible, especially when there are increasing relurns to the
public good, but thera is a range of parameters in which changes in heterogenaity will have no eftect
and ¢il in which h geneity wit actually favor cooperation.

Rajiv Sethi and E.Somanathan

Auction Theory

A paper entilled "Incentive Compatibility in Multi-Unit Auctions® was completed. A new condiion which
is necessary and sufficient lor a (deterministic) allecation function lo be incentiva compalibla (in
dominant strategies) was identfied. This condition is far more transparent than the usual sub-
differentiability condition and offers promise lor solving problems such a5 the design of revenue
optimal auctions, elc.

Arunava Sen, Sushil Bikhchandani {UCLA) and Shurejit Chatterji {ITAM, Mexica)

Strategic Voting Theory

A paper entiled "Strategy-Proot Cardinal Voling Schemes® was completed. We prave a random
dictatorship result in a model where a social choice lunction can depend on the von-Neumans-
Morgenstern utilities for players. We demonstrate a limit result as the maximal uliity gap between
altesnatives goes lo zero. Our proof technique also alows us to provide upper bounds on the
probability of realizing *non-lop" alternatives as a funclion of the uiility grid size.
Arunava Sen, Bhaskar Dutta (Universily of Warwick) and
Hans Pelers (Maastricht University, The Netherlands)
Growth and distribution

This work on models of 9ndogenaus dlslnbuhon inan optimal growth lramawork attempts 1o show tha
the dynamics g g wealth d can be ch ized in a faitly simple way,
something that has so far not boan done in the literature. Adding transitional dynamics enables us ko
understand better he forces that influence income inequality in the short run and long run, as wel &s
its influenca on economic growth.

Chetan Ghate



Models of capital market Integration, human capital, and optimal growth

The idea here is to formalize whether financial opennass afiects economic growth by leading to lesser
invesiment in education.
Chatan Ghate ang Areendam Chanda (LSU, USA)

Population Studies Unit
Research and Other Scientific Activities

Health Care Practice and HIV/AIDS awareness level among sex workers : a case study in Norih
24 Parganas.

The objective of this projectis 10 pi.pare a data base containing informalion on the nature of Sexually
Transmitied Disaases among sex workers and their heallh consciousness as well as heaith seeking
behawior and the awareness level of HIV/AIDS. From the Study il may be concluded that the living and
economic condions of the sex workers aie verv poo In these localities. More attention should be paid
10 the direction of their ecucation, lving and health care facilities. As staled by the sex workers thay
get proper Ireatment and health care lacilities neither Irom hospitats nor from the clinics of the NGOs.
They complained thal the doctors also do not behave with them generously. Most of them are really
very poor and can not buy highly priced medicines. From the hospitals and clinics medicines are
available oniy for nominal diseases, they are never provided with any costly medicine from these
sources. Other than these, they should also be more familiarised with the mass media programmes
related to famiy planning and HIV/AIDS and other STDs. Government poficies should be implemented
in the direction of the protection of the health of the sex workers to save uitimalety the whole sociely
Irom the latal disorder caused by HIV/AIDS.
Rama Deb Roy, Swagata Gupta, and Partha De

A tning C: t-wise | | fation numbers by { ing and
related procedures in two districts of Assam.

The aim of this study 1s two fold : (i) to use easily available suitable auxiliary information lo estimate
centain paramelers relating to population, and (ii) to examine how some of these symplomaic data
may be sfficiently utifised to derive more accurale estimate of projected populatan. The symptomalic
variables used are : (i) numbar of students and {ii} the populalion size. The papulalion size yielded
better results in almost all sitvatons in terms of the crterion of * Coefficient of Varation®

Shankar Dihidar, Arijit Choudhury. B.N. Bhallacharya, 0.C. Nath
Factors affecting age reporting errors in India through some multivariate statistical analysis

This research Yries to {ind out the various socio-economic and davelopmenial faclors and their
commonalities in the variation in teporing errars in Indian age data from Natonal Famity Health
Surveys: (i) NFHS:I, 1992-93 and {il) NFHS-1I, 1998-89.

The backward regression procedure has been emplayed ta selecl only a few impartant and significant
ndependent faclors lor commonality analysis. Literacy appears lo be the most impartant and
significant factor in explaining the vaniation of age reporting errors. Average household size 1s also a
contributing factor for the variation of age reporting errors. Improvement in literacy level and decrease
in average household size will definitely improve the quality of age data.

B.K. Mukherjee and P.K. Majumdar

Nepall Female Migration and Trafficking
This study is devoted to highlight the documented and undocumented Nepali female migration to

Wast Bangal. It is revealed that though documented lemale Nepali migration shows a daciining Irend,
howaver, undocumented migration for sex work s gradually Increasing. Poverty, organised network,



profit accruing to traffickers, demand lor fair skinned delicate featured gids, and open border Detween
Nepal and Indla are responsible for this illagal female migration.
Pranati Datia

Measures of Fertliity by ethnicity in Tripura : An applicstlon of Bongaart's model with an
extension of Stover's correction

By considering lertility inhiiting effects of extent of marriage, practice of contraception and abortions,
and period of abstinance/breast-leading after child bith among women within reproductive ages 15
49, Bongaan's model is used to maasura lotal lecundity of a population and extended further b
accommodate correction suggested by Staver. No significant diference is found among 1ibes and
non-lribes in terms of totai facundity, index of contraceplions and abortions, and index of stenlty.

PK. Majumdar

On the prop. age structure of the of West Bengal : 1951-91

For the estimalion of such as fartiity, mortality and migration, population by
age is required. Howevar, age dala is misrepresented due to misreporting of ages caused by eiher
age heaping o by age shitting or by both. Therelore, il is necessary to smooth age dala belore
estimating demographic parameter from such data. Third degree potynomial and stable population
mode (Y-translormation) are applied lo smooth age data. However, the former appears lo be a better
fit (o the observed age dala than the latler for West Bengal (1951-81). Hence, third degree polynomial
fitIs used to derive an approximately trug age distribution for the ion of Wes! Bengal.

Anuj Kumar Saha

Female nuptiallty in West Benga! and Bangladesh : An Eplsode

Age at marnage is not symmetrical; it is rather skewed to the right as evidenced from the singuiale
mean age at marriage (SMAM) and median age at marriage {MAM). The lemales complete first
marriage by age 37 years in West Bengal {(NFHS 1992-33) and by age 32 years in Bangladesh (1991}
The first marriage Irequencies, peak age at firsl marriage has shifted lrom lower ages to the higher
ages both in West Bengal and in Bangladesh.

Anuj Kumar Saha
Ditterential in Contraceptive usa among Non-tribes and Tribes In Tripura

An attlempt is made 10 understand the extent of usa of contracaption among Non-lribes and lribes of

Tripura and socio-economic laclars responsible for the differential use or non-use of coniraceplion

among these two population graups through iate statistical analysis, especialty through Logi

Analysis. The analysis indicales (hal there is no significant differences for the use of conlraception

among Iribes and non- lnbes Howaver, only at four or more fiving children, tribal group shows
lower propansity to use ion than non-teibes.

PK. Majumdar
Psychology Research Unit

The faculty members and sclentific workers of tha Unit are actively involvad in research and different
project works. Guidance Is also being provided by the faculty members to thiea Senior Research
Fellows and one Junior Ressarch Fefiow for thelr Ph.D. works In Psychology in different state
Univarsities.

Research and Other Activities

A study on Shortterm memory under d in stimulus
presentation time using computer - sided digit apan text




Memorizing digits is an integral part of our avaryday fife. The present study atiempts to explore some
delerminants of short term mamorizing capacity when the stimulus presentation time is successively
decraased. This study is importanl lor adveriising and mass education through visual display.
Preliminary analysis revealed relationship of dffferent stimutus lengths with different memorizing
18$pONSA BTOfS.

Debdulal Dutta Roy and Manjishtha Maitra

A study of Organizational health and Job satistaction In Rural banks from Paychologlcal
perspective

Rural bank plays a pivolal rola in i ing rural economy. ing job satist: levef of rucal
bank employees develops mare intrinsic work motivation. Current study examines how evaluation
aboul difierent organizational health parametars of rural banks is related to job satisfaction. Results
show (hat this refalionship varied acrass different rural banks.

Debdulal Dutta Roy and Susmita Mukhopadhyay

Entrepreneurisl Behaviour

A Socio-psychological Approach for identitying potential : The objective of this study is to
find out some socio-psychological factors which have signifi iation with
success; al the same lime, il aims lo provide some comprehensive prediction models (hrough which
polantial entreprensurs may be identified in an empirical way. This study was conducted on 217
enlrepreneurs randomly selected from four dislricls of West Bengal. Results of this study indicate that
variables fike individuaii llectivism, task-motivation, locus of contral, ial status and
technical Iraining have significant impact on entrepreneurial success. Obiained prediction model works
very efficienlly on the entrepreneurs of Wesl Bengal, but it can not work so efficiently on the
p studied from Bangalore & Agartala, because of different marketing facilities. Therefora,
it has been suggested that one has lo develop different prediction models for ditferent masket
conditions wilh the help of the selecied socio-psychological variables.
Anjali Ghosh and Rachana Chaltopadhyay

Self-Construal, Personal Values and Attltude towards Dowry

The study has bsen conducted on college students of three different sub-cuttures of India to find out
how sell-construal and personal values influence one's attitude towards dowry. Findings indicale (hat
gender and culture have an important role in the formation of attitude lowards dowry. Significant
differences were also observed on different dimensions of parsonal values, self-construal with respect
lo gender and cullure.

Anjali Ghosh
Team effectiveness in work setting
The main cbjective of the study is to find out the intemal of leam effecti
for dala collection have been finalized. Bata collection from various work set up is in progress.
Anjaii Ghosh and Monika Sharma

Sociological Research Unit

The scientific workers of Sociological Aesearch Unit (SRU) hava been leaching Soclology at B. Stat.
(Hons.) I yaar level and selected lopics in Economics al MS (QE) )l year level. Some of them have
continuad their 1eaching assignments in the course on 'Selected Themes In Davslopmeni Studies' for
Junior Research Feliows in SRU during January-May, 2003.

Research Activities
In tune with the recommandalions of the Third IS Review Committes (2002), SRU has been carrying

oul several intemal and exiemal research projects In the foflowing themes which have relevance for
g various of social jon and ive develop In the
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country: (i) agrarian relations and rural development. (i) decentralization of planning process. &)
evaluation of socio-aconomic impact of lileracy movement, iv) religious and ethnic problems, v) roke of
outstanding thinkers and institutions in social { ion, and vi) new gical research lor
social network analysis by using probabilistic and gragh theorelic techniques. Thase research themes,
with emgirical thrusts, have been taken up by SRU mostly at head quarters n Kolkata covenng West
Benga) and parlly at Giridin Branch in Jharkhand as well as in Tamil Nadu and Tripura.

Projects
Economic reforms and rural + a study of agi labour In eastern India
The project attempts o study the socio- h istics of the hotds of agncu

workers, based on village level samples, in different stales in eastern India, with special emphasss on
financial liberalization and rural credit in India.

Natlonalism, modernity and the Indian Statistical Institute (1931-2000)

The objective is o wnle a history of the Indian Statistical Institute, with a focus on its refalionship vath
the changing life of the Indian nation in respect of modernity, for the decades belore and alter Ingian
independence.

Study of soclal network in some vitlages In Glridih area In Jharkhand and Md. Bazar area of
West 8engal

The objective of this study is to investigate the patiern of social relationship, delineating the influence
of factors like higher caste, leudal lorces and Panchayati Raj, in the selected villages i Jharkhard and
West Bengal.

Appraisal of village resource mapping : case studles in West Bengal

The objective of the project is lo evaluate, through paricipant observation in case stugies, the
effectiveness of vilage resource mapping in unleashing the inifiative of the people for mapping
information required for decentrafized planning in the selected wilfages m two districis of West Bengal -
North 24 Parganas and Birbhum. This resource mapping is also expected to provide basi mlormaton
on the extent of empowerment of the deprived classes in respect of access to, and ulilization of land
and non-land resources in the selected wilages.

Occupational segregation in the factory sector in Indlan Industries (1961-2001)

The purposes of tha project are a} to measure degrea of occupational segregabon between male and
female workers based on various indices in all Ihe States covered by the Annual Survey of Industries.
Govt. of India, in the factory sector and over lime from 1961 1o 2001, and b) lo «enlify the male-
dominated ions and the femal i i

study on the lab lated of tea gardens in West Bengal

p

The project teport has been submitted recently. SRU has been requested by Labour Department,
Gowt. of West Bengal, to undertake a follow-up study.

Study on Status of Women in West Bengal

Tha comprehensive project report has been submitled.
Statistical Quality Control and Operations Research Division

The Division comprises of SQC-OR (T&P) Unit and Central SQC (CSQC) ofiice located n the main
campus at Baranagore, SQC & OR Units at nine other centres - Bangalore, Baroda, Chenna.
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Colmbatore, Delhi, Hyderabad, Kotkata City, Mumbai and Pune. The CSQC office functions as the
office of he elected Head of he Division and co-ordinales various activities of the Division.

The aclivilies of the division consisted of Research, Academic Teaching, Consultancy and Training.
Conducling M.Tech. (QROR) programme al Kolkata and Part-Time Certificate courses at Bangalore
and Hyderabad wera among the primary responsibilities of the division. The faculty members of the
division also taught in various academic programmes ke B.Stal., B.Math., M.Stal. and ISEC Reguiar
course. They have also supemsed dlssanahon and project work by M.Stal. and M.Tech.(OROR)

students. Baroda unit conti ganizing the C Prog in Statstical procass
Conleol.

Dunng the year, the dmsmn conducted a Summer School on SPC, a National Conlarence on Six
Sigma, an on Operalions Research and two Industry-IS) Meats. A total of
nne i i and five o in the North-Easl were conducted.

Facully members of Ihe Division anended a numbel gl Conferences! Seminass and delivered invitad
talksflectures.

The faculty members of the division had been engaged in carrying oul theorelical ang apylied rasearch
work as well s supervising research scholars for their Ph.D. Currenlly wo of the faculty members are
quiding Ph.D. students, fiva of them are aclively pursuing research work al various SQC & OR Units
for Ph.0. and one of the members has submitted his (hesis for evaluation.

Traning and consultancy were other major areas of work lor the divisional faculty members. The
Division exiended its consultancy and Iraining services to over 100 organizations during 2003-2004.
The division organized 180 lraining pvogrammes oovenng over 3000 pamcnpams at vanous Ievels -
Top g St 1 Ei Software prols
stafl. The topics included SPC Simple Tools, Design of experiments & Taguchi Memods Su( Slgma
awareness, Black Ball, Green Belt, QM Systems Reliability, Quanti T
Sonware Melrics etc. Consunancy was provided in problem solving in quality and related areas using
and, in d and Audit of Quaiity Management Systems. Work in new
areas like modelling of brand share prediction for FMCG products, application of quantitalive methods
in business process oulsourcing had been initiated. The industries which benefited Irom these
activilies are MICO, Reliance Indusiries Lid., KEC, Macmillan, L&T, HP Global e-Business Operations
Pw. Lid.. Grindwell Norton, AT & S India Ltd., Grasim industries, Britannta Industries Limiled, Baimer
Lowrie (Project Division), Infosys Technologies Lid., ITC Lymited ()TD Division). Skylech Soiutions,
Metal and Steel Factory, ACNeilsen ORG-MARG to name a lew. The dwision has made a modast
beginning in exporling its services overseas. Expont of consultancy was provided to Iran, Thailand and
Nepal. QS 9000 Audits on behalf of NVTQC, KEMA were conducled in countries like China, Thailand,
Indonesia, Philippines and Germany. Facully members of Ihe division have also panicipated in
collaboralive research projects of the Applied Statistics Division.
During the period under review, lourteen papers were published, five papers were accepled for
publicalion, wo papers were submilied lor publicalion and fifteen papers were presented in
conferences by the lacully members. Three scientists visited the division for colaborative work and for
detivering lafksfectures.

A 6-day workshop on “Application of Computers in Office Managemen!' was organized by CSQC,
Kotkala during 14 - 19 Oclober 2003, lor the non-scientific workers of SOC & OR division and, for
oiher Divisions and units localed in Kolkata,

Areas of Research Activitles

Economic Dasign of Contro! Charts for Logarithmic Series Distribution, Bayesian Sampling Schemes,
Quality Adjusted Lifetime, Software Quality and Metrices, Software Reliability through Non-parametric
Smoothing, Neural Network, Fourier Series and Bayesian Methods, Optimum Release time of
Software, Conseculive K-outof-n F System, Reliabilty of Shared Loan Parallel System, Life
Distribution, Linear Complamenunly Problem (LCP) Seml Definite Linear Complementarity Problem
(SDLCP), Non Games, Games, G ive Games, Ci

Optimization, Modeling of Measurement Procass, Design of Experiments, Process Capability Indices
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for Non-Normal Distribution, Statistical Modaling of Wamanty Cost Analysis, Mutivariate Staistcal
Process Control, Six Sigma and BFSS Breakihrough Strategy. Applied Regression Analysis ang
Regression Diagnostics.

Fourth C on 0, Kolkata

The 4th Intemational Conference fitled “Operations Research with Economic and Indusiid
Applications (ICOR-2004)" was organized by SQC & OR Unil Dei jointty with SQC & OR Una,
Kolkata and SQC-OR (T&P) Unit on behalf of the Division during 08 - 10 January 2004. RB} and DST
cosponsored il There wera 80 participants including 6 from abroad. In ali 85 theorelical papers as wel
as appiicalions in Finance and Economics, and industries were presented. Organizalions which
participated in this conference include Progeon, Tata Steel. Madras Medical Coliege & Govi. Gen
Hospital, Orient Fan, Durgapur Steel Plant, DRDO. A number of participants from dilterent coleges
under UGG and irom engineering colleges all over India including the Northeasl regon als
participated in this conlerence.

Industry-1S| Meet, Kolkata

Tha 'Indusiry-IS! Meet was organised jointly by SQC and OR Unit, Kolkala, SQC-OR (TAP) Und and
CSQC at Hyatt Regency, Kolkala during 17-18 November 2003. 44 top executives from majer
industries, chambers of commerce and impontant service sectors atiended tha meet. The presence of
mduslnas hom Northeast region was a special fealure. The aim of the meel was [0 undersiand the

ions of i ies with respect to the Specialist Development Program and e
Ouahly Mussxon Projecl, in particular, and the over all services being provided by the SQC & OR
Division, in general. The deliberations highlighted the emerging sector specific need for sevices ol 11
and, the need of IS! as a change agent in the drive lor continuous improvement in cuslomer
satisfaction and simultaneous reduction of cost. The distingui panefists also 1]
need for a higher level involvament with ISI in the context of the [ast changing cuslomer percepbon
and the growing influence of the service sector in the Indian economy. Specific recommendations and
guidetines for reorigntation of our services were made whie underiining our sirength and weakness. A
repont was submitted to the Director, IS! for necessary action.

Divisional Publications

The Bangalore unit conlinued publication of the divisional NEWS LETTER and brought out tes
volumes in the current year.
U. N. Acharya, A. K. Chaudhuri, N. T. V Ranga Rao eds.

The division brought out a speciat publication titled "Research and Publication in SQC, OR and Cually
Management: 1984-2002". It provides a fist and abslract of aboul two hundred papers, classiied
according (o the area of work.

A.K. Chakraborty, A. R. Mukhopadhayay, M. Z. Anis, A. K. Das eds.

The details of the activities of different unils are given below.

5QC & OR Unit, Bangalore
Teaching end Tralning:

Faculty assislance was provided for teaching in B.Math. programme at IS1 Bangalore cenlre. Teaching
in Part-ime Certificate Course in SQC was continued for two new batches during January - Jue
2003, July - December 2003 and January - June 2004. A total of 10, 13 and 19 shudents were
admitted in the respectiva balches.

Other Sclentlflc Activities
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Acadermi and sarvices was extended lo 24 induslries/organizations during
the year 2003 -04. A lotal of 70 externally funded | f training prog| were
oonducied in the areas of quahty reliabiity, quallty managsmenl systems, six sigma, customar

and A lotal of about 2000 participants ware taught
and Irainad in these programmes.

Slx Sigma Training and Guidance for improvement of Quality and Customer Satisfaction was
glven to the following organizations In INDIA:

MICO. Bang: ELGI Equip Coi LG i & Bros. Coi Reliance
Indusiries Lid., {Palalganga). L&T Komatsu, Bangalore; KEC, Bangalore; L&T, Mysore; Macmillan,
Bangalore; HP Global e-Business Operations Pwt. Lid., Bangalore; Grindwell Norlon, Bangalore; AT &
S India Ld., Manjangud; Grasim Industries, Harihar; ABC Business Sofutions Pvt. Ltd., New Delhi.

Quality Management Systems guidance for Implementation and Improvement was given fo the
following industrles:

HMT L., IFB A ive Seating Ltd., Bangalore, Rao insulaling Company,
Bangalore, Otlobilz (India) FM Lid., Doddaballaput.

Guidance and Training for Six Sigma implemantation in the organizations abroad were provida 1o Iran
Khodro Company, Iran; IndoRama Chemicals, Thailand,

Training on Statistical Applications in Quality Systems ion was given to
KEMA Natherlands personne! by A, K. Chaudhuri in Oclober 2003.

Awarenass programme at Cochin during 2 ~ 3 January 2004, was conducted by SQC & OR unit,
Bangalore. The seminar was organized at Nimmala College, Kerala. P X Perumallu and € V Gijo were
the facully for the programme. 70 facuity members from various colleges in Kerala pariicipated. The
topics covered ware Implementation of 1SO 8001:2000 in education and Implementation of Six Sigma
in Education.

SQC & OR Unit, Baroda
Teaching and Training:
P. Mandal offered the course “Research and Ouanmahve Methods” during June03-November 03 in the

MBAp by Baroda F y Council, Batoda. Correspondence programme in
S(abslmj Prooess Conlrol was continued during lhe year 2003-2004.

Research Activities
Quality of Data for SPC

in this work, an atlempt has been mada lo develop a framework for addressing data quality problems
that ware laced while implementing Stalistical Process Conlrol (SPC). Most of the large business
houses loday maintain large for and i g lheir business processes.
Consequently, data quality has emerged as a vary imponanl fiald ol rssea!cn Most of the published
research work in the area is eithar genaric in natuse or deals with problems in survey dala. In addition
lo addressing dala quality problems, a new set of data quality classes was proposed and various data
quality problems refaled to SPC were classified accordingly.

P. Mandat

Externally Funded Projects (Non-Income Sharlng):
$SI.No. Industry Served Title of Project/Purpose of visit |
1 |ONGC, Baroda and Mensana on of IS0 9001:2000 |
2 [Devarson ies LId., Guidanca on Designed |
3 | Tata Chamicals Umitad, Milhapur ion of SPC |
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[ 4 TMunjal Auto Lid., Wagnodia | Guidance for TOPS 8D projects !
5 | ot T Ltd., Halol | D of aconomic sampling plans |

P. Mandal was the visiting taculty In ail the Indusiriss served.

Externally Funded In-plantin-house Tralning Programmes:

zt Title of the programme Dates Organization

1 Internat Auditing for 1SO 9001:2000 | Sep. 02 - Apr. 03 | CAN-ORG-MARG. Baroda
2 Statistcal Process Control Sep. 03 Tata Chemicals Ltd., Mithpu
8 Biria Cellulosic Lid., Kharach Oct. 03 Proolem Soivig

SQC & OR Unit, Chennal

Research activities

Product Warranty Analysls:

Two-dimensional process was modeled by Gumber's bivariate exponential distribution, and wamatly
cost was aslimated for a real-life problem.

Research work on slalistical modeling of two-dimensional warranty process was undertaken. For 3
multi-module product (with two-dimensional poficy), wasanty cost was derived through one
dimensional approach using Marshall-Olkin's muitivariate exponential distribution.

Surajit Pal and G.S.R. Murthy

Theoretical research on modeling of two-di ional process was A general lramework
for stalistical modefing of such processes was developed for system (product) leve! analysis.

D.X. Manna and Surapt P
Process Capability Indices:

Amethod was described lo analyze non-normal process data by using generalized lambda distribution
in order 1o avaluate generalized process capability indices.
Surapt Pl

Distributional properties of the estimator for C, - Cy were derived for the nomal process The
distiibution was shown lo be related (o (singly) non-central F. A new refation between Owen's Qi
function and Incompiele Beta function was also obtained in course of the work.

D.K Maa
Co-operative Game Theory:

In the area of Co-operative Game Theory, contributions in the stability and largeness of core brought
about some clarity and the set of lower boundary points o the set of acceptabdle pay-off veclors wese

to be of imp 10 decide the larg of the core of a cooperative game. Work is
now on lo characterise these lower boundary points, the problem is combinatorial in nature. Attempts
are also on the find a stabla set solution for a general Assignment Game.

A K. Biswas
Semi-Definite Linear Complimentarity Problem (SDLCP):

1t is known that under SOLCP set up P and Q properties are aquivalent for Lyapunov and Stein
\ranslormations. For the double sided mulliplication Transformalion M, the equivalence of P and Q
properties could be shown when (i) A is in R%, (i) A= A, Ais in R™. Several interesting rasults were
obtainad which ware used to prove tha above. Howaver the equivalance of P and Q properbes sl

ramains an open problem.
D. Sampangi Raman



Statistical Methods to Study Effactiveness of New Englne Oll.

Newly designed angine ol was evalualed against existing ofl, based on several parformance
paramatars under actual fleld condition. Values of performance paramelers ware obsarved at pre-
determined mileage {sampling points) when the engine was run. Thus, the requured stafistical methods
mvolved analyses of repeated measurements. Analysis o data indicated thal the test oil was uniformly
superior to that of reference oll. A user-friendly worksheet in MS-Excel was lo carryout such
analysis along with the relevant graphs routinely for meanmglul interpretation.

E Funded In-p| Training P
[StNo.[ _Titia of the Prog Duration Organizath
1| Design of Experimens 29255 | aghok Leyland 1d. & Rane (Madras) L.
2 | Stabstical Methods 2days | Champlast Sanmar Limited
3 (SixSigma Yeday [BHEL
4 | Basic Slatistical Methods 3 days | Kemin Nutdtional Tach {1) Pwt. Lid.
5 [ Design FMEA 1day | Simpson & Co. Lid.
6 |PantTime Programon SPC |1 month | General Training Program
7 | Process Capability Analysis |2 days | Ganeral Training Program
8 |Pan Time Program on DOE 15 days | General Training Program
o

Design of Expert 2days | General Training Program
Statislical Tools for 1SO
10 |9000:2000 ~ Enroute to Six 1day | Genaral Training Program
| |sigma Gointty witn QCI)

5QC & OR Unit, Coimbatore
Research and Other Sclentific Activitles

i) A collaborative applied work was undertaken with Bharathiyar Umverslry for the Southam Railway,
Coi to study the g due lo isfaction befora the reservalion counters
al Coimbatare railway junction and to suggssl remedial actions. The queuing paltern before the
reservation counters could be adequately modeled and Ineir paramelers were estimated. Based of
these estimates, recommendations were given on optimal number of counters required, and allocation
of counter working ima on each day for each period of time.

(i) A collaborative work was carried out with the Bharathiyar university on optimum placement of
vanous sizes of ‘print layout' in order lo minimize ‘paper waste’ in a printing industry.

(iiiy Techno-economic breakthrough viability studies under govemment rehabilitation scheme for
spinning milis was conducted. A new methodology was proposed and was accapled by SBI & IDBI for
resiruciure stralegy of NPAs.

(iv) Six sigma implementation at 'Offica Process’ in a spinning mill al Sambandam Mils, Salem, was
taken up. Tha study is slilt continuing.

() Study of evaporation loss of p products was in retail outlets of Hindustan
Petroleum. Improved handmglcalbmnon techniques, storage and lopistics mathods were proposad.
Consequently. about 300 litres per month (2.5%) was projected as the expected savings in svery retail
ouliet. Therefore for 1500 outlels of the organization, there would be significant savings hrough
oplimum inventory management in petrol alone,

) A profect has baen undertaken at six relail outlets of Hindustan Petroieum In Coimbators, Pollachi
and Sulur for introduction of 1SO 9000 quality syslem,
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A Rajagopal of Coimbatore unit worked on all these projects, (1) - (wi), during 2003-2004.

In addition to the abova projacts, a number of other extemalty funded projects were also taken up by
the Coimbalore unit dufing the year 2003 - 04. A Rajagopal and C. S. Pillai wefe associated with thase
projects. A brief list indicating the litle of the projects and tha unding organizations is given below.

Funding O Title of the Project
" Quality Improvemenl, Quafity System Implamentation, and
indusian Pelroleum Anaining Cansistent Density with Optimum Minimising Studies.
. National road praject on prevention measures lowards earty
SRC Projects (P) Ltd. complaton and m ion o
Sangeeth Textiles (Annur) Product Quality Imp: ang D: Studies.
Durairaj Mills, Pasur Variation Control in Process.
Shiva Textiles Kaizen Studies.
Thang Spinning Mils, Satem | Improving Quality of Process and Product.
Rajaratna Mills Strategic Decision of Product Mix and Financial Viabifity.
TEXMO Process Optimisation through Breakthrough Stugies - Foundry
XM Appiication in Pump Set Manufacluring.
N Geological Dala Analysis lor the Prediction of Founding Level at
Kalpakkam Atomic Power Plant Atomic Power Plant al Kalpakkam
Rafapalayam Mils, S VISHU\ 0 yooing SC Techniques in Routine Production ang
Shanker  Mills,  Sudarsanam PR
PN Waste Minimization,
[ Spinning Mills

Externally Funded In-plant Training Programme

[S1. No.[Title of the Prog  Duration [org

[ 1 [Statistical Process Conirol 110~ 11 April, 2003 |[K S B Pumps, Coi |
5QC & OR Unit, Delhl

Teaching and Trainlng

Faculty support was provided for M. Stal. {Ist yr.) at IS, Delhi. Faculty members acted as supervisors
for projects of M.Tech. (QROR} students during the yaar 2003-2004.

Research Activities

Reliability: Consaculive K-oul- of- n: F Syslem, Linear Complementarity Problem(LCP), Semidefinile
Linear Complementarity Problsm(SDLCP), Nencooperative games, Slochastic Games.
Madhur Malik, {Supervisor: S. R. Mohan)

Projects:
Proficiency Testing Programme on Egg Powder Testing
In all 73 laboralories from 27 different countries participated in this programme. Statistical analysis was

carried out by SQC & OR unil, Indian Stalistical Institute, Dathi Centre to assess the performance ot
the participati ies on the various islics of egg powder.

Minimization of Heat Rate In Power Generatlon

Heat rate and auxiliary power consumplion are the two important indices datermining the aconomacs ol
any power plant. Little work has earfier baen done In use of slatistical methodology in these areas. The
projact carried out in NTPC was a pioneering exercise and will go a long way in improving heat rate
and auxiiary power consumption in power planis and achieved reduced cosl pawer producton.
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0 Methodology and Alg for Printing Sheets

In this project an optimization model and algorithms for printing of sheats was developed in a large
pnnting press based on demand paliern in finile horizon lo minimize waslage of sheets and minimize
the masters used for printing.

Development of Control Procedure for Thickness at Grinding

In Grinding. day to day variation of thickness was high. This was Iraced to Lhe machine software on
investigation. Setting nght the intake procedure of the software heiped Io remove the day o day
vanation. To conlrol the process a c8mbined EWMA Chanl was developed which efficiently detecled
even small shifts tn mean as well as vanability.

of Six Sigma dology in Non N g Area
of Six Sigma dology in facluring area was done through training and
project sessions. Specialized Iraining malerials were ped for parti {rom M 9. HA.,

Sales. Finance, Stores and Purchase. Project leams carried oul several improvement studies.

Development of Suitable Control Procedure In Dlcing Area

The variation in Ker width in the Dicing process was observed lo be very high. Subsequent o planned
data collection, ANOVA for a random eftect model with parameters chip geometry, waler and error

was used 1o eslimale the inheren! process vanability. A tnal implementation of X -Chan, based on this
estmale performed satislactordy and. was adopted lor contro! of Kerf width.

Study of Variation In VA Value at Oxidization Stage

Variation in VA value, most important electrical parameler at oxidation slage, was very high. A
designed experiment with lemperalure of ihe fumace and zones of the waler was conducted. A
suitable variance stabilizing transformation of the dala was used as heteroscedasticty existed and
ANOVA for a nested classilication was carned out with the iransformed data. Based on the analysis an
acton plan to lackle the problem was worked out and had been pul fo use.

Externally Funded In-plant and General Training Programmes:

St.No. | Title of the Prog 0 Duration

Scope international (Standard g
Chartered Bank). Chennai 1215 May 2003
2 IPIohoengy tesling for General Training Programme at Pune 1012 July 2003

By Dethi Unut
Sampling techniques and | . 10-12 July 2003
3 Inspection Riles. Gurgaon 04-06 Sept. 2003
General Training Programme al 151,

1 | Stabstics in Six sigma

: - .
4 |Six Sigma Green Belt Dethi Centre 17:18 Sepl. 2003
R Systems International Ltd. 25-27 Feb. 2004
Statistical Precess Control
5 |and Measurement System 18-19 Dec. 2003
Analysis Souni Systems Limited
6 ggoglured Problem 2324 Dec. 2003
fving
" N General lraining programme {In
7 | Stonstical Tools for 10| cc/izon wilh OC) al Hotel Le 7 Fab. 2004

9000.2000

Mendian, N Delhi

65



Speclal Assignment

A wo-day survey on Quality status was carried out in M/S Texcorp Lid. during 24-25 Aprit 2003, to
assess tha company's present system of inspection and other control procedures, and to suggest
remedial measures to rationalize the Inspection system.

5QC & OR Unit, Hyderabad
Teaching and Training:

Teaching In Pan-time Certificate Course in SQC continued for two new balches duning February-
Seplember 2003 (30 batch) and October'03 - March'04 (315t batch). A lotal of 21 and 22 studenls
were admitted in the respective balches. 14 studenls of the first batch took the final examination.

G.S.R. Murthy taught Advanced Inference to the students of M.Sc. Statistics, Il year, of the University
of Hyderabad during July-September 03.

P. Bhimasankaram taught : i) Applied muitivariale analysis to M.Sc. final year students of University of
Hyderabad during April-May 2003, i) Probability in summer lraining programme for Math Otympad
siudents organized by Univetsity of Hyderabad during May - June 2003, iil) Applied Multivanale
Analysis and Economalrics-l In (he post-doctoral programme of Indian school of Business, Hyderabad
during 23 June to 31 August 2003, iv) Linear Modets and Regression lo M.Sc. First year students of
University of Hyderabad during January-March 2004, v} Statistics in Management to 1* year students
of post graduate progi in Agribusi g of MANAGE, Hy

All (he faculty members acted as supervisors for projact works of the students of tha Part-time
cartificate course in SQC. A.L.N. Murthy guided project work of an MCA student on “Development ot
Irrigation Waler Supply Scheduling Package®. S. M. Subhani guided projects of 13 students pursuing
M.Sc. / MCA courses. N.T.V. Ranga Rao guided project training for one M.Sc. (Computer Science)
studant on “Interprating the SPC charts” - through development of appropriate software.

Research activities

Regression Analysis

Rasearch in the area of Applied Regrassion Analysis with special emphasis on deletion diagnostics,
collinearity and heteroscedasticity is in progress.

P. Bhimasankaram
Multlvariate Statistical Process Control

ilivity Analysis in Multivari ical Process Control.
P. Bhimasankaram and S.V.S.N. Murthy

Linear Complementarlty Programming (LCP)

Research activity is being pursued on Linear C: ity Prog: g (LCP) in jon with
the University of Hyderabad.
G.S.R. Murthy and T. Parthasarathy

Software Quallty and Metrics

Scientific managemant system for irrigation and water supply s being developed.
ALN. Murthy and G.S.R. Murthy.
Six Sigma

Research In the area of Six Sigma / BFSS break through strategy (DMAIC / DMADV) for furthsr
refinement of the methodology Is being pursued. A handbook for referance in Six Sigma Black Bait
training i also being written.

G. Murali Rao
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Deslgn of Exparimants

Applied research lor oplimisation of clgarane design wulh respect o different characteristics; o obtain
o

Process Capability Indices for

mathods for designing of filter elements for liquid and air had been camied out.

Extemally Funded {Consuitancy) Projects:

. and on using statistical

§. M. Subhani

SILNo.|  Funding Organization

of work

! | L1g. Hyderabad

AVINEON India Technologlas |.

14 projects for Six sigma implementation are being pursued
in me areas of quality, Productivity, cost and customer

[Ongoing)

Tecumseh  India

Lid.
2 |(Technology  Development

Guiding 14 projects laken up by the TDC of Tecumseh India
Lid. on product design and development. (Ongoing)

Caalre (TOC))
CADSYS Technologles Ltd., . . § .
3 | fyderabad 1S0 9000 : 2000 lmplemenlapon. (Ongoing)
] Iniroduction of quality system. The organization received 1ISO
4 | MIKROFLO Filters Ltd. 90002000 carticate from LRQA.
Funded in-p Tralning Prog
Sl. Programme conducted for & | Number
No. Titie of the programme Detes Venue attended
Awareness programme on S Moy
t 150 9000 - 2000 Aprit-May'03 . 20
. . Sept. 22-23, Cadsys ges P Lo
2 | Imernal Quality Audit 2003 ' 12
Executive briefing on Six June 14,
3 Sigma 2008 Speck Systems Pvt. Ltd. 10
Stalistical Techniques for [ Aug 11-12, .
4 Sofware qualiy 2003 Wipro Technologies Ltd., Hyderabad 25
Awareness programme on | Sepl.17,2003 .
5 Oplimisation techniaues. Infotech Enterprises Ltd. 10
Stalistical lechniques for - .
.. |Sepl. 26-27, | General lraining programme jointly
6 | software (lowards achieving N . 20
six Sigma 2003 organized with SPIN, Hyderabad.
7 |DesgnofExporimenss | 30152 | VS Srichakra L, Madura 2%
Statistical methods
applicable for oplimizing (he
8 design of liller etements for Aug. 6, 2003 7
vanious applicalions. Mikroflo Filters
Orgamisational transition
9 |irom 1SO 9001:1934 101SO | Aug.16, 2003 "
9001:2000.
Process capability estimation
10 | for non-normal May 5, 2003 VST Industries L\d. [
Orthogonal Arrays lor o
oplimizing process "
11 paramalers of FTL lamps for July 22, 2003 Wipro Lightings, Mysore
achigving slar rating.
12 |Sttisical Process Control. |98 "21453] canig tr Elocionics & TestEngg. | 6




