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Director's Report

It is my proud privilege and pleasure to prasent my annual report for the yaar 2005-06, which happans
to be the first one atter | assumed the post of the Director of the Institute on August 1, 2005. The
Institute has its headquarters in Kolkata and two other centers at Dethi and Bangalore beside a branch
8t Giridih and a network of sarvice units under Stalistical Quality Control and Operations Research
Division across the major cities In lhe counlry like Kolkata, Dethi, Bangalore, Mumbai, Chennai,

k Pune,

True to the tradition of the Inslitute, a number of presligious awards and honors have been received by
soma of our scientists during the year, for signili ions in their respective fields. ! mention a
few of lhem: Prolessor Probal Chaudhuri of the Theoretical Statistics and Mathematics Unit of Kalkata
received the 2005 Shanti Swarup Bhalnagar Prize in Mathematical Sciences from the Council of
Scientific & Industrial Research, and the National Award in Slalvshcs for Young Statisticians in Honour
of C.R. Rao by the Ministry of Slatistics & Prog| of India. He had
also been elected a Fellow of the Institute of Mathemalical Statistics (USA). Professor Rajeev
Karandikar of the Statislics and Mathematics Unit of Delhi had been elected a Feliow of the indian
National Science Academy (FNA) while Prolessor Arup Bose of the Theorelical Slatistics and
Mathematics Unit of Kofkata had been elected a Fellow of the Indian Academy of Sciences (FASc).
Professor Malay K. Kundu of Machine Intefiigence Unit had been elected a Fellow of tha Iindian
National Academy of Engineering (FNAE), and Professor 8.8. Chaudhuni of the Computer Vision &
Pattem Recognition Unit received (he R.K. Wadhwa Gold Medal lrom the Institute of Electronics and
Telecommunication Engineers, India. Among the young researchers, Or. Partha Sarathi Chakraborty
of the Statistics and Mathematics Unit of Delhi was awarded lhe Young Scienlists Madal by the Indian
National Scignce Academy. The Institute is proud of their achievements.

1 am also pleased to mantion that the DST-sponsored first ever “Center lor Soft Computing Research:
A National Facility" was inaugurated by Professor MGK Menon, the President of the institute, on
October 25, 2005, and it has started funclioning, orging several collaborations with other insfitutes in
India. lls activity, as entrusted by the DST under intensification of research in High Priority Areas
{IRPHA), wull not only strengthen the ongomg compuler science research in the Institute, but will also
2dd a new di fontoit, its signi and timefiness in the national [T scenario.

The Institute has a fong and glarious tradition of fundamenlal 1esearch in several areas that was being
canied on during the year wilh vigour by its disti faculty members. It also conli to
oonduct again wilh the help of its able faculty members, prestigious courses, and to produce

of sludents well-trained for research and other professions. The courses were
updated Irom Lime to lime (o cater to lhe neads of (he students. A new specialization in the M.Stat.
program, called M.Stat. : Appiications, will be introduced Irom this year to enrich the program. This will
widen the opporiunilies available to the gradualing students in industry and other job markets, as well
as for pursuing higher studies.

There were about 100 extemally {both national and intemational, Govemment and Privale) funded
projects in the Institute. Funding agencies mainly include the DST, DBT, CSIR, DIT, ISRO, DRDO,
DAE, ICMR, Ministry of Environment and Forests, Intel Corporalion (USA), NSF (USA), INSEAD
(Franca), Indo-French Cenler for Promation of Advanced Research, NHF (Nelherlands), Hewlett
Packard e-global, lran Khodro Company (Iran), L&T, Macmillan, WIPRO, and Reliance. Many of the
projects had strong research companents.Apart Irom Ihese there were projects of SQC & OR Division
which ware mostly of 8 consulling and income-generaling nature. While Ihe number of small projacts is
going up yearly, emphasis should be given, in my opinion, to having some big interdisciplinary projects
of national importance, which cut across tha different divisions of the Inslilute and exploit thair
respective expertise. This IS particularly appropriale in view of the fact that he Institute has a unique
multi-discipiinary character that Is aptly described by ils motto of *Unily in Diversity”. Similarly, more
Inter-institutional projects were ged wilh the same synargistic objeclive where Scientisls should
have deeper involvernant in fawer projects rather than shallow involvement in several. Also. requests
from Government lo conduct projecls of national significance in areas related to planning, linance, etc.,
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ghould be entertained wherever possible, and efforts could be made to embed research components
In such activities.

The construction work for the Phase Il of the academic bulkiing, now renamed by the Ministry as
“Platinum Jubitee Academic Building", and the D type quarters In Deluxe Garden has begun. Major
renovation work Is going on in full swing in the RTS building and the ISEC Hosle). The objectives are
to anhanca the longavity of the former, which embodies our proug heritage from the illustrious foundar
of the Institute, and to upgrade the facifities for intemnational students in the latter. An ATM counter of
the Allahabad Bank has baen opaned lor the benefit of the workers and students.

The cument pay scales in the Institute, given the entry-leve! qualification requirements, do not compare
favorably with thosa at other premier [ndian Institutes. As a resull, iha Institute has not been able to
attract good faculty in sufficlent number In recent years. To deal with this, attempls are being made to
Tevise the existing pay scales and promotional policies for the facully in order lo attract bright young
researchars at an early stage of thair career. Also, efforis are being made al (ha advica of the Section
8(1) Committee to revive the Institute’s campus at Takdah, Darjeeling, with a possibiiity of its scientific
ulilization, In conjunction with other research centers around, through sharing ol resources and
Infrastructura in tha greater intarest of (he nation.

| am pleased to announca that the Institute will be celebrating its Platinum Jubilea over a period of
aboul one year, starting from Dacember 17, 2006. Though the preparatary work started quila late, we
hope lo have about fitty academic programs like saminars, lecture series,
quiz, and infrastructural development in all the major cenlers with sincere cooperation Irom the
workars. Tha latter activity mainly includes a separate integrated ISEC Center in the North Cottage of
the Institute in Kolkata and a subway lo connect il to the academic area, a Boy's Hoste! in its Delhi
Centar and an Auditorium In the Bangalora Center.

Indian Statistical Instide Is Intemationally recognized as a “Cenlre of excellence” both for its
theoretical contributions lo Statistics as well as applicalions of Statistics. We must uphoid this unique
standard in years to coma In order to keep the banner of the recognition high, charishing our immortal
mottos, “Work is worship™ and “Unity in diversity”. We hope to have conlinued assistance and
cooparation from our administrative ministry for smooth running of the Institute and also to add more
feathers to its cap.

31" March, 2008 Sankar K. Pal

vi



A BRIEF HISTORY OF THE INSTITUTE

In the nineteen twenties, P.C. Mahalanobis, then a Professor a1 Prasidency Cofiage, Calcutta
conducted several studies employing statistical methods with results that vindicated his kieas about
the efficacy and potental of Ihe omerglng science of Statistics. In 1831 he founded the Indian
Statistical Institute, as a regi 00 and fit distri leamed soclety under
the Socleties Reglstraticn Act No. XX of 1860. It hes the (ollowlng objects:

0] to promote the study and dissemination of knowledge of statistics, to devaiop statistical theory
and methods, and their use in research and practical appiications generally, with spacial
referance to problems of planning for national development and social walfare;

()  toundertake research in various fields of natural and soclal sciences with a view to the mutual
davelopment of statistics and these sclences;

(i)  to provide for, and the collection of information, Investig: projects, and
U research for purp of planning and the improvement of efficiency of
management and production.

(™)  Toundertake any other ancillary activities In fulfiiment of the objectives (7). (i) and (i)

The Inslitute started functioning, initially from a room of the Presidancy College, with soma support
from a few distinguished citizens of Kolkata. Over the first two dacades, in what has now become &
glorious chapter in the history of Indian science and institution building, the Institute embarked on a
series of ambitious and visionary prog mainly in the form of large-scale sample surveys which
extended into other [nnovations and methodological research that have since bacome classics in
Statistics. Side-by-side grew the aclivities of training of personnel, which were also to trigger high level
research, and the need lor pubiication of results for which Sankhya, an intemationa! Statistics journal
was founded in 1933.

Apart from the impact made In the world of Statistics, eaming for the Institute the patronage of the
great R. A. Fisher, the briliant choice of the area of surveys, their social and national relevance eamed
the Institte an automatic place in the task of nation-building when India became independent.
Led by Professor Mahalanobis and a very able group of younger statisticians including R.C. Bose and
C. R. Rao the Instituite was poised to fake on the larger rofe. The nineleen fities saw the
Institute engaged in : (i) a full fledged research and Iraining school in Statistics and Probabiity, (i) a
planning wing entrusted with the formulation of the second five-year plan of india, (i) Sankhya, (v) the
National Sample Survey wing engaging in comp ive data collection for the nation, (v) a string of
Stalistical Quality Conlrol units promoting the quality movement al the industrial centres in the country,
and (vi) a collaboration with the International Stalistical Institute 1o train Govemment statisbcians from
Asia and Africa, 1o name some of the principal activities. it was also ai this time that the Institute
installed the first electronic computer in the counlry. The faculty, the students and the very
distinguished ot of international academic visitors made it a vibrant cantre of research and leaming.

The formal recognition came In 1959 with the Parfiament passing the 1SI bill, leading to the Indian

Statistical Institute Act of 1959, which designated IS! as an Institute of national importance. The

activities Steadily grew, existing Interests became more broad-based and a number of science units

were created in (he interest of live intaraction betwaen Statistics and Natural and Soclal Sciences.

Empowered by the Act to award degress, the Institute started the B.Stat. and M.Stat. courses. An

exoellonl library was founded at Kolkala and the Documentation Research and Training Gentra began
g in Bang; Other pmant also began.

In the nineteen seventies, atter the death of Professor Mahalanobis, the Institute went through some
reorganisation. The National Sample Survey had already been laken oul of the Institute. The various
units and activitles were grouped under a few divisions. The present structure of ten divisions on
page (iv) has besn arrived at through some further changaes. The divarsity In areas of research in the
Institute has grown manifold in comparison with the ninateen seventies. The most notable changes

]
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inca than have been the amphasis on Computer Sciance and tha creation of the two centzes at Delhi
and Bangalore with lull-fladged research and teaching programmas. Tha Indlan Staistical insiiute Act
of 1959 was amendad by the Parliament in 1335 (o empower the Inslitula to award Dagrees/Diplomas
not only In Statistics, but also In Mathematics, Quantitative Economics, Computer Science and such
othar subjects relaled to Satistics as may ba dalermined by tha Instinde from time to Bma. Saveral
new courses have Also baen added since: M. Tech.in Computer Science, M.Tech. in Quasty,
Reliabilty and Operations Research, M.S. in Quantitative Economics, B. Malh. and M, Math.

The Institute in ita saventy fourth year is proud of its past and prasent, of tha high level of research and
applications, of the distinguished alumni spread over many countries. Comprehensive planning has
baan on to observe the platinum jubiiee of the Inslitute in 2006-07 in a fiting manner, with intemational
conferences, saminars, and lecture series in afl refevant disciplines. Plans have also been mada to
bolster the infrastructure of the Institule. Above all, the occasion will be used to ranew the pledge of
excelloncel

viii
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1. TEACHING AND TRAINING
Degree and Other Courses
The regular full-time programmas of study of the inslitute are:

1. B. Stat. {Hons.): Bachelor of Statistics {Honours)

~

B. Math. (Hons.) : Bachalor of Mathematics (Honours)

154

M. Stat. : Master of Statistics

'S

. M. Maih : Master of Mathematics

5. M.S.(QE): Master of Science {M.S.) in Quantitative Economics

o

. M.Tech. (CS) : M. Tech. in Computer Science

~

. M.Tech. (QROR} : M. Tech. in Quality, Retiability and Operations Research

8. ADIS : Associatestip in Documentalion & information Science

©

. Research Fellowship in Statistics; Malhematm Economm Compuler and
Communicalion Sciences; Physics and Applied M
Geology; Psychology: Human Genetics and Library and Information Scnenoe

The Institule also runs a six-month part-time programme at the SQC & OR Units at Hyderabad and

Bangalore called :

Part-time Certificate Course in SQC & OR

Alotal of 10,674 candidales applied for agmission to lhe 2005-2006 session of the above programmes
for which Admission lests were conducted al 23 dillerent centres all over the country. in all 8082
candidates finally appeared for admission tests out of whom 593 candidales qualified in the written
tasts, ang were called for inlerviews and finally 195 candidates were offered admission.

The number of sludenls admitied to the different degree, associaleship courses and in  Junior
Research Fellowship during 2005-2006 and the number of students passed in the annual
examinalions in 2005 held curing May, 2005 are given in Table 1. The 2005-06 academic session
commenced on 18 July 2005.

Convocation

The 40® Convocation of the Indian Slalisical Inslitute was held on 17° February 2006, at 3.00 P.M.
The welcome address was given by Prof. M. G. K. Menon, Prasident, ISI, and the Annual Review of
the Institule presented by Prol. Sankar K. Pal, Direclor, ISi.  Prof. Lotii A. Zadeh, University of
Califomia, Berkeley, USA was conlerred D.Sc (honoris causa) by the Inslitute and he aiso delivered
the Convocation address. Prof. M.G.K. Menon awarded lhe degrees and diplomas and prizes. The
vole of thanks was proposed by Dr. S.K. Majumdar, Dean of Studies, ISI. The prizes awarded are

in the next parag the number of recipients of degrees and diplomas in the convocation
shown in table 1, and table 2 lisis the Ph.D's.

Tha IS) Alumni Association Mrs. M.R. lyer memorial medals for outstanding parformance was given to:
B.Stal. (Hons.) : Subhroshekhar Ghosh M.Stat. : Anindita Bose
M.S.(QE)  :Aspita Chatterjee M.Tech.(QROR) : Nagesh Adiga M.

The ISI Alumn! Assoclalion Rashi Ray Memorial Meda! for outstanding pertormancs In M.Tach, (CS)
was given 10
Sripama Saha



Teaching and Tralning

The Sunity Kumar Pal Gold Medal for the best dissartalionin  M.Tech. (CS) was given'lo :

Saurav Basu

The S. H. Aravind Gold Medal for outstanding performance in B. Math. (Hons.jwas given to :

Sucharit Sarkar.

Table-1

Number of students/Tellows in different courses.

st Number of Students
Nc; Courses Passed In the Annual | During the year
: Exam. in 2005 200506
B.Stat(Hons.) 17 year 28 35
o1, 2': year 2 28
I year 17 33
B.Math.{Hons.) 17 year 12 10
02. 2 year 9 12
I year 13 9
® M.Meth. 1% yaar 2 9
. year § 2
o, | Mt 17 year 40°(23+17) 18'(11+5)
. yoar 36°(3244) 40°(36+4)
05. M.S.(QE) ;: year 19 19
I
o, | Tech. (C5) ;; ﬁzr 2 ;Z
) year 22 17
07, | MTech(QROR) 17 year 10 1
year 13 10
08, Junlor & Senlor Research fellows & 9 85
*_| Research Associates in different disciplines
ADIS 1" year 4 9
09. year 5 4
Grand Total n 387

* Total number, including Kolkata and Defhi.
Numbers In boid stand for those receiving their degree at the 40™ annual convocalion.

Table 2

Ph.D. Degree awarded by the Institute in the 40™ Convocation held on 17.2.06

:‘L" Name of the Fellow Title of the Thesis U,:':;;::?’ S':"::vfs'om:
Building Etficiant Systams
Y Debrup Chakraborty, From Data in sl Prol. N.R. Pal,
: M. Tech. (CS}, (IS!) Compulational ECSU, ISt., Kolkata
Inlaligence Framawork.
Utpal Garaln, Automatic Recognition of
o | MestorolComp'Sc. | Prnedandhandwiten | (o | Foc3S S
. and Engg. Mathematical e
(Jadavpur Univ.} Expressions.
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Struclure of Relative Prof.V. Kodiyalam,
a| Faemta ([I’s"‘)" Commutanisof Depth | 1S/ | Inetof Math, Scienzes,
o Two Subfactors. Chennai
Socio-Economic
Ramakumar i
v N (.:ha,.{w.exg&i?s’: A Prof.V.K.Ramachandran
4 | MSc(Agicutural | e 9ol 2 Vilage in 181 SAU., I8!, Kolkata
Economics), (Tamil Nadu the Malabar Region of
Agricuttural University) 6 Malatar Hegion
9 Kerala.
Quantum Stochastic
Lingaraj Sahu, Dilation of a Class of Prof. K B. Sinha,
5. M. Phil. {(Maths) Quantum Dynamical M| Star-Maih Unit, 181,
{Sambalpur Univ.) Semigroups and Dethi Centre
Quantum Random Walks. o
) Essays on Individual and Prol. §.R. Chakravarty,
6 Msg’“(g"g"(’;'s“ Collcive Powersina | 151 £RU, 151, Kolata
o Voting Body.
Sanjay Parui,
; MSe.(Malhs), | Unceriny Princileson | o | P> nangaves
(University of Calcutta) Nilpotent Lie Groups. 151, Bangalare
Arup Kumar Das, Dr. SK. Neogy,
B.E. in Metallurgy, Properties of Some SQC & OR Unit,
8. | (University of Caicutta) | Matrix Classes in Linear 18t 1S1, Delhi Centre
P.G. Diploma in Complementarity Theory.
$QC & OA (IS))
. . Design of lteration of
Mridu! Nandi, N p Prof. BK. Roy,
9, M. Sial, (1S) Hash{\Funcnorl\s andits 181 ASU, 151, Kokata

Table 3

Research Fellows of IS| who have been awarded Ph.D. degree by Academlc Bodies other than
1S) during 2005 for work done in the 1SI.

Sl
Name of the . Name of the
No. Fallow Title of the Thesis University Supervisor
Host Faclors that may
Influence Cervical Cancer
N Paramita with High Risk Human Jadavpur Dr. S. Sengupta,
: Bhattacharya Papillomavirus Infaction; University HGU, 1S).
Aspects of Molecular
Mechanism of the Disease.
Entrepreneurial Behaviour: A
2 Rachana Socio Psychological University of Dt. A. Ghosh
Chatlopadhyay Approach for Predicting Cakeutta PRUY, IS!
Ent ial Success.
The Polential of Aqualic o
3 M Gamadr: Plants as Bioindicalcss of U"éva‘:c's'&o' Dr. A. Dawanji,
ukhopadhysy Pond Water Qualily. v AERU, 1S).
Physicochemical Studigs on D'(';gﬁ(' IF;‘ ul,
Some Singla and Mixed Jadavpur s
4 | RalbKumarMitm |\ cemuisionsRovarse | Universiy
Micellar Systems.




Teaching and Treining

. Water Wave Scattering by Prol. B. N. Mandal,

Rupanwita Gayen Universtty of ’

5. C Obstacles and Surface G PAMU, 18I,
hury Discontinuities. a

On Velocity and Suspension
Concentration in a Rediment- Jadavpur Prof. B. S.Mazumder,
8. | KooRGhoshal | o Flow: Experimenialand |  Universly PAMU, ISl
Theoretical Studies.

An Investigation on Secular
Changes and Secio-
economic Factors in Physical | University of Or. P. Dasgupta,

7.| RamaSehe Growth, Maturation and Calouta BAL, 51,
Nutritional Status of the
*Bengales Boys of Calcutta”.

Health of Urban Disabled : A
Arupendra : . Universityof | Or. Subrata K. Roy
8. Blo-social Study in Calcutta Calcuta BAU.ISI,

Mozumder and Suburbs

Short-term traialng

Apart from the regular courses, In 2005 - 2006, 236 traineas of Engineering and Technology courses
from various Universitie/Institutions wera Imparted training of varying duration (two weeks lo three
months) under supervision of facutty at the follawing units of the Institute: ACMU, Agri. & Eco. Res.
Unil, ASU, Bio. Sc. Divn., CSSC, CVPRU, Dean's Offica, ECSU, MIU, SQC & OR. A fist of the
Universities/Institutions is given in the next paragraph.

B.P. Poddar Institute of Management & Tachnology, Dr. B. C. Roy Engineering College-Durgapur,
Electronics Corporation of India Limiled - Kolkala, Future Institute of Enginesring and Management -
Kolkata, Banasthali Bidyapith - Rajasthan, Bankura Unnayani inslitute of Engineering, Bengat
Engineering and Science University, Birbhum Institute of Engineering & Technology, Birla Institute of
Technology - Mersa, Capital College- galore, College of Engineering & Manag - Kolaghal,
Indian Institute of ion T gy - Allahabad, MCKV Inslitute of Engineering, University
College of Engineering - Bura, G Collage of Engi g & Leather T Horitage
Institute of Technology. IGNOU - Kolkata, IGNOU - Deihi, Indian School of Mines - Dhanbad, instiute
of Engineering & Management - Salt Lake, Jadavpur University, JIS College of Enginearing - Kalyani,
Kalyani Govemment Engineering Collegs, M. B. Khalsa College - Indore, Mallabhum Instituta of
Technology - Bankura, Manipal IT Education - Sikkim Manipal University, Meghnad Saha Instinute of
Technology, Narula Institute of Technology, National Inslitute of Tachnology - Durgapur, Netaji Subhas
Enginesring College- Kolkata, North Orissa School of Communication & Managemant Studies, Orissa
Engineering College, Pailan College of Management & Tachnology, RCC Institute of Information
Technology - Beliaghata, Saroj Mohan Institte of Technology, Sikkim- Manipal Institute of
Technology, Siliguri Institute of Tachnokegy, S Jayachamarajendra Coltege of Engineering - Mysora,
Techno India, The ICFAI School for Information Technology - Hyderabad, The institute of Computer
Engineers (india), University Institute of Technology - University of Burdwan, University of Burdwan,
Univarsity of Katyanl, University of North Bengal, Vellora Institute of Technology - Vellore, Tamiinadu,
Vidyasagar Univarsity - Midnapora, W. B. University of Technology - Salt Lake, Cenlis for IT
Educalion {Orissa), Madhav Instituls of Technology & Science (Gwalior), Sathyabama Instituts of Sc.
& Technology (Chennaf), Utkal University (Bhubaneswar), Visva-Bharali (Santiniketan), IIT-Khragpur,
Indian Institute of Software Technology).

2. INTERNATIONAL STATISTICAL EDUCATION CENTRE (ISEC)

Established in 1950, and operated jointly by the International Statistical Institute, Nethertands and the
1S! under the ausplces of the Government of indla, the centre functions under a joint Board of
Directors. Professor C.R. Rao, FRS hag been the Chalrman of the Board since 1572. The centre



Teaching and Training

provides tralning in theoretical and applied Statlstics at various levals to selected participants from
countries in the Middle-East, South and Soulh-East Asla, and the Commonweallh countries in Africa,
The programmes are: a ten-month regular course leading lo Statistical Training Diploma, and special
courses of varying duration. The regular part has a six-week module organized by Lhe Minisity of
Statistics and taught at Delhi by Statistical Otficers of the Govemment of India.

The 59™ lerm reguler coursa was held during the 2005-06 session wilh 19 participants, of whom 10
were supported by the Govi, of India under TCS of Colombo Pian, 7 by the India Technical and
Economic Cooperation, and one by the Cenlral Bank Of Srilanka. The candidates came form
Indonesia, Thailand, Sti Lanka, Tonge, Gambia, lvory Coas!, Myanmar and Bangladesh and ali the 19
candidates successfully compleled the course. Of special courses there wera two during 2005-2006,
each of ene-month duration organized lor (hree students lrom Gambia. Professor S.K.Pal, the Director
of the Institute presided over tha ISEC convocation held on 22 march 2006, in which Professor D.Outta
Majumder, Prolessor Emaritus al the Instilule was the chiel guest and gave the convocalion address.

Thanks to the special Interest shown by Professor Pal, Directar, 151 there has bean great improvement
in the infrastructure for the ISEC during the last year and mare ambitious projects in this diraction have
been drawn up.



2. RESEARCH AND OTHER ACTIVITIES

The major hrust of the Institute is on research in vanous disciplines comprising Theoretical and
Applied Stalistics, Mathematics, Computer Sciencas, Biological Sciences, Economics and other Social
Sciences, Physics and Earth Sciences, Statistical Quality Control and Operations Research, and
Library and Information Sciences. Scwnnsls of lho Instilute carry oul independent reseasch in their
own basic disciping and also iplinary research In coll ion with other units
within the Inslitule and also with oulside organizations. Thn Institule also takes up vafious intemally
and extemally funded projects in diverss fields on challenging kive problems of national and
Intemational importance. As a parl of research activilips, scientisls of lha Institule ara involved in
consuitancy work as well. This section gives a brief account of the principal areas of wark over the past
year of the scientific divisions of the Institute, namely, the Divisions of ;

Theoretical Statistics and Mathematics
Applied Statistics
Computer and Communication Sciances
Physics and Earth Sciences
Biological Sclences
Social Sclances
Stistical Quality Control and Operations Research
Library, Documentation and information Sciences
In addtion, there is a report each from the ‘Center for Soft Computing Resaarch: A National Faciiy
and the ‘Computer and Stalistical Services Centre'.

Theoretical Statistics and Mathematics Divislon
The Divislon with a unit each In Kolkala, Delhi and Bangalore is engaged in research in Statistics,
Probability Theory and Mathemalics, with a small group in Kolkala pursuing Theoretical Compuler
Science. Beside thelr research, mambers play a major role in the leaching of Satistics, probabilty,
Malhamatics and Theoretical Computer Science in the B.tat.(Hons.), B.Math.(Hons.), M.Stat. and
M.Tech. (Computer Science) programmes of the Institule. Courses are also run for research lellows
and there are seminar activities all round the year. Members organized and laught in several
specialized workshops, some of them under tha North-east programme. The administration of
Sankhya Is also done lrom this division and a number of faculty members are aiso engaged in its

editorial functions. Some of the facullies are also associated with the acministration of the
Mathematics Otympiad Project of the NBHM at Lhe reglona! and national levals.

Stat-Math Unit, Kolkata

Records and maxima of random varlables

Mgjor progress was made In tha maxima of multinomialh h bk
random vectors, where dimension incroases wilh n, cell probabiltips are aqual and number ol rials
Increasas fast enough. This wark is being Jolnlly done with Arup Bose and Amites Dasgupia of SMU
Kolkata.

Kriahary Maulk



Research Activities
Commutative algebra
Some results have been oblained on finils g ion of subalgebras of | algebras and on

the structure of codimension-one A' — fil brahons in collaboration with N.Onoda of Fukul University,
Japan

A K. Dutta
Applications of graph theory to chemstry

Results were obtained regarding: Enargy of molecules and Graphs and signed graphs, Detemination
of the set of Enargy numbers of graphs on p venices with a given property Q, Existence of a large
number of non-isomorphic graphs with the same energy numbers.

$.8.Rao

Partial sums of upper records

Consider the conlinuous lime procass g d by i ion of the seq of partial sums of
upper records. Under an appropriate condition, 1t was shown this procass convarges to a Gaussian
process. As a consequenca the partial sum of upper records has a limiting normal distribution.

Arup Bose, Sreela Gangopadhyay and Anish Sarkar (SMU, Dalhi)

Tall sum of kower records

A condition under which the tail sum of lower records converges in distribullon has been derived. This
result is useful in understanding Ihe suitability of the method of ganerating observations from a given
infinitely divisible distribution by using sums of lower records.

Arup Bose, Steela Gangopadhyay, Krishanu Mauik and Anish Sarkar (SMU, Delhi)

Welghted feast squares estimation

A wenghled Ieasl squares eshmanon procedure in the classical ARCH model has been proposed and

prop derived - boration with Kanchan Mukherjee {University of Liverpoot).
An appropriale boolstrap procedure to estimate the finite sample dislibution is also proposed. This
method is asymptolically vaiid and simulation results for small sample sizes are also extremely
encouraging.

Arup Bosa
Contlgulty and separation of probabilities

Inthe Fterature absolute continuity/singulariry of two probabiities on the coin-tossing space hava been
studied whera one probability represents independent tosses of a fair coin, while for the other
probability, a biased coin is tossed at renewal limes of an independent renewal process and a fair coin
s fossed at all other times. By allowmg possibly di ffemm biases atthe ditferent renewal times, these
resulls hava been extended. The y and asy ias in his kind of set-up
was also investigated and some suficient conditions oblained.

Anp Bose, Sreela Gangopadhyay and Alok Goswami

Multicolor Urn

A unified approach lo central fimit theorams for & class of ireducible um models with constant
i of

repiacemant matrix has bean faken. D g on Ihe aigenvalue, appropriate linear
lhe number of balls of different colors was considered. Then under appropriata noming the
multvariale disiribulion of the weak limits of thesa linear inations is obtained and i

and dependenca issues were investigated.
Gopal K. Basak and Amitas Dasqupta



Research Activities
Clinical trlals

Adaptlvn dam—dopendenl allocation dealgna are used In phase JIl clinkcal trials having two or more
entrance of patients, in order 1o aliocale a larger number of

patients 1othe btler lmaunent

The odds ratia ks a popular concept for blomadical practitioners and hance odds ¢atio basad adaptive
designs could be very useful In practice. Several such designs are available In the Fieraturs, 6.g.
Rasenberger 8t al. {2001) intreduced them very briefly; howaver, they did not study their theoretical
properties. In this resaarch, these designs were descrived by means of um models, and rigorous
limiting results for them were aslablished. The design was then exiended for mora than two
treatments. Also a rea! data set was used lo flustrate Lhe applicability of the proposed design.

Gopal K. Basak and Atanu Biswas {ASU)

Utillsatlon of auxllfary Information (n sample surveys

In large scale sample surveys, when the study vadable Is poorly correlated with the auiary
information which is used as a slze measure for probability proportional to size selection, convantional
design unblased estimalors do not perform well. Hence allemative estimators that are biased but more
efficient are suggesled. A detatled study on the bias is also provided.

T.. Rao

Isatrople C*Immerslons of a manifold
Existance of Isotropic C' immersions of a manifold M in a pseudo-Riemannlan maniiold (£, 1) has
been studied following Ihe Convex Inlegration techniques of Gromov. The main result states thal i the
signature of h is (p,q) such that p=dim M and g> dim M, then there is an isolropic C' immersion of M
in (E,h) under certain condtionshh

Mahuya Datta

Noncommutative geometry of quantum groups

The twisted lormulation of geometry has been studiod in details, and for the
noncommutative manifold SU_g(2) (with the geomatry coming Irom a canonical equivariant spectral
triple) , the twisted and conventional formulations of noncommutative geometry were comparad. it Is
concluded that in Ihis case at least, the two formulalions give similar resulls; in particular the Iwisted
Chem character is also nonlrivial like the usual Chem character.

Operator algebras and quantum groups

Implications of ergodic actions of compact quantum groups on C/* algabras are investigated, using e
results of Boca and Landstad which describe the siruclure of algebras which admit such actions. I
particuler, an Inleresting description of the crossed product under such actions is obtained.

Debashish Goswami
Quantum Information theory

Some useful complete Invaranis for local unitary equivalence of mixed bi-partite quantum states an
obtalned in collaboration with S. M. Fel {LAM, Univ. Bonn) and S. Albeverio (IAM, Univ. Bonn).
Debashish Goswaml

Hilbert modules and group action

Let G be a compact Lle group acting ergodically on & CA* algebra A. its proved that the hypothesis of
belng countably generated In the resulls of Mingo and Philips about equivariant imbedding of a
countably genarated G-A module can be relaxed fn this case.

Debashish Goswaml



Research Activities
Noncommutative probabllity

In continuation of our earlier works, soma more Interasting resulls about existence of Evans-Rudson
dilation of quantum dynamical semigroups wilh g have been oblained.
Debashish Goswami and K B Sinba (SMU, Delhi)

Simple vating games
Characlerizations of Coleman indices for voting powar have been obtained. The indepandence of the
axioms characterizing the Coleman Index was aso shown.

Rana Barua and Satya R, Chairavarty (ERU)

Hidden perlodicities In DNA saquences

A slatistical mathod for detacting hidden periodicities in DNA seq has bean developed. The
mathod has tumed out to be very usatul in discriminating between ganes and non-coding strelchas in
2 genomg.

A statistical tachnique for idantifying genomic istands in bacterial ganomes has besn developad and
succasstully implemented in several bacterial genomes.
Probal Chaudhur

Harmonic analysis

The questions of extanding the domaln of Radon iransform, s mapping properties and its

with the g ic Fourier transform on (he Ri i ic spaces were taken up. The study
aso axtendad to thase aspacls of hamanic analysis on the nonsymmetric harmonic spaces, populary
known as NA groups. Both in tha symmalric spaces and on the nonsymmetric spaces the Radon
Translorm was used as a device lo oblain results like Riemann-Lebesgue lemma lor LAp functions and
For some important theerem of the genre of Uncertainty Principles.

Rudrapada Sarkar
Stat-Math Unit, Delhi

Martingale problems

Work was continugd on various aspects of martingale problems and their use in characterisation of
Markov processes and, further, In linear and nonlinear filtering theory driven by Gaussian noise.

A G Bhatt
Optimel deslgns

A popular measure fo assess supersalurated designs Is the E(s*2) criterion. Improved lowar bounds
on E(s*2) have been oblained.E(s*2)-optimal designs attaining the improved bounds have baen
identified. Two Simple but powerful methods of conslructing E(s*2)-optmal designs have besn
obtzined.

The problem of allocating factors to the columns of the orthogonal array is studied, so that the user-
specilied 2-factor interactions, in addition to the mean and the main effects, are optimally estimable.
This problem has been investigated with ref 1o the orthogonal array array OA (2An, 24n-1, 2, 2),
which exists for every integer n greater than 1. A method for the allocation of factors to factor
rgpresentations has been proposed that ensures the optimal estimation of the mean, all main effects
and spacified 2-factor interactions.

Ashish Das

Research was carried out In Iractional factorial designs, particularly on E{s*2)-optimal supersalurated
dasigns and optimality aspects of designs In the presence of covariates. Quite counter-intuitively, it
has bean shown ihat under a one-way model with covarates, a non- dasign is often batter than the
bast equi-replicala daslgn under the D-crilerion.

Noke.Dey
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under risks

In the compeling risks model with two risks tha data consists of the failura time and the causes of
lailure; it Is of interest to (est whether one sub-distribution function (or sub-survival function) dominales
the other. Howsvar, in many practical situations all the causes of lafiure are not reported. We develop
tests hased on U-stafistics for such lesting problams. Tha lests have himding normal distribution.
Simulation studies show that the power i3 high even when 20 lo 30 percent of he (ailure causes are
missing.

1. Dewan

L and d

New orderings were d to compare tha degree of dapandence among bivariaie
disiributions and used lo compare pairs of order stalistics and fecord values, and conlinued work in thy
genaral area ol stochastic orders and reliability theory.

S, Koo
Martingale problems and Markov process
Work was continued on Inlerplay between martingale problems and Markov process; Markov chain

Monte Carlo technique and elher random sampling algorithms ware invastigated.
AL Karandiar

Operator theory

Non-triviality of cerlain Dirac operators for SU,(l+1) were invastigaled, local index formuta for odd
dimensional spheres derived, and any interesting connection wilh g-functions, like in the case of
Suyf2) was soughl. A decamposition was given of a spectral triple lor SU,(2) constructed by Dabrowski
6t alin tarms of a speclral triple earfier constructed by Partha Sarathi Chakraborty.

Apd

Quentum stochastlc processes

Resufls were obtained on prodlems i quantum information theory, quantum codes and quankm
computing.

K R. Parthasanity
Research was carried out on quantum ic pi Y ive geometry and spectral
theory of Schrodinger operators.
K B. Sima
Parameter estimation

Progress was made with the work on parameter estimation of sinusoidal Irequency model and chip
slalionary mode!.
S. Nand

Random graphs and percolation theory

The work d a random graph such thal adges are only in & given direction. Local
properties of this tree are connacted wilh the Dickman equalion in number theory and the globdl
properties are connected with random walks on the Inleger latlice. In paricular, lor dimensions 4 and
abova Lhere are the graph contains infinitely many disjoint components, each component being an
infinita lrae; whareas in dimensions 3 and lass the graph consists of a single infinite Iree.

Work was done on problema of random graphs and percoiation theory and slso on extreme vake
thaory, n a joint work with N. Konno, N. Masuda and R. Roy, | hava studied the threshoid natwork
madel In which a pair of vertices with random waights are connected by an edge when the summatin
of tha weighls axcaads a threshokl. Wae prove some convergence theorems and ceatral limil theorems

10



Ressarch Activities

on the verlex degrae, degree corelation and the number of prascribed subgraphs. Some of these
results also generalize to the modet with connection are made depending on posilions in a spatial
model.

A. Sarkar

Stat-Math Unil, Bangalore
Design of experiment

A-optimality of a class of unequally replicated designs with threa distinct elgen-values has been
proved. A method of construction of these dasigns has also been givan.

ical experi an orthoganal main etfect plan (OMEP) is not always economic. An
has been considered:"between class orthoganal* main efect plans. The plans constructed
tequire a considerably smaller number of runs than the exisling OMEPS and have many desirable
properties of OMEPs.

For an

Concantraling on OMEP on ron-arthoganal blocking, a new set of sufficient conditions, which can be
realised by plans of smaller size, has come up. Examples of such plans are also given.

Optimal crossover designs having substantially fewer units, which remain optimal, have been
constructed which would work well in case the experiment has to be lerminated haliway due to some
unavoidable reason.

Sunanda Bagehi
One parameter semigroups of compliely positive maps
One pa i of complately positive maps are called quanlum dynamm! Samigroups.
Work is being done on diations of ive quantum dy of

endomorphisms. For the first time, the dilation for stable quanlum dynamical mngroups wulh bounded
generators has been quite explicitly described. The stability here relers to an asymptotic decay

property of the semlgroup The Inlamahonal Journal of Quantum Compulation has accepled a paper
on d slates for p i

B. V. Rajarama Bhat

A Tt Ianally eaink

inf
with posslbly heavy tailed errors.

grated time series models, both linear and nonlinear,

The following five papers have come oul of this study.

1. Convergence in Distribution of Row Sum Processes to Mixtures of Addilive Processes.

2. Limit Theorems for Funclionals of Sums that Converge to Fractional Stable Molions.

3. Limit Theorems in Network Traffic Models with Very Heavy Tails.

4. Limils of the Number of Level Crossings and Relalsd Functionals of Sums of Linear Processes.
5. Limit laws for the local limes of fractional Brownian and stable motions.

P. Joganathan
Homogenaeous operators and Vector bundles
Along with A. Koranyl have obtained a classi of homog in the Cowen
Douglas class involving Infinilely many Explicit of hase are given on

reproducing kernel Hilbert spaces of vector valued holomorphic functions. The reproducing kemel are
computad explicily in the lorm of a product. The operators are then shown to be Ireducible.



Research Activities
Along with 1. Biswas have obtained a classification of homogeneous holomorphic Henmitian vector
bundies by prescribing the possible for such bundles. Tha equivalenca class
and Irreducibility of these bundies are then Interms of this h structura,

G Misn

Stochastic differential equations, Martingalea

Substantial revisions to the Paper: From finite 1o Infinite dimensional Stochastic Differential Equations
by L.Gawarackl, V.mandrekar and B.Rajeav in which an Inequality, obtained in another coflaboration
with these authors play a crucial role. Both of thasa are offshoots of a naw approach o (ha study of
fintte dimansional SDE's proposed In earfiar work of 8.Rajesv.

The continuation of the wark on tha Martingale representation theorem with P.Fitzslmmons : Thsls
study of the propertids of he ‘Canonical map' which emarged out of the eadier study. It also shidies
some connactions wilh the results of Yor & Shiryaev (2004).

The work on the Markov properties of last entrance times titles "Path Transformation of Brownian
motion' was submitted o a volume prepared in honour of Professor PA Meyer.

In continuation of work with Professor Thangavelu, on the stochasti jons of tha Kaat
equation, more general representations have bean obtained. This work also originates in the paper
mantioned above.

8. Rejeer

Probabllity theory In insuranca

Amodel for a natwork of insurance companies lo diversify risk hvas been proposed along the follawing
lings. Intemal and extemal borrowing Is allowed lo avert ruin of any member of the network; this can
ba looked upon as a reinsurance scheme. This leads nalurally to a d-person dynamic game with slalg
space consiraints. Under cerain natural monotonicity conditions it has been proved thal Nash
equilibrium is provided by the Skorokhod problem of probabilty theory. The proposed modal is parhap
the first multidimensional mode! related to actuaria! problems.

S, Ramasubramanian

Geometry of Banach spaces

Considarable progress has been made lowards solving several problems in Geometry ol Banach
spaces. A partial solution lo the question of algebraic reflexivity of the group of isometries of the space
of vector-valued continuous funclions on a compact metric space was obfained by showing that for @
countable compact set K, for the space of discrete measure-valued functions on K, the isometry group
Is algebralcally reflexive. The structure of the algebraic closure of the isomelry group was aiso

lnvastigated when the functions are continuous w. 1. t weak'-lopology.
T5.SAK R

Algebralc number theory

Some surprising resutts on the unipotant algebraic groups [n positive characteristic were obtained In
collaboration with Mason, Premet and Zalesskii. These, applied to some earier work on the
congruence subgroup kemel In rank 1 groups over i local fields detorming
the struclure of the cangruence karnel, showing in paricular that the struclure depends only on the
characteristic of the field and nol on the algebraic group.

Potynomials f(x),gly) over a field K of positive characlaristic for which f(x)-g{y) has a quadratic tackx in
Kix,y) were detarmined - in collaboration with Manisha Kulkami. This is an analogue of a result of Bl
in characteristic zero with imporant applications to Diophantine equations. Again, in on wih
Manisha Kulkarnl, il was delermined for any rational polynomlal g and any n >2, s 10 exactly when
Diophantine egualions of the form 1 +x#x*2/2k ......+xnl = g{y) have finitaty many integral solutions
xY.




Resaarch Activities
Certain formulae for powers of matrices found in an earfier collaborative work wilh James McLaughiln,
wera applied to prove that a procedure due to Khovanskii lor finding m-Ih roots of positive integers
works efficiently.

itin

A theorem of Midy from 1836 on the decimal ion of 1/p was generallzed by
terms of groups; Ihis work was in collaboralion with Ankit Gupta.

B. Sury
Real elements in algebralc groups

It has been proved Ihat in classical groups (with some mild exceplions) and some of the exceptional
groups (the adjoint ones), the real elements (elements conjugale to their invarses) are precisely those,
which are slrongly real (i.e. products of two involutions {order atmost 2 elements)). ! has been proved
that for any connected semisimple algebraic group wilh -1 in its Weyl group, the real sirongly regular
elements are strongly real. These results have significance in representalion theory. it turns out that for
lhe above groups, evary sell-dual representation is orthogonal. This work was done wilh the Ph.D.
student, Mr. Anupam Kumar Singh.

Maneash Thakur

Work done under the externally funded project

As a part of lhe D. S. T- N. S. F project, Extremal structures in Banach spaces, T.5.5,R K.Rao visiled
ihe University of lowa, lowa city in May 2005 and the US-PI of the project Professor B. L. Lin visited
the IS! at Bangalora in January 2006.

During Ihess visils the collaboration has lead 10 the investigation of several new geometric properties.
The most significant ones are Ihe one dealing wilh ball proximinality and new nofions of smoolhness
called k-smooth and omega-smoothness.

TS.S.RK Rao

Applied Statistics Division

The Applied Statistics Division came into being in Seplember.1996 in place of Applied Statistics,
Surveys and Computing Division. The erstwhile Computer Science Unit was renamed as the Applied
Statistics Unil and put in this division as its onfy unil while the Biometry Unit was Iransferred to the
Biological Sciances Division.

Applied Statistlcs Unit

Scientists of the Applied Statistics Unil (ASU) are involved in vanous teaching, kraining, vssaarch and
development aclivities. This unit regularly conducts i like

schoals, workshops and Probalioners' Training lor Indian Slausucal Sevvnoe Traineas. The membars of
lhe faculty conducl research in various areas ol slalistics, mathematics and computer science, with
special emphasis on appli Some with other units of 1) on joint projects
and also with scientisls Irom other Universilies/institutes. Currenlly, there are callaborative on-gaing
projects with the Theoretical Statistics and Mathemalics Division, Computer and Communicalion
Scignces Division and the Biological Sciences Division. The following ware tha main lopics of research
In the unil duning 2005-06.

Semple surveys

The main research pursued relates mainly to developlng (1) lechniques needed to derive servicaabla
estimalor when sampling effort has to be curtailed if resources do not penml continuation with the

designs initially (i) i to employ app ion melhods when
Randomized Response (AR) procedures undertaken nead lo be adjusted it some respondents
voluntesr giving direct (i) ltem Count iques as toRR K by way
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of simplification of the latter, and (iv) altemative unbiased variance estimation techniques on
out first and second order Inclusion - probabliities in Rao-Harlley-Cochran (RHC) scheme of sampling.
At Chaudbwxi

Dislrict lovel estimates for 18 soclo-economic variables utifizing NSS rural data for the 55" 1ound have
been provided. GIS lechniques for statistical analysis have been explored. Rao-Wu's bootstrap
technique in unequal probabiity sampling has been exiended.

Adit Chaudtwi

Design of experlments, comblnatorlal methods and thelr applications

In fractional factorials, optimal maln effect plans in designs with small biocks wera obtained.
Mausumi Bose

Optimal crossover designs, which allow for ination of the i and optimal
crossover designs when carryover effects are proportional to direct afects, wara oblainad.
Mausumi Bote

Rellabllity and survival analysis

A for estimating the distri of quality-adjusted lifetime under some ilness-death model
was provided through paramelric modeling. An improved calibration procedura for graphical
comparison of two life distributions was proposed.

Anup Dewanj and Debasts Sengupta

Anew moda! for software reliability was developed for the situation where failura is rare and there is no
tima-continuity of runs of the software. This model was used to evaluale the refiability of a unit of space
vehicle fight control software, in the context of a project spansored by ISRO.

‘Anup Dewanji and Debasis Senqupta
Inference procedures, exact and large-sample, for the Marshall-Ofkin bnvanala exponsnnal dnslnburm
under concomitants of order statistics have been d. A new p
stress-sirength mode! has been enhanced and an sshmalor ofits unconditonal (ehabhy ‘Huncton has
been studied.

Ashis SenGupta
Slignal processing
Multivariate onfine change-point problems with di lons In possibly ponential families have
been studied.

Ashis SenGupa
Strategles for estimating the extent of wear of a cutting 100l using electrical signals lrom & face miling
machine were studied, using i | dala from IIT gpur. D ion of the current signal

produced a wareform that bears resemblance with the culling force, which determines the ool wear
but is more difficult to measure in an industrial environment. This observation, togelher with a series of
post-processing innovations led to a method that cutperorms othar exisling methods in terms ol
empirical mean squared error. Comparison of various pre- and post-processing techniques with Force
Power and current features was sludled.

Debesis Sengupta

Muttivarlate analysls

The problems of classification and cf of high lonal data was derad. Ragularizalk
of sample coveriance malricas was studied lheoreucally as well as empirically in the nonlaxl of the on-
going project on tiger pugmark analysis. The problem of determining the number of clusters - when
thera IS a "true’ underlying cluster - was also addressad.
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Admissibiity and Bahadur optimality of LRT for Genaralized Variance have been establishad. A
classification rule based on Ganeralized Variance has been developed and demonsirated to produce
ancouraging results for Micro-array dala analysis in Bloinformatics.
Ashis SenGupia
Statistical Inference

A new class of distance leading to robust and efficient minimum distance estimation has been
proposed and the prop of the and tests have been sludied. The
method of finite dllferenoes has been further devolopad to deriva rew and powerful goodness-ol-fit
tasts, which appfies to most growth curve models.

Ayanendranath Basu

Rasponse-adaptive dasigns are extended to diflerent real siluations. Further works are done on
response-adaplive designs wilh covariates in a phase !l clinical trail set up. Optimal adaptive designs
for binary data, continuous data and survival data are under study. Some works are also attempted on
Mota analysis in his context.

Atanu Biswas

Some modification of Orban-Wolle partial sequential procedure was suggesled earlier. The properties
of the proposed procedure are studied in detail. The resulls are compared with existing competitors.
Alany Biswas

Some robustness related work is camied out for multivariate mixed discrete and continuous data.
Aany Biswas

P tests have been enhanced as Intersection-Union: Union-Intersection tests wilh applicalions to
lesting Biosq Sequential mulli change-poini problems have been sludied lrom
optimality aspects. Inference procedures for rates of growth based on Growlh-curve analysis have
been developed. Non-paramelric estimalor for a bivariate distribution under concomitants of order
statistics has been derived. Linnik and other heavy-tailed distibutions and relaled minificalion
procassas have been studied.

Ashis SenGupta
Probability Inequalities

Some new results have been derived in connection of the U-conjecture, and some special cases of
these have been establishad.
Ayangndranath Basu

Categorical data

Soms work on lhe measures of association for nominal categorical data was carried out.
Atanu Biswas

Timo series of categorical data (both nominal and ordinal) was also done. Some non-stationary
processes have been developed.
Alany Biswas

(Qdds ratio has been theoretically studied under some situations whare the usual assumplions do not
hold. Earlier this was done for multiple tables. Now some techniqus is obtained with a single table at
hand.

Alanu Biswas
Cryptology

Time memory trade off atlacks have bean studied and implemented to a fimiled extent. Efficient
implemeniation of eliiptic curve cryplography has been done. Algebraic atlacks & algebraic immunity
have besn studied. New univarsally one-way hash familias have been construcled. An algorithm has
been developed for key pre-dislribution in sensor networks.

Palash Sarkar, Subhamoy Maitra and Bima! K. Roy
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Three | criterta for g Visual C hic Schemas (VCS) were introduced and
mathods of conslrucﬂng VCS from several classes of combinatorial designs satisfying the above
criteria were oblaned.

Palash Sarkar, Subhamoy Maltra and Bimal K. Roy

Environmental statistica

Satistical methods have baen employed to study savarity of arsenic contamination In water in different
parts of West Bengal. Also effectivenass of arsenic removal plants have been studled.
Bimal K. Roy

The effect of noise poliution on sehool childran was under Study.
Anup Dewanjl, Ritabar Roy Chowdhury, Atanu Biswas and Gopal Krishna Basak

Some ragression models and classification rules for ional data In envi | and ecologleal
sclancas have been enhanced.

Ashis SenGupta

Directlonal date analysis

Classes of probabifity distributions on certain manifolds have been considered and related Inference

duras have been devaloped. Bayesian techniquas hava baen enhancad for lackiing the problem
of “unknown® normalizing conslants for some of lhese models. Change point problems with
asymmetric circular distibutions have been sludied. R ofthe of the p of
soveral circular models have baen investigaled

Ashis SenGupta

Other areas

Soma work has been done on the analysis of survey data on soclo-economic mability of SC population
of some areas of West Bangal.
Anup Dewanii and Bimal K. Roy

Computer and Communication Sclences Division

The faculty members of lhe Gomputer and Communication Sciences Division ara engaged in research
In theorstical and applied areas of Computer Sclence and Technology. They always take actve
participation in teaching and training in B. Stal., M. Stal,, M. Tech. (Computer Science) and M. Toch.
(QR & OR) courses of IS1. They also suparvise M. Sat. and M. Tech. projects/dissertations besides the
supervision of Ph. D. theses. Many undergraduate and postgraduate students of Computer Science,
Information Technology, Electronics and Telscommunicalion, Eleclrical Engineering, MCA and students
of Bioinformatics courses irom different universities and inslilutes undergo thair vocational/semester
training under the supervision of the faculty members of this Division.

Advanced Computing and Microelectronics Unit, Kolkata
Moblle computing

Ad hoc Is a relativety naw field in natworking that has recently drawn considerable atiention with the
profifaration of small compularized devices like celiular phones, PDA, Laplops. Collision n
communication Is a major problem in such networks as they operate without any knfrastructural
support. A distributad algorithm has been developed for spallal time division multiple access (STDMA)
technique appropriate for such natworks. A lower bound s eslablished on the length of the frame
assuming a degree bound on tha nodes. Also, a dislribuled enargy afficient algorithm for node-based
transmission powar conlrol has been developed. Simulation studies show thal it performs betier
compared to the algorilhms reporied so far in terms of power saving.
Nabanita Das and Subhashis Bhattachariee
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In a cefiular mobile network, channe! assignment Is an important problem. Efficient channet
assignmant sirategies using the concapt of coalesced CAP have been proposed which slarts with a
known demand. Small perturbations are accommedated in the demand wilh some rearrangement of
the assigned channsls. Simulation sludies on Ihe well-known Philadelphia benchmark problems show
that the prop goril perform batier compared to the eartier onas both in terms of computation
time and blocking.

Bhabani P. Sinha and Nabanita Das

One of the important problems In ad hoc networks is Lo find an efficient routing algorithm. A simple and
efficient two-phase dlslnbulad algorithm is proposed which is based on lhe CDS (connected

g set) app ion of lhis algorithm has also basn performed and the resulls
indicale Ihal the proposed technique oulperforms earlier methods in terms of cardinality of the sat and
the number of message exchanges.

Jayasise Datlagupia
Geometrlc elgorithms

Tha research in this area is mainly focused on different geometric optimization problems, with
applications o facility localion, mobile compuling, GIS, etc.

In GIS, the conslrained shortast path probiem in 2D and 3D (polyhedral lerrain) wilh obstacles is
tharaughly invesligated. Given a convex polygon, placing of a guard on ils boundary 1o guard
maximum area outside the polygon is siudied and an Ofn) time algorithm is proposed, n being the
number of vertices of the polygon. In the same environment, the placing of one and two base stalion(s)
of minimum range to cover inside the potygon are aiso studied and elficienl algorithms are proposad.
The problem of pfacing more than two base stations for covering ihe polygon is under consideration.
Sasanka Roy and Sandip Das

In the context of mobile compuling, efficient algorithms are designad and implemented for the 2-hop
broadeast in 2D region. The weighled broadcast problem in linear radio network is also sludied.
Gautam Das, Sandip Das and Subhas C. Nandy

Parallel alg related to frag bly in DNA sequencing

The key steps for DNA sequencing are shattering multiple copies (clones) of the whole genome into
several Irag| and Ihen performing fragment y to discover long slretches of genome. The
overlapping Iragments of the genoma shouid ideally form an inlerval graph. Experimental inaccuracies
usually creep in eilher with missing f or non-contiguous fi altaching together to form
a chimera. Impl ofa ial algorithm for i ol interval graphs based on a
special data siructure called PQ uaes has besn l A igorithm to ing the

interval numbar as well as Lhe interval representation of a few special classes of graphs has been
dasigned and implemenled. A parallel algorithm for this problem is being developed.
Susmita Sur-Kolay and Srabani Mukhopadhyaya

VLSI physical design automatlon

The lechnological advances in FPGAs (Field Programmable Gale Arrays) in terms of density, speed
and performance, have mandated the need for very fast FPGA design lools. A method for accelerating
the placament phase of FPGAS uplo 50% compared to the best existing tool, and even additional
improvemant in quality of solution has been devised. The main fhrust is on oblaining a very good
quality initial placement, inslead of a random one, and then performing nominal ultra low temperature
simulaled annealing (hereby leading lo reduction in lims. Il employs top-down balanced bi-pariilioning
lo obtain a inear order of the blocks (o be placed which are then mapped by a recursive spaca-fiting
cueve function.

State-of-the-art FPGA architecture has mulli-millions of gates in CLBs, RAMs and Multiptier blocks.
This randets the FPGA floorplanning problem lo be significanily different from lraditional ASIC
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floorplanning. A deterministic algorithm Is proposed for unified floorplan topalogy generalion and sizing
for recent FPGAs. The algorithm is based on recursive min-cut balanced bi-partitloning followed by
post-order Lraversal of the binary partition Iree to produce a floorplan. The floorplan lopology
genaration from (he partition trea Is of Ofniogn) ima complexity, n baing the number of modules. The
topology thus generalad Is mappad lo the FPGA larget device 1o obtain a feasible floorplan using min-
cost max-flow based i i results on b i
5peed-up over existing methods, with more than 90% CLB utilization on the average.

Susmita Sur-Kolay and Pritha Banerjee

Test methodology for power supply droop nioise Induced timing faults

Increasing power density In nanolechnology chips amphasizes the criticality of maintaining steady
power supply, with diminishing vollage levels as well, lo the device layers through multiple layers of
metal on one hand. Delay sensitivity to power supply variation being alsa on the rise, the importance ol
reliable distribution of power is manifold. Based on the fault model for gate delay faults lrom power
supply droop noise developed by us earlier, a simple ATBG-based methodology to generate test
patterns for detection for droop induced transition faulls in a given combinational circuit has baen
designed and implemented. Experimantal resulls on ISCAS-85 benchmark circuits reveal that very
good droop faull coveraga can be oblained by the small set of test vectors generated. Additionally,
droop faull tesl sets yield high stuck-at fault coverage.

Tost generation for transition faults in full-scan sequential circuits is a non-trivial problem. A novel
methodology has baen proposed for solving this problem and implementation of the scheme is in
progress.

Finally, an efficient closed form analysis s proposed for faster simulation of draop in power grid. The
time complexity of this algorithm Is O(max((M}’,(Mf’ log(n})) where an MxM malrix represents the
equivalent RLC circuit for the power grid and n is the number of iterations, whereas that of traditional
Modified Nodal Analysis (MNA) is Ofmax((M)",(M)"}). So for medium sized grids, our algorithm works
bettar for simulation of many time steps.

Susmita Sur-Kolay, Debasis Mitra and Sandeep K. Dey

Design of scan path architecture

A complex VLS| chip requires several design-for-testability (DIT) techniques lo ensure reliabiity.
Designing energy-elficient scan path architecture with an aim lo reduce lest data and test application
time is one of the major objectives of such DIT eforts. Various tree-based scan architeclures have
been studied for this purpose. A new structure called double-tres scan is introduced and evaluated for
several benchmark circuits. Other tree-based architectures, which are suitable for today’s compact test
set, and layoul-aware llinois scan have been investigated. For response data compaction a linear
space compactor is specially designed for such tree architectures that offers almost zero aliasing of

emors. Our theoretical analyses and i resulls that the proposals hava strong
potential for reducing test data and test application time ically in cores without
comprising fault coverage.

Bhargab B, Bhattacharya
Multi-mesh architecturas

The Mutti-Mesh network was originally introduced by this research group in IS!. It provides a bettar
architecture over the usual 20 mesh of lorus. The basic scheme of Interconnecting the processors in @
Multi-Mesh has been generalized lo connect any number of nodes, i.e., it becomes incrementally
extensible. It can be very effectively used in WDM (wave division multiplexed) optical networks
because of Iis Interesting feature of lower call blocking probabllity. Simulation studies have been made
that support the ical claim. An extension of tha basic archi idea Is proposed lo design a
3D Muli-Mash natwork. The lopological features of this network have been studied and vandus

algorithms have been mapped on this aschitecture with Increase In overall execution speed.
Bhabani P. Sinha.
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On-chip implementation of Image processing algorithms

Raal-time content-based image retrieval (CBIR) problem is addressed which requires last evaluation
of feature veclors and malching for declsion. Sevaral novel techniques of characlerizing an image
along with algorithms based on computational geomatry and dala mining are used to implement the
tool on chip. Parameters like Euler Number, Euler Vector, geometric distribution of oomrol polnls
Isolhatic polygonal cover, comars wilh edge directions, have been considered for ch and
analysis of an image, with subsequent applicalions 1o indexing and retrieval. Applications to archival
database searching, fingerprint maiching, and feature dala reduction have been studied. New
techniques for tom paper matching have been developed, with applications to forensic science.
Polygonal approximation of various shapes and its appiications (o CBIR has been Investigated. This
work is currently being pursued under a collaborative project with MIU, IS! and Intel Corporation, USA.
Nine patents have baen fited at the US Palents and Trademark Office.

Bhargab B. Bhatacharya

Checkpointing In distributed systems

Checkpointing is an important feature in distributed computing systems. it gives fault tolerance without
requiring additional efforts of the programmer.

Tne h ', inting technigy id m this project, do ot requue any Intervention from
progi The system takes ch g to some predefi
pohcy (out of our ). M the pohw helps to recover aulomabcally after any of the

faifing processes restarts. Rehevmg the application programmers from wriling the complex and error-
prone chores of implementing fault tolerance is (he mos! promising advantage. Additionally, the sysiem
reliability is taken care of by the checkpoinling schemes.

Traditional message passing based checkpointing and roliback recovery aigorithms perform well for
tightly coupled systems. In wide area disiribuled systems these algorithms may suffer from lasge
overhead due to message passing defay and network traffic. Mobile agents offer an altractive option
for designing checkpointing schemas for wide area distributed syslems. In this work, a mobile agent-
based checkpointing profocol is proposed for arbitrary network topology. Processes take logical
checkpoints. The protocol can handle multiple i of checkpoi Al most two-
checkpoints {one permanent and the othsr lemporary) have lo be saved in the statle storage of a
process. Each Initiator creates a mobile agent. An agent moves along a DFS tres rooted at the creator
of the agent. A lotal of O(n’) moves and O(n) lime,  being the number of processors, are required by
all the agents in the complete checkpointing process. This is an improvement over Ofn’) messages in
existing algorithms.

Il the variables used for the chackpointing algorithm have data faulls, the algorithm may fai. In this
work, a sell-stabilizing checkpointing algorithm is proposed for handling dala faulls in a ring network.
The proposed algorithm can deal with initiation of checkpoinling and at most one data fault
par process. However, several processes may be laully. For the propased algorithm the worst case
time and message complexities are both Ofn). An interesling extension is to consider multiple dala
faults per process and/or a general topology.

Krishnendu Mukhopadhyaya and Partha S. Mandal
Sensor networks

If the sensors are moving, finding locations of the sensors Is a dynamic problem. Updating the
locations involves invoking localization calls, which are expensive in lsrms of anergy, a resource lhal is
of paramount importanca in sensors. A new Interpolation based que is p for

Simutation resulls show significantly lower consumption of energy, over the e)uslmg extrapolation
based techniques, keaping Lhe error level same. However, the proposed technique cannot be used if
the locations are required to be real-time.

Kishnendu Mukhopadhyaya
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Computer Vision end Pattern Recognition Unit
Document anslyals

To handle printed aristic documents a modifiad system towards the segmentation and recogniton of
multi-oriented and curved documents has baen developed. A lexicon driven segmantation-recogniton
scheme for ined Bangia itten city-names is ped for Indian postat automation. At
present 84 different city-names and lor each city-name class al least 100 samples are considered. An
accuracy of 87.21% has been obtained from the system. In a multi-ingual and mulli-sript country ke
India, a single lext line may contain words of two or more seripts. For an aulomatic Indian postal
sorting system development, it is necessary to separate diferent script words. For this purpase a
system is developed for the word-wise identification of handwritten scripts written in Bangia and
English, as well as In Oriya and English. Amethod for the ion of foreground from backg n
low quahry oolor documenl images is developed. A system lor segmentation of louching symbois
ions is alse ped. The method is not restricled to any
numbers ol symbols louching together. Moreover, the problem of neighboring symbels touching in
different directions {vertical, horizontal, diagonal, etc.) can also be tackled by Ihe proposed approach.
Umapada Pal, Utpal Garain and Bidyut B, Chaudhut

Handwritten charactar recognition

Shape based features have been designed for recognition of iflen basic ch and
numerals of Bangla script, and of handwritten numerals of Devanagari script. Both MLP based and
HMM based classifiers were used for (he purpose. Also, a two-stage MLP based scheme lor th
recognition of handwritten Bangla basic characters has been developed using direction cods
histogram based features. Recognition of handwritten Bangla vowel modifiers has also been
investigated. For Lhis purposa, a recognilion schema based on Gaussian and Bela mixture models has
been developed.

A seml-automatic form processing approach has extensively been tested on our handwritien form
Image database. It has baen found Ihat the most difficult aspect of the problem is binanization of inpit
form image. Tha existing binarization algorithms (incfuding Qlsu's method) have baen found to be
Inadequate in our problem. A modification of Olsu's algorithm has been propased which provides
accaplable binarization results on our form image database.

A modified MQDF based systam for Bangla handwritten character recognition and a modified system
for Oriya handwritien numeral recognition have been developed.
Ujwal 8hattacharya, Swapan K. Pand end Umagada et

Natural language processing

A study has been starled on ion of mulli word expressions (MWES) of Bancfa language. i
several consecutive words in a santenca behave fika a unified syntacte-semantic entity, they lom
together a muttiword expression. The MWES are acknowledged fo creata serious problams in the
development of NLP technology. Bangla languaga text is replete with MWES, aspecialty with various
forms of reduplicative words, A paper on the analysis of Bangla MWES was accepted and presented at
an International Conference on NLP (ICON) at IIT, Kanpur. Anolher wark advanced to some extent
during this period, is the readabilily analysls of Bangla text based on some exparimental sludy with a
few subjects. A naw exptesslon for rsadabllrty of Bangla text has baen pmposed This work was
accepted and p Inanl Conf (ICCP8} at Ind University, Dhaka,
Bangladesh.

Bidyut B. Chaudhur, Shamita Ghash and Champa Ka
Digitsl data compression and securlty
A method has been Impl d for lossless comp of Indian language textual images. The

study Is an lon of the previously developed pattem matching and substitution (PM&S)-based
mathod for lossy oomprassbon of similar images. Here, an efficlant technlqua for residue coding has
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been proposed and its performance has baen compared with CCITT G-IV and JBIG Comprassion
technique. A set of 20 text images [or two mos popular Indic seripts, namely Devanagari (Hindi) and
Bengali, has besn used. The best resulls have baen achisvad by PM&S-based approach foliowed by
LZW-based residue coding. For tha text data, this combined scheme gives losslass comprassion ratio
of about 37.9.

Another study has dealt with aulomatic summarization of text from JBIG2 coded textual images
wilhout doing optical characler recognition (OCR). The compressed images have been partially (iass
than 10% of the P image size) to compule fealures determining the
summary senlences. In addition, sentences are ranked wilhin the summary. Tha expariment was
conducted on Indlan language lext images. Test resulls show a senlenca selection efficiency of about
56% when Judged against summarization generated by human. A nonparametric (distribution-iree)
rank statistic has shown a correlation coetficient of 0.28 as a measure of the (minimum) strength of the
associalions betwaen senlence ranking by machine and human.

g of P using lossy symbollc compression approach is anolhor area

of study. its perormance against various image p has been i

method has been found to be perectly resistant lo JPEG oompressson and reasonably tolerant to

scaling and addition of nonse A slightly diflerent lechnique has been adopted for lossless symbofic
p andils p is being i

Utpal Garain and Sarbani Palit

{nformation retrieval
Work on cross-lingual mton'nanon relneval from Indian language documents continues. The process of
collecung preliminary for a lest collect earlier has been
d. The based iteration module reported earlier has been refined; ils application

to propev noun ldenuhcauon for fanguages which do nol have public-domain POS taggers has bean
oxplored. The effectiveness of various methods for |dennlymg multi-word indexing units is being
explored. A survey of relrieval techniques for XML d is near

Mandar Mitra, Prasenjil Majumder and Sukomal Pa

Speech analysls and synthesls

Modification of Bangla Grapheme to Phoneme Diclionary consisting of 60,000 words has been done in
this year. Some recorded speech dala (about 400 minules) have been collected from various sources.
The data have been segmented inlo words (over 6000 words). Some analysis (i.e. sludy of variation of
ampiitude, pitch and duration) has been done for these segmented words lor implemenling a carrect
prosody requited (o produce natural speech. Inclusion of intonation pattern into the Bangla Grapheme
to Phoneme Dictionary has been done $o far on about 2000 most Irequently utiered Bangla words. A
tour to TIFR, Mumbai (21* March- 31 March) was arranged for the project worker to leam the
Formant based speech synthesis.

Bidyut B, Chaudhurl

Electronics and Communication Sclences Unit
Biolnformatlcs

A novel scheme for deslgning fuzzy rule based classifiers for gene expression data analysis has baen
proposed. A neural network based melhod has been used for Selecting a set of informative genes.
Considering only Lhis selected set of genes. y dala analysis iques hava been used lo
exiracl and refine fuzzy rules. The system has been tested on a leukemia dala set containing two
classes and it has baen found to produce excallent resulls. The membership funclions associaled wilh
the rules have been lurther analyzed and the rule base has been simpiified without compromising the
classification accuracy. The mosl attractive atiributes of the proposed scheme are: Il is an automatic
extcaclion scheme; unfike olher classifiers, it produces human Inlerprelable rules, and it is not
expected to give bad generalization as fuzzy rules do not respond lo areas not represented by the
training data,
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There are many amino acld hydrophobicily scales available in the Mtesature. Consequenty a
usar/rasearcher faces the following questions: Are all lhese scales corelated, as one would expact? ls
there a scale thal is representative of a subset of scalas? Which Is the best scale among these? In this
Investigation these questions have been iried to answer. These scales have besn analyzed using
slatistical tools, neural networks and fuzzy set thearetic algorithms to derive some consensus scales
among them. The effectiveness and superiority of these newly derived scales hava been demonstraled
for solving the protein foid prediction problem.

Niknd R, P

Neural networks

The concept ol regularization has been Incorporaled inlo online fsature selection neural
natworks. Such networks can select important features while leaming the recognition task, and can
sasily avold correlalad features and features with very weak discriminating powet.

Nichl R. Pal

Methematical morphology

A ragion based fusion algorithm has been developed for mullitocussed images, where locused regions
havae been detectad through granulomelric analysis using morphological fitters.

Bhabatosh Chanda
Image compression

Work on image compression was being carried out using vector quantization (VQ). Algorithm for
accelaraling codebook searching in a SOM based vector quanlizer has been developed.
Bhabatosh Chanda and Nidil R Pal

Content-based Image retrieval

Asystem for content-based image retrigval has been developed based on low-leval visual features ke
shape, texture and color. Search has been made efficient by indexing using primary keys and range
search. Result has been improved by exploiting relevance leedback based on the oulcome of Mann-
Whitney test.

Bhabatosh Chanda

Document image processing

Agorithms for Table of Contants (ToC), index pages and math-zone detection ware developed and

their performance has been evalualed over a large database.
Bhabatosh Chands

Object tracking In video sequences

Both geometric and parametric active contour based object tracking in video sequence were
Investigated in detail. A nove! technique for open-endad curve evolution in segmenting 20 (hin fiament
like structure was developed. The algorithm is largeted lor detecting road fike structuras in 2D satsiie
images or segmenting images of blood vessel like structures relavant to a number of biomedical
applications, This algorithm has been adjudged as a part of the best dissertation award for M. Tech.
(Computer Science) studsnts.

Dip P, Muiories

Video Image processing

A tachniqu for kay frame astimation In video was developed using complate spatial randomness
maasure of patiems. It was shown and reported Lhal the relationship betwesn different image features,
both in the spatlal and lrequency domains, can be used o measure the randomness of the image
content. The algorithm [s under review with a reputed joumal.

Dipti P. Mukheee
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Wave propagation and communication

1t has become necessary to use frequency above 10 GHz to avoid congestion in URF and lower reglon
of m.cnwlave bands During rain, lhe radio waves in Ihese bands are subjecled to attenualion and

of In an investigation with a 13 GHz link In the costal region, il has been
observed that a subslanual amoun of signal loss occurs during rain. In another investigation (jointly
with NPL sci of ion of radio waves, it has been found Ihat an
increase in frequency (GHz) msuned in & higher attenuation dua to presence of cloud.

AunK.Ds

Machina intelligence Unil, Kolkata

Pattern recognition

The problem of clustering data into a fixed and variable numbev of cluslers in both crisp and fuzzy
domains has been tackled using ganelic algorithms and simul g. The application of a naw
multi- ob;eclrve simulaled annealing algorithm, in addilion to muluoblechve genatic algorithm, is also
Investigaled in this regard. A new distance measure is proposed Ihat takes the point symmelry
property of the dala into account. The clustering algorithm developed using this measure is found to
yield good performance for bath convex and non-convex clusters. New validity measures are baing
formulaled in this regard. Anather two fevel clustering algorilhm is proposed Ihat first exploils tha
concept of mult-class membership of the points to detect points on the class boundaries, and then
performs the clustering.

Sanghamiza Bandyopadiyay

A genatic algorithm based approach 1o outfier detection has been developed. The essential idea
behind Lhis technique is to define oulfiers by examining those projections of the data, along which the
dala points have abnormal or inconsistent behavior, defined in terms of a sparsity faclor. A partitioning
method is used lo divide Ihe data set into groups such Lhat all the objects in a group can be considered
to behave similarly. Then Ihose groups are ideniilied which contain oufliers. A new dala Structure,
called the grid count tree (GCT), is used in this regard. The proposed method is applicable lo both
numeric and calegorical attributes. Results for both artificial and real life dala sets demonstrate the
superiotity of the proposed mathod.
Sanghanitra Bandyopadhyay
A tuzzy aggregalion based new classification algorithm has been reported. Genetic algorithms are
used in k-medoid based clustering schemes lo design a new clustering lechnique. The technique is
computationally less expensive than the existing k-mediod based cluslering algorithm.
Ashish Ghosh

A connectionist system whera Lha input features are taken from the frequency domain has bsen
daveloped to aulomatically classify sodar patterns. The results demonstrate the effectiveness of the
proposed model.

Swali Choudhury and Sushmita Mitr

Data and web mining

A fast algonithm for prototype selection and neighbour searching in the context of dala mining has
been devaloped. The ulility of the algorithm has been demonstrated on several real life data sets. The
performance of the algorithm is found (o be better (han the existing ones.

C. A Murthy and Sankar K. Pa)

An iterative algorithm has been developed for learning the support veclors using probabilistic
principles. The resulls on several arlificial as well as real life data sets demonstrale Ihat the proposed
method finds the support veclors property.

C. A Murthy and Sankar K.Pa)
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Atlempls are baing made to develop an algorithm for finding the category of web pages using neursl
networks.

C.A Muty

A new surfer model Incorporating topic continulty among connected web pages has besn developed.
Also, a fuzzy surfer model based on the theory of fuzzy Markov chains Is being developed. Novel
methods for comparing rankings have been proposad and fast implementations are being developed
for applying these melhods to rankings produced by surfer mode!s on large web document collections.

SankarK. Pl

Symbo#ic fuzzy classification has been made using fuzzy radlal basis function network, with fuzzy ¢
medoids clustering at the hidden layer. Symbolic objects include linguistic, nominal, boolean, and
interval-type of features, along with quantitative atiributes. This can be direclly extended to muitimedia
data. Classification and ciustering in this domain invoive Lhe use of symbotic dissimilarity belwesn the
objects. Fuzzy ips are used for appropriately handling inty inherent in real e
decisions. The fuzzy radial basis function (FRBF) network hare comprises an integration ol the
principles ol redial basis function (RBF) network and fuzzy c-medolds clustering, for handing non-
numeric data. The oplimal number of hidden nodes Is determined by using cluslering validity indices,
Iike Nommalized Modified Hubert's s(allshc and Davies-Bouldin index, in the Symboic framework. The
effectiveness of the symbolic fuzzy classifi is on real fife data sats,
Comparison Is provided with the performance of a declsion tree.

Sushmita Mitra
Multi-objective genetic algorithms are used for tasks such as classification and ciusiaring in the context
of data mining. Cost functions like rule interestingness, predictive accuracy and comprehensibiity
associated with rule mining lasks are treated as multiple objectives. Similarly, i
like and of clusters are used as wo objectives for custer
analysis. Expenmenlal resulls show that mulli-objective genetic algorihms bring a clear edge over the
single objective ones In the case of classification task; whereas for clustering lask they produce
comparable resulis.

Ashish Ghosh
Bloinformatics

A vaniable string length GA based technique for ligand design has been developed using local search
heuristics, and improved encoding strategy. lls real life utility is being studied. The problem of gene
ordering has been tackled using genetic algorithms and a heurislic search lechnique. Resuits show
significant improvement over other methods.

Sanghamitra Bandyopadhyay

An attempt Is mada o employ hybrid genetic algorithms to solve the flexible-ligand docking problam
i.0. predicting the binding conformation of a flexible ligand molecule into a rigid protein. It uses the
concept of Lamarckian genetics to perform a local search about an Individual. Two local search
schemes have been Investig and their p relative to the standard GA has baen
compared. Preliminary resuits obtained on a set of thras prolein-ligand complexes have shown
promising resulls.

Ashish Ghosh

A gy involving 0n gena exp and fold values followed by determining
simitarity/dissimiiarity among various clusters Is proposed ot finding jon of genes.
From ihis analysis, several gones have been identified which have significantly changed their
expression valuas for asthmatic condition. Soma of these observations are supported by some earier
Invastigations. Others have been stayed unnoticed so far, but may play crucial rols in mediating the
davelopment of asthma.

Rajal K Do

An algorithm for modularizing signa! transduction natwork IS proposed. The methodology is applied fo
MAPK and calcium signaling networks, which are reduced to smaller and less complex networks. The

k)
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Idea that "a membar whose function s controlled by maximum number of other members tends to be
Lhe canter of a module™ is used to divide a network into different modules. These modules are created
by taking a certain level of complexity Inlo account, l.e., In an expanding module, a member having
more than two relations that lie oulside the module, are ignored. Recursive modularization can creale
modules at ditlerent stages of various complaxilies thal finally leads to convergence of tha entire
natwork into a single module.

Rejat K. Do

Two connectionist models have been developed for g the dynamics of gens exp

incorporating protein concentration. The models are based on an existing theoretical modal. The
concentrations of mMANAs and proleins have baen calculaled at different lima steps. Tha concentration
of mRNA n a cell at a time step n depends on tha concantration of mANA and proleins al the ime slep
(n- 1) In 1hat particular cell. Similarly \he prolein conceniration in a cell at a time step n depends on the
concentration of protein and mRNA al the (ima step (n - ) In that particular cell. The parameters are
astimated uslng neural network models lhtough learning. Finally, gene regulatory networks are

d as network The of the models has effectively been lested on a
real life fruit fly time series gene expression data containing various stages of development of fruil fly.
Rajal K. Ds

Evolutionary computing, rough sets, artificial neural networks and soft computing

Particls Swarm Oplimization (PSQ) is an evolving technique for optimization. A modification is
introduced in he basic algorithm of PSO which ensures convergence lo the optimal soiution.
Additionally, tha ical proof for the gence has also been derived.

C. A Murthy and Sankar K. Pal

In the context of Multi-objective Genetic Algorithm (MOGA), altempts are being made to conslruct
generalized data sels that would help in comparing Ihe performance of Lhe several MOGA algorithms.
Ithas been a long felt need In the literatuse to construct such data sets.

C. A. Murthy and Sankar K. Pal

New genetic op have been developed for solving hard ion problems like the Traveling

Problem. Application to mi y data has been irivestigated. An improved mode! of
multiobjective GAs lhat incorporales a new domination distance factor “has been devaloped.
Comparison with several well-known i has the y and rob of

the proposed method over the others. A new mode! of multiobjective simulaled annealmg has been
developed, and ils application to solving the fiip-flop cluslering problem for buffered clock tree
synthesis in VLS! has been studied. A new multiobjective oplimization method based on particle
swarm oplimizalion is being devaloped.

Sanghamilra Bandyopadhyay

A new concept of ranking among the solutions of the same front, along with efile preservation
mechanism and ensuring diversity through the nearest neighbor method is proposed for multi-objective
genelic algorithm. This algorithm Is applied to a set of benchmark multi-objective test problems and the
resulls arg compared with that of NSGA-Il (a similar algorilhm). The proposed algorithm is seen to over
parform the existing algorithm.

Ashish Ghosh

Image processing and computer vislon

A new algorithm for finding edges in colour images has been daveloped. The
would find edges in colour images wilhout any tunning of the parameters. The developed algomhm
has been found to provide satisfactory results on several hundreds of images. The perormance of the
developed algorithm i found to be better than the exisling aigorithms.

C. A Mudhy
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Two methods of object recognition have been devaloped for colour images. One method uses
clustering whereas the other method uses edge detection, for finding the features. The performance of
these two methods has been lested succassully on Ihe publicly available data sets namely, SOIL,
COIL and ALOI. The methods have also bean found to be better than the existing object recoprition

methods.
C. A Mty
New digital rking algorithms based on bl-orth | wavalsts and M-ary modulation
lechniques have been developed 1t has been shown that M-ary modulation along with QCM Scheme
can further improve the hiding capacity. Proper cholces of modulation function and signal
decomposition tool can greatly Improve the data insertion capacity, robusiness and imperceptibilty of
the watermarking scheme. A new scheme based on Qenefic algorithms for covered image
communication with optimal imparceptibility In a noisy channe! has been developed. The method is
found to be robust against most of the linear and non-iinear fitering operation, noise addition, lossy
comprassion and small rotation. A low cost watermarking scheme lor printed image document has also
been developed which can easily be luned for diflerent combinalions of printer and scanner. The
syslem ls capable of deleclion and making the necessary carrection for smal rotation.
Malay K Kundu

A new methodology for delecting comers in a gray leve! image based on fuzzy set theory has been
developed. An Inexpensive content-based retrieval of color Images based on texture, shape and color
information around visually significant points (detected using fuzzy model) has aiso been developed
and tested on large benchmark databases of images. The results obtained are encouraging.

Malay K Kunch

Tracking through snake model plays a significant role in image processing and computer vision,
Different techniques have been developed so far but each has its own merit and demerit. Diflerant
aspects of & snake mode! are examined Ihat has wider flexibility. The new snake mode! that is undar
Investigation has many interesting features and efficient application ability.

Sambhunath Biswes

Wavelet based featura exiraction techniques are used for land cover classification of remotely sansed
images. A new fuzzy aggregation based reasoning technique is developed for pattem classification
with demonstration to remotely senset image classification.

‘Ashish Ghash and B. Uma Shanker

The problem of image object extraction In the Iramework of rough sets and granuiar computing &
addressed. A measure called “rough enlropy of Image” Is defined based on the concapt of image
granules. its maximization results in minimization of roughness in both object and background regions;
thereby datemining the threshold of partilioning. Malhods of selecting the appropriale granule sze
and efficlent computation of rough antropy are dascribed.

Sankar K. Pal and B. Uma Shaniay

A wavelet based multiresolution fuzzy clustering of digital images has been developed. Wavelet
translormg have been appiied lo decomposa the images into differsnt subbands in muitiple
resolutions, theraby aliminating nolse in each low frequency subband. A combinalion of texture, shapa,
topology and luzzy geomeltric leatures, that is invariant la orienlation, scala and object deformation,
are axiracted from the fow y subb ¢f the formed image in coarser to finer
resolutions. Partitive fuzzy clustering is performad, to group these imagas according to similasily at
different Yevels of resolution. Ciustering validity Indicas have been used to determing lhe optimal
number ol image categories. The images In each cluster ara graded based on their distances from the
corresponding cantroid. The extracled faaturas serva as tha signature of the images, in tarms of thelr
conlent. Their use in content-based image relrieval ks demonsirated. The ralevance of the

ution lechnique to cluslering and retrieval of Images in the compressad domain is also
highlightad.

SushmRa Mira



Research Activities
Physics and Earth Sciences Division

This division comprises Geological Sciences Unit and Physics and Applied Mathematics Unit.
Research Is the main thrust of the division. Howevar, sclanlisls are also engaged In teaching various
courses in the B.Stat. and M.Tech. programmes and In the ISEC. They guide and superviss research
students towards Ph.D. degrees. Advanced courses and seminars are held throughout the year. A
collaborative effort ls also going on betwean the two units, on research projects of Interdisciplinary
nature.

Geologlcal Studles Unit
Evolution of the Nallamalal folg belt (NFB) - fault reactivatlon and kinematlcs

P ion tn down: fabric development in the ic Vellalurugranite along the
gaslern margin of the Nallamalai fold belt (NFB) has been analyzed. Refativa rale of cooling and
delormation seem to control the hialus between magmatic labric and Y-maximum quarlz c-axis fabric
and mymmekif ing i diate dalion to low labric is
indicated by alundant prism subgrain boundaries in quartz. Oelormation along the easlem margin of
NFB thus involved a deeper level of the crust compared to the weslem margin in the vicinity of the
Rudravaram fin2 where calcita mylonites show strong asymmetric calcile ¢-axis fabric, but Naflamalai
quartzites ara non-mylonilic.

Dilip Saha and Sukanya Chakeaborty
Calclte mylonltes and thin-gkinned tectonlcs in the NFB

Strongly asymmeic low-temperature (< 300° C) cakcile c-axis fabric avolved under crystal plasticity (e-
twin; r-sfip) have been measured and analyzed Irom the Palnad caicile mylonites derived from
Neoproterozoic Netji Limestone and comparable malerial near Rudravaram lina. The kinematic
interpretation of ¢-a s fabric pattem and oblique grain shape fabric in calcita mylonites from these two
domains confirm we siward advance of tectonic fronl. This major thin-skinned thrust advance possibly
related to Pan-Alrict n event and was achieved under apparent ESE-WNW subharizontal maximum
compression (plunge 5°-30°) as obtained from dynamic analysis of cakite e-twins.

Dilip Saha and Sukanya Chakraborty

Neoproterozolc sedinientation and pateogeography of the Cuddapah basin

Extension of he Kumaox ¥ sea through the present north-eastem extremity of the Cuddapah basin to its
south-weslem par right across the weslerly convex north-south basin axis has been suggested from
gross similarity in facies successions belonging to the Kumool Group, observed In Palnad and
Kunderu valley areas. 1he sedimentary packel In both the areas dominated by fiuvial lo shallow
marnine siiciclast domint nt Bang le Quarizita conformably overlain by the thick carbonate
dominant Nasji Limestont, have been interpreted lo have formed due lo gradual shoreline retreat
during rise in relaive su level. Low relef of the basin margin area and deposilion beyond the
immediate influence of disyersal system of trrigenous input Is indicated by (he development of a thick
carbonate facies (Narji Linrestone) without much of siliciclastic ferrigenous input. A passive margin
depositional satting of the Neoprolerozoic sequence prior to tecionic juxtaposition and uplift of the
Nallamalai foid-and-thrust bt has bean proposed.

Diiip Saha and Sukanya Chakmborty

Precambrian geodynamics In the East indlan shleld
Structural setting of the granulite-migmatite-granite suite of Sunkl, In Ihe centrat sector, of the Eastem
Ghats balt, has been established. Pelrological studies indicale high-lemperature metamorphism and

partial mefiing in pelitic assemblages, producing peraluminous graniles and migmalites.
Samarendra Bhattacharya and A. K. Shaw
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Maflc crustai xenoliths In the Eastem Ghats belt

Difterent types of xenoliths have bean recorded from Chamockll&massrls of the difiarent sactor In be
Eastem Ghats beit. These Include and p Trace
elemen distribution shows Arc signatures In three of the louv sulles, studied so far. The fourth Sug,
namaly that of Chilka, shows signature of Oceanic island basalt.

Samarendra Bhattacharya and Prasanta Des

Proterozolc basln analysls: Chattlsgarh and Pranhits Godavari Valley basin

Delalled patrographic analysls of sand Including ics and py ics, focusad on by
studies of provanance, has baen taken up. Tha relalionship betwesn itfon and sea
leve! changes was tested. The sandstonas were siudied undar transmitted as well 2 reflected ight
The optical microscopic studies were supplemented by SEM-CL analysis to identify high lemperaturs
quartz grains (bright blue-CL) and low temperature quartz (reddish-CL), and 1o discrminale the graira
darived from granitic, metamorphic, and volcanic source rocks by specific texture. The datnius were
derived primarily from cratonic blocks and recycled orogens, and rarely from voicani source. The
sandstonas showed significant changes in detrital ition at the indicating
major changes in provenance - basin configuration. The welded tuffs are rhyolitic, and detaled
chemical analysis suggastad peraluminous composilion of the parent magma that was genarated
through partlal melting of pelitic rocks. The tuff includes almandine gamets of magmalic ongin.
Sarbani Patranabis-Deb and Asrs K. Chaudht

Vertebrate pataeontology

Analysis of the collectad archosaur material from the Middle Triassic Denwa Formation of the Satpwa
basin, central [ndia was continued. These bones were unearthed from the red mudstone of a new s
at the western part of the Satpura basin. The preliminary {dentification indicated the presence of an
enythrosuchid and a rauisuchid in the Denwa faunal assemblage.

A sludy on the shape analysis of temnospondyl skulls using bilaterally symmetric closed Fourier
curves has been completed. Based on this, a companson of the skul oulines of difterent
metoposaurid populations of the world has been undertaken. It has been nolgd that the Indian
maloposaurids show wide variation in their skull shape. A reconnoitary fisidwork in the Rewa basin has
been undertaken. Fossil exploration in the red mudstone of the Lale Triassic Tiki Formation shows the
presence of new raptilian bones along with the already known reptiles indicaiing potentials of futws
study.

A study on the bane microstructure of Lystrasaurus murmayi, n Earty Triassic therapsida from lnda
and Soulh Africa was carried oul. The study revealed predominance of fibrolamellas bone tissues
indicating rapid periosteal osteogenesis and an overall fast growth in the indian and Soulh Alncan
therapsids. Moseovar, four distinct ontogenslic stages and an indelerminate growth strategy and a
somi-aquatic lifestyle for Lysiasaurus murrayt have also bean concluded. A faunal tumaver during he
Triassic-Jurassic (T-J) boundary has been noted In different pais of the workd. In India, signature of
such T-J transitlon seems lo ba present in the Pranhita-Godavri basin, as only this basin has a
complete 1errestrial faunal succession from Permian lo early Middle Jurassic. A datad faunal analyss
of the Triassic and Jurassic horizons of lhis and comparison of these fauna with (hose from the coeva
haorizons of the workd shows a dafinile faunal shift irom the late Triassic lo early Jurassic period.
Dhurjau P. Sengupta and Saswali Bandyopadhyey

Sedimentelogy and palaeoclimatology of the Satpura upper Gondwana

Facles analysis of the Permo - Triassic Bijori-Pachmarhl-Oanwa successlon in the Satpura Gondwana
basin has led to the identification of shallow lacustring deposits in the middle and upper part of the
Bljori Formation (lale Permlan) refuting the earfier meandring fiuvial Interpretation. The Triassic rad
mudstona-dominaled Denwa Formalon Is characterized by sandstone bodles deposited from latsraly
slable, mixed- to suspend -load sinuous channels of a low gradlent, low-anergy, anabranching river
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systam. The intervening thick mudstone deposits, in conirast to the earlier undersianding, were
deposited not only from overbank flooding bul also lrom progradational avulsive splaying. This
avulsion model has been ished as a unique ion for the ingly mud - dominated
fluvial succassion (Ghosh et al, 2008).

As a seque! of the facies analysis of the Permo ~Triasslc non-marine Gondwana succession of the
Satpura basin a Quantitalive Provenance Analysis has been taken up. Analysls of a large number of
pataeocurrent dala collected from Ihis succassion has led us to identify the Pracambrian rocks
bordering the southem and the southeastern marging ol the Satpura basin as the most probable
source focks that supplied the sediments for the Satpura basin fil. Petrographic analysis of the
framework elements of sandstones following the Indiana, USA, school had so lar indicated a plutonic
to middle and upper rank metamorphic and granilic source for the Ihree litho formalions (i.e., Bijon,
Pachmarhi and Denwa). Modal analysis dala of all ihe three lorrnahons when plotted in the O1-F-L and
Qm-F-L1 diagrams indicate a “cralon inlerio”® to g block)
provenance. Clues lor provenance derived from the mineralogical analyses (of leidspars and heavy
minerals) and geochemical analysis (major elemants, irace elements including REE) of sandstone and
mudstone Is consistent with the nature of the Precambrian source rocks straddling the southem
margin of the basin.

Soumendra Nath Sarkay, Partha Ghosh, Pradip K. Mauilk and Tapan Chakraborty
River dynamics of the Sub-Himalayan Alluviat Plain, NE Indla

This projact was concerned with the study of Sub-Himalayan Rivers and relaled flood inundations in
pars of Sikkim, West Bengal, Assam and Arunachal Pradesh, which Is relevani to flood-hazard
mitigation policies of this region. The study of the maps of the alluvial plain prepared over last hundred
years and comparison with salelfile imageries reveals a number of localions of major river channet
shifts. It has been noted Ihat a major change in river plan-form from meandering to braided is
associaled with many such relocations. Analysis of the digilal eevation dala reveals prasencs of
geomorphic expression of a number of very large alluvial fans. The dynamic topography of this alluvial
plain defined by the growth, decay and deformalion of these large geomorphic elements appears to
govem the channel relocation patterns. The field observalions suggest that these elemanls have
formed by at least four spatio-lemporally distinct events of deposition and incision. The possible
correlation of these evenls with global climatic events with the help of TL/OSL age data is presently in
progress. The evolution of the upland calchment basins in response to the tectono-climatic events
during the Quatemary period is being studied using digital terrain analysis lechniques.

Partha Ghosh and Tapan Chakraborty

Micellar and microemulslon system

The influence of the size of the polar head group of nonionic surlactants (Brjs) vis-A-vis the
replacement of AQT-molecules by them in the inlerface (i.e., the interfacial compasition of mixed
surfactant inleface) on the solubilization capacily and percolation in conduclance for (AQT +
Brijs)isooctane/waler systems have been explained. More insight on th inlerfacial compasition of he
mixed inlerface has been depicted with lhe hefp of speclropholomelnc sludies using 7-
hydroxycpumarin as the lluorophore. The difference in phase ch special ref to
the area of phasic zone, ap of h nature of polar solvents, contant of
nonionc surfactants (Brij-52, Bn] 72 and Brij-92) have been investigaled for tamary systems
(AOTMeptane/FA, EG, TEG, GLY) at 303K. The area ol monophasic domain has been found to ba
dapendent on the nonaquaous soivents and foslows Ihe order; GLY>EG>PG>TEG The threshold point
of phase separation (both WI-WIV and WIV-WII) of these mixad systams stabilized in oils of
different chain lengths (heptana, dodecane and hexadecane) and EG have been found (o be &
funclion of the configuration of tha added nonionic surfactant, nature of he polar solvent and od. The
appearance of the threa-phase body (fish-tail model) confirming the establishment of HLB in the
quatemary system, Bril-76/1-butanol/ isooclane/water al 303K. Addition of nonaqueous polar solvents
(6. FA and DMF) altered the HLB of the systems and the fish appeared at a higher weight Iraction of
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1-butanol. More pronounced effect for DMF than FA has been noticed. The fesults have been
summarized on the basls of HLB and mutual solubifity of the components.
Bidyut K. Paul and RajbX. Misa

Physlcs and Applied Mathematics Unit
Condensed matter physlcs

It has besn shown that the newly observed families of Fractional Quantum Hall (FQH) stalas, when
studied in the Berry Phase approach, can be well accommodated within the primary sequenca and
need not be considered as second ganaration FOH stales.

A sludy of the charge and slalislics of quasi-pariicle excitalions in FQH stales have been studied in
this approach. It was shown that the devialion of fractional quantum Hall edge fluid from power law
correlation functions with universal exponenl « = 1/v as observed in recent experiments may be
explaingd when sludied in the framework of Berry phase. At the edge the non-local effect was induced
in the construction of the electron creation aperator in terms of the edge boson fields. This non-localty
was responsible for the deviation of the power law exponent from « = 1/v of the edge fluid. Thess
studies were carmed oul in collaboration with Professor P. Bandyopadhyay, former Professor of this
Institule.

Another study exploited a quanium mechanical loy model was exploited for Ihe study of Coulomb
interaction in quantum Hall (QH) system. Our model simulated a bi-fayer QH system in tha compound
state and il was shown thal the non-commutalive extension of the Coulomb term differs from its
commutative counlerpart in higher order in thela (8) provided 6 varies Irom layer to layer. This work
has been dane in collaboralion with Dr. S. Ghosh of this Institute.

Banasn Basy
Classical optlcs

in a comprehensive analysis of the extinclion spectrum for a single model size distribution of l/n
particles, simple ical formulae and ical methods were ped lor easy applk

in practical (experimental) situalions. The novelly and signilicance of the analysis lay in ils ablity to
explain accurately almost all the features, which are of concern to researchers lrom the physical
slandpoinl. The ulility has been demonstrated to be excallent. Modeling of size-dislribution of galactc
dus! pariicle (silicale and graphile) {rom data on extinction of starlight using the above Iramework has
been taken up. Some preliminary work has so far been done lo assess the feasibility of the
collaborative research programme. The problem involves bimodal distribution; hence, some extra care
and efforts are neaded. The collaboralive work is on Irack.

An analytic solution for elecironic states in & mesoscopic ring has been worked oul. These solutions
are 10 be used lo analyze some experi | data in order to their utility. Recently, many
experiments have besn done with quantum rings. The collaboration Is under progress.

Asim K. Rey
Quantum entanglement and Informatlon theory
A study was mada on the influence of the Berry phase generated due to a cyclic evolution of &t

entangled state of two spin 1/2 paicles has been studied. Il was shown that the measure of formatin
of entanglemant is refated to the cyclic geometric phase of the individual spins.

Banast Baw
In quantum mechanlcs, there are many operations like cloning, deleling Nipping, and Hadamard g,
which cannot be apphsd ina umversal way. These leatures of i y find i
In quantum 9. A ion betwean impossil o! universal mppmg and the

condition of no slgnallmg as well as the principle of non-| Increaso of entanglements has baen
established.
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The other topic of interest has been the ion of wilh Hardy’s theorem
regarding quantum nonlocality is being extansively studied ‘evan for mixed stales and a comparison
made with other results of Bell's Inaquality.

Guruprasad Kar

It is known that there does not exist a universal Hadamard gate for an arbitrary unknown qubit.
Thersfore, the most general ensemble of qubils, for which it is possible to design a universal
Hadamard gate has been obtained. These slales when geomelrically represenied on the bloch sphere,
gave a new lrajectory. Unequal superposition of an arbilrary qubil and its orthogonal compiement was
also investigated.

Presti Parashar

The theory of weak measurement and its relation to quantum compuling is under investigation. The
Idea of ion trapping Is under investigation so as 10 realize quanium computers in biologica! organism.
Sisir Roy

Quantum fleld theory

In the context of non-commutative quanium lheory. various ial of
have been sludied, that are Lie algebraic in nalure. In paricular, point paricle models for spaual
coordinates obeying angular momentum algebra have been construcled. The model has aiso been
embedded in Batalin-Tyutin exiended (canonical) phase space. The relativislic generalization of this
model is being pursued. The work was done in collaboralion with Dr. Probir Pal.

Recently noncommutative spaces have been linked with problems related to Berry Phase in
condensed matter physics. A new form of non-commutalive phase space algebra has baen provided
thal generates a singular effeclive magnelic field in coordinate space. It's possible connection fo
Anomalous Hall Effect is being investigated. These studies are being pursued in collaboration with Dr.
B. Basu of this Institute.

Subir Ghosh
Cosmology

1t has been suggested that Chaplygin gas can provide a mode! for Dark Energy that drives the
acceleraled expansion of he universe. The relalivistic Chaplygin gas mode! has been sludied and the
conclusion reached does no! agree wilh the existing results that are derived by considering a non-
refativistic version of Chaplygin gas model. The work has been done in collaboration with Or. R.
Banerjee of S. N. Bose National Cenire for Basic Sciences, Kolkata.

Subir Ghosh

Quantum mechanlcs

Lie symmelry, nonlinear algebraic symmelry and super-symmelric struclure of position dependent
effective mass Schrddinger and Dirac Hamiltonians respectively, were studied. Non-Hermition
interactions, in particular, PT symmelric ones have been studied in the framework of effective mass
formalism. A systematic algorithm has been formulated for conslrucling a whole class of Hermitian
position dependent mass Hamillonian which, 10 the lowest order of periurbation theory, allows a
description in terms of AT symmetric Hamiltonian.

Hidden symmetry structura of Non-Hermitian Hamiltonlans which gives rise to a generalized quantum
condition has been explored. Non-Harmition inleraction and higher order Darboux Iransformation have
been studied in the context of Dirac equation. Nonfinear pseudo-supersymmelry and higher order
intartwining operators for Non-Hevmitian Hamiltonians are being studied in detail.

Pinaki Roy, Barnana Roy and Rajkumar Roychoudhury

Theoretical plasma physics
Sagdesv's pseudopotential approach has been used to study fon acoustic solitary waves in dusty

plasma In a magnalic field. This study has been extended to the case where dusi charge variation is
taken into account in a proper way. The study of solilary wave solutions in plasma In non-planar
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geometry s another field, which is belng actively pursued. Recently, study Is being done on
hydrodynamic modeis of quantum plasma,

High and ultrahigh energy physics

After an impressive success in the flald of theory of heavy ion collisions in high energy nuclear physica
and understanding the latest data from FERMILAB experiments invotving hadron-nucleus interactions
at high energies and modeling them, some old scaling ideas vis-2-vis the newas! data avaiabla trom
CERN-expariments and RHIC studies have been tested. Studies on tha appfications of non-extensive
thermadynamics in various high-energy collision processes has bean taken up. Besidas, asymplotic
nature of total cross-section for muttiple productions and the onigin of the ultrahigh energy cosmic rays

have been studied.
Subrata Bhattachayya
Interacting fock space

Evoiution of atom-fiskd system In [nteracting Fock Space has been studied for a two-avel atom.
Oscillatory population transfer (Rabi flopping) has been studied. The generalization of Lhis coherenl
situation to driven threa-level atoms leading to new phanomena, such as dark states and EIT, are

being studied.
Pradp K. Das
Basle fluid flows

Indusinal flow problems are modeled theoretically to understand the process in a betler way for further
davelopment. [n streiching shest llow problem, it has been observed (hat the physical properties of
fiuid have a vary strong effect on llow and heat transler conditions. It is expected that thesa properties
may also affect the coaling problem. Under this assumption, further investigations have boen
proposed to study the coaling problem on a rotating disk.

Bhaban Sankar Dandapal

Hydrodynamic stabllity and waves

Waves that develop on Lhe surface of an inclined or verlical plane have been studied when inear
variation of temperature fisld is introduced on the surface of the plane. One main objective has been o
study the effect of thermo capillarity on wave formation.

Bhabani Sankar Dandapat
Laminar and turbulent flows

The major aim has been lo consiruct physico-mathemalical models for viscous laminar fiows of
Newtonlan and non-Newlonian fluids of practical inlerest. Some improved models for turbulent fivid
flows through pipes, channels and boundary layer over smooth and rough surfaces were sought to be
gevoloped. Emphasls was given 10 group-Lheoretic and similarity methods in solving these problems.
Himadd Pai Mazumds
Computational Linguistics: The status of computational linguislics has been questioned hare from the
standpoints of (a) Philosophy of science, (b) Natural Science (mismalch betwaen human cognitive

domaln and machine algorilhms), (c) Soctal science (Plunilingua! Planning), (d) Alg ism (in
contrast wilh post-format subjective and substantive task of Lingulstics).

Debaprasad Bandyopadhyay
Convective and diffusive transport

Longitudinal dispersion of passive tracer molecules releasad In a puisatite fAow through an annulsr
pipe with reactive wall has been Investigated by employing the method of moments. The shudy of
longitudinal dispersion of a lracer In & siraight lube has a wide range of applications In tha field of
chemical, environ-mental and blomedical englnaering. Particutarly, the results of prasant shudy are of
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great i In ing the procass lhrough a catheterized artery with a reactive

aerial wall v i

Bijay Singha Mazumder
Sedimentologlcal fluld dynamics

Inlerdisciplinary research work on sediment Iransport involving fluid dynamisls, statisticians and
geologisls has been carred oul experimentally as well as heotetically in the Fluvial Mechanics
Laboratary (FML) at ISI. Kotkata to understand the lumulenl butsting processes, which are responsible
for the sediment upliftment, si rting and D The of particles associated
with the turbulent llow near the boundary were recorded using high-speed motion scope (HSMC) and
the data was analyzed using image- hnique. As the particte is random due 10

turbulant flow, it would be interesting lo develop a probabilistic model o analyze the image data.
Bijay Singha Mazumder

Dynamic geometry and brain function modelling

The idea of functional geometry and lensor network theory as proposed by Rodoifo Llinas
revolutionized our conception on Brain Function Modalling. In collaboralion with Prolessor Uinas
{USA) the concept of dynamic geomelry has been proposed, which will shed new light on network
theory and the cognitive aclivities of brain.

Sisir Roy

Statistical metric and new measure of complexity

In collaboration wilh Professor Vito de Gesu (Italy) a new measure of complexity based on the idea ol
stalistical metric by Karl Meuger has been proposed. Initially the results of existing measures have
been compared with this new measure in case of astronomical images. Very recently, a group of
psychologists and computer scientists from U, K. and Italy performed physiological tests 1o estimate
perceptual time for three diferent paintings. The results have been compared and it is observed fhat
the above results can be fitted only with the proposed measure. It would be interesting to look for the
physical interpretation of this measure and also to get FMRI data for comparison.

Sisir Roy

Multivariable system and control theory

In this scheme, interest has been laken in developing computational methods for analysis and design
of problems concerning multivariable conlrol systems. Besides, problems on the control of some
dynamical systems are under invesligation.

Subrata Gangopadhyay

Lingulstics-mathematics Interface

Although, in the history of linguistics, a conlinuity is assumed to consider General Grammar, Philology
and Linguistics as a progressive development of study of language as objecl, there are
epistemological breaks among these three. In Linguistics, there are three dislinci thresholds: first The
faculty members of the Compuler and Communication Sciences Division are engaged in research in
theorelical and applied areas of Computer Science and Technology. They aiways take active
participation in teaching and lraining in B. Stal., M. Stat., M. Tech. (Computer Science) and M. Tech.
(QR & OR} courses of ISI. They also supervise M. Stat. and M. Tech. projecis/dissertations besides the
supemsnon of Ph. D. theses. Many undergraduale and poslgraduale sludents of Computer Science,

E ics and Te icalion, Electrical Engineering, MCA and students
of Biointormatics oouvses from dilferent universities and inslitules undergo their vocalional/semesler
Iraining under the supervision of the faculty members of this Division.
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Biological Sclences Division

The Dhvislon comprises three units namely Agriculture and Ecological Research Unit, Blologic
Anthropology Unit and Human Genetics Unit.

The fod of curent research activities include studles on biodiversity in multiple eco-systems,
encompassing plants, animals and humans, as well as on human genome diversity in 1 perspeciive
of evolulion and disease. Faculty members of the division participate in leaching various courses of
the Institule and are actively engaged in guiding Ph.D. students.

Agricultural and Ecological Research Unit

Studles on productivity, stabllity and sustainabllity of rain-fed agricultural sysiems In the
easlern piateau area

Ecotne»dly Iechnologles wnm Iow lnpuls mal ate wall suited to eastem plateau fegion having potontal
fowards i and were and 10 the farmers. The
objective was to achieva Ilvelmood through subsistent farming in the risk prona fragile ecosystem of
the study area. Field trails undenaken during this period established low input appropriats
technologias in subsistent farming In relation o crop management and increasing soil health thiough
integrated nutrient management practices. New value added crops like baby com have also been tied
to be established in this area with appropriate package and practices. The improved low inpul
technologies were diffused to farmers’ fields Ihrough ‘on fam' trials. Experiments had been conductad
on farmers’ plots in some villages of Giridih distric.

Pabtira Banik and Prabir K. Ghosal

Adaptabllity and yle!d performance of sugar beet (Befa vulgaris L.) varieties in lower Gangetic
plains of West Bengal

In India, sugar cane {Saccarum officinanum) was the only sugar-producing crop. Recently, another
viable root crop sugar beet (Beta vulgan's) has been established in differnt slates of our country. The
major advantages of sugar beel over sugar cane are ifs shorl duration of growth, water efficiency, high
sugar concentration and wide range of soil adaptation (lrom high alkaline to high saline). In West
Bengal, multi-locational lrials with new varieties namely Posada, HI 0064 and Dorotea exhibited
performances quile comparable with that of other states. Some pholo-lhermo insensitive cultivars
supplied by the ‘Syngenta (1) Ltd., has been tried in dilferent agro-climalic regions of 24 Parganas (N}
(fike Bongaon and Bagda) through Siate Government Research Farms in Bongaon and Bagda region.
Thase can be grown throughout the year with an average yield of 70 tones per hactre. Research
Indicates that in near future, sugar beet could be a polential source of indusirial ethanof in our couty.

Samarendra Bank end Sunanda Chanda

Ecology and physlological studies on the mangroves of Sundarbans

The vegatation patlem of Sundarbans changes dramatically from the shatiow region 1o the upland
portion of an istand, 1t Is an open chalienge to both ecologists and statisticians lo find out the very
ecological reasons behind this varied zonation at different parts of the same island. The ecologists al
present are unable to specily the precise causes in determining vegetalion 2onation. Recentl it has
been found that some Imporiant Iree specias of mangroves such as, Henliera fomes, Xylocampus
granatum, X. mekongensis and Nypa fruticans are declining day by day al an alarming rale. in some
lslands a large ceniral area has been devoid of any mangroves. The reasons behmd it are ol cied.
In view of the above problems, certain physiological, bi ical and gical o
mangroves for their adaphve slatus againsl sait slress, communily slructure, biomass prod\mm.
nutriion, and the Mycorrhizal status of thizospheres of mang of soma islands of the Sundarbans
have baen undertaken.

Manoranjan Ghose, Sauren Das and Kausk Bhatiachry
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Studies on the ecology, conservation, propagation, and utlilzation of palms with speclal
reference lo rattans

The ratlan palms (canes) form one of the mos! important Non Timber Forest Products (NTFP) in the
Norheast Himatayas. The genus Calamus of raltan palms possesses about 52 species in Indian flora
of which Northeas! India conlains he maximum numbef The olher ratlan palms are Karthaisia,
D and Pl ia. These paims, y. play an important role in the socio-
economy of loresl dwelling communilies. The usage of raltan palms is manifold such as, preparation of
various types of furnilure, baskels, lampshades, inlerior decoralive items etc. Although the canes, of
which the ‘Golla* (Daemonwopes ;enkms:anus) is endemic 10 the Northeasl, are becoming increasingly
rare due 1o ion of habilat, several areas in Barak Valley have
been identified whete canes are still avaﬂable.

In vigw of the above, extensive surveys conducted in Cachar disinct, of the Barak Valley region of
Assam, hava revealed the exislence of 9 species of canes. These include some 'rare’ and very rare’
specias, which need o be conserved immedialely through both in-situ and ex-silu methods. Malure
seeds of Calamus lenuis and Calamus erectus were collecled and their mode of germination studied.
1t has been found that germinalion of seeds is almost 100% if the pulps of the fruils are removed
before sowing. Seedlings raised in the nursery have been transpianied in the adjacenl campus of
Assam Univarsity. Some seedlings were distributed among he villagers for cullivation in their home
gardens and near wellands.

Manoranjan Ghoss, Sauren Das, Kausik and Abhk Gupla() iversity)

Ponds, aquatlc weeds and water quality: an Investigative study

Basefine dala havo been coBected on twelve ponds (o study the causes of phytoplankion versus
in ponds. From Ihe data collected so far, it was found that most
of the mapv nulrients (exoepnng DO and SRP) were much higher in ponds with algal blooms than in
those with and Cy y blooms were
the threa main mlegones obsefved of which lhere was a clear dominance of cyanobacterial algal
blooms. In most cases the species number associated with cyanobaclerial blooms was 3-12 while for
the other types it was 1-18. It we dilierentiated between the Cyanobacterial blooms (harmful bloom
types) and the non-cyanobacterial blooms (green algae or euglenoids), total phosphorus, soluble
reaciive phosphorus, nitrale nitrogen and ammonia nilrogen values were aiways higher in the
cyanobaclerial bloom ponds.

Anjana Dewanji
Study of the lon and changing mi diversity of a blo-organlc
composting system

Compost preparad wilh vegelable wasle, rice straw, dung and waler was pied and heaped inlo a 2.5
leel high mound at Gupla Niwas, an experimental slation of AERU, ISI. At different stages of
composting, presence of microbia! population in it was identilied with the help of DAP staining. From
compost sample, chromosomal DNA was isolaled; 16S rDNA was cloned and sequenced with the help
of Polymerase Chain Reaclion (PCR). Molecular biological analysis was done by fluorescence in-
situ hybridization (FiSH) lecnhnigue with the custom synlhasized oligonucteotides for identification
of organisms.

Sunanda Chanda, Samarendra Barik and Subratz Pal (Jadavpur University)

Mathematical models on ecology and epidemiology

It has been atlempted lo eslablish tha role of dilferent hydrologk in the formation of
plankton blooms and 10 look for a suilable form of functional response to describe the reduction of
200planklon population due 1o loxin producing phyloplankion (TPP). The analysis of variance
technique has been consldered In regression model. It has been lried to check whether each of the
z00plankton spacies has significanl association with any of the physical paramelers and TPP as a
whole and each of the zooplankton species has any association with tha physical parameters and the

35
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TPP individually. Moreover, 8 modified variance measure has ben proposad for detecting spacies
association, taking into consideration some of the envi variables. Incorp g our Mindings
Into @ mathematical mode! it has been shown that a sufficlantly larga increase In the torin production
rate can destabﬂlze the plank(on system’s functioning and resull in algal bloom. The daterministic and
of the ratio predator-prey models system around blologically feasile
equilibria, which entered into Hopl-bilurcation hava been worked out. Stechastc stability of the syslem
around positive Interior equiibrium has been studied, and numerical simulations have been camied out
for hypothetical sets of paramater values. The effects of the caloric content or a nutrient bound of prey
on the dynamics of competiliva i with the shared predator in a specific mode! have besn
studied. Mathematical models have been proposed and analyzed for exploilaliva competition of two
prey specles with a shared predator. The changes of dynamic stability dus to the variation of a nutrient
bound of each prey on prodalor -mediated dynamics have been studied through extensive numerical
The | and ical resulls have that variation in a nuirient bound
promoles the switching of dynamics, which may be a driving force for the dynamics of competitive
coexistenca with the shared predator.
Joydev Chatiopadhyay

Blologlcal Anthropology Unit

Health and disease among populations Inhabiting contrasting ecologleal niches

The project aims &t a comprehensive evaluation of health status of different ethnic communies

Inhabiting contrasting gical settings and igncing life style variations. Specifically, the study
examings the effects of athnicity and llls sryle relaled laclors on health, measured in lem\s o its
important domains, among gical niches, F ions Irom

Sikkim hills (Bhutia and Rai), Coastal Mndnapore (Jelia Kaubana) and Orissa plains {Shabar) are
chosen as study populations from whom a large vanaty of data pertaining to different domains of
heallh are being collected. The analyses of data so far reveal the following : (a) Significant difference
axists In respact of fertilty and infant mortality between Rai and Bhutia populations; (b) Significant
ditference in immunization coverage exisis between the Rais and the Bhutias; {¢) Rais and Bhutias
expeniance significant differances in respect of prevalence of obesity and hypertension among the
adults; Lipid Profdes of adults, however do not show significant difference; (d) Low pravalence of
hypergiycemia is evident in both these ethnic groups; (e) Rural Shabars showed significantly higher
infant and child mortalities compared wilh their urban counterparts; (f) Prevalence of chronic energy
dsficiency Is higher among urban males, while the trend is reversed in case of females.

Susmila Ranjan Gupta, P Bharati, Barun M and Subrata K. Roy

Genomic dlverslty of Adi tribal cluster of Arunachel Pradesh

In recent years genomic diversity of iribes and castes in different regions are explored to get clanity of
the origin, past genetic history of peopling of Indian subcontinent and affinity with globa! populations,
however such studies are very few among the Tibelo-Burman (TB) populations.

TB Is one of the four major linguistic groups exclusive to the northeast populations ol India,
Morphologically they show Mongolold fealures and have migrated from southem parts of Tibet (China)
in the recent past. They consists of several hundreds of tribes, reflect vast cultural and linguisbc
diversity, however (he blological and genatic divarsity and thalr affinity with other regional and giobal
populations s fitie Investigated.

In this regard this project investigates the origin, migration and past genetic history of the Adi sub
tribes of Arunachal Pradash and their affinity with other linguistic and athnic groups In india and
nalghboring countries.

Ad] tral cluster conslsting of at about 15 iribes Iiving in central Arunachal Pradesh, possibly beiong o
a common ancesiral populaiion before thelr migration and setflement In different parts of Slang river
valley In cenlra) Arunachal Pradash. Though cullurally and geographically racognized as different
subgroups or 8ub Lribes, the biclogical significance of sub Iribes o affinity and divarslty among them
are of importance in population genetics. in addition, many of the sub tribes are remotely located in

8
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Interior hills and valleys with least disturbance from the outside world. As such they are expected to
provide opportunity for investigating the microevolutionary process.

The main objective of the study Is to investigale the genomic diversity and affinity of the Adi sub tribes.
Based on blood samples, (collected from the sub iribes of Adi from thelr remote villages), and typing
for 15 autosomal loci, mDNA and Y chromosome markers will be undertaken for iracing the matama!
and patemal past genetic history of tha tribes and their affinity and diversity with olher tribes, castes of
Dravidian, Austro-Asiatic and Indo-European speaking poputations and wilh other Mogoloid tribes of
easter and southeastem countrigs.

T.8. Vasul

Physical growth, body composition and nutritional status of the Bengali school aged chlldren,
adolescents and young adults of Calcutta, Indla: Effects of socloeconomic factors on secular
trends

The study has been aimad with the purpose of investigating the magnitude of secufar changas in the
measures of body size, body shape, parameers of the adolescent growth spurt, body composition and
nutrifional stalus of the school aged, adolescents and adults in the Urban Bengali population of the
Kolkata city. Collection of Soci ic data and Anthropometric data trom 600 school and college
girls and 300 school and college boys from Caleutia cily aged 7-21 years, is completa.

Profiminary analysis based on partly collected data on the boys aged 7-16 years shows evidance of
posiliva secular trendsin the measures of average body Size, in average body shape and in the
prevalence of stunling, thinness, overweightand obesity over an interval of about two decades.
Further data coliection is in progress.

Parasmani Oasgupta

Status of Austro-Asiatic tribes In the peopling of Indla : Extension of our work on the
Mon’Khmer tribes of Indla.

Through ive analyses of the mi ial and Y-chromosomal DNA among most of the Austro-
Asiatic populations ol India, compelling evidence has been obtained 1o infer that the ancestors of the
present day Austro-Asiatic tribes of India, particulary of the Mundani speakers from Chotanagpur
plateau, ar | the paremal source populahons of all the present day Austro-Asiatic populations of the
world, i i heast Asia. The evidence for back migration of MonKhmer
(Nicobarese and Shornpen) and Khasi Khmulc mongoloid tribes from Southeast Asia has been also
found.

BM.Reddy

DNA polymorphlsms In the castes and tribes of Andhra Pradesh, Indla

Molecular genetic studies among the castes and tribes of AP highlights certain interesting features with
reference 1o genetic stratification via-a-vis social stratification.

Based on the moleculel genetic data in palriloml and matrilocal populations of India, the study

ined the uni y of the hypothesized grealer Y-chromosomal compared 1o miDNA variabiity

in pamloeal populations and found that glven the unique population structure with nigid endogamy rules
i Lhis hypothesis does not fit to the Indian situation.

B.M.Reddy

HLA genes and recurrent spontaneous abortions

For the first time in India, a molecular study of HLA genes among couples with recurrent spontaneous
abortions has been undertaken. The study will have oons»dorable social relevanco as tha findings are
axpectad to help in genetic counseling and in designi ap

B.M, Reddy
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A s Ive health: Blo-cultural dimenslons

P

Adolescants make up a larga proportion of India's population. Their vuinerability caused by young age,

molv lgnorance on matters relaled to sexualtty and reproductive health, their tack of factual knowledge

ion and inabifity or unwilingness to use heatth servicas put them at the risk of serious

With obj {i) to obtain information on ge and attitude on reproductive

haalth, (i) 1o assess (he effecls of socio-cultural dimensions on reproductive health and (i) lo assass

the constrains they faca in acquiring health services, the presenl sludy can provide greater insighis
Into underlylng risk factors and can help supgest some policy options.

Human Genetics Unit

Genomic reconstruction of the peopling of Indla

A study has been complaied to address two debates conceming the paopling of the Indian sub-
continent.

The first debate is regarding the sharing of genetic signalures between tribal and caste groups of
India. One model suggests that the (ribes and casles share considerable Pleislocene herilage (going
back 1o about 60,000 years befora present), with limiled recent gene flow between them (Kivisid of al
2003a), whereas an exact opposite view concludes that caste and Iribes have indapendent origing
(Cordaux et al. 2004).

The sacond debate concams the origins of the hypothetical proto—Elamo-Dravidian language, which 8
thought to ba the precursor of Tamil. it has been proposed Lhat the proto-Elamo-Dravidan language
spread eastward from southwest Persia into South Asia with agricufture (Mc-Alpin 1974, 1981), and
the argument is boistered by the existence of a solitary Dravidian-speaking group, the Brahui, in
Pakistan (Renirew 1996). The linguistic evidance, however, is compromised by uncartainty fegarding
whather word borrowing is responsible for the observed linguistic affinities (Blazek and Boisson 1992).
Some westem Eurasian lemale-ineage (mIDNA fineage) genetic signatures found in India was
tnterpreted (Kivisild et al. 1999) 1o suppont the hypothasis that Dravidian farmers arrived in india from
the Middle Eas! (Renfrew 1996). Since most Dravidians are geographically clusierad, this scenariy
implies a farming-associated language shift in India. A competing ahternative model based on both
archaeobotanical materia! avidence and colloquial agricultural lerms, however, more parsimonk
postulates that earty Dravidian has a epipaleofithic (20,1000 - 10,000 years belors preseni)
preagricultural heritage with origins near a South Asian core region, suggesling possible indapendent
centers of plant domestication within the Indian peninsula by indigenous peoples (Fuller 2003).

Toshadbnhtonmesedebales. aboul 1100 independent Y-chromosomes were studied, al the highest
were drawn lrom 36 geographically, socialy and
ﬁngulsnca!ly disparate elhnlc groups of India, 8 ethnic groups of Pakistan, and 18 ethnic groups from
the south-sast Asian region. Each Y-chromosome was screened lor about 80 genetic markers, of
which 10 markers ware actually discovered in Lhe present study. The study has overcome some of e
primary limitations of earlier studies, viz. inadequale represantation of ethnic variation, inadequaie
genetic resolution, and Inadequate usa of statistical methods.

itia obsarvad that: (a) The majority of the genetic signatures lound among the males i india are oider
than 10,000-15,000 years, indicating that the genetic input of people who may have brought
agricultural technology into India from west and central Asia has been fimiled. (b) The diersity of
genalic signatures found in Indla is high and their composition is complex. Many of these signalures
have arisen within India and are of considerable antiquity, predating the arrival of Indo-Europeans and
their subsequent demographic expansion within India. (c) We do not find evidence o support he
hypothesis of a common ganetic origin of caste and Libal groups In (ndia. (d) A genatic signatue
{Haplogroup: Rta1-M17) found in high frequency in bolh Dravidian and indo-European speaking cssi
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groups in India was found (o have evolved about 12,000-14,000 years ago. This signature has its
maximum frequency in weslern Eurasia.

Thesa findings are entirely inconsistent with @ mode! of recent gene flow lrom castes to ribes and a
larga genetic impact of the indo on the gene poo! of Indla. Instead, our
overall inference is that an eardy Holocens expansion {abou! 10,000 years before present) in
northwastem India (including the Indus Valley} conlibuted chromosomes carrying this genatic
signalure both to the Central Asian and Soulh Asian tribes prior to the arrival of the Indo-Europeans.
Finally, the study therelore, does not suppon that the high Irequency of this signalure in India,
particularty among the Dravidian-speaking castes, reflects demic expansions of southweslem Asian
Dravidian-speaking farmers and Central Asian Indo-European-speaking pastorialists.

Partha P. Majumder

Genomic studies on oral cancer

Polymorphisms at N-acetyl iransferase 2 locus have been studied in genomic ONA of oral precancer
(leukoplakia) and cancer palienis and controls 1o know the risk of the diseases. Acslylation
polymorphism did not modulate the risk of the diseases but XRCC! variant genotype at codon 363
increased the risk ol leukoplakia among Lhe slow acetylators (OR=5.1, 95%Cl=1.4-19.7). XRCC1
variant haplotypes in combination with slow acetylation increased the risk of both leukoplakia and
cancef among mixed tobacco users. So, it is proposed that mulliple risk genotypes on two loci
increasa the risk of cancer and precancer. Major allele at A12308G polymorphism on mitochondrial
genome increased the risk cancer compared (o conlrols and levkoplakia (OR=1.6, 95%Ci=1.1-2.8;
0R=2.1, 95%Cl=1.3-3.5, respectively) in this study population. Major aliele al A12308G polymorphism
in combination with risk-genotype at GSTM! also increased the risk of cancer compared lo controls
and leukoplakia (OR=3.0, 95%Cl=1.2-7.6; OR=438, 18-124 respectively). So, not only alone,

hism at mi ial genome also i d the risk of cancer in combination with risk-
genotype alautosomal locus.

Bidyut Roy

Genomic Studies on cervical cancer

The stalus of the HPV16 E2 gene (G d or intact), nucleotide seq alterations within intact £2
genes and LCR of HPV16 isolates in a group of CaCx cases (invasive squamous cell carcinomas, n=
81) and population conlrols {normal cervical scrapes, n= 27) was evaluated from Indian women. E2
disruption was detected by amplifying (he entire £2 gene with single set of pnmers Mme ovedappmg
primers were used to delermine if any particular region gol selecti
in E2 and LCR were analyzed by PCR ampification followed by bi-drectional sequencing. The
associations between the viral factors and CaCx were anatyzed using Fisher's exact or Chi-squared
tast and interpreted as OR (35% Cl) and p-values. E2 disruption was significanlly higher among the
cases (3.21(1.01-10.18); p= 0.02), which was maximum in the region between nucleotides 3650-3872
(DNA binding region). The European (E) variant was found to be the prevalent subgroup (87.76%
among cases and 96.30% among the controls) and the remaining samples were Asian American
variants. Among the E subgroup, variation at position 7450 (T> C) within the E2 binding sile-IV was
found 1o be significantly higher among the E2 undisrupted cases (21/37; 56.76%), compared lo
controls (5/18; 27.78%) [3.41(1.01-11.55); p= 0.03]. Besides HPV16 E2 disruption, LCR 7450T >C
variation within undisrupted E2 of E subgroup appears to be a major factor contribuling to the risk of
CaCx development in Indian women. Furthermore, polymorphisms in the E2 gene of HPV16 may not
be significant for disease risk.

Shammila Sengupta

HPV Infection and cervical cancer In the Northeastern states of Manipur & Sikkim

This study has been completed. The objectives were: To determine the prevalence of HPV infection
{overall and age-specific), among women from two northsastern states of Indla, (MN) and (SK).
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Elucidating the mlo of life sMs. dsmogvaphlc and some host genetlc factors (p53 and p2! gene
cell cycls regulatory palhway) in the eticlogy and natural history of
hiph-risk. HPV mlaled carvical neoplasla

Identifying blomarkers of disease development by analyzing the expression of a few cell cyde
regulalory protelns that are known to Interact with PV oncoproteins.

HPV DNA In cervical mpe samples of married women from Manipur (n= 692) and Silddm (=415}

Indla was o d and to that in West Bengal (n= 1112) in easiem lndia by
PCR, using the MY09/11 consensus primers and type specific E6 pmers corresponding lo HPVIg
and 18, HPV prevalence was lower in Manipur {7.4%) compared to Sikkim (12.5%), which dosely
fotiowad West Bengal (12.9%). HPV18 was predominant in Manipur (2.0%). and striingly lower
{0.2%) in Stkkim and West Banga! (0.9%) whila the revarse was true lor HPV16. The proporbon of
HPV16/18 infections in Manipur (3.3%; 22/672) and Sikkim (3.89%; 14/359) were comparabie and
significantly fower Ihan thal in Wes Bengal (7.8%; 78/1007) among lhose having nommal cenvica
cytology. Such prevalence was similar among all age groups in Manipur, increased with age in Sidim
and dropped with age in West Bengal (Pys=0.007) similar to that reported earier. At age < 30 yean,
HPV16/18 prevalence in Manipur (3.3%) and Sikkim (2.5%) were comparabla but were significanty
lower (p= 0.05 and 0.02, respeclively) in contrast (o West Bengal (8.8%). Heterogeneity in overall ax
age-related HPV16/18 prevalence patlems was noted between lhese populations as in other
worldwide studies. This further highlights the need of incorporaling women ol age s 30 years for HPY
testing to get the true profile of age-relaled prevalence. Moreover, the possibility of spread of HPVIB
from Manipur to other parts of India cannot be ruled out. These findings are essential for developing
oplimized prevention strategies.

Host genetic susceptibility is known to influence cervical cancer (CaCx) development in HPV infeciad
Individuals. Viral oncoproteins E6 and E7 are known to deregulate a number of cell cycle raguialoy
ganes in the process of cervical carcinogenesis. Tha objective of this casa-conlro! study was o idently
whalher variants of p53Ar72Pro and p21Ser31Arg and expression of the p18 prolein were assotaied
with increased fisk for CaCx among women from Manipur. We genotyped by PCR and RFLP, %
malignant samples (35 HPV16/18 positive) and 291 cylologically normal cervical cell scrapes (249
HPV negative and 42 HPV positive). Comparisons were made batween HPY negative contok £}
HPV16/18 positive CaCx casss. P16 expression was o by i hi ical melhod
involving 16 cytologically notmals (10 HPV negativ and 6 HPV16/18 positive) and 24 CaCx cases (13
HPV16/18 positive). P21Arg31Ser variants and pS3 Pro/Pro variant at codon 72 of pS3 did nol dliwr
between cases and controls. Arg/Arg genolype prevalenca was significantly lower among HPV1&18
positive CaCx (ORyeusuae= 034, 95% CI: 0.07-0.84; p= 0.025) compared to Pro/Pro and Proidy
together. Pro/Arg genotype was significantly associated with HPV16/18 positive CaCx {0R
2.26; 95% CI: 1.01-5.04; p= 0.048) compared to Pro/Pro and Arg/Arg together as well as in
comparison 10 Arg/Arg genotyps (OPgesgmues= 4.66; 95% CI: 1.34-16.18; p= 0.015) bul nol wih
ProlPro. P16 overexpression was lound lo ba significantly associated with CaCx (OR= 11; p=0013)
or HPV16/18 positive CaCx (OR= 18; p= 0.019) compared to HPV negative conlrois. The resus
suggest ihat heterozygasity at cadon 72 of p53 is likely lo anhance susceplibility lo HPV16/18 posifve
CaCx among women of Mampur and that the proline allele could ba responsibie for he eflect Also,
ical detection could ba a polential risk markar kr

Shamia Sengh

pié by
developmenl of HPV16/18 related CaCx.

Statistical genomics

Some novel statistical methods have been developed for linkage and iation analyses of compiar
genetic trails. These include:

developing a multivariata phenotype approach to dissect an end-point binary teait based on  ines
1egression stralegy using idantlly-by-descent scores as the response varisble and phenchpic
observations as the explanatory varablas.
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ping a statistical eqy of the binary lon Disequillbrium Test for quaniilalive traits.

developing a quantile-based ragression melhod for association mapping based on population-based
data.

Analyses were parformad on:
EEG p ypes in the angoing Ci ive Study on the Genelics of Alcoholism Project funded by
NIAAA.

Type 2 diabetes and related quantitative precursors.
Major psychoses phanolypas including bipolar disorder ang schizophrenia.
Autism.

Social Sciences Division

During the period under consideration, the scientists in the Division have undertaken research, both
theoretical and empirical, in diverse areas. Apart from research, the scientific workers of SSD have
been invoived in leaching various coursas lor B.Stal.(Hons.), M.Stat., ISEC (regular and specialization)
and M.S. (Q.E) programmes. Several research lellows are currenlly working for their Ph.D. under
supervision of members ol the facuity of SSD. Various workshops and conlerences have also been
conducled during the period.

Economic Research Unit

Agricuttural Economics
1. Tenancy contract

The study addressed the question of existence of share tenancy and fixed rent lenancy in Indian
agricuture. Based on the NSS data, it suggested that among the factors considered, intensity of
irmigation and land productivily are the most imporiant ones (o explain Ihe changes in the extent and
forms of lenancy in Indian agriculture during the recent decades.

2. Labour use efficlency

This study examined the question of subshilutability and homogeneity of family and hired labour in
agriculture of a less developed economy. Based on the cost of cullivalion data, collected by Ministry of
Agriculture, Government of India, 1he resulls of analysis showed thal family and hired labour in Indian
agricullure are weakly separable from other inputs, such as land and malerial inputs. These two labour
inpuls wera found lo be very close subslitutas and equivalent in terms of efficiency.

3. Economic condition and nulritional status

A collaboralive work was done with Biological Anthropology Unit lo study how different sources of
income and occupational groups of tribal households operate in maintaining their nulritional stafus.
Based on an intensive village survey data among the Iribal households in rural West Bengal during
2001, the study showed thal owner cultivators were refalively better off in terms of their income ang
nutritional status as compared 10 tenant cullivators as well as landless labourers. Landless labourers,
however, were found 1o be relalively less poor than the tenant cultivators. This was possible due lo he
availability of work throughout the year among the landless labourer households for the development
of land-augmenting lechnology in the countryside of West Bengal.

Manabendu Chattopadhyay
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Applied Development Economlcs
1.Transport Infrastructure and human wall being

The existing lavel of understanding of the relationship between lransport infrastructure and human wel
baing In ganeral, and poverty in pariicular, was found lo be Inadequate. Most of the evidenca in this
regard was anecdotal and not based on empirical results. The disiributional socio-economic impact of
road projects, espacially the impact on the poor, was less known, An attempt was made to deal wih
the evaluation of socio-economic impact of lour-laning of a stretch of a national highway on the nral
population living in its proximity. Tha pure partial effect of NH2 was, by and large, observed 1o be
positive and significant on important aspacts of household Iiving such as mobiity and connectiviy,
povarty stalus, eaming and employment opporiunilies, asset holding, access lo education and health
sanvices and overall well-being.

2 Poor In the North East

Ouring recent decades tha concept of human well-befng has been shitted from economic 1o non-
economic aspects of life as well, Tha condition of the poor was assessed, in terms of some selecled

ic and i of human lives, in the North East region, which i
geographically quite different from rest of the country. The problem of poverty estimation i the region
was also taken care of in the study and re-estimation of poor was, Lherefore, of an additiona! interest
Data from (he National Sample Survey Organization for the latest sample round conducted during1993
= 2000 were used lor Lhe study.

Saswati Das and Chaiti Shama Besws
3. Rural development and dynsmics of soclo-economic change
Despite many positive changes In diffarent seclors and regions of India, the existence of fundamental
problems Such as of rural gnation, abject poverty, poor education

system ang unemployment has been demonslrated by an empirical analysis. An urgent intervention in
the face of both govemment failure and market failure was suggested for uplifiing the rural people.
Buddhaded Ghosh

4. World Inequality In soclal development Indicators

Tha Impact of globalization of market on inequality among the countries in quality of fife has been
explored. Quality of kle doas not connole only per capita income of Lhe inhabitants; i aiso takes inlo
account other aspects of quality of fife of paople of a country. An attempt was made to study inequally
In diferent aspects of quality of ke, such as life expectancy, female life expeciancy, infant survival rate
par thousand of population, adult fiteracy rate, female adull literacy rate, calorig intake per capita &
percantage of requirement, physician per thousand of population, passenger cars per thousand of
population, primary ratio, primary ralio of female child etc. The impacs of
globalization on divergenca / convargenca in these ditferent aspects of quaiity of life and the reasons
behind such divargenca/convargance have also bean taken into account.

Cooparative game theory

Power of an Individual voter depends on lhe chance he has of being critical lo he passage or defeatof
a fesolution. The Banzhat Index Is a normalized value of he number of coalilions in which the voler is
In the critical position of making winning (losing) coalitions losing (winning). A new characterization of
the index using four Independent axioms from four ditferent contributions to tha area has been
developed.

Coleman suggested two Indices of voting power, powar to prevent an action and pawer to iniate &
aclion. Rigorous demonstration of (he relationship between the two Indices and their behavior with
respact lo different postulales of an index of voling powar has been made.
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An indicator of power, which has been shown to satisly all the reasonable postufates for an index of
voling power, was suggested for weighted majority games that arise in many practical siluations. An
axiomatic characterization of the new index has also been developed.

Satya R. Chakravarty and Sonali Roy

Demographic studies and gender studies

1, Economic study of dowry

A very common Sock ic problem of Southeasl Asia, the problem of dowry, was addressed. In
this context, in a two period sel up, the decision of a male head in a family regarding consumption and

investment in human capilal of his children was considered. From a social planner's perspective,
having the objective of reducing overall dowry transfers, the effect of change in a few relevant

parameters like population growth rate, emp pportunity ang cost of e for women on
these decisions was considered. Finally, the intergt ionat effect through a rugimentary model of
long run dynamics was explored.

Diganta Mukhenes

2. Nutritions! status of children

Mainutition among children is prevalent in almost all stales in india. The extent and causes of
malautrition in two eastern Indian stales with similar climales, namely Wes! Bengal and Assam, were
assessed using data from the National Family Health Survey 1998-99 (NFHS-2). The three indices of
malnutrition taken for analysis were weight-lor-height (WHZ), height-for-age (HAZ) and weight-lor-age
(WAZ). These were assumed to depend on birth order, preceding birth inlerval, parent’s educational
stalus, working slalus of the mother, mother's age al delivery of the children, source ol drinking waler,
toilel facilities and standard of living of the household. Logislic regression was carried out separalely
for each of he three indices on the explanatory variables for bolh the slates. Different sels of variables
were obtained for two states and for three indicalors lo expfain Ihe levels of malnutrilion. The
importance of variables has not been found same in the two stales.

3. Height, weight end earnings among coal miners In Indla

The eaming/wage diferentials by height among coalmine workers in India were analysed. Findings
suggested that workers of above average height eamed 3~17% more than their shorter counterparts
and 6-13% more than average reference height, It was atso found that iong-term investments in health
human capital might ensure increase of labour productivity and thereby eamings, particularly in
underdeveloped economies.

4. Measures of gender segregation

The different of gender segregalion so far proposed in 1he literalure were reviewed. Gender
Segregation is usually observed across ions. The of Segregations, striclly speaking,
cannot be viewed as measures of nequality, but some special cases of lhese measures have the
properties same as those of a measure of gender inaquaiity.

Manoranjan Pal

Economics of Globalization

1. Globalization, zatlon and h

g

Development strategy of India has been draslically changed from planning to market economy since
1891. Employment growih al the cost of output growth leading 1o produclivity slow down and lack of
overall compelitiveness were seemed lo be primarily responsible for Increasing failure of the
govemmenls in eslablishing the wel!are state. The interaction among lhe exiernal and intenal factors,
ibig for india’s D! over the last decade, was analyzed. The evoiving
weaknesses, which were not considered in lormulating current policies, were touched upon.
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2. infrastructurs, reglonal Income and globalzation

An attempt was mada to find oul Lhe role played by Infrastructura facilities in economic davelopmen(
across South Asian counlries over lLhe lasl quarier century. The observations were lound lo b
statislically very significant 1o warrant major changes in luture regional policies in order 1o remove
fising regional dispatilles in both infrastructure and income. The poverly removal poficles lor the poor
being reglonally concentrated in such diverse and heterogensous regions of the world was expecledio
be succassful evan in the presence of market imperfections.

Buddhadob Ghosh

Education Pollcy and Economics
1. Educating the poor In Indla
It might be stated that in the context of providing basic o primary educahon just pumpmg mongy n

education would not be effective withoul crealing prod social pows
for the poor threugh education by the Government.

Buddhadeb Ghosh
2. Parental altrulsm, abliity and education

Relationship between investment in human capita! and ability lo acquire skill has been explored, in tha
backdrop of abifty biased lechnological progress. As a departure from Ihe existing literature, the
parents investing in Children's human capital formation have been considered to be the major decision
making unit rather than thosa acquiring skill (hemselves. It has been shown that under cedain
conditions forces operate lo generale a unique crilical leve! ol ability for the economy as a whola, so
that all individuals with higher ability levef hava been found to be skifled in every period and less able
individuals remain unskiled period after period irrespective of the initial distribution of the skifled and
unskilled parents over the ability space.

Chandana Ghosh
Environmental and Ecelogical Economics
1, Economics of urban waste management
Material goods and energy are involved in every ic activity fike productk ion, etc.

creating wastes for disposal. The problem of management of such ever- mcreasmg volume of maleral
waste is now a malier of great concern for all urban areas and the task of decision-makers is lo find
out a proper 0 policy. Various higrarchical oplions for waste management to reduce the
volume of wasles have been discussed here both from environmentatists' and economists' point of
view. The economic inslruments like laxalion and Subsidies have been found to be more efficient
compared to regulatory measures for this purpose because of technalogical and financial consiraints
involved wilh this,

2, Economic of Poliution Control Regulations

Adoption of pollution abatement technology is almost mandatory now in the industriat sector lo proleet
global environmant. However, such abalement technologies have not been adopled on a wida scale
by smali-scale components ol industrial sector in the third world couniries, even after significant
contribution to total poltution, because of high inilial investment cosl. Under these circumstances, an
advantaga in the competitive market was obtained by the earty adopters for being able (o cakual
correclly the actual benefils of such invastment keeping non-adopters out of market for lack of such
knowledge. Il has bean found from a case sludy on secondary lead smalling industry thal a positive
net return has bean raceived from the additional investment on control device. The resull is instucive

1 the non-adoplers.
Snigdha Chakrabed
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Financlal Econometrics

1. Studying predictabliity and nonlinearity of Indian stock returns and forelgn exchanging rate
sories

India Is now considered fo be the most imporiant emerging market economy and Indead one of the
mejor of the world. Conseqy its Inlegration with the developed economies are now
cccurring to @ great extent. In such an economic scenario, studying different aspects of major
economic/financial variables of India should be both Imporiani and useful. The present study is

d wilh prediclabllity and noniinaarity of two most important time serigs viz., India’s slock index
and foreign exchange rate. The choice of these variables has been from consideration of Lhe fact that
In the past liberalization period, the roles of capital markel and foreign exchange market are extremely
important. In this study, we have taken inlo account major oconomolnc :ssues fikes' appropriata
specification of the model, alternative volatility models and
Several nonlinear modols like SETAR, STAR efc. have also been consndeled along with appfication
modam ic tools like predicative regression and co integ; mathods.

2. Mixture volatility model

In a givan time series of any financial model, the nalure of volatility may change over observations but
typically it is not known which obsarvations foliow which kind(s) of volatifity. Considering two volatility
models, belonging 1o same class, and the concept of mixlure ARCH mode! has been introduced and
its properties derived. Eslimalion of the of this model has also been carried out using an
EM (expected likelihood maximization} algorithm, Simulation studies as well as a case study using
NIFTY stock index series have been done 1o establish the superiority of the mixtura ARCH model over
the simple ARCH mode!.

Nityananda Sarkar

3. Financlal asset pricing model

Arilrage Pricing Model (APM) assumes the residual to be nomally disiributed. This assumplion was
empirically checked in APM. An Arbitrage Pricing Mode! was built on retums from shares In National
Stock Exchange (NSE). Four explanatory variables ~ Market Trend (Market Index), Sector Specific
trend in the Market. (IT Index), Size of the company (Daily Tumover} and Location factor of the
company (Index of Indusirial Production) were identified. The normal distribution was compared with
lognormal and exponential distribulion in this context. The exponential dislribution was cbsarved 1o ba
better than lognormal and normal distributions. Univariate kemel smoolhmg melhod was also
undertaken for univariate model based on relurns on IT Index. E: was
also observed 10 b better Ihan Kernel smoothing and Normal distributions in Univariate model.
Diganta Mukherjee

Human Poverty Index and Quallty of Life Indicators
1. Human poverty Index

The human poverty index concentrates on deprivations in tha living standard of a population in terms
of falures in three basic dimensions of Inre namely, decant lving slandard, educational atiainment rate
and fife y at birth. An axi of a lamily of global deprivalion indices has
been developed uslng an arbilrary number of dimensions of human life. By restricting attention to the
three basic dimensions of life, 8 member of Ihis family has become ordinally equivalent o the human
poverty index. This breakdown has become quite important from policy point of view. An empirical

of the i indlces has baen provided using cross-country data for
the three basic ions and the p i like birth welght, height for age, weight
for age and nourishment.

Satya R, Chakravarty and Amita Majumder
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2. Quality of lifa Indax

Tha QOL Index Is a function of different atiributes refated to the basic needs fulfiiment of the peogis of
a country. A country tries to fulfil the basic needs of its people with fixed amount of resources avalabia
at & point of ime. It is capable of fulfiing such naeds in difierent combinations and il wil ty ko
maximize of the fulfiling the basic needs of the citizens. But every combination will nol yieid equd
QOL to tha paopie. At a point of ima a country has a specific combination of attibutes. QOLindexdl
a country at a point of tima is a function of this combination of attributes. The QOL index for a number
of countries has been computed using a production funclion approach.

Krishna Mazumdar
Mechanism Design
1. Dominant strategy mechanism

A decislon problem under incomplete Information Is first best implementable if there exists a
mechanism that eiicits private information and achieves efficiency wilh balanced translers. The
exislence of quaueing problems with one machine that are first best implementable under certain cos!
conditions has been demonstrated. The condilions on cost structure that leads lo first besl
implementabifity in queuaing problems wilh multiple machines have also been identified.

under Ir

2. Optimal regulatory

A problem of regulating a monopolist having limited fund with unknown costs was considered. To
obtain the oplimal reg hanism, following four s were identified - (1) bunching at e
top, Le., the mora efficient types producing the same quantity irrespective of their costs; (2) separabilly
of lass efficient types; (3) full bunching of types in the case of teo limited fund and (4) having opbimd
output strictly lower than the second best oulput for any given type.

Manipushoek Min

North-gouth model

An attampt was made (o analysa the effect of the policy of tightening Intelieciual Proparty Rights (IPR)
In the South on the rale of innovalion in the North and on the welfare in both North and South. This
was dona in a model otherwise identica! to that of Helpman (1993) except in the concep! of knowledge
capital. Assuming thal the South based imitated products do not contribule to the knowledge capitd in
the Norlh, it was shown that the rale of innovation in the North was raised and the welfare of b
North and South was improved for the tightening of IPR. These results are significantly different froat
those in Helpman (1993).

A dynamic North-South general equilibrium model of intemational product cycle was discussad. The
qualtative effects of strengthening IPR on the bafanced growth rate of the workd economy wee
studied In two altemative cases: (i) imilation being direct from North to south; (ii) multinabonaizaie
balng the channal of product transfer.

Manash R. Gupta and Debashis Kool

Optimal travel path

An afiempt was made lo draw altention (o the psychological factors of a traveler and discuss hs
choice of the optimal travel path Irom a number of altemative routes assuming that the psychologcd
cost of a person traveling along a route is a function of the straight-lina distance between his preset
position and destination. it was found that traveling along (he relatively larger segment of the path v
tha first preference of the peopla 10 travarse under the 'rectangular path hypothesis ang a siap’
was prefared In case of the “triangular’ path. The conditions explaining Lhis behavior wers ik

derived.
Torn Kt
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Price dynamics

An explanation as to why large sellers, on an average, get a better prica for lheir produce than small
sellers in potalo markets in West Bengal was provided in lerms of differential information across sellers
of diferent sizes.
Abhirup Sarkar and Sandip Mitra
Technology - Economy linkage
In order to test economic development, different indices, representing technological capabifiies of
! Bhutan, India, My Nepal, Sri Lanka and Thailand wilh special emphasis on BIMST-

EC, ware estimaled ang the resulls were found to be stalistically significant lo warmant further
disaggregated probe into the hypotheses set.

Buddhadeb Ghosh
Time Series, Econometrics and Statisticai Methods
1. Time serles economelrics

The relananshnps amongst the major macroeconomic variables for the Indian economy were

galed in & multivariate lime serigs The objective was basically lo see Ihe efficiency
of the available dala lo suppon standard ips, like the plion function,
invesiment function, demand function, elc. considering sels of macroeconomic variables and using
various time series techniques. In this sense, the study was completely atheoretic. Evidence of long
fun slatistical relationships among the variables laken in groups was observed from the study.
However, in some cases no co-inlegrating relationship was found to exist or the signs of tha
coefficients of estimated co-integrating vectors was found lo be against conventional wisdom. Non-
lineariies in the co-integrating relationships were also allowed.

2, Time serles analyss of Indlan macroeconomic data

Qver the last two decades, there was substantial debale on the persistence of shocks, in lerms of their
lransitory and permanent nature, known as Trend Stationary series (TS) and Difference Stationary
series (DS), respectively. These two series were proved lo be significant in the specification of the
ragression equation and testing compeling economic theories. Though, there were a good number of
studies to classify the macroeconomic aggregales, such as TS and DS, a need lo reinvestigate these
hypotheses afresh was aroused lor relatively new devek of seasonal integration and presence
of structural breaks in the macro variables. Some of lhese issues were examined by making use of the
Indian data.

3. Panel unit root lests under cross-sectional dependence

Some ive app were considered for lesting the unit root hypothesis in panel data. First,
a robust version of the Dickey-Fuller L-statistic under contemporaneous correlated errors was
suggested and then the GLS t-statislic, based on the t-stalistic of Ihe transformed model, was
considered. The asymplonc power of both lests against a sequence of local allernatives was also

procedure yielding a test statisic with a standard normal limiting
dlslnbullon was suggesled lo ad]usl for short-run serial corcelation of the errors. The test procedure
was further g to ividual specific i Using Monte Carlo simulation

method, the ' robust OLS t-stalistic was found to be more appropriale with raspect to size and power,
but the GLS L-statistic might have baen suffered from severe size distortions in small and moderate
sampla sizes, which could be improved using available boatsirap version of the test.

Samarjit Des
4, Quantification and modeling in ecological studles
To account for the varialions In the size populalion of a particular specles, which are mobile in nature
ke bird, for the alfect of surroundings, quantification and modefing has now bacome prominent
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features In ecological studies. To monftor the effects of intervention on an , B3timating
abundance of parlicular species and blo-diversity of varlous spacies living together in a habitat
becomes nacessary. Traditional finlte population sampling lechnique or capture-recapture technique
suffers from various drawbacks for such mobile population. One method has been reviewed and
@appropriate modifications of this have basn suggested.

Pulgkesh Mo

5. Modeling of buying behavior of Indlan customers

The 'Dirichlet mode!', which describes, for a slationary and un-segmented market, the purchase
bahavior of frequently bought branded consumer products, was Lried 1o the Indian Dala in a rigorous
manner to explain the buying behavior of Indian customers. Validity of the model which assumes
mixures of distribulions at different levels, namely negative binomial, muttinomial, muitivariate beta
was examined for the indian consumars.

&, Bullding of Interactive linear models In survey sampling

Tha problem of estimation of a finle population lolal where a set of invesligators are employed to
axiract responses from a set of respondents and additionally, a set of supervisors are also employed

to oversea the entire process and lake was considered. Noiwilhstanding the
Investigators ‘bias and supervisors' bias, a mixed effects model has been daveloped wnh a study of
the problem of unbiased estimation of finite population total afler ls of variance
components.

7. Handling of missing values through multiple Imputation technique

Issuss of drawing of Inferences of certain finite population parameter in the absence of a compléts
data set has been considered through mulliple imputation technique of repetitive draws of the missing
values from Hs posterior distribution,

8. Estimation of the populstion parameters In the absence of its frame

For soma kind of populations, traditional finite population sampling technique is not feasibla because
of many reasons. One such reason is lack of Information on the frame of population units, but a set of
reference units wilh a well-defined linking rule eonnocbng the population units and referance units may
be avaiable. With his i jon an p has been ped lor unbiased

sstimation of population size and of other population parameters, namaly total mean.

Puikesh Mall
Trade and Economlcs
1. Trade and wage Inequality

To give an account of rade induced symmetric increase in wage inequality; the factor prce
equalization (FPE) framework has not bean followed in mosl of Lha trade models. In this context an
aftempl has baan taken in this study (o idenlify a plausible route through which trade might increase
wage inequality in both the irading countries in & standard factor price equalization tramework. A very
simple two-sector model has been developed with one constant retums and another increasing retums
fo scala sectors. Assumplion of identical pralerences of the agents, given by a quasi-inear uily
function, has baen considered to capture {notionally) the division belween basic and fancy goods.
Considering two types of labour, skillad and unskilled, it was found that thare has been a possibity of
multipia equilibria in the mode! and under raasonabla parametarization skill pramium might increase in
both tha countries following trade.

Bratl 5. Chakrabarti and Abhirup Sakar

2, Effacts of trade on foodgraing

An atiempt was taken to study lhe effects of opening up of Internationa! trade In foodgrains on
Industrial employment, balanca of payments and the level of poverty in a lass davaloped economy. i

48



Ressarch Activities

was found thal due to such trade there was a possibility of contraction of industrial employment along
with delerioration of Lhe balancs of paymenis and an increase In poverty.

Abhrup Sarkar
Uncertalnty and Cholce
1. Cholce under uncertainty
E iC agents' jour in uncertaln situaions, which is an imporiant issue in all branches of

aconomics, has been discussed lucicly, along with a rigorous proof of the main results in Lhis area. In
particular, the Expected Ulility theorem - the canonical theorem on choice under uncertain had been
proved by using some resulls in linear algebra. At the second stage applicaions of Lhe theorem in
various branches of economics, in particular, in portiolio analysis and slochastic growth theory had
also been axamined in detail.

Pulgkesh Mait

2. Cultural compatlibliity and Instabliity

Operational success of a venture firm is dependent essentially on the cultural compatibiity of the
partners. An allempt was made to draw attenlion 1o lhe country specific cullural characteristics and
partner asymmetry, being the fundamental causes of joint venture instability and break down. Having
asymmainc informalion about the type of ona partner, a separaling equilibfum was the more likely
ouicome of the other pariner wilh high state nature of realization.

Tasrun Kabiraj

The loliowing research projects were undertaken during the pefiod undar consideration,
The valuation of Deepor Beel: an environmental economic approach

The objectives of this sludy are to assess he dependence of Lhe stakeholders on Deepor Beel, 8
wetland in Assam, and lo evaluale their perception about conservation of the Beel. Dala collection was
compleled by February this year and on 17 March 2006 a paper on Hazard Management was
presented using our field experience al an U G C sponsored seminar in Kolkata. Some experienca
was also explained aboul Deapor Bee! by principal mvesngalof in presenting his paper on valuing
water bodias al Milenniums Institule of Envi and E Kolkata.

Kunal Chanoyadhyay Chnamm Neogi and Pulakesh Mait

Pollilcal economy of West Bengal

The objective of the study was lo seo whethav there was a relationship between the polilical decisions
of individuals and their The unusual pofitical stabifity in West Bengal coupled
with moderate economic development since the inception of Lhe left rule was the main concem. It was
argued thal this coexistence could not be fulty explained either by land reforms or by agricultural
growth. Informalization of the economy along with a strong party organization of the left was providad
88 an explanation o this coexistance. Dala were coflected from 2200 household spread over all tha
disincis of West Bangal except Darjealing. The processes of compulenzation of ine data and
preparation of report s in progress.

Abhirup Sarkar and Sandip Mitra
Study of some health economic Issues In the North-East
The objective of he study was to sludy (he relation between standard of living and health and
Sanitation laclliies in Meghalay and to review the heaith care system available lo the tribal households

in that place. The fiekdwork is completed. Analysis of data and wiiting of report is under process.
Sandip Mitre, Manoranjen Pal and Biswanalh Bhattacharya
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Poverly and - &n exp of possible

The objective of the study was to ianlify tha sels of poverty dimensions and decisions mutsaly
reinforcing each other based on dala collecled through household survey conducled al two smal
cluslers of villages in Assam - one in the naighbourhood of Guwahali and the other in the Kachar
disirict. The field work in the villages in the neighbourhood ol Guwahali and thal in the Kachar distict
has baen complated by March, 2006.

Dipankor Coondoo, Amita Majumder, Snigdha Chakrabartl, Sandip Mitra and Subhendu Chalrabwt

Agricultural growth In Assam since independence

Tha objective of this study is Lo find out the patiem of agricultural growth in Assam since independance
and to formulate a growih model.

Unpublished time series data related to agriculture from various offices of the govemment of Assam
located in Guwahati on the lollowing aspects have been collected for Assam as whole and by disticts
of Assam: (1) Area and production and yield for total; rice, aulumn rice, (2) Use of fertiizer in diferenl
crops, (3) Asea under HYV rice and production, (4) Area aflected by flood, (5) Rainfall

Published data have besn collected fike NSPD for Assam, population of Assam. Using these data an
exercise has been done lo see (he pattern of agricuttural growth in Assam. A theoretical model has
&is0 been developed o explain this growth pattem. Data on irrigation, which are yet lo be colected,
was required for empirical verification of the model.

Manash R, Gupla and Chiranid Neog)

Valuation of ecological services of Wellands in Indla

Theommvalswpmposeaoommonmelhodologylovmluahonoleoobgmlmolwethr«n
India. During the period of four months, from 1™ December 2005 to 31™ March 2006, sampie design
has been framed, lour different viz. household schedule, p schedule, tourist
schedule and expart schedule have been finalized. Three places, Sundarbans of West Bengal, Chila
Lake of Orissa and Deepor Beel of Assam have been sefected for this study, Listing of housetioids and

entreprenaurs for the sample vifages/ mouzas have been compieled for all thiea fieds. Canvassingal
tha h

dules and tha D have been in eight o of
eighleen selected mouzas for Sundarbans. For Chifika canvassing of household schedules and
have been in twanty out of Ihirty wo selected villages for Chiie.

Some of the tourist schedules for each of Sundarbans and Chilika have been completed. A smal
number of expert schadules hava been canvassed.
Krishna Mazumdar, Kunal Chatiopadhyay, Subhendu Chakrabarti and Chaiti Shama Biswes

Economic Analysis Unit

The department was engaged in research in quantitative mathods in economics and social sciences.
Appication of lhess methods to ditlerent problems in agriculture, industry and monetary economics i
being actively pursued. Topics in agricultiral economics, growth and inflation and estimating the
effects of the economic reforms are of current interes!. Research in inventory models under production
smoothing hypotheses, varianca-bound tests, intervention analysis, transfer function analysis and VAR
and VECM modes is being pursued by the facully and research scholars of the unit. NSS,

Linguistic Research Unit
From the perlod Aprll 2005 to March 2006, the Linguistic Research Unit continues its programme of
research in the areas of Quantitalive Linguistics, Clinical Linguistics, Sociolinguistics, Neurolinguistics,
and Corpus Linguistics and Language technology.
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Research Activitles
There are five main fopics under which the Unit's research projects may be grouped, namely:

A. Methods In Quantitative Lingufstics

a. Research design in applied finguistics, b.Text as a linguistic paradigm; c.Language Modeling

B. Soclolinguistics

a. Study of Language atitudes, b. Language planning in a plural society; ¢. Language and Mass Media
C. Clinlcal Lingulstics

4. Habititation of Speach disordered children

D. Neurolinguistics

a Naurolinguistic parspectives In studying language disorders; (b) Devalopment of Test Batteies

E. Corpus Lingulstics and Language Technology

&. Defining rules for processing; (b) speech corpora in Indian languages; (c) electronic lexicon for
Bengali.

Study of language attitudes

Work has been undertaken on questionnaire design in language attitudinal research. Some of the
issues addressed are: Existence Questions: Does situation x exist? Is there such a thing as language
unrest in a specific situalion with reference to language x? Questions of Description or Classification:
What is x like? What are its characterislics? What is Lhe linguistic demography of x? Are there
variations in x? Does classification of x give us a clue 10 the existing situation? Also the Unit has
contributed 1o a number of amcles on lanquage planning i the Indian multiingual context. Issues

range [rom minorily | guage linguistic y. language p gy and
language for higher education.

Amitav Choudhry and Satanupa Dattamajumdar
Language and mass media

Research has been carried out both on micro and macro finguistic dala, cokected from news,
enlertainment and advertising media. This would evenlually highlight and explain (he tendency of a
unique kind of hybrid language system, alarmingly alienaled irom the spontaneous natural language of
human cognition, currently generated from the overwhelming inpul of the language of mass media.
Subhashree Ganguly and Satarupa Dattamajumdar

Clinlcal lingulstics

Study has been carried out on speech pathology with a view to enable a systemic approach to
language habililation in children with speech and neuro-linquistic disorders. Rehabiitation of children
suffering from different kinds of disorders dua to hearing impairment, neurological or autistic problems
has been analysed, concenlrating on the aspects of habilitalion of diffrent types and groups of speech
disordors.

Data collection has been cariied out exiensively by visiting various clinical/educational and other soclal
institutions, dealing wilh tha habililation of children with speech disorders. The developmental status of
various speach sounds lor language davelopment has been studied as a loundation lor undersianding
dalayed mdesiones in language and related disorders, including Lhe impact of hearing loss, psycho-
social variablas atfecling language acquisilion, disorders refaled lo, congenilal and acquired cognitive
disabilities, etc. Taking cus lrom the contributions of ditferent scholars and analyzing the dald so far
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collected, language Identification and classlfication of disordered speech have been atlemplad (a
defect dus to organic cause, rhythmic cause, psycho-generic cause, elc.)

Different case studles have been dona on diﬂerem lypas of dlsordered speoch X8 humn
impairment, cerebral palsy, autism, childhood down

Ditferent methodologles have been laken inlo consideration in oder to develop an nlegleed
habilitation programme In order 1o bring the individuals affected with such neuro-finguisic probiems

Into the main stream of ion. Language prog: ing in ional setting has been made s
integral part of the rasearch programme.

Madhabi Indu and Satarpa Datamaumdy
Language technology

Analysing a large lexical database for defining linguistic ruies for automatic procassing of mung,
pronouns, adjectivas, adverbs, pestpositions, and other types of word found in Bengali copus.

Developing an English-Bengali dacnonary of idiomatic expleswu sal phrases, and kedeal
collocallons to be used as in Machine Ti

Analysing various types of suffix parts used with Bengali adjectives to ganerate a suffix database 1o b
used in automatic POS lagging of adjectives in corpus.

Accessing relevant wabsites and literature to design a model for generating speach corpora in Indan
languages.

Dasigning & mode! for using information lexical items from Bengali comora Lo develop elecronc
lexicon for Bengall,

Dasigning a modet for using Information derived from language corpora to be used in both first and
second language education in Indian languages.

Working on a modef for using information oblained from language corpora to develop a usage-based
onfine electronic dictionary in Bengali.

Working on a model for using information cotlected from language corpora to devetop a usage-based
general grammar in Bangali,
Niadr Shekhar Oash

Planning Unit, Delhl
Economlc theory

Amalor rasearch area has been the design of voting mechanisms with ambiguity and Choguei-rational
players. The goal of this work is to characterize incentive-compalible random voting and alocaton
machanisms.

Macroeconomics

The literature on growth and distribution Is belng extended 1o an open economy framework. Also o
the research agenda is the issue of talent allocation and economic growth, and the impact of rade
liberalization on product quality.

Flnanclal development

Dynamic aspecis of micro-finance hava recelved attention. Schemes have been proposed (pmnm,
applicabla 10 India) that can solve the informalional problems intrinsic in micro-finence. Emgpirics

analyses of the Indian economy have encompassed a wide range of issugs.

Environmental economics
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A study of groundwatar sales found high pricas avaraging 60 palse per cubic mster and a one-for-one
responsiveness of waler use lo price suggesting that marginal cost pricing of electricity would
substantially diminish groundwater over-extraclion.

Commodity markets

Resaarch showed thal open economy policies and imports wera critical in facilitating the evoiution of a
futures market in soya ofl. A policy sludy on energy subsidies concluded Ihat while the casa for
abolishing LPG subsidies was strong, efiminaling kerosene subsidies would cause large welfare
losses uniess it is accompaniad by rural electrificalion.

Other current research

Ongoing research has devaloped a theoretical model to ba used to measura the long- lerm impact on

families affected by HIV/AIDS. The ather loplcs include ination of non-iinear relati betwaan

child fabour and land wealth of households, berelits of road connectivity in rural india, measures of
multidimensional inequality, and the costs of plant biolechnology requlation.

Sanghamitra Das, Satya P. Das, Chelan Ghate, Abhiroop Mukhopadhyay,

Bharal Ramaswami, Tridip Ray, Probal Ray Chowdhury, Arunava Sen and E.Somanathan.

Population Studies Unit
During the past year research was carried out on the following topics:
Determination of child Immunzation

This was done for all states of India from NFHS1 and NFHS2 data and immunizational status betwesn
the two surveys was compared.
Swati Sadhu

Featuring nuptlality and demographic panorama

The study on nupliaiity and demographic panorama of a few North Eastem States of India covars the
broad areas of population dynamics, namely, ledility, mortality, nuptiality, migration and age distribution
along with various socio-economic factors. The various sources of dala are: Censuses, SRS, NSSO
NFHS (Phase-1 and 2) and other records. This topic is consi because the

above are still unexplored in the North Eastern Stales of India and accelerated population growth has
been a major concern for them during the last five decades.

Amyj K. Saha
Morbldity pattern and health care practices of sex workers and thelr awareness about HiV/Alds

The study confines to two red-light areas of North 24 Parganas. The aim of this study is to discuss the
nature of iliness of he sax workers. it invesligates the diseasas they are sulfering from, type of health
cara facilities thoy are enjoying, use of condoms, why soma workers are not laking any traatmenl and
why soma are self-medicating.

Swagata Gupta

Analysls of trends In mortallty rates
Analysis of trends in age spacific morality rates by sex and moriality projection using the Time Series
data trom Sample Registration System (Irom 1970 to 2002). The objective of this study is to evaluale

the trends of child and age-group wisa mortality rates by sex and residance.
Subhas Baman
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Correlates of child iabour In indla and major atates

The oblective of this study is to examine the causes of drop out from schoo! of the children aged 84

years and thair emergence as child labour. The study also examinas the causes of chikd labour by sey

and residence uslng National Family Heallh Survey Data | & Il and Censuses 1991 and 2001 data.
Subhas Baman

Temporal and spatial dimenslons of under fivs mortality

The objective of the study Is fo find out the lavels of components of under-five moralty with emphass
on the Impact of National Health Programme and to examine the changes over lime during the peods
1976-2004 in major states of India and India as a whole. It also tests for a causal refationshup between
changes and the health interventions. The entire study will help in understanding the fackrs
determining the level of child monahty and the interventions (0 ba required in the area of chid heath
programme and also in other sock at the state level to actier
the targeted goal sel by the Government of India. Also based on the f findings, suggestions may b
given lo improve \he coverage of the health services among the deprived groups, improvement in
quality of care and life in order to reduce child mortality in india.

Patha Dy
Constructlon of adjusted single year age data

Using some simple and new technique, attempts wera made to consiruct adjusted single year age
dala for 2001 census of India and the slales on the basis of raw S-year grouped data of the census
where adjusted single year dala are not yet available. These dala were imporiant for researchers and
policy makers for various purposes. Some works were already done. But more might continua atsr
Ihis ysar.

Barun K. Mukhopadhyay, Prasanta Xumar Hajusdar

Spatial dimensions of reproductive health status and services: an analysls of RHSNFHS

The objective of this study was to analyse two rounds of NFHS data lor assessing the reproductve
health needs and the service utilisation,
Biswa Nath Bhattacharya

Psychological Research Unit

Term efficlency in work settings

The objectives of the sludy is 1o identify important factors of team behaviour and teamwork, which
affects team efficiency of different work teams. Here team efficiency is defined in terms of indvidsl
and team performance. Emphasis is given on to explore the variables, which are, crucial v team
performanca in different work siluations. The dala for this study is being collected lrom tha information
and lechnology {IT) induslry of easter, western, northern and Southern zones of India. Vanables
studied hare are personality, sell-efficacy, ¥ransactive memory system, collective efficacy. team
climate, salisfaction, and team efiiciancy. Resulls indicate (hat leam perormance and indvida
performance are posilivaly correlated with some of the inpul and process variables, which lead o
efficiency of tha teams,

Monica Sharma and Anjefi Ghosh

A study on short-term memory with | In stimulus i
time using computer aided diglt span test

In advartising, In criminal investigation specially related to vehicle accident, and in researches o
information, education and communication, one major problem is to understand how much minkmun
time is required to retain a set of stimulii in the short-lerm memory store. No study Is known to haw
been conducted on this issue. In this study, one computer alded digil span lest was developed ko
determine short-term memory $pan and minimum duration for stores (MDS). Results revealed tha
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age, extraversion and neurolicism moderate the relationship between short-term memory span and
MDS.
Manjlshtha Maitra and Debdulal Outta Roy

Locus of control and soclal axloms

Individual’s generalized expectancy conceming the determinants of rewards and punishments in thelr
kves and Lheir ganaral befiaf about the social and physical environment, spiritual workd and efort was
studied in a group of college sludents. Findings indicate that students, who believe that there is litte
control over their own oulcomes, take a negalive view of human nature. On Lhe other hand, students
who are intemals, reflected oplimism lowards challenges of life and believe thal it can be resolved by
human endeavour.

Anjali Ghosh

Infrastructure profiles of private and pubiic schools

Purposs of the study was to explore infrastructure needs of different private and public schools of hiil
districts on Manipur. Data were collected from privale and public school teachers of Senapali (least
fiterate) and Churachandpur (more [ierate) districts in Manipur. Resulls noled significant difference
among public schools of bolh dislricts in laciiies of toilet, school exhibition, and school location.
Private schools of both districts differed significantly in drinking water faciilies, availability of school
magazine and locations. Both privale and public schools were significantly different in structure of
school buikding, efectricity, loilet, library, location of school from the main road and the nearest market.
Findings are useful in understanding ditferenl patterns of organizational adaptation by lhe
management of private and public schools.

Debdulal Dutta Roy

of

p to develop cognitive skills

This is a collaboralive project with Ruigers university of USA and with Step One Foundation for Child &
Youth Wellare, a registered non - profil organization working in Kolkata. The objective of this research
is to assess the validity of the Fast Forward tools (compuler and interet based cognitive skill
davelopment tools) for school students in India. Step one in collaboration with &t. Mary's school
collecled some psychological dala from 28 boys (14 boys of day and 14 boys of orphanage section
during pre- raining period. Result revealed no signilicant difference in subtexts of comprehensive taxt
of phonological processing and in 2 sublexts of the Test of Auditory discrimination between the boys of
day and.orphanage section.

Debdula! Dutta Roy

Analysls of the Impact of workers education

The purpose of this study was to evaluate impact of Workers education on knowledge, attiude
towards \raining and on different sets of organizational effectr criteria like Py ivity, Wastage
control, Quality control, Rate of accidents and Absenteeism. Results revealed significant impact of
workers education program on the above across lour major depariments of a jute mill.

Anjak Ghosh, Debduial Dutta Ray and Rumki Gupta

Soclologlcal Research Unit
Forms of market and non-market discrimination: The case of rural dalit households
The study aimed al delailed ‘micro-level research on forms of soclal and economic discrimination

against rural Dall hired manual workers In specific agrarian contexls. The focus was on agricultural
labour househoids since the predominant occupalion among Scheduled Castes households in rural



Research Activities
areas has been wage labour. As primary villaga leval data on wages, amploymant, access 10 formd
and informal cradit, education, housing, assel awnership and participation in the public distributon
syslem ware aiready collected from Haryana, Jharkhand, West Bengal and Tamit Nacu in course o
pravious projects, these dala have now been disaggregated by caste. This has been followed by
gathering adaitional information on forms of market and non-market dlscrimination for indegn
comprehensive analysis.

VK. Ramachandran and Madhura Swantnsha

Techne-economic adaptation of the Mizos of hill forest ecology of Mizoram

The traditional pattern of villages In Mizoram, based on Jhoom cultivatlon, underwent a radical change
following the implementalion of the schems of groupmg o! vnlages dunng the period from 1966 i
1970, caupled with p and in Kesping
same ecological semngs the people of Mizoram have been trying lo adapt lo the emerging situaton
The project sought to sxplore the process ol techno-economic adaptation by the major Libes o
Mizoram for g tha need for ping of

Aniruddha Chakraborty and Snyamal Mukhopadhyy

C of of scheduled castes and other backward castes/ communities in
rural areas

The empirical study Intended 1o examine whether economic measures meant for upiftment of kowy
castes coukd make any worthwhile dent into the situation. The study, which has been corduied
among fural communities predominantly of lower caste groups in a cluster of villages in Howrah dista
of West Bengal, sought to identify the vacious factors responsible for immobility of lower caste grous
in socio-cultural and socio-economic hierarchy.

Tirthankar Ghosh, Kamalakhsa Das, Sushmita Bharati, Supama Som and Sonali Chakrabay

fole of soclal connections In coping with the changing situation: An exploratory study on the
vlllagers of West Bengal

The study envisaged investigating whether villagers could find congenial support base in the networ
of interpersonal relations in the changing socio-economic situation of West Bengal. It also attempiadta
locata the role of ‘social connections' in facilitating or canstraining the scope of educational atanmet
and development of skills to get access to socio-economic apportunities.

Arun K. Chatterjee and Debashis Bhattachag

Process of empowerment of women In rural areas: Case studles in two North-Eastern states.

The objsctive of the sludy was 1o understand the perception as well as the process of empowermanol
women balonging to diferent social catagories in rural socielies in Meghataya and Tripura. A maw
thrust of the empirical sludy was to compare the social siluation in Meghalaya, where the eleckl
Panchayati system (with one-third seals being reserved lor women) has not yet been introcuced, wh
that in Tripura where the elected Panchayati system, wilh the stipulated resesvation for women, b
already been Imp din wilh the 7. to the indian Consti

Bhola Nath Givst

Emplrical sludy on the labour-related problems of tea gardens in West Bengal

On the basls of primary and secondary data collected in course of lield wark, a project raport has beer
completed suggesting a modality for a long-term optimum solution of the problem of casual workess @
the lea plantation industry in West Bengal, taking into account land-fabour ratio, additonai nev
plantation, production, productivity, financial ability of the individual tea gardens, present empioymen
pattern of permanent and temporary workers and other tslevant faclors.

Atls Dasgupta, Suraj Bandyopadhyay, Debashis Sengupta (Stat-Math Unit) and Rabindranath sam
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Extemnal of fotal Iiteracy activitles In the districts of West Tripura, Dhalat and North
Tripure.

Extemal evaluation of Total Literacy activities was conducted In districts of Tripura adhering to the
norms stipulated by National Lileracy Mission.
Atis Dasgupla, Shankar Dinidar {PSU), Dipankar Sen, Sushmita Bharali, Supama Som and Sonali Chakraborty

A shudy of soclo-economic Impact of total ilteracy campaign In south Tripura District

An in-depth analysis has been undertaken on the basis of the fiefd data coflecled in respect of socio-

economic impact of Total Lilaracy Campaign in South Tnpura district, with pamcular emphasis on the

performance of the district in terms of 9-poini develop by the
Govemment of Tripura in the conlext of literacy programme |mplamenled in the siate.

Atis Dasgupta, Shankar Dihidar (PSU), Dipankar Sen, Sushmila Bharali,

Suparma Som, Sonali Chakraborty, and Rabindranath Jana

Research Work In Glridih Branch

Follow-up studies have been undertaken on the five projects already carried out in Giridih Branch of
SRU:

The first study sought lo examine the responses of the urban and rural households to macro
processes relaled to the decline of mica induslry in Giridih lown including the conseguences on the
gander issue; the second one envisaged an empirical study of marginalization of women workers in
mica industry, analyzing the segregation of lemale workers in lerms of their concentration in unskilled
Jobs as well as in the contex1 of variation in Iheir wages.

Moty Chattopadhyay and Sonali Chakraborty

The third study aimed at exploring potential power structure with emphasis on social network in the
selected villages of Jharkhand; the objective of the fourth study was lo investigate and compare the
pattem of social refations under influence of factors lika higher castes, feudal forces and Panchayati
1ajin some selecled villages in Jharkhand and West Bengal.

Anil Choudhuri, Suraj Bandyopadhyay and Rabindranath Jana

The fitth study aimed at an empirical examination of the impact of economic relorms on rural credit
markats in selecled villages of Jharkhand.
VK. Ramachandran

Statistical Quality Control and Operations Research Divislon

The Division now comprises nine units located at diflerent places: Bangalore, Chennai, Coimbatore,
Dehi, Hyderabad, Kolkata, Mumbai, Pune, and Vadodara and a Central SQC (CSQC) office localed in
the main campus at Baranagar. The CSQC office functions as an office of the elected Head of the
Division and coordinales various activilies of the Division.

The faculty of the Division is engaged In research, teaching, consultancy and training. Members of tha
Division at Kolkata iake mosl of the teaching foad for conducting the two year M.Tech (QROR) course
at Kolkata and some members also teach courses for B.Stal (Hons.), M.Stat etc. The members of lhe
respective unils teach part-time certificate courses on SQC & OR, at Bangalore and Hyderabad. The
faculty mambers of Ihe Division also laught in various alher academic programmes of 1S1 and other
Institutions during he yaar undar review.

Supervising thesis, dissentation and project work by research scholars, M.Tech. (QROR) and M.Stat,
studants s also another aspecl of the responsibilities of the Divisional membars.
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During the one-year perod the Division organized 190 In-plant and 15 general training programmes
tallor-mada for the organisations' requiraments. A large number of managers and ather senior level
oxecutives and saveral operators and technicians have been ralned on various topics of qualty
management. The division also expanded its activities beyond the national borders In providing i
expertise lo soma countrias In Asia ke Iran and Nepal,

§QC & OR Unit, Bangalore

Integrating Six Sigma with other Initiatives

Integrating Six Sigma with other Initiatives such as Lean, Project Management efc. is a chalengig
problem. The aim of this research is to develop an “Integrated Business Excallence Modal” which may
be usad to effectively address lhe critical businass issues of any arganization. The model focuses on
Improvement of inlrinsic capabilities of various processes using defecl pravention, innovaton i

with metrics and i ystem The model to be developadly
generic In nature In 'Ihat  can ba to Software, Manu g and Service seclors.
Mahesh Chinnagid

Semidefinite linear complementarity problem - a survey

In this survey SOLCP Is Introduced wilh some examplas and applications and difierent proparties of
solutions to SDLCP is reviewed. Also various generalisations in the literature ware considered and the
state of artIs reviewad. Opan problems are also mentionad.

Resaarch on predicting rellabfity for systems with deteriorating components is also being carried o,
G Ravindean

Integrating dlfferent quality manegement systems

There are varlous ional d on Qualty Manag Syslams (QMS), a.., 10

9001:2000, ISO/TS 16949 for aulomobile sector, 1SO 14001 for environmental management system

elc. Research s being carried out to look into he possibility of integrating the different qually

management Systems into ona single QMS.
AX Chaudhuti, U H Acharya and Sangt Ray

SQC & OR Unlt, Chennal

A new procadure 1o oonslmcl Imlure models indexad by two scales -age and usage is developed for
the purpose of computing / g cost of two-dimensi wanantyAnovrwmmsaxsm

method of warranty cost oompulauon is pointed oul and corraction is proposed. Also a new
methodology is formulaled to determine optimal two-dimensional warranty that maximises cusiomes

utiity,
D.K.Manna and Surap P

SQC & OR Unit, Colmbatore

The mambers of the unlt were engaged in providing training programmas and consultancy bo vaios
kinds of ind to laxtile ies. Issuas in petroleun
tefinery and texille ware lookad Into and wrk on the same is belng cared out.

SQC & OR Unil, Delhi
Qenerslized positive subdefinite (GPSBD) matrices

The class of generallzed positive subdefinite (GPSBD) matrices s an Interesting matrix citss
Introduced by Crouzelx and Komlosl. Some propariles of GPSBD matrices are obtained. It has bea
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shown Lhat copositive GPSBD matrices are Pn and a merely generalized positive subdefinite
(MGPSBD) malrix with soma addiliona! conditions belongs to Ihe class of row sufficient malrices.
Further, it has been shown Ihat for a subclass of GPSBD matrices, Ihe solution set of a linear
complemenlanity problem is sama as the set of Karush-Kuhn-Tucker (KKT)-slationary points of tha
g quadralic p ing problem. A counter example is produced 10 show that a
coposilive GPSBD matrix need not be sufiicient in ganeral. Finally, it has also been shown that if a
malrix A can be written as a sum of a copositive-plus MGPSBO malrix wilh an additional condilion
and a copositive malrix and if it satisfies a leasibility condition then Lemke's algorithm can solva
LCP{g,A). This further extends the applicability of Lemke's algarilhm and a resuht of Evers.

S. K. Neogy and A K. Das (Kolkata)

Almost type classes of matrices with (0-property

A new malrix class almost ¥ {a subclass of almost N, -matrices which ara obtained as a limit of a
sequence of almost N -malrices) was introduced and a sufficient condition for this class to hold Q-
properly is obained. A counter example was produced to show that an almost N malrix with Q-property
need ot be a Ry - matrix. Further, another two new limiling matrix classes, namely N of oxact ordar 2,
E(d)tor a positive veclor d are also introduced and suficient conditions for these classes lo satisly 0-
property were established. Pang's conjectura is shown Irua if E, is replaced by aimost C,. A necessary
and sufficient condition of an almost FP,-matrix satislying Q-property using game theory was aiso
astablished.

S. K. Neogy and A K. Das (Kolkata)
PPT based matrix classes

Various classes of malrices thal are defined based on principal pivot transforms ware studied and
characterized. It was shown that matrices in these classes have nonnegative principal minors.
S. K. Neogy and A K. Das (Kolkata)

linear comp y problem

Some g ical aspects of the semi-definite linear comp problem (SOLCP) can be
vnewed as a genaralization of the well-known linear complemeniaity problem (LCP). SDLCP is a
special casa of a complementarity problem over a closed convex cone, where the cone considered is
the closed convex cone of posilive semi-definite matrices. It arises naturally in the unified formulation
of a pair of primal-dual semi-definite programming problems. The nolion of complementary cones in
the semi-definite setting using the faces of the cone of posilive semi-definite matrices Is inlroduced.
Uniike complementary cones induced by an LCP, semi-definite complementary congs need not be
closed. The notion of a principal sub-transformation with respect to a face of the cone of positive semi-
dafinile malrices is introduced. It was shown that for a sell-adjoinl linear \ranslormation, strict

Y is equi to strict semi icity of each principal sub-transformalion. Various olher
solution properties of SOLCP were and studied g ically. The linear

provlem LCP(M,g) over the second-order (Lorentz or »oe«:(eam) cone was also studied. Some
characlorizalions of the R, property were also oblained. The notion of nondegenerale linear

Is i and the ization of finil of the solution set of a linear
complementarity problem over a closed convex cang in a finite dimensional real Inner product space
was oblained. Soma prop of y conas were also explored.

S. R. Mohan and Madhur Malik
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Multivarlate Process Control

Sonsitivity of T control chart 1o delsct shifts in process mean level and In covariance structurs of te
process for both phase-l and phase-Il operations are studied. 1t is observed Lhat performance of at
control chart for an éven shilt in process mean level is greatly influenced by the dimension (number o
variables). For small dimensions (< 5) and lor shifts of moderale to larga magnitude in the process
maan laval T* control chart appoars to ba efective. However as the dimensionality increases beyond
10 the performance is getting reduced even for moderale to farga shilts In the magniuda ol ty
process mean. It was also observed thel the T control chart is sensiive for datecting changes in
covariance structure Interestingly.  is quite sensitive in detecting an increasing magritude n
covariance structure bul ingensitive in dalecting reduction in magnitude of the same. Furthe,
sansitivily is reduced with increasa in dimensionality.

There has been some research on Markov Chain approximation method for computation of the ARL
values for CUSUM and EWMA controf schemes. Wa made a detailed study of the validity of the ARL
values computed through Markov Chain approach ior EWMA control scheme. It was noticed that e
I8 a significant difference batwaean the ARL values reported by earlier Studies and (hose oblained
through simufation of the same design parameters as suggesled in the earlier sludies. For smaler
shifts the difference is quite large. Investigalions into the possible reasons for Lhe noled dilfsrence
balng carried out

P. Bhimasankaram and S.V.S.N. Muty

Matrlx Partlal Orders

A motivation for Matrix Partial Orders defined through Generalized Inverses has besn provided usig
malrix decompositions. Matrix Partial Orders of paritionad matrices has been studied in great detal.
Inter-relationships among vanous Matrix Pantial Orders have been developad. A connecled accountol
Fisher-Cochran type Iheorems has been under preparalion. Applicalions of Matrix Parial Orders,
paraliel sums and shorted operators 1o Statistics have been explored.

P, Bhimasankaram and Saroj 8. Maik

SQC & OR Unlt, Kolkata
Stopping time for software release

A new discrote Bayesian software refiability model lor optimal decisions regarding ‘when lo skp
soltware testing’ was developed earlier. The model had an assumption that whenever a bug was
detected it was fixed immediately without incurring any further cosl. But, while working with an ISARQ
project, it was found that testing of software is carfied out in phases. Bugs that are delected duing s
phasa are fixed only after the phasa is over but befora going into the next phase. Tha moddl
developed eartier Is modified dropping the previous assumption and incorporating more reaisi
situation and a more generalized set up was developed. Further work on the model is being camd

out.

AK Chakrabordy
Quality Adjusted Lifetime (QAL)
Wa have daveloped a new method 10 estimale the distribution of quality adjusted lifetime (QAL) int
simplg illness-death model. This method derives the ical exp for the distribution of QAL
In terms of the sojourn time distributions and then itules the In this expression by

ther estimates oblalned by simple lifslime data analysis. Uniike the exisling methods, this method can
accommodate non-obsarvability of some transition times and dependence between sucossshe

sojoumn times.
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The distribution of OAL has been derived in some Hiness-death models undar different scenarios.

are by the maxif lkefihood method. The EM algerilhm has been used to
oblam the asumales when some fransition limes are unobservad. We consider both parameric and
The ion of QAL has also been derived under genaral progressive

ilness-death modsl reversible illness-death medel and other special models. The study on the
properties of non-parametric aslimate Is In progress.
Biswabrala Pradhan, Anup Dewanji (ASU) and Dabasis Sengupta (ASU)

buti grassively Type-1l Censoring data

The inference for the fifetime distribution of k-unil paralle! syslem with exponential distribulion as the
lifetime distribution based on progressively type-Il censored data has begn completed. The

inferenca for other life distributions based on progressively Type-Il d data is in progress.
Biswabrata Pradhan

Inference for the lifetime dI based on P

Some Impiementatlon Issues of Six Sigma In Quality Management

Research work is being carried oul o build on improvement methods Lhat have been shown 1o be
elfective and to integrate the human and process elements of improvement through development of a
model. Tha purpose of this inlegration is o make Six Sigma a holistic approach to enable it to producs
proactive and reactive resulls by idering both gh and i

The human elements take into account idenlifying and quantifying the parameters, which are important
for customer salisfaction and employee salisfaction along with the aspects of leadership, leamwork
and cullure change.

The process elements of improvement consist of sequencing and linking statislical process control,

design of experi with phasis on control of costs by identifying, quantifying and
driving out cosls of poor quality for achieving conlinual process improvement.
Arup Ranjan Mukhopadhyay

Interential issues in reliability models
Monotonic aging can be modelled by different monolonic aging classes such as iFR, IFRA, DMRL,
NBU, NBUE and their duals depending on whether the aging pallem is positive or negaiive. On the
olher hand non-montonic aging is typically modeled using life distribution displaying a bath-tub shaped
failure rate. Recenlly the Delayed Exponential Model and NWBUE fife disiributon have also been
used. Another approach (o model non-monolonic aging uses the notion of Mean residual Lile function.
Work involving Lhe test of exponenlially againsi an NWBUE life disiribution has been completed and
published.

Md. Zalar Anis

Mathematlcal Programming and Game Theory

An atlempi has been mada to formulate the problem of soiving the value vector and optimal slationary
siralegies for mbxiure of swilching control and additive reward additive transilive stochaslic games. A
paper entitled Complementarity property and a class of stochaslic game with order fiekd propsrty has
been completed.

AK.Das, AGupta and S.K. Neogy (Dalhi)

Mathematlcal programming and Neural Network

The linear fractional programming problem is an important class of mathematical programming
problem. In fact there are algorithms to solve the linear Iractional programming problem. We propose a
solution p using the proposed dynamics based on neural network approach. A paper entitled
Neural network modals for linear fractional programming problem has been compleled.

AK Das, P. Das and S.K. Neogy (Delhi)
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Hybridization of Statistical Methods & Neural Network along with Mathematical Programming i the
Fleld of Materlal Sciance

The main reason for the deficiancy of progress In perfect prediction of mechanical properties of steels
In terms of its composition and rolling parameters (3 that the proparty Is dependent In a very complex
way on a number of variables. It has been quite familiar to the scientists lo adopt regression andlysis
In spite of & pra-chosen relalionship to be called Input-output refationship. Neural natwork ana!ysesm
the techniquas, which are stated to be ftes rom tha ambigui ienced in a reg

It not only provides a representational framework for familiar statistical constructs, bul along wih
statistical tools it has some treatments to some common problems of modeling and infarance too.

Inttial work on modeling of hot rolled steef plale classification using a statistical approach and newa-
net systems will be published in Materials and Manulacturing Processes. Efficiency of neuraknet vis-4
vis Mahalanobis-Taguchl system in classifying hot rolled steel product along wilh the effects of
chemical composition of steel has been verified through three dilerent studies, which are under
review. An attempt on hybridization of ANN and desirability funclions for procass modeling has besn
made along with tha development of two naw lransfer funclions using (he concept of desirabity
functions. The non-lineaily in empirical modeling for the microstructure and mechanical properties of
sleel Is being explored using stalistical and neural network lechniques Irom diffarent directions, one of
which Is going to be published in PR journal.

Prasun Das

Analysis and Recognition of Control Chart Patterns

Control charts predominantly In the form of X chart are recognised as one of the most imporiant ks
for SPC. However, the effectiveness of the control charts largety depends on the ability to delad
vanous types of pallems that are commonly observed on these charts. The unnatural patiems ae

d with i b having assignabla causes fequiing pre-emplive actions.
Identification of various types of unnatural patiems can greatly narrow the set of possible causes that
must be investigated and thus the diagnostic Search can be reduced in length. Each type of patiem
has its own geometric shape and various refaled fealures can represent this shape. Since extracisd
shapa leatures represent the main characlerislics of the pattems in a condensed form, use of featwes
can facilitate efficient pattern recognition. In Ihe present research work, various shape features of
control chart pattems are defined and their usefulness is studied. Control chart pattem (CCP)
racognizers are developed based on a besl possible set of features using heuristic and neural network
approaches and their relative performances have been studied extensively using simulated data. The
proposed fealure-based approach is found promising for process conlrol. Work is in
progress for developing more efficient pattem racognizers.

Susanta Kumar Gaul
5QC & OR Unit, Mumbal

The unit organized 17 In-plant and 4 general iraining programmes. Consultancy has been provided
seven corporate houses. The membars of the unit also took part in some assigaments at Iran.

SQC & OR UNIT, Pune
Tne members of the unit are working on appiications of quality control and operations rosearch f
logistics. Also more stalistically accurale overall sigma level assessment of an organization is bang
looked into. The unit organized several in-piant and one genaral training programmes. Consukancy
has been provided to threa large corporale houses.
Library, Documentation and Information Sclences Divislon

Tha Library, Documentalion and information Sclence Divislon comprises the Cantral Library at Kolkata,
fwo major ibraries at Detht and Bangalore Centres, the D Research and Training Cenlra
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8t Bangalore and the Prasanta Chendra Mahalanobls Memorial Musaum and Archives al Kolkata. The
division Is pethaps the most important central facility and occuples a unique place in academic and
research activities of (he Institute. The fuly compulerized libraries at Kolkala, Oalhi and Bangalore
maintain excafient collections of books, current journals, rare books, government publications, dala
books, accasional papars, a-journals, on ling datab and other J ials. The Institute
cifers a course leading to Associateship in D jon and Information science, by the
Documentation Resaarch and Training Centre at Bangalore.

Documentation, Research and Training Centre (DRTC), Bangalore

The main areas of research in which the dilferent members of the DRTC Faculty were engaged during
the period are given below:

The study of various methods of knowladga represantation, such as, sefnantic nets, frames and
predicate calculus atc.

The application of the modem scientific management techniques to Lhe planning and management of
information systam, cenlers and services.

The study of Intemet technology and its applications, digital fbrary efc.

The development of bibliomelric and sci i for evaluating the use of library and
information services and scientific output respectively.

The development of guidelines and software for library house keeping operations, such as, circulation
control, service control, acquisition conlrol elc.

Library, Kolkata

The Cantral Library of IS! is located in Kolkata with a network extending to other locations. Over the
years, the Library has provided exh f ion sources for academic and research activities
ofthe Institute and has allained Ihe distinction of being one of the richest libraries of the
country, particutarly in the field of Statislics, Mathematics, Economics, Compuler Science and related
distiplines. The Library also acls as the Eastem Regional Center Library of National Board for Higher
Mathematics (NBHM) since 1989 for which it receives a grant from the NBHM, Department of Atomic
Energy, Govemment of India.

Its an auiomated library having an excelient collection of books, journals, reports and large number of
electronic joumals and databases. The Library keeps open seven days a week Lhroughout the ysar
{excopt on national holidays) and the library stalf aims lo provide oplimum services to Lha faculty
members, scholars, students, visiling scientists and Inslitute Members as also to scholars Irom
outside.

To achiove the goals of the Library, following activities were undertaken during the year under report -

Collaction: The Library maintains an excaflent collection of books, journals, reports, rare and special
colection, govemment publications, data-books, theses and other documents/ materials in print and
alectronic formats. During tha year under report the library accessionad 1197 books out of which 1150
wese purchased from ISI budget and 47 from NBHM grant. 85 books were received on complimentary
basit, It has added 66 thases in its collection. The Library also accessioned 1522 bound volumes of
Joumals and subscribed to 478 scholarly joumal files in print. |t maintains he
pdb!lﬁhon exchange programme of ‘Sankhya- the Indian Journal of Statistics' with nalional and

zations through which the library has got 98 titles In this period. More
than 50 journal tllles ware ‘recsived as complimentary. The library received and processed more than
5000 loosa Issues of journals. It classified and catalogued 923 new books and filed 4970 computer
printeg catalogue cards. It also p d 250 lilles on g /dala-books etc. Beside
this, the fibrary has added & oollscllon of 148 books, mamly in Enghsh and Bengall on literature,
humanities, travel, health and recreation In ils slatistical workers' circulating library totafing ils collection
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