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2. RESEARCH AND OTHER SCIENTIFIC ACTIVITIES

The major thrust of the Institute is on research in various disciplines comprising Theoretical and Applied Statistics, Mathematics, Computer Sciences, Biological Sciences, Economics and other Social Sciences, Physics and Earth Sciences, Statistical Quality Control and Operations Research, and Library and Information Sciences. Scientists of the Institute carry out independent research in their own basic discipline and also undertake interdisciplinary research in collaboration with other units within the Institute and also with outside organizations. The Institute also takes up various internally and externally funded projects in diverse fields on challenging live problems of national and international importance. As a part of research activities, scientists of the Institute are involved in consultancy work as well. This section gives a brief account of the principal areas of work over the past year of the scientific divisions of the Institute, namely, the Divisions of: 

Theoretical Statistics and Mathematics

Applied Statistics

Computer and Communication Sciences

Physics and Earth Sciences

Biological Sciences

Social Sciences

Statistical Quality Control and Operations Research

Library, Documentation and information Sciences

In addition, there is a report each from the ‘Center for Soft Computing Research: A National Facility’ and the ‘Computer and Statistical Services Centre’.

Theoretical Statistics and Mathematics Division

The Division with a unit each in Kolkata, Delhi and Bangalore is engaged in research in Statistics, Probability Theory and Mathematics, with a small group in Kolkata pursuing Theoretical Computer Science. Beside their research, members play a major role in the teaching of Statistics, probability, Mathematics and Theoretical Computer Science in the B.Stat. (Hons.), B.Math. (Hons.), M.Stat. and M.Tech. (Computer Science) programmes of the Institute. Courses are also run for research fellows and there are seminar activities all round the year. Members organized and taught in several specialized workshops, some of them under the Northeast programme. The administration of Sankhya is also done from this division and a number of faculty members are also engaged in its editorial functions. Some of the faculties are also associated with the administration of the Mathematics Olympiad Project of the NBHM at the regional and national levels.

Stat-Math Unit, Kolkata

Affine Fibrations 

A description of the general structure of co dimension-one A1-fibration over an arbitrary Krull domain has been discovered.  All earlier results on A1-fibrations over a Noetherian normal domain R and locally nilpotent R-derivations of R [X, Y] can be deduced from this result. Apart from providing a common framework for understanding earlier examples and results, the structure theorem also yields new results on A1-fibrations. The results involved in establishing the structure theorem bring out the significance of a certain concept, which abstracts a particular property of flat algebras. 

                                                                                                                                                                   A. K. Dutta  

Quantum isometry group 

The quantum group analogue of the isometry group (in terms of the `Laplacian') of a Riemannian manifold has been formulated and studied. It is defined as a universal object in a suitable category. Such quantum groups are computed explicitly for many natural examples of classical as well as noncommutative manifolds.

                                                                                      D. Goswami and J. Bhowmick

 A new definition quantum isometry group involving only the Dirac operator is given and its existence is proven. This has the advantage over the previous formulation in accommodating many more nonclassical examples.

                                                                                      D. Goswami and J. Bhowmick

Quantum random walk

A sufficient condition in terms of Hochschild co homology is given for the existence of a formal quantum random walk approximating a given conditionally completely positive map (generator of quantum dynamical semi group).  There are indications that this condition may turn out to be necessary too.

                                                                                                                             D. Goswami 

Noncommutative probability
Some new existence results for dilation of a completely positive quantum stochastic flow with norm-bounded stochastic generator on a separable C* - algebra are obtained.

                                                                                                                                 D. GoswamI

Algebraic Deformation Theory

We have studied algebraic deformation theory for Leibniz algebras over a commutative local algebra base. A construction of a versal deformation for Leibniz algebras is given. We have shown in particular, that 3-dimensional Heisenberg Lie algebras admit new deformations as Leibniz algebras by applying our theory.                                                                                

                                                                                                     G. Mukherjee and A. Mandal 

Statistical inference for stochastic processes
We investigate the consistency and asymptotic efficiency of an estimator of the drift matrix, F, of Ornstein-Uhlenbeck processes that are not necessarily stationary. We consider all the cases. (1) The eigenvalues of F are in the right half space (i.e., eigenvalues with positive real parts). In this case the process grows exponentially fast.  (2) The eigenvalues of F are on the left half space (i.e., the eigenvalues with negative or zero real parts). The process where all eigenvalues of F have negative real parts is called a stable process and has a unique invariant (i.e., stationary) distribution.  In this case the process does not grow. When the eigenvalues of F have zero real parts (i.e., the case of zero eigenvalues and purely imaginary eigenvalues) the process grows polynomially fast. Considering (1) and (2) separately, we first show that an estimator of F is consistent. We then combine them to present results for the general Ornstein-Uhlenbeck processes. We adopt similar procedure to show the asymptotic efficiency of the estimators.  

                                                                                                                                          G. K. Basak

Option pricing in a switching regime

We address risk minimizing option pricing in a regime switching market where the floating interest rate depends on a finite state Markov process. The growth rate and the volatility of the stock also depend on the Markov process. Using the minimal martingale measure we find the locally risk minimizing prices for certain exotic options and the corresponding hedging strategies.

                                                                                                                                          G. K. Basak  

Random walk perturbed at extrema

We study some properties of random walks perturbed at extrema, which is inspired by the results of Davis (1999) for the random walks perturbed at extrema. Davis studied the stochastic process, which is the limit of the walks. Our purpose here is to study these perturbed walks as they are, mostly without considering the limit process found in Davis (1999). Our approach is to take the perturbed walk as the walk with memory (finite or infinite). We have obtained some results on the moments and range when the memory is infinite and on the ballistics of the process when the memory is finite.           

                                                                                                                                          G. K. Basak  

Power indices in Simple Voting games

We have obtained several equivalent characterizations of Carreras-Coleman index of power and have also obtained a minimal set of axioms for characterizing Banzhaf index. 

                                                                                                                                                R. Barua 

Cryptography -– Identity Based Encryption Scheme

We have obtained a pairing-free Identity-Based Encryption Scheme, which considerably improves the recent scheme of Boneh, Gentry and Hamburg. 

                                                                       Jhanwar and R. Barua

Large dimensional random matrices 

Research carried out during 2007-2008 on limiting distribution of singular values of large dimensional random matrices and a paper is under preparation, entitled Limiting Spectral Distribution of XX’ Matrices.’  

                                                                                                                                                  A. Bose

Revisiting Wiener's Attack -- New Weak Keys in RSA 


We revisit Wiener's method (IEEE-IT, 1990) of continued fraction (CF) to find new weaknesses in RSA. We consider RSA with n = pq, q < p < 2q. We find when t/d is a convergent in the CF expression of e/(n -   (3/2)n + 1) 

                                                                                                                                          S. Sarkar 

Statistical Methods in Bionformatics 

Some new statistical techniques for predicting genes and genomic islands in genomes and procedures for assessing the statistical significance of the predictions have been developed and implemented. 

                                                                                                                                       P. Chaudhuri

Stat-Math Unit, Delhi

 (1) The research on Cluster Size Distribution for Percolation on Some General Graphs [with Jefrey Steif and Ad m Tim r] was continued. (2) The work on “Learning from the Neighbors” Markov Chain [with Rahul Roy and Anish Sarkar] was continued. (3) Research on Standard Deviation Estimates for Tree Order Restricted Models [with Sanjay Chaudhuri] was continued.

A. Bandopadhyay

The work on distance matrices was continued. According to a classical result of Hoffman et al, the determinant of the distance matrix of a graph does not depend on the way in which the blocks of the graph are assembled. It was shown that this result holds for a wider class of distances, including resistance distance.

R.B. Bapat

Research in matrix perturbation theory, matrix inequalities and matrix means was continued.

R. Bhatia

The research in Stochastic filtering theory and various aspects of Markov processes and martingale problems was continued.

A.G. Bhat

Work on competing risks and load sharing models was continued.

I. Dewan

The earlier work on noncommutative geometry, in particular on the geometry of quantum groups and their homogeneous spaces was continued. Connections between a certain families of equivariant spectral triples and C^*-extensions for the odd dimensional quantum spheres were established in a paper that appeared in the Letters in Mathematical Physics. In another paper, equivariant spectral triples for the odd dimensional spheres were characterized. This paper has been accepted for publication in the Crelle’s Journal.

A. Pal

The work on parameter estimation of sinusoidal frequency model and some other useful related models was continued. Recently, a paper on super-efficient frequency estimation by modifying Newton-Raphson Algorithm has been finished. Extension of similar approach in case of higher-dimensional model in under process. The work LASSO has been started and some work in surrogate data was continued.

S. Nandi

The research in random graph and extreme value theory was continued.

A. Sarkar

The work on automorphisms of Albert algebras has been continued and some structural properties over arbitrary fields have been proven. The work (with Amit Kulshrestha) on the problem of classifying quaternions by their subfields has also been continued.

M. Thakur

Stat-Math Unit, Bangalore

Optimal main effect plans (OMEP) for an ss experiment on s2(s-1)/2 nonorthogonal blocks of size two each have been constructed for every s which is a power of 2. Next, a set of sufficient conditions for an OMEP on nonorthogonal blocks requiring a smaller number of blocks was derived. These conditions are used to obtain optimal main effect plans on blocks of size 2 for a number of asymmetrical experiments.

S. Bagchi

It is shown that the Powers sum of spatial E_0-semigroups has as product system Michael Skeide’s product of spatial product systems for Hilbert modules. This was known earlier only for product systems of Hilbert spaces. It is also shown that subsystem of Fock product systems need not be Fock. This is a joint work with M. Skeide and V. Liebscher.

Supplementing the necessary and sufficient criteria (of Michael Skeide and Franco Fagnola) for that a CP-map or a CP-semigroup leave a maximal commutative subalgebra invariant, presented (mainly counter-) examples for many natural questions. This is a joint work with M.Skeide and F. Fagnola.  These results are still in preprint stages.

B.V. Rajarama Bhat

An algebraic action of a group G on a compact metrizable group K is considered.  First it is shown that each α in G is distal on K implies G itself is distal on K, a local to global correspondence, provided G is a generalized FC-group.  Next it is considered ergodic action of G on a connected finite-dimensional compact abelian group K and shown that G contains an ergodic automorphism provided G is nilpotent.

A random walk on homogeneous space G/H of p-adic algebraic groups of polynomial growth is considered. The growth conjecture for the homogeneous space G/H, that is, G/H supports a recurrent random walk if and only if G/H has polynomial growth of degree atmost two is proved.

C.R.E. Raja

Stochastic Integral Representations and Stochastic Differential Equations in Nuclear spaces were studied. 
B. Rajeev

Geometry of Banach spaces 

Work continued on several aspects of the geometric theory of Banach spaces. In collaboration with Sudipta Dutta of IIT Kanpur, algebraic reflexivity of the set of involuntary isometries was studied. This lead to the important result that for a metrizable compact set X and for the space C (X), the set of Generalized bi-circular projections is algebraically reflexive. This work has been accepted for publication in Linear algebra and its applications.

In a significant study, a recent result of Z. Ercan and S. Onal (Proc. Amer. Math. Soc, September 2007) has been given a geometric interpretation, leading to several interesting new directions of research. A contribution based on these ideas has been accepted for publication in Taiwanese Journal of Mathematics.

T.S.S.R.K. Rao

(i) Research: In an optimization problem arising from insurance/economics, a system of HJB equations (which are nonlinear first order PDE's) with discontinuous Hamiltonians is encountered. Using the framework of constrained viscosity solutions, it was shown that a Nash/ utopian equilibrium is provided by the Skorokhod problem of probability theory, thus providing a global solution. (It may be mentioned that even proving the existence of global solution is quite difficult in the case of system of first order HJB equations.)

(ii) Expository work: An important event of last year has been the award of the Abel Prize for 2007 to S.R.S.Varadhan, a distinguished alumnus of the Indian Statistical Institute. This most prestigious award in mathematical sciences has been conferred on Varadhan for creating the formidable framework of large deviations. An expository article on this branch of probability theory, beginning with its origins in insurance problems studied by Esscher and Cramer, and highlighting the role of Varadhan, has been written. Connections with/ applications in diverse disciplines like statistics, PDE's, physics, chemistry, engineering, etc. have been surveyed.

S. Ramasubramanian

The following topics were studied:  

(a) Codes associated with some permutation modules of finite classical groups    

(b) Frobenius maps and Deligne-Lusztig varieties associated with finite groups of lie type.

N.S.N. Sastry

(i) For a quaternion division algebra over any global field with an involution of the second kind, completely determined the quotient group SU (1,D)/[U (1,D), U (1,D)].

(ii) Groups expressible as G/Z for a group and its center Z were investigated. Finite abelian groups of this form were shown to be of a particular form. This involves a Heisenberg group type of construction.

(iii) Given positive integers a, b and coprime integers c and d, the density of the set of prime numbers in the residue class c modulo d which divide a member of the sequence an + bn was completely determined. In particular, three claims of Fermat were refuted in a very refined sense. This work was done in collaboration with Pieter Moree during a visit to the Max Planck Institute Fur Mathematik, Bonn.

(iv) Some new identities were obtained for sums involving binomial coefficients in the denominator. This work was done in collaboration with Soma Purkait.

(v) Two short notes appearing in The Mathematical Gazette contain some elementary number theoretic results.

(vi) The problem of Kronecker conjugacy of polynomials over number fields and the problem of 2-element generation for various arithmetic groups is being studied.

B. Sury

Applied Statistics Division

The Applied Statistics Division came into being in September 1996 in place of Applied Statistics, Surveys and Computing Division.  The Computer Science Unit was renamed as the Applied Statistics Unit and the Biometry Unit was transferred to the Biological Sciences Division.  Till 2005-2006, the Applied Statistics Division consisted solely of the Applied Statistics Unit. During the year 2006-2007, a new unit viz. Bayesian and Interdisciplinary Research Unit was created within this Division, which now comprises two units.

The following are the research and other activities of the Applied Statistics Division during the year. 

Applied Statistics Unit

Sample Surveys
  

An ILO –funded empirical study on child labour in West Tripura District during November, 2006 – March, 2007 was completed and a Report produced for ILO. 

“Item Count Technique in estimating the proportion of people with a sensitive feature” was developed as an alternative to Randomized Response (RR) Technique (RRT) to guard against a criticism of the RRT’s deficient user friendliness.

Two other alternatives to RRT, namely (1) the Nominative Technique (NT), utilizing the concepts of Network Sampling and (2) the Three Card method (III – CM) are also developed.

Methods of protecting confidentiality in revealing respondent’s stigmatizing characteristics in case of complex survey sampling based on Bayesian arguments have been developed illustrating their efficacies vis-à-vis accuracy in estimation.

Basu’s (1958) and Pathak’s (1962) results on distinct-units based” estimates in SRSWR for direct surveys are extended covering Randomized Response surveys. Further extensions accounting for re-appearance frequency of each distinct unit and inverse sampling have also been examined.

It has been also examined how Mangat and Singh’s (1990) modification on Warner’s (1965) RRT with SRSWR permitting a truthful direct response (DR) with a pre-assigned probability works versus other  RRT’s, allowing unequal probability sampling. 

It has been also shown how to study Horvitz and Thompson’s (1952) estimator when based on Rao, Hartley and Cochran’s sampling scheme.

                                                                                          A.Chaudhuri, M. Bose, K. Dihidar

Design of Experiments, Combinatorial Methods and their Applications

Optimality of crossover designs under proportional carryover model was studied and universally optimal designs obtained.

The existence and construction of (k, n) visual cryptographic schemes for general k were studied and necessary and sufficient conditions for their existence was obtained. The connection of these conditions with an 
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-norm formulation and also a linear programming formulation was explored and used to settle certain conjectures on contrast optimal VCS for k=4 and 5.  Furthermore, for k=3, block designs were used to construct optimal VCS which achieve optimality but require much smaller pixel expansions than the existing ones.

                                                                                                                        
          M. Bose

Reliability and Survival Analysis 

Improved estimators of quality adjusted life distribution under some illness-death Models were obtained. Semiparametric regression models for competing risks data with general missing pattern in failure mode were considered.  








           A. Dewanji and D. Sengupta

Some new parametric models and tests for Accelerated Life Testing have been developed based on conditional specifications. 

A. SenGupta

Response-adaptive designs are carried out in clinical trials to allocate a larger number of patients to the better treatment. This will result in ethical gain. Some works related to several response-adaptive designs in different set up were carried out. In particular, designs in the context of longitudinal responses, designs for survival responses, and some designs for cross-over trials are theoretically and numerically studied. Different optimal response-adaptive designs are also studied in this context. 




                                                                                                      A. Biswas

Signal Processing

Algorithms for estimation of cutting tool wear from different sensor signals were studied both theoretically and using experimental data from IIT Kharagpur. 

  








                 D. Sengupta

Early detection problem in low SNR and with circular and multivariate observations have been considered 
A. Sengupta

Multivariate Methods 

Computationally efficient methods for estimation the number of clusters in a semi-supervised clustering problem were studied.










                 D. Sengupta

Sometimes excessive zeros in the data increase the variability. Such count data cannot be modeled using the standard Poisson or generalized Poisson model. A mixture distribution, called the zero-inflated model, is often used for such data. We studied such zero-inflated data in the multivariate set up. Several theoretical properties of the model are obtained.

  









          A. Biswas

Properties of new non-parametric tests for multidimensional scatter have been studied. 

A. Sengupta

Categorical Data Analysis

 A general model was obtained for longitudinal categorical data set up. Some related inference was carried out. Some works on the measures of association for nominal categorical data was also carried out. Time series of categorical data (both nominal and ordinal) was also done. Some non-stationary processes have been developed.

A. Biswas

Directional Data Analysis

Constructions of and inference for axial some new families of distributions, asymmetric circular distributions and multivariate directional distributions have been given. Models based clustering techniques rules for circular data have been studied. Bayesian inference for multivariate circular distributions with unknown normalizing constants has been studied. Bayesian methods for regression analysis of data on the focus and cylinder have been developed. 


A.Sengupta
Cryptology 

Faculty members of ASU have carried out research on several areas on cryptology. Among these are pairing based protocols, analysis of SHA-2family, analysis of RC4 stream cipher, design of secure modes of operations, Boolean functions, coding theory, key pre-distribution in sensor networks. The faculty members actively participated in the program committees and organization of several international conferences. The Department of Information Technology, Government of India has given a 5-year multi-crore Rupees grant to carry out major research in several areas of cryptology.

B. K. Roy, P.Sarkar, S.Maitra

Environmental Statistics

Statistical methods have been employed to study severity of arsenic contamination in water in different parts of West Bengal. Also effectiveness of arsenic removal plants has been studied.  The effect of noise pollution on school children with respect to different adverse health issues has been studied.

A. Dewanji, A.Biswas

Gene expression data analysis

A new multi-stage clustering technique for micro-array data has been developed. A generalized order-restricted inference methodology for selecting and clustering genes according to their time-course and dose-response profiles are carried out, in particular under the heteroscedasticity assumption, which often shown to be the real scenario.









                         A. Biswas

Bayesian & Interdisciplinary Research Unit
Block and Factorial Design

Constructions, analyses, studies of properties and uses of various kinds of block designs and factorial designs in a variety of application areas have been considered.

G. M. Saha
Model Selection, Nonparametric Function Estimation

Bayesian Model Selection for prediction purposes has been studied. In particular, cross-validatory predictive density as a model selection criterion has been studied and optimality results have been found on the fraction of sample to be kept for validation and fraction to be kept for estimation. Related Oracle properties of such rules have also been studied.  Adaptive rate optimal estimation of regression function using the Akaike Information Criterion (AIC) has also been studied.

A. Chakrabarti

Application of mixture models in signal segmentation


Finite mixture models are often used to study whether the data is generated from a homogeneous population. Problems of detection of discontinuity of signals and segmentation of speech signals at the pre-processing stage for speech analysis or speaker identification have been studied using local mixture likelihoods. In this context a notion of Projected Likelihood Contrasts (PLC) have been developed which can be easily adapted to situations where nuisance parameters are allowed in local likelihoods. Theoretical results have been obtained establishing large sample properties of such statistics and power properties have been studied through simulations.

D. Sengupta

Laws of Large Numbers

The utilities of “Uniform Integrability” type conditions as one of the ingredients of a set of sufficient conditions for the validity of various laws of large numbers have been studied. Extensions of the second Borel-Cantelli Lemma for dependent variables have been obtained. Possibility of relaxation of the sufficient conditions of the celebrated Kolmogorov-Etemadi SLLN is being investigated now.

                                                                                                                                      T. K. Chandra

Crossover Designs

Crossover designs with p periods, t treatments and n units under the model allowing two types of carry over effects (simple carry over and mixed carry over) have been studied.  Universal optimal designs with p>2, t>2 for the estimation of contrasts in mixed carry over effects have been identified. 

                                                  R. Saha Ray

Optimal Design for Screening Experiments

Study of optimal designs for screening experiments, when the primary goal is to identify main effects of factors and the secondary goal is to detect potential two factor interactions have been undertaken. For 16 run designs, performance of several designs obtained via fold over technique, Placket –Burman designs, Margolin designs and Li-Natcheim designs have been compared.

                                                                                           


          R. Saha Ray

Study of minimum critical set in the context of Latin Square

The structural form of the minimum critical set which consists of minimum information to retrieve uniquely the combinatorial structure of a Latin square L representing the elementary abelian 2-group of order 8 has been identified.

              R. Saha Ray

Clustering and Classification

Various aspects of the clustering problem have been taken up. Clustering based on statistical learning has been used to study the geometry of Shear Stress Conditional Statistics in turbulent flow over a trough region. The problem of determining the number of clusters using cross-validation and co-membership has also been considered. Multivariate process control using wavelets has been used to detect engine failures in a real life situation.  The problem of classification for high-dimensional data with large number of classes has also been considered. Combinations of classifiers have been tested in the context of the ongoing speaker identification project. An useful speaker database in Bengali language is being developed as part of the project. 

                                                                                                                                             S.Bose 

Adaptive Sequential Testing Problem

Adaptive sequential testing problem in connection to clinical trial has been studied.  Bandit Problem in connection to optimising values of two functions has been considered instead of considering the usual one function optimisation problem. 









S. K. Bhandari

Directional Majorization and Multivariate Majorization

Using computer simulation, a counter example has been constructed numerically to show that directional majorization and multivariate majorization are not equivalent.









S. K. Bhandari

Numerical Analysis     

Newton’s forward interpolation formula has been shown to be exactly identical with Newton’s backward interpolation formula. When the values of the argument are equidistant, it has also been shown that Lagrange’s interpolation formula coincides with Newton’s forward interpolation formula.








A. K. Adhikary

Sample Surveys


An attempt has been made to improve upon the Hansen-Hurwitz (1943) estimator based on PPSWR sampling scheme through Rao-Blackwellisation. In order to derive the sampling variance of the improved estimator obtained by Rao-Blackwellisation it is of interest to derive the probability distribution of the number of distinct units in the sample drawn according to PPSWR sampling scheme as the improved estimator is based solely on the distinct units in the sample. It has been possible to write down the exact distribution of the number of distinct units in the sample drawn by PPSWR sampling scheme in a closed form.                 

A. K. Adhikary

Bayesian Inference for Directional Data/Bayesian Clustering

Research has been going on in Bayesian inference for directional data and Bayesian clustering with applications to vegetation data obtained from the Western Ghats. New methodologies have emerged, with very useful applications. 

S. Bhattacharya

Complex Computer Models/Regenerative Simulation

Bayesian emulation of complex dynamic computer models, applications of regenerative simulation to Bayesian computation is being studied. New theories and applications have made appearances in these areas as well and have been well received.

S. Bhattacharya

Stochastic models for study of Fertility

In connection with couple fertility, stochastic models have been developed incorporating socio-cultural factors to explain and analyze observed data on various types of birth intervals and number of births to couples in a specified period of time and to outline new procedure for obtaining the estimates of the parameters involved in these models.

S. Dihidar  

Analysis of fMRI data

Existing literature on analysis of fMRI data does not seem to say much about the relevant inferential procedures when multiple activation effects are of interest (e.g., response for four different types of working memory). In particular, the within subject dependence of one effect on another is an important issue with a multivariate repeated measures model. Most standard statistical methods regard such correlation as a nuisance, to be adjusted for and then ignored. Two simple and intuitive tests to make inference on the existence of such correlation have been developed. The solution consists in formulating a suitable hypothesis involving the dispersion matrix of the last stage of a mixed linear model. The hypothesis is non-standard and standard tool like likelihood ratio test is not tractable. Use of these tests has been investigated by application on an fMRI study of attention switching.

S. Purkayastha    

Computer and Communication Sciences Division

Advanced Computing and Microelectronics Unit,

The research activities in the Advanced Computing and Microelectronics Unit (ACMU) comprise theoretical and applied research in the areas of high performance computing, pervasive and mobile computing, VLSI design tools and electronic design automation, logic synthesis and testing, error correction and fault-tolerance, physical design of microchips, embedded systems, system-on-a-chip, low-power architectures, computational geometry, algorithms and data structures, computational biology, hardware for image processing, nano-technology and giga-scale integration techniques. During the period 2006-2007, the faculty members of the unit were engaged in the following research projects:  
a)
Communication Issues in Mobile Networks 

b)        Power-aware Placement 

c)        Physical Layout of Nonlinear Scan-Path Architecture 

d)        Sensor Network Management: A Geometric Approach 

e)        Application Computer Geometry to Terrain Analysis

Communication Issues in Mobile Networks

During recent years, there has been a phenomenal increase in the number of mobile users all over the world.  Also, apart from just the voice signal, mobile services for multimedia signals containing text, still image, video, etc. are being increasingly used by a large number of people. To accommodate such an ever increasing demand for multimedia communication from a huge number of users, we need a sufficiently large bandwidth for communication. But unfortunately, the available communication bandwidth is very much limited. Design of real-time algorithms for channel allocation among the requesting mobile users in an optimal way and at the same time with minimum call blocking is a challenging issue in the true sense. For multimedia traffic, there are different Quality of Service (QoS) requirements for message communication of different types of signals.

For multimedia channel allocation in cellular mobile networks, we have exploited the hexagonal symmetry of the cellular structure to arrive at absolute lower bound and feasible lower bound on the required bandwidth under different practical situations. Next, for efficient re-use of the channels, we have proposed a channel assignment algorithm for multimedia signals of only two types, to meet the single demand of each of the two types at each cell. We would like to extend this technique to the case of non-homogeneous multiple demands, for which we have designed some benchmark multimedia problems, from the Philadelphia problems. 

A novel algorithm for efficiently placing a given number of base stations in a given region has been proposed, using the idea of computational geometry, which takes much less time than any of the existing such algorithms.

New techniques have been proposed for energy efficient communications in ad hoc and sensor networks based on some heuristics and local channel measurements. Every node adaptively adjusts its transmission power to be just enough to reach the desired neighbor. This technique also helps to reduce interference and increased frequency reuse. For sensor networks, energy-efficient distributed algorithms have been proposed for data gathering. 

A novel method has been proposed for energy efficient communication, by encoding the message bits using redundant binary number system (RBNS), providing 69% energy savings compared to the conventional energy based transmission (EbT) schemes under ideal (noiseless) channel conditions. For a noisy channel with AWGN, we have also designed a receiver with non-coherent FSK detection scheme which offers a savings in the transmitter energy around 40% compared to the conventional binary FSK scheme.  Another method termed as CNS (Compression with Null Symbol) has also been proposed which is based on data compression and silent communication, providing a savings of 62.5% transmitter energy in the ideal channel condition and 50% savings n the receiver energy. In a noisy channel with AWGN, we have also designed a non-coherent FSK receiver for this scheme which provides a savings of transmitter energy in the range of 30% to 50% for different types of test messages/data along with 50% savings in receiver energy. In view of severe problems in continuous power supply to our rural areas, such an energy efficient communication scheme will be highly useful for communication requirements in rural developmental activities like remote healthcare, distant education, agricultural sensor networks, as battery life of the communication devices for ad hoc and sensor networks using our proposed techniques can be increased by a factor of 4/3 to 2.  

B. P. Sinha and N. Das

Power-aware Placement

Performance and density gains have soared in geometric proportions owing to scaling of transistor feature size, but at the cost of sharp increase in semiconductor power density. Power density for microprocessors is expected to rise to about 200 watts/cm2 by 2010 with 45nm technology and thereby leading to reduction of electron mobility due to very high temperatures and timing faults at GHz operating frequencies. Although research on the battery life problem for the mobile parts and thermal dissipation issues in packaging has been undertaken for about a decade, proper geometric modeling of hot spots for placement of optimal number of thermal vias or nanocoolers is necessary. 

Preliminary models for heat dissipation in 2D were proposed and validated, and have also been extended for time-varying situation. These are being compared with other thermal analysis models based on Green’s function evaluation. A thermal resistive-capacitive network model has been developed and is being studied extensively for analysis of thermal profile of a chip. Parallel algorithms have also been designed to accelerate the 3D thermal analysis methods.

S. Sur-Kolay

Physical Layout of Nonlinear Scan-Path Architecture 


Recently, a nonlinear scan-path architecture called double-tree scan (DTS) has been developed by us that reduces power consumption drastically in the scan-path and clocking circuit for built-in self-testing of VLSI systems. This design has several applications to both random and deterministic testing of low-power embedded systems, and systems-on-a-chip. The following problems have been solved in this context:

1. Clock tree design:  Since DTS design modifies the clock tree; a new scheme of controlled clock generation has been developed for practicality of the design. 

2. Physical layout: Because of physical design constraints, scan cells cannot be arbitrarily stitched. In general, the flip-flops are placed on the chip after the design cycle. The scan path is inserted later. Hence, a post-layout optimization is necessary for good stitching of scan cells.  A theoretical problem concerning the layout of the DTS cells is to determine an optimal rectilinear embedding of a doubletree on a uniform grid that minimizes the bounding area. This is a classical “graph drawing” problem (Tamassia, et al., 1991), solution of which for DTS has been worked out. This work has been accepted in a journal.

B. B. Bhattacharya

Sensor Network Management: A Geometric Approach


Sensors, signal processing and wireless communication technologies have matured to the point where large networks of sensor nodes can be easily deployed in a wide variety of environments, making them very attractive for large-scale applications like environmental monitoring, security surveillance, and disaster relief. Today’s technology supports battery-powered, sensor nodes, which are capable of sensing, computing, and communicating information. 

Effective sensor placement methodologies are desired for distributed sensor networks frequently encountered in military, environmental, and nano-biotechnology applications. The goal is to provide a near-optimal framework for sensor resource management by placing sensors and assigning rages to them such that they provide accurate coverage within the required location. The problem is not trivial as the sensors might not be of equal capacity, the terrain upon which the sensors are deployed might have many obstacles and some sensors might fail. In some applications, some areas over the sensor field are marked preferential, and it requires high probability of detection and coverage. 

We plan to investigate a sensor placement technique by computing the framework for preferential coverage in the sensor-field, while trying to deploy minimum number of sensors. We will initially concentrate on the geometry of the preferential region and then proceed towards the calibration of other uncovered regions of the sensor field. Special attention will be given to mission-critical applications in defense, disaster management. We model these problems as follows: each node can communicate with nodes not too far away (at distance at most d). The distance can be either Euclidean or number of hops. We will consider the special case where each node has one message to be transmitted to (or analogously received from) the gateway (gathering problem). Some variations of this problem may be considered; for example: (i) the sensor field is a fat polychain where the angle at a vertex is > 150o, (ii) communication from a sensor to its nearest gateway must be performed in less than a given number of hops.   

Studies on these problems have already been made using graph-theoretic and statistical formulation. Almost no result is available which considers the geometry of the field of interest, and the obstacles. Our study mainly focuses on this aspect. We have already studied the range assignment problems for the base-stations for mobile communications, assuming that the base-stations are already positioned. Optimal algorithms are proposed where the base-stations are arranged on a line. As the problem is NP-hard for more than one dimension, efficient heuristics for the 2D version of the problem is proposed. Both 1D and 2D versions are of importance in several applications. We have also studied the problem of locating the base-stations for the power-optimal management using geometric approach. 

S. Das and S. C. Nandy

Application of Computational Geometry to Terrain Analysis


A terrain T is a two-dimensional surface in three-dimensional space with a special property: the vertical line at any point on the XY-plane intersects the surface of the terrain at most once. Thus, a terrain can be viewed as a polyhedral surface specified by a set of faces, edges and vertices, where the vertices are the end points of the edges, each edge is the intersection of two faces, each face is a plane in 3D, and the projections of all the faces on the XY-plane are mutually non-intersecting at their interior. Each vertex p of the terrain is specified by a triple (x (p), y (p), z(p)). In a triangulated terrain, all the faces of the terrain are triangles.

Geometric properties of terrain surface are important for many applications related to environmental modeling, land use management and geographical information system. We have currently concentrated on the shortest path problems on weighted polyhedral surfaces in a triangulated terrain, and monotone descent path problems in a terrain. We are also planning to study the properties of a terrain in terms of mobile communication, where the objective is to deploy sensor nodes to collect information. This type of problem is of national importance in the defense issue of the country and disaster management.

We are also analyzing the terrain with an objective to identify the shortest path with specific visibility characteristic (e.g. avoiding guards, radar, etc.). The multiple watchtower installation problems for guarding a terrain are also being considered.   

S. Das and S. C. Nandy

Computer Vision and Pattern Recognition Unit

Offline Handwritten Document Processing   

This year a study has been done on identification of text lines from offline hand-written text document. For that purpose, hand-written Bangla text, containing all basic characters and vowel modifiers, were collected as sample data from different persons. Another algorithm was also developed for word segmentation from already detected test lines. To improve accuracy of word segmentation, the algorithm needs further modification. To identify character position from words a Bangla character set generated by different persons has been collected. Information from these characters will be used for character segmentation. 

To get higher accuracy, a combined technique using Support Vector Machines and Modified Quadratic Discriminant Function has been proposed in Devnagari handwritten character recognition.  A system has been developed to recognize Tamil, Telugu and Kannada handwritten characters. Also a modified system has been developed for handwritten digit recognition of six popular Indian scripts:  Devnagari, Bangla, Tamil, Telugu, Kannada and Oriya.  Although India is a multi-lingual and multi-script country, there is not much work on handwritten compound character (cluster). A system has been developed for handwritten Bangla compound character recognition. Because of inter-line distance variability and base-line skew variability, line segmentation in unconstrained handwritten document is very difficult. The line segmentation task gets complicated, when overlapping or inter-penetration situation occurs between two consecutive text lines. In Indian languages such situations occur frequently because of several modified characters. A Morphology-based handwritten line segmentation using foreground and background information is proposed. Indian pin code is a six-digit string and because of the writing style of different individuals some of the digits in a pin code string may touch with its neighboring digits. Accurate segmentation of such touching components into individual digits is a difficult task.   To avoid such segmentation of touching string into individual digits a recognition system has been developed where six-digit pin code string is considered as a word and the pin code recognition problem is treated as lexicon free word recognition.

             B.B. Chaudhuri, U.Pal and S. Bera

Multi-lingual Document Analysis   

A robust line and word segmentation scheme is proposed for multi-lingual document processing. Development of a robust character segmentation scheme is continuing. A system has been developed for identification of word-wise English and Kannada scripts from a single document. An SVM based scheme is proposed for word-wise English and Devnagari scripts separation from a single document line. Data collection for different Indian scripts (Oriya, Devnagari, Tamil, Telugu and Gurumukhi) has been done to test multi-script OCR system.

                                                                                                                                                         U. Pal 

Online Handwritten Character Recognition

A novel algorithm has been developed to generate synthetic data for Bangla online handwritten characters. A non-parametric model is used to generate character samples from a set of few real characters serving as seeds. This synthetic dataset is to be used in training any classifier that uses statistical learning.

                                                                                                                                      T. Pal

Artificial Immune Systems 

A relatively new biologically inspired computational tool namely, artificial immune system is being development for data analysis and pattern recognition tasks. A computational framework involving a number of metaphors from mammalian immune system has been designed and applied to solve several engineering problems.

                                                                                                                   U. Garain and A. Maity

Improvement of algorithms for the analysis and correction of hearing disabilities 

There are many types of common hearing disabilities such as amplitude attenuation, frequency selective degradation, severe hearing loss in one ear, and so on. Sometimes there are additional requirements such as discerning of directional information and source separation with selective boosting/suppression, which poses a problem for users of hearing aids as the standard compensation circuitry, is not selective to a particular type of source. Also, unsupervised separation of different broadband sources from multiple audio sensors is a relatively new area, and there is much scope for improvement. The project aims to incorporate the knowledge that one of the sources being separated is audio of a special type, such as speech or music. Once the source separation methodology is improved for this special case, its integration in a hearing compensation system should produce improved hearing aids. Different features useful for the classification of audio signals into speech and music have been investigated and evaluated. Blind source separation methods have been examined. Since one of the goals of the project is to develop algorithms that are suitable for hardware implementation at affordable cost, familiarization with DSP starter kits and implementation of small programs on the DSP processor are being carried out.

S. Palit, D. Sengupta, A.K. Sinha (NIHH) and K. Roy

Bangla WordNet for NLP

To develop a prototype of Bangla WordNet about 1000 most common contemporary Bangla noun and adjective words and their synonyms, antonyms and polysemous senses have been collected and entered into the computer.  One of the possible applications is the word sense disambiguation. For word sense disambiguation, the sentential illustration of each sense for a given word was also collected. Using a previously developed ISI font, a system has been developed to display the WordNet structure. A study on different word sense disambiguation algorithms is being done, so that a suitable algorithm for Bangla can be developed.

                                                                         B.B. Chaudhuri, M. Bose, D. Sarkar and R. Pradhan

Online Handwriting Recognition – Bangla 

Under the MIT, Govt. of India funded project “OHWR - Bangla”, we have collected and prepared a large number of online handwritten Bangla words towards the development of a related database. We selected a list of 681 Bangla words primarily based on the DIT corpus (Bangla) and the corpus of Anandabazar Patrika, most widely circulated Bangla daily newspaper. During this year we collected approximately 78000 samples of handwritten Bangla words provided by 60 persons.  Also, we developed a GUI based semi-automatic tool for annotation of collected samples and using this tool we have already annotated approximately 55,000 samples at the word level. Since Bangla handwriting is mixed cursive, its annotation at character level is not so clear. Finally, we developed a scheme for segmentation of handwritten cursive Bangla words into sub-strokes and an HMM based strategy for their recognition. 

 S. K. Parui, U. Bhattacharya, S. K. Ghosh, B. Shaw, and A. Roy 

Development of Robust Document Analysis and Recognition Systems for Indian Printed Scripts 

We developed a program for binarization of gray level document image using “Sauvola’s method” and “Bernsen method” (This is a part of pre-processing work). Some experimental study has been done on different binarization methods (Otsu’s method, Sauvola’s method, Bernsen method). An improved document skew detection and correction algorithm is near completion. We developed a script independent morphology-based noise-cleaning algorithm to remove noise from document binary image file. Later on, a modified version of the algorithm is developed where the users can choose the noise blob size. A program for Image orientation (landscape vs. portrait) detection and correction for Bangla, Devanagari, Tamil, Telugu and Oriya printed documents is also developed. A program for identifying and isolating the text lines from a document text image in any Indian alphabet (The algorithm is script independent) is completed. An algorithm for lower and for upper zone detection of character of text line and an algorithm for line and word segmentation is also running. Detection of “Shirorekha” and upper – middle – lower zone as well as character segmentation including “touching character and overlapping character separation” has been done. A preliminary character (linear) classifier module is also near completion. Scanning of several Bangla and Hindi books and generation of ground truth from one book is completed. 

                                                                               B.B. Chaudhuri, S. Ghosh, K. Guin, S. S. Goswami, S. Das and S. Saha 

Information Retrieval 

During 2007-2008, Information Retrieval (IR) research in the CVPR unit focused broadly on two problems. (i) Building an evaluation framework for Indian language IR. This involves creating appropriate benchmark datasets that can be used to evaluate and compare various retrieval algorithms in a fair and statistically valid manner. This data will be used for the first FIRE (Forum for Information Retrieval Evaluation) workshop, to be held in December 2008. (ii) Retrieval from semi-structured data. An existing IR system was modified to enable it to retrieve XML elements. The system was tested on INEX data, and performed reasonably well. The results were presented at the INEX workshop, held in Dagstuhl, Germany. A retrieval system incorporating a statistical stemming approach proposed earlier was also successfully tested on Bulgarian, Czech and Hungarian tasks that were part of the CLEF (Cross Language Evaluation Forum) 2007 workshop. 

                                    M. Mitra, P. Majumder, S. Pal, D. Pal, S. Maiti,            

                                                                          A. Bandyopadhyay, A.Sen and S. Mitra 
Electronics and Communication Sciences Unit

Mathematical Morphology 

Morphological algorithms have been developed for image processing problems and their applications. The methods were applied to the images of forensic interest and yielded satisfactory results. 

B. Chanda

Image Compression 

Two novel algorithms, one using SOM based vector quantization and the other based on modified block truncation coding (BTC-PF), for image compression have been developed. The underlying basic concepts of these methods were initially proposed by us for grayscale image compression. 

B. Chanda

Content Based Image Retrieval 

A relevance feedback system has been developed using the well-known Mann-Whitney test to improve the performance of the color image retrieval system. Annotation of the images using low-level visual features like shape, texture and color, have been arranged in such a way that (i) retrieval has become much more efficient, and (ii) similarity can be defined based on majority (not all!) of the features. 

B. Chanda 

Document Image Processing 

Novel algorithms for detection of tabular structure such as ToC, Index, Table and Displayed maths, from document page image has been developed. The algorithms were implemented and evaluated over a large database. The work has won first prize in an international competition organized by the organizing committee of ICDAR, Brazil, 2007.  

B. Chanda

Image and Video Processing

A novel image retrieval system based on visual features and relevance feedback is developed and reported. The search is made efficient by using an intelligent indexing scheme. Two spatial domain image compression algorithms: one based on self-organizing feature map and the other on block truncation coding using pattern fitting were developed. The works are published in journals. A novel shot boundary detection technique is proposed based on a frame transition model. The algorithm is tested on a large number of videos and is reported in a conference.
B. Chanda

Image Segmentation

The research in this area was primarily focused towards image segmentation for static images and object tracking for video images. The problem of image segmentation was posed as a problem of identifying objects of interest in an image, where segments have shape regularity and consistency. In other words the segmentation algorithm was looking for segments, which have consistent shape regularity defined by the problem domain. The algorithm was tested on oil sand rock images, which are used to determine rock sizes used for estimating crude oil extraction.


A topology adaptive parametric active membrane was designed to segment multiple regions of interest present in an image. The advantage of such a scheme is that it can segment multiple objects in a single initialization. The scheme was modified imposing shape constraint and designing a novel framework where the breaking of membrane into multiple pieces (to segment multiple, even touching objects) can be taken care of automatically.

D.P. Mukherjee

Computational Intelligence 

A set of computational intelligence based tools was designed to model the weld bead geometry from the different input parameters of a welding process. This was part of an initiative for developing computational intelligence based advisory system for remote welding for Board of Research in Nuclear Sciences funded research project.

N.R. Pal

Performance of Communication Link

The radio waves, in microwave and millimeter wave frequency (mmwf) bands, when propagated through rain are subjected to attenuation/deterioration of performance by absorption, scattering and depolarization etc. Recently microwave amplitude variation was monitored and rain rate measurements using rapid response rain gauge were made on round-the-clock-basis in the monsoon months. The communication link operating at 13 GHz between Panihati Barrackpore located near Kolkata was monitored jointly with NPL, Delhi with the facilities provided by BSNL (Kolkata Telephones).

It has been seen that the signal level is characterized with steady signal of the order ~-42 to -43 dBm with a fade depth ~1 to 2 dB under non-precipitation condition. The communication link used to exhibit heavy loss of signal around 20 to 25 dB during heavy rain. Attenuation as high as 31 dB has been observed during torrential rain. The analysis of the results on signal levels and rain rates has yielded the percentage of time and its association with the particular level of attenuation during monsoon months of July and August over Kolkata region. These results are useful to design and install future links over the regions in Indian locations where we have this amount of rainfall [Indian J. Phys. 81(7) 647-653 (2007)].

A.K. De

DNA Computing Based Approximate Reasoning

In the year 1971 Zadeh proposed fuzzy logic based approximate reasoning. Since then several potential extensions and applications on approximate reasoning have been developed by different researchers. Recently we propose approximate reasoning using DNA computing which was essentially proposed by Adleman in the year 1994. We replace some inherent drawbacks of existing fuzzy logic by DNA chemistry. Our ultimate goal is to develop computing with perception, which will be quantified by membership function of DNA oligonucleotide sequences.

K.S. Ray 

Radiation Fog prediction based on Duynkerke model and fuzzy rule based approach

Using Reynolds system with Boussinesq hypothesis a set of first order partial differential equations based model was developed by Duynkerke for prediction of radiation fog. We recently develop a fuzzy rule based approach for prediction of radiation fog. This rule-based approach will be used to capture certain uncertains in prediction of radiation fog, which we cannot completely capture, by numerical model. Hence we use the recently developed fuzzy rule based approach will be used as a complement of the approach based on numerical model of Duynkerke for prediction of radiation fog. 

K.S. Ray

Machine Intelligence Unit
Bioinformatics

An efficient evolutionary-rough feature selection algorithm was developed for classifying microarray gene expression patterns. Since the data typically consisted of a large number of redundant features, an initial redundancy reduction of the attributes was done to enable faster convergence. Rough set theory was employed to generate reducts, which represent the minimal sets of non-redundant features capable of discerning between all objects, in a multi-objective framework. The effectiveness of the algorithm was demonstrated on three cancer datasets.

                                                                                                                                                      S. Mitra

Sharing of the regulatory mechanism amongst genes in an organism is predominantly responsible for their co-expression. Biclustering aims at finding a subset of similarly expressed genes under a subset of experimental conditions. A simple and novel correlation-based approach was developed to extract gene interaction networks from biclusters in microarray data. Local search strategy was employed to add (remove) relevant (irrelevant) genes for finer tuning, in multiobjective biclustering framework. Preprocessing was done to preserve strongly correlated gene interaction pairs. Experimental results on time series gene expression data from Yeast were biologically validated using benchmark databases and literature.

                                                                                                                                             S. Mitra

A two stage clustering algorithm that employs a recently proposed variable string length genetic scheme and a multiobjective genetic clustering algorithm has been developed for clustering gene expression microarray data. It was based on the novel concept of points having significant membership to multiple classes that can be identified by the membership values of the points to the different clusters. Comparison with several widely used methods for clustering gene expression data, established the superiority of the proposed scheme for a variety of artificial and publicly available real life data sets. The statistical significance of the clusters was studied in terms of p-values, and the biological relevance of the clustering solutions was analyzed with Gene Ontology terms.

New algorithm, employing superior genetic operators, for TSP and ordering genes from microarray data was proposed. A novel concept of integrating gene ordering with partitive clustering was introduced in order to establish the relationship among the genes within the clusters that gets lost in partitive clustering. The algorithm was fast and memory efficient involving O(n2) time complexity vis-à-vis O(n4) as required usually for gene ordering in hierarchical clustering. A new normalization method, involving the linear dynamic range of photo multiplayer tube, is also introduced in this context. 

                                                                                                                              S. Bandyopadhyay

A clustering algorithm, called Divisive Correlation Clustering Algorithm (DCCA), was developed. The algorithm is suitable for finding a group of genes having similar pattern of variation in their expression values. DCCA produces a clustering solution without taking number of clusters to be created as an input. It uses the correlation matrix in such a way that all genes in a cluster have the highest average correlation with genes in that cluster. The clustering results of the DCCA were found to be more significantly relevant to the biological annotations than those of some of the existing methods. A software package was developed in this regard, and is available at the http://www.isical.ac.in/~rajat.

A linguistic recognition system was developed for identification of genes mediating the development of human lung adenocarcinoma. The methodology involves the notion of the fuzzy sets low, medium and high. Finally, linguistic rules were generated on the gene expression values. The system was successfully applied to microarray gene expression data.

                                                                                                                                                 R.K. De

Protein secondary structure analysis has been viewed as a classification task and is solved using distance based classifiers.  

                                                                                                                                                     A.Ghosh

Pattern Recognition

Symmetry is an important property that can be observed in most real-life patterns. Exploiting this property of symmetry about a point, a genetic clustering scheme called GAPS was developed. Kd-tree based nearest neighbor search was utilized. Adaptive mutation and crossover probabilities were used. It was demonstrated that the proposed method was able to detect both convex and non-convex clusters, as long as they possessed the property of symmetry. Statistical tests were conducted to establish the significance of the clusters.

                                                                                                                                     S. Bandyopadhyay

A hybrid-learning algorithm, termed as RBFFCA, for the solution of classification problems with real valued inputs was proposed. It comprises an integration of the principles of radial basis function (RBF) and fuzzy cellular automata (FCA). The FCA was evolved through genetic algorithm (GA) formulation to perform pattern classification task. Extensive experimental results supported with analytical formulation established the effectiveness of RBFFCA based pattern classifier and proved it as an efficient and cost-effective alternative for the classification problem.

                                                                                                                                              P. Maji

A new feature selection criterion function, which takes into consideration non-linear relationship between two features, has been developed. The criterion can be seen as distance between two features. A feature selection algorithm has been developed using the said criterion. The features provided by it are found to be useful in classification problems in large datasets. 

                                                                                                                                               C. A. Murthy

Multi-objective rule mining and clustering algorithms are developed for analysis of large data sets. 

                                                                                                                                                    A. Ghosh

Soft Computing

Reliable corner detection is an important issue in determining shape of different regions in an image. To detect corners in a gray level image under imprecise information, an algorithm based on fuzzy set theoretic model is proposed. The uncertainties arising due to various types of imaging defects such as blurring, illumination change, noise etc., usually result in missing of significant curvature junctions (corners). In order to handle the incompleteness arising due to imperfection of data, a fuzzy framework based corner detection algorithm has been developed for gray scale image.  The robustness of the proposed algorithm is compared with well known conventional detectors. The performance is tested on a number of benchmark test images shows the efficiency and reliability of the algorithm is better in many respect than the existing methods.

                                                                                                                                  M. K. Kundu

A rough set theory based ensemble classifier has been developed. It has been theoretically proved that (i) the recognition rate of the proposed classifier is at least as good as the best individual base level classifier, (ii) the proposed procedure for combining is the best way, and (iii) under some conditions its performance approaches the performance of the Bayes classifier. The performance of the proposed classifier is found to be better than the existing ensemble techniques when it is tested on several large data sets (large in terms of the number of features as well as number of classes). 

A rough set based tensor space model has been developed for web page categorization problem. Its performance is found to be better than the existing vector space model.

                                                                                                                         C. A. Murthy and S. K. Pal

Parallel genetic algorithms are being designed to develop object-background separation algorithms for image analysis.

                                                                                                                                                    A. Ghosh

Image Processing

An image retrieval scheme using visually significant point features has been developed. The clusters of points around significant curvature regions are extracted using fuzzy set theoretic approach. Invariant color features are computed from these points for evaluating similarity between images. A set of relevant and non redundant features is selected using the mutual information based minimum redundancy-maximum relevance criterion, while the relative importance of each feature is evaluated using a fuzzy entropy based measure, computed from both relevant and irrelevant set of the retrieved images marked by the users. The performance of the system is tested using a mixture set of images from a general purpose image database. The robustness of the system is found to be impressive, when the images have undergone different types of transformation. 

A digital image-watermarking scheme using the characteristics of the human visual system (HVS), statistical information measure and spread transform technique has been developed. Spread transform (ST) scheme is implemented using the transform coefficients of both the cover and the watermark signal. Data embedding strength is adaptively controlled using the HVS models and perceptual transparency of the hidden data is maintained by minimum alteration of the structural information of the host data. The choice of Hadamard transformation as signal decomposition tool offers advantages in terms of simpler implementation, low computation cost, low loss in image information due to embedding and higher data hiding capacity at low quality compression. The performance of Hadamard transformation based watermarking scheme is verified with that of algorithm based on DCT and wavelet transform and its performance found to be superior.

                                                                                                                                               M. K. Kundu

A method for finding thresholds for classification of face images has been developed in the context of face recognition. This method is based on `set estimation’ principles. The proposed method finds two thresholds, namely local threshold for each face class and global threshold for the given face data set. Its performance is compared with the most widely used ROC curve based thresholds. It is found that (i) ROC curve based thresholds may vary when the validation set varies, whereas it is not the case for the proposed method, and (ii) the recognition rate for the proposed method is found to be better than the ROC curve based thresholds. 

                                                                                                                                               C. A. Murthy   

Classification of human face images is a long-standing problem. Since features play a significant role in this problem, we have devised a method, for its extraction, based on parallel computation of some invariant features. The method is efficient, faster and novel.  A good recognition rate is observed.

Registration of two images is an acute problem in image processing area. Currently, the problem is under investigation. Preliminary investigations show interesting results. Attempts are being made for a detailed analysis.

                                                                                                                                              S. N. Biswas

Various types of neural networks like Hopfield’s model, Kohonen’s self organizing feature map, multi-layered neural networks are being used to design algorithms for detecting changes in land cover of remotely sensed images.

                                                                                                                                                    A. Ghosh

Physics and Earth Sciences Division

Geological Studies Unit

Growth and Evolution of Neoproterozoic Carbonate Platforms in the Chattisgarh and Cuddapah Basins, South India 

Fieldwork in Chattisgarh and Kurnool basins was initiated, and in several areas of the Chattisgarh basin detailed facies analysis was done to work out the stratigraphic sequences and sedimentologic analysis of the carbonate successions. Detail work on the physical and chemical aspects of carbonate depositional systems, and their potential in predicting climatic changes on regional scale was initiated.  

Two major types of carbonate platform and several pockets of stomatolite bioherms have been identified in both the basins. Facies analysis was done in the lower carbonate platform of the Chattisgarh basin to study the evolution of a non-rimmed carbonate platform in the Late Mesoproterozoic sea. Criteria for recognizing facies in micrites was developed and the whole platform succession was classified into three major facies associations, representing shallow water mixed carbonate-siliciclastic stage, a slope failure stage, and a major transgressive stage depositing sand free black limestone. Sequence stratigraphic analysis revealed a major drowning with development of euxinic condition and deposition of black limestone.

                                                                                                                           S. Patranabis-Deb

Geochronological Constraints on Tectonic Assembly and Dispersal, in Relation to the Eastern Ghats Orogen
Whole rock Rb-Sr and Sm-Nd isotopic data coupled with some U-Pb zircon data from Charnockite and Khondalite (metapelite) suites indicate two distinct collisional events at ~ 1.8 and ~0.9 Ga respectively. Depositional age of the metapelites is constrained by whole rock Rb-Sr data ~1.3 Ga. Another important finding relates to Archaean protoliths for the metapelites (indicated by Nd model dates), and their allocthonous nature; i.e., Charnockite suites, already metamorphosed at ~1.8 Ga, did not act as the basement for the metasediments. This is also compatible with the observation that no xenolith or enclaves of charnockitic rocks are observed in the khondalites of the Eastern Ghats.

Two alkaline complexes of Rairakhol and Koraput, occurring within granulitic country rocks, have been dated by U-Pb zircon, as 1000 and 746 Ma respectively. The Koraput complex represents a juvenile magma (positive epsilon), syntectonically emplaced along with granulite metamorphism of the metapelitic country rocks at ~746 Ma. The Rairakhol complex, on the other hand, is post granulite (~1100 Ma) and a product of intra-crustal melting, as evidenced by significant age difference between magmatism (~1000 Ma) and mantle derivation (~1.6 Ga).
                                                                                            S. Bhattacharya

Mafic crustal Xenoliths in the Eastern Ghats Belt 

Granulte facies metamorphism, here represented by massif-type charnockite as product of hbl-dehydration melting in mafic protoliths, occurred several times, at least twice, ca. 1.8 Ga and 2.9 Ga, in the regional granulite belt of the Eastern Ghats. Protoliths of mafic granulite xenoliths, have bulk composition similar to tholeiitic basalts. Trace element compositions showed two distinct tectonic settings: Arc derived basalts for the five suites, and OIB for the Chilka suite. Mantle derived basaltic magmatism, for the Sunki suite, occurred at 2.7 Ga; for the Jenapore suite, at 3.5 Ga; for the Paderu suite at 2.5 Ga; for the Naraseraopet suite at 2.5 Ga; for the Jeypore suite at 3.6 Ga. For the Chilka suite, isotopic homogenization was disturbed, possibly due to Grenvillian migmatization, which is particularly evident in this sector (Bhattacharya et al., 2003).

Enriched mantle source for the basaltic magmas was indicated by Nd-Sr isotopic composition, for the five xenolith suites in the Eastern Ghats. Particularly important is that 3.5-3.6 Ga basaltic magmatism in the marginal segments were also derived from enriched mantle, indicating still older crust forming event in this segment of the Peninsula.  
                                                                                           S. Bhattacharya

Tectonosedimentary Evolution of the Talchir Gondwana Basin, India 

The glacigene strata of the Talchir Formation crops out mainly in the eastern, south eastern, northern and the western part of the Talchir basin and covers around 400 sq. km. areas of about 1800 sq. km. tract of the basin bounded by latitudes 20˚53’ and 21˚12’ and longitudes 84˚20’ and 85˚23’. About 150 sq. km. has been mapped (1:50,000 scale) in South central and N-NW part of the Talchir basin. Two lithologs have been prepared to frame the stratigraphic architecture. Initial mapping suggested that the Talchir strata form three major lithostratigraphic units. Basal strata comprised mud supported, ill-sorted conglomerates (diamictites), interbedded thin sandstones and dropstone bearing mudstone. The middle part was pebbly to bouldery conglomerate with intermittent Dem to meter thick sandstones. The upper unit was dominantly mudstone with siltstone intercalation and followed by medium to coarse sandstone at top. The mudstone contained carbonate nodules and concreations of various shapes and size. 

                                                                                                         P. K. Maulik

Continuation of the Work on Gondwana Vertebrate Diversity of India 

During 2006-07, the occurrences of several new and rare faunal elements from the Middle Triassic Denwa Formation of the Satpura basin were reported. Critical appraisal of those new archoasaurs and temnospondyls has been carried out. A detailed osteological study of Barapasaurus tagorei, the Jurassic sauropod dinosaur from the Pranhita Godavari valley has been completed. Morphometric analysis of the shape and growth patterns of the skulls of the temnospondyl amphibians has also been carried out. A survey on macroevolution and the community structure of the non-marine fauna of the Indian Gondwanas has been carried out. The proportions of amniotes and nonamniotes in the community proportion of herbivores and carnivores among them and the percentage of the dominating taxa preserved as fossils have been studied.  Bone histology of the amphibians and dicynodonts collected from different Gondwana basins has also been done in collaboration with the scientists of IIT Kharagpur. 

                                                              S. Bandyopadhyay and D. P. Sengupta

Taphonomy and Paleontology of the Panchet Vertebrates 

The Panchet Formation of the Damodar basin is rich in vertebrate fossils. The fossils are mostly present as fragments within the sandstones. The taphonomy of the Panchet vertebrates has been carried out. It has been noted that a particular area of the jaws of temnospondyl amphibians is present in numbers in the Panchet formation. Work has been carried out on those bone fragments in collaboration with experts from the La Trobe University of Melbourne. 

                                         S. Bandyopadhyay and D. P. Sengupta

Surface, Colloid and Environmental Sciences (Micellar and Microemulsion Systems)

The interfacial composition, thermodynamic properties and structural characteristics of water-in oil microemulsions stabilized in surfactants of different charge types, cosurfactant (pentanol) and oils of higher chain lengths (decane and dodecane) in absence and presence of electrolyte (NaCL) at 303 K under varied molar ratio of water to surfactant (ω) and also at different temperatures (at a fixed ω = 40) have been studied by the method of dilution. The most significant result of this study was the estimation of co surfactant and surfactant at the interfacial region, distribution of co surfactant between the interfacial region and the continuous oil phase, and effective packing parameter (Peff) at the threshold level of stability. In addition, the structural parameters viz. radii of the droplet (Re) and the waterpool (Rw), effective thickness of the interfacial layer (dI), average aggregation numbers of surfactants (Ns) and the cosurfactant (Na) and the number of droplets (Nd) have also been estimated without the use of sophisticated instruments. The thermodynamics of transfer of cosurfactant from the continuous phase to the interface have been evaluated. The results in a comprehensive manner have been analyzed with the help of all these parameters. The prospect of using these w/o microemulsions for the synthesis of nanoparticles has been discussed in the light of the above parameters. Such studies have been extended to mixed surfactant (ionic + nonionic) w/o microemulsions systems stabilized in hydrophilic oil (IPM) and conventional hydrocarbons to underline the role of second surfactant (nonionic) as well as type of oils using all the parameters as referred above. Synthesis and characterization of mesoporous titanium dioxide using self-assembly of SDS and benzyl alchol as templates have been reported for possible applications as catalyst in industrial processes. 


                                                                       B.K. Paul and D. Nandy

NE Project: River Dynamics of the Sub-Himalayan Alluvial Plain, NE India

Interpretation of the satellite imageries and surveyed maps of Sub-Himalayan region in parts of Sikkim, West Bengal, Assam and Arunachal Pradesh helped to differentiate the river plan-form changes that were induced due to neo-tectonic movements from those reflecting climatic changes. In order to characterize the tectonic movements and climatic changes that had affected the rivers of this alluvial plain, the deposits of these rivers preserved as terraces were studied. The large-scale geomorphology of the area was characterised by a number of mountain attached high-gradient fans and low-gradient very large megafans. The sedimentary characters of the mountain attached small, coarse-grained alluvial fans were studied around Balasan River and Matiali-Chalsa area showed that contrary to the existing notion, both stream flow and sediment gravity flow processes were important for the development of these high-gradient fans. The oldest Quaternary deposits were deformed, at places, by Neotectonic blind thrusts. Tista megafan is a  multi-lobate large sediment cone comprising stream flow deposits. Incised streams suggest the megafan building has ceased. History of channel migration on the fan surfaces has been partly reconstructed using historical maps (1770-2000). Preliminary results of petrographic studies of the sand and clay samples indicated that the alluvial fan sediments were typified by sub-equal proportion of lithic fragments and mono-crystalline quartz grains. In contrast megafan sediments were dominated by quartz and feldspar grains. Few available OSL ages from the succession varied between 5 and 11 Ka. Both the fans and mega fan sediments appeared to be contemporaneous. In order to correlate the erosional patterns of the orogen with the depositional units of the alluvial plain, the hinterland drainage basins were analysed using DEMs. It has been noted that the sediments are supplied to the foredeep by two major classes of hinterland basins that are distinct by their size, frequency, “drained-litho-type”, etc. A new methodology has been developed to find out the spatial pattern of hinterland erosion and also to estimate the total sediment for individual drainage basins.

                                                    P. Ghosh, T. Chakrabarty and R. Kar

Melt Present Deformation in the MCT Hanging Wall, Sikkim Himalaya

Data bearing on the detailed geology of the lithotectonic units, from four traverses across the MCT in Sikkim Himalaya were collected. Preliminary results indicated that the migmatitic gneisses in the Higher Himalayan crystallines (HHC) on the hanging wall of MCT were deformed into inclined to reclined folds on decimeter to tens of meters scale. Generally south vergent folds, S-C fabric are consistent with a non-coaxial deformation with a top-to-south shear component. More than one phase of leucosome bands was apparent. Some of these were emplaced as dilatant shear veins and provide signatures of melt present deformation, indicating fast brittle/semibrittle deformation even at temperatures conducive for partial melting of pelitic protoliths and amphibolites. 
                                                                                                                     D.Saha

NE Project: Thrust Sequences, Cross Faults and Fault Zone Rocks in the Eastern Himalaya

Recent field work in Darjeeling and Sikkim Himalaya and analysis of data showed that the regional variation in the orientation of gneissic foliation above the main Central thrust (MCT) or phyllitic/phyllonitic foliation in the Daling Group below the MCT was a clear indication of post-thrusting (MCT) fold shortening in E-W direction. Superposed folds on mesoscopic scale in Daling outcrops of south and west Sikkim support N-S as well as E-W shortening which rise to half-dome of Sikkim. Microstructural analysis of meta-psammite enclaves in HHC in the hanging wall of MCT clearly demonstrated co-existence of crystal plastic and brittle microcracking at temperatures close to second sillimanite isograd (c.700oC). Brittle microcracking under high T deformation leads to changes in asperity densities in the fault zone/shear zone. These may indicate coseismic loading and post seismic relaxation even at depths of 20-30 km, calling for a revision of classical models (e.g. Scholtz 1988) of seismic rupture and transition of abrasive/adhesive wear to plastic flow. 

                                                                          D.Saha and D.Sengupta

Brittle Fault-Slip and Continental Tectonics in South India

Analysis of fault-slip data from the polyhistory Cuddapah basin, south India led to reconstruction of reduced stress tensors separately for data sets from the Paniam Quartzite, Banganapalli Quartzite, the Paleoproterozoic Chitravati Group and the Paleoproterozoic dykes intruding the lower Cuddapah succession. On the whole a strike-slip regime with NE-SW compression dominated the scene around Cuddapah Basin possibly related to the inversion of the Paleoproterozoic Papaghni sub-basin. This has been compared with the NE-SW compression interpreted from the late structures in the Proterozoic Somanpalli Group of Pranhita-Godavari Valley. The imprints of major tectonic events such as the Rodinia breakup, the Pan-African orogeny and the Gondwana breakup that shaped East Dharwar craton had been identified from extensional regime (opening of the Kurnool sub-basin), extensional strike-slip regime (major movement on the Gani-Kalva system), E-W compressional regime (Pan-African orogeny) interpreted from different fault sets.

                                                                                  V.Tripathy and D.Saha
Physics and Applied Mathematics Unit

Condensed Matter Physics

The spin Hall effect offers a new pathway in the realm of spin information science in semiconductor devices in this field. The intrinsic spin Hall effect was explained from generic anyon dynamics in the presence of external electromagnetic field. The free anyon was represented as a spinning particle with an underlying non-commutative configuration space. The Berry curvature plays a major role in the analysis. 

Very interestingly, the physics of atoms with permanent electric dipole moment and non-vanishing magnetic moment interacting with an electric field and inhomogeneous magnetic field demonstrated the atomic analogue of Landau quantization. This Landau-like atomic problem was also studied with space-space non-commutative coordinates.

    B.Basu
Analytic solutions of the Schrödinger equations in a mesoscopic quantum ring were developed and to mesoscopic connected systems like q-wire and q-ring in presence of impurities applied.

     A.K. Roy

Astro Optics

Extinction spectra generated by size distributions (power-law) of astronomical silicate and graphite spherical grains over the wide wavelength range 1000A0 – 22,000 A0 was studied. The focus was to find out proper parameterization of the extinction for these materials, which would be very useful in problems involving analysis of interstellar extinction data, obtained by direct measurement.  This work is nearing completion.
    

A.K. Roy

Classical Optics

Modeling the phase function for small sized Mie-particles and applications to the case when a size distribution is present have been studied. 

A.K. Roy 

Quantum Information Theory 

Quantum entanglement (non-local correlations) has found interesting applications in various information processing tasks. It has been shown that though quantum correlation does not replace communication, it can reduce the communication necessary for solving some distributed problem. Cloning of entangled states by local operations and classical communication has been studied. 

                                                                                                                                G. Kar

The interaction between a quantum system and the environment usually leads to a leakage of information about the state of the system.  Dynamics of some open quantum systems has been investigated, by using the quantum operation formalism. 

P. Parashar

Two-site entanglement in a spin system has been studied in terms of the geometric phase acquired by their spins. The geometric phase and hence the concurrence were evaluated for some particular spin models which were found to be in good agreement with that found by standard methods. The quantification of spin entanglement in terms of their Berry phases is novel and generalizes the relationship between the entanglement of distinguishable spins and that of delocalised fermions.

B.Basu

Quantum Field Theory

Explicit relativistic models of free point particles, obeying modified forms of mass-energy relations, motivated by Doubly Special Relativity framework, have been constructed. They satisfy the (-Minkowski form of Non-Commutative phase space algebra. The star product for fields in this background is being attempted with a view to construct quantum field theories in this non-commutative space-time.

S.Ghosh

Cosmology

The action principle for generalized Chaplygin gas was studied in both non-relativistic and relativistic Born-Infeld form. New results related to the Poincare invariance of the generalized model were obtained. 

S. Ghosh

Astrophysics

The red-shift data for quasars from Sloan Digital Sky Survey were investigated using Change Point Analysis within Bayesian framework. 

 
           S. Roy

Quantum Mechanics

Quasi Normal Modes (QNM) play an important role in relativistic physics and some important results have been obtained in this area using higher order intertwining techniques. This technique has also been used in the context of nonlinear pseudo-super symmetry to obtain an intertwining operator of order higher than two, linking a non-Hermitian Hamiltonian to its nonlinear pseudo-super symmetric partner Hamiltonian. Partial results have also been obtained in the area of (time dependent) moving boundary problems.

Exceptional points both in the framework of matrix formalism and Schrödinger equations have been studied. Another interesting area, which was examined, was the exceptional points of Mathieu Equation and quasi exactly solvable quantum problems.

Crypto-gauge invariant models, studied by A.V. Smilga, were generalized for higher dimensions and the complexified two-dimensional Crypto-oscillator was quantized. These have relevance in PT-symmetric quantum mechanics framework. 

P.Roy, B. Roy, S.Ghosh and R.Roychoudhury

Theoretical Plasma Physics

Solitary wave solutions in quantum plasma in non-planar geometry using a Hydrodynamic model were actively pursued. The study was extended to four- component dusty plasma and relativistic plasma. Also solitary wave solutions of two-dimensional KP equation have been studied in some detail. 

R.Roychoudhury

High and Ultrahigh Energy Physics
Various aspects of heavy ion collisions have been studied extensively and intensively with emphasis on the studies of the nature of some exotics. The utility and impact of the non-extensive thermodynamics in interpreting the RHIC data was also investigated assiduously. Besides, the limits to the phenomenological studies were looked into in some depth, and with coverage to the particularities of some collision-specificities and the result-orientations obtained from the model-based studies. 

S.Bhattacharyya

Interacting Fock Space

The steering problem for multi-level quantum systems minimizing energy cost functional of the control has been studied. The optimal control problem of the time evolution of quantum spin of Pauli two-level system subjected to an external field with the minimum energy function was also illustrated and formulated in terms of the quantum spin up and spin down states of the Pauli two-level system.

Non-classicality of a superposition of coherent states in terms of sub-Poissonian photon statistics as well as negativity of the Wigner function has studied. An analytic expression for the Wigner function was derived from which showed that the function has some negative region in phase space. A compact form of Wigner function when decoherence occurs was obtained and the effect of decoherence on the state was studied. The behaviour of the non-classicality indicator was demonstrated. 

     

P.K. Das

Water Waves

Advanced mathematical study of a number of water wave scattering and radiation problems involving floating and submerged bodies in water with a free surface as well as in water with an ice-cover has been carried out. For a two-layer fluid with higher order boundary conditions, the energy identities in water wave scattering have been obtained.

B.N.Mandal

Integral Equations

Approximate numerical solutions of integral equations of different types by using Bernstein polynomials as basis have been obtained for Fredholm, Volterra integral equations with regular as well as singular kernels. Also are studied dual integral equations with Bessel function kernel for approximating analytical as well as numerical solutions.

                                                                                                                      B.N.Mandal

Convective and Diffusive Transport
Transport of reactive substances due to the shear flow has been studied analytically as well as numerically in annular pipe due to axial convection and radial diffusion in steady and oscillatory flows subject to kinetic reversible phase exchange and irreversible absorption at the outer wall.


B. S. Mazumder

Sedimentological Fluid Dynamics  
In order to study the effect of wave-current interaction over both rough and smooth boundaries, which are responsible to deform the sediment bed and to transport sediment, laboratory experiments were carried out in the flume. 3-D acoustic Doppler velocimeter (Micro ADV) was used to measure the velocity with fluctuations and a wave-maker fabricated at the laboratory is used to generate the surface waves. Particular interest was paid to the near-boundary turbulent flow due to interaction of wave and current with its impact on sediment transport and bed-form.

Computation of bed load sediments of over heterogeneous sediment beds of different roughness and identification of grain-size distributions affected by the bed roughness and discharges. The basic questions to be answered are: How do changes in bed roughness due to increasing heterogeneity in sizes affect the sorting between the bed and the mobile bed load? Which are the relation of sediment non-uniformity and the armoring effect associated with critical shear stress?  What is the size distribution in the bed layer due to the influence of bed roughness and varying discharges? The laboratory experiments are performed with different sediment beds of different bed roughness and different flow conditions. 

B. S. Mazumder
Multivariable System and Control Theory  

Numerical methods have been developed to design controllers for decoupling as well as stabilizing the systems. Work has been done on Descriptor variable systems. 

                                                                                                                             S.Gangopadhyay

Biological Sciences Division

Agricultural and Ecological Research Unit

Land use pattern, natural resource inventorying using satellite imagery and technology intervention at eastern plateau and coastal areas of West Bengal

Natural resource inventory and land use pattern of Birbhum and South 24 parganas districts of West Bengal have been carried out through digital analysis of Satellite imageries of those two districts. The Geometica software was used for remote sensing work.

Three experiments have been conducted at Sekhampur, Birbhum. One is on baby corn – legume-intercropping system where the objective was to assess the advantage/disadvantage of cereal legume intercropping system. The effect of cereal on biological nitrogen fixation by the legumes is another aspect of the study. The other experiment is on integrated nutrient management on baby corn based cropping system. In this experiment the direct and residual effect of vermicompost is being studied. Both the experiments had been carried out for two years and the data is under process. 

P. Banik and P.K. Ghosal

Adaptability and yield performance of sugar beet (Beta vulgaris L.) varieties in lower Gangetic plains of West Bengal

Result from different locations of district North 24 Parganas as well as Gupta Niwas experimental field showed encouraging performances regarding root yield as well as sugar concentration from sugar beet crop. Ethanol production in laboratory scale for different varieties also showed encouraging performance. The new varieties namely Posada, HI 0064 and Dorotea (Syngenta India Ltd, Pune) exhibited performances quite comparable with that of other state.  Role of fertilizers NPK on sugar beet crop has already been optimized and it has been observed that 150 kg N, 100 kg P and 120 kg K per hectare would be the best doses for getting the maximum yield. Other new varieties namely Arriba, Capitana, Esperanza, Calixta and Sandrina (JK Agri Genetics Ltd, Hyderbad) would be tested in the next year. 

S. Barik and S. Chanda

Ecology and physiological studies on the mangroves of Sundarbans

It has been found that some important tree species of mangroves such as, Heritiera fomes, Xylocarpus granatum, X. mekongensis and Nypa fruticans are declining day by day at an alarming rate. The reasons behind it are not clear. Studies related to eco-physiology and community structures of some mangroves of Lothian Island have been completed and the quantitative estimation of mycorrhizal colonization and internal mycorrhizal structures of mangroves of different islands of the Sundarbans has been undertaken. 

M. Ghose, S. Das, P. Ghosal, K. Bhattacharya, P. Nandy, 

T. Kumar, S. Bandopadhyay and A.Choudhury

Studies on the ecology, conservation, propagation, and utilization of palms with special reference to rattans

The rattan palms (canes) are one of the most important Non Timber Forest Produce (NTFP), which grow mainly in the Northeast India. A survey of cane forest and cane related activities of poor people to earn sustenance reveal that cane related livelihood occupation although presently much reduced, still employ a major sections in trade, handicraft & daily household usages. Cachar district of Assam is represented by two Genera, viz. Calamus and Daemonorops. Of these Calamus tenuis is the most common cane and found almost everywhere in wetland Cachar areas. In contrast, Calamus acanthuspathus and C. erectus have become most vulnerable due to habitat destruction and over exploitation. Latma, Raidang once were dominant species in Cachar now are under serious threat. The present study revealed that canebrakes attract a large number of animal species such as fishes, amphibians, reptiles, birds, and even small mammals. A number of plant associations like Barringtonia acutangula, L. floreginae, Vitex sp. and others have been observed with the canebrakes, which provided support for C. tenuis, resulting in a more luxurious growth. However, because of the highly degraded condition of most canebrakes in the forests of Cachar, an essential prerequisite is to protect the existing canebrakes in order to facilitate natural regeneration and consequent biodiversity enhancements therein.

M. Ghose, S. Das, K. Bhattacharya and A. Gupta (Assam University).

Ponds, aquatic weeds and water quality: an investigative study

Six ponds with diverse aquatic plant forms were studied to ascertain their floral diversity. The effect of natural versus cemented embankment in ponds on the floral diversity was also investigated.  Altogether 30 plant species belonging to the three growth forms (emergent, floating and submerged) were found to occur in these ponds.  Variation was observed in species number between ponds but seasonal variation for species within ponds was not evident.   Greater species diversity was observed in ponds, which were used for anthropogenic purposes as compared to unused ponds.  Among the growth forms, the emergent flora occurring in ponds with natural embankments was found to contribute most to species diversity.  Plant diversity was found to reduce drastically as a consequence of cementing the embankment of ponds.

Anup Dewanji, S. Sengupta, J. Chattopadhyay, 

A. Dewanji and S.C. Santra (Kalyani University)

Study of the microbial succession and changing microbial molecular diversity of a bioorganic composting system

The large population of the cities generate enormous amount of organic waste, which besides causing environmental pollution is also a potential health hazard. Composting is a viable means of transforming various organic wastes into products that can be used safely and beneficially as biofertilizers. A number of problems associated with the use of raw and unstable organic waste, such as malodors, human pathogens, and undesirable chemical and physical properties can be resolved through composting. Use of beneficial microorganisms can enhance the rate of biodegradation process as well as to improve the quality of compost. In our study thermophilic bacteria were used as inoculums as they have immense biodegradative potency and can withstand high temperatures of the compost.

S. Chanda, B.K. Sinha, S. Barik, S. Sarkar (SRF) 

and S. Pal (Jadavpur University)

Mathematical Models on Ecology and Epidemiology

Little attention has been paid so far to observe the effect of toxic chemicals released by the toxin producing phytoplankton (TPP) on plankton systems. Earlier works were only concerned with the interaction of different plankton populations, ignoring the effect of predator density and also the infected prey density. Existing models have been modified in this direction and also new models have been proposed based on available real life observations. Our research works involved analysis of different mathematical models using statistical tools like Latin hypercube sampling, modeling on ecological problems like effect of toxic chemicals upon other plankton communities and their grazer's, nonlinear models of plankton dynamics, chaos dynamics, parameter sensitivity analysis, effect of space upon different ecological systems, mathematical modeling with slow-fast variable etc. 

J. Chattopadhyay, A. Goswami, S. Roy, S. Chatterjee,

S. Chakraborty and A. Bhattacharya (Visiting Scientist)

Allelopathy in Natural and Manipulated Ecosystems – with reference to root exudates, leaf leachates and fruit pulp

Allelopathic activity has been studied in Teak (Tectona grandis L.), Tamarind (Tamarindus indica L.), Sapota (Manilkara zapota L.) and Mango (Mangifera indica L.). Four major allelochemicals were isolated purified and crystallized from teak leaf, which showed strong inhibitory activity in bioassay. Some showed antifungal and antibacterial activity against several Gram positive and Gram negative bacteria.  Five Active allelochemicals from Tamarindus leaves have been isolated, purified and crystallized, and their antifungal, antibacterial and bio-efficacy against rice seeds have also been studied. Active allelochemicals of Manilkara zapota and Mangifera indica have been isolated and molecular elucidation is under progress. A new caffeic acid derivative with 292 mol. wt. has been isolated, purified and crystallized from teak leaves and its structure elucidated.

S. Mandal Biswas, S. Chanda, M. Ghose, S. Saha, 

L. Kumar, (IIPR, Kanpur), P. Jaysankar (IICB, Jadavpur)
Biological Anthropology Unit

The main foci of research undertaken by the faculty members are health, disease, adaptation; human morphological (including child growth, dermatoglyphics, etc.), genetic and genomic variations of different populations inhabiting different ecozones; the human population structure, origin migration and the genetic affinities of the different groups. Many different ethnic groups were selected from different parts of India, like, Bhutia, Rai, Shabers, Tibetans, Bengali, Khasis; the Adis and their sub-tribes, Meitis, Demasa Cacharis, Sikkimese and the tribes of Andhra Pradesh, to study the above objectives in mind.

Health and disease among populations inhabiting contrasting ecological niches

The project examines health and disease variations in several communities in relation to ethnicity and lifestyles. A comprehensive health evaluation of the selected study communities from a few contrasting ecozones are attempted, so that baseline community health information can be generated in one hand and identification of biocultural and other environmental factors influencing health status of these populations can be made on the other. The findings so far suggest that (a) significant reproductive and cardiovascular health differences are discernable between the Rais and Bhutias inhabiting peri-urban locale of Sikkim Himalayas; (b) significant differences in respect of reproductive, metabolic health as well as chronic energy deficiency exists among the Shabars of Orissa, in relation to lifestyles and  (c) evidence of poor health status was discernable among the Toto children and adults. Further data analyses are in progress.   

B.Mukhopadhyay R.Gupta, P.Bharati, S.K.Roy and S.Mukhopadhyay

Status of Austro-Asiatic tribes in the peopling of India

The Northeast Indian populations have high frequency of G6PD deficiency alleles. It is known that frequency of G6PD alleles is high in Mundari speaking populations also. The understanding will help in getting an insight of G6PD deficiency variants among the linguistic subfamily of the Austro-Asiatic. 

   










B.M.Reddy  

A molecular genetic study of couples with recurrent spontaneous abortions

Data collected so far from 143 patients and 150 controls for the study. DNA isolation has been done and PCR and sequencing analyses of the HLA class I and II (3 and 5 exons respectively) has been carried out for all the samples is in progress. Completed sequencing of mitochondrial DNA hyper variable region-I and progesterone receptor genes in these samples. 

B.M. Reddy

Molecular genetic perspectives of Tibeto-Burman (TB) speaking Adi tribal cluster of Arunachal Pradesh, India

Tibeto-Burman speaking tribes of northeastern parts are one of the four major linguistic groups of India. Morphologically they show characteristic Mongoloid features and were the later migrants than the Dravidian and Austro-Asiatic tribes. Their biological and genetic diversity and their affinity with Dravidian and Austro-Asiatic (AA) tribes are little investigated. 

In view of this, a study was conducted among the six Adi tribes of Arunachal Pradesh, to investigate the molecular genetic diversity and their affinity with other tribes of India and with East/Southeast Asian countries.

The results based on 15 autosomal STR markers and mitochondrial markers of among the six Adi speaking sub-tribes reveal that signature of microevolutionary process at work that can be noticed from their most frequent and rare allelic distribution and show low genetic differentiation among the regional tribes. Comparison with the Austro-Asiatic (AA) and Dravidian tribes show that they show genetic affinity with the Mundari speaking tribes than with the Mon-Khmer speakers of AA though they share common physical features and historical antiquity of their origin across Tibet.  The mitochondrial study (HVI and HVII regions) shows wide diversity among the females, whereas Y-chromosome markers show least diversity in contrast to the results observed among other Indian tribes.

T.S. Vasulu

Adolescents reproductive health: Bio-cultural dimensions

Adolescent Reproductive Health [ARH] was recognized as a thrust area for research to stabilize world population. Adolescents constitute one-fifth of the world’s total population in India.

Knowledge, awareness and practices of reproductive health among adolescents are a very less studied topic in India. The present study was undertaken in 2003 with a view to evaluate and document the knowledge gap in this regard and provide crucial information for public health policy planning, based on community level data of adolescent girls in Sikkim. The study concluded data collection in March 2008. 

Data were collected from 1250 girls aged 15-20 years, residing in urban and rural blocks of all four districts of Sikkim. Data include socio-economic and demographic, exposure to various media sources, knowledge and practices of reproductive health behaviours, prevalence of reproductive disorders, role of different social institutions in generating awareness on reproductive health, level of social support received, social norms and gender roles. Biological parameters collected form a sub-sample of 550 girls includes: anthropometric measurements, serological like hemoglobin level, total leukocyte count, differential leukocyte count, erythrocyte sedimentation rate, venereal disease research laboratory test (VDRL). In addition data on food habits and dietary behaviors, general morbidity etc have also been collected.

School enrollment is about 69% while dropouts are more than 30%. In general, incidence of reported morbidity is high among middle age groups compared to the young and older adolescents. Treatment seeking behavior is better among older adolescents. Problems related to menstruation (69%) and anemia (89.4%) is high among rural habitants while those caused due to various infections is high (84.2%) among urban girls.

The most effective medium of generating awareness with respect to issues like family planning, condom use, HIV and AIDS and STDs, is watching television. The number of married girls remains high in receiving advice from health care workers, which shows their positive role in the existing health care machinery. 

S. Mukhopadhyay

Human Genetics Unit

The Unit has been pursuing research projects, both internally and externally funded. During the year under review, scientists of this unit published 19 papers in various scientific journals. They have also been participating in teaching activities in the Institute and other Institutions. Brief accounts of research activities are provided below:

Genomic and Epidemiological Studies on Common Diseases in Indian Populations 
The focus of these studies is to understand the genomic and environmental contributions to common diseases in India. 
Genomic Studies on oral cancer

(a) Polymorphisms at N-acetyl transferase 2 locus (NAT2) lead to slow, intermediate and rapid acetylation properties of the enzyme. Improper acetylation of heterocyclic and aromatic amines, present in tobacco, might cause DNA adduct formation. Generally, DNA repair enzymes remove these adduct to escape malignancy. But, tobacco users carrying susceptible NAT2 and DNA repair loci might be at risk of oral leukoplakia and cancer. About 389 controls, 224 leukoplakia and 310 cancer patients were genotyped at five polymorphic sites on NAT2 and three polymorphic sites on each of XRCC1 and XPD loci by PCR-RFLP method to determine the risk of the diseases. None of the SNPs on these loci independently could modify the risk of the diseases in overall population but variant genotype (Gln/Gln) at codon 399 on XRCC1 and major genotype (Lys/Lys) at codon 751 on XPD were associated with increased risk of leukoplakia and cancer among slow acetylators, respectively (OR=4.2, 95%CI=1.2-15.0; OR=1.6, 95%CI=1.1-2.3, respectively). Variant genotype (Asn/Asn) at codon 312 on XPD was also associated with increased risk of cancer among rapid and intermediate acetylators (OR=1.9, 95%CI=1.2-2.9). Variant C-G-A haplotype at XRCC1 was associated with increased risk of leukoplakia (OR=1.7, 95%CI=1.2-2.4) among slow acetylators and leukoplakia and cancer in mixed tobacco users (OR=3.1, 95%CI=1.4-7.1, OR=2.4, 95%CI=1.1-5.4, respectively) among slow acetylators. Although none of the three loci could modulate the risk of the diseases independently but two loci in combination, working in two different biochemical pathways, could do so in these patient populations. (This project was funded by DST, 2005-2008) 

(b) Polymorphisms at mitochondrial (mt) loci could modulate the risk of diseases including cancers. A study on mtDNA polymorphisms at 12308np, 11467np, 10398np and 10400np to examine the association with the risk of oral cancer and leukoplakia, alone and in combination with polymorphisms at GST loci. Polymorphisms at mt loci were screened in 310 cancer, 224 leukoplakia and 389 control individuals by PCR-RFLP and most of the GST genotype data were taken from our published reports. Data were analyzed to determine the risk of the diseases. The major allele, A, at 12308np on tRNALeu (CUN), increased the risk of cancer (OR=1.7, 95%CI=1.1-2.6) but not that of leukoplakia. The same allele also increased the risk of cancer in smokers (OR=2.3, 95%CI=1.1-4.5) who are mostly males (OR=1.8, 95%CI=1.1-3-2) but not in smokeless tobacco users who are mostly females. The major allele A at 11467np showed identical results like the major allele, A, at 12308np. The major alleles G at 10398np and T at 10400np (i.e. M-haplogroup) increased the risk of cancer marginally in overall samples but significantly in exclusive smokers (OR=2.6, 95%CI=1.2-5.7 and OR=2.4, 95%CI=1.1-5.1 respectively). Risk-risk genotype-allele combination at GSTP1 and mt12308np loci increased the risk of cancer (OR=2.6, 95%CI=1.4-4.9) when compared with the nonrisk-nonrisk combination in leukoplakia patients.  So, polymorphisms at mt loci alone and in combination with risk genotype at GSTP1 increased the risk of oral cancer. Thus, risk genotypes from two different organelles may work in combination to increase the risk of oral cancer.             

B. Roy

Genomic studies on cervical cancer

(a) A study was undertaken to examine whether predisposition to HPV16/18 related CaCx due to p53 proline homozygosity (Pro72Pro) among Indian women, was mediated singly or jointly with immunogenetic risk factors such as HLA B*07 or homozygosity of HLA DQB1*03. HLA B*07 was observed to be significantly associated with HPV16/18 infection in asymptomatic controls and CaCx cases. There was a lack of association between HLA B*07 and HLA DQB1*03 in our study samples. The association of p53 Pro72Pro with CaCx was non-significant in absence of HLA B*07 in HPV16/18 positive women. In this group, prevalence of p53 Pro72Pro and HLA B*07 together was significantly higher among CaCx cases compared to controls lacking both factors. HLA DQB1*03 homozygosity or p53 Pro72Pro were found to be significantly associated with CaCx, each in absence of the other in this group, but not when present jointly in contrast to those lacking both factors. Thus modulation of p53Pro72Pro-mediated susceptibility to CaCx by immunogenetic factors could possibly be mediated through crosstalk between HPV16/18 induced immune evasion and cell transformation.

(b) The underlying mechanism of cervical carcinogenesis under the impact of oncogenic HPVs is mediated through protein-protein interactions of the host and virus. The complete sequence variations within the LCR, E2, L1, L2, E4, E5, E6 and E7 within a group of CaCx cases (invasive squamous cell carcinomas) and population controls (cytologically normal) were determined. The objectives were to examine the cumulative effect of such variations as haplotypes on CaCx development, to re-examine the evolutionary distinct lineages of HPV16 in the light of haplotypes that might be relevant for disease pathogenesis in the study population and to identify sequence variations of HPV16 that could be biologically relevant for oncogenicity of the virus. Of the nucleotide variations recorded, non-synonymous changes in L2 region were significantly higher among cases compared to controls. Using SIFT database, a number of non-synonymous changes of low frequency, predicted as deleterious to protein functions, were identified. Haplotype analysis considering polymorphic variations within intact viral isolates (of CaCx cases and controls) using NETWORK software, confirmed Asian American (AA, 14.86%) and European (E, 85.14%) variants, differing at 78 positions. The E-variants portrayed thirty-six haplotypes, of which, E-12 was most prevalent within cases and controls harboring polymorphic variations at 10 positions, in contrast to HPV16R. Cases of the E-12 haplotype harbored several deleterious variations distributed within L1, E2, E5, and L2, while none within similar controls. Thus rare deleterious variations within genes implicated in productive infection over the E-12 haplotype background of intact HPV16 isolates might be of causal relevance for CaCx development.

S. Sengupta

Genomic Studies on Other Common Diseases

In collaboration with the Madras Diabetes Research Foundation, Chennai, the association of serum adiponectin levels with the Pro12Ala polymorphism of the peroxisome proliferator activated receptor-gamma PPARG gene in Asian Indians was investigated. Peroxisome proliferator-activated receptor-gamma (PPARG), a nuclear receptor, plays a significant role in regulating adipose cell differentiation and insulin action.  The PPARG is a candidate gene for Type 2 diabetes and obesity. The Pro12Ala variant is protective both for diabetes and obesity, but its association with adiponectin has proved controversial. It is observed that unlike in some other geographical regions of the world, this polymorphism is not associated with serum adiponectin levels in Asian Indians.  This possibly is a pointer to ethnic differences in effects of important genetic polymorphisms on biochemical variables, high levels of which cause clinical disease.

Some years ago, in collaboration with the TCG-ISI Centre for Population Genomics, a genetic epidemiological study on coronary artery disease among the Marwaris of Kolkata was initiated.  Data on ~50 families comprising ~600 individuals were collected.  Recently, scans of ~250 genetic polymorphisms in genes on a specific biochemical pathway that is relevant to coronary artery disease were performed.  The scans have been performed on unrelated patients and matched controls, as also on parent-offspring data.  The data on unrelated patients and controls have provided evidence of significance association on ~15 polymorphic markers.  These are being analyzed in the parent-offspring data set.
P. P. Majumder

Statistical Genomics

The focus of these studies is to critically analyze existing statistical methodologies and to develop new methodologies for human genetics, especially for gene mapping, genotype-environment interactions and human evolution.

Portability of Tag SNPs Across Isolated Population Groups isolated population groups are useful in conducting association studies of complex diseases to avoid various pitfalls, including those arising from population stratification. Since DNA resequencing is expensive, it is recommended that genotyping be carried out at tagSNP (tSNP) loci. For this, tSNPs identified in one isolated population needs to be used in another. Unless tSNPs are highly portable across populations this strategy may result in loss of information in association studies. The portability of tSNP by sampling individuals from 10 isolated ethnic groups from India was examined. Data generated on DNA re-sequencing pertaining to 3 genomic regions and identified tSNPs in each population. An index of tSNP portability was defined and showed that portability is low across isolated Indian ethnic groups. The extent of portability did not significantly correlate with genetic similarity among the populations studied here. We also analyzed our data with sequence data from individuals of African and European descent. Results indicated that it might be necessary to carry out re-sequencing in a small number of individuals to discover SNPs and identify tSNPs in the specific isolated population in which a disease association study is to be conducted.

Statistical Methods for Analysis of Complex Traits
· Some novel statistical methods have been developed for linkage and association analyses of complex genetic traits. These include: 

· Developing a multivariate phenotype approach to dissect an end-point binary trait based on a linear regression strategy using identity-by-descent scores as the response variable and phenotypic observations as the explanatory variables, 

· Extending a non-parametric regression-based linkage method to incorporate squared sib-pair trait sums in addition to squared differences, 

· Examining for any possible bias in using the same families for TDT analysis as those used in the affected-sib-pair linkage analysis. Evaluating ANOVA as a method for association mapping of quantitative traits.

 Analyses were performed on:

· Quantitative endophenotypes in the ongoing Collaborative Study on the Genetics of Alcoholism Project funded by NIAAA.

· Type 2 diabetes and related quantitative precursors.

· Major psychoses phenotypes including bipolar disorder and Schizophrenia, Autism.

In connection with the ongoing studies on population genetics and bioinformatics, public domain databases were generated.  One of the most useful and popular population genetic databases is the HapMap.  In the course of work on mining HapMap data, some major discrepancies were discovered.  Some wet laboratory experiments were then designed to identify the causes of these discrepancies.  The relevant details and findings were: The HapMap data are being widely used in human genetic studies. It is shown by direct resequencing of a B6-kb region of chromosome 1 that the HapMap data are unreliable for this region. This region contains a recent mitochondrial (mt) DNA insertion. The HapMap data report the corresponding mtDNA variation and not the nuclear DNA variation. In view of mtDNA insertions of varying lengths throughout the human genome and considerable segmental duplications, it is necessary to use the HapMap data cautiously.

P. P. Majumder and S. Ghose

Human Population Genetics and Evolution

The focus of these studies is to contribute towards a deeper understanding of human evolution and structure arising from the impact of various evolutionary forces.

Patterns of nucleotide sequence variation in ICAM1 and TNF genes in twelve ethnic groups of India -- Roles of demographic history and natural selection. 

DNA sequence variation in and around the genes ICAM1 and TNF were studied which play functional and correlated roles in inflammatory processes and immune cell responses, in 12 diverse ethnic groups of India, with a view to investigating the relative roles of demographic history and natural selection in shaping the observed patterns of variation. The total numbers of single nucleotide polymorphisms (SNPs) detected at the ICAM1 and TNF loci were 29 and 12, respectively. Haplotype and allele frequencies differed significantly across populations. The site frequency spectra at these loci were significantly different from those expected under neutrality, and showed an excess of intermediate-frequency variants consistent with balancing selection. However, as expected under balancing selection, there was no significant reduction of FST values compared to neutral autosomal loci. Mismatch distributions were consistent with population expansion for both loci. On the other hand, the phylogenetic network among haplotypes for the TNF locus was similar to expectations under population expansion, while that for the ICAM1 was as expected under balancing selection. Nucleotide diversity at the ICAM1 locus was an order of magnitude lower in the promoter region, compared to the introns or exons, but no such difference was noted for the TNF gene. Thus, we conclude that the pattern of nucleotide variation in these genes has been modulated by both demographic history and selection. This is not surprising in view of the known allelic associations of several polymorphisms in these genes with various diseases, both infectious and noninfectious.

Genetic landscape of the people of India -- a canvas for disease gene exploration

Analyses of frequency profiles of markers on disease or drug-response related genes in diverse populations are important for the dissection of common diseases. In collaboration with six CSIR laboratories, statistical analyses of data on 405 SNPs from 75 such genes and a 5.2 Mb chromosome-22 genomic region in 1871 individuals from diverse 55 endogamous Indian populations were carried out. These include 32 large (>10 million individuals) and 23 isolated populations, representing a large fraction of the people of India. High levels of genetic divergence were observed between groups of populations that cluster largely on the basis of ethnicity and language. Indian populations not only overlap with the diversity of HapMap populations, but also contain population groups that are genetically distinct. These data and results are useful for addressing stratification and study design issues in complex traits especially for heterogeneous populations.

                                                                                                                                          P. P. Majumder


Social Sciences Division

Economic Research Unit

During the period under consideration, the scientists in the Unit have undertaken research, both theoretical and empirical, in diverse areas. Besides research, the members have been involved in teaching various courses for its Ph.D. programme and for B.Stat. (Hons.), M. Stat., M.S. (Q.E.) and I.S.E.C. (regular and specialization). Three Ph. D. thesis (supervised by the members of the faculty of ERU) have been submitted during this period. One research student, presently involved in job outside ISI, has also been working under the supervision of the faculty of ERU. 

The important research topics are the following. 
Agricultural Economics

A Study on Farm Profit Function 

In this study, the problems of allocative and technical efficiency of farms using the non-frontier profit function technique in the context of Indian agriculture have been analyzed. An attempt has been made to analyze and interpret the farm efficiency of Indian farmers by assuming that 
the farmers are to a great extent, influenced by certain elements of the economic environment, which act as a constraint in their efforts towards maximizing profit. This constraint particularly affects the decision-making behaviour of the farmers. Such influences cause a distortion in the 
allocative pattern suggested by the marginalist school. It was thus necessary here to develop a technique, which could assess this distortion and judge its intensity for a variety of farm size groups, based on size of operational holdings. 

M. Chattopadhyay, M. Pal and A. Sengupta

Information Marketing and Credit Constraints

One of the strongest reasons for perpetuation of poverty is that the poorest and the least educated sections of society face significant costs of accessing information, causing them to be excluded from high-income earning opportunities. Modern communication and information technology can make public dissemination of information a low-cost policy instrument. This study aims at to evaluate the effectiveness of randomized dissemination of public information in reducing poverty among farmers and the impact of a randomized intervention providing wholesale or retail market price information to small farmers in two potato-growing districts in West Bengal, India. The channels through which the impacts on income are realized: effects on informational asymmetries and margins earned by local middlemen who purchase the potato crop from farmers and resell it in wholesale or retail markets are to be examined. A large-scale survey is being conducted for two consecutive years in 72 villages of West Bengal. Simultaneously, the experiment involving randomized intervention has been continuing in some villages selected for this purpose. The first phase has been completed and some preliminary analysis has been done. The second phase is expected to be completed in 2008.

S. Mitra, D. Mukherjee and S.Visaria 
Child Labour

Role of Parental Education in Schooling and Child Labour Decision: Urban India in the Last Decade 

Household level data from National Sample Survey Organization (NSSO) of India for 55th (1999 - 2000) and 61st (2004 – 05) rounds have been used to show that even with a significant wage incentive for schooling of urban children, the school drop out rate and child labour incidence are not small. It has been seen that the parents' level of education has been playing an important role in reducing this tendency; thus establishing the linkage between social and human capital outcomes in the family. 

D.Mukherjee and S. Das

Measuring Harm due to Child Work and Child Labour: Patterns and Determinants for India

This study uses household level data from National Sample Survey Organization (NSSO) of India for 55th and 61st rounds have been used to study the pattern of child labour and child economic activity from the perspective of potential harm hence caused to the children.

D.Mukherjee and S. Das

Consumer Behaviour, Equivalence Scale

Estimating Equivalence Scales Through Engel Curve Analysis
A simple two-step estimation procedure for Equivalence scales using Engel curve analysis based on a single cross section data on household level consumer expenditure has been proposed. The budget shares are Quadratic Logarithmic (QL) in income and the underlying maintained hypothesis is that of Generalised Equivalence Scale Exactness (GESE) (Donaldson and Pendakur, 2004). The novelty of the proposed procedure is that it does not require any assumption on the form in which demographic attributes enter the system of demands. More importantly, it does not require a computationally heavy estimation of complete demand systems. As an illustrative exercise the methodology has been applied to Indian consumer expenditure data.

A. Majumder and M. Chakrabarty

Demand Threshold, Zero Expenditure and Hierarchical Model of Consumer Demand

Consumer expenditure surveys often show households reporting zero consumption of some commodities. Three reasons for such zero reporting of consumption are recognized in the literature. First, infrequency of purchase may result in zero reporting of consumption of an item, particularly if the reference period is short. Next, for differentiated products, a strong brand preference may lead to nonzero consumption reporting by households of just one of several brands available of an item. Finally, zero reported consumption might be due to misreporting. However, sometimes the number of households reporting zero consumption may be seen to decline with income. This phenomenon does not fall into any of the categories mentioned above. In this study a hierarchical preference structure has been proposed and a class of recursive utility functions representing this structure, that may capture this phenomenon, has been identified. An empirical illustration based on Indian consumer expenditure data has been provided to demonstrate the empirical relevance of such a hierarchical preference structure.

 N. Chattopadhyay, A.Majumder, D.Coondoo

Deprivation, Inequality and Welfare

The reduced or abbreviated form of social welfare function, defined on the set of income distributions, expresses social welfare as an increasing function of equity and efficiency (mean income). Assuming that inequality is of relative type, this paper characterizes minor variants of the Atkinson-Kolm-Sen and the Shorrocks abbreviated welfare functions. In each case the variation results from existence of a trade off parameter in the characterized form. A higher value of the parameter assigns a higher value to equity in the equity-efficiency trade off. We get exactly the Atkinson-Kolm-Sen or the Shorrocks version of welfare function if the parameter takes on the value one in the corresponding characterized form. When inequality is assumed to be of absolute type, a similar characterization is developed for the Blackorby-Donaldson- Kolm welfare function. The notion of equity employed in the paper is of lexicographic type. Some interesting implications of this equity concept have also been studied.

S.R. Chakravarty

The distribution of income that maximizes aggregate saving when the mean income and the level of welfare are given is determined. The saving function is assumed to be of Keynesian type and the welfare function employed is the generalized Gini welfare function. For the Gini welfare function the resulting distribution turns out to be Pareto if we use a simple saving function. An alternative characterization of the Pareto distribution is also presented.

S.R. Chakravarty and S.Ghosh

Welfare ranking of income distributions often involves a trade off between equity and efficiency. In the income scale a person’s feeling of deprivation about higher incomes may be of relative or absolute type, that is, it may depend on income ratios or on income differentials. An intermediate notion of deprivation, which is defined as a convex mix of relative and absolute deprivations, is considered. The problem of ranking income distributions using a social welfare function whose value increases under a globally equitable redistribution and which shows efficiency preference if income increases take place without altering intermediate deprivation is then investigated. The ranking relation developed is implemented by a simple graphical device. It is shown that all deprivation indices can be regarded as inequality indices but the converse is not true. Finally, a numerical illustration of the results developed in the paper is also provided.

S.R. Chakravarty

Development of Statistical Methodologies

Development of ‘Statistical Information System’ for Local Level Planning by Local Bodies


The 73rd constitutional amendment for decentralization of administration directed to constitute in rural areas 3-tier Panchayats and, power, authority, and responsibility were delegated through the Panchayats so as to enable them to (a) prepare plans for economic development and social justice, (b) implement such schemes as may be entrusted to them including matters in the 11th schedule. For this, a statistical information system has been developed for the 3-tier Panchayats in the district of Howrah, West Bengal in India to assist them in their local level planning and for efficient decision making. Booklet has been prepared separately for each Gram Panchayat, Panchayat Samity, Zilla Parishad and for the district as a whole. Computer software for Statistical Information System has also been developed and demonstrated. Preparation of this information system for the District of Howrah may be claimed as first at district level in the entire country.

P. Maiti

Some Shrinkage Type Estimators for Variances for Univariate Population

In many situations, the problem of estimating population variance of a variate y assumes importance. For example, the geneticists often classify their populations according to population variance. In this paper, an attempt has been made to improve upon the usual estimator for the variance by bringing the role of some other statistics in addition to sample variance. The present work has also included some Bayes estimators for variance from some specified populations like normal, Gamma etc. 
                                                                                                                                          

P. Maiti

Econometrics: Theory and Application

A New Co integration Test Under Cross Sectional Dependence 

Co integration tests under univariate framework are known to have little power. A new co integration test in panel data framework incorporating cross sectional dependence has been developed. It is shown that this new test has standard normal distribution with good power property.

S. Das and G. Sinha

Testing for Unit Roots in Panels with A Factor Structure

This paper has considered various tests of the unit root hypothesis in panels where the cross-section dependence is due to common dynamic factors. Three situations have been studied. First, the common factors and idiosyncratic components may both be nonstationary. In this case test statistics based on generalized least squares (GLS) has possessed a standard normal limiting distribution, whereas test statistics based on ordinary least squares (OLS) have been shown to be invalid. Second, if the common component is I (1) and the idiosyncratic component is stationary (the case of cross-unit cointegration), then both the OLS and the GLS statistics have failed. Finally, if the idiosyncratic components are I (1) but the common factors are stationary, then the OLS-based test statistics are severely biased, whereas the GLS-based test statistics are asymptotically valid in this situation. A Monte Carlo study is conducted to verify the asymptotic results. 

J. Breitung and S. Das

Testing for Absolute Convergence: Theoretical and Empirical Observations

Recently, new testing procedures for the convergence hypothesis using panel data have been developed. A convergence process is assumed to occur when deviations of a process (say, the per capita GDP) from the cross sectional average approach individual constant values as time approaches infinity. If all these values are zeroes, the convergence process is said absolute (convergence in levels). If at least one of these values is different from zero, the convergence process is said to be conditional one. A new test has been developed for testing the null hypothesis of absolute convergence against the alternative hypothesis of conditional convergence. The proposed test is robust to cross-sectional dependence. A detailed simulation study has been conducted to examine its performance. 

S. Das

Regional Convergence of Growth, Inequality and Poverty in India -An Empirical Study

The paper has attempted to examine whether there is regional convergence of consumption growth, inequality and poverty across various states in India. Using panel unit root tests that are robust to cross-sectional dependence, it is found that inequality and poverty indicators converge across both rural and urban level. Consumption growth also converges at urban level but not at rural level. Based on factor analysis, it is found two groups of states for rural sectors, viz., low growth and high growth states, and that consumption growth converges within each group separately. It has also been attempted at identifying the responsible entities for such divergence-- central or state governments or both.

S.Das, G. Sinha and T.K Mitra 

Is the Relative Risk Aversion Parameter Constant Over Time? A Multi-Country Study

This paper has developed an information matrix (IM)-based test for testing the hypothesis of constant relative risk aversion parameter in the GARCH-M set up. A detailed Monte Carlo study is then carried out to evaluate the performance of this test in terms of size and power. Further, a bootstrap technique is suggested to correct the over-size problem found in small samples. The proposed test is then applied to the time series of returns on stock markets of five important countries to examine whether this important hypothesis holds or not. It is found that the relative risk aversion parameter is not time invariant for all the five data sets.

S. Das and N. Sarkar

Price Convergence Across Regions in India

The paper has attempted to examine whether there is price convergence across various regions in India. Using panel unit root tests that are robust to cross-sectional dependence, it is found that relative price levels among various regions in India are mean reverting. Further, each series has been decomposed into a set of common factors and idiosyncratic components. The decomposition has enabled us to test stationarity and estimate half-lives of the common factors and the idiosyncratic components separately. Both these components are found to be stationary. Idiosyncratic price shocks, however, are found to be more persistent as compared to the common factor. Results also have indicated that transportation cost proxied by distance can explain a part of the variation in prices between two locations in India.

S. Das and K. Bhattacharya

Financial Econometrics 

India is now considered to be one of the most important emerging market economies, and consequently its integration with the developed economies is now happening to a substantial extent. In such a vibrant economic situation, empirical determination and forecast ability of an important economic and financial variable like the foreign exchange rate of India should be both important and useful. Keeping this in mind, researches have been carried out on the following topics by applying modern time series econometric tools.  

(i) Forecast ability of the SETAR, SETAR-GARCH and Double Threshold GARCH models. 

(ii) Smooth Transition Autocoregressive Model and the Markov Switching Regression Model for Exchange Rate Return. 

The empirical exercises done on the two topics mentioned above throw some light on the extent to which these nonlinear models are able to capture volatility, persistence and regime shifts inherent in the exchange rate variable of an emerging/developing country like India. Forecasting performance of these models has also studied using the out-of-sample forecasts and the standard criteria for forecast evaluation. 

(iii) Modeling Foreign Exchange Return with Macroeconomic variables: A Predictive Regression Approach. 

(iv) Long – Run Relationship Between Exchange Rate and Macroeconomic variables. The predictability of exchange rate return on India using important macroeconomic variables have been carried out from consideration of short-run and long-run in (iii) and (iv), respectively. 

N. Sarkar

Economic Growth and Intellectual Property Right

Equilibrium Growth

A sector specific external effects of human capital on production have been introduced in an otherwise Uzawa–Lucas model and it has been shown that the problem of indeterminacy of the competitive equilibrium growth path does not exist even if the production function satisfies the increasing returns to scale at the social level.

M. R. Gupta and B. Chakraborty

Innovation, Imitation and Intellectual Property Rights

Perfect international labour mobility has been introduced between the North and the South into the Helpman North South model. The effect of strengthening the intellectual property rights (IPR) protection in the South and the effect of an increase in labour endowment in the South on the rate of innovation in the North and on the volume of South North migration in the steady state equilibrium have been analysed. Strengthening of IPR protection if consumers are very patient in their intertemporal choice has produced a positive effect on the rate of innovation. The increase in the Southern labour endowment also has a positive effect on the rate of innovation. These results are opposite to those obtained in the Helpman model.

D. Mondal and M. R. Gupta

Endogenous Imitation and Endogenous Growth in A North-South Model: A Theoretical Analysis

A modified North South product variety model of Grossman and Helpman has been presented in this paper introducing localised knowledge spillover in the Northern R&D sector as opposed to the Marshall-Arrow-Romer type of knowledge spillover assumed in Grossman-Helpman model. It has been shown that a tighter Intellectual Property Rights (IPR) protection in the South would lead to an increase in the rate of innovation in the North in this case. The comparative steady-state effects with respect to change in the labour endowment of the two countries have been analysed. Results were different from those obtained in Grossman-Helpman model. Some transitional dynamic properties of this modified model have been analysed and the comparative dynamic effects on the North-South relative wage with respect to the stronger IPR protection parameter and labour endowment have been derived. It has been shown that the relative wage of a region would vary inversely with its size in the short run and would vary directly in the long run. The welfare effects of the policy of IPR strengthening and of changes in labour endowments have also been derived. South may have a welfare gain in this model when the IPR policy has been strengthened.  The result related to the effects of IPR strengthening has been different from that obtained in Helpman where IPR strengthening would cause welfare loss of the South.

D. Mondal and M.R.Gupta

Innovation, Imitation and Multinationalisation in A North-South Model: A Theoretical Note

A dynamic general equilibrium product variety model of international product cycle with endogenous cost of imitation in the South has been considered in this paper. It has been found that a policy of strengthening intellectual property rights (IPR) protection in the South would lower the rate of product innovation, rate of multinationalisation and South-North relative wage if multinationalisation (or, FDI) would be the channel of production transfer. These results have been significantly different from those obtained in the exogenous imitation model of Lai. So a stronger IPR protection policy adopted by the South may not be interpreted as an incentive to encourage Northern FDI in the South and to raise the rate of innovation in the North.

D. Mondal and M. R. Gupta

Intellectual Property Rights Protection and Unemployment in A North South Model: A Theoretical Analysis.

In this paper, a North South dynamic general equilibrium model of the international product cycle has been analysed to study the effects of strengthening the Intellectual Property Rights (IPR) protection in the South on the rate of innovation in the North and on the level of unemployment in the South. Introducing efficiency wage hypothesis into the standard Grossman-Helpman product variety framework unemployment equilibrium has been explained in the unskilled labour market in the South. It has been shown that the strengthening of Intellectual Property Rights (IPR) protection has a negative effect on the steady state equilibrium rate of innovation. However, its effect on the level of unemployment in the South was dependent on the relative wage gap between these two regions. In the wide gap equilibrium case, it has been shown that a stronger IPR protection lowers the level of unemployment. However, in the narrow gap case, this has been shown to raise the level of unemployment. The effects of changes in labour endowments in both the countries have also been analysed.

D. Mondal and M. R. Gupta
Employment Segregation
An axiomatic derivation of a class of numerical indices of integration (equality) in the distribution of different types of workers across occupations is developed. The associated segregation (inequality) indices parallel one form of multidimensional generalized Gini inequality indices. A comparison is made with the other Gini-related segregation indices. A numerical illustration of the family of indices is also provided using United States occupational data.

                                                                                S. R. Chakravarty, C. D’Ambrosio and J. Silber

Game Theory

Indices of Voting Power

Two-axiom (hence minimal) characterizations of the Coleman indices of voting power have been developed. These characterizations can be transformed into minimal- axiom characterizations of the Banzhaf index of power in voting games.

R. Barua, S. R. Chakravarty and P. Sarkar

Preferences Lower Bound in The Queueing Model 

The existence of a first best incentive compatible mechanism for the queuing model has been shown to satisfy identical preferences lower bound. This mechanism is called the FB mechanism. It is also shown that for the queuing model, either with three agents or with four agents, the FB mechanism is the only first best incentive compatible mechanism that satisfies identical preferences lower bound.

M. Mitra

On the Coincidence of the Prenucleolus with the Shapley Value

The literature on the coincidence of the prenucleolus and the Shapley value has been sort to extended by identifying a class of coalitional form games called PS games. The role of PS games in the context of queuing problems has also been analyzed. The analysis shows that among a class of generalized queuing games only those queuing games with ‘linear externalities’ share this coincidence.

M. Mitra

The Kolkata Paise Restaurant problem and resource utilization

The Kolkata Paise Restaurant (KPR) problem, which is an infinitely repeated game with N agents (restaurants), is being introduced. Though the restaurants charge the same price for providing dinner, agents have a strict preference ranking over these N restaurants, which is identical for all agents. A sub-class of the KPR problem is identified for which the stage game has the property that the set of pure strategy Nash equilibrium coincides with the socially efficient allocations (allocations leading to a one-to-one mapping between agents and restaurants). Therefore, as long as the set of agents is small and agents are rational, one can sustain any socially efficient allocation as an equilibrium outcome of this sub-class of KPR problem. However, if N is large and if agents cannot expect the other agents to be rational then we argue that the KPR problem is intrinsically dynamic. The statistics for the utilization fraction under different `simple' stochastic strategies is analyzed and the daily fluctuation in the underutilization is found to be Gaussian for the strategies considered here. In terms of strategic and the associated utilization fraction the main findings are (a) with no learning, the utilization fraction on an average is higher in comparison to some `limited' learning and (b) the statistics for utilization fraction can improve with a strategy where each agent, after getting dinner from a restaurant in period t, goes back to the same restaurant in period (t +1) (ignoring the ranking of the restaurants). 

M. Mitra, A.S. Chakrabarti,

B.K. Chakrabarti and A.Chatterjee
Health Economics

Health Care Service Use by Women

In explaining the low levels of use of basic minimum health care by women in developing countries, the role of provision and geographic accessibility of services have been focused. An attempt has been made to investigate the role of socio-economic and cultural factors, inequitable gender ratios and women's status in households on the decision for using the existing health care services. The study has been done on Indian women using the data from National Family Health Survey (NFHS). It has been the women’s social status (particularly having information system and education) playing an important role in deciding to avail the essential health care services including those for maternal health. Therefore, attention must be given to proper distribution of the benefit of the policies through awareness campaigning for the use of these benefits.

S. Chakrabarti

Role of Individual and Household Level Factors on Stunting

An attempt has been taken in this study to investigate the degree of chronic malnutrition in the context of socio-economic, demographic and other characteristics of the children and their households in the three selected states in India. The data for this study were taken from the National Family Health Survey (NFHS-2) conducted by the International Institute for Population Sciences (IIPS), Mumbai, in 1998–1999. The percentage of stunting of children in Bihar, West Bengal and Kerala was found to be 54, 39 and 23, respectively. Women’s education and the household condition index have been found to be two major factors that significantly influenced the status of health in the children in all three states. Months of breastfeeding and birth interval have also been associated with health status. The effect of the above-mentioned variables was most prominent in Bihar and least in Kerala in terms of statistical significance.

S. Som, M. Pal and P. Bharati

Prevalence and Causes of Chronic Energy Deficiency and Obesity in Women Of India

The nutritional status of women in India and its relation to the prevalence of chronic energy deficiency (CED) and obesity have been investigated using data from the Indian National Family Health Survey, 1998–1999 on body mass index (BMI) of ever-married women, ages 15–49 years, along with several socioeconomic factors, such as level of education, religion or caste, occupational status, and standard of living index. The study was based on 81,712 women from 26 states and 6 zones, which were grouped according to geographic proximity of the states of India. The incidence of CED and obesity has been found to be negatively related to each other. The degree of prevalence of CED varied by states and by zones. The nutritional status of women was influenced by enhancement of women’s educational status, standard of living, and so on. Furthermore, BMI in Indian women was affected significantly by all the socioeconomic variables considered in the study.

S. Bharati, M. Pal, B. N. Bhattacharya and P. Bharati

Obstetric Care Practice in Birbhum District, West Bengal, India

The existing pattern of obstetric health care practices and the factors associated with the utilization of such care have been investigated using information from 495 adult married women of both rural and urban areas of nine Blocks of Birbhum district. Besides performing x2 tests to see the association of the relevant individual and household characteristics, logistic regression was also carried out to measure the effect of these characteristics on the use of obstetric health care. It has been found that educated women in the practice of obstetric health care have played an emphasized role. Husband’s education and the standard of living of the family also have been the effective factors for the decision-makings for antenatal check up, place of delivery and assistance of health professional. 
S. Bharati, M. Pal and P. Bharati

Body Form and Nutritional Status Among Adult Males of Different Social Groups in Orissa and Bihar 

A biological investigation has been aimed at on the body form and the nutritional status of major social groups of Orissa and Bihar. For this Chromic Index (CI) and Body Mass Index (BMI) have been computed using data on height, sitting height and weight, taken from adult males of age 18 to 62 years of different ethnic groups of these two states. The subjects have been classified on the basis of chronic energy deficiency (CED). It is found that a substantial proportion of the people with CED are in the grade II and grade III categories. The results reveal that in Orissa, scheduled tribes are shorter, lighter and have lowest mean values of BMI and Chromic Index compared to other groups, but in Bihar, though the scheduled tribes are shorter, scheduled castes are lighter and have lowest mean values of BMI. There are significant differences in BMI as well as in CI between scheduled tribes of Orissa and Bihar. Scheduled castes and tribes of Bihar have the highest percentage of CED with 64.71 percent and 57.45 percent, respectively. Muslims of Bihar are also affected (52.95%), but overall prevalence of CED is lower in Orissa (49.11%) than that in Bihar (54.62%). BMI and CI are highly correlated for each of the social groups in Bihar and Orissa.

S. Chakrabarty, M. Pal, S. Bharati, P. Bharati

Chronic Energy Deficiency among Indian Women by Residential Status 

To find out the magnitudes of disparity with respect to health facilities, education, infrastructural facilities, etc in rural and urban areas, its variation across states and reasons for such disparity, an attempt has been taken considering 81,712 ever-married women of reproductive age from 26 states in India. Body mass index (BMI) is considered to be a good measure of chronic energy deficiency (CED) and obesity. Some socio-economic variables were also considered which are known to affect nutritional status. For each state, the place-of-residence-wise classification was done. To determine the relationship between CED of women by rural and urban differences with different socio-economic variables, the percentage of urban CED women was subtracted from that of rural CED women. Thus, a positive sign means rural women are more affected than urban women. Correlation coefficients and Chi-square analyses were performed to establish relationship between dependant (nutritional status) and independent (socio-economic) variables. The salient findings are that there is a large disparity in nutritional status of adult women of reproductive age in 26 states between rural–urban areas in India. It was found that the magnitude of difference varies across the states. The noteworthy fact is that more developed states have less and most of the less developed states have more rural-urban differences. Rural-urban difference of the northeast states are very low due to many factors including factors leading to higher empowerment of women compared to other states in India.

P. Bharati, S.Bharati, M.Pal, S, Chakraborty and R.Gupta

Indian Economics

Land Acquisition 

The process of acquiring land to build up infrastructure, industries and various services displacing people from their traditional occupations and livelihood was the concern of this paper. In particular, the focus has been given on the recent strife in West Bengal over such acquisition. The paper has argued that while such acquisition has become necessary for industrialization which in turn was absolutely essential for the long run development of West Bengal, its success has depended crucially upon a well thought out compensation and rehabilitation programme, which has so far been seriously lacking in the state.

A. Sarkar

Rural Industrial Entrepreneurship

This study has identified farmer’s age, education, marital status, number of children, number of crops, financial family support, innovativeness, wealth, and occupational status as the main determinants of non-farm entrepreneurship in West Bengal by means of a Structural Equation Model. Furthermore, education policy and training programs for potential entrepreneurs have been identified as policy handles to support rural industrial entrepreneurship for those farmers who intend to invest their surplus generated from agriculture into rural industrial activities. Finally, it has been shown that the development of properly functioning capital markets in rural areas may not only stimulate rural industrialization but also reduce the development of inefficient rural industrial activities.              

H. Folmer, S. Dutta, H. Oud and A. Majumder
Construction and Analysis of Regional Variations of Social Development Indices in India

This study on construction and analysis of regional variations of social development indices in India involves detailed analysis of social, demographic, household amenities, technological development, economic development and human development across rural and urban areas of 591 districts in India. Along with the secondary sources the study requires the data have been collected also from primary sources based on the sample survey conducted in selected states from all over India. 

B.Ghosh, M. Pal and S. Mitra

Variations in Income Elasticities: An Analysis of Indian Household Budget Data

In this paper expenditure elasticities for seventeen commodities across different expenditure classes have been estimated from consumer expenditure data for two NSS rounds, viz. the 50th and 55th rounds. The exercise has been done separately for the rural and the urban sectors for fifteen major states and ‘All India’.

S. Das

Efficiency and Input Congestion in Indian Banks

The concerns of Indian banks to cope up with the ongoing financial liberalization, among other things, are primarily two. (i) The large volume of non-performing asset with commercial banks, particularly with the public sector banks and (ii) the problem of excess employees and high staff costs in the domestic banks, particularly, in the public sector banks. In this paper attempt was made to understand the efficiency of Indian banks of three organizational types, namely, public, private and foreign. It tried to find out the extent of labour congestion in those banks and to find out the sources of variation of efficiency among the banks. It was found that the cost efficiency scores of Indian commercial banks using DEA varies significantly across banks of different ownership pattern. Input congestion is present in both public sector and private sector banks. The analysis of the sources of variation in efficiency reveals that size and technology have positive impact on the variation of cost efficiencies. Among the other factors that significantly influence the variation of efficiency of banks are size and non-performing asset.

S. C. Ray and C. Neogi

Horizontal Rift versus Vertical Mobility of People Across Various Expenditure Classes in Indian States

This paper has investigated the inter and intra-state purchasing power differentials across the expenditure classes in each of the states in a comparable set up and over time during the last four large sample rounds of surveys by National Sample Survey Organization (NSSO) from 1987 – 88 to 2004-05. It has come out from the study that counting the poor alone while leaving a substantial proportion of people, who live marginally above the conventional poverty line but much below the decent level of income, from the core of analysis would inevitably make any policy intervention ineffective. The question of vertical mobility of limited group of people and horizontal rift across different expenditure classes within the states has come out as a dominant feature of post-reform India, where rural- urban divergence in terms of population composition and endowment share has been intensified. Thus there is urgent need to review the existing strategies to tackle rural and urban poverty and inequality syndrome in a simultaneous framework, not in isolation from each other.

B. Ghosh and N. Gupta

Indexing Railway Fare and Freight Structure with Operating Cost - Fuel Price 

A methodology has been developed for indexing the fare and freight structure with Fuel price for the Indian Railways. The empirical exercise has been done using data for the South-Eastern Railways. 

C. Neogi, A.Majumder and D. Sengupta

Industrial Organization

R&D Race between Two Symmetric Firms

The game consists of two stages. In the first stage, firms non-cooperatively decide upon their levels of investment in R&D, which, in turn, determine the Poisson probabilities of their subsequent successes. In the second stage, they engage in a Nash bargaining game to share their knowledge. It has been shown that the firms over-invest and earn lower profits if knowledge sharing is possible compared to the situation where it is not. Hence, before the first stage, if the firms are given the option of precommiting to no knowledge sharing, they will do so and be better off. The society, of course, would be better off with full knowledge sharing.

                                                                                         




     A. Sarkar
Regulation of An Open Access Essential Facility

A vertically integrated firm owns an essential input and operates on the downstream market. There is a potential entrant in the downstream market. Both firms use the same essential input. The regulator’s objectives are (i) to ensure financing of the essential input and (ii) to generate competition in the downstream market. The regulatory mechanism grants non-discriminatory access of the essential facility to the entrant provided it pays a two-part tariff to the incumbent. The optimal mechanism generates inefficient entry. The inefficient entry captures the trade off between market efficiency and infrastructure financing resulting from incomplete information and not-discriminatory access.

M. Mitra

Brand Name Collaboration and Optimal Tariff

In a Cournot-Nash framework the possibility of cross-border brand name collaborations between two firms where superior brand enhances consumers’ valuation for the product is studied. It is shown that a firm owning a superior brand will license its name to a less reputed organization provided the licensee has already established its name to some extent. In other words, “collaborations” tend to take place between the “equals”. The analysis is extended to show how a tariff on the reputed brand product affects the conditions for collaboration. The optimal tariff rate consistent with the host country’s welfare maximization is also determined.

S. Marjit, H.Beladi and T.Kabiraj

Joint Venture Breakdown

Given a joint venture formed between a local firm from a less developed country, and a foreign multinational is considered, in a dynamic two period model it is examined how the availability of new technology can trigger breakdown of the joint venture. The result appears to be consistent with the empirical evidence. It is shown that such breakdown is more likely if the MNC is relatively patient, or, in contrast to the existing literature, there is an increase in the level of demand. The results are also robust to alternative assumptions regarding bargaining power and control.

T. Kabiraj and P. Roy Chowdhury

Under-utilization of Patents and Entry Deterrence

Why some pharmaceutical companies observed to withdraw their products before patents are expired and simultaneously introduce new patented (competing) products? The paper provides a theoretical justification of this observation. Given the specific nature of drug markets, the companies in fact increase the entry cost of the potential generic drug manufacturers and thereby lessen competition for new drugs. The paper determines the optimal date of withdrawing the product and studies comparative static effects of the change of parameters underlying the model.

T. Kabiraj and S. Marjit

Patent Protection in A North-South Model

It has been shown that under some conditions it is optimal for the non-innovating south to give patent protection for a longer period than the innovating north. However, a cooperative patent agreement involves a larger protection by each country compared to the non-cooperative situation. 

S. Banerjee and T. Kabiraj

Industry

Efficiency of Indian Manufacturing Firms: Textile Industry as A Case Study

Translog stochastic frontier production functions have been fitted to firm-level cross sectional data obtained from the Annual Survey of Industries, Central Statistical Organization, Government of India, on India’s textile firms for five selected years to estimate technical efficiency (TE) of firms. The results show the average level of TE to vary between 68 to 84 per cent across these years and hence point to the existence of substantial scope for the Indian textile firms to improve their productive efficiency. Individual TEs have been found to be affected by firm-specific characteristics such as size and age. In particular, effect of size of a firm on its level of TE is estimated to be significantly positive while that of age, significantly negative. Further, public sector firms are found to be relatively less efficient than their private sector counterparts.

A. K. Bhandari and P. Maiti
Technical Efficiency in the Indian Textile Industry: A Nonparametric Analysis of Firm-Level Data

The Indian textile industry is now at the crossroads with the phasing out of quota regime that prevailed under the Multi-Fiber Agreement (MFA) until the end of 2004. In the face of full integration of the textiles sector in the WTO, maintaining and enhancing productive efficiency is a precondition for competitiveness of the Indian firms in the new liberalized world market. The Data Envelopment Analysis (DEA) methodology is applied to the data thrown up by the Annual Survey of Industries for a number of years to measure the level of technical efficiency in the Indian textile industry at the firm-level. Both a grand frontier applicable to all firms and a group frontier specific to firms from either a given state or under a given ownership or organization type have been constructed in order to evaluate firms’ efficiencies with respect to each of grand and group frontiers. The results show that locational, proprietary, and organizational differences of firms affect their performances. 

A. K. Bhandari and S.C.Ray
Technical Efficiency of Indian Leather Firms: A Comparison of The Results Obtained Through Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA)

Leather industry occupies a place of prominence in the Indian economy in view of its massive potential for employment, growth and exports. With a strong raw-material base and a large reservoir of traditionally skilled labour force, the Indian leather industry has not only made significant strides during the past two decades, but has undergone a dramatic transformation from a mere exporter of raw materials (like tanned hides and skins) in the 1960’s to that of value added finished products from the 1970’s. An attempt has, therefore, been made to estimate the extent of technical efficiency (TE) among the Indian Leather firms, applying both the DEA and SFA methodologies, in selected years during both pre- and post-reform periods. The basic results obtained through the two methods are similar and some of these results include a positive association between a firm’s size and its TE and a lower TE of an average firm in Tamilnadu and West Bengal compared to such a firm elsewhere.

A.K. Bhandari and P. Maiti
Concentration and Profitability in the Indian Industries: An Empirical Exercise

A description of market structure indicates the number of sellers in the market, their degree of product differentiation, their cost structure, the degree of vertical integration with suppliers and so on. And market structure determines what is called market conduct i.e., the behavioral rules followed by the various agents – the buyers, the sellers or even the potential entrants – to choose the variables under their control. Finally, market performance (like efficiency, price-cost margin, profit etc) is the result of market conduct. Such market ‘structure-conduct-performance’ (S-C-P) paradigm has been an area of active research for a long time and a large number of studies – both theoretical and empirical – have come up in this domain of industrial organization. An attempt has been made to ascertain whether the conventional S-C-P paradigm is valid for the liberalized industrial sector (as a whole) in India using the unit level data on various industries collected by the Centre for Monitoring Indian Economy. Specifically, it has been examined how market concentration along with some important entry barrier variables like advertisement-sales ratio, minimum efficient size of a firm etc., affect profitability of the Indian industries. There are other factors that constitute the elements of ‘market conduct’ such as R&D expenses, degree of vertical integration, capital-sales ratio etc. that have considerable implications for profitability. The empirical results obtained in this exercise seem to confirm, by and large, the prevalence of the conventional S-C-P paradigm in the Indian industries.

A.K. Bhandari and P. Maiti
A Non-Radial Measure of Efficiency in Indian Textile Industry: An Analysis of Unit-Level Data

In this paper Data Envelopment Analysis (DEA) was applied to firm level data from various years of Annual Survey of Industry to obtain Pareto-Koopmans measures of technical efficiency in the Indian textile garments industry. The overall efficiency measure was multiplicatively decomposed into an input- and an output oriented Russell type non-radial measure. For the second stage regression of DEA efficiency scores in terms of age, ownership, regional location, and other characteristics of a firm, a Box-Cox transformation of the one-sided dependent variable was performed to avoid using a Tobit regression in a context where there is no obvious censoring of the data.

S. C. Ray and C. Neogi

International Trade

Redistribution and Free Trade in Agriculture

The purpose of the paper was to look at the welfare effects of trade in agricultural goods in a less-developed country where the agricultural market is controlled by a handful of large farmers. It has been shown that the success of trade reform depends upon the distribution of output between large and small farmers and the success of land reform leading to redistribution from the large to the poor depends on trade reform. In other words, if undertaken in isolation, each reform might lead to a fall in welfare, but if jointly undertaken, they would lead to an increase in welfare. Thus the two reforms are complementary. 

A. Sarkar

Trade, Wage Inequality and the Vent for Surplus

Most of the models attempting to give an account of trade induced symmetric increase in wage inequality have abandoned the factor price equalization  (FPE) framework. In this paper a plausible route has been identified through which trade might increase wage inequality in both the trading countries in a standard factor price equalization framework. A very simple two-sector model has been developed with one constant return and another increasing returns to scale sector. There are two types of productive factors skilled and unskilled labour and they differ with respect to their occupational options. Skilled labour can work both in the skill-using sector and also in unskilled job, whereas unskilled labour is tied down to unskilled job. If the scale of operation of the IRS sector is limited by the size of the domestic market, then the skilled work force might remain under-utilized. It has been shown that trade can lead to a full utilization of skilled labour in all countries through exploiting the economies of scale. This, in turn, might increase the skill premium in all countries.

B. S. Chakraborty and A. Sarkar

Protection and Real Rewards: Some Antinomies

This paper has developed a simple model with increasing returns to scale sector and complementarities in production. The consequence of tariff protection in such a model has been explored.  Interestingly enough, it is shown that under a particular protectionist regime the factor specific to the sector(s) suffering an adverse shift in relative price (the unprotected sector) might gain along with the factor specific to the protected sector.  Thus there can be a concord in interests of specific factors.  Furthermore under such a regime the mobile factor (identified as labour in our model) is most severely hurt. Under yet another protectionist regime it is shown that both the specific factors (even the factor specific to the protected sector(s)) might lose and the mobile factor gains unambiguously. Both these cases are in stark conflict with the conventional wisdom associated with the specific factor model.

B. S. Chakraborty

Capital Inflow Under Voluntary Export Restraint

This paper investigates the welfare consequence of exogenous capital inflow for the host country when the source country implements `voluntary export restraint'.  In an imperfectly competitive market with increasing returns to scale (IRS) sector, the possibility of welfare immiserization has been explored. Two channels have been identified leading to immiserization. First, and this is direct, resource reallocation following capital inflow can squeeze the under-produced sector and reduce welfare. Secondly, contraction of the IRS sector can raise the return to capital, even when the price of the capital-intensive importable falls unambiguously. Thus, even with an improvement in commodity terms of trade, the factor terms of trade can worsen and reduce welfare. 

B. S. Chakraborty

Quota as A Competitive Device

Are quantitative restrictions necessarily anti-competitive? It is shown that if entry of the relatively inefficient firms is deterred due to fixed costs, leading to a monopoly of the relatively efficient firm, guaranteed production quota for the less efficient ones could increase consumers’ surplus. In other words, restricting the output of more efficient firm helps to reduce the price compared to the monopoly level. If the emergence of monopoly is independent of the level of fixed costs of the inefficient competitors, monopoly is the more efficient outcome. This has relevance for the recent entry of China in WTO and the abolition of export quotas in textiles. This also qualifies the conventional wisdom in the trade policy literature that quantitative restrictions are necessarily anti-competitive. The optimal policy can be to keep in place a quota but allow it to be licensed to the more efficient exporter.

S.Marjit, T. Kabiraj and A.Mukherjee

Macro Economics

Bank Deregulation and Bank Solvency

In this paper a counter example has been constructed in a Keynesian Macro framework to show that it is not necessarily true that bank profit is lower under directed credit programme than that under free market situation. It has been shown that the externality generated under directed credit scheme enables the bank to internalize a part of the additional gain to the society as additional profit. This impact might be strong enough to make bank profit larger under directed credit programme.

C. Das and A. Ghosh
Polarization

Polarization Indices, Polarization Curves

An intermediate notion of polarization, which is defined as a convex mix of relative and absolute concepts of polarization, is considered. While absolute polarization indices remain unchanged under equal absolute augmentation in all incomes, relative indices do not change under equiproportionate variations in all incomes. The class of intermediate polarization indices whose orderings of alternative income distributions agree with the rankings generated by intermediate polarization curves is identified. The ranking relation developed is implemented by a simple graphical device. Finally, a numerical illustration of the results developed in the paper is provided using data from Southern European countries.

S. R. Chakravarty and C.D’ Ambrosio

Poverty Analysis
Poverty and stochastic dominance  
A generalization of the poverty ordering criteria available for single dimensional income poverty to the case of multidimensional welfare attributes is developed using multidimensional stochastic dominance. A set of properties to be satisfied by multidimensional poverty measures is first discussed. Then general classes of poverty measures based on these properties are defined. Finally, dominance criteria are derived such that a distribution of multidimensional attributes exhibits less poverty than another for all multidimensional poverty indices belonging to a given class. These criteria may be seen as a generalization of the single dimensional poverty–line criterion. However, it turns out that the way this generalization is made depends on whether attributes are complements or substitutes. 

F. Bourguignon and S. R. Chakravarty

The problem of measurement of individual poverty in an intertemporal context is considered and a class of indices with attractive properties is characterized. An axiomatization of an aggregate intertemporal poverty index is also developed.

W. Bossert, S.R. Chakravarty and C. D’Ambrosio
The multidimensional extension of the Watts poverty index may be expressed as a function of five determinants measuring respectively the impacts of what are defined in the paper as the Watts poverty gap ratio, the Theil-Bourguignon index of inequality among the poor, the overall headcount ratio, the weights of the various dimensions and some measure of correlation between the various dimensions. Using the Shapley decomposition, this index has been applied to world data on the per capita GDP, life expectancy and literacy rates and derives the contributions of the five determinants defined above to the variation of this index between 1993 and 2002. A characterization of the Watts index has also been developed using subgroup decomposability.

S. R.Chakravarty, J. Deutsch and J. Silber.

Poverty and human development

A new procedure has been suggested for setting and updating the poverty line to take account of inflation and changing tastes. The procedure, which is based on the estimation of nutrient prices, takes an “absolute” view of poverty that is rooted in the idea of age and gender specific minimum calorie requirements to be obtained from a “balanced” diet of nutrients. This study goes beyond recent investigations on the link between calorie and food expenditure by working in nutrient space and enforcing the idea of a “balanced diet” of the principal energy generating nutrients that would not be possible by focusing on calorie alone. Moreover, the proposed procedure of using estimated nutrient price indices to calculate cost of living indices provides a novel way of overcoming the problem of item comparability, definitions, missing items, etc. that affect the traditional cost of living indices based on food items.

D. Coondoo, A. Majumder and R. Ray
A method of estimating micro-level poverty in cases where data are scarce has been developed 

The method has been applied to estimate district level poverty using household level data of the National Sample Survey (NSS) organization. The method involves estimation of state-level poverty indices from the data formed by pooling all the district level data (each time excluding one district) and multiplying this poverty vector with a known weight matrix to obtain the unknown district level poverty vector. The proposed method is expected to yield reliable estimates at the district level, because the district level estimate is now based on a much larger sample size obtained by pooling several district level data. This method can be an alternative to the “Small Area Estimation Technique” for estimating poverty at sub-state levels in developing countries. 

D. Coondoo, A. Majumder and S. Chattopadhyay

The human poverty index concentrates on deprivations in the living standard of a population in terms of failures in three basic dimensions of life, namely, decent living standard, educational attainment rate and life expectancy at birth. This study has considered a global deprivation index using an arbitrary number of dimensions of human life. If only the three basic dimensions of well-being are considered, a member of this family becomes increasingly related to the human poverty index. For any partitioning of the population into two or more groups, with respect to characteristics like age, sex, race, region etc., the percentage contributions of deprivations in different groups can be calculated and hence the groups which are more affected by deprivation can be identified. This becomes extremely important from a policy perspective. Using a factor decomposability condition the dimensions, which are major contributors to global deprivation, can be isolated. An empirical illustration of the index using Indian data has been provided.

S. R. Chakravarty and A. Majumder.

Political Economy

The paper has sought to explain why in LDCs like India bandhs or general strikes which, unlike strikes in a factory, called by political parties are often held as general protests without any specific economic goal to achieve. While the economy, especially the vulnerable section of its population, loses from these general strikes, it is not immediately clear how political parties gain from them. It has been argued that political parties call general strikes to signal their strength, which determines their probabilities of winning elections as perceived by the vulnerable. The vulnerable, who are crucially dependent on political favours for their survival, in turn, are more likely to join the party which can signal more strength and a higher probability of winning. 

A.Sarkar

Public Economics
Economics of public sector

In this book analytical frameworks have been developed to study the optimum scale of public expenditure and optimum ways of financing it. In this process, issues of efficient allocation of resources, equitable distribution of tax burden, minimizing inefficiency of the tax structure, statutory and economic incidence of different types of taxes, implications of government borrowing and the rationale of distributing economic or fiscal responsibilities and tax powers among different tires of the government have been analyzed. 

A. Ghosh and C. Ghosh

Quality of Life

Genuine well-being index – a possible new approach

Theoretically, it has been well established that per capita gross domestic product (PCGDP) [or per capita real gross domestic product (PCRGDP)] fails as a true measure of human well being.  In this context, a number of alternative measures – single as well as composite indices have been offered. This study presented an alternative estimate for general well-being [Genuine Welfare Index (GWI)]. GWI represented socio-economic environmental aspects of a country in a particular year. GWI were constructed for fifteen countries of South and South-East Asia for 25 years (1975-2000).  The major finding of the study was that inclusion of environmental aspects for measuring human well-being lowered estimation of growth rates of some high income-growth countries.

K. Mazumdar

World Inequality in Social Development Indicators

This study attempted to observe inequality in different aspects of quality of life, such as, life expectancy, female life expectancy, infant survival rate per thousand of population, adult literacy rate, female adult literacy rate, calorie intake per capita as percentage of requirement, physician per thousand of population, passenger car per thousand of population, primary enrollment ratio, primary enrollment ratio of female child etc. It also accounted for impacts of globalization on divergence/convergence in these different aspects of quality of life and the reasons behind such divergence/convergence.

K. Mazumdar
Achievement in Education: A Cross-country Analysis 

Recently, the social sector has drawn attentions of the academicians, economists, policy makers and the political leaders.  In fact, it has been observed that upliftment in the social sector leads to the growth in the economic sector. Education is a major part of the social sector. This study formulated educational indices for more than 100 countries of the world. The components of this index were: adult literacy rate, net primary enrollment ratio, net secondary enrolment ratio, net tertiary enrollment ratio, people teacher ratio in the primary education, people teacher ratio in the secondary education etc. The study further tested the hypothesis, whether level of educational attainment of a country, as measured by the educational index, had any impact on  (i) per capita income of the country,  (ii) growth rate of per capita income, (iii) inequality, (iv) life expectancy, (v) female life expectancy, (vi) infant survival rate, (vii) under weight birth, (viii) baby immunization, (ix) access to sanitation, (x) access to potable water, (xi) CO2 emission, (xiii) withdrawal of fresh water, (xiv) deforestation etc. It also attempted to see whether there are differences among countries belonging to different development levels and among countries belonging to different regions. 

K. Mazumdar
Transport Economics

The supply of the transport services offered by different modes in any metropolitan city falls far below the actual requirement of the commuters, particularly in the peak hours.  However, making provision for appropriate services depends on, apart from available infrastructural facilities, preference pattern and ability to pay of the commuters. In the context of enormous subsidies, which is uniform in nature, being doled out in the case of public transport, results in perpetual losses, which means the poorer people are hit most as a result of the inability of the system to expand and consolidate. Therefore, in determining the fare structure, ‘distributive justice’ and ‘equity principle’ should be followed which requires the identification of the target group for implementation of the concept of targeted subsidies. Based on a sample survey conducted in Calcutta Metropolitan District during 1976-77, empirical investigations were embarked upon to commuters preference for modes in the given and in changed situation, expenditure behaviour of the commuters and the revenue prospect of the modes and identification of the target group.

D. K. Halder and S. Chakrabarti 

Environmental Economics

Valuations of Ecological Services of Wetlands in India

The study had fifteen objectives. Four different surveys were conducted to gather information on the selected study fields: Sundarbans, Chilika and Kolleru: households residing in and around the wetland site, entrepreneurs producing or selling their product in and around the site, tourists visiting the place, the experts having knowledge on the wetland. The study also collected detailed secondary information on these fields. The study threw light to the socio-economic, demographic characters of these wetlands, valuations of these fields as wetlands, alternative valuations of these wetlands (if used for some other purpose). Finally, it was found that these fields produce more values when used in its present form.

K. Mazumdar, K. Chattopadhyay, S.Chakrabarti and C. Sharma Biswas

Economic Analysis Unit

The Economic Analysis Unit (EAU) is engaged in research in quantitative methods in economics and social sciences. Application of these methods to different problems in agriculture, industry and monetary economics is actively pursued. Topics for the current research include estimating the effects of the economic reforms, developing economy-wide models using VAR and VEC methodologies and simulations for estimating production, savings and commodity- wise consumptions in India for the 11th Five year plan period.

Linguistic Research Unit

During the period (April 2007- March 2008), the Linguistic Research Unit of the Institute continued with its programmes of research of development activities in the areas of Cognitive Linguistics, Corpus Linguistics and Language Technology, Clinical Linguistics along with some work in the area of mainstream linguistics. 

Cognitive Linguistics 

The unit has initiated the substantive study of conceptual networks on the basis of Whole Word Morphology. Earlier work has demonstrated a connection between this inquiry and the linguistics of lexicophrasal difficulty. The unit now has initiated research in conceptualization kernel studies. 

P. Dasgupta
Corpus Linguistics and Language Technology 

The unit has developed a model for corpus-based lexicon in Bengali; designed a model for corpora-based first and second language teaching, developed a model for usage-based electronic dictionary in Bengali, developed a model for corpus-based dialectology, working on a model for usage-based grammar in Bengali; defining rules for automatic POS-tagging of Bengali words; developing an English-Bengali dictionary of idiomatic expressions, set phrases, and lexical collocations for machine translation; developing lexical databases for Basic vocabulary as well as graded vocabulary for modern Bengali. 

N.S. Dash
Clinical Linguistics

The unit continues its research activities with a view to systematically examine the speech language pathology nexus which in future will enable a systematic approach to language habilitation of children with speech and neurolinguistic disorders. Diagnosis of different kinds of speech disorders, neuropsychological / neurolinguistic problems followed by detailed analysis and implementation of a comprehensive educational program will be considered as an integral part of the research program. Research is carried out to continue its habilitation program of children suffering from language impairment (L1). It critically deals with the developmental status of speech sounds keeping in view the acoustic structure of the speech sounds in some major Indian languages. 

S. Ganguly

Sociolinguistics 

The unit has taken up studies in linguistic (lexical and syntactic) difficulty. The sociolinguistic dimension of linguistic difficulty has been studied within single languages, in relation to the mapping between the full conceptualization system and its basic level kernel, and across languages in the Indian context. Here the important target of study has been the place of English in the sociolinguistic fabric of India. 

P. Dasgupta
Planning Unit, Delhi

The faculty has continued to work on the cutting edge of the research frontier. Issues analysed include the institutional structure of micro-finance, a central policy tool in the fight against poverty. Other issues include terrorism, with a focus on various anti-terrorist measures, and the possibility of cooperation among target countries. Other policy related issues include the study of food labelling, HIV and cancer, inequality among Indian states and environmental issues. Theoretical issues include multi-person bargaining and auction theory. Besides research, the members are involved in teaching a number of Ph.D. and M.S. (Q.E.) courses in microeconomic theory, game theory, statistics and probability, panel data econometrics, mathematical economics, development economics and international trade. The specific areas of research are listed below.

Economics of Food Labeling, Information and Technology Choice in Agriculture
B. Ramaswami

Integrating Mental Health in Welfare Evaluation: An Empirical Application, Negative Reality of the HIV Positives: Evaluating Welfare Loss in a Low Prevalence Country, Income Distribution and Product Quality, Uncertainty, Arbitrage and Industry Location.

  










   T. Ray

Economic Analysis of Environmental Issues In India











   E. Somanathan

Folk Theorem of Perfect Competition, SHG-Linkage Program, The Dominant Mode of Micro-Finance in India, Economics of Terrorism, Multi-Person Bargaining with Holdout 











P.Roy Chowdhury 

Modeling Divergence in Indian States Using A Political Economy Framework, Assembling A Large Dynamic Panel Data Set on Indian States 

C.Ghate

Conflict and Consensus: A Theory of Control in Organizations, Delegating Authority to a Dishonest Agent










                   P.Banerjee

Design of Efficient Combinatorial Auctions, Optimal Auction Design for Queues, Mechanism

Design With Finite Type Spaces, Characterizing Prices of Certain Combinatorial Auctions












D. Mishra 

Measurement of Economic Burden of Terminal Illness Such As HIV And Cancer, Methodology for Measuring Individual Labour Productivity Allowing for Each Person to Be Unique, Health Effects of Air Pollution

S. Das

Economic Cost of HIV-AIDS in India, National Rural Employment Guarantee Scheme











A.Mukhopadhyay

Population Studies Unit

An Analysis of State of Empowerment of Females vis-à-vis Males at Old Ages in India

It addresses the problems of aging population incorporating gender dimensions to it, using the 42nd Round data of the National Sample Survey (NSS). This study defines certain empowerment indicators and investigates their variation and interrelationships across the States. A three tier conceptual framework consisting of individual, household and social characteristics has been proposed to find out the factors that are associated with empowerment. The gender dimension of the state of empowerment has also been investigated. The findings establish that certain diseases and economic dependence adversely affect the state of empowerment of older adults. Currently married older females are found more empowered than other older females. 










           P. Pathak

Probabilistic Methods in Post-enumeration Surveys

As far as Indian census is concerned, there is no rigorous debate over present Post-Enumeration Surveys (PES) used by Census operations and validity of methods involved. There is necessity to understand the error estimated by PES and to check the confidence of such estimates. As a potential background paper for the preparation of 2011 Census, a rigorous methodological and survey based study for estimating coverage errors using capture-recapture method, Dual – system estimators, triple-system methods etc is implemented.





        Arni S.R.S. Rao, B.N. Bhattacharya and A. Bose
Non-linear Mathematical Models for Infectiousness Diseases

Development of the compartmental models that can predict the incidence of HIV, Hepatitis and some other diseases is one of the important activities of research. The impact of vaccination and various strategies for successful controlling of the disease speared and developing cost-effective models has also been studied. 










              Arni S.R.S. Rao

Partition Functions, Mahlburg’s Work on Cranks and Integer Sequences

Mahlburg’s deep and key findings (2005) established the role of Cranks in understanding Ramanujan-type congruence functions. We have been studying the distribution of partitions and behavior of the ranks involved. Understanding the behavior of the integer sequences and certain functional behavior is been studied using classical arguments. Very preliminary results were published and further study is in progress.










           Arni S.R.S. Rao

Bayesian Analysis for Rave Event Estimation

A study has been initiated to estimate rare events and their confidence intervals using Bayesian methods. Such studies were earlier conducted to understand problems in particle physics. The methods to study the disease spread and proportion of people infected will be investigated.  





     Arni S.R.S. Rao, A. Basu, and J. K. Ghosh

Status of Gender Differentials and Trends of Children In India: Population, Health, Education and Employment 


The important aspect of social lives now-a-days is mostly confined to the gender issues in various socio-economic-health-demographic and cultural classification of people in India. The population under 15 years of age is a most vulnerable group which needs some detailed study. The present study aims to find the disparity among children in various aspects of life and change in them using data from the Censuses and Sample Registration System of India.










            B. K. Mukhopadhyay

Gender Disparity in Rural and Urban Areas of India

The purpose of the study is to find out the linkage between economic and social factors in determining retrogressive sex ratio in Indian States during the period 1971-2001. 







                                                                                               S. Gupta


Construction and Analysis of Regional Variations of Social Development Indices in India

The major objective of the study is to develop some broad socio-economic indices of development performance for the states as well as the districts of India. The study covers the period of last two decades with special emphasis on the post reform period and wherever possible separate indices for rural and urban areas will be developed.












S. Gupta

Study of Immunization Status 


The study is concerned with child immunization coverage in rural India and its determinants. Logistic analysis of interstate variation of immunization status in India using National Family Health Survey III data is also done.









                                            S.Sadhu

Role of the Elected Panchayat Samity Members in National Health and Family Welfare Programs - A Case Study

The geographical area of this study is West Bengal - a constituent state of India. The state government policy aims at administrative decentralization through Panchayats (or Village Councils) in rural areas. It is a 3-tier system, comprising of Gram Panchayat in every village, Panchayat Samity (block level), and Zilla Parishad (district level). Each one has its own domain of functions. Focusing mainly on Panchayat Samity members, the study evaluates their knowledge, attitudes, participation, and involvement in National Health and Family Welfare Programs. The categories of respondents are the Health Committee members, Block Medical Officers, Sanitary Inspectors, and Social Welfare Officers. 







             S.Barman 

Psychological Research Unit

The faculty members and scientific workers of the unit are actively involved in research, training and different project works. The faculty members are also providing guidance to two Senior Research Fellows and two Junior Research Fellows for their Ph.D. works in Psychology.

Ego-identity status during Adolescence and Early Adulthood 

The objective of the project is to study the pattern of Ego-Identity status during adolescence and early adulthood. Adolescents experience a critical problem of modifying their behavioural roles as they move from childhood to adulthood. During this period one has to decide upon what one wants “ to be ” in terms of an occupation as well as formulating and taking action with respect to ideological belief and interpersonal relationships. The study has been done in the states of West Bengal and Jharkhand. Data have been collected from students studying in rural and urban colleges of the two districts of these two different states. Findings of the study indicated that gender and rural-urban location have significant effect on identity development of students. Students with high identity achievement status possess high self-esteem and have positive relationship with benevolence, self-direction, stimulation and achievement values, especially in the areas of occupation and ideological belief. 

                                            A.Ghosh

Transactive Memory and Subjective Well-being in Couple relationship

The present study investigates the pattern of transactive memory system and its relationship with subjective well-being in a group of urban couples. Findings of the study revealed that transactive memory system which is reflected in the coordination of information processing and knowledge about other partners’ expertise lead to subjective well-being in couples.

A.Ghosh 

Team Efficiency in Work Setting

The objective of the study is to identify the important factors of team behaviour and teamwork, which affect team efficiency in different work teams. Team efficiency has been measured in terms of individual and team performance. Transactive memory system, self-efficacy, collective efficacy, personality, team climate and satisfaction were the other variables considered in this study. Data have been collected from Information and Technology (IT) professionals selected from four different zones of India. Results indicated that team performance and individual performance are positively correlated with some of the input and process variables which ultimately lead to efficiency of the teams.

    M. Sharma and A. Ghosh 

Pattern of Distributive Justice in School Students

The aims of the study are to find out the effect of different variables such as maturity, gender and parenting styles on the development of distributive justice in different groups of adolescents. The present study also aims to determine the relationship among altruistic behaviour, anger expression and distributive justice. The study has been conducted on students from different schools of Kolkata. The results indicate that gender plays an important role in the development of distributive justice. Girls generally prefer equality whereas boys prefer need as well as merit while allocating rewards. Early and mid adolescents differ significantly with respect to their preferences of different modes of distributive justice. There exists a significant positive relationship between altruistic behaviour and distributive justice of the students. State anger, trait anger, anger-in and anger-out are negatively correlated to distributive justice of the students while anger control is positively correlated with distributive justice scores.

      R. Karmakar, A. Ghosh 

Exploration of Psychological Quality of Life as Perceived by Substance Abusers

Quality of life is the degree of well-being felt by an individual or group of people. Unlike standard of living, quality of life is not a tangible concept, and therefore, cannot be measured directly. Furthermore, quality of life consists of two components. The first is a physical aspect, which includes such things as health, diet as well as protection against pain and disease. The second component is psychological in nature. This aspect includes such things as stress, worry, pleasure and other positive or negative emotional states. The present study aims to explore psychological quality of life as perceived by substance abusers getting rehabilitation in a Kolkata based de-addiction center. Open-ended interviews with some addicted persons are being quantitatively analyzed to see how the addicts tend to perceive their own lives. The study also aims to identify different psychological predictors of perceived quality of life like social support and perceived control over addiction, etc.

                                                F. A. Sheikh, A. Ghosh 

Self-Assessment and its Relationship with Academic Achievement and Achievement Motivation among Secondary Level School Students 

The objective of the study is to see the importance of assessment from the internal source since it will focus on self. The relationship between self-assessment, academic achievement and achievement motivation may help to predict achievement jointly with other cognitive factors. There is little research about assessment of achievement factors from the internal source i.e., the self. By definition “Self Assessment is the involvement of students in identifying standards to apply to their work and making judgments about the extent to which they have met these standards”. Literature Review has been done and in the first phase data have been collected from all the sampled districts of West Bengal. Data so far analyzed indicate that the self-concept score of the boys is higher in comparison to the girls but Achievement Motivation score is higher in case of girls.

    R.Gupta 

Attitudes towards School Infrastructures in Rural Areas

The project examined effect of students’ attitudes towards school infrastructures on school effectiveness. Data were collected from class IV students of Govt. aided primary schools in 6 districts of West Bengal through questionnaires. Results revealed significant impact of the linear combination of 4 attitudes (easiness, willingness to participate, exploring and safety) on school attendance motivation. Academic performance was not related to one’s motivation to attend school. Comfort and reliability attitudes were related to academic achievement. The findings are important for Total Quality Management in Primary schools.

D. Dutta Roy 

Self-Efficacy of Agricultural Farmers

This case study aims at examining self-efficacy (belief about own capabilities) of Agricultural farmers. Data were collected from agricultural farmers of Dumajuli village of Bhangar block through Bengali version 20-item scale. Results noted high self-efficacy level among the farmers who cultivated more number of crops. Self-efficacy was higher among the paddy and jute growers than master and wheat growers. Potato and vegetable growing were not significantly related to self-efficacy.  Age, land sizes, family sizes were not significantly related to self-efficacy. Findings have major implications in psychological and agricultural counseling to the farmers.

D. Dutta Roy

Simple Auditory Reaction Time of Autistic Children

Autistic children are hyperactive and inattentive to words. It is difficult to assess their reaction time or readiness to act. Current study examined pattern of simple auditory reaction time of autistic (n=7) and normal children (n=14, 7 children with chronological age of 7 years and 7 children with mental age of 7 years) using computer-aided presentation of stimulus. Children behaviour was video recorded. Results noted differences in auditory reaction time of normal and autistic children. Findings are important in designing cognitive skill development training program for autistic children. 
D. Dutta Roy and K. Basu 

Deprivation Index: Multi-dimensional Approach

The tests for measuring deprivation usually have several components like food, health, housing condition, economic sufficiency etc. Total deprivation score on an individual is found through summation of scores obtained by individual on each component. Major observation in this context is that each component may have different units and hence may not be additive. Principal component analysis on scores obtained in deprivation tests usually gives few independent factors. Hence, there is a need to look into the overall deprivation as a multidimensional variable and measure the vector-valued variable. Analysis is going on.

R. Gupta

Sociological Research Unit

The scientific workers of SRU have taught a course (optional) in Sociology to B. Stat (Hons.) III-Year. They have also guided eight research fellows. The following research projects were undertaken during the year.

Agrarian Relations in India 

The purpose of this project is to conduct specific studies of agrarian relations and changes in rural India and to assess and evaluate the impact of policy on these changes. The broad objectives of the project are (a) to characterise the nature of agrarian relations in the countryside; (b) to conduct specific studies of the condition of Dalits and Scheduled Tribes and of women; and (c) to report on the state of basic village amenities, and to evaluate the extent of benefits from government programmes. In the current phase, village surveys are being conducted in Maharashtra, Rajasthan and Madhya Pradesh.

M.Swaminathan and V. K. Ramachandran

Process of Empowerment of Women in Rural Areas: A Case Study in Jharkhand State

Empowerment is a multifaceted, multi-dimensional and multi-layered concept. Women’s empowerment could be described as a process through which women obtain control over resources: economic resources such as means of production as well as social sources such as health, education and environment. Empowerment means the access to power in order that her perception is materialized. The primary objective of the study is to understand the pace, perception as well as process of empowerment of women belonging to different rural societies in Jharkhand. The study is being conducted in Giridih and Dumka districts of Jharkhand. Eight villages have been selected for this study.

B. N.Ghosh

Socio-economic Conditions of Five Minority Communities in West Bengal

The external project, funded by West Bengal Minorities’ Commission (Government of West Bengal), was an in-depth study of the socio-economic conditions of Muslims, Christians, Buddhists, Sikhs and Parsees in West Bengal. A report has been submitted.





         A. Dasgupta, S. Som, S. Bharati, S. Chakraborty, 

            R. Jana and D. Sen

Development of Data base for Decentralized Planning in West Bengal: A Case Study in Howrah District, West Bengal

The external project, funded by the Zilla Parishad of Howrah district, West Bengal, has been completed.

      



   A. Dasgupta, S. Bharati, R. Jana and P. Maiti

Statistical Quality Control and Operations Research Division

The Division comprises of nine SQC & OR Units located at Bangalore, Baroda, Chennai, Coimbatore, Delhi, Hyderabad, Kolkata, Mumbai and Pune and the Central SQC (CSQC) office located in the main campus at Baranagore. The CSQC office functions as the office of the elected Head of the Division and co-ordinates various activities of the Division.

The activities of the division consisted of research, academic teaching, consultancy and training. Conducting M.Tech. (QROR) programme at Kolkata and Part-Time Certificate courses at Bangalore and Hyderabad were among the primary responsibilities of the division. The faculty members of the division also taught in other academic programmes like B.Stat. and M.Stat. Supervising thesis along with the dissertations and project works by M.Tech.(QROR) and M.Stat. students were another aspect of the responsibilities handled by the divisional members.

The scientists carried out theoretical and applied research work. About 30 scientific papers were published in various journals.  About 20 papers were presented in conferences.

Current areas of research activities of the division included:

Integrated business excellence model, statistical modeling (warrantee, Crack growth, mediclaim), reliability and life testing, neural networks and its applications in industry, statistical methods (SPC, multivariate analysis, acceptance sampling, regression analysis and diagnostic), mathematical programming, combinatorial optimization, linear complementary problem, matrix theory, non-cooperative games, algorithm for stochastic games, quality management (six-sigma and other business issues), statistical aspects of multivariate process capability indices, estimation of quality adjusted lifetime distribution, inference for the lifetime distribution based on progressively type-II censored data, hybridization of statistical methods and neural networks in material science, recognition of control chart patterns through artificial neural network, stochastic games, linear fractional programming and its neural network model,   mapping  yarn characteristics through artificial neural network, classification and origin identification of fibre given its physical, optical, chemical properties.
Division conducted two international conferences during the year - one at Delhi titled "Modeling, Computation and Optimization" during 9 - 10 January 2008 and other as a part of platinum jubilee celebration at Kolkata titled "Present Practices and Future Trends in Quality and Reliability" during 22 - 25 January 2008. A workshop was organized on "The Mathematical Programming and Related Topics on Optimization" at Dibrugarh University, Dibrugarh, during 12-14 November 2007. The SQC & OR Unit, Bangalore, published three issues of SQC & OR Division Newsletter. The SQC and OR Unit, Chennai published technical Reports of the Division.

The division extended its consultancy and training services to over 80 organizations and also organized about 100 training programmes for various levels – top management, senior management, executives / engineers and supervisory staff.  The topics of consultancy and training included six sigma training for Champions, Master Black Belts and Green Belts, internal auditor training- ISO 9000 series, training on statistical techniques with Minitab, statistical process control, process optimization, DOE, statistical techniques for software quality etc. Consultancy and training was provided to Iranian organization. 

The National Registration Board for Personnel and Training (NRBPT), a constituent of the Quality Council of India has recommended for NRBPT certification of the Six-Sigma Black Belt programmes conducted by the SQC & OR Division.

SQC and OR Unit, Chennai

Product Warranty Analysis

Economic decision models for maximization of producer’s profit have been analyzed for both single-period and multi-period planning horizon so as to determine optimal unit price and warranty length with power law failure process and Cobb-Douglas type demand function. A related single-period model for production planning has also been developed for optimal determination of production quantity.

D.K.Manna

Communication Complexity of Stochastic Games

We have obtained upper and lower bounds on the communication complexity of finding whether a stochastic game has a pure strategy Nash equilibrium for certain subclasses of stochastic games.  In particular we answer these questions for Single controller and SER SIT games. 

G. Ravindran

SQC and OR Unit, Coimbatore

Predicting CSP from Fiber Quality Index in Cotton Spinning

An initiative has been made to correlate fiber quality characteristics with the Count Strength Product (CSP) of the corresponding cotton yarn. The fibers, which have been for this scientific exploration, were MCU5 and DCH32 representing the fibers meant for producing finer yarn.  Two approaches have been adopted namely classical regression analysis and ANN approach. While regression analysis has resulted in error to the tune of 8 - 10 percent, ANN model has yielded substantially less error to the tune of only 2%. Obviously, the ANN model turned out to be an acceptable one by the management. The benefits the cotton mill derived was in the form of advance planning of the purchase policy and the blending policy of cotton.

A. Rajagopal

Reducing Breakage of Yarn in Textile Spinning Process

A scientific investigation has been made with a view to optimizing the process parameters for reducing breakage of yarn in textile spinning process. The process parameters considered for the study were count, ring characteristics, traveler type and spindle speed. The methodology used for analysis made use of was GLM since the designed used for experimentation was unbalanced. The optimum process condition thus arrived at, reduced the breakage from 22 per 100 spindle hours to less than 12 per spindle hours. The recommended optimum combination was implemented in regular production.

A. Rajagopal

SQC and OR Unit, New Delhi

Combinatorial Optimization

Advertisement printing problem is formulated as a combinatorial minimization problem, with the two objectives of minimizing the number of masters used and also minimizing the total wastage. This problem is a difficult combinatorial optimization problem. Various computational issues are discussed and heuristic approaches for solving the problem are presented.

S. K. Neogy, A. Seth and S. R. Mohan

Stochastic Games

The classes of structured zero-sum stochastic games, which possess ordered field property, are considered.  A new proof for order field property is obtained. The game structure is used to develop a finite step algorithm for computation of value vector and optimal stationary strategies for stochastic game with switching control transition structure in some states and additive-reward- additive transition structure in some states.  The possibility of using pivotal algorithms for solving such structured games is also explored.

S. K. Neogy

Complementarity Problem

The vertical block matrix arises naturally in the literature of stochastic games where the columns represent the states and actions in each state are represented by rows in a particular block. Various characterizations of different classes of vertical block matrices are obtained.  Neural network approach for computing the solution involving a vertical block is presented which will be extremely useful for computation of value vector and optimal stationary strategies in stochastic game problem.

S. K. Neogy

Matrix analysis

A new matrix class weak 
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 (a subclass of N0-matrices) is studied in the context of complementarity problem. A necessary and sufficient condition for this class to be in the class Q is obtained. It is shown that this class is nonempty. Finally, this result is extremely useful to identify a subclass of Q-matrix. 

S. K. Neogy

Linear Fractional Programming Problem

A linear fractional programming problem is presented as a linear complementarity problem. A sufficient condition for uniqueness of solutions of linear fractional programming problem is obtained and it is shown that the solution set of a linear fractional programming problem is convex. Finally the complementarity condition is formulated as a set of dynamical equations and certain results involving the neural network model are proved. A computational experience is also reported.

S. K. Neogy

SQC and OR Unit, Kolkata

Hybridization of statistical methods and soft computing techniques

Modeling and optimization remains a major concern in the field of materials science, particularly in the development of alloy steel for commercial purpose. In the context of classification system, some new algorithms have been developed using Mahalanobis-Taguchi system (MTS) and hybridizing the modified concept of MTS in a more complex steel system based on artificial neural networks. Some new variants of neural networks were also proposed for modeling the complex high-strength low-alloy steel. Exploration of significant variables was made using desirability functions followed by genetic algorithms. Few related studies in this field are in the pipeline for publication. Using rough set theory and support vector machine classifiers for designing the complex steel system is under consideration as a future plan of work. 

P. Das

Testing exponentiality against IFR alternatives

A new test of exponentiality against IFR alternatives has been developed. The test statistics turned out to be an 
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Its exact and asymptotic distributions have been found. The test was shown to be consistent. The critical values for different sample sizes have been tabulated. A paper based on these findings has been accepted for publication in JSPI.

M. Z. Anis

Quality adjusted lifetime (QAL) distribution

In this work, the estimation of quality adjusted lifetime (QAL) distribution was considered. A non-parametric method to estimate the distribution of QAL in illness-death model was proposed.  Consistency and asymptotic normality of the proposed nonparametric estimator have been established.  Estimation in the presence of some missing data on the transition time to illness was also considered. The method could easily incorporate the covariate effects. 

B. Pradhan

Inference based on Censored data

The inference for the parameters of different life distribution based on censored data was considered.  The work on Bayesian inference and life testing plan for generalized exponential distribution based on progressively type-II censored data has been in progress. Lindley’s approximation and importance sampling techniques have been used to compute the Bayes estimates. Different criteria to compare two different sampling schemes and consequently criteria to find the optimal censoring schemes were provided. In another work, the inference for the parameters of log-normal distribution based on hybrid censored data was considered. Parameters were estimated by maximum likelihood method. An approximate maximum likelihood method and EM algorithm to compute the MLE’s were suggested. A method to obtain the optimal censoring scheme was also proposed.

B. Pradhan

Linear Fractional Programming Problem

A linear fractional programming problem is presented as a linear complementarity problem. A sufficient condition for uniqueness of solutions of linear fractional programming problem is obtained and it is shown that the solution set of a linear fractional programming problem is convex. Finally the complementarity condition is formulated as a set of dynamical equations and certain results involving the neural network model are proved. A computational experience is also reported.

A. K. Das and P. Das

Complementarity Problem

The vertical block matrix arises naturally in the literature of stochastic games where the states are represented by the columns and actions in each state are represented by rows in a particular block. Various characterizations of different classes of vertical block matrices are obtained.  Neural network approach for computing the solution involving a vertical block is presented which will be extremely useful for computation of value vector and optimal stationary strategies in stochastic game problem. 

A.K. Das and P. Das

Stochastic Games

The classes of structured zero-sum stochastic games which possesses ordered field property are considered.  A new proof for order field property is obtained. The game structure is used to develop a finite step algorithm for computation of value vector and optimal stationary strategies for stochastic game with switching control transition structure in some states and additive-reward- additive transition structure in some states.  The possibility of using pivotal algorithms for solving such structured games is also explored.

A. K. Das and A. Gupta

Matrix analysis

A new matrix class weak 
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 (a subclass of N0-matrices) is studied in the context of complementarity problem. A necessary and sufficient condition for this class to be in the class Q is obtained. It is shown that this class is nonempty. Finally, this result is extremely useful to identify a subclass of Q-matrix. 
A. K. Das and A. Gupta

Optimum Software Release Time Problem

Software release time determination is a very important problem for software developers. A few models are developed to address the question. Normally a trade off is made between the cost of testing and increase in reliability of the software due to debugging. Most models in the software reliability field assume that as soon as a bug is detected it is fixed immediately. However, such an assumption is hardly valid. In most cases of software testing, debugging takes place after a certain interval and not just after a bug is detected. Here we consider the case of debugging after an interval and discussed the problem in a discrete set up where instead of calendar or CPU time, time dimension is measured in terms of the number of test cases tested. A decision criterion for when to stop software testing is evolved. Further simplification of the decision rule is made keeping in view the implementation prospects.

A. K. Chakraborty

Determination of the Optimum Number of Test Cases Required for Testing Software

Here we consider the problem of determining the optimum number of test cases that are required to be tested in a phase so that the total cost is minimized. We consider here two cases, viz. 1) each software failure is caused due to one and only one bug, and 2) when each software failure may be caused by one or more bugs. The former problem is resolved and closed form expression of the total cost is obtained. The second problem turns out to be a hard problem and hence closed form expression for total cost could not be obtained directly. However, simulated solutions for both the problems have been worked out.

A. K. Chakraborty

A New Multivariate Process Capability Index

Capability of a process through which a product is produced will normally depend upon several factors. However, in most cases a process capability index is developed with one factor only. A few multivariate process capability indices have been developed in the literature. We, however, develop a new multivariate process capability index and study its statistical properties and look into some extensions of the developed index. Some interesting features of the index have also been noted.

A. K. Chakraborty

Developing a New Criterion for Model Comparison

Software reliability literature is full of models developed based on various assumptions. From a practitioner’s point of view there always exists a dilemma about which particular model is most suited to his purpose. Obviously there is no clear-cut answer. However, there are several criteria developed to compare different models, though none of this singly would be able to differentiate the models sufficiently. We here developed a new criterion and showed that it is as good as any one of the existing criterion. Though the criterion is developed keeping in mind the software reliability models, it can also be used to compare models even in other fields.

A. K. Chakraborty

Comparison between some Software reliability Models and their Change Point Counterparts

Change-point analysis to look into the time when a change has occurred in the data has been the interest of the researchers recently. In this article the concept of change-point analysis is used for some software reliability models and compared with the performance of the original models. Also, a statistical test is used to confirm that change has actually occurred. The results show that software reliability models perform better in most cases when change-point is considered.

A. K. Chakraborty

Multivariate Bayesian Stress-Strength Reliability with non-informative Prior

The reliability of a system consisting of two subsystems were computed, where the reliability of each subsystem was of general stress-strength type, defined by 
[image: image5.wmf]1

= P (AXBY)

TT

Â>

, 
[image: image6.wmf]A, B

 are column-constant vectors, and strength 
[image: image7.wmf]X

 & stress 
[image: image8.wmf]Y

 were Multi Gamma random vectors, i.e. (X, Y) ~ MG (α, β), where 
[image: image9.wmf],

ab

are k-dimensional constant vectors. A Bayesian approach was adopted for 
[image: image10.wmf]P (BW

T

=>0)

2

R

, where W ~ MN (μ, T) with the mean vector 
[image: image11.wmf]m

, and the precision matrix 
[image: image12.wmf]T

 having a joint Multivariate normal–Wishart distribution as an informative prior. The results were also checked with a non-Informative prior (Jeffrey’s prior). For the simulation used in the final computation, a lower bound for the number of simulated observations was reported for the posterior Reliability to converge to approximately a constant value. The results showed that the approach could deal effectively with the dependence between components of 
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 as well.

A. K. Chakraborty

Forecasting the requirements of some specific spare parts in Ordnance Factory Dum Dum 

A heuristic method was developed to forecast future spare parts requirements in Ordnance factory Dum Dum. Estimates of future consumption through conventional method of forecasting and `robust estimate’ were then compared with the estimates obtained using the heuristic method.  It appeared that the heuristic method works better compared to the other two known methods. However, further studies are required in order to establish the supremacy of the heuristic method in general.

A. K. Chakraborty

Evaluation of process capability of the production process of Tail unit 8A

Tail Unit 8A is an item produced in Ordnance factory Dum Dum. Several dimensions of the unit are important for its actual use. In order to measure capability of the manufacturing process for Tail unit 8A, the important characteristics were measured and the sub-process through which the characteristic is produced is noted. Each sub-process capability was measured using its sigma level and then compounded to find out the overall process capability of the whole process. Parallelly, the capability of the overall manufacturing process of Tail unit 8A was calculated using some multivariate process capability indices developed recently. 

A. K. Chakraborty

SQC and OR Unit, Pune

Developing a Model of Measuring and Improving Performance of Employees.

As part of Performance appraisal scheme of an organisation, lots of assessment reports are made, but hardly serve the purpose of strategic interest of the Organisation. Conventional appraisal process suffers from deficiencies such as: subjectivity, biased judgment, lack of accountability of the assessors and assesses, lack of measurements of efficacies of assessors and assesses, poor focus on the team work and Organisation-wide performance etc. to name a few. A model of measuring and improving the performance of employees was developed which put focus on mapping the existing performance appraisal processes, identifying deficiencies there-of and then propose a macro-level process wherein the platform is created to address the deficiencies of the present system. The above model was verified in a marketing organisation and was found effective to begin a new era using this R&D in HRD. 

S.Rath

Developing a Model for Predicting  Life of Primary Cell

Life tests of flashlight batteries were done for each batch. Tests simulate the use by the customer requiring almost 3 months by which time most of the batteries might have reached to the ultimate customers. Resultant is the slow decision making process involving indigenization, process changes etc. Objective of the study was to develop a Life test procedure, which takes much lesser time and also highly correlates with the present simulated life test. The regression analysis was carried out to explore relationship of select five factors on the life and it was concluded that only Service time at 0.90 V has significant contribution on the life of the battery. A new test procedure was developed using the model considering Service time at 0.90 V on life. Total reduction in testing time amounted to 12%. A new set of data further verified the effectiveness with 98% of the cells being correctly adjudged. 

S.Rath

Reducing the Recycle Furnace Stack Temperature

Ethylene and propylene production unit of a Petrochemical Complex had a typical problem: high heat transfer to the atmosphere thereby affecting the efficiency of the furnaces and causing a hazard to the environment. The average stack temperature was 274.23 0C. Ten Controllable parameters were suspected to impact the heat loss. Using Best Subset Regression Analysis, five variables were found to have large influence on stack temperature (R2 = 98.3%). Regression model, using the five parameters, was used to simulate the data for a 25 full factorial design of experiment. The optimal setting obtained was implemented. The temperature level could be controlled at the level of 265 0C. Tangible benefit as estimated by the plant manager for this project is Rs. 10 lakhs per annum and decreases in annual fuel consumption of 153.8 MT.

S.Rath

Improving the b-colour Consistently at Better Level

Polyester fiber b-color more than 1.0 is considered HIGH and such material is DOWNGRADED. The study was taken up because of b-colour being chronic problems of a Polyester Staple Fiber Plant resulting in magnified loss to the customers because of shade variation in fabric; export market loss. Initial investigation suggested 15 causes were suspected to have impact on b-color. Best Subset Regression, Process FMEA, Multiple Linear Regression, ANOVA were used in a systematic manner to finally select five parameters having large influence on b-colour. Technical actions were taken to improve the status of the causes. The exercises resulted in significant improvement in b-colour. As a by-product of the project the Organisation could have a recurring savings of seven crores of rupees annually.

S.Rath

Improving the Reliability of HTDC Vent Gas Compressor

Objective of the study was to improve the reliability of the High Temperature Direct Chlorination (HTDC) Vent Gas compressor. The TBF followed Weibull distribution with shape parameter 0.8111 and scale parameter 116.79. The value of the MTBF was 131.05. Failure Modes:  Chocking of valves, Shutdown due to other reason, Instrument failure, Process failure, Gas packing choking and Oil contamination were selected for FMEA; high-risk causes were pinpointed and acted upon. Result of the actions was observed from the subsequent failure data as: the distribution fitted approximately to the new TBF was Weibull with shape parameter 3.4016 and scale parameter 332.57. The MTBF is 298.78. Apart from reliability improvement of the HTDC compressor, the total savings of the project accrued due the project was estimated as Rs.53 lakhs.

S.Rath

Library, Documentation and Information Sciences Division

Documentation, Research and Training Centre (DRTC), Bangalore

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

1. The study of various methods of knowledge representation, such as, semantic nets, frames, and predicate calculus, etc.

2. The application of the “Modern scientific management techniques to the planning and management of information system, centers and services.

3. The study of Internet technology and its applications.

4. The development of bibliometric and scientometric measures for evaluating the use of library and information services and scientific out put respectively

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

The faculty members of this Unit are also actively involved in guiding doctoral students.

Library, Kolkata

The Central Library of ISI is located in Kolkata with a network extending to other locations. Over the years, the Library has provided exhaustive information sources for academic and research activities of the Institute and has attained the distinction of being one of the richest libraries of the country, particularly in the field of Statistics, Mathematics, Economics, Computer Science and related disciplines. The Library also acts as the Eastern 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, Government of India.

It is an automated library having an excellent collection of books, journals, reports and large number of electronic journals and databases. The Library open seven days a week throughout the year (except on national holidays) and the library staff aims to provide optimum services to the faculty members, scholars, students, visiting scientists and Institute Members as also to scholars from outside.

To enhance the security of the central library, a radio frequency (RF) based Electronic Article Surveillance (EAS) system has been installed and about 50000 tags were pasted to the books in selected subject areas.

To achieve the goals of the Library, following activities were undertaken during the year under report:

Collection Development: The Library maintains an excellent collection of books, journals, reports, rare and special collection, government publications, data-books, theses and other documents/ materials in print and electronic formats. During the year under report, the library accessioned 1307 books out of which 950 were purchased from ISI budget and 226 from NBHM grant, while 112 books were received on complimentary basis. Added 19 books to the project collection. The Library also accessioned 501 bound volumes of journals and subscribed to 500 scholarly journal titles in print. More than 50 journal titles were received as complimentary and 99 titles in exchange with Sankhya. The library received and processed more than 9000 loose issues of journals. It classified and catalogued 515 new books and filed 5525 computer printed catalogue cards. It also processed 453 titles on government reports/data-books etc. Beside this, the library has added a collection of 272 books, mainly in English, Bengali and Hindi on literature, humanities, travel, health and recreation in its Statistical Workers’ Circulating Library totaling its collection to 38373.

In addition to this, the library has about 32000 reprints. Thus the total collection of the library stands at around 312261. The library has a good collection of electronic resources on different media and has access to several online journals/databases. During the year under report, the library has added 90 CDs & floppies containing books and CDs on statistical data. Thus, the total collection of CDs has risen to 970. The library has provided the online access to about 400 full-text journals. It has renewed the online database like MathSciNet, ScienceDirect, and Springer Link through consortia. It has also subscribed to the IEL online of the IEEE/IEE publications, ACM Digital Library and Current Index to Statistics (CIS) on Web. The library has also subscribed to few statistical data sources available on CDs.

Publications Exchange Programme: The library maintains the publication exchange programme of ‘Sankhya - the Indian Journal of Statistics’ with 57 national and 23 international institutions/organizations. The 23 international agencies are from various countries of the world such as Bangladesh, Belgium, Brazil, Canada, China, Taiwan, Croatia, Czech Republic, Denmark, France, Hungary, Italy, Japan, Pakistan, Poland, Romania, Russia, Slovakia, Spain, Switzerland, Thailand, UK, and USA. In exchange Library has received 99 titles during the reporting period.   

Membership: Membership of the ISI-Library is restricted to persons with post-graduate or equivalent academic qualification, interested in the objectives of the Institute. Faculty members, research scholars, students, research associates, visiting scientists, ISEC trainees, project-linked staff, project assistants, ISI-employees, outside students and the Institute members are eligible for the membership of the Institute Library. However, they have to apply for the membership of the library and receive a bar-coded Library Card. During this period, library membership was given to 325 persons and 980 readers were given special permission to use the library for a short period. Currently the total number of library member rose to 3528. Total number of members including staff, students and research scholars of the Institute rose to 910 in its workers’ circulating library.

Services: The ISI-Library, since its inception has been providing a variety of library and information services to its users. The services presently being provided include; Web-OPAC- Members use this facility to browse and search the database to see the status of a document including their own transactions.

(i) Lending/Document Delivery Service: During this period, 147000 books and other documents were issued to the user on loan and reference. Publications from Government of India and other International Organization and data CDs, were issued to users for reference purpose. The library supported 3200 pages of reprint requests from journal articles. It provided email-based reminder services like 7-day advance alert, long overdue notice and check-in information. 20000 books from the workers’ circulating library were issued for lending and reference during this period.

(ii) Inter-library loan: 7 Books and journals were borrowed from other libraries, while 110 books and journals were lent to other libraries.

(iii) Current Awareness Service: 12 monthly lists of current additions to the library were made available online.

(iv) Self-Photocopying Service: The library provided the Self-photocopying service in its periodical section, which was available everyday throughout the library hours. During this period 28500 pages were photocopied from the journals.

(v) Electronic Document Delivery Service: Full-text articles and/or bibliographical data were provided through email from online resources. Besides electronic document delivery, 2000 pages of printouts were also supplied against demand.

(vi) Online Full-Text Access to Journals/ Database: During the period under review, the library has provided services from more than 400 online journals and major databases like MathSciNet, Econlit, ScienceDirect, Springer Link, IEL Online (IEEE/IEE Electronic Library), ACM Digital Library, CIS on WEB. The online access is available through campus-wide network. 

(vii) Reprographic & Photographic Service: During the year, it produced more than 4.76 lakhs photocopies of research and academic materials, 1.26 lakhs digital copy prints, 6375 photographs (analogue and digital), 354 graphic designs, 1585 items of computer output (color and B&W), 106 digital scan photos, documents and data capturing on CD and 20000 print outs from color Xerox.   

(viii) Documentation Service: A searchable bibliographic database has been prepared on scientific contributions made by the ISI scientists on all subject fields since 1934. The entries are currently being subjected to editing. 

(ix) General Enquiry Assistance & Consultation Service.

Special Initiatives:

(i) Consortia arrangements: During the reporting year, the Library has further strengthened the consortia initiative to enhance the electronic collection and online access to scholarly resources to cope up with the increasing subscription cost and diminishing budget.

(ii) Preservation and conservation: Total 625 books, 501 journals were bound. Lamination and de-acidification of 10 rare books of 3442 pages, fumigation of 590 books, photocopying of 4 rare and out-of-print books were executed during this period.

(iii) Digitization of ISI Question papers: During this period, 16000 pages of question papers have been digitized and are currently available on compact Disks. These will be made available on the Web after the completion of the work.

Prasanta Chandra Mahalanobis Memorial Museum and Archives

The Museum and Archives carried out regular maintenance programme for the large number of collections of original source materials in respect of life and work of Professor P.C.Mahalanobis and the growth of Indian Statistical Institute. The renovation and repairing of the museum area on the ground floor (eastern side) of Amrapali had been completed and the display of all the exhibits (752 in nos.) through 91 panels had been reinstated with necessary changes and modifications and the museum was again set open for public viewing. 

The interior set up of the residential portion of Professor and Mrs. Mahalanobis had been restored and the ground floor on the western side of Amrapli had been converted into a seminar room-cum-exhibition hall.

On the occasion of Professor Mahalanobis’s 114th birthday celebration on 29 June 2007 the newly refurbished residential portion of Professor P.C. Mahalanobis and Mrs. Nirmal Kumari Mahalanobis was opened for the visitors by Professor Pranab K. Sen (Cary C. Boshamer Professor of Biostatistics, University of North Carolina, USA). On the same day Shri Pranab Mukherjee, Chairman of the ISI Council, released a guide book and a folder on Professor P.C. Mahalanobis Memorial Museum & Archives.

As a part of the computerized security system one IP camera based monitoring system was installed at the residence of Professor and Mrs. Mahalanobis. Among the archival collections, miscellaneous documents were sorted, listed and recorded. Conservation treatment was undertaken for about 6,000 nos. of archival documents, which included letters, paper cuttings and others. The three-year project for ‘Formulation of Archival description and authority record’ has been initiated from the month of June and completed its first year target of data identification for reference by March 2008. About 3,600 nos. of original documents had been scanned this year.

This year, on the occasion of Platinum Jubilee Celebration of the Institute, the distinguished scientists, dignitaries, national & international delegates, had visited the museum. Participants and resource persons of numbers of research oriented seminars, conferences, workshops and lectures held during the Platinum Jubilee also visited the museum. Shri Jyoti Basu, the former Chief Minister of West Bengal, who delivered a special lecture, also visited Amrapali and took a look of the special exhibits in the museum. Students from different school and colleges also were among the visitors of the museum. A documentary film on the life of Professor Mahalanobis was shown to the Winter School (ASU) participants from national level, in the new seminar hall at Amrapali.

Library, Delhi Centre

Indian Statistical Institute, Delhi Centre, maintains an academic library, which aims to be a leading library in the fields of Mathematics, Statistics, Economics, Econometrics, Operations Research and Statistical Quality Control. An automated library, having an excellent collection of books, journals, CDs, reports, govt. publications and other documents in print and electronic formats. The library caters, mainly to the needs of bonafide students, scholars and staff of the Institute.   However, it is also open for reference to academic and research users of other educational and scientific institutions of the city and its neighboring regions.  Some of the main activities of the library during the period under review were as under:
Collections: The library purchased 297 books, during the period under review both from the regular and NBHM funds.  Received 76 books as gift.  Thus raising the stock to 43929 volumes (Books + Journals). During the period under review, 251 titles of journals, both foreign as well as Indian have been approved for renewal. 

The library renewed online access to the Elsevier Science journals and Springer-Kluwer journals through the Consortium programme among the three centers of ISI.  It has also renewed the MathSciNet with the American Mathematical Society and Academic Membership with SIAM through consortium arrangements.  Access to Online databases such as ‘‘Current Index to Statistics” (CIS) and “EconLit” has also been renewed.  

ISI, Delhi Centre Library acts as NBHM Regional Library. Being the regional library to serve the Northern Region, the library received an additional grant of Rs. 20.00 lakhs from the National Board for Higher Mathematics (NBHM) for strengthening the resources in Mathematics and Statistics. 

514 sets of loose issues of periodicals have been bound and added to the stock.  Approximately 175 Technical Reports/Discussion Papers in Economics, Mathematics and Statistics have been received in the library from various sources. 

Publication Exchange Programme: Exchange program has been established with some of the Scientific Institutions in the Netherlands, China, Korea, Poland, Spain and Vietnam for getting their publications in exchange for our journal “Sankhya”-Indian Journal of Statistics; “Texts and Readings in Mathematics series” and “Journal of Maulana Azad College of Technology”.
Twenty journals, both foreign as well as Indian are being received in the library in exchange as well as gift from various sources.  

Membership 

During the period, 92 members availed of the lending facilities as permanent members of the library and 550 members were provided reference facilities as temporary members of the library. 

Circulation 

More than 3810 books and other documents have been circulated among the members. During the period under review, 10 publications were borrowed on Inter-library loan from the neighboring Institute libraries, 16 books were lent out to other Institutes under the same program.  

Reprographic Services 
More than 52953 pages have been Xeroxed and made available to both the permanent and temporary members of the library and outsiders. Xerox facilities were also provided to the research scholars of neighboring Institutes under NBHM programme.  

Online Full-Text Access to Journals: During the period under review, the library has provided online services from more than 250 online journals. These Online journals have been listed on the web with direct access to the publisher’s web page under the heading “Electronic Journals”
Electronic Document Delivery Service 

In addition to Xerox facilities, 76 Full texts articles were provided through email from online journals under NBHM.

Current Awareness Service: The following lists were brought out regularly from the library:

(i)
 Monthly list of current periodicals (Online)

(ii)
 New additions (books) Online

(iii)
 Current Contents of journals (print form) 

Brought out 11 monthly issues of the “Current Contents of Journals”, by photocopying the contents page of each journal received at ISI, Delhi Centre library, during a specified period and distributed to 32 departments of Statistics and Mathematics of Universities in the Northern region.  

WEB-OPAC:   The Users have been given an access to the complete Catalogue of the library holdings through the CATALOG-OPAC. A Web search engine has been provided in the library Home page.  Users can use this facility to search the books from the collection of the library book database. The search engine has 3 access points, i.e. Author, Title and Subject.

Library, Bangalore Centre

Indian Statistical Institute, Bangalore Centre has a library, which is steadily growing into a modern high-tech library aiming to provide ‘State of the art Library service’ to its clientele. ‘Continuous Improvement’ is the Quality motto of our library service. The library has distinguished collection in the field of Mathematics, Statistics, Economics, Statistical Quality Control and Library and Information Science. The Library caters to the information needs of Faculty members, students, research scholars and visiting Scientists. Library also caters to the walk-in users from the other research institutes and Universities. 

The following activities were under taken to achieve the goal of the library during the year of this report.

Collection Development: The Library purchased 564 books during this period amounting to a total of 28132 accessioned books in the library.  77 books were received as complementary.  So, the total books on gratis are 1925 during this period. The library subscribed to 289 titles during this period and 6 titles were received as gratis. 9 titles were subscribed from NBHM Grants. 490 bound volumes of journals were added during this period. As a result library has a total 13712-bound volumes.

Technical Processing: Total number of books classified and catalogued during this period is 641.  

Membership: 122 registered users enjoyed the library facility. 

Walk in users: 1893 walk in users have utilized the resources and services of the library.

Library Services

Circulation service:  

2340 books, 760 bound volumes of journals and 1600 loose issues of journals were circulated during the said period.

Inter Library Loan Services 

The library has good liaison with many local libraries of similar research interest. As a result 42 ILL requests were attended from this library. Also Library borrowed 19 books from other research libraries.

Document Delivery services: Around 125 document in PDF format were downloaded and supplied to the registered users. 

Reprographic Service
During this period 84291 copies were supplied to the library users. 

Full Text Access to Journals 
Online full text access to around 320 journal titles were provided using ISI Web portal.  Access to Free ejournals was also provided using this platform.

Current Awareness service
 The library has compiled bi-monthly list of books procured and a monthly service of current contents of journals.

Center for Soft Computing Research: A National Facility

The Department of Science and Technology (DST), New Delhi has established this Center under its IRHPA (Intensification of Research in High Priority Areas) scheme at the Indian Statistical Institute, Kolkata. The Center, which is the first of its kind, started functioning in August 2005. The main objectives of the Center are:

Conducting basic research in pattern recognition, image processing, computer vision, neural networks, genetic algorithms, wavelets, support vector machines, data mining, hybrid techniques, rough sets, video image processing, fractals, etc. 

Demonstrating applications to some focused areas like web mining, bioinformatics, medical image analysis, and VLSI layout design; developing manpower; organizing seminars/workshops/schools; providing a forum of exchanging ideas or establishing a linkage among scientists of leading institutions and industry working in similar areas by inviting interested faculty/research personnel; providing fellowships for helping faculty and scholars from less endowed institutions, especially from neighboring regions.

During the year under review work has begun in the following areas of research:

Bioinformatics

A new scoring framework is developed for predicting the function of unclassified Yeast genes. The score, called Biological Score (BS), is computed by first evaluating the similarities between genes, arising from different data sources, in a common framework, and then integrating them in a linear combination style through adaptively determined weights. Using BS, the functional categories of 417 classified genes are predicted from 417 clusters with 98.20% accuracy. The method is then used to predict the functional categories of 12 unclassified Yeast genes. A novel concept of integrating gene ordering with partitive clustering is introduced in order to establish the relationship among the genes within the clusters that gets lost in partitive clustering. The  "Minimal Neighbor" gene ordering algorithm, developed, is fast and memory efficient involving 0(n2) time complexity vis-à-vis 0(n4) as required usually for gene ordering in hierarchical clustering, e.g., 0.008 sec. and 0.1GB RAM as compared to 3.328 sec and 2 GB RAM for ordering 979 genes. A new normalization method, involving the linear dynamic range of photo multiplayer tube, is also introduced in this context.

S. S. Roy

Research work has been done on the medoid based clustering on different biological datasets (gene expression data) and analysis of CLARANS algorithm in different experimental situations and comparing the outputs with previously established results. Main target is to develop a method of feature selection based on medoid based clustering and to classify the co-related genes together. For validation purposes various validity indices has been implemented. For comparing the results, various other partitive and fuzzy algorithms have been implemented.

S.Ghosh

Swarm Intelligence

Ants, bees and other social insects deposit pheromone (a type of chemical) in order to communicate between the members of their community. Pheromone, that causes clumping or clustering behavior in a species and brings individuals into a closer proximity, is called aggregation pheromone. On this property of aggregation pheromone found in natural behavior of real ants, a new algorithm (called, APC) for clustering data is proposed. An ant is placed at each location of a data point, and the ants are allowed to move in the search space to find points with higher pheromone density. The movement of an ant is governed by the amount of pheromone deposited at different points of the search space. More the deposited pheromone, more is the aggregation of ants. This leads to the formation of homogenous groups of data. The proposed algorithm is evaluated on a number of well-known benchmark data sets using different cluster validity measures. Results are compared with those obtained using two popular standard clustering techniques namely average linkage agglomerative and k-means clustering algorithm and with an ant-based method called adaptive time-dependent transporter ants for clustering (ATTAC). Experimental results justify the potentiality of the proposed APC algorithm both in terms of the solution (clustering) quality as well as execution time compared to other algorithms for a large number of data sets.











A. Halder

Image Processing

Quantifying ambiguities in images using fuzzy set theory has been of utmost interest to researchers in the field of image processing. In the novel work carried out, the use of rough set theory and its certain generalizations for quantifying ambiguities in images and its comparison to the use of fuzzy set theory was performed. Classes of entropy measures based on rough set theory and its certain generalizations were proposed and rigorous theoretical analysis was performed to provide some properties which they satisfy. Grayness and spatial ambiguities in images were then quantified using the proposed entropy measures. The utility and effectiveness of the proposed entropy measures was demonstrated by considering some elementary image processing applications. A new measure called average image ambiguity was also proposed in this context.











   D. Sen

Medical Image Processing

The aim of the study is to establish a computer-aided diagnostic (CAD) system to assist in tissue characterization for the non-invasive diagnosis of diffuse fatty liver infiltration. We have shown that the subjective visual criteria of the radiologist for diagnosing such diffused liver diseases from ultrasound images can be mimicked by a psychophysical model of the human visual system (HVS) and fatty and normal livers can be discriminated with better accuracy based on texture analysis of two-dimensional histograms of images processed by such an HVS mimetic filter compared to the original images obtained at the TGC settings of the radiologist, as well as those obtained by using standard smoothing and enhancement operators. Such a filter may therefore also be considered as a good contender for pre-processing to assist the radiologist for an objective noninvasive ultrasonic "biopsy".









K.Ghosh and P. Maji

Web Mining

The transition of the World Wide Web from a paradigm of static Web pages to one of dynamic web services raises a new and challenging problem of locating desired web services. With the expected growth of the number of Web services available on the web, the need for mechanisms that enable the automatic categorization to organize this vast amount of data becomes important. Tensor space model for data representation and Rough Set based approach for the classification of Web services has been proposed. The proposed tensor space model captures the information from internal structure of WSDL documents along with the corresponding text content. Rough sets are used here to combine information of the individual tensor components for providing classification results. Two-step improvement on the existing classification results of web services has been found. In the first step better classification results over existing, has been achieved by using proposed tensor space model. In the second step further improvement of the results has been obtained by using Rough set based ensemble classifier.

S. Saha

Decision Tree and Text Categorization

An attempt is being made to develop an efficient decision tree. Its performance on the a few artificial data sets is found to be quite satisfactory. We are now testing its implementation aspects for categorizing large set of text documents. For this purpose, we are considering the 20-News Group corpus.

M. Biswas

Nonmonotonic reasoning

Nonmonotonicity is a basic property of commonsense reasoning, which distinguishes it from mathematical reasoning. Several formalizations have been proposed so far over the last few decades so as to capture this notion, viz. default logic, autoepistemic logic, circumscription and others. In accordance with this, efforts have also been made to bring out the core properties of such consequence relations. Our approach provides an algebraic study of these properties to look at this basic concept of human reasoning from a different angle, to get a better understanding of the formal point of view.











S. Ghosh

Logics for belief/disbelief

Being subject to doubts and dilemmas while making decisions is like a second nature to the human mind. The difference in the strengths of beliefs of an agent regarding different events in certain situations leads to doubts of this kind. While voting for one's preferred candidates, this preference is based on the strength of beliefs about one candidate's ability to perform compared to the other. We are attempting to provide a logical framework for these explicit notions of ordering for comparing strengths of beliefs. It aids in defining several other concepts like plausibility and disbelief.









     

   S. Ghosh

Logic and games

Many events that happen in our daily life can be thought of as games. In fact, besides the `games' in the literal sense, our day-to-day dialogues, interactions, legal procedures, social and political actions, biological phenomena - all these can be viewed as games together with their goals and strategies. The theory of games has its various applications in the areas of economics, logic, computer science as well as linguistics. We have introduced explicit notions of `strategies’ within the dynamic game logic framework. The incorporation of `strategies' within the logical language would very well aid in the currently popular ventures into social choice mechanism designs. 







                 S. Ghosh

Computer and Statistical Services Centre
CSSC manages the central computing facilities of ISI, Kolkata. It serves approximately 700 users.  Software packages available at the centre are Oracle, Arc GIS, BMDP, Mathematica, SAS, SHAZAM, S-Plus and TSP.  The centre also manages the inventory of computers in consultation with the Computer Purchase Committee.  The centre provides statistical and numerical consultancy services to scientists and research scholars, including non-ISI scientists.  The centre occasionally conducts workshops for training ISI officials on use of computers.  The centre organizes courses for North-eastern states of India.  Members of CSSC take part in teaching different courses (M. Tech (Computer Science)) of the institute.  They supervise project work of non-ISI students studying MCA, B-Tech. 
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