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The research work of Bhabani P. Sinha over the past thirty two years have been focused on different aspects of computer architectures and algorithms. After a brief period of research in the areas of microprogramming and fault-diagnosis in the initial stage, he became interested in computer arithmetic, graph algorithms and interconnection networks. As a recognition of his research work, he has been elected to the fellow grade of IEEE (The Institute of Electrical and Electronics Engineers, USA) in 2002 for his contributions to the design of algorithms and interconnection networks for parallel/distributed computing. Also, he has received the prestigious Homi J. Bhaba award in 1998 from the University Grants Commission, Government of India, for outstanding contributions to Applied Sciences, and has been elected fellows of Indian National Academy of Engineering (1999), National Academy of Sciences, India (1997) and The Institute of Electronics and Telecommunication Engineers, India (1996). He was an associate editor of IEEE Transactions on VLSI Systems during 1998-2000. He has served as the General Chair, Program Chair, Program Vice-Chair, Program Committee Member of a number of International Conferences in the field of parallel and distributed computing, and VLSI design which include HiPC, ADCOM, VLSI Design, ISPAN, etc.

In the area of algorithms, his significant research publications include :

i) Design of fast parallel algorithms for multiplying numbers along with the schemes for their VLSI implementation,

ii) Innovating a novel idea of series folding for efficiently computing a class of commonly used transcendental functions,

iii) Settling a conjecture on the worst-case lower bound on the time complexity of bottom-up-heapsort,

iii) Design of efficient parallel algorithms for sorting, DFT/FFT, testing isomorphism of maximal outerplanar (MOP) graphs, finding all-pair shortest paths (APSP) in a graph,

iv) Design of algorithms for fault-tolerant and time-optimal communication of messages in distributed loop architectures,

v) Design of efficient algorithms for channel assignment in mobile communication networks.

Results obtained in each of the above problems were superior to the existing algorithms, thus improving the state-of-the-art in the relevant areas. Due to the primitive nature of the

operations like multiplication, sorting, DFT/FFT, APSP, graph isomorphism problem,  and also the communication algorithms, even a small reduction in their execution time will have a large effect on the overall performance of the computing system. Because of this aspect, the above research results are significant in practical applications.

In the area of interconnection networks, one of his most significant contributions is the introduction of a new Multi-Mesh architecture which is cost-effective and more efficient than the most popular 2D mesh/torus in applications involving numerical computing, image and signal processing. The Multi-Mesh has the same (four) number of I/O ports per processor and the same order of VLSI implementation cost as for a 2D-torus, yet it shows better performance than the 2D torus in reducing the execution time of various primitive algorithms by orders of magnitude. This topology has also been effectively used for designing the backbone of WDM optical networks.

Apart from this, several other new families of interconnection networks along with the schemes for efficiently mapping algorithms on them for various applications have been introduced by him which lead to improved performances in a parallel/distributed environment. These new families include : a) multiple loop structures with logarithmic diameter, b) bridged and twisted variants of the popular hypercube architecture, and c) odd degree networks for multiprocessors.

Abstracts of selected research topics :

i) In the area of designing fast parallel algorithms for multiplying numbers, his proposed algorithm for multiplying two n-bit signed binary numbers needs 2.71 log2n+ 3 steps of single bit addition on an n n systolic architecture which outperforms the then best VLSI implementable algorithm with O(n) time and O(n2) hardware. The subsequent algorithms proposed by him for multiplying numbers in ternary and redundant-radix (RR-

4) representations require still lesser time with 2 log2n+ 2 and (1/2) log2n + 1steps of single digit addition, respectively. In the RR-4 number system, he has proposed a scheme for adding numbers without any carry-propagation time which causes this significant reduction in the multiplication time. Also, conversion from binary to RR-4 number system needs O(1) time with O(n) hardware. A fast and cost-effective arithmetic co-processor in RR-4 system with all these features for improved execution time has been

proposed.

ii) The idea of series folding helps evaluating an infinite series by a proper transformation of the argument and computing only a few (3 to 4) terms of the series, without impairing the accuracy. The results enhance the practical usefulness of a logarithmic number system (LNS) co-processor and can, in general, be applied to any number system for evaluation of this class of infinite series with lesser computational effort.

iii) A parallel algorithm using multiway merge for sorting n4 elements in O(n) time on multi-dimensional mesh has been proposed. This algorithm sorts nt elements on a t- dimensional mesh having nt nodes in O((t2-3t+2)n) time in contrast to the best known time of [((t2 - t)n log n)/2 + O(nt)] parallel steps of the earlier works.

iv) Given the ordered adjacency lists of two maximal outerplanar graphs each with n nodes, a parallel algorithm has been proposed which tests their isomorphism in O(log n) time using n processors on an EREW PRAM model or a hypercube architecture. When the adjacency matrices of the graphs are given, this algorithm can still complete on O(log n) time on n2 processors.

v) The Multi-Mesh network, proposed with N nodes, each node being of degree four only, has a diameter of 2N1/4 in contrast to a 2D torus whose diameter is 2N1/2-1 with the same number of nodes and the same node degree. Also, the Multi-Mesh network shows better performance than the 2D torus in reducing the execution time of various primitive algorithms by orders of magnitude (e.g., with N processors, addition of N elements in O(N1/4) time compared to O(N1/2) time on a 2D torus, n n matrix multiplication and n- point DFT both in O(n0.6) time (for a suitable n ) compared to O(n) time on a 2D torus, sorting N elements in O(N1/4) time compared to O(N1/2) time on a 2D torus, etc.).

vi) Given a hexagonal cellular network with a specific demand vector (non-homogeneous, in general) and frequency separation constraints for avoiding channel interferences, a new concept of a critical block has been introduced which leads to an efficient channel assignment algorithm for the network. This algorithm identifies a critical block, uses a novel idea of partitioning the critical block into several smaller subnetworks with homogeneous demands, assigns frequencies to the nodes in the critical block and then extends this to the whole of the network. This algorithm provides an optimal assignment for all well-known benchmark problems and is superior to the existing algorithms in terms of both bandwidth requirement and computation time.
