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PROFESSOR R. NARASIMHAN 



DEDICATION 

There are many reasons to celebrate in this tenth year of FST&TCS conferences. This 
conference is organised and run by the Computer Science Research community in India 
without support from any professional societies. It is an expression of solidarity of 
this community to find effective means of exposure to the quality of research 
elsewhere, and to be visible on account of merit. Its purpose has been to provide a 
forum for professional interaction between members of this research community and 
their counterparts in different parts of the world. The effects of this sustained exposure 
is locally visible: the quality of teaching in theoretical aspects of Computer Science has 
uniformly improved in all the major Departments of Computer Science in India; also, 
the number and quality of papers in Theoretical Computer Science reporting on original 
research carried out in India has steadily increased. 

The Tenth Conference on Foundations of Software Technology and Theoretical 
Computer Science is dedicated to Professor R. Narasimhan on the eve of his retirement 
from the Computer Science Group at TIFR. It was his vision of finding means to 
integrate individual researchers into a community, his emphasis on quality, his ideas on 
methods of maintaining quality in a visible manner, and his constant support to the 
Conference Committees in their endeavours to implement his ideas, which have helped 
make this conference an accepted annual event. We will always be beholden to him 
for having helped us believe in ourselves. 

Technical Programme Committee, FST&TCS 10 



ACKNOWLEDGEMENTS 

We owe a debt of gratitude to many who have contributed to this conference: 

- to all the authors of the 116 submitted papers for providing us with delectable 
material; 

to all the authors ofthe 26 selected papers for giving us an excellent programme; 

to all the reviewers for their discerning comments; 

to all Invited Speakers for accepting our invitations; 

to Patricia Lobo, Deenaz Bulsara, A. M. Farooqi, P. R. Naik, and Y. Pajnigar, 
S. Shelar, C. Kumbhar for efficiently managing the Conference Secretariat; 

to Faculty and Students of the Department of Computer Science and 
Automation of IlSc for providing organisational support; 

to the funding agencies for their encouragement and support. 

December, 1990 
K. V. Nori 
C. E. Veni Madhavan 



Conference Advisory Committee 
D Bjorner (Denmark) 

A Chandra (IBM Resarch) 

S Crespi Reghizzi (Milan) 

Z Galil (Columbia) 

D Gries (Cornell) 

M Joseph (Warwick) 

A Joshi (Pennsylvania) 

R Kannan (CMU) 

U Montanari (Pisa) 

R Narasimhan (TIFR) 

M Nivat (Paris) 

R Parikh (New York) 

S Rao Kosaraju (Johns Hopkins) 

S Sahni (Minnesota) 

W A Wulf (Virginia) 

Technical Programme Committee 

G P Bhattacharjee (liT Kharagpur) 

S Biswas (liT Kanpur) 

K Krithivasan (liT Madras) 

S N Maheshwari (liT Delhi) 

K V Nori (TRDDC Pune) 

R K Shyamasundar (TIFR) 

Y N Srikant (llSc Bangalore) 

P S Thiagarajan (SPIC Foundation) 

C E Veni Madhavan (llSc Bangalore) 

G Venkatesh (liT Bombay) 

Vl 



LIST OF REVIEWERS 

G S Adhar, Univ. of North Carolina, USA 
W R Adrion, Univ. of Massachusetts, USA 
A Aggarwal, IBM-T J Watson Res Ctr, USA 
A Aggarwal, Univ. of Maryland, USA 
R K Ahuja, liT Kanpur, India 
M Ahuja, Ohio State Univ., USA 
J Anderson, Comp Resources Int'l, Denmark 
A Arora, MCTC, USA 
K Bagchi, Aalborg Univ., Denmark 
S Balaji, ISRO B'lore, India 
S Banerjee, IISc B'lore, India 
R Barua, ISI Calcutta, India 
G Barua, tiT Kanpur, India 
K Berkling, Syracuse Univ., USA 
S Bettayeb, Louisiana State Univ., USA 
P Bonattt, Corso Italia, Pisa, Italy 
E Bevers, Univ. of Leuven, Belgium 
B Bhargava, Purdue Univ., USA 
P C P Bhatt, liT Delhi, India 
B K Bhattacharya, Simon Fraser Univ., Canada 
B B Bhattacharya, ISI Calcutta, India 
S Biswas, liT Kanpur, India 
D Bjorner, Tech Univ. of Denmark, Denmark 
J R S Blair, Univ. of Tennessee, USA 
J Camilleri, Computel Labs, Cambridge, UK 
D M Campbell, Brigham Young Univ., USA 
D L Carver, Louisiana State Univ., USA 
J Case, Univ. of Delaware, USA 
M Cerioli, Univ. of Genoa, Italy 
D R Chand, Framingham, MA, USA 
V Chandru, IISc B'lore, India 
S Chaudhari, Rutgers NJ, USA 
J Cheriyan, Univ. of Saartand, FRG 
B Courcelle, France 
K Culik II, Univ. of South Carolina, USA 
D D'Souza, R M I T, Australia 
P Dasgupta, Georgia Inst. of Tech., USA 
A Datta, liT Madras, India 
R W Dawes, Queen's Univ., Canada 
A Dawar, Univ. of Pennsylvania, USA 
P J de Bruin, Univ. of Saarland, FRG 
W P de Roever, Kiel Univ., FRG 
A Deb, Memorial Univ., Canada 
N C Debnath, Winona State Univ., USA 
S K Debray, Univ. of Arizona, USA 
A H Dekker, Griffith Univ., Australia 
N Deo, Univ. of Central Florida, USA 
J S Deogun, Univ. of Nebraska-Lincoln, USA 
S C Desarkar, liT Kharagpur, India 

J Desharnais, Univ. Laval, Canada 
T K Dey, Purdue Univ., USA 
A A Diwan, TIFR Bombay, India 
Dubashi, Cornell Univ., USA 
P Dublish, Univ. of Hildesheim, FRG 
R Dwyer, St. Univ. of North Carolina, USA 
W Fey, Univ. of Berlin, FRG 
J Fiadeiro, Imperial College, UK 
M. Gabbrielti, Univ. of Pisa, Italy 
G Gambosi, IASI-CNR, Italy 
A V Ganapati, IISc B'lore, India 
M Garzon, Memphis State Univ., USA 
E V Gestet Univ. of Leuven, Belgium 
S K Ghosh, TIFR Bombay, India 
D Goelman, Villanova Univ., USA 
Md Gouda, MCTC, USA 
R Greeniaw, College of Eng., Durham, NH, USA 
J Gunawardena, Hewlett-Packard Labs, UK 
R Gupta, Simon Fraser Univ., Canada 
K Havelund, Tech Univ. of Denmark, Denmark 
A Haxthauser, Louisiana State Univ., USA 
L S Heath, Virginia PI & State Univ., USA 
H Heller, Siemens, FRG 
M Hermann, CRIN, France 
Z Hong, Nanjing Univ., PR China 
G Hotz, Univ. of Saarland, FRG 
W J Hsu, Michigan State Univ., USA 
S S lyengar, Louisiana State Univ., USA 
S Jain, Univ. of Rochester, USA 
R Janardan, Univ. of Minnesota, USA 
J M Janas, Bundeswehr Univ. Munich, FRG 
L S Jensen, Univ. of Denmark, Denmark 
Y J Jiang, Imperial College, UK 
M Joseph, Univ. of Warwick, UK 
A K Joshi, Univ. of Pennsylvania, USA 
J Kamper, IBM, FRG 
K Kanchanasut, Univ. of Melbourne, Australia 
R Kannan, CMU, USA 
S Kapoor, liT Delhi, India 
H Karnick, liT Kanpur, India 
V N Kasyanov, USSR Academy of Sc., USSR 
V B Kaujalgi, IIM B'lore, India 
C Kenyon, Laboratoire d'lnformatique, France 
S Khuller, Cornell Univ., USA 
C M R Kintala, AT & T Bell Labs, USA 
S Krishnamoorthy, Georgia Tech, USA 
K Krithivasan, liT Madras, India 
S Kumar, liT Kanpur, India 
A Kumar, l i t  Delhi, India 



V S Lakshmanan, IISc B'lore, India 
C Levcopoulos, Lund Univ., Sweden 
G Levi, Corso Italia, Pisa, Italy 
C P Lewington, Univ. of Essex, UK 
A Lingas, Lund Univ., Sweden 
K Lodaya, Matscience Madras, India 
H H Lovengreen, Univ. of Denmark, Denmark 
S M Mahajan, BARC Bombay, India 
S Mahajan, Simon Fraser Univ., Canada 
A Mahanti, Univ. of Maryland, USA 
M Maher, IBM-TJ Watson Res Ctr, USA 
S N Maheshwari, liT Delhi 
A K Majumdar, liT Kharagpur 
F M Malvestuto, Studi-DOC, ENEA Italy 
A Marchetti, Rome, Italy 
Mehndiratta, liT Bombay, India 
A K Mittal, liT Kanpur, India 
C K Mohan, New York, USA 
S Morasca, Milan Polytechnic, Italy 
A Mosiemie, Univ. of Hetsinki, Finland 
R Motwani, Stanford Univ., USA 
I S Mumick, Stanford Univ. USA 
D V J Murphy, Univ. of Glasgow, UK 
C R Muthukdshnan, liT Madras, India 
K N R Nair, Univ. of Poona, India 
A Nakamura, Hiroshima Univ,, Japan 
N K Nanda, AIT Bangkok, Thailand 
G Narasimhan, Memphis State Univ., USA 
K V Nod, TRDDC Pune, India 
L Narayan, Univ. of Rochester, USA 
S Olariu, Old Dominion Univ., USA 
B J Oommen, Carleton Univ., USA 
A K Pal, IIM Calcutta, India 
S P Pal, IISc B'lore, India 
M Palls, Univ. of Pennsylvania, USA 
C P Rangan, liT Madras, India 
G E Pantziou, Computer Tech. Inst., Greece 
M A Papalaskad, Villanova Univ., USA 
J Paredaens, Univ. of Antwerp, Belgium 
A Paulraj, C-DAC, B'lore, India 
A Pettorosi, IASI-CNR, Italy 
M Pezze, Milan Polytechnic, Italy 
I Phillips, Imperial College, UK 
B C Pierce, IBM-TJ Watson Res Ctr, USA 
B Plateau, INPG, France 
S K Prasad, Univ. of Central Rorida, USA 
M Protasi, Univ. of Rome, Italy 
S Purushothaman, Penn. State Univ., USA 
P Raghavan, IBM-TJ Watson Res Ctr, USA 
C S Raghavendra, USC, USA 
V Rajasekar, IISc B'lore, India 
S Rajasekaran, Univ. of Penn., USA 
K S Rajasethupathy, SUNY-Brockport, USA 

VIII 

S Ramakrishnan, Bowling Green Univ., USA 
R Raman, Univ. of Rochester, USA 
R Ramanujam, IMSc Madras, India 
S Ramesh, liT Bombay, India 
E Ritter, Univ. of Cambridge, UK 
N S V Rao, Old Dominion Univ., USA 
K S Rao, John Hopkins Univ., USA 
S Rengarajan, IISc B'lore, India 
C Retore, Imperial College, UK 
K Ross, IBM-TJ Watson Res Ctr, USA 
H V Sahasrabuddhe, Univ. of Poona, India 
R Sangal, liT Kanpur, India 
A Saoudi, Univ. of Paris VII, France 
H Saran, Univ. of California, USA 
S Sarkar, IBM Corporation, USA 
S Saxena, lIT Kanpur, India 
B Schieber, IBM-TJ Watson Res. Ctr., USA 
S Sen, Duke Univ., USA 
A S Sethi, Univ. of Delaware, USA 
S G Shiva, Univ. of Alabama, USA 
S Singh, liT Delhi, India 
M $inha, liT Delhi, India 
G Sivakumar, Univ. of Delaware, USA 
A Somani, Univ. of Washington, USA 
N Sopankar, Univ. of Texas, USA 
N Soundarajan, Ohio State Univ,, USA 
P Spirakis, Computer Tech. Inst,, Greece 
P Sreenivasa Kumar, IISc B'lore, India 
Y N Srikant, IlSc B'tore, India 
P K Srimani, Colorado State Univ., USA 
M Subramaniam, TRDDC Pune, India 
V S Sunderam, Emory Univ., USA 
R Sunderraman, Wichita State Univ., USA 
S Sur-Kolay, ISI Calcutta, India 
R K Shyamasundar, TIFR Bombay, India 
G Taubenfeld, Yale Univ., USA 
P S Thiagarajan, SPIC Sc Foundn., India 
P Tiwari, IBM-TJ Watson Res Ctr, USA 
A Tyagi, Univ. of North Carolina, USA 
R S Valiveti, Carleton Univ., USA 
V Vazarani, Cornell Univ., USA 
C E Veni Madhavan, IISc B'tore, India 
S Venkatesan, Univ. of Texas, USA 
G Venkatesh, liT Bombay, India 
K Vidyasankar, Memorial Univ., USA 
V Vinay, IISc B'lore, India 
D S L Wei, Univ. of Pennsylvania, USA 
R Wilkinson, RMIT, Australia 
M F Worboys, Univ. of Leicester, UK 
R Yerneni, Tandem Computers, USA 
J H You, Univ. of Alberta, Canada 
C D Zaroliagis, CTt, Greece 
E Zucca, Univ. of Genoa, Italy 



T A B L E  OF C O N T E N T S  

INVITED PAPER, Chair : R. K. Shyamasundar (TIFR, Bombay) 
Reasoning About Linear Constraints Using Parametric Queries . . . . . . . . . . . . . . . . . .  

T. Huynh, L Joskowicz, C. Lassez, J. Lassez (IBM T. J. Watson Res. Center, USA) 

LOGIC,  Chair  : G. Venkatesh, (liT, Bombay) 
Discriminant Circumscription . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  21 

L. Yuan, J. You (University of Alberta, Canada) 
Complexity of Algebraic Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 

R. Subrahmanyam (University of Pennsylvania, USA) 
A New Method for Undecidability Proofs of First Order Theories . . . . . . . . . . . . . . . . .  48 

R. Treinen (University of Saadand, FRG) 
Generating Plans in Linear Logic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 

M. Masseron, C. Tollu, J. Vauzeilles 
(University of Paris North and University of Paris VII, France) 

A U T O M A T A  AND FORMAL LANGUAGES,  Chair : K. Krithivasan (liT, Madras) 
Automata Theoretic Techniques for Image Generation and Compression . . . . . .  . . . . .  76 

K. Culik II, S. Dube (University of South Carolina, Columbia, USA) 
Recognizable Infinite Tree Sets and their Complexity . . . . . . . . . . . . . . . . . . . . . . . . .  91 

A. Saoudi (University of Paris VII, France) 
D. E. Muller, P. E. Schupp (University of Illinois at Urbana-Champaign, USA) 

The Expressibility of Nondeterministic Auxiliary Stack Automata and 
its Relation to Treesize Bounded Alternating Auxiliary Pushdown Automata . . . . . . . . .  104 

V. Vinay (llSc, Bangalore); V. Chandru (Purdue University, USA) 

T H E O R Y  OF PROGRAMMING, Chair : K. V. Nori (TRDDC, Pune) 
Towards Constructive Program Derivation in VDM . . . . . . . . . . . . . . . . . . . . . . . . . .  

C. P. Lewington (British Telecom Research Labs, UK) 
A New Method for Proving Termination of AC-Rewrite Systems . . . . . . . . . . . . . . . . .  

D. Kaput (SUNY Albany, USA); G. Sivakumar (University of Delaware, USA) 
H. Zhang (University of Iowa, USA) 

115 

133 

PARALLEL ALGORITHMS, Chair : Y. N. Srikant (llSc, Bangalore) 
Efficient Parallel Algorithms for Optical Computing with the DFT Primitive . . . . . . . . . .  149 

J. Reif (Duke University, USA) ; A. Tyagi (University of North Carolina, USA) 
The Power of Collision : Randomized Parallel Algorithms for Chaining and 
Integer Sorting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  161 

R. Raman (University of Rochester, USA) 
Fast Parallel Algorithms for Cographs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  176 

R. Lin (SUNY at Geneseo, USA), S.Olariu (Old Dominion University, USA) 
Optimally Representing Euclidean Space Discretely for Analogically 
Simulating Physical Phenomena . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  190 

J. Case, O. S. Rajan, A. M. Shende (University of Delaware, USA) 
Optimal Parallel Algorithms for Testing Isomorphism of Trees and Outerplanar Graphs . .  204 

C. Levcopoulos, A. Lingas, O. Petersson (Lund University, Sweden) 
W. Rytter (Warsaw University, Poland) 

Randomized Parallel Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  215 
S. Rajasekaran (University of Pennsylvania, USA) 

A Fast Parallel Algorithm for Finding a Maximal Bipartite Set . . . . . . . . . . . . . . . . . . .  225 
D. Pearson, V. Vazirani (Cornell University, USA) 



X 

INVITED PAPER, Chair : C. E. Veni Madhavan (llSc, Bangalore) 
On The Parallel Evaluation of Classes of Circuits . . . . . . . . . . . . . . . . . . . . . . . . . .  

S. Rao Kosaraju (Johns Hopkins University, USA) 
232 

GEOMETRIC ALGORITHMS, Chair : S. N. Maheshwari (liT, Delhi) 
Voronoi Diagrams of Moving Points in the Plane . . . . . . . . . . . . . . . . . . . . . . . . . .  238 

J. Fu, R. C. T. Lee (National Tsing Hua Universtity, Hsinchu, Taiwan ROC) 
Efficient Algorithms for Identifying All Maximal Isothetic Empty Rectangles 
in VLSI Layout Design . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  255 

S. C. Nandy, B. B. Bhattacharya and S. Ray 
(Indian Statistical Institute, Calcutta) 

On Some Largest Empty Orthoconvex Polygons in a Point Set . . . . . . . . . . . . . . . . .  270 
A. Datta, G. D. S. Ramkumar (liT, Madras) 

CONCURRENCY, Chair: P. S. Thiagarajan (SPIC Sci. Foundn., Madras) 
Defining Process Fairness for Non-Interleaving Concurrency . . . .  • . .  . . . . . . . . . . .  286 

M. Z. Kwiatkowska (University of Leicester, UK) 
Observational Logics and Concurrency Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  301 

R. DeNicola (IEI - CNR, Pisa, Italy); G. L Ferrari (University of Pisa, Italy) 

DISTRIBUTED COMPUTING, Chair : G. P. Bhattacharjee (liT, Kharagpur) 
Distributed Reset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  316 

A. Arora, M. Gouda (University of Texas at Austin, USA) 
Refinement and Composition of Transition-based Rely-Guarantee Specifications 
with Auxiliary Variables . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  332 

P. Gronning, T. Q. Nielsen, H. H. Lovengreen 
(Technical University of Denmark, Denmark) 

Efficient Algorithms for Crash Recovery in Distributed Systems . . . . . . . . . . . . . . . . .  349 
T. Juang, S. Venkatesan (University of Texas at Dallas, USA) 

SEMANTICS, Chair : S. Biswas (liT, Kanpur) 
A Non-Standard Inductive Semantics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  362 

G. Reggio (University of Genoa, Italy) 
Relating Full Abstraction Results for Different Programming Languages . . . . . . . . . .  373 

K. Sieber (University of Saadand, FRG) 

INVITED LECTURES IN HONOUR OF PROF. R. NARASlMHAN, TIFR, BOMBAY : 
Towards a Theory of Commonsense Visual Reasoning . . . . . . . . . . . . . . . . . . . . .  

B. Chandrasekaran, N. H. Narayanan (Ohio State University, USA) 
Natural Language Processing, Complexity Theory and Logic . . . . . . . . . . . . . . . . .  

A. Bharati, R. Sangai, V. Chaitanya (liT, Kanpur) 
Image Understanding : Past, Present, and Future (paper not included) 

A. Rosenfeld (University of Maryland, USA) 

388 

410 


