Fiscal Y ear 1995

Summ ary of Aw ards

Division of Computer and Computation Researc h

Directorate of CISE

National Science F oundation ii

PREFACE

The purpose of this report is to provide the scientific community with a summary of those grants awar ded by the Division of Computer and Computation Resear ch in Fiscal Year 1995.

Similar areas of resear ch are grouped together for reader convenience. The reader is cautioned, however , not to assume that these categories represent either the totality of inter ests of each program or the total scope of each grant. Projects may bridge several programs or deal with topics not explicitly mentioned herein. Thus, these categories have been assigned administratively and for the purpose of this report only.

In this document, grantee institutions and principal investigators are identified first. Awar d identification numbers, awar d amounts, and awar d durations are enumerated after the individual project titles. Within each category , awar ds are listed alphabetically by principal investigators. This report lists only those projects funded using Fiscal Year 1995dollars and hence does not list fully funded multi-year awar ds initiated prior to Fiscal Year 1995.

Readers wishing further information on any particular project described in this report are advised to contact principal investigators directly.

Richard B.Kieburtz Division Director Computer and Computation Resear ch

ii

T able of Contents

Preface i

Division Staff v

Introduction ix

Theory of Computing 1 Algorithms: Sequential, Combinatorial and Applied 1 Parallel, Distributed and Probabilistic Computation 18 Foundations of Computing 22

Numeric, Symbolic, and Geometric Computation 39 Numerical Methods 39 Symbolic and Algebraic Computation 53 Computational Geometry 59 Optimization and Mathematical Programming 64 Computational Logic and Theorem Proving 69

Computer Systems Architectur e 75 Computer Architectur e 75 Fault Tolerance 86 Performance Evaluation 88 Computer Graphics, Visualization and Computer -Aided Geometric Design 91 Miscellaneous 95

Operating Systems and Systems Softwar e 99 Operating System Kernels 99 Parallel and Distributed Systems 101 Security, Reliability and Fault Tolerance 104 Performance Evaluation, Scheduling, and Resour ce Management 106 Application of Formal Techniques 107

Programming Languages and Compilers 111 Programming Language Design 111 Semantics Theory 118 Compilation and Optimization 121 Automated Program Generation and Verification 126

Softwar e Engineering 129 Specification and Design 129 Program Testing, Analysis, and Verification 136 Measur ement and Process 141 Softwar e Architectur e, Composition, and Development Environments 143

Science and Technology Centers 151

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Index of Grantee Institutions 153 Index of Principal Investigators 157 Index of Presidential and NSF Young Investigators 165 Index of Presidential Faculty Fellowship Awar dees 167 Index of Resear ch Initiation Awar dees 169 Index of CAREER Awar dees 171 Index of Resear ch Planning Grant (RPG) Awar dees 173 Index of Resear ch at Under graduate Institution (RUI) Awar dees 175

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . .

Program Directors

Program Staff

Division of Computer and Computation Research 1994–95

Acting Division Director Bruce H. Barnes Deputy Division Director Bruce H. Barnes Administrative Officer Jan Gatton

Theory of Computation Dana May Latch Numeric, Symbolic and Geometric S. Kamal Abdali Computation Computer Systems Zeke Zalcstein Operating Systems and Systems Krishna Kavi Softwar e Programming Languages and D. Helen Gill Compilers Krishna Kavi Softwar e Engineering D. Helen Gill Special Projects Gerald Engel

Division Secretary Kathy Roten Senior Program Assistant Benita Bazemor e Program Assistants Joyce Muir Rowena Gonzales Astride Jakobsons

vi

Program Directors

Program Staff

Division of Computer and Computation Research 1995–96

Division Director Richard B.Kieburtz Deputy Division Director Caroline Wardle Administrative Officer Jan Gatton

Theory of Computation Dana May Latch Numeric, Symbolic and Geometric S. Kamal Abdali Computation Computer Systems Zeke Zalcstein Operating Systems and Systems Anand Tripathi Softwar e Programming Languages and D. Helen Gill Compilers Anand Tripathi Softwar e Engineering D. Helen Gill

Division Secretary Deborah J.White Senior Program Assistant Benita Bazemor e Joyce Muir Program Assistants Astride Jakobsons Gloria Strothers

viii

Program Directors

Program Staff

Division of Computer and Computation Research 1996–97

rkieburt@nsf.gov bbarnes@nsf.gov jgatton@nsf.gov

zzalcste@nsf.gov atripath@nsf.gov

wagresti@nsf.gov

kabdali@nsf.gov

fanger@nsf.gov

djwhite@nsf.gov bbazemor@nsf.gov jmuir@nsf.gov ajakobso@nsf.gov gstrothe@nsf.gov

Division Director Richard B.Kieburtz (703) 306-1910 Deputy Division Director Bruce H. Barnes (703) 306-1910 Administrative Officer Jan Gatton (703) 306-1910

Theory of Computation Zeke Zalcstein (703) 306-1914 Computer Systems, Architectur e Anand Tripathi (703) 306-1912 and Softwar e Experimental Softwar e William Agresti (703) 306-1911 Systems Numeric, Symbolic and Geometric S. Kamal Abdali (703) 306-1912 Computation Softwar e Engineering Frank D. Anger (703) 306-1911

Division Secretary Deborah J.White-W ilkins (703) 306-1910 Senior Program Assistant Benita Bazemor e (703) 306-1914 Joyce Muir (703) 306-1918 Program Assistants Astride Jakobsons (703) 306-1916 Gloria Strothers (703) 306-1918

x

INTRODUCTION

Theory of Computing

Numeric, Symbolic and Geometric Computation

Computer Systems

Operating Systems and Systems Software

Programming Languages and Compilers

Software Engineering

This report provides summaries of awar ds made by the National Science Foundation (NSF) through the Division of Computer and Computation Resear ch in Fiscal Year 1995. The Division of Computer and Computation Resear ch activities were carried out through 6 programs:

Basic resear ch aimed at impr oving the current practice of computing and enhancing our understanding of the fundamental issues of computation.

Basic and applied resear ch on algorithms and softwar e for computational science and engineering with special emphases on (i) symbolic methods, (ii) numeric/symbolic/geometric interfaces, and (iii) areas of intersection among scientific computing and other parts of computer science.

Resear ch in foundational studies, new architectur es, system design, parallel computation, inter connection networks, load balancing, performance evaluation, fault-tolerance, and graphics.

Resear ch on operating systems, systems tools, and libraries for all levels of computers and networked resour ces, with emphasis on systems softwar e for high performance envir onments.

Programming Languages for new or impr oved means of softwar e creation, development and evaluation of operating systems, and validation of correctness and compliance.

Creation of models and tools to impr ove softwar e development, empirical studies of softwar e quality , and the softwar e development process.