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Foreword

ETAPS 2004 was the seventh instance of the European Joint Conferences on
Theory and Practice of Software. ETAPS is an annual federated conference that
was established in 1998 by combining a number of existing and new conferences.
This year it comprised five conferences (FOSSACS, FASE, ESOP, CC, TACAS),
23 satellite workshops, | tutorial, and 7 invited lectures (not including those
that are specific to the satellite events).

The events that comprise ETAPS address various aspects of the system de-
velopment process, including specification, design, implementation, analysis and
improvement. The languages, methodologies and tools that support these ac-
tivities are all well within its scope. Different blends of theory and practice are
represented, with an inclination towards theory with a practical motivation on
the one hand and soundly based practice on the other. Many of the issues invol-
ved in software design apply to systems in general, including hardware systems,
and the emphasis on software is not intended to be exclusive.

ETAPS is a loose confederation in which each event retains its own identity,
with a separate program committee and independent proceedings. Its format is
open-ended, allowing it to grow and evolve as time goes by. Contributed talks
and system demonstrations are in synchronized parallel sessions, with invited
lectures in plenary sessions. Two of the invited lectures are reserved for “unify-
ing” talks on topics of interest to the whole range of ETAPS attendees. The
aim of cramming all this activity into a single one-week meeting is to create a
strong magnet for academic and industrial researchers working on topics within
its scope, giving them the opportunity to learn about research in related areas,
and thereby to foster new and existing links between work in areas that were
formerly addressed in separate meetings.

ETAPS 2004 was organized by the LSI Department of the Catalonia Tech-
nical University (UPC), in cooperation with:

European Association for Theoretical Computer Science (EATCS)
European Association for Programming Languages and Systems (EAPLS)
European Association of Software Science and Technology (EASST)
ACM SIGACT, SIGSOFT and SIGPLAN

The organizing tcam comprised

Jordi Cortadella (Satellite Events), Nikos Mylonakis, Robert Nicuwenhuis,
Fernando Orejas (Chair), Edelmira Pasarella, Sonia Perez, Elvira Pino,
Albert Rubio

and had the assistance of TILESA OPC.
ETAPS 2004 received generous sponsorship from:
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UPC, Spanish Ministry of Science and Technology (MCYT), Catalan
Department for Universities, Research and Information Society (DURSI),
IBM, Intel.

Overall planning for ETAPS conferences is the responsibility of its Steering
Committee, whose current membership is:

Ratislav Bodik (Berkeley), Maura Cerioli (Genoa), Evelyn Duesterwald
(IBM. Yorktown Heights), Hartmut Ehrig (Berlin). José Fiadeiro
(Leicester), Marie-Claude Gaudel (Paris). Andy Gordon

(Microsoft Research, Camnbridge), Roberto Gorrieri (Bologna). Nicolas
Halbwachs (Grenoble), Gorel Hedin (Lund), Kurt Jensen (Aarhus), Paul
Klint (Amsterdam), Tiziana Margaria (Dortmund), Ugo Montanari
(Pisa). Hanne Riis Nielson (Copenhagen), Fernando Orejas (Barcelona),
Mauro Pezze (Milan), Andreas Podelski (Saarbriicken), Mooly Sagiv
(Tel Aviv), Don Sannella (Edinburgh), Vladimiro Sassone (Sussex), David
Schmidt (Kansas), Bernhard Steffen (Dortmund), Perdita Stevens
(Edinburgh). Andrzej Tarlecki (Warsaw), Igor Walukiewicz (Bordeaux),
Michel Wermelinger (Lisbon)

[ would like to express my sincere gratitude to all of these people and organiza-
tions, the program committee chairs and PC members of the ETAPS conferen-
ces, the organizers of the satellite events, the speakers themselves, and finally
Springer-Verlag for agreeing to publish the ETAPS proceedings. This year, the
number of submissions approached 600, making acceptance rates fall to 25%. 1
congratulate the authors who made it into the final program! I hope that all the
other authors still found a way of participating in this exciting event and I hope
you will continue submitting.
In 2005, ETAPS will be organized by Don Sannella in Edinburgh. You will be
welcomed by another “local”: my successor as ETAPS Steering Committee Chair
Perdita Stevens. My wish is that she will enjoy coordinating the next threc
editions of ETAPS as much as I have. It is not an easy job. in spite of what
Don assured me when I succeeded him! But it is definitely a very rewarding
one. One cannot help but feel proud of secing submission and participation
records being broken one year after the other, and that the technical program
reached the levels of quality that we have been witnessing. At the same time,
interacting with the organizers has been a particularly rich experience. Having
organized the very first edition of ETAPS in Lisbon in 1998, I knew what they
were going through, and I can tell you that each of them put his/her heart, soul,
and an incredible amount of effort into the organization. The result, as we all
know, was brilliant on all counts! Thercfore, my last words are to thank Susanne
Graf (2002). Andrzej Tarlecki and Pawel Urzyczyn (2003), and Fernando Orejas
(2004) for the privilege of having worked with them.

Leicester, January 2004 Jos¢ Luiz Fiadeiro

ETAPS Steering Committee Chair
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Preface

The CC program committee is pleased to present this volume with the pro-
ceedings of the 13th International Conference on Compiler Construction (CC
2004). CC countinues to provide an exciting forum for rescarchers, educators,
and practitioners to exchange ideas on the latest developments in compiler tech-
nology, programming language implementation, and language design. The con-
ference emphasizes practical and experimental work and invites contributions
on methods and tools for all aspects of compiler technology and all language
paradigms.

This volume serves as the permanent record of the 19 papers accepted for
presentation at CC 2004 held in Barcelona, Spain, during April 1-2, 2004. The
19 papers in this volume were selected from 58 submissions. Each paper was
assigned to three committee members for review. The program committee met
for one day in December 2003 to discuss the papers and the reviews. By the end
of the meeting, a consensus emerged to accept the 19 papers presented in this
volume. However, there were many other quality submissions that could not be
accommodated in the program; hopefully they will be published elsewhere.

The continued success of the CC conference series would not be possible with-
out the help of the CC community. I would like to gratefully acknowledge and
thank all of the authors who submitted papers and the many external reviewers
who wrote reviews.

I especially thank the program committee members for their efforts and com-
mitment in providing thoughtful and knowledgeable reviews. Special thanks go
to our invited keynote speaker, Prof. Mary Lou Soffa from the University of
Pittsburgh. Finally, many thanks to the entire ETAPS committee for making
CC 2004 possible, especially to Fernando Orejas, the ETAPS 2004 organizing
committee chair and to José Luiz Fiadeiro, the current chair of the ETAPS
steering committee.

New York, January 2004 Evelyn Duesterwald
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the algorithm will update the sampled set with this new subpath id. Finally, the
algorithm will decide how many blocks are to be skipped before sampling begins
again, and will switch into skipping mode.

Every time subpath [3456] is sampled, its count in the sample is incremented.
Note that it will be sampled at a rate about 3 times the rate of subpath [4567],
about 6 times the rate of subpath [4567,], and over 20 times the rate of subpaths
(12534] and [2,345]. Also note that even for a sampling probability of about 5,
it is expected to be sampled approximately 150 times, enabling a very accurate
estimate of its count.

2.2 Complexity Analysis

The skipping overhead, in the enterBlock method, is O(1) operations per block,
with a constant depending on the exact implementation of the skipping process.
The sampling overhead, in the sampleBlock method, is O(1) operations per sam-
pled block. The cost of table resampling is controlled by setting the new sampling
probability, and can be made to be amortized O(1) per sampled block [8]. Since
the number of sampled blocks is a small fraction of the total number of executed
blocks, the total sampling overhead is o(n), where n is the number of executed
blocks, and is o(1) amortized per executed block. A more detailed analysis is
given in [12,13].

2.3 Special Considerations

Sampling and Skipping The sampling and counting are performed using a
hot-list algorithm [8]. The hot-list algorithm is given an estimate of the input
size, and a permissible memory footprint. From these values an initial sampling
frequency f is computed, and each subpath is sampled with probability .

Let m be the permissible memory footprint, G the expected gain an({ n the
expected input size, then

n

/= mxG (1)

Instead of deciding for each subpath whether it should be sampled or not,

a skip value is computed [18]. This value represents how many subpaths must
be skipped before one should be sampled. The skip values are chosen so that

their expected value is f, and for large values of f the performance gain can be
important.

Subpaths For performance reasons, we observe that it is advantageous to only
consider subpaths whose length is a power of two. Since the number of subpaths
increases (quadratically) with the number of basic blocks, and the number of
subpaths in the input affects accuracy for a given sample size, we improve per-
formance by limiting the input set. Our choice provides significant reduction in
the noise that exists in the sample set. Moreover, for any hot subpath of length k,
we can find a subpath of length at least 12“— which is part of the sample space.



IX

Table of Contents

Invited Talk

Developing a Foundation for Code Optimization ...................... 1
Mary Lou Soffa

Program Analysis

Analyzing Memory Accesses in x86 Executables. ................... ... 5
Gogul Balakrishnan, Thomas Reps
The Limits of Alias Analysis for Scalar Optimizations ................. 24

Rezaul A. Chowdhury, Peter Djeu, Brendon Cahoon,
James H. Burrill, Kathryn S. McKinley

Pruning Interference and Ready Dependence
for Slicing Concurrent Java Programs. ............ ... ... .. ... ........ 39
Venkatesch Prasad Ranganath, John Hatcliff

Data Dependence Profiling for Speculative Optimizations .............. o7
Tong Chen, Jin Lin, Xiaoru Dai, Wei-Chung Hsu, Pen-Chung Yew

Parsing

Elkhound: A Fast, Practical GLR Parser Generator ................... 73
Scott McPeak, George C. Necula

Generalised Parsing: Some Costs .. ..o 89
Adrian Johnstone, Elizabeth Scott, Giorgios Economopoulos

Loop Analysis

An Automata-Theoretic Algorithm for Counting Solutions
to Presburger Formulas .. ... ... 104
Erin Parker, Siddhartha Chatterjee

A Symbolic Approach to Bernstein Expansion for Program Analysis
and Optimization .. ... ... 120
Philippe Clauss, Irina Tchoupaeva

Periodic Polyhedra . ... ... 134
Benoit Meister



X Table of Contents

Optimization

Region-Based Partial Dead Code Elimination on Predicated Code .. ... .. 150
Qiong Cai, Lin Gao, Jingling Xue

Value-Based Partial Redundancy Elimination. . ........ ... .. ... ... 167
Thomas VanDrunen, Antony L. Hosking

Increasing the Applicability of Scalar Replacement .................... 185
Byoungro So, Mary Hall

Reducing the Cost of Object Boxing . ...t 202
Tim Owen, Des Watson

Code Generation and Backend Optimizations

FFT Compiler Techniques . ... 217
Stefan Kral, Franz Franchetti, Juergen Lorenz,
Christoph W. Ueberhuber, Peter Wurzinger

Widening Integer Arithmetic ... i 232
Kevin Redwine, Norman Ramsey

Stochastic Bit-Width Approximation Using Extreme Value Theory
for Customizable Processors ... 250
Emre Ozer. Andy P. Nisbet, David Gregg

Using Multiple Memory Access Instructions for Reducing
OIS BTZ0 v v vw s ns mneninn o §5EHE EHEES FEE ERE G SH IS T fh s 5 265
Neil Johnson, Alan Mycroft

Compiler Construction

Integrating the Soot Compiler Infrastructure into an IDE .............. 281
Jennifer Lhotdk, Ondrej Lhotdk, Laurie Hendren

Declarative Composition of Stack Frames ............................ 298
Christian Lindig, Norman Ramsey

Author Index ... ..o 313



Developing a Foundation for Code Optimization

Mary Lou Soffa

Department of Computer Science
University of Pittsburgh,
Pittsburgh, PA
soffa@cs.pitt.edu
www.cs.pitt.edu/~soffa

Abstract. Although optimization technology has been successful over the past
40 years, recent trends are emerging that demand we reconsider the paradigm
that we are using for code optimization. In particular, the trends toward dy-
namic optimization, writing embedded system software in high level languages
and the lack of significant performance improvement from current optimization
research are forcing us to rethink what we know and do not know about opti-
mization. A number of problems dealing with both semantic and application
properties of optimizations have always existed but have been mostly ignored.
The challenge in optimization today is to explore properties of optimizations
and develop a framework for better understanding and use of optimizations.
Fortunately. research is starting to explore properties, including proving the
soundness of optimizations, proving the correctness of optimizations, specifica-
tions of optimizations, and the predictability of profits of optimizations. Not
only must we understand the properties, but we also need to integrate the prop-
erties into a framework. Only then can we address the problems of the develop-
ing trends.

1 Introduction

The field of optimization has been extremely successful over the past 40+ years. As
new languages and new architectures have been introduced. new and effective op-
timizations have been developed to target and exploit both the software and hardware
innovations. Various reports from both research and commercial projects have indi-
cated that the performance of software can be improved by 20% to 40% by applying
levels of aggressive optimizations.

Most of the success in the field has come from the development of particular op-
timizations, such as partial redundancy elimination, speculation, and path sensitive
optimization. Although we knew that there were various problems with optimization
that were not well understood. they were mostly ignored. Thus instead of trying to
understand and solve the problems, we avoided them for the most part because we
were getting performance improvements. These problems included knowing when,
where and what optimizations to apply for the best improvement. Other problems

E. Duesterwald (Ed.): CC 2004, LNCS 2985, pp. 1-4, 2004.
© Springer-Verlag Berlin Heidelberg 2004



2 M.L. Soffa

include showing the soundness of optimizations (an optimization does not change the
semantics of a program) and the correctness of the optimizer that implements the
optimizations. When optimizations are introduced, seldom is their soundness proved,
and likewise optimizers are notorious for being buggy.

2 Technical Challenges

A number of recent events are forcing us to finally take up the challenge of the opti-
mization problems. Because of the continued growth of embedded systems and the
competitive market, where time-to-market is critical, there is a movement to write
software for embedded system in high level languages. This movement requires an
optimizing compiler to generate code that is near the quality of the manually pro-
duced code. Today’s optimization technology is not able to adequately handle some
of the challenges offered by embedded systems. For example, the resource constraints
are more severe than in desktop computers and thus optimizations must be able to
satisfy the constraints. Furthermore, embedded systems have multiple constraints,
including execution time, memory and energy. Most of the prior work in optimization
has really focused on a single constraint, namely time. The optimization technology
has not been developed to handle the multiple constraints and the trade-offs. Another
activity that has brought optimization problems to the forefront is the trend toward
dynamic optimization. Dynamic optimization requires that we understand certain
properties of optimizations in order in order for them to be effective. Currently, it is
unclear when and where to apply optimizations dynamically and how aggressive the
optimizations can be and still be profitable after factoring in the cost of applying the
optimization. The third challenge is the lack of performance improvement that we are
currently experiencing with optimization research. Although new optimizations con-
tinue to be developed. the performance improvement is shrinking. The question then
is whether the field has reached its limit or is the problems that we have ignored sim-
ply limiting our progress. Lastly, the robustness of software has become a major con-
cern, mandating that we ensure that the optimizing compilers are correct and optimi-
zations sound.

To tackle these problems, we need to better understand the properties of optimiza-
tion. We categorize optimization properties as either (1) semantic or (2) operational.
Semantic properties deal with the semantics of the optimization and include

e correctness — the correctness of the implementation of optimizations,
e soundness — the semantics of a program do not change after applying an op-
timization, and
e specification — being able to specify conditions both the conditions needed
and the semantics of applying the optimization.
Operational properties target the application of optimizations and their perform-
ance and include
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e interaction — the conditions under which optimizations enable and/or disable
other optimizations,

e profitability — the profit of applying an optimization at a particular point in
the code given the resources of the targeted platform,

e order — the order that optimizations should be applied, based on the interac-
tion property,

e configuration - the best optimization configuration, including tile size of loop
tiling and the unroll factor, considering the resources.

e automatic generation — the conditions under which we can specify optimiza-
tions and have a tool that automatically implements the optimizations, and

e portability — the conditions to develop plug-in optimization components.

Research on these properties has been limited. However, more recently there has
been a flurry of research activity focusing on optimization properties. There are two
approaches to exploring the properties. One approach is through formal techniques.
These include developing formal specifications of optimizations, analytical models,
and proofs through model checking and theorem provers. Another approach is ex-
perimental. That is, the properties are explored by actually implementing optimiza-
tions and executing the optimized code, using the information gained to determine
properties. The experimental approach can be performed prior to or in conjunction
with actual program executions.

3 Related Research

Semantic properties have been formally tackled by proving the soundness of the op-
timizations [1] [2], and the correctness of the optimizers [3]. Formal specifications of
optimizations were introduced a number of years ago by Whitfield and Soffa [4] for
automatic implementation of optimizations. Recently, specification techniques have
been developed to prove the soundness of optimizations [1] [2]. An experimental
approach to the correctness of an optimizer involved checking both unoptimized and
optimized code [5].

For operational properties, determining the order or the configuration to apply op-
timizations has recently been experimentally explored by Triantafyllis et al. [6], Coo-
per et al. [7], and Kisuki et al. [8]. The interaction and ordering property was formally
explored by Whitfield and Soffa [9]. The profitability and predictability of optimiza-
tions is also being explored [10] [11].

4 Summary

The important challenge of optimization research today is to better understand
properties of optimizations and use these properties when decisions about what
optimization to apply, when to apply it and under what conditions to apply it. Also, it
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tion to apply, when to apply it and under what conditions to apply it. Also, it is im-
perative that we know optimizations are sound and that the implementation of optimi-
zations is robust. We need to develop a foundation that can be used to help us deter-
mine the properties both for existing optimizations and for future ones, and to inte-
grate the properties. Such a foundation would enable us to better understand
optimizations and help us meet the challenges of emerging technologies.
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