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Preface

Declarative languages build on sound theoretical bases to provide attractive
frameworks for application development. These languages have been success-
fully applied to a wide variety of real-world situations including database man-
agement, active networks, software engineering, and decision-support systems.

New developments in theory and implementation expose fresh opportunities.
At the same time, the application of declarative languages to novel problems
raises numerous interesting research issues. These well-known questions include
scalability, language extensions for application deployment, and programming
environments. Thus, applications drive the progress in the theory and imple-
mentation of declarative systems, and in turn benefit from this progress.

The International Symposium on Practical Applications of Declarative Lan-
guages (PADL) provides a forum for researchers, practitioners, and implementors
of declarative languages to exchange ideas on current and novel application ar-
eas and on the requirements for effective use of declarative systems. The fourth
PADL symposium was held in Portland, Oregon, on January 19 and 20, 2002.

Thirty-seven papers were submitted in response to the call for papers. Each
paper was reviewed by at least three referees. Eighteen papers were selected
for presentation at the symposium. The symposium included invited talks by
Veronica Dahl (Simon Fraser University) on “How to Talk to Your Computer
so that It Will Listen”; Catherine Meadows (Naval Research Laboratory) on
“Using a Declarative Language to Build an Experimental Analysis Tool”; and
J. Strother Moore (University of Texas-Austin) on “Single-Threaded Objects
in ACL2”. Every member of the program committee went the extra mile to
give constructive, detailed feedback on submitted papers. Additional reviewers
were brought in to help the program committee evaluate the submissions. We
gratefully acknowledge their service.

This workshop was co-located with the ACM Symposium on Principles
of Programming Languages (POPL 2002). It was sponsored by COMPULOG
AMERICAS, a network of research groups dedicated to promoting research in
logic programming and related areas, by the Association for Logic Programming
(ALP), the ACM, and the European Association for Programming Languages
and Systems (EAPLS). We also thank Brown University, SUNY at Stony Brook,
and the University of Texas at Dallas for generously making their resources avail-
able for the organization of the symposium. The support of many individuals
was crucial to the success of the symposium. We thank John Launchbury (POPL
general chair) and Kelly Atkinson (Conference Secretary) for general organiza-
tional help. We thank Gopal Gupta, the conference chair, for coordinating the
organization of the symposium. We also thank Paul Graunke, who helped us
develop and manage the software used to submit and review papers, and Samik
Basu, who assisted in putting the final proceedings together.

November 2001 Shriram Krishnamurthi
C. R. Ramakrishnan
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Using a Declarative Language to Build an
Experimental Analysis Tool

Catherine Meadows

Naval Research Laboratory, Code 5543
Washington, DC 20375, USA

Abstract. In this paper we give a brief summary of our experience in
using a declarative language, Prolog, to develop an experimental for-
mal analysis tool, the NRL Protocol Analyzer, which was updated and
modified over the years to incorporate new theories and techniques. We
discuss the benefits of using such an approach, and also some of the
downsides.. ..

The application of formal methods to cryptographic protocol analysis is now
an established field. The types of assumptions that need to be made, and the
techniques for automatically proving properties of cryptographic protocols, are
well known, at least for a certain subclass of problems. However, when we began
working on this problem in the late 80’s, this was definitely not the case. Only a
few tools, such as Millen’s Interrogator (6], and a few algorithms, such as those
devised by Dolev, Even, and Karp, [1], existed. Although these could be used
as a basis for my research, it was unclear where we would ultimately wind up.
Thus, we needed to ability to build a tool that could be rapidly reconfigured to
incorporate new techniques and models, and that updated over (possibly) over
a long period of time.

The earliest version of the Analyzer [2] consisted of a simply of a state gen-
eration tool. The user specified a state, and the Analyzer would use equational
unification to generate all states that immediately preceded it. The search strat-
egy was largely guided by the user, and was input by hand. This was very tedious,
but allowed me to collect data that could be used to build the next version of
the Analyzer.

The second version of the Analyzer allowed some automatic guidance of the
search. In particular, it was possible to write and then use the Analyzer to prove
inductive lemmas that put conditions on infinite classes of states. The search
could then automatically avoid states that were unreachable according to the
lemmas. However, it was up to the user to figure out what lemmas needed to be
proved.

As we continued to use the Analyzer, it was found that many of the lemmas
obeyed certain canonical forms. This made it easier to automate the generation as
well as the proof of lemmas. Thus, the current version of the Analyzer, although it
still requires some input from the user, generates most lemmas automatically [3].
It also proves a much greater variety of lemmas than it did before, and supports

S. Krishnamurthi, C. R. Ramakrishnan (Eds.): PADL 2002, LNCS 2257, pp. 1-2, 2002.
© Springer-Verlag Berlin Heidelberg 2002



2 Catherine Meadows

a higher-level and more flexible specification language than earlier versions. The
most up-to-date description of the Analyzer is given in [4].

Throughout this process, we found the use of a declarative language such as
Prolog a great boon. The ease of writing and reading such programs made it
easier to update the Analyzer incrementally, over long periods of time, and even
with long periods of inactivity. On the other hand, we found that many of the
special tricks that can be used to improve Prolog’s performance worked against
this, and as a result we intended to avoid this after a while. Because of this,
and because of other design decisions that we made in order to make this incre-
mental modification easier (the use of generate-and-test as a theorem proving
strategy, for example), there are a number of cryptographic protocol analysis
tools designed with more specialized applications in mind that outperform the
Analyzer. However, we believe that the Analyzer is still one of the most flexible
tools around, and it has been used in the analysis of more complex protocols
(see for example [4,5]) than almost any other tool. Moreover, many of the newer
tools make use of techniques that were pioneered by the NRL Protocol Analyzer.

In summary, we would definitely recommend declarative programming as
a rapid prototyping tool, especially one which is expected to undergo major
changes as a project progresses. On the downside, the very techniques that would
improve such a program’s performance appear to mitigate against its usefulness
for rapid prototyping by making the program more opaque. However, this is a
tradeoff that one might expect.
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How to Talk to Your Computer
so that It Will Listen
Extended Abstract

Veronica Dahl

Logic and Functional Programming Group, Computing Sciences Department
Simon Fraser University, Burnaby, B.C. V5A 1S6, Canada
veronicaQcs.sfu.ca

1 Introduction

Currently, many developments revolutionize computing sciences: the maturing
of logic programming/grammars, allowing us to communicate with computers
in more human and higher level terms than ever before; the World Wide Web;
and the possibility of speaking to computers through affordable software such
as Naturally Speaking or Microsoft Speech Agent.

The time is ripe to try to integrate these developments, with the final aim of
making speech itself the programming language of choice. This article discusses
shorter term, more attainable objectives along the route to that final goal, from
the perspective of our own personal research interests.

2 Research Directions

Interesting results have recently been obtained in the areas of natural language
processing, virtual worlds, internet programming and mining, robotics, deductive
knowledge bases, and the combination of these.

Such results indicate good promise for the following shorter term research
directions:

1. Automatic creation and consultation of knowledge bases through natural
language: We are developing a prototype system that will automatically
initialize, update and query a database from speech commands, as well as
generate spoken answers, based on initial results reported in [5]. This re-
search branch partially addresses the need of integrating software for speech
recognition, speech synthesis, and Artificial Intelligence programs. For the
language component, we mainly rely on the grammatical form of Assump-
tive Logic Programming [34,10,9,14,6,30]. We shall also adapt our deductive
database methodologies [17,13] to the task, and integrate them with our
abductive reasoning methodologies for syntactic error recovery [2] and for
exception handling [19]. We shall also incorporate our treatment of ellipsis
and sentence coordination [12,7,15] into Assumption Grammar form, along

S. Krishnamurthi, C. R. Ramakrishnan (Eds.): PADL 2002, LNCS 2257, pp. 3-8, 2002.
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4 Veronica Dahl

the lines sketched in [34], to allow users as natural a dialogue with the com-
puter as possible. This whole line of research is a milestone towards a longer
term, more ambitious objective: programming through natural language.

2. Driving Robots through speech: This research branch was explored in a pre-
liminary form in collaboration with Universite de Nice, for the high level
routing of mini-robots (8,33] whose lower level operations were commanded
in C. Possible applications include endowing robots with language under-
standing capabilities, including virtual robots (robots that move and exe-
cute commands in a visual world), such as explored in preliminary form
with Andrea Schiel and Paul Tarau (Generating Internet-based Animations
through NL controlled Partial Order Planners- SFU Internal report). Other
exisiting prototypes of language-driven robots include the pet dog AIBO de-
veloped by Frédéric Kaplan at Sony CSL, Paris, and the Japanese robot of
Dr Mizoguchi’s team, which offers wine at social gatherings.

3. High level tools for accessing and interacting with the internet, aiming at
endowing the web, that fantastic but often frustrating reservoir of knowledge,
with intelligent communication capabilities such as:

— Providing multilingual access to virtual worlds over the internet. A pro-
totype system, LogiMOO [32] accepts interactions in various languages,
translates each to a controlled English based interlingua (along the lines
sketched in [11,31,21]), and reacts in the language of origin. Among
the possible applications, those to distance learning have been outlined
in [22], as well as those to robotics [8,33]

— Knowledge extraction from internet documents. This branch of research,
studied in [35,36], can be combined with the automatic creation of knowl-
edge bases branch in order to produce domain-specific knowledge bases
or concept classifications from web documents.

Of particular interest for 3) is our recent research on code migration [26,23],
(28,29], higher level internet tools [25,24], and resource discovery [35,36].

4. Automatic creation of taxonomies: This branch of our research is based on
linguistic work [4] and has application to the two previous objectives as well
as for instance to molecular biology, medical and forestry applications, etc.
Our methodologies for type hierarchies will also be useful re. line of research
1), since an underlying ontology must be gleaned from the user’s natural
language specifications.

3 Related Work

The intersection between logic programming and the internet is a very new but
rapidly growing field. Recent logic programming conferences typically include
workshops or tutorials on the subject, and the journal Theory and Practice
of Logic Programming has recently put out a special issue on this theme. A
useful classification in terms of client-based systems, server-side systems, and
peer-to-peer systems is given in [20]. Depending on the site where (most of)
the processing happens, most systems fall into either client-side or server-side
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systems, while peer-to-peer systems (such as our own [11]) tend to have fully
symmetric interaction capabilities, and use abstractions such as message pass-
ing or blackboards, while retaining the Internet as their underlying commu-
nication layer. This allows them to implement multi-agent systems, where all
participants must communicate on equal terms, bypassing the intrinsic asym-
metry of the client/server model. The most natural incarnation of peer-to-peer
systems is the metaphor of communicating Virtual Worlds. The only system
we know of which uses logic programming for virtual world simulation is our
own system LogiMOO [32,11,31], although many sophisticated web-based ap-
plications and tools have been implemented in CP/CLP languages. A very
large number of research projects have recently started on mobile computa-
tions and mobile agent programming. Among the most promising developments
are Luca Cardelli’s Oblique project at Digital, mobile agent applications, and
IBM Japan’s aglets (http://www.trl.ibm.co.jp/aglets). Database interfac-
ing through spoken language has been little explored, possibly because speech
analysis and synthesis software is relatively new and not as advanced as it should
be for truly practical uses. Written text, however, has long been used for database
consultation [3] and for database updates (e.g. [16]). There is increasing interest
from industry in the spoken language field. However, putting all the pieces of
the puzzle together will require careful crafting. Within the logic-based database
field, developments such as the uses of Inductive Logic Programming to auto-
mate the construction of natural language interfaces to database queries [37]
could prove most valuable.

4 Expected Benefits

Providing more human like communication with computers and with the Inter-
net might help bridge the gap between the humanistic and the formal sciences,
towards an overall more balanced world. Linguistics, being the most formal-
ized of the humanistic sciences, holds fascinating promise when interacting with
Computing Sciences.

Speech-driven database creation and consultation and robot control or pro-
gramming might give some relief from computer use related health problems
(tendonitis; eye, neck and back strain, Carpal Tunnel Syndrome...) that the
present typing/screen based model of computer use entails. Our proposed higher
level tools for internet access and interaction will add a degree of intelligent com-
munication to the web, that fantastic but frustratingly unimaginative repository
of world knowledge; and our multilingual virtual worlds will hopefully remove ge-
ographic and language barriers, perhaps contributing to enhance understanding
and cooperation among the people of this world.
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