
CopyrightbyDonovan Mihael Kolbly2002



The Dissertation Committee for Donovan Mihael KolblyCerti�es that this is the approved version of the following dissertation:
Extensible Language Implementation

Committee:

Gordon Novak, Supervisor
Don Batory
Don Fussell
Calvin Lin
Robert Strandh



Extensible Language Implementation
by

Donovan Mihael Kolbly, B.S.; M.S.

DissertationPresented to the Faulty of the Graduate Shool ofthe University of Texas at Austinin Partial Ful�llmentof the Requirementsfor the Degree of
Dotor of Philosophy

The University of Texas at Austin
Deember 2002



Extensible Language Implementation
Publiation No.

Donovan Mihael Kolbly, Ph.D.The University of Texas at Austin, 2002
Supervisor: Gordon Novak

This work presents several new approahes to the onstrution of extensiblelanguages, and is the �rst system to ombine loal, dynamially extensibleontext-free syntax with the expressive power of meta-level proedures. Theunifying theme of our system is that meaning should be omputed relative toloal ontext.We show how this theme is manifest in an implementation of a Shememaro system whih ahieves hygieni maro expansion without rewriting.Additionally, our Sheme maro system makes available ompile-time meta-objets for additional power in writing maros; maros that pattern math onompile-time types for optimization at maro-proessing time are one example.This approah is urrently in use in our RSheme implementation of Sheme.We also show the how this approah is applied to languages with onven-tional syntax, using Java as an example. We present a dynamially extensibleparser based on the Earley parsing algorithm. This approah is pratial as
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well as exible; a straightforward implementation in C parses a 600-line (2777token) �le in about 44ms on an 866MHz Pentium III.We also desribe a language extension framework that makes possiblean extensible variant of Java, in whih new syntax an be supplied by theasual programmer with only limited knowledge of the underlying ompilerimplementation or approah. This �nally makes available to Java program-mers the easy aess to strutured maro failities that Lisp programmers�nd so powerful. Finally, we demonstrate this framework by onstruting adeterministi �nite automaton language extension to Java.
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Chapter 1
Introdution

The advantages of extensible languages have long been realized by the Lispommunity. The ability to easily adjust the language to �t the appliation,rather than to always adjust the appliation to �t the language, is at the heartof what Lisp programmers onsider the deep power of Lisp [17, 33℄. In thiswork, we show how that power an be made more aessible and powerfuleven in Sheme, as well as available to programmers in languages with on-ventional syntax suh as Java. The tree-strutured transformations of Lispmaros integrated with an extensible parser allow the onepts to be uni�ed.In addition, a well-strutured ompiler meta-objet protool exposes relevantaspets of the ompilation proess and provides powerful programmable hooksfor extending the language to �t the appliation.
1.1 Motivation
This work is motivated by the fat that muh existing work in extensiblelanguages is either insuÆiently expressive in the kinds of extensions that
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are permitted (i.e., funtion libraries) or expressed at the wrong level or inthe wrong ways (e.g., purely proedural transformations operating over textstrings).That is, we are primarily motivated by:
� Ease of language implementation
� Ease of language extension
� Ease of re-engineering language implementation (e.g., to hange perfor-mane tradeo�s to deal with new tehnologies or new usage patterns)

We reognize the following themes:
� Extensible languages should have extensible ompilers.
� Meaning should be expressed naturally through ontext, espeially throughontour sensitive ontexts, whih preserve lexial soping throughouttransformation.
� An extensible ompiler should have a friendly interfae and be integratedwith languages using onventional grammars.
� Objets used during the front-end proessing of a program should berei�ed, and be the domain objets of meta-programming.

1.1.1 Our ContributionWith these themes and motivations in mind, in this work we desribe anapproah that provides:
� Context-loal and dynamially modi�able onrete syntax,2



� Full ontext-free syntati power, and
� A means for de�ning proedural meta-level ode for arbitrary omputa-tion at ompile-time.

Furthermore, we illustrate this approah in a system with Java as a baselanguage.
1.2 Modularity, Reusability, and Extensibility
The primary means of reating large and omplex software systems has beenby building relatively simple program modules, and omposing those modulesinto larger, more omplex software systems. The proess for developing thelarge software system an then be deomposed into the development of smallerprogram modules. Smaller program modules are easier to understand, develop,and test, and well-onstruted modules an be reused to build other softwareappliations.A re�ned use of modularization is for program layering. Program lay-ering arranges modules into layers whose role is to transform the programonepts at a higher level of abstration to those at a lower level of abstra-tion. A layer is then extending the language below the layer, reating a new(possibly superset) language.Figure 1.1 shows how we draw the relationship between the languageL0 below the layer, the module layer, and the language reated by the layer,L1. Layering is a powerful struturing tool, and has been used in systemsfrom the Basi Linear Algebra Subroutines to the 7-layered OSI protool stak
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