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Abstract. The cowentions connected to the use of object-oriented
framavorks can be described by fram@mk-specifc language xen-
sions.The programmer is then aided in writing more correct programs.
In an intgrated structure-oriented language-designirenment such
language etensions can be supported internally

1 Intr oduction

White box framworks are knan for being hard to use since yheequire detailed
knowledge of the internal structure of the frameek[Joh8§, and that a number of pro-
gramming cowentionsHed97 must be adhered to when using the fravonk. Failure
to follow these coventionsmaylead to unpredictable errors whiakeoftenleft unde-
tected until run-time. Framerk-specifc language xensionswhich capture these
cornventions allav such errors to be detected and reported to the programmer before
the program is»ecuted.This is especially useful whenorking in an intgrated pro-
gramming ewironment since editing support for the frameek-specifc syntax and
semantics can then be suppligdso, in such an eironment debgging can be sup-
ported in terms of thextended languageather than in terms ofié internal code of the
frameawork. The design and implementation fokmewvork-specifc extensions can be
made easier byupplying support for such languageensions in an intgrated struc-
ture-oriented language-designveonment. The syntax, static-semantjcand code
generation for the languagetensions are thenefined in terms of a base language.
The proposed techniques for handling such languatgnsons are intended to be
used in ar language-design einonment, APPLAB [Bja96, BHN97], to support the
interactive design, de2lopment and use of framverk-speciftc languagexdensions.
APPLAB currently supports the interaatiderelopment of languagea.language
can be designed by editing a grammar description, andaampée program can simul-
taneously be edited in thewdchanging) languagé&he editor used, both for gram-
mars and programs, is structure-oriented and based on grammar interpretetias,.
it interprets the current grammar descriptions in order to supply languageespecifi
behaiour to the program editoEditing is performed on the abstract syntax trees of
the programs, and not at thettéevel. Text editing of subtrees is supported byadk-
ing a grammainterpreting parserThe static-semantics and code generation is
expressed by standafdss using an object-oriented spemation language.



2 Support for Language Extensions

Figure1l shavs hav the grammar for adase languagesg, , is extended for a frame-
work, FW. The framavork is programmed in the base language, whereas the applica-
tion programAP is programmed in thextended language §a.ry. The grammar for

the extensions, G,, can access the framerk to implement the code generation of the
new language constructs. Because tRieeded language imports the base language,
rather than cogng its defnition, changes made to the base language can be automati-
cally incorporated into thexeended language. Such changes of the base language may
be fairly frequent in an interact language-design @nonment such aBPPLAB.
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Figure 1. The dependencies between the language descrigifotiee base lan-
guage, G, andof the framevork-specift language @ensions G, the frameavork,
FW, and anapplication pogram AP, expressedr the etended languag&g, gy

2.1 Subclassing Existing Language Constructs

When etending a language with weconstructs it is desirable to reuse as much as pos-
sible of the gisting implementation, as well as being able to add featuresin a
declaratve system usingraobject-oriented grammar notatitims can be done by sub-
classing gisting grammar rulesThe nev language construct then inheritise
attributes and rules of the inherited grammar speatifon. Nev features can be added
by defning additional attribtes, and xdsting features can be modifl by reimple-
menting the ®isting rules in the grammar specition of the n& language construct
Consider anxample takn from robot programming where a base language is
extended by adding a construct for vimy the robot armThe na&v constructMoveTo,
is declared as a subcla¥she &isting Statement declarationPart of the specitiation
of the extended languag&gogor is as follavs:

MoveTo::=Statement ( “move” “to” Exp) (* Statement for moving the robot arm. *) 1)
{ (* expansion definition: 2)
equations defining the expansion tree(see below) implementing the MoveTo

construct in terms of the framework *)

(* static semantics: ?3)
equations which check that Exp is a Coordinate object (defined in the framework) *)
(* code generation: (4)

equations which compute the code to generate by using the expansion tree*)



The abstract and concrete syntixdre speciéd,introducing the ng keywords move
andto, and stating that BloveTo-statement contains &xp-part. Static-semantic rules
that ensure thahe epression(Exp) represents a coordinateeaadded J). The code
generation for thevioveTo-construct 4) involves generating a call to the franark
using the defied xpansion tree2).

2.2 ExpansionTrees

A programmer using anxtended language is only interested in seeing thelap-
guage constructs and their synt@ke system, on the other hand, needs to consider
how the ne&v constructs are implemented in terms of the base language and the frame-
work, in order to correctly perform code generation and static-semantic checking. In a
system whose internal representation of programs is based on abstract syntax trees,
ASTs,expansion teescan be used for representing thevn@nguage constructs. Sim-
ilarly to macros which are nopanded until compile time xpansion trees are not
constructed until an attrifbed syntax tree isvaluated.This can be done by using
Higher-Order Attribute Gammag[VSK89] which allov a node in the tree to be
defined by the &lue of an attribte.We want such nodes to avisible to the usetut
usedby the systento perform attribite e/aluation, and thus code generation and static-
semantic checkingsince the structure of axgansion tredollows the base language
the system carnvaluateits atributesin the same &y as for thether m@rts of the pro-
gramtree

Part of theAST for a program using thetended languag@gogor IS shevn in Fig-
ure 2. The expansion tree annected to th&loveTo-nodecontains gprocedure call of
theMoveLinear-method of the franweork. Note, that a reference back into gnegram
AST is used to access the udefined coordinateswhile the other coordinates are
defined by the languagetension
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Figure 2. Part of the abstract syntax tree for a prograqpressed in thexéended
language G .+rosot



3 Conclusionsand Futur e Work

Framevork-specifc language densions which supply fram@rk-specifc syntax and
enforce the carentions of the frameork male it safer and easier to usbject-ori-
ented famavorks. An object-oriented gammar notation alles nev language con-
structs to be added by subclassixisting grammar rulesThe nev constructs can
either reuse the properties, dilsyntax and semantics, of thdsting language con-
structs, or specify me syntax, semantics etéhen working in a programming @it
ronment which represents programs as abstract syntaxexpansion tees,based on
higherorder attrilute grammars,an be used tonplement i@w language construcis
terms of a fram@ork. Satic-semantic checking and code generatisnwell as source
code dehgging, can then be supplied for theéemded language&uch support for the
design and implementation of framark-specifc language xensions is being added
to our language-designweronment APPLAB.

There are seeral irteresting issues to look inbmnnected to the use and implemen-
tation of fram&vork-specifc languagexdensions. Br example, when a base language
is changed thisfects languages implemented as atersion of that base language
and programsxpressed in the changed languaemechanism ighen needed for
transforming the &écted languages and programs into consistergions according
to the nev version of the base language, by feample using techniques ékhose in
the TransformGen systenGKL94]. It is also desirable to be able to allouitiple
language ®ensions.That is, © combine seeral language xensions into one
extended languagelrhere maythen ke combinations of language constructs which
contradict each othe€an such clashes beoéded or resoled automatically

A lot of work remains to be done in this area. Both in implementing the proposed
techniques and in doing further research into the area. Due to its deelagdtire we
believe APPLAB is a suitable platform for performing such research, and trying out
new ideas in practice.
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