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Abstract. Object-oriented techniques and actions among different language features. Here,
concepts have been successfully used in languagiject-oriented techniques and concepts, like en-
specification and formalization. They greatly capsulation and inheritance, have much to offer
improve modularity, reausability and extensibility. and improve language specifications toward better
In spite of using OO paradigms in language modularity, reusability, and extensibility. Object-
specification, some semantic aspects still crosscuriented notations have been integrated with at-
many language constructs. Improvements carribute grammars a long time ago [13]. In this
be achieved with aspect-oriented techniquescase context-free grammars define the class hierar-
The paper describes AspectLISA tool wich useshy. Nonterminals act as abstract super classes and
aspect-oriented approach for language specifiproductions act as specialized concrete subclasses
cation (aspect-oriented attribute grammars). Anthat specify the syntactic structure, attributes and
example will be worked out in order to illustrate semantic rules. All these elements can be in-
the approach. We will show how to identify anherited, specialized, and overridden in subclasses.
aspect, specify it in the concrete AspectLisa synOne of the shortcomings of this approach is that
tax, and how to gather parts in order to develop aright-hand nonterminals cannot have inherited at-
complete language processor. tributes and the other is that only small features
can be added to the language. In other words, lan-
Keywords. Attribute grammars, aspect oriented guage can not evolve dramatically. Another prob-
programming, compiler/interpreter generator lem is that the class hierarchy defines the mod-
ularization based on language syntax constructs,
whereas the language developer also wants to have
1 Introduction modules based on different aspects (e.g. name
analysis, type checking, code generation, etc). The
It is a well-known fact that programming lan- goal of intentional programming (IP) [2] was also
guage definitions are hard to be efficiently mod-a modular language implementation system where
ularized. Moreover, new programming languagesntentions are plug-and-play components. Achiev-
are hard to build simply by incorporating differ- ing independence of components (intentions) was
ent language components due to complex intethe main technical challenge. Modularity and



reusability was achieved using forwarding [15], introduction to aspect-oriented approach in lan-
a variation of inheritance in attribute grammars,guage development and related work is presented
and aspects. A programming language can ba section 2. Section 3 is most important and de-
built simply by importing an appropriate set of scribes our aspect-oriented approach and tool for
such components or can be extended by a rickanguage development. A case study which illus-
set of features, and each of these features is a r&rate our ideas follows in section 4. The conclud-
usable component. The IP project failed despiténg comments are mentioned in section 5.
state-of-the art modularity of language specifica-

tions being achieved. In our opinion the reason o - .

is that it was too ambitious, expecting death of2 SpeC|fy|ng a language with as-
programming languages. Moreover, again it was  Pects

proven how complex the interactions of different

language features are. Modularity and reusabilThe major abstraction technique in software en-
ity can be achieved also using other non objectgineering is to divide the system into functional
oriented techniques. One of the recent achievecomponents in such manner that changes to a par-
ments regarding better reusability and modularitficular component do not propagate through the
of action semantics is reported in [4]. The authorsentire system [3]. However some issues, called
propose a finer modular structure where a new seaspects, are system wide and cannot be put into
mantic equation module is constructed for eactd single functional component. Failure handling,
production. The final language definition modulepersistence, communication, coordination, mem-
is obtained simply by importing them together, as-0ry management, are aspects of a system behavior
suming that the symbols they share correspond tthat tend to crosscut groups of functional compo-
common features. It is our belief that a fine mod-nents. As a consequence, functional components
ular structure is not feasible for real programmingare tangled with aspect code. This tangling prob-
languages, just as a monolithic structure is infealem makes functional components less reusable,
sible, since optimal granularity is somewhere bedifficult to develop, understand and evolve. A
tween two extreme options. Modularity and ex-solution is provided by aspect-oriented program-
tensibility of specifications based on denotationaming (AOP) [6] which is a programming tech-
semantics are much harder to achieve. Some afique for modularizing concerns that crosscut the
tempts were made in [8]. Despite their usefulnes$asic functionality of programs. In AOP, aspect
language specification languages are not populal@nguages are used to describe properties which
Among the reasons are classical ones such as th@ftosscut basic functionality in a clean and a mod-
they are hard to understand, modify and maintainular way. Despite that the main part of AOP re-
Many of these problems can be attributed to nonsearch is devoted to general-purpose languages
modularity, non-extensibility and non-reusability [6, 9] similar problems exists in domain-specific
of language specifications. languages [10]. For example, in language speci-
As already mentioned, the use of object-orientedicaﬁons modularization is usually based on lan-
techniques and concepts, like encapsulation anguage syntax constructs (e.g., declarations, ex-
inheritance, greatly improves language specificapressions, commands). Adding new functionality
tions towards better modularity, reusability andto the existing language, such as a new expression,
extensibility. However, additional improvements can be usually done in a modular way. Only syn-
can be achieved with aspect-oriented techniquei@x production and semantics for expressions have
since semantic aspects also crosscut many lae be changed. In this case a new feature does
guage constructs. Indeed, aspect-oriented corot crosscut other language components. How-
structs have already been added to some languag&er, many language extensions (e.g., type check-
specifications. ing, code generation) required changes in many
In this paper an aspect-oriented extension to LISAf not in all language components. Clearly, such
(AspectLISA) specification language is presentedlanguage extensions are aspects that crosscut lan-
The LISA system is the compiler/interpreter gen-guage components. Therefore, in this case the lan-
erator based on object-oriented attribute gramguage modularization based on different aspects

mars. The paper is organized as follows. A briefwould be more beneficial. To overcome this prob-
lem aspect-oriented techniques should be used in



language specifications. At last, AspectASF [7] is a simple aspect language
Introduction of AOP in language development in-for language specifications written in ASF+SDF
creases modularity, readability and reuse of lanformalism. Only rewrite rules are supported.
guage specifications. Different concepts are deTherefore, join points in AspectASF are static
fined separately and are therefore not part of origpoints in semantic equations. Aspects specify ad-
inal language. With introduction of aspects, se-ditional equations which are written in ASF for-
mantics can be (depends on developer) detachedalism and are appended to semantic equations
from syntax and can be therefore used in differentit appropriate places (join points). The aim of

languages or/and in different productions. aspects in AspectASF is to declaratively specify
which rules should be adapted to incorporate ad-
2.1 Related Work ditional semantics (e.g. side-effect, rule tracing,

_ o ~etc.). To declare how/where these aspects will
Aspect-oriented programming is a very promisingpe weaved into original specifications AspectASF

approach and have been successfully used in t00}g;es pointcut pattern language and advice which
for language definition and implementation. As-5.a applied to specified pointcut.

pects has been used for many different tasks, such
as extension for weaving debugging information
into DSL specifications [14]. 3 A ;
: . ) . spects in LISA
In this section we briefly describe three of the P
more relevant contributions in the fieldsing as- In the LISA project [11, 12], one of the main goals
pects in language specification or |mplementa1|onwas to enable incremental language development.

JastAdd [5] IS a Java—b_ased system for Comp'left was soon recognized that inheritance can be very
construction. JastAdd is centered around Objeaﬁelpful since it is a language mechanism that al-

oriented representation of the abstract syntax treR s new definitions to be based on the existing

(AST). It is a class weaver: it reads all the Jas- e : :
: ones. A new specification can inherit the proper-
tAdd modules and weaves the fields and methodﬁ P Prop

) _ , _“ties of its ancestors, and may introduce new prop-
into the appropriate classes during the generatloBrties that extend, modify or override its inherited

_Of :[]he '2?1; f:lassgs];' The 'dia of aSpe?tl'or'entat'o_?)roperties. In object-oriented languages the prop-
In JastAdd Is to define each aspect of language 13 e that consist of instance variables and meth-

separate class and then weave them togethgr Al 34s are subject to modification. The correspond-

p_roprlate places (pointcuts). With _separatlon Ofing properties in language definitions based on at-

different language aspects_ among different class Sbute grammars are:

developers have the possibility to use all features

of Java programming language to specify aspects. e lexical regular definitions,

The aspect-oriented language AspectG [1] was

created for modular implementation of crosscut-

ting concerns in ANTLR language definition. e rules which are generalized syntax rules that

Since ANTLR belongs to syntax directed transla- encapsulate semantic rules, and

tions (semantic rules are not declaratively speci-

fied and order of semantic rules is important) As-

pectG uses following model: Therefore, regular definitions, production rules,

. . . L attributes, semantic rules and operations on se-

e join points are static points in language spec- ) . ) : L
mantic domains can be inherited, specialized or

ifications where additional aspects can be . o .
weaved overridden from ancestor specifications. In this

e pointcuts specify join points and include not approach the attribute grammar as a whole is sub-

only the syntax level of the grammar but aISOject to inheritance employing the “Attribute gram-

) . . . mar = Class” paradigm [13]. We call this multiple
the semantics associated with particular syn- . X ; .
tax attribute grammar inheritance. With our approach,

. . . the language designer is able to add new features
e advice are similar to AspectJ notion (before )
. . (syntax constructs and/or semantics) to the lan-
and after) and brings together a pointcut (to

pick out join points) and a body of code (Se_guage in a simple manner by extending lexical,
mantic rules) syntax and semantic specifications.

e attribute definitions,

e operations on semantic domains.



3.1 AspectLISA

rule [[Y] extends | [Y] overrides] Z {
X = X 11 Xi2 X 1p compute {

As already mentioned, object-oriented techniques 7 samantie fonctions.
and concepts need to be combined with aspect- :

oriented techniques to achieve better modularity, BN . t
extensibility and reusability. This issue is further " semaniic functons 3
described in the following section. y

LISA features like multiple attribute grammar in- :

heritance, simplify language specifications and ool [ overices | W oxiends M ¢
contribute towards better reusability, modularity 1

and extensibility. However, there are still situ- ?

ations when new semantic aspects crosscut ba-

sic modular structure. In other words some sel-€t's focus only on new aspect-oriented features
mantic rules need to be repeated in different pro®f LISA specification language which are point-
ductions. To avoid this unpleasant situation, arfuts and advice. As can be seen in formal As-
aspect-oriented attribute grammar has been incoRECtLISA language specifications, new features
porated into LISA language specifications. This@re part of language specifications. Every LISA
extension is called AspectLISA, which is LISA specifications without new features can be used
extended with mechanism that enables to specif§nd extended with aspect-oriented features.
where to apply additional semantic rules. Thesé ointcuts are defined using reserved word
points are known as join points in AOP. Join pointsPointcut . Each pointcut has a unique name
in AspectLISA are static points in language spec@nd a list of parameters (terminals and non-
ifications where additional semantic rules can bd€rminals used in semantic functions of advice).
attached. These points can be syntactic productioﬁs we already mentioned join points are static
rules or generalised LISA rules. The productionP0ints in language specifications where advice
matching takes place on rules and also on produ&an be applied. In the pointcut definition one can
tions which are members of production rules. One/Se two wildcards. The wildcard* matches zero
pointcut can match rules/productions in differento” more terminal or non terminal symbols and can
languages over the entire hierarchy of language®€ used only to specify right-hand side matching
For each pointcut we can define several advicéules. The wildcard +' is used to match parts
which are parameterized semantic rules written a8" Whole literal representing a symbol. Some
native Java assignment statements. In AOP sever@kamples of pointcut specifications are shown
different approaches of applying aspects to pointPelow:
cuts exists, like before, after and around [6]. In__
AspectLIS_A the_re IS Onl_y one W_ay to apply advice rﬁat;:hes ény .p.)roduction in any rule in all languages across
on a specific pointcut, since attribute grammars argyrent language hieararchy

declarative and the order of equations in semantic

rules is not important. Therefore, applying advicentPD.T* = * == .. _ .
before/after a join point is not applicable. matchles any production in all rules which start within
The AspectLISA specification language, incIud-nLPD angtiage

ing apect-oriented features, pointcuts and advice,x . Tpx .= =g ’

has following parts: matches all productions in any rule whose left hand side
symbol satisfy pattern "TIP*" and the right-hand side’s last
symbol ends witls

language L, [extends Lo, ..., Ln] {
lexicon {
[[Q overrides | [Q extend§ R regular expr.

_ Advice in AspectLISA are additional semantics
} ' that can be appended at a specific join point. In
attributes type At 1, ..., At M . - .

order to increase reusability, advice are parameter-
ized. Parameters can be terminal or non-terminal
. symbols and are evaluated at weaving time. Ad-
advice [[B] extends | [B] overrides] A< [T1, .. T ] > on P { vice are defined using the reserved wartice

semantic functions

} and contains information about the pointcut where

pointcut P< [Sy, .. S ] > LY : LhsP = RhsP ;



advice will appear. An example of advice whichtinually from address.
is attached to pointcufest is shown below: The following tasks need to be computed:

Test<N, T, V> nLPDLT* : * == . - 1. Construct the type table.
2. Compute total memory space occupied by all
declared variables in program.

pointcut

advice Beg<N, T, V> on Test{

N.outProlog = V.outProlog; ]

T.inProlog = 3. TranslatelLPD program into a set of Prolog-
V.inTableTypes = T.outTableTypes; facts

V.inProlog = T.outProlog; ’

In order to perform these three tasks, semantic

. : . evaluations will be added to the.PD grammar.

In section 4 more examples of advice and point- e . . _

cuts are provided The language is divided into two main parts: type
P ' definitions and variable definitions. So, the gram-

mar has a set of productions related with types and

3.2 AOP in LISA and inheritance another related with variables. For the first task

As we already mentioned pointcuts and advice Ca[(]type tabk_a construction) just the first part o_f_the
be reused using inheritance. All pointcuts of pre-gram;nar IS uset;::. An excerpt O_f _LISA specifica-
decessors can be used in all ancestors. Pointc {§"S fOr type table construction Is:

with same signature (name and parameters) as in

lay LPD1
ancestors can be used but cannot be extended gh* """

. . . lexi
inherited languages and are overriden by default.”‘Nmber 01
Id [a-z]+

Advice inherited from ancestors usimegtends
keyword must be merged with the advice in the Libues Hachtable *inTableTypes,
specific language. If advice exists in parent and ourTableTypes:
inherited language then semantic functions of ad®§ 55 - 11pos vars compute ¢

H 1 H H 1t table is stored in attribut tTableT
vice must be merged, otherwise advice are simply i S nieres = TIPoSouTabieTmes:

i i i Il initiali tabl
cppled from mhen_ted to curr_ent Ia_nguage. A(_:I- T”',”(;';;rﬁ;{ﬁ;T;pei  new Hashtable(y
vice can also override semantics of its parent using i
keywordoverride . Overriden advice cannotby -
rule Type {

weaved afterwards it has once been overriden. TIPO:= #id #Number  compute {

/I store info about type name and type lenght into type table
TIPO.outTableTypes =

addltem(TIPO.inTableTypes, #ld.value(),
4 Case Study J

integer.valueOf(#Number.value()).intValue());
}
Typical examples of aspects in language specificar, compute total memory space previous specifi-
tions can be additional code generation, differentations are extended because this second task is re-

language extensions (e.g., exception handling, asated with another part of the grammar (variables).

pects, new paradigms), language specification d&ygte that only new semantic rules need to be spec-
bugging, attribute tracking. In this section a smallified. All others are inherited.

example is presented on language caltdPD,

which has been used in teaching compilers at Unit, e npo2 extends npo1

versity of Minho. © e extends nLpD |

This example will be used to show how we can NP := TIPOS VARS compute {

NLPD.outTotalMem = VARS.outTotalMem;

H H . H _ NLPD.outDecl = VARS.outDecls;
identify an aspect; the difference between an ex-  [JiF2oubecs 2 now Vocin0r

tension and an aspect; how to specify an aspect, }?
using AspectLisa syntax and how to gather exten-

i g rule Single {
sions and aspects in order to develop a language SINGLE := DS \ #d _ compute {
IDS.inTableTypes = SINGLE.inTableTypes;
processor_ IDS.inDecls = SINGLE.inDecls;
. SINGLE.outTotalMem = SINGLE.inTotalMem +
In nLPD all variables need to be declared af- ((IDS outvars) size()) *

. . lookupLengthType(SINGLE.inTableTypes,#ld.value());
ter type declarations, where one must define the = sinGLEouDecs = iDS.outDecs;

length of the type (bytes occupied by variable of ; '
the particular type). There are no pre-defined types rie 1as {

. . . IDS = #ld RIDS t
in NLPD. Variables are allocated in Memory Con- " Ribs.mare addeloment/ecor(bs. inTableTypes,



IDS.inVars,#ld.value());
RIDS.inTableTypes = IDS.inTableTypes;
RIDS.inDecls = addElementVector(IDS.inTableTypes,

IDS.inDecls #ld.value());
IDS.outDecls = RIDS.outDecls;

whether it is an aspect, clarifying when and how
to use aspects in language definitions instead of
the extension mechanism. We will also assess the

- efficiency of our weaving algorithm and decide if
y it deserves further improvement.
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