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An extensible and modular processing model for document trees

» During the semantic composition stage, the engine calculates an admissible evaluation
order on the hypergraph and proceeds to apply the composition functions in this order.

« Finaly, the engine delegates in the evaluation procedure Ev the evaluation of the tree
semantic value.

Obviously, such behavior for ageneric engineis only conceptual. An implementation can be free to
carry out an observationally equivalent, yet more efficient, processing.

A particular processor can be now considered as the addition of a set of markup interpreters
<Leo, Peo, Ceo>...<Len, Pen, Cen> to ageneric engine E. Because new interpreterscan be added,
the processor can be extended to deal with other markup structures. Thisleadsto extensible processors.

For instance, for the shape markup language, we can begin by providing two interpreters

| Rect angl e= <LRect angl e, PRect angl e, CRect angl e> and

| Uni on=<LUni on, PUni on, CUni on> to obtain a processor observationally equivalent to that
sketched in Figure f]. Then, we can extend this processor with a new interpreter | | nt er secti on
= <Ll ntersection, Pl ntersection, Clntersecti on>toobtainaprocessor equivaent to
those sketched in Figures[§ and f.

What happensiif the new interpreter is not compatible with the existing ones? The ideaisto apply
adaptorsto the existing interpreters, the new incorporated interpreter, or both. An adaptor isa
procedurefor generating interpretersfrom interpreters. In addition, becauseinterpreters are structured
in different procedures, adaptors can be structured accordingly into procedures for adapting those
procedures.

For instance, when the processor induced by the interpreters{ | Rect angl e, | Uni on,

I I ntersection } mustbeextendedwith| Scale = < LScale , PScale , CScale >,
some adaptation is required, because the scale factor must now be propagated by the composition
functionsof I Uni onand | | nt er sect i on, and it must be used by | Rect angl e. Inthisway, if
we suppose CScal e is defined as:

CScal e(pars, senms) = Ascal e(

1. get the scale factor f from pars

2. get the semantic value s associated with the child el enent
fromsem

3. apply s to f*scale
)

(i.e., asafunction that, for each parameter set and for each semantic assignment, gives afunction
that accepts a scale parameter and behaves as described), and CUni on is defined as:

CUni on( par s, senms) = (

1. get fromsens the list of semantics |Is for the children
el enent s.

2. make a Union with I|s.
)

we need to transform this function with:

C Uni on(pars, senms) = Ascal e (
1. get fromsens the list of semantics |Is for the children

el ement s.
2. make a new list |Is’ evaluating each element in Is with scale
3. make a Union with Is’.

)
This can be done by applying an adaptor in the form:

AddScal e(c) =
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</ Li nks>
</ Li nkSpec>

The description of process specificationsis performed in terms of the following language:

<! ELEMENT ProcSpec (Adaptors?,|nterpreters, Namespaces) >
<I ATTLI ST ProcSpec eval uat or CDATA #| MPLI ED>
<! ELEMENT Adaptors (Adaptor| Conposition)+>
<! ELEMENT Adapt or ((LinkerAdaptor | LinkSpec)?, ConpositorAdaptor?)>
<I ATTLI ST Adaptor id |ID #REQUI RED>
<! ELEMENT Li nker Adapt or EMPTY>
<I ATTLI ST Li nker Adaptor ref CDATA #REQUI RED>
<! ELEMENT Conposi t or Adapt or EMPTY>
<I ATTLI ST Conposit or Adaptor ref CDATA #REQUI RED>
<! ELEMENT Conposition EMPTY>
<! ATTLI ST Conposition id | D #REQU RED
al | DREF #REQUI RED
a2 | DREF #REQUI RED>
<IELEMENT Interpreters (Interpreter)+>
<l ELEMENT Interpreter ((Linker |LinkSpec)?, Conpositor)>
<I ATTLI ST Interpreter id | D #REQU RED
adapt or | DREF #| MPLI ED>
<! ELEMENT Li nker EMPTY>
<! ATTLI ST Li nker ref CDATA #l MPLI ED>
<! ELEMENT Conpositor EMPTY>
<! ATTLI ST Conpositor ref CDATA #REQUI RED>
<! ELEMENT Nanespaces (Nanespace) +>
<! ELEMENT Nanespace (Bi nd)+>
<I ATTLI ST Nanespace ns CDATA #REQUI RED
def aul t | DREF #| MPLI ED>
<! ELEMENT Bi nd EMPTY>
<I' ATTLI ST Bi nd tag CDATA #REQUI RED
i nterpreter |DREF #REQUI RED>

This language allows declaration of the adaptors and interpreters to be used, and the association of
interpreters with element types.

Each required adaptor isintroduced using an Adapt or element. The adaptor can introduce a linker
adaptor and a compositor adaptor. If one of these two adaptors is not present, the corresponding
identity adaptor is taken instead. For linker adaptors, an explicit description can be given in terms
of the linker description language (here, a Declarativel inker Adaptor isused); alternatively, the Java
class implementing the adaptor to be used can be referenced (using ther ef attribute of the

Li nker Adapt or element). For compositor adaptors, the name of the Java classimplementing it
must be explicitly referenced. Finally, using a Corrposi t i on element, it is possible to create an
interpreter adaptor composing other two adaptors. For the shape markup language, a possible
description of the adaptorsto be used is:

<Adapt or s>
<Adapt or i d="addScal eA">
<Conposi t or Adapt or ref="AddScal eAdapt or"/ >
</ Adapt or >
<Adapt or id="rectangl eA">
<Conposi t or Adapt or ref="Rect angl eAdaptor"/>
</ Adapt or >
</ Adapt or s>

Each interpreter to be used isintroduced by an | nt er pr et er element. Here, an adaptor to be
applied to the interpreter can be referenced (using the adapt or attribute). Aswith linker adaptors,
linkers can be described either in terms of the linker description language, or by referencing an
external Javaimplementation. If alinker is not specified, the default linker is used instead. In turn,
the Conposi t or element allowsreference (using ther ef attribute) to the Java classimplementing
the compositor. For instance, the declaration for theinterpreter to be associated with the Ref element
type can be:
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Our assembl er adaptors are similar to the so-called mixins in the object-oriented paradigm [Bracha
1990]. The informal description of amixin isaclassthat is parametric in its superclass (i.e., which
super variable can be dynamically changed). “ A Mixin-Based Semantic-Based A pproach to Reusing
Domain-Specific Programming Languages’ [Duggan 2000] describes another mixin-based Java
framework for the development of modular interpreters. There, mixins representsinterpreters that
can be assembl ed together in amixin chain. Each interpreter maintainsits own state and encapsul ates
inner classesfor the construction of abstract syntax trees made from expressions. These expressions
can be evaluated into computations (the equivaent to our semantic values). The chaining of mixins
leads to an associated chaining of states. To recover the appropriate state in each interpretation step,
theframework enforcesthe writing of computations using amonadic style. However, the framework
does not includes an equivalent to monad transformers. Instead, the monadic operations must be
explicitly defined in each mixin to recover the appropriate state from the state chain.

There are several works describing the application of syntax-directed trand ation techniquesto markup
languages. Kuikkaand Pentonnen have described a method to perform document transformation by
automatically deriving atranslation schema from a source to aresult document grammar [Kuikka
1993]. In“SIMON: A Grammar-based Transformation System for Structured Documents” [Feng
1993], document transformations are specified using higher order attribute grammars[Vogt 1989].
F. Neven [Neven 1999] has shown how to apply the attribute grammar formalism to extended BNF
grammars (and, hence, to document grammars) oriented to be used as document query mechanisms.
In“Adding Semanticsto XML" [Psaila 1999], a method to associate semantic functions with
documents (following the attribute grammar paradigm) is described. While these approaches perceive
the syntax-directed transl ation engine as the processor, our approach conceivesthis engine asaway
to generate the actual processor by assembling smaller processors, according to the analyze eval
spirit.

Note that the analyze eval approach adopted here can also be identified in the processing model
underlying publication approaches such as X SL [W3C 2001] (and its predecessor DSSSL [ISO
1996]). In effect, in XSL, documents are transformed into a markup language of formatting objects.
The resulting specification must be subsequently evaluated to generate the presentation. The first
phase corresponds with an analysis phase, while the second one is a particular type of evaluation
phase.

The work described here relies on our previous work on the DTC [structured Documents, document
Transformations and software Components] approach [Sierra 2000a] [Sierra 2000b] [Sierra 2001].
DTC is an approach to the development of applications that are described using domain-specific
languages [van Deursen 2000]. We use XML to define domain-specific languages describing the
contents managed by the application. Then, we transform these contents to languages supported by
pre-existing software components. Hence, software components areinterpretersfor markup languages
that must be combined to obtain more complex interpreters able to give operational support to the
desired application domain. We have applied this approach both to the domain of route searching in
transport networks [Sierra2000a] and the domain of educational hypermedia applications [Navarro
2000]. Work described here substantially improves the previously reported research. In other studies
[Sierra 20004] [Sierra 2000b], we adopted a syntactic-based approach and focused on component
composition instead of language composition. In thisway, components might be reorganized for
different applicationsin the same application domain. L ater, we adopted a semantic-based approach
and focused on the composition of languages [ Sierra2001]. Componentswere automeatically assembled
by interpreting documents trees. Components carried out both the analysis and the eval uation phase.
In addition, we did not include any special adaptation mechanism in our framework. Adoption of
the analyze eval approach described inthis paper raisesthetruelinguistic natureof DTC and alleviates
many of its previously encountered shortcomings.
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