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Abstract : This paper has been motivated by experience gained wipecification and code
generation of control elements for a software component platform and genergdurpose (GP)
programming language like Java and C. The problem to be addressed is-faddl: first, several
domain-specific languages (DSL) are to be emplogdo express different element concerns
(architecture, deployment context, code pattern) and second, porting to another GP language
should avoid modification of the specification and related code generation process as much as
possible. In both respects, th classical templatebased code generation technique proved to be
inflexible, requiring the code generator to be blurred with aghoc encoded DSL facets.

The paper addresses the problem by introducing the concept of interoperable DSL family. Each
member ofthe family is built around its core language which can be further specialized by
embedding into a target programming language. Interoperability of these DSLs is achieved at the
level of ASTs with help of queries.

As a proof of the concept, we have implemésd the queries via the AST transformation rules of
the Stratego/XT framework. In the evaluation, we provide a comparison with the original
template-based implementation which clearly indicates the DSL family and AST transformation
benefits. We also provi@ examples of application areas where and how the concept of
interoperable DSL family can be employed.
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Abstract & This paper has been motivated by experience gained with specification
and code generation of control elements for a software component platform and
general-purpose (GP) programming language like Java and C. The problem to be
addressed is two-fold: first, several domain-specific languages (DSL) are to be
employed to express different element concerns (architecture, deployment context,
code pattern) and second, porting to another GP language should avoid modification
of the specification and related code generation process as much as possible. In
both respects, the classical template-based code generation technique proved to be
inflexible, requiring the code generator to be blurred with ad-hoc encoded DSL
facets.

The paper addresses the problem by introducing the concept of interoperable DSL
family. Each member of the family is built around its core language which can be
further specialized by embedding into a target programming language.
Interoperability of these DSLs is achieved at the level of ASTs with help of queries.
As a proof of the concept, we have implemented the queries via the AST
transformation rules of the Stratego/XT framework. In the evaluation, we provide a
comparison with the original template-based implementation which clearly indicates
the DSL family and AST transformation benefits. We also provide examples of
application areas where and how the concept of interoperable DSL family can be
employed.

Keywords & Code Generation, domain specific languages, models reuse, extensible
languages, specification, program synthesis.
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1 INTRODUCTION

Nowadays software development takes advantage of the novel techaolbgsé allow

code generation from models at a variety of abstraction levels. These range from simple
templates to advanced series of model transformations supporting backwards
traceability. In this paper, we show how such methods can be employed iredhef ar
generating control elements of software components and connectors, focusing on the
SOFA component modé€[8], [9]) where code generation is to be done both in Java and

C (the paper primarily focuses on Java). Nevertheless, the presented method can be
employed in other code generation domains as well, specifically when several DSLs,
multiple target languages, and/or optimization are to be considered.

Frequently, code generation into a target geraugbose programming languagde (
languag@ is parameterized by the information not known statically, but available as late
as the generation (model transformation converting a model to another model
representing the code) is actually performed. Compepased systems are not an
exception. Theidevelopment typically involves control elements which require to be
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Fig. 1. Element architecture and context.

tailored at the component assembly/deployment time or even runtime (e.g., when
dynamic architectures are supported). These elements include (i) functional units of
software connectors bigihg address spaces and handling differences in communication
styles, and (ii) control elements of software components, such as interceptors handling
calls on component interfaces in support of component lifecyclesr€atd adaptation

and monitoring. Heing welldefined communication ports and despite being of
relatively simple functionality, the elements may be either primitive or composed,
forming a hierarchy.

Fig. 1 shows a typical scenario incemponenbased system consisting of two
interconnected componentsi  client  (ThinStockClient ) and server
(StockServer ) i communicating by classic remote calls. Interconnection between
the components is performed via a connector that is automatically tEhefn
internal architecture of the connector is enforced by the desired communication method
and extrafunctional properties (in this case, communication has to be encrypted and
monitored). The example illustrates the elements constituting this conné&tier

componentsThinStockClient and StockServer  communicate via the Java
interface of the typestock.IStock . To mediate communication, the connector is
composed of theClientStub and ServerSkeleton top-level elements.

ClientStub  contains two primitive conector element$ Logger responsible for
call logging andRMIStub , encapsulating the RMI middleware technology. Moreover,
ServerSkeleton contains a composed connector elem&eacureSkeleton
reflecting the given security requirement by encapsulatingRiiéSkeleton and the
SocketFactoryProvider . Additionally, every call on both the required and
provided i nter f arteecsptofogupeod loggihghr ough an
The original SOFA implementation [8] generates code of all these elements, i.e.
interceptorsan components and connector elements, in an automatizedAaif is
based on element specdition in the form of (i) textuatode templatépatterr) of the
element code, (ii) description of the stadlement architecturénontrivial in case of
composed elements) and (iii) description of the dynamelement contex{e.g., to
determine the actual Java signatures of the bound interfaces in the context of the whole
application). Listing 1 shows an example of the textual code template for composed
elenment (such a€lientStub  andServerSkeleton in Fig. 1). It is clearly visible
that the template determines a skeleton of code whlaoeholdersmarked by double
percent signs (e.q.,
%%GENERATE_ARCHITECTURE_INITIALIZATION_METHOD%%re to be
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substituted taeflect theelementcontext(the actual interface types of the element) and
elementarchitecture determining the internal, nested elements. Thus, the semantics of
placeholders is determined by the specification of element architecture and context,
which are encoded in a ndnvial, adhoc created, Jayalaceholder interpretation class
plugged into the code generator. This way, the whole element specification is split
between the textual code template and specific internals of the code generator. For
example, in Listindl the implementation of methaditializeArchitecture

(hidden by tle placeholder
%%GENERATE_ARCHITECTURE_INITIALIZATION_METHOD%% line 19)
traverses the element architecture and context and generates the code for creating
instances of sublements and establishing bindings between them. All the code has to
be encoded ithe placeholder interpretation class.

To summarize, the following three constituents are to be expressed in an element
implementation specification&lementArchitecture,Context, and target codeattern
therefore, we denote such specificatioreesc. An EPAC specification thus determines
three crucial constituents required for proper preparation of an element. By convention,
when referring to a particular constituent, we will emphasize the corresponding letter by
different font (i.e.,EPAC denotesspecificato n of el ement 6sEPAcar get c
the architectural specification of an element apalC its context specification).

The EpAc specification determines three crucial aspects required for proper
preparation of the element: (i) its static structui@ EPAC, (ii) the pattern of code
(EPAC) delineating the el ementds i mplementat ]
environment (context) into which the element is to be deplogesX). Moreover, each
specification has its owtifecycle driven by is role in the system development process
and has a dependency ottahguage to different extent. The architecture specification
EPAC is a part of the database containing-gedined static architectures of the control
elements to be generated. The databasesually prepared at a very early stage of
system design (e.g., together with decisions on interface communication styles) and it is

1 public final class %%CLASSNAME%% implements
org ... ElementLocalServer,
/% ... H {

/% Constructor #
public %%CLASSNAME%% (
ConnectorUnit parentUnit,
boolean isTopLevel) throws ElementLinkException {
this.parentUnit = parentUnit;
this.isTopLevel = isTopLevel;
dem = DockConnectorManagerHelper.
getDockConnectorManager();

H O O oo NOWUL s WwN

o

13 initializeArchitecture () ;

14}

16 /% Implementing the initializeArchitecture method

17 * Calling dedicated functionality of the code generator:

18 #H

19  %%GENERATE_ARCHITECTURE_INITIALIZATION_METHOD%%

21 /% Depending on the element context:
22 * Calling dedicated functionality of the code generator:

23 H
24  %%GENERATE_PROVIDED_PORTS_METHODS%%
25 }

Listing 1. Textual template for composed element.
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not intended to be subject to frequent changes during system development. In general,
EPAC dependency on thelanguagss just minor. On the contrary, being substantially
dependent on-tanguage, the context specificatisrAC can only be created as late as
decisions of component assembly and deployment have been made. Along similar line,
the EPAC specification (element code pattern) can be created right aféc
specification is available. The bottom line is these three specifications are not typically
created simultaneously and aRac and EPAC specification can be employed with a
number of diferentePAC specifications. With regard to the scenario in Fig. 1 Etrec
specification of th&RMIStub primitive element is represented by: §BAC including a
definition of the RMIStub structure containing a specification of input and output
interfacegeflecting utilization of the RMI middleware; (iBPAC prescribing patterns of
the Java code in RMIStub; and (i#pAC containing resolved signatures of input and
output RMIStub interfaces implied by the context of the whole connector.

Furthermore, thepecifications have to cooperate (ineroperablg in terms of one
can refer information provided by another. For example&ERaT specification typically
refers the botlePAc andepACs peci fi cations to | earn on
an EPAC tightly adheres to amPAC. It should be emphasized that in templatsed
code generation, this interoperability has to be {waded in the placeholder
interpretation class.

1.1 Problem statement and goals

In general, simple templateased code generation obntrol elements is a process
inherently inflexible in four respects: (BPAC and EPAC specifications and their
processing have to be encoded as a plafthe code generator; (ii) porting to a new *
language means not only-w&iting the code templateePAC specification), but also
modifying EPAC and EPAC specifications including their encoding in the code
generator; (iii) any further operations upon tasulting code cannot be easily integrated
within the generation process (e.g., code optimization by merging elements); (iv)
interoperability among specifications is hanoded in the code generator.

The problem this paper aims to address is this inflejbvhich makes it very hard
to accomplish element code generation fiewac specification in a single framework,
especially when multiple target code languages and code optimization are to be
considered. Thus a challenge is to overcome these obstacléading a way of
employing multiple DSLs and modern code generation techniques, preferably based on
model transformations, which would allow for DSL interoperability and easy porting to
another *language.

From the perspective of code generation, thieofohg three model transformation
techniques suitable for code production have been identified ([11], [24]): (i) template
based, (ii) visitotbased, (iii) modeto-model. They can be characterized as follows:

In the context of element code generation,tladise techniques would employ the
EPAC andEPAC specifications similarly, but would differ in the way they make use of
EPAC (code pattern) specification. The techniques (i) and (ii) differ in controlling code
generation process. In the case of (i), thetr@dling process is based on traversing the
code pattern in a texiased template where marks (such as our placeholders) trigger
specific functionality of the code generator ([1], [13], [28], [2], [14]). On the contrary, in
case of (ii), such as Jambbathe code generator would contain encodghc
speci fi cat i osrAcandePACTspecifEdtidn® Bothhieehniques would fail

1 JAMDA. Java Model Driven Architectué.2 http://sourceforge.net/projectsfjamda
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when multiple target languages are to be considered, since, for each of them a dedicated
code template or visitor would hato be created. As an aside, since both techniques (i)
and (i) lack a comprehensive representation of the code to be generated, code
optimization would be hard to implement.

More promising is a technique of the (iii) category, supporting -sjegtep
refinement of the artifact model resulting into code ([23], [19], [17]). This allows
addressing multiple objectives in a sequence of transformation steps, including various
optimizations. Obviously a key challenge (and the main goal of the paper) is te@ropo
an appropriate form of the model in each step and define efficient transformations
reflecting the objectives adequately.

With respect to the goal, the paper is structured as follows. Section 2 overviews the
Element Code Generation method (ECoGen), wBdetion 3 focuses on DSL families.

The next section presents details of ECoGegeneration framewoflstressing also
DSL interoperability including language assimilation yielding the target code. Section 5
evaluates the presented approach, while Sediatescribes related work. The last
section concludes the paper and sketches potential directions of future work.

2 ECOGEN METHOD: OVERALL STRATEGY AND RELATED DSL
FAMILIES

The proposed code generation method follows the general MDD strategy involving
multi-staged model transformations. It stems from khetaBorg method3] which

allows embedding of specific DSL constructs into a hosting programming language
(such as Java), and provides tools ([17], [27]) for assimilation (conversion) of these
constructs into the hosting language. The proposed code generation metesdtserv
transform arerAC specification into the corresponding code in a selectEhguage

and extends MetaBorg by the employing several DSLs simultaneously. The presented
method is generic enough to be easily applied for a seledsetytiage.

Fig. 2 shows the overall code generation strategy: Technically, the input is a triple of
EPAC, EPAC and EPAC specifications, each of them in a dedicated DSL (in the same
order):element pattern languagePLang*, architecture description languag&DL -*,
andcontext @scription languag€DL-*. All of them are converted by a tetda-model
transformation into the form of an abstract syntax tree (®SJ, ASTcpir-+, ASTepLang
+). Intentionally, the AST representation is chosen since it is an elegant model of a
textual speification, allows further transformations, and is supported by several well
elaborated tools such as Stratego [27], TXL [31], or DMS.[34]

2 The framework can be downloaded fronip:/ / sofa.ow2.org/ congen/
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Fig. 2. Overall generation strategy.

In particular, theePAC specification is formed by constructs of the domain specific
language EPLang embedded into-ariguage (by convention this embedding yields the
language EPLant similar convention on embedding applies to ABland CDL-*).
Next, driven by the transforrtians defined for the EPLargconstructs, ASEp ang* IS
traversed several times and stgpstep converted (modéb-model transformation)

into ASTwhi ch already represent s -langwgeeThie ment 6s

way, the domain specific EPhg constructs arassimilated3] into the *language. In

this process, thepAc andEPAC specifications are taken into account by transforming
and assimilating fragments of the ATl and ASTp.+ during the ASEpiang:
transformatioras described in Section 4. This is necessary to determine the actual types
of the el ementds port sEerdCrandno detbérraine che sub e x t
elements from the architecture specificatibPAc. Optimizations of the generated
codeare donen an iterative way upon ASTthis includes code merging [6], inlining,

and call indirections removalFrom the resulting ASpiimized 5 the last transformation

®In general, the optimizations areldnguage dependent, but there is a group of the independent optinszétigeting element

S P



D3S Technical Report ndi2011/4

produces the resulting code in textual form (i.e., in tHenuage).

Obviously, the genetmn process of ASTrelies on interoperability of three DSL
language$ ADL-*, CDL-*, and EPLang'. The key reason for having to accompany an
EPLang* specification with the ADE*, and CDL-* specifications, is that, typically, the
information provided bythe CDL* and ADL-* specifications is not available at the
moment the EPLany specification is being written. Therefore, having different
lifecycles, these specifications are provided as standalone entities and an
interoperability of all corresponding DSLs required.

3 EPLANG, CDL AND ADL FAMILIES
3.1. Why three domain -specific languages and their families
In general, designing a DSL language requires identifying the related domain concepts
and their relationships ([20], [25]) which are crucial éopressiveness and thus needed
to be reflected in the language constructs. For element code generation, we identified
three domairrelated requirements which have to be taken into acdowatch of the
three DSL languages has to:
) reflect the domain vocabary;
(i) be parameterized by the desired targktnguage;
(i)  reflect the fact thaEPAC parts are not created simultaneously (have
different lifecycles).

While (i), domain vocabulary, is the central concept of dorspiecific modeling
([20], [15]), the requirments (ii) and (iii) are specific in terms of flexible generation of
element code in a-fanguage. The requirement (iii) is addressed by employing three
different DSL languages. This also well complies with the component model domain
conventions involvingarchitecture expressed in an ADL and context by a language
specifying component assembly and potentially deployment. Therefore, it would be
counterproductive to the break this conventions by striving to combine all of these
specifications in a single DSIMoreover, the requirement (ii) resulted in designing
families of these DSL languages for each ofethec parts. These are depicted in Fig. 3,
where also the desired interoperability is graphically emphasized. Thus, for a specific
target *language, from&ch family its fA*0 membed is to
ADL-J, CDL-J when Java is selected as thlriguage). From the perspective of the
final goal (code generation), this also means that such a family member provides
constructs specific to the tatgcode in *¥anguage.

Central to each of the families is its core language (CDL, ADL, and EPLang). This
concept follows the MDA approach [21]: A core language serves to specify a platform
independent model (PIMA member of the family (e.g., CDl, ADL-J, EPLangJ)
serves to express platform specific model (PSM). In general, a member of the family
is created by embedding, which is achieved by both merging and restricting the core and
target *language grammars (Section 4.1). The result of the embedddangrammar of
a new language. In the following subsections we focus always on the core language and
its embedding to Java (and also bytecode in the case of EPLang family).

architecture (e.g., a composite element flattening), which can be employed during early stages of generation. Detaitsitidrptre out
of scope of this paper.
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Fig. 3. DSL families and required interoperability.

3.2. EPLang Family
In essence, the core of the family is the EPLang language (Element Pattern Lainguage)
a DSL language allowing expressing, at an abstract level, the desired effe@Raican
specification, which results into a complete element implementation based on the
selected HanguageA primary requirement is that EPLang constructs have to express key
elementrelated concepts (e.g., element ports), to query element architecture and context,
and to determine other details of element implementation (e.g., classckadgpaames).
Furthermore, EPLang has to be easily embeddable inteldngtiage.

The example oEPAcC specification is illustrated on the righaind side of Listing 2.
The example shows an implementatiorRiMIStub from Fig. 1 declared in EPLarl
The Idt-hand side of the listing demonstrates a skeleton of the specification in pure EPLang
without Java code (in reality, this pure EPLang code is not explicitly tiseg show it
here for illustration).

A key part of element specification constitutes #ementconstruct (lines %6),
composed of a sequence of tmplements portconstructs (lines 347 and 2€b5)
expressing how ports become actual interfaces. Each of the implements port constructs
references an interface type either directly by a string containing its signature, or by the
result of aquery (e.g.,$query{ports.por t(name=call):type , line 20), which
refers to the corresponding part in ePAC or EPAC specification. Technically, both of
these specifications are targeted by the query and the successful response is interpreted as
the result. The query always returngsult, however, in the case of an incorrect query (e.g.,
referring a norexisting port), the result can be empty. In such a case, the generation process
can fail.

Syntactically, a query takes the fordquery{<NAVIGATE>.<EXTRACT>} .
Semantically, th&NAVIGATE> part of the query selects a set of $udes in ASkp, -~ or
ASTcpL+, and<EXTRACT>part finds out the demanded information stored in the sub
trees. While the<NAVIGATE> part can be evaluated in ARl or ASTcp+, just on
syntactical basis, theEXTRACT> part needs interpretation specific to each kind of
<EXTRACT>statement.

Overall, the following kinds ockEXTRACT>statements are used in queries targeting an
EPAC specification serve to obtain (i) a number and (i) names of element ports and
eventally, in case of a composed architecture, (iii) the names eélsafents. In similar
vein, <EXTRACT>statements used in the queries targetingra€ specification provide
the names of the (iv) generated class, (v) related package, and (vi) actual ptetrigpés.
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Furthermore, in case of composite element, there is a variaREXTRACT>which

provides (vi)) the names of stbl e ment sdé i mpl ementati on types.
Implementation of the interface methods associated with a port is provided via the

method template construct (lines 254). It determines the code pattern to be applied

in each method of the interfatiee port is being turned into (recall that no interface type is

known at the time of template creation because it has to be derived from the component

interface the element is to serve); this information is to be sought in*CDypical

examples of methb template utilization are simple call delegation in an element and

adaptation of two incompatible interface signatures via an element. For that purpose,

method template declaratioman r e f er t he met hodos name ar
1 /% +++ +¥ package ${package}
2
3 element rmi_stub { element rmi_stub {
4 /* Delegation target *
5 /R 44+ +H protected $query{ports.port(name=line):type } target;
6 /* Constructor #
7 public $query{:classname}(ConnectorUnit parentUnit) { /*... ¥ }
8
9 /* Import common methods for all elements #
10 S$import(’ElementMethodsimpl.eplang”)$ $import(’ElementMethodsimpl.eplang”)$
11 simport("ReconfigurableElementimpl.eplang”)$ $import("ReconfigurableElementimpl.eplang”)$
12
13 /* Implementation of a Java interface #
14  implements port /3 +++ +¥ { implements port ElementLocalServer {
15 JESE T public Object lookupEIPort(String name) {
16 /% ... #}
17} }
18
19 /% Implementation of interface parameter ¥ /% Implementation of interface parameter ¥
20 implements port $query {ports.port(name=call):type} { implements port $query{ports.port(name=call):type} {
21 method template { method template {
22 ${method.declareReturnValue} ${method.declareReturnValue }
23
24 $set encoderNeeded=...$ $set encoderNeeded=count(ARG in method.args
25 where !method.args.ARG.type.isPrimitive)$
26 $if (encoderNeeded)$ $if (encoderNeeded)$
27 RMIObjectEncoder rmiEncoder = new RMIObjectEncoder();
28 $apply(...) $ $apply(rmiEncoder.adaptObject(ARG) for ARG in method.args
29 where Imethod.args.ARG.type.isPrimitive)$
30 $end$ $end$
31 try {
32 $append(method.args, /% ++++ +¥ )$ $append(method.args, SOFAThreadHelper.getCallContext())$
33 $setReturnValue this.target
34 $setReturnValue(...)$ .${method.name }($implode(method.args)$)$
35 }
36 $if (encoderNeeded)$
37 catch (RMIObjectAdaptorException e) {
38 throw new ConnectorTransportException (e);
39 1%+t +H }
40 $end$
41 catch (RemoteException exc) {
42 throw new ConnectorTransportException (exc);
43 }
44 $if (!method.returnType.isPrimitive) $ $if (!method.returnType.isPrimitive) $
45 try {
46 return (new RMIObjectDecoder()).adaptObject
47 Ik +++ +H (${method.returnVar});
48 } catch (RMIObjectAdaptorException e) {
49 throw new ConnectorTransportException (e);
50 }
51 $else$ $else$
52 ${method.returnStm} ${method.returnStm}
53 $end$ $end$
54 } }
55 '} }
56 } }

Listing 2. Example of EPAC specification of RMIStub element in pure EPLang (left side) and
corresponding EPLang-J code (right side)

10
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(${method.name} ) and${ method.args} , line 32). The latter being a list which

can be manipulated by th®&pop() , $append() and $count() statements for
removing, appending and counting parameters. For manipulation with a return parameter,
the following three statements sen&method.declareReturnType} declares a
temporary variable of a return type (line 28)mnethod.setReturnValue} assigns

the temporary variable a given value (line 34) and fing{fipethod.returnStm}

prescribes creating a return statement providing the value temporary variable (if
necessary; line 52). Furthermore, the exception list stored in the variable
${method.exceptions} can be manipulated in the same way as method parameters
with help ofpop, append , count statements.

Variability of agoh éesnsappdrtedoby thenpxteedmommstructs,
extension points, and import statements. The extend construct provides a simple kind of
specification inheritance, consequently allowing for code sharing between elements. An
extension point serves to declaree tlocation in a parent template which may be
modified by the implementation of the inherited template (via an extend construct).
Finally, an import statement (lines 6, 7) includes a predefined specification block.

The EPLang language defines the followitypes and operations: integer, (==,

I=), string ¢ (concatenation)s=, !=), and associative dictionary of strings (indexed

also by a string). Such a dictionary represents a set of/deg pairs. These can be
manipulated by the indexing operafpr. Variables are of dynamic types. The operands

in an expression can be only literals, variables, and queries. The names of a variable can
be hierarchical this helps navigate over composed elements. These language features
are illustrated in the example of &PLangJ specification in Listing 2. This also
includes theapply statementwhich applies a given expression to each of the list
members satisfying a given condition (e.g., dpply statement on line 27 boxes each
primitive type in the given argumenttlimto anRMIDecoder call).

The EPLang control statements are illustrated in the ERILaspgecification in
AppendixB; these include thdoreach (line 41-45) andrforeach  (recursive
foreach) cycles, and also tife (condition, lines 6470) andset (assignment, line 19)
statements. Obviously, the purpose of these control statements is to specify sequencing
of code generating actions.

To demonstrate the potential of the EPLang family, we implemented two domain
specific languages (and correspondirenerators): EPLanrg and EPLan@C. The
former generates Jadmsed elements, the later produces bytecode of elements at
runtime to support efficiency.

Listing 2 shows an example of fulPAc specification forRMIstubfrom Fig.1 in
EPLangJ. It specifiesthat the element implements a provided port (line52§
Furthermore, there is a method template for adapting and delegating an incoming call
(lines 2154; the actual method signature is determined froraPaC specification by
the algorithm described iBectior4.2).

EPLangBC is another member of the EPLang family. The motivation for choosing
Java bytecode as aldnguage is to reduce compilation complexity when generating
element code at runtime.

An EPLangBC specification ofRMIStub is shown in Appedix C. Technically,
such a specification is pygepared by compiling an EPLadgspecification with a
dedicated tool which first removes the EPLang constructs, compiles the pure Java code
and returns back the EPLang constructs into the corresponding jpiatee resulting

11
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bytecode forming the EPLafBBC specification.

3.3 ADL Family
As mentioned in SectioB, anePAC specification in EPLang) has to be complemented
by an element architecture specificatemicC. Given an el ement, it 0

roles (provided or required); furthermore, for a composed element it specifies its
internal architecturésubelements and their bindings. In generalgpAc specification
is written in an ADL* created by embeting the core ADL language into a (subset of)
selected #anguage. A dedicated ADt language is typically required because of the
need to specify various extfanctional properties and dependencies among them in the
*-language (e.g., total memory consuimmp of composite element is specified as
memory consumptions of its sitbements). The fanguage serves here mainly as an
fexpression | anguageo.

Listing 3 shows an example of an ABLspecification of th&MIStub element. The
specification is split into: (i) definition of element type, and (ii) definition of internal
architecture (implementing the element type). In principle, the element typeslafin
black box view ofRMIStub by specifying its provided and required ports (liné)2
The architecture (lines-99) implements the given element type (line 11) by clarifying
schematic relations among portsoshowsmes (| ir
definition of the extrdunctional properties (ines1#®4) wused f or computin
memory consumption. An example of a composed element-ABpecification is in

1 <!—— Black box view of element. ——=>

2 <element—type>

3 <name>stub</name>

4  <port name="call” role="provided” />
5 <port name="line” role="remote” />

6 </element—type>
7
8

<|—— Glass box view of element. ——>
9 <element—architecture>
10 <name>RMIStub</name>
11 <type>stub</type>
12
13 <architecture>

14 <port name="call” type="1" />

15 <port name="line” >

16 <signature—entry ref—name="rmi” role="client” type="rmi(l)”

/>

17 </port>

18  </architecture>

19 <efp>

20 <efp—def>java.lang.Long memoryConsumption</efp—def>

21 <efp—def>java.lang.Long baseConsumption = 4096 </efp—def>

22 <efp—def>java.lang.Long totalConsumption</efp—def>

23 <efp—value>totalConsumption = memoryConsumption +
baseConsumption</efp—def>

24 </efp>

25 </element—architecture>
Listing 3. EPAC specification of RMIStub element in ADL-J.

Appendix A. In a similavein, ADL-BC is provided (in the same style as ie ttase of
EPLangBC 1 see Section 3.2).

3.4 CDL Family

Given an element instance, its context specificatioxC describes the actual types of
its ports. In general, it is written in a CBllanguage created by embedding a core CDL
language into a subet of *language. A dedicated CDLis typically required, since

12
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the actual types of ports, values of exXtractional properties, and additional system
initialization code are to be specified iHanguage.

Listing 4 shows an example of a CELspecification of thé&kRMIStub element. It
specifies the aahl types of the ports (lines 4181) , technical details needed for code
generation in Java (class nainéne 7, class packagdeline 5), actual values of extra
functional properties (lines 1I9), and Java code for a system initialization. It should
be enphasized that a CDt specification refers only to the black box view of the

1 <element—context>
<!—— name of element ——>
<name>RMIStub</name>
<!—— package for new element ——>
<package>T00012</package>
<!—— class name for generated element ——>
<classname>RMIStub</classname>
<|—— list of ports types ——>
9 <ports>
10 <port name="call”>
11 <type>stock.|Stock</type>
12 </port>
13 <port name="line” >
14 <type>stock.IStock</type>
15 </port>
16 </ports>
17 <efp>
18 <efp—value>memoryConsumption = 3680</efp—value>
19 </efp>
20 <system—bootstrap>
21 System.setSecurityManager(new ElementSecurityManager());
22 </sytem—bootstrap>
23 </element—context>

Listing 4. EPAC specification of the RMIStub element in CDL-J.

W N OB s WN

element defined by ADI* T no qualification of internal port types is provided in case
of composed element.

4 ECOGEN-J GENERATION FRAMEWORK

4.1 Overview

Fig. 4 illustrates theeCoGenrJ generation framework.e., ECoGen for Java) which is

an instance of the overall generation strategy (Fig. 2) whereltreggtiage is Java. This
framework is based on the Stratego/XT toolset ([17], [27]) supporting program
transformation based &ST rewriting rules ([29]).

In Fig. 4, the generation process begins by parsing each of the three par=at an
specification. This is done by the Stratego teglri driven by definitions of the
EPLangJ, CDL-J, ADL-J grammars in the SDF formgByntax Definition Formalism
[16]). The resulting parsers produce Apil.;, ASTcpi-3,and ASTepLangsCorresponding
to the respective parts of tEeac specification.

13
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Fig. 4.ECoGen-J Generation Framework for Java.

Further, the generation process assimilates EPLang statements into Java while
employing the interoperability of EPLaflg ADL-J and CDLJ languages. This is
achieved by a Stratego program which works in three transformation stages; the first
one evaluatepure EPLang statements ([10]) as follows: code imports are done, then, to
simplify later transformation to Java, statements are converted into a carfonmal
(this includes Ai nliningo of control stat
particular gquence of transformation steps ensures that the whole process converges:
composed EPLang statements are-bigptep simplified and finally transformed into
primitive EPLang statements which are further solely converted into Java. The second
stage evaluas queries. They are handled with a simplification strategy similar to the
one for handling composed statements. For this purpose, a specific algorithm merging
information from three ASTs was designed as described in Section 4.2. In general, the
first and second stages are Java independent, so that they can be reused for another
choice of tlanguage.

During the third transformation stage, the Stratego program handles thepdaiec
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EPLangJ constructs and composes the resulting AT

All in all, this two-phase approach well enforces sbgpstep refinement of AST. To
illustrate AST rewrite rules, Listing 5 shows a Stratego progpamsess - import
serving to assimilate import statements by rewriting them to the content of a file
indicated by a parametespecifically, the rules on lines&parse the file name, while

1 process—import:

2 Import(Filename(X)) —> Y

3 where

4 if <is—relpath> X then

5 get—template

6 ; abspath ; dirname

7 ; <strcat> (<id>, /") ; <strcat> (<id>, X)
8 ; ?input

9 else

10 where ( IX => finput)

11 end

12 ; <parse—EPLang—J> FILE(finput) => Y

Listing 5. AST transformation rule assimilating import statement.

the ruleparse - EPLang-J on line 12 parses the content of the file.

Again, driven by a Stratego program, tBetimizerdeals with optimizing the code
represented by AS1,a As mentioned in &ction 2, this includes code merging, inlining,
and call indirections removal.

Finally, the code represented now by Agifized savdS transformed by the Java pretty
printer pp-java, part of the Stratego/XT toolset) into its textual form. Naturally, the
produced Java code is to be further compiled, bundled and deployed into a runtime
environment.

For illustration, Listingg shows the code generated from the RMistHAC
specification (Listing 2-5) for the interfacestock.IStock containing a single
methodsell with one integer parameter.

4.2. Handling Queries 1 Basic Idea
For brevity, in the rest of the text, the ABLresp. CDL-* language is referred to as a
side*-language(and the corresponding AST asideAST).
To interpret a query, it is necessary to map the concepts igpfsagd to the concepts
of a sideAST. In principle, it would be possible to express suchpimapat the level of
EPLang* and sidelanguages grammars (e.g., by technique [18] as discussed in Section
1 class RMIStublmpl implements

stock.IStock, ElementLocalServer, ElementRemoteClient {
protected IStockRemote target;

2
3
4
5 public RMIStublmpl(ConnectorUnit parentUnit, ...) {/* ... # }
6
7 /% Implementation of imported common methods #*

8 public String getElementinfo(String indent) { /* ... * }

10 /% Implementation of a particular Java interface #

11 public Object lookupEIPort(String name) {/* ... # }

13 /* Implementation of interface 1Stock #*

14 void sell (int num) {

15 Object context = CallHelper.getCallContext();
16 this.target. sell (num, context);

17}

18 }

Listing 6. Generated Java code for RMIStub element.
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Fig. 5. Handling a query i basic idea.

6 using intertwined grammars), however, such solution would bring a strong
dependency among languages, which is not desired. Thus, the queriesgallowi
expressing a loose dependency are introduced.

The actual technique of interpreting the query via AST transformagaass follows
(Fig.5). The target AST contains a query and<i$éAVIGATE> part describes a path
that determines two stibees in the sidAST. Further the<EXTRACT>part extracts
the desired nodes from both stbes. The result is integrated into a single tree as the
outcome of the query; this tree is assimilated back inttatiget AST.

In general, all the sutrees determined by a query have to be integrated into a single
AST subtree conforming to the structure of ASlang- tree as if it was the result of
T2M transformation of its original EPLarngspecification. When ardentified subtree
of the sideAST is trivial, e.g., carrying just a simple value (being a leaf associated with
a string or number), it is assimilated into the EPLAST simply by copying the
corresponding node. On the contrary, a nontrivial set oftreds (e.g., such as
definition of all ports) is assimilated by iterative transformatiots the EPLang AST
as a sukiree representing a list of values.

4.3 Assimilation and DSLs Interoperability
Basically, interoperability in terms of the ability to interpret the queries issued in an
EPLang* AST - is required between each sitldanguage and EPLang This
specifically means interoperability between EPLdngnd CDLJ and also EPLanrg
and ADL-J. This is visualized in Fig. More precisely, query interpretation is
determined by applying a set of AST transformation rules the effect of which is modeled
by the following mappings:
Let SLAST be the set of subvees of all ASTs in the sidelanguag@ andELAST the
similar set for EPLang. Also let SeSLASTandTeELASTbe ASTs and (subtree of
T) be a query containingNAVIGATE>and<EXTRACT>
Interoperability of the languages is defined based on the following mappings
(transformation rules):
nmap  : SLAST x ELAST — 25LAST
emap c9SLAST o L AST —s 95EAST
integrate : 25145 . RLAST
replace  : ELAST x ELAST x ELAST — ELAST

sud that the following holds:
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nmap(S, < NAVIGATFE >
emap(P, < EXTRACT >
integrate(R

replace(T,Q, Q'

P . where S € SLAST,P 252451 (j)
R . where R € 251457 (ii)
). where ) € ELAST (iii)
T', where T' € ELAST (iv)
AT is an AST

The mappingimap transforms th€q u e <KNAYESATE>to a corresponding set of
subtreestof the ASTS. Then for each element of the mappingmap extracts its part
relevant to<EXTRACT> This yields a set of resulting sttessyt Further, the sejof
subtrees is integrated via the mappimgegrate into a single AST sulreeQ 0
Finally, the target ASTT containing the quer) gets modified intdl' &y replacing Q
by Q6 .The resultingT das to be an AST in EPLarfg The assimilation process
itself can be seen as a composition of mappings (i), (i), (iii), and (iv):

replace(T, Q)

)
)
)
)

integrate(
emap(
nmap(S, < NAVIGATE >),
< EXTRACT >)))

With regard to the mapping complexitynap relies on the representation of a
<NAVIGATE> Obviously, interpretation gfNAMGATE> is easy when it complies
with the hierarchical namespace of constructs in a*’sideaguage. This is relatively
simple to achieve when the sitlnguage is XMLbased, so that its constructs are
inherently hierarchical. Nevertheles®\AVIGATE>is expressed by the EPLa#fg
means which do not have to comply with the dateguage rules. If they do not, the
subtrees identified bgxNAVIGATE>have to be transformed loynapinto a final form
T complied with the sidéanguage. Fortunately, the Strategafeavork allows for very
general AST restructuring. A penalty may be the complexity of the transformation rules,
though.

While the mapping@map which finds and extracts fromrequired information
corresponding t&«EXTRACT>is relatively simple, thentegrate mapping is more
complex. Obviously, assimilation ginto T in EPLang* has to be based on mapping
the concepts of a sidelanguage to EPLart) This is specifically not simple when the
resultyof emapis spread over elementsfThis requires employing nemivial
iterative AST transformations as a parirdegrate . Again, even though the
Stratego framework allows for very general AST restructuring, a penalty might be the
complexity of the transformation rules.

For more formakpecification see Appendix D which presents denotational semantics
of the query construancluding formal specification of themap andemap mappings.
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Fig. 6.Interoperability among DSLs implemented by ECoGen method.

The implementation of queries processing written with the help of Stratego
programming language is based on the stragegy which selects the demanded AST
nodes (Listing 7). Its implementation directly corresponds to the denotational query
semantics. Itecursively traverses (line 9) the AST from the given node and looks for
suitable nodes with help of the strategyap (line 4). The strategy decides whether a
node should be appended to the resulting set. It includes application of condition filter
apply -condition  (line 22) which directly corresponds to the semantic definition of
the function Filter. Lines 1214 correspond to the functioBmap performing
selection of desired values from the grdes selected bhymapstrategy.

5 EVALUATION

In the light of the goals in Section 1.1, we evaluate the ECoGen method from the
perspective of (i) comparing the ECoGerethod with standard templab@sed code
generation techniques, (ii) DSL interoperability via MetaBorg tools and difference with

1 // query evaluation strategy
2 eval(|query) =

3 if <not(is—empty)> query then

4 where( lquery => [head | tail] )

5 ; nmap(|head)

6 ; if <not(is—last)> tail then

7 map(\ Element(.,_, val) —> val\)

8 ; concat

9 ; eval(| tail )

10 else

11 /I corresponds to emap mapping

12 map(\ Element(_, _, [Text(c)] ) —> Text(c)\ <+id)
13 7 (\V[Text(z)] —> Id(Text(z))\ <+id)
14 ; (\[Lit(1)] == Lit(h\ <+id)

15 end

16 end

17 // corresponds to nmap mapping

18 nmap(|e) =

19 switch id

20 case <?ldElement(ld(name), condition, operator)> e:
21 find—query—element—byname(|name)
22 ; apply—filter (| condition)

23 case <7?ldElement(ld(name), index)> e:
24 [% ... W

25 otherwise: fail

26 end

Listing 7. Transformation strategies processing queries.
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classical MetaBorg method, and (iii) the prospects of porting the ECoGen method to
other domains.

5.1 Comparison with a standa rd template -based technique

As we mentioned in Sectidnhl, templatédbased approach was originally used for
specifying implementation of SOFA connector elements; however, such element
generation proved to be inflexible not only in terms of modifications, fivst of all, of

extensions. From implementation perspective, the code generator processed a code
template which was composed of: (i) a fApur
textual substitutions and (i injernafspflcadee hol de
generator (a handritten placeholder interpretation class plugged into it). Overall, the

template and interpretation of placeholders was the ®wRyc specification was

provided, whileePAc and EPAC specifications were available to thengeator in the

form of its internal classes created by a frend tool.

In contrast, the EPLanAgased approach allows defining the whesac specification
via three DSLs, synergy of them makes it p
number of A transformations starting with iePAc specification.

To illustrate the difference between the templatend EPLang) based approaches,
Appendix B shows thePac specification of the composite element in EPLdnghich
corresponds to the textual temjgla shown in Listing 1. The method
initialize Architecture (Appendix B- lines 1448) has similar functionality as
the placeholder %%GENERATERCHITECTUREINITIALIZATION - METHOD%%
in Listing 1, line 19. Obviously in the former case, the EPLargnstructslearly, with
much finer abstraction granularity indicate what actions have to be done wibhAhe
andePAC specifications to achieve architecture initialization. Furthermore, the EPLang
J EPAC specification determines with similar granularity the target code for provided
interfaces (Appendix B, lines 50); in contrast, this is in the template hidden behind
the placeholde¥%GENERATEROVIDED PORTS METHODS%{¥isting 1, line 27).
Naturally, the functionality specified in EPLanyj is hidden inside the placeholder
interpretation c¢class which reads context [
type, and for each method included in the type has to generate code for call delegation
to a correponding sukelement port.

An important benefit of the ECoGen method brought by language definition via
grammar embedding is the syntax correctness guaranteed at the source level. It means
that the majority of syntactical errors in a code pattern can teetdd directly irePAC
specification. On contrary, in templat@sed approach, syntactical errors are detected as
late as code is generated and compiled.

As a casestudy, consider a sedet of connector elements for different
communication styles in SOFA[8]. These are listed in Table which compares the
sizes of element specifications and implementations in both tenhzagzl and
EPLangbased approaels. For the former, two artifact sizes are indicated per each
element: the size of the textual code template and of the placeholder interpretation class
(each placeholder needs its own interpretation class, which cannot be shared among
elements see the mtivation in Sect. 1.1) here both the total class size and the size of
its part which directly produces Java code are provided. For EPLang approach, the size
of EPAC specification and the size of Stratego transformation program (employed for all
elementy are given. Along a similar line, both the total size @&PAC
specification/Stratego program and the number of lines directly producing Java code are
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indicated. Here, the following should be emphasized: (i) The actual comext (
specification) of an elment practically does not influence any of these numbers, since it

determines only the types of the interfaces/ports of the element. (ii) In a similar vein, the

element architectureefAc specification) influences significantly only the numbers
related tothe composite element; the figures indicatedablel hold for a composite

element with two primitive suklements. (iii) While a placeholder interpreter class has

to be created for each element in the temgateed approach, the Stratego program

achieving similar goal by AST transformations is common for all elements; a benefit is

extensibilityi adding a new element requires to provide onlyeRsc specification,
since the Stratego program depends only on EPUamgd sidé anguages o
thus rot being specific for aBPAC instance. Table 1 also clearly illustrates that most of

g

the complexity of the templatgased approach lays in the placeholder interpretation

which heavily manipulates with ttePAc andEPAC specifications. On the other hand,

the EPLangl EPAC specification contains much more Java LOC than the pure ElLang

statements.

Overall, the size of EPLang specification including AST transformations is half of the

size of textual templates and placeholder interpretation.

As an aside, Tablg indicates that the major part of the EPLangpecifications and

TABLE 1
TEMPLATE VERSUS EPLANG-BASED METHOD

Template-based approach EPLang-based approach
Placeholder EPLang-J Stratego
interpretation EPAC program for .
in generator (LOC) AST Re§ult1;1g
El ¢ Textual (LOC) transformations lS'Ze Ot )
emen element in
code (LOO)
template Directly Directly Directly Java
Total | producing | Total producing related to (LOC)
Java code Java Total | Java AST
code transfor-
mations
Composite 151 1134 37 320 280 322
element
Local stub 207 686 20 216 180 219
Local 180 664 20 204 160 192
skeleton
RMI stub 204 799 32 233 200 195
RMI 168 | 735 39 218 | 184 | 2000 496 188
skeleton
Logger 142 686 20 159 130 162
element
Corba stub 206 841 20 241 211 213
Corba 210 810 24 233 206 201
skeleton
Java
dependent 1468 6355 212 N/A 1551 N/A 496
pM)
z 1468 6355 1824 2000 1692
Total 7823 3824 1692

LOCT lines of code (specification)
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StrategoAST transformations is Java language independent (compared to template
based approach, the ratio is (1551+496) / 7823). Specifically, in comparison to the
templatebased method, this means the ECoGen method saves development effort,
particularly in linesof code that need to be-maplemented, during porting to a new *
language. Further, it demonstrates that ECoGen method separates concerns (element
code pattern, its architecture, and context) are clearly determined in standalone
specification entities.

As far as porting to anotherlanguage is concerned, porting to byte code was very
smooth- it took only to modify the Stratego program for Java AST transformations (496
LOC were replaced by 630 LOC which, however, include support for the dedicated tool
translating Java elemeBPAC specification into byte codePac). Naturally, porting to
e.g., C# would require in addition modifying the Jayecific EPAC specifications
(taking 1551 LOC).

5.2 DSL interoperability via MetaBorg tools

The cornerstones of tHfeCoGen code generation method are the language embedding
and assimilation via the MetaBongethod[3] based on combining language grammars

and applying AST transformation rules. Using these means, the original MetaBorg
method envisions embedding a dedidatei s ma | | 0 D S-purpbse largguage. g e n
This embedding ends up by translating t
assimilated them into a genemlrpose language. However, the ECoGen method
employs the MetaBorg means differently: (a) for tB®Lang* language the

Afembeddingd and assimilation are parameter.

This way the ECoGen method considers the core EPLang language to be embedded into
a set of target languages. Contrary to MetaBorg method as appli&d, [4], the

er
he

ECoGen met hod assumes restrictions of t he

the EPLang embedding process. (b) For assimilation of EPt.ande, two additional
Asi de DS+ €DOL-* areld be employed. (c) Each side DSL hasspecific
language core which is to be embedded into tHanfuage. Importantly, here

Aembeddi ngd has a v er jangidgd i§ enbeddet intonaveny i n g :
small subset of generplur pose | anguage. Thus, a fAsmall

even smaller language (technically, in case of e.g., QQLlot of Java grammar rules
are marked as forbidden in SDF). Moreover, the assimilation of-CRLJava is done
only indirectly via mappings into EPLaflgAST (as shown in Section 4.3).

5.3 Applyin g the EPLang idea in other domains
The EPLang idea addresses interoperability among multiple DSLs while not explicitly
requiring these DSLs to be declarative or imperative.

As another example requiring interoperability among several declarative DSLs,
management of access control lists can be considered. In most cases such lists are
written in a declarative DSL (WebDSL [33], Ponder [32]) which defines groups of users
and their access rights to system artifacts. To control access, the DSL has to
systemadctally refer other system entities, which are also declared via DSLs (e.g., pages,
actions) and here our approach can be applied. For example, access control for a web
application specified with a dedicated DSL embedding EPLang, could be specified in
the llowing form:
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$(for USER in users.user)
${USER} has no access $end$
${users.user(name="Joe”)} can
operate ${actions.action(name="view”)}
operate ${actions.action(name="edit”)}
on ${page.page(id="intro”)}

Here, the concept of queries allows referencing users, pages, and actions without the
need to explicitly integrate the access control DSL grammar with grammars of
user/page/action languages. Hence, these DSLs would be less dependent on each other
(e.g., sofar the DSL for access control contains dedicated constructs for referencing
pages, actions, etc., which could be easily eliminated by introducing a single concept of
query where th&NAVIGATE>part would determine a cooperating DSL).
Technically, such grting of the EPLang idea would require designing a new access
control language embedding the EPLang language and corresponding code generator
assimilating the access rights specification into a target code. Nevertheless, the queries
evaluator engineitsel can be reused as it depends only
| mportantly, no interlinking of the DSLs® ¢
As an example of requiring interoperability among declarative and imperative DSLSs,
the task of generating cedfrom a textual representation of UML diagrams (e.qg.,
EMFText*, TextUML toolkit®) and corresponding code patterns described via an
imperative DSL similar to EPLanrtjcould be consideredThe example may include
usecase, class, and state diagrams withresponding code patterns interlinked via
queries. For example, a query in class diagram code pattern could refer tocaseise
di agram, extracting its details and produci
methods prépost conditions to reflecthe usecase. In a similar vein, the class diagram
code pattern could query a state diagram to produce corresponding-cagiecitode
reflecting transitions among statddere, the implementation would be similar to the
previous example of managing ass control lists.

6 RELATED WORK

The EPLang idea relates to research in code generation and interoperability of DSLs.
From the perspective of element code generation, its process typically involves two
crucial tasks: (i) element specification and (ii) #etual code generation. The objective

of (i) is to describe, in an abstract way, the required functionality of the element. This
can include not only definition of code snippets, but also a structural and behavioral
specification of the element. For elemepecification, several methods are employed,
such as templateased methods ([14], [1]), modetiven methods ([12], [22]) based on
various DSLs ([30], [35]), and even their combinations ([26]).

The way actual code generation (i.e., (ii)) is done,ghtly related to the form of
element specification: Templates are typically processed by a program substituting
placeholders and unfolding simple macros ([1], [14]). In the case of rdodeh
methods, textual element specification is converted to a nf@@&) which is further
processed by M2M model transformations (QVT [22], ATL [19], Stratego [27]) and
M2T transformations (Acceleo [1], Xpand [14]) to produce source code as the result.
The published casgtudies using these technologies include e.ggJ#asa, JavaSwul, or
JavaRegex [4]. The toolchain for generating software conndl@jrss an example of
combining previous two approaches; it follows medeVven approach by specifying

“http:/ / www.emftext.org/
®http:/ / sourceforge.net/ apps/ mediawiki/ textuml/
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various elements (infrastructure elements, CCM connectors) via UNRTE system
design language [23]. Conceptually, this approach follows the idea of the template
based method with placeholders as employed originally in SOFA ([7], [8]). Here,
however, the interpretation of placeholders is defined by an UML MARTE model.

Interoperability of domakspecific languages has been identified as an emerging
challenge of MDE ([5], [18]). Most of the existing approaches focus on formalization of
relations between domaspecific languages, including coordination of language
change popagation; this is mostly done by model transformations and aspect weaving
[18]. In contrary to the EPLang idea, these approaches are basederlinking the
corresponding DSL grammarkor example, interoperable domaipecific languages
are cornestones olWebDSL30] andmobl[37] approaches targeting development of
web, resp. mobile applications. These two approaches are close to our method. They are
also implemented on top of the Stratego/XT toolset, and, furthermore, provide
transparent integtian into Eclipse platform with the help of Spoofax. Both approaches
integrate languages for architecture, data, access control, and user interface for
producing executable applications via transformations. VilaeDSLand mobl provide
consistency checkingvhich heavily relies on early error detection thanks to the
statically defined interlinks among | angu;
requires management of interlinks and coordination of grammar modifications. This
makes the key difference to theSD interoperability proposed by the EPLang idea,
where the languages are combined only at the level of ASTs (as the result of query
evaluation). Hence, the proposed qukaged interoperability does not statically restrict
relations among languages and thensistency of interlinks needs to be checked
dynamically during processing queries.

Another key issue solved by the ECoGen method and not consideYeehBSLand
mobl is the porting the set of interoperable DSLs (ABLCDL-*, EPLang*) and a
correspoding code generator to a newanguage (like porting from Java to C#). In
such a case, the interlinks among grammars would not be of any help, since they would
have to be rewritten from scratch. Even though, porting in our case implies rewriting
the AST transformations implementing queries, the process of adjusting DSL
interoperability requires less effort compared to adjusting interlinks among grammars.
This is mostly because AST provides a higher level of abstraction over the language
grammars and beaae only the targets of queries are to be handled in such adjustment.
As an aside in case o¥WebDSLand mobl it is not clear if (and how) the generation
process could be modified in order to generate code for a new platform (e.g., for
producing Ruby or &la web applications in caseWEbDSI).

7 CONCLUSION

This paper presents the ECoGen method general control element generation
approach based on AST transformation strategies and DSLs interoperability. The paper
explains the method of employing mulépelement specifications defined in several
DSL languages to generate an element implementation in a selected target language.
The presented element specification languages comply with classical specification
convections in the componebased systems anckflect element architecture, its
context and implementation pattern. Further, the languages constitute a family of DSL
languages which is parameterized by a target language. The paper thoroughly analyses
the interoperability among the languages and @éxplaow it is realized via a dedicated
language construct called query. The benefits of the ECoGen method in comparison
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with classical templatbased code generation techniques are demonstrated on a case
study where control elements are generated in Jeva.evaluation part of the paper
shows that the method mitigates development effort when a new element is introduced.
From the perspective of future research, there is still a room for ECatémod
improvements comprising not only a new language families but also template pre
compilation in order to speed up code preparation. This could be achieved, e.g., by
allowing bytecode fragments in the code pattern specification.

As to domairspecificlanguages interoperability, deeper formal analysis involving static
reasoning about queries correctness at the level of DSL grammars and AST
transformation rules would be also desirable.
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APPENDIX
A. Composite element E ACP specification

LoggedClientUnit

logger  stub O Subelement

Element binding
Provided local port
Remote element port

|
t

I
v

call
i
ou
ca
line
line
<&

Figure 1 Architecture of LoggedClientUnit composite element

1 <l-— Black—box view of the element —
2 <element—type>

3 <name>rpc—client —unit</name>

4 <port name="call” role="provided” />
5 <port name="line” role="remote” />
6 </element—type>

7 <element—type>

8 <name>logger</name>

9 <port name="in" role="provided” />
10 <port name="out” role="required” />
11 </element—type>

12 <element—type>

13 <name>stub</name>

14 <port name="call” role="provided” />
15 <port name="line” role="remote” />
16 </element—type>

17

18 <!-— Glass—box view of the element —
19 <element—architecture>

20 <name>LoggedClientUnit</name>

21 <type>rpc—client—unit</type>

23 <inst name="logger” type="logger”/>
24  <inst name="stub” type="stub”/>

26 <binding porti="call” element2="logger”
port2="in"/>

27 <binding elementi="logger” porti="out”
element2="stub” port2="call”/>

28 <binding element1i="stub” port1="line”
port2="line” />

29

30 </element—architecture>

Listing 1 EAcP definition of LoggedClientUnit composite element in ADL=J
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B. Composite element EAC P specification
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