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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 and second, porting to another GP language should avoid modification of
the specification 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. In conclusion, we provide examples
of application areas where 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 technologies which allow
code geeration fom models at a variety of abstraction levels. These range from simple
templates to advanced series of model transformations supporting backwardsliraceabi
ity. In this paper, we show how suptethod can be employed in the area of generating
control elemets of software components and connectors, focusing on the SORFA co
ponent mode{[8], [9]) where code generation is to be done both in Java and Cr-Neve
theless, the presentedethodcan be employed in other code generation domains as
well, specifically wherseveral DSLs, multiple target languages, andptinozation are

to be cwosidered.

Frequently, code generatiomto a targeigeneralpurpose programminianguage -
language is parameterized by the information not known statically, but available as late
as the generation (model transformatommvertinga model to another model represen
ing the codg is actually performed. Componemased systems are not axception.

Their development typically involves control elements which require toiloeed at
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Fig. 1. Element architecture and context.

the component assembifeploymenttime or even runtime (e.g., when dynamic arch
tectures are supported). These elements include (i) functional units of softwaret-connec
ors bridging address spaces and handling differences in communication styles, and (ii)
cortrol elementof software components, such as interceptors handling calls oroeomp
nent interfaces in support of component lifecy@QeSrelated adaptatioand monitar-

ing. Having weltldefined communication ports and despite being of relatively simple
functionality, the elements may be either primitive or composed, formingartiny.

Fig. 1shows an example of the elements constituting a software connector and inte
face interceptors. The componenthinStockClien t and StockServer  com-
municate via the Javiaterface of the typstock.IStock . Communication between
the compnents is mediated by a connector, logically composed o€ClieatStub
andServer Skeleton connectortop-level elementsEvery call on both the reqed
and provided interfaces is intercepted bijfecycle interceptarblodcking calls in some
of the lifecycle phases of the respective compoifenecessaryFurther,ClientStub
contains two primitive connect@ements Logger responsible for call lgging and
RMIStub , encapsulating the RMI middleware technology. MorecSeryerSke |-
eton contains a composed conneattegmentSecureSkeleton  reflecting the gren
security requirement by encapsulating tR&ISkeleton and the SocketFa c-
toryProvider

The orginal SOFA implementatiorB] generates code of all these elemengs inte-
ceptorsin component&and connectoelementsin an automatized wayT; this is based
on element speciation in the form of (i) textualode templatépatterr) of the element
code, (ii) description of thelement architecturénon-trivial in case of composedeel
ments) and (iii) description of thelement contexte.g., to determine the actual Java
signatures of the bound interfaces in the context of the whole applicatiotipglLls
shows an example of thextual code template for composed elemeuch asCl i-
entStub andServerSkeleton in Fig. 1). It is clearly visible that the template-d
terminesa skeleton of code whemaceholdersmarked by double peentsigns(e.g.,
%%ENERATEARCHITECTURE_INITIALIZATION_ METHOD%%re to besubsi-
tuted to reflect thelementcontext(the actual interface types of the elemenidele-
ment architecture determining the internal, nested elemefisus, he semantics of
placeholders is deteined bythe specification of element architecture and context,
which are encoded ia nontrivial, ad-hoc created, Jayalaceholderinterpretationclass
plugged into the code generator. This way, wmle element specification is splieb



tween the tempta and specific internals of the code generator. kamele, in Listing
1 theimplementation ofnethodinitializeArchitecture (hidden by the plae
holder %% GENERATERCHITECTURE_INITIALIZATION_ METHOD%%ine 19)
traverses the element architecture and exdnand generates the code for creatimg i
stances of sublements and establishing bindings between tiAdinthe code has to be
encoded in the placeholder intesfation class.

To summarize, the following three constituents are to be expressed in antalame
plementation specification€Element Architecture,Context, and target codeattern;
therefore we denote such specificationesnc. By convention, when referring to arpa
ticular constituent, we wilemphasizethe corresponding lettdyy different font (i.e.,
EPAC denotesspecification ofelemend darget code patterrePAc the architectural
specification of an elemeandePAC its context spafication).

Moreover, @ch specification has its owifecycle driven by its role in theystem é-
velopmentprocessand has a dependency dbilanguageto different exteh Thearch-
tecturespecificationePAC is a part ofthe databaseontainingpre-defined architectures
of the control element$o be generated’ he databasis usially preparecat a very early
stage of system desigme.g.,together with decisions anterface communation styles
In general ePAC dependency on thelanguages just minor On the contrarybeing
substantially dependent onldnguagethe context specificatioBPAC canonly be ce-
ated as late as decisions of componasgemblyand deployment have been made.
Along similar line the EPAC specification(elementcode pattern)can be created right
after EPAC specification is availabléThe bottom line is these three specificati@ns
not typically created simultaneousignd an EPAC and EPAC specification can bene
ployed with a number of differeePAC specifiations

Furthermorethe specificationsiaveto cooperatelfe interoperabl¢g in terms of one

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

1

2

3

4

5 /% Constructor ¥

6 public %%CLASSNAME%% (
7 ConnectorUnit parentUnit,

8 boolean isTopLevel) throws ElementLinkException {
9 this.parentUnit = parentUnit;

0

1

1 this.isTopLevel = isTopLevel;

1 dem = DockConnectorManagerHelper.
getDockConnectorManager();

12

13 initializeArchitecture () ;

14 3}

15
16 /x Implementing the initializeArchitecture method
17 * Calling dedicated functionality of the code generator:

18 H
19 %%GENERATE_ARCHITECTURE_INITIALIZATION_METHOD%%
20

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

23 ¥
24 %%GENERATE_PROVIDED_PORTS_METHODS%%
25}

Listing 1. Textual template for composed element.



can refelinformationprovided byanotherFor exampleanePAC specification typically
refers thebotherPAC andePAC specificationdo learn one | e m énterfades andalso
an EPAC tightly adheres tan EPAC. It should be emphasizedatin templatebased
code generatiorthis interoperabilityhas to bénardcoded inthe placeholder interpret
tion class.

1.1 Problem statement and goals

In general, simple templateased code generatiah control elements is a proceiss
herently inflexible in four respects: (i)ePAC and EPAC specificationsand their po-
cessinghave to beencoded as plugin of the code generatdji) porting to a new*-
languagemeans not only rvriting the code template(EPAC specification) but also
modifying EPAC and EPAC specifications including thegncodingin the code gener

tor; (iii) any further operations upon the resulting code cannot be easily integrated wit
in the generation process (e.g., code optimization by merging eleentg)teropea-
bility among gecifications ishardcoded in the code gerator.

The problem this papers aims to address is this inflexibility which makes it very hard
to accanplish element code generation fr@pac specification in a single framework,
especially when multiple targebde languages and code optimization are to be @onsi
ered. Thus a challenge is to overcome these obstaclesdimygfia way of employing
multiple DSLs andmodern code generation techniques, preferably basechauel
transformationswhich wouldallow for D interoperabilityandeasy porting to anbt
er*-language.

From the perspective of code generatithre following three model transformation
techniques suitable for cogoductionhave been identified11], [25]): (i) template
based, (ii) visitotbased(iii) modelto-model. They can be characterized dkfos:

In the context of element code generatid,tfeese techniquesvould employ the
EPAC andePAC specificationssimilarly, but would differ in the waythey make use of
EPAC (code pattern¥pecifiction. The technique(i) and (ii) differ in controlling code
generatiorprocess|n the case of (j)the controlling process is based on traverding
code pattern in #extbased templatevhere marks guch as ouplaceholders}rigger
specific functionaty of thecode generatdif1], [13], [29], [2], [14]). On the contraryn
case of(ii), such agambda [18]the code generatavould contain encodedPAC sped-
fication andfi v i s iEPAG antERAE specifiations Both techniquesvould fail when
multiple target languages are to bexgidered since,for each of them dedicated code
templateor visitor would have to be createfls an asidesincebothtechniques (i) and
(i) lack acomprehensiveepresentation ahe codeto be generateccodeoptimization
would behard to implement.

More promising is a technique of the (iii) category, supporting-syegtep refire-
ment of the arfact model resulting into code ([24], [20], [17]). This allows addressing
multiple objectives in a sequence of transformasteps, including various optinaz
tions. Obviously a key challenge (and the main goal of the paper) is to propgse an a
propriate form of the model in each stpd define eftient transformationgeflecing
the objectives asjuately.

With respect to theaal the paper is structured as follows. SecRaoverviews the
EPLang method while Section 3 focuses on DSL families. The next section presents
details of FPLang generation framewadtrlstressing also DSL interoperability including
language assimilation giding the target code. Secti@nevaluates the presenteg-a

1 The framework can be downloaded fromip://sofa.ow2.org/congen/
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proach, while Sectiofi describes related work. The last section concludes the paper and
sketchegpotentialdirections of éiture work.

2 EPLANG METHOD: OVERALL STRATEGY AND RELATED DSL FAMILIES

The proposed code generatiomethodfollows the general MDD strategy involving
multi-staged model transformations. It stems fromNtetaBorg method3] which d-
lows embedding of specific DSL constructs into a hosting programmmggdge (such
as Java), androvides toolg[17], [28]) for assimilation (conversion) of these constructs
into the hosting language. The proposed codergéna methodserves to transform an
EPAC specification into the coesponding code im *-language and extends MetaBorg
by theemploying severdDSLssimultaneously

Fig. 2shows the overall code generation strategy: Technically, the input is a triple of
EPAcC, EPAC andePAC specifications, each of them andedicated DSL (in the same-o
der): element pattern languageEPLang*, architecture description languag&DL -*,
andcontext description languageDL-*. All of them are converted by a tetd-model



transfornation into the form of an abstract syntax tree (AST-, ASTcpL+, ASTepLang

+). Intentionally, the AST representation is chosen sintgan elegant model of a text
al specification, allows further transfoations, and is supported by several well
elaborated tools such as Strategd,[ TXL [32], or DMS [35].

In particular, theePAC specification is formed by constructs of the domain specific
language PLang embdded into a *language (by convention this embedding yields the
language BLang*; similar convention on embeddingalies to ADL-* and CDL-*).
Next, driven by the transformatie defined for the BLang* constructs, ASEp ang* IS
traversed several times and st®pstep converted (mod#bd-model transformationnk
to AST- whichdr eady represents t HaeguagdThisnveanthebs code
domain specific BLang construts areassimilated 3] into the *language. In this pr
cess, the&ePAc andEePAC specifications are taken into account by transforming and a
similating fragments of the ASHL~ and ASTp.+~ during the ASEpLang+ transfo-
mationas described in Sach 4. This is necessary to determine the actual types of the
el ement 6s p or tspecificatienerACtahdeo determitedhe swdbements
from the architecturspecification EPAC. Optimizations of the generated cate done
in an iterative way upon ASTthis includes code merging][ inlining, and call indire-
tions removal. From the resulting A§Tmized » the last transformation produces tlee r
sulting code in textual form (i.e., in theldnguage)Detailsof optimizations are out of
scope of this paer.

Obviously, the generation process of AS€lies oninteroperabilityof three DSL
language$ ADL-*, CDL-*, and BPLang*. The key reason for having to accompany an
EPLang* specification with the ADL*, and CDL-* specifications, is that, typically, ¢h
information provided by the CDE and ADL-* specifications is not available at the
moment the PLang* specification is being writtenThereforehaving different lifeg-
cles,these specifications are provided as standalone erditiésan interopebility of
all correspondindpSLs is equired.

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 redtionships([21], [26]) which are crucial for expressiveness and thus needed
to be reflected in the tguage constructs. For element code generation, we identified
three domairrelated requirements which have to be taken into acdoeaich of the
three DSL laguages has to:

0] reflect the domain ecabulary

(i) be parameterized by the desired targktnguage

(i) reflectthe fact thaEPAC parts are not createsimultaneouslyhave di-

ferent lifecycles).
While (i), domain vocabulary, is the central copicef domainspecific modeling

([21], [15]), the requirements (ii) and (iii) are specific in terms of flexible generation of
element code in a-fanguage. The requirement (iii) is addressed by eynmjothree
DSL languages; this also well complies with the component model domain conventions
- architecture is typically expressed in an ADL, context by a language specifymg co
ponent assembly and potentiallgptbyment, so it would not be beneficial for designer
to the break this conventions by ging combining these specifications with léewvel
code specification for elements in a single DSL. Moreover,dipgirement (ii) resulted
in designing families of these DSL languages, each for a partErdarpart. These are
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depicted in Fig 3, where also the desired interoperability is graphjicaihphasized.
Thus,for a sgecific target *languagefrom each family t s mdimbed is to be selected
(e.g., PLangJ, ADL-J, CDL-J when Java is selected as tHariguage). From the pe
spective of the final goal (code generation), this also meansutiatasfamily menber
provides constructs specific to thegat code in #anguage.

Central to each of the families is its core language (CDL, ADL, dldaig). This
concept follows the MDA gproach P2]: A core languageerves to specifa platform
independent model (PIMA member of the family created by embeddsegves to e
pressa platform specific model (PSM). In general, embedding is achieved by both
merging and restricting the core and targéarfguage grammars (Saxst 4.1). In fol-
lowing subsections we focus always on the core language and its embedding to Java
(and also bytecode in the case &LENg family).

3.2. EPLang Family

In essence, the core of the family is thHeLBng language a DSL language allowing
expressing, at an abstract level, tlesiced effect of arePAC specification.Listing 2
shows the skeleton structure of an element specificationrallsgt to make it an actual
specification, the* + +++ +*/ fragments need to be filled by statemestof the
selectecEPLang* language.

A straightforward requament is that PLang constructs have to express key element
rel ated concept s, such as el ementbés ports,
other details of its impteenttion (e.g., clasendpackage nange

EPLang constructs are illustrated higting 2 whereanimplementation specification of
the primitiveRMIStub element fronFig. 1is provided. WhileListing 2in pure BPLang
determines just a skeleton of the elememplementationthe EPAC specification in
EPLangJ (Listing 3) prescribes its fullmplementation in Java. Its key part constitutes the
element construct (lin€%35), composed of a sequence of thglements port constructs
(lines10-12 and 1534) expressing how ports become actual interfaces. Each of the-impl
ments port constructs references an interface type either directly by a string containing its
signature, or by the result of a query (e.g., S$que-
ry {ports.port(name=call) : type , line 15), which refes to the corresponding
part inanePAC or EPAC specification.Technically, both of these spacitionsaretargeted
by the query and the successful response ipnated as the resuit is guaranteethatat
most one successful result ioyded).

Syntactically a query takes the forfiquery {< NAVIGATE>: <EXTRACP} . Se-



mantically, the <NAVIGATE> part of the query selectssat of subtrees in ASTap+ Or
ASTcpL+, and<EXTRACT>part finds outthe demanded information stored in the-sub
trees. While the<NAVIGATE> part can be evaluat@a ASTap. + or ASTcp -+, just on spy-
tactical bais, the <EXTRACT> part needs interpretation specific &ach kind of
<EXTRACT>staement.

Overal, thefollowing kinds of<EXTRACT>statements are useddueries targetingn
EPAC specificationserve to obtair{i) anumber andii) names of elememortsandevent-
ally, in case ofa composedarchitecture (i) the names of sublementsIn similar ven,
<EXTRACT>statements used ihe geries targetig an EPAC specification providehe
names ofthe (iv) generated clasgv) relatedpackageand (vi) actualelement portypes.
Furthermore, in case of composite elemtrdre is avariant of <KEXTRACT>which pio-
vides(vii) the namesof sube | e menpléemerdtion types.

Implementation ofthe interface methods associated with a port is provided via the
method te nplate construct (lines @33). It determines the code pattern to be applied
in each method dhe interface the port is being turned into (recall tizahterface type is
known at the time of template creation because it has to be derived from the component i
terface the element is to serve); this information is to be sought ir*CDQpical examples
of method template utilization are simple call delegation in an element and adaptation of
two incompatible interface signatures via an element. For that purpose, metiptatete

1 /% e+ +H

2 /% Local stub #

3 element rmi_stub {

4 I/ +++ +H

5 /% Common methods for all elements ¥

6  $import("ElementMethodsimpl.eplang”)$

7  $import("ReconfigurableElementimpl.eplang”)$
8

9

/* Implementation of a particular interface %
10 implements port /% +++ +¥ {
11 /% +++ +¢
12 }

14 /x Implementation of interface parameter ¥
15 implements port $query{ports.port(name=call):type} {
16 method template {

17 /¥ +++ +H

18 ${method.declareReturnValue}

19

20 $if (${method.returnVar})$

21 /¥ +++ +H

22 ${method.setReturnValue(

23 ${method.name}($implode(method.parameters))
24 }

25 $else$

26 /¥ +++ +¥

27 ${method.setReturnValue(

28 $implode(method.parameters))
29 }

30 $end$

31 /¥ o+ +H

32 ${method.returnStm?}

33 }

34 }

35}

Listing 2. Skeleton of EPAC specification in EPLang for
RMIStub element.



declaration can refer the method name and its param&grethod.name} ) and
${method.parameters} , line 18). The latter being a list which can be manipulated
by the$pop() , $append() and$count() statements for removing, appending and
counting @rameters. For manipulation with a method return parantkeéefollowing three
statementserve ${method.declareReturnType} declares a temporary variable
of a method return type (line8)l ${method.setReturnValue} assigns the tenop

rary variable a given value (line2Rand finally ${method.returnStm} prescribes
creating a return stateent providing the value @ temporaryvariable(if necessary;line

32).

Variability of elementsd i mplementmti on
sion points, and import statements. The extend construct provides a simple kinct of spe
ification inheritance, consequently allowing for code sharing between elements: An e
tension point serves to declare the location in a parent template which maylibedno
by the implementation of thenherited template (via an extend construct). Finally, an
import statement (lines, 7) includesa predefined specdation block.

The BPLang language defines the following types and operations: integer=(

I=), string ¢ (concatenation)==, !=), and associative dictionary of strings (indexed
also by a string). Sinca dictionary represents a set of k&jue pairs. These can bam
nipulated by the indexing operatfpr . Variables are of dynamic types. The operands in

an pression can be only literals, variables, and queries. The names of a variable can be
hierarchicai this helps navigate over composed elements. These language features are
illustrated in the example of arPEangJ specification irListing 3. This also includes
theapply statementvhich applies a given expression to eatthelist membes satis-

fying a given condition (e.g., thepply statement on lin@7 boxeseach primitive type

in the given argument lishto an RMIDecoder call).

To demonstrate the potential of th&@LEang family, we implemented two domain
specific languages (and corresponding gatoes): BPLangJ and PLangBC. The
former generateslavabased elements, the latproduces bytecode of elements at
runtime to supportféciency.

Listing 3 shows an example of fukPAC specification forRMIstubfrom Fig. 1 in
EPLangJ. It specifies tat the element implements a provided port (2950). Fur-
thermore, there is a methodrielatefor adapting and delegating an incoming call (lines
21-49; the actual method signature is determined frorarMEC specification by thela
gorithm described in $8on 4.2).

The BPLang control statements are illustratedthe EPLangJ specification in A-
pendixB; these include théoreach (line 41-45) andrforeach  (recursive foreach)
cycles, andalsothe if (condition, lines 6470) andset (assignment, line 19) ate-
ments.Obviously, he purpose of these control statements is to specify sequencing of
code geerating actions.

EPLangBC is another member of theéPEang family. The motivation for choosing
Java bytecode as aldnguage is to reduce compilation comptgxvhen generatingle
ement code at niime.



28
29
30

31

47
48
49
50
51
52 }

package ${package};

element rmi_stub {

/* Delegation target ¥

protected $query{ports.port(name=line):type} target;

/* Constructor ¥

public $query{:classname }(ConnectorUnit parentUnit) {/*... ¥ }

/* Import common methods for all elements
$import("ElementMethodsImpl.eplang”)$
$import("ReconfigurableElementimpl.eplang”)$

/* Implementation of a Java interface ¥
implements port ElementLocalServer {
public Object lookupEIPort(String name) {
/% ... #}
}

/* Implementation of interface parameter ¥
implements port $query {ports.port(name=call):type} {
method template {
${method.declareReturnValue}

$set encoderNeeded=count(ARG in method.args where
Imethod.args.ARG.type.isPrimitive)$
$if (encoderNeeded)$
RMIObjectEncoder rmiEncoder = new RMIObjectEncoder();
$apply(rmiEncoder.adaptObject(ARG) for ARG in
method.args where
Imethod.args. ARG .type.isPrimitive)$
$end$
try {
$append(method.args,
SOFAThreadHelper.getCallContext())$
$setReturnValue this.target
.${method.name }($implode(method.args)$)$
}

$if (encoderNeeded)$
catch (RMIObjectAdaptorException e) {
throw new ConnectorTransportException (e);
}
$end$
catch (RemoteException exc) {
throw new ConnectorTransportException (exc);

$if (!method.returnType.isPrimitive) $

try {
return (new RMIObjectDecoder()).adaptObject

(${method.returnVar});

} catch (RMIObjectAdaptorException €) {
throw new ConnectorTransportException (e);

}

Selse$
${method.returnStm}

$end$

}
}

Listing 3. EPAC specification of RMIStub element in EPLang-J.

An EPLangBC specification ofRMIStub is shown in AppendiC

. Technically,



sucha specification ire-prepared by compilingn EPLang-J specificdon with a del-
icated tool which firstemoves the BLang constructs, compiles the pure Java code and
returns back the BLang constructs into the corresponding places of the resulting
bytecodeforming theEPLangBC specifcation

3.3 ADL Family
As mentiond in Secion 2, anePAC specifcation in FPLang* has to be complemented
by an element architecture specificatemAc. Given an element,ited cr i bes 1 ts po

roles (provided or required); furthermore, focomposed element it specifigs inter-

nal achitecture i sub-elements and their bindings. In general E@Ac specification is
written in aa ADL-* created by embedding the core ADL language into a (subset of)
selected HanguageA dedicated AL-* language is typicallyequired because of the
need tospecify various extréunctional properties in the-fanguage (e.g., memorymk

its and middlewaregpameters).

Listing 4 shows an example of an ABLspecification of th&MIStub element. The
specifiation is split into: (i) definition ofelementtype, and (ii) definition of internal
architecture (implementing thelementtype). In principle, theelementtype defines a
black box view oRMIStub (Fig. 4) by specifying its ppvided and requiredgats (line
2-6). The architetre (lines 919) implements the givealementtype (line 11) by clar
fying schematicret i ons among portsé types (line 14,
element ADL-J specification is in ApendixA.

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. ——>
<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 </element—architecture>

Listing 4. EPAC specification of RMIStub element in ADL-J.

3.4 CDL Family

Given an element instandés contextspecificationEPAC describes the actual types of
its ports. In generait is written in a CDL* language created by embedding a core CDL

RMIStub
- ° O Element
E @ £ > Provided local port
- < Remote port

Fig. 4. RMIStub element architecture.



language into a subet of *languageA dedicatel CDL-* is typically required, since
the actual types of ports are to be sfyed in *-language.

Listing 5 shows an example of a CEL specification of thé&kMIStub element. It
specifiesthe atual types of the ports (lines 11@) and also technical details needed for
code generation in Java (class namme 7, class packageline 5). It should be -
phasized that a CDE specification refers only to the black box view of the elenient
no qualification of internal port types is provided in case ofosed element.

1 <element—context>

2 <!—-name of element ——>

3 <name>RMIStub</name>

4 <|—— package for new element ——>

5 <package>T00012</package>

6 <!|—-— class name for generated element ——>
7 <classname>RMIStub</classname>

8 <!——list of ports types ——>

9 <ports>
10 <port name="call”>
11 <type>stock.IStock</type> </port>
12 <port name="line” >
13 <type>stock.IStock</type>
14 </port>

15 </element—context>

Listing 5. EPAC specification of the RMIStub element in CDL-J.

4 EPLANG GENERATION FRAMEWORK

4.1 Overview

An implementatiorfor Java languagef the poposed code generationethodis shown

in Fig. 5. It illustrates theEPLang generatioframeworkwhich reflectsthe overall ge-

eration strategyFig. 2) where the*-language is\ow replaced byava This framework

is based on the Stratego/XT teet([17], [28]) which provides a integratedool for (i)
defining DSL grammarsand executing aoespondingtextto-model (T2M) transfa-
mation; (ii) specifying and executinppodetto-model (M2M) transformatios upon

ASTS, (iii) specifying and exet¢ing modetto-textM2T transformationsAs to (i) T2M,

the SDF format([16]) is employedwhich allowsspecifying contextfree grammars and
generation of scannerless generalized LR parsers for the languages. In principle, given
languages L1, L2 with corresponding grammars G1, G2 defined in SDF, a new language
L can by createdy combning and restricting theules of G1 and G2Moreover M2M
transformationgii) aredoneby a rmanually written program in the Stratego language
expressing ASTransfamatiors (AST rewriting rules[17], [30]). Thus, with the help of

a single toolsetll of thegeneration stepsom Fig. 2 can be mplemented.

In Fig. 5, he generation process begins by parsing each of the three partspatcan
specification. This is done by the Stratego tsglri driven by definitios of the
EPLangJ, CDL-J, ADL-J grammarsn the SDF format The resulting parsers produce
ASTapL-3, ASTcpL-5, and ASEpLangs cOrresponding to the respective parts of ehec
specifiation.
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Further, EIGeneratorassimilates EPLang statements into Jatéle employingin-
teroperability of EPLang, ADL-J and CDLj languagesilt is driven by aStratego po-
gramwhich determines two transformation stagt® first one evaktes pure BLang
statementq[10]) as follows:code imports are done, theto simplify later transfo
mation to Java, statements are converted intoacandoimal t hi s i nmnchgdes fi
of control statements whenever statically possible), and finally queries are evaluated.
This particular sequence of transformation steps ensures that the wholes maees
verges: composed HEang statements are stbg-step simplified and finally tram
formed into prinitive EPLang statements which are further solely converted into Java.
Queries are handled withsamplification strategy similar to composed statements. Fo
this purpose, a specific algorithm wassidgined as described in Sectiér2 In general,
the first stage is Java independent, so that it can be reused for another cheice of *
language.

During the second transformation stage, the Strateggrggn handleghe Java
specific BPLang-J constructs and composes the rasglAST-.



All in all, this twophase pproach well enforces stdpy-step refinement of ASTIo
illustrate ASTrewrite rules Listing 6 shows aStratego programprocess - import
serving to assimila import statemestby rewritingthemto the content of a fileindi-
cated bya parameterSpecifcally, the rules orines 510 parsethefile name while the
rule parse - EPLang- J online 14parses theontent of thefile.

1 process—import:

2 Import(Filename(X)) —> Y
3 where

4 if <is—relpath> X then
5 get—template

6 ; abspath

7 ; dirname

8 <strcat> (<id>, /")
<strcat> (<id>, X)
?finput

9

10 ;

11 else

12 where (X => finput)

13 end

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

Listing 6. AST transformation rule assimilating import statement.

Again, driven by a Stratego prognathe Optimizerdeals with optimizing the code
represented by ASa As mentioned in Sectiag this includs code merging, inlining,
and call indirections renval.

Finally, the codeepresented now by AGdimizedsavalS trarsformed 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 compithdledand deployed into a runtinen-
vironment

For illustration,Listing 7 shows the code generated from the RMIstebc specif-
cation (isting 3-5) for the interfacestock.IStock containing a single method
sell with one integer pameter.

4.2. Handling Queries 1 Basic Idea
For brevity, in the rest of the texthe ADL-* resp.CDL-* language igeferred to asa

1 class RMIStublmpl implements
stock.IStock, ElementLocalServer, ElementRemoteClient {
protected IStockRemote target;

public RMIStublmpl(ConnectorUnit parentUnit, ...) {/* ... # }

/* Implementation of imported common methods ¥
public String getElementinfo(String indent) { /% ... # }

10 /* Implementation of a particular Java interface ¥
11 public Object lookupEIPort(String name) {/*x ... # }

13  /x Implementation of interface 1Stock

14 void sell (int num) {

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

17 3}

18 }

Listing 7. Generated Java code for RMIStub element.



side*-language(and the comsponding AST as side AST).

To interpret a queryt is necessary to map the concepts in A&:fg+ to the ©ncepts
of a sideAST. In prinaple, itwould be possible to express such mapping at the level of
EPLang* and sidelanguagegrammarge.g., by techniquelP] as discussed in 8&on
6).

The actual technique afterpreting the query via AST transformations is depicted in
Fig.6. It captures a simple case $query { ports.port -type }  when
<NAVIGATE> determines two subrees corresponding to port definition. Further
<EXTRACPextracts port s Otreesyipeaesult famtegratedintotah s u b
single suktree as a result of the queiurthermore, even in a very simple case the
<NAVIGATE> identifies just a single suliree like in $que-
ry { ports.port(name=call) : type } which isa part of the method templait
Langsat ement and its purpose i s toungeet urn th
namecall . In ASTcpL-5, the query finds the sid&ST node representing the port with
the namecall (since<NAVIGATE> = ports.port(name=call) ) and returns
(in the form of a trival subtree) the type of this porkEXTRAC® partof the query)
which is easily assimilated into the quesgiing AST.

In general all the subtreesdetermined bya queryhave to be integrated into a single
AST subtree confornming to the structure of BTepang+ tree as if it was the result of
T2M transformation ofts original BPLang* specification.Whenan idantified subtree
of the sideAST is trivial, e.qg., carrying just a simple value (being a leaf associated with
a string or number), it is assilaied intothe EPLang* AST simply by copyinghe cor-
responding nodeOn the contrary, a mirivial set ofsubtrees (e.g., such as definition of
all ports) is assimilated by iterative tsormationsinto the EPLang* AST as a sub
treerepreseting a listof values

4.3 Assimilation and DSLs Interoperability

Basically, interoperability- in terms of the ability to interpret the eies issued in an
EPLang* AST - is requiredbetween each sidelanguage and EPLartg This speciiF
cally means interoperalti betweenEPLangJ and CDLJ and alsoEPLangJ and

Side AST Target AST

Context Code pattern
specification specification

(in CDL-)) (in ElLang-))

determined by <NAVIGATE> part:
ports.port

determined by <EXTRACT> part:
type

AST sub-trees
integration

query: ${ports.port.type}

result /\
of
the query A

Fig. 6. Handling a query 1 basic idea.



ADL-J. This is visualized irFig. 7. More preciselygueryinterpretation isdletermined
by applying a set of AST transformation rutbe effect ofwhichis modeled bythefol-
lowing mappings:

Let SLAST be the set of sultrees of all AS$ in the sidelanguage andELAST the
similar setfor EPLang*. Also let SI SLASTandTi ELASTbe ASTs and (subtree of
T) be aquery containingkNAVIGATE> and<EXTRAC®.

Interoperability of the languages defined basedrothe followingmappings (tras-
formation rule¥.

nmap : SLAST x ELAST — 25LAST

emap :9SLAST o p1 AST — 95LAST

integrate : 2°1AST L BLAST

replace  : FLAST < ELAST x ELAST — ELAST

such that the ﬂdDWing holds:
nmap(S, < NAVIGATE >
.cnmp(P < EXTRACT >
integrate(R)
replace(T,Q, Q")

P . where S € SLAST,P € 25045T  (j)
R . where R € 255457 (ii)
Q', where Q" € ELAST (iii)
T', where T" € ELAST (iv)
AT is an AST

Themappingnmaptransforms th€q u e <KNAYESATE> to a correspondinget of
subtrees bbof the AST S. Thenfor eachelement oftb, the mappingemap extract its
part rebvant to<EXTRAC®. This yields a set afesultingsubtressY . Further, the set
Y of subtrees is integrated via the mappiimj egr ate into a single AST sulree
Q 0 Finally, thetargetAST T containing the quer®) gets modified intal' @y replacing
Q by Q& The resultingT dhas to be an ASih EPLang*. The assimilation process
itself can be seen azomposition of mappirgi), (i), (i), and {v):

replace(T, Q,

integrate(

>)
)
)
)

emap(
nmap(S, < NAVIGATE >
< FEXTRACT >)))

With regard to the mapping complexitynaprelies on the representation of a
<NAVIGATE>. Obviously, inerpretation okNAVIGATE> is easy when it complies
with the hierarchical namespace of constructs in alaiguage. This is relativesim-
pleto achieve when the sidanguage is XMLEbased so that itxonstructsareinherert-
ly hierarchical. NeverthelessNAVIGATE> is expressed bthe EPLang* means
which do not have to comply with the sitdgguage rules. theydo not, the sultrees
identified by<NAVIGATE> have to be transformetly nmapinto a final formHb com-
plied with the sidelanguage. Fortunatglthe Stratego framework allows for verynge
eral AST restructuring. A penaltpaybe the complexity of the transfoaton rules,
though.

While the mappingemap which findsandextractsfrom Hbrequired information ae
responding t&<EXTRACT>is relatively smple, heintegrate mapping is more
complex. Obviously, ssimilationof ¥ into T in EPLang* has to be based on mapping



the concepts of a sidelanguage t&cPLang*. This is specifically not simple when the
resultyY of emapis spread oveelementf Hb. This requires employing neinivial it-
erative AST transformations as a partriégrate . Again, even though the Stratego
framework allows for very general AST restructuring, a penalty might be the camplex
ty of the transfamation rules.

A more detailed spefocation of thenmap andemap mappings is provided beloim
the defintion of querydenotatiomal semantics.

Denotational semantics of query

Abstract syntax of queryis defined agollows:
QUERY =1 | NAVIGATE " .7 EXTRACT
NAVIGATE =LNAVIGATE | LNAVIGATE"." NAVIGATFE
LNAVIGATE =1ID | ID"("CONDITION")"

CONDITION =1ID"="1D
EXTRACT  :="name” | "type” | "port”|"binding”| . ..
1D = | alphanum :]4+
Thefollowing definesinterpretation of a query f@an AST nadex:
Eoal . QUERY — node,,or — Set(node, o) (1)
Eval| L, 2] =) (2)
Euvalln : e, x] = {xalxy € Nmap[n, x| A xa € Emaple, x1]} (3)

Emap: EXTRACT — node, ..t — Set(node, o) (4)
Emaple, ] = {y|lz — y AN TypeO f(y) = e} (5)

Nmap: NAVIGATE — node,,,; — Set(node, o) (6)

Nmaplid, x] = {:,]T} & TypeOf(x) =1d (7)

(1l < ypeO flx) = id A Filterle, x
Nmaplid(c).a] = { L{-?T } < TypeOf(z) = id A Filter[c,a] )
Nmaplid.tail, ] = {y|TypeOf(x) =id Ny € U Nmap[tail, d]}  (9)

c—d

Nmaplid(c).tail, ] = {y|Filter[c,z] Ay € Nmaplid.tail, z]} (10)
Filter :  CONDITION — node — Boolean (11)
Filter[attr = val, x] = attr € Attr(z) A Val(attr), = val (12)
Attr(z) = attributes of node x (13)
Val(attr, x) = value of attribute attr in node x (14)

TypeOf(z) = type of node z (15)
The equations (1(15) define interpretation of the query abstract syntax rimegrina-
ple, a query &fers tothe part of sideAST, where therequiredinformation is storedAs its
signature(1) indicates the interpretation functioval opeates uporthe queryandthe



side AST determined by iteoot given asanotherEval argument Theresult of Eval is aet
of AST subtrees with the rooteeachabldrom root. Obviously, for an empty querfgval
returns empty set (Zfheequation(3) determmes that tgrocess a quemyith anavigaten
andextracte, a cambination of functiondmap andEmap is utilized. Firstthe function
Nmap is applied(as specified by6)-(10)) to navigaten starting from theoot x; to there-
sulting subtrees determinely their rootsEmap is appliedwith argumenextracte. The
resultof Emap is a set ofAST subtrees determined by their roota (5), the function
Emap evaluateshe requirede and returnshe set ofiirect chibren ofrootx which are of
thetype e (with help of functionTypeOf - 14). For Nmap equationg7)-(10) determine
semanticswith respect to thénierarchicalstructure of navigation paif the navigate part
containsa condtion ((8), (10)), thentheFilter  function(11) is appliedto decidewhether

anode sasfiesagiven condition. Currently, onlgonditions regardingalues ofAST node
attributes areonsidered12)-(14).

EPAC ; EPAC ; EPAC
CDL family ADL family EPLang family
coL : | apbL cooperation
<<embedding>> E 0 N <<in#lren'ted;; ................
cooperaﬂoni

| CDL-) } [CDL—BC}---' CDL-* ‘ ADL-) ] |ADL-BC}---| ADL-* EPLang-BC

- ‘ EPLang-)

‘ EPLang-*

adjustment

Fig. 7.Interoperability among DSLs implemented by EPLang method.

The processing of queries written with help of Sgat@rogramming language is
based orthe strategyeval which selects thelemanded AST nod€kisting 8). Its im-
plementation directly corresponds to tenotationalquery sematics. It recursively
traverss (line 9) the AST from the given nodand lools for suitable nodewith help of
the strategyhmap (line 4). The strategy decidesetheranode should be appended to
the resulting set. It includeapplication of condition filtempply - condition  (line
22) which directly corresponds tthe semanticdefinition of the functionFilter
Lines 1214 correspond to the functidBmap performng selection of desired values
from the suktrees selected hymapstraegy.



5 EVALUATION

In the light ofthe goalsn Section 1.1we evaluate the BEang method from the pe
spective of (i) comparing theHEang method with standard templdtased code gene
ation techniques, (iilpSL interoperability via MetaBorg toolnd difference with cl
sical MetaBorg methqdand(iii) the prospects of porting theFEang method to other
domains.

5.1 Comparison with a standard template -based tec hnique

As we mentioned in Sectidnl, templatebased approach was originally used for
specifying implementation of SOFA connector elemembsyever, such element geaer
tion proved to be inflexible not only in terms of modifications, but, first ofohlexten-
sions From implementation perspectiibe code generator processed@letemplate
which was composed ofi) a i ptextuatémplde allowing only simple textual bu
stitutionsand (i) p | a c e hoobk iterpreted by the internals of code generator (
handwritten placeholdemterpretationclass plugged intd). Overall,the templateand
interpretation ofplaceholders was theay EPAC specification was providedwvhile
EPAC andEPAC specifications were avable to the generator in the form @k internal
classes created by a freend tool.

In contrast, the BELang-based approach allows defining the whesac specification
viat hr ee DSLs, synergy of them makes it
number of AST transformations starting with#tAc spedfication.

To illustrate the difference between the templatexd BPLangJ based approaches,
Appendix B shows thePac specifiation of the composite element ilPEang-J which
corresponds to theextualtemplate shown in Listing. The methodnitializeA r-
chitecture (Appendix B- lines 1448) has similar functionality as the placeholder
%%GENERATERCHITECTUREINITIAL [ZATION - METHOD%# Listing 1, line

1 // corresponds to Eval
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

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

15 end

16 end

17 /I corresponds to Nmap

18 nmap(le) =

19 switch id

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

23 case <?IdElement(ld(name), index)> e:
24 Ik ... H

25 otherwise: fail

26 end

Listing 8. Transformation strategies processing queries.

poss



19. Obviously in the former case, th&lEangJ constructs clearly, with much fineb-a
straction granularity indicate what actions have to be done witlerihe and epAC
specifi@tions to achieve architecture initializatioFurthermore, the BEangJ EPAC
specification determines with similar granularity the target code for providatbres
(Appendix B,lines 5070); in contrast, this is in the template hidden behind the=plac
holder%%GENERATEROVIDED PORTS METHODS%W¥isting 1, line 27). Naturk

ly, the furctionality specified in PLangJ is hidden inside the placeholdieterprettion
class which reads <cont extovidea pod typaaand forn ,
each method included in the type has to generale &ar call delegation to a cer
sponding suielement port.

An important benefit of the BLang method brought by language definition via
grammar embedding is the syntaxrestness guarantied at the source level. It means
that the majority oByntacticalerrors in a code pattern can be detected directisPac
specification. On conary, in templatebased approackByntacticalerrors are detected as
late ascode is gemated and compiled.

As a casestudy consider a sulset of connector elements for diéet communia-
tion styles in SOFA 28]. These are listed in Table which compareshe sizes of e
ment specifications and implementations in both templatel BPLangbased p-
proaches. For the former, tvastifact sizes are indicated per each elemém:size of
thetextual codaemplate anaf the placeholdeinterprettion class- here both thé¢otal
class size anthe size of its part which directly producésva codeare provided For
EPLangapproach, the size @PAc specification andhe size of Statego transforiaion
program (employed for all elementse given Along a similar ling both the totakize
of EPAC specificatiofStratego program and tinember of lineglirectly produdgng Java
codeare indcated Here, the following should be emphasiz (i) The actual context
(EPAC specification) of an element practically does not influence any of these numbers,
since it determines only the types of the iifatees/ports of the element. (ii) In a similar
vein, the element architecturerAc specificaton) influences significantly only the
numbers related to the composite element; the figures indicatéabial hold for a
composite element with two primitive setements. (iii) While a placeholderterpre-
er class has to be created for each elemetitértemplatébased approach, the Stratego
program achieving similar goal by AST transformations is common for all elseent
benefit is extensibility adding a new element requires to provide onlfgRsc sped-
fication, since the Stratego prograsepems only on EPLang and siddanguages
grammarsthus not being specific fan EPAC instance.Table 1 alsoclearly illustrates
that most of the complexity of theemplatebased approaclkaysin the placeholdemr
terpretation which heavilynanipulates wh the EPAC andePAC specifi@tions. On the
other handthe EPLangJ EPAC specification containsmuch moreJava LOCthanthe
pure ElLang st&ments.

Overall, the size of EPLang specification including AST transformations is half of the
size of textual tenmptes and placeholder interpagdn.

As an aside, Tablg indicates that the majgrart ofthe EPLangl specifications and
Stratego ASTtrarsformations isJava language independewrbihpared to template
based approaclthe ratio is (1551+496)7823) Specifically, in comparison to the te-
platebased methodhis meansthe EPLangmethodsavesdevelopment effortpartiai-
larly in lines of codethat needto be reimplemented during porting to a new *
language.Further, 1 demonstrates that EPLamgethod sefarates concerns €lement
code patternits architectue, andcontex) are clearlydetermired in standalone specif



cation enities

As far as porting to anotherl&anguage is concerned, porting to byte code was very
smooth- it took only to modify the Strago pogram for Java ASTransformation496
LOC were replaced by 630 LOC whidhoweveryinclude support for the dedicated tool
translating Java elemeBPAC spedfication intobyte codeePAc). Naturally, porting to
e.g., C# would require in addition mbdng the JavaspecificEPAC specificatiors (tak-
ing 1551 LOC)

5.2 DSL interoperability via MetaBorg tools

The cornerstones of thePEang methodare language embedding and assimilation via

the MetaBorgnethod[3] based on combining hguage grammars angying AST
transformation rules. Using these means, the original MetaBorg method envisions e
bedding a dedicat ed {paposellanguagd Fhis embedding a g e |
ends up by translatinigh e DS L 0 s in erdeatb assreilaté tkeinto a geeral

purpose language. However, tB@Langmethodemploys the MetaBorg means diffe

ently: (a) for theEPLang* | anguage the fAembeddi ngo and &
ized by a target language *. This way tBBLangmethod considers the coEPLang

languageto be embedded into a family of target languages. ContmaiMetaBorg

method as applied if8], [4], theEPLangmethodassumes restrictions of the target-la

guage during th&PLangembelding process. (b) For assimilation BPLang* code,

two additionali s i d e D S+, DL-*( afeDd_be employed. (c) Each side DSL

has its specific language core which is to be embedded into tezageurpose*-
language.Importantly her e Afembeddi ngo has a -very di
language is embedded into arwesmall subset of generplrpose language. Thus,

fismallb DSL is embedded into an even smaller language (tegly) in case of e.g.,

CDL-J a lot of Java grammar rules anarked agorbidden in SDF). Moreover, thesa

similation of CDL-J to Java is danonly indrectly via mappings int&PLangJ AST(as

shown in Setion 4.3)

5.3 Porting EPLang idea to other domains

In general, queries can ensure interoperability among sedv8iat In the presented
approachthis wayinteroperabilityis achievedi) anongdeclarative languages (ADL
andCDL-*) and(ii) imperative and declarative languages (EPL&a@agdADL-*/CDL -
*). Such relations can be found also in otti@mainshere, examplesiclude:

As to (i), access control list is in most cases written greelarative DSL (WebDSL
[34], Ponder 83]) which definesgroups of users and theiccessights To control &-
cess suchDSL has to refeothersystementitieswhich are also declared via DS(esg.,
pages, actias their parametersn WebDSL). Here,if the concept of queriesas -
plied, these DSLs would be less dependent on each(etheso far theDSL for access
control contains dedicated constructs for referenpages, etions, etc., which could be
easily eliminated by introducing a single concejpquerywhere the<NAVIGATE>part
would determine a coopéiiag DSL).



From the perspective dfi), considergenerating code from textual representation of
UML diagrams (eg., EMFText, TextUML toolkit’) and corresponding code patterns
describedvia an impestive DSL similar to EPLangThe examplenayinclude usecase,
class, and state diagramwith corresponding code patterimgerlinked via queries. For
example, a quenyniclass diagrancode patterrcould refer a usecasediagram extrad-
ing its details and produeg the clas®commens or construtngc | assd® met hods
/post condtionsto reflect the usease In a similar veinthe class diagram code pattern
could quely astate diagranto produce corresponding switdase code reflecting tna
sitions amongstates

Furthermore, code generation from specificatiodadacto used inthe virtual ma-
chines (e.g., JVM3upporting proxiesTypically, such avirtual machine preides a co-
struct which allows radection of all calls ora user type ta generic implementation
Our approach wouldhakeproxy implementationgaser by introducing a separate code
template describinthe skeleton ofa proxy which would includegueriesreferencingthe

user type (e.g., queryirfgr the numberothet y pe 6 s met Bignduses)and t heir

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.sultl?g
Textual (LOC) transformations Size 0 A
Element element in
code ) (LOC) Java
template Directly Directly Directly
Total | producing | Total pr(')Jducmg related to (LOC)
Java code ava 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 e 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
z
z 1468 6355 1824 2000 1692
Total 7823 3824 1692

LOCT lines of code (specification)

2 hitp://www.emftext.org/

3 http://sourceforge.net/apps/mediawiki/textuml/
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6 RELATED WORK

The EPLangmethodrelates to research in code generation and interoperability of DSLs.
From the perspective of element code generatiopratsess typically involves two ey

cial tasks: (i) element specification and (ii) the actual code generation. The objective of
() is to describe, in an abstract wéye requiredfunctiondity of the elementThis can
include not only definition of codengppets, but also a structural and behaviepacif-
cationof the elementfor element specificatiosgveral rethodsare employegdsuch as
templatebased method§14], [1]), modetdriven methodg¢[12], [23]) based on w@ous
DSLs([31]), andeventheir combinationg[27]).

The way &tual codegeneratior(i.e. (ii)), is done, istightly related to the form ofle
ement specification: Templates are typically processed by a program substitutatg plac
holders and unfolding simple macr(4], [14]). In the casef modeldriven nethods,
textualelement specification is convertemla model(T2M) which is further processed
by M2M model transformationsQVT [23], ATL [20Q], Stratego)and M2T transfo
mations (Acceleol], Xpand [L4]) to produce source code as theule The published
casestudies using these technologies include dayvaJava, JavaSwul, cavdRegex
[4]. The toolchain folgeneratng software connectof®7] is an example of combining
previous two approaches;filllows modeldriven approachby spedfying various eé-
ments (infrastructure elements, CCM connectors) via UML MARTE system design la
guage P4]. Here, the code generation process is based on Acceleo tenffitesed
it in a nonstandard way, though: an Acceleonf#ate specifies only theore behavior
of an element, while the rest of its code is generated from a UML MARTE model of the
element by model transformatior@3onceptuallythis approacHollows theidea oftem-
platebased rethod with placeholderas employed originally in SOF§7], [8]). Here,
howeverthe interpretation gblaceholderss defined byanUML MARTE model.

Interoperability of domainspecific languages has been identified as an emerging
challenge of MDE([5], [19]). Current approaches focus on formalization of ieet
between domahspecific languages, including coordinationlafiguagechange prog-
gation; this is mostly done by model transformations and aspect wda9indgn com-
parison toEPLangmethod these approaches are based on interlinking the corspon
ing DSL grammars.This requires management of interlinks and coordinatibn
grammar modificationsHowever, DSL interoperability in thePLangmethodis based
on AST transforrationsin interpretation ofjueries. This makes the languagied only
at the leel of AST (at the grammar leveindirectly only) And evenmore,just frag-
ments ofDSL languages depenoh each otherdnly the targets of queriebave to be
constdered. The key issuen the EPLang methods portingthe DSLs (ADL-*, CDL-

* EPLang*) to a new *language (like from Java to C#)In such case, interlinks
amonggrammars woulchot be of any help sinddeywould haveto be rewriten from
scrdach. Moreover, despite such porting implieswriting AST transformationsnple-
menting the querieghe processof adjusting DSL interoperabilityequires less effort
compared to adjusting interlinkeamong grammars. This mostly becaus@&ST pro-
vides a higher level oftstradion over thelanguage grammarand becauseonly the
targes of queries are todbhandledn this aljustment

The idea of employing AST transformations for DSL constructs interpretation-is e
ployed also in Groovy languag8&€q]. Transformations are declared as Groovy classes
defining assimilation of DSL statements into Groovy langudgevertheless, no DSL
interoperability is consiered.



7 CONCLUSION

This paper presents ti#°Langmethod- a general control element generation approach
based on AST transformation strategies and DSLs interoperability. The paper explains
the methodof emgdoying multiple element specifications defined in several DSi- la
guages to generate an element implementation in a selected target language- The pr
sented element specification languages comply with classical specification convections
in the componenrbasel systems and reflect element architecture, its contextrand i
plementation pattern. Further, the languages constitute a family of DSL languages
which is parameterized by a target language. The paper thoroughly analyses tpe intero
erability among the langgas and explains how it is realized @aedicated language
construct called query. The benefits of thBLangmethodin comparison with classical
templatebased code generation techniques are demonstrated on a case studynvhere co
trol elements are gendea in Java. The evaluation part of the paper shows that the
methodmitigates development effort when a new element isduiced.

From the perspective of future research, there is still a rooEBAbangframework m-
provements compsing not only a new dnguage families but also template -pre
compilation in order to speed up code preparation. This could be acheegety d-

lowing bytecode fragments in the code patteetisigation.

As to domairspecific languages interoperability, deeper formal amsiyvolving static
reasoning about queries correctness at the level of DSL grammars and ASTr-transfo
mation rules would balsodesrable.
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