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Abstract. In this paper we present a comparison between #ie aoncepts of
the Ecore meta-meta-model and the GOPPRR meta-lgaglihrough our pre-
vious research we have specified the PIM conceptaio model driven soft-
ware development tool for information system desitBtCase using Ecore
implementation of Meta object Facility 2.0 in Ec@ Modeling Framework
(EMF). We have also modeled the same concepts bplGDbject-Property-
Port-Role-Relationship (GOPPRR) meta-modeling langyageided by the
MetaEdit+ meta-modeling environment. Both MetaEditl EMF provide the
environment for the meta-models specification. His tpaper we give a brief
overview of MetaEdit+'s and EMF's main concepts ayttax, as well as an
example of [IS*Case PIM concepts modeling using E@rd GOPPRR meta-
meta-models. We also present the main differenetgden two meta-modeling
environments, EMF and MetaEdit+, from the PIM cgriceodeling point of
view.
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Specific Modeling, EMF, MetaEdit+, Information Sget Modeling.

1 Introduction

Domain-specific languages (DSLs) are special-piepasguages designed to solve a
particular range of problems. DSLs are tailored tpecific application domain. They
offer substantial gains in expressiveness and ehase in their domain of applica-
tion, compared with general-purpose programmingulages.

Nowadays, DSLs are of increasing importance fodielopment of software and
other systems. In specifications of DSLs, visudhtions are often used. They are to
be supported by a tool environment consisting sti@i editors, simulators and model
transformers. Existing approaches for generatingdjusting the desired tool envi-
ronments rely on meta-modeling concepts, gramn@arsome kind of logics. De-
pendent on the underlying concepts, different kiofdsditors are generated.

Several Eclipse projects are heading towards neetanblogy to define DSLs.
Eclipse Modeling Framework (EMF) [1] mainly genesthe underlying models of
visual and textual editors that may be extendeddnitional syntax checks, imple-
menting certain rules, using Object Constraint ey [2]. A graphical view of



visual editorscan be hand coded on the basis of Eclipse Graphiiédr Framework
(GEF) [3] or generated using Graphical Modelingrkeavork (GMF) project [4].

MetaEdit+ [5] is the metaCase tool for developmanDSLs. MetaEdit+ is an in-
tegrated, repository-based tool aimed at creatimi) esing modeling languages and
code generators. It provides a tool support fofed#int modeling languages by con-
figuring the generic tool set with meta-models.

DSLs may take a distinguished role in the modefarination system (IS) devel-
opment process. In IS development DSLs may be fmgedarious purposes, such as:
conceptual modeling, specification of rules andst@ints, code generation, genera-
tion of test cases, specification of transformaidretween models etc. A detailed
overview of DSL usage in the context of Model Driv&oftware Development
(MDSD) and IS development may be found in [6]. Tdgb our research, we are de-
veloping a textual DSL, named 1IS*CDesLang. Itisied at modeling PIM specifi-
cations of an IS. Our research goals are to cotipléth our model driven software
development tool, named Integrated Information &yst CASE Tool (lIS*Case).
IIS*Case provides IS modeling and prototype gemanatAt the level of PIM specifi-
cations, IIS*Case provides conceptual modeling afadase schemas and business
applications. Performing a chain of model-to moded model-to-code transfor-
mations of PIM models, we obtain executable progcaate of software applications
and database scripts for a selected platform.

In order to provide design of various platform ipdadent models (PIM) by
IIS*Case, we have created a number of modelinga#®atel concepts and formal
rules that are used in the design process. Ouriexgge from previous research [6, 8,
10], leads to the conclusion that there was a gtraed to have PIM concepts speci-
fied formally in a platform independent way, i.e.lte fully independent of repository
based specifications that typically may include samplementation details.

Our current research is based on three relatedoapipes to formally describe
IIS*Case PIM Concepts. The first one is based andtiribute grammars through
which we are developing the textual DSL, named @B&sLang. In [8], we present
IIS*CDesLang. It formalizes 11S*Case PIM conceptsdaprovides modeling in a
formal way. [IS*CDesLang meta-model is developediema visual programming
environment for attribute grammar specificationmed VisualLISA [9].

The second approach is based on Meta Object Fa@iiOF) [7]. MOF 2.0 is a
common meta-meta-model proposed by Object Manage@®eup (OMG) where a
meta-model is created by means of UML class diagrand Object Constraint Lan-
guage (OCL). This approach is presented in [10]wéscould not find standardized
implementation of MOF, we selected Ecore meta-mmtdel to implement PIM
model, since MOF 2.0 is widely used meta-modelnagnework. Ecore is the Eclipse
implementation of MOF 2.0 in Java programming laaggl which is provided by
EMF. We deploy it to implement a meta-model as siéor textual and graphical
DSL we plan to build in the future.

In the last approach, we deploy MetaEdit+'s GOPPBR14, 15] as a meta-
modeling framework to describe our PIM conceptsta@elit+ provides an integrated
environment for definition of PIM concepts as wadl the definition of their graphical
representation using graphical symbol editor. Afttee definition of meta-model,



specified concepts are to be loaded into the Meatalsdepository and then used to
define IS models through graphical representatibthese concepts. Through our
previous research, we have gained a valuable expeyiin the practical application
of Domain Specific Modeling (DSM) for creating oBtM meta-model using differ-
ent environments and paradigms.

In this paper we present a comparison of EMF andaM@it+'s meta-modeling
environments and their respective frameworks thnoogdeling of the same PIM
concepts. This comparison comprises our previoastigal experiences. It is based
on the evaluation of environments’ meta-languagecepts through the comparison
of their ease of use. Our goal is to identify tlleantages and disadvantages of each
environment as both of them are used in implemiemtatf meta-models as a basis for
further textual and graphical DSL development. éithh we have modeled all
IIS*Case PIM concepts using both environments his paper we chose to present
most representative parts of our PIM concepts, hiclwwe are able to see the true
difference between EMF and MetaEdit+.

Apart from Introduction and Conclusion, the papepiganized in three sections.
In Section 2 we present related works. In Sectiave3resent a comparison of EMF
and MetaEdit+'s basic concepts, while in Sectionvd give a presentation of
I1IS*Case’'sFormType andFormTypeUsage PIM concepts specified through the meta-
models implemented in MetaEdit+ and EMF.

2 Related Work

Nowadays, meta-modeling is widely spread areasdarch and there is a huge num-
ber of references covering this area. However wedcoot find a lot of papers, rele-
vant to the comparison of DSM tools. We have foonty three of them, presenting
EMF and MetaEdit+ concepts and providing their carigon.

In [11] , the author presents the comparison batvw&eF workbench environment
and MetaEdit+. The author also proposes a DSL ddrogic Gate Language, for the
description of logic circuits models. The languages developed both under
MetaEdit+ and GEF. The author reported that, inegaln the process of the imple-
mentation was much faster in MetaEdit+ than in GEEF also required much more
Java language coding, than MetaEdit+.

In [12], the author presents a mapping between Etita and EMF meta-meta-
level concepts. He proposes the M3-Level-Basedd@sdsolution that provides in-
teroperability between MetaEdit+ and EMF, i.e. areiface for the exchange of me-
ta-models and models between the two tools. Tramsftions between models at the
M2-level and M1-level have been implemented asgtigse plug-in. In this way, the
bridge may be used for the model re-usage.

In [13] the authors analyzed a set of meta-moddénguages including Ecore and
GOPPRR. To compare the selected meta-meta-mobelsdefined criteria for their
comparison and proposed a comparison frameworkistorgsof abstractions of meta-
modeling concepts available in each meta-modelamguage. As the last step, the
authors evaluated obtained results according tahtee aspects: availability of the



meta-modeling concepts, definition of relationshipel the concepts of structuring,
reuse and modularization in meta-modeling.

In [11], development of a graphical DSL is cons@terHowever, we base our
comparison on the modeling of PIM concepts thatlmamater used for development
of either textual or graphical DSLs. In [12] the®s is set to mappings between con-
cepts of two meta-languages, only. In [13], thehatd compared meta-modeling
languages with respect to diversity of the meta-@liad concepts. However, we fo-
cus not only to the similarities and differenceshaf concepts, but also considerations
regarding their practical usage.

3 The Main Conceptsof EMF and MetaEdit+

Here we give a brief overview of main Ecore and ®BR concepts used in the spec-
ification of 11IS*Case PIM concepts. We make a congmn between the concepts
existing in both meta-meta languages that are ilsednceptual specification of me-
ta-models. Although the Ecore provides only congapstructures, GOPPRR con-
cepts also include information about graphical espntation of elements. Concepts
used in our PIM specification that are specificotee of the meta-meta languages
only, are also described. A presentation of basitcepts of both meta-languages is
based on a comparison of the corresponding metalngdconcept classes.

A grouping concept allows to structure meta-model elements in defipads or
modules. Regarding their grouping characteristicre and GOPPRR contain simi-
lar concepts.EPackage is the Ecore concept used for the model orgawizatit
groups the instances of all Ecore concepts into log&al unit. EPackage's name
need not be generally unique. Instead, a URI id ts@iniquely identify the package.
GOPPRR'’s concept for grouping elements isGhaph concept. Graph is a collection
of objects, relationships, roles and bindings. @Grapntains all elements and their
explosions to other graphs. Explosion allows ealjeat, relationship or role in a
graph to be linked to other graphs. Additionallyagh can contain properties that
describe it further.

A class concept defines a class of objects with the same chaiiatitet. A class is
the blueprint from which the individual objects ameatedEClass is an Ecore con-
cept used to define set of model entities. Theespwnding concept used in GOPPRR
is theObject.

A relationship concept describes a connection between elements of theslnaadi
is a subset of the Cartesian product over theqieating object typesReference is
an Ecore concept that defines a set of relatiohsd®n objects. It establishes the link
from one EClass instance to another. As the ERederénstance links at most two
objects, it represents the binary relationship. BRR owns a similar concept named
Relationship. An instance of Relationship differs from ERefarerinstance, as it may
have own properties describing the relationshipatt also link more than two Object
instances, of the same or different Object concB@PPRR Relationship instances
attach to objects via roles and they can definpgmttes for the objects’ connections.
They are used to form bindings with objects ané&gdRole concept exists only in
GOPPRR and no direct equivalent concept existscordz This concept specifies the



lines and end-points of relationships and descrlms an object participates in a
relationship.Object Set andBindings are also the concepts existing in GOPPRR only.
An object set describes a collection of objecthulite same role in a binding. Bind-
ings contain the information about how the objeptsts, roles and relationships in a
Graph are connectethheritance is a special kind of a relationship that allowsatr

ing subtypes of other language concepts. Both EandeGOPPRR provide this con-
cept. In Ecore only the class concept can be itdterivhereas in GOPPRR all meta-
types can be inherited.

An attribute concept is a property of a meta-model element. At a mdeladl an at-
tribute can hold concrete valudsAttribute is the Ecore concept used to define the
characteristics of the EClass instand€&3ataType is another Ecore concept used for
the specification of the EAttribute instances typke similar concept to EAttribute in
GOPPRR is th@roperty concept. Both of them have the same behaviorérudage
for primitive attribute data types. Additionallyydperty concept may represent the
link to another object, specifying it as an objewmber. In Ecore this is accom-
plished using the EReference concept.

4 |1S*Case M eta-mode

Through our previous research we have formally riesd 11S*Case PIM models
using Ecore and GOPPRR meta-modeling languagesiténioute grammars. As we
used Ecore and GOPPPR to describe same PIM congedsund some similarities
and some differences in these approaches. In higigter we describe those findings
through detailed description ¢&formType and FormTypeUsage PIM concepts. We
also give a brief overview of other main PIM coniseProject, ApplicationSystem,
ApplicationType, BusinessApplication and Fundamentals. Modeling of the [IS*Case
PIM concepts is organized through the package qirineEMF. In order to provide
grouping of elements inside a graph in MetaEdite,added &raphGroup concept
to the graphical meta-model of MetaEdit+. It isnegented in form of dotted rectan-
gle surrounding concepts that need to be groupeshasogical unit.GraphGroup
element contains a name of the group shown indpeeft corner of the graphical
representation.

41 A Brief Overview of Main PIM Concepts

Everything that exists in 1IS*Case’s repositoryalg/ays stored in a context of a pro-
ject. Therefore, the central concept of the metalehdlustrated in Figures 1 and 2 is
the concept of &roject. In MetaEdit+ model we restricted the numberPobject
instances to one instance per graph. As one prigi@cte IS specification, a designer
may have only one instance Rrfoject in a single MetaEdit+'s graph. Also, a designer
may not create two projects with the same namehastoject’'s name must have
globally unique value.

As it is shown in Figures 1 and 2pplicationSystems and Fundamentals are subu-
nits of aProject. Every instance of &roject may be connected to zero or more in-
stances of thé\pplicationSystem and zero or more instances of any descendant of



Fundamentals. ApplicationSystems are organizational parts, i.e. segments of a ptoje
Designers of an IS may create application systerfhssamious types. By the
ApplicationType concept, designers introduce various applicatigsiesn types and

then associate each application system instan¢eon# application type.

Fig. 1. A Meta-Model of the Main IIS*Case PIM Concepts in tsledit+
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Fig.2. A Meta-Model of the Main 1IS*Case PIM Concepts in EM
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Fundamentals (Fundamental concepts) are formally independerdaryf application
system. They are created at the level of a pr@gedtmay be used in various applica-
tion systems latter on. Fundamentals comprise permore: Attributes, Domains,

ProgramUnits, Reports andlnclusionDependencies.



BusinessApplication represents an IS functionality and is organizecbubh a
structure of form types. Each business applicat@s a mandatory name and descrip-
tion. One of the form types included into the apgion system structure must be
declared as the entry form type of the businesdicgpion. It represents the first
transaction program invoked upon the start of tlgriess application.

42 FormType

Form type is the main concept in [IS*Case. The mmetalels of this concept are pre-
sented in Figures 3 and 4. It abstracts documemstyscreen forms, or reports that
end users of an IS may use in a daily job. By mediribe Form type concept, a de-
signer indirectly specifies at the level of PIMsmadel of a database schema with
attributes and constraints included, as well asodehof transaction programs and
applications of an IS.

Each form type has a name that identifies it ingbepe of a project, a title, fre-
quency of usage, response time and usage typéheslé properties are mandatory. In
MetaEdit+ there is no built-in mechanism to declar@ndatory properties. Instead, a
user is to specify a regular expression optionefary property. In EMF this kind of
constraint is easier to specify by setting the loard upper bounds of cardinality. In
MetaEdit+, the regular expression option providesa@e powerful mechanism for
specifying properties’ value characteristics.

Frequency is an optional property that represdmsnumber of executions of a
corresponding transaction program per time unispRase time is also an optional
property specifying expected response time of gnamm execution. By the usage type
property, we classify form types as: a) menus gmutdigrams.

Menu form types are used to model menus withowt dains. Program form types
model transaction programs providing data operatiover a database. They may
represent either screen forms for data retrievats ugpdates, or just reports for data
retrievals. As a rule, a user interface of sucly@ms is rather complex.

Apart from creating form types in an applicatiorsteyn, a designer may include
form types created in other application system&rétore, we classify form types as:
a) owned and b) referenced. A form type is ownei i§ created in an application
system. It may be modified later on through the esamplication system without any
restrictions. A referenced form type is createarother application system and then
included into the application system being congdeAll the referenced form types
in an application system are read-only. In EMF \wgenmodeled the Form Type con-
cept by the Inheritance rule. We have the abstiass name&ormType. It is super-
ordinated to the classe8wnedFormType andReferencedFormType.

A main advantage of GOPPRR'’s relationship propemiay be used in the model-
ing of referenced form type concept. Through GOPBRBNncepts we have modeled
referenced form type as the relationship na@aldFT. This relationship is illustrated
in Figure 3. The relationship has a property nah@utions”, which is an instance of
Options object. Similarly, property named “CalledFTParam&tes a collection of
CalledFormTypeParameter object instances.



Fig.3. A Meta-Model ofFormType concept in MetaEdit+
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Calling referenced form requires some options @anohfparameters to be s€ptions
containCallingMode, CallingMethod andUIPosition of the element calling the form.
Every form can be called in a modal or non-modatiendModal called form must be
closed before a user can continue to work in angafbrm. Non-modal form specifies
that a calling and the called form may exist sia#ously opened on the screen.
CallingMethod specifies two parameters “Select on open” and tiiRead select”.
Select on open specifies if a called program, geedrfrom the called form type, will
be opened with an automatic data selection, duhiagall execution, or not. Restrict-
ed select parameter specifies if a called progganerated from the called form type,
will be opened in a way to allow only selection d#ta restricted to the values of
passed parameterdlPosition specifies if a called form is shown as a menu item
button in the calling form.



CalledFormTypeParameter in MetaEdit+'s meta-model dBinding in EMF’'s me-
ta-model, is a definition of parameter that is hgdassed in a form type call. For each
form type call parameter we may select this paranfer binding and, if it is select-
ed, to define how a real argument value will bespddo that parameter.

43 FormTypeUsage

All FormTypeUsage concepts are presented in Figures 5 and 6. Eagrgm form
type is a tree of component types. A component tyge a name, title, number of
occurrences, allowed operations and a referentieetparent component type, if it is
not a root component type. Name is the componget igentifier. All the subordinat-
ed component types of the same parent must haferatif names. Each instance of
the superordinated component type in a tree mag hare than one related instance
of the corresponding subordinated component type. flumber of occurrences con-
strains the allowed minimal number of instances &ubordinated component type
related to the same instance of a superordinategheoent type. It may have one of
two values: 0-N or 1-N. The 0-N value means thairetance of a superordinated
component type may exist while not having any eslahstance of the corresponding
subordinated component type. The 1-N value meaistch instance of a superordi-
nated component type must have at least one reiagtdnce of the subordinated
component type. The allowed operations of a compbtype denote database opera-
tions that can be performed on instances of thepoment type. They are selected
from the set {query, insert, update, delete}.

A designer can also define component type disptapgrties that are used by the
program generator. The concept of component typplal is defined by properties:
window layout, data layout, relative order, layoelative position, window relative
position, search functionality, massive delete fiomality and retain last inserted
record.

Each component type attribute provides definind_ist“of values” (LOV) func-
tionality. To do that, a designer needs to refezeadorm type that will serve as a
LOV form type. He or she should also define howeawl user can edit attributes:
“Only via LOV” or “Directly & via LOV”. Each compoent type has one or more
keys and uniqueness constraints. Both elements riggnpne or more component
type attributes. Component type keys and uniquestcaimts with non-null values
represent the unique identification of a comporngne instance but only in the scope
of its superordinated component instance.

Due to limited space we omit descriptions of matlyeo properties concerning
FormTypeUsage concept. Their detailed descriptiag be found in [10].

Through the specification ¢formTypeUsage concepts we have modeled the same
concepts in EMF and MetaEdit+. Those concepts aréehad in the same way and
using similar constructs in both environments. @oal in this subsection was to
show that despite all the differences between enuients, both of them can be used
equally to model the same concepts.



Fig. 5. A Meta-Model ofFormTypeUsage concept in MetaEdit+
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5 Conclusion

In this paper we presented a comparison between D88 tools: EMF and
MetaEdit+. For this purpose, we explored the MetaEldnguage definition concepts
and Ecore meta-meta-model. The concepts used bwpBdét are described by
GOPPRR meta-language that actually represents ¢he-meta-model language defi-
nition. Ecore is MOF 2.0 implementation used by EM&ta-modeling environment.

Unlike EMF modeling environments that we have wdrkg MetaEdit+ allows us
to easily generate meta-objects in the repositmmfour meta-model. Further we can
use MetaEdit+'s environment to produce graphicalLO§ importing the meta-
model. Unlike MetaEdit+'s environment, EMF modeliagvironment provides only
the abstract syntax development. The concrete sywftaome DSLs may be devel-
oped under some other Eclipse frameworks, suchtast XEMFText or GMF Tool-
ing. These frameworks rely on EMF, and they alsolisore meta-meta-model. EMF
modeling environment is widely used. Using the Ecaoreta-meta-model, users have
the opportunity to model using the MOF 2.0 concegstsa de facto standard. The
meta-model specified under the EMF environment leardurther used in the devel-
opment of some textual or graphical DSLs, usingesother Eclipse tools.

Both MetaEdit+'s and EMF’s workbenches may be dggibto make an 1S model
containing this meta-objects. MetaEdit+'s symbadtadalso allows instances of me-
ta-objects to have distinctive graphical repregeraTherefore designers can easily
read and specify models in a graphical way. By i§yiag IS models, designers have
better opportunities for mental testing the idaas ehecking validity of their models.

We conclude that MetaEdit+ is an environment weiesl with concepts to devel-
op fully functional graphical DSLs. It provides -aitone environment for defining
meta-models as well as the representations of gr@pbSLs. On the other hand side,
EMF provides developing meta-models only. MetaEdkt-extensible at the level of
graphical meta-language, with new concepts thatrnake modeling more precise
and easier. However, the resulting set of concstiltsneeds to be mapped onto the
actual GOPPRR concepts in MetaEdit+. Unlike the a#elit+ tool, EMF does not
allow introducing new concepts at the meta-metalleEMF is the modeling envi-
ronment, and majority of its concepts are not uskdn developing a modeling lan-
guage. Other tools, like GMF, are also needed wdpatifying the modeling lan-
guage. On the other hand all GOPPRR is built ferdéfinition of graphical modeling
languages and all of its meta-concepts are wetkddor fulfilling its purpose. Ecore
concepts are supported by many other tools anda@maents through standard im-
port and export mechanisms, such as XML Metadatrdhange (XMI). This stand-
ardization makes a usage of an environment eagieuders already familiar with
MOF 2.0 concepts.

Our further research will be directed towards ttimplementation of mapping be-
tween the meta-models using GOPPRR and Ecore g@gicih. One goal is to pro-
vide a bridge that will support the transformativom the model specified by one
meta-model to the other. One of the goals is tdayeldetaEdit+-EMF-Bridge [12] to
import 11S*Case GOPPRR meta-model into EMF and thse a transformation en-
gine like Epsilon or XPand, to define a model-todmbtransformation. It should
provide the users with the ability to deploy botbdaling environments utilizing their
advantages. This mapping will also allow exchangmngdels between coworkers



using different environments and thus make theneeagrk on the same problem
with tools they already have.
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