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Abstract. Model-based tool data transformation and integration are
crucial tasks in software and system development relying on model-
driven development (MDD). Since the tool-specific meta models of the
involved system development tools are often too generic and lack the
desired level of abstraction, it is inappropriate to specify model trans-
formation and integration rules on top of them. Domain-specific views
on tool-specific meta models are needed which provide meaningful in-
formation on a higher level of abstraction. Current approaches usually
consider a view as a separate model which has to be kept consistent with
the tool’s model and, thus, duplicate the data. In this paper we discuss
different implementations of our declarative view specification approach
called VT'GG that are based on modified triple graph grammars. As a
result we come up with an implementation with non-materialized views
that avoids the duplication of data.

1 Introduction

Typically, software development and system engineering projects involve lots of
tools each specialized in a number of development phases as requirements elicita-
tion, system modeling, coding, testing, etc. Manually keeping the data stored in
these tools consistent is time-consuming and error-prone. Thus, there is a need
for automatic data transformation and integration support. Model transforma-
tions are a powerful way to realize the needed support. Current approaches in-
cluding OMG’s Query/View/Transformation (QVT) [20] standard and our own
triple graph grammar approach [17] allow for the specification and application
of model transformation or model integration rules based on the metamodels
of the considered tools. Most tools are designed for multiple types of projects.
Thus, their APIs and, therefore, their metamodels are rather generic on the one
hand. On the other hand these metamodels reflect tool-specific and technical
details which usually results in quite complex APIs. This makes it difficult and
intricate to specify model transformation or model integration rules based on
tool metamodels. Therefore, it is desirable to define views on tool metamodels
in order to add project-specific information on the one hand and to suppress
technical details on the other hand. In this paper we focus on the latter issue.
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Current model transformation and integration approaches either disregard
views at all or realize them as separate models that are kept consistent with
the viewed model by applying common model transformation techniques. This
results in an awkward duplication of data. In contrast, we want to realize logical
views as functional interface adapter layers that do not replicate any data at all.

To summarize, we propose the following list of requirements that, in our
opinion, should be supported by a view specification approach:

— Abstraction of tool-specific data, like mapping of several objects or links to
one object or link (includes the mapping of links to objects).

— Domain-specific modeling; for instance, to define project class specific con-
straints on and adaption for tool metamodels.

— Views on top of views to support different abstraction levels.

— Multiple views for one base model, for example, to realize viewpoint ap-
proaches.

— Metamodel based scheme definition of view and tool data structures.

— Avoiding the duplication of data; view creation should not result in coexist-
ing view and tool data representations.

— Updateable views. Updates should be incrementally propagated in both di-
rections, between a view and its base model.

In this paper we introduce a new view specification approach for MDD that
fulfills the listed requirements. The paper is based on our initial ideas outlined
n [14]. The main enhancements to the latter are the usage of parameters for
attribute value assignments and the definition of an implementation metamodel
on which the implementation of the operational rules are based.

In Section 2 we discuss related view specification approaches. Thereafter, in
Section 3 we present a running example that we use for illustration purposes
in the following. In Section 4 we introduce our declarative view specification
approach called VI'GGs. The implementation of view specifications by applying
the class adapter pattern of the Gang of Four [8] is described in Section 5. Finally,
Section 6 concludes this paper, discusses open issues, and future work.

2 Related Work

Within the context of view specification, we have to distinguish different kinds
of views. In the following we distinguish between three main categories.

The first category describes approaches that can be classified as visual rep-
resentations of models. Meta-case tools like Pounamu [25] or MetaEdit [18]
use “model view” as a short-hand for visualization of a model. In the same
way the MViews/JViews [9, 10] approach for the construction of design environ-
ments supports a transformation approach that generates visual representations.
AToM? is another approach that is based on metamodeling and a special form
of triple graph grammars to generate environments for visual languages (VLs)
supporting multiple-views [12, 13, 4]. It mainly supports propagation of updates
from a base model to its materialized views and relies on a single metamodel for
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all views. The animated simulation of a model’s behavior with GenGED [6, 7]
proposes the use of animation views instead of simulating the model behavior.
Thus, GenGED defines a view as an incomplete specification of a system like a
VL model that is part of a larger VL model. The relation between the view and
the larger system is captured by graph transformations in the form of material-
ized views. For our approach, a visual representation is out of scope. We aim at
logical model views that are again “models” and not just visualizations.

The second category comprises approaches dealing with logical views. Natu-
rally, in respect of having a self-contained view model, this part includes “reg-
ular” model transformation approaches like AGG, VIATRA2, VMTS that are
compared in [5]. Of course, these approaches have other intentions, but they can
also be utilized for view specification purposes with the weakness of generating
materialized views. The OMG’s QVT standard [20] explicitly excludes in its cur-
rent version the part of view specification. However, as far as we know they plan
a definition of view specification that is also based on model transformation. The
viewpoint-oriented approach of [24] also provides an own model transformation
language called ArchiMate with an underlying repository in which the models
and their views are made persistent. A fully materialized view is one of the
main disadvantages of all these related approaches, which results in an intricate
duplication of data together with the inherent view update problem. Another
drawback of the approaches above is the disability of mapping view associations
onto base model objects (or vice versa).

Views in the world of databases either belong to the second category of logical
views or consitute a third category. Usually, database views are defined as query
results for relational databases. Incremental propagation of updates is often not
supported and views for object-oriented data models is usually out-of-scope. For
a more detailed discussion of research related to database views the reader is
referred to [14].

As far as we can estimate, there are no tools or approaches that fulfill our
requirements of view specification.

3 Running Example

In this section we present a running example that we use throughout this pa-
per. On the one hand we aim at integrating the data of a model-based software
development project stored in quite a number of different tools. On the other
hand we aim at manipulating the data of a single tool by applying model trans-
formation rules. Since the tools’ metamodels are too generic and, thus, offer
too little project-specific abstraction on the one hand and reflect unnecessary
tool-specific details on the other hand it is desirable to specify the model inte-
gration and transformation rules on a higher abstraction level. This abstraction
can be realized by creating views on the tools’ data as shown in Figure la.
The depicted tool adapter provides a standard compliant interface (e.g. Java
Metadata Interface (JMI) [15]) on the tool’s data by adapting its proprietary
tool interfaces (e.g. APIs). Thereby, the adapter reflects the internal data struc-
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Fig. 1. a. Adapter layers, b. Metamodels of view, correspondence graph, and tool

ture of the tool, which correspond to the tool-specific metamodel (TMM). On
top of these tool-specific interfaces we specify view adapters which provide read
and write access to the tool’s data through view-specific interfaces reflecting the
view-specific metamodels (VMMs)?!. Please note that we will introduce later on
an implementation of this 3-layer architecture that avoids duplication of data by
translating all read/write operations on one layer into read/write operations of
the next lower layer.

In the running example we want to perform a model transformfation on
a Matlab/Simulink? model (cf. Figure 2a). Two Constant blocks carrying the
values 1 and 2 respectively are used as input for a Sum block which calculates
the sum of its inputs. The result as well as a third Constant block carrying the
value 2 are used as input for a Product block which returns the product of its
inputs. We aim at specifying a model transformation rule that substitutes a Sum
block that has two Constant blocks as input by a single Constant block whose
value is set to the sum of the values of the existing Constant blocks.

Figure 2b shows the abstract representation of the Matlab/Simulink model as
an object graph (a model according to OMG’s metamodeling approach). On the
one hand the object graph contains undesirable tool-specific details as the Line,
InPort, or OutPort objects for instance. On the other hand the object graph
lacks preferable abstract information as dedicated Constant, Sum, and Product
objects instead of general Block objects carrying type attributes. The reason
for these deficiencies can be found in the simplified tool-specific graph schema
(metamodel; cf. Figure 1b on the right-hand side) to which the object graph
complies. The graph schema states that a Matlab/Simulink model basically con-
sists of Blocks that carry a type and a text attribute. Furthermore, each Block
is provided with an arbitrary number of InPorts and OutPorts. For identifica-

! In principle we can specify further view adapters on top of existing view adapters in
order to realize different levels of abstraction.
2 http://www.mathworks.com
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Fig. 2. a. Matlab/Simulink model, b. Tool-specific object graph, c. View-specific ob-
ject graph, d. Model transformation rule

tion purposes each InPort carries a number attribute. In- and OutPorts can be
connected by Lines.

We aim at an object graph without these deficiencies as depicted in Fig-
ure 2c¢. This graph consists of dedicated Constant, Sum, and Product objects
and omits the low level Line, InPort, and OutPort objects. Therefore, it pro-
vides the desired level of abstraction. The graph complies to the graph schema
shown in Figure 1b on the left-hand side. According to this schema an object
graph consists of components Comp. Components either are binary components
BinComps or constants Const. Each BinComp can be connected with up to two
Comps through its input links inA and inB. Correspondingly, a Comp can be con-
nected with up to one BinComp through either output port outA or outB. This
is expressed by the attached {XOR} constraint. Finally, a BinComp either can be
a sum component SumComp or a product component ProdComp.

Based on the view metamodel, we can easily specify the model transformation
rule as depicted in Figure 2d3. We denote the model transformation rule as a
graph rewriting rule according to the Story Driven Modeling (SDM) language
introduced in [26]. The method substituteSumComp is provided with an input
parameter s of type SumComp. The graph transformation rule checks whether s
is connected to two Const blocks c1 and c¢2 as input and an BinComp block b
as output. If this pattern is matched on the regarded model the rule destroys

3 Due to the consistency of view and tool data, dangling edges are not possible.
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cl and s as well as their links of type connectsA and connectsB respectively
to connected objects. Furthermore, the rule changes the value of the attribute
value of c2 to the sum of the value of c1 and c2. Finally, it replaces the link of
type connectsA (or connectsB) between s and b by a link of type connectsA
(or connectsB) between ¢2 and b. The same graph transformation rule specified
based on Simulink’s tool-specific metamodel is considerably more complex, and,
therefore, less understandable. Due to lack of space we have to omit this rule.

In order to realize the object graph from Figure 2b as a view on the graph
from Figure 2b we have to map them to each other. We declare the needed map-
ping dependencies in the graph schema (cf. Figure 1b in the middle - metamodel
of correspondence graph). For clarity reasons we introduce these dependencies
only textually. In fact these dependencies are declared visually as well. Besides
the mapping dependencies we need rules that describe which objects of the one
graph are actually mapped to which objects of the other graph. To this end
we rely on the triple graph grammar approach as pointed out in the following
section.

4 VTGGs

In this section we describe the basics of our model view specification approach
called VTGGs. VTGGs are a special kind of triple graph grammars (TGGs).
TGGs have been introduced in [22] about ten years ago. Hitherto, they only have
been implemented in prototypical ways [2, 3,11, 16]. Currently, we are working on
an implementation [17] that adopts recent OMG standards as the Meta Object
Facility (MOF') 2.0 [19] and Query/View/Transformation (QVT). Thereby, MOF
2.0 plays the role of a graph schema definition language, whereas QVT acts as
a model integration specification language. Basically, a TGG is a regular graph
grammar consisting of a set of graph rewriting rules taking the empty graph as
the axiom. Each graph that has been derived by applying triple graph grammar
rules can be divided into three related subgraphs. Two subgraphs represent a pair
of corresponding graphs, whereas the third keeps track of correspondences by
means of traceability relationships. In our context one graph represents the tool-
specific object structure. The second graph represents the corresponding view-
specific object structure. Finally, the third graph keeps track of the mapping
dependencies between the first and the second graph. It is one of the main
advantages and, thus, a reason for using TGGs, that a set of regular graph
rewriting rules implementing model integration tasks as forward transformation,
backward transformation, traceability link creation, change propagation, and so
on, can be automatically derived from each triple graph grammar rule. For more
details the reader is referred to [17].

Regular TGGs are used for model integration and transformation purposes.
Thereby, changes on one model are propagated to the other model by apply-
ing forward and backward model transformation rules. In the context of view
creation we want to materialize neither the view nor the correspondence graph.
They should only exist virtually. In the following we present how we modify
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TGGs to this end. Thereby, we refer to the running example we introduced in
Section 3. Particularly, we come up with a new rule derivation strategy that
derives a set of view implementing graph rewriting rules from a declarative view
specification. According to regular TGGs, the creation of new objects or links
are denotated with the {new} tag. The mapping relationships from virtually ex-
isting VMM objects (left-hand side) to really existing TMM objects (right-hand
side) are modeled as links between objects combined with the tag {new}*. Fur-
thermore, we modify TGGs as follows. First of all, we allow that the creation of
a link in one graph simultaneously creates a subgraph in the other graph. Addi-
tionally, a VIT'GG rule may only create one new object or link on the view side.
Otherwise it would be very difficult to unambiguously propagate changes on the
view to the tool model, i.e. to translate declarative VMM rules into operational
TMM rules automatically.

a) b)
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Fig. 3. Examples of declarative VI'GG rules

Figure 3 depicts examples of declarative VT'GG rules. Both rules describe
the simultaneous evolution of the view and the tool object graph. The rule
from Figure 3a simultaneously adds a new SumComp object s to the view and
a new Block object b to the tool graph. Moreover, this rule adds secondary
objects InPort i1, InPort i2, and OutPort o to the tool graph (to match the
tool specific structure) and connects them with b. The rule is provided with
an input parameter desc of type String which is used to set the attributes
description of s and text of b%. The value of the type attribute of b is set to

4 Normally, the mapping dependencies are represented as dedicated objects in declar-
ative rules. We omit these objects for the sake of clarity.

5 In former TGG papers OCL constraints have been used for attribute assignments.
It’s part of ongoing research that this is superseded by input parameters.
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"SumComp". The values of the number attributes of i1 and i2 are set to 1 and 2,
respectively. Finally, s and b are linked by a new mapping dependency to reflect
their correspondence.

Rule 3b depicts a rule that is an enhancement of hitherto existing TGG rules.
It is provided with two input parameters Comp c and BinComp b and connects
both objects on the view side by a new connectsA link. Simultaneously, the rule
connects the OutPort o of the Block bl that corresponds to ¢ with the InPort
i1 of the Block b2 that corresponds to b with a new Line 1 object on the tool
side. Thereby, the rule matches if the number attribute of InPort i1 has been set
to 1. In the same way, the rule for adding a new link of association connectsB
matches if the number attribute of an InPort instance has been set to 2.

Rules that create new Const and ProdComp blocks on the view side look simi-
lar to rule 3a. The entire set of rules enables us to simultaneously create the view
and tool object graphs from Figure 2 as well as their mapping dependencies. Ac-
tually, the simultaneous evolution of both object graphs is not intended. Instead,
we want to manipulate a virtually existing view on the tool graph. Therefore,
we derive regular graph rewriting rules based on Fujaba SDM diagrams [23, 26].
These rules implement basic operations (e.g. creation and deletion of objects
and links, navigating on links, manipulating attribute values) on the view by
translating them into corresponding operations on the underlying TMM.

5 Implementation

Basically, we have three alternatives how to realize views based on the declarative
view specification we introduced in the preceding section. First of all, we can
use regular model integration/graph transformation approaches. That means
that we realize the view as a fully materialized model (graph) by applying a
model-to-model integration between tool and view model. This approach suffers
from the fact that we duplicate the number of graph objects as well as the
whole data (e.g. attribute values) stored in the tool. Furthermore, changes on
the tool model must be propagated to the materialized view. For this purpose a
regarded tool’s API must offer event notification mechanisms that are not (yet)
supported by a majority of system engineering tools. A better solution is the
view implementation based on the object adapter pattern [8]. This means that
we still duplicate the number of graph objects but do not replicate the tool’s data
anymore. Rather, queries on attributes on the view level are delegated to the tool
level. The most elegant solution is the application of the class adapter pattern [8].
This results in having only one single graph, the resulting view adapter, whose
objects implement the view interfaces as well as the tool interfaces®. Thereby,
we even avoid the duplication of graph objects and do not have to propagate
tool model modifications to a materialized view.

Since we want to adopt the latest OMG standards such as MOF 2.0 and plan
to implement our approach as part of the MOFLON [21] project which is writ-
ten in Java, it is appropriate to rely on Sun’s JMI specification for defining the

5 Calls to the view interface are internally translated into calls to the tool interface.
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view and tool Java interfaces. According to JMI each class in a MOF-compliant
class diagram is translated into two Java interfaces. The first interface represents
instances of the regarded class and provides among others methods for query-
ing and manipulating their attribute values. The second interface is called the
proxzy which allows for the creation of new instances and keeps track of the set of
already existing instances. Furthermore, each association in a MOF-compliant
class diagram is translated into one Java interface. This interface represents a
singleton’ which keeps track of linked objects and provides query and manipu-
lation methods on the internally maintained link set.

5.1 Implementation metamodel

In order to realize our view specification approach we have to translate the view
and the tool metamodels into JMI-compliant Java interfaces and come up with
an implementation of them. We assume that the tool’s metamodel has already
been translated into JMI interfaces and implemented as an adapter to the tool’s
APIT beforehand [1].

Using our MOFLON framework we can automatically generate the needed
JMI interfaces for the view metamodel. As pointed out above we want to im-
plement the resulting interfaces as class adapters [8]. Basically, a class adapter
maps a desired interface (e.g. view interface) to an existing interface (e.g. tool
interface). To this end the class adapter inherits from an implementation of the
existing tool JMI interface. It implements the desired interface by internally
translating calls to the desired interface into calls to the inherited implementa-
tion. Figure 4 depicts parts of the implementation metamodel that results from
the JMI interface generation®. Figure 4a shows the part of the metamodel which
deals with the declaration of the VTGG_SumComp class adapter that represents
the mapping of a SumComp object on the view side to a Block object on the
tool side. The top of the figure depicts the JMI interfaces, the bottom shows
their corresponding implementations. The interfaces as well as the implementa-
tion of JMI proxy classes are gray. The left-hand side of the figure shows the
interfaces and implementations of the view side, the right-hand side represents
the tool side. On the tool side there are interfaces and implementations for the
tool-specific classes Block, InPort, and OutPort as well as their corresponding
proxies. According to the class adapter pattern VTGG_SumComp implements the
interface of IJMI_SumComp and inherits from the Block implementation. There-
fore, a single instance of VTGG_SumComp simultaneously represents an instance of
IJMI_SumComp as well as of Block without replicating the data. VTGG_SumComp
realizes the TJMI_SumComp interfaces by delegating method calls to the inherited
Block implementation. For delegation purposes and to support a complete tool
adapter, secondary objects on tool side are inherited by utility classes on view
side (e.g. VIGG_InPort).

" There exists at most one instance at runtime.
8 It’s just an elaborated scheme that describes the implementation of operational rules.
So, it is not a substitute for the VI'GG schema (cf. Figure 1b).
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Correspondingly, Figure 4b introduces the VTGG_ConnectsA class adapter.
This class adapter implements the JMI interface of the connectsA association
on the view side and inherits from the proxy of Line since connectsA and
LineClass represent singletons that internally keep track of links and Line
instances, respectively.

5.2 Derived graph rewriting rules

a) b) c)

VTGG_SumComp () { setDescription(String desc) { String getDescription() {

! ! g

type:= “SumComp*
return text;

<<create <ereateds_<<create>>
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il : TMM::InPort i2 : TMM::InPort this }

number = 1 number = 2 text:=desc

reate>

create>>

0 : TMM::OutPort

Fig. 5. a. VTGG_SumComp constructor, b. Write attribute operation, c. Read attribute
operation

We automatically generate implementations of the JMI interfaces by deriv-
ing regular graph rewriting rules from our declarative triple graph grammar
rules from Section 4, which in turn are automatically translated into executable
Java code by our MOFLON framework. Thus, the derived graph rewriting rules
represent the methods that are declared by the JMI interfaces. Figure 5 gives
examples of such derived regular graph rewriting rules for VTGG_SumComp that
correspond to the declarative rule from Figure 3a. Figure 5a depicts the construc-
tor of VTGG_SumComp which is invoked by the corresponding create method of
the proxy VTGG_SumCompClass. According to the declarative rule from Figure 3a
the constructor additionally creates secondary objects i1, i2 of type InPort,
and o of type OutPort and sets their attribute values. Secondary objects are
objects that are only visible on the tool side and have no representation on the
view side. Rule 5b illustrates the implementation of the method setDescription
from the IJMI_SumComp interface. The rule sets the value of the text attribute
which has been inherited from the Block implementation to the value of the in-
put parameter desc. The implementation of the method getDescription from
the IJMI_SumComp interface is shown in Figure 5c. This rule just returns the
value of the Block’s attribute text. In general, an attribute reading operation
requires navigation on secondary tool objects resulting in more complex rules.
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Fig. 6. a. Add new VTGG_ConnectsA link operation, b. Navigate link operation

Figure 6 illustrates some of the methods of VTGG_ConnectsA that are derived
from the declarative rule in Figure 3b. The rule from Figure 6a represents the
add method of the IJMI_ConnectsA interface. The rule is provided with two
input parameters _inA of type IJMI_BinComp and _outA of type IJMI_Comp which
are supposed to be linked to each other. Internally, the rule casts the input
parameters to IJMI_Block. This may be done since the view JMI interfaces
are implemented by our VI'GG class adapters which implement the tool JMI
interfaces as well. This has to be done in order to access the corresponding In-
and OutPort objects on the tool side. Both Port objects are then linked to a
new Line object on the tool side that represents the desired association link
on the view side. Similarly, the rule 6b returns the IJMI_Comp object that is
connected to the given IJMI BinComp _inA object by a connectsA link. Again
the rule internally casts the input parameter for the same reasons mentioned
above. Thereafter, the rule identifies the InPort object i of _inA. Navigating
via the Line object that is attached to i the rule determines the connected
OutPort object o. Finally, the rule returns the casted Block object b that owns
o. A rule that deletes an existing connection between a given IJMI_BinComp
and a IJMI_Comp object looks similar to the one depicted in Figure 6a. The
<<create>> tags are just replaced by <<delete>> tags.

5.3 Executable code

From the regular graph rewriting rules we now generate executable Java code
using our MOFLON framework. Figure 7a illustrates the Java code that re-
sults from the regular graph rewriting rule depicted in Figure 5a. First of all,
the constructor calls the constructor of its superclass Block. Afterwards, the
values of the attributes Type and Desc are initialized. Using the corresponding
proxies the constructor creates two IJMI_InPort objects and an IJMI_QutPort
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object. Finally, the ports are connected to the regarded VTGG_SumComp using the
corresponding associations.

The Java code corresponding to the rule presented in Figure 5a is shown in
Figure 7b. Initially, the add method casts the provided input parameter _outA of
type IJMI_Comp to IJMI Block as demanded by the rule. After this the method
determines the attached OutPort object. Correspondingly, the method deter-
mines the InPort object which number attribute has the value 1 and is con-
nected to _inA that also has been cast to IJMI_Block beforehand. Finally, add
links both ports by a new Line object.

a)

public class VTGG SunConp extends Bl ock implements | JM _SunConp {
public VTGG SunConp( Ref Obj ect netaCbj ect, RefPackage i medi at ePackage,
Ref Package out er nost Package)
super( et aCbj ect, inmedi at ePackage, outer nost Package);
this. set Type(" SunConp") ;
this. setDesc("");

1 JM _TMWPackage t mmPackage = (1JM _TMwPackage) super.ref| mredi at ePackage();
1 JM _Hasl nPorts hasl nPortsAssoc = tnmmPackage. get Hasl nPorts();
1JM _HasQut Ports hasCQut PortsAssoc = t mPackage. get HasQut Ports();

I1JM _InPort il = tmrPackage. getlnPort().createlnPort();
I1JM _InPort i2 = tnmPackage. getlnPort().createlnPort();
1JM _QutPort o = tnmmPackage. get Qut Port (). createQutPort();

i 1. set Nunmber (1);
i 2. set Nunber (2);

hasl nPort sAssoc. add(i 1, this);
hasl nPort sAssoc. add(i 2, this);
hasQut Port sAssoc. add(o, this);

}
/* Additional nmethods omtted due to | ack of space. */

b)
public class VTGG connect sA extends Lined ass implements | JM _Connect sA {
public boolean add(|1JM _Bi nConponent _inA, |JM _Conponent _outA) throws Jm Exception {
1 JM _TMWPackage tnmPackage = (1JM _TMWackage) super.reflmedi at ePackage();
| JM _HasCQut Ports hasQut Port sAssoc = t nmPackage. get HasQut Ports();
1JM _Hasl nPorts hasl nPortsAssoc = tnmPackage. get Hasl nPorts();

Col | ection outports = hasCQut PortsAssoc. get Qut Port ((1JM _Bl ock) _outA);
1JM _QutPort outport = (1JM_QutPort) outports.iterator().next();

Col I ection inports = haslnPortsAssoc. getlnPort((l1JM_Block) _inA);
1IJM _InPort inport = null;

for(Cbject tnplnport : inports) {
if(((1IM_InPort) tnplnport).getNunber() == 1) {
inport = (I1JM _InPort) tnplnport;
break;
) }
if(inport !'= null & outport != null) {

this. createlLine(outport, inport);
return true;

}
return false;

}
/* Additional nmethods onmitted due to |ack of space. */

Fig. 7. a. Executable Java code that corresponds to Figure 5a, b. Executable Java
code that corresponds to Figure 6a
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6 Conclusion

In this paper we have outlined a more detailed definition of our view specification
approach realized by a modified version of triple graph grammars called VTGG.
Based on the initial ideas presented in [14], the paper introduces three possi-
ble solutions on how to implement the automatically derived operational rules
(e.g. for instantiating, read/write access, deleting, ...). The mainly presented re-
alization based on class adapters avoids the creation of two coexisting object
graphs. Furthermore, it reuses MOFLON’s TGG specification and translation
framework as well as its JMI compliant Java code generator backend.

By using our VI'GG approach for view specification purposes we are able
to support tool integration, model transformation as well as checking tailored
design rules at various levels of abstraction. VI'GGs fulfill all requirements listed
in section 1. Thus, our approach allows for the specification of multiple views
such as complementary or overlapping views to one underlying tool model by
weaving together the metamodels using the class adapter pattern multiple times.

Furthermore, we are able to create views on top of views while having again
just one object graph . Since our approach is realized as a single object graph,
the resulting adapter, we are not facing the view update problem.

As a drawback while realizing the class adapter layer, we have to know and
access the tool-specific adapter classes. Moreover, applying quite a number of
views on top of views, the resulting class hierarchy becomes quite complex. Due
to the resulting view adapters, an intricate control mechanism is necessary if
multiple complementary views have to exist at the same time.

An implementation of the VT'GG approach as well as our regular TGGs are
currently under development. The result will be a plug-in of the MOFLON meta
modeling environment. It is subject of ongoing research activities to adapt the
ideas presented here to the syntax of OMG’s model transformation language
standard QVT. In this context, we will extend our VI'GG approach with the
definition of abstract mapping rules. Moreover, we want to make a proposal for
a uniform treatment of model, view, and transformation specifications in QVT.
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