
Abstract: Specification and rapid prototyping of graph
manipulation software by means of PROgrammed Graph
REwriting Systems (PROGRES) is a paradigm, which
attracts more and more interest in various fields of compu-
ter science. Nowadays produced specifications for process
modeling tools, database query languages, etc. have a typ-
ical size of about 100 to 300 printed pages. They suffer
severely from the lack of any module concept. This paper
introduces a module concept for the graph rewriting
(transformation) language PROGRES, which is closely
related to the package concept of the standardized OO
modeling language UML. It supports a variety of software
design patterns including the construction of “Abstract
Graph Types” and “Updatable Graph Views”.

Keywords: visual programming, graph transformations,
module concept, software design styles and patterns

1. Intr oduction

Visual programming languages and tools which are based
on the concept ofgraph transformations (GTs) are attract-
ing more and more interest in various fields of applied
computer science as well as in related engineering disci-
plines. They combine two successful principles in one for-
malism: (1) graphs as a well-understood and popular data
model and (2) rules as declarative means for the descrip-
tion of complex transformation and inference processes on
complex data structures. Nevertheless, the graph transfor-
mation community is still waiting for the breakthrough
concerning the applicability of their languages and tools in
the real (industrial) world.

The GT language PROGRES [Sch91, Zün96] is for
instance used at various sites for specification and rapid
prototyping activities. But recently produced specifications
of real configuration management, process modeling,
reverse engineering, and distributed system analyzing
tools usually have a size of more than 100 or even up to
300 printed pages. Keeping these specifications in a con-
sistent state and reusing generic parts of one specification
within another specification is a nightmare without the
existence of any module concept. Thus the lack of any
(implemented) GT module concepts is one of the main hin-
drances for a wider distribution of GT specification or pro-
gramming languages in general and the language
PROGRES in particular.

This problem should be familar for software developers
of the late 60ies, expert system developers of the late
70ies, and object-oriented (OO) modeling advocates of the
80ies. Well-known software engineering concepts like
“abstract data types” [Par72] and “programming in the
large” [DK76] have been invented many years ago to over-
come these problems. Later on, these concepts have lead to
the development of modular programming languages like
Ada [Weg80], the development of software design lan-
guages like HOOD [Rob72], and to the development of
module concepts for knowledge representation languages
like PROTOS-L [Bei95].

Rather recently, the OO modeling community made sig-
nificant progresses concerning the introduction of a mod-
ule concept, which allows the distributed development of
large software analyis and design models and the reuse of
once produced submodels. TheUnified Modeling Lan-
guageUML [Rat97] developed by Booch, Rumbaugh, and
Jacobson is the first OO modeling notation addressing all
facets of a state-of-the-art module concept. Its packages
build shells around arbitrary types of diagrams or, more
general, around arbitrary sets of related declarations.

In the mean time a number of graph transformation
researchers joint their efforts in the so-called GRACE ini-
tiative [AEH96]. Their common goal is the development
of a GRAph Centered Environment, which supports modu-
lar programming with various forms of graph data models,
rewrite rules, and rule regulation mechanisms. Related
publications present our first attempts to introduce import/
export as well as inheritance/refinement relationships into
the world of GT languages [EE96, HCE96], to encapsulate
graph transformation algorithms by means of so-called
transformation units [KK96, Sch96], to adapt the concept
of database views to graph data types [NS96], and to
develop new concepts for the design of distributed systems
of graph objects [TS95].

Taking all these sources of inspiration into account, we
are currently developing a module concept for PROGRES,
which is intentionally kept as simple and flexible as possi-
ble. Its draft version, presented here, is closely related to
the package concept of UML. More precisely, it is based
on the formal definition of a refined UML package concept
as introduced in [SW97].

The rest of this paper is organized as follows: very brief
introductions to PROGRES and UML’s package concept
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are followed by a short presentation of the PROGRES
package concept and a survey of supported software
design styles (patterns). The paper concludes with a short
discussion of related work and the usual summary.

2. The Language PROGRES
In this section we give a very brief introduction to the

expressive power of the language PROGRES. For a
detailed discussion of the language's features and the inte-
grated development environment the reader is referred  to
[SWZ98, Sch91, Zün96, Nag96].

The language PROGRES is based on the data model of
directed attributed graphs and allows to describe transfor-
mations on graphs by rules declaratively. It was originally
designed for describing internal data structures, operations
and relations of tightly integrated Software Engineering
tools. Its semantics is formally defined, and it is supported
by an integrated set of tools which allow to edit graphically
or textually, to analyze, and even to execute specifications.
Therefore, PROGRES constitutes anexecutable visual
language for specifying systems based on internal graph
structures. Together with the ability to generate stand-
alone prototypes from specifications the suitability of our
Graph Grammar Engineering approach [SWZ95] has been
demonstrated for some application areas.

PROGRES specifications consist of two parts: the static
graph schema and the schema consistentgraph transfor-
mations. The schema allows to express static properties of
the regarded class of graph. Its visual notation has the form
of EER diagrams withentities called node types and
binary relationships called edge types. Properties of node
types, which are not relationships between nodes, are mod-
eled as attributes. Atype hierarchy, similarly to object-ori-
ented approaches, can be established on these node types.
Defining edge types in the schema allows to check stati-
cally whether edges are used in a correct context (source
and target nodes) in graph transformations. Furthermore
cardinalities in the schema and constraints reflect the
invariants of the modeled data structure e.g. by restricting
the number of source or target nodes that can be reached
by traversing edges of certain types.

The upper screen shot in Fig. 3 shows the graph schema
of anAirline Management System. Its purpose is to provide
regular flights between some chosen airports under some
given restrictions concerning the available staff and planes.
Node types are represented by solid boxes. Dashed arrows
depict theis a hierarchy and the other edges indicate rela-
tionships between nodes of the corresponding types.

Having defined the static graph schema, production
rules can now be developed which only allow schema con-
sistent transformations. The ruleReserveCheapest-
Flight  in the lower half of Fig. 3 describes a
transformation on the underlying graph structure. It makes
a reservation for a flight from the given origin to the given

arrival airport provided it has enough available seats for
the reservation request and is the cheapest among all
flights with these conditions. It consists of a left and a right
hand side. The left hand side describes the graph pattern
which is matched and replaced by the pattern on the right
hand side when the production rule is applied. Note that it
is possible to identically replace nodes, denoted by
x’=‘x which allows to specify the retained context of
operations explicitly..

Besides nodes and edges in the production of Fig. 3, the
rule’s left hand side also refers to forbidden context
(crossed-out node) and uses derived graph properties like
value restrictions and path navigations (double arrows).

To summarize, PROGRES and its integrated environ-
ment define and implement a graph-transformation-based,
strongly typed programming language with well-defined
syntax, static and dynamic semantics. Being a mixed tex-
tual and diagrammatic language, it permits quite different
styles of programming, and supports
• graphical as well as textual definition of graph schemata

with  declaration of derived graph properties,
• rule-oriented and diagrammatic specification of atomic

graph transformation steps by means of parametrized
graph production rules with complex preconditions, and

• imperative programming of composite graph transfor-
mation processes by the means of deterministic and non-
deterministic control structures.

Fig. 1: PROGRES graph schema and production rule



3. The UML Package Concept
The information hiding and modularization concept of
UML packages was strongly influenced by the design of
the OO programming languages C++ and Java. It has the
following properties:
• A package builds a shell around a group of closely

related declarations; usually these declarations have the
form of a diagram and define the data structures and the
operations of a modeled (software) system.

•  It is the single purpose of a package to regulate thevisi-
bility of its declarations, i.e. to restrict the usage of its
declarations to well-defined parts of a system model.

• As a consequence, packages haveno run-time semantics
at all, i.e. the semantics of a system model is not changed
if all its declarations are put into a single package.

• A dependency from a client package to a server package
reveals some of the server’s declarations (resources)
while others remain hidden.

• Import dependencies may be used to access public
resources of a server package, whereasrefinement rela-
tionships provide access to its protected resources.

• Furthermore, UML supportsnesting of packages with
inverse scoping rules of block-structured languages, i.e.
a parent package  has an implicit import dependency to
any child package, but not the other way round.

• A package can be developed, compiled, and tested inde-
pendently from other packages and it may be replaced
by another package with the same export interface.

Table1 explains the interaction between the visibility tag
of a package resource which has a value from the
ordered set{ public ≥ protected≥ private }  and the two
types of package dependencies in more detail.

The UML visibility rules as presented here are simplified
due to the fact that they do not take implicit import depen-
dencies as well as visibility tags of package dependencies
themselves into account. Please note that UML version 1.1
neither explains how visibility tags of dependencies affect
the visibility of imported resources nor their purpose. For
further details concerning still existing design flaws of the
UML package concept, proposals how to remove these
flaws, and a precise formal definition of a complete set of
visibility rules the reader is referred to [SW97].

In the following section we will explain our interpreta-
tion of the purpose of visibility tags for package dependen-
cies. Furthermore, we will introduce a number of graph-
transformation-specific, but not PROGRES-specific pack-
age concept extensions.

public protected private

import visible invisible invisible

refine visible visible invisible

Table 1: Simplified visibility rules of UML

4. The PROGRES Package Concept
Adopting the package concept of UML as the PROGRES
modularization concept we have to explain our interpreta-
tion of the visibility tags of package dependencies. Later
on we have to introduce two additional tags for exported
package resources, which allow one to restrict the usage of
certain kinds of exported resources in client packages.
Furthermore, we have to explain the “semantics” of import
and refinement dependencies between packages more pre-
cisely as in the UML standard and to fine-tune the standard
UML semantics for the purposes of a GT based language.

Combining the two types of package dependencies with
three different visibility tags we are able to distinguish six
different types of package dependencies:
• Interface import: a public import dependency corre-

sponds to the concept of definition module imports in
Modula-2. It allows one to import those (node) types
from server packages which are used as parameter types
of public graph transformation operations of the client
package.

• Protected import: a protected import dependency has to
be used, whenever certain implementation details based
on imported resources have to be hidden from regular
clients, but must be revealed to refining packages for
redefinition purposes.

• Implementation import: a private import dependency
corresponds to the concept of implementation module
imports in Modula-2. It allows one to import all those
resources which are used to implement the given pack-
age without revealing this fact to the package’s clients.

• Interface inheritance: a public refinement dependency
defines a kind of subtype relationship between two pack-
ages. It is an assertion for all regular clients of these
packages that the interface of the refining package is an
extension of the interface of the refined package.1

• Protected inheritance: a protected refinement depend-
ency allows the construction of a kind of subtype rela-
tionship between two packages that is invisible to
regular clients, but visible for refining packages. It
seems to be less useful than the other five presented
types of package dependencies.

• Implementation inheritance: a private refinement depen-
dency is closely related to the well-known concept of
implementation inheritance. It allows one to implement
a package as a refinement of another package without
any restrictions concerning the export interface of the
refining package. It is a matter of debate in the software
engineering community whether implementation inherit-
ance is a dangerous or a useful concept.

1. A refining package may redefine inherited operations as long
as parameter lists of these operations are not modified and all
inherited integrity constraints as well as pre- and postconditions
are still observed. These conditions (except for the compatibility
of parameter lists) have to be checked at run-time [WS97].



Based on the explanation of six different types of depen-
dencies we are now able to discuss their semantics in more
detail. Please remember that packages as introduced
here do not have a run-time (dynamic) semantics at all,
i.e. we are talking about compile-time (static) semantics
only. All static semantics rules discussed below restrict the
way how exported declarations of a server package may be
used in its client packages and how declarations may be
decorated with visibility tag values. In particular there are
no restrictions at all (except several hundreds of “program-
ming in the small” static semantics rules documented in
[Sch91]) concerning the usage of declarations as long as
the using declaration is part of the same package.

Before introducing static semantics rules, which restrict
the usage of declarations across package boundaries, we
have to summarize the available categories of declarations
in PROGRES and the ways how these declarations may be
used for building new declarations (cf. Sec. 2)1:
1. Operation call: once defined graph tests or transforma-

tions may be used to construct new more complex
graph tests or transformations; the new operation calls
the already defined graph tests and transformations.

2. Parameter type: attribute types and node types may be
used as formal parameter types of graph tests and graph
transformations.

3. Schema extension: attribute types are used for defining
attributes of new node types, whereas node types are
needed for the declaration of new edge types.

4. Graph query: attributes, node types as well as edge
types are needed to define the graph patterns of sub-
graph tests or application conditions of graph transfor-
mations. In both cases these elements are used for
inspecting but not for modifying a given (sub-)graph.

5. Graph modification: attributes, node types, and edge
types are used for constructing the left- and right-hand
sides of graph transformations, i.e. for defining neces-
sary graph modifications.

6. Schema refinement: new node types may be defined as
subtypes of already existing node types. They may
redefine inherited attributes of their supertypes.

7. Operation refinement: a forthcoming real object-ori-
ented version of PROGRES will not only support the
redefinition of attribute evaluation functions, but also
the redefinition of graph transformations, which are
associated with (complex) node types.

The first four items of the list above allow one to build new
abstract graph types (packages) on top of already existing

1. Due to lack of space, we do not discuss the following catego-
ries of declarations: functions, path expressions, restrictions, and
integrity constraints. They are treated in a similar manner as pre-
sented declaration categories. Furthermore, the term “transforma-
tion” summarizes productions and transactions, whereas the term
“query” summarizes tests and queries. Finally, we have dropped
the distinction between abstract node classes and concrete node
types, as made in PROGRES version 9 [SWZ98].

abstract graph types (packages). A new graph type  usually
defines its own graph structure and creates connections
(edges) between its own nodes and the nodes of the under-
lying abstract graph type. It manipulates the nodes and
edges of the underlying abstract graph type by calling the
associated operations only2. This leads to a procedural and
nonvisual programming style as discussed in [WS97].

In order to preserve the visual flavor of PROGRES
specifications it is sometimes useful to permit the graph
transformations of one package to create and destroy
instances of imported node and edge types directly. This
corresponds to item 5 above, where we allow the unre-
stricted usage of (imported) node and edge types in the
left- and right-hand side of graph transformation rules
(productions). It is an important decision for the design of
a package whether its export interface supports direct
manipulation of exported node and edge types. Its imple-
mentation must be prepared for keeping the exported and
externally modifiable parts of its graph structure consistent
with its hidden parts. The reader is referred to [WS97] for
a detailed discussion of how this kind ofview update prob-
lem may be solved using active integrity constraints.

The discussion above shows that we need additional
means to distinguish between the export of node types,
edge types, and attributes for the definition of parameters,
schema extensions, and graph queries on one hand, and the
export of these resources for direct graph modification pur-
poses on the other hand. As a consequence we are intro-
ducing an additional tag for exported  resources
(declarations) with two possible values:

mutable = m (the default)  andimmutable = i

Mutable resources may be used without any restrictions,
whereas imported immutable resources may not be used
for direct graph manipulation purposes in client packages
(the tag does not impose any restrictions concerning the
usage of a declaration inside its own package).

Similarily it is not always useful to allow the redefini-
tion of exported attributes and graph transformations as
well as the definition of new subtypes of an exported node
type. As a consequence we have to introduce another tag
for exported resources, which has the two possible values:

redefinable = r (the default)  andfinal = f

Redefinable resources may be used without any restric-
tions, whereas imported final resources may not be used
for redefinition purposes in client packages (the tag does
not impose any restrictions concerning the usage of a dec-
laration inside its own package).

2. Graph transformations of the new graph type have the permis-
sion to use node and edge types of the underlying graph type for
the definition of context conditions and embedding rules, but they
may not delete or create instances of these types. Otherwise, it
would not be possible to create connections between the nodes of
the new graph type and the nodes of the underlying graph type.



Table2 summarizes the interaction between the visible,
the modifiable, and the redefinable tag of exported package
declarations and the two main categories of package
dependencies. It was constructed as follows: Table1 was
used to determine whether a resource of one package is
visible for its dependent packages. Private resources of a
package are for instance never visible for the outside
world. This has the consequence that all entries of thepri-
vate column of Table1 are blank. All cells of Table1 with
the valuevisible had to be split in four subcases in accor-
dance with the four possible combinations of the previ-
ously introduced modifiable and redefinable tags.

A public export which has e.g. a tagm = modifiable and
a tagr = redefinable may be used by its client packages
with import dependencies form = modification, i.e. direct
manipulation purposes. Furthermore itsr = redefinable tag
is downgraded tof = final due to the fact that regular client
packages never have the permission to refine the imported
graph schema or the imported operations. All remaining
cells of Table2 have to be interpreted accordingly.

The definition of the entries of Table2 was rather
straightforward, with one exception: Theimmutable tag of
redefinable as well asfinal public exports is only valid for
regular import dependencies. It is upgraded to the value
mutable in the case of a refinement dependency. Otherwise
it would be necessary to introduce a fourth export tag
which allows one distinguish between

immutable for import and refinement dependency

and

immutable for import butmutable for refinement.

Due to the fact that refining packages usually have to
manipulate instances of inherited node and edge types
directly and the fact thatimmutable, final resources may be
moved to a separate package, we made the decision that
the immutable flag of public resources is ignored by refine-
ment dependencies between packages. It is a matter of
debate whether theimmutable flag of protected export
resources should be ignored, too. In this case the entries for
columns protected ir and if and row refine should be
changed from the presented values

ir = immutable redefinable andif = immutable final

to the new values

mr = mutable redefinable andmutable final.

export
tags

public protected private

mr mf ir if mr mf ir if 

import mf mf if if     

refine mr mf mr mf mr mf ir if 

Table 2: V isibility rules of PROGRES
(m = modifiable, i = immutable, r = redefinable, f = final)

Such a modification of the presented visibility rules will
be taken into account if and only if external users of the
package concept implementation start to complain about
the currently made design decisions.

Having explained the interaction between the three dif-
ferent tags of exported package resources and the two dif-
ferent types of package dependencies it is now time to
discuss the restrictions concerning the selection of certain
tag values. Due to lack of space it is not possible to provide
the reader with a complete list of all related static seman-
tics rules, i.e. the following list items presents the most
important rules only:
• The visibility tag value of an export operation may not

be higher than the visibility tag value of its parameter
types. A public operation with private parameter type is
one example of a forbidden combination of values.

• The visibility tag value of an edge type or attribute dec-
laration may not be higher than the visibility tag value of
the referenced node types. It is for instance useless to
define a public attribute for a protected node type or a
protected edge type between private node types.

• The supertypes of a node type may not have a lower vis-
ibility value than the regarded node type itself. Other-
wise, it would be possible to export type hierarchies with
“holes”, i.e. to hide subtype relationships between exter-
nally visible  node types.

• Mutable supertypes may not have immutable subtypes.
Otherwise, it would be possible to destroy (create)
instances of immutable node types by handling them as
indirect members of the mutable supertype.

The presented static semantics rules are not able to prohibit
unresolvable inheritance conflicts: Let as assume that a
packageP declares a public node typeA with a private
attributea := e as well as two public subtypesA1 andA2,
which redefine the initial value of attributea from e to e1
and e2, respectively. Furthermore, assume that another
packageQ imports the node typesA1 andA2 for construct-
ing a typeB is_aA1, A2. The new node typeB inherits the
attributea with initial valuee1 from A1 and with the initial
valuee2 from A2. The only way to resolve the inheritance
conflict, the introduction of a new initial value for attribute
a in subtypeB, is blocked due to the fact that the private
attributea of packageP is invisible for packageQ.

Currently, we have no good idea how to avoid this prob-
lem without introducing very restrictive rules such as

public or protected node types may not have private
redefinable attributes

or
the concept of multiple inheritance may not be used
across package boundaries.

Please note that Java avoids this problem by disallowing
multiple inheritance of implementations, whereas C++
simply ignore the discussed problem due to absense of a
properly defined package concept.



5. Specification in the Large Patterns
Having presented the most important “screws” of our
package concept and their meaning it is now time to show
how they may and should be used in practice. It is the pur-
pose of this section to demonstrate that the introduced con-
cepts allow one to apply a number of rather different
software design styles for structuring large specifications.
Due to lack of space we are not able to present detailed
examples, but we will explain some important design pat-
terns on a rather abstract level. Please note that it may
sometimes be necessary to use combinations of the pre-
sented patterns for establishing more complex dependen-
cies between client and server packages.

First of all we have to prove that PROGRES packages
are the appropriate means for constructing abstract (graph)
data types in the usual sense [Par72]. Fig. 2 sketches the
relationships between a server package that realizes an
abstract graph type and a client package that constructs a
new (abstract) graph type using the imported graph type.

The server package exports a number of public, immu-
table, and final declarations. Some declarations define the
constructed graph type’s schema, others the accompanying
graph transformation operations. The schema exported by
the server package may consist of a number of node type
and edge type declarations. The classical abstract graph
type consists of a singleimmutable node type declaration,
though. This type declaration as well as the associated
interface operations have afinal tag if the construction of
subtypes should be prevented. These subtypes would have
the permission to redefine and thereby to alter the exported
operations and the underlying graph structure.

The revelation of the hidden complex graph structure
which is necessary for implementing the functional behav-
ior of the package is done in the private part of the abstract
graph type. It extends and refines the public part of the
schema. That means, the concept of aggregation is simu-
lated by choosing one node type as the only visible repre-
sentative for the underlying realization. The servers’s
exported operations invoke the hidden operations in the
private part of the package. They perform the transforma-
tion on the internal graph structure. That means, access to

Fig. 2: Full data abstraction pattern
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the internal graph structure is only possible by calling the
appropriate exported interface operations of the abstract
graph type. In this way the package can ensure that the
internal graph structure remains in a consistent state
because a client does not have any possibility to circum-
vent the prepared interface operations which perform well-
defined transformations only. Consequently, the operations
in the client package essentially consist of calls of interface
operations exported by other packages.

The following Fig. 3 explains how it is possible to
define a “semi-abstract” graph type. It exports a larger part
of its graph schema. Marking the public schema also with
the mutable flag allows its clients to manipulate instances
of visible node and edge type declarations directly. The
depicted server package constructs a kind of updatable
graph view without any exported operations. The client
package uses its own graph transformations to manipulate
the visible part of the graph structure of the server pack-
age. In contrast to the encapsulated abstract graph type in
Fig. 2 the client is not restricted to call exported operations
of the server package only. Instead the client is able to
define its graph transformations in a visual way by having
access to instances of the server’s schema. These graph
transformations are even allowed to create and destroy
instances of the imported schema.

These graph manipulations of the client may introduce
inconsistencies between the visible and the hidden part of
the server’s graph structure. Inconsistencies may occur
because the client does not see the internal graph structures
of the server package. Therefore, it is not possible to
ensure the preservation of the consistent context for direct
graph manipulations performed by the client. For example,
the server could provide an internal graph structure which
is responsible for locating certain elements in the graph
efficiently which is not visible to the outside world. The
client is not able to access the internal structure and, conse-
quently, e.g. created elements can not be integrated with
the efficient access data structure.

Active integrity constraints, which are very similar to
ECA-rules of active database systems [WC96], are respon-
sible for detecting introduced inconsistencies and for tak-
ing appropriate repair actions in the server package. If a

Fig. 3: Updatable view definition pattern
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constraint detects a certain graph pattern which corre-
sponds to an inconsistent execution state a hidden opera-
tion is triggered. This operation is responsible for
reestablishing consistency between the visible and exter-
nally modifiable part of the implemented graph structure
and the associated hidden parts [WS97] if possible.

The last pattern presented in Fig. 4 sketches the con-
struction of subtypes of abstract graph types. It is more or
less a new variant of the pattern for abstract graph types in
Fig. 2. In addition the client is allowed to refine the schema
and the inherited operations. Please note that it is a matter
of debate whether the operations of the client package
should be allowed to manipulate instances of the inherited
type definitions of the server package as depicted in Fig. 4.
The main problem is that the client package is always able
to circumvent the restriction to manipulate instances of
inherited node types directly by deriving a new locally
modifiable node type from the inherited unmodifiable node
type.  This is one of the reasons to upgrade theimmutable
flag tomutable for inherited public resources also marked
with theredefinable flag (cf. Table2 of Sec. 4).

The design pattern of Fig. 2 with apublic import depen-
dency to a refinable server package is for instance closely
related to the introduction of aparameter part in [EE96],
which is shared by the import and the export part of a
given package. And the design pattern of Fig. 4 with apri-
vate refinement dependency corresponds to what is usually
called implementation inheritance. Taking into account
• that it is also possible to nest packages in order build

complex subsystems with their own subarchitectures
• and that a client package is usually implemented on top

of more than one server package
• and that a server package is often used by different client

packages in different ways
it should be rather obvious that the PROGRES package
concept supports an overwhelming variety of different
software design styles and patterns. It is the subject of
future research activities to distinguish good graph trans-
formation system design patterns from bad ones and to
invent new patterns for more specific purposes. It is still an
open question to which extent all those patterns presented
in object-oriented design pattern books such as [GHJ95] or

Fig. 4: Subtype definition pattern
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[Fow97] are also appropriate for the  construction of large
graph transformation systems.

6. Summary
The language PROGRES and its tools are the results of
many years of application-oriented graph grammar or
graph transformation research activities. Nowadays they
are used at various sites as e.g. at Carleton University in
Ottawa, INRIA in Sophia Antopolis, or Gesamthochschule
Paderborn for specifying and prototyping software,
database, and knowledge engineering tools.

Despite our success in demonstrating the usefulness of
graph grammar engineering concepts and tools for soft-
ware development, the currently available PROGRES
release1 is not yet ripe for real industrial software develop-
ment projects. Compared with the history of imperative
programming languages, PROGRES has reached the state
of languages like Algol-68 or Pascal. It has a sophisticated
type system and enforces a well-structured style of pro-
gramming, but gives not yet any support for “specification
in the large” activities.

Considering the pile of already published module con-
cept papers in the last 30 years, it was and is clearly not our
goal to start from scratch and to reinvent well-known “pro-
gramming in the large” concepts. On the contrary, we
started the development of the PROGRES module concept
based on our experiences with the design of a module
interconnection language MIL [Nag90] and recently made
efforts in the object-oriented world to introduce a package
concept for the Unified Modeling Language UML [Rat97].

Modules in the sense of MIL and packages in the sense
of UML are establishing visibility boundaries around arbi-
trary sets of related type and operation declarations. They
give their constructors the flexibility to adhere to quite dif-
ferent popularsoftware design styles:
• Packages that export a single (not directly modifiable)

“main” node type and a number of related operations
define abstract data types in the classical sense [Par72].

• Packages with type declarations only in their interfaces
and without any associated operations are our means for
decomposing large graph schemata in the same way as in
the database management system PCTE [Ecm90].

• Packages that export a number of directly modifiable
types together with carefully defined active constraints
are useful for the construction of updatable graph views,
which may not only be manipulated using a number of
predefined graph transformations as suggested in
[EHT97].

• Packages that export a single transformation at their
interfaces together with an appropriate set of graph
schema declarations allow the definition of graph trans-
formation units as suggested in [KK96].

1. For further details concerning PROGRES release version 9 cf.:
    http://www-i3.informatik.rwth-aachen.de/research/progres



• Packages that summarize and propagate the exported
resources of a number of imported packages to their own
interfaces offer more or less the concept of horizontally
structured graph types as presented in [HCE96].

• Packages which refine the graph schemata and opera-
tions of a number of related packages offer more or less
the concept of vertically structured graph types as pre-
sented in [HCE96].

Having completed the design of the PROGRES package
concept as presented here, it is our plan to finish the imple-
mentation and to provide a graph transformation language
release that supports “specification in the large” activities
until the end of this year.

Long lasting efforts are still necessary to develop all the
details of a more ambitious package concept that supports
the construction of hierarchical and distributed graph
transformation systems as well as automatic gluing of
independently constructed redefinitions of graph transfor-
mation rules. Finally, we have to emphasize that we are
just starting to assemble  more knowledge about useful
graph transformation system design patterns and their rela-
tionships to pattern catalogues as presented in object-ori-
ented design books.
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