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Abstract: Specification and rapid ptotyping of graph This problem should be familar for software developers

manipulation softwar by means of PROgrammed Graph of the late 60ies, expert system developers of the late
REwriting Systems (PROGRES) is a paradigm, which 70ies, and object-oriented (OO) modeling advocates of the
attracts moe and moe inteest in various fields of compu-  80ies. Vell-known software engineering concepts like
ter science. Nowadaysquuced specifications for gress “abstract data types” [Par72] and “programming in the
modeling tools, database query languages, etc. have a typdarge” [DK76] have been invented many years ago to over-
ical size of about 100 to 300 printed pages. They suffer come these problems. Later on, these concepts have lead to
seveely from the lack of any module concept. This paper the development of modular programming languages like
introduces a module concept for the grapwriting Ada [Weg80], the development of software design lan-
(transformation) language PROGRES, which is closely guages like HOOD [Rob72], and to the development of
related to the package concept of the stadidad OO module concepts for knowledge representation languages
modeling language UML. It supports a variety of sofavar like PROTOS-L [Bei95].

design patterns including the construction of “Abstract

Rather recentlythe OO modeling community made sig-
Graph Types” and “Updatable Graphigws”. Wt g Y g

nificant progresses concerning the introduction of a mod-

Keywords: visual programming, graph transformations, ule concept, which allows the distributed development of

module concept, software design styles and patterns large software analyis and design models and the reuse of
once produced submodels. Thiified Modeling Lan-

. guageUML [Rat97] developed by Booch, Rumbaugh, and
1. Introduction 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 diagramsmore
d general, around arbitrary sets of related declarations.

Visual programming languages and tools which are based
on the concept ajraph transformation$GTs) are attract-
ing more and more interest in various fields of applie
computer science as well as in related engineering disci- In the mean time a number of graph transformation
plines. They combine two successful principles in one for- researchers joint theirfefts in the so-called GRACE ini-
malism: (1) graphs as a well-understood and popular datatiative [AEH96]. Their common goal is the development
model and (2) rules as declarative means for the descrip-of a GRAph Centered Environment, which supports modu-
tion of complex transformation and inference processes onlar programming with various forms of graph data models,
complex data structures. Nevertheless, the graph transforrewrite rules, and rule regulation mechanisms. Related
mation community is still waiting for the breakthrough publications present our first attempts to introduce import/
concerning the applicability of their languages and tools in export as well as inheritance/refinement relationships into
the real (industrial) world. the world of GT languages [EE96, HCE96], to encapsulate
B ) graph transformation algorithms by means of so-called
~ The GT language PROGRES [Sch91, Ziin96] is for yransformation units [KK96, Sch96], to adapt the concept
instance used at various sites for specification and rapidgf gatabase views to graph data types [NS96], and to

prototyping activities. But recently produced specifications develop new concepts for the design of distributed systems
of real configuration management, process modeling, of graph objects [TS95].

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 specificatio
within another specification is a nightmare without the
existence of any module concept. Thus the lack of any oo i
(implemented) GT module concepts is one of the main hin- N _the formal qlefmltlon of a refined UML package concept
drances for a wider distribution of GT specification or pro- 2S introduced in [SW97].

gramming languages in general and the language The rest of this paper isganized as follows: very brief
PROGRES in particular introductions to PROGRES and UMlLpackage concept

Taking all these sources of inspiration into account, we
are currently developing a module concept for PROGRES,
hich is intentionally kept as simple and flexible as possi-
le. Its draft version, presented here, is closely related to
the package concept of UML. More precisatyis based



are followed by a short presentation of the PROGRES arrival airport provided it has enough available seats for
package concept and a survey of supported softwarethe reservation request and is the cheapest among all
design styles (patterns). The paper concludes with a shorfflights with these conditions. It consists of a left and a right

discussion of related work and the usual summary hand side. The left hand side describes the graph pattern
which is matched and replaced by the pattern on the right
2. The Language PROGRES hand side when the production rule is applied. Note that it

is possible to identically replace nodes, denoted by

In this section we give a very brief introduction to the x=x  which allows to specify the retained context of

expressive power of the language PROGRES. For a . L

detailed discussion of the language's features and the inteﬁ?eraﬂons explicitly
grated development environment the reader is referred tofa=
[SWZ98, Sch91l, Ziin96, Nag96].

The language PROGRES is based on the data model of} |
directed attributed graphs and allows to describe transfor- %
mations on graphs by rules declarativétywas originally 5 T g S §
designed for describing internal data structures, operationsj | | == ﬁ swoorss | [ oo | |
and relations of tightly integrated Software Engineering = : | : : |
tools. Its semantics is formally defined, and it is supported e mm e Froses T ermoaees oo
by an integrated set of tools which allow to edit graphically : o : dnteger ;
or textually to analyze, and even to execute specifications. :

Therefore, PROGRES constitutes amecutable visual | and Sveiiabic ( SestsRer ) and seniamle  bemtsreq ) |
languagefor specifying systems based on internal graph : I N '
structures. dgether with the ability to generate stand- —arrivesat_ =

alone prototypes from specifications the suitability of our | deparcsrrom sl arrivesat
Graph Grammar Engineering approach [SWZ95] has been § :]/””\TJE
demonstrated for some application areas. 3

PROGRES specifications consist of two parts: the static
graph schemand the schema consistegraph transfor- : I
mations The schema allows to express static properties of | T
the regarded class of graph. Its visual notation has the form P T
of EER diagrams withentities called node types and ) S
binary relationshipscalled edge types. Properties of node | tremsfer ov.ceats i- seatemeq;
types, which are not relationships between nodes, are mod- || o5 = 7
eled as attributes. &ype hierachy similarly to object-ori- PR 5|
ented approaches, can be established on these node types, . .
Defining edge types in the schema allows to check stati- ~'9- 1+ PROGRES graph schema and production rule
cally whether edges are used in a correct context (source
and taget 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 gt nodes that can be reached
by traversing edges of certain types. To summarize, PROGRES and its integrated environ-

The upper screen shot in Fig. 3 shows the graph schemanent define and impleme_nt a graph—transformation—pased,
of anAirline Management Systetits purpose is to provide  Strondly typed programming language with well-defined
regular flights between some chosen airports under someSYNt@x, static and dynamic semantics. Being a mixed tex-
given restrictions concerning the availablefsiai planes.  tual and diagrammatic language, it permits quitéeiht
Node types are represented by solid boxes. Dashed arrowSt!€s Of programming, and supports
depict theis a hierarchy and the other edges indicate rela- * graphical as well as textual definition of graph schemata
tionships between nodes of the corresponding types. with declaration of derived graph properties,

Having defined the static graph schema, production ® rule-oriented and diagrammatic specification of atomic
rules can now be developed which only allow schema con- graph transformation steps by means of parametrized
sistent transformations. The rulReserveCheapest- graph production rules with complex preconditions, and
Flight in the lower half of Fig. 3 describes a < imperative programming of composite graph transfor-
transformation on the underlying graph structure. It makes mation processes by the means of deterministic and non-
a reservation for a flight from the given origin to the given  deterministic control structures.

b

isCheaper

L

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).



3. The UML Package Concept 4. The PROGRES Package Concept

The information hiding and modularization concept of Adopting the package concept of UML as the PROGRES
UML packages was strongly influenced by the design of modularization concept we have to explain our interpreta-
the OO programming languages C++ and Java. It has thetion of the visibility tags of package dependencies. Later
following properties: on we have to introduce two additional tags for exported
« A packagebuilds a shell around a group of closely package resources, which allow one to restrict the usage of
related declarations; usually these declarations have thecertain kinds of exported resources in client packages.
form of a diagram and define the data structures and theFurthermore, we have to explain the “semantics” of import
operations of a modeled (software) system. and refinement dependencies between packages more pre-
It is the single purpose of a package to regulateitiie cisely as in the UML standard and to fine-tune the standard
bility of its declarations, i.e. to restrict the usage of its UML semantics for the purposes of a GT based language.

declarations to well-defined parts of a system model. Combining the two types of package dependencies with
As a consequence, packages haweun-time semantics  three diferent visibility tags we are able to distinguish six
at all, i.e. the semantics of a system model is not changeddifferent types of package dependencies:

if all its declarations are put into a single package. « Interface import a public import dependency corre-

A dependencyjrom a client package to a server package sponds to the concept of definition module imports in
reveals some of the sergrdeclarations (resources) Modula-2. It allows one to import those (node) types
while others remain hidden. from server packages which are used as parameter types
Import dependencies may be used to access public of public graph transformation operations of the client
resources of a server package, wherefinementela- package.

tionships provide access to its protected resources. « Protected importa protected import dependency has to
Furthermore, UML supportasesting of packages with be used, whenever certain implementation details based
inverse scoping rules of block-structured languages, i.e. on imported resources have to be hidden from regular

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

clients, but must be revealed to refining packages for
redefinition purposes.

Implementation importa private import dependency
corresponds to the concept of implementation module

by another package with the same export interface.

Tablel explains the interaction between the visibility tag
of a package resourdeé which has a value from the
ordered sef public > protected> private } [0 and the two .
types of package dependencies in more detail.

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 packaggients.
Interface inheritancea public refinement dependency
defines a kind of subtype relationship between two pack-
ages. It is an assertion for all regular clients of these

public protected private packages that the interface of the refining package is an
import Visible nvisible invisible extension Qf the. interface of the ref|ngd package.
, — — — * Protected inheritancea protected refinement depend-
refine ||  visible visible invisible 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 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.

Table 1: Simplified visibility rules of UML

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 dependencidecaf

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- — — . .
. f the purpose of visibility tags for package dependen- 1. A refining pa_lckage may redeflne_ inherited operations as long
tion o purp ylag P g p as parameter lists of these operations are not modified and all

cies. Furthermore, we will introduce a number of graph- inherited integrity constraints as well as pre- and postconditions
transformation-specific, but not PROGRES-specific pack- are still observed. These conditions (except for the compatibility
age concept extensions. of parameter lists) have to be checked at run-time [WS97].




Based on the explanation of sixfdilent types of depen-  abstract graph types (packages). A new graph type usually
dencies we are now able to discuss their semantics in morelefines its own graph structure and creates connections
detail. Please remember that packafesas introduced (edges) between its own nodes and the nodes of the under-
here[d do not have a run-time (dynamic) semantics at all, lying abstract graph type. It manipulates the nodes and
i.e. we are talking about compile-time (static) semantics edges of the underlying abstract graph type by calling the
only. All static semantics rules discussed below restrict the associated operations ofilyThis leads to a procedural and
way how exported declarations of a server package may benonvisual programming style as discussed in [WS97].

used in its client packages and how declarations may be
decorated with visibility tag values. In particular there are
no res_trictions atall (expept sever.al hundreds of “program- transformations of one package to create and destroy
ming in the small” static semantics rules documented in

h . h f declarati I instances of imported node and edge types diretHis
[Sch91]) concerning the usage of declarations as long as,qresponds to item 5 above, where we allow the unre-
the using declaration is part of the same package.

stricted usage of (imported) node and edge types in the
Before introducing static semantics rules, which restrict |eft- and right-hand side of graph transformation rules
the usage of declarations across package boundaries, Weproductions). It is an important decision for the design of
have to summarize the available categories of declarationsa package whether its export interface supports direct
in PROGRES and the ways how these declarations may bemanipulation of exported node and edge types. Its imple-
used for building new declarations (cf. Sec: 2) mentation must be prepared for keeping the exported and
1. Operation call once defined graph tests or transforma- externally modifiable parts of its graph structure consistent
tions may be used to construct new more complex with its hidden parts. The reader is referred to [WS97] for
graph tests or transformations; the new operation calls a detailed discussion of how this kindvwiéw update pb-
the already defined graph tests and transformations.  lemmay be solved using active integrity constraints.
2. Parameter typeattribute types and node types may be

In order to preserve the visual flavor of PROGRES
specifications it is sometimes useful to permit the graph

The discussion above shows that we need additional
used as formal parameter types of graph tests and graphy o s 1o distinguish between the export of node types,
transformanons: i . edge types, and attributes for the definition of parameters,

3. Schema extensioattribute types are used for defining  ¢cpema extensions, and graph queries on one hand, and the
attributes of new node types, whereas node types ar€gynort of these resources for direct graph modification pur-
needed for the declaration of new edge types. poses on the other hand. As a consequence we are intro-

4. Graph query attributes, node types as well as edge gucing an additional tag for exported  resources
types are needed to define the graph patterns of SUb(decIarations) with two possible values:
graph tests or application conditions of graph transfor- )
mations. In both cases these elements are used for Mutable =m(the default) andmmutable =i
inspecting but not for modifying a given (sub-)graph.  Mutable resources may be used without any restrictions,

5. Graph modification attributes, node types, and edge whereas imported immutable resources may not be used
types are used for constructing the left- and right-hand for direct graph manipulation purposes in client packages
sides of graph transformations, i.e. for defining neces- (the tag does not impose any restrictions concerning the
sary graph modifications. usage of a declaration inside its own package).

6. Schemaefinementnew node types may be defined as  gimilarily it is not always useful to allow the redefini-
subtypes of already existing node types. They may {jon of exported attributes and graph transformations as
redefine inherited attributes of their supertypes. well as the definition of new subtypes of an exported node

7. Operation efinementa forthcoming real object-ori-  type. As a consequence we have to introduce another tag
ented version of PROGRES will not only support the for exported resources, which has the two possible values:
redefinition of attribute evaluation functions, but also
the redefinition of graph transformations, which are
associated with (complex) node types. Redefinable resources may be used without any restric-

The first four items of the list above allow one to build new tions, whereas imported final resources may not be used

abstract graph type@ackages) on top of already existing for r_edefinition purposes in client pfickages (the tag does
not impose any restrictions concerning the usage of a dec-
1. Due to lack of space, we do not discuss the following catego- |aration inside its own package).

ries of declarations: functions, path expressions, restrictions, and
integrity constraints. They are treated in a similar manner as pre-2. Graph transformations of the new graph type have the permis-
sented declaration categories. Furthermore, the term “transforma-sion to use node and edge types of the underlying graph type for
tion” summarizes productions and transactions, whereas the termthe definition of context conditions and embedding rules, but they
“query” summarizes tests and queries. Finallg have dropped may not delete or create instances of these types. Otherwise, it
the distinction between abstract node classes and concrete nodevould not be possible to create connections between the nodes of
types, as made in PROGRES version 9 [SWZ98]. the new graph type and the nodes of the underlying graph type.

redefinable = r(the default) andinal = f




Table2 summarizes the interaction between the visible,  Such a modification of the presented visibility rules will
the modifiable, and the redefinable tag of exported packagebe taken into account if and only if external users of the
declarations and the two main categories of packagepackage concept implementation start to complain about
dependencies. It was constructed as follovebldl was the currently made design decisions.

used to determine whether a resource of one package is Having explained the interaction between the three dif-

visible for its dependent paCkageS. Private resources of aferent tags of exported package resources and the two d|f_
package are for instance never visible for the outside ferent types of package dependencies it is now time to
world. This has the consequence that all entries dftiRe  giscuss the restrictions concerning the selection of certain
vatecolumn of ‘Bblel are blank. All cells of dble1 with tag values. Due to lack of space it is not possible to provide
the valuevisible had to be split in four subcases in accor- the reader with a complete list of all related static seman-
dance with the four possible combinations of the previ- tics rules, i.e. the following list items presents the most

ously introduced modifiable and redefinable tags. important rules only:
_ ) » The visibility tag value of an export operation may not
export public protected private be higher than the visibility tag value of its parameter
tags |\t mi L e Ui Tor Lt | ie | i 0 types. A public operation with private parameter type is
one example of a forbidden combination of values.
import || mf | mf | if | i | O |0 |0 |0 U « The visibility tag value of an edge type or attribute dec-
refine lmr | mf | mr | mf | mr | mf| ir | if 0 laration may not be higher than the visibility tag value of
the referenced node types. It is for instance useless to
Table 2: Visibility rules of PROGRES define a public attribute for a protected node type or a
(m = modifiable, i = immutable, r = redefinable, f = final) 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-

A public export which has e.g. a tag= modifiableand
a tagr = redefinablemay be used by its client packages
with import dependencies fon = modificationi.e. direct
manipulation purposes. Furthermoreritsredefinablegag nally visible node types.

P 9 P p Otherwise, it would be possible to destroy (create)

graph schema or the imported operations. All remaining instances of immutable node t -
. . ypes by handling them as
cells of Table2 have to be interpreted accordingly indirect members of the mutable supertype.

The definition of the entries ofable2 was rather  The presented static semantics rules are not able to prohibit
straightforward, with one exception: Themutabletag of  nresolvable inheritance conflictéet as assume that a

redefinableas well adinal public exports is only valid for packageP declares a public node type with a private
regular import dependencies. It is upgraded to the value aitribytea := e as well as two public subtypéd andA2,
mutablein the case of a refinement depende@jierwise  hich redefine the initial value of attribuaegfrom e to el

it would be necessary to introduce a fourth export tag gng e2, respectively Furthermore, assume that another

which allows one distinguish between packageQ imports the node typesl andA2 for construct-
immutablefor import and refinement dependency ing a typeB is_aAl, A2. The new node typB inherits the
and attributea with initial valueelfrom Al and with the initial

valuee2 from A2. The only way to resolve the inheritance
conflict, the introduction of a new initial value for attribute
Due to the fact that refining packages usually have to a in subtypeB, is blocked due to the fact that the private
manipulate instances of inherited node and edge typesattributea of packageP is invisible for packag®.

immutablefor import butmutablefor refinement.

directly and the fact thatmmutablefinal resources may be Currently we have no good idea how to avoid this prob-
moved to a separate package, we made the decision thalem without introducing very restrictive rules such as
the|mmutab|eﬂag of publIC resources Is |gn0red by refine- pub"c or thected node types may not have private

ment dependencies between packages. It is a matter of (adefinable attributes
debate whether thenmutable flag of protected export
resources should be ignored, too. In this case the entries fo
columns protected ir and ifand row refine should be
changed from the presented values

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

ir = immutable edefinableandif = immutable final Plea_se npte that Java ayoids this pr_oblem by disallowing
multiple inheritance of implementations, whereas C++
to the new values simply ignore the discussed problem due to absense of a

mr = mutable edefinableandmutable final properly defined package concept.



5. Specification in the Large Patterns 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 onl€onsequentiythe operations

in the client package essentially consist of calls of interface

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 rathefedént
software design styles for structuringdarspecifications.
Due to lack of space we are not able to present_detailedoperaﬂons exported by other packages.
examples, but we will explain some important design pat-

terns on a rather abstract level. Please note that it maydel:ir::af(‘?lslgvmwingbslztlr%ct% gﬁ);?)fltr;/; ehcljrve;pcl)srtspgszﬁlait to
sometimes be necessary to use combinations of the pre- . :
sented patterns for esta)lglishing more complex dependl?en—Of its graph schema. Marking the public schema also with
cies between client and server packages. the mutableflag allows its clients to manipulate instances
) of visible node and edge type declarations diredilye
First of all we have to prove that PROGRES packages gepicted server package constructs a kind of updatable
are the appropnate means for constructlng abstract (graph)graph view without any exported operations. The client
data types in the usual sense [Par72]. Fig. 2 sketches th@ckage uses its own graph transformations to manipulate
relationships between a server package that realizes anpne visible part of the graph structure of the server pack-
abstract graph type and a client package that constructs gge |n contrast to the encapsulated abstract graph type in
new (abstract) graph type using the imported graph type. Fig. 2 the client is not restricted to call exported operations
The server package exports a number of public, immu- of the server package onlinstead the client is able to
table, and final declarations. Some declarations define thedefine its graph transformations in a visual way by having
constructed graph typeschema, others the accompanying access to instances of the seitveschema. These graph
graph transformation operations. The schema exported bytransformations are even allowed to create and destroy
the server package may consist of a number of node typeinstances of the imported schema.

and edge type declarations. The classical abstract graph _ Glossary:
; . . . [client | + = public
ype consists of a singlenmutablenode type declaration, # = protected
though. This type declaration as well as the associated ™ | gperations - = private
interface operations havefiaal tag if the construction of | : m = mutable
. N — i = immutable
subtypes. shpuld be preyented. These subtypes would have | import « modifies r = redefinable
the permission to redefine and thereby to alter the exported | Server | R f = final
operations and the underlying graph structure. | ) A
Glossary: L [~ - — - — schema
client | + = public > triggers refines
r # = protected ‘
ti h - = private tions - - - - -

| operations modiﬁgs schema ez ?nutable operations modifie’s schema

| import i = immutable

| calls extends ;;;ﬁl‘;‘ff'”ab'e Fig. 3: Updatable view definition pattern

server I
I Vit f These graph manipulations of the client may introduce
Ly operations .- g schema inconsistencies between the visible and the hidden part of
Ca"Sl el 4“*“”65 the servels graph structure. Inconsistencies may occur
“h

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 revelation of the hidden Comp|ex graph structure the server could prOVide an internal graph structure which
which is necessary for implementing the functional behav- iS responsible for locating certain elements in the graph
ior Of the package is done in the private part of the abstractefﬁciently Wh|Ch iS not ViSib|e to the OutSide W0r|d. The
graph type It extends and refines the pub“c part Of the Client iS not able to access the internal structure and, conse-
schema. That means, the concept of aggregation is simuduently e.g. created elements can not be integrated with
lated by choosing one node type as the only visible repre-the eficient access data structure.
sentative for the underlying realization. The sergers’ Active integrity constraints, which are very similar to
exported operations invoke the hidden operations in the ECA-rules of active database systems [WC96], are respon-
private part of the package. They perform the transforma- sible for detecting introduced inconsistencies and for tak-
tion on the internal graph structure. That means, access tdng appropriate repair actions in the server package. If a

operations - - - - » schema’
modifies

Fig. 2: Full data abstraction pattern



constraint detects a certain graph pattern which corre-

[Fow97] are also appropriate for the construction afdar

sponds to an inconsistent execution state a hidden operagraph transformation systems.

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

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

struction of subtypes of abstract graph types. It is more or 4re ysed at various sitEs as e.g. at Carleton University in
less a new variant of the pattern for abstract graph types iNOttawa, INRIA in Sophia Antopolis, or Gesamthochschule

Fig. 2. In addition the client is allowed to refine the schema

PaderbornO for specifying and prototyping software,

and the inherited operations. Please note that it is a mattefytapase. and knowledge engineering tools.

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 upgradenimeutable
flag to mutablefor inherited public resources also marked
with theredefinabldlag (cf. Table2 of Sec. 4).

Glossary:
client | + = public
# = protected
operations - - - - p schema - = private
| modifies [ m = mutable
fi = — i = immutable
TeliNes  refines . \mOdIerS refines r = redefinable
Server ] L f = final
Vi A i
operatlo\As B sche\r{m i
modifies )
Ca||sl 4 refines
operations - - - - p schema’
modifies

Fig. 4. Subtype definition pattern

Despite our success in demonstrating the usefulness of
graph grammar engineering concepts and tools for soft-
ware development, the currently available PROGRES
releasé 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 lage” 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 laye” concepts. On the contrarwe
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

The design pattern of Fig. 2 wittpablicimport depen- give their constructors the_ flexibility to adhere to quite dif-
dency to a refinable server package is for instance closelyférent populasoftwae design styles
related to the introduction of garameter partn [EE96], * Packages that export a single (not directly modifiable)
which is shared by the import and the export part of a “Main” node type and a number of related operations
given package. And the design pattern of Fig. 4 withi-a define abstract data types in the classical sense [Par72].
vaterefinement dependency corresponds to what is usually® Packages with type declarations only in their interfaces
calledimplementation inheritancd@aking into account and without any associated operations are our means for
. that it is also possible to nest packages in order build decomposing lgre graph schemata in the same way as in
complex subsystems with their own subarchitectures the database management system PCTE [Ecm90].
« and that a client package is usually implemented on top * Packages that export a number of directly modifiable
of more than one server package typeS together with CarEfU”y defined active constraints

« and that a server package is often used Hgrdiit client are useful for the construction of updatable graph views,
packages in diérent ways which may not only be manipulated using a number of

it should be rather obvious that the PROGRES package pEreHdTng’ned graph transformations as suggested in
concept supports an overwhelming variety offedént [ ] . . .
software design styles and patterns. It is the subject of ° P ackages that export a single trans_formatlon at their
future research activities to distinguish good graph trans- interfaces together with an appropriate set of graph
formation system design patterns from bad ones and to schem_a decllaratlons allow thg definition of graph trans-
invent new patterns for more specific purposes. It is still an formation units as suggested in [KK96].

open question to which extent all those patterns presentedi. For further details concerning PROGRES release version 9 cf.:
in object-oriented design pattern books such as [GHJ95] or  http://www-i3.informatik.rwth-aachen.de/research/progres




resources of a number of imported packages to their own
interfaces dker more or less the concept of horizontally
structured graph types as presented in [HCE96].

tions of a number of related packagefeiomore or less

the concept of vertically structured graph types as pre- [Nag90]

sented in [HCE96].

Having completed the design of the PROGRES package[Nag%]

[KK96]

Packages which refine the graph schemata and opera-

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 thgddractivities

until the end of this year

Long lasting dbrts are still necessary to develop all the

details of a more ambitious package concept that support

the construction of hierarchical and distributed graph
transformation systems as well as automatic gluing of [Rat97]

independently constructed redefinitions of graph transfor-
mation rules. Finallywe have to emphasize that we are [Rob92]

[NS96]

Par72
JPar72]

just starting to assemble more knowledge about useful
graph transformation system design patterns and their rela1Sch91]
tionships to pattern catalogues as presented in object-ori-
ented design books.
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