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Abstract

We describe a high–level approach to the construction
of software development environments (SDEs) featuring a
new degree of automation. It combines a variety of reuse
approaches into one powerful machinery. Based on suit-
able specification formalisms (context–free grammars as
well as graph rewriting systems), generator tools, and a
framework implementation, the IPSEN meta environment
allows the construction of software development environ-
ments supporting textual and graphical editors, analyzers,
and other complex tools. The meta environment itself has
also been bootstrapped from specifications and the frame-
work.

1. Introduction

An essential aim in the development of software sys-
tems in general and software development environments in
particular has always been to automate as much of the
construction process as possible. Reuse on different levels
(component/library code, design of frameworks and pat-
terns, generators) has been identified as a major contribu-
tion to progress in this area.

Over the last ten years, our group has intensively studied
the area of the construction of integrated, interactive, and
incremental software development environments in the
IPSEN project. With growing experience, we have reached
a high level of automation in this process: Based on graphs
as the fundamental data structure, we started with a graph–
oriented database and a handcoded environment. Then, we
gradually isolated general and generic parts in the frame-
work implementation and created an environment to gen-
erate context–free editors from EBNFs. Furthermore, we
used graph rewriting rules to specify the behavior of tools
and translated the rules manually into Modula–2 code.
After we could automatically generate code from the graph
grammar rules, we decomposed the specifications them-
selves into reusable and specific parts. As a result, we are
now reusing not only design and code, but also specifica-
tions and generator tools wherever possible.

The overall results of the project are described in great
detail in [16]. This paper is a condensed and newly focused
sketch of the generator machinery used in IPSEN. Section

2 gives a short discussion of comparable SDE generating
approaches. In section 3, we will give an overview of the
generator machinery. Then, we will discuss the specifica-
tion languages we use in the meta environment. Section 5
sketches the architecture of the IPSEN framework and sec-
tion 6 describes the generated components and their inter-
action with the framework. A short summary concludes
this paper.

2. Related Work

Generating complete software engineering environ-
ments is a rather ambitious goal which will not be reached
in the nearby future. The first generation of research proj-
ects like Mentor [5], PSG [1, 21], or CPSG [18] had a main
focus on generating language–sensitive programming en-
vironments for text–oriented languages. They proposed a
single formalism like attribute grammars for specification
purposes. Their main disadvantage was that generated en-
vironments and the generation process itself were not open
for manual modifications or extensions. Therefore, these
approaches failed as soon as certain tool aspects could not
be described in the formalism offered.

Later on, more flexible systems like Centaur [3] were
developed which provide a variety of formalisms tailored
to specific purposes and generate components of an open
architecture. Another tendency, apart from the employ-
ment of special–purpose tool generation languages, was to
complement attribute grammars with more general–pur-
pose formalisms like relational algebras [8], horn–clause
logic [2], or algebraic specifications [11]. This simplified
the specification of complex static semantics rules or a lan-
guage’s dynamic semantics considerably.

But all approaches mentioned above were and are
mainly useful for text–oriented languages which have a
dominant (abstract syntax) tree skeleton as their underlying
logical structure. This is in sharp contrast to the observation
that a majority of commercial CASE tools are syntax–di-
rected diagram editors or, more general, diagram (visual
language) processing tools. Therefore, new techniques –
beyond the usage of graphics libraries, user interface tool-
kits, or generic diagram editors – are urgently needed for
generating editors, analyzers, debuggers, and the like for
visual languages.
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Currently existing visual language definition formal-
isms, like picture layout grammars [7] or context–free hy-
per graph grammars [14], and their accompanying genera-
tors are still rather immature compared to attribute
grammar–based approaches. Resulting specifications tend
to become very large and unmaintainable due to the lack of
module or abstraction concepts as they were developed for
attribute grammars [9, 17].

Finally, we are not aware of any syntax definition for-
malisms which are well–suited for the specification of hy-
brid languages, i.e. for languages with nested textual and
visual sublanguages or for languages which have both a
textual and a visual representation. As a consequence, it is
still very difficult to mechanize the development of soft-
ware engineering tools as presented in fig. 1 of section 3.

3. The IPSEN Meta Environment

In the following, we will present our approach for the
development of integrated software development environ-
ments. It has the following characteristics:

� Context–free grammars (EBNF) are used to describe the
syntax and the layout of languages with a textual repre-
sentation.

� Graphical layout annotations and programmable views
may be used to define additional diagrammatic (sub–)
representations.

� Programmed graph rewriting systems (PROGRES) are
our formalism for all logical aspects which are outside
the scope of EBNFs.

� All  tool generators have the form of UNIX filters; they
consume source code templates as input and produce
human–readable source code instances as output.

� Generated language–specific pieces of code play well–
defined roles as components of an environment frame-
work which implements the overall (generic) behavior
of tools.

� The IPSEN meta environment for editing EBNF and
PROGRES specifications is generated by means of it-
self.

� Almost all generic environment components are hand-
coded, although some of them have generic PROGRES
specifications.

� Handcoding is also a frequently used strategy for replac-
ing time–critical pieces of generated code specified in
PROGRES.
It is impossible to discuss all these aspects within a

single paper. Therefore, we will focus our interest onto
those three aspects which are – in our opinion – the most
important ones of the IPSEN project: (1) the combined
usage of EBNFs and graph rewriting systems (section 4),
the prominent role of a framework architecture with well–
defined (open) interfaces (section 5), and (3) the UNIX like
approach to implement tool generators as text filters (sec-
tion 6). For any further details, the reader is referred to [16].

We are now going to describe how instances of IPSEN
environments are built using the IPSEN meta environment.
As an example, we want to show the development of a tech-
nical environment for Requirements Engineering and Pro-
gramming–in–the–Large as depicted in the screen dump of
fig. 1. In a first step, this environment should contain an
editor for a module interconnection language (MIL) with
a coarse–grained graphical representation and a fine–
grained textual representation. Accordingly, the task of the
meta environment user is to specify the language the editor
should support. This specification comprises two parts for
the context–free and the context–sensitive properties of the
language, respectively.

Figure 1. Screen dump of an IPSEN environment
To provide a base for the context–sensitive properties,

the process starts with the definition of the language’s con-
crete and abstract syntax in the form of EBNF rules. These
EBNF rules are used to generate the core functionality of
a syntax–directed MIL editor with text–only document
representations. The layout of a rule in the EBNF is also
used as a template for the layout of the corresponding
construct in the document representation.

Additional EBNF rule annotations may be used to spec-
ify  graphical MIL language representations and to generate
graphical editors. Essentially, the respective annotations
assign representation attributes concerning the graphical
structure (being a vertex, an edge, a half–edge etc.) to
EBNF nonterminals. A separate table adds concrete pre-
sentation information (a box with a certain line style etc.)
to the corresponding increment types. It should be noted
that annotated EBNFs have been used successfully even for
languages which seem to be purely graphical (like the
DFDs above). The advantages of modeling a language in
terms of abstract syntax, like the possibility to derive
textual representations for arbitrary documents and there-
fore to store or exchange them as human–readable ASCII



files, generally make up for the necessity to devise an
EBNF for a language. Nevertheless, in the worst case, this
approach is rather awkward if the EBNF structure does not
reflect the logical structure of the document appropriately.
Therefore, we are currently working on an extension of the
machinery presented here which allows the specification of
a visual language’s syntax directly based on graphs and
graph rewriting rules (graph grammars) [19].

The diagram of fig. 2, especially its subdiagram A,
shows how a context–free editing environment is generated
from these sources of input. An EBNF editor (box 1) is used
to define a language’s context–free syntax (including all
above mentioned annotations). The EBNF generator (box
4) then takes a complete EBNF document (box 2) plus a
number of text file skeletons (box 3) as input. It generates
all language–specific Modula–2 sources (box 5) which are
needed to realize syntax–directed and free editing of MIL
documents via mixed graphical/text–oriented user inter-
faces. The EBNF environment (editor and generator) itself
is an IPSEN environment constructed from a bootstrapping
step.
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Figure 2. The IPSEN meta environment

The generated sources together with the invariant IP-
SEN framework (box 13) are compiled and linked (box 14)
to construct a basic version of the environment (box 15).
This environment does not yet offer any analysis or com-
plex document transformation commands, e.g. for prevent-
ing cyclic import relationships or producing configurations
with certain properties. Its overall structure and most im-
portant basic components will be discussed in section 5.

The next step comprises the specification of context–
sensitive document processing operations for any kind of
analysis or execution tools by means of programmed graph
rewriting systems. The corresponding rules are specified in
the PROGRES language which will be sketched in section
4 below.

To use the context–free EBNF specification as a frame-
work for context–sensitive operations, an initial PRO-
GRES document specification is systematically derived
from the EBNF. This kind of modeling knowledge is cur-
rently hardwired into an incrementally working EBNF
translation tool (box 7). The translator takes an EBNF (box
2) and a language–independent abstract syntax (AST)
graph specification (box 6) as input and produces a corre-
sponding language–specific PROGRES specification as
output (box 8). It thereby forms the connection between the
EBNF and PROGRES tools.

The generated initial specification must then be aug-
mented with context–sensitive graph transformations (box
9). The PROGRES environment used for this purpose is,
again, an IPSEN environment. The manually added graph
transformations (but not the generated basic transforma-
tions for context–free editing) are translated into various
pieces of Modula–2 code (boxes 11 and 12) by means of a
code generation machinery (box 10).

Finally, all generated source code fragments are
embedded into the invariant IPSEN architecture frame-
work to construct a complete environment. The interac-
tions between editing EBNF documents and generated
PROGRES documents, the contents of subdiagram B of
fig. 2, is explained in more detail in section 4. The last sub-
diagram C of fig. 2, the translation of PROGRES specifica-
tions into Modula–2 code, will not be explained in detail
here.

4. EBNF & PROGRES as Input Languages

The previous section discussed the SDE generation pro-
cess on a very coarse grained level. EBNF and PROGRES
were mentioned as specification languages. The definition
of a language’s context–free syntax by means of Extended
Backus Naur Forms (EBNF) is rather straight–forward and
needs no further explanation except for the presentation of
a cutout of the MIL language syntax definition. It is pres-
ented in fig. 3.a).

A MIL specification comprises a list of modules of dif-
ferent categories (abstract data type module, function mod-
ule etc.) which are subject to different context–sensitive



constraints. Modules have an identifier (declaration) and a
definition. The context–free structure of such a definition
is omitted here, but we assume that it contains a list of ex-
ported resources (type and procedure declarations), a list of
imported modules, and a list of implementation variants.

The MIL language’s EBNF is sufficient to generate a
context–free MIL editor with a text–oriented interface.
Additional graphical layout annotations and view defini-
tion mechanisms are needed to generate a MIL diagram

editor (cf. [16]). We have to switch from EBNFs to pro-
grammed graph rewriting systems (PROGRES specifica-
tions) as soon as context–sensitive aspects are regarded.

A PROGRES specification consists of two main parts:
(1) a graph schema which determines the internal structure
of the respective graph class and (2) a set of graph trans-
formations. Static type checking rules guarantee that the
graph transformations generate schema consistent graphs
only.

 node class BINARY_OP is a INCREMENT (* abstract node class without node instances *)
   meta
     1stType : type in INCREMENT;    (* determines type of first child node  *)
     2ndType : type in INCREMENT;    (* determines type of second child node *)
     NilType : type in PLACEHOLDER;  (* placeholder for binary subtree       *)
 end;

 edge type 1st : BINARY_OP –> INCREMENT; 

 edge type 2nd : BINARY_OP –> INCREMENT;

(* The meta attributes 
  1stType and 2ndType
  of RootType determine 
  the types of children 
  nodes. The old node is
  deleted and three nodes
  are created. The new
  subtree root is returned
  in NewCursor.           *)

(* Cursor points to unexpanded 
   subtree. The type of the placeholder
   must be the placeholder type for 
   the RootType of the new subtree.  *)

3’ : RootType.2ndType

2’ : RootType.1stType
1st

2nd

1’ : RootType

production CreateBinary(     Cursor : PLACEHOLDER ; RootType : type in BINARY_OP;
                         out NewCursor : RootType) =

 
::=

  embedding                                 (* redirect incoming tree edges from  *)
      redirect <–1st–, ... from ‘1 to 1’;   (* placeholder to root of new subtree *)

  return NewCursor := 1’;      (* assigns root id of new subtree to out parameter *)

end;

‘1 : RootType.NilType = Cursor

(1) System ::= ”system” DeclSystemId ”;”    (* Layout of EBNF = pretty printing rules *)
                  ModuleList
               ”end” ”.”

(2) ModuleList ::= { Module } Module

(3) Module ::= ADTModule | FunctionModule | ...       (* 3 different types of modules *)

(4) ADTModule ::= ”adt” DeclModuleId ”;”       (* syntax of abstract data type module *)
                    ADTDef     (* ADTDef = export interface with one type declaration *)
                  ”end” ”;”     (* + list of implementation variants (not shown here) *)

a) EBNF of Module Interconnection Language (MIL) – cutout:

b) Generic graph schema for abstract syntax graphs – cutout:

d) Example for generic abstract syntax graph modifying operation:

 node class MODULE is a INCREMENT end;  (* abstract node class without node instances *)

 node type ADTModule is a MODULE, BINARY_OP  (* node type = concrete class with nodes *)
   redef meta
     1stType := DeclModuleId;     (* DeclModuleId = type of first MIL graph child     *)
     2ndType := ADTDef;           (* ADTDef = type of second MIL graph child         *)
     NilType := NilModule;        (* placeholder for unexpanded module in module list *)

  constraint  (* manually added constraint: uses path down to compute all type decls. *)
     card(self.downTo(TypeDecl)) = 1;    (* in ADTDef, no. of type decls. must be 1  *)
 end;

c) Generated specific graph schema for MIL graphs – cutout:

Figure 3. Cutout of the generic abstract syntax graph specification



As already mentioned, a first version of a PROGRES
specification is generated from the MIL EBNF. It defines
the internal structure of abstract MIL syntax graphs and
context–free editing operations. Using subtype and para-
metric polymorphism, we were able to split such a specifi-
cation into three parts. The first one is a language–indepen-
dent graph schema which defines the overall structure of
abstract syntax graphs and corresponding operations. Fig.
3.b) shows one of its node classes. BINARY_OP is an ab-
stract node class with three class (meta) attributes. These
attributes have to be instantiated in any MIL language–spe-
cific (concrete) node class declaration which has
BINARY_OP as one of its superclasses. This guarantees the
context–free correctness of abstract syntax graphs.

Fig. 3.c) is a cutout of the second part of a generated
specification. It contains two MIL specific node classes
which correspond to the EBNF rules number (3) and (4).
The first one defines the class of all types of modules, the
second one the class of abstract data type modules. Its su-
perclass BINARY_OP defines its structural properties, the

superclass MODULE may be used to declare properties
which all types of modules have in common. The redefini-
tions of its inherited meta attributes are generated, whereas
the constraint was added manually. It requires that an ADT
module exports exactly one type declaration. It is one ex-
ample of how static semantics rules may be defined in
PROGRES.

The last (third) part of the generated specification is a
set of graph transformations for context–free editing pur-
poses. Fig. 3.d) displays one example of this kind, a para-
meterized production which replaces a given placeholder
node by one of its legal expansion alternatives (with two
syntax tree children). Its input parameter Cursor corre-
sponds to the highlighted MIL placeholder at the user inter-
face. Its output parameter NewCursor is used to highlight
the expansion result at the user interface or to pass the
created subtree (root) to a subsequent graph transformation
as input. The last input parameter RootType is the type
(label) of the new subtree root node.

production ResolveImport(    CName : string; 
                             ReqProps : StringPairSet;
                         out NewProps : StringPairSet ) =

4’ = ‘4

2’ = ‘2

contains

contains
1’ = ‘1

has

3’ = ‘3

‘5 : VARIANT

‘2 : VARIANT

contains

contains

contains

‘1 : Config

uses
‘4 : VARIANT

has has

‘3 : MODULE

name = CName

   condition ‘2.Props ‘are_in’ ReqProps;
   return NewProps := merge(ReqProps, ‘2.Props);

end;

  ::=

(* First, selects a variant ‘4
which is part of the already
built configuration with the
required name CName (expres-
sion below double arrow at
node ‘1).
It then extends its match to
a module ‘3 which is used by
the selected variant. The
double arrow uses denotes a
separately defined path
through the graph from a
module’s variant to all of
its imports.
Finally, a variant ‘2 is
selected which has the
required properties ReqProps
(condition at bottom of
fig.) and is not part of the
configuration (crossed–out
contains edge).
It is an additional require-
ment that no other variant
of module ‘3 is already part
of the current configuration
(crossed–out node ‘5).
The production preserves all
matched nodes and edges
(node inscriptions n’ = ‘n).
It creates a single contains
edge from
the configuration 1’ to the
selected variant  2’.
It returns a new set of
configuration properties
NewProps which is the result
of combining the old set of
properties ReqProps and the
new variant’s properties. *)

Figure 4. Example for a complex language–specific graph transformation



The expression RootType.NilType in the produc-
tion’s left–hand side (above ::=) guarantees that a call of
CreateBinary with RootType = ADTModule fails if
the type of its input parameter Cursor is not equal to type
NilModule. The other two meta attribute referencing ex-
pressions, RootType.1stType and RootType.2nd–
Type, in the production’s right–hand side (below ::=) are
responsible for generating child nodes with context–free
correct types. This is our approach to specify generic lan-
guage–independent productions which nevertheless pre-
serve language–specific properties.

Fig. 4 contains one example of a more complex MIL–
specific graph transformation. It may be used to extend a
partially constructed software system configuration step by
step such that all selected implementation variants fulfill
certain properties. For further details concerning the speci-
fication language PROGRES, our graph grammar engi-
neering methodology, and the selected MIL example, the
reader is referred to [6, 16, 20].

5. The IPSEN Framework Architecture

As was already mentioned, the code generated from the
different input sources is embedded into a framework
architecture, cf. box 13 in fig. 2. This framework is invari-
ant with respect to the languages and tools the system
eventually supports and contains general components for
user interface handling and the like. To get a better under-
standing of what is actually generated and how the gener-
ated parts cooperate with the general framework parts, this
section explains the architecture on a coarse–grained level,
cf. fig. 5. We will not go into the details of the architecture
description language used here as this would be beyond the
scope of this paper; please refer to [15] for a detailed
description.

The bottom layer of the IPSEN framework contains data
abstraction components which hide the details of the
underlying infrastructure, e.g. operating system, window
system, and the like. It contains the following components:

GRAS: The GRAph Storage subsystem encapsulates a
graph–based non–standard database system specifically
designed for (software) engineering environments [10].

IPSEN Window System: This subsystem handles the
mapping of an abstract, system–independent window sys-
tem onto a concrete realization, possibly with the help of
an existing window system.

The next level of the framework provides application–
specific logical document classes and additional structures
serving the interaction between user and application.

Logical Document: Logical documents contain the
actual information the user is working with. Every logical
document is an instance of a document class (an abstract
data type) which is based on a certain language.
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Figure 5. Coarse architecture of an IPSEN env.

Representation Document: As logical documents con-
tain no information about how to visualize their contents in
a human–readable way, separate documents are needed to
store the representation structure of a logical document.
Like logical documents, representation documents are
stored persistently in the GRAS database.

UI Elements: This subsystem encapsulates all services
necessary for the communication between the system and
the user. Noticeably, it provides the views (called presenta-
tions) a user has on the document he is working with.

The next architecture layer facilitates updates between
a logical document, its representation documents, and its
presentations. All transformators work incrementally, i.e.
they update only the portion of the target structure which
directly relates to the changed part in the source structure.

Parser/Unparser: The unparser propagates changes in
the logical document into respective representation docu-
ments by inserting or deleting textual and graphical
objects. Vice versa, the parser can infer the logical structure
from a given textual representation.

Cutout Manager: The cutout manager is the corre-
sponding subsystem for the coupling between representa-
tions and presentations. It determines which part of the
document is visible to the user and creates screen objects
corresponding to the objects in the representation graph
with respect to zooming and other display parameters.



The fourth level of the framework comprises compo-
nents which know about all documents and presentations
and their relationships, i.e. which representation document
depends on which logical document etc.

Session Document Manager: The session document
manager is responsible for the coupling of logical and rep-
resentation documents. It is in charge of access control to
documents, keeping track of versioning information, and
controlling incremental updates between logical and repre-
sentation documents.

UI/Presentation Manager: This is the session document
manager’s counterpart for the coupling of representation
documents and document presentations. It knows about a
representation document’s open presentations and their
display parameters.

The next two layers consist of components for control-
ling one tool and all tools of an environment, respectively.

Tool Control: For every tool attached to an IPSEN envi-
ronment, there is exactly one tool control subsystem.
Depending on the type(s) of the underlying logical docu-
ment(s), there are control modules e.g. for editor, analyzer,
execution, monitoring, and integration tools. This subsys-
tem is in charge of executing the commands selected by the
user.

Environment Control: This top–level module manages
the interaction between the user and the tools and is respon-
sible for the consistency of logical, representation, and pre-
sentation documents.

6. The Tool Generation Process

Based on the architecture description above, we can
now describe in more detail where the generated parts of
an IPSEN instance fit into the framework.

From the overview in section 3 follows that the lan-
guage–specific parts of an environment are generated from
two different sources: the EBNF providing the context–
free syntax and the PROGRES specification from which
context–sensitive properties as well as complex tool func-
tionality can be derived. Based on fig. 6, we describe the
context–free part first.

As was already mentioned, two aspects of the EBNF
specification are used by the generation machinery: The
logical document containing the information about the
structure of the language and an accompanying representa-
tion document used to derive the layout of specific lan-
guage constructs in the editor. From these documents, sev-
eral output files are generated. Fig. 6 particularly shows
that the files are not created from scratch, instead, they are
constructed by replacing placeholders in a skeleton file by
appropriate values. In this sense, the activity of the EBNF
generator resembles a generic instantiation of templates
(the skeleton files) with language–specific parameters
(derived from the EBNF). This procedure restricts the com-
plexity of the generator to a minimum and allows experi-

enced users to fine–tune the behavior of the generated out-
put by changing the skeletons.
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We now give a short description of the generated files
and their purpose with respect to the architecture discus-
sion from section 5.

Logical Document Code: This part of the EBNF genera-
tor output is part of the logical document subsystem. Essen-
tially, it maps language–specific abstract syntax tree (AST)
operations onto the general graph–oriented interface of the
GRAS database. This part of the EBNF generator output is
only used for context–free editors; it may be replaced by
code generated from the PROGRES specification later.

Unparser Tables: These tables, part of the parser/un-
parser subsystem in fig. 5, describe the mapping of logical
structure to representation objects. The unparser actually
consists of two separate components for the handling of
textual and graphical language elements, each of them
parameterized by the tables produced here. The master



unparser coordinates these components by looking up (in
the master unparser table) whether a nested substructure
should be represented textually or graphically, calling the
corresponding unparser, and assembling the substructure
representations into a representation for the overall struc-
ture.

Scanner/Parser Generator Input: Although the machin-
ery presented here generally produces command–driven
syntax–oriented editors, it is also possible for the user to
enter or modify arbitrary textual increments of the docu-
ment with a customary text editor. This procedure of ‘‘free
input” is facilitated by unparsing the corresponding incre-
ment into textual form, passing it to the editor, and scan-
ning and parsing the resulting text back into the logical
document. As can be seen in fig. 6, the generator does not
produce scanner and parser itself. Instead, input files for
the well–known lex/flex and yacc/bison scanner/parser
generators are created. It is their output code which eventu-
ally becomes part of the parser/unparser subsystem.

Graphical View Code: Additional information needed
for a graphical representation of a logical document is spe-
cified by the user of the meta environment in the form of
annotations of the EBNF document (not shown in fig. 3).
The annotations are used by the EBNF generator to pro-
duce a view on the logical document encapsulating the rep-
resentation knowledge needed by the graphical unparser.
Note that the overall look–and–feel of the generated envi-
ronment is encapsulated by the general IPSEN Window
System and UI Elements components, it is therefore identi-
cal for all environments.

The generated components described above, together
with the invariant part of the framework, can be compiled
and linked together to create a complete context–free
graphical/textual editor for the respective language. The
next step to be taken is to specify the context–sensitive
properties of the language using the PROGRES language
(part B in fig. 2).

As was shown in fig. 2, the EBNF again serves as input
to a generator which provides a PROGRES frame specifi-
cation containing the schema declaration and basic AST
operations for the specified language, cf. fig. 3. This frame
specification can be regarded as the PROGRES counter-
part of the EBNF generator output described under logical
document code. The meta environment user may then
specify context–sensitive properties by extending the
schema part and defining corresponding graph operations.

The resulting PROGRES specification is eventually
transformed into source code. The major part of this code
will  be integrated into the logical document subsystem,
resulting in an interface which respects the context–free as
well as the context–sensitive properties of the supported
language.

The process described so far yields an environment fea-
turing a syntax–based editor for textual and/or graphical

languages with free input facilities and an analyzer for the
syntax and static semantics of the language. The next step
the environment builder usually takes is to augment the set
of language–unspecific tools provided by the framework
(undo–redo tool, browser etc.) with language–specific
tools, e.g. complex analyzing, monitoring, or execution
tools. Again, it is possible to specify the tool operations
with PROGRES, generate the corresponding source code,
and to integrate the resulting tool into the framework archi-
tecture. Detailed information on this topic and examples,
again, can be found in [16].

7. Summary

At the time being, the IPSEN meta SDE has a main focus
on generating single document processing language–sensi-
tive tools. Its meta tools for generating text–oriented or dia-
grammatic editors, unparsers, parsers, etc. were heavily
used in the last years for the development of various soft-
ware engineering environment prototypes as well as the
meta environment itself. Examples include an extensive
MIL  environment [4], a requirements engineering environ-
ment featuring integrated data flow and EER diagrams
[12], and an administrative environment for the manage-
ment of products, processes, and resources [22].

Rather recently added extensions for generating com-
plex context–sensitive editing operations, incrementally
working type checkers, and execution tools are still under
development. They rely heavily on the existence of the
PROGRES environment. An EBNF translator takes a con-
text–free grammar as input and produces an equivalent
graph rewriting system specification as output. PROGRES
tools may then be used to deal with context–sensitive tool
operations and to translate their specifications into plain
Modula–2 or C code.

Generating source code from the specification instead
of tables to be evaluated at run–time restrains our approach
in that a compile–link cycle is involved in any change to the
specification. On the other hand, it is more flexible because
tables can hardly express all the aspects of the specifica-
tion. To yield both the flexibility of source code generation
as well as the possibility to apply changes at run–time, a
very complex and interpreted input language would be
needed. In fact, a corresponding interpreter for the PRO-
GRES language has been built, but its performance
restricts its use to the validation of specifications rather
than being usable in a ‘‘real’’ SDE tool.

All  generated (Modula–2 or C) source code documents
have their specific places in the overall IPSEN framework
architecture. This framework offers all the functionality
needed for building standard user interfaces and a hand-
coded graph library with basic routines for implementing
incrementally working analysis, interpreter, and compiler
tools.



Finally, we should mention one major point of criticism
concerning the current state of the presented meta SDE. No
support is offered for generating application–specific parts
of integration tools. Until now, some basic components
have been realized which are very helpful for implement-
ing tools of this category based on coupled graph grammars
[13]. But the automatic translation of these coupled graph
grammar specifications into the implementation of incre-
mentally working transformation or better integration tools
is the main subject of ongoing research activities.
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