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Abstract used as synonyms to each othBut strictly speaking, a

The multi-paradigm language PROGRES is the first rule-ori- 9raph grammaiis a set of productions that generates a lan-
ented visual language which has a well-defined type concepguage of terminal graphs and produces nonterminal graphs
and supports mgramming with graphawriting systems.of ~ @s intermediate results. Andyeaph rewriting systenis a set
some extent, it has the flavor of a visual databasgram- of rules that transforms one instance of a given class of
ming language with powerful pattern matching aeglac- graphs into another instance of the same class of graphs
ing facilities as well as backtracking capabilities. Until pow Without distinguishing terminal and nonterminal results.

it was mainly used for specifying and rapicbtmtyping of Graph grammars are mainly used for synthesizing or recog-
abstract data types in softweengineering emnments. An  hizing graph-like data structures in biologhemistry and
integrated set of language-specific tools supports intertwinedother research areas. Graph rewriting systems, on the other
editing, analyzing, lmwsing, and debugging of specifica- hand, are often used ssual and executable specifications

tions as well as generating giotypes in C (Modula-2) with ~ Of abstract data types or graph manipulating tools (cf. [5, 8]).
Tcl/Tk-based user interfaces. In the sequel we will present an integrated set of tools

which supportsPROgramming withGraph Rewriting Sys-
tems and which is available as free software. This system
and its programming language PROGRES were already used
Graphsplay an important role within many areas of applied ¢ for specifying tools and data structures of integrated soft-
computer science, and there exists an abundance of visual ware engineering environments [7],
languages and environments which have graphs as their for describing process modeling, version control, and con-
underlying data model [24, 25, 26]. Furthermatae-based figuration management tools in CIM environments [21],
languagesand systems haven proven to be well-suited for * as the underlying fundament of a new approach to diagram
the description of complex transformation or inference pro- parsing [18],
cesses on complex data structures. Ajrdmmars for « and finally for defining the semantics of a visual database
instance in the form of attribute grammars or definite clause query language [1].
grammars, are often used to describe syntax and semantics BROGRES is aisual pogramming languagén the sense
textual languages and to generate parsers for them. that it has a graph-oriented data model and a graphical syntax
Although graphs and rule-based systems or grammars aror its most important language constructs. It was developed
quite popular among computer scientists, their combinationhaving the followingdesign goalsn mind:
in the form of graph rewriting systems or graph grammars is* Use a graphical syntax where appropriate but do not
more or less unknown. At least one reason for this short-fall exclude textual syntax when it is more natural and concise.
is thatgraph grammar eseach was from its very beginning  * Distinguish between data definition and data manipulation
in the early 7®& focused on producing theoretical results, as database programming languages do and use graph class
and working implementations based on these concepts were declarations to typecheck graph manipulating operations.
not available for a very long time. Furthermore, many peoplee Refrain users from the task to guarantee confluence of
believe that modeling with graphs and graph rewriting sys- defined rewriting systems by keeping track of rewriting
tems leads to inherently ifefient implementations due to conflicts and backtracking out of dead-end derivations.
the NP-completeness of many graph algorithms. This situa-~ Finally, do not rely on the rule-oriented programming par-
tion changed gradually with the appearance of first graph adigm for all purposes but support also imperative pro-
rewriting system or graph grammanplementationdlike gramming of rule application strategies.
GraphEd [14], RGG [12], and GOOD [1]. Other rule-oriented visual languages like BITPICT [10],
The essential idea of all implemented graph grammar orChemTains [2], or even XMPIRE [17] do not meet all
graph rewriting system approaches is to be a generalizatiothese requirements, as we will see later on in section 5.
of string grammars or term rewriting systems. The terms  This paper gives an informal overview of the language
“graph grammar” and “graph rewriting system” are often PROGRES and its programming environment. For all details
concerning the languageformal semantics definition the
reader is referred to [20].

1 Introduction

Ebupported by Deutsche Forschungsgemeinschaft 1990-1994 under con-
tract number DFG Na 134/4-1, 4-2.



2 The PROGRES Language

PROGRES is atrongly typed multi-paradigm languagéth

well-defined syntax and semantics based on graph rewriting

systems. Being a mixed textual and diagrammatic language,

it permits quite diferent styles of programming and supports

« description of graph schemata by means of a graphical as
well as a text-oriented interface in a similar style as ER-
orienteddatabase definition languages N
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« declaration of derived node attributes and derived binary
relations like attribute grammars m@lational languages

* rule-oriented and diagrammatic specification of atomic
graph rewriting steps by means of graph rewrite rules, and

 imperative pogramming of graph transformations by
means of (non-)deterministic control structures.

Presenting PROGRES asvisual languagewe will focus

our main interest onto its diagrammgtic parts, i.e. the specifitypes, are used to distinguish nodes (objects) that pteey-dif
cation of graph rewriting rules. Looking for an example that ent roles within our control flow diagrams, liend(ition) or
highlights this part of the language and demonstratésrits  agsign(ment). Edge labels, termed edge types, distinguish
ward chaining and backtracking capabilities we came  gqges with dierent meanings, as for instaritieue) control
across the interesting problem of recognizing well-formed flow, F(alse) control flow andN(ormal) control flow As we
control flow diagrams, i.e. to recognize all those control flow i see |ater on. some nodes have additional attributes
diagrams that correspond to goto-less prograieshave to which allow us to store unstructured graph propertGesad

emphasize thahe presented recognition algonithm Is rather andAssign nodes carry for instancesaing-valued attribute

naive and not intended to be used in practice. It is subject of . ; ; .
related research activities to develop neficieitly working !th the cor_respondlng piece of program text (see right-hand
window of figure 2).

graph grammar parsing algorithms [18].
Figure 1 shows on its left-hand side a well-formed con- ~ The specification of our parsing problem starts with the
trol flow diagram. It consists of a while-loop with an if-state- definition of a graph schema for the class of all allowed con-
ment as its bodyThe diagram on the right-hand side is not trol flow diagrams. Afterwards, we will present a set of pro-
well-formed. It contains a control flow edge from the end of ductions which return, applied to a well-formed control flow
its else-branch (node 5) to the end of the program (node 7)diagram, the empty graph and fail otherwise. The PROGRES
and not to the end of the while-statement (node 6). screen dump in figure 2 displays a text-oriented as well as a
Both diagrams are examples difected, node and edge graphical representation of tleentrol flow diagram graph
labeled graphsNode labels, in the following termed node schemawith three diferent categories of type declarations.

Figure 1: W ell-formed & entangled control flow diagram
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node class NODE end;

L]

node class BLOCK is a NODE end;
edge type N : BLOCK [0:n] -> NODE [1:1] ]

node class TEXT is a NODE

intrinsic
Text

string;

ass COND is a TEXT end;

class ACTION is a TEXT, BLOCK end;
edge type T : COND [O:n] -> NODE [1:1];
edge type F @ COND [O:n] -> NODE [1:1]
node type Start : BLOCK end;
node type End : NODE end;
node type List : BLOCK end;
node type Skip : ACTION end;
node type Assign : ACTION end

node type Cond : COND end;
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Figure 2: T extual and graphical editor views of a graph schema for control flow diagrams



Node and edge type declarationmtroduce labels for  production  RecognizeAxiom =
nodes and edges with common properties, wheneae r N N ‘
class declaratios are used to arrange sets of node types with | |1 :Start }—P{ ‘2 List ‘3 :End ;
common properties in the form of a multiple inheritance + -~~~ !
hierarchy In this way we are able to avoid redundant defini- =
tion of node properties. The node typssign belongs for ~ [~~~ -~~~ "" """ --"---------- oo oo oo
instance to the clas&CTION which is a subclass of the 4.
classegEXT andBLOCK, and it inherits the following prop-  production  RecognizeAssign =
erties from these superclasses: T T T T T T T T T T T T T T T

,,,,,,,, 4 |
| |'L ——————— A
» Any node of typeAssign has astring-valuedText-attribute | "1 :COND :f T i
which has a value of its own and is called “intrinsic” :r;;;i;;i;‘ % :
(instead of derived). |12 :BLOCK Nl assign —Bl'5 NODE |1
e |
» Furthermore, alAssign nodes are sources Nfext) edges T TCT |
. . r— - - - - — = — |
that connect them with a single node of ClHe®E. i '3 COND J:J - |
________ |

A significant diference between the PROGRES datamodel . — - _ _ ____"_ __ _ _ _ _ _ __ _ _ ___ ___________
and usual object-oriented data models is that we distinguish ::=

between attributes and edges. This has the advantage thaf ———-———__

|
objects andelationshipsbetween objects may beodeled lro=1 }J‘ T |
separatey from each other and that we are not forced to | f;:_:_:_:_:_:_:_i‘ % |
“‘implement” edges by means of pairs of pointer attributes. P ;Q‘> 4 - List N. 5 = |
Therefore, declarations of edge tygésie), F(alse), and | L_:_:_:_:_:_:_:_f‘ 9 :
N(ext) are denoted separately from their source angetar || 3 =3 } |
node classes. These declarations contain cardinality con-1 +-------=— F !
straintg[1:1] for edge traversals in positive direction ] end:

for edge traversals in reverse direction within these declara-

. . . . . Figure 3: First examples of productions
tions. They impose the followingptegrity constraintsonto

all instances of control flow diagrams (cf. figure 2): The next productiomRecognizeAssign has a more com-
« Following T, F, or N edges starting at a selected source plex form. It matches amgssign node in a host graph that is
node results in one and only oneg&trnode. connected by an outgoimgedgeto a node of a type of class

And t . q ¢ fth ; . di NODE. Furthermore, it has a number of additional node-set-
\ndtraversing edges of one of INese types in reverse IreC[f)atterns (dashed double boxes) in its left- and right-hand
tion results in an unconstraineddarset of source nodes.

sides. The first set-pattern with name matches all those
Therefore, we do not have to take diagrams into accountCOND nodes that are sources off @&dge with the selected
where e.g. 8LOCK node is source of more than one N edge. Assign-node as tayet. In a similar wayset -patterns2 and
This simplifies the specification of a correct and complete' 3 match probably empty but in general arbitrarigasets
recognition algorithm considerably which consists of a small of BLOCK andCOND nodes in the host graph, respectively
program (transaction) that controls the repetitive applicationThe production maintains all its matched nodes with their old
of a set oproductions Each production has a left-hand and a attribute values and their incoming and outgoing edges
right-hand side. Its application is divided into two phases: (expressed by node inscriptions of the farm= * n) with
at[he exception of the selectadsign node and all edges in the
productions left-hand side. This node will be deleted
together with all adjacent edges. Furthermore, a hiewv
2. Replace the selected redex by a copy of its right-handnode will be created which inherits the outgohgdge and
side, but preserve all those nodes and their context andll incomingN, T, andF edges of the oldssign node (all
attribute values which are shared among its left- andedges mentioned within the product®night-hand side).
right-hand side.

1. Find a subgraph, termed redex, in a given host graph th
matches the productionleft-hand side.

The production of figure 4 recognizes and removes a sub-
The first productiorRecognizeAxiom in figure 3 has a left- graph pattern that corresponds to lastatement with two
hand (top) side with three nodes and two edges. It matchesist node branches. These two nodes are not allowed to be
any subgraph in a host graph which consists of thréerdif target of another control flow edge as those mentioned
ent nodes of the required types connected by (at least) thexplicitly in the diagram. The correspondirpplication
required two edges and replaces the matched subgraph by tleenditions “not 2ndinFlow” are labels of double arrows
empty subgraph. pointing to the restricted nodé$ and‘ 6. The restriction



restriction 2ndinFlow : NODE = (see figures 6 and 7). Using these productions, we are able to
‘1 in write a program that recognizes all well-formed control flow
diagrams. It consists of a loop, which executes as long as

| |

: 2 :NODE 3 :NODE : possible one of the productions listed in its hddylowed

: : by a call to the productioRecognizeAxiom. All rewriting

| | conflictsin the loop are resolved by selecting one production
| 1 NODE | from t_he set_of concurren_tly applicable productions and one
| PredinFlow PredinElow ! of their possible matches in the host graph, randomly

|

Regarding for instance the graph on the left-hand side of
figure 1, we find two matching subgraphs for the production
RecognizeAssign and one for the productidkecognizeSkip.

But note that applications ¢fecognizeSkip consumeSkip
nodes and thus prevent applicationsRafognizelf after-
wards. This a good example for locally reasonable graph
rewriting steps that cause failure of the global rewriting pro-
cess later on. In general, it is not possible to recognize wrong
selections of productions or matches in advance. PROGRES
has tokeep track of all selection possibilities and to back-
track out of dead-ends by undoing alfexfts of sometimes
very long graph rewriting sequences and by selecting a
remaining rewriting possibility

In this way the loop of transactioRecognizeDiagram
selects applicable productionsondeterministically and

1 N

11 :COND ! | 5 : List
| . F ; T ¥
U
|

e f F f
| |
| '3 :COND | \> ‘6 : List

‘ N reduces a control flow diagram step by step. Fipallyisted

productions are no longer applicable, the loop terminates,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 3 and the following action after the ampersaRégognizeAx-
o= iom, is activated. Its execution is either possible and a well-
r- T T T T T T T T T T T formed control flow diagram has been recognized, or back-
| tracking starts again and again until all possible derivation
! sequences within the loop have been tested and failed. In this
| case, the input was an “entangled” control flow diagram and
l—® 4 :List ——m 7 =7 | the transactiorRecognizeDiagram fails as a whole without
|
|
|
|
|
|

end;

ath PredIinFlow : NODE -> NODE =
<-N- or <-T- or <-F-

end;

production  Recognizelf =

} not_2ndinFlow E
|
|

any graph modifying &cts.

To summarize, PROGRES is languagefor visually
specifyinggraph schemata, graph queries, and atomic graph
——————————————————————————————————— rewriting steps. Additional language constructs, briefly men-
tioned at the beginning of this section, support the definition
and maintenance of derived graph properties in a similar way
loop as some database systems keep derived attributes or views in

RecognizeSkip  or RecognizeList a consistent state [16]. And there exist even deterministic as
or Recognizelf or_RecognizeWhile

transaction RecognizeDiagram =

ot well as nondeterministic control structures for programming

end _ complex graph transformation processes which either suc-
& RecAxiom ceed and modify a given host graph or fail without any
end;

=he effects [22]. For further details about the language PRO-

Figure 4:  Production with application condition and GRES and its formal semantics the reader is referred to [20].
control program for rewriting process

2ndinFlow itself is also defined in figure 4 and true for al 3 The PROGRES Editor and Analyzer
thoseNODESs that are sources of at least two derived rela-
tions Pred(ecessor)InFlow. And the derived relation (path)
Pred(ecessor)InFlow is defined to be the union of the inverse
of N(ext), T(rue), andF(alse).

The PROGRES editor and analyzer are those tools of our

integrated programming environment whiclfieofassistance

for creating and modifying (hopefully) correct specifications.

Both tools are tightly coupled and they are even integrated
The productions for recognizingkip- and While-state- with the PROGRES interpreter of the next section. In this

ments as well as statemetidts are defined in a similar way way, the tedious edit/compile/link/debug cycle is no longer



necessary and the environmentiser is allowed to switch guage$ syntax, and it facilitates the creation of complex
back and forth between editing, analyzing, and debugginggraphics considerahlBut people tend to use text editors for
activities. The PROGRESditor itself is not a monolithic  restructuring textual parts of specifications and for entering
tool but consists of a number of integrated subtools. Theseexpression-like constructs. Therefore, we decided to be lib-
subtools support syntax-directed editing as well as text-ori-eral and to dér our users both styles of editing for all textual
ented editing of specifications, pretty-printing (unparsing), language constructs. It is subject of future work to include a
and manual rearrangement of text and graphic elements. Figlow-level” graphics editor together with a combined text
ure 5 contains a rough sketch of all involved subtools andand graphics parser into our environment (cf. [18]).
their data structures. Text-oriented editingworks as follows: An unparser
Syntax-diected editingworks as follows: an active translates the current increment into a line/column-oriented
graphic window belongs to an active representation docu-ext representation that may be processed by a micro-emacs
ment that contains the currently selected representation eldike text editor and is displayed in a text window (compare
ment. This element in turn has a pointer to the correspondingvith figure 5).When text processing is finished, an LALR-
portion of the specificatiog’underlying abstract syntax tree, parser checks the resulting piece of text for context-free cor-
henceforth called logical increment, which is stored in a log-rectness, calculates and executes a minimal sequence of nec-
ical document. Both the logical document and the represenessary modifications of the logical documsn#bstract
tation document are realized persistent attributed graphs  syntax tree skeleton. Finalllhe same unparsing process as
Any logical document may have an arbitrary number of rep-in the case of syntax-directed editing propagates logical doc-
resentation documents, whichfdif with respect to their lay- ument changes into related representations.
out, and any representation document may have an arbitrary Before finishing this section, we have to explaiore-
number of associated graphic windows, which presefardif  mental analysisn more detail. As already indicated, our ana-
ent cut-outs of their underlying representation document.  lyzer is not always active but may be enabled and disabled
Being aware of the PROGRES languageontext-free  on demand. The reason fofering these options is that even
syntax, the syntax-directed editorfext only those com- incremental analysis is sometimes too expensive too guaran-
mands in a menu whichreserve contextde corectness tee reasonable response times. Significant changes at a root
The execution of a selected command starts with the modificlass of a graph schersahheritance hierarchy requires for
cation of the logical documestabstract syntax tree. When instance reanalysis of a verydarfraction of the correspond-
all necessary updates of the logical document are completedng specification document.
then a table-driven unparser propagates all modifications to  When being active, incremental analysis starts with a set
all related representation documents. of all affected abstract syntax subtrees in a logical document
In addition to syntax-directed editing the system also and determines all identifiers with modified bindings. When
offers “fr ee” text editingfor the following reason: syntax- all identifier bindings are reestablished, aeyclic depen-
directed editing is preferred by users not familiar with a lan- dency graptis constructed that contains all directly or indi-
rectly afected document subtrees which must be reanalyzed.
Syntax-directed Editin} 4vout Editin A_nalysis itself processes one subtree aft_er the other in Fhe
Incremental Analysis y 9 given dependency order and stores derived type-checking
information in the form of additional edges and attributes as
part of the internal attributed syntax graph realization of log-
G(aphic ical documents. In this wayur analyzer recognizes more
Window than 350 diferent types of errors and itfefs more or less
detailed explanations in the form of error messages on
demand.
The productiorRecognizeSkip of figure 6 contains four
Unparsing examples of typicgbrogramming erors:
1. The graph schema of figure 2 requires tha&dges have
. ) ) BLOCK nodes as their sources. Therefakejs not a
Parsing Text- | DiSPIaying | Text proper label for an edge starting at ¢@ND node‘ 2 in
Buffer Window the productiors left-hand sideQOND is not a subclass
of BLOCK).
2. The secondl edge within the productios’left-hand side
Text-oriented Editing has the set-pattern noté as its taget. But its declara-
tion requires that anBLOCK node is connected to one
) _ _ and only one node of claskDE, i.e. we know that 5
Figure 5: Editor data and transformation processes matches always a single node and not a set of nodes.

; Unparsing | Repre-
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3. The third error in the productis’'right-hand side is 2. Afterwards, arbitrary productions or transactions may be

merely a typing error: the identifieiste of node' 4 does executed, which extend and transform the initially empty
not have a corresponding declaration and must be host graph step by step, and they may even be modified
replaced by the identifieust. and recompiled while the execution process is running.

4. The last error is already explained in the displayed error

message in the right/bottom corner of figure 6. It refers toFlgure 7 contains a shapshot of the recognition of the control

the nodes' = 5 which is a “normal” node pattern on the flow diagram on the left-hand side of figure 1. The bottom
fight-hand side (recognizing a single node in the hostWindow displays an already modified diagram where two
graph) but is related to a set-pattern on the left-hand sidd\Ssign nodes are replaced hyst nodes. Furthermore, a
(recognizing a set of nodes in the host graph). redex for the left-hand side of producti®ecognizelf is
To summarize, the tools presented within this section providedlready determined (bold-faced nodes in the diagram dis-
its users with substantial assistance for creating correct sped?layed as the lower part of figure 7).
ifications. The hybrid syntax-directed as well as text-oriented = e
editor prevents all violations of the PROGRES langusage’ -
context-free syntax, and the analyzer highlights all errors
with respect to the languagestatic semantics on demand.
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4 The PROGRES Interpreter and Compiler

The PROGRES environmentferfs two alternatives how to
animate a specification. The first one is basethtampreta-
tion. It is mainly used for debugging purposes, when inter-
twining of editing and execution activities is advantageous.
The second one is wompilea specification into Modula-2
or C code. The generated code together with the environ-
ments graph-oriented DBMS GRAS [16] and a&l/Tk-
based user interface may be used aapéd prototype In
both cases, the execution process is divided into two phases
1. The initialization phase translates all graph schema decla-
rations into an internal format for the underlying DBMS
GRAS - including a dependency graph which is neces-
sary for maintaining derived data in a consistent state. Figure 7: Applying a production to a given host
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1. Let us assume that the execution of a given specification
eventually results in an erroneous host graph structure.

2. In that case, already performed graph rewrite steps may
be undone or redone until the erroneous piece of code is

Logical| Optimizin Agfgaﬁt Code M2-
Doc. | Compiler Coé)e Generator| SOurce

identified.
Editor & Analyzer [— Code 3. Then, incorrect productions or trapsactions may be modi-
N Graph Code 5=t . . fied and (re-)analyzed as appropriate.
Interpreter 4. Afterwards, all modified increments will be recompiled
on demand and the debugging session may be continued.
Host C Beside interactive debugging, the PROGRES environment
Graph Source supports also the translation of specifications into equivalent
readable Modula-2 or C source code. The generated code is

even able tdacktrack which requires reversing a Modula-2

or C prograns control flow restoring old variable values,
The productiors right-hand side is the current interpreter and undoing graph modifications. Using undo&redo services

increment. The next interpreter step deletes the selectedf GRAS, the main problem is to reverse a conventional pro-

Cond andList nodes with all attached edges. Afterwards, a grams flow of control without having access to the internal

new List node is created and embedded into the remainingdetails of its compiler and runtime system. A description of

diagram by drawing aN edge from node 57 to the new node the problens solution is beyond the scope of this paper but

and anotheN edge from the new node to node 61. After- may be found in [22].

wards, a new production will be selected that recognizes

another pattern within the resulting control flow diagram. 5 Related Work

Fig. 8: Execution data and transformation processes

The diagram of figure 8 gives an overview of the main When comparing programming languages, it is ofteiiciif

components and data structures which are involved in th%0 distinauish between broperties of a lanauage itself and
above mentioned activities. It shows that the editor and ana- g prop guag

. ; . properties of its accompanying set of tools. Therefore, we
lyzer of section 3 play the role of a conventional comjsler . . :
. . . . . will not try to discuss related work about visual languages
front-end and provide all information about a specificasion . ;
. . . . and about visual environments separate from each other
underlying abstract syntax tree and its static semantics. ) _
] ) ) o Another problem for a comparison of PROGRES with
_ An incrementally working compiletakes this informa-  other approaches stems from the fact that PROGRES is a
tion as input and translates executable increments into interm|tj-paradigm languagécf. beginning of section 2) which
mediate abstract graph rewriting code. The code is storedpares at least some properties with geldraction of visual
within derived node attributes. The PROGRES syslem’ programming languages. In order to be able to keep the size
ing old pieces of code after editing activities and for recOm- those visual languages which are either rule-orientecfer of
puting code attributes on demand. The compiler is the mosk; |eastpattern matching constructsaind which are built
important component of the whole execution machinery andypon a more or less graph-like data model. Therefore, all so-
true in the case of productions, where we have t0 ch00Sgerm rewriting systems which allow sharing of subterms and
between many diérent intermediate code sequences which yhich have a text-oriented representation [13, 15].
all perform the required subgraph matching bufediton- Using these criteria, a surveyable number of visual rule-
siderably with respect to runtimefiefency [23]. oriented languages remains for inspection. Compared with
The producedabstract graph codemay be executed PROGRES their deficiencies come from the following
directly as input of an abstract graph rewriting machine. Thissources: languagés like BITPICT [10] , ChemTains [2],
machine combines the functionality of a conventional stackor the recently presented underlying formalism of VIPR [4]
machine with graph rewriting operations and backtrackingd focus onmanipulation of data structes onlyand data
capabilities. It inherits from the afore-mentioned DBMS definition sublanguages are not provided. And even systems
GRAS the ability to manipulate persistent graphs and,like VAMPIRE with its class hierarchies and icon rewriting
thereby to store and resume debugging sessions, to maintaimules [17] and RGG with its node type definitions and graph
derived graph data in a consistent state, and to undo or redeewriting rules [12] come without a rigid type concept and
sequences of graph modifications. Combining incrementalwithout any type checking toolBherefore, all these systems
(re-)compilation with undo&redo services, the PROGRES postpone recognition of programming errors to runtime and
environment is even able to support the following debuggingsuffer from the same disadvantages as any untyped or
scenario: weakly typed programming language.



With respect to its graph schema definition capabilities,

PROGRES is more similar to visual database programmingm
pattern matching and replacing constructs (no set-patterns),
and some of them are even not computational complete (no
recursion). Furthermore, neither the above mentioned lan-

languages [6, 1. But these languages have less expressiv

guages noi] to the best of our knowledde any other
visual rule-oriented language feifs nondeterministically
working control structures together with the abilitybick-
track out of dead-ends of locally failing rewriting processes.

6 Conclusion

This paper contains a brief presentation of the visual graph11j
rewriting based language PROGRES and a more detailed

discussion of its accompanying programming environment.
The PROGRES languagkas a well-defined semantics and
provides its users with graphical as well as textual construct
for the definition of graph schemata, derived graph proper

ties, graph rewrite rules with elaborate pattern matching conyi3)

structs, and complex graph transformation processes.

The PROGRES enwnmentoffers assistance for creat-
ing, analyzing, compiling, and debugging specifications as
rapid prototypes of abstract data types. Beingngagrated
set of toolswith support for intertwining these activities,
PROGRES combines the flexibility of interpreted languages

with the safeness of compiled and statically typed languages.

A first version with about 400.000 lines of code is available
as free softwarefor Sun workstations. A forthcoming new
version supports even rapid prototyping by translating any
given specification into a conventional C program witltla T
Tk based user interface.

It is subject offuture reseach activitiesto add a module

concept to the language PROGRES and to develop new com-

piler backends for generating"C programs, which store
their graphs either in main memory or in an object-oriented

database systems (based on the ODMG-93 standard [3] J\l 9

C** bindings for OODBS).
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