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Abstract

VisPro is a general -purpose visual language generation system
based on Reserved Graph Grammar (RGG). It can express a
wide range of diagrammatic visual programmning languags
(VPLS). This paper presents a global layout approach used in
the VisPro system. Our approach is grammar-based graph
drawing, in which layout rules are embeddel in the productions
of RGG. Thus, the RGG formalism serves both the visua
language grammar and the layout grammar. This approach is
appropriate and feasible enough for graph drawing in the aea
of visual programming languages based on reserved graph
grammars.

1 Introduction

For a visual language user, the two most important
aspeds of a visua program are its physical layout (what
the user sees and manipulates), and its meaning (what
the user expresses with it). Any implementation of the
language has to maintain the @rrespondence between
these two aspeds (Andires, Engels and Rekers 1998. A
goad layout of a visual program could gve users a clear
view of the syntactic and the semantic relationships
amongst the program components.

Layout is a critical component of any visud
programming language (VPL) generation system,
however it is difficult to implement. First, instead of
syntactic and semantic relationships, most graph
drawing agorithms are only concened with the
geometrical attributes of nodes and edges in a graph
acoording to aesthetic ariteria. Seaond, the usefulness of
a drawing algorithm depends on the type of the graph to
be drawn and the application domain. VPL generation
systems, such as VisPro, can usualy create various types
of VPLs, while different layout algorithms are suitable
for different types of VPLs. It is therefore not appropriate
to use an existing layout algorithm to serve a general-
purpose VPL generation system.

Brandenburg (1991 presented a grammar-based graph
drawing algorithm, based on a segquentia graph
rewriting system or graph-grammar to replace some
initial graph by productions. The algorithm isefficient in
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the mnstruction of nicedrawings of graphs. Several VPL
generation systems, such as VAMPIRE (Mclintyre 1994,
VLCC (Codtagliola, Tortora, Orefice and Lucia 1995,
PROGRES (Schiirr, Winter and Ziindorf 1995 and AGG
(Taentzer, Ermed and Rudolf 1999 use graph grammars
to spedfy local layout rules. The main idea of this
approach is based on graph transformation, which
replaces the left-hand side of a rule by the right-hand
side. The left-hand side is a complex graph pattern that
describes arbitrary sub-graphs. The right-hand side
replaces a sub-graph in the host graph that matches the
left-hand side. However, above systems do not use
grammar grammars as global layout. Thisis because the
grammar-based graph drawing algorithms do not all ow
dired spedfication of global layout criteria such as
symmetries (Meyer 1999.

McCreary, Chapman and Shieh (1998 proposed a
grammar-based layout approach, that uses a new
technique for hierarchical direded graphs in clan-based
decomposition. The key idea of this approach is to
recognize intrinsic sub-graphs (clans) in a graph by
producing a parse tree that carries the nested
relationships among the dans. The parse tree of the
graph can be given a variety of geometric interpretations.
This approach can be used for global layout in a VPL
generation system.

VisPro is a genera-purpose VPL generation system
(Zhang and Zhang 1998) that can generate a wide range
of diagrammatic VPLs based on the RGG formalism
(Zzhang and Zhang 1997. In VisPro we also have
embedded layout rules in RGG as layout graph grammar
to implement local layout. It is effedive on the
generation of visual programs (Zhang and Zhang 1999.

To deal with global layout in VisPro, we have devel oped
a layout medchanism based on RGG. In the layout
mechanism, the left graph of a production represents a
preferred layout and the right graph of the production
represents a pattern for layout. In the global layout, the
sub-graphs of host graph are cmputed in isolation and
then recmbined according to the reserved gaph
grammar during the parsing process This paper focuses
on the description of global layout in VisPro system. The
next sedion briefly introduces the reserved graph
grammar and the presents the basic ideaof our approach,
followed by its detailed description in the ntext of
RGGs in Sedion 3. Sedion 4 demonstrates our layout
approach by going through some eample visua
programs. Sedion 5 concludes the paper.



2 Background
2.1 Reserved Graph Grammar

Reserved Graph Grammar is a context-sensitive graph
grammar, which is complete and explicit in describing
the syntax of a wide range of diagrams using labelled
graphs (Zhang and Zhang 1997. It is developed based
on the layered graph gammar (Rekers and Schirr
1997 by using the layered formalism to let the parsing
algorithm determine whether a graph is valid in finite
steps. It uses an enhanced node structure to simplify the
transformation spedfication and to increase the
expressveness. A smple parsing algorithm with
polynomial time complexity can be used for aRGGif the
RGG satisfies a particular constraint. A redex is a sub-
graph of the host graph, which isisomorphic to the right
graph of a production in the R-application or to the left
graph in L-application. The L-application defines the
language of a grammar. The language is defined by all
posshble graphs which have only terminal labels and can
be derived by using L-appli cation from a null graph (i.e.
A). The R-application is used to parse a graph. If the
graph is eventually a null after a series of R-applications,
the graph is proven to belong to the language.

2.2 Basicldea

VisPro uses Model, View and Controller (MVC) as its
design model (Zhang and Zhang 1998), that uses a
protocol for the interaction between the functiona
modules. The protocol is designed asacomhnationof an
abstract diagram and a concept space The abstract
diagram (Model) describes the structure of a VPL and
the @ncept space spedfies the domain concepts for the
interaction among the modules. The abstract diagram is
created in the parsing process it is an abstract
dugication of the physical diagram. The abstract
diagram (Model) is used for parsing the physica
diagram (View).

Parsing visual program diagrams in VisPro is based on
reserved graph grammars. The parsing processtakes two
phases. syntactic parsing and semantic parsing.

Syntactic parsing applies a series of R-applications
to a host graph to chedk whether the program is
valid. If an abstract diagram of a visual program is
eventually transformed into a null graph (A\), it
means that the visual program is valid. This parsing
process is behind the physical diagram, and not
visible to the user. The physical diagram retains the
associated attributes of nodes and edges.

Semantic parsing produces a result for a diagram by
applying a series of L-applications. The result is
meaningful only when the diagram is valid. In
semantic parsing, one or more actions are exeaited
in each parsing step according to the semantic codes
in rewriting rules, and cetain attributes of the
asciated objeds (nodes and edges) in the physical
diagram of the visual program are dhanged, such as
the appearances of some nodes.

In VisPro, the parsing mechanism can conduct layout
operations by performing computations on visua
concepts. This is becuse the appearance of a visua
obed may be dcanged dynamicaly when its visua
attributes are modified through the @rresponding
concept space Therefore the parse tree of the graph
grammar also diredsthe layout process In our approach,
layout rules form a set of syntax-direded geometrical
constraints for visual objeds in the physical diagram.
The layout rules are embedded in the graph grammar,
and are associated with both Model and View. Thus, the
graph grammar formalism serves bah the visua
language grammar and the layout grammar.

Spedfying layout rules in VisPro is highly intuitive and
easy. When a user spedfiesagraph grammar for avisual
programming language, he/she may spedfy relative
geometrical position of each visual objed (node) in the
right graph of a production. The spedfication is smilar
to spedfying graph grammar for a visual language. A
parser can be produced according to the graph grammar
and the layout rules.

We enbed layout rules in the graph grammar so that
layout is carried out during the parsing process During
parsing, when a sub-graph, (redex) in the host diagram
is found, its counterpart in the physical diagram (i.e,
View) will belaid out according to the layout rule in the
matching right graph. Figure 1 shows the layout
workflow in VisPro.
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Figure 1: Layout Workflow

2.3 Aesthetic Criteriain Layout

The @mmon aesthetic aiteria (Battista, Eades,
Tamassa ad Tolis 1999 include minimising the
number of edge aossngs, symmetric drawing wherever
posshble, minimising the area that the graph uses, no
overlap of graph ohjeds, and maximising the symmetry
of the overall graph. It is hard to diredly spedfy such
criteriain agraph grammar.

We have adapted the techniques of Lai and Eades (1996
and those of McCreary, Chapman and Shieh (1999 to
the RGG in the development of the VisPro layout
mechanism.

3 Thelayout Approach

Our layout approach is based on Brandenburg's (1991
algorithm. It embeds layout rules in the productions of
reserved graph grammars. The layout rules in our



approach are spedfied graphicaly, rather than textually,
through relative geometrical positions.

3.1 Layout Specification

The layout process of a visual program is a series of
rewriting transformations that change the geometrical
positions of the nodes in the program during parsing.
The relative geometrical positions of nodes in right
graphs are spedfied in the attributes of the nodes. The
layout spedfication includes two aspeds: (1) the node
position and (2) the node diredion, in the following
forms:

[parsing  sped::=[rewriting  rules
sped[layout rule sped

[layout rule sped::=[node position sped [node diredion
sped

The layout rules are a set of syntax-direded geometrical
constraints for visual objeds in the physical diagram.
The left-hand sides of rules represent preferred layout
and the right-hand sides of rules are patternsfor layout.

ed| context

The layout processis given in the form of an equation

(ny.ag, np.ay, ...... , Np.an)=li(ny.ag’, np.ay' ... , Np.an)
whereat, a, ...... ,an are the geometrical attributes of the
nodes in a redex before layout, and av’, a2, ...... ,an are

those in the redex after layout, and I; is an arbitrary
layout function.

However, not al right graphs of RGG productions carry
layout spedfications. If the right graph of a production
contains more than one node that can be eventualy
generated from a non-terminal node by applying a series
of L-applications, then the right graph may have the
layout spedfication.

For example, as sown in Figure 7, we may notice that
in any of productions <1>, <3>, <6> and <7>, theright
graph can be generated from the left graph by applying
an L-application and in the left graph of each of the
productions, there is only one non-terminal node. For
production <4>, its right graph can be aeated by
applying L-applications <5> and <4>, so it should carry
layout spedfications. The right graph of production <6>
can be aeated from the left graph by applying L-
appli cation <6> only, however there are two nodesin the
left graph. So the right graph of production <6> has no
layout spedfication.

3.2 Layout Aspects

During parsing, when a sub-graph, (redeX in the
abstract diagram (i.e. Modédl) is found, its counterpart in
the physical diagram (View), called a super-redex, will
be laid out acoording to the layout rule in the matching
right graph.

Geometrically, after layout transformations a super-redex
in a physical host diagram beammes one antity, called a
layout-unit (like a node in a redex). After layout
transformations, the relative geometrical positions
between the nodes in a layout-unit are fixed. If one node

in the layout-unit is involved in a later layout process
and moved, al nodes in the layout-unit will be moved
together with that node, i.e., the layout-unit is moved as
asingle antity.

One nodein aright graph is chosen as focus, which hasa
focus label. The other nodes in the right graph, called
nonfocuses, should be spedfied with diredion labels.
The node postion spedfication and dredion
spedfication in the right graph is used to layout the
layout-units in a super-redex in the physical host
diagram.

A layout-unit in a super-redex is caled an anchor if its
counterpart node in right graph is focus. The other
layout-unitsin the super-redex are clled the foll owers.

The layout rules in the reserved graph grammar include
node postion gspedfication and node diredion
spedfication. The node position spedfication is a set of
geometrical attributes of nodes in a graph (i.e, the
positions of nodes in the graph). And the node diredion
spedfication is a set of diredion labels for the nodesin a
constraint graph asill ustrated in Figure 2.

F———— e ——

r
1

|

]

|

|

| UpP

L

F———————n

Figure 2: Direction specification in the layout specification

The focus node is labelled “dd’. If a non-focus node is
upright abowve the focus, it islabelled “UP’. Similarly, if
a non-focus is at the battom-left from the focus, a label
“DL" should be assgned to the non-focus. In the same
way, “L" for left, “R” for right, “UD” for upright under,
“DR” for batom-right, “UR” for top-right and “UL”" for
top-left, as shown in Figure 2.

Figure 2 illustrates the possble diredions of foll ower
nodes (grey boxes) relative to the focus node (grey box
labelled dd). Such relative diredions may be provided in
the right graph of a production. The dashed-baxes in the
figure represent layout-units. During the layout process
the foll owersin a super-redex are positi oned according to
their layout spedficationsin theright graph.

For example, if the diredion spedfication of a non-focus
is“UP", the centre point of the foll ower that maps to the
non-focus is moved to the top of the anchor. The distance
from the battom barder of the foll ower to the top border
of the anchor is the same as the non-focus to the focus in
the right graph. Similarly, if a diredion spedfication is
“DL", the top-right point of the follower should be



moved relatively to the battom-left point of anchor to the
position where the distance between them as the top-
right point of the non-focus to the batom-left point of
focus, as shown in Figure 2.

If al nodes in a super-redex are not involved in any
layout process (in this case, the super-redex is
isomorphic to the right graph), then after layout, the
shape of the super-redex is exactly the same as its
corresponding right graph, as shown in Figure 3.
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Figure 3: Layout of a redex

Applying an R-application with layout rule of a
production during the parsing process implies the
application of an R-application to the abstract host
diagram and layout of the physical host diagram by
applying the layout rule in the right graph of the
production simultaneously.

After an R-application with layout rule, a laid out super-
redex will be merged (recombined) into another super-
redex as a layout unit in a later global layout process If
the abstract diagram is transformed into a null graph
eventualy, then the whole physical host diagram will be
laid out asthe last super-redex.

4 Examples

We have onstructed several VPLs with VisPro. We
choose two VPLs Adder and FlonChart to demonstrate
the way in which our layout approach works.

41 Adder

Adder has three kinds of nodes: number, adder and
scaler. With Adder, a user can sum up numbers and
visuali ze the results. It consists a set of productions where
box labeled <i> is production i. Figure 4 lists the reserved
graph grammar of Adder. Layout rules are enbedded in
the right productions of the graph grammar.

<13 remove the mumber 3> mumber transform
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a =
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<43 number visnalization
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Figure 4: Reserve Graph Grammar with layout rules for
Adder

Figure 5 shows a visual program written in the Adder
VPE that was constructed by a user. After compil ation,
the visual program is properly laid out as sown in
Figure 6.

4.2 FlowChart

VPL FlowChart offers a visual Flow Chart tod. With
FlowChart a user can type omponents sich as a number
or a string in nodes in a visual program. After parsing
the FlowChart gives the result according to the user’s
inputs. The reserved graph grammar with layout rulesis
shown in Figure 7 where <i> represents production i.

To focus on layout performance in VisPro, we ignored
the program semantics in this example. Figure 8 is a
diagram of a visua program designed by a user with
FlowChart. After compilation, the program is sown in
Figure 9.
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Figure5: A user designed visual program in Adder
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Figure 7: Reserved graph grammar with layout rules and semanticsfor FlowChart
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Figure 9: The compiled visual program of the diagram (after compilation)

5

This paper has presented a global layout approach in the
VisPro system. It is a grammar-based graph drawing
approach by making the reserved gaph grammar
productions carry layout rules. Thus, the reserved graph
grammar is bath the graph grammar and the layout
grammar for the VPL. When parsing a visual program,
layout is performed on the program according to grammar
spedfications. The layout process is completed when
parsing terminates suiccesfully.  The approach is
therefore highly efficient.

Conclusion

The feature of layout rules embedded in graph grammar
makes layout process general enough for a visua
programming language generation. This approach is
suitable and feasible enough for layout graphs of visua
programs in VisPro. It is flexible and highly intuitive.
With these advantages, a VPL designer can develop a
graph grammar for a visual programming language easily
and clearly in the VisPro system.
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