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let 
newMatch = partMatch{ nmor = M.insert n n' nodeMap} 
outEdges = gv _out lhs n 

foldedM atch foldM ( matchEdge lhs n) newM atch outEdges 
let remaining = gv _nodes lhs \\ M. keys ( nmor foldedM atch) 
case remaining of 

[] --> return foldedMatch 
n" : _ --> matchN ode foldedM atch n" lhs 

I otherwise = return partM atch 
where 

nod eM ap = nmor partM atch 

The guard conditio , nonTotalMatch is false when the target nodes of the morphism 
cover all nodes in the graph. Another way to look at this is it is non-total when 
the set of keys of the node map are not equal to the set of nodes in the LHS of the 
production. 

non TotalM atch :: Has Ref m ref ::::} 
GV lab m ref--> GraphMorph lab m ref--> Bool 

nonTotalMatch lhs ( GraphMorph nodeMor _) = 

fromList (M.keys nodeMor) '¥= fromList (gv_nodes lhs) 

The edge matching has a precondition that the source of the edge must already exist 
in the mapping given. 

The recursive call in this computation means that we branch outwards , adding 
nodes and edges as we go. 

matchEdge :: HasRef m ref::::} 
G V lab m ref ---+ VN ode lab m ref --> 

GraphM orph lab m ref --> VEdge lab m ref --> 

SelectM lab m ref ( GraphMorph lab m ref) 
matchEdge lhs src partialM atch e = do 

let trg = gv _trg lhs e 
match' rnatchNode partialMatch trg lhs 
let Just match Trg = M .lookup trg ( nmor match') 

Just matchSrc = M .lookup src ( nmor match') 
e' seLout1 matchSrc 
src' seLsrc e' 
trg' seLtrg e' 
guard $ src' = matchSrc 1\ trg' = match Trg 
return $ match' { em or = M. insert e e' (em or match') } 
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6.3 Implementing the SPO Approach 

We model our Haskell-production as close to the categorical definition as we can. The 
Production structure contains a right-hand-side, a left-hand-side and also a graph 
morphism. 

data Production lab m ref 
= Production{ 

prod_lhs :: GV lab m ref, 
prod_rhs :: GV lab m ref, 
prod_mor :: GraphMorph lab m ref 
} 

Deletion is modelled by the following function. It is able to determine which nodes 
and edges have been specified to be deleted. Additionally, it deals with the d-injective 
and d-complete deletion conflicts. 

So-called "dangling" edges are dealt with by the behaviour of the ConnFig 
figures underlying the edges. They delete themselves when one of their source or 
target nodes are deleted. 

When matched edges or nodes are simultaneously preserved and deleted, the 
deletion takes priority. This is modelled through the order of operations, first the 
nodes are matched, then they are deleted. Thus, deletion will occur to both, after 
they have both been identified to the same node in the graph that is to be transformed. 

spoDelete :: (HasRef m ref, MonadFix m , 
UniqueMonad m, FigureLabel lab) ::::? 

GraphMorph lab m ref ---+ Production lab m ref ---+ GraT lab m ref () 
spoDelete matchM or (Production lhs _ rule) = do 

let delN odesLHS = gv _nodes lhs \\ M. keys ( nmor rule) 
delEdgesLHS = gv _edges lhs \\ M . keys (em or rule) 
delNodes =map ((nmor matchMor)M.!) delNodesLHS 
delEdges = map ( (em or matchM or) M.!) delEdgesLHS 

mapM _ deleteEdge delEdges 
mapM _ deleteN ode delN odes 

To avoid double-adding, we insert all nodes first, creating a map of the RHS nodes 
to the new nodes created in the graph. 

spoAddNode :: (HasRef m ref, MonadFix m, 
UniqueMonad m, FigureLabel lab) ::::? 

Map ( VNode lab m ref) ( VNode lab m ref) ---+ VNode lab m ref ---+ 

GraT lab m ref (Map ( VNode lab m ref) ( VNode lab m ref)) 
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spoAddN ode m vn = do 
l f-- selToGm $ seLnode_load vn 
n f-- addN ode l 
let m' = M.insert vn n m 
return m' 

This map is then given to the edge-adding transformation, which uses it to look up 
between which new-nodes it should construct an edge. 

spoAddEdge :: (HasRef m ref, UniqueMonad m, 
MonadFix m, FigureLabel lab) =? 

Map ( VNode lab m ref) ( VNode lab m ref) --t 

GV lab m ref --t VEdge lab m ref --t GraT lab m ref () 
spoAddEdge m rhs ve = do 

let src = gv _src rhs ve 
trg = gv_trg rhs ve 
Just src' == M.lookup src m 
Just trg' == M.lookup trg m 

connect src' trg' 
return() 

Insertions are then defined by the elements of the RHS which are not associated with 
any element in the LHS of the production. 

The spoAddN ode function creates the new nodes and returns the map linking 
the nodes in the RHS with the new nodes created in the graph. The only remaining 
task is to then take all candidate edges for insertion and add them. 

spolnsert :: (HasRef m ref, FigureLabellab , MonadFix m, 
UniqueM onad m) =? 

Production lab m ref --t GraT lab m ref () 
spolnsert (?reduction _ rhs rule) = do 

let insN odea = gv _nodes rhs \\ M. elems ( nmor rule) 
insEdges = gv _edges rhs \\ M. elems ( emor rule) 

m f-- foldM spoAddN ode M. empty insN odes 
mapM _ ( spoAddEdge m rhs) insEdges 
return () 

We put these pieces together in the spoTransform computation. The construction is 
very similar to the SPO approach: first the matching is performed, then the trans­
formation takes place. 

spoTransform :: (HasRef m ref , FigureLabellab , MonadFix m , 
UniqueM on ad m) =? 
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Production lab m ref ---+ Gra T lab m ref () 
spoTransform prod@(Production lhs __ ) = do 

m f-- selToGra $ match lhs 
spoDelete m prod 
spofnsert prod 

The above translation from our EDSL into the more formalized SPO approach shows 
several things. Firstly, it shows that it is possible to construct the more well-known 
approaches using our EDSL, which is useful for those who already have existing 
transformations that are specified in terms of the single-pushout approach. Secondly, 
it is a reasonably short and readable definition. This is an important attribute as one 
of the qualities we wish to provide is clarity of expression. 
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Chapter 7 

Petri Net Example 

In this section, · we give a working example of how the framework can be used to 
build a graph editor . The editor works with Petri nets as the underlying model. The 
next two subsections are actual literate Haskell source files which are the complete 
definition for the ed itor. 

Section 7.1 details the model for the graph editor. This includes the visualiza­
tion of the places and transitions, and also the behaviour of the graph transformation. 
Additionally, it is contains the necessary definitions for the graph to be loaded and 
saved. 

In Section 7.2 the main GUI is given. Pulling together all of the graphical 
interface elements, the main-file is responsible for what the user sees surrounding the 
graph display. 

Lastly, Section 7.3 features a discussion of the experience of using the frame­
work. In particular the separation of functional and object-oriented aspects is re­
viewed. 

7.1 Petri Net Label 

The purpose of our graph transformation and visualization framework is to facilitate 
the creation of gra h editors. The framework should be able to create not just one 
graph editor, but a whole class of editors. The goal is to strip away the underlying 
details , and leaving only the functional description of the visualization and trans­
formations to be defined. Petri nets have already been studied in the context of 
formalized graph transformations [BCM05], so this seems like a useful area to set a 
working example. 

The code contained below defines the functions which are used by the editor 
to transform and visualize the Petri nets. It is rather compact, and much of the 
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Figure 7.1: Petri net editor and animator resulting from the Petri module. 

verboseness comes in the drawing of the figures, rather than in the length of the 
transformation descriptions. 

Although slightly more code is required to create the full editor with the 
appropriate buttons, and initialize menus , this work is mostly boiler-plating. 

The purpose of this example is to show how a fairly reasonable editor and 
transformation system can be created in very few lines of code. Another purpose is 
to introduce the idea of the back-tracking selection and transformation environments 
used to model various operations on the graph in an elegant manner. 

The definition of a Petri net is done node-wise, in the sense that we provide 
the content of each of the nodes (places and transitions) , and the framework fills the 
graph structure. 

data Petri = Trans 
J Place { num Tokens :: Int} deriving (Typeable , Show) 

We define node label classification predicates: 

isTrans, isPlace ::Petri ---> Baal 
is Trans Trans = True 
is Trans _ = False 
isPlace = -, o isTrans 
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We first show how t e "firing of transitions" can be implemented as a simple trans­
formation of the Pet ri net using the SelectM selection monad and the GraT trans­
formation monad. 

In the SelectM type signature of the transition search function trans, the first 
parameter Petri indicates the payload of the nodes in the underlying graph of the 
selection. The return type VNode Petri indicates that the result of the selection 
computation is a visual node with payload of type Petri- this can typically be used 
as anchor for further selections. Other return types , e.g. Bool or Integer, could be 
used to extract orreponding kinds of information from the underlying graph. 

trans:: HasRef s r =? SelectM Petri s r ( VNode Petri s r) 
trans = onlyN de is Trans 

The onlyNode function receives a predicate and produces a computation that will 
select a node that satisfies the predicate from the graph. This is a so called back­
tracking computation, so if at some point the computation after this selection fails, 
it will back-track to this selection and pick another node that satisfies the predicate. 

The selection of appropriate source and target places is then accomplished us­
ing the following pa· ameterised SelectM computation, which considers the argument 
transition tr as a hyper-edge, and succeeds if all sources of tr are non-empty places, 
and all of the its t argets are places. In the case of success, the two place lists are 
returned in a pair. 

The hyp_src and hyp_trg functions below merely return the list of source and 
target nodes that each hyper-edge is connected to. This is part of some on-going work 
to define a hyper-graph specific set of functions. 

firingSel :: HasRef m r =? 

VNode Petri m r -t 

SelectM Petri m r ([ VNode Petri m r], [ VNode Petri m r]) 
firingSel tr = do 

srcs t- hyp.src tr 
seLall_guard validSrcPlace srcs 
trgs t- hyp_trg tr 
seLalLguard isPlace trgs 
return ( srcs, trgs) 

Actually firing a tra. sition is done in the more powerful GraT monad by decrementing 
the token count on all source places and incrementing the counts on the target places. 
This method of firing even works when a place is connected to a transition more than 
once. 

moveToken :: HasRef m r =? 

[ VNode Petri m r] -t [ VNode Petri m r] -t GraT Petri m r () 
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move Token ss ts = do 
mapM _ ( updN ode dec Token) ss 
mapM _ ( updN ode inc Token) ts 

Finally, the full transformation is composed by first lifting the extraction of the sources 
and targets from the selection monad into the transformation monad, and then ap­
plying the token movement computation: 

tokenTrans :: HasRef m r => VNode Petri m r----> GmT Petri m r () 
token Trans tr = do 

(s, t) *- selToGra (firingSel tr) 
move Token s t 

To facilitate the above selection computations, we provide a few simple predicates on 
the Petri net items. 

The emptyiness of the places can be determined with the following predicates, 
which are essential for determining if a particular place is a valid candidate for firing 
a token. 

notEmptyPlace :: Petri ----> Boo! 
notEmptyPlace = -, o emptyPlace 

emptyPlace :: Petri ----> Boo! 
emptyPlace (Place 0) = True 
emptyPlace _ = False 

A valid source place is then a place that is also non-empty. 

validSrcPlace :: Petri ----> B ool 
validSrcPlace p = isPlace p 1\ notEmptyPlace p 

These update functions are to perform the basic operations on the places. They are 
able to increase the number of tokens, or decrease them depending on if the place is 
non-empty. 

decToken, incToken :: Petri ----> Maybe Petri 
decToken (Place 0) =Nothing 
dec Token (Place i) = Just $ Place ( i - 1) 
decToken Trans= Nothing 

inc Token (Place i) = Just $ Place ( i + 1) 
inc Token Trans = Nothing 
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The following defines an instance of the FigureLabel type-class. An instance of this 
class is necessary so the editing framework knows how to display, save, load, and, in 
some limited sense, interact with the graph. 

Since the places and transitions are not nested, and are unlikely to be grown 
or shrunk, we define constant sizes. This means that they are restricted to these 
sizes in the visualization, although they will still behave as expected under zooming 
conditions. 

instance FigureLabel Petri where 
draw = drawPetri 
size Trans = Just $ Point 60 12 
size (Place __ ) = Just $ Point 50 50 
parseLabel = parsePetri -- compatible with Show instance 
interface = runPredTrans isTrans tokenTrans 

Connections can only be established from between transitions and places (in either 
direction), but not between places, nor between transitions. 

petriCompatible ::Petri ---t Petri ---t Bool 
petri Compatible Trans (Place _) = True 
petriCompatibte (Place _) Trans = True 
petriCompatibl.e __ = False 

This function will be passed to an adapted ConnFig combinator for the arrow drawing 
"tool", which will 1odify the stock implementation of the connection figure. This 
enforces the bipartiteness of the Petri net graph. 

Parsing a Pf.tri string is just just trying to parse a Place or, if that fails, a 
Trans. 

parsePetri, parsePlace , parse Trans:: Parser Petri 
parsePetri = try parsePlace < I > parseTrans 
parsePlace = do 

string "Place " 
i f- try (decimal haskell) < I > 

(do 

) 

string "{numTokens 
i +-- decimal haskell 
string "}" 
return i 

II 

return$ Place$ fromlntegral i 
parseTrans =string "Trans"~ return Trans 
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This parsing information, combined with the derived Show instance, automatically al­
lows Petri net drawings to be saved and loaded with the standard framework load/save 
functionality. 

Drawing is defined using the Cairo interface of Gtk2Hs, which very close in 
flavour to PostScript programming. The places are drawn as empty circle outlines if 
there are no tokens present. If there is a non-zero number of tokens, then a token 
symbol (a filled in circle) is drawn within the place, with a number to the upper right 
side, to indicate how many tokens are present. 

drawPetri :: Petri ___. Rect ___. Render () 
drawPetri (Place i) r =do 

save 
setSourceRGB 0 0 0 
drawEllipselnRect r 
stroke 
if i =t- 0 

then do 
let w = rect Width r * 0.3 
let h = rectHeight r * 0.3 
let Point ex cy = rectCenter r 
let tokenRect = 

Rect 
(Point (ex- w * 0.5) (cy- h * 0.5)) 
(Point (ex+ w * 0.5) (cy + h * 0.5)) 

drawEllipselnRect tokenRect 
fill 
textScaleToRect (show i) (rectShift (Point w (-h)) tokenRect) 
stroke 

else return () 
restore 

The transitions are simply a filled-in rectangle. 

drawPetri Trans r = do 
save 
setSourceRGB 0 0 0 
drawRect r 
fill 
restore 

As one can see, the size of the Petri net-specific code is small, and highly functional. 
Adapting the use of monads to embody graph selection and transformation allows 
elegant expression of graph operations. 
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7.2 Petri l\fet Main-file 

This file is the main-file of the Petri net editor. Where the Petri.lhs file contained the 
definitions of specific transformation , saving, loading, and visualizations, this module 
pulls them together into an application. 

module Main where 

The following imports are essential for the creation of the editor. Many of them will 
likely reappear in most applications developed within this framework. 

import Control.Monad 
import Control.Monad.Fix 

The Gtk widget an Glade libraries. 

import Graphics. UI. Gtk 
import Graphics. UI. Gtk. Glade 
import System. Glib 

These define the object-oriented figures which will represent places/transitions (LoadFig) 
and also the arcs ( BezFig) in the graph. 

import FigureCast 
import BezHg 
import LoadF'ig 

The drawing view compatible with Gtk. 

import GtkD View 

The transformation computation functions are imported here. 

import GraT 

The necessarily too:s for our editor. 

import Tool 
import Selection Tool 
import Grab Tool 
import Bez Tool 
import CreateTool 

Miscellaneous funci ions to increase productivity, such as making buttons for tools 
and transformations. 
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import GtkUtil 

Lastly, the definitions of our Petri net graph pieces. 

import Petri 

The Gtk library requires that we initialize the GUI. 

main:: IO () 
main= do 

initGUI 

For ease in building the components and layout of the GUI, we use the Glade [GN098] 
library, bound to Haskell through the Gtk2Hs library. 

Glade stores the GUI in an XML file which we must first load. Assuming the 
loading succeeds we can then proceed to get widgets from the file. 

We are able to pull out any widget we want , by name, that is defined in the 
Glade file. We do this below, getting the important boxes, windows, drawing areas, 
and menu items so we may assign them functionality within our code. 

mGlade- xmlNew "gltest.xml" 

gladeDescr - case mGlade of 
Nothing ---+fail "Glade GUI file not found" 
Just x ---+ return x 

let get Widget :: Widget Class w => 
( GObject ---+ w) ---+ String ---+ IO w 

get Widget = xmlGet Widget gladeDescr 

w -get Widget cast To Window "window" 
drawArea- getWidget castToDrawingArea "drawingarea" 
drawBox - get Widget castToHBox "hboxl" 
toolBox - get Widget cast To VButtonBox "buttons" 
save!tem - getWidget castToMenuitem "menuitemSave" 
open!tem - getWidget castToMenuitem "menuitemOpen" 
pdf!tem - getWidget castToMenu!tem "menuitemExportPDF" 
ps!tem -get Widget castToMenuitem "menuitemExportPS" 

make WidgetScrollable drawBox drawArea 

editState - setupEditorState drawArea 

onKeyPress w o deleteHandle drawArea o snd $ editState 

onActivateLeaf pdf!tem ( exportH andler PDF w editState) 
onActivateLeaf ps!tem ( exportHandler PS w editState) 
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The drawing knows how to save itself, without any further information. This is 
because the figures within the drawing are sufficient for the drawing to be saved. 

However, the loading of a drawing is different. Loading requires the application 
to know what kind of figures may be in the drawing. Since the figures themselves 
define their parsing t hrough their type, we only have to submit a list of figure types, 
indirectly passed in through/via undefined error values. We see the tail-polymorphic 
records (indicted by the "P" in their type-names) cited here with () in the spot 
reserved for tails. 

onActivateL~af save!tem $ saveHandler w editState 
onActivateL::af open!tem $ openHandler w editState 

[to Figure (error "loadf ig petri" :: LabelledFigP Petri s r ()) 
, toFigure (toConnFig (error "bezFig" :: B ezFigP s r ())) 

l 

Next, we create a few "prototypes" of the figures we will want to appear on the 
canvas. Since this is a Petri net editor , we will need to create LoadFigs that represent 
the two types of nodes: places and transitions. 

let placeProto = canst $ fmap LabelFig $ mfix $ load fig (Place 1) () 
transProto = canst $ fmap LabelFig $ mfix $ loadfig Trans () 
toolButton' = toolButton toolBox editState 

The selection and grabbing tools are conveniently already provided by the framework, 
as they are able to work on any kind of graph. 

toolButton' "Select" 
toolButton' "Grab" 

~ ( mkTool $ seltool ()) 
~ ( mkTool $ grabtool ()) 

Additionally, we must also make tools and buttons to activate the tools based on the 
prototypes we have made. 

toolButton' "Place" ~ ( mkTool $ create Tool placeProto ()) 
toolButton' "Transition"~ (mkTool $ create Tool transProto ()) 

Here, a bezier figure is created, then updated using an object transformer: 
compatibleConnFig petriCompatible. This transformed bezier figure is then given to 
the bezier tool , which will handle the interactive creation of the figure. The object 
transformation enables us to enforce the bi-partite quality of the underlying graph. 

toolButton' "Arc" ~ ( mkTool $ 
beztool (!map ( compatibleConnFig petri Compatible) o bezfig ()) ()) 
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Also, we can construct buttons out of transitions as well. In this case, we reproduce 
the transition that is automatically invoked by selecting a transition through the GUI. 
However, in this case, since a transition is not interactively selected, for firing , one is 
selected using the trans selection computation. 

mkTransButton "Fire Any" 
( selToGra trans ~ token Trans) editState toolBox 

Lastly, we show the main window, and attach a handler so the application quits when 
the the window is closed. The mainGUI function starts the Gtk interface. 

widgetShowAll w 
onDestroy w mainQuit 
mainGUI 
return () 

7.3 Petri Net Discussion 

In the previous sections, we have seen that the creation of the Petri net editor can 
be presented in a largely functional style. Even though the underlying graphical rep­
resentation is built from an object-oriented system, the use of the FigureLabel and 
LabelledFig allows this freedom. Also, the SelectM and GraT selection and transfor­
mation monads allow expressive definitions of the firing of Petri net transitions. 

To demonstrate the resulting system, we show two screen shots in Figure 7.1; 
the transition between the two states depicted can be achieved either by clicking 
the "Fire Any" button, or by directly double-clicking the firing transition. This tool 
allows free intermingling of transition firing between editing and layout steps; the 
Petri net shown has been assembled interactively in an entirely intuitive fashion. 
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Chapter 8 

Future Work and Conclusion 

8.1 Future Work 

As an extension to the existing body of work, there are several areas where improve­
ments and further research may be done. 

Of primary importance is to develop a functional framework for canvas design, 
rather than borrowi g existing ideas from the object-oriented body of work. There is 
some hope here using the functional reactive programming technique, which closely 
models Kleisli arrows. Such a technique has been used already in a graphical arcade 
game [CNP03] . However, this would be a large body of work, likely the scope of 
another Masters thesis itself. 

Also, there may be some interesting possibilities extending the single pushout 
approach analogy we use for computations to the double pushout approach. This may 
involve a different arrangement of computation environments and ideas to compensate 
for the sharing of the matching morphsim. 

The canvas framework also does not give equal treatment to the surrounding 
GUI, both in terms of functional style and integration. Since the GUI is mostly left 
up to the implementor to design, it may be beneficial to abstract the common GUI 
tasks out , and provide a coherent programming interface. The current GUI toolkit 
that is used is not ompletely functional , so this may also be one area where more 
functional design may be incorporated, once a functional GUI toolkit is available. 
This change would suggest also that more separation between the GUI toolkit and 
the framework is also needed. The ability to swap Gtk, Tk, or wxWidgets toolkits 
would be very usef 1 and would increase general portability. 
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8.2 Conclusion 

The framework that has been presented has been shown to provide a concise and 
extensible environment for the creation of graph editors. This has been shown directly 
in Chapter 7, where only a few pages of fully literate Haskell code are needed to 
create a completely functional editor and interactive animator for Petri nets with 
publication-quality drawings and intuitive interaction. 

The technique which allows this to occur is the bridge from the object-oriented 
canvas framework to a style more suitable to functional programming. Such a bridge 
puts the succinct nature of functional programming to work for the developer. 

Additionally, an EDSL for graph transformation was developed. The EDSL 
offers a small selection of combinators which can give rise to increasingly complex 
and expressive transformations. This method of building transformations is very 
powerful, and can actually replicate more well-known ideas in graph transformation 
theory, such as the single-pushout approach. 
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