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Abstract. In this paper, we discuss an experience slicingHaiskell program

to separate its GUI developed with the graphic toolititHaskell. The slicing
operation was implemented Btrafunski, an Haskell-centered software bundle
for generic programming and language processing. To asahe user interface
and extract the abstract model, we first parse the sddaskell program, and
build its Abstract Syntax TreST). Then a strategic traversal of tAST is used

to slice the GUlwxHaskell code, and build the graph of dependencies between
widgets. In this way it becomes possible to understand teeigion flow of the
program.

Reusing and modifying legacy systems are complex and eketasks, because
the required program comprehension is a difficult and timesaming process. Thus,
the need for methods and tools that facilitate program cehmasion is urgent and
strong. Reverse engineering aims at analyzing the softwameler to represent it in an
abstract format that makes easier to undersvamat it doesandhow it works Reverse
engineering tools provide means to support this task. Neysthose software systems
offer a rich interaction with the user, and their architeetuare oriented towards a
layered organization, separating at least the interfager lom the business core and
data persistence modules.

In this context—system maintenance and comprehensioritefas@ with graphical
user interfaces—we present the results of a research wdHeapplication o$trategic
programmingandslicing techniqueto the reverse engineering of interactive functional
applicationsHolmes, the tool so far developed and described in the paper, isat@pa
of deriving theuser interface abstract modfdr interactive functional programs. Since
wxHaskell became the most famous graphic toolkit to build Graphic&rUisterfaces
(GUI) for Haskell, we have investigated slicing techniques specializeavidiaskell
modules.

In order to extract the user interface model frofdaskell/wxHaskell program we
need to isolate the subset of functions responsible fortieeaction Slicing techniques
are appropriate for that task. To buitthimes it is necessary to construct a slicing func-
tion [1, 2] that isolates thexxHaskell subprogram from the entitdaskell program. At
a first glance, the obvious and easiest way is to define a ieedtsiction to traverse
the Abstract Syntax Tree (AST) of the program and return thexHaskell subtree
(maybe a forest). However, that approach forces the pragiemto have full knowl-
edge ofHaskell grammar, and to write a complex and long set of mutually r&ear
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functions.Strategic programmings based on the use of a set of generic tree-walker
functions that visit amAST, enabling the programmer to concentrate just on the rele-
vant nodes; different traversal strategies (e.g. top-dbwtiom-up, ...) can also be used.
So this approach seems very convenient for our specific getpo

Classic software systems havéiararchical graphical front-endthe upper layer)
that interacts with user reading his input, and writing sgstmessages to him (results or
general info). We can say that the interactive layer prodrabeterministically, graphical
output fromuser or system eventaccording to the system internal state. A graphical
user interface@UI) is built up fromwidgets(graphical objects), each one with a fixed
set of attributes. At any time during the execution of BEI these attributes have
discrete values (the@idget propertie} the set of which compose tlstateof the GUI.

External (user originated) or internal (system originataents are processed by the
other layers and produce changes in the attribute valutes (ak widget properties),
implying the transition to a new state. So the behavior ofuker interface can be
described by a sequence of state transitionslependence-grapha directed-graph
where nodes are that states, and events label the-ai€s perfectabstract modeto
describeGUlIs.

To create thaGUI abstract model from a givadaskell program we need: to iden-
tify data entitieghat denote widgets, arattionsthat denote events; and to discover the
relationshipsthat interconnect them. For that, we have defined a smallfsgisiract
operations that describe the interactions between theanskthe system, i.e., the events
responsible for the state changdser Selectionany choice that the user can make be-
tween several different optionstser Actior-an action that is performed as the result
of user input or selectiorSystem Outpwiny communication from the application to
the user. Then we studiedxHaskell library to identify functions and data types that
characterize th&UI module. Those identifiers will enable us to slice the userfate
component irHaskell programs, isolating the tree nodes that correspond t&the
An Haskell GUI is described by typed:r ane andBut t on, that denote graphical
objects, widgetst ext andl ayout , that represent attributes (functions that applied
to widgets return valuesEvent , special attributes that can be transformed into an at-
tribute using theon function (the value of an event attribute is normally an 1@iat
that is executed when the event happens); etc.

After the contextualization of the our work and introduatiof the basic concepts,
we will describe the steps of our approach, and how they wepéimented itHolmes.

First Step: Building theAST.

To extract the abstract model for a given soutaskell program, we build the re-
spectiveAST. It will be our internal representation of the source systeat we use in
order to isolate the interface layevXHaskell sub-program) from the whole application
(Haskell program). AnyHaskell parser could be used to implement this phase build the
AST. As there are manllaskell parsers available, we do not want to develop a new one
from scratch. In this project, we use the librafiesmguage. Haskel | . Par ser and
Language. Haskel | . Synt ax. At moment, only a subset (a realistic one)vef-
Haskell components is being considered by tHelmes. Our first objective was to
explore this approach and to assess its feasibility andilmfs. In the future, we will
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extend our tool to handle more complex user interfaces.€éltsemo reason to preview
any kind of problems in that extension.

Second Step: Slicingaskell with Strafunski

Given theAST, the next step is to isolate tlexHaskell sub-trees from the whole
Haskell tree. As said in the beginning, we decided to followsteategic programming
approach to implement this phase, overcoming the disadgastof a traditional ap-
proach to prune the tree.

Strategic programming is a generic programming style focpssing compound
data such as terms and object structures. Strategic progiragwas initiated in the set-
ting of term rewriting, but has been transposed to othernamging paradigms, most
notably functional and object-oriented programming. V¥ittategic programming, one
gains full control over the application of basic actionsjmhgfull traversal control. Us-
ing a combinator style, traversal schemes can be definedhcndl traversals are ob-
tained by passing the problem-specific ingredients as peteasnto suitable schemes. In
this style of programming, there is a set of generic travdwsetions that traverse any
AST. These strategic functions can traverse into heterogenéata structures while
mixing uniform and type-specific behavior [3]. In this prejeHolmes was imple-
mented withStrafunski library [4]: an Haskell library for generic programming and
language processing.

As stated above, we have identified the set of types that wif) bis to recognize
thedata entitiestheactionsand therelationshipsbetween them necessary to build the
GUI abstract model. A deeper study of the grammar, allowed usdwiprecisely what
we need to look for in the list of nodes corresponding to thetatations in théAST. In
order to prune the required nodes from whole tree and cdhectorrect information,
we have written inStrafunski a strategy that performs a full traversélu( | _t d, i.e.
visits every subterm), in Bop-downway. To execute a type analysis, the strategy pro-
grammed igype unificationappl yTUin Strafunski). The result of pruning thAST
with this strategic function is a list of statements of tyisGener at or .

Third Step: Building the dependency-graph (the Abstracti®adesired).

After slicing theAST, we are able to build the dependency-graph that will model
the interaction layer of the given program.

To implement this phase iHolmes, we developed 3 functional strategies: To ex-
tract the source node, we explore the information from tis¢ éxpression in the context
of aHsApp, until we find a node with typéisVar ; To extract the action, we look for
the name of the widget that appears in the context 86App (more precisely, in
context of the firsHsVar ); To extract the target node, we consider the node that ap-
pears in the context ofldsQual i fi er, and we explore until we find a node of type
Hsl| nf i xApp (but returning the right side of the expression).

This approach has proved to be flexible and broader enougé &pplied in real
cases of software engineering. The use of functional gfi@mmbinators, make us
able to extract not only thexHaskell sub-program from &laskell program, but also
modules programmed with anoth®@t1 toolkits. Actually, we can generalize the func-
tions above referred to other language constructors, byeteon that the basic concepts
of strategic programming are independent of the programgmpénadigm.
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Holmes prototype was tested witHaskell programs of small and medium com-
plexity. In all cases, it produced the correct model.
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