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Abstract

Aprototypetool called SCED isused for modelingthedy-
namic behavior of object-oriented software as scenario dia-
grams and state diagrams. In SCED state diagrams can be
synthesized automatically from scenario diagrams. When
reverse engineering existing software, a parser and a de-
bugger are used for extracting static and dynamic informa-
tion, respectively. The parsed information is viewed as a
nested graph using a reverse engineering environment Rigi.
The debugged informationis shown as SCED scenario dia-
grams and state diagrams. Static and dynamic viewsto the
software can be improved and insured by comparing partly
overlappinginformationgenerated by the parser and thede-
bugger.

1. Introduction

Object-Oriented Analysis and Design (OOAD) method-
ologies support the designer in designing, visualizing, and
documenting artifacts in object-oriented software systems.
These methodologies provide notations and guidance to
model both the static structure of the program and the dy-
namic behavior of the objects.

Variations of scenario diagrams and finite state machines
are used in several OOAD methodoligiesfor dynamic mod-
eling. In The Unified Modeling Technique (UML) [1] the
corresponding diagrams are called sequence diagrams and
statechart diagrams, respectively. In The Object Modeling
Technique (OMT) [2] they are called event trace diagrams
and state diagrams. A scenario diagram shows an object in-
teraction arranged in time sequence during a particular ex-
ecution of the system. Participating objects or classes are
drawn as vertical lines and the interaction between them
with horizontal arcs. A scenario diagram can also have
participants outside of the system border, for example, a

user giving inputs to the system. A state diagram shows
the sequences of states that an object or an interaction goes
through during its life in response to received stimuli, to-
gether with its responses and actions.

SCED [ 3] isaprototype environment built to support the
dynamic modeling of object-oriented applications. SCED
usesthe OMT methodology as a guideline, although the re-
sulting system could be useful for other methods as well,
particularly for methods with a scenario driven approach.
Despitethedifferent purposesof scenario diagramsand state
diagrams, they share common information. Hence, con-
structing one from the other can be partly automated. One
of the basic observations behind SCED is that constructing
scenario diagrams and fusing them into a state diagram can
be supported by automated tools far more than is currently
practiced. In [4], it has been demonstrated how a minimal
state machine, which is able to execute al the given sce-
narios with respect to a certain object, can be synthesized
automatically. This algorithm with few modifications has
been implemented in SCED. On the other hand, scenario di-
agrams can be generated by animating the interaction of ob-
jectsthroughaset of collaboratingstate diagrams. However,
in contrast to conventional animation systems, in SCED one
can add new behavior to the system during the animation
process. This technique could be characterized as design-
by-animation. By using state diagram synthesisand design-
by-animation techniques in turns, the dynamic model can
be refined semi-automatically: each iteration gives a more
comprehensive set of scenario diagrams and more complete
state diagrams.

Severa tools are available for reverse engineering the
dynamic behavior and static structure of existing software.
Toolsthat focus on static aspects of thetarget system usualy
use parsers for extracting the software artifactsand their de-
pendencies. Rigi [5] isan extensible and tailorable reverse
engineering environment. The parsing system of Rigi sup-
ports several programming languages, and new parsers can



easily be added to it. The parsed information can be viewed
asadirected graph using Rigi editor. Rigi a so supportspro-
gram dicing and building abstractions for the static views.
These features are used for increasing the understandability
and readability of the views.

The dynamic behavior of software can be extracted, e.g.,
by using a debugger, a profiler, or instrumenting the source
code. Typica behavioral aspects to be extracted are: ob-
ject and thread interaction, exceptions and errors, garbage
collection, memory lesks, etc. A scenario isanatural, de-
scriptive, and powerful way to record the object interaction.
However, scenarios tend to grow rapidly when the target
system gets more complicated. One way to dead with the
scenario explosionis to detect behavioral patterns from the
event trace. The automatic state diagram generation prop-
erty of SCED provides another efficient way to deal with
large event traces, to view thetotal behavior of aclass of in-
terest in asingleview, and to examine itsrun-time behavior
separately from the rest of the system.

2. Forward engineering

Most user interaction with SCED involves two indepen-
dent editors: a scenario diagram editor and a state diagram
editor. At any time while editing the scenario diagram, the
user can sel ect one participating object and synthesizeastate
diagram automatically for this object using a single menu
command. The synthesis can be done for one scenario dia-
gram only or for a specified set of scenario diagrams. More-
over, scenario diagrams can be synthesized into an existing
state diagram.

When synthesizing a state diagram for an object, each
scenario diagram is traversed from top to bottom from the
point of view of a participant corresponding to that object.
Each received event is mapped to a transition in the state
diagram. Sent events are regarded as primitive actions that
are associated with states. The synthesis agorithm attaches
statesto all actionsand places at most one actioninto asin-
glestate. Thisisarestriction when OMT state diagram no-
tation is considered. Hence, SCED provides a gorithmsfor
generating OMT state diagram notation for a synthesized
and/or edited state diagram to simplify the state diagram
while preserving itsinformation. The generated OMT state
diagram allows severa actions placed into a state, actions
attached to transitions, entry and exit actions of states, etc.

SCED scenario diagram notation differs dightly from
UML or OMT ones. Some new concepts have been added
in order to make SCED scenario notation more expressive.
Like subroutines, a scenario diagram may consist of parts
that have their own aims and characterizations. Such parts
can be placed into a separate subscenario in SCED. These
subscenarios can then be “called” instead of repeating their
contents. SCED scenario notation also lacks some UML se-

guence diagram concepts, and some of the concepts have
different graphical representations. For example, focus-of-
control regions and timing constraints are not included in
SCED scenario notation. The extended scenario diagram
notation of SCED does not cause any mgjor changes to the
synthesis algorithm.

Whilethe state diagram synthesi s technique uses a set of
scenario diagramsfor generating astatediagram, design-by-
animation technique uses a set of state diagrams for gener-
ating a scenario diagram. The state diagrams can simulate
system behavior, sending events to each other and chang-
ing states according to received events. Aslong as external
stimuli is not needed and the state diagram set represents a
complete system, the event trace can be automatically gen-
erated. If that isnot the case, the event tracing process hats
whenever such undefined events are needed. In these cases
the user helpsthe event tracing process to go on by provid-
ing theunknown behavior. Hence theresulting scenario dia-
gram contains both automatically generated events and user
defined events.

By using the state diagram synthesis and design-by-
animation techniques in turns, a powerful design tool can
be achieved. The dynamic modeling process is smoothly
changed from a“water fal” type of modeling (first scenario
diagrams, then state diagrams) to a more spira and incre-
mental way of modeling; the dynamic models for objects
can be constructed semi-automatically by refining the state
diagrams using a growing set of scenario diagrams and ex-
tending the scenario diagram set based on communicating
state diagrams. Each iteration hence gives a more compre-
hensive set of scenario diagrams and a more compl ete state
diagrams for the objects to be modeled. Each iteration also
increases the degree of automation. The method is espe-
cialy suited for modeling the behavior of one new compo-
nent using the known behavior of other, predefined, and pre-
sumably correctly implemented components. For example,
such predefined components could be classes belongingto a
graphical user interface framework.

As a counterbal ance to the state diagram synthesis prop-
erty, scenario diagrams can a so be desynthesized from the
gtate diagram: the state diagram is updated by removing
parts that correspond only to the scenario diagram to be
desynthesized. Some support for consistency checking be-
tween scenario and state diagramsis available as well.

3. Reverse engineering

For fully understanding existing software both static and
dynamic information need to be extracted. Static informa-
tion includestypically software artifacts and their relations.
In Java, for example, such artifacts could be classes, in-
terfaces, methods, variables etc. The relations might in-
clude extending rel ationshi ps between classes or interfaces,



method calls between methods, containment rel ationships
between classes and methods or variables etc. Dynamic in-
formation contains software artifacts as well. In addition, it
contains sequential information, information about concur-
rency and code coverage, €tc.

Reverseengineeringisnot only applied to old legacy sys-
tems, it aways needs to be part of forward engineering as
well. In software development, reverse engineering the cur-
rent static structure of the software helpsthe engineer toin-
surethat the architectural guidelinesare followed, to get an
overall picture of the software, to document the implemen-
tation steps and so on. Reverse engineering the run-time
behavior during the software development phase is essen-
tial. If the system seems to be irregularly unstable, tracing
the bugsis possible only if the history and order of occured
eventsis known.

The extracted information is not useful unless it can be
showninareadableand descriptiveway. Therearebasicaly
three kinds of viewsthat can be used: static views, dynamic
views, and merged views. The extracted information often
consistsof alarge amount of detailed and low level software
artifacts. Hence good views for showing the informationis
not usually enough, abstractionsneed to be build for making
the views more clear and understandable. Figure 1 shows
the main aspects of the problem.
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Figure 1. Different aspects of reverse engi-
neering object-oriented software.

Rigi views static information in a form of a (nested)
graph. It offersagraph editor and provides an extensible set
of layout algorithms and algorithms used for program dic-
ing and analyzing the software. Nested graphs enable show-
ing the static structure of thewhole system in asingle view,
and provide flexibility in browsing between different levels
of abstractionsbuiltfor thegraph. Thisisan advantage com-
pared to traditionally used class diagrams.

The state diagram synthesisfacility of SCED providesan

efficient way to view thetotal run-timebehavior of one par-
ticipant in asingle view. The resulting state diagrams can
then be used in design-by-animati on approach when extend-
ing the design of thetarget system or designing another sys-
tem that partly uses same classes as the current system.

When both static and dynamic information is extracted,
also merged views can be used. Such views are usualy
formed by extending the static view by adding dynamic in-
formation into it. For example, code coverage information
can be shown against astatic view by givingweightsfor the
corrensponding parts in the static view according their run-
time usage. Merging static and run-time information has
severa advantages. First, the quality of the view can bein-
sured by combining static and dynamicinformation. If both
the parser and the debugger produces same source code ar-
tifactsand rel ations, the engineer can be quite confident that
the artifacts are the right ones and the parser and the debug-
ger works correctly. Second, the differencies between static
and dynamic artifacts can be used toimprovetheviews. For
example, the parser cannot generate all default constructors
if they are not explicitely writtenin the source code. Thede-
bugger can providethis piece of information. Third, merg-
ing information provides extended ways to do program slic-
ing. For instance, based on dynamic information parts that
are not used at run-time can be filtered out from the view.
Slicing can also be made according to example scenarios.

Building abstractions for the views can be partly but not
fully automated. Object-oriented languages support encap-
tulation. Such language structures can be used to build static
abstractionsautomatically. For example, examing Java soft-
ware by observing classes and their relations might clear the
overall structure of the software, compared to studing it at
the level of class members. In Rigi such abstractions can
be built by collapsing all class method and variable nodes
into a single class node, hence making the graph consider-
ably smaller. Examing the structurein the class level might
gtill contain too detailed information. The next step could
be collapsing all classes and interfaces into packages, etc.
Object-oriented metrics can aso be applied for reasoning
potential subsystems. Such subsystems could be groups of
classes that are highly cohesive and have low couplingwith
other classes.

Dynamic abstractions typically differ from static ones.
Building dynamic abstractions usually focuses on defining
behavioral patterns and use cases. For example, initidiza-
tion of a dialog might contain a sequence of events that
are executed in arow every time the dialog is opened. In-
stead of repeated the whole event sequence, one single “di-
alog initialization” event could be considered. An exam-
ple of a use case might be “withdrawing money using an
ATM". Such abstractions simplify sequence diagrams ver-
ticaly: the number of eventsis decreased. Sequence dia-
grams can aso be simpified horizontally by decreasing the



number of participants. This can be done by using the ab-
stracted static model; sequence diagrams could show inter-
action between high level static compenents.

Building abstractions for merged views can be difficult,
since the differencies between the static and the dynamic
artifacts and their relations are not always complementary.
For example, when overriding super class methods, poly-
morfism causes different method to be called thanisactually
written in the source code. Sequentia information is often
difficult to show inthesame view with staticinformation. In
UML, collaboration diagrams can be used but the diagram
gets difficult to read when the target software gets bigger.
In general, themoreinformationisadded into asingleview,
thelessreadableit getsloosingitsdescritive power. Finally,
building abstractions for merged views gets ambigious be-
cause dynamic and static abstractions usualy differ consid-
erably. When dynamic abstractions usualy are behaviora
patternsor use cases, static abstractionsare subsystems. For
example, most of the classes used by two use cases “with-
drawing money using an ATM” and “paying a bill using an
ATM” are the same and may belong to a single subsystem
“ATM”.

4. Current state of the research and future
work

SCED isused for dynamic modelingin forward engineer-
ing of object-oriented software. The state diagram synthesis
and design-by-animation features raise thelevel of automa:
tionin construction of the dynamic model. A prototypeen-
vironment for reverse engineering Java software has been
built. A Java source code parser isused for extracting static
code artifacts and their relations for the target Java appli-
cation or applet. The extracted information is viewed with
Rigi editor. Rigi environment is also used for building ab-
stractions and for program dlicing. A Java source code de-
bugger produces event traces consisting of basic object in-
teractions. These event traces are shown as SCED scenario
diagrams. The total behavior of an object can be viewed as
asynthesized statediagram. Synthesized state diagrams can
then be used in desi gn-by-ani mati on approach when design-
ing new featuresfor thetarget system. Some dynamicinfor-
mationisadded to the static Rigi graph aswell. Thegraphis
extended with code coverage information and artifacts gen-
erated by the debugger but not recognizeded by the parser.
Figure 2 showsthe overall structure of the current system.

The emphasisin the future work is on examing how the
dynamic and static views could contribute each other and
when merged views could be used. Furthermore, the func-
tionality of the Java debugger needs to be extended. Cur-
rently, the debugger produces method calls, constructor in-
vocations, and thrown exceptions. However, the user should
be given an option to choose information to be generated
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Figure 2. Current solution for reverse engi-
neering Java software.

into the scenario diagrams. For example, in addition to cur-
rently generated events, the set of options might include:
class variable assignments or accesses, if-else structures,
repetition structures etc.

SCED hasbeen builtin aresearch project in co-operation
with the University of Tampere, Tampere University of
Technology, and several Finnish industria partners. It is
freely available at http://www.utafi/~cstasy/scedpage.html
or viaftp (ftp.cs.utafi, indirectory /pub/sced). Rigi hasbeen
conducted by researchers in the Department of Computer
Science at the University of Victoria. Rigi can be down-
loaded from http://www.rigi.csc.uvic.cal.
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