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1. Introduction

Design patterns are actively used by developers
expecting that they provide the design with good
quality such as flexibility and reusability. However,
according to industrial reports on the use of design
patterns, the expectation is not always realized [1, 2].
Especially, [2] points out two causes of inappropriately
applied patterns from a case study on a large
commercial project: developers inexperienced in
design patterns and no connection with project
requirement. Wrong decisions on the use of design
patterns make the program difficult to understand, and
refactoring the program to improve the underlying
structure, especially without documentation, can be
very tricky.

To eliminate wrongly applied patterns or document
important decisions automatically, design pattern
recovery is important for not only the development
phase but also the maintenance phase. Many design
pattern recovery approaches focus on structural
characteristics and do not touch set-up behavior that
configures links between participants and precedes
pattern behavior [3, 4].

To detect design patterns implemented in program
code more precisely and to show their behavior, we
analyze program at expression level. Our approach is
based on statically approximating run time behavior
among pattern participants. For this, a static program
analysis technique is used. Many static analysis
techniques for object-oriented languages exist mainly
for optimizing compiler in program analysis area [5, 6].

2. Describing Design Pattern Behavior

To identify the code implementing a design pattern,
we represent the program with a graph P = (V, Ecg U
Errc), where V is set of vertices consisting of methods
and fields, and Ecg and Egpg are the set of directed
edges and correspond respectively to edge set in call

graph and edge set in reference flow graph. An edge in
Ecg is method-to-method call relation and represents
that one method implementation has call expression to
the other. In addition, an edge in Eggg represents that a
reference flows among methods and fields. Three types
of reference flow edges are possible: method-to-field
(field write), method-to-method (parameter passing and
return), field-to-method (field access).

We propose pattern role graph (PRG) describing
design pattern behavior to detect it from program. In
the graph, a vertex represents a role in design pattern,
and an edge does call or reference flow relation
between roles. A role can be assigned for method and
field. Figure 1 shows the graph consisting of roles and
their relations in command design pattern. The solution
part of command design pattern defines as participants
Command, ConcreteCommand, Client, Invoker, and
Receiver [7].
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Figure 1. PRG for command pattern

In the figure, r.m represents execute method of
Command class, ct.m does overriding method of t.m,
and call relation from t.m to ct.m is a supplementary
relation for dynamic binding. The role of invoker is
assigned for methods that read the field f and use it as a
target reference of call to t.m. The role of receivers is
assigned for methods that are called with F when
executing a command. F represents a set of field
variables used in calls to receivers. Methods playing
client role create ConcreteCommand objects and set
their references to f and references of Receiver’s to F.

Proceedings of the 11th Working Conference on Reverse Engineering (WCRE’04)

1095-1350/04 $20.00 © 2004 1IEEE

nn

COMPUTER

SOCIETY



invoker

e,

Mennltem

target

Command

+ 507 ‘
>ﬁfio1&(amm;md DY
’ EEEY EEISEEEEE
Commdnd I
Application \  Rlenu j
s oncrete-target l
+_doc : Documeny &= = ')Eadd( 3 L
= CpenCommapd PasteCpmumand
st ( 3 +Open I_ommand
iz ( ‘1ﬂ Q .. ,)Q_z’.pp . Applicafion + _doc : Docuinent
&(—-—-‘—_ Application ~
Docament | o > EC'P‘?JE'ZOHJ&‘HW( 3 + PasteCommand { }

+exeruie T T

i execuie { )

]

[ Method vertex
O Field vertex

<— Reference flow edge
< - Calledge

Figure 2. An Annotated Class Diagram with Call and Reference Flow Relations

3. An Example of Command Design
Pattern

Figure 2 shows the annotated class diagram with call
and reference flow relations that are obtained by
statically analyzing program at expression level. The
relations are sliced according to the command PRG in
Fig. 1. We can see from the diagram that how the
directed association from Menultem to Command is set
and how the reference used when executing
OpenCommand is passed.

Following show the methods corresponding to each
role in the command PRG. To make the execution of
command to be complete, invoker’s command
reference and the reference to call command’s
receivers should be set. Reference flow information
shows what operations are required to execute
command at method and field level.

® invoker : Menultem.clicked

® receivers : Application.add

©® t.m: Command.execute

® ct.m: OpenCommand.execute

@ client: Application.main, OpenCommand.OpenCommand,
Menu.add, Menultem.storeCommand

4. Conclusion

We implemented a static reference flow analysis for
Java in which the reference flow graph is constructed
by collecting flow information from program code and
navigating the graph to obtain reference flow sequences
for a given PRG.

We made an experiment on Command Pattern with
JHotDraw [9], and our analysis detected more pattern

behavior information such as how the commands are
configured to call receivers of command execution.
This information can help refactor or restructure the
pattern structure implemented in program code.
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