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Abstract implicit, recurring sets of dependencies amongst
design artifacts. FCA provides a conceptual tool fo
In maintenance of object-oriented softwarethe analysis of data and for the formal represemtat
. . of knowledge. FCA is especially well suited whersit
?fecessary to deal with a big number of entities (or
bjects) that can be described using a rich set of
8§operties (or attributes).

which organizes classes into a hierarchy. Th
relationships among packages, classes, acce
modifiers, inherited classes and methods can affect The various applications of FCA to software
modification of the software. The proposed SyStemai nten

. . ance vary on their inputs, the conceptcledti
uses Formal Concept Analysis (FCA) to dlscovetr ey create, and the use to which they put the eanc

G e o olices The roposed sstem focuseson he robe
prog ow to provide an understanding of the software in

structure of large software systems without PrOte ms of packages, classes, methods and inheritance

knowledge, and programmers can learn the classes IJEI : . : .
ationship. The proposed system intends to peovid
the same group together. The class-method data tal% e dependencies of classes and methods in the java

is constructed for retrieving formal concepts_(gncmf project. Multi level inheritance is also considelied
classes). Then, the formal concepts are retrieveh f .
trals system.

the class-method data table by using the propose The organization of the paper starts with

Concept__Comput!ng algpnthm. After aPP'y'Ug l:C'A‘mtroduction of the problem domain and some other
and forming a lattice of given class specificaticosg

can easily analyze the structure, change effectheof related work with overview (Section 2). Next, the
y y ' 9 theory background of the proposed system is

.r;'\?;hsogjr?gd riefggdaigcéizomeirfl{ﬁzis's?eiqm St(?itscussed (Section 3), followed by the proposessela
J Proj y y ' method data table construction (Section 4). Retrgev
formal concepts from the class-method data tabile wi

Keywords-- Formal Concept Analysis, Software the concept computing algorithm is presented (8ecti

Maintenance, Concept Computing Algorithm 5). Running example is explained in Section 6. The
. evaluation of the system is described in Section 7.
1. Introduction Finally, the paper is concluded in Section 8.

When an object- oriented software or modeP. Related Work
becomes bigger and bigger, duplicated elements star
to appear, decreasing the readability and the Formal Concept Analysis has been applied in
maintainability of the software. In object-oriented, 4rigus problem domains of software engineering
software system, understanding the relatipn of th,@mong them, some applications of FCA in software
classes with each other and dependencies of tBRgineering are describedekel [3] investigated the
methods are also important. The presence of theysjication of FCAto the tasks of reverse engineering
inheritance increases the number of potentiglhg code inspection of individual JAVA classes. The
dependencies within a program. technique partitions the methods of the class
A well designed class hierarchy makes thgccording to their use of fields, and then presents
software easier to underspand, maintain and rekise [ihose in the form of a concept latti¢er Galois
Formal Concept Analysis (FCA) is proposed {Qagice) are also discussed. It is shown how thitide

analyze software for ease of maintenance byyn pe used to perform version comparisons and to
developers. In software maintenance, it is difidol gglect an order in which methods can be read

make modifications without understanding all relgva effectively. This work also investigates the pbiiy

codes in a system. FCA is a well-establishegs onnlying formal concept analysis the problem of
technique for identifying groups of elememith nderstanding a single JAVA class. However, the
common sets of properties. It can be succegsfuloiytion is limited (at this stage) in that it igee the
applied to complex software systems in oré@r jneractions of the class under inspection witheoth
automatically discover a variety of different kindé  |555es. Tilley et al. [5] presented a broader\dger



by describing and classifying academic papers that
reports the application of FCA to software Source |
engineering. The papers are classified using a
framework based on the activities defined in the l
ISO12207 Software Engineering standard. Two gr——
alternate classification schemes based on the
programming language under analysis and target Wiaich with }_
application size are also discussed. Pefterns _){
Algorithmic complexity of the algorithms is ]
studied both theoretically (in the worst case) and e
experimentally [4]. Conditions of preferable use of i Clee
some algorithms are given in terms of '
density/sparseness of underlying formal contexts.

Preprocessing
for Extraction

Extract
Information

Inheritance
Relation and
Modifier

Identify Binary
Relation

Principles of comparing practical performance of i
algorithms are discussed. This attempted to compare FCA Phase
both theoretically and experimentally, some well- b sy l

Context

known algorithms for constructing concept lattices.

Cnrr:lpute ‘

3. Overview of the Proposed System e —

Lattice View

In software maintenance, it is difficult to
make modifications without understanding all relgva
codes in a system. A change in one location of the
source code may be simple, but different placesmig
be difficult. The proposed system istended to
present a framework of the source code Figure 1. Framework of the Proposed System
comprehension for software maintenance. The Extraction phase consists of preprocessing
framework of the system consists of three phases s@p and extraction using pattern matching method.
shown in Figure 1. Each phase contains two portiongientifying phase consists of collecting each class
Three main phases are Extraction phase, Identifyingformation and identifying binary relation of ctes
binary relation phase, and applying FCA phase witAnd methods for constructing formal context. Specif
binary relation. formal context is needed in order to compute formal
concepts and concept lattice. The last phase is
applying FCA in the proposed system. FCA is
composed of formal context, formal concept and
concept lattice. In applying FCA, the first step is
construction formal context according to the relati
of the extraction phase. The next step is computing
formal concepts from the formal context. The formal
concepts are computed by the proposed
Concept_Computing algorithm. Finally, the resulting
output concepts are shown in concept lattice view.
The overview of Formal Concept Analysis
and the theory background for constructing formal
context are described in this section.

3.1. Formal Concept Analysis

Formal Concept Analysis (FCA) is a method
of exploratory data analysis that aims at the ektra
of natural clusters from object—attribute dataeablt
forms the clusters of objects having common
attributes. FCA can automatically classify and
structure all the information around the “formal
concepts” of the domain, which are natural pairs of
objects and attributes sets.



FCA aims to formulate the philosophical e Methods declared protected in a superclass

understanding of a concept as a unit of two paxs: must either be protected or public in
extension and its intension. The extension of a subclasses; they cannot be private.

concept covers all the objects that belong to the « Methods declared without access control (no
concept, while the intension comprises all the modifier was used) can be declared more
attributes shared by all the objects under private in subclasses.

consideration. FCA is composed of formal context, « Methods declared private are not inherited at
formal concepts and concept lattice. all, so there is no rule for them.

In order to apply FCA, the formal context or
incidence table of objects and their respective )
attributes is necessary. The formal context cangitt 4. Constructing Class-Method Data Table
a set of objects G, a set of attributes M, andnanyi
relation 1€ G x M between objects and attributes, In constructing class-method data table
indicating which attributes are possessed by eagfrmal context), inheritance relation, packageelev
object. Formally, it can be defined as K= (G,IM,  and access modifiers control are considered.
From the formal context, FCA generates ggrma| context is represented as a cross-tablehiohw
set of concepts where every concept is @ maxim@e rows are represented by the class names, the

collection of objects that possess common attrdbutequmns are represented by the method names. So, a
More formally, a concept is a pair of sets (A, BES  ,gsg (%" in row g and columnm means that the

that: class g has the method m and a blank symbol (“0”)
A={g eG|vge A: (gm)el} 1) T
S indicates that the class does not have the method.
B={meM|vme B: (g,m)e I} 2)
Begin
where A is considered to be the extension of th| foreach classin project
concept and B is the intension of the concept.s bt E(euds eckanos o).
of concepts form a complete partial order whereeson 4 (”"_efc{';::f::”'“: C’}’;:ffiin Z’aﬁ: )
1 U]
concepts are superconcepts or subconcepts w| o SRR W B
t to others if (check modifiers)
respec ' . process add methods except private modifier;
A concept lattice can be representeq olse if (check modifers)
graphically using line (or Hasse) diagrams. Thes process add methods of public and protected modifiers;
structures are composed of nodes and links. Eal else show methods of each class;
node represents a concept with its associatg else show methods of each ciass;
intentional description. The links connecting node Enj"‘”‘”
represent the subconcept-superconcept relation @md

them. The resulting lattices structure the knowéed
hidden in the raw data, i.e. formal contexts, iway
which appeals to human experts, and allows them
navigate the data in a new way in order to undedsta
relationships or create new hypotheses. To form the class-method formal context, the
intended information extraction from the sourceeod
is needed. The class names, super class names,
3.2. Access Control Modifiers and Inheritance method names, package names, and modifiers are
Relation extracted from the source code using pattern
matching. From the extracted result, the relatibtne

rmal context is identified by the binary relation

. . . fi
: : Classes are created in hlerarc_hles, ar@ocedure. The binary relation procedure is shawn i
inheritance lets the structure and methods in taEsc Figure 2

pass down the hierarchy. That means less

programming is required when adding functions to

complex systems. Inheritance enables to add neyv Retrieving Formal Concepts
features and functionality to an existing classheiitt

modifying the existing class.

Java provides a number of access modifiers The formal concepts are retrieved from the
to set access levels for classes, variables, methiod class-method data table using proposed concept
constructors. The following rules for inheritedcomputing algorithm in Figure 3.
methods are enforced:

* Methods declared public in a superclass also
must be public in all subclasses.

E)igure 2. Binary Relation Identification Procedure



Figure 3. Comcept_Computing Algorithm

Notation: B- partial attribute set in attribute
A- partial object set in object
C- Concept set
G- each concept imitial Concept s¢
x- further growing concept

The first step of the algorithm fin
independence of object sets () as initial concepte
second step of the algorithm computes iterativhy
next concepts under each concept the previous.
The algorithm terminates each concept’ object s
not further divided or the number of object sezdsial
to one. For every formal context, the algorithnd§
independence of object sets (1) as initial decorimax
concepts by using(A« U A;). Then, the algorithn
computes iteratively the next closure concepts u
each concept the previous step by using objec
union and attribute set intersection function frim
formal context.

6. Running Example

The proposed system implements FCA by u
Galicia platform. In the running examplethe
net.sourceforge.javahmi.demo pack is illustrated
as example. The Demo pack consists of 4
subpackages, 18 classes and 103 methods. the
class-method data tablehe system computes t
formal concepts by the propos€dncept_ Computin
algorithm (CCAlgo).First initial conceptfrom class-
method tableof the demo package are prese in
Figure 4.

IndependentConcepts:

{[CollectorRefTableModel]
[getColumnCount, getColumnNarr
getRowCount, getValueAt, updateDa

}

{|Demo1, Demo2, Demo:
NetworkingDemoControllel
NetworkingDemoView,
SimpleMachineView]
[actionPerformed] }

~

Demol, Demo2, Demo.
NetworkingDemoMain,
SimpleMachineMain] , [main]

{|Demo3, NetworkingDemoControlle
SimpleMachineController]
[changeObserved] }

DemoAnaloglnput, DemoAnalogOutpt
DemoDigitallnput, DemoDigitalOutpu
DemoFlag, DemoRegister] , [reac

~

——

NetworkingDemoController,

Input: Formal context K= (G, M, I) whe
G set of objeci
M-set of attribute
| —relation between G and
Output: Concept {A, B} whel
A-object se
B-attribute se
Step 1: for all Al G
compute INDEPENDENCE (
C <— I{A B}
return C;
end.
Step2:i <€ 1;
foralld ] C do
forall A, B[ |  do
while (cZ£ x or n(q) £ 1)
X €— CLOSURE (A,B)
C <*—x;
return C;
end while
j++:
end
end.







Figure 4. Initial Independent Concepts of the demo goes down the concept lattice, the more specific

package
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Figure 5. Concept Lattice of the demo package

concepts of common methods in the classes get.

= ¥}
¥ E={CalectorRefTablehlodel, Demot, DemoZ

$l<{rai}
=T % E={Demof, Demo?, Demad, NetworkingDemolain, SimpleMachined)

% 7 l={actonPerformed)

1 3 * /" $E={Demol, Dema2, Deme3, NebworkingDemoCorirolir, NetworkingDemoView: SimpleMachineView)

2 I I i ¥l={read}

¥1={getColumnCount, getCalumnlame, getRowCourt, gelValueAt updateData) (4\| =il

/I:E%Cﬂlle:torﬁ.eﬂahlemdel]_ — ;¥\={clnnge02mrved)

i ] \ = |EDemd NetwarkngDemoControler, Sl

Figure 7. First Layer Concepts

The next layer concepts are decomposed by
the more specific common methods in the classes. A
the concept lattice goes down, the classes arerfewe
and the methods are more contain. The method®in th
previous layer concepts also contain the methods of
the next layer concepts.

The classes in the next layer concepts contain

Each initial concept is iteratively computedthe classes in the previous layer concepts. Therlow
closure concepts. The resulted lattice view ifayer concepts contain more specific classes and
presented in Figure 5. In Figures$, means intents methods. The more specific concepts are shown in
(methods) andE’ means extents (classes). Demo 1Figure 8.

Demo 2 and so on is the classes includeé.iimhe

methods are changeObserved, read, init and so o | 7\ N

the methods included in By seeing the lattlce. VIEW, | / 8r={actionPeﬁmd‘aIimOhseﬂed‘ching‘eObse\md.m‘n\cselﬁenuilemiml’eﬂumu.

the developer can analyze the dependencies of | | « ~ $EeDens) o

classes and methods and estimate the change effe| | _‘ N S ket o

In the resulted concept lattice, the top concepsists | b & ¥E<NetwukgDemoCorale
% \ .+ ¥lI={actionPerformed, close, exitForm, getController. getModel,

of all class names in a demo package and includes
methods (see Figure 6). Figure 7, Figure 8, Figure
and Figure 10 are the concepts in each layer afrEig

5.

= ¥ ED
tﬁﬂ@@m&e@bwm Dermot, Demo?2, Demo3, DemoAnaloginput, DemoAnalogOutput, Den

4 5 8 7

4 I={changeQbserved) ¥ i={read} ¥ I={init} ¥I={getModel,
¥E={Dema3, NetworkingDs ¥ E={Demc__f\pg\ogrnput, De}__ﬁﬁNe@woricngsmcCanw E={Networkir|
| = L . . N 5

Figure 6. Top Concept

#=factionPerformed. close, extForm, nComponents, nCantrolCompanents, jMenutem1 ActianPerformed, main, windowClosi
#E={Demot, Demo2)

K/
&)

)\ et Singactveloce, stoPeromed ose, et
o / / /| E={SimpleMachinglev

¥l={NetworkingDemoModel, actionPerformed, close, disableStartContrallerComponents, &
¥E={NetworkingDemoView)
it ;

Figure 8. More Specific Concepts

Finally, the bottom concept is reached with
all methods and no classes in a demo package (see
Figure 9). By seeing the lattice, the developar ca
analyze which method changes affect which class,
which methods common in which classes and can
make modifications without affecting other classes.

The layer concepts contain common methods
in the classes. The uncommon methods of the classes
decompose into other concepts. The first layer
concepts are shown in Figure 7 and they are
decomposed concepts of the top concept. The more



Table 1. Precision and Recall

bﬂ“n”gﬂDmModel, aetionPerformed, close, disableStarCantrollerComponents, extForm, getCantraller, gethlode!, handelnputEror, it

; mglemalfe) Projects Names Precision Recall
\ / (Exactness) (Completeness)
\ Argo UML 0.95 0.96
4
§ ANTLR 0.90 1
¥ 1={NetworkingDemoModel, SimplehachingModel, acionPerformed, addColectorReference, alamObserved, begihSequence, chd
¥ Jmeter 0.96 0.96
JavaHMI 0.96 1
Figure 9. Bottom Concept
Micro Simulator 1 1
: iBati 0.96 0.94
7. Analysis Results e
Rhino-testsre 0.94 0.95
The open source software systems utilized in

the case study are micro simulator Antlr, JavaHMI, The exactness and completeness of
ArgOUML, JMeter, iBatis and Rhino. Micro simulator extraction over seven projects is shown in F|gl_®‘e 1

is the simulation system. The analysis resultsHese

systems are presented. Antlr is a powerful parse«
generator for reading, processing, executing, ¢
translating structured text or binary files. Soge th
parser is a complex software type. JavaHMI isvaJa

E d Ci E:

! . . . 096
API for developing human machine interfaces. It i 09
based on an observable/event driven control pattef 2 s
ArgoUML is an open source java implementation of o3
0.88
. . 0.86

Java desktop application developed to allow users o5t ‘

& & ¢S

ion of Seven Projects

Precision
# Recall
& &

o
o
E -

Value of Precision and Recall

UML diagramming tool. JMeter is an open-sourcs

load test functional behavior of web applicatioms a

&

other functions. iBatis is an object-relational mimg 8 0 ¢ _@e\@\\\% ) qs-°°'\
tool that facilitates the mapping of SQL databases 3%
objects in a variety of programming languages. Bhi ProfecNames

is an open-source software system that provides a

Java implementation of JavaScript. The proposed Figure 10. Exactness and completeness of

system extracts the intended information from these Extraction

seven projects. The precision and recall is caledla

using the following equations. The proposed algorithm is compared with
Bordat algorithm in Galicia platform. The Bordat

Recall = COTTect Nretrieved| algorithm is the best processing time in large exint

retrieved| correct] size and this algorithm contains drawing concept

lattice. This algorithm is similar with the promas

Table 1 shows precision and recall result ofilgorithm except independent concept computing.
extraction for constructing class- method datagabl The Bordat algorithm finds cover

(independent) concepts with the intersection of
attribute set and uses attribute cache. The prdpose
CCAlgo finds independent concepts using subset
function over object set and uses object list. The
worst-case complexity of each algorithm is:

Bordat Algorithm- O(|G||M|L|)

CCAlgo - O(IGMI|L])

L ‘carmctﬁmtrievad‘
Precision="_"_"__"" " "1

In principal of concept computing, the
complexity of each concept is |G| and |M|. G is the
size of object set and M is the size of attribeis a
lattice L. The proposed algorithm is searched the
independent concept based on object set. In the
domain of software project, the size of object iset



generally less than the size of attribute set.threlo Engineering”, in Proceedings of the™ 3International
words, the number of classes is smaller than thgonference on Formal Concept Analysis (ICFCA'05), Lens,
number of methods in most software projects. Se, thFrance, February 14-18, 2005, pp. 95-112.

worst-case complexity of the proposed CCAlgo is

better than Bordat algorithm because independent

concepts are computed over object set.

8. Conclusion

The main benefits of incorporating FCA to
the design and construction of intelligent assistas
follows: FCA provides a formal, well founded and
easy-to-use approach that can improve the interacti
between user and system.

FCA is applied to discover groups of closely
related classes. The groups of classes can assist
programmers to know the high level structure ofjéar
software systemsThe main purpose of this paper is
to give concepts of common properties in classés an
methods for dependencies of the source code. From
the proposed comprehension framework, the change
effects of the methods can be analyzed by the
developers. By seeing the output concept lattiegvyi
the developers can analyze the common methods and
the decomposed methods within classes based on
modifiers.

Besides, analyzing of modification for which
class is closely related with other classes, which
method changes can affect other parts, which method
should not be changed and so on can be made.
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