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Object-Oriented Retrieval Framework to Construct
the Reuse-Supporting Systems

Jung A Kim', Chung Ryeal Moon't and Seung Tae Kim'*

ABSTRACT

This paper describes an object-oriented retrieval framework that is generally designed to store
and retrieve the reusable components from the library regardless of the underlying representation

of the library.

We propose a retrieval framework on visual space so that reuser can identify their

location at the library without any previous information of kbrary structure. They can decide the
directions of retrieval with the results displayed on the visual space and interact with the library
using the defined simple retrieval operation that can access the library information object. For
doing this, 41 model was proposed. l.ibrarian as well as reuser can easily construct the new Ii-
brary on the visual environment. It is the process to give the semantic of the information object.
This paper discusses the basic concepts of our 4] model and explains each constituent of our

model and shows a simple example of the system.

1. Introduction

Recent research efforts In reuse area have
concentrated on exploring new approach for
formalizing and generalizing the reuse-related
activities or model and process. We can con-
sider these approaches as two main streams

1 One is design for reuse, which related with
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the way to identify the components from ex-
isting software, the criterion to decide the fit-
table for reuse, area of software classifica-
tion, location and representation method, etc.
The other is design by reuse on which many
rese arches have focused on retrieval, specia-
lization or realization techniques for modifying
program synthesis
Above all,

cation in design for reuse and retrieval in de-

the selected component,

from reusable components. classifi-

sign by reuse have been considered as a clas-
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sical and critical problem in software reuse.
So far different classification and representa-
tion scheme and retrieval model for each
classification approach have been proposed
for organizing software collection into library
and for utilizing the query.

The approaches of library constructing are
divided into four groups[5] : similar to the li-
brary of program language, that is subroutine
library, library based on information retrieval
and indexing technology, knowledge-based
method, hypertext-based library. Among sev-
eral approaches done in classification scheme,
we could find four schemes : free-text index-
ing scheme, faceted index, Al-based, enumer-
ative scheme.

According to the evaluation result from Pro-
teus, enumerative and faceted classification
mechanisms have no retrieval time because of
their structure[4]. That report showed also
that the time for structuring of faceted classi-
fication scheme is longest. Unfortunately,
there was no more detaill evaluation for each
method. We think that it is necessary to se-
lect the proper classification scheme for our
own application and our experience in that
application. Then, what about the reuse system
for reuse by design? To success and practice
the reuse, especially in reuse by design, we
need the automated reuse system. This auto-
mated reuse system must meet the extendi-
bility, flexibility, usefulness, high interactive
user interface, and smooth learning curve.
Different library representation method and
classification scheme lead to different reuse
environment, especially retrieval system and
user interface, as we saw In Proteus research.

In this paper, we proposed classification
framework and retrieval environment to sup-
port the multiple underlying representation
and cataloging system with single view,
which meets the requirement of reuse system.

It means new representation and classification
can easlly be added without new learning
time for reuser. Of course librarian can con-
struct the library easily by classification
framework. We call our framework 4. To
provide the consistent view for multiple un-
derlying structure and improve the interaction
bandwidth between the library and user, ap
plying the visual reasoning and visualizatlion
could be one solution. Extendibility and flexi-
bility can be possible by constructing the
framework and retrieval model based on ob-
ject-oriented model, that is, data abstraction,
information hiding, polymorphism. From the top
level of the model, we defined one object for
library by defining the different representa-
tion and classification methods as the data
and visual retrieval operations as the opera-
tion to manipulating the data as well as sin-
gle viewing way. We provided the classifica-
tion framework and retrieval environment to
handle the several representation methods and
to encapsulate this information from the reuser
and to allow designer of library to access
these schemes. Using the consistent retrieval
operations, reuser accesses the different -
brary that has own classification scheme.
Section 2 describes the existing classifica-
tion scheme and retrieval mechanism to find
the common feature for out retrieval model.
In section 3, we discuss our object-oriented
retrieval model, 41 model. We give simple il-
lustration of our environment in section 4

and conclude our research in section V.

2. Classification Scheme and Retrieval
Mechanism

Initial approach to software component cl-
assification was based on the enumerative
classification scheme[9]. This assumes the
whole group of component divided into suc



cessively narrower groups that include all the
possible compounded keywords. Keyword
means accurate description of the software
component’s intention. Whole collection, which
Is general, 1s recursively decomposed into nar-
rower groups, which is more specific. So, enu-
merative classification results in constructing
the hierarchical relationship among the com-
ponents. So, reuser can easily recognize the
candidates of his desired component.
Enumerative classification method shows
the clear relationship on the library but it
lacks of extendibility. It means that enumera-
tive approach doesn’t cope well with changing
the components and can be used in well-de-
fined area. Of course, the comparison among
the classification approaches is not the goal
of this paper. Other approach, faceted classifi-
cation scheme can handle this problem[9].
Original faceted classification approach was
decomposition and synthesis technique. Librar-
ian breakdowns the knowledge of components
into facets that show the common characteris-
tics of components stored in the library and
selects the terms corresponding the facets.
Synthesizing the term from each facet de-
scribes the component. Thesaurus makes pos-
sible to use the controlled vocabulary. A
weakness of the original faceted classification
is that they can't show the relationship
among the components. Conceptual distance
graph could solve this problem. Librarians
construct the conceptual distance graph that
shows the distance between the terms of each
facet. Using the conceptual distance, we can
get the similarity between the terms as well
as the similarity between the components. Im-
portant thing 1s not the fact that faceted
classification approach uses the conceptual
distance graph and how they use. More im-
portance thing is that it was necessary to de-
scribe the relationship among the components.
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Some approach suggested by Embley defined
the relationship among the components such
as “depends-on”, “close-to”, “generalize”, etc.
Reuser can describe the his desired compo-
nent with the selected term from each facet
and ask to retrieve the component using the-
saurus and several vocabulary control utilities.

Recently, there were several tries to use
the information retrieval(IR) and indexing
techniques based on free-text because IR
systems are able to cope with the unstruc-
tured information such as software compo-
nent and associated document. First attempt
for using IR is RSL system[7] that analyzes
source code commented with information
needed for classifying such as keyword, au-
thor, developing environment so on. The key-
word comments provide a profile used in IR
system. It was not considered as pure IR ap-
proach. CATALOG system[8] automatically
extracts keywords from documentation and
creates a profile that defines the characteris-
tics of component. There was limitation to
capture the semantic information from the
profile since there was no semantic informa-
tion related with index included in profile.
GURU proposed the concept of lexical affini-
ties among pairs of indices Lo express seman-
tic information. It identifies a set of features
for each component to compute functional
similarity. GURU[ 3] also provides the brows-
ing facility with hierarchical clustering tech-
nique to display the relationship among the
components. Retrieval mechanism is very sim-
lar for classifying. It takes a query, describ-
ing the user’s purpose, can be treated as soft-
ware documentation and makes query profile
to match with the profile stored in the li-
brary. As a resull of retrieval, user can get
the matching set and get further information
through the browsing hierarchy.

Final is knowledge-based approach that
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aims the understanding the functionality of
components. This approach is possible when
the reuse library has rich domain knowledge
and semantic information, which can be pro-
vided manually. It is common feature of pro-
posed knowledge-based reuse library to pres-
ent the structural representation of knowl-
edge. System[3, 6] proposed by Wood and
Sumerville[1] has component knowledge rep-
resentation consists of independent property
(nominal) and its action and modifier for
more detall description on nominal and
action. Each of attributes is associated to
each other by dependencies.

From these survey studies, we found that
library contained not only reusable com-
ponents but also classification information re-
gardless of its representation method. Classifi-
cation means the collecting large amount of
components into groups so that one group
contains related components. Librarian needs
prior knowledge on collected components.
These showed us the following common fea-
tures. First, every scheme has own represen-
tation way that is retrieval clue. Faceted
classification has pairs of term and facet. IR
has profile consisting of indices. Second, there
are relationship information for browsing and
for improving the efficiency of retrieval re-
gardless of its contents and range coping
with. As we saw In faceted classification,
they tried to improve the faceted classifica-
tion scheme by managing the term dictionary
and conceptual graph even original scheme
couldn’t catch the

among the components. Third, we could easi-

semantic  relationship
ly find the factor being visualized to reuse.
For example, enumerative classification scheme
has the tree structure and faceted classifica-
tion scheme can show the terms that each
facet has. Fourth, it is important issue what

initial point for retrieval is to determine the

success of retrieval. Faceted classification has
limitation that its success depends on the ac-
cess point selected by reuser and it is diffi-
cult to choose the access point. Also, IR with
controlled vocabulary has difficulties in han-
dling the reuser’s uncontrolled vocabulary.
These commonalties and limitations were our
motivation for proposing classification frame-
work and retrieval environment with visuali-
zation. [t was important to recognize that
classification and indexing of reusable com-
ponents reflect the programmer's view to
component.

3. 4l Model for Retrieval Framework

So far, many researches on classification
scheme and retrieval techniques tried to im-
Retrieval efficiency

prove the efficiency.

means how much reuse can satisfy the results

of reuse system. In other words, we can say

it 1s the criterion of quality of retrieval.
Those approaches were text based environ-
ment so that it required the reuser to know
the way to use the library and to be familiar
with the library structure as well as classifi-
cation scheme. This is result from the depen-
dency between classification scheme and re-
trieval technique. It increases the learning
time of new library structure even though re-
trieval phase can be preserved from changing
classification scheme. If we have a single
view of mulliple representation, then reuser
didn’t spend their time for considering the li-
brary structure. It is the reason we propose

our retrieval model and environment.
3.1 Basic Concepts

Before we start to describe our model in
detail , we define our paradigm of retrieval.
1. We assume thal visual/spatial frame-

work and visual representiation can help



reuser (o retrieve and navigate or browse the
library rather than using formal query like
SQL. or compounded keyword. Visual frame-
work allows reuser to retrieve components
without the information of the way to store
and represent[ 10].

2. Retrieval i1s not straightforward. It
doesn’t mean there is no start or access
point. Our second presupposition is that we
need two abstraction levels for retrieval cor-
responding the among of information showed
to reuse. We arrange the component into two
levels on visual space. Initial view provides
the highest level so it gives the global infor-
mation of library to reuses who want to de
cide his first access point. Next are detall
views that return more detail information to
show where reuser is located at the library
and what are the results of his action. It
helps to decide whether he can go further or
go back more abstract view to modify the
path. Our retrieval process is not straightfor-
ward but iterative between more detail level
and more global level.

3. User interaction for retrieval may be
siraple. In other words, there are a few oper-
ations for retrieval. l.et us consider that we
want to find good play to rest and we
already have global information. Using this
global information, we can decide what we
want to know more, e, where is for climb-
ing, where 1s for shopping so on. After decid-
ing what for, for example climbing, we need
more Information on that. We select more
and get several groups more and more, so
on. It means we can zoom-in some areas to
arrive our destination . In contrast to zoom-
in, sometimes we need to return where we
start since our selection was wrong for our
intention. It is zoom-out interaction. When
we got some location, we need more informa-

tion on the neighborhood place to decide. It

doesn’t need to go deeper we just move other
point at the same level. It is project operation.

3.2 41 Model

Smalltalk uses MVC paradigm for smalltalk
user interface[13]. MVC is the abbreviation
for Model-View-Controller, which are data to
be displayed, a way and style to display, and
the relationship between both, respectively.
Model can’t send any message to View. View
can't change the value of model. Both of
them are clearly independent. We propose 41
(Information, Interface, Interaction, Interview)
Model as single view retrieval model based
on MVC Model.

Interface Object Interview

Obiect
lnlerac(ion OhjCCt fcon Maker
Represenier

Zoom Z$ Project | Copy | View

Information Object

Classification Scheme
Componert Description

(Fig. 1) 4l Model for Visual View for Retrieval

Information object consists of software com-
ponents and associated information including
classification knowledge as well as indexing
information. Its layer provides all necessary
information for retrieval. We modeled infor-
mation‘object as(Fig. 2).

[ information object ]

C [o!

[ Visunization Deta |

(o) (oo | (]

Componeni Access Similarity Teim
cirsn | out
truct —_— ®
Component Term
Similary Similarity

(Fig. 2) Information Object Model

Chassification Scheme | l
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To reuse a software component is only pos-
sible if what this software does is precisely
and abstractly stated. [t means that a de-
scription of this component has to be avail-
able. We consider the case of software com-
ponents that are specified using component
descriptor. A software library should contain
a pair of component descriptor and compo-
nent. We are not considering the reuse of
software design or reuse of other model con-
structed through the software life cycle but
reusability of code. Our information object
model contains the design specification and
example as the component that can help
what associated software does. Component de-
scription has similar purposes and provides
additional information for classifying. It con-
tains classification scheme that gives the clas-
sification information to library system and
document that describe the functionality of
software in text. Among several objects de-
fined in information object model, we define
the classification scheme more precisely using

algebraic specification suggested by Breu[11].

class spec Classification-scheme
Uses : component-profile, Access-Point, Similarity-Infor-
mation, Term-Dictionary, Component, Bool
Opns
Determine( Access-Point)—Classification-scheme
Make(Component-Profile)-+Classification-scheme
Compute(Component-Profile) »Similarity-Information
Construct{ Term-Dictionary )--»Classification-scheme
Compute(Term-Dictionary ) —Similarity-Information
First(Classification-scheme)— Access-Point
Select ( Access-Point,Classification-Scheme) —Component-
Profile
Select(Similarity ~ Information, Access - Point,Classification -
Scheme) —Component-Profile
Determine(Component-Profile )—+Component
Is-Leaf(Component-Profile) -+Bool
Axioms
td ; Term-Dictionary, ap : Access-Point,
¢s . Classification-Scheme, co : component,
si . Similarity-Information, cp : Component-Profile
Select(a, c¢)==Select(First(c),c)
First(Determine(ap)) = Determine(First(cs))
Select(si,ap,cs) =if is_leaf(cp) then Determine(cp) else cp

Select(ap,cs) =if is-leaf(cp) then Determine(cp) else cp
if 12=(t1 ¢) then Construct(tl)=Contruct(t2)
End Class
Class Component-Profile
sort ; index, grade
use | Bool
opns
New{)-»component-profile
Append(Component-Profile, index)-+Component -Profile
Insert(Component-Profile, index) +Component-Profile
DetermineGrade(Component-Profile, index)—Component -
Profile
IsIn(Component-Profile, index )—Bool

axiom !
cp : Component-Profile, i : index, g : grade
insert(cp,i)==if Isln(cp,i) then Determine Grade(cp, i)
else Append(cp,i)
End Class

Two illustrations define the most general
object for Classification Scheme and Compo-
nent-Profile, respectively. Using these general
objects, we can define more detail objects for
each representation such as Enum-Component
-Profile, Facet-Component-Profile, IR-Compo-
nent- Profile. These subclasses have own rep-
resentation way to determine the semantics
of representation.

We suggest the visual space as retrieval
environment. Interface object is visual space
displaying the information on components.
Our retrieval model shows graphical informa-
tion on component so visual representations
easily lead the user of library to arrive their
goal. Library user can access the library
without knowing the library structure and
formal query if they used displaying informa-

Interface Object
Q
A

I visuat data type J retrieval || reuse

Visualized

image { g'aphicl m

1 P
[ ] [imoge] [ten ] -
view oopy—l

I I 1
I 200M-in ] | m)jﬂ [ room-out l

(Fig. 3) Interface Object Model




tion on visual space that sometimes shows de-
tall information and sometlime gives very
abstract information.

(Fig. 1) shows the real interface icon for
icon object. We named Zoom-in, Zoom-out,

Project, Copy, View operator from left to right.

(Fig. 4) Interface Icon

These are interaction between the informa-
tion and the interface. We define the retrie-
val operator as interaction object. Interview
object is necessary to extend existing library
structure and adding several visual represen-

tations. (Fig. 5) shows interaction object model.

taterachon Otyect L

[oomarn ] s
mformaien
merface
[ 1
retrieval feuse
direclor operator

ey A

Zoom Zoom

(Fig. 5) Interaction Object Model

This interaction model is corresponding the
operations of whole retrieval object so that
defined operations manipulate the data that
are defined In information model and display
the results to interface model. We defined in-

teraction object as followings :

(lass Interaction-Object
use | Classification-Scheme, Access-Point,
Similarity-Information, Component-Profile,
Component
Pons
Initial-View(Classification-Scheme) — Access-Point

MANE AAE WS B WK
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w
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Zoom-In(Classification-Scheme, Access-Point, Component
-Profile) »Component-Profile

Zoom-In(Classification-Scheme, Access-Point, Component
-Profile)—+Component-Profile

Zoom-In(Classilication-Scheme, Access-Point, Component
-Profile) +Component

Zoom-Out(Classification-Scheme, Component-Profile)--Co-
mponent-Profile

Zoom-Out(Classification-Scheme, Component-Profile)— Ac-
cess-Point

Project (Classification-Scheme, Component-Profile, Similar-
ity-Information) -»Component-Profile

View(Component)-+Code | Design Spec.

Copy(Component) —Code

Example

Axiom |
cs : Classification-Scheme, ap . Access-Point, cp : Compo
nent-Profile
Zoom-Out(cs,cp,Zoom-In(cs,zp,cp)) =
Zoom-Out(cs.ap.cp))
End Class

Zoom-In(cs.cp,

In interaction object, we define each opera-
tion can handle toppest class of information
object, such as classification-scheme, access-
point, similarity-information so on. At opera-
tion time, this interaction object can bind
with subclasses of top class that have own
implementation.

We add interview object for extendibility.
Interview object handles new classification
scheme and visualization methods. Librarian
can redefine the semantic of top class of in-
formation object and extend the visual clue
and visual space with interview object. (Fig.

6) shows the mnteraction model for 41 model.

interface

Infornation
Interaction

(Fig. 6) Interaction Model of 4i Modet

teqeust

Librarians construct the library or extend
the classification scheme and interface objects
with interview objects that can access infor-
mation object and interface object. Reuser
can access the library with interaction object

that navigate the information object and dis-
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play the results of retrieval on interface ob-
ject. Also, interface object and information
object gives several information needed by in-
teraction object such as constraint or fea-
tures, that is the visual clue. Even the library
structure has changed, interaction object can
handle the subclasses of information without

any change.

4. Realization of Retrieval Framework

QOur retrieval framework was implemented
on top of an event-driven mechanism as a
part of CARS(Computer-Aided Reuse System)
[12]. As we defined previously, our frame-

work was made up with 4 object, information

(Fig. 7) Example of Cinterview

object(CScheme),
interaction object(CControl) and Interview ob-

interface  object(CVisual),

ject(CInterview). We implemented our frame-
work to hold 4 instances of each object
model and control the activities of these 4 in-
stances based on our interaction model
among 4 objects model. CScheme defines the
interface that defines the protocol between
CControl and CScheme as well as constraints
Therefore  the
CScheme can be subclasses that have detall

of classification scheme.
semantic. CControl handles the interaction by
sending out message according to the type of
operator 1t receives and coordinates the
displaying.

activities of navigating and

CVisual defines the appearance of visual date

el e
e

e |

M anmize

(Fig. 8) Component Retrieval Environment

(Table 1) The results of evaluation

into template

add the terms to

0O Retrieval
Criterion RSL LaSSIE etrieva
Framework

Extendibility just add new item | extend the facets or extend the just extend Cschem by

frames defining new
subclasses for new

classification sheme

Classification IR Faceted Knowledge-Based support all
Scheme .
Query Natural Language Restricted Terms template Visual Clue
Retrieval Keyword matching | Keyword matching | Keyword matching Visual resoning

Ul Menu-Driven

Menu-Driven

Text-based Visaul




and visual clue stored in CScheme by main-
taining a collection of displayable objects. We
manipulate the visual clue as text displayed
in graphic objects not symbols. Clnterview
provides the way to modify and extend the
semantic of CScheme and accept new visuali-
zation techniques. Also it insulates the chang-
es of CScheme and Clnterface.

Following (Fig. 7) shows the simple result
of Clnterview for constructing the library
based on enumerative classification hierarchy
and (Fig. 8) show an illustration of retrieval
environment.

{Table 1) show the results of the evalut-
ation of our framework. Becuase our model
is a result from older classification scheme
and the purpose of our model is the flexibili-
ty, our framework is adaptable into new clas-
sification scheme. The evalation crieterion

were proposed In [8].
5. Conclusion

To reuse the retrieval system of reusable
compenent, it has to be independent from the
underlying classification scheme. Developed re-
trieval environments are tightly coupled with
underlying component representation. There
are already several compenent representation
ways, free-text indexing, faceted index, and
enumerative representation so on. These rep-
resentation methods can be related with the
library characteristics that is, subroutine li-
brary or object—oriented library with docu-
ment or library without any description etc.
Even librarian should use the different classi-
fication scheme according to the application
domain, reuser wants to have a single Iinter-
face with library. It reduces the learning time
and consistent use of library. The lessons
from the survey of several classifications and

retrieval environment, we thought that retrie-
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val model and library structure can be gener-
alized. Regardless of the library structure,
reuser has their first access point to start
their retrieval and add their knowledge to the
retrieval system using the result of their
actions which retrieval environment answer
to reuser’s input. When reuser can’t be satis-
fied with the result they remove their knowl
edge which reuser just inputted to return the
previous retrieval point. Additionally, reuser
wants to across the library with already
inputted query for browsing. So, we suggest-
ed object-oriented retrieval framework with
our 41 model. We defined library and classifi-
cation scheme as the data to be handled sev-
eral retrieval interaction operations. We put
together these data and operations into one
retrieval object with various interfaces. For
extendibility, information objects and interface
objects can be redefined and extend with in-
heritance and polymorphism mechanism by in-
terview object. Basically, retrieval environ-
ment can be operated based on message pass-
ing mechanism that is defined as interaction
model of 41 model. With our retrieval frame-
work, 1t is possible to support the multiple
underlying representations and single inter-
face of reuse so that it meets the new re-
quirement of reuse system, extendibility and
flexibility.
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