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Abstract- The recent progress in the component based engineering has offered many facilities in the field of software
reuse. However, this advancement has also brought the challenge such as designing repositories and developing
efficient search of software components. But the problem that is generally encountered is the efficient search and the
exact retrieval of the software components from the software repositories as they are not properly represented yet.
Thus, this paper deals with the construction of the software repository, construction of the operational semantic
keyword based retrieval technique for evaluating the best results and at the end comparison between the techniques
for retrieval of the software components is made on the basis of precision and recall.
Keywords-Software Repository, Keyword based search, operational semantic search, signature based search,
component library
I.
Introduction to Software Reuse Repository
Software Reuse Repository is simply a component library which stores the reusable components and must have the
characterization of the assets that are included within. In order to make a effective use of a software repository, a reuser
must have a clear understanding of its contents, so as to determine that whether his needs are likely to be met by the
library [4]. Repositories are used as mechanisms to store, search and retrieve components. But finding and reusing
appropriate software components is often very challenging particularly when faced with a large collection of components
and little documentation about how they can and should be used. Many software component repositories have been
developed often extending the approaches used for software libraries [6]. The software reusable component is defined as
“any component that is specifically developed to be used and is actually used in more than one context” [7]. This does
not just include code, other products from the system lifecycle can also be reused such as specifications, requirements
and designs. Components in this case can be taken to include all potentially reusable products of the system lifecycle
including code, documentation, design, requirements, architecture etc.
II.
Problems occurs in Software Repository for storing and retrieving components
Consider a large university library. Tens of thousands of books, periodicals, and other information resources are available
for use. But to access these resources, a categorization scheme must be developed. To navigate this large volume of
information, librarians have defined a classification scheme that includes a library of congress classification code,
keywords, author names and other index entries. All enable the user to find the needed resource quickly and easily.
Similarly in component library, tens of thousands components are stored. How users can finds out the appropriate one.
The solution to this problem is classifying the software libraries in a particular order and use effective retrieval technique.
Another Problem rises with the existence of these software assets or components are the presence of a storage structure
or a repository that would contain these components and also provide for an easy search and retrieval of the same. The
repository has to be constructed and maintained in order to maximize the use of reusable components. In addition to
construction of the repository, some retrieval technique also needs to be implemented that utilizes minimal repository
structure to effectively support the process of finding software components. Once the repository has been constructed
then the information that needs to be stored in it should also be structured in a way such that it should be digitalized,
normalized and archived.
After the assets have been properly stored in the repository, the next problem that arises is finding of the
appropriate asset by the user and proper query formation for the same purpose. This has to be tackled by applying proper
classification schemes which also form an important part of the retrieval process. The classification is important in order
to tackle the search problem that arises due to difference in the users thought process and the final query formation as
they help in organizing the assets in the repository in an organized manner.
The retrieval of any component is measured according to abstract performance measures such as precision and
recall. Hence, the process that needs to be followed for retrieval should guarantee high performance measures. A number
of retrieval techniques are in place and the most appropriate one can be chosen according to the requirements and the
available resources. Hence, it reduces the effort, time and other resources that go into building the components again and
again.
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III.
Assessment Criteria for Storage and Retrieval Methods
The basic criteria for comparing the various storage and retrieval methods are [9]:
A. Precision: The precision of a retrieval algorithm is the ratio of the relevant retrieved assets over the total number of
retrieved assets; this number ranges between 0 and 1. Under the hypothesis that all library assets are visited
(example, exhaustive navigation) we get perfect precision (=1) whenever, the matching condition logically implies
the relevance criterion. This can be achieved in particular by letting the matching condition be false, which means
that no assets are returned (hence no irrelevant assets are returned). When concrete data are not available to quantify
precision, we may instead assign values in a discrete five value rating [very low (VL), low (L), medium (M), high
(H), very high (VH)] where, VH refers to perfect precision and VL refers to poor precision.
B. Recall: The recall of a retrieval algorithm is the ratio of the relevant retrieved assets over the total number of
relevant assets in the library; this number ranges between 0 and 1. Under the hypothesis that all library assets are
visited (example, exhaustive navigation) we get perfect recall (=1) whenever, the matching condition logically
implies the relevance criterion. This can be achieved in particular by letting the matching condition be false, which
means that no assets are returned (hence no irrelevant assets are returned). When concrete data are not available to
quantify recall, we may instead assign values in a discrete five value rating [very low (VL), low (L), medium (M),
high (H), very high (VH)] where, VH refers to perfect precision and VL refers to poor precision.
The aim of any search program is to maximize precision and recall, so as to provide the effective retrieval.
IV.
Effective search and retrieval methods
There are various methods for searching and the retrieval of the components for the effective retrieval. The various
methods are discussed as below:
A. Text Based Search Method
In this case, the entire surrogate is searched and the components found valid according the given search are displayed.
B. Keyword Based Search Method
In this case the user will only input the keywords which according to him are relevant and shall provide with the
required components, once the keywords are filled in, the system checks for only the keywords present in the surrogate
and once the relevant keywords are found, the system shall display the related components.
C. Signature Based Search Method
The user can also base his search on the basis of any particular signature of the components. This type of search helps to
provide with components with approximately the exact match from the requirement.
D. Operational Semantic Based Search Method
In operational semantic keyword based search, the user will give as input i.e. component name and its prototype, then
the relevant component is displayed along with its input and output. In this we match the candidate asset against a user
query on the basis of the candidate behavior on sample inputs. Here the search is based on the input and output. The
operational semantic based search method provides the exact retrieval of the component. Hence precision and recall ratio
is better in this case as compare to the above methods.
V.
Problem Formulation
Every software component can be reused for some other purpose. The problem that is generally encountered while doing
the literature review is the efficient search and retrieval of these components from the software library as they are not
properly represented. So, our basic task is to identify the general challenges, which are encountered while storing and
retrieving the components, which have some reuse potential. In order to do so, the first requirement is a user friendly
software repository .So that there is maximum precision and recall of the visited and retrieved software components.
The basic aim is to develop software, which facilitates this and to provide for the maximum relevancy of the
retrieved components such that, they can either be reused in the exact same manner or can be modified to do so.
There are many software’s and websites which provide for the retrieval of reusable components, but, the search is not
precise and the retrieval not that exact. So, the system proposes to make the search as concise and precise as possible and
also facilitate the users with various retrieval methods, out of which they can select the one they deem fit for their
purpose. The user should be able to perform search based on certain fixed categories by using different retrieval
techniques i.e. Keyword based retrieval, signature based retrieval and operational semantic based retrieval. The basic
comparison between these techniques on the basis of precision and recall should be done for improving the various gaps.
Thus, this paper presents the development of the software repository. Construction of the operational semantic keyword
based retrieval technique for evaluating the best results and at the end comparison between the techniques for retrieval of
the software components is made on the basis of precision and recall at the end.
VI. Proposed Software Repository
This paper includes the implementation details for the proposed software repository by using effective retrieval
techniques .VB.net and SQL server is used for the implementation. It integrates computation, visualization and
programming in easy to use environment. There are various techniques, approaches and methods having their own merits
and de-merits. In our implementation, we used the advanced keyword based search, signature based search and the
operational semantic keyword based search for the effective search and retrieval of the software components.
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A. Features of the proposed software repository
The main features of the proposed system are:
1) It contains a dedicated repository for storage of components that can be reused.
2) It contains an interface, which provides with the various criteria of reusable components for the user to confine his
search.
3) The interface provides various effective search and retrieval techniques for the exact required components.
4) The Administrator manage the storage , updation and deletion of components.
5) User can easily download the executables, source code and the documentation of the exact components.
6) The software library provides the signature based search, in which the user can search the components on basis of
parameters and the return types.
7) This Repository also provides the operational semantics keyword based search, in which the user can search the
components on the basis of input output.
8) To compare the signature based search and operational semantic keyword based search with the traditional keyword
based search on the basis of some fixed criteria i.e. precision and recall to find out the effective retrieval.
.
B. UML Specification of the Software Repository: Data Flow Diagram
The Proposed repository consists of two main modules i.e. Component Search Engine and Component Storage
Management which are shown as follow.
1) Component Search engine
This Module provides the functionality of searching the appropriate component using techniques namely advanced
keyword based search, signature based search and operational semantic keyword based search techniques.

Fig 1: Flow of component search module.
2) Component Storage management
This module allows the administrator to manage the storage, updation and deletion of the components. She can also
add operational keywords for the operational semantic based search.

Fig 2: Flow of component storage management.
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C. Working of the proposed Software Repository
Software Retrieval is a web application, the working and functionalities of its various units are described in this section.
1) User Authentication: The user has to login every time they wish to access the site and the components available. The
user can either be a registered user or the administrator. Figure 3 shows the User Login area where the user has to enter
his authenticated username and password to access the system.

Fig 3: Snapshot of User authentication
2) User Registration: The first step for any user is to register himself so that he may be given the access rights to not
only view but also download the available components.

Fig 4: Snapshot of New User Registration
3) Component Search engine
Software repository mainly contains 2 modules i.e. component search engine and component storage management. User
can choose component search engine module. After choosing component search engine, user can search the components
by using various techniques namely advanced keyword search, signature based search and operational semantic keyword
based search.
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Fig 5: Snapshot of component search engine
4) Keyword Based Search
In this case the user will only input the keywords which, according to him are relevant and shall provide with the
required components, once the keywords are filled in, the system checks for only the keywords present in the surrogate
and once the relevant keywords are found, the system shall display all the related components as in Figure 6.

Fig. 6 Snapshot of Keyword Based search
5) Signature Based Retrieval
The user can also base his search on the basis of any particular signature of the components i.e. on the basis of prototype
of parameters, number of parameters and return type. This type of search helps to provide with components with
approximately the exact match from the requirement.

Fig.7 Snapshot of Signature Based search
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6) Operational semantic keyword based search
In operational semantic keyword based search, the user will give as input i.e. component name and its prototype, then the
relevant components are displayed along with its input and output.

Fig. 8: Snapshot of Operational semantic keyword Based search
7) Download Components
After searching the relevant component according to the need .User can easily download the source code, executables
and documentation of the component.

Fig 9: Snapshot for downloading the component
8) Add components
Admin can add the components according to the type of the component, component model, description, input, output and
upload the respective executable, source code and the documentation.
.

Fig. 10: Snapshot for adding the components
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Fig. 11: Snapshot for adding the components
9) Update Components
Admin can update any present components by giving new input output, description or by uploading the new executable,
source code and the documentation.

Fig.12: Snapshot of update components
10) Delete Components
Admin can delete any existing component by giving component id and component name. The appropriate component
will be deleted from the software repository.

Fig.13: Snap shot for delete components
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11) Add operational Keywords
Admin can also add the new operational semantic keyword by giving component id for the operational semantic
keyword search.

Fig.14: Snap shot for add operational keywords
VII.
Experimental Results
A) Result obtained by Precision and Recall ratio of Keyword Based Retrieval.
Suppose there are many components which are stored in the software repository. For example we want to search the
component of “addition” i.e. addition of two numbers or addition of two strings. Suppose we search this component
from the software repository and compared the result on the basis of precision and recall. The three components have
been randomly selected from the software repository which is shown in below table I.

Component ID
1254
1253
1257

Table: I Randomly Selected Components
Component Name
Component Model
Addition
Corba
Addition
Java bean
Addition
Com+

Component Type
dll
Source code
dll

The following result is obtained by the Keyword-based Search on the basis of precision and recall as shown in below
table II.
Table II: Result obtained for Keyword Based search
Comp ID
1254
1253
1257
Comp Criteria
0.25
0.125
0.25
Precision
0.16
0.375
0.166
Recall

0.4
0.3
0.2

Precision

0.1

Recall

0
Component 1254

Component 1253

Component 1257

Fig. 15: Graph shows the Precision and recall of Keyword based search
B) Result obtained by Precision and Recall ratio of Operational Semantic Based Retrieval.
The following result is obtained by the Operational Semantic Based Retrieval on the basis of precision and recall as
shown in below table III.
Table III: Result obtained for Operational Semantic retrieval
Comp ID
1254
1253
1257
Comp Criteria
1
1
1
Precision
0.5
1
0.5
Recall
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1.2

1
0.8
0.6

Precision

0.4

Recall

0.2
0
Component 1254

Component 1253

Component 1257

Fig 16: Graph shows the Precision and Recall of Operational Semantic Based Retrieval
C) Comparison between Keyword based retrieval and operational semantic based retrieval on the basis of precision
and recall.
The comparison between the two retrieval techniques i.e. Keyword based retrieval and Operational semantic based
retrieval show that the values obtained for Precision and Recall of the component. For instance if we compare the values
obtained for the components shown in below table I, we find that the average precision of the Operational semantic
based search i.e. 1. ( known as perfect precision) is more than that of the Keyword based search i.e.0.208. Similarly, on
comparing the values of recall we find that the value of Operational semantic based search i.e. 0.66 is more than the
recall value of keyword based search i.e. 0.233 so it can be concluded that the components obtained from the operational
semantic based search are more close to the user requirements than the Keyword based search.
The Comparison between both the techniques are shown in following table IV.
Table IV: Result comparison on the basis of Precision and Recall
Retrieval Techniques
Component ID

Keyword Based Retrieval
Precision
Recall

Operational Semantic Retrieval
Precision
Recall

1254

0.25

0.16

1

0.5

1253

0.125

0.375

1

1

1257

0.25

0.166

1

0.5

Mean

0.208

0.233

1

0.66

1
0.8
0.6
0.4
0.2
0

Keyword Based Retrieval
Operational Semantic Based
Retrieval
Component 1254
Component 1253
Component 1257

Fig. 17: Comparison on the basis of precision between the techniques
Figure 17 gives the graphical representation of the above table. From Table IV, a graph is plotted which gives the
comparison of two techniques on the basis of precision. From the graph it can be inferred that the operational semantic
based retrieval has a higher precision ratio (i.e. Perfect precision) as compared to the keyword based retrieval. Figure 17
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gives the graphical representation of the above table. From Table IV, a graph is plotted which gives the comparison of
two techniques on the basis of recall. From the graph it can be inferred that the operational semantic based retrieval has a
higher recall ratio as compared to the keyword based retrieval.

1

0.8
0.6

Keyword Based Retrieval

0.4
0.2

Operational Semantic Based
Retrieval

0
Component
1254

Component
1253

Component
1257

Fig.18: Comparison on the basis of recall between the techniques
Hence, it can be concluded that operational semantic based search is much better than keyword based search because
operational semantic based search shows the best results for the exact retrieval and the precise search on the basis of
precision and recall and it also saves the time and reduces effort for searching the exact match according to the need of
the user requirements. Hence, it can be concluded that the operational semantic based search is the best among all the
search criteria set up in the search engine.
VIII. Conclusions
This thesis presented a study on the ways to make the reusable components retrieved with more ease to the users by
proposing and implementing an interface to do so. The system implemented also stores effectively the various reusable
components in manageable and understandable categories from where the user can extract the desired component
effectively and efficiently.
After implementation and testing of the system the conclusion come to light is that:
1) Out of all the search criteria the operational semantic based search is better than the Keyword based search because
the retrieved assets are more precise and the search results are more exact.
2) Operational semantic based retrieval saves the time and reduces effort for searching the exact match according to the
need of the user requirements.
3) Any user can easily download the relevant retrieved component according to his/her needs.
Thus, the system has been successfully implemented and tested conforming to the objectives set in the problem
statement.
IX Future Scope
The Effective Retrieval can be enhanced as:
1) The repository can be extended further by adding more components in the categories present and also by adding new
and relevant components in the software repository.
2) The operational semantic based search and the retrieval technique can be further converted into the semantic and
syntactic based search for making the search and retrieval more efficient than the operational semantic retrieval.
3) More work is needed to improve the similarity matching algorithm to further increase the precision and recall ratio.
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