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Abstract

Abstract

Data warehouses are currently used as an organizational repository to support top
management in business decision making. Data warehouses extract data from multiple
heterogeneous and distributed data sources and store into a central repository to
provide organizational view of data. The limitation of data warchouse is, it can only
store and manipulate data but not knowledge. So there is a need of a knowledge
warchouse that can store and manipulate knowledge instead of data. Different
knowledge warehouse architectures have been proposed and discussed in literature.

But none of them focus on the quality of knowledge stored in knowledge warehouse.

In this research work, an enhanced architecture of knowledge warehouse is proposed
and discussed. The proposed architecture introduced a new layer called correction
factor layer that maintain the quality of knowledge in knowledge warehouse. This
layer performs four important functions to enhance the quality of knowledge. These
functions are knowledge refinement, profiling, standardization, and matching. The
author also proposed and implements three algorithms for transformation of Object

oriented representations; O-A-V Triplets and use cases into directed graph.
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Chapter 1 Introduction

1.1 Motivations and Challenges

The success of every organization is based on the decisions made by decision maker.
Decision maker must make effective decision on time, for survival and to get competitive
advantages over competitors. Decision Support Systems (DSS) are computer systems that

help organization in making decision.

The researcher acknowledges the need of automatic system that assist decision maker in
solving semi-structured problems in early 1970s. Late 1970s the DSS movement started
focusing on "interactive computer-based systems which help decision-makers utilize data
bases and models to solve ill-structured problems"[1]. Gory and Scott-Morton introduced
the phrase ‘DSS’ for the first time in 1971. Decision support system becomes common in
1990s. In 1980s, advancements in information technology resulted in expert systems.
Expert systems replicate expert knowledge to solve problem related to narrow domain. In
mid 1980s executive information system (EIS) emerged to fulfill the information need of
executives. Executive information system provides executives, critical and timely

information to help them in the process of decision making.

Data warehouse is database maintained separately from organization’s operational
databases to help organization in corporate decision making process. Data warehouse is
organizational data repository. “4 data warehouse combines various data sources into a
single source for end user access. End user can perform ad hoc querying, reporting,
analysis, data mining and visualization of warehouse information. The goal of data
warehouse is to establish a data repository that makes operational data accessible in a

Jform that is readily acceptable for decision support and other application” [2)].

“The data warehousing concept provide model for the flow of data from operational

systems to decision support environments [3] . It is best solution for decision-making

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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Chapter 1 Introduction

process in a business organization. Although the main reason of data warehouses is to get

knowledge but currently data warehouses store and process data.

After data warehouse, knowledge warehouse is considered a new way towards decision
support systems. It combines and stores the knowledge from various heterogeneous data
sources like data warehouse. The only difference between data warehouse and knowledge

is that the knowledge warehouse stores knowledge while data warehouse stores data.

In literature, different knowledge representation techniques exit for example frames,
semantic networks, knowledge map, production rules, decision table, decision trees,
scripts, use cases etc [2]. “One knowledge representation scheme may be efficient than
others depending on the nature and type of problem. Thus there is a need to map
knowledge from one representation to another. This mapping may give faster response

and reduces computation amount” [4]. Every technique has its own pros and cons.

Knowledge management systems are also used for the same purpose of decision making.
Instead of extracting knowledge from data as in the case of a data warehouse, these
systems use knowledge base to provide decision support. Knowledge Management
System refers to a system for managing knowledge in organizations for supporting

creation, capture, storage and dissemination of information [5].

Now a need is being considered for a new generation of decision support systems by
integrating knowledge management, decision support, artificial intelligence and data
warehousing. These knowledge-enabled systems will provide the infrastructure for
capturing, cleansing, storing, organizing, leverage and disseminate not only data and

information but knowledge as well [6].

In this work, an enhanced architecture for a knowledge warehouse with correction factor
layer will be proposed. Three algorithms for knowledge extraction and transformation

from object oriented representation, O-A-V Triplets and Use cases will be also proposed.

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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Chapter 1 Introduction

1.2 Background

Currently data warehousing system are used as decision support systems to help
organizations in strategic business decision making. Data warehouse focuses on data
storage. It is used for providing the basic infrastructure for decision making by extracting,
cleansing and storing huge amount of data. The main purpose of data warehouses is to
provide knowledge but they do not store or process knowledge directly. Instead, they are

designed to store and process data.

“Knowledge is one the most precious resource of an organization. Within an
organization knowledge is present in various form, may be in minds of workers or in
documented form. Every organization wishes to preserve and fully utilize its knowledge
for decision making “[4]. Knowledge is a necessary obligation for decision making.
Knowledge enables the decision makers to answer questions like what to do? When to do

and how to do?

A huge majority of knowledge exists in the minds of employees in the forms of
procedures, best practices that are not appropriate for loading in a data warehouse. A vast
quantity of knowledge may exist in the form of documents, audio and video libraries,
web documents. So why not create such warehouses that enable it to store knowledge and

process other types of knowledge.

‘’Knowledge management is a series of processes which include knowledge creation,
organization, application and sharing etc. ultimate goal of knowledge management is to

provide. knowledge to the right person at the right time for correct decision making
“[15].

Knowledge has become the main factor of development in modern industry. Management
in organizations wants important, significant and suitable information about their

businesses. All the activities of business can not run without correct, proper, and solid

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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Chapter 1 Introduction

know how of knowledge. Knowledge is available in a vast variety of forms and a

knowledge warehouse needs to store any type of knowledge.

Data, information and knowledge should be of high quality. They are of high quality "if
they are fit for their intended uses in operations, decision making and planning”

[16].Correct decisions depends upon the correct data and knowledge.

Some work on a conceptual level for implementing a knowledge warehouse is done by
Humid R. Nemati [6]. He has proposed a hypothetical structure of the knowledge
warehouse. Anthony Raymond has suggested that’’ the data warehouse model of Extract,
Transform, and Load (ETL) has a parallel in knowledge warehouse *’ [7]. As data is
extracted, transformed and loaded in a data warehouse, a knowledge warehouse can be
developed on the same principles for knowledge. Hong Zhang and yin Liang proposed
that an existing data warehouse can be extended to create a knowledge warehouse for

knowledge management [8].

1.3 Research Domain

Various knowledge representation techniques are available e.g. Frames, Semantic
Network, Decision Table Decision Tree, Use Cases, Production Rules, Knowledge Map,
O-A-V Triplet, and Object Oriented Representation. To collect and store knowledge
from a variety of heterogeneous sources and then to create a giant warehouse is a tedious
task. High data quality is also required for accurate and timely decisions. A mechanism is
required to collect knowledge from heterogeneous sources to load it into knowledge

warehouse with enhanced quality of data.

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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1.4 Proposed Approach

In this research work, solution of the above mentioned research problem is provided by
designing an enhanced architecture of a Knowledge Warehouse with the correction factor

layer. The proposed infrastructure stores high quality of knowledge.

Generally, knowledge in the organizations is represented in the forms like decision trees /
tables, frames, logics, semantic networks, O-A-V triplets, Object Oriented
Representations, knowledge map, scripts and use cases etc. There is a need to convert
knowledge from one knowledge representation scheme into another. For this purpose,
three algorithms are proposed to convert knowledge from O-A-V Triplets, Object

Oriented Representation and Use Cases into object oriented directed graph.

1.5 Thesis Outline

The thesis is organized into seven chapters. The list of chapters along with brief
description is given in the following:

Chapter 1

First chapter is about the introduction and background of the problem. The proposed
solution is also discussed here.

Chapter 2

The second chapter describes literature study. The related work and its relevance and
further limitations are discussed.

Chapter 3

In this chapter, problem scenario and focus of the research is presented. This chapter also
discusses the main points related to proposed work.

Chapter 4

Proposed solution for the problem is discussed in this chapter. Design requirement,

reference architecture and research methodology are also part of this chapter.

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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Chapter 5

In this chapter, deployment environment of the application is discussed. Different UML
diagrams i.e. Use case, sequence and flow chart diagram related to application is
presented. Further, this chapter also describes the proposed algorithms.
Chapter 6
In this chapter, general testing process, types of test, and test cases for the research work
are described.
Chapter 7

In this chapter, achievements, improvements and future work are presented.

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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Chapter 2 Literqture Survey

2.1 Introduction

In this chapter a detailed literature review is presented. Related terms and existing

architectures and processes are the part of this chapter.

2.2 Data

"Data might be thought of as the atoms of knowledge. Data are typically what we attempt
to gather and measure, such as age, size, or amount' [9] . Data need to be explain in the

form of information because it themselves explain very little.

“Data items about things, events, activities and transactions are recorded classified and
stored but they are not organized in the proper fashion to convey any specific meaning.

Data items can be numeric, alphanumeric, figures, sounds and images “[2].

2.3 Information

"Information is data that have been organized so that they have meanings for the
recipient. We need to process data items so that the results are meaningful for an
intended action or decision" [2]. Data in an organized form tells us some information.
"Information is considered to be organized and sorted data. That can be used for

answering a specific question" [9].
2.4 Knowledge

""Knowledge is an asset, and it should be enhanced like any other asset"”. Knowledge is a
very distinct form of data and information."Knowledge may be thought of as information
in use, or the set of rules and relationships that enable value added, skilled performance"
[7]. In summary processed data is called information and processed information is called

knowledge.

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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2.5 Knowledge Management

"Knowledge management is the practice of adding actionable value to information by
capturing tacit knowledge and converting it to explicit knowledge; by filtering, storing,
retrieving and disseminating explicit knowledge; and by creating and testing new
knowledge’’.[6]

"It is the process that helps organizations identify, select ,organize ,disseminate and
transfer important information and expertise that are part of organization’s memory and
that typically reside with in the organization in an unstructured manner. The structuring
of knowledge enables effective and efficient problem solving, dynamic learning, strategic

planning and decision-making’’ [2).

The Knowledge Spiral” for creation of new knowledge for knowledge management is
given in the Figure 2.1. This knowledge spiral and all its phases are discussed in detail by
Nemati in [6] and Hong Zhang in [8] and are very useful for understanding the

knowledge management process.

Data

Data Types

»Text l E‘"‘“‘”’-"“"“l *Text streams
*Math'l models *Matrices (ANN)
*Hicrarchy of Modcl cascs *Modcl Cases
*Frames E *Fquntions

. iy PANN *Frames

SWhat-if chse “GMDH

apetilications *CHR

“GSE Brain *Anslogical Ressoning

* Swrming

*Kinematic ]

Analysts S Argurnent Gemeeation

*Changs o Mental Models
*insighis

*Film clips ~ES explonations

*Kinematics - i Aty

“Virtual *Simulators

- *Text sireams
— *Graphs

*BLORS Internalization «BLOBS

*Virtual Reality

Figure 2.1: Knowledge Spinal [6]
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The knowledge spiral consists of 4 steps.

A. Socialization
"Socialization is the process of sharing the tacit knowledge such as experiences,
technical skills, expertise, understanding, know-how, acumen, skill trade mental maps
etc"[10]. For example, a person can learn skill or expertise through the observation,
imitating and practicing while working with his master. Information technology (IT)
plays important role to share the tacit knowledge. For example, using IT a digitized film
of a process once stored, can be made available on internet for any time. Now this digital
film can be shared and access any time by the decision maker [6].

B. Externalization
This is the process of converting tacit knowledge to explicit knowledge. It is also called
articulation {6].
“Articulation is the method of transforming tacit knowledge to explicit knowledge” [8].
The knowledge is codified into some useful form which can be processed by the
computer.

C. Combination/Integration
"In the process of integration several types of explicit knowledge are combined to create
new patterns and relations” [8]. The example of integration is given below.
"Analysis of multiple and related 'what-if’ cases of a mathematical model to find new
relationships, or meta-model, that determine the key factors of the model to influence the
decision can be one example of integration / combination " [6].

D. Internalization
This is process of testing and validating the newly discovered knowledge in the proper
context hence generating new tacit knowledge [6].Computers can be very useful at this

stage as they can provide valuable aid for the knowledge workers to learn.

2.6 Knowledge Extraction, Transformation and Data Quality

Knowledge extraction is the discovery of the knowledge from huge amount of available
data. It is concerned exploration of knowledge in the form of patterns hidden in the data

base or data warehousing systems. This field is typically concerned with the data mining

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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process. Data mining is defined as a discovery of useful and meaningful information from

huge amount of data. This process has following main tasks [11].

1. Classification — discovery of a predictive learning function that classifies a data
item into one of several predefined classes.

2. Regression — discovery of a predictive learning function, which maps a data item
to a real-value prediction variable.

3. Clustering — a common descriptive task in which one seeks to identify a finite set
of categories or clusters to describe the data.

4. Summarization — an additional descriptive task that involves methods for finding
a compact description for a set (or subset) of data.

5. Dependency Modeling — finding a local model that describes significant
dependencies between variables or between the values of a feature in a data set or
in a part of a data set.

6. Change and Deviation Detection — discovering the most significant changes in the

data set.

"Knowledge warehouse can not only discover potential knowledge from a large quantity
of information stored in data warehouse through using techniques such as data mining
[12] but also manage the knowledge assets of an enterprise’’[8].The first part of an ETL
process involves extracting the data from the heterogeneous source systems [10] , [13]
.The second part of ETL process involves transforming the knowledge into a consistent
format before loading [10], [13], [14].The data before loading should be free of dirty
data. Transform data should not duplicate. So the data should be in high quality for better
results [15], [16].

Knowledge may acquired by fuzzy logic, decision trees [17], genetic algorithm [18]
Knowledge acquisition involves acquiring knowledge from different knowledge

representations [20], [21].

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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2.7 Related Research Work

2.7.1. Data warehouse

Data warehouse is currently used as organizational data repository to support top
management in business decision making. ‘'Data warehouse provides an infrastructure
that enables companies to extract, cleanse and store vast amount of corporate data from

operation systems for efficient and accurate responses to user queries" [8].

Bill Inmon defined data warehouse as “A Data Warehouse is a subject-oriented,
integrated, time-variant, non volatile collection of data in support of management
decisions” [27], [34]. Many papers defined data warehouse as “A set of materialized

views over data sources” [29], [30], [39] .

The main goal of a knowledge warehouse is to provide an intelligent analysis platform to
the decision makers that can be helpful in all stages of knowledge management [2]. H.R.
Nemati has proposed architecture of the knowledge warehouse to perform all tasks of
knowledge management. The purpose of this paper is to propose knowledge warehouse
architecture (KW) that is an extension to the data warehouse model. This knowledge
warchouse will facilitate the capturing, coding of knowledge and enhance the retrieval
and sharing of knowledge across the organization. His architecture given in the Figure

2.2 consists of 6 main modules [6]:
1. knowledge acquisition module:
2. two feedback loops
3. knowledge extraction, transformation and loading module
4. knowledge storage module

5. analysis workbench

6. communication manager

Extraction and Transformation of knowledge from Object Oriented Representation, Q-A-V Triplets and
Use Cases into Knowledge Warehouse
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Knowledge
Workers

| 1

Data and Feedback
Knowledge Loop

Extraction/
Acquisition

:

Data and Knowledge Knowledge Cormmunication s
Knowledge Warehouse Analysis Manager/User End
Transformation {storage) Workbench Interface le. LISeY

& Loading
\ Fegdback Loop of New, Explicit i Validution ’
| So———

Daia Extraction l Knowledge Validated

T

Figure 2.2: Knowledge warehouse architecture by Nemati [6]

Anthony Dymond proposed that an object oriented decision tree is the best form to store
knowledge in a knowledge warehouse in [7]. He described a small example of a decision

to cross the street in the form of an object oriented decision tree.

CrossBtrentOk
croasStreetOK
isCrossStrestOK()
] ]
CheckLeftOK CheckRightOk
checklLeftOK checkRight OK
isCheckLeftOK() isCheckRightOK{}

Figure 2.3: objects and tree for a knowledge base to cross the street [7]

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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He proposed that the methods will be activated by the way of tree search algorithms these
algorithms are procedures to traverse the branches of tree [7]. The code for CrossStreeOK

object will be implemented as

If CheckLeftOK = ‘True’ and CheckRightOK ="True’ then
CrossStreetOK = ‘True’
End if

An algorithm touches the nodes and runs the methods as the “focus of attention” of the
algorithm. For example, a depth first search algorithm will start at the root node and

traverse the tree in the following order.

1. CrossStreetOK
2. CheckLeftOK
3. CrossStreetOK
4. CheckRightOK
5. CrossStreetOK

According to Raymond, this type of tree search supports a control structure. Assume that
when the search reaches the node CheckLeftOK and it finds CheckLeftOK.CheckLeftOK
= ‘False’. The search  next returns to CrossStreetOK ~ where
CrossStreetOK.CrossStreetOK can now be set to False. The search process can be
stopped here as it is no longer necessary to check CheckRightOK. This type of
executable code that will set the value of decision variable can be a nice way to

implement this decision making [7].

A traditional data warehouse has the function of providing data to decision support
systems (DSS) or online analytical processing systems (OLAP) but not knowledge .Hong
Zhang and yin Liang in their paper proposes that an existing data warehouse can be

extended to create a knowledge warehouse for knowledge management. Author described

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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the data warehouse architecture and knowledge warehouse architecture for ERP shown in Figure
2.3.

It consists of four major components:[8]
(1) Data sources
(2) Knowledge extraction, transformation and loading module,
(3) A knowledge warehouse module and

(4) User application module.

!

Userapplication

I

Knowledge warehouse

[

! Data warehousﬁ———— Data mining

Data Extraction, Knowledge Extraction,
transformation and transformation and
loading lcading

ERP System Enterprise knowiedge assets

Figure 2.4: Knowledge warehouse architecture [8]

Micheal Yacci proposed another use of knowledge warehouse in the context of reusing
knowledge components. This article discusses a Knowledge Warehouse, a conceptual

solution to this problem. He suggests that this warehouse can be used for ad-hoc queries

(9.

He proposed that knowledge can be stored in the form of knowledge components (KCs)
that can be stored at different physical locations. System A and System B in the figure

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
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show different physical storage locations. Different users can use different knowledge
components in different views. He has proposed an abstract structure of the knowledge

warehouse given in the Figure 2.4.

System A

OnlineTraining

Oniing
Help System

Figure 2.5: knowledge components shared across three different applications [9]

Executable code can also be very useful for performing some other tasks like taking an
input from user at any stage of decision making. This technique has been used in this
work during implementation of algorithms. This approach of using a decision variable

and a decision function is found very helpful in this research.

Opim Salim and shahrul Azman Noah [14] proposed a design methodology for
conceptual data warehouse design called the transformation orientation methodology
.Which transform an Entity —Relationship (ER) model into a multidimensional model
based on a series of transformation and analysis rule. This methodology is shown in
Figure 2.7. A set of Synthesis and diagnosis rules will then gradually transform the
problem domain model into the multidimensional model. A prototype KB tool called the

DWDesigner have been developed to implement the aforementioned methodology.
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Figure 2.6: The five stages transformation oriented methodology [14]
A framework of knowledge warehouse is introduced by Tasleem Uddin [23] shown in
Figure 2.7 which is enhanced form of data warehouse. It provides the platform /
infrastructure to capture knowledge along with data to improve decision making in an
organization. Two algorithms are also proposed .One will capture knowledge from two
different sources i.e. semantic network and frames. Second algorithm will integrate and
merge the acquired knowledge from two files into single object text file. Author also

proposed a knowledge base storage using ES.
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Figure 2.7: Architecture of Knowledge warehouse [23]
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Ala’a H. And Soukaena Hssan [24] Proposed an alternative method to capturing and
distributing of information and/or knowledge obtained from the DWH, so they called it as
Knowledge warehouse (KWH). In this research the following suggestions have been
proposed: grouping all the results obtained with warehouse then store and organize these
resulis with new suggested database suitable for saving these different results. The
database will be saved on new suggested server added to the traditional architecture of
the warehouse to make the infrastructure of warehouse supporting the new suggested
database. The suggested database will be knowledge base which stores all the results of
SQL, OLAP and DM. The purpose of this suggestion is instead of extracting the results
from warehouse databases by using an extraction tool (Data Mining, SQL, or OLAP), this
research aims to save the time by searching the stored results of previous analysis to

check if the desired'analysis is extracted and stored previously.

1) Request analysis
/'—\ OLAP of DWH date
\\—‘// ’g . m
g Reporting | | 3-b) Use of DWH i
'& and Analysis tools
DWH § queries :
Database -E’ 2) Soarch 3-) Retarn
i Existing
g Knowle Analysis
:L" Data '
Mining Loading
N Analysis Output]  gwH hase

Figure 2.8: System Architecture [24]

Object Oriented Knowledge Warehouse is discussed that is inspired by the structure of

human memory and data warehouse [25].
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Knowledge System Cognition
Perception World Perception
Incomprehended
2
o g
3 .
- Scenario Workd Temporal Memory g
Concept World Knowledge
Coniceptuatized

Figure 2.9: Knowledge in various stages of conceptualization and Human

Comprehension {25]

2.7.2 Knowledge Extraction and Transformation for O-A-V Triplets

O-A-V Triplets provide suitable way to represent certain facts within a knowledge base
and may be extended to provide the basis for the representation of heuristic rule. Each O-
A-V triplets is concerned with some specific entity or object. During the literature
review emphasis was on looking for existing algorithms to extract and transform data
from O-A-V Triplets and store them in knowledge form. The two most relevant research

works are discussed below.

Dmitry and Ari Rappoport present a novel framework for automatic extraction and
approximation of numerical object attributes such as height and weight from the web[31].
This framework makes use of relation defining patterns. It has three steps that are as
follows.

1- First they obtain the list of terms similar to given objects from web.

2- Retrieve attributes values for each term in this list.

3- Combine the retrieve data from all terms from list.
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At the extraction of comparison information, they use directed graph in which nodes are
objects and edges are correspond to extracted co-appearance of objects inside the

comparison pattern. The direction of edges is determined by the comparison sign.

Marcos, Frangois and Monique proposed a new approach for video event learning.

[32].The approach incrementally aggregates the attributes and reliability information of

tracked objects to learn a hierarchy of state and event concept.

Different algorithms were studied to store the O-A-V Triplets in a form which is

computer readable but none of them were suitable in a knowledge warehouse perspective.

2.7.3 Knowledge Extraction and Transformation for use case

Use cases are used to document the scenarios of system usage. They are developed in the
system requirement analysis phase of software engineering to describe the system usage.
Use cases describe how the system will behave in response to an event from outside the

system. They describe the system from the user’s point of view.

An algorithm is proposed in [53]}for using use-case models for reliability assessment.
Reliability of a system is defined as the probability for a failure free operation of the
system for a specified time with a set of operating conditions [53].Manual approaches for
reliability assessment were completely dependent of the analysts and knowledge workers
and hence were not accurate. They had their drawbacks specially when dealing with
unfamiliar systems or very large complex systems.

The proposed algorithm discussed in [53]has three basic steps:

1- Convert use case into an SSD ( System Sequence Diagram)
2- Convert SSD into a UCG (Use Case Graph)

3- Determine the reliability metric
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A novel approach for prioritizing use case scenarios is proposed in [54]This prioritizing
is suitable for project planning at an early phase of software development .This approach

provides an analytical solution.The algorithm proposed in [54]consists of following steps.

1- Converting a use case scenario into a system sequence diagram.
2- Converting a set of SSD into a graphical representation.

3- Prioritizing the use case scenarios.

The graph representation in above cases is not a decision graph and discussed the graph

as a sequence of messages passes which makes the nodes as states for further conversion.

2.7.4 Knowledge Extraction and transformation for OOR

Object-oriented Representation (OOR) is a paradigm that uses "objects" consisting of
data fields and methods together with their interactions .It include features such as data

abstraction, encapsulation, modularity, polymorphism, and inheritance.

The goal of the paper [55] is to explore automated techniques to determine what are the
implicit dependencies between the lists of refactoring. Refactoring is a widely accepted
technique to improve the structure of object oriented software [55].Author used AGG
Graph transformation tool for this purpose.

An object-oriented model is developed and described in Unified Modeling Language
(UML)[56].This model is composed of three objects, one for the jaw’s physiological
apparatus, one for the properties defining the mastication process and foods

being chewed, and a further one for the association of the properties. With the object
model, the chewing behavior is further instantiated by discovering knowledge hidden in

the chewing database by data mining for association rules.
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2.8 Summary
In this chapter, a detailed literature review, different terminologies related to research

domain are discussed. Further, different architecture of data warehouse and knowledge

warehouse are discussed in detail.

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
22



CHPATER NO.3 REQUIREMENT ANALYSIS



Chapter 3 Requirement Analysis

3.1 Introduction

Organizations have the information, data / knowledge in different forms coming from
different sources such as semantic networks, frames, knowledge map, production rules,
decision table, decision trees, scripts, use cases etc. Theses knowledge representation
techniques have advantage and disadvantages. For example semantic networks are easy
to follow hierarchy and easy to trace associations, flexile but at the same time have
disadvantage like node might be ambiguous, difficult to program. Similarly production
rules have simple syntax, easy to understand, flexible and highly modular but are
inefficient for the large systems. It is also impossible to represent all the knowledge of
organization in form of rules. Further, if a given rule is changed then there may be ripple
effect.

3.2 Problem Scenarios

Data warchouse is currently used as organizational data repository. It combines and
stores data that is coming from a variety of heterogeneous data sources for effective
decision making. Data warehouse does not store any knowledge. The current state of data
warchouse raises the issues of storing knowledge for high capability decision support
{10].

After data warehouse knowledge warehouse is considered a new way towards decision
support systems. It combines and stores the knowledge from various heterogeneous data
sources for effective decision making. The difference between data warehouse and
knowledge is the knowledge warehouse store knowledge while data warehouse store

data.

Nemati et. al. proposed an architecture of the knowledge warehouse [6]. This research
work serves as a foundation for all researchers working on the knowledge warehouse.

This architecture is in abstract form. Nemati et. al. explores the various concepts of a

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
24



Chapter 3 Requirement Analysis

knowledge warehouse but it is a conceptual work. This conceptual work needs to be
investigated further for practical implementation. Zhang et. al. in [8] propose that a data
warehouse can be used to create a knowledge warehouse . A framework of knowledge
warehouse is introduced by Tasleem Uddin in [23]. Two algorithms are also proposed by
Tasleem Uddin to transform and merge knowledge from semantic network and frames

and store it in the knowledge base.

Different knowledge representation technique exit for example semantic networks,
frames, knowledge map, production rules, decision table, decision trees, scripts, use cases
etc[2]. Every technique has its own pros and cons. Organization stores their knowledge in
different knowledge representation forms. Collecting and storing the enterprise
knowledge from these heterogeneous representation that is coming form different sources
into knowledge warehouse is a tedious task. Extract Transform and load (ETL) process is

necessary to extract, transform and load knowledge into knowledge warehouse.

3.3 Focus of Research

In this research work, we are focusing on following works.

e High data quality is also required for accurate and timely decisions. The first
focus is to design architecture of knowledge warehouse that stores high quality of
knowledge to enhance decision making process. Design of knowledge warehouse
that maintain high quality of data is the first focus of this work. For this purpose a
correction factor layer will be added to the architecture of knowledge warehouse.
The function of this layer is to insure the quality of knowledge before loading it

into knowledge warehouse.

e The second focus is to design transformation algorithms one for Object oriented
representations; one for O-A-V Triplets and one for use cases. These

transformation  algorithms convert O-A-V  Triplets, Object oriented
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representations and use cases into a unified format that is direct graph. This
transformation of knowledge into a unified representation solves the problem of
knowledge heterogeneity. These algorithms will serve as the guideline for
knowledge ETL operations.

e Implementation of transformation algorithm is the third main focus.

Implementation of transformation algorithms validates these algorithms.

3.3.1. Data Warehouse

Data warehouse currently store data. Connolly et. al. proposed three tier architecture of a
data warehouse [27]. First tier consists of data warehouse and archive / backup data.
Second tier consists of different data marts. Reporting, OLAP and data mining tools
make third tier of the architecture. Hoffer et .al. presented generic two level architecture
of data warehouse [34]. Some data warehouse architectures are discussed in [35], [36]. .
Kimball et. al. have defined, “A data warehouse is a copy of transaction data specially

structured for query and analysis” [38].

3.3.2. Extract, Transform, and Load (ETL) Process

The extraction, transformation and loading of data carried out through ETL process. ETL
processes extract knowledge from heterogeneous knowledge sources, transformation of
knowledge and loading it into the knowledge warehouse. The first part of an ETL process
involves extracting the data from the heterogeneous source systems [41].The second part
of ETL process involves transforming the knowledge into a unified format before loading
[41].The data before loading should of high quality to make effective decisions [42].

3.3.3. Knowledge Warehouse

Knowledge warehouse discover potential knowledge from a large quantity of information

stored in data warehouse through using techniques such as data mining [11]. It also
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manages the knowledge assets of an enterprise [43]. Knowledge warchouse is a
information repository which can store a variety of different views of knowledge coming
from different sources, in different formats [44). It combines knowledge from a variety of

dissimilar sources to support decision maker in decision making process.

3.4 Summary

For the success of every organization updated and accurate knowledge is required. Data
warehouse provides updated data to the top management for effective decision making.
The next step in data warehouse is the knowledge warchouse. It is an emerging concept
gaining popularity among different researchers. The basic difference between data
warechouse and knowledge warehouse is that data warehouse store data and knowledge
warchouse store knowledge. Different architecture of knowledge warehouse has been
proposed by different researcher. But this area still needs to be mature. The focus of this
research work is to design architecture of knowledge warehouse with enhanced quality of
data and to transform O-A-V triple, object oriented representation and user cases into

object oriented directed graph.
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Chapter 4 System Design

4.1 Introduction

In this chapter we will propose and discuss an enhanced architecture of a knowledge
warehouse. This architecture is based on the architecture of knowledge warehouse
proposed by Hamid R. Nemati in [6] and Tasleem Uddin in [23]. A brief introduction of
these reference architectures presented in this chapter. The proposed transformation
functions for conversion of O-A-V Triplets, Object oriented representations and use cases
into object oriented directed graph are also discussed in this chapter. Further, the research

methodology used in this research work is also presented in this chapter.

4.2 Design Requirements

The following are the design requirement for the proposed architecture.

. Integrate knowledge from heterogeneous knowledge sources

. Store knowledge in consistent form

e Maintain High quality of knowledge

L Facilitate analysis

L Provide knowledge in appropriate format.

. Transform O-A-V Triplets into object oriented directed graph

. Transform Object oriented representations into object oriented directed

Graph.

Transform use cases into object oriented directed graph

4.3 Reference Architecture

The proposed architecture based on the architecture of knowledge warehouse proposed
by Hamid R. Nemati in {6] and Tasleem Uddin in [23].
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4.3.1. Reference Architecture 1

H.R. Nemati has proposed architecture of the knowledge warehouse in {6]. This
architecture is an extension to the data warehouse architecture. Capturing knowledge,
coding of knowledge and enhanced retrieval and sharing of knowledge across the
organization are the major activities of this architecture. This architecture is shown in
Figure 4.1. It consists of 6 main modules knowledge acquisition module, feedback loops,
knowledge extraction, transformation and loading module, knowledge storage module,

analysis workbench, and communication manager.

Following are the limitations of this architecture:

e Itis very generic and abstract level work

e Data sources are only transaction processing system.

e How knowledge will be captured, codified, and cataloged from different
sources like frames, semantic nets, decision tables etc?

¢ How the captured knowledge will be merged and integrated?

e Knowledge refinement process did not discuss in it.

e How knowledge will be transformed into unified format?

® What will be the knowledge storage structure?

4.3.2. Reference Architecture 2

Tasleem Uddin introduced a framework of knowledge warehouse in [23]. He proposed
two algorithms, one for capture knowledge from semantic network and frames and
second algorithm for the integration and merging of the acquired knowledge. Acquired
knowledge is store into a knowledge base that is used by expert system for decision

making.
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Following are the limitation of this architecture:

o Transforms only two knowledge representation techniques.

e Load function is missing in proposed architecture.

o It does not show different transformation functions for different knowledge
representation techniques.

e Knowledge Refinement Process is not discussed in detail.

4.4 Proposed Architecture

In this research work, author has proposed an enhanced architecture of knowledge
warehouse with correction factor layer. This architecture is presented in layered
approach. It consists of seven layers. Each layer is described below. A general view of
knowledge warehouse is depicted in Figure 4.3 and detail architecture is shown in Figure
4.4.
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44.1. Knowledge Source Layer

This layer consists of numerous heterogeneous knowledge sources. Knowledge extracted
from these knowledge sources for loading it into a knowledge warehouse. These

knowledge sources can be store knowledge in tacit or explicit form.

4.4.2. Extraction Layer

This module is responsible for extracting the knowledge from different sources. It
provides the extracted knowledge to transformation layer to convert it into a unified

format.
4.4.3. Transformation Layer

The basic purpose of this module is to get knowledge from extraction layer and convert it
into a unified format by using different transformation function. It consists of seven

transformation function, one for each knowledge representation technique.

4.4.4. Correction Factor Layer

Accurate and timely decision depends on updated and high quality knowledge. The
author introduced this layer into the knowledge warehouse architecture to maintain high
quality data. This layer will perform four processes before loading the knowledge into

warehouse. Each process is discussed below.

e Refinement
First process of this layer is refinement that refines the extracted and transformed
knowledge. Knowledge refinement means identifying and removing errors,
inconsistencies, impurities, and duplicate knowledge. Knowledge refinement improves
the quality of knowledge.

e Matching
This process matches or compares the knowledge with knowledge presented in the

knowledge source to insure its correctness.
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. Profiling

After refining and matching, knowledge profiling is performed of the layer. This process
is used for knowledge analysis. It analyzes knowledge and collects statistics and
information about that knowledge.

. Standardization

Last process of the layer is standardization. The process of achieving agreement on
common knowledge definitions, representation, and structures to which all data layers
must conform is called standardization. The job of this process is knowledge

standardization.

4.4.5. Loader

Loader takes high quality of knowledge from correction factor layer and load in into the

warehouse.

4.4.6. Knowledge warehouse

Knowledge warehouse is the repository of high quality knowledge that is used for

decision making purpose. Knowledge warehouse consists of following parts.
a. Knowledge Marts

Knowledge related to specific business domain (area), is stored in knowledge marts. e. g.

customer, products etc
b. Meta Knowledge Repository
Meta knowledge is the knowledge about knowledge.

c. Knowledge Warehouse Manager

Knowledge warehouse manager is responsible for the management of knowledge

warehouse.
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4.4.7. Analysis Layer

Analysis layer performs the knowledge analysis tasks. It gets user query from

presentation layer and forwards it to knowledge warehouse to take the answer of user

query.

4.4.8. Presentation Layer

This layer gets and forwards user query to analysis layer. It also collects result of user
query from analysis layer and provides the result in suitable format.

An object oriented directed graph structure is also proposed. We will propose three
algorithms, one for Object oriented representations; one for O-A-V Triplets, and one for
use cases. These algorithms will extract and transform the knowledge from these three
representations and make them in a consistent form before loading into a knowledge

warehouse.

4.5 Knowledge Storage Structure

Storage module is a primary component of a knowledge warehouse. We are proposing
object oriented directed graph structure with production rules. This knowledge base will
be able to handle a wide variety of knowledge objects like data streams, relations, movie

clips, animations, sounds etc. meta knowledge handling capability is also very important.

Main advantages of storing the knowledge in object form are

1 Meta knowledge can be stored with the knowledge. Knowledge source
information and its analysis techniques can be stored together in an object
providing encapsulation.

2 Executable routines for processing the knowledge can also be stored in the

same object.
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3 Object oriented concepts like inheritance, polymorphism, method
overloading etc can be used to efficiently store and process the knowledge

in the form of super-class and sub-class relation'ship.

4.6 Research Methodology

“Research is an organized, systematic, data based, critical, objective, scientific inquiry or
investigation into a specific problem undertaken with the purpose of finding answers or
solutions to it” [45]. The purpose of the research is to find out some fact, improvement of
some practice, explaining why and how an event occurred, making some prediction, and
looking for patterns [46]. There are many approaches or research methods to dealing with
research depending on the size and nature of the problem. Basic categories of research

approaches are quantitative and qualitative.

4.6.1 Qualitative Approach

Qualitative approach is exploratory in nature. “Qualitative researchers study things in
their natural settings, attempting to make sense of or interpret phenomenon in terms of
the meanings people bring to them” [47]. Qualitative research involves interpretative and
naturalistic approach to its subject matter [48). Figure 4.5 shows types of research

methods.
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Figure 4.5: Types of Research Methods [49]

4.6.2 Quantitative Approach

A quantitative approach is one in which the investigator primarily uses post positivist
claims for developing knowledge (i.e. cause and effect thinking, reduction to specific
variables and hypotheses and questions, use of measurement and observation, and the test
of theories) [49]. It involves collection and analyzing data that can be measured.

Quantitative approach is descriptive in nature.

4.6.3 Research Approach Used

Qualitative research approach is used in this research work. A number of articles from

different conferences and journals, many books and websites are consulted to understand
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problem areas. A detailed literature review has been done. After detailed literature review
architecture of a knowledge warehouse with improved knowledge quality is proposed and

designed in this research work.

4.7 Summary

In this chapter, a new architecture of knowledge warehouse has been proposed and
designed. This architecture is presented in layered approach. Knowledge from
heterogeneous knowledge sources extracted transformed and load into the knowledge
warchouse. A correction factor layer is introduced that maintain the quality of knowledge
in knowledge warchouse. Three algorithms are proposed that transforms OOR, O-A-V
and use case into object oriented directed graph. This chapter also discussed the research

methodology used in the research work.
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Chapter 5 Implementation

5.1. Introduction

In this chapter, deployment environment of the application is discussed. Different UML
diagrams i.e. Use case, sequence and flow chart diagram related to application are

presented. Further, this chapter also describes the proposed algorithms.
5.2. Deployment/Environment

5.2.1. Implementation Tools

The following tools are used to develop the application.

e Visual Studio 2008

In computing, Microsoft Visual Studio is an integrated development environment (IDE)
from Microsoft. It can be used to develop console and graphical user interface
applications along with Windows Forms applications, web sites, web applications, and
web services in both native code together with managed code for all platforms supported
by Microsoft Windows, Windows Mobile, Windows CE, .NET Framework, .NET
Compact Framework and Microsoft Silverlight.

e Visual C#

c# (pronounced see sharp) is a multi-paradigm programming language encompassing
imperative, declarative, functional, generic, object-oriented (class-based), and
component-oriented programming disciplines. It was developed by Microsoft within the
NET initiative and later approved as a standard by Ecma (ECMA-334) and ISO
(ISO/IEC 23270). C# is one of the programming languages designed for the Common

Language Infrastructure. C# is intended to be a simple, modern, general-purpose, object-
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oriented programming language. Its development team is led by Anders Hejlsberg. Thé
most recent version is C# 4.0, which was released on April 12, 2010.

e Microsoft SQL Server

MS SQL Server is a relational model database server produced by Microsoft. Its primary
query languages are T-SQL and ANSI SQL.

5.2.2. Operating System

The operating system for the application can be MS Windows 2000/XP.

5.2.3. Hardware Requirement

Pentium “III” and Pentium “IV” with 512 MB RAM and 2.8 MHz processor is the

hardware required to run the application.

5.3. Sequence Diagram

The sequence diagram of the application is presented below in the Figure 5.1.
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5.4.Use Case Diagram
The use case diagram of the application is presented below in the Figure 5.2.

USER

Figure 5.2: Use Case Diagram
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5.5.Flowchart Diagram

The flowchart of the application is presented below in Figure

Input=Use case Input=OOR

Tr.F. Use Case Tr.F. OOR Tr.F. O-A-V
Triplets

y

R / Directed /

7 Graph / -

A

Display Graph

[ B |

Figure 5.3: Flowchart
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5.6.Proposed Algorithm

The following three algorithms are proposed to transform O-A-V Triplets, Object

oriented representations, and use cases into object oriented directed graph.

5.6.1. Algorithm for O-O-R

The algorithm for transformation of objected oriented representation into directed graph
is given below.

Create Graph graph

Int length;

For 0 to length

began
Create edge (parentclass)
Add label to edge (parentclass _attribute.name)
Node ¢ findNode(parentclass)
c.addNode Attribute(name)
create node c2 Node(sub_class,parentclass)
Add label to node ¢2 kind of
C2.addNodeAttribute(sub_class_AttributeName)
C2.shapecircle

end

GraphView.addgraph(graph)

5.6.2. Algorithm for O-A-V Triplets
The algorithm for transformation of O-A-V Triplets into directed graph is given below.

Create Graph graph
Allclassess total number of classes
Tempcurrent class;
Relation
For i=0 to allclassess
began
Creae node n class_name][i]
For j=o to all_attribute[class_name][i]]
Began
Create edge ¢ create edge(class_name[i],class_attribute[j])
c.LabelText consists;
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end
relationdiscover_ralation(temp,class namefi])
create edge e create edge(temp,class_namefi])
e.LabelText ralation;
End
GraphView.addgraph(graph)

5.6.3. Algorithm for Use Case
The algorithm for transformation of Use Case Triplets into directed graph is given below.

Create Graph graph
Int length total actors
For 0 to length
begain
Create node actor actor_namefi]
End
For j O to total relations
Began
Node a=current_node
For k=0; to current_node_all relations; i++
Began
Create edge c(current_node,related_node)
Add label to edge ¢ Label Text;
End
End

GraphView.addgraph(graph)
3.7. Implementation

Three different case studies are used for three different knowledge representations that
are O-A-V Triplets , Use Case and OOR.These case studies are as follows.

5.7.1. O-A-V Triplets

The following O-A-V Triplets is the input to the application shown in table 5.1.

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse
47



Chapter 5 Implementation

Object Attribute Values
Table Color Green
Chair Leg 4

Bed | Leg 4

Table 5.1: O-A-V Representation (input of the application)

5.7.2 Object Oriented Representation

Super Class Staff

S ID
Name
Designation
Scale
Salary
Address
Sub Class
Sub Class !
Managerial Staff T T Academic Staff

Hour No. of Publication
Rate No. of Books

Figure 5.4:0.0.R (input of application)
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5.7.3 Use Case

The following use case is input to the application .
Use case

Actors:
Customer, Sales Clerk, Inventory System, UPC reader

Pre Condition:
Customer wants to purchase some items.

Post Condition:
Customer purchased items.

Description:

Customer sets items. Sales clerk swipes UPC reader and check the prices of items in
inventory. System generates bill.

1. Customer sets items

2. Sales clerk swipes UPC reader.

3. UPC reader checks the prices of items in inventory.
4. Inventory system generates the receipt.

5. Sales clerk provides receipt (bill) to customer.
5.8.Summary

This chapter presented sequence diagram, use case diagram and flow chart diagram along
with three case studies, one for object oriented representation, one for O-A-V Triplets
and one for use case. Three transformation algorithms, one for object oriented
representations; one for O-A-V Triplets and one for use cases are also discussed in this

chapter.
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Chapter 6 Testing and performance

6.1. Introduction

The overall objective of the testing process is to identify the maximum number of errors
in the code with minimum effort. The objective of this chapter is to describe test cases
for the application to find potential bugs. This chapter covers general testing process,

types of test, and test cases for the application.

6.2. Testing process

Testing of software consists of a number of test cases. These test cases test different
aspect of software. Each test case includes what to do, what data to use, and what results

to expect.

6.3. General types of Errors

The following are general types of errors:
Functional error (e.g. Application is not working properly)
Non functional error (e.g. performance is slow)

Logical error (e.g. errors in algorithms, use interface)

64. Types of Testing

Different types of testing strategies are discussed below:
6.4.1. Unit Testing

Unit testing tests the software components of module. Unit test is white box testing. In
this testing important control transfers are tested to uncover errors within a module. This
test can be performed in parallel to test multiple modules at a time. Unit testing checked
that all the individual components were working properly, before integration of the entire
components. Unit testing is essential because it gives a confidence that all components

individually are working fine and ready to be integrated with other ones.
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6.4.2. Integration Testing

Integration testing is a systematic technique for constructing the program structure while
at the same time conduction test to uncover error associated with interfacing. The
objective is to take unit tested components and build a program structure that has been

dictated by design.

6.4.3. Regression Testing

In regression testing the software was tested against the boundary conditions. Various
input fields were tested against abnormal values and it was tested that the software does

not behave abnormally at any time.

6.4.4. Acceptance Testing

In acceptance testing the software was checked for completeness. Normally, the quality
assurance department performs the acceptance testing to check is software ready and can

be exported.

6.4.5. System Testing

System testing is a series of different test whose primary purpose is to fully exercise the
computer based system. Although each test has a different purpose, all work to verify that

system elements have been properly integrate and perform allocated functions.

6.5. Test Cases

Test Case No: TC- 01 Date 8" August , 2010

Description: System takes O-A-V triple and | Tester: Zanib
save it.

Serial No. Scenario Expected Actual Comments
Qutput Output
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1. User enter Object saved | Object has Handled
the object been saved | Properly
2. User enter Attributes Attributes Handled
the attributes | saved has been Properly
saved
3. User enter Value saved | Value has Handled
the value been saved | Properly
Test Case No: TC- 02 Date 8" August , 2010
Description: deletion of O-A-V triple Tester: Zanib
Serial No. Scenario Expected Actual Comments
Output Output
1. User delete | O-A-V triple | O-A-V triple | Handled
O-A-V triple | deleted has been Properly
deleted
Test Case No: TC- 03 Date 8" August , 2010
Description: System takes OOR and save it. | Tester: Zanib
Serial No. Scenario Expected Actual Comments
Output Output
1. User enter Attributes Attributes Handled
the attributes | saved has been Properly
of parent saved
class
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2. User enter Attributes Attributes Handled
the attributes | saved has been Properly
of sub class saved

Test Case No: TC- 04 Date 8" August , 2010

Description: deletion of OOR Tester: Zanib

Serial No. Scenario Expected Actual Comments

Output Output

1. User delete | OOR triple | OOR triple | Handled
OOR deleted has been Properly

deleted

Test Case No: TC- 05 Date 8™ August , 2010

Description: System takes use case and save | Tester: Zanib

it.

Serial No. Scenario Expected Actual Comments

Output Output

1. User actors | Actors saved | Actors has Handled

been saved | Properly

2. User enter relationships | relationships | Handled
relationships | between between Properly
between actors saved | actors has
actors been saved
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Test Case No: TC- 06 Date 8" August , 2010
Description: deletion of Use Case Tester: Zanib
Serial No. Scenario Expected Actual Comments
Output Output
1. User delete | use case use case has | Handled
use case deleted been deleted | Properly

6.6. Performance and Evaluation

In this research work, an enhanced architecture of knowledge warehouse is proposed and
discussed. The existing architectures did not maintain the high quality of knowledge in
knowledge warehouse. The proposed architecture introduced a new layer called
correction factor layer that maintain the quality of knowledge in knowledge warehouse.
This layer performs four important functions to enhance the quality of knowledge. These
functions are knowledge refinement, profiling, standardization, and matching. The author
also proposed and implements three algorithms for transformation of Object oriented

representations; O-A-V Triplets and use cases into directed graph.

We looked previously at the tree knowledge storage, which provides a useful way of
storing knowledge for efficient searching. In a tree, each node can have up to two child
nodes. All tree structures are hierarchical. This means that each node can only have one
parent node. Trees can be used to store data which has a definite hierarchy e.g. a family
tree or a computer files system. Some data need to have connections between items
which do not fit into a hierarchy like this. Graph data structures can be useful in these
situations. A graph consists of a number of data items, each of which is called a vertex.
Any vertex may be connected to any other, and these connections are called edges. Graph
knowledge storage structure has more understanding, greater representations and more flexible
than binary tree. There are no stick rules of parent and child nodes. Iteration and loops

make the sense more clear.
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6.7. Summary

This chapter presented sequence diagram, use case diagram and flow chart diagram along
with the deployment environment of the application. Three transformation algorithms,
one for object oriented representations; one for O-A-V Triplets and one for use cases is

also discussed in this chapter.
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Chapter 7 Conclusion

7.1. Introduction
In these chapter achievements, improvements and future work is presented.

7.2. Achievements

The following are the achievements of this research work
o Integrate knowledge from heterogeneous knowledge sources
e Store knowledge in consistent form
e Maintain High quality of knowledge
o Facilitate analysis
e Provide knowledge in appropriate format.
o Transformation of O-A-V Triplets into object oriented directed graph
o Transformation of OOR into object oriented directed graph

® Transformation of use cases into object oriented directed graph

® Propose object oriented directed graph storage structure.

7.3. Improvements

Different architecture of knowledge warehouse has been proposed in literature by
different researchers as discussed in chapter 2. Existing architecture of knowledge
warehouse does not maintain quality of knowledge. In this research work, a new
architecture of knowledge warehouse is proposed that maintain high quality of
knowledge to support strategic business decisions. In addition, three algorithms have
been proposed that transformed knowledge from O-A-V Triplets; object oriented
representations and use cases into object oriented directed graph. The implementation of

proposed algorithms is also done to validate them.Tree is less flexible in its structure.

Extraction and Transformation of knowledge from Object Oriented Representation, O-A-V Triplets and
Use Cases into Knowledge Warehouse

58



——— A

Chapter 7 Conclusion

Object oriented directed graph is more understandable and has greater flexibility than
binary tree.

7.4. Future Recommendations

Many areas of the proposed knowledge warehouse architecture need to be explored in
detail. Due to the time limitations, implementation of proposed architecture has not yet
been carried out. During implementation many interesting topics will appear.

Implementation of this architecture is the part of future work.

7.5. Summary

This chapter, achievement of the research work i.e. transformation of three knowledge
scheme into object oriented directed graph is discussed. Improvements made in existing

architecture and future work is also part of this chapter.
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User Manual

The following is the screen shot of first window of application.
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Figure 1: User Authentication Form

Figure 2: Change user Password Form
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Figure 3: Create new user
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Figure 7: OOR input to the application
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Figure 8: Sub-class input to application
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Figure 10: Use case input to application
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Figure 11: Directed Graph of Use Case
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