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CHAPTER |

INTRODUCTION

1.1 Introduction and Problem Review

Over the past decade, many organizations, companies, universities, and
governments have implemented web sites to present their information, advertisements
or services on the Internet. The Internet is a large source of useful information that is
important to users. Additionally, these users can conveniently reach the information or
service via the Internet. Presently, the Internet has more information than in the past and
the amount of information is growing rapidly. There are many search processes to
achieve the required information but it gets more difficult and the returned lists may not

be as accurate as desired.

There are various methods to gain access to information from the Internet. One
solution is to search from an available search engine. Yahoo, Google, and MSN Search
are widely used in order to access information. Since the Internet has huge collections
of digital images, image search processes have been developed within the search
engines. Many websites have images to provide instant information. Several search
engines include a process of an image search facility for users. It is convenient for users
to access the information and the image over the Internet. Commonly, the search engine
returns a list of web pages. Every search engine allows users to enter key words or
required words in the search field. The resulting list obtained from the search process
can be short or long, depending on the entered keywords or search methods. Therefore,
if the user knows appropriate keywords, the search result can be much specific;
otherwise, a long list of documents or irrelevant information (such as information related
website advertisements) will be presented. Therefore, it can be time consuming for

users to find the required information.



In order to solve this problem, Information Searching Protocol (ISP) [1] was
proposed in the year 2006. This protocol enables users to enter a part of the required
URL and keywords, e.g. “chula.ac.th” and “mathematics”, and the result of search

appears as “www.math.sc.chula.ac.th”. Thus, the ISP can narrow down the search and

reduce the search time for the required information. The ISP and its search mechanism
will enhance the efficiency of the search process. Therefore, the ISP is a smart protocol
for specific content search over Internet. Unfortunately, the original ISP cannot perform

an image search.

One significant factor that affects the performance of the search engine based
on the use of the ISP is the search mechanism. In the search mechanism of the original
ISP, the query messages are broadcasted to all distributed database servers of the ISP
to find a full pathname of the required URL; the result will then be sent back to the client.
When the required URL does not exist in the database, a query message is created with
new details of destinations and it transfers the query message to other databases that
contain links to the current database. The query messages are sent using the flooding
technique, where the database server of the ISP will send the query message to all
connected links of neighbors except the link of neighbor that sends the query message.
Thus, the query message will be sent to the same node several times. As a
consequence, congestion happens as the query messages spread. This is a defect of

the original ISP.

Following from the problems mentioned above, this research focuses on the
implementation of the image search mechanism and the performance of the search
mechanism without the congestion problem. The first solution for the current inefficient
image search process is adding the image search into the system architecture and
mechanism of the ISP. The image search process uses a partial of the image to look for
the complete image over the Internet. Thus, the implementation of the image search
mechanism enhances the efficiency of the ISP by narrowing down to specific information

as needed. Since there are various techniques to find images on the Internet, in this


http://www.chula.ac.th/
http://www.math.sc.chula.ac.th/

research the color mapping is applied to the search mechanism of the new version of
the ISP. As a consequence, the modified ISP can specify the search both with text and

images, and the returned list is shorter.

Another problem in the search mechanism is the congestion where the ISP
applies the flooding technique to send queries over the Internet for the required list. In
this research, the proposed routing algorithm, named the Patrol Packet (PTP) algorithm,
modifies the original flooding mechanism. This altered flooding technique works with a
small packet called the Patrol Packet that is sent to check the status of the database of
neighbours before sending the modified ISP. Thus, the proposed routing algorithm uses
packet messages to find the sending path of the modified ISP without re-bounding the

packet.

Since the ISP modifies the format and all mechanisms, the new version of ISP is

called Specific Information Searching Protocol (SISP).
1.2 Definitions

DEFINITION 1: A search protocol is a protocol of a search engine for searching
for and retrieving data. There is a communication standard in the search protocol, such
as the format of a query message and an answer message, and a method of

exchanging information.

DEFINITION 2: A routing algorithm is a search mechanism for finding the
required data that is stored on the distributed database. The search mechanism uses a
query message that is sent out to the database for looking the required data. When the

required data is found, it will be return to the requesting computer.

DEFINITION 3: An information search is a search mechanism using the

keyword(s).

Consequently, the result of the information search is the list of the URL(s), each

URL linking to a web page that contains the keyword(s).



DEFINITION 4: An image search is a search mechanism using the color image

for finding similar images.

Consequently, the image search result is the list of the URL(s), each URL linking

to a web page that contains the required image or a similar image.

DEFINITION 5: A number of bytes is the amount of bytes that is sent to all nodes

in the distributed system; it is the data flow in the communication channel.

Consequently, if there are too many transferred bytes in the network system, the

congestion happens and finally the system is down.

DEFINITION 6: Response time is the period of time from sending a query

message until receiving the result message.

DEFINITION 7: Precision is the fraction of relevant items within the set of

retrieved items.

DEFINITION 8: Relevant image is an image that is the similar color as the query

image and the image is contained in the web page of the require URL.

1.3 Statement of the Problems

Since the Information Searching Protocol (ISP) is a search protocol that supports
the multiple search contents for users who know a partial pathname of a required URL
and keywords, this protocol can narrow down the search and obtain the search results
in a shorter period. Although the ISP is a smart protocol for specific content search over

the Internet, its mechanism needs to be improved to increase the performance.

With respect to the ISP mechanism, there are two problems to be considered as

follows.



1.3.1 Image Search Mechanism

Since most websites have images to represent their information, the Internet
stores a large volume of digital images. Many search engines are embedded with image
search mechanisms. The current image search engines allow users to enter keywords or
images for the search. The resulting list of the search process often returns too many
images and users spend too much time looking for the required image. Therefore, the
image search process is added in the architecture system and the mechanism of the

ISP to increase the image search performance.

1.3.2 Routing Module (RM)

The previous version of the ISP had a problem in the Routing Module (RM).
When the required URL does not exist in the database, the query message will be
transferred to other databases that contain links to the current database, with the
exception of the link of the neighbor that sends the query message. The routing
algorithm uses the flooding techniques for searching the required data on the
distributed databases. Thus, the query message is sent to the same node several times.

This process is time consuming and causes congestion in the communication channel.

1.4 Research Obijectives

The main objectives of this research are listed below:

® To develop a new search protocol for information and images over the

Internet.

® To develop a new architecture and search mechanism using the proposed

search protocol.

® To develop a routing mechanism of the proposed search protocol.

1.5 Scope of the Study

In this research, the scope of work is constrained as follows.



ISP.

To propose a new routing algorithm that supports the routing module of the

To implement the ISP that can search information and images on websites.
An administrator who implements the database of the ISP.

In the image search, an input image for searching is only a color images.

1.6 Contributions of the Research

This research proposes a new search protocol, the SISP, which supports a high

performance search process for all required information with a short response time and

a specific returned list as expected. This new protocol enhances the search ability of

the Internet users so that the search time can be shortened and the congestion in the

communication channel can be avoided.

1.7 Research Plans

In order to achieve these defined objectives, the following tasks will be stated by

means of appropriately related work and theoretical techniques.

1.

Study concepts of Information Search Protocol (ISP), routing algorithms,
search engine systems, search protocols, and content-based image
retrieval.

Identify the area of the Information Search Protocol (ISP) that is a routing
algorithm problem and the image search mechanism.

Define a routing algorithm to solve the causes of congestion in the
communication channel, i.e. the query message being sent to the same
node several times.

Define an architecture of a new search engine system for solving the routing
algorithm and adding the image search mechanism of the ISP.

Define a format of search protocol on the architecture of a new version of
ISP according to 4.

Implement and simulate the new version of the ISP.



7. Test and evaluate the new version of the ISP and report the results.

1.8 Dissertation Organization

The remainder of the dissertation is organized into four addition chapters as

follows.

Chapter 2 introduces the background and related work of the search engine,
and the overview of the Information Search Protocol (ISP). Moreover, the related work of
the search algorithm and the related work of the content-based image retrieval are

presented in this Chapter.

In Chapter 3, the new architecture and mechanism of the ISP that solves the
problems of the current ISP is described. This Chapter consists of 3 parts. The first part
presents the proposed image feature extraction; the second part explains the proposed
routing algorithm; and the third describes the modified ISP that is applied to work with

the image search mechanism and the routing algorithm.

Chapter 4 explains the implementation and the simulation of the new version of
the ISP. Furthermore, its simulation results and performance analyses are presented in
this Chapter in order to show the performance of the proposed routing algorithm and the

performance of the new version of the ISP.

Finally, Chapter 5 is the discussion and the conclusions of the proposed routing

algorithm and the new version of the ISP.



CHAPTER I

BACKGROUND AND LITERATURE REVIEW

This chapter is divided into 4 parts. The first part discusses search engines. The
second part provides an overview of the Information Search Protocol (ISP) and the third
part is the related work of the search algorithm. The final part discusses the content-

based image retrieval process.

2.1 Search Engine

2.1.1 Background of the search engine

A search engine is a program for looking for web sites in the Internet, which
returns a list of matching websites [2]. There are three components of a search engine
[3]: Collection, Database, and Search Interface. The first component is Collection. It
uses a "Robot" or "Spider" to read the contents in a web page, and if the web page has
hyperlinks to other pages, the robot will follow those links to the other pages.
Commonly, the robot returns to the site for updating the search engine database every
week or month. The data found by the spider is sorted, indexed, and stored in the
database. The database is the second component. It contains all the information
created from the robot’s search. The database copies every web page which the robot
visited. The third component is the Search Interface; the interface between the database
and the users. Some engines develop a complex strategy with Boolean operators,
phrase and proximity searching, and nesting; other engines use a simple keyword for
searching. Additionally, there are some mega-tools (meta-search engines) that can

search on multiple engine databases using a single interface.

Since the Internet contains a large amount of information, the search engines
manage their mechanism for user searching. There are three types of search engines
[4]: Human Powered Directories, Crawler Based Search Engines, and Hybrid Search

Engines.



Human Powered Directories: The directories of these search engines are
prepared by humans. Human editors collect all the listings in directories. They are
organized into subject categories and the subjects classify the web pages. Since
people look in the listings, the keywords used in web directories are important. The
listings of human powered directories are smaller than the listings of most search
engines [5]. The two most important directories are the Yahoo Directory and the Open

Directory known as Dmoz [6].

Crawler-Based Search Engines: The listings of crawler based search engines
are automatically generated. The listings are built by the spiders; not by human
collection. The subject categories are not organized; all pages are ranked by a
computer algorithm. The search engines are huge and often retrieve a lot of information.
In advanced searches, the search engines allow searches within the results of a

previous search and enable the user to refine search results [4].

Hybrid Search Engine: A hybrid search engine is different from the traditional
text-oriented search engine or the directory-based search engine. This search engine
performs by comparing a set of metadata, the primary corpus being the metadata
derived from a Web crawler or taxonomic analysis of all contents on the web pages, and

the search query of the user [4].

Moreover, most search engines utilize relevancy searching. The search results are
ranked, or sorted, according to the criteria. The criteria in the search engines can
contain the following: number of terms matched, closeness of terms, location of terms

within the document, frequency of terms, document length, and other factors [7].

2.2 Overview of the Information Search Protocol (ISP)

Information Searching Protocol (ISP) [1] is a search protocol that provides
support for users who know a partial pathname of a required URL and keywords. An
example would be the user entering “www.chula.ac.th” and “math”, the result of search

being web pages that have “math” in “www.chula.ac.th”.
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The architecture of the ISP consists of 2 main processes. The first process is
called the Embedded Agent for Information Search Protocol (EAISP). The second
process is performed at the search engine system and is called the Global Search
Engine System (GSES). The architecture of the ISP system is presented in Figure 2.1

and the detail of the ISP is illustrated as follows:

Client Site
User
Enter Browser software
URL + Keyword % User : Embedded Agent
Or Interface for SISP
URL + Image
Internet
Modified Global Search Engine System (MGSES) Modified Global Search Engine System (MGSES)
Classification Module(CM) Classification Module(CM)
Protocol Interpretation - Protocol Interpretation .
Routing Module(RM) Routing Module(RM)
Module(PIM) Module(PIM)
t £4 f £4
\ | v I
Search Module(sM) — — — — 1 | Search Module(SM) = — — — 1 |
| |
| |
(o0 ) ' (o0 ) '

Figure 2.1 The architecture of the ISP

2.2.1 Embedded Agent for Information Search Protocol (EAISP)
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This process is located at the client site where it receives a required URL and
keywords from a user. The information will be encapsulated into the ISP format before
transferring to the second process. The format of the ISP is presented in Figure 2.2.

Maximum length: 640 bytes |

|
Full Pathname of URL-k

# results | Full Pathname of URL-1

Query Payload | TMQ | Result Payload| TMR

Source Address | Destination Address

Keyword-n

Partial/Full Pathname of URL | Keyword-1

#keywords

L Fixed length: 64 bytes —!— Maximum length: 75 bytes—I

Figure 2.2 The ISP format

In Figure 2.2, the length of the ISP is a dynamic value depending on the number
of keywords and the result list. However, the format has two terminate values to indicate

the end of the query payload, or the end of the result payload. Each attribute in Figure

2.2 is described in Table 2.1.



Table 2.1 Syntactic and Semantics of the ISP format

Attribute name Length Remark
(byte)

Source Address 4 The IP address of the user system

Destination Address 4 The IP address of the database search engine

#Keywords 1 Number of search keywords usually is equal
to the value of #keywords. Total number of
keywords must not exceed 5 words.

Partial/Full Pathname 64 Partial or full pathname of the required URL.

of URL Users can enter only one value.

Keyword-i 15 Search keywords

™Q 1 Terminate key, indicates the end of query text;
fixed value in hexadecimal is ‘FF’.

#result 1 The total number of URLs listed from the
search mechanism; the value of this attribute
is k.

Full  Pathname of 64 The pathname of the web, may have more

each URL than one result; total number of the URLs is
not exceed 10 URLs

TMR 1 Terminate key, indicates the end of result text;
fixed value in hexadecimal is ‘FF’.

12

When a result is sent back to the client, the EAISP extracts the result payload

and sends the full pathname of the URL(s) to the client’s user interface of the browser.

2.2.2 Global Search Engine System (GSES).

The GSES consists of three modules: Protocol Interpretation Module (PIM),
Search Module (SM), and Routing Module (RM). Moreover, a Global Database

(GDB) is installed to store full path of URLs and keywords under that URL. Functions
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of each module are described in the following sub topics.

2.2.2.1 Protocol Interpretation Module (PIM)

This module is responsible for extracting the ISP in order to obtain the partial
pathname of a URL and keywords of the required content. After obtaining the result of
extraction, this result is used to create a search command in an SQL statement.
Additionally, when the PIM receives the results from the SM, it will encapsulate the

results into the ISP and it send back to the client

2.2.2.2 Search Module (SM)

This module receives the SQL statement from the PIM. The results of the
retrieving process can be a full pathname of a URL or a set of full pathnames of URLs.
However, there is the possibility that the required URL does not exist in GDB. In this
case, the SM will automatically transfer to the Routing Module; otherwise, it will return the

results back to the PIM to transfer the result back to the client.

2.2.2.3 Routing Module (RM)

When the required URL does not exist in the GDB, the SM will send a message
to the RM. The RM will retrieve IP addresses of other GSESs from the GDB, create the
ISPs with new details of the destination, and transfer the ISP to other GSESs that have
links to the current GSES. There is a limit for the transfer using a time-to-leave (TTL)
technique. The ISP will be transferred until the TTL is equal to zero and the last GSES
will send the ISP with a NULL-result back to the client. Therefore, this constraint can

eliminate the infinite recursion of the transferring routine.

2.2.2.4 Global Database (GDB)

Each GSES has an installed database named the Global Database (GDB). The

data in the GDB consists of fields that indicate the full pathname of URLs, the IP address
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of each URL, and defined keywords under each URL. Moreover, the GDB has the

address of the GSESs that have links to this GSES.

2.2.2.5 Problem of the ISP

According to the overview of the ISP, the previous version of the ISP has a
problem in the Routing Module (RM). When the GSES receives the ISP, the ISP is
extracted in order to obtain the partial pathname of a URL and keywords in the Protocol
Interpretation Module (PIM), and then the required URL and keywords are sent to the
Search Module (SM) for the retrieving process. If the required URL does not exist in the
GDB, the SM will send a message to the RM. The RM will retrieve IP addresses of other
GSESs from the GDB, create new ISPs that change details of destinations, and send out
the ISP to other GSESs that contain links to the current GSES. The routing algorithm of
the RM uses flooding techniques for searching the required data on the distributed
GSESs. This process is time consuming and causes congestion in the communication

channel while searching for the required URL in the GDB of the other GSESs.

2.3 Related work of search algorithm

There are a number of systems that are distributed systems which share
resources distributed over the Internet, such as peer-to-peer systems [9], naming
systems [10], and distributed databases [11]. Thus, a search resource is important in
the distributed system. The objective of a search mechanism is to successfully locate
resources while incurring low overhead and delay [12]. Therefore, many researches
propose mechanisms to send the query messages to the correct locations that store the
requested resource using a minimal number of transferring the query messages. There
are various search techniques that have the different trade-offs in their desired

characteristics [13-16].

The search techniques of distributed systems are basically classified into two
search methods: the informed search, and the blind search [14, 17]. In the informed

search method, each node has routing information to refer to the location of the required
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data. The other method is the blind search, in which each node does not collect

information that supports the search process.

In the informed search, each node collects some routing information that
contains parameters for selecting the appropriate neighbor nodes to relay query
messages. There are various schemes in the informed search. One of the informed
search techniques uses distributed hash tables (DHTs), which are lookup tables of
distributed resources (i.e. Chord [18]) in peer-to-peer systems. One of the informed
search methods is a semantic model that is used in REMINDIN'[19] and
LearingPeerSelection [20]. Another method is a history-of-queries model. The example
of history-of-queries is Directed Breadth First Search (DBFS) [21], which proposes to
record the neighbor nodes that will quickly return answer messages. The next example
is routing indices [22], which proposes to store statistics of document share’s neighbors
and route the query to a good node. Additionally, Activity Based Search [23] utilizes a
method to send the query messages to neighbors that have contributed to previous
successful searches. Moreover, several researches [24, 25] improve the informed
search using cache technology to store routing information for decreasing response

time.

An advantage of the informed search method is the reply time of the result
messages, which is less than the blind search method. Moreover, the number of
sending query messages is also less than the blind search. However, this search
method has a high cost to maintain the routing information. The implementing cost of the
informed search is to prepare the parameter of routing information before starting the
search method. Another cost is routing information updating. If data on one server is
changed, all of its neighbors have to update their routing information. Additionally, the
informed search method chooses only some servers that have a higher probability of
finding the required data. The query message does not relay to all of the nodes in the
system. Thus, if the routing information is not correct, the query message cannot reach

the right location and the search might return an incorrect result.
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Another basic search method is the blind search. This method uses flooding
techniques for sending queries to other servers in the network. For example, Breadth
First Search (BFS) is used in peer-to-peer systems such as Gnutella. A node sends a
query message to its neighbors, except the neighbor that sent the query message. The
starting node initializes a time-to-live (TTL) value in the query message. The TTL is
decremented at each hop, with the packet being discarded when the counter becomes

zero. The TTL is used for limiting flooding query messages.

The next example is Random Breadth First Search (RBFS) [26], which improves
the flooding technique by randomly selecting a portion of its neighbors to send the
query messages. RBFS reduces numbers of query messages that are passed on the
network. Normalized Flooding [25] uses flooding technique; however, it sends the query
messages to some of its neighbors. The number of selected neighbors (8) is the
minimum degree of a node in the network. If a server has neighbor degrees more than 6,
it will send the message only to d nodes in its neighborhood that are randomly selected.
lterative Deeping [13, 17, 27] uses a depth-first search to set the depth in the starting
search. The nodes relay the query message using breadth-first search. The search is
done when the depth reaches the maximum limit or when the server found the required
data. Random walk [13] is another example of the blind search. The search method of
random walk is that the node sends one query message to a neighbor that is randomly
chosen from all its neighbors. The forwarding message is a randomly chosen neighbor
in each step. The query message is called a walker. This method reduces the flooding
messages; however, there is a delay in returning the result to user. Therefore, a k-walks
algorithm is proposed [28]. The server sends k query messages to an equal number of
randomly chosen neighbors, and then each neighbor sends out one message to the
next neighbor that is randomly chosen. Another example of random walk is a two-level
random walk [29]. There are two policies for the random walk. At the first level, the
server selects k1 random walk with TTL1 = 1. When the TTL1 is zero at a particular
server, the second policy will be started. The server selects k2 random walk with TTL2

=2.
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The next search method is the local flooding with k independent random walks
[28]. The idea of this search method is to combine the flooding and random walk. First,
the starting node is sent to k neighbors by a local flooding, the value of k neighbor is
predefined. If the search finds the required data, the data will be returned. Otherwise,

each k nodes starts the independent random walk.

For the random search method, the advantage is to reduce the query messages
overhead. However, the random search does not reach all of servers in the system; it
selects some nodes that have a higher probability of finding the required data. The
query message may not arrive at the right location. Thus, the required information might

not be found.

In order to reduce the number of sending query messages, a hierarchical
mechanism is considered, such as the naming system. Most naming systems use a
hierarchical mechanism to search IP addresses. A well-known naming system is Domain
Name System (DNS) [10, 30-32], which maps host names to numerical IP address. The
naming structure database is strictly hierarchical of zone. The query messages are sent
to the parent and children of the node. Thus, this mechanism can reduce the overhead
of sending the query messages and send the query messages to all nodes in the
system. However, the hierarchical search mechanism will take a long time if the required

data exists in other branches of the hierarchical structure.

Considering the existing search techniques that have been mention above, all
search technigues may not send the query message to all nodes on the system, except
in the flooding technique and hierarchical mechanism. If the query messages reach all
nodes, it can be guaranteed that the results are from the right location. The response
time of the hierarchical mechanism may take more time than the response time of
flooding techniques if the required data exists in other branches of the hierarchical
structure. Thus, the flooding technique is focused on in this research. The advantage of
flooding technique is a short response time to return the result messages and the cost of

implementation is low. Additionally, this technique can start without preparing the routing
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information. However, the flooding technique is a cause of the congestion by distributing

guery messages.

2.4 Content-Based Image Retrieval (CBIR)

This section provides an overview of Content-Based Image Retrieval (CBIR).
Moreover, the background of image processing for image search methods is also
presented. These image backgrounds are applied in this research. There are the
smoothing filter, the color image quantization, and the image feature extraction using

Color Region Correlation (CRC).

2.4.1 Overview of the Content-Based Image Retrieval (CBIR)

Content-based image retrieval (CBIR) [33-40] is a technique used for retrieving
similar images from an image database. Content-based image retrieval has been a
dynamic field of study for many years [41-42]. The primary features of content-based
image retrieval are color, shape, and texture [43]. The image retrieval consists of two
main processes; a feature extraction and a feature matching. The feature extraction is

most important. The feature should be invariant to image translate, rotate and scale [44].

Example of CBIR algorithm is Query-By-Image Content (QBIC) [45-51]. The
QBIC is the first commercial content-based image retrieval system. The system
framework and techniques of QBIC have contributed to later image retrieval systems.
The color features of QBIC are the average value of (R,G,B), (Y,i,q), (L,a,b), and MTM
(Mathematical Transform to Munsell) coordinates, and a k-element color histogram [47].
The texture feature of the QBIC improved the Tamura texture representation [52] (such
as combinations of coarseness, contrast, and directionality [46]). In shape feature, the
QBCI use shape area, eccentricity, circularity, major axis orientation, and a set of

algebraic moment invariants [47, 51].
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In the example, there are three features that are used in QBIC: color, texture,
and shape. However, the color feature has been extensively studied because it is

invariant to scale and translate [53].

In color feature, the color histogram is most commonly applied with color feature
representation. The histogram intersection for measuring the similarity of the color
histogram is proposed by Swain and Ballard [57]. loka [58] and Niblack et al. [59] also
introduced the technique to compare the histograms for the similarity between two
images. However, most color histograms are very sparse and thus sensitive to noise.
Therefore, the cumulated color histogram was proposed by Stricker and Orengo. Their
research results presented the advantages of the proposed method over the

conventional color histogram method [60].

Moreover, several other color features have been used in image retrieval, such
as color moments and color sets. These color features can solve the quantization effects
of image in the color histogram. The color moments process was proposed by Stricker
and Orengo [60]. The mathematical foundation calculates any color distribution that can
be characterized by its moments. Additionally, the information is considered on the low-
order moments. The first moment is mean value, and the second and third central
moments that are variance value and skewness value, respectively, and were extracted
as the color feature representation. Therefore, the weighted Euclidean distance was

used for calculating the color similarity of two images.

In addition, an approximation to the color histogram is proposed by Smith and
Chang [61, 62]. This method is used for fast searching over large-scale image
collections. The first process is to transform the (R, G, B) color space into a perceptually
uniform space, for example, HSV, and then quantized the transformed color space into
M colors. A color set is defined as a collection of colors from the quantized color space.
Since the feature vectors of the color set were binary, a binary search tree was

generated. Therefore, the image search is a fast search.
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2.4.2 Smoothing filter

The smoothing filter is often used to reduce noise within the image or blur the
image. The smoothing image is used in the preprocessing steps, such as removal of a
small detail from the image prior to object extraction, or the connecting of a small gap in
lines or curves. Moreover, the blurring image can reduce noise on the image [63]. The
smoothing filter is usually based on a single value representing the image, such as the
average value of the image and the median value. The two values for smoothing an
image are called an average filter and a median filter. Additionally, another smoothing

filter is a Gaussian filter.
2.4.2.1 Average filter

The average filter or the mean filter is a simple method to implement for
smoothing images. Moreover, the average filter is used in Gaussian noise reduction [64-
67] The mean filter is also applied with a derived or texture feature in segmentation
process of image [68, 69].

The idea of the average filter is simply to change each pixel value in an image to
the average value of its neighbors, including itself [63]. This process has the effect of
removing pixel values which are unrepresentative of their surroundings. The average
filter is usually thought of as a convolution filter. The mask is the shape and size of the
neighborhood to be sampled when computing the mean. The 3x3 mask size is often
used, as shown in Figure 2.3. Additionally, if the mask size is bigger, the image will be

more smoothing.

© |-
© |-
© |-

© |-
© |-
© |~

© |~
© |-
© |~

Figure 2.3 3x3 mask of the average filter
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2.4.2.2 Median filter

The median filter is a nonlinear filter used to eliminate the impulsive noise from
an image [70-73]. The method of the median filter is similar to the average filter;
however, the median filter is better than the mean filter for preserving useful detail in the
image. Furthermore, the median filter is a more robust method than traditional linear
filtering because the median filter maintains the sharp edges. Additionally, the image’s

“salt and pepper” noise can remove by the median filter [74].

The idea of the median filter is similar to the mean filter; the median filter
compares each pixel in the image with its neighbors. Instead of replacing the pixel value
with the average of neighboring pixel values, the median filter replaces pixel values with
the median of neighboring pixel values. The median value is computed by first sorting all
the pixel values from the nearby neighbors into numerical order. Then the considered
pixel is replaced by the middle pixel value. If the number of the pixel value is an even
number, the average of the two middle pixel values is used. Figure 2.4 presents an

example calculation of median filter.

132 254 165 P

120, 123, 132, 133, 156, 165, 176, 200, 254
156 133 120

/

200 | 123 | 176 | =156

Figure 2.4 Calculating the median value

2.4.2.3Gaussian filter

A Gaussian filter also known as Gaussian smoothing or Gaussian blur [75]. The
Gaussian filter is the blurring of the image using a Gaussian function. The Gaussian filter

is also used to remove noise. The Gaussian filter is similar to the average filter; however,
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it uses a different mask that is the shape of a Gaussian (‘bell-shaped') hump. The mask
of the Gaussian filter is explained below.

The Gaussian filter aims to reduce the magnitude of high spatial frequencies in
the image proportional to their frequencies. The Gaussian filter decreases magnitude of
higher frequencies more. There is more computation time when compared to the
average filter. The Gaussian expands to infinity in all directions; however, since it
approaches zero exponentially, it can be truncated three or four standard deviation

away from its center without noticeably affecting the result.

The equations of a Gaussian function of one dimension and two dimensions are

shown in equations 2.1 and 2.2, respectively.

G(x) = L ex X 2.1
_\/27z02 p202 @

1 —(X*+y?
ctn = ezl <

Where o is the standard deviation of the Gaussian distribution, x is the distance
from the origin in the horizontal axis, and y is the distance from the origin in the vertical
axis. When the Gaussian filter is used in two dimensions, the formula generates a
surface whose contours are concentric circles with a Gaussian distribution from the
center point. The values of the distribution are applied to construct a convolution matrix
that is used to the original image. The new value of each pixel is set to a weighted
average of that neighborhood pixel. The value of original pixel receives the highest
weight and neighboring pixels receive smaller weights as their distance from the original

pixel increases. The result is a blur image that preserves boundaries and edges.
2.4.3 Color quantization

Color image quantization is the process of reducing the number of colors in a

digital color image [76]. Color image quantization is an important method that can be
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applied to many techniques in image processing and computer graphics. Color image
quantization can be used in loss compression techniques [77]. A mobile system uses
the Color image quantization because the memory of mobile devices is usually small
[78]. Moreover, most graphics hardware uses the color image quantization for color
lookup tables with a limited number of colors [79]. The Color image quantization can be

properly defined as follows [77]:

Let a set of Ng.colors where S'c ®M*and N, is the dimension of the data
space. The color quantization is a map fq :S'— S" where S" is a set of Ng.colors
such that S"c S'and Ng. < Ng.. The objective of the map is to minimize the
quantization error resulting from replacing a color ceS' with its quantized

value f (c) — S".

Color image quantization consists of two main steps:

L4 First is to create a color map that is a small set of colors (normally 8-256
[80]), chosen from the 2°* possible combinations of red, green, and blue
(RGB) color.

L4 The second step is to map each color pixel in the color image to one of the
colors in the color map.

The example of the color image quantization is illustrated in Figure 2.5.
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L4 The second step is to map each color pixel in the color image to one of the
colors in the color map.

The example of the color image quantization is illustrated in Figure 2.5.

=

(a) The original image (b) The quantization image to 8 colors

Figure 2.5 An example of the color image quantization

Therefore, the idea of color image quantization is a mapping of the set of colors
in the original color image to a much smaller set of colors in the quantized image [81].
Additionally, the color image quantization should reduce the difference between the

original images and the quantized images [79].
2.4.4 Image feature extraction using Color Region Correlation (CRC)

This paper focuses on the color feature. The image technique to obtain image
indexes, Color Region Correlation (CRC) [82], is applied to work with the proposed
protocol. The index of CRC is easy to calculate and invariant to translate, rotate and
scale. Moreover, the size of feature index is small and can apply to the new version of

the ISP.
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The Color Region Correlation (CRC) is the relationship between color-pair
regions in an image. The CRC process is used for obtaining the color index. The
process of CRC is explained as follows:

Let | be a digital image; the size of | is denoted as | =mxn pixel. The
colors in | are quantized into | colors, ¢,, c,..., ¢. A region R, (I) is a group of
connected pixels of color ¢, in | .

A color-pair relationship is calculated, and then the result is collected in a table
of numbers representing the correlation of regions that is called the CRC. Each value of
the CRC table,CRCGlCJ (1), is the average number of regions of color ¢ ; within a minimum
bounding rectangle (MBR) of R. (1) , defined as MBR(R, (1)) . The MBR must fit the
region under consideration. The MBRs of R, is illustrated in Figure 2.6. Therefore,
before CRC,, (1) can be calculated, the number of R_ (1) within MBR(R, (1)), denoted

asnCRC, (1), must be counted as follows:
nCRC,, (1) =[R, (1) € MBR(R, (1)} (2.3)
And then CRC, (I) is computed as follows:

nCRC,, (1)
ORONERORN EHVER (2.4)

R, (1)

Where

R, (I )‘ is the number of regions of color(s)
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Color ¢
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Color c3

Color ¢4

Color cs

Figure 2.6 MBRs of region R, and R, of color c,

Figure 2.6 illustrates MBRs of regions of R, and R, of color ¢, represented by
dashed-line rectangles. The NCRC o (1) of region R, can be calculated as follows:
nCRC, (1)=0
nCRC,, (1) =1
nCRC,, (1) =0
nCRC,, (1)=0
nCRC_ . (1)=0

Region R, can be computed as:
nCRC,, (1) =1
nCRC,, (1) =1
nCRC,, (1) =1
nCRC,, (1) =1
nCRC,, (1) =0

Therefore, the summation of the two regions is calculated as follow:
nCRC,, (1) =1
NCRC,, (1) =2
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nCRC,, (1) =1

nCRC,, (1) =1

nCRC,, (1) =0

The next step is to compute the CRCCiCJ_ (|) value:

CRCclcl (1)=1/2=05

CRCClcz (1)=2/2=1

CRCClC3 (1)=1/2=05

CRC% (1)=1/2=0.5

CRC,, (1)=0/2=0

However, this calculation only presents the correlations of region of color ¢, and
other colors. For the entire CRC table, correlations of other regions of all colors must be
calculated. Since CRC calculates every region of each color, it spends considerable

time to calculate the entire image.

According to the background and related work in this Chapter, the current
search engines return a large number of URLs and images, so the users spend time
looking for the required URL. One solution is to use Information Searching Protocol (ISP).
This protocol enables users to enter a partial part of the required URL and keywords.
Thus, the ISP can narrow down the search and reduce the search time for the required
information. Conversely, the routing algorithm of ISP has a defect in that any ISP will be
sent to the same search engine system several times, and finally this process causes
the traffic overflow. Moreover, the ISP cannot perform the image search. Therefore, this
research proposes a new routing algorithm and adds the search image mechanism in
the ISP. Considering the search image mechanism, the Color Region Correlation (CRC)
is focused on because the index of the CRC is easy to calculate and invariant to
translate, rotate, and scale. Moreover, the size of feature index is small. However, the
CRC index will spend considerable time calculating if the image has many color regions.
Therefore, this research improves the CRC method using the median filter and color

quantization technique. The detail of the enhanced CRC method, the proposed routing
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algorithm and the new version of the ISP that apply the proposed routing algorithm and

the search mechanism are explain in the next Chapter.



CHAPTER IlI

PROPOSED METHOD

This chapter describes the proposed image search mechanism and the
proposed routing algorithm that are applied to increase the performance of the ISP.
This chapter is divided into three parts. The first part presents the enhancing image
feature extraction. The second part explains the proposed routing algorithm and the
third part describes the modified ISP that applies to work with the image search

mechanism and the routing algorithm.

3.1 Enhancing Image Feature Extraction

Since the image search aims to find a similar image in a database, image
extraction is an important process to extract features of images that are used to
compare the similarity between two images. This research focuses on Color Region
Correlation (CRC) [82] for retrieving the image because the index of CRC is easily
calculated and invariant to translate, rotate, and scale. Moreover, the size of the feature
index is small. Therefore, CRC is applied to work with the new version of ISP. The detail

of CRC technique is discussed in Chapter Il.

The CRC is a set of values representing the correlation of regions by color-pair
relationship. The first step of the CRC method is a color quantization of an image in
order to reduce the number of colors in the image. In this research, the image is
quantized to 8 colors. In the next step, the quantized image is calculated. Each value of
CRC is the average number of regions of each color within a minimum bounding

rectangle (MBR).

Since this method calculates every region of each color, it takes some time to
calculate the entire image. Therefore, this research uses the image fliter technique to
reduce the number of color regions before quantizing the color image. The image filter

techniques of the average filter, the median filter and the gaussain filter are applied to
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the image before the quantized color image. Figure 3.1 shows the color quantization

effect on the different image filter techniques.

(b) Quantized color on original image (c) Quantized color on average filter image

(3351 color regions) (571 color regions)

(d) Quantized color on median filter image (e) Quantized color on Gaussian filter

(293 color regions) image (613 color regions)

Figure 3.1 The color quantization of the different image filter techniques
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In Figure 3.1, the number of color regions of the original image quantization is
3,351, the number of color regions of the average filter quantization is 571, the number
of color regions of the gaussain filter is 613, and the number of color regions of the
median filter is 293. Therefore. the median filter method is the best filter technique
because the number of color regions of the median method is minimal. Consequently,
the time spent calculating the CRC is shorter using the median filter method. This
research adds the median filter method in the CRC process. The process of the

enhancing image feature extraction is presented in Figure 3.2.

Image

Median filter

L 4

v |
" |
Color Quantization

[
/v

CRC

Image index: 0,286,0,278,225,0,223,
507,23405,0,0,23512,0,0,0,10132,9,
) 0,0,0,0,0,8,9,17091,6421,0,0,0,0,0,
Image index

17543,97,57,0,57,0,0,56,114,0,0,0,0,
0,0,0,0,189,148,0,148,66,0,0,305,261
61,4922,0,25493,52,0,126,0

Figure 3.2 The process and image example of the enhancing image feature extraction

As can be seen in Figure 3.2, the enhancing image feature extraction has three
processes: the median filter process, the color quantization process, and the CRC

process. When the median filter process acquires the input image, it will remove small
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details of the image. Then, the median filter image is forwarded to the color quantization
process. The color of the median filter image is reduce to eight colors. In the next step,
the CRC process obtains the quantizated color image, and the result of the CRC
process is the CRC index. The size of the CRC index is 8x8 = 64 values because the
CRC is calculated from eight quantized colors. Therefore, the size of the color index is
small. The enhanced CRC feature extraction will be applied to work in the embedded
process of the new version of the ISP. Moreover, the CRC index of each image will be

recorded in the database of the new version of the ISP.

In image search, there is a function that calculates the similarity between the
query image and the images in the database. This function is called Image Matching, a
function that uses relative distances to calculate the CRC index of two images. The

relative distance measure equation is presented in Equation 3.1 and Equation 3.2 as

follows.
d(Q.P)=[Q-P| (3.1)
_ iQi — pil 3.2
_;14‘ g + P 42

Where Q is query image.
P is a database image.
g, is CRC index i of query image
p; is CRC index i of image database
As an example calculation of the similarity between two images, let IM, be the
query image that is entered by user. IM1,, and IM2, are the images that are stored on
the database. The CRC index of the 3 images is shown in Table 3.1 and Equation 3.1

and Equation 3.2 are the equations for calculating the similarity value of the images.
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Table 3.1 The example of CRC index

Image Image CRC index

Name

IM 0,909,22,1110,353,0,445,1671,57762,0,0,
52296,0,0,0,31773,73,6,0,57,0,0,0,74,23726,
13865,0,0,0,0,0,25130,142,77,0,77,0,0,77,
154,0,0,0,0,0,0,0,0,335,222,0,222,132,0,0,

450,40718,18446,8,46159,10,0,128,0

M1, 0,2331,5,1667,760,0,953,2130,80861,0,0,
22975,0,0,0,21859,51,29,0,14,1,0,10,30,
24297,14699,1,0,0,0,2,25523,408,217,0,
28,0,0,217,217,0,0,0,0,0,0,0,0,891,548,0,22,

396,0,0,548,46894,25016,1,43642,20,0,307,0

M2 0,410994,124670,427570,0,7,0,49166,235092,

ab
0,1,255598,0,854,0,33204,129670,0,0,39313,0,

0,0,0,285082,165424,22968,0,0,203,0,48439,0,
0,0,0,0,0,0,0,1136,2223,0,1142,0,0,0,1297,0,0,0,
0,0,0,0,0,55716,59680,0,58003,0,1504,0,0

lo-0| 1909 - 2331 lo-0|
d(IM_,IM1,,) = ( +( )+ ( ) =13.3282 (3.3)
a 1+0+0° "1+909+ 2331 1+0+0
0-0 909 — 410,994 0-0
d(IM,, IM2,) = ( -9 )+ ( | | Yoot ( 0-9 ) = 35.9342 (3.4)
1+0+0 1+909 + 410,994 1+0+0

According to Equation 3.1 and Equation 3.2, the calculations of the relative
distance value show that /M1, and /M, are more similar than /M2, and IM, because the
relative distance value of the IM1,, and the IM,, is less than the relative distance value of

the IM2,, and IM,,. If the relative distance value is O, the two images are the same image.
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Therefore, if the relative distance value is close to zero, two images are similar. In this
research, the relative distance value is 25.6 to define the similarity image; two images
are similar in 60% of entire image. If the relative distance value is less than or equal to

25.6, the two images are similar images; otherwise, they are not similar.

3.2 Proposed Routing Algorithm

In order to find the sending path of the ISP without rerouting back to its source, a
small packet named a Patrol Packet (PTP) Algorithm is proposed in this research. The
PTP supports the routing algorithm for transferring the query message. The PTP format

and algorithm are described in the following subtopics.

3.2.1 Patrol Packet (PTP) format

Since the PTP is implemented to assist the routing path of the query message, it
contains fields to indicate the sending and receiving status of the query message over
the sending path. The format of the PTP is displayed in Figure 3.3 and the meaning of

each attribute in Figure 3.3 is described in Table 3.2.

7 15 23 31
Source Address

Destination Address
Sender Address
Query ID| TTL Status | Option

Figure 3.3 The format of the PTP
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Table 3.2 Syntactic and semantic of the PTP format

Attribute name Length (byte) Remark
Source Address 4 IP address of the client.
Destination Address 4 IP address of the destination GSES.
Sender Address 4 IP address of the source GSES.
Query ID 1 identification number of the search
Status 1 Status of Sending or Receiving;
defined as
0: PTP is sent
1: PTP is received with
permission to send ISP
Option 1 Null bits

According to Table 3.2, the length of the PTP is 128 bits or 16 bytes, and can be
considered as a small packet over the Internet. Thus, the PTP hardly causes any
congestion in the communication channel. Moreover, the sending paths identified by
the PTP will reduce the number of sending query messages through the network.
Therefore, the congestion problem from the ISP and the rebound problem are

eliminated.
3.2.2 Patrol Packet (PTP) Algorithm

Patrol Packet (PTP) algorithm is the algorithm that supports the routing algorithm
for transferring the query message. Patrol Packet (PTP) algorithm uses the flooding
mechanism. Patrol Packet (PTP) algorithm consists of two functions: a sending PTP
function and a receiving PTP function. In the sending PTP function, the current node
sends the PTP to its neighbors, except the neighbor that sent the query message. The
PTP is sent to check the status of the database of the neighbor nodes before sending

the query message. In the receiving PTP function, the current node receives the replying
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PTP that requests the query message from the neighbor. Thus, this function will send the

query message to the neighbor. The PTP algorithm is presented in Figure 3.4.

PTP_Algorithm
Function Sending the PTP

Let v be the current node
Let s be the source node
IFv=s
Then
Send the PTP to all neighbors of v.
Else
Let R be the set of all the PTP received
Let p be the PTP received
Let w be the neighbor of v that sent p
IF pisin R then
Do Nothing, since p was already processed by v
Else
Sent the PTP for requesting the query message
Receive the query message.
IF p found data at v Then
Send result to client
Else
For each neighbor y of v such that y # wdo
sendptoy
End For
End If
End If
End If
Function Receiving the PTP for requesting the query message

Send the query message to the neighbor that request the query message

Figure 3.4 The Patrol Packet (PTP) algorithm

Referring to the PTP algorithm in Figure 3.4, it is shown the sending paths are
identified by the PTP before sending the query message. So, the PTP algorithm can
reduce the number of sending query messages through the network. The congestion

problem from the query messages and the rebound problem are eliminated.
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3.3 Modified ISP

The proposed routing algorithm and the proposed image retrieval are applied to
increase the performance of the ISP. Therefore, the ISP format, the Embedded Agent
for Information Search Protocol (EAISP), and the Global Search Engine System (GSES)
are modified to work on the proposed routing algorithm and the proposed image

retrieval. Furthermore, the Global database (GDB) is also enhanced.

Therefore, the new ISP is called Specific Information Search Protocol (SISP). The
modified Embedded Agent for Information Search Protocol (EAISP) is called the
Embedded Agent for Specific Information Search Protocol (EASISP). Additionally, the
Global Search Engine System (GSES) of the new ISP is called the Modified Global
Search Engine System (MGSES). The Global Database has been changed to Modified
Global Database (MGDB).

The architecture of SISP is shown in Figure 3.5. The detail of the format and the

function of each module are elaborated as follows:



Client Site
User
Enter Browser software
Request
URL + Keyword d User ; Embedded Agent
or Interface for SISP
URL + Image

Modified Global Search Engine System (MGSES)

Classification Module(CM)

/\

Protocol Interpretation
Module(PIM)

Routing Module(RM)

A
Y

Search Module(SM)

3.3.1

Classification Module(CM)

Modified Global Search Engine System (MGSES)

/\

Protocol Interpretation
Module(PIM)

Routing Module(RM)

y |

Search Module(SM)

A A?

Figure 3.5 The architecture of SISP

Format of the Specific Information Search Protocol (SISP)
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Since the SISP was implemented to enhance the search ability of an image

respectively. The meaning of each attribute is elaborated in Table 3.3.

search engine using a partial name or full name of a URL and a partial of an image, the
format of the protocol must contain the search content that is a combination of a partial
name or full name of a URL and the query image. The result of the search process is a
list of full pathnames of URLs. Moreover, the content of the URLs in the list will also
contain the required image(s) or the similar image(s) for the image search. The general
format of SISP is shown in Figure 3.6. Furthermore, the SISP for an information search

and the SISP for an images search are presented in Figure 3.7 and Figure 3.8



39

Source Addr| Destination Addr “ Search FlagNQuery ID‘Sending Flag | Query Payload ‘TMQ{ Result Payload‘ TMR ‘

Figure 3.6 The general format of SISP

Maximum length: 640 bytes

| |
’ # results ‘ Full Pathname of URL-1 ‘ ‘Full Pathname ofURL—k‘

T~ /
- ,

- 7

- /

Query ID‘Sending FIag|Query Payload‘ ™Q ‘Result Payload“ TMR ‘

Source Addr|Destination Addr| Search Flag="0"

— -~
-~
_- -
- ~
- ~
_ -~
- ~
-~

- ~

~

‘ #keywords | Partial/Full Pathname of URL | Keyword-1 ‘ ‘ Keyword-n

L Fixed length: 64 bytes —— Maximum length: 75 bytes—

Figure 3.7 The SISP format for an information search

Full Pathname of URL-1

TMN | Image flie-1 | TMI |

# results | Detail of URL-1 | ... | Detail of URL-k

| — == Maximum length is 640 bytes ——<+
~ /
\\\ /

=~ /

Source Addr|Destination Addr| Search Flag="1"

Query ID‘Sending Flag‘ Query Payload ’ ™Q ‘Result Payload| TMR

-~
- -~
—

Partial/Full Pathname of URL ‘ CRC index
|
IVEI | Fixed length = |
I— —Fixed length= 64 bytes— +- — -4
' 64 bytes

Figure 3.8 The SISP format for an image search

According to the format in Figure 3.6, the Search Flag, Query ID and the
Sending Flag fields will be added into the SISP. The Search flag is the value for
selecting the information search or the image search. The Search flag of the information
search and the image search are “0” and “1” respectively. The Query ID is the
identification number of the search and it is used with the Source Address to identify

searches in the MGDB. In addition, the Sending Flag is the transfer status of the SISP.
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Furthermore, the length of the SISP is a dynamic value depending on the keyword(s)
and the number of the results lists. However, there are two terminate values to indicate
the end of the query payload or the end of the result payload; and there are two
terminate values to indicate the end of the partial/full pathname of URL and the image

file in the SISP format for image searching.
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Table 3.3 Syntactic and semantic of the SISP format

Length

Attribute name Remark
(byte)

Source Address 4 The IP address of the user system

Destination Address 4 The IP address of the database search engine
Flag of search; defined as
Search Flag 1 “0": Information Search
“1”: Image Search
Query ID 1 Identification number of the search
Sending Flag 1 Status of SISP transfer; defined as
1: the sender is client, thus MGSES does not send PTP
and can send the SISP.
0: the sender is MGSES, thus MGSES must send PTP to
check status of SISP.
Partial/Full Pathname of 64 The partial or full pathname of the required URL. Users
URL can enter only one value.
Keyword-i 15 Search keywords.
CRC index 64 Color region correlation values
Terminate key; indicates the end of query text, fixed value
T™Q 1
in hexadecimal is ‘FF’.
The total number of URLs listed from the search
#result 1
mechanism.The value of this attribute is k.
Full Pathname of each The pathname of the web, may have more than one result,
URL . total number of the URLs is not exceed 10 URLs
Terminate key; indicates the end of Full Pathname of URL,
TMR 1 fixed value in hexadecimal is ‘FF’.
Terminate key; indicates the end of image file, fixed value
™ 1 in hexadecimal is ‘FF'.
Image file 100 Sample of a result image
VR 1 Terminate key; indicates the end of result text, fixed value

in hexadecimal is ‘FF’.
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3.3.2 Embedded Agent for the Specific Information Search Protocol (EASISP)

The function of the Embedded Agent for the Specific Information Search
Protocol (EASISP) is to create the packet in the new version of the ISP format. Therefore,
the Search flag, Query ID, and the Sending Flag fields are added to the SISP. In this
module before sending the SISP to the MGSES, the SISP indicates the search types:
information and image search. The Query ID is the number of search identification; it is
applied with Source Address to identify searching in the MGDB. The Sending Flag is the

transfer status of an SISP.

After some part of a required URL and the keyword(s) or partial image are
entered through the browser interface, these data will be sent to the EASISP. The
EASISP will encapsulate the received URL and keyword(s) or indexes of the query
image into the SISP format. Additionally, the Search flag field is set to “0” or “1” for
information or image search respectively. Then, this SISP will be transferred to the

nearest GSES. Figure 3.9 is the algorithm for encapsulating data into the SISP.

For the image search, there is a function of image extraction that is called CRC
function. The function is added in EASISP to extract a feature of the query image and
return the CRC index of the query image. There are 64 values of CRC index that may be
inserted in the CRC index field of SISP. The CRC index values are used to compare the

similarity between the query image and the images that are stored in the MGDB.
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Algorithm of Encapsulating

Receiving a query from the browser user interface
Put the host name into the Source Address field of SISP
Put the MGSES name into the Destination Address field of SISP
If Keyword field is not NULL Then
Concatenate the “0” to the SISP // Set the Search flag field
Concatenate the Query to the SISP
Else
Call CRC(Query image)
Concatenate the “1” to the SISP // Set the Search flag field
Concatenate the URL to the SISP
Concatenate ‘FF’ to SISP
Concatenate CRC index of image
End If
Concatenate ‘FF’ to SISP
Concatenate NULL to SISP
Concatenate ‘FF’ to SISP
Send the SISP to the Internet system
End Encapsulating

Figure 3.9 The algorithm of SISP encapsulation.

Another algorithm of EASISP is an extraction algorithm. When the result is sent
back to the client, EASISP performs the data extraction and sends the full pathname of
the URL(s) for information search. Additionally, it sends the image(s) for image search
from the result payload to the client's user interface of the browser. The algorithm for

extracting information from the received SISP is showed in Figure 3.10.



Algorithm for Extraction

Start reading 9th byte at Search flag field,
If Search flag field is “0” Then // Result of Information search
Do until found ‘FF’
Read next character from SISP
End Do
Initial URL_NM to be NULL
Read a character X
Do until found ‘FF’
Concatenate X into URL_NM
Read a character X
End Do
Send URL_NM to the browser user interface
Else If Search flag field is “1” Then // Result of Image search
Do until found ‘FF’
Read next character from ISP
End Do
Initial URL_NM to be NULL
Initial URL_IMG to be NULL
Read a character X
Do until found ‘FF’
Concatenate X into URL_NM
Read a character X
End Do
Do until found ‘FF’
Concatenate Xinto URL_IMG
Read a character X
End Do
Execute image(s) from URL_IMG
Send URL_NM and image to the browser user interface
Else
Drop packet
End IF

End Extraction

Figure 3.10 The algorithm of SISP extraction.
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3.3.3 Modified Global Search Engine System (MGSES)

The GSES is adjusted to work on the search algorithm and the image search
retrieval. The new GSES is added to the Classified Module (CM) and modified all
modules that are Protocol Interpretation Module (PIM), Search Module (SM), Routing
Module (RM), and Global Database (GDB). The Modified GSES is displayed in Figure

3.11 Each module is described as follows.

Classified Module

— Wy,

Protocol Interpretation
R r — % Routing Module
Module |
I
|

!

Search Module e

Figure 3.11 The modification of GSES

3.3.3.1 Classified Module (CM)

The CM is responsible for classifying the PTP and the SISP. When the PTP or the
SISP is sent to a MGSES, it will be classified by the length of the packet. If the length of
the packet is 16 bytes (128 bits), then the packet will be sent to the RM. If the length of
the packet is greater than16 bytes, then the packet will be sent to the SM. The algorithm
of CM is described in Figure 3.12.
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Algorithm of Classified Module

IF length of a packet == 16 bytes Then
Send the packet to the Routing Module
Else IF length of a packet > 16 bytes Then
Send the packet to the Search Module
Else
Drop the packet.
End IF

Figure 3.12 The algorithm of Classified Module

3.3.3.2 Protocol Interpretation Module (PIM)

The function of the PIM is to extract the SISP in order to obtain the partial
pathname of the URL, and the keywords or the index of image of the required query
message. After acquiring the result of the extraction, the result is used to generate a

search command in an SQL statement, SQL_P.

For example, in an information search, an entered query is www.chula.ac.th +
“computer science” + “mathematics”. The PIM will generate an SQL condition that is
URL_NAME = “www.chula.ac.th” AND (KEYWORD = *“computer science”, OR
KEYWORD = “mathematics”).

For an example of an image search, the PIM uses the URL to generate an SQL

condition that is URL_NAME = www.chula.ac.th and sends the index of image to the

Search Module(SM) for matching the similar image in the MGSES.

The interpretation process is described as an algorithm in Figure 3.13.


http://www.chula.ac.th/

47

Algorithm of Interpretation Module
Initial X , URL_PART, URL_PARTL and KEYWORD_PART to be NULL
Read the 9th byte of the Query Payload of SISP
If Search flag field is “0” Then // Query Payload of Information search

Do until found ‘+’
Concatenate X to URL_PARTL
Read next character into X
End Do
Put ‘URL_NAME LIKE %' URL_PARTL " % ' into URL_PART
Read next character into X
If X1=‘FF’ Then Put ‘KEYWORD LIKE %’ into KEYWORD_PART
Do until found ‘FF’
Concatenate X to KEYWORD_PART
Read next character into X
If X ="+ Then
{ Concatenate * % OR KEYWORD LIKE %’ to KEYWORD_PART
Read next character into X}
End Do
Concatenate ' %’ to KEYWORD_PART
SQL_P = Concatenate (‘Select URL_FULLN from MGDB table’ where ' URL_PART ‘and’ URL_KEYWD)
Else If Search flag field is “0” Then // Query Payload of Image search
Initial IND_CRC to be NULL
Read the 10th byte of the Query Payload of SISP into X
Do until found ‘FF’
Concatenate X to URL_PARTL
Read next character into X
End Do
Put ‘URL_NAME LIKE %" URL_PARTL " % " into URL_PART
Read next character into X
Do until found ‘FF’
Concatenate X to IND_CRC
Read next character into X
End Do
SQL_P = Concatenate (‘Select URL_FULLN from MGDB table’ where ’, URL_PARTL )
Send IND_CRC to Search Module.
Else
Do nothing
End If

End Interpretation

Figure 3.13 The interpretation algorithm
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Another function of the PIM is to receive the results from the SM. The PIM will
encapsulate the search results into the SISP format and send it back to the client. The
result of an information search is the full path name of the URL; conversely, the result of
an image search is the full path name of the URL and the similar image(s). For an image
search, it will send the similar image(s) to the client. Another function of the PIM is

described as an algorithm in Figure 3.14.

Algorithm for Returning Results

If Search Flag == “0” Then /// Information Search
Do until Result(i) = NULL
Concatenate Result(i) to Result field of SISP
Concatenate ‘,’ to Result field of SISP
End Do
Replace last character of Result field of SISP with blank
Put ‘FF’ to TMR field of SISP
Else If Search Flag == “1” Then /// Image Search
Initial IMG to be NULL
Do until Result(i) = NULL
Concatenate Result(i) to Result field of SISP
Concatenate ‘,’ to Result field of SISP
Concatenate Image(i) to IMG
Concatenate ‘,’ to IMG
End Do
Concatenate IMG to Result field of SISP
Replace last character of Result field of SISP with blank
Put ‘FF’ to TMR field of SISP
End If

Figure 3.14 The return result algorithm of PIM

3.3.3.3 Search Module (SM)

When the PIM creates the SQL statement, the PIM will send this statement to the
SM to perform the retrieving process. For an information search, the results of the

retrieving process can be a full pathname of a URL, or a set of full pathnames of URLs.
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For an image search, the results of the retrieving process can be a full pathname of a
URL, or a set of full pathnames of URLs and an image or a set of images. The search
result is dependent on the ability of the query input by users. The algorithm of the SM is

shown in Figure 3.15.

Unfortunately, there is an opportunity that the required URL does not exist in
MGDB. In that case, the SM will transfer to the Routing Module (RM); otherwise, it will

return the results back to the PIM to transfer the search result to the client.

For an image search, there is a function that calculates and compares the
similarity image of the query image and the image at the MGDB that is under the return
Record of SQL_P. This function is called the Index Matching function and it uses the
Euclidean distance equation to calculate the similarity value of CRC index. The details of

the Relative distance calculation are presented in Section 3.1.



Algorithm of Search Module

If Search Flag == “0” Then /// Information Search
Run SQL statement
Leti=0

If Records is not NULL Then
Do until end of Records
Read URL_NM into Result(i)
Increase i by one
End Do
Sent all Result(i) to PIM

Else
Transfer to RM
End IF
Else If Search Flag == “1” Then /// Image Search
Run SQL_P
Index_Matching(IND_CRC)
Leti=0

If Records is not NULL Then

Do until end of Records
Read URL_NM into Result(i)
Concatenate ‘FF’ to Result(i)
Read URL_IMG into Result(i)
Increase i by one

End Do

Sent all Result(i) to PIM

Else
Transfer to RM
End IF
Else
Do Nothing
End If
End Search

Figure 3.15 The algorithm of Search Module
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3.3.3.4 Routing Module (RM)

As mentioned in Chapter 2, the routing module of the ISP has a defect.
Therefore, the RM is modified using the new routing algorithm that uses a small packet,

PTP, to check the status of the SISP on the MGSES.

The RM receives the PTP from the CM and the SISP from the SM when the
required URL cannot be found in the MGDB. Thus, the process of the RM is divided into

2 situations, as follows.

Situation 1: The required URL does not exist in the MGDB.

When this situation occurs, the SISP must be sent out to other MGSESs. If the
SISP was sent directly from the client, it will automatically be sent to all neighbors of the
current MGSES. Otherwise, before sending the SISP to all neighbors, PTP packets must

be created and sent out to find the travelling path.

Situation 2: A MGSES receives a PTP packet.

Since a PTP is used to find the sending path, there are two cases to be
considered. The first case is the situation that the received PTP is used for a path
lookup; status field is ‘0. The second case is the situation that the received PTP is the
response PTP from other MGSESs; status field is “1". In the first case, the MGSES
receives the PTP for a path lookup. If the MGSES never receives the same content of
this PTP; the status field of this PTP is changed to ‘1'. The MGSES will then reply to this
PTP; otherwise, the MGSES does nothing. In the second case, the MGSES receives the
PTP that is the replied PTP from other MGSESs. The status field of this PTP is “1’, and the
MGSES will reply the ISP to the MGSES that sent the PTP.

3.3.3.5 Modified Global Database (MGDB)

Each MGSES has an installed database named the Modified Global Database

(MGDB). The MGDB consists of two parts. The first part is the list of the searched URLs,
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keywords, and images. The second part is the routing path of the sending SISP as

follows.

® |nformation and image database

As mentioned above, the first part is the list of the searched URLs, keywords,
and images. The data in this part of the MGDB consists of three tables: URL table
(URL_T), the keyword table (KEYWORD_T), and the image table (IMAGE_T). URL_T
indicates full pathname of the URL names (URL_NAME) and the identification number of
each URL (URL_ID). KEYWORD_T defines URL_ID, keywords under each URL
(KEYWORD) and the full pathname of keyword URLs (URL_FULLN). Finally, the data in
IMAGE_T consists of fields that are the URL_ID, the full pathname of image URLs
(URL_FULLN), the index of CRC (IND_CRC), and image file under each URL. Figure

3.16 shows the database table of information and image.

Information and image search

KEYWORD_T IMAGE_T
KEY_ID: AutoNumber SR IMG_ID: AutoNumber
URL_ID: Number TP URL_ID: AutoNumber  4g— URL_ID: Number
KEYWORD: Text(255) URL_NAME: Text(255) IND_CRC: Text(64)
URL_FULLN: Text(255) URL_FULLN: Text(255)

IMG_File: image file

Figure 3.16 The database table of information and image

® Routing database

The second part is the routing path of the sending SISP. The data in the second
part of the MGDB consists of three tables which are the neighbors table (NEIGHBOR_T),
the routing table (ROUTING_T) and the SISP table (SISP_T). NEIGHBOR_T indicates the
IP address of the neighbors (NEIGTBOR_ADDR). ROUTING_T indicates SISP
identification (SISP_ID), the neighbor identification (NEIGHBOR_ID), the status of the
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PTP (STATUS) and time stamp of arrived small packet. SISP_T indicates the query’s
identification of the SISP (QUERY_ID), the client address (SOURCE_ADDR), the query of
a URL and keyword (QUERY), and the time stamp of the SISP (TIME_STAMP). Figure

3.17 shows the routing database.

Routing database ROUTING T
SISP_T
ROUTING_ID:AutoNumber
NEIGHBOR_T
SISP_ID: Number «@— ISP_ID: AutoNumber
NEIGHBOR_ID: AutoNumber —Jp NEIGHBOR_ID: Number QUERY_ID: Number
NEIGHBOR_ADDR: Text(16) STATUS: Char(1) SOURCE_ADDR: Text(15)
TIME_STAM: Date QUERY: Text(255)
TIME_STAM: Date

Figure 3.17 The database table of routing

3.3.3.6 Example of the PTP Algorithm

An example of transferring an SISP using the routing of the PTP is shown in

Figure 3.18. The details of process are explained as follow.

Firstly, the SISP from client is sent to the nearest MGSES, the MGSES A. The SM
searches for the required URL and updates the SISP_T in the MGDB. If the MGDB has
the required URL, the GESE A sends the result query back to the client. If the required
URL is not found, the detail of the SISP will be changed from Flag ‘1’ (for the first time of
sending the SISP) to'0’. After that, the MGSES A sends the SISP to the MGSES A’s
neighbours, which are the MGSES B and the MGSES E. In this case the MGSES A does
not send the PTP to check MGSES A’s neighbours because the MGSES A is the first
MGSES which receives the SISP, thus the MGSES A can distribute the SISP to its

neighbours.

Afterwards the MGSES B and the MGSES E receive the SISP and search for the
required URL and the SISP_T in their MGDB will be updated. In the example, the
MGSES B will not be able to obtain the required URL in its MGDB and the RM of MGSES
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B sends the PTP to the MGSES neighbours, MGSES C, to check the status. The MGSES
C does not have the SISP of client and Query_ID in its SISP_T; thus, the MGSES C
allows the MGSES B to send the SISP to the MGSES C by replying the PTP that changes
the status to “1”. When the MGSES C receives the SISP from MGSES B, the MGSES C
will update the SISP_T and start searching for the required URL in its MGDB, which is
not locally available. So, the RM creates the PTP and sends to the MGSES C’s
neighbour, MGSES D.

MGSES E, when it receives the SISP from the MGSES A, will update the SISP_T
and start searching for the required URL in its MGDB, which does not contain the
required URL. Thus, the RM creates the PTP and sends it to the MGSES E’s neighbour,
MGSES C and MGSES D. The MGSES C and the MGSES D receive the PTP and search
for the SISP of the client and the Query_ID and the Routing_T in their MGDBs will be
updated. In example, the MGSES C has already received the SISP, so it does nothing.
The MGSES D does not have the ISP of the client and Query_ID in its SISP_T; thus, the
MGSES D allows the MGSES E to send the SISP to the MGSES D by replying PTP that
changes the status to “1”. The MGSES D will update the SISP_T and search the required
URL in its MGDB.

When the MGSES C sends the PTP to the MGSES C’s neighbour that is the
MGSES D. Then, the SISP_T of the MGSES D will be checked with the PTP while the
ROUTING_T will be updated. Since, the MGSES D has received the SISP, it will not allow

the MGSES C to send the ISP again so the MGSES D does noting.

In the example, the MGSES D has the required URL. The result of the searching

will be inserted into the SISP sent from the MGSES D and is sent back to the client.
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Figure 3.18 The example the SISPs’ flow using the PTP algorithm
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CHAPTER IV

IMPLEMENTATION AND EXPERIMENTAL RESULTS

In order to prove the efficiency of the SISP, a simulation was implemented to
validate and evaluate the performance of the SISP. The performance indicators are the
response time, and the number of sent bytes in the communication channel. Moreover,
the performance of the SISP is compared with the performance of the ISP. Therefore, the
implementation, the simulation, simulation result, and the performance analysis to

demonstrate the performance of the proposed scheme are elaborated as follow.

4.1 Implementation

The simulation was implemented on an HP 2 Quad Cores with XEON Processors
and 16 GB main memory running Ubuntu 10.04 Desktop. The SISP is simulated on a
virtual machine environment that creates the client and the MGSESs. Moreover, there
are several software packages installed on the MGSESs. The database management
system employs MySQL Server version 5.1, and the phpMyAdmin runs on an Apache2
Web server is used to deal with MySQL Server. The system of the SISP was
implemented as a java program. The PTP algorithm transfers using UDP and the SISP
uses TCP for the transmission. Moreover, the browser of the SISP is also implemented
using the java program; it prepares three fields for entering the partial URL, keywords
and image part directory. Furthermore, there are three buttons; two buttons for selecting
method for the search (information search or the image search) and another one for

browsing the image. The SISP browser is shown in Figure 4.1.
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Figure 4.1 The SISP browser

Moreover, each MGSES stores the URL, keywords and images. There are 1,435
records for the information search and 400 records for the image search. All records are
distributed on all of the MGSES. The URL, keywords, and images of MGSES were
collected from the Google search engine by typing the complete required URL and
keywords on the search field. For example; suksitnives site:chula.ac.th, or entering in an
advanced search menu by typing the required keywords in the “all these word” field and

the required URL “site or domain” field on the advanced search page.

4.2 Simulation

The simulation was divided in two parts: the simulation of the proposed routing
algorithm and the simulation of the performance of the SISP. The details of two

simulations are presented in the following subtopics.
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4.2.1 The simulation of the proposed routing algorithm

In order to prove the efficiency of the proposed routing algorithm, the number of
sent bytes and the response time are considered. The simulation was performed by
implementing three routing algorithms; the flooding algorithm, the hierarchical algorithm,
and the proposed algorithm. The flooding algorithm and the hierarchical algorithm are
two standard methods to reach the resource location. Moreover, all of the MGSES
nodes were connected with a mash topology for simulating the flooding algorithm and
the proposed algorithm. The hierarchical structure was implemented for the hierarchical
algorithm. The required URL is stored in one of the MGSES nodes that will send the
result message to the client. Three of the routing algorithms were tested using ten sets
of required URLs and keywords that are encapsulated in the SISP format at the client
site and sent out to the MGSES. The MGSES creates n nodes forn = 3,5, 7, 9, 11, 13

and 15 nodes on each simulation.

4.2.2 The simulation of the SISP performance

In order to prove the performance of the SISP mechanism, the search result of
the information and image search of the SISP is compared with the ISP. The MGSES
creates 15 nodes for the simulation. For information search, two of the search engines
are tested using 10 sets of the partial name of required URL and keywords. For image
search, the ISP cannot search an image. Therefore, the SISP is tested using 10 sets of

the partial name of the required URL and image.

4.3 Simulation Results

4.3.1 Number of bytes

4.3.1.1 Simulation result of the number of bytes

The number of bytes is a parameter to measure the performance of the search

method. The simulation used ten sets of required URL and keywords that are
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encapsulated in the SISP format at the client site and sent out to the MGSES node and

the number of receiving byte is recorded at every node.

Figure 4.2 shows the comparison of the average number of sent bytes among
three algorithms at n MGSES nodes. The result shows that the number of sent bytes of
the flooding algorithm is higher than the number of sent bytes of the proposed routing
algorithm and the number of sent bytes of the hierarchical algorithm is the least. When
the number of MGSES nodes is increased, the number of bytes of the flooding algorithm

is much higher than the number of bytes of the PTP algorithm.

According to the experimental result, the proposed routing algorithm can reduce
the number of bytes of the flooding algorithm by more than 50%. The number of sent
bytes of the hierarchical algorithm is slightly increased when the number of MGSES

nodes is raised.

=4 Flooding Algorithm Simulation == Hierachical Agorithm Simulation

Proposed Algorithm Simulation

25000

20000 /
15000
10000 /

5000 /‘/4
0 —— ¥ * * —X

Numberof Nodes

Number of bytes

Figure 4.2 Comparison of the number of the sent bytes at n MGSES nodes
4.3.1.2 Theoretical analysis of the number of bytes

Since the PTP algorithm is used to search the routing path of the SISP, the
size of the PTP must be small to avoid congestion problems. The size of the PTP is

16 bytes and, the size of the SISP is a dynamic value depending on the length of
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keyword. From the SISP format, the length of the ISP is more than 89 bytes and the
length of the SISP is larger than 91 bytes because two bytes of the Query ID and the
Flag field are added. The number of bytes of the PTP is much smaller than the
number of bytes of the SISP. Therefore, the PTP can easily and quickly check the
SISP sending and receiving status in other MGSESs and also to report to the current

MGSES. The current MGSES will consider other MGSESs to send the SISP.

The number of the sending SISP is the number of times that the SISP is sent to
search the required URL in the network from the first MGSES to other MGSESs until the

required URL is found. The description of variables is shown in Table 4.1.

Table 4.1 The description of variables

Variable Description

NumberlSP The total number of sending ISP

NumberSISP The total number of sending SISP

NumberPTP The total number of sending PTP

NumberByte The total number of bytes of all sending

node, The MGSESs node number i
N The number of MGSESs
link(node,) The number of links to neighbors of node,

The calculation of the number of sending ISPs is Equation 4.1 and the total

number of bytes of all sending ISPs is shown in Equation 4.2:

NumberISP =" link (node;) —n (4.1)

i=1

NumberByte > (D" link (node;) —n) x 89 (4.2)
i=1

The PTP reduces the number of sending of modified ISPs, which is shown in

Equation 4.3.

NumberSISP = n-1 (4.3)
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The number of sending PTPs is the number of times that the PTP is sent to
search for the routing path in the network from the first MGSES to other MGSESs until the
required URL is found.

The number of sending PTPs can be calculated as in Equation 4.4:

NumberPTP = Zn: link (node;) — (n-1) (4.4)

i=1

Therefore, the total number of bytes of all sending using the PTP and the SISP is

shown in Equation 4.5:

NumberByte > (Zn: link(node;) —(n—1))x16 + (n—1)x91 (4.5)

i=1

In the hierarchical algorithm, the number of sending SISPs is the number of

MGSES nodes, n. Thus, the number of bytes can be calculated as in Equation 4.6:
NumberByte > nx 89 (4.6)

The simulation uses mesh topology in the flooding algorithm and the
proposed algorithm. Thus, the summation of links of each node is n(n-1). Therefore,

the total of number of bytes of the previous algorithm is shown in Equation 4.7:
NumberByte = (n(n—-1)—(n-1)) x89
=(n* -2n+1)x89
=89n% —178n + 89 (4.7)

The total number of bytes of the PTP algorithm is shown in Equation 4.8:
NumberByte> {(n(n—1)) — (N —1)}x16+ ((n —1) x91)
>((N-1)x91) +(n* —2n+1)x16
>16n*+59n—-75 (4.8)
Equations 4.6, 4.7 and 4.8 can represent the value of nusingn=3,5,7, 9,
11, 13 and 15. Figure 4.3 shows the calculation results and the comparison of the

number of bytes of the simulation. It can be seen that these results are similar to

each other.
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Figure. 4.3 The comparison of the number of bytes from the simulation and the number

of bytes from the equations.

4.3.2 Response time
4.3.2.1 Simulation result of the response time

Another parameter of the search performance is the response time. Figure 4.4
shows the response time of three algorithms. When the number of MGSES nodes is
increased, the response time of the hierarchical algorithm is higher than the response
time of both the flooding algorithm and the proposed algorithm. The response time of
the flooding algorithm and the proposed algorithm are slightly increased when the
number of the MGSES nodes is higher. The response time of the proposed algorithm is
slightly higher than response time of the flooding algorithm because the proposed

algorithm checks the status of the MGSES before sending the query messages.
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Figure 4.4 Comparison on the response time of three algorithms using n MGSES nodes
4.3.2.2 Theoretical analysis of the response time

The time complexity of each algorithm is calculated for the response time of the
search algorithm. The algorithm of the flooding algorithm, the PTP algorithm, and the
hierarchical algorithm are shown in Figure 4.5, Figure 4.6, and Figure 4.7, respectively.

According to the flooding algorithm in Figure 4.5, the time complexity of this
algorithms is O(nz) where n is the number of nodes. For PTP algorithm in Figure 4.6, the
time complexity of this algorithm is O(n2+n), because the PTP algorithm uses the
flooding technique to check the status for sending query messages. The query
messages will then be sent to the node. However, the current network is mesh topology.
Thus, the response time of the flooding algorithm and the PTP algorithm are O(1)
because the client sends the query messages to the nearest neighbor and the nearest
neighbor will send to all neighbors in the mesh topology. The response time is a
constant value. Therefore, the response time of the flooding algorithm and the PTP
algorithm are O(1). According to the hierarchical algorithm in Figure 4.7, the time

complexity of this algorithms is O(log n).
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Thus, the response time of the flooding algorithm and the PTP algorithm is better

than the response time of the hierarchical algorithm.

Flooding Algorithm
Let v be the current node
Let s be the source node
IFv=s Then
Send the query message to all neighbors of v.
Else
Let R be the set of all the query message received
Let g be the query message received
Let w be the neighbor of v that sent p
IF g found data at v Then
Send result to client
Else
IF gisin R Then
Do Nothing, since g was already processed by v
Else
For each neighbor y of v such that y # wdo
send g toy
End For
End If
End If
End If

Figure 4.5 The flooding algorithm



PTP Algorithm
Function Sending the PTP

Let v be the current node
Let s be the source node
IFv=s
Then
Send the PTP to all neighbors of v.
Else
Let R be the set of all the PTP received
Let p be the PTP received
Let w be the neighbor of v that sent p
IF pisin R then
Do Nothing, since p was already processed by v
Else
Sent the PTP for requesting the query message
Receive the query message.
IF p found data at v Then
Send result to client
Else
For each neighbor y of v such that y #wdo
send ptoy
End
End
End
End
Function Receiving the PTP for requesting the query message

Send the query message to the neighbor that request the query message

Figure 4.6 The PTP algorithm
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Hierarchical Algorithm

Let v be the current node
Let g be the query message
Hierarchical_search(v, q)
IF g found data at v Then
Send result to client
Else
For each children y of v do
Send g toy
Hierarchical_search(y, q)
End
End

Figure 4.7 The hierarchical algorithm

4.3.3 The performance of the SISP

In order to evaluate the performance of the SISP, the experiment is divided into
two parts: the information search, and the image search. The information search is
compared with the ISP using the number of search results, the number of bytes, and
time response time. The image search provides the number of search results, the

number of bytes, and the response time.

4.3.3.1 The information search

The result of the information search of the SISP is the number of search results,
the number of bytes, and the response time. The number of search results, the number
of bytes, and the response time are compared with the number of search results, the
number of bytes, and the response time of the ISP by entering the partial name of URL
and keyword(s). The result of the information search of the SISP and the ISP are shown
in Table 4.2. In addition, Figure 4.8 and Figure 4.9 show the comparisons of the number

of bytes and response time of SISP and ISP respectively.



Table 4.2 The information search result of SISP and ISP
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SISP ISP

No | Partial of URL Keyword Number of | Number |Response| Number of | Number |Response

search results | of bytes time |search results | of bytes time
1 |chula.ac computer 7 114 195 7 112 181
2 |apple iphone 8 112 180 8 110 175
3 |sfcinemacity transformers 7 19625 605 7 39,068 542
4 |[scb.co exchange rate 4 17139 582 4 23,161 530
5 |tourismthailand phuket 6 13263 573 6 23,322 541
6 [4shared Bruno Mars 8 13006 531 8 22,570 521
7 |longdo.com framework 8 17961 661 8 23,373 641
8 |youtube lucky 9 15939 591 9 23,108 541
9 |amazon books 3 13629 555 5 21,582 546
10 |cnn economy 11 11367 564 11 21,976 541
11 |cnet notebook 14 15871 546 14 22,173 501
12 |microsoft windows7 14 16081 373 14 22,173 341
13 |bbc libya 13 13397 590 13 21,582 552
14 |ebay ipad 7 13377 580 7 21,385 562
15 |ebay antique 10 14191 531 10 21,976 503
16 |bizrate canon 4 13177 254 4 21,582 210
17 |wmg linkin park 4 11759 554 4 22,764 411
18 |esl conversation 12 13575 580 12 22,961 521
19 |ubuntu tutorial 8 15817 531 8 28,445 460
20 |oracle Jdeveloper 8 14133 576 8 22,567 551
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Figure 4.8 Comparison of the number of bytes of SISP and ISP at 15 MGSES nodes
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Figure 4.9 Comparison of the response time of SISP and ISP at 15 MGSES nodes
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Referring to Table 4.2, all of the search result numbers of the SISP and the ISP
are equal. In Figure 4.8, the number of bytes of the ISP is greater than the number of
bytes of the SISP. The SISP can reduce the number of bytes to send the query
messages. However, in Figure 4.9, the response time of the SISP is slightly higher than
the response time of the ISP because the SISP has the process of PTP to check the
status of the MGSES before sending the query messages. In Figure 4.8, the number of
bytes of data set numbers 1 and 2 are very small because the required URLs are on the
nearest MGSES of the client. Therefore, when the query message is sent to the nearest
MGSES, the MGSES can reply with the results to the client without sending the query
message to other MGSESs. Furthermore, in Figure 4.9, the response time of data set
numbers 1 and 2 are very low because the required URLs are on the nearest MGSES of

the client. Therefore, the nearest MGSES can reply the results to client immediately.

4.3.3.2 The image search

The search result of the image search of the SISP is the number of search
results, the number of bytes, and response time. Since the ISP does not perform the
image search, the ISP cannot compare with the SISP. The partial name of the URL and
image are entered for testing the image search. The result of image search of the SISP

is presented in Table 4.3.



Table 4.3 The image search result of SISP

Number of Number |Response

No Partial name of URL

search results | of bytes time
1 jesad.com 2 281 311
2 21stcenturyfood.com 3 303 480
3 wallpaper77.com 1 14268 1822
4 koiaichaku.com 3 15231 4166
5 alldmyspace.com 3 14847 9481
6 worldtravellers.com 2 15087 1292
7 statravel.com 14 14041 5959
8 lilopet.com 4 15012 2484
9 wallpapersweb.com 1 14562 3135
10 wikipedia.org 5 15450 4298
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Table 4.3 The image search result of SISP (cont.)

Number of Number [Response

No Partial name of URL Image

search results | of bytes time
1M nasa.gov 12 13587 4285
12 uiowa.edu 2 14007 3255
13 photofurl.com 8 14291 3555
14 myspace.com 2 14825 2744
15 chula.ac.th 3 14865 2664
16 myspace.com 1 13877 721
17 mycatspace.com 4 15117 2674
18 multiply.com 4 15118 2408
19 bigcatrescue.org 7 14637 2942
20 things-to-do-in-thailand.com 3 15057 1642
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Referring to Table 4.3, the number of bytes and the response time of the data set
numbers 1 and 2 are smaller than the others because the required URLs of the data set
numbers 1 and 2 are on the nearest MGSES of client. Therefore, when the query
message is sent to the nearest MGSES, the MGSES can reply with the results to the
client immediately, without sending the query message to other MGSESs. Additionally,

the number of bytes and the response time of the data set numbers 1 and 2 are small.



CHAPTER V

DISCUSSION AND CONCLUSION

5.1 Discussion on Proposed Routing Algorithm

Due to the fact that there are a large amount of shared information resources
distributed over the Internet, search protocols with efficient search algorithms are
significant factors for users’ successful searches. Unfortunately, the available search
mechanisms cannot return the expected results as needed by users. Moreover, some
mechanisms may cause network congestion and high delay when searching. Thus, the
development of a search mechanism called Patrol Packet Algorithm (PTP) is proposed

for the Information Search Protocol (ISP).

The proposed search technique, PTP, has modified the flooding technique so
that the query messages are sent to all nodes with a small response time and a
guaranteed returned list from required locations. Although this technique was altered
from the original flooding technique by the use of a small packet to check the status of
receiving query message, the visited nodes and number of distributed bytes are less
than in the original method. Another factor-of-performance indicator is the response
time, and this test has shown that the response time of the flooding algorithm is slightly
faster than the response time of the PTP algorithm. This is because there is a check

process for the status of receiving query message, before sending the query message.

The other performance comparison was performed between the PTP and the
hierarchical technique that is the standard searching technique. The result indicates that
the number of bytes of the PTP is more than the hierarchical technique because of the
pattern the hierarchical technique uses to send the queries; it sends the query message
from the parent to the children. Therefore, the number of sending queries is equal to the
number of nodes, which is the same as the PTP algorithm. However, the PTP has an
overhead from sending the PTP packet for node checking. Thus, the performance of the

hierarchical technique is better than PTP when considering the number of bytes flowing
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in the communication channel. Since the physical network of the Internet is the mesh
topology, the response time from the PTP algorithm is better than the hierarchical

algorithm.

5.2 Conclusion on Proposed Routing Algorithm

The required information is distributed over various web sites. Thus, the search
method is important for the proper search information. However, the existing search
engine techniques generally obtain a large number of web site lists, and the users have
to take time to find the specific information. Therefore, the ISP is proposed for a specific
search by entering a part of a URL and some keywords to find the full path name of the
required URLs. The search results have shown a shorter list of more specific required

URLs. However, the defect of the previous ISP mechanism is the routing system.

Therefore, the PTP that is proposed and implemented in this paper is intended to
decrease the ISP duplication and rebounding to the same MGSES. The simulation
results of the PTP algorithm and the routing of the previous ISP show that the proposed
routing algorithm reduces the number of bytes in-a communication channel by more
than 50%. Furthermore, the numerical analysis has shown that the number of bytes of
the proposed algorithm is less than the previous routing algorithm. Thus, the PTP

algorithm can avoid the congestion caused by transferring the ISP in the system.

According to the results of performance testing of the PTP, this algorithm is
suitable for the search requirements over the distributed system where a large of query
messages spread over the communication channel. Moreover, the PTP algorithm can
apply to other systems that send the query messages to all nodes for finding the

distributed resources such as peer-to-peer systems and distributed databases.
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5.3 Discussion on the Performance of SISP

Since the Internet contains enormous amounts of information and images, there
are various methods to gain access to the information and images over the Internet.
However, search processing to reach the required information and images is more
difficult. In order to access specific information and images, the users search from
available search engines, such as Google, Yahoo, and MSN Search. Most search
engines allow users to enter keywords or required words in the search field. The result
list of searching acquired from the search process can be long or short depending on
the entered keywords. Therefore, if the user enters suitable keywords, the search result
will be specific; otherwise, a long list of irrelevant information and images will appear.

Therefore, it is a time consuming for users to find the required information and images.

In order to narrow down the search result, Information Searching Protocol (ISP)
was proposed. This protocol enables users to enter a partial part of the required URL
and keywords. Thus, the ISP can narrow down the search and reduce the search time
for the required information. Conversely, the ISP cannot perform the image search.
Therefore, this research enhances the ISP mechanism for searching for information and

images.

This research proposes an SISP that can search information and images. In
order to add the search image mechanism to SISP, the Color Region Correlation (CRC)
is used for the image feature extraction process because the CRC index is simple to
calculate and invariant to translate, rotate, and scale. Moreover, the size of feature index
is small. This research also improves the CRC method using the median filter to reduce

the CRC calculation of the color region number.

The performance evaluation of the SISP is the number of search results, the
number of bytes, and the response time to perform the information search compared
with the ISP. The number of bytes of SISP is equal to the number of bytes of ISP by

entering the partial name of URL and keyword(s). Therefore, even though the search
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performance of SISP is same the ISP, SISP can narrow down the result to the require
URL. Moreover, the number of bytes of SISP is less than the number of bytes of ISP. The
SISP can decrease the number of bytes in the communication channel by more than
50%. This is because the PTP is used look for sending path of SISP. However, the
response time of SISP is slightly slower than the response time of ISP. This is because
there is a PTP process for checking the status of receiving SISP, before sending the

SISP.

In image search, since the ISP does not perform the image search, the ISP
cannot compare with the SISP. The SISP can search using the partial pathname of a

URL and the query image. Therefore, the SISP is more efficient than ISP.

Even though the SISP is an efficient search mechanism allowing users to search
from a partial path of a URL, if a user enters the wrong partial pathname of URL, or

misspells of a partial pathname of a URL, the return result will be NULL.

5.4 Conclusion on the Performance of SISP

As information and images are widely distributed over the Internet, there are
many websites containing information and images. Unfortunately, searching for specific
information and images over the Internet using the available search engine techniques
usually result in a large list of URLs. These results are time consuming for users to find

the specific need in a short period of time.

Therefore, this research proposes the SISP, which is implemented to narrow
down the search results of information and image searches. This protocol is adjusted
from the ISP that supports the search using a pathname of URL and keywords to focus
the search result to a specific content. Therefore, the SISP has added the image search
mechanism. The image extraction of the SISP uses Color Region Correlation (CRC). The
CRC index is simple to calculate and invariant to translate, rotate, and scale.
Furthermore, the feature index is small in size. However, the CRC method is improved to

reduce the CRC calculation of the color region number using the median filter.
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According to the search results of the SISP, the SISP can better search
information and images; it is more useful than the ISP. Additionally, SISP can reduce the
number of bytes in the communication channel and the accuracy of the search result is
still maintained. Thus, the performance of the SISP is obviously higher than the

performance of the ISP.
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