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Abstract

This study is divided into two parts. In the first part, the search trends at Yarmouk
University, as a sample from Jordan Universities and Jordan public searches, were collected from
Google. Queries are also extracted from Web logs of the different Internet servers at Yarmouk
University. Jordanian top ranked search for queries were gathered from “Google Insights”.
Specific queries were eliminated from both sources for ethical reasons and inappropriate contents.
Results showed that the majority of Yarmouk Internet users were interested in subjects that were
related to entertainment such as pictures, multimedia and horoscopes. They were also interested in
local news. A small portion (from the academic departments) is also interested in subjects related
to their specialties. Comparing two sets of search for queries from Yarmouk & Jordan universities
revealed no significant differences in general between them. The second part of this study
compares the most frequent used Web sites at Yarmouk University collected from its web logs
along with those provided by Alexa to evaluate the correlation and consistency of results between
data collected from local web logs and data collected from public websites (e.g. Alexa). The study
points to certain important elements regarding the Internet usage in higher educational institutes in
Jordan. While it is expected that students may consume a good portion of their usage on
entertainment and social networks websites, however, universities should introduce important
knowledge related aspects that exist through the Internet to students. Without such organized
educational effort, students may always be distracted to less knowledge relevant websites.

Keywords: Web log, Web log Analysis, Query trends, Google Insights, Google
Zeitgeist, Alexa, usability, traffic.

Introduction

The World Wide Web (WWW or Web for short) represents the largest sharable
heterogeneous information source known today. It consists of billions of interconnected
webpages via hyperlinks and authored by millions of people around the world. It
dramatically has changed our search habits. The search for information before the
WWW era involved asking an expert, buying/or borrowing a book or journal, going to
the library, or using an information retrieval system. The WWW represents a gigantic
dynamic repository of information that is stored randomly without categorization. This
lead to inventing the search engines to be portals to the wide variety of information
stored within this dynamic pool of information.

© 2011 by Yarmouk University, Irbid, Jordan.
* Department of Computer Information System, Yarmouk University, Irbid- Jordan.
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Many computer scientists have contributed to the improvements of search engines.
The first generation of search engines involved the development of information retrieval
systems. The World Wide Web has witnessed a real revolution in the world of search
engines in the 1998, when Brin and Page established the Google Search Engine; which
has represented a leap in the field of Web search engines [1].

A large percentage of users of the Web search engines do not know how to use the
Web search engines effectively, especially, the advanced search features. As time passes,
the users of search engines may improve their own Web search skills. Web searchers
belong to a variety of different cultures, languages, ages, educational backgrounds,
religions, professions, specialties, hobbies, gender, computer expertise,...etc, which may
relatively make their information needs different as well.

Transaction logs represent an electronic record of the interaction between a user and
the computer system. Analysis of such transaction logs are dated back to 1967. Web log
analysis and search log analysis are sub-categories of transaction log analysis; which
represents a main category [2]. In the early 1990s, simple statistics started to appear
showing the number of client requests (hits) made to different Web servers. The search
log analysis dated back to late 1990s and early millennium [3, 4, 5].

Servers run by Internet Service Providers (ISPs) would normally save all
information related to browser’s requests for different Web pages within Web log files.
Examples of information that may be included in Web log files include: requested URLSs,
IP addresses of the visitor’s computers, date and time of each browser’s request, visitor’s
browser name and version, client operating system version, ...etc.

Web log files are a useful source of information about the usage and navigation
behaviors of the Web site visitor. However, log files can also reveal the existence of both
web pages and search engine queries that are sources of new visitors [6]. A search
engine’s transactional log is a valuable record of interaction sessions between the
searchers and the Web search engine. Experts could benefit from this valuable huge data
to improve the effectiveness of search engines and to enhance commercial Web
campaigns (e.g. Pay-Per-Click pioneered by GoTo.com) [7].

Analyzing the huge quantities of queries submitted to search engines will help to
improve ranking, personalized web search, spam detection, ... etc [8]. While analyzing
the large number of queries submitted by Internet community within different
establishments, or countries will reveal the culture and main interests of such
communities. Google presented Google Zeitgeist (the spirit of the times) to the Internet
community in 2001. Google Zeitgeist includes a number of tools that help to have
insights of the Web search trends within different geographical domains (i.e. worldwide,
countries, states, provinces, cities). It represents summaries of the different cultures
worldwide. Google Zeitgeist presents the largest analyses process of Web queries, since
it includes an analysis of millions of search queries submitted daily to Google search
engine all over the world, where these queries are broken into different categories (e.g.
arts & humanities, automotive, beauty & personal care, business, ... etc). Follow up to
Google Zeitgeist shows that user information needs are dynamic.
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Three ways that are used to analyze searchers’ behaviors; the first by using installed
software within searchers’ computers to monitor searching interaction; the second is
laboratory studies/client-side monitoring techniques with its known disadvantages (e.g.
subjective-ness, small number of participants, large variance due to sampling bias).
While the third way is based on searcher’s behavior information found within Internet
service providers’ servers and search engines. This technique may overcome the
shortcomings of the second way [9].

Silverstein et al. [10] showed that queries related to sex and pornography
constitutes around 50% of the 25 most popular queries, while the vast majority of
queries are categorized within sex, pornography, and entertainment [10]. Spink et al.
[11,12] on the other hand found that percentage of Web pages that are related to sex and
pornography within the WWW slightly would exceeds 1%. Therefore, there is a
contradiction between the distribution of the topics of the Web user queries and the
distribution of topics of the Web pages [11-12]. The same team of the last study has
published another study showing the evolution of Web queries from 1997 to 2001.
Consequently, their study may show the shifts in interest of users from entertainment
and sex to commerce within four years [13].

We have studied and analyzed the queries submitted by the Internet users at
Yarmouk University to different Web search engines. Additionally, Web usage
information collected by Google Insights for Search in Jordan were collected and
compared with the first collection. Different tools were used to analyze Web information
collected from the two sources.

Research background

Well known Web Search engines rely on analyzing the search behaviors of their
users to develop their search services including the personalized search. The analysis of
search behaviors is not an easy task, since it is based on many fields of knowledge such
as: Natural Language Processing (NLP), Human Computer Interaction (HCI), user
profiling and analysis, as well as many others [14].

Searching for studies related to Web log analysis in Arabic is very rare, and one of
these few studies is El-Dakroury study [8]; which studied the most frequent terms used
by the Internet users on one of the Arabic websites (IslamonLine). He found that the
most frequenct terms that the users look for are: (“islamonline”, "zu.cu¥ (sl adl”),

("Islam”, "aMul"), ("Hadith”, "2uus"), ("Islam-Almsgiving (Zakat)", "si$;"), ("Allah®,
""), ("Hijab(veil)", "wlaa"), ("Adhan, azaan, adhaan (Call for prayer)”, "si3i"). El-
Dakroury study has focused on one of the religious Web sites known in the Isalmic

world. The researcher has restricted his study on the site search (i.e. local search engine),
and this may not be related to global Web Search [8].

Ozmutlu et al. [15] study was based on two representative samples drawn according
to Poisson sampling. The first sample consists of 3,188 queries drawn from 1,064 users
with 1.7 million Excite queries, while the second representative sample consists of
10,007 queries from 964 users with 1,257,891 queries from the Fast search engine

3
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(http://lwww.alltheweb.com). The results of their study have revealed variations in user
searching related to changes in the time of the day. The queries and the session durations
are high during the morning, and then start to decrease later on the day while the number
of terms per query and reformulation of queries stay the same throughout the day [15].

Jansen et al. [5] study was based mainly on the analysis of transaction logs
containing 51,473 queries posed by 18,113 users of Excite. The study focuses on
analyzing user sessions, queries, terms, and user's behaviors. These analyses revealed
that the number of queries per session is generally low, and the numbers of users who
reformulate their queries or view subsequent results are low. Queries’ lengths are
generally short, and the usage of Boolean operators and relevance feedback is low. The
use of the ‘+” and ‘—* modifiers exceeds the use of Boolean operators. Most users submit
one query per session, and more than 75% of users will not view more than two Web
pages per session. Around 25% of the top ranked terms are sexual. One of the interesting
results in the study refers to the percentage of sexual terms is less than 3% of the total
number of query terms, while the frequency of using them was high [5].

Another interesting study based on a larger number of queries than Jansen et al.[5]
study was conducted by Spink et al.[11]. In this study over 1.7 million Excite queries
were analyzed. The results of this study mostly overlapped with the results of Jansen et
al.[5], since both studies were based on the same data source and conducted by the same
researchers [11].

Nowadays, the mobile Internet access is available in the world. Pramudiono et al.
[16] study tries to apply association rules mining to reveal the relation between the
behavior of mobile users and their locations. Access log Files of the Japanese MIS site
were used to discover such relations. The generated association rules revealed that in
some places, the search for restaurants has exceeded the search for other things. Some
other locations focused on searches for gas stations and hotels [16].

Nadine Schmidt-Maenz and Martina Koch [17] tracked the queries that were
entered at the Lycos search engine over several months. They focused on time-
dependency in the usage of terms. They found out that the top 10 queries over three
months in 2005 were: (“Lycos”, “Link:http://www.”, “Sex”, “Hentai”, “Porno”, “Ebay”,
“Google”, “Erotik”, “Plexiglasgehaeuse”, “Christina Aguilera”). Later on, after six
months later; the top queries were: (“Lycos”, “Sex”, “Link:http://lwww.”, “Hentai”,

“Porno”, “Ebay”, “Erotik”, “Google”, “Fkk”, “Christina Aguilera™) [17].

Most of the studies of Web query logs have focused on examining the Web query
log as a closed system; where there is a concentration on the general characteristics of
the queries, rather than focusing on their categories and their changes over time. This
type of search is called static analysis. Therefore, to infer the topical trends of queries
over time Beitzel et al. [18] developed a method called temporal analysis, where billions
of queries from 10 million users were analyzed. This study concluded that the
categorization and classification of the Web search engine's queries could improve the
effectiveness and efficiency of Web search engines. Results have showed some stability
of search trends despite the fluctuations in the volumes of the queries during different
hours of the day [18].
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Time series analysis is a statistical methods used for forecasting. Zhang et al. [9]
study attempted to use time series analysis to develop and test a one-step prediction
model for searchers’ behaviors based on Dogpile search engine transactional logs for one
day. Researchers have found out that 10% of Web searchers clicked on sponsored links,
while almost all Web searchers clicked on organic links during the night from 22:00 to
24:00. The percentage of clicking on sponsored links may rise to more than 30% in
specified periods [9].

Methodology

This study tries to compare users of Yarmouk University with the general public
information searching in Jordan. It also tries to discover whether there are any
differences between the academic and the public utilization of the internet in Jordan.

The methods used in this study attempts to extract different queries from the
transaction log files provided by Yarmouk University computer center and to compare
them with top queries for Jordan provided by Google Insights for search. Several tools
were used to extract the URLs and all other relevant information from Yarmouk
University transaction log files in order to compare them with the top Web sites in
Jordan according to Alexa.com and Google Insights for search.

The collected Web log files from Yarmouk University computer center covers the
period from February 28", 2010 to March 10", 2010. The main tool that was used to
perform the necessary analysis was Sawmill. There was also a need for a tool to extract
queries from Web logs files. A tool was developed to extract queries submitted to
different search engines such as Google, Yahoo, Bing, MSN, Ask, ...etc by the Internet
users, and store the extracted queries on an MS Excel file. This tool is called Web Query
Extractor. Microsoft Excel was used to perform the necessary analysis.

After quantitatively examining the extracted queries, the second part of the study
aims to find whether the academic usage of the Internet within YU is consistent with
Jordan’s usage of the Internet.

The following steps show the general framework of this study:

Part A //Using Web Query Extractor:

1. Extracting Web queries from transaction log files

2.Counting the frequencies of duplicated Web queries

3. Sort the Web queries according to their frequencies in a descending order.

4.Comparing YU top Web queries with those of Jordan obtained from Google

Insights.

Part B // Using Sawmill:

1. Extracting URLs from YU transaction log files.

2.Counting the frequencies of duplicated URLSs.

3. Sorting the URLSs according to their frequencies in a descending order.

4.Comparing YU top visited URLs with those of Jordan obtained from Alexa.com.
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Results and Discussion

The results of this study were based on the results obtained from the Sawmill
analysis program and Web Query Extractor.

Sawmill was used to analyze the web log files, in order to get different reports
about different sessions, viewed Web pages, distribution of query usage during the day
hours, and days of the week, and top most frequent visited Websites. In addition, a
summary report about the Web log files is generated.

The tested web log files contained data related to the Internet’s usage during 11
days, from Feb 28", 2010 to Mar 10", 2010. The approximate total size of this sample of
the Web log file was 256 GB. Table 1 shows an overview of the Sawmill results.

Table 1: The overview of the Sawmill results for YU Internet usage during 11 days.

All days Average Per Day
Hits 35,507,351 3,227,941
Page Views 23,711,229 2,155,566
Visitors 1,369 124
Size 256.32 G 23.30 G
Sessions 21,287 1,935
Session events 4,058,428 368,948
Session users 1,368 124
Session start 28/Feb/2010 21:59:12 -
Session end 10/Mar/2010 09:00:06 -
Session entrances 23,454 2,132
Session exits 23,454 2.132

Table 2 and Figure 1 show clearly that the use of the Internet reaches its peak on
Tuesdays and Mondays (The middle of the week), while the internet usage on Fridays
and Saturdays declines to the minimum. Figure 2 shows the rising hours of the Internet
usage which starts from 7:00 am till 2:00 pm, where the peak hours for Internet usage lie
between 7-8 am, which is unexpected.

Table 2: Internet usage at YU during days of the week

Hits Page views Visitors
Sunday 5375312 3467599 1076
Monday 11332098 7917209 1218
Tuesday 11875782 7725951 1227
Wednesday 1490341 779720 760
Thursday 4573067 2980350 905
Friday 365565 365445 100
Saturday 495186 474955 192
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Figure 2: Distribution of the Internet usage at YU during different hours of the day.

Table 3 shows the total session events during 11 days duration of this study, besides
the total number of sessions, the total number of users’ session, the average sessions per
user, and the average of session duration are shown.

Table 3: Sessions Overview

All days | Average Per Day

Total session events 4,058,428 368,948.00
Total sessions 21,287 1,935.18
Total session users 1,368 124.36

Average sessions per user 15.56 -
Average session duration | 00:381:3 -

Table 4 shows the entry pages used by most of the Internet users at Yarmouk
University (YU), where this site http://www.Google.jo was the most favorite Web site
for YU Internet users.



Al-Kabi, Al-Shannag and Alsmadi

Table 4: Entry Pages
Session page Session entrances

1 | http://www.google.jo/ (default page) 2,648 | 11.3%
2 | http://www.yu.edu.jo/ (default page) 2,420 | 10.3%
3 | http://go.microsoft.com/fwlink/? 2,322 19.9%
4 | http://hijjawi.yu.edu.jo/ (default page) 1,008 | 4.3%
5 | Other Websites 23,458 | 64.2%

Comparing Results with Alexa.com

Table 11 shows the top 20 visited Web sites during the 11 days (Feb 28, 2010 To
Mar 10, 2010) duration of this study. It is clear that the most favorite Web site to the
Yarmouk academic community and to the Jordanians in general is http://www.google.jo/

Table 11: Top 20 Web sites in Jordan according to Alexa.com

http://www.maktoob.com | 17 | http://www.4shared.com
http://www.kooora.com 18 | http://www.conduit.com
http://www.msn.com 19 | http://www.khaberni.com
0 | http://www.blogger.com | 20 | http://www.aljazeera.net

Top Visited Web Sites Top Visited Web Sites
By Jordanians By Jordanians
1 | http://www.google.jo 11 | http://www.ammonnews.com
2 | http://www.facebook.com | 12 | http://www.wikipedia.org
3 | http://www.google.com 13 | http://www.sarayanews.com
4 | http://www.youtube.com | 14 | http://www.alrai.com
5 | http://www.yahoo.com 15 | http://www.alghad.com
6 | http://www.live.com 16 | http://www.traidnt.net
7
8
9
1

Results by Web Query Extractor

The Web Query Extractor has enabled us to extract 90,739 queries submitted by
YU academic community to four search engines (Google, Yahoo, Bing and Ask), where
the YU community have used mainly both English and Arabic languages to search for
information to satisfy their information needs.

Table 5 and Figure 3 show the distribution of the frequencies and percentages of
queries submitted to the top four search engines used by YU academic community.
Google (which was the most famous search engine) was used mostly by YU academic
community, and its prevalence was obvious with a 90% share relative to the others three
search engines. Yahoo! Share an approximate 9%, while Bing share around 1.4%, and
Ask share was 0.07%.

The percentages of using search engines within YU campus were different from the
percentages showing the global shares of using each of the well-known search engines
during the same period. Google has ranked first with 65.2%, followed by Yahoo with
16.9%, followed by Bing with 11.7%, followed by Ask with 3.8%, followed by AOL
with 2.5% [19].
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Table (5): Top used Search engines at Yarmouk University.

Search | English | Arabic Total Total Arabic English
Engine| query | query Rate |Language Rate Language Rate
Google| 18004 | 63269 | 81273 |89.57% 78% 22%
Yahoo | 2406 5741 | 8147 | 8.98% 70% 30%

Bing 706 551 1257 | 1.39% 44% 56%
Ask 30 32 62 0.07% 52% 48%
Total | 21146 | 69593 | 90739

90000 Search Engine Usage

80000

B Total O Arabic query @ English query

70000

60000

50000

40000

30000

20000

10000

0
Google Yahoo Bing Ask

Figure 3: YU academic community usage frequencies of the top 4 Search engines.

Google was ranked first as the search engine used within YU campus with a
percentage of approximating 90%. The percentage of Arabic queries submitted to
Google was around 78%, while the percentage of English queries submitted to Google
was around 22%. The top frequent Arabic searched terms submitted to Google are
shown in Appendix(1.a), while the top frequent English searched terms submitted to
Google are shown in Appendix(1.b).

Yahoo! Was ranked second as the search engine used within YU, with a percentage
of usage approximates to 9%. The percentage of Arabic queries submitted to Yahoo! was
around 70%, while the percentage of English queries submitted to Yahoo! was around
30%. The top frequent Arabic searched terms submitted to Yahoo are shown in

Appendix(2.a), and the top frequent English searched terms submitted to Yahoo are
shown in Appendix(2.b).

Bing was ranked third in the usage as a search engine at YU, following Google and
Yahoo! respectively, with a total of 1,257 queries. Therefore its percentage of usage
within the YU academic community was (1.39%). The percentage of Arabic queries
submitted to it was around 44%, while the percentage of English queries was around
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56%. While top frequent Arabic searched terms submitted to Bing are shown in
Appendix(3.a), and the top frequent English searched terms submitted to Bing are shown
in Appendix(3.b).

Ask.com was ranked fourth with a percentage of usage approximates 0.07%. The
percentage of Arabic queries submitted to Ask.com was around 52%, while the
percentage of English queries submitted to Ask.com was around 48%. The top frequent
terms (Arabic and English) submitted to Ask.com are shown in Appendix(4).

Checking the tables and the appendices in this study reveal that the Arabic query

("Images/pictures”, ",s.s") was the most frequent Arabic query submitted to Google and
Yahoo, while ("Fashions", "<L;i") Arabic query was the most frequent Arabic query
submitted to Bing, and ("Educational leaflets”, "4 s, &l ,25") Arabic query was the most

frequent Arabic query submitted to Ask. Also, the tables and the appendices reveal that
(4shared) English query was the most frequent English query submitted to Google, while
(lottery) English query was the most frequent English query submitted to Yahoo, the
English query (yahoo) was the most frequent English query submitted to Bing!, and
(Microsoft management) English query was the most frequent English query submitted
to Ask. It seems from reviewing these tables that the YU academic community used Ask
search engine mainly to search for scientific and educational topics.

Table 6 shows a summary to the query tables presented in the appendices,
categorized into four main topics. This table reveals clearly that the YU academic
community is interested mainly in the entertainment with a percentages exceeding 50%.
While the interest in academic majors was ranked second, followed by the news and
communications respectively.

Table 6: YU Academic community search Categories.

Academic
Entertainment  News Majors ~ Communication
interested
Google/arabic O 15541 6492 3582 456
Rate 59.61%  24.90%  13.74% 1.75%
Google/English 10! 3584 328 2236 558
Rate 53.44% 489%  33.34% 8.320%
— Total 1456 411 427 155
Yahoo/Arabic o\ 59.45%  16.78%  17.44% 6.33%
— Total 586 10 345 60
Yahoo/English o+ 58.54% 1.00%  34.47% 5.99%
. — Total 180 13 114 0
Bing/Arabic o te 58.63% 423%  37.13% 0.00%
singEnglish 1O 172 0 124 143
Rate 39.18% 0.00%  28.25% 32.57%
Aok Total 44 3 15 0
Rate 70.97% 484%  24.19% 0.00%
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Table 7 presents the low percentages of using advanced search features within the
main 4 search engines.

Table 7: Using of Advanced Search Features, AND, OR, NOT, +, -.

Google | Yahoo Bing Ask
And 2.07% | 5.69% | 3.26% | 0.00%
OR 0.00% | 0.00% | 0.00% | 0.00%
Not 0.00% | 0.00% | 0.00% | 0.00%
+ 1.61% | 0.08% | 0.00% | 0.00%
- 0.00% | 0.00% | 0.00% | 0.00%

Table 8 presents query average lengths within the four main search engines. It
seems that the English queries submitted to Ask are longer than the English queries
submitted to the other three search engines, While the Arabic queries submitted to Bing
are longer than the Arabic queries submitted to the other three search engines.

Table 8: Average query length (in Words)

Search Engine Arabic English
Google 2.474277 2.994834
Yahoo 2.611043 3.227348
Bing 2.983666062 2.508499
Ask 2.28125 4.133333333

Table 9: Average of popular guery lengths

Table 9 presents the averages of the most frequent used query lengths.

Search Engine | Arabic English

Google 1.413256108 | 1.892335222
Yahoo 1.674561045 | 3.076923077
Bing 2.749185668 | 2.184510251
Ask 2.28125 4.133333333

All SE average term = 2.61
Comparing the Results with Google Insights For Search

By tracking the Google Insights for Search during the time period from
29/Mar/2010 till 28/Apr/2010 for the following Arab countries (Tunisia, Algeria, Sudan,
Libya and Jordan)”. We summarized the top 10 searches in these countries as shown in
Table (10). The query ("Games", "wlaii") ranked was second in Jordan (by Google
Insights for Search), while it was ranked fourth within the Arabic queries submitted by

YU community to Google. The query (“Images/pictures”, ",s5"), ranked fourth in

“ We chose these countries by agreement with the other students, who will study the web log for
other universities and comparing their results with Google Zeitgeist for other countries.
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Jordan (by Google Insights for Search, table (10)), while it is ranked first within the
Arabic queries submitted by YU community to Google. The English query “Facebook”
was ranked third within Google Insights for Search and within the English queries
submitted to Google by YU community. This comparison is restricted to Jordan, since
the university under study is in Jordan.

Table (10): The top 10 searches in (Tunisia, Algeria, Sudan, Libya and Jordan) from

Google Insights web page.

Countries

Rank | Tunisia Algeria Sudan Libya Jordan
1 facebook algerie facebook L R (!
2 tunisie facebook | oylaswdt (Sudan) U9 lall
3 telecharger | telecharger download yahoo facebook
4 jeux youtube youtube Lall) Lolall dpal) 250
5 google jeux yahoo facebook download
6 yahoo yahoo Sl wlalf Sl
7 video By hotmail Sl Ly
8 traduction cladl <ladl L p sl youtube
9 msn video google google s
10 mail google 8y 5adll Qa yall yahoo

Study Implications

Websites of universities are important portals for current, past and future students,
instructors and employees. Having a website with correct and current information is a
must for a reputable university. Students register for courses, submit assignments and
upload several other types of information. On the other side, the university de facto
information outlet is its website that through which it communicates with its current,
past and future: students, employees, and instructors. Those unique requirements require
university websites to be usually large in terms of size and other structural metrics. On
the other hand, there is a need to keep the website popularity and visibility high
particularly for future students and employees (or any external viewers).

Studying the usage of Internet by the students and university employees can help
the university understand Internet usage behavior of its society. Based on this knowledge
they can educate their local society and help them in improve their knowledge and
educational information through the Internet.

Conclusion

In this research, we have tried to analyze Yarmouk University Internet users’
behavior on one side and Jordan as a country on the other side. The collected data are
collected from four main sources: Yarmouk University web log files, Google Insights,

12



A Comparative Study of Web Usage and Searches at Yarmouk University and Jordan

Google Zeitgeist, and Alexa. One of the interesting results within this research that
Internet heavy usage is maximal during the first 3 days of the week relative to the
remaining days. Results indicated also that the majority of Internet users in Jordan are
not utilizing the large amount of valuable information available in the Internet. The study
focused on universities, as the people in those universities working in academic centers
are expected to benefit more from the large amounts of information available through the
Internet and, at the same time, they appreciate the need for Internet availability through
the university campus. Despite the fact that the results showed some more focus on the
“good” usage of the Internet from those universities, however, expectations regarding
Internet usage were higher than actual information gathered.
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Appendix
APP (1.a): The most frequent Arabic terms submitted to Google by the YU community.
# The term Freq. | # Theterm | Freq. | # The term Freq.
il yd
) AP
1 e 2808 | 35 e 171 68 " 69
2 ol 1503 | 36 | T | 171 | 69 | wils omns | 69
¢ 3 sapdl 2l g
3 Jgosull dasls | 1532 | 37 e § 158 | 70 | dabyll lal 67
) o9l
(] * §
4 sl 1350 | 38 gL 141 71 ) 67
5 bl 1346 | 39 | il KAPNLS 139 72 o a8 67
6 Ssiead 1096 | 40 . 135 73 RARRRA| 66
Ll
Sl 931 | 41 asiSe 134 | 74 Ll 66
gasill mli | 901 | 42 i 125 | 75 BYLOLs 66
e Jalas il
9 Uidye 605 43 fpmtl 120 76 ada 64
10 Ll yeud! 587 | 44 | ld Juls | 115 | 77 | Lsall Jeal 63
TR
11 o 580 | 45 Lagal) 114 | 78 | Jikdll cpa 63
R
12 | Ll susall | 487 46 ald 113 79 CL~‘S‘ 62
13 L gl 479 | 47 Loays 112 | 80 | ol jLal 60
14 | gpole Julus | 476 | 48 i 106 | 81 | sismeS moln | 60
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# The term Freq. | # Theterm | Freq. | # The term Freq.
15 o 476 | 49 iy 104 | 82 | wlsidll ooy | 60
16 | oMal peis | 464 | 50 s 102 | 83 | sl dual 60
17 T 453 | 51 T 99 | 84 | Luu,Y),LaY) | 59
o Al
o = Y
18 il 404 | 52 s 98 | 85 . 58
Osdisd)
il 5,5
19 Juans 307 | 53 | Lascia | 97 |86 | - 7 | 56
Ry
el
20 8,955 384 | 54 il yh 93 87 . 55
ey
21 s 326 | 55 ol 02 |88 | S| g
LY ESs
s> Jouliue alal
2 | M 36 |56 | 7 o1 | 89 | asdllal | 53
Sl Ly
23 il 322 | 57 | wss s 89 | 90 Y 53
24 | didas | 281 | 58 Sl 85 | 91 bl 52
25 | apaedl, | 269 | 59 | s pes 85 | 92 Tyl 51
26 | clewd gilae | 247 | 60 83 | 93 | mriplie | 51
=4 \iL-\Aﬁ Ly
. o Jila,
27 il 222 | 61 80 | 94 yaall 50
dailagyg
Joa!
28 il 217 | 62 ' 79 | 95 Ll 49
N el ol 15
29 SISl 196 | 63 bl 79 96 | OuYl kAl 48
30 Ll 182 | 64 il 79 | 97 | w,zun | 48
s Joule 0 s
31 | U 182 |65 | 77 | % LS 48
ulj..\.l\ dvad d Luadld
p | & 182 | 66 | Lhis 76 | 99 | ol o 48
Sadlad
33 sy 175 | 67 Ll 70 | 100 dlayl 47
34 S 173
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APP (1.b): The most frequent English terms submitted to Google by the YU

community.

# The term Freq. | # The term Freq. | # The term Freq.

1 4shared 364 | 35 games 61 68 wwe 33

2 yahoo 329 | 36 tax evasion 61 69 | google translate 31
sir philip sidney

3 facebook 304 | 37 umniah 54 70 astrophel and 31

stella

4 freegate 233 | 38| bluetooth 52 | 71 unblock 31
facebook

5 download 224 | 39 requirement 51 72 dictionary 30

system
Implement
AND, OR, INV,

6 cn blue 222 | 40 | manual solution| 50 73 | and XOR gates 30
using NAND
gates ONLY.
probability

7 | freedownload | 179 | 41 D.N.A 49 74 30
random

8 myege 170 | 42 clipart 48 | 75 types of 30
processors

learn matlab -

9 proxy 132 | 43 step by step 48 76 ecg circuit 28

10 art sport 131 | 44 cartoon 46 77 sequence of 28
3phase fault

11 kooora 128 | 45| essyabout o, o fatafeat 28

election

12 circuit maker 121 | 46 Mlcroe_lect_ronlc 44 79 chat 27

and speedometer s Circuit

13 mbc 121 | 47 use case 44 80 inventory of 27
threats

14 | googleearth | 111 | 48 adobe 43 | 81 othello 27

photoshop
project for

15 racism 99 49 wireless 43 82 computer 27
engineering

requirements

16 william 98 | 5o |fordevelopingal 45 | g3 | w10 protocol | 27

shakespeare inference
engine in c#

17 hotmail 97 | 51 | DATASHEET | 41 84 it.yu.edu.jo 27
electronic

18 freebrowes 95 | 52 gta 41 85 project for 26
building
Speedometer

19 farfesh 92 53 sex 41 86 icanaccess 26
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# The term Freq. | # The term Freq. | # The term Freq.
20 youtub 89 |54 panet a0 | g7 | Password 26
dictionary search
21 hih2 88 55 real madrid 40 88 vtunhel 26
22 nokia g8 |56 |Drawing2chart) gq | gg articles 25
excel
23 c 87 57 haifa 39 90 Btunnel 25
24 yu gs |58 | thelamb 39 | o1 CHt 25
analysis
educatioal
25 orange 78 59 TVTA 38 92 psychology 25
elliott
26 matlab 75 60 aforge.net 37 93 firefox 25
yarmouk .
27 the lottery 75 61 University 37 94 java 25
. FaceFilter
28 | 2 unblocksites 70 62 Studio 2.0v 35 95 php 25
29 | metal detector 70 63 saraya 35 96 convve\zlrgrzdf o 24
30 ninja proxy 70 | 64 v-ray 35 97 free proxy 24
31 picture 70 65 windows 7 35 98 hd 24
32 aljazeera 69 66 mp3 34 99 network 24
33 | speedometer 67 67 hp 33 100 prison break 24
speed
34 | measurement of | 64
objects on a path
APP (2.a): The most frequent Arabic terms submitted to Yahoo by the YU community.
# The term Freq. | # The term Freq. | # The term Freq.
BU WU IATNES
1 B 411 | 18 8yl g 39 35 23
SEEY! 3l
2 ooyl dasla 166 | 19 BYSRj] 38 36 Oy ik 19
. doaall alks
3 Sl 132 | 20 oudbll dls 38 37 18
dsiall
e Jadecs
4| ¥ 93 |21 55958 37 38| asan 17
S
5 ohaye 89 22 Ll e 37 39 Jolsill 16
iyl
6 RE|] 88 23 ool i 35 40 16
- sbﬁﬂ”
Y 79 | 24 slacl ilas 31 |41 AR 16
s 79 25 bl 31 42 Ulaal S 16
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# The term Freq. | # The term Freq. | # The term Freq.
(AR )
9 A 68 26 | oL e Jilas 30 43 16
& g5l
10 5K 67 |27 s & 0 |aa| =VE g8
S Sl degono ) .
? Ssddly alyadls
11 gﬁﬂ\ ol 63 28 als 29 45 L)) g 15
12| psdll el 62 | 29 | S5l salss Jedews| 29 [ 46 | gy ghise 15
13 ol 59 30 NETY{ININ 28 47 (o 14
14 | Y s 59 |31 s L 26 | 48 Slbsls 14
[l el yas
el f S o
15 Leud 57 32 25 49 | 14
- Letlsals Sl
Loyl 85159
16 : 47 | 33 3 25 | 50 14
Oses Jaoas dailly
il ey sl
17 S 3 40 34 24
ot gt Dupanall i3l
APP (2.b): The most frequent English terms submitted to Yahoo by the YU community.
# The term Freq. | # The term Freq. | # The term Freq.
1 the lottery 75 18 freegate 19 35 game 23
the best way to manual system'
2 btunnd 64 |19 take a 19 |36 o 19
. orex
photographic
WWW.HUDIFA microsoft
3 4shared 57 20 H .COM 19 37 project manger 18
. . thesis statment
4 nokia 52 21 hotmail 18 38 in “The Lottery" 17
5 | metal detector 42 22 freebrowes 17 39 UItraso_mc 16
Range Finder
Microelectronics age of empires 2
6 Circui 31 23 yahoo 17 40 | free download 16
ircuit
full game
7 myegy 30 |24 | e d'sseomulb(’d"*d 16 |41 c 16
8 facebook 26 25 tax evasion in 15 42 | gurren lagann 16
jordan
g | Ppoosessing the 2% 2 esraakamaiseh@ 14 43 | just University 16
secret of joy yahoo.com
educatioal
10 psychology 25 27 cars 13 44 kooora 15
elliott
11 google 25 | 28 | clean usb flash 13 | 45 mbc 15

19




Al-Kabi, Al-Shannag and Alsmadi

# The term Freq. | # The term Freq. | # The term Freq.
circuit maker N-grams and
12 | download and 24 29 proxy 13 46 g 15
Spam
speedometer
adaptation of pdf reader free
13 download 23 | 30| 29aPt 12 | 47 | download for 14
insect in desert .
iphone
14 | www.yu.edu.jo 22 31 anorie ntin 12 48 smackdown 14
dubliners
how to make .
15 | comic edditing 21 32 Free W_ebsne 12 49 | state of trance 14
- Design
with photoshop
frequency of .
16 sap 21 | 33| contraction 12 | 50| trafficcontrol |,
asm chart
muscle
Develop and test forex manual
17 a method for 20 34 11
R system
spam filtering

APP (3.a): The most frequent Arabic terms submitted to Bing by the YU community.

# Theterm| Freq.| # Theterm| Freq.| # The term| Freq.
Goies L
1 A 35| 11 ola i 9| 21| P 7
i el il
. S Sl
2| Labig b sl 24| 12 ou¥l Gilaa 9| 22 > 7
s 4o ¥l
3 Lyl 16| 13 ; of 23| b= 7
ds:) g9 OS> ofse
d a S)yl.umg
4 i 5| 16 14 Lisal Olago of 24|  alalt cay 6
Gls el sl ailasll
5lajadl bl 14| 15|clsae oYl 8| 25| elaia¥l 3alsal 6
Ll sl
6| sl dmls| 13| 16 i 8| 26] s, soLa 6
| Poloe
7177 13| 17 Ll e 8| 27 bl 6
SA
Joall b
8 Aoln| 13| 18 i Gl 7| 28 6
(sl ot G s pall
Ladasl
9|  ssls laes| 11 19 7| 29 - Lelyadl Jousll 5
O p | i
10| el 10 20 Y 7] 30 R 5
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APP (3.b): The most frequent English terms submitted to Bing by the YU community.

# The term Freq. | # The term Freq. | # The term Freq.
free download
1 yahoo 72 11 fifa 2010 for 12 21 | car picure 2010 7
iphone
2 googel 48 12 goal.com 12 22 color paints 7
3 facebook 37 13 méthodologie 12 23 www.éjgrzlouke. 7
4 | www.yu.edu.jo | 26 14 jordan 10 | 24 fox cars 6
5 asain journal 21 15 | _beutifull women 10 25 poeple 6
magazene
the most
SUMMARY . . .
6 OF PASSING 20 16 | facelty.yu.edu.jo 9 26 | beutifull eyesin 6
the woirld
7 | freebrawse.net 17 17 it.yu.edo.jo 8 27 www.5|jsc;yu.edu 6
8 hotmail 15 |18 umniah g | 28| addonson 5
facebook
www.bani- .
9 hasan.com/vb 14 19 | www.cpf.gov.jo 8 29 | photo by cs3 5
10 proxy 13 20 bungegjumplng 7 30 www.wikipédia 5
videos r

APP (4): The most frequent terms (Arabic and English) submitted to Ask by the YU

community.
# The term Freq. # The term Freq.
1 what is microsoft 28 6 s s 3

mangment

Lsa Dl
3 Ll sLe) 6 8 paobaill 50

Sl dey) dilaus 5 9 g5
. empathize with non
Y .

5 oY) 3 10 english speakres 2
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Abstract

Recently, there has been a growing interest in the data mining area, where the objective is the
discovery of knowledge that is correct, comprehensible, easily interpreted, and can be understood
and used by users. In building decision support systems, one of the biggest problems is the issue of
gaining data and knowledge, and their mutual representation. This paper addresses the issue by
facilitating the automatic construction of a decision support system by utilizing data mining
techniques. Rough Set Theory is one of the well known techniques used to extract knowledge. In
this research a system that extracts rules based on rough set theory is built where the extracted
rough based classification rules are transformed into a program that can be used as a tool to predict
the decision class of new objects with unknown class for the purposes of decision making. The
generated program is equipped with all the necessary constructs and functions that facilitate the
decision making process. The proposed approach extends the main steps of Knowledge Discovery
in Database (KDD) to include a new step that involves the representation of the extracted
knowledge to ease the process of decision support.

Keywords: Data Mining, Rough Set Theory, Classification Rules, Classifier, Decision
Making.

Introduction

Raw data is rarely of direct benefit. Its true value is on the ability to extract
information useful for decision support or exploration. In most domains, data analysis
was governing a manual process. Recently, there has been a growing interest in the data
mining area, where the objective is the discovery of knowledge that is not only correct,
but also comprehensible and even usable by the user [1, 2]. The discovered knowledge
cannot be easily interpreted and understood; in this case the discovered knowledge needs
to be transformed into a form that can be understood by human users [3]. Therefore, the
user can quickly understand the results of the system and combine them with the
knowledge of the problem in order to support a decision making process.

The grand challenge of knowledge discovery in databases is to automatically
process large quantities of raw data, identify the most significant and meaningful
patterns and present this knowledge in an appropriate form for achieving the user’s goal

© 2011 by Yarmouk University, Irbid, Jordan.
*  Department of Computer Information Systems, Faculty of Information Technology and Computer
Sciences, Yarmouk University, Irbid 21163, Jordan.
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which includes decision support or exploration [1]. Commonly, the discovered
knowledge cannot be easily interpreted and understood by human users. In this case, to
get benefit from the discovered knowledge, the knowledge needs to be transformed into
a form that can be understood and used by human users where the user can easily
understand the results of the knowledge discovery process and combine them with the
knowledge of the problem in order to support a decision making process. The question
arises here, how could a KDD system represents the extracted knowledge in such a way
that is convenient and usable by the end user?

Decision support systems are aimed at helping decision makers solve problems and
make decisions automatically based on a predefined knowledge based. The main source
of knowledge for decision systems is human knowledge formalized in a format requested
by a selected decision system tool. Recently data mining is used to handle this issue by
automatically providing the decision systems with the required knowledge by extracting
the knowledge from the available data using some intelligent techniques [4].

According to Han and Kember [1], there are several tasks in data mining and the
most common in literature is classification, which is a form of data analysis that can be
used to extract models describing important data classes. Using the extracted model, the
classification task concentrates on predicting the value of the decision class for an object
among a predefined set of class values given the values of some given attributes for the
object.

In general, data classification is a two-step process. In the first step, which is called
the learning step, a model that describes a predetermined set of classes or concepts, will
be built by analyzing a set of training database objects. Each object is assumed to belong
to a predefined class. In the second step, the model is tested using a different data set.
The classification accuracy is estimated using one of several proposed techniques. If the
accuracy of the model is considered acceptable, the model can be used to classify future
data objects for which the class label is not known. The model will act as a classifier in
the decision making process

Rough set theory [5] was developed in Poland in the early 1980s as a mathematical
tool for knowledge discovery and data analysis, and concerns itself with the
classificatory analysis of imprecise, uncertain or incomplete expressed in terms of data
acquired from experience. The notion of classification is central to the approach; the
ability to distinguish between objects, and consequently reason about partitions of the
universe.

The research presented in this paper proposes to transform all the extracted
knowledge into software components and programs. In this research a system that
extracts rules based on rough set theory is built. To address the comprehensibility and
the usability issues of the output of the rough set based classification system, a model
that implements the translation of the extracted rules into software components is
implemented and embedded in the system. The generated software is ready to run and to
be used by the decision maker to help in taking actions and decision regarding any new
case which was not used in the training and testing phases of the data mining process.
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The constructed program will act as a decision support system and the Rough set
theory is used as a knowledge acquisition tool. By automatic software construction
relying on experimental data, great programming efforts should be saved. This lead to a
faster decision making process.

Related Work

To provide the extracted knowledge to the end user, the literature provides three
main approaches to deal with this issue. Most available methods present the extracted
knowledge in plain format as a set of rules or set of statements that describe the extracted
knowledge. Another attractive and available solution for this issue is to provide
visualization to represents the extracted knowledge [6]. The main proposed approaches
are presented in the following points.

Gajzler in [7] presented in his article the various possibilities of using data mining
techniques in building decision support systems. He states that one of the biggest
problems in this area is the issue of gaining data and knowledge, their mutual
representation and reciprocal usage. Gajzler proposed to obtain a ready model containing
knowledge, e.g., a trained artificial neural network. This approach was proposed to be
used instead of the classical and long-term knowledge acquisition methods.

Reports and Visualization

In the first approach to represent the output of the knowledge discovery process, the
output is presented to end user in one or more of the following forms: printed reports
which may include set of rule, mathematical formulas with some explanations, and
visualization which may includes trees, charts, and figures [6].

Most of these forms for representing the extracted knowledge need experts (such as
domain expert and data mining experts) to interpret and get benefit out of them.
Moreover, in the case of large datasets in real world applications, the generated model
will be very huge and it is a difficult task to visualize the model and if it is presented in
plain format, it will be very hard if not impossible for the end user to trace and use the
extracted knowledge. The decision maker, who is a data mining end user, needs to get
use of the extracted knowledge in a short processing time. The decision maker needs to
use the model to predict decision values of the new available objects to help in the
decision making process.

Rule Discovery as Knowledge Acquisition

Knowledge acquisition is referred to as a bottleneck problem in developing expert
systems [8], which has not fully been solved and is expected to be solved by induction of
rules from databases. For this purpose, researchers develop expert systems by using the
acquired knowledge resulted out of a knowledge discovery process [4, 7-9].

In this second approach, what if the data mining algorithm being used gives
acceptable results during the testing and experiments phases and the end user decided to
use the output of the KDD process to support the decision making process? In this case
the end user, who is the original owner of the data, will ask some professional
programmers to build a system (probably expert system) that embeds or uses the
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extracted knowledge as knowledge base. To build such a system, some programming
efforts are required.

Transforming Rules into Plain Source Code

In the third approach, and to ease the second approach, the extracted knowledge is
represented in a source code format ready to be embedded in decision support software.
This idea of exporting the extracting rules into code of programming languages has
attracted some researchers. The research by [10] proposed an approach to develop
decision support systems where Rough Set theory is used in knowledge acquisition and
processing phases. According to the authors, a system called DatalLogic system is used
to transfer the obtained knowledge from the dataset into the form of rule knowledge
base. The rules are translated into Prolog rules form where Prolog has been used as a
knowledge representation for the extracted rules. Nevertheless, the prolog code needs to
be embedded in a procedural language program to be used.

Krishnaswamy and Zaslavsky in [11] proposed a model for the automated
translation of the decision rules extracted from database into active database constructs.
The constructs are presented as PL/SQL triggers and stored procedures for Oracle
database where in a next step a system needs to be built on top of these triggers and
constructs.

The ROSETTA toolkit [12] is not intended as a decision support system in the
sense of being for example a tool for patient-specific consultation. Rather, the toolkit
produces output that can be embedded in programs specially tailored for decision
support of that kind. The ROSETTA toolkit has the option of exporting the extracted
rules into Matlab format, C++ code, Prolog clauses, or plain format. The exported rules
can be embedded in programs specially tailored for decision support.

The proposed approach: Program Generation

Program generation is the process of production of programs by means of other
programs where the latter are usually called program generators. In the literature of
software engineering, this process is referred to as automatic program generation. It is
concerned with approaches, techniques and tools for generating program source code
which is subsequently compiled or interpreted.

Rough Set based Classification: Preliminaries

In the literature many classification approaches have been proposed and
implemented by researchers, such as, decision tree based classification, statistical
classification, neural network based classification, genetic algorithms classifiers and
rough set based classification [1, 13].

In rough set theory, objects are perceived through the information that is available
about them, that is, through their values for a predetermined set of attributes. In the case
of inexact information, one has to be able to give and reason about rough classifications
of objects. Basically, rough set theory deals with the approximation of sets that are
difficult to describe with the available information [5].
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The structure of data is represented in the form of Decision System (DS). The
decision system is a pair of the form DS = (U, Au{d}), where U is a nonempty finite set
of objects called the Universe, while A is a nonempty finite set of attributes. Every
attribute acA is a total function a:U—Va, where Va is the set of allowable values for
the attribute a (i.e, its values range). The attributes belonging to A are called conditional
attributes while d is called decision attribute. An example of a decision system is
presented in Table 1. The decision system S = (U, Au{d}) consists of five objects U =
{X4, ..., X5}, five conditional attributes A = {ay,...,a3}, and one decision attribute {d}.

Table 1: A Decision System S.

xjeU a a, as = d
X1 1 2 3 1
Xo 1 2 1 2
X3 2 2 3 2
X4 2 3 3 2
X5 3 5 1 3

The Indiscernibility Relation

For each possible subset of attributes B — A, a decision system gives rise to an
equivalence relation called an Indiscernibility relation IND(B), where two objects (X;, X;)
are members of the same equivalence class if and only if they cannot be discerned from
each other on the basis of the set of attributes B. The formal definition of IND(B) is
expressed as:

IND(B)={(x;, X)) € |U|X|U]: a(x)) =a(x)) V aB}.

The discernibility knowledge of the decision system is commonly recorded in a
matrix called the discernibility matrix (DM) (Liu and Lu, 2007). The DM is a symmetric
|U[*|U| matrix with entries [C;] defined as:

[ci] = {a € Alifa(x) # a(X)} Va € A; @ otherwise}
The entry ¢jj of the DM contains all the attributes that differentiate between two
given objects X; and X;.
Attribute reduction
The reduct concept of A refers to the minimal selection of attributes that preserves
the Indiscernibility relation computed on the basis of the full set of attributes. Formally,

a reduct of a decision system is any subset B < Au{d} such that IND(B) = IND(A) and
IND(B — {a}) = IND(A) for every a € B.

There are several approaches proposed in the literature to generate the set of reducts
[14]. Some of these proposed techniques have used the discernibility matrix to generate
reducts [15][16]. For the decision table presented in Table 1, the discernibility matrix
and the set of object reducts of the decision system S are presented in Table 2.
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Table 2: The Discernibility Matrix Modulo and the object Reducts.

X1 Xo X3 X4 Xs Obj Reducts
X1 |- as a; a; ay a; dp a3 {a, as}
X2 | a3 - - - a; a {a1, ag}, {a
as}
X3 a1 - - - a; dp a3 {a1}
Xg [ g - - - a; dp a3 {ai}, {ao}
Xs | g3 | gdp | gdpds | g dpds | - {ai}, {ao}

Overview of the Proposed Approach

To link the proposed approach with the framework of Rough Set based
classification, this research focuses on transforming the extracted rules out of the Rough
Set based classification process into a program. The generated program will be ready to
run and to be used by the decision maker to help in taking actions and decisions
regarding any new case which is not used in the training and testing phases of the data
mining process. An overall overview of the proposed module within the Rough Set
based classification framework is presented in Figure 1.

The Rough Set based knowledge extraction system is equipped with a module that
implements the transformation of the extracted rules into software components. The
generated software (program) acts as a decision support system and the Rough Set
theory is used as a knowledge acquisition tool. The correctness of the output of the
software depends on the quality of the output of the data mining algorithm used to
extract knowledge from data which is in our case the Rough Set theory.

Phase 1 represents the Rough Set based classification module. Practically, this
module uses the entire dataset rather than the training dataset. The output of this module
is the set of classification rules built out of the generated set of reducts. Table 3 shows
the generated set of classification rules generated using the set of reducts presented in
Table 2 for the decision system S.

The module that handles the process of transforming the extracted rules set into a
program is presented in phase 2 in the figure. The set of rules generated from the Rough
Set processor is passed to the program generation module which in turn transforms these
rules into a set of if-then statement of the desired programming language. As a target
language, the current version of the system can generate programs coded using C++
programming language. The generated code does not need to be embedded in any other
programming language code.
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Figure 1: The Flow Diagram of the Program Generation Process.

Table 3: Sample of the Rules Generated from the decision system S.

Rule #

Rule

1

(a1=1) " (a;=3) ==> (d=1)

(a=1) " (as=1) ==> (d=2)

(22=2) " (a5=1) ==> (d=2)

(24=2) === (d=2)

(84=3) === (d=3)

(8,=3) ==> (d=2)

(8,=5) ==> (d=3)

[c A ENTTe S LV, J N UST] )

(2,=5) ==> (d=4)

Rule Set Transformation

The module transforms the generated rules into suitable equivalent if-then structures
of a programming language. The if-then rule is represented in terms of conjunctions,
disjunctions, and implications. Such rules can be written in precise logical notation using
two predicates, antecedent and consequent. The syntax of the translated rule is presented
in Figure 2. The rule is represented in the form of If <conditions> Then <class> form.
The <conditions> part is the antecedent of the rule which is a logical combination of the
conditional attributes (for instance: terml and term2 and...). Each term is a triple
<attribute, operator, value>, where the operator is the equality relational operator ‘=’
The <class>, which is the consequent of the rule, contains the predicted class for the

object whose attributes values satisfy the <conditions> part of the rule.
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If-Statement:: If <conditions> Then <class>
Condition:: <term> and <term>

Term:: <term> | Null

Term:: attribute-name <operator> value
Operator:: ‘=’

Class:: class-value

Figure 2: The Syntax of the if-then Rule
Utilities and Structures

Generally, a program is a function that takes some values, and calculates them, and
then gives the results. To generate a complete and usable program, several constructs,
variables, and modules are included in the program. Practically, the constructs depend on
the information provided in the original decision table and the output of the Rough Set
classification method and functions.

Utility Functions
The generated program includes the following main functions:

- Functions for setting and reading the values of each attribute necessary for decision
making.

- A function for referencing the appropriate values of the decision attribute based on the
rule set.

- A Driver function that controls the flow of the program and calls other functions.

- A utility function that provides some statistical information which is collected during
the rule extraction phase. The statistics includes the number of extracted rules, the
accuracy of the classification model, and the dataset dimension used to build the
model.

Variables and Data Structures

All the necessary constructs are embedded in the program including the internal
variables representing the reduced conditional attributes set and the decision attributes.
The data types of all attributes are extracted from the original decision table. The
program includes an array data structure to control the voting mechanism necessary for
referencing the appropriate values of the decision attribute based on the rule set.

Prediction and Decision Support

The process of using the generated code for decision support process is presented in
Phase 3 in Figure 1. The user will provide the system (program) by the values of
attributes of the new objects with unknown class and the system will find the best class
for that object.

For the user convenience, the using of the system is facilitated by providing two
alternative ways to classify the objects with unknown decision. In the first choice, the
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user can predict the class for one database object by providing the values of the available
condition attributes. The other choice, if the database objects (the prediction dataset) are
stored in a table (file), the system will build a new table with the predicted class. The
decision making mechanism provided in the program is summarized in the Figure 3.

Step 1: Match the attribute values of the object with unknown class with the
antecedent part of the rules.

- Ifno conflict occurs, go to Step 2; otherwise go to Step 3.

- If no rule fires, assign the majority class as the default decision and Stop.

Step 2: Assign the decision class of the rule to the new object equal to the class of
the matched rule/s and Stop.

Step 3: Solve the conflict using Majority Voting method and generate the most likely
decision class.

Figure 3: The Decision Making Process.
Conclusion

Knowledge Discovery in Database is an appealing approach to partially avoid the
well-known knowledge acquisition bottleneck of expert systems, characterized by the
time-consuming and costly task of acquiring knowledge from a domain expert. By
automatic software construction relying on experimental data, great programming efforts
could be saved.

This paper presented an approach to facilitate the usability of the extracted
knowledge from the data mining classification task. The approach emphasizes the
automated transformation of the decision rules extracted by Rough Sets based
knowledge discovery systems into a usable decision making system. A model that
implements the automated transformation of the extracted rules is embedded in the
Rough Set based classification process. The current version of the model can generate
programs coded in C++ programming language.

The model can be easily modified to generate programs in other programming
languages. The model works with any data application as long as the data is presented in
a decision system format. The new idea is presented within the framework of Rough Set
theory based data classification; nevertheless the approach could be easily generalized to
be used with any other knowledge discovery framework or methodology.

As a conclusion, the idea of generating a ready to run programs that manipulate the
extracted rules is appealing and worth to be considered and adopted. Providing a code
generation environment for the knowledge extraction process will facilitate the way to
test the generated set of rules for new objects with unknown decision class. End users,
who are not necessary computer experts, will be satisfied by using the generated system
which facilitates the process of future decision making. We can claim that with this
approach we are extending the main steps of KDD to include a new step that involves
the processing of the extracted knowledge for the decision support purposes.
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Abstract

This study was conducted on the shallow fringing reef of Agaba, Red Sea. Unconsolidated
sediment samples were collected along two transects perpendicular to the coast to determine the
pattern of grain size distribution across the reef complex. The iron, aluminum and strontium
concentrations were used to delineate the reef topography and zonation. The results indicate that
the grain size distribution depends upon the local rate of skeletal production, the prevailing
hydrodynamic conditions and the rate of coarse terrigenous materials delivered to the reef. The
main zones of sediment production are those exposed to the wave action, the reef flat and the reef
edge. Deposition dominates in most sheltered fore reef zone. Fine materials produced on the reef
flat find its way mainly to the fore reef, while the effect of terrigenous input is limited to the
backreef zone. In the depositional zone, the sediments are mostly medium to coarse, poorly sorted
and symmetrically skewed, while the reef flat is occupied by the coarsest sediments, poorly to
moderately sorted and symmetrical in skewness. Iron and aluminum are mainly originated from
terrigenous source and marked the backreef zone, while high concentration of strontium associated
with carbonate indicate the fore reef and reef flat zones. Dumping of terrigenous materials
associated with mud delivered by floods to the reef may negatively affect the live corals in the fore
reef.

Keywords: Fringing reef, Agaba, Unconsolidated sediments, Terrigenous sediment,
Transport, Sediment texture.

Introduction

Sedimentation and suspended sediments in the near shore reefs have been the focus
of several geological studies. For a long time, classification of sediments based on
composition and texture has been used to derive information about the hydrodynamic
conditions under which resuspension, transport and deposition of sediments in modern
environment occur. Recently, studies of hydrodynamic regime (waves, currents, tidal
currents and suspended matters) have shifted from laboratory sediments analysis to field
measurements. The results of field measurements indicated that the hydrodynamic
characteristics and their relation to morphology and water depth, determine the regional
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dispersion of sediments and their availability in the near shore waters, and that they are
acting at different degrees in space and time. While some studies have emphasized the
regional importance of waves in generating turbidity and sediment transport [1, 2, 3 and
4], others indicated that the effect of waves in driving a net flux is relatively small, but
the simultaneous presence of even a weak current will result in net transport [5].

Several studies emphasized the importance of tidal currents in resuspension of fine
sediments in shallow waters [6, 7 and 8]. These studies have found that the magnitude of
suspended sediments is predominantly controlled by wind generated waves, currents and
tidal elevation on the reef flat. They also showed that the net influx of sediment is
primarily occurring along the reef flat mainly in the direction of the prevailing winds.
However, for better understanding of the modeling of sediments transport, current
studies have included sediment characteristics in their models. Storlazzi et al. (2004) [9]
suggested a model of water and fine-grained sediment transport across the fringing coral
reef in Southern Molokai, where they found that wind generated waves across the reef
flat increase the level of suspended sediments during flooding tides. As the tide falls, the
water and associated sediments drain off across the reef flat and is advected offshore to
the fore reef.

Few studies have been conducted on sediments composition and texture across the
fringing reef at the eastern Red Sea coast ([10] in Jeddah, Saudi Arabia and [11] in the
Gulf of Agaba, Jordan). The first attempt to use sediment characteristics across the
fringing reef to obtain information about the prevailing hydrodynamic regime was
carried out by (Note 1) in the Gulf of Agaba.

The coastal and marine environments along the Red Sea region are currently under
increasing human pressure, which is likely to result in adverse environmental effects.
Coastal development and artificial beaches in the Gulf of Agaba have increased the
delivered sediments. This has resulted in increased levels of suspended sediments which
is likely to reduce light and affect the primary productivity and coral growth. In addition,
sediments accumulation can eliminate recruitment sites, and even bury coral colonies [8,
12 and 13].

In this paper we describe the hydrodynamic regime in the near shore environment
and the sediments characteristics of the fringing reef in Agaba to better understand the
distribution pattern of sediments. While the coral reef complex interacts with terrigenous
sediments delivered from the coastal plain, it is important to identify the sediment
sources, movement and their deposition across the reef. Since aluminum (Al) and iron
(Fe) are the most commonly used indicator elements for the crustal source [14], their
concentrations as well as calcium carbonate (CaCOg3) and strontium (Sr) have been used
as indicators of the relative contribution of terrestrial and marine sources to sediments.

Description of Study Area

The Red Sea lies along deep rift valley, which has only a narrow and shallow
natural connection to the Indian Ocean at Strait of Bab el-Mandib. The Gulf of Agaba is
the eastern segment of the V-shaped northern extension of the Red Sea (Fig. 1). It is
about 170 km long with a maximum width of 25km, decreasing to about 5km at the
northern tip. The maximum depth of the Gulf of Agaba is about 2000 m, which is nearly
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as much as that of the Red Sea. In spite of this, it is considered a partially enclosed water
body. It is connected to the Red Sea by the Strait of Tiran, which has a depth of about
252 m [15]. The shape, bathymetry and structure of the gulf resulted from Cenozoic
breakup of the Arabian-African platform and the left-lateral strike-slip movement along
the Dead Sea Transform. The Gulf of Agaba is bordered by Precambrian basement,
plutonic, and metamorphic rocks. Valleys flowing across the coastal plain and reaching
the sea, cut the coastal mountains. The coastal plain is not well developed around the
gulf, however, only along the southern and northern shores, where it extends to Wadi
Araba; the coastal plain becomes relatively wide [16 and 17]. It comprises alluvial
sediments delivered from the adjacent basement as well as from the elevated Pleistocene
coral terraces in some locations. The sediments around the Gulf occur in the form of
fans, dunes, sabkha, and beach sediments [17]. The floor of the Gulf of Agaba inclines
sharply seawards to reach a maximum depth of 2000 m in some places. The extensive
shallow water zones on both flanks of the Gulf represent suitable habitat for the
development of coral reefs which form the northernmost extension of coral reefs in the
world.

Reef Topography and Zonation

Nearly continuous marginal coral reefs are formed along most of the Jordanian
coast of the Gulf. The fringing reef is well developed around the headlands and break up
by the Wadi mouths, which deliver terrigeneous sediments by floods from the
surrounding basement rocks. Two fringing reefs south of Agaba at site A and B are well
developed. They are about 0.5 to 1 km long and 50 to 60 m wide. Reef profile and
zonation of flora and fauna in the Gulf of Agaba have been described by Bouchon et al.,
(1982) and Mergner (1984). The following zones can be distinguished seawards:

The Backreef Zone

This zone is found where the reef complex is well developed. A platform, formed of
rocks mostly on erosional surface of fossil backreef, but covered with varied veneer of
medium grained sediments, provides a wide range of shallow subtidal habitats. These
include coral gardens of stylophora, platygyra and millepora. Seagrass beds of Halophila
form scattered vegetation on the very shallow sandy bottom (0.4 to 1 m below mean sea
level). The intertidal zone is mainly formed of an erosional surface of old beaches and
marks the landward part of the platform. It consists of lithified terrestrial coarse-grained
sediments delivered from the surrounding basement rocks, with a seaward slope of 5 to
12%. Small pools retaining water when the tide ebbs, form suitable conditions for living
fauna.

The Reef Flat zone

It is about 20 m wide in a well-developed reef complex as is at the case site A. The
reef flat is occupied by flourishing coral communities, but compared with the outer
slope; they occur in small size colonies. Boat channels of 1.5 m deeper than the reef flat
surface with minor sediments accumulation and scattered coral heads, occur in some
areas south of Agaba (at transect B), and connect the reef flat to the shoreline.
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The Fore Reef Zone

This zone can be subdivided into two types: the first is a sand talus with a slope of
about 20%. It occurs in the head of embayment at the Wadi mouths, where terrigeneous
inputs dominate. On this slope, seagrass beds are common but coral formation has not
developed. With increasing distance from the axis of the Wadi mouths to the headlands,
the coral heads and patches gradually replace the seagrass beds and become dominant
where it extends to form the second type; the coral built for reef found at the headlands.
In this type, the fore reef has a steep slope of 20 to 30% where depths of several hundred
of meters are reached rapidly. In general, the diversity and species number increase
seaward across the reef flat to the reef edge and continue downwards to 10 to 20 m
depth, where the corals are highly flourished. The assemblages include more than 120
species [19].

Meteorology and Oceanography

The Gulf of Agaba is situated in a desert-belt area, bordered by the Sinai and Negev
Deserts to the west and by the Arabian Desert to the east. Rainfall is very low and
concentrated in short bursts between long rainless periods. This may result in moving
huge amount of terrigenous materials by flash-floods from the adjacent basement to the
sea.

The water temperature in the upper 200 m varies from 20°C in the winter to 26°C in
the summer. The high evaporation rate of sea water (200-365 cm/year), sparse rainfall
and negligible runoff, resulted in high salinity in the upper 200 m, where it ranges from
40.3 to 40.8 %o in the winter and from 40.5 to 46.6 %o in the summer [21, 22 and 23].

Sea conditions are normally calm most of the year with wave period of 2-3 second
and wave height of less than 0.3 m. Southerly winter storms, initiated by Khamasin wind
blowing in the early and late summer, generate large waves of higher than 2 m [24]. The
major tide signals in the northern Gulf of Agaba during all seasons, are diurnal and
semidiurnal barotropic tides. The tidal range is between 0.3t0 1 m.

The main feature of the current pattern along the Jordanian coast of the Gulf during
summer, autumn and winter seasons, is the presence of a constant south-southwestward
moving currents at depth layer of 6 and 12 m, which are parallel to the prevailing winds.
In spring season, abrupt changes in the current direction from southward to northward
are observed [23].

Sampling and Experimental Analysis

Twenty two samples were collected along two transects (A and B) perpendicular to
the coast (Fig. 1). Samples were taken from the shallow parts of the reef (the reef flat
and the shallow backreef) during low tide or by SCUBA diving along the outer slope.
Following samples collection, the sediment samples were dried and split into two halves.
One half was sieved by a vibrating granulametric column to obtain the particle size
distribution. The grain-size fractions were expressed in a unit of weight percentage (Fig.
2, A and B). The other half of sample was disaggregated and pulverized to -100 mesh
and heated in at 350°C for one hour to remove organic matter. An aliquot of each sample
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was prepared with distilled water, digested, centrifuged and the aqueous solution of
samples were analyzed for Fe, Al and Sr by atomic absorption spectrophotometer. The
carbonate content was determined using the titration method [25].
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Fig. (2): Grain size distribution of samples collected from transects A and B.

Results
Sediment Texture

The sediments of the fore reef zone ranges in size between 2.03 to 0.45 phi (Fig. 2,
A and B). They are mostly medium to coarse sand. The bulk of samples collected from
the fore reef are poorly sorted (Fig. 3, A and B) and symmetrical in skewness (Fig. 4, A
and B). The highest mud contents were observed in this zone with an average value of
5.6% in transect A and 7.5% in transect B (Fig. 5, A and B).
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Fig. (3): Sorting coefficient of samples collected from transects A and B.

The reef flat sediments are coarse to very coarse sands, with an average grain size
ranging between 0.19 and 0.49 phi (Fig. 2, A and B). This zone is occupied by the
coarsest sediments within the reef complex which are poorly to moderately sorted (Fig.
3, A and B) and symmetrical in skewness (Fig. 4, A and B). The sorting coefficient of
the reef flat sediments ranges between 1.10 to 1.23 (Fig. 3, A and B). The low mud
contents of the reef flat sediments range in average between 0.2% in A and 0.5% in B
(Fig. 4, A and B).

The average grain-size of the backreef sediments varied from 0.65 and 2.10 phi
(Fig. 2, A and B). In both transects, the sediments are mostly medium-sized and are
poorly to moderately sorted (Fig. 3, A and B). The sorting coefficient ranges between
0.54 to 1.46. The majority of sediments of both transects tend to be strongly skewed
(Fig. 4, A and B). The mud contents in both transects are low (Fig. 5, A and B).
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Fig. (4): Skewness of sediments collected from transects A and B.

Carbonate

For both transects, the distribution of carbonate across the reef complex shows an
increasing trend from the backreef to the fore reef. The lowest values were obtained near
the shoreline, whereas the highest contents were observed within the fore reef zone (Fig.
5, A and B). In transect A, the carbonate values varied from 22% near the shoreline to
92% within the fore reef, whereas in transect B the values range from 37% near the
shoreline to 82% in the fore reef zone (Fig. 5, A and B).

Mud

Generally, the lowest mud content values obtained on the reef flat increase seaward
to reach 5.6% in the inner fore reef sediment of transect A, and reach 7.53% in the outer
fore reef in transect B. Slightly increasing tendency from the reef flat across the backreef
to the shoreline can also be observed in both transects (Fig. 5).
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Fig. (5): Mud and calcium carbonate contents of samples collected from transects A and B.

Major and Trace Elements

The distribution pattern of Al and Fe shows a similar trend from the shoreline to the
reef flat (Fig. 6, A and B). The highest values of 14163 and 12660 ppm were obtained in
transects A and B respectively closer to the shoreline. The concentrations of both
elements decreased gradually in A but abruptly in B across the backreef to reach the
lowest values of 1029 ppm for Al and 327 ppm for Fe in the reef flat sediments (Fig. 6,

A and B).

Toward the deeper water of the fore reef in transect A, a slight increase in the
concentrations of Al was observed where they reached 2113 ppm in sample 11.
However, Fe concentrations showed a markedly increasing tendency across the fore reef
reaching a value of 1971 ppm in sample 11 (Fig. 6, A and B). In transect B, the
distribution pattern of both elements is different. The concentrations increased abruptly
from the reef flat to the fore reef and reached 15788 for Fe and 9138 ppm for Al in the
sediments of the fore reef (Fig. 6, A and B).
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Fig. (6): Distribution of Fe, Al and Sr in samples collected from transects A and B.

The distribution pattern of Sr generally showed an opposite trend compared with
the distribution of Al and Fe. The lowest values of 709 and 1612 ppm were obtained
close to the shoreline in both transects A and transect B respectively, while the highest
values of 3974 and 2961 were observed in the fore reef sediments of both transects A
and B respectively (Fig. 6, A and B).

Discussion
Sediments Texture, Grain Size Distribution and Sorting

The reef edge and reef flat are subjected to intensive waves and currents which
provide a less permanent depositional environment. In addition to the biological
destruction of coral communities flourishing at the reef edge and the outer reef flat,
mechanical breakdown produces fragments and shingle indicating a passing phase in the
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sedimentary process. The transport of these materials to the fore reef base is normally
small, which is enhanced under storm conditions. The seaward part of the reef flat was
described by many authors as “boulder zone” [26, 27 and 28]. The following
disintegration processes by wave action reduced most of the shingle to coarse and very
coarse sand and most of the fragments to fine grades. In this regard, the reef flat acts as a
reservoir of fine materials available for resuspension and is continuously washed out of
the reef flat.

It is obvious that wave orbital velocity on the reef flat was generally insufficient to
resuspend fine materials. The interaction of waves and current provided the stress
capable of resuspending fine materials on the reef flat [3, 8 and 9]. This suggests that the
greatest amount of resuspension occurred by the high tide coupled with waves (2 m
high) generated by the relatively strong southerly winds. Under such conditions, the
water becomes milky due to the huge amounts of suspended materials, even over the
fore reef zone. As the tide falls, the sediment-rich water moves offshore to the relatively
deep and calm water of the fore reef [8], leaving on the reef flat coarse to very coarse,
poorly to moderately sorted and symmetrical sediments.

The poorly-sorted sediments of the reef flat indicate that the materials accumulated
within this zone are still in the process of breakdown and transportation [29]. The
transport of fine materials from the reef flat to the fore reef is the most likely the
explanation for the relatively high mud content (3.4%) in this zone, in which weak tidal
and subtidal currents allowed the fine materials to accumulate [6]. While the fore reef
zone is affected by calm water conditions, coarsening of its sediments can be observed at
depth greater than 10 m. This can only be explained by the contribution of unreworked
coarse and very coarse fragments produced mainly by mechanical destruction of corals,
mollusks fragments and foraminiferal tests which have a wide range of grain size [11
and 18]. In the fore reef zone, sediments are further from the action of prevailing waves,
which improves the sediments' sorting. This is in agreement with the results of [30 and
31] that shoaling waves as well as weak and irregular currents are responsible for the
poorly sorted sediments.

The backreef zone is very shallow and almost barren. The majority of sediments
within this zone are medium sand (Fig. 2, A and B) except for two samples. The
coarsening character of sample Al, located close to the shoreline is most probably due to
the input of relatively coarse terrigenous materials. This is evidenced by its low content
of carbonate (22%). The coarsening in sample B4, located far from the shoreline is
mostly due to damping of coarse unreworked fragments and grains from the nearby lying
reef flat. This is also supported by the high content of carbonate in this sample (74%).
The coarsening of sediments at both ends of the backreef zone suggests an input of
coarse materials from either the reef flat (biogenic skeletal materials) or the coastal area
(terrigenous materials). However, the relatively low carbonate content of sediments in
this zone, particularly in transect A, suggests that the transport of coarse materials from
the reef flat to the backreef is very limited, whereas the transport of terrigenous materials
to the backreef may extend to the reef flat (Fig. 2, A and B). This explanation is also
supported by the low mud content of the backreef zone sediments. Mud generated in the
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reef flat is mostly advected to the fore reef and very little may be transported to the
backreef. It seems that the prevailing waves over the reef flat are incapable of moving
even fine particles onshore to the backreef zone. The enrichment of sample B1 in mud-
sized materials is most probably due to the presence of flourishing sea grasses at the site.
Marine grasses are believed to be agents with ability to trap and bind silt and clay-sized
particles [32].

It is also believed that the input of coarse terrigenous materials control the
variations in textural properties of the backreef sediments. The dumping of coarse
materials from land is more effective in transect A. It makes the granulometric curve of
the effected sediments larger and hence they become poorly sorted. This explanation is
supported by the variation in skewness values of sediments across the backreef zone in
both transect. These values remain mostly constant across the backreef zone and increase
in tendency to the reef flat, which indicate the influence of coarse terrigenous material
influx to the backreef.

Geochemistry

The behavior of Fe and Al in sediments across the reef complex was governed by
the input of terrigenous material from the surrounding basement to the reef. This is
indicated by the highest values of both elements closed to the shoreline (Fig. 6, A and
B). The concentrations decrease across the backreef zone to the reef flat, where
calcareous marine sediments dominate and the lowest values were observed.

In transect A, sample 6 from the reef flat contained the lowest values of both
elements. The concentrations across the fore reef region remain nearly constant and
appear to be within the values given by Graf (1960) for pure reef limestone and for Fe
given by Milliman (1974) for an admixture of biogenic reefal sediments. This suggests
that the effect of terrigenous input to Fe and Al concentrations is limited to the backreef
zone, whereas the effect becomes minimal in the reef flat and fore reef sediments.

The distribution pattern of Fe and Al in transect B is similar to that of A, except
across the fore reef zone, where the fore reef sediments are enriched in Fe and Al. The
lowest values of both elements observed on the reef flat (sample 5) increase rapidly
seaward across the fore reef. This indicates that significant amount of terrigenous
materials were supplied to the fore reef.

In this area, storms are rare but they contributed a large proportion of the annual
rainfall to the area. Following occasional heavy rains in the region, the normally dry
valleys are filled with sediment-laden water which is discharged to the coast and reef
system. The evidence of heavy rain is the reddish plume of flood discharged sediments
from the adjacent high land, breaking the traffic roads, marking the reddish plume of
pools in surface water which extend from the shoreline to the reef flat. The reef is
significantly diminished along these wadis even at both sides in the fore reef zone. The
suspended materials delivered to the water of the fore reef may then be transported
through the moving current at depth layer of 6 to 12m [23] parallel to the coast. Great
delivery of fine materials to the fore reef may lead to low coral coverage along the
Jordanian coast, mainly by controlling the substrate, which is in agreement with
Larcombe and Woolfe (1999a). Sediment also affect the structure and function of the
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reef ecosystem by influencing the numerous biological relationship occurring between
fish, alge, sessile invertebrates and their coral habitat [36 and 37]. However it is
important to monitor the recruitment rates of corals along the Agaba coast to provide
sufficient information for scientific-based decisions. The positive correlation between
the concentrations of Fe and Al coupled with the mud content in transect B (the
correlation becomes negative in transect A), indicate that both elements are associated
with the mud content in transect B. It is obvious that the effect of mud, originated from
terrigenous source, on the concentrations of both elements is limited only to the fore reef
sediments.

The terrigenous origin of Fe and Al is also supported by the distribution of
carbonates across the backreef in both transects. The highest values of carbonates in both
transects were obtained on the reef flat and on the fore reef, decreased gradually across
the backreef to the shoreline and probably reflect the dilution effect of terrigenous input
from the coastal area. Consequently, the concentrations of both elements across the
backreef zone as well as the difference in concentrations of both elements between the
studied transects are most likely related to the proportion of the admixture of non-
biogenic fragments. This may also explain the wide range of the results of many studies
carried out in the Gulf of Agaba and in similar areas around the Red Sea. The calcium
carbonate obtained in this study range from 22% to 92.% with an average of 67.5% are
close to those results reported by [38] for Al-Hurghada and the Gulf of Suez in Egypt.
However, these values differ widely from those reported by [39] (57%) and by [40] (5%)
for the northern tip of the Gulf of Agaba. It must be noticed that the low values were
observed in sediments near the mouth of Wadi Araba. It is obvious that the calcareous
sediments at the northern tip of the Gulf are highly diluted by dumping of terrigenous
materials via the Wadi Araba.

The behavior of Sr largely reflects the distribution of carbonates across the reef
complex. The highest Sr values were obtained in sediments of the fore reef and reef flat
(Fig. 6, A and B). The decreasing values of Sr within the backreef to the shoreline in
transect A as well as the positively strong correlation between the carbonate content and
Sr, indicate that the carbonate is a major source for Sr in the reefal sediments. In transect
B, Sr values remain nearly constant across the reef complex to the shoreline. However,
the relative low values of Sr in the fore reef sediments of transect B as well as the weak
positive correlation between carbonate and Sr can only be explained by the contribution
of terrigenous materials. Delivering of terrigenous materials associated with mud to the
fore reef may also explain the high mud content (7.5%) obtained in the outer fore reef in
transect B, while in transect A the mud content reach a maximum value of 5.5% in the
fore reef sediments close to the reef flat (Fig. 5, A and B). This explanation is supported
by the correlation between Sr and the mud content as well as between the mud content
and carbonate. In transect A, the strong positive correlation between the mud content and
Sr as well as the positive correlation between the carbonate and mud strongly indicate
that the mud fraction in transect A is mostly originated from a biogenic source, while the
negative correlations in transect B suggests a terrigenous origin. Recent carbonate reef
with high Sr content is associated with aragonitic skeletal of corals. According to many
authors [41, 42 and 43] the Sr values range between 7740 ppm in the Arabian Gulf and
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7980 ppm in the Bahamas. The low Sr values obtained in this study can be explained by
the proportion of the admixture of non-biogenic fragments. In addition, the varying
proportion of the biogenic components, corals, mollusks, foraminefral tests and coralline
alge that make up the calcareous sediments, probably largely effect the Sr concentration
in space and time. However, the average concentration of Sr agrees with the results
reported by Friedman (1968) for reef sediments in the Gulf of Agaba.

Conclusion

The studied reef sediments are composed mainly of sand-sized material. The
sediments are mostly poorly to moderately sorted and range in skewness from fine
skewed to very coarse skewed. The calcium carbonate content is related to the
proportion of non-biogenic materials. The carbonate content generally decreases towards
the shoreline, while the terrigenous inputs decrease across the backreef to the reef flat.

Fe and Al concentrations are related to the amount of terrigenous materials
delivered to the reef. Both elements decrease in concentrations seaward, while Sr which
is associated with carbonate increases in the same direction. The concentrations of Fe
and Al can be used to delineate the backreef, while Sr indicate the fore reef and reef flat
ZOnes.
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Notes

Note 1: Al-Fukaha, F., A Textural and Geochemical Study on Reefal Sediments of
the Gulf of Agaba, and the Input of Airborne Dust to the Area. Unpublished MSc Thesis,
Yarmouk University, Agaba, Jordan, 1994,
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Abstract

In the present study, the relationship between average concentration of carbon monoxide
(CO), carbon dioxide (CO,) and hydrocarbons (HC) with meteorological factors, such as wind
speed, wind direction, temperature, relative humidity and rainfall during the year 2005 was
statistically analyzed using the stepwise multiple linear regression analysis.

According to the results obtained through analysis, higher CO, CO, and HC concentrations
are strongly related to lower wind speed, lower degree of wind direction, colder temperatures,
lower relative humidity and weakly lower rainfall. The statistical models of CO, CO, and HC
including meteorological parameters gave R of 0.77, 0.85 and 0.83, respectively. Prediction
equations were built for each pollutant concentrations in order to facilitate forecasting air quality
using multiple regression analysis.

Keywords: Regression analysis; Air pollution; Exhaust emissions; Motor vehicles;
Marka area; Meteorological parameters.

Introduction

Air is an essential component of life on our planet. It supplies us with oxygen that is
essential for our bodies to live and carbon dioxide that is essential for plants to make
food. In the last 200 years or so, the growth in the world population and the industrial
revolution has resulted in an increased demand for energy. Until now, these energy
requirements have been supplied largely by the combustion of fossil fuels, the plant's
resources of convenient carbonaceous fuel, coal and oil, have been used for heating
purposes, power industry, transport and synthesis of chemicals. The by-products of these
operations (particulates, the oxides of carbon, nitrogen and sulphur) have been emitted to
the atmosphere in enormous quantities [1]. Air becomes polluted when it contains
substances in quantities that could harm the comfort or health of humans and animals, or
could damage plants or materials. These substances are called air pollutants and can be
solid particles, liquid droplets or gases and they can occur naturally or as a result of
human activity [2]. Air pollution from motor vehicles has become an important issue
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because increasing the number of vehicles in use has led to getting more and more
pollution over the years.

Motor vehicles in Jordan contributed more than 20% of the total gases emissions
during the year 2003 [3]. Number of motor vehicles in use of Jordan has increased from
318500 vehicles in the year 1998 to 679731 vehicles in the year 2005. One of the
important environmental problems in Amman area, situated in central Jordan, has
experiencing real air pollution problem. The problem is obvious from the haze that
covers the area and from the unpleasant odder.

In this paper emission rates from motor vehicle in Marka area will be calculated and
emission models will be developed for carbon monoxide (CO),carbon dioxide (CO,) and
hydrocarbons(HC) in terms of meteorological factors that affect their concentrations.

Data Collections:

Given a set of observations from air monitoring and meteorological station,
calculating statistical relationships among the variables is possible by using some
statistical techniques such as regression analysis. Some statistical models, establish how
close relationships are between concentration estimates and values actually measured
under similar circumstances. Effects of all factors that determine atmospheric pollutant
concentrations are implicitly accounted for in the air quality data used to develop and
optimize the models. These models also have low development cost and resource
requirements [4].

The purpose of this paper is to evaluate the changes of air quality in Marka area
caused by motor vehicles and to investigate the correlation of CO, CO, and HC pollution
in this area with meteorological parameters such as wind speed, wind direction,
temperature, pressure, rainfall, sun radiation and relative humidity on daily basis during
the year of 2005, where severe air pollution episodes occurred.

There have been several studies of the area examples of which the one conducted
by the Ministry of Environment, Department of Motor Vehicles —Marka, based on the
report issued by the station and Metrological department based on reports of
metrological condition in Marka area during the year 2005. Concentrations were
obtained by inserting a special probe into the exhaust while operating, and then the
driver would be asked to increase the (rpm). Two types of gas analyzers were used
AUTOCHEK 4/5 Analyzer, Nextech,Seoul, Korea,available at the Ministry of
Environment-Amman /Jordan and Muller BEM Analyzer Type 8690, France, Available
at Driving and Vehicles Licensing Department, Marka, Amman, Jordan.

The data were obtained from unpublished sources conducted by the Ministry of
Environment, Department of Motor Vehicles —Amman, and Metrological department
based on reports of metrological condition in Marka area during the period of (August
2005 —December 2005).

Data analysis

CO, CO, and HC data together with meteorological parameters such as wind speed,
temperature, relative humidity and pressure, were analyzed by multiple linear regression
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using the SPSS version 11 and JMP and JMP IN Software version 4 [5]. CO, CO, and
HC were considered as dependent variables while meteorological parameters such as
wind speed, wind direction, temperature, relative humidity, solar radiation and rainfall
were considered as independent variables.

Simple linear regression and multiple linear regressions are related statistical
methods for modeling the relationship between two or more random variables using a
linear equation. Simple linear regression refers to a regression between two variables
while multiple regressions refers to a regression on more than two variables. Linear
regression assumes the best estimate of the response is a linear function of some
parameters (though not necessarily linear on the predictors), [6].

Linear regression analysis was used to quantify the associations among gaseous
pollutant, particles and meteorological conditions. However, data which represents a
time series need to be transformed and modeled to remove autocorrelation before
regression analysis is applied in order to better satisfy the assumption that the error
component of regression model is normally distributed and statistically independent.
Multivariate linear — regression models were built to adjust the putative effects of
metrological factors on air pollution variables. The forms and assumptions of the models
were also analyzed to ensure normality in the distribution of the wvariables,
homoscedasticity of variance, and independence. Throughout this study, statistical
significance was determined at the 95% level. Stepwise regression models were used to
analyze the data related to air pollution in order to determine the effect of metrological
condition on the concentration of air pollutants according to this formula:

Y =a+ b1 Xi1+b2 X2 +b 3 X3+...... +bn Xn e

where Y is the concentration of air pollution with gases and particles, a is a constant b
represents regression factor, X1 — Xn are independent variables that have effect on
dependant ones, whereas, e is error deviation from mean [7].

The main goal of the statistical analysis is to forecast the air pollutants given the
metrological condition. These models would help predicting air pollution status at
certain meteorological condition.

The first stage of model development was the establishment of a correlation matrix
for the different variables included in the study. The correlation matrix is used to select
the independent variables that highly correlated with the dependent variable and to
investigate the multicolinearity among the independent variables.

The second stage of model development was to perform linear and non-linear
regression analysis in order to develop predictable models. The stepwise regression
techniques were performed to select the best variables to enter the model. The stepwise
regression procedure is built upon entering the independent variables that most highly
correlated with the dependent variable. After that, the next variable is selected to enter
the regression model using partial correlation coefficients. By mean of the partial F —test,
each variable entered the model is examined at each step, then the regression models
were developed as equations for the most independent variables that effect on dependent
one.
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Results:

Distribution Analysis:

The distributions of major emissions from large numbers of vehicles have relatively
low emissions, while a relatively small number of malfunctioning vehicles have
extremely high emissions. To overcome this difficulty, analysis have typically used the

forms of the Log — normal [8] and gamma[9] distributions to model vehicle emissions

data. One graphical tool for analyzing this kind of data is to plot emissions as a function
of the cumulative fraction of vehicles [10].

As previously suggested, logarithmic transformation is frequently used to account
for the non-normality of the data; yet this may not be the appropriate approach to take.
Since the distribution of raw data significantly deviated from normality, (Figure 1).

Ié'l
i

V]

Fig. 1: CO, CO, and HC distributions
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Evaluation of CO, CO, and HC concentrations and Meteorological Parameters
during the Year 2005

Average emission rates of CO, CO, and HC concentrations from vehicle exhaust
per liter of gasoline (g/l) and daily average meteorological parameters in 2005 are given
in (Table 1).

Table 1: The means and standard deviations of CO,CO,, HC concentrations and
meteorological parameters during the years of 2005.

Mean Standard deviation

CO concentration, g/l 299.97 96.3
CO; concentration, g/l 1802.61 128.2
HC concentration, g/l 10.48 3.11
Temperature, °C 17.9 5.15
Relative humidity % 63.83 11.53
Wind Direction ° 279.4 81.31
Rainfall, mm 11.82 12.73
Wind speed, m/s 3.64 10.63
Solar Radiation W/m? 2060.1 687.3

Relationship between CO, CO,, HC and meteorological factors

The relationship between CO, CO,, HC and meteorological parameters (wind
speed, wind direction, temperature, relative humidity and rainfall) during the year 2005
was investigated by stepwise multiple linear regression analysis. The correlations (R)
between the average CO, CO,, HC concentrations and the average meteorological
parameters are shown in Table 2. As seen in Table 2,Correlation coefficient for CO
concentration shows the strong correlation with relative humidity,temperature, wind
direction, rainfall and wind speed as thus: -0.34, -0.25, -0.20, -0.15 and -0.13
respectively and all these results are statistically significant at P less than 0.05. Whereas
a strong correlation between the concentrations of CO, and temperature, where the
correlation coefficient mounted up to -0.31.This value is significant at the 99%
significance level. Relative humidity with a correlation of -0.33 in addition to the
negative correlation between CO, and the factor of rainfall where the correlation
coefficient reached -0.29. And for HC When we used “correlation analysis” to identify
the factors most interrelated with the concentration of HC, relative humidity was the
most related as the correlation coefficient was -0.55 followed by the factor of rainfall -
0.34, Temperature 0.30, where all of them were statistically less than 0.05 (Table 2).
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Table 2: Correlation Coefficient (R) and their probability for pollutants concentration
levels and meteorological parameters.
Variables W.S W.D T R.H Rainfall

CO, (R) -0.12 0.12 -0.31  -0.33 -0.29
P 0.04 0.04 0.00 0.00 0.00
CO (R) -0.13 -0.20  -0.25 -0.34 -0.15
P 0.04 0.002  0.00 0.089 0.021
HC (R) -0.12 0.24 0.30 -0.55 -0.34
P 0.04 0.008  0.00 0.00 0.00

Note: R.H: Relative Humidity, W.S:Wind Speed W.D: Wind Direction, T: Temperature.
The regression analysis:
Regressions Analysis of CO

When we used the multiple regression analysis we found that all the independent
variables involved in the analysis explain 0.77 out of the total difference in CO
concentration,(Table 3), and that the factor of humidity was the most influential on the
effect of CO, Based on this, we can write the prediction equation as follow:

The concentration of CO = 0.423 — 0.0035 Humidity — 0.001 Rainfall — 0.0024
Temperature - 0.008 Wind speed — 0.00014 Wind direction. Eq. (1).

Table 3: Statistical Characteristics of the model in Equation (1) for CO, a: Analysis of
Variance and, b: Regression Analysis:

a-
Source DF  Sum of Squares = Mean Square F Ratio
Model 8 0.05568834 0.005798 3.8639
Error 85 0.2422283 0.001884 R2=0.77
b-
Term Estimate Std Error | tRatio | Prob>|t]
Intercept 0.4336510 0.10601 3.87 0.0002
Wind Speed -0.007990 0.00611 -1.21 0.0032
Wind Direction -0.000141 0.000131 -1.12 0.0276
Temperature -0.00240 0.00231 -1.05 0.0654
Rainfall -0.0010095 0.00042 -1.978 0.0523
Humidity -0.003508 0.001023 3.35 0.0010

Acceptable a -level = 0.100, i.e., acceptable at the 90% significant o level.
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Fig. 2: Estimated whole model of CO concentration versus meteorological condition
Regressions Analysis of CO,

Multiple regressions Analysis were used first to calculate the prediction equation
for CO,, based on climate factors, (Fig. 2), followed by humidity then clouds. All
variables were statistically significant at P less than 0.05. The other independent
variables (temperature, the amount of the clouds, rainfall, wind speed and wind
direction) contributed a lot in explaining the difference in CO, concentrations. Using
Multiple Regression, meteorological factors explained 0.85 of the difference in the
concentration of CO,. According to table (4), we can write the equation which predicts
CO; concentration as follows:

CO, concentration=- 0.0281 — 0.0003 Relative humidity — 1.1 * 10 % Rainfall -
1.8%10 ° Temperature +1.9%10° wind direction - 5* 10 * wind speed Eq. (2)

Table 4: Statistical Characteristics of the model in Equation (2) of CO,. a: Analysis of
Variance, b: Regression Analysis
a.

Source DF  Sum of Squares  Mean Square F Ratio
Model 8 0.00564301 0.000783 1.1888
Error 88 0.04774130

2 —
C.Total 95  0.05128444 0.000575  R*=0.85

b.

Term Estimate Std Error ~ tRatio  Prob>|t]
Intercept -0.0281 0.064856 0.46 0.0649
Wind Speed -0.000500 0.003354 -0.14 0.0898
Wind Direction 0.0000179 0.000065 0.25 0.0821
Temperature -0.000019 0.00133 0.01 0.099

Rainfall -0.0000011  0.000269 -0.01 0.0998
Humidity -0.000311 0.000564 -0.65 0.0509

Acceptable a -level =0.100, i.e., acceptable at the 90% significant a level.
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Fig. 3: Estimated whole model of CO, concentration versus meteorological conditions.
Regressions Analysis of HC

Using Multiple Regression, meteorological factors explained 0.83 of the difference
in the concentration of HC. A model has been constructed to predict the concentrations
of this pollutant depending on the effect of meteorological conditions as follows:

Concentration of HC =-71.2 + 1.39 wind direction + 11.18 Temperature - 2.8
Rainfall — 3.97 humidity — 11.7 wind speed. Eq. (3)

The statistical characteristics of this model are summarized in Table 5. Figures 3
show the application of this model graphically.

Table 5: Statistical Characteristics of the model in Equation (3). Of HC a: Analysis of
Variance, b: Regression Analysis
a.

Source DF  Sum of Squares  Mean Square F Ratio
Model 9 473936.9 67705.3 5.7528
Error 71 619926.4 .
C.Total 89  1093863.3 103321 R*=0383
b.
Term Estimate  Std Error  tRatio  Prob>t|
Intercept -71.292 310.1825  0.25 0.0925
Wind Speed -11.701 19.03079  -0.52 0.0460
Wind Direction 1.389 0.364255  3.66 0.0002
Temperature 11.1765 6.529595  1.68 0.0670
Rainfall -2.8011 1.698858  -1.45 0.0113
Humidity -3.97 3.05118 -1.33 0.0332

Acceptable a -level = 0.100, i.e., acceptable at the 90% significant o level.
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Fig. 4: Estimated whole model of HC concentration versus all meteorological conditions

Discussions:
The Effect of Meteorological Conditions

Air pollutants at receptor site are affected by transportation and perhaps
transformation in the atmosphere. Location of the emission source, height and duration
of release, as well as the amount of pollutants released are important. Experience shows
that even when emission rate remain relatively steady for extended periods, a wide
variation in gases concentrations from one day to the next can be observed[11]. These
variations are generally due to changes in certain meteorological conditions.

From the knowledge of studies of various parameters of meteorology, we can
predict dispersion of the pollutants in the atmosphere. Therefore, in order to understand
air pollution surveillance and dispersion, we must understand the impact of the various
meteorological parameters on the dispersion of air pollution. Such studies include
consideration of wind, wind velocity, wind direction, effect of temperature, phenomena
of inversion, relative humidity, etc.

The effect of metrological parameters on the ambient concentrations of the gases is
discussed below:

Rainfall

The more the rainfall, the lower the concentration. The main reason for this relation
is attributed to role of rain in cleaning the atmosphere’s pollutants and the fall of the acid
rains. Marka area lacks this metrological factor, which could help in the concentrations
of pollutants emitted from motor vehicles. Accordingly, rainfall has no effect on
pollution concentrations in the study area.
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Temperature

Temperature were found to show an inverse relation with the pollutants because of
the role of the heat in warming up the surface of the earth by the oncoming radiation
from the sun which strikes the earth and warms it, thus making the air that touch it warm
and consequently reducing its density, so it expands and goes upward to be replaced by
cold air and so on. This process increases the amounts of the up going air currents. When
the horizontal and vertical air mixing processes increase, they reduce the concentration
of the pollutants in it.

Relative Humidity

Humidity is low in Marka area. Its annual rate amount is 63%.The percent of
humidity differs in seasons of winter and summer, where it reaches 56% in summer and
77% in winter. Also, the process of humidity decrease leads to more concentrations of
gas. This paves the way for a suitable environment for certain photochemical
interactions of the gases in which they change into different forms.

It has been evidenced from the results of this study that the relation of relative
humidity with the concentration of the pollutants is a proportional one. This could be
attributed to the role of humidity in causing heat discrepancies as the increase of
humidity in the atmosphere will reduce the amount of solar radiation that reaches the
earth. When sunshine collides with these drops, then it will absorb by these scattered
drops in the surrounding atmosphere so they start to evaporate and launch its embedded
heat in the surrounding air, which contributes in forming heat variations where the air
near to the surface of the earth is becoming colder than that in the upper parts, thus
reducing the up going air currents and accordingly increasing the pollutants in the
atmosphere. Regarding the inverse relation with CO, this is due to what is performed by
humidity in forming acid rain.

Wind Currents

Wind currents are caused by pressure differences, consequently leading the
differences in temperature in the atmosphere. They can occur on large scale and lead to
significant climatic changes. The intervening valley, trees, buildings can change their
direction as well as their speed. Wind currents play a significant role in the distribution
of pollutants in the atmosphere. In view of this, the changes in their velocity or direction
and the impact of temperature on the course of their flow must be taken into
consideration.

Wind Speed:

Pollutants are expected to be carried away and diluted during day times with high
wind speeds. Low speed winds are prevailing in Marka area. The annual average speed
is 3.7 knot that gradually decreases in winter to reach 1.6 knot. More than 50% of Marka
area wind blow at speed between 4 — 8 knot and less than 10% has speed higher than 9
knot. This will play a role in having more concentration in gas in this area. It is not
possible by any means for low speed winds to carry pollutants for further distance.
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Wind Direction

The wind direction affects the ambient levels of the pollutants in the atmosphere. In
order to obtain the wind directions in Marka area, the 0 —360 distributed wind direction
data was divided into the eight main sectors; N,NE, E,SE,S,SW,W and NW. The
western, and north-western directions are the most predominant wind directions in
Marka area [12].

Conclusions:

High air pollution took place in Marka area during the year 2005. The encountered
high CO, CO, and HC values are due to low temperature, low wind speeds and the
shortage of rainfall during most of winter season.

The results show a good relationship between the meteorological parameters and
CO, CO, and HC in Marka area within the terms statistically analyzed. While pollutants
concentrations have a strong relation with temperature, they have a significant
correlation with wind speed.The precipitation and humidity is also weakly correlated
with CO, CO,, and HC. In order to predict the CO,CO, and HC concentrations with
regard to meteorological parameters, a statistical model was developed. The statistical
model of CO, CO,, and HC including meteorological parameters gave R? of 0.77, 0.85
and 0.83, respectively.

An understanding of pollution sources and emissions, and their interactions with the
atmosphere, is the most important first step in developing appropriate air pollution
management plans and action strategies. Without this type of knowledge, incorrect
decision making related to air pollution management is possible, creating wasted
resources and undesirable results[13]. Due to insufficiency of air quality information,
strategic planning on air quality management is non-existent in Marka area. This study is
only based on measurements made at one urban location. Undoubtedly, there is need for
a more comprehensive study to improve the monitoring and evaluation systems for urban
air pollution especially caused from motor vehicle emission, in greater Amman area.
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Abstract

A rapid and sensitive method for the simultaneous determination of iron (1) and total iron is
proposed. The method is based upon the injection of the sample mixture containing iron (I1) and
iron (I111) into o-phenanthroline (o-phen) stream in citrate buffer at pH 3.7. The complex, [Fe(o-
phen);?*], resulting from the reaction of iron (I1) with o-phenathroline is rapidly formed and its
absorbance is measured at the first flow cell at 510 nm. The stream passed through the first flow
cell is mixed with hydroxylamine hydrochloride to reduce Fe(lll) to Fe(ll) before reaching the
second flow cell. The produced Fe*" is complexed by o-phenanthroline and the absorbance
corresponding to the total concentration of Fe(ll) and Fe(lll) is monitored at the same wavelength
in the second flow cell. Variables such as flow rate of reagents and other flow injection parameters
were optimized to produce the most sensitive and reproducible results. The proposed method was
successfully used for the simultaneous determination of Fe(Il) and Fe(I11) in soil and rock samples.

Keywords: Iron (I1), Total iron, Spectrophotometric, Flow Injection Analysis.

Introduction

The bioavailability and toxicity of metal species may depend on the lability and the
chemical forms in which they are present. Iron is present as bivalent and trivalent states
in natural waters and other terrestrial systems. Changes between these two forms of iron
are important in various biological [1] and geochemical [2] processes.

Several procedures and techniques for the determination of Fe(ll) and Fe(lll) in
different sample matrices have been reported in literature. However, voltammetric [3,4]
and spectrophotometric [5-12] were the most widely used analytical techniques. Many of
the reported spectrophotometric methods are based upon the use of packed columns for
the simultaneous determination of Fe(ll) and Fe(lIl) in mixtures [5-8]. Both cation- and
anion-exchange columns were used for the on-line separation of the two ions [5,6]. The
retained ions were then selectively eluted and detected through the reaction with a
certain colorimetric reagent. In other cases, chelates formation were made first and the
formed complexes were then separated by high pressure liquid chromatography using
C18 columns [7,8].

© 2011 by Yarmouk University, Irbid, Jordan.
* Chemistry Department, Yarmouk University, Irbid-Jordan.
** Chemistry Department, Hashemite University, Zarga, Jordan.
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Lunch et al [9] have used flow injection analysis (FIA) to determine iron (II) and
iron (I11) simultaneously by synchronized sample injection into two parallel flow
systems. In this system iron (1) was reacted with o-phenathroline and iron (l11) with
thiocyanate. A flow injection method based upon the use of the same idea but different
reagents was also described by Senior et al. [10]. In addition, catalytic methods for the
determination of iron (I1) and iron (l11), based on catalysis of various redox reactions,
were also reported [13-15]. Iron (II) and total iron were determined, simultaneously,
using a flow injection procedure based on the catalytic effect of iron (Il), on the
oxidation of luminol, with hydrogen peroxide in alkaline medium [13].

This work describes the use of a sequentially arranged double flow cells system for
the simultaneous determination of iron (11) and total iron. This system is based upon the
use of both sample and reference cells of the double beam spectrophotometer in the FIA
manifold. The system is much simpler and faster than most of systems described for the
simultaneous determination of iron (11) and iron (I11).

Experimental
Reagents

Analytical-reagent grade chemicals and deionized water were used to prepare all
solutions. Citric acid, ammonium ferric sulphate, ammonium ferrous sulphate, sodium
hydroxide, hydroxylamine hydrochloride (HAH), and o-phenanthroline were all obtained
either from Fluka or from BDH Chemicals.

Solutions

Fe(ll) stock solution: A stock solution of 1000 ppm Fe®*, was prepared by dissolving
7.021 g of (NH,),S0,4.FeSO,4.6H,0 in 1.0 liter of 1.0 M hydrochloric acid.

Hydroxylamine hydrochloride (HAH): 0.2 M solution of HAH was prepared by
dissolving 6.950 g in deionized water and diluting to 500 mL by deionized water.

Fe(I11) stock solution: A stock solution of 1000 ppm Fe** was prepared by dissolving
8.633 g of NH,4Fe(S0,),.12H,0 in 1.0 liter of 1.0 M hydrochloric acid.

Citrate buffer: 1.910 g of citric acid (0.10 M citric acid) was dissolved in about 900 ml
distilled water. The pH of the solution was then adjusted to 3.7 by 0.5 M NaOH and
completed to 1.0 liter by distilled water.

o-phenanthroline solution: A stock solution of 0.02 M was prepared by dissolving 3.965
g of o-phenanthroline in 1.0 liter of citrate buffer, pH 3.7.

Standard solutions of Fe(ll) and Fe(lll): These were prepared by mixing calculated
volumes of Fe(Il) and Fe(l1) stock solutions and diluting to 100 mL by 1.0 M HCI.
Calibration standard solutions containing 0.50 -15.0 ppm Fe(ll) and 4.0 - 80.0 ppm
Fe(l11) were prepared.

Soil and rock samples: 2.0 g of grinded soil or rock samples were mixed with about 80
mL of 1.0 M HCI in a 150-mL beaker. The mixture was stirred for 10 hours and
then allowed to stand for about 1 hour before filtration. Samples were filtered
through Whatman filters first and then the filtrate was completed to volume (100-
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mL) by 1.0 M HCI solution. Fractions of these samples were transferred to Pyrex
test tubes and irradiated by UV radiation for about 20 hours. Both irradiated and
non-irradiated fractions were then filtered through 0.2 um syringe filters and 100
uL volumes were injected into the manifold shown in Fig. 1.

pump

HAH —]
RC2

RC1
o-phen
Sample
Fe(I1) + Fe(l11)

FC1=sample cell

FC2= reference cell Double beam radiation

Lamp

Fig. 1: Flow diagram for the simultaneous determination of iron (1) and total iron. RC1,
reaction coil-1; RC2, reaction coil-2; FC1, flow cell-1; FC2, flow cell-2.

Apparatus

The manifold used in this work is shown in Fig. 1. A Rheodyne 6-way injection
valve (Type 50) was used to introduce the sample into the carrier stream. Teflon tubing
of 0.51 mm i.d. was used in the flow system. The length of the first reaction coil (RC1)
was 40 cm, while the length of the second reaction coil (RC2) was 180 cm. The volume
of the sample loop used was 100 ul. A Varian DMS-100 UV-VIS double beam
spectrophotometer connected to a linear 1200 recorder was used for the FI
measurements. The wavelength was adjusted to 510 nm.

General Procedure

A double beam spectrophotometer was used in this work. Both the sample and the
reference cells were used to measure iron(ll) and total iron, respectively. A volume of
100 ul of prepared sample solution containing Fe(ll) and Fe(lll) was loaded into the
sample loop by means of a syringe. Samples were injected into o-phenanthroline stream
pumped at a rate of 1.4 ml/min. Iron(ll) in the sample is complexed with o-
phenanthroline in RC1 to form the red complex, Fe(o-phen)s>". The absorbance of the
formed complex was monitored in the first flow cell at 510 nm. The effluent from the
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first flow cell is then merged with HAH at a rate of 1.4 ml/min to reduce Fe(l11) to Fe(ll)
before entering the second flow cell (Fig. 1). The produced Fe?* is then complexed with
o-phenanthroline and the absorbance corresponding to total concentration of Fe(ll) and
Fe(l11) was monitored in the second flow cell. After injection, the valve was returned to
the load position when the maximum change in absorbance value has been reached.
When the base line was reached, another slug of sample was injected.

Results and Discussion

In this study, the heights of iron (Il) and total iron peaks were measured. The
optimal conditions for the simultaneous determination of iron (1) and total iron were
established by varying one variable while keeping other variables constant. Several
parameters including FIA and reaction variables were optimized in this work.

The proposed method is based upon the use of both sample and reference cells of
the double beam spectrometer for the simultaneous determination of Fe(ll) and total
iron. As shown in Fig. 1, Fe(ll), in the injected sample, reacts directly with the o-
phenanthroline to form the red complex, Fe(o-phen)s%*, which enters the first cell (FC1)
to give a positive absorption peak. The stream, passed through FC1, is mixed with HAH,
to reduce Fe(lll) to Fe(ll) before reaching the second flow cell (FC2). The produced
Fe(ll) is then complexed by o-phenanthroline and the absorbance corresponding to total
concentrations of Fe(ll) and Fe(lll) is then recorded from cell-2 (FC2) to give a negative
peak (Fig. 2).

a b
—_———— Al

Fig. 2: Typical flow signals for the determination of Fe (ll) (positive peaks) and total iron
(negative peaks) in synthetic mixtures. Concentrations of mixed samples solutions of
Fe(ll) + Fe(l11) (ppm) were: (a), 2+10; (b), 3+20; (c), 4+15; (d), 5+10; (e), 3+30; (e), 3+10.
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The optimum flow rates and lengths of reaction coils were selected to obtain the
maximum sensitivity for both analytes, taking into account that Fe(l1l) requires reduction
prior to its reaction with o-phenanthroline. Moreover, we should remember that the
observed absorbance reading is the result of the absorbance in the first flow cell minus
the absorbance in the second flow cell (Arci-Arcy). Therefore, the second reaction coil
(RC2) must be long enough to make sure that the colored complex, Fe(o-phen)s**, has
completely left the first cell before reaching the second cell. Different lengths in the
range of 50-250 cm were tested. Highest signals were obtained when the length of RC2
was 180 cm. The effect of the reaction coil (RC1) length on the analytical signal was
also investigated. No significant changes were observed on the signals when the coil
length changed in the range10-60 cm.

Similarly, different flow rates in the range 0.5-2.0 ml/min were tested in order to
achieve maximum sensitivity and reasonable speed. A flow rate of 1.4 ml/min was
selected for both reagents. At this flow rate, each injection requires about 80 seconds for
the recorder pin to reach the base-line, which means that 45 measurements per hour can
be injected using the proposed manifold. Table 1 gives the optimum values found for the
studied variables using the same approach. Concentrations of reagents used were in
excess compared to the concentration of the iron in the sample to ensure complete and
quantitative reaction.

Table 1: Optimum FIA and reaction variables found

Variable Studied range Selected value
Injected volume, pL 50 - 250 100
Reaction Coil (RC1), cm 30-100 40
Reaction Coil (RC2), cm 50 - 250 180
Flow Rate, ml min™ 05-25 1.4
pH of o-phen solution 20-45 3.7

Evaluation of the Method

The calibration graphs for iron (II) and total iron were made using the proposed
method and presented in Fig. 3. The calibration graphs were linear in the range of 0.5 to
12 ppm for iron (11) and 4 to 80 for total iron. The relative standard deviation (RSD) (n =
10) was 2.5% for 2 ppm iron (11) and 1.9% for 10 ppm total iron.
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Fig. 3: Calibration graphs for iron (I1) and total iron.

To assess the accuracy of the proposed method for the simultaneous determination
of iron (I) and total iron, synthetic mixtures containing known amounts of iron (I1) and
iron (I11) were prepared. Concentrations of Fe(ll) and Fe(I11) found by the proposed FIA
method are presented in Table 2. In this table, Fe(lll) was calculated by difference [total
iron — iron (11)]. As shown, concentrations found are in good agreement with the labeled
concentrations with less than 5% error.

Table 2: Recoveries of Fe(ll) and Fe(l11) from synthetic mixtures.

Added, ppm Found, ppm Recovery, %
Fe(ll) Fe(111) Fe(ll) Fe(I11) Fe(ll) Fe(111)
2.00 10.00 2.03 10.22 101.5 102.2
2.00 30.00 2.07 30.17 103.5 100.6
6.00 45.00 5.92 44.73 98.7 99.4
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In order to test the applicability of the proposed FIA procedure for real samples,
soil and rock samples were analyzed using the manifold shown in Fig. 1. Iron (1l) and
iron (I11) in two soil and two rock samples were extracted using 1M HCI and then diluted
to 100-mL with 1 M HCL. Iron (Il) and iron (ll) contents in these samples were
determined by the proposed method and the results are given in Table 3, together with
those obtained by using flame atomic absorption spectroscopy (AAS). As shown, the
results obtained for total iron are lower than those obtained by AAS for the same
samples. These results were not surprising because it is expected that some of the iron in
these samples are not free for the direct reaction with o-phen. Actually, organic and
humic substances are working as efficient chelating agents that hold up iron ions from
reacting with the o-phen. This was simply tested by treating the extracted samples with
o-phen or 1,10-ph/HAH mixtures in a test tube. Small amounts of the Fe(ph)s%* complex
were formed as indicated by the slight color changes. However, the color intensity was
increasing with time, indicating a slow release for the Fe(ll) and/or Fe(lll) from the
sample matrix. Therefore, the observed concentrations are considered to be as the labile
or the acid extractable fraction of the iron. In order to make sure that these results are
correct comparing to those obtained by the AAS, these organic and humic substances
were destroyed by UV light. A strong UV radiation was used to destroy the humic
substances and subsequently to release iron ions. After 20 hours of irradiation, soil and
rock samples were then analyzed by the proposed method and results are compared with
those obtained using AAS method (Table 3). No significant differences between the
results of the proposed FIA method and AAS for total iron were observed. These results
reinforce our previous finding about the accuracy and the applicability of the proposed
method.

Table 3: Simultaneous determination of Fe(l1) and Fe(l11) in soil and rock samples.

Proposed FIA procedure AAS
Sample Fe(ll) Fe(l11) Total Total
(mg/g) (mg/g) (mg/g) (mg/g)
a. Before irradiation with UV
Rock-1 0.05 1.11 1.17 2.01
Rock-2 6.50 22.84 29.34 37.74
Soil-1 0.06 1.06 1.11 1.75
Soil-2 0.58 6.82 7.40 8.60
b. After irradiation with UV
Rock-1 0.15 1.80 1.95 2.01
Rock-2 7.61 30.80 38.41 37.74
Soil-1 0.12 1.57 1.69 1.75
Soil-2 1.01 7.43 8.44 8.62

In conclusion, the proposed FI procedure has been successfully used for the
analysis of synthetic and real samples containing iron (1) and iron (111). The method is
very simple, using minimum number of reagents and reaction sequence. The speed of
analysis and the precision make this method also suitable for the routine analysis of
samples containing iron (1) and iron (111), replacing many of the tedious and expensive
methods.
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Abstract

Barium hexaferrite doped with different amounts of Sb in the form BaFe,, ,Sb,O,,
(x=0.0-0.6) have been prepared using ball milling method. It was found that saturation
magnetization increases in the concentration range up to x=0.3 then saturation magnetization drops
from 62.5 emu/g for x=0.3 to 51.5 emu/g for x=0.6, while a reduction in coercive field was
detected for all concentration examined. Such reduction in the coercive field was attributed to the
decrease in magnetic anisotropy field. It was found that &M curves are negative for both pure and
doped barium ferrite samples. Also it was found that Om value for the pure sample is greater (in
the negative direction) than for those doped with Sb, which suggests that doping with Sb leads to
decrease in the process of clusters formation.

Keywords: Barium hexaferrite; Coercivity; Saturation magnetization; Anisotropy field.

Introduction

Barium hexaferrite with a chemical formula BaFe ,0,, is one of the most important

composition for perpendicular magnetic recording. Barium hexaferrite is suitable for
magnetic recording due to its large saturation magnetization, good chemical stability,
and low switching field distribution. On the other hand, barium hexaferrite can be used
for high density magnetic recording if its particle size and its large anisotropy field were
decreased. Large particle size and high anisotropy field cause a poor overwrite
modulation [1]. In order to reduce the anisotropy field and to satisfy the dessert
applications, many studies were taken out to modify the magnetic properties of barium

hexaferrite by the substitution of the Fe’ ions with cations such as
(Sn“,Ni > Ni**,Co*,Co* Ti 4*,etc.) [2, 3, 4] or cations combinations such as (Zn-
Sn, Co-Sn [5, 6], Zn-Ti [7], Co-Ti[2], etc.).

Several techniques can be used to prepare barium ferrite powders such as the sol-

gel method [8-10], the glass crystallization method [11], hydrothermal technique [12],
and coprecipitation method [13].

© 2011 by Yarmouk University, Irbid, Jordan.
* Department of Physics, Al al-Bayt University, Mafraq- Jordan.
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In the present work ball milling method was used to synthesize substituted barium
hexaferrite powder (BaFe, ,Sb,0,,). The preparation and investigation of barium
ferrite doped with Sb -to the knowledge of others- has not been performed yet. So in this
work we have investigated the possibility of introducing dopants ions such as Sb by the
ball milling route.

Neutron diffraction study shows that the structure of BaFe O, is of the form

RSR*S*, Where R* and S* are obtained from the blocks R and S, by rotation of 1800
around the hexagonal c axis [14-16]. The ferric ions are distributed among five
crystallographic sites, three are octahedral sites (12k ,4f 5, and 2a), one is tetrahedral

site (4f;) and one trigonal bipyramid (2b)[17-19].

Experimental procedures

The starting materials for synthesis of BaFe,, ,Sb,O,, (x=0, 0.1, 0.2, 0.3, 0.4, 0.5
and 0.6) were BaCO;, Fe,0;, and Sb,O; (all are Aldrich-make). BaFe,  Sb,0O,,

compound was prepared in a planetary ball-mill (Fritsch Pulverisette 7) with balls and
vial of hardened steel. The milling experiment was carried out at 250 rpm for 16 h and
the ball to powder ratio was 8:1. The as-milled powders were annealed in air atmosphere
at 1100 °C for 5 h. It should be noted that XRD analyses of more than 6 samples
subjected to different annealing temperatures from 700 °C to 1200 °C revealed that the
optimum annealing temperature for obtaining barium ferrite doped with Sb was 1100 °C.
X-ray diffraction (XRD) analysis was carried out in Philips X'Pert PRO X-ray
diffractometer (PW3040/60) with CuK, radiation (45kV, 40 mA). The magnetic
measurements were carried out using vibrating sample magnetometer (VSM)
(MicroMag 3900, Princeton Measurements Corporation), with 10 kOe maximum applied
field. All magnetic measurements were performed at room temperature.

Results and discussion

XRD patterns for some samples examined in this work are represented in Fig. 1. All
unmarked peaks belong to hexagonal barium ferrite (BaFe;,019). XRD pattern for the
sample (x=0.0) shows XRD pattern which belongs to almost single phase of BaFe ;0.
The XRD patterns of doped barium ferrite contain characteristic peaks of some traces of
hematite (Fe,Os) and antimony oxide (Sb,O;). The intensities of XRD peaks of such
traces were increased with the increase of Sb content in the sample.

Lattice parameters a, ¢ of BaFe,, ,Sh,O,, were calculated according to formula 1
[20], where d is interplanar distance and h, k, and | are Miller indices.

1 _i[h2+hk +k2j+ﬁ
dijg 3

2 o2 M
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Figure 1: XRD patterns for some concentrations of BaFe,, ,Sb,O,,.

The variation of hexagonal lattice parameters a and ¢ with Sb content for all doping
concentration examined in this work are presented in Fig. 2. Lattice constant a remains
constant, whereas hexagonal lattice constant C increases with increasing Sb
concentration. This indicates that the change of easy magnetized c-axis is larger than that
of a-axis for the substitution with Sb. The increase of ¢ might be a result of size effect,
since the radius of Fe*" ion, 0.645 A, is smaller than that for Sb®>" ion, 0.76 A. This
change in lattice parameters might change the distance between magnetic ions, which
leads to a disturbance in exchange interaction, thus magnetic properties can be alerted by
the substitution.

Fig. 3 shows the measured hysteresis loops for some of the BaFe,  Sb,0O,

samples as a function of applied magnetic field. The magnetization curve for the non-
substituted sample belongs to hard magnetic material with high coercive field strength of
4 kOe. This value of the coercivity agree with the previous works such as sol-gel method
[17], mechanical alloying method [1] and ball milling method [21] of preparing barium
ferrite.
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Figure 3: Hysteresis loops for some of the BaFe,, ,Sb,O,, samples as a function of
applied magnetic field.

The effect of Sb ions on the saturation magnetization of BaFe , ,Sb,O,, is shown

in Fig. 4. The saturation magnetization increases with the increase of Sb concentration
up to x=0.3 recording 62.5 emu/g, while the saturation magnetization drops to 51.5
emu/g for x=0.6. The magnetic moment per formula for barium hexaferrite can be
expressed according the following equation [22, 23]:

M =2a+20 +12k +4f +4f, (2)

The spin-down sites (4f; and 4f,) are occupied by two Fe ions each, whereas the
spin-up sites 2a and 2b are occupied by one Fe ion each, and 12K is occupied by six Fe
ions [16]. Based on the above equation, the increase in the saturation magnetization in
the concentration range x=0.1 to x=0.3, can be attributed to the replacement of 4f; and
4f, spin-down Fe’" ions by diamagnetic Sb*>" ions. The observed drop in the saturation
magnetization in the concentration range x = 0.4 - 0.6 might be associated with the
replacement of Fe’* ions by Sb* ions at the 2a and 2b spin-up sites, respectively.
Furthermore, attenuation of the superexchange interaction between Fe’' ions at 2a and
2b spin-up sites, might be occur as a result of the excessive replacement of the magnetic
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ions by non-magnetic ones (Sb’") in the concentration range x = 0.4 - 0.6, which is
responsible for the drop in the saturation magnetization.
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Figure 4: Saturation magnetization as a function of Sb concentration of barium ferrite
samples.

Fig. 5 shows the coercive fields as a function of Sb concentration for all samples
examined in this work. As one might observe the value of the coercivity for pure sample
is 4000 Oe, which is in good agreement with the literature value, since the coercivity of
pure BaFe ;01 prepared by different methods is reported in the range (3000 — 5000) Oe
[3, 24]. Also it is clear from these data that doping of barium ferrites with Sb leads to
significant decrease in the coercivity as a result of the Sb substitution of Fe’". The
reduction of the coercivity may be due to the decrease in the magnetic anisotropy field
(H,) as a result of Sb substitution of Fe’*.
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Figure 5: Coercive fields as a function of Sb concentration of barium ferrite samples.
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In order to investigate the correlation between the coercivity and the magnetic
anisotropy field in our system, we determine the effective magnetic anisotropy field for
each sample examined in this work from the switching field distribution (SFD). The
switching field distribution can be obtained by differentiating the reduced isothermal
remanent magnetization (IRM) curve m(H) = M,(H)/My(0). Fig. 6 shows the reduced
IRM curve and the corresponding switching field distribution for the samples with x =
0.0 and 0.4. The effective magnetic anisotropy field for each sample examined in this
work is obtained from the maximum of the switching field distribution according to the
formula [25]:

FL - G | o)
H=H,/2

Here H, = 2H,,.,, where H,,,, is the value of the field at the maximum of the SFD.
Fig. 7 shows the variation of magnetic anisotropy field with Sb concentration for all
samples examined. It is clear that H, decreases monotonically with increasing Sb
concentration up to x = 0.6, which might be the reason of suppressing the coercivity
(Fig. 5). It could be noted that, the decrease in anisotropy field might leads to decrease in
energy barriers, as a result a smaller field is required to reverse the magnetization, which
suppress the coercivity.
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Figure 7: Anisotropy field as a function of Sb concentration of barium ferrite samples.
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In order to investigate the role of doping with Sb on the interaction effects we use
om relationship given by Kelly [26]:

sm(H)=mg (H)-[1-2m, (H)] (4)

where m, (H) is the reduced isothermal remanent magnetization (IRM) and

my (H ) is the reduced dc demagnetization (DCD). The IRM curve was obtained by the

following procedure: first the sample was demagnetized, second applying positive field,
third measuring the remanence magnetization after removing the applied field. The
procedure was repeated with increasing the positive field to reach positive saturation
remanence. The DCD curve was obtained by, first, the sample was saturated with a
positive field of 10 kOe, second a negative field was applied to the sample, third
remanence magnetization was recorded after removing the negative field and at last this
procedure was repeated with increasing the negative field until negative saturation
remanence was reached. dm curves give the strength and the sign of the interaction in
the prepared samples. For non interacting systems odm plots will show a horizontal line,
any deviation from linearity in om 1is a sign for the existence of interparticle
interactions. Positive dm values indicates the existence of interparticle interactions that
contribute constructively to the magnetization (magnetizing like effect), while negative
om values suggest that the existing interactions are demagnetizing (demagnetizing like
effect), i.e. negative om means interactions that assists the reversal mechanisms. Fig. 8
shows the om plots for barium ferrite samples at different doping concentration of Sb.
These curves show the magnitude of particle interaction in each sample. The curves
show negative dm which according to equation (4) result from the interaction making it
difficult to magnetize the sample from the demagnetized state (demagnetizing-like
effect), or from my being easy to demagnetize. These data suggest that the interaction
fields in these samples have a negative values and interaction effects decrease in
magnitude with the increase of Sb concentration. Thus it seems that the particles tend to
form clusters rather than a column of stacked platelets, i. e. the cluster growth in the
doped samples seems to be less than for the pure one.
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Figure 8: ém curves of BaFe , ,Sb,O,,. for some of the concentration examined
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Conclusion

Our data suggest that doping of barium ferrite with Sb (BaFe , ,Sb,0,,) leads to
increase in C lattice parameter, and to significant reduction in the coercivity as a result of
suppression of the anisotropy field. Also it was found that Sb doping enhances the
saturation magnetization at low concentrations and reduces it for concentration higher
than x=0.3. It was found that ém curves are negative for both pure and doped barium
ferrite samples. Also it was found that dm value for the pure sample is more negative
than for those doped with Sb, which suggests that doping with Sb reduce the process of
clusters formation.
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Abstract

The aim of this study is to suggest a slightly different version of the parameters estimation of
the Fractionally Integrated Generalized Autoregressive Conditional Heteroskedasticity
(FIGARCH) since the parameterizations estimation method as reported by [2. 14] has some
specification problems. A wide-range simulation is conducted to exhibit small sample properties
of the estimation and to verify the declaration regarding the drawback of the old specification. The
results of this study indicate that the long memory estimator of important parameters in the
FIGARCH model may experience a lower convergence rates.

Keywords: Long memory, FIGARCH Process, Parameterization, Estimation,
Simulation.

1. Introduction

It has been widely reported that volatility of many financial and macroeconomic
time series is highly persistent. The seminal papers by [16, 13] led to the development
of the long memory stochastic volatility models of [9, 22], and the long memory
Autoregressive Conditional Heteroskedastic (ARCH) models of one simple approach to
model persistent volatility, proposed by [2,14] denoted as (BBM/D'S), and is to
incorporate the idea of long memory fractional differencing into the Generalized
Autoregressive Conditional Heteroskedastic (GARCH) model. While these models
appear useful in describing many empirical volatility processes, there is understandably
great interest in discerning the reasons and underlying causes for the widespread
empirical finding of long memory in volatility. In particular, Granger and [16] have
shown that contemporaneous aggregation of stable GARCH(1,1) processes can result in
an aggregate process that exhibits hyperbolically decaying autocorrelations. While this
property appears to be consistent with long memory, [34] has shown that the
autocorrelation function is assumable, which is inconsistent with it being classified as a
long memory process. A related argument of [1] shows how the contemporaneous
aggregation of weakly dependent information flow processes can produce the property
of long memory in volatility. A further justification is provided by [29], who suggests
that long memory in volatility can arise from the reaction of short-term dealers to the
dynamics of a proxy for the expected volatility trend (coarse volatility), which causes
persistence in the higher frequency volatility or (fine volatility) process.
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A number of previous papers have observed and provided application of fractional
integrated models in many fields, namely; stock returns [5, 6, 15, 31, 28, 26, 25, 32];
exchange rate [2, 14, 12] and inflation rate [3]. However, in the literature, up to this
period, there have been little applications of the fractional integrated GARCH class
models to commodity futures markets.

Baillie [4] examined long memory models in volatility properties of both daily and
high frequency intraday futures for six important commodities. They found that the
volatility processes were found to be very well described by FIGARCH models, with
statistically significant long memory parameter estimates. Recently, [24] explored a
long memory conditional volatility model on international grain markets; namely wheat,
corn and soybeans, and compare the performance of the models in capturing dependence
of the price volatility and also emphasized suitability of the student-¢ density intended to
account for non-normal, fat-tailed properties of the data. [11] explored the relationship
between basis long memory and hedging effectiveness measures with error-correction
and the multivariate GARCH model.

After this introduction, the rest of the paper is organized as follows: in section 2 we
dispute that there is a problem in BBM/D's parameterization of the FIGARCH model
that causes difficulties in both estimation and the interpretation of the resulting estimates
can be fixed with slightly different parameterization for which we offer a fairly thorough
simulation analysis. Extensive simulation is then used in section 3 to appraise BBM/D's
parameterization, to verify our assertion about its drawback, and to assess small sample
properties of the Approximate Maximum Likelihood Estimation (AMLE). Conclusions
are finally presented in section 4.

2. Long Memory and FIGARCH Model

The concept of long memory was introduced in time series analysis by [18, 23]. It is
well known (e.g., [20] - p. 50) that, for stationary ARMA processes, the autocorrelation
function decreases exponentially. By contrast, as suggested in the literature, one way of
arguing that a process possesses long memory is that its autocorrelation function
decreases "slowly". The most simple way to obtain long memory is to incorporate in the

ordinary ARMA(p,q) formulation the fractional difference operator (l—B)d , with

0<d <1 , where B denotes the backshift operator. The resulting process is known as
AutoRegressive Fractionally Integrated Moving Average, (ARFIMA), (see, [3]).

A stochastic process y, is said to follow fractionally integrated ARMA process of
orders p and q, or ARFIMA(p, d, q) process, if it is defined by

#(B)1-B)'(, - u)=0(B)q, )

where, as in the standard ARMA model, p is the unconditional mean of y,, while the

P
autoregressive operator @(B) =1_Z¢j (B’) and the moving-average operator
=

92



Long Memory Estimation of FIGARCH Model

q .
0(B) =1+Z‘9/‘ (B’) are polynomials of order p and ¢, respectively, in the lag

j=1
operator B, and the innovations @, are white noises with variance o’ . The usual
stationarity and invertability conditions for the ARMA model are assumed. It is the
fractional differencing operator (1— B )d with d being a fraction number 0<d<l that
allows the process y, to have the long memory property. The fractional differencing

operator is in fact a notation for the following infinite polynomial:

_ d _ S F(j_d) J = S j
=D =2 ey T4 OF ¥

Where I'(*) is the standard gamma function. To ensure stationary and invariability
of the process y, we assume that d lies between 0 and 0.5, [3].

Given the conditional variance h, =Var(a,/s, ) where s, represents the

information set up to the time period 7 — 1, the GARCH model for 4, is

h, =oc*(1-a(B)- B(B))+a(B)a} + B(B)h, (3)

2 : . .
Where o is the unconditional variance of a, and

p . q .

a(B) = ZO{]. (B”),B(B) = Zﬂj (B’) are again polynomials in B of order ¢ and
= 1

p, respectively.

Such a GARCH(p, ¢) process can be rewritten conveniently as a model for:
(I-a(B)- f(B)a; = w+(1- B(B)), 4)

where 7, = a,2 — ht can be viewed as innovations since they have zero mean and are
serially uncorrelated, [3].. Here we assume that all the roots of the polynomials /-
a(B)—f(B) and 1— p(B) lie outside the unit circle so that the at2 process is stationary.

BBM/D'S propose the fractionally integrated GARCH or the FIGARCH model that
generalizes the GARCH model (4) by replacing 1-a(B)—B(B) by a polynomial that
contains a fractional differencing term as follows

a(B)(1-B)'a; =+ (1- BB, (%)

where (B) =1—i0{j(3j)

=
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The definition of the fractional differencing operator (l—B)dis completely

parallel to (2) but the exponent d is assumed to lie between 0 and 1. Equation (5) above
is referred to as the FIGARCH(p, d, ¢) model by BBM/D'S. The corresponding

conditional variance ht can be expressed more explicitly as

2 dy 2
(A=FBNh, = o+ (1~ F(B))a, —(1-B)")aq, (©)
It is interesting to note that the constant term ® in the above FIGARCH
specification (5) is structurally different from p in the ARFIMA model (1): the fractional
differencing operator ((1—B)“applies to p while (I1—B)%does not apply to w.

However, it is easy to avoid such discrepancy in parameterization: we simply rewrite the
GARCH(p, g) model (4) as follows

(1-a(B)- BB’ —c*)=(1-B(B))r, @)
and then redefine the FIGARCH model as:
a(B)(1-B) (¢’ -c*)=(1-B(B)), ®)

We note that [9] have also briefly considered this particular parameterization.
Obviously, the relationship between the ® parameter in BBM/D'S specification (5) and

the o parameter is
o=a(B)1-B) o’ )

Here we only note that the conditional variances /4, implied by the FIGARCH

model (8) can be expressed more explicitly as follows:

(- BB)A, = (1~ B(B)a’ — a(B)(1 - B)' (a} ~ o) (10)

There are still three structural differences between the ARFIMA model (1) for the
conditional mean p and the FIGARCH model (8) for the conditional variance /, . First,

we note that the ARFIMA(q, 0, m) model reduces to the ARMA(a, m) model but the
FIGARCH(p, 0, ¢g) model is not exactly the GARCH(p, ¢) model. Secondly, by
extending the analysis of the Integrated GARCH models e.g., [30, 8], BBM/D'S have
argued that the FIGARCH model, which is not weakly stationary, can be strictly
stationary and orgodic for 0 < d < 1. Hence, the ranges of fractional exponents d are
different, and d is permitted to be greater than 0.5, which implies the degree of
persistence allowed in conditional variances is larger than that in conditional means.
Finally, while there is no sign restriction on the ARFIMA model for the conditional
mean, the parameters of the FIGARCH model must be subject to additional restrictions
to ensure that the resulting conditional variances be all non-negative. [6] have presented
a set of sufficient conditions for non-negative conditional variances.
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The most straightforward estimation method for the complicated ARFIMA-
FIGARCH model is the approximate maximum likelihood estimation AMLE. Given that

{YsY;5---»Yr } is a realization the ARFIMA-FIGARCH model defined by (1) and

(5), if we further assume that the innovations @, are normally distributed, then the

approximate log-likelihood function is defined as:

InL(A) = —%1n(27r) —0.5i{ln(ht) —Cﬂ (11)

t=1 t

where A is the vector containing all parameters (By extending the results from [17], we
have worked out the analytic expressions for partial derivatives of the InL(\) which can
be made available upon request). The asymptotic theory for estimation of the FIGARCH
model is less complete than that of the ARFIMA model. It seems that for the general
FIGARCH model, the asymptotic theory for the AMLE can only be assessed through
simulation at the present stage. Here we only extend the results of the ARFIMA and the
Integrated (IGARCH(1,1)) models as BBM/D'S did and claim that the AMLE of A is

consistent and converges at the +/T' rate to a normal distribution.

The computations of the approximate log-likelihood function (11) (and its first-

order derivatives) require the values of innovations &, and the conditional variances ht ,
but it is )y, that we observe. So before implementing the AMLE, we need to transform
¥, to a, and A, based on (1) and (8). With given values of parameter vector A, we first

calculatea, , for t = 1, 2,...,T, in two steps where we introduce notation 4 , for the

intermediate result:

Step 1 find

m

&= m @)y, —uand & =& = 4,6~ 0,8,

Once obtain the values of &,,&,,...., &, we can compute the conditional variances
h, for t=1,2,...T, based on (10) again in the above step in which the intermediate result

is denoted as ¢, :

Step 2: find

11 P P q
§=2m @) =) h =2 B =D Biel v & =62 0,6,
70 J= J= j=r
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As in numerous applications of the AMLE estimation to the ARMA-GARCH
model, the pre-sample values of ft and &,, for t=0,-1,-2,..., involved in Step 1 are all

set to 0, while the pre-sample values of gtz and ht, for t = 0,-1,2,..., involved in Step

T
2 are all set to 6° =T —12812. More importantly, the pre-sample values of
=1

(v, —w) and (é;‘t2 —0) in computing fractional differencing in Steps 1 and 2 have all

been replaced by 0 (so that the summation runs from 0 to ¢ —1 instead of 00). This
choice of the pre-sample values may be an issue of concerns. To see more clearly what
the problem might be, we note for example that in step 1 the exact relationship between

&, and y, should be

S = —w+md)y,— @) +7,( )y, —p)+...

But the value of &, computed from Step 1 is simply (¥, — p) and the remaining

terms are all truncated. Similarly, the calculations of ¢&,,&,,....all involve various

degrees of “truncation errors.” It is certainly worrisome that these zero pre-sample
values may leave too large errors to the log-likelihood function and thus bias the
resulting parameter estimates, especially when sample size is small. However, the
simulation studies for the ARFIMA model by [10] find that even with sample size as
small as 300, using the AMLE causes relatively little bias as long as the value of the
parameter d is not too close to 0.5. A possible reason for this result is that given p =

E(y, ), we can expect (, — p) to be small in absolute values and have a zero average so
that assuming the zero pre-sample values for (), — p) may not be too unreasonable.
Now, given that o> = E (8t2) , it is for the same reason we believe that the differences
(é‘tz —0'2) are also small in absolute values and have a zero average. Therefore, we

propose to set the pre-sample values of (812 —02) to zero in Step 2.

3. Simulation Results

Our simulation study is divided into two parts. In the first part we demonstrate the
problem in estimating the ® parameter of BBM/D'S formulation (5) of the FIGARCH
model and in the second part we assess small-sample properties of the AMLE for the
proposed specification (8). In all simulation experiments the data-generation and
estimation processes are repeated 400 times. From the 400 sets of parameter estimates
we compute the averages and then define the differences between these averages and
corresponding true parameter values as “biases.” The square root of the sample variance
of the 400 simulation results are referred to as “SE.”. In each simulation trial, asymptotic
standard errors (ASE) are also computed based on the inverse of the second-order
derivative of the approximate log-likelihood function (11) as well as the robust formula
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due to [33, 7], and their averages are referred to as “MASEl1” and “MASE2,”
respectively. All computation is conducted using the Ox package (G@RCH 2.3).

3.1 Estimating the parameter ®

We first present simulation results to illustrate the problem in estimating the ®
parameter of BBM/D'S formulation (5) of the FIGARCH model. There the data are
generated according to BBM/D'S specification of the simplest ARFIMA(0, 0, 0)-
FIGARCH(0, d, 0) model. The data are then used to estimate BBM/D'S specification.
Nine values of d are considered while the value of ® is set to 1 when data are simulated
even though such a value is not theoretically plausible. The sample size is fixed at 1,000.
The most important part of the experiment design is that we try three different truncation
levels: N =100, 500, and 1,000. Column three of Table (1) shows the averages of the ®
estimates where the inverse relationship between the @ estimates and N is strikingly
obvious. Moreover, it seems that setting N to the small value of 100 in the present model
specification produces the least biases. But this observation completely contradicts to the
belief that N should be made as large as possible in order to minimize the truncation
error. As to the SE and MASE results, we note that the » estimates follow the standard
asymptotic theory for AMLE.

Table 1 : Simulation Results for BBM/D’s FIGARCH(0,d,0) Model for Estimating @
d MEANS SE MASE

N=100 N=500 N=1000 N=100 N=500 N=1000 N=100 N=500 N=100

0.1 1.100 1.052 1.008 0.218 0.236 0.233 0.224 0.235 0.239
0.2 1.051 0961 0901 0218 0216 0201 0.225 0216 0.210
03 0981 0932 0.801 0.189 0.185 0.171 0.223 0.229 0.225
04 0941 0.795 0.712 0255 0.253 0256 0.281 0.316 0.339
0.5 0952 0.851 0.784 0298 0.332 0338 0.321 0.348 0.368
0.6 0998 0932 0.863 0289 0.298 0316 0.284 0.351 0.319

0.7 1.006 0981 0.978 0.209 0.236 0234 0217 0224 0.242

0.8 1.021 0.999 0980 0.168 0.156 0.169 0.167 0.168 0.171
0.9 1.003 0999 0991 0.122 0.123 0.124 0.121 0.123 0.125
In Table (2) we go one step further to examine what problem may arise if data are
generated according to our specification (8) while BBM/D'S formulation (5) is used for
estimation. Here, for all experiments, the sample size is fixed at 1,000 and three
truncation levels N =100, 500, 1,000 are tried.

We should note that the data generating process is not based on any specific value
of o (while we may argue the “true” value of ® is zero). So it is not surprising that the
estimates of ® vary widely. The inverse relationship between the ® estimates and N
appears again just like in Table 1. We also note that both the biases and the differences
between SE and MASE for d increase sharply as d passes 0.5 from below. We do not
observe such changes in Table 1 where the data are generated from BBM/D, S
formulation.
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Table 2 : Simulation Results for BBM/D’s FIGARCH(0,d,0) Model for Estimating «
d MEANS SE MASE

N=100 N=500 N=1000 N=100 N=500 N=1000 N=100 N=500 N=100

0.1 0548 0511 0493 0.113 0.112 0.114 0.118 0.117 0.119
02 0269 0244 0221 0.059 0.062 0.056 0.062 0.060 0.058
03 0.136 0.113 0.104 0.032 0.029 0.027 0.033 0.032 0.034
04 0.072 0.058 0.052 0.028 0.024 0.021 0.025 0.024 0.026
0.5 0.032 0.026 0.024 0.017 0.014 0.016 0.014 0.015 0.016
0.6 0.013 0.011 0.010 0.007 0.006 0.006 0.005 0.005 0.006
0.7 0.003 0.003 0.003 0.002 0.002 0.001 0.001 0.001 0.001
0.8 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000
0.9 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

3.2 Estimating the parameter o’

Let’s now turn to the second part of our simulation study to demonstrate the small
sample properties of the estimation based on the proposed formulation (8). We present in

Table 3 the simulation results for 0~ and the fractional differencing parameter d in the
simplest ARFIMA(0, 0, 0)-FIGARCH(0, d, 0) model. We try three different realization
sizes T =250, 500, and 1,000 and d =0.1 (0.1) 0.9. The true value of o’ issetat 1. The

simulation results in Table (3) clearly demonstrate that the estimates of the fractional
differencing parameter d do follow the pattern suggested by the standard asymptotic
theory for the AMLE: The SE are of the same magnitude of the two MASE (and all of
them exhibit an interesting inverted U-shape pattern as d increases) and the speeds at
which SE decline as the sample size T increases from 250 to 500 and from 500 to 1,000

are approximately the ﬁ rates. Moreover, we find that SE, and two MASE here are all
less than their counterparts in Tables (1) and (2) (with 7 = 1, 000). In other words, for
the purpose of efficient estimation of d, our specification (8) does a better job than
BBM/Ds formulation (5).

Table 3: Simulation Results for ARFIMA(0,0,0) — FIGARCH(0,d,0) Model for
Estimating o’

D MEANS SE MASE

N=250 N=500 N=1000 N=250 N=500 N=1000 N=250 N=500 N=100
0.1 0.002 0.001 0.000 0.152 0.106 0.091 0.147 0.115 0.088
0.2 0.039 0.030 0.025 0321 0.022 0.187 0.296 0.236 0.186
0.3 0.138 0.101 0.045 0.586 0452 0.345 0.524 0415 0.361
04 0238 0211 0.143 0.867 0.744 0.562 0.726 0.614 0.492
0.5 0461 0.274 0.259 1.465 0981 0.701 1.009 0.802 0.621
0.6 0.621 0425 0.321 1.736  1.046 0.921 1.236 0996 0.721
0.7 0598 0.321 0.241 1.891 1.006 0.710 1432 0.901 0.651
0.8 0.499 0.321 0.150 1.575 0925 0.589 1.311 0.961 0.563
0.9 0.539 0.321 0.124 1.765 1.087 0.636 1.396 0.965 0.602
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In contrast, the simulation results for o’ present a quite different picture. The

small-sample biases are considerably large and almost always positive, especially when
d is greater than 0.2, which is in sharp contrast to the earlier results on the ® estimates in
Table (1). We also notice that the disagreement between SE and the two MASE can be
quite serious when d is greater than 0.2. So it is not surprising to find that the AMLE

of o7 also shows certain abnormality. Inspecting the general pattern of SE and MASE
corresponding to the three sample sizes shown in Table 3 we notice that the convergence
rate of the &~ estimate appears getting slower as d ascends from 0.1 to 0.3 but then turns

around and becomes increasingly faster as d approaches 0.9. These simulation results,
however, are too inconclusive to indicate what the changing convergence rates really are.
But they certainly raise the question about the applicability of the standard asymptotic

theory to the o estimator. In spite of the unsettled discussion regarding the o’
estimates, we nevertheless obtain a valuable and quite encouraging result that the

. . . . 2 .
substantial biases and irregular convergence rates in the o~ estimates do not adversely

affect the estimation of d (and all other parameters in the ARFIMA-FIGARCH model as
will be seen shortly) at least in cases where d is smaller than 0.3. We thus draw a
conclusion that the FIGARCH model appears to be a feasible generalization of the
GARCH model (perhaps with the qualification that d lies between 0 and 0.3, instead of
1.

4. Conclusions

In this paper we consider the long memory FIGARCH model for the conditional
variance. In our analysis we quarrel that [2] parameterization of the FIGARCH model
may have a specification problem. The results are obtained by using approximate
maximum likelihood estimation (AMLE) provided by [27] in Ox package (G@RCH
2.3). Our simulation results reveal that the estimation may experience difficulties similar
to those in estimating unconditional mean of the more familiar fractionally integrated
ARMA (ARFIMA) process. It is well-known that the estimator of the unconditional
mean in the ARFIMA model has non-standard asymptotic behavior, our simulation
results hint that the estimator of an important parameter in the FIGARCH model may
have similar non-standard properties with slower convergence rates. Aside from this
important observation, our simulation results confirm that the FIGARCH model is a
viable generalization of the conventional GARCH model that allows us to model and
estimate persistent conditional variances. Specifically, we have obtained clear simulation
results showing that the estimates of @ are inversely related to the level of truncation
when fractional differencing is calculated. Our simulation study also demonstrates small
sample properties of the estimation for the new specification. We obtain the fairly
encouraging results that, except, the estimators of FIGARCH parameters seem to follow
the standard asymptotic theory for the MLE. However, simulation results also indicate

that the estimator of &~ in the FIGARCH model may experience lower convergence

rates, a phenomenon that is similar to what we knew about the estimator of the
unconditional mean p in the ARFIMA model. Moreover, the permissible range of the
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fractional differencing parameter d in the FIGARCH model may be much narrower than
what has been suggested in the literature. In this regard, we have to point out that
simulation cannot provide sufficient evidence to pin down the exact range for d and this
issue certainly calls for further studies.

FIGARCH zages Glolat Aglall §)SI1 sludualy ot

Vighdb Oleslug Gl 3 gane

uadls
FIGARCH - sail cilalaall i b Lo Less ciline cislaal #1380 I Zalyall sda Giags
Gl s BlSlas Crsbial pluatal o3 oaaall JSLaall Gas 4 [14, 2] o) LS sbiaall cslad) 0¥
bl Lol Bosaedl JSLa) O (o Slilly yuil] g 8yl Sliall paibad 51nY sl
Slalaall Al 5,810 aladials suaddll OF M Lubyull sia @li it lgialles Cuad )
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Abstract

The aim of this paper is to introduce the concept of neighborhoods in PN-spaces and study
some properties related to this concept. Also we will reconsider the topological structure of
Menger probabilistic normed spaces (briefly PN-spaces) under the t-norm T. We shall give some
examples to show that it is possible to construct complete PN-space together with contraction
mappings which have no fixed point.
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Introduction

The notion of a probabilistic metric space was first introduced by K. Menger in [9].
In this theory, the concept of the distance between two points has a probabilistic nature,
i.e.,, it is exhibited by distribution functions. This theory was extended later to
probabilistic normed linear spaces by Serstnev [11] and generalized by several other
authors (see [1,2,3-11,14]). In this paper, we will consider a Menger probabilistic
normed space under the t-norm T, and will obtain some results on its derived topology.

The results presented in this paper generalize and improve many results of
S.S.Chang [4], and K.Menger [8-10], and many others in normed spaces and
probabilistic normed spaces. The next definitions give a brief description for the
background on which the paper will be built on.

Definition 1.1([4]) Let R denote the set of real numbers and R™ the non-negative
reals. A mapping f : R — R7is called a distribution function if it is increasing
and left continuous with inf f =0andsup f =1.

Notation. We will denote the set of all distribution functions by D .

© 2011 by Yarmouk University, Irbid, Jordan.
* Department of Mathematics & Statistics, Mu'tah-University, Al-Karak - Jordan.
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Defintion1.2 ([8]) A probabilistically normed space (briefly a PN-space) is an ordered
pair (X, f), where Xisareallinespaceand f isa mapping of Xinto D,
satisfying the following conditions:

(PN-1) fy (t)=1forallt >0 if and only if x =0.

(PN-2) f, (0)=0.

(PN-3) f 1y (t) =f (|i7|) forall @ eR,a = 0.

(PN-4) If fy (ty) =1and fy (tp) =1, thenfy .y (t; +tp) =1.
Here f, denotes the distribution function associated with X .

Recall that a t-norm is a binary operation on [0J1] that is commutative,

associative, nondecreasing in each variable, and has 1 as identity. Dually, a t -conorm is
a binary operation on [0,1] that is commutative, associative, nonincreasing in each

variable, and has O as identity. If T is a t-norm, it's associated a t-conorm T "is
defined by T"(X,y)=1-T(L—x1-y). Given a t-norm T one defines the
functions 7; and .. respectively by

: (F,G)(X) = sup{T (F(s).G(t)) : s + t = X},

and
r."(F,G)(x) = inf{r*(F(s).G(t)) S+t= X}-

Recall that if T is left-continuous, then 7, is a triangle function [6, p.100],
although this is not necessary; for example, if Z denotes the minimum t -norm, defined
as Z(1,x) =xand Z(X,Y) =0 elsewhere, then 7, is a triangle function which is not
left continuous.

Definition1.3 ([6]) A triangle inequality is said to hold universally in PN-space if it
holds for all triples of points, distinct or not, in the space.

Let T:[01]x[01] - [0,1] be a 2-place function satisfying the following
conditions:
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(Ty) 0<T(x,y)<1.

(T,) T(a,b) > T(c,d) forc=>a,d=Dh.
(T3) T(a,b)=T(b,a).

(Ty) T(L,1)=1.

(Ts) T(a,1) >0 fora>0.

Definition1.4 ([9]) A Menger PN-space is a triple (X, f,T), where (X, f)is aPN-
space and T iSa t —norm satisfying the following condition:

(PN =4 ) fyyy (g +t2) 2T (fx (t1).Fy (t2)) forallx,y e X andty,tpy eR™.

Definition1.5([5]) A Serstnev PN space is a PN space (V, f,z,7") where f satisfies
the following Serstnev condition:

) fip(x):fpbxﬂ} forall X €R*,p eV and 4R \{0}.

It turns out that (S) is equivalent to having f_, = f and

fp =Tm (f/lpv f(l—/l)p)v

for all peV and A €[0,1] (see [10, Theorem1]), where M is thet -norm defined
as

M (x, y) = min{x, y}.
Main Results.

Our goal of this work is to introduce the concept of neighborhoods in PN-space and
study some properties related to this concept.

Definition 2.1([7]) Let p be a point in PN-space (X ,f ).Byan (&, 4) —
neighborhood (shortly nbd) of p,&>0,4 >0, we mean the set of all points
gin X for which

f,q(€)>1-1. We write

N, (e,A)={q: f _,(e)>1-1}
Lemma2.1([8]) If &, <¢,and 4, < 4,,then N (&,,4,) < N (&,,4,).
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Theorem 2.1 If (X, f)is a Menger PN-space and IirT}T(a, X) =a,then (X, f) is
X—>.

Hausdorff in the topology induced by the family{N (&, 1)}of (&,4) -
neighborhood.

Proof. Firstly, we prove that for every p € X, there exists at least one nbd N | of p

and every nbd of P contains p . For every ¢ >0and every 1>0, peN (&,4)
since f (&) =1.
Secondly, we prove if N7, N? arenbdsof p, then there existsanbd N

such that Nf’) c N; N N;. To see this, let
N:,L)(gl’/ll) :{q : fpfq (81) >1_/11}
N§(82,/12) ={q: f, (&) >1-4,}
be the given nbds of p .
Consider N S ={q:f p_q () >1-2} where s =min{ey, &2} and 2 =min {41, 45} .
3 3 1 3 2
Then clearly peN ,bylemma2l N N andN; <N  and so
3 1 2
N, N, AN
Now, we shall show that, if N isanbdof p thatcontainsg, then there

existt ‘@ nbd N, such thatpeN, <N . To see this, let

N,={r:f ,(g)>1-4} be such a nbd of p. Since
qe N, then f  (&)>1-4,.

Now, fpf is left continuous at &, . Hence there exists &, < &, and A, < 4,such

that

q

fo () >1-2,>1-4,.

Let N, ={r:f,_ (&) >1-4,}, where 0<¢&, <& —¢&, and 4,is chosen
such thatT(1—-A4,1-4,)>1-A4,. Such a A,exists, since by hypothesis
Iin’lmT(a, X)=a andl—-4, >1-4,.

X—.

Now, supposes € N so that f__ (&,) >1-4,. Then we have
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fp—s (6‘1) 2T ( f p—q (5‘1 - 80)' fq—s (80)) 2T ( f p—q (80)’ fq—s (‘92 ))
>T1-4,1-4,)>1-4,.

But this means that S € N p,and soN, =N .

Finally, we show that if p # g, then there exist disjoint nbds N ;, N, such
that

pe Np,qe Nq,Np qu =4.

To do this, letp # Q, then there exists an xandana,0<a<1 such that
foo(X)=a Let N, ={r:f _(3)>b}andN, ={r:f _ (5)>Db}, where
bis chosen so that 0 <b <landT(b,b)>a. Such a number b exists, since
Iin?T (a,x)=21and T(11) =1.

Now, suppose that there is a point sinN_ NN, so that
f,(5)>bandf  (5)>b.

Then we have

a= fp_q (x) > T(fp_s (3) fs_q (3))=T(b,b) >a,

which is a contradiction. Thus N ; and N are disjoint.

Definition 2.2 ([1]) A sequence of points {pn}in a PN-space is said to converge to a
point pin X (wewrite p, > p) if and only if for every
¢ > 0andevery 4 > Othere exists an integer M, ; such that p, € N, (¢, 1)
ie, f, ,(¢)>1-4Awhenevern>M_,.

Lemma22 ([9]) If p, — p,then f _ (&) =1.

Theorem 2.2 If (X ,f)is a Menger PN-space and IirTllT(a, X) =1, then the
X—

probabilistic function f is a lower semi-continuous function of points.i.e., for
every fixed X, if p, — pandq, — g, then liminf £, (x)=f (x).
n—o0 non

Proof. Ifx =0, since for every n, f,  (0)=0= f,(0), the theorem follows
immediately.
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Suppose then that x> 0and let £ > 0 be given. Since
f,_, is leftcontinuous atX, thereisan h,0 < 2h < xsuch that

fo ()= f, (x=2h)<% (1)
set f, ,(x—2h)=a.Since IinHT(a’ X) =1=T(a,1), thereisa numbert,
O<t<l suchthat T(a,t)>a—-< andT(a—%,t) >a—2.

Since g, = q and p, — P, then by lemma 2.2 there exists an integer M.,
suchthat f,  (h)>tand f, (h)>twhenevern>M, ,.Now we have

fo o 02T(f, (x=h), .. ()

and
f, (X=h)>T(f _,(x=2h), T, (h))

O]

©)

Thus, on combining the inequalities (2) and (3), we obtain
fo q(X=N)=T(at)>a-%.
Thus, we have

foa (02T@-50>a-%> 1, (=

Corollary 2.1 Let P be a fixed point and suppose ¢, — 0, then

liminf f__. (x)=f,,(X).

n—w

Proof. Since q, — 4, P — P, then the result follows immediately from Theorem 2.6.

Recall that a function f : XxY — [ is said to be lower-upper semi-continuous if
x=>f(,y)andy — f (x,.) are lower and upper semi-continuous, respectively.

Theorem 2.3 Let (X, f)be a Menger PN-space. Suppose that Iin}T(a, X) =1 and
X—>
T(a,b) = max(a+b—1,0). Suppose further that p, — p,q, — qand that

fp_q is continuous at X. Then

fo o (X) > f,,(x),i.e.,thedistance function f is a continuous function
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of points at (P, (), or expressed in another way, the sequence of functions
{fpn—qn }convergesweakly to f ;.

Proof. It suffices to prove the upper-semi continuity of f I.e., that for every

p-q?
£ >0 and nsufficiently large

fo e <f ()+e
Suppose & > 0 is given. Since fp_q is right continuous at X, then there exists an
h > 0 such that

fa G2 -t <5 o

By lemma 2.2 there exists an integer M such that

f,, (N)>1-2 -

and

foo () >1-% ®

are simultaneously satisfied for all n > M.

Now, by condition (PN —4), we have

foq(X+2n)=T(f,_, (x+h), f, ,(h)) )

and
forg GEM 2T, .6, 00 g
Since T (a,b) = max(a + b —1,0), then we have
fog (e > 00+ F,, (=15, (-5 ),
and on combining (7) with (4) and (5), we have

foq(x+2h)=f,  (x+h)+f_, (h)-1

> fpn_qn (X) + fqn_p (h) _1

2¢
o Poa, ()= (12)
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Therefore, combining (12) with (6) yields (5).
As a consequence of Theorem 2.3, we have immediately

Corollary 2.2 Let (X, f) be a Menger PN-space. Suppose that Iiqu(X, a)=a and
X—>!

T(a,b) =max(a,b). Suppose further that g, —>q and that f . s

continuous atX . Then f,_ . (x) —> f _ (X).

Definition 2.3 A t-norm A is said to be semi-continuous, if Ais semi-continuous in
each place. A continuous t-norm A is said to be Archimedean if for each
te(01),A(t,t) <t.

Let A be a continuous t-norm satisfying the following condition:
SUpA(t,t) =1
Using the t-norm A, we define a triangle function 7 by
7(F,G)(t) = sup{A(F (at),G(A)) : r, B> 0, + B =1},F,G € D*. (13)
Let 7 be atriangle function and let {Fn }::1 be a sequence of distribution functions
inD". Denote
raF =R F,), tLhF =7 F L F L )n=23.. _

The problem is that the triangle norm in a PN-space is often not strong enough to
guarantee that the sequence of iterates of a point under a contraction mapping is a
Cauchy sequence. In what follows, we shall give some examples to show that it is
possible to construct complete PN-space together with contraction mappings which have
no fixed point.

Theorem 2.4 Let A be a semi-continuous t-norm and let = be the semi-continuous 1 -
function defined by (1). Then there exists a complete Serstnev PM-space (X, f)

under 7 and a contraction map T on (X, ) which has no fixed point if and only

if there existsa G € D™ and a number & € (0,1) such that
sup{(z=,G(j/a"™)(X): x e Rf<1,

where ] :R — R is the identity function.

Proof. Suppose, for every G € D" and for every & € (0,1) , that

sup{(z=,G(j/a"™)(¥): x e Rf=1.
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Let Tbe a contraction mapping on the complete Serstnev PM-space (X, f)
under 7 . We shall show that T has a fixed point. To do this, let p, € X and let

{pn }be the sequence of iterates of p,under T . Then for some & € (0,1) , we have

Fo o 2tMF, L (ila') 2 eF,  (jla™).

Po+ Pm

Thus, we have
© H i-1
G, 2z'i:1Fp0'pl(J/a' )

and it follows from [11] that T has a fixed point. Conversely, suppose that
Ge D" anda € (0,1) are such that

sup{(z,G(j/a")(X): x e R}<1.

We shall define a probabilistic distance function f on Z"suchthat (Z*, f)isa
complete Serstnev PM-space under 7 and show that the mapping T taking nton+1,
which obviously has no fixed point, is a contraction mapping. For any n,me Z",
define

Fromn =F

n+m,n n,n+m

— TirzlG(j /an+i—l)
and let

F..=H

With this definition of f , (PM-1)-(PM-4) are clearly satisfied. Thus we have only
to verify that (Z", f) satisfies
F., ) =7(F,,,F,)({1),X%Y,zeX,t>0,underz . Case splitting shows that this
will follow from the following three inequalities:

(1) l:n,n+m+k = T(F

(2) I:n,n+m 2 T(F

F

(3) n+m,n+m+

X,z

n,n+m? n+m n+m+k )1

F

n,n+m+k ' ' n+m+k,n+m )1

k >7(F

n+m,n? n n+m-+k )1
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Case (1): Since 7 is associative,
Fn,n+m+k = TTIKG(J /an+i—l)
_ T(Tl lG(J/am—l—l) 2_m+k G(j/am—i—l))

i=m+1
= 7(Fy . 714G (i/a"™)
=7(F

n,n+m?

n,n+m? n+m n+m+k)

Case (2): Forany F,Ge D" ,F =¢(F,H) > r(F,G),also 7 is associative.
Thus we have
l:n,n+m = z-iTlG(j /an+i—1)
>7(r,G(j/a™ ™), 7, G (i)
— TlmIkG(J /an+|—l)

= I:n,n+m+k

>7(F F

n,n+m+k ? ' n+m+k,n+m )

Case (3): The proof is similar to the proof given in case (2) and is therefore omitted.

It will now be shown that (Z ", f)is complete by showing that the only Cauchy

sequences are those which are eventually constant. Suppose {pn}is a sequence in

Z " which is not eventually constant. Then either
(i) there is a positive integer N such that p, < N forall ne Z or

(i) For every positive integer K there exists a positive integer n,, such that

Py, > P, where ny =1.

Case (i): Since {pn}is not eventually constant it follows that for every positive

integer K, there exist N,m > K such that p,, # P,and whence we have
(t)<max{F,k(t) 0<i,J<N,i# }< H(t)
for some t > 0. Thus {pn }is not Cauchy sequence.

Case (ii): Suppose in addition that{pn} is a Cauchy sequence in (Z, ). Itis easy to
show by consideration of the isometric image of this sequence in the completion of
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(Z7, f) that the limit function ||<im F, . Is a distribution function and therefore
—owo PNk

has one as its supremum. However, for any real X , we have

lim F =1mqu*eu/am4»a)

k—o0 L Prg
pnk -1

= limsup{(z; "G(t/a'): Y B =10<f, <}
—o© i
:ﬂma@*eu/aqua)
=7°G(jla™M)(t/a).
The supremum of this quantity for real t is strictly less than one, and we have
arrived at a contradiction. Thus (Z*, f) is complete.

Finally, to see that the mapping T :Z" — Z"defined by
T(nN)=n+1,YneZ" is a contraction mapping, it suffices to note that for
N > m positive integers and t > O, we have

o (0 = (136 (/™))
—SUp{r! "G (Bt a™): S B =1,0< <1}

i=1
=(""G(jla™ M)t/ )
=F,,(t/a).
This completes the Proof.
We end this paper by illustrating the following examples which satisfy Theorem 2.4

Example 1. Let & be any real number with 0 < ¢ < land let G be defined as follows

0, iftsi3

GH=1 @
1-(=), if <t<——,n>2.

2n a" a™

Define the triangle function = by
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7(F,G)(t) =sup{A(F (a(t)).G(B()):a, 20,0+ =1,
where A(a,b)=min{a,b}.
LetF:Z* —>Z " byT (n)=n+1thenT is a contraction mapping.

Therefore, we see that the conditions of Theorem 2.4 are satisfied.

Example 2. Let & be any real number with 0 < o < 1and let G be defined as follows

0,  iftst

G(t) = 1 1 a
1-(), if —<t<——>,n>2

2n a" a™

Define the triangle function z by

7(F,G)(t) =sup{A(F (a(t)).G (Bt):a,f20,a+ S =1},
where A(a,b) = product{a,b}=ab
LetF:Z* > Z*byT (n)=n+1=T is a contraction mapping.

So, we see that the conditions of Theorem 2.4 are satisfied.
ALY amlall oladll B W deudll dyylaiy JUad¥ g
sdelive paly cdndy G daas (lghall il
uadls
cad dliy saial Jeia ¥l oanlll cLadl oaglsall L) ASa Solely pslin adl 1ia

M Lis Jlaial ok sbad by GSeadl o 4l SLEY Ak clhacls psfing anbli-t ol il
AL Al L e Euay GELaSSY) O8] g i
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Abstract

Due to rapid global economic growth, the competition within markets has increased,
requiring organizations to acquire and sustain a competitive advantage in today's information-
based on digital business environment. Organizations must take more creative steps in their use of
information technology to make their business more attractive to customers rather than their
competitors. Loyalty programs are a prime example of keeping a competitive edge in today’s
market. The success of these programs rely on keeping track of the activities and accounts of
many, perhaps even millions of customers, which would not be without a customer loyalty system.
Thus, this paper introduces the development of a customer loyalty system which can compute,
generate, and provide reports to the business stakeholders concerning their work, customers, and
their market share (growth). Managers can then easily learn how to use this system and integrate it
within their other business applications.

Keywords: Customer loyalty, Short Message Service (SMS), American Customer
Satisfaction Index (ACSI), Web Customer Satisfaction Index (WCSI),
Customer to business (C2B).

Introduction

Loyalty programs play a major role in business growth by retaining the present
customers and attracting potential ones. In order to achieve these roles, organizations
should have a powerful customer loyalty system which gathers valuable information
concerning customers' purchasing frequency, purchasing interests and their spending
practices. Customer information will be analyzed by the customer loyalty system and
utilized to create useful promotion and reward plans.

Much has been written about loyalty program implementation and ideas. Cheung &
Lee in [1] have empirically tested the asymmetric and nonlinear information system user
satisfaction model in the context of Internet-based portals, with a purpose to examine the
asymmetric and nonlinear nature of links involved in satisfaction judgment. The
information quality of the content of the Internet-based portal is the most important and
relevant variable to determine user satisfaction. Information quality has been defined as
the extent to which users think that information is appropriate, up-to-date, accurate, and
complete. The findings of their study have shown that there exists a positive-negative
asymmetry in the user satisfaction model. The negative perceived performance of the
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information-quality attribute has a greater impact than the positive perceived
performance (except in the case of the completeness-of- information quality where there
was some support for diminishing returns in the domain of negative perceived
performance of information-quality attributes, but not in the domain of positive
perceived performance).

Lilly, et al. in [2] has empirically examined the effects of using customer
terminology on loyalty behaviors. A total of 273 subjects participated in the
experimental study. The findings underlined the importance of providing excellent
service. However, using customer terminology did not significantly affect loyalty. Thus,
organizations that have only adopted customer terminology as a relationship marketing
instrument probably won’t be realizing their expected gains.

Tian & Zhang in [3] have proposed an iterative model which is based on the
traditional American Customer Satisfaction Index (ACSI). First, they discussed the
foundation of building the model called Web Customer Satisfaction Index (WCSI)
where four aspects of social relation, psychology, behavior and the ACSI working fields
were defined. Then, the model methodology was discussed which is used to collect data
from users’ records, like average clicking rate, and figuring out the score of service
quality by using the factor analysis method. They discovered that the index system based
on customer behavior of WCSI model is more applicable than the survey based ACSI to
a network environment.

Xue & Liang in [4] studied factors which influence customer loyalty within the
telecommunication industry to investigate the formation mechanism and development
and control of Customer Loyalty by applying the data mining. They discovered that there
is neither a single behavior loyalty, nor a single attitude loyalty. From the view of
consumer behavior, before purchasing, while purchasing, and after purchasing,
consumer's rational judgments are all permeated.

Li and Jiang in [5] have produced a detailed evaluation of indicators which includes
customer confidence, enterprise visualization, customer value, communication
apparatus, and customer satisfaction. They have evaluated the relational factors that
affect customer loyalty and set up the proportion distribution of these factors. Based on
their analysis, they put forward marketing strategies founded on product and customer
divergence.

Bolton et al in [6] has investigated the conditions under which a loyalty reward
program will have a positive effect on customer evaluations, behavior, and repeat
purchase intentions. The findings of the study showed that members of a loyalty reward
program overlook or discount negative evaluations of the company vis-a-vis
competition. The authors concluded that members of the loyalty rewards program
probably perceive that they are getting better quality and service for their price (a good
value).

Huang et al in [7] has empirically investigated whether loyalty programs indeed
build customer loyalty or just merely create habitual repeated patronage in the casino
industry. The study has found that monetary rewards, special treatment rewards, and
employee interaction rewards significantly and positively influenced customer
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satisfaction with loyalty programs. However, timing of the rewards had a minimal
impact on customer satisfaction with the loyalty programs. The results of this study
indicated that customer satisfaction with loyalty programs has no effect on customer
loyalty. Casino managers then should note that using only loyalty programs is not
sufficient enough to create customer loyalty. The results of this study has had some
similarities with the results of Hennig et al [8] like social and confidence benefits leading
to customer loyalty. Instead of spending money to give away free hotel room stays, or
free meals, casino managers might consider providing intangible rewards to customers to
enhance their satisfaction and loyalty.

Wolfinbarger and Gilly in [9] have found that offering goal-oriented online
customers with what they want, when they want it, and answering inquiries with no
delay creates loyalty, even if these customers are not interested in being entertained
while shopping online.

This paper introduces the development of customer loyalty systems. These systems
are simple, flexible, and user friendly. The developed systems enable organizations to
update their promotion and reward strategies based on actual feedback data from
customers.

As a methodology for this study, we developed loyalty software that focused on
delivering promations to customers’ mobile phones using SMS services. The developed
system addresses the common Customer Relationships Management (CRM Systems)
principles.

The organization of this paper is divided into sections. Section 2 introduces the
development of a customer loyalty system, which includes system components,
description, functional and non-functional requirements, design of the model, model use
cases and the description to basic screens are covered. Section 3 covers the testing and
the evaluation of the model. In section 4 the model improvements are covered and the
conclusion is drawn in section 5.

Customer Loyalty Model Development

This paper presents the development and implementation of a customized loyalty
system focusing on delivering promotions to customers’ mobile phones using SMS
services that allow the company to communicate with customers individually and
effectively to reduce the marketing costs of these promotions.

The developed model requires the examination of four major stages. These stages
are shown in Figure 1. As shown in Figure 1, there is an imperative need for a loyalty
system which represents the first stage in our model. The second stage is identifying the
services that will be offered to the customer. By skipping many details and jumping to
the implementation stage, the customer feedback and expectations are collected and
placed for further processing which represents the third stage. The fourth stage is
associated with the decisions that should be made about the improvements and the
evolutional recommendations which will be fed back to the first stage and thus the cycle
continues.
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1. Loyalty System need

A 4

\ 4
2. Services to customer

A 4
3. Customer feedback and expectations

A 4

4. Improvements and evolutional
recommendations

Fig. 1: Block diagram for the customer loyalty system stages.

The Developed loyalty system requires the firm to set the following components
which are shown in Figure 2. The firm should first setup its objectives. Among other
factors, customer satisfaction plays a major role. There are many factors that have high
impact on customer satisfaction including quality, after sales service, promotions, gifts
and rewards, advertisements, competitive prices and others. This study addresses mainly
two issues namely promotion and gifts and rewards. Customer satisfaction has a direct
and positive impact on customer loyalty.

This study examines three loyalty components: granting points, on the amount of
purchasing, granting rewards based on the accumulated points and promotion via
different communication channels.

Firm Obijectives
v

Customer satisfactions

f

Customer Satisfaction Factors
(CSF):-

Customer lovyalty

A 4

Loyalty system
1- Points on Purchase
2- Gifts/Rewards
3- Promotion

1- Quality
2- After sales services
3- Promotion

4-  rewards
5-  Advertisement
6- Price

-

Fig. 2: Block diagram for the proposed Loyalty Model.
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The Loyalty System Components

The proposed loyalty system mainly addresses the communication channels and
offered services, namely, the point’s calculation method, the reward policy and the
promotion policy.

Communication channels and their offered services cover three "customer to
business" (C2B) channels: direct access to store, web site access and SMS messages.
The services cover direct access to store include: (1) purchasing, (2) points query, (3)
rewards query, (4) promotion available and (5) rewards selection. From the web site
services, the customer can make query about: the accumulated points, the deserved
rewards and the available promotions. The SMS services can be used for informing
customers about his or her granted points for each purchase and any available
promotions.

Regarding the points calculation methods, each currency unit for a specific product
(such as JD and USD) has a set of points that should be clearly conveyed to customer.
Those points are normally set by the manager.

With respect to the rewards granting policy, the model addresses a fixed rewarding
policy, and from time to time, the manager can make changes on the offered rewards.
These rewards are limited to specific products.

In the promotion policy, the model does not have a clear promotion policy. The
manager decides the time and the product to be promoted.

The System Description

Many business corporations focus their efforts on increasing revenues by reducing
their costs and increasing the quality of service provided to the customers. As this
process continues over a long time, new problems and challenges arise, like how to keep
the present customers, increase their purchases and maintain a list of their actual needs
and interests. In addition, how to invest efforts in order to attract new ones.

The researchers started to gather information about hardware retail stores problems
and needs. In studying one of these stores, they found that one store has over 10,000
customers to serve monthly. However, when it come to gathering valuable purchase
information such as purchasing frequency, interests, spending, ...etc, and analyzing of
this information to make targeted promotions and rewards, there was no actual efficient
system the managers to benefit from in order to increase the customers average buying
and to gain their loyalty while increasing their satisfaction.

As a methodology for this study, we implemented customized loyalty software that
focused on delivering promotions to customers’ mobile phones using SMS services. This
in turn, allows the store to communicate with customers individually, effectively, and
conveniently to reduce the marketing costs of these promotions.

The system will provide lists of products and their prices, categories, other details,
and a table of points for each product/category. The administrator can then enter the
desired number of points to each JD, along with a list of customers containing their
purchases and points. Depending on the customer points, the system will generate a gift
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or promotion and send a report about this to the customer via SMS service or Email. The
website will be updated for future promotions. The system will also provide useful
reports such as the best customer, the best buyer, the best purchasing customer, average
sales per month, and the best and worst sales category.

Functional and Non-functional Requirements

To give a better picture about the proposed model, it is worth introducing both the
functional and non-functional requirements.

Functional Requirements

The stakeholders of this system comprise the administrator, the cashier, and the
customer. The following list shows the major functions that the system must allow the
administrator to perform:

1. Authorization to set an account for him/herself with all privileges and another one
for the cashier to access the system.

The ability to delete customers’ accounts.
The ability to view/edit customer account information.
The ability to set the points per currency unit (JD...etc) ratio.

The ability to send to customers customizable SMS batches with promotions gifts
and/or special offers.

6. The ability to report to the management the average sales for month, the best and
the worst seller.

7. The ability to filter customers upon date of birth, average buying, and location.

8. The ability to filter the least 100 purchasing customers per month, and be able to
send promotions to them.

9. The ability to view the gifts due to customers’ points.

10. The ability to provide an easy way to manage products, add (initiate) products sale,
add gifts, and map gifts to points.

AN

The following list shows the major functions that the system must allow the cashier
to perform;

1. The ability to add new customer accounts.

2. The ability to add a new customer at the store including the customer’s full name
and mobile number.

3. The ability to save receipt information to the customer’s data immediately at any
point of sale.

4. The ability to send new customers SMS(s) with their usernames and generate
passwords for them.
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The following list shows the major functions that the system must allow the
customer to perform:

1. Through the web site the system must provide a registration form for the new
customers to enroll in the program, add their desired usernames and passwords and
their mobile numbers, address, and age (through birth date).

2. The ability to login to their accounts and view/update their information, view their
points, receipts, gifts, and promotions.

3. The ability to provide to customers an easy way to order their earned gifts online
(redeem points).

4. The ability to change a customer’s password through the website.
5. The ability to obtain help using the website map.
Non-Functional Requirements
The most important non-functional requirements considered in this study are as
follows:
1. The system should be easy to use with clearly titled buttons and menus.
2.The interface should be clear enough to show the tasks that can be performed.
3. The system should have a user-friendly design.
4.The system must have the ability to securely backup all data and messages.
5. The system must provide an easy way to manage data.

The Model Design

The block diagram shown in Figure 3 describes the major logical subsystems
components of the proposed model.

Reporting
SMS gateway . Database
ry >

A A F'y

k4

Administration = Manage

Customer iw

S .
H’{ Website L_‘ I y Secuny
and

Point calc

A accounts

A

A

-

h 4

[ caier |5 ordering

Fig. 3: Proposed Model Logical Subsystems.

The proposed model comprises a set of logical subsystems. Messages are sent to
customers mobiles through the SMS gateway. As described above, the administrator has
full control over the system in terms of managing customers, setting point’s ratio,
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describing the reports required, and dealing with employees’ accounts. The cashier
enters the customer’s merchandise into the system. In the Point calc, the process of
calculating customers’ points on products is performed and based on this the database is
then updated. Managing employees’ accounts and privileges occurs in the Security and
accounts component. In Ordering, the cashier enters a customer’s specific order of
products and gifts. In the Manage component, the administrator manages the various
subsystems like customers, cashiers, points...etc. The customer can order gifts, manage
his/her account information and view his/her points through the Website. As a final
component, Reporting is used to generate certain reports that the system provides such as
sales reports and the best customer.

Use Cases

Description of the proposed model use cases is presented in this section. Figure 4 —
(a) shows the administrator use case and Figure 4 — (b) shows the related sequence
diagrams. The administrator is the person who is responsible for the system control
panel, where he/she controls the system, generates reports, and manages accounts. The
administrator can generate reports related to points and other issues such as the best
buyer, the average sales, and the overseeing of cashier’s actions by reporting cashier
sales, and analyze these reports in a strategic way in order to achieve a company’s goal.
Also, the administrator can manage the customers’ accounts, cashiers’ accounts (add
new cahier, edit cashier’s password ...etc), and also enter the data that is required for the
operations of the system.

© manage customers © ©

send sms i
\ //mﬁlr‘lagepm manage cashiers

manage products and gifts

admin login ;au:ln’lin\h

b
/ reports \\4

best customers L ©
© least purchasing customer

sms report

sales
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: admin | productshlanageFrm | Products table | Category table
- , product sMana_g| | Products table | Category table
- admin

eFrm
1: add product
L_| 2: get cat'egories
I 3: c:ateg-:ories J—I
e e T e e s e s e e S 1
4: select category
5 add irfo |_,.|
G- price
7 getPointJd(} |_|
8: polr]t.Jd
R B S S e RS S e R .
9: galculat points() U
10: insertRecord
; ; b

Fig. 4: Administrator (a) Use Case Diagram (b) Sequence Diagram

Figure 5 shows the cashier use case diagram. The cashier is the person who is in
charge of ordering products and gifts. The cashier, through customized screens, enters
customer information and adds this to the database; the entry screen contains an input-
box to enter a customer’s phone number in order to send the customer an SMS with
his/her user name and initial password. This password can be modified later by the
customer. The cashier can add purchases for customer and start the ordering process by
selecting the customer’s name.

%WQ..ffiﬂf.ude>> O

Add new User send sms
login select customer

Cashier ©<<|nclude>>>©

enter name <=include=>order products
REY

-

order gits

Fig. 5. Cashier Use Case Diagram.
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In Figure 6, customer user case diagram is shown. The customer is the person who
buys products. After logging into his/her account on the company’s website, the
customer can check his/her point balance, view current offers, and select from available
gifts. The customer can enter his/her address on the website to receive the gifts through
the delivery service of the company. The customer also has the ability to login to the
website, edit his/her personal account information through the edit screen option, and
update his/her phone number, name, birthday, and address which will then reflect these

changes on the database.
% /accuunt settings
<<include=>

CUSLOMEr  |ogin website
check gifts heckout
\ CheChi confirm address
get password view points

Fig. 6: Customer Use Case Diagram.
Description of Basic Screens

Screen shots for basic screens will be presented in this section. Figure 7 shows the
two main buttons that will be displayed when the system starts. Figure 8 shows the login
screen for both the cashier and the administrator. They can login to the system by
entering a valid username and a valid password or they can cancel and exit the program.

Cashier Admin
Fig. 7: Main Buttons — Startup Screen.
username: -
password:
Login ‘ | Cancel

Fig. 8: Cashier Login Screen.

Other screens are available to help the cashier enter a customer’s order; the cashier
can view existing customers or can add newer ones.
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Product points

Points total:

During the purchasing process, the system computes automatically the points
deserved (product points) for the customer on each product and accumulates them to the
total (points total) of each purchase. Figure 9 illustrates this process.

asl BuyProducts ==
58 of 58 | [
Customer ID: 86 Customer Name: ema mak
order id: i Cashier Name: cashl
cashier id: i
order date: Friday , January 01,2010
product order_id Product points price sales After sale QOrder quantity Total
* | -
ande | [ arFTs Order total:
Points total:
Fig. 9: Purchasing Screen.
az! NewCustomer =)= =]
customer id: Join date: Tuesday . December 29, 2009 [@El~

customer data

Customer first name: Customer last name:

mobile number: (07 _)

save | | Sms MNeat

Fig. 10: Adding New customer screen.

Figure 10 shows how the cashier can add a new customer by filling the customer’s
first name, last name, and mobile number. The ID number of the customer is
automatically added. By clicking on the save button, the information is committed to the
database. By clicking on the Sms button, an SMS is sent to the customer with his/her
information, and by clicking on the Next button enables the cashier to view other
customers on the screen.

The administrator controls all processes in the system, such as generating reports,
viewing gifts, adding points, and managing SMS. The administrator tasks include;
managing cashiers, sending SMS(s), managing customers, and managing gifts and
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products. The reports include: Best 10 customers, lowest purchasing customer, sales
report, and cashier sales.

Figure 11 shows how the administrator can send an SMS batch to all customers by
filling the SMS text, and adding the customers who are entitled to receive the message.

sl sms = | e =S|
SMS text
Add dear fcustomer name} Add points =
A the Beginning Aac the End
SMS length —
Sms Text for more infomation visit www ourWWeb Site .com
#of SMS =
Check
Sms Tesxt :
Add customers
customers list , You can delete unwanted customers
s Sending status
SENDING TO ({ 0} CUSTOMERS

Fig. 11: SMS Screen.

(=)= ][ nNew ]

categony

Category id: main points strategy 1JD = 100 | point
Mame:

calculate point./Jd calculate gifts points

discount amount : |1 - % discount amourt : example gift factor:

point.jd:

update gift points

Save

Fig. 12: Category Point Assignment.

As shown in the figure 11, the message can customized by adding dear customer at
the beginning and/or adding the amount of the accumulated points at the end.

The administrator can manage the points for the products in the system by assigning
points to each product category, and the discount needed on each point (see Figure 12).
The administrator can manage all customers stored in the database system by adding,
editing, viewing and deleting. In order to analyze the customer in the system efficiently,
the administrator can filter the customers based on their points, age, and joining date.
Also, the administrator can manage all the cashiers available in the store, by viewing,
adding, editing, and deleting.
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The Model Testing and Evaluation

To gather feedback on the proposed model, 115 different customers were asked
about their perception of loyalty. For this purpose, a questionnaire with 17 questions was
distributed to customers to fill (see Table 1).

In order to analyze the answers of customers by using purchasing frequencies, we
transferred the collected data from the 115 customers into spreadsheet software. The
accumulative summary to their answers was summarized in Table 2. As shown in Table
2, the questions were grouped into three categories: the points’ calculation methods,
rewards grants policy and promotion policy. In order to make it easy for the customers to
answer the questionnaire, we made the list of questions in the questionnaire short and
concentrated on 17 questions in one page.

Table 1: Loyalty Questionnaire.
For the following questions, indicate your answer by typing X in the box that matches your preference.
Important: Strongly Agree=4, Agree=3, No opinion=2, Disagree=1, and Strongly Disagree=0
Your Response
413121110

Category Question

1. The points’ calculation method is really a good one.
2. The firm should offer increasing the points gained when
the spent amount increases
3. The firm should replace points with discounts
4. The expiry time limit on the accumulated points is a
good policy
5. The firm should have no expiry time limit on the
accumulated points

Points’ | 6. Putting a time limit on the points usage forces me to
calculation | replace my points with any reward regardless of my needs

method | 7. Putting a time limit on the points usage results
sometimes in loosing points due to forgetting the deadline
8. Putting a time limit on the points usage decreases my
loyalty
9. The points granted to the frequent customers are enough
10. The firm should grant me extra points for being a
frequent customer
11. The firm should distinguish the frequent customer from
the infrequent one
12. The rewards granting policy is good/or excellent one
13. The firm should offer the customer a set of rewards to

Rewgrd select from and not always a fixed list or replace rewards
granting ; )
olicy with cash or discounts _ _
P 14. The firm should offer the customer with a high number
of accumulated points with more reward sets to select from
15. The promotion policy is really a good one
. 16. The firm should offer the frequent customer more
Promotion - -
Policy promotion offers than the occasional customer

17. The promotions offered for loyal customer should
satisfy their needs
Extra comments:
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The mean (u) for all answered questions is 2 and it is calculated by adding the

weight on the five answers and dividing the result by 5; i.e. (4+3+2+1+0)/5.

The value of p is used to determine the level of customers’ satisfaction:
If 1> 2, the customers are satisfied,;
If 4 < 2, the customers are not satisfied, and
If p = 2, the customers have an indifferent opinion.

When collecting feedback from the firm that implemented the proposed model and

as shown in Table 2, the researchers found that the customers are not satisfied (1 < 2)
with the point’s calculation methods (questions 1, 4, and 9), rewards grants policy
(question 12) and promotion policy (question 15) categories.

1.

The points calculations methods is not a good one (u=1.50 for question 1) because
they were expecting to apply rules related to spent amount ranges (question 2); i.e.
when the spent amount increases, the point gained should increase as well in order
to retain more customer loyalty. Also, customers were expecting to replace
accumulated points with discounts on the merchandise they wanted (question 3);
not the offered one.

The time limit on points is not good (u=1.67 for question 4). There should be no
time limit on points (question 5). As long as companies put limits on the point’s
usage, this will reduce loyalty (questions 8) because it adds a pressure on customers
to either use their points with any offered reward (question 6) that might not be
useful at that time or causes the loss of points due to forgetting the deadlines
(question 7).

Table 2: Accumulative summary to customers answers.

Category | Question

Scale Average

3}
1. The points’ calculation method is really a 10 [13 s 55 |29 150
good one

2. The firm should offer increasing the
points gained when the spent amount|71 [17 (11 |15 |1 3.72
increases

3. The firm should replace points with
discounts

4. _The_explry time I_|m|t on the accumulated 12 116 |23 25 [39 167
points is a good policy

5. The firm should hav_e no expiry time limit 83 (1715 |6 |a 399
on the accumulated points

6. Putting a time limit on the points usage
forces me to replace my points with any|45 (34 |16 |13 (7 3.27
reward regardless of my needs

7. Putting a time limit on the points usage
results sometimes in loosing points due to|51 |39 [11 [9 |5 3.52
forgetting the deadline

8. Putting a time limit on the points usage
decreases my loyalty

o

62 |21 |20 [6 |6 3.57

Points’ calculation method

24 |21 |41 |17 |12 2.58
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Scale Average
4 |3 [2 [1 Jo H

13 (18 |24 |22 (38 1.76

Category | Question

9. The points granted to the frequent
customers are enough

10. The firm should grant me extra points
for being a frequent customer

11. The firm should distinguish the frequent
customer from the infrequent one

12. The rewards granting policy is good/or
excellent one

33 |35 |18 |16 |13 2.89

49 129 (23 |10 |4 3.39

9 |14 |31 (29 |32 1.69

(o)

é 13. The firm should offer the customer a set

g}? ?_f rewzflrds to select from and not always a 27 |28 122 |23 |15 259
55 ixed list or replace rewards with cash or

5 2 [discounts

E 14. The firm should offer the customer with

a high number of accumulated points with|42 |36 [21 |9 |7 3.27
more reward sets to select from
iié The promotion policy is really a good 14 117 |22 37 |25 1.88
16. The firm should offer the frequent
customer more promotion offers than the|29 |33 [20 |19 |14 2.74
occasional customer

17. The promotions offered for loyal
customer should satisfy their needs

Promotion
Policy

57 |42 |3 |7 |6 3.67

With respect to point’s calculation method category, the customers mainly indicated
that:

3. The points granted to frequent customers are not enough (u=1.76 for question 9).
The model has no extra points for frequent customers (question 10). Frequent
customers have no advantage over the occasional shopper (question 11); both types
of customers are treated the same way in terms of getting points.

With respect to rewards granting policy category, the customers indicated that they
don’t like the rewards granting policy (u=1.69 for question 12); the company applies
fixed rewards always (question 13); they do not give many choices to customers to select
from (question 14).

With respect to promotion policy category, the customers indicated that the
promotion policy is not a good one (u=1.88 for question 15). They have reservations
about the promotions offered to them (question 16); these promotions are not enough for
customer needs, and they were expecting more (question 17).

Model Improvements

One way to increase customer’s loyalty is by adding extra points on a yearly basis.
This process depends upon a set of factors including: (1) The recorded number of
customer visits either directly through a purchasing process or via browsing the web site,
and (2) the number of years the customer has had as a committed relationship with the
firm.
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The points’ calculation policy should increase the points based on the spent
amounts and offer the customer the chance to replace the points with discounts. To gain
more loyalty from customers, the firm should have no expiry limit on the accumulated
points; i.e. keeping points accumulated as long as they wish (points has no expiry date!).
Also, the firm should distinguish between frequent customers and the occasional one in
terms of points.

On the other hand, the rewards granting policy can be improved by allowing the
customer to:

1-  Freely choose between replacing points with cash or with gift(s), or getting a
suitable discount. Suitable here means for both the firm and the customer as a
compromise.

2-  Freely choose any product as a gift depending on the accumulated points.
3- Map their points set as a set of gifts (Customizing their points and gifts).

The promotion policy can be improved by offering frequent customers more
promotion chances than regular ones (customers). Also, the promotions offered to the
loyal customers should be desirable to them.

The promotion policy can be also improved through:

1. Keeping statistical information about each customer independently to most
frequently browsed products from the products’ catalog. The block diagram shown
in Figure 13 illustrates this process.

Browse
Customer 3 N Catalog
A >
'y Customer 2 >
A Customer 1 " A
A\ 4
A
Promotion
Subsystem/
Model
Promotion

Fig. 13: Statistical Information for Each Customer.

2. Keeping statistical information about the highest average for all customer product
hits on the web. The block diagram shown in Figure 14 illustrates this process.
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| Browse
. | Ll
Customer 3 R Catalog
A =
2 Customer 2 >
2 Customer 1 " yy
A\ 4
A
Promotion
Subsystem/
. Model
Promotion

Fig. 14: Statistical Information for all customers.

Conclusion

The development and implementation of a customized customer loyalty system has
been introduced. The developed model addresses the challenges facing this type of
loyalty system represented by the necessity of handling and managing a huge amount of
valuable information concerning customers purchasing in retail stores.

The developed system has solved those challenges by implementing an easy to use
yet powerful Graphical User Interface (GUI) to be interfaced with the store database to
manage the process of purchasing, point's calculations, getting gifts and sending offers to
customers.

Since customer satisfaction has a direct and positive impact on customer loyalty,
this study has found that the loyalty of frequent customers can be enhanced by adding
extra points on a yearly basis, offers customers the chance of replacing the points with
discounts, and allowing the customer to freely choose between replacing points with
cash or gift(s).
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654 657, 682, 687, 695, 750, 761 ,793, 847, 923,925, 935, 942, 971

Lgos | 992,0,20, 57, 84, 119, 134, 272,303, 354, 429, 443, 469, 485, 530,534, 552,

646, 652, 655, 680, 685, 693, 748, 759, 791,845, 921, 923, 933, 940, 969
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PG(2,31) & (K1)_oulsd¥ Gan sgag piey Ae¥) adll (1.3)

(el @l sla) LA (oo pabat o ) Lagall bia yuall Gany Sy sl aill s 0
@siaall 1ia b (el oY) dli Gasy sgas pue @bl @3 PG(2,31) (bliw¥) ssinall (o ool sddl
(qt3)2<r <(g-1) il
:[11] sy ,23(1.3.1)
Bladl e | o M a1l bt sa 1 — g8l ¢ (g5t sl 8 LLE (oo T gone M oS3
M e ganall i —ablsill sue @il (e 7, ciyai sl
Dbl ¥ olaally Gy allg LY A Lamid gald) aYolaall Bisy 7, Of Gus

q+1

L. Zri=q2+q+1

i=0

g+l

2. Ylir,=b(g+1)
i=1

3. qzﬂi(i—l) 7, =b(b-1)
i
: [10, 2] 44, (1.3.2)
(JAslg of &us) PG2,q) b (h,7) = usill sa K <Y
om,(2,9)<(r—=Dg+1 ok r<(g+1)/2 o1y -1
om,(2,)<(r—=Dg+r—(q+3)/2 b r=>(g+3)/2 o1y -2
Lia e (1.3.3)

ol q = 17,19.2329 or> (g +3)/20ls PG(2,q) & (k,r)—ousdll s K oS
m,(2,q)<(r—1)g+r—(g+3)/2

e sonall BulasY (SIS ((F—1)g+ 7 — (g +1)/2,7)_cuss »ST slas zolaall
‘{qz+q+1—(r—l)q—r+(q+1)/2,q+l—r}_i.gm\
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@ +q+1-(r=Dg—r+(q+1)/2.g+1-r} = (q+1)(2q2+3‘2”)

A@+DQRg+3-27)/2,q+1- 1} 2@ desanall o585 B ol
:[10] &4 0 (1.3.4)
(Js10) PG(2,9) b 10,1} Ll e panall B o
(2n(g+D)+(g+1)/2 b 3.t g/2< K13 -1
Lshall oe(g+3)/2 Wy B i s JS ol £=n(g+1)+(g+1)/2 ol 131 -2

Ua i bl bshall oo (G —1)/2 WNe yays of_ghl T usms pic Wla i Ll

g-1)

2t

sSams £_plal sl ISI suall Gli A1 oedal sl o £ _usns
:[10, 2]4:a e (1.3.5)

LS 13l 0l b e gsint ills PG(2,q) b (st _Lallil) dcsanall B oSi
|B|=t=q(t+1) o (1-1,9)=1ged

~iPG(2,31) bliw¥l gsimall & eXI aill (1.3.6)

Ly q Ladem, = gl oliall Lol of [7] Boss pllall il (1947) ale
(1996)5 [4] Barlotti(1965) wllall Lgale Jan I miliil) ogibings @ Lowic my - 2 s
Lol Loy qolsr=(g+3)/2s r=(g+1)/2 Ladem (2,9)=(r—Dg+1 & [2]Ball
(Bl Yl (gyianell Le¥l adll sla) labiwl (1.3.3)4(1.3.2) Cutiaysall LA (oo i
=151 Jouall b Gue sa LS PG(2,31)
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(2.3) Joua

11 13 16 17 19 23 25 27 29 31
r21 12 14 18 18 20 24 26 28 30 32
3 21 23 28-33 28-35 31-39 34-47 36-51 39-55 42-59 44-63
4 32-34 38-40 52 48-52 52-58 58-70 62-77 66-83 70-89 68-94
5 43-45 49-53 65 61-69 68-77 79-93 85-105 111 94-119 96-125
6 56 64-66 78-82 78-86 86-96 102-116 126-129 114-139 126-149 128-156
7 67 79 93-97 94-103 105-115 123-139 132-155 ?-167 154-179 148-187
8 77-78 92 120 114-120 124-134 146-162 ?7-181 ?-159 169-209 176-218
9 89-90 105 128-131 137 147-153 167-185 ?2-207 ?-223 195-239 205-249
10 100-102 118-119 142-148 154 172 192-208 ?-233 ?-251 221-269 235-280
11 132-133 159-164 166-171 191 223-231 ?-259 ?2-279 247-299 263-311
12 145-147 180-181 182-189 204-210 254-254 ?-285 ?-307 273-329 294-342
13 195-199 204-207 225-230 277 301-311 315-335 312-359 324-373
14 210-214 221-225 242-250 278-301 326-337 351-363 338-389 357-4 04
15 231 239-243 262-271 311-325 ?7-363 379-391 407-419 385-435
16 256-261 285-290 332-349 ?-389 ?-419 436-449 466
17 305-311 335-373 ?7-415 ?-447 ?2-479 497
18 324-330 376-397 ?2-441 468-475 455-509 478-528
19 399-421 ?2-467 ?-503 ?-539 509-560
20 420-445 480-493 ?-531 ?-569 541-592
21 461-479 501-519 ?-559 574-599 572-624
22 484-503 527-545 ?-587 572-629 604-656
23 558-571 ?-615 ?-659 630-688
24 576-597 624-643 637-689 670-720
25 652-671 696-719 703-752
26 676-699 702-749 736-784
27 754-779 770-816
28 784-809 804-848
29 841-880
30 879-913
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4 e (1.3.8)
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.my,(2,31) < 624 Ol (625,21) sl ssas pse -3
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1okl
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1daa ye (1.3.9)
(231592 Gl (593,20)_ sl ssas pue -1
myp(231) <656 Gl (657.22)_ousill ssas pue -2
m,, (2,31) <720 Ols (721,24)_usill ssas pae -3
m,(2,31) < 784 Ols (785,26)_cusill ssms puc-4
My, (231) <816 ols (817,27)_cusill usas pas -5
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Ry ]

q(q+1=r)+n>q +2q—rq+1-r+(g+1)/2
=(q+1)(2q+3-2r)/2=|B|
e BLEll o g(g+1-7)+n gsias ol ey B ola n> (g +3)/2—r o< 131 L
) Lol N Gl e a8 0 5 J5Y)
qg+1-r)+n>qg+)—qr+3q+1)/ 2—r=(g+1)2q+3-2r)/2
ol mj=n ol yanas oY
q+1

n, =3——-r-i
2

i =1+‘11—\/2q2 ~8qg +6 ol i]<iS@ ols
58 B Uil de ganall i t-phalsill S aal) (1.3.4) Ziapsall G

4 = (¢ -1)(2g +3-2r) ((qg -1)
4(g +1-1r) 2t

A M Leganall | phlgdll sue Oy sstuall & LU (o degans M oSl
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(*) daalyiall ol ollid L;S):13 Sy 4 =1+4/105 =1124 =11 o ¢ =31 ol Ley

2,3,4,5,6,7 e¥all 4l Lueailly 1iSage i =11,12,13 Losie 38as

x=560,M,,=5585n,=6 ok i=13,r=29 Luc &
DA B e seaall Ll o¥olaall ola il GEawmY () daal il of
) T,+T, +T, +T, =993
31, +4T, + 5T, + 6T, =3584
6T, + 12T, + 207, + 307, =12432

58 Tg WY Loslaiall sigh Jali
T; = 1294-T, Ty = -2239+3T; ,Ts = 1422-3T;

Moyl padli ey TytTs=-817 ol
—daa e

Tploll Aall 33 paal ells oMel Tipphall iy Slasll LiSayY 1=30 Ala b

glg+1—-r)+n>q° +2g—rqg+1-r+(g+1)/2
=(q+1)(2qg+3-2r)/2=|B|

(1.3.2) Layaall s my (231) <913 0sSen lld

On the Upper Bound and the Nonexistence of some (k ,r)-arcs in
PG(2,31)
Nada Yassen Kasm Yahya and Hiba Suhil Najem Abd Allah
Abstract

The upper bound for (k,r)-arcs in a projective plane PG (2,31) of 3<r < 30 is un known
except for r=16,17 which is found in [4] and [7].

In this paper we finding unknown values for (k,r)-arcs in a projective plane PG(2,31) for
3< r <10 through studing the upper bound as in table (2.3), also we show that the non existence
some of these arcs for the value (q+3)/2 <r <(q-1), and we getting Theorems(1.3.8) and (1.3.9).
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Perceived Barriers to E-Government Services from the Perceptive of
Jordanian Public Sector's Employees: An Empirical Study

Raid Al- Adaileh

Abstract

This study aims to determine the barriers that hamper the development of e-government
services within the context of Jordanian government. The study attempts to develop a model to
identify those barriers. To achieve this aim, a questionnaire was distributed to (484) participants
who participate in the provision of e-government services. The participants were selected using a
convenient sampling method. Data were analyzed using factor analysis to determine the
appropriateness of the questionnaire which was adopted from The Oxford Institute of the Internet.
Descriptive statistics were used to identify the barriers facing the introduction of e-government
services from the of participants' perspective in addition to the order of these barriers. Analysis
showed that there are five major barriers facing the introduction of e-government services within
the context of Jordanian environment. These barriers, according to their importance, include: the
technological factors, organizational factors, economic factors, factors related to policy, and the
factors associated with the technical skills. This confirmed the proposed (PESTO) model. Finally,
comprehensive discussion and interpretation of the findings were provided in addition to some
recommendations to decision makers within the context of the Jordanian government.

Keywords: Electronic environment, electronic services, barriers, Jordan, developing countries.
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Oapi 8y & Capoeta trutta Slos¥ O3l Jsballs Lsasdl 3(5) Jguad!

L suasl sl J skl —
Mean sd Mim-Max(egg) Meantsd Mim-Max(g) Mean+t sd Mim-Max(cm) & yesd!
5 10123+246.81 193+17.49 21.03+1.1 I
(9850-11250) (169-213) (19.9-22.8)
1 12511.22+1657.34 271.66+37.15 24.76x2.07 v
(10420-15010) (218-318) (21.6-27.5)
15 16906.71+£1931.65 342.14+27.43 29.14+2.03 v
(13708-20230) (288-374) (25.8-32.4)
] 23878.09+2954.1 412455.17 344421 VI
(19667-28050) (296-465) (31.5-37.9)
) 27631.5+£3185 495+13.43 37.53+1.2 VII
(25379-29884) (486-505) (36.5-38.5)

Oiss (W) iz (FL) 8ol Jsb 0o JSs (F) Lsaddl G bl &de culSy
A 5.4 (3 JISaI(s Ll cYolaall Go ity LS dula) @e (GIV) Lasbiall

Log (F)=2.0942 +1.4623Log (FL), (r* =0.67)
Log (F)=1.8023+0.9616Log (¥ ), (r* =0.72)
Log (F)=3.2576+0.4972Log (GW ), (% =0.65)
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The Reproduction Characteristics of Capoeta trutta (Heckel, 1843) fish in
Tishreen Lake (Euphrates River)

Zouhir Ahmad Al-Majed and Maha Jad Chalfe

Abstract

Biological reproduction has been studied in fish Capoeta trutta, in Lake
Tishreen(Syria) through the identification of sex and age composition, age of sexual
maturity, spawning, and reproduction period. Out of the 265 studied individual, the
percentage of males and females were (%52.04) and (%47.96) respectively, which gives
sex ratio of about (1:1). Samples were distributed in seven age (years) groups. Sexual
maturity for males was reached in the second year where the percentage of males was
(%76.92) by comparison the maturity of females was attained in the third year where the
percentage of females was (%68.75). Based on the values and direct observation to
gonadal development (GS/) and eggs, the reproduction period occurred between June-

August. The mean diameter of mature eggs was (1.38+0.151 mm). Fecundity ranged
between (9850-29884) eggs. relationship between fecundity (£'), length (FL), body

weight (7 )and ovarian weight (GW )were:  (r?=0.67),(:*=0.72) .(r* =0.65)
respectively.

Keywords: Age at first maturity, Spawning, Fecundity, Capoeta trutta, Tishreen lake.
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