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___________________________________________________________________________
Abstract: The paper investigates the location criteria (LC) considered when establishing
regional treasury centres (RTCs) across three countries: Brunei, Singapore and Hong Kong.
LC are the important factors that are compulsory for multinational corporations (MNCs) to
examine before setting up RTCs in a region other than where their headquarters are.
Comparing Brunei to Asia‟s leading international financial centre and location for RTCs, i.e.
Singapore and Hong Kong, would assist in identifying whether Brunei can host RTCs. The
study contributes to the understanding of LC assessment before establishing an RTC in any
location. A similar investigation method applied previously to European countries is
duplicated and applied to the three Asian countries. The results find that compared to
Singapore and Hong Kong, Brunei is lacking in terms of the examined LC.
JEL classification: G15
Keywords: Brunei, Hong Kong, Singapore, South-East Asia, cash management, regional
treasury centre, financial centre
___________________________________________________________________________

A full version of the paper has been accepted for publication based on the reports of two
referees and will be published in the International Research Journal of Finance and
Economics (UK), Issue 29.
1. Introduction
The introduction chapter begins with the underlying purpose of the research, namely to
determine whether Brunei has the capabilities (i.e. Location Criteria) to host Regional
Treasury Centres (RTCs) compared with the two leading Asian financial centres and
locations for RTCs – Singapore and Hong Kong. Recent background information on Brunei
Darussalam‟s current financial and banking sector situation provides the context for the
development of the research topic and support for a comparative analysis of Brunei‟s current
situation with two other countries selected to assist the progression towards answering the
research question. The introduction to Treasury Centres (TCs) and the practical implications
of the research is followed by a review of the relevant literature.
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2. Criteria influencing location of RTCs: Location Criteria (LC)
Perhaps the most important factor or criterion when considering the location of RTCs is the
tax system or regime of the location being considered. Ross (1990, cited in Mulligan, 2001)
describes that from a multinational corporation perspective, tax considerations and treasury
issues are closely related. Simkova (2005, cited in Polak and Kocurek,. 2007) establishes the
criteria, i.e. the requirements/conditions mentioned previously, that need to be considered in
setting up an International Treasury Centre (ITC) for a holding company in the Czech
Republic. The criteria are bank transaction fees (minimum), prices for foreign incoming and
outgoing payments (minimum), withholding and corporate tax (minimum), withholding tax
for intra-group yields (minimum), reporting requirements (minimum), rating (as good as
possible), currency environment and existence of other TCs in the region.
3. Paper Aim
Recommendations regarding changes that need to be implemented in Brunei following the
success of other countries (Singapore and Hong Kong) in attracting MNCs to set up RTCs in
their region will be made. These changes will be in the form of financial and banking (prices
for banking services) reforms as set up by Simkova (2005, cited in Polak and Kocurek,.
2007) and possibly others. Already having the strategic location, political and economic
stability, comprehensive and up-to-date legislation, strong regulatory and supervisory
frameworks, low costs for business operation, presence of liquidity, time zone convergence,
advanced physical infrastructures, diverse domestic support service, excellent international
education and health facilities, and well-educated labour force (Oxford Business Group,
2007), and further refining the financial and banking regulations so as to be competitive with
international financial centres such as Singapore and Hong Kong could make Brunei the next
leading location for Regional Treasury Centres.
4. Location Criteria
A description of criteria is available in Polak and Kocurek, 2007, and an academic audience
was informed about the location criteria, weighting of criteria, matrix of weighted utility, etc.
at a seminar by Polak at the University of Groningen, The Netherlands, in October 2008. The
research methodology is based on a comparison of 11 location criteria (LC) across three
countries: Brunei, Hong Kong, and Singapore. The 11 criteria are as follows: (LCn 1)
Monthly banking fees, (LCn 2) Bank transaction fees, (LCn 3) Price of incoming foreign
payment, (LCn 4) Price of outgoing foreign payment, (LCn 5) Price of foreign urgent
payments, (LCn 6) Withholding tax, (LCn 7) Corporate tax, (LCn 8) Important treasury
centres, (LCn 9) Reporting requirements, (LCn 10) Currency environment, and (LCn 11)
Ratings.
“Does Brunei Darussalam have the ability or resource to become the next leading
location for Regional Treasury Centres in Asia?” This is the proposition of the present study.
Using a similar method of finding suitable locations for RTCs - Simkova (2005, cited in
Polak and Kocurek., 2007), the present study produced results for Asian countries similar to
those for European countries obtained by Simkova (2005). The main functions of treasury
management, i.e. cash management (Mulligan, 2001), especially making foreign payments, is
the focus of this paper.
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5. Discussion and Recommendation
From the results taken for Brunei, Hong Kong, and Singapore, clearly Brunei Darussalam has
more expensive banking service fees and charges and a higher percentage tax imposed on
company profits by the local authority. This may be the first obvious sign indicating Brunei‟s
lower level of competitiveness, not only in terms of attracting RTCs, but also attracting
MNCs from all around the world, compared to Singapore and Hong Kong. Major companies
deal with major movements of funds, millions and even billions. If Brunei‟s local conditions
or LC fall short in competing with other regions then those other regions would be the
preferred location for regional headquarters or finance offices to be set up by these major
companies (Economist Intelligence Unit Limited, 2000). Competing closely with Singapore
and Hong Kong, as these two countries are Asia‟s International Financial Centres (Levieux,
2007), is important if Brunei is to follow in their footsteps to become an international
financial centre and leading hosts for RTCs.
The average prices for making overseas payments provided by the banks in Brunei are
more expensive than those offered in Singapore and Hong Kong. MNCs originating from
other countries will not benefit from cost savings when having regional operations in Brunei
compared to having regional operations in Singapore or Hong Kong. Profits will not be taxed
as much in Hong Kong or Singapore compared to Brunei because Brunei has the highest
corporate tax imposed on profits. Having the highest percentage of withholding tax also
reduces Brunei‟s competitiveness in attracting RTCs as these entities are primarily tax driven
(Anwar, 1999; Zink, 1995; Murphy, 2000a; Casalino, 2001; Giegerich and Lissis, 2002;
Polak 2007). A benign tax system is the aspect crucial to attracting RTCs (Mulligan, 2001).
In terms of existing RTCs in the region, Brunei currently has none. The closest RTC is in
Labuan which is an island that lies eight kilometres off the coast of Borneo where Brunei
Darussalam lies (Wikipedia, Labuan 2008). The RTC is the regional finance office with
treasury functions for Shell Malaysia. Due to this, it may not be viable to consider Brunei as a
prospective location for an RTC. It is entirely different for Singapore, which is the fourth
largest trader in derivatives and the ninth largest offshore lender, making it an easy target for
RTCs with already approximately 150 existing RTCs (Giumarra, 2001). Hong Kong is the
next favourite location for regional headquarters of MNCs and also RTCs in Asia (Business
Asia, 2000; Levieux, 2007). Although the actual number of RTCs that have established
themselves in Hong Kong is not available, Hong Kong is definitely Singapore‟s rival when
competing for MNC regional headquarters or RTCs in Asia.
Flexible regulation is also a factor to consider when considering a location for RTCs
(Zink, 1995; Anwar, 1999; Geigerich and Lissis, 2002). Although Brunei currently does not
strictly regulate the transfer of funds between financial institutions, neither do Singapore or
Hong Kong. The facility for foreign currency transactions is already available in Brunei,
although it is not as developed as in Singapore and Hong Kong., and hence the same is true
of the availability of foreign currency transactions to most banks in the country. Banks in
Brunei offer accounts and services in the most important foreign currencies, i.e. US dollar,
euro, pound, Australian dollar, yen, and a few more. This shows that Brunei has some
potential to start the improvements needed to put itself in a better position to attract RTCs or
even regional headquarters of MNCs.
The ratings given to Singapore and Hong Kong are the best ratings that rating company
Coface can give to a country and its business climate. Other than having a good business
environment, Singapore and Hong Kong are considered by this rating company to have
“available and reliable corporate financial information together with very good institutional
quality” (Coface launches a new “business climate” rating). This type of assessment can
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benefit Brunei when it is considered to be a location for regional headquarters or RTCs for
MNCs. Information regarding a location or region such as Brunei should be easily available
to potential overseas investors so as to expose Brunei and its capability and assist these
MNCs to expand in Asia.
To compete with Singapore and Hong Kong in becoming a region of MNC regional
headquarters or RTCs it is important for Brunei to constantly be vigilant in terms of
regulations put forward for potential overseas investors. This means changes have to be done
in order to improve the current situation. According to the present study, reassessing banking
facility charges for businesses or corporations, especially international businesses or
corporations, is a fair start. Good modern banking facilities is one of the key factors in
attracting RTCs (Anwar, 1999; Murphy, 2000b; Geigerich and Lissis, 2002).
Next would be an examination of Brunei‟s current taxation regulations imposed on any
types of companies, both local and international. Singapore and Hong Kong are in a better
position in terms of attracting RTCs or regional headquarters of MNCs as their percentage
tax is lower compared to Brunei. Nokia chose Singapore over Hong Kong, Malaysia and
Australia due to unattractive tax regimes offered by the other three countries (Blair, 1999).
Tax reforms will certainly attract foreign investors into Brunei. Singapore approved over
3600 regional headquarters in 2003 from 49 in 1993 through improved tax concession (De
Zilva, 2004). As local tax regulation is the primary factor when considering locations for
RTCs (Zink, 1995; Anwar, 1999; Casalino, 2001; Geigerich and Lissis, 2002; Polak 2007), it
is most important to regulate the tax system competitively or as closely as possible to those
countries with huge success in attracting RTCs, such as Singapore and Hong Kong.
Increasing the number of students majoring in finance at a tertiary level could benefit
Brunei in the long run when attempting to improve its appeal towards attracting MNCs and
their RTCs. RTCs require trained specialists in the finance area and it would be ideal to
locate them in regions with treasury related experts (Murphy, 2000a; Murphy, 2000b;
Casalino, 2001; Geigerich and Lissis, 2002).
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___________________________________________________________________________
Abstract: The Arwi (also called Arabu-Tamil or Arabic-Tamil) script was widely used by
the Muslims of Tamil Nadu (in India), Malaysia, Thailand and Sri Lanka to write many
religious, literary and poetry texts and for communication. The Arwi script represents the
Tamil language (left-to-right script) using an Arabic style of script (right-to-left script). Arwi
is written using Arabic script with additions of certain characters and diacritics. To the
author‟s knowledge, no font or editor to type Arwi exists. In order to uplift the Arwi language
into the Information Era, the author has studied and developed Arwi scripting tools using
Unicode characters. A JavaScript-based HTML form and an Arwi font have been developed.
Using the HTML form, users who know Tamil typing, can type in Tamil script. Others can
use the keypad provided to type in Tamil and Arwi scripts and save them in HTML format or
copy and paste the contents into any editor. Additionally, a keyboard layout has been
provided which can be added to the language bar of the Windows or Linux operating systems
and users can type using any editor software. This keyboard layout can be used with the
existing Unicode characters on the Operating System or after installing the newly generated
Arwi font. Various issues and concerns with regard to the rendering of Arwi Unicode
characters in different browsers, different operating systems and different editors are
discussed. The Arwi script needs to be incorporated into Unicode while catering for all the
rendering issues raised.
___________________________________________________________________________
1. Introduction
1.1. Tamil Script
The Tamil script, like Devanagari, Malayalam, Telugu, etc, is based on the Brahmi script.
Tamil is written in a left-to-right pattern and has 65 characters and variants. To represent the
Tamil script, HTML codes in the range 2944 to 3071 or their Unicode equivalents (U+0B80
to U+0BFF) are used. Tamil is spoken in various countries such as Tamil Nadu, Malaysia, Sri
Lanka, Singapore, etc. Historically, the Tamil script dates from 100BC [1].
1.2. Arabic Script
Arabic Script is recorded to date back thousands of years and belongs to the Semitic language
family. Similar to Persian and Urdu, the Arabic script is written right-to-left. The Arabic
script consists of 28 characters and 6 vowels. The presence of different forms (initial, middle,
final and isolated) for a character and diacritical marks (damma, fatha, kasrah) makes the
Arabic script a complex one. Arabic is used as an official language among most countries in
the Middle East and North Africa.
___________________________________________________________________________
1
This report is based on the paper entitled “Arwi: Case Study of Arabic, Syriac, and
Diacritical Unicode Characters” presented at the 32nd Internationalization and Unicode
Conference, September 8 – 10, 2008, San Jose, CA, USA.
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1.3 Arwi Script
The Arwi (also called as Arabu-Tamil or Arabic-Tamil) script was widely used by the
Muslims of Tamil Nadu (in India) and Sri Lanka [2] to write their religious texts as well as
correspondence. The Arwi script [2] was developed as a result of cultural relations between
Arabs and Tamil-speaking Muslims in Tamil Nadu. The Arwi script respresents the Tamil
language using an Arabic style of scripts. This is similar to writing the Malay language in
English and the Jawi script. Actually, the Tamil language is written in the Tamil script, which
is of left-to-right pattern. Arwi is written using the Arabic script, which is of right-to-left
pattern, with an addition of certain diacritics and characters. Arwi uses 13 letters in addition
to Arabic scripts [2]. This helped the Muslim community to learn to write Arabic text faster,
which is the language of the Holy Quran.
This script did spread to various countries such as Sri Lanka, Malaysia, Thailand, etc. A
variety of Islamic books on various topics such as Belief, Law, Sufism, Medicine, etc has
been written using the Arwi script. Due to usage of the Arwi script, people have started using
various Arabic words as part of their spoken Tamil language. Some commonly used words
are Umma (instead of amma in Tamil), Kithab, Mowth, etc. Arwi is still used in certain
Islamic schools (Madrashas) in Tamil Nadu. Many books like Adabumalai (About Morale
and Discipline), Thakkasuruth (About Rules for Prayer), etc that provide Islamic rules in
poetry form were also written in the Arwi script. A sample scanned page from the book titled
"Simthu Sibyan" is given in Figure 1.
Figure 1: Sample page written in Arwi script, from “Simthu Sibyan” [

]

To keep Arwi in touch with modern developments, there has arisen a need to have an
Arwi font. To the author‟s knowledge, there is no font that caters for the needs of the Arwi
script. Developing a font for this complex scripted language, which has starting, ending and
middle forms for each character along with various diacritical marks, is time-consuming. It
would be better to use the existing Unicode characters from different languages to help users
type in this language.
2. Font Development
Font development can be done in two ways. The first approach is to draw the characters using
graphics-oriented software such as Photoshop or other tools and then provide the appropriate
glyphs and diacritics to be included with them. This process of writing one‟s own fonts might
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be interesting to people who wish to type articles in their own font. But, the major drawback
in using this approach is that it is tedious if the characters appear differently when they
appear at different positions in the text (at the start or middle or end). It then takes a lot of
work to develop the font. Another known drawback of this method is that you need to share
your font with others so that they can view articles written using your font and also write
articles using your font.
The second approach to font develop is to use Unicode characters. Development in the
area of Unicode has been very popular lately because of its wide support by various operating
systems, software and browsers and thus there is no need to install any new fonts.
Keeping the above two approaches in mind, the author has ventured into the
development of a Unicode font for Arwi which can be used by any user to type. People who
wish to install a new font and those who wish to use the existing Unicode characters are duly
considered in the development of this font.
3. Related Works
The authors of [2] refer to the importance of the Arwi script. They indicate that Arwi was
taught even in Far Eastern countries like Indonesia, Thailand, Malaysia, Myanmar and
Pakistan. Famous books by great scholars like Imaam Shaafi (Radiallahu Anhu - May Allah
be pleased with him) and Imaam Abu Hanifa (May Allah be pleased with him) have been
translated into Arwi. The authors also indicate that the decline of Arwi has caused a steady
decline in the education of the women in the latter half of the 20th century. Characters
mentioned as work in progress in Figure 2 are handled in our work. Figure 2 provides the
current status of Arwi font as described in [2]. From Figure 2, it is obvious that characters
from the Arabic (06XX) and Syriac (07XX) ranges of Unicode are considered.
Tschacher [3] refers to the use of Arwi as a mode of teaching Islam and writing poems
within the Muslim community in Tamil Nadu. The preference for Arwi by Malaysians in
their daily life is attested by Shuayb Alim [4]. The use of Arwi by Muslim communities in
Sri Lanka is indicated in [5].
A detailed analysis of the Arwi language is provided in [6, 7]. Various reasons behind
the decline of Arwi attested by Shuayb Alim [4] are discussed in [6]. One of the reasons cited
is about the lack of printing facilities and the use of Urdu as the teaching medium in many
Muslim schools in Tamil Nadu. Our work tries to rectify the problem of printing facilities in
this language.
Nuhman [8] refers to a bill to make Sinhala the only official language of Sri Lanka. In
the discussion on that bill, some Tamil speakers mentioned that Arwi was used as a writing
script by Muslims using the Tamil language. Those speakers were arguing for the importance
of making Tamil one of the official languages of Sri Lanka. Nuhman [8] refers to the issues
of understanding Arwi scripts by people who understand Arabic and those who understand
Tamil. People who understand Arabic can read Arwi but cannot understand Arwi. Those who
know Tamil and not Arabic cannot read Arwi but if someone reads it for them they can
understand Arwi. The author describes the use of the Arabic script for other languages lsuch
as Malayalam and Bengali. The author mentions that the problem of the one Tamil letter (L)
being equivalent to various Arabic letters ( ك. ق.ح, خ. )هwas solved using the Arwi script.
The author indicates that there were 200 published and around 2000 unpublished literary
works written in Arwi. Nuhman [8] quotes the following passage:
“Arabic follows a consonantal system that is, it has distinct symbols or
letters only for consonants while the vowels are optional and not
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represented by separate letters but by a few diacritical marks without
which Arabic texts can still be read and understood. Arabic has 28
consonants and 6 vowels and it is written usually from right to left. Tamil
has 30 basic letters comprising 12 vowels and 18 consonants and follows
essentially a syllabic system of writing as many other Indian languages, in
which vowel sign occur only in the initial position of the words and when
they occur after a consonants, the combination of the consonant and the
vowel is represented by a syllabic letters. Tamil has 216 syllabic symbols
apart from the basic symbols of vowels and consonants and it is written
from left to right.”
Thus, two drastically different languages were combined to form a scripting language,
Arwi, instead of developing a brand new language. Nuhman [8] concludes by saying that we
can use any writing script to write any other language with some modifications, except for
those languages like Chinese which use ideographs. There is an indication that Arwi was the
writing script of the famous religious book Maghani (The Treasure), written by an influential
South Indian scholar from Kayalpatinam, Mapillai Lebbe Alim @ Seyed Mohamed Ibnu
Ahamed Lebbe (May Allah be pleased with him) (1816 – 1898).
Mohan [9] indicates that Arwi was used for writing many literary works.
Figure 2. Status of the Arwi font
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4. Arwi and Its Features
In order to develop the font, we need to know the mapping of the Tamil script with its Arwi
counterparts. Such a mapping is given in Table 1.
Table 1 Equivalence of Tamil letters with Arwi alphabets

Having seen the mapping, we consider various characters present in the Arwi script and
try to find their Unicode equivalents. A few characters and diacritics needed by the Arwi
script are not present in Unicode. They are:
1
ARABIC LETTER KAF (0643) character which has a dot below.
2
ARABIC LETTER AIM (0639) character with three dots below.
3
ARABIC INVERTED DAMMAH (064F) below.
Table 2 shows the mapping between the Arwi characters and Unicode. From this table, it
is obvious that characters are incorporated from Arabic, Syriac and Combining Diacritical
Marks.
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Table 2 Arwi letters with their respective Unicode characters

Table 3 shows differences in the number system used in Arabic (present at U+0661 to
U+0669) and Arwi (present at U+06F1 to U+06F9) writings. In some cases, the number 7 is
represented similarly to the English letter "L".
Table 3 Different number representations in the Unicode Arabic character range

٠
١
٢
٣
٤
٥
٦
٧
٨
٩
0660 0661 0662 0663 0664 0665 0666 0667 0668 0669
٠
١
٢
٣
۴
۵
۶
٧
٨
٩
06F0 06F1 06F2 06F3 06F4 06F5 06F6 06F7 06F8 06F9
5. Solutions Provided:
To cater for the needs of the Arwi community, two options are provided.
 First, we provide an option for those who wish to type a document in Arwi without
installing any new font. An HTML-based typing tool has been provided.
 Second, we provide the keyboard layout for the Windows and Linux operating systems
which could be set up using something similar to the Regional and Language Settings in the
Control Panel. The keyboard layout has been made to cater for those who just use the existing
Unicode characters and those who use the new Arwi font.
At first, to enable typing in the Arabic or Arwi fonts in the Windows operating system,
the "Install files for complex script and right-to-left languages (including Thai)" option must
be enabled on the user‟s PC. This is done using the Regional and Language Settings in the
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Control Panel. In Linux variants, BD (Bidirectional) or Multilingual Support is enabled by
default. For further information, refer to [10].
5.1. HTML Based Arwi Typing Tool
The Unicode characters present in the range U+0600 to U+06FF (Arabic), U+0700 to
U+074F (Syriac) and U+0300 to U+036F (Combining Diacritical Marks) are used. The use
of Arabic Presentation Forms A (U+FE70 to U+FEFF) and B (U+FB50 to U+FDFF) was
considered but not implemented. This is because Arabic Presentation Forms are not included
by many Arabic or Unicode fonts and these forms were included only to provide
compatibility with preexisting standards and legacy implementations. A HTML page which
has the options shown in Figure 5 is provided. Options are provided so that the user can type
if he/she knows to type in Tamil or Arwi. If a user does not know how to type in Tamil or
Arwi, he could use the virtual keypad provided in the software. Due to the presence of
various keymaps (as shown in Figures 3 and 4) for Tamil typing, we provide two common
options: One is for Unicode fonts like Latha and the other for fonts like Bamini or Sarukesi.
Those who have learnt Tamil typing using a typewriter find it difficult to move on to
Unicode-based Tamil Fonts. There exists certain software that could convert text from one
font to another.
Figure 3 Tamil keypad for Unicode font (Latha)

Figure 4.Tamil keypad for Bamini or Sarukesi fonts

This software is made using JavaScript and thus does not require any server side support.
You can obtain the whole code and run it on any machine. It runs on both the Windows and
Linux operating systems. This software provides options for users to mix both Tamil and
Arwi scripts even though that is not the normal method of writing Arwi script. When the user
types in Arwi, the character alignment becomes right-to-left
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Figure 5 HTML-based Arwi typing tool

5.2. Using a Keymap Facility to Type Arwi Using Various Editors
If the user wishes to type in Arwi using various editors, he/she needs the Arwi keymap to be
installed. It would be good to have an entry in the language bar, which any user can use to
start typing in Arwi. We have designed the keypad for Arwi to be similar to that of Arabic, so
as to make it easier for those who already knew Arabic typing. A tradeoff exists on whether
to match the Arwi keyboard layout to that of the Tamil keyboard because people who speak
Tamil might not know Arabic typing. In doing so, we have tried our best to make the keypad
as close as possible to that of the Arabic keypad. But it is a known fact that people who use
the Arwi script know the Arabic script. Also, most Tamil-speaking people know English
typing rather than Tamil typing. Figures 6 and 7 provide pictorial views of the Arabic and
Arwi keyboard layouts respectively.
Figure 6 Arabic keyboard layout
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Figure 7 Arwi keyboard layout

In order to provide that option in Windows operating systems, we have used the
Keyboard Layout Manager Software [11]. Using the Keyboard Layout Manager software, we
provide the user with the Keyboard Layout file, which is named ArabuTamil.klm2000. To
install the ArabuTamil keypad on any Windows machine, first insrall and open the Keyboard
Layout Manager Software, then click New under Keyboards and in the layout type
"ArabuTamil" and select any language that you are not using or planning to use. We have
used Arabic (Yemen) for testing purposes because there is no Arwi layout up till now. Then
click Create, and once the Option is created select the ArabuTamil option and click Edit.
Click on Import and select the ArabuTamil.klm2000 file. Then click Open followed by OK
twice. Finally, Confirm changes. Then, in the language bar, the user will find the necessary
ArabuTamil (as Arabic (Yemen)) option present. Now the user can type ArabuTamil in any
editor software by selecting the ArabuTamil option present in the language bar. This process
is shown in Figure 8. The process of developing a keymap for a Unix-based operating System
is discussed in Section 7.
6. Problems Faced in Arwi Unicode Development
As stated earlier, Arwi uses Arabic characters which have lots of character representations. It
needs to use certain scripts from Syriac and many others from Arabic and Arabic
Supplements. As per the Unicode Standard 4.0, chapter 8, Syriac Qushshaya (U+0741 – dot
above) and Syriac Rukkakha (U+0742 – dot below) can be used with only specific Syriac
letters. Combining Syriac with the Arabic and Arabic supplements cause problems in
aligning the character along with the diacritics. The diacritics meant for the previously typed
character might stand alone without joining the previous and next characters. Combining
characters or diacritics from different ranges like Syriac and Arabic in our case can cause
many rendering problems.
Generally, only one character range should be used to type in a language. Certain
rendering engines have their rules based on fixed code points. If we use different ranges, the
presence of different code points makes the rendering ineffective. But Combining Diacritical
Marks (U+0300 to U+036F) can be used with different character ranges. As a rendering
issue, if one existing diacritic in Arabic is copied into another code point it will be found that
the positioning of the new diacritic is not the same as that of the original diacritic, even
though both of them are just copies of one another.
A similar rendering problem has been widely noted on Firefox and Opera browsers when
people use Unicode characters from languages such as Tamil. This is one of the reasons why
when developing a website in Tamil using Unicode the page is best viewed using Internet
Explorer. A sample website [http://zeyarath.blogspot.com] being rendered differently in
different browsers is shown Figure 9. It should be noted that Internet Explorer 7 and Mozilla
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Firefox 3 render properly. Mozilla Firefox 2 does not render the text properly. Mozilla
Firefox 3 uses the Uniscribe rendering tool.
Figure 8 Arwi keyboard setup for Windows clients

Figure 9 A Tamil Website rendered on different browsers

Internet Explorer 7
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Mozilla Firefox 2.0.0.16

Mozilla Firefox 3.0.1
6.1. Unicode Rendering in WordPad and Notepad
Using the keyboard layout provided, the user can type directly into Notepad or WordPad or
Microsoft Word. The user could type using the HTML provided and copy and paste the
contents onto the Notepad or WordPad or Microsoft Word or any other software. As can be
seen from Figure 10 below. the rendering of Unicode characters is done better in WordPad
than in Notepad or Microsoft Word.
The authors of [12] have described rendering problems for Unicode characters in various
Indian languages. They have specifically addressed the problems with Tamil Unicode
characters. The authors of [12] also mention that characters coupled with characters such as
the Zero Width Joiner (ZWJ), Zero Width Non Joiner (ZWNJ) etc., can cause serious
headaches to the text processing applications. At the same time, the presence of zero-width
glyphs is very important for Indian language fonts.
A Zero Width Non Joiner (ZWNJ) is permitted by Wordpad but not by Notepad. Thus,
Wordpad 6.0 renders Arwi better than Notepad 6.0, Microsoft Word 2003 and
OpenOffice.org Writer 2.1.
Figure 10 Rendering Arwi Unicode in Notepad or Wordpad or Microsoft Word
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6.2. Problems with different Browsers on different operating Systems:
We have tested our HTML page on various operating systems such as Windows XP, Vista
and SuSe Linux 10.2.
6.2.1. Issues on Windows Vista
Both HTML-based Arwi typing and Keyboard Layout based Arwi typing approaches work
fine in Internet Explorer (Version: 7.0.6000.16386) and Firefox (Version: 2.0.0.13).
6.2.2. Issues on Windows XP
Internet Explorer (Version: 6.0.2900.2180.xpsp_sp2_rtm.040803-2158) does not display a
few characters such as those with Unicode numbers 0656 (Arabic Subscript Alef), 0657
(Arabic Inverted Damma), 065C (Arabic Vowel Sign Dot Below), 0328 (Combining Ogonek,
part of Combinatorial Diacritical Marks) properly. Even after upgrading the Internet Explorer
to 7.0.5730.13 version, same problems persist. The Arwi virtual keypad for the Internet
Explorer is shown in Figure 11.
Figure 11 Arwi virtual keypad on Internet Explorer (Windows XP)

To verify whether this is a problem with Internet Explorer or with the operating system
itself, we tested our HTML-based Arwi Typing page on Firefox 2.0.0.13 on Windows XP. In
Firefox also, certain Unicode characters like 0656, 0657 and 0328 did not appear properly.
Syriac Unicode characters like 0746 (Syriac three dots below) and 0734 (Syriac Zqapha
below) did not join with the previous character and appeared separately. General diacritical
marks which belong to Arabic Script (Like Fathah, Damma, etc) did not appear on the
display in the virtual keypad provided with the HTML script, but when clicked they worked
fine. The size of them seemed to be very small when viewed, but we could insert an image of
them instead by using the following code:
document.write('<TD>');
document.write('<INPUT type="button" style="font-size: 30; font-weight:bold"
name="\u0746" value=" \u0746 "
onclick=AppendCharacter("\u0640\u200d\u070f\u0746")>');
document.write('</TD>');
It would be better to replace all the characters on the virtual keypad with appropriate
images. In the code above, the problem of the Syriac characters not joining with the previous
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and next Arwi Script was handled using Unicode character 0640 (hyphen), 200D (Zero
Width Joiner) and 070F (Syriac Abbreviation Mark). This works fine on Firefox and Internet
Explorer browsers on Microsoft Vista. We did download the Arial Font from the Internet
(Arial32.exe) and used it with Windows XP. After doing this, Unicode character 0328 did
work fine but did not appear properly in the display.
In Mozilla Firefox 3, the Arabic HTML appears better than expected for the U+0657
character. Also, Syrian characters did not require the joining sequence we have used in the
code (\u0640\u200d\u070f) to join properly.
Figure 12 Arwi virtual keypad on Mozilla Firefox 3 (Windows XP)

In Safari Version 3.1.2 (525.21) on Windows XP, all the characters seem to work fine
both on the virtual keypad display and when used.
Figure 13 Tamil and Arwi virtual keypad on Safari 3.1.2 (Windows XP)

6.2.3. Issues on SuSe 10.2 with Firefox 2.0.0.6:
In the Tamil virtual keypad part of our HTML-based Arwi typing software, characters ◌º
and ◌ö did not appear in the view but worked properly when we use them. With regards to
the Arwi virtual keypad, all general diacritical marks worked fine but did not appear in the
view. Characters with Unicode numbers 0657 and 0328 appeared as separate characters and
did not join with the previous characters. A few other Unicode characters like 06E9, 065C,
0734 and 0746 did not appear properly. The issues discussed here are illustrated in Figure 14.
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Figure 14 Tamil and Arwi virtual keypad on Firefox 2 (SuSe 10.2)

In SuSe 10.2, with Firefox 3.0.1, the HTML page worked fine. There was no need for the
joining sequence of U+0640, U+200D and U+070F.
Figure 15 Arwi virtual keypad on Firefox 3 (SuSe 10.2)

6.2.4. General Comments
After finding that few characters do not appear properly on the Windows XP and SuSe Linux
operating systems, we checked for the presence of the Unicode character in Windows
XP.This is done using Charmap with Advanced view. We selected the Unicode subrange in
the “Group by” option and selected Combining Diacritical Marks and Arabic to verify the
presence of the Unicode characters. We could conclude that few characters were not present
in Windows XP and thus could not be displayed. It is to be noted that Arial Unicode MS is
not being frequently updated. Overall, characters or diacritics from different language ranges
in Unicode should not be mixed. A comparison about the fonts and glyphs present in
Windows XP and Windows Vista is presented in [13].
Table 4a Comparing font support in Windows Vista and Windows XP
Font
Arial
Arial Black
Arial Bold
Arial Bold Italic
Arial Italic

XP File Size
359KB
115KB
344KB
222KB
203KB

Vista File Size
749KB
117KB
728KB
539KB
534KB

XP Glyphs
1680
669
1680
966
966

Vista Glyphs
3381
674
3381
2516
2516
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Table 4b Comparing font support in Windows Vista and Windows XP
Criteria
Size
Number of Glyphs

Windows XP SP2
91.4 MB
218,725

Number of Fonts

133

Windows Vista
290+ MB
712,000+ Glyphs
Almost 500,000 new glyphs
191 Fonts installed by default
68 New fonts, 10 Removed

7. Enabling and Setting Up the New Keymap in the Linux Operating System
7.1. Verification of Unicode Support in the Linux Operating System
In order to verify whether Unicode is enabled on the machine, the locale command is used.
The user can use locale –a to find out what languages are supported by the machine. To
change the locale settings for your account, open the ~/.profile file and add the line:
export LANG=en_US.UTF-8
If the user wishes to make the default font an Arabic font, the user can change the LANG
option to something like ar_SA.UTF-8, which stands for Unicode of Arabic (Saudi Arabia).
Setting the LANG option to ar_SA.UTF-8 seems to change the Firefox browser menus into
the Arabic language in SuSe 10.2. In order to make the change in profile take effect, you
need to login again. This can be done by pressing Ctrl+Alt+BackSpace.
7.2. Setting Up the Keymap for Vim in the Linux Operating System
The necessary keymaps for vim are present in /usr/share/vim/current/keymap folder. For each
language, you can find the keymap for both Unicode and non-Unicode characters. The
Unicode keymap for the Arabic language is arabic_utf-8.vim. In order to write the arwi
keymap, we can copy the arabic_utf-8.vim file into arwi_utf-8.vim. The contents of this file
indicate the link between the characters of the keyboard with the hexadecimal and decimal
representation of the Unicode characters. You can provide a comment to indicate what each
character means. Part of the Arwi keymap is given the Table 5. In Table 5, the character 'q'
(Lowercase) is mapped to Arabic Dad, which is represented in hexadecimal and decimal as
0x0636 and 1590 respectively.
Table 5 A portion of the keymap file in Linux
let b:keymap_name = "arwi"
loadkeymap
q
<char-0x0636>
" (1590)
w
<char-0x0635>
" (1589)
e
<char-0x062b>
" (1579)

- DAD
- SAD
- THEH

Once the keymap is ready, you can type in the vim using the statement set keymap=arwi,
after pressing Esc+:. With the Arabic keymap in vim, certain characters like „,  إل,  ؛, أل,  ال, ئ,
did not appear properly while typing using vim.
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7.3. Setting up the Input Locals in the Linux Operating System
If you want to enable the language bar in the task bar of the desktop, you need to do the
following:
1. Click Personal Settings (Configure Desktop).
2. Select Regional & Accessibility.
3. Select Keyboard Layout.
4. Select the language that you want to present on the language bar from the Available
Layout and click Add >>.
Using these steps, you can click on the language bar and type in different languages. But,
this will work only for those languages for which the keymap is already available. For this
work, we wish to design a new Keymap for the Arwi script. In order to design a new keymap,
we need to go to the /usr/share/X11/xkb or /etc/X11/xkb or /usr/X11R6/lib/X11/xkb folders.
Different Linux variants have different folders for the xkb. We then need to add an entry
under the ! layout section of the base.lst file, which is present in /usr/share/X11/xkb/rules
folder. This entry is shown in the Table 6.
Table 6 A portion of the base.lst keymap file in Linux
! layout
us
ad
af
ara
arwi
al

U.S. English
Andorra
Afghanistan
Arabic
Arwi (Arabu-Tamil)
Albania

As seen in Table 6, an entry was made for the Arwi font. This line can be added at any
spot in the layout section because it will just appear in alphabetical order in the Available
Layouts section of the Keyboard Layout. The next step is to add the entry for the Arwi script
in the base.xml file which is present in the /usr/share/X11/xkb/rules folder. A partial copy of
the layout section of the Arabic script can be taken and modified as shown in Table 7.
Then we need to make the actual keymap available in the /usr/share/X11/xkb/symbols
folder. After the reserved keyword "key" we use a representation to indicate each row of the
keyboard. AE stands for the row with numbers 1, 2, 3,… . AE01 indicates the first key, which
is the number 1 key. AE02 indicates the second key, which is the number 2 key and so on.
AD stands for the row starting with QWERT. AD01 represents the key “q”. AC stands for the
row starting with ASDF. AC01 represents the key “a”. AB stands for the row starting with
ZXCV.AB01 represents the key “z”. In the keymap, the lowercase representation and
uppercase representation are separated by a comma. A part of the Arwi keymap is shown in
Table 8. The way by which we assign Unicode characters to keys is also shown in Table 8.
Whenever we make a change to the keymap file (present in the
/usr/share/X11/xkb/symbols folder), we need to remove the keymap from the Keyboard
layout and then add again from the Available Layout and click Apply, as shown in Figure 16.
Only then will these changes come into effect.
Instead of making changes to the keymap permanent, if we want to temporarily test the
keymap (for example, the arwi keymap), we could use the following command:
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setxkbmap –layout arwi

Table 7 A portion of the base.lst keymap file in Linux
<layout>
<configItem>
<name>arwi</name>
<shortDescription>Arwi</shortDescription>
<shortDescription xml:lang="es">Ara</shortDescription>
<description>Arwi</description>
<description xml:lang="af">Arabies</description>
</configItem>
<variantList>
<variant>
<configItem>
<name>azerty</name>
<description>azerty</description>
<description xml:lang="en_GB">azerty</description>
</configItem>
</variant>
</variantList>
</layout>

Table 8 A portion of the Arwi keymap file in Linux
key
key
key
key

<TLDE>
<AE01>
<AE02>
<AC07>

{
{
{
{

[ Arabic_thal,
[
1,
[
2,
[
0x1000698,

Arabic_shadda
exclam
at
0x1000699

]
]
]
]

};
};
};
};

8. Design and Development of the Arwi Font
When developing the font, authors made a point of developing truetype font which could be
used by both the Windows and Linux operating systems. Making the font a Unicode font was
also considered. Development of the font was done using the Fontforge software on SuSe
10.2. The Open Source font “DejaVuSans.ttf” font present in the /usr/share/fonts/truetype
folder was selected as the base font. Installation of the Fontforge software on a SuSe machine
was straightforward with rpm (rpm –ivf fontforge-i386.rpm). In Fontforge, when we opened
the DejaVuSans font, we could see that each character is shown as two cells (Figure 17). The
cell on the top indicates the character and the bottom cell indicates the drawing or
representation of the character. Certain characters are noted with an X mark in the bottom
cell, indicating that they cannot be changed. The name of the font can be changed using Font
Info under the Element menu in the Fontforge software. To generate the font, use the
Generate Fonts option under the File menu and then select TTF type. It was noted that we
needed to close Fontforge before the font was available for typing in any editor software.
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Figure 16 Keyboard layout in Linux

Figure 17 Arwi Font development using Fontforge software
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A few characters have been added to the DejaVuSans font. These characters along with
their Unicode representations are shown in Table 3.
Table 3 Arwi characters added to the DejaVuSans font

When using the font, the user needs to know which key on the keyboard is mapped to
which character so that he/she can type. Once the font is ready, we can install the keyboard
layout on the Windows machine (Section 5.2) or Linux machine (Section 7) and type using
any editor software such as Microsoft Word or OpenOffice. Users can make HTML pages
using this font by including the tag <font face="arwi">.
8.1. Issues with the Fontforge software
The font won't work if we just add a new glyph to a character for which there is no entry in
the box. Add the entry in the box and then add the glyph (middle, initial and final). In order
to add a new character, we must use the available Unicode code point. It should be noted that
all the glyphs for a single character using the same Unicode code point of the base character.
Let's say that we add a character at Uni06A1. Then, we need to provide the necessary glyph
(media, init or fina), called as substitutions, as shown in Figure 18. We need to link the
substitution glyph with the original base character. This is done using Element → Glyph Info
→ Substitutions. Select the appropriate substitution like 'init' or 'medi' or 'fina' and link to
thenewly created glyph.
 'medi': Medial forms in Arabic Lookup 8 subtable
 'fina': Terminal forms in Arabic Lookup 9 subtable
 'init': Initial forms in Arabic Lookup 10 subtable
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Figure 18 Glyphs for two different characters

To add new glyphs to the given font, we need to add slots and proceed to enter the glyph
and then link this glyph to the base character. This is done using the procedure described
below:
1. Indicate the number of glyphs you want to add.
a. Encoding → Add Encoding Slots
2. Select each one of the newly added slots and do the following:
a. Element → Glyph Info:
i. For a Glyph
1. Unicode Name: uni06A1.init
2. Unicode Value: -1
ii. For a base character
1. Unicode Name: uni06A1
2. Unicode Value: U+06a1
b. Then click „Set From Name‟ (in Glyph Info) and click „OK‟.
c. For each and every glyph created, we need to click File → Generate Fonts →
Save as True type. It should be noted that the user‟s rights are to be considered when
saving the fonts in the respective folders.
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3. Make sure that the glyph is added to the substitutions option in the main or base
Unicode font.
4. After doing the above, if you wish to see the impact on OpenOffice.org Writer, you
need to close OpenOffice.org Writer and re-open it. Also, make sure the keymap entry is
removed and added again (if there needs to be a change in the keymap).
At the base character, we need to make sure that the OT Glyph class type under Element
→ Glyph Info → Unicode is set to Base Glyph. From the glyph, we can see which base
character it is linked to using: Element → Show Dependent → Substitutions. To view the
glyph, use the following sample procedure: View → Goto → Uni06A1.medi.
In order to have the same lookup information for two characters, we can use Edit →
Copy Lookup Data on the original and then paste into the character we want. Sometimes a
link from an existing character to another existing character needs to be removed. For
example, initially 06BA was linked to afii57446 and this link was removed using Edit →
Unlink Reference. 06BA.medi and 06BA.init were modified to finish the task.
8.2. Testing of the Arwi font and the issues faced
The Arwi font was tested using SuSe 10.2, Ubuntu 7.04 and Ubuntu 8.04. The Arwi font did
not appear properly in OpenOffice.org 2.0.4 build 2.0.4.7 and Opcion Font Viewer 1.1.1.
Similar problems persisted in Ubuntu 7.04. Problems persisted when new diacritics were
added. When tested with Ubuntu 8.04, the Arwi font worked as expected in OpenOffice.org
2.4.0, GTK+ Editor, gedit, kate and Opcion Font Viewer, but not in QT Editor. These
differences were due to the different rendering engines used. Different OpenType capable
text rendering engines exist: OpenOffice.org and SIL's XeTeX use IBM's International
Components for Unicode (ICU), QT4 has its own engine based on HarfBuzz, GTK+ uses
Pango which is using 21 HarfBuzz internally, the New TeX engine LuaTeX has its own
OpenType engine, Microsoft has its Uniscribe engine, Adobe has a hybrid Apple Advanced
Typography (AAT)-OpenType engine used on Mac OS X. Overall, one rendering engine is
shared between GTK/QT4; another in OpenOffice.org; Microsoft has its own.
A simple test was done by copying the existing diacritical character (damma) to a
different position. The results of this testing are shown in Figure 19. It should be noted that
certain rendering engines work on specific locations for considering a character as a diacritic
and so if a character is added to a new location, rendering won't work correctly.
Figure 19 Arwi font testing on different tools

PDF by XeTeX and ConTeXt

Specimen Font Previewer
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Opcion Font Viewer (Ubuntu 7.04)

Ubuntu 8.04
As concluding remarks, we need to make sure that the initial, final and middle glyphs of
the characters 0686, 068A, 068D, 0693, 0694, 06A3, 06B9, 06BA, 06A0, and 06FB are
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present. The presence of diacritical marks 0653, 0656, 0657 and 0670 should also be verified.
In addition, a proposal for the following is to be submitted to the Unicode Consortium:
1. ARABIC LETTER KAF (0643) Character which has a dot below.
2. ARABIC LETTER AIM (0639) Character with three dots below.
3. ARABIC INVERTED DAMMAH (064F) below.
A ligature joining the representation of the diacritic Maddah with the diacritic Fatha is
also present in the Arwi script.
Certain characters in Arwi script have different possible representations. These could be
handled by the fonts themselves. They are listed as follows:
1. The Arwi representation for the number 7 similar to the English character “L” might
be supported by a font by providing multiple glyphs for U+06F7.
2. The equivalent of ARABIC LETTER NOON WITH TWO DOTS BELOW (0767).
3. The Unicode character for ARABIC LETTER SAD (0635) WITH A DOT BELOW
9. Conclusion and Future Work
The need for the development of the Arwi font has been the focus of this report. The Arwi
language was used among Muslims in many countries to write many religious and literary
works. Lack of adequate typing and printing facilities has caused the sharp decline in the use
of the Arwi script. The authors have studied the development of this script and have designed
an HTML based client-side script, Arwi font and a language bar oriented Arwi typing option.
From the analysis, it is obvious that the HTML-based typing tool has many shortcomings
with regards to operating systems other than Windows Vista. A proposal for the inclusion of
Arwi characters is being prepared for submssion to the Unicode consortium. As possible
future work, collation of the Arwi script needs to be researched.
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Appendix A: Basic Definitions
Reference: [13]
Glyphs: A “glyph” is screen unit of text. It ss a picture of what users think of as a character;
A “grapheme” is a single visual unit of text.
Characters: A “character” is a single logical unit of text. A “character set” is a set of
characters, called a “repertoire”. A “code point” is a number assigned to a character in a
character set. A “coded character set” is a character set in which each character has a code
point.
Bytes: A “character encoding” maps a sequence of code points (“characters”) to a sequence
of code units (such as bytes). A “code unit” is a single logical unit of storage.
Ligature: Ligatures are very common. Essentially a ligature is a single glyph that represents
more than one underlying character. A number of ligatures vary between fonts of a single
script. Here are few examples:
 The default position of U+0651 ARABIC SHADDA as a glyph, is above the base
character, whereas for U+064D ARABIC KASRATAN is placed below the base
character, as a glyph. However, certain computer fonts follow an approach that
originated in metal typesetting and combine the kasratan with shadda in a ligature above
the text.
 If we join ARABIC LETTER LAM (0644) and ARABIC LETTER ALEF (0627), we
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get “Lam-Alef”.
 Joining of characters to form the words “Allah” or “Sallalahu Alaihiwassalam”.
Appendix B: Process for Submitting a Character Proposal to the Unicode Consortium
Reference: www.unicode.org
1. First, check whether the character or diacritic you want to propose is something that
already exists or something which is in the pipeline.
a. Check the chart: http://www.unicode.org/charts/
b. Pipeline: http://www.unicode.org/alloc/Pipeline.html
2. If not there, write the proposal, according to:
a. http://std.dkuug.dk/JTC1/SC2/WG2/docs/summaryform.html
3. Only the base character is proposed. But the forms need to be shown in the proposal.
These glyphs have to be scanned from a printed text. Internet sources like Wikipedia are
not accepted as reference. Also, we need to include the proposed character in a font and
provide a document file with a screen shot or a pdf file with the font embedded.
4. Note: Character size, italic and bold forms of a character are handled by the encoding
algorithm present in the application software.
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MAKING RATIONAL DECISIONS BY HEURISTIC SEMIQUANTITATIVE
PROGNOSIS
David J.H. Brown
Faculty of Science, Universiti Brunei Darussalam
Tungku Link, Gadong BE 1410, Brunei Darussalam
___________________________________________________________________________
Abstract: An approach to methodical multiattribute decisionmaking is described, based upon
the principle of searching for a solution that logically satisfies decisionmakers‟ objectives and
criteria within the rationale of a formal semiquantitative prognosis that makes explicit the
assumptions and compromises that inevitably must be made during a process that is
inherently bounded in time and knowledge. The method is illustrated and compared with the
normative subjective expected utility optimisation method.
Keywords: Constraint satisfaction, Cost-benefit analysis, Decision analysis, Decision support
systems, Group decisions and negotiations, Investment analysis, Multiple criteria analysis,
Risk analysis.
___________________________________________________________________________
1. Introduction
Whilst other approaches such as ordinal methods (Benayoun et al., 1971) and interactive
methods (Levine and Pomerol, 1986) have been devised, the normative decision analysis
method used by corporations, government agencies and the vast majority of the multicriteria
decision making research community (Kahneman and Tversky, 1979; Tversky and
Kahneman, 1981; Kepner-Tregoe, 2001; Person, 2001; EWG-MCDA, 2002) is the generallycalled “weight and rate” formula for calculating subjective expected utility by a linear
polynomial whose coefficients model the relative significances of the various aspects of
outcome alternatives, which was proposed by Bentham (1789).
The theory underlying utility computation, based upon Plato‟s metaphor of weighing
pleasure and pain in a balance (Krantz and Kunreuther, 2007) is that decision-makers,
whether acting singly or in teams, can define a one-dimensional value system for calculating
the relative utility to them of different choices. This involves the arithmetic specification of
comparisons between disparate factors; however, comparisons such as “to what numerical
degree is cost more important than safety?” are not readily made in a meaningful manner.
Another problem is that of comparing different instances of a complex factor; if it is directly
measurable along a single continuum, such as money, the comparison is straightforward, but
there are no obvious linear scales for complex factors such as Industrial Relations; although
even that kind of qualitative variable can be modelled by a computed quantitative form; for
example, Brown and Lock Lee (1991) applied Deming‟s concept of quality measurement
(Wheeler, 1993) to a Du Pont breakdown (Brewer, 2002) of leading indicator ratios.
The approach to methodical decisionmaking presented here is consistent with the
principle advocated by Aristotle of a “practical syllogism” - that the task of reasoning is to
determine feasible goals and the means to achieve them (Kaut, 2007). A heuristic
semiquantitative prognostic model is iteratively developed until a prognosis is found that
satisfices (Simon, 1955) the decisionmakers‟ objectives within the bounded rationality
(Simon, 1972) of their knowledge about causes and effects. By the time a satisficing decision
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alternative has been identified, its selection criteria are made explicit by a clear statement in a
formal symbolism of precisely what they are.
The problem of finding out whether a decision objective will be attained as a
consequence of taking an action alternative is equivalent to searching for a logical proof that
the objective, viewed as a logical proposition, is satisfiable within a symbolic model
comprised of causal laws operating as logical inference rules, together with the current
situation and the alternative playing the roles of axioms of the model. The decision making
process then becomes one of reflecting upon the objective, the alternatives and the causal
relationships, expressing these in symbolic form, and building and refining the model until a
match is found between the objective and the predicted outcome of an alternative.
This approach to decisionmaking is very different from the methodology advocated by
Keeney (1992), who states: “Value-focussed thinking essentially consists of two activities:
first, deciding what you want and then figuring out how to get it”. Here, the process is not a
two-step affair but rather an iterative, abductive search (Pierce, 1902; Thagard and Shelly,
1997) of a space of word models, aimed at discovering what actions are possible and what
objectives are feasible, by reviewing and refining the objectives, alternatives and causal
relationships in the clear light of the explicit expression of their understandings and rationale
in a formal semiquantitative causal model.
The degree of matching between prognoses and criteria provides a heuristic measure of
the distance the decision makers are from their goal and provides indications on where they
need to modify their model to converge upon a satsificing solution. The model abduction
process can be likened to a generalisation of means-ends analysis (Newell et al., 1959) in
which the whole model is the search goal – decision synthesis is not merely a matter of taking
a model of means and using it to resolve a given end (objective), but one of creating both the
objective and the model. Pragmatic flexibility of objective and interpretation is an essential
part of the process of rationalisation.
2. Decision Rationale Visualisation
For a group to decide upon a collective action in the real world, its members need a means of
communicating their ideas and opinions to each other. This is a role of natural language, but
natural languages such as English are so expressively rich that there is plenty of opportunity
for miscommunication, even within a culturally homogeneous group. As well, authority
structures and other interpersonal relationships impact the meaning and significance of things
that are said, interpreted and acted upon during a meeting. And at an individual level, most of
the cognitive processes that occur in our brains are subconscious (Calvin 1996, 2004); so
even when actively trying to make a rational decision, human behaviour is influenced much
more by the subconscious mind than the conscious (Damasio, 1994).
For these reasons, an unambiguous written symbolism having a simple and unequivocal
semantics might help decision makers clarify their arguments, viewpoints and predictions.
The symbolism can be used to construct a shared model of rationality within which decision
options and their outcomes can be examined. Any model is a bounded rationality
approximation to the real world; this applies just as much to implicit models in peoples'
minds as it does to explicit mathematical models written on paper or in computer software.
In decision making, some facts about the world are known quantitatively, and some
qualitatively. Semiquantitative reasoning is commonly used in medical diagnosis (Lowe et
al., 1994), environmental impact analysis (Environment Agency, 2004) and is the basis of
"Expert Systems" (Nii, 2004) for representing and using domain knowledge to solve
problems of a given type within that domain. Programming languages for building expert
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systems are often elaborate and complex, requiring specialist knowledge to use, and require
considerable time to construct reasoning systems. In contrast, management decision making
is typically performed, not by software, but by a group of people in the space of few
meetings. Hence a symbolism for constructing semiquantitative prognostic models for use by
ad hoc decision makers should be as uncomplicated as possible, yet retain a comprehensive
functionality and unambiguous semantics.
The decision table (Pollack et al., 1971) is a representational device that has been used
for many years by computer systems analysts to represent logical confluences. Like
spreadsheets, decision tables use spatial contiguity for representing contextual commonality
and thereby offer a more cognitively accessible (Tufte, 1990) medium for conceptualising
logic than decision trees, just as the relational database model offers conceptual advantages
over the network database model. Generalised Extended-Entry Decision Tables (Brown,
1979), in which decision attribute values are subsets of domains rather than point values, are
the basis of a decision support tool called Tableaux (Brown, 1988; Simon et al., 1990)
developed by BHP Steel International to enable non-programmer end-users to create
manufacturing schedule quality control systems (Lock Lee et al., 1989). The tool is capable
of expressing statements of first order predicate calculus in universally quantified conjunctive
normal form and is adaptable to strategic decision making, as illustrated in the following
scenario, which is a fictionalisation of a real-world decision problem faced by an industrial
corporation some years ago.
Half-Baked Pies Ltd (HBP) is a conglomeration of wheat farms and pie bakeries in Irian
Selatan. Richard Head, HBP's CEO, was faced with a depressed shareprice and a fall in
Return on Equity (RoE) for the current reporting period. Scrutiny of his Operations Overview
Executive Report showed him that the problem child was Oldfort farm, which was
underproducing. HBP's financial advisors, Ronen Accountants, calculated that a future
capital gain from selling the Oldfort property could be timeshifted into the present RoE
figure, making it look much healthier.
All he needed to resolve was one small issue; he had to be able to confirm in defence of
any subsequent litigation from asset-stripped employee shareholders that HBP management
had made every conceivable effort to verify that pie sales revenues and hence the share price
would be positively affected by the sale of Oldfort; pies could be cooked using flour made
from imported super monopoly opportunity genetically-engineered wheat (smog) instead of
Oldfort's Emma wheat. HBP Chemical Research Labyrinth (CRL) was charged with proving
scientifically that smog pies would taste as good as Emma pies. CRL conducted extensive
simulations using its blast furnace mass-balance simulation computer program
(COOKBOOK).
Unfortunately, although the CRL team had no difficulty in modelling the baking process
and pie taste dynamics as a set of differential equations, they were disconcerted that their
computed figure of 0.38 for smog Pie suggested it was less tasty than the 0.25 they got for
Emma Pie. Not wishing to be the purveyors of bad news, they decided to outsource the task
of making management recommendations, so the outsourced expert could be blamed instead.
They gave the contract to Sid Ecich Enterprises, who elected to use an SCR approach. Sid
revisited the COOKBOOK output, assigning descriptive names to the numerical results and
laying it out in the tableau of Figure 1.
It wasn't hard to understand, but the implications of a change in pie taste were less
obvious. Sid needed to factor in consumer preferences. Rather than guess their component
factors, he asked for a market survey from Makemup Pty. Their market researchers stood on
street corners with clipboards outside representative fast-food outlets, health-food restaurants,
truck-driver motorway stops and corner cafes, badgering diners to tell them their feelings
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about Emma pies and those from the popular restaurant chain MacDoug‟'s, which were made
with smog flour.
Figure 1 Qualitative expression of quantitative data

The survey revealed that consumer preferences of patrons of fast-food outlets and healthfood restaurants showed convincing correlations between pie size and satisfaction and no
correlation with pie taste. On the other hand, patrons of corner cafes had preferences which
correlated with taste but not with size. The preferences of patrons of truck-driver stops
showed correlations with both taste and size. From these data, Sid identified two types of
consumer and their preferences and summarised his findings in the form of the syllogisms in
the tableaux in Figure 2, in which values of the situation attribute consumer in
CONSUMER.TX are inferred from EATERY.TX.
It only remained to factor in the market sizes of the respective eateries to determine the
corporate profit impact of a change of flour in HBP pies. From the statistical tables of the
Overseas Development Institute of Technomerica, he found the following demographics
(figures in kilopersons) for Irian Selatan consumers:
gourmands = 3879; gourmets = 0.2.
Applying this distribution to pie preferences, he calculated that the market potentials for
Emma and smog pies were as shown in Table 1.
Thus the combined market size difference between the two flours was only 0.4 kilopersons; a
negligible percentage change. The drill-down details were more informative: changing to
smog flour would yield the following relative reductions in projected product sales:
Large pies: 0.2 / 3879.2 = 0.005%
Small pies: 0.2 / 0.2 = 100%
Sid recommended that HBP close the Oldfort farm and flour mill, switch to smog and lay
off all the staff on the small pie line, which Richard was only too pleased to do. The only
side-effect was to cause mass unemployment in Oldfort town which depressed its local
economy, but the government of the day came to the rescue with a package of public works.
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Figure 2 Consumer survey findings

Table 1 Market sizes of alternative products

Emma
smog

large
3879.2
3879.0

small
0.2
0.0

3. A Comparison Between Utility Optimisation and Objective Satisfaction
Wasyluk and Saaty (2001) illustrate the application of the Analytical Hierarchy Process
(AHP) by the following decision problem:
“Prior to 1997, the Veteran's Administration (VA) largely developed its project
priorities manually in table discussions with little structure… Through the use of
AHP and decision support software, VA budget officers were able to instill
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discipline and consistency to their capital investment process… Decision makers
were walked through a set of pairwise comparisons where they were asked to
compare goals for their relative importance to the VA. For example, executives were
asked to compare "return on investment" (ROI) to "improving customer service" to
determine which contributed more to the success of the organization…
Subsequently, they were asked to compare ROI to "Risk" and then Risk to customer
service. The software calculated the votes' geometric average for each comparison,
then the averages were used to compute the AHP priorities… The weighted goals
were then used to rate investment options for their contributions to improving
performance…VA evaluators entered ratings… then were given the opportunity to
discuss their scores… Once the ratings had been applied to the projects the software
produced a final priority list justifying the incremental strategic benefits of each
project.”
To facilitate a comparative analysis, let us flesh out the problem description and assume
the VA decision problem was a choice of investing in one of two skyscraper building
projects. Project 1 is a low-cost construction offering poor customer service in a high rent
district which promises a 10-fold Return on Investment (RoI) but with the certainty of
collapsing if impacted by an aircraft, the prior odds on which have been estimated by a
thinktank to be one billion to one. Project 2 is a more robust design modelled on the
compartmentalised structure of bamboo, offerring good customer service, but being built in
an earthquake zone. It promises a more modest profit of only 10% (an RoI of 1.1) but can
withstand aircraft impact and earthquakes up to Richter 9 (which have a one in a hundred
chance of occurring within the lifetime of the building), and would only suffer localised
damage repairable at no more than 0.1% of the building cost in either event.
3.1. A Quantitative Utility Optimisation Formulation
Let us assume Customer Service is assessed in terms of an ordered set of qualities {awful,
poor, fair, good, excellent} which can be mapped onto a numerical scale of 0 to 4, which
translates into ratings of 2 for Project 1 and 3 for Project 2. Wasyluk and Saaty (ibid) do not
report whether the VA committee separated risk into quantity and probability but let us
assume they followed the standard method of estimating expected payoffs (losses) as the
product of quantity and probablility (Bernstein, 1996). This yields the estimates in Table 2.
Table 2 Estimated values of project attributes
project 1

project 2

RoI

10

1.1

risk

106 x 10-9 = 10-3

103 x 10-2 = 10

customer service

2

3

AHP requires all factors to be rated on a normalised scale from 0 (bad) to 1 (good).
Assuming low risk is better than high risk, we can calculate the inverse of the expected losses
to represent risk. Then normalising, the estimates translate into the ratings of Table 3.
In AHP, criteria have to be expressed by pairwise comparisons of their relative priorities
to the decisionmakers. Let us suppose the committe decides that RoI is twice as important as
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risk and four times as important as customer service, so they form a matrix M of pairwise
comparisons, shown in Table 4.
Table 3 Normalised estimates
project 1

project 2

RoI

1

0.11

risk

1

10-4

customer service

0.6667

1

Table 4 Calculated relative importances
RoI

risk

customer service

RoI

1

2

4

risk

0.5

1

2

customer service

0.25

0.5

1

The principal eigenvector of MMT provides the relative weights:
(0.571429, 0.295714, 0.142957)'.
The subjective expected utilities of the two projects are calculated from the weight and rate
formula:
Project 1 = (1,1,0.6667) x (0.571429, 0.295714, 0.142957)' = 0.962
Project 2 = (0.11,10-4 ,1) x (0.571429, 0.295714, 0.142957)' = 0.206
Thus the committee would select Project 1 as the analysis calculates it to be 0.962/0.206 =
4.675 times as desirable as Project 2. The strength and precision of the quantitative
justification are impressively convincing.
3.2. A Semiquantitative Objective Satisfaction Formulation
First, suppose the committee determines that its project selection criteria are initially: RoI >=
15%: customer service >= fair; the most they are willing to risk is 10% of the investment and
they will not consider a risk with a chance of more than 5%. These constraints are specified
in CRITERIA.TX in Figure 3. The display shows the effect of running the Inference..Match
function on VA.TX; prognoses that match the selection criteria are highlighted by a white
background.
Partial matches are found but neither project meets all the specified criteria. There is no
choice for the committee (other than reassessing the qualities of projects) than to modify their
criteria. For example, they might elect to see what will happen if they ignore customer
service  the picture is easily envisaged: even Project 1's fair customer service would match
but its risk amount still wouldn't.
The only business value in an economic rationality world of giving good customer
service is to positively affect RoI; the relationship between customer service and RoI is not so

41

easy to calculate, but time-shifted correlations can be found; for example, (Brown and Lock
Lee (1990) identified a strong correlation between Delivery Performance in one accounting
interval and Sales in the next, suggesting that customer service is a leading indicator of
profitability, and were able to develop formulae that made reasonable predictions of the
delayed impact on RoE (Return on Equity) of delivery performance, over 12 accounting
periods. The VA committee would thus be justified in regarding customer service as a driver
of RoI rather than a separate character orthogonal to it. However, doing this would not fully
solve the problem as Project 1 is risking too much and Project 2 is not promising enough
payoff.
Figure 3 Initial formulation of the decision model

The tableau in Figure 3 makes obvious the compromises needed to select either project;
the RoI figures provide the best-case outcomes and the amount at risk figures provide the
worst-case ones. Both projects are expected to make a profit, and the best-case outcome for
Project 1 is 9.99 times better than that of Project 2. But if the worst-case did eventuate, the
outcome would be a total loss for Project 1 but only a marginal loss for Project 2.
The only courses of action available – other than revising their expected outcomes - are
to relax either the risk amount or the RoI objective. They could lower their RoI objective and
opt for Project 2. But if they wanted to colour their findings to favour Project 1, they could
create an artificial scale of expected loss by combining risk amount and chance as in the AHP
analysis and mapping risk ratings onto a qualitative scale of “very low” to “very high” in
such a way that Project 1 is rated as “very low” and Project 2 is only rated as “low”; then by
setting a risk criterion of “< low” and lowering the customer service criterion, only Project 1
would satisfice the resulting ostensibly objective objectives shown in Figure 4.
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Figure 4 Spinning a biased rationale

4. Remarks
Combining risk amount and chance is mathematically sound for situations involving multiple
“bets”, where the empirical law that long runs of uncertain events produce actual
distributions that approximate theoretical ones. But for a one-off event, this law does not
apply - although from the historical record, it seems that people and governments in fact
often do ignore improbable yet mitigable adverse events, until after one does happen within
their realm of concern, whereupon great efforts are made to mitigate a second occurrence –
this common approach to risk management is summed up by the aphorism “once bitten, twice
shy” and the modus operandi of “I will worry about that when the time comes”. Vose (2001)
remarks: “A very common error is to include rare events in a risk analysis model that is
primarily concerned with the general uncertainty of the problem. The problem would be
better analysed by considering the risk on its own and any risk reduction strategies that might
be effective”.
The use of logical inference, set theory, and accessible displays is aimed to satisfy the
ostensibly reasonable criterion that "decisionmakers (and the public) are more likely to accept
the method and the results if they are able to understand the decision model and find the
method somehow 'natural'" (Saliminen and Lahdelma, 2002). The model that is put together
by a committee might be called a summary expression of its “collective memory” insofar as
its contents impact the deliberation of the issue under debate. As Haseman et al (2005)
observe: “The advantages of capturing collective memory are many, including simplification
of the process, codification of decision strategies, carryover of knowledge when group
composition changes, etc.”
Putting together a semiquantitative model is not timeconsuming  indeed, using a written
shared model can actually make the decision making process shorter because its explicit
display tends to avoid endless going over of the same ground as often happens during the
debate of controversial or delicate issues. Because the process is not elaborate, little briefing
of participants is necessary; it is obvious to everyone how it operates once they see it in
action. They do not need to know its underlying mathematical theory, just as a car driver does
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not need to know the laws of thermodynamics. The Tableaux notation does not obscure the
reasoning with jargon or obscure symbolism, lending it the “readiness to hand” (Heidegger,
1962) of a useful “object to think with” tool (Papert, 1993).
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Appendix: Generalised Extended Entry Decision Tables
“They are agreed of certaine uncouth non-significant terms which goe current among
themselves as the Gipsies are of Gibridge, which none but themselves can spell
without a paire of Spectacles.”  Oxford English Dictionary
The universe of discourse of a state-space model is A x A x ...A , where each domain A is
1
2
n
i
an ordered set of values (symbols or points within a continuum).
A state is a set of attributes <a ,..,a
1 n

i



).
i

A tableau is a set of inference rules, where an inference rule is a pair
<<c ,.., c >, <d ,.., d >>
1
n
1
m
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When a tableau is matched against a state,
if (
 c ) ≠ Φ), then (
← (a 
).
i
i
j
j
j
The value of each a is determined by non-deterministic backward-chaining, matching other
i
tableaux which infer values for it. On the Tableaux display, a blank antecedent component
denotes the universal set.
Local consistency and completeness of a tableau
A tableau T = {R } j = 1 ,.., r is locally inconsistent if
j
( R , R , i≠j) ((
.c  R .c ) ≠ Φ) and (
i j
i k
j k

.d ≠ R .d ))
i k
j k

Let D = (D ,..,D ) be the universe of domains of the criteria, where
1
n
D =  (R .c ), j = 1 ,.., r; i = 1 ,..., n
i
j i
Then T is locally complete if (…((D - R ) - R ) -…- R ) = {Φ,… Φ}
1
2
r
where, for some L = (L ,.. L ) and R ,
1
n
j
L - R = ((L - R .c ), L , …, L )  (L , (L - R .c ), …, L ))  ….
j
1 j 1 2
n
1 2
j 2
n
….  (L , L , …, L - R .c )
1 2
n j n
Subtracting criteria from domains produces an efficient recursive algorithm for identifying
missing rules (for situations not matching any rule in a tableau) that has a complexity less
than O(rn) as most of the set differences become null en route, whereupon further subtraction
is unnecessary as (
-X = Φ).
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Abstract: The aim of this paper is to incorporate the effects of the long memory properties of
the interest rate in the option price. Instead of deriving a closed form formula for the
stochastic option price, we focus on .finding pricing bands which describe the risk arising
from the stochastic interest rate. We start with the classical Black-Scholes model with
constant interest rate. We propose that the stochastic option price is the sum of the classical
Black-Scholes price and a random deviation term which describes the risk arising from the
stochastic interest rate. Using the fact that stock prices and the interest rate fluctuate on a
different time scale, we derive an aymptotic equation for this deviation in terms of the
Green‟s function and the fractional Brownian motion. The solution to this equation allows us
to find the pricing bands.
___________________________________________________________________________
1. Introduction
In 1973, Fischer Black and Myron Scholes (Black and Scholes, 1973) proposed their famous
partial differential equation for option prices. In their work, they derived an explicit formula
for the option price using the market completeness assumption. A complete market is one
where for every derivative contract there exists a self-financing portfolio of underlying assets
which perfectly replicates it. They also assume that this portfolio of underlying assets earns
the risk-free interest rate. However, there is strong empirical evidence concerning the nonconstant nature of the interest rate (Seppala). In particular, it has been proven that there is a
risk of randomness arising from the short-term interest rate which can be modelled by a
random walk process. Thus, this interest rate is normally either modelled as a geometric
Brownian motion (Bartter and Rendleman, 1980) or a mean-reverting model, both of which
are equilibrium models: see (Vasicek, 1977). In particular, Otto (Otto, 2000) models the
random interest rate by another diffusion process which is mean-reverting. The randomness
due to the stochastic interest rate is then eliminated by trading in zero bonds. By using the
traditional risk-neutral valuation method, Otto derives closed-form formulae for simple
European call and put options. However, this model is thought to admit arbitrage
oppurtunities.
Another notable disadvantage of modelling the interest rate as a mean-reverting process
or geometric Brownian motion model is that these models do not provide good fits to term
structures of interest rates observed in practice. What is more, a 1% error in the pricing of the
underlying assets could lead to a 25% error in the pricing of the options. To remedy this
shortcoming, a no-arbitrage model (Ho and Lee, 1986) is used for the nterest rate. A noarbitrage model is one that is designed to be exactly consistent with today‟s term structure of
interest rates. The essential difference between the no-arbitrage models and the equilibrium
models is that the former use today‟s term structure as an input. The equilibrium models use
today‟s term structure as an output by using parameters based on previous term-structures. In
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an equilibrium model, the mean interest rate is often not a function of time, whereas in a noarbitrage model we consider the mean interest rate to be dependent on time.
Closed-form formulae based on this no-arbitrage model can be derived for European
bonds options using the traditional risk-neutral valuation method. It should however be noted
that these equilibrium and no-arbitrage models assume the interest rate to have only one
source of uncertainty. Although these models are easy to implement and often give consistent
prices, they do not give traders flexibility in choosing volatility models. To remedy this, there
have been many attempts to incorporate one or more additional sources of uncertainty (Hull
and White, 1994; Duffie and Kan, 1996).
However the major shortcoming of this approach is that the random interest rate is not a
directly tradeable asset. One simply cannot go out and buy “5% interest rate.to hedge”.
Therefore the classical Black-Scholes hedging strategy does not apply here. Moreover, it
leads to the appearance of an unknown parameter, namely the market price of risk. The
problem is that this risk is not directly observable from market data and therefore one has to
make additional assumptions regarding this risk. What is more this parameter depends on the
risk preference of investors. We know that different investors have different risk preferences.
Therefore option prices derived in the presence of a stochastic interest rate are not unique,
thus allowing for arbitrage oppurtunities. One can therefore safely assume that the presence
of arbitrage oppurtunities is merely a by-product of incorporating a random interest rate.
The aim of this paper is to consider the effects of incorporating the stochastic interest
rate into the Black-Scholes option pricing models. In particular, this paper considers a simple
long memory process for the interest rate. Recently, there has been strong empirical evidence
documenting the presence of long memory characteristics in the short-term interest rate of
some countries (Couchman et al., 2006; Gil-alana, 2003). Unlike other stochastic interest rate
option pricing models, we do not intend to derive explicit closed form solutions for the option
prices. Instead, we restrict ourselves to finding confidence intervals around the classical
Black-Scholes option prices with a constant interest rate. In this paper, we identify and
exploit different time scales of fluctuation for stock prices and interest rate processes to yield
confidence intervals (see also (Tan, 2006) for similar cases). We should remark that these
confidence intervals have the nice feature that they are independent of any detailed statistical
characteristics of the stochastic interest rate process.
2 The Model
We start with the definition of a long memory process (Taylor, 2000). A stationary process
X (t ) is said to be a long memory process if its covariance function

 (k )  cov( X (t ) X (t  k )) has the power law decay k 2d 1 ( 0  d  1 2 ) for a large lag k
such that


  (k )  

(1)

k 0

where t is the time.
We then introduce the Black-Scholes equation with the random interest rate r (t )

C 1 2 2  2C
C
 2 S
 r (t )S
 r (t )C  0
(2)
2
t
S
S
where C is the option price,  is the volatility, and t is the time ( 0  t  T ), with T being the
expiry date. To deal with the forward problem, we introduce the time to maturity
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(3)
  T t
Now assume that r ( ) is a stationary stochastic long memory process with the following
statistical properties:
c
(4)
E{(r ( )  r ).(r (  s)  r )} 
E{r (t )}  r
( s0  s)
where E{.} is the expectation, c is the diffusion rate constant and parameter the  (the long
memory parameter) can be regarded as a measure of the intensity of the long-range
dependence, and satisfies
0   1.
It is often convenient to split the random function r ( ) into its mean value r and a rapidly
fluctuating noise component v as follows
(5)
r ( )  r  v(  )
where the small parameter  is the ratio of the largest characteristic time of the interest rate
variation and the maturity time (  1 ) :
t
  var
(6)
T
where tvar is the time taken for the interest rate to change, and T is the length or duration of
the option‟s contract.
It is easy to see that the noise component v(  ) has the autocorrelation function given
by (4). Thus, using (3) and (5) one finds that the corresponding option prices with the
stochastic interest rate denoted by C  satisfies the following PDE

C 1 2 2  2C
C
C 
 2 S
 rS
 v(  ) S
 rC  v(  )C

S
S
S 2
subject to the initial condition

(7)

C (S ,0)  max(S  K ,0) ; K is the strike price.
We adopt the idea that the time scale of the interest rate variations (a number of days) is
small compared with the time scale of the option‟s contract (several months). We should
remark that our assumption that the typical time scales of the interest rate variations are small
compared with the time scale of the derivative contract is not inconsistent with the long
memory properties (1). A similar situation occurs in the renormalization theory of turbulent
diffusivity in which the random velocity field with a power law spectrum involves a
continuous range of time/space scales and all of them are less than the integral scales
(Avallaneda and Majda, 1990). The details concerning the renormalization procedure, nontrivial scaling and infrared divergent integrals can be found in (Avallaneda and Majda, 1990;
Fedotov and Tan, 2005).
2.1. Asymptotic analysis
We split the stochastic option prices C ( S , ) into the sum of the deterministic price C ( S , )
and a random deviation term Z  with the specific scaling factor  1 2d ,

C  ( S ,  )  C ( S ,  )   1 2  d Z  ( s,  )
where the long memory parameter d satisfies the following
0  d 1 2

(8)
(9)
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Note that C ( S , ) is the classical Black-Scholes price which obeys the following

C 1 2 2  2C
C
  S
 rS
 rC
2
 2
S
S

(10)

Substituting (10) and (7) into (8), we get an equation for Z  ( S , ) , which satisfies

Z  1 2 2  2 Z 
Z 
Z 
 2 S
 rS
 rZ   v(  ) S

S
S
S 2
v(  ) C
v(  )

S
 v(  ) Z  
C
1 2 d

S

 1 2d

(11)

Our aim is to find the asymptotic limit of Z  as   0 . Equation (11) involves four
stochastic terms:

v(  )
v(  ) C
Z 
C.
, v(  ) Z  ,
and
S
1 2 d

S
S
 1 2 d

The ergodic theorem implies that the fi.rst two terms in their integral forms converge to zero.
v(  )
By setting d  12 it can be shown that the term
converges weakly to
v(  ) S

 1 2 d
Dd d ( ) as   0

(12)

where d ( ) is the fractional Gaussian white noise (Djehiche and Eddahbi, 2001; Hu and
Oksendal, 2003; Hu, 2002; Duncan et al., 2000)
dB
(13)
d ( )  d
d
with the covariance function
(14)
E{d ( ), d (s)}  d (2d  1) |   s |2d 1
Here, Bd is the fractional Brownian motion and Dd (Fedotov and Tan, 2005; Giraitis, et al.,
2003), which is the diffusion constant parameter, is given by
2c
Dd 
, 0  1
(15)
(1   )(2   )
(the derivation of Dd can be found in (Tan, 2006)). Note that the fractional Brownian motion
for 0  d  1 2 is a long memory process. The limit (12) follows from

 1 2 d





v( s  ) ds  Dd Bd ( ) as   0

(16)

0

Hence in the limit   0 the random field Z  ( S , ) converges weakly to Z ( S , )
(Watanabe, 1988), which satisfies

Z 1 2 2  2 Z
Z
C
  S
 rS
 rZ  Dd (S
 C ) d ( )
(17)
2
 2

S
S
S
with the initial condition Z (S ,0)  0 . Using (13), the previous equation can also be
expressed in terms of the fractional Brownian motion:
2 Z
Z
C
dZ  ( 12  2 S 2
 rS
 rZ )dt  Dd (S
 C ) dBd
(18)
2
S
S
S
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The advantange of the asymptotic equation (17) is than it can be solved in terms of the
classical Black-Scholes Green‟s function G(S , S1, ,1 ) to give

Z ( S , )  Dd





0

0

 

G( S , S1, ,1 ) d (1 )[ S1

C
( S1,1)  C ( S1,1)] dS1 d1 (19)
S

where

G ( S , S1 , ,1 ) 

 [ln( S S )  (r   2 )(   )]2
1
1
2
exp  
2

2 (  1 )

2 2 (  1 )


exp(r (  1 ))
S1






(20)

The variance V (S , )  E{Z 2 (S , )} can be regarded as a measure of the interest rate risk and
is given by

V ( S , )  Dd









0

0

0

0

   
[( S1S2

G ( S , S1 , ,1 ) G ( S , S2 , , 2 ) E{ d (1 )  d ( 2 )}

C
C
C
( S1 ,1 )
( S2 , 2 )  S1
( S1 ,1 )C (S 2 , 2 )
S
S
S

(21)

C
( S2 , 2 )C ( S1 ,1 )  S1S2C ( S1 ,1 )C ( S2 , 2 )] dS1 d 1 dS2 d 2
S
It should be noted that, in the case d  0 , d ( ) converges to Gaussian white noise
 S2

with

E{d (1 ) d ( 2 )}   (1  2 )
This case has already been considered in (Fedotov and Panayides, 2005). Following (Fedotov
and Panayides, 2005), the seller of the option can price the option within 2 standard
deviations of the classical Black-Scholes price
C (S , )  2 1 2d V (S , )
It should be noted that the main result concerning the measure of the interest rate risk is
very robust. This is simply because we use a quite general stationary random process to
describe the interest rate without specifying an exact distribution for it such as Gaussian,
Gamma etc.
3 Conclusion
In our work, we have incorporated a stochastic long memory interest rate into the option
pricing. We start off with the random Black-Scholes equation which involves the interest rate
with a long-range dependence. This random Black-Scholes interest rate can be split into its
mean and a random deviation term describing the risk due to the random interest rate. Using
the renormalization procedure, we can derive the asymptotic equation for the random
deviation term. This asymptotic equation can be written and solved in terms of the classical
Black-Scholes Green‟s function. Subsequently, the confidence interval for the pricing can be
found in the presence of the stochastic interest rate.
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___________________________________________________________________________
Abstract: The experimental study of the locomotion of space robot in the laboratory requires
a “zero gravity” or “less gravity” environment. The simulation of microgravity environments
on earth requires some method of compensation for the earth‟s gravitational field. To
accurately produce an earth-based zero gravity condition test-bed is impossible through
experimentation. The main objective of this research work is to build a test-bed for space
robot emulation that operates in the “zero gravity” situation. To achieve this, gravity-less 2
Degrees-Of-Freedom robot with a unique instrumental arrangement will be considered to
compensate the gravity force and provide the drag-free and near zero gravity characteristics of
space in two dimensions for the robot arms. The space robot kinematics and dynamics
formulations are studied especially the Newton-Euler formulation. The feedbacks of the
robot‟s arms are detected by encoders at the servomotors around the robot to the controllers
and also PC interface card. The mechanical simulation and virtual prototyping software
records and displays simulation data in real-time.
Keywords: Micro-gravity, Weightlessness, Robot Kinematics, Dynamics, and Torque.
___________________________________________________________________________
1. Introduction
Humanity‟s destiny in space depends completely on sophisticated and highly automated
mechanisms, and as such, the ability for humans and machines to cooperate as an integrated
team will determine the success of ambitious future space missions. In general, robotic
systems are designed, developed and operated to assist or replace humans in accomplishing
tasks that are either tedious and boring, or too dangerous, costly or simply impossible for
humans. Many space robotics tasks fall into the latter categories, such as retrieving, repairing
and servicing satellites in earth orbit. The application of robotic technologies in space
deserves special attention because the nature and operation of space systems, as well as their
working environment, represent important modifiers for the design and use of robotics in
space (Bejczy et al., 1993). The age of space development is approaching and development of
space robots is becoming increasingly important.
2. Microgravity
Gravity is such an accepted part of our lives that we rarely think about it, even though it
affects everything we do. Although gravity is a universal force, it is not desirable to conduct
scientific research under its full influence. In these cases, scientists perform their experiments
in microgravity  a condition in which the effects of gravity are greatly reduced, sometimes
described as “weightlessness.”
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3. Experimental Study of the Locomotion of a Space Robot in the Laboratory on Earth
NASA's Microgravity Research Division supports both ground-based and flight experiments
requiring microgravity conditions of varying duration and quality. These experiments are
conducted in the following facilities: a drop tower; reduced-gravity aircraft are flown in
parabolic arcs to achieve longer periods of microgravity; a space shuttle is a reusable launch
vehicle that can maintain a consistent orbit and provide up to 17 days of high-quality
microgravity conditions.
Xu (Xu, 1992) discusses an active compensation system that modulates the tension in a
counterweight support cable in order to minimize state deviation between the compensated
body and the ideal weightless body. The dynamic compensation of inertia and viscous
damping is performed by PI control, while static friction compensation is performed by the
fuzzy system (Dote and Kinoshita, 1990).
The Zero-G robot is designed for running in zero gravity. Normally it is not possible to
run without gravity, because the upward motion that initiates the flight phase cannot be
reversed once contact with the ground is lost. One way to overcome this limitation is to run
between two parallel rebound surfaces. In this case, the supporting forces generated in the
collision with one surface reverse the vertical velocity generated during collision with the
other surface. Such a configuration for running might occur in a space station, where the
walls could act as the rebound surfaces (Raibert and Brown, 1985-89). The above review
concludes that if it is possible to counter the weight in the direction of the locomotion and
free drag force, then the robot arms are effectively moving in a weightlessness environment.
This research uses the concepts mentioned above and comprises an analytical and
experimental study of space robot locomotion. The 2-DOF SCARA type robot, with servo
motors as the drivers are built and the pneumatic jet air is used to compensate the gravity
force by placing the nozzles on the robot‟s arm as the air-bearing. The base of the robot sits
on a smooth horizontal grass base. This system provides the drag-free force, and the near
“zero gravity” characteristics of space in two dimensions for the robot arms are shown in
Figure 1. For a round flat-bottomed base with outer radius r0 , plenum radius r and center of
mass located at the geometrical center, the drag force D is:

D


h


h

(r02  ri2 ) Av B

(1)

(r02  ri2 )  0.0004 N-s/m

where r0  0.02 m, ri  0.008 m and   1.821105 Ns/m2.
The  is the coefficient of viscosity of the gas (air), h is the thickness of the air bearing
(500 m nominal) and Av B is the velocity of the center of the base plate with respect to the
inertial frame. The flow rate Q is given by:

Q

mgh3
3 (r02  ri2 )

(2)

Equation (2) shows that the flow rate needed to float the robot increases with the cube of the
gap thickness and decreases linearly with the area of the base (Jasper, 1990).
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Figure 1 Structure overview

In the electronic design, servomotors are used, the control of an AC brushless
servomotor requires the main frame of the motor, angle and angular velocity detectors,
current, voltage and magnetic flux detectors, a transistor PWM inverter and a semiconductor
power converter including analogue and digital ICs for controlling that equipment.
It is required that the three-phase currents should have a phase difference of 120º to each
other,
IU = IO sin ,
IV =IO sin ( + 120º)
and
IW =IO sin ( + 240º).
T(Torque)

= B IO l
= lr (BO sin( ) . IU
+BO sin( +1200) . IV
+BO sin( +2400) . IW )
= 3/2 BO IO lr

(3)

IO is the maximum value of current, IU, IV, IW are currents with phases U, V and W,
respectively.  is the motor‟s angle of rotation. BO is the maximum value of the magnetic flux
density. l is the length of the rotor and r is the diameter of the rotor. Therefore orthogonal
control of current and magnetic flux can be performed first by detecting the rotational
position  of the rotor and then by controlling the currents of the three-phase windings on the
basis of equation (3). It is also possible to control the amount of torque freely by controlling
the value of IO. Thus the torque value at the motor operation time is achieved by measuring
the three-phase currents consumed by the motor (Xu, 1992).
4. Kinematic Equations for the Links
The D-H representation of a rigid link depends on four geometric parameters associated with
each link (Fu et al., 1987). The kinematics link parameters are shown in Table 1.
Since all joints are revolute, the homogenous transformation matrix defined in equation
(5) has the same structure for each joint. Computation of the direct kinematics function is
given in equation (6).
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Table 1 Kinematic link parameters
Joint i
1
2

i
var
var

di
0
-50mm

ci
s
Aii 1 (i )   i
0

0

 si
ci
0
0

i
0
0

ai
230.5mm
270mm

0 ai ci 
0 ai si 
i  1, 2
1 0 

0 1 

(3)

and

c12
s
T20 (q)  A10 A21   12
 0

 0

 s12
c12
0
0

0 a1c1  a2 c12 
0 a1s1  a2 s12 

1
0

0
1


(4)

where

q  1 2 

T

, si  sin  i , ci  cos  i , s12  sin(1   2 ) , c12  cos(1   2 ) .

Figure 2 Parameters in links

5. Dynamic calculations
The Newton-Euler formulation is used for the dynamics calculations. With the variables
defined in Figure 2, in the absence of friction and other disturbances, the dynamics of a rigid
manipulator can be written as
(7)
  H ( q) q  C ( q ) q  G (q )
where q and  are n × 1 vectors of joint displacements and applied joint torques/forces,
respectively. H (q) is the n × n symmetric positive-definite (s.p.d) manipulator inertia
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matrix, C (q) is the n × 1 vector of centripetal and Coriolis torques, and G(q) is the n × 1
vector of gravitational torques.
From the torque calculation, the inertial, Coriolis and centrifugal and gravitational
effects on the links can be found.
The inertial effect on link 1 is:
1
(8)
[(m1l12  m2l22  8m2l12  m2l1l2 c2 )1  (m2l22  2l1l2 m2 c2 )2 ]
8
The inertial effect on link 2 is:
1
(9)
m2l2 [(l2  2l1c2 )1  l22 ]
8
The coriolis and centrifugal effect on link 1 is:
1
(10)
 m2l1l22 (2s11  s22 )
4
The coriolis and centrifugal effect on link 2 is;
1
m2l2l1s212
(11)
4
The gravitational effect on link 1 is:
1
g (m1l1s1  4m2l1s1  m2l2 s12 )
(12)
4
The gravitational effect on link 2 is:
1
m2l2 gs12
(13)
4
where s1  sin 1, c1  cos1, s12  sin(1  2 ), c12  cos(1  2 ) .
As in the weightless conditions the gravitational effects will be compensated, and there
will be no gravitational effects on the links. Thus the joint torques are:
1

 8 [2m2l1l2 2 (2s11  s2 2 )



1   (m1l12  m2l22  8m2l12  m2l1l2c2 )1 
(14)


2
 (m2l2  2l1l2 m2 c2 ) 2 ]





and
1

 2   m2l2 [2l1s212  (l2  2l1c2 )1  l22 ]
(15)
8

6. Results
The data are obtained from mechanical simulation with the virtual prototyping software
Mechanical Desktop 4, combined with the MSC Working Model. For clear understanding the
results are divided into two categories, one with gravitational effects and the other without
gravitational effects.
The following figures show link 2 moving with gravitational effects:
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Figure 4 The orientation profile of link 2
Orientation of Link 2

Rz ( degree )

400
200
0
-200 0

2

4

6

-400
Time ( s )

Figure 5 The angular velocity profile of link 2
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Figure 6 The torque profile of joint 2
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Figure 7 Torque profile of joint 1
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The following figures show link 2 moving without gravitational effects:
Figure 8 Orientation profile of link 2
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Figure 9 Angular velocity of link 2
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Figure 10 Torque profile of joint 2
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Figure 11 Torque profile of joint 1
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It is clear from Figure 6 (with gravitational effects) that the sinusoidal form is caused by
the gravitational and Coriolis forces and the centrifugal effect, whereas the higher torque at
the beginning is caused by the inertia effect. On other hand in Figure 10 (without
gravitational effects) the acceleration of joint 2 goes to zero. In theory the joint torque will
decrease to zero according to equation (15), as can be seen in Figure 10. According to
equation (12) and equation (14), the gravitational, Coriolis and centrifugal effect are
compensating each other and produce no gravitational effect on the links. Figures 7 and
Figure 11 clearly confirm equations (12) to (14), as the torque in Figure 7 is less than in
Figure 11 when joint 2 achieves constant angular velocity. These results confirm that the
instrumental setup is close to the environment of zero gravity in its effect on the robot arm
movement.
7. Conclusion
An analytical study of the issues involve in creating “weightless” locomotion for a space
robot in an earth laboratory, including the dynamics equation, the simulation of gravitational
effects and the hardware setup, has been discussed. All the profile patterns are compatible
with the calculations shown in the derived dynamics equations and thus confirm the success
of the instrumental setup. As the experimental setup is low-cost, it will be feasible for
researchers in research centers and universities.to study the locomotion of space robots in
earth laboratories.
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DETERMINATION OF HYDROXYMETHYLFURFURAL IN BRUNEI HONEY
SAMPLES VIA THE WHITE METHOD
Kooh Chern Yuan, Adeline Sung Chien Yun, Franz L Wimmer and Linda B L Lim
Department of Chemistry. Universiti Brunei Darussalam,
Jalan Tungku Link, Gadong BE1410, Brunei Darussalam
___________________________________________________________________________
Abstract: The honey samples originated from the three tropical countries in Borneo Island
(Brunei, East Malaysia, and Indonesia) and West Malaysia, while an Australian honey was
used as reference. The quality of the honey samples, available in different areas of Brunei
Darussalam has been evaluated for their HMF content using the White method. Five of the
Borneo honeys were within the codex limit for tropical honeys while the rest were much over
the limit. Reasons for this are suggested. Many honeys available in Brunei local markets may
not be in good condition.
Keywords: HMF, White method, honey, Borneo, Brunei
___________________________________________________________________________
1. Introduction
Honey is a sweet sticky substance made by honeybees from the nectar of flowers. The main
components of honey are the monosaccharide sugars, fructose and glucose (60-80%), and
water (12-20%), and the minor components include disaccharide sugars, amino acids,
enzymes, minerals, polyphenols and 5-hydroxymethyl-2-furfuraldehyde (commonly known
as hydroxymethylfurfural or just HMF) (Singhal et al., 1997).
The composition of honey can change over time, causing a slight change of colour and
loss of aroma and flavour (Sancho et al., 1992). The changes in the honey composition may
be due to the increase in HMF as the result of sugar breakdown (Yilmaz and Küfrevioğlu,
1999).
HMF is a cyclic aldehyde (Figure 1) (Turhan, 2009) and is not a natural component in
honey (Känzig et al., 2001). In honey, the HMF is formed during the acid-catalysed
dehydration of hexose sugars in the presence of heat sources (Turhan, 2009), this is also
known as the thermal dehydration of sugars in acidic medium (Lewkowski, 2001). The
presence of simple sugars (fructose and glucose) and organic acids creates conditions
favourable for the production of HMF (Turhan, 2009).
Figure 1 The structure of 5-hydroxymethyl-2-furaldehyde (HMF)
O
O

OH

HMF has also been identified in a variety of heat-processed foods such as citrus fruit
juices (Koca et al., 2003), UHT milk (Morales et al., 1992) and corn syrup. The HMF may
have been produced through the acid-catalysed process or by the Maillard reaction. However,
some of the HMF produced in the citrus fruit juices may result from other pathways such as
ascorbic acid degradation and caramelisation (Wang et al., 2006). Caramelisation occurs
when sugars are heated at a high temperature; and ascorbic acid degradation occurs by an
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oxidative path in citrus juices (Wang et al., 2006). It was reported by Wang et al., (2006) that
the extent of HMF formation is correlated with the amount of browning of carrot juice.
The factors that influence the increase in the HMF level in honey are the storage time
and the heat treatment or the storage temperature. Therefore HMF becomes the important
parameter to evaluate the freshness and quality of honey (Bogdanov and Martin, 2002). By
measuring HMF, the damage to the honey or the adulteration of the honey with sugar syrup
can be detected (Mairaj et al., 2008).
Fallico et al. (2006) reported that the proposed HMF limit for all honey should be 40
mg/kg, except for tropical honeys at 80 mg/kg and honeys with a low natural enzyme content
at 15 mg/kg (Fallico et al., 2006).
There are three common techniques to determine HMF: the White method, the Winkler
method and high pressure liquid chromatography (Sancho et al., 1992).
The Winkler method uses p-toluidine and barbituric acid and measures the absorbance at
550 nm (Bogdanov, 2002). However, p-toluidine is carcinogenic and the other two methods
are recommended (Bogdanov, 2002). The HPLC method uses a UV detector. The White
method uses bisulphite and a UV-spectrophotometer at a wavelength of 284 nm and
subtraction of the background absorbance at 336 nm (Bogdanov, 2002).
At low concentrations of HMF (~ 5 mg/kg), the precision of the values is comparable
between the White method and the HPLC method; however the Winkler method yields
higher values (Bogdanov, 2002). At a higher concentration of the HMF (20-40 mg/kg), the
values obtained for all the three methods show little difference (Bogdanov, 2002).
Sancho et al., (1992) reported that the White method is more precise than the Winkler
method because in the Winkler method, the direct ultraviolet measurements give much higher
values.
2. Materials and methods
2.1. Instrumentation
UV spectrohotometry was carried out using a Shimadzu UV-1601pc UV/VIS
spectrophotometer with 1cm silica cuvettes.
2.2. Materials
A total of 19 honeys were analyzed. Of the 19 honeys, 5 were commercial honeys, 4 were
bought from different bee farms in different places and the rest were bought from Brunei
local marketplaces (Table 1). The dates on which the honeys were harvested or processed are
unknown.
Most of the Brunei honey samples were obtained from the local wet markets and were
labeled according to the location where they were purchased. Most were also labeled
according to the testimonies of the sellers regarding the origin of the samples. The
commercial honey was obtained from major department stores (air-conditioned). All of the
honey samples were stored in an air-conditioned laboratory (~ 21°C). The expiry dates were
not mentioned for most of the samples including two of the commercial honeys.
The authenticity of bee-farm honeys were confirmed genuine as the honey collected
straight from the bee hive. The authenticity of the commercial honeys and the honeys from
local markets were unknown.
2.3. Method
The HMF was determined by the International Honey Commission method, after White
(Bogdanov, 2002) in 1 cm cells, scanning in the wavelength range from 250 to 350 nm. The
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sample absorbance was recorded at 284 nm and the background absorbance at 336 nm was
subtracted.
Table 1 Honey samples used for the HMF analysis
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Honey samples
Australia (Australia)
Temburong 1 (Brunei)
Temburong 2 (Brunei)
Tutong 1 (Brunei)
Tutong 2 (Brunei)
Sengkurong (Brunei)

Obtained
Apr-08
Apr-08
Apr-08
Nov-07

Expiry Date
Dec-10
-

Source
Commercial
Commercial
Commercial
Bee farms
Bee farms
Market

Lamunin 1 (Brunei)
Lamunin 2 (Brunei)
Kalimantan (Indonesia)
Limbang 1 (Dark) (Sarawak, Malaysia)
Limbang 2 (Orange) (Sarawak,
Malaysia)
KK 1 (Sabah, Malaysia)
KK 2 (Sabah, Malaysia)
KK Bintin 1 (Dark) (Sabah, Malaysia)
KK Bintin 2 (Light) (Sabah, Malaysia)

May-06
Dec-06
Nov-06
May-06
May-06

-

Market
Market
Bee farms
Market
Market

Mar-06
May-06
May-06
May-06

-

Bee farms
Market
Market
Market

Jan-08
Dec-06
April-08
-

Aug-08
Nov-07

Market
Market
Commercial
Commercial

15
16 Kota Blod (Sabah, Malaysia)
17 KK Papar (Sabah, Malaysia)
18 Selangor (West Malaysia)
19 Madu (West Malaysia)
* KK – Kota Kinabalu, Sabah, Malaysia

Figure 2 Map of Borneo Island showing the location of Brunei Darussalam, East Malaysia
(Sabah and Sarawak) and Kalimantan (Indonesia).
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3. Results and Discussion
Table 2 shows the HMF content of the 19 honeys. The first analysis was carried out soon
after they were obtained. They were then reanalysed after a certain period of storage. The
time between the first and second analysis is indicated in Table 2 together with the source
from which the honeys were obtained.
Table 2 HMF (mg/kg) of honey analysed at different times

No

Honey samples

1st
Analysis

2nd
Analysis

Duration
of storage
(months)

Source

1

Australia (Australia)

60.1

-

*

Commercial

2
3

Temburong 1 (Brunei)
Temburong 2 (Brunei)

938
1678

-

*
*

Commercial
Commercial

4

Tutong 1 (Brunei)

142

230

11

Bee farms

5

Tutong 2 (Brunei)

70.1

162

11

Bee farms

6

Sengkurong (Brunei)

35.2

22.7

11

Market

7

Lamunin 1 (Brunei)

1200

1243

28

Market

8

Lamunin 2 (Brunei)

1114

2041

11

Market

9

Kalimantan (Indonesia)
Limbang 1 (Dark) (Sarawak,
Malaysia)
Limbang 2 (Orange) (Sarawak,
Malaysia)

57.2

61.1

1

Bee farms

1750

1603

28

Market

1340

1470

28

Market

12

KK 1 (Sabah, Malaysia)

6.3

140

28

Bee farms

13

KK 2 (Sabah, Malaysia)

2110

1980

28

Market

3190

2938

28

Market

750

781

28

Market

10
11

14
15

KK Bintin 1 (Dark) (Sabah,
Malaysia)
KK Bintin 2 (Light) (Sabah,
Malaysia)

16

Kota Blod (Sabah, Malaysia)

20.3

22.3

1

Market

17

KK Papar (Sabah, Malaysia)

1987

1788

1

Market

34.7

*
28

Commercial
Commercial

282
18 Selangor (West Malaysia)
18.4
19 Madu (West Malaysia)
* indicate that the honeys were only analysed once.

Table 2 and Figure 3 show that 12 out of the 19 honeys have a HMF value higher than
the Codex standard, and this includes 3 commercial honeys, one bee farm honey and 8
honeys obtained from local marketplaces.
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Figure 3a HMF content of honeys bought from commercial centres, bee farms and markets.

Figure 3b Comparison of HMF content between honeys bought from commercial centres,
bee farms and markets where the line at 80 mg/kg is the recommended maximum limit of
HMF for tropical honey.
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3.1. Effect of Temperature and Storage Time on HMF Content
Of the 10 honey samples obtained from the open-air markets (Figure 3b), 8 samples have
values that are much higher than the proposed limit for tropical honey at 80 mg/kg, except for
the Sengkurong and Kota Blod honey. The honeys in the local marketplaces are more
susceptible to the heat because the vendors display their products under open air tents, where
the exposure to strong sunlight or the warm surrounding air during a hot day in Brunei is not
uncommon (average temperature ~ 31°C). Thus the warm temperature or heat may be one of
the likely causes of the high HMF values for most of the honeys obtained from the
marketplaces.
All of the 5 commercial honeys analyzed were obtained from department stores with airconditioning. Australia and Madu had HMF values below 80 mg/kg, whereas Temburong 1,
Temburong 2 and the Selangor honeys had exceeded the limit (Table 2). The HMF value for
all the bee farm honeys were below 80 mg/kg, except Tutong 1. It is not known whether there
is any heat source that may have contributed during transportation or during the storage of the
honey products in the warehouses. It is also not known whether the honeys had been
subjected to heat treatment during the processing and packaging of the honeys. Therefore the
high HMF values of such honeys may also be due to the other factors, such as the length of
storage.
The date the honeys were harvested or packaged is not known. Therefore, some of the
honeys were analysed again after a period of time to show how the storage time can affect the
HMF value (see Table 3).
Table 3 Effect of storage on the HMF values (mg/kg) in honeys

2nd
analysis

Difference
in HMF

Time between
analyses
(months)

Source

Honey

1st
analysis

Commercial

Madu

18.4

34.7

16.3

28

Bee farms

KK 1

6.3

140

134

28

Tutong 1

142

230

88.4

11

Tutong 2

70.1

162

91.5

11

Kalimantan

57.2

61.1

3.9

1

KK Papar

1987

1788

-199

1

Kota Blod

20.2

22.3

2

1

Sengkurong

35.2

22.7

-12.5

11

Lamunin 2

1114

2041

927

11

Lamunin 1

1200

1243

43

28

KK Bintin 1 (Dark)

3190

2938

-252

28

KK Bintin 2 (Light)

750

781

31.4

28

Limbang 1 (Dark)

1750

1603

-147

28

Limbang 2 (Orange)

1340

1470

130

28

KK 2

2110

1980

-130

28

Market
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All honeys were stored in air-conditioned laboratory at ~ 21oC.
Figure 4 HMF content in honey between the first and the second HMF analysis at different
lengths of storage time

.
In principle, HMF increases with time, starting at a very low value for fresh honey. If the
level of HMF is already high, then the effect of time is unknown.
It was observed that for most of the authentic bee-farm honeys the HMF values increased
over time. However, it was unusual that the HMF values were found to decrease for the
following honeys: KK Papar, Sengkurong, KK Bintin 1, Limbang 1 and KK2, which
contradicts the idea of the increase of HMF content over time in honeys. However, this only
occurred with honey samples whose authenticity was unknown. The rest of the honeys did
show a significant increase in the HMF value over time.
One of the possible reasons for the drop in HMF content for some honeys may be due to
the instability of HMF which may have been further converted into levulinic acid or other
side products (Lewkoswski, 2001). According to Känzig et al., (2001), the honey constituent
(which is not specified) will cause instability of HMF and hence the Carrez solution has to be
added to precipitate out that honey constituent in order stop the breaking down of HMF
completely (Känzig et al., 2001). Therefore, any delay during the preparation can cause the
HMF value to decrease.
3.2. The Quality of the Honeys
According to Codex Alimentarius Standard for honey, good quality honeys should not have
any food ingredient added to it (Mairaj et al., 2008). Moreover, the honey should not have
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any of its components removed (Mairaj et al., 2008). The HMF content is used as one of the
quality indicators for the honeys. Generally, it is assumed that low HMF in honey implies
good quality or good freshness, whereas high HMF level indicates poor quality honeys.
The Australia, Madu, KK1, Tutong 2, Kalimantan, Sengkurong and Kota Blod honey
were the only honeys that had a low HMF content within the Codex when they were first
analysed, indicating that these are quality fresh honeys (Table 2).
3.3. The adulteration of honey samples
The high HMF content may also indicate that the honey has been adulterated by acidhydrolysed invert sugar. The HMF content of citric acid catalysed invert syrup has a value of
1700-6500 mg/kg and honeys may possibly be adulterated by invert syrup if the HMF values
reach a level of 200 mg/kg (Singhal et al., 1997).
Figure 5 Comparison of HMF content between honeys bought from commercial centre, bee
farms and markets.

HMF values greater than 500 mg/kg can be regarded as evidence of the adulteration of
honey (Singhal et al., 1997). Hence, ten of the honeys may be adulterated (Figure 5).
Another method of investigating whether honeys are adulterated by sugarcane or maize
syrups is the isotope test. The sugars in maize and sugarcane are produced via the C4
metabolic pathway whereas sugars from are honey derived from the C3 metabolic pathway
(Bogdanov and Martin, 2002). Therefore cane or corn syrups express a 13C/12C ratio which is
different from honey‟s (Bogdanov and Martin, 2002). However the isotope test was not
carried out in this study.
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4. Conclusion
Only the Australia, Madu, KK1, Tutong 2, Kalimantan, Sengkurong and Kota Blod honey
were fresh while the rest of the honeys were not fresh before the first analysis. This shows
that the open-air market is not suitable for selling honey due to the heat, storage time, or even
possible adulteration with sugar or high fructose corn syrup.
The HMF value alone is not enough to assess the true quality of the honeys. However it
is a fast method for separating low quality honey samples from good quality honeys. Other
characteristics of the honeys such as the sugar content, ash, diastase, acidity and proline
content have to be assessed to determine the true quality of the honey.
In conclusion, many of the honey samples obtained from local markets and commercial
stores do not meet the international standards for honey.
Acknowledgements: Financial support from the Research and Development Unit, Ministry
of Development, Brunei Darussalam is gratefully acknowledged.
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Abstract: An evaluation study to assess the accumulation of four heavy metals (arsenic,
cadmium, mercury and lead) in soils of vegetable growing areas and their content in
fertilizers was conducted. The findings of the study indicated that the status of heavy metals
like arsenic, cadmium, mercury and lead in the soils were in the range of 1.80-15.28, 0.392.99, 0.00-0.15 and 1.12-22.64 mg/kg soil respectively which are at safe levels. Among the
fertilizers commonly being used by farmers, Christmas Island Rock Phosphate (CIRP) has a
high cadmium content (13.47 mg/kg) and was found to be the main source of cadmium
accumulation in soils. However, the content of cadmium in NPK complex fertilizers was
relatively low. Among other heavy metals, mercury was found to be presenr in traces
whereas arsenic and lead content were in the ranges 0.36-9.31mg/kg and 2.06-5.44mg/kg.
Poultry manure was found to have a high content of arsenic (11.04mg/kg) followed by lead
(2.74mg/kg), whereas cadmium and mercury levels were trace only. It is concluded from the
present studies that there is a need to monitor heavy metal status in soils and their
accumulation in crop plants and in fertilizers so as to prevent soil degradation and safeguard
human health.
___________________________________________________________________________
1. Introduction
“Soils are an integral part of the natural environment and central to agriculture as well as to
the sustainability of natural habitats. The natural fertility of soils varies widely and is often
substantially enhanced by modern agricultural practices such as fertilization and irrigation.”
(Chilton and Kinniburgh, 2003). Over the years, soils which are being used for intensive
cultivation encounter the risk of a decrease in fertility status and erosion if not managed
properly. In recent years, the problem of soil chemical contamination, particularly heavy
metals accumulation, is becoming epidemic in many developed countries.
“Enhanced concentrations are found in soils from naturally mineralized areas but more
commonly arise where heavy metals have become dispersed as a result of human activity,
since heavy metals are used in a wide variety of industrial processes including mining,
manufacturing and waste disposal, as well as in some agricultural activities such as the use of
phosphate fertilizers and metal-containing pesticides.” (Chilton and Kinniburgh, 2003). Soil
contaminated by heavy metals pose a threat in two ways: (i) directly through their toxic effect
on the growth of the crops thereby reducing crop yields, and (ii) indirectly by entering the
animal and human food chain and causing adverse effects on human health.
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Although some heavy metals such as zinc are essential elements for plants in low
concentrations, crops may suffer if they are present in high concentration. Other elements like
cadmium, arsenic, mercury and lead are not essential elements but can cause health problems
if taken up by crops in excess amounts. In humans, excessive cadmium can lead to renal
failure. According to an FAO report, around 30 million people in Bangladesh are prone to
arsenic related health problems due to the presence of arsenic metal in ground water which is
being used for drinking and crop cultivation. In addition, other Asian countries like Thailand,
China and Cambodia are having arsenic-related health problems due to natural deposits in
bedrock. Keeping in view the adverse effects on human health, a European commission has
launched a consultation on a draft proposal relating to cadmium in fertilizers for regulation
by the European Parliament and the Council (Chemical Unit of DG Enterprise, 2003). Survey
studies conducted in Taiwan on the status of heavy metals in different vegetable and food
crops indicate the presence of arsenic, copper, mercury, nickel, lead and arsenic (Lin, 1991).
Cadmium and fluorine accumulation in topsoils of New Zealand and Australian pastures as a
result of P fertilizer use and its transfer to grazing animals, causing accumulations in the liver
and kidney, has also been observed (Loganathan et al., 2006).
In the context of Brunei Darussalam, an increased trend in bringing the land under
cultivation of different crops, and intensive cultural practices such as the use of fertilizers and
agricultural chemicals, has been observed. The impact of the use of such chemicals on the
status of heavy metals in the soil has not been studied in the past. This paper reports the status
of four heavy metals, namely arsenic, cadmium, lead and mercury, in the soils of selected
vegetable growing areas, as well as in five fertilizers commonly being used by the farmers in
the country.
Figure 1 Location of the farms included in the study
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2. Materials and Methods
2.1. Soil and Fertilizer Selection
For the study, 26 farms (Table 1a) were selected from Agricultural Development Areas
(ADA) and private farms across the country, in which vegetables are the common crops
being cultivated. The locations are presented in Figure 1. Most of the farms selected have
been cultivated for not less than 8-10 years. Composite surface samples to the depth of 020cm in triplicate from each farm were collected. The samples were air dried and processed
for laboratory analysis. A total of five types of fertilizers commonly used by local farmers
were selected, and the details can be seen in Table 1b.
Table 1a Soil properties of the locations selected for the study
Locations
ADA, Batumpu

No. of farms
9

Soil Type
Acid sulphate
with peat

Topography
Flat with shallow
water table

pH Range
4.0-5.5

4.5-6.0

ADA,
Maraburong
4
KKP, Lumapas

4

Sandy
Peat with
sand

ADA, Sg Tajau
ADA, Tunggulian

1
1

Clay loam
Sandy

Flat
Flat with shallow
water table
Flat with shallow
water table
Hilly

Sandy to
clay loam

Flat and hilly

4.0-6.0

Sandy loam to
clay loam

Flat

6.4-6.8

4
(Labi, Sungai
Liang, Jerudong
Private Farms
& Batu Apoi
2
(Kilanas &
Research Stations
Lumapas)
(ADA: Agricultural Developmental Area)

4.0-5.5
4.5-5.5
4.0-5.0

Table 1b List of fertilizers selected for the study
Sl No
1
2
3
4
5

Fertilizer
Christmas Island
Rock Phosphate
NPK 15:15:15
NPK 12:12:17
NPK 13:13:21
Poultry manure

Source
Australia
Europe
Europe
Europe
Local
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2.2. Heavy Metal Analysis
For cadmium, lead and arsenic, the processed soil and fertilizer samples were digested and
the analysis was done using an Inductively Coupled Plasma Atomic Emission Spectrometer
(ICPAES), following the method outlined by Anderson (Anderson, 1999). The samples,
weighing 1gm, were digested with conc. nitric acid followed by hydrogen peroxide (30%)
and finally with conc. hydrochloric acid. The digested samples were filtered and volume was
adjusted to 100ml for the analysis of cadmium, lead and arsenic at wavelengths of 413.438,
220.353 and 193.696nm respectively, using the ICPAES. Mercury was analyzed by using a
cold vapor atomic analyzer. Soil samples from identified farms and fertilizers were studied in
triplicate. The results of the heavy metals analysis are presented in Tables 2 and 3, and are the
average of the triplicate samples analyzed from each farm.
3. Results and Discussion
3.1. Soil Properties
The general properties of the soil samples are detailed in Table 1. the main soil types were
peat with acid sulphate (Batumpu and Lumapas), and sandy to clay loam (Tunggulian, Labi,
Sg Tajau, Batu Apoi and other areas) having pH values in the range between 4.0-6.8 with low
base saturation levels. Liming has been practiced regularly since the beginning of cultivation
in addition to the application of chemical/organic fertilizers like CIRP, NPK complex and
poultry manure as well as plant protection chemicals and herbicides. The main vegetables
cultivated in these areas include leafy vegetables, cucumber, ridge gourd, bitter gourd,
pumpkin, long bean, okra, chili and brinjal, with a maximum of 2-4 cropping seasons per
year depending upon the crops.
3.2. Heavy Metals Status
3.2.1. Soils
The results of the soil and fertilizer analyses are presented in Tables 2 and 3. The results
show that the arsenic content in the soils was in the range from 1.8 to 15.28mg/kg soil, and
the content varies among the farms. The main source of arsenic is mainly bedrock rich in
arsenic, which gets dissolved in soil water, and becomes available to plants. However, the
soils of Brunei are not derived from rocks rich in arsenic, as is evidenced by analysis, which
shows levels much below the intervention value of 55mg/kg soil, according to Netherlands
standards (Ministry of Housing, Netherlands. 1994).
The cadmium content was in the ranges 0.34-2.99mg/kg soil in ADA, Maraburong, 0.392.99mg/kg soil in ADA, Batumpu, 1.28-2.33mg/100kg soil in ADA, Lumapas and 0.341.76mg/kg soil among private owned lands and research stations. The accumulation of
cadmium may be due to the use of rock phosphate and other phosphorus containing
fertilizers, which contain relatively high amounts of cadmium. However, its content in soils is
at levels safer than the intervention value of 12mg/kg soil (Ministry of Housing, Netherlands.
1994).
The mercury content in soils was very low and was in the range 0.00-0.15mg/kg soils,
which was well below the intervention value of 10mg/kg soil according to Netherlands
standards. The low content of mercury in Brunei soils may be due to the non-use of mercurycontaining chemicals in agriculture, as the government has banned importation.
However, the lead content was relatively high compared to cadmium and mercury, with
the maximum recorded in the soils of Labi (22.64mg/kg soil) and Jerudong (22.32 mg/kg
soil) and the minimum (1.12mg/kg soil) observed in ADA, Lumapas (P-2). It was also
observed that the lead content varies within each ADA, ranging from 3.95-12.49 mg/kg soil
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in Maraburong, 2.39-18.04 mg/kg soil in Batumpu, 1.12-10.32 mg/kg soil in Lumapas and
1.88-14.62 mg/kg soil among other private farms and research stations (Kilanas and
Lumapas). However, the concentrations are at safer levels than the intervention value of
530mg/kg soil. The accumulation of lead in the soil may be due to the use of fertilizers and
pesticides. The findings of Stefanov et al (1995) have established that regular application of
mineral fertilizers to crops increases the level of lead in soil. The emission of lead from
automobiles exhausts, urban waste and industries is minimal under Bruneian conditions.
Table 2 Heavy metal content in soils at different farms and locations
Location
ADA
Batumpu

ADA,
Maraburong

ADA,
Lumapas

ADA,
Sg Tajau
ADA,
Tunggulian
Private Farms

Research
Stations
Range

Field
Identification no.
1
2
3
4
5
6
7
8
9
1
2
3
4
1
2
3
4
1
2
1
Labi
Sungai Liang
Jerudong
Batu Apoi
Lumapas
Kilanas

Arsenic
9.51
12.3
8.63
10.57
15.72
10.67
12.21
12.16
10.52
5.46
8.72
5.68
5.98
11.63
15.28
1.80
11.88
4.01
9.10
2.64
9.94
2.69
9.68
6.65
6.57
5.27
1.80-15.28

Cadmium Mercury
mg/kg soil
2.99
0.07
2.39
0.12
1.56
0.07
1.42
0.04
2.56
0.07
1.17
0.06
0.77
0.15
0.39
0.02
1.96
0.13
0.44
0.03
1.39
0.05
0.56
0.03
0.67
0.03
1.29
0.10
2.33
0.11
1.30
0.02
1.28
0.15
0.58
0.04
1.31
0.05
0.34
0.02
0.76
0.53
1.06
1.76
1.15
0.65
0.39-2.99

0.12
0.00
0.02
0.03
0.04
0.03
0.0-0.13

Lead
14.06
18.04
15.11
10.06
11.19
5.79
12.80
5.72
2.39
3.95
4.49
4.00
6.18
1.12
1.50
9.97
10.32
7.71
10.71
1.88
22.64
3.00
22.32
14.62
7.28
6.00
1.12-22.64

3.2.2. Fertilizers
Th chemical fertilizer requirement for agricultural activities in the country is being met by
importation from neighboring countries. However, poultry manure is available locally and is
being used by farmers. Analysis of these fertilizers indicates that CIRP contains the highest
amount of cadmium (13.47mg/kg) and was one of the main sources for its accumulation in
soils since it is being used by farmers. These results are consistent with the findings of Raven
and Loeppert (1997), who showed that the content of cadmium was in the range of 1.3-
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48.8mg/kg soil in CIRP. However, the concentrations of the other metals  arsenic, mercury
and lead  were 4.68, 0.06 and 5.55mg/kg respectively.
Table 3 Heavy metals content in different fertilizers
Fertilizer

Arsenic

Cadmium

Mercury

Lead

CIRP

4.68

mg/kg
13.47
0.06

5.55

NPK 15:15:15

1.28

1.77

0.01

2.06

NPK 12:12:17

9.31

0.37

0.00

2.95

NPK 13:13:21

0.36

1.24

0.01

2.55

Poultry manure

11.04

0.34

0.03

2.74

Among the NPK fertilizers, the content of lead was highest (1.77 mg/kg) in NPK
15:15:15 followed by NPK 13:13:21(1.24mg/kg) whereas the lowest level of 0.37mg/kg was
recorded in NPK 12:12:17. The variation may be due to the content of phosphorus present in
the fertilizer as well as source of rock phosphate used for the production of NPK fertilizers.
The level of cadmium in poultry manure was relatively low (0.34mg/kg) but can also
contribute to its accumulation in soil because it is used in bulk (1-5ton/ha). Among the
fertilizers, the arsenic content was highest (11.04mg/kg) in poultry manure, followed by NPK
12:12:17 (9.31mg/kg), and lowest in NPK 13:13:21(0.36mg/kg). The concentration of heavy
metals in poultry manure was also reported by Wolfgang and Dohler (1995). The
concentration of mercury was found to be at negligible levels, whereas lead content was
found in all the fertilizers, with a maximum of 5.55mg/kg in CIRP compared to 2.062.95mg/kg in the NPK fertilizers. The studies show that among the fertilizers, CIRP contains
relatively higher level of heavy metals, which contribute towards accumulation in the soil.
Although the concentration of heavy metals is relatively low in NPK fertilizers, it can also
contribute towards accumulation in the soil in the long run.
From the perspective of soil status, it can be concluded from this study that the source of
heavy metals accumulation in the soil is due mainly to the regular use of fertilizers, including
poultry manure, but the concentrations are still below the intervention values. However, there
is a need to monitor the status of soils as well as of crop plants and fertilizers which are being
imported from other countries, with a view to minimizing soil pollution and safeguarding
human health.
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