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Abstract: The paper investigates the location criteria (LC) considered when establishing
regional treasury centres (RTCs) agdhree countrieBrunei, Singapore and Hong Kong.
LC are the important faots that arecompulsory for multinational corporations (MNCs) to
examine bfore setting up RTCs in a&egion other than where their headquarters are.
Comparing Br uadimgiinternationd Bnanaid sentre and location for RTi@s
Singapore and Hong Kongvould assist in identifying whether Brunei can host RTCs. The
study contributes to the understanding of LC assessment before establisRii@ an any
location. A similar investigation method applied previoustyp European countries is
duplicated and applied to the threeias countries. The results finthat compared to
Singapore and Hong Kong, Brunei is lacking in terms of the examined LC.

JEL classification: G15

Keywords: Brunei, Hong Kong, Singapore, Sotast Asia, cash management, regional
treasury centre, financial centre

A full version of the papethas been accepted for publicatiorabed on the reports of two
referees and will be published in thinternational Research Journal of Finance and
Economics (UK)|ssue 29.

1. Introduction

The introduction chapter begingith the underlying purpose dhe research, namely to
determine whther 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
Dar u s s eutremtnfidagicial and banking sector situation provides the context for the
devel opment of the research topic and sup
situation with two other countries selected to assist the progression towards anshering
research question. The introduction to Treasury Centres (TCs) and the practical implications
of the reserh is followed by a review of thelevant literature.



2. Criteria influencing location of RTCs: Location Criteria (LC)

Perhaps the most impant factor or criterion when considering the location of RTCs is the
tax system or regime of the loaati being considered. Ross (1990, cited in Mulligz001)
describes that from a multinational corporation perspective, tax considerations and treasury
issues are closely related. Simkova (2005, cited in RoildiKocurek. 2007) establishes the
criteria i.e. the requirements/conditions mentioned previqubigt need to be considered in
setting up an International Treasury Centre (ITC) for a holding eogpn 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 (mmam), 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 Kaengftiacting 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 Simk@®@0%, cited in Polakand Kocurek.

2007 and possibly others. Already hagi the strategic location, political and economic
stability, comprehensive and ip-date legislation, strong regulatory and supervisory
frameworks, low costs for business operation, presence of liquidity, time zone convergence,
advanced physical infrastitures, diverse domestic support service, excellent international
education and health facilities, and wetlucated labour force (Oxford Business Group
2007),andfurther refining the financial and baink regulations so as to be competitive with
internaional finarcial centres such as Singapared Hong Kong could make Brunei the next
leading locatiorfor Regional Treasury Centres.

4, Location Criteria

A description of criteria is available PolakandKocurek 2007, and an academic audience
was infamed about the location criteria, weighting of criteria, matrix of weighted utility, etc.
at a seminaby Polak at the University of Groningen, The Netherlands, in October 20@8.
research methodology is based on a comparison of 11 location criterisa¢r@s 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) Priceoodidn urgent
payments, (LCn 6) Withholding tax, (LCn 7) Corporate tax, (LCn 8) Importaasury
centres, (LCn 9) Bporting requirements, (LCn 10) Currency environment, and (LCn 11)
Ratings.

AfDoes Brunei Darussal am have tha megt leading | i |
location for Regional Treasury Centres in Asia hisTs the proposition dhe present study.
Using a similar method of finding suitable locasdior RTCs - Simkova (2005, cited in
PolakandKocurek, 2007), the present study producesdufes for Asian countries similar to
those for European countries obtainedSignkova 005) The main functions of treasury
managemeni.e. cash management (Mulligan, 20043pecially making foreign paymenis
the focus of this paper



5. Discussionand Recommendation

From the results taken for Brunei, Hong Kong, and Singapore)ycBamei Darussalam has
more expensive banking service fees and chargesadigher percentage tax imposed on
company profits by the local authority. This may be thedit obvi ous si gn i
lower level of competitivenessiot only in terms of attracting RTCs, but also attracting
MNCs from all around the worJ&compared to Singapore and Hong Kong. Major companies
deal with major movements of funds, milioasnd even bi l |l i ons. | f

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 Intedience Unit Limied, 2000). Competing closely witingapore
and Hong Kong, as these two countries are
2007), is important if Bruneis to follow in their footsteps to become an international
financial cere and leading hosts for RTCs.

The averagerices 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 whawiihg 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 highes
corporate tax imposed on profits. Having thighest percentage of withholding tax also
reduces Brunei 6s competitiveness in attr acf
(Anwar, 1999; Zink, 1995; Murphy, 2000a;Casaling 2001; Giegerich and Lissis, 2002;
Polak 2007). A benign tax systdatheaspect crucialo attracting RTCs (Mulligan, 2001).

In terms of existing RTCs in the region, Brunei currently has none. The closest RTC is in
Labuan which is armsland that lies eight kilomeds off the coast of Borneo where Brunei
Darussalam liegWikipedia, Labuan 2008). The RTC is the regional finance office with
treasury functions for Shell Malaysia. Due to tlitisnay not be viable to considBrunei as a
prospective loca&n for an RTC It is entirely different for Singapoyevhich is the fouth
largest trader in derivatives and the ninth largest offshore lemdding 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 al$gsRiT 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 Singagmore r i v a |
competing for MNQregional headquarters or RTCs in Asia.

Flexible regulation is also a factor to consider when considering a location fos RTC
(Zink, 1995 Anwar, 1999;Geigerichand Lissis,2002). Although Brunei currently does not
strictly regulatethe transfer of funds beteen financial institutionsyeither doSingaporeor
Hong Kong. The facility for foreign currency transactda already available in Brunei
although itis not as developed as 8ingapore and Hong Kongand hence the same is true
of the availability offoreign currency transactisrto most kanks in the country. Banks in
Brunei offer accounts and servicestire most important foreign currencieise. US dollar,
euro, pound, Australian dollar, yen, and a few more. This shows that Bnasesome
potential to starthe improvements needed totiiself 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 gom$dusi
environment, Singapore and Hong Kong are considered by this rating company to have
favail able and reliable corporate financi
gualityo (Coface | aunches a newssésbmesticane s ¢
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benefit Brunei when it is considered to be a location for regional headquarters effdRTC
MNCs. Information regarding location or region such & unei should be easily available
to potential overseas investoss asto expose Bruneand its capability andassist these
MNCs to expand in Asia.

To compete with Singapore and Hongrigoin becoming a region of MN@egional
headquarters or RTCs it is important for Brunei to constantly be vigilant in terms of
regulations put forward for potentiaverseas 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 business or corporations especially international businesses or
corporations is a fair start. Good modern banking facilities is one of the key factors in
attracting RTCs (Anwarl999;Murphy, 2000h Geigerichand Lissis2002).

Nextwould be an examinaton &r unei 6 s current taxation
types of companiedoth 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 dueto unattractive tax regimes offered by the other three countries ,(B&88).

Tax reforms will certainly attract foreign investors into Brunei. Singapore approved over
3600 regional headquarters in 2003 from 49 in 1993 through improved tax conc&ssion (
Zilva, 2004). As local tax regulation is the primary factor when considering losdtion
RTCs (Zink, 1995;Anwar, 1999;Casaling 2001;Geigerichand Lissis, 2002Polak 2007), it

is most important to regulatbe tax systencompetitively orascloselyas possibldo those
countrieswith huge success in attracting RT&8ch as Singapore and Hong Kong.

Increasing the number of students majoring iraffice at a tertiary levadould benefit
Brunei in the long run when attempting to improve its appeal rdsvattracting MNCs and
their RTCs. RTG requiretrained specialists in the finance araad it would be ideal to
locate them inregions with treasury related experts (Murpt3000a; Murphy, 2000b;
Caslino, 2001 Geigerichand Lissis2002).
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FONT DEVELOPMENT FOR ARWI: AN ADDITION TO ARABIC UNICODE
CHARACTERS!?
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Darussalam Email: mibuhari@gmail.com, mibuhari@fos.ubd.edu.bn

Abstract: The Arwi (also callel ArabuTamil or ArabicTamil) sript was widely usedyb

the Muslims of Tamil Nadu (in India), Malaysia, Thailand and Sri Lanka to write many
religious literary and poetry texts and for communicatidihe Arwi script represents the
Tamil language (lefto-right script) usingan Arabic style of scripfright-to-left script). Arwi

is written using Arabic script with additions of certaihacacters and diacritics. Tihe

aut hor 6 s,nbkford ovedital tg gype Arwi exists. In order to uplife Arwi language

into the Information Ea, the author has studieshd developed Arwscripting tools using
Unicode daracters. A JavaScriptaised HTML form and an Arwi font have been developed.
Using the HTML form, users who knowamil typing, can type in Tamilcsipt. Others can

use thekeypad provided to type in Tandhd Arwi ripts 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 btredlVindows orLinux operating gstens

and users can type using angiter software. This keyboard layout can be used with the
existing Unicode characters on the Operating System or after installing the newly gknerate
Arwi font. Various issues and concerns with regardthte rendering of Arwi Unicode
characters in differeanbrowsers, different operating systerasd different editors are
discussedThe Arwi ript needs to be incorporated into Unicode while catering for all the
rendering issues raised.

1. Introduction

1.1. Tamil Script

The Tamil sript, like Devanagari, Malayalam, Telugu, etc, is basedhenBrahmi sript.
Tamil is written ina left-to-right pattern and has 65 characters and variants. To repthksent
Tamil sript, HTML codes in te range 2944 to 3071 or théinicode equivalerst (U+0B80

to U+OBFF) araused. Tamil ispoken in various countries suchTasnil Nadu, Malaysia, Sri
Lanka, Singaporestc. Hstorically,the Tamil scrip dates from 100BC [1]

1.2. Arabic Script
Arabic Scipt is recorded to date batousands of years and belongshte Semitic Aonguage

family. Similar to Persian and Urdthe Arabic script is written righto-left. The Arabic
script consist®f 28 characters and 6 vowels. The presence of different fanitial( middle,
final and isolatedfor a character and diacritical marks (damma, fatha, kasrah) ntiades
Arabic script a complex one. Arabic is used as an official langaageg most countries in
the MiddleEast and North Africa.

This report is based on the papem t i Arlie @ase fiStudy of Arabic, Syriac, and
Diacritical U npresemtdde ath€ 3Radrirdematienaligation andJnicode
Conference, Septembeii 80,2008, San Jose, CA, USA.
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1.3 Arwi Script

The Arwi (also called as Arabliamil or ArabicTamil) script was widely used byhe
Muslims of Tamil Nadu (in India) and Sri Lanka] to write their religious texts asell as
correspondence. The Arwergpt [2] was developed as a result@fltural relations between
Arabs and Tamibpeaking Muslims in Tamil Nadrlhe Arwi script respresents tiieamil
language usingn Arabic style of scripts. This is similar to writirthe Malay languagén
English and the Jawcspt. Actually,the Tamil language is written ithe Tamil €ript, which
is of leftto-right pattern. Arwi is written usinghe Arabic script which is of rightto-left
pattern with an addition of certain diacritics and charactémsvi uses 13 lettersni addition
to Arabic scriptd2]. This helped the Muslim community to leamwrite Arabic text faster
which is the language of the Holy Quran.

This script didspread to various countries suchSasLanka, Malaysia, Thailand, etc. A
variety of Islamicbooks on various topics such Bslief, Law, Sufism, Medine, etc has
been written using thA&rwi script. Due to usage dhe 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. Arwistdl used in certain
Islamic £hools (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 ime Arwi script. A sample scanned page from the book titled
"Simthu Sibyan" is given in Fige 1.

Figure 1: Sample pag written in Arwi € r i p t SimthurStbyan [ApZBHBLH
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To keep Arwi in touch withmodern developments, there has ariaereed to have an
Arwi font. Totheaut hor 6 s, thereaswd fend that catefsr the needs of the Arwi
script. Developing a font for this complex scripted language, which has startdigg emd
middle forms for each character along withivas diacritical marks, is timeonsuming. It
would be better to use the existing Unicode characters from different languagés usdre

type in this language.
2. Font Develgoment

Font developmentan be done in two ways. Thest approach is to draw tlelaracters using
graphicsoriented software such &hotoshop or other tools and then provide the appropriate
glyphs and diacritics to be included withem. This process @ir i t i nogvn fonis mighs
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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 the text (at tb start or midle or end). It then takeslat of

work to develop the font. Another known drawback of this method is that you need to share
your fort with others so that they cariew articles written using your font and also write
articles using your font.

The seconapproach tdont 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
systemssoftware and browsers and ttthere is no need to install any new fnt

Keepng the above two approaches in mind, the authas ventured into the
developmenbf 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
consideredm the development of this font.

3. Related Works

The authorsof [2] refer to the importance dhe Arwi <ript. They indicad that Arwi was
taught even in & Eastern countries like Indonesia, Thailand, Malaysia, Myanmar and
Pakistan. Famous b&s by great scholars like Imaam Shaafi (Radiallahu Ankliay Allah

be pleased with him) and Imaam Abu Hanifa (May Allah be pleased with i@ been
translated into Arwi. Thewhors also indicate thalhe decline of Arwi has caused a steady
decline inthe education of the women in the latter half of ti@¢hZentury. 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[#). From Figure 2, it is obvious that cheters

from the Arabic (06XX) and Syriac (07XX)yanges of Unicode are considered.

Tschacher [3}efers tothe useof Arwi as a mode ofeaching Islam and writing poems
within the Muslim communityin Tamil Nadu. The preference féawi by Malaysiansin
their daily life is attested by Shuayb Alim [4The useof Arwi by Muslim communities in
Sri Lanka isindicated in [5]

A detailed analysis of the Aiwanguage is providechi[6, 7]. Various reasonsehind
the decline of Arwi attested huayb Alim [4] arediscussed 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 abill 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 speakermsargung for the importance
of making Tamilone of the official languagesf Sri Lanka Nuhman [8]refers to the issues
of understanding Arwi scripts by people who understand Arabic and those who understand
Tamil. People who understd Arabic can read Arwi but cannonderstand Awi. Those wio
know Tamil and not Arabic canha@ead Arwi but if someone readis for them they can
understand Arwi. The author descrilibe use othe Arabic script for other languages Isuch

as Malayalam and Bengali. The author merttitivat the problenof the one Tamil letterl

beingequivalentto various Arabic letters (LL.® .1, ©1) was solved using the Arwi script.
The aithor indicates that there were 200 published and around 2000 unpublished literary
works written in Arwi. Nuhmaifi8] quotes the filowing passage
AArabic follows a consonant al system
letters only for consonants while the vowels are optional and not

11



represented by separate letters but by a few diacritical marks without
which Arabic texts can stilbe 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 lamguéay
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 symbot§ vowels and consonants and it is written
from left to right. o
Thus, two drastically different languages were combined to form a scripting language
Arwi, instead of developing brand newanguage. Nuhman [8oncludes by saying that we
canuse any wrihg script to write any other language with some modificatiensept for
those dnguages like Chinese which udeograpk. There is an indication that Arwi was the
writing script of the famous religious book Maghani (The Treasure), wiitgeam influerial
South Indian sholar from Kayalpatinam, Mapillai Lebbe Alim @ Seyed Mohamed Ibnu
Ahamed Lebbe (May Allah be pleased with him) (1816398).
Mohan [9]indicates that Arwi was used for writing many literary works.

Figure 2. Status othe Arwi font

Tl English
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4. Arwi and Its Features

In order to develop the font, we need to know the mappirtgeoamil €ript with its Arwi
counterparts. Sica mapping is given in Table 1.

Table 1 Equivalence of Tamil letterwith Arwi alphabets
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Having seen thenapping, we consider various characters present in the Arwi script and
try to find their Unicode equivalest A few characters and diacritics neededtly Arwi
script are not present in Unicode. They are:

1 ARABIC LETTER KAF (0643) taracter which has atibelow.
2 ARABIC LETTER AIM (0639) daracter 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 thattharaters are incorporated fromrabic, Syiac and Combiningiacritical
Marks.
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Table 2 Arwi letters with their respecie Unicode baracters

| 0627 ||| u=|0635 | |5 |0648 | |=|064D||| « | 066C
= [0628 ||| = |0636 | ||0649 | | = |064E ||| = |0670
< [062A [ |b | 0637 | | & |064A| |5 |064F |||1 | 0671
& | 062B || |& | 0638 | |3 |0629 | || 0650 |||z | 0686
z |062C | |¢ |0639 | |+ |0621 | |[=]0651 | |2 |068A
- 062D |¢ |063A| |[Z|06E9 | | |0652 | | |0693
# |062E | | <= | 0641 10328 | |5|0653 | | < |06A3
2 |062F | |3 | 0642 ¢ |061B| |#|0654 | | |06BA
310630 ||| |0643 | | C|061F | || 0655 | |& |06A0
o 0631 |||Jd 0644 | |V |0622 | || 0656 ||| u=|06FB
5 |0632 ||~ (0645 | | -|0640 | |Z|0657 c | 0734
o |0633 |||o 0646 | |=|064B| | . |065C ||| < | 0746
10634 |[|» 0647 | |=|064C | |+ | 066B

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 scases, the number 7 is
represented similfrto the English lettefL".

Table 3 Different rumber representatisin the Unicode Arabiccharacterange

/ / ’ . . B x s AN
0660 0661 0662 0663 0664665 0666 0667 0668 0669
s ~ S

06F0 06F1 06F2 06F3 06F4 06F5 06F6 06F7 06F8 06F9

5. Solutions Provided:

To caterfor the needs of thArwi community two options are provided.
1 First, we providean option for those who wish to type a document in Arwi without
installing any new fon An HTML-based typing tool has been provided.
1 Second we provide the keyboard layout ftire Windows and Linux operating systsm
which could be sefip using something similar titne Regional and Language Settingstte
Control Panel. Thedyboard layout has been made to ctdethose who just use the existing
Unicode characters anddse who use the new Arwi font.

At first, to enable typing ithe Arabic or Arwi fonts in the Windows operatingystem,
the "Install files for complex script and righo-left languages (including Thai)" dpt must
be enabl ed PG.mhistishdene usintperRégional and Language Settingstie
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Control Panel. IrLinux variants, BD (Bidirectional) or Multilingual Support is enabled by
default For further information, rfer to [10]

5.1. HTML Based Arwi Typing Tool

The Unicode characters present in the range U+0600 to U+06FBi¢Ar&a+0700 to
U+074F (Syriac) ad U+0300 to U+036F (CombininBiacritical Marks) are used. The use

of Arabic Presentation Forms A (U+FE70 to U+FEFF) and B (UFBbU+FDFF) was
considered but not implementéethis is because Arabic Presentation Forms are not included
by many Arabic orUnicode fonts and these forms were included only to provide
compatibility with preexisting standards and legacy implementations. A HTagje pvhich

has the options shown Figure 5 is provided. Options are provided so thatusercan type

if he/she knowso 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:Oneis for Unicode fonts like Latha and the other for fonts like Bamini or Sarukesi.
Those whohave learnt Tamil typing using gptewriter find it difficult to move on to
Unicodebased Tamil Fonts. There exists certain software that could convert texbfre

font to another.

Figure 3 Tamil keypad for Unicode font (Latha)
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Figure 4 Tamil keypad for Bamini or Sarukesirits
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This software is made using JavaScript and thus does not requiseramr side support.
You can obtairthe whole code andinit on any machine. It runsn both the Windows and
Linux operating gstems. This software provides options for users to mix both Tamil and
Arwi scripts even though that is nibte normal method of writing Arwicsipt. Whenthe user
types in Arwi, the chracter alignment becomes rigbtleft
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Figure 5 HTML -based Arwi typingdol
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5.2. Using a Keymap Facility to Type Arwi Using Variouditérs

If the user wishes to type iArwi using various editors, he/simeed the Arwi leymap to be
installed. It would be good to have an entry in the langubge 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 féhose who already knew Arabic typing. A tradeoff existsuether

to matchthe Arwi keyboard layout to that ahe Tamil keyboard because people whoape
Tamil might not know Arabicyiping. In doing so, we have tried our best to make the keypad
as closeas possibldo that ofthe Arabic keypad. But it is a knowfact that people who use
the Arwi script know the Arabic script. Also, most Tardpeaking people know English
typing ratherthan Tamil typng. Figures 6 and 7 providgctorial views of the Arabic and
Arwi keyboard layout respectively.

Figure 6 Arabic keyboard layout
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Figure 7 Arwi keyboard layout
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In order to provide that option in Windows operating systems, we have thsed
Keyboard Layout Manager SoftwalEL]. Using the Keyboard Layout Manager software, we
provide the usemwith the Keyboard_ayout file, which is namedsrabuTami.kilm2000. To
install the ArabuTamil keypad amy Windows machindirst insrall and opemhe Keyboard
Layou Manager Software, themlick New under Keyboards and in the layout type
"ArabuTamil" and select any languagleat you are not using galanning to use. We have
used ArabiqYemen) for testing purposes besauhere is no Arwi layout up till now. Then
click Create, and mce the Ofion is createdselect the ArabuTamil option and clidgkdit.
Click on Import and selct he ArabuTamil.kim2000 file. Thealick Open fdlowed by OK
twice. Finally, Confirm changes. Then, in the language bar, thewidind the necessary
ArabuTamil (as ArabidYemen))option present. Now the user ceype ArabuTamil in any
editor softvare by selectinghe ArabuTamil option present in the language bar. This process
is shown in Figure 8. The process of developing a keymag finix-based operating System
is discussed in Section 7.

6. Problems Faced in Arwi Unicode Bvelopment

As statedearlier, Arwi uses Arabic characters which havs tdtcharacter representations. It
needs to use certain scripts from Syriac and many others from Arabic and Arabic
Supplements. As pahe Unicode Standard 4.0hapter 8 Syriac Qushshaya (U+0741dot
above) and Syriac Rukkakha (U+0742dot 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 previgpst
character might stand alone without joining the previous and next charatenbining
characters or diacritics from different rangesli8yriac and Arabic in our case can cause
manyrendering problems.

Generally, only one character range sbobke used to type in a language. Certain
rendering engines have their rules based on fixed code points. If we use different ranges, th
presence of different code points makes the rendénaféective. ButCombining Diacritical
Marks (U+0300 to U+036F) oabe used with different character ranges. &Asendering
issue, if one existing diacritin Arabicis copied into another code pointtll be found that
the positioning of the new diacritic is ntte same as that of the original diacritic, even
thoughboth 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 langeayeh agamil. This is oe of the reasons why
whendeveloping a wsite in Tamli using Unicodethe 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 Explaret Mozilla
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Firefox 3 render mperly. Mozilla Firefox2 does not render the text properly. Mozilla
Firefox 3 useshe Uniscribe rendering tool.

Figure 8 Arwi keyboard setup fowindows clients
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Figure 9 A Tamil Website rendered on different browsers
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Internet Explorer 7
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Friday, April 25, 2008
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Mozilla Firefox 2.0.0.16

Friday, April 25, 2008
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Mozilla Firefox 3.0.1

6.1. Unicode Rendering in WordPad and Notepad

Using the kepoard layout provided, the user can type directty Notepad o WordPad or
Microsoft Word. The usecould type using the HTML provided arabpy and paste the
contents oto the Notepad or WordPad or Microsoft Waydany other software. As can be
seen from Figure 10 below. tliendering of Unicode characters isngobetter in WordPad
than inNotepad or Microsoft Word.

The autlors of [12]have e@scribedrendering problems for Unicode characters in various
Indian languages. Thehave specifically addressed the problems witmil Unicode
characters. The authood [12] also mentiorthat characters coupled with characters such as
the Zero Width Jaier (ZWJ), Zero Width Non Joiner (ZWNJ) etc., can cause serious
headaches to the text processing applications. Asdihge time, the presence of zevith
glyphsis very important for Indian language fonts.

A Zero Width Non Joiner (ZWNJ) is permitted Byordpad 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 Unicoden Notepad or Wordpad or Microsoft Word

Words copied from the browser to From WordPad to From Browser to
WordPad and Notepad Microsoft Word Microsoft Word
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6.2. Problems with different Browsers oifferent operating Systems
We have tested our HTML page warious operating systems suchVimdows XP, Vista
and SuSe Linux 10.2.

6.2.1. Issues on Windows Vista
Both HTML-based Arwi yping and Keyboard Layout basedvwA typing approachesvork
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.04@3G8) does not displag
few characters such ahose with Unicode numbers 0656 (Arat8ebscript Alef), 0657
(Arabic Inverted Damma), 065C (Arabic Vowel Sign Dot Below), 0328 (Rinmg Ogonek,
part of CombinatoriaDiacritical Marks) properly. Even after upgrading the Internet Explorer
to 7.0.5730.13 version, same problems perdike Arwi virtual keypad for the Internet
Explorer is shown in Figure 11

Figure 11 Arwi virtual keypad on Internet Explorer (Windows XP)
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To verify whether thigs a problem with Internet Explorer or withettoperating system
itself, we tested our HTMlbasedArwi 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 Zgapha
below) did not join withthe 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 scriput when clicked theworked
fine. The siz of them seemed to be very small whaewed but we could insert an image of
them instead bysing the following code:

document.write('<TD>";

document.write('<INPUT type="button" style="feaize: 30; formweight:bold"
name=Xu0746" value="u0746 "
onclick=AppendCharacteti0640u200du070fu0746")>");
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 withwioeip
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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 ftheninternet
(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 bettéran expeced for the U+0657
character. Also, Bian characters did not require the joining sequence we have used in the
code [u0640u200du070f) to join properly.

Figure 12 Arwi virtual keypad on Mozilla Firefox 3 (Windows XP)
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In Safari Version 3.1.2 (525.21) on Windows XP, all the characters $e 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)
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6.2.3. Issues on SuSe 10.2 with Firefox 2.0.0.6
In the Tamil virtual keypad part of olHTML-based Arwi typing sdivare, characterA°

and A Qdid not appeami the view but worked properly when we use them. With regards to
the Arwi virtual keypad, all gneral diacritical marks worked fine but did not appeathie
view. Characters with Unicode numbers 0657 and 03p2agd asseparate characteand

did not join with the previous characterA few other Unicode characters like 06E9, 065C,
0734 and 07@ did not appear properly. Tiesuegliscussed here are illustratedrigure 14.
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Figure 14 Tamil and Arwi virtualkeypad on Firefox 2 (SuSe 10.2)
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In SuSe 10.2, with Firefox 3.0.1, th&f ML page worked fineThere wasio need for the
joining sequeoe of U+0640, U+200D and U+070F.

Figure 15 Arwi virtual keypad on Firefox 3 (SuSe 10.2)
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6.2.4. General Comments

After finding that few characters do regppear properly othe Windows XP and SuSe Linux
operating systems, wehecled for the presence of the Unicode character in Windows
XP.This is done using Chaap with Advanced view. Weeleced theUnicode subranga

t h &roupb y dption and selected Combining Diacritiddiarks and Arabic to verifithe
presence ofhe 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 Ana&ode MS is

not beingfrequently updated. Overall, characters or diacritics from different language ranges
in Unicode should not be mixed. A comparison about the fonts and glyphs present in
WindowsXP and Wimdows Vista is presented jh3].

Table 4aComparing bnt support in Windows Vista and Windows XP

Font XP File Size Vista File Size XP Glyphs Vista Glyphs
Avrial 359KB 749KB 1680 3381
Avrial Black 115KB 117KB 669 674
Arial Bold 344KB 728KB 1680 3381
Avrial Bold ltalic 222KB 539KB 966 2516
Arial Italic 203KB 534KB 966 2516
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Table 4b Comparingfont support in Windows Vista and Windows XP

Criteria Windows XP SP2 Windows Vista
Size 91.4 MB 290+ MB
Number of Glyphs | 218,725 712,000+ Glyphs
Almost 500,000 new glyphs
Number of Fonts | 133 191 Fontsnstalled by default
68 New fonts, 10 Removed

7. Enabling and Setting Up the New Kymap inthe Linux Operating System

7.1. Verification of Unicode Support the Linux Operating System

In order to verify whether Unicode is enabled on the machimeloale commandsi used.
The user camselocale a to find out what languageare supported by thmachine. To
change the locale settings for your account, open the ~/.profile file and dddthe

export LANG=en_US.UTRB

If the usemwishes to make the dafilt fontan Arabic fontthe user cachange the LANG
optionto something like ar_ SA.UTB, which stands fonicode of Arabic (Saudirabia).
Setting the LANG ofion to ar_ SA.UTF8 seems to chaegthe Firefox browser menisto
the Arabic language in Su510.2. In ordera make the change in profile take effect, you
need to login again. Thisanbe done by pressing Ctrl+Alt+BackSpace.

7.2. Setting P the Keymap for ¥n in the Linux Operating System

The necessary keymaps for vim aresent in /usr/shargm/current/keymap folder. For each
language, you cafiind the keymap for both Unicode and n&micode characters. The
Unicode keymap forthe Arabic language is arabic_t#fvim. In order towrite the arwi
keymap, we cacopy the arabic_utB.vim file into arwi_utf-8.vim. The contents of this file
indicate the linkbetween the characters of the keyboarth the hexadecimal and decimal
representation athe Unicode characters. You cprovide a comment to indicate what each
character means. Part of the Arkdymap is given the Table 5. In Table 5, the character 'q'
(Lowercase) is mapped to Arabic Dadhich is represented in hexadecimal and decimal as

0x0636 and 1590 respectively.

Table 5A portion of the kymap file in Linux

let b:keymap_name = "arwi"
loadkeymap

q  <charOx0636> " (1590) - DAD
w  <charOx0635> " (1589) - SAD
e  <charOx062b> " (1579) - THEH

Once the keymap is ready, you ctype in the vim using the statemesdt keymap=arwi,

after pressindesc+:. With the Arabic keymap inv i m,

did not appear properly while typing using vim.

certainuwchips,®cter
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7.3. Setting up the Inputdcals inthe 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 Sehgs (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 >>.

Usingthese steps, you can click on the languagebdrtype 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 scriptorder to design a new keymap,
we need to go to the /usr/share/X&b or /etc/X11/xkb orusr/X11R6/lib/X11/xkb foldes.
Different Linux variants have different folders for the xkle then need to add an entry
under the! layout section of the base.lst file, which is presentusr/share/X11/xkb/rules
folder. This enty is shown in the Table 6.

Table 6 A portion of the base.Ist keymap file in Linux

I layout

us U.S. English

ad Andorra

af Afghanistan

ara Arabic

arwi Arwi (Arabu - Tamil)
al Albania

As seenn Table 6, an entry was made for the Arwi font. This line can be added at any
spot inthe layout section because it will just appear in alphabetical order in the Available
Layoutssection of the Keyboard Layout. The next step is to add the entry for Wiesénipt
in the base.xml file which is present the /usr/share/X11/xkb/rules folder. A partial copy of
the layoutsection of the Arabic script can be taken and modified as shown in Table 7.

Then we need tonake the actual keymap available in the /usmshK11/xkb/symbols
folder. After the reserved keyword "key" we userapresentation to indicate each rafvthe
keyboard. AE stands for the row with numbe
is the number 1 key. AEO2 indicates the second Waych is the number 2 key and so on.

AD stands for the row starting WiGWE RT. ADO1 r e p r.&AG gtands for theh e
rowst arting with ASDF. AARSBsiands ferghe eostartng with t h e
ZXCV. ABO1 r epr es e ntinsthe tkdymap, kKhe yowefcasé representation and
uppercaseepresentation are separated by a comma. A part of the Arwi keymap is shown in
Table 8. Thavay by which we assign Unicode characters to keys is also shown in Table 8.

Whenever we make a change to theeyrkap file (present in the
/usr/share/X11/xkb/symbolfolder), we need to remove the keymapm the Keyboard
layout andthenaddagain from theAvailable Layout and clic Apply, as shown in Figure 16.
Only then will these change®meinto effect.

Instea of making changes to the keymap permanent, if we want to temporarily test the
keymap (for examplehearwi keymap), we could use the following command:
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setxkbmap layout arwi

Table 7 A portion of the base.Ist keymap file in Linux

<layout>
<confi gltem>
<name>arwi</name>
<shortDescription>Arwi</shortDescription>
<shortDescription xml:lang="es">Ara</shortDescription>
<description>Arwi</description>
<description xml:lang="af">Arabies</description>
</configltem>
<variant List>
<variant>
<configltem>
<name>azerty</name>
<description>azerty</description>
<description xml:lang="en_GB">azerty</description>
</configltem>
</variant>
</variantList>
</layout>

Table 8 A portion of the Arwi keymap file in Linux

key <TLDE> { [ Arabic_thal, Arabic_shadda 1%
key <AEO01> { [ 1, exclam B3
key <AEQ02> { [ 2, at 1%
key <ACO7> { [ 0x1000698, 0x1000699 1%

8. Design and 2velopment of the Arwi Font

Whendevdoping the font, authors made a pointdavelopng truetype font which coulthe
used by bottthe Windows andLinux operating systems. &king the font a Unicode fontvas
also considered. Developmeotft the font was done using theoftforge software orsuSe

10. 2. The Open Sour doat present in théusi/ehara/fdnisSraetyrse .

folder was selected as the base font. Installatidchefontforgesoftware ora SuSe machine
was straighbrward with rpm (rpmi ivf fontforge-i386.rpm). InFontforge, when we opexdl
the DejaVuSans font, we could see that each character is shawo aells Eigure 17. The
cell on the top indicates the character and the bottom cell indithégeddrawing or
represatation of the character. Certain characters are noted with an X maheibottom
cell, indicating that they canhbe changed. The name of the font can be chausgjed Font
Info under the Element menun the Fontforge software. To generate the fonte tise
Generatd~onts option undethe File menu and then select TTF type. It waged that we
needed to close Fontforge before the font aaslable for typing in any editor software.
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Figure 16 Keyboardlayout in Linux
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Figure 17 Arwi Font devdopment using Fontforgeofiware
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A few characters have been added to the DejaVuSans font. These characters along wit
their Unicode representations are shawiTable 3.

Table 3 Arwi characters added tbe DejaVuSans font

¢ | 0621 5 |0653 ||| < |066C | | <& | 06A3

£ | 06E9 £ 10654 | |=|0670 ||| o | 06B9

10328 = 10655 ||V [0671 | |& |06A0

110622 = | 0656 | |z | 0686 | | u=| 06FB

-1 0640 | | 0657 |||2 |068A| | = | 0734

=1 0651 . |065C|||]|0694 | | ¢ |0746
0652 ., | 066B

When usingthe font,the usemeed to know which key on the keyboard is mapped to
which character sthat he/she catype.Once the font is ready, we carstall the keyboard
layout on theWindows machine (Section 5.2) or Linux machine (Section 7) and type using
any editorsdtware such adicrosoft Word or OpenOffice. Users can make HTML pages
using this font byncluding the tag <font face="arwi">.

8.1.1ssues withthe Fontforge software
The font won't work if we just add a new glyph to a character for which there is noient
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 the
all the glyphs for a single character using the same Unicode point of the base character.
Let's say that we add a character at UniO6A1. Then, we need to provide the necessary glyp
(media, init or fina), called as substitutions, as shown in Figure 18. We need to link the
substitution glyph with the original bagharacter. This is done using ElemgnGlyph Info
Y Substitutions. Select the appropriate substitution like 'init' or 'medi' or fina' and link to
thenewly created glyph.

1'medi'. Medial forms in Arabic Lookup 8 subtable

9 'fina": Terminal forms in Arhic Lookup 9 subtable

'init"; Initial forms in Arabic Lookup 10 subtable
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Figure 18 Glyphs for two different characters
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To add new glyphs to the given font, we need to add slots and proceed to enter the glypt

andthen link this glyph to tb 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 addedsslotd do the following:

a. Elementy Glyph Info:
i. For a Glyph
1. Unicode Name: uniO6A1.init
2. Unicode Value:l
ii. For a base character
1. Unicode Name: uni0O6A1
2. Unicode Value: U+06al
bb.Then click 6Set From Namedé (in GIlyph
c. For each and every glyph created, we need to clickYFil&enerate Font¥
Save as True type. It should be noted thauseH Hghts are to be consideradhen
saving the fonts in the respactifolders.
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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 yowish to see the imget on OpenOffice.org Writer, you
need to close OpenOffice.org Writer andogen it. Also, nake sure the keymamtry 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 Elemer
Y Glyph Info Y Unicode is set to Base Glgp From the glyph, we can seehich base
character it is linkedo using: ElementY Show DependenY Substitutions. © view the
glyph, use the following sample proceduvéew Y GotoY Uni0O6A1.medi.

In order to hag the same lookup information for two characters, we usan EditY
Copy Lookup Data on the original and then famto the character we want. Sometinaes
link from an existing character to another existing characeedsto be removed. For
example, initally 06BA was linked to afii57446 and this link was removed using Fdit
Unlink Reference. 06BA.medi and 06BA.init weredified to finish the task

8.2. Testing of the Arwidnt andtheissues faced

The Arwi font was tested using SuSe 10.2, Ubuntu &fd Ubuntu 8.04The 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 persistd in Ubuntu 7.04. Problems pergdtwhen new diacritics were
added. Whenested with Ubuntu 8.04he 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 duw the different rendering engines used. Different OpenType capable
text rendering enginesxst: OpenOfficeorg and SIL's XeTeX use IBM's International
Components for UnicoddCU), QT4 has its own engine based on HarfBuzz, GTK+ uses
Pango which is usin@1 HarfBuzz internally,the New TeX engine LuaTeX has its own
OpenType engine, Microsoft hits Uniscribe egine, Adobe has a hybrid Apple Advanced
Typography (AAT}OpenTypeengine used on Mac OS X. Overall, one rendering engine is
shared between GTK/QT4dnother in OpenOffice.org; Microsoft has its own.

A simple test was done by copying the existifigcriticd character (damma) ta
differentpostion. The results of this testing asbown in Figure 19. It should be noted that
certainrendering engines work on specific locations for considering a character as a diacritic
and sdf a character is added to a newation, rendering won't work correctly.

Figure 19 Arwi font testing on different tools
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As concluding remarks, we need take 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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presentThe pesence of diacritical mark¥653, 0656, 0657 and 0680ouldalsobe verified.
In addition,a proposal fo the following is to be submitted 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 represeation ofthe diacritic Maddah withthe diacritic Fatha is
also present ithe Arwi script.

Certain characters in Arwi script have different possible represergatibase could be
handled bythefonts themselves hey are listed as follows

1. The Arwi representation fothe number 7ismi | ar t o t he Engl i st

besupported by a font by providing multiple glyphs for U+06F7.

2. The equivalent of ARABIC LETTER NOON WITH TWO DOTS BELOW767).

3. TheUnicode charactdor ARABIC LETTER SAD (635) WITH A DOT BELOW

9. Conclusion and Future Work

The need fothe development othe Arwi font has been the focus of this repdrhe Arwi
language wasised among Muslims in many countries to write many religious and literary
works. Lack ofadequateyping and printing facilities has caused the sharp decline ingbe

of the Arwi <ript. The aithors have studied the developmenthié script and have designed
anHTML basedclient-side script, Arwi font and Enguage bar oriented Arwi typing option.
From theanalysis, it is obvious that the HTMhbased typing tool has many shortcomings
with regardgo operating sytems other than Windows Vista. Agposal forthe inclusion of

Arwi charactersis being prepared for submssitm the Unicode consortium. Apossible
future work, ollation ofthe Arwi script needs tte researched
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Appendix A: Basic Definitions

Referencef13]

Glyphs: A i gl y p hndnitiofgextsltcsra @ieture of what users think of asharacter;
Afigraphemedo is a single visual unit of te>
Characters: A ficharactero is a single 1logical L
characters, called ar eper t oi r eo. A Acode pointo is

charactersetA ficodedr cbBataci s a c éaahrchacatter has & eode i
point.

Bytes:A ficharacter encodingd0 maps a sequence
of code units (such as bytes). eA ficode uni

Ligature: Ligatures are very common. Essentially a ligature is a single glyph that represents
more than one underlying character. A number of ligatures batyeen fonts of a single
script. Here are few examples:

9 The default position of U+0651 ARAB 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 wittdahiad ligatureabove

the text.

1 If we join ARABIC LETTER LAM (0644) and ARABIC LETTER ALEF (0627), we
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g e Lamlefo.
fJoiningd characters to form the words AAI I

Appendix B: Process for Submitting aCharacter Proposal to the Unicode Consortium
Referencewww.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 thefeart: 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 thebase character is proposed. B forms need to be shown in the proposal.
These glyphs have to be scanned from a printedlt@rtnet sources like Wikipedire
not accepted awference. Also, we need to inclutlee proposed character in@nfand

provide a document file with 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 preset in the application software.
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MAKING RATIONAL DECISIONS BY HEURISTIC SEMIQUANTITATIVE
PROGNOSIS

David JH. Brown

Faculty of Science, Universiti Brunei Darussalam
Tungku Link, Gadong BE 1410, Brunei Darussalam

Abstract: An approach tanethodical multiattribute decisionmaking is described, based upon
the principle of searching for a solution
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 ic
inherentlybounded in time and knowledgEhe method is illustrated ambmpared with the
normative subjective expected utility optimisation method.

Keywords:Constraint atisfaction, Costbenefit analysisDecision analysis, Decision support
systems, Group decisions and negotiations, Investment anaWsltiple criteria analysis,

Risk analysis.

1. Introduction

Whilst other approaches such as ordinal methods (Benayoun é9@l) and interactive
methods (Levine and Pomerol, 1986) have been devised, the normative decision analysi
method used by corporations, government agencies and the vasityr@jthe multicriteria
decision making research commiyni(Kahneman and Tversky, 1979%versky and
Kahneman, 1981; Kepndiregoe, 2001; Person, 2001; EWMBCDA, 2002) is the generally
call ed Awei forindla fax cadculating subjéctive expectedility 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 wunderlying utility computat:i
pleasure and pain in a balance (Krantz and Kunreuther, 2007) is that deuadens,
whether acting singly or in teams, can define a-dingensional value system for calculating
the relative utilityto them of different choice&his involves the arithmetispecification of
comparisons between disparate fagtorsh o we ver , c 0 mip avhat raimenical s u
degree isa s t mor e i mp or dreanottreadihhraade irs aanfieaningfu? manner.
Another problem is that of comparing different instances afraptex factor; if it is directly
measurable along a singtentinuum, such as money, tbemparison is straightforward, but
there are no obvious linear scales for complex factors such as Industrial Relations; althougt
even that kind of qualitative variabt&n be modelled bg computed quantitative forrfgr
example, Brownandk oc k Lee (19915}¥ coacppp of iqualiy mBPasurameng 6
(Wheeler, 1993) to a Du Pont breakdown (Brewer, 2002) of leading indicator ratios.

The approach to methodical decimiwaking presented here is consistent with the
principle advocated by Afritha theotask e reasbningis té p r
determine feasible goals and the medasachieve them (Kaut, 2007)A heuristic
semiquantitative prognostic modal iteratively developed until a prognosis is found that
satisfices (Si mon, 1955) the decisionmak
(Simon, 1972) of their knowldge about causes and effe&g.the time a satisficing decision
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