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Unmixed Vowel Utterances Recognition in Thai spoken language using Vocal Tract Transfer

functions on the Bark scale
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ABSTRACT - In this paper we address the problem of unmixed vowel utterances recognition in Thai spoken
language. The vowel utterances to be recognized are “i”, “e”, “¢”, “®”, “y”, “a”, “u”, “0”, and “>”. Each
utterance is represented by a 18-dimensional feature vector of Critical Band Intensities of the vocal tract
transfer function which is determined from Linear Predictive Coding Coefficients. Using the K-Nearest
Neighbor rule on feature vectors of sample utterance show the maximum accuracy of 96%.

KEYWORDS - Vowel Recognition, Bark scale, K-Nearest Neighbor
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ABSTRACT -- XML is a great technology that changes the way of collecting and using data. It can also merge the usage of database and document
together. However, using XML with most efficiency it is necessary to deal with an appropriate query language too. At present, XQuery is the lastest
query language for XML that is proposed by W3C, the organization that has the authority to settling many Internet standards. XQuery is being
developed continuously and is expected to become the complete standard of query language for XML soon. However, in opinions of authors, XQuery
still lacks several features to manage data collecting in document forms. This article is an analysis and comparison between 2 famous XML
proposals related to query fields, XQuery and XSLT. XSLT is the standard for transforming XML document that can work with document very well.
This article identifies differences, advantages and disadvantages between both languages and hopefully this article can bring some ideas to develop

a complete standard query language for XML.

KEY WORDS -- XML, Query Language, XQuery, XSLT
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<tr><td>year</td><td>1992</td></tr>
Extensible Markup Language (XML) [7] 1unnmn markup LI <t<tditiesitd><td>XML Bible</d></r>
<tr><td>publisher</td><td>Addison-Wesley</td></tr>
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<tr><td>author</td><td>John Smith</td></tr>
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Tayalugtuuuvas XML

<book year="1992">
<title>XML Bible</title>
<publisher>Addison-Wesley</publisher>
<author>
<last>John</last>
<first>Smith</first>
</author>
<price>US$60</price>

</book>
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<IELEMENT bib (book*)>
<IELEMENT book (title, (author+ |editor+),



publisher, price)>
<IATTLIST book year CDATA>
<IELEMENT author (last, first)>
<IELEMENT editor (last, first, affiliation)>
<IELEMENT title #PCDATA>
<IELEMENT last #PCDATA>
<IELEMENT first #PCDATA>
<IELEMENT affiliation #PCDATA>
<IELEMENT publisher #PCDATA>
<IELEMENT price #PCDATA>

Lon&7 bib.xml § root element 15w bib (U33anuNIN) Taelu bib
Y A =2 o A ' ' o A
dsznavlUdenans g book TananuianiFaudazian lunisie
udastanazUsznauludng attribute year TIURAIDARNN, T
o A . A o A A a
wikiRe  (tite), "oTorfued (author) wiaTBTausIaNTg
. ' ' o Y { o o A .
(editor) atinslaatnanits aumaTadunAnW (publisher) Uaz
MNAMIFa  (price), Tagudsuazusraninisazdsznaullion
WINENA (last) WAz T (first) WONINBUTOUITMNTNNITE

Urznavld@rodeniinau (affiliation) d2e

2. W1 XQuery
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("bib.xmi")bib/book #aNETs element i1 book NN 9 Suflagny

16 root element %8 bib VaILaN&T bib.xml
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<results>
{
FOR $b IN document("bib.xml")/bib/book
WHERE $b/publisher = "Addison-Wesley" AND
$b/@year > 1991
RETURN
<book year={ $b/@year }>
{ $brtitle }
</book>

}

</results>
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Yselua FOR aznuadivasudas element #i%0 book fiAnan
91N path expression, document("bib.xmlI")/bib/book wuiuilu
s $b, daaniulszlon WHERE azaviaseuienluves
mﬁl,ﬁuayfl,u dutls $b uinluanuiidasns luiildeddaes
element publisher S "Addison-Wesley" WLazf1Uad attribute
year AN 1991 (03eanany @ usesdomadu attribute),
wisaniudszlon RETURN fazandaendauds $b tiadnedsds
@109 attribute year uaz element title lWn13EIIINASWET
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<xsl:template match="book">
<xsl:value-of select="title">

</font>
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<table border="1">

<xsl:apply-templates select="author"/>
</table>

</xsl:template>

<xsl:template match="author">
<tr>
<td><xsl:value-of select="last"/></td>
<td><xsl:value-of select="first"/></td>
</ftr>

</xsl:template>

Py
A

Nnaratnsaztdunisudasensns XML 93 element N1%abook
MNLFEAINATIY HTML 1ag Liawy element %8 book 1 b
AUNTaNIIRE (title) G8ABNHITUAIIING 20 UAZANNAILAN

;é { o @ &
i’]x‘i‘]i\‘iLLaﬂd%ﬂﬁdLL@N (author) mamm%mauuuq

ANFI89 XSLT nuaziilu element va9 XML enUnd iWpdueas
animsieny xsl: (& prefix v89 namespace [9] \u xsl), M3

fnauved XSLT azdsznavludlonats template, udiaz

template a:agjmﬂu element xsl:template lawazdl attribute ‘ﬁfﬁa
match "édﬁ]:ﬁﬁ%ﬂu path expression (XPath) ﬁi:qﬁd‘ﬁﬂ;&ﬂi@ﬂ
I'H,Laﬂﬁ’ﬁ XML, Lﬁ'aﬁjwwﬁagamﬂumnms XML 1 match TTU
path expression Va3 template 1o template fuﬁ%gﬂﬁﬂﬂﬁum
W% LB NaIaNg Lﬁaéwwﬁagamﬂlmaﬂmi XML 3wy
element 7178 book, template LLsﬂﬁaanﬁmﬁumﬁwfm lagas
RUW tag <font> uazFNvasToNIIEe ®18 F1&9 xsl:value-of 21N
fuﬁaﬁuﬁmiw <table> Iﬂmi{ammulu Wﬁiﬂdﬁuﬂzﬁdﬂ’li

nauld1 template Aizasansasdn element author Aiwu'ly
I

wananazld XSLT iaudasianans XML IWagfluztuas HTML
W§  XSLT sudssnansoudadiansns XML lﬁagﬂlugmmmaa
ATl Ale 1w WE XML asnsausiud IWddaana vinld
dszlomivas XSLT "LaJ'VL@TﬁhT‘T@ag'l,l,@mw,l,ﬂml,aﬂmil,ﬁauamwa
i Lm'mmmmmﬂszqnmﬂ’ﬁmu‘lumﬁ@msmﬂmi"l,@Tasi'm

N9

Tuditlein XSLT anlfununmmFudulunisiongdays XML T4
o 2, o = o o '
Isaltnulaaluszaunite asaagng

<xsl:template match="/">
<results>
<xsl:apply-templates select="bib/book"/>
<Iresults>

</xsl:template>

<xsl:template match="book[
publisher = 'Addison-Wesley' and @year > 1991]">
<book year="{@year}">
<title>
<xsl:value-of select="title"/>
<[title>

</book>

</xsl:template>

et andumamwiidefiduilasdinfind "Addison-
Wesley" %8931n1 1991 Liun, Tuiitsenanlane 2 template
lag template wsnazi path expression ‘ﬁ match NU root Va4
lanans, Mulu template flaza$s element results §w3udaay
wazgsmsrinauaalull template  daludaodnds  xsl:apply-
templates LiNa§9fn element bib/book aan'ly, template fauazil
path expression ﬁ%uﬁﬂﬁﬁ"].l element book ﬁﬁféau"l,mﬁmauag
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4. nM338uINgUIErINe XQuery Lag XSLT

4.1 Taseasansninanuiiugu

nsvhaulunaondudayavas XQuery wwazlfiszlua FOR -
LET - WHERE - RETURN luaausfl XSLT 2¢l4 template, 135
MNutesmsIng 2 wuulazdianuasaafenuwuidesne a9

FuTaLEaslARuIINAI0E9de R

NI WUa9 XQuery

FOR $b IN document("bib.xml")/bib/book
RETURN <book year={ $b/@year }>
{ Sbrtitle }

</book>

NIYNUVad XSLT

<xsl:template match="/bib/book">
<book year="{@year}">
<title>
<xsl:value-of select="title"/>
<ftitle>
</book>

</xsl:template>

muludszlon FOR wazday xsltemplate asfidaufiszylld
path expression iHwdnIU laswinwudayamafiszy i nmolu
Uszlua FOR 38 template %9 NazyinauiNasIfaay uas
a:’m"l,ﬂaun'jw:ﬂswqnﬁagaﬁwu NndatstnIduaziAnlein
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FOR $b IN document("bib.xml")/bib/book
RETURN <book year={ $b/@year }>
{ Sbrtitle }
{
FOR $a IN $b/author
RETURN $a
}

</book>

MIVNUVa9 XSLT

<xsl:template match="/bib/book">
<book year="{@year}">
<title>
<xsl:value-of select="title"/>
</title>
<xsl:apply-templates select="author"/>
</book>

</xsl:template>

<xsl:template match="author">
<author>
<last>
<xsl:value-of select="last"/>
</last>
<first>
<xsl:value-of select="first"/>
<ffirst>
</author>

</xsl:template>

fhathsihazadaiudednsiauniihit Lﬁml,wia:t,ﬁumsﬁmglu
duumaa%agl,wia"'fum luﬁﬁfﬁal,wiamumw:ﬁ@mﬂﬁ%mmu
§91i XQuery 9:1F FOR Fousnsuiita match "Lﬂﬁ’a%apjtwiama
1 FOR a3susnft match lUsamsisdousazisy luamef XSLT as
wonmsvsulusiuiioaniiiugn template Wa3l# template 3N

fan3vinanudaan i

XQuery azvhaulasfidseloa FOR unan meludszloa FOR
sxtsznovlvinedszlon Bug 1w Unloa WHERE, dszlua
RETURN uazanavsznavludioyssloa FOR 8uq sy, XQuery
a:ﬁwaqu@mmnnazmvl'j"ﬁgmamﬁu ANMNTUTaURINTT
V‘hmm:agluﬁﬂﬂﬁqﬁﬁﬂaovlﬂluﬂizluﬂ FOR, luamefl XSLT a2
wonyinautas g aanluudas template wazlw template st
famIvhwllandasanuFuRuEa9f§9  xslapply-templates
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XQuery

FOR. pattern

Ay

FOR pattern

()
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XSLT

template #1 template #2 template #3

match pattern match pattern

match pattern / /
apply-template '\ apply-template \

U1 1. ugaslamasrinsyuAugIuYey XQuery uaz XSLT

usimsvulasmliues XSLT azutsmsvinaudes g aaniiu
template, 88913 XSLT wuaa13ad lassarslunmsrinnm
iilautlszlun FOR wad XQuery @286nd9 xslfor-each 9612

2819

<xsl:template match="/bib/book">
<book year="{@year}">
<title>
<xsl:value-of select="title"/>
<Mitle>
<xsl:for-each select="author"/>
<author>
<last>
<xsl:value-of select="last"/>
</last>
<first>
<xsl:value-of select="first"/>
<ffirst>
</author>
</xsl-for-each>
</book>

</xsl:template>

NNA0E9R  ununazltdas  xsl:apply-templates  LWagInT
Mauli template 14 udalT@IRS xsl:for-each ¥inl#n1s match
wazmMIrunanueazagnely template 16y Tafllasiang

mMaanwduizwdeany XQuery

lagund XQuery azvirulasdsznavludiedszloa FOR wan
WNesdIwas aenglsiey XQuery ®13NIANTZANLNITN

' o a o ' A val ) a
nnswnandudsd lddidudasdug ladn ad1sumida

template 189 XSLT ﬁmqmauﬂ'@maaﬁaﬁ"ﬁu 461884

FUNCTION My_Function(ELEMENT $b) RETURN ELEMENT {
<book year={ $b/@year }>
{ Sbrtitle }
</book>

}

<results>

{
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FOR $b IN document("bib.xml")/bib/book
WHERE $b/@year > 1991 AND
$b/publisher = "Addison-Wesley"
RETURN My_Function($b)
}

</results>

Tt meludszloa FOR Miusiunanay livinanudloaiiadue
wlUSsnWadzuldvinanuuwny, molusdazWanzutatasenly
o o A o ' ° ' A o A

SeWeiTudng laon Wwmsrianudeli3es g aasuwifaas

MIFINMIANIUTZNIN template Va3 XSLT Hiblad

ag — lassasodugiuses XQuery aznudioyszlua FOR
o4 A, oA ' oA ° A o
Tafidnasaug agnmolu wufie XQuery azvnulasfidiunan
S
futdon g laaawanTu &% XSLT %uaznszangmIrinauese

quﬁﬂmuﬁ PIFINLALT LABNANTEINLNNITNnBan

template lagu@az template azdenudmaninsunnlidisin
Tadlugaunan agrelsfiana XSLT siuanalddnds xsifor-each
LﬁaL'§1wuuum%ﬁwmmmmauﬂuﬂ‘mad XQuery @LTunis azi1fi
I Aus I FeILULMUNIasaaslassa e Iinaues
Auuaziuld  agslsionudisgusuiiugmunaysznsrili
mm’éuﬁuﬁv‘aaaqLL‘uu"L;J'mmmmLmumsﬁwﬂuﬁ’u"lﬁauu“izﬁ
nnuszmIasazlenantiada’ly

4.2 N3l mals

lumaBsndudayadis XQuery o Foyalusiudeg wgnaing
ANuFURUELazE19BaRuddInYs, luduaaunsrinaues
FOR @1 node maaﬂagaﬁﬁuﬁufﬁ‘u path expression N
fnualinuaindsluldazseurasnmIvinnulazauInsesds e
nng ag@mm’l,maumsﬁwmuﬁ?u NNA0ENS

<results>
{
FOR $a IN distinct(document("bib.xml")//author)
RETURN
<result>
{$a}
{
FOR $b IN
document("bib.xml")/bib/book[author = $a]
RETURN $bititle
}

<[result>

}

</results>

AMNAIDLTIA Lflumﬁmwﬂ%awﬁﬁaimLn.imw%a;gtwid
mM3hemesi3uaIn FOR ﬂ%au,smﬂ'am%aaﬂwﬁau@iamuﬁ"&i%’]
fiugenueeWantu distinct) usz FOR moluiianissde
ﬂﬁdﬁannmmﬁu@iﬂﬂmjl,wimuf: m3 FOR ausnluudassay
PINTITVINU %a’uaaEJTLLm'aLwia:ﬂngnﬁ'mu@lﬁﬁuéT'aLmh $a
%\1mmmgnl%mu"l@i’ar_m'éas:ms‘l,u T MIEedaey $a

\NDURAITEVBINUGILEY  UATIIN  document("bib.xml")/bib/book
A v A dAad o A o o

[author = $a] NamwikiFeNdTagudaniiauiudvasdiuis sa,
mulu FOR asafiaas adld  daudslnaidnalfia $b iiadnade
2 o oA Aad A o

fafayaniifendTenlafidasms

mavhaulasnildaas XSLT azldldlddudsudazandoumda
284 context Aanulu template a9 n3ldau element wSadu
Usznevlag azgnd 989Nl node 7 match assnuFaunlyvas

path expression 138U 9 LT% 3NN

<xsl:template match="book">
<book year="{@year}">
<title>
<xsl:value-of select="title"/>
<fitle>
<xsl:apply-templates select="author"/>
</book>

</xsl:template>

<xsl:template match="author">
<author>
<last>
<xsl:value-of select="last"/>
</last>
<first>
<xsl:value-of select="first"/>
<ffirst>
</author>

</xsl:template>

NMaLetnidn, template WIN9z match AuwikiFan AL 1oy

v ed o & XA Aada ¢ A o A &
NRaNSNdaIMsIuIunanifalnAuNuasTanieda  wananui
> U { v 1 & U { v
f3dn1ITarudannaudeazainenn template fisas lawlug
udy  udazaudaznavlufewvanauazio anediatnaniiu
e laiimsldeuaaudslag e, a0 template wsn N1381989

=~

= Aa ¢ A o A o A . , & P
HelARNNuacTanisFaaslfiin @year wae title LWinww ilas
nnelu template ﬁuﬁ’]ﬁ'\‘la%ﬂu context U84 element book 4
fAION match By 9T title RUBTI book/title LD LAZLTY
el template 09 last WAz first ILRNLDI author/last LAz
author/first AU&1AU 1a8 author MuNazd19898713n book 11
template w3n context azUdsuliliainvianudny template
A oA vo o = o a & A a
wiallalTenas xslfor-each, zAulaindywiaziialimilaiinng
wWasu context luududdainisliudayangndredalas
context L@ LT% wWnl template Nzasdianusiuazdaslite
o A AL ' o } v o A a4
Pa3viiaFe luniazlianunsalton tile lausaiiasnnlunias
RUNBANNDS authorftitle wnu, a8nabsAeIN XSLT 1udl ATk

FNUAVINLLILTUNY INA8ES

<xsl:template match="book">
<xsl:variable name="printed_year">
<xsl:value-of select="@year"/>
</xsl:variable>
<xsl:variable name="book_title">

<xsl:value-of select="title"/>



<Ixsl:variable>
<book year="{$printed_year}">
<title>
<xsl:value-of select="$book_title"/>
<[title>
</book>

</xsl:template>

naegsdduwdumsiinuaduad attibute year HAU@N
w5 printed_year Uaz@U84 title ANLAILUT book_title R33N
& 2 o o & o o & AL =

wudhandinigasanldlunmsatonaans, lunfaziduns
U udsiiveltly template @87 FIUNIRIAIVDIA

wl3T% template Fa4kEnabnuadnns call template A3d8EN9

<xsl:template match="book">
<book>
<xsl:call-template name="PRINT_TITLE">
<xsl:with-param name="book_title">
<xsl:value-of select="title"/>
</xsl:with-param>
</xsl:call-template>
</book>

</xsl:template>

<xsl:template name="PRINT_TILTE">
<xsl:param name="book_title">
<title>
<xsl:value-of select="$book_title"/>
<ftitle>

</xsl:template>

Tugagnsiliiunmsssrpasdndsing template, template usnas
match ﬁ'wﬁfa%anmduLLﬂzﬁd%ﬂ%ﬁd%ﬂiugﬂmaqé’aLLﬂ{Lﬁ”ﬁ'u
template figastiafiurienlst Tufidl template Agasazuandraann
template 5350A1 fAa template ﬁazﬁaagﬂs:q%avﬁ m3senlsn
aelFdnas xsl:call-template wnlails xsl:apply-templates Wz
AUIeILLlITEfNs xslhwith-param, M3lE9n template 1w

o g o A % & o A
anwuehazyinawnlaunuWensuaa XQuery %l

anl - éﬁLtﬂiﬁmﬂuqmawﬁa%ﬁa%dﬁhLﬂu@iamiﬁﬂﬂﬁwﬁaya
G'fm:ﬁﬂﬁlﬁ@miﬁwﬁﬁwhﬁa}ulaslumusm6] 1o wddnmn
Fudwnmasuuuazmunsaldnudiudsled wdnsldom xquery
ﬂf’uaguuﬁugmmaqﬁmﬂs milfnuisazanuaziianubandu
an Twsmsfioudasienasves XSLT wduazaandemsldom
context 4NN @T’JLLﬂi%\‘iL‘ﬂutﬁﬂdﬂMﬁNﬁ@Lﬁ%&l‘%dﬁauf’mijd

gnlumsltin wazditadnnaninnin
a [ A &
4.3 mIRsnandayanidwianans

gmﬁagaﬁaglugﬂmaa XML siuusasdanadudanldinnn
gmﬁagauuuﬁwﬁuﬁrﬁmﬁm 2 @ lavesfevasdoyaazananin
Founnldnautu  udazsuanalsznavdslasiasdasdnunn
EVatd) LLGiEJEi’]GVLSﬁ@I’]&IﬁQ%IGg@ﬂdﬁgﬂuuuﬁLL%%E]%@]’]EI@]”JLLM‘&’HT@
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<bib>
<book year="1994">
<title>TCP/IP lllustrated</title>
<author>
<last>Stevens</last>
<first>W.</first>
</author>
<publisher>Addison-Wesley</publisher>
<price>65.95</price>

</book>

</bib>

Lﬁaaawniﬂsaa%ﬂamaaiagmmuf: Aaundsudnanuaziing 39
WNenUlasIgemMIvineuaas  XQuery, a4 lsianu Toya
XML ﬁag”[ugﬂwauaﬂms ANUFNRUTIRILARE element Aelu
LNRIIEUANNTUToUIINNT, element 6199 aanIndsznay
fuldatnadasy vlajﬁgmmuﬁmuﬁa wazsnansaud lelidia
whiidasns awlWdienans HTML udu vlwanusunug
wnindndg lunstendudayafionududeuanlae a
Eﬂﬁ 2

FOR template #1 template #2
FOR ﬁ Function &
FOR ’-' 1
N
]
]
FOR J’ \ ( hY
ri
template #3

template #1
XQuery XST.T

771 2. ug@IRNANAUS N 13719 U89 XQuery uaz XSLT

n3U MIvhaused XQuery snwazldiselon FOR (unands
melufensssdsznevluinedszlon FOR aug lé8n ﬁa’ﬁa%laﬁ
@Taqnﬁﬁﬂﬂ@ﬁimoaﬁ"wﬁﬁﬂLﬂml@ Asulludasd FOR wanudu
aaldiin enudunuizaslizlon FOR udazduazaglufiams
Weafe andranenanidnluindluiteny udin xQuery ez
mansasonldiasiuing 16 uar i wiamelunsdszuas
uawapwutasly uels XSLT si udaz template 3zRINNOLIEN
1% template 3w ldanudase anuduRusvastayaluusnzain
aznduldldagmaenan ldfizuuuasdussdadnalag 34
mm:ﬁ'umﬂ"ﬁmuﬁ'u"ﬁa%lalugﬂuuuLaﬂmiﬁﬁimm%aﬁ@mju

é‘haﬂﬂd“ﬁagaﬁag’lugﬂmaal,aﬂmiﬁvlsjﬁgﬂLLuumﬂé’aﬁa“ﬁaﬁhﬁ'@

BN ﬁagauwmwﬁﬁ DTD @3ft

<IELEMENT section (title,

(paragraph | figure | section)* )>
<IELEMENT title #PCDATA>
<IELEMENT paragraph #PCDATA>



€2 Techiiical Journal

Vol 11, Mo 10, March-June, 2001

<IELEMENT figure EMPTY>

<IATTLIST figure source CDATA>

N DTD 4h9eu sansneduneleasil, melu section az
Usznovlding To (title) anwsae dowin (paragraph), sunw
(figure) usz section doy Temasadwanldlisia uas
sansnitsedeuiwldasnedas:  auluiinisiwinieusu
289 section TINTIMITadIvRIUART element azldaunTa
fnua laa9nein

"dasmaiangdeya tile 289NN section Nl azaaNInFUN

(% v

w Tayasis XQuery laasil

<results>

{
FOR $t IN document("book.xml")//title
RETURN $t

}

</results>

luntazdunatengdayalasazyulasaineves section aanna
wualdindaudiamzdoya title fidoans vilwlassaiiies
waé’wfﬁ@Taamsmmmgnﬁmm"léf@i”a giselon FOR wad
XQuery, agnilsfiana windsunaSungiiluga tite 289109
section launginslassainsvasudas section by, lunIdii
Uszloa FOR azldmanininuaundasnsld nmaisengdays
luanwausiias  wnnzaunulasIasne template 89 XSLT N
NNAINIaLNg
<xsl:template match="section">
<section>
<title>
<xsl:value-of select="title"/>
<ftitle>
<xsl:apply-templates select="section"/>

</section>

</xsl:template>

P v '
a

lunst template 1 match N element section =&IAAAL title
Adasmrnniiussssmavianwl1ves template daly dfde
template 16n Tagazaurhewldifes g auniaznualaseaie
284 section fazlddmoufidsnslasiairones section Hindon
luanasduadunndszns, azdulddndszlon FOR a3
XQuery swlisnansoroulusnuaeild agelsfanaiiosann
XQuery aanaldanunarianld LLa:mSL’%Uﬂglmﬁasi’mf:ﬁvl,&i%u
Fauaminly ﬁqfuﬁammmﬁun@"ﬁaa&aﬁﬁm XQuery ld@aa67
faligk]

FUNCTION print_section(ELEMENT $s) RETURN ELEMENT {

<section>

{ $sititle }

{
FOR $ss IN $s/section
RETURN print_section($ss)

}

</section>

}

<result>

{
FOR $s IN document("book.xml")/section
RETURN print_section($s)

}

</result>

aql - I@ma%wﬁagammgmﬂagaa:ﬁgﬂLLUULﬂuﬁwﬁu%uﬁLLu
wOUUAzINNG manznumIdszananalasld FOR daununais
T8 XQuery W¢i XSLT fugnaammuunﬁa%’@miﬁuﬁayja
LLmJLanmisﬁaiagalmwfa:d'smz"l,ajﬁgmmuﬁmm":l N3
drzananaanadasandomunavlnavan I@ﬂ%uagﬁué'ﬂwm:
maaﬁagaﬁ'wu lasanaliaunsaenamaatlisreninle adnelsd
aumndayafinnududanlinniinly XQuery Asansnvile
MumIltanuaITnveIlInTy  lasdSouudazwWerndwdn

template wans3anltnunazianuanizianzasinnnin
U 1 o 6
4. 4 mMyasvaImiliznouvoINaans

dayamulwanms XML aznnwldamulassaiedieg ves

A 9 ' ' ' v
wnans  sdsznavlddrsdindsznaudesnaiu g dulaun
element, attribute, namespace, comment LR processing
instruction, ms’ﬁuﬁuﬁagamalmanms XML Tuu19a39uanain
ﬁaomiﬁaﬁagaﬁaulaaanmuﬁ'sﬁaﬁaaﬁnwsimiasaa?namaaﬁa

, & X . o & v o o Y

Qammumu’tm AIUUAENFUAUEINTY XML 396098n319D

gsulszneumanitlaatndase
4.4.1 N38319 element

XQuery &34 element 1o 2 5% lud nsld element
o a a &
constructor ABNTIAINS tag Ldauaz tag atas waztitarnaglu

element Aazlsznavludedszlundaadung 11w

<bib>
{
FOR $b IN //book
RETURN
<book>
<title>{ $bititle/text() }</title>

</book>

}
</bib>

NMBLNIT AU Lﬂumsﬁmg%amawﬁfaﬁanm i luitiles
1 element constructor Lﬁﬂﬁ%”w element ﬁ%a bib, book uax
titte, 357317 element constructor 189 XQuery ﬁﬂ:ﬁ’llﬁl}ﬁ“ﬁ
aaNINFIe element ldadnsBas: uddaidnuesiuife {lEd
Hudesaaitovnmeluves element ﬁ?ucj Tuasde 39vn
TWiAan3a319 element dan XQuery 8niwitedie n13grsBaan

270 element luiansns Aualy LTw



<bib>
{
FOR $b IN //book
RETURN
<book>
{ $brtitle }
{ $b/price }
</book>

}
</bib>

AMNAe8INIdH LHuNTENI element title Waz price las@aan
nndayalwenmiduatulasass S liidlameneg me
1u element ﬁgﬂﬁami{mﬁauﬁuﬁuaﬁunﬂﬂi:mi LT attribute,
namespace, sub element LTlud 'Tﬁ‘ﬂﬁf:ﬁ):ﬁﬂﬁ;ﬁ%muﬁﬂaﬁ’w

element NANNTUTauvalaTIzslunaansatnsoany

MIaY element 289 XSLT uuazvildaaeiFusnves XQuery
WinnuAa lixIuIndn989uaae element unslasarienslu

YINUNINNANT LA LABATI AIa889
@288197 1

<xsl:template match="book">
<book>
<title>
<xsl:value-of select="title"/>
<[title>
</book>

</xsl:template>
o8N 2

<xsl:template match="book">
<xsl:element name="book">
<xsl:element name="title">
<xsl:value-of select="title"/>
</xsl:element>
</xsl:element>

</xsl:template>

@ratusnazdunsasne element book waz title auUNATIRL

\umszyadianod dadiinaedazidunsaing element lag
o o A ° 9 ° {

15d&9209 xsl Aa  xslelement GI9z¥inbAnNIIAvIUATaVY

element §ANWHaRgwIANT

¥ XQuery waz XSLT ensfidanusunsalumsaire element 7
fanwbandugs analsfionn xQuery ez ldd3ouluudils
hennsaifnszfuannin uananiidsmansads element 53uma
amrnuavasiuanldlaoass luwmed XSLT asdassfaii
mnnaﬂ"]aﬁummaﬁmm %ﬂﬁﬂﬁmﬂ"ﬁmmjamnei?usﬁamu
il

4.4.2 N385 attribute

XQuery 3TUNIAFI attribute 6 2 Ui uaIAI0819

o oA
AI0LIN 1
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<bib>
{
FOR $b IN //book
RETURN
<book year={ $b/@year }>
<title>{ $bititle/text() }</itle>
</book>
}
</bib>

@1a89n 2

<bib>
{
FOR $b IN //book
RETURN
<book>
{ $b/@year }
<title>{ $bititle/text() }</title>
</book>
}
</bib>

NIFDIAIDE19ZURAIIRLAUNNTFIY  attribute  year nnelu
element book, 3nMaLIILINAnduMIase attribute 111U 1n
8% element constructor WazdTNgasAesTlusIUIaERS

element @28M3A96N attribute ﬁ]’]ﬂLﬂﬂﬁ’]ﬁﬁuﬂﬁU&ﬂIﬂU@]id

o o

MI&39 attribute 628 XSLT 81u13¥inle 2 3% a9alat19

Aaen9N 1

<xsl:template match="book">
<book year="{@year}">
<title>
<xsl:value-of select="title"/>
<ftitle>
</book>

</xsl:template>

AN 2

<xsl:template match="book">
<book>
<xsl:attribute name="year">
<xsl:value-of select="@year"/>
</xsl:attribute>
<title>
<xsl:value-of select="title"/>
<ftitle>
</book>

</xsl:template>

fhadnwsnazdunsaing attribute year adli element book lag
4 o o o4 ve & .
ATITIRAa UL XQuery uazdiatiniNaadfa AR xslattribute

%ammsm:qﬁo%amm attribute waztitann ldaundainig
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4.4.3 N1383519 namespace

¥ XQuery U8z XSLT @9NEA1INIEY namespace o duiion
TolunsiFundudoys uazaia namespace yoanadnslaanud
@ 89N13 é’hammavlﬂf:a]:l,ﬂumm‘”umm‘”agwﬁfaﬁaﬁaglu
namespace U84 http://www.bn.com/book LﬁaLU'&iUulﬁLﬂwiTaga

ﬁagﬂu namespace 2aJ http://www.amazon.com/book L

miundudayalasld XQuery

NAMESPACE bn = "http://www.bn.com/book"
NAMESPACE amazon = "http://www.amazon.com/book"

FOR $b IN //bn:book
RETURN
<amazon:book>
{$b/@* }
{ $b/}

</amazon:book>

miGundudayalasld XSLT

<xsl:stylesheet
version="1.0"
xmins:xsl="http://www.w3.0rg/1999/XSL/Transform"
xmins:bn="http://www.bn.com/book"

xmins:amazon="http://www.amazon.com/book">

<xsl:template match="bn:book">

<amazon:book>

</amazon:book>

</xsl:template>

</xsl:stylesheet>

@
o< I3

ANlei1Ne XQuery uaz XSLT Ad19¥iN91m3IuAL namespace

@ Ay o o

vl K= 1o 1 v
166 udndeldadrinaustszmiagililimannaiiouazurdle
namespcae |aarszawlagisundudayaldatoauysniin 1w
189 namespace la9 dasgnizylisramihlaogisondu dild

FNNINIZYFAIVEI namespace NnndiBaananiawle udu
4.4.4 N158319 comment LAz processing instruction

comment LLag processing instruction Lﬂuﬁ’mﬂi:ﬂauﬁhﬂ“ﬁ“ﬁaga
wanfimnasaula sdhslsfiann nomessmduiefiasrinliaudug
wiolusuniwdng mmsmﬂ’ﬂ,a“ﬁa;&amUsl,ul,aﬂmiifu"lﬁﬁmﬂﬁla
fu $efiosndusiudsznevdrdnfiazealildlunisldom
N81T XML, XQuery RN comment  Uaz procession
instruction d8WIATU comment() WAz pi() MNEIGL &1 XSLT
azl%ﬁﬂgdxsl:comment LA xsl:processing-instruction CEwLAIND
N384 element Uaz attribute

ﬁt\‘l XQuery Wae XSLT FUNTNETIN comment LA processing

instruction ¢ aghelsianumsltwWaritusas XQuery wudailde

dneaging L1Tw laiausoainaitan1ves comment Waz
processing instruction nlasIaTIRNANNTUTaldAnULYn

AU n3lEn element lunsasaitanivas XSLT

a9l - o XQuery Waz XSLT @nandanusansalumsaing
element, attribute, namespace, comment, processing instruction
e dewthsBandu wasdanusasalumsrhouilndido et
284 lsfiony WIRTUMI¥inuaas XQuery NT=TULAZAIANN
gasnanndt mliiedensldiu dsanddies XSLT 1
azgvruluszauiugudainlidadsanuneoulumsiudu
NN a8na IAMUEANTUNTEINY  comment U
processing instruction "fi\‘i XQuery ﬁuﬁ]ﬂ“ﬁ’ﬂdﬁ“ﬁ‘mﬁmammam
Savnlwlisansasaiion awnTasaa%wamaaﬁagaﬁﬁm’m%’u

Faulaaifsuirinny XSLT
4.5 N131FWIINAULBNAIST XML

Lﬁ:aqmﬂmwummsn’l,ums‘ﬂi:qn@ﬂ%@mﬁﬂmn%mwaa XML
Lﬁuﬂ’hﬁmmgmgalﬁwad XML azvasiulevionue Saufauas
3IU6N99 FuandninnuneiialsiuanumanIaues XML L1%
Namespace, XSLT, XML Schema [12, 13] tTud u1a3giuina
fiunananezaansalfusy XML datamuysaludy Gald
XML HwedasiiolumsaSuredie 1@u XSLT waz XML Schema
1Tuein %amﬂ%\‘nummsmﬁuuaglugﬂmauanms XML 15uL89
mqwa%ﬁdﬁtﬁamwL‘ﬂuﬁuﬂﬁdé’mﬁmﬁuaﬂwaugirﬁ g lsn
A JduuuBay XML iudaudniliazaandamsldom G
XQuery fuﬁaamnﬁu@mauﬁmummaamw:hwiamﬂ"ﬁmu
sovinlitlaennsolgmsu Xauery siwduuunfisnansadhlelding
da lu'ldaglugtuuuuasionany xmL Wwias

ﬁ;m@iwfaﬁammdmmaq xQuery dsldundromslals xmL u
missinuiudnaniutedesfigdglzmanisiide  msld
W XQuery TwALLenas XML lasaseiues 1wu lunsdid
@Taqmil,miﬂNaﬁwfﬁnﬂmsﬁuﬁuﬁaa&aﬁas_l XQuery adlulanans
XML Ssanansougasliiiuldandaang

<?XML version="1.0"?>
<bib>
<xql:query>
<I[CDATA[
FOR $b IN document("bib.xml")//book
RETURN
<book year={ $b/@year }>
{ $bititle }
{ $b/price }
</book>
>
</xql:query>
</bib>
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wiugu amaulEvans g agnefdunanuezdredeiugluuy
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MPTUAUTIHSY XML, Another XML Query Language (AXQL)
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ABSTRACT -- The standard of XML improves the way of collecting and using data, both in database and
document formats. However, it still lacks mechanism to manage and query data with efficiency. This article
proposes another query language for XML that the authors call, Another XML Query Language or AXQL.
AXQL is based on previous prominent query languages, XQuery and XSLT. Both languages can work with
XML very well. XQuery is easy to understand but it can't deal with complex querying well. XSLT
concentrates on the way of processing data that can work with complex querying very well but also makes it
hard to use too. AXQL is an attempt to combine their advantages together and get rid of major
disadvantages. Hopefully, AXQL can be used to query XML data in both database and complex document
forms with efficiency, simplicity, compatibility with other standards of XML and can be easily extended in
the future.

KEY WORDS -- XML, Query Language, AXQL, XQuery, XSLT
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<axqgl:query
xmlns:axqgl:="http://www.cpe.ku.ac.th/AXQL">
<axgl:main>
<results>
<!-- AXQL insturctions -->
</results>
</axgl:main>
</axgl:query>

;ﬂu“JJ‘UEJ'E)"IIEN axql:query ¥ axql:main

<results
xmlns:axqgl:="http://www.cpe.ku.ac.th/AXQL">
<!-- AXQL insturctions -->

</results>
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suvudy

<axgl:for select="//book">
<book>
<!-- AXQL insturctions -->
</book>
</axqgl:for>

JUuuVgoVR axql:for

<book axqgl:for="//book">
<!-- AXQL insturctions -->
</book>
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<axqgl:for select="//book">
<axqgl:where test="Q@year > 1991">
<book>
<!-- AXQL insturctions -->
</book>
</axgl:where>
</axqgl:for>

JUuUVE0VBI axql:where

<axgl:for select="//book">
<book axgl:where="@year > 1991">
<!-- AXQL insturctions -->
</book>
</axqgl:for>

JUuvUgeUR I axql:for Az axql:where

<book axgl:for="//book" axgl:where="@year > 1991">
<!-- AXQL insturctions -->
</book>
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<book axgl:for="//book">
<title><axgl:value select="title"/></title>
<price><axqgl:value select="price"/></price>
</book>

JUuVVE0VDI axqlivalue

<book axgl:for="//book">
<title axqgl:value="title"/>
<price axqgl:value="price"/>
</book>
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<axqgl:for select="//book">
<book year="{Qyear}">
<title><axgl:value select="title"/></title>
</book>
</axqgl:for>
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<axql:for select="//book">
<book year="{Qyear}">
<title><axgl:value select="title"/></title>
<author>
<last>
<axgl:value select="author/last"/>
</last>
<first>
<axqgl:value select="author/first"/>
</first>
</author>
<price><axqgl:value select="price"/></price>
</book>
</axqgl:for>

M3 148199 axql:copy AadoyauIINLAAITAURIY

<axgl:for select="//book">
<book>
<axqgl:copy select="@year"/>
<axqgl:copy select="title"/>
<axqgl:copy select="author"/>
<axqgl:copy select="price"/>
</book>
</axqgl:for>
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<axqgl:for select="//book">
<axgl:element name="book">
<axqgl:attribute name="year" value="Qyear"/>
<axqgl:element name="title">
<axgl:value select="title"/>
</axgl:element>
</axgl:element>
</axqgl:for>
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5.4. Msad namespace
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M3a519 namespace ansald 2 33de  afrleeasanielu

element 111V literal taz 319 Tao lHs a4 axql:namespace G081

Myaie namespace (111 literal

<axqgl:for select="//book">
<bn:book xmlns:bn="http://www.bn.com">
<bn:title>
<axgl:value select="title"/>
</bn:title>
</bn:book>
</axqgl:for>

mm%’w namespace ﬁ’aaﬁréf@ axql:namespace

<axqgl:for select="//book">
<bn:book>
<axgl:namespace prefix="bn"
uri="http://www.bn.com"/>
<bn:title>
<axgl:value select="title"/>
</bn:title>
</bn:book>
</axgl:for>
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<axgl:value select="title" type="xsd:string"/>
<axgl:value select="price" type="xsd:decimal"
format="0.00"/>
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5.6. M5a319 comment 1oL processing instruction

MIA319 comment LAz processing instruction wih1dTael
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o oA
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<axqgl:comment value="This is comment."/>
<axgl:pi name="user-parameter" value="none">

3 1 dl
AIDY1N 2
<axqgl:comment>
This is comment. The book's title is
<axgl:value select="title"/>.
Printed by <axgl:value select="publisher">
in <axqgl:value select="@year + 543"> BC.
</axql:comment>
<axgl:pi name="user-parameter">
<axgl:value select="string('none')"/>
</axqgl:pi>
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<axqgl:for select="//book">
<axgl:if test="price > 100">
<axqgl:then>
<expensive-book title="{title}"/>
</axqgl:then>

<axgl:else>
<cheap-book title="{title}"/>
</axgl:else>
</axql:if>
</axqgl:for>
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WInladeiisngandn 100 Naza31e element MABUYD expensive-
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<axqgl:for select="//book">
<axgl:choose>
<axgl:when test="price > 100">
<expensive-book title="{title}"/>
</axqgl:when>
<axgl:when test="price > 20">
<cheap-book title="{title}"/>
</axql:when>
<axgl:otherwise>
<sale-book title="{title}"/>
</axgl:otherwise>
</axgl:choose>
</axqgl:for>
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<axqgl:query
xmlns:axgl="http://www.cpe.ku.ac.th/AXQL">
<axqgl:function name="create-book">
<book year="{Qyear}">
<title><axgl:value select="title"/></title>
</book>
</axqgl:function>
<axqgl:main>
<results>
<axqgl:for select="//book">
<axgl:call-function name="create-book"/>
</axqgl:for>
</results>
</axgl:main>

</axql:query>

vindaedn Wumsiewilandudie create-book tiiead s element
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<axqgl:query
xmlns:axgl="http://www.cpe.ku.ac.th/AXQL">

<axqgl:function pattern="book[price > 100]">
<expensive-book title="{title}"/>
</axqgl:function>

<axqgl:function pattern="book[price &lt;= 100]">
<cheap-book title="{title}"/>

</axqgl:function>

<axgl:main>

<results>
<axgl:for select="//book">
<axgl:call-function select="."/>
</axqgl:for>
</results>

</axqgl:main>

</axgl:query>
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HeUA0 attribute type AIAI0814

<axgl:query
xmlns:axgl="http://www.cpe.ku.ac.th/AXQL">

<axqgl:function name="find-book" type="xsd:any">
<axgl:param name="author">
<axqgl:for select="//book[author = $author]">
<book title="{title}" year="{year}">
</axqgl:for>
</axqgl:function>

<axgl:main>

<results>
<axgl:for select="distinct (//auhtor)">
<result>
<axgl:copy select="."/>

<axgl:call-function name="find-book">
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<axqgl:with-param name="author"

select="."/>
</axgl:call-function>
</result>
</axqgl:for>
</results>

</axgl:main>

</axqgl:query>
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<axqgl:query
xmlns:axgl="http://www.cpe.ku.ac.th/AXQL">

<axqgl:function name="depth" type="xsd:integer">
<axgl:param name="e">
<axqgl:if test="empty (Se/*)">
<axqgl:then>1</axqgl:then>
<axgl:else>
<axqgl:value type="xsd:integer"
select="max (depth ($e/*)) + 1">
</axgl:else>
</axql:if>
</axqgl:function>

<axgl:main>
<depth>
<axqgl:value type="xsd:integer"
select="depth (document ('partlist.xml"'))"/>
</depth>
</axgl:main>

</axgl:query>
T A A~ a s A4 q9 o =
11A10819919AY (Tumsteuilangu dqﬁhLWﬂi%WWi%ﬂUﬂ?WNﬁﬂ

V04 sub element 1A8911911 1USABAUL recursive ABNNMIIWFT AN

o S
aaoq, msldauilandu depth vzgnizonldldaninnielu path

expression U depth(document(‘partlist.xml’)) n3e max(depth($e/*))
I
+1 5udu
1% o o o . o
M33095UMIMNUVINIRFUIVY recursive M1H AXQL 1159
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AN element axql:main Vlmwawmmmmmu, 15 199U

axql:include 1@A9 1AA 989619

<axgl:query
xmlns:axgl="http://www.cpe.ku.ac.th/AXQL">

<axgl:include href="library.axql"/>
<axgl:main>
<!-- AXQL instructions-->
</axgl:main>
</axqgl:query>
Jd o R .
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<axqgl:for select="distinct (//publisher) ">
<axgl:var name="publisher" select="text()"/>
<axgl:var name="books price"
select="//book[publisher = S$publisher]/price"/>
<publisher axgl:value="$publisher"/>
<avg books price axgl:value="avg(Sbooks price)"/>
</axqgl:for>

o "oy y < ] S o L. A o vy
NNAID6INAY 1Wums I5nuiland distinet) Medangudoya

U

A

A o o a Yo do A oA o
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1Hams UM axqlifor 11ag axql:call-function tiaiFenlFlandu

v
TasM3 match pattern 111174 @29819M3 19U 195U

1¥/da axql:sort JIWNU axql:for
<axgl:for select="//book">
<axqgl:sort select="title" type="xsd:string"/>
<book>
<title><axgl:value select="title"/></title>
</book>
</axqgl:for>

14dda axql:sort 3UAY axql:call-function

<axgl:call-function select="//book">
<axgl:sort select="title" type="xsd:string"/>
</axgl:call-function>

nndetetedy meludida axql:for Q¥ axql:call-function 3%
#1999l dasnvoq element book HARBUNILIUTBULAAE node 1D
v @ ' P o A o w o
aamadninsed UM Furiuzdeadaissadidunsiiay
v o o & ad v vy o A
YoIUOYAMNAMIAT axqlsort FaluN deamslideyamisde gn
o a A o A v a o ]
JaTeanINsentiade lagiasedludnyuzvoIienNEITUAN
& v v 0o & o H a '
Auau, M3lFumida axqlsort U axql:for WY asaeusgly

sUnvude’la Asdeds

<book axqgl:for="//book" axgl:sort="title">
<title axgl:value="title"/>
</book>
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mstemlsznndeyadie XML Schema

<xsd:schema
xmlns:xsd="http://www.w3.0rg/2000/08/XMLSchema">

<xsd:complexType name="MyResultType">
<xsd:element name="results">
<xsd:complexType>
<xsd:element name="book" type="BookType"
minOccurs="0" maxOccurs="unbounded"/>
</xsd:complexType>
</xsd:element>
</xsd:complexType>

<xsd:complexType name="BookType">
<xsd:attribute name="year" type="xsd:integer"/>
<xsd:element name="title" type="xsd:string"/>
</xsd:complexType>

</xsd:schema>

msnagoulszianvesdoya

<axgl:data-type name="MyResultType">
<results>
<axqgl:for select="//book">
<book year="{Qyear}">
<title><axgl:value select="title"/></title>
</book>
</axql:for>
</results>
</axgl:data-type>

o o9y 9 o Ay ¥

ANAIVYNUNAU Lﬂuﬂ15ﬂ5QﬂﬁﬂﬂﬂimﬂﬂmﬂgamﬂﬂﬂﬂﬂWﬁﬂqﬂ
= " 4 -
nnmsisendudoyainiluilszian MyResultType Ngnilenn1ian
XML Schema %50 13 ﬁ'wﬂazmmm%’aga‘h}gﬂﬁm AXQL processor
< Y A Yy 9 a o 91
ﬂﬂguﬂﬂﬂ@uiﬁaﬂﬂm@WﬂWQWQ, NN axql:data-type ﬁWNWﬁﬂi%i?N
o < Lo A
AUMIa319 element 1V literal TAugnuvdodsi
<results axgl:data-type="MyResultType">
<book year="{Qyear}" axgl:for="//book">
<title axgl:value="title"/>

</book>
</results>
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ﬁ31\15[l@HaiﬁnmuquﬂﬂWUiuﬂWﬁq axql:insert A9AIDY1Y
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<axgl:insert select="//book/price" prep="after">
<new-price>
<axgl:value select="0.80 *
</new-price>
</axgl:insert>

./data () ">

o oA
AIDYNN 2
<axgl:insert select="//book[position() = last()]"
prep="after">
<book year="2000">
<title>XML Tutorial</title>
<author>
<last>Adam</last>
<first>Smith</first>
</author>
<publisher>New-Wave</publisher>
<price>49.99</price>
</book>
</axgl:insert>

Mmdaludedei 1 wdudumsiusoumiadonng @y udwnsn

element new-price NUAILU 80% VDITINUANABTIGNIAN element
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' o w o oA o
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<axgl:insert select="//book/price" prep="after">
<new-price axgl:value="0.80 * ./data()"/>

</axgl:insert>

<axqgl:delete select="//book/price"/>

4
1NAIDYN °luwﬁqﬁmqﬂ¢] ay ﬁ]&‘mif’f%’N element new-price ﬂi‘fum
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In 9101 H999Y element price aunaly

10.3. M9 axql:update
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M9 axqlupdate 1 IUmsunui node A28 node Voo lni

v o
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<axqgl:update select="//price">
<new-price xgl:value="0.80 *
</axgl:update>

./data ()" />

1nded1at1ad 1T uMIUNUT element price A28 element new-price
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MaeuIn . Tennsaives AXQL

<!-- Category:

instruction -->

<axgl:attribute

name =
prefix =
value =
<!-- Content:

{ ncname }

{ prefix }
string-expression>
instructions —-->

</axgl:attribute>

<!-- Category: instruction -->
<axgl:call-function
name = gname
select = node-set-expression>
<!-- Content: (axgl:sort | axgl:with-param)* -->
</axgl:call-function>
<!-- Category: instruction -->

<axgl:choose>

<!-- Content:

(axgl:when+, axgl:otherwise?) -->

</axgl:choose>

<!-- Category:

instruction -->

<axgl:comment

value =
<!-- Content:

string-expression>
instructions -->

</axqgl:comment>

<!-- Category: instruction -->
<axqgl:copy
select = expression />

<!-- Category: instruction -->
<axgl:data-type

name = schema-type>

<!-- Content: instructions-->
</axgl:data-type>
<!-- Category: instruction-->
<axgl:delete

select = node-set-expression />
<!-- Category: instruction -->
<axgl:element

name = { ncname }

prefix = { prefix }>

<!-- Content: instructions —-->
</axgl:element>

<!-- Category: instruction -->
<axgl:else>
<!-- Content: instructions —-->

</axgl:else>

<!-- Category: instruction -->
<axqgl:for
select = node-set-expression>

<!-- Content: (axgl:sort*, instructions)
</axqgl:for>
<!-- Category: top-level-element -->
<axgl:function

name = gname

pattern = pattern

type = schema-type

priority = number>

<!-- Content: (axgl:param*, instructions)

</axgl:function>

<!-- Category: instruction -->
<axqgl:if

test = boolean-expression>

<!-- Content: (axgl:then, axgl:else?)
</axgl:if>
<!-- Category: top-level-element -->
<axgl:include

href = uri-reference />
<!-- Category: instruction-->
<axgl:insert

select = node-set-expression

prep = ("before" | "after" | "in")
new-node = node-set-expression>
<!-- Content: instructions -->

</axgl:insert>

<!-- Category: top-level-element -->
<axgl:main>
<!-- Content: instructions -->

</axgl:main>
<!-- Category: instruction -->
<axgl:namespace

prefix = { prefix }

uri = { uri-reference } />

<!-- Category: instruction -->
<axgl:otherwise>

<!-- Content: instructions -->
</axgl:otherwise>

-—>

-—>

-—>



<!-- Category: instruction -->
<axgl:param

name = gname

type = schema-type />

<!-- Category: instruction -->
<axqgl:pi

name = { ncname }

value = string-expression>

<!-- Content: instructions -->
</axgl:pi>

<axqgl:query>

<!-- Content: top-level-elements -->

</axgl:query>

<!-- Category: instruction -->
<axgl:sort
select = string-expression
type = schema-type

order = ("ascending" | "descending")

<!-- Category: instruction -->
<axqgl:then>

<!-- Content: instructions -->
</axqgl:then>

<!-- Category: instruction-->
<axqgl:update
select = node-set-expression
new-node = node-set-expression>
<!-- Content: instructions -->
</axgl:update>

<!-- Category: instruction -->
<axgl:value
select = string-expression
type = schema-type
format = data-format />

<!-- Category: top-level-element -->

<!-- Category: instruction -->
<axgl:var

name = gname

select = expression>

<!-- Content: instructions -->
</axqgl:var>

<!-- Category: instruction -->
<axqgl:when
test = boolean-expression>
<!-- Content: instructions -->
</axqgl:when>

<!-- Category: instruction -->
<axgl:where
test = boolean-expression>
<!-- Content: instructions -->
</axqgl:where>

<!-- Category: instruction -->
<axgl:with-param

name = gname

select = expression>

<!-- Content: instructions -->
</axgl:with-param>
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Nonlinear Identification Using Tabu Search for a Two-Inertia System
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ABSTRACT - Tabu search technique is one of artificial intelligent methods appropriate for system

identification purposes. This article presents the research results of applying the technique to nonlinear
identification problem found in a two-inertia system. The search yields a set of saturation nonlinearity.
Review of the search method is given. The test results to find satisfactory search parameters are also
presented. These parameters lead to fast and efficient searches in such a way that local optimum can be
escaped effectively.

KEY WORDS - Tabu search, nonlinear identification
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Simulation of a Solar Energy System
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ABSTRACT - This article reports our developed simulation program for a solar energy system. The
mathematical models of various components are described. These include solar cells, batteries, motor, and
helical pump. The motor and pump is a coupled load. Solar cells are weather dependent sources. Batteries
act in two modes of either sources or loads. Due to the component's nonlinearity and insolation
characteristic, the simulation program is necessary and useful for energy studies in such a system.

KEY WORDS - solar energy, photovoltaic, simulation
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Programmers’ Receptive Attitude toward Code Sharing and their Use of
Computer-Mediated Communication Systems

Chatpong Tangmanee
Faculty of Commerce and Accountancy, Chulalongkorn University

ABSTRACT - One way for programmers to improve their work is to share code with peers. Computer-
mediated communication (CMC) systems, such as e-mail, or the World Wide Web (WWW), may facilitate
the process of code sharing provided that programmers are receptive toward the process. Upon a mail
survey with 730 professional programmers, the study discovered three items of what programmers attain
through CMC systems: (1) task-related, (2) socio-emotional and (3) exploring accomplishments. In addition,
only among the programmers whose work involves actual code reviews was their receptivity toward code
sharing correlated with their use of CMC systems for task-related purposes. The correlation with other
accomplishments was not statistically significant. Discussions on the results’ conceptual and practical
contributions are addressed in the final section.

Keywords - computer-mediated communication, programmers, receptive attitude, code sharing
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1. Introduction

The goal of this research is to bridge a gap between
programmers’ communication behavior and their attitude
toward a programming practice. Given the wide applications
of communication technology to software development
processes, it is still largely unknown whether programmers’
use of such technology is related to their programming
perception. The current study is an attempt to explore this
void. In particular, it seeks to understand a connection
between the purposes for which programmers are engaged in
computer-mediated communication and their receptivity
toward code sharing.

2. Computer-mediated communication
systems and receptivity toward code
sharing

Computer-mediated communication (CMC) systems are
defined in this study as programmers’ perceptions of a
collection of tools that primarily facilitate human
communication via computers and communication networks.
In addition, neither voice mail nor facsimiles are included
because a large number of users do not perceive the
communication via these two channels as computer-mediated
[10]. Thus, the instances of CMC systems investigated in this
research include computer conferencing systems (e.g., e-mail
or visual conferences), Internet-based communication (e.g.,
Internet relay chat (IRC), Internet phone, ICQ or the WWW),
group support systems, groupware (e.g., Lotus Notes) and the
systems that simply support communication via e-mail,
newsgroups and/or listserves.
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Code sharing is one of the significant programming practices
[13]. Software experts have suggested that programmers
share and review their code with peers [6,14]. Reaction from
peers could improve the code quality because an overlooked
flaw may be detected during the review [8]. The benefits of
code sharing is still unrecognized, however, unless
programmers are attentive and willing to practice it. Still, to
practice code sharing appears to rely on how the
programmers interact with peers. This is the role in which
CMC systems could help promote their receptivity and
thereby provoke them to engage in code sharing. The current
research thus defines the receptivity toward code sharing is
the extent to which a programmer is willing to share
programming code with peers.

3. Scope of the study

As said earlier, the current study attempts to shed light on
programmers’ computer-mediated communication behavior
and their willingness to share code. To achieve the goal, it
seeks to answer the following questions:

What do programmers accomplish through the use of CMC
systems?

To what extent do the accomplishments relate to receptivity
of programmers toward code sharing?

3.1 Accomplishments through CMC systems

The study’s first focus is to examine what programmers
accomplish through the use of CMC systems. Researchers
have acknowledged the use of CMC systems so as to achieve
progress or completion in work-related tasks. Sawyer and
Guinan [11] examined how one CMC system would affect
intra-group conflict-solving process among teams of software
developers. “By focusing [on] the work product, and not [on]
each other, the product becomes less attached to any one
person: it is shared by the team” [11].

In addition to task-related benefits, the use of CMC systems
can accommodate the social and emotional needs of
programmers. This type of use has been ascertained in
various investigations, although only a few have been
conducted in the programmer context. For example, workers
used e-mail not only to handle work assignments, but also to
stay in touch with friends or family, or to meet people with
the same interests [10]. With a secured distributed
technology, programmers can complete any financial
transaction (i.e., purchase a plane ticket or buy stock) over
the Internet. They can also be entertained by a variety of
information, or download it for their own pleasure [9].

Besides the two major purposes (i.e., task-related and socio-
emotional), evidence from the literature suggest that
programmers may use CMC systems for other
accomplishments. For instance, Rice and Steinfield [10]
identified the surveillance purposes of electronic
communication. Other writers comment that organizational
members may use communication to explore innovative ideas
from the environment and, perhaps, share the knowledge with
colleagues [5].

3.2 Computer-mediated communication and
code sharing practices

Software researchers have suggested that programmers share
and discuss their programming code with peers [7, 14]. An
overlooked flaw is often uncovered during the discussion [8].
Consequently, the programming code that passes a thorough
review will likely be bug-free [7, 13]. The idea of a
programmer creating such bug-free software by having a
review session with peers is widely accepted in many leading
computer companies [3].

In a code review session, a programmer presents code to
colleagues and responds to their feedback. At the end of the
review, the programmer would learn about overlooked
programming bugs and possible solutions.

Kraut and Streeter [15] investigate the extent to which
programmers in one organization coordinated their work via
various means of communication. E-mail and electronic
bulletin boards were reported as critical channels through
which the programmers could share their work with
colleagues, elicit software requirements from clients, or
negotiate with hardware vendors [15]. Another longitudinal
study of listserves (one instance of CMC systems) used
among program designers exhibits a connection between the
design task and different roles of the designers [16].

Empirical evidence seems to confirm that a practice of code
sharing involves programmers’ communication skills. The
use of CMC systems could thus be an alternative. There is no
published formal method for programmers to share code via
CMC systems. They may, however, utilize several features of
CMC systems for the purposes of code-sharing. Examples of
the features include (1) posting programming work on a
corporate network and making it accessible to only involved
members, (2) encouraging members to share feedback
through an electronic bulletin board or sometimes to give
comments in a company chat room, or (3) attaching a piece
of code to e-mail sent to involved parties for subsequent
examination. Sawyer and Guinan [11] remark that projecting
the code on the wall appears to direct the attention of the
members to the code on the screen, not to the programmer
who wrote it. This therefore may raise programmer’s
willingness to share the code.

Despite the promising benefits of sharing code and the
potential utility of CMC systems in assisting programmers to
do so, the benefit is still unrealized unless the programmers
are willing to do it. Johnson [8] reports the results of an
informal survey in which 80% of 90 participants admitted
that they practiced code reviews irregularly or not at all,
although most of the subjects agreed that there are benefits
from reviewing code with peers. Consequently, the ways in
which the programmers use CMC systems (i.e., what they
accomplish through CMC systems) may be associated with
the extent to which they are receptive to code sharing.



4. Methodology

4.1 Questionnaire development

The first draft of a questionnaire was developed based upon
two strategies. First, the literature on CMC and software
engineering was reviewed. It helped the researcher to locate
most of the questionnaire scales associated with various
accomplishments one may have via the use of CMC systems.
Only a few were constructed exclusively for this research
because the scales were not found during the literature
review. Second, the researcher conducted several interview
sessions with actual programmers. This subsequent interview
was to ensure that all items in the first draft were clear and
understandable to programmers.

A group of scholars pretested the first draft. For the feedback
from pretest participants, the questionnaire scales were
modified. After the pretest, fifty other actual programmers
participated in the questionnaire pilot test, of which the result
is to assess the scale reliability and validity. The pilot test’s
findings ascertained an acceptable level of the questionnaire
quality. Due to space constraints, a copy of the questionnaire
is excluded from this manuscript but available upon request
to the researcher.

4.2 Questionnaire administration

730 professional programmers who are members of the
Association of Computer Machinery (ACM) received mail
questionnaires. According to Babbie [1], this number of
sample size is acceptable to provide a statistically significant
finding. For a major drawback of a low response rate in using
a mail survey, the researcher made every effort to follow
recommendations from survey experts [1, 4] in order to draw
a high volume of responses. After a three-month data
collection, 438 programmers returned usable questionnaires,
amounting to a 60% response rate. An examination of the
non-respondents (i.e., the remaining 40%) using the trend
projection method [12] detected no bias between the
respondents and the non-respondents.

5. Results

5.1 Respondent demographics

Table 1 presents demographic variables of participating
programmers. The highlights of these variables are as
follows:
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Table 1. Shows Characteristics of Participating
Programmers

Major Characteristics Respondents

N (%)
Age (N=434)
20-29 yrs. 18 (4)
30-39 134 (31)
40-49 166 (38)
50+ 116 (27)
Gender (N=431)
Male 381 (88)
Female 50(12)
Highest Education (N=434)
Some college 13 (3)
College degrees 105 (24)
Masters or some graduate work 273 (63)
Doctoral or higher 43 (10)
Major (N=429)
Computer science 239 (56)
Mathematics 55 (13)
Engineering 49 (11)
Management or Business Administration 27 (6)
Information science 16 (4)
Physics 13(3)
Others (e.g., Education, etc.) 30 (7)
Whether a code review is practiced at
work (N=430)
Yes 119 (28)
No 311 (72)
Work responsibility (N=432)
Developing in-house systems 181 (42)
Developing packaged software 149 (35)
Installing packaged software in-house 17 (4)
Combination of the above three 23 (5)
Others (e.g., educational software) 62 (14)

e Considering that the sample was selected from
regular members of the ACM who described
themselves as programmers, it is not surprising that
more than half of the respondents (63%) hold master
degrees and about the same percentage (65%) are
forty years old or higher. It seems that young
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programmers or those fresh from college are not
ACM members as they may not yet realize the
benefits of the memberships.

e The majority (88%) of participants are men. About
half (56%) of the respondents hold their highest
degree in computer science while other individuals
are from adjacent fields.

e This research collected data from actual
programmers, instead of from computer-related
students. Furthermore, responses to the
questionnaire’s "work responsibility" item seem to
confirm that the participants are in charge of various
types of programming projects, ranging from
developing in-house software systems (42%) and
building packaged software products (35%), to
installing packaged software (4%). These findings
thus ensure that the survey participants encompass
professional programmers holding various actual
programming responsibilities, not student
programmers working on class assignments.

e Since the focus of this research is on a
programmer’s willingness to code sharing, whether
a survey participant has actually been involved in
code reviews may affect their perception. The
questionnaire had therefore included one item
asking respondents about their involvement. The
result shows that about a quarter of the participating
programmers (28%) reported that code reviews are
practiced at their work.

5.2 What programmers accomplish through
CMC systems

Thirty-five items reflecting various activities in which one
may be engaged through CMC systems were included in the
questionnaire [15]. To uncover the key purposes underlying
what programmers accomplish through the use of CMC
systems, the thirty-five items were factor-analyzed. Prior to
the analysis, however, the items with marginal variance were
excluded as they would not serve to differentiate among
emerging factors. An objective criterion of a standard
deviation of less than one is used to determine which items
should be dropped from the analysis. As a result, four of the
35 items were excluded, leaving 31 items for the subsequent
analysis.

Based on factor analysis with principle axis extraction and
oblique rotation, three meaningful factors that underscore the
major accomplishments programmers gain through CMC
systems emerged. Table 3 displays the three purpose factors
and the items that reflect on each purpose. Also included are
weights of the items on the three factors. The three factors
together explained about 42% of the variance among the
purpose items. According to Table 3, Factor I accounted for
29.1% of the variance. Highest weights of the nine items on
the first factor seem to reflect the "task-related"

accomplishment programmers attain using CMC systems.
Factor II explained 8.3% of the variance. Four items loaded
highest on this factor, indicating that programmers use CMC
systems for "socio-emotional" benefits. The final factor,
Factor III, accounted for 4.5% of the variance. Highest
weights of the other four purpose items tend to suggest the
"exploring" purpose for using CMC systems. Assessments of
the factor structure suggest that the discovery of these three
accomplishments programmers gain through CMC systems is
conceptually parsimonious and methodologically sound.

5.3 Receptive attitude toward code sharing and
accomplishments through CMC systems

The study measured the survey participants’ attitude toward
code sharing using five-item Likert scales (see the scales in
Appendix A). A mean of 4.19 with a standard deviation of
1.1 may indicate that the participating programmers appear to
be receptive to code sharing. The receptive attitude becomes
statistically different (see Table 2) among those who are
involved in code reviews and those who are not. That is, the
programmers who have actual experience with code reviews
seem more willing to share code than those who do not. It
may therefore suggest that any subsequent examination on
this receptivity must take into account the significant
difference.

Table 2 Shows Comparison of Receptivity toward Code
Sharing between Programmers Whose Work Involves Code
Reviews and Those Whose Work Does Not.

Experience in Code Reviews

Statistics Do not have the Have the experience
experience
N 308 118
Mean' 4.098 4.456
S.D. 1.15 1.05

Note': t =-2.94, df = 424, p < .003

5.4 Correlation between programmers’
accomplishments through CMC systems
and receptivity toward code sharing

In the previous section was a measurement description of
programmers’ receptivity toward code sharing. To explore
the links between the receptivity and their use of CMC
systems, three indexes characterizing the extent to which
programmers use CMC systems for task-related, socio-
emotional and exploring purposes were constructed. The
indexes are derived from arithmetic means of the items that
have highest weights for a given purpose. For instance, the
index of a programmer using CMC systems for exploring
purposes is computed from a mean of the four items that have
the highest weights on this purpose (i.e., Factor III).



€2 Techiiical Journal

Vol HI, Mo 10, March-June, 2001

Table 3 Shows Factor Analysis Results: Purposes for Programmers to Use CMC Systems

Purpose Items Factors
1 11 111
Factor I: "Task-Related"
Discuss work information with co-workers 75 .06 -.01
Coordinate work with distant colleagues 52 -.01 -.04
Schedule meetings .65 -.05 -.04
Give or receive feedback on work assignments 74 .04 .03
Send confirmation to colleagues/clients .64 .02 .01
Discuss work with clients .54 .04 .08
Resolve work conflicts or disagreements .60 .03 .07
Transfer files 54 .05 31
Keep track of what’s happening in a company S3 .10 .06
Factor II: "Socio-Emotional"
Fill free time -.02 77 -.02
Greet people on social occasions .16 52 .05
Be entertained (e.g., electronic humor) .02 .68 .02
Take a break from work -.02 .78 -.06
Factor III: "Exploring"
Check out new services/products .03 -.04 =75
Stay up-to-date on computer upgrades .02 .04 =73
Seek out alternatives to work problems .05 .03 -.62
Download information .00 -.02 -.83
Percent of Variance Explained 29.1% 8.3% 4.5% =41.9%

Using correlation analysis, the study found a slight positive
yet significant correlation between task use and the
receptivity of programmers toward sharing code (r = .101, p
< .038). However, the correlation of this receptivity with
socio-emotional use and exploring use are not statistically
significant (see Table 4, a). Nonetheless, the significant
difference in receptivity toward sharing code between
programmers who have been involved in code reviews and
those who have not (see Table 2) suggests further
reexamination of the relationship.

An examination of this relationship among the programmers
whose work involves code reviews reveals a slightly stronger
and significant correlation between the receptivity and task
use (r=.112, p <.023). The interaction effect of involvement

in actual code reviews is further confirmed as the study found
the insignificant correlation between the receptivity and task
use among those whose work does not involve code reviews
(see Table 4, b).

Table 4 Shows Correlation of Programmers’
Accomplishments through CMC Systems and Receptivity
toward Sharing Code

(a)

Accomplishments Correlation Statistics

Task use r= .101,p<.038, N =426
r=-.020,p <.674, N =424

r=.089, p<.069, N =423

Socio-emotional use

Exploring use

Accomplishments Correlation Statistics
Those whose work involves code reviews Those whose work does not involve code reviews
Task use r= .112,p<.023,N=117 r= .071,p<.217,N =305

Socio-emotional use = -101,p<.281,N=116

Exploring use r= .135,p<.145,N=117

= -.001, p <.988, N =304
r= .087,p<.131,N=302
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6. Conclusions

6.1 Programmers’ accomplishments via CMC
systems

Upon the study’s results, programmers appear to achieve
three purposes of using computer-mediated communication
systems. They are task-related, socio-emotional and
exploring purposes. While the first two accomplishments are
generally recognized in the literature, the third is noted by
few scholars [2]. Consistent with common literature, the
findings stress the essential combination of “work” and

“playn [5]'

Also, researchers have acknowledged exploring functions of
communication as the transfer of knowledge between an
organization and its environment [2]. This piece of
information may help an organization to cope with changes,
especially when the organization’s environment is
undergoing dramatic shift. Given the dynamic and various
changes in software environment, it is reasonable to argue
that programmers conduct an exploration via CMC systems,
perhaps, in search for innovative ideas (e.g., ready-to-use
programming applets, or details of product upgrades) so as to
survive the turbulent condition.

6.2 Programmers’ receptivity toward code
sharing and accomplishments through
CMC systems

Throughout the entire sample, the degree to which
programmers used CMC systems for task-related purposes
exhibited a significant positive correlation with their
receptivity toward code sharing. However, there existed a
crucial difference in this receptivity between programmers
whose work involves actual code reviews and those whose
work does not. The sample was therefore divided into two
groups according to whether a respondent had been involved
in code reviews, and the correlation was reexamined. The
interaction effect of involvement in code reviews was
confirmed because the correlation among those having been
involved in code reviews was slightly stronger and the
correlation in the other group became non-significant.

Two conclusions may be drawn from the results. First, it
appears that programmers' use of CMC systems for task-
related purposes and their willingness to share code relate to
each other in the same direction. Given that code sharing is
one of the programming-related tasks, the finding could have
been expected. The more programmers use CMC systems for
task-related activities which may include code sharing, the
more likely they experience the positive outcomes, which in
turn, may increase their receptivity toward it. This
speculation may also explain why socio-emotional and
exploring uses were not significantly related to the
receptivity.

The existence of the correlation among those who are
involved in actual code reviews suggests the second
conclusion. It seems that the involvement in code reviews
mediates the relationship between task use and the

receptivity. Only among those who have experience with
actual code reviews (e.g., presenting their own code or taking
part in a review session) was the correlation confirmed.
Those who learn about code reviews and benefits of code
sharing but have never been involved in an actual review may
have different attitudes, regardless of how they use CMC
systems.

7. Implications

The study’s results lead to two implications. First, they
extend theoretical concepts on CMC and on software
engineering. Regarding communication functions, the current
study has confirmed the need to incorporate all three major
purposes (i.e., task-related, socio-emotional and exploring)
into research on electronic communication. Regarding
software engineering issues, the results disclose the
interaction effect of programmer’ involvement in actual code
reviews on their willingness to code sharing. It is thus
speculated that programmers’ greater involvement in code
review may result in more receptivity toward code sharing.
Alternatively, without participating in real review sessions,
programmers may unlikely conceive the benefits of code
sharing and thereby their willingness to practice it remain
unchanged.

Second, the study offers practical contributions. The results
empirically confirmed three accomplishments programmers
achieve through CMC systems. Software practitioners may
thus expect to witness activities associated with these three
types of use from their programming staff. Positive
correlation between programmers’ task use of CMC systems
and their receptivity toward code sharing may imply that
encouraging programmers to communicate via computer
media for task-related purposes could increase their
willingness to share code. The interaction effect of
involvement in actual code reviews may remind practitioners
that, unless programmers have real experience with the
reviews, their task use of CMC systems may remain
unrelated to their receptivity toward code sharing.

8. Limitations

Inferences from this research are limited by two major
factors. First, the demographics of the participants appear to
temper the study’s generalizability of results to the
programmer population in general. The programmers who
participated in this study are dominantly male, between 30-49
years of age and with at least a college degree. This
consequently limits the generalization of the study, despite
the random sample of about 700 members, and the high
percentage of survey returns.

The second limitation is more methodological. This is a
cross-sectional study. Further, the phenomenon under study
(i.e., CMC system usage) is dynamically changing due to
rapid development of computer technology. Hence, the
analyses and the conclusions present only a snapshot of how
programmers use CMC systems. Additionally, prior to this
study, very little was known about correlation between
programmers’ computer-mediated communication behaviors



and their programming perception. The study's execution was
therefore made based upon an exploratory approach. This is
the main reason that the investigated relationships were
neither hypothesized nor tested. Nevertheless, the study has
ascertained the link between programmers’ accomplishments
via CMC systems and their receptivity toward code sharing.
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To better understand your use of CMC systems, we would like to ask some questions about your perception toward sharing
code with peers. Please indicate, by circling the appropriate number, to what extent you agree or disagree with these

Statements.

If vou have not had experience with each of the following statements, please indicate your assessment based on your opinion,

otherwise based on your own experience.

Reviewing code with peers is not so useful as it may sound....
I feel nervous if I have to present my code to peers............
Showing peers my code makes me uncomfortable..............
I like to get comments on my code from peers...................

It is fearful to share code with peers.........cocevevvveeninneninnnnn,

Strongly disagree Neutral Strongly agree
-3 -2 -1 0 1 2 3
-3 -2 -1 0 1 2
-3 -2 -1 0 1 2 3
-3 -2 -1 0 1 2 3
-3 -2 -1 0 1 2 3
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Introduction

This paper describes the experience of Thailand in
developing her own IT standards. Major emphasis were
mainly placed on character coding initially. Recent
development, however, is shifted towards the facilitation of
trade (EDI), information security (PKI and smart card) and
electronic commerce. There are many more IT-related
standards in the area of electronic industry and the Internet
which may be the focus of future development.

Early Works

The need for Thai IT standard was identified since early
1970’s when main frame computers were employed in many
government agencies. IBM-029 keypunch machines and line
printers were localized to accommodate Thai characters. De-

List of existing standards

e TIS 620-2533 (1990)
e  TIS 988-2533 (1990)

facto standard for EBCDIC character code for Thai language
has been in used since the seventies.

The first formal recognition for Thai IT standard was in 1984,
after my publication on the numerous Thai Character codes
[1] was reported in the press. The Thai Industry Standards
Institute (TISI) later appointed a technical committee to look
after the IT standards development. [2]. The very first
standard produced by this committee was the TIS 620-2529
(1986): The Character Codes for Thai languages [3]. The
standard character chde sets were made into two categories:
one for use with the ISO-620 standard (widely known as
ASCII and one for use with EBCDIC.

The committee subsequently produced a number of standards
which are summarised in the website of NECTEC (see Figure

1) [4].

Standard for Thai Character Codes for Computers
Recommendation for Thai Combined Character Codes and Symbols for

Line Graphics for Dot-Matrix Printers

o TIS 1074-2535 (1992)
o TIS 1075-2535 (1992)
o TIS 1099-2535 (1992)
o TIS 1111-2535 (1992)
o TIS 820-2538 (1995)
e WTT2.0(1992)

Standard for 6-Bit Teletype Codes

Standard for Conversion Between Computer Codes and 6-Bit Teletype Codes
Standard for Province Identification Codes for Data Interchange

Standard for Representation of Dates and Times

Layout of Thai Character Keys on Computer Keyboards

Standard Input and Output Method for Thai language. [5]
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Figure 1. IT-Standard web page at http://www.nectec.or.th/it-standards/

Recent Developments

The implementation of TIS 620 standard codes for global
information interchange is not yet completed. There are
several activities which enabled this standard code usable
with the global standards. Our recent experience is mainly on
the real implementation of the standard code in real systems
such as MIME (over the Internet), UNIX Locale (Linux and
all other UNIX systems), X-Window, GTK+ and Qt Toolkits.

Other line of developments are dealing with application of IT
in business and government. I will cover this in the section
“IT Standards for the New Economy”.

Using Thai language on Computer
Systems in Year 2000

The use of TIS-620 as an 8-bit character set coexisting with
the ASCII code have been in used in Windows 95. This is
known as Code-page 874. The code was also registered with
the IANA (Internet Assigned Number Authority) to gain
universal use in the MIME (Multipurpose [Multimedia]
Internet Mail Extension) standard, according to RFC2278
standard for the Internet. Similar implementation of TIS 620
on the MaOS platform was also established since 1992, this
is knoen as MacThai code.

In September1998, Trin Tantsetthi successfully registered
TIS 620 as “tis-620” encoding with the IANA for Thailand
[5]. As a result, the non-standard declaration for character
encoding names such as “windows-874” or “cp-874” can all
be supported by just one declaration “tis-620”. New versions
of Internet applications such as Mozilla (web browser),
Internet Explorer (web browser) and Outlook (email client)
now recognize “tis-620” character set.

Some further works are still required in making TIS 620 a
usable standard. Certain legacy data have to make do with
something else in order to convey Thai messages due to
limitation of software features. For example, with Netscape
Navigator up to version 4.7, the only way to display character
in Thai language is to define fonts with “ISO 8859-1”
encoding or “User-defined” encoding. Of course, the end
result depends on the information receipient to set up the
browser with a proper set of fonts to view Thai messages.

At the time of this article, the attempt of Thailand to
implement the TIS 620 standard under the ISO 8859
framework is not yet succesful. Throught several
negotiations, the ISO 8859-11 is now schedule for
standardization process. It is now at the stage of FDIS.



UCS

Due to Microsoft’s initiative to implement UCS in its Office-
97 products on the Windows platform, Thai standard codes
are made available widely across the world through UCS.
The actual Microsoft implementation, however, added some
character codes such as Em dash, En dash, ellipses, etc. in the
code table. The code is supported natively in text editors and
Internet applications.

Public-domain Thai fonts

In 1999, NECTEC released three public-domain Thai fonts.
The work is part of its effort to globalize the Thai language
on computers. The three fonts are made to display and print
Thai texts to match the Roman serif and sans serif styles.
Through the public-domain approach, users of freeware and
open-source operating systems can now enjoy high-quality
display and print out.

Tai Script Study Group

The work on development on Tai script was also on the way.
NECTEC set up a joint meeting among Tai script specialists
in April 2000. The aim of the meeting was to gather the
baseline information about the Tai scripts. The detailed
update on this work is reported fully in the companion paper
for AFSIT [6].

The study group planned for the following work in the years
to come:

1. writing system (consonants, vowels, tones, digits,
direction, syllable composition)

2. encoding (alphabetic elements, interchange vs.
presentation, composing marks)

3. input method (key availability, input sequence, keyboard
layout)

4. output method (display levels, glyph design, combining
characters, shaping, font encoding)

5. sorting order (alphabetic order, classes of character
weights)

6. word boundary (word/phrase/sentence delimiters,
requirements of word boundary analysis)

IT Standards for the New Economy

In addition to the character coding and input/output systems
for computers, several new areas in IT standardization took
place in Thailand in 1999 and 2000. These activities are:

1. The draft Smart Card standards (volume 1:  reference
applications, volume 2: PKI applications). The
document was produced by Thailand Smart Card
Working Group during 1997 and 1998. The working
group consisted of more than 70 organizations with more
than 150 people attending the series of committee
meetings hosted by NECTEC.

2. IT-Model Office Interoperability Specifications (1999).
This document was produced by the Government
Information Technology Service Program
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(http://www.gits.net.th/). It describes a number of
government applications which are required to adhere to
some reference standards in order to be compatible with
the emerging GINet (Government Information Networkl)
to support e-Government plan of Thailand.

3. The EDI Messaging Working Groups. So far,a number of
standard EDIFACT messages are adopted by Thailand
though three working groups: EDI Purchasing WG, EDI
Customs WG, and EDI Financial WG. At this stage, the
Security WG for EDI is in the development stage.

Not only industrial standards for the New Economy are
emerging, new laws for IT are also being developed in order
to push Thailand into the new millennium. In the year 2000,
three laws have been drafted:

e Electronic Transactions Law

e Electronic Signature Law

e National Information Infrastructure

Development Law.

The first two laws have been merged into one and is now
awaiting for the Senate to consider. The third item is near
approval by the cabinet. Three other laws which are being
drafted consist of:

e  Computer Crime Law

e  Private Data Protection Law

e FElectronic Funds Transfer Law.
These laws are expected to be sent for the cabinet by early
next year.

Conclusion

The struggle to standardize the usage of Thai character code
is not yet over. We still have a few important tasks to do.
The tasks of developing code-points for Tai scripts of various
parts of Asia has been started. We found that there are many
other standards required by the IT industry in Thailand and
some of them are being developed. These include: EDI
standards, smart-card, PKI and e-Government interoperability
Guide. The need for governing IT laws are also required by
the society.
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ABSTRACT -- Internet telephony, also known as voice-over-IP (VoIP) or IP telephony (or IPtel in short),
offers an opportunity to design global multimedia communication systems which include voice, video, and
image, that may eventually replace the existing telephone infrastructure. Many benefits will be gained by end-
users from Internet telephony including low service cost (expect to be few tens Baht per hour in stead of few tens
Baht per minute as offered by PSTN), more features (Web, email integration, voice mail box), mobility (virtual
private home). In this paper, we present the fundamental of how Internet telephony works. Two standards of
Internet telephony are described: H.323 developed by ITU (International Telecommunications Union) and SIP
(Session Initial Protocol) developed by IETF (Internet Engineering Task Force). Their advantages and
disadvantages then are compared. A possibility of interconnection scenarios between H.323 and SIP are given.
Applying such two standards for mobile phones as well as development tools for IP telephony are presented.
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2.2.3 H.323 Gatekeeper
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M3 NA 1. uaad agmsnlsenneumsinuseIn H.323 uag SIP

H.323 v1 H.323 v2 H.323 +3 SIP
FUNCTIONALITY
CALL CONTROL SERVICES:
Call Holding No Yes Yes Yes
Call Transfer Mo Yes Yes Yes
Call Forwarding No Yes Yes Yes
Call Waiting No Yes Yes Yes
ADVANCED FEATURES:
Third Party Control Mo No Mo Yes
Conference Yes Yes Yes Yes
Click-for-Dial Yes Yes Yes Yes
Capability Exchange ] Yes&Better  |Yes &Better | Ves &Better Yes
QUALITY OF SERVICE
Call Setup Delay 6~7 R 3~4 RT 2-3RT 2~3 RT
RELIABILITY:
Packet Loss Recovery | Through TCP | Through TCP Better Better
Fault Detection Yes Yes Yes Yes
Fault Tolerance N/A NIA Better Good
MANAGEABILITY
Admission Control Yes Yes Yes Mo
Policy Control Yes Yes Yes No
Resource Reservation Mo Mo No Mo
SCALABILITY
Complexity More More More Less
Server Processing Seateful Stateful Seateful or|  Stateful or
stateless Stateless
Inter-Server Communication Mo Mo Yes Yes
FLEXIBILITY
Transport Protocol Neutrality TCP ICF TCHUDP| TCPRUDP
Extensibility of Functionality Vendor Specified Yes, [ANA
Ease of Customization Harder Harder Harder Easier
INTEROPERABILITY
VersionCompatibility N/ A Yes Yes Unknown
SCN Signaling Interoperability Betier Betier Betier Worse
EASE OF IMPLEMENTATION
Protocol Encoding Binary Binary Binary Text

MINA 2. uaey agmsnlSeusenin H.323 uag SIP

Capabhility Protocol

H.323 SIP
Cost High Low
Complexity High Low
Maturity Good Poor
Scope of Definition Full Limited
Interoperability Good Some
887 Compatibility Poor Poor
Similar to ISDN Yes No

d’ (= ~ o U
MInn 3. uaasagmsnleumneuesa/senousenang

Fast Start method

H.323 uag SIP
Requirement The H.323 Way The SIP Way
Call signaling H.225/Q.931 SIP INVITE
Request/Response,
ACK, BYE
Media Negotiation | H.245 Capability SDP embedded in
exchange or Q.931 | SIP INVITE

Reg/Rsp, ACK

Control

call signaling

Registration, H.225 RAS SIP REG request,

Location and Protocol to to a variety of

admission service | gatekeeper location services.
Proxies locate
things in
processing an
INVITE.

Media RTP RTP

transmission

Centralized Call Gatekeeper-routed |Use of SIP proxies
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(Telephony Application Programming Interface: TAPI)
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7. ledimmalnluiigmsunsevieliane (1P Telephony

over Wireless Networks: VoIPoW)
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8. ﬂi‘l.] H.323 ver 2-4  Packet-based multimedia communications systems
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H.323 ver 1 Visual telephone system and equipment for LAN that 1. Free h.323: http://www.h323.0re/

provide a non-guaranteed QoS



2. The OpenH323 Project: http://www3.openh323.org/

3. Open Phone: http://openphone.org/

4. OpenH323 Gatekeeper: http://www.willamowius.de/

5. Vovida Open Source Networks:

http://www.vovida.com/opensource.html

6.  H.323 Corner: http://www.meetingbywire.com/netmeetingh323.htm

7.  Network Packetizer: http://www.packetizer.com/

8. Java H.323 Engine:

http://www.alphaworks.ibm.com/tech/j323engine
9. IETF IPTEL Working Group Homepage:

http://www.bell-labs.com/mailing-lists/iptel/

10. SIP Open Source: http://siphon.sourceforge.net/
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