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ABSTRACT

Expert system is a program that imitates human’s problem solving process. Most expert systems
collect facts by questioning user during a consultation session then use rules stored in a knowledge
base to inference those facts for solving problems. Therefore, asking too many questions to a user may
result in inaccurate facts or no fact at all. To prevent this facts acquisition problem, a database
management system is presented. With a coupling between expert system and database management
system, facts are retrieved from a database management system without asking a user.

However, retrieving many existing facts will result in a lot of communication traffic during
inference and also a processing load in an expert system shell. This thesis proposes an alternative
architecture of expert system which has an inference engine on its external knowledge base side. With
such architecture, inferences can be performed on an external knowledge base then sending the result,
not only simple facts, to an expert system shell for any further inferences.

Moreover, this thesis also proposes a knowledge base development using RDF/XML database, a
recently emerged, low resource technology for representing data on the World Wide Web, and using
frames, which are widely used by large and complex expert systems, as its knowledge representation.

This thesis presents a frame-based RDF/XML prototype expert system development. An
inference engine on an external knowledge base side is also added to decrease communication traffic
when transferring a large collection of data during inference. The prototype system will be developed

based on a mobile promotion consultant problem solving.
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2.2 msnmummi’ (Knowledge Representation)
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2.21 nmmummf&mung (Production Rules)
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IF span of beam is known

THEN  depth of beam is (span of bema/12)
IF flow is open channel flow

AND Fround number > 1

THEN flow is supercritical

IF flow is open channel flow

AND Fround number = 1

THEN flow is critical
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IF the object has two openings

AND  opening at top is larger than that at the bottom
AND  enough space is available on left side

AND  space available on right side is too small
THEN take the pipe by the left side of the object

AND take pipe into the object from top opening

ot o A i ' ) 9 > at. o o '
mamsainszylunginiiazaeniuGoude  uing ludencmumivdudou mignld
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222 Mamuanu3uuumlsy (Frames)
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i’nmsﬂm’ruaumﬁﬂfr“luﬂufiﬁaﬂuﬁaﬂﬂqﬁu (1] wdaveursufelnseadndoya (data
structure)  §MTuTIWTMTOYAFITAR I YBMMIAANTOANUE  (typical knowledge) WA
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Automobile Frame

Class of: Wheeled Vehicle
Manufacturer: Audi

Model: 5000 Turbo

Number of doors: 4 (default)
Number of wheels: 4 (default)
Color: Red

Gas mileage:; 22 mpg average (procedural attachment)

311 2.3 MednTnssadraveunsy
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g A a - U 2 o
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Tugit 24 Wudednlassadhamzanudiniuvearsy  Taohi  wlsusooud
(Automobile Frame) 3UANNAURUSAUMIVIATOWUANIAD (Wheeled Vehicle) lauimsu

A ot
sovudszilumlsugnues vealsuasesoudnide iudu

Wheeled Vehicle

Class of : Vehicle
Travel : by land (default)

Parent

Automobile Frame
Class of: Wheeled Vehicle
Manufacturer: Audi
Model: 5000 Turbo
Number of doors: 4 (default)
Number of wheels: 4 (default)
Engine:
®  Type: overhead cam
®  Number of cylinders: 5

Gas mileage: 22 mpg average (procedural attachment)

Ui 2.4 drednTnssadanazanuduiusvounsusooud

22.22 msl¥matamsunuanuiuuumlsuluanddenhl  dmiumaiianms
E 4 '
wnunduuundsuil  dudldsuaweuls  wazionihlannluamudsomaredw
Tagmmzanddsndeamsadedumunnuidmivanuindlaseadndudou mauiui
@ W o ¥ ar P
gouiuiuTaonaluh ndmunfaluuuumsy Fwesswazidealassadunnudluguuy
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No=15
Load bearing =

By rcc framed structure

Rcc rigid frame Sss_4
Flat slab Sss_6
Context Goal stack Rule stack
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No=15
Load bearing = By rcc framed structure

Structural system = rcc rigid frame
Maximum span in M =7
Clear height in M = 3.2

Floor system = beam and slab

Context Goal stack Rule stack
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http://www.example.org/index.html has a creator whose value is John Smith.

FUI9NA NAD URL http://www.example.org/index.html
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.y g g g B
veiriu 189 URLifudniasignadsiuiledhadsdean daii

A 4 ' 1 ad = '
® daiimnsadnialduuniovs wu enmsdidomsednd, guam nioudud
UINMIAN)VUIATOUE
e Fai hinsodnds lduunievio 1u yana, 0sns uaz wilaife luresaya

a " o o i ] a d [ Y o
° uuaﬂﬂmﬂumuﬁimmm ﬂua"lmi'lugﬂﬁﬁw U HINANYIND “l’dﬂﬁﬂ”

uazdonaicuiAn1eques URI fies a1 RDF 34141 URI snldifunalnifugmily
M3NaNta Fuend, msdama uaz deuwnd lu UszTeanimu1 RDF wiemnvzetuinly
Faoutadu 019nd17185 1197 RDF 19 URD Reference TumseFuedamen Taoi URI
Reference A0 URI iI#143d1ut00 (Fragment Identifier) 1NBUADTY URI fa0t1ay
http://www.example.org/index.html#section2 i URI Reference ﬁﬂssnﬂué’au URI
http://www.example.org/index.html 182 FnjaFduben section2 Taes inFeanue # s
AusEne URI uaz Fnisddmdoniuies uag Tnvdmmnuda Tun1¥1 RDF veiloy nanda
Faa Taodrada URI viady

Tuduvesmsinauedeya N1 RDF 190111 Extensible Markup Language (XML) (o
viweue Uszloamu RDF ludnwusfineufinmedannsndszutana’ld leenn a1

XML gneenuuunie liyaauaunsadmuaglduuuiendsvesnues uaziuiindeyaly
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v 1
wnmsamugduuuiug 18 s ROF Salddmuagiuuuenmsdwann XML #fifendh
J ¥ " ] " & 5 '
RDF/XML ¥ wworiusuedoyalunn RDF  wazieuann/foudeyadanainsznii

AONN AT 14

2.4.2 m3svnauelszluaniu RDF dawns

P 4 = v o d ' W o a d o
nni ldnantnnuduiuisendn Fund, msana uaz Sevend lunw RDF T
udr m1 RDF deamnsarinaualugduuunsl 188ndas Taslumsiiuaue sz Tonly
N .
711 RDF A20n511iu sxfmualdld Tua (node) umu duiend uag Seuwnd wazlile
o a dy P [ o o P =] L4
0130 (arc) umy msdna Tavez F9n Tuaiidlu Fuwnd Tuds Tuaiiily Seuwnd e
o = ' @ o 4 oA
aeinlugli 2.13 mawnsadiouleglugiveans1ddagii 2.14 Gaezmiud imsld

URI LNY f11 creator LA John Smith

@vw.example.or g/mdex.html

http://purl.org/de/elements/ 1. L/ereator

\' 74

@* example org/staffid/S3740

31 2.14 mariweruenlsz Tonnwr RDF Aauns vl

lunnsai Aiidedialumsnansl mawnsadounsl Toglugilves nSuifia
. 9 = = o o 3’ o o =Y o 4 -
(riple) 14 ArwmsidiouSssmudnudail duend msdna Seund Taommilumsidou
9 - Tow W o o o 1o o o o
URI szapasuagnasdganyalnuauuvania “< uay lddaydnvaladuumania <

1849 URI #20819191

< http://www.example.org/index.html > < http://purl.org/dc/elements/1.1/creator > < http://www.example.org/staffid/85740 > |

3N 215 madounsiiia ununs
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L] r.i o =y L) o
ualumsiiiou URT Falinnuerann ermidinanny liazain n1un RDF Safmua sl
14 fudund (prefix) unumsdon Urt 18 Taolisema sdumihitdeams1uny URT

¥ " ¥
MM Ssemnsalow Audumih mudionTeamanoning < 18 Tahidesldinsoamy

v
e

wduunan Taonndaodalugilii 2.15 szaunse 19 uAumhd &

@prefix ex: , namespace URI: http://www.example.org/
@prefix de: , namespace URI: http:/purl.org/dc/elements/1.1/

@prefix exstaff: , namespace URI: http://www.example.org/

ex:index.html dc:creator exstaff:85740

314 2.16 m3dion Au@Aum unu URK

2.4.3 maviuaueveyamuglivuiena1s RDF/XML

e ldnounumesamnsnlszananatszloanimn RDF 14 nwn RDF 39188 wun

J ¥
uunenmsAuniv XML Yu Tauiluiin (Tag) Augu fle

o 1 4 4
1. <rdf:RDF> dmiulszmad deyameluniindi igduvudiu ROFXML Havgiiuo
] b
NN3194 (attribute) Nehdaydane 15l
® xmins:(FoAuANNIN) : dmFvlszmadudumii
Fos B o (Y d 1 - 1 o4 A A
2. <rdf:Description> thmivunuTuauazerineg Tavsz@ouegmoluuiniidu ¥e
- - | =) aa & @ w0 4’
voelun vie 0130 Bnfiniia wazlumsuaaamu Tua wiiuovm3td Addyde T
o [ { dy o d‘ '
® rdfabout : dmiuTuanldoyailu URI uaz Joriad g Tuadu 1us Fund
& d s
Tuananua uaz douwna luaunaTua
o o o = {9 et 2 ar
® rdfresource : AMmTvdoLIINA Tun Mldeyaidlu URI Taefihifiordnd l1/da Tua
&
a9

= = [ o w o ) o o o '
TumsWouszdouludnvazdudiduiy Tas SouuinumudonnndTua agmulu
] a ¢ o a ¢ ' d o 13 a a &
UNAUNUINIAIAABISA LAz UNNUNUMSAIAAISA ogntoly uinumuFuend Tua Bniinils

Tavnindredlugii 2.15 maunsedoul¥eylugveusnms RDFXML 1831 2.17
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f?xml version="1.0"7>
<rdf:RDF xmlns: ex="“http://www.example.org/”
xmlns:de= “http://purl.org/dc/elements/1.1”
xmlns:exstaff="http://www.example.org/staffid/” >
<rdf:Description rdf:about= “http://www.example.org/index.htm]”>
<dc:creator>
<rdf:Description>
<exstaff:85740 rdf:resource=
“http://www.example.org/staffid/85740"/>
</rdf:Description>
</dc:creator>
</rdf:Description>

</rdf:RDF>

UM 2.17 1one1s RDF/XML

E
ueNINH MY RDF Saannindmuariaveanineinsaen Tasmsimua Tnsely

4 4 &
MB1 RDF iiionnuauyseivesdoyatavu 188ndae [5]

2.4.4 1a33l49 141 RDF (RDF Schema)

Tnsalumun ROF dluddaisriiavesnsnensag dmsuni RDF Tav Tnselu
7M1 RDF 30 RDFs 1 ihunafinfildlumsadas object model 91ndoyA93aiigndada
wazvenhidnfuiimmmnesiduoiils

Tunsfmun RDFs dugldamnsmimsfmuaninensdae ama , AMANIA uaz M
18 iilosnnunafavos RDF class tundefumnfnvesnata Tu m3oulsunsuiFeiag
WU Java ez Cr+ TaoamahutuTassarevesdeiifinnundofuaraunsodionen
auauiald sihldaunsodmualininnnsdneg du Susuaud ves aana uaz Funma
vos amald drodrugu Tnselunwn RDF 1t simsdmunduaunudves amalanana
wils vio il uazselninfudernnsesamsaaa Wihugiuddusild

o 1 ] ] " o o & s
AIDUNIFY AAIA First_Line Manager awgnmﬁun'lﬁtﬂu FUAAT Y99 Manager 30 Fu
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’

A1A19 Y09 Staff cﬁw:nmummim%’wmnﬂﬂq fidhuBuauaudues nae staff 1 wileh
WuBuauAUEYDI AAA First Line Manager A2015uf )

RDFs_property ansonaaiiuionniing vea aara 14 #1 RDFs property 1 0104
UIIAM3EUN0AIIN RDF property B wioiudaimuasiniiulyIdvesiivanii1d
Tnuiiinguszasinanlumaih lldszyndlfifef muaguantdvesnamiuies ro6 sy
domain constraint gnfiifedirmuamiduli1% vesnare ifudu ds RDFs vzgnlFlums

Usznier MAwNA e

Box 1.

<?xml version="1.0"?>

<rdf:RDF

xminsrdf= “http:/iwww.w3.0rg/1999/02/22-rdf-syn-
tax-ns#’
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-sche-|
ma#”

xmibase= http://www hr.com/humanresources#“>
<rdf:Description rdf]

class
ID="staff"
<rdf:type

rdfiresource="http://wyww.w3.0rg/2000/01/rdf-
schema#Class”/> subclass of
</rdf.Description>

<rdf:Description rdf
<rdf:type
rdfiresource="http://www.w3.0rg/2000/01/rdf-
schema#Class"/>

<rdfs:subClassOf rdfresource="#staff"/>
</rdf:Description>

</rdf:RDF>

317 2.18 M3uAAA class 1A subelass TuioNTT RDF/XML

1u 15z Tonn1vn RDF 910 Box 1 Tugifii 2.18 ifludedraves RDFs dagn Aal uoz
gmannh 19 Tao rdfs:Class Faiidnvazmilounara Tumsi@iouTilsunsuiFaing edl
N13fMUA schema vosnmalna animTuzdeadl rdfitype AeArveuiufnonIneNI B
Wail rdfe:Class yN#si03110TA RDF expressions wQNFen NINeINsuAzIZgANIITN
o 19T uBucinus v09 class rdfs:Resource Tnudantsznouduves RDFs thiszuanaly
3 2.19
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| esoce [
co: I - I

rdfs:Resource rdfs: type
rdfs.Class rdfs: SubClassOf
rdfs:Property rdfs: SubF ropenyOf
rdfs. ConstraintProperty rdfe: comment
rdfs:label
rdfs seeAlso
rdfs: Lieral rdfs isDefinedBy

ConstraintProperty

tdfs:range
rdfs:domain

310 2.19 uanannwd@iusinnfiaves Tassluniu RDF

- rdfs:Datatype 1D AMA YDA data types HAZMMUARNUAINITAVD data types
- rdfs:Literal fio Aand UﬂQﬁ1ﬁi}JWQﬁﬁ1G‘| (literal) 15U strings LI integers
- rdfs:subClassOf D AauauiAnsdaiuimmzANNFURUT 5919 subset-superset

i pane

"
= ey

- rdfs:subPropertyOf ADOUNIAUTYDY 1df : Property ‘l%uﬁamzm'mmﬁunmfmﬂu
AuauA MirvesnauAsudunTehi '

- rdfs:comment fi9 MoTUwVOMININIAUYETTINTOEM S

- rdfs:label fio Fovoaniwens tmuﬁnqyﬁmmsndm"lé’uazuﬁm‘lugﬂuuu string

- rdfs:seeAlso ‘sz14'.i1'n§'wu1nstfumwzﬁi’fagmﬁmﬁmﬁmﬁ’n Fuand

- rdfs:isDefinedBy (i sub property U949 rdfs: seeAlso Y ix‘l,,!ﬂ‘biﬁ”lﬂuﬂ"ﬁ'].ll%ﬂﬁ’

- rdfs:member 13y super-property ﬂﬂd?]ﬂﬂuﬁﬂ‘?:mg'

- rdfs:range uﬁﬂﬁy‘lv’ﬁﬁu'hﬂmmfufiwm property A uauFn

- rdfs:domain ¥ Ao ifumniniuiiguauifedls

- rdfs:Container fOMHUNINOINTAA

- rdfs:ContainerMemberShipProperty  (Hunae ﬁqnh’s’xﬂuﬁnmwam%"wmnsshmﬁ

(ilu uFnvoacontainer
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] ¥ Ed ¥
nnfindraimuatiihufiveiugwlumsinauedoyalugiuvenasRor/xML
¥ 14 ¥
winiu Tumsidisuienms RDF/XML wuiassuddaannsoaaneumsion luuaduaoy

¥
14§35 msmariannsadnn1dnndylsdves wic (http://www.w3c.org/TR/rdf-primer/)
a 1A Ay oy v
2.5 M3AAABIEMS HAZMSAUAUYRYA AN TH SPARQL

1 1 v v
lumsdadedemuiveuann/doudoyalugiivuenas ROFXML 1Ty $ufludost
d' - J 4 J 4 A
avuaz Ts TaneanldlumsAadedemssznineszun wehunasgulunmsuann/aou
é o ar dl { .A
Joya Famuuaz Islansadmiumsduduuazuannldoudoyann RoF Adlufitoy

wazgnlfifumasguluvaizdifie n1 SPARQL [6]

251 msaududeyadio 7131 SPARQL

°1u1rmzﬁ’°lumsﬁuﬁ'm’faga RDF mamnsaldnnn SPARQL 18 iileaninnmn
SPARQL gnaanuwmlﬁaﬁuﬁm’faqmzmimmdqi’fau,mmﬁwhaq Tidzeglugiiuy
04 RDF w0 gnialieglugiuuy RDF Auuewndindudufian Taunwn sPARQL i
annsaftezdudu ROF nswllugduuuitdmuald uazlinadns luzilves RDF nsl nie
isnvoadoyan 14 'nzaﬁyﬂﬁﬁuf’l’uiﬂy,aﬁac1ﬂ1m SPARQL 9281984910 RDF n3 1 ludnua
vea niiliia FusremsodszmaldinimiIdous uaslums dudu wldmstmuada
wstilemmadng fnseduziliiuy RDE nsmlitdimuald Faaz19doyaluzilit 220 Fudu

[ ¥
Yoyalu Wd%e TestDatardf Wudoyadrivesnomsduduluunil

@prefix de: <http://purl.org/dc/elements/1.1/>
@prefix book: <http://example.org/book/>

@prefix writer: <http://example.org/writer/>

book:book1 dc:title “Harry Potter and the Deadly Hallows”
book:book2 dc:title “The Lord of the Ring”

writer:ID001 dc:name “J.K. Rowling”

writer:ID002 dciname “J.R.R. Tolkien”

book:book dc:auther  writer:1D001

book:book2 dc:auther  writer:1D002

i 220 uansdoyadmivlszneumsosiemsAududunn sPARQL
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2511 m3auAudaemds SELECT n1sdududaodiid SELECT lunu1 SPARQL 92
Wnadnsidumsgniiulsiasstugluuniitmun Sazusoonih gesdmdn fo
dauves SELECT avziihudauiiszyius lums#uduit Sevsdiusadimun HAANE T3
duu saudamdsiinvesdeya uas dauvos WHERE evzithudauitszyzuuuves ROF
nsl fideemsdudu Taolugud 221 szuamaila dedhedrde SELECT uas Ui 222 vz

HARIDD HAAWEN 18 luanysizagauls

PREFIX dec: <http:/purl.org/dc/elements/1.1/>
SELECT ?myTitle
FROM <TestData.rdf>
WHERE
{

7anyBook dc:title TmyTitle
}

i 221 uamamsdududaodida SELECT lunwn sPARQL

myTitle

“Harry Potter and the Deadly Hallows”

“The Lord of the Ring”

3 222 uamanndnsnndida SELECT Tunw SPARQL

v ¥
naRadantlugii 221 1fu samnsodalieglugivesenms xmr 188w Asdaege gl
n2.23
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<?xml version= “1.0”7>
<sparql xmlns= “http://www.w3c.org/2005/sparql-results#">
<head>
<variable name= “myTitle”/>
</head>
<results>
<result>
<binding name= “myTitle™>
<literal>Harry Potter and the Deadly Hollows</literal>
</binding>
</result>
<result>
<binding name= “myTitle”>
<literal>The Lord of the Ring</literal>
</binding>
</result>
</results>

</sparql>

31 2.23 uansmadnivindida SELECT Tun SPARQL Tugaiuy xmr

2512 msdufudasmida CONSTRUCT — misdududaniida CONSTRUCT Tunmn
SPARQL v lnadns il RDF nsml Tugdues n3ulita éqtﬂmmmﬁ'ﬁ'lﬁa;ﬂugﬂvm
RDF/XML 14 $avzinjsoonilu aosdaumdn Ao dauvesinds CONSTRUCT Sosifhums
fmua gluuuves aswifidumadng Serrfezrinnathens il 9218910 danitaes il
dauves Adidia WHERE Favzilumsszydouly itedendoyatezrinnadis nsmnadng
voamsAuAuRI0/1d9 CONSTRUCT Taolugali 2.24 szuaasile dr0619818

! v o agja &4 o
CONSTRUCT uaz3iil 2.25 vusasiis wadwin 18lugiveaniliia fus1aunsosalied

Tugilves enms RDF/XML Tdds31/7 2.26



PREFIX dc: <http://purl.org/dc/elements/1.1/>

CONSTRUCT ?myAuther dc:write 7myTitle

WHERE

?myBookdec:title ?myTitle

?myBookdc:auther 7myAuther

3N 224 uamsnsdududaedada CONSTRUCT Tunmn SPARQL

@prefix de: <http://purl.org/dc/elements/1.1/>
@prefix writer: <http://example.org/writer/>

writer:ID001 dc:write “Harry Potter and the Deadly Hallows”
writer:1D002 de:write “The Lord of the Ring”

710 2.25 uaasnadninindids CONSTRUCT Tunimn sPARQL Tugilueansiliiia

<rdf:RDF
xmins:rdf= “http://www.w3c.org/1999/02/22-rdf-syntax-ns#”
xmlns:dc= “http://purl.org/dc/elements/1.1/”

xmlns:writer= “http://example.org/writer/”

<rdf:Description rdf:about= “http://example.org/writer/ID001” >
<dc:write>Harry Potter and the Deadly Hollows</dc:write>
</rdf:Description>
<rdf:Description rdf:about= “http://example.org/writer/ID002” >
<dc:write>The Lord of the Ring</dc:write>
</rdf:Description>
</rdf:RDF>

31 2.26 uaAsradninINfIs CONSTRUCT Tuntwn SPARQL Tugaiuy RDF/XML

35



36

25.1.3 msduAudwm¥i ASK  nsdufudaodida Ask Tunw SPARQL sxifiums

L
as29aeuil RDF 3wl Tugdunuidmuasguiels Tavez1dwadns i boolean Hanily
true oi] RDF n3masanmgluuuiiimua uag auily fase io'lifl RDF nsmlasany

iunidmua Tavguh 2.27 szuansiadiediafids ASK Tunu SPARQL

PREFIX dc: <http://purl.org/dc/elements/1.1/>

ASK { 7anyBook dc:title “The Lord of the Ring” }

3N 227 uansmsfududaoiids ASK Tun1w SPARQL

] ¥
minaesiinsannndoyaud sznudill RDF sl lugduuniidmus afu wadwianms

dy ' A o 4
dudnil vz IR rue Fauamalugivouonms XML Fagi 2.27

<?xml version= “1.0"?>
<sparql xmlns= “http://www.w3c.org/2005/sparql-results#">
<head></head>
<results>
<boolean>true</boolean>

</results>

</spargl>

317 228 uamanadnsondds ASK Tun SPARQL lugiliuy XML

252 M3AIMNTI SPARQL dsiursesda

a1 SPARQL ldgnimuaTilsTanea (Protocol) Tiflumnasgmulumsiudadeyals
Tavesdns wac Faldmsrtanm B3 lugvoaduedSs &rwnmn WSDL 2.0 (WSDL2)
(18] fauaaaluzilii 2.28

FaT1)s Taneasandn wilsznoudiwdumosmAniAe  SpargiQuery  ailiiiva
ViiAmsuafe query udiall msftvsin W lus Tanoaillgan 1 Suduszdeaimagn

TilsTanea (Protocol binding) idureu TavynmsknduTysTanea HTTP Fuiluls Tnnoaft
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— o L) ) 4 =|.y = bl L o
Howldiuodiunsna FamsgnTulsTasaeai 18TmseFuu 13800181 WSDL2 Wufy
Asdegalugilin 2.29

<!-- Abstract SparglQuery Interface -->

<interface name="SparqlQuery"
styleDefault="http://www.w3.0rg/2006/01/wsdl/style/iri
">

<!-- the Interface Faults -->

<fault name="MalformedQuery" element="st:malformed-
quaryn />

<fault name="QueryRequestRefused"
element="st:query-request-refused" />

<!-- the Interface Operation -->
<operation name="query"
pattern="http://www.w3.0rg/2006/01/wsdl/in-out">

<documentation>The operation is used to convey
queries and their results from clients to services and
back

again.</documentation>

<input messageLabel="In" element="st:query-

request" />

<output messageLabel="Out" element="st:query-
result" />

<!-- the interface faults are out faults -->

<outfault ref="tns:MalformedQuery"
messageLabel="0ut"/>
<outfault ref="tns:QueryRequestRefused"
messageLabel="0Qut"/>
</operation>

</interface>

314 2.29 Buimesivlas SparglQuery
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<!-- the HTTP GET binding for query operation -->
<binding name="queryHttpGet"
interface="tns:Sparquuery"

type="http://www.w3.0rg/2006/01/wsdl/http"
whttp:version="1.1">

<fault ref="tns:MalformedQuery" whttp:code="400"/>

<fault ref="tns:QueryRequestRefused"
whttp:code="500"/>

<operation ref="tns:query"
wsdlx:safe="true"
whttp:method="GET"
whttp:faultSerialization="*/%"

whttp:inputSerialization="application/x-www-
form-urlencoded"

whttp:outputSerialization="app1ication/sparql—

results+xml, application/rdf+xml, */*" />
</binding>

<!-- the HTTP POST binding for query operation -->
<binding name="queryHttpPost"
interface="tns:SparqlQuery"

type="http://www.w3.0rg/2006/01/wsdl/http"
whttp:version="1.1">

<fault ref="tns:MalformedQuery"
whttp:code="400"/>

<faulg ref="tns:QueryRequestRefused"
whttp:code="500"/>

<operation ref="tns:query"
wsdlx:safe="true"
whttp:method="POST"
whttp:faultSerialization="%/%"

whttp:inputSerialization="application/x-www-
form-urlencoded, application/xml"

whttp:outputSerialization="application/sparql—

results+xml, application/rdf+xml, */*" />
</binding>

3N 2.30 msynTols Taneady HTTP
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Knowledge base Knowledge
: <+ >
tool Engineer
A
Client
SPARQL Query b
RDF/XML Internal Inference b
engine > Interface
Knowledge base
A

Frame-based

SPARQL Query

RDF/XML

Inference

Database

b T

engine

RDF/XML

Databases & SPARQL Query

Server
Web Resources
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ParentFrame
ChildrenFrame
FramelVame
Frame | Frame Name
Slot
SlotName Slot Name
Slot
SlotValue Slot Value
Facet

Facet Type

Facet Value
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<?xml version="1.0"7>

<rdfRDF  xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:rdfs="http://www.w3.0rg/2000/01 /rdf-schema#"

xrnlns:protegc="http:/lprotege.slanford.edu/p]ugins!owllprotcgc#“
xmins:owl="http://www.w3.0rg/2002/07/owl#">

<owl:Ontology rdf:about="Frame"/>
<owl:Class rdf:ID="Frames">
<rdfs:subClassOf><owl:Restriction>
<owl.onProperty rdf:resource="#FrameName"/>
<fowl:Restriction></rdfs:subClassOf>

<fowl:Class>

</rdf:RDF>

i 4.3 drodamsudunuy Tugwdeya RDFXML
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Function: find frame
Input: facts
Output: answer

find frame that match facts

loop
find children of matched frame
push into goal stack list

until no children of frame found

pop frame from goal stack
bind slot variable with fact
match frame with current goal frame

return matched frame
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UM 4.5 uaasmsihauvesnsziumsmmvesadeaniolumlsy

Function: get_all_slot_value
Input: frame_id, slot_name
Output: answer

1. answer:=null;

2. parent:=null;

3. answer = call get_slot_value;

4. if answer = null

5 parent = call find_parent;

6. while parent is not null AND answer = null
7. parent = call find_parent;
8. end loop

9. return answer;

310 4.6 daneitulunsiSungaveaadon

Function:  find_parent
Input: frame, slot_name
Output: parent

1. begin

2. parent := null;

3

4 if no_data_found then
5. parent := null;

6 return parent

7. end;

SELECT parent INTO parent FROM parent_tab

717 4.7 daneTTudmTumisu s
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Function : get slot value
Input: frame, slot_name
Output:  answer

1. answer:=null;

2. begin

3. SELECT id INTO v_slot_id FROM slots_tab
4. if v_slot_id is not null then

5 begin

6. SELECT 'value' INTO ret

7 when no_data_found

8. SELECT ‘default’ INTO ret

9. when no_data_found

10. SELECT if_needed INTO ret
il when no_data_found

12 answer = NULL;

13. endif;

14. answer ret;

15.end;

310 4.8 SaneTudmTumsasannadon
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Ad4 SPARQL Tl Tnnea HTTP Tauh EncodedQuery ABA179n 1M1 SPARQL 1idz

v d o 1 ar [ U ' e
wadniveamsdudufzgndinduinlugivesendts XML #otagulugii 4.10

GET /sparql/?query=EncodedQuery HTTP/1.1

Host: www.example

User-agent: my-sparql-client/0.1

314 4.9 msdafmidaniun SPARQL s Tils Tnnea HTTP
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HTTP/1.1 200 OK

Date: Fri, 06 May 2005 20:55:12 GMT

Server: Apache/1.3.29 (Unix) PHP/4.3.4 DAV/1.0.3
Connection: close

Content-Type: application/spargl-results+xml

<?xml version="1.0"7>
<gparql xmins="http://www.w3.0rg/2005/spargl-results#">
<head>
<variable name="book"/>
<variable name="who"/>
</head>
<results distinct="false" ordered=""false">
<result>
<binding name="book"><uri>http://www.example/book/book5</uri></binding>
<binding name=" who"><bnode>r29392923r2922</bnode></binding>

</result>

<result>
<binding name="book"><uri>http://www.example/book/book6</uri></binding>
<binding name="who"><bnode>r8484882r49593</bnode></binding>
</result>
</results>

</sparql>

31/ 4.10 HTTP Trace daumadninnnsdudu
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No. frame slot slot value facet facet value

Pl Parent =

Children Pos Regular, Pos Vary, Pos

Time, Pos Number

Postpaid Cust. Type Postpaid constraint | {Postpaid,

Promotion Prepaid}

If_changed | If slot value =

Prepaid then go to

“Prepaid Pro”
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P2 Parent Postpaid Promotion
Children Feel Free 20, Feel Free 40,
Pos Regular Feel Free60, Feel Free 90
Call Behavior | Regular Constraint | {regular, vary, time-
relate, num-relate }
P3 Parent Postpaid Promotion
Children Vary Duration, Good Short
Pos Vary Chat, Lite 100
Call Behavior | Vary Constraint | {regular, vary, time-
relate, num-relate }
P4 Parent Postpaid Promotion
Children Good One 12 Hr., Sode
Pos Time
Call Behavior | Time-relate Constraint | {regular, vary, time-
relate, num-relate }
P5 Parent Postpaid Promotion
Children Number No Limit, Number
Pos Number Limit
Call Behavior | Num-relate Constraint | {regular, vary, time-
relate, num-relate }
P6 Parent Pos Regular
Call Frequecy | Rare Constraint | {rare, normal,
Feel Free 20
frequent, very
frequent}
P7 Parent Pos Regular
Call Frequecy Normal constraint | {rare, normal,
Feel Free 40
frequent, very
frequent}
P8 Parent Pos Regular
Call Frequecy Frequent constraint | {rare, normal,
Feel Free 60
frequent, very
frequent}
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P9 Parent Pos Regular
Call Frequecy | Very frequent constraint | {rare, normal,
Feel Free 90
frequent, very
frequent}
P10 Parent Pos Vary
Lite 100
Call Duration Long constraint | {short, long, vary}
P11 Good Short Parent Pos Vary
Chat Call Duration | Short constraint | {short, long, vary}
P12 Parent Pos Vary
Children Half 500, Half 700, Half
Vary Duration 900, Half 1200, Half 1800,
Half 2400, Half 4500
Call Duration Vary constraint | {short, long, vary}
P13 Parent Vary Duration
Half 500
Estimated Cost | 250-349
P14 Parent Vary Duration
Half 700
Estimated Cost | 350-449
P15 Parent Vary Duration
Half 900
Estimated Cost | 450-599
P16 Parent Vary Duration
Half 1200
Estimated Cost | 600-899
P17 Parent Vary Duration
Half 1800
Estimated Cost | 900-1199
P18 Parent Vary Duration
Half 2400
Estimated Cost | 1200-1799
P19 Parent Vary Duration
Half 4800
Estimated Cost | 1800+
P20 Parent Pos Time
Good One 12
g Time Preferred | Day Constraint | {Day, Night,
r.
Both}
P21 Parent Pos Time
Sode Time Preferred | {Night, Both}* Constraint | {Day, Night,
Both}
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P22 Parent Pos Number
Number No Children Good Friend, Good 3
Limit Friends
Limited Time Unlimited
P23 Parent Pos Number
Number
Children Lite Love Love, Four Mo
Limited
Limited Time 60
P24 Parent Number No Limit
Good Friend
Special No. 1
P25 Parent Number No Limit
Good 3 Friends
Special No. >1
P26 Parent Number Limited
Lite Love Love
Special No. 1
P24 Parent Number Limited
Good Friend
Special No. >1

M3an 5.2 sumoneny dnvazmsldnuvesgnd

No frame slot slot value facet facet value
C1 Mobile No. Default New Customer
Cust. Type Constraint {Postpaid,
Prepaid}
default Postpaid
Cist. Piofile If changed | Ifslot value =

Prepaid then go to
“Prepaid

Question™ else go
to “Postpaid

Question”
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c2

Postpaid

Question

Call Behavior

Constraint

{regular, vary,
time-relate, num-

relate}

If_changed

If slot value =
regular then go
to “Pos Regular

Question”

If changed

If slot value =
vary then go to
“Pos Vary

Question”

If_changed

If slot value =
time-relate then
go to “Pos Time

Question”

If_changed

If slot value =
num-relate then
go to “Pos Num

Question”

Promotion Calc

If _changed

Go to “Calc”

c3

Pos Regular

Question

Call Frequency

Constraint

{rare, normal,
frequent, very

frequent}

Pos Vary
Question

Call Duration

Constraint

{short, long,

vary}

If_changed

If slot value =
vary then go to
“Pos Duration

Vary Question”

C5

Pos Duration

Vary Question

Estimated Cost

C6

Pos Time

Question

Time Preferred

Constraint

{Day, Night,
Both}




59

M1519 5.2 (A9)
C7 No. of
Pos Num Special
Question Number
Limited time
C8 Promotion
Name
default Yes
Calc If changed | If slot value =
Use>3
yes no then go to
month
“Estimated
Usage”
C9 Avg. each
call duration
Avg. usage /
Estimated
day
Usage
Call behavior {regular, vary,
Constraint | time-relate,
num-relate }
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frame slot slot value
Mobile Number
Customer Type Postpaid
Customer
Call Behavior Vary
Call Duration Long
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<ROW> <MOBNUMBER>0814441278</ MOBNUMBER >
<DESNUM>0814457898</DESNUM>
<TIMECALLOUT>21052009110455</TIMECALLOUT>
<CALLDURATION>17.24</CALLDURATION></ROW>
<ROW> <MOBNUMBER>0814441278</ MOBNUMBER >
<DESNUM>0815457823</DESNUM>
<TIMECALLOUT>21052009114012</TIMECALLOUT>
<CALLDURATION>18.46</CALLDURATION></ROW>
<ROW> <MOBNUMBER>0814441278</ MOBNUMBER >
<DESNUM>026913863</DESNUM>
<TIMECALLOUT>21052009121023</TIMECALLOUT>
<CALLDURATION>29.04</CALLDURATION></ROW>
<ROW> <MOBNUMBER>0814441278</ MOBNUMBER >
<DESNUM>0865559991</DESNUM>
<TIMECALLOUT>21052009151414</TIMECALLOUT>
<CALLDURATION>32.11</CALLDURATION></ROW>
<ROW> <MOBNUMBER>0814441278</ MOBNUMBER >
<DESNUM=>0866797979</DESNUM>
<TIMECALLOUT>21052009171947</TIMECALLOUT>
<CALLDURATION>68.24</CALLDURATION></ROW>
<ROW> <MOBNUMBER>0814441278</ MOBNUMBER >
<DESNUM>036419578</DESNUM>
<TIMECALLOUT>21052009213417</TIMECALLOUT>
<CALLDURATION>16.51</CALLDURATION></ROW>
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<?xml version= “1.0”?>
<sparql xmlns= “http://www.w3c.org/2005/sparql-results#>
<head>
<variable name= “Promotion”/>
</head>
<results>
<result>
<binding name= “Promotion’>
<literal>Lite100</literal>
</binding>
</result>

</results>

</spargl>
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<7xml version="1.0"?>
<!DOCTYPE rdf:RDF [
<!ENTITY owl "http://www.w3.0rg/2002/07/owl#" >
<!ENTITY swrl "http://www.w3.0rg/2003/11/swrl#" >
<!ENTITY swrlb "http://www.w3.0rg/2003/11/swrlb#" >
<IENTITY xsd "http://www.w3.0rg/2001/XMLSchema#" >
<!ENTITY rdfs "http://www.w3.0rg/2000/01/rdf-schema#" >
<!ENTITY rdf "http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" >
<!ENTITY protege "http://protege.stanford.edu/plugins/owl/protege#" >
<!ENTITY xsp "http://www.owl-ontologies.com/2005/08/07/xsp.owl#" >
>
<rdf:RDF xmlIns="http://www.owl-ontologies.com/Ontology1233987595.owl#"
xml:base="http://www.owl-ontologies.com/Ontology 1233987595.owl"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmlns:xsp="http://www.owl-ontologies.com/2005/08/07/xsp.owl#"
xmlns:swrl="http://www.w3.0rg/2003/1 1/swrl#"
xmlns:protege="http://protege.stanford.edu/plugins/owl/protege#"
xmlns:swrlb="http://www.w3.0rg/2003/1 1 /swrlb#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:owl="http://www.w3.0rg/2002/07/owl#">
<owl:Ontology rdf:about="Frame"/>
<owl:Class rdf:ID="Facets">
<rdfs:subClassOf rdfiresource="&owl; Thing"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#FacetValue"/>
<owl:cardinality rdf:datatype="&xsd;int">1</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<owl:DatatypeProperty rdf:ID="FacetType">



<rdfs:domain rdf:resource="#Facets"/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:ID="FacetValue">
<rdfs:domain rdf:resource="#Facets"/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:ID="FrameName">
<rdfs:domain rdf:resource="#Frames"/>
<rdfs:range rdf:resource="&xsd;string"/>
</owl:DatatypeProperty>
<owl:Class rdf:ID="Frames">
<rdfs:subClassOf>
<owl:Class>
<owl:unionOf rdf:parseType="Collection">
<owl:Restriction>
<owl:onProperty rdf:resource="#hasChildren"/>
<owl:someValuesFrom rdf:resource="#Frames"/>
</owl:Restriction>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasParent"/>
<owl:some ValuesFrom rdf:resource="#Frames"/>
</owl:Restriction>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasSlot"/>
<owl:someValuesFrom rdf:resource="#Slots"/>
</owl:Restriction>
</owl:unionOf>
</owl:Class>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>

<owl:onProperty rdfiresource="#FrameName"/>

<owl:cardinality rdf:datatype="&xsd;int">1</owl:cardinality>

74



</owl:Restriction>

</rdfs:subClassOf>
<rdfs:subClassOf rdf:resource="&owl;Thing"/>

</owl:Class>

<owl:ObjectProperty rdf:ID="hasChildren">
<rdfs:domain rdfiresource="#Frames"/>
<owl:inverseOf rdf:resource="#@sParcnt"/‘>
<rdfs:range rdf:resource="#Frames"/>

</owl:ObjectProperty>

<owl:ObjectProperty rdf:ID="hasFacet">
<rdfs:domain rdf:resource="#Slots"/>
<owl:inverseOf rdf:resource="#isFacetOf"/>
<rdfs:range rdfiresource="#Facets"/>

</owl:ObjectProperty>

<owl:ObjectProperty rdf:ID="hasParent">
<rdfs:domain rdf:resource="#Frames"/>
<owl:inverseOf rdf:resource="#hasChildren"/>
<rdfs:range rdf:resource="#Ffames"/>

</owl:ObjectProperty>

<owl:ObjectProperty rdf:ID="hasSlot">
<rdfs:domain rdf:resource="#Frames"/>
<owl:inverseOf rdfiresource="#isInFrame"/>
<rdfs:range rdf:resource="#Slots"/>

</owl:ObjectProperty>

<owl:ObjectProperty rdf:ID="isFacetOf">
<rdfs:domain rdf:resource="#Facets"/>
<owl:inverseOf rdf:resource="#hasFacet"/>
<rdfs:range rdfiresource="#Slots"/>

</owl:ObjectProperty>

<owl:ObjectProperty rdf:ID="isInFrame">
<rdfs:domain rdf:resource="#Slots"/>

<owl:inverseOf rdf:resource="#hasSlot"/>
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<rdfs:range rdf:resource="#Frames"/>
</owl:ObjectProperty>
<owl:DatatypeProperty rdf:ID="SlotName">
<rdfs:domain rdfiresource="#Slots"/>
<rdfs:range rdf:resource="&xsd;string"/>
</owl:DatatypeProperty>
<owl:Class rdf:ID="Slots">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#SlotValue"/>
<owl:maxCardinality rdf:datatype="&xsd;int">1</owl:maxCardinality>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#SlotName"/>
<owl:cardinality rdf:datatype="&xsd;int">1</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf rdf:resource="&owl; Thing"/>
</owl:Class>
<owl:DatatypeProperty rdf:ID="SlotValue">
<rdfs:domain rdfiresource="#Slots"/>
</owl:DatatypeProperty>
</rdf:RDF>
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An RDF-based Distributed Expert System
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ABSTRACT — An expert system or knowledge-based system comprises of a knowledge base and an inference
engine in which their expertise knowledge is represented. The knowledge can be called upon when needed to
solve a problem by the inference engine. In a large expert system, the knowledge base can be represented using
frames. Hence they are called frame-based expert system or frame-based system. To avoid too many
communication traffics during inferences, a distributed expert system, an expert system with an inference
engine on its external knowledge base side is presented. It is an expert system which has an RDF external
knowledge base for improved flexibility and mobility in knowledge sharing. This research presents a design
and implementation of a Frame-based RDF expert system which has a RDF/XML database as its external
knowledge base. The external knowledge base uses frame as its knowledge representation stored in RDF/XML
format so that it can be placed on the WWW (World Wide Web) which is, ideally, accessible from anywhere.

With this capability, an expert system will be enriched with flexibility and mobility in knowledge sharing,

Key-Words: - Frames, Expert system, Knowledge base, RDF, RDF/XML, Ontology

1 Introduction

Frames are widely used as the knowledge
representation of large, complex expert systems [1].
Such expert system comprises internal knowledge
base and inference engine in which their knowledge
base is used to represent their expertise knowledge
as frames. To avoid too many communication
traffics during inferences, a database system is
presented to store knowledge as an external
knowledge base along with an inference engine of
its own. With a tight coupling between an expert
system and an external knowledge base, inferences
can be performed on the external knowledge base
then the inference result, and not only simple facts,
are sent to a client expert system for further
inferences [2]. In some distributed systems, mobile
agents are used to reduce the communication
problem [13]. However, the systems may not be
very efficient in a resource-limited environment due
to its lack of flexibility and mobility in knowledge
sharing.

To improve flexibility and mobility, a Resource
Description Framework (RDF) is presented. RDF is
a standard for representing information about
resources in the World Wide Web. RDF is intended
for situations in which the information needs to be
processed by application, rather than being
displayed to people. Moreover, RDF also provides a

common framework for expressing information
between applications without loss of meaning [3].
With RDF concepts, we could simply store our
expertise knowledge on the WWW which is,
ideally, accessible from anywhere. Thus, this
research proposes a frame-based RDF expert
system, an RDF-based distributed expert system, as
an alternative expert system with flexibility and
mobility, using a collection of RDF/XML databases
as its knowledge base.

2 Resource Description Framework

(RDF)

A Resource Description Framework (RDF) is a
standard developed by W3C for representing
information about resources in the World Wide
Web. RDF uses a Uniform Resource Identifier
Reference (URIref), a URI together with an optional
fragment identifier at the end, as its mechanism for
identifying resources. With the capability of URIref,
not only network-accessible resources but things
that are not network-accessible such as human
beings, corporations or even abstract concepts that
do not physically existed can also be identified by
RDF.

A complete detail of RDF is available on the
Website: http://www.w3.0rg/RDF/. In this section,
we briefly review the RDF concepts.
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2.1 RDF Statement

RDF is based on the idea that things being described
have properties which have values. RDF describes
things by making satements that specify those
properties and values. RDF statement is divided into
three parts, the part that identifies the thing being
described is called the “Subject”; the part that
identifies the property or characteristic of the subject
is called the “Predicate”; the part that identifies the
value of that property is called the “Object” [3]. For
‘example:

http:/fwww.example.org/indexhtml has a creator
whose value is John Smith.

The statement can be divided into three parts:

“http//www: example org/index html” is the subject.
“creator” is the predicate.

“John Smith” (who is identified by

http:/fwww example.org/staffid/85740) is the object.

22 RDF Conceptual Model

RDF models statements as nodes and arcs in a
graph. ‘In this notation, RDF statements are
represented by:

¢ A node for the subject

+ A node for the object

+ An arc for the predicate, directed from the
subject node to the object node

So the RDF statement above would be represented
by the graph shown in Fig.1:

s xample org indes b

hetp; “purl org de’elements' L Leraator

it www examphe. org staffid 83740

Fig.1 RDF graph [3]

Sometimes it is not convenient to draw graphs,
so an alternative way of writing down the
statements, called triples, is also used. In a triples
notation, each statement in the graph is written as a
simple triple of subject, predicate, object,
respectively [3]. For example, the statement shown
in Fig. 1 would be written in the tripples notation as;

<http:/fwww.example.org/index htm|>
<http://purl.org/dc/elements/l 1/creator>
<http:/fwww.example.org/staffid/85740>

2.3 An XML syntax for RDF: RDF/XML
RDF also provides an XML-based syntax, called
RDF/XML, for recording and exchanging these
graphs. Fig. 2 is an RDF in RDF/XML
corresponding to the graph in Fig.1:

1. <7xml version="1.0" 7>
2 <rdfRDF smnlns ex="http.fivevew example org/
4 zmins de=
“itp:ffpur] orefdefelements/1, 1
4 smins exstaff=
“hitp s Farwrw. ezarnple. orgfstaffid/” >
5 <rdf Description rdf about=
“hitp/hrwwr example org/ndex Wml”>
<de:creator>
<rdf Description®
<exstalf 85740

oF -1 o

rdfresource=
“http:/lerew. example orgfstaffd85 407>
8, </rdf Descrighon>
10. </dcicreator>
11, <dfDescrphion?
12.</idf:RDF>

{Line rumbers are added to help i explaining the
exanple.)

Fig. 2 RDF/XML Example

Line 1, <Pxml version="1.0"7> is the XML
declaration, which indicates that the following
content is XML, and the version of XML. Line 2
begins an rdf:RDF element. This indicates that the
following XML content (starting here and ending
with the <rdfRDF> in line 12) is intended to
trepresent RDF. Following the rdf:RDF on this same
line is'an XML namespace declaration, represented
as an xmins attribute of the rdfRDF start-tag. This
declaration specifies that all tags in this content
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prefixed with rdf: are part of the namespace
identified by the URIref
http:/fwww.w3.org/1999/02/22-rdf-syntax-ns#,
URIrefs beginning with the string
http://www.w3.,0rg/1999/02/22-rdf-syntax-ns#  are
used for terms from the RDF vocabulary. Line 3 and
Line 4 specifies another XML namespace
declaration. The ">" at the end of line 4 indicates the
end of the rdf:RDF start-tag, Lines 1-4 are basically
necessary to indicate that this is RDF/XML content,
and to identify the namespaces being used within
the RDF/XML content. Lines 5-11 provide the
RDF/XML for the specific statement shown in
Fig.1. An obvious way to talk about any RDF
statement is to say it is a description, and that it is
about the subject of the statement (in this case,
about http:/www.example.org/index.html), and this
is the way RDF/XML represents the statement. The
rdf:Description start-tag in line 5 indicates the start
of a description of a resource, and goes on to
identify the resource the statement is about (the
subject of the statement) using the rdfiabout
attribute to specify the URIref of the subject
resource. Line 6 provides a property element, with
de:creator as its tag, to represent the predicate and
object of the statement. The content of this property
element is the object of the statement, with
exstaffi85740 as its tag using the rdfiresource
attribute to specify the URIref of the object resource
with no further sub properties. The property element
is nested within the containing rdf:Description
element, indicating that this property applies to the
resource specified in the rdf:about attribute of the
rdf:Description element, Line 11 indicates the end
of the first rdf:Description element. Finally, Line 12
indicates the end of the rdf:RDF element started on
line 2,

2.4 RDF Schema

RDF provides a way to express simple statements
about resources, using named properties and values:
However, RDF user communities also need the
ability to define the vocabularies (terms) they intend
to use in those statements, specifically, to indicate
that they are describing specific kinds or classes of
resources, and will use specific properties in
describing those resources. For example, some
applications might need to describe classes such as
ex:Person and ex:Company, and properties such as
exiage, ex:jobTitle, and ex:numberOfEmployees.
RDF itself canmot define such application-specific
classes and properties. Instead, such classes and
properties are deseribed as an RDF vocabulary,
using extensions to RDF provided by the RDF

Vocabulary Description Language, called RDF
Schema [3]. The basic concept of RDF Schema and
its property are illustrated in Fig, 3. More details of
each element are described in Appendix A and
Appendix B in Appendix section.

Reseurce

rifs Resoutce ifs type
iifs:Class rife: SubClass i
rifs: Pregedy rifs SubProperyOf
rifis ConstrainiPropeny ilfs comment

ifs fabel

1ifs seehlsn
tifs Litgrat iz 18 DafnedBy

ConstraintProperty

fsrange |
s daman |

Fig. 3 Concept of RDF Schema

3 SPARQL Query Language for RDF
With an RDF approach, W3C also propose
SPARQL as a standard query language for RDF.
SPARQL can be used to express queries across
diverse data sources, whether the data is stored
natively as RDF documents or viewed as RDF
documents via a middleware; SPARQL contains
capabilities for querying required and optional graph
patterns  along with their conjunctions and
disjunctions. SPARQL also supports extensible
value testing and constraining queries by source
RDF graph. The results of SPARQL queries can be
results sets or RDF graphs and also can be serialized
into XML format.

Most forms of SPARQL query contain a set of
triple patterns called a basic graph pattern. Triple
patterns are like RDF triples except that each of the
subject, predicate and object may be a variable. A
basic graph pattern matches a subgraph of the RDF
data when RDF terms from that subgraph may be
substituted for the variables and the result is RDF
graph equivalent to the subgraph [11].

In this section, we briefly illustrate the SPARQL
basies using the data source in Fig. 4. A complete
detail of SPARQL Query Language for RDF can be
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found on the Website: http://www.w3 org/TR/rdf-
sparql-query/.

{@prefix de: <http:/purl org/de/elements 17
iprefix book: <http:“example.orgbook >
@iprefix writer: <hitp: ‘example org writer >

book:bookl dectitle “Harry Potter
and the Deadly
Hallows”
book: book2 de:title “The Lord of
the Ring”
writerID001 | dename | “TK. Rowling”
wiiter: IDO02 | demame | “JRR
Tolkien”
book:bookl deauther | writer: D001
book:book2 | deauther | writer: D002

Fig. 4 Data Source used for illustrating SPARQL
basics

3.1 SPARQL “SELECT” Query

The SELECT query will result in variables binding
results. The SELECT query is mainly used to find
values of declared variables that matches RDF
graphs in WHERE clause. An example of SELECT
query will be illustrated in Fig. 5 and its result will
be illustrated in Fig. 6 which can be serialized into
XML format as illustrates in Fig, 7.

PREFIX dc: <http#fpurl orgfdc/elements/1. 1/>
SELECT ?myTitle
WHERE

?anyBook  detitle  PmyTitle

B

Fig. 5 SPARQL “SELECT" Query Example

myTitle
“Harry Potter and the Deadly Hallows™
“The Lord of the Ring”

Fig. 6 “SELECT” Query’s result

<%uml version=“1.0"7>
<gpargl xming= “hitp fwww wic. org/2005/sparg)-
results#”>
<head>
<wvarlable name=“myTitle”/>
<fhead>
<results>
<result>
<binding name= "myTitle">
<literal>Harry Potter and the Deadly
Hollows</literal>
</binding?®
<jresult>
<result>
<binding hame=“myTitle">
<literal>The Lord of the Ring</literal>
<binding>
<lresult>
<fresults>
<fsparegl>

Fig. 7“SELECT” Query result in XML Format

3.2 SPARQL “CONSTRUCT” Query

The CONSTRUCT query will result in RDF graphs.
The CONSTRUCT query is mainly use to build
graph based on a template which is used to generate
RDF triples based on the results of matching the
graph pattem in' WHERE clause. An example of
CONSTRUCT query will be illustrated in Fig.8 and
its result will be illustrated in Fig. 9 which can also
be serialized irito XML format as illustrates in Fig.
10.

PREFIX de: <htip:/fpurl.org/de/elements/] 11>
CONSTRUCT ?myAuther de:varte 2my Title

WHERE

{
TmyBook dotitle PmyTile
?myBack de:auther myAuther

Fig. 8 SPARQL “CONSTRUCT” Query Example
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prefix de: <http:/purl orgide/elements 1. 1>

faprefix wirter: <http://example org'witter »

| wiiter ID00T - de wiite “Huty Poller and e
: Deadly Hallows™
wiiter ID002 | de.wite  “The Lord of the Ring”

Fig. 9 SPARQL “CONSTRUCT" Query’s result

<cdfiRDF xmins:rdf=
“htp:furarsiw3c.argl1 99910222 10f syntc-ust”
xmins:de=
“hitp;i/purlorgfdefelements/1. 1/
xmlns: writer=
“http: Fexampl e.orghur tter/” >
<rdf Description rdfabout=
“httpi/fexample.orgfuriter/IDO01 >
<detwrite>Harry Potter and the Deadly
Hollows</de:write>
</rdf; Description>
“rdfi Description rdfiabout=
“http:ffexample.org/vriter/ID002" >
<deiwrite>The Lord of the
Ring</dec:write>
</rdf: Deseription>
</rdf RDF>

Fig. 10 “*CONSTRUCT” Query result in XML
Format

3.3 SPARQL “ASK” Query

The ASK query will result in a boolean value which
can also be serialized into XML format. The main
purpose of this type of query is to test wheter or not
a graph that match a specified graph pattern exists.

An example of ASK query will be illustrated in

Fig.11 and its result in XML format will be
illustrated in Fig. 12

PREFTX de: <htty:/fpurl argfdefslements/] 15>

ASK { twryBock deitle  “The Lord of the Ring™ }

Fig. 11 SPARQL “ASK" Query Example

<ixml vernon="1.0">
<sparqglamins=“hitp: /e w3e.orgl 2005/ spargh-resulis#*>
<head></head>
<results>
<hoclean>true</boolean>
<results>

<lspargl>

Fig. 12“ASK" Query result in XML Format

4 SPARQL Protocol for RDF

The SPARQL Protocol for RDF uses Web Service
Description Language 2.0 (WSDL2) to describe
how: to comvey SPARQL queres to a SPARQL
query processing service and returning the query
results to the entity that requested them. SPARQL
Protocol can be described in two ways: first, as an
abstract interface independent of any concrete
realization, implementation, or binding to another
protocol; second, as HTTP and SOAP bindings of
this interface.

The proposed system architecture will
implemented this protocol using HTTP Binding
technique. SPARQL Protocol contains one
interface, SparglQuery, which in tum contains one
operation, query. SPARQL Protocol is described
abstractly with WSDL2 in terms of a web service
that implements its interface, types, faults, and
operations, as well as by HTTP bindings [11).

5 Frames

Frame was introduced by Marvin Minsky in 1974
[4]-Itis a knowledge representation which has both
data structure and inference capability. Frame is
suitable for representing knowledge with concepts
and classifications or a taxonomy hierarchy [5), [6].
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A frame comprises a frame name, slots or
attributes of the frame and facets [7] [8]. For
clarification, frames can be classified into class
frames and instance frames. Class frames are used to
describe groups of objects or classes of objects and
can also be organized into taxonomy. A class frame
therefore has parent and children as common slots,
Slots from a parent frame can be inherited to its
children. Instance frames, on the other hand,
describe particular object instances. They are the
leaf node of the taxonomy and have no children [2],
[6]-[10].

Facets are used to control slot values and
corresponding operations. It can be used to establish
initial slot value, slot data type, possible value range
and next activity to be performed. Validation rules,
trigger operations and derivation rules are common
facet aswell [2].

With the RDF concept of describing things by
identifying its properties and properties’ value,
frames can simply be represented on the World
Wide Web by RDF/XML.

6 System Architecture

Enowledge base Enowledge
1 tool ** Engineer

Client

AT
-
RDF/ XML

| Tuternal S
Enowledge base _

Mo, o ¥

Inference

e

Sy

-—._,_M__—/
RDF/ XML
Database

Ontologies &
RDF Resowrces

: v
e Server

Fig.13 FRDFX System Architecture

Fig.13 shows the architecture of the FRDFX
(Frame-based Resource Description Framework
Expert System). This architecture allows the
knowledge base side (server side) to represent their
expertise knowledge with frames and simply share
them on the World Wide Web as desired. Moreover,
both of the knowledge base side and the expert
system side (the client side) has their own inference
engine to avoid a lot of communication traffic
during inferences. The frames on the expert system
side are those which involve user's interaction and
acquire fact. Inference on this side can lead to a
reference to the facts on the external knowledge
base which can be inferred from other frames on
server side [2].

The client-sided expert system comprises user
interfaces for user and expert, the intemal
knowledge base and the client-sided inference
engine. The external knowledge server comprises
the server-sided inference engine, the RDF/XML
external knowledge base and also ontologies and
other RDF resources.

The main purpose of client-sided inference is to

gather current information on the subject matter by
gathering facts from the user during a consultation
session and inference. The inference rule in the first
frame will choose the most suitable next frame to go
to. Several frames may be visited on this client side
before the client-sided expert system gathers enough
information which is to be sent to the knowledge
base system on the server side for further inferences
[2] using an implemented web service technology
[14] including a SPARQL Protocol for RDF along
with a SPARQL Query Language for RDF [11],
[12].
On the other hand, server-sided inference mainty
focuses on using existing facts which are already
stored in the knowledge base and other relevant
knowledge from ontologies and other RDF
resources. The result of this server-sided inference
will be sent back to the client-sided expert system
and finally to the user [2].

7 Implementation
Frames on the knowledge base are Kept in
RDF/XML documents. Fig.14 shows RDF graph
which representing frame’s infrastructure.

From RDF graph representing Frame in Fig.14,
we can create RDF/XML which represents a
prototype frame as shown in Appendix C.

84



ParentFrame

Frame Name
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 Sellane 3 Slot Name
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% Facet Type
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FacetVahe™y Facet Value
Fig.14 RDF graph representing Frame

8 Conclusions

This paper presents an altemative architecture of
frame-based knowledge base and expert system with
improved flexibility and mobility. Storing frames in
RDF/XML format provides the capability of
knowledge sharing on the World Wide Web which
is, ideally, accessible from anywhere The
architecture uses web service techmology
implementing a SPARQL Protocol for RDF and
SPARQL Query Language for RDF to communicate
between servers and clients. For further research,
RDF/XML knowledge base can be migrated to
mobile server to improve even more flexibility and
mobility in knowledge sharing.
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Appendix A: RDF classes

'[—“""“(':I';ss name | comment DRt
rr.{fs ‘Resource - =The class resource, everything,

rdfs:Literal ~ Theclass of iteral values, c.g. textual strings and integers,

§rclf )MIJteral " Theclass of XML literals values.

ir(ifs' Class IThe class of classes. _ e )
rd.f Prop;;}m R The class of RDF‘;r‘o”};crhcs S
rdf‘s Datatype 'The class of RDF datatypa = ===
ir%?t;t;hmt  The class of RDF statements. D
lrdeagmm“ The class of unordered oontamenﬁ” -
frdeeq 'l'he class of ordcrcd containers,

;rdi‘zl?m Thc class of containers of altq-naﬁ\;;" i
?‘dfs:(_!qntainer {The class of RDF containers. —_-3

'}dfs i tamerMmbersthPmp erty IThe class of container membership propertm rd.f _1,rdf: 2, ...

:all of which are sub—propemes of memba‘

f-wmmmwmmwm e s -|

rdf:List

The class of RDF Lists.

Appendix B: RDF properties

EPI'O Y pame

r _ 3comment ;idom_ain ?ran. e
frdf:ty_-pc. {The sub_]ect isan msianec ofa class jrdfs:RmourcE lrd.ﬁ;ClaS;'

irdfs 'sub'Clas,.;OfT ;The subjecl is a subclass of a class. }dfs—Cla;s N
lTd:fsl subPropeﬂyOf 'The sub_]ecl isa aubpropclty ofa propeﬂy * rdf:Property
‘[rmnmam i 3A domam  of the s subject property. ! _
,rdfs:range N TA range of the subJect property rdf Prope:ty rdfs: Clasa
%rdfs label ) ‘A hu.man~readable name for the sub_)ect ~ rdfs:Resource rdfs:Literal

Jnil:fs :comment

EA description of the subject resource. rdfs .Rmoumé rdfs.thcral i

‘rdfs:mcmber -

~ |A member of the subject resource. rdfs: Resource rdfs: Rcsoume

[rdf-first

WiThe first item in the subject RDF st rdf.Llst

rdfs; Resource

[:I'he rest of the subject | RDF list after the first item. rdfiList W'rdf :List |

er information about the subject resource,
5 defmjtion of the subject resource.

rdf.v. Resource rclfs .Resourcei
rdfs Rmcrume rdfa Resource

:grdf'value

=_rrdf'subjcc£

il Jdmmanc property used for stmctmd values

rdfs: Rﬁsourcc rdfs Rcsoume
rdf'Statem dfs:Resource

The sul:uecl of the subpct RDF

rdf:predicate
:rdf objoct

The predu-ale of the subject subjoct RDF statement. Y ‘rdf If:Statemen dﬁ;.Rcsomce
;Thc objcct of the sub_]ect RDF utatcment rdf Statcment rd;fu .Rcsorm:'c
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Appendix C: RDF/XML Frame Representation

<?xml version="1.0"7>
</DOCTYPE rdf:RDF [
<IENTITY owl "http://www.w3.0rg/2002/07/owlt" >
</ENTITY swrl "http:/fwww.w3.0rg/2003/1 l/swri4" >
</ENTITY swrlb "http:/www.w3.0rg/2003/1 1/swrlb#" >
</ENTITY xsd "http://www.w3.0rg/2001/XMLSchemat" >
<!ENTITY rdfs "http://www.w3.0rg/2000/01/rdf-schemal" >
</ENTITY rdf "http:/fwww.w3.0rg/1999/02/22-rdf-syntax-ns#" >
<IENTITY protege "http://protege.stanford.edw/plugins/owl/protegeit" >
</ENTITY xsp "http:/Avww.owl-ontologies.com/2005/08/07 xsp.owli" >
>
<rdf:RDF xmins="http:/fwww.owl-ontologies.com/Ontologyl 233987595.owli#"
xmi: base="http//www.owl-ontologies.com/Ontologyl 233987595.owl"
sonlns:xsd="hitp://www.w3.0rg/2001/XMLSchematt"
xmins:xsp="http:/fwww.owl-ontologies.com/2005/08/07 /xsp.owl"
xmins:swrl="http://www.w3.0rg/2003/1 I /swrl§"
xmins:protege="http://protege.stanford.edwplugins/owl/protegeit"
xmins:swrlb="http://www.w3.0rg/2003/1 1/swrlb#"
xmins:rdfs="http://www.w 3.0rg/2000/01 /rdf-schemadt"
xmins:rdf="http:/fwww.w3.org/1999/02/22-rdf-syntax-nsi"
xmins:owl="http://www.w3.0rg/2002/07/ow ">
<owl:Ontology rdf:about="Frame"/>
<owl:Class rdf:ID="Facets">
<rdfs:subClassOf rdf:resource="&owl; Thing"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="#FacetValue"/>
<owl:cardinality rdf-datatype="dxsd:int"> 1< /owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>
<owl:DatatypeProperty rdf:-ID="FacetType">
<rdfs:domain rdf:resource="fFacets"/>
</owl:DatatypeProperty>
<awl:DatatypeProperty rdf:ID="FacetValue">
<rdfs:domain rdf:resource="#Facets"/>
</owl:DatatypeProperty>
<owl:DatatypePraperty rdf:ID="FrameName">
<rdfs:domain rdf:resource="4Frames"/>
<rdfs:range rdf-resource="dxsd:string"/>
</owl:DatatypeProperty>
<owl:Class rdf:ID="Frames">
<rdfs:subClassOf>
<owl:Class>
<owl:unionOf rdf:parseType="Collection">
<owl:Restriction>
<owl:onProperty rdf:resource="#hasChildren"/>
<owl:someValuesFrom rdf:resource="#Frames"/>
</owl:Restriction>
<owl:Restriction>
<owl:onProperty rdf:resource="#hasParent"/>
<owl:someValuesFrom rdf:resource="#Frames"/>
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rdf;datatype="dxsd;int"> | </owl:maxCardinality>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="4SlotName"/>
<owl:cardinality rdf-datatype="dexsd; int">1</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf
rdf:resource="&owl; Thing"/>
</owl:.Class>
<owl:DatatypeProperty rdf:ID="SlotValue">
<rdfs:domain rdf:rescurce="4Slots"/>
</owl:DatatypeProperty>
</rdf:RDF>
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