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Abstract

Context-aware technologies for ubiquitous computing are necessary to study the representation of gathered context-information
appropriately, the understanding of user’s intention using context-information, and the offer of pertinent services for users. In
this paper, we propose the WS-CAM(Web Services based Context-Aware Middleware) framework for context-aware computing.
WS-CAM provides ample power of expression and inference mechanisms to various context-information using an
ontology-based context model. We also consider that WS-CAM is the middleware-independent structure to adopt web services
with characteristic of loosely coupling as a matter of commmumication of context-information. In this paper, we describe a
scenario for lecture services based on the ubiquitous computing € e e e e e to verify the utilization of WS-CAM. We also show
an example of middleware-independent system expansion to display the merits of web-based services. WS-CAM for lecture
services represented context-information itodomaits as OWL-based ontology model effectively, and we confirmed the information
is inferred to high level context-information by user-defined rules. We also confirmed the context-information is transferred to
application services middleware-independently using various web methods provided by web services.
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Fig. 1. The WS-CAM architecture.
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Fig. 2. The Context Manager architecture.
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Table 1. The elements of WS-CAM context Model
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name own
Person none role locatedAt
act e
Indoor Room terftp. 15Parf0f
i Etc_Place | noise contains
ace .
Outdoor humid. subClassOf
Electric isOwnedBy
status
Object | Device vol. locatedAt
J Computing ’ subClassOf
ScheduiZ; - startTime locatedAt
. air . .
Behavior Inferred Rest endTime | isActedBy
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<owl:Cass rdf ID="IndoorPlace”>
<rdfs:subClassC¥ rdf resource="#Place"/>
<rdfs:subClassOf>
<awl Restriction>
<owl:onProperty rdf-resource="#hasPart"/>
<owlksomeValuesFrom rdf-resource="#Room"/>
</owl: Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl: Restriction>
<awl:-onProperty rdf resource="#hasPart”/>
<owl:someValuesFrom rdf resource="#Etc_Place”/>
</owl: Restriction>
</rdfs:subClassOf>
a9 3. WS-CAM 2E=2X9] o
Fig. 3. An example of WS-CAM ontology represented
in OWL-DL
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(a) AHEAY] 9= & dosly] A% F2 d
@ Person(“Leo”) locatedAt Room( “3023.")
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@D+ @+ @ Person(“Leo”)& Room(“3025")
AFE Lecture(“Java”) 795 fla) Fefdo] =230
(b) AH&AY] ool tigt Aulx AFE 9 FE o
® Room("32E") contains Computer{ ‘com IE") has status(“off”)
® Roor(“32Z") contains Projector “pro 32") has status(‘of”)
(@ Room(“302%”) has Property lighting( “veryBright”)
@D+ B+ B+ @: Person(“Leo”) 2 Lecture(*Java”)
#ejE 93k Room(“30237)9] Computer(“com_302")%}
Projector(“pro_3017) 9] status(“on”) 2 & &lu
lighting( “littleDark”) 2.2 3}2}
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Table 2. An example of web methods for Web Services
9g N
O] y: E_ g
o A4 epele] =g g 4
UserConfirm |room_num . g a7k
_Service | string person_id : stringl ] ARgRE gl
UserInfo  |person_id : role '-S;t.:ng Al-gape]
_Service |string ) g . jolgd 3ol
phone_num : string
UserLocation |person_id : m © st 54 ARga]
_Service |string room.J © Stng A gl
Devicelnfo {room_num|com_status : string | &2+ 23]
_Service |: string  |pro_status : string |3 FE g9l
Enwlnfo  |room_num jighting . sh'irzrrmg &g F7k
) c - M sol
_Service string ity : string PgFAE I
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Fig. 7. The data flow diagram of WS-CAM framework
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E AR 2EZAXNE A3 Context DB A#83 Inference
Engined] Ag3dt} Inference Engined %4 ¢ £EZx9 Rule
DBS AH&AF Ao E& o83t HAP2E ARE FEs D,
RDF/XML 58 292 44389 Context Classifiere] Ag@3dic},
Context Classifiere 4d $450] A+ Ad2E RS
BHete] Mul2Zd 7 Agaln, § 22 54 A3 ZR
& Application Data DBol| A3},

41 7ke] Aul2& 9% Context Generator

WS-CAME 73ALe] S48 AASHE 74k 71 Axs) 7
94 e 874 #3d ARE Context Interpreterd] A&l
Context Interpreter= 9A] HlojEHZ Algd 2% FE9 2
7 HRE 9 B3stn Context Generators] AFgch
Context Generatort Context InterpreterojA] Mgxle Ad2E
ARE WS-CAM 2E2x Rdd B§ds OWL 2524 &
A& Y 289 89 OWL 2524 £ ‘Room 4047
isPartOf  &Ao]  9Jsle]  4A1FGW A &8 Fodo),
contains &4 939 ‘Computer 404, ‘Projector_ 404,
‘Aircon_404'¢t ‘Person_ 47} EA#S ¢ F Uz, £IF 2x9
Fxo 2L 4 AR: ¥¥3w 9ok

<Room rdf-ID="Room_404">
<isPart(f rdfresource="#4l &sr-&"/>
<contains>
<Computer rdf-ID="Computer_404">
<status rdfdatatype="XMLScherro#string”™>dof </status>
</Computer>
<Lecture rdfID="Lecture_JAVA">
<endTime rdf datatype="XMLScherma#dateTime™>
2009-06-19T15:50:00</endTime>
<startTime rdf:datatype="XMLSchematdateTime>
2009-06-19T13:00:00</start Time>
</Lecture>
<Person rdf.ID="Person_4">
</contains>
<humidity rdfdatatype="XMLSchema#string”>
littleHumidity</humidity>

</Room>

39 8 37 AR B3 2EZA FAY 9
Fig. 8. An Example of WS-CAM Ontology
for Environment Information
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<rdf RDF>
<rdf Description about="Ontology6b.owl#Room_404">
<contains>
<rdf: Description about="Ontology6s.owl#Person_4">
<hasinfo> lecturer </hasinfo>
</rdf description>
<rdf: Description about="Ontologytb.awl¥Lecture_ JAVA™>
<tasInfo> 2009-06-19T13:00:00 </hasInfo>
</rdf-description>
</contains>
</rdf Description>
</rdf RDF>

I8 9. RDF/XML 38 1249 4
Fig. 9. An example of RDF/XML inference model
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Table 3. An example of inference result for user
intention

g A= Leod =& Hotstr] g £
(Person(?x), locatedAt, Room(?y)) AND
A8 (Room(?y), contains, Lecture(?7z)) AND
o] & (Person(?x), hasInfo, role( “lecturer”)) AND
= Lecwd(72), huslifo, startTime O-06-19T130000")
=> (Person(?x), act, Lecture(?z))
o Person(“Leo”)& Room(“4045”)] <] 3 &
Lectwre (“Jad”) Z9E 95 2ojdo] T3}
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ARE ATse 329 22 ¢ WHEES WSDL X2 348
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H2E AFsEE & AdAE UDDIA 54 7Y A
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& M2AE TemperatureService() WSDL #A4E Edig 19
108} 28 SOAP "AAZ Context Broker Managere] £33
o). Context Broker Managers= 23 SOAP viAlAd] sj%st=



231 / FHIFHE S A4 | Aujzd 7]

b 37 A4 vE

dloje] A

1045 o9 A AW £ES 27 1% 2E &% SOAP
AAAE o183 $8 Hulzd A ATE 8 et
£ ATHAE ol Aulze] BaF Jug S} Wy
FUESY 94 glol, 9 Au2E A4 248 4 gone, u]
S99 YAz A29 F32 o8 + gk

<?xml version="10" encoding="utf-8"?>
<soap'Envelope xmins:xsi="XMLScherma-instance”
xmins:xsd="XMLSchema”
xmins:soap="/soap/envelope/”>
<soap:Body>
<Request xmins="http://211.119247. 101/ Terrperature”>
<room_num type = "xsd:string”>404Z</room_num>
</Request>
</soap:Body>
</soap: Envelope>

9 10. TemperatureService()& 9% 23 SOAP
wA A&} of
Fig. 10. An example of request SOAP message for
TemperatureService()

<?xml version="1.0" encoding="utf-8"7>
<soap:Envelope xmins:xsi="XMLSchema-instance”
xmins:xsd=XMLScherma”
xmins:soap="/soap/erwelope/”>
<soap:Body>
<TemperatureResponse xmins=
"hitp://211.119.247 101/ Temperature”™>
<return type="xsd:string”>littleHot</return>
</TemperatureResponse>
</soap:Body>
</soap: Envelope>

29 11. TemperatureServiceOE 3§ -9 SOAP
WA]A] 2 o
Fig. 11. An example of response SOAP message

for TemperatureService()
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