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(Context Awareness Reasoning System for Personalized
Services in Ubiquitous Mobile Environments)
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Abstract : This paper proposed the context awareness reasoning system to provide the
personalized services dynamically in a ubiquitous mobile environments. The proposed system is
designed to provide the personalized services to mobile users and consists of the context
aggregator and the knowledge manager. The context aggregator can collect information from
networks through Open API Gateway as well as sensors in a various ubiquitous environment.
And it can also extract the place types through the geocoding and the social address domain
ontology. The knowledge manager is the core component to provide the personalized services,
and consists of activity reasoner, user pattern learner and service recommender to provide the
services predict by extracting the optimized service from user situations. Activity reasoner uses
the ontology reasoning and user pattern learner learns with previous service usage history and
contexts. And to design service recommender easy to flexibly apply in dynamic environments,
service recommender recommends service in the only use of current accessible contexts. Finally,

we evaluate the learner and recommender of proposed system by simulation.

Keywords : Ubiquitous Computing, Context awareness, Sensor, Peronalization, Recommendation
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Table 2. Algorithm of user pattern learner

Service_Usage_Learner(history, u;)

INPUT Service usage history contains {set
of context, service svc, reward r} for
user i

OUTPUT learnt value sets of service for

user i on context, C-TBL;

Context= {cy, ..., ¢}, 1=n,
cx: k™context in the state
Attributes(ci)={a i1, ... a ix},1<k and 1< / <n

Service  Catagory = {svci,...,svCn}.
Reward r = {Selection-rs,

PositiveFeedback-r,, NegativeFeedback-ry}.

for each cx in C-TBLilakit)][svc(®)] do
C-TBLilax. illsve(t)] <«
C-TBLilaxi(t) 1 [svc(t) 1+ aR(t),

where a is the discount factor and cx&
States.

RETURN C-TBL;;

& OLT—ﬂi% Qe oz Abgxt AWzal, AakA
Fikreward) o2 5= oF
ARE zteth /\]Z:Eh/} AFg 2 7F s RG] o8
WA gk RS AL8A A0 olEste] Ba 2ol 3
M B2 FEE ] AYsit), A, A7 HA A o

Z Y e as AEE 492 g2 Aot =
A, AF&R}o| A A ~Elo] A Mqu|AES =HE T A}

%

A7 WG Aul o] F



144 SHRAHA 22Ut 23

2 rpR oGt} wAH O R ALGApol Al Al AE O]
54 Aul2E FHEa AFEATE sl A Lol K-
52 rno® Aot

Attributes(c) & “&3Hdx ci7} NA = &A%
o7, OJAEE THAE Ao A% #@s A= A
T2 FiEEn. &5 59, ’57'%”3&7]' FEE A
2} &9, AA(ocation), AZFe® FARET 714
shA, AH&aL gelet Fae o
AFE L A7 S AE5H Holy #t
7] Wil ojxtgte® Wgsty] $1g st 3
Q8o 7]

shEaAloN A ZstetEe] 712 sidel me, T
a /H?HE] _1}'_\:41 Oj\o] E‘/‘J%}:?}P_i H‘j]i A]-—g- 27
C-TBLE A%ttt C-TBLY [3AH-AH]2]
o] o9l widEe] HFPor FAHE ), vk 1
Y 62 C-TBLY +A4 o & HojF=t)

gHQ WS Hole

Action Classes = S?'Vice Category

St st of ___-
S

Context '\'

arvice svc!
gory
Activity G;

Amributes  Meeting TBL[a AJIACH

for Ci |
& G

Shopping TBL[a:[AC]
B3

ok
Working TBL[a,JAC]

£
WatitingFor
Bus

2% 6. C-TBL 74
Fig. 6. Example of C-TBL

3.3.3 Md|& FHT|
Au 2 F=H7) =
#el Fx C-TBLS
Vb el AREA7E s ENkek A
sto] AlFshE gTE @) dE
Fo| FATY =Pt 744 o}XP. o8| %
o] FrtFolal o] HAoletd, Ao =2
ul, “Travel Information” AH|AE d=38}e] A&
2] girlo] TEHem AT F S Aol
A2~ F2:17E 49 C-TBLEYEH &4 A
oAl AMAs Au s FH387] 95t P-TBLS
gelgttl. P-TBLS dA) Je] JEE 91 o}, o]
ol &5k s vl vis 7 Alu) 2o gl A

1m
il
L
o
Y
lo,
N

OlA JHelsE MEIAE <8 &

o
e

N

g AAE

I

H

@S zt=vk @A AEl(current situation:cs)
34, ai€csolal P-TBLS thg 23} o] 7
t}. N(CS)“ C-TBLE o] 83te] P-TBLS A4
oo, £5 0~1 Aol @& Z=E Aqtstst
H?E %kol‘:}. VoA wit 4 Kol 5 (Information
galn)a o] g3to] e u MR xdr}[18]

P— TBI[sve,] = Nles) Y w, x C— TBLa,][svc,]

7 2 e 7HA = AlH]2 sve =(Maxsve
(P-TBLIsvc])E AHgAel 7] 31354, P-TBLI[svc]
el A E A AE Au|= 555 AREA el Al Al
& F As Fojth. FH My tig AREA}
gemo] Q= A, AFEAY] whgo] S A /A A
ojifoll what 7ol Bk rp, rng W 9l
ol AR AMSAEEE 9= W] ek A
Al WS AH[ A AFA H FEEZZ T A

AFATII 744 B,

e

Il
il

_mq'ri&i}ol'

.o
1=

v. & &

=

AR AFY BA9 A ASAE

3
o= Aot S5 —irfﬂ ]94 s HrHslok
SEAEE, AMQAAE E 5 oy o] drt. wEbA E
oA RS 3 Xﬂ*% dagFe] A4
=5 Hrhsteh, ®9]4eS UCI machine learning
depository[19]°] A X el st dlo]E](Create

Approval, Ballons, Balance, Iris, Wine)& A}-&3+
t}. o]F oA Iris, wined g5 7| H7lo 7+
o] 2ol dlolg Fo| shuolty 1 ]"]Q
AREAE Z2atde] daugFEH vud dadF

[20]5 #=x3}o] J48, ZeroR, NaiveBayes, 1174.1_
SMOSupport Vector MachineS XAA3lc} ol&
AduEEFS Wekad tool-kit[21]& AF&3Fe] H7}
g}l J48S C4.5 decision tree® AAdsta A€

2
&= dae]Eolal, NaiveBayes:E Eo] <73+
B WRoR, oo’ tigte] EHEE £T &
5 AXkste 74]451 g5 T Mg = gEu5S
M EFE AEdt. ZeroRe ©]iF HolE 9]
75 Ao T’/}—r(majorlty) ZHE, A% dolgHl
A= A FU25 Agdn] 20].

2 AgelA AgeE et Age A¥E
(Precision)o]t}. R& AbgAb Al FHEHE= 7)4R0)
31 RP(Recommended Preference)+
Al ol dAste Aeeta & o J¥gE= R
Artste] pgkoz vEpdth A=Ad dE 2o 4



ettt Esstal=

N

HU

HAA3E A7) 9lsle] k-fold cross validationS
Ag3ste] 103](k=10) AP Ao HHas 54
Eia=

Ag deolHE ATEW,
, 15709 A3 Eel 9719 o4k dHelHE
I, FEOEe] He Auxe 3R B o 9
32 Al ALgE= ol digh dxH
of AR £ a¥la 4 FIPAFERF oAt

Create approval?]

o

> ﬂ ﬁ o
!

g e AFE dE olugE e 7
5 ANF UnlAE A% g s 29ER
2 e Zlew B 4 g

% 3. 4% doly 74 AR
Table 3. Information of simulation data

Data Instance | Attr.(Categori | Service
cal) category
Create| 665 15(9) 2
Approval
Balloons 20 4(4) 2
Balance 625 4(4) 3
Iris 150 4(0) 3
Wine 178 13(0) 3
& e dolEe] A%

2 =EdA= 4
ol =

o I

H e TrERskeE Aok F-3ke] A
FRAE NER Fol mEh dele) k2 =
ste A9-(17]19 7 HAE Fdsiglt. AAE
Learner-S, ¥4 Lerner-Q= A9 sttt 18 7

3 8o wmel A% ARS Yehdth 183 B

4

ol Y 2
i

S dae3tely] Yeke] rsE 182 1ASaL, rn, rpeE
aeEetA] ekEvh a9 72 oib delEnt AA=
FAARE Yo RN AEe F9-o AHes e
WAool B =FoA A VY dAHoen
& gaglFel HE £ AeE B 539,
ZeroRell  Hld]l  158A= Aol AFIC

Create approval H|o]Ejol|A+= Learner® A%
= 86.8%°1th. 1H 82 A% dolEvhE WolA
A3t Aot} Learner-Q% iris$} wine do]E ]|
darg]Fel vldl Adeol Fth wine Hlo]
Hel A9, J48e msAE ofgh A EAANE
ZeroR &aig]Fol|l uwls] 2.4¥] WA= Wine
dlolEJoll A Learner-Q Lernerr-Sol H]3] 1.21)
’dsol FFE AT

M 43 M 35 20094 9 145

M create Approval M Balance ¥ balloon

120

100

80

60 -

40

20 A

Leaner 148 ZeroR Na? e Bayses SMO

a9 7. ol g AXE deld o] A7 A

Fig. 7. Experiment results of discrete data

Wiris B wine

120

Learner-5 Learner-Q 148 ZeroR Naive sMo
Bayses

a9 8. A% %2 e delHel agdn

Fig. 8. Experiment results of continuous data

v.d B

B oEre fuldEs mue @A sl
Au 2% FEAoZ AT AT FPAA FE
A2EE AT wukel AL A Alsh A
28 AFAS Ast] AAF Az IR
S Aqu AR PR Akd YR
F470%E Parlay X W% Qo] Ao sl
g Botol MEADZYH 4BYRE FH5, A
emYst A8 H Fh LEZAR olgel Fif
g Fagond Agd AAFE BeE Foh
A4 B g WY ol Feeise)
NEAGE BEIH FFYush Agpe] Aulz
ole Juue olgdtel Hudth BHom M
£ 7ol Agol FolFHEE, Az FAE F
A A Az bsE FFYRAOR ANAE F
A,

woAz"ele] gse Bl fetel UCK

e ool E ot

machine learning depository°l A



146 FHIRAHA 2HY SZ0A JHelst MHIAS I8t &K =8 AAH
Weka3E o] &3lo] B sty dugsy RoHds [11] M. Feki, S. Lee, Z. Bien and M. Mokhtai,
sl Fag AAES s9%std v “Context Aware Life Pattern Prediction
k. A, o4t FE AT FFARTE dideR Using Fuzzy-State Q-Learning,” LNCS4541,
g AS, AV YEe o2 dug gl BlE Bl 2007, pp.185-195.
F2 AeS Bt =4, A5H<l dHolEe A, [12] N. Golovin and E. Rahm, “Reinforcement
golg el 54 183 A s e o2 4 Learning Architecture for Web
g5l vld] v F Fes BHATk R Recommendations,” Conf, in Information
ol EA& nyskA &L 1AE Aste AT Technology: Coding and Computing, 2004.
Asts YT # = ok [13] F. Herndex, E. Gaudioso and J. Boticario, “A
Reinforcement Learning Approach to Achieve
Unobtrusive and Interactive Recommendation
ZnEd Systems for Web-Based Communities,”

[1] A. Moon, H. Kim, H. Kim and S. Lee,
“Context-Aware Active Services in Ubiquitous
Computing Environments,” ETRI Journal vol.
29, no. 2, 2007, pp. 169-178.

2] £, “AgA 2ZEC, o EAL W
of &g glolok BT B AZES O] AF

d, AAATAE, 2008.

[3] BhAled 9] 491, “=re] JiIsk AMnlz= Ve
g TTA Ad/AREFAEFSA2], 2008

[4] http://context.media.mit.edu/press/.

[5] S. McBurney, M. Williams, N. Taylor and E.
Papadopoulou, “Managing User Preference for
Personalization in a Pervasive Service
Environment,” IEEE Advanced International
Conf. on Telecommunications, 2007.

[6] e-Sense, “Capturing Ambient Intelligence for
Mobile Communications through Wireless
Sensor Networks,” IST, 2006.

[7] IST-2004-511607 MobiLife D27b (D4.1b) v1.0,
2004.

[8] SPICE, Deliverable N°: 2, “Title: Specification
of pro-active Service Infrastructure for
Attentive Services,” 2007.

[9] M. Sutter, O. Droegehorn and K. David, “User
Profile Management on Service Platforms for
Ubiquitous Computing Environment,” IEEE
Conf. Vehicular Technology, 2007 pp. 287-291.

[10] A. Krause, A. Smailagic and D. Siewiorek,
“Context-Aware Mobile Computing: Learning
Context-Dependent personal Preferences from
a Wearable Sensor Array,” IEEE Trans. on

Mobile Computing, 5(2), 2006, pp. 113-127.

LNCS3137, 2004, pp. 409-412.
[14] P. Rojanavasu, P. Srinil and O. Pinngern,
“New

Reinforcement Learning,” eBusiness, 2005.

Recommendation System Using

[15] Henning Schulzrinne, Vijay Gurbani, Paul
Kyzivat, and Jonathan Rosenberg, “RPID:
Rich Presence Extensions to the Presence
Information Data Format (PIDF),”” IETF
REC 4480, July 2006.

[16] L. Kaelbling, M. Littman and A. Moore,
“Reinforcement Learning: A Survey,” Journal
of Artificial Intelligence Research, vol. 4,
1996, pp. 237-285.

[17]1 S. Nguyen and A. Skowron, “Quantization of
Real Value Attributes,” Joint Annual Conf.
Information on Sciences, 1995, pp. 34-375.

[18] K.Jearanaitanakij
Information Gain Technique for Acceleration
of  Convergence of  Artificial
Networks,” ICICS, 2005, pp. 349-352.

[19] http://archive.ics.uci.edu/ml/.

[20] S. Louis, A. Shankar, “Context Learning Can
Improve User Interaction, Information Reuse
and Integration,” IEEE conf. IRI 2004, pp.
115-120.

[21] http://www.cs.waikato.ac.nz/ml/weka.

and O. Pinngern, “An

Neural



19924 Agista A
Fo} 29 (33 D)
19969 Agoista A

HEsa 29 (5 A
2000 Feoidta A
Hestgsst 29 (33
upAp)

200049 ~ @A FHAAEAN
EdTFRE HYAT4
ARk B dojehuel s, blA
A28, A 7%, RAA 7%

Email : akmoon@etri.re kr

e
-1
e
ao
oot

¥} & v)(Yoo—mi Park)

19913 29 Fw oAb
gl AAks e £4]
19971 8¢ Zddigw
AFE L AL
19913 3€9~3dA sk
AAESAATY AdAF
B

ok - Y Myl Y&, MdEt A
H] 2 SIP

Email : parkym@etri.re.kr

2 4} >) (Sang—gi Kim)
19813 2¢
2] g et} At
1983d  2¢
2k g sty A AL

20073 69 S AgHFAl
A hEHfi}ﬂ TR A
19844 ~ @A @as

FAATL A 2 g FATY Y
BARE 1 AU BRE, Mul2 Aol
2

Email : kimsang@etri.re.kr

M 43 M 35 20094 9 147

o] ¥ A(Byung—sun Lee)

19803 AoaddEgn &
g3} oA}

1982 E=distn HAb
&ta} A A}

2003d  St=ryEr]Ed
Axska vy

2000 ~ 20063 MSF

19829 ~ @A FFAAFAATA (@
SN 2 EYFATR)

ARF ¢ A BAMUZ A%, A
g, ANANE BRE, A Aol
Eal

Email : bslee@etri.re.kr



