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ABSTRACT

In this paper, we propose a Intelligent Service Reasoning (ISR) model using data mining in smart home
environments. Our model creates a service tree used for service reasoning on the basis of C4.5 algorithm, one of
decision tree algorithms, and reasons service that will be offered to users through quantitative weight estimation
algorithm that uses quantitative characteristic rule and quantitative discriminant rule. The effectiveness in the per-

formance of the developed model is validated through a smart home-network simulation.
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1 Algorithm : Generate service tree
I Input : samples(training data from context DB),
attribute list(list of context and non-context attributes name)
1 Output : Service tree
1 Method
(1) create anode N;
(2) if samples are all of the same class, C then
(3 return N as leaf node labeled with the class C;
(4] if attribute_list is empty then
]

samples; // majority voting

return N as a leaf node labeled with the most common class in

(6) select test_attribute, the attribute among attribute list with the highest
information gam;
(7) label node N with test_attribute:
(8) for each known value ai of test_attribute // partition the samples
(9)  grow a branch from node N for the condition test_attribute = ai;
(10)  letsi is the set of samples in samples for which
test_attribute = ai; // a partition
{11} if siis empty then // si=attribute_list test_attribute
(12) attach a leaf labeled with the most common class in samples;

(13)  else attach the node returned by Generate.setvice_tree
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E 1. ¥ dlofe] o) Etraining data)

RID User | Time Device Service_mode
1 FD 1T Rl LI WU
2 FD 1T R3 CE WU
3 MO 1T CL RE CO
4 MO 1T CI GV CO
5 MO 1T Cl GB CO
] MO 1T CIL FA CcO
7 FD 1T FR DO GO
8 SO 3T FR DO GO
9 MO 3T CL RE CO
10 MO 3T CI GV CO
11 MO 3T CL GB CO
12 MO 3T CL FA CO
13 MO 3T R3 TV MV
14 MO 3T R3 DV MV
15 MO 3T R3 CE MV
16 MO AT CI RE CO
17 MO 4T CIL GV CO
18 MO 4T CI GB CO
19 MO 4T CI FA CO
20 FD 6T R3 CE SL

| 21 FD 6T R1 LI SL
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For user=“FD”;
s11=2, s21=0, s31=1, s41=0, s51=2
I(s11, s21, s31, s41, s51) = 1.52193
For user=“MD”;

s12=0, s22=12, s32=0, s42=3, s52=0

I(s12, s22, s32, s42, s52) = 0.721928
For user=“SO”;

s13=0, s23=0, s33=1, s43=0, s53=0

1(s13, s23, s33, s43, s53) =
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of 5% Felle] gk F¥2AE ATk o) A
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VX target _dass(X) cmcondition(X)d :w]v...veorddition [d:w, ]
(3.15)

ol A& i7F {1,2,-m}e] sl Aol i
A X7} condition, 2 =EElH 7} target_class
ol % #Eo] d-7FA1e] ke AHelth

B B A A 9 e oSt
o] A Me A9 dez g3k = gk

(1) A 27 A 2ol 89 A d-
7FEAE EAISEAL

VX, target _class(X) < conditiond X) [t cw,d i, } v

...V condition, (X) [l w,,d: w'mJ (3.16)

o] A& 1%E m7lA] o idlM wef X7}
target_classoll ichd X7} 27 iE wWES 352

W, o|g, ulek X7} 24 condition, & wpE

i

3P X7} target_classel] &% EEo| W, e
Zlolck

£ 4w F 164 ARAPE AME]s Bsof wE
count @ Z7te) SAdol WigF A 54 E A
24 v rAS Agsle] AR wAkEol) o
< B0 5% i coEE Zu)el et A=A

7ReA A ARl A 3179 At

E 4, A Al 2o digt w7l 2 oA Hels

user

MD SO alluser
Jnade e & 3 - 3 & 3 E3
com ota cow o
Tedght | raghi eght | mreight ‘weight | weight Treight | meight

WU | 2[1.00|0.40 | 0{0.00 0.00 (0.00 | 2 |1.00 |10

=
=1
=]
[~}

CC | 00.00 {0.00 |t2|1.00 |0.80 | 0|0.00 (0,00 |12{1.00 |0.57
GO | 1]0.50|0.20 | 0|0.00 (0.00| 1 (080|100} 2|1.00|0.10
MV | 00.00|0.00| 3|1.00|0.20 | 0{0.000.00| 3 (1.00|0.14
SL | 2(1.00|0.40 | 00,00 {0.00 | O [0.00 |0.00 | 2 {1.00 |0.10

o

0.24 |1.00 |15{0.71 |1.0O

—

0.05 {1.00 |21(1.00 |1.00

174

F 5. AP Aula med ofE A 7R
(q-weight) Hlo]&

user

service

FD MD S0 all.user

-mode

countg-wed cunt|q-weightcountlq ieht count g—weigh
WU 2 0.40 Q 0.00 0 a.00 2 010
12| 0.80 0 000 | 12} 0.57

CO 9 0.00
GO 3 010 U 0.00 1 0.50 2 0.10

MV 8} 0,00 3 0.20 0 0.00 3 D14
SL 2 0.40 0 0.00 0 0.00 2 0.10
all.modg 5 024 | 15| 071 1 0.05 | 21 1.o0

VX, service_mode(X)="'GO' <
wer=FL{t: Wad: 200 viser = M| t:0Wad: 0 vaser =S|t : 50 d: 10004
(3.17)

oL AMula Byl 9F REGO)Y At
1 AP oA E#EE 0501, oMUY &
20 ela obEd e 052k AE ovid
o} vhde]| ARSRPE oA d o 7] REWU)Y
FEL 04, T RHCO)Y FHES 0, 2F 2=
o gL 02, 93 m=d g5 0, 9 2=d
BEe 047 S Uk cweight FF
d-weight t8] Fog BAl 27lo] doid FHES
A 4 gledH, o)7L g-weight(quantitative
weight)2} gtk IS B0, AMEAP) opx]ol
A mert 9F megl ABRE o A3 o]
t-weight 2t 0.5¢} d-weight 3t 02F 3}
q-weight 0.1 ARE® &= glck

VX, service_mode(X) ='GO'Auser = FD[q:0.1]
(3.18)
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4.1 AlZeo|M &Z

AlEeo| el AME #7308 dul o}
TEeA A 71 ALY AFE dolH
FE3] ARERICh 27 sE B AEHo e A}
45 olES wHow FHF Aotk 7|7)et 7)
717} AR Aas 336 AER 7)) dHelR
(device table)ell we} Ao} glom, 7)7]= =
A AAE AR JHR J1E ALY H AZE
37kl HAIE AR} Hlo]E(user table) TAlel ulh
2} A 23t
£ Erelis ofR|, oy, olEm AR &
71 S 2007 19 395 3 23 7|23}
of o]F & mde] "ol A7lulel A wHElslol
HolelE FE3lch AAl 2rtE & shdol 7t
ARERR] £AE Alshe Aol ZF 7)1 A
ol ARE £ 5 sde T (Al ESehE
3 vlelelE Aistedol sh, olaidt AN
s7lele oe] A% 27do] le] AFAP} AEH
25 7153l "lelelE &gtk 553 dolE
= 3 31709 HiolE R 0]% 60070 33 dHlolE
(training data)2, YA 13170 A& dlo)B(test
data)= TE3le] AlEHo]Adel] ARl oS
+# dlelel 60070 13 63} o] AMgA), A7,
71710 wE dlele] ¥xF R}

2
n

user time

4.2 Agelold Zat
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E 6. A7kl BE 7171 2 ARA} ¢ 71FA EelE

TIME

T 2T 3T

GY 003503 0.00213 006588

4T 5T

0.06214 0.03565

6T

000000

FA 0.03503 0.00213 008588 0.06214 0.09583 0.00000
RE 003508 0.00213 008588 0.06214 0.09%65 000000
CE 0,04902 0.00270 000823 0,00000 0,00000 0.08521
DY 0,00000 0,00000 005435 0.00000 0.00000 0.00000
v 0.03351 000000 0.03088 0.00000 0.00000 0.11381
Do 002484 013560 000323 009418 0.00000 0.00488
Ccp 0.00000 0.00000 000815 0.00000 000000 0.04327
LI 0.08021 0,05425 000000 0,00000 022883 0,23363
all_device 0.28833 0.10867 013333 0.13167 006000 0.26000
FD 026159 0.00233 002201 0.00048 003766 019837
MD 0.08625 002990 017800 0.20108 002673 0.02952
SO 000219 0.22518 0.00183 0.01612 000117 008268
all_user 038833 0.10667 015333 013167 0,06000 0,26000

E 7. AHAR] o )7 2 A

BT g7FEA Helks

User

FD MD SO all_user
GV 0,00000 011054 0.00008 0,05299
FA 0,00000 0.11054 0.00008 (,05209
RE 0.00000 011054 0.00008 0.05299
CE 0,07372 0,00102 0,00000 0,03549
DV 0.00177 000323 0.00000 0.00417
v 0.04299 0.01295 0.00095 0.04587
DO 0.04416 0.00433 0.07944 0.08179
CP 0.00000 000272 0.01563 0.00727
U 0.08601 0,00708 0,04358 010268

0.16236 020043

co 0,00000 0.69120

0,00084

0.43103

0,33000

MV 0,02358 0.00873 0,00000 0,02500
NO 025988 0.05909 0.30091 0.48833
SL 0.20087 0.00000 0,00000 0,07667
wJ 0,16043 0.00273 0,00000 0,08000
all_Service 038167 0.45833 0.16000 1.00000

E 8. 77]el & AR E AHIARE g7} A HelE

[ Davics

o) 053355 1 0.33833 | 038333 | 000000 | 0,00000

000000 | 000000 | 000000 | 0,00000

MY 000000 | 0.00000 | 600000 | 00805 | 03333 | 002415 | 000000 | Q00000 | 0.00000
NO 000000 | 000000 | 000000 | Q00000 | 0.00000 | G20200 | O3BI2 | Q.04 | 0.27%62
SL 000000 | 000000 | 000000 | 022LL5 | Q00000 | 000000 | 000000 | 0,000 | 0,079
Wy Q00000 | 000000 | 00000 | 023077 | G000 | QOO | OO0D00 | Q.0000 | 0.07407
allpvics | 01000 | 011000 | OIL000 | 008667 | 000838 [ OIS0 | 017000 | 0.02000 | 0.27000
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