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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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I. ISR Zg

ISR R ~vlE & FHelx] dlofg] wle]y
71 F o EAER dwE]Eel C455 e R
AREARS] A SRS shEsle] ARl BRE e
el ARIAE FEEl] el o 7)7)E AlFsE
= Rt} & mdex= 17 13 32o| DBYY
9] Hlo|e{E A2]3l= Service Managerell A AIAE
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2.1 Context &4 Z=(Context analyst)
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o 7t Effelle o k=E AAsled Hesk &
Ago] ol7bq ZF A4 Fholl wel A= F
7lElm FHFAHoR WEl kx, F 8 E(leaf
node)oll= S7b k=o] &£A3 &4

T

v~ eyl 3 o) o]zl

2.2.2 =Y HEN TS| ME

Au)~ B QA ]Sl ue} PAE EE
oA 4 ol lE AM]A~ X E(service mode)
ARs7] S8 FE k=85 3t e S k=
o= 2t Aol wet A 7R (weight) e
skelel 7 i e e EeelelEslel
HE 7EAH #3E o ko Fogie) 9 ks

polfl 74EA F 71 2 ke 2 o mEl) A4

Gl

i

www.dbpia.co.kr



= AVE

oA Hele vl e o] g A5 Auls FE 2w

AZklimited value), AF8AFS] &7} Au]a~ =
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2.2.3 Mb|A =l
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o] ohje} zhekal ghel AAlE AAA ek s
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ol HbA| ARgAPE AlERE 7)7] A ue)
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2.3.1 AkEXL Elo|&(user table)

AR Helhe AAE BRSHE 37 44,

5 o], AW, 123 o]FoR FEE. del:
W dole] x| 9] dllvto] olluteiegl(old), A
Ql(adult), "Add(young) 22 &4 Fro] EFHch

2.3.2 ARE Hol&(time table)
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Rtk 9 4 Phe 9 ke sl
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]:l
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(location of device)2} 7]7]¢] o]
Bec) Adx] A4LE dubdel 308y olI}EE
7102 gHKR1), 2RHKR2), AA(R3), THHCD,
F(T0), FRER)2Z FR3et 717]ele 7}

Uy higrarchies Time NErandies

Devioe hierarchies

a2l 2. AL 717, AlZF AEF dlele] &
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Information Gain)°|3t 25 o]83lt} o] F
24 A" A (attribute selection measure)
27| A3 =X (measure of the goodness of
splin=har ghc} 7P & AHo|S(we | JER
3 s 7He FAo] Al xxe oigk AAk
AR AdEr) o] Q‘é% 39 A¥E 32
=5 EHskedl s AHRE 4J-§]'3]~*Eﬂ ]
1§k 2350 7= —“.'J—H*é(randommSS)
S (impurity) 8 43Rl EE gt} o9} 2
Aoae AAESL BRse=d a3k i) Ax}
375 FHAsle] gt Er) B EE gl
SE 78 AF HelelE 7= AHelztx 3t
2} FEl2s #Hlo]E(class label)SA2 m7le] Arolgt
zeir CG(L2,...m) = Hojsl= moe] Aroldk
s derky JHERE A Sl e FEe O
o AE NFE Sk sk TRl AES R3S
=8 8= 7] A ¥ =Kexpected information)->

i r*w

l

Y]

m

1(8,,8,55...,8,) = —ZP,- log,(p,)

i=1

(3.1)

o714 P qlele] AlEe] ¥l Coll 3 &
Folr G /5o % Akt AHrL v ER H353)
o] ol7| wiell "7l 29 21 5 ARSIk

&4 AL w9 Aeld 3 andna)
&4 AE ST Ove ERs

85,8280 = gdshedl Ag" 4 olek
oJ71elA S ASl Fk 8 HeE SO HEES X
el mef AV A SAow A-ESGIohH, o
FEARES AT SE Eehe sellA AEE

7l Aglek FEAd 5ol Sl EE o

AE FE ;2L sk Al o iAo R #
el= 799 AEZEI(entropy) Haz 7| A HEF
(expected information)-> ©}l] Ao <oz},

E(4) = Z

Zr=rta 3Rk

S mj
;}( 81 j2eees m}) 32)

710

S el diaiA,

I(s,. +..+s )=— lo B
(s, ) ;p,, 2,(p;) 33)

Sf/

o Em ol U [S] o= s izl 2
ez Sl S3h= gEolet Al tidt 7]z A =
= %% A ¥ 2Kencoding information)-> th5-3} 7t}

Gain(A) =1(s;,$,,--,5,) — E(A) (3.4)

Z Gain(A)& A4 A9 e 1
34 mEEE deRde] ) zhagkelc) ole}
2 mpo 7k &40 Au o]5L Al
o ARFS 2 S4o] oIzl A7 Sell gk A
Ab S o7 APl A rErt AAdE ] S o]
Fol ol #394 7 3rEell w2bA AT A
AEle], WEELE olebs] EaEo)

ﬂn

1 Alzerithm @ Generate service tree
I Input : samples(training data from context DB),
attribute distllist of contesxt and non-context attributes name)
1 Output @ Service free
1 Method :
{1) create anode N;

2) if samyples are all of the same class, C then

41 if aftribute_list is empty then

(2
3 return N as leaf node labeled with the class C;
()
&3]

return N as a leaf node labeled with the most commen class in
samples: // majonity voting
(6) select test_attribute, the attribute among attribute_list with the highest
information gain;
[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_service_tree
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B[ 2vhE F 3

dellAl wlole] mtold 7IE o] &3 A58 Aulx 58 2

E 1. ¥4 dlo]e] ele]Etraining data)

RID User Time Device Service_mode
1 FD 1T 52l LI W
2 FD 1T R3 CE W T
3 MO 1T CI RE CO
4 MO 1T CI G CO
5 MO 1T CI GB CO
6 MO 1T CI FA [es]
7 FD 1T FR | DO GO
8 S0 3T FR | DO GO
9 MO 3T CI RE [es]
10 1O 3T CI GV CO
11 1O 3T CI GB CO
12 MO 3T CI FA CO
13 1O 3T R3 TV LWV
14 MO 3T R3 DV MWV
15 MO 3T R3 CE LWV
16 MO AT CI RE CO
17 MO AT CI GV CO
18 MO 4T CI GB CO
19 MO aT CI FA CO

20 FD BT R3 CE SL
21 FD BT R1 LI SL

olggh AMu]|~ Er] A dae|Fel Auls E
2= AQAE= J’P‘q S A HAL E 1S context
olefullo| 2of4] &7 dlolH FEEE TAE &
2 odeleE dehd Zoloh FHa dHelE &4
service_mode=  {WU(Z|AEE CO(_%E]_,__
GO(ERT), MO(%33}E), SL(-A"‘DE 5 70
2] s Ak wEbA 57He Aeldt Fuizot ol
thm=5). &%~ C1>WU, C2—CO, C3—GOdl
sk =l WU F@llzel 270, CO Zef2el]
127, GO Z2e) 270, MO Felizel 37, SL &
gzl 2709] AFo] Skt ZF Sl i’ A
B oo]5E AXRE fldll, WA 345 ARESod
Foizl AMZS ERShedl "o sd AHREES

=

Axkeiel,
108,55, 83, 84, 85) =— 3—Bl 172—21 3—31 3_21 2
1505 R R TR DT R DY R TR
=1.831631 (3.5)

thell b &4 JERIE ALkgth &4
user?] ANERIE AXSPA, usere] 2 3k
{WU, CO, GO, MO, SL}2] 7z} &3] i3t 7]
ol _1;1_ 7;“/K]»U]—T/]—

o
=
o,

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

I(s13, s23, s33, s43, s53) =

AHgatol, AEGe] usere] e} H3

=
=
t—z@%%— A AEE BRI G7EE A

5 15
E(wer):Ell(q],sz.,%.,&,,%,)zl( 1255505505 ﬂ)%l( SO

=1.878027 (3.6)
e ek Qg gu o5 et ek

Gain(user) = 1(s,,5,,5;,5,,55) — E(user) = 0.953603
(3.7

2 e Az 7|7]e] tigk AR o]5S
AAFsPH, Gain(time)=0.9234, Gain(device)= 0.8972
Q& T Slrk olF AR 4] T =&
55 7HRBE AR SAdo] A WA AL
o] Frl Al =7} A=A userzhs #HlolE
A = ZRREel A9 7 ghEel disliA

U

"ok a2l 1SS 2F 49 3lo] R

1l

tlo

o
o
(o]

i

s3aie

e 20 AR 71718 I8t 2e o

s
ok ol Solgt A 448 A
|'.k‘57
EE-"'"- 0
D
- | -
RIZ | Time | Device 3:(:: RO | Tme | Devce S';;;: RO | Time [ Oevice s;u;?
Cr e e s [ [ w EEAEIEI
2 I R3 | CE L) 4 17 o ey Co
1 I LA Gl | 17 (s} [
o] [ m| CE L B T Cl | Fa co
Fil [3 R Ll L 9 ar Cl | RE o
o o |ole| o
| (o .|
2| o ol f] @
B |mw| w
" | ROV !
8 T [RY| CE M
6 iT | € | RE [
T | Oy o
6|« |olm| o
19 ar [ oo

a7 4. Age 400 w2} 13} ¥ Al e
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3.2 A JIER| ME L2E

2 dloJeiuje] =] dlelelES AAEHAHE
el ZPEsfaL Au)~ g6 a3t deld, &
context data® W3 =]o] context HloJE]H]o] 20l |
A=), context HloEHo] o= AREAPZF oW
71715 A ARSEitks 718e] AR o] =Holgle=t,
olg|gt 9] dlolelE T3l 7t
context®@ Rt} ] AR xu|~ Eg|r} gHEe]
A F o Au|aE AFER| B ko oz}
ZAARsol gl & E]Y] 9 ko gle AR
RS AAsof el o]FA Au|x n=E AR
7] S8l Ege] S k=B /SHE AR
ARl 7 2 AR 2 9 2o ARE
th. TS AREsI9lEl AR A Ak
(CQW : Compute the Quantitative Weight) &372]
l ’—T}\gﬂ' "I:f
Qo) ek @ A ST AR A% 1
o2 AejEr)

_4

A S|

A 543 FelA 2 =] 3disjunct) o]t
oJuksl glo]Be] 7t FZo] 7= BolAS et
ik %’45& Eres Uehs Jrs 7R

o]k %"éi‘rﬁﬂﬂ} e ol SdaE 5%
Fell~(target class)2} 3L, 9.
efzo] dnlshel FEoletar sak e 4 9
t7F2le 27] A dlolEelA  da ol w83k

o] FEel wleS ofvldick o] Aol

i

X3
= 3L

iy

t—weight = count(qa)/z count(q,)
P (3.3)

olul n& Uuks} glo| B Ex Fejre] BZ
9] Frola 9.9, <= Auls}l Aol Bx =

ol FEZES ey 4. = 49 9
shtolct. =& 71219 W9l [0.00, 1.00] ==
[0%, 100%]°lcl. A= 5443} fZ(quantitative
characteristic rule)s D&% ZFHAS WSSk =
23l 7A7E FHE =Eale] JeE %8st
A, e Q%% Fxdd &I 74 [FEY
count FS 1o sl 72 ko w thAs)

112
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ZZRC)
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+ ok

VX, target _ class(X) = condition,(X)[t :w ]V ...v condition, [t : w,, ]

(3.9)

siehd, X7t

condition, =z wZExz B W, ol

o] 22 ukeF X7} target_classoll

Wi = (1,2, m}ell &3k A 2 e
=23k t- hr%] viepdicy.

AE 50, & 1ollA AR} Auj~ me A4
9] countE FAZF 25 =tz alow w3l

3t &= glrh service_modeS H% FHlA~ SAlo®
3h, olol ds=le w=uld] 19 A3 A
2] 3,103} zek

VX, user(X)=FD=

(service_mode(x)=WU [t : 100.00%] v (service_mode(x) = CO) [r : 0.00%]
V(service_mode(x) = GO[t : 50.00%] v (service_mode(x)= MO)[! : 0.00%]
V(service_mode(x) = SL[1:100.00%)]

(3.10)

282 7= kel 100.00% = “(WU, FD)”<]
count 35 Flol|l 28 “(all_mode, FD)”°l| s|"3sh=

=)

count ¥ kel 28 o] AXRE ook thE
T3 Fe % | i3t A 545 0 = 22
Wlow 4Ect

E 2. user'f service_mode count EHlo]¥

zervice_mode
nzer
W co GO MY =L all mode
FD 2 a 1 a 2 5
MO a 12 a 3 i 15
20 a a 1 a i 1
all neer 2 12 2 3 2 21
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Aol dlold vold 7HE ol 47 A%H Auls FE wd

3.2.2 Has wY 7%

AR 2 P WA AEe] Exs) dix
o] W 5AL veple Zlew 2
Tl wEiA EA & HEsl drA

(d-weighy = A1851] e]gle]

t —weight = count(q, € Cj)/Zcount(qa eC)

i=1

(3.11)

P me FE st vhe Fhs) F F
E Foln, G Y {CenC,)Ehiel,

count(q,€C;) = ¢, 5 ESe FUs OF
Z9] ol d-7bA] el W9+ [0.00, 1.00] =
£ [0%, 100%]°] =k EE FelzellA d-7sA
7b ke e o] sl FEe Aol %
FHzol] F2 7]egts ol Y dIEAE
o] 22 7hde] Bz ZelzolA © Bol 7]Q1%
e 2be SRRk Tl nlade) BE F
ol Ol AR WA A A 3123 e 9
A 7,

i3 _lN

VX,target class(X)= condition(X)[d :d _weight]
(3.12)

B
R
Lo
8
5
Mo
=
il
i
o
=
o

3} service._;

3} e}

E 3. A7 Aol wE AH|2 BE count H|olE

=zervice_mode
tHme| user
W CO GO MY 2L all mode
FD 2 o 1 o a 3
1T.| MD 1] 4 1] 0 1] 4
IT| =0 0 0 1] 0 1] 0
all u=e 2 4 1 o o 7
D 1] 0 1] 0 2 2
AT, | MD 1] 2 1] 2 1] 11
6T B0 o 1) 1 1) o 1
all nzer| 1] g 1 3 2 14

°F dlolelE Hx FeflX(target_class)2l 3}
2 A dgloleE tiE F=l2(compare_ class)2FiL

sk o714 AREAPE ofmuMD)olwA AH|A

Rerl ZlRECo)d 5] oF ol gk
Aepr 2y AL A 3330 2 Yo 5d

e,

X, time( X) =4Tand6T <user :Z\DAsa’w'oe_rmde:CQd : 66.66"4
(3.13)

A AellA d-7EEA 3 *F&XP} ofuL]o]n
Al Berv) 2] Redd uf 25 dlo]E] ] count
7kl 85 EE A|7tell HdF count %M 2% e
Folck &, ARSAPL olmue|a A REZE 2
I AZENE &% AR FES ovske

323 ek JIER| ME LielE

T FHlzell e A S35 A A
2 gl A diSEe 543 A 9 gt
2, & 7Rt dFAE ek AR v
%] A& (Compute the Quantitative Weight) &72]
Zo7 #sk 4 gl

VX, target _class(X) = condition(X)[t :w]v ...\ condition [t :w, ]
(3.14)

2] 314+ "kF 7} target_classoll iobd, iE {1,
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VX, target _class(X) <condition(X)[d: W]\ ...v condition [d:w,]
(3.15)
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() 2F 2710l taiA] 2ol A 79} d-

VX,target _class(X) < condition (X) [l cw,diw, J v

v conditionm(X)[t w,,d: me (3.16)

of Ale 13 wAA Fl ield ek xoh
target_classoll Jebd X7} 24 i& e 352
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E 5. ARAPH Al mesed wiE AR A
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user
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FD MDD 30 all nser
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MY 0 0.00 3 020 0 000 3 014
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(3.17)
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(3.18)
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