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dlojelnte]d 73 %"ﬂ/“] ABd FHL AR B =S 7]”&2& stod o ]Eiﬂﬂ ]"01 2%
o) g FHE ) BANL BATE /Yol
A AL Bt FEF g el B ] dod ohE FEHIUE Hl/\)}a]—x] '%Js"\ir)rh TES ﬂo]"’HL
Zlojt). olgjel Jo] dAA S GubE el ARY FFI A AgsE Z1GA NN EF A
BII7] A S 2 AF U TADED okt o o} ol AES WAl B2 Aol
st ARE 3t 4 gl o] & FF B =RoA e old F /Y A 20 HE Thss
yslE 7o A 43 AEREE d A7t 71Eo 2 A °1"6]-_J_Z} 3tc}. =3 Piatetsky-Shapiro
(1991) 7} Altet Su|= S57t 7M-o & RAES FAST &, dAE B3] Atd S=9f JdFA
A H& Thsdt gshgord] Ht 259 8482 H]JL‘G}S’QEP I A3, 7)o g 4E
=9 49 71 AiA A= 2717 thEA el Ao A=E HEeiA 497t o
9 3 o] A 13 AEEE o]&dh= Zo] 7P uiE

L5 tolEY ¢ 7egrALer Frkska ity $17] WHAbd ] o5t dlojgutold (data
mining)-> 73 2719 dlolElo]lx oA e A YA 2 FA oy HES AAH ) LE AF
How Fropll= Ao, AERF7IRY M, AEA, by 24 53 22 ZokllA 2 Sl sHA
857 th. o7 71A] dlolEutold 7Y FolA A & (association rule)2 AFAA H7} 7]
2 7IHo R 3t HojEH|o]xd] XFE o] Qe FEE Y #AAS A%k d €851 gt
(Park, 2012b). ©] 7]"-& Agrawal S (1993)¢] A2 & AeFetgdon, o= Han S (2000), Pei
= (2000), Cho$} Park (2011a, 2011b), Jin 5 (2011), 12]3 Park (2012a, 2012b, 2013) S2] A7
7} A8= ).

Quidel Qg FAL olw FEATl WAGE e FRATE WA FHL B
ol whdoll, o] AFA F3 (inverse association rule)2 shute] F=Xglo] WAYSIA] 94
FEARE B8R dethe 78S Foblls ZAoltt (Park, 2010). wkA Q1 AAA F22
= DARAZIL FF FEE Y e Wl do AR HFAS FUME AT HE &
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S AN A FEL uHAE = AR 7sEHA Yot (Hwang®k Kim, 2003). Park (2010) 9]
"1 A A8 vt} o] AFE Fuljshe AMg2 ZEHE Fullohe AEe] Brhe BETF v e FA
ol AslE FustA] e AFEE IPHE et Ethe ARE ov] vk & 4 Qi webA
I EAE =ol7] A= AFE FlE AHEE SolA ZEHE FulstA] k2 AFEECA
Seivlel TS FEske 2R ot ASE FUs e ARENAE S4 ARE ToheA B
S FEWE FuletA sk vHA" dEs dasith olEfs 99 ddAd S gRkAd Add A
A3} A B33 oW AlFg FHsty] fsiAE 2 AETRe nHAIRERE okt o] Lpolrt of | A
F9] upAIE o] 2ot Aol gk ARE spope 4~ Qi

ol st F FH ARG Aol AL e TRk HIF S5 E Follv & A= (rule
accuracy), A2 FEFE (relative accuracy), =2 AFZ (negative reliability), 22|32 A& &
o] AF % (relative negative reliability) 5°] It} (Lavrac %, 1999). & =Roix= o] Ex 5L
o] g3t 7o) At AEF = (attributable relative accuracy)2t 99] 7]o] At)E AHBFT (inversely
attributable relative accuracy)E AFost &, F S5 & FAl9 13 #IdH 7o AdE 73
A& % (balanced attributable relative accuracy)S AW FH7l 7|F07 A e+staz}t sy I
Piatetsky-Shapiro (1991)7} AI<Hst Ewl= S=71 7FAoF & 2SS HAT &, AAE Gt o
B3 71 A 72 e {8442 nFstanA} st

o etRtopel ] B8H T Qe 72 W7} SE
B FHNA BT 5 9, 29 A9t JhA

e 2ol E@HT.

(o]

F2 AT AC(X = Y) = P(Y|X)
AHA A= RAX = Y) = P(Y|X) - P(Y)
29 AFE  TAC(X = V) = P(Y|X)
AHA 2o AF S TRAX = Y) = P(Y|X) - P(Y)

74 AREL |20 AP B7h 7|2 Fo] AT (positive confidence) 9} EAsHH, AH A
FokollAe BY% (precision)Zhal E2]oj Xt shute] FHEo] USR] o the FEE LA
Fethe o A3 3 FHNA & o, 59 AF = 9o & A2= (inverse rule accuracy)zh
I %5 Aok A Agee XY 2 e Hge o] 5 (accuracy gain)g o m|etar, W
24 Bolll e ANE (precision) 2k el Atk AThA 39 AFE AA o) AT 71 B
oA £ off g9 AthE AEE (inverse relative accuracy) @il & 4 St}

ol&gt = Eof tdl] Park (2011)°] A3t 71o] =4 AF = (attributably pure confidence)2] 7
HE AE3te] 7o) Juld AF= (attributable relative accuracy)2} 9] 7]o] Adld HE= (in-
versely attributable relative accuracy)& A2|shd t}23} 2t}

P(Y|X) - P(Y)
P(Y|X)
P(Y|X) - P(Y)
P(Y[X)

7199 3HA 8= ARAX =Y) =

Ae] 71 A FgE  JARAX = Y) =



Development of association rule threshold by balancing of relative rule accuracy 1347

710 A AEeE 73 Ao thst A Fexe] 27E vEhli, 99 7o gdoid Jg
S 99 3 Agxo] gt do Afd FExo] A7E vEeRdth o|2RE F33E 7o AdE
T2 &= (balanced attributable relative accuracy)E th53 o] A<}

P(Y|X)ARA(X = Y) + P(Y|X)IARA(X = Y)
BARA(X =Y) = — (2.1)
P(Y|X)+ P(Y|X)
_[PIY]X) - P(Y)] + [P(Y]X) - P(Y)] (2.2)

P(Y|X)+ P(Y|X)

o] 4lo A Hi= Hle} Zo] BARA(X =Y)E 7F3 A=l 9 F7 FFxo tldt ARAX = Y)<}
TARA(X = Y)9] 715 4k& HH o2 9 AT 99 A9 70‘5_% Sl s Sxeta &
2 gtk weF 7|29 ARA(X = Y)9| ol 5954 UehA @A AEE wwsr)r) 2est
7A%o] BARA(X :>y)E o)L W ABAY AE= Bt X%ﬂs} A =743 4 9th. McNicholas
= (2008)0] AIoFet 23} WS 18sH BARA(X = V)& thge] 17+ 2H 9

£

PX)PY) < BARAX = Y) <1 PX)P(Y)
T max[P(X) £ POY) =1, 1/ = BARAX =Y < 1= s ) PV), POVIX)]

222+ BARA(X = Y)ol ti3ll Piatetsky-Shapiro (1991)7} Aokt Tnjt S22 2 A 55
sh=A9] o RE dotR 7] 95 4 (2.1)S B stH thE3} Zo] xAdHT
X)[P(XY) — P(X)P(Y)] + P(X)[P(XY) = P(X)P(Y))
P(X)P(XY)+ P(X)P(XY)

BARA(X = Y) =

o] Ao g HE P(XY) = P(X)P(Y)old BARA(X = Y)9| B2}7} 00] It} X3
25he theat 2ol vehd 4 ek

rf
mlo
B
o

PN - P(X)]
P(X)1 - P(X)] + P(XY) — P(X)P(Y)

BARA(X =Y)=1

webd P(XY)9 zko] Z713kd] wel BARA(X = Y)E ©x Z718kx, P(Y)9 ol Z71shd
BARA(X = Y)x® @& Zasiths AMde & 5 Stk

3. A& oA

AME ) eRIRkRool A BEH T gl 74 37
A AZe Ao AA AL Wul oz} B _1‘5
AY%, a8 ¥3td 7o) AthE HEATE o

= 559 #8A4S nFstaat gtk olF 3l Park (2011)3 5L HlolE

£ r‘-[ﬂ S
2 9
R
fy
&
2
N

Y
1 ) Total
x 1 a 50 —a 50
0 30 —a a+ 20 50
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Table 3.10A4 B = vle} ZHo]
Yo s S 30 o s}ﬁv}
o= FgoH, a7t AT 5 gl WL

Table 3.122E qgto] thel] =
de F Utk A7 a = P(X
d=P(X =0,Y =0) gujdic} o] JOM i H}ﬂ Zro] AN E o7} Z7)eto)] wel B

A nste BE AFEEo| T8 A2 E et T3 F 5 7t k] dBAY =7

AT/A AR o 43 Ffole AC(X = V)& TAC(X = V)= 05 Bt} 33, t}& 3
RA(X = Y), IRA(X = Y), ARA(X = Y), IARA(X = Y), BARA(X = Y)x 0T} 2 3&
t}. o]} ¥itho] ARt AC(X = V)Y JAC(X = V)= 0.5 B} 21, tf2 =52 oW}
FHe Zerh 28U AC(X = V)8 TAC(X = YV)+ BT 9 goznk vehtr] wiid ol
2 Y dBEE 93171 AT

2
2
o =

io
I ﬁg r d8 (m

3 :
?-;pi Y= ES A4S Table 3.29F 2-& A3}
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Table 3.2 Comparison of accuracy measures by simulation data(1)

c d supp AC TAC RA IRA ARA ITARA BARA
49 21 0.010 0.033 0.300 -0.467 -0.200 -14.000 -0.667 -2.000
48 22 0.020 0.067 0.314 -0.433 -0.186 -6.500 -0.591 -1.625
47 23 0.030 0.100 0.329 -0.400 -0.171 -4.000 -0.522 -1.333
46 24 0.040 0.133 0.343 -0.367  -0.157 -2.750 -0.458 -1.100
45 25 0.050 0.167 0.357 -0.333  -0.143 -2.000 -0.400 -0.909

o

© 00N Uk WN =R
NN NN N
g O N o ©

24 44 26 0.060 0.200 0.371 -0.300 -0.129 -1.500 -0.346 -0.750

23 43 27 0.070 0.233 0.386 -0.267 -0.114 -1.143 -0.296 -0.615

22 42 28 0.080 0.267 0.400 -0.233 -0.100 -0.875 -0.250 -0.500

21 41 29 0.090 0.300 0.414 -0.200 -0.086 -0.667 -0.207 -0.400
10 20 40 30 0.100 0.333 0.429 -0.167 -0.071 -0.500 -0.167 -0.313
11 19 39 31 0.110 0.367 0.443 -0.133  -0.057 -0.364 -0.129 -0.235
12 18 38 32 0.120 0.400 0.457 -0.100 -0.043 -0.250 -0.094 -0.167
13 17 37 33 0.130 0.433 0471 -0.067 -0.029 -0.154 -0.061 -0.105
14 16 36 34 0.140 0.467 0.48 -0.033 -0.014 -0.071 -0.029 -0.050
15 15 35 35 0.150 0.500 0.500 0.000 0.000 0.000 0.000 0.000
16 14 34 36 0.160 0.533 0.514 0.033 0.014 0.063 0.028 0.045
17 13 33 37 0.170 0.567  0.529 0.067 0.029 0.118 0.054 0.087
18 12 32 38 0.180 0.600 0.543 0.100 0.043 0.167 0.079 0.125
19 11 31 39 0.190 0.633  0.557 0.133 0.057 0.211 0.103 0.160
20 10 30 40 0.200 0.667 0.571 0.167 0.071 0.250 0.125 0.192
21 9 29 41 0.210 0.700 0.586 0.200 0.086 0.286 0.146 0.222
22 8 28 42 0.220 0.733  0.600 0.233 0.100 0.318 0.167 0.250
23 7 27 43 0.230 0.767 0.614 0.267 0.114 0.348 0.186 0.276
24 6 26 44 0.240 0.800 0.629 0.300 0.129 0.375 0.205 0.300
25 5 25 45 0.250 0.833 0.643 0.333 0.143 0.400 0.222 0.323
26 4 24 46 0.260 0.867  0.657 0.367 0.157 0.423 0.239 0.344
27 3 23 47 0.270 0.900 0.671 0.400 0.171 0.444 0.255 0.364
28 2 22 48 0.280 0.933 0.686 0.433 0.186 0.464 0.271 0.382
29 1 21 49 0.290 0.967 0.700 0.467 0.200 0.483 0.286 0.400

o] B8 & v AR E AHEY) Y&l a =8, b =22, ¢ =42, d = 282 AL a =19, b = 11,
c=31,d =39 FFE vasfid dA o] dAFE =7 ¥ AW AxET E AAke
fole AC(X = V)& TAC(X = Y)+& Z+Z} (0.267, 0.400)2 YEl}A 055 T 2o, o]} wi)
Ql B21e] ALolE o]E T Z=7} 242} (0.633, 0.557) 2 LERLFA] 0.5H T 2 gho g Yehytth e
U B g fer yrhdar gloja ddge] e & w7 jith = o8 AgE RAX = YY),

o
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IRA(X = Y), ARA(X = Y), TARA(X = Y), BARA(X = Y)x 77z} (-0.233, -0.100, -0.875,
-0.250, -0.500) 3} (0.133, 0.057, 0.211, 0.103, 0.160) 2. & JER A S9] < A
Fole ol S& BF 29 @S 7, ¥ AdEY A=t Ao 32
o 2 %oz yegt wEtA AC(X = V)9 TAC(X = V)Rt dade] U3k
RA(X = Y), IRAX = Y), ARA(X = Y), JARA(X = Y), 28]2 B
o wld2sicta & 5 ok

ABAY FHY BANAE AC(X = Y)HETF RAX = Y)7l 4349 A=
A vepdoia & ¢ dok 2 o+ P(Y|X) 7t 493 &
T F F5o] dAAAY AxTt Attt & 4 ql7] wiioltt. o]et wiAE P(Y)7F & Ao+
PY|X)7} & @& Zerha g
2 JAC(X = Y)RT}= IR
TAC(X = Y)} P(Y)7F 22 3k

)

o]-&sh= Zlo] o utgAsitt. kst AC(X = Y)$} P(Y),
Zt= AL olE RAX = V) TRA(X = Y)Y gH2 00] dth =
P(Y)9 ztol7} 2YsH RA(X = V)9 IRA(X = Y)7}t
2o o g YRR o] HLol: ARA(X = Y)9 TARA(X = Y)E A2t Aol T niEkdst
AEe} o] AAF AETHE YEER o] &8 Al
7 upAst Ao AdETh
AR pe] ko] Wsle] wep A 5] Wil S Thetetr] 9
Steh. o] ®ollA o7 HE & de AT Y HAE b

2
<
[U]O U'

&
4
K
e
o
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A
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do 11
&
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A
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T8 BARA(X = Y)
olWloll= F =71

Table 3.33} & &
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Table 3.3 Simulation data(2)

Y
1 0
1 30 -0 b 30
0 50 +b 20 —b 70
Total 80 20 100

Total

o
-z
)

EYANE b3ke] Wstel] g ol 7HA] =S AXFSHE ths Table 3.49F 22
Itk o] oA ELANE b7t S7Hgl weh e i e So] BF gadhe
Wtk AC(X = V)& TAC(X = V)& BT 490l &9 ez vehbr] wfel d#
et 71 vy 9] Aol gl vpTIA R S Tl o] ddAol 2o dAARE
RA(X = Y), IRA(X = Y), ARA(X = Y), IARA(X = Y), BARA(X = Y)& &
Z 9 FAAer Loty Yl a = 27, b =3, ¢ = 53, d = 172 A9} a = 18,
c=62,d=28% A5 vws|Ed WA Fof AAN F=7t 3o ABE A=Wt A3 Azt
AC(X = V)9 TAC(X = Y)+= 27 (0.900, 0.243) 2 JER}L o]} withol F21e] 73
T 557 Z+7F (0.600, 0.114) 2 vrebgttt. webA o] 7 Sx9] g2 vlasie 23, gs

o] zpoli= ERAd 4~ Qo AAAF WL FRlstr)rt 2@tk = o Ag% RAX = Y),
IRA(X =Y), ARA(X = Y), [ARA(X = Y), BARA(X = Y)+¥ 77} (0.100, 0.043, 0.111, 0.176,
0.125) &} (-0.200, -0.086, -0.333, -0.750, -0.400) 2. & EFLIA] %] ARA ZE7t 78 ALY ZH$of
ol & EF7F0HTE & o vehd wkdol, 39 A3 Fert Aot $a49 Aol ols
0Xth 22 groe= veiuth wetA AC(X = V)9 TAC(X = Y)Hthe da349 wadks ¢
=Y), IRA(X =Y), ARA(X = Y), IARA(X = Y), 28311 BARA(X = Y)9 &
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Table 3.4 Comparison of accuracy measures by simulation data(2)

a b c d supp AC IAC RA IRA ARA IARA BARA
30 0 50 20 0.300 1.000 0.286 0.200 0.086 0.200 0.300 0.222
29 1 51 19 0.290 0.967 0.271 0.167 0.071 0.172 0.263 0.192
28 2 52 18 0.280 0.933 0.257  0.133 0.057 0.143 0.222 0.160
27 3 53 17 0.270 0.900 0.243 0.100 0.043 0.111 0.176 0.125
26 4 54 16  0.260 0.867  0.229 0.067 0.029 0.077 0.125 0.087
25 5 55 15 0.250 0.833 0.214 0.033 0.014 0.040 0.067 0.045
24 6 56 14 0.240 0.800 0.200 0.000 0.000 0.000 0.000 0.000
23 7 57 13 0.230 0.767 0.186 -0.033 -0.014 -0.043 -0.077 -0.050
22 8 58 12 0.220 0.733 0.171  -0.067 -0.029  -0.091 -0.167 -0.105
21 9 59 11 0.210 0.700 0.157 -0.100 -0.043 -0.143 -0.273 -0.167
20 10 60 10 0.200 0.667 0.143 -0.133 -0.057 -0.200 -0.400 -0.235
19 11 61 9 0.190 0.633 0.129 -0.167 -0.071  -0.263 -0.556 -0.313
18 12 62 8 0.180 0.600 0.114 -0.200 -0.086 -0.333 -0.750 -0.400
17 13 63 7 0.170  0.567 0.100 -0.233 -0.100 -0.412 -1.000 -0.500
16 14 64 6 0.160 0.533 0.086 -0.267 -0.114 -0.500 -1.333 -0.615
15 15 65 5 0.150 0.500 0.071 -0.300 -0.129  -0.600 -1.800 -0.750
14 16 66 4 0.140 0.467 0.057 -0.333  -0.143 -0.714 -2.500 -0.909
13 17 67 3 0.130 0.433 0.043 -0.367 -0.157 -0.846 -3.667 -1.100
12 18 68 2 0.120  0.400 0.029 -0.400 -0.171  -1.000 -6.000 -1.333
11 19 69 1 0.110 0.367 0.014 -0.433 -0.186 -1.182 -13.000 -1.625

3t Table 3.29] F212] 799} Table 3.49] Azl A5 wws|Ed ARA(X = Y)+ Table
3.28] 797} Table 3.49] 7% wls t 2 whddl] JARA(X = Y)& 1 Witl= vehta ok o]
23 Frole F 5 ol AV A=T o= A9t H EAE € T jleBE oJE F 55
7V BARA(X = Y)E AHEShs Zlo] A 3 A AFolAE B eldolzta &
¢ Atk PY|X)9 P(Y|X)2 go] 18 2 APoE ARAX = Y)9 TARA(X = Y)9| 7
2379 BARA(X = Y)9 o] 0T} 2 ztoz yehon, P(Y|X)7t P(Y|X)9 #HEtt =
BARA(X = Y)¥ TARA(X = Y)Rt}E= ARA(X = Y)ol| 7712 gre g velgtt. o] A$o:= ¢
o ¥ A7t 9o A ARET ¥ 2A Yt 25 BARA(X = Y)e ARAX =Y)
JARAX = Y)E AFT &=l B & o, ARA(X = Y) B+ JARA(X = Y)Y 3ol 543}
Tl EAj2ke BARA(X = Y)9 gholl o8l AddAe A=E < o B 288 & ok = oh2
EYANE o FA] v A W= dof| tish FetEEo] ¥Slehe e AFE e, o] FfolE ¢
oA =2l A} FARRE AdFE Ao ATk

lo

w N

O

IS

2o

4. A=

B RAE o ARy 747 99 ABy 722 S 1ele I Yo g 72 4
F=8 AQHGOM, o] ZE7h Bulw ZE0] £Ad FHATH: AL FAsATh AR FHo
Ag b5 Aol F7h SEE FolA T AEE 129 VA B 1EA P A
95U, 4o AY F2 BRAA 2 o, 2o AHEL g9 3 FReey T 5 Yok =9
AOA AFEE 54 F2) el thd P 0|5 usa, Pu FriA 29 AFE oA ge
AW 1 BN £ v 9 AUNA FHwekn T 5 Aok slo] FrA AHEs 71 PHwo
e gehA AEwel 3718 ehie, de) o] grid AR de] 32 A tha 4l 4o
A Qstee] 2718 vehith B =2olA Ale 798k Aol Aid 74 3Rws 71 FEs)
o 74 Bwel that 7o Yei e} o sl JrhA AHEe AF e FFOE P A
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Development of association rule threshold

by balancing of relative rule accuracy
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Abstract

Data mining is the representative methodology to obtain meaningful information
in the era of big data.By Wikipedia, association rule learning is a popular and well
researched method for discovering interesting relationship between itemsets in large
databases using association thresholds. It is intended to identify strong rules discov-
ered in databases using different interestingness measures. Unlike general association
rule, inverse association rule mining finds the rules that a special item does not occur
if an item does not occur. If two types of association rule can be simultaneously con-
sidered, we can obtain the marketing information for some related products as well as
the information of specific product marketing. In this paper, we propose a balanced
attributable relative accuracy applicable to these association rule techniques, and then
check the three conditions of interestingness measures by Piatetsky-Shapiro (1991).
The comparative studies with rule accuracy, relative accuracy, attributable relative ac-
curacy, and balanced attributable relative accuracy are shown by numerical example.
The results show that balanced attributable relative accuracy is better than any other

accuracy measures.

Keywords: Attributable relative accuracy, balanced attributable relative accuracy, in-

verse association rule, relative accuracy, rule accuracy.
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