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T 2.1. HAA=Z

A4 Resp.(=Y) Non Resp.(= N) Total Resp. Rate
200808 2,970 67,151 70,121 4.2%
200809 2,242 73,565 75,807 3.0%
200810 2,320 75,465 77,785 3.0%
200811 2,287 84,141 86,428 2.6%
200812 2,552 77,171 79,723 3.2%
200901 1,650 77,136 78,786 2.1%

Total 14,021 454,629 468,650 3.0%

747 (B HeES 1HEFS o w2 dolE 7t Basith)et 22 o 7 250 &gt wet
A BAY BA- o) met AEeHA 259 B &8 v8 A HoF, Bt 2849 Y3} A4
< A8l “H—Or Fasit} (FdH 5, 2006)

olof B AFo M vk /mNHg FRHTE e BTl dolHutE vl wtet 23 A% W
o ’é@% oz utghA e Y-S F5517] 918 tolHutE Ao gk A S =&skaat st
RyPogr ANARUTEY, EX2E IHARY, AATEY ] E8H, Y H7HE 5 FAFS
@E}E(accuracy) o] = (specificity), Y17 (sensitivity) & AF&3FA T

2 979 28 A= dlolHutE FAulo e B Fee vladdstal, 3F o s FaEFEol

e AFeHEe] 27500 thel ol st

2. OIO[EOIE dulofl HE 2 ds Hlw

2.1. 24 XK=

¢

H ALE §3lo] AEH g = AFIEARA W2} (cross-sell) & $13}e] TM(tele-marketing) S <~
3 2008 8YHE 2009 19714 6497 A AR olt}h. AFsolA EEHSE TM A 1
Aol A QA ¥hg/uuk-S-2] o]E3 W= (binary variable)o]th. B 1o ARRH AARIF S I 7]+
F 2,13} 21, W5 /mRke] w0l 3.0%/97.0%= TMol W3k 22| nlgo] v vlof nnkg-o]
Hl-&o] vhg-o] ok 32,48 & AR5t Qi)

230 md Aduust AVIEARS] YRR 238 A%E] (KFB), =418 7HKIS), sh=4183
(NICE), 3=7041&(KCB) 59 R AR o|n, FAd o]§=+ HFE F 1987] o]t}

hr

2.2. UO|E{OIE 7 & 2 =

whg /ulukg Wel dlolEjuE Tl Tt PEERL] AT, U, Sol S wLs) B u
S 1AL AAE FE5 vk 1AL kg 149 20u), 1540, 1OHH, v, 64, 4uf, 2uf, 1905 &
Boz 23] olHnlEE YA, BREEPPORE BEAS 24 WF) tote] Bedel
%2 (simple random sampling)& AR5} TH

A ByozEs AAAG U (decision tree), Z A2~ 3] (logistic regression), A7 W (neural

A
network)& 717} Ag3te] RYS FEIAh ol wAg A& (training data) 70%, AEE A
£ (Validation Data) 30% 2 &3} t}.

AR R E CHAID $18E, §94F 0208 ALdle] BYS 72391, 22 3AE o
AR 9 S Alesle] BES 1239l oA R uhEe] U Sl A Go45E 0.2031014 9o s W

+~
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3h-S- v RES W& Resp.(=7Y) Non Resp.(= N) Total Resp. Rate
1:20 14,021 280,420 294,441 4.8%
1:15 14,021 210,315 224,336 6.3%
1:10 14,021 140,210 154,231 9.1%
1:8 14,021 112,168 126,189 11.1%
1:6 14,021 84,126 98,147 14.3%
1:4 14,021 56,084 70,105 20.0%
1:2 14,021 28,042 42,063 33.3%
1:1 14,021 14,021 28,042 50.0%
H 2.3. BRJIE3 0102 i H=te, UHE, S0l=
grRaz Tree Logistic Regression Neural Network
- AT WgE  Eow  A¥E  Wge  Eolw  Auw  WgE  Eow
GAAE 0.962 0.037 0.991 0.957 0.066 0.985 0.961 0.037 0.991
1:20 0.882 0.224 0.916 0.889 0.230 0.923 0.882 0.246 0.915
1:15 0.822 0.320 0.856 0.817 0.372 0.848 0.807 0.397 0.835
1:10 0.689 0.528 0.705 0.683 0.586 0.693 0.717 0.506 0.738
1:8 0.638 0.612 0.641 0.600 0.684 0.589 0.623 0.661 0.618
1:6 0.542 0.707 0.514 0.495 0.797 0.443 0.517 0.778 0.472
1:4 0.213 0.992 0.012 0.386 0.908 0.251 0.393 0.903 0.261
1:2 0.342 0.999 0.002 0.367 0.991 0.042 0.342 1.000 0.000
1:1 0.511 1.000 0.000 0.512 0.999 0.003 0.511 1.000 0.000
H 2.4. BRJ|&3 0202 M e, LS, S0|&
grzz ] Tree .Logistic Regression i Neural Network
A¥E WgE So=  ARE  WgE  Se=  ARE  UgE  Selw
AA AR 0.969 0.000 1.000 0.969 0.000 1.000 0.969 0.000 1.000
1:20 0.951 0.000 1.000 0.950 0.009 0.998 0.950 0.005 0.999
1:15 0.928 0.040 0.989 0.929 0.046 0.990 0.931 0.031 0.993
1:10 0.857 0.200 0.925 0.874 0.175 0.945 0.873 0.171 0.946
1:8 0.815 0.277 0.884 0.830 0.270 0.902 0.823 0.294 0.891
1:6 0.756 0.391 0.819 0.755 0.430 0.811 0.755 0.439 0.809
1:4 0.661 0.562 0.686 0.639 0.635 0.639 0.650 0.621 0.658
1:2 0.423 0.928 0.161 0.506 0.886 0.309 0.522 0.872 0.341
1:1 0.516 0.991 0.020 0.532 0.981 0.064 0.518 0.992 0.024
SE o] AYNES B, $95E 005504 FIBHA ke Wt AARNES AR A
A MLP 28(17) 292, 37) e9ws)e Aga3ir).
2.3. 2 ds Hlw &Y
ZF glolgntEe] AZE A8 30%°] e LEFEE 7|22 ER7|F% (cut off =& threshold)of u}
gt AEx, MgE, Sol=E vtk & 7I€#eEE 01,02, 03, 04 0.55 skt A
£ % 2308 279 2tk S RUL AT Bk ohieh Mg, Solw Sw YA EA Lheiol o
A RS} Solme Az Hhlee] #Ao) 7] wiEel o= dFomwt Frtslr|= ofHot wet
A RIZE, Sol=7F FABHEA 58 fha 7= 235 AdEske A= shue] dicte] € & Sl
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H 2.5. 2RJ|F34 0302 i F=te, UHE, S0l=
[ Tree Logistic Regression Neural Network
TUTT Ag%E wAgE soE A% WPE Eox=  A¥E ugE Eow
GAAE 0.969 0.000 1.000 0.969 0.000 1.000 0.969 0.000 1.000
1:20 0.951 0.000 1.000 0.951 0.000 1.000 0.951 0.000 1.000
1:15 0.936 0.000 1.000 0.935 0.001 1.000 0.936 0.000 1.000
1:10 0.905 0.015 0.996 0.904 0.022 0.995 0.902 0.031 0.992
1:8 0.882 0.028 0.993 0.880 0.057 0.986 0.880 0.056 0.987
1:6 0.829 0.158 0.945 0.836 0.170 0.951 0.832 0.180 0.944
1:4 0.768 0.255 0.901 0.754 0.369 0.853 0.750 0.384 0.844
1:2 0.610 0.673 0.577 .622 0.703  0.580 0.631 0.676 0.608
1:1 0.553 0.935 0.155 0.583 0.917 0.235 0.568 0.925 0.195
I 2.6. 2FJIE 0402 1 FEE, LT, S0|=
[ Tree Logistic Regression Neural Network
T THRE wgsE Sos AEE UPE So|x s HUPE So=
AA A5 0.969 0.000 1.000 0.969 0.000 1.000 0.969 0.000 1.000
1:20 0.951 0.000 1.000 0.951 0.000 1.000 0.951 0.000 1.000
1:15 0.936 0.000 1.000 0.936 0.000 1.000 0.936 0.000 1.000
1:10 0.907 0.000 1.000 0.906 0.002 0.999 0.906 0.003 0.999
1:8 0.886 0.000 1.000 0.885 0.006 0.999 0.886 0.000 1.000
1:6 0.889 0.036 0.994 0.852 0.039 0.992 0.858 0.040 1.000
1:4 0.787 0.128 0.957 0.791 0.157 0.956 0.789 0.179 0.947
1:2 0.675 0.386 0.825 0.680 0.490 0.779 0.681 0.501 0.775
1:1 0.597 0.806 0.379 0.626  0.799  0.446 0.612 0.788 0.429
2.7, BRIIF3 050U W HEE, ULE, S0|&
[ Tree Logistic Regression Neural Network
FYTE H9E uge Eew | A%E  Wgs  Eos  A¥E  ugE  Eew
SAIAE 0.969 0.000 1.000 0.969 0.000 1.000 0.969 0.000 1.000
1:20 0.951 0.000 1.000 0.951 0.000 1.000 0.951 0.000 1.000
1:15 0.936 0.000 1.000 0.936 0.000 1.000 0.936 0.000 1.000
1:10 0.907 0.000 1.000 0.906 0.000 1.000 0.906 0.000 1.000
1:8 0.886 0.000 1.000 0.886 0.000 1.000 0.886 0.000 1.000
1:6 0.853 0.000 1.000 0.853 0.003 0.999 0.853 0.000 1.000
1:4 0.795 0.000 1.000 0.796 0.039 0.991 0.795 0.034 0.992
1:2 0.682 0.223 0.920 0.689 0.272 0.906 0.690 0.307 0.889
1:1 0.628 0.641 0.615 0.636 0.633 0.640 0.628 0.608 0.650
P AT = [BER AR/ AA AT
* AT = [ Y(true positive) 2] WA F]/[R2A F(positive)2] 7| A<
* 50| = [ & (true negative)2] 7N 4=/[A A & (negative)2] 7}A<]
A3E AvuY, 4 5P dolEnis PN ANAE TN Bol A4S HEs) Sols
£ ol WS ¥l ¢ 4 Atk 7 ERIIED theled 019 ASelE 1:8 EE 1:10,
291 Bfoll= 1:4, 039 B9+ 1:2,0.49} 0.5¢1 F-poll= 1:1 H]&o] Fo|=g W=7} FAREE A]

w2
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Sampling Designs

Joint

{225%:%::5%:&:5%} () e, ), )

0¢,¥),(%,y), (%),
0¢,y),(%,y), -

/"_\ Separate/_\
Jijijij £0x,0),(x,0),(x,1), (x, 1)} [i;ijﬂ
X, ‘Lx,x,x,j
p 5

y=0 y=1

ol#fe] ¥ 3.13} o] REFEE AAT uf ZYF ZEFZ(joint sampling)> AEHF-FEW

(input-target) 2] A% EX2HE APA ZEFE At Wby, 2 FEFZ(separate sam-
pling)& 5% Jok 7t o] F22 0 47 59407 gHEZ Ak
T8 REFE2 MS Ze Aol 4T A9, SAAAS JEEFZ (oversampling) Sh= 21 0]
AxtA oltt (ScottT Wild, 1986). 3|7IAFA HolHE Dol FEstd I AbAS 7 Tt Fho|
v Al iAo E o Hojx]7] wlEe] T A FHetetr| 7 TS oe ATt o] A9 BAE Hlo
EUlEE vRks gog tifE AR 7] wjEdl 93 nuS-g& IE S By 7E5E 98] 283
dlolee] Au7L o R A3 (bias)F & FAIZF HASHA et wiebA] od ARelA BEFES
FHR LR W FHBE FE5| 7H 4 Q= F vk v asi A Ao g v A o w2 HES
Foshe BEFERA o] L3t

o]e} Zro] ERAHE] Wl EFS3HA vEhd uf AehE A W=7t 39 e ] A ES
HojxEFEE sivh A WETE Hold4FE 1 /\}7d‘_ A 1 Hile] FUEAY A= B+
7F e, dE £ FarEe] vks 3]- At BRAANE ke AFE, AT 3R Fo] oo sfgst
th ol et BREANA m R wkgEe] WA 2 uf AA AE7ES EE AUEeR &
FHH oA Aes FITPHOZA ‘”*J)r "REgo] Hl&E #53HA REFETT oW FIHHS
ARSBHER] ZHoll 75 E¥S HUbeta AAREES /45T g JREEEdd e dA%E 2
A (adjustment) & 2 7} t} (Galit 5, 2006).
T8 BEEZA B4 H9FA 2 4] (3.1)F Zo] YAHHHL)E D (pseudo model)S HFFOE
» AARH T} (ScottT Wild, 1997).

logit (pj) = In (Z;:;) + Bo + Bixri + -+ BeXki (3.1)

moo} m2 BEDNA 04 19 HlEolH, po} pr2 FEANA 03} 19 v]&olth. A (3.1)oA pi2
AHAERE pioll the AFE B2 t)Sshe AREEEY Aot A= oS %«1 B
2 A (offset) THE 23 (logit) S o571 Al =& Zoltt.
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i 3.1. AIR=E ZH0l Uist d=e Ul
Logistic Regression
1:1 1:2 1:4 1:6 1:8 1:10 1:15 1:20
Offset 0.685 0.686 0.687 0.685 0.681 0.683 0.680 0.679

Sampling Weights 0.566 0.567 0.570 0.568 0.563 0.567 0.565 0.566

3.2. Offset & U JISA| LY

JARFL @z (offset) & BHo) WIFOZA 4Y AT 4 A Ak emAL SR BYo] 4
A fol 489 4 gt A3¢0R wY L2US WS SR AFEEE T RS A (32242
A (32)04 pi e 2AHA e AFEE 27kl

DipoT1

P = pws 3.2
== Py)p1mo + P pom (32)
FHREEFESE 3= = T P2 FEFE 715X (sampling weights) & HHs= Zolth. &
HE2Z VIS AE 220 A4 2GS Z O 4 JEE 2% A ] AEESE FH)
< ] 02 FENA AAKRTE A SHSAT AHHOZ 09 A9+ 1HT ExHog ¢ go] &
=54 "t} d5E g2 A8 FE (7 1P disiA, (2 W /\Pﬁ]—r)/(‘jﬁ‘i" Wl AbeElS))ell wha
dals 7Rl g 2. 223E FE TS AE AR AL dElY RE4E o) wiE
o Helsrt.
TRk g =1,
. p1
ht, =
weignt, @’ fﬂ-?}f yzz[)’
po
Zweighti = no@ + nlﬂ =nmo +nm =n, (3.3)
— Po P1
A7IA no, m 242 W 03 19 Wxolty. 74EX] (weight)= nmo$} nm o] F&o st A&
2R, 249 28 H] 2 B vgy 2t ez Al WH 7 t‘“”"ﬂ/ﬁ Bl FAXA
£ A3 XA AT rm B E FAZR o2 X3} (Scott Wild, 1986).

3.3. AlIE2A

SRSl Hg AFEEs ez P VA o R 47 2Astal, 2AE 9RY
A-g5to] HolEmtE Fgdu]ol mhE AF=E vwsiglh. olmf 2] 7Eh2 0.5 AlEAE
sl AR As e 2200 AR Ahss) T, 2008'd 849, 94, 10é 119 7A5E #48 A=
AREEFYAL, 2008 129, 2009 19 AR E AEE AR E AT E 3.1 248 A5 e
Aot

3319 Ads HH exy yoR =W AFREY ARt 7AW
o ARE Hoh w55 & 5 Atk olgh 22 ARIRAA & 5 glXel F
FHEY 24 At £

ole e d¥A 9
1986).

o

f

= 23" NS EE
ERZEZS F

9% AutA o2 APR Yo 2z o] 43t A5 W
o, 2 v AR F¢ 7R £ 948 Bt (Scotty} Wild,

mjg
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=
4. 22 9 B9

2 AN E TS/ mHks EXHSE 2 BTN 2 25S A% volHuEE 4T uf o
OJEINIES] RES-/WHE AN T5E BFY Aol 4TS Stk Holl At By 45 v
AL sttt I A BRVIERE VIS0 E oJHuE AN 7F YAIALR A 1:1 BEFZ] 7
A Z4E AT} St oA UAEE EolAe A4S Holx Itk T3, BEFIER
0.10¢ ] 1:8 BEFE, 0209 o) 1:4 FEZZ 030 v 1:2 BEFE, 0408 o 1:1.5 BEZZ,
050 w 1:1 FRFFo] FHH AR

RRAEHS AAA] AN QuH o R SRS WL F AV Aol ERAEHES 0500
2 4t o] BEolZlE St ot AW 7Fe] S 9 B4 AR 4ol we o =wtt
TGS ek AT, 9/8% 1A AEe 9% AP RYALIA SFAL 0, BRRAL
T 4oe ) A Belrge Adske RlAE ERAERHE 00 A7 27 Aol 92
DAL FrhHoR I AT 5 glek (lEF 5, 2004). WebA] AR RRIEG AL AN
£ g Bz gego] o8 ALt 20l Brrow ol fol Aok ATk wE HrhEL
£22 Y A9t 249 AFHE U@ 2H0) B2 Aok,

o
kd
Ha
-Ql

2R, S, 2B, 014471, 2024, 9lolsl, 01 (2006). <AV (CRM)E 915 dlolelnteld
WE>, AHfobrte].
2|
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Tetal 2A0k FRIS (1999). <HlolE vlo]d>, tiFulr]ol.
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A Study on the Adjustment of
Posterior Probability for Oversampling
when the Target is Rare

U. N. Kim! - S. K. Lee? - J. H. Choi®

1BC Card; 2Department of Statistics, Sungshin Women's University
3Department of Information & Statistics, Korea University

(Received March 2011; accepted June 2011)

When an event of target variable is rare, a widespread strategy is to build a model on the sample that
disproportionally over-represents the events, that is over-sampled. Using the data over-sampled from the
original data set, the predicted values would be biased; however, it can be easily corrected to represent the
population. In this study, we investigate into the relationship between the proportion of rare event on a
data-mart and the model performance using real world data of a Korean credit card company. Also, we
use the methods for adjusting of posterior probability for over-sampled data of the offset method and the

Abstract

weighted method. Finally, we compare the performance of the methods using real data sets.

Keywords: Over-sampling, adjusting of posterior probability, rare event offset method, weighted method.
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