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Abstract

Data Portal System Management and Operation
2016 for Health and Welfare Statistical Information

Health and welfare statistics provide an important basis for
policies aimed at improving people’s quality of life. As public
interest in health and welfare increases, the provision of health
and welfare statistics to users is becoming increasingly important.

The Korea Institute for Health and Social Affairs(KIHASA)
launched the Health and Welfare Statistics Information System
in 2010 and since then developed information system infra-
structures and applications as part of its effort to provide stat-
istical services tailored to users’ needs. Since 2014, the Health
and Welfare Statistics Information System has been restructured
into what is now known as the Health and Welfare Statistics
Portal, which, to set itself apart from Statistics Korea's KOSIS,
focuses its capacities on micro-data produced through KIHASA's
various surveys. The Portal also features links to relevant inter-

national organizations and research bodies.

The Portal was updated to a great extent in 2015, with its

main page redesigned in a way to better meet users needs.
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Also, the previous “Micro & Macro Data” was refurbished into
“Data Bank” to better archive, manage and provide data. The
Portal makes full use of infographics to help improve data
visualization. Spatial information is implemented so that the
user can create a map chart directly.

This year, we established a recommendation system and a
deposit data section in the Data Bank. The recommendation
system is useful to predict user preferences. We encourage re-
searchers to consider sharing their own data through the de-
posit data section. As part of this project, we also looked into

ways to data link methods and data link assessment.
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Macro Data

Consumer Expenditure Survey(USA)

Comparative Political Data Sets

Current Population Survey(USA)

Demographic Yearbook(UN)

DNB Household Survey(Netherlands)

Direction of Trade Statistics(IMF)

EU-Labour Force Survey
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EU Statistics on Income & Living
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EU Open Data Portal

European Social Survey(ESS)
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Government Finance Statistics(IMF)
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Index(UN)
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Wealth(Italy)

OECD data & documentation

Survey of Income and Program
Participation(USA)

Social Security Data(ISSA)

Swedish Socio-economic Data

United Nations data

UK Data Service and Archive

UNICEF ChildInfo Data Portal

U.S. Census

World Bank data portal

World Values Survey

World Development
Indicators(World Bank)
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2. Deposit Data

3IHH | Data Bank — Deposit Data =2 |t Ut
A 1355 v o
B
e S
&

W 3t 1y

O AE7HA| EASX(HOEEEE AU A7E M SE A0
MAtEl 00| 2H|0|HE &2 -MSotl UCL, A= 7| AL}
SOiIA ‘Co|E {EEe| H & MH|A'SE MSotaAL 2.

O 'OI0|H {Ef] 3! SRAH|IAS| 7He HF, 0 e &
SH=E, O e 2 SR0| IE o IE—”.', ‘HIO|Ef &2t
2 2 AIEER O, "HIOE e SRSl He| H 0] &
S, PEE2| Ho|Ho| et HoIgEES 2 T E.
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H1& Collaborative recommendation
H2&= Content-based recommendation

HN3E 4~Z






HAZX|H|O|E2E 13}
5k S8 AJAR

H|1&E Collaborative recommendation

Collaborative recommendation ¥ AREALS] ofoldlo] ojish
HA ASerF A 2 v|Fo vt i o= {2 Aol
7Hstal o] 7|HC & slo Aok wfjglo] Hgh AREAES] Aek
BEE &Eolo] ATEE ASshs WA 4 AAFOITHSu and

Khoshgoftaar, 2009; Ricci et al., 2011).

Collaborative recommendation W2 EAL A A|AHS
o= oA Q2] AREAe} ofold] A4S 7Ho] IAIoTE 2 7S W
tt= HolH AREA ofoglo] 7HX|= A A A Q] B 3 AlAH
= oA AA| viA =t mahA HlolHE F-&she ¥ o] v ok
= A-EZ 7HAARE AREALS} ofol"lo] EAZ dEgh WY 2 AlA

g2 75517 ol"th= ol vk

Collaborative recommendation ¥Hol| AMHE-%= Hlo]E= Theget
FEHE 7H 4= AT S2412] Hojol AR Do) A4S s dut4]
O = dloE7} ARgAHuser)€} otol®] = 7HA] 7] =& F&(indexing)
He F2E 7RG 7R RAEA|H ol 2E ] A ZEAA]
AlEsh= wrdRt dloly B AH|A7E Y50 ofoldof s ZY
= AM8Sh= ARl Histe] Zzke] AuH| Ao Hidt A s FAFSHR
glol8E 52 4 312 2ol
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m Collaborative recommendation ¥ 2] H|o|¥ index

U= {ul’u2""7u }: ntﬂ_o;l A}_Qx‘l_ z]—(;j—:l_
P={pi,psr--pp }: m712] ofoldll gt

1. User-based nearest neighbor recommendation
User-based nearest neighbor recommendation W2 7F 7]

EZ 9] Collaborative recommendation B o|w th23} Zro] 574

o] @A}z 0|2},

Step 1. HIO|E{Q] 714

R=(r,,)ue ppep: nxm 2719 A3 % (rating) FE,

- 1, =P8R uE U] ofeld pe Po it B

]?j:iE ?—%]EEﬂ'_ R }\‘LS)—E' Ty N

O O O—

= 3§ upsFo 2L A}8xpr) o wpsFo g
= ofojglo] YASIER LA Hoth, YHHHOR MFE 1, =0
B2 G ASE FOR T ARAY] AB Tt 45 2 2 7
T8 gt AR AS w7t fle(missing) 39 B, , =
2 Aojgith.

Step 2. Al8At uE U vE U] NSO RAME(similarity) &2

o) e plry =1 )y, —1,)
stm(u,v) = = —
\/EPEP(Tu,p =) \/ZPEP(Tv,p —r,)?

- r= o Y, AR u) HEEe] B

pEP

I
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A FAEE AR T2 F ARAF u@t v Pearson's correlation
coefficient 8- adjusted cosine similaritygtal Sttt o] FALEE=
-13} 1 Abo]9] gh& 7HAw Aol 10] 7WhaS ut v AT E A
olof| 1A 7} Zsith= A Qulditt. £3] o] fARETE Fold u
Ol AT =7} 9] Ao=e} 9] v BA Y Ak A U[stEE, v
O] Ao w7t 3 w9 A Er & Aolgtal &8 4= QJct.

312 Pearson's correlation coefficient ©]Qo|E TEsHA
Buclidean distanceS AR = ot AT 9] G497 A7 o224
ZAME 7% Spearman's correlation®} Kendall's tau?} @o] A3 %
o] &5 E-82 ¥E2(non-parametric) FAHEE AR Tk A

tHBonett and Wright, 2000).
Step 3. AF2XAt uE€ U2 k—nearest neighbor 714

N,(u)c U,
- IV W)l =k, 141 JF 49 949 A
- sim(u,v) = sim(u,w), vEN, (u), wE N, (u)"

- sim(u,v) > 0, UENk(u)

AREA} 4 9] k-nearest neighbor N, (u)& 9ollA AHLst FAIEES
arleon HESIGe U 2 GoRRy kWA £ SAES
A A8} 0] AEE ofulRit 5] ABEAL Mgt AL8AE
ARE Bgslel 23 A2 FEIIAL FolnR FAEY gol F
%9l A9t Azt ek 27174 1) olet @ 4 Sk

FAHE®l k-nearest neighbor®] 9= User-based nearest
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J{rn
ol

neighbor recommendation ¥4 7 4491 o]t
ofo[glof et Ao w7} tfF& o] = AREAL] B9 A= gt
/go] ull-¢- RopAw AA| 4 AA”9] ol& deE FAlo] Rolxit
ojZgt B0l At FAEE ARESh= Zo] A QIR tigt theF
st A7 AP ki Herlocker et al., 2002; Herlocker et al.,
2004).

Step 4. Af®Xt ue U] Ol0|El pe POj| THEH MBS T OIS

v, p - /r'l/')

Z‘1,'61\7,€(u) Sim(uav)

2’1,‘6]%(’11,) stm (Uy’l})(’l"

pred(u,p) =r,

AREAL w9 k-nearest neighbor N, (u)7} ZHEWH k-nearest
neighboro] &3k= AREAL v9] ofold]l pof gt AT =9l HX}:
o= T AT o2 9] 2014 AlF SAE sim (u.0)E 715
2 A183lel 7Hs B AN of B ush W3 HEES s
R8RS 0] ofoldl po] thstel BEHoR Anht AEEY HAE 7
L7le Atele Zolth webd A8t ] ofoldl pof
AgA o] AT Eo] BF o] WAk 715 W] oz Fojct

,
AT

Step 5. AF2Xt ue UO|| LHSH 28 A 7=

9] DA 4714 e AXE Al2d o] BE ofold] thsto]
A8 w9 ABES AIET 4 9la, 2o gk HTET L SO
ol Bste] BT HEAN 2 LW T 4

O] =
A B RoA ARRAF 719l SAIEE AAVSlIl 2-nearest
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neighborE AR&510] AFEA} «, 9] ofold] p o] 3t MTES o=l
A= 33 Zh(Jannach et al., 2011).

5344
31233 o
R=[43435|= r=4,r,=24 = sim(u; u,)=0.85
33154
15521

(G=r)B=r)+ - +4—7r)(B—1,)

s E R 7y EIN e RO i ER

sim (ul’u2) =

sim(ul_u3) =0.7, sim(ul,u4) =0.0, sim(ulvus) = —0.79

0.85x(3—2.4)+0.70 x (5—3.8)

(0.85+0.7) =487

pred(ul,p5) =4+

2. ltem-based nearest neighbor recommendation

QoA A70%t User-based nearest neighbor recommendation
2 ARGALY] AT Abo]Y] FAMEE 7R 0 R Sto] 2 AIA”S

25He oItk webd AlAgo] 718 H ALgAY] 47} SAIN B
o] o231 3 AAEE MAKIOR fAFIA S A9 A
Nede TN SRR RAES AMSKEL olZHE k-nearest

neighborg #4g5k= Ao] FAH R 73R gt 71&24%] HE
7b d sttt gof A|Agof| A AREARS] srE T ofolRl o] 27} AT 2o
2 A2 45t ARGAR Aol9] frAREZF obd ofol’l ARl ] FARES
gheh 24 AlAHE F3ek o] o BEHIT ol Wl ot
A0 & [tem-based nearest neighbor recommendation ¥ ]2}l

51, o]+= User-based nearest neighbor recommendation %3}
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Step 1. Of0|™ p= P2} OfO|] g& PO USEO| RALE F9

. EuE U(ru¢p_r_p)(ru¢q_r_¢1)
sim(p,q) = =,

\/2116 U(ru,p - ’r‘_p)2 \/EuE U(Tu,q - Tq)2

- = Yr,, ool po] AE o] B

ue U

Step 2. OIO|& p= P2l k-nearest neighbor 74

N,(p) c P,
- |Nk(p)|=k
- sim(p,q) = sim(p,r), ¢E Ny (p), rEN,(p)°

- sim(p.q) = 0, g€ N;(p)

Step 3. Al we U2| OLO[E p= PO TSt MS T O

e np simp,g)r, ,

E(]E 1\@([}) sim (p7 CI)

pred(u,p) =

3. Model-based recommendation

SJoIA 2H 5 7P F AL

A% dolele] A%, Az, ARt HE9F 2L 7141l BAL Sl

Mo
u)
oo
ot
__("1_,‘
o)
il
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£t Model-based recommendation W& o|&#st &S HYs}
7 Sl Al oz, WA 22 AAge]

512 018 Hloje} Hlgo 2 so] Aol WAL FHT F 2
= 5 22 E-8ok= 4S

_OH
4

o
[o
b

01=0

sk

& 48 v Fatc}. wepd A2
992 75 ast Aoty Bewy] A7 AAZEe R FH ALY
2 §AT % ks AP AT Hojelg At wgol it o
£E7h 7] dhio] Lo ek A AETE F23] o]Rol4l A9o] A
83He 2o £

7}. Matrix factorization(Latent factor models)

FES 2ofoto] Latent factor
£ 745kl $9% Latent factor®2 FAE = A2 S0 ARGAL =
< ofolg]o] A2 s HAIGSte] thE AMEARS] AT wote] HAE Al
ZrHo2 #AY F= WHolth(Deerwester et al., 1990; Koren et
al., 2009). 3] Latent factorg 7Jot= W2 A3 % P gt
Singular value decomposition o] A5 o] =K (Sarwar et al.,
2000a; Grigorik, 2007).

Matrix factorization W2 53 A|ARS 45k T4tk
Ao 38dE 5 Utk adlE ¥ BAY SxOlA A9 A
(distance)E A oIstH 4 ARGARTE 77 Aol fAISk= AN
A=9] Hes AT 4 Sl o=t AAEY HA= k-nearest
neighbor2 A]&5lH User-based nearest neighbor recom-
mendation ¥'HS 4 AR 4= It} Matrix factorization W&

4857 9Iat Polel ABE Wolr] A= thet ek

|

O

Matrix factorization W< A5
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Step 1. MSE 3™ R79| 25
RT=pxU”

Ao P ROl disto] 9] A& TSk Al Y FE P, X, U
2= WPHS R TO] Singular value decomposition®|2kal gt} 9] &
Ao A PE »= 277} m < no| 1 B]thZHoff-diagonal) Y&/t HF
002 7A4H Fdoln] v hZLAE R Singular valueztl 3
th. PE U= AHEA] B-&5ke Singular vectorZ FAE PHo|H
A7]7F nxno)il YF P+= otolHlof tff-3-5}+= Singular vector® 14

=]

il

mxm 37|19 dPHo|t}. Matrix factorization HHOJA=

Singular vectorE Latent vector® df|43lc},
Step 2. M= HIH R, 2t R O XXt HAE 714

R,,= RuPQEQ_l»

- R, =&AL woll sk Ao Y RO Y E

- ¥,=gko] 74 & 2719] Singular value?a E3FsH= 7] 2< 291
> 9] B3 (sub-matrix)

- P,=5,7} Z35k= 2709 Singular value©] t-8-5H= 2719

Singular vectorg EXgol= PO FEYH

R,,=RUY;",
- R,=oo|dl] pof t35h= Aok FE RO L E
- Uy=X,7} 5= 2709 Singular value©] t-3-5k= 2719]

Singular vectorg X3ol= o] FE3H
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A AolA WE R, = HE R E FEFE 1,9 GHE7L BAstH
= 22H bl ARGt ARG MIEE Qu|Sit), whebA B ARG
o] ALY HEI S AXbsto] 23102 TAISHE ARGAL w9} H|SSE 93]
of Sli= AMEAY] k2 AlAZ o= A I & lH. &2 ol2’t
AR BN AP AT BL GAES gejstel ust L k
-nearest neighborg +X|Z o0& AU 2AL &= Ut

Aok PE RS Bt Aox WE R, = (5,3,4,4)9 P& A
H FEFoA 9] HBE AL, WY R, ,+= TR ZtHJannach
et al., 2011).

3123 —0.4312 0.4931
_ 14343 _|—0.5327—0.5305 _(12.2215 0
= 3215 = Hh= —0.5237—0.4052 %2 = 0 4.9282
1652 —0.5058 0.5578

= R,,=R,XPyxX;,' =(-0.64,0.03).

Lt. Association rule mining

Association rule mining ¥ tH#24]2l Data mining ¥ 2] o
U=E AR ofoldltf wiEl 7ho] AWHAIE &St Holtt
(Sarwar et al., 2000b; Lin, 2000: Lin et al., 2002: Fu et al., 2000;
Mobasher et al., 2001; Shyu et al., 2005). & S0 fol& A&
Fulet AR ATE] 70% 71 491S Puleiths ABVAE Fokg 4
I 7|AAHE G sho] bRt AR Ak ?ﬁ?@ T
o}, SpAIRE A8l 7125 ofo]glo] BRo] g Aln
Z 7oA o R SolUEE 785 AitaS 4o E =54 &
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<
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M
Hr
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I
~
ofm
é
E&'
el
m
o
Ho
08

sttt F 2 ool 719] Association rule®] of

>ruE

ssociation rule& AFEE = Ut
Step 1. HIO|E{Q] 19

S: (S’u,,p)ue U7[)EP: nxXm ;UHIHQ‘I:] OJ)JEE:]»

- 54, HEAt uE US] otoldll pe PO tiet oL

Foiel B s T s, 2 W FEORE AT A
o ofolgo] YXFHEE T4 Bolu] TN 5, & AT u
7F ofoldl & Fuid AS 1, 18A) g BS 008 et

Association rule®] 2 83+ ol of-3-3 At
m ofolHIR} X ¢ PolA olo|"IRS v PRO| ATTZ]

X =Y,
-X=0,Y=0, XNY=0.

m ofo]El3} X ¢ PO] Support

supp(X)= Y Y1 1(s,, =

ue Upe X
=Z|A|(indicator)&<s: s, ,= 10]H I(s, ,=1)=10]31, TZX] ¢

o 1(s,,=1)=0%.
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m 9313 X = Y9 Confidence

supp(XU Y)

conf(Xﬁ V)= supp (X)

m A¥413 X = Y9 Lift

conf(X = Y)

lift(X = V)= P

oA A2t Support, Confidence, Lifts §-83F AWF2S 4
oJsh7] f1Rt Ske(measure)Z AREETE supp(X)= ofolHIFS X&
FigE AREALS] 5 SRttt wEbA supp(X) FEol At A2 ofo]
4 X7t wufjgo] w2 olo|dER TAHH olo|dY ol RS
SuIgte}. conf (X = Y)& }015“ g x9] g 272 sh of
ol v o] thet 2K Eolcth Wk conf (X = V) gk
o] 29 ol X E Fuligt } A7} ote| YT vE Fld &
| =t AS et lift(X = Y)e ot xot vol v
e 7o) =AY g YuiRth lift(X = ¥) Zkol 19 77he-d
X9t vo] Frfjuigo] 4% =&AL Aujshy 120 AZLSE AT 9

O

Step 2. O[O|HITE 2|AE ZHY

—_

Association rule mining W& -85t {83 AWF S 37
oA Aol ofolRI AR e] YAEE F/dofof gt Thek AJAH] A
9] otol€9] FF77} m7fo|1L 7Fe’t BE ofoHIR G o] g AE I
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gt 9 /4] ololYTE AU SLEE 28 4 A
wetA o] giEd] X ofol YT
ohgeto B, B BE SeHHTE 2 A
o 71eHor Bkt A3 o] YaEd] EFHE ololBNY F 24

A2 5] WEEA PR ofol AU % 46} ol ofo| ke

_&

ol 2R ooy HAES
ofolRITt YAE A daE|E2 AW A5k 7 "4133:75.?1
&12]&9l Apriori €alg]&(Agrawal, R. and Srikant, R., 1994;
Bayardo Jr, R. J., 1998)9] ¥Xo|c},

H

m ofo| G YAE 2y Sl

[ 1] oto]dl] FLulj815=9] 3}3KHLower bound) ¢& A& 3t
| ot ok L, ={X C Prsupp(X) = ¢, [X|=1}Z F
=g

[ 3 1okhe] [3.1]0014] [3.2]19] /878 whEoittrt At kofl of
oto] L, ={X C P:supp(X) = ¢, | X|=k}= g o|H 17
< Heoh

[3.1] Z,_ ol =34 oo A== Inner-joindt] L, & 43ttt

3.2] ;0] BFE ololIAT F £, EFTA P HFEITL
A= olol AR =5 AATY,

331 L, 3 olol 3 3 Support go] R} 22 ofold
e B AA

k
] 3% olo|d AT YAE L= QLS%QX"?‘_E}.
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o] ool FAE A4 LTSS SupportE ololAYe] F
REE Pt HER G YL HAY 4 Yk E3F ofold
Fo52o] St gk ot A2 Aol utet 9158 02 oA gl
uj ok ofo]gle] Fult P3| SE ek 18 A Tsleh

I

Step 3. AFEX} we UL OLO[RER 2|AE =Y
L, = {XEL: Sup =1, pEX}

187} 0] ool R PAE I,5 ol 24t ofolel Ut 2a
E 1014 AF8AE w7t ol ofol ke Al 245t Bl AEol
o}, ot A8 A} 7} el 2
2t L, 0] 22gtE e ofoldilgo] Aok st ZAE 7sAdol M- =
o wob [, = oo A9, 9 ool
Ly={XEP:supp(X) = ¢, [X| =k} HA AREAL w7} UG HAE
Loy ={XC Prsupp(X) = ¢,|X| =k, s,, = 1, p= X } 2 AF&3}0] A
B BAEE AR B8 9= THef ARG w7t AlAE0] A=
S0 ARAIAY L, & ARSI of#le At L, = L= AR
Stoj e sttt

Step 4. L,0M L29| HTEI 1M
A={X=Y:XEL, YEL}

T EAE L3} L,7F FEE ofel| X L, 2 RE ool
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ve L2729 AEe %

T Atk AE 0] B ABHAES conf (X =Y) F2 lift(X=7)

o] A7|=0 = AFEsHL gho] M 2 ofe|dIi YE AREA wollA
AT $E QA conf(X =Y) &2 lift(X=Y) 329 3719 s+

gsto] o] T F kS 7= AR 40 8T = AUtk
T P SoA ofol" H%l—’?——‘ﬂ Sketgt ¢ =25 ARESHo] of
old p, <& FHiRE AREAL u, ol A oFoldl] p, & FHste I AAl= v

I ZtH(Jannach et al., 2011).

FAEE 4= Qa1 o]E 3 A|AHI0| A8
Y

A

1000
10011

S§=[10101 |z, ={{p})
0001 1
01100

Ly = {{pi fAps f Apa o Aps ) Lo = {propa}o Apips} ) Ly = @
L=1L,ULy={{p, }:{ps}: {ps}: {5 }: {p1s0a}s {P1.05} ],
conf({pl} ﬁ{p5})=2/3, conf({pl} =Y)<1/3, YEL

C}. Probabilistic recommendation

Probabilistic recommendation < ASE7} FFo]Zl ofo|=HF]
&30 A2 k7t FojR|A] ¢F2 ThE ofol’lo] Higt A2k =
EE AIS5hs WRlolt) of2fel dl& yFgoA RES edsh]
2 7P 2R gHEo] Fashal o] gES AXlste I AlA
Bayes 82} Naive Bayes F+HHES AREolA| Hth(Breese et al.,
1998; Chen and George, 1999; Miyahara and Pazzani, 2000). |

#] Probabilistic recommendation BHolA 7 HA1A Q1 TS 5}

A oot

H.Hn:m

-0 3l
=
=]
=
s

=)

A
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+ Bayes A= th2 At
m R, 7} Fo1d 329 RO 2% (conditional) TE

P(R,=xz,|Ry=1xy)
= P(Ry=uay|R =2,)P(R,=x,)/P(Ry =)
= e xP(R, =R, =2,)P(R,=x,)/P(Ry =)
o« e yP(R,=2,|R, =2,)P(R, =x,),

- R,=olold] po] AT =2 Yehjt 55

- Ry=(R)),=x: ololdg xo] A =E Y= SE9H

9 2AR FEL ol PAY X C POl fote] ¢, 9 HIEE 7S
_C’)__

3 9o MZL ofoldl pe pol o3t 2AK FEL o PA A4t
712 AN Ak 9 Aol R WA SEE Bayes HUE T
83 Aol ¥ WA FEE 2AY 5Y 242 S50l A% &
£ % o AASH Lold Aolth. EY 2A% BE AH g
2 A8 AT YA vluste] B8

Step 1. HIO|E{Q] 4

R=(r, )ycp,cp nxm ASE P

u,p
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[= Sy =

3

o= stof Ay
o] A% A
At

Step 2. AFXt « 0f CHSH OFO|RIEIEE 14
X, = {qEP; Tug 7 oo}

§Lo2 Flolof st o] HRE BEle] u | MBS} Qi ofold]
pe X,0f et A5 5E of=elA] e,

9] ofol&g Mgt X, = HE=A] ARRA} 9] AT w7} A5 ofoHlE

2ot XUR 259 FH
P(Rp:xp) 21(7"1 » xp)/n p & X,
veE
Z](Tqu TopTop xp)
PR =xz|R =z) vey €X,, pEX
e E[<T1 P x[))

9l 2AR Zgo| 240N PR, = z,)E AA A2 oA ofoldl

pe X, 2 e A8 Hlgol, A
£ TRt AREAL FollA] otol’l
Eli= g

Probabilistic recommendation ¥ A5 %

SEATICE ST DS

1

R,=u|R,=x,)%E olold p

(€ X, 5 TOITE AL8AYO] 8L ofn]
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Ao Pd Roﬂ/ﬂ oo’} xof thet AREA}F w, 9] ATk HH
ARESHo] w, 2] ofo]dl p,of it AS = Hp7t 1Y &E2 5o}

= A= 23 ZH(Jannach et al., 2011) .

1332

24224

R=|13351 |, X={p;,pypsps}, vx = (1,3,3,2),
45233
11521

P(R, =1)=2/4
PR, =1|R, =1)=2/2, P(R, =3|R, =1)=1/2
P(R, =3|R, =1)=1/2, P(R, =2|R, =1)=1/2

P(Rpr =1lRy=2,)=2/2X1/2X1/2x1/2x2/4=0.0625

4. Slope one predictors

2 ololgel M55 E o9l Busel A U5, o B

<= SR ARl AqulE 7R Alfte]l &l ”ﬂoﬂfﬂ T
=1}
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dictors W' (Lemire and Maclachlan, 2005)°]2tal gttt WA 7|&
o] @83t ¢ 72| 8ol & th3t Zol A3ttt

m ofold] p< P} g Pof| Higt SSAMEAL et

C,,={vEU:r,,#co,r, #oo}

9] FEAEA FF O, = NE T2 F otold po} ¢ thdtel A
©7} BAlo] EAIBHE A8A AR WEE ofnjshe, MEEo] W
dev(p,q) = o1l pol that A 57} ofoldl ¢of gt A5 o] Hlsto]

q
< AXSE Zloltt. Slope one predictors B2 A3k P2 o] F

2 AFgalo] 238 A2d 749 WAt thet 2o,
Step 1. AKBX} u< /2] 35 Of0IIZIE 7Y

X, ={¢EP:r, ,# >}

o
E);
ol
e
IS
N
2l
fol
HT
il
2
ox,
ok
N
fu
S,
@
==

A4 u ) HEE B

3} oo SR ofol YT ¥, & T,



4% 2ASX|HOIEHEY TEst Wak £ AA” 109

Step 2. AF2At ue U2| OI0|E! pe= X 0f CHSH =Q Of0|:ITIS A
Xy ={4€X..6,, = 7}

AFEA} 0] A ool x, of S8hs BE ofolgle] thsto] Az
2 ofolg pe X[ o] FEAEA WY ¢, 2 ZARIL (7t BHE
I obd ofo]d ¢ Zotd AHgA u ofoldl ol et F8. ofolg
e AU

)

Step 3. AlAt ue US| O0|™ p = X, 0ff CHet M= 0=

QEZ); |G, J{dev(p,q)+r, .}
pred(u,p) = =
by

|q; q|
€ X,

ofoldl pe X O] ofo|dll ¢ X, of et AZ = HA} dev(p,q)2t AT

= 1,2 T3ko] A4} w9 ofold ¢o et HE=E 1AL o] 17
H HEEE F8 ollgAT X, 0 &3k BE ofolg o] tistel
0,9 TN AFAR B 71E B AN 0] 2h2 1 pol o
3BT gro 2 oS,

A3 PE RS AHESH ARA} u, 9] ofold] pyofl et AT E I
Zoh= A= o33 2t (Jannach et al., 2011).
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2 3 o
R={3 2 5} X, ={p1p:},
400 3

Gy = {upus}, P13 = {upus}, G oDy = {u},
X, = {102}

dev(pg,py) =1/2x((5-3)+3—-4)=1/2
dev(ps,py) =1/1x(5—-2)=3

2x(1/2+2)+1x(3+5)
241

pr@d(ulvpg) =13/3

X|2H Content—based recommendation

FHTE :% %Luﬂ g 7L 4 AlAgE 755
o 7}7}o] olold] T2 AREA}o| T

oJ5}7] 9] UHTOH ofolg] uj 7] Folut HAZ o

*}L HEE O] AIA- oA T 5 %D‘rh

(R
o,

N ®
<
oL
L
ln

4 ALEE AT S 9, o
152 olw ASAP7E TEkA] 4 olatths
A LS 3G A9 o] AR e EeE sk o]

BHowE olssly] 41 ofolsls ALg%te]

Content-based recommendation B2 o|& 7] ofo|d]1} AREA};

o 189] B4, oIE S9 ofolse] AR I ALgA JuutY Sof
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Uehd 71 E(keyword) & HIE O & sto] 41 A|ARE FA5k=
ojm A|AEIO] o]2fgt 11-F-o] EAo] FAF R 7|FE0] Sl=
Collaborative recommendation W& tiAlste] 181 4= Q= F
A "ol (Charkrabarti, 2002; Adomavicius and Tuhilin, 2005;
Pazzani and Billsus, 2007; Manning et al., 2008). wzkA A|AEA}
o] A 2 TA HollA AREE= 719 RS S8 Y FAEE A5t
£ 7]%0°] Content-based recommendation ¥'H 9] H4-& A3t
o|#3gt E4 wj&o] Content-based recommendation B2 Text
mining 7|HZ} A 270 =AY oFH Text mining 7142} -3-8-2°F
2 277 = jheh

o] AojA= F3 AlAH Ao Histe] AFH R V|ash|Eik=
A9 ©olo] FRE B2 FALES} o] - A|A”E F55h= 1
ol At FFAQ SE oEA HAD 4= A=Al Histo] HES
712 3th 71e9 HoHE sl v ol AAgAe] 24
(document)?} &Eol(term) F 7HA] 7|02 BFg 4= Sl= Ho[g7}

4wl Qe At

)

m Content-based recommendation 9] Ho]H index

D= {dladgvadn} n7H9,] T’E’_—}ﬂ—o’] @6}3‘
T= {t1t277tm} m7H_O,] 1;;1‘019’] zﬂ]_@_

1. TF-IDF

TF-IDF(term frequency-inverse document frequency)= &
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7H9] EAl(document)7t FolFES ©l, £ @ol(term)7t AA &4
(set of documents)°llA drtt 583 ATS Sh=Aof et ¥ 5
Zo|H(Charkrabarti, 2002; Pazzani an Billsus, 2007; Salton and
Buckley, 1988; Salton et al., 1975) Text mining B'HollA g A
|5 7R AR A F9 shuoltt. whebA AA] ATl A d4lo]

= ©o1E FAY 52 FA 119 FALEE 275t o ARE
TF-IDFE Allet= AA= ohat 2t

Step 1. HIO|E{Q] 4

F=(fs)acpie - nxm QZ(frequency) B Z,
- fo.= A dE DOJA o] te T7F AFEEE NI

NERY e E £, 8 W PEORE BAL 4 Wgo Rt ol
7 Q1A SHES T o],

Step 2. 2M d= DM ©O| t= 79| TF(term frequency) H2|

B 1 fd,t
TF(t,d) = 2+ 2Xmaxyep faw

TF= TE-IDFE A Yst7] 93t 3 DA oA E 3t =2]o|H Toj
t7F 2A dollA drbd A5 AFEE=7HE UERdTE TR ohggt

A0 g JoNg 4= UAT A AHEE = do|YE TF gho] AXES
g olgfjof gttt 9] FololA= EA1 d9] Zolg 1Esty| Yot ¥l
fors BA0NA 7 A Yehte @o9] RBI% max,c pfy.= e

_
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B2 A 05014 Hef o] HES BAstel Felat Rolet. olefat
39] ol9olE  TF(Ld)=log(1+f, )8 A} BL Tl
TF(td) = 1(f,, = 0)8 A8T 4% .

Step 3. 2MZ DO 0| te 79| DF(document frequency) H2|

14+ 3 [(fa, #0)

deD
|D|

DF(t,D) =

TR Do) A8 YIRS oju|stng TF Zlo] H84% A5 4485

o], % $03 Golety Bud 4 Uk AW %z 4wl Al

AR A ALRA A7 *}%ﬂ% 73S o] ol
u -

o A ALHs] Yot A
i

ozt Aol 57 EPOM = 1 AARIAM dupt A ARSE=7HE
Uehdth. DF GA] ohst o s Ao &= AN DF glo] 255
@ole] FRE7} Ao =% Aolsfof st oA A7t Hol= ol
gt Rl AN £AF F-20] 0] HA| &=F HATE Aotk

Step 4. @M DOl ZetEl &M d= DOIM HO = 79| TF-IDF F2|

TFIDF(t,d,D) = TF(t,d) < IDF(t,D),

1

TF-IDF& 9lollA 2t TFe} DFY] Fo2 goygitt. & 57 £4

M
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114 20169 2AH=XISAE
ol A A5 AHS AR AR AT A5 AHEEA
42 TE-IDF gto] A}, webA] TF-IDFE AHg3he 4] EAZoA
B % et
27 W, wol7t G g
yge 27

ac
o1 AAT: HiE

4m1% 7HA1A) ¢k
Shte] o

E’i
Qla1(Porter, 1980) Z9loj&
(Balabanovic
UERH T

55
—=°

P e dols
1%39] Aol =Re AL TF-IDF 342
63: ] 5]1:,_i Hﬂodo} —gg% TF-IDF 6ﬂ§o]ﬂ-ﬂ o}r,]- O]H]—X—] ox U/ﬂ
golg BF EE%O}L 7<% TF-IDF

AR AEHE

- A
7} e 210 0_]/\,,] ]—HH Ho| o

| 498 AR o] F, ol
EX|o X}

T o=

astgolss
of& ZFsiAY AA| gole] ol AtE & £k A
| 574 F-2o] £419]
2 o]

Es

& dolg Abdel A4 S5

and Shoham, 1997). &
A= shto
2. Probabilistic model for document classification
of sjA
2 ABSRe A
U7 92 A
Hr}.

| & AAE 59 @ol2 74ESE 4% 9t Chakrabarti, 2002)
Content-based recommendation 2] tol =l
gk

3

g A
=8
T

AREARS] EAS TLEEiA 4F9 &
A AR B4 AR o ofo]
XS AHste Aol FHIAGONA b5
Probabilistic model B2 o]t £57-2] &A|
19 A7 ot= ot} WakA| Probabilistic model
| YA = Tofel EA &Rt ol et ARARES] A1l Hf

& SR =7F AR ZALE| oo Stk



HA% HASX[COEHEY TEst Bek 8 AJAH 115

7t. Boolean feature vector classification

Boolean feature vector classification ¥ Z42+9] A0 4
Z+o] Tol7h ARG E= HiElZ AMESHo] A7 83 EAY SES
Aot= ¥PHoltK(Pazzani and Billsus, 1997; Friedman, 1997.
McCallum and Nigam, 1998). 5% &Alo| 574 ©oj7} AMEEHH 1
J2A] ¢to 002 A4dH o]l Holg PH(Boolean design ma-
trix)d, ZF 2A7F 25 1 284 ¢od 022 2Hdd ol F2 %=

S

4y

HE (Boolean importance vector)E H°|E|& ARESHH O] ] SEE
e olelo] Bayes FE Hgsto] 2o gt 2AR FES 24
St WHoltt,

m R, 7} FojZ 7329 5,9 2AX(conditional) &=

P(S,=s, Rp=x,)
= P(Ry=1a,18,=5,)P(S;=s,)/P(Ry= 1)
= I,c pP(R, = 2,18 = 5,)P(S; = 54)/ P(Rp= 1)
oc IT,e 7 P(R, = 2,18, =3,)P(S,=5,),
- §= #A de DY FAEE UEHfE o] e
- R,= &0} t€ T ARG o 55 U= o] &&H
- Rp=(R,),c 70 A @o]] ARE o 75 YEh= o]Xl SEHH

9] 2AR BEL AH o7t AN AT YEAS o]2 wE
v, 7127 A90] A9 FRw0] T 2 AR SGBL ojwA] Ast

£ 7He Kol 31 9l Y FolojA A WA 55+ Bayes FEE &

o



i
fin}

N
;f |
ol
g i
M

)

ol

LA 3t
e B9T A4 Hzslel 2N
H8E P(Rr=127)EF

Step 1. HI0|E{Q] £ M

B= (b 4)1= 1,qc p- nxXm °]%(Boolean) 1% (frequency) &,

- by, = BA dE DA @] te 17} AFEEHE 1, ofYd 0%

L=(0,),cp: 4017} nd S8 HIE,
- (= B4 de D7 %23 1, o d 0%

1

=
Jton

IS 0|

=9 =4

b

Step 2. Naive Bayes FHHZS && A=

9] F A% T8 3L Bayes G0 4831W BA d9] T8
w5 Ueie ARSE PS5, = 1Ry =2,) AME 5 A3 o] Fe]
0.5HTh I 24 02 F8F BAZ BRIt Fuz A7 EATA
%83 249 g7t ule AL Foehd 0.5ET 22 APt gt
¢ < 0.55 ARl Holsto] o] g HFo] 7]&o Aok Ao & o
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el Ho|t}.(BHo] 5, 2015)

Th2 o2 H1=3d Be} o|Zl 58 %= H¥ L& AMGsho] To ARE
oAXI} 2,2 712H BA 49 FeE0 gt &5 F5k= Aot
(Jannach et al., 2011).

1110 1
0011 0

B=[1100|, L=|1| x,=(1,1,0,0),
1011 1
0001 0

P(S,=1)=3/5

PR, =118,=1)=3/3, P(R, =1|5,=1)=2/3

~

PR, =015,=1)=1/3, PR, =015, =1)=2/3

P(S, = 1R, =2 ,)0c3/3x2/3x1/3x2/3x3/5=0.088

L}. Term counts classification

Boolean feature vector classification ¥
o] FA AREEAEA 1A 2AE FAFSHH
9] F/go] wig- ks A 7RIt SHARE @5]8 @l Fa kL
Q=7 Ae grg =] Feths GHO R o|gd =& U} o]2|gt #A
£ s8st7| fsiA= oA ©@olo] SaTE AR Agelstal o] gt
TAEE FEFA IHoNA 7SAE ARtk 59 B Ade AA
oF gttt} Term counts classification B2 o83t H8-S Hdl=
e 9] SR 7 Tolo] FAEE T @ol Rl E ARGt
HoltiManning et al., 2008).
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Step 1. HIO|EQ] T

F=(f4.1)ae pae - nxm WE(frequency) B
- fa.= BA dE DOIA ol 1= T7F ARBEE HIE

L= (y)4ep: AO17F nQl S8 = HE]
- ¢,= B4 de D7t 298514 1, olYd 09

9l ¥l=dgE F= TF-IDFE 4 oloh= oA dofet vl ddEnt &
s, S 3= #ME L2 Boolean feature vector classification ¥
ofl A A oJet Mg o]}, ol Bayes A2l £ ©ol] RHlkE7t o3 A
ol 249 T2 =0 gt 2AF FEZ Alibohs WS Hof Sk

m R,7} 3o AL9] 5,9 ZAX(conditional) T

P(S;= s, Rp=127)

= P(Rp=x,18,=5,)P(S;=5,)/ P(Rp=1)

= II,c 7P(R, = 2,18, =5,)P(S; =5,)/ P(Rr=x )
I, 1 P(R, = z,18,= s,)P(S; = s,),

]

- 5,784 d= DY) FLES e o4 S5
- R=do] te 79] WnE Yehi hEus
- Rp=(R)c 0 A Golo] MIES Ueht 28



M4y EH=XHOEEE V=5t yek

=

Step 2. Term countsE 112{5 Naive Bayes

eSS
- 1
P(S,=1)==>,1t,=1)
nNgep
) 1+]z;7fd,t o
PR =z,18=1)= s
o 171+ Y D3 fa 00, =1)

deDse T

9] shg o] AT As, = 1) WA BAZNA 4T BAS

o] H]&-L oJu|stn] P(R, = x,|5, = 1)= F83 BAA To] 17} 4,

W ALRE S oujsith PR, = 1,18, = 1)= AR EAZL]| A Tho]

7 AR T Y £, 9 283 EA A AR E BE tho]o] iS4
de D

3 N fa e, =1)9] B gt o, A RO R HoEn | 7| A5}
deDse T
Fo| AA golo] Z7o o

3t B EZ HhYSHe & B ASH= ot
Hie P ol 3% WE LS ARESH] ©of9f ARG oR7t 2,2
7155 24 d9] S8 Hiet 2AF SE2 th33 o] A4 5 3l
TH(Jannach et al., 2011).

210000 1
_|201000] ,_|1 -
= 100100 L= 1] 7= (3,0,0,0,1,1),
100011 0

|T|=6, P(S,=1)=3/4
PR, =318,=1)=1{(1+5)/(6+8)}’

PR, =118,=1)=1{1+0)/(6+8)}'
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PR, =118,=1)=1{(1+0)/(6+8)}'

P(S;=1IRy=x,)oc3/4x(3/7)* x1/14x1/14 = 0.0003

Ct. Other classification methods

9] Probabilistic classification B#olA AREE Tlolg X
Machine learning oA AMEEH= EF0H0l HlE 48 &
t}. & 54, B2 FE do|E|9P(design matrix) L& EFH
(target vector)& ZFFolH HIRE Logistic regression model %'
(Nelder and Wedderburn, 1972)& &8 < qltt. EE TF-IDF

oA Azole 7KAE E8olH Weighted logistic regression
model ¥ F-8S =% 9t} o] BHo|%= Support vector machine
(Joachims, 1998), Decision tree(Quinlan, 1993; Kim et al.,
2001), Neural network(Bishop, 1995) W'Y & thFet oS 2835

2 0]
T

X9 r

i)

gf. Feature selection

A 7 ATl FE BY FE D77k RS A3 Y] of
%20] vlo|(missing) Y= FHOIL. TE-IDF SHACIA ol2idt 2412
shast] 917 2 7P ATAY YL AP FAE e Lo] 9]
L 9ol & o o289 WS 28T 4 Uk ol WY F
REH ] o]\ -FAFS A ol
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m ol t= 79| *-FAF

(A,+B,+C +D,)(A,D,—B,C)*
A, +B)A,+C)B,+D)CH+D,)

XQ(t> = (

A, =30y, =1,0,=1), B,= >, 1(b,, =0,0,=1),

deE D de D
-Co= Y1, =1,4,=0), D,= Y, 1b;, =0,0,=1).
dE D de D

9 x*-BAFE Dol 19 AR o Rt ZA 9] Fa =]t 594
Aol AHEEE BAZOIT. TEbA o 19 ’-SAFC] A25E ¢
7t 2419 S8kl n|A= FFo] AL g < ATt ol AL vt
Foz sto] BE dolof tiste] \*-SAFE AN Fo 22 &o=
udste] A9 2 7] ©olE ARgshd A HlolHE ARSSHA] ot

3™ AF

o] ZAoA= +4 AlA'’(Recommendation system)2] BHE3 &
12& 9 A 5FS AmEST 34 AL o]24 HE H Al
TF ol HAEA|YolHxE 48T ¢ U= AARY 22 4

AN R
AHL Yo|¥(F)Y AmazonTt 22 7|FEQ] AV |&R, TS

< Heste] o] 8AE0MA HIFt MBAE AT F= vl

r
)
H
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H—1

8% AT ok Sl 20159 E, HoHE)oA= A7 4 9
£ 7 AMolE Y & B A, dFER T R RS
Aso g FH| F= HAEFH AN S =AU o= o84 &
2, i} JE 59 AR E o]85}t0] User's preference analysis, Rich
content service 59| 7|&2 HA oo wal Luj Tt AAEES
A5 0 & FE3to] FHsE AlAHCth 33 7|HoA e T Al AEH T
TS| A= ot Lo, ofdE =detAofA R E AR AfH]
25 AlSshaL Qe Aotk HAEA|Hlo[E ™M &5 Ao
HAEA|Ho|E % EE*J o] &A= A %= /\1H]i§* A&k}, ol&
A7t ek g 3okE $AE0) WHL
A3 7= A28 EYST 919 024 ES Mgos s, B
AEAHolE oA 2] AE s 9 1L ft} HFe AmEY thEy
o dAle BHEAHolE XY o] 8AE2] RIAYHE &-8sto] Ao
Z3olo] 43| F+= collaborative recommendation system
9] 7124l F#7]5°]t}t. Association rule mining B2 RAEXA]
Hlo]E 322 9] Data bankollAl Blo|8E iRt ARARES] H0f siiel 2t
o] A= —%%6}04 FHof| =0T 4 Aok EAEAHolH x|
A AlBste HolE Y 4271 Wold S otol”I(HolE)FFHYAE 24
Y12E2 ST RAEAHoHEHA AlE o2 ARGARI
L, L, = LZ A9Jolo] A-83lt} Term counts classification B
Content-based recommendation® & @09 ST} HIEE vt
sko] APAo] A oJstaL, o2ttt R EE FEFE Aol 7SR AR
& &= 9t} o= AFDBAA AFHIAE o
&= dol Hlxet o407 S4s5to] 12 4 Ql= Wdeltt. 12| 1
o] A7} HAEAH ol 2H o] PAH|IAE A& o8 74

>4>4'

Mo oX O_u

of,
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=
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Asge ABHoE 1%
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HASX|HO|ELE 1o}
Hisk: 00|32 =H|0[E SA|

M1Z GlOIE HAtO CHet n&

lat

Tehd oardAS IR A-sARl ol 4 W
A AR HlHlolE AJHjo] Z® tha T T4 =
U Q1734 (causal relationship) 242 93t ’é%l AA|, 19
BASE 5k 7lAlE(elements) ] AE WA 1412 HeR
£ SAX LR BrgRt AApo] ofsto] 74371 /I3t £AKsurvey)= o
3] wj¢- S8t Hlo|EF =Ftoltt. sujollA FR R0 Zagt 7|z
AR AREE AR 59 BAE 20164 59 71E0RE F 95580

o] F XAFEAI7} 418F 22 OF 44%E AA|5taL Qlo] o -3 FAMAIR
= I7FEA AoNA e S 87 qTS AAISHL Sl

J=u RRIF B B Sof ot 914] §i3}, 191 7H+e] 7, Information

and Communications Technologies(ICT) 7]&9] @ 52 XAISH

79 ool AT ol AP 8] 571 9 24} ol o] Al 5
2o] 2 9Qlo] Hgiek. ol Hdo]elo] that i wol Holg 4
A 8T el BA0) AIFE SuolA THQl B4 A el
Thet 8.5 S7PAZL oloh Belsto] ofe] 744 ko] o] mal
o

HHN
)
I
(] K o
30 8
:‘; i‘i lo

&)

o 9Jet.
Sws 222 7H 3 Hotael 44 L Hge Fof 2AEE AF
o] Ze 2} Holeoks we] T wziollAdE FAMS /1%
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o] A=A Art. HHEZARI HlTo]E 4] JIREC 2= A2 d(machine
learning), @#'d(deep learning), & AA 4 (artificial neural
network), H|°|€ uto|d(data mining) 5°] Sltt.

H17kEore] dlole 3 9 o]9] £4 FA = tEA S5wokollA
= B4R SHETE 239]9 HolE SEAEA 9 o] &4 1
ofof gttt & Hloly FFAEA AMEAREC] AlEE & U=
T4t o] & AlFohe Aol ZaEolA Hloly 39 5a%t =
Ao] Frt. olzlgt SHoflA &4 Wl 23 B WZHEorY] HlH

ofg] A+ek= €9 & ‘:‘OM did|olE 72 T #AE B

—

(imputation), dl°]& AA(data linkage), Hl°|€ #j&(data match-

ing)°] Atk A5gke AET £A = A= F3H dAle EF dlol
B Hetoz o|sfd 4= 3o, Hlojg AAY Hlojg wiH2 of o]
Elo] Ao 2 ofsfd 4= Sirt. HolE AAe} dlofE w2 dAl EF
QOW AEEE —?—7]' W2t &2 FojA= gloly miAg Holy A

1o
O
ok
oL,
oI,
O
i
O
HU
b
4
i)

i Huu glol8 @A A Serke Y= 7129 A2
w4 Yl ARIIEOlN Bgati gk WgrolE S o]8ste] ujs) &
Al 9, 747 9 Fele] T LAt BAE A 9ol A4
3 20159 5 AlA20lTh 58 MAAS S84 137 Bg7lmeR
) 395 24%9] dlofE 7t AAH o] FEHT). AA| 2452 Fole]
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o] AA & AMES FIsiA HlolE S EES A AH " (editing)=
ZATE W2 AR A A SE .

& oM 55 HolHE Z835] A Btz Holy o et
o digh HEES AhEc A4 E1E 53 #3449 F3HolEE 1
g4l wet FRISEHE T2 AFGA S5 &2 if AXFE
7F e A7t ey olF &8t tloly AL o] R0l & S A
ojct. I HlFEe] AL HIolH Y| Feols A= e RAE flt
E20| SEEAY QASHA] ¢7] wieol 4% 24 A q AR
7t EAsk= 4ol 23 #<1 Holg AAle 7FssHAl . olet 4
o] A== gRto] A wiFolH ofof tigt ARl yeS= 4

it

L A9= n83ith Quof 9J(2014)0] W2, (1Y 5-117 Zo] A
T2 F 719] dlolelrt £A6hH md AR W X, YE, 1Y B ¥
Y, 22 350 = AZelA ol Boll d AE AAIRHL 7Hg st
A, 1 B 7Io] == 71€0d(host file) T 485 (recipient
file)olgkal s £ AofA V& T’ 2 Foditt. oY A= B
AALAGoNA F7HEQ1 HHE A7) Q5] AHgE mdE Fojnd
(donor file)o]2tl s, o7 A= ‘Alg mpd olztar golgict. =Y A
o} 1 BoA IF == HE XE 35S (common variable)©]
™, T AoATE I E = W Yo o BojlA Tk = W 75
I5H4(unique variable)2tal gt ARk O 2 dojE WA &
HEE o]-8ato] Y Bof| Yl W ZE Y Ao F7lok= o=, o
2A ABdE oS At d(matched file)o]2kal s of7] A=

H A3E 9uisks Fgutdolgta Aottt &5] 17 5-1]3 Zo]

ot



R B D E EX L EEE D
S gojol AR THHS o5 Aatst
2 et ol AYey] S8} WR =

B8 AFgSHE et ofulsi], 2 Aol 7]

02 njo|Zzuo]E] QiAo] e 8L thett

(g 5-1] A=SAQ| 72+

X Y zZ

Glo[E A
(donor file) REZ T2l 0 0

ool B

(recipient file) 7| ! 0 Y
E& ool

(matched file) Y 0 Y

F: 0|94 5 (2009). BAR A RS PR R 7] BAA i 7| Hol| T3t A, BA A+ Al

148 A%, pp.82-98 L, 219 5. (2014). RAEASAYE A *J &g 242 A
ufo]azelole] B oA Wk R AAIE| AT A4,

bi

20l FarelE ATE= TAA miA LarejE(Van Pelt 2001) k- ;q_;L
A &12]&(Van der Putten et al., 2002), 3]FEA wiy &

(Ingram et al., 2000), 3|H&E43} k-2 ol W2l 2% o
A L1 F(FEA 5, 2004), A e vy 5o] ok w71l o
S Fa% A At i 71EE 2AHY S W Y 1 5
g AAE {5 BAA A daeE AT EE SANEYY ATEL

o
o,
Ho
=)

k1
)
N
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A(2013)7F =9l 9A 2 S 71l Higt PHE 2 ARdTEE
74734 5(2004), 312°M(2004), *L= (2003), ©1%5](2008)7F AT

1. HOIH AHAE #lBt 0|12H 7K

WA AW E B} Zo] nlo|F ZHolE AA= A= thE
o] o] 2 A5 2 A kS onlgitt. ol= & HolE | 35
Ao 7 Fojzl M #y X7} 2okgt R wh ZF 7)Ao 11F- <
CE o] &35k= & AAl(exact linkage)?}, X0l L7 5lo] A= 71 &
At 7HAIE AA o= BA14 uf A (statistical matching) & 5
K Moriarity, 2009).

BEAAE oA = F dlolEo] =5 ke 7jA H]%O] o9 5
= ol/dolofof st o] AHET 4 Q=

ERL 7 Hlojgol 354 R H5E X%—’F%Oﬂ et &9} A o]

0

>~

15

il

LAl

50| Xgre 2ok zm.

ulola gl dAe] BAL ZujE 4ug o8l o Tert v
g E4ske Ao et (38 5-11S AW EH AR AS ol 8sA=
(X, V)o| mAt B3| tjst 220] 715351, 25 B o] &A=
(X, 7)) 2R L3 ek 320] 15t Hlofe A B2 Bk o]
83191 (X, Y, 2) 5 (Y, 2)9] 50| tfat 328 7Hs31K gt of
2gt 7|2 o] A2 to]El ] B4 ZuolAe] 3AS FRa}y] Yol
dlolg St} o WRto = Hlofg A} aefd 4= Qlrt. F vio]a =
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HolHg o83 4% AAS Bl QMY At 1 EHY AA
(X. Y. 2)9) gto] 5% AR2RE 2557 gEo] (X, Y, Z) 32
(¥.2)9) mAG Bxo] st 4Q) 220] 758t

T} 5 ol Azelolele] Qi fARE AAE AASHE BAA o

o
o

£

HS QA A QA WtelHSHe T /b9 FFgSo] gL
SfaA et ohiet AT ol o] £42 eAE Wastel. chl, of
3t FHHEL dole AAS AL oA aolAw B4 =
woll A B4 7Hs Hele ARshs a4 4 otk
dlole AAE 915 8FEE R WA S AAS LA B vo] 2

EolHEL FUF BYEE ESH: EEERTE PAElolof sk
L A0F, AT} o] RolA 45E ol §3te] BYT SAo] et 34
o QxS KA Sistel WAtk Aol Wast Aol oA A

=
7} glolel2 HAstA 243 8N 59U o] et 7HEE wE

A o= Sl

PY, ZIX)=PYIX)<xPZIX) (1)
Aot ctolu o)At SEH 3 (discrete probability distribution)
A

2 SHe A9olE FYsH the0] =07t A e =t HojE 99
g Weo FRRYY RO 222 /Pgut 248 5949 4
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f(ﬂl‘a Y, z ):fy\x(y | x)lex(z | w)fx(w) )
A7 frixW| D) fox(z] 2)E 27 X=a2 FoiA 329 Yo}
79| A% FEUETFE YR fy(z)e Xo| FH SEULF

2 Uehith 4 Qk 245 S84 7PES 5o X=o Fold 4
o Yo} 29 A% AT FEISE ofFle} o] E@H e,

o

f(ﬂl‘a y| z ):fylx(y| x)fZIX(z | x)

&, 53 7P glol: E4o] 7hssk g (XL Y. Z) B2
(Y, 2)9] 2yg A RBaof izt F20] 278 =344 78S B4
7Vt Bt dlE B, (X, Y, Z) 32 (Y, 2)9) AFE2E 4] (2)
£ 53 44 952l 4E 6 Y e &

~

@y 2)=Fa4yixW | 2)f 5y 0 fapn x@)  3)

fly,2)= | flz.y.2)ds 4
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FAEEL F20] F Tl He ASHA 2ARE SAS 2ok
AMiE (X, Y. Z7) 32 (Y. 2)9) 2" £ 32 ¥i4E 7o) Auy
AE etstr] flsto] AAE AAmE A ol8shs Wt & v 4
Ao, A 2AF FYe| 7Ho] gHste ol A QF WE &5
gt F22 23et AAE A=E o5t AEse F20 2ite YA
S "ot AA RE ZAT @2 57 W7 (A= 235 =14 71
StoflA A MiAE 3D o e LSS AlEskaL At

2L A9 16 A1 WA o] g3 B AAS AT
of HsIoA ST % = dole
W QA ol wet B8 4 9ick SA1 Hlol A BAo| wet,
Pl A 2 B
3 B4 2

e 2ARNE SUE YRS Agste] Bt ekt B4 BAo] ks

paus
i)
o)
_IZiH;ll
ro, o
é‘l%
L 2
Homy
£2
p
= i
o A
1
S~
gb;mlm
2o
o 1o
= g
S —
W 4o &

TG w4 24T AR 2GS 9% 5A 290 71 ojio] et
S g Bl YO THT S Qo T Y B s 9
sfo] Az dlole AAE 9ioh AT 4 Ao ol Azdole A
A 5 ot BRRAE 1T 5 ok

o7l A wlolZzElole| A FHOR sho] AA s Wk
52 AR Hold AAS F5 A% vio|Azuols HHL Fog
o} S

A B ] FARI F 2 Ame] £k 3B Pgde A

oX,

b}
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At grez diAlsks I o= ntolazdoly AAIYLS ol 4
ATt
=019] M7NE 9ol F o A9t BE 72 Al g (donor) it 7|&

(recipient) I =E A J5}AL. o] H-%- Hlo|¥ AAl= Bl EASHA] =
Yol 32 oY ARRH AHL 7IHE &5 F5010] A= AT
O osf& 4= qlt}. 7MY HHZQI HIjk2: FAIX O R BT 7%
w2} 7]E di AlF o] BF EAj5ks X 7|E2E 5t 7]&E ot
Aol A= 7 AAA} 7P FARE HAE AlS whdoflA skl AE
A9l Yol 3t &2 olof| Y A= VIRt gho g V& i o] Vi
Ak WRgol ARSE

o] ol A A5 st EA5k= A9 FE AR 7hs of F-ofl whet
oto] 7 2 d|o]g ujA HIQFS H|A|$HY ¥l (unconstrained matching)
T} AIeHd ®WH(constrained matching) 0.2 FLEECH HARHE AA|
S F AmE A W Al ARmE 59 F52 AA5kE L
2, L AT SELR Am AAE FI8) AME 4 e ol
Hhdof Algta mi o] o= Als L] 24 7iAle AAE HAsh g
HATE AREE 4= QU o] F fsl gHHA o R Al whdo] V& TR
ot 27t 2 A2 7PF3HD Orazio et al., 20006).

=

AA R AR AAVL B AED 5 Ak of A

= ] oUveE=
D] ek, WEAA ek, B et TESIT 7} wehde o
BAQ] A7) ore Abwne theat Pk

7} 22X DIO|3=H[OE A ot

meA S o] 8t vfolAzdoly A Rt #SEHA] g2 2
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I
ol

I o oE Q

& AmE B4 A4 39 7HEstolA S es diAs
07 53] d&4 HZ(predictive approach)o]ztilE it} K
We ol uolamdols dAg AdHL xdy BE
(conditional mean matching)¥ 275 o|& o] AT Ad

o
=
e

$or
2

B

N
-~

Z(draws based on a conditional predictive distribution)]

A upglo] 9] ALgHIL

QubHom 2AR 7| AFIAREAE X2 AR LS

=1
she AP 53 78 5 AUk 3, 7 HolES ol §3to] Yo} 72
FHUSE S AARFLS AP 7, ol o] 83te] 7 Azo] B

= 517 e}, S8 Aol B 4aSo] JHERE
e e 3 H4L Fof ANEE =9} 2AR ARG AFa})
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a1, o] 2 Qlste] UHkAQl Wit tiAo] Zh= B df=o] A4S W
Z3hct

= fy|X(y|x,, éw) BE nAels 2Zsle] gigEct o, Rat
229 98] ALREE= Bxo|A ujx]o] B2 6,9} 0, = Ho]E B}
AZ o]gdlo] 2AHrt qEAoR ALEE By f( - )onE ThH
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A EEe} gAY o] aEn B3 V52 77} o[l
£ EXAH IHRYo] AR E L 5

1& 1831 0.5 o]5}el
BRI = 7

&
%

42 WS 0]8% nlo] A2 Hlo]E AA ML M(X Y, Z) ]
et St K 22 7PgsHA] ¢al HlolE At HlofE BE A

sto] A%} nlo]| 3z 2 49|o|EE AYAJSH} (Okner, 1972).
H| 42 npo]F 2808 QA k2 A4 F 7= &2 4= Slth

St 2A% Eg0] 7bgstold (X, ¥, 2)o] BES uusdor

A greth

th2 sl mlolazdole AR A el A 71 %
20] 7t A9 Foldl Z1EteIA AR AAE Aehska Hete A7)
o groz 7| THol A SAHEA] gk gt ASHE etolck. o]

To o]
o G| AAE 915} AGHE FE WS W X7h Folze o, T ws

[¢]
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HEl Y9} 79| 245 519] 7Pgsto|A] o]FofXItt,
o710l A= WA 7+ FAHIS o]-85E of7] 71A] ulo]d=Holg A
ot 5 AA| wol AREE= 3k thA|(hot-deck imputation) BQH

W} g s S B Buo] /1Y glo] X2 vEo o

o
A2 A5 td Q] A E Aeisto] 7]E oA Q] gk At
Hetolt, g ghdl2 1 ARE el whet 24 WY gHEl(random
hot deck), €9 3tl(rank hot deck), 712 dtél(distance hot deck)
o Al 7N E 8T 4= 1o o]of tigh it A9 v £t
(Singh et al., 1993).

1) 2 3H(Random hot deck)

Y St ke AlS w2 RE SRR AAE Addste] Aded
7HAQ] o= 7|E urde] 25S tiAlske e R, dHEo R AL

A% S319] 748104 QAR HojelS o] 8 7 wge] Ful &
=y A% Bxo) 242 EAG0 2 Bl =AY sEle B o
A FolEE ol83le] (Y, 2)9] BT BE) 2L e 24
3 790 ZAee] MHPS TR 7124 BAH Hdo] $5
o}, Th ARREE X WS 949 WS Qs Aol HolH9 &
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A Ao o] Mot st glolH A 9] FHo] A5y W ¥
o} Jigte]] F= e & Ak

He steo) E}%“é% A5 =99 7o) F™she 1ES 4 o
ol oJsto] A Ht. et (X Y,2)9 x5 BEL oA =

A% 5P| S BEshe 1ES AN S TRse o X
7b ERST U BE RS FE5H 2o Hlgashe, ol mteby
A8 2719 2F W AA 52 94T 5 Uk EoIN 159 52

Hehatst ol vherxsi.

»
A
'|_°

gHel(Rank hot deck)

&9 Stele Al Ut /)% A ARe] XS Tz 27t &
48 2015k 0] o]510] sfo|LzellEl S eAske Wetoleh. &
942 Hofsir] PN Lt o UuF XS AR EE FEHS
X| 47} Be A9l o] 2 ol g3to] %915 A5} 94 gAgAs

S 41 2o et TP £ ke
B9 QS X, B BAEHE ol o714 Al ¢ 7 W) 4
Hd 3258 Ul gog Yo =19 248 UEFEE A
& 4 9k -

X,ow =X T X, Jr~--+cp)(;7

ne

A% wA9] 2717} 712 AR} SA 2L A9o Hojgl £9)
£ Aoz o)gsle] 5Y +9 HL 27 0T 2= AT B
AR ghow 7% o] A 2SS AT 4 Ut B3 AT



HN5E HASX|HOIEEY TS Wk 00|32 0[E A 141

ot} 7]

A

1A A 71E o3} Als mdolA] Xo] 7

9

%9 ol 9

ny

21

1
np

=
=2

Al

7HA
1A

13} 7% wd o] 7], &
5

o
=

= 27 AZ

714 n 2t ng

Uehdic}. 7]

1
.

P19

As

B

e 2= IAE

74,

Xe]
R

B TRLoA] 2,9k 1 fAF

mHof A X

N

) e e,

A% 915

‘g

= MAE

(@

A\ T B\| _ .
(wa*) X<$b)|_mln1§a§n/1

%FX

=
S

3} tlgo] 4

3he]

=)
o™

iy
oF
<

R
(o]
ot

J))
oK

or
N

o%
<+
ojn

b,

S

e
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3) A2l 3H(Distance hot deck)

A= st
Z 34

A 2R

i)

< Ao ® Wo| AN EE Hlo|ARHolE A HRte
£ o] &3t 7 719] A—E S4sto] 7% od o] A9t
AT d AAE dAASHs ®WtoltHOkner, 1972;
Rodgers, 1984).
Z T AHY AYE Y= &5 di,5)7F A7} 2E5=0]of 5}
2 JAE ST 7HgR. dukd o g ARgkert ZE5sojof

i

e

d(i,7) is nonnegative, differentiable strictly convex function
d(i,j) =0 if and only if i =j

d (i,7) is continuous

%

72 3telg o] g3t vlolARdolE WAL Foln AzgE ol
bol 35 W X=0, 25 71E o] £3 AA Yk A
7] iste] AF Bdoll &3t 0,9 AA BN d(z, 7, & Haskos
X=z, & 2 /NS AeEstel o]2] ¥ihe dAaks stold. o
2] 712) Shel sete] A3k ALgEE Azjdeol Slstel 2YET) o
W02 ALg Rl AR ES e U

ot

:
5
mlm
obo

r°l'

m WafE(Manhattan) A sk

n
]):kzlhik*xjﬂ
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= oo

m FZ2teHEuclidean) A7 &=

d(i,j) =

m opdEbioH| A (Mahalanobis) A& 3

d(Z,j) = \/(xz 7-7/']')T‘5ﬁ1(-'17117-'17j) .

m Y2 (Exact) 72 A=

d(i .): iD4~ D4. = 17 xik:mjk.
S e (R

m H9AH 5E 0] 8% Gower AY T
E i
k=1

Z 61’jk

k=1

dissimilarity d(i,j) =
AA7A b

if z, = Missing or x = Missing,

if x is binary variable and ;, =z, =0 or

1, otherwise.

ol d,, = the 9] Holot et

at0|Z2C0IE A 143

Ty, 7 Ty
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(B 5-1) HESH0 OE A2

e £ Helgts
S d —{ O L @ =
e = )
(nominal scale) i 1, otherwise.
e 4. = |2 — @
ALY B ijk R ?
(interval scale) k

R k) wzel we)
(r;

—1)

=k 7
&MY B b maz(r) —1
(ordinal scale) rae kWA WeE B2 9] A gX. A2
HE 2,8 A&3os ATt AE Aot
®m Minimax A 23
d(i,j) =maz(|zy — x| |2 —2p )5 [z —25])
%‘%‘ﬂ‘/l: X_OJ ‘%‘_‘-?47]— -?,-/\]—"9‘_ Z]o ]__ OHE 7_]qu -/,\—L} %ﬂﬁ]
et ArE AT = e o] t}9}7} Alols}lo] o]E9] EAilo]
T d=AY B8 Has Y et AuEATT e B-fole
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k

|
%

oAl s

A5

29l 7t

r

1] glste] e

45

AE =X
T= T 0

ARg5to] wlo]3.82 1A Hlo|H

o
Hc} (\)_]_"é‘

v mho] I 2Ho]E A

Foll A e

A5

=949l 7}

4

2R PAe)2 g Ziko.

ol Hlolg 4,9 B,

)

Al

g
7 37

2 A= BE=EH B,,,=

==
T=,

2R R

Hi

il

o %, 4, #9490

o

Add Yo = diA| o] Bdd.

4

5

I AlE mho &

Q]
=

A7} o] Folxl 71& 1t

=

Aol A

- HA

—~
o

o

<+
oj
T
oK

o%
o

Z

HA A oA A

-
= A

B,,°l
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oA E W o X " NN o= s
MT M_._v N O ”ﬂm HJEM G oo OF =0
o — B = wnﬁ E_E ~ E._o ,;LOlL L =
ﬁ ) WA m:l W_/W T S Ee _1__~a o o
o % Cly 5O oy
P o FH AW g O
° i
Hrn_vlﬂLu ﬁo o_e MM WL Mﬂ L_ I %E ,._u_m_._m.l E E_E wer
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oK A<F T m .1'0 pl < o B = X iy
H ST & ) P A N XKW B
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2 SRl LE D ZhTTHEx g
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3 34 ol

=

[}

R84
=

=2

ly

o]

o] AA

]

3o of

]_

-

1o



HoZE HASX|HOIEHEY ULst Wk O00|32H|0(E A 147

9] F4of dieh &3t H=7F A= ojoF & Aoltt. wio]azH|olH
Aol Y7 AsiAle

oheol ARES

)
2
[©]
by
!
=
=
@)
=
[N
N,
o
[}
—+
=
(W)
o
o
@)
~

AR (XY, 2SR Y 52

i
N
o
19
o
oft
ox

o714 % 1, 29} 32 v A W Hlo] A A Mol o)A
B712 918} 1wl olo} kel P2 33} 4 58] njo|zEo]e %17
ko] B2 9IsA B slolof g,

WA (X, Y, 2)9) 23] g ey Bk mS ojele Hioleh

L AAE 913 ol o] FL oSk Slg Aade] ARE %
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