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o T oltel 9% A% Sow FEY 4 At 89 LA Nt FALANES o] T 9%
2o BRA B3 £YFHL riSng ol TEls Gt fA SEERT o8 TS 4}
4 ZEge] 3 vl AUAQ ZEeR ¥ 4 Ach WebA) B e RolAE ol 2F ol s Qu
Aoz pol #8512 IA VEE Tl ZEE) vl vhh BAE FHYOA o5
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ol21dt TARAL obF Wi ¢ HiolHE o= star o, o' PHE glo] ArAAHA
Ae e Agolns AR Aoy A 94, Teln A% ZAF 5 B 28 Bopl A el A8
2 o (Kim 5, 2010). ZHEA A= A2 (d1stance) = A &% (similarity measure)E ©]
gojo] 5AA Aoz BRaley of o o] 8He $A4 ZEE tojee] S46 mel el 7]
o] PHiE £/ + dor, —Zr%ﬂ%@. 9 A =l A3 H 2 A2+ Warrens (2008), Choi &

2010), Lee$} Kim (2011), Yeo (2011), Park (2011, 2012, 2013), Lim} Lim (2012), Park¥} Kim
2013), Ryu$} Park (2013), Jang % (2014), Woo 5 (2014), Cheong¥} Oh (2014) 5] At}

B ERoAE o2 toleel Ul duHoR o] Be5 T It 2o UA LS VY FEE
of Thel tha BAE FHBoZA ol Se) 48 8 HE AR BAE nelsuz Atk o F 9
Warrens (2008) ] 283+ S 53} Meyer (2002) & Park (2011)o]A] =2]3F S= 52 S Aol B3t
O ) 280l E 82 A MES TR FAH SEEL 2/15R A0 ol ol ole 4 9
shebe A B Z1ean, 38oINE A olAlsh Rel AT Fo ATE o8] e B
£ AsE %, 43004 282 el an

RS

29 QA WMEE FATANES HEo] ¥ Fu B
A e FAY SESH o8 1AW A ZESC) 3
(Park, 2011). &9 9% W= ned FAHY ZESS

2o Baxg pejstuxt g

rlo

Table 2.1 2 X 2contingency table

Y
1 g Total
1 a b a+b
X
0 c d c+d
Total a+c b+d a+b+c+d

Meyer (2002)2} Warrens (2008), 22|32l Park (2011)9] &3} 2] 44 W& n&3 A =
Zol= Russelil— Rao X, Sokal¥} Michener?] T A== (simple matching measure), Rogers2}
Tanimoto &%, Sokal?} Sneath &%, Hamann &%, 718|1 Baroni-Urbani®} Buser &% I, II 59|
Jtt. ©o]EL Table 2.19] 7|ZE Ag3}o] -4l 0 & JeER W Table 2.29} 2t}

Table 2.2 Similarity measures with negative matches

similarity measure formula
a
R 1 & R S R
usse ao RR TToreTd
a-+d
Sokal & Michener Ssypy = ————
a+b+c+d
Rogers & Tanimot s atd
ogers animoto RT = m
2(a + d)
Sokal & Sneath Sss =

2(a+d)+b+c
(a+d)—(b+c)

H S =
amann HAM T T ord
Baroni-Urbani & Buser I S ot Vad
aroni-Urbani user -
BUBL a+b+c+ Vad
a—b—c+ Vad

Baroni-Urbani & Buser IT S T
FuUse a+b+4+c+ Vad
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9] AlelA B bt} Zo] 29 A g IHF A SEEL YA W% o B d7F 718t
H olE 552 37 AFE U, SYA WE bEE o7t S HH sk ] 8
th ol FAME S0l it 43t 9 steks AT Al a+b+c+dE nlE T 5% Sgp¥
e S5 v FAE #9887 A WA Sprrdt Ssme H]JJ—OHH‘_ T EEY EEE FYst
I Ssu e A7 Spr] BAET 3B E 4 Srr < Ssu ol B2 A & 5 Atk SkrIH Srre
371& vlwst7] A SrrI Srrdl Aol FoHA v 2t

a(b+c) —nd

T PR E)

o] AeX ERE 4 ¥ IS THER a(b+¢) < ndold Srr < Spr7F HiL, 11 Hitio]d
Srr < Srrelth. Srr¥} Ssso A71E BlA37] Y3 SrrI Sss] 2bolE FEHH v Zth o
219l B A a < a+2do|AL FA b+ ¢ < no|BR o]F F FE9 Aol 59 3 7T wet
A B Srr < Sss7t /3 HEltt.

a(b+c) — n(a+ 2d)
n(n+b+c)

Srr} Swam< Bl E o, o] F S5 R Ttz BEANe] AolE YEhE d - (b +
c)olBZ Wk d > b+ col™ Srr < Spam© HA, b+ ¢ > dol Syam < Sgrol Bttt SrrF}
Spup1® 371E vlwst7] 93l SrrF Spup1 9 AolE Fotd thad] A} Zo] ket ER+= T4
¥ e A BR &4 Srr < Spusi©l AHETH

Vad(b+ ¢+ d+ Vad)
n(a+ b+ c+ Vad)

SrrI Spup2d A71E HlXE7] A8 SrrI Spup2d Aol FoHE U gorz ERE &
o] F& A H o] b+c+d+Vad > n(b+c)old Srr < Spup2°l FAL, n(b+c) > b+c+d+\/701
W Spupe < Srrel Bt

Srr — Sss =

SuB1 — Srr =

nb+c)— (b+c+d+Vad)
n(a + b+ c+ Vad)
o2 Es 55 SoudH o S5 E AL Lot u A} sty WA Ssad Sprd] td FA
& golr7] 93 F S5 2ol Asteld o 2ok wehA o] 4o ERel B2 BE o IS
ZIA B2 &4 Spr < Ssar©] A4St

SRR - SBUB2 =

P
I
)
1o
rL

(a+d)(b+c)

SSM - SRT - m

SsuI Sgs8] ApolE At v A3 o] ERel X BF 4 e VMARE A Ssu <
Sss7F 4 Hsiet.

(a+d)(b+c)

Sss — Ssm = nlntatd

Ssu P Spam ol eiAE F S5 227 FYstal EX = Ssuyel O 2B A
Ssmel Aot SsuF Spupi ¥ AelE A o3 o2z d < a°l¥ Ssv < Spupi©li,
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a < d°l¥ Spupi < Ssm o] Hrh

(b+ e)Vd(va—Vd)
n(a+ b+ c+ Vad)

Ssm T Spup2d AolE ARSI T Alak 2ol B4 /o < nvdol AYIEE Spype < Ssa©l

SBUBl - SSM =

Hrh
R
BUB2 SM*n(a—&—b—i—c—&-\/(ﬁ)
E25 Sprd o2 SEE 71 FAE Loti7] fs WA Srret Sssol ApolE AlAbstd v 2
o=z i Srr < Sss7F A HE)

3(a+d)(b+c)
(n+a+d)(n+b+c)

Srret Smam® ApelE At vt 2A Ho] 34 Swam < Srr7t A HETH

Sss — Srr =

s s 2(b+c)?
RT — OHAM = m

Srrét Spup18l AolE A4k oS3 2t}

(b+o)[Va+Vd)? —2d]
(n4+b4c)(a+b+c+Vad)
w}2hA] (\f-ﬁ-\f) < 2dol¥ Spypi < Spreoldl, 1 WHeld Sgr < Spupi1”7F Bt

Srr} Spup22] AFolE AAHE 23 2222 Vad < b+ c+dol™ Spupz < Srroli, 1 Hk
el Srr < Spup27F H T}

SBUB - SRT =

2(b+ c)[Vad — (b+ ¢+ d)]
(n+b+c)(a+b+c+Vad)

SpuB2 — SrRT =

oAl S= Sssot the S5 o] BAE Lob7] Al WA Sss@ Swan ] Aol AXteHE o
= 241, o] HelA a+d < nojl

a+d—>b—c<nolB2 BExE= A o] e 7HAA H o

n® —(a+d)la+d—(b+0)

Sss — Saam = nntatd

Ssst Spup1 e Aele thad 2ol AlLFETH

(b+c)(a+ 2d — Vad)
(n+a+d)(a+b+c+Vad)

Sss — SpuB1 =

7184 (G

a+2do|Bn= At SB vp1 < Ssgo] "l 18]3l Table 222 % ¥ Spyp: < Spup 9= & 5 A1,
SuBt < SssOlBE &4 Spupe < Sss7t AR
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ot 7] 3 WA Sgan? Spusi e AolE AAlstd T
M < Spupi°] A3}

b+c

SBUBI - SHAIVI =

IN

SaamI Spup29l ZFolE AFSIA the] A3 Zo] Yehd = 9on@ d < afl¥ Syam

,a<do|¥ Spupz < Sgam©l At}
2b + Wi(v/a - Vi)
SpuB2 — SHAM =
n(a+ b+ c+ Vad)

Spup2°l3l

A2 o 2 Spyp1dt Spup2©l el Table 222 8E &4 Spupe < Spusi1°l AEHE ¢ &
p=

olgfst SEE 7H] BARRE Sgst B =7A Atk BE A SEES At 28 ¢
3 <S8 Suam < Spuni,

4 A3, 3 Syam < Spr < Ssm < Sss, Skr < Ssm, SsuBb2
% ‘_.-0/] L=

T UL, 2
JYR olF) 74N 270 e 2%

Spup2 < SBubi, Srr < Spupi°l X
Table 2.33} Zt}.

Table 2.3 Upper and lower bounds by conditions
bounds condition
Ssm < SpuBi d<a
Suwam < Spups2 d<a
Suam < SrRr d<b+c
Srr < SrT a(b+c) < nd
Spus2 < SrT Vad<b+c+d
Spup1 < Sk (Va++Vd)? < 2d
Spupz2 < SkRr b+c+d+ vad <n(b+c)
Srr < Ssm < Sss none
Srr < Spus1 < Sss none
Spup2 < Ssm < Sss none
Suam < Spup1 < Sss none
Spupz < SpuB1 < Sss none
none

Sgam < Srr < Ssm < Sss

Table 2.302HE RE &5 5 5
T Utk A5 59 a(b+c) < nd, d<b+c d< a,
Serr < Spup2 < Spup1 < Ssu < Sss7F ATt

Warrens (2008)©] 7]& 3t vfe} Zho] o]& &%
Az 7 2o A e ofE A B
o] SABITHE AE LA HH Fol A &
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3. 48 oA

of AL 29 A NEE TesHA 4 FA ZESY AAF W FYL 1B A3
20039 AR ATRA ABE g ©] ZAE 2ANY RAVL APEE U F T FE
B, ol e TR St B AAF 5 10%H %9 10,0007H2 SHelct

Table 3.1 Outputs of similarity measures without negative matches of survey data

items a b c d SpuB2 SHam Srr  Srr SBUB1 Sswum Sss
X1: X5 592 3,480 558 2,611 -0.375 -0.115 0.082 0.284 0.312 0.442 0.613
X1: X6 2,08 3,322 1,864 2,721 -0.074 -0.038 0.209 0.317 0.463 0.481 0.650
X1: X7 221 5,185 419 4,165 -0.652 -0.122 0.022 0.281 0.174 0.439 0.610
X1: X8 1,450 3,954 1,313 3,270 -0.184 -0.055 0.145 0.309 0.408 0.473 0.642
X1: X9 530 4,870 545 4,039 -0.462 -0.085 0.053 0.297 0.269 0.458 0.628
X1: X10 1,074 4,331 899 3,686 -0.261 -0.047 0.108 0.313 0.369 0.476  0.645
X1: X11 349 5,042 300 4,277 -0.546 -0.072 0.035 0.302 0.227 0.464 0.634
X2: X5 160 673 990 5,418 -0.208 0.541 0.022 0.626 0.396 0.770 0.870
X2: X6 469 733 3,481 5,310 -0.346 0.157 0.047 0.407 0.327 0.578 0.733
X2: X7 113 1,089 527 8,261 -0.199 0.676 0.011 0.722 0.400 0.838 0.912
X2: X8 362 839 2,401 6,385 -0.265 0.351 0.036 0.510 0.367 0.676  0.806
X2: X9 146 1,056 929 7,853 -0.240 0.602 0.015 0.668 0.380 0.801 0.890
X2: X10 248 954 1,725 7,063 -0.261 0.464 0.025 0.577 0.370 0.732 0.845
X2: X11 88 1,109 561 8,210 -0.281 0.665 0.009 0.713 0.360 0.832  0.909
X3: X5 210 1,263 940 4,828 -0.288 0.392 0.029 0.533 0.356 0.696 0.821
X3: X6 791 1,255 3,159 4,788 -0.234 0.117 0.079 0.387 0.383 0.558 0.717
X3: X7 134 1,911 506 7,439 -0.362 0.516 0.013 0.610 0.319 0.758 0.862
X3: X8 594 1,452 2,169 5,772 -0.194 0.275 0.059 0.468 0.403 0.637 0.779
X3: X9 263 1,782 812 7,127 -0.228 0.480 0.026 0.588 0.386 0.740 0.851
X3: X10 397 1,649 1,576 6,368 -0.238 0.354 0.040 0.512 0.381 0.677  0.808
X3: X11 138 1,906 511 7,413 -0.355 0.515 0.014 0.610 0.322 0.758 0.862

X4: X5 43 187 1,107 5,904 -0.406 0.643 0.006 0.697 0.297 0.821 0.902
X4: X6 115 204 3,835 5,839 -0.624 0.192 0.012 0.424 0.188 0.596  0.747
X4: X7 25 294 615 9,056  -0.290 0.818 0.003 0.833 0.355 0.909 0.952
X4: X8 95 223 2,668 7,001 -0.521 0.421 0.010 0.551 0.240 0.711  0.831
X4: X9 38 281 1,037 8,628 -0.367 0.736 0.004 0.767 0.317 0.868 0.929
X4: X10 66 253 1,907 7,764  -0.468 0.568 0.007 0.644 0.266 0.784 0.879
X4: X11 25 294 624 9,025 -0.295 0.816 0.003 0.831 0.353 0.908 0.952

Age] a2 QARG (ATEALA £ SNJARAFEOR LrolA gov, =ud
Az Fol A B34 AFTAR FRe] 87994 A% 9 F3 (X1), B e 2 7
3 (X2), $AA 5 $ARIAA F3 (X3), ¥ BAVAY 22 0 7% 33 (X4)9) 4} £
o thal Ahie] B AZ BF (X5), 198 A8 5 (X6), Ahe) 84 Ag (X7), A28

AR HET (X8), A4 MY da

A qH F2 EokRAY FAHES (X119 77 23
Alet Tt o] EolA X33 X109 £FS 92 59 ax
Ald FFolgta S A P F3] BofR FHEES St A = 2
FAZ BHRIAAL EFolgtal SHIIA 4 3 £33 Fofz FAAHRE o]Q]o] Fof SHI AF
59 7, o BAFAY ANFIAE BHRIAE FF o]9]9 3 SHIMA HA P 1 &
oFZ FAARSE SHI ARESY 4, 283 de FFAY AFHAE BHRIAAL &5 oY 7
o SHetl HA A FX HofR FAHHE o9 £33 SHIS AAREY £E vttt o] &
oA Hi vie} Zo] BE APl Sssv SEEY Aste] =W, 34 Srr < Ssm, Srr < Ssusa,
Spus2 < Ssm, Suam < Spupi, Spup2 < Spupi, 1B < Srr < Ssuol 4HET o
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919) 9ol Table 23014 AAIE Hhel 2ol el 714 22 we} tla BA} Gebs AL @
49tk 0% & H TAHCR Foprs] 915 WA SpanF Sra WTIARH [X1: XTIH B
Hhsh el d < b+ col® Suan < Sprel APHIL d > b+ colW [X3: XS i s} ol

Stram > Srrol AHTS & 5 Ark. =3 (Va+Vd)? <2d9) [X4: X5] Aol Spust < Srr7t
3, (Va+Vd)? >2d9) [X1: X8]9] B0l Spup1 > Srr7t Atk

olg} Zro] AR AAE Bl &Rl dols A7 QLB R Park (2011)04 2} o] o 71A] &
AAE AZE o] 83t F U FAFLE 9 A NEE 13 FAM SEEY da IAE A
B Aol Ba3itt olF 3l WA FF X Yol tfdt 39 X W= d=n(X =0, Y =0) ¥
3lof| whet oy 71 A SEES W3 P AT R 7] 913 Table 3.2& 83117} sith

Table 3.2 Simulation data(1)

Y
I g Total
1 20+d 30—d 50
0 50—-d d 50
Total 70 30 100

Table 3.20]4] H&= npe}
Y«] tﬂ-/\g HI=E 70

- Bo
A = o= WA= 0 <

Zo ERAA 5 1007, 5 X9 YARNEE 509, 2183 §
2 St 5 A% X9 V| 59 dA NEE d¥eE sgley, a7t
d < 300|tk. o] &E o]83to] do| Wl we} o

4 Table 3.33} Zt} o] oA a =

=nX=1,Y =0), 38|12 c=n(X =0, Y = 1oJt}. o] BN a=n(X =1, Y = 1),
=n(X=1,Y=0), 282 c=n(X =0, Y =1)°|t}

|
=

= e
I

\.P—‘

~

=

ol
Ho
>
>
oX,
%
bt
il
ftlo
2
23
o

S o

Table 3.3 Comparison of similarity measures by simulation data(1)

a b c d Spmam  SBuB2 SrT SrR Ssm  Spup1  Ssss
30 20 40 10 -0.200 -0.118 0.250 0.300 0.400 0.441 0.571
31 19 39 11 -0.160 -0.079 0.266 0.310 0.420 0.460 0.592
32 18 38 12 -0.120 -0.041 0.282 0.320 0.440 0.480 0.611
33 17 37 13 -0.080 -0.003 0.299 0.330 0.460 0.499 0.630
34 16 36 14 -0.040 0.035 0.316 0.340 0.480 0.518 0.649
35 15 35 15 0.000 0.073 0.333 0.350 0.500 0.537 0.667
36 14 34 16 0.040 0.111 0.351 0.360 0.520 0.556 0.684
37 13 33 17 0.080 0.149 0.370 0.370 0.540 0.574 0.701
38 12 32 18 0.120 0.186 0.389 0.380 0.560 0.593 0.718
39 11 31 19 0.160 0.224 0.408 0.390 0.580 0.612 0.734
40 10 30 20 0.200 0.261 0.429 0.400 0.600 0.631 0.750

41 9 29 21 0.240 0.299 0.449 0.410 0.620 0.649 0.765
42 8 28 22 0.280 0.336 0.471  0.420 0.640 0.668 0.780
43 7 27 23 0.320 0.373 0.493 0.430 0.660 0.686 0.795
44 6 26 24 0.360 0.410 0.515 0.440 0.680 0.705 0.810
45 5 25 25 0.400 0.447 0.538  0.450  0.700 0.724 0.824
46 4 24 26 0.440 0.484 0.563 0.460 0.720 0.742 0.837
47 3 23 27 0.480 0.521 0.587 0.470  0.740 0.761 0.851
48 2 22 28 0.520 0.558 0.613 0.480 0.760 0.779 0.864
49 1 21 29 0.560 0.595 0.639  0.490 0.780 0.798 0.876
50 0 20 30 0.600 0.632 0.667  0.500  0.800 0.816 0.889

of FoA Hi viSt 2ol ash de) gle] F7HRCl wet B =B sk RE RAY EEE
o) F745he Ao ekt Ssst MY A UehbA RE SEEe) 43l I, Spr < Ssur,
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Srr < SpuBi, SeuB2 < Ssum, Smam < Spupi, Ssus2 < Spupi, LB Spam < Srr < Ssu¥
AT AAHTES & 5 Ak E3 o] FolM= FF d<a°lBE Spam < Spup2® Ssu < Spup1Y
A AEety. 53] Spamd Spup2?l A 2UiRe 27171 a8t do] 7)) o) tja
A7F AR ol9e] SR EC A 27 el tia FAZE 9 7] FElR YERgTE o]
£ & 9 #AF2E FAstr] Hdl WA Spam Srre HHHEE d < b+ co] HE (a = 47,
b=3,¢c=23 d=27)9 BAL7AE Suwan < Srrel HAL I ool F557} w7l At
SrrI Srrd] FAE AHEE a(b+c¢) > ndo] HE (a =37, 0=13, c =33, d = 17)9] FL7}
A= Spr > Sgrrol AYE, 1 oslelAE Spr < Srr7t Bt BE A2 Vad < b+ c+d,
(Va+Vd)? < 2d, 283 b+c+d+Vad < n(b+ c)o]BE o] B 4 Spyp: < Srr,
Spup1 < Srr, 183 Sy < Srr7t /4 AL

o= F FE7H] BEYXNIE b 7Y W3l uel AT wIlele S Iebstr]
Park (2013)0]42} Zo] Table 3.4%} 22 B&RE o] &3l A} st} o] ZolA b7 HE 5 = 4
4 3] W\ 0 < b <300t}

Table 3.4 Simulation data(2)

1 Y ) Total

1 30-0b b 30

0 b4+20 50-0 70
Total 50 50 100

o] ERRE BYANE bte] Wajo] M2 FA SESS A4SE T4 Table 3,59 2L AE

Table 3.5 Comparison of similarity measures by simulation data(2)

a b c d Srr  SBuB2 SHAM SrT SpuB1  Sswm Sss
25 5 25 45 0.250 0.322 0.400 0.538 0.661 0.700 0.824
24 6 26 44 0.240 0.277 0.360 0.515 0.638 0.680 0.810
23 7 27 43 0.230 0.231 0.320 0.493 0.616 0.660 0.795
22 8 28 42 0.220 0.185 0.280 0.471 0.593 0.640 0.780
21 9 29 41 0.210 0.140 0.240 0.449 0.570 0.620 0.765
20 10 30 40 0.200 0.094 0.200 0.429 0.547 0.600 0.750
19 11 31 39 0.190 0.048 0.160 0.408 0.524 0.580 0.734
18 12 32 38 0.180 0.002 0.120 0.389 0.501 0.560 0.718
17 13 33 37 0.170 -0.045 0.080 0.370 0.478 0.540 0.701
16 14 34 36 0.160 -0.091 0.040 0.351 0.455 0.520 0.684
15 15 35 35 0.150 -0.137 0.000 0.333 0.431 0.500 0.667
14 16 36 34 0.140 -0.184 -0.040 0.316 0.408 0.480 0.649
13 17 37 33 0.130 -0.231 -0.080 0.299 0.384 0.460 0.630
12 18 38 32 0.120 -0.279 -0.120 0.282 0.361 0.440 0.611

19 39 31 0.110 -0.326 -0.160 0.266 0.337 0.420  0.592
20 40 30 0.100 -0.374 -0.200 0.250 0.313 0.400 0.571
21 41 29  0.090 -0.423 -0.240 0.235 0.289 0.380  0.551
22 42 28 0.080 -0.472 -0.280 0.220 0.264 0.360  0.529
23 43 27  0.070 -0.522 -0.320 0.205 0.239 0.340  0.507
44 26 0.060 -0.572 -0.360 0.190 0.214 0.320 0.485
25 45 25 0.050 -0.625 -0.400 0.176 0.188 0.300  0.462
26 46 24  0.040 -0.678 -0.440 0.163 0.161 0.280  0.438
27 47 23 0.030 -0.735 -0.480 0.149 0.133 0.260  0.413
28 48 22 0.020 -0.796 -0.520 0.136 0.102 0.240  0.387
29 49 21  0.010 -0.866 -0.560 0.124 0.067 0.220 0.361
30 50 20  0.000 -1.000 -0.600 0.111 0.000 0.200  0.333

=
oORNWR OO N®O SO
N
=
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o] Fo|A Hi vl o] EYARIE b7t 71 uet BE FA SEEC] gadsts Ao U
Ebytth. Table 3.337 ulHIRZ2 o] BAAE Sss= BE SEE9] AStgo] F e, Sgr < Ssu,
Srr < Spusi, Seus2 < Ssm, Suam < Spupi, Spus2 < Spupi, LB Syam < Srr < Ssm 2
2 UEpgth =3 o] ZeAMEe BE AMEAA o < dOJBR Spuse < Swam® Ssust < Ssmé
A7 AFsts X Vad < b+ ¢+ dol HEE Spyps < Srr7t W, a(b + ¢) < ndo|BE
Srr < Srro] BT 0199 SEE teliAe ta dAZE 2400 wet o8 7HA] FElE Vet
th o] & o FAIF R &3] Y WA Spam T Srre HIAHEH b+ ¢ < do] HE (a = 20,
b =10, ¢ = 30, d = 40)9] AL7IA & Srr < Swam©] HIAL 1 0|l £F59 WaFo] uiHch
Spup1d Srrd FAE AHEA (Va+ Vd)? > 2do] HE (a=5,b=25 c=45 d =259 A
7 A= Srr < Spupi©l HAL b7 26 Bt W R557F 92 HAv) Spupet SrrY A-le
(a=23,b="7,¢=27,d=143)9 BLNAE=b+c+d+Vad <nb+c)7t Dol Srr < Spup2°] &
I, b+c+d+Vad <n(b+c)olH Spyps < Srrol BT}

4. A2
B =RoAE gutdoz ol 851 It 59 ¥A WI=E 1#s 552 Russeld} Rao S&
Srr, Sokal®} Michener®] e A=% Sons, Rogers} Tammoto =% Sgr, Sokal?} Sneath &%
Sss, Hamann &% Syan, 12|31 Baroni-Urbani®} Buser &% Spyp1 ¥ Spus: S° tia ta
HAE THTLEN o9 4 H sdE AAs= 'cxﬂa aHEHTt. 1 A, Sssv 2 =2l
A A B AV SR Aol 22 ¢ 5 AR, @4 Spam < Ser < Ssu < Sss,

Srr < Ssm, Spup2 < Ssm, Suam < Spusi, Ssup2 < Spupi, Srr < Spup1°] A= AMIS &
ot E3 o 7K 2o wE E=E 7k FAE AHENET, d < a°l¥ Ssm < Spus1
Stam < Spup27F 3 H3IL™, d < b+col®d Spam < SrrZFH A, a(b+c) < nd°)d Sgr < Srr,
Vad < b+c+dold Spup2 < Srr, (Va f) < 2d°)¥ Spupi < Srr, 183 b+c+d+Vad <

n(b+ c)°1¥ Spupz < Srr¢| Hths AMLE F212] SHET ol e} AA diolE Y oA do]H
o SJshAE Helsheltt

References

Cheong, D. and Oh, K. J. (2014). Using cluster analysis and genetic algorithm to develop portfolio in-
vestment strategy based on investor information. Journal of the Korean Data € Information Science
Society, 25, 107-117.

Choi, S. S., Cha, S. H. and Tappert, C. (2010). A survey of binary similarity and distance measures.
Journal on Systemics, Cybernetics and Informatics, 8, 43-48.

Jang, H., Kim, K. K. and Kang, C. (2014). Comparison of clustering methods for categorical data. Journal
of the Korean Data Analysis Society, 16, 2439-2445.

Jeong, K. M. (2005). A note on Bayesian information criterion in model-based clustering. Journal of the
Korean Data Analysis Society, 7, 1517-1529.

Kim, D. (2009). On the Silhouette plot in cluster analysis. Journal of the Korean Data Analysis Society,
11, 2955-2964.

Kim, M., Jeon, J., Woo, K. and Kim, M. (2010). A new similarity measure for categorical attribute-based
clustering. Journal of Korean Institute of Information Scientists and Engineers : Databases, 37,
71-81.

Lee, K. A. and Kim, J. H. (2011). Comparison of clustering with yeast microarray gene expression data.
Journal of the Korean Data & Information Science Society. 22, T41-753.

Lim, J. S. and Lim, D. H. (2012). Comparison of clustering methods of microarray gene expression data.
Journal of the Korean Data & Information Science Society, 23, 39-51.



98 Hee Chang Park

Meyer A. (2002) Comparison of similarity coefficients used in cluster analysis with dominant markers data,
MSc Thesis, Universidade de Sao Paulo, Piracicaba.

Oh, S. M., Song, J. M. and Kim, C. S. (2012). Clustering analysis using the influence of attributes in
categorical data analysis. Journal of the Korean Institute of Information Scientists and Engineers,

18, 790-793.
Park, H. C. (2009). An introduction to statistical database, Changwon National University Press, Chang-
won.

Park, H. C. (2011). Association rule thresholds of similarity measures considering negative co-occurrence
frequencies. Journal of the Korean Data & Information Science Society, 22, 1113-1122.

Park, H. C. (2012). Exploration of PIM based similarity measures as association rule thresholds. Journal
of the Korean Data € Information Science Society, 23, 1127-1135.

Park, H. C. (2013). Proposition of causal association rule thresholds. Journal of the Korean Data &
Information Science Society, 24, 1189-1197.

Park, H. J. and Kim, J. T. (2013). Classification of universities in Daegu-Gyungpook by support vector
cluster analysis. Journal of the Korean Data & Information Science Society. 24, 783-791.

Ryu, J. Y. and Park, H. C. (2013). A study on Jaccard dissimilarity measures for negative association rule
generation. Journal of the Korean Data Analysis Society, 15, 3111-3121.

Warrens, M. J. (2008). Bounds of resemblance measures for binary (presence/absence) variables. Journal
of Classification, 25, 195-208.

Woo, S. Y., Lee, J. W. and Jhun, M. (2014). Microarray data analysis using relative hierarchical clustering.
Journal of the Korean Data & Information Science Society, 25, 999-1009.

Yeo, I. K. (2011). Clustering analysis of Korea’s meteorological data. Journal of the Korean Data &
Information Science Society. 22, 941-949.



Journal of the Korean Data & http://dx.doi.org/10.7465/jkdi.2015.26.1.89
Information Science Society s o] 6] B 783 7]
2015, 26(1), 89-99

A study on the ordering of similarity

measures with negative matches

Hee Chang Park!

!Department of Statistics, Changwon National University

Received 26 November 2014, revised 18 December 2014, accepted 26 December 20140

Abstract

The World Economic Forum and the Korean Ministry of Knowledge Economy have
selected big data as one of the top 10 in core information technology. The key of big data
is to analyze effectively the properties that do have data. Clustering analysis method of
big data techniques is a method of assigning a set of objects into the clusters so that the
objects in the same cluster are more similar to each other clusters. Similarity measures
being used in the cluster analysis may be classified into various types depending on
the nature of the data. In this paper, we studied upper and lower bounds for binary
similarity measures with negative matches such as Russel and Rao measure, simple
matching measure by Sokal and Michener, Rogers and Tanimoto measure, Sokal and
Sneath measure, Hamann measure, and Baroni-Urbani and Buser mesures I, II. And
the comparative studies with these measures were shown by real data and simulated

experiment.

Keywords: Big data, cluster analysis, co-occurrence frequency, negative matches, sim-

ilarity measures.
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