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VUSe HUM #4315 o] &3 AJ g+ 24573

TEAL AXE?. HE 23
1259 F 3o &k %ﬂlw
d

A4 201549 89 3¢, =74 2015

& o
= ool $FRYE Hu] 47 axols) g

ROC & FA3he g o] 230] W
A Ba3 2~FolE NI, AP 2~ = 4

WS ARESith o3 AUC HIWHog 33t 2309 Ag F4F2 A 2ER
2709 B9 Avrbss 2R HRT R8T ZAA o] o Azl
2 34 AFE Atk 2 AFAE tiEEE R d4FA 3E 9 o5 43
AUC HIWHS #7438 VUSeE HUM HIHH S Algteit)t. 923842+ 23, complementary
log-loge} 23& Wst 4 A FF9 281 thddt ERFY £2A Ffol tistols R
FL AN 2 =RoAs tadE shd Aol tisted VUSS HUM A4 s AUC H2
W A chdet A2l I‘HBM 2A2ERY FAPYRTG FEAY O U BaR
AFE Holx S FAarh

1. A2

ol

ROC (receiver operating characteristic) =412 2]tz oL} Al LH 7oA By 2] A5 (perfor-
mance) & BASHE §88 249 BHolth ROC UL 289l ARFED LEFES] WHE A
ZH oz tehl7] SN ol &5l0] $ov] 55 AT} Holsh 2ol Al BF AdhAE A
Aeslofsh o) wulelo] tlak AZbA el WHow SE ik (Egan, 1975 Swets, 1985; Swets

Ae

5, 2000; Sobehart2} Keenan, 2001; Engelmann 5, 2003). ROC FA12] EAJof 3t Ay} 3-89
#HAE FH = Fawcett (2003), Provoste} Fawcett (2001), Hong¥} Choi (2009), Hong 5 (2010) il A]
AL 4= Tt

A e AEW7F ZEN ERE AT BENS X T A7) Waeh S ERE cziY
9 o]F A eI} 2ol Y = {0, 1} Jehd £ ek o] wje] Yo 94 02 bt 252 3
38 (good, non-default), 12 F =4 E] (bad, default)Z Aol 4= 9Jom WZE (sensitivity) 2}
1-Eo]% (1-specificity)= 217 23} 22 EEF Fo| 3t}

sens(c) = P(X > Y =1),
1 —spec(c) = P(X > c|Y =0).

T I AAAE: (110-745) ALEEA 227 AFHE 25-2, A7 AN Sw EA T, a5,
E-mail: cshong@skku.ac.kr
(110 745) NSEWA F2T AFAE 252, A7 AN n BA T, ek
3 (110-745) HEEHA 22T AFHE 252, A7 B st %741?14 o
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of thgk ROC H42 7hsd BE B7A coll i 1a=s} 1-5o|29] e s that

ROC(c) = {(1 — spec(c), sens(c)), ¢ € (—o0,00)}. (1.1)

ROC 349 F7p7|% S5 ROC 3419 oo WAE A4kt AUC (the area under the ROC
curve)E ARESITE AUC 32 0.59F 1Aolol &3k 1o 7p7ke45 BREHP| thet Sdge] =
ohal & 4= Qlth. Hosmer (2000)2} Josephe (2005)= AUC 3te] 37|12 B89 b s 7|

o]
(¢}
kel
(¢}
o
™
S
rlo

—‘—-4 g 7o) 230 WgR o]RofX EREFNA ol Ao MeEe] HF 2
~70] 42 Ffste] ettt A8 A7 (linear score)S ThEI} Zro] A<
=3

%/\é A& (invariance property)2 7|WFo g AHo| glow g, = 12 A
o},
Lp(X) = X1+ BoXo+ -+ 5p X,
XieYy=19i= MY AFF o)A, XF e Y =09 j=1,...,n° 709 ApF ) 5E Ao g

chA e A9 éioﬁ% ol-§sto] WAL} 1-50|5E that o] Aofste] ROC =& 4 (1.1)3%

Pepe (2003)= 2|23 2F0] (risk score) & Aq ~Foje] g7 )23 o] Ao,

P(Y =1|1X) = g(Ls(X)), (1.2

~

S g()7F ©2E7d o, vlo]wk-g]oj<= 7] (Neyman - Pearson lemma)2} ROC 412 A%
o 95te] 7179 La(X) > c oA HZF2] ROC F4& 7HAtks AL Bk é ( ) >c
o2 o My ~Fo] shHT) e ROC FA4E 71T I8la AUC SAIRS
3] AUCE ATsiale 68 243900 of wle] BA4e A8E AUC SAZL
0] A& Mann-Whitney 57 %37} 553t} (Bamber, 1975).

><

SRS [

AVC®) = 55 ZZ {I[Lo(X]) > Lo(XD)) + 0.5I[Ly(X)) = Lo(XD)]}, (1.3)

ARS BAYSE o] B4 pT 345

FfF

WPES 4 (L4)SH 23 o] WHE AUC A

BAVC = argmaxA/U\C’(b). (1.4)

=42 B MRC (maximum rank correlation) FA 2] W3 F9o|u (Han, 1987), FHol%
o] w4yl 480 Yulksl MR Jlo A XA F2AHd (asymptotic normality)<
747t} (Sherman, 1993). Pepe S (2005)& AUC Aad¥o] 2Aeke] £& AL 427} 2AAE
ol BA Sk QA ARoINE s A~ RGeS FHuct SHAAY © FL Aol
2hal FSHITE Kraus (2014)= 2A2E 7Rl 3H4] ke A%< 23 (logit), 224l (probit),
complementary log-log 52| tHAl 71x] AZAT 4 g(1) 5L 0]-&3te] A S 73511 Blw B2
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2 ATolME F A HFER ERH] v FRED AR AFA A THA] o) HFE R
ol Je e . A 837 Al ROC 542 F 7HA M5l = S22 34
<= Rt 2y WEye YeERiARE Al 7HA] B B, AF, Rl tiste] F2 1 ol ¥
Foll tisto] o] AdYS FAst=20] ATHEE Al 714 o)/Fe] WFolA A3 By wdgs
AN 7lE BeFAol #e A+ ot

2 =% 280 E ERAATE 3 ol BERA R¥S 7HEsta, Al HF EFolAel ROC =
W (surface) 3} vl 714 o] 4] thdgs BfFolAe] ROC thi Al (manifold) 28] AUC SA ol

t-8-3= VUS (the volum under the ROC surface)2} HUM (the hyper-volume under the ROC
manifold) & AWt 24E FA6H] 9% %Z—iﬂ—?i VUSe HUM $AFS 4733t 3-8oA+=
Kraus (2014)9] AUC A S 0|23 A7 wyS &4sto] VUSS HUM SA#S o]R3 VUSS
HUM HZWHe Adstal o2 o]&3to] 42 l?—’“ FATI 718 2ALEYRYY By FA G
AIE FAGE v 4o A B Aol A AldeE HI e ol8ske] & Aol diste] et
< st FF A7FAlol el E&dtt

2. VUSS} HUMS o] &8 m5x3

Yol N ATE F b WEE Eshe 49o] ROC FAT AUC AT A5t i 2y
AN AT Al 7 WEE BESHE 9ol ROC ZHo) et VUS SAZ ol 7 o)) 25
A7e A B9l Hate] 22 ROC chelalol] thet HUM S-S Aelsisia, olo] ojat wha

o] 7]EE0] A=At} (Scurfield, 1996; Mossmann, 1999; Dreiseitl 5, 2000; Heckerling, 2001;

Fawcett, 2003; Nakas®} Yiannoutsos, 2004; Patel®} Markey, 2005; Zou %5, 2007; Li2} Fine, 2008;

Wandishin¥} Mullen, 2009; Nakas %, 2010; Hong 5, 2013; Hong¥} Jung, 2014; Hong¥} Cho, 2015).
RFAFA}L 3 o] AL Y = {1,2,3,4}0] tiste] AWus X! X7, X}, X'e A4 i =

L...,nt, j=1,...,n% k=1,...,n% 1 = 1,....,n*71 (82 A3, 9

1, Y=2 Y =3 Y =42 A 4 (1.2)& st 4] (21)% 22 74 2y zdsith

PYi = 11X;) = g(XM +BaXa+ o+ BpXp) = g(La(X))),
P(Y; = 2|X;) = g(X 1] + B X3+ + BpXy) = a(Ls(X])), @.1)
P(Y; = 3|Xx) = g(Xi) + B2 Xop + -+ @)Xsk) = g(Lp(X¥)),
P(Y; = 4]X;) = g(X1, + B X gy + - +ﬂprﬂ) = g(Ls(X1))

AUC AN 492 S45te] VUSS HUM SAZL thest 2ol 3ol gk,

VUS(8) = P(Ls(X}) > Ls(X7) > Lp(X3)),
HUM(B) = P(Ls(X}) > La(X}) > La(X{) > La(X}).



1308 Chong Sun Hong - Chi Hwan Won - Dong Gil Jeong
VUSS HUMO.2 4ol8 BA34S 4 (1.6)2 343k 27 4 (2.2)9 4] (2.3)0.2 443k,

VUS(b - ns ZZ ) > Ly(X7) > Ly(X3)] (2.2)

i=1 j=1k=
ILy(X}) = Ly(X}) > Lo(3)]
+ SI[Lo(XE) > Lo(X2) = Ly(X})]

+ S I[Ly(X]) = Lo(X3) = Ly(XP)]},

.-M»—*M\»—‘I\DM—‘

1 2 3 4

/\ 1 n n n n
HUM(b) = —— > > {ILy(X)) > Lo(X]) > Lo(X3) > Lo(X7)] (2.3)
i=1j

=1 k=1 =1
I[Ly(X7) = Lo(X3) > Ly(XE) > Ly(X))]
+ S ILo(X]) > Ly(X]) = Ly(X3) > Lo(X1)]
+ S ILo(X7) > Lo(X]) > Ly(X3) = Lo(X})]
+ L Lo(X]) = Lo(X]) > Ly(X3) = Lo(X})]

+ S I[Ly(X}) = Lo(X7) = Lo(X}) > Lo(X})]

+
OO\HOOM—‘»&M—‘[\DM—‘MM—‘[\')\H

I[Lo(X]) > Ly(X5) = Ly(X7) = Lo(X))]

TSTIL(X]) = Lo(X3) = La(X}) = Lo(X{)]}
VUSS HUMo) 267l 51918 dlel m58 258 ook 22 4 24)% 4 (25)9) $42 242
VUSSl HUM A2 ol2} sic,

BYYs = argmaxV/U\S(b), (2.4)

pruM — argmaxm(b). (2.5)

B o Zoj A= Pepe (2003)2} Pepe 5 (2005)2] AUC H2HHHS VUSS HUM Hawylog 33

sto] Beg 2% B4 4 (2.2)9) 4] (2.3)0] o]4atdo]2 & Cavanagh$} Sherman (1998)°]
AL3 NME#ZE (Nelders Mead, 1965)S AH&-3hch.

3. RoAd

VUSeF HUM H2uh o) thall EeA4S A7) 915k $4 AUC oo s dol
BA~ERY S o] &% HAhrbe s FAF thet HlaE R AAT Kraus (2014)9]
th AuRee e 22 B4 2tz 100709 AR E A gt

=

=
o
=

do oX,

o &

2 F4%
He g

0 1 0 0
X1, X2, X3~ MVN 0j,{0 1 0
0 0 0 1
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27] B f=(1,05,03)02 4Aste] t = XTHE Ak, 4 (3.1)37 L& Al TR A2ASE
ol-g3to] (1) 4Bk
) = _ —o0<t< o0
=1y exp(—t)’ ’

g2(t) = 1 — exp(—exp(t)), — 00 < t< oo, (3.1)

1/(1+ exp(=t)), t<0,
1/(1 + exp(—8t)), t>0.

Yo MR 03 1 F A A ), S59EY AATR g5(1) & ¢ <
1> 09 G e 12 S GHE 03 15 FaE S} el 59 ‘HFE%‘” e oﬂ
Agro] et B 4 ok

WA VUSE o] &3 Aoz F 253 a 8 47 N(0.3,0.1°
T, < adlBY =1, e < g(t) < 20l® Y =2, T2 ¢ < glt ¢
2 QAR 2A2YRYL o83 ArlZbs® FAWRES ML Poleh 3, ML el Be &
% Ao} VUS Haubfe] 54 24 272 Table 3.10] A28t

Table 3.1 Coefficients and VUS for ML method and VUS approach (o = 0.1)

gs(t) =

Link BYE BT ByUS ByUS vos' "~ vus
gi(t)  0.5226(0.1159) 0.3064(0.1040)  0.5278(0.1024)  0.3021(0.0822)  0.8779  0.8847
g2(t)  0.5140(0.1384)  0.3177(0.1317)  0.5065(0.0808)  0.3033(0.0763)  0.9020  0.9160
gs(t)  0.5205(0.1331)  0.3133(0.1006)  0.5059(0.0824)  0.2987(0.0737)  0.8891  0.9016

0.53 0.34 0.95

052 X,
\»\ 0 0.80
SN N 075
2 s RSN 2 oo )k~\ P g
Q ) ~O o 0.9 < 2
o SN o e )
g AL N
\.
0.3 ~x 0.65
0.50 0.60
0.29
0.55
0.48 0.28 0.50
L method vus L method vus ML method wus
—8—gtl —o—gi2 —X--gt3 ——gtl —O—gt2 —x--gt3 —8—gtl —O—gt2 —*--gt3

Figure 3.1 Coefficients and VUS for ML method and VUS approach (o = 0.1)

Table 3.1¢ Ztz} ML ®H 3} VUS A2HPH 9] 1,0009] whE °ﬂ et =4 FFS Ik &
FAAE S <] o vehdlch WA AZTTE ¢1(1)A B9 ML e ReFAARE
BMEs} pMLel e 247k 0.52263F 0.30640]w, VUS Haw 91 Aztz pYUSH} pyUSel o
z+z} 0. 5278»} 0302102 F by 2% Qo] 24 059 0.300 7MAA A= AL & 5 Uk
AZGS go(t)ll thste] ML o] A3kl w2 27 0.5140, 0.3177¢]31, VUS H2WHe 4
+ 7474 0.50659} 0.3033°2.& Elgch =3 AATFTL g3(t)d B ML o] 24310 272
0.5205%} 0.3130°] %32, VUS A9 4% 27 0.5059, 0.29872 Uebgth. 919 Zxg 53] o

O
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o

A7} g2(4) 9 gs(t) L wl, ML g2 2kzke] 99| (bias)& B3 VUS H2WHe Al 208 &

o A& 248 AL ¢ 5 Aok

AZAGLT} g1 (1)Q AS BMED Mo BZHx }: 747} 0.1159, 0.10400.% BYUS3) BYUSel m&
X

l‘U

RELEE= S =4
A2k 0.1024, 0.0822%tF 2 & HYck the 7 A2 o] A9 ML ] 489 25394
7 VUS A2y 3439 2dxic & 2798 Boleng A dd3ks B5e) Aol VUS A
e BeEAo] 83 AHE Hole 2AS 7o 4 9tk

&7/ (performance)7]&ollA] VUS HIwhies 3 VUS —%xégk/] q7 VUS b 72
0.8847, 0.9160, 0.9016°.2 ML W¥o2 73 VUS 247e] 37 VUS  wr} 242re] A%
tsto] 25 2 32 7HTh

Figure 3.12 9]9] Table 3.19] 27}= g Ao=7 &
A Ao s veht i Odé?: 7t g2(t), ga(t)Q! A-F-oll ML el v <]
o] Baoll ZHA T@Q AL oot 4 vk ke A9 B By = 0.37F FrAdoer mdF ¢
I A AZ B Aol VUS el F4gkel 248 2 4%k ZAes U
o 2EE I¥e F @L Wog VUSY Bk vehd 21e® VUS J2U e gho] 2
2 o= o] k.

Table 3.2 Coefficients and VUS for ML method and VUS approach (o = 0.2)

Link BYE BT ByUS ByUS vos' "~ vus
g1(t) 0.5193(0.1627)  0.3316(0.1481)  0.5097(0.1510)  0.3335(0.1557)  0.6601 0.6693
g2(t)  0.5245(0.1672)  0.3119(0.1542)  0.5236(0.1408)  0.3002(0.1185)  0.7256 0.7390
g3(t)  0.5249(0.1418)  0.3138(0.1522)  0.5199(0.1046)  0.3089(0.1256)  0.7242 0.7389
e — S — 8
5 0.51 \ Z 031 :"::-::_f_"“rh., 3 R gt
R"‘x\ -—

Figure 3.2 Coefficients and VUS for ML method and VUS approach (o = 0.2)

Table 3.2= 257 ¢, 0 B4 B2Hae] 372 = w2 27447 N(0.3,0.22)F N(0.7,
)4 AT T FAFE 78 Aolh. ARSI ou()A AP F Puel e RS 2

ﬂl Aol7k Yootk AARETF 2(1), g5(1) A A ML HPEHTH VUS Gl £l Boghel
055 0.30) A FRsHE 2AE Bk 2R BA G4 AZREA a9 pE
Aol7h X YA T F QD Fel skl VUS Auel 2Age] BERA
Aol BERART A s e FHARE BATh ERA o, oREe] E2HAL AX
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4] Table 3.19] Ao} wlawste] £Ag A= AX = A& <

VUS F2Ho 2 ALME VUSE ML W o2 ALbe VUSHTH
Azhe} vlwstel A VUSTF Zoll Ao ol BRI Bt AXWA
FHE T} Golz Aoz ebAET)

Figure 3.29] f,9} 839 F4%S Ao, VUS Hwwo] 2 0.59F 0.3 ML ¢34 E%??}ﬂ
U 2ol 298 F43S Vel 2 shele £ glok Figure 3,13} ulwste] Lol F
T 7 A%t 9ol YA 2Agke] Aaks 2o Figure 3.2004% 2 O_ﬂé?}?ﬂm =74

7 Hx7E AR= AEFS Aok Figure 3.29] VUS A A H A, 99 Figure 3.13} v w35}
o AAH ez VUS| Fghe] Fobg At o ds] VUS Hawbeo]l ML i Ee 2 g Eait

td

Table 3.3 Coefficients and HUM for ML method and HUM approach (o = 0.1)

Link ML ML BHUM BHUM aum T mumT
3 :
g1(t) 0.5256(0.1266) 0.3275(0.1090) 0.5105(0.0823) 0.3154(0.0765) 0.7206 0.7416
g2(t) 0.5238(0.1355) 0.3121(0.1322) 0.5035(0.0644) 0.3003(0.0587) 0.7458 0.7887
g3(t) 0.5125(0.1244) 0.3144(0.1259) 0.5099(0.0504) 0.3011(0.0621) 0.6978 0.7607
0.53 0.34 0.05

] 3 RS = 2 o= 52
g 051 2 001 e 35 PO
] ~.
° < S T oo e T
N~
Bl
S
0.30 = 065
0.50
e 0.60
0.29
0.55
0.49 0.28 0.50
ML method HuM ML method HUM M, method HUM
—o—gt] —O—gt2 —x--gt3 —o—gtl —O—gt2 —*--gt3 —8—gtl —0—gt2 —*--gt3

Figure 3.3 Coefficients and HUM for ML method and HUM approach (o = 0.1)

Table 3.37} Table 3.4= HUM FIHWHS 0] 83 Rojade] Ayta oke] VUS HHbHe] moja
Ay 2o B2 XEF} BEA ¢, e 28T 35 27 N(0.25,0.1%), N(0.5,0.12), N(0.75,0.1%)0]
A At tAl 4zt AATFE 0|83tk g(t) <aoldY =16 < g(t) < ol Y =
c2 < g(t) <c3o)lBY =3, A8 ez < g(t)o]A Y =48 A3t Z A4 48 ML 3 HUM
Ao o g Z2A3E A 7S Ve

AATT) g1 (1) 9 A BME, BMLol FFe ML uhye 24zkel Ao z+z 0.5256, 0.3275%)
3, HUM H29Re 24739 39 Z+7F 0.5105, 0.31548 HUM Z,j ubH o] =A7ro] Hels} =
L Ao 7 yYelygtt AZTFI} go(t), g3(t)Q AFE HUM FHI2Wwe] B4 Aol 2R ERY
Ao EC AR Bkl 7k FA4E s A0 2 vEigth VUS J2E A g a2
7t 240 ofd Ao §3] HUM FIWH ol £2 54 A9E HolFE 2108 YEyTh 28
A =l A ztzhe] A Avt<ol thte] ML MLl mxH 7t zhzt 0.1266, 0.1355, 0.1244 121
0.1090, 0.1322, 0.1259. 0.7 BHUM 51 BHUM o] 3 =31 2} (.0823, 0.0644, 0.0504 18] 1 0.0765, 0.0587,
0.0621 2.t} & & Ho] HUM F2WH o] £ 282 vehirh
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— —— ML
aum""M o aso) 0.7416, 0.7887, 0760702 ML Hbde] HUM — Hr} 2 e Holx 2L
stk 2u MF Y = 474 @ /N7 sojuhEA] ARbA QI HUMe] ZopAl= Zlo=z Hol #7743

o] Golx]= ATFS H T}
Figure 3. 3°ﬂ/ﬂ B2} B30l FARZTE AFEA Al A4 27 Aol s ML -2 HUM
Z Bol- =z

R = S
SPHED Z4E I FAse AFe Ho] HUM Hwgwol defe] 24 059 0.3& & F3staL
S AL TISIE 4 2o} HUM 24gre 2yl HUM 429 2889l HUMe) 458 A8
shla 5+ 9.
Table 3.4 Coefficients and HUM for ML method and HUM approach (o = 0.2)
Link Eé”L Eé”L E2HUM B\fUM gum™t HumToM
g1(t)  0.5231(0.1549)  0.3225(0.1566)  0.5225(0.1139)  0.3155(0.1192) 0.5462 0.5671
g2(t)  0.5257(0.1768)  0.3149(0.1811)  0.5131(0.0952)  0.2956(0.1022) 0.5841 0.6284
g3(t)  0.5112(0.1646)  0.3063(0.1419)  0.4985(0.0907)  0.2887(0.0642) 0.5376 0.5808
0.53 0.34 0.95
N 0.90
o—lv—_. 0.38
052 Ng, 0.85
N 0.32 0.80
S o
» B 0.75
§ 0811 N g oa \\\ 3
“ PN 0.70
~ 0.30 S 0
‘\‘ 30 ~. \\ 65 .
0.50 S \‘\\ ° 0.60 e il
0.29 ~ - s
* 0.55 F——”‘””’
0.49 0.28 | 0.50
M method HUM ML method HUM L method HUM
—&—qgtl —o—qt2 —%--qt3 ——gtl —o—gt2 —X--qt3 —e—qt] —&—gt2 —X--qt3
Figure 3.4 Coefficients and HUM for ML method and HUM approach (o = 0.2)
Table 3.4 B53 ci, c2, 39 XA FFA7F F el 22k N(0.25,0.2%), N(0.5,0.22),

N(0.75,0.2%) E2Zol|A A4 5 A% A2 VUSY Ae} vlaiAl Ad4TE7) gi(1)Q A9 F
el 2] B Aelt a4 kot ABRETE gx(t), gs(1) Aol HUM H29 el 243
BHUM o) s370] 0.5131, 0.49850]1 BHUM o] s3gFo] 0.2956, 0.2887.0.8 ML HpHe] 2Azkel gML
Bt ET My R8s F A0 ﬁ 2= veptth

zbzko]l AATIo| Ylste] BHUM gL BHUM o] mz=wx}7} 0.1139, 0.0952, 0.0907 18|31 0.1192,
0.1022, 0.06420% BME BMLo) mxAxHC} nlwd e AFS e E849 2HE Bt
HUMS®] 9% Table 3.33%} vladte] BFAS] RFAxT AN WA F Wy BF 243k 2234
7} 71%1% %S B ou HUM Hwye] o3 ML Rt P Al A3s Wt

=do| A HUM 9o 2A4goz 245 HUMS o] 0.5671, 0.6284, 0.5808 2.2
ML BT 2 HUMS bl sia 2540 #27) AX8A HUMES] 3280 Zolas 228
Hol ERAESE RolAe Ae 24T 5 ok

Table 3.49] Z3}e]l gt Figure 3.4 A AZATG BT Zof tisf HUM FHH o] ML
e BeE & AT o] VUS 2oy 2 FrAFSHAl Figure 3.3 A Et} Figure
34004 AZFgui M2 F2AHZES] AA7E 2 AL 7 4 il HUMo] + 3 25 Figure
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3.33} Hlaste] Zrobg A vk HUM A HUMeo| ML #PHe] HUMETE ods] & & vehlal
Atk F 2AFY ALoa ML HLE 242 33 A (overestimate) = A FS HPout VUSS
HUM W2 oleldt A3s HolA| kot

Fol7 Yeje] ROC F4& 7313 ROC 249 371559 AUC A%
) 24E 2HTUE AL W FEL TAL YISk Pepe (2005) & AUC
u

= o]83dto] AP AHEY
Aol =AY 7Hgo] 5HA ke ARelA 2 4 W de Adeda, Kraus (2014)€ 4
WA Q1 e w ggsto] 24 o]€fo] Z&Hl, complementary log-log 12|31 o"~r4 kel Al w2 A
12 £33 = 23S W3 g5 1838lo] Pepe (2005)9] AUC HZW o] 2x2€2go] )
Ve FAFET £ 2HE Holx AL HAsAch

% TolAE Al 7}21 01 91 o

F ¥383E 8ste] Pepe (2005)9 AUC HWHe
©°7 VUSS HUM HIZHHE A3ty F ¥ Kraus
(2014)7P J-Eiﬂ “/P"h’} ‘x"éf‘%‘ of A-gste] 7|2 ML W3} vlw g 235 Ao
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Abstract

Consider the risk score which is a function of a linear score for the classification
models. The AUC optimization method can be applied to estimate the coefficients of
linear score. These estimates obtained by this AUC approach method are shown to be
better than the maximum likelihood estimators using logistic models under the general
situation which does not fit the logistic assumptions. In this work, the VUS and HUM
approach methods are suggested by extending AUC approach method for more real-
istic discrimination and prediction worlds. Some simulation results are obtained with
both various distributions of thresholds and three kinds of link functions such as logit,
complementary log-log and modified logit functions. It is found that coefficient pre-
diction results by using the VUS and HUM approach methods for multiple categorical
classification are equivalent to or better than those by using logistic models with some

link functions.
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