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0 =
NERARHN Rz A2 o) =8 A4 Axe] vl A5 BrhE REaze] w9l i
CARTYSE FAE Roc ZHE o] g3to] REAHE B} B AT AL ATo] HENULE of
Wako w ekl Br o) A4 Ao AREARTUE ol 85te] FAT 4 9 ROC THL A k3t
T} ojWe WIFMHE Eal SHEu4o A% BAE o] &ale] o]We ROC TAL TAFT. 11
¥l o)Wl ek A FEE Thak ROC FH.0ZHE BRATE ek, ofo] o33k AUROC %572}
MEEA ST, B AT A Aok o)Wk ROC T4 02 HE] HEr]Fo] A3at HALRALS 7ok of
2 B3 oM EPREISY] HA BE/ES AT 4 982 BT}
FQ80|: BT, BEMT} AIQEI}, AT, HNEET|E

1. M2

A& 712 g o] ElAl-S A sk o4 Q1 v %9] 81yl ROC(Receiver Operation Character-
istic) =AM /‘éil}(performance)—:‘;% 71Hko g2 3 B2 118 (classification model) = E2 X}(classifiers)
2 A488 5 Q3 2A35k] F4AD & ou FAAE & 9 388 PHolch Centor, 1991).
ROC 42 A5 &R o] 2R E ARSH QI th g3t S Fofol| o] A A3} o) shzlTke] )| A ol Al
Z A AR5 o] A} (Hanley 2} McNeil, 1982; Swets, 1988; Zou, 2002). ROC 42| EA4o] 3+ A
Wt AA AT A ROC A4S 2-8351=t] #HH A B = Fawcett (2003), Provost2} Fawcett (1997,
2001), T35 F R4 (2010) 22|31 FFAT} o] 9§ (2011) oA AT 5 Jow B A Al
88748 Bol A ro) 8] = B,

ilé(borrower)t 230 FEHL} B 37 00l YA 548 vehdtt 7H st &

hJ
2

G Ko BTN AT ASAE AR 919 AR Roig 259 BE R
A310] W48 Bolo] 0127188 FFH0% Aol A8l B Aue] oA ste] A7l vl
A 0% Algshe Aot A7) 2due £ sl Sugdes PRt A49n. 0 -
(60, 6,) 01 2H3L SHWl R RATFE nlefAlgo] thE4e S o] g = (default; )9} ThE T S o]
51 A ron-default, 1) 0.2 FRAT. 9] 24 070, 1) (© = 6, FEAF| 1Al o}
3, 4572 B4 076, 1) (0 = 6,) AT AT 3} 183 F(0)9) F(x) 22 47
e} AN 25019 ZAR FAREGS PX < 6,9 PX < xi6,) 2 B2 3hu] 22310] 3
4o CARERS FoE the) 2ol gk,

F(x) = AFq(x) + (1 = )F,(x),

L AA R (110-745) A2 A 22T AFDE 252, A7 30w £4 837} w4, E-mail: cshong@skku.edu



278 254, 425,

714 1=P(® = 6,)= A =& (total probability of default)©]t}. ROC =42 HE=2}e] o] <l 3}
‘v]& Alolof| wFh(tradeoflH) S BAFSH7] $5+e] ZF kA (cut-off value, threshold)2] AT ool A A
= HEEE AT o, AAREE Be g2 HEG| o =351= H]&(TPR; true positive rate, hit
rate) 2 YER = F,(x)9} AA NS =2 2 o &3} v]&(FPR; false positive rate, false alarm
rate) = YEH = F,(0)E 2+ Y53 X5 330 A1 22 & vhaa o] "t (FAISH A
2 3= Tasche (2006) ZH=x).

A A FER A N EIPRE FETF A FEE RES AT UETPRE 5
242 o230l £ RPolr}. WekA] ROC FAL (0, o] A4S =, ROC 24 okl
2 (Area Under ROC Curve; AUROC)©] S48 B39 o= o] £t} ¥ 7}3tt} (Han-
ley} McNeil, 1982). 2J¥Hael ROC 2418 Qv SHE 2o vjah - AR sz P4 Lo,
Q17 270] BB MG} o] kel A2 Weho] o] A A RE P2 FRlF = ROC A
2 2@stnA Bt

=Y ‘_r“oq% 23 2tk 2" oA ol FERNe AR AT A EX TS 71 sl
LurE9l WO oM ROC FHE FAL 4 gl FARE A Ak, oz 22 o] fs}o]
ROC S0 F41% < 5% WS AU 121 B Yl oW s 9
o ROC F412 TSI TA-L A5 ey, 30o] A B RATHE 374k $A2] AUROCS} 57
kS F5jo] 2 Qo] A A9kl ROC FAle] B RATICE 123 RAA LR Bo] ALgakE 2
AR5 S a0l A ARFAol tholo] EETh, 4ol AE oM ATRES G2t FEE
2E 3433k °] FEAEE Z WHSA A ST 5 3l o] AF ROC FA4S FHaL, upA| e 54 o
A o] M BES] ATHE 72 2 FASHE ROC FHE 2oF AeahuA 222 FEa

o

2. 0|2 ROCZ M
oY sxo] FEUS X, X, E TelshAl oW Azo] ABWS X, X9 AYFARE
B Pl E AR 5 BEGE ol amols] 28y ARTALZVE £

Fo(x1,x)% A8 4oz t}23} o] 7}A 3t}
F(x1,x2) = AFy(x1, x2) + (1 = DF,(x1, x2), 2.1

AZIA Fa(x1,x) = P(X1 < x1, X2 < x0200), Fp(x1, %) = P(X; € x1, X5 < 0l6,) 18] A= AAREE
ojtt. dWiEF AF o] Mol gk ROC FA oA BE X = xoll thato] Fu(x), F, (x)ﬂ"] TdstA <=
Azt B xoll Tk (Fu(x), Fa(x))& £33 Z o] ROC A1 o|th. 2} o=l ol 499
Fp(x1,X2), Fa(x1,x2) Zkell thste] §-23k (xy, xp) 0] EABHA] GO B R (F,(x1, x2), Fa(xy, ) 2 T
T 9+ ROC Z44& AT 5= glhe BAI- o] Atk D9 Fk Fulxi, 1), Falxi, x)oll thate] §<
3}71] XZH B (x, )= AR OFFER, B AFNAE XLE X9 T X, = i(X)E B3] 9
ato] AT B4 h()E AR A} ATk
ROC 3412 (0,007} (1, DHE Sl 7127171 191 thZA $1oll A yeht7] wiZoll 499 x €

(—00, )2} &= h(-) ol thle] o] ROC F4-& 2T 4= &= Fu(x, h(x), Fa(x, h(x))€ ta< T
oo of st

xl_i)moo Fu(x,h(x)) = xgmm F.(x,h(x)) =0

Tim Fy(x, () = Tim Fy(x,h(o) = 1, 2.2)

Fd(x’ h(x)) 2 Fn(x’ h(x))
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E1: 717 WE 139wy

71 7] 1/3 2/3 1 1.5 2
(13, 114) (3/V5,1/V5) (3/v2/13,2/ y2/13) (1, 1) (2/2/13,3/ vy2/13) (V2/5.2/2/5)

4 Q2)E BESFE FF h()S ARAY] fdtel e 2 o) iY AFLEE it FEUS
X1, X8 A5

2 2
Fa(x1, %) = BN ((:“) : [p i PO 2)] F(x1,x2) = BN [[}’f] : (,; 7 P 4)) 2.3)
2 01072 0'2 4 0304 0'4

AUNEE 718717Fb = (us — )/ (3 — ) 01 ™ (i, p2) S 38 o

Xo = h(Xy) = b(X1 — 1) + 2. (2.4)

T 2HE W (w9 .09 Aelold AR EFA 0] E57) wlEol] £ AT Ak T4
A 249} o] F BRFIEE ALk QAR R Bk,

2F A F2 3 34 (sliced bivariate normal distribution function) 2 A ¢F3lt},

£ h(0) = ¢a (%, h(): 1 0, 01,03, 0) s i, (6, h(0) = by (3, ()3 3, 4, 03, 05 p)

i)
ut)
r
ad

48 o ® ROC 242 915 471e) wAREH4E th3} do] Bl gk,

t ot h()d C ot h()d
Lo Pt MO0 F}, (6 () = Lo Pt 001
[ fd @ h(@)dr [ f s h()dt

A 259 FAREYTE 274 QDE WS mebA oo X = xoll tisto] F(x, h(x)) 2}
Fi(x, h(0) & 73 B2 olE utgo g o i B ol th3 ROC 42 78T 4 itk

Chorst o] W 22 1887] 9J5te] 4] 23)olM S uy = o = 0,02 = 02 = 18 1H
3L, ABAS p= -0.8,-0.5,0,0.5,0.8¢1 LS wE3itt. ALH71H B oA Dole xof tfstel
FUx, h(x)) = F'(x, h(x))E 7H33HL, 7187] b F5oE 1872 St 94 718717k 1 B
9 us = ps = 15 151, F H7 e Al V27 Aok ok 7187 b = 1/3,2/3,1,1.5, 200
HE % 3 qEl) A7t SLe V2 HEE (1, u0)E E 13+ 2] AR AT,

)3 TRt B4R 2] 8}7) 18t 19)9] A kol thate] o3 = kx oy, 0 =k x 0 2 A
th o] B-o] A (2.5)0lA 7 Fi(x, h(x) S} F"(x, h(x)) 9] ER & vt 2ol 22t 2395 1, th
@ o] ule AT REQ B0l thak ROC TS 13 13} 1% 20 TAFATE

J2r(1=2pb+b2),  k+J2n(1 = 2pb + b2).

Fo(.)8 Babol Fy()% 598 18 12 Anud, 48457 2 24945 R
0.0 7RA Foste] & WAL Uehin FBAGIE ALSE DR o] Pa
A F,(,)8] Babe] Fy(, )Rk 3L 2 499 28 204 % SUsieh 28 2

F (o h(x) = (2.5)

O~
B
€

o (
o

o ¥438] S7ksht Frkel S7HEEE7t s, F,(, )9 24to] 2 4% (k = 2)°ll= 21kl ROC
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2k=2b=2/3)

J8 2: ROCFH (&L k=05b=15 2

4B

d
>
o,
N
e
ol
o|X
N
o

Fetct. o] A2 YW= ROC A4} 53ttt 17 13} 17 204 AdA4=7F
0.591 742} 0.82 499 ROC F4-& th& A-¢-Hot fFASHA RdHLE o] AL 71&7] b7t F50]
7l B ARt 28 13 28 22] ROCFHFA o T3k z}A| 3 A -2 o]of t)-3-5= AUROC &
ATF7EE kA 38004 A sict

3. AUROCS} | H2]7J|&

7} 712719} A7) 270 Wl Therek B4kl 490] AUROC SASE T3] & 20] Ve
slom, 24ke] Z71e] ufek AUROC gke] 318 19 30 @3kt

A b= 19 W a2 Aol A & FRHBE Y 3©F 1R ATEW, Fy(, )
R4 (02 odol ALER 5, k7h B74E5F AUROC gho] HobAe A2 & 4 9irk. Auigo] ojat
ROC F419] 543} QAL shokd 4 glrk. 53] 241 1 (k = )2 71202 gho] §43) gk,
TAE 712719 B4 B 9olE ABAS] S5oIN F5E ALSE AUROC FAZFGEE ot
Atk p7h 089 ul 7P = AUROC gk 20w p gko] Z7k8HEIA AUROC gkol 2ol thrt p7t
089w 74 A2 AUROC k& 2= 212 8 5 Itk o] A4 WAL Fu(. )8k Fi(.)9) 37 2]
£9] 712717} ol 7] Wk,

=5 712717 AQS 5 B ako] HE AUROC SAS3ke] FaZol gkl Ak, 12717} 173, 1.
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(a) 71271 b=1/3 (b 71871 b=2/3
1 —_— = — % 1 -— ——
=ssal SN Seel ™Y
i - 09 - ~
- &, N N — rtho=-0.8 . ™ = +rho=-0.8
M AN . U, M
ey .
*4. \\ = = rho=-0.5 \""'._ N - w rho=-0.5
08 N\~ 0.8 o LY
%\ ...... tho=0 \.' N eseses tho=0
.\ N "
07 "'.\% Y — rho=05 0.7 - +1ho=0.5
:.\ a—rh0=0.8 \ w—rh0=0.8
06 ":,‘ 0.6 \
-,
o i . ” 0.5 - T "k
0.5 1 9 0.5 1 2
(©) 71271 b=1
1 ———
hadit ~ .
o5 - N ~——
e Y ~ -
~ treeel, -~ —— -rho=-0.8
- . ~
0.8 —~—l— ~ = = rho=-0.5
N "-._. ...... rho=0
0.7 . ~ i - == +rho=0.5
\ " —rh0=0.8
0.6 i
05 L
0.5 1 2
(@ 71871 b=15 () 71271 b=2
1 — — : e
T~ ~
Sea s ~. . T N~
- ~ ~ - ~
LN 09 >
09 T N S by Y
\Q. ~ R = +rh0=-0.8 C— S . - rho=0.8
0.8 ) . > = = rho=-0.5 08 ~ > > - = tho=-0.5
&_. ...... rho=0 \\ ------ rho=0
e, ~N
0.7 N — -rtho=05 | | o7 : = Hhig=05
e h0=0.8 s==rho=05
0.6 0.6
0.5 T T "k 05 r 1K
0.5 1 2 0.5 1 2

J8 3: 7]&7], @A 2 7] 2 22Kk) ¥ 3}l 2 AUROC
291 17 39 (a), (c), ()5 HlWINEW, p7} 0.8Y w] E4F0.25 (k = 0.5)9 B4t 4 (k = 2)L w9
AUROC 7k 2= 712717) 139 wfj= <k 0.35, 712717 1Y wf= 0.3, 712771 2¥ W= 0.172 &
A ZojEt}. wlgbA B4to] AX M A AUROC o] Zra=Zo] gHihs)] At

222 71277 ARSF p 3HE Abol] 2HF o] FolA| &l &, 22 E4tolal 71&7]7F AA
A p FE2] AUROC S AL Abo| = Zrolxitt. 53] F4to] 49 uf p gholl b2 214 o] Fold& &2
PEA B 4 ok BAte] 40131 71&7] 1/33 718 7] 291 A%l p Fhel -0.87} 0.82] 7+A-& v w3

=

w



282 S34, 4™, grlot
= 2: AUROCS} H A 274
A2 . (r3.09) =1 1) (02.02) = (0.25,025) (02.02) =@
AUROC  HAFFZ AUROC  HAEFH AUROC  H=AEHFH
-08 09784  (0.65,0.22) 09932 (0.85,0.28) 08619  (0.65,0.22)
-05 09059  (0.65,0.22) 09515 (0.75,0.25) 0.6725  (0.90,0.30)
1/3 0 0.8413  (0.65,0.22) 0.8967  (0.70,0.23) 05454 (1.10,0.37)
0.5 08329  (0.65022) 0.8888  (0.65,0.22) 05302 (1.15,0.38)
0.8 08852  (0.65,022) 09353 (0.75,0.25) 06296  (0.95,0.32)
-08 09854  (0.60, 0.40) 09965 (0.75,0.25) 0909  (0.55,0.18)
-0.5 09173 (0.60,0.40) 09598  (0.70,0.23) 07482 (0.75,0.25)
2/3 0 0.8270  (0.60,0.40) 0.8966  (0.60,0.20) 05998 (1.00,0.33)
0.5 07699  (0.60,0.40) 0.8578  (0.55,0.18) 05274  (1.15,0.38)
08 07720  (0.60,0.40) 0.8592  (0.55,0.18) 05299  (1.15,0.38)
-08 09866  (0.50,0.50) 09963 (0.65,0.65) 09204  (0.45,0.45)
-05 09210 (050, 0.50) 09621 (0.60,0.60) 0.7916  (0.60,0.60)
1 0 0.8389  (0.50,0.50) 0.8964  (0.50,0.50) 0.6578  (0.85,0.85)
0.5 07824  (0.50,0.50) 0.8486  (0.45,0.45) 05731 (1.00, 1.00)
0.8 07544  (0.50,0.50) 0.8267  (0.45,0.45) 05354 (110, 1.10)
—08 09852 (040, 0.60) 09959  (0.50,0.17) 09174  (0.35,0.12)
-05 09183 (0.40,0.60) 09601 (0.45,0.15) 0.8086  (0.50,0.17)
15 0 0.8411  (0.40,0.60) 0.8963  (0.40,0.13) 07135 (0.65,0.98)
05 08011  (0.40,0.60) 0.8575  (0.35,0.12) 0.6586 (075, 1.13)
0.8 08025  (0.40,0.60) 0.8589  (0.35,0.12) 0.6607  (0.75,1.13)
-08 09827 (030, 0.60) 09951  (0.40,0.80) 09111 (0.30,0.60)
-05 09136 (030, 0.60) 09568  (0.35,0.70) 0.8059  (0.40,0.80)
2 0 0.8411  (0.30,0.60) 0.8961 (030, 0.60) 07323 (0.55,1.10)
0.5 08142 (0.30,0.60) 0.8703  (0.30,0.60) 07052 (0.60,1.20)
0.8 08411  (0.30,0.60) 0.8961  (0.30,0.60) 07323 (0.55,1.10)

B9 7]27] 1/30] 71&7] 2Ktk 24 o] AR HojA 2= & Ak S 7177 AR HA poll w
£ AUROC gke] Apo|7} Zobxitt. 28]1 BE 7]&7]9A p = 052} 0.8 wje] AUROC gho] A}
AV Z2A Yehb=t o] A2 718717 ol 7] wiwolth & ke AAATE 7K Fol, )<t
Fa. )9 B WSS 712717k 2] gol B2 AUROC SAZgte] 2o 1 Aol Zrobx] 7] W)
o]t}

3 2= B ATl AlRbE o] AqtE 2ol thdk ROC /41 2 2 7B 3 AUROC 34 #k2
Z47Ye] 712719} AAA 1elal B4k 37100 whet Aeletglon, HARE{IE FolA 7P wol
AFE3H= H A ol MVD (Krzanowski2} Hand, 2009), Youden A< (Youden, 1950), &34 (0,1)7]&
(Perkins 2} Schisterman, 2006), SSS (ConnellZ} Koepsell, 1985), True Rate (Lambert2} Lipkovich, 2008;
FTZ2AT FAA, 2010) 59 71E-2 Kolomogorov and Smirnov AR S A% Q3 )& 7141
o] & vlgto 7 73 2 A EFH (optimal cutoff, threshold)-& +3}o] A 2] 3} Tt

AR Tl A EH, (03,0 = (1.1) A% (k= Dol ZE 71871949 AARFHL )
groll Jglo] T FEEle] FRAFOITE 01 AL Fy( )%} F,(, 9] Bake] 52347 mjgoln] U
W ROC 419 547 dA|gich FLaHA] 2 24k (03,03 = (025,025 B9 (k = 0.5)°]
+ HAARFEL T FEHEHY SHAHAA 3, ua A A SIAFH, (03,07 = @4 S
(k =2)0= HAAEFAL F FHE Q] FTHAZANA i, wooll A 718 A A1kt 28] 3 AaA 4
9] S74hol| et S vt 712719 §idlel wet 234 th2 A Yehdth

3 F BEHE Abolo] HARFAS A 4] 2.4)9] Bh3 4 (perpendicular line) 2 o] e}
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AFRES) BHIEOR AR 5 Ak E 204 TR AAERA (5,198 A BAL

l"l3 _l'tl o (e}
X, = ——(X; —Xl) + X,
M4 — 12
oW, o] WAIS 7| FOR EYA o[ WeF HEWSY HEES ¥E W RFUTH 3 EFW oA AT
P22 P EA}E ROC FAS AL o2 PO 2 AALFALS AL o] B2 FHFHE
Ae BEote] T oW AFEE HARRIEoR AFT 5 9

4. T2 0|HZEROC 2M

B ATl A A S wEoz A 23)o0A Fu(,)] BEHE s} BANEHE 22} (1w
= (0,08} (02,02) = (1, )& TR, Fo(-,)2] BENE o} HANEE (ug, i) = 2, 1), (02,02 =
(1, 1) 223 ABAS p = 0591 A2 TE12 ARSI, (3,00 = (2,2), (02,02 = (05,05) 12

o 2 =
T ABAS p = -052 BH20] A9E 1Al o) FERXES 742} 50000704 FE AT
3949 9% 232 BRI Foly 71e7)E b = 0492 FAFTY. 24E F HaHHE
A= B h()= Xy = 0.49(X; — 0.0034) + 0.0043% AA s, TR X; = xof thalo] th33h=
X,2] ZHoll 223 (X, £ 0.005) BEL 431 7S H5}o] 2438 ROC = Aot} o] t]-235= AUROC
FAFIEL 0.71690] 1L 3 A =93 HARFH-Z (0.96,0.48) 01 o] AR FHE Arvhe= 3
9 277159 WAL o3 2tk

1
X, = —m(Xl —-0.96) + 0.48.

E 2004 BE19] A9 24 o3 = o = 13} ABASF p = 05018 71717k 1/33% 2/32 -2
AUROC k2 77} 0.83299} 0.7699°]th. FE10|A = B HE 7} (us, pa) = 2, D] BE F Fw]
ge] A7t V2RT}E 2 V50]7] uf o] AUROC SAHZZH 0716902 2+ ghe zh=t}.
FE2NA 71€7)E b = LO0E A= o] T4 h()E X, = 1.00(X; - 0.0034) + 0.00082 274
o} 3R X = xofl thate] g3 Xo9 Fhell 2AFSE (X; + 0.025) F8-S 1,7147) FH ko] 24
ROC 5412 11 49 2 25 5o Yehigleh. ti8-8= AUROC 5 A| 33k 0.88020] a1 2 42
A2 (1.05,1.03) 0]t} o] HARFHS Avks W B 2R/7IE2 Xp = —(X1 - 1.05) + 1.030]th.

=

EH S ol pok
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£29] 9ol e E 28 AwHE B4 of = 0f = 0257} 718717k o] FBAS p = 059 A
o AUROC gh& 0.9621o]ch, e} E229] B#HE 7} (us ) = 222 A4 0] 7 B4 E )
727} 2201 7] wh ol EE20) M+ 0.8802.0 2 A& grolth.

L

=
5. 7Et

dWgF ~F 0] Mol gk ROC FAl oA = BE X = xoll thato] Fi(x), Fa(x) kol T L atA &4
38R ROC F49 X&3} Y5 3 (Fu(x), Fy(x0)) 22 133ty 2o} o] il o= ¥
(Fu(x1,x2)), (Fa(x1,x2)) kol thate] (x1, ;)0 LA SRR o8 R (Fu(x1, x2), Falx1, %)=
ROC 349 Az 3oz 73T 4 Qi & AFdAME X, & 7 8595 F79HE A €
28 o] 83k X, = h(X))E ARSI 28d 9499 X; = xof th3le] ROC 419 44& U5
e FAREZIEE A 4 (2.5)9] F'(x, h(x)2} FU(x, h(x))E T3, o] FEE vl & o]
ZF ROC F41& T P A skt

Thabet o] M 2zl dte] ROC FA1L TAS] $13ko] 242ke] ATFLELS Fol,), Fol-,)°)
RE340) A

Bauelel A28 LA DAL, G 0] 71271 B st
Aok RS WA/ AA of® 9ol B W2 o] $5BAE ROC TS
1213 ROC 410 t£3h AUROC S ARt Jo AHE1E 2 ARR NE 0w 78 HAERA
& 734 ¥ Bk,

ABAS7 2 85 A4E ROC F40] (0, DA 71 Aol $& Bade ehin 4w
AG7 ADST BT ol GLBLE Fi, )%k Fy(,)2) B2 MEIE] 718717} ool ] whiee] 4
WA%:7F 252 AUROC FATHES Aok A2 BABGLE. (9] #4ko] A 253 Belo)

7428kl AUROC gro] Zhobxith. Z12]al Fy(, )8 i24ke] Fu(, )2 &2 FF-ol& ROC F4lo] =
vlol| FA3) Z7fsh ) Tuto)] = ]»u: 7F AL, Fo(-, )8 24ke] & 9ol Zxkel]l ROC 4l o]
A 48] S7Fstn] AUROC ghe] o] Eol=& A shatsigint.

B Ao A A3k o)k AFE o] )3 ROC FA 02 HE go] A3k Zi 29 )
71Ee ARt TR A AR RH S AT EY, Fu(, )2 240 Fu(, )9 54T
pRxel Lol F B E e SR I Fi(, )2 24bo] &2 Aol HARFHL F 5o
Blo] SAHANA Fo-, 9] B E ol 7FA f1x1sh, ko] 2 4vole AAERES 7 37
e o] A AN Fu(, )] BaHE ol 7H4A A8k Ae A skioh

AT SFel wet dFES o EI 7)e 7)o wslel] et 254 o
T B E Abe]d] HARLRHoR 73 AL ol P2 343#%3—%71%2
Atk & Aol A AlbEE o] ROC /42 o] ®F S A+f F

u, o] Foto] ER7VIES AT T dve BT o] & 3
2 Aol ol F7 HHER77IEN N A2k A o) D}%_%k EgREe AT
Fo A = FAE T

fr oo o® po
ol F]E o, =4

e

F

o
K

e

o
L
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Bivariate ROC Curve
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Abstract

For credit assessment models, the ROC curves evaluate the classification performance using two univariate
cumulative distribution functions of the false positive rate and true positive rate. In this paper, it is extended
to two bivariate normal distribution functions of default and non-default borrowers; in addition, the bivariate
ROC curves are proposed to represent the joint cumulative distribution functions by making use of the linear
function that passes though the mean vectors of two score random variables. We explore the classification per-
formance based on these ROC curves obtained from various bivariate normal distributions, and analyze with
the corresponding AUROC. The optimal threshold could be derived from the bivariate ROC curve using many
well known classification criteria and it is possible to establish an optimal cut-off criteria of bivariate mixture
distribution functions.
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