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Bivariate ROC Curve and Optimal Classification Function
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Abstract

We propose some methods to obtain optimal thresholds and classification functions by using various cut-
off criterion based on the bivariate ROC curve that represents bivariate cumulative distribution functions. The
false positive rate and false negative rate are calculated with these classification functions for bivariate normal
distributions.
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Table 1: u3 and py with slope

Slope 1/3 2/3 1 1.5 2
(143, 114) (VT8/5, V2/5) (V/36/13, V16/13) (V2. V2) (VT6/13, \36713) (V475, V16/5)

Hong & (2012)+= ROC F/dol| tfdte] o] ARE3sh= HAE7F71E£ 22 Kolmogorov-Smirnov
EA = =43 MVD (Krzanowski®} Hand, 2009), YoudenA|5~ (Youden, 1950), =A% (0, 1)7]&
(Perkins 2} Schisterman, 2006), SSS (Connell 7} Koepsell, 1985), True Rate (Lambert2} Lipkovich, 2008)
55 o] &3} & E57 (optimal cutoff, threshold)& 311 o] AL E3}3l= ] A E 5734 (optimal
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Table 2: Threshold with oy = (03, 073)

Slope o (03,00 = (1, 1) (03,04) = (0.75,0.75) (03,04) = (1.25,1.25)
~08 (0.95, 0.32) (1.05, 0.35) (0.85, 0.28)
13 -06 (0.95, 0.32) (1.05, 0.35) (0.90, 0.30)
-04 (0.95, 0.32) (1.00, 0.33) (0.95, 0.32)
-02 (0.95,0.32) (1.00, 0.33) (0.95,0.32)
~08 (0.83, 0.56) (0.95, 0.63) (0.75, 0.50)
-06 (0.83, 0.56) (0.90, 0.60) (0.80, 0.53)
23 -04 (0.83, 0.56) (0.90, 0.60) (0.80, 0.53)
-02 (0.83, 0.56) (0.90, 0.60) (0.85, 0.57)
0 (0.83, 0.56) (0.85,0.57) (0.85,0.57)
~038 (0.70, 0.70) (0.80, 0.80) (0.65, 0.65)
-06 (0.70, 0.70) (0.80, 0.80) (0.65, 0.65)
1 -04 (0.70, 0.70) (0.75, 0.75) (0.70, 0.70)
-02 (0.70, 0.70) (0.75, 0.75) (0.70, 0.70)
0 (0.70, 0.70) (0.75, 0.75) (0.75, 0.75)
~038 (0.56, 0.83) (0.60, 0.90) (050, 0.75)
-0.6 (0.56, 0.83) (0.60, 0.90) (0.50, 0.75)
s -04 (0.56, 0.83) (0.60, 0.90) (0.55, 0.83)
: -02 (0.56, 0.83) (0.60, 0.90) (0.55, 0.83)
0 (0.56, 0.83) (0.55, 0.83) (0.55, 0.83)
0.2 (0.56, 0.83) (0.55, 0.83) (0.60, 0.90)
~0.8 (0.45, 0.89) (0.50, 1.00) (0.40, 0.80)
-06 (0.45, 0.89) (0.50, 1.00) (0.40, 0.80)
-04 (0.45, 0.89) (0.50, 1.00) (0.45, 0.90)
2 -02 (0.45, 0.89) (0.45, 0.89) (0.45, 0.90)
0 (0.45, 0.89) (0.45, 0.89) (0.45, 0.90)
0.2 (0.45, 0.89) (0.45, 0.89) (0.45, 0.90)
0.4 (0.45, 0.89) (0.45, 0.89) (0.45, 0.90)

B AT Tkt AR E FolA 714 BAHo|n Bo] AR MVD (Krzanowski 2}
Hand, 2009), YoudenA]4* (Youden, 1950), =3 H(0,1)7]= (Perkins2} Schisterman, 2006), SSS (Con-
nellZ} Koepsell, 1985), True Rate (Lambert®} Lipkovich, 2008; Hong} Joo, 2010)2] 7|&& vl&o 2
T3 2] 2 E 7 7 (optimal cutoff, threshold)< F+3}11 A} gHc}.
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Figure 1: oy =0.75, p = =0.6 contour (left b = 1/3, right b = 2/3)

Figure 2: oy = 1.25, p = 0.4 contour (left b = 1.5, right b = 2)
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Table 3: FNR(a) and FPR(5)

Slope o o =0.75 o=125

FNR FPR FNR + FPR FNR FPR FNR + FPR

-0.8 0.0115 0.0830 0.0198 0.0302 0.0397 0.0699

13 -0.6 0.0542 0.0378 0.0920 0.0804 0.1094 0.1897

-04 0.0939 0.0586 0.1525 0.1020 0.1581 0.2601

-0.2 0.1242 0.0571 0.1813 0.0886 0.1913 0.2799

-0.8 0.0067 0.0049 0.0116 0.0216 0.0281 0.0497

-0.6 0.0423 0.0298 0.0722 0.0692 0.0928 0.2601

2/3 -0.4 0.0822 0.0560 0.1382 0.1035 0.1445 0.2479

-0.2 0.1167 0.0723 0.1890 0.1176 0.1833 0.3010

0 0.1451 0.0734 0.2186 0.1096 0.2132 0.3227

-0.8 0.0059 0.0043 0.0102 0.0199 0.0259 0.0458

-0.6 0.0400 0.0298 0.0682 0.0667 0.0893 0.1560

1 -0.4 0.0796 0.0549 0.1345 0.1029 0.1414 0.2443

-0.2 0.1150 0.0763 0.1913 0.1263 0.1815 0.3078

0 0.1452 0.0891 0.2343 0.1357 0.2131 0.3489

-0.8 0.0067 0.0049 0.0116 0.0216 0.0281 0.0497

-0.6 0.0423 0.0298 0.0722 0.0692 0.0928 0.1620

15 -04 0.0822 0.0567 0.1388 0.1052 0.1445 0.2496

-0.2 0.1167 0.0788 0.1955 0.1304 0.1833 0.3137

0 0.1451 0.0953 0.2406 0.1468 0.2131 0.3599

0.2 0.1683 0.1063 0.2746 0.1558 0.2361 0.3920

-0.8 0.0083 0.0060 0.0142 0.0245 0.0320 0.0565

-0.6 0.0456 0.0327 0.0792 0.0734 0.9870 0.1721

-0.4 0.0864 0.0595 0.1460 0.1086 0.1495 0.2581

2 -0.2 0.1195 0.0808 0.2003 0.1328 0.1863 0.3191

0 0.1452 0.0965 0.2418 0.1490 0.2131 0.3622

0.2 0.1640 0.1072 0.2712 0.1592 0.2320 0.3912

0.4 0.1751 0.1130 0.2882 0.1644 0.2429 0.4072

£ oz Exo) Aol AN Wolw, L oh Fabaezh ol wated v @ RRES Tt
o] M ROC F41-& o & ool 28384, thFet &85 7| = Qivh. 22]al B2 X o]9fo th
2 BEE /PYen) 73 ARE R A ARG TG0l U5 25 ATE ojob & Holt. wak
oY ARREFSoL AR o4 The AFEE UL ROC FA0) g AT-E FF A7}
Az gA stk
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