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# E: AUC ) 2 E A& AP H 48R 9 R WA IR AT A 5 = X FIE AR L,AUC FIAEMH A B G R A
AR 2 3 69 A AT 20 R, Ao AT 3 3 AL 55 PRk B, & — AMAAF AR 69 1948 B AT 69 A 50 45 R & BA 28 reservoir
sampling # K 89 12 & 7 % (OAM) R I ARIF 89 AUC M58 12 OAM B4 FE i 4ol g B 1R . Sdk4F 2254 5.
A3t AUC ARAG 19 28 89 5T 4% 42 47 F I (AUC-DCD) 7 i # 47 7 R R P50, 4 3 A 5% 8P AUC-SDCD,AUC-
SDCDperm #= AUC-MSGD, 2 F AUC-SDCD #= AUC-SDCDperm 454 A4k B A % AUC-MSGD 54 A4 B £ %.
AT 45t OAM 2 AUC-DCD #) —FP45 2k H5 7 52 3o 45 £ &R 81, AUC-DCD & AUC A Am sk B 7 7 & 345,
F OAM. A4 45 £ % 9, AUC-DCD £ KM AUC HhAL 9 #2849 B ik 77 ik
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Dual Coordinate Descent Method for Solving AUC Optimization Problem

JIANG Ji-Yuan, TAO Qing, GAO Qian-Kun, CHU De-Jun

(11th Department, Army Officer Academy of PLA, Hefei 230031,China)
Corresponding author: JIANG Ji-Yuan, E-mail: jyjianggle@gmail.com

Abstract: AUC is widely used as a measure for the imbalanced classification problems. The AUC loss problem is a pairwise function
between two instances from different classes, which is obviously different from that in standard binary classifications. How to improve its
real convergence speed is an interesting problem. Recent study shows that the online method (OAM) using the reservoir sampling
technique has better performance. However, there exist some shortcomings such as slow convergence rate and difficult parameter
selection. This paper conducts a systematic investigation for solving AUC optimization problem by using the dual coordinate descent
methods (AUC-DCD). It presents three kinds of algorithms: AUC-SDCD, AUC-SDCDperm and AUC-MSGD, where the first two
algorithms depend on the size of training set while the last does not. Theoretical analysis shows that OAM is a special case of the
AUC-DCD. Experimental results show that AUC-DCD is better than OAM on the AUC performance as well as the convergence rate.
Therefore AUC-DCD is among the first optimization schemes suggested for efficiently solving AUC problems.

Key words: machine learning; optimization method; AUC; dual coordinate descent; support vector machine

FEHLER 2 2] v TR FSE (A 58 2R ) Ml 3 30 A o 4 I B9k B0 T B VP A i b U AL 558 3 4 A0 AR A AN
25 T A B 3 ANV B P AR U B B A P TORS FSE A by VF A PR AR AN i e R b S MR 1 B S g
T 36 T2 R/ 7 % (receiver operation characteristic, fij #X ROC) 43 #7#) ROC i £ [ # (area under the ROC
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curve, fiiFK AUC) U i 1R 47 Hh i B 50905 O B A b i, DR I /e L% 2 2] v 4% 32 T

AT, A A4 22 25 44 28 6 AUC AR 19 B SRARIEAT T RN 90, R4 T 2 Rl i 5k, 32 i 3
T Hinge 1 7%[f] SVM(support vector machine, {fii#% SVM)RLEL1E . FE TV R e/ R AL JETHH
TR 1) AdaBoost 8 5545 IX L8 BE 1) = BEX JIAE T T A R A BI85 2% o6 4, 3L b 56 T Hinge $1 % 11 SVM
RIS 3 T )2 T TR AUC 10 85075 B2 A6 K AN AN ) 28 500 FRRE A 06 ) ok 1 45 20, 5 2 4
FEAKE 7 8K, S EO H A o8 B D0 Ak i 1) K I SI0H FE AR 78 2011 4R 1) ICML 4% |, Zhao %5 NP1 v
HT SR AR AUC Ak 1) 81 1) £E 26 5.7 (online AUC maximization, 7 % OAM), il i 5 | 3 4 A 28 3 (buffer), 1 K Hh 45
T T T BT K R B0 E T 32> T IR R B, I BLAE 43 SE AN S B 2 b aRAS T A0 1) S e &5 4L

PRJITJE 0, TE 2k 59232 R A 2 B ) 1700 )3 B0 AN 7= A6 1 AR U — AN A B 3 i 1) o, B R — AN B A
5 1 WGINGR 5 REAR W 25 50 AN 75 BEA7 A A VI AR A5 ) T4 8 R b A B AT 92, DR bk ] 7 Ak B KR ASE
H4s 142003 47, Zinkevich 7EHEY YRR B 7 10 ERE T BT — ™ ) B TS — AN AR A S E
T ONT) 111 regret F.Bi )5, Hazan %% #8,™ il {45 8] T O(logT)# regret FU'O fiF T 41 19 Ef2.2007 4,
Shalev-Shwartz 2% A\ 3 H1 I BESE RS B 515 Pegasost!) 1 YRAE KRS Hcd b 3E4T S206 JF 49 3] 710 4 1 45 0 78
LONEMER SR T AT 2 K8 % 8 2] AUC JUA0 Rl A Ak B A5 A 2k 18 AN 5] 258 1) (104 A 06T A Jld PR 45 5%
RN, T A BT REAS, IR AN B8 R ] A 28 U7 v SR A SCHR[81 X5 W M Al ] reservoir sampling $7 AR 51 3E A~
G FE B E G I KN, 43 0 T AT IE SRR AR 2 Kb B — AN RE AR, 56 ) T 2R A 1R 28 ) A7 A T AR R 28 i,
SRJG 55— G P LI T R AR AL A R PR SR KT, 22 2 o I FH T A B L 48 % o L R AR, Lk 31 B S g2 e
FR) R R T ASOGT 2 it A FRDRE AR BEAT D0 A, DR bl RO sk 2 7 45 2K B 51 > B SCHR (8145 th I 5 7i——OAMseq
I OAMgra, 45 th OAM TE 221 A JE B K I A 832 OAMinf, H 1, OAMinf % 1) AUC PEREfRLF.

AR SCIE IS R SCER[8]IR 43 BT R I-OAM 503k 70 A5 4 B 3 ik 1) £ I A A b — 28 T I A5 5L A 1
W SIOH FBE AR, I BRI AT I BT 1P A5 2 BB o % o 1) AR T AR AR A S HOE Bl T B2 8 T T i i
i R IX LG ] AR SC R H — Rl OR AR AUC AR Ak ] 8 X AR bR R BE U7 ¥ (AUC-DCD). A b T B4 (coordinate
descend, fAi Bk CD) 5 2 ) JEL % L85 17 B, 76 U B0 Bt [ o g8 11 T At 4 AR s, — RS0 36 v 1 — 4 AR bR AT AR Ak sk
fige R T O A H A bR 5 AR [7],CD AT 43k 6 (B Ak AR R B (DCD)! TR 4 Ak b T B (PCD)!LDCD J& 2008 4 &
VS R 27 R B A5 R T 9 /N AL X SVML )56 4 i 4 1 SR 1, 9 FL7E K S i 380 1 B4R T LG PCD Ay
RIS AT 9 TR A AT S R A A A A Ak B K RIS R R ) e A B 1) e SR DCD LA fRT i R 4 1
TERE L ARBR B TEBAR A TR (1) S B SO AR 1k Ak ERAE AR i 88 e A ) i 2 —  BEB% S il AUC A Ak ) it
(¥ ik 1. 06 4,2012 4F Shalev-Shwartz!'IE X} DCD J7 #0047 4047 I, 8 48 H] Modified-SGD 4533 4y % 5 2% & IR 4]
{#i, Modified-SGD 572 5 Bifi W11 & (stochastic gradient descent, i #X SGD)ELi%: AL (EAEH T H b 26 U0 5HH 5
HORBCE K. BT Modified-SGD HETE 77 HUSMW N AETT4, BLOLAG I B A5 ek 205 FEARSOE 6 Rk T H T AUC
I 250 Ak JER DA R ASE B0 26 1 1 .

TEL8 7712 5 B AR BRI B 7 10 SR AR 10 30 () 3o A2 v YR AR — 2D IR AR SR AR AN A OG T A 4R 5
TR IR P 5 A4 % D) IR AR SCR AT Hinge K s/ b SVM Y 42 tH—Ff sk i AUC AR AL r) 3
(F6F i A B T B 7 VA (AUC-DCD), AH N 3l 25 Y 3 FETE, T ACBLEL o OAM S13452 AUC-DCD ) —Ff ik A5 7.
i, W TR K EHE E ERT R S i — P IIE T AUC-DCD 1A 3 1.

1 AUC ke

KA AUC DAk ln) 758 THT I () — > 8 ) 0 h 2 ST 1 55 AUC {8, 7 B3 2 2 A0k, A R 110 5 100 AR 2 5
152 19 AUC A 71O e 78 500 b 2 F-HE 7 () WMW(Wilcoxon-Mann-Whitney) 4 1718V 6k 45 5 1 40 57 7] 43
A IZFEARLE S={(xiy) eRx{-1,+1}|ie[n]} HES S M IESHAMFEALE S* ={x |ie[n WIS ={x]| e
[(n7 1}, Hodr ™ 050 B R R IESREA S, Hn=n"+n",0<n"<n. A B 3005 52 19 AUC Al T s B 1) 2 e 55 BR B g=wt+b
AR A BEATL I E ) 1E 2 HE AR 1 B8 HME KT — A BEATL Al B 47 A A (1 o S0 (E 1 A28, AUC BB, ) 3K i
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o 2825 Pk Re R, A =N
S g > g(x))

AUC = — Q)
n'n
b 1(x) 4 $8 5 26 $ (indicator function),Bll: 1(x) = {1’ ijg: )
0, x A

TEYR R AL g=w b 116 Ay i B ) T RO BEAT 4 4 K O T b BN w rh e HEAT A EEL R [x T 1]
X7 [w" bl ow! I He 3 B8 T 5y g=w AR SR (1) T A5
Z;ilZ:;ll(wa; >w'x)) | Z;;IZj;ll(wrxf <w'x))

n+n_ o n+n_ ’

ST S8 I B0 A AUC B OK AR I s S5 A T4 z:;z;;ll(wrxf <w'x))/n'n” JMERI R 1(x)
AL 0-1 453 2% B B, AR o HAN RT3l £8 e RCH A bR 50 Hinge 451 2K s BGEAT AL AE B8 27 > UK, — FBUAE“4
2K R 50 T 4 507 () AE 4 AL 24 25 50 il R AT AF U, P A0 I U I L1 R L2 1F 4k, 2L L2 G Uk
A BRSO SR AR, I SVM B FIR A L2 0 WAL AR G SR T SVM BRI I8 AUC AR 4K 7] R,
R E AL T4 L2 0F WAk, F T 18715 3 S8 28 IR 2 A P TR i, e 28 A0 B A ek 2R

Zf:lzj:1l(wT(xi _xj )) (2)

n'n
Herh 2 %02>0 Hinge H1K R ECH [(w" (x] — x;)) =max{0,1-w (x| —x))}.

AUC =

LA )
min— || w|]" +
w2

2 K AUC ik By x B L Fr T EAE

Sof AR AR AR B 7 VR 22 O X AR 3 U A AL bR 5 IR [, 1T LA 43 Sk 06 SR 0648 A 47 F B (cyclic-DCD)
S0 . BE ML E A bR R B (stochastic-DCD) 5 4: A {# ] Permutation 5% W& [ & #e 5t 45 44 k5 K P& (stochastic-
DCDperm) S vESE. A3, A4 3 FoRfR AUC fifk ) (1) 532, /1, AUC-SDCD,AUC-SDCDperm I AUC-
MSGD,H 1, AUC-MSGD tH /2 B L1 B — 4 Ak i dE AT PR A 4 8 T 15 W, A S04 Al SDCD,SDCDperm #1 MSGD
B Ry AH . B3 1) fa 2 8 2 38 0 50l U6 B, SC IR AUC 7R 2R 5 2334 OAM Bk,

2.1 3FMCKRREE
TV OB AL AR B 7 V0, 1 2l 5 SR A L TR0 1) R0 F S £ i 8. g O 58 W, AR S

Z:Z;Z;:w k=n"xn",z;=x, —xj,l,.j(z;-w) =max{0,1 —z;w},,ﬁ\'-lj,i e[n],jeln],
)

W24 2) 5
min Pw), 3658 P00 =2 [ 4431y ) )

250K A2 RV 41 BECK L LI % 1) U
mfxD(a),E"P,D(a) = %Zj:al —% lik;aﬁz, 2 I Ha, €[0,1] 4)

S A IR B G = [0, T AR RIS R1AT KR w = Y a2, IS0 5 I
SO L3 2650 LR 7S A,

2

Al
min——>» .z,
a 2 lk; v

HT T A A B A AL el 4 B ¢ O AR AL 1) B el ay dE5E RO o)t B a) 18, O B

1
—;Za,j,alj €[0,1] (5)
ij

© HEBEERAET hipd/ www, jos. org. cn



£5ir F R AUC A0 B AR 4G 3B AL 47 T F o ik 2285

Aty = al—al, BT L2 3(5) 5044 2 T R

1 2
Wtil + EAO![/-ZU

. Ak
mm-—
Aa;

-1
—(a; ' +Aay)

(©6)
st. 0 a[/ <1

(6K KT Ay 1 KL 5 KAF IR IR Aay = Ak(1—2)w' ™) 2]z,

#3451 5 AUC-SDCD 1 55 357 i 2.

&% 1. AUC-SDCD.

. . 1
*Given @’ and the corresponding w’ = EZa,SzU
i

«Repeat =1,2,...,T
1. Randomly choose i e[n"], j e[n"]
2. Let aj; = min(max(er; ' + Ak(1- z;wkl)/z;zij ,0),1)
3w =w 4 (a) -] )zl.[//lk
«End
Hik 1 IR e T IR (— MW A6 40 2 25 ) &), A5 R AR BE AL B 326 X0 8 2% 5 ol — 4, 200 0t o B AR T )
RBL(6)HEAT T 352 S ) FH Jid ) R gk 5 0 A1 i) LA ] F D 2 3K 380 B 397 D ) RBLAE wo T H 1.
&% 2. AUC-SDCDperm.

. y 1
*Given @’ and the corresponding w° = EZaﬁzU
i

«Repeat =1,2,....T
1. Let {p;,p5,--.s p“,} be a random permutation of {1,2,...,n"n"}
2. Repeat s=1,2,...,n'n"
Ma=p,i=(a —1)/}17 +Lj=(a-)modn +1
(2) Do Step 2 ~ Step 3 of AUC-SDCD
End

«End
895 2 ) AUC-SDCDperm HI# AT #2.SDCDperm 1% 5 SDCD 592 ) 4b B 1k 72 28 {1, SDCDperm 7E i /Jj
1 REEA I A0S ) 52 o) 45— 4E 537 1 IR {8 SDCD 5735 U v] RE 5T el 5 — 4 85 00 3.
S 1 B 2 R CE R ) S AR T 20 B (R A A S R A T AT A A 2 ), 22 A K A
HHE e I T A 3% 0 P9 AR AR A MmN R R A A )L B ATT45 H AUC-MSGD 535, H A it it WL 59 3.
H3% 3. AUC-MSGD.
*Initialize w® = 0
Repeat =1,2,...,T
1. Randomly choose i €[n"], j e[n"]
2. Let &, = min(max(At(1 - z;w'™)/ 7/ z;,,0),1)
3w =(1=1/0w' " + oz, [ A

«End
MSGD Sk AL 5 B 5 SDCD SV AH A A [), B2 75 T~ P9 b B33 P ik 4 1) B AR 7 [n) AN ],

MSGD SEEAE SR ¢ YCIEACIN I e ff g 41 5 [ OGS A 1) B8 0 AT 5
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2

w"l+ia z
i A

st. 0 a; <1
52 (6) LR %) R L :SDCD 55301 [l J85L 1 AR S50 [l 52 1170, BT, 06t 5 — 0005 J22 k=n" <™ 52 32 {8 110 MSGD 47
VSR AR B T 1) (7)) B IR IR AL ¢ B3 N = A= AR L.
2.2 AUC-SDCD50AMBAY X Fl
SCHER[SIHR ! T 3Kk % AUC Ak 1) B £F 26 5790 (OAM), I 45 H 22 v BTG PR K I 1 5535 OAMinf,OAMinf i
TR0 TR S ) R T T AR 1) 4w

LAt
min—
Q,

— ..

! )

. Ak
min =~ [ w—w' | +1;(z) w) 8)

Crammer /7 2006 4738 iaf [ J(8) 19X 1 ol U SRAF AR ITAR w = w' + a2, [ Ak CRAFILTE WL 3% 2), Horfr,
a; = min(max(Ak(1- z,.jr. w') / zl.]T. z;,0),1).

2T 1) R SR AR 7 A BT b 5 A S (6) 45 W IR SRR 7 VAR IRl o 5 4 1 BRI S R I A ) AR A T
a=0,0AMinf 5752 SDCD SLkA% N 73 Py 1 A FEACR (45 785 DL, 1H SDCD HIL A #5153 £ Lk OAMinf
SRV R R WAL AT B AR S S B 6 X — S5 IR HEAT T PR A BT
2.3 WSS

Wof F— W AR BR R B2 M SIoME ) Luo A1 Tseng #E4T T IR R S8 RIWF AP AL K SVM X8
Hedk i B DCD J7 i, SCHR[ 12048 4 7k PE ARSI BB 0579 21 (1-u)',0<u<1 LRSI {2 Shalev-
Shwartz 25 AN DE 64 H W S 5058 — /2 2 80w T RECPRIE T 0, FLIZE AR HCBEAT BR 1, T LA PR — 2 BT 1
WCSE 23 B R A S X £ A o 0, TR A ) 2% PR DA b R 4, A 6 £ 1) R 1 g S R AN e i D
i 50 LA )4 P A S0 B 7 SCRIR[15] 7, Shalev-Shwartz FI Zhang 7§17 35 44 2% % 1§ 1] Fenchel-Young A~ %%
00 350 48 U] R AR 45 D s b R 505 R 4B B b R B TR ST G 3R, AN T 4 HH DR L b R 0 ) Wi S

WHRAERAT To RIENJGE, 2 w= 1/(T_T0)th:r0+1 w,a = 1/(T—T0)th:TO+la’,w* =argmin P(w), T J5 H A5 8

¥ POw) ™ R 5 R T B8 BT T POR) << U(T—Ty) Y. POw')y SR S5 A 6 55 48 H s o8 006 2

KRR Pw) = D(@), Bt LLA E[P(w)] - P(w") < E[P(w) — D(a)]. 3% 3¢ B, 1T LA FH ol 488 1) B2 16 Wi Sl sk J32 2 it
K B8 B BT S0 B R I, 5% T AUC-SDCD 5792 MR St A S48 2 5 3.

513 1. 1% AUC-SDCD HiEHI iR a=0,e>0 JZik A7 120 f5 H Ar ok BE 5 2L B H b ek B 2 7] 1)
122, MIEARIREL T>To W45 A 8] Bisi 2 E[P(w) — D(@)] < &, AR KA T 750 2 :

T=T,+k +%> max {0,[ klog(1k/2) |} +k+%,

T k=n"xn™, E For 0 BEA LA IR B A0] 1 41 B 2.

Zlth, AUC-SDCDperm H3E ISP 5 AUC-SDCD HEAH ).

EF%t Modified-SGD ik, 8k 7 1 K n ANFEAS IEE e I, SCRR[ 15145 S F bR B2 O((logn)/n) i1
W S5 B[R BE 0T AUC-MSGD S1EAS 3045 Hi 5] 7 2.

S138 2. RBERE AT LMY [/ 40 A7, 4 @ = argmax D(a), 24 AUC-MSGD S5y [ 1 BEA N4 :

EID(@’) - D(a)] < 2108R)

Ak
o k=n"xn™, E 3275 B A L0 ER AR A X6t 7 51 B 2.
HFSIEE 1. 51# 2 MAE S SRRSO E R 1. EH 3 80 X AR,
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3 HEXR

R 3o 52 0 S v BT R I 1 A R A R EREAT 6 U SR 56 ST/ LIBLINEARPSPE 5 S, %
Fa BT T RN G IR I B S5 8, T DL 8o Ak SR R 2 HE A TR, T H 2 Rl e AR EE S SEILL O T T 8
0,2 B T AR 2 T K B08 R 7 bk
3.1 B RBIEEMR

SEIGAE 10 ANECE FE L SEDL, IX SRS E TN LIBSVM Wil Fp 43, BAR R 8 ik http:/www.csie.ntu.
edu.tw/~cjlin/libsvmtools/datasets/, % 1 2 H 4t FE [0 AH S &

Table 1 Details of the datasets
Fz 1 HURERR
BARE  REAREC REARYER KRR

sonar 208 60 1.1443
fourclass 862 2 1.807 8
german 1 000 24 2.3333
svmguide3 1243 22 3.199 3
dna 2000 180 3.3103
svmguide4 300 10 5.8182
pendigits 7494 16 8.620 0
vowel 528 10 10.000 0
letter 15 000 16 242525
sector 6412 55197 148.116 3

% 1 "1 ,sonar,fourclass,german F! svmguide3 4 — 43358040 FE, H A 0y 22 4 B0 JBE . 5200 AR 0 B 34T AT A
Toesh B AR B LEFE AR Ky 2> BORE A, Ry T A TE A S A S P, 5 22 o3 A R SR BT L b — 28 A D IE R A, A 26
VB R SROFEAS 1) A B SR W 3% rp SR Al 2 2 O RE AR B IEREAR S LG

SCHR814Y Hh W RIR fif AUC A4k ) 11 7F 22 47150 AMseq Il OAMgra, 345 i OAM 5371 28 vh G B K I
K8 vE OAMinf. ' OAMinf LB B AUC TEREML T OAMseq 1 OAMgra. [K I, A 75 52 46 AN X 45 vk
OAMinf,SDCD,SDCDperm 1 MSGD 47 ELAR B il o4y 24 LU 8%, 52 56 v 5% SDCD I MSGD 1138 4R Ik 2544 B
T=n"xn",H SDCDperm F 5T 1 KAMIEFF,ENGAIE 4 FhRLEACIREAH ).

3.2 KBWERRER

SR A A B PERE LS4 23 1 5 A1, b 4 AR IIZRAEA F0 R 1 AR M RE A B R4 Sk A5 5 A
AUC 1B, A EE et AT 4 IRBENL AT 41,5 A 45 100 20 41 AUC {H M-V 3E R 5 2.

4 LTI S HOEBEVE Y 107°~10" 78 525 Pk B 2 5.

B 1A 4 FEETE S 30 LS EEUE S AUC HIKR.

K 2HNHT 4 FpEEAEAN N EO EE B SR 45 5 2o 1l 548 4 h AUC “FI9ME,B AN (138 J5 %
(mean square error). 37 22 # A X MSE = \/1/(n —1)2::7:l (¥ -x,)* (n=20,x; %7~ AUC {H, x 7~ AUC [ F-¥1H)
it 5.

Table 2 Comparison of AUC performances on the datasets
F2 EXEIEE LK AUC PERE R

Bl e OAMinf SDCD SDCDperm MSGD
sonar 0.8611£0.0632  0.8652+0.0583  0.8650+0.0590  0.8653+0.0609
fourclass 0.8298+0.0266  0.8310+£0.0314  0.8309+0.0314  0.8337+0.0260
german 0.7134£0.0475  0.7797+0.0284  0.7912+0.0325  0.7805+0.0271
svmguide3  0.7689+0.0364  0.7545+0.0408  0.7905+0.0345  0.752740.0375
dna 0.9890£0.0041  0.9569£0.0119  0.9894+0.0041  0.9584+0.0114
svmguide4  0.8065+0.0837  0.83544+0.0775  0.8389+0.0753  0.8294+0.0742
pendigits 0.9825+0.0058  0.9603£0.0160  0.9846%£0.0041  0.9617£0.0131
vowel 0.8965+0.0382  0.9072+0.0360  0.9081+0.0363  0.9081+0.0382
letter 0.9882+0.0026  0.9643+£0.0129  0.9888+0.0025  0.9618+0.0129
sector 0.9964+0.0058  0.8436%0.1042  0.9989+0.0012  0.8681+0.0769
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german

sonar fourclass
% OAMinf 54 % OAMint
SDCD SDCD
SDCDperm SDCDperm
- . MSGD - + MSGD

£ _;;x»- e _g«"‘?‘“l!v

% OAMinf
* SDCD \
[‘> SDECDperm
i ‘== MSGD " x
. 0.82 0.65
10° 10° 10° 10° 10° 10°
Ax10* Ax10* ax10*
svmguide3 dna svmguide4
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0.80
© % OAMinf
o 0.97 SDCD ) 9.75
= SDCD >
z B wsap T < 0701 5. OAMinf
0.65 SDCD
SDCD 0.95 ‘ 0.60 D Dpertn
perm A TR o o e e *f . = . MSGD
> MSGD rbbbb—%bb )
0.94 0.55
10° 10° 10° 10° 10° 10°
ax10* ax10* x10*
pendigits vowel
1.00 0.93
0.99 0.91
© 098} X OAMinf  x % Dy )
3 ¥DED* X 3 0.89| % OAMinf
0.97! =—€=— SDCDperm SDCD
‘=P MSGD p>p SDCDperm
P 0.87 X
0.96> D =B - P - D -> => ' MSG
[REED SERTE"SEREES "SRRRRS {EREER 4
0.95 0.85
10° 10° 10° 10°
Ax10* Ax10*
letter sector
1.00 1.00 —e—s—o—2 Wﬁ,\@\)_oﬂ
o908 ©% OAMinf —9
098 xx X 0.95 SDCD
o R (S)gg][)mf o SDCDperm
) =) |- + MSGD
= 096 —©— SDCDpery,.->- 4 < >
=D MSGDp" > 090} &b -p-p” Db
0945 b - p- # ®
“ "
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Fig.1

K 1

Comparison of AUC value with different parameters
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