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(E-mail: wanshuwen@aliyun.com)� � ROC Z0�9i�s:Hs�L��nÆ9id&V9i,�xuX`iV�ÆN��{���o��V�Æyvf`��C2;�K�*�V ROC Z0�Hxu��xu�
iS�mn:HpW�V'D�[;#5omfH$�'
(V��^Ax��U�:H5>N	��C2;Vxu"�:Vz*�xuU���℄iTQ�NQ2	�p"*�xuU��O*�5
Nz�<`�i�*�xu�$	V�℄i	pO*�5
Nz"<`���C2;V�*�xu3N��*�xu�psh .f+��5
	s|"
	'D�[;#5
	 ROC ZS	 ROC Z0
MR(2000) Æ�mu 62G99; 62H12; 62H15��mu O212.1; O212.7

1 
�/:j�v;Jv�� ROC \T
�MubX��MP�����:jf( (� X/Y�X)X:j-�yvYajX;J~J�|�/�v�VJ�u1=HSl��s�?6�o�:jf(X:jWe��n� Nakas, Yiannoutsos[1] zw��M�qdX|ua�3/-}��:j��[ �RX7K�1? (ADC), �yv\�Rl[:j3s��?-X� ADC bh 0.5, / ADC bh 1–3. 7M�o�:jf(XWe�UA;X ROC \T;J~J#.Æ��pB�� ROC \TXzw	un3Sl
ROC \2Xzw�?�/�VJ<PX�s�?s��w:jf(X:jWe�/EQ�� Nakas / Yiannoutsos[1] �F Xiong[2] Ygzw�A ���qdX:j-�yvX ROC \2;J~JF4
 Yang, Carlin[3] �F Wan, Zhang[4] zw�A ���qd:j-�yvX ROC \2X;J=j
qQ)zw6[ Mossman[5], Dreiseitl Yg [6] �F Heckerling[7] zw�� ���udX:j-�yvX ROC \2~J���D 2011 A 10 + 25 k�R�2012 A 2 + 3 k�Rk���
∗ %M℄d�u�l (11001119) ZTY9�



4O ��C��K�*� ROC Z0�Hxu 699>�/P���qd:j-�yvXs�:jf(F/��0�XtWCp��Nakas,

Alonzo[8], Alonzo, Nakas[9] zw�V�X ROC\2~JF4��E\3<���
+�X;J~Jyv� l���qd:j-�yv�s�:jf(�X ROC\2~J�7�
 Nakas, Yiannoutsos[1] �F Xiong[2] zwXWe�#)7�IEQ~�zw�V�X{+�/+�Xyv�q�E3<��M
+�Xyv�P:jf(�s������qdX:j-�yv\0~�qdX-��z���\�-l[F�3s��/ng ROC \2~J����81XO{
^s�l[X-��zVZ �^s�l[X-��z
�UV�Z�̂ s�l[X-��zVZ �^��l[X-��z
�K-��zB X , n(h
�
���hC c1 / c2, 2��^eX~��Yx
�\)` X ≤ c1 Xl[F�3^���\)` c1 < X ≤ c2 Xl[F�3^s��q\�!Xl[F�3^s��� ROC \T
ÆXSt� Nakas,

Yiannoutsos[1] 3<�� TC2 l TC1 / TC3 
<USX\2
B ROC \2X
Æ�7� TCi 
\��^ i �Xl[>aF�3^ i �X�#� i = 1, 2, 3. �>� Nakas,

Yiannoutsos93<� ROC\2LX5C�E;5wMP��:j-�yvXYaj�5C(J2V�X:j-�yvx(Ya����4� ROC\2LX5C/�CwxY �:j-�yvl Es�J&B:^Xl[ng>aF�X�#�/�E��G,\3<�M
+�Xyv� ROC \2X�J�Q.aX!W
/��
+�/g,��6dLng ROC \2X�[�/EQ��
+�/g,��6d	3�Z�/� ROC \TX;J~JJ��n� Qin, Zhang [10] 3<�/g,��6dLX�� ROC \T
+��J��4� Wan, Zhang[11] \Q�n�3<���"6X ROC \T�J���>� Wan, Zhang[12] 9zw�n0//g,��6dLngV� ROC \TX�`��EX!!
l-��z[�ÆPX/g,��6d�/USs��z~%,�X
+��J�4� ROC\2X�J�x�^e>U�\/g,��6d�o ROC \2X~JJ#N�G,>U��M
+�X;J~Jyv�qU7Myv��X<g#J���jU (E \<$6p�7/E4X^ 5 '~\�g��aL���E\ky3<XP�yv�e4\8);J6?��`�E3<X
+�yv/	�X{+�/+�yv�b4G,\3<Xyv� �a�L�zX~J�!ngÆPX.%�
2 ��ki� Xk1, · · · , Xknk

�
e�9~%XE^ k �l[USX-��z� k = 1, 2, 3. O
E^ 3 �l[-UX�zVZ �^ 2 �X�zJ�q^ 2 �-UX�zVZ �^ 1 �X�zJ�� F1, F2 / F3 ~�L� X11, X21 / X31 X~%,�� Nakas,

Yiannoutsos[1] 3<�nLX ROC \2X
Æ�
R(s1, s2) = F2

(
F−1

3 (1 − s2)
)
− F2

(
F−1

1 (s1)
)
, 0 ≤ s1, s2 ≤ 1.
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ROC \2LX5C VUS ���3���:j-�yvXYaj�QJ%B

VUS =

∫ 1

0

∫ 1

0

R(s1, s2) ds1 ds2 = P (X31 > X21 > X11).V
S� VUS �Lwx
��:j-�yv\E��USX-�C>a$�X�#��
F̂k(x) =

1

nk

nk∑

i=1

I(Xki ≤ x)L� Fk(x) Xu}~%,��2 ROC \2FQ VUS X{+��J�B
R̂(s1, s2) = F̂2

(
F̂−1

3 (1 − s2)
)
− F̂2

(
F̂−1

1 (s1)
)
, V̂US =

∫ 1

0

∫ 1

0

R̂(s1, s2) ds1 ds2./>+~%XO{L�G,���M~%,�X�J� F 1(x), F 2(x) / F 3(x), e4\QLg ROC \2X
Æ�x��US ROC \2X+�d�J� R(s1, s2) �FV�X
VUS X�J� VUS =

∫ 1

0

∫ 1

0
R(s1, s2) ds1 ds2.(E \6d
lo�X���ng[6X��1�r1��D = k L�^ k��

k = 1, 2, 3. l �
X-��z X = x, (E \<$6dB
log

( P (D = i|X = x)

P (D = 3|X = x)

)
= α∗

i + βT
i r(x), i = 1, 2, (1)7��α∗

i 
��8g+��βi 
�� p× 1XZ�+��q r(x) 
�� p× 1X xXZ�,��2 Fk(x) = P (Xk1 ≤ x|D = k), k = 1, 2, 3. �� fk(x) L� Fk(x) X/g,���# Qin / Zhang[13] X?��2m�8)�� ��U<6d (1) xYP nLX
+�/g,��6d
X31, · · · , X3n3

∼ f3(x),

Xi1, · · · , Xini
∼ fi(x) = exp {αi + βT

i r(x)}f3(x), i = 1, 2, (2)7�� αi = α∗

i + log[P (D = 3)/P (D = i)]. /7�6d��G,*��X/g,� fi(x)
8�|5X~%�F
�X7_/g,�/e�w���E�7X�K�7#
A;X+�6d�N� /6dJ�+�XF/���#
��{+�X6d�6d (2)
k +�/{+�BQX�M
+�6d�/�VJ�G,11r1 r(x) = x ?6
r(x) = (x, x2)T . P r(x) = x ��/g,� fi(x) / f3(x) Æ*no1�~%Æ	���V9y/#9�CX>+~%��F���#9�CXE�~%
P r(x) = (x, x2)T����
���#9�C/#9y/X>+~%���� r(x) = log(x) �
[6X�M`-r1�B� fi(x) / f3(x) Æ*��l�>+~% log N(µ1, σ

2) / log N(µ2, σ
2)U µ1 6= µ2. G /�L��Jn0r1 r(x), Kay/ Little[14] 3��`-X+��l ���
X r(x), G,���# Qin / Zhang[13] �0�r7�&�� -rE�dX;J�ng?1�gR}�Po�e�X r(x) ��g���z;Jv
TX$2��r�VlSMX6dq#
�-X6d�



4O ��C��K�*� ROC Z0�Hxu 701P� {T1, · · · , Tn}K1!X�� {X11, · · · , X1n1
; X21, · · · , X2n2

; X31, · · · , X3n3
}U n =

n1 + n2 + n3. �>� ρk = nk/n3, k = 1, 2. �z .SX�z�G,��`<
+�u}#e,�B
L(α1, α2, β1, β2,F3)

=

n3∏

i=1

dF3(X3i)

n1∏

j=1

exp {α1 + βT
1 r(X1j)} dF3(X1j)

n2∏

k=1

exp {α2 + βT
2 r(X2k)} dF3(X2k)

=
{ n∏

i=1

pi

}{ n1∏

j=1

exp{α1 + βT
1 r(X1j)}

}{ n2∏

k=1

exp{α2 + βT
2 r(X2k)}

}
,7� pi = dF3(Ti), i = 1, · · · , n 
�#X)�U_/B 1. �# Owen[15,16], Qin,

Lawless[17], G,)�


l4\vtP)`nL'�7X
n∑

i=1

pi = 1, pi ≥ 0,
n∑

i=1

pi

[
exp{αk + βT

k r(Ti)} − 1
]

= 0, k = 1, 2,LX#e,� L XbJC/
p̃i =

1

n3

1

1 +
2∑

k=1

ρk exp
{
α̃k + β̃T

k r(Ti)
} ,>U�7� (α̃k, β̃k) 
 (αk, βk) XbJ
+�#e�J��Q8)gnLXJ~y6aq>U�

∂l(αk, βk)

∂αk

= nk −

n∑

i=1

ρk exp{αk + βT
k r(Ti)}

1 +
2∑

j=1

ρj exp{αj + βT
j r(Ti)}

= 0,

∂l(αk, βk)

∂βk

=

nk∑

m=1

r(Xkm) −

n∑

i=1

ρk exp{αk + βT
k r(Ti)}r(Ti)

1 +
2∑

j=1

ρj exp{αj + βT
j r(Ti)}

= 0, (3)7�� k = 1, 2, l(αk, βk) 
nLXl�#e,�
l(αk, βk; k = 1, 2) ∝

2∑

k=1

nk∑

j=1

[
αk + βT

k r(Xkj)
]
−

n∑

i=1

log
{

1 +
2∑

j=1

ρj exp{αj + βT
j r(Ti)}

}
.V
S�'�7X

n∑

i=1

pi

[
exp{αk + βT

k r(Ti)} − 1
]

= 0,YP 
n∑

i=1

pi exp{αk + βT
k r(Ti)} = 1,



702 � � � s s � 36~Qw�� exp{αk + βT
k r(t)}dF3(t) 
��~%,�X���nq� F3(t) XbJ
+�#e�J�B

F̃3(t) =

n∑

i=1

p̃iI(Ti ≤ t) =
1

n3

n∑

i=1

I(Ti ≤ t)

1 +
2∑

k=1

ρk exp{α̃k + β̃T
k r(Ti)}

.V�Z� Fj(t), j = 1, 2 XbJ
+�#e�J�B
F̃j(t) =

1

n3

n∑

i=1

exp{α̃j + β̃T
j r(Ti)}

1 +
2∑

k=1

ρk exp{α̃k + β̃T
k r(Ti)}

I(Ti ≤ t).� (F̃1, F̃2, F̃3) BA>�G,3</
+�/g,��6d (2) L�[nLX ROC \2
R(s1, s2) X�J�

R̃(s1, s2) = F̃2(F̃
−1
3 (1 − s2)) − F̃2(F̃

−1
1 (s1)), s1, s2 ∈ [0, 1],!UV�Z��

ṼUS =

∫ 1

0

∫ 1

0

R̃(s1, s2) ds1 ds2. (4)��J ROC \2L5C��zbJ#e�JX#�j$2� R̃(s1, s2) / ṼUS ~�

R(s1, s2) /QL5C VUS /6d (2) LXbJ
+�#e�J��CUV
X
/�LJ%J�� (4) J ṼUS XJ%#l�)��CC~Xyvx=?3��B
+��J� F̃k, k = 1, 2, 3 d
b1,��u)ÆPX=%x��U<L2X�H��J% ṼUS:

ṼUS =

n∑

i=1

n∑

j=1

n∑

k=1

p̃ip̃j p̃k exp{α̃1 + β̃T
1 r(Ti)} exp{α̃2 + β̃T

2 r(Tj)}I(Ti < Tj < Tk).P/G,�.%n0l3<X ROC \2
+��J� R̃(s1, s2) ng;J=j�#hX
� Var(R̃(s1, s2)) XgJ�H�2<>U��>��zG,�T//g,��6dL?� ROC \TF4Xu}�7�X�H�G�=>U��
{1�-/#� ��X�7��G,3<��SMX^Uv (bootstrap) ��[ R̃(s1, s2) XHbYQ��ME F̃1 J0~��SM&B�� X∗

11, · · · , X
∗

1n1
; ��#Xy�e�ZE F̃2 / F̃3 J0~�� X∗

21, · · · , X
∗

2n2
/ X∗

31, · · · , X
∗

3n3
. �>�� T ∗

1 , · · · , T ∗

n L�1!X���!U�
(α̃∗

k, β̃∗

k ; k = 1, 2) L�/J~y6a (3) J\ Ti 6:3 T ∗

i USXg�2
F̃ ∗

3 (t) =
1

n3

n∑

i=1

I(T ∗

i ≤ t)

1 +
2∑

k=1

ρk exp{α̃∗

k + β̃∗T
k r(T ∗

i )}
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F̃ ∗

j (t) =
1

n3

n∑

i=1

exp{α̃∗

j + β̃∗T
j r(T ∗

i )}

1 +
2∑

k=1

ρk exp{α̃∗

k + β̃∗T
k r(T ∗

i )}

I(T ∗

i ≤ t), j = 1, 2.nq�^Uv>UX ROC \2�J�B
R̃∗(s1, s2) = F̃ ∗

2 (F̃ ∗−1
3 (1 − s2)) − F̃ ∗

2 (F̃ ∗−1
1 (s1)).7�2^eZ�E^Uv>UX R̃∗(s1, s2) XCx����5S R̃(s1, s2) X�hC�

3 �qyz|�/7'~�G,�;J6?�}�`�/�R��WeLG,3<X ROC \2
+��J� R̃(s1, s2) #V�X{+�/+��J��G,X6?�}~B�MWe��M
+�yvX6dO{
>aX
��M
+�yvX6dO{
GIX�/6?X^�MWeL�G,O
 fi(x) 
 N(µi, σ
2) X/g,�� i = 1, 2, 3, 2/g,��6d (2) 3��U� r(x) = x /

α1 =
µ2

3 − µ2
1

2σ2
, α2 =

µ2
3 − µ2

2

2σ2
, β1 =

µ1 − µ3

σ2
, β2 =

µ2 − µ3

σ2
.G,{HX��m�
 (n1, n2, n3) = (30, 30, 30)/ (n1, n2, n3) = (60, 45, 30)�MWe�{H (n1, n2, n3) = (60, 45, 30) X$�P�
/�Lzw�X�zu1�Ss�l[X��
_UX��>�{H µ1 = 0, µ2 = 1, µ3 = 2/ σ = 1. 7��6d (2)+�X8�CB α1 = 2, α2 = 1.5, β1 = −2, β2 = −1. l +MWe (n1, n2, n3), G,E N(µi, σ

2)

(i = 1, 2, 3) J0~ 1000 aV5e�X1!���l ROC \2�J��G,�"�
(s1, s2) ∈ {(0.8, 0.5), (0.8, 0.2), (0.5, 0.8), (0.5, 0.2), (0.2, 0.8), (0.2, 0.5)},V�Xf(_f/�� 1J�/� 1J�BSL�J/�SEL��YI�q e(R̃, R̂),2L� R̃(s1, s2)l R̂(s1, s2)XVl^#�E�J��<�R̂(s1, s2), R̃(s1, s2)/ R(s1, s2)XJ/dap 0, 7�47sM�J�d
ZpHJX�l +�� (s1, s2), q! R̃(s1, s2)/ R(s1, s2) X�YI�`ap�N R̃(s1, s2) X�YI9
� R̂(s1, s2) / R(s1, s2) d\��q�Vl^# e(R̃, R̂) _
J 1.7, 7�4//g,��6d>aXWeL�G,3<X
+�yv�{+�yv4OX-��>�
+�yvl+�yvXVl^#

e(R̃, R) _
� 1 xJ�7�4q!/>+~%O{>aXWeL�G,X
+�yv�#�+�yvxv�}G 9x��/;J6?X�>�MWe��G,)��J+X~%�7�G,y����\�E�~%/l�>+~%�~�l� r(x) = x / r(x) = log x. /^���\��G,O
 fi(x) 
E�~% E(θi) X/g,�� i = 1, 2, 3. �q7�l+�yvq{�>+~



704 � � � s s � 36~%XO{x#.3���N
�/g,��6d (2) XO{je3��U� r(x) = x /
α1 = log

(θ3

θ1

)
, α2 = log

(θ3

θ2

)
, β1 =

1

θ3
−

1

θ1
, β2 =

1

θ3
−

1

θ2
.G,{HX��m�
 (n1, n2, n3) = (30, 30, 30)/ (n1, n2, n3) = (60, 45, 30)�MWe��>�{H θ1 = 1, θ2 = 2, θ3 = 3. 7��6d (2)+�X8�CB α1 = 1.098, α2 = 0.405,

β1 = −0.667, β2 = −0.167. l +MWe (n1, n2, n3), G,E E(θi) (i = 1, 2, 3) J0~
1000 aV5e�X1!���e 1 ~�D=*}$9℄�WrL ROC [1�I�W�_e'

(s1, s2) (0.8, 0.5) (0.8, 0.2) (0.5, 0.8) (0.5, 0.2) (0.2, 0.8) (0.2, 0.5)

(n1, n2, n3) = (30, 30, 30)

BS(R̂(s1, s2)) 0.00617 0.01078 −0.01363 −0.00825 −0.01462 −0.01385

BS(R̃(s1, s2)) −0.00283 −0.00680 0.00551 −0.01278 0.00955 −0.00476

BS(R(s1, s2)) −0.00644 −0.00993 −0.00186 −0.01179 −0.00161 −0.00805

SE(R̂(s1, s2)) 0.14346 0.13224 0.14375 0.09222 0.13892 0.09772

SE(R̃(s1, s2)) 0.10133 0.09974 0.10643 0.06323 0.10531 0.06445

SE(R(s1, s2)) 0.10508 0.10474 0.11064 0.07266 0.11141 0.07677

e(R̃, R̂) 2.007 1.761 1.835 2.060 1.745 2.332

e(R̃, R) 1.078 1.108 1.078 1.302 1.110 1.427

(n1, n2, n3) = (60, 45, 30)

BS(R̂(s1, s2)) −0.00678 0.00038 −0.02035 −0.00816 −0.02280 −0.01776

BS(R̃(s1, s2)) −0.00034 −0.00080 0.00472 −0.00545 0.00575 −0.00396

BS(R(s1, s2)) −0.00497 −0.00532 −0.00054 −0.00842 −0.00181 −0.00935

SE(R̂(s1, s2)) 0.11527 0.10272 0.12878 0.07207 0.12330 0.08504

SE(R̃(s1, s2)) 0.08261 0.07825 0.09234 0.04975 0.09318 0.05747

SE(R(s1, s2)) 0.08433 0.08046 0.09646 0.05814 0.09685 0.06632

e(R̃, R̂) 1.954 1.723 1.989 2.101 1.804 2.274

e(R̃, R) 1.046 1.062 1.088 1.378 1.077 1.351�WeLX;J6?f(_f/�� 2 J�E�J��<�=�F���CJ 
0.01, R̂(s1, s2) / R̃(s1, s2) XJ/dap 0, 7�4B�{+�/
+��J�d
ZpHJX�N7l+��J�!#3���B�J R(s1, s2) XJ/�Jo�dORX#Y 0. 7�4/>+O{#3���+�yvUSX�J�!#
ZpHJX��>�l+�� (s1, s2), R̃(s1, s2) X�YI� R̂(s1, s2) / R(s1, s2) d\��B03
+��J�lQ)�M�J�XVl^# e(R̃, R̂) / e(R̃, R) d_
J 1.6, 7�4
+�yv� Q)�Myv�:}8��/>+O{#3���
+�yv
�M�WXr1��#X6?f(�<P/r1l�>+~%
6?��/^ 2 ��\��G,O
 fi(x) 
l�>+~% log N(θi, σ

2) X/g,�� i = 1, 2, 3. �q7�l+�yvq{�>+~%XO{x#.3���N
�/g,��6d (2) XO{je3��U�
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r(x) = log x /
α1 =

θ2
1 − θ2

3

σ2
, α2 =

θ2
2 − θ2

3

σ2
, β1 =

θ3 − θ1

σ2
, β2 =

θ3 − θ2

σ2
.G,{HX��m�
 (n1, n2, n3) = (30, 30, 30)/ (n1, n2, n3) = (60, 45, 30)�MWe��>�{H θ1 = 0, θ2 = 1, θ3 = 2, σ = 1. 7��6d (2) +�X8�CB α1 = −4,

α2 = −3, β1 = 2, β2 = 1. l +MWe (n1, n2, n3), G,E log N(θi, σ
2) (i = 1, 2, 3)J0~ 1000 aV5e�X1!����WeLX;J6?f(_f/�� 3 J�E�J��<� R̂(s1, s2) / R̃(s1, s2) XJ/dap 0, 7�4B�{+�/
+��J�d
ZpHJX�N7l+��J�!#3���B�J R(s1, s2) XJ/�Jo�dORX#Y 0. 7�4/>+O{#3���+�yvUSX�J�!#
ZpHJX��>�l+�� (s1, s2), R̃(s1, s2) X�YI� R̂(s1, s2) / R(s1, s2) d\��B03
+��J�lQ)�M�J�XVl^# e(R̃, R̂) / e(R̃, R) d_
J 1.3, 7�4
+�yv� Q)�Myv�e 2 ~�DD�}$9℄�WrL ROC [1�I�W�_e'

(s1, s2) (0.8, 0.5) (0.8, 0.2) (0.5, 0.8) (0.5, 0.2) (0.2, 0.8) (0.2, 0.5)

(n1, n2, n3) = (30, 30, 30)

BS(R̂(s1, s2)) −0.00473 −0.00700 −0.00487 −0.01486 −0.01209 −0.01981

BS(R̃(s1, s2)) 0.00934 −0.00622 0.01200 −0.00889 0.01307 0.00774

BS(R(s1, s2)) 0.13059 0.10055 −0.06467 0.00673 −0.11749 −0.01605

SE(R̂(s1, s2)) 0.12879 0.12545 0.12084 0.12017 0.12061 0.13259

SE(R̃(s1, s2)) 0.09995 0.08604 0.07469 0.06650 0.06389 0.08697

SE(R(s1, s2)) 0.12115 0.10489 0.07575 0.08492 0.06820 0.13527

e(R̃, R̂) 1.648 2.121 2.556 2.257 3.456 2.357

e(R̃, R) 3.149 2.837 1.733 1.612 4.340 2.434

(n1, n2, n3) = (60, 45, 30)

BS(R̂(s1, s2)) −0.01517 −0.01126 −0.00683 −0.01409 −0.01126 −0.02243

BS(R̃(s1, s2)) 0.00338 −0.00897 0.00843 −0.00912 0.01022 0.00502

BS(R(s1, s2)) 0.12479 0.09888 −0.06532 0.00714 −0.11740 −0.01902

SE(R̂(s1, s2)) 0.12557 0.10603 0.10955 0.09902 0.11121 0.12711

SE(R̃(s1, s2)) 0.09128 0.07378 0.06826 0.06006 0.06229 0.08484

SE(R(s1, s2)) 0.11105 0.09091 0.07049 0.07826 0.06887 0.12913

e(R̃, R̂) 1.918 2.058 2.547 2.710 3.136 2.306

e(R̃, R) 3.345 3.266 1.953 1.673 4.649 2.358

4 |vn�G,\3<Xyv� ��8��zX~J���z% Reaven / Miller [18] l,C Xzw�/��zJ�� 145 �{|GX3Bg�~3�s��>1�,C TP�,C �7s�gbX��~�
 76, 36 / 33. G,���w℄N-,�K (PLG)B��ng ROC\2~J�l>1gb PLG�zng>+jR}�tPQ#�1>+
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+�yv,�S��zX~Jw�tPl� r(x) = xX6d (2)�`-X?1�6d+�X�JCB α̃1 = 8.79384, α̃2 = 5.39702,

β̃1 = −0.04219, β̃2 = −0.02062. l ROC \2X�J�G,� R(0.2, 0.4) B��Q
+��JCB R̃(0.2, 0.4) = 0.94757, V�X 95% XHbYQB (0.87956, 0.98100).G l VUS X~J�Q
+��JCB ṼUS = 0.69084, V�X 95% XHbYQB
(0.60329, 0.79527).e 3 ~�Dk�=*}$9℄�WrL ROC [1�I�W�_e'

(s1, s2) (0.8, 0.5) (0.8, 0.2) (0.5, 0.8) (0.5, 0.2) (0.2, 0.8) (0.2, 0.5)

(n1, n2, n3) = (30, 30, 30)

BS(R̂(s1, s2)) 0.00317 0.01008 −0.01583 −0.00618 −0.02049 −0.01775

BS(R̃(s1, s2)) 0.00179 0.00023 0.00454 −0.00854 0.00554 −0.00598

BS(R(s1, s2)) 0.07907 0.03789 −0.43243 −0.10989 −0.45573 −0.09201

SE(R̂(s1, s2)) 0.14385 0.13639 0.14155 0.09301 0.13100 0.09122

SE(R̃(s1, s2)) 0.10066 0.10012 0.09936 0.06306 0.09762 0.06008

SE(R(s1, s2)) 0.13782 0.11055 0.15266 0.07723 0.15390 0.15809

e(R̃, R̂) 2.043 1.866 2.051 2.146 1.839 2.369

e(R̃, R) 2.491 1.363 21.258 4.455 24.120 9.179

(n1, n2, n3) = (60, 45, 30)

BS(R̂(s1, s2)) −0.00838 0.00031 −0.01589 −0.00665 −0.01864 −0.01809

BS(R̃(s1, s2)) 0.00040 −0.00248 0.00707 −0.00562 0.00884 −0.00097

BS(R(s1, s2)) 0.07388 0.03265 −0.44513 −0.11235 −0.46562 −0.09162

SE(R̂(s1, s2)) 0.11570 0.10579 0.12551 0.07330 0.12290 0.08374

SE(R̃(s1, s2)) 0.07951 0.07736 0.09000 0.04895 0.09172 0.05434

SE(R(s1, s2)) 0.12032 0.09512 0.14434 0.06256 0.14682 0.14236

e(R̃, R̂) 2.129 1.868 1.964 2.232 1.820 2.485

e(R̃, R) 3.153 1.688 26.866 6.812 28.076 9.704

5 ~w/7IE4��G,3<��M� �qd:j-�yv ROC \2�[X
+�yv�;J6?O
�H%
>+O{3�#���EX
+�yv��{+�/+�yv�(�=Bq>�9��_-XjICUG,V
�^�aCUV
X
�E3<Xyv2-�P�7
�B2o;JqX�X(E \<$6p���������EXyvJO�X�&
>U (α̃i, β̃i) XbJ
+�#e�JC�A;Xyv
)��_[DmvB�g{Tjy6aX�CJ%yv�N/7����S�Xyv�:x
)�(E \<$6p�� (α̂∗

i , β̂i) L�)�(E \<$USX6d (1) J
(α∗

i , βi) X�JC��# Zhang[19] X~J���U< (α̃i, β̃i) / (α̂∗

i , β̂i) �nLX�K
α̂∗

i = α̃i + log ρi, β̂i = β̃i. �>�aCUV
X
��E3<X
+�yv�[X ROC\2E<ew��{+�yv�[X\2�"6�_�7
�B
+�~%,��J� F̃1(x), F̃2(x) / F̃3(x) JX+��d
�_'���zBA2X��#XP[/ Qin,

Zhang[10], Wan, Zhang[12] �<P)�G
+� ROC \T?\2�J�81�V�X{
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A Semiparametric Method for ROC Surface Estimation
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Abstract We propose a semiparametric method of estimating ROC surfaces for contin-

uous diagnostic tests under density ratio models. Implementation of our method is easy

since the usual logistic regression procedures in many statistical softwares can be employed.

Simulation results show that the proposed semiparametric ROC surface estimator is more

efficient than the nonparametric counterpart and the parametric counterpart whether the

normality assumption of data holds or not.
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