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IC(x, t) : ⌦ ⇥ [0, T ] ! R T
⌦ ⇢ RD IR(x)

t = tR 2 [0, T ]
L = {Li}NL

i=1

= {C,H, S,B} A = {Ai}NA
i=1

= {C,M,B}
NL = 4 NA = 3 C M H S B
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bA(x) : ⌦ ! A
x

tR

IC(x, tR) IC(x, tR) = IC(x)
bA(x) Li(x) x

P (IR(x)|IC(x), Li(x), Ak(x)) = P (IR(x)|Li(x)) Li

Li

✓̄

logL(✓̄) =
X

xn2⌦

log

NLX

j=1

P (IR(xn), IC(xn), Lj ; ✓̄)

=
X

xn2⌦

log

NLX

j=1

NAX

k=1

P (IR(xn), IC(xn), Lj , Ak; ✓̄)

✓̄

Qjk(x) Qjk(x) � 0PNL

j=1

PNA

k=1

Qjk(x) = 1

logL(✓̄) =
X

xn2⌦

log

NLX

j=1

NAX

k=1

P (IR(xn), IC(xn), Lj , Ak; ✓̄)

=
X

xn2⌦

log

NLX

j=1

NAX

k=1

Qjk(xn)
P (IR(xn), IC(xn), Lj , Ak; ✓̄)

Qjk(xn)

�
X

xn2⌦

NLX

j=1

NAX

k=1

Qjk(xn) log
P (IR(xn), IC(xn), Lj , Ak; ✓̄)

Qjk(xn)
= J(✓̄)

xn

P (IR, IC , Lj , Ak; ✓̄) = P (IR|IC , Lj , Ak; ✓̄)P (Lj |IC , Ak)P (IC |Ak)P (Ak)

f X
E[f(X)]  f(E[X])
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P (IC(xn)|Ak), k = 1, 2, 3 bA(x)
P (Ak)

g(x,�)
� = d/3 d

P (Ak) = (�( bA(x), Ak) ⇤
g(x, d/3))/(

PNA

l=1

�( bA(x), Al) ⇤ g(x, d/3)) �(z,Al) = 1 z = Al

P (Lj |Ak)
⇡jk

⇡jk � 0
PNL

j=1

⇡jk = 1 Qjk(x) J(✓̄)

logL(✓̄)

Qjk(xn) =
P (IR(xn), Lj , Ak; ✓̄)PNL

ˆj=1

PNA
ˆk=1

P (IR(xn), Lˆj , Aˆk; ✓̄)
= P (Lj , Ak|IR(xn); ✓̄)

✓̄
J(✓̄) Qij(xn)

b̄✓, b̄⇡ = argmax
¯✓,⇡̄

J(✓̄)

= argmax
¯✓,⇡̄

X

xn2⌦

NLX

j=1

NAX

k=1

Qjk(xn)
�
logP (IR(xn)|Lj , Ak; ✓̄) + log ⇡jk

+ logP (Ak)� logQjk(xn)
�

b̄✓
P (IR(xn), Lj , Ak; ✓̄) = P (IR(xn), Lj ; ✓̄)

b̄✓ = argmax
¯✓

X

xn2⌦

NLX

j=1

logP (IR(xn)|Lj ; ✓̄)

NAX

k=1

Qjk(xn)

b̄⇡

c⇡jk = argmax
⇡ml

X

xn2⌦

NLX

m=1

NAX

l=1

Qml(xn) log ⇡ml � �(

NLX

m=1

⇡mk � 1)

c⇡jk =

P
xn2⌦ Qjk(xn)

P
xn2⌦

PNL

m=1

Qmk(xn)
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⇡ij (i, j)
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ROIr ROIs

P (IC |Ak)
ROIs

ROIm

ROIr

IS,max

R

[0, 2⇡)

tR

d = 1, 2, 3, 4 ROIs
ROIr

ROIs ROIr

ROIs ROIr

d

ROIs ROIr

ROIm P (LS |IR(x), ✓̄) > P (LH |IR(x), ✓̄)
ROIs
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ROIs ROIr
±

ROIr ROIs

± ± ±
± ± ±
± ± ±
± ± ±
± ± ±

ROIr ±
ROIr IS,max

R ±

d = 3

p < 10�12 p < 10�5

p = 0.81

d

p < 10�9

ROIr
IS,max

R
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