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A. The derivation of (10)

A.1. E step

It follows that
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Using this,
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A.2. M step

It follows that
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Also,

∂Q

∂Ψ−1
t+1

= −
1

2

N
∑

n=1

(

〈

(

yn −Wt+1

(

xn

zn

))(

yn −Wt+1

(

xn

zn

))T

〉t −ΨT
t+1

)

,

so Q is maximized at

Ψm
t+1 =

1

N

(

Y mY mT−

(

Wt+1

(

X

〈Z〉t

)

Y T

)

mm

)

.



Supplementary material

B. The derivation of (17)

The derivation of (17) is as follows.
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C. The derivation of (22)

The derivation of (22) is as follows.
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The derivation of update rule for α is the same as that of (17).


