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Supplementary Note
IRLS Algorithm for β

(t)
jk Optimisation

Algorithm S1 Optimize β
(t)
jk at step t by IRLS

Input: X·j , ẑ
(t)
·k , m̂

(t)
·jk, p

(t)
k , π

(t)
jk , φ

(t)
j ,γ(t).

Output: β
(q)
jk as β

(t)
jk .

1: while
∣∣∣β(q)
jk − β

(q−1)
jk

∣∣∣ ≥ 10−7 do

2: Update q = q + 1.

3: Compute ω
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ijk =

φ
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j

(
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(q)
ijk

)
µ
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ijk

(
µ
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(t)
j
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j Xijµ
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+φ
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j

(
µ
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)2
−
(
φ
(t)
j

)2
Xij(

µ
(q)
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)2(
µ
(q)
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+φ
(t)
j

)2 ·
(
µ
(q)
ijk

)2
,

with µ
(q)
ijk = exp

(
β
(q)
jk +B′iγ

(t)
)
.

4: Compute τ
(q+1)
ijk = β

(q)
jk −

φ
(t)
j

(
Xij−µ

(q)
ijk

)
µ
(q)
ijk

(
µ
(q)
ijk

+φ
(t)
j

)
ω
(q+1)
ijk

· µ(q)ijk.

5: Update β
(q+1)
jk = argmin

[
− 1

2

∑n
i=1 ẑ

(t)
ik

(
1− m̂(t)

ijk

)
ω
(q+1)
ijk

(
τ
(q+1)
ijk − βjk

)2
+ λ

∣∣∣βjk − β∗j ∣∣∣]
with the solution:

β
(q+1)
jk =β∗j + sign

(
β̃jk − β∗j

)
sign(β̃jk − β∗j )

∑i ẑ
(t)
ik

(
1− m̂(t)

ijk

)
w

(q+1)
ijk τ

(q+1)
ijk + λ sign

(
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)
∑
i ẑ

(t)
ik

(
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ijk

)
w

(q+1)
ijk

− β∗j


+

,

where β̃jk =

∑
i ẑ

(t)
ik

(
1−m̂(t)

ijk

)
w

(q+1)
ijk

τ
(q+1)
ijk∑

i ẑ
(t)
ik

(
1−m̂(t)

ijk

)
w

(q+1)
ijk

and f+ = max{f, 0}.

6: end while


