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S1 Derivation of approximated log-likelihood in (3.2)

Lia(B,0) = h(u* | B,0%) — %lndet V3 {—h(u*|B,0*)},

where

h(u* | B,0° Z{yﬂ]] —l—e”z }——qulna —%1n277——2|

The gradient and Hessian of h(u | 5,0) at u = u* are
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Vih(u| 8,0 umwr = Z7(y—p") — : ;
a;fufn
Voh(u| B,0") uew = —{Z"W*Z +blkdiag(o; 1y, ...,0, 1)},

where p* = (p*,...,p5)" with p; = el /(14 €%) and W* = diag(w*) is a
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diagonal matrix with entries

e'li

(] ) = —
w] p]( p]) (1+€n;«)2

Therefore,

m * |2
Lpa(8,0) Z{yﬂ?] In 1—1—6’7] }——Zqzlna ——1 27 Z—HQ;’QH?
i=1 i

0,210} (S1.1)
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—5 Indet {Z"™W*Z + blkdiag(o7 21y, , . ..
Using the matrix determinant lemma, we have

Indet { Z"W*Z + blkdiag(o; *I,,, . ..,0,°14,.) }

= Indet (W*_l + Z O'Z»QZiZiT) + Indet (blkdiag(oy %Iy, ..., 0,.71,,)) + Indet W*

= Indet (W*l + Z U?ZiZiT) — Z giIno? + Indet W*. (S1.2)
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Substitute (S1.2) to (S1.1) gives
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La(B.0) Z{ym] In (1+¢€%)}
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-5 In det (W*_l + Z UfZiZZ-T> —3 Indet W* 4 constant term,

l\:)ln—

where the constant term equals —% In 27.

S2 Derivation of approximated log-likelihood in (3.8)

Lua(B,0) = h(u" | 8,0) — %lndet V2 {—h(u* | B,0%)},



S2. DERIVATION OF APPROXIMATED LOG-LIKELIHOOD IN (3.8)

where

_ 1 n
h(u| B,0%) = ij {ym; = In(1+ ™)} = 2 flull3 — 5 2.

The gradient and Hessian h(u | 5,0) at u = u* are

Vuh’(u | Baa)|u:u* = DTZT(y _p*) - U*>
V2h(u|B,0) e = —(DTZ"W'ZD +1,),
where p* = (pt,...,p5)" with pi=e%/(1+ ") and W* = diag(w*) is a

diagonal matrix with entries

el

k] ) =
w; p]( p]) (1+e’7]*‘)2

Using the matrix determinant lemma, we have
Indet (D" Z*W*ZD + 1,) = Indet (W*—l +Y 0?22} ) + Indet W™,
Therefore,

Lia(B,0)

= Z {ym; —In(1+e%)} - %Hu*”% — gln 2 — %lndet (DTZ"W*ZD + 1,)
J
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= > vy~ (1+e")} = gllu|3 ~ 5 Indet (W*l + Zﬁzzﬁ)
. i
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-5 Indet W* + constant term,

where the constant term equals —% In 27.
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S3 Proof of ascent property in (3.6)

Proof. From (3.2) the approximated log-likelihood is

1 1
-3 In det (W*l + Z afZiZiT> —3 Indet W* + terms without 3, o2,

@*
o

l\:)ln—

Lia(B,0) = Z{yjﬁf—ln(lJrenj

J

where u* is the maximizer of h(u | 5,0), n* = XB+Zu* and W* = diag(w*)

is a diagonal matrix with entries

(1-p) = —
wr = p"f 1 — p* = —.
J J J (1 —|—e’71‘)2
Thus
1= f|u]
Lia(o | B,u* 52 i ——lndet (W* 1+Z<722ZT> +c,

where ¢ = Zj {yjnj —In (1 + e";) } — % Indet W* — 2 In 27 is a constant not
involving o.

The minorization (2.4) leads to the surrogate function of Ly (o | 5, u*)
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I w3 1
g(o 2o t) 52 15 _ ézaiztr (Zaf(t)ZiZ?—l—W*_l) ZiZZ-T + B,
=1 i=1 i

2(t+1) _ (Uf(tﬂ) .

where ¢®) is a constant irrelevant to optimization. Since o ey a%tﬂ))

with
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S3. PROOF OF ASCENT PROPERTY IN (3.6)5

maximizes the surrogate function g(o? | ¢*®), we have the following in-

equality satisfied

LLA(O_(H-I) ’ ﬁ,u*) > 9(02(154-1) | 02(15)) > g(UQ(t) | 0,2(t)) _ LLA(O_(t) | ﬂ,iﬁ)

Therefore, the iterates possess the ascent property. O



