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Solution to exercise (2.1)
The Cauchy(f, 1) distribution is given by
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Ho) = i =07

(a). We have
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Solution to exercise (2.3)
We have

, S
log(S(1))' =% = -
giving

log(S(t)) = — A(t) exp(x] B)
S(t) = exp{—A(t) exp(z] B)}
f(t) == 5'(t) = A(t) exp(x] B) exp{—A(t) exp(x] B)}



(a). If observation i is not censored, we have w; = 1 and
li =log(f(t:)) = log(A(t:) + @ B — A(t;) exp(x] B)

) +log(A(t:)) + & B — pi
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If observation 7 is censored, we have w; = 0 and

L; =Pr(T > t;) = S(t;)
= exp{—A\(t) exp(z] B)}
l; = — A(t) exp(a7 B) = —p;

NG?
=w; log(p1;) — pi + w; log (A( ))

(b). We have in this case

0 0 0

a_aA(t> =t = a—aeal‘)g(t) = @18 Jog(t) = A(t) log(t)
0
5o Hi =A(ti) log(ti) exp(z; B) = pilog(t;)
0
ap" =A(t:) exp(x] Bz = px]



giving
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Solution to exercise (2.4)
We need to find two points x1, o such that

si(@1, x2) =f(x2) — f(z1) =0
So(x1, x2) =F(x9) — F(21) —0.95 =10

with
f(x) =xe™™
F = d
@ = [ S
Now
osln,az) = — (o)
8%281(901,902) =f"(2)
8—%52@1,%2) = - f(ili'1)
8%232(%7@) =f(z2)
were

f'(x) =e™"[1 — z]



Solution to exercise (4.2)
(a). We introduce v = 1 —«a— 8 with the constraints o+ 5+~ = 1. Complete likelihood:

1(8) = n.olog() + Z[nt,i(log(ﬁ) +ilog(p) — 1) + ny(log(y) + ilog(A) — N)]

Then (with n = (ny, ...,n16) and using s to denote iteration number in order not to
confuse with ¢ in model)
Q(6016")) =E[N, 4|n, 6] log(a)+
16

> [E[Nyi|n, 8] (log(8) + ilog(n) — )+

1=0

> BNyl 6% (og(7) + ilog() ~ )

Assume now an individual j has answered ¢ and denote by G; the group membership.

Then

PI‘(Gj - t|l‘] - Z)
N Pr(xj = Z)
_ By’ exp(—p)
i(0)
(¢! is then deleted in both the nominator and the denominator) which leads to (us-
ing that the individuals are independent so that N;; is binomial distributed with
probability defined above)

() (1 (3))e —u(®

E[Nyi|n, 0(5)] =n,;

7@(0(5))
We similarly get
E[N,o|n, 0] =n, ol? = npzo(8™)
’ 7r0(0(5))
B[N, |n. 6] =nﬂ(s)w22§i§(_MS)> = nip(6°)

Further, introducing the Lagrange term,

Quagr(816°)) = Q(060)) + ¢(1 —a — B — )



we get
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By noting that

nozo Z T t S) + Z lepl

we get

alsth :M

N
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which corresponds to the formulas in the book.

Similarly,

Qlagr 0‘98 ZTLHOS —_1)



giving
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and similarly
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Solution to exercise (4.3)
(a). Define y; to be the complete data and @; the observed data. Note in general that we

have
~ N : v
(y) ( (“y> (EW Xy

Elylz] =py — 22, (2 — pto)
Viylz] =%, — EWE;;EW

We have

n

com 1 —
i=1

3n n - -
lcompl(e) - 7 10g<277) — 5 10g(|2|) —0.5 Z(yl — M’)TE 1(y2 - H)

=1

Q(0.0) =~ lon(27) — F10x((31) ~ 053 By~ )" 2" (v — e, 0

:—3—log(2ﬂ')——log |E| O5ZE ( i_ﬂ)|wi70t]
_ 37” log(2) — glog(\ED —05 Z Eltr{(y; — )" =" (yi — )}z, 6']
- 37” log(27) — glog(|2|) —05 ; Blter{Z (y; — ) (yi — )" i, 0']

- 37” log(27) — glog(|2|) —05) tr{S'E(y; — ) (yi — p)"|a:, 0}

== Tlog(2m) — Slog(|) — 055 S t{Bl(ws — )y — )" 1,0')

Further,

El(y; — w)(yi — p)" |2, 0]

El(y; — Ely|®] + Elyi|z:, 0" — p)(yi — Elyilz:, 0' + Elyi|x:] — p)" |, 0]
E[(y: — Elyi|z:, 0')(y: — Elyi|z:))" |x:, 0+

E[(Elyi|z;, 0'] — p)(Elyi|z:, 0] — p)" |2, 0']

V(yilzi, 0°) + (Elyilxi, 0 — p)(Elyizi, 6" — )"

Vi + (9 — ) (g — )"
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Inserting this, we get

3n n u
t\ —1 t A
Q(0,6") = — 710g(27r) - §1Og(fz|) — 0527 "t { V' + (g

Differentiating wrt ., we get

=Y (gl - ) =0
=1

Can similarly obtain
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Solution to exercise (6.3)
(a). Use proposal N(0,1)

(b).
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Solution to exercise (7.6)

(a). We have
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VD W —a 2 —aAg
PO el ) T gy ¢
6 xj -1 112 x] ,)\2
H ot 1] =
=1 J=0+1
O()\2+ZJ 1% 7(0(4-9)/\1)\ +Z 0+1$J 7(064-(9))\
theta 112
xGamma(A;3 + Z,a + 6)Gamma(Ag; 3 + Z ,a+ 112 —0)
j=1 j=6+1
p(al . ) o<1010a10—1 —10a 053)\?71 —aA 063)\:;71 —ad2

T < 1@ < 103
15 ,—(10+A14+A2)

xa Ve
xGamma(a; 16,10 + Ay + A2)
p(9)
T I e
il e oo

7]
oc)\lzj:1 et A5 IS e~



Solution to exercise (7.7)

(a). We have

p(ple, B, y)
oxp(p, @, B, y)
=p(u)p(c)p(B)p(y|p, @, B)
op(u)p(ylp, o, B)

I J;
x H Hexp[—ﬁ(yij —p—a;— 5j(z‘))2]

i=1 j—l

x H H expl—o5[(yi; — @ — Biwy)? — 2(yi; — 2 — Bioy) i + 17

=1 j=1
I
ocexpl—gez g’ =2 Y (yi5 — i — Bio)
=1 j5=1
I
ocexp u— %ZZ Yij — Q — ))]2]
i=1 j=1
I g
e -ZJ =322 Bl
i=1 j=1
showing the first result. Similarly,
p<al‘u7 a_y, /67 y)
o<p(p, o, B, y)
=p(1)p(a)p(B)p(ylu, o, B)
oxp(as)p(ylu e ﬁ)
o< exp(— H exp—g,7 (i — b — @ — Bj»)’]
Ji
ocexp(—g2207) [ [ expl=55[(wss — 1 = Bj)* = 2(is — 1 = Byay)evs + af]]
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giving the second result. Finally,

p(ﬂj(%)l“? a_g, /67 y)

ocp(p, @, B,Y)

=p(p)p(c)p(B)p(y|p, o, B)

o<p<ﬁj(2 ) (y|/JJ7 a7 /8)

ocexp(— g,z 85) eXpl—g7 (45 — 1 — @i = Bjin)’]

ocexp( =785 expl= gz (i — 1 = i) = 2y — 1 — )Bjo) + By |
o exp[—%[éﬂ?i 025 25 5 (yis — 1 — i) Bi)]

xexpl-3[ + BB — & —)H

A

oceXp[—%[% + %Hﬁj(i) — Uigyﬁi;_—i:ﬁm

(b). The now model is now

Yij =nij + €ij

U] NN(%‘JE)

% ~N(p,03)
fp) o<l

We then have

p(uly,m,y) o<p(i,v,m,y) = p(w)p(y|w)p(nly)p(yin)
ocp(p)p (| 1)

i=1 =1
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Further,

p(vili, v=i5 B, y) ox<p(p, v, M, y)
=p()p(y[)p(n|vy)p (yln) (vil ) p(milyi)

ocexp(—% 2 Hexp 772] 7z)2]
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and finally

p(mijlps s m-izy) o<p(p, v, M, y)
=p(p)p (’Y|M) (nl7)p(yln) o< p(1i5)p(Yislnis)
57 (M5 = 7)) expl— 5z (435 = m35)°]
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