Advanced Theory
Survival Analysis 2005

Problems for February 22, 2005

1) hF<t‘F) = eXp(b() + blF)

A~ A~

Find the MLE for by and b; and for variance(by), variance(b;), and

covariance(bo,br ).

We assume that 7' ~ exp(A). Let B = {by,b1}. Let > 7' represent
summing over all those in whom F; = 0, and 2?2 represent summing

over the remaining group.
L(B) x H exp(by + b1 F;) exp(—exp(by + Fib1)t;)

log L(B) x Z(bo + b1 F;) — exp(bo + Fiby)t;

a n
b log L(B) = XZ: F; — Fiexp(by + Fib1)t;

Solve for the value that sets the above equation to 0.

0= Z F; — Fitiexp(by + Fiby)

n2

0= Zl —tiexp(bo—l-bl)

7

0= ng — exp(bo + bl) th

log(na) = by + b1 + 10%(2 ti)
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by = log(na/ th) —bo

6 n
860 log L(B) = zz:(l — tiexp(by + Fiby))

Set to 0.

n

0= Z(l — t;exp(by + Fiby))

O—n—Zt exp(bg) — Zt exp(by + b1)

Substitute for b,

O—n—Zt exp(bg) — Zt exp(log ng/Zt

Hence,
n

= log nz/zt —log(n1/log() )
j
To find the variance:

Let b = {by, b1}. By MLE theory, we know that,
Valb—b) -5 MVN(,T7Y)

where

-l_ g ab2logL(b|t1) so-log L(blt:)
siglogL(blt)  flogL(blt)
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82
5 log L(Blt;) = —Fyexp(by + F1b)t;
1

—E[~F exp(by + Fiby)T1]
— {exp(by + b)) E[T1|F, = 1]P(F1 = 1)}
= {exp(by + b))/ exp(by + b)) P(F) = 1)}
— P(F, = 1)
g%%lﬂﬂ:—mmm+ﬂmm
—E[— exp(by + Fyby)t]
= {exp(by + b)) E[t1|F = 1| P(F = 1) + exp(bo) E[t1|F = 0]P(F = 0)}

= {P(F=1)+P(F=0)}=1

82
0byOb,

log L(B) = —F1 exp(bo + Flbl)tl
—E[—Fl exp(bo + Flbl)Tl]
= P(F, = 1)

Hence,

1 P(Fy =1)
P(Fi=1) P(Fi=1)
On 3/1/2005, we will use other methods to check our results.

2) Prove:

If Y has a Weibull distribution then,
EY" = X""T(1 +r/v)

For A =1/3, v =2, a = 2, and b = 4, find E[Y], Variance(Y), and
P(Y>b|Y >a)



EY" = X""T(1 +r/v)

= /tr)\’ytv_lexp(—)\ﬂ)dt
Let’s do a change of variable transformation. Let x=At7. Then, t =
(x/AN)Y7 and 4t = 1/y(z/A)Y/7~1. Hence,

EY" = X""T(1 +r/v)
1
— [ @y PN/ exp(—) (/)
Y
= /(x/)\)r/7 exp(—z)dx
= A_T/V/:U(Hr/”)_lexp(—x)dx
=X r/)
b) By substitution, we see that,
E[Y]=V3I(3/2) = 1.5
E[Y? =3I(2) =3
Var(Y) =3 - 1.5 =75
c¢) Use Bayes’ theorem to see,

P(Y 2 4]Y > 4) = P(Y > 4)/P(Y >2)

PY >2) = /Oo 2/3t exp(—t?/3)dt

— exp(~2 /35
=1—exp(—4/3)

P(Y >4)= /Oo 2/3t exp(—t*/3)dt
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= exp(—t*/3)|7°

=1 —exp(—16/3)

P(Y > 4]Y > 4) = [1 — exp(—4/3)]/[1 — exp(—2/3)] = 1.51



