HW#2 Survival analysis 11, Spring 2015, Due 3/10 (Tue)
Name:

2.7.1 Exercise (p.22)

Answer 2 + Include the formula of E(T")

Answer 3 + Include the formulas of survivor and hazard functions
Answer 7

Answer 8

Answer 9 + Include a different way from the solution (use Fubini’s thoerem)

2.7.2. Exercise (p.23)

Answer 1. + Answer for the case of series system (p.20).



Name: Pan, Chi-Hung 102225011
2.7.1

2. Let T isthe Weibull distribution with distribution and density function are

F(t)=1-exp{-(t/5)"}
f(t)=§tv-lexp{—<t/§)”}.
The formula of E(T") is
E(T" )=Itrét”exp{—(t/(§)“ }dt=§—vv]:t””exp( —tY /&Y )t

Let t¥ =x, t"dt = dx

v © X(l—v)/v
:_VJ'X(val)/v exp(_xlév ) dX
"% v

=ivjx”vexp(—x/§” Ydx
$'%

T(riv+1)(& )"t 1 (lvi1a v
= X exp(—x/&" )dx
é;v . F(I’/v+1)( 5‘/ )r/v+l Xp( 5 )

—T(r/v+1)& x1

The mean of T is
E(T)=TQ/v+1)¢&.

The variance of T is

Var(T)=E(T?)-{E(T)¥
=TQ2/v+1)&2 —{TAv+1)EP.

The upper g-th quantile is
Pr(T >t,)=F(t,)=1-exp{-(t,/)" }=q

=exp{-(t,/5) }=1-q
=—(t,/&)" =log(1-q)

=t,=&{-log(1-q)}



3.Let Y ~N(u 0°) and T =e", then distribution of T is

Pr(T <t)=Pr(logT <logt)="Pr(Y <logt) = Pr(Y —H< IOgt—,uj:q)(logt——,u}
(o2 O (o2

where @(x) = _[ rexp{—;}dx

The formula of survival function is:

If(t)zl—d)(mgt—_ﬂj.

(o}

The density of

q [Iogt yj
f(1) =g T =g PO,

X

where ¢( x) = \/_exp{ 22}

The formula of hazard function is:

f(t) to

_ O
h(t)= lf(t)_l_q)[logt—yj'
o

The formulaof E(T") is
E(T")=E(e") by moment generating function of Normal distribution
=exp(/,1r+%azr2)
The mean of T is
1.,
E(T )=exp(,u+§(7 ]

The variance of T is
Var(T)=E(T?)-{E(T)¥
:exp(2y+ 20'2)—e)<p(2,u+ (72).



7.(a) Prove: If jh(u)du<<>o, then Pr(T >o0.)>0.
0

Pr(T >t)= ﬁ(t)=exp[—jh(U)dUJ

t
-.-jh(u)du<ooast_>oo
0
SPr(T>t)>0ast— oo.
(b)Prove: If h(t)=h,(t)+h,(t), where h(t) and h,(t) are the hazard functions of

independent failure time T, and T,, then T has the same distribution as min(T,, T, ).

Pr(T>t)= E(t):em[—jh(u)duJ:exp(—jhl(u)Jrhz(u)duJ

:exp[—jhl(u )duJexp(—jhz(u )duJ
=Pr(T,>t)Pr(T,>t) (T, LT,)
=Pr(T,>t,T,>t)

=Pr{min(T,, T, ) >t}

= T has the same distribution as min(T,, T, ).

8. Let T has hazard function h(t)=a for O<t<t,, h(t)=Db for t>t,.
t

exp[—jadu} if 0<t<t,
0

exp(—ifadu—j'bduJ if t>t,
0

)

Pr(T>t)=F(t)=

_|exp(—at) if 0<t<t,
 |ep{-at,-b(t-t,)} if t>t,

= Pr(T>t,)=exp(—at, ), Pr(T >2t,)=exp{—at, —b(2t,—t, ) }=exp{-t,(a+b)}

9. Show that, for continuous T, E(T ):jlf(t)dt, provided that tF(t) -0 as t — .
0

By definition: E(T )= [tf (t)dt,where f(t) is the density of T .
0



E(T):th (t)dt:—Ttdlf(t) (integration by parts )
:—tlf(t)‘:+Tlf(t)dt
=Tlf(t)dt.

E(T)= th (t)dt = T(tlduj f(t)dt= ﬁ f(t)dudt ( by fubini's theorem )

O 3
c—38

f(t)dtdu=Tlf(u)du

For discrete T ,let Pr(T = j)=p;, j=12,.., Pr(T > ])=q;; show that E(T)=Zqj .

j=0
E(T)=Yixp;=p +2p,+3p;+4p,..
j=0

=Pt Pt P+ Pyt
+ P, + Pt Pyt
+ Ps+ Pyt
=0+, + 05+ :qu
2.7.2
1. Let Pr(the jcomponent functions)=p;, j=1,2,...,n.
For the parallel system:
Pr( the systemfumctions ) =1— Pr( the systemdoes not fumction )

=1—Pr(all thecomponent do not function )
:1_1—[(1_ P; ) -

j=1
For the series system:

Pr( the systemfumctions ) = Pr( all the component function) = H p; -

j=1



