MATH180C: Introduction to
Stochastic Processes Il

Today: Renewal processes

Next: PK 7.2-7.3, Durrett 3.1

Week 5:
» homework 4 (due Friday, April 29)

» regrades for HW 3 active until April 30, 11PM



Renewal process. Definrtion
Def. Let {X},, be tid rus, Xi>o.
Denote Whi= Xj+-=4%Xa  n21 and  We:=0,
We call the couch(nj process
NE) = #{ We £t = mox {n Wh ¢t |

the renewal process .

Remar\és_ l) \Win oce called the Nou\"l:(mv [renewall times
X are caled +the (nterrenewel +{mes

2) N(t) is choracterised (oj the ditribution of Xivo

for 0Ozo ¢k ¢w

53 Mo(‘a 32\/\2(‘0.[[\] , We con de‘(:‘(ne.

N((Ou“ﬂ\>= - {\4: o < We 5\315



Re newal process . Definition
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Remarks 1) (%) implies that (N{))is0 is determined

b&j (Wﬂuzo . so Somelimes (\M\c)uo ¢ called cenewoa. | prowss

2) For “ny t, \/\{N(ﬂé{"\’\)me\n



Convolutions of c.d.fs

SLA_PPose that R and Y ore cndependent rovs
F: Ro (o1 is the c.df. of X (i.<. P(X$£)=F(~ED_
G: R = (o] is the c. d.f of V
e f Y s discrete , theu
Fyey (Y= P(X1Yel) = KZ PRty e 2 1Y=) P(V=k)

= 2 P( X~ L gt )P(Y=k) = ZP(Xet-\L)P(\;:@
K [

= ZF(H)P(Ysw) = (FlE-)d66) = Fx66
"8 - oa

« ¥ Vis continuous 'ﬂf\-ew
Fery (€)= P(Xey et 5 JP(X+ ROANCIES
j F(t- j)‘F\,(\sdts S—l: dG(”:F*G(&)



Distribution of We
Leb Xi, Xeoo be 0d. fus  Xi>o, ond let F:R-ro7
be the c.df. of Xi (we call F the interoccurrenc of
intercenewal distribution ). Then

C R W)= Ry ) =P Wiet) = P(Xiek)=F(¥)

* B(F)= Fu, ) = By, (8) = FxF(t)

ks (‘C\:: Fw, (t) = F(xlfxz)ﬂ(_s t) = CF*F— > <F () = . F (&)

« More Semrmllxj‘

n-fold  convolution

E©=Fu, ) = P(Waet)= FU@) « ¢

*('\ )]

Remark : ({:\ g m Jc -xYdF@) = KF J( x\ch*n(:.)




Re_haw o.\ 'Fuur\c‘t (on

De{_ | et (N({'nuo be o renewal process with  (nterrznenn)
éis‘h‘(bwﬂor\ F. We coll X =20 ‘cﬂ\‘scxe*ﬁ

M(E) = E(N(E)) E(x) = 2 P(x=v)

+he renewol Function.

PR

P(‘opo&l"hov\ . M®) = 2 Fule) = FW(JC)
- k= ‘

Posf M) = E(N[t)) = 2 P(NE)2L)
- 2 P(Week)
>R () = 2 P

)0



Reloted gquantities
et N(E) be a cenewalk process.

[ —— ]

0

Deg'_ \NQ Q&l\

* Y&:E Wyowmn - € the excess (or residuol ) l(fetime
« St:i= t-Wuey  the current life (or oge)
- prit 'CRAY: the +total Lfe

Remarks 1) Y h Hf NEh) =N

) ba b oaed Scxh E O N(t-R)= NG



EXPQC\‘&’(\'OV\ of Wn
Proposn"[‘('owz.\__e‘c N{#) be o rengwal process wWith  Interrenewo

times X, Xa.... and renewol “tiwes (\/\)n\nz\. Then
E(Wygy ) = E(X) E(NWD

whece /qu()(‘). - /kk(M(t)”\

Proof . E (W) = E(K#Xa €+ Xugom )
B (Xat -+ Xy )=




