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Fitting ZIP models
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Last time : suppose we observe Zi

ler , B) = { (Zilog di ta -Zi)logCtd:))

+ [ 4-Zi)[-1itYi1og7i]

- { a-Zilog Hi !
i -1

⇒ if we know Zi
,
we can separately maximize

eco) and KB)



But
, we don't know Zi ! PLAIB)= PCBlpgP

Suppose we know 8 and B instead .

p(2-5-11 Yi ,8 , B) = 0 if Yi > 0

pczi-u-li-0.HR =

PHi-olpz-ijy.ro?,,PpY-i--tMBTPLTi--olZi--l,8,B)PlZ-
E- 118

,
B) +

P(4i=0 / 2-5-0>8 , B) Piti-018 ,B)

O Yi > 0= <iÉa
⇒ p(zi=1Hi=9%B)= {ai-I-xia.am ""°



So :

① If we know Yi ,8 ,
B

,
we can calculate

PlZi=lHi,V ,
B) = # [Ziti ,8,B]

② if we know Zi , Yi
we can calculate 8,1^3

(maximizing lls) and LCBD

Emalgorithn :
E-Step : Given current estimates 8

"' and B⇔
,
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"")
(
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Eep : Zi
'"'

= E-[Zi Iti
,
8ᵗʰ

, B
'"']

O Yi > 0
pczi-ilti.HN =

{
ia.in;)

"" °

So : Given 8
"

,
But

aIi=e✗p{ Banki}iii. = e¥!¥ ×:}
0 Yi > 0

⇒ p^(zi=iHii8
"" -13

"") = { aifie-niia.si :) ""°TF



m-strp.in?I!-argma+eCBiYiZ"")
= argmax

ÉU -Zi
'"')[ - Ii +Yilog 7;]

B 5=1

= argmax [ Ctzi
"')[Yiptxi - eBᵗ✗i]

B i -4

this is ueed Poisson regression ,
with weights wi= I - Zit

"'

443)= É wiki Xi - eÑ✗i✗ ;)
= { wixi (Yi - ti)
it

c- = /

IIB) = [ wicixixit
5=1



M-slepfcr8-i.tl" "'
= argmax

lls ; -1,2-1
"')

8

= { (Zi
"'

logcxi) + G- Zi
'"') toga - di))

5=1

= { ( 2- og ( ¥*) - logo + i))
i=i

= { Zi
""

8TH - [ log ( Ite
"")

in
5=1

we want to get something
like

E ,
Yi*wi8TXi - { iwilogcl

+
e✗i)

(weighted logistic regression with response Yi* and weights wi)



[ 2- i
"' 8TH, _ £log( Item)

r tÉzY1og4te*✗i ) t
= [Zi%TXi + £0.4 -Zi

'"' )8t✗i ""

{( 1-zit
"' )log( Item)i =/ I -1

Zion = 0 whenever Yi
> 0 i=,

Zi
'"'

= 1- { Yi=o} Zi
'"'
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EM algorithm in general
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