i-_? Tl«e M&‘H«oal o-p Mdkx'lmu.m Ll'ke.,;l\oo_cl_

—RQC«.“ '|'L\a:l' ‘H\e l;kCII‘L\OOJ ‘G-an,'HOn 'S +Le
yoint pdf considered as a funchon of

+he t«r«md’&r@) given the observed
 data.

- Loosel\, SFeA.l(I'rts, ‘Hv\e. vxlue oc 6 ‘H\d
MAX lmizes L(elk) s +he P«r&md’tf
value Hod is “most like.‘y "+ have Proa[ucu‘
He datn we did observe.

- The maximum \ike.\il»\oool eshmator (MLE)
of a Farqw\d'er & s:

Note: 1, MANY cases, 1t is easier to
MOXI1MIZE ,QM L(G) Han t maximize
L(8) iteelf.

-Since ﬂm() 1S an ir\creas{nj 'R““C—'HD")

the ©-value Hrat maximizeg ,QV\ L(B) will
a\se wayximize L (0).

"'So W\a..)t'tmizinj '\"‘M’. \oﬂ—likell‘l\oocl QA\L(G)
will yield ke MLE.




— Often the MLE is fHund IDY;
@ Uri'ﬁni out  the (loa) likelihood as «
funchion of +he Fmrame‘\'u' (say, 0).

@ Taking He derivative with res':ed +o 6.

@ Se,"'l‘inj -H\e, J.&rivad'ive. e_tu.q.l + O ‘LM{
Solvinﬂ Hr B.
@ Ckeckiuj Ht the Tnid derivahve s

M

of & 4o ensure the solution

s a  maYimum.

Example 11 Y. Y 39 Bernoulli (). Find
He MLE of p.




_EKRMPlC 2 L€.+ Yl NJ unl'p (0 e) Find
+\«e MLE O‘C e.




MLE's with w\u\'\'frle parameters

-—I‘F we ave us'm.j POX\ Mum l{kelil\ooal "|'o
estimate several Pmrqme'hv.rs, we must take
_'Par'\'ia\ devrivathves of ‘e (Iaﬁ) ll'ke-ll.lnooi
with respect o each parameter,

— We set eacl Pour-Had derivathve +o zero
&ML So\ve -\-\me, e,t('uad‘l'ons simul‘hn&ously,

._E-Xa.m?\e 2. \f‘)‘"l\f'\ F‘é) N(/A,G't) where M

and % are unknrown. Find MLEs of M
auul CS“'.

(Le‘f's write V:Q"" Ay mke h.o'l'!.'HDn &Sier.)




_Exercise: Let Vi, Y ke «d with pdf
|-©
-fyba):{-é— ‘aT r O<3<l

o elsewhere.

Find +he MLE of B.




L (@) =

I L(e):



Fropex Hes oc M LES

- Note -I-L;o.+ f ﬁu s o sufficiend stathstic for
B, then:

_"?")Max;m;zfv\& L(G) erv\ re.sreci + & s
e,txiv&'eu’r +v m&XiM;Zinj 3(;.1)6) w1k
T&S?e,c,‘l' + B.

= Thle MLE é will Le a ‘G.u\c_'h'On o‘( +e
sufficient stahishe W.

_This Jells us: If we Find an MLE, and
aul:\uS‘\' it <o it is unbiased, this ‘LC{J'U.S"‘QJ
eshwater will (O'F"‘Ln) Le the MVUE.

Tnvariance FProperty
- We are often interested in es-l-imu"fnj a
Lunction  of a Pmr«me.'l'v,
- The invariance F”’Fu-hf o‘c MLEs states
Haad £ & is o MLE of e, and 3() 'S
‘”\y -Fu.r\c.:\‘ia n 'Hn?..n 3

)



_E'mej?\e. &+ \‘f,)...) Y“ A‘i Be.rnou.“:' (P) . use
ML + eS'l'imd‘e, var (“Z_ \{L) .

- Note nZ"[L ~




- Exercise: Let Y, Va2 Pois (A). Show +het

the MLE 3\:\7 and wse +Hie invariance
?ro?e,r‘l'\, to estimate P(\f=0) - e—)‘ wl‘H\ ML.

Ma.ximizinj the L;ke.ll.laoocl Numericajly
— Sometimes it is too diffault take derivatives
of L(6) or AnL(e).
- We can wse software o Lind MLEs numeric.q,lltr,
"EX‘\M?\Q 5: \/“...)Y—so fi'&iéqmma. (o() P) Find
MLEs of o and B, qiven Hhe 30 datn values.
IY con be shown +hat

_we CAV\VLO'I' mo\_xim.\ze “'L\;S qn&.ly'ﬁ"-k“y, Luj' \lSI‘V\S
R wé cCan 'Cmcl MLES nume,ric«.llw Siue.n ewr
sample data.



