Maximum likelihood
estimation for logistic
regression
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Recap: Newton's method
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Example Sole (o)
Suppose that log( ] fz . ) = By + B1X;, and we have
—3.1 9.16
(r) — U8 =
g [ 0.9 ] ’ (5%) [31.91] ’
H(B(T)) _ [17.834 53.218 ]
53.218 180.718

Use Newton's method to calculate B(”l) (you may use Ror a

calculator, you do not need to do the matrix arithmetic by
hand).
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Newton's method for logistic regression

B = B - (AGE U™

G-
uepy = X 0epd X= 11\ o —\
T/~ (D
U =X CI-p ol &
) BT X,

?L = ’Ci/)%ﬁ?x\ @“7&
\ + e /
\Ha’
WBy = 3L - 2 XTH-P)
0P =
1 - - 2 XT]D
_ tAP) 52

B 419



_ (9 N4 Tp = = 22 X P> P‘] Loleg b raedeik O?fivdb\vel

2
= 2B P \
1 X and W) e vl
P . l(ﬂ)‘_ Qp_ %X and A s e whaithe 02§ el
2B Chce 27 P Rpe~d o~ X, ten
0i = e%lﬂg ) 30%[;\\ DAV - AN AT
e A o
Ly e g(u\‘f e o I
; BTA \ e W s e el T ER
> P = & X _ oTX od  g(f()
L Wﬁl Cl Ry = TR 3 e,  then
(e Dalfd _
2P
= pel-pid> K . o 2
%\CUQ > &
(L)
\{Cﬁs = - X_ \’)lU“PD X\ P']_C_l” Pg) Xl s P-A(,\’ PA) X’\’] x
T wR

IC g\
= EX\ X’\’l S\P o0 77 -2 N Y = N .
I Pw(;l’p") \[\}Cél\ﬂ\a (():("V[)x



Linesr  ran@Sicn: Ry = - L %X
Y

o
(\
Vu((£)
Porssen, RE) = - XTwx
W = 3!@;5( ?\D

Newten's  pedned  der legishe  req SN
nd = XTOLe) AgY = — XTWX

h ‘AR 0(]’\/335 ﬁ(&)
2/3 B(’f"f\'} - ﬁL‘) A C XTWC"\ x\"\ XT (\{ _ P(‘\)

2y Sk whea  BET 0w g



Checking the solution is a unigue maximum

Newton's method finds 8* such that U (8*) = 0. How do we
know that 5* maximizes the likelihood?
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Conve ¢ fu~chers
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Some intuition about Hessians
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Fisher information
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Properties
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Example
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