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Znaceni
Pfedpokladame vektor vstupl (atributd) X = (Xy,..., Xp).

Snazime se predikovat vystup Y nabyvajicich hodnot 1, .. ., K.

Nas prediktor oznaCime G.

Jinymi slovy:

nasim cilem je klasifikovat objekt popsany atributy do jedné z K tfid.

P(G = k|X = x) znaCi pravdépodobnost, Ze objekt popsany
vektorem atributll x patfi do tfidy k.



Model logistické regrese
Logisticka funkce

= k| X =

1—5, ' P(G=/{X=x)

Logisticka regrese

logit P(G=1|X=x) = B1o+pBix
logit P(G=2|X=x) = oo+ pBix
logit P(G=K—-1|X=1x) = Bx 10+ Bg_1*

kde 6 = (310, B1,---,Bxk—1,0, Bx—1) jSOu parametry modelu.



Z predchoziho plyne, ze

T
P(G:”X:x) — exp(ﬁ10+/31X)

1+ 3721 exp(Beo + By x)
exp(B2,0 + B3 x)

e 1+ 3021 exp(Beo + B x)

T
P(G=K-1|X=1x) = eXP(ﬁK 1,0+ Bx_1%)

1+ 372, exp(Beo + B x)

1+ 37— exp(Beo + B x)

OznacCime

P(G=kX=x) = p(x0)



Maximalné vérohodny odhad

Predpokladejme data:

(x1,81) = ((x1,1,---,%1,p),81)
(xz,gz) = ((Xz,l,---,xz,p),gz)

(xn,8n) = ((xN1/---/XNp), 8N)

maximalné vérohodny odhad paramett modelu 6 pro pozorovana
data maximalizuje

N N
(@) = > logpg(x,0) = > logP(G = gi|X = x)
i=1 i=1



Model logistické regrese pro K = 2

Logisticka regrese je pak definovana jednou rovnici
logit p1(x;,0) = B0+ B1x

coz zjednodusime zavedenim 8 = (B1,0,81) ax; = (1, xi1,...,%; )
a p1(x;,0) = p(x;, B) na

logit p(x;, B) = Bl

Zakodujeme dveé hodnoty G pomoci y nabyvajicich hodnot 0 (pro
G =1)al (pro G = 2) pak pro logaritmickou vérohodnostni funkci

mUzeme psat

N
(B) = ; yilog p(xi, B) 4 (1 —y;) log(1 — p(xi, B))



T,.
PouZijeme-li vztah p(x;, B) = 1?;{’(;/3([3,’%;) dostaneme

N exp(BTx,) | exp(B7x;)

{B) = zg (yl log 1+ exp(B'x;) + 1= yi)log <1 14 eXP(ﬁTxi)>>
- exp (B’ x;) . 1
= 2 (g +0 - )

(iB"xi — log(1 + exp(B"x,)) )

|
M=

]

Chceme-li maximalizovat logaritmickou vérohodnostni funkci,
pozadujeme aby jeji parcialni derivace byly nulové

l(B) N . x;exp (B x;) B
o = (e EG,) = Dn s = o

coZ je p 4+ 1 nelinearnich rovnic. Pro vyfeSeni tlohy mlizeme pouZit
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Newtonovu numerickou metodu, ktera vyZaduje Hessovu matici

20(B) e 0 [ exp(Bx)
gt = 2 aprd) = 2 x g (et

_ Z xix! eXP(ﬁsz)(l +exp(B'x;)) —exp(B'x;)?
| (1+exp(B'x;))?

= - Z xix; - p(xi, B)(1—p(xi, B))
Je-li 3°% stara hodnota, novou hodnotu spoéteme jako

grew _ gold _ (025(/3))1 04(B)

93087 35




Pouzijeme maticovy zapis:

Yy = (yll'“/yN)T

( 1 X1,1 - xllp \
1 X721 R 49
X — 7 /P
\ 1 XN1 -~ xN,p )

p = (p(x1,B),...,p(xn, B%)T

[ p(x1, B79) (1 — p(xy, B74)) 0 ... 0 )
0 p(xz,/BOld)(l—p(xz,ﬁOZd)) 0 ...

\O ... 0 p(xN,[J’Old)(l—P(xN/ﬁOld)))



Jeden krok Newtonova algoritmu je

ﬁnew _ ﬁold o (XTWX)—le(y o P)
= (X"WX)" ' XTW(Xg" + Wl (y — p))
= (X'wx)"1xTwz
kde z = X301 + W_l(y —p).

Tato formulace jednoho kroku algoritmu odpovida Gloze vazenych
nejmensich étvercl, nebot jeden krok algoritmu odpovida

B — arg mgn(z — XB)TW(z — XB)

Cely algoritmus tak odpovida metodée iterativné vazenych
nejmensSich ¢tvercu - iteratively reweighted least squares (IRLS).
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Coefficient Std. Error Z Score

(Intercept) -4.130 0.964 —4.285
sbp 0.006 0.006 1.023

tobacco 0.080 0.026 3.034
1d1 0.185 0.057 3.219

famhist 0.939 0.225 4.178
obesity -0.035 0.029 —1.187
alcohol 0.001 0.004 0.136

age 0.043 0.010 4.184

Coefficient Std. Exrror Z score

(Intercept) ~4.204 0.498 —8.45
tobacco 0.081 0.026 3.16

1d1 0.168 0.054 3.09

famhist 0.924 0.223 4.14
age 0.044 0.010 4.52
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