IMECC

MEG613 - Analise de Regressao

Benilton S Carvalho - 152020



Regressao Nao-Linear



Introducao

Yi =f(Xi, p) + &
em que X; é o vetor dos valores observados das varidveis preditoras para o i-ésimo caso:
(1 )
Xi1
Xipx1 = :
\ Xip-1 )
e f o vetor de coeficientes.
No caso de regressao linear, temos que:
fXip) =X'p
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Introducao

Regressao nao-linear:

Yl‘ =f(Xi,7) -+ E;
Exemplos:
Y; = yo exp(y1X;) + &

Y; = y0 + 71 exp(y2X;) + &

70
Y; = +
"1+ exp(r2 X))

E
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Exemplo

E(Y) = 100 — 50 exp(—2X)
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Exemplo

10
1 + 20 exp(=2X)

EY) =
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Exemplo

E(Y) = 100 — 50 exp(—2X)
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Regressao Nao-linear

No caso linear, o nimero de parametros é igual ao nimero de elementos em X;,

No caso ndo-linear nao temos, necessariamente, esta relagao.
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Yi =fXi,7) + &
(Xi1)
Xigx1 =
\ Xig /
(70 )
71
Yox1 =

\ Vp-1)
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Exemplo - Pacientes

X: dias de hospitalizacdo

Y: prognéstico

##
##
##
##
##
##
##
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##
##
##
##
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Modelo proposto: Y; = yg exp(y1X;) + &;.
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Exemplo - Pacientes

Y; = 58.6065 exp(—0.03959X;) + ¢;.
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Minimos Quadrados

Relembrando, no modelo linear simples:
n n
S= ) &= ) i=po—HX)
— £ = i ,BO :Bl i
i=1 i=1
No modelo nao-linear:

S= Y 1Y; —fXe, )P
i=1

Queremos minimizar S com relagdo a Yo, 1, .- » ¥p—1-
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Minimos Quadrados

= ) 20Y;, - f(Xi,7)]

as - [af(X,-,y)]
ok = Ok

lgualando as p derivadas parciais a zero e substituindo os parametros y; pelas estimativas g, temos as
p equacgdes normais:

'y, | X Xe?) ” IXD]  _y 4o -
;Yi[T]yzg_izzlf(Xiag)[T]Fg—0 k=0,1,....,p—1

em que g é o vetor de estimativas por minimos quadrados:
(g0 )

81
ngl — .

\gp—l /
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Exemplo - Pacientes

Y, = yo exp(y1X;) + &

S X, ¥) = yo exp(y1X;)
of (X;,7)
970

of (X, 7)
d71

= exp(y1X;)

= y0X; exp(y1X;)
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Exemplo - Pacientes

Equacoes normais:

c of (X;, 7)
255",

)7 0yk

_ if(X,-,g)[af(Xi’},)] —0 k=0,1
g i=1 =2

Temos;

Z Y; exp(g1X;) — Z go exp(g1X;) exp(g1X;) = 0
=1 i=1

n n
Z YigoX; exp(g1X;) — z go exp(g1X;)goX; exp(g1X;) = 0
=1 i—1
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Exemplo - Pacientes
Simplificando:

Z Y; exp(g1Xi) — 8o Z exp(2g1X;) =0
i=1 P

Z Y, X; exp(g1Xi) — &o Z X;exp(2g1X;) =0
i=1 i=1

As equac¢des normais nao sao lineares com relacdo a gp e 21 € ndo possuem
solucdao com forma fechada. Métodos numéricos devem ser empregados para
obter a solugao.
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Exemplo - Pacientes

m <- nls(Y~gammaO*exp(gammal*X),data=dados,start=1list(gammal0=56.6646,gammal=-0.03797))
summary (m) $coef

## Estimate Std. Error t value Pr(>|t|)
## gammaO 58.6065313 1.472159424 39.80991 5.699631e-15
## gammal -0.0395864 0.001711292 -23.13246 6.013445e-12

16/20



Exemplo - Pacientes
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Exemplo - Pacientes

Para obter os valores iniciais, note que podemos linearizar:

log, yolexp(y1X;)] = log, yo + 71 X1

Y*=po+ X+ €
emque Y;* =log, ¥;, po = log, yo e f1 = 1.

modelol. <- Im(log(Y) ~ X,data=dados)
summary (modeloL) Scoef

# Estimate Std. Error t value Pr(>|t])
## (Intercept) 4.03715887 0.084103145 48.00247 5.081672e-16
## X -0.03797418 0.002284209 -16.62465 3.857871e-10

¢© = exp(By) = 56.665 e g = B, = —0.038.
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Leitura

- Applied Linear Statistical Models: Se¢des 13.1-13.4.
- Draper & Smith - Applied Regression Analysis: Capitulo 24.

-+ Nonlinear Regression and Nonlinear Least Squares in R
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