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The development of Llinear models

parameter
estimation

Hierarchical Bayesian Model MCMC

Be m<_>re/&Generalized Linear Mixed

flexibte Model (GLMM) -
i;‘;ggﬁ'z};zgts /R Generalized Linear
such as individuality~~ Mode L (GLM)

Always normal MSE
distribution?
That’ s non-sense! Linear model

Kubo Doctrine: “Learn the evolution of linear-model family, firstly!”
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datada.csv 00 CSV (comma separated value) format file OO OR O
gooogoboobooood:

> d <- read.csv("datada.csv")

or

> d <- read.csv(

+ "http://hosho.ees.hokudai.ac.jp/ kubo/stat/2015/Fig/binomial/datada.csv")

0000 40000000 data frame (0000000
00)o0ooooo
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data frame d O 0 OO

> summary(d)

N y
Min. :8 Min.
1st Qu.:8 1st Qu.:
Median :8 Median :
Mean :8 Mean
3rd Qu.:8 3rd Qu.:
Max. :8 Max.
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X
.00 Min. : 7.660
.00 1st Qu.: 9.338
.00 Median : 9.965
.08 Mean 9.967
.00 3rd Qu.:10.770
.00 Max. :12.440
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> plot(d$x, d$y, pch = c(21, 19)[d$f])
> legend("topleft", legend = c("C", "T"), pch = c(21, 19))
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0000 binomial distribution O logit link function
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0000000000000 (: 00000D0e.g. 2z = B+ foxi)
1

; = logistic(z;) = —————
4 = logistic(z:) 1+ exp(—2;)
> logistic <- function(z) 1 / (1 + exp(-z)) # OO OO0
> z <- seq(-6, 6, 0.1)
> plot(z, logistic(z), type = "1")
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000000000000 0000 binomial distribution O logit link function

logit link function

o logistic (0 0
1

1+ exp(—(f1 + Paz))

q= = logistic(f31 + B21)

o logit O O
logit(q) = log %_q — B1 + o

logit O logistic O O O O U logistic O logit 0 O OO

logit is the inverse function of logistic function, vice versa
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X T

> glm(cbind(y, N - y) ~ x + £, data = d, family = binomial)

Coefficients:
(Intercept) X fT
-19.536 1.952 2.022
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logit(q) = log ﬁ = p1+ Bz + Bsf + Baxf

. in case that 8, < 0, sometimes it predicts ...
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RO data.frame: 00 Area, 000 x, 000 y

tkb2016f (http://goo.gl/HvRhXn)

> load("d2.RData")

> head(d, 8) # U0 8 OOOO

0 N O O W N

Area x y
0.017249 0.5 0
1.217732 0.3 1
0.208422 0.4 0
2.256265 0.1 0
0.794061 0.7 1
0.396763 0.1 1
1.428059 0.6 1
0.791420 0.3 1
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> plot(d$x, d$y / d$Area)
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> plot(d$Area, d$y)
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> plot(d$Area, d$y, cex = d$fx * 2)
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family: poisson, U O DO OO U
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e JODODO 'y 7 x
offset 00 OO : log(Area)

0.0 1.0 2.0 3.0
dSArea

o 00000 z=01+4+ P2 x+ log(Area)
a,b000000000O00O0O0

o 000000000 ANDODODO log(A) =2
000 X=exp(z) =exp(f1 + B2 x + log(Area))
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glm() OODOOO

TRz MMNT 2477 b £

Fit)<- (glmX 0 mksnmoEE
Yy ~ X,
family = poission(link = "log")
data = 4,
offset = log(Area)
) )V OBEBDIEE (BBE)
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RO glnOOO0O0O00ODOO

> fit <- glm(y ~ x, family = poisson(link = "log"), data = d,
offset = log(Area))
> print (summary (fit))

Call:
glm(formula = y ~ x, family = poisson(link = "log"), data = d,
offset = log(Area))

(...0..0
Coefficients:

Estimate Std. Error z value Pr(>|zl|)
(Intercept) 0.321 0.160 2.01 0.044
X 1.090 0.227 4.80 1.6e-06
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