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goooooood: googooooooo
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ooo

ooooono I

o ‘NUOUOUObOyObOoboob”obuobobo

count data or categorical data with upper bound

gboooboboooodan

logistic regression

el00d0D0ODOOoOoOoOO
0000 binomial distribution O logit link function

interaction term

eUuuooono booooo oooo

complicate terms in linear predictor

goboodgboogbooo

NEVER data + data !

el0000OO0OOOOO!
use GLM with offset term

OO0000 offset OO O
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ooo

obooboooooobouooboooodd

http://goo.gl/Ufq2

ooooogobob 60 GLMDOO e maOH
gbooooboobooobooon

gogd

e J0O: 0000
e UODO:0O0ODODO
e 2012-05-18 O O
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ooo

statistaical models appeared in the class

goboooooooooouoon

The development of linear models

parameter
estimation

Hierarchical Bayesian Model MCMC

Be m9re/&Generalized Linear Mixed

flexibte Model (GLMM) .
i;ﬁgg;“i};ggts /& Generalized Linear
such as individuality Mode[ (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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ooo

Oo0ooooboooboooo?

Generalized Linear Model

0oo0ooooo (GLM)
.000000 (Poisson regression)
000000000 (logistic
regression)

. 0000 (linear regression)
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ooo
how to specify GLM

oboooboooooad

Generalized Linear Model

00000000 (GLM)

probability distribution

. 0Ooooag?

linear predictor

.Oo0ooog?

link function

.O00nooog?
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ooo

how to specify Poisson regression model, a GLM

GLM O0O0OO0OO0OOO0OO0ODOOODbOOoOobOoOobooon

Joogooggod

probability distribution Poisson distribution © o °I,":
O - ooogdn i
linear predictor 00_66699/{
° |:| |:| |:| |:| |:| eg) 51 _|_ /323;,2 NJ 05 1.0 15 2.0
link function log link function

OO0 gongoood
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ooo

how to specify logistic regression model, a GLM

GLM 0000000 legisticDOOOOOOOOO

o]

Juoogbooguoogbood

<
. . . . . El
binomial distribution O
O-
(]
(]

o
probability distribution

- o - ooon

~o e

linear predictor

oDDDDDZG.g.,51+ngi
gooboog a

link function

.O0000: logit 0OOOO
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“N O0O0OD0O yOoOOoooOo” ooooooo DDEDDDDDDDDD

1. “NOOUOO yOOhooobo”boooboobd

count data or categorical data with upper bound

gobboooooboo

yie{071)2)"' 78}
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“N O0O0OD0O yOoOOoooOo” ooooooo DDEDDDDDDDDD

Ooooooog? ... gobogoood

seeds alive
0000000 yOOOOOO OOO! ... oooooo
oad s

ooooo0 N; =8

[ JoX XNe]
[oXJeXe}

00000 v =3

O0oo (alive) O e
0000 (dead) O o

ooogd xz;
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“N O0O0OD0O yOoOOoooOo” ooooooo DDEDDDDDDDDD

Reading data file

oooooooooooo B

datada.csv 0 CSV (comma separated value) format file OO OR O
googobooboooboobd:

> 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)000oooo

kubostat2017e (https://goo.gl/z9yCJY) 000000000 2017 (e) 2017-11-14 11/ 47


https://goo.gl/z9yCJY

“N O0O0OD0O yOoOOoooOo” ooooooo DDEDDDDDDDDD

data frame d O 0 0O O

> summary(d)

N y X £
Min. :8 Min. :0.00 Min. : 7.660 C:50
1st Qu.:8 1st Qu.:3.00 1st Qu.: 9.338 T:50
Median :8 Median :6.00 Median : 9.965
Mean :8 Mean :5.08 Mean 9.967
3rd Qu.:8 3rd Qu.:8.00 3rd Qu.:10.770
Max. :8 Max. :8.00 Max. :12.440
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“N O0O0OD0O yOoOOoooOo” ooooooo DDEDDDDDDDDD

goboooboooooood

> plot(d$x, d$y, pch = c(21, 19) [d$f])

> legend("topleft", legend = c("C", "T"), pch = c(21, 19))

00 — o C ® CIMIOCOEI® OO D@ o
= g © es se00 ® o
Oe ce me w00 ™
0 - o eom o
‘:l < o0 o o
O w o oo
[N °

° o oo
O— ee0 0o o
8 9 10 1 1

ooooogn z;

fertilization effective

000 0OooOO0 ooooooz?
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DoooO0ooooo ooo 0000 binomial distribution O logit link function

logistic regression

2. 000000000000

0000 binomial distribution [0 logit link function
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0O0oooO0ooo ooo 0000 binomial distribution O logit link function

binomial distribution

gobn : NODODODO yOQOooooo

p(y | N.q) = (J?qu(l _ N

(MYOONDDOOOODDODOO y0OOOOO000D000000000

4
°
/
&)
Il
(el
—

q—08

2 -2
00 p(yi [8,9) \

0

Q—o—o—o—‘ O—o—lao—o
° T T T T
0 2 4 6 8
Yi
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0O0oooO0ooo ooo 0000 binomial distribution O logit link function

logistic curve

gobdddddooooooododd
linear predictor
000000000000 (: DOoOO0OO Oeg 2z = B4 foxi)
1

, = logistic(z;) = ————
e e
> logistic <- function(z) 1 / (1 + exp(-2z)) # DODOOO
> z <- seq(-6, 6, 0.1)
> plot(z, logistic(z), type = "1")

oo
00 02 04 06 08 10

42
oo

[y R

&

2 4
ooo z
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0O0oooO0ooo ooo 0000 binomial distribution O logit link function

/1 and [2 change logistic curve

gobgooooogoo......

00000 {815} =1{0,20(A) f,=200000 4 000000000
(B)f,=000000 3, 000000000

J(A) B=2000 .(B)s=0000
" " B2 =4
3 1
= &
D‘I‘ <
N o  P2=2 B2 =-1
g o I T T T T T
3 -2 1 0 1 2 3
ooog =

000000 {6, 00000 000000000000 g0 0<q¢g<1
obooooog
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0O0oooO0ooo ooo 0000 binomial distribution O logit link function

logit link function

o logistic 0O

1
= = logistic + [Box
o logit O O
logit(q) = log 1= = B + o2

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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0O0oooO0ooo ooo

logistic regression

0000 binomial distribution O logit link function

MLE for 31 and /32

ROOOODOODOOO —B 0 300000

(A) 000000000 f =c0

oo — o oo 0000 ®
oo o o

oo ao

(B) 0O0ODODODOO

© |

IS 00 o o j <
o o oo | \
o~ o ~— \ \
o o aoo \ \
e i T T T T e 1 ; T T
7 8 9 10 11 12 7 8 9 10 11 12
xz Xz

> glm(cbind(y, N - y)

“x + f, data =

d, family = binomial)

Coefficients:
(Intercept) X fT
-19.536 1.952 2.022
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ooooooooo ooo 0000 binomial distribution O logit link function

gobbboogd.- gbobbooooboboad

(A) 0000000 f; =cO (B) 00ODODOO f =T0

0 — ® 000+ © ©ed® OO 0 — * 000 ¢ ©O_OSENOONEDIS
3 e edee0 o o
o © | © - eofme o w
O e w /e o eom o
O <~ < — oo o o
O eslea 00 o0
O« T e o
0 e o O @o °
o o—ee0s 00 o
T T T T T T T T T T
8 9 10 11 12 8 9 10 11 12
goooobgno « gooobogg z;
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0ooooo - ooooo oooo B 0ooO0o0O0ooooo

interaction term

. 0b0ooooonobn oboad

complicate terms in linear predictor

gobboboooooboo

ubboooboobooboan
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oooooo - ooooo oooo B DDDDDDDDDDDDA

ooooooooo?

logit(q) = log ﬁ = P11+ Bax + Baf + Bax f

. in case that 8, < 0, sometimes it predicts ...

1 1 T 1
8 9 10 11 12

gooooon =z
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0ooooo - ooooo

in today’s example

oooo

0ooO0o0O0ooooo

no interaction effect

oodoouoouooboooood

glm(y ~ x + £,
(A)DooDooooooo

) glm(y ~ x + £ + x:f,
(B)0O0D0O0OO0OOO

00— o0—
@QO— T C ©— T C
O
= < <
O
[P fa
O
O— o
I I I I I I I I I I
8 9 10 11 12 8 9 10 11 12

oooooon «

oooooon «

little difference

gooobooboo
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oooooooooo! 000000 offset 000

NEVER data = data !

4. 0000000OOOl

use GLM with offset term
O00000 offset OO0

ooooooooooog
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0ooooooooo! 000000 offset 00O

OOobooboooooobobobooooo?

000 /000 0000000000000 0OO0OOOO0OO
gboobooboooobooooboooooo

gbooboobo:-01o00 3000 0b2000 600000 OO
ooo3oooboobooooooooo?

0000000000000000000 00000000000
00 (00000o000)

gboooobooboobboobooboooboob ooobo
googoboobooooog
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000000 offset 000
How to avoid data/data?

goboooodon

avoidable data/data values

e UIOOOOOOO
probability
o QOO

U: NOOOOyOUoOooooooooooo

use statistical model with binomial distribution

o 0ooboobboooboobbooobg

indices such as densities

o QUUOOOOOO
[1: 0000 0O specific leaf area (SLA) OO

use offset term! described later

O0: offset OO0 —OO00OODOO!
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000000 offset 000
unfortunately, sometimes fractions appear ...

doboooodoo

hard to avoid ...
o OO DOOONO
outputs from some measuring machines

o0OODDOODLOODDODODOODLOOO

sometimes we have no choice but plot data/data values ...

o [ODO0ObOOOOOOOODOOOODOOODOO
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example population densities in research plots

offset 0O OO : gobbobooogn

light intensity index
e J00UODOODUOODLOLD DOODLO 2> DLDOODLODOODO

gooooo
light index

e OO O {0.1,0.2,---,1.0}0 100000000

Y [ ]

PS ()
o ©

XK X /©
A% L B

000000000 glm(..., family = poisson) O[O
goooooo ...
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What? Differences in plot size?!

oooobooboboooooooboooboo?

e 000 2000 AOOODDDODODOOODDO

e J00D0DODO =000 /JODODOODOOOOOODOOCOOODOO!Y
e gln() U offset O OOODOOODODOOO

e JOOOODODOOOOODODOODLOOODO
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ooooooooog! 000000 offset 00O
light index number of plants

RO data.frame: 00O Area, OO0 x, ooo v

> load("d2.RData")
> head(d, 8) # 00O 8 O0OOO

Area x y
1 0.017249 0.5 0
2 1.217732 0.3 1
3 0.208422 0.4 0
4 2.256265 0.1 0
5 0.794061 0.7 1
6 0.396763 0.1 1
7 1.428059 0.6 1
8 0.791420 0.3 1
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~Onnnnn e 000
00D vsOOOOOO

> plot(d$x, d$y / d$Area)

o
wn_|
—
©
IS
g2 o
kY
3 o
° °0° g 8 0©
m*ooooog 8
888 . o
gg 80 o
o440 O O O O O O O O
\ T \ \ \
02 04 06 08 10
d$x

goboboboobooog ...
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000000 offset 000

OO0 AvsOOO y OO

> plot(d$Area, d$y)

kubostat2017e (https://goo.gl/z9yCJY)

o
w_|
-
o
(@]
o _|
g °
5 (@] (e (e
O O
000 o O
L0 | @ G®O O
00 (e
(@] (e0) [¢]
O COEAmO OO (o)
CIDECEDO GO
O — D@D o
[ 1 1
0.0 1.0 2.0 3.0
d$Area

00 AODCOOOO0O0OO0OODOO yOOODOOODOO
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000 000 (DODOOODO)DO0OO0OO

> plot(d$Area, d$y, cex = d$fx * 2)

15

Oo00oooOooooooooooog?
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Doooob 0000000000

0.0 1.0 2.0 3.0
dSArea

e JODOODD yDOUOODOO xDOO
e JUOODOOO x0OD0ODOO
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Ooooob =00 xoo0ooonO

1. 000000000 OO0 ,O0OO0OO0O
gooooooon:

2,000 N,0O0O0 A, 00000000000 a
goooon

Xi = Ajexp(fr1 + fax;)

000 N =exp(B + Bz +log(4;)) 0000
log(\i) = A1 + faw; +log(4;) D00 D0O00O0O0O00ODO

0000 log(4;) O offset 0000 (00 g000)

dSArea
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Ooob0 GgLMOobooooo!

family: poisson, U O DO OO 7o
link O 0: "log"
e JODODO 'y 7 x
offset 1000 : log(Area)

0.0 1.0 2.0 3.0
dSArea

o 00000 z=p1+ P2 x+ log(Area)
a,b000000000O00O0O0

o JO00OOODDDDO ANOOOO log(A\) =2
000 X=exp(z) =exp(f1 + B2 x + log(Area))

o 00D ODO NODOODODODODO:
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000000 offset 000
glm() OO OO0

TRz MMNT 2477 b LR

Fit)<- (glmX 0 mksnmoEE
Y~ x,
family = poission(link = "log")
data = 4,
offset = log(Area)

) ) > O BEEDIEE (HB&H)
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bbbl wiei U
RO gimOQOUOO0OO0DOOOOO

> 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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oooooooooo! 000000 offset 000

Plotting the model prediction based on estimation

gobooboooooobouoobood

z=0.9
light environment

r=0.1
dark environment

d$Area

solid lines prediction
° ogd OgimOQUOO0OO00O0ODOODOO ogd
dotted lines “true” model

° oo oooooboooooboooon
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O00: glm(O) 0 offtset OO ODODOOOO

e JODOODDOODOODDOOD ODLDO
OO0D0 offset U DODODOOODO

e U =00 xOOOOoooobOoooboo o
exp(0OOOO)0O0DOOOODOO

0.0 1.0 2.0 3.0
d$Area
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Improve your statisitcal model and remove data/data values!

oodoouoouooboooood

avoidable data/data values

e [IOOOODON
probability
o 0d

U: NOOOOyOUoooooooooooo

use statistical model with binomial distribution

b 00o0booboooboobooobo

indices such as densities

o QUUOoOoOoOO
[1: 0000 0O specific leaf area (SLA) OO

use offset term! Improve your statistical model!

O0: offset 000 — OO0OOOOOOODOO!
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oooooooooo! . 000000 offset DOO

|:| |:| |:| |:| The next topic

ooooo
© NOODOO yO
[ )
o //\ ..00ooooooo
- o ooo
O [
< [e)
O 000000ooon
gm—o o ol DooDOoOnO?
g [ ® O 3
s / O\
~—— O, O O
[
~° ~
o e °
| | | | |
0 2 4 6 8
00000 y

gooouogd
Hierarchical Bayesian Model (HBM)
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oooooooooo! . 000000 offset DOO

HRE
oo doodnoi
HRERERERERE
A preview of continuous
probability
distributions to construct
Hierarchical Bayesian Models
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oooooooooo! . 000000 offset DOO

oooooo ?
discrete probability distributions 7

ooooog ?
continuous probability
distributions 7
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OO00O0OODO discrete probability distributions

Poisson distribution Binomial distribution

| coooooocooo [RRTREINEE [ _______ocooiooo ooo JRRREETEE 0 ot link &
A changes the shape of distribution binomial distribution
ooooooo xoooooao gooo : NOOOO yOO0OOOOOO
AV exp(=A) . (N
Pyl =—F— A ply | Nyg) = (U)q"(l —qV
2 () 0ONDO00000000 »y0000000000000000
5
9] <[ q=01
= ° . =08
85 .. N
S2 Ll 00 ply |89 X -\ /
! . ol
g . VARV
s N =
. J
S latnumnn" YV P DO o
o T T T T ) T T T T
0 5 10 15 20 ooE a e e
[~ Kubostarz017b (newp://go0-g1/76041) NIRRT ) 170612 29/ 42 [“ibostaizoi7e neip: rgoo.gi/76c¢) IERSEERIEEOTAS) 20170621 15/ 47
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(00)O00O0O0 -DODO00DODOOOOOo0OoDOoOoOo

Uniform distribution (continuous) — an important “device” for HBM

parameter: min (a) and max (b)

f(x)
1 . .
b-a | |
| |
| |
| |
| |
| |
J s
0 a b X
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gooooooooaot

000000 offset 00O

gboobboooobbbdod —obboboooobbobood

the normal or Gaussian distribution — an important “device” for HBM

parameter: mean (u) and SD (s > 0)

00 (mean) =0

Standard Deviation (SD) s
s=1.0
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