000000000 2018 (e)

GLM logistic regression
gooooood: ooooooooo

U000 kubo@ees.hokudai.ac.jp
0000000000 http://goo.gl/76c4i

2018-07-02

goboooobDo: 2018-06-29 14:36
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ooo

ooooono I

o ‘NUOOUOyuoooooo”oobbooo

count data or categorical data with upper bound

gboooobooooan

logistic regression

eLl0dbOdDoooOon
0000 binomial distribution O logit link function

interaction term

e0d000 OO0OOoOO0Oo Oogod
000000000000 complicate terms in linear predictor

NEVER data = data !

el0d0O0OoOoOoOooOoO!
use GLM with offset term

OO0000 offset 0O O
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oboobooobotoobouoobooboodd

http://goo.gl/Ufq2

oooooobob 60 GLMDOO e mEOHT
gboooboboobooobooon

god

e J0: 0000
e J0O0O:0000
° 2012-05-18 O O

kubostat2018e (http://goo.gl/76c4i)

F— SR DI=DD
WMmEFETU 7 AN
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ARIEH
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ooo
Understand the Evolution of Linear Models!

oboobooooooouoon

The development of Llinear models

parameter
estimation

Hierarchical Bayesian Model MCMC

Be mgre/x(}eneralized Linear Mixed

flexibte Model (GLMM) -
i;ﬁjﬂ;'i};ggts /& Generalized Linear
such as individuality Model (GLM)

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

Oo0o0oooboooooooo?

Generalized Linear Model

00000000 (GLM)

e J0DODODO0DODO (logistic
regression)
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ooo
how to specify GLM

obogooooooad

Generalized Linear Model

00000000 (GLM)

probability distribution

e JOODOO?Y

linear predictor

e 00O DOO7

link function

e O ODO?Y
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ooo

how to specify Poisson regression model, a GLM

GLM O0O00OO0OO0O0OOO0ODOOODbOOoOobOoobooon

Joogooggod

probability distribution Poisson distribution @ - °I,":
e OO :0OO0OD0OOOO i
linear predictor 00_66699—‘(
. 05 1.0 5 | 20
e00O00ODO: eg., B + Box; y
link function log link function

e UUOD:ODOOODOUDO
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ooo

how to specify logistic regression model, a GLM

GLM 0000000 legisticDOOOOOOOOO

o]

Joogoogoogbood

<
. . . . . El B
binomial distribution O
i
(]
O

©

probability distribution

e JODOO - DLOOO

~o e

linear predictor

ODDDDD:e.g.,Bl—Fﬁgxi
gboobobDg a

link function

e 00O0ODO: logit OODOOO

000000000 2018 (e) 2018-07-02 8/46
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“N O0O0OD0O yOoOooooOo” ooooooo DDEDDDDDDDDD

1. “NOOUOO yOOhooobo”booobobd

count data or categorical data with upper bound

gobboooooboo

yie{071527"' 78}
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y 0O0OO0ODOO0OO0” 0000000 DDEDDDDDDDDD

Oooooooog? ... goooood

seeds alive
OO0 00000 yOO OOOO OOO! ......O000000
o0«

ooooo N; =8

[ XOX X©J
Ce0O0O

00000 v =3

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

ooogd xz;
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y00ODOO” 0000000 0oo0ooooooooo
Reading data file

oooooooooooo R

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

> 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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y 0O0OO0ODOO0OO0” 0000000

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.

kubostat2018e (http://goo.gl/76c4i)

0 0 O o W O

.00
.00
.00
.08
.00
.00

X
Min. : 7.660
1st Qu.: 9.338
Median : 9.965
Mean 9.967
3rd Qu.:10.770
Max. :12.440

000000000 2018 (e)

000000000000

C:50
T:50
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y 0O0OO0ODOO0OO0” 0000000 DDEDDDDDDDDD

gobooboooooood

> plot(d$x, d$y, pch = c(21, 19) [d$f])
> legend("topleft", legend = c("C", "T"), pch = c(21, 19))

N 0 — o C * SN IO DEOIDO0 D o
3 P ¢ e es0 o o
l:l © -oe 0 amo
O - o com o
‘:l < — 00 o o
O o o oo
[0 °
o @0 o
O— ee0 oo o
8 9 10 1 1

ooooogn

fertilization effective

oob obogo gooooogre
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0oooooooo skl 000 binomial distribution 0 logit link function

logistic regression

2. 000000000000

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

binomial distribution

gotn : NODODDODDO yOQOooooo

p(y | N.q) = <Jgj)qy<1 _ gV

(MYOONDDOOOODODOO y0OOOO000000000000

4
=)
I

o

—

q :.0.8

00 i I80) X //\
;AN

0

0.0
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ooooooooo ooo 0000 binomial distribution O logit link function

logistic curve

oddodoooooddoooon
linear predictor
000000000000 (: DoOoO0OO0 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

oa‘
A

2 4
goooo z
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ooooooooo ooo 0000 binomial distribution O logit link function

/1 and [2 change logistic curve

goboooooogoo......

00000 {815} ={0,2)0(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
0000 =

000000 {p1,6}00000 000000000000 g0 0<qg<1
gbooooog
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ooooooooo ooo 0000 binomial distribution O logit link function

logit link function

o logistic 00 O
1

1+ exp(—(f1 + Paz))

q= = logistic(f81 + B21)

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

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

logit is the inverse function of logistic function, vice versa
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ooooooooo ooo 0000 binomial distribution O logit link function

logistic regression MLE for 51 and f>
ROODOODODODOODOO —B 0 300000

(A)000000000f;=c0 (B)OOOOOOOO

0 — o oo o000 ® 0 —
oo © o

0 — oo ao © —

9 T T T T e T T T T T
7 8 9 10 11 12 7 8 9 10 11 12
X T

> 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

Fertilization effects

gobbbodgd.- gbbbooooboboad

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

00— ® 000 e © ®ed® OO 0 — * 000 ¢ ©O_O80EN 00D .
5 e edce0 @ o
l:' © — LRy X *0 0 am
O e w/e o com o
O ~ 00 o o
O eeleo 00 oo
] . . o
0 e o O @o O
O— ®e0 o 00 o o
T T T T T T T T T T
8 9 10 11 12 8 9 10 11 12
doooood x; ogoooood xz;
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ooooaoo ooooo 0000 jsyectebteidery

interaction term
. Uoooo oot oooao

000000000000 complicate terms in linear predictor

obooooboooogon
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oooooo goooo [RENERRNEN > redictor

interaction terms

I o I I ¢

bgu@:kglzq:ﬁy+&m+&f+ﬂmf

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

00000 y

T 1 T 1
8 9 10 11 12

gooooog =
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oooooooooo! . 000000 offset DOO

NEVER data = data !

4. 000000O0OooOO!

use GLM with offset term
O00000O offset OO0

ubboooboabodan
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Why you should avoid data = data
ODO000000O000OO0O0oOoOoooooooo?

data /data 00 0000000000000 O0OOOOOOO O
gboooooooooooooooog

gbooboooo:-0d1o00 3000 0b2000 600000 OO
ooo3goooboooooooboooo?

0000000000000000000 00000000000
00 (00000O000)

gboooobooboobboobuooboooboob oboobo
googoboobooooog
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How to avoid data/data?

goboooodon

avoidable data/data values

e UOOOOOONO
probability
o OO

U: NOOOOyOUoooooooooooo

use statistical model with binomial distribution

o 0oobooboooboobbooobo

indices such as densities

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

use offset term! described later

OUO: offset OO0 —OOOODO!
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unfortunately, sometimes fractions appear ...

goboooodoo

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

o0O0ODODOODLOODDODODOODOO

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

o [OOobOO0OOO0OOOOODOOOODOOODOO
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000000 offset 000
example population densities in research plots

offset 0O OO : goboboobooodon

light intensity index
e J000ODUODLODLDDOO DOUOOD 2 UODLDODODOOO

goooon
light index

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

® ®
P [
o ©
AL Al

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

goooooboboooboooooooboo?

e 100 000 AODDOOODDOODOOO

e 00000 =000 /JO0D0O0O0D0O0OODOOOOOOOOO!
e oIm() 0 offset OO ODOOOODOOOODO

e O0OO0DOO0OOOODDOODOOODLOOO
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light index number of plants

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

> load("d2.RData")
> head(d, 8) # 00O 8 O00OOO

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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light index quotient or synthetic variable

oo wvs Oon 0d

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

o
wn_|
—
©
IS
%2 0
kY
3 o
° °0° g8 0©
m*oooogog 8
8g8gg_c°o
52 ¢ 5%8° o
o—0 O O O O O O O O
T T T T
02 04 06 08 10
d$x

goboodgboogog ...

kubostat2018e (http://goo.gl/76c4i) 000000000 2018 (e) 2018-07-02

30/ 46


http://goo.gl/76c4i

oooooooooo!

OO0 AvsOOO y OO

dsy

> plot(d$Area, d$y)

000000 offset 000

o
w_|
—
(@]
(@]
o _|
—
(e
(@] (e (@]
O O
[e]e]e) o O
0N — aoa O O
00 (e
(@] (e0) (e
O COEAmO OO (o)
CIDECEDO GO
O — D@D (o)
[ 1 \
0.0 1.0 2.0 3.0
d$Area

00 AODOOOO0O0OO0OODOO yOOODOCODOO
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000 000 (DODOOODO)DO0OO0OO

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

15

oooooooboboooboooobooo?
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Doooob 0000000000

0.0 1.0 2.0 3.0
dSArea

e NOUDUOOD yDOOOODOO xOO
e JOUODOUOD 200D00DO
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Ooooob =00 xooobooo

O
o X K7
1. 0000400000 4000 A000000 L

gooooooon:
y; ~ Pois(\;)

2. 000 OO0 A, 00000 000000 B
ooooa 00 10 20 30

dSArea
Xi = Ajexp(B1 + Bax;)

000 N =exp(fy + Box; +1log(4;)) DODODOO
log(\i) = B1 + faw; +log(4;) 00O D0O00O0D0O00ODO

0000 log(4;) O offset 0000 (00 g000)
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Ooob0 GLMOoooooo!

® family: poisson, DU O OOO 7o
link 0 0: "log"
oot :y ~ x
offset 00 OO : log(Area)

0.0 1.0 2.0 3.0
dSArea

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

o 000000000 ANDODODDO 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(O) OO OO0

TRz MMNT 24797 b £

Fit)<- (glmX 0 mksnmoEE
Yy ~ X,
family = poission(link = "log")
data = 4,
offset = log(Area)
) ) > OBEBDIEE (BBEH)
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RO gin(OOOO0O0OOO0OOO

> 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

kubostat2018e (http://goo.gl/76c4i) 000000000 2018 (e) 2018-07-02 37 /46


http://goo.gl/76c4i

0DO0O0O0D0O0oOooo! 000000 offset 000

Plotting the model prediction based on estimation

goboobooboooboooooan

z=0.9
light environment

r=0.1
dark environment

d$Area

solid lines prediction
° ogd OgimOQUOOO00O0ODOODOO oad
dotted lines “true” model

° oo oooooboooooboooon
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R
OO00: glmO) 0 offtset OO DOODOOOO

e JOUO0ODOODLUOODLDODODOO OO
O0O0D0 offset U DODODOOODO

e 0 =00 xOOOobOoooboooo o
exp(0OOOO)0O0D0OOOODOO

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: NOOOOyOUoOooooooooooo

use statistical model with binomial distribution

b 0ob0booboooboobooobo

indices such as densities

o UUOoOoOoOO
[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 00O

D D |:| |:| The next topic

ooooo
©— NOODOO yO
[ )
o /\ ..00ooooooo
- R . oooQ
O« o
= 00o0o0o0o0oooon
gm—o o ol DooOoOO?
S(\l— ® O 3
g o\
— o/ o o
[
~° ~
oJ]e °
| | | | |
0 2 4 6 8
00000 y

gooogogd
Hierarchical Bayesian Model (HBM)

kubostat2018e (http://goo.gl/76c4i) 000000000 2018 (e) 2018-07-02 41 /46


http://goo.gl/76c4i

oooooooooo! 000000 offset 00O

HRE
Dododoodooi
HRERERERERE
A preview of continuous
probability
distributions to construct
Hierarchical Bayesian Models
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oooooooooo! 000000 offset 00O

oooooo?
discrete probability distributions 7

Ooooog ?
continuous probability
distributions 7
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O0O0O0OODO discrete probability distributions

Poisson distribution Binomial distribution

A changes the shape of distribution

binomial distribution

0 logit link i

ooooooo xoooooao oooo : NOOOO yOOOOOOO
A exp(—A) (N ,
Py | A) = Y A ply | N,q) = <1/)q“(l —q)Ny

S | =0 () DONDDDDOOO0000y0000000000000000
° 7
Bl 15.1 <[ g=01
3 s a=038

€9 ol _i—n.:; s

53 00 Py 189 | ./ ‘\ / \
2 | . ° L J .
o =

. 4
ER B DO
o T T T T T e T T T T
0 5 10 15 20 ¢
000000000 2017 () oros2 294 DTG 00000000 2017 (0 wreal 1547
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(00)0O0O0O0 —-0OD00ODOOO0OOO0O0oDOoOoo

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

parameter: min (a) and max (b)

f(x)
1 . .
b-a | |
| |
| |
| |
J
0 a b X
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oooooooooo! 000000 offset 00O

gboboboooobbbdod —obbboooobbbood

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 = 10
[}
:
L \s=15
7 : ™
\ s=3.0
{ T T ! T T 1
6 -4 -2 0 2 4 6
x
@] 8)=— -
T |s)= exp | ——=
p 27T82 P 282
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