000000000 2017 (b)

goboooboodd

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

2019-07-22

goboooooDo: 2019-07-20 20:55

kubostat2017b (http://goo.gl/76c4i) 000000000 2017 (b) 2019-07-22 1/42


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

ooo

ooooono I

@U0:000000Doogo
An example: a distribution of seed number

®@Loooooooood
probability distribution, the core of statistical model

oooooooo

eLUioubooooooobon booo
ooooooooooooor

etuoooooon
gboooobooon

kubostat2017b (http://goo.gl/76c4i) 000000000 2017 (b) 2019-07-22

2/42


http://goo.gl/76c4i

M OOOOOOOO

Jobbobooddtdi

Jooodb oot

kubostat2017b (http://goo.gl/76c4i) 000000000 2017 (b) 2019-07-22 3/42


http://goo.gl/76c4i

GLM 00000000

oboobooooooouoon

The development of Llinear models

parameter
estimation

Hierarchical Bayesian Model MCMC

Be mgre/x(}eneralized Linear Mixed

flexibte Model (GLMM) -
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such as individuality Model (GLM)

Always normal MSE
distribution?
That’ s non-sense! Linear model
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Choose proper distributons
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the normal distributon is NOT good at everything
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An example: a distribution of seed number
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from 50 imaginary plants
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[ ]
{?.:
00 i 000 y
05000 00 {y}000O00D0O!
2"6 {172737’ o 50} {UI} - {ylva:"' wiUB()}
r

00000 {y} 0000 ROODODODODOOODOODODO

goooooboooooood
> data

[11 2246452312043333427243334
[26] 3 753176465247226245451323
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R: a free statistical software
OO00o0d0o0od: ooooooono R
http://www.r-project.org/

R

eJO0OOO OSOUOOO free software
eJO000ODOOOOOOOO

e JOOOODOO
esO0O00O0DOOODOOOODOO

e RStudio http://www.rstudio.com/
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RStudio

File Edit Code View Plots Session Build Debug Tools Help I
> load("Fig/distribution/data.RData") 2 @ | B mportataset- | o Clear Liste
> sunmary(data) & Global Environment-
Min. 1st Qu. Median Mean 3rd Qu. Max. Data
0.00  2.60  3.60 3.5  4.75  7.00 d 100 obs. of 3 variables o
> hist(data, breaks = 0:9 - 0.5) RIS
> lines(0:9, 50 * dpois(0:9, lambda = 3.56), type = "b", col = "#ff400080", data num [1:50] 2246452312
ud = 4 :
N ) Functions
1sfont function ()
1sp function (package, all.names = TRUE, pattern.
passwd function (length = 8, cset = c(letters, LETT.
sw function (w)
& P zoom  Eexport+ @ Clear All
Histogram of data
.
.
H
$ o
g
v A4
.
I
T T
0 2 4 6 8
) .
http://www.rstudio.com/
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RD table() OO0OODOOOOOOODOOOO

> table(data)
0O 1 2 3 4 5 6 7
1 311 12 10 5 4 4

(000 50 500000060400 ... )
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goboobooboooboooood

> hist(data, breaks = seq(-0.5, 9.5, 1))
Histogram of data

| gooooooooooooon
oggoo o ood

10 12

8
|

Frequency
i

i

[ I I I |
0 2 4 6 8

data
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How to evaluate mean value using R?

> mean(data)

[1] 3.56

> abline(v = mean(data))

Histogram of data

— | 00o0oooooooooog
oooOo o ooo!

8 1P ﬁZ

Frequency
T e

.

data
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gobooobooonnd

uboooob oboo booboobobooboo:.-o0og

> var(data)

[1] 2.9861

000000 0000000000 (Sb = yvariance)

> sd(data)
[1] 1.7280
> sqrt(var(data))
[1] 1.7280
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probability distribution, the core of statistical model

oobooboobooooobooon

kubostat2017b (http://goo.gl/76c4i) 000000000 2017 (b) 2019-07-22 19 /42


http://goo.gl/76c4i

goooooooooo probability distribution, the core of statistical model

Empirical VS Theoretical Distributions
Oooooodoon odoo o
‘0O000000”0 0000 0
Oodoooodoooodod ood

prob
0.00 0.05 0.10 0.15 0.20
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“O0D0o0ooOo” ooood

> data.table <- table(factor(data, levels = 0:10))
> cbind(y = data.table, prob = data.table / 50)

y prob
o Histogram of data ~ 0 1 0.02
s 87 1 3 0.06
ze P A 2 11 0.22
g Se] 3 12 0.24
T ol 4 10 0.20
R s|° 5 5 0.10
0 2 4 6 8 ° 9 2 4 B 8 10 6 4 0.08

data y
e 000000 000000 00000000 [ § oo
godo 9 0 0.00
10 0 0.00

e JUUOODODOOOOD OOOO OO ...
‘O0b00oobooboobrbooogon
‘OO00b”00boobon
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e jlO0O00O0OOODOOOOOOOOO?xY
e 10O y={0,1,2,---} 0000000
ODooodoooooddgogno?

e[ I1000OOODO0O
{po,p1,p2,- -, Pog, D100, - -~} 0O ODODO?7
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O000 (DoO000O0)00oooooogooo

bbdgyuoobooboobbooboobboobooo

AVexp(—A)

ply | A) = )

ey 0 y0ODODOODDOD 401x2x3x40000000000
® exp(—A)=e 000 (e=2.718---)

e JOUDOUODOODODODODODODODODODODODOD
bob0—000o0obooooboooboooooooooon
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Doooooboooooobooo?
D0000 ROODOOODOO

>y <= 0:9

> plot(y, prob, type = "b", lty = 2)

# 0O00oog (mood)
> prob <- dpois(y, lambda = 3.56) # 00000000 0OOOO

o o
ST e 00 (A O|356000
© | : “ Poisson disfribution 1
o o
= 2
QO.* ° s 3
8] ‘ 4
S |, e 5
8 ° 6
N T T T T I
S 0 2 4 6 8 7
y
8
9
10
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prob

.02843882
.10124222
.18021114
.21385056
.19032700
.13551282
.08040427
.04089132
.01819664
.00719778

2019-07-22

> # cbind OO0ODO0OO
> cbind(y, prob)
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probability distribution, the core of statistical model
Oooodoodoododoodan

°.
o

'
’

Frequency
i

2
1

’
K
o

0
|

8 lIO 12
|

Histogram of data

[ I
0 2

> hist(data, seq(-0.5, 8.5, 0.5))

# J0oo0ooooboooboo

> lines(y, prob, type = "b", 1ty = 2) # JO0DOO0OOOOODOOO

kubostat2017b (http://goo.gl/76c4i) 000000000 2017 (b) 2019-07-22 26 /42


http://goo.gl/76c4i

goooooooooo probability distribution, the core of statistical model

Ooooobo AODDoODOOOoOoOoOoOOg

d y6{07 17 27
oo

kubostat2017b (http://goo.gl/76c4i)

prob
0.00 0.05 0.10 0.15 0.20

oo xODOOOoOooOoOoooooooooo
gooooogo axbcogoax>od
ooopoooOoooD: Ax=00 =00

,oc0o} 0000000000 yOOOOOODOOO 10

oo

Sply [N =1

y=0

000000000 2017 (b)

> # cbind 000000
> cbind(y, prob)

O 00 N O O W N

[N
o

~<

© 0 N O O WN = O

prob
.02843882
.10124222
.18021114
.21385056
.19032700
.135561282
.08040427
.04089132
.01819664
.00719778

O O O O O O O o O o

2019-07-22
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gooooooooooooo axboobobooobooog

goooooboooooooboo Abgboooo

00000000000 30000000000
{y1, v2, y3} = {2, 2, 4}000000000000000000
0.180 x 0.180 x 0.19 = 0.006156 00 OO0 000D

kubostat2017b (http://goo.gl/76c4i) 000000000 2017 (b) 2019-07-22 31/42


http://goo.gl/76c4i

DoDooooooooooo?

00 L(\) 0000000 A000

ugbooooog
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29 lambda = 2.0 8q lambda = 2.4 29 lambda = 2.8
log L = -121.9 log L = -109.4 log L = -102.0
R R =R
w— w— w-
o- o- od
| T T T 1 T T T T 1 | T T T 1
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
B lambda = 3.2 Bl lanbda = 3.6 B lambda = 4.0
log L = -98.2 log L = -97.3 log L = -98.5
ER ER =R
0 - 0|
o o o
T T T T 1 T T T T 1 T T T T 1
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
8 lanbda = 4.4 89 lanbda = 4.8 8 lambda = 5.2
log L = -101.5 log L = -106.0 log L = -111.8
=R ER =R
w- w— w0
o- o- o
| T T T 1 T T T T 1 | T T T 1
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
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D000 logL(A) =3, (yilogh — X — > ¥ log k)

log likelihood
-110

2!0 2!5 3!0 3!5 4!0 4!5 5!0
e 0000 (ML estimator): > . vy;/50
e 00000 (ML estimate): A =3.56 000
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