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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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e 000D (f; =T): 50 sample (i € {51,52,--100})
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obooobooobooon

data3a.csv 0 CSV (comma
separated value) format file 0 0 0O O
ROODODODOODOODODOODOOO:

> d <- read.csv("data3a.csv")

0000 40000000 data
frame (00 00000)0000
0o

tkb2016d (http://goo.gl/HvRhXn) 000 (00) 0000 2016 (d)

oooog
data frame d O 0O O

> d

y x £
1 6 8.31 C
2 6 9.44 C
3 6 9.50 C
...gooo...
99 7 10.86
100 9 9.97
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data frame d OO0 O0: OO0OOO0O0O

> d$x
[1] 8.31 9.44 9.50 9.07 10.16 8.32 10.61 10.06
[9] 9.93 10.43 10.36 10.15 10.92 8.85 9.42 11.11
...0ooo...
[97] 8.52 10.24 10.86 9.97

> d3$y
[1] 6 6 61210 4 9 9 911 6 10 6 10 11 8
[t17] 3 8 5 5 411 510 6 6 7 9 310 2 9
...0ooo..
[971 6 8 7 9
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0oD0Ooo000000000000000007
data framed OO 0O0O: “O000” OOOO

ugbobooooboooboo ft0o00boboobboan

> d$f
[f]cccccceccecceccecececececececececceccecceccecceccc
[26 CCCCCCCcCccccccecceccecceccecceccecceccecceccc
B TTTTTTTTTTTTTTTTTTTTTTTTT
[76] TTTTTTTTTTTTTTTTTTTTTTTTT
Levels: C T

gooogo:-boo0bboooboboon
gboboocoTO 200
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go0o0o00000: 00000000000 000000000 000000O0Oooooooo?

ROODODDODOOODODOOOO

> class(d) # d 00 data.frame [ 00O

[1] "data.frame"

> class(d$y) # y UOUODOUODOO integer OODO

[1] "integer"

> class(d$x) # x UOOOOOOODO numeric OO0
[1] "numeric"

> class(d$f) # OO0 f OO factor OO
[1] "factor"
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go0o0o00000: 00000000000 000000000 000000O0Oooooooo?

data frame [0 summary()

> summary(d)
y

Min. 1 2.00
1st Qu.: 6.00
Median : 8.00
Mean 1 7.83
3rd Qu.:10.00
Max. :15.00

tkb2016d (http://goo.gl/HvRhXn)

Min.

1st Qu.:

Median

Mean

3rd Qu.

Max.

7.
9.
:10.
:10.
:10.
:12.

190
428
155
089
685
400

C:50
T:50

000 (00) D000 2016 (d)
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O00000000000O!

> plot(d$x, d$y, pch = c(21, 19) [d$f])
> legend("topleft", legend = c("C", "T"), pch = c(21, 19))
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d$x
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> plot(d$f, d$y)
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0000: (00)+ (00) xa
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00 « 00 (0O0?) 0000000000

e J0: 0000
e J0O:000OO
e 1O UUO (linear predictor):
(D0DoooooD)= 00 (00O)
+ (00 1)x(ODOOO 1)
+ (00 2)x (D000 2)
+ (00 3)x(DOOO 3)
+

tkb2016d (http://goo.gl/HvRhXn) 000 (00) D000 2016 (d) 2016-09-18 23 / 47


http://goo.gl/HvRhXn
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GLM O0O00OO0OO0OO0OO0OO0ODOOO0ODOOoOobOoobooon

Oo0o0ooooooo

.0000: 000000 : e
.00000: eg., B + Box; el
.00000: 0000000
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ROIODODOODOOD (GLM) OOOO......

oooo ooon GLM OO0O0O
(D0) 0DUODOO0OO0OO  rbinom()  glm(family = binomial)
oooo rbinom() glm(family = binomial)
oooooo rpois() glm(family = poisson)
oooooo rnbinom() glm.nb() in library(MASS)
(D0) OOooo rgamma() glm(family = gamma)
oooo rnorm() glm(family = gaussian)

e sim() ODODOOOOODODODOOOOOOO

e GLMUDOODODODODOODODOODOODODODOODODODODOOOODODOOOOOO
gobodooooobooooooo
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Ai = exp(B1 + Box;)
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GLM O0O0O00D0DDDDODOO « @ooo)

OO0 000 N
i = exp(f1 + Pox;)
P

log(\i) = Bi + Box
log0)=00000

logODOOOOODOOODOOODOODOODOODOOD
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RO GLM OO0O0OO0O0O0OOODO go0oO0o0OO0O0O0O0O0OO0OO0O0O0O0O00

4. RO GLMOOODOOOOOOO

gogboobogoobobooooon

goooobooobooboooood
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HORaEaRaEaEaEaE0ED
glm() OODOODO

> d

y x £
1 6 8.31 C
2 6 9.44 C
3 6 9.50 C
...0ooog...
99 7 10.86 T
100 9 9.97

oooo!
> fit <- glm(y ~ x, data = d, family = poisson)
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RO GLM OO0O0OO0O0O0OOODO O00oooO0O00O0OO0O0oOO0O0O0oO0

glm() JOOOQOQOOO
BREBMIZA TV b EFIR

Fit)<- (gim) PRET mmamokt
vV o~ X,
family = poission(link = "log"),
data = d

data. frame DIEE V¥ 7BEBOEE ()

e J00ODO (DDDDODO 2):00D000000ODO7
e link U0: 00000 (y) DODO DODODO?
e family: 0O DO OOODOOODO?Y
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HORaEaRaEaEaEaE0ED
glm() OODOODO

> fit <- glm(y ~ x, data = d, family = poisson)

all: glm(formula = y ~ x, family = poisson, data = d)

Coefficients:
(Intercept) X
1.2917 0.0757

Degrees of Freedom: 99 Total (i.e. Null); 98 Residual
Null Deviance:""I 89.5
Residual Deviance: 85 ""IAIC: 475
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gln() 000000000

> summary (fit)
Call:
glm(formula = y ~ x, family = poisson, data = d)

Deviance Residuals:
Min 1Q Median 3Q Max
-2.368 -0.735 -0.177 0.699 2.376

Coefficients:

Estimate Std. Error z value Pr(>|zl|)
(Intercept) 1.2917 0.3637 3.55 0.00038
X 0.0757 0.0356 2.13 0.03358

...... @oooo) .
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RO GLM OO0O0OO0O0O0OOODO 00000 O000OO000O0000000

0000000000000 (oooooooooon)
Po (Estimate 0.0757, SE 0.0356)

(Estimate 1.29, SE 0.364)
5

0.0 0.5 1.0 1.5

.00 p0 0000000 0DO0O0OO0OODO
.p00000000 OO0 AO0DO0OOOOOO0O
.p0 0500000 000 A0O00OO0OO

(0: 0000000000000 0OoooDooooOOooon)
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RO GLM OO0O0OO0O0O0OOODO 00000 O000OO000O0000000

O000000000O00CO0O (moooooooo?)
Po (Estimate 0.0757, SE 0.0356)

(Estimate 1.29, SE 0.364)
A

| T \ \
0.0 0.5 1.0 1.5

00 9%% 0000000000000 —0O00
ool

s000D000DOO0DODODODO?
oo boobbuoooo
oo ... goooo......
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RO GLM OO0O0OO0O0O0OOODO 00000 O000OO000O0000000

goobooon

> fit <- glm(y ~ x, data = d, family = poisson)

Coefficients:
(Intercept) X
1.2917 0.0757

> plot(d$x, d$y, pch = c(21, 19) [d$£f]) # data
> xp <- seq(min(d$x), max(d$x), length = 1067
> lines(xp, exp(1.2917 + 0.0757 * xp)) | ’

gbogoboboobodabogad
gbogooboabooabod
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i = exp(B1 + Box; + PBd;)
e S O0DODODODOODO O OO
e f,00000O
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_oococonoonocononnonon o EREEEEEEEE
glm(y ~x + £, ...) OOO

> summary(glm(y ~ x + f, data = d, family = poisson))

R D
Coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept) 1.2631 0.3696 3.42 0.00063
X 0.0801 0.0370 2.16 0.03062
fT -0.0320 0.0744 -0.43 0.66703
...... (oooog) ...
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00000000000 OO00O000000000 GLM OOO0OO0OOOO0D0

x +f 000000

> plot(d$x, d$y, pch = c(21, 19)[d$f]) # data
> xp <- seq(min(d$x), max(d$x), length = 100)
> lines(xp, exp(1.2631 + 0.0801 * xp), col = "blue", lwd = 3) # C
> lines(xp, exp(1.2631 + 0.0801 * xp - 0.032), col = "red", lwd = 3) # T
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7 8 9 10 11 12
d$x
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_ 00000000000000000000000 [REUEt
oo noboooooodd
o fi=C: )\ =exp(1.26 + 0.0801z;)

o fi =T: N\ = exp(1.26 + 0.0801z; — 0.032)
= exp(1.26 + 0.0801z;) x exp(—0.032)

. 0000000 exp(—0.032) O
s ooooooooooo!
O
O
0S
o | 000

T I T I

5 10 15 20

oooo x
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(A)ooooooo (B JOOOOOO
A=exp(B1 + Pox + ) A= P14+ Box + -
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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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The next topic
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Model selection and statistical test
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