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statistaical models appeared in the class
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The development of Llinear models

parameter
Hierarchical Bayesian Model e;jg‘i;é”
Be nore Generalized Linear Mixed
flexible MOdel (GLMM) WLE

Incoporating
random effects
such as individuality

Generalized Linear
Model (GLM)
Always normal

distribution?
That’s non-sense!

MSE

Linear model

Kubo Doctrine: “Learn the evolution of linear-model family, firstly!”
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the normal distribution ...
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the Poisson disribution approximates data
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a simplified data set, easy to understand
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number of seeds taken 0, .
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from 50 imaginary plants
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Plot your data and observe it
Choose proper distributons
the normal distributon is NOT good at everything
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An example: a distribution of seed number
ROODCOODOOODOOOO
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T EEEEEEEEEEN - oo » distribution of seed number
number of seeds per plant individual
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[ I ][ [
X
‘ : ‘ ‘in(]i\'i(]u;\‘l ‘7‘ .:...M‘ml mber of 7
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05000 0o {y}oooooo!
i€{1,2,3,--.5 {vit ={y1.v2,- ,ys0}
00000 {ysJ 0000 ROODODODOODDODOOO
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> data
[1] 2246452312043333427243334
[26] 3753176465247226245451323
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R: a free statistical software
00000000 : o0oooooOg R
http://www.r-project.org/

.00000 OSO000 free software
.0000DO0O00O0oDood
0000 on
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« RStudio http://www.rstudio.com/
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EISPNSISISISIE R aEalal .. cxample: a distribution of seed number
apply table() to categorize data
ROOOOOOOOOOOO
0 table() OOOOODOOOOODOOOODO
> table(data)
01 2 3 4 5 6 7
1 3111210 5 4 4
(oo 50500000060 400 ... )
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How to evaluate mean value using R?

> mean(data)
[1] 3.56
mean(data))
Histogram of data

00000000000000
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> abline(v =

Frequency
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data
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RStudio

Session Build Debug Tools Help

> load("Fig/distribution/data.RData")
> sumnary(data)
Min. 1st Qu. Median  Mean 3rd Qu.  Max. ba
0.0 2,00 3.0 3.5 4.75  7.00 '
> hist(data, bresks = 0:9 - 0.5)
> Lines(0:9, 50 * dpois(:9, lanbda = 3.56), type = "b", col = "#FF400080" ,

100 obs. of 3 variables -]
Values

d o2 data nun [1:50] 2246452312 ...
N Functions
sfont function ()
sp function (package, all.names = TRUE, pattern
passwd function (length = 8, cset = c(letters, LETT
su function (w)

Frequency
0 2 4 5 8 10 12

http://www.rstudio.com/
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start with data plotting, always
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seq(-0.5, 9.5, 1))
Histogram of data

> hist(data, breaks =

|
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statistics to represent dispersion
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sample variance

00ooooo o000 oooooooooooo: oooo

> var(data)

[1] 2.9861
sample standard deviation
oooooo 000oooooogg (SD = Vvariance)
> sd(data) . Histogram of data
goooooo
[1] 1.7280 = 00000000: 000000
*® ooooooo0: 000000

> sqrt(var(data))

Frequency
6

[1] 1.7280 -
T
0 2 4 6 8
data
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probability distribution, the core of statistical model
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probability distribution, the core of statistical model

empirical distribution
“coooooa” o agooo
> data.table <- table(factor(data, levels = 0:10))
> cbind(y = data.table, prob = data.table / 50)
y  prob
o Histogran of data 0 1 0.02
B 84 1 3 0.06
g A 2 11 0.22
N Eg, 3 12 0.24
o 4 10 0.20
- 8 ) 5 5 0.10
0 2 4 6 8 ° 0 B i B B 6 4 0.08
o ’ 7 4 o0.08
s JJ0DUODO OUDODOD O DOUOUODOD O s o0 0.00
Oooono 9 0 0.00
10 0 0.00
« JOUUIDUODUODbO OUDO OO ...
“0000000000” 00000
‘“O00O0”poDO0o0ooogoo
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probability distribution, the core of statistical model
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Mathematical expression of the Poisson distribution

0000 (0Oo0O0oo0o)oOoooOoooooo

probability
ooooyOoOog oo goboooooobooooooboooo
AVexp(—N)
ply | ) = 2O
Y-
factorial
eyl0yl OO 0OO0DO0OOO 4 01x2x3x40000000

oo
e exp(—N)=e 000 (e=2718---)

e 00O OOOOOODOOOOOOOOOOOOODOOOOOOO
gooo-—-00000000oooOoOO0O00O0000oo
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the Poisson distribution

oooooooooooooo?
00000 ROODOODOO

>y <= 0:9 # 000000 @oOoO)
> prob <- dpois(y, lambda = 3.56) # 00O000O0000OOCOO

> plot(y, prob, type = "b", 1lty = 2) > # cbind 000ODOOD
> cbind(y, prob)
prob
02843882
10124222
18021114
21385056
19032700
13551282
08040427
04089132
01819664
00719778

S 00 (M) O356000
“. Poisson disfribution

o

<

1 1
o

prob
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gooooooooooo probability distribution, the core of statistical model

parameter )\ is the mean of the Poisson distribution
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> # cbind OO0OOOO
> cbind(y, prob)
y prob
02843882
10124222
18021114
21385056
19032700
13551282
08040427
04089132
01819664
00719778

prob
0.00 0.05 0.10 0.15 0.20
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y=0
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A changes the shape of distribution
00Do00OO0DbOO Aoooooo
2 e Y mean
Dy | N = MEPEN )| 000!
y!
g lambda
o] 3.5
7.7
9 | =151
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o
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goooooooooo probability distribution, the core of statistical model

the Poisson distribution represent data?
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Histogram of data

10 12

Frequency
6 8

4

> hist(data, seq(-0.5, 8.5, 0.5)) # 00000000000

> lines(y, prob, type = "b", 1ty = 2) # 000000000000
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The Poisson distribution is useful if ...
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00000000000000000000000:
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count data
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mean = variance
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maximum likelihood estimation of parameter A
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“fitting” = “parameter estimation”
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oooooOoDOoOoOoooOoOo gooo goooooooooooo? oooooOoDOoOoOooooo gooo goooooooooooo?
ooo likelihood L()\) depends on the value of mean, A
00 (likelihood) 0000 ? 00 L(\) 0000000 AD0O00
maximum likelihood estimation ooo
. goooo goooooooooooboobooboo . .
0000000 (the likelihood definition for the example):
goooooooo
« 000000000000 D00D0O0D0D0DOOO L(\) = (nO 200000)x(ye0 200000)
e J0IDDDOUDODDOUDO NXOOODOOOODOO x-x(ysop0 300000)
goodness of fit
s 000D0D0D0DOD0DOD AOODODOO = plyr | A) xply2 | A) x plys | A) x -+~ xplyso | A)
AVi exp(—N)
+ 00000000000 30000000000 = [lrw 1V =11—7—
[ i h
{y1, o, y3} ={2, 2, 4}000000000000000000
0.180 x 0.180 x 0.19 =0.006156 OO OO O0OOO
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evaluate not likelihood, but log likelihood! A changes the log likelihood, i.e., goodness of fit
Ogodoobooooooooooo Ad000000000000O0O0O0O0O
00000 (D0000000)00000000000000 (000 T dmeiine T et 7] il
oo JHH JHH
0000000000000 000D00000D00 (log likelihood
function) 00 O e e
Rl larbda = 3.6 Rl larbda = 4.0
log L = -97.3 log L = -98.5
i o o]
log L(A) = (yﬂogA—A—Zlogk) J J
i k
I A N R
0000 legL(\) DOODOOO L(AN)OODDDODOOODO . .
Bl lambda = 4.8 =T lanbda = 5.2
I = -106.! log = -111.
00000000000000000 ADDDOODOOOOOO0O0O0O0 o (T o T
gooooooooOoooooooobooooobooooobooooo “’J% "’J—’—m
poo EEEEIREEREE
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seek the maximum likelihood estimate, A no one knows “the true \” based on finite size data
O0ODOOOODOoOD Aoooo 00000000000 xOOODOOOoo
00 A0 350000000000000
0000 logL(A) =3, (yilogh — X =YY logk) 500000000000
...... 000000 3000000000
8 o .
- Q 000000 ADO000000
3 -
<] 000 §
o
gl-\ T T \‘/\ T T °© I I I I I
20 25 30 35 40 45 50 25 30 35 40 45
0oo0oo0ooooo A
« 00000 (ML estimator): 32, %;/50  ooooo 00000000000 ADODOOO
- 00000 (ML estimate): A =3.56 00O 000000 500000000007 0000000000000
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the functions of statistical model
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random number, estimation and prediction
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random number generation estimation
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The next topic
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Poisson Regression, a Generalized Linear Model (GLM)
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