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statistics
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> Statistics the science of using information
discovered from studying numbers
Cambridge Advanced Learner’s Dictionary

S. TOKUNAGA 4




S. TOKUNAGA

100

: 1

S. TOKUNAGA




S. TOKUNAGA

T.Y

S. TOKUNAGA

15




S. TOKUNAGA

11

13
13 14

18

S. TOKUNAGA

10




Overview

10

S. TOKUNAGA

11

S. TOKUNAGA

12




PQ P o

PA B PA PB

S. TOKUNAGA 13

> A B PB A
PB A: PAnNnB/PA

P AnB PA PB A (1)
> A B

- P AnB PA PB (2)

> (1)(2) A B
PB A PB PA B PA

S. TOKUNAGA 14




A B = P AnB PA PB
A B = P AnB

S. TOKUNAGA

15

Bayes’ Theorem

ALA, A B Q

Ul k rAk Q
Ak

P(A4|B)

(A |B) = PAPEBIA)
> P(A)P(BIA)

S. TOKUNAGA

16




p(A|B)=_PAIPEIA)
> P(A)P(BIA)

B
e

S. TOKUNAGA 17

A=A A=A
P(B)P(B|A)

P(AIB)= P(A)P(B|A)+P(AP(B|A)

S. TOKUNAGA 18




P X|W
xX,Y,ZW
>
>
S. TOKUNAGA 19
r 3 .
AL A Ay Q
AL A A Q
Al A2 A3
S. TOKUNAGA 20

10



P(A,NB)
P(A,|B) W
P(A,NB)
P(A,NB) + P(A,nB) + P(A;NB)

:
P(A) P(B A

P(A) P(B|A) +P(A) P(B[Ay) +P(A) P(B| A)

I_/
[

S. TOKUNAGA 21

S. TOKUNAGA 22

11



1-
variance standard deviation
X1: X005 X ;
o2 {S x x 2}/n
C)-2
o V o?
S. TOKUNAGA 2
[ ] 4
2 unbiased deviation
X1 Xoyevy X )?
U2 {S x. x 2}/ n-1
n n 1 -~ 13
n n n-1

n 10000 3

S. TOKUNAGA

24

12



10

S. TOKUNAGA

U U2

25

11

S. TOKUNAGA

26

13



Q

random variable

S. TOKUNAGA 27
2
p.83 1
Q
i
I X
X

> X X X

S. TOKUNAGA 28

14



2_
X ab
E
E aX+b aE X +b
V aX+b azv X
VX E X2 E X 2
1
)
A B
A B = P AnB PA PB
A B

S. TOKUNAGA

30

15



Y= P X=x P Y=

S. TOKUNAGA 31

XY
a,b,c,d
a X b c Y d

a,b,c,d

Pa X b C

P a X b
XY

U<
o

NP

S. TOKUNAGA 32

16



X a
E

E aX+b

V aX+b

b

aE X +b

a2V X

E X

Z

M /o X
E Z

MV X o?

OV Z

S. TOKUNAGA 33

XY
EX Y

a;a, ,a

V XxY

XXy X

al’aZ’ ’an

EX EY

XpXa X
E ZaX,

>aE X,

VX VY

n

V > aX > a2V X

S. TOKUNAGA 34

17



Xn
1
X, k=1,2,...
X +X, A X,
X, 3 B
Y  X+X,
X1,X5 3
Y Z
HINT:Y 01 2 Z 012 3 Y.Z
>
S. TOKUNAGA 35
W= X;+2X,+3X; /6 W
Xk
W w
> EW W
> X+ X+ X5 /
S. TOKUNAGA 36

18



13 2

unbiased
> or
>
> (S) Sh
E O (S)
O’ O
S. TOKUNAGA 37
11 . 1
1-2 binomial distribution
X Bnp
n x p* 1-p "X
np V np 1-p
2 B n,p X
B 1p n X1, X5, X
2 Poisson distribution
X Po A

f X P X=x e2AAx/x!
EX VX A

S. TOKUNAGA

38

19



>
S. TOKUNAGA 39
: 2
3- normal distribution
[1]
axX+b
N p,o2
Z S e}
N 0,1
[2]
Xl XZ
X; N p,0% X, N 0%
Xi+X; N M tH,, 0%4+0%,
S. TOKUNAGA 40

20



X Xy L X

N - oo

X1 X,

S. TOKUNAGA

41

X, X, ...y X

EX, M VX ok 12, n

N np,nc?

2 X

S. TOKUNAGA

42

21



S. TOKUNAGA

43

B n,p np, np 1-p

Z= X EX [V X)

= X np/~vnpl p
N 0,1

B n,p B 1lp

n

S. TOKUNAGA

44

22



> Nn

n
. p97 10
>N
> X Bnp a,b Pa X b
P a-05 X b+0.5
n
. 0.5
. p.97 10
S. TOKUNAGA 45
1 3
>

S. TOKUNAGA

46

23



1_
KEYWORDS -
2_
> X1, %5000y X,
> X 1
S. TOKUNAGA 47
2
X1, X5, 4 X, 8] o2
Xl
E X I ><n > 1/n 8
vV X o2xnx>x 1/n 2 o?n
T T E,V
SO X VvV X + oin of/n

S. TOKUNAGA

48

24



p.99

Xl,XZ, ’ Xn N H’O'Z

p.99 N pmo
> =X, N np,no?
> X N p o?n
X' Z

>Z X pml/~ oin NO1

S. TOKUNAGA

49

X, X; oo X, nxX X

S. TOKUNAGA

50

25



X1 X5, X, 9] o
n
X n
N b o?/n
X’ Z X wpl~ on
N 0,1
S. TOKUNAGA 51
X1, X5, X, N 1,02

X N p o?n

X N M on

S. TOKUNAGA

52

26



13

S. TOKUNAGA 53
8
n X
o2
n
M 100y%
Y
0.95, 0.99, 0.90
S. TOKUNAGA 54

27



8

X N K o?n

Z X-p /! ol/n Z NO1
> P -z a2 Z zal2 \V4
. Y laza P Z zoa (o
. y=0.95 a/2=0.025 z /2 z 0.025 1.96
e Z A2 a2
T

P X-zal2 o~/n p X+z al2 cl~v/n vy

M 100x<vy %

X-z a2 GI/n X+z a2 Gl/n

S. TOKUNAGA 55
25
X'=300 s2=729
o? 8] a2=900
n X
N ’
n=25 9 95%
M
95%  80% o
95% 9
s2=729

S. TOKUNAGA 56




