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FCUNIHTET
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SEX

B RA~
B 155- 160- 165- 170- 175- 180- e
a 160 165 170 175 180 185 ah
P&t AE 157.5 162.5 167.5 172.5 177.5 182.5
K 4 27 83 103 65 18 300
X EEL 0.013 0.090 0.277 0.343 0.217 0.060 1.000
120
182.5 1575 1825
100
&0 167.5
60
40
20
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KRR ERRAE
1790 7 X Y HEEFZE (Census) HXRpORIBEHILE—/ DBE
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R BETFE D Lambert Adolphe Jacques Quetelet (1796-1874)

> HEREF2RZNICONT 27D ICHERGZEE AN
[ARE ZDEEHDEREIZCOWT —HeyBE &) (1835)
PREK - F1EXK - BREXRL EOFRTEN A2 BOHENEROETEH N ©
AN ((HenEL) OFEE
HHREEE CHLALA = A2 EmTIHERICE->TWS
> O Roifstss BRELKEFS) 0%z (1834)

> 7 b L —38% (Body Mass Index w/h?)

DIAGRAM or rie CAUSES or MORTALLITY
IN THE ARMY IN THE EAST,

Florence Nightingale (1820.5.12-1910) -

> 7 ITEHFICRE
MatICE D CEFREESE
> [BoCsh] O ST

> OY R #stsamokitss (1858) =

ST 2.

1
APRIL 1854 1o MARCH 1855
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Sir Francis Galton (1822-1911)

» C.R. Darwin (1809-1882) &\ & =
> Eugenics [B4£=| (1883%1E3E)
> IR FEOR, HERBEOBEA, BIEINTOHBE Y

Karl Pearson (1857-1936) [ KiZEARFEE]
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T—XZDOEm., BEE. HEMED R
>RGO B B S OFEIL
wihllE. 7Y v OBEXRMBERE. 14 ZERTE. histogram (1895 (Z & EE)

Sir Ronald Aylmer Fisher (1890-1962)
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Lecture 1 1ZET — X DOEIE

57— &

£

—\V

=T —

X/

—\V

— 7

— & (raw data)

HEIRDIEE

CRITEHEAI g)

EROKESn =

100

3110
3100
3140
3050
2480
3300
3340
2960
3160
2770

2500
2620
2780
3190
3440
3020
3250
3170
3540
3220

2770
3910
2270
3710
2970
3360
2880
3000
2890
2970

3010
3650
2700
3460
3050
3140
3560
3250

3060
3300

3000
2840
2830
3200
2590
3300
3060
3140

2900
3560

3000
2480
3020
3260
3320
3600
3320
3220
3040
3520

2740
2790
3160
3040
3580
3330
2740
3160
3220
2760

3040
3720
4060
3610
3820
3300
2380
3730
3590
2740

3060
3520
2620
3360
3450
3300
3590
3460
2680
2820

3410
2850
3390
3280
4150
3170
2460
3360
3150
4180




Lecture 1 1ZET — X DOEIE E#MphRie X NS A

E# D (frequency table)

£7—4%/A—TF—4 (raw data) W DOHDERE (75 R)
3110 2500 2770 3010 3000 3000 2740 3040 3060 3410 SFE L TERICKIET 4

3100 2620 3910 3650 2840 2480 2790 3720 3520 2850
3140 2780 2270 2700 2830 3020 3160 4060 2620 3390
3050 3190 3710 3460 3200 3260 3040 3610 3360 3280 QD F—XDEIH
2480 3440 2970 3050 2590 3320 3580 3820 3450 4150
3300 3020 3360 3140 3300 3600 3330 3300 3300 3170

3340 3250 2880 3560 3060 3320 2740 2380 3590 2460 K& (max) max = 4180
2960 3170 3000 3250 3140 3220 3160 3730 3460 3360
3160 3540 2890 3060 2900 3040 3220 3590 2680 3150 =/ (min)  min = 2270

2770 3220 2970 3300 3560 3520 2760 2740 2820 4180

#H (range) R = max - min= 1910

@ BERIE & &R

o HAY) DT  BKIH ROFTICIZEHELD S
. A4V BRIPELTIIIZILE TRD S

R



Lecture 1 1ZET — X DOEIE E#MphRie X NS A

E# 3 (frequency table)

P = B pEfRfE | B
2100~2300 | 2200 1
2300~2500 | 2400 5
2500~2700 | 2600 5
2700~2900 | 2800 15

£5—42/A—7F—4 (raw data)

3110 2500 2770 3010 3000 3000 2740 3040 3060 3410
3100 2620 3910 3650 2840 2480 2790 3720 3520 2850
3140 2780 2270 2700 2830 3020 3160 4060 2620 3390
3050 3190 3710 3460 3200 3260 3040 3610 3360 3280
2480 3440 2970 3050 2590 3320 3580 3820 3450 4150
3300 3020 3360 3140 3300 3600 3330 3300 3300 3170
3340 3250 2880 3560 3060 3320 2740 2380 3590 2460
2960 3170 3000 3250 3140 3220 3160 3730 3460 3360

1
2
3
4
3770 3220 2970 3300 3560 3520 2760 2740 2820 4180 5 | 2900~3100 | 3000 | 18
6
7
8
9

3100~3300 | 3200 24
3300~3500 | 3400 13
3500~3700 | 3600 11
3700~3900 | 3800 4
o HM T I

= 10 | 3900~4100| 4000

o AJfRAL 11 | 4100~4300 | 4200 2
o BFEEIHH A _ _ 100

\ 4




Lecture 1 1ZET — X DOEIE

ERAHRECZ R ST L

E#nfr3 (frequency table)

AJ{RAE

ES e % PEfRfE | B
1 2100~2300 | 2200 1
2 2300~2500 | 2400 5
3 2500~2700 | 2600 5
4 2700~2900 | 2800 15
5 2900~3100 | 3000 18
6 3100~3300 | 3200 24
I 3300~3500 | 3400 13
3 3500~3700 | 3600 11
9 3700~3900 | 3800 4
10 3900~4100 | 4000
11 4100~4300 | 4200 2
5 — — 100

£
H

2
i
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10 -

tEX T L

[ —

T 1

0

20

10

|
2000

I |
2500 3000 3500 4000

#HE (g)

EE% AR

0

2000

2500 3000 3500 4000
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Lecture 1 1ZET — X DOEIE T — X2 DREKE

T — X DRIEK(E =8
M=
15{E (mean/average) -
in =Xy +x,+ -+ x5
. .
1 1 1=1
— iEI/_\ . Y — — . — .
£ T —XDIGEH X nle nle BE & H7g & = (%
i=1 i DIH T AR
E#RT—2D55 :

ERRE | ¢y | ¢ | - | ¢ | | e | B
EE2 Al || | | fe|n
BYNER | py | o2 | - |0y | | e |1

k
Z it =%z Cifj = z Cipj



Lecture 1 1ZE7T— X DEIE T — X2 DEFEE

FdE (median)
T —RDBEE T —XE/NZWIIDDHERT)IBRARRD(E

EHTF—20BE  SLOHEEET (KHNESE)

~

=58{E (mode)
EMT—XDIGEa0H  RAERE & 5 ERIE

Bl Ll ROI0EDT — & DFE & PRIEE KD L.
2 567 83124 24

INE W FED A SHATARSB & 1 2 2 3 45 6 7 8 24

1 1
¥ =1+ +24) =62 Me =-(4+5) =45



Lecture 1 1ZE7T— X DEIE F—RXDIEHDO=E

F—ZDIEXHDE - [LHY

481 (variance) s =s3

1
EF—Z2DBE T 5% = EE(xi — f)z

AR (BRHE) MRAEK

BT -2 05E BERE | ¢ | ¢; Cr
E | fi | f2 /i Ji
HENEE | py | p,y Dj Pk

k

k

I CREN/EDYCEEiF)

J=1

T2 (standard variation) s = +/s?

J=1




Lecture 1 1ZE7T— X DEIE F—RXDIEHDO=E

EANAMHE (1)

REDQMIIEATHS : s
n o~
2 (Xi — f) =0
i=1

- _ 1
T ThEoTEs f=—2xi B le-=nf
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Lecture 1 1ZET— X DI F—RXDIEHDO=E

ERANLGMHE (2) 28aR

PEUL2FEDFEHED & i=1
FED2FEZ 5| W =H D &
_ BHT -2 0BE T =2 ¢ - 2
SZ — x2 . )ZZ n ] J]
j=1

T 4ATF—20BE (ERF—X0BARASTER) [T TE??] %2

n
1 1 1 1 1
=—E(xi—f)zz—é(xiz—fo,;+f2) =—Ex — 2X —E —
n £ n n n n




Lecture 1 1ZE7T— X DEIE

% =&

B8 1.2 ROEHDFHR, O, D8 ZEREZ KD £
(EfRIE (c;) | 22 | 24 | 26 | 28 | 30 | 32 | 34 | 36 | 38 | 40 | 42 =
E#(f) 1 5 5 15 | 18 | 24 | 13 | 11 | 4 2 2 100

12



Lecture 1 1ZE7T— X DEIE 5 =&

Bl &8 1.2 ROE#EHIERD O, 98, BEREZ KD &.

(EfRIE (c;) | 22 | 24 | 26 | 28 | 30 | 32 | 34 | 36 | 38 | 40 | 42 =
() 1 5 5 | 15 | 18 | 24 | 13 | 11 | 4 2 2 100
cifj 22 | 120 | 130 | 420 | 540 | 768 | 442 | 396 | 152 | 80 | 84 | 3154
c? 484 | 576 | 676 | 784 | 900 | 1024 | 1156 | 1296 | 1444| 1600 | 1764
' fj 484 | 2880 | 3380 |11760|16200|24576|15028|14256| 5776 | 3200 | 3528 | 101068
f=lzcjfj—ix3154_3154 s? = x% — x?
n 100

= 1010.68 — 31.54% =15.91

— 1 1
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Lecture 2 2ZET — X DEIE

2EET — X DY

2EEQRTT)T — X DY MERDER, AKEDT —X
BqB5 | R RE BqB5 | Bk RE 5 | &k h=E BS Sk r=E
1 46.0 2700 16 50.5 3440 31 50.5 3140 46 47.0 2980
2 49.5 3220 17 48.0 2920 32 49.0 3040 47 50.0 3090
3 50.0 3360 18 49.0 3060 33 52.0 3910 48 51.0 3630
4 50.0 3500 19 49.0 3360 34 50.0 2770 49 53.0 4060
5 49.0 3120 20 50.0 3400 35 46.5 2340 50 50.0 3720
6 50.0 3160 21 48.0 3200 36 50.0 3140 51 50.0 3400
7 53.0 4150 22 50.5 2940 37 50.5 3560 52 50.5 3430
8 48.0 3310 23 48.5 2850 38 50.0 3390 53 51.0 3250
9 49.0 2880 24 50.5 3220 39 50.0 3420 54 48.0 2760
10 50.5 3090 25 48.5 2750 40 51.0 3450 55 50.0 3320
11 49.5 3020 26 49.0 3020 41 49.5 3590 56 49.0 2930
12 49.0 3360 27 48.5 2570 42 48.5 2830 57 50.0 3320
13 50.0 3110 28 48.5 3030 43 48.0 3120 58 48.0 2620
14 50.0 3560 29 45.0 2410 44 51.0 3190 59 47.5 2860
15 47.5 2990 30 51.0 3280 45 50.0 3600 60 48.0 2530




Lecture 2 2ZET — X DEIE

DELESES

/L

- F— 4 > xR QRTOEHDHR)

P 5 NE=)
X y
1 46.0 2700
2 49.5 3220
3 50.0 3360
[ X; Yi
60 48.0 2530

y X 45 | 46 |47 | 48 |49 |50 |51 |52 |53 |3
2400 |1 |1|]0|0O0O(0O0O|O0O]O]0]0]2
2600 | O|1|]0|3(0|0]O0O|0]0] 4
2800 (O|jO|1 |42 |1 )0]O0)O0O}7
3000 | OO 22 |5]3]0]0]0]12
3200 | O O[O 2|2 |5 |3]|0|0]12
3400 | OOl Of2 |2 |10 1])0)0]|14
3600 | O O|OfO|2|3]|1]0]0]5
3800 | OJO0O|OfO0O]0O0O]1]0]0]0]1
4000 | OOl OfO]O0O]J]O0O]JO0O]2]1])|2
4200 | OO O)JO}jO]JOlO]O0O|1]1
5 1 (2|3 (1211|123 5| 1| 2|60




Lecture 2 2ZET — X DEEIE =&

45— & > 8 (Scatter Plot)

=o Efﬁﬁ TZIKEE y
x FEE y FETZ
1 46.0| 2700
(46.0,2700)

2 495| 3220
2700 o

3 50.0 | 3360

l Xi Vi

60 48.0| 2530 46.0




Lecture 2 2ZET — X DEIE

B

£

—_—

2> B

§<

=T
iy SR (EN=S]
el oh o
x FERE y FETZ
1 46.0 | 2700
2 49.5| 3220
3 50.0| 3360
i Xi Vi
60 48.0| 2530

(Scatter Plot)
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i X Vi
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(Scatter Plot)

4500

4000

3500

3000

2500

2000

AW Lk
['- 1IFDOEEE
44 46 48 50 52 54




Lecture 2 2ZET — X DEEIE TEDHRE=E
A— == =
2 X EDHETE
=2 FK (NS
X y
1 46.0 2700
2 49.5 3220
3 50.0 3360
Xi Vi
60 48.0 2530

n:r—XOKEI

1 n
¢ = Ez(xi — Xx)?
i=1
1 n
Sy = 520&' —¥)?
i=1

1
Sy == ) (4 = D~ 7)

i=1
x & y ODIERERE

_ Sxy




Lecture 2 2B ET — X DEIE 2EEDRETE
H B - THEEIRELD =Bk

H OB
1 IR
Sy =+ ) (= D~ 7)
Sy > 0 BRE LAY OER

Syy < 01 BlRHBETA Y DA

THBIREX

- _Sxy_lzxi_xyi_y
ses, n Sy Sy

BREASNIHSEREWZ D

Y X—X
] (+) y=y
’ -)
J_; .............................................................. \
(+) (-) .
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Lecture 2 2ZET — X DEIE 2EEDHEE

ZEDIRAEN (FHEEL)

TR F - IFRRENL (2 i)

ET—R 1 Xy, X, 0, Xy
YHME X > X=X
Zi =

EARE ¢ S = S

x.
B EEINSEDTH z = lS I LT

|
~

FIE=2=0

EERE=s5s,=1



Lecture 2 2ZET — X DEIE 2EEDHEE

B FEECINZER z =

=2 =0

SRERE=5, =

Xi

(X LT

LR PEEOEERLY

mEDMIZE R

DLEEHOREDY)
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Lecture 2 2ZET — X DEIE 2EEDMETE

FHE EEENETH 7 = xiS T LT

=2 =0

Ak Bl DEDERLY
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Lecture 2 2ZET — X DEIE 2EEDHEE

ZEDIRAEN (FHEEL)

T EElINT-ZH

IXTL T
EEE=2=0

RERE=5,=1

T EH BEAICEI-ST, AEORA
CAEREMNR DT — X D% L

TZ %.

B x%Zcm CRET 5
Xi DENLIL cm

n

1 L
X = Ez x; DEFIIFE cm

i=1
1 n

Sy = 52(?51' — %)% DEIIEcm?
i=1

Sx  DENLIE cm

BESINICER 2

Z; = IFEAM A D -0

BREAITNIE, eI, BROT—& &
BEOT—RXELURTHIEHLTES

12



Lecture 2 2ZET — X DEIE 2EEDHEE

HooE - HEREDER
HoE
iy == Y (&~ D~ )
Sy > 0 BRE LAY OER

Syy < 01 BlRHBETA Y DA

THBIREX

- _Sxy_lzxi_xyi_y
ses, n Sy Sy

Y X—X
] (+) y=y
’ -)
J_; ..............................................................
(+) (-) .
X X

BREASNIHSEREWZ D
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Lecture 2 2ZET — X DEIE 2B DR

_I_

il

E E (HBEREOERMTES)

fER I RTOEH ¢t IIHLT Z{t(xi — )+ ;=¥ =0
2 (=D +2t ) (= D=7+ ) G =7 20
Mm% n TEI>T, t2sf+2tsy, +s5 =0

D
CABTRCOES ¢ IHLTRYZ20T, HBIE - =sh — st <0

2 2.2
DF Y, Sxy < SkSy

S 71 = = N
HEREIE ny =2 BOT B <1 HELN, AHEDLS.

xSy
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[FEDEBES, 2D EE, HEAHRE

Tyy > 0 0 IEDTERS ey < 01 B DIEE |7y | ~ 0 : #EFAES
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Lecture 2 2ZET — X DEIE 2B E D=

FE (980N R) 43ENTE & D RIS
HAOBIIEDOFEEDL b FEEDIEZ 5| < — 2

aE B3 HoRBOERLY

1 ~ _ 1 _ _
Sxy = EZ(XIZ —X)(y;i —y) = EZ(XL% — Xy; — x;y + Xy)

1 1 1 1 __
DR REE R

1 o
=;inyi — Xy — yX + Xy

=Xy~ %7
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Lecture 2 2ZET — X DEIE

7l &

I 2.1

R EEBR & HAioR

T AE 104 D PR & AR DOF R IIRDEY TH - 7-.
HEEDEEIZOWTHEEIZH B H ?
hRIEER () | 50| 58| 52| 52| 43| 47| 52| 69| 47| 42
HAkZtER (y) | 68| 83| 74| 80| 63| 55| 60| 67| 65| 55
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DEIE
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Lecture 2 2ZET — X DEEIE 15| RERR 351
b R ELER (x) 50| bH8| b2| b2| 43| 47| b2| 69| 47| 42
HAR 50ER (y) 68| 83| 74| 80| 63| bHhH| 60| 67| 65| bbb
A= B =1 A
METEDETE
BEZNAT S

 Excel DENHEZATE & L
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Lecture 2 2ZET — X DEEIE 15| REFE SR
GEtEDETE
HEEER (%) 50 58 52 52 43 47 52 69 47 42
HAREER (v) 68 83 74 80 63 55 60 67 65 55
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Lecture 2 2ZET — X DEIE 5 REAR E5

a0 E Bt
FREIEER (x) 50 58 52 52 43 47 52 69 A7 42| 512
x? 2500 3364| 2704 2704 1849| 2209| 2704| 4761 2209| 1764| 26768
HAZREER () 68 83 74 80 63 55 60 67 65 b5 670
y? 4624| 6889 5476| 6400| 3969| 3025 3600 4489| 4225| 3025| 45722
Xy 3400{ 4814| 3848| 4160| 2709| 2585 3120 4623| 3055| 2310| 34624
1 1 1
xzaz%- =51.2 yzgz%- = 67.0 xyzgz%y] = 3462.4
— 1 5 — 1 5 o
b =E2xj = 2676.8 y =Ezyj = 4572.2 Sxy = XYy —x-Yy
e — = 3462.4 —51.2 X 67.0 = 32.0
sy = x%—x*“=155.36 532,=y2—y2=83.2
S, = 7.44 sy =9.12 Ty = Sxxsyy = 0.47
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Lecture 2 2ZET — X DEIE Ell =i
| /AN
Sl ey hRISE (x) | 50| 58| 52| 52| 43| 47| 52| 69| 47| 42
HAkZtER (y) | 68| 83| 74| 80| 63| 55| 60| 67| 65| 55
ywE /
90 . e
. / T — X B
80 o / 1XE#ETRIFE L -V
.
70 I8rd
S
60 7 e
/oo
50 |y
40
30
30 40 50 60 70 80 90 100
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Lecture 2 2ZET — X DEIE Ell =i

/N2 R RE €
yi =ax; + b + €

R 2= 75 1
Q =Zei2 =Z()’i—axi—b)2

[&/\ 2 FE] REFINZ RN
ICTH5ELDICab&RDD

> Q = Q(a,b) [$2X= 72D T,
/MU ITHIFRIICTE S
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—_— = = 74 /N
%ﬁﬂ? 0 U%—:T)[/ ( . U%E%ﬁ) f(x,v) DR
of Odf
3 o L
% = 2an(o? + ¥%) — 2n(oy, + %y) + 2bnx ox 0y
i 2b 2ny + 2anx
— = 2bn—2n anx . . y
b ¢ FE x AL,y A BNERE TS
. 0Q 0 i EEET IV (BRER) (&
EUHER So=o=0 BRNT T i
da 0b y—y X—X
Sey  TxySy sy Ty Sy
aO 2 N =\ Y V4 4
%o S T By EIIEH, x EBNERE TS
by =V — apx fREIsET L (EIFER) &
_ Sxy " X—X . y—y
Ty = 525, (1BREFRE0 5 v s,
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Lecture 2 2ZET — X DEIE

PR 2.2

IR 2 K& K.

5| 58
TEE10Z O RERER & BRABROER D S [E

RRIEER (x) | 50| 58| 52| 52| 43| 47| 52| 69| 47| 42

Bk (y) | 68| 83| 74| 80| 63| 55| 60| 67| 65| 55
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Lecture 2 2ZET — X DEIE 151 R fiz 552
%R 2.2 S E10ZDFREEHR EHRFABROGEREN o RIIFERZ KO L.
b R LR (x) 50 58 h2 Hh2 43 47 Hh2 69 47 42
HAR &R (y) 68 33 14 30 63 bh 60 67/ 65 Hh
100 x=51.2 y=67.0
e /'/ =744 5,=912 1, =047
80 ® .". - "
pyd RER (x: RAZH)
70 & _ _
: ¢ y—Yy X —X
60 o = Txy — y = 0.58x + 37.3
e d e o
50 - "
AEERR (y: SEEEH)
A0
o L T o, 2 = x=038y+255
S Y s
30 40 50 60 70 80 90 100 X y
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Lecture 2 2ZET — X DEEIE BRI DB

— == /A
B R, KE, £ 5E LS
120 5 5
£5| BT | BE | *hE | £ - 1ABIRE= 0.628
1y —5— 178| 100 33 L """""" o T . """
2| A aTEE 185| 90| 22 °
= 100 [ e @ O
3|y v ¥ 190 90| 29 | ;
° ® °
. o0 o
Al 7z F R 175 79 27 90 o® o oo
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So ogeele |
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O T et S-S
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82 | A7 180 93| 24 70 e * .,
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Lecture 2 2ZET — X DEIE T kv fl

HOBREFDEER (x,y)

Mid-Heights of Parents (x)

Heights of Adult Children (y)

sum

below. 64.5 655 665 67.5 685 695 70.5 715 725 above
5 3 2 4

14 23 66 78 211 219 183 68 43 19 4

F. Galton (Vb Y)

Regression towards mediocrity in
hereditary stature, Anthropological
Miscellanea (1886)

o|fm DT DIRE V)

ANTHROPOLOGICAL MISCELLANEA.

REGRESZION fowards MEDIOCRITY £ HEREMTARY STATGRE.
By Franos Gawror, F.R.B., &o

MWren Prares IX awp X

Trrs memoir containg the data upon which the remarks on the Law
of Regression were foundod, that I made in my Presidential Addvess
to Section TL at Abordeen. That address, which will appear in
duc coutse in the Journal of the British Association, has already
been published in * Navure,” Scptewber @4sh, T reproduce here
the portion of it which bears npon regression, togather with some
amplifieation where brevity had rendered it obsenre, und Thave added
copiey of the disgrams suspended at the mecting, without which the
lottorpress is necessarily diffientt to follow. My object 14 to place
beyond dounbt the existenece of a simple and far-reaching law that
governs the hereditary transmission of, [ believe, every one of those
simple qualities which ail possess, thoush i unequal degrees, T
once hefore vemfured to draw altention to this Taw on far wore
slender evidence than T now possess.

It is some yesrs gince | made an extensive series of experiments
om the produce of soeds of different size bnt of the same species.
They yielded results that seemed very noteworthy, und L nsed them
as the basis of & lecinve before the Royal Tngditntion on February
9th, 1877, 1% appeared from these experiments that the offspring
did not tend to resemble their pavent seeds in siec, but to be always
more mediorze thun they-—-to be smaller thun the pavents, if 1he
parents were lurge; to be larger than the purcote, if the parents
wore very small.” The poiet of convergence was considerably below
the average size of the seeds contained in ihe large bagtul I bought
at a nursery garden, out of which I sclected those thut were sown,
and 1 had some veason to believe that the size of the seed lowards
whick the prodnce converged was similar to thet of an average
seed taken omt of hods of self-planted specimens.

The experiments showed further bhat the mean filial regression
towards mediverity was directly propertional to the parental devia-
tivn from it Thig cyrions resnlt was based on 30 many plankinge,
conducted for me by friends living in varvious paris of the covntry,
from Nairn in the north to Cornwall in the sonth, during one, two,
or even threc generations of ihe plants, that I could entertain no
doubt of tho beath of my conelngions.  The expel ratio of regression
remuined & little denbrful, owing to variable influences; therefore
I did not attempt to deflue sb. Bab ag it seoms a pity thal no
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Lecture 2

2ERET —XDER

)L ko)

Mid-height parents (x)

64.5 | 655 | 66.5  67.5 : 68.5 i 69.5 | 70.5 | 71.5 | 72.5 i sum

73.2 3: 4i 3 2 2 14
72.2 1 47 47 117 4F 9i 7 40
71.2 2 11 18 200 7 4 2} 64
702 5 4. 19 21 25 14 10 1 99
? 6921 2. 7 13 38 48 33 18 5 2 166
5 | 682 7 14 28 34 2 12 3 1 119
S5i672¢ 5: 11 17 38 31 27 3. 4 136
3 62 5 11 17 36 25 17 1 3 115
R 1i 7! 2 15 16% 4} 1 1 47
642 4 5 5 14 11 16 55
632 4. 9 3! 5i 7 1 1 30
62.2 1 3 3 7
sum i 22 65 78 211 218 178 @ 64 41 15 892

5 (1)

x =175 - y=173.5

X = 68.3 y =681
s2 =277 sy = 5.62
s, = 1.67 Sy = 2.37
Sxy = 1.60
Ty = 0.41

OSERR (x @ SAZE)
y = 0.58 x + 28.36

linch=254cm %
FHW\\Tcm T&d &

y=058x+72

% (2) x=160 - y=164.8
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Lecture 3 HEXRDOEAXR XL

FESR & (S

> £FERENMATHR/UICETE CELVERICHTIELS L I DigE
> 0(=0%) 75 1(= 100%) £ TOHETEIR

{ P(A) =%HADRZ2HE (Probability) J

HILKZ—/ (16c) . 7z, /SZAHIL, ~ULX—A (17¢) . 775 Z (18-19¢)
mm) J/LETA T (20c) DAFEFRHIHER

> WENICHKRELRERE L THRET 5.
> WM FOERICRS.

> ERETILELT BAME - £aiF - HaBFh L
HoDDEITEEL TWD,

A. N. Kolmogorov (1903-1987)



Lecture 3 HEXRDOEAXR XL

MESRZE[E] (S, A4, P)

|I|n|

S I 2ERIIFEKRZTEM

« BITERZEDHI-ES
e BEELT O (FXAH) BLEHLND

P EBR
e HRF/IFEREEDORITERN S
WY ERTEHEZAWNREL D

o EXRZMEDOINLEE

N
11Tl

P(A) :EBRADETZ BHEE

K P EBRIE
e IHOEFARBET S (HFHIER)

dinl

(O oEAZRS S )

O vsanEyo )
A 20 P

© © 6
©@% 0

BHMOEDODHEAIER




Lecture 3 FEXRDEAK XL (I

ER ACETCITA

AN E
AN

/

=5k AUB BER ANB

il
-~ S _ 5

dinl

p:RER BZY AL HER#ER AnB=9
P(@) = 0 — S
S 2ER WITRISHER)

P(S) =1




Lecture 3 HEXRDOEAXR XL

RO

(0) =

=Rk A 1S

ECBEAREHY |

A 2N E TR

(1) 0 < P(4) <1
(2) P(®) =0, P(S) =1

(3) A1, 4z, ,

Ay, DNEWIC

AN

HFR Th L,

P (O An> —~ i P(A,)

(3) A& BHhHE (ANB =0)
ANSY ¢

P(AuB) =P(A) + P(B)



Lecture 3 FEXRDEAK XL (I

EE FRABHNHDEE, AX/-EIBOEROEIDZHER TDONT

Jinl

P(AUB) = P(A) +P(B) — P(A n B)

ddinl
(inl

ERADRBRARRI AHEZX (TDOWT

P(AS) = 1— P(A)




Lecture 3 #EXDEAKX HIE 3.1

B3l 20U (an%xElf, HFE-BEDE4%2D &¥ 5.
D50,1,2,3,4,5DIHFEICOVWTZFDHERAERD L.




Lecture 3 #EXDEAKX HIE 3.1

BlE3L 250494 an0%%lf, HFE-BOE%D LT 3.
D$0,1,2,3,4,5 DIFEICOVWTZFDHERAERD L.

T2 (1) DIFhAr—FogEHEZTIT D (0F Y EH)
(2) ZNFNDOEICH L TFDEIZA BDHERAEZ N5
(3) TO&IBETRAEERTIE NS




Lecture 3 #EXDEAKX HIE 3.1

BE3L 250494 an%Elf, HE-BOE%D LT 3.
D$0,1,2,3,4,5 DI ONVTZFDHERAERD L.

=2 A
>R Y DB IRTCOIBEZEEZD

A4 J00BlZeBY ODEALDH S.
L= >, 2200430 TIZ368Y ODHEHALDH S

> ieE T E|T 5
200 A 200H X,V £ 95, SITOBRIT X,Y) &5,
L7=h 2T, ZDEIEID=|X-Y| &7 5.

>R DD ENENDIZEDHERZEZ D



Lecture 3 #EXDEAKX HIE 3.1

>R HDBITRTOBEEEZ S
200 A a0 DOHEEZZENEN XY £ 5

Y
y 1 2 3 4 5 6
1 | (1,1) (1,2) |(1,3) =4—(1,5) (1,6) P
RJT

2 (21 (2,2) (2,3) (2,4) (2,5 (2,6) /
3 [(3,1) (3,2) (3,3) (3,4)|(3,5/[ (3,6)

DR
4 |(41) (42) (43) (44) (45) (4,6)

NS YAy e u N7p
5 |(51) (52) (53) (54) (55) (5,6) SRS AR
6 |(6,1) (6,2) (6,3) (6,4 (6,5 (6,6)
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Lecture 3 #EXDEAKX HIE 3.1

>R HIBZITRTCOBEEEZD
200 A a0 DOHEEZZENEN XY £ 5

SEEDFEWA

1
P(X=2Y=4)=—
36

b 1 2 3 4 5 6//

1
1 | (1,1) (1,2) (1,3) (1,4) M) P((X,Y)=(2,4)):%

2 (2,1) (2,2) (2,3) | (2,4)] (2,5) (2,6)

Y

3 (3,1) (3,2) (3,3) (3,4 (3,5 (3,6)

4 (4,1) (4,2) (4,3) (44) (4,5 |(4,6)

> | (51) (52) (53) (54) | (55)] 58] _— 36 12

6 | (61) (62 (63) ((64) m & IR T | R
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Lecture 3 #EXDEAK FIgE 3.1

>R DB IRTCOIBGEEEZD

200 A a0 DOHEEZZENEN XY £ 5
v e 2EDH A OB DHEDE

X

D=|X-Y]

1 (1,1) | (1,2) (3,3) (1,4) (1,5) (1,6)

e DOERY) 5 BB
0,1,2,3,4,5

2 (2,1) | (2,2)] (2,3) (2,4) (2,5 (2,6)

3 (3,1) (3,2) | (3,3)| (3,4) (3,5 (3,6)

4 |41 (42) 43)[44)] 45 46 P(D =0) =35

5 (5,1) (5,2) (5,3) (5,4)| (55)] (5,6)

6 (6,1) (6,2) (6,3) (6,4) (6,5) ] (6,6)




Lecture 3 #EXDEAK FIgE 3.1

>R IBZITRTCOBEXEZD
200 A a0 DOHEEZZENEN XY £ 5

v « 2DY A0 DBEDE
NERERERER R
D=|X—Y|
1 @y ((12) @3) (L4 (L5) (L6)
« DDEXY 5 Z{ElE
2 [21) 22 [23)) @4 @5) (26
0,1,2,3,4,5
3 131 [32)) 33 [34) 35) (36
6
4 | @1 32 [3)) 34 [(@5)) @6) P(D =0) =~
10
5 [ (51) (52) (53) [(54)) 5.5) [(56) _ .y 10
P(D=1) = 2
6 [(61) (62 (63) (64) [(65)) (6,6)

RICEELEHDLIDA LW
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Lecture 3 #EXDEAK FIgE 3.1

>R HIBITRTCOBEEEZD
200 A a0 DOHEEZZENEN XY £ 5

Y
X : ? 3 ) > ° Y4200 FDE
1 | (L) (1L2) (1,3) (14) (15) (L6) D=1X—Y|
2 | (21) (22) (23) (24) (25) (2.6)
d ol 1|23/ a]s
3 | (31) (32) (33) (34) (3.5) (3.6
(3,1) (3,2) (3,3) (3,4) (3,5 (3,6) P(D=d)6108642
36|36 |36 | 36 | 36 | 36
4 | (41) (42) (43) (4.4) (45) (46
5 | (51) (52) (53) (54) (55) (5.6) TDR%E D DIHERDHE LD
6 |(61) (62) (63) (64) (65) (6.6)
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Lecture 3 #fEXRODERKR Jhif4%

iRV

= 2
E FK

dlinl

ERAB M THD &, BRABICDOWNWT
P(AnB) = P(A)P(B)
AR YII DT EAR WD, I THWEEHETHAE WD,

Bl H4ao% 20T,
X 1EBICHESH, Y: 2BBOESH

2ODERA={X=2}B={Y =5} |FHILTHD

P(ANB) = 3—16 P(A)P(B) =

1
X_

6

DZIZP(ANB) =P(A)P(B) h’ AW IiLH, A & B 33T,

N =



Lecture 3 #fEXRDEAN HI5E 3.3

BlfE3.2 52OV T 1ME T VX LICIRERSDEE, ZOHh—FD
A—hrEX,BFHY ETH. XY IIHMITHS.

EZZAH
(1) £2ZYS5B3ITRTOBEEEEZD
2D A—FDSIHbD1MEDTLH2BY DY AHLH S

(2) BB ZHAWVWTETICEKRT S

(3) BIYWIBZENZENDHZEDHEREZZEZ S

16



Lecture 3 #fEXRDEAN HI5E 3.3

BlRE 3.2 S2MDETU 7D 1 ETVRLICIRERDEE, ZOH—FD
A— b2 X, BFE2Y 5. X EYIIHITHS.

I IDHITRTDFEZEETT

v @ vV v @
A | 2 J |1 Q| K
o b LI
A | 2 J | Q| K
\ IR 4 ¢ ¢
A | 2 J |1 Q| K
o | & o || &
A | 2 J 1 Q| K
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Lecture 3 #fEXRDEAN HI5E 3.3

BlRE 3.2 S2MDETU 7D 1 ETVRLICIRERDEE, ZOH—FD
A— b2 X, BFE2Y 5. X EYIIHITHS.

FZYIBIRTCOSEZEXTT N
Q| 5| <HEX
Y 13)(—21/—12—1
3 1| 2 11 | 12 | 13 X=2Y=12)=
Yy 1ME: AP
o | A L 2 [ . )_5_2_1
21 a2 y Q| K P(y:12):%:%
¢ ¢ ¢ ¢ o -
3 | Al 2 ) o] K DRI,
L | | & | & | & P(X=2Y =12) = P(X = 2)P(Y = 12)
Al 2 b o | K




Lecture 3 #fEXRDEAN HI5E 3.3

BlRE 3.2 S2MDETU 7D 1 ETVRLICIRERDEE, ZOH—FD
A— b2 X, BFE2Y 5. X EYIIHITHS.

FZYIBIRTCOSEZEXTT .
b | #5| HEX
Y PX=a,Y=bh _ !
3 1| 2 11 | 12 | 13 X=aY=b)=
Yy 1ME: AP
o | A L 2 [ ( _a)_S_Z *
21 a2 J [ Q| K szm=%_%
¢ ¢ ¢ ¢ o -
3 | Al 2 ) o] K DRI,
L | | & | & | & P(X=aY=hb)=PX =a)P(Y = b)
A | 2 b o | K

FEXRZHM XY 1T TH 5




Lecture 3 HERDEAR AT

T MR
=R

(inl

A,B

A DT TD B OEMHTHER

P(ANB)
P(4)

P(B|A) =

7=72L, P(4) >0

F’AEHE

2 D3
P (AN

ER A B A REIFFICHE 2 2 HEX
B) I, ST S HERA(E - T,

KDOEHIZEEINS.

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

IFER AR HT-Z &%
T, ERB O AHFER
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Lecture 3 #EXRDEAXR  {HIfE 3.3

I8 3.3

ORBIZERA 6 BAAPA->TWT, FNFNIZL,2,3,4,56D
HENEWTHSETH. odHAhn 2 [\FEElT THEDEK % EX

T EROBEDIEIC i,j (,j=1,..,6) L BHEERERD L.

(1) [1ExmH] 1EBICERYELEEREZRICEL, <N E
FETC, O TEOFRHASEKE 1 EEY £

(2) [FEETTHH] 1EBICIRYELERZD LIRS T,
T TEkEERY .

4; 1 EIEDOKROBFEN i £ DER
B : 2EIHDERDOBFN j L RDER

[

Kb 2 HeK = P(4; N B;)
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Lecture 3 #EXRDEAXR  {HIfE 3.3

(1) [1Esciht])

1
6MEDIRIFFHERTEIIND AL P(4) =—

2B DOERITTIE, &OFRPEY LA
cRICTHD. LI=2H-T,

P(B;) = g

B8 & 2[BIEDOFUTIFMITH 2 H 0

1
P(A; N B;) = P(A)P(B;) = 3

o] B A 2

A BICHELBEVLWDT P(B) = P(B4;)

S ETFIEICLH- T

1
P(A; N B;) = P(A)P(B;|A;) = P(A)P(B;) = o=
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Lecture 3 #EXRDEAXR  {HIfE 3.3

(2) [BFETTHH] FEFEICL>T  P(A4;nB;) = P(A)P(BjlA;)
BED D ( 0, i=j
P(BjlA) =4 1
K g, L+ ]
i=jDEE,

i=jDEE,

1 1
P(4; N B)) = P(ADP(Bj|A;) = = X = = 55

30

| =

. 1 _
IR A & B IFHIITIE R L. s P(B)) =- THBND (R34 k)
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Lecture 3 ®HEXRDEKXR XA XDEE

NAXDEE

v

55 S DJER (stratification)

A]_UAzUUAn:S

P(A)) + P(A;)+ -+ P(A) =1

B A A0% Mo0ARLLT, 204, ... 6045, 70 8L L] CERRIZEZ B,
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Lecture 3 fEXRDEAR XA XDEE

SHERDNTE EFRNA4; (i = n)ICERIENTWS EX, ERBD
FE=X P(B) |13, A; 0>=%~‘ ET P(A) & &HfTEHE R P(B|A)
> THRINS.

P(B) = ) P(4)P(BIA)
=1

=T BA B:UAinB (W IZHER)

. P(B) = Z P(A; N B)
—75, P(A; N B) = P(4,)P(B|4;) =D, P(B) = z P(A;)P(B|A;)

=1
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Lecture 3 MEXDELR XA XDFEHE

RAZDOTEE D2FERDA (=1-n)IlBRHINTWSEEEX, ERBAIEI -
=& EDERBOEXETEMER P(A;)|B) #EEMEEXRE W, ERIFEX
P(4)) L &H(TE2HEX P(B|A) #E>T&RINS.

- P(A;) P(B|A;)
P(AilB) — P(Al)P(BlAl) + P(AZ)P(B|A2)+ e 4 P(An)P(BlAn)

=T EF P(A; N B)

EERND  P(4;B) = 0

2+ =P(A; nB) = P(4;) P(B|4);)

2 = P(B) = z P(A)P(B|A;))

CNIZEHERD N
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Lecture 3 ®HEXRDEKXR XA XDEE

NAZXDRI =fERI DR

AN

A SIRYNG

P(A;) P(B|A;)

P(A;|B) =

P(A;1)P(B|A1) + P(A2)P(B|Az) + -+ 4+ P(An)P(B|Ap)

[ B - | “F |
A P NZAHHENT- \

P(B|A;)

AP BN TR = BiFEICEZILTC

A, = ERER T /
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Lecture 3 #EXOEKX HIgE 3.4

%8 3.4 (REEMEDMIRE)
¢« AT A DRLE (£ 500 A2 ANDENETHDBE WD,
o RE B IE, BEEE D 95% ICHBHERILE R A,
FERED 2% ICHHBERIOAHTLE .
(1) BERIGHOENIZREEL TWBEH?
(2) PEMISE HIEREA ?
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Lecture 3 #EXRDEKX HIfE 34

78 3.4 (FEPZMEDMEIRE)
¢« AT A DRLE (£ 500 A2 ANDENETHDBE WD,
o RE B IE, BEEE D 95% ICHBHERILE R A,
FERED 2% ICHHBERIOAHTLE .
(1) BERIGHOENIZREEL TWBEH?
(2) PEMISE HIEREA ?

2
P(A) =200

P(B|A) = 0.95

P(B|A°) = 0.02
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Lecture 3 #EXRDEKX HIfE 34

7 I
\’/

L:

( B ot

(1) BaMERIGR B RBERA ?

P(A)P(B|A)

P(A|B) = P(A)P(B|A) + P(AS)P(B|AS)

2
P(A) = T00

P(B|A) = 0.95

P(B|A) = 0.02

(2) BRI E OIEREHD?
P(A°)P(B€|A°)

PUIBY) = 5o pBe1a0) + P(A)P(BE|A)

498
00 ¥ X 0.98

~ 498 2
£00 ¥ X 0.98 + £00 X 0.05

488.04
= 0.999795

~ 488.04 + 0.1
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| ecture 4
TESKIS R & FESR 54

[Z R E]

B4 B EXRESDT
4.2 WERZTI & FEZ 40
4.3 BERE B DHER 1




Lecture 4 fERZTH L XD

HELH

B HHMEDEZNERT S. x,¥,2t,..

Bz

o BEBAY (discrete)

R HERZ > ThHDED

HADEZ & 5. X,Y,Z,T,..

L EBHENMENETH S

YHAAREI A LIzE 2T HEBEOK o
v —HIZkZ %ﬁLTﬂ@#%&E M2 B

vV a4 v &ITT, kK=

e EH (continuous) :
vV K2 DRE
v ZEDER
v BIEDTE &
v BRBETOH

& HEDBREZ < dk.S0E

REES

=0& L7ce T (ERAEENL)
BfrEICT D
el 7

& LTikD DAMEF]

} & 2



Lecture 4 TEXRZTH L HEEXDH HEER A ER

BERN AL HESR TN X

o &k BREC
Bl 5 218 aq,a, .., a; ..
D | P(X =a) =p,
Z DHEE P, D2 s Dib o
X aq a; 5T
b2 B I BRI LIS
Pi (1) pi=0




Lecture 4 MERZTHELHEXRNTH HEER A ER

BlE 41 -5 & HEBELABETHII2ME1L,0E2ZNFNEXp 1 — p
TEB2BEHEXRETH CEINZ2LDOTHS.

Fpr = == N
— DR
0 (HEX1-pT) P(Z=0)=1-p, PZ=1)=p
X 0 1 | 3 IDPHHENILI —A D E WD

Z ~ Ber (p)

B~




Lecture 2 HEERZTH L HERN T

BRI DT 1918

fri}

1518 (mean) = HI#FE (expectation)

B HELPA =a) =p, TEZHN TV DHHEREREH X O

BIX) =y = ) aipi = ) aP(X = ap)

“I91E

XM ET CRATEGESE R TH 5
X a, a; EET
P(X=x)| p1 Di 1
a1t arPT r Hx

|pf
a;



Lecture 2 fEXRZTH L HEEXDH BER AU RER T D78

8% (variance) & E#{FZ= (standard variation)

E&E HBHHIPX=q)=p TEAONTLDEREREELHX ITHL T

S8 VX =of = ) (@ - w)%
EEEE: o= VIX]

DI, V[X] = E[X?] — E[X]?

¥) Z(ai — ux)’p; = z aip; — 24y Z a;p; + Ux Z bi
= z aizpi — Ui

= E[X?] — E[X]?



Lecture 4 MHERZHEHERLH  FHELITRBOFAEE
FIFE & DENDETE R
X a, a; =i
P(X =x) P1 Di 1
xP(X =x) | arp1 arpi > | £ X]
x? a? a?
x*P(X =x) | afpr etrr T |E[X?]
DH V[X] = E[X?] — E[X]?




Lecture 4 HERZHEWERSH  FIHHELDHDOEHEE

B 4.2 (ZIEAERODTH)

NIV X — A 537 Ber(p) ICHEDHERZEE Z ICDOWT

FygE: u=EZl=p HE: 0?=V[Z]=p(1l-p)

|-

> RN Mm PZ=1)=p, PZ=0=1-p

X 0 1 it
PZ=x) | 1—p p 1

A\
5

2B u=ElZ]=0x(1-p)+1xp=p
E[Z2]=02x(1—-p)+12xp=p

> o =E[Z*] —E[Z]? =p—p* =p(1 —p)



Lecture 4 HERZTI L HERN 578 4.3

BlRE43 XA2H A0 HZBO¥METREE ZOFHBEESEEKRD L.
7o, BEREEIWS D,

X DFERDH X

1 2 3 4 5 6 g
P(X =x) 1 1 1 l 1 1 1
6 6 6 6 6 6
1 1 1 21
E - E[X] = =z Pi=1X=-+2X=-+-+6X=-=—=35
1 1 1 91
E[X? =Z 2p =12 X =4+ 22X =4+ 62X —=—
| X“] a;p; 6+ 6+ + 6 -
91 (7\* 35
LNEr - VIX] = E[X?] — E[X]? = — (—) =—=2.92
e VIX]=EXY-EXP = —-(5) =5

S
iy
|
ik
5
|l

V[X] = 1.71



Lecture 4 HEERZTH L HERN 1Z2AE1L

ZE L (2 BiR)

HEXRZTHXICTH LT

E I

FERZI X =& L7 a+ bX

(a, b ITTEH) 1T LT,

(1) Ela + bX]=a+ bE|[X]=a+ bu
(2) V[a + bX] = b2V[X] = b?0?

g{ﬂ%&\tizK@EJ




Lecture 4 fEXRZTH L HEEXDH =l

2 JH3 %0 B(n, p)

> BINFEER p OFATZIMALICHE YIRS (B @ 34 > &IT)
> WA BWEREBINDEN 71,725, .., 2y

‘( RIVLX—AHITHE WS J

)
1, FEEp TR

0, #ER1—p TKHW

> BIhElE - {0,1,2,-+,n} ICE% & DBERRIERZ 75 5.

ET&x XOP9hmz_lEDMEWLWWBMm,p) TKT.
X [$ZIES% B(n,p) ICHED &Ly, X ~B(n,p) £EX.




Lecture 4 fEXRZTH L HEEXDH =l

X ~B(n,p) DEXRDTHDETE

X 0 1 o |k | - | n | At
P(X = x) 1

»nlEld, O (%) M kE, x (KRE) H'n—kEOHESR

%O)—'fﬁlJ Ox. . .Ox. . .XOX
Z DOHER pq = pq -~ qpq=p<q" " (J=££L,q=1-p)
L7=h"> T,

|
P=1=5 (nn— AL () P =P *

[_/:\IET,% |




Lecture 4 fEXRZTH L HEEXDH =l

“IEDfm B(n,p) DE LD
> X~Bn,p) £T5&E, X IIRINERp ORIV —A5 T2 n BT/ ED
A IO E 7= RS 5.

> R0 P(X =k) =

N
S S
N———"
=
=
=
\—’
S
w

151 p=Elx] =Y k() p*-p)"* = np

Y




Lecture 4 MEXRZTHE XD =l Y]

=l i R=Ry N
B(10,0.4) B(10,0.5) B(10,0.65)
| _-IIIIII_ | _IIIIIII_ | _lIIIIl_
U =4 U=>5 U =6.5

0% =24 o



Lecture 4 FERZTI L ERNH =l Y]

—IE 1 D B

B(100,0.4) p=40, o2 =24
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Lecture 4 fEXRZTH L HEEXDH =l

BIE AL H40% 3

A

wITC,6 DEH 2 OIHBHEXREZRKD L.

- Y14 aB%E&ITT6 DENEIZL/KIT (O) |
ZO)TIHRWEEERK (X) £AIERT.

> B p =

1
A DRI X—A31T7% 3

ITo7-8&FZ 5.

. » - 1
. RPEE X 1EZESE Bup) = B(3,2) 1245, X"’B<3'g>

o KO DHEERIL P(X = 2)

P(Xx=2)=(

n
k

Y=,
TYbI L

15

. 1\* /5\" 5
)Pk(l—P) k=(§)<g> (E) =3 Xz =—0
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Lecture 4 HEERZTH L HERN B2 B E

£ 1 « 5% X
* FAE . :J:EI ;&Béﬁ;r& e =2.718.. (EEH)
e DIENNZL
y =e* « HANEBDE
e FET DO
T—7—&H
X N xn
e’ = —
n!
n=0
e #LEE]
/

eXty = eXeV¥



Lecture 4 HEERZTH L HERN B2 B E

£ 1 « 5% X
* FAE . :J:EI ;&Béﬁ;r& e =2.718.. (EEH)
e DIENNZL
y=e™* « HANEBDE
e FET DO
T—7—&H
X N xn
e’ = —
n!
n=0
e #LEE]
\

2 1 0 1 2 etV = e¥eV



Lecture 4 HERZHEHERDT  RT7YUDH

KT DR
A>0%TFHET 5.
FERZTX DN/INTA—RADRT Y DR &I,

k

A
P(X=k)= Fe_)‘ k=2012,..

7 LR

X ~Po(1) £EX.

> HEMNIHERDMIZIE > T WD
BHEEHOT —7 —EH



Lecture 4 MEXRZTH L EXRNH %]

0.7 oo 0.7 e




Lecture 4 HERZHEHERDT  RT7YUDH

RT Y vt Po() O &

X ~Po(1)

>R PX=k)=—e* k=012..

\

B o0 Ak
> lii"—jﬂﬁ U= E[X] = E kﬁe"l = A
k=0 \ RT Y 5370 DR

T & HEAZEL L

> DX 02 =E[X%]—-E[X]?=20+1)—-2%2=2



Lecture 4 HERZH MRS K7V D

Siméon Denis Poisson (1781 1840)

>TO—I)L - RYUTIZITTTTABIC
>F - MEBFICEL KL EE
> RT7 OO EZDDWBIE

iR > 7o B IEHIRDEIEIC D W THIZE(1837)

RECHERCHES
anovswuims ous swonnvrs, | BSBAY, 25 % —EHIRICAE T B EHK X OBEESH T
ET EN MATIERE CIVILE, (:} ,_J_ 7 ‘/ / \47’—5) % %éﬂl:lj

PodcdizE

DES RPELES CENIRALES DU CRLOUL DES FAORARDLITES
< .
s 1) PGISSON
Hzmmdcl;m.,mc du Buresu des zm,maga.r dn&cmbﬂaplude
iam“ b rlu Renidnien s el e Buiar

Lo dres, Ph: pmatique 4 e P

SRR e O L ORERRORESHE L LR

o T M |

BACHFLiFB ]ili‘i}]l;EUR LIBRAIRE * /% C:Eﬁjﬁgﬂf%t Lf:‘,i:':;jé'ﬁ (}j—:\}[/ l\ ﬂF— '7\\/( \\/ 7-/—')
R c BEOPUH L, X —ILOEE

—————

e c By h—DT— I, BEROK—L TV



Lecture 4 HERZH MRS K7V D

X — L DE(EEIZ

X —I)LDOFEEZER L T, 480 2324[B| D X —ILEENH - 7=,

HHEFED 1EFEICX —ILEED?

H

LIT OfEERZ KD L.

NeH &Il




Lecture 4 MEEXRTH & XN

K7 Dt

X —ILDEEEIC

e

R EEE IE R T I I

DWNWTDHEE

48

e BUNFEIXE At OB TIEEEIZ LR, £7/-1%0 [

— —
At At

o WUNEERIXE At AT N TUONIEEEDOBEE (IR

> T%[/J \FEFE

XEAtBOA—ILEEEIA VRITERLT




Lecture 4 HERZH MRS K7V D

A —ILDEERZIZOVWTDEER

4 4 v \ 4 A4
4AtNAtNAt> At

> 105 = U X R At 12 N 9 FE]

At—1
N

p = P(FEXME At ICX —ILEEDLH D)
1 —p =P(BFEXRE At (X —ILEED7E W)

> 1FEORICNEBO A &S

FzoEE X ~B(N,p)
YIZME u = Np

> BAlA L 1RSI Y

324 _
=675 [BIOEE
13 6.75
> p DIETE
l[: 6.75




Lecture 4 HERZHEHERDT  RT7YUDH

T v DN D ER
TE 3 B(N,%) I N >00 &35 E Po(A) ICUNERT 5.

=0z BWN,p)lE, N>, p>0, Npo1 &£35& Po(Q) ICINFET 5.

sIEAA X~B<N,—> F 43

P(X = k) = () pE(1 - )"

—1) ... (N — k N ~k K
_N(V-1) k!(N k+1)(%) <1_%> (1_£> I R VR




Lecture 4 HERZHEHERDT  RT7YUDH

X—ILOEERHKIZDOWNWTOER

A —=ILDEEZEH L T, 4805[12324

A

DA —IVEEDD > T-.

HDHEFED LEEICA—ILEEDN2E| LT OMER%Z K& L.

Nxd &IC

> X D 1RRIZRTCY OEE[RIE

> 1 % U NEBXBE At IS NDELTET AL X~ B(N 61\7[5>

ﬁ/\

» N >0 & LT X~Po(6.75)

6.759 6.751
_ ~6.75
<?2) = 01 e + T

e

SHEL=W

uA%mtwa

6.75%

—6.75 + —6.75

o1 ©

= (1+46.75+4+22.78) x 0.00117 = 0.036
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Lecture 5 MERZHEERNm (t) B &

5] 78 5.1

<& 6 DIED AB #6FED L T T2 2N %EIC, CDEFG &3 5. 29 AB
N T UVRLICIEZERNEE, TOERDED EF ICEFNHEXRAEZKD L.

Z R Lo T ?

1) RE-S>-HFENERIIL L, XIRCTHEET 5.
2) FBHIZBOSKRIE, [T RTCOBRTERAERXR RSB T &




Lecture 5 MERZHEERNm (t) B &

5] 78 5.1

& 6 DfED AB #6FEND L CTEXSH5ANa%#)BIC, CDEFG &3 5. #&9 AB
NPT UVRLIIEAZERNE X, ZOEHNGD EF ICEFNIAEREZKRD L.

E R | | |
A S, S, S, B

TRTCDRTTERDNFHEERTEID © PS) =PES)==P)=p

HEREROM . P(S;US,U-US,) =np FERIImT <1 BDT np<l1
SO FICIFERBEOSAHDDT, nldW L THRELTELILD

np<1&H5DiF p=0 BEDRADRBIINIEXRIELO



Lecture 5 MEXRTH XN Be) B &

5 Z& 5.1
& 6 DD AB #6FEND L CTEXSH5ANa%#)BIC, CDEFG &3 5. #&9 AB
PO URLIIEEZERNE X, ZOEHNGD EF ICEFTNIAEREZKRD L.

AT, BEL/tETERD

A C D B

. . CD
P(CDH > AHEIEN ) =ﬁ Expl

> EORBEAFICEIIND & WS ERRANERLTE !



Lecture 5 MERD M R (ft) EmiMERTH

E e B HESR RN X

> BEEDEaqx L HHEX: PX=a)=0

> HHEH (a LYKRKELDUT) DEZ & HHER

Pla<X<bh) #EETEKT

J ()

Pla< X <Db) |&
< TH < THLEL

b
P(a<XSb)=f f(x)dx

pd

f(x) & X DHERBEREE L,

=<

f(x) = fx(x)




Lecture 5 MHERZHEHERDH (i) EREEREHK

{5 %8 5.2

XfE [a,b] DD 7 VX LICEIEINT-RmDOEEZ X L5 & X, HEXR
Pla<X<p) #zk&OX. 7272L, a<a<p<b &d 5.

f—a

P(aSXS,B)=b_a




Lecture 5 MERD M R (ft) EmiMERTH

{5 %8 5.2

XE [a,b] DO 7 VR LITGERINT-ROREZZ X 95 & T, ER
Pla<X<p) #zk&OX. 7272L, a<a<p<b &d 5.




Lecture 5 MERD M R (ft) EmiMERTH

{5 %8 5.2

X [a,b] 5TV ELISBIEN .S DERZE X &5 & &, HEX
Pla<X<p) #zk&OX. 7272L, a<a<p<b &d 5.

f(x)




Lecture 5 MHERZHEHERDH (i) EREEREHK

{5 %8 5.2

X [a,b] BB T VR LIGERIN -2 DE

(Ex X &9 HET, EXR
Pla<X<p) #zk&OX. 7272L, a<a<p<b &d 5.

f(x)




Lecture 5 MERD M R (ft) EmiMERTH

e SR B B

ERNLEE

(1) f(x)=0

J_o:of(x)dx =1

a b X

» HiE (EfE7)) CHEXRZRT

b
Pla<X<bh)= f fx(x)dx




Lecture 5 MHERZHEHERDH (i) EREEREHK

S BI24 (distribution function)
> BEREMOMEEE L TEF]

E R EELHXDPEH x LTOES: & BHER
Fy(x) =P(X <x)

X O (B HHEKE VS X FEHCHERFETH LU,

> X DERERM f(x) &b OEERERTMO & X,

x d
PM@=HXS@=]/HQ& <:> ;E&@ﬁﬂﬂm=&@)

MR EDFDEREE




Lecture 5 MERZT I R (b)) ERABEZTHOFH & 5EL

» == J¥I 7 2 N7 - H

T A E R I D Y IME & 0 EX
FO)  EREREELR X OB

»FIME  E[X] = puy = f Ooxf(x) dx

j_<x—myvaom:=EKx—u@ﬂ

:fmﬂﬂ@¢wm§=JMﬂ—mﬂ2
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I & T

o ()

BRI MR I DT &AL

{7 %8 5.3

|~

MERZER X B

X [a,b] EDO—ER72F(C
~a+b

2

DEL: V[X] =

WHSEE, 70D
(b — a)?
12

-

Nl
&
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Lecture 5 MERBM RNt (k) LR

R e
(x) — e_ 202
/ V2mo?

FRDI=H7 X 9% Ny, d?)

ETRNGEE
(1) fx)=0

2) fmfuﬁuzﬁl




Lecture 5 MERBM RNt (k) LR

FRDI=H7 X 9% Ny, d?)

2 E B
1 _ (x—w)?

flx) =

V2mo?




Lecture 5 MERZ M EEXR M () ERSH

R R e
(x) — e_ 202
/ \V2mo?

FRDI=H7 X 9% Ny, d?)

X~N(u,0°)

b
P(aSXSb)=J f(x)dx




Lecture 5 MERBM RNt (k) LR

FRDI=H7 X 9% Ny, d?)

%Fgﬁéy f( ) 1 _(xz_li)z / N(‘Ll’ 0-2) \
X) = e o2
Vemo® FiE  u
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FESRZEH & R

oA ()

R

K E77)IL—577XDJE?

LL

o |

A

H

"I BMmp) dnhREVWEE, ALFEFES
IERR D IZAT LY,

B(n)p) ~ N(‘Ll,o-

?)

MRE D D

u=np, o’ =np(l-p)
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Lecture 5 MERZH EEXR R () TR M

Johann Carl Friedrich Gauss (1777-1855)

19D IEREFDIFEA EDDETFICHERX 5 X
TW5 ¢

« ZHMTE. FHEFRDMEAE L

e F+HtAFOIER. RBFOEKRTE., An%ZIER
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1ZXF#H5 % (standard normal distribution)

(N1
FiE  p=0
| F ot =1
AR
1 _x?
f)=7=e 2 4 3 2 a0
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0.0 [ 0000 0040 0080 .0120 0160 |.0199] 0239 0279 0319 0359
0.1] .0398 .0438 .0478 .0517 .0557 §.0596) .0636 .0675 .0714 .0753
0.2 .0793 .0832 .0871 .0910 .0948 §.0987§ .1026 .1064 .1103 .1141
0.3 .1179 .1217 .1255 .1293 .1311 §.1368§ .1406 .1443 .1480 .1517
0.4 .1554 .1591 .1628 .1664 .1700 §.1736§ .1772 .1808 .1844 .1879
0.5].1915 .1950 .1985 .2019 .2054 §.2088) .2123 .2157 .2190 .2224
0.6 | .2257 .2291 .2324 .2357 .2389 §.2422) .2454 2486 .2517 .2549
0.7 .2580 .2611 .2642 .2673 .2703 §.2734) .2764 .2794 .2823 .2852
08| 2881 2910 2939 2967 2995 | 3023| 3051 3078 3106 .3133
0.91] .3159 .3186 .3212 .3238 .3264 §.3289) .3315 .3340 .3365 .3389
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1.4 .4192 .4207 .4222 4236 .4251 | .4265) 4279 .4292 .4306 .4319
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1.6 | .4452 .4463 4474 4484 .4495 | .4505) .4515 .4525 4535 4545
1.7 | 4554 4564 4573 4582 4591 §.4599) .4608 .4616 .4625 .4633
1.8 .4641 .4649 .4656 .4664 .4671 §.4678) .4686 .4693 .4699 .4706
1.9 4713 4719 4726 4732 4738 §.4744) 4750 4756 .4761 .4767
20| 4772 4778 4783 4788 4793 | 4708| 4803 4808 4812 4817
2.1 | 4821 .4826 .4830 .4834 .4838 §.4842) .4846 .4850 .4854 .4857
2.2 | 4861 .4864 .4868 .4871 .4875 §.4878) .4881 .4884 .4887 .4890
2.3 | .4893 .4896 .4898 .4901 .4904 §.4906) .4909 .4911 .4913 .4916
24| 4918 4920 4922 4925 4927 | .4929| 4931 4932 4934 4936
251 .4938 .4940 .4941 .4943 .4945 | .4946) .4948 .4949 4951 .4952
26| 4953 4955 4956 4957 4959 | a960| 4961 4962 4963 4964
2.7 1 .4965 .4966 .4967 .4968 .4969 §.4970) .4971 .4972 .4973 .4974
2.8 .4974 4975 4976 .4977 4977 | .4978) .4979 .4979 .4980 .4981
2.9 .4981 .4982 .4982 .4983 .4984 §.4984§ .4985 .4985 .4986 .4986
3.0 | 4987 4987 4987 4988 .4988 | 4989| 4989 4989 4990 4990

Z~ N(0,1)

P(0<Z<

7l

P(0 < Z < 1.15) = 0.3749



Lecture 5 MERZ R CiEXRntn () 12EERSH

ZAETFHR D ME Bl p(z>218)

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 | .0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 §.0319 J .0359
0.1].0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 J.0714 ) .0753
0.2 .0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 §.1103§ .1141
0.3].1179 .1217 .1255 .1293 .1311 .1368 .1406 .1443 §.1480§ .1517
0.4].1554 .1591 .1628 .1664 .1700 .1736 .1772 .1808 §.1844 } .1879
0.5].1915 .1950 .1985 .2019 .2054 .2088 .2123 .2157 §.2190 ) .2224
0.6 | .2257 .2291 .2324 2357 .2389 .2422 2454 2486 |.2517 | .2549
0.7 .2580 .2611 .2642 .2673 .2703 .2734 .2764 .2794 |.2823 ) .2852
0.8 .2881 .2910 .2939 .2967 .2995 .3023 .3051 .3078 §.3106 j .3133
0.9].3159 .3186 .3212 .3238 .3264 .3289 .3315 .3340 §.3365 | .3389
1.0 .3413 .3438 .3461 .3485 .3508 .3531 .3554 .3577 [.3599 | .3621
1.1 .3643 .3665 .3686 .3708 .3729 .3749 .3770 .3790 §.3810 | .3830
1.2 .3849 .3869 .3888 .3907 .3925 .3944 .3962 .3980 {.3997 § .4015 0 z
1.3].4032 .4049 4066 .4082 .4099 4115 .4131 .4147 J4162 ) .4177
1.4 .4192 4207 4222 4236 .4251 .4265 .4279 .4292 (4306 § .4319
15| .4332 .4345 4357 4370 .4382 .4394 .4406 .4418 (4429 ) .4441
1.6 | .4452 4463 4474 4484 4495 4505 4515 .4525 §.4535 || .4545
1.7 | .4554 4564 4573 4582 .4591 4599 .4608 .4616 §.4625 ) .4633
1.8 .4641 .4649 .4656 .4664 .4671 .4678 .4686 .4693 §.4699 | .4706 P(Z 2 2'18)
19| 4713 4719 4726 4732 4738 .4744 4750 .4756 |.4761 ) .4767

ALl A7 ATB3 4738 AJ03 A7OR 4803 _AB08 14812
4857

21| .4821 .4826 4830 .4834 4838 .4842 .4846 .4850 4854
2.2 | 4061 4864 .A008 A8/ 4875 4878 4881 .488Z 14887T.
2.3|.4893 .4896 .4898 .4901 .4904 .4906 .4909 .4911 .4913 | .4916
241 .4918 .4920 4922 .4925 .4927 .4929 .4931 .4932 }.4934 | .4936

25| .4938 4940 4941 4943 4945 4946 .4948 .4949 |.4951 || .4952 05 - 04854
2.6 | .4953 .4955 4956 .4957 .4959 .4960 .4961 .4962 §.4963 || .4964
2.7 | .4965 .4966 .4967 .4968 .4969 .4970 .4971 .4972 §.4973 | .4974
2.8|.4974 4975 4976 4977 4977 4978 .4979 .4979 [.4980 | .4981
29| .4981 .4982 4982 4983 .4984 .4984 .4985 .4985 .4986 | .4986
3.0 ] .4987 4987 .4987 .4988 .4988 .4989 .4989 .4989 §.4990 § .4990

=05—P(0<Z<218)

0.0146




Lecture 5 MERZ R CiEXRntn () 12EERSH

ZEEFR R

z| 00 0L 02 03 .04 05 .06 07 .08 .09
0.0 [.0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 .0319 .0359
0.1 .0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753
02| .0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 .1103 .1141 (1) P (—123 </Z< 206)
03| .1179 1217 .1255 1293 .1311 .1368 .1406 .1443 .1480 .1517

0.4|.1554 1591 .1628 .1664 .1700 .1736 .1772 .1808 .1844 .1879
05|.1915 .1950 .1985 .2019 .2054 .2088 .2123 .2157 .2190 .2224
06| 2257 2291 2324 2357 2389 .2422 2454 2486 2517 .2549 ( > ( —_ )
07| 2580 2611 .2642 2673 .2703 .2734 2764 .2794 .2823 2852 2 P(Z = —1.34
08| .2881 2910 .2939 .2967 .2995 .3023 .3051 .3078 .3106 .3133
09| .3159 3186 .3212 .3238 .3264 .3289 .3315 .3340 .3365 .3389
1.0 | .3413 3438 3461 .3485 .3508 .3531 .3554 .3577 .3599 .3621
1.1|.3643 3665 .3686 .3708 .3729 .3749 .3770 .3790 .3810 .3830
1.2].3849 3869 .3888 .3907 .3925 .3944 3962 .3980 .3997 .4015

%l %2 5.4

1.3 | .4032 4049 4066 .4082 .4099 4115 4131 4147 4162 4177 Sp=i—my >3] / \
14| 4192 4207 4222 4236 4251 4265 4279 4292 4306 .4319 S == - 5
15| 4332 4345 4357 4370 4382 4394 4406 4418 4429 4441 15< 7 ’

1.6 | .4452 4463 4474 4484 4495 4505 4515 .4525 4535 4545
1.7 | .4554 4564 4573 4582 .4591 4599 .4608 .4616 .4625 .4633
1.8 .4641 .4649 .4656 .4664 .4671 .4678 .4686 .4693 .4699 .4706
1.9 .4713 4719 4726 4732 4738 .4744 4750 4756 4761 .4767
20| 4772 4778 4783 4788 .4793 .4798 .4803 .4808 .4812 4817
21| 4821 4826 4830 .4834 .4838 .4842 .4846 .4850 .4854 .4857
2.2| 4861 .4864 .4868 .4871 .4875 .4878 .4881 .4884 .4887 .4890
2.3 | .4893 .4896 .4898 .4901 .4904 .4906 .4909 .4911 .4913 .4916
2.4 | 4918 4920 4922 4925 4927 4929 4931 .4932 .4934 .4936
2.5 .4938 4940 4941 4943 4945 4946 .4948 .4949 4951 4952
2.6 | 4953 .4955 4956 .4957 .4959 .4960 .4961 .4962 .4963 .4964
2.7 | .4965 .4966 .4967 .4968 .4969 .4970 .4971 4972 .4973 .4974
2.8 | .4974 4975 4976 4977 4977 4978 4979 4979 .4980 .4981
29| .4981 .4982 4982 4983 .4984 4984 .4985 .4985 .4986 .4986
3.0 | 4987 .4987 .4987 .4988 .4988 .4989 .4989 .4989 .4990 .4990




Lecture 5 MERZTH RN ()  ERETFRANH
TEERN &
*m—%l_ E JJ

y4 .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 | .0000 .0040 .0080§.0120f .0160 .0199 .0239 .0279 .0319 .0359
0.1] .0398 .0438 .0478§.0517] .0557 .0596 .0636 .0675 .0714 .0753
0.2 .0793 .0832 .0871).0910f .0948 .0987 .1026 .1064 .1103 .1141
0.3 .1179 .1217 .1255).1293} .1311 .1368 .1406 .1443 .1480 .1517
0.4].1554 1591 .1628}].1664f .1700 .1736 .1772 .1808 .1844 .1879
0.5].1915 .1950 .1985§.2019) .2054 .2088 .2123 .2157 .2190 .2224
0.6 | .2257 .2291 .2324).2357 | .2389 .2422 .2454 2486 .2517 .2549
0.7 .2580 .2611 .2642).2673) .2703 .2734 .2764 .2794 .2823 .2852
0.8 .2881 .2910 .2939§.2967| .2995 .3023 .3051 .3078 .3106 .3133
0.9 .3159 .3186 .3212).3238) .3264 .3289 .3315 .3340 .3365 .3389
1.0 .3413 .3438 .3461).3485] .3508 .3531 .3554 .3577 .3599 .3621
111 .3643 3665 _.36864.37088 3729 3749 3770 3790 3810 .3830
1.2 .3849 .3869 .38880.3907] .3925 .3944 .3962 .3980 .3997 .4015
T3 [ .O03Z -Bogg  gJU00].208Z[ .209Y OIl> OI3> aIar —grez —grrr
14| .4192 4207 .4222).4236) .4251 .4265 .4279 .4292 .4306 .4319
15| .4332 4345 4357).4370) .4382 .4394 4406 .4418 .4429 4441
1.6 .4452 4463 .4474).4484] 4495 4505 .4515 .4525 .4535 .4545
1.7 .4554 4564 .4573].4582| .4591 .4599 .4608 .4616 .4625 .4633
1.8 .4641 .4649 .4656).4664 | .4671 .4678 .4686 .4693 .4699 .4706
1.9 .4713 4719 4726).4732) .4738 .4744 4750 .4756 .4761 4767
2.0 .4772 4778 .4783).4788| .4793 .4798 .4803 .4808 .4812 .4817
2.1| .4821 .4826 .4830§.4834| .4838 .4842 .4846 .4850 .4854 .4857
2.2 | 4861 .4864 .4868).4871| .4875 .4878 .4881 .4884 .4887 .4890
2.3 | .4893 .4896 .4898§.4901§ .4904 .4906 .4909 .4911 .4913 .4916
2.4 | 4918 .4920 .4922).4925) 4927 .4929 .4931 .4932 .4934 .4936
25| .4938 .4940 .4941).4943 ) 4945 .4946 .4948 .4949 4951 4952
2.6 | .4953 .4955 .4956).4957 | .4959 .4960 .4961 .4962 .4963 .4964
2.7] .4965 .4966 .4967)§.4968) 4969 .4970 .4971 .4972 .4973 .4974
2.8 | .4974 4975 4976).4977 ) 4977 .4978 .4979 .4979 .4980 .4981
2.9] .4981 .4982 .4982].4983| .4984 .4984 .4985 .4985 .4986 .4986
3.0|.4987 .4987 .4987).4988 ) .4988 .4989 .4989 .4989 .4990 .4990

5 & 5.4

(1) P(-1.23<Z<2.06)

P(—1.23 <

<7 <2.06)

P(—1.23<Z <0)
+P(0 < Z <2.06)

0.3907+0.4803

0.8710



Lecture 5 MERZ R CiEXRntn () 12EERSH
RETERS %
*m—%l_ EI’

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 [ .0000 0040 0080 .0120 0160 0199 |.0239] 0279 0319 0359
0.1] .0398 .0438 .0478 .0517 .0557 .0596 §.0636f .0675 .0714 .0753
0.2 .0793 .0832 .0871 .0910 .0948 .0987 §.1026§ .1064 .1103 .1141
0.3 .1179 .1217 .1255 .1293 .1311 .1368 §.1406§ .1443 .1480 .1517
0.4 .1554 .1591 .1628 .1664 .1700 .1736 §.1772§ .1808 .1844 .1879
0.5].1915 .1950 .1985 .2019 .2054 .2088 §.2123§ .2157 .2190 .2224
0.6 | .2257 .2291 .2324 2357 .2389 .2422 §.2454§ 2486 .2517 .2549
0.7 .2580 .2611 .2642 .2673 .2703 .2734 §.2764§ .2794 .2823 .2852
08| 2881 2910 2939 2967 2995 3023 |.3051) 3078 3106 .3133
0.91] .3159 .3186 .3212 .3238 .3264 .3289 §.3315§ .3340 .3365 .3389
10| 3413 3438 3461 3485 3508 3531 |3554) 3577 3509 3621
11| 3643 3665 3686 3708 3729 3749 |3770] 3790 3810 3830
12| 3849 3869 3888 3907 3925 3944 |3962] 3980 3997 4015
1.3 ] .4032 .4049 4066 .4082 .4099 4115 §.4131\) .4147 .4162 4177
1.4 .4192 .4207 .4222 4236 .4251 4265 §.4279§ .4292 .4306 .4319
15| 4332 4345 4357 4370 .4382 .4394 §.4406101 .4418 .4429 .4441
1.6 | .4452 .4463 4474 4484 4495 4505 |.4515|) .4525 4535 4545
1.7 | 4554 4564 4573 4582 4591 4599 |§.4608 ) .4616 .4625 .4633
1.8 .4641 .4649 .4656 .4664 .4671 .4678 |.4686|) .4693 .4699 .4706
1.9 L4750

20| 4772 A4T78 4783 4788 4793 4798 | 4803 4808 4812 4817
2.2 | 4861 .4864 .4868 .4871 .4875 .4878 |.4881| .4884 .4887 .4890
2.3 | .4893 .4896 .4898 .4901 .4904 .4906 §.4909§ .4911 .4913 .4916
24| 4918 4920 4922 4925 4927 4929 |4931| 4932 4934 4936
251 .4938 .4940 .4941 .4943 .4945 4946 §.4948§ .4949 4951 .4952
26| 4953 4955 4956 4957 4959 4960 |.4961| 4962 4963 4964
2.7 1 .4965 .4966 .4967 .4968 .4969 .4970 §.4971§ .4972 .4973 .4974
2.8 .4974 4975 4976 .4977 4977 .4978 §.4979) .4979 .4980 .4981
2.9 .4981 .4982 .4982 .4983 .4984 .4984 §.49850) .4985 .4986 .4986

3.0

4987 4987 4987 .4988 .4988 .4989

4989

4989 4990 .4990

5 & 5.4

(1) P(-1.23<Z<2.06)

P(—1.23 < Z < 2.06)

P(—1.23<Z < 0)
+P(0 < Z < 2.06)

0.3907+0.4803
0.8710



Lecture 5 MERZT I FERpm (e) REERSH
e
*m&l_ E 7]

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 | .0000 .0040 .0080 .0120 §.0160§ .0199 .0239 .0279 .0319 .0359
0.1 .0398 .0438 .0478 .0517 §.0557) .0596 .0636 .0675 .0714 .0753
0.2] .0793 .0832 .0871 .0910 §.0948§ .0987 .1026 .1064 .1103 .1141
0.3] .1179 .1217 .1255 .1293 §.1311§ .1368 .1406 .1443 .1480 .1517
0.4] .1554 .1591 .1628 .1664 §.1700§ .1736 .1772 .1808 .1844 .1879
0.5 .1915 .1950 .1985 .2019 §.2054§ .2088 .2123 .2157 .2190 .2224
0.6 | .2257 .2291 .2324 .2357 |.2389) .2422 .2454 2486 .2517 .2549
0.7 .2580 .2611 .2642 .2673 |.2703) .2734 .2764 .2794 .2823 .2852
0.8 .2881 .2910 .2939 .2967 §.2995) .3023 .3051 .3078 .3106 .3133
09| .3159 .3186 .3212 .3238 §.3264) .3289 .3315 .3340 .3365 .3389
1.0 .3413 .3438 .3461 .3485 §.3508) .3531 .3554 .3577 .3599 .3621
1.1 .3643 .3665 .3686 .3708 §.3729) .3749 .3770 .3790 .3810 .3830
henles3849.,3860 3888 3007 _1.30201..3044__3062_.3980 3007 4010
1.3 | .4032 .4049 .4066 .4082 §.4099) .4115 .4131 .4147 .4162 4177
T2 2197 .Z207 8222 4236 §.2251] 22065 2279 2297 .Z306 .Z319
15| .4332 .4345 4357 4370 |.4382) .4394 .4406 .4418 .4429 .4441
1.6 | .4452 4463 4474 4484 §.4495) .4505 .4515 .4525 .4535 .4545
1.7 | 4554 4564 4573 .4582 §.4591) .4599 .4608 .4616 .4625 .4633
1.8 .4641 .4649 .4656 .4664 |.4671) .4678 .4686 .4693 .4699 .4706
19| 4713 .4719 4726 .4732 |.4738) .4744 .4750 .4756 .4761 .4767
2.0 4772 4778 4783 .4788 §.4793) .4798 .4803 .4808 .4812 .4817
2.1 .4821 .4826 .4830 .4834 |.4838) .4842 .4846 .4850 .4854 .4857
2.2 | 4861 .4864 .4868 .4871 |.4875) .4878 .4881 .4884 .4887 .4890
2.3 | .4893 .4896 .4898 .4901 §.4904{ .4906 .4909 .4911 .4913 .4916
2.4 .4918 .4920 .4922 4925 §.4927) .4929 .4931 .4932 .4934 .4936
2.5 .4938 .4940 4941 .4943 §.4945] .4946 4948 .4949 4951 4952
2.6 | .4953 .4955 4956 .4957 §.4959f .4960 .4961 .4962 .4963 .4964
2.7 1] .4965 .4966 .4967 .4968 §.4969f .4970 .4971 .4972 .4973 .4974
2.8 .4974 4975 4976 4977 §.4977) .4978 .4979 .4979 .4980 .4981
2.9 .4981 .4982 .4982 .4983 |.4984 ) .4984 .4985 .4985 .4986 .4986
3.0 | .4987 .4987 4987 .4988 J.4988j .4989 .4989 .4989 .4990 .4990

B 5.4 (2) P(Z<-—1.34)

P(Z < —1.34) = 0.5 — 0.4099

= 0.0901



Lecture 5 MERZ R CiEXRntn () 12EERSH

B HERZHXDPERDT N oKD & X, 20 1 XLk
=a+bX (a,b lITH)H1ERDT N(a + bu,b%0?) IZHES

X~N@u0*) > aX+b~N(a+bp,b?s?

~N(0,1) EEL

X_
X~N@o?) > Z= G“

Bl X ~N(2,5%) %#1ZHT 5 &

Z = ~ N(0,1
= (0,1)




Lecture 5 FERETMETER D4 (r) BREERDH
Bl BB 55 X WIEFRDH N(—1,2%) [ZED & &,
(1) P(X < 229) =3k &,
(2) PX >x)=001 THHEOIH x DIEZKD L.

X —
A N,

ZHW, X~N(po?) B Z=

X— (=1 _229- (—1))

(1) PX < 2.29) =P( ; < >

= P(Z < 1.645)

= 0.5+ 0.45

= 0.95



Lecture 5 MERZ R CiEXRntn () 12EERSH

) B8 5.5 X HDIERDH N(—1,22) IZHED & &,
(1) P(X < 229) =k &,
(2) P(X >x)=001 THHEOIH x DIEZKD L.

\ X —
E#, X ~N(uo?) mmp 7= U”~N(0,1)

(2) P(X>x)=P<X_(_1)>x_(_1))
2 2
x+1
=P(Z> 2 ) x+1 0
T=2.33

—7%, P(Z>2.33)=0.01




Lecture 5 MERZ R CiEXRntn () 12EERSH

|~

5] BB 5.6 HAFWHMOLTEDEE [cm] 1, FIHE=156, ZERE=5 OIEH
DI EEZHbNBEE, 153cm LLE 160cm LLTFTOL M IEe
EKOR% % H& 5 H.

[Z& (10%) ]




Lecture 5 MERBM R ntn () I1REERSH

|~

5] BB 5.6 HAFWHMOLTEDEE [cm] 1, FIHE=156, ZERE=5 OIEH
DI EEZHbNBEE, 153cm LLE 160cm LLTFTOL M IEe
RO % 7% 58 5 H.

BR*X &£95%E, X~N(156,5%)
k& B EEIL P (153 < X < 160)

153 —156 X —156 160 — 156
P(153§XS160)=P< 150 X6 10 ) /

= P(—0.6 < Z <0.8) /
=P(0<Z<06)+P(0<Z<08)

= 0.2257 + 0.2881 = 0.5138



fEseT

FAR DR

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .0000 .0040 .0080 .0120 .0160 .0199 .0239 0279 .0319 .0359
0.1 .0398 .0438 .0478  .0517 .0557 .0596 .0636 .0675 .0714 .0753
0.2 .0793 .0832 .0871  .0910 .0948 .0987 .1026 .1064 1103 1141
0.3 1179 1217 1255 1293 1311 .1368 .1406 1443 .1480 1517
0.4 1554 1591 1628 1664 1700 1736 772 .1808 1844 1879
0.5 1915 1950 1985 .2019 .2054 .2088 2123 2157 2190 2224
0.6 2257 2291 2324 2357 .2389 2422 2454 .2486 2517 .2549
0.7 .2580 2611 2642 2673 2703 2734 2764 2794 2823 .2852
0.8 .2881 2910 2939 .2967 2995 .3023 3051 .3078 .3106 3133
0.9 .3159 .3186 3212 3238 .3264 .3289 3315 .3340 .3365 .3389
1.0 .3413 .3438 3461 .3485 .3508 3531 .3554 3577 3599 .3621
11 .3643 .3665 3686  .3708 3729 3749 3770 3790 .3810 .3830
1.2 .3849 .3869 .3888  .3907 3925 .3944 .3962 .3980 .3997 4015
1.3 4032 4049 4066  .4082 4099 4115 4131 4147 4162 4177
14 4192 4207 4222 4236 4251 4265 4279 4292 4306 4319
15 4332 4345 4357 4370 4382 4394 4406 4418 4429 4441
1.6 4452 4463 4474 4484 4495 4505 4515 4525 4535 4545
1.7 4554 4564 4573 4582 4591 4599 .4608 4616 4625 4633
1.8 4641 4649 4656  .4664 4671 4678 .4686 4693 4699 4706
1.9 4713 4719 4726 4732 4738 4744 4750 4756 4761 4767
2.0 4772 AT778 4783 4788 4793 4798 4803 .4808 4812 4817
21 4821 4826 4830  .4834 4838 4842 4846 4850 4854 4857
2.2 4861 4864 4868  .4871 4875 4878 4881 4884 4887 4890
2.3 4893 4896 4898 4901 4904 4906 4909 4911 4913 4916
24 4918 4920 4922 4925 4927 4929 4931 4932 4934 4936
2.5 4938 4940 4941 4943 4945 4946 4948 4949 4951 4952
2.6 4953 4955 4956 4957 4959 4960 4961 4962 4963 4964
2.7 4965 4966 4967  .4968 4969 4970 4971 4972 4973 4974
2.8 4974 4975 4976 4977 A977 4978 4979 4979 4980 4981
2.9 4981 4982 4982 4983 4984 4984 4985 4985 4986 4986
3.0 4987 4987 4987  .4988 4988 4989 4989 4989 4990 4990




IR E (A 258K)
EFEHEFR 1 FEMmIT
BHEE B (BRRZETHER)

| ecture b
MERZ I & R (Ft)

EHY




HIEBEREFEHE (£FEQ 2 3#ER)
EFEEZE 1 FE Mm@
BYE  BMAHEE (BRAEHERD

| ecture ©

BRI & ER

=]
!:’@E o & FER
5.1 HEH & EAR
5.3 2RI D H
E 4B EXEDT
4.4 BRI DMERDTh

Al
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1A H L1812, T OMIET — 2 AER L NS

[ aem | mmp | mx

EH (population) = FAEIF R D 24K

FREL L THEET 2ES (HEmARARY)
X 7-1%, s iﬁméﬂ%(aﬁviﬁ@)

#iETF— % |

EAR(sample) =REHA Y HL-EE (525 %H)
Y L ADER @ EVEAE T T
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BEXRBIIELDERL
ESL . i s

EAE A H

1) BEAD S 1EADER x NMEoND.

2) BRIZEEAICHEINDIDT, ZOx 1ZBRESNDH D,
L 1ETHRDOERTRDOEDIZT.

3) I T, EAEZHEADH IR EXREZHX L AT,

EI 1EOERIHEREH X THY, ZOHHIT,
X ~ BRI
R EOSNIBET —X x T X DEIREBLEEZ .
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BEXRBIIELDERL
ESL di s

B{EAETHE E—EBETICEIT 3
M) IRLEERD N

1) BEE»S nBAOER x;,x,,++, x, =155.
2) &R x; [$HEXRTH X, & LTKS.
3) EEABETHELRDT, X1,X,, -, X, I RTEHEASHITKEW, DML TH 5.

TRt nEOERIIERZHI X, ,X,, -, X, TH ),
TN IHIIT, AmTHD. DI,
X, ~ BEHDH
EREONIBET —X x; 13X, DERELEEZS.
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SHRET O BEY

BAES
btk

EERICH Y 7oL DI,
B 0 = BEFOFE R
P18, S, 20D

|~]

\_

EFIN
Xy, Xy, X

0 TR X, X,,...X,, ZFHHWT
R OADEEIAFTETKRD 3.
0 =T(Xy, Xz, Xy)

J

Rl O DREED AT,
EHEEMNZTO ZHET 5.
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HEXRZHOM ETE

O =TX, Xy, X,) DL BHERTHDOEH KD

MEXRZTH XY & T a, b IZXL T

X+Y A
Xy . &

aX P ANhT7—EF (RAHT7—H)

aX + bY IR GREHFES
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X (FHREORIIE)
MEXRZH XY & T a T LT
(1) E[aX] = aE[X]
(2) E[X+Y]=E[X]+E[Y]

Bl (1) XZH 4200 B&d 35L&,

1
E[X]=-(1+2+3+4+5+6) =35
Y ZH A0 DBEZ 105 L TEANDI R ET S L,

E[Y] = E[10X] = 10E[X] = 10 x 3.5 = 35
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X (FHREORIIE)
MEXRZTH XY & T a lZ LT
(1) E[aX] = aE[X]
(2) E[X+Y]=E[X]+E[Y]

Bl (2) Y4z &aA vH=RBFICEITT,
XEHA(aonB vy AZ2a4 2 0EQE0)T 3 &,

1 1
E[X]=-(1+2+3+4+5+6) =35 E[Y]=5(0+1) =05

ZA%YA200B A yAEEbE-aEd5LE,

E|Z] =E|X+Y]|=E|X]+E|Y]=354+05=4
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SEBE  EEREOBAEERS (BENTRESHNLE) FIHEDTE R

(1) X OEY 5 BB x; 25 aX DHY 5 2B ax;

ElaX] = ZaxiP(X =x;) =a inP(X = x;) = aE[X]
E[X-|-Y]=Z(xi+yj)P(X=xi,Y=yj) =inp(x=xi,Y=yj)+zyjp(x=xi,y=yj)

% 11814,

N xp(x=x,¥ =) = ﬂ?p(x—xl,y y,)—zxﬂX—xl)— E[X]

L,j

E2BLRRKRICEFELT, E[X +Y] = E[X] + E[Y]
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EE mREM XY & T a lSHLT,
(1) V[aX] = a?V[X]

(2) V[X+Y]=V[X]+V[Y] + 2Cov(X,Y)
7272 L, Cov(X,Y) = E[XY] — E[X]E[Y] ZHDBE & WD

SR (1) V[ax] = E[(aX)?] — E[aX]?
= E[a2X?] — (aE[X])?

= a?E[X?] — a*E[X]?
= a’(E[X?] — E[X]?)

= a?V|[X]
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o | s U /\:I:I:&/\:_Et
TR mEREMXY & EHaICHLT, AR
_ 21 2
(1) V[aX] = a?V[X] VIX] = E[X*] — E[X]

(2) VIX+Y]=V[X]+V[Y]+ 2Cov(X,Y)

=72 L, Cov(X,Y) = E[XY] — E[X]E[Y] & FH &L & UL

GERH (2) VX4 Y] =E[(X+Y)?] —E[X +Y]?

= E[X?+2XY +Y?] — (E[X] + E[Y]?

= E[X?] + 2E[XY] + E[Y?] —E[X]? — 2E[X]E[Y] - E[Y]?
=VI[X]|+VIY]+ 2(E|XY] — E[X]|E[Y])

= V[X] + V[Y] + 2Cov(X,Y)
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T (R RHEXRZTH)
FERZTHX,Y DML THNIL,
(1) E[XY] = E[X]E[Y]
(2) VIX+Y]=V[X]+V][Y]

Bl YA ap2EBIFCHAZEE XY LT DL,

1
EIX] = E[Y] = -(14+2+3+4+5+6) =35

Z YA 3R2EKIFCHI-BDIEET % L&,

E[Z] = E[XY] = E[X]E[Y] = 3.5 X 3.5 = 12.25
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if B R 0BE RS ERYTIIBEIDTLE)
(1) X,y DHY 5 218h x;, y; 745 XY DEY 5 B1EIE x;y;

Z> X, Y DI

— inyjP(X — xi)P(Y = y])
= ) xP(X =x) ) yP(Y = ;) = EXIE[Y]

(2) MEXRZHOHMODE  V[X+Y]=V[X]+V[Y]+ 2Cov(X,Y)
H£280  Cov(X,Y) = E[XY] — E[X]E[Y]

XY L TeHNIL, E[XY] = E[X]E[Y] 7 DT, Cov(X,Y) =0

£ -, VIX + Y] = V[X] + V[Y]
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IERERB R DORIEGE

EE 2 DOIEBHERER X~N(uy,0), Y~N(uup, 03) NI TH B LT 5.
TDEE, FHab |l LT, aX+bY HLIERERZTH TH - T,

aX + bY ~ N(au, + bu,, a?>cf +b?*c%)

> aX +bY DD ERDHICEHD T EZFABT 221, ZERBMO Boxik ) wELDH S
(zEZEZ2EA B L)
> ZZTlE, FIEEEZ TR L THL.

ElaX + bY]| = ElaX]| + E[bY] = aE|X]| + PE[Y] = au, + bu,

VlaX + bY] = V]aX] + V[bY] = a?V[X] + b?V[Y] = a’c{ + b%c%
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[ mEF o ~ BT
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X ~ BRI ERTHOHH
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F

W OVBREEE (CLT) oZF
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— ik DEERH» HERY B L 7= n @0 EE
AERDERFIG X O, n HAAKE
W& X (LAY,
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L L EDEF
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Lecture 6 EXRMH & FRHSH  HOERETE
Bl 58 6.2 (ZIEAHOEFELD

TIEST B(np) i, n A RKEWE X, BILEHEESEE L OERNSE
N(np,np(1—p)) THEUTEZE 3,
21,2, Ly L NILX—A ST, TNENDOFEE =p, DEL=p(1 —p)

X, =Z,+Z,++Z,~B(n,p) INIITE

—7, CLT 24L&V,

~ N(np,np(1—p))

-
N

L7=A">7T, B(n,p)= Nnp,np(1l-—p))
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B 6.3 NFEHIA v EA00EIRITIZEE, RA22DMULEHBHEREZ KD L.

X :3ZRDOME X ~ B(400,0.5) = N(200,102)
P(X > 225) = P(X = 224.5) <[ EhHE (FERE) ]

(X 200 _ 224.5 - 200) N

- 10 = 10 N\
\\
= P(Z = 2.45)
AN
= 0.5 — 0.4929 = 0.0071 S~

224 225 226 227
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E B (FEREE=CLT)
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NMRIEE=
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> WHEE O =T |IHEXRZHTH 5

sample 1: sample 2:
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Lecture 7 ST P&

BB 7.1 ¥ u, B9 o? OBEFIoIRY HESNT-BIEAEA%
X, Xy, X, £EF 5.

1 v
(1) AT X = Zxk BT L OTREITEETH 5.

(1) EX]=pzmtidLW. f§ETH 5:
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B 7.1 ¥ u, B9E o OBERD OEY HEN/TCEFRERE

X, Xy, X, £EF 5.

1 v
(1) AT X = Exk BT L OTREITEETH 5.

(2) MEFH 7= ) aXe bEBFHYpOTRETETH 2.

712720, ¢, =0 DD Y, =1 X

k=1

4

INE ¢, = % DIFE HIEAR T

(2) =

CIE DIRIE 2 FH LS 721

n

2 Cr Xk

—ZCRE[XR] =§n:ckﬂ = U ick = U

k=1 k=1 k=1




Lecture 7 =RIET NMRIETE

PR T1.2 X;,Xy,.., X, (TR TRE—2DICHE S BT, ZDFIF E[X;] = 4,
DEUT VI[X;] =02 THDETBH. T8 cy, 0y, , ¢, ZREE T BEDA
DG T = c Xy + -+ X, ZE R D.

(1) TH p O REEETHH7=DI2, TR ¢y, ,¢cp DilT=T NETEZHZRD L.
(2) METREEEDH T, P ZTR/NMNITDER ¢q,-,c, ZKD L.

=23 KE\EEZ 106]\]

(1) [(FIMEDRFE] HERTH XY & Ffla b IIFLT
E[aX + bY] = aE[X] + bE[Y]
(2) [DEXDIEM] ML BFERTH XY & T a, b ICHL T
VlaX + bY] = a2 V[X] + b2 V[Y]
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PR T1.2 X;,Xy,.., X, (TR TRE—2DICHE S BT, ZDFIF E[X;] = 4,
DT V[X] =02 THBHETH. E ey, 0y, ¢, ZREE T BEDH
DG T = c Xy + -+ X, ZE R D.

(1) TH p O REEETHH7=DI2, TR ¢y, ,¢cp DilT=T NETEZHZRD L.
(2) METREEEDH T, P ZTR/NMNITDER ¢q,-,c, ZKD L.

(1> E[T]ZE[61X1+'°'+Can] E[T]=,u EILDHDIE
¢4+ =1
DEZTTHS.

— ClE[Xl] + -+ CnE[Xn]

= Cip+ ot Cot

(I
|-
I

DRy

= (1 + -+ cpu X ZDEET HNE
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PR T1.2 X;,Xy,.., X, (TR TRE—2DICHE S BT, ZDFIF E[X;] = 4,
DT V[X] =02 THBHETH. E ey, 0y, ¢, ZREE T BEDH
DG T = c Xy + -+ X, ZE R D.

(1) TH p O REEETHH7=DI2, TR ¢y, ,¢cp DilT=T NETEZHZRD L.
(2) METREEEDH T, P ZTR/NMNITDER ¢q,-,c, ZKD L.

(2) VIT] =V[c Xy + - + ¢, X;,] X o ++c,=1DHLET
— V[C1X1] + .-+ V[Can] C12 4+ ...+ CTZL
= cfVIXi] + o+ GV [Xa) DEIMEEER D,

= (cf + -+ ch)o?
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ci+ o tc,=1DHLETci++c2 DRNMEEEZX 5.

ct+-+ck=(—a)+-+(c, —a)? +2a(c; + -+ ¢,) — na?
=(c; —a)*+ -+ (¢, —a)* + 2a —na*

L7=A'>T, c?2+-+c2 T cg =

c,=a D& EXBIMEE LD,
i+ +c,=1 ZEhET

I BT
(%) ca=r=cy=— (EBDF)

DEE, ct+-+ck IRIMEZ & B. /

DFY, T=cX{++c, X, DOEUT (%) DEZTRNALS,
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BEM - =1
% B8 o2 y % L2y An ) = kZleXk

ST EDHICRHF p ONMRHEETH 5.

> BRI X, INE

E[X] = E[T] = 0
> X DFEDFRO EH/NME WL
— — NN ——N——
VIX] < V[T] X
BEE[T] = u

>XDANHEEEE L TENTWDS
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2 DD NRIEEE
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- A 518 T 1= NlX, Xz )
7;& 9 Xl)XZ ) "';XTL TZ — TZ(X]_’XZ ) ""XTL)
\_ Y, Y,

> MEED S E[T] =E[T,] =6

| BN 0

> o8 VI[Ty] = E[(T; — 6)?]
V[Tz] = E[(Tz — 9)2]

VI, ] S V[P EE, T, & T, £ YER
(efficient) TH D & LS,
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Lecture 7 RIET EERDEHE RO

EE /Y, B8O o2 OBERN, SIY HENT: n BOEEAEAR%
X1, Xp o Xy ETHEE,

(1) BASHE =2 Y Ke=F? OFHEE  ES?] = ——o
k=1

_ 1 < _
) RSB U2 =—— > (- 0? oFigfEF EUY] = o’
k=1

DX, MEDRUIEDEHDMRIEEETH 5.

AE RtETOhA S (HEEREEZR L)



Lecture 7 ST P&

PET7.3 (KA VEERE)
1EZEABIBICEBLESHA DOV TWAHELNFHZKL L TWE, BEINLE
SN X, X0, X3 THHT-LE, TNHLDRAEEZ M = max{X,, X,, X3} &HBL.

THEE N = %M —1 ITEEORE N ONRIETETH 5.

£, M ODHEERDPHZ KO T,EM] =5tE L £ 5.

50 3k-Dk=-2)  3(k—1)(k—2)
™) S 2IN(IN-1D(N-=2) NN -1(N-2)

P(M=k)=

N N
3
E[M) =;kp(1v1 — k) :N(N_l)(N_Z);k(k—l)(k—Z)
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N
. 3 s
P E[M]=N(N_1)(N_2);k(k—1)(k—2) DEE
[stED ~ U v )
N 1 N
Z k(k — 1)(k — 2) = ZZ{(k + Dk(k = 1)k —2) = k(k — 1)(k = 2)(k — 3))
k=1 k=1

:%(N+ DN(N —1)(N - 2)
L7=h"> T,
3
N(N-1)(N-2)

E[M] = X — (N+1)N(N—1)(N 2)_—(1v+1)

4 . _
N IZCDOWTHRL &, E[§M—1] = N. X -7, N=§M—1 I N ODNRIETE =.



Lecture 7 ST P&

B & 7.3 (FAVEERMRE)
HEXINT-EFESD X, X, X, THH712EFT, TNoDEKEZ
M = maX{Xl,Xz,“',Xn}

Y It f\7=(1+%)M—1 THEDOBE N ONMBHEETH D,

n=3DEEIM-> CHETZTS



Lecture 7 ST P&

B BB 7.3 (FA VEEME)

HEINLESD X, Xy, X, THHTcEE, TNOLDERKNEZR
M = maX{Xl,Xz,“',Xn}
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Statistical Conventional

Month astimate estimate*) German records
June 1940 169 1,000 122
June 1941 244 1,550 271
August 1942 327 1,550 347
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v .90 .80 .70 .60 .50 40 .30 .20 .10 .05 .02 .01
1 .158 325 .510 727 1.000 1376 1963 3.078 6.314 12.706 31.821 63.657

2 .142 .289 .445 .617 816 1061 1386 1886 2920 4303 6.965 09.925

3 137 277 424 .584 .765 978 1.250 1.638 2.353 3.182 4.541 5.841

4 134 271 414 .569 741 941 1190 1.533 2.132 2.776 3.747 4.604

5 132 .267 .408 .559 727 920 1.156 1.476 2.015 2571 3.365 4.032

6 131 .265 404 .553 718 906 1134 1440 1943 2.447 3.143 3.707

7 .130 .263 402 .549 711 .896  1.119 1415 1.895 2.365 2.998 3.499

8 .130 .262 .399 .546 .706 .889 1.108 1.397 1.860 2.306 2.896 3.355
9 129 .261 .398 .543 .703 .883 1.100 1.383 1.833 2.262 2.821 3.250
10 .129 .260 .397 .542 .700 879 1.093 1372 1812 2228 2.764 3.169
11 129 .260 .396 .540 .697 876  1.088 1363 1.796 2.201 2.718 3.106
12 128 .259 .395 .539 .695 873 1.083 1356 1.782 2.179 2.681 3.055
13 128 .259 394 538 694 870 1079 1350 1.771 2160 2.650 3.012
14 128 .258 393 .537 .692 868 1.076 1345 1761 2.145 2.624 2.977
15 128 .258 393 .536 .691 .866 1.074 1.341 1.753 2.131 2.602 2.947
16 128 .258 392 .535 690 .865 1.071 1337 1746 2120 2.583 2921
17 .128 .257 .392 .534 .689 .863 1.069 1333 1.740 2110 2.567 2.898
18 127 .257 .392 534 .688 862 1.067 1330 1.734 2101 2552 2.878
19 127 .257 391 .533 .688 .861 1.066 1.328 1.729 2.093 2.539 2.861
20 127 .257 391 .533 .687 .860 1.064 1325 1.725 2.086 2.528 2.845
21 127 .257 391 .532 .686 .859  1.063 1323 1.721 2.080 2518 2.831
22 127 .256 .390 .532 .686 .858 1061 1321 1.717 2.074 2.508 2.819
23 127 .256 .390 .532 .685 .858 1.060 1.319 1.714 2.069 2.500 2.807
24 127 .256 .390 531 .685 .857 1.059 1.318 1.711 2.064 2492 2.797
25 127 .256 .390 531 .684 .856 1.058 1316 1708 2.060 2.485 2.787
26 127 .256 .390 531 .684 .856 1.058 1.315 1.706 2056 2.479 2.779
27 127 .256 .389 531 .684 .855 1.057 1314 1703 2052 2473 2771
28 127 .256 .389 .530 .683 855  1.056 1.313 1.701 2.048 2.467 2.763
29 127 .256 .389 .530 .683 .854 1.055 1311 1.699 2045 2462 2.756
30 127 .256 .389 .530 .683 .854 1.055 1310 1.697 2.042 2.457 2.750
40 126 .255 .388 .529 .681 .851 1.050 1.303 1.684 2.021 2423 2.704
60 126 254 .387 .527 .679 .848 1.046 1.296 1.671 2000 2.390 2.660
120 126 .254 .386 .526 .677 .845 1.041 1.289 1.685 1980 2.358 2.617
0 .126 .253 .385 .524 .674 842  1.036 1.282 1.645 1960 2.326 2.576




1]
t,,(0.05) = 2.086
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2 .142 .289 445 .617 816 1.061 1386 1.886 2.920f 4303 | 6.965 09.925

3 137 277 424 .584 .765 978 1.250 1.638 2.353] 3.182 | 4.541 5.841

4 134 271 414 .569 741 941 1190 1.533  2.132) 2.776 | 3.747 4.604

5 132 .267 .408 .559 727 920 1.156 1.476 2.015] 2.571 | 3.365 4.032

6 131 .265 404 .553 718 906 1134 1440 1.943) 2.447 | 3.143 3.707

7 .130 .263 402 .549 711 .896  1.119 1.415 1.895] 2.365 | 2.998 3.499

8 .130 .262 .399 .546 .706 .889 1.108 1.397 1.860f 2.306| 2.896 3.355
9 129 .261 .398 .543 .703 .883 1.100 1.383 1.833} 2.262| 2.821 3.250
10 .129 .260 .397 .542 .700 879 1.093 1372 1.812) 2.228 | 2.764 3.169
11 129 .260 .396 .540 .697 876  1.088 1.363 1.796] 2.201 | 2.718 3.106
12 128 .259 .395 .539 .695 873  1.083 1356 1.782| 2.179 | 2.681 3.055
13 128 .259 394 538 694 870 1.079 1350 1.771] 2.160 | 2.650 3.012
14 128 .258 393 .537 .692 868 1.076 1.345 1761} 2.145 | 2.624 2.977
15 128 .258 393 .536 .691 .866 1.074 1.341 1.753] 2.131 | 2.602 2.947
16 128 .258 392 .535 690 .865 1.071 1.337 1.746) 2120 | 2.583 2921
17 .128 .257 .392 .534 .689 .863 1.069 1.333 1.740f 2110 | 2.567 2.898
18 127 .257 .392 534 .688 862 1.067 1330 1.734] 2101 | 2.552 2.878
19 127 257 391 533 .688 861 1066 1.328 1.729) 2.093 | 2.539 2.861
20 127 .257 391 .533 .687 .860 1.064 1.325 1.725] 2.086 | 2.528 2.845
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23 127 .256 .390 .532 .685 .858 1.060 1.319 1.714| 2.069 | 2.500 2.807
24 127 .256 .390 531 .685 .857 1.059 1.318 1.711| 2.064 | 2.492 2.797
25 127 .256 .390 531 .684 .856 1.058 1316 1708] 2.060 | 2.485 2.787
26 127 .256 .390 531 .684 .856 1.058 1.315 1.706] 2056 2.479 2.779
27 127 .256 .389 531 .684 .855 1.057 1314 1.703| 2052 | 2.473 2771
28 127 .256 .389 .530 .683 855  1.056 1.313 1.701} 2.048 | 2.467 2.763
29 127 .256 .389 .530 .683 .854 1.055 1.311 1.699] 2045 | 2.462 2.756
30 127 .256 .389 .530 .683 .854 1.055 1.310 1.697] 2.042 | 2.457 2.750
40 126 .255 .388 .529 .681 .851 1.050 1.303 1.684| 2.021 | 2.423 2.704
60 126 254 .387 .527 .679 .848 1.046 1.296 1.671] 2000 | 2.390 2.660
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27 = THE PROBABLE ERROR OF A MEAN.

Edinléum

By STUDENT.

PEDP
) .
TUF G~ Tntroduction.
Manchester.
o - . . - . 3
FAWSUE /o . ANy experiment may be regarded as forming an individual of a “ population ”
| of experiments which might be performed under the same conditions. A series
vy of experiments is a sample drawa from this population.

London
° Now any series of experiments is only of value in so far as it enables us to form
& judgment as to the statistical constants of the population to which the experi-
ments belong, In a great number of cases the question finally turns on the value
of a mean, either directly, or as the mean difference between the two quantities.

&

If the number of experiments be very large, we may have precise information
as to the value of the mean, but if our sample be small, we have two sources of
uncertainty :—(1) owing to the “error of random sampling ” the mean of our series
of experiments deviates more or less widely from the mean of the population, and

NS N (2) the sample is not sufficiently large to determine what is the law of distribution
1 8 9 9 E # Z\ X t b ) [/ *:t of individuals. It is usual, however, to assume a normal distribution, because, in

a very large number of cases, this gives an approximation so close that a small

I sample will give no real information as to the manner in which the population
& J / @E F ﬁ \_ /l:_IJjEH k deviates from normality: since some law of distribution must be assumed it is

1906-074 jj—_}l/ - BT VICER > /NEADRSEE A T S
1908 B& K (7 14 v ¥ % —h"5 < 5f)
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0 95% SR E R &,

35.9 439 51.2 35.3 36.7 49.4 39.5 59.0
43.8 32.9 36.0 43.0 41.9 44.6 47.2 56.2
45.6 47.7 38.1 51.8 42.3 46.6 35.5 32.4

R
|/

SR 1 —a OEERE X+t (a) %

= 1 2 1 =) 2 2
_ ﬁzxi ~ 4319 42 = 2—32(xi —%)? = 54.231 = 7.36

7.36
95% 1238 X fE] 43.19 + t52(0.05) X — = 43.19 + 4.22
0 23( ) m



Lecture 8 [XEHT P&

B 8.4 HABZOBREOMERRIZESEDFICHD EULvbN TS, KE X 10
DEFEABERIZCDOWVWT, ROT—R%B7-. BFHD 95 % EEXE &
0% EfEXE A k& L.

12.4 13,5 12.7 14.1 13.8 14.1 12.0 12.8 13.1 15.4




Lecture 8 [XEHT P&

8 8.4 HABZOEEDFERR L

DEEAZERIZDONT, RDT

90% EREX A Z K& L.

FEDFICEDY E Wbl T WA KE X 10

— X &HB-. FFEHD 95 % (18
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1
X = 1—02 x; = 13.39 Z(xl- —%)2 = 9.049
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V10
90 % 28X H
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V10
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1 _ 2
u? = 52(xi —x)? =1.0054 = 1.0027

27
= 13.39 + 2.262 X 0.317 = 13.39 £ 0.717

27
= 13.39 £ 1.833 X 0.317 = 13.39 £ 0.581
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