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P& =P(B) = ) P(A,)P(B|A))
S Ay ;
2RO




P(A;) P(B|A;)
P(A1)P(B|A;) + P(A;)P(B|A;) + -+ P(A,)P(B|Ay)
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P(A)P(B|A)

PUIB) = Ba)P(BIA) + P(A%)P(BIA)

2

500

2 498

500 X 095 + 550 %

X 0.95

X 0.02

= 0.160

~19+996

~ 488.04 + 0.1

PiA) = 500

P(B|A) = 0.95
P(B|A€) = 0.02
(2) Fe e S 73 > FERRZ A ?
P(A°|B°)

B P(AS)P(BC|AS)
~ P(AS)P(B€|AS) + P(A)P(B¢|A)

498
£00 X 0.98

= 798 7
g00 < V98 + 550

488.04

X 0.05

= 0.999795
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(1) P(A|B)+ P(A°|B%) =1
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MERDBET —% (CREEAL g, BAE n=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

T —2/ 8 —7F—4% (raw data)
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H7—4%/8—7T—% (raw data) E#oHhE (frequency table)
3110 2500 2770 3010 3000 3000 2740 3040 3060 3410 L\ < 075\0) Igjég%& (7 3 Z) L:

3100 2620 3910 3650 2840 2480 2790 3720 3520 2850
3140 2780 2270 2700 2830 3020 3160 4060 2620 3390 AN S L/ %% — K —g—
J] W,E\ T c~— _T_EIE %)
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 @ — %ﬁ—
3340 3250 2880 3560 3060 3320 2740 2380 3590 2460 7 ﬁ D B
2960 3170 3000 3250 3140 3220 3160 3730 3460 3360

3160 3540 2890 3060 2900 3040 3220 3590 2680 3150 = | 'TE 4180
2770 3220 2970 3300 3560 3520 2760 2740 2820 4180 Hx I— (maX) maX =

&/\M& (min) min=2270

#3 B (range) R =max- min =1910

@ BEHRIE & BB

\ BHCI5 C TR 2

o Hh Y g < EH BEABiE= 200 BEMERE =11 & L &S
° H

. %jﬁgﬁﬂﬂj B £F— %2171 OB ICES 2
@ BEiBiE
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H7—4%/8—7T—% (raw data) E#nfmhi (frequency table)

3110 2500 2770 3010 3000 3000 2740 3040 3060 3410

3100 2620 3910 3650 2840 2480 2790 3720 3520 2850 Iglécﬁg&%ét% B%%& B%%&{E }_EI_?;';

3140 2780 2270 2700 2830 3020 3160 4060 2620 3390

3050 3190 3710 3460 3200 3260 3040 3610 3360 3280 1 2100~2300 2200 1

3300 3020 3360 3140 3300 3600 3330 3300 3300 3170
3340 3250 2880 3560 3060 3320 2740 2380 3590 2460

2480 3440 2970 3050 2590 3320 3580 3820 3450 4150
2300~2500 | 2400 5

2960 3170 3000 3250 3140 3220 3160 3730 3460 3360
3160 3540 2890 3060 2900 3040 3220 3590 2680 3150

2500~2700 | 2600 5

2770 3220 2970 3300 3560 3520 2760 2740 2820 4180

2700~2900 | 2800 15

2900~3100 | 3000 18

3100~3300 | 3200 24

\ 4

\ 3300~3500 | 3400 | 13
o DT CERE

3500~3700 | 3600 | 11
« AJfRAL

O (ol N|OO|OC| BlW[IDN

3700~3900 | 3800 4

« RFEE e

10 3900~4100 | 4000 2

11 4100~4300 | 4200 2

5 100
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E#9%KR (frequency table)

BRES| R | BRME | EX EARTTL

1 | 2100~2300| 2200 1 |

2 | 2300~2500 | 2400 5 | L

3 | 2500~2700| 2600 5 | ®1-

4 | 2700~2900 | 2800 15 oL _— | [
2000 2500 3000 3500 4000

5 | 2900~3100 | 3000 18 ot (0

6 | 3100~3300| 3200 24

7 | 3300~3500| 3400 13 EBZ AR

8 | 3500~3700| 3600 11 1
20

9 | 3700~3900 | 3800 4 E -

10 | 3900~4100 | 4000 2 107

11 | 4100~4300 | 4200 2 oL

— 2000 2500 3000 3500 4000

5 100 HE (g)
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& (median)
MT—2D5E : T—X2%Z /NI WED D HAERTIERA FRD(E
EHT—205E : 20082 ET (HRESE)

i 3A1E (mode)
ERT —XDFEDH  mRKEHT & 5 ERE

\

538X (variance) s? = s2

1 _
W7 -0 S = ;z(xi —x)*

k
wr - 1 _ <
EMF— 20 2 =52(cj —%)’f FE RSN
j=1
oxm

ZHE(RZ= (standard variation) s = /s?2
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TEIE 2.1
n
(1) REOHUXOTHS 20%' %) =0
“ . =1
(2) DB l /[ — X D2FDFE
n
1
M7 —2D5E . EZ x;
i=1 —
. s% = x2 — x*
1
EHT— A 0BE 57 = EZ

n
1 _ 1 _ _
= EZ(XL- —x)% = gZ(xzz — 2kx; + x?)
i=1
1 1 1 1
__zxiz —2x _Exi‘l'—Efz =—in2 — x?
n n n n
FIME x | X2
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128 2.3 (—%=p)

19, S, R EE R &

(E{I100g)
FERRAE| Cj | 22 | 24 | 26 | 28 | 30 | 32 | 34 | 36 | 38 | 40 | 42 | Ft
E# | ff | 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
¢/ | 484|576 676|784 |900 [1024|1156(1296(1444|1600|1764
Cjzf}' 484 2880|3380 |11760|16200|24576|15028|14256| 5776 | 3200 | 3528 |101068

100

1
;= ——X 3154 = 31.54

1
= ——X = .
100 101068 = 1010.68

2

s? =x2 —x?

= 1010.68 — 31.542

= 15.91

s =Vv15.91 = 3.99
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BEME 2.4 (—80)  F1, o8 @ERER R L.
= | g 112|3|4|5|6|7|8|9|1011|12] F
B | f 1613 9 [13]10] 9 |10 7| 5| 2| 1| 0100
¢if; 16 | 26 | 27 | 52|50 |54 | 70 | 56 | 45 |20 |11 | 0 | 427
¢/ 1|4 |9 |16|25|36|49|64|81|100{121(144
¢’ f; 16 | 52 | 81 |208|250|324|490|448|405|200|121| 0 |2595
1 2 _ 2 _ 2
x=gzcjf]=mx427=427 ST=X X
= 25.29 — 4.272
— 1 1 _
X =—z 2f; = —— x 2529 = 25.29 =7.72

100

=V7.72 =2.78
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An example of data : BoHREFDER (x,y)

Mid-Heights of Parents (x)

Heights of Adult Children (y)

below 64.5 65.5 66.5 675 68.5 69.5 70.5 715 72.5 above

F. Galton (T k)
Regression towards
mediocrity in hereditary
stature, Anthropological
Miscellanea (1886)

ANTHROPOLOGICAL MISCELLANEA.

TREGRESION fowards Mwotocuiry 5 HeREMTARY SraTurs.
By Frazqs Gauwos, PRS, &

[Wres Pracss X awo X

Tms memoir containg the data npon whieh the remarks on the Law
of Regression were fonndod, that [ mado in my Prasidentisl Address
to Section II, at Aberdeen. That address, which will appear in
duc eouzse in the Journal of the Brilish Association, has already
been pablished in * Nature,” Soptemwber 84th, I reproduce here
the portion of it which hears mpon regression, togather with some
amplifieation where brevity had rendered it obsenre, nod Thave added
copies of the dingrats suspended at the mecting, withoul which the
lotterpross is mecessarily difficult to follow. My objeck it to plice
beyond donbt the exiskénee of a simple and far-roaching law tiat
governs the horedilary transmission of, [ believe, every one of thowe
simple qualities which all possess, though in uncqual degrees. I
once before ventured to draw atiention to this Taw on far wore
slender evidenee than T now possess.

1t s somo years since ] made an cxtensive serien of experiments
on the produre of sceds of different size but of the same species.
They yieldod rosults that sesmed very noteworthy, and I nsed them
as the basis of a lecinve before the Royal Inskitution on February
Uth, 1877, 15 appesred from these experiments that the offspring
did not tend to vesemble thoir pavent seeds in size, but to be always
more mediogre thuu they-—to be smaller thun the pavents, if the
purents were lurges to larger than the purcois, 3 the parents
wore very small. The point of convergence was considerably helow
the average size of the seeds contained in the large bagful I bonght
at a nuvsery gavden, out of which T seleeted those thut were sown,
and 1 had some veason to believe that the size of the seed towards
whick the prednce em 1 was similar to that of an average
seed taken omt of heds of self-planted specimens.

The experiments showed further bhat the mean filial regression
towards medicority was divectly proportionat 1o the pavental dovia-
tion from it. This cuvious resnlt was based on so many planlings,
conducted for me by friends living in various parts of the covntry,
from Nairn in the north to Cornwall in the sonth, during one, twe,
or even three generations of ihe plants, thab [ oould entertain mo
doubt of ghe fruth of my conelugions. The oxuel ratio of repression
remuined & little donbiful, owing to variable inflacnees ; therefore
[ did not mtempt to doflme il. But as it secms a piry thal no

wn
5
[—
M~
\O]
W | =
(@)
(@)

78 211 219 183

)RS DIRE Y




B2E F— g OB

A 2RITT — X DEIE

% 2.4

25 (2RTT) T — X Dl

FERDER, HKEDOT—4X (n=060)

5 | B KE 5 | B KE 5 | B | KE
1 46.0| 2700 21 48.0 | 3200 41 49.5 | 3590
2 49.5| 3220 22 50.5 | 2940 42 485 | 2830
3 50.0 | 3360 23 | 485 | 2850 43 48.0 | 3120
4 50.0| 3500 24 50.5 | 3220 44 51.0 | 3190
5 49.0| 3120 25 | 485 | 2750 45 50.0 | 3600
6 50.0| 3160 26 49.0 | 3020 46 47.0 | 2980
7 53.0| 4150 27 | 485 | 2570 47 50.0 | 3090
8 48.0| 3310 28 | 485 | 3030 48 51.0 | 3630
9 49.0| 2880 29 450 | 2410 49 53.0 | 4060
10 50.5| 3090 30 51.0 | 3280 50 50.0 | 3720
11 49.5| 3020 31 50.5 | 3140 51 50.0 | 3400
12 49.0| 3360 32 49.0 | 3040 52 50.5 | 3430
13 50.0| 3110 33 52.0 | 3910 53 51.0 | 3250
14 50.0 | 3560 34 50.0 | 2770 54 48.0 | 2760
15 47.5| 2990 35 465 | 2340 55 50.0 | 3320
16 50.5| 3440 36 50.0 | 3140 56 49.0 | 2930
17 48.0| 2920 37 50.5 | 3560 57 50.0 | 3320
18 49.0| 3060 38 50.0 | 3390 58 48.0 | 2620
19 49.0| 3360 39 50.0 | 3420 59 475 | 2860
20 50.0| 3400 40 51.0 3450 60 48.0 | 2530
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G

X| (Scatter Plot)
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| Bk | AE
55 X y
1 46.0| 2700
2 495| 3220
3 50.0| 3360
l X; | Vi
60 | 48.0| 2530

4500

4000

3500

3000

2500

2000

ECi

\>\<

48

= DEES

50

52

54



B2ET—ROEE

4. 2RITT — R DEIE

i = ==
2= DET=
_ | Bk | AE
= X y
1 46.0| 2700
2 495 3220
3 50.0| 3360
l Xi | Vi
60 | 48.0] 2530
T — X D

x DFIGME & 9 EL
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X _E;xi

1 n
S¢ = EZ(xi — X)?
i=1

n
1
2 — 52
Sy —nZ(yl y)
=1
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xyf D=

y X 45 | 46 | 47 | 48 |49 | 50 | 51 |52 | 53 | &
24 |1080{1104| 0 | 0 [0 | O | O | O | O |2
26 0 |1196| 0 3744 0 | 0 | 0 |0 | 0 | 4
28 0 | 0 |1316|5376|1372|1400f 0 [ 0 | 0 | 7
30 0 | 0 [2820|2880(7350(4500| 0 [ 0 | 0 |12
32 0 | 0 | 0 |3072(3136(8000(4896| 0 | 0 |12
34 0 | o | o |1632(3332(L7000{1734| 0 | o |14
36 0 | 0 | 0 [ 0 (1764|5400(|1836| 0 | O 5
38 o |0 |0 |0 | o0 {1900 0|0 |1
40 o lo|o | o | o |0 | 0 |2080]2120 2
42 oo |o]o |0 |0 o0 | o0 |2226]| 1
5 1] 2 3112111 | 23| 5 11 2 |60

1
Xy = gz XjYifij

1
— X 9426600
60

=1571.1

Sxy = Xy —x-y
= 1571.1 —49.3 x 31.8

= 4.42

_ Sxy
SxSy
4.42
T 1.52 x 3.72

= 0.78
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An example of data : BoHREFDER (x,y)

Mid-Heights of Parents (x)

Heights of Adult Children (y)

below 64.5 65.5 66.5 675 68.5 69.5 70.5 715 72.5 above

F. Galton (T k)
Regression towards
mediocrity in hereditary
stature, Anthropological
Miscellanea (1886)

ANTHROPOLOGICAL MISCELLANEA.

TREGRESION fowards Mwotocuiry 5 HeREMTARY SraTurs.
By Frazqs Gauwos, PRS, &

[Wres Pracss X awo X

Tms memoir containg the data npon whieh the remarks on the Law
of Regression were fonndod, that [ mado in my Prasidentisl Address
to Section II, at Aberdeen. That address, which will appear in
duc eouzse in the Journal of the Brilish Association, has already
been pablished in * Nature,” Soptemwber 84th, I reproduce here
the portion of it which hears mpon regression, togather with some
amplifieation where brevity had rendered it obsenre, nod Thave added
copies of the dingrats suspended at the mecting, withoul which the
lotterpross is mecessarily difficult to follow. My objeck it to plice
beyond donbt the exiskénee of a simple and far-roaching law tiat
governs the horedilary transmission of, [ believe, every one of thowe
simple qualities which all possess, though in uncqual degrees. I
once before ventured to draw atiention to this Taw on far wore
slender evidenee than T now possess.

1t s somo years since ] made an cxtensive serien of experiments
on the produre of sceds of different size but of the same species.
They yieldod rosults that sesmed very noteworthy, and I nsed them
as the basis of a lecinve before the Royal Inskitution on February
Uth, 1877, 15 appesred from these experiments that the offspring
did not tend to vesemble thoir pavent seeds in size, but to be always
more mediogre thuu they-—to be smaller thun the pavents, if the
purents were lurges to larger than the purcois, 3 the parents
wore very small. The point of convergence was considerably helow
the average size of the seeds contained in the large bagful I bonght
at a nuvsery gavden, out of which T seleeted those thut were sown,
and 1 had some veason to believe that the size of the seed towards
whick the prednce em 1 was similar to that of an average
seed taken omt of heds of self-planted specimens.

The experiments showed further bhat the mean filial regression
towards medicority was divectly proportionat 1o the pavental dovia-
tion from it. This cuvious resnlt was based on so many planlings,
conducted for me by friends living in various parts of the covntry,
from Nairn in the north to Cornwall in the sonth, during one, twe,
or even three generations of ihe plants, thab [ oould entertain mo
doubt of ghe fruth of my conelugions. The oxuel ratio of repression
remuined & little donbiful, owing to variable inflacnees ; therefore
[ did not mtempt to doflme il. But as it secms a piry thal no

wn
5
[—
M~
\O]
W | =
(@)
(@)

78 211 219 183

)RS DIRE Y
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Mid-height parents (x)

Adult Children (y)

64.5 :65.5:66.5:67.5:685:69.5:70.5:71.5: 725 sum
13.2 3 a 3 2 2 14
2.2 1 4 4+ 11 4 9 7 40
71.2 2 11: 18: 20 7 4 2 64
70.2 5 41 19 21 25: 14 : 10 1: 99
69.2 2 /7 13: 38 48: 33: 18 5 2 : 166
68.2 i 14 280 341 20 12 3 1: 119
67.2 5: 11: 17: 38: 31: 27 3 4 136
66.2 5 11¢ 17: 36 251 17 1 3 115
65.2 1 7 2 15: 16 4 1 1 47
64.2 4 5 5: 14+ 11 16 55
63.2 4 9 3 5 I 1 1 30
62.2 1 3 3 I
sumi: 22 65 /8 :211:218:1/8: 64 : 41 : 15 892

X = 68.3
g2 =277
o, = 1.67
7 = 68.1
g2 = 5.62
o, = 2.37
Ory = 1.60
re, = 0.41
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24 | S U2 MR RE, EED2HEDL 5L ED, BTFOEDOTF— ¥ 5%

RO Thol:. FHEGEERO L, /o, HRBEOERLEE L THEE L.

# |0 1 2 3 4 5 6 7 8 9 10 11 12
E#H |5 16 13 9 13 10 9 10 7 5 2 1 0

KOF— 5 3HAERTORBROKETH L. HYEELHEL L.

it
-4

83 80 48 68 70 45 72 28 51 32 42 38 52 80 52 78 32 60 54 49
50 42 32 71 67 60 63 51 49 51 64 15 73 71 32 68 42 55 62 31
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24 FI5UT2HERE, BEO2HEOHL oL ED, BFOEDTF— ¥ 45%H

ZKRDEY ThHhot:. FHEGEERD L. T/, HREOERZEIE L Thie k.
%= 1 2 3 4 5 7 8 9 10 11 12
E# |5 16 13 9 13 10 10 7 5 2 1 0
#=(D) 0 1 2 3 4 5 6 7 8 9| 10| 11| 12| f0
FE#4(f) 5| 16| 13| 9| 13| 10| 9| 10| 7| 5| 2| 1| o0} 100
Df O| 16| 26| 27| 52| 50| 54| 70| 56| 45| 20| 11| O] 427
D? 0 1 4 9| 16| 25| 36| 49| 64| 81| 100| 121| 144
D*f O 16| 52| 81| 208| 250| 324 | 490| 448| 405| 200| 121| 02595
D =— 427 = 427 DZ = —— 2595 = 25.95
100 100

S

2 =2595—-4.27%2=17.72

sp =V7.71 = 2.78




24 FI5UT2HERE, BEO2HEOHL oL ED, BFOEDTF— ¥ 45%H

IRDBEY Thotz, FHEFEERO L, T/, HERMEOERZAE L Thke .

= |0 1 2 3 4 5 6 7T 8 9 10

11

12

E# |5 16 13 9 13 10 9 10 7 5 2 1 0
52 52 % 51
IMIRZENAHEEETH = = = 1326
2 2% 1
y 4
D=0t EAEHETI :<2>x13=6x13:78
D=1¢B2EAEDOEH =4x4%x12=16%x 12 =192
D=12 L 5B HAEHLEH=4x4x1=16%x1=16
7=(D) 0 1 2 3 4 5 6 7 8 9| 10| 11| 12|
E#f)| 78| 192| 176| 160| 144 | 128| 112| 96| 80| 64| 48| 32| 16/1326




24 FSUT2HERYE, BEO2MEDL 72520, BHFEOEOF— 4404
WBROBEY) Thot:. FHLoEERD L, /-,

HEmEOERZstHE L ThEe L.

%= 1 2 3 4 5 7 8 9 10 11 12
E# |5 16 13 9 13 10 10 7 5 2 1 0
#=(D) 0 1 2 3 4 5 6 7 8 9| 10| 11| 12| 0
E#(f)| 78| 192| 176| 160 | 144 | 128 | 112| 96| 80| 64| 48| 32| 16|1326
Df 0 192| 352 | 480 | 576 | 640| 672 | 672| 640 | 576 | 480 | 352 | 192 |5824
D? 0 1 4 9 16| 25| 36| 49| 64| 81| 100| 121 | 144
D?f 0| 192| 704{1440(2304|3200{4032({4704(5120|5184|4800({3872(230437856

— 1
D = —— 5824 =4.39

1326

— 1
D? = —— 37856 = 28.55

1326

s3 = D2 — D? = 2855 — 4.39%2 = 9.28

sp = V9.28 = 3.05
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83 80 48 68 T0O 45 72 28 51 32 42 38 52 80 52 78 32 60 54 49
55 42 32 71 67 60 63 51 49 51 64 15 73 71 32 68 42 55 62 31

=

[ | 5
oM | o

T—RXDORKEX=20
fn

’f;)" 83| 80| 48| 68 70| 45 72| 28| 51| 32| 42| 38/ 52| so| 52| 78| 32| 60| 54| 49| 1114

=
E(Ii';” 55| 42 32| 71 67| 60| 63| 51 49| 51| 64| 15| 73| 71| 32| 68| 42| 55| 62| 31| 1054

e? |6889|6400(2304(4624(4900|2025|5184| 784({2601|1024(|1764|1444(2704(6400|2704|6084|1024/3600(2916(2401| 67776

]-2 3025|1764(1024|5041(4489|3600(3969(2601|2401|2601|4096( 225|5329(5041|1024(4624|1764(3025|3844| 961| 60448

ej |4565|3360|1536(4828|4690(2700|4536(1428|2499(1632|2688| 570|3796(5680|1664(5304|1344(3300|3348(1519| 60987

1 1
¢=551114=557  j=-51054 =527

1 1
— 60448 = 3022.4 j = 20 60987 = 3049.35

1 _
e2 =— 67776 = 3388.87  j? 20

20

st =e?—e?2=28631 s?=j2—-j2=24511  s.j=¢j—e&J=113.96




2.7 KROTF—% 3D LrEBETOSABROMTH S, HYERE»51EE L.

83 80 48 68 T0 45

72 28 51 32 42 38 52 80 52 78 32

60 54 49

=T
oH | 3t

55 42 32 71 67

60 63 51 49 51 64 15 73 71 32 68 42 55 62 31

T—RXDORKEX=20

A
i(?'f)ﬁ 83| 80| 48| 68 70| 45| 72| 28 51| 32| 42| 38 52 80| 52| 78 32 60| 54| 49| 1114
GE)E 55| 42| 32| 71| 67| 60/ 63| 51 49| 51| 64| 15[ 73| 71| 32| 68 42| 55| 62| 31 1054
e? |6889(6400(2304|4624/4900|2025(5184| 784(2601|1024(1764|1444(2704|6400(2704|6084(1024/3600(2916(2401| 67776
]-2 3025|1764|1024(5041|4489|3600]3969(2601(2401|2601|4096( 225(5329|5041|1024(4624|1764|3025(3844( 961| 60448
ej |4565|3360|1536(4828|4690(2700|4536(1428|2499(1632|2688| 570|3796(5680|1664(5304|1344(3300|3348(1519| 60987

s?=e2—-282=28631 s?=j2—-]2=24511 S, =€ —&] =113.96
T~ reraiidl I E
Sej 113.96
T'ej = = 0.43

 SeSj /2863124511
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ik | 83 80 48 68 T0 45 72 28 51

32 42 38 52 80 52 78 32 60 54 49

Ei%E | 55 42 32 71 67 60 63 51 49 51 64 15 73 71 32 68 42 55 62 31
100
rej = 0.43
80
° _J
® ®
[ )
60 ° ® ./
/ ./ )
o8 °
40 * / /| -
A4
20
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2. X,Y,2t,.

o EEENAY (discrete) 1 EAEN ME FETH 5

V A4 a0z IANLTIcE SITHDSIBEDOR

vV —HIZHE I B3 BE
vV O v &ITT, &K=

;Eﬁd)#*&@ -
=0 & L7-&=E

(A% F%ﬁ%hf&bt%@&u)

e EHA (continuous) @ & 3

v KD EE
vV ZHEDEE
v EIEDFE EE5E

EAPREE 7: < A7 SEHT = |

v ERBE COREES

HADEZ 5. X,Y,Z,T,..
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At 1. BERETH

o HHEAVREXRZTI X

B 5 518 aq,ay,..,aq;,.. o _
- . M- &k 2R
—|— pl, p2’ ".’pl’ ana P(X _ ai) _ pi
x a, a; &ET
PX=x)|p | = | o | =~ | 1 HEAXPLHEE
(1) pi=0

|-, @ Yo
a



B3 E MREHMEERNT 1. BEREH

778 3.1

Ho b HEEAEXRZTHIL2ME{0,1} T NENHEX
p,l — p CED2EEREH LFINDIDHDTH 5.

, 1 (FEX p T) 1 P
0 (FEX1-pT) P
P(Z=0)=1-p, P(Z=1)=0p I
0 1 X
X 0 1 E o

PZ=x) |1—p p 1

IDORHEENNR—A HEE L,
Z05 Ber (p) TX . 'J

F B -
£
N I N I o W L I W W W W W W

R B T T W T TP T T T T N W W W N I W W W W

Jacob Bernoulli (1654-1705)



‘EZIIME (mean) = BATSHE (expectation)

-

P PX =q;) =p; TEZBHNTLBEEER
FERZH X OFE

X =px = ) aip; = ZaP(X—al)

~

X a | > | a; | o | BET
PX=x)| p | = | pi | |1 ‘l




B3 E MRTHEHERNM 2 FHENE

« FIIE (mean) = EATF1E (expectation)
/

DD P(X = a;) =p; THEALNTL B EERE A

FEXRZTH X OB

8 X =px = ) aip; = ZaP(X—al)

x al coe ai cee éi\g-l_

aipP1 a;pi




B3 E MRTHEHERNM 2 FHENE

« FIIE (mean) = EATF1E (expectation)
/

DD P(X = a;) =p; THEALNTL B EERE A

FEXRZTH X OB

8 X =px = ) aip; = ZaP(X—al)

x al coe ai cee éi\g-l_

apr GTPT ? ,uX
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e EX (variance) & 12XE{RZ (standard variation)

/ﬁ\%ﬁ*‘lﬂ(x:ai)=pif\ﬁz6nfu\%%ﬁﬁz@ \

HERZEHE X DA L AR

VIX] = 0f = ) (a; — ux)?p;

N o =VVIX] Y

Z(ai — Ux)°p; = Z a;p; — uz = E[X?] — E[X]?



2. P EDE

o FMEEDENDETEE
X a, a; EET
P(X =x) P1 D 1




% 3% RELK L EHT

2. P EDE

FIME & D EIDETHE &

X a, a; &5t
P(X = x) P1 Di 1
xP(X = x) ai1pP1 a;pi
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2. P EDE

o PIE L DEDETEIE

X a, a; =1
P(X = x) P1 pi 1
xP(X =x) | apr o E[X]




% 3% RELK L EHT

2. P EDE

o PIE L DEDETEIE

X a, a; =1l
P(X = x) P1 pi 1
xP(X =x) | arpi arpPi E[X]
2
x*P(X = x)




38 BRTRERENS 2 THEHK
o FIME L DEDETEE
X a, a; EET
P(X = x) P1 P 1
xP(X =x) | apr o E[X]
x? a? a?
ZP(X = X) a%pl aizpi




B IBEERTHEHERIE 2. FHEDR
- EHELDEDETEL
X a, a; =Xl
P(X = x) P1 pi 1
xP(X =x) | apg T E|X]
x? af a;
x*P(X = x) | afpr ot p; E[X?]
L V[X] = E[X?] — E[X]?
ZERE oy =/ V[X]
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FIFE3.4 | —EBEEOH% |
~NIL X — A 570 Ber(p) ICREDHERZTI Z IZDWT
i u=E[Zl=p H8 o*=V[Z]=p(1—-p)

|~

> HEZR DN PX=1)=p, PX=0)=1-p

x 0 1 &t
PZ=x) |1—p p 1

» FE p=EX]=0xA-p)+1xp=p

> E[X?]=02x(1—-p)+12xp=p

o? = E[X?] - E[X]? =p —p? = p(1 — p)
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58 3.5

XY A JO0DOEZIEOHET S EE, FOESHE D
23Rk L. F-, BEREIZTWVLLS oH

X DREERDI & KD D

X 1 2 3 4 5 6 &t
ool L L 111,
6 6 6 6 6 6

E[X] = —z —1><1+2><1+ +6><1—21—35
T T LT e T e 6 6

1 1 1 91
E[X? =E ‘P =12 X -4+ 22X -4+ 65X —=—

2
V[X] = E[X?] — E[X]? = %— (;) = i; = 2.92 oy =4/ V[X] =171



T 3.1
FEXZTHN a+bX (ab IITFH) £FXINS L E,

(1) Ela+ bX| =a+ bE[X] =a+ bu

(2) V]a+ bX| = b2V[X] = b?c?



FEIRHEREHCHEERDH 3. BEEREEXRERONH

« 2189 B(n,p)
NI X —A =175
> FRINFER p OFATZMILICIEYRYT (B Y1 aniRY )
> WM BHERZBINDOEN 7,,7,, .., 7,

, 1, FEXp TR
“o, X1 —p TR

> A IN[E|EX

= 2
MEFK

X OpfEx _IES T E LW, B(n,p) TKT.
X ~B(n,p) £&EX.
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X ~B(n,p) DEXRSIDEE

ol

1
at

X 0 1 k n &
P(X =x) 1

»nElf, O (%) 2k [E, x (kK H'n—k EIOHEE
Zo—f  Ox -+ -Ox: - xOX

ZOWE  pq v pq v qgpq=pgrt
(7=72L,q=1-p)

L7=h"> T,

P =) = P (L = )"

=(;) P*a-pn*
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o ZIES B(n,p) DE L
> X~Bn,p) £T5&, X IIRHERp DRNILX—A31T%Z n [0
Tolce 2OMMERZERRT 5.
> HER
P(X =k)=(,) p* —p)

> Fi9(E n
n
n=E[X]= Z k (k) p*(1—p)" " =np
k=0
> TR

— zn: k? (Z) p*(1—p)"* =np(1 —p +np)
k=0

* = E[X*] - E[X]* = np(1 — p)
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% B(10,0.4), B(10,0.5), B(10,0.65)

B(10,0.4) B(10,0.5) B(10,0.65)

03 03 3
0.2 0.2 2
o m B o m B A B
000000000000000000000000000000000000

=4 u=>5 u=6.5
g2 = 2.4 0% =25 0% = 2275
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% B(100,0.4)

B(100,0.4) m =40, o? =24
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578 3.8
Y4202 30%IFT,6 DEA2OHEIEREZKRD L.

- Y1 anz&KIFTten BRI (O)

ZOTHEWEEKRE (X)) EALT.

1
FRINFESR p =3 DONIX—AF T2 3BT/ EEZ 5.

\ y S - 1
« AINEER X TS B(n,p) = B (3%) IZfES. X ~B (3'g>
« KODERITPX = 2)

P& =2)=()) P —p)*

_(3)1251_3X5_15
- \2/\6/) \6/) 63 216
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%k : RT7 YV U DH
A>0Z2TFEHET 5.
FEREH X D/NTA =R A DET Y WD &,
/1k
P(X=k)= Fe_)[ k=201,2,..

X ~Po(1) &£EL.

> FEMNCHERDRICHE > T WD
BHEHOT—7—EH

P o A
y) - — oA
¢ K .‘>'1:Zkf
0

k k=0

I
g N
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« RT3 Po(Q) DE & O
X ~Po(4)

> HEER N Tn

/1k
mx=ky:ﬁa% k=01,2,..
> (&
i = E[X] =Zkﬁe =2
k=0
> B 0
ﬂk
E[X2] = Z K2 ome =2+ 1)
k=0

RT3 ORE
E1G & EHFEL L

g’ =E[X?]|—-E[X]?=211+1)—-2* =1
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Siméon Denis Poisson (1781—1840)

PTOA—I)L - RYUTITZITTTTABLITFASN.
>HF - MEBFRICEZ KRG EE
>RT7Y OO0 ZDDW-HESEE

RSB EHROEICOWVWTHIE ﬂ%ﬂ

RECHERCHES

PROBABILITE DES JUGEMENTS,, == \% 75\ % %) IE Eﬂ F'Eﬁ ;git_ % o] % & X D

EN MATHRE CRIMINFLLE

ET EN-MATIERE CIVILE, EY/\E ( = ,j_ )7 \/ / \4_/'5) 7&

endctE

DES RPGLEA CANERALES DT CALCDL BES PAORARIEITES.

L
Pir 8. POISSON

=F Zém R Ly N\
— BiA Ny b ORERBOEES T
PARIS, t [./ T }-_Ib\— L \ }I_LI\J—\ )EH

BACHELIER, TMPRIMEUR-LIBRAIRE
POTR LES ummnu La PHYSIQUE, =sc.
=5 smoceTEs, B 55,

- c BICHoOoNTIHTELIZEEEH GRLbF—T 4 v F)
« BEOMUNEL, X —ILDEE
e Hy h—DIT— L, BFEDF—L 7V
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] 3.4% X — )L DEIEREIE

X = DEFEER L T, 48KMIC324E D X —ILEED
BHot-. INEDLEID, HABFED IBEHICX —LEEN
2[EI LT DHER %KD £

YV V¥V VvV vV oY YV V¥

At At

R

s WUNIFREIXE At DR TIFEEIF1IE], £7/2152 0 [E
C BUNBRIRE At AT WALEEIE OB 3T
D BUNBRIRE At BO A —LEEE A VBIFEBAT




R 3 EHREY RN

3. BEREMERZH DM

- 1A/ OBERBM X 2€ETWLT 5

v v v \ 4 v
4AtNAtNAt> At

> 1FEZ2MUNEEXE At (2 N 9E]

At—l
N

p=P(BFHEXHE At A —ILEELH D)
1—p =PEFEKXME At ICX —ILEEITW)

> IBBOBEICN B #IF

o[BI X ~B(N,p)
9B u = Np

> AN o IFFEHT-Y

324

> p DETE
u=Np=6.75

675
:D P="N
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« IRTYUNImDOER (R7 Y O/NEDEE])
B(N,%) I N> & 5E Po(R) ICINERT 5.

E Wi Z
B(N,p) I, N 5 0,p > 0,Np > 1 &£ T 5& Po(Q) ICYNET 3.

X~B(N A
~ < ’N) & LT
PO =1) = (3 ) p*(1 — p)V*

NN =1 (N—k+1) (1) 2 N 2 k
2 () (-7) (-9)

> — e 4 (N - x)




FEIRHEREHCHEERDH 3. BEEREEXRERONH

] 3.%% X — )L DEIEREIE

X = DEFEER L T, 48KMIC324E D X —ILEED
bole. INZDL LIS, HEIFED IFKRICA —ILEED
PELL T OWFE % Kb &

> X 1 BEY Y OFER
> IEEZHUVNEFBEXE At 12 N 9E L TETFILE

6.75 ‘ - }
X~B<N,T> <t N IZIANEBRBTOTHELE=W

» Noow & LT X~Po(6.75)

> o 675 . 675' 675
P(X<2) = o1 e +—1! e +—2!

= (1+4+6.75+ 22.78) x 0.00117 = 0.036

—6.75

e
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EHEME 3 (page 61-63)

10BAPHSETH/a0%IRS L E, RDOEZKD L.

(1) E6XBICHMSHT1 DEI’HSHESR,
1
(2) MHT1IDOELPHSIERIF DL LD 2 THB1-HICRELGBITDEE

3.4

WROEHEREH X OFH u, 78 o® #HwTHELE

(1) E{X(X-1)} (2) E{X(X+5)}

3.5

HEEEH X OF% p, 8% o> ET5EE, M(a) = E{(X —a)?} 2%

NITHa DG p THY, FORMEIL 0® THDHZ L E2TRE,

3.6

X BEQEREL L 5FEBRTHY, PHENFFET HLE,

E(X)=) P(X >xz)

=1

ALY D=k FRA



3.7 BEESHD, HLABIAUADDPoT VS 20 \OBFIZHF LVWELRASES. b
L, TOEPBEOEANLZETHEN0.15ThHY, HL5BH T L2ERIVMOES
KT AR LML SE, 20 ADBED S H 3 ALENGLHERIZNHD,

& "HAHMEAVWTHEBEZRSO L. RIS, K7V 9HIC L 5EUGE
BziTu, EZ LLRE &.

3.11 Z#ERE o T u TElo 720 O % TEFEB (coefficient of variation) &\
I, BTV HHTERRENE 2 THLHLE, TOFHu 2RO L.
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[<T%§?%EU
> EEOBaEEBHEER: P(X=a)=0

> HHHEE (a LYKELDUT) DEEEDHEER: Pla<X<h)

MERZEEN AW THE CHEREZRT
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a b X

Pla<X<b)
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f—a
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(a<X<p)=7—
FESR B FEEHEN
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2B 3B HERLTIME RN

1. FERZTH

e SR R B2

EXNGMHEE
(1) f(x)=0

2) foof(x)dx =1

b X

> MECHEXRZRT
> THEHS CHEZETET S

b
Pla<X<b)= J fx(x)dx




BIBHERLTHMEERD T 1. BREK

i TR D FIE & 2R
FOO  BEMEREREH X ORI

> 9B
E[X] =my = j xf(x) dx

V[X] =0} = ]+oo(x —my)*f(x) dx

= f+oox2f(x) dx — m%

= E[(X — mx)?] = E[X?] — E[X]?
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578 3.7
HERZH X HXE [a,b] LO—8DHICHKD & &, TDFH &N
IERDE DI D T &HRYE,

_a+b

2

_(b-a)?

E[X] >

VIX]

i

1
WEEERH f()=-— (@sxsb)

b
S u=E[X]=jx L gy =20

b—a 2
b 1 a’ + ab + b?
27 _ 2 _
E[X]—be_ax— 3
b — 2
DR azzEwﬂ—Esz( a)
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[TEE§>1 y=3
y =27

| \(TBE\%<1J




i - TR R BN
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[ EBx >1 y=3
y = 2%

" \(TBE\%<1J

T@%=1] y =e*
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e =2718.. (EIBH)

e DI
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« XET D

7 — 7 — B

Cco

xn

et = —
n!
n=0

RNl

ex+y — exey
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+ [EMHT=H7 X5% N(u,0?)

i

R e
_G-u

flx) = e 202
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« FRDH=HT7 XD N(u, 0?)

i

R e
_G-u

flx) = e 202




B 3B MREREHERYT A EREERERONH

e IEHRDf=7 X9 N(u, o)

i

TR .
_G-u

f(x) = e 207

X~N(m,a?)

b
P(aSXSb)=f f(x) dx
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« FRDH=HT7 XD N(u, 0?)

i

RERE

_ (x—w)*
e 202

flx) =

V2mo?

Ny, 0%)
EHE u
EL a?
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e KN - 77— 7 XADOTFE

“IBDMm Bnp) ldnAREVWEE,
FA LY & DElE B DIERPIICUT LN,

B(n,p) ~ N(u,0%) u=np, o*=np(l-p)

0.08 B(100,0.4) =~ N(40,24)
u=40, o= 24
0.06
0.04
0.02
0

0 10 20 30 40 50 60 70 80 90 100
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Johann Carl Friedrich Gauss (1777-1855)

19 LIBED IR EFDIZFE A E D
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- ZHEE. FAEIFRDMEAEE
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- BRI EDYEBFE

el | 1807F~HRAE
o (3t Ty T ATy ORIAER @)

rrrrrrrrr

18004 [FIEETHH

— BRIV Te T — SRLE,
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ennsn 1821265 [RE# R/ 28]

pp2676488N5 & |}

ZEHN DEUTSCHE MARK

THEORIA
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« 1ZAEF#53%0 (standard normal distribution)

N1
e u=20
| F ot =1
2 E B
1 x?
f)=—=e 2 .
2T 403 2 a0 1



BIEHERETHEERDE 4 EREERERODH
ZEIERD xR
T_I—-I——
z .00 .01 .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 0 4
0.9 .3159 .3186 .3212 .3238 .3264 | .3289 |.3315 .3340 .3365 .3389
101 3413 3438 3461 3485 3508 8 3531 8.3554 3577 3500 3621
1.1|.3643 .3665 .3686 .3708 .3729 | .3749 §.3770 .3790 .3810 .3830
1.2 | 3009 3007 .33888 3907 3925 .3927 [.39062 3980 3991 A0 ZN N(O’l)
1.3 | .4032 .4049 .4066 .4082 .4099 | .4115 §.4131 .4147 .4162 4177
1.4 | 4192 .4207 .4222 4236 .4251 ) .4265 §.4279 .4292 .4306 .4319 Z 1 2
15| .4332 .4345 4357 .4370 .4382 | .4394 §.4406 .4418 .4429 .4441 P(O < Z < Z) — e—x /2 dx
1.6 | .4452 .4463 4474 4484 4495 4505 §.4515 4525 .4535 .4545 - - \/2_
1.7 .4554 4564 4573 4582 4591 ) .4599 §.4608 .4616 .4625 .4633 0 T['.
1.8 | .4641 .4649 4656 .4664 .4671 | .4678 |.4686 .4693 .4699 .4706
19| 4713 .4719 4726 4732 .4738 ) .4744 §.4750 4756 .4761 .4767
20| 4772 4778 4783 .4788 .4793 ) .4798 §.4803 .4808 .4812 .4817 1&“
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 P(O < Z < 1.15) — 0.3749
2.41.4918 .4920 .4922 4925 .4927 § 4929 §.4931 .4932 .4934 .4936 - -
2.51.4938 .4940 .4941 4943 .4945 | 4946 ||.4948 .4949 4951 .4952
2.6 | 4953 .4955 4956 .4957 .4959 | .4960 |.4961 .4962 .4963 .4964
2.71.4965 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 J.4989 .4989 .4990 .4990




F 3 E HERETH & EERDD 4, BRRBIEREZ KR DD
BEERAHE

2] 00 01 05 06 071 .08 .09

0.0 | .0000 0040 .0080 .0120 .0160 0199 0239 .0279] 0319 [.0359

01| .0398 0438 .0478 0517 .0557 .0596 .0636 .0675] .0714 |.0753 P(Z > 2.18)
0.2| 0793 0832 .0871 .0910 .0948 .0987 .1026 .1064] .1103 |.1141

03| .1179 1217 1255 1293 1311 .1368 .1406 .1443] .1480 |.1517

04| 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 2201 2324 2357 2389 2422 2454 2486 2517 |.2549

0.7| 2580 2611 2642 2673 2703 2734 2764 2794| 2823 |.2852

08| 2881 2010 2039 2967 2995 3023 3051 .3078 .3106 |.3133

0.0| 3150 3186 .3212 .3238 .3264 .3289 3315 .3340| .3365 [.3389

10| 3413 3438 3461 .3485 3508 .3531 .3554 .3577| .3599 [.3621

11| 3643 3665 .3686 .3708 .3729 3749 3770 .3790| .3810 |.3830

12| 3849 3869 .3888 .3007 3925 3944 3962 .3980| .3997 |.4015

13| .4032 4049 4066 4082 4099 4115 4131 .4147| 4162 |.4177

14| 4192 4207 4222 4236 4251 4265 4279 4292 4306 |.4319 0 -
15| 4332 4345 4357 4370 4382 4394 4406 .4418| 4429 |.4441

16| 4452 4463 4474 4484 4495 4505 4515 4525 4535 |.4545

17| 4554 4564 4573 4582 4501 4599 4608 .4616| .4625 |.4633

18| 4641 4649 4656 4664 4671 4678 4686 .4693| .4699 |.4706 P(Z = 2.18)
19| 4713 4719 4726 4732 4738 4744 4750 4756 4761 |.4767

20| 4772 4778 4783 4788 4793 4798 4803 48081 .4812 14817

21| 4821 4826 4830 .4834 4838 4842 .4846 .4850| .4854 |.4857 =05-P(0<Z<218)
23| 4893 4896 4898 4901 4904 4906 4909 .4911| 4913 |.4916

24| 4918 4920 4922 4925 4927 4929 4931 .4932| 4934 |.4936 — 0.5 — 04854
25| 4938 4940 4941 4943 4945 4946 4948 .4949| 4951 |.4952 ' '
26| 4953 4955 4956 4957 4959 4960 4961 .4962| 4963 |.4964

2.7 | 4965 4966 4967 4968 4969 4970 4971 .4972| 4973 | 4974

28| 4974 4975 4976 4977 4977 4978 4979 4979 4980 |.4981 = 0.0146
20| 4981 4982 4982 4983 4984 4984 .4985 .4985| 4986 |.4986

30| 4987 4987 4987 .4988 4988 .4989 4989 .4989| .4990 |.4990




5 3 T HERETH & RN

4. ERAEERLE DD

b <6 T Y4 \’l_/ﬁi%

¢mf—?§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
0.41] .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
0.81].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
1.1] .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
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
19| 4713 4719 4726 4732 .4738 .4744 4750 .4756 4761 .4767
20| 4772 .A778 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
291 .4981 .4982 .4982 .4983 .4984 .4984 4985 .4985 .4986 .4986
3.0 | .4987 .4987 .4987 .4988 .4988 .4989 .4989 .4989 .4990 .4990

HE (59

P(—1.23 < Z < 2.06)

P(Z < —1.34)



B 3 E MREHEERDIH 4, BERHERTR DD

ZAETE E/\?Ei'%

z .00 .01 .05 .06 .07 .08 .09

0.0 | .0000 .0040 .008 .0120 .0160 .0199 §.0239 §.0279 .0319 .0359
0.1].0398 .0438 .047§ .0517 J.0557 .0596 §.0636 §.0675 .0714 .0753
0.2 .0793 .0832 .0871 .0910 J.0948 .0987 |.1026 §.1064 .1103 .1141
0.3 .1179 .1217 .125§ .1293 J.1311 .1368 |.1406 §.1443 .1480 .1517
0.4].1554 .1591 .162§ .1664 J.1700 .1736 §.1772 §.1808 .1844 .1879
0.5(.1915 .1950 .1983 .2019 J.2054 .2088 |.2123 }.2157 .2190 .2224
0.6 | .2257 .2291 .2324 .2357 |.2389 .2422 |.2454 |.2486 .2517 .2549
0.7 | .2580 .2611 .26427 .2673 |.2703 .2734 |.2764 2794 .2823 .2852

0.8].2881 .2910 .2939 .2967 §.2995 .3023 §.3051 §.3078 .3106 .3133 0
0.9 .3159 .3186 .3217 .3238 }.3264 .3289 |.3315 3340 .3365 .3389
1.0 [ .3413 .3438 .34613 .3485 |.3508 .3531 |.3554 3577 .3599 .3621
1.1 .3643 .3665 .3684 .3708 J.3729 .3749 |.3770 R3790 .3810 .3830

12| .3849 .3869 .388§ .3907 |.3925 .3944 §.3962 §3980 .3997 .4015

Lo| .4UsZ .4U4Y  .4Uobqg .4UcZ §.40Y9Y 4115 |.41s1 R4l14/7 .41loZ2  4L77 _
141 .4192 4207 4227 4236 |.4251 .4265 |.4279 |4292 .4306 .4319 P( 123 S Z S 206)

15| .4332 4345 4357 4370 |.4382 .4394 |.4406 (4418 .4429 4441
1.6 | .4452 4463 4474 4484 |.4495 .4505 §.4515 4525 .4535 .4545 P( 1 23 < Z < O)

1.7 | .4554 4564 4573 .4582 |.4591 .4599 |.4608 4616 .4625 .4633 -
1.8 | .4641 .4649 .4650] .4664 |.4671 .4678 |.4686 J4693 .4699 .4706
191.4713 4719 4726 4732 §.4738 4744 §.4750 44756 4761 .4767]| _|_P(O S Z S 206)
20| .4772 .A778 4783 4788 |.4793 .4798 |.4803 4808 .4812 .4817

|

21| .4021 4826  .4383 4054 | .4050 404l |.4c4b J4col  .4oo4  4oof
2.2 4861 .4864 .4868 .4871 |.4875 .4878 |.4881 14884 .4887 .4890 —

2.3 | .4893 .4896 .4898 .4901 §.4904 .4906 |.4909 J4911 4913 .4916 0 ’ 3 9 0 7 + 0 48 0 3
2.4 4918 .4920 .4927 .4925 |.4927 .4929 §.4931 4932 .4934 .4936
2.5 .4938 .4940 .4941f 4943 §.4945 4946 §.4948 4949 4951 4952
2.6 | 4953 .4955  .4956 .4957 §.4959 .4960 §.4961 J4962 .4963 .4964
2.7 .4965 .4966 .4967) 4968 [.4969 .4970 |.4971 4972 4973 .4974
2.8 | .4974 4975 .497q .4977 §.4977 4978 §.4979 |4979 .4980 .4981
29| .4981 .4982 .49827 .4983 |.4984 .4984 |.4985 4985 .4986 .4986
3.0 | 4987 4987 .4987 .4988 §.4988 .4989 §.4989 4989 .4990 .4990

0.8710




B I3E XL EEXRNH 4, BRRBIERZ DN
ZEIER D Hx
T_I—-I——
Z .00 .01 .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 .2019f .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 z 0
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 1.3849 3869 _ 3888 39078 3925 §.3944 3062 3980 3997 4015
1.3 | .4032 .4049 .4066 .4082§ .4099 §.4115 .4131 .4147 .4162 4177
T | 8192 8207 82227 2236} 2251 [.2205 .B2719 2297 -Z306 2319 P(Z S _134)
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 — O 5 _ O 4099
1.8 | .4641 .4649 .4656 .4664 ) .4671 |.4678 .4686 .4693 .4699 .4706 - -
19| 4713 .4719 4726 .4732) .4738 §.4744 4750 4756 .4761 .4767
20| 4772 4778 4783 .4788| .4793 §.4798 .4803 .4808 .4812 .4817
2.1 .4821 .4826 .4830 .4834) .4838 |.4842 .4846 .4850 .4854 4857 _ O 0901
2.2 | 4861 .4864 .4868 .4871) .4875 |.4878 .4881 .4884 .4887 .4890 - .
2.3].4893 .4896 .4898 .4901§ .4904 §.4906 .4909 4911 .4913 .4916
2.41.4918 .4920 .4922 .4925) .4927 |.4929 .4931 .4932 .4934 .4936
2.51.4938 .4940 .4941 .4943) .4945 |.4946 .4948 .4949 4951 .4952
2.6 | .4953 .4955 4956 .4957f .4959 §.4960 .4961 .4962 .4963 .4964
2.71.4965 4966 .4967 .4968) .4969 |.4970 .4971 .4972 .4973 .4974
2.81.4974 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
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TEHE 3.2

MERZT X DIERDT N(u,o®)ICHES & &, T D 1 RE
Y=a+bX (a,b |TTEF)HERDT N(a + bu,b%c?) IZHES .

X~N(wo?) wmp aX+b~N(a+by,b%c?)

IZEEAL
X ~N(u, 0% ‘ Z =X;'u ~ N(0,1)
BBl X ~N(2,5%) Zi2Z#%{d 5 &
Z7=""""N(,1)

5
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PIRE3.10 x ATFE#|HT N(—1,22) IZ4E D & X,

(1) P(X < 2.29) =3K& &,
(2) P(X >x)= 001 THDHLHI%0 x DEZKD L.

X—u
o

B X~Nuo?) mmp Z= ~ N(0,1)

(1)

P(X < 2.29) =P (X — (D) _229- (_1))

2 = 2
= P(Z < 1.645)

= 0.5+ 0.45 =0.95
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PIRE3.10 X MIEFEDH N(—1,22) IZHED & &,

(1) P(X < 2.29) =3K& &,
(2) P(X >x)= 001 THDHLHI%0 x DEZKD L.

X—u
o

(2) P(X>x)=P(X_(_1)>x_(_1)) =P(Z>x+1>

Z#(k X~Nuo®) mm) 7= ~ N(0,1)

2 2 2
P(Z > 2.33) = 0.01
0.01
x+1
= 2.33
0 z 2
A\

2.33 x = 3.66




3B MREMEHERNN 4 EREERETEODS

wE (GD)
X~N(2,52) I LT, P(0<X<6) %K L.

3 3 ~ 2 _X—,LLN
L X~Nod) mmp Z-= — ~N(O,D)
P(0<X<6)
_PO—2<X—2<6—2
B 5 — 5§ 5

= P(—04 < Z < 0.8)

= 0.1554 + 0.2881 = 0.4435



3T HREKEHERNM 4 EREERETRONH

MR a & LR a

A 1.96 A 1.64
1.96 = 18I 5% &= 1.64=_FAI5% =

= FAI25% = = 1A 10 % =



FIEHERLTHEERDM 4 EREERTRODH

8 3.11

KFE 1 FEOFFFOFRE (100 8F8) ©, I 15% O34 ICpiE
(B #2FL5 8BS, AallbEsETNIEL VA, 7771, BB DB S
I%, SF19 55 &, IBEERE 15 SRS N(55,152) ICIEH b D & T 5.

ABE0BaAzT X £95E, X~N(55,152)

KOHPDEBREx ET2EBELY PX >x) =0.15

X—55 x-—55 x — 55
0.15=PX>x)=P > =P|\Z>

15 15

P(Z > 1.04) = 0.15

0.15 x — 55
= 1.04 > x=70.6
15




FIEHERLTHEERDM 4 EREERTRODH

{78 3.12

FHOREEIX, TR FDES X #1EHR0% N(G0,10%) ITHED £
IC1RZEMLIE-DTHS.HIFE 311 OFAFOREBOEA X 21
=B Y ICE]RT B = /EN.

I8 3.11 OMETFOFRBEDE R X ~N(55,152)

_X-55

i
z Zialx 7 T

~ N(0,1)

REEY I$

Y =50+ 10Z7
X —55
15

=50+ 10 x

22X +40
- 3 < >




N
I
i

HEEME 3 (BtX) (page 61-63)

3.1 |WESEH X A— M5 U(0, 2) 12669 & %, komsa ko k.

(1) P(X >0.5) (2) P(X <1.2) (3) P(X>15|X>05)

3.3 $EROMEEANLS T Y FAILEAERR X % ZORIINIHEFEOHL
EDREEL T 5.

(1) X onmBiBEEREZRD L.

(2) X OFY, H#EkDd L.

3.8 EHAORS] BEhO=ABOAMLINF Y AIZAEZRS X 2 Z0ET
NicmeEBEDHEEYRTET S,

(1) X oM E BEEMELY KD L.

(2) X OFH, sieRD L.



3.9 WEREH X (I5mEE
(z<0)
(0<z<1)

F(z) =
(1l<sz<?2)

0
T
3
x
2
1 (z=2)
2bD2ETA FTOLE, KROMELFHELEL.

(”-ﬂ?£X£%)UHI{%gx£Q w)F(

{4)PO5Xg%)(5)Pu{X{m

|

1



3.10 FEFREH X IomEE

(0 (x<0)
F(zx) = { %22‘ (0=sz<R)
. 1 (z>R)

rb2LThH,
(1) BEMHE f(z) ko k., /2 ZOFEHLFEERD L.
(2) Y=X>0FERHERD L, Y TG IHES .

3.12 | FEREH X SERDA N(u, o) 25 &7 5.

(1) p=5,0=20,E PX<T) 2RDL,
(2) P(X <6) =0.9772, P(X <4) =08413 THA L&, p & o DEEZK
&



3.13

MIRESEH 1Q IXIEHSM N(100, 152) 12565, 1Q %150 LLED A £k0

=t b LHDLD

3.14

&R coZOFERMER X () 388G HICEYy, FH0ORRRE

Fﬂﬁﬁﬁsi%ﬁwa,

(1) X OMERERMEEET. (2) X O5HBEHIEIl—e* THA.
ChEFALT, BIEEEMREA0 & 1 OMICHLIHETRD L.

3.15

2 DDEEME fi(z), folz) FENEFNFEE py, po, TH o12, g b D

L35 EDLE,

f(@) = = fi(2) + 2 fo(@)

LI BERBTHLI LAY, JOSHADOFEYEFEERD L.



ZEIERDMER

y .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 22901 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
13 4032 4049 4066  .4082 4099 4115 4131 4147 4162 4177
14 4192 4207 4222 4236 4251 4265 4279 4292 4306 4319
1.5 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 AT78 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 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
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%55 HENCER

1 1R

BN iiifan

(population) =FABEXTRDOLE (BR X 7= IZERE)

BEF

=R (sample) =~F5%E

-

R
Population

o

~

=

J

>

BES
B

B =HENORETE
FIE. DR T DIEH

ALEY L 7cER

-

\_

(BN A

Samples

X1, Xy ), X

N

AN

> [ B OIEE ]

S

~

HEFRETF DIE

BENLGHEANEE5Z D

T = T(Xl,Xz,"',X )
.
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%55 HENCER

2 EATY L EASE

4 )
FEH ey EPIN
(SIS ,u _ﬂE?&
B2 EcHiH X1, Xz, e, X
\_ J
1 n
BATH £ = Z FHELMTH 2
sample 1: sample 2:
-’X:]_;-X:Z)-’X:?,;'”;-x‘n,_)Jz yl'yZ'y:g’”.’yn_))_,
X y
—_——— - - - - ———

| B u




£ LHE BEFHEER 2 BRFHEERDE

51 BF9E u, BHRE 0% ET 5.

1< _
EATEY) X =- z X, OFHEE 8L
n

zIFBH
SEIHBEDRE] EEXZTH XY & T a, b IIWHLT
E[aX + bY] = aE[X] + bE[Y]

[ DEXDIEME] IR A HERT XY & T a, b 1T LT
VlaX + bY] = a? V[X] + b2 V[Y]



£ LHE BEHEER 2 BRVEERDE

51 BF9E u, BHRE 0% ET 5.

1< _
EATEY) X =- z X, OFHEE 8L
n

k=1
2
EX) = u, V(X) =
sIERA
_ 1 = 1 ik n
E(X):E<EZXR>:EZE(XR) —£2H=M
k=1 k=1 k=1
_ 1 - 1 - 1 n 2
V(X):V(E zxk> =3 V(Xk) =ﬁ202 _2
k=1 k=1 k=1



55 AEMCER 2 ZRFYEERDE

ERDEE MR

4 ~N - N
s (A B
‘fjﬁ Z (T XXy X
BAT A
n
n 1
— 1 2 _ z . 2
X =— Z Xk 5 (Xk X)
n k=1 k=1
B N EEaiE
n
yz =" E(X - X)?
n—1 k



555 HEHEEZER 2 TEARIY & fEARLE

EE 53 BY¥H%E u BPE%E o2 £ T 5.

(1) AL 52 = z(xk_)?)z D F i 14

n—1
E(S%) = - o2

(2) MR7PEY U? =

— z(xk %) OFHMEI

, , HEMBEE LT
E(U) =0 BNTWD

AEER BB FERIEZ R L)




FOE BEMEER 4 REOEA & F0EREEE

K D%E8] (Law of Large Numbers = LLN)

ﬁﬁ@ﬁ%énﬁ+ﬁﬁgwmﬁyﬁﬁﬁﬁib*
FEH u ISEWE WD T EHNNR B,

n
EPRIY.

P | I HERZEEY

ZNDTEH p ISEWEIFEIRBIREN?

SIP—‘




5 55 HENCER

4 REDER] & O R E

a4

71 (a4 »&IF1EIOF5E
1
2

=1 (Fn & %),

\/Tﬁ(lj}%ﬁ%ﬁ U :\@_—a_ : Xl)XZJ”';
X, =0(EFEnLX),

Xn

A4 vEITO I 2L — g

oo 0
)

H
S| =
IIM:

JHD n [B
XD EEOBEITBEE

DA,

1
U= E(Xl)—1><2+0><

)

1

2

&

( N ~ \
R &R

I =

J




FOE BEMEER 4 REOEA & F0EREEE

1<n<1000

:IH
||M=

0.7

0.6

A _

0.4 l

0.3

0 200 400 600 800 1000



£ 58 HEMIER 4 KREOER & POEREE

:IH

n
Z <n <10000

0.7

0.6

P P . e ——
- g e ———_ —

0.4

0.3

0 2000 4000 6000 8000 10000



FOE BEMEER 4 REOEA & F0EREEE

0.7

0.6

n
2 - 0.5

0.5 e 7L£ /\./ 7L£ /\./
W ST <

" WIS DA T [INET 3 |
03 | . | | EEoTEWLWA?

0 2000 4000 6000 8000 10000

:Ir—*

FRRAEFITDA2ZEDHY 55 (FERZ/NI L)

Z3F2E, LWDETHE>TH T, =1 ( FE? > T, 505

> HEXRZAZHAWI-RIEAMNE




FOE BEMEER 4 REOEA & F0EREEE

K D%E8] (Law of Large Numbers = LLN)

EROREE n BT REINE, BRI X HDEFT

1

E
E B 5.8
z/i/j % :E)/) \4#'575\ b@ﬂ'ffﬁﬁﬂﬁzli X1,X2 T ',Xn 0)7l§7¥$
SZi’j

n k
k=1

EEED e>0 I LT, ROAHFY ILD.
P(|T,—ul>€)—0 (n - )
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FOE BEMEER 4 REOEA & F0EREEE

RKELD LB DA

X ZZTlE, DR EHE 2bDE LT,
FrbET T T7DARERAFE-> TR T 5

ZOWT, FEL 1AL

:Ib—*
||M=

0.2
E(TTL) = W V(Tn) — 7

FzbETz 7DOARFERZEHI NI



FOE BEMEER 4 REOEA & F0EREEE

. ERBR EEE (Central Limit Theorem = CLT)

T 5.4

EHRHFER N(u,02) oY B L7ZER X, X,, -+, X,
IZXFIL T

_ o X—[,t &5 -
X~N|u— <:> ~ N(01 SEEIE
(’“‘ n) o NOD

TEIE 5.9 FOVEEEEIEE(CLT)

CME u, 9B 02 D—RDEE
X IRV Y LD,

||

ylLLN
|

TH, n H+73KZL




FOE BEMEER 4 REOEA & F0EREEE

CLTIZEHFRICKICIENS

n
— Sn=Zl+Zz+---+Zn=ZZk
k=1

74 Z, 7+ Z,

Zl,Zz,"‘,Zn,"‘ . zﬁﬁﬁﬁ\$7l—£ﬁﬁ>—l—f—</§§&7ju
ZNENDFINE =y, PEL =0

E[Sa) = ) ElZil = nu

k=1

CLT  S,—nu ~ N(0,no?)  (n— )

D VWEREDLNERIE T 2 E 2R DOES T IFERSMICRE S

18




FOE BEMEER 4 REOEA & F0EREEE

BIRE 5.4 (ZIEHHOI

E AT L)

_IE/\?EB(n L, nHh KEWEE, AICFHEE

DENE H DIER D

N(np,np(1—p)) TEUUTZ 3,

Z1, 2y, Ly eee 2 NIL X
nzn

Xn =Z1 +Z2 + +Z7’l ~B(n,p)

S|

CLT IT& Y,

Q

n
2.
k=1

n
L/f\:bix’)f, sz =~

— A AT

DFIE =p, DR =p(1l—p)

1 —
N (p,p( - p))

N(np,np(1 — p))




& rd 3

EEMEDS (page 94-96)

5.2 |FEREE X » 2 HSA By(10,0.4) 12669 & &, X AARFH u b 2 LI EEE
NABHEER P(|X —pu|=2) #ROL. ZOHWERIIOWVWTF Y 2 7OL%ER (p. 91)
RO LD L IO L.

5.3 MERLEH X FEHRIM NG, 4) K L&, X BB FY 26 3L EEERS
FER P(|X —p| =23) 2Kk, ZOBRIIOVTFLEY 2 7TORERDSHKY DT
EHEDPD X

5.4 FEREH X 452 HAM By (50, 0.1) I2fE) & &, HE P(X < 3) #EtHe

L. /2, CTOWERER 2ESHORT YV ¥ | rHWCEEL, E

7 e (2 EHHBRET V2RI Y
FERFER & e & B b, 553 B |

5.5 |HERLH X » 2 HS Bn(12,04) I26E) &£ &, R PB < X <6) &itH
H X F, COEERE 2HESMOERLUEANTEIEL, EMAMERE LET X




5.9 Xi,..., Xn @—HAH U0, 1) 125 n BOEESEXL T2, ThoO1E
2t UTFOEEAOEEE 4#{X; <t} LRTEE, BEERX = #{X: <t} 3ED L
3 RAAIHED b F7 EALE

Falt) = —#{X: < 1}

t OB ERT, BR2MBEH (empirical distribution function) &v9). €D &
&, BERSMEBOFYLEgHERD L.

510 5.9 DHE) 0 < s <t < 1L, BEEEH X; = #{X: < s}, Xz =
H{s < X; <t} 2FEZDLE, (X1, Xo) EEDL) BRI 2. £72, Fuls) &
Fn(t) O35k Ko L.

5.11 (5.10 OfEE) —k&54 U(0, 1) OREBRSHEE F.(t) 122V T, KOMERE
M Bn(t)1E, n—oooD& &, ERMEREH B(t) ICNRT LI LexRe.

Bn(t) = vn {Fa(t) —t} — B(t) = N[0, (1 —t)]



512 HAFREIIEEBE 1 BLHEFTEE 2B DAL 5. 1 HIZEZEEGIS
o T ZEFEOEEH X EFH E(X)=4DRT Y 554 Po(4) IZ6E5. 1 HIZ 2
DOEHBF PP T HABEOREEENENY, Z L L, ThbiEvwind g
E(Y)=E(Z) =3 DORTV 5 Po(3) IZfEv, TNHEIMILETS. TDLE,
ROMICEZ L.
(1) 1 HICHETFEF PP T AEFORBOEGRY + Z 13ED LX) il
e 2.

(2) 1 BICZDRECHDPoTL 2BHEOABDAF X +Y +ZidED LD
RIS . Fhz, 1 BLZFOREI D2 TL 2EEFEOREOEEH
X+Y+Z=10THAHEEE KDL

(3) 1HEZDOREIZ 2o T H2ERBOEBOEENEX+Y +Z=10THh5
LE, BEBEORB X ZEDL D LOFICHES
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K
=
fl

1 HEEL X DHE

T4 | W

(estimator)

N A
Al

BER

S () |

BEEM

wIEA {Xl .y J
{85 T

= X
\‘ = 0 4/

FHYIC IS

X1, Xy, Xy [ EIRERDIC
A u € S IR DA IR FE R HT
0 o2
e e

= 2
MEFR

HEE

0=T=TX;,X,,,X,)

>:< ?\_ﬁﬁ‘5§+§éﬂ% T(x1 ,x2 ,"‘,xn) Li?ﬁﬁﬂﬁt L\ 5 .



B 6E HE

1 HEEEL ZDHEE

(

\_

BE

=

S

\

J

EAEHETTH

<<i: BROERE

r

\_

=N
Xy, Xy ) o, Xy,

J

HEET=TX,, Xy,

X)) [ZHEREHTH D

[

xl, xz,x3, "‘,x—n -t

sample 1:

J

Yo Y2,Y3,Yn t'

sample 2:

J




EOE HTE 1 HEELZTOUE

- E= (unbiased estimator)

Nt

sample 1: sample 2:
xl,xz,X3,"',Xn—)t yl'y2'y3'“.'yn_)t,

~\ S

t t'
—_— = - ——

Iﬂﬁel

WHESET=TWX,,X,,,X,) | THEXZHTH 3

EHR HEETHET =0 2#-dLZ, ZOHES
MRIEEZE E LY.




EOE HTE 1 HEELZTOUE

78 6.1 HBF¥Iu, BnEo? ODHEMALI L EVTZIN
T-EBVEBIERE X, Xy, .0, Xy, £T 5.

. 1x
(1) BAFH X =- ZXR FRTH L OB EETH B,

n
Z(xk —X)? EEHE o2 O

k=1

(2) MROEL U? =
n—1

NMRIEEETH 5.

(1) TE5.1ICL>TEX) = p FBE40
(2) FHE 5312k ->TEWU?) = o2 |3EE40.



EOE HTE 1 HEELZTOUE

EE (109)

6.3 Xi,..., Xn WHICR—SAHIHD BT, 20FEHR EX) = p &
BI V(X)) =02 Thoredd Bfca,...,cn BFEETIBEUOBTEHEE
T=c1 X1+ - FcnXn ERA.

(1) THpu OFRREERTH S0, T, ..., cn DT NEEHEK

X
(2) BHAREZROHT, FHERMTIER a1, ..., cn RO L.




EOE HTE 1 HEELZTOUE

EE (109)

6.3 X1,..., X, MY CTR—SHIZHED BRT, 20FHE EX) = p &
BI V(X)) =02 Thoredd Bfca,...,cn BFEETIBEUOBTEHEE
T=c1 X1+ - FcnXn ERA.

(1) THpu OFRREERTH S0, T, ..., cn DT NEEHEK

X
(2) BHAREZROHT, FHERMTIER a1, ..., cn RO L.

1=
(1) [FIMEORANME] HEREHX,Y & M a b IXHLT
E[aX + bY] = aE[X] + bE[Y]
(2) [P BDIEME] ML A HEEZTH X, Y & T a b (LT

VlaX + bY] = a? V[X] + b2 V[Y]



EOE HTE 1 HEELZTOUE

EE (109)

6.3 X1,..., Xn X TR—SAIHE)BRT, 2OFEYIE EXG) = p 7
BI V(X)) =02 Thoredd Bfca,...,cn BFEETIBEUOBTEHEE
T=c1 X1+ - FcnXn ERA.

(1) THpu OFRREERTH S0, T, ..., cn DT NEEHEK

X
(2) BHAREZROHT, FHERMTIER a1, ..., cn RO L.

(1)  E(T) =E(ci Xy + -+ c,Xy)
=, E(X) + -+ c,E(X,)

=CiU+ T+ Ccpu
ME$ﬁtm5]
= (e + o+ e

EM=pu&B5DlEci++c,=1 DEETTH 5.




EOE HTE 1 HEELZTOUE

MEFT (BAfTEFEH)

\I

LEDF (EiF9) EHfFEDOTY (INEF
X, +X, 1 1 1 2
S - X, +-X
> > X+ X, S X3 X
JIES T

- n n
T=chXk =12 L ch —1
k=1 k=1

Sli—‘

EMBEICTNEBBOBMTY X =




EOE HTE 1 HEELZTOUE

B E (109)

6.3 Xi,..., Xn WHICR—SAHIHD BT, 20FEHR EX) = p &
BI V(X)) =02 Thoredd Bfca,...,cn BFEETIBEUOBTEHEE
T=c1 X1+ - FcnXn ERA.

(1) THp OFRREEETHS70I, FHer, ..., oo DT REELEER

&
(2) BHAREZROHT, FHERMTIER a1, ..., cn RO L.

(2)  V(T)=V(c Xy + -+ ¢, X))
= c2V (X)) + -+ c2V(X,,)
= (cZ + -+ c?)o?

ci+te,=1DHLET VT DRNMEZEE R S.

10



EOE HTE 1 HEELZTOUE

¥ o+t =lDHET R+ +c2 DRIMEZEZS.
cZ+-+ci=(c;—a)+ -+ (¢, —a)* +2a(cy + -+ + ¢,) — na?

=(c; —a)*+ -+ (¢, —a)* + 2a — na*

L7=2'> 7T, c2++c2 lFd¢eg==c,=a DEZTRNEZ & 5.

i+ +ce,=1l ZEhET

1
C1="’=Cn=g (*)

EHITY ]
38 DY
DEE, ¢+ -+t IRIMEZ LS. (FE :

DFY, T=cX{++c, X, DOEUT (%) DE&EZIRNKD,

11



EOE HTE 1 HEELZTOUE

NMRETED LB
TR0 OTREEE [ > E(T) =6
T D98 V(T) = E{(T — 6)%}

— N %————9————
_

B E(T) =6

P2, MRIEEEDNEHIIHEETEDR IDIEREEEZ S Z
ENTESL (DED/NEIWVWZIEHTEEE L TENTWLWS)

T, T, : B8 60 ONR#HET=
V(Ty) <V(Ty)

T, £V T, XYV ER (efficient) THZ &L,

12




EOE HTE 1 HEELZTOUE

Fl*x x (KA YEERE)

IBDDIEICELESA DOV TWSIHEANHZKEILTWS, HEIN.
EEN X,X,,X3 THoZEE, TNODERKEZ M = max{X;, X,, X3}

YEHE TDEE N = §M —1 I EOREN ORNEHTETH S,

7D 3k-DUk-2)  3(k-D(k-2)

P(M = k) = (") “2ZNN-DWN-2) N -D(N-2)
N 3 N
E[M]:;kP(M:k) :N(N_l)(N_Z);k(k—l)(k—Z)

~ 3 1
TNIN—DWN-2) 4

N
Z{(k + Dk(k — 1)k = 2) — k(k — 1)(k — 2)(k — 3)}
k=1

3
=Z(N+1)

13



EOE HTE 1 HEELZTOUE

Bl * (FAVEERME)
E%ﬁﬁéﬂf:%%b$ Xl,Xz,“',Xn T\\%Of:t %, %*LI\O@HEQKTE%
M = max{X{, X5, -, X}

Y, IV=(1+%)M—1 ITERE OB N OTBHTETETH .

Statistical Conventional

Month N e German records
June 1940 169 1,000 122
June 1941 244 1,550 271
August 1942 327 1,550 342

*) EEBBHRASOERFE
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6.1 | FERZE X, X, [$HILT, ¥ u, 78 0?2 ZHL D2EIDMICHKED & F, RDH
D7 K& L.

(1) E(X; + X3) (2) E(X1X2)  (3) V(Xy + X3) (4) V(X1X3)

6.2| X, Y i3 AEHT, FHETHIEnEh

E(X)=E(Y)=pu, V(X)=0¢? V()=30"

THhrETH THa, b RELTHRAOBIEBEE T = aX +bY IIHLT, KD
FICE R &,
(1) T pu ORREERTH L7200, a, biFED L) BEMrilshidk
b 7R\,

(2) T puOREHRERTHSEE, FHERMNT S o, b DEEKD L.
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6.3 Xi,..., X, WHIYTR—SMIHE) BT, £20FHE E(X;) =p 7
M V(X)) =0 ThsreTd. B a,...,co BRBET2BNOMTBEE
T=c1 X1+ - +cnXn ERA.

(1) TH u OFREEETH B0, Ef e, ..., cn DFELTREREEZK

D &
(2) WEAEHEEEOFT, FHERNMTLIER cr, ..., cn ERDO L.

6.4 | ¥ p1, po, D012, 022 b2 200 R HBERMS S, EEBER
X1, ooy Xngs Y1, .00, Yo, OERFEHE X, Y LT2EE, KOMEFHY M OF
E(M) £738 V(M) %R0 L.

711)? +n2}_"
ni1 + ng

M =
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6.5 Xi, Xo, ..., Xo Z—H5H U0, 0) O DEAEHEALE TS,
(1) Y =max{X1, X2, ..., Xn} DEEBELKLRD L.
(2) RO2ODMERE T, T 1EE DT, 6 OFRHEERTH S Z & 2Rt

n+1
)

T = Y, T2=2X

(3) (2)D22o0HERT:, ToDH)b, ELLBLNVFYHLREERETDH S D

6.6 X1, Xo. ... X, \LIEM5 Ex(—}\—) o DEEBERE T 5. B A D

2ODMEERELLTT = X (EAFYH) LEARNMZE-HEER Th =
nmin{X1, Xa, ..., Xn} ZEX 5. TDLE, KOMIZEZR L.

(1) ThOEDMEERIIFMRTH S L ERE.
(2) IHSHOEEROGE L RS, HBEE L.

17



| ecture &

RIS DD 20

(25T, 5%, F-57)

|

[ZR =]

58 HENEER
3 IER MmN oEDINDIZERDH




F£5E BEMLER 3 ER2HH»0EINIERD

BEM . SR
s, || EER 2K o
éj\:l%t& 0_2 ?EJTE?HJH:' Xl:XZ ) ---:Xn X — E Z Xk

> HEBIEGO-012, FRAEF N(u, o) 21D

54 (52)
FRAEMA N, 02) oY HE L7EEER X, Xy, -, X, IS L T

/J\_|—‘/ 1k’ i ;‘ = =~ )

KB 0% DIRIMD & EITFEZ A0,



F£5E BEMLER 3 ER2HH»0EINIERD

FHRAEH BES EIN
N(,u,O'Z) ?EJ_E?HiH:'u XlJXZ ’ ...,Xn

2": ainl N(0,1)
= o/yn '

B
I~

13

SIH

o DERHMD & ZTIIMRPEATHRET S5 EWU?) = og?

— X)2 X—pu
U/vn

~ 777

| p—
p—

P~
w\ﬂz
=

N\

e

'




F£5E BEMLER 3 ER2HH»0EINIERD

hA 28 DHE (¥2-97%)
Zl 'ZZ 1°”1Zv :
SHEIEFR 2 N(0,1) 7€ v B EEAER
oD 2 FAl

Xzzz,?

=1

Doz BREY DHA 2FEDHEFW, BBS yi TKT.




F£5E BEMLER 3 ER2HH»0EINIERD

L

0.5

0.4

0.3

0.2

0.1

EvOhA 2E DT (x2-97)

1 vV X

n= 1 = 2 1e2
fv(x) ZV/ZF(%) X2 e 2 (x = 0),
fL(x)=0 (x<0)

n= 2
P (3) T(o &> B
/ n= 4
/ n=15
FIIE m=v

SE 0 = 2v




#5858 HEMEE 3 IERDmH LENMNDZEADH

HHREvV DNA 2 F'HHE ((2-9D70)

o] 0005] 009] 0075] 0.05] 0.05] 0.025] 0.01] 0.005

1/|0.01393 | 0.0%157 | 0.0%082| 0.02398] 3.841] 5.024| 6.635| 7.879

a 2| 0010| 0020 00s1| 0.103] 5.991| 7.378 9.210| 10.597

3/l 0072 0115| 0216 0352] 7.s15| 9.348) 11.345| 12.838

4| 0207 0207| 0484| 0711] 9.488| 11.143) 13.277| 14.860

5| 0412 0554| 0831 1.145] 11.070] 12.833| 15.086| 16.750

6 0676 0872 1237 1.635] 12.592) 14.449 | 16.812| 18.548

7l 0080 1.230| 1.690] 2.167| 14.067| 16.013] 18.475| 20.278

S|[ 1.344] 1646| 2.180| 2.733| 15.507 17.535 | 20.000| 21.955

0 Z;% ( o ) oll 1735 2088| 2700| 3.325] 16.919] 19.023| 21.666| 23.589

10 2,156 2.558| 3.247| 3.040§ 18.307 | 20.483| 23.200| 25.188

11 2,603 3.063| 3.816| 4.575) 19.675) 21.920| 24.725| 26.757
12| 3.074| 3.571| 4.404| 5.226] 21.026 ] 23.337| 26.217| 28.300
13| 3.565, 4.107| 5.009| 5.892) 22.362) 24.736| 27.688| 20.819
14| 4075 4.660| 5.629| 6.571] 23.685] 26.119 20.141| 31.319
15| 4.601| 5.229| 6.262| 7.261] 24.996 | 27.488  30.578| 32.801
16| 5.142| 5.812| 6.008| 7.962] 26.206 | 28.845  32.000| 34.267
17 5.697| 6.408| 7.564| 8.672) 27.587] 30.191 | 33.409| 35.718
18| 6.265| 7.015| 8.231| 9.390] 28.869| 31.526 | 34.805| 37.156
19| 6.844| 7.683| 8.907| 10.117] 30.144 ) 32.852| 36.191| 38.582
20| 7.434 8260, 9.591| 10.851) 31.410§ 34.170| 37.566| 39.097

Al o &=
Xy ()

v=17
21 8.034 S.807 | 10283 11.591) 32.671§ 35.479 | 38.932| 41.401
22| 8.643 0.542 | 10,982 | 12.338) 33.924§ 36.781 | 40.289| 42.79¢
a = 005 23 9.260| 10.196| 11.689| 13.001) 35.172{ 38.0v6| 41.638| 44.181
24 9886 | 10.856| 12.401| 13.848) 36.415) 39.364 | 42.980| 45.559
25| 10520 11.524| 13.120| 14.611§ 37.652 ) 40.646| 44.314| 46.928

XZ (0 05) — 4 06 Al LI LT R RN aTa] e A A 1F arn an noe EE LTSS AR A AN A8 A
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1F
EmE 59)
5 RE 5.2

HERED 10 DHA 2 J-DMICR I ERELMX 1’ H 2EZBR BHEEK

v = 10, a = 0.05

5% =

0 73 (a) ¥2%,(0.05)= 18.307



h A 2% D

-

22(a)

HAl o =
x5 (@)

a 99 975 95 90 .70 .50 30 10 .05 025 .01
1| .000157 .00098 .00393 0158 .148 455 1.074 2.706  3.841 5.0238 6.635
2 0201 0506 103 211 713 1.386 2408 4605 5991 73780 9.210
3 JA15 216 352 584  1.424 2366  3.665 6251 7.815 9348 11.345
4 297 484 711 1.064  2.195 3.357 4.878 7.779  9.488  11.243 13.277
5 554 831 1.145 1.610  3.000 4.351 6.064 9.236 11.070 12.832 15.086
6 872 1.237 1.635  2.204 3.828 5.348 7.231 10645 12.592 14.449 16.812
7 1.239 1.690  2.167 2.833 4.671 6.346 8.383 12.017 14.067 16013 18.475
8 1.646  2.180  2.733 3.490 5527 7344  9.524 13362 15.507 17.535 20.090
9 2.088  2.700  3.325 4.168 6.393 8.343 10.656 14.684 16.919 19.023 21.666

10 2,558  3.247 3940 4865 7.267 9.342 11.781 15987 18.307 20.483 23.209

11 3.053 3.816 4575 5578 8.148 10.341 12.899 17.275 19.675 21.920 24.725

12 3571 4.404 5.226 6.304 9.034 11.340 14.011 18.549 21.026 23337 26.217

13 4.107 5.009 5.892 7.042 9.926 12.340 15119 19.812 22362 24.736 27.688

14 4.660 5.629 6571 7.790 10821 13.339 16.222 21.064 23.685 26.119 29.141

15 5.229 6.262 7.261 8.547 11.721 14.339 17.322 22307 24.996 27.488 30.578

16 5.812 6.908 7.962 9.312 12.624 15.338 18.418 23.542 26.296 28.845 32.000

17 6.408 7.564 8.672 10.085 13.531 16.338 19.511 24769 27.587 30.191 33.409

18 7.015 8.231 9.390 10.865 14.440 17.338 20.601 25989 28.8609 31.526 34.805

19 7.633 8.907 10.117 11.651 15352 18.338 21.689 27.204 30.144 32.852 36.191

20 8260 9.591 10.851 12.443 16.266 19.337 22.775 28.412 31.410 34.170 37.566

21 8.897 10.283 11.591 13.240 17.182 20.337 23.858 29.615 32.671 35.479 38.932

22 9.542 10.982 12.338 14.041 18.101 21.337 24.939 30.813 33.924 36.781 40.289

23 10.196 11.689 13.091 14.848 19.021 22.337 26.018 32007 35.172 38076 41.638

24 10856 12.401 13.848 15.659 19.943 23337 27.096 33196 36.415 39364 42980

25 11.524 13.120 14611 16473 20.867 24337 28.172 34382 37.652 40646 44.314

26 12.198 13.844 15379 17.292 21.792 25336 29.246 35.563 38.885 41.923 45.642

27 12.879 14.573 16.151 18.114 22.719 26.336 30.319 36.741 40.113 43.194 46.963

28 13.565 15.308 16.928 18.939 23.647 27.336 31.391 37.916 41.337 44.461 48.278

29 14.256 16.047 17708 19.768 24577 28336 32.461 39.087 42.557 45.722 49.588

30 14953 16.791 18.493 20.599 25.508 29.336 33.530 40.256 43.773 46.979 50.892
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A @ =

g=l

0 (@)

P(|T| > tv(a)) =



-tk

(o)

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 9.925

3 137 277 424 .584 .765 978 1250 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 1.134 1.440 1.943 2447 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 1397 1.860 2306 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 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 2160 2.650 3.012
14 128 .258 .393 .537 .692 868 1.076 1.345 1761 2145 2.624 2.977
15 128 .258 393 .536 .691 866 1.074 1.341 1753 2.131 2.602 2.947
16 128 .258 392 .535 690 .865 1.071 1337 1746 2120 2.583 2.921
17 128 .257 392 534 .689 .863 1.069 1.333 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 1721 2.080 2.518 2.831
22 127 .256 .390 .532 .686 .858 1.061 1321 1.717 2.074 2508 2.819
23 127 .256 .390 .532 .685 858 1.060 1319 1.714 2.069 2.500 2.807
24 127 .256 .390 531 .685 .857 1.059 1318 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 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 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 2423 2.704
60 126 254 .387 .527 .679 .848 1.046 1.296 1671 2000 2.390 2.660
120 126 .254 .386 .526 .677 .845 1.041 1289 1.685 1980 2.358 2.617
o) .126 .253 .385 .524 .674 842 1036 1.282 1.645 1960 2.326 2.576
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a = 0.05
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0 f (@)
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5.1 BEEK X »"—#%aMm U0,1) IZEH) & &, Y = —2logX RHERTA

1

EX(E) SRS, b, HEE2 04 2 A 2 D T L AR

5.6 | Z I3EEFERSHIHE, 2(a) XEZOTHl o HET5. TIZHHEY OF 1 —
DANZHE, t, (o) XZFOTR o A ET 5.
(1) EEFHASHFRIILD, a=0.20,0.10, 0.05 I LT, z(a) PELZRD L.
(2) F4—=SH&FIZED, a=0.20,0.10, 0.05 & v = 10, 20, 30 IK LT, t.()
DEZRD &
(3) ZHLEDERDS, 2(a) <tu(a) THBEILEZHEIDL.
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