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10 tUbootdotdood

guobbuoooooooobobbuobboobbuoboboobooboooobooon
OO000000b0o0O00obObobOOooO0b0o0o0b0oobOOooDOobO0oUoO0O0b M Car and
GoatOU D OOODOOODOOOOODOODODOODODODOODDOOODOOOLOO
gobbgog3bubboobobbbououboobooobobbuoobobboogbDa
guogodobuoogbbobbbbbdodouoogbooooobbobudboooobbon
gogoboboboubobobobbobbooobobobbobobobobobobobobaobn
guotbgdbbooobuobbbooobuoooouobboooobbobobuadboo
gboodboouogboboooboboogbbbouobbooboobbobooonoo
gobbooooobbbooobbog

000000000000000000 1/20000000000000000 2/30
gbouodgbooobbooboooubbbbuobooooooobuoobboobbon
guogbdobbboouooobuobobobbooobbobbbbbooooubobooa
0000 2/3000000

1. OOo0g

gobbOO0obO0oooOOobbOOoU0o0oooboboDooOOoobDUoboOooDoDoDooDbboOoOoQOO
ggoboggoon

gooo

00 1.1. Q00000000000000 FOOOODODOOOOOO e-000 (o-field)
gogn

(1)0,QeF.
(2)Ae F = A°e F

B) A, eFon=12...=|JA, eF

n=1

00 Q0 ¢-000 FOODOOODOO (Q,F) 00000 00000000000 S0
000000000000000 -00000000000000 Borel o-000 (00
0 ».-0000000000000)000000 B(S)0000(S,B(S)0000000
0D0SO00000000000000000.-000000 BS)0000S=R,C,R
0000000000000

oo 1.2, 7O o-O000O0O0OO0DODOODOOOOOODOODO
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(1) A, BE F = A\B€ F.
2 A, €Fon=12...= (A, eF

n=1
00 ()0 A\B=ANB:OOOOOO
(20 0000

AceFn=12... — (Jaer — (Ja) er
n=1 n=1
000 de Morgan OO OO DOOO

o0

([_j 45)" = () = f_ﬁAn

n=1

gbogobbobuoogogn U

gooo

gogo o-gboobooobobboboboobboboboobuooooboo PO
gobogobgooo

00 1.3. 0000 (Q,7) 0000 PO P(Q)=100000000000 (probability
measure) 10 00000000000000000

(1) P: F—[0,1], P(Q) = 1.
(2) A, e F,n=1,2,... 00000 (ANA=0i#j)000000

P<© An) - i P(A,) (1.1)

googgn

00000000 (Q,7,P)00000 (probability space) 0000

QDU0000D000000 (samplespace) 00 00QO00 w0OO0OOOO (elementary
event) D00 00O (sample) DO0OOFOO0O0 AODODO (event) 000000000 A°=0Q\A
0000 (complementary event) IO OO0ANBOOOO0DAUBOODOOOPOOOOO
ggo

U 11. 0obbobood
gbobboouogobboouooguoboboon

Q=1{1,2,...,6}"N 3w =(w,wo,...).

w,0 1,2,...,60000000,0000000000000 5,79, ...,7n,0000
1

6
00000000000000 »-00000000000000000000 OKolmogorov
000000000000000000000

Py =1m,wy =2, oWy = M) =



1. oogg

00 14. 0000 (QF,P)O0O000O00OOOOOOOOO

1) AC B = P(B\ A) = P(B) — P(A).
2) P(A%) = 1 - P(A)

(1)

(2)

(3) AC B = P(A) < P(B).
(@DDD;4efnflﬁw.DDDPQJA>§§:HA)

(5) A T A (lery Ay C Ay C -, A= lAl)DDDZD:llLr%OP(An):P(A).
6)A, | A(le, A4 DA D, A=, A,) 0000 lim P(A,) = P(A).

n—o0

OO0 (1) B=A+ B\ A (disjoint union) 00000 O

(2)0 A°=Q\AD P(Q)=1000000

(30 (1)000000D0000000

(40 By = Ay, By = A, \U!" A (n=2,3,..)0000B, 000000

iBi = [OJAz', B; C A;.
i—1 i=1

gobbooooggog

P(QAi> (ZB) ZP i)gg;PA

000000000000
(5)0

P(A) = P(A,) + i P(Api1 \ Ag).

00000 °°, P(4\Ay) —00000000000000000
(6)0 de Morgan 00000 5) 00000000

015 . 0000 (QF P)0D00O0OOOOOOOOOO

(DPMJ:Qn:Lz“.DDDPUjAQ:Q

(%PM@:Ln:Lz”.DDDPQ%AQ:

00 ()0 00 140 400000000
(2)0 (1) 0000 de Morgan D 000000
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2. 0000

gooo

00 2.1. (Q,F,P)0000OO0 (5,8)0000000000Q00 SO0 F80000
X:Q—-S000000000000 X0 F/SO0O000000000000 BeSODO
DO0X YB)={w;X(w)eB}eFOOOOOOOODODOO

00000 S0000000ooooooooooooS=B(S) 000000 S=RO
000XO00O00OO0O0OS=CO0000000000S=R¢{00004d0000000
goo

00

00 2.2, (0000000) XO(8,8)-00000000000(5,8)0000000
0000 PoX ' (0O (PoX Y)B)=P[X"Y(B), Fes, 000000 (5,8 000
00000 X0000000oPXO00000

00 23. 00000 (5,8 0000000000 X,Y(ODODODoOOOooOooooooo
O000000000)0000PYX=PY00000000X0O YOOOOOOO (0O
0000)oooOd

xLy oooo XAy
00000

00 24. (0000) XOO0OO0OOOOOPYOOO ROOODOOOOOF(z)=P(X <
z) = PX((-00,2]), € R,000000ROOOD FO X0OOOOOOOO

0000 FODOOOCODODOOOOO lim Fx)=0, lim Flz)=1000000000

Tr——00

gogodboboobobbobuoboooobbobbubbboobn

oo
0000000 X0000 pX]000000000000gooooon

BlX] = /Q X (w) P(dw)

0000000000000000000000 PO0OOOOOOOOOOOOOOO0
0ooooo
XO000O000O0o00000000 Q@oooe=UY, o (Q.eF)0DOOODO

X(w) = Z arlo, (w)
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googoboooo

/QX(w)P(dw) = ZCLkP(Qk)

goboobobboobo0 Xooooboooboo

n—oo

goobooggd

/QX(w)P(dw) = lim | X,(w)P(dw)

n—oo QO

00000000 {X,}00000000000000000OD0OO0 X0 POOOOOOO
goboobooXx,000on

Xo(w)=>" ol 1g, () + nlp, (W) (2.1)

guobodggood

E—1 k
Ek:{w,?SX(w)<2—n}, k:1,2,...,n2",

F, ={w; X(w) > n}

goodgboo

n2"

léxwwu@:1m{§:”4pﬁligx<£5+nmxzn%

n—00 2n 2n

gooboobboobb XOo pPpOOODOOOODLDOOOOOO
XO000O0O0OOOoO |[X|Ooboooooooooooo

| X@p) = [ X@pw) - | X @)

000000000 X,=XVv0, X =(-X)v0.00000000 LY(P)0O000O00
p>10000 (XPOOODOOOO XOp-0000000000000000 LP(P)O
0oo

00 25. XeL(P)OODO

E[X] = /Q X (W) P(dw) (2.2)

0 XO0O00OO0 (00)o0o0oo
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gbogbboobbuooooboboooobobaoo

00 2.6. X, YelL'(P),a eRODOO

X>0= E[X]>0, 00O
ElaX + Y| =aF[X|+ (E]Y], 00O

gboggn

00 27.(0000)X0 (5,8 000000000000000 f0 (5,8 00000
0000000000000 f(X)00OO0 PO0OOOOOOOOOf(z)0 SO PXO0O

ddooododgooooooodad
E[f(X)] = / F(X () P(dw) = / f(2) P (dx).

0000000 PXO0O00OO0OOO0

o0 fO000D0DOO0O00OO0ODDODO
f(x) =) axlp, (@)
k=1
oooon
FX) = arlp (X) =) axlxi(s,)
k=1 k=1
oo
B = Y P (B) = Y™ (8) = [ )P )
k=1 k=1 o

gbobobboooobbdobodgo

gooodoogogoon

00 2.8. X"e LY(P)000 E[X"|0 n 00000000000
X?e[NP)DODOO

V(X) = B[(X - E[X])*] = E[X?] - B[X]?
0 XO0O0O0O0OOOe(X)=,/VX)000000000

guobboboogoooobooboonoobooood

(2.3)
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00 2.9. (Chebyshev D000) X € LP(P) (p>1)0000000000

El|X|P
P(x| = k) < ZIXTT (2.5)
kpr
00 Xel*P)OOO
| X —m| 1
Pl— > < — 2.
( o 2 k — k? (2:6)
0fdooooodod mO00O0O0cO0O0O0OOOOOO0O
00 |X|P>kPlyx;ze 000000
ENX["] = ER"1x2m] = K P{IX] = £})
o0 (2500000
00
o? = E[|X —m|*]
2 E[02k21{\X7m\2202k2}]
= UQKQP({]X — m\Q > 02/€2})
:g2k2p(MZk)
o
ooo0ooo@Ee0oo0 O

gobobboboboobobboboogoobbbXxoobooboooooooobon
oo

f(@) = E[(X - 2)7].
00000000000000m=E[X]000

f@)=E[(X —m+m—2)] = E[(X —m)*+2(X —m)(x —m) + (m — 2)?
= V(X) + (m —x)?

O000xz=m0O000000 V(X)OOOOOODOODOf(x)O XOODOODOOODO
gg200000bbb00dbuoobbo2000bboooobobboudgogon
gbggobuobuobooboobobo20bbuboboogbboboobobbuoobon
goon
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3. Uouboooon
U

g0

00 3.1. 20000 4, BeFO000 <% P(ANB) = P(A)P(B).

00 3.2. 200 subo-fields 7, /o CF OO0

&L YA e Fy, VB € Fo: P(ANB) = P(A)P(B).

AceFOOODAOODDOD 0000 ¢(A)00000000O
o(A) = {0,Q, A, A},

00000000004, BeFO0O0O

A BODODO < o(A), s(B)0 00O
00000000000000000 4, BO0OOO0O000P(A°NB)=P(A%)P(B)0O

P(ANB) + P(A°N B) = P(B)

oooo
P(A°N B) = P(B) — P(AN B) = P(B) — P(A)P(B) = P(B)(1 — P(A)) = P(B)P(A°)
0ooo0ooooo

00 3.3. n 00 sub o-fields Fy, Fo,..., F, CFODODO
égv&e]%i:LZ”wn:P«%&>:f1PMJ
=1 =1
00 3.1. 0(A), 0(B),c(C) 0000000A, B,COO0DOO0OOOOO
P(ANBNC) = P(A)P(B)P(C)
O00000D00A, B,COD0O0D0O0ODO0ODOODO0O
00 3.4. ofields F, CF, A e ADDD0<LL 0000000 subofields 0000
00 3.5. X0 (58)00000000000000 ¢-000
o(X)={A=X"YB); Bc S}

0 XO0OO0O0O0O 00000000
000000 {X\AcAl000000000-00000 {o(X,);AeA}00000
000000000

gboboboobogobuoooooboooon
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00 36. X,YOOOOOOOOOOOX,Y e LX(P)000 XY e LY(P) O

E[XY] = E[X]|E[Y] (3.1)
000000

00 X,YOOOODOOoOoDoooQooo Q=>,00 Q:ZjQ;»DDDDDD
X:Zailﬂﬂ Y:ij]_g;
i J

00000000000
E[XY] = EKZ ai19i) (Z bj199)}
¢ J
= E|:Z aibjlgimgg]

0,

i,J
=) ab;P(Q) P(2)
i,J

= aP(@) Y b P()
— E[X]|E[Y].

000 X0y 0OoOoooooo X,,Y,0 (21)00000000000 oX), oY) O
00000000000000000000000000000 0

D000000000000000000000000000000000000000
00 3.7. X1, Xo,..., X, 0000000

V(e X1+ -+ a,X,) = alV(X1) + -+ a2V (X,) (3.2)
oooooo
00 m;0 X,;00000000

V(a1X1 + -+ aan) = E[(a1X1 +-- aan —aymy — -+ — &nmn)Q]

= E[(Z a;(X; — mj))?

J

= Z a;a; E[(X; — m;)(X; —my)]

0,
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=Y @ E[(Xi —m)’ + ) aia; B[(X; — my)(X; —my)]
i i#]
:E:ﬁVQw+§:m%wawMEM3—mﬂ

i

gbogboboggoooobooan 0

X 0O (5,8)-000000Y0 (S,8)-00000000PY, PYO000000000
000X,y 0OOOOO000 (X,Y)O (S x5,8 x&)-000000000000
S1xS0 AxB, 00000000000 «-000000000000 PEYOOO0O0X
0 YOOOOOOOAeS, BeS 000

PXY)(Ax B)=P(X €AY € B)= P(X € A)P(Y € B) = PX(A)PY(B)

D00000PYY)(AxB)=PX(A)PY(B)0OO0O0O A BOODDODDOOOODOOO
PXY) O pX PYOODOODODOODOPYxPYO00000000000D0O0O00OO0O
DoooDooooooo0o

00 RROODO0ODOD p,»0000000000000 A0

Amyiéﬂm—mmmm A e BRY)

gobooooob A0 pbvobOobb00pwxy 000000000 ooooon
0000000000000000000000 R-O0000 X,YOOOOoooa g,
v 0O00000X+Y OUOOD wxr»0oooooonooonDO

P(X+YeA) = / La(z + y)p(dz)v(dy)

R4 xRd

_ / () / Ll + y)u(d)
- / (A = y)ldy)

0ooooo0ooo
0000000 f,¢00000000000

f*g@%Z/wf@—ymwﬁw

o0o0oooooobod0 X, Yoooooooooooooo f,¢g000000000 fxg
O X+YUOOoOoooooooooooooooo

E[F(X +Y)| = / / Fz + ) (2)g(y) dr dy



3. gbboodoogn

u=1r+y,v=y

(9(x,y): % g—i _ 11
O(u,v) % % 0 1
dzx dy = o,y) du dv = du dv
O(u,v)
://F(u)f(u—v)g(v)dudv
:/F(u)f*g(u)du.
ooooo
00 3.8. 4, BEF, P(B)£0000
P(ANB)
000 BOOOO AODOODOOOOOOO
oo 3.9.
P(AN B) = P(A|B)P(B)
goood
A, BOO0O <« P(A|B)=P(4)
ooon
Bayes [ [0 [

00 3.10. (Bayes 000)
A;,j=1,...,n0 Y A;=Q000000000000

P(A;)P(B|A;)
> i1 P(Aj)P(BlA)

Jj=1

P(A|B) =

1=1,...,n

googgo
g

goopoooogooooo
P(Ai‘B)P(B>:p(B’Ai)P(Ai>
godoogoooooboogogoooooon P(AHB)DDDDD

=1

15

(3.3)

(3.4)

(3.5)

(3.6)
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OOoob000oo0b0ooboobobooOoooboobooobbbooooooD A;ODbOoO0oo
00000000000 A 0000 BOOOUOUOOO PB|A)ODODODODODOODOOOO
00000000000 A, 00000 P(A)ODOODODODOOOODOODODOOODOODOOO
0000 BOOOOOODOODOO A 00000 PAB)ODOODOODODODOOOOOOO
ggdggbouogbobobouguoougboooobooboobuoobbbooobg
gooodgo

0 3.1.(300000000)
a,b,c3000000001000020000000000000003000000 1
000000000 a0000000 b,c000000000000000000000
00000000000bO0000000000000a0 a,¢200000000000
000000000000 000 100 lo000000000000000nooo
0000000 Bayes 0000000000 000A, B,CO0000 a,b,c0000
00000000GO0O000 bOOOOOOOOOOOOOOO00000000 GC B
000O0(@O0O0 bOOOODOOOO0OObLOOOOOO0O000000O0000000 b,c
0000000000c00000000000000000)000 4, B,CO00000

0 AvuBuUuC=QO0O00000000000O (ODODO)O

P(G|A) = % P(GIB) =0, P(G|C)=1.

000000 P(AIG)ODOO0O0OBayess 00 00D0O0OO0OOOODOOOOOO

B P(G|A)P(A) 51
PAIC) = B@Tpa) + PGB P(B) + PGIOPIC)  T+0+1 5

HRERE aDDDDDDDDDDDDDDDD%DDDDDDDDDDDDDDDDDD a
000000000000 000OD0O0O cO00000O0D0O0OOP(GIC)=1000
P(G|C)P(C) 1 2

Ple) = P(G|A)P(A) + P(GIB)P(B) + P(GIC)P(C) — 140+1 3

gbobbbobbcObbOODOODOO %DDDDDDDDDDDCDDDDDDDDDDDD

0 3.2.(000)
0000000000000

ERERE 99%
oooo 2%

gouobodgobooggbbbooooguobbugooobogbobboboooobog
gobbbuoobooooobbuouabbbb

go oot l1gogooobooboogbobouoboounogboboboboooogn
gooubggobbbdgo
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gogooobd
99 2 1

P(P|C) = —, P(P|C%)=—, P(C)=——

gbooogobod
PPIC)P(C)
P(C|P) =
(CIP) P(P|C)P(C) + P(P|C¢)P(C*)
2 X 1o 99

=0.04721 ...

99 1 2 909
100 X 7000 + 100 X 1000 2097

Markov OO

0 3.3. KOOOOOOOOOoooOuooOl1ooooooooooouooooooooo o6
goo0olo0oooogogoooogoodooggu oo ooogOo oxroo
O00000n00000000000000 pn)000000Op(n) 00000000

(000000000000 0UooOo0U0OOooOOOoOoOoOOoODOOO0ODOOUODbDOOO
O00ooooo)

0000000000ooooooo0o0O0 {X,)0n000000

1, 00000
X, =
{z nooon

gogobobtudngdbbbbobbuobdditn+10000000obbbooobbn
gougn

p(i,j) = P(Xp11 =i Xn =13), 1,j=12.
0000000000000
p(1,1) p(1,2)\ /01 06
p(2,1) p2,2) ) \ 09 04

godbuodgoouodgbooooboobooobbbooooobbooboo

gaogo

p(n—f-l):P(Xn_H:]_):P(Xn_H:1,Xn:1)+P(Xn+1:1,Xn:2)
= P(Xps1 = 1|X, = )P(X,, = 1) + P(Xp1 = 1| X, = 2)P(X,, = 2)
=p(1,)p(n) + p(1,2)(1 — p(n)) = (p(1,1) — p(1,2))p(n) + p(1,2).
000

z=(p(1,1) — p(1,2))z + p(1,2)



18 010 000000000
000 z=x(1)0000
m(1) = (p(1,1) = p(1,2))m(1) + p(1,2). (3.7)
0oo
p(n+1) = (1) = (p(1,1) = p(1,2))(p(n) = 7(1)) = --- = (p(1,1) = p(1,2))"(p(1) — 7(1)).
000 |p(1,1)—p(1,2)] <1 00000
lim p(n + 1) = m(1).

n—oo

000000000000
[0D0]00000000000000000 pn+1),¢n+1)0 pn),¢n) 0000

(oo o )= (e e ) (i)

goo

good

(z —p(L,1))(x —p(2,2)) = p(1,2)p(2,1) = 0
2? = (p(1,1) +p(2,2))z + p(1,1)p(2,2) — p(1,2)p(2,1) = 0

/ / \
1—p(1,2) 1—p(1,2) 1—p(1,1)

® — (p(1,1) = p(1,2) + Dz + p(1,1)(1 = p(1,2)) — p(1,2)(1 — ﬂlﬂ 0
2? — (p(1,1) = p(1,2) + Dz +p(1,1) — p(1,2) =
(z = 1)z —p(1,1) +p(1,2)) =0
r=1,p(1,1) — p(1,2).

1
OO0 ADOO0DOO0ODOODOODO0OD00 2=100000000O0O0OO (WEQ;)DDDD
T

7(1)+7(2)=10000000000

(1)
7T(2>)DDDDDDDD

/N
S
—~~
> =
N—————
I
RS
s s
w\.
H\_/
S
—~
N o=
N DN
— —
N————
7 N
3 3
RE
N———
|
O
O
/N
|
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0o
m(1) = p(1, (1) + p(1,2)7(2) = p(1, D)7 (1) + p(1,2)(1 — (1))
= (p(1,1) = p(1,2))7(1) + p(1,2).
000 (x) 0000000000000000000 (x)0000000 (0000)00
000000000000z=p(1,1)—p(1,2)00000000000 <Z)DDD(D
000000000000)020000000000000000

() =) ()
googooboboooo

(s )= (G )=o) oo ()

:@( Zgi ) +b(p(1,1) — p(1,2))"( g )

i (0 ) =a( T )

000 pn)+qn)=1,71)+7(2) =100 a=10000
0000000000000000000000000000000000000 200
000000000000000000
000 37)00000000000000000000 «(1)=04000000

gao

HEN

1. Do 3bguoooboouuooooobuooooooobbbboobbobn
gbbi0dn0obbbobOooobbbobodb 10ouoboobobuooobbb

000] X,0.,0000000000008,=X+Xe+---+X,0000P(X, =
=& =32 P(X,=2)=32=2 pP(X,=3)=% =1 pn00000010000
000000300000000(G) St =7, X, =3, (ii) S, =8, X, = 2,3, (iii)
S

.=9X,=1,23. 000000000 S,,0 X,00000000000000

P(S,-1 =T)P(X,=3)+ P(S,-1 =8)P(X, =2,3)+ P(S,-1 =9)P(X, =1,2,3)
303071 3, 3054 3, 3097
T 93n-3 8 ' 93n-3 g ' 93n-3 §
3n—3C7 + 43,308 + T3,_3C9
23n
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2. 000 98%, 0000 1% 00000000000000000000000000O
gbogoboubbobbooobbboouoobbbo o000t 1000000

[000] C=00P=000000000

98 1 1
P(P|C)=-—, P(P|C)=-——, PC)=-——
PlOr=10 PP =15 9= o5
O000OBayes DO OO0
98 1
P(CIP) = P(P|C)P(C) _ 100 % 1000
P(P|C)P(C) + P(P|C)P(C?) % X 1 + 155 % 10
o8 I8 = 0.08933.

T 984999 1097
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20 UOood

goooboogobdobdabon

1. OOoO0no

ROOO x00000000000000000 {¢}CRODOOO p;0 ¥,p=10
000000000 0u=Y,pd, 00000000 (6,000 «0000 DiracO0) 0
000000000000000000000QO00000 Q=U2, %0 P()=p0
0000000000X =Y2,a4le, 0000000000000

2000
2000 B(n,p) 0000000000 n=1,2,...,0<p<1000

- . n n!
p= chkpk(l —p)" "0k, nCi = (k) = B — k) (1.1)

k=0

goobgooboodn+1000 E=0,1,...,n 0000000O00OOOOOOO0OO
Cep*(1—p)* 0000

0 X, X,,...0 PIX;=1)=p, PX;=0)=1—-p0000000000000000O
00 000 Oi..d. = independent identically distributed OO0 OO0 00000000000

S,=X+---+X, (1.2)

0000 2000 B(n,p) 0ODOODODODDOO0OOODOOO p00000000O0OOCOOOOO

0000000000000 0O00O0OOOOOO0OOO Bn,p)OODODOOOOODOO

0000000 (Bernoulli) 00000000000 Xy, X,,... 00000000000
000 np, 000 np(1l—p) 00000000000 OOOO2000

(x 4+ y)" ZCkxy
O x00000

n(z +y)" }:koxklnk (1.3)
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000 z=p,y=1-p000000 pO0O0OO

np = i knCrp® (1 —p)"F = Z kpr, = E[S,] (1.4)

k=0 k=0

00000000000 (13) 00000000

n(n—1)(z+y)"" Zk — 1), O™ 2y " (1.5)
k=0

000 z=p,y=1-p000000 pP00000

n

n(n — 1)p? _E:k —1),Cip* (1 —p }:k —Vpp = E[S.(S, — 1) (1.6)
00 V(S,) O
V(S,) = E[S?] — E[S,)? = E[S.(S, — 1)] + E[S,] — E[S,]?
=n(n—1)p* + np — (np)* = —np® +np = np(1 — p)

000000 E[S,(S,—1)]0000000000000000000000000000
E[X(X—-1)---(X-n)] 000000000
0000000 (13)000000000000000E[X,]=p, E[X3=p00000

i

E[S,] = nE[X)] =n
V[S,] = nV[Xi] = n(p — p*) = np(1 — p).

goon
0000 (geometric distribution) G(p) 0000000 0<p< 100000
p="> p(l—p)o (1.7)
k=0

oooooooooo{o,1,2,---} 00000000000 DO0ODOOOOOOOODOOOO
gbobbobooobuooooobbbobbbobbooobuoobobbobobobbo
ggbobobooouogoooobbooobuogogoon

1_

0Q P
P D
0oo0O0O0o0o0ooog

goggo

7(1 —1x)2 = Z kak—L. (1.8)
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000 2=1-p0000000 p(1—-p)00000
=> kp(1—p)¥ = E[X]. (1.9)
k=0

1 —
DDDDDD——BDDDDDDDDDDD

D
O00o00o0oOoooOo(8)oDoooooooo

a _Qx)g = ;; k(k —1)2F2. (1.10)
r=1-p00000000 p(l—p2 000000
%%%@3:Z;uk—mm1—mk:mex—ny (1.11)
00 V(X)
V(X) = E[X(X —1)] + E[X] — E[X]? = 2(1];]9)2 ;1 ;p _a ;ZP)Q
_20-pP+pl-p)-(1-p?* (-p@2—2p+p-1+4p) 1-p
p? p? P

D0000000 00000000 {X>»'000000000
P(X >n) Zpl— = (1-p)"

gooooood

P(X>m+n,X>m) P(X>m+n)
P(X>m+n|X >m) = XS m) = PX > )
(1—p)m

gobob n0b0b0bODOO0O0O00OOUO0O00bbOobbobobobbobbOoobbobn
goguoogoobobobobooboobobobobboobbbooobbooooboooonn
guobbobbobodobboogo

=(1-p)"=PX =n)

googoo
000000 (Poisson distribution) P(A\) 0000000 A>00000000

= Z —e*Aak (1.12)
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godd
o0 NOO XNOOOOoOooooogooobooox oooooooboboooooo
gon

. \F . o A1 )
Em1:§:hae ZE:X@iTﬁe =2 (1.13)
k=0 k=1
ooooo0oOoooooao
S A - , A2 A 2
EIX(X —1)] = 1)l = =X = 1.14
[X( )] ;Mk>me Z)%_we A (1.14)
00 V(X)O
VIX)=EX(X -]+ EX]-EXP=MN+XA-X\=)
oooo

OooOooooo2000 B(n,p)O np—-A0000000n—-o0o 00000000
oo0ob020000 (0000000 p O

Z%Z"wal—M"k:(njiwd%?k@—l%)Wk
:7ﬂn——1%éggz—kr+1)ouﬁk<l__%§)"<1__%§)@

Odd np—A0O0

hm<1-—@3)n:e*A

T—00 n

gboogogobobooodgo 1bobooobdgoboboogo

)\k

lim py =

-
—e
n—00 k!

0000000 0o

00 1.1. 0000 {a,}0 « 000000000000000
hn1(1+-92>n::ea (1.15)
n—oo n

000000

00 000 z,w;,j=1,...,n0 ||, |w/<MOO00D00000000000O0O

n n
IIER K
j=1 j=1

<MY |z — wy| (1.16)
j=1
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gboogdgobboooooo

n n
“ |Zj— | |U}j
Jj=1 Jj=1

- I _\2]21 21z 2122
R e R R e N s
\Z!2< 2| 2]
<= (1 ><—‘z‘
< 5 (LrlET =2

gboggbbobobogogo

000(1.15) 00000 zj=1+2, w;=e>/"0000,r000000000 a, < |a|+1
000000000 14 % <em/n e le+)/n0Opo00 (1.16) 00

Qo \ 1
1 _n) ([, an/n\n
() = e

< (ellab+D/myn=1p 19 | An _ pan/n
n

||

2
::€Mu+1k%zlﬂganVn
n

(ea"/")”aeaDDDDDDDDDDDDDDDDDD

— 0.

0 1.1. (00D00O)
oooQ P
ooooo 1-p
DDDDDDD%DDDDD
oo0oo0o0oooooooo

gub 00000000

T
—p+0-(1—p)=u.
p
gpooobogbobobooooogobooobooon
000D (0000D000)

gboogooon %DDDDDD
—-D
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goo (oo go

gooon
goggno

© ©© 06
\

gogoood 1;})DDDDDDDDDDDDDDDDD

D
gbooboagogo

>

n=1

—1+p+—)

gz20 00d4dd

p= 3

gogboobooudl coUdbooboooooooboo
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2. 0000

00000 XO0OOOD Fo)=P(X<2)0OODOOOOOXOOOODOOOOOO
0000000000 p(x)0D0D0OOO

O0000000p(x)00000000OCDOCOOOOO

Paewm:/mw@

gbogogoboogooago

mXeBwaémw@ (2.1)

0000 Borel 0O BOOODOOOOOOODODO (21)00O0OO0OOOOOOOOOOOO
gogd
gbob p0000O000 XODOOOOOoooboboooooobobo

menz/wammwm: (2.2)

godobbooobb gbuoobobobobboobiidD ap<my <--- <z, U
ggo

g9(x) = jﬁ;ail(zj_m](ﬂf)
ooood
Elg(X)] = E[Z 31, 10, (X)]
— Z;jP(X € (zj_1,74])
=Y / jjlp(x) da
:[:gymmhmmmme

= / oog(w)p(l’) da.

gogbobouboobobouooooboboboobooob
gboboboooooobuooooobboooon
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goon

1
0000 Ue,b),a<b0000 o) 000000 f(z)=,— 0000000000
—a

a+b (b—a)?

g ,0og godg

goon

0000 EA),A>000000 [0,00) 000000 f(z)=Ae* 000000000

1 1
ugod -, 000 404040dgd
A A2

00000
00000 Ga(e,8),a>0,>00000 [0,00) 000000
1

(a)B*

00000000000 Ga(l,8)=E(1/8) 0000000 of, 000 20000

f(z) = T 2o e /P (2.3)

0Do0oooQ
00000 Be(e,8),0>0,4>0000 [0,1] 000000

f(z) = B(a, B) tz* (1 — 2)P! (2.4)
oooogooogooo B(a,ﬂ)DDDDDD
1
B = [ ' (1—-2)"d
@)= [ =0

F(a)(B) a of

bobB(oe,B)==——>=00o00oooobooooonog ao
(e, 8) I'(a+0) a+ (a+0B)*(a+pB+1)
goobooogd

gogd
0000 N(m,o*),meR,c>0000 R=(—o0,00) 000000

1 r —m)?

) = oo {3 (2.5)
000000000000 m,000 e20000000000002=(X-m)/e000
D000 N(0,1) 0000

N0000000000000000000000000 (2500000000000
000000000000000000000000000 10000000000000
DOooO0O0ooo
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ud 21. 0o00d0ooo

/ e dx = /7. (2.6)
ogooooo

ugd 2000000000000000000

([rwaf - [ [

xr=rcosf, y=rsinf

0(z,y) :‘ x %

cosf) —rsinf

ar 90 | — = r(cos? 0 + sin?0) = r
d(r,0) % gg sinf  rcosf ( )

dr df = rdr do

_|0(z,y)
d”:dy_’a(r 0)

0000000 (26) 000000 U

g 21. 000000

ﬁ :/ e dx
2 0

y =2, dy = 2xde — dx = —dy

2
— /OO e~ Y dy = 1 /OO e Yy /A1 qy = 1p<1)
0 2\/_ 2 0 2 \2

1
alslafslalslslalalaln F<§>:\/7_TDDDDDDDDDDDD

ugb 210000

o0

o 1 20 2 1 2 T —m dz
—(z—m)? /20 d :/ ~Y¥°\/252 d < _ dy = )
——e¢ x e V' \V20 ,
/oo V2mo? oo V2102 Y Y 202 Y V202
1 o 2
= — eV dy=1.
N /oo




30 020 0000
ooo
/Oox ! e(xm)g/QUde—/oo(x—l—m);exQ/QUde—m
—0o V2mo?2 —o0 2mo? '
ooooogo
& 1 2 2 /OO
2 —(z—m)* /20 _ 2,2 Y 2
r—m e dr = 20 e V' V2o?d
/_oo( ) V2mo? —oo Y V2ro Y
( _r—m _dx )
Y V202’ 202
20’2 & .2
= ﬁ ye ™V dy
20’2 > Yy d 2
- A
NG oo( 2>dy6 Y
2021 y el 20% [
_ 29 1 Y~y <o eV
\/7?[ 2°¢ LJL\/TT L2t W
202 /T,
VT2 7

godgbbbbouubobiotddmubbbO0obbbbOm=000000000

goog
flz) = e 2

gobbboouoboooooboobboboon

xr
f’(x) _ __26—:v2/202
o
1 —22/902 .1'21 22 /242
f(z) = —;e /2 —i-?e /2
_ %(12 o 0_2)6—332/20'2
g

1

= (v +0)(x—0a)e >
g

gobobobdl »=xc0000000000O0O00OOOODOOOO

00000000000 (Gauss) 000000000 0-0000 (Gauss-Laplace) 000

googoo
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0 21: 0000 0000

3. Uoodd
20000
200000000000000000 X,YDO20000 (X,Y)O0OOOOOOOO
ooooo

EX]=m, V(X)=0}; E[Y]=my V(Y)=0;
00000000 Cov(X,Y) DO

Cov(X,Y) = E[(X —m1)(Y —my)] = E[XY] — myms (3.1)

X — Y —
00000Cw(X,Y)D 0, 000000000X,Y 0000 2,=2 "™ 7z, =2 "™
02

1
0000000000 (correlation coefficient) 0 00 OCorr(X,Y)0 OO 00O pO00DO0

_ orr _ OOU(Xv Y) o 012
p=Corr(X,Y) = T e (3.2)

p>000000000p<0000Db0OUOOOp=000000000000

00 3.1. 2000000 X,YOOOO my, mO0000 0%, 05000000 pO000O0
goooobuoggd

(1) o[ < 1.
(2)p=+4£10000000000 X, YDOOOUOOODODODODOODOODODOOOO
Y—m2 X—m1

=+
02 01

(0ooo) (3.3)

3)X,YOOOOODO 000 Co(X,Y)=00000000 p=00000O

X - Y —
0o )z =2"M gz 17T
g1 09

000 W=2,-tZ, 0000

0< E[W?| = E[Z} = 2tZ,Zy+ Z3] = 1 — 2pt + t°.
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0000000 ¢+0000000000000 D=4p2—4<000000 Jp| <1.
(2) p=+100000000 t=+1000 W=0000 (33000000
(3)X,yooooooo

Cov(X,Y)=FE[(X —m)(Y —my)] = E[X —my|E]Y —msy] =0
b p=00000 U

2000000 X, YOoouuoooynooo xooo Y:y(X)DDDDDDDDDDD
YD XO0UOOoboooooooooo

E[(Y = v(X))*]

00000 (predictionerror) 0000000000000 O00O00C00OO0O0O0OO
X0O00OOY=e+bX00O0OODOOOOOO (linear regression) 00 0000000
oooooooboooooobobOOoooonoooooo

00 3.2. 2000000 X,YOOOO my, m0000 02, 02000000 pO0000
00000000 Y =a+bX 0O

_ 02 h—
a =mg — p—ma, =P
01 01

gubbuooooggoobobon
Y—mg X—m1

_ 3.4
p — (3.4)

goodooo
ugd booooo
E[(Y—a —bX)?]
= E[{(Y — ma) — b(X —my) + (ma — a — bmy)}]
= B[(Y —mg)? —2b(Y —my)(X —my) +0*(X —my)? + (my — a — bmy)?]
= 05 — 2bpoioy + b0} + (Mg — a — bm,y)?
02

2
=0} <b - p0_1) +03(1— p*) + (my — a — bmy)>.

goo

02
b= p—
01
02
a=mg—bm; =ms — p—my
01

gboboobobooood 0

ob 3.1. X0 YOooobobbooooobobobooobobuoobooooooo

Y—m2 X—ml
p =
02 01
00000000 p0 X, YOOUDOOOODOOODODOOO@B4 OOODDDODOODOO

goggogd
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gogoogd

m=(my,...,m,)0 V = (o)

googobuoobooobooobbodaon
1000000 (21) 00000000 O0OODOOO

P(X € B) = / p(x) dx (3.5)

B

000000 plx) 000000000
nOO00000o0oobouogogobbobuobobooobobibdn0dbbo0obobboo

1

1 1
p(x) = SN exp{—i(x —m, V(- m))} (3.6)

000 m=(m,...,m,) €eR", V=(V;)ij=,.»,000000000000000000O

,,,,,

0000 Nm,V)DOOOOm=0,V=E(00O00)0000 00000000000
Z=V VXX -m), 0000 X=m+VY7

googon

1
Elf(Z2)] = /R" (271')”/2 det(V)

=V 22 —-m), z=m+V"%

F(VY2(x —m)) exp{—%(m —m,V 1 (z - m))}dx

AN, s ) _ o yire
A,y St
- ! 2) ex 1 5 s ot (VY2Vdz

00000 ZzO00OOO N(O,EF)DOOON(O,E)DODOODOOODOODOOOODOOOOO
0000000000 0,00000 EO0DDOODODDODDOOX =m+VY2Z00
gobooxXooboooobbdo m,0b0ob0bb0 Vooooooobobobooboboo

HEN

1. Doobuoobbobouboooboo

[0oo] oo0

1 = a—1_—z/3 _ 1 > a_—y . -
F(a)ﬁa/o [ dx_F(a)ﬁa/o (By)e ¥Bdy (x =Py, de = [(dy)
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200000000

1 > 2 _o—
r(ama/o o

gboooon

gz20 00d4dd

2 /O°° ye Vdy = priatl) _ folla)

T T F@  I(a)

—z/B J. — ~ a+l —y — _
dx I(a)3° /0 (By)* e vBdy (v =Py, dv=Fdy)
- 3 > at+l — . 52F(C‘é + 2) B 52(Oz + 1)al' ()
_F(Oé)/o ey = Fla) INE)
= (a+ 1)ap?

(a+ 1Dap® —a?p* = af”.
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gobouogbuoogbbbooooooouoooooob

1. dodon

gogoogog
00 1.1. 00000 {X,}0 0000 X00O0OOoooooo

P(MnXﬁzX)zl

n—oo

googogboooon
gbobbd e>o0000

lim P(|X, — X|>e)=0

n—oo

0000000 {X,}0 XO0OOOOoooooo

35

(1.1)

(1.2)

000000

00 1.2. {X,} 0000000000000 E[X2<cc0000000000 m = E[X)]
X, 4+ X

oo 2 g 00000000000 00000 £>0000

n

X +---+ X,
n

lim P(‘

n—oo

00 Chebyshev 0000 (00 29)0000

| X —m| 1
Pl—— > k) < —=.
< o ) k?

Xi+..-+ X
T g gng om = E[X),

—mbw>:0

mO X00O0O/200000000X =

n

U%”«&+M+Xv=%§)%mzvaa
j=1

n n

O000db0d e>0000 e=ock000000 kODOOODO

h—fo__°  _ re
o JV(X)/n  JV(X1)
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oo
X Xn Xat+ X
p(’ b _m'>5):p<' - m|>l<;)
n o
1 V(X
Sﬁ_ fw;)—m) as n — oo.
godooooooooooan U
ooooon
00 1.3. {X,} 0000000000000 EXY<oo0000D000000 m=E[X]]
X, 44X,
aoo 1 i OmUOoooooooood

n

X+ + X,
P<lim 1 * :m)zl.

n—oo n
00 X,00000 X,=X,-mO000000000O0m=000000000000

Xi+---+ X,
n

Y, =

goaod

By = %E[(Z Xjﬂ
_ 1 zn: E[X.X, X, X

i7j7k’l:1

= %(nE[Xﬂ +3n(n — ) E[X7]?)

00000000 4,k m0000000000000 E[X3X, E[X2Xa X)), B[X:X; Xp X]]
D000 00000000000 EX)000000 n00EX2X 000000 ,CoaCs =
3n(n—1)0000000000

E {i Yf] = f:l E[Y! = i i(nE[Xf] +3n(n — 1)E[X})?) < o0
0oo n n
P<i Vi< oo) = 1.
0000 -

P(lim Yn:O) —1

n—oo

good 0



2. gOooOo

2. 0000

gooo
b 2.1. 00000 XOOo

px(€) = E[e*7]
0 XOO0OO0OOO (characteristic function) O O OO
g 2.2. 0000 ox 000000000

(1) px 000000 ¢x(0) =1.
(Q)DDD n U £1,§2,...,£n€RD 21722,...,Zn€((:|:||:||:||:|

ZZ@X — &k)zjZe 2 0.

j=1 k=1
00 (1) ex(0)=10000000
(& +h) — p(&)| = |E[e*X (" = 1)]| < E[|le" —1]]
D00 00000000D0¢x000000000000000
(2)0

n

Z X

j=1

2

ZZ@X — &) ijk—El

7=1 k=1

g 2.3. Xy, Xo,..., X, 000000
X1+, (§) = H@Xj(é)
=1

g oboogo

n n

X144, (§) = E[ﬁ eing] = H B[] = H ox; (€).

J=1 J=1 Jj=1

0 21. 0000 U(e,b) 000000

b1 Lol 10 1 4
— i€x _ i &b
(€ /ab—& dx = b_&[.e ] — (e — ¢

& a (b—a)i

37

(2.1)

(2.2)

(2.3)
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030 0000
0000 N(m,e?) 000000

img— €2
p(§) = e

goggbooooobobbbooobobooobooon

R 1 2 2
i€x —x/Qd_—§/2
e —€ €r =€
/oo V2T
gooooo F(f)DDDDfDDDDDD

o er 1 2
F'(€) :/ irest ——e /2 dx

—oo V2T
1 e d 2
- ; zfz_ e /2} d
o /_OO e dx T
1 ; 2791
- i€r —x /2i| ix 5 -z /2d

— e~ e 1e~"ie T
. 27r [ /

5/ 'Lfm —x2/2 dr
F(¢

=

d
o000 log |F(§)]

=¢uonogn
d§ ¢

log | F(6)] = €+ C.
ogoo
ﬁxg)zziecexp{—%§2}.
F(0)=10000000 FE) =e€2000000

XOOOOON(m,e2)YOOOOON(ms,od)0 X,YOOOOOO X+Y OOOO
00

2 2 2
. 912 93 .2 . 7(71+02 2
@Xﬂ/(f) = eimE Eeimat =g 8 gilmitma)is Ty

000000000 Nmy+me,0i+03)000000000000000000O0OO0
gobougbobboooobbooobboo

gogd oo

0000 T, 7T, 000000000

x4+ 1, -

IN

VAN

8

IN B

— A
o

T(z)={ —x+1, 0

0, elsewhere.
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a<bc>00000

o) =12 (e 2)
oooo

O00c>1000000000100000000000 Dgyp,. O

Da,b,c(x) - Ta,b,c(x) N1l = Ta,b,c(m) - Ta+(bfa)/Qc,bf(bfa)/2c,cfl(x)
oooog

022 0000 U0U,VOOO0OOOOO U(0,e)OOODODOOU-VOOODODOOODOOO
0000 Ft)=PU-V<t)ODO U-VDOOOOODOOOOt¢t>000000000000
00 t>e 00000000 Ft)=1.00 0<t<ae00O0O

1 a a
F(t) = ?/ dv/ L(cooy(u — v)du
d'U/ oot-l—v]

= (t—l—v)/\adv

! (k%t+ )d-+1t/a d
= — v)av Y aav
a 0 a? a—t
1 a=t ¢
(t+v)] + =
0 a

t

:a2[2
_ ! (a® — 1) + —
"

 2a?

1
0000000 F'(t)= 5(a—t). 0000000 Togu. 0000000000
a

U-vVOOOO0O 0
za{ _ —ia€ __
/ du/ dv gibu=v) — & : L.e . !
iag —iag

g _ gmialy — _~ (1 — cosaf)

2
aQEQ( a2&?

gogg

b 24. 0000 X0OD0OODOO ox 000000

Blreo =1 [ o =5 e (2.4
(b=a)§

ElTop.(X)] = % /_OO ex (&) exp{—i(a J;b>§}1 — CO; 2 ¢ (2.5)
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ugd o 2200

> ifx 2(1_0085)
0d
* ep 1 —cosé
/ooe5 Td{ =7T(x) (2.7)
1 —cos&
odooooobobobouooooo ?DDDDDDDDDDDDDD
o0 1_
/Oocosfx%sgdf

gbobobooogoooboad
1
cos&x(1 —cos§) = cos&x — §{cos§(x—|— 1)+ cos&(x—1)}

gogogbboobboboobo

(2.7y000 :/Zcosgx%(fsfdg
11 —cosf(z+1) 1 [*1—cosf(z—1)  [*1—coslx
e ey [ e [
<1 - 1 1
:/_W%Sgd§<§]a:+l\+§\x—l\—]a:|>.

goo

/_Zl_f#sgdf - [_(1 —Cosf)gmoo —l—/:: Sizédf =7

O0000oo@RHOUDOOooo
(27)000000000O0O0OODOO

E[T(X)] = %E [/_Oo eifx%(;osg df]

_ l /oo E[eng]l — COSg df

T J oo £?
L= 1 —cos&
_;/mwx(f)ng

0O000((24) 00000
000




2. gOooOo

goggad

E[Typ.(X)] = < /_oo ox <%> exp{—z'a + bg}l — cosfdé

T ) o b—a £?
000000000000 (25) 000000

gb 25. 0000 X,YUOUODOOO ex, ey oo,

px(§) =ev(§) VEeR
00000000X,YOO0O0OOO0O00DO

Od 0O 2400000000000 Te,.0000
E[Top,o(X)] = E[Top(Y)]
Oodooooooooooood Da,b,cO00000
E[Dapo(X)] = E[Dape(Y)]:
0oo
CILI?O Dape(r) = 1ap (@)
000000280 c—oo000O
Pla<X <b)=Pla<Y <b)

Oodb0d0e b0000000DO0ODOO0O0OOOOO
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