PEL /2017

H M[@l(sein@pel.smuc.ac.kr)



mailto:sungbum@pel.smuc.ac.kr)

- MHIMZ HE|

Klo

2

Protocol Engineering Lab., Sangmyung University

Probability & Statistics for Engineers & Scientists



ik
T
[T
abs
|0
0H
] |

LA
=9l o/n|
- 2§ B0 7|CHZf(Expected Value)O|Et 1 5lH, & E &
Zo| Z4lE olOf
- O{iH S E 0| Wi WOl o|0|2 Azt

cX7HEERE f()E XE HEHSLYU M, XO| ZICHZE (k)

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 3



. EEZARIO0| 7o B EOR TME0{ls RES HAL
sie EEO0 4712 &FF I 372 EFFO0| S0{US [, 3
el REE FEE M FFe B M+=?

- FEE EE9 TEL = HEHT X =(0,1,2,3)
4 3
« XO|EEEX f(x) = &) S‘x), x ={0,1,2,3}

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 4



=L = A o
2t E H{40| WA

« 0{|N| 4.2

« 0|2 77| QEHO| F DZHO|AH MFBS Ttol, AdHmy 12
I 7HeH HAIE2 70%0|10 M3 Al 10008 S HA =0
R D20 = 40%2| A0 B Al 1 =
Ch, 2t Hel ditle ME SEXMU M 7|CHe = /e 83
H A

. F
1
rr
N

=2, X ={0,1000,1500, 2500}

. £(0) = (1-0.7)(1—0.4) = 0.18, £(1000) = (0.7)(1 — 0.4) = 0.42
£(1500) = (1 — 0.7)(0.4) = 0.12, £(2500) = (0.7)(0.4) = 0.28
. E(X) = (0)(0.18) + (1000)0.42 + (1500)(0.12) + (2500)(0.28)
= 1300

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 5



fZ0,000
NPT ,x > 100
0, CtE 7t
co 20,000 co 20,000
*u=EX) =/, = dx = [, —— dx = 200

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 6



2E ol B
L2 E W4 X0l BS@A)EIE HBHS g2
7|Ehak
- H 9

XIPEHERXL f)E Z=EH, UM, g(X) 2l ZICHEL
u =Y g f (%)
u [Z gGO)f (x)dx

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 7



=L = A —
2t E B4 0| I§H

. 0| X[ 4.4
« 22U 2% 4A[0IM 5A] AFO| MIXFE Ol M MH[A BE= RE
O| +E LIElLE S EHLXO| HERBXIECISS HE MY
- x |4l5]6/7]/8]9
1 1 1 1

PXx=x) 1 1

+ g(X) =2X — 18 SYHO| &= 0|2t & [, SY&L
7|CH =21
* E[gX)]=EQRX—-1)=3Y2_,2x — 1f(x)

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 8



» g(X) = 4X + 32| 7|CH2t 27
. E(4X+3) _fz (4x+3)x

= Ef_21(4x3 + 3x%)dx = 8

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 9



AN
= T
¢ O|A|_|'35|; .ug(X,Y) — E[g(X; Y)] — Znyg(x'y)f(xry)
o143 [9X, ] = [2 [, 9. y)f (x, y)dx dy

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 10



=5 B 0| LA
« 0{|Xl| 4.6
Xt YE= Ol Bt &2 ERsERXE (2= EEHS

_wgam_YWﬂm*
* E(XY) = X3-0X5=0xyf (x,¥) = (0)(0)£(0,0) + (0)(1)f(0,1)
- +(D(0)f (1, g) + (DD (A,1) + (2)(0)f(2,0) + (0)(2)f(0,2)

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 11



=L = A —
2t E B4 0| I§H

« 0|A| 4.7
- ofget &2 At =& ol ciall E(v/Xx) 2l %

(x(1+3y

cflx,y) =4 4

\

() f f ( x(1+3y )) dx dy = f1y+3y dy = Z

2
) 0<x<20<y<1
0,CtE F7¢

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 12



- HEMO| T2 HEE X SHRIXIE 2|OfECHEH,
A o| e} &, ArE(Variability) & 2|0

f(x)

>
Z4H0| #10 FRO| CHE F 22X X

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 13



E[(X —w)?] =
E[(X — u)?]

e i R B

B
§L.
o %
09 |

« XE 5*%%2 f B us A HEHLL M x| 4

= [ (x— u)zf(X) dx
XO| E&E

H Al (Standard

E{9Q| TRl (Deviation)O|H, ¢/ A2

Probability & Statistics for Engineers & Scientists

Protocol Engineering Lab., Sangmyung University 14



=
- OHS A2 Sofl B4Fe| 212 ZHES| Aldt
e g2 = E[XZ] _‘uz
« =04
o O
e 0% =Y, (x— w2 f(x) = Xp(x? = 2ux + u?)f (%)

= Zxxzf(x) —2u X xf(x) + .uz Y f (%)
‘U= Zxxf(x)ol—_"—a 2ix f(X) = 10|22

* Y xf(x) — p? = E[X?] — p?

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 15



= &rilr SEL

« 0{|A| 4.9

- YAtEIQIC 2 RE] 374 BEEE FE510]
= d80| J= F&2| + 0|, X
E [ME m, EM(62)=27
x| 0|1 2]3

f(x) 051 038 010 0.01
Dt At
e 11 = (0)(0.51) + (1)(0.38) + (2)(0.10) + (3)(0.01) = 0.61
« E(X2)7|4t
« E(X%) =(0)(0.51) + (1)(0.38) + (4)(0.10) + (9)(0.01) = 0.87
. E[XZ] w2 74| Ak
+ 02 = E[X?] — u% = 0.87 — (0.61)% = 0.4979

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 16



SAD R

- -
« 0f|&l| 4.10
- MMMl F Balol £ 97t o2 HERE Alg M2k
g4 XY 1, XO| 7|CHZt R 24
2 -1, 1<x<?2
A B

cu=EX) =2 x(x—1)dx =§ -> 7|CHZL
e E(X?) = Zf x2(x —1)dx ==

2
17 5 1
ot =5-(3) =1—8'>Eﬁ

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 17



b =3[90 = tgen] F@)
=17 (900 — ugon] F (@) dx

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 18



* Ugxy = ERX +3) = Yi=0(2x +3)f(x) =6
* 0l = E{[(2X +3) — 6]*} = E[(2X — 3)?]
c E(4X? — 12X +9) =Y3_,(4x?> —12x + 9)f(x) = 4

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 19



! L
- 04Xl 4.12
- HEH4 XE oK 450 HEUTE4E MHE o,
g(X) = 4X +32| 24
(2
X
X 1<
* f(x)s 3’ x,.u4x+3=8
0, ChE Tzt

J4X+3 — E{[(4X + 3) — 8]2} = E[(4-X — 5)2]
f  (4x — 5)2_ dx = —f_21(16x4 — 40x3 + 25x%) dx = 5_51

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 20



— S22 J\ - ~ - =LSL= E I E
S EEHSZF MNEHEO|ME & A EE XL 24T
E o|O|

Hx = E(X)’ﬂ.f =E(Y)& .[_[H’ gX,Y) = (X_— ux)(Y — py)BH L
ot™, o4y EE= Cov(X,Y)E Si& & (Covariance)
M 2| BF=2 2|0

Ol

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 21



I
e
=
Ok
AL
fa

. B2 o Ho
- XSIYE ZHUHERES(X,V)E X E AEWS Ll x
y_cll S0
e O oy = E[(X — ux) (Y — uy)]
= 2 2y (x — ) (v — 1y) F(x,9)
i O|_=I_J—|b3c=>| O-XY —_ E[(X - ,uX)(Y _ ‘Lly)]

8

[ 07 (e — ) (y — 1) f (x,y) dx dy

« XZtO| 2 I, Y&/ 310, Xgto| &2 M Y& AfCHE
(X —ux)(Y — )2l 2ho] ol Zf2 7H& A

« XZtOo| & [, YZtO| &1, XZto| &2 [ YZLO| 3 C}E
(X —ux)(Y —up) 8l 2t0| F2| U2 71 & A

- EHMo R SEI0|H SEbey, 2l 420

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 22



* oxy = E(XY) — uxuy

Y Xf (6, ¥), ty = Zyyf (6, y) & L Xy f(x,y) = 18 0|&3t0

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 23



» 0 4.13
- O d| 3.140] ZEH & B4 X9t Yo THEH SE 4
+ E(XY) = -, (oIl 4.6)
= T = O () + O (1) + @ () =
* Uy = Z§1=O yh(y) = (0) (1—2) + (1) (%) +(2) (%) _ %
e =00 s =55~ () () = 3

f(xy)

Probability & Statistics for Engineers & Scientists g(x)




-
« Of|A| 4.14
- OZIE I A E 2FFF FXLo| H|Z X2}t 04K} I%YQI 4
S EE LI ofe A2 MHE [, Xet Yo SE 4
_8xy,0=sy=sx<1
CFHUT B0t uy,py

NN

4 1 8
o‘uX_E(X)—f4x dx—g HY:f04y2(1_y2)dy:1_5
» EQXY) = [ [, 8x%y2 dxdy =

Wb, oxy = EXY) — pxpy = 2 () (2) = 52

5) \15

225
Probability & Statistics for Engineers & Scientists

Protocol Engineering Lab., Sangmyung University = 25



= AL AL

— L O -
» &F 2t 7|==(Correlation Coefficient)2| 2|0
« SE M (oyy)2 X YO SHERR|0] 2t HEl XN, & & &
+o| Zreddo| Z - & LIEHLHX| BE =
ABASE B3 SHEISH PR ZEAT 2L 9

—— [0 o2 1Ok

r=—1 ~1<K0 r=0 0<r<1 r=+1
SOl BTAE  SABEOZL  MDEAIYCL  QelAmBAN o M
2siet. QU714 B, 71 st 2stct

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 26



Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 27



« 0|Xll 4.15
« 04| K[ 4.130{| A X2 YOl A2 H=

. Of|All 4.13: py = % ty = >
£ = 0 (2] + 4 () + @0 (2) - 3
o =) () ran )+ @ (F) -

27 3\2 45 4 1\%2 o

° 0'2 = — — | - = — 0'2 = — — | - —
X 7 923 4 1912’ Yy =5 2 28

__ Ooxy __ 56 _ 1
* Pxy = = = fx)

x| Vs

Probability & Statistics for Engineers & Scientists Proto g(x)




= &rilr SEL

« 0{|Xl| 4.16

« Ol 4.1401 M X2t YO & #AHI==(pyy)
8xy,0<y<x<1 4

8
of(x’y):{ O’El-%—_r,'?_l' ,HX:EsMYzl—S

« E(X?) —f 4x>dx ==, E(Y?) = f014y3(1—y2) dy=§

2

3’
* Oy =-—|\= = , Oy = - — \ = = o
3 5 75 3 15 225

4
oxy 225 4
° — =
Pxy = 11 V66
)50

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 29



LRI B

‘

.3fE 40| 7|ChZtS 27 AHlAtsty| 93t Ma
_I_

b)=aE(X)+ b

+ E(aX+b)=[__(ax +b)f(x)dx=a [ xf(x)dx+b[  _f(x)dx
e [T xf () dx = EX), [T f(x)dx =1

o [[|.EX-I |

ca=022 FH Eb) =b
« b =022 FM E(aX) = aE(X)

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 30



o —'|=— ZH O|é,|'_9| = =1 = ||-_—'|le:%
ZF &r= 9| 7|Chgt el & olLt Xtk S &
* E[g(X) £ h(X)] = E[g(X)] £ E[h(X)]
o == 04
o o

* ElgQ) £ h(0] = [, [9(0) £ h(X)] dx
= 9@ dx £ [_ h(X) dx = E[g(X)] £ E[h(X)]

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 31



» E[g(X,Y) £ h(X, V)] = [ [9(X,Y) + h(X,Y)] dx
= [0 9X,V)dx £ [° h(X,Y)dx = E[g(X,V)] + E[h(X,1)]

- [} & M
« g(X,Y) = g(X)0lZ, h(X,Y) = h(Y)O|H
-> E[g(X) £ h(Y)] = E[g(X)] £ E[h(Y)]
« g(X,Y) = X0|2, h(X,Y) = YO|TH
-> E[X £+ Y] = E[X] £ E[Y]

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 32



s EQXY) = [ [° xyf(x,y) dx dy

« Xt YO FHEIZE Z} Zf g(x),h(y)El 3t X2t YE SEI02E 2
fx,y) = g@)h®)

» EQXY) = [ [° xyg(Oh(y) dx dy
= [0 xg(x) dx x [°. yh(y)dy = EQ)E(Y)

- [H 5
o =t

X
o
£ 5
- =

|

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 33



2 _ 2.2 ) p2 2
* Ogx+py+c = A°0x + b0y + 2aboyy

* 0ixrpyre = E{[(@X + DY + ¢) — pax+py+cl?)
* Ugx+py+c = E(@X +bY +¢c) =aEX) + bE(Y)+c=auy + buy +c

* 0ixrpysc = E{[a(X — ux) + b(Y — uy)]1?}
= a’E[(X — ux)?] + b?E[(Y — py)?*] + 2abE[(X — ux) (Y — py)]

= a%0f + b%0Z + 2aboyy

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 34



e X9}  CT
et
- [ SELC
« b =00|™M, 62, = a’0f = a?c?
a=1,b=00|HM, 67, . =0f =02
« b =0,c =00|™M, 62, = a’0f = a’c?
« Xot Y7t SEIQI & EWM0|H, 0iy,,y = alox + b0y
« X1, X5, .., X, 0| SRICI =& U [,
* 0'51X1+a2X2+,,,+aan=a%0§1+a%0§2+ +a,210)%n

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 35



4

A
=

(Chebyshev)7} &7

AL

(=105

A

A & HIM|

|.

o
-

» Z{A[O}

.7H5_>,_

[[e] _.._L
LHO

N
-
4 o
AN
(@) -
s J
S M

1
I un_m
ML
O
o O
K
o ™
o S
= K
T~ A
B K
A0
|

m\:ér 1
o1 H{Kl

Z1u ol
IH< IS

36

Protocol Engineering Lab., Sangmyung University

Probability & Statistics for Engineers & Scientists



« HEWH, XV BEEFEH EEHALS| kb He| L2 28
S FE HELHAS SAOZ CHEY M,
1
Mok 1 —;OI’C%F

1
°P(,u—k0<X<,u+ka)21—ﬁ

Nommal Curve
Standard Deviation

TN

A

(R0 I LU L

0.5 Q

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 37



MHE|MZ &2

+ 04| X1 4.24
s HEMS XOI Jﬁ'# u=280|1,Edtg?2 =9 0|, HEEEE
o eixd /| 42 i

« A)P(—4 < X < 20)

e P(~4<X<20)=P[8—(4)(3)<X<8+(@)R)] =2

. B) P(|X — 8| = 6)
e P(|IX—-8|=26)=1-P(|X—-8/<6)=1-P(-6<X—-8<6)
+=1-PB-(2QB) <X <8+ <;

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 38



— O 1 =1 =
« SIEQT BT ()2 HE5E SHEH, Xo| FHEL e
(X)= CIE ZdE o E
X

*Pla<X<b)=F0b)—F(a)

. 0|2 0| 7}5 5t H(Differentiable), f(x) = £

dx

Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 39



— =1
- O|0O]
- EEH,XO| 7l xeE EES U REEE 0| &= A 0|,
ZUR HEO|HOEAE
. P(B|A) = P;’gf),P(A) > 0
« A2t BE ZtZ} X=x, Y=y0i 2|5l] HOo|x|= Ata0|0d O|AteE &
[TH
DV oty — oy _ PEEXY=Y) _ f(y)
P(Y =y|X =x) PO=T) 70 ,g(x) >0
fxy)
0
y 1

Probability & Statistics for Engineers & Scientists Proto g(x)




Probability & Statistics for Engineers & Scientists Protocol Engineering Lab., Sangmyung University 41



