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fyAniayau (Boolean Algebra)

Designation Mathematical Symbolism Engineering Symbolism
Identity laws Auvd=A A+0=A
AuQ=Q A+1=1
ANG=0 Ae0=0
AmnQ=A Ael=A
Idempotent laws AnA=A Ae A=A
AUA=A A+A=A
Complement laws AN A=O Ae A=0
AV A—Q A+ A=1
Law of Absorption AUANnB)=A A+(AeB)=A
An(AuB)=A Ae(A+B)=A
de Morgan's Theorem | (ANB)=AUB AeB)=A+B
(AUB)-ANB (ATB)-A+5
Commutative laws AnB=BnA AeB=BeA
AuB=BUA A+B=B+A

Associative laws

AuBulC=AuBuC
AnBnNnCO)=(AnB)nC

A+B+C)=(A+B)+C=A+B+C

Ae(Be(C)=(AeB)eC=AeBeC

Distributive laws

AnBulO=AnB)UlANO
AuBNnO)=AuB)NnAUO)

Ae(B+C)=(AeB)+(AeC)
A+BeC)=(A+B)e(A+C)
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ANU19E U (Probability)

AuizilunaziAnmsnisaivislulaniansviue
n
Pr(E)=—Et (Note that Pr(S)=—=1, Pr(Q) —(}
n

Ne 2h T\T’]u’mﬂ%ﬁm&!ﬂ’ﬁﬁﬁ E Lﬁﬂ%{u
n Ao ﬁi’ﬂmumqmizﬁﬁgwm
danativesanuuiaziduy
Pr(E) = 0, for every event E
Pr(E, W E, U ---) =Pr(E) + Pr(E) + --- if no common points
exist between E, E,, -

(mutually exclusive)
Pr(S)=1 — Pr(&)=0
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auunazidutouls (Conditional Probability)

a1 E, wag E, Tdulsenauusd@iumiiounu

PAF, UL, ) =P )+ PAE, )-Pi 55 NE,)

anuthazidudeuls (Conditional Probability)

Pr(E,NE,) .
Pr(E, | E, )= r(Prl(Ql)z) if Pr(E,)> 0

E, 9z1Judasy (Independent) 910 E, 3o Pr(E, | E, ) = Pr(E,)

Pr(E, n E, ) =Pr(E,) Pr(E,).
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MI881N Conditional Probability
Example: @dninde (bolt) Afdmianngranasaii

Pr(D,) = 0.05, Pr(D,) =0.07 for defectives
ddenadnindsnunanidiarsy mnutnasduiivasssuas v
Pr(D, N D,) = Pr(D,) Pr(D,) = (0.07)(0.05) = 0.0035

Az dufiegetia e uilnm

=0.05+0.07-0.0035=0.1165
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N155898ULUasL (Permutation)

N5SL9dULUAYY WRay r FU NVINRUA N YU

Ueg1uuee permutation: 11 =1, 0! = 1

nPr:

Example: 878 A, B C uaagisesduilasuwes 2 Julanuuy

3!
P,=—"——=6 AB,AC,B-C,B-A CA,CB

(3-2)!
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n1staendavy (Combination)

ﬂmﬁaﬂ%’wyj FHag r YU INNINUA N U

n (0] nl! B
C; = ) _r!(n—r)! r=1,2,...,

n

P = r!

n-r
I

Example: a1divaanli 20 14 9818000911 4 A9 LANWUY

0 (20) 20!

= = = 4845
Y4 ) a1(20-4)

fugrumsAwmnuhzdutezaifnuazy GRVGNGINIERLVITGGITER



msUszdiuanulasasouuuldnnuinazludesiu (Introduction to Probabilistic Safety Assessment)

Tumannuinazdu (Probability Model)

Probability Model Nianysaiasdasiinnnuiiazilusimveangnisaindule
VIVINA AU 1

S={x{,X,,....x,} keither finit or infinite

k
probability modelis then Pr(x;)>0 i=1,2,...,k and ZPr(xi )=1
i=1

1=

TuwanuinaziduiinasdeSen Probability Function, Probability
Distribution, Probability Density Function (pdf)

1n® random variable 813tWuLuu discrete %58 continuous

. . . < < . = .
Ay distribution 191332 UULUU discrete %58 continuous

fugrunsiuanuaslusezadinnuiiendu dlnauusnagiedus ¢
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Hypergeometric Distribution

N = number of units in a population

AN TNV General population

D = number of defective units in a population

%

UAINUINNVDIVIINUA

J n = number of units selected without replacement

x = number of defective units selected

Sample <
N — D = number of non - defective units in the population

|n — x = number of non - defective units in the selected sample

Possible value of x 1s max(0, n + D-N) < x < min(D, n) . Probability of
having X defectives in a sample of N 1s

Pr(X)= - S - X 1s the number of defectives
n j

& ° . & aa . &
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A18819 Hypergeometric Distribution

Example: aaalnilanun 20 vaen Inasaiiduay 2 viaan arduidenviasnlu
11@8918DA N probability distribution ¥8931UIURARAINALESN LA

X Pr(x)

Pr(x)l

[ 4

& ° . & aa . &
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Uniform Distribution

Uniform Distribution : Auunagstlunasinnnianisadvintiumie

Pr(X)=— X=x{,X»,...

fugrunsiuanuaslusezadinnuiiendu GRVGNGINIERLVITGGITER
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Binomial Distribution

Binomial Distribution : 1td1%5u discrete sample space 1 random
variable #Al8 2 wuuwintiu (binary)

-

Xgh* x=0,1,2,...,n, =]-
Pr(x)z% X b d :

0 otherwise

I o 6

x A9 NUIUMANTAINILNATY

p A9 AUz luazAnmsNIIal
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A19819 Binomial Distribution

Example: alsaanuiiazidu X Pr(x)
Naenlngsnslglanasannly 4
o . 0 ](0.9)0 (0.1)' =0.0001
37U 500 TS AD p = 0.9 0
mwaawivxlmiwm 4 99 | *)(09) (0.1 00036
M1AMNUNLLUUVDIIUIY
=gy v 4
waoalindnglyla 2 |09 (0.1 =0.0486
4
3 ) (0.9F (0.1} =0.2916
4
4 ) (0.9)*(0.1)° =0.6561
Total 1.0000
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Poisson Distribution

Poisson Distribution : d@wmuaninuun1siinmnn1salaia1ugma
wselena Wi IuIudINUTENaUNITLF Al

X =p
Pr(x) - e' p>0,x=0,1,2,... p=A4t, A=poisson process intensity >0
rnx)=- X!
0 otherwise

x A9 I1NUMFNITUNLLAATY
P A9 Anutazluiiazifiamanisel

A @9 sasnisiinmesnisal
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A18819 Poisson Distribution

Example: 218051715 880090UaU A 1 ASIRDDINRY aunANtiavidy
Nagivugudenisruly 4 e19ing

p= At = ( ) (4 weeks)

week

4lo—4

Pr(x) = ETH 0.0733

fugrumsAwmnuhzdutezaifnuazy GRVGNGINIERLVITGGITER



msusziiuanuvasadeuuuldanutazifudedu (Introduction to Probabilistic Safety Assessment) 17

Continuous Probability Distribution

Continuous Probability Distribution : Tgdmsunailenia
Al & Y & v 1 = .
wensalndululadudnuaesiaiilas (continuous)
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Exponential Distribution

Exponential Distribution : T usuauunazidunaziinmenisal
ABLIan WU luea time-to-failure

(n =\t
f(t):<Ke t >0
0 t <0

A flo dn31nsiAnmenIsel
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Normal Distribution

Normal Distribution %158 Gaussian Distribution : W@1%Sun1sLan
LLT\]\‘]ﬂ’J’]ﬂJUT\]uLU‘LA?JE]Q@’]"U@QWJLLUiﬁﬂW]LUU@’]LLU‘UW@LUB\‘] IG]EJ‘VIW]
suaqmLLiJszjmJLLu’ﬂmmawmagiﬂae]meﬁ"] Wil

|
|
|
|
|
|
|
|
|
|
I
K

where t=3.14 ---ande=2.718 -
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Normal Distribution

b <4, and o,=0,

H1 K2

fugrunsiuanuaslusezadinnuiiendu driinauusnaivedus
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Normal Distribution

X2

2
Pr(x; <X <x,)= J‘f(x)dx:# I exp —%(X_M) dx

X1

Transform r.v. X to r.v. Z by using the transformation

X — _
= b, 27k
o) o)

Z

2
Pr(xl<X<xz):L I exp —% dz = J f _o(z)dz="Pr(z; < Z<z,)

v

fugrunsiuanuaslusezadinnuiiendu driinauusnaivedus
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22

A19819 Normal Distribution

Example: 9138 normal distribution 7 n=50and =10

INAMUUILLTUN X TAITEAIS 45 U 62

:45—50:_0.5 22:62—502

10 10
Pr(45<x<62)=Pr(-0.5<z<1.2)=0.5764

Z 1.2

o o e e e —— —
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Cumulative Distribution Function

Cumulative Distribution Function %158 Cumulative Density
Function (cdf) : AanasInANuUILLURILA x=0

= Z Pr(x) for discrete r.v. X

X<x

r(X <x) j f(t)dt  for continuousr.v. X

fugrumsAwmnuhzdutezaifnuazy GRVGNGINIERLVITGGITER
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19819 Cumulative Distribution Function

For Binomial

( 0 x <0
F) =13 pra=py™ x=01.2....n
n=0 X
1 xX>n

For Exponential

0 x<0

B t
F(t)_< J‘?xe_“dt:l—e_kt x>0
0

"
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Truncated Distributions

Truncated Distribution A8 distribution N8UN9EIUYD4 range Ny

S F99s1lu conditional distribution @3 domain 13AN

Probability Distribution Function:

fo (x)
F) ={Fm) = Fo@ O %€ @bl
0 otherwise
Cumulative Distribution Function:
( 0 forx<a

[X fo(®) dt
Fob) —Fo@ 7% € (@]
L 1 forx>b

F(x) =1

fugrumsAwmnuhzdutezaifnuazy GRVGNGINIERLVITGGITER
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Empirical Distribution

Empirical Distribution 1 unsdifilyidl distribution 1o 9 flanunse
iﬁﬁlﬂﬂuwammmmmmwmmufﬂsq

Example: saanln 50 vaenilng time-to-failure il

|
Class Interval . : Class Expect.
! Probability  Frequency | _ - ] 04+
(x 1000 hr) | Probability  Frequency
01 0.4 20 : 0.39 19.7 0.37
1-2 0.3 15 024 11.9 0.2+
2-3 0.06 3 L 015 72 0.1-
3-4 0.1 > 009 44
Sample 3 |
4-5 0.06 ' 0.05 2.7
Space B 3 |
5-6 0.06 L 003 1.6
67 0 0 L 0.02 1.0
7-8 0.02 L1 o0l 0.6
| 0.02 0.9
Total 1 50 I 1.00 50
|
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Joint and Marginal Distribution

%4

01 random variable @1115040AF9N

X, =%, X5, =Xy, ..., X, =X,) OF (X, Xy, ..., X,)

Joint Distribution fafletiuf

(i) f(xl,xz,...,xn)ZO —o<x;<0 1=1,2,....n

(ii) J.°° joo Joof(xl, X9, nns Xn)dxl, dx,,...,dx, =1

Marginal Distribution A

f.(x;)= I J If(xl,xz,...,xn)dxl,dxz,...,dxi_l,dxm,...,dxn

fugrumsAwmnuhzdutezaifnuazy GRVGNGINIERLVITGGITER
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Conditional Distribution

Conditional Distribution U84 X, by X, B

X1 | X =f(X1’X2) Xy )#
g(x;|x; ) £ (x,) , B(x2)20

01 X, wae X, 1udase (independent) 970y

f(Xb Xz): fl(Xl)‘fz(Xz)
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Bayes’ Theorem

A, Ay A BumansaifiAntusoidesiu uas B 1umnnisali PrB) > 0
~ Pr(B| A )Pr(4;)
Pr(Ai | B)— Pr(B)
Tagil n
)= 2.PefB| (s
LULAI

Pr(BNA;) Pr(B|A;)Pr(A;)
Pr(B)  Pr(B)

Pr(A; | B)=

Pr(A,) 1s called prior (or a priori) probability of events A,
Pr(A; | B) 1s called posterior (or a posteriori) probability of events A;

fugrumsAwmnuhzdutezaifnuazy ddnnulnniiodul Qi
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Bayes’ Theorem

d@113U continuous probability function

B Pr(x| G)Pr(G)  f(x.0)
g(@| X)_ Pr(x) - f(x)

f(x)=[£(x|0)g(0)d0 « marginal pdf of x

Pr (a’ata| 0) 1) rior distribution 1s continuous

H((9|data)=

o0

J"Pr (data] 9)]’ (0)do0 ikelithood function 1s discrete
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Bayesian Method @1#sun15AIANISH]

Model
for Likelihood

Data
L(Data|0)

Data J

MLE

\ 4

Prior E Bayesian ; Posterior
£(6) __ Inference | I1(6 | Data)

0 = The model parameters vector, (0,, 0,, ..., 0,)
f (0) = Joint distribution of parameters

fugrumsAwmnuhzdutezaifnuazy GRVGNGINIERLVITGGITER
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#1989 Bayes’ Theorem

Example: 01058 UUNGH transistor 3 S¥UU S, 5, 5,

S, produce 20% of transistors with defective of 0.01
S, produce 30% of transistors with defective of 0.02
S; produce 50% of transistors with defective of 0.05

Pr(S,)=0.2, Pr(S,)=0.3, Pr(S;)=0.5
Pr(D |S,)=0.01, Pr(D|S,)=0.02, Pr(D|S;)=0.05

00N transistor 1AIHMARAY 29rIANUIABTUTIRENNN S,

Pr(D)= Pr(D|S; )Pr(S; )+ Pr(D]S, )Pr(S, ) + Pr(D] S5 )Pr(S3 ) = 0.033

bels, | D)= Pr(D[ S )Pr(S;) _ 0.01(0.2) _ 0061
! Pr(D) 0.033

Pr(S,|D)=0.182  Pr(S;|D)=0.757

& ° . & aa . &
WugmmimmmmmmﬂzL‘UuLLaxaﬂmmmm%L‘Uu
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anmAuUnaziu ; Expected Value

d1113U discrete random variable A1 expected value U84 g(x) AB
k

Elg(x)]=> g(x;)Pr(x;)

1=1

d1113U continuous distribution A1 expected value Y89 f(x) Av

fugrumsAwmnuhzdutezaifnuazy GRVGNGINIERLVITGGITER
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FIBENNITATIUIUAT Expected Value

Example: 3311A1 E[t] ag E[t?] @1115U exponential distribution

B Y o —t]” Oo—m
E[t]_ojtxe dt =—the 0+0je dt

E [t2]: fotz e Mdt = %

fugrumsAwmnuhzdutezaifnuazy GRVGNGINIERLVITGGITER
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Expected Value

Mean Covariance:
n=E[x] Cov (X, X,)=E{[X, -E(X,)][X, - E(X,)]}
= E(X}, X, )-E(X))E(X,)
Variance:

Correlation %319 X, AU X,
Var(x) = o> = El(x )’

p(Xl,Xz)_ COV(XI,XZ)

G’ = E:x2 — 2uX + le B \/ Var (X, )Var(X,)

:E:Xz:—E[Zux]+E[p2]

:E_xz_—uz

fugrumsAwmnuhzdutezaifnuazy dninnulsinapiiodul Qe
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Expected Value

lunsadmn1sun expected value YA NTIAUAL A

n

Var[iai J:i lear Zzn:aiajCov(Xi,Xj), 17 ]
1=1 =] j=1

Lazan X, 1Wudaszainiu (independent)

n n
Va{z a; Xi) = Zaiz Var(X1
1=1

1=1

fugrumsAwmnuhzdutezaifnuazy GRVGNGINIERLVITGGITER
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Maximum Likelihood Estimation

Maximum Likelihood Estimation #9n15ANLIUANNLUZL U
AAWANISAL E (X, X, ..., X ) D1AIWUTV04 distribution

L(Q; Xl,,xz,,...,,xn): ﬁf(xi;ﬁ)
1=1

Likelihood function:

Maximum Likelihood (ML) fia n15ven @ fivilsiilaniain

9N158d E 11n¥ge A
L 9;x1,x2,...,xn)2 L(G;xl,xz,...,xn).

for every value of 0. Statistic 8 is a r.v. called the ML estimator of 6.

OL
Solve for 6 %

~ OlnL

oy 00

fugrumsAwmnuhzdutezaifnuazy GRVGNGINIERLVITGGITER
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