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Probability theory 101

◦ ≤ PIA)≤ 1

PITT ) = A-DIA)
Pf AIB) - Prob Acomol 0613

PIA •B) = PLAID) .PH)
Docs

.

Asi B nut independente
Pl A. D) =P / A) • PIB )
PIA +B) =P (A) + PIB) -PIA -B)
Does. A si D sunt mutual exclusive ⇒PIA . B)=P/B.A) = 0

PIA +B) =P / A) +PIB)
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1. Coital in com Alt) = Ct = A (
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Estimareo- fiabtitoytii
Folosiru oliagrorue pentru a Modelo

, .si estimafiobilitotea
Modulo n'sore : oria siskin

,

Oriol de complex , pootef
'

mode lot fiabilistic ca un Mookie defiob.li tote dots Rtt) :

Rtt) → Pirate fi Oria disposition ( proa son , olcnbtn , Telefon etc
souoriasecuen.to

'

06 cool fbibliokojfmgtie.cb.SE etc .)
De ex

. : Done proceso one a acceseoto-OA-asinhlmrie.jp
, , , ,Primal pieceson one ofiob.li tote R , H) , ol obiha Rzlt ) si Mamou

Does Ri = 90%
, 122--80%9

'

R
> = 99%

,

Gt este RT.tn ?
90%

Rit) 99%

80% Rslt) I RTH)
Rzlt)

?



structure Serie - m module in Serie

Ritt) BH) BH) Rutt ) Rslt )

Rs / f) = Ritt)

.kz/t).---.Rm1t)--FlRilt)i--lRslt)--MRiIt)i--iDeex.:
90% 84% 88% 55%

Rs = 0,9-0,84-0,88-0,55=0,3659--0,37--37 %

Daaé Rift)=e
- dit

Rsltl =Ñe-diᵗ= e- Édit
i=i m

Rslt)=e¥iᵗ ds=Édi
i= '



Dejuim Qiit) → iuvnsuefiabtito.tn
"

Qilt ) = 1- Ritt)

Rslt)=Ñ Ritt )
i=i n

Qslt) = 1- Rslt ) = 1-1711 - Qilt))
"

i = '

Ri este more ≥ 90% ⇒ Qi ≤ 10% Qi Qj ≈ 0
Qslt) = 1

- la - ÉQi+ÉÉQiQj _ . . )≈1 - In -ÉQi)⇒i =L i= ,"
⇒

Qslt)=ÉQiH)
F- I



MTBII = { Ritt)dt=§éᵈiᵗdt=¥
D N

MTBT-s-JRsltlolt-ffe-EI.to/t--fe-dstdt-=--;se-dsYi---I-slo-a) = #
MTBFS =L

As
Don di __m=; ⇒

MTBFS =✗+¥É=¥,÷=÷←=ÉÉÉFi
1am 950mi 20mi

MTDF
, __y+⇒z=÷z= ¥ "mi

MTBF
,
-_ 0,2859mi



Daca- Quem m module iokutia in Serie
,

atumci :

R
,
I t ) = Rz It ) = - - Rn I f) = Rtt) =e-

"t

Rs A) = Fl Rit) = Ñéᵗ= e- hit
i=\ i = i

Rs A) = e-
" " ᵗ=RʰH)

ds It ) = Édi A) = Éd = nd
i =\ i=\

As = nd

MTBFg = = = MTB

MTBFG = MTB¥
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Structure parolee
Rit)

Rplt )= ? = 1- Qplt ) Ritt

Qplt)= Q.lt?Qzlt)--Qult)-- BH )

= fi - Rift )) / 1-Ralt )) - - ( 1-Rmlt))
Rutt)

Rp / f) = A - ( a-R.lt)) / 1-12211-1) -
- ( n - Run-D

Rplt ) = 1- Ñ( a - Rift))
i=i

De ex : patin module in parolee 90%

Rp= 1- In -0,9111-0,84/(1-0,08) / i -0,55 )= 84%

=L -0,1 -0,16 • 0,12 . 0,45=0,9991 88%

Rp = 99,91% 55%



Ri It) = e-
✗it
⇒ Rp A) = 1- Fl ( n - e-dit)

in

Rp A) = 1- ( a- e-
"

'
ᵗ) / n - e-

"t ) . . . ( a- e-hit) =? e-ᵈPᵗ

Presupunem É R
,
I f) = Rz It ) = - - - Rm I f) = e-

ᵈᵗ

Rplt) = 1- ( n - e
-dt )
"

4. A) = ¥+, = _◦¥¥¥=,
ᵈ⇒"' = - ul a - e-" ᵗ )" _ ' ( a- e-" t ): - nie- " ᵗ( a- e- "t )

" '

Xp A) = nd - nu este constanta !
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MTBFP = § Rpltldt = [ [a - Ñ f- RittD) OHi=i
0

Do cos www.leleswutidentia R It) = e-
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o

MTBFP = f f n - f - e-"D) olt

It - e- "
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"
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""t
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Ii
= (h - h '

+ f- it
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it '

i = '

in general , R totoe geste , d to toe Mimime constant si MTBF tote cyst



De ex
.
: trti Module in porolel , MTBF, = 1 am

,
MTBF

,
--950mi

,

MTBF
,
= 2am i

Ri

MTBFP = § RplHolt = ) ( l - In -12,711 -Rak - Rs)) dt: Ian

R2

( l - R, ) ( r - Rz) ( A -R) = ( l - Rz - Ri +Ri Rz) ( n - Rs) = * Fai

=
1 - Ri - Ra + R , R2 - R> 1- RzRst R ,R>

- Ri RzR
,

R>

201mi

/ ( Rit Rz +Ry - Ri Rz - RZR> - R ,R ,
+RiRzo /t

§ ( e- ✗ ' 1-
+
e-
"2¥ e- d>I e-HAI e- Math ) f- e-UHHH ,_ e-H+✗z+Hf

= + I. + ¥ -×÷i¥-¥
,
-1×1%+5 =

= MTDF , + MTBFZ + MTBF, - ¥y÷µ,+ _ _
= 1+95+2 - ¥2 -2¥ -z

+ ¥+1 = 7T - É - É - } + ¥ = 2,385 am i
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f
" """ """" " " "°"

*"" f %"→=R
"

#="ᵗ ¥"" _ """# ^ - ( " e
"" )
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As = nd 4pA)=mAÉÉ
"

✗TOTAL
n - ( a. e-¢+1m ,

t.stote-XMTB-F-o-n.MTBT-s-MT-f-BFp-MTBF.Z-i.ci



RH)=e→tRTOTAL -_ $111122 ) • Rz =

R, Rz1H=é%t
- [1-11-12,711-1221] Ry = R,

R,A7=é
"'t

= ① - h - Rz - Ri -112 ,Rz))R, = Rz

=/

RHRz-R.tk/Rz--RRz+RzB-R,RzRsRToTAL--?Dupo-umtiuptRIH -- 80%
,

Rilke Rs12211-7=90 : si R> 11-7=5570

RTOTAL = 0,8 . 0,55+0,9^0,55-0,8 -0,5 . 0,55 = . _ _ .

MTBF
,
= 201mi MTDFZ =3 Qui si MTBF

>
= Jami

•

MTBT-totn-e-fRtorai.lt?olt--&eH+hX-+e-H2tk7--e-Hitktds)t)o/f=
= -1¥

>

+ Ex
>

- ar¥→=;+÷¥, - ±¥¥= - - - -



Iiabilitotee stuntmen Rowin
Ex : avion on 4 Motoone

, Poale tolosa Mi Mz My ML
,

Mloxinu 2 Motion defecte 12ohm 4) R R R R

Fie core motor are aceeo.si fiabilitotr Rtt ) :

12214 = 124+4 - R? (1-12)+61241-1272

Cazue general :

Rain = Citi Rn - i
ca - r)i

i = 0

does n = u → Ruin = Rn - fiabihitoteastucturii Serie

R = a → Run = 1- ( e -RT- fiabtitoto. strnctuuipowhl



Fiabilitatiastmcturibrmeolebmpotebik
RTOTAL __ ? Ri Rz

Gtuel : B- functioneoto-fR.cn) B-

Re
,

( s / B) = - -
-

Rs Ry

Cotner : Rs defect (13--0)

Reals / RI)= . _ .

RTOTAL = Re
,

/SIR,-) . RT + Reds / Es ) - la - Rs )

Rc
,
/SIRT) -_ ☒ 1112

, ) . / Rz.HR/--(RitR,-RiRs)(RztRe,-R.Pz) R ' R2

$3 Ru

Ri RzReds / Is)=(RRz)HBRs=RRztBR
,
- RRzBR

.

$3 Rs

RTOTAL -_ -
- - -



T-iabtito.tw
. stmclurihaseie-poraee.si parolee - serie

Soi consideration un Mookie format olimtn-oaluhifotovoltoa.ca .

Modum de defector :
- imtumpere l prevalent )
- Saint circuit lrelatiu non)
turn Comstruiesc um pamou fotoweto.ie on 9 cetera Gre si fie fio.be ?

Serie -Parolee Parolee - Serie

R R R R R

R R_ R
-

R

✗
✗
R R

✗

Saintcircuit : pierdem i alubi din 9 Saint circuit : pierden, 3 able dui 9

intmmpere : pindar, sable dins iuturupere : pierden, nubile dui 9

Rsp = A - In - R% Rps = f- d-RPP



Gaul general :
Serie -Parolee Parolee - Serie

1 2
. . .

. .
.

.

^ 1 ^ 2
. . .

. .
.

.

^
d

t 2
. . .

. .
.

.

^ 2 ^ 2
. . .

. .
.

.

^ Z

- - - - - -
" " " "

" ' " " '
" '

"
' " "

" "
" " " " " " " " " "

m kg1 2
. . .

. .
.

.

^ K ^ 2
. . .

. .
.

.

Pmsupunem E- took mooluhltsuntideutia.si anfiablitoteo.PH)

Rsp = A - ( 1- Pi)
"

Rps=[1- ( a-RF]
"



structure
'

an Votorenuojoritoro Voter
Ri

R2B=Rv•(RiRzR> + RiRzh -B)+ ↓

Rz Rv ☒

+ 12,12311 -1227+(1-12112213)
Rsde obiai : Rus> Ri

, Rzsau B

Ru ≈ 1

121--122=12, = R

1221> = R
>
+ 312211 - R ) = R' +3122-3123=3122-2/23

065 R= 99% → Rz ,> =3 . 0,952 - 2. 0,99 '= 3. 0,98 - 2. 0,97=0,9997 .

122/3=99,97%5 R

does R = 10% → Rz , , =3 . 0,12-2-0,13=3-0,01 - 2. 0,001=0,028--2,815

122/3--2,8 % < R



Rz , > > R ? ⇒ 3122 - ZR' > R ⇒ 2123-3122+12<0

R (2122-3121-1)<0
,

obr RE [0,1] ⇒ 2122-3121-1<0 ⇒

(R - 1) ( R - 1) < ◦ ⇒ R I 1

R - l - - -
- - O + + +

RE (1/2,1) , deci :

12213> R door 065 R>Joi
R - I - - -

0 + + + + +

(R-HR -E) + + t o -
- 0 + + +

•

MTBFZ , ,
= § Rai > A) olt =↑$R4t7 -21241-7/04=3%-2^+011--21:-#tho

o

°Rlt7=édᵗ
> i 4

= ¥, - É = :-# = ? - 1- = ¥ . MTBF

MTBT-j-IMTBTMTBT-z.gg< MTBF



12×5=125+51^-127124+106 -1272ps R

R ] /5=125+512 "-5125+10123-20124+10121 R
≈n

= 6125-15 R " -110123 R Rv *

R
} /g- >
R ? ⇒ 6125-15124+1012312=2

R

⇒ -6125+15124-10123+12<0 ⇒R( 1-10127-15123-61241<0
RobinR≥ ◦ ⇒ l - 10122+15123-6124<0 =>

(R -HIR - E) ( R2-R -f) > 0 ⇒ / REFN . :-b -Fi) - negotiua

✗ Re / { lstvñ) ,a) → positivist ×
RE / E. 1) ✓

Dea' Rs ,s > R door cloud R> 50%

MTBF
, ,g=↑RxrHdt=§§R7t) -1512411-1+10127+11011=-6%-5%-15%-4'¥t+

+ iii. e-"ᵗÉ="¥-"¥É=¥Ee=¥◦ -0,78> MTBF - MTBF



lot general : V0 tone majorities n din 2m -1

Gii
,

Ran
- "if , _RjRukn - a =

F-0



Structure'

en un element de rexrué

RTOTAL =P+ RB
I.

. . - -
- - - -

¥
,

Pfei) - bate functioneotope tootie
devote nuisiuuii RR Re

Pfe D= Rolt ) ◦ Risk ) t

e ;
=

◦ R☒lt) 3 Rett) • Rett ) tPfez) - bone function eoté in ez : *"

intercooler §
,
3) si Sock -upue =

an

cornuta in functionon in 1=6+02
,

t] ↑
Pb

Pb → prob ca elem .

oh boxé si se defector in [3,2+03]

Pbcz) = fbtb ) do ,
whole f- STG ) este functiono6nsitotepro5.fb@7_dFsh.I=
- 4%3-137



Pr → prob . ca elemental cleaner v5 SE functions in [3+56 ,

t]

Pdt ) = Rr It-3) . Rect ) / Rc ≈ 1 ⇒ pn It > = Rrlt-2)
C-

Plea) = • {posts) -paid 013 = § - ᵈ⇒? Rett -a) ok
t e

✗
'

= ex

RTOTAL = RD It ) + - ᵈR•÷z) . RR It -37013 e°¥aeQ✗

Rp /f) = e-
d 't R

,z
It ) = e-

" Rt

c-

Rtotnc = e-
ᵈBᵗ

+ f- f- dig ) e- dot . e-
ARA→ lots

=

e-
dot

+ ✗☐
e-
"Rᵗ§ I- " B- "R)%z =

e-
'↳+
+ be

-Art

,¥g .
e-
" D- "•Hlf

0

= e-
"*

+ ,¥÷y
,

e-
Art (e #← " ""- 1) = e- '↳±# e-

'bᵗ_
. e-
diet

AR-Xp ✗RID

= ,¥⇒g e- "* -⇒ e-
""

= ,¥q Risk) - dB_ RRH)✗
R -AB



MTBF
total

= ?
= S Rtotal Holt =§ ,

e-
'↳+

_ ¥1T
,

e-
"Rt) dt=:

=

¥112 1
""

l e

Ini I
- ¥⇒ -

⇒
=

,

= "⇔=É '¥Xp . dB

1

MTBF
TOTAL

=

-1,3
1- , = MTBF

☐
+ MTBFR

Gt special : RB It ) = RR It) = Rtt ) = e-
ᵈᵗ

c-

Riotailt ) = e-
ᵈᵗ

+ [ d e- "3. e- " "→ lolz =
e-
" ± de

- "t

! dz =
= e-

" +
+ Ate

-" ᵗ ! e- it la + it )
Riot Adt ) = e-

" + ( 1 + At) = Rtt ) ( stat) 5 Rtt ) if C- so

MTBF Tota ,
= 2 - MTBF = 2 . > MTBF



Structure an clout element deal )mué
ᵗ

i
-

- -

iz ;
- -

-
- - - - -

-
-

:
Rnzlt)=R,H1+ff , Rzlt -27013 '

°
t

f !
- -
- - - - - . .

;
l

Riz > 11-1=12121+1+171213112,1+-21012
"

Rz Re
,

!
1-
- -

- -

'

÷
-= . _ = .

;
-
- -

--

"

Don 12,1+7=12211-3--12 ,H)=éᵈ+ Rs Ree

filo )= -01k¥ ' = - 4- "4 '=dé"R.it/=e-dth+dt)fizts7---%Ed---d---EH---f-de-dY-dfe-d3-dse-
=té
" -1*-13+422513=422543

Rizslt ) -e-dthi-dftffize-dz.it/t-3)dz==e-dtf1+dt)tX2e-dl-.ff2ot6--e-dl-(1+41-+4%-2)
RTOTAL A) = e-

ᵈᵗ / Adt +4¥]



MTBI
iz ,
= § 12,2 , Hlolt = 3 .

= 3- MTBF

G-euewlitoro : K - t element de bock
-

up
RTotai.lt ) = e-

ᵈᵗ
. ( l + it +111¥

<

+ 1¥ + . .
+
Htt

"

¥ , :)
Doni K → 0

Rtotai It ) = him e-
At _ Ht )

"

i.ii.
=
e-
* him É =

e-
" t.ME

,

K→a K -> • i=o

RTOTAL It ) = I



structure an element de retene actin

RTOTAL / f) =P /9) +Pllz) Ris
i.
. _ - - - -

,Pfei )= RB / t ) RR

Rc≈1
Plea )=ᵗ!p , .pip,

do =

◦ Risk) t

t fi :
,
RRZ /t ) pp,= ! fits) - Rrz 'D - Rrlt-2) oho

ez :
◦ Rid ? Rett-a)

t

f. 1131=-01-1%2 ) RealD
↳pz

Raft ) __ e-# Rett ) = e-
dkt

Rp , A) =
e-

✗ Rat

RtoTA< A) = e-
"*

+ ,¥*(édRᵗ_ e- "↳ + da)t)
Dowi modeled sunt identic ⇒ 12,11-1--12,211-1 __

e-
" t ;Rrz=édR2t

Rtorai.lt ) = e-
'* ( it ( ^ - e- " '" MTDF -_É+d



Modell Markov

stone
,
siskin ulni : ✗

, ,
Xz

,
×
,

- - Xin

- tiinpue de observe : t ,
,
tz

,

t
] .

-
- tu

Lantern
'

Markov

-

sinner
prion core tea sistuuue - discrete

- timpul 06 observe
_
discrete

Pasns.I-IE
. .

✗
, Xz X

>
✗4 ✗

J ✗
6 ✗

7
✗
8 Xg ✗ to

× , ,
✗
2 .

_

✗
m
- sterile sistemulni

Pil k) =P ( si = ✗a) - pwbabilitoteacasiskmueso-f.ie in
store
a

✗
k

É Pilk ) = 1



Pij =P ( ✗k= Si
,
Xian =5j ) → pros .

detromtitieoliu
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Fx : Storia vrenuii

Steinle sislenuueui , /
" one IS )

\ Pbo.ie IP)
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g.ba#.p1QlPslt)-probabtitoteaso-fiesoan
¥ Pplt ) - piobabtitako-so-fieploo.ie
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81% prob sé fie soon
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Pro ase Mon Kou
Si→ Sj

Pij
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pi , Piz - - Pam durst dnDt _ _
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PHI.it-lp.HIBHI-pi.it ) ) .fi?t1--Zdziot...da.sli=i-
.

_ .
.
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Flesh bock :

¥ + PHI y 't )=g It ) → ec.ohjeuutioh.ilimione-degn.nl
Fob Sim of une tie ajutoitoou µ It ) on pnoprietotea µ
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⇒ th Guth) = Sp /Holt + K ⇒ µ A)

= ESP " 'd+ + k →

⇒ µ It )
=
k.es PIH ok

%Y¥ + pH) y 't ) = glt) / yult ) ⇒

tutti Y' A) +

µ A) pltlyltl = µ HIGH )⇔µHj HI + µ
'

Hlyltl =p HIGH)

⇒ (µ HI y 't ))
'

= µ Hlgt ⇒ ) /µ Itsy 1+1%4 =) µ My A) ok ⇒



µ " y 't ) + C =) µ ltigltldt ⇒ ylt)=ÉE
µ HI

⇒ YH ) =
fkeˢP ""! gltolt + c

ke
JP Hiott

=

/ eˢPᵗHᵗgAWf+±
espltdt

Prin unmoni
, solution pentru emotion ohferintiohé :
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