
Teoria probable.to?tilor - refresher

A
,
B

,
C

.
. .

- even imenle

PIA) - probabtitotw.ca euenimentul A SE se intainph
◦ ≤ PIA ) ≤ 1

PIÑ) = A- PIA) -

probabtitoteainuerso-A.siB → motion PIA •B)

PIA >B) =P / AIB) • P (B)
Dacoit A si B mu sunt legate Guto :

PIA - B) = PIA) ◦ P / B)
A Sau B → PCA +B)

PIA +B) =P /A) + PCB) - PCA -B)
Dace A si B se extend mutual :

PCA +B) =P / A) + PIB]



Distributive de probablefate

Variable alia to_one : X
,
Y
,
-2

. .
.

in Spatinderepnxuhne {
dint

continue

Ex : timpul 04 his puns alumni secret engine → ✗

Dawi deseuoim pe axatiuymlui toti timpii 06 his puns :
↑ ii. " "iii.% , , i ↑

'

is %" %
i

i. .;;"✓→ okusitako.de probablefate/
,

÷
Epi

can eskpwbabtito.tk a tin. put 06 Ñspuus Sifre ≤ 0,1s ?
Sania ok probability → fine

,

tiewww.btiuioleolishibutieaprob.KDF/CDF:-Iln-)=P (✗ ≤ A)
t.ms

A -

Ex : Arun Cana una
'

Moinede

0
,
AS 1

0,5 -F (A) =\ 0,5 , it C- It 2)
1
,
A > 2

0 I '
2



Este relevant SE folosiin tie a variable oleotoore

Fla) = Flt)
,
TEIO

,
D)

Proprietor .li CDI : FAIA

0 ≤ IH) ≤ 1
a-

.

Ilo) = 0

line I A) = 1
t-on

Flt) este monotonous w- toone t

Ex : Flt ) = 1+2e-[ zézt



Function de obusi tale 06 probable
'

tote PDI

Notate f- (a) - probobilibteo.ca uneuenimentsuisepehto.ca in# c-+ at]

Proprietor evident : § finola = 1 si ftn)=t
' 017

t

Flt ) = ! f told-6 A

fly
.

PK≥t ) -5ft-61016
tb

Pla ≤ ✗ ≤b) = {fro)d3=Flb) -Fla)#
§

EI. IH ) = A + 2e→ᵗ_3é2ᵗ⇒

f- It ) = - 6 e-
*
+ be

-2T



Valo area agkpto.to
E [×] = part, + Pritz + . - - pm An = PiAPnn-n = PnH+PzAPmHn

Pitpat -
- Pm

II. Pentru un ton on 6 file :

E- [×] = § . 1 + ↓ . 2 t - - - t f- . 6 = 3,5

DaÉ aven ca voriabilé oho toone timpue Ivan
.

continue ) :
D

Et t] =) t.fiHolt , it t ≥o
O

N

Ex : f. HI = -6 e-
*
+6 e-
*
⇒ Ett] = § tf -6 e-

>4- be-2%1t =
a

= - 6[ te
-Holt

* 6ft e-Holt = .
.
= I
6



Distribution
'

de probe bei tote

function 04 time uoriabilei aleatory /
discrete

\ continue

Distributionbimomiahi-umctio-okprobo-btito.tn a distribute 'ei : PK)
pcx) = Cip

✗ ( a-pJ
"

E : Rate de defect he be avi 5% .

Da ai inspector
100 de becnni

,

care e prob .

S5 gosesti 2 be

cnn.dk/eete?p(x--2)--C,a0,052 (1-0,05)%-0,081 ( 8,1%)



Distribution Poisson

P(×) = ¥! ,

uncle -1 este rata ok

apoitieauuni.ee/eminn1d--p--nExemphr
: pentru ex.cn be mute 0 So

_

a vein 4=100 . 0,05=5

PC ✗ =2) = 52e, = . .
= 0,0919% )

Distribution noninohé fgaussiau E)
Distribute continua → function oleusitete probable

-tale

1

FK) = exp/- I ,

uncle G- okuiatiestonohnol

µ
- Meo4€

J = ↓
fix) D

µ =
✓\

±



Distribution Weibull

FIX)=- P- ' e-¥)? amie d →

porometntdeso.ee/3-sponametmeokformabfk)d--2,p--ld--
2,13=0,5

4--2,8=2

☒
Fix) =) flxidx = 1- e-

¥1B



Distiibulio-expouentio-Q-e.in
-

- de
- "×

→ an

,

FIX) = 1- e-
" ×

D# Fix)
d-

✗

Exempla : sewer web
,
Amorite vim ohotoriu

.

Aven o. roti

medic 06 10 Cervi
pe
minute D= to) .

Probabtitatea SE piimeiti 0 arene in uniuatomeiuinut :

Fll) = 1 - e-
" "
= 1- e-

'

0=0,9995 ( 95,95%)

f- (1) = A e-
d- "
=

to e- 10--0,0005 → prob . area b- minute 11miE)

☒¥☒*



ModeB. no
-

fiab.li/a-,tiiDefimimofunetieo6fiabihtoteRlt)Rlt)--P(
sisteunieestefimctio.mil into , -4 )

Flt) → CDF ( prob .si apanéuu defect into , t ] )
Rtt) -_ PIX >t) / ⇒ Rit) -- 1-FltFlt) =P ( ✗ ≤ E)
A

1 -

- - - -

- - -
- -

- -
- - - -

-

Flt)

✗
RH) it



Represent.no.

gwfiae-o-fiab.li?-.tii-Tlt)--§ 7137012 ⇒ Rtt) = S f- 131012
☐ f- It)

:i%%÷
It

unction de fiab.li tote pate fi interprett.io. amie de sus

gro fine fun gtiei de densi tote de probabilities de la
un moment oh timp la o .



imlensito.tw
. defectivemeal failure rate )

Probobili take Ghislaine so te define in F- + star condition
at Sistine soil functions private t .

Plt < ✗ < ttist / ✗ st)=€Ét)=FtFE
P(×>t) 1- Fit

Definimintensitateaolefectiumibr :
Alt) = him T-lttbtl-FI-l.im

☐1-→◦ In -FA)] at ☐t.no#-R---)Rlt3DlobnRlt)--1-T-
It) ⇒

AH)=e Life RlH-¥→=,[ᵈ¥¥)= ¥¥,
Don f- It)=d¥¥=dC;¥ =

- ¥¥



Dei ✗ It)=fpf¥- ,

San dH)=-,°¥¥
☐
Mt)

"

I
i II

f.
Curba coolie ok bo.ie

I / ( bath -tub curve)
I

i. i
:=É

;i ¥
2-one distinct in grof.me Alt ) :

I. Montalitete infantile
I Zona de uttitaremonmo.li a proolusulni ( A- et)
II in-boitnamiu ( wear - out )



I ntensitateo
- defectivemibn pentru software

is
d It)

update
& Up dote

:-/
↳•am.

I

Do 6- d 1+7 = et
.

= d ⇒ d A) ⇐ ¥¥, = -¥, %R ⇒
⇒ d = -¥, 0¥11 ⇒ -

dolt
= ¥, 011211-7 / • S ⇒ -d)dt=dRA)

⇒ -
d It + e) = ln ( Rtt )) → RI f) = e-

41++0

Es e-
'110+4=1

- e-
"÷ I /⇒ c = ◦ ⇒ Rft) = e-

"ᵗ

A ≠ o



Dacoit / t) mu este constant
, Mnodehimfobsiuol distribution Weibull

dlH=dptF
'

p> 1 : dlt ) - imbatnoimire

p= n : ✗ A) = et=d

Pat : 411-1 ↓ - nuoitolitote infantile
Rtt ) = e-

dtP

DAH)

13<1 ; B-- ^ Ip> 1

i.
:
i¥-1
.

i : ᵗ



Media timpuluidebumoifun.tionaredefe.net#
F R FR F R R F% xxxx # xxxx 7¥

TTF , TTR
, TTFZ TTRZTTF, TTR> TTF4 TTRH - - -

-

repoore
MTBF = ITTm MTTR =

ITTRI

a-

A- olispouibilitote A = = _ME

ITTFITZTTRI MTBFTMTTR

E✗emplI MTBI -_ Zone ( 7200s ) ,
MTTR=3s

A -_ 1-3%-3=99,961
☒ñ

Exxon :
server email : 95,99% dispomibilitate hole 9. → down 52,56min /an
Sistine critic : 99,9999%

,
6069

> vafiimdispomibie 3h54am



MTBI = EET] = § t - f /Holt
N

Dan f- It) = - ¥¥ →
MTBF = fat - (-01%-41)%1- =

=
- [ t . R' A) ok =

- [ t -Rit ) /{ - § RIHolt] = § Rindt
¥

MTBF = § RIH olt
A Rtt)

°

1 -

t=é¥e-1=0.37"

" in "" " "
"

¥ /✗ = MTBF



Daca RH)=é"ᵗ ⇒ MTBF e-
'Holt

= - e-
"%•=

=
- I / ◦ - a) = 'd

MTBF = §
Dani 4ft ) =/ d- → Rt ) = e-

"
Colistibutia Weibull )

• to

MTBF =/ RIH dt=féᵈᵗ%t=d
° 0 BAP-1

TIX) - function formma-gemerolitoreofoctoriohiptx-c.IR
Plo) =P / 1) = ^

TIX + 1) = ✗ • PIX )
,

it ×> I

Doni ✗ esh intng potitiv 1^1×1=4 - e) !

Ttx)=§y×- 'e-Joly



Modelo.ua fiabtitétii - diagrame bloc
Fobs im diagram bloc pentru a deserve an sister. olim

pun et
de vederefio-bi.li she

De exempla :

Modula Modula structure i Serie

Modell

structure . poralee
Model2

Ritt ) - fiabtitotio . uuoolnlului i

Qilt) - inverse fiabtitéytii ,

Qi 1+7=1 -Rift)



structure Serie
Ri Rz Rn

Rserie = Ri Ra .

. _

• Rn = Fl Ri
i=i

Q
gene

= A - Rsuie = A - Ñ ( 1 - Qi ) = 1- ( 1- (Q ,
+Qet - Qu ) + /

QQ.t-Q.ie/i--i-f-Q--QzQst.--)+--f?Qi)~-l-fl-fQi+Qzi--QuD---ZQii--i
Qsene ≈ ÉQI

i = .

Exempla :3 module cnfiabtitote Rn ,RzsiR, Ri Ra Ra

La umamumittin.pt?Ri--Q9,Rz=0pjRs--Q5Rsenie--RiRz-R
> = 0,9 . 0,3-0,5--0,27 . 0,5=0,13

Dori R ,
=Rz=R , = 0,95 → Rsene -0,993=0,97 197%)

Q gene € Qi 1-Qz + Q > = 0,011-0,01+0,01=0,03
ET



Dawid Ritt > = e-
" it

u

Rane __ Rik)=Ñé"ᵗ=e%ᵗ= e- '1ˢᵗ
in

dsnie __ Édi
F- I

N

MTBF.me = § RamelHolt -_[e-¥%iᵗdt =L =

Edi
i= ,

MTBIsme=ʰ
As

txemplh : 3 module Cu MTBF , = 5h
,
MTBE= 7h siMBF,= 2h

MT%eie=a¥+xi÷,,÷⇔=kfÉÉ= "
=

= ?÷ = 1,186h
as



structure parolee
Ri

Rpanlee = ?
R2

Q parolee __ Q ,
• Qz . _ _

•Qn=ÑQi
1=1 - - - -

-

Rpowlie -_ 1- Qporohe = 1- FIQ ,

- =L - TTA - Ri) Rn

in i= .

Exempt : R , = 0,9 ; 122=0,7 ; 125-0,5

Rporohe = 1- ( r - Ri)( A- Rz ) (1-13)=1-0,1 . 0,7-0,5--1-0,035=0,965
96,5% !Dacoi 121--122--13=0,99

*•ñRparolee = A - (1-0,95)
>
= A- 0,01

>
= l - 0,000001--99,99 .

_ . %

Dani Ri=édiᵗ=,
•

M

Rpoweee = A- Mln -edit )
•
in

MTBT-povlie-SRpan.ae/t)o1t--IL-i-..IIh-e-diY)olt--



= § Ééitolt - [ É e-
Hit"i)ᵗ+↑ .

_ + fair"↑Ñéᵗiᵗ=
◦ i= ' i,j= , o

it

i≠j
u

= É ¥ - i¥di¥ + - - .

+HMI
in Eli

i≠j E- i

Dawi sister,ele sunt identice ⇒ Ritt ) =Éᵗ
,
MTBF; =MTBF=¥

MTBFparolee = ≈ - É + . - f- 1M¥ = ¥1m -It? - - - +1-1
"";-) =

= ± =±É÷=¥
i=i_ in

i= ,

MTBT-pono.ae = MTBF . É it
in



Exempla : MTBI , -_ 5h , MTBFz=7h si MTBF, __ 2h

41=1 / MTDFI = 1/5 ,
112=1/MTBF, -147 { i 43=1/MTBF>

= 112

MTBT-pano.ae -_ + + - fÉz+¥+¥)+d¥+=
= (5+7+2) _ (¥+¥+¥¥+É+-f+¥=
= 14 - ( 3¥ + + ¥ / + ¥g= 14 -12,92+1,43+1,56/+1,19=9,28 h



Combine,tii Serie - parolee

Exempla : pro cesar dual-core on ◦ simguré Memon 'e RAM

Processor

Memoir I 1711122 Rs

Proctor

R
,
,
R2

,

R
,

→ Rto,m~= (12,11/22) • Rs =/ 1- ( ^ - a) In - Rz)) - R
]

= ( R , +R2 - R , Pz ) .RS = RR>
+ RZR , - RRZR}

R
, = 0,9

Rz = 0,3
= > RTOTAL =

. _ ,

R
,
= 0,7



Structure
'

Kolin n

Exempla : avion posogeri on 4 motor
,
tolerant Maxim 2

Motor 06fete .

122,4=124+41271-12) +612%-1212 R R R R

GA general :

Ryn = £ Ci Rica - Ry -i
i=K

M

Run __ ÉL Cui Rila -r )
""

_ structure parolee

Ronin = R
"

_ structure Serie



Structure' Serie - parolee .si
,

parolee- Serie

Serie - parolee '
R
'

R

'

R

'

R

"

2

R
'

R2 R
>

R
"

- - - - -
-

- -

K
R R R R

Rsp / f) = RYIRIY-j.HR#--l-fn-RYtDk



Panalel - Serie
a
R

"

n
R

≥

^
R

"

2
12

2
12

2
R

- -
- - - -

- -
- -

- -
- -

- -
- -

K
R

K
R

K
R

RpsH=[1- Ii -Rtt) ) :[
DR

1- Rsp /t)

Rpsltl

I



structure nedewinpotobile
RTOTAL -_ ? Ri Ra

B-

Rs R4
6¥ : Motilal 5 functions
B- 1+1=1

Rcazi __ $111B ) . / RzHRa)= Rt Rz

=/RnB -RB)(RitRu - Read
Rs R4

Gale : Mahnke Jesse defeat
2>-11--17--0 Ri R2

RCAz2=( Ry 'Re)H / R,.RS/---RiRztRsRg-RiReP-zR4
Rs RL

,



RTOTAL = RJ . RCAZ , + (1-125) RCAzz=
= RTITRITR> - Ri B) (Retry - Reps)) +11 -Rs)(RPctR>Ru -RRR>B)

Alt exempts :
I 2 3

7 8

4 T 6

Store 7 8
51 OK OK RPtn-2-R7-R8.RS

,
1-13-11 - Rg)Rsz 1-

52 OK FAIL +11-127 )R8Rs
,
+ (1-127)/1-128 )Rg

,53 FAIL OK

54 FAIL FAIL



Structure on v0 tore ihajoritaré
Structure

'

Ar vote 213
> Ri

Deobiai voter - ne Este Mutt

Wwi simpler deceit unither > Rz Rv >

de Colac

Rv >> R
, ,
R2

,
R
, ⇒ Rv ≈ I

> Rs

12213 = ☒Rats +11 -RDRP} + Rah-122113+13131^-13 )] •Rv

Dacs R
, =P≥ =P, = R ⇒

Rz,} = R
? 1- 3 ( n -F) 122--12>+3122_ SR> = 3122-2123

122/3=3122-212>

Do.ci 12--0,9 ⇒ Rz ,> =3 . 0,92-2-0,93=3 . 0,81-2^0,729=0,972/97,2 %)
Dote 12=0,1 ⇒ Ray =3 - 0,12-20,1 > = 3. 0,01 - 2. 0,001--0,03-0,002=0,028 ( 2,8%)



Gino Rai, > R ?

3122-212 > > R ⇒ 2123-3122+1220=>12/2122-312+1) co

Don RETO
,

1] ⇒ 2.122-312+1<0 ⇒ (12-17112-1)<0
R O 1 1

12 -1 -
-
- - -

- - ◦ + + + +

R -E -
- - -

-
0 1- + + + 1-

P + + + + 0 - - -0 + + +

A

RE / it , 1) 1- RH)

Ras > RMR > " "

as

±



Do a- RIH = e-
"t

Rzi> (f) = 3 e-
"'± ze-sit

Rlti > 0,5 ⇒ e-
" t
> 0,5 → e-

"± In - It =hit - it = tnz

t = ¥2 = 0,69 MTBF

MTBF
, ,,
= § Ry , Iti ok =§(3é"±ze→dᵗ)oH= 31%-2^81+-2[ e-"' ᵗoH=

= 3¥
,

- 2¥, = ¥ . # = I MTDFCMTBF !

MTBF≥ , = gIMTDF



Structure '

ar V0 tore 315
> Ri

12315 =?
S R2

P , = Re
-

_ .
_

R
,-
= R

> Rs Rv >

R
>g- = 125+9%-127124 + G-RTR> = ≈ ,

> Rh
= 6125-15124+1 OR>

> RJ

Rys > R ?

6125-15124+1012> > R pt . R > 112

R -
_ e-

" t
n R

, , ,- =
Ge -5^1--15 e- "" 4-we

-At

MTBF
, ,s=§ Rsp / t ) dt = 6. - 1T - +10 =¥◦MTDF< MTBE,

MTBF > 15 < MTBF
21 , <

MTBF



Cat general : structure on uotou major
'

the Molin 2m -1

2h - I

RM 12h - i
= -2

. ,
d- RY

" -i Ri
i=n

RIH = e-
it

Rn ha - i It ) = cii
. .
( n - eat )

" " -ie-dit

i=u
•

MTB Funny = ! Ruka , I Holt = _ _
.

= ¥ 1
i

Dani M -so ⇒ it → be 12 ) ⇒ MTDFuku , → 0,69 .
MTBF



Scheme or bock
- up

( renewer )

cold spore
- warm spore
Un element de Maerué nice cold spore )

Re - element debate R,
R2 - retinue

:
- - - - :

i
ID - Ioilure Detector

FD Rz

Ramal =? ◦ R.lt ) t

Connel :

Cotner :
°

,
Ritt ) 3 Rzlt-3 ) ,tHk

←→

Probobtitatee a- Modeled 04 boss air define b- 8 eiefto
f- 67--0-1%0=-01-1%1



Prob
. G- A so

-

se dele tenne he 2 si 2 Soi paid functions
est : f , (b) • Rzlt -3 )

Don Z pooh ni fie oriw.no in [0 ,

t] ⇒
ᵗ

+

Razz It ) = If , (2) Rzlt -21012 = ! -0¥47 R , It -2) 012
t

RTOTAL = Rcaz , + Reazz = Rtt ) + § _ 0¥13 / Rz / 1--370/2

Doré Rtt ) = e-
d 't

si 12,1+1
= e-
1kt

- °¥¥ =D , e-
'"t

1-

Riots , In = e-
"d-
+ [ die-" ' •

e-
d- A-%1z=é%ᵗ+d

,
e- e-

4th !},

= e-
'"F- i. e-

""

y¥, e-
" ' "'"%ᵗ=é"ᵗhi"ᵗµ" -" 'I a) = - =¥-112



=×¥,e
- "±

×:# e-
"+

Rtotnilt ) = ×!¥é
" 't
_

a:# e-
"et

o

MTDT-totai-fRtom.lt""- = - ¥
,
iÉ¥

,

-
=

= = ¥
,

+ ¥ = MTBF
,
+ MTDFZ

Dote R
, 11-7 = Rzlt) = e-

" t

Rtotaelt ) = e-
"+

+Id e-
'"
e-

"⇔ 'dz=é±iéHFdz =

= e-
*
+ it . e-

"+
= e-

" 1- ( a + it)
°

→

MTDF
TOTAL

= RTOTALI Holt = _ .
.

=
2. £ = ZMTDF



Un sing an element de bock
-

up an warm sparing

Ri
- - -

.

FD R2

◦ RH) t

Cornel :

° Ritt ) 2 Rzlt-3 ) tCotul 2 :
\ *. I

Rzult )
t

RTOTAL = Roat , +Rcazr = Rtt ) + f- 0¥13 ) . Rants ) . Rzft -270/2

R , Ifl = e-
d 't

,
12<11-7 =e

-1kt
si Ranft , = e-

""t

Rtotnrclf ' = e-
'" ᵗt×,+¥- (e-"I e- HH"

MTBT-tom.eu = ¥ +É •

a,I = MTBF , + MTDFZ . µ!?¥⇒E



Douoi element de back -up,
blot sporing

t
R,Riz /+1=12,11-1+1

,
-01%1%12211--31012

:
- - - - -÷!

+ !
Rz

Riz
, 1+1=121211-1 t ! - °¥¥ BA -2) 013

→

Éi, Rs
Docs R , =Rz=R, = e-

"+

Rn> It ' = e-
" + ( itdt +1¥)

MTBF
, ,

= 3- = > MTDF



Cox general : Miiehueute de bock -

up

Rasp = e-
"t / a +111-+11 + + . _ ihᵗ÷)

= e-
"+ É ¥!

I⇒

MTBF = m

67 special : do cé ◦win a book
up

?

Rasp = e-
" ᵗ ?_? =

e-
" ᵗ.eᵈᵗ=e°= 1



Modell Markov

- Storia sislrnulni : × , ,
Xz

. _

✗
in

- tirnpue de observe : ti
,
ta

.
.

ten

Lantern' Monks
- sterile pain Gretna sisters -e sunt discrete
-

timpuloleobservatieeskoliscntito-l.it/zXsX4XTX6X7X8XSXio
s• ᵗÑpÉ

"

pick )=P(sk=✗i ) -

pwbabtitateoasistemue.si/ieiustruoxi-2pilk)--1i--iPij--P( silat / sjb.ti-sf-sprobabtitoko.de troutitieolin
Si in Sj



;D ✗ K

A- - mstoiri-smxnpwb.de
✗a- twmtitie

✗g-

✗ h
-

×,
-

✗
z
-

2-
✗ ,

to £ £2 't
,

'

tu tr te 1-7 to Is >

Pli Pr Pls - - Pan

Pzl Pzz P2 ) - _
. Pen

- -
-
- - -

- )=A5
. Pm Pm - - - fun

[P.lt) Pzlt) -
- -

Putt)]•A=[Pitt 't) Pzlttrst ) .

- RATH



ELM : stone uremia
"

Douéstori possible /
sook Is ) .

\ ploaielp)

s °→S P

§ SOR OR
s

#P5 ,

Pfp o
,
, )=A

P ( § 8)(0,8 Q2

op o
,
, )=( 980,27A = (0,82 0,18 )

S

S Obi Moine poim-o.im

P

P
,

N

i In general : [711-1] . Ah _

_ It + most)]



Chun est Venuto du poi operiooohe-lhq.de timp ? /study - stole)

g. A = 2 → 2. A =L → q( A -1=-27--10 o )

(91 %) . f- 92 0,2

0,5 -0
,
g) = ( ° °) ⇒ -0,21 ,

+ 0,522=0 →

4221--992=0 - 1191--9 - g ,
= ? , q =

,}9 ,
+ Ln

= ' 1.9

( %) -10,81 0,19 ) → este wow malt in soit



Prouse Mon Kou Si
- Sj
Pij

mufolosim pig
a dij , amokr-dijstdijeiteolemsi.tote de piobobilitote 04 tomxitieohisi in Sj

dij-lim-t.si/---t--sj )
☐too Dt

Daei ☐ 1- → ◦ ⇒ pij~dij.at
[Plt )} = [P.lt ) Pdt ) _ .

Putti]

Se pñstmoité proprietorKa :

☒ It + ☐t)) = TPH )] . A
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- -

-
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-

Pui Pur -
- Pun in ,t Arndt _ _ dunst

=/
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-

"
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i=2
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- -

- -

÷:&
-
-
-
- - -
-
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dust dust - - -
-

1- Idiot
i=^

[PIti-rsl-B-TPHD.tt



1%11-1 Patti .

- Patty
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"
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-

denyM

dust A- [ deist - - - -

dzmist

÷:L
- -

- -
- - -

-

-
-
-
- - -
-

h-1

dust dust - - -
-

l -[dnist
i=^

=[ Pilttrst ) Pzlttist ) . . Rlt+☐t ))
Pilttttst) =P , /1-14 - Éd.int/+Rduoti-..Rlt7dmistc--si--zRlt+Dt)-Pilt)---Pilt.-Ed
.is/-+PzltHzistt--PmHHmiDt/:st--sPilt+g#-P-)---ZPih-idi

.
-RHIÉ /hi ⇒

i=2 i=z



him
☐+ → ◦

É
= ÉPitt) di . -RHIÉ /hi

Dt i=z i=2

'
= Éiiltidi

.
-RHIÉ /hi

i=2 i=z

in general :
m

ᵈP÷¥ = -2 Piltidij - Pj A) Édji
1=1 i=n

i≠j i≠j

Sisteruue de earoytii Chapman - Kolmogorov
Forma matriarch a Sistemahi C -K :

④ It )] . A-
*

=#It )]



i -_ 2

Az , - Édzi -
- -dzn.a.ie#-=/-.-::..::-:...:y¥-1

dnt dnz
. . _

.

- Édui
i=i

Solution generate pentru sisteunuedeearatic - k :

Rescriemecua.tk [ Pitt ) Pdt ) - -
- Pu 't ) ] .tl#-- [ 04¥ 'D 01K¥ ' - o¥

he

:(
- Édii du

-
- -
dun Pik) Pitti

iii. - Édzi . _
dna ) . / PY.tl/=fPilHfc--sMIPk-B--L-P' It]i ÷¥ : i

din dem -Édui Putt ) Ritt)
it

solution ematieim.INT)]=[PYH] est :[Plt )]=eMᵗ.[Pb)]



Exempla : siskin an obuoi sting,gzSr : function are
52 : defect @
Ioiroireparone ! / Sze store 06 absorb

,

tie) Pietist Pzz ≈dust
= 1

A =/ P" P' 2) = (dust dratPzi pzz
0 A

A-
* =/

- d
" " '2) ( Pdt ) Pdt)) . / -¥ = (Pitt ) Pin)⇒
0 0

⇒ /Pitt = - dizPitt ) ⇒ 0%1,1=-112171+7 - 01171b¥, = - dizolt / f ⇒
Pz

' It = diz Pitt )

→ ln ( Pitt ) ) = -dnt + e ⇒ P, A) = e-
dat + c

Dawi 17107=1 ⇒ ec= 1 ⇒ c. = o ⇒ D
,
It )=éᵈRᵗ= RH)

Pdt) = 1- Pitt) = a - e-
""t

= Flt)



Do.co?aobiugo-mposiblitoteedenpawne:qSi 5dust
✗ iz = A dust

dust
da = µ ↓ simplified

A*=(
- ^

d) s Sz

µ
-

↑ ¥
(Pdt) Pdt ) ) / -

d d

µ
-

µ
)=( -41711-7+14121+1 dpiltiyuP.lt ))

dei ? 0%+1+1 - AP , /H+µPzH ) → R' 1+7=-4171+7+144 -171+1 ) ⇒
174+1+44411711-7=14Ck ¥→ = XP, 11-1-14 RIH

own 1711-7+1211-7=1



Flesh bock :

y
'

(t ) + PHI yltl = glt ) →bougie ohfeuytiahe-linio.no?olegrodnl1
Fie µ It ) ,

on popietotio a-
µ
' A) = µ A)

• pit

NIH = NH .PH ) - 1,4¥, =p HI / . I → 5M¥; ' = Spit > 011--44411-D=
=) pftlolttk → µ It) = esp

A)olttk

y
' It ) +pity 11-1--911-1 / • Mt ) → y

' A) µHit µ It) play 11-1=9 -117µA '

y
' 11-114+1 + µ

' H' yl 1-1--9,1ftp.#fyltyultI)'--gltyult1-sy1t11uA1--fgHyuctwt--ylH--t9%Yᵗ ⇒
ya = i;iiiii÷¥ᵗ



P' 11-1 1- Html PHI =p
ylt) pÑ gits

p.lt )=""°"É=.E=¥¥;¥"ᵗ+k=
esfdttrlolttk eC+µ)t

= ¥7 + K - e
- ¢+4K

1710 ) = 1 → ˢµ + K =

^ ⇒ k=¥u
Pil -11 = Rtt ) =,,_n + ¥µ e-

⇔" 't
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Douñ Components-fonireporore
Store Gmpn Comp .2 Si

Si Operational Op . ¥
Sz Detect Op . Sz S

>

Ss Op . Defect t.gg/diSail Defect Detect

A*="¥%x:) [PHBA:[P'in]
0 0 -di di
O O O O

Pitt )= -41,1-42 )RH) → o¥¥= -44+11017 /H-sp.jo/Pilt)---di-iHokpITt,0lPi1t)--S-fditk1o1t-slnlRHD=-fditdz)ti-c-



Rtt) = e-
41+42 It + c

P
,
lo) = I → e-

④ ' + " 2) ◦ + '
=
i - e
? n
n e = o

Pitt ) = e
- Hitz )t

Pk (t ) = dip , / t ) - dzpzlt ) = d ,
e-" """ I dip It ) -

ELY + Pzlt ) =D , e-
Hair )t

y
' A) +plugin =g# ylt

)=gᵗi→+E
4
SPA)oH

Pain =
÷%éTtt±=ᵗ¥t+k=
eldzolt etat

= die
_ ""f) e-'"Ttt + a) = die-ʰᵗÉ + a)= Kd ,éʰIéH"kt

Pz /07--0 m Kd
,
e°
- e

◦

= O n Kd
,
-1=0

- k →Pdt)=édÉéÑ"⇒ᵗ



Pitt ) =D >Pitt ) - dip, /f) ⇒ .
_
.
⇒Blt)=éᵈ'±e -Hit'ʰ 't

Pg ( t ) = I - P ,
H )

_ Pzlt ) -R It )

Sistema douoi module in Serie : Ri Pz

Rsenz = Ri .kz = e-
d't

. e-
'

e-
$142K

e-
At ékt

S
, =

Nhoolnlele in Serie
,
Rserie =P, It)

Sistema oloué module in poralel : p ,

Rpnohe = ^
- ( n - Rn) (1-12)=12,1-12 - RR - R2

= e-
" '+
+ e-

d-f- e-Fittest

Pitti +1211-1+1311-1 =é+e-dzt.it#-+e-dit-e-Htda7t==e-d't+e-dit-e-di+de)t



Sistema un Mookie ok bock - up
Stni Data Bock

-

up si

si Op . Stolby . ↓"
Sz Foil Opo Sz

S > Foie T-o.ie ↓X
Ss

P.p.ci bone si bock -up sunt identic
d , = Az = ✗

A:(¥ )
Pitt ' =-D Pitti ⇒ _

_ ⇒ P , / +,=édt

Pitt) - XP, / t) - DRI f) = de-dt-dp.lt ]
0 ° °

Pitt ) -1/11211-7 =
+

¥+1 get ,
RHI = °¥ét+a =

esdolt=éᵈᵗfse¥ét+k)=é"Tdttk)
Pzlo)=O - e-

"→ (d. otk )=0 -1<=0 as Pzlt)=dtiᵈᵗ



RAI = Pitti +Bits = e-dti-dte-dt-e-dtfat.at)
Sistema un model 06 bock -

up si repartee

A*=(¥¥µ ? ) s,
11=10 /on

0 21m -2M
µ[ µ µ

--510m

Pitt) = - XP , Itt + µ
Pzlt ) S2

In = Xp , It ) - H+µlBH1+2µBH ) 2µ( ↓"
s
]Pitts =

✗ Pdt) - 21m13 It)

- d µ °

④ * +µ, yu) /¥1 =/¥' !⇔mtpi+D=⑤HD a solution :
Blt) Pitt )

eMᵗ[Plo)] = [PHD



La steady-state ( t → o) - 0¥17 ≈ o si PHI =P _

-et

0 = -AM , + µ 172

40 = d 17
,
_Htm) 172+2/4 Ms

0 = d th - 21417s
17 , 1-172+17 ] = 1 ⇔ 17

> =
A
- Th -Th

Dispouibilitoto sislunbi este A=M
, +172

A 172 -214 ( ^
- 17 ,

-Nz) = 0 a ditz -21m -1214171-12/4172=0 -
→ (d -121m ) 172-1214 Mi = 21h
AM , =µM _ → The = £-17 , → d(d+2M , +2µm ,

= yn
⇒

I"

m 17 ,

É=2M ~ 17 , = 214£
4744/1+442

)
% =

µ ✗ 7- 2µA +2142
A = 17,1-17> = 2147€

42+44×+442
= = = 60%
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up sinpawre

Storey
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2

SI
Si Ok Stolby . Stolbyo

" [ ↓"
Se Foie ok Stoksy .
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S
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* [ ↓ "
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)
sift "Aᵗ=( ↑ -4+1440 Ss

◦ 21m -111+4%1
0 0 314 -74

gilt
)= - dpilttpr BH )
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⇒
' n' +14172 -_ 0

→ AM
, -61+147172+4417=0
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, -314174--0Pitt ) = XP

>
It ) - 7in Putt )
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Sistema functionare degroobté
S

, :
stone de functionare complete

Sz : store de functionare degrodotoi Si ¥2Ss : defect
d) ↓ Sz

A
*

= 5
"
"2^2 d

' R'(f) = -41+114171+1
◦ -is is) sit/ BYH = dzP , 11-7-11> 1311-1O O O
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4
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MTBF = [ Rindt =§ ( Pitt ) 1-1311-1)dt

Dawid : A , = 510m ,
Az = 1010m

,
d > = 21am

Pits = e
-411+112)t= e-

1st

Put )=,¥;q(é"ᵗé'" " =⇒e- 4- e-
1st)=(é±é'tD

mTDF=↑( e- ""I e-
"
- ÷ e-
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0
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Sistine three - state

Si : function ¥
"

?
"

Sz : foil - open
§ : foie - short

Pitt = - lditdz)P, Its - Rft ) = e-
$#It

A:[
'""kdi dz
0 0 °) → Pitts = ARM0 0 0
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Rtt ) =P, / f) = e-
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A
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1/2 = 0,01 you
→ Rtt ) = e-
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a
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Douoi module identic - Obi olepauatoie
Store Modula Model 2

Si
Si Ok Ok µ(↓HSz Repave 0k

si si

53 Ok Reparore ↓"
Sg Reporom Repave 54

,

a±f¥¥µ :/ ⇒1¥. ¥¥¥*+*a*
0 214 -Yu Pitt ) = ABHI - 2413,11-7

be limits : -21117,1-14172=0{ 2AM , -411-141172+21474=0
ditz -21^174=0
fi Thttlztth -1 → My = 1-171-172 →

- 2AM
, + pNz=o The ¥-171(11172-21411-17-172)=0 → { ¢+2m)ih -12µm ,=zµ⇒ # +2M¥ 17-1-2417 , __2µ⇒



Mi / 214 + ¥-1 dtyu)) -214 ⇒ Th 2↑2+2¥hd# = Yu
→

→ " ' =µ¥¥×= =f¥Ñ
"2=¥m=¥¥¥=2#Ctu)2
Disponibliteta Sistema Pui : A = hit ME ↑¥¥,# =

2
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' -4¥):'-(1i÷⇒
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µ
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=
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Douai module identic _ umsimfnnolepanotor
Stone Modula Moshe 2 Si

Si Ok Ok µ( ↓"
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Sz Repo.mn Ok

si µ( ↓"so OK Reparore Sa

Su FattRep. Fail / Rep .

a*=(¥¥µ :/ ⇒ 1¥ + yup.it ,
0 µ

-

↑ Pitt = ABA ) - µ Putt )

La limits : -2117
,
+µMz=0 ⇒ nz= Mi

/ 2AM , -41+1471^2+14174=0
dtk - pith = -

si Mi 1-Mzttlg = I → My = l - Mi- 172
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+ 1417--14 ⇒ Th . / ld+µ ) + µ) =p - Mi ÉE=p⇒
µ

⇒ Th -_
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µ2+z = 1- ,¥¥_µp=l -m-¥_✗ 2+41+1412 ¥r~+(¥r+m÷☐Ñ

2
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