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Probability

Probabilify measures how h'u(ely an

event s to happen.

P(A) = n(/-l) / n(S) : <-classical

<-definition

S = sample space (all possiole outcomes)

A = Favovrable ovtcormes (subset of S)

Basic axioms

G O ==FiA) e
(i) Bts) = . Far) = 0
Gl KA = 1. Fea)

Compound events
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P(A B) = P(A) + P(B) - P(A B)

If A, B are mutvally exclusive (A Bi=
A B) = PlA) + P13

Fecall (Class 17)

Ezually likely outcomes -7 count
Favourrable / total.
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Condfhbbal Probabilif'i

_*_

:‘ P(A B8) means probability of A,
9fuen that 3 has already occurred.

PA ~BIo=9PABY | R(B) PB) 7 O | =5

<-formula

 Properties :
G- B Bl B) =2 /
GiloPls Bl = Bl Dl =5/
il SPlCs ey B) 20k B+ Fle )
- il o b '
Gi) BA B = ) - A8}

- Example
| Toss 7 dice  Given sumlZ ¥ (eent B,
find Plooth 9 B

Pairs with sum 7 & :

(3,624,529 )95 s s )
(6,36, 96 sNep) ... /O P dil

Both »= 9 : (95MN9 ) 9)s )5 6)
oo siep) = ¥ pairs

Plooth 9 B) =| /10 = .9/
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Multiplication Theorem

3

P(A B) = P()..P(B..A) = PB) . PLA

L PEAY = O and FPB) =7 O,

Three events (chain rule)

PlABC) = PGA) PGB A Pl B

Independent events

A and B are fnc/ependenf' £ occurrence

of one does MOT affect the other.
¥*

A : 3 fndep, = P(A 8 = Bld) o PR )

Ezuavalénfly P(A B) = P(A)

I 4

and e A = PB)

Motvally exclusive vs independent
uE A B = phi

e o FlA B> = Pla) F5)
Two diff. concepts 7 Don't contuse.

Scanned with CamScanner




Date : Page : 7

Total P robability Theorem

Partition of S :  euents B/, E2, .. En
PAlrwise df{)'ofnf' and Ei = 5.
leach P(E) » 0).

Bla) = Ple) RO = <~ total

<- prob.

Exar'nple . (two-urn)

Urn-/ & 2 red; 2 bla
Urn—% ’ Y red, / black

Pk orn at ranc{om, then a ball.
Plred) = 7

Bl = B2 — 1/2
B U0 e voe ) -

) = 2 Bl e S
= 30 F 910 = 7)0

Plred) = 7//0

Always  chec BB = st
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Baves' Theorem

[leverses the condihbmby.
P E), ..., En partition S and A is an event,
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Piei A = Pled FGA ey /. FlE) Fld | B

Terms 4

P(E) - prior probability
P(A Ei) - Ilikelihood
PleEr A4l - posterior proba br‘lffy

Mnemonic

Prior * Likelihood / Euvidence

Quick  proof

From mult. theorem

HEr . A = B FPlg @ &)

| = a2 P, A

Eqoate : P(EI A) = P(ED P(A E) ) P(A)
P(A) by total prob. theorem.

|

Bayes is the most common 9’/S_‘marb< Q.

Master the setup of the prior table.
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Ba:/e.s Example  (defective bolt)

Factory has 3 machires A, B, C.
Output rates - S“O%, 30%, 20%.
Dekect rates : /%, 9%, 3%.

A bolt is defective.  Find Plfrom A).

’ Step /- Priors

P —s0ne BB) = 03 Flicl = 0.2

Step 2 Likelihoods

2> A = 006/, PO B = 007,
Ep. c) = 003 :

Step 3 : Evidence (Total P.)

P(D) = 00017+ 8.2(0.09) + 0.2(0.03)

-

P(D) '=+0:00¢ + 0.0/2 + 0.006 = 0.02%

Stes 7 - Posterior

DA D) = b0 | B.023
P4 D) = 0.00s | D.O23
Pla D) /23

s . Pla D)= /23
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| Kandom Variable

A random wvariable X is a feal—valued

Fonction defined on the sample space.

NG s 0

Discrete random variable

X tades a Finite (or counf'able) number

of valves x/, x2, ... xn.

P robability distribution

Table of valves xi and probabilities  pi

pf = P(X = xi)
3 S Ay e pi =/
fli= (mandafory chec)

oD / 2 3
P yly gly i 2yl

(eﬁ- # heads in 3 tosses)

Mean /| Expectation

P E(X) = = xi-pi
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Variance & SD

: VVar(X) s P

ECY - [EOO ]

OF  equivalently :

Varlx). = Ga - ) pi

Standard d_ew'aﬂon

= Szrf'( )

Example

X = F#F heads in 2 fair tosses

X
p

E(X)
E(X)
Var(X)

Ol
i

O el

bl

: /J' 2
2 T
/9 + 2/

=)

= 0 + J02/97 + 9.0(1/9) =

=/ g7 =

= Szrf'(o.s—)

= O
CL.707

mMRASUres spread about  the mean.

0

= X s constant a.s
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Beroulli & Binomial

Bernovlli trial

A trial with exacﬂy 2 ovtcomes
success (prob = p)  and

'Pailure (prob = 9 i p)

Binomial distrioution

n independqnf Bernoulli trials.

X ‘= FE successes in n trials

P(B( = o) e P e 9 (n-r) ‘-’-'8"”;;:;31’
<- PraF

=
f
~
\
©

Mean and Variance

np i = npz ; = .Szrf'( npz)

¥

Conditions (BINS)

3o Bt'nary ovtcomes (S / F)
T Independenf trials
Msoands Fixed, Ma S ¢ same p for all toale
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S cr izl Exanple

A die is rolled $ times. Find pr&b. ot
exacf'ly 2 Sixes.

Success = roll a0 6 . p.= //6, 9 i .4‘/6‘

Plx=2) = co2 @ (lle) 2 . (/) 2
0 (//3¢) U2 )2 08)
= &0 | 777t O /6OF

¥

P(2 sixes in $ rolls) O./6/

Tip
For 'at least one', use i - Blo) i
Pexe: - /) = g - PIX. = 0O)

y
~
\
S
D]

Sum / cumulative Form
P(X" <= r) = from «=0 to r m? P(X=«)

Independence reminder

All n trials must be fndependenf'.
If sampling 'without replacement’,

X s MOT binomial (use }’YPQ’?QO”’)'
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Common rmistackes (avoid ?)

(/) Con')QJ.St'n:? Pia. B eath FCB A).
Order MATTERS in conditional.

(2 Fo:':geﬁ'inj el =/ in distrivotion.
_ } (3 Addfhj probabilities of indep. events.
*

Inc{ep. o d _/MULTIPL)/, not add.

D concepts ra reiy both.

’
/

l

J (<) Treaf't'ny mufually exclusive as indep.

|

l

"

) Wrony substitution in Bayes.
Always write prior table First.

(6) Binomial w/o checking  n independence.

&7/ Fo»:gef‘_‘f‘:by O P / as .Sam'fy checK.

.)K.
| Quitk  checlist
*

Define sample space S clearly.
Note dependencies of events.

7* Use tree / Venn dfajfam A help-ﬁ)l.

x Bl =

Sf'af'g ANnSwer in +raction or c{eqfﬂ;’al,

; G el o g checX.
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Gl | | Summary

_ Core formulas

saP(AB) = P(A) + P(B) - P(AB)

¢ A B) o= P(AB)/P(B)

PGABEL = FCAY BB Al

Tandp. & PlAB). = FCA) F(B)

Toral B - B = PlEll P4 Ed

Bayes ot o PERGAL= RED P(A ED [/ P(A)

|

» Distribution
{ E(X] =  xi.pi

| e - 00 - [e00]
‘l = szrf'( \/ar)

Binomial _
ElX=F] ‘= iy P kg (n-r)

—

= np = rpg

|

\.S’f’raf'egz :

1 /. Idenf‘f-try type :  basi /. cond: Bayes /
binomial / distribution.

\ 2. Write down given data clearly.

3. Pick correct formula 4+ substitute.

End _01?___ Chapier /=
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