- Elementary Event @; (lementarercionis) : A single outcome of the experiment

- - Sample Space ) rgebnismenge) : The set of all possible outcomes Q = {w,, @,, ... }
\
.. « Elementary Probability Pr[@;] (slementarwanrcheiniichien : Probability of an elementary
\e w ) ? event
o ‘ a - Event E reigns) : A subset of the sample space (E C Q)

Complementary event E omplementarereianis) : All outcomes notin E E := Q\E
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- Forallevents A, B,A,A,, ...

. Prig] =0,PrQ] =1
- 0<PrAl< 1
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\“..0 “'..0 lk)‘ ? {5_’2\

SL ? = %(XIIXQ_‘) l Xl,’(z, c %112—(31(4)8(‘9?3}
Pelunl 2 Mg

A: "The sum of the owtcomes s Y " P CART 9
(4.3 '
(2,2) 3/3(0
(3,10



A: " Qutcome is euen "

B: " Oulcome is odd "

C: " Ouwtcome 73 =0

Add Rule Boolean Inequality
E A LA, For arbitrary
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Inclusion-Exclusion Principle (Siebformel)

Forevents Aj,...,A,
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Conditional Probabilities
* Definition: If Pr[B] > 0, then Pr[A|B] := “{4551
e Multiplication Rule: If Pr[A; N...N A,] > 0, then

PI'[A] N---N An] = PI'[AI] . PI'[A2|A1] - PI'[A3|A1 N Ag] ®eee” PT[A,,lAl N---N An—l]-

~ 0~

PrCRa® ) = CAY - PCBlal
= PRLl: PCAIBL

e Law of Total Probability:

IfQ=A¥---4yA, with Pr[A,],...,Pr[4,] > 0, then .
Pr(B] =3 Pr[BlA | - Pr[A;].

9 Events : PriAdl= PrCA\R] - PFCRL
+Pri R PCB
A= PeTBaB) + WCRAB

e Bayes’ Theorem:
If BCAW-- WA, with Pr[A,],...,Pr[A,],Pr[B] > 0, then

Pr[A; N B PrB|A,] - Pr[A]

, Pr[B|A;] - pr[AJ]
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Probability Theory . . .
Conditional Probability the probability that event A will occur if we Bedingte Wahrscheinlichkeiten

already know that event B has occurred [ ] [ ] PdANBI
o Definition: Ist Pr[B] > 0, so ist Pr[A|B] := —L[—]—‘;r B m ‘P\
RCAcB1 - R(R] -P(E

N A, >0, so ist

« conditional probability :
- Let A and B be arbitrary events with Pr[B] > 0. The conditional e .
o Multiplikationssatz: Ist Pr[A; ...

probability Pr[A | B] of A given B is

PrAIB] = PrlAnB] Pr[A; N---NA,] = Pr[A;] - Pr[A5|A;] - Pr[A3|A; N Ay - ... - Pr[4,|A N
= > 8
e Satz von der totalen Wahrscheinlichkeit: MA] ﬁCA 18 ] 'R’EB:‘ Pf[R‘B:l :l
S Pr[B|A;] - Pr[A;]. ’

Ist Q= A, W---w A, mit Pr[A,],...,Pr[A4,] > 0, so gilt Pr[B] =

Pr[AnB] = Pr[A|B] - Pr(B]
e Satz von Bayes:

PriAn B] = Pr(B|A] - PriA]
Ist BC Ay W-- WA, mit Pr[4,],..., Pr[A,].Pr[B] > 0, so gilt
Pr[A; N B] Pr[B|A;] - Pr[A;]
B Pr[A;|B] = S i
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Probability Theory Bedingte Wahrscheinlichkeiten
Conditi | Pre il

the ility that event A will occur if we P o . N _ Pr{AnB]
. . already know that event B has occurred ¢ Definition: Ist Pr{B] > 0, so ist Pr{A|B] := “p7p
+ conditional probability : « Multiplikationssatz: Ist Prl4, N...0 A,] > 0, so ist
« Let A and B be arbitrary events with Pr{B] > 0. The conditional
Pr[A; N+~ N A,] = Pr[A;] - Pr[As|Ay] - Pr{A3| A, N Ao] - ... - Pr[A,|A; NN A,_y]

probability Pr{A | B] of A given Bis

PrlA|B] = P;E:[;]B ] : ISE(“&ZV lo.?.?fr tztjlc?xu‘nwle:.h?,c]hcmlll:hfc]i 0, so gilt Pr(B] = 3Ji_, Pr(B|A] - Pr(4; " -
"3 ﬂ : Is?t; ;oﬁ,liayci A, mit Pr[Ay),..., Pr[4,],Pr[B] > 0, so gilt
Q Pr{AnB] = Pr[A|B] - Pr[B]  PANB Pr{BIA) - Pr{A]
GO ® % PriAnB] = PrB| Al - PriA] PrAIB = =5 B = S ba{BIA,]- Pi{A)]
=

ﬂ £5AN

Imagine a fellow student of yours is stopped by the police after a night out and has to take a

breathalyzer test.

The test detects alcohol consumption in 99.9% of cases.

—_—

However, it also produces a positive result in 3% of cases, even though the person being f
tested hasn't consumed any alcohol.

'
«==

We also know that 5% of the people tested have actually consumed alcohol:

The test is positive for-your fellow student. What is the probability that they have actually
onsumed alcohol?

4+ / I alcohol / no alcohol

PrT + |adlconol L= 33.3/ 100

Pe T & ) no aleconol A = 2/loo

Pr U alcdnol A\ = Soo
Pe Talcohol | 4+ 1) = )
O Bages

PC+ lcohol \ ¢« Pelalcohol D
Pelalcdml [+ 0 = L el

PrT+ 1\
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Independence

e Definition: X;,..., X, are independent if and only if for all
(Z1,...,2,) € Wx, X...xWx,_ holds: Pr[X; = z4,...,X,, = z,| = Pr[X; = z]-....Pr[X,, =
Zp).

e Multiplication Formula: If X;,..., X,, are independent and S; C Wx., then
PI‘[Xl €5,...,.X, € Sn] = PI‘[Xl € Sl] et Pr[Xn € Sn]
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(c) Oliver owns three pairs of shoes — two blue pairs, and one yellow, which he stores unordered
in his wardrobe. One morning, during a power outage, he has to put on his shoes in complete
darkness. He randomly (uniformly at random) grabs two shoes from the wardrobe and tries
to put them on.

We let A denote the event that he picked one left shoe and one right shoe (i.e. he is able to
put on the shoes he picked), and we let B be the event that the two shoes he picked have
the same color.

Model this setting as a probability space and compute Pr[A] and Pr[A|B].



