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Probabilities of equally likely events
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Pick an equally likely card, any equally likely card

Suppose you have a regular well-shuffled deck of cards. What's the probability of drawing:

1.any heart - SQM/U [C 8/00,06 0 B5RQ cards
2.the queen of hearts - 9 sucts - W O* @
3.any queen . 3 ) C /3 facs/Bc: A 2710 TQK
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Let’s break down this probability

If S is a finite sample space, with equally likely outcomes, then

P(A 1Al Tofak F of outcomes inh
lZ- ISyt # of outzore in S

P P P pr)
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A probability is a function...
P(A) is a function with /3 A contained W/'m S
—

e Input: event A from the sample space S, (A € S) A is a Subsret # S

e QOutput: a number between O and 1 (inclusive)

PA): § = 10.1

A function that follows some specific rules though!

See Probability Axioms on next slide.
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Probability Axioms
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Probability Axioms

‘ Foreveryevent A,0 < P(A) < 1. \

Axiom 2

For the sample space S, P(S) = 1.

Axiom 3
If A;, As, Az, ...,is acollection of disjoint events, then F (A' v ’42 V A3>
) S = + +
IP(UAi) =ZIP(Ai)' P(A))_PCAL)_P(
- =l =1 -
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Some probability properties
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Some probability properties

Using the Axioms, we can prove all other probability properties!

Proposition 4

P(A UB) = PA) + P(B) - P(A N B)

P@) =0 PAUBUCQC)=PA)+PB)+

P(C)-P(ANB)—PA NC) -
Proposition 3 : PBNC)+P(ANBNC)

Proposition 1

For any event A, P(A) = 1 — P(A®)
I eese——

If A C B, then IP(A) < P(B)

CD
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Proposition 1 Proof

Proposition 1

Foranyevent A, IP(A) = 1 — P(A®)

AC.
ﬁ Vi AC SN 0’ AXH)M)S_
A% AC are dis]oivut | :J{l ??(é-;(f\)é‘l
[
P(AVAS) = P(A) + P(A®) 1/\2 P(OA)D =
P(s) = P(R)+ PIAY) i 2 P(A)
= P(A)* P(AC) =

-P(A%) ~P(A*)
FP(A) = 1- PCAS)
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Proposition 2 Proof
Proposition 2
P@) =0
) = P(A C)

Prolgj_: P( 1-
A-:ﬁ Ac=,§
P(#)=1-P(s)

= 1 - 1
P(#) = ©
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Proposition 3 Proof

Proposition 3
If A C B, thenP(A) < P(B)

A nB)ﬂY‘eevx + aramg&

A¢ QOB
P(B) P[A>+w >AX1' 0L P(AAB)ET

P(A)=F(B) - /’(A nB) =0 = P(A) < P(B)

eeeeeeeeeeeee




Proposition 4 Visual Proof

ropositiond. disjoint events om NOT dis joint

P

— ﬂ n.@f ’P'(;’r/\)"'
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B ( AC pP(B/)AC)
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Proposition 5 Visual Proof

Proposition 5
PAUBUCQC) = IP(A)+IP(B)+IP(C)—H’(AHB)—IP(AHC)—H’(BﬂC)+|P(AﬂBﬂC)J
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Partitions
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Partitions

Definition: Partition

e IfA C B, the @0‘ @‘ isa partitionof B. ~ -
n

e IfS = U A, and the A;’s are disjoint, then the A;’s are a
o, 0 i==1 /
partition of the sample space.

Creating partitions is sometimes used to help calculate probabilities, since by Axiom 3 we can add the
probabilities of disjoint events.
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Venn Diagram Probabilities
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Weekly medications

Hint: Draw a Venn diagram labelling each of the parts to find the
probability.

Let A= Take mudicaktion this week
B=take mud. next week

If a subject has an

e 80% chance of taking their medication

this week, A /\ R —  P(A°nBc) =0-10
e 70% chance of taking their medication a(ohf b?d,owf'

next week, and Tfake thes ta ke “:7‘1-

e

e 10% chance of not taking their week we P(A ¥, B ,.m

medication either week, = 2 —

y, g J - P ( A (\ B
then find the probability of them taking /- f)(/l - B‘,
their medlcatlor(exactly one of the two /
weeks. — / - 0./ @
A N

0‘? = 09'/‘ 0 ) -
P(ANB)

‘ exactlvy v o _
Ploadyme Py < 03 EHiBELs )




Orst weet fake  (but ot 2nd)
If a subject has an @Lv\d W’L{k ﬂ\u/ (\0“"- V\.0+ Ig}>—4

¢ 80% chance of taking their medication

this week, @«\7\\(,@ it vt wetlec

e 70% chance of taking their medication

next week, and @ 't—a'v,{, i+ V\L (‘HALV

¢ 10% chance of not taking their
medication either week, ®

then find the probability of them taking
their medication(exactly one of the two

weeks.
A7

% 4;
* {5 e
= "0 \ l | J
? ( S ) - [ —?,c»” \

F(@)+P@)+ PO) 9: 2@ (A NB)

FP(@) = |
P(®)=0.\




