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Learning Objectives

1. Calculate conditional probability of an event using Bayes’ Theorem

2. Utilize additional probability rules in probability calculations, specifically the Higher Order Multiplication Rule
and the Law of Total Probabilities
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Introduction

e So we learned about conditional probabilities
= We learned how the occurrence of event A affects event B (B conditional on A)
e Can we figure out information on how the occurrence of event B affects event A?

e We can use the conditional probability (P(A|B)) to get information on the flipped conditional probability (
P(B|A))
—

P(AIB) can help w] P(B|A)
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Bayes’ Rule for two events

Theorem: Bayes’ Rule (for two events)

For any two events A and B with nonzero

probabilties, F[ k() B) = F(ﬁ) P(BI A)

/
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Calculating probability with Higher Order Multiplication Rule P(ANB)

Higher Order Multiplication Rule

Suppose we draw 5 cards from a standard shuffled _ . .
deck of 52 cards. What is the probability of a flush, —Mﬂ (1 An) = M M—L

that is all the cards are of the same suit (including P(As|AjAr) ... - P(An| A1 Ay ... Any)
straight flushes)?

0) A = 9@"’ same st ag A, (2¢hs6) Q(AAB/N’),: P(A)F(B/A')
A, = gt card of any suwt ® 0RDER MATIERS -P(C /A, B)
NO REP.
@ P(ANALQARAA,NA)

/; Al
® ria) - P(Aa)A) = = 3 )= So O The pmba,é/'/d?
— I’O_ Ao A A, A= of a fluchr
/D/Aq [A,, '4} A}) L/_7 P/ 5‘/ ey 3> 9,5, 0.00198

A /] /o g
P(#,0AN. (A5 ) Sa ST so 97 95 - 2418
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Calculating probability with Law of Total Probability

% (B / SARB Law of Total Probability for 2 Events
Suppose 1% of people assigned female at blrt For events A and B,
and 5% of people assigned male at birth (AMAB) are c m-s;o':':.? :tm-h
color-blind. Assume person born is equally likely @ = _H)(B NA)+PBNA~)
AFAB or AMAB (not including intersex). What is the = P®B|A) - PA) - P(AS)
probability that a person chosen at random is color- T -
blind? PCETA) = P(BITRY
P(a) 1A
D A= AFAR BIA (WP(BIA) =0.0)
A¢= AMAB P(B[A) = 0.05
B = person is color blind. P(8) = P(BIA)P(R)+ P(BIA ) P(A°) By,
obof — AMAG -
@ P(B)’? pAFﬁB@birﬂ«
® order /rep? NIk P(B)= 0.01(6:5) + 0.05 (0.5)
P(B) = 0.03

() Tie prbbotla;h'h/ thot ptrron
Chapter 5 Slides ('S CB \S O.Og‘



General Law of Total Proability

Law of Total Probability (general)

If{A}L; = {A1,As,... , Ay} form a partition of the sample space, then for event B,

Y PBNA)
= X, PBIA) - PAY)

P(B)

A 1 ’A"IAS'A'(,
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Calculating probability with generalized Law of Total Probability
at Reme

Individuals are diagnosed with a particular type of cancer
that can take on three different disease forms,* D, D5, and
Ds. It is known that amongst people diagnosed with this
particular type of cancer,

e 20% of people will eventually be diagnosed with form D1,

e 30% with form D5, and
e 50% with form D3.

The probability of requiring chemotherapy (C) differs among
the three forms of disease:

e 80% with Dy,

e 30% with D5, and

e 10% with Dj.

Based solely on the preliminary test of being diagnosed with

the cancer, what is the probability of requiring chemotherapy
(the event C)?
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Let’s revisit the color-blind example @ P(A°18) - P(A<1B) _P(B[AS) P(A)

P(B) P(B)

Recall the color-blind example (Example = (0‘ 05—_)( 0. S\)
2), where ) 0. 03
e apersonis AMAB with probability 0.5, [° (A ) = 4 83_§
* AMAB people are color-blind with c a '

probability 0.05, and P(B/ﬂ ) ’
e all people are color-blind with P[ B) @ The F/Uéab/'/ﬂ}/z Tl pPesor

probability 0.03. (s ﬂ'MﬂB ﬂIM a
Assuming people are AMAB or AFAB, find colov blind s 083_3

the probability that a color-blind person is

AMAB. P(ACIB)
O-(3) @ Korse
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¢ 9o back to

Calculate probability with both rules wne explan-
® P(BIA)Y=7 @ N# e
.7:"-\’:«47(‘@
Suppose @ P(B//‘I)-‘—' P(A/}B) - P(A'/B)F(B)
e 1% of women aged 40-50 years have P(A) P(A),q.ﬁ b o
breast cancer, —> P (B) = (.0 | Fotad
e awoman with breast cancer has a 90% F(A / B) = F(A IB) P(B) prob
mammogramand. P(A 189" 1o.c ot P(AIB)P(B)+ PA|B%)P(B®)
e awoman has a 10% chance ofafalsea ;z;f,t”glc (P(A[I BD (PCAa Bcﬂ
positive result from a mammogram. — 0. 9 -
e PLAIBY=0 - 20!
What is the probability that a woman has d.700) + 0./ -{/——0_0/)
breast cancer given that she just had a N~
positive test? = 4 3 PCBC) :—,—HE)
@ S = mman a?ul t0-50 yrs ol '8?
— A = positive test for BC @ The probability that o womar,
= 0-59 yre adl has (ver-
~> B = has brawt canar N2 SR ST BTN



Bayes’ Rule

Theorem: Bayes’ Rule

If {A;}L, form a partition of the sample space S, with P(A;) > Ofori = 1...nand P(B) > 0, then

on . CPBIA) - P
PAIB) = 5 i1 PBIA) - PAY)—> p ()
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P(A;|B) = P(A318)

P(A,08)+ P(As B)
t+P(A,NB) +... T
P(A,NB)



|7 have BC — P(BC)=0.0]
707, w/ 8C havt pos. test = P(pP0S/BC)

BC BONY) = 0.2

(7 dharce of e s g ey B (00| Sl
fs| BC®
[O(ﬁf/po.s) IO[BC/,”DS)= ‘P(BC an /dS}

P (positive)
= F(,OM/BL)'IO(BC)

pLpos N60 + PCpesBCY

fl
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