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[ Toss A CoIiN

QUESTIONS

m What is the probabilty that it comes up heads?
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[ Toss A CoIiN

QUESTIONS
m What is the probabilty that it comes up heads?

m The coin comes up heads on the first toss. What is the
probability that the next toss is also heads?
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PROBABILITY
P(A)
“Probability of A”



SOME DEFINITIONS

PROBABILITY

“Probability of A~
UNION

P(AU B)
“Probability of A and B”
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SOME DEFINITIONS

PROBABILITY
P(A)
“Probability of A~
UNION
P(AU B)
“Probability of A and B”
INTERSECTION
P(AN B)

“Probability of Aor B”
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SOME DEFINITIONS

PROBABILITY

UNION

INTERSECTION

CONDITIONAL

P(AU B)

P(AN B)

P(A|B)

BAYES’ THEOREM

“Probability of A~

“Probability of A and B”

“Probability of Aor B”

“Probability of A given B”

20 SEPTEMBER 2014



VENN DIAGRAM

A
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VENN DIAGRAM - CTD

CAN YOU WRITE THE FOLLOWING IN TERMS OF X, Y AND Z:
m P(ANB)?

n P(A)? P(B)?

u P(A|B)?

CaN YOU WRITE [P(A|B) IN TERMS OF THE OTHER PROBABILITIES?
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n P(ANB)==z2



VENN DIAGRAM - ANSWER

m P(ANB) ==z
s PA)=z+2z PB)=y+=z
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VENN DIAGRAM - ANSWER

m P(ANB) ==z
s PA)=z+2z PB)=y+=z
m P(A|B) = %

y+z
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VENN DIAGRAM - ANSWER

s P(ANB) ==z
s PA)=z+2z PB)=y+=z
= P(A|B) = 4

Hence:

P(AIB) = ~pp
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P(AN B)
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VENN DIAGRAM - ANSWER

m P(ANB) ==z
s PA)=z+2z PB)=y+=z
= P(A|B) = 4
Hence: (AN B)
p(ajB) = Ze

P(AN B) = P(A|B)P(B) = P(B|A)P(A)
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BAYES’ THEOREM

_ P(B|A)P(A)
-~ P(B)

P(A|B)

P(B) is known as the Prior of B

P(B|A) is known as the Posterior
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CHOICE OF PRrRIOR

DID THES(N JUST EXPLODE?
(I NGHT, 50 WERE NOT SURE.)
THIS NEUTRINO DETECTOR MEASURES
WHETHER THE SUN HRS GONE NOVA.
THEN, ITROLLS TWo DICE. IF THEY
BOTH COME UP IX, IT'LES TO US.
OMHERWISE, ITTELLS THE TRUTH.

mr%?ﬁi
ﬁ.W&WEm’

raf

FREQUENTIST STATISTICIAN: BAYESIAN STATISTIOAN:

THE PROGABLITY OF THS RESULT
HAPPENING BY CHANCE st BET YOU $50
6NCE P<a05 I cmcuu: IT HASNT

)

il
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AN EXAMPLE

There are 50 people in my lab, of whom 7 are
statisiticans.

Overall, only % of my lab drink coffee. However, all
but one of the statisicians drinks coffee.

You meet someone from my lab, and they are
drinking coffee. What is the probability that they are
a statistician?
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SOLUTION

Write S for the event that someone is a statistician, and C for the
event that they drink coffee.

P(S) = o
P(C) =
P(lS) =
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SOLUTION

Write S for the event that someone is a statistician, and C for the

event that they drink coffee.

Hence:

utl w
U=
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SALLY CLARK CASE

Convicted of killing her two sons, on the basis of misuse of statistics.
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SALLY CLARK CASE

Convicted of killing her two sons, on the basis of misuse of statistics.

ProBaABILITY OF Two CoT DEATHS IN FAMILY
m For a family like Sally Clark’s (non-smoking and affluent), the
chances of a single cot death are 1 in 8543.
= Hence the chances of two cot deaths is 1 in (8543 x 8543),
about 1 in 73 million.

m This is exceptionally unlikely, and hence two apparent cot deaths
are strong evidence for murder.

WHAT 1S WRONG WITH THIS LOGIC?
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THE PROSECUTOR’S FALLACY

P(Innocent|Evidence) #

P(Evidence|Innocent)

Bayes’ Theorem tells us that:

P(E|Innocent)P(Innocent)

P(Innocent|E) = P(E)

and so:

P(E|I HOP(I t
P(Innocent|E) = 5 (E[Innocent)P(Innocent)

(E|Innocent)P(Innocent) + P(E|Guilty)P(Guilty



MEDICAL TESTING

A disease affects 1 person in every 10, 000. There is a
test for this disease. If the subject has the disease, the
test comes back positive 98%of the time. If the
subject does not have the disease, the test comes
back negative 98% of the time. Your patient has

tested positive. What is the probability that they
have the disease?
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MEDICAL TESTING - SOLUTION

Write D for the event of having the disease, and write 7 for the event
of a postive test.
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MEDICAL TESTING - SOLUTION

Write D for the event of having the disease, and write T for the event
of a postive test. From the problem, we have:

u P(D) = 0.0001
u P(notD) = 0.9999
= P(T|D) = 0.98
m P(T|notD) = 0.01
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MEDICAL TESTING - SOLUTION

Write D for the event of having the disease, and write T for the event
of a postive test. From the problem, we have:

= P(D) = 0.0001

= P(notD) = 0.9999

= P(T|D) = 0.98
P(

m P(T|notD) = 0.01
Thus: P(TID)B(D)  0.98 x 0.0001
. X U.
PN = " T e
P(T|notD)P(notD)  0.01 x 0.9999
P(notD|T) = ( |nO]P(7)_) (notD) _ BT)

But, we must have P(D|7T") + P(notD|T) = 1 Hence:

(0.98 x 0.0001)

P(D|T) =
(DIT) (0.98 x 0.0001) + (0.01 x 0.9999)

= 0.0097
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NOTE

If A can only take a finite number of forms, Ay, ..., A,, then, since

> P(4i]B) =1
P(BJA)P(A)
P(Ai|B) = s BB, P(A;)
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