6.2 Event-based Independence

Plenty of random things happen in the world all the time, most of
which have nothing to do with one another. If you toss a coin and
I roll a dice, the probability that you get heads is 1/2 regardless of
the outcome of my dice. Events that are unrelated to each other
in this way are called independent.

Definition 6.32. Two events A, B are called (statistically@

independent if Cereral reliplicoiti on role
1. disjoint
L independent R s P(ANB) O)P(AB)P(B)
Il shab e Notation: A1l B = P(BI1A)PLA)

forction o Read “A and B are independent” or “A is independent of B” ,
. VB s indepondant of A ’
C A'mi) o We call @ the multiplication rule for probaffbilities.
commn
e If two events are not independent, they are dependent. In-
tuitively, if two events are dependent, the probability of one
changes with the knowledge of whether the other has oc-
curred.

6.33. Intuition: Again, here is how you should think about inde-
pendent events: “If one event has occurred, the probability of the
PUBAAY

other does not change.” T
PLAOR ! ’
-Ip_(_..) = P(A|B) = P(A) and P(B|A)= P(B). (10)
<)

In other words, “the unconditional and the conditional probabili-
ties are the same”. We can almost use as the definitions for
independence. This is what we mentioned in [6.8] However, we use
(9 instead because it (1) also works with events whose probabili-
ties are zero and (2) also has clear symmetry in the expression (so
that A_lL B and B _l A can clearly be seen as the same). In fact,
in , we show how ([10]) can be used to define independence with
extra condition that deals with the case when zero probability is
involved.

2TSometimes our definition for independence above does not agree with the everyday-
language use of the word “independence”. Hence, many authors use the term “statistically
independence” to distinguish it from other definitions.
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Example 6.34. [25, Ex. 5.4] Which of the following pairs of events
are independent?

WMR WC B

(a) The card is a club, and the card is black.
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(b) The card is a king, and the card is black.
P(ky= T4 P(B)= -'|Z
g2 1%
— K12

-z -4 N R R §
P(kNB) = 52720 = PLOFLE)=3*7 =20
6.35. An event with probability O or 1 is independent of any event

(including itself). P(_A) =0 = ALB PUZTB) =f£ﬁ)f’(8)
e In particular, () and € are independent of any events. ©

6.36. An event A is independent of itself if and only if P (A) is 0 O

orl. pla)e P(AOA)=P(A)PIA) =Q”(A)7' O £ PlAnB) LP(A)

6.37. Two events A, B with positive probabilities are independent
if and only if P (B|A) = P (B), which is equivalent to P (A |B) =
P (A).

When A and/or B has zero probability, A and B are automat-
ically independent.

6.38. When A and B have nonzero probabilities, the following
statements are equivalent:

(1 A LR
(2) PLANB) = P(A)PLB)

(D p(R18) = PA)
(1) P(BlA)=PLB)



6.39. The following four statements are equivalent:
1) (s) (¢) (>

AL B, Al B, A1 B, A°l B
(1) ALB = P(ANB) =P(AIIB)

%

(m
(5) PLANBS) = PLAY-PLANG) Z'p(A) - PLAIIB) = P(A) (1-18)= PLA) PL B
Example 6.40. If P(A|B) = 0.4, P(B) = 0.8, and P(A) = 0.5,

(4

ANne

are the events A and B independent? [15] Method 2
Methedlt Use (3) PIANB) # P(AIP(RD
5 0.¥x0.5

A ond 8 ove ot indepondent. | OTx0-F

6.41. Keep in mind that independent and disjoint are not
synonyms. In some contexts these words can have similar mean-
ings, but, _this is not the case in probability.

&5 PTATTS P Y

e If two eventsicannot occur at the same time (they are disjoint),
are they independent? At first you might think so. After all,
they have nothing to do with each other, right? Wrong! They
have a lot to do with each other. If one has occurred, we know sveye¥
for certain that the other cannot occur. [17, p 12] =2 “deperdent®

e To check whether A and B are |disjoint; you only need to
look at the/sets'themselves and see whether they have shared
element(s). This can be answered without knowing probabil-
ities.

To check whether A and B arelindependent, you need to look
at the probabilities 'P(A), P(B), and’P(A N B).

e Reminder: If events A and B are disjoint, you calculate the
probability of the union A U B by adding the probabilities
of A and B. For independent events A and B you calculate
the probability of the intersection A N B by multiplying the
probabilities of A and B.

I+ ALR, ten PLAULB) =pP(A) +PLBD
I+ AlLB, bHe FLANB) =PLAIF(E)
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Review :

ALB & Aod B ave independent
@ P(Ane) SP‘AJ"LB) Q"jOf’CJ cl‘\cc‘.kt‘r\s i'\Aef'Gr-clwcc
& AL B O PLANG) =fLA)F(B8C)

& AT 86 & PLANG) = P(AUT(B)

& Al e & e(A‘np) =P(A)Plet)
(#0)
For ¥hermore, £ PLA), PLB) SO

& Plalsd = PLA) The occurvemce of ome
4 A)y=¢ event does wrot C'F'FCC."[‘
(B1A)=FfLB) Pre P""L’O"D"li'bf ok

ornether one.



e The two statements A 1 B and A _Il B can occur simultane-
ously only when P(A) = 0 and/or P\&B) = 0.

ANDB :/QS O=P(ANR) = LA)P(B)

o Reverse is not true in general.

Example 6.42. Experiment of flipping a fair coin twice. 2 =
{HH,HT,TH,TT}. Define event A to be the event that the first
flip gives a H; that is A = {HH, HT'}. Event B is the event that
the second flip gives a H; that is B = {HH,TH}. Note that even
though the events A and B are not disjoint, they are independent.

Ant = iRRT £ B =5 A X8

v/
.2 _1 )= 2 _41 ANB) = = P(AIPIB)
P(Ad= =2 P(&) o7 Pl

4
l_(
Example 6.43 (Slides). Prosecutor’s fallacy: In 1999, a British 4
jury convicted Sally Clark of murdering two of her children who AlLB
had died suddenly at the ages of 11 and 8 weeks, respectively. A
pediatrician called in as an expert witness claimed that the chance
of having two cases of sudden infant death syndrome (SIDS), or
“cot deaths,” in the same family was 1 in 73 million. There was
no physical or other evidence of murder, nor was there a motive.
Most likely, the jury was so impressed with the seemingly astro-
nomical odds against the incidents that they convicted. But where
did the number come from? Data suggested that a baby born into
a family similar to the Clarks faced a 1 in 8,500 chance of dying
a cot death. Two cot deaths in the same family, it was argued,
therefore had a probability of (1/8,500)% which is roughly equal to
1/73,000.000.

Did you spot the error? The computation assumes that succes-
sive cot deaths in the same family are independent events. This
assumption is clearly questionable, and even a person without any
medical expertise might suspect that genetic factors play a role.
Indeed, it has been estimated that if there is one cot death, the
next child faces a much larger risk, perhaps around 1/100. To find
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the probability of having two cot deaths in the same family, we
should thus use conditional probabilities and arrive at the compu-
tation 1/8,500 x 1/100, which equals 1/850,000. Now, this is still a
small number and might not have made the jurors judge differently.
But what does the probability 1/850,000 have to do with Sallys
guilt? Nothing! When her first child died, it was certified to have
been from natural causes and there was no suspicion of foul play.
The probability that it would happen again without foul play was
1/100, and if that number had been presented to the jury, Sally
would not have had to spend three years in jail before the verdict
was finally overturned and the expert witness (certainly no expert
in probability) found guilty of “serious professional misconduct.”
You may still ask the question what the probability 1/100 has
to do with Sallys guilt. Is this the probability that she is inno-
cent? Not at all. That would mean that 99% of all mothers who
experience two cot deaths are murderers! The number 1/100 is
simply the probability of a second cot death, which only means
that among all families who experience one cot death, about 1%
will suffer through another. If probability arguments are used in
court cases, it is very important that all involved parties under-
stand some basic probability. In Sallys case, nobody did.
References: [14], 118-119] and [17, 22-23].

Definition 6.44. Three events A;, Ay, A3 are independent if and

only if
@ A'l_LLA.‘._ P(Al ﬂAg) = P(Al)P(AQ) A“A‘ A ore
Four ®  ALA, PAINA)=P(A4)P(4) N
conditions  ® pua PANA)=P(A)P(Ay) | Pizice inderendent
for ® P (A NAyN As) = P(A)) P(As) P (As)
iAJGfWJMfC-
Remarks:

(a) When the first three equations hold, we say that the three
events are pairwise independent.

(b) We may use the term “mutually independence” to further
emphasize that we have “independence” instead of “pairwise
independence”.
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Definition 6.45. The events Aj, Ao, ...
and only if for any subcollection A;,, A;

R

D2~
, A, are independent if

A

(2%

P(AilﬂAz‘Qﬂ"'ﬂAik)ZP(Ail)XP(AZ'Q)X XP(AZn)
e Note that part of the requirement is that
P(AiNAsn---NA,) =P((A) x P(As) x---x P(A,).

Therefore, if someone tells us that the events Ay, As, ..., A,
are independent, then one of the properties that we can con-
clude is that

e Equivalently, this is the same as the requirement that

rW‘Aj ::][I]D(fb)

jedJ jedJ

VJ C [n] and |J| > 2

e Note that the case when j = 1 automatically holds. The case
when j = 0 can be regarded as the () event case, which is also
trivially true.

6.46. Four events A, B,C, D are pairwise independent if and
only if they satisfy the following six conditions:

P(AN B) = P(A)P(B), fov
("'?f‘) = —;_//= 'f‘f_’_b_*ﬁ%c (= P(AQC):P(A)P(C), Cv Wi e
2.2 2737 P(AN D) = P(A)P(D), P
P(BOC):P(B)P(C), lﬂG‘OpMc‘htC
P(BN D)= P(B)P(D), and
P(CN D)= P(C)P(D).

They are independent if and only if they are pairwise independent
(satisfy the six conditions above) and also satisfy the following five
more conditions:

conditiong
imdf.

gtak

HDW w\a\ny
P(BNCND)=P(B)P(C)P(D), herle for
P(ANCN D)= P(A)P(C)P(D), to chee q
P(ANnBN D)= P(A)P(B)P(D), fve events °
P(ANBNC) = P(A)P(B)P(C), and G

P(ANBNCND)=P(A)P(B)P(C)P(D) ( ) (
2‘+-—1 - (_‘I) 16-1-4 =11
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Example 6.47. Suppose five events A, B, C, D, F efe independent
with

— P(D)= P(E) =
(a) Can they be (mutually) disjoint?
PlAR) =¢t(A)P(8)=T 1 -1
No, Z 71 >3 9
An 75/@
(b) Find P(AUB) = P(AI+F(B) - ((ANR)
;.1.-\-1-.1:_;_1_-_ é_-_]‘u_i
S 3 a 3 19 a 9

(¢) Find P((AuB)NC)
=P(AnC) rr(Bnc) - P(ANn6GNC)

= P(AIPLC) + F(BIPLC) - P(AYCLA)PLL)
= A Z
= 5 +-l-' -1 ==-4 S

a 23
(d) Find P (ANCND) 27

A
=P(ANC) - PLAOCA D)

=P(A)rle) ~rLAaYr(e)r(p)
. 4 _ 4 . 2
-9 2% 2%

(e) Find P(AN B|C)

_flAnenc) pamepey

rce) L) a
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