
Example : Consider a deck of French cards
- we observe as

well :

E = draw a redcay

I = draw an

Mei -- E .
next -- E ) I}÷.PIF) = Is .
Pl FIE) = Is PCE) -- I

2

Symmetry : PCE) -

- I}
-

PCE = PCE) PCF)\# Definition of independence
⇐ PC ESF ) = PCE) of events

⇒ PCFI E) = PCF)

if PCE) to # Pity



Esther 21 E. F independent ⇒ E. F independent

Proof: Show PCE E) = PCE) PCE)

PCE) = PCE Fu EE) = PC EF) t REE)
= PCE ) - PC F) t PCEE)

⇒ PCE ) - PCE ) - PCF) = PCE.FI
11
-

y - RF)) PCE ) = pcEE)

E. Find .

⇒ E. Find .

Independence is inherited by complements



Consider E iced of F
, ¥ E iced Fn g

E iced ofg

Example Throw two dice

② =
"

D. tDz=7
"

F -
"

D
,
=p

"

g =

"

132=6
"

PCE ) -_ If PCFI = f- Pcg) =L
PCE F) = I PCEG ) = I PCFg) =L366 36 36
⇒

E. t iced
. E. g ind

what about iud
. of E and Ing = Fg ?

PCE)PCFg) - ft =/ If = PCEFG) -- PCECFGD
36

⇒ E and Fg are# ind .



Detection 2-2 : E. Fog are independent if

• E. F and E.g and F.g are red .

(Peirce .
ind .)

• PCE Fg) = PCE) PCF ) Pcg )
Now

. E and Fg are iced .

PCE - CFG)) = PCE t g) = PCE) PCF)←ind .

- PCE ) PC FG) of
F.g



Remark : E
.
F
. g ind ⇒ E and ⇐og) red.

PIE (Fog )) =P ( EF u Eg)
= PCE Ft t PCEg ) - PCE Ig) =PCFS)
-

= PCE ) PCF) t PCE) Pcg) - PCE ) PC⇒ PCG)
= PCE) ( PCF) t Pcg) - PC Fg ) )
= PCE ) PC Fug)



-

195%1%7-1d) Ei . - - - ie . an independent
- for every subset of Fe . . . . . Fm :

PC In .
. . Fm ) = PCI) - - -

. PCFm)

Elamites : o Sequences of experiments, Ei refers to i - th
execution of experiment

E. g.
i Rolling dice

° Sequences of
disease tests :

lathiGen for one test being
positive

for

people w/ and w/o
disease :

PCT I D) = .

99 RFID) = .
99

- P( J I D- I = .
Ol

p¥f false positives



* Sequences of disease tests

Example probabilities for a test being positive for
people w/ and w/o disease specificity)

PCT ID ) =
. 99g PC III ) = .

<

sensitivity ⇒ p ( T I D) = -
or

tf PCD ) is low Ce
- g. ,
1%) , then we cannot rely on the

test because there are as many true positive
as

false positive test results
.



• What can we do ?

Idea : Apply the test twice ! First Jr , then I .

But : Need to ensure that probabilities multiply !

That is numbers

from
P ( J

.
Tz I D) = PC Jn l D ) P ( TalD) ¢ our example

= ÷
.

. ?÷
.

= a 98%

This property of Tn
, Tz ,D is spelt out as

"

Jr and Tz are conditionally independent given D
"

It is independence of T. . Tz with regard to the

probability measure remember that for every

PC . ID) probability Pc . ) ou s

also PC - ID) is a probability
on S

.



Assume that J. . Tz are also independent given
D-

.

Then

PCT, Ja II ) = PCI ID) . PC Tz ( D- ) numbers

from
¢ our example

= ÷ .

.
? -

-⇐

This shows that the probability of

false positives has been sharply seduced :

The relationship between false and true positives
how is numbers

1
from

-

¢ oar example

98 on

A Bayesian analyses of what can
be concluded

from the other test results ( ITT , 5-rgzaud In TT)
will be part of the assignment .



Example 23
- -

⇒ ÷::: : ::
comp i

System works if z r comp .

works

& =

"

system works
"

,
I . =

"

coup i works
"

⇒ PCE ) = ?

E =

"

system doesn't walk
'

if we comp .
works

if IT and Iz . . . In
Wole : ( Fi ) iud ⇒ ( F.) cud

PCE ) = 1 - PCE) = A- PC In -
- - Eu) = r - PCE) . - r - PCI)

= A - II. PC FI) = A - III. It - Pc = a - IIIA -pi )




