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LEARNING OUTCOMES
03

* Understanding the meaning of Probability.

* Understanding The Complement Rule.

* Understanding Sum of Probabilities(Disjoint-Events).
* Understanding Sum of Probabilities(Joint-Events).

* Understanding Independence.

* Understanding Conditional Probability.

* Understanding Bayes Theorem.

* Understanding the use of probability in machine learning.
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Probability is a measure of how likely an event is to occur.

7 _ No.of Football players 3 5.3
(Footballplayer) ™ Totql No.of Students ~ 10
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P(Head,Head) = Z =0.25



Lecture |

o

°, ©e
’ 00 .
e w

Py =

1
P(6)=g=0.167




Lecture

|
Probability MIDOCEA L

BY EVERYONE'S SMART UNIVERSITY
(=) (=)
o Q ol Io Q 0
0 o
o %) o %
olo olo

1112 |13 14

15 16

iiii iiii iiii Eiia Eiii ﬁiii iﬁi 21 |1 22 (23 | 24 | 25 | 26
11|12 |13 | 14| 15| 18

Pe) =

31 32 33 34 35 36

/

L J
o,

@ 41 42 43 44 45 46
E-EE{:I 5.1 5'2 5'3 54 55 5,6

21 | 22 | 23 | 24 | 25 | 26
| 57| 61 62 63 64 65 66

34 | 32 |33 | 34 |35 | 36
41 42 43 44 45 46

YOO

51 52 53 54 55 56 Pee)=5-=0.0278

ﬁiii

61 62 63 64 65| 66




Lecture
Complement Rule

UMIWVE ‘_-'.Il"rl

EEEEEEEEEEEEEEEEEEEEEEEEEE

No.of Football players 3

P = =10
(Footballplayer) ™ Totql No.of Students =~ 10

P (Non-Football player) =

P(Nﬂn Football player) —

No.of Non — Football players

Total No.of Students

=1~ P(Fﬂﬂtball player) — = 0.7
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The complement rule works off of the idea that two parts make a whole. In probability, the

"whole" refers to all possible outcomes.
P(A") =1 - P(A)

k— Complement Rule

P Near to 1 the probability of occurrence

0<P<1 Increases
/ “— Probability

Near to 0 the probability of occurrence
decreases
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The Sum of probability (Disjoint-Events) of a union of events can be calculated by
summing probabilities together.
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What is the probability of obtaining the sum of (7) or the sum of (10)?

A — Sum of(7) B = Sum of(IO)

11 15 | 1,6 <Al 1,1 1,6
21 | 22 | 23 | 24 BZ25H 2.6 2,1 22 | 23 | 24 | 25 | 26
31 | 32 | 3,3 54w 35 | 3,6 3,1 32 | 33 | 34 | 35 | 3,6
41 42 |43 | 44 45 4,6 41 42 43 44 45 46
5,1 o2 53 54 | 55 | 56 9.1 52 | 53 | 54 BS > 5.6
61l 62 | 63 64 65 | 6,6 6,1 62 | 6,3 64 65 | 6,6
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m @ R 52 Sum of (7)

11 12 13 14 15 16|/\

21 22 23 2412526 3
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Sum of (10)

7| 41 42143|44 45 456 \_/
i 51152|53 54 55 56

62 63 64 65 6,6
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What is the probability of obtaining a difference of (2) or a difference of (1)?

Pl
~ o)

A = Difference of (2) B Difference of (1 )

NG QO P ¥ § @ Qﬁ QD
el 1 ‘13 14 15 16 wol b

21 | 22 23 248 25 26

2/ 2,2 W2l 24 | 25 26

311 32 33 34 }35] 36 31 32 33 34 | 35 36

41 | 42| 43 a4 45| 4p 41 42 43 44 45 46

51 52 | 53| 54 55 56
61 62 63| 64] 65 6,6

51 52 53 | 541 55 | 56

61 62 63 64 16517 6,6
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Sum of Probabilities
(Disjoint-Events)
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1,3\ 1,5

21 22 23|24/ 25
31| 32 | 33 34 | 3,5
41 [ 42| 43 44 45
51 52| 53| 54 | 55
61 62 63 il 6,5

2,6
3,6

0,6
6,6
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Using Venn diagram

All 100%
Union (Or)
A B P(AUB) = P(A) + P(B)
20% 70% In this diagram = 90%
P=0.9
10%
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The Sum of Probabilities (Joint-Events) is the likelihood of two events occurring together

and at the same point in time.

R

O

& i

P(F)=0.6 P(B)=0.5

There is only (10) students in the
School, What is the probability of the
student plays football or basketball?
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All Students 100%
60%
| 50% -‘—I

A B

60% 50% P(AUB)=P(A) +P(B)

Not Logic, the summation exceeds 100%

P(ANB)
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Using Venn diagram

53

60%

All Students 100%

i

i5

30%

50%

LI

MIDOCEA

BT
EEX:

P(AUB) = P(A) + P(B) - P(ANB)
=0.6+0.5-0.3
=0.8
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What is the probability of obtaining sum of (7) and a difference of (1)?

A = Sumof (7) B = Dlﬁerence of (1)

11 12 13 14 15 1,6| 1112 13

5 21 22 23 24 B2EH 26
(L

31 32 33 34| 35 3,6

S 22 el 24 25 26

3,1 S22 33 p3a 35 36

41 | 42 Ba3H 44 PASH 46

SFi| 41 42 | 43| 44 45 46

51 | 52 53 PS4 55 d56

| 51 152 53 54 55 56

61 62 63 | 64 E65W 6,6

6,1 62 63 64 65 66
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N S a2 Sum of (7)
ENololNe 2
1.1 B2l 1.3 14 | 1,5 Eii6 6 10 2
_+___
218 22 238 2 4 F254 2.6 36 36 36
31132 3,3 .
- 41 42 I ’3 46 Double counted
59| 51 152153 54 55|56
Qﬁ il 62 63 646N 66 | Lot .
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In probability, any two events are independent if knowing one event occurred doesn't

change the probability of the other event.

DODRDO®@10707505252525252525252
DODDDOP@10707505252520252525252
ODDDDBG75707575752525252525252
@ODODODE 1 07075057052525252525252
QODOODDD 11818388
™ |
1 4

How many students in room (1) like to play football?

30 70
Students Students
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P(Football and Room 1) CORRC RS R IRC R VIR VIRC VR Y
P(FNR,) = P(F) x P(R;) X X XX X X X X X X
X X XX X X X X X X
=0.4%x0.3=0.12 ¥ X XIxX X X X X X X
gg X|[X X X X X
' X X z X X
P(Not — F) =0.6
( ) X X X X X X
P(R,) = 0.3 P(R,) = 0.7
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What is the probability of obtaining (6) for two dice?

11 12 13 14 1,6

Gl 12 13 14 15 1,
21 22 23 24 25 26
N9 31 32 33 34 35 36 Pos) = 3¢

41 42 43 44 45 46
59| 51 52 53 54 55 56

61 62 63 64 65| 6,6
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P66 =

1,1 1,2 1.3 14 15 1,6
2,1 | 2,2 | 2,3 | 2.4 | 25 | 2,6
3,1 | 32 33 34 35| 36
41 42 43 44 45 | 46

51 52 53 54 55 | 56

DEBDORD

61 6,2 63 64 65 | 66
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Conditional probability refers to the chances that some outcome occurs given that another

event has also occurred.

What is the probability of obtaining the first dice is (6) and the sum of
two diceis (10)?

~NAl 11 12 13 14 15 16

21 22 23 24 25 26
@ 31 32 33 34 35 36
41 42 43 44 45 46

51 52 53 54 556 56

Pz 10 =3¢

61 62 63 | 64| 65 66
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1,1 1,2

1,3 14

21 | 2,2 | 2,3
3.1 | 3,2 | 3,3
4,1 | 4,2 | 4,3
5,1 | 52 53
6,1 | 62 | 63

2,4

3,4
4,4
5,4
6,4

1,6
| 2,5 | 2,6 |
| 3,9 | 3,6 .
.4.5 4,6
| 55 506

6,5 6,6
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P(1%=6n Y10) = P(1* =6) x P(310|1% = 6)

P(AN B) = P(4) X P(B|A)

When Independent

P(B|A) = P(B)
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What is the probability of obtaining the sum of (10) given that the first
diceis (6)?

H QD @
% 11 1,2 13 14 , . 3 ;
Gj 21 22 23 24 25 26 P(E 10) = 2" 12
@ 31 32 33 34 35 36 /4

41 42 43 44 45 | 4

P(110 1= 6) = -

e

51 52 53 54

6,1 62 6,3 ‘ 64 65 66
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P(FS|F) = 80%

P(F)=4% .................................................... 0408
@ —0.32 = 32%

\PEFS’lp) = 20%
P(FNFS")
b .................................................... )&z 0-4 X 0-2

=0.08 = 8%

P(FS|F) = 50%

P(F' N FS)
........................................................ & — 0,6)(0-5

=0.3 =30%
F:Play Football P(FS’lF!) = 50% P(Fr N FSr)

FS: Have Football Shoes
FS’: Does not have football shoes 3 .................................................... =06Xx0. 5

F’: Does not play football =0.3 =30%

P(F) = 60%
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Papulation Sick ratio Sick DiagnosedSick Diagnosed Healthy

£

- - == -

1,000,000 people 1 /10,000 people ... 100 people

Healthy :
99% Effective Tested Sick 100 people
Test effective Test is +ve

What is the probability that the person is sick given that he tested sick?

P(A)|P(B)
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Healthy

999,900

— 100

1,000,000 People
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Diagnosed Sick Diagnosed Healthy
9,999 989,901
” ®

1,000,000 People
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DiagnosedSick | Sick=99% AII diagnosedSick

P@ [S:ckandﬂmgnased&ck 99]

Diagnosed Healthy | Sick= 1%

Sick and Diagnosed Healthy = 1

DiagnosedSick | Healthy = 1%

’Q} | Healthy and Diagnosed Sick = 9,999 |
Diagnosed Healthy | Healthy = 99%

1,000,000

People Health

.............................

Healthy and Diagnosed Healthy = 989,90
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(" Diagnosed Sick )
Healthy
9,999
Sick
—) 99

|
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P(Sick |P(Diagnosed Sick) = 99 £ 9999
=10098 0.0098
Sick and Diagnosed Sick

Sick and Diagnosed Sick + Healthy and Diagnosed Sick
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From Conditional Probability

If A=Sick, and B=Diagnosed Sick, then from conditional probability:

P(ANnB) = P(B) x P(A|B)

P(AN B)
PUIB) = —5
k and 7 Sick P(Sick and Diagnosed Sick)=?
P(Si Di S
P(A|B) = [Eickand Diagnosed Sicly
P(Diagnosed Sick ) P(Diagnosed Sick )=?
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Bayes Theorem describes the probability of an event, based on prior knowledge of

conditions that might be related to the event.

Bayes Theorem formula:

P(Sick and Diagnosed Sick)
P(Diagnosed Sick )

P(A|B) =

from conditional probability;

P(A N B) = P(A) x P(B|A)

P(Sick and Diagnosed Sick)=P(Sick) X P(Diagnosed Sick | Sick)|
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i Diagnosed Sick )

Bayes Theorem formula: %
P(Sick) X P(Diagnosed Sick | Sick) Health
P(A|B) = = :

[ P(Diagnosed Sick ) ]

Diagnosed Sick | Sick = 99% \_/
.............................. ,@ PP —y— ok

. J

9,999

Sick

Diagnosed Sick | Healthy = 1%
1,000,000

Pl T — Healthy and Diagnosed Sick = 9,999

P(Sick N Diagnosed Sick ) + P(Healthy N Diagnosed Sick )
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Bayes Theorem formula:

P(Sick) X P(Diagnosed Sick | Sick)

P(A|B) =

P(Sick N Diagnosed Sick ) + P(Healthy N Diagnosed Sick )

P(A|B) = P(Sick) x P(Diagnosed Sick | Sick)
P(Sick) X P(Diagnosed Sick | Sick ) + P(Healthy) X P(Diagnosed Sick | Healthy )

P(Sick)=0.01%
P(Healthy)=99.99%

P (Diagnosed Sick | Sick )=99%
P(Diagnosed Sick | Healthy )= 1%



Lecture ||
Bayes Theorem MIDOCEA |'

EEEEEEEEEEEEEEEEEEEEEEEEEE

Baves Theorem formula:

P(Sick) X P(Diagnosed Sick | Sick)

P(A|B) =
P(Sick N Diagnosed Sick ) + P(Healthy N Diagnosed Sick )
P(A|B) = P(Sick) X P(Diagnosed Sick | Sick)
P(Sick) x P(Diagnosed Sick | Sick ) + P(Healthy) X P(Diagnosed Sick | Healthy )
P(A) X P(B|A)
P (AlB ) = P(A P(BIA P(A ; P(B A’ Bayes Theorem formula
P(4)=0.01% (A) X P(B|4) + (A) X P(B|A)
P(4°)=99.99%
P8 172995, 0.0001 x 0.99
P(B|A’)=1% = 0.0098

~ 0.0001 % 0.99 + 0.9999 x 0.01
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In Image recognition

What is the probability that there is a cat in the image?
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In Image recognition

P(Cat |Pixel)

d P » P(Cat |Pixel) = 0.9
©

|

‘II > » P(Cat |Pixel) = 0.1
©) ©)

Not Cat
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Spam filter
PRIOR EVENT POSTERIOR
lottery
spam spam ﬁ spam and lottery
M x
ham lottery
> E ham and lottery

P(spam | lottery) =
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