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( Probability )

Probability : The likelihood that something will happen.
How can data obtained?
Data are obtained by observing cither uncontrolled events in nature or by observing events

in controlled situations. We use the term experiment to describe either method of data
collection.

Some Important Terms :

Experiment : is the process by which an observation (or measurement) is obtained.
Outcome : A possible result of one trial of a probability experiment.

Sample Point : is the one of each outcome.

Event : is the outcome that is observed on a single repetition of the experiment.
Sample space: is a collection of events. Or, the set of all events.

Roll of die

Sample space

Sample Point
Event

Sample space ———> ALL

Sample point —> ONE

Event ——> Owne or more

If an experiment has equally likely outcomes and of these the event A is defined, then the
theoretical probability of event A occuring is given by

:::; B n(A) PR Number of outcomes in which A occurs
HESHC n(U) ~ Total number of outcomes in the sample space —

Where n(U) is the total number of possible outcomes in the sample space, U, (i.e., n(U) = N ).
As a conseguence of this definition we have what are known as the axioms of probability:

1. 0<sP(A)s1
2. P(Z) = 0 and P(e) = |
That is, if A = D ,then the event A can never occur.

A = U implies that the event A is a certainty.
3. If A and B are both subsets of U and are mutually exclusive, then
P(AUB) = P(A) +P(B).
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Note: 1 U
Two events A and B are said to be mutually exclusive
(or disjoint) if they have no elements in common,

ie,ffANB=0 . B

m—. A fair die is thrown, List the sample space of the experiment and hence find

te probability of observing:  (a)  amultiple of 3
(b)  anodd number,
Are these events mutually exclusive?

The sample spaceis U = {1,2,3,4,5,6}.
Let Abe the event ‘obtaining a multiple of 3",

We then have that A = {3, 6}. Therefore, P(4) = n-((%); z % z %
Let Bbe the event ‘obtaining an odd number',
Here B= {1,3,5}and so P(B) = ((g’) 2 " ;

In this case, A= {3,6} and B= {1,3,5},s0that AN B = {3} .Therefore,as ANB » (@
Aand B are not mutually exclusive.
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A" is the complement to Al P(4") = 1-P(4) (o
The complement of A is |the set A,ie., the set of P(4") is the probability
denoted by £A'1 elements that do not that event A does not

belong to the set A, OCCUT,

U

ANB is the intersection
The intersectionof of the sets A and B, ice., P(ANB)
AandB:[ANB) the set of elements that o’ is the probability that

belong to both the set A both A and B occur.

and the set B. ANB

A U B is the union of the P(AUB) isthe
The union of events A | eois 4 and B, ie., the set ’ probability that either
and B: ?_QU B} of elements that belong to event Aor event B (or

Aor BorbothA and B, both) occur, From this we

AUB have what is known as

the ‘Addition rule’ for
probability:

IflA ﬂ‘B?ﬁ‘; the
events A and Bare saidto
be disjoint. That is, they
have noelements in
common.

IfANB = & thesets A
and B are mutually
exclusive,

U If Aand B are mutually
exclusive events then
event Aand event B
cannot occur
simultaneously, i.e.,

n(ANB) =0
=P(ANB) =0
Therefore:

P(AUB) = P(A) +P(B)
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Calculating Probabilities for Unions
When we can write the event of interest in the form of a union, a complement, or an

intersection. there are special probability rules that can simplify our calculations. The first

rule deals with unions of events.

General addition rule

Given two events, A and 8, the probability of their union. A U B, is equal 1o
| PiA U B = PA) = PIB) — PiA N B) | —eeeeemie——

'\—;’:’_{j: e

Special case of additon rule (mutually exclusive)
When two events A and 8 are mutually exclusive or disjoint, it means that when
A occurs, B cannot, and vice versa. This means that the probability that they both
occur, P(A M B), must be zero. Figure is a Venn diagram representation of two such

events with no simple events in common.
IP(.—\ U B)= PA) - PrB)l ———— ]

7~
|

When two events A and 8 are mutually exclusive, then P(A M B) = 0 and the

Addition Rule simplifies 1o
rxampie
Examle[zz:4ss7sqzoJ 1 25 45 ¢
B+ Greater than 5 A—’ 0“

A~ Even

“P(Aha nin
Tk coia| 8 Fems
- Ze= 2 A >2.4.6.3.20 | p(AUB)=P(A)+ P(B)- P(ANB)
i Ty RSB0 Vo BN Am A&kSB > Mutuallg Exclusive
RENLEST AV P(AUB)=P(A)+P(8)
P(AUB)=P(A)+ P(B) -P(ANB) .%0% 1

P(AUB) =P(A) +P(8) MutusllgExclusive
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“ A bag has 20 coins numbered from 1 to 20. A coin is drawn at random and’
its number is noted. What is the probability that the coin has a number that is divisible by 3 or by

S =

Let T denote the event “The number is divisible by 3" and §, the event “The number is
divisible by 5”.

Using the addition rule we have P(TU §) = P(T) + P(§)-P(T N §)

Now, T = {3,6,9,12,15,18} and § = {5, 10, 15,20} sothat TN§ = {15} .

6 4 I
Therefore, we have P(T) = o and P(S) = % and P(TNS) = "
i 6 4 |1 9
This means that P(TU §) = 56+56-§5 =5

\ If p(A) = 0.6, p(B) = 03 and p(ANB) = 02, find
@ p(AUB) (b) p(8)

0

H (a)  Using the addition formula we have, p(AU B) = p(A)+ p(B)- p(AN B)
Cl = p(AUB) = 0.6+03-0.2 = 0.

(b)  Using the complementary formula, we have p(B') = 1-p(B) = 1-03 = 0.7,
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Multiplication Rule

Conditional Probabilty  P(A ) B) = P(A|B) X P(B) | === A choiceand second ehoice) = Plsscond i)  PUfrs hotee

Indeendence P(A11B) = P{4) xP(B)]

Conditional probability

If the events are nor independent, one event affects the probability for the other
event, In this case conditional probability must be used. The conditional pridgbil-
ity of B given that A occurs, or on condition that A occurs, is written Pr | 1.
This is read as the probability of B given A, or the probability of B on condition

that A occurs.
Independence : Two events, A and B, are said to be independent if and only if the

probability of event B is not influenced or changed by the occurrence of event A, or
vice versa

Example ': A bag contains green balls and yellow balls. You are gomng to choose two balls

without replacement. [f the probability of selecting a green ball and a yellow ball is -!i-. what 1s

the probability of selecting a yellow ball on the second draw, if you know that the probability of
4
selecting a green ball on the first draw is e

Solution:
Srep I: List what you know

P Green) = 3— WM“MM).POMW)H P{first chotce)
N Green AND Yellow) = -l-:‘

39

Srep 2: Calculate the probability of selecting a yellow ball on the second draw with a green ball
on the first draw

P(Gireen AND Yellow)

AY|G)Y) =
I 2 P(Green)

14

3
9

COT
PYIG) = = w2
NG -55%%

PY|G) =

126

PY|G) = —or
¥ie) 156
e 21
I’H[(u-;

Step 3: Write your conclusion: Therefore the probability of selecting a yellow ball on the second
2

draw after drawing a green ball on the first draw 1s 22

26




Al-Mustaqgbal University / College of Engineering & Technology
Computer Technique Engineering Department
Third Class
Engineering Analysis / Code (MU0223002)
Lecturer Dr. Abdullah Jabar Hussain
2" term — Lecture No.1 & Lecture Name (Probability)

Eljineen'nj %na{yﬁ;/ % ff ro[aix'/ity

Example : Two cards are chosen from a deck of cards. What is the probability that they both

will be face L‘ards'.’(draw Without tﬂ:luvcmcnt)
Solution

Let A = 1" Face card chosen

Lot B = 2" Fuce card chosen
4 suits 3 face cards per suit

N/

Therefore, the total number of face cards in the deck =4 x 3 =12

12
f’(.i)"s's

||
P(B)='('

how 18 4 2 1B
P4 AND B = x e o ”"’”B"E"E'(y_ﬁs

/’umn-;','-l

-
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- Two dice numbered one to six are rolled onto a table. Find the probability of
obtaining a sum of five given that the sum is seven or less.

We first draw a lattice diagram:

From the diagram we see that the new sample space is made up
f 21 outcomes (black boxes) and the event we want (circled)
onsists of 4 outcomes.

P(AMB) =P((X=5)N(Xs7)) = %
|

(S8 ]

P(B)=P(Xs7) =

£y

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

280§ voom

|+

Therefore, P(X=5|Xs7) =

22| R+
B
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- A box contains 2 red cubes and 4 black cubes. If two cubes are chosen at
random, find the probability that both cubes are red given that
(a)  the first cube is not replaced before the second cube is selected.
(b)  thefirst cube is replaced before the second cube is selected.

Let A be the event “the first cube is red” and B be the event “the second cube is red”
This means that the event A N B must be “both cubes are red”.

Now, p(A) = é = % (as there are 2 red cubes from a total of 6 cubes in the box).

The value of P(B) depends on whether the selection is carried out with or without
replacement,

(@)  Ifthe first cube selected is red and it is not replaced, then we only have | red cube
left (in the box) out of a total of five cubes.

So, the probability that the second cube is red given that the first is red is % :

Thatis p(B|A) --=>P(AOB) P(BA)xP(A) = 2x= = =.

(b)  This time, because the cube is replaced, the probability that the second cube is red given

it i vl ; .

Sothal,P(B|A)=%-»P(AﬂB) P(B|A)xP(A) = =Xz = - :

.8-
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_Two fan;) dice are rolled. Find the probability that two even numbers will
show up,

Letthe E, and E, denote the events “An even number on the first die.” and “An even

number on the second die.” respectively,
In this case, the events are physically independent, i.¢., the outcome on one die will not

influence the outcome on the other die, and so we can confidently say that E, and E, are

independent events.
erefore, we have P(E, and E,) = P(E,NE,) = P(E,)xP(E,) = % % s %
Example
A fair six-sided die is tossed twice. What is the probability that a five will
occur at least once?
First Solution :

Pr [at least one 5 in two tosses] = Pr [(5 on the first toss) v (5 on the second toss)]

=Pr [5 on the first toss] + Pr [5 on the second toss]

- Pr [(5 on the first toss) n (5 on the second toss)]
g i (l)(_’)_i A 1

6767\6)\6)736 73 36 36
Second solution (and the fastest); The probability of no fives in two tosses is

SY3) 25

(ZIE) 3%

Because the only alternative to no fives is at least one five,
11

25
Pr [at least one 5 in two tosses] = | - %
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_ A bag contains 5 white balls and 4 red balls. Two balls are selected in such
a way that the first ball drawn is not replaced before the next ball is drawn.
Find the probability of selecting exuctly one white ball.

‘e begin by druwing u diagram of the situation:
Stage 1 Stage 2

m our diagram we notice that Select one ball é\ncr g’tmtlrs‘t"y‘:lr:s::mg:mm ould

ere ure two possible sample spuces :
for the second selection. | 8’ ‘ I 4“’ | |

As an aid, we make use of a tree diagram ., where W, denotes the event “A white ball is selected

on the ith trial” and R, denotes the event “A red ball is selected on the ith trial".
The event “Only one white" occurs if the first ball is white and the second ball is red, orthe first
ball is red and the second ball is white.

Wa|W, s 4 _20
58~ 72

s W,| aw 4R

5 O

/ 5.4.2
sw 4R Ra|W, 98 T2
O 4. 3.2
38" 7

s

P(One White ball) = P(W, N R,) + P(R, N W)
= P(R,|W,) x P(W,) + P(W,|R,) x P(R,)

R R S R
ARG R )
5
-
5



