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Lecture — 06
Tutorial on Conditional Probability and Total Probability

Hello all of you. So, today we will be discussing some problems which the probability theory

what we have discussed in the last 2 classes, last 3 lectures in fact, one lecture on tutorial and we

have discussed probabilities on 2 lectures. Now, the last lecture we have discussed probability on

conditional probability and total probability today, we will be doing tutorial on those topics.
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Concepts Covered

ESolving objective type questions
©Ta test the level of understanding from Lecture 05

®Problems to ponder
7o build prablem sclving aptitude

So, I will also solve we will later we will see some objective type questions, and mainly we will

be doing some problems which will really help in building a solvable problem, problem solving

aptitude. So, now first objective type question.
(Refer Slide Time: 01:04)



Question — 2.1

T 2.1: Events A and B are mutually exclusive, Determine which of the following
relations are true and which are false:

Q

JUnder condition of independence;
a

e

o PANB)=AA) b8 [TRUE]

So, very simple objective type question all of you will be able to answer it just see very carefully,
what it is given us events A and B are mutually exclusive determine which of the following
relations are true and which are false. First one is given that A and B are mutually exclusive. So,
even if A and B are mutually exclusive, so then the first question that is A, what it is given
probability of A given B it is equals to probability A it is given. So, it is true or false what it is

telling that event B has occurred, what is the probability that A has occurred?

Now, since A and B are mutually exclusive, what will be the probability of A given B it will be
definitely it will be 0 it will not be probability A so, it is false. Now, coming to the second one
what it is given? Probability of A | B / probability of B = probability of B | A / probability of A.
So, | can now we will be able to answer this question what it will be because probability of A

given B that is 0, 0 by PB is definitely 0, right hand side also it is 0. So, this is true.

Then a third question, third question what is probability of A intersection B is equal to
probability of A into probability of B again mutually exclusive events we have seen probability
A intersection B is 0. So, this is false. Now, we will see under condition of independence if the
event A and B are independent, then under that condition a probability of A given B is also

probability of A it is true or false. Of course, it is true.



And the condition of independence, it does not affect whether the event B has occurred or not.
So, probability of A given B is probability of A then what is probability of A given B upon
probability of B is it equals to probability B given A by probability of A that will be able to do it
by yourself and that is obviously that is false. Next is probability of A intersection B, probability
A intersection B is also probability of A into probability B and that is true in case of independent
event.

(Refer Slide Time: 03:15)
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Question — 2.2

T2.2; Two events A and B are independent if and only if P(B|A) = P{B) or P(A|B) = P(A).
Is it correct ?

Correct

Second questions, 2 events, A and B are independent if and only if probability of B given A is P
of B and probability of A given B is probability of A is it correct? Obviously that is correct. So,
it is a very simple question. Now, we will be solving some big problems, which will really help
you to understand the concept of conditional probability as well as the total probability.
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Problem - 23

T 2.3: For married couples living in a certain suburb, the probability that the husband will vote on a bond 4
referendum is 0.21, the probability that the wife will vote on the referendum is 0.28, and the probability
that both the husband and the wife will vote is 0.15. What is the probability that

a) atleast one member of 3 married couple will vote?

b) awife will vote, given that her husband will vote?

¢) ahusband will vote, given that his wife will not vote?

First question, for married couples living in a certain suburbs, the probability that the husband
will vote on a bond referendum is 0.21. The probability that a wife will vote on the referendum is
0.28. And the probability that both the husband and wife will vote is 0.15. So, what is the
probability that a at least 1 member of a married couple will vote? Now the question is that here
in my last tutorial, I have also mentioned that whenever any probability problem always first try
to write down the events. If you write down the events and solving it will be become very easier.
It will be able to picture it actually clearly.

(Refer Slide Time: 04:20)
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Problem — 2.3 : Solution

" T2.3: For married couples Ining in 3 certain suburb,
) e reRabiny it the b il vate o abeod Al
H: the husband will vote on the bond referendum, redacerdum is 0,21, the probablity that the wife will 92
ot an the redeenndum is 0,28, and the probasiity
W: the wife will vote on the bond referendum. that both the husband and the wite wil vate 015, | 0
Whatis the prababiliy that /

Them,  P(H) =021, P(W) =028, and P(H N W) = 0.15

a)

b) H

i
,‘.K,'QB‘L.: - -~ .

o P(HIW) = PWY T om 12

FOCNW) =021 - .05 = 006

So, now what is it? So, see here the Venn diagram, from the Venn diagram it will be clear

because what it is given the probability that the husband will vote that is okay, let me show it for



a pen, this portion, this whole portion, this whole portion is the probability that the husband will

vote and the probability that the wife will vote is the other portion is the W this circle.

Now and what it is given probability that both the husband and wife will vote. Both of them will
vote means that is the intersection part. So, which one is the intersection part the slight pink this
one, this one is the intersection part. So, all these probabilities are given. So, and this is given to
us probability of H is given, probability of W is given, probability of H intersection W both
husband and wife will vote that is H intersection W and both is independent.

So, now, what it is given, what is the probability that at least 1 member of married couple will
vote at least 1 member means what we need to find out at least 1 member means either husband
will vote or wife will vote or both will vote at least 1. At least 1 means it is union so, it is
probability of H union W. So, what is probability of H union W we know the formula probability
of H plus holder W and we will have to subtract the H intersection W part remember why we

have subtracted it.

Because we have calculated that part twice once while we have calculated it for H we have taken
that part again when we have done for W we have taken that part. So, we have taken it taking
that part twice. So, we have to subtract it once. So, this problem H intersection W H union W yes
we will be doing by using this formula. Then | guess next question a wife will vote given that the
husband will vote? A wife will vote given that the husband will vote so, what is that means what

given that has been that means probability that probability of W given H.

So, probability of W given H that is probability of W given H probability of H intersection W
probability of H probability of H intersection W is given to us probability of H is given so, we
will be able to solve it. So now, then similarly the next question a husband will vote given that
his wife will not vote see, the third is a bit complicated not very complicated, if you draw the
Venn diagram, so, always draw the write down the events and then draw the VVenn diagram then

things will become very clear.



Now, from the picture you can understand it has given a husband will vote given that the wife
will not vote. So, husband will vote in this picture is a circle of H. This is the circle for H where
husband will vote and this portion, this light pink portion, this is the portion where both the
husband and wife will vote. Now, it is given that a wife will not vote that means from the

husband part from this whole circle, we will have to subtract this portion.

Whole circle is probability of H from this whole circle, we will have to subtract this portion
listen it? So, what is this probability of H given W bar that is given the wife will not vote is a
probability of H intersection W bar by probability of W bar, W bar is from P of W we can easily
find from P of W we can easily find P of W bar. Now, what is H intersection? H intersection W
is from H we will minus this part then we will get H intersection W.
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Problem — 2.4

T 2.4: A town has two fire engines operating independently, The probability that a specific engine is P&l
available when needed is 0.96.

2) What s the probabllity that neither Is avallable when needed?

b) What Is the probabllity that a fire englne Is avallable when needed?

Now next sum, a town has 2 fire engines operating independently. That is independent events.
The probability that a specific engine is available when needed is 0.96. Both the fire engines are
what independently there are no dependency between them. So, what is the probability that
neither is available when needed? So, first we will have to find out what is the probability that

lable, then what is the probability of that the other one is not available?



Because there is independent events on when we try to find out when both is not available it is
just a multiplication of both the events. That is all, is not it? When it is independent event what is
probability A intersection B is probability A into probability of B.

(Refer Slide Time: 09:05)
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Problem — 2.4 : Solution

T 24: A town has two fire engines operating

Independantly, The probability that & specific [4
Let 4 and 8 represent the avallabllity of each fire engine, crgodh eatae hén o
Then, Al Wt the grobabilly thet nwither Iy wadebin [
when toeded?
P(A) = P(B) = 0.96, and P(A') = P(B") = 0.04 by haise e

Now,

B) PAUB) =1-P(A'NB) =1-00016 = 0,9984

vvvvv

So, we have what is P of A, we have what is P of B and from that we can find out that ~A ~B it
is just 1 - P (A) will give us one ~P(A). Similarly ~P (B). So, once we got that to find out value
A intersection ~A intersection ~B, it is just a product of disturbance and then what is the
probability that the fire engine is available when needed?

See here what is the probability that the fire engine is available when needed that means fire
engine is available when needed that is can be 1 engine may be available, 2 engine may be
available means either 1 is available or both are available that means when I need fire engine that
is 1 that means either 1 is available or both are available. So that is A union B probability of A
union B, then just put it in the formula.
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Problem — 2.5

T2.5: In a certain region of the country it is known from past experience that the probability of selecting |3
ﬂp_lt over 40 years of age with cancer is 0.05. If the probability of a doctor correctly diagnosing a 0
person Wit cancer mmnd the probability of incorrectly diagnosing a person 8
without cancer as having the disease is 0,06, what is the probability that an adult over 40 years of age is |
diagnosed as having cancer?

So, draw the Venn diagram, write down the events. For all the case, you do not need to write
down the event or draw the Venn diagram of course, but events you will write for all the cases
and even if you draw a Venn diagram, then things becomes more clear. So, next in a certain
region of the country; it is known that from past experience, that the probability of selecting an
adult over 40 years of age with cancer is 0.05, so what it is given the probability of selecting an

adult over 40 years of age with cancer is 0.05.

If the probability of a doctor correctly diagnosing a person with cancer as having the disease is
0.78 that means the person has cancer and the doctor has diagnosed that is he has cancer that
means given that the person has cancer, the doctor has diagnosed that he has cancer, conditional
probability. And the other one is and the probability of incorrectly diagnosing a person without
cancer is having the disease that means given that the person does not have cancer, but a doctor

has diagnosed that he has cancer.

So now, what is the question what is the probability that an adult over 40 years of age is
diagnosed as having cancer. So, this is clearly a question of what can you understand.
(Refer Slide Time: 11:35)



Problem - 2.5 : Solution

. T 2.5 In a cenain regon of the country It 15
Conslder the events: o S o e bt
of selecting an MMvwvnngaﬁm /
cancer is 005, If the pi ty of & i
0: the adult is diagnosed as having cancer, TGy Gagneing 8 pernch wilh cacer 3 0
and v /
ARNCAIng a parson without cancar g |
hauing the disease is0.06, what s the pretabiity Jid
that an it i 40 ywies of age s diignased as |

C: an adult selected has cancer,

Given,
P(C) = (.05, P(U[C‘,I =078, P(C') =095,
and P(DIC") = 006

So, it is a question of total probability. So, first we have drawn, we have written down the events
first season and adult selected has cancer that in their adult over 40 years of age, | have just
removed age, because age is just a redundant information here, this is not very important
information here sometimes in some question, you will see some very redundant information
means which are not very much required. So unnecessary, we do not need to drawn those while

writing down the events or sometimes we totally need to ignore some information.

Which is some information are just given so as to make the common problems complicated, like
here that adult is whatever age it is immaterial in the questions basically. So, here event C is an
adult selected has cancer and the D is the adult is diagnosed as having cancer. Now, what is
given say, first thing is given probability of C is 0.05 adult lower 40 years of age, if cancer is
0.05 here it is given. Next it is given a probability of a doctor correctly diagnosis a person with

cancer is having the disease is 0.78 this is the thing.

Given that the person has cancer and the doctor has diagnosed that he has cancer and the other
one C is 0.05 than probability of C bar is 0.95, 1 — 0.05. And the other one, the next part, you see
and the probability that incorrectly the person does not have cancer, but the doctor has diagnosed
he has cancer. So, he is not a very good doctor maybe or maybe he was not very much attentive

at the time of reviewing the reports. So, this is the thing so we have all this information.



Now, what we have to find out what is the probability that an adult is diagnosed as having
cancer, this is basically a question of total probability, but now, if I want to draw the diagram
basically, | need to find out this is my D | need to find out what is the probability of this D and
what information | have say this is my inverse of sample space, | have how many disjointed now
disjoint events yet 2 disjoint events. | have 2 disjoint events here. One is this portion that is the

person has cancer and one is this portion the person does not have cancer.

This is the portion where a person does have cancer, maybe this is the person that person does
not have cancer and this D is the circle in the D circle all the person are diagnosed with cancer.
So, some portion of the people who has cancer are diagnosed with cancer, some portion of this
thing who does not have cancer, but still diagnosed as having us cancer. So, now that means,
what we will do to find out probability of D is basically intersection of this part and this part
intersection of what intersection of this with D intersection of this with D what we have seen
yesterday.

(Refer Slide Time: 14:52)
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Problem — 2.5 : Solution

T 2.5 n a cestoin region of the country It 15

Consider the events: knewn from past expariencs that th arobaoiity ¢

C: an adult selected has cancer, of selecting an adult over 40 years of age with |92
cancer is 005, If the prodabiity of 4 dottar

D: the adult is diagnosed as having cancer. correctly dagnosg 3 persan with cancer 3 o
having the diserse is .78 and the prodadiity of B8

Incarrectly disgnasing 3 persan withaut cancer &
Having the disease s 0.05, what is the probasibty |
thatan 3t ouer 40 years of age s dugrcied s |
P(C) = 005, P(D|C) =078, P(C') =095, 2

and P(D|C") = 0.06

Given,

Therefore,
P(D)=P(CND)+P(C'ND)

= P(C)P(DIC) + PIC")P(DIC)

= (0.05)(0.78) + (0.95)(0.06)

= 0.096

11T DAGROGPUR

So, what is probability of D? The probability of D is the people that person has cancer C
intersection D + C bar intersection D that is the second part. So, this is C, this is C bar and this is
D. So, this portion is C intersection D and this portion, this portion is C bar intersection D. So,
and we know what is this we have the formula we have the value for all this just put it in a value

and we will get a result.
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Problem — 2.6

T 2.6: If the probability is 0.1 that a person will make a mistake on his or her state income tax return, find |4
the probability that

a) four totally unrelated persons each make a mistake;

b} Mr. Jones and Ms, Clark both make mistakes, and Mr. Roberts and Ms. Willlams do not make a mistake,

So now, next question if the probability is 0.1 that a person will make a mistake on his or her
state income tax return find the probability of that 4 totally unrelated person each make a
mistake. Now, is this a question of independent events, dependent events? Definitely, it is a
question of independent events unrelated people. So, there cannot be any dependency if one is
making this mistake means that does not mean the other will make any mistake totally unrelated

people.

So, for totally unrelated person, it just unrelated people means it is just a multiplication of all the
things.
(Refer Slide Time: 16:09)
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Problem — 2.6 : Solution

T2 If the probability is 0.4 that » person wil
aka & mistaks 04 his o her dtate income tix LA
a ‘ return, find the prabablity that /
Al lourtotaly h amitaer, B
Bl A Jeoes and My Gk bosh mae misabes, nd [
W, Roberts i W Wi €0 et fake @
itah, ‘ ;

b) J: Mr. lones make mistakes,
C: Mr. Clark make mistakes,
R": Mr. Robert do not make mistake

W' Mr. Williams do not make mistake
Now the required probability is-

PUNCNR NW') = (0.1)(0.1)(0.9)(09) = 0.0081

So, this is that goal then second is Mr. Jones and Miss Clark both makes mistakes and Mr.
Roberts and Mr. William do not make a mistake. 2 person make mistake 2 person does not make
mistake out of the 4 person may be and there 4 person out of this 4 person 2 person make
mistake 2 person does not make mistake what is the probability of the not making mistake, it is

just 1 - of probability of making mistake complimentary event.

So, again to compute B again since, all are independent events just a multiplication of all these
events. So; now, the required probability this just the multiplication of this 0.1 person making
mistake, 0.9 person do not making mistakes.

(Refer Slide Time: 17:05)
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Problem = 2.7

T 2.7: In a certain federal prison, it is known that 2 of the inmates are under 25 years of age. It is also 4
e—

0

1 g 5 3
known that - of the inmates are male and that z of the inmates are female or 25 years of age or older.

I B —9 —
What is the probability that a prisoner selected at random from this prison is female and af Teast 25
years old? o o

T BUARLGPUR



Now, in a federal prison, it is known that 2/3rd of the inmates are under 25 years of age. It is also
known that 3/5th of the inmates are male and then 5 / 8 of the inmates are female or 25 years of
age or older. What is the probability that a prisoner selected at random from this prison is female
and at least 25 years old. Now, here age is not a redundant information here we age is necessary
like in the last question for detecting cancer, the person is 40 years old and all that was like

unnecessary information, but see here age is an important information.

So, we just cannot ignore it. So first, what is given we will see one by one it is known that 2/3rd
of the inmates are under 25 years of age. So, this is one important information 2/3rd of the
people are under 25 years of age. So, we will write it even corresponding to this next, it is also
known that 3 / 5th of the inmates are male. So, male is 3/ 5 then what is female 1 - 3 /5 because
it is just a complimentary event. And 2 /3rd of the inmates are under 25 years. So, what is the

percentage of above 25 years, so it will be 1 minus that right?

That is under 25 years, it is less than 25 not equal to 25, then what is another information is it a 5
by 8 of the inmates are female or 25 years of age or older? Here 5 by 8 are female or 25 years or
older. Now, what we need to find out probability that the prisoner selected at random from this
prison is female and at least 25 years old. Now write down the events first when you write down
the events things you will see it is very easy.

(Refer Slide Time: 19:04)
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Problem — 2.7 : Solution

Consider the events, T L7 In 3 certain federal prison, 1t is known that
;alhlmmmm under 25 years of age, I &

als known that i of the inmates are male and &8

that £ of the inmates e e o 25 years o (4
age o clder What s the probabilty thet > [

M:an inmate is a male,

N: an inmate s under 25 years of age.

Given,
P(M)= =, P(N)=2
Now,
PUMY = 2, PNY =2, PMTUNY) =2
Therefore,
Required probability = P(M' n V')
= PO) + P(N') - PO UNY)

;:+i_.'
53

n
13



First is we will write that an inmate is a male and inmate is under 25 years of age that is the first
information that we had and this was male is 3 /5 and was 2 / 3, then again we had one more
information is 5/ 8, 5/ 8 of the inmates are female or 25 years of age. So, what is that? Female
or 25; if male we under writing by M than female we can write the ~M. Male we are the

denoting the male event we are denoting by M than female event denoted by ~M.

And is event | am denoting that event inmate is under 25. So, N bar is an inmate which is 25 or
above just a complimentary so my probability of M bar union N bar it is given it is 5/ 8. So, now
what is this, what is the probability that a prisoner selected at random from this prison is female
and at least 25 years, is female and at least 25 years or older. So, that means | have to find

intersection. So, what do | need to find?

Probability of M intersection ~N, ~M denotes female and ~N denotes inmate is 25 or above at
least 25 years old at least 25 means 25 or above. So, what is this formula corresponds to we have
seen it before just put it a value and we will get it so, any probability problem always write
events properly, clearly if you write events you will be able to solve it that | guarantee.

(Refer Slide Time: 20:48)
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Problem-2.8

T 2.8: A producer of a certain type of electronic component ships to suppliers in lots of twenty. Suppose 4
that 60% of all such lots contain no defective components, 30% contain one defective component, and
10% contain two defective components, A lot is picked, two components from the lot are randomly J#
selected and tested, and neither is defective,

) Whatis the probability that zero defective components exist in the lot?

b] What is the probability that one defective exists in the lot?

] What s the probability that two defectives exist in the lot?

And for total probability always draw the Venn diagram which portion you have to find out,
which total probability of what and what are the disjoint events always specify the disjoint events

which disjoint in total probability about that different disjoint events cover up the required



probability, but is not it so, now, this required probability is nothing but a summation of all these

disjoint events. So, once you do that and whatever value is given you will be able to calculate it.

So, problem is if you could find draw the Venn diagram properly then it is done. Next a producer
of a certain type of electronic component ships to supplier in lots of 20, suppose that 60% of all
lots contain no defective components, 30% contains 1 defective component and 10% contains 2
defective components. 60% of the lots content no defective, 30% contain 1 defective component
and 10% contained 2 defective component means out of 20, 60% is no defective again other
different lot.

Lot means different categories and again in another lot 30% content 1 defective and another lots
10% contains 2 defective. A lot is picked 2 components from the lot are randomly selected and
tested and neither is defective, 2 components from the lot are randomly selected and tested and
neither is defective, what is the probability that 0 defective components exist in a lot? 2

components are picked and both are found to be not defective.

Now, what is the probability that it has come from that lot, which has 0 defective. So, this is a
question of Bayes theorem if | would have asked what is the probability that getting no defective
components. Then it is a question of total probability. Now, I have asked O defects we have 2
components from the lot we have selected and found that it is not defective what is the
probability that it is come from a particular one disjoint area? So, it is a question of Bayes
theorem.

(Refer Slide Time: 23:06)
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So, now this is the law which no defective component no defective and so, there are 3 different
categories here, 3 different disjoint categories here, what are the 3 disjoint component? One with
0 defective say this is one category which is where there is O defective another say it is what we
have say whatever event | have named | forgot here 0 is it is say with 1 defective another say it is
T say it is 2 defective, here it is 2 defective. Now, here what | found? | have picked 2 component
from a lot | have picked 2 component | found both the components are not defective.

So, what is the probability that | have picked from this lot or I means | need to find out when |
found that both the components are not defective what is the probability that I have picked this
lot from this one where there is no defective component. So, first we will for that first we will
find out the total probability. Total probability this one, this whole circle, this whole circle

maybe let me consider this whole circle as this okay this I am one second.

This I am writing is N then it is easier to differentiate N is no defective, 0 is 1 defective, T2 T
for 2 is 2 defective and this one with 2 defective components with no defective I am writing as A
suppose this circle. So, in my what will be my probability of A? Probability of A will be what
probability of N intersection A probability of N intersection O and probability of N intersection
T this is my probability of A. That is the total probability.



Now, | am interested in finding out that my defect if it is some and | found that it is non defective
what is the probability that | have picked it from this no defective component?

(Refer Slide Time: 25:25)
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Problem — 2.8 : Solution

Consicler the events, T 28 A producer of  certain type of eectronk companent shios
10 suppliers [n lots of twanty. Suppess that E0% of all such lots
A two non-celective components are selected, ol ro defective components, 30% cortan coe delectve 892

camponent, and 107 cantain tn defecbye components. A lot is

picked, two components from the ‘ot are randoeny selected and

0: & lot contains one defective component, testad, and nalther Is defective, ;
) What Iy The pratibility that dmro defictive compeoanty ext in

T: & lot comtains two defective components, the lot? |

bl Wihat s the prodability that cre defective exfsts in the lot?

V: & fot does not contain delective companents,

¢f Vihat s tha prosability that two defecties exst nthelet? |

Given P(IN)=06, P(0)=03, P(T)=01 | !
T o g
Now P(AIN) = 1, P{A10) = '—f—'L T Pl = '4(-[ = :—::
i

Let me come back to this. So, these are the things which are given probability of N is 0.6, 0 is 0.3
and probability of T that is contains 2 defective component 0.1. So, these are the things given
what is see here. Probability of A given N what is this? Probability of A given N means what is
this means given that the lot contains no defective component what is the probability that | have
picked up 2 defective components.

What is the probability that | have picked up 2 non defective components what is my A? A is to
non defective component this how will it find out what is the total sample space? Total sample
spaces is from | am picking up from 20, 20 C 2 is my total sample space and out of these 20
when there is no defective components, how many defects it is no defective components. So, all
are non defective components. So, that is from 20 again from non defective components | am

picking 2. So, this is my probability of A | N is 1.

Probability of A | O; that both the components are not defective when | have picked it from the
lot which has 1 defective component. So, if it is 1 defective component you can see here it has
given this one 19 from 19 | am picking 2 because 1 defective components that | am removing it,
so from 19 if I am picking 2. So, this is my probability of probability of A | O similarly, what is a



probability of A | T that is there 2 defective components. So, | am picking 2 from the rest 18. So,
from 18 | am picking 2 that is 18 C 2 divided by 20 C 2.
(Refer Slide Time: 27:17)
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Problem — 2.8 : Solution ‘

Consicer the events, T 2.8 A producer of a certaln type of dectronk companent ships
to suppliers In lats of twenty. Suppese that 60% of all such fots (LA

Az two non-defective components are selected, contain no- defectie components, 30% cortan coa defectve 93
component, and 107% contain two defective components. A ot is [
picked, two components from the ot are randeeny seiected and 0

N: @ lot does not contain defective companents,

0: & lot contains one defective companent, resed, ard nelter s defeciive, ’
) VIhaL iy the prodability 1hAt 1ero defeciig OmECRants exst n
T: & lot contams two defective components, thelet? -

b) - What s the prooability that cre defective exists i the lot?
€| ihatls the proiability that two defectives exs o the loe?
Given  P(N)=06, P0)=03, P(T)=01
1% (n
i

Now  P(AIN) =1, P(AI0) = e == PLAIT) == 12

Therefare,

a)

)
¢ P(V)A) = 1=06312 02841 = 0.0847

Now, what | need to find out is probability of N | A given that 2 non defective components are
pick what is the probability that | have picked from N that is no defective components, this
denominator is the total probability which I have just now | have shown into a whiteboard that a
black board which I have shown in the blackboard how we have calculated the total probability
this is the total probability, probability of N given A what is this probability A given N.

Probability of A that both the components are not defective given that we have picked from lot
which are not defective into probability of N. So, by this the total probability that is probability
of A this denominator is nothing but probability of A. So, now putting the formula we will be
getting. Similarly, I can next question what is the probability that 1 defective exists in a lot same
way, then again what is the probability that 2 defective exist in a lot same way just probability of
T given A.

(Refer Slide Time: 28:19)
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Problem—2.9

and 0.25, respectively, From past experience it is known that the probability of cost overruns for the
firms are 0.05, 0.03, and 0.15, respectively. Suppose a cost overrun is experienced by the agency. What is |8
the probability that the consulting firm involved is company C?

Next this question, if a certain federal agency employs 3 consultants in consulting firms A, B and
C with probabilities of 0.40, 0.35 and 0.25 respectively, it employs 3 consulting firms each firm's
the probabilities of each firm is given and from past experience it is known that probability of
cost overrun for these firms are point 0.25, 0.03 and 0.15 each firm has a cost overrun. So, each

firm is used some first one is used 40% of the time B is 35% of the time C is 25% of the time.

However, there is a cost overrun for A is 5%, cost overrun for B is 3%, cost overrun for C is how
much 1.5% sorry 15%. Now, then, suppose a cost overrun is experienced by the agency what is
the probability that a consulting firm involves in company see again this is a question of Bayes
theorem cost overrun is involved. So, this is maybe the cost overrun. So, maybe overrun | can

say it is let me take it as O, let me take this event as O.

Then, the universal sample space, there are 3 that is A, B and C. A is 0.40, B is 0.35, C is 0.25
and this portion this intersection, intersection of A and O disjoint diameters O intersection of A
and O is 0.05, intersection of B and O is 0.03 intersection of C and O is 0.15. Now, we have to
we know the things now, what is the probability of consulting a firm involves can you see just
same as previous question.
(Refer Slide Time: 30:14)
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Problem — 2.9 : Solution -

Consider the events, conuting s (4, 8, 4 € weh eckanities KA
0: overrun, 040, 035, and 0.25, respective®y. From past B93
wxpurance It is knewn that the peobakility of
cost overuns for the fims are 005, 003, and LX)
015, respectively, Suppase & cot overrun iy B8
exparenced by the agency. What s the |
- that the coesuting firm imvoived i [
: -

A: consulting firm A,

B: consulting firm B,

C: consulting firm C. conpany ¢
Given, P(A) =040, P(B) = 0.35, P(() =025, P(0]4) = 0.05, g

P(018) = 003, and P(0|C) = 0.15
Therefore,

POICINEY

Required probablity = P(C]0) = PLOIAIPLAYSL(010) )+ P(OIC)P(C)

A (1
T (0.03)(0.40)+(0.03)(0.35)#(0.13)(0.25)

00375

0.5515

~ ooenn

So, these information are given. So, required probability is this denominator is the total
probability first calculate the total probability and what is, it is given what is the probability that
a consulting firm involves company C. So, we have calculated probability of O that is the total

probability now, what is given O what is the probability that it has cost overrun has happened

because of the company C. That is all.
(Refer Slide Time: 30:49)

Problem — 2.10

T 2.10: An individual has 3 different email accounts, Most of her messages, in fact 70%, come into |4
account #1, whereas 20% come into account #2 and the remaining 10% into account #3. Of the messages
into account #1, only 1% are spam, whereas the corresponding percentages for accounts #2 and #3 are |8
2% and 5%, respectively. What is the probability that a randomly selected message is spam?

There is one more problem; | think the last problem in this tutorial. So, an individual has 3
different email accounts most of our messages in fact 70% come into account 1 whereas 20%

come into account 2 and remaining 10% into account 3 the particular person has 3 accounts, all



the messages into account 1 person only 1 person has spam account 1, one person on the mail as

spam mail whereas the corresponding person is for account 2 and 3 are 2 person and 5 person.

What is the probability the randomly selected messages just spam? Again what is the probability
the randomly selected message you send spam. So, this is a question on what total probability not
Bayes theorem we just want to find out the circle probability of the circle.

(Refer Slide Time: 31:37)

I
Problem — 2.10: Solution

T 210; Aa indivdusl bas 3 cfferent email

To answer this question, let’s first establish some notation: accounts, Most of hee massages, in face 70%, (G
3 is § Bilfori= came Into account #1, whereas 20% come into 92
A 1messagc.us rom account # i} fori=123 i) ing 10% o acoount b

B ={message is spam) #3, Of the messages inta azcount #1, only 1% are 0
spien, wheteds the corresponding peccentages 8

for accounts B2 and ¥3 are 2% and 5%, |
rospactively. What s the probability et o
nmwnwma:m/_.

So, first let me write down the thing what to say event so, | have written as A 1 is messages from
account 1, A2 is message from account 2, A 3 is message from account 3. So, this is now, this is
my circle is B again this, thisis A 1, this is A 2, thisis A 3. A 1, A 2, A 3 and what is this? This
intersection of A 1, intersection of A 1 and B what is given intersection of A 1 and B is 1 person,

intersection of A 2 and B how much it is given A 2 and B is given 2 persons.

A 3 and B is given 5 person this intersection is given, this whole A 1 is how much given, whole
A 2 is given how much whole A 3 is given how much to finding the total probability is easy, is
not it?

(Refer Slide Time: 32:37)



Problem — 2.10: Solution

T 210: An individual has 3 cfferent emall

To answer this question, let’s first establish some notation: accouns. Mest of he massages, in face 70%, O
3 it diMori= come Into account 1, whereas 20% come Into 92
A {mcssazcils rom account # it fori=1.23 i e 4
B = {message is spam} #3, Of the mesaages into account £1, only 1% are |

s, wheteas the cormespanding percantages [
for accounts ¥2 and #3 are 2% and 5%,

Then the glven percentages Imply that :w me.:::‘m? Ll ~
P(4,) = 070, P(4,) =020, P(4;)=0.10 e R ‘

P(B|4,) = 0.01, P(BIA,) =002, and P(B|4;) = 0.05

Now it is simply & matter of substituting into the equation for the law of
total probability:

P(B) = (0.01)(0.70) + (0.02)(0.20) + {0.05)(0.10)
=0.016

Therefore, in the long run, 1.6% of this Individual's messages will be in spam.
So, that is it. So, therefore in the long run what we have got 1.6% of this individual message will
be in spam. So, what again like In last tutorial | have suggested this again | am suggesting you
solve as many problems as you can try to find out any book on probability you will just Google

will be getting many free online books. Just go and browse those books you will get many

problems, solve those problems in any books the answers are also given.

Do not directly see the answers for solving than try to see where it ends such a character not the
solving this, it will be more which will give you more confident with that I end this tutorial. So,
these are the references and thank you guys.

(Refer Slide Time: 33:28)
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