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Abstract: The present paper explains the application of queuing theory to one episode of the TV show Kaun
Banega Crorepati during a week. By analysis of one episode, we can understand the general scenario of the
KBC. In one episode of this show, 10 contestants or participants wait for their turn to go on the hot seat. At one
time only one contestant can seat on the hot seat and other contestants are waiting in a queue. So, we can apply
queuing theory to the TV show Kaun Banega Crorepati. We also seek to find the probability of one contestant to
be selected for the hot seat and the expectation of contestants on each day of a week.
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I.  Introduction

There are three episodes of KBC during each week from Friday to Sunday. In one episode of the TV
show Kaun Banega Crorepati, 10 contestants or participants are allowed to participate in the show. Depending
on the Fastest Finger First (FFF) contest, one participant can occupy the hot seat in front of Amitabh Bachchan.
From the durarion of one participant on the hot seat, we can derive the service rate of the hot seat. If we assume
that, the time span of FFF contest is negligible, the arrival rate is same as the service rate.

The first contestant is considered as a customer being served by a single server i.e. the hot seat. The

other contestants are considered as the waiting customers in a queue. So, we can apply queuing theory to KBC.
We assume that, the arrival rate is same as the service rate for the hot seat. For this reason, we consider the
utilization factor for the hot seat as 1. Because of the single server, that is, the single hot seat, M/M/1 queuing
model can be useful for analysing the TV show KBC. M stands for Markovian arrival time and Markovian
service time distributions. The service time for one customer is random and therefore, the arrival time is also
random.
M/M/1 Queuing Model: In this model, the customers are served by the single server i.e. the hot seat. The
maximum number of customers in the system is 10. This model is the single server model with finite limit N. N
is the maximum number of customers in the system (maximum queue length = N — 1). In the context of KBC,
N = 10 during each week. That means, there are 10 customers to be served by the hot seat in the 3 episodes of
one week. We assume that, the arrival rate is A customers per unit time and the service rate is u customers per
unit time.

During three episodes of KBC in one week, if 10 contestants are served, then no more contestants are
allowed. That is, when the number of customers reaches N, no more customers are allowed in the system. Thus,
we have

1 = {7\, n=012,...,N—1
n 0, n=N,N+1,......
M, =pwn=01.2 ...
Setting p = % the probability of n customers in the system is

_(P"po, n<N
Pn = { 0, n>N °
The value of p,, the probability of 0 customers in the system, is determined by the equation,
Yoo Pn = 1, which gives
po(l+p+p2+--.4+pV) =1

1-p
v PFEL
oo po . 1
N+1’
Hence, the probability of n customers in the system is
a-pp”
1_pN+1 ’ p * 1
Pn = 1 n=0,1,...,N.
, p=1

p=1'

N+1
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The value of p = % need not be less than 1 in this case, as the number of customers has limit N. In the

context of KBC, we take p = 1.
The expected number of customers in the system is determined by
L = Zyzo npy
=po(p +2p* +3p® + - + Np)
po(1+2+3+--+N)
1 [N(N+1)
N+1 2

vzl

. Ls —

This means that, the expected number of customers ( contestants ) in the three episodes of KBC during
each week is,

Ly=>=5.
The relationship between Ls and W; ( alsoLgand W ) is known as Little’s formula and is given as
Ls = ?\effWS and Lq = )\efqu'

The parameter A is the effective arrival rate at the system. When all arriving customers are allowed in
the system, it is equal to the arrival rate A.If some customers can not be allowed in the system, then A < A. In
this case, Ajost = A — Aggr IS the rate at which, the customers are lost i.e. can not be allowed in the system. So, an
arriving customer may enter the system or will be lost with rates Ag¢ Or Ao, Which means that,

A= )\eff + )\lost-
A customer will be lost from the system, if N customers are already in the system. This means that, the
proportion of customers that will be lost from the system is py. Thus,
Aost = APn-
“ Aett = A — Aose = A — Apy = A(1 — pn)-
1 10 10
In the context of KBC, Ay = A(l — H) = (H))‘ = (H) I
o Aer < U

Obviously, Ag¢ < 4, since A = .

By definition, (Ex.pect.ed waiting):(Expect.ed waiting) + (Expectgd service)_
time in system time in queue time

Wy =Wo + o
Multiplying this formula by A, we can determine relationship between Lg and Lg, using Little’s formula, that
is

A
)\effws = )\efqu + eTff

. — Aeff
b LS - Lq + T
In the context of KBC, Lq = Ly — 22t
o
LG
S
=5_10
11
o Lg = 4.09.

That is, the expected number of customers ( or contestants ) in the queue are 4.09. That means that, 4
contestants are waiting in the queue actually, in a week.

Sample Space: During three episodes of KBC, everytime onecontestant is chosen from the group of 10
contestants. We name these 10 contestants as Cq,Cy, .....,C;o. Any one contestant among these is chosen
through the contest of FFF. In this event, the sample space is S = {C;, C5, ...., C1}. In this event, the probability
of each contestant to be selected is same and is

P(C)) = i i=12,.....,10.
Therefore, the expectation of contestants or the expected number of contestants in each week is
E(contestants) = Y12 iP(C;) = 1 (i) +2 ( ) + ~~..+10( )

1 1
i 11 11
==(1+2+-..4+10)

1 (10><11)_10_5
T\ 2 T2 T
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Il.  Calculation of probabilities:
On a first day of a week i.e. on Friday, the probability of each contestant to be selected is ﬁ = ﬁ and

the expected number of contestants to be served by the hot seat is 5 out of 10 contestants during a week. We
assume that, on average 2 contestants are served by the hot seat on day one.
On a second day of the week i.e. on Saturday, the probability of each contestant to be selected is
1

i é because there are 8 contestants remaining on day two. Therefore, the expected number of contestants to

be served on second day of the week is

E(contestants) = Y& ,iP(C) =1 G) +2 G) +--..+8 G)
1

=s(1+2+..48)

Sl oty

9 2 2
Again, we assume that, on average 2 contestants are served by the hot seat on day two. On a third day

of the week i.e. on Sunday, the probability of each contestant to be selected is ﬁ =% because there are 6
contestants remaining on day three. Therefore, the expected number of contestants to be served on third day of
the week is
E(contestants) = Y5, iP(C;) = 1 (%) +2 (%) + . +6 G)
=Z(1+2+ .. 46)
=1 (617) =%_3

7 2 2

I11.  Conclusion
We conclude that, theprobability of each contestant on first day is ﬁ and the expectation is 5

contestants for a week of three days. The probability of each contestant on second day is g and the expectation is

4 contestants for two days of a week. The probability of each contestant on third day is ; and the expectation is

3 contestants for one day of a week. So, we can say that, as the probability on each day increases, the
expectation also increases.

References:

[1]. J.D.C. Little, “A Proof for the Queuing Formula: L. = AW”, Operations Research, vol. 9(3), 1961, pp. 383-387, d0i:10.2307/167570.

[2]. Cooper RB (1972). Introduction to Queuing Theory. McMillan: New York.

[3]- Tijms HC (1986). Stochastic Modelling and Analysis. A Computational Approach. Wiley: Chichester.

[4]. K. Rust, “Using Little’s Law to Estimate Cycle Time and Cost”, Proceedings of the 2008 Winter Simulation Conference, IEEE
Press, Dec. 2008, doi:10.1109/WSC.2008.4736323.

[5]- Worthington D and Wall A (1999). Using the discrete time modelling approach to evaluate the time-dependent behaviour of
queuing systems. J Opl Res Soc50: 777-888.

[6]. H.A. Taha, Operations Research-An Introduction. 8" Edition, ISBN 0131889230. Pearson Education, 2007.

www.iosrjournals.org 35 | Page



