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Abstract

The waiting lines and service systems are crucial parts of our daily life. Services like hospitals and clinics,
banks, salons, restaurants, et cetera have a high influx of people during the working hours. Every system likes
to avoid losing their desired customers due to a long wait in the queue. Increasing the number of servers
obviously reduces waiting time, but is not the best solution since it adds expenses because the employees
should be paid. On the other hand, not concerning about waiting time will result in customer dissatisfaction
and ultimately the loss of valued customers. This article presents the analytical study of the overall time that a
customer needs to spend on a hair salon for the current number of hairdressers as well as the impact of adding
servers (hairdressers) on waiting time. It models the queuing system of the hair salon to optimize the waiting
time for a customer who arrives at the salon. Further, it provides a basis to make a wise decision on adding
servers. The system is modelled as a steady-state single queue, multi-server configuration system.
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1. Introduction

Allocation Very often in our every-day life, we come across situations where we need to wait in a queue,
wherever we go. Nobody likes waiting for a long time in a queue. To prevent this, reducing service time helps.
But, depending on the nature of the job, it may not always be reduced. Some tasks such as registration for a
medical check-up at the entrance, dressing hair at salons, etc. take nearly the same amount of time to serve
each customer, which may not be always reduced below some value. So, the other alternative is increasing the
number of servers. However, merely increasing the number of servers is not the finest solution since it results
in increased expenses in the form of salary to be paid to the employee. On the other hand, if a customer sees a
long queue, he may return without joining the queue due to which valued customers are lost by the service
provider. Thus, service providers always seek to reduce the waiting time as far as possible with minimum
expenses. This demands a careful analysis of the system to optimize the waiting time. This can be achieved by
employing the queuing theory. Queuing theory is the mathematical analysis of waiting process in lines.

Queues form when the service provider has more demand but less service capacity. A basic queuing
system consists of 3 processes: an arrival process, the queuing, and the service process provided to those
customers. Most queuing problems focus on determining the level of service that a company should provide
(Ragsdale, 2008).

A queuing system generally includes:

* Arrival process: The arrival process is the way of incoming customers. Customers may come alone or with
somebody.

* Behavior: Some customers can wait for a long time whereas some customers may become impatient and
leave. Sometimes, they may get irritated.

* Service to the customers: This includes the service time required for providing customer service, the
number of service providers available, and the service disciple that is followed.

 Service discipline: It is the rule by which the service provider selects the next customer after serving one
customer. Some have basic ‘first-come first-service’ rule whereas some prefer service based on sex, age
group, and physical condition.

The report presented in this paper is a steady-state analysis of a hair salon which is modeled as the
single-queue, multiple-server system which provides service to the customers on “first-come-first-serve’ basis.

The two major objectives of this research are to identify the optimal waiting time for a customer in a queue
and hence to make decisions on the total number of servers to be deployed by the service provider (hair salon)
as best possible solutions under the given circumstances.

The hair salon is located at Shankhamul, Kathmandu, the capital city of Nepal. It is a simple
Nepalese-style salon owned by a local businessman.

The problem here is that, very often, customers have to wait for a long time for their turn and sometimes
they even return by seeing the number of people waiting in the queue.

As an existing solution, two hairdressers (servers) are deployed. The limitation of the current solution is
that the available two servers are not able to provide the service efficiently to the customers visiting the salon.
On average, the customer needs to wait about 24 minutes in the queue before he gets his hair done.

To address this issue, a mathematical model, based on queuing theory, is developed and the analysis for the
optimization of waiting time is carried out.

Salon centers are distributed almost evenly in this locality. This place, being the capital of the country, is
densely populated and hence the customer flow is nearly the same every day. Therefore, a normal working
day was selected for analysis.

The essential characteristics of the queuing process on this hair salon can be shown in a flow chart (Fig. 1.).
Upon arrival, the customer can directly get service if any one of the servers is available. Otherwise, he has to
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wait for his turn until one of the servers is free. He waits there for an average waiting time, Wq. Finally, the
customer leaves the salon (system) after time W, on average, from arrival to completion of the service.

The analysis of the system is carried out as an M/M/s model. In the Kendall Notation above, the first ‘M’
refers to Markovian inter-arrival times (following an exponential distribution), second ‘M’ to Markovian
service times (following an exponential distribution of service times) and ‘s’ refers to the number of servers
available.

Hence, a notation M/M/1 denotes that the inter-arrival time of the customers follows the exponential
distribution, the time taken by the server to serve each customer also follows the exponential distribution, and
the total number of servers, i.e. the hair-dressers is two. However, those are the average arrival rate (since it is
the steady-state analysis) and hence the average service duration that are employed in the analysis carried out
in this case.
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Fig.1. Flow diagram representing customer flow in a single-queue, multi-server configuration system (hair salon)
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Average no. of customers waiting for service

Average no. of customers in the system

Total number of customers visiting the hair salon per day
Probability that there are no customers in the system
Average arrival rate

Average service rate

Number of servers

Overall-time spent by a customer in the system, on average
Average waiting time in a queue
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2. Methodology

The data was collected for 8 hours from 9 am to 5 pm. The total number of customers arriving at the
hairdresser (N), the time they arrived, and the total time-duration (D) for their service were noted from the
footage of the CCTV camera placed at the hair salon. Then, the average arrival rate (L) of the customers is
calculated using:

A= % per hour 1)

From the frequency distribution, average service duration (Da,) and hence the average service rate (u) are
calculated as:

>f.D
Dayg ST @)
)7 :% per hour 3)

The arrival of the customers was random and hence the arrival rate is approximated using the Poisson
random variable. The probability of arrival of x number of entities in a specified period (per hour in this case)
is given by:

Le7*

P = x!

)

where, x=0,1,2,3,...

On the other hand, the inter-arrival time followed the exponential probability distribution with mean 1/A.
The frequency distribution of service time revealed that it followed an exponential distribution and hence it
was modeled as an exponential random variable.

e  The arrivals followed Poisson distribution and occurred at an average rate of A per hour.
e  Each of the servers available provided service at an average rate of p per hour, and the actual service
times followed an exponential distribution.
Avrrivals \%aited in a single queue and were served by the first available server.
Finally, #<#5
The various queuing characteristics pertaining to M/M/s mode are:
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Using the aforementioned formulae, the average waiting time and the total average-time a customer spends
in the system (in line and in service) were calculated.

Then, in the next two iterations, the number of servers was increased and again the values of those
parameters were calculated and the comparison of three results was made. Thus, the calculations were done
for up to 4 number of servers.

3. Calculations

Altogether, 49 customers visited the hair salon for the service within the considered time frame of 8 hours:
9 am to 5 pm, which is the normal working hour.

Table 1. Frequency distribution of service time

Service Duration (D, mins) Frequency (f) f.D
7 2 14
8 1 8
10 1 10
11 1 11
12 2 24
13 7 91
14 4 56
15 6 90
16 13 208
17 7 119
22 1 22
24 1 24
25 2 50
26 1 26
>f=49 >fD =753

Using (1), (2) and (3),
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A= %9 =6.125 per hour

avg =&=E=15.36min
> f 49
U =@ :ﬂ =3.904 per hour
D 15.36

For 2 servers, various queuing parameters are calculated using equations (5) to (10) as follows:

_ A 81 7eas = 78.40%
sz 2x3.904
n 2
1_L(6A25/3904) (6125/3904°  2x3904 oo
P n! 21 2x3.904—6.125
Py =t —012
8.2786
241
L, =012~ CABI3 7, 5 6 125/3.904)2 = 2.4935

@2-1)!

L=2.4935+ 6.125
3.904

=4.0624

24935

4 =0.4071 hour =24.42 min
6.125

W =0.4071+ L
3.904

=0.6632hour =39.79min

27

It is seen that, on average, a customer has to stay approximately 24 mins in the queue waiting for his turn,

with his total time in system (the hair salon) being nearly 40 minutes.

Let’s find out these two parameters again by increasing the number of servers (hairdressers) to 3i.e. $= 3,

A 6125

=L - 202 _0523=52.3%
sy 3x3.904



28 A steady-state analysis of a hair salon as a single-queue, multi-server system to optimize the waiting time in a queue

2 n 3
1_2(625/3804) (6125/3904)  3x3904 ...
P S nl 31 3x3.904—6.125
R =—t __0194
5.1486
3+1
L, =0194x CABI3INT (3 6 195/3.904)2 = 0.287

(B-1!

L =0.287 +% =1.856
3.904

W= 0.287

: =0.0468 hour =2.811min
6.125

W =0.0468 + L
3.904

=0.303hour =18.18 min

Here, we can see that on increasing the number of servers to 3, the waiting time significantly drops down
to 2.811 minutes from 24.42 minutes.

Now, let’s repeat the process by increasing the number of servers to 4 to see the effect on the average
times.

_ A 8125 4390039200
s 4x3.904
n 4
1§ (6125/3904) (6125/3808)  4x3904 .
B Y 41 4%3.904—6.125

Py =— = 0.206
4.85

(6.125/3.904)*1

L, =0.206x
(4-1)!

x (4-6.125/3.904) = 0.0552

6.125

L =0.0552 + =1.624
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w, =292 _ 9 01210 hour =0.54 min
6.125

W =9.012x10% 4
3.904

=0.2651hour =15.9min

It is seen that, on increasing the number of servers to 4, the average waiting time reduces to 0.54 minutes
while the total time to be spent in the system reduces to 15.9 minutes.

It can be observed that increasing the number of servers further beyond 3 doesn’t reduce the waiting time
significantly in relative comparison with the number of servers. Just adding servers may result in increased
expenses despite giving added benefit. Thus, it doesn’t look attractive to increase the number of servers
further.

4. Summary

An analysis was made for the average time a customer had to spend waiting in a queue and on the system
to get served in a hair salon. To find out the average arrival rate and the average service rate, the data were
recorded for 8 hours from 9 am to 5 pm with an aid of the CCTV placed at the hair salon.

The arrival was observed to follow the random (Poisson) distribution whereas, the service time, the
exponential distribution. The average arrival rate was calculated to be 6.125 per hour while average the
service time to be 15.36 mins and the corresponding service rate to be 3.904 per hour.

The system was modeled as an M/M/s model as per the Markovian inter-arrival time and the Markovian
service times. There were two servers (hairdressers) at the hair salon.

For 2 servers, the arrival rate of 6.125 per hour, and the service rate of 3.904 per hour, various queuing
parameters were found out using the equations (5) to (10).

It was found that a customer had to wait, on average, about 24 mins in a queue for his turn and about 40
minutes in total at the hair salon to get his work done.

Then, the number of servers was increased to 3 and by the same procedure, the average waiting time and
the total time to be spent, on average, in the system were determined. It was observed that the average waiting
time reduced drastically and dropped down to 3 minutes (approx.) from 24 minutes (approx.).

Finally, when the number of servers was increased to 4, the average waiting time reduced to just 0.54
minutes with the total time in the system being 15.9 minutes. However, the decrement in waiting time doesn’t
look as convincing as it looked when it dropped from 24 minutes (approx.) to 3 minutes (approx.).
Additionally, it may merely increase the cost of employing one more hairdresser.

Taking into consideration, the nearly-same flow rate of customers into the salon every working day, it is
recommended that the owner employ 3 servers in total at the hair salon so that the customers need to wait only
for about 3 minutes in a queue and get the whole task done in about 18 minutes.

5. Conclusions

A steady-state analysis of the operation of a hair salon was carried out by modeling the system as an
M/M/s model to identify the optimal waiting time for a customer and hence to make decisions on the total
number of servers to be deployed with minimum expenses.

The optimal waiting time is found to be about 3 minutes for which 3 hairdressers (servers) are to be
deployed.
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Since, here, in Nepal, customers are not tempted to return due to just 3 minutes of waiting time, the
presented solution seems optimum under the current situation of customer in-flow, labor expenses, and
revenue generated from the customer service.

It is thus recommended that the owner employ 3 hair dressers so that a customer needs to spend about 18
minutes to get his hair done, where the waiting time in the queue is about 3 minutes.

Hence, in the areas with a similar pattern of customer flow rates (in the city), a total of 3 servers seems to
be the best possible solution for optimum waiting time.

Nevertheless, it should be noted that under conditions where the labor expenses are too low in comparison
to revenue generation, and high customer impatience (due to which customers may return after arrival),
further analysis might be required to make the decision based on relative comparison between the benefit and
the expenses/costs incurred.

A simple case was considered without taking into account, some scenarios: complex conditions where
customers balk (not joining a queue upon arrival), or renege (leaving the queue before being served). Also, the
arrival rate is considered uniform throughout the day.
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