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Keywords waiting lines. The study aims to identify the optimal waiting line model
Queuing, Single-Server, Fast-Food for reducing customer waiting times and to understand the factors.
Restaurants, Simulation Model, Queuing theory has two main categories single queue theory and
Mcdonalds multiple queue theory. Employing descriptive analysis as the primary

tool for data collection, the research specifically utilizes the single-
queue theory. The study, conducted exclusively during the lunch hour
peak from 12 p.m. to 2 p.m. at McDonald's Kota Bharu over five days,
employs Excel for data analysis. To further enhance the customer
experience, McDonald's will implement an observation and simulation
model approach to minimize waiting times.

1. Introduction

Fast food restaurant waiting lines are often busy, especially during peak times when there is a great demand for
meals such as during lunch. During this time, fast food restaurant become crowded with customers that are
waiting for their orders at the queue line, including at the drive-thru. [1] Customers aim to receive their order
within a short period, but if they spend longer time waiting for it, they might cancel the order and change another
restaurant for a meal. Numerous complaints about long waiting times are often made, even outside the peak hours.
This can lead to dissatisfied or negative feedback among customers that are queuing up to buy food over the
counteror in the drive-thru line. Poor customer service also reflects a long waiting time as thestaff sometimes are
unable to handle a crowded situation.

Relate to this study, a fast-food restaurant, mostly serve the food in two different ways which are dine-in
service and drive-thru service. Dine-in options are typically located in malls or kiosk restaurants, featuring fancy
seating areas for customers to enjoy their meals. [2] The drive-thru service provides an efficient and convenient
experience, where customers queue up, place orders, pay, receive their orders, and exit the system without leaving
their vehicles.[3] The primary objective of queuing models is to solve important problems, related to the
efficient of shorter waiting times while increasing service effectiveness. A waiting line's duration depends on a
number of variables, such as how popular the service is, how many resources are available, how efficient the
system is overall, and how much demand there is.

Additionally, fast-food restaurants are also known for their quick service and affordability and because of that,
there are too many fast-food restaurant outlets nowadays and becoming a famous restaurant for everyone to go.
[4] They are often located to accommodate people on the go which is frequently situated in busy places such as
shopping center, town, airports also rest spots along highways. They are popular because the food is easy to get
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within a short period. It also comes from variety of food options that consumers can choose food according to
their preferences in terms of taste and price. People today live in fast-paced world and this includes eating their
meal in a quick time. [5] They choose a fast product that fits their lifestyle, so that they can have their meal in a
short period. In this study, we have selected McDonald’s as a fast-food restaurant of focus due to its success and
global popularity as the leading fast-food chain. Since its founding, the McDonalds brand has been widely
recognized and has maintained a strong presence in popular culture. One of the factors that contribute to people’s
affection for McDonald’s is the food itself. McDonald’s always has their signature foods that cannot get anywhere
from another fast-food restaurant. [5]

In a queuing system, the dynamics of customer wait times are intricately tied to the popularity of the service,
the availability of service resources, the overall efficiency of the system, and the demand level. [6] Queuing theory,
grounded in mathematical principles, provides a systematic approach to address these complexities. It enables
businesses to analyse and predict the length of waiting lines, guiding strategies to minimize wait times and elevate
service quality. By focusing on the interplay between these factors, queuing theory facilitates a comprehensive
understanding of the dynamics within waiting lines, offering businesses a strategic framework for effective
management and continuous improvement in customer service delivery.

Therefore, in this study, a queuing theory approach is implemented to address the intricacies of managing
customer queues at the fast-food restaurant during the selected days from Saturday to Wednesday. The study of
queuing theory employs a simulation model utilizing a single-server system in Excel. By looking to the simulation,
the aim is to analyse and optimizing the drive-thru service's performance, considering factors such as arrival
times, service start times, waiting times, and overall average during the specified time periods. This approach to
achieve the study's objective of reducing waiting times and customer satisfaction, for operational improvements
within the fast-food restaurant's drive-thru service. The simulation model in Excel provides a practical and
adaptable into the complex of the queuing system.

2. Methodology

The application how queuing theory is put to use in practice is the examination of wait times at McDonald's drive-
thru services. Important information, such as service durations and inter-arrival times, was obtained by closely
observing the operational at a chosen McDonald's drive-thru. This observational study offers a practical basis for
implementing the ideas of queuing theory to comprehend and improve the waiting experience for customers.
Queuing theory is helpful in assessing and improving McDonald's efficiency by taking lessons from real drive-thru
operations.

2.1 Data Collection

During peak hours from 12 pm to 2 pm, each customer arriving at a drive-thru service is associated with the
following time measures including the arrival times, service start time, waiting times, service times and also
waiting time in the system.

By selecting Saturday to Wednesday as day to observe of the operational drive-thru system’s performance.
These days including both weekend and midweek periods which is 3 days from Monday, Tuesday and Wednesday.
Saturday and Sunday part of the weekend typically increased the quantity of cars that entered of the service.
Comparing between work days and the weekend at peak hour will allow the study the different of drive-thru
simulation.

The data was collected in one of the places at McDonalds restaurant by the workers and the target consists of
customers entering the drive-thru service during within observe hours.

Table 1 shows data starting from Saturday until Wednesday within 12pm to 1pm which insist arrival times
and service times each one hour over 5 days.
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Table 1 Collected data from McDonalds Restaurant

SERVICE TIMES

DAY/DATE TIME TII:/II;I;I\(/CA;S) (min)
12:00 PM 6 10
Saturday 1:00 PM 7 12
2:00 PM 9 11
12:00 PM 8 7
Sunday 1:00 PM 7 10
2:00 PM 9 8
12:00 PM 8 10
Monday 1:00 PM 6 11
2:00 PM 10 9
12:00 PM 9 6
Tuesday 1:00 PM 8 11
2:00 PM 10 10
12:00 PM 7 9
Wednesday 1:00 PM 8 11
2:00 PM 5 7

2.2 Computing using Excel

Excel was an effective tool for data and analysis that was used to arrange and carefully review the information
that was collected from drive-thru services. The process involved carefully organizing various data points into an
Excel spreadsheet. Using Excel's built-in functions and formulas, we calculated average of arrival rate and service
rate for each day.

2.3 Single Server

Asingle queuing model is also known as a single server queuing system (M/M/1 ) thathas a single server or service
facility that serves a queue of customers. The average waiting time, average service time, utilization, and queue
length are some of the performance indicators of the queuing system that may be analyzed using a single queuing
model. This approach is frequently utilized in a variety of applications, including call centers, hospitals, retail
establishments, and banking institutions. Workers can improve the system's design and operation to shorten wait
times by understanding the performance of measurements used in the queuing system. The single server can be
suits in situations which have a condition that can be applied [8] .

2.4 M/M/1: Model for single servers queue

An essential and frequently used analytical tool for systems with a single server is the M/M/1 queuing model. The
average number of customer arrivals per unit of time is represented by the Poisson process with a rate of A in this
model. The average number of customers the server can serve in a given amount of time is represented by the
mean service rate of |, and service times are assumed to be exponentially distributed. First-come, first-served
(FCFS) procedures supports the system, guaranteeing that the first-arriving customer gets served first. Service
starts when the customer enters an empty system, and they stay in the system until the service is finished. The
M/M/1 model is a useful tool for studying queue dynamics and offers insights into performance metrics like
average customer count, average system utilization, and average time spent in the system. The following
performance metrics are noteworthy for the M/M/1 queue model :
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U = Utilization factor, p=A4/u 1)

Probability that there are n customers in the system,

PTL = Opn (2)

Average number of customer in the system (in waiting line and being served), Ls

plA=p)=Al(u=2) 3)

Average number of customers in waiting line service, Lq=

P 11=p=pilu-2 4)

Average time a customer spends in waiting line waiting for the service, W

W, =plu-14 (5)
Average time a customer spends in the system (in waiting line and being served), Wg =
W, =1/pu-4 (6)

3. Result and Discussion

The order placement unit serves as the first point of contact between customers and McDonald's drive-thru
service. The order of cars joining the drive-thru line is first-in, first-out (FIFO), and they must wait to make their
requests until they get to the order station. Customers proceed to confirm and finish their orders including any
customizations or special requests after getting to the front of the line. First-time customers receive a new order
profile.

Table 2 outlines the arrival rate, service rate, utilization per minute, queuing waiting time per minute, service
waiting time per minute, and the average number in the queue and in service for the drive-thru service at
McDonald's spanning from Saturday to Wednesday.

Table 2 Queue characteristic of single server

Day Arrival Rate, | Service Rate, p | Utilization Wq Ws Lq Ls

A
Saturday 7 11 0.636 0.159 0.25 1.11 1.75
Sunday 8 9 0.889 0.889 1.00 7.11 8.00
Monday 8 10 0.800 0.400 0.50 3.20 4.00
Tuesday 9 11 0.818 0.409 0.50 3.68 4.50
Wednesday 6 9 0.667 0.222 0.33 1.33 2.00

On average arrive over five days at drive-thru service at McDonald’s Restaurant, the average time a customer
spends waiting in the queue before being served by the workers is 0.416 times unit or 24.96 minutes. Arrival times
and services times are lower than working days which an average utilization of 0.762 or 76.2%. Therefore, with
the service times of customers spends on being served is 0.516 times unit also can convert to 30.96 minutes, we
can conclude that the average number of cars served per hours entering drive-thru service during the time 12pm-
2pm over the five days is 10 cars.

A simulation model is used to analyze the system [9] by entering formula to generate the output. In Excel,
the arrival rate and service rate simulated using the formula. These a simulation using Excel starting from
Saturday until Wednesday by entering the numbers of the cars that entering the drive-thru service over 5 days.

The Fig. 1 - Fig. 3 show a single server simulation within Saturday until Wednesday using Excel by simulate a
system by inputting the arrival rate and service rate formulas, helping you analyze how quickly cars enter and are
served in a drive-thru.
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Enhanced Knowledge in Sciences and Technology Vol. 4 No. 2 (2024) p. 134-140

(a)

Service rate, p 11
MODEL
‘ar rand() Avrrival time TBA Start Service Service Time End Service
1 0.68 ) 0.16 (] 030 030
2 046 0.16 0.09 030 0.02 032
3 0.30 0235 0.05 0.32 0.00 0.32
4 0.63 030 0.14 032 0.16 0.49
5 095 044 044 049 0.04 0.53
6 023 0.88 0.04 0.88 0.02 081
7 028 092 0.05 092 0.08 1.00
8 061 097 0.13 1.00 0.12 1.12
9 0.4% 1.10 0.10 112 0.01 1.13
10 0.53 120 0.11 120 0.01 121
11 0.53 131 011 131 014 144
12 0.11 141 0.02 144 0.05 1.49
13 0.47 1.43 0.09 149 025 1.74
14 021 1.52 0.03 1.74 0.13 187
15 0.43 1.55 0.08 1.87 0.06 184
16 0.04 1.63 0.01 194 0.07 201
17 032 1.64 0.06 201 039 240
18 0.55 1.69 0.12 240 0.05 245
19 0.72 1.81 0.18 245 0.09 254
20 022 1.99 0.04 254 024 278
21 0.68 203 0.16 278 0.02 2.80
22 0.67 219 0.16 2.80 0.07 2.87
23 0.45 235 0.09 2.87 0.12 299
24 029 243 0.05 299 0.15 3.14

| Arrival rate, i
Service rate, )

ar rand()

058
0.37
034
0.09
0.88
0.14
051
0.50
0.59
091
0.10
0.47
035
0.73
024
048
0.73
020
086
0.68
0.68
045
0.34
0.96

Start Service Service Time End Service

8
9
Arrival time TBA

0 011
0.11 0.06
0.17 0.05
022 0.01
023 027
0.50 0.02
0352 0.09
0.60 0.08
0.69 011
0.80 030
1.10 0.01
112 0.08
119 0.05
125 0.18
142 0.03
146 0.08
1.54 0.16.
1.70 0.03
1.73 024
197 0.14.
211 0.14
226 0.07
233 0.05
238 039

(b

)

0
0.11
024
042
0.60
L15
120
126
128
139
133
L33
1.56
157
L72
181

Fig. 1 Figure description (a) Simulation M/M/1 Server on Saturday ; (b) Simulation Excel

Arrival rate, A

8

(a)

Service rate, p. 10
MODEL ]
Car rand() Arrival time TBA Start Service Service Time End Service
1 0.40 0 0.06 0 0.05 0.05
2 043 0.06 0.08 0.06 0.02 0.08
3 0.73 0.14 0.16 0.14 0.08 022
4 046 030 0.08 030 0.07 037
3 043 038 0.07 0.38 011 049
& 043 043 0.08 049 0.08 036
7 0.75 0.33 0.17 0.36 0.05 0.61
8 021 071 0.03 07 0.03 074
9 0.87 0.74 026 0.74 020 0.93
10 0.61 0.99 0.12 099 0.12 11
11 097 L1 043 L1 0.08 120
12 019 1.54 0.03 154 0.10 164
13 0.08 1.56 001 164 0.10 174
14 0.83 1.57 022 174 0.13 187
15 042 1.80 0.07 1.87 033 220
16 074 1.86 0.17 220 0.04 225
17 0.74 203 0.17 225 028 253
13 073 220 0.16 2353 0.00 254
19 045 236 0.07 254 0.05 259
20 0.10 243 0.01 2359 0.06 265
21 031 243 0.05 2635 0.01 266
22 030 249 0.05 266 0.12 278
23 0.84 54 023 278 0.16 293
24 023 277 0.04 293 0.12 306
s o 201 nno 2 ns nnn 100

0.02
0.14
0.18
017
0.53
0.05
0.06
0.02
0.11
014
0.00
0.02
0.02
0.13
0.09
0.05
0.0
0.08
0.01
0.13
0.10
0.15
0.08
0.03

0.02
024
042
0.60
113
120
126
128
139
153
153
136
157
172
181
185
1983
203
204
219
228
244
2351
234

M/M/1 on Sunday

Arrival rate, 3. o
Service rate, i 11
| MODEL

art Area ) Arrival time TBA Start Service | Service Time End Service
1 0.47 0 0.07 0 0.02 0.02
2 020 0.07 0.03 0.07 0.01 0.08
3 021 0.10 0.03 0.10 0.15 025
4 0.91 0.12 0.26 0.25 0.04 029
5 0.53 0.38 0.08 0.38 0.19 038
6 0.57 0.47 0.09 0.58 036 094
7 0.51 0.36 0.08 0.94 0.01 095
8 0.75 0.64 0.15 0.95 0.18 1.13
9 0.91 0.79 0.27 113 0.59 1.72
10 0.09 1.06 0.01 L72 0.09 1.80
11 0.81 1.07 0.18 1.80 0.08 1.88
12 029 125 0.04 188 020 208
13 0.75 129 0.15 208 020 229
14 0.46 1.43 0.07 229 0.07 236
15 0.30 151 0.04 236 0.00 236
16 0.61 153 0.10 236 0.06 242
17 0.76 1.66 0.16 242 022 264
18 0.59 182 0.10 264 0.06 270
19 0.53 192 0.08 270 0.01 271
20 0.13 2.00 0.02 271 0.00 271
2 0.58 202 0.10 271 0.13 284
2 0.62 211 0.11 284 0.08 292
23 0.90 22 0.26 292 028 320
24 0.97 248 0.38 320 0.01 321
25 0.36 287 0.05 321 0.05 327
26 0.82 292 0.19 327 0.09 335
2 0.46 311 0.07 335 0.11 347

Fig. 2 Figure description (a) Simulation M/M/1 Server on Monday ; (b) Simulation Excel M/M/1 on Tuesday
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Arrival rate, i B
Service rate, pu E]
_WODEL |
ar rand() Arrival ime TBA Start Servic Service Tin End Service
1 0.6 1} 0.03 1] 017 0.17
2 0.81 0.03 0.28 017 017 0.34
3 0.01 0.3 0.00 0.34 0.24 0.58
4 065 0.31 0.13 058 0.09 0.67
5 019 0.4 0.03 0.67 0.00 0.67
B 020 0.52 0.04 067 0.08 0.75
7 0.96 0.56 052 0.75 0.01 077
g 0.85 108 032 108 017 125
9 0.37 140 0.0s 140 0.06 145
o 023 147 0.06 147 003 156
1 0.58 153 0.14 1.56 0.07 163
12 0.2z 167 0.04 167 0.14 181
13 0.7 171 0.20 181 0.03 184
14 0.60 192 015 192 0.01 192
5 0.61 2.07 0.6 207 0.00 207
13 0.57 223 014 223 0.0z 225
7 0.60 237 015 237 0.04 241
1B 091 252 0.40 252 0.0o0 252
13 0.3z 292 0.06 2492 0.03 2.96
20 0.64 293 0.17 2499 0.0 293
Wednesday

Fig. 3 Figure description of simulation M/M/1 server on Wednesday

Fig. 4 illustrates the probability distribution of the average over a span of 5 days, with each data point
representing the occurrence of 10 cars. This graphical representation has been generated using Microsoft Excel,
where the x-axis depicts the average values, and the y-axis showcases the corresponding probability of observing

such averages.
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Fig. 4 Probability of average over 5 days by 10 cars

4. Conclusion

In conclusion, queuing theory proves valuable for fast-food restaurants , to optimize operations and boost
customer satisfaction in drive-thru services. Utilizing models like M/M/1, which consider factors such as customer
arrivals, service times, and server utilization, allows businesses to strategically manage queues and expedite
service [10]. By analyzing these variables, fast-food establishments can reduce wait times, optimize staffing, and
enhance overall service quality.

The drive-thru service's five-day examination showed differing degrees of customer satisfaction and
operational effectiveness. On Sunday, there were notable wait times and a higher average number of cars in line
and being served despite higher utilization, which may indicate operational issues. On the other hand, Wednesday
showed reduced utilization and more efficient service dynamics due to a lower arrival rate.

Recommendation to enhance drive-thru service at McDonald’s is optimizing the efficiency and customer
experience in drive-thru operations at fast-food restaurants requires careful consideration of drive-thru lane
design. Multiple drive-through lanes can facilitate quicker traffic flow through the restaurant and efficiently
handle more orders during peak hours while also reducing overall customer service time. Next, creating an app
that allows users to place orders in advance can be a great way to improve drive-thru service. Customers can order
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ahead of time using an app, saving them time while waiting in line to read the menu and consider their options in
the drive-thru lane.
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