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1. Introduction 
1.1 Problem Statement and Objective 

The McDonald’s on Washington Street in Hoboken wants to shift from a 1 server 1 kiosk-
based service system to a 2 server 1 kiosk or a 1 server 2 kiosks-based service system. Our 
goal for this project is to help them decide on which alternative of the two would be a good 
fit for themselves as well as the customers, based on its effect on some of the key 
parameters discussed in the later part of the report. 
 

1.2 System Boundary 
For this model, the system was limited to few points which we would like to note. We have 
considered McDonald’s restaurant which is located at Hoboken only and other restaurants 
were ignored for our research. As to get a better understanding, we had considered only in-
person orders and ignored the online orders as we were unable to receive information on 
online orders. We have ignored the actual time when the customer receives the order, the 
exit time is as soon as the customer finishes ordering. The customers entering the 
restaurant’s queuing system is varied for a duration of 60 minutes i.e., from 19:00 to 20:00 
hrs for three consecutive days from 11th December to 13th December 2021.   
 

1.3 Key performance measures 
There are many key performance measures in this model which are the queue length, 
waiting time, service time at server, service time at kiosk, cost related to server and kiosk 
system. The most important performance measures were the 90th percentile waiting time as 
per the customer and the total waiting time for a customer. The other important 
performance measure is the cost related to the servers and kiosk. The cost is also a point of 
concern as it will be directly incurred to the owner of the restaurant. The simulation model 
will show the results based on the interarrival time and service duration, which will show 
which model of the two, 2 servers 1 kiosk-based model or a 1 server-2 kiosks-based model is 
better. 
 

2. Modelling Approach 
2.1 Collecting and processing real data 

As this project was subject to data for one restaurant, it was hard to find any data online, 
which is why we had to manually collect real data. Since we had time restrictions, we were 
able to collect data for 3 days for an hour each, which is why we choose a weekend and 7 to 
8 PM time since it is one of the busiest times of the day. We noted down a time when a 
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customer enters the restaurant, and a time when he finishes giving an order making the 
server or Kiosk free for next in line customer. Based on those two times we were able to 
generate the interarrival time for the customers, their total wait time, the queue length, and 
the service time for the server and kiosk (Noted separately).  
 
In the fig. 1 below you can see the histogram for the interarrival times for customers and the 
fig. 2(a) and 2(b) shows the service durations for the server and the Kiosk respectively.  
 

   
                   Fig.1: Inter arrival time                      Fig. 2(a): Service duration for Server 
 

                         
Fig. 2(b): Service duration for Kiosk 

     

 Once we acquired the data, we used the MATLAB distribution fitter application to compare 
our real data to a known distribution, to generate random samples for our interarrival 
duration and service times in our simulation model. The table below shows the log likelihood 
values for our data to different distributions. More the value better the fit is for the 
distribution to our data. 
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It was noted that the customer arrival in total follows an exponential distribution, whereas 
service time for server follows a lognormal distribution, though for the simulation it is assumed 
that it follows a normal distribution since the difference isn’t large. The service duration for 
kiosk follows a normal distribution. The figures 3a, 3b & 3c below show the fitness of these 
known distributions to the CDFs of our interarrival durations and service durations. 

       

                        Fig. 3a: Normal service duration for Kiosk             Fig 3b. normal Service duration for server 

                                

                Fig. 3c: Exponential distribution for the interarrival times for customers 

 

 

   Server Kiosk 
Distribution Inter arrival Duration  
Exponential 652.77 288.71 
Normal 683.75 285.01 
  Service Duration 
Exponential 674.05 285.57 
Normal 727.73 310.02 
Lognormal 741.54 311.86 
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2.2 Formulating, Developing & Documenting the Model 
Our Conceptual model based on our collected data is shown in figure 4 below. For our model 
it is assumed that each server/kiosk has a separate queue and that the next customer that 
arrives joins the shortest queue. If a customer joins the kiosk queue than they would have 
service time associated with kiosk whereas if a customer joins the server queue than they 
would have service duration associated with the server.  
 

 
          Fig. 4: System model for simulation 
 
The transition system was modelled using a discrete event simulation. The structure of this 
model is presented in Figure 5. The system state is defined as the customers waiting in 
queue (queue length) and the number of servers/kiosks occupied. Important simulation 
variables are the time the customer arrives, the time the customer departs and the 
simulation time. Counters that we need to keep track of are the number of customers 
arriving and departing, average waiting time in queue and the total time between the entry 
and the exit of a customer.  
 

         
Fig. 5: Model Structure 

 
Given the structure presented above then we can define the simulation variables as follows:  
• Customer Arrival Time: random variable sampled from an Exponential distribution. 
Interarrival time used in the simulation was selected from computing the mean interarrival 
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time of the real data collected. Computed mean interarrival time = 1.75 customers per 
minute. 
• Service time: 2 different service durations each for a server and a kiosk based on the actual 
service durations from our real data. It was assumed that the service duration follows 
normal distributions for both the server and the kiosk since the difference in log likelihood 
score wasn’t much. The service time for Kiosk has a mean of 2.5 and a standard deviation of 
0.00090. The service duration for a server has a mean of 1.17 and a standard deviation of 
0.00036.  
• Queue wait time: service time – arrival time  
• Departure time: Time the customer departed. 
• Total transition time = departure time – arrival time. One assumption to note here is that, 
because total transition time is based on the normally distributed service time, it will 
accurately be able to represent real-world transition data that is normally distributed. 
 

2.3 Validating the Model 
Due to time constraints, we were only able to use one validation approach, which was to 
compare our simulated results to our real-world data that we collected. The figures 6(a, b, c) 
below show our histogram comparison of our simulated data of 2 servers and 1 kiosk and 1 
server and 2 kiosks to our real data which had 1 server and 1 kiosk for the total waiting time 
which was one of our key performance measures for this project. It is seen that the 
simulated data follows the same exponential total wait time as our real data, with changes 
in mean values for each as there is an additional resource in our simulated data. 

                             

                             Fig. 6(a): Real-world data                Fig. 6(b): Simulated data (2 server 1 kiosk) 

                                                              

                           Fig. 6(c): Simulated data (1 server 2 kiosk) 
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3. Results and Analysis 
3.1 Study and Design Conditions 

The objective of this project was to determine if a 2 servers 1 kiosk-based system was better 
or a 1 server 2 kiosks-based system. Both the server and kiosk follow normal service 
durations, which was determined from our real-world collected data. The system was 
modelled using the discrete event simulation in simpy. The in class simpy example on 
queuing theory was modified to include 3 resources to simulate servers or kiosks based on 
our selection. The next customer would join the shortest queue. After which the total wait 
times were generated for our 2 scenarios. 
For this study, the assumption is that 1000 runs would give an adequate representation of 
the total waiting times, in case of 1 server 2 kiosks-based system and 2 servers 1 kiosk-based 
system. Few important limitations to our model are: 1) it does not assume customers 
jockeying between queues 2) It is limited to 1 hr (7pm-8pm), which is usually the peak hour 
(dinner time). 
 

3.2 Study execution and Results 
As seen in the figure 6(a, b, c) above and figures 7(a, b) below, it can be easily said that the 
total wait time for 2 servers 1 kiosk-based system which is about 0.75 minute per customer 
is less than the total wait time for a 1 server 2 kiosks-based system which is about 2 minutes. 
The 90th percentile, which seems to be a better indicator for the total wait time is 1.92 for a 
2 server 1 kiosk-based system whereas is 8.47 for a 1 server 2 kiosk-based system, hence the 
simulation results show that having a 2 server 1 kiosk-based model is better in terms of 
limiting the overcrowding at the restaurant.  
 

              

                             Fig. 7(a): Average wait time (2 server 1 kiosk)          Fig. 7(b): Average wait time(1S-2K) 

The Average queue length for servers and the queue length for kiosk in a 2 server 1 kiosk 
model can be seen in figure 8(a, b) below, and the same for a 1 server 2 kiosk-based model 
can also be seen in figure 9(a, b) below. In either case we don’t really see a huge queue 
length if there are three ordering systems. It is still assumed that this analysis is only limited 
to an hour from (7PM-8PM) for any day. One interesting thing to note here is that in a 1 
server 2 kiosk model, the server tends to stay busier, having queue lengths up to 3 to 4 
people on average, which is because of the lesser service duration the server has in 
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comparison to the service duration for a kiosk. To conclude, the queue lengths in either case 
are manageable, and there is no overcrowding. 

                        

                             Fig 8(a): Average queue length for 2 servers          Fig 8(b):  Queue length for kiosk 

              

                                    Fig 9(a):  queue length for server          Fig 9(b): Average queue length for 2 kiosks 

 

3.3 Cost Analysis 

Our other key performance measure was the additional cost that would be associated with 
increasing a resource, which in our case is either an additional server or an additional kiosk. 
The table below shows the cost associated with both based on our research. The cost 
mentioned is in US dollars and in terms of yearly labour cost 355 working days with 10 hrs 
each day is assumed. 

 

 
 
 
 

 

It can be clearly noted that the cost of hiring an additional server is a lot more than the cost 
of deploying an additional kiosk.  
 

 

             Kiosk    Cost 

Purchase cost 4,000.00 
Monthly 
Maintenance 50.00 

Total cost for a year 4,600.00 

           Server     Cost 
Labour cost / hr 13.00 
Daily Labour cost  130.00 
Yearly Labour cost 46,150.00 
Total Cost for a year 46,150.00 
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4.  Discussion and Conclusion 
Accounting for both of our key performance measures, that is, the total wait time and the 
cost, even though a 2 server 1 kiosk-based model has a lesser 90th percentile than a 1 server 
2 kiosks-based model, making it more likely to be used, the cost associated with hiring an 
extra server is lot more than the cost associated with buying an additional kiosk.  
It can also be noted that the difference between the 90th percentiles for the 2 models is just 
6.55 minutes, so now the question arises is an extra 6.55-minute wait worth an extra 37000 
dollars? 
The obvious answer is not, hence even though 1 server 2 kiosks-based model has a higher 
90th percentile, it still seems more profitable for both the restaurant and the customers, 
since restaurants save up on huge amount of investment and no matter what model we 
choose customers don’t have to wait for more than 9-10 mins to order and as discussed 
earlier the queue length also seems good enough to limit overcrowding in either case, hence 
to conclude we feel that a 1 server 2 kiosks-based model is a win-win for both the customers 
as well as the restaurant. 
 

5.   Thoughts and Reflection 
This project was a great learning experience, we got to review some of the old MATLAB 
concepts we hadn’t used in a while. Throughout the course of the project, we also 
developed skills for data acquisition and using simpy to model different situations and 
scenarios. Time management and team work also played a significant role in the project 
completion.  
Overall if we had more time and more data to work with, it would have given us a better 
estimate for the two scenarios we were working with, but for time and data we had, we able 
to get a good estimate. 
 

   


