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Abstract

The rapid growth of the fast-food industry has intensified competition, requiring continuous service quality improvements to
maintain customer satisfaction and loyalty. At a popular restaurant, customers often face long queues, with waiting times
ranging from 8 to 35 minutes, potentially reducing satisfaction and repeat visits. This study examines the operational conditions
of a restaurant that implements a single-channel service system with two process stages: cashier service and food preparation
and serving in the kitchen. Observations show that total service time ranges from 8 to 35 minutes, consisting of cashier time
of approximately 2—15 minutes and kitchen processing time of 6—20 minutes, with significant variation leading to the formation
of long queues. This situation indicates a major bottleneck in the system, particularly in the kitchen during surges in demand,
which results in customers leaving the queue before being served and potentially leading to lost revenue. Therefore, this study
applies a simulation approach to represent the real conditions of restaurant operations, identify bottlenecks, and evaluate
alternative service facility improvements in a structured manner without disrupting operational activities, in order to obtain a
more optimal system configuration in terms of waiting time, service capacity, and cost efficiency. This study aims to identify
the most suitable queuing model and optimal service facility configuration to reduce both waiting time and queuing costs. Data
were collected over three consecutive days through direct observation (1:00 PM—-9:00 PM WIB), covering customer arrival,
cashier service, food preparation, and order pickup times. Analysis was performed using Arena software supported by
distribution testing and scenario simulations. The best improvement scenario involved adding one kitchen station staffed by
two employees, reducing the average waiting time from 21 to 13 minutes and achieving a total queuing cost of Rp 227,237.4
per hour. Clarity in cost calculations is necessary so that scenario selection truly reflects the consideration between increasing
service capacity and costs that must be borne. However, the lack of explanation regarding the method for assessing customer
waiting time costs, assumed labor wage rates, and the basis for calculating operational costs makes the results of the economic
analysis difficult to retest and verify. Thus, although the simulation results indicate a decrease in waiting time, the validity of
decisions in optimizing service facilities still needs to be supported by a more detailed, measurable, and systematic description
of the cost structure. This adjustment resulted in a multi-channel, multi-phase system, enhancing operational efficiency and
customer satisfaction. The urgency of this research is important because restaurants experience an imbalance between service
capacity and high demand during peak hours. This condition causes long queues and increased customer waiting times. This
has an impact on decreased satisfaction and the potential loss of customers who leave the queue. A simulation approach is
needed to test various scenarios and determine the most optimal service configuration efficiently.
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Introduction

The food and beverage industry is currently experiencing rapid growth, driven by the increasing popularity of fast
food as one of consumers’ preferred choices. Fast food refers to meals that can be served in a short time, as they have
undergone initial preparation before the order is placed. Once an order is received, only minimal additional processing
is required before the meal is ready to serve. The convenience of packaging and the practicality of presentation have
further enhanced the appeal of this type of food across various market segments [1], [2].

Preliminary observations at the Restaurant XYZ branch revealed that the outlet employs a Single Channel Multi-
Phase queuing system, with one cashier serving customers on a First Come First Served (FCFS) basis. Peak congestion
occurs during two primary periods: lunchtime (12:00—13:30) and dinnertime (19:00-20:30). At lunchtime, queues
become especially long as both workers and students take their breaks simultaneously. In the evening, the queues
result from the transition period between work hours and leisure time for dinner [3], [4].

Customer waiting time at this outlet is divided into two phases: the cashier service time, which ranges from 2 to
15 minutes, and the food preparation and serving time, which ranges from 6 to 20 minutes. This results in a total
waiting time of approximately 8 to 35 minutes. Such lengthy waiting times cause an average of 10 customers to leave
the queue without placing an order, representing a significant loss of potential sales for the business [5], [6].
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Preliminary observations at the Restaurant XYZ branch revealed that the outlet employs a Single Channel Multi-
Phase queuing system, with one cashier serving customers on a First Come First Served (FCFS) basis. Peak congestion
occurs during two primary periods: lunchtime (12:00—13:30) and dinnertime (19:00-20:30). At lunchtime, queues
become especially long as both workers and students take their breaks simultaneously. In the evening, the queues
result from the transition period between work hours and leisure time for dinner.

These findings highlight the importance of optimizing the queuing system to improve service efficiency and
customer experience. Addressing this issue requires a systematic approach that can accurately model the current
conditions and test potential improvements without disrupting actual operations—an objective that can be achieved
through simulation-based analysis [7]. A queuing system model for fast food restaurants shows that system
performance is heavily influenced by the balance between customer arrival rate and service capacity. In real-life
operational conditions, customer arrivals are random and fluctuating, particularly during peak hours, while service
times are relatively limited but still variable. An imbalance between these two components leads to long queues,
increased waiting times, and decreased customer satisfaction [8].

The global restaurant industry is experiencing consistent growth in line with the increasing demand for fast food
and changes in consumer behavior. The food service sector market value is projected to reach approximately USD 4.1
trillion in 2025 and continue to increase to approximately USD 6.8 trillion in 2034 with a compound annual growth
rate (CAGR) of approximately 5.8%, with the quick service restaurant (QSR) segment dominating the market share
by more than 40% [9], [10].

Customer waiting time at this outlet is divided into two phases: the cashier service time, which ranges from 2 to
15 minutes, and the food preparation and serving time, which ranges from 6 to 20 minutes. This results in a total
waiting time of approximately 8 to 35 minutes. Such lengthy waiting times cause an average of 10 customers to leave
the queue without placing an order, representing a significant loss of potential sales for the business.

This condition causes the restaurant service system to become increasingly complex and stochastic, characterized
by high variations in customer arrivals, especially during peak hours, with arrival rates that can reach 20-80 customers
per hour and average service times of 2—6 minutes per customer, so that it often results in a system utilization rate
approaching an unstable condition (p > 0.9) which has the potential to cause long queues and a decrease in service
quality [10], [11], [12].

Various studies based on Discrete Event Simulation (DES) show that an imbalance between service capacity and
demand can result in a significant average waiting time, even reaching around 24.49 minutes under certain conditions,
while the addition of one server unit can reduce waiting time by around 30-35% and reduce queue length by up to
40% [13], [14]. Thus, simulation is a relevant approach because it is able to represent the dynamics of a non-linear
and varied service system, and provides a quantitative basis for making decisions regarding the optimal design of
restaurant service facilities [11].

The fast food restaurant service system can be modeled as a stochastic queuing system with random customer
arrival patterns and inconsistent service times, resulting in system dynamics that are highly influenced by demand
fluctuations, particularly during peak hours [10], [15]. In these conditions, the system utilization rate approaching the
capacity limit (p — 1) causes a non-linear increase in waiting time and has the potential to cause system instability
when the arrival rate exceeds the service capacity [16]. In addition, the imbalance between demand and service
capacity not only impacts queue length and waiting time, but also gives rise to the phenomenon of customers leaving
the system before receiving service, which can be quantitatively represented as customer attrition (balking and
reneging) rates [17], [18]. This condition has an impact on reducing actual throughput and potential lost revenue which
can be measured through the difference between potential demand and customers actually served [16], [19]. Therefore,
the use of discrete event simulation (DIS) is a relevant approach to quantify the frequency of queue events, the
proportion of customer loss to total demand, and the estimation of the overall operational impact, so that the system
performance characteristics can be analyzed more comprehensively and measurably.

These findings highlight the importance of optimizing the queuing system to improve service efficiency and
customer experience. Addressing this issue requires a systematic approach that can accurately model the current
conditions and test potential improvements without disrupting actual operations—an objective that can be achieved
through simulation-based analysis.

Method

For the analysis stage, Arena software was employed as a simulation tool to create a detailed model of the existing
service flow. This model enabled the researchers to evaluate the system’s current performance, identify potential
bottlenecks, and simulate multiple improvement scenarios without disrupting the actual operations. By experimenting
with different configurations and service facility arrangements within the simulation environment, the study aimed to
determine the most optimal service facility setup in terms of efficiency, service speed, and customer satisfaction. This
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systematic approach ensured that the recommendations were based on data-driven insights and performance metrics
derived from the simulation results.
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Figure 1. Research Stages

A. Analysis Method

The analysis in this research was carried out using Arena Simulation Software through the following steps:

1.

Process Analysis and Data Collection
The initial stage involved collecting information on the customer service process at restaurant XYZ, from the
customer’s arrival until the food pickup stage. Data recorded included:

a. Customer arrival time.

b. Start time at the cashier.

c. End time at the cashier.

d. Food pickup time.
Distribution Testing
The collected time data were tested for distribution patterns using Input Analyzer in Arena. The steps included
opening the software, selecting Tools — Input Analyzer, importing the observation data in .txt format, and
applying the “Fit All” function to identify the best-fit probability distribution.

Simulation Model Design
A simulation model replicating the real service system was developed in Arena.
Model Verification
The model was verified to ensure logical correctness and the absence of compile errors, confirming that the
model functioned according to the intended design.
Model Validation
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Validation was performed by comparing the simulated service times with actual service times. Statistical testing
was conducted using the Half-Width Confidence Interval method.

6. Improvement Scenario Design
Several improvement scenarios were created to minimize waiting time, reduce work-in-process, and increase
value-added activities.

7. Arena Output Analysis
Simulation outputs were analyzed to evaluate system performance under each scenario, focusing on waiting time
reduction.

8.  Queue Cost Analysis
Total cost is the sum of total service cost per hour (Cs) and customer waiting cost per hour (Cw).

9. Final Recommendation
The scenario with the lowest waiting time and most cost-effective service configuration was selected as the
optimal service facility recommendation.

This research methodology describes a systematic process in determining the optimal service facility
configuration in a fast food restaurant using the Discrete Event Simulation (DES) approach [20], [21]. The initial
stage begins with identifying the service system, including customer flow, server capacity, and potential queues due
to an imbalance between demand and service capacity. Next, operational data such as customer arrival times, service
times, and the number of available facilities is collected [22]. The data is analyzed to determine the probabilistic
distribution pattern that represents the characteristics of the real system, so that it can be used as a basis for building
a simulation model that is more accurate and representative of the restaurant's operational conditions.

Results and Discussion

A. Technical Data

The data used in this research was obtained through direct observation at restaurant XYZ over a three-day period,
from Monday to Wednesday, between 13:00 and 21:00 WIB. The collected data included customer arrival time, start
time at the cashier, end time at the cashier, and food pickup time.

B. Data Distribution Testing

Data distribution testing was conducted to determine the probability distribution patterns for customer arrival times
and service process times, using the Input Analyzer feature in the Arena software. These probability distributions were
then used as key attributes in the development of the simulation model. The detailed results of the distribution analysis
can be found in Appendix 4, while a summary of the findings is presented in Table 1.

Table 1. Recapitulation of Data Distribution Test Results

No Time Measurement Probability Distribution Formula
1 Interarrival Time -0.5+LOGN(3.84,2.72)
2 Service Time at Cashier 0.5+9 * BETA(1.42, 4.45)
3 Food Processing Time — Stage 1 2 + LOGN(3.65, 2.3)
4 Food Processing Time — Stage 2 TRIA(3,4,11)

5 Food Pickup Time TRIA(-0.5,0.482,1.5)

C. Actual simulation

In the simulation model of restaurant XYZ, there is only one type of entity, namely the customer. Therefore, in
Arena software, only Entity 1 is defined. This customer entity has several key variables.

The time parameters in the simulation measure the duration of each activity performed by the entity, which are
classified into Value-Added (VA), Non-Value-Added (NVA), Waiting Time (Wait), Transfer Time, and Other Time.
The details of their implementation in restaurant XYZ are presented in Table 2.

Table 2. Entity Time in restaurant XYZ Simulation

Entity Time Average (Minute)
VA 12,0797
NVA 0,00
Wait 20,9470
Transfer 0,00
Other 0,00
Total 33,0267

d. https://doi.org/10.29103/sisfo.



E-ISSN 2599-0330 SISFO Jurnal Ilmiah Vol. 10, No. 2, October 2026, pp. 391-400 395

This component summarizes essential data regarding the flow of entities within the system, The complete details
of these “Other” parameters are presented in Table 3.

Table 3. Other Parameters in Restaurant XYZ Simulation

Entity Average (Entity)
Number In 200
Number Out 200
WIP 8,7073

From Table 3, it can be observed that the total number of customers entering the system was 200, which matches
the number of customers who completed the process. The average time spent in the system was 8.7073 minutes with
a half-width of 10.69, a minimum average of 4.9344 minutes, a maximum average of 13.3907 minutes, and an absolute
maximum of 21 minutes.

The verification test ensures that the simulation model is accurate and reflects the actual conditions observed in
the field. The verification process was conducted using the compile error check to identify whether any errors still
existed in the simulation model. The verification of the restaurant XYZ service simulation model can be seen in Figure
L.

12:00:00

Figure 2. Running Simulation Model of Restaurant XYZ

The simulation results show how the service system operates sequentially, from when a customer enters the
system at 12:00:00 PM until the customer exits after the entire service sequence is complete. The resulting data not
only illustrates the process flow but also provides quantitative information that can be used to evaluate the system's
overall performance. In terms of operational time, the simulation produces several key interrelated indicators.
Customer waiting time is a critical component, divided into two parts: the waiting time before service at the cashier
and the waiting time before the food production process begins. This value indicates the system's congestion level,
especially at points with potential queues.

Furthermore, the processing time at each workstation is also recorded in detail. The production process,
consisting of Stages 1 and 2, reflects the system's primary workload, with each stage contributing to the total service
time. Furthermore, the simulation also produces total time in the system, which is the total time a customer spends
from entering to exiting the system. This value is a key indicator in assessing the efficiency of the service flow, as it
reflects the combination of waiting time and processing time. In terms of output, system throughput indicates the
number of customers successfully served within a given simulation period. This parameter describes the system's
ability to handle the load of customer arrivals during the operating period. The higher the throughput, the greater the
service capacity the system can handle.

Additional data obtained from the Record block provides statistical summaries such as average waiting time,
average processing time, and data variations that occurred during the simulation. This information is important for
assessing system stability and identifying any load imbalances in any part of the process. Based on the overall results,
it appears that the process flow is uneven at each service stage. The production section, particularly at Stages 1 and 2,
tends to be the point with the highest workload, potentially leading to longer queues than the cashier process. When
capacity in the production section is lower than the customer arrival rate, work backlogs occur, resulting in increased
waiting times and total system time. In general, the simulation results show that system performance is significantly
influenced by the capacity balance between workstations. This imbalance is a major factor causing slowdowns in the
process flow in the service system.
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D. Validation Test

Validation testing was conducted by comparing service times in the simulation with actual data from the real
system. The results of comparing the real system output with the arena output can be seen in Table 4.

Table 4. Comparison of Total Service Time per Day

Replication Total Real System Service Time Total Software Arena
P (Minutes/day) Service Time (minutes/day)
1 2085 2239
2 1886 2440
3 2225 2569
Total 6196 7248
Average 2065 2416
SD 139,0930943 135,8466263
n 3 3
N-1 2 2
2 2
Half Width = tiabel /s—'+s—2
np ny
Half Width =430 1393—”+1353_84
Half Width =41,164

Therefore, the confidence interval is as follows:

[(i-0)-hw < - 1, (545 ) +hw]

[(-391,771) < p,- p, <(4522,438)]

HO is accepted because the value 0 is within the interval pu — 2, so the data is declared valid.

E. Improvement Design

The results of the improvement scenario design are as follows:
1. The first improvement scenario is to add one employee at the cash register and add one kitchen staffed by two
employees.
2. The second improvement scenario is the addition of one kitchen staffed by two employees without adding any
employees at the cash register.
3. The third improvement scenario is to add one employee at the cash register without adding to the kitchen staff.
The simulation model for the proposed service scenario at the Restaurant XYZ is as follows:

Table S. Entity Time First Repair Scenario

. . Average
Entity Time (Minute)
VA 15,5
NVA 0,00
Wait 7,89
Transfer 0,00
Other 0,00

Total 23,3

Complete details regarding the other parameter can be found at table 6.

Table 6. Other First Repair Scenario Simulations

Entity Average (Entity)
Number In 200
Number Out 200
WIP 6,8
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The repair scenario map can be seen in Table 7.

Table 7. Entity Time Second Repair Scenario

Entity Time Average (Minute)
VA 12,01
NVA 0,00
Wait 13,01
Transfer 0,00
Other 0,00
Total 25,0319

Complete details regarding the other parameter can be found at Table 8.

Table 8. Other Second Repair Scenario Simulations

Entity Average (Entity)
Number In 200
Number Out 200
WIP 6,913

The third improved restaurant XYZ simulation model for the time section can be seen in Table 9.

Table 9. Entity Time Third Repair Scenario

Entity Time Average (Minute)
VA 16,37
NVA 0,00
Wait 81,07
Transfer 0,00
Other 0,00
Total 97,44

The third improvement scenario map can be seen in Table 10.

Table 10. Other Third Repair Scenario Simulation

Entity Average (Entity)
Number In 200
Number Out 200
WIP 22,3507

F. Queue Cost Calculation Based on Improvement Scenarios

The calculation is as follows:
1. Calculating Service Costs
Service costs include employee costs and service facility costs. The assumptions used in calculating service costs
are:
a) There are 24 working days a month.
b) 1 working day of 8 hours per shift
¢) The average salary of cashiers and kitchen staff is based on the 2025 provincial minimum wage (UMP) of
Rp. 2,992,559. The calculation of employee service costs is as follows:
Cs Employee = "2.992.559" /"8 x 24"
Cs Employee = 15.586,2,-
List of service facility costs in the form of cash registers priced at Rp. 7,500,000 per unit and kitchen facilities
priced at Rp. 50,000,000. The service period for cash registers is 10 years and for kitchen facilities is 10 years.
The table of service facility costs per hour based on the scenario can be seen in Table 11.
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Table 11. Hourly Service Facility Costs Based on Scenarios

Cost per Total Cost Per Hour

Scenario  Cost Components Number Total Cost (IDR)

Unit (IDR) (IDR)
| Cash Register 7.500.000 2 15.000.000 651,04
Kitchen 50.000.000 2 100.000.000 4340,27
Total 4991,31
) Cash Register 7.500.000 1 7.500.000 325,52
Kitchen 50.000.000 2 100.000.000 4340,27
Total 4665,79
3 Cash Register 7.500.000 2 15.000.000 651,04
Kitchen 50.000.000 1 50.000.000 2170,13
Total 2821,181
Calculation of employee facility costs as follows
Cs (Facilities)= "15.000.000" /"10 x 2304" = Rp. 651,04,-/Hours
The table showing the total service costs can be viewed at table 12.
Table 12. Total Service Costs Restaurant XYZ
. Cs Cashier Cs Kitchen Cs Taking Food Cs Fasilities
Scenario (IDR) (IDR) (Ile) (IDR) Cs Total IDR)
1 31.172,49 62.344,98 15.586,24 4991.31 114.095
2 15.586,24 62.344,98 15.586,24 4665.78 98.183,27
3 31.172,49 31.172,49 15.586,24 2821.18 80.752,4

2. Calculating Waiting Costs
Assumptions used in calculating waiting costs include.
a) There are 20 working days in a month.
b) 1 working day of 8 hours.
c) The average salary of cashiers and kitchen staff is based on the 2025 provincial minimum wage (UMP) of
Rp. 2,992,559. The calculation of employee service costs is as follows:
Cw  ="2.992.559" /"8 x 20"
Cw  =18.703,49,-/hours
After that, calculate the total waiting cost by multiplying the waiting cost by the average number of customers
in the system. The table showing the total waiting cost can be seen in Table 13.

Table 13. Total Waiting Cost
Scenario Cw (IDR) Ls Cw (IDR)

1 18.703,49 6,8 127.183,8
2 18.703,49 6,9 129.052,1
3 18.703,49 22,35 418.023,1

3. Total Waiting Costs
After calculating the service cost and waiting cost, the next step is to calculate the total queue cost required for
each scenario. The total queue cost is obtained by adding the service cost and waiting cost. The total queue cost
table can be seen in Table 14.

Table 14. Total Queuing Costs Based on Scenarios

Scenario Cs (Rp) Cw (Ls) Ct (Rp)
1 114.095 127.183,8 241.278,8
2 98.183,27 129.054,1 227.237,4
3 80.75,4  418.023,1 498.775,5

G. Discussion

Based on the research findings presented above, a more in-depth discussion can be developed to better understand
the implications of the simulation results and the comparative analysis between different scenarios.
1. Comparison of Scenarios Using Simulation
The conducted simulation compared the actual operating conditions with three different improvement
scenarios to identify the most effective strategy for enhancing service performance. From the simulation
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outcomes, it is evident that the first improvement scenario delivers the most optimal performance when compared
not only to the existing condition but also to the other two improvement scenarios.

Under the actual scenario, the average total time required for each entity to complete the service process was
recorded at 33.0267 minutes. Through the implementation of the first improvement scenario, this figure was
successfully reduced to 23.3962 minutes. Such a reduction clearly indicates a substantial improvement in
operational efficiency, as a shorter total processing time generally corresponds to smoother workflows and faster
customer turnover.

Moreover, the average waiting time experienced by customers exhibited a significant decline from 20.9470
minutes under the actual scenario to just 7.8957 minutes in the first improvement scenario. This dramatic
reduction highlights the effectiveness of the implemented changes in shortening queues and improving service
responsiveness, leading to higher customer satisfaction. Additionally, the average value-added time (VA time),
which reflects the period during which meaningful work is performed that directly contributes to the final
outcome, increased from 12.0797 minutes to 15.5005 minutes. This improvement suggests that a greater
proportion of the service process is devoted to activities that generate tangible value for the customer.

In terms of the average number of entities being processed simultaneously (Work in Process or WIP), the
first improvement scenario yielded the smallest value at 6.8179 entities, compared to the original 8.7073 entities.
A lower WIP figure indicates a reduced workload burden on the system, which in turn enhances process flow
and minimizes congestion. Nevertheless, it is important to acknowledge that the addition of more service
facilities in this scenario inevitably results in higher operational expenses, which must be considered in decision-
making.

2. Comparison of Queue Costs Based on Scenarios

The evaluation of queue-related costs across the three scenarios further enriches the analysis. In the first
improvement scenario, service costs (Cs) amounted to Rpl114,095, while waiting costs (Cw) reached
Rp127,183.8. The combination of these two cost components produced a total cost (Ct) of Rp241,278.8. These
figures indicate a balanced distribution of both service and waiting expenses, resulting in a moderately positioned
total cost level.

In the second improvement scenario, service costs decreased to Rp98,183.27, accompanied by a slight
increase in waiting costs to Rp129,054.1. Despite this small rise in waiting costs, the total cost in this scenario
was the lowest among all, amounting to only Rp227,237.4. This outcome demonstrates that the second
improvement scenario offers the most cost-efficient solution, effectively minimizing overall expenses without
significantly compromising service performance.

On the other hand, the third improvement scenario significantly reduced service costs to Rp80,754.4;
however, this cost-saving measure came at the expense of waiting costs, which escalated sharply to Rp418,023.1.
Consequently, the total cost rose to Rp498,775.5, representing the highest value among the three scenarios. This
result clearly illustrates that excessively reducing service capacity or facilities, as seen in the third scenario, may
indeed lower service expenses but simultaneously causes a disproportionate increase in customer waiting time,
thereby inflating total operational costs.

Conclusion

Based on the results obtained from the previous chapters, it can be concluded that the most suitable queuing model
for this case is the multi-channel, multi-phase system. The optimal service facility configuration is achieved by adding
one additional kitchen staffed by two employees, with an operational cost of Rp227,237.4 per hour, according to the
selected scenario. This configuration successfully reduces customer waiting time from 21 minutes to 13 minutes
compared to the initial condition. The results of this study are to determine the optimal service facility configuration
at Restaurant XYZ using a simulation approach on a multi-channel, multi-phase system. Based on the simulation
results of various configuration scenarios, it was found that changes in the number and capacity of facilities at each
service stage have a significant impact on system performance, especially on indicators of customer waiting time,
time in the system, throughput, and server utilization levels.

Adding one worker and providing an additional kitchen unit in the food processing area with two operators is
recommended to reduce queue load and increase service speed. A cost-benefit analysis of each resource addition
alternative should be considered, so that operational decisions are based not only on improving system performance
but also on cost efficiency. Furthermore, further study of the impact of improving service quality on customer
satisfaction and loyalty is also needed to provide a more comprehensive picture of long-term operational strategy.
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