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Abstract 

This study investigated the effectiveness of various dispatching rule algorithms in optimizing work-order scheduling involving 

paired technicians, with a focus on minimizing downtime in industrial maintenance operations. While efficient scheduling is 

essential for operational productivity, existing approaches often emphasize complex technician utilization analyses that can delay 

decision-making and exacerbate downtime. Through simulation-based evaluation of seven dispatching rules First Come First Serve 

(FCFS), Last Come First Serve (LCFS), Round Robin, Longest Processing Time (LPT), Shortest Processing Time (SPT), Weighted 

Longest Processing Time (WLPT), and Weighted Shortest Processing Time (WSPT), this study measures key performance 

indicators such as waiting time and repair time. The results reveal that FCFS consistently outperforms other algorithms in reducing 

downtime, highlighting that technician speed and scheduling responsiveness are more impactful than deep specialization in 

technician roles. By demonstrating the practical advantages of simpler, rule-based scheduling, this study contributes to the body of 

knowledge on maintenance optimization and offers actionable insights for industries seeking to streamline technician allocation. 

Future research should explore AI-based scheduling and dynamic team configurations to further enhance efficiency without 

introducing unnecessary complexity.  

 

Keywords- Dispatching rule algorithms, Downtime optimization, Paired technician, Scheduling simulations. 

 

 

 

1. Introduction 
The importance of reducing downtime in modern industries cannot be overstated, as high downtime can 

lead to significant financial losses and decreased productivity. Understanding how to minimize downtime 

is a primary objective in industrial operation management. Decades of research have focused on optimizing 

work order scheduling to minimize downtime. The theory that effective scheduling can enhance the 

operational efficiency is central to several studies in this field. Poor scheduling is widely assumed to be a 

major cause of high downtime. There is a longstanding interest in the development of more efficient and 

adaptive scheduling algorithms. There is a general consensus that high downtime is a serious issue that 

needs to be addressed to improve industrial productivity. For instance, dispatching rules such as most 

remaining time first (MRT) are still frequently used as benchmarks in evaluating new scheduling methods, 
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as shown in previous studies (Luo, 2020; Wu et al., 2023). The application of six simple dispatching rules 

combined with a deep Q-network has also been explored in recent research (Luo et al., 2021), whereas 

decentralized dispatching rule mechanisms using multi-agent systems have been implemented in other 

studies (Teck et al., 2023). Importantly, although many studies have focused on multi-agent scenarios, few 

have specifically emphasized the utilization of multiple technicians. Solutions for job shop scheduling using 

two agents to determine the optimal objectives in selecting appropriate dispatching rules have been 

proposed (Luo et al., 2021). Additionally, job prioritization based on multiple criteria later simplified into 

a single criterion for work order scheduling has been examined (Thenarasu et al., 2024). Based on several 

studies, traditional dispatching rule methods remain appealing for sequencing work orders involving 

multiple technicians, whether in terms of scenario design (Quadras et al., 2024) or resource allocation 

(Voskresenskii et al., 2023a). However, despite the extensive exploration of dispatching rules and agent-

based scheduling, limited attention has been given to the specific context of technician pair scheduling in 

maintenance operations. This represents a gap in the literature, particularly in understanding how traditional 

dispatching rules perform when applied to real-world scenarios involving technician teams. This study aims 

to evaluate the effectiveness of various dispatching rule algorithms in optimizing multi-technician work-

order scheduling, with a focus on reducing downtime. By addressing this gap, this study contributes to the 

body of knowledge by providing a comparative analysis of dispatching rules in technician-pair contexts, 

offering practical insights into maintenance scheduling strategies that balance simplicity and 

responsiveness. By understanding the strengths and limitations of traditional dispatching rule algorithms, 

this study aims to provide valuable insights for developing more efficient and adaptive scheduling strategies 

for multi technician work-order sequencing. 

 

Scheduling algorithms have long been implemented in the industrial sector, primarily to enhance production 

efficiency tailored to specific situations. In conventional job shop scenarios, the use of simple dispatching 

rule algorithms remains quite popular, although recent research suggests that newer rules may offer better 

performance effectiveness (Holthaus & Rajendran, 2000). Some studies have proposed that minimizing the 

average flow time can reduce the average delay time (Mohanasundaram et al., 2003), while others argue 

that no single rule is universally optimal for all situations (Zhang & Wang, 2018). In more complex 

environments, constraint programming has been shown to outperform traditional dispatching rules (Shady 

et al., 2021; Zhao et al., 2021). Conversely, traditional dispatching rules continue to demonstrate advantages 

in terms of simplicity and implementation speed, particularly in real-time data applications (Luo et al., 

2021). Despite these findings, it remains unclear whether traditional dispatching rules can consistently 

provide optimal solutions in dynamic and complex environments (Pinciroli et al., 2023; Voskresenskii et 

al., 2023b). Their effectiveness in multi-technician job assignments aimed at reducing downtime is still an 

open question. Based on the existing literature, further observation is needed to determine whether 

traditional dispatching rules can produce optimal work order sequences in such contexts. Evidence 

supporting the importance of minimizing completion and wait times in reducing downtime was first 

highlighted in earlier studies (Holthaus & Rajendran, 2000). Three research directions are relevant to this 

issue. First, some approaches apply dispatching rule algorithms for scheduling optimization, including 

methods such as the shortest processing time or earliest due date (Mohanasundaram et al., 2003; Zeiträg et 

al., 2022). Second, other studies focus on optimizing dispatching rule scheduling by considering multi-

objective efficiency (Oukil et al., 2022). Third, more advanced algorithms, such as deep reinforcement 

learning and genetic algorithms, have been explored for complex scheduling problems (Lei et al., 2022; Shi 

et al., 2023). Overall, it remains uncertain whether traditional dispatching rules can outperform these 

advanced algorithms under simpler and less complex conditions. Recent studies have shown that although 

newer scheduling policies such as Nudge offer improved performance in job distribution, traditional 

dispatching rules like First-Come First-Served (FCFS) remain widely used due to their simplicity and 

robustness, and are still employed as benchmarks in performance evaluations (Grosof et al., 2021). In 
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container terminal operations, for example, FCFS continues to be compared with more advanced methods 

such as Nearest-Truck-First-Server (NTFS), highlighting its ongoing relevance in various resource 

allocation scenarios (Riaventin et al., 2024). Therefore, future research could focus on comparing the 

performance of traditional dispatching rules with that of more advanced approaches. 

 

To reduce machine maintenance downtime based on work-order data involving multiple technicians, 

traditional dispatching rule techniques offer simple and straightforward solutions, particularly when the 

data are not overly complex or dynamic. Although traditional dispatching rules remain relevant, they have 

limitations in addressing the complexities of modern industrial environments (Luo, 2020). More advanced 

methods have been proposed to learn optimal scheduling rules, yet dispatching rules continue to stand out 

for their simplicity in implementation and computational efficiency (Wu et al., 2023). For example, neural 

networks have been used to enhance cost efficiency by learning priority rules for dispatching (Lei et al., 

2022; Shi et al., 2023; Zhang et al., 2023). In simulations involving less complex data, simple dispatching 

rules such as First-Come First-Serve (FCFS), Earliest Due Date (EDD), and Shortest Processing Time 

(SPT) have proven easy to implement and fast to execute, although they do not always guarantee optimal 

solutions (Klusáček et al., 2018; Shady et al., 2021; Zhang & Wang, 2018). Although hybrid dispatching 

rules may offer better performance in terms of optimization, traditional rules remain an attractive choice 

for simpler conditions where data complexity is low. The primary objective of this research is to evaluate 

the effectiveness of traditional dispatching rules in optimizing multi-technician work-order scheduling, with 

a focus on reducing downtime. It is hypothesized that traditional dispatching rules can yield satisfactory 

results under conditions that are neither overly complex nor dynamic. To investigate this, work order data 

from the manufacturing industry were collected, and various traditional dispatching rules were applied in 

the simulation. The results were then compared in terms of downtime reduction. This study includes a 

comparative analysis of several traditional dispatching rules First-Come First-Serve (FCFS), Last-Come 

First-Serve (LCFS), Round Robin, Shortest Processing Time (SPT), Longest Processing Time (LPT), 

Weighted Shortest Processing Time (WSPT), and Weighted Longest Processing Time (WLPT) within the 

context of multi-technician work order scheduling. The use of dispatching rules in this study aims to observe 

optimal technician allocation scenarios for minimizing downtime before applying more advanced methods 

such as metaheuristics. This step is crucial because complex algorithms often face implementation 

challenges due to data complexity in real-world settings (Faizanbasha & Rizwan, 2025). Dispatching rules, 

such as FCFS, have been widely proven to be simple, fast, and effective across various scheduling problems, 

making them suitable for initial scenario testing (Zeiträg & Figueira, 2023). 

 

The remainder of this paper is organized as follows. Section 2 discusses the research methodology, 

including the research design, data subjects, implementation of dispatching rule algorithms, scheduling 

procedures, performance measurements, validation, and verification. Section 3 presents the research results, 

including preprocessing and analysis of the research findings. Section 4 discusses the implications and 

limitations of this study. The article concludes with a summary, contributions to knowledge, implications 

for managerial practices, limitations, and opportunities for future research. 

 

2. Research Methods 

2.1 Research Design 
This study employed a simulation-based approach to evaluate the performance effectiveness of various 

traditional dispatching rule algorithms for optimizing the scheduling of work orders involving multiple 

technicians. The goal of this approach is to balance the performance quality and algorithm reliability by 

incorporating scenarios that reflect resource availability and stochastic factors within the maintenance 

process (Souza et al., 2022). Simulations were used to test a range of possible scenarios in a controlled and 

measurable environment, allowing for systematic evaluation without disrupting actual operations (Torres 
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et al., 2024). These simulations were grounded in historical work-order data to ensure realistic modeling of 

the complexity and dynamics of the maintenance process (Luo et al., 2021). The simulation design steps 

are as follows: 

 

• The system was modeled to simulate the scheduling of multi-technician work orders using discrete-event 

simulation software. The model includes key components, such as work orders (µ), technicians (T), 

machines, team allocations, and dispatching rules based on waiting time (w) and completion time (C). It is 

assumed that n work orders and m technicians available. Each work order µi represents a maintenance task 

on a specific machine and requires a technician team to perform an operation ɣ𝑖,𝑗, where 𝑖𝑡ℎ denotes the 

work order index and 𝑗𝑡ℎ the sequence of execution. The time required to complete repairing of each 

operation is denoted by 𝑡𝑖𝑗, which includes both waiting time and repair time. Each operation is assigned 

to a technician pair ς{T𝑚−1, T𝑚}, where in this study, the technician team size is fixed at two. 

 

• Historical work-order data were collected to populate the simulation parameters. The dataset includes 

work order IDs, machine types, job priorities, arrival times, waiting times, completion times, and technician 

assignments. The set of work orders is represented as Equation (1). 

µ = {µ1, µ2, µ3, µ4, µ5, ,…, µn}                                                                                                                         (1) 

 

Each work order µi requires a processing time 𝑡𝑖𝑗  and a technician team selected from Equation (2) 

T = {𝑇1, 𝑇2, 𝑇3, 𝑇4, 𝑇5, … . , 𝑇𝑚}                                                                                                                     (2) 

 

The technician allocation for each operation ɣ𝑖,𝑗 is determined based on the availability and suitability of 

technician pairs ς, with the constraint that each technician can only handle one work order at a time. 

 

• Implementation of dispatching rule algorithms: the dispatching rule algorithms used included First-Come 

First-Serve (FCFS), Round Robin, Shortest Job First, Longest Processing Time (LPT), Weighted Longest 

Processing Time (WLPT), and Weighted Shortest Processing Time (WSPT). Each algorithm determines 

the order in which work orders µi are assigned to operations ɣ𝑖,𝑗, executed by technician pairs ς. The 

scheduling is based on minimizing the total completion time in Equation (3) 

𝐶𝑡,𝑚𝑎𝑥 = min{max ∑ ∑  (𝑤 𝑖𝑗 +  𝑡 𝑖𝑗) 𝑓𝑟𝑜𝑚  ɣ𝑖,𝑗ς{T𝑚−1, T𝑚}ℎ
𝑗

𝑛
𝑖 }                                                                  (3) 

 

where, 𝑤 𝑖𝑗 is the waiting time for operation ɣ𝑖,𝑗, and h is the number of operations per work order. 

 

• Simulation experiments were conducted under various scheduling scenarios, including variations in the 

number of work orders, technician availability, technician speed, and operational constraints. Two primary 

technician pairing scenarios were tested in Equation (4) and (5): 

ς ϵ 𝑉𝑚𝑖𝑛 :  technician pairs with the highest speed                                                                                        (4) 

ς ϵ 𝐸𝑚𝑎𝑥 : technician pairs with the highest expertise                                                                                   (5) 

 

Each operation ɣ𝑖,𝑗 waits for an available technician pair before execution. The constraint is formalized as 

Equation (6): 

ς (𝑉𝑚𝑖𝑛 || 𝐸𝑚𝑎𝑥) ϵ µ𝑖 ≠ ɣ𝑖,𝑗                                                                                                                          (6) 

 

This ensures that technician allocation is exclusive and sequential. 
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• The simulation results were analyzed to compare the performance of each dispatching rule. The key 

performance indicators included in Equation (7) and (8): 

Total waiting time 𝑤 𝑡,𝑚𝑖𝑛 𝜖  ɣ𝑑𝑖𝑠𝑝𝑎𝑡𝑐ℎ                                                                                                            (7) 

Total processing time 𝑡 𝑡,𝑚𝑖𝑛 𝜖  ɣ𝑑𝑖𝑠𝑝𝑎𝑡𝑐ℎ                                                                                                        (8) 

 

The comparison focused on identifying which algorithm produced the most optimal scheduling outcomes 

under different technician pairing scenarios. These insights were used to determine the relative 

effectiveness of each rule in handling multi-technician work orders, particularly in terms of reducing delays 

and improving task completion efficiency. 

 

• Model validation was performed by comparing the simulation outputs with historical data and findings 

from previous studies. This step ensures that the simulation accurately reflects real-world maintenance 

operations and provides reliable insights for decision-making. 

 

By utilizing the simulation approach, this study aims to provide in-depth insights into the performance 

effectiveness of traditional dispatching rule algorithms under various scenarios and offer recommendations 

for developing more efficient and adaptive scheduling strategies. 

 

2.2 Subject and Data 
This study focuses on simulating the scheduling of work orders that require technician teams working in 

pairs, specifically within the context of machine maintenance operations. The data used in this study were 

obtained from a Computerized Maintenance Management System (CMMS), which records detailed 

information about maintenance activities. The primary objective is to optimize dispatching rules to enhance 

scheduling efficiency and reduce the total time required to complete maintenance tasks, as highlighted in 

previous studies that emphasized the importance of efficient technician coordination and task allocation 

(Smith & Srinivas, 2019; Wang & Wu, 2023). 

 

The subjects of this study were work orders that must be executed by two-person technician teams. These 

teams are assigned based on the nature of the task and the required expertise, ensuring that maintenance is 

performed effectively and efficiently. The dataset includes several critical attributes: work order identifiers, 

machine types, arrival timestamps, job priority levels, waiting times, and completion times. Each work-

order ID serves as a unique reference for tracking and analysis. Machine information is used to determine 

technician suitability based on skill specialization. Arrival time data indicate when a work-order enters the 

system, while job priority reflects the urgency of the task. The waiting time represents the duration for 

which a work order remains in the queue before being assigned, which is essential for evaluating the 

responsiveness of the scheduling process. Completion time, on the other hand, captures the full duration 

from the moment a work order is received until it is finalized, offering a comprehensive measure of 

scheduling performance. 

 

The structure of this data enables the simulation to realistically model the technician allocation and task 

execution. By incorporating these variables, the study aims to assess how different dispatching strategies 

influence operational outcomes, particularly in minimizing delays and maximizing technician productivity 

in an industrial maintenance setting. 

 

2.3 Implementation of Dispatching Rule Algorithms 
This study applied several dispatching rule algorithms within a simulation model to evaluate their 

effectiveness in scheduling work orders involving multiple technicians (Nasiri et al., 2017). Dispatching 
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rules are widely used in job shop scheduling due to their simplicity and adaptability to real-time data 

environments (El Khoukhi et al., 2017). The simulation begins by placing incoming work orders each 

associated with specific equipment and priority levels into a queue. These work orders are then processed 

based on the selected dispatching rule. When a work order reaches the execution stage, it is assigned to a 

team of two technicians, in accordance with the study’s focus on paired technician scheduling. The 

simulation model incorporates key elements, such as arrival time, job priority, waiting time, and repair 

duration, to reflect realistic maintenance operations. 

 

 
 

Figure 1. Scheduling process. 

 

 

The dispatching algorithms in Figure 1 implemented in this study include several widely used scheduling 

strategies. First-Come First-Serve (FCFS) prioritizes work orders based on their arrival time, ensuring that 

tasks are handled in the order they are received. Round robin distributes tasks evenly among technician 

teams in a rotating sequence, promoting balanced workload distribution. The Longest Processing Time 

(LPT) gives precedence to tasks with the longest estimated repair duration, whereas the Shortest Processing 

Time (SPT) gives precedence to tasks with the shortest expected completion time. The Weighted Shortest 

Processing Time (WSPT) combines job priority and repair time to calculate a weighted score, allowing for 

more nuanced task sequencing based on both urgency and efficiency. Weighted Longest Processing Time 

(WLPT), on the other hand, prioritizes tasks by assigning weights based on job priority and then selecting 

those with the longest weighted processing time, aiming to optimize resource utilization for high-impact 

tasks. 

 

Each algorithm was coded as a scheduling function in the simulation environment. The simulation was 

designed using discrete-event logic, where each work order is treated as an event that progresses through 

the stages of queuing, technician assignment, and task completion. Technician availability was dynamically 

managed to ensure that no technician was assigned to more than one task at a time. To evaluate the 

performance of each algorithm, multiple simulation scenarios were conducted, varying in terms of 

technician availability, task complexity, and job arrival patterns. The simulation results were analyzed 

based on key performance indicators, including the total completion time, average waiting time, and 

downtime. These metrics were used to assess the effectiveness of each algorithm in optimizing the 

scheduling process under different operational conditions. 

 

The outcomes of each scenario were visualized and compared to identify the most efficient dispatching 

strategy. This approach provides insights into the practical application of dispatching rules in maintenance 

environments and supports the development of more adaptive and efficient scheduling systems. 
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2.4 Scheduling Procedure 
The experiments in Figure 2 were conducted using simulations with various parameter variations to 

evaluate the performance of work-order scheduling involving multiple technicians. The parameters used 

included the number of work orders, technicians, job priorities, arrival times, waiting times, arrival times, 

and waiting times. The objective of these experiments was to identify the optimal scenario for scheduling 

work orders using various dispatching rule algorithms. 

 

Each simulation scenario was conducted by changing parameters such as the arrival time of work orders 

and job priorities. The adjustment of these parameters aims to determine the best pattern for optimizing 

scheduling. The dispatching rule algorithms tested included the First-Come First-Server (FCFS), Round 

Robin, Longest Processing Time (LPT), Shortest Processing Time (SPT), and Weighted Shortest 

Processing Time (WSPT). Each algorithm was tested for each scenario to evaluate its performance. 

 

 
 

Figure 2. Simulation experiment flow with python. 

 

The waiting time can be minimized by minimizing the total waiting time (Equation (9)). Each work order 

must be handled by two or more technicians, depending on the equipment requirements (Equation (10)). 

The starting time of a work order must be greater than or equal to its arrival time (Equation (11)). The 

completion time of the work order is the start time plus the processing time (Equation (12)). The waiting 

time is the difference between the start time and arrival time (Equation (13)). There should be no overlap 

in the work orders of the same technician (Equation (14)). 
 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 =  ∑ 𝑤𝑖
𝑛
𝑖=1                                                                                                                                        (9) 

∑ 𝑥𝑖𝑗 = 2 𝑜𝑟 > 2 (𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑖)𝑚
𝑗=1                                                                                                                (10) 

𝑆𝑖  ≥  𝑎𝑖 (𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑖)                                                                                                                                    (11) 

𝐶𝑖 =  𝑆𝑖 + 𝑝𝑖 (𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑖)                                                                                                                         (12) 

𝑤𝑖 =  𝑆𝑖 − 𝑎𝑖 (𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑖)                                                                                                                          (13) 

𝑖𝑓 𝑥𝑖𝑗 = 1 𝑎𝑛𝑑 𝑥𝑘𝑗 = 1 (𝑖 ≠ 𝑘), 𝑡ℎ𝑒𝑛 𝐶𝑖 ≤ 𝑆𝑘  𝑜𝑟 𝐶𝑘 ≤ 𝑆𝑖                                                                         (14) 
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The following are the general mathematical notations for the scheduling process based on the above 

scenario. The notation n is used for the number of work orders and m is used for the number of technicians. 

The index for work orders is denoted by i (i=1,2,…,n), and the index for technicians is denoted by j 

(j=1,2,…,m). The start time of the i-th work order is denoted as 𝑆𝑖, and the completion time of the i-th work 

order is denoted as 𝐶𝑖. The repair time of the ith work order is represented by 𝑝𝑖, while the arrival time of 

the i-th work order is denoted by 𝑎𝑖. The waiting time of the ith work order is denoted as 𝑤𝑖. The binary 

variable 𝑥𝑖𝑗  equals 1 if the ith work order is performed by the jth technician, and 0 otherwise. The 

availability of the jth technician (e.g., working hours) is denoted as 𝑇𝑗. 

 

Based on general scenarios and mathematical notations, the use of simple dispatching rules can be 

illustrated using the following concepts, encompassing various implementable scenarios. 

 

 
 

Figure 3. First come first serve (FCFS). 

 

In Figure 3, the FCFS concept, the scenario is performed by allocating work orders based on arrival times. 

The repair times between p1 and p2 may or may not differ, and work orders are assigned to the same paired 

technicians based on their arrival times (Teymourifar et al., 2020). 

 

 
 

Figure 4. Round robin. 

 

In Figure 4, the round-robin scenario is similar to FCFS, but the repair times are limited to a predetermined 

time p. The first and second tasks were performed alternately with fair distribution until the repair process 

was completed (Alexopoulos et al., 2024). 

 

 
 

Figure 5. Longest processing time (LPT). 
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In Figure 5 and 6, the LPT and SPT scenarios, dispatching rules were implemented by comparing repair 

times with the same arrival times. In the LPT, tasks with the longest repair times are prioritized, whereas 

in the SPT, tasks with the shortest repair times are prioritized. Repair times are sequentially managed until 

the technicians complete their tasks according to the repair time priorities (Ferreira et al., 2020). 
 

 
 

Figure 6. Shortest processing time (SPT). 

 

 

 
 

Figure 7. Weighted shortest processing time (WSPT). 

 

 

 
Figure 8. Weighted longest processing time (WLPT). 

 

In the Figure 7 and 8, although WSPT and WLPT appear similar to SPT and LPT, at first glance, the 

difference lies in the implementation of weights based on the priority levels of the tasks. These weights are 

determined based on the repair times and job priorities. These scenarios were based on the allocation of 

paired technicians, which were tested using multiple teams. 

 

Simulations were conducted for each scenario using the Python simulation software. The simulation results 

include performance metrics, such as completion time, waiting time, and downtime. Each algorithm was 

evaluated based on these metrics to determine its effectiveness. 

 

The results of the simulation experiments were analyzed to compare the performance of the various 

dispatching rule algorithms. With the aid of statistical analyses, such as histograms and statistical 
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measurements, significant differences between algorithms can be evaluated to determine the most effective 

algorithm for optimizing multi-technician work-order scheduling. Subsequently, the simulation model was 

validated by comparing the simulation results with historical data. This validation is crucial to ensure that 

the simulation model is accurate and reliable for developing more efficient and adaptive scheduling 

strategies. 

 

2.5 Scheduling Performance Measurement 
Dispatching rules can be used to evaluate various scenario methods in automated vehicle storage (Lupi et 

al., 2024), which can be utilized to measure the impact of implementing different strategies aimed at 

reducing downtime and increasing technician productivity (Wu et al., 2023). Based on Figure 9, three 

measurement scenarios were used to evaluate the effectiveness of the dispatching rule algorithms. SC1 

(Scenario 1) does not consider technician speed and relies on historical data; SC2 (Scenario 2) considers 

technician speed based on the average speed of two technicians using simulation data; and SC3 (Scenario 

3) considers the fastest technician speed for completion time using simulation data. 

 

 
 

Figure 9. Performance measurement. 

 

 

The performance metrics in Figure 9, used to evaluate the effectiveness of the dispatching rule algorithms, 

include the Fastest Technician Time (FTT), which measures the fastest time taken by a technician to 

complete tasks, indicating efficiency in handling urgent tasks. Average repair time of technician (ARTT), 

which provides an overview of technicians' speed and effectiveness in completing repairs. The Simulation 

Duration (SD) measures the overall duration of scheduling and task completion processes, with shorter 

durations indicating quicker responsiveness. Throughput (TH) measures the number of jobs or tasks 

completed within a certain period, reflecting the efficiency of the scheduling system. Waiting Time (WT), 

which measures the time spent by work requests in the queue before processing, with lower times indicating 

faster handling and increased customer satisfaction. Repair Time (RT), which measures the time taken to 

complete repairs from start to finish, indicates technicians' efficiency. the Longest Waiting Time (LWT), 

which measures the longest wait time in the queue, assesses the scheduling system's efficiency in handling 

urgent requests. and Longest Repair Time (LRT), which measures the longest repair time required by 

technicians, indicating their effectiveness in handling complex tasks. 

 

Using these performance metrics, this study evaluated the effectiveness of various dispatching rule 

algorithms in optimizing downtime and increasing technician productivity (Ismail et al., 2024). This 

evaluation was conducted in a prepared simulation environment (Zhao et al., 2021). The performance 

analysis results provide valuable insights into the most effective dispatching rule algorithms for scheduling 

work requests involving paired technicians. 
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2.6 Validation and Verification 
The validation and verification of this study were conducted through trials using two randomly selected 

data samples from the work-order data. These two samples were obtained by simulating predetermined 

scenarios to evaluate the results from samples 1 and 2. By observing these two samples in scheduling 

simulations, we expect to provide an accurate analysis of the overall scheduling results, particularly in 

efforts to reduce downtime. 

 

In this study, validation was performed by ensuring that the data used in the simulation reflected the actual 

conditions of work requests and technician availability (Wang et al., 2024; Xu et al., 2024). Verification 

was performed by comparing the simulation results from scenarios 2 and 3 with the historical data used in 

scenario 1 or with relevant benchmarks. The goal was to ensure the consistency and reliability of the results. 

 

To conduct the simulation, we used SimPy, a Python library that allows discrete process simulations. This 

included several performance metrics: Waiting Time (WT), Repair Time (RT), Longest Waiting Time 

(LWT), Longest Repair Time (LR), Fastest Technician Time (FTT), Average Repair Time of Technician 

(ARTT), Simulation Duration (SD), and Throughput (TH). The simulation results were then analyzed and 

presented in a graphical form to facilitate interpretation. 

 

In sample 1 in Table 1, the work requests involved four pieces of equipment, each of which had at least 

two technicians. 
Table 1. Sample 1. 

 

EQP TCH 1 TCH 2 TCH 3 

GTOM1 ALF IMI IAN 

VCBU1 ALF UDA IAN 

WPM15 UDA SAN SAN 

VCBU4 IMI UDA   

EQP = Equipment, TCH = Technician. 

 

In sample 2 in Table 2, the work request simulation involved 19 pieces of equipment, with 17 technicians 

allocated in pairs for each work request. 
Table 2. Sample 2. 

 

EQP TCH 1 TCH 2 TCH 3 

CAMN1 ROB GUH IMA 

CAMN2 ROB SAN UDA 

CDCAS1 WID IRA   

DRCAS1 WID IRA   

CACAS8 WID IRA ECA 

IRMNT3 ROB JAH ENU 

SSTECH2 WID IRA   

IRMNT4 ROB SAN UDA 

CBCAS6 HIM GON   

CBCAS7 ECA DIN GIM 

IRMNT5 ECA DIN  

CECAS9 WID IRA  

SSTECH3 ECA DIN  

CCAST4 ECA DIN  

SBSCTE1 ECA DIN  

IRMNT1 GUH IRS  

CDCAS8 ECA DIN  

CDCAS6 ECA DIN  

CDCAS3 ECA DIN  

EQP = Equipment, TCH = Technician. 
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Using these two samples, the scheduling simulation results can be validated and verified to ensure that the 

dispatching rule algorithm and scenarios are effective in reducing downtime and increasing technician 

productivity. The analysis of these two samples is expected to provide comprehensive and accurate insights 

into the effectiveness of scheduling work requests involving paired technicians. 

 

3. Results 

3.1 Data Preprocessing 
The first step in this research involved selecting two samples from different work-order datasets for 

scheduling simulations. The sample data included work requests that occurred over a full day. Information 

was extracted from the work order dataset, including the columns for equipment, priority, arrival time, 

waiting time, and repair time. General information obtained from the work request data includes the 

following: arrival time, based on the date and time when a work request is created; Waiting Time, measured 

from the moment the work request is confirmed by the maintenance team until a technician is allocated; 

and repair time, measured from the moment the work request is received by the technician until the job is 

completed. 

 

After obtaining samples from the work request data, the next step was data preprocessing to ensure the 

quality of the data used in the simulation. The preprocessing steps included invalid data removal, which 

involved eliminating the arrival time, waiting time, and repair time values that were null or negative to 

ensure an accurate analysis. Technician data extraction was performed based on historical technician 

requirements from the work request data, and all sample data from work requests that did not involve paired 

technicians were removed to ensure that only work order data with paired technician allocations were used 

in the simulation. Finally, data transformation was conducted by converting waiting time and repair time 

data into seconds or minutes to ensure a uniform format and ease of analysis, which is crucial for 

simplifying calculations and interpreting simulation results 

 

By performing these preprocessing steps, the data used in the scheduling simulation became cleaner and 

more ready for analysis. Table 3 shows an example of sample data from work orders that have undergone 

preprocessing. 
Table 3. Example of sample work orders data. 

 

WO EQP PRT TMA WT (Mnt) RT (Mnt) TCH 1 TCH 2 

WO035571 GTOM1 C 00:00:00 4 13 ALF IMI 

WO035595 VCBU1 A 00:01:00 6 46 ALF IMI 

WO035610 WPM15 A 00:04:00 2 20 ALF IMI 

WO035687 VCBU4 B 00:03:00 7 35 ALF IMI 

WO035688 VCBU4 A 00:04:00 5 34 ALF IMI 

WO035689 VCBU4 C 00:06:00 2 204 ALF IMI 

WO035735 WPM15 A 00:05:00 2 116 ALF IMI 

WO035829 GTOM1 B 00:07:00 4 25 ALF IMI 

WO035834 VCBU1 B 00:08:00 7 23 ALF IMI 

WO = Work Order, EQP = Equipment, PRT = Priority, TMA = Time Arrival, WT = Waiting Time, Mnt = Minute, TCH = Technician. 
 

 

3.2 Analysis of Research Results 
A simulation was conducted to analyze the effectiveness of dispatching rule algorithms and identify the 

most productive and efficient scenarios for handling downtime in work orders involving paired technicians. 

The primary objective of this analysis is to provide insights into the performance of dispatching rule 

algorithms in the context of paired technician scheduling and downtime reduction. 
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This analysis includes several key performance metrics, such as Waiting Time (WT), repair time (RT), 

Longest Waiting Time (LWT), Longest Repair Time (LRT), Fastest Technician Time (FTT), Average 

Repair Time Of Technician (ARTT), Simulation Duration (SD), and Throughput (TH). These metrics are 

measured in seconds to provide a clear understanding of the scheduling efficiency. 

 

Tables 4 and 5 present the results obtained from the simulation process using the dispatching rule 

algorithms. The data displayed in these tables reflect the performance of the dispatching rule algorithms 

across the three scheduling scenarios, highlighting their effectiveness in reducing downtime and enhancing 

technician productivity. 

 
Table 4. Sample simulation results 1. 

 

DR 
WT RT LWT LRT 

1 2 3 1 2 3 1 2 3 1 2 3 

FCFS 121380 119050 111400 30960 37100 34800 59580 50040 46740 16380 11100 10800 

LCFS 153120 107280 100680 30960 37100 34800 47880 41960 39160 16380 11100 10800 

R. Robin 826440 2196460 1848800 30960 37100 34800 525420 779330 636280 16380 11100 10800 

LPT 153840 106730 100280 30960 37100 34800 49980 44990 42240 16380 11100 10800 

SPT 155760 145380 135480 30960 37100 34800 60060 61460 57160 16380 11100 10800 

WLPT 153840 106730 100280 30960 37100 34800 49980 44990 42240 16380 11100 10800 

WSPT 155760 145380 135480 30960 37100 34800 60060 61460 57160 16380 11100 10800 

DR 
FTT ARTT SD TH 

1 2 3 1 2 3 1 2 3 1 2 3 

FCFS 1605 3250 3000 15480 18550 17400 30540 34090 32040 0.0003 0.0003 0.0003 

LCFS 1605 3250 3000 15480 18550 17400 28800 30720 28920 0.0003 0.0003 0.0003 

R. Robin 493.84 286.7 290.32 15480 18550 17400 30720 34210 32160 0.0018 0.0038 0.0037 

LPT 1605 3250 3000 15480 18550 17400 28800 30720 28920 0.0003 0.0003 0.0003 

SPT 1605 3250 3000 15480 18550 17400 31080 37220 34920 0.0003 0.0002 0.0003 

WLPT 1605 3250 3000 15480 18550 17400 28800 30720 28920 0.0003 0.0003 0.0003 

WSPT 1605 3250 3000 15480 18550 17400 31080 37220 34920 0.0003 0.0002 0.0003 

FCFS = First Come First Serve, LCFS = Last Come First Serve, Round Robin, LPT = Longest Processing Time, SPT = Shortest Processing Time, WLPT = Weighted 

Longest Processing Time, WSPT = Weighted Shortest Processing Time. 

 

 
Table 5. Sample simulation results 2. 

 

DR 
WT RT LWT LRT 

1 2 3 1 2 3 1 2 3 1 2 3 

FCFS 556500 2651816 227444 215880 1438829 118411 141000 1227558 56856 76320 1233962 23880 

LCFS 826260 4173669.5 544816 215880 1438829 118411 198120 1255698 141995 76320 1233962 23880 

R. Robin 11794800 2655101258 4532672 215880 1438829 118411 215880 2642011726 957600 76320 1233962 23880 

LPT 852960 4171589.5 557488 215880 1438829 118411 190860 1255698 141995 76320 1233962 23880 

SPT 812760 4179164.5 547098 215880 1438829 118411 191220 1255698 139166 76320 1233962 23880 

WLPT 835080 4171137 538661 215880 1438829 118411 183960 1255698 141995 76320 1233962 23880 

WSPT 835080 4179617 565925 215880 1438829 118411 183960 1255698 139166 76320 1233962 23880 

DR 
FTT ARTT SD TH 

1 2 3 1 2 3 1 2 3 1 2 3 

FCFS 2430 4794.2 3096.2 39250.9 261605 21529.3 63060 60728 62210 0.0004 0.0004 0.0004 

LCFS 2430 4794.2 3096.2 39250.9 261605 21529.3 63360 39000 36170 0.0004 0.0006 0.0007 

R. Robin 540 289.58 180 39250.9 261605 18217.1 63180 63480 63480 0.0059 0.0758 0.0064 

LPT 2430 4794.2 3096.2 39250.9 261605 21529.3 63360 39000 36170 0.0004 0.0006 0.0007 

SPT 2430 4794.2 3096.2 39250.9 261605 21529.3 63420 39000 36170 0.0004 0.0006 0.0007 

WLPT 2430 4794.2 3096.2 39250.9 261605 21529.3 63420 39000 36170 0.0004 0.0006 0.0007 

WSPT 2430 4794.2 3096.2 39250.9 261605 21529.3 63420 39000 36170 0.0004 0.0006 0.0007 

FCFS = First Come First Serve, LCFS = Last Come First Serve, Round Robin, LPT = Longest Processing Time, SPT = Shortest Processing Time, WLPT = Weighted Longest 

Processing Time, WSPT = Weighted Shortest Processing Time. 

 

By analyzing the research results, this study aims to answer the research question (RQ): "How effective are 

traditional dispatching rule algorithms in reducing downtime in work order data involving paired 

technicians?" The researchers hypothesized that the use of traditional dispatching rule algorithms and 

appropriate scenarios can significantly reduce downtime in work orders involving paired technicians.  
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To test this hypothesis, simulations were conducted using dispatching rule algorithms on two samples of 

work order data, encompassing key performance metrics such as Waiting Time (WT), Repair Time (RT), 

Longest Waiting Time (LWT), Longest Repair Time (LRT), Fastest Technician Time (FTT), Average 

Repair Time of Technician (ARTT), Simulation Duration (SD), and Throughput (TH). The simulation 

results indicate a significant relationship between the use of dispatching rule algorithms and the scenarios 

employed to reduce the work order downtime. By observing waiting and repair times, other relevant metrics 

can be identified, providing insights into the effectiveness of dispatching rule algorithms in reducing 

downtime and enhancing technician productivity.  
 

4. Discussion 

4.1 Implications 
This study investigated the effectiveness of traditional dispatching rule algorithms in optimizing downtime 

related to scheduling work orders involving paired technicians. This study addresses the question of whether 

the use of dispatching rule algorithms can enhance efficiency and productivity in multi-agent scenarios, 

particularly those involving multiple technicians. The objective of this study is to evaluate the effectiveness 

of traditional dispatching rule algorithms in reducing downtime and improving technician productivity. 

This assertion is supported by the lack of related research focusing on multi-agent scenarios, especially 

those involving multiple technicians (Teck et al., 2023). Scheduling that involves more than two resources 

or agents can leverage dispatching rule algorithms to achieve optimal objectives (Luo et al., 2021). These 

algorithms remain relevant and effective in certain underexplored and challenging cases (Luo, 2020; Wu et 

al., 2023). In addition, it seeks to identify the best scenarios for achieving optimal results. The findings 

indicate that the First-Come First-Served (FCFS) algorithm is more efficient than other dispatching rule 

algorithms such as Last-Come First-Served (LCFS), Round Robin, Longest Processing Time (LPT), 

Shortest Processing Time (SPT), Weighted Longest Processing Time (WLPT), and Weighted Shortest 

Processing Time (WSPT). Furthermore, technician allocation scenarios focusing on selecting technicians 

based on their speed in handling work requests significantly impact downtime optimization. 

 

This research demonstrates the effectiveness of using dispatching rule algorithms to optimize downtime for 

work-order scheduling. By sequencing work orders according to arrival time and considering technician 

speed in handling work orders, this study shows that technician productivity in managing downtime can be 

improved. The scheduling simulation of dispatching rules indicates that these algorithms remain relevant 

in challenging case studies such as handling work requests with paired technicians. There are three possible 

explanations for this finding. First, dispatching rule algorithms that sequence work orders based on arrival 

time can significantly reduce waiting times, because technicians can promptly address earlier requests. 

Second, considering the technician’s scheduling speed can enhance efficiency, as faster technicians can 

complete more tasks in a shorter time. Third, using dispatching rules in paired technician scenarios can 

optimize resource allocation, thereby reducing downtime and increasing productivity. 

 

                           
 

Figure 10. WT and RT for sample 1.                                       Figure 11. WT dan RT for sample 2. 
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Sample graphs 1 and 2 in Figures 10 and 11 illustrate the optimization of downtime in scheduling work 

requests involving paired technicians. Based on the simulation data obtained, several dispatching rules were 

tested, including FCFS, LCFS, LPT, SPT, WLPT, and WSPT, except for round robin, which, according to 

Tables 4 and 5, is the least efficient. The simulation results show variations in Waiting Time (WT) and 

Repair Time (RT) for each scenario. From these results, it can be observed that the dispatching rules for 

samples 1 and 2 in scenario 1 exhibit better performance than those in scenarios 2 and 3, in terms of waiting 

and repair times. This is evident from the lower WT and RT values in scenario 1 than in the other scenarios.  

 

Optimization of the downtime in scheduling work requests involving paired technicians can be achieved 

by selecting the most efficient dispatching rule. Based on the simulation results, the FCFS dispatching rule 

demonstrates the most optimal results with a lower waiting time and repair time compared to other 

dispatching rules, although round robin has a lower waiting time, but a higher repair time compared to 

FCFS. This indicates that scheduling using the FCFS method can significantly reduce downtime, thereby 

increasing the technician efficiency and productivity. 

 

According to the dispatching rule graphs above, scenario 1 (FCFS) outperformed scenario 2 (LCFS) in 

terms of scheduling implementation using dispatching rules, in terms of both waiting time and repair time. 

Therefore, to optimize downtime in scheduling work requests involving paired technicians, the FCFS 

method can be considered the most effective choice, if the focus is on minimizing downtime in terms of 

Waiting Time (WT) And Repair Time (RT).  

 

One possible explanation for these research findings is that the First-Come First-Served (FCFS) dispatching 

rule algorithm shows better performance than other algorithms because it is simple and straightforward, 

allowing technicians to promptly address work requests without needing to consider additional priorities or 

complexities. Contrary to statements suggesting that simple dispatching rules lack quality and are difficult 

to implement in dynamic scenarios (Luo, 2020), the most important aspect of the scheduling process is 

minimizing waiting time in work-order processing to reduce downtime (Holthaus & Rajendran, 2000). 

 

  
 

Figure 12. LWT and LRT for sample 1. 
 

Figure 13. LWT and LRT for sample 2. 

 

Based on the simulation data analysis obtained from Figures 12 and 13, which depict the Longest Waiting 

Time (LWT) And Longest Repair Time (LRT), several dispatching rules were tested, including FCFS, 

LCFS, Round Robin, LPT, SPT, WLPT, and WSPT. The simulation results showed variations in the LWT 

and LRT for each scenario. The FCFS dispatching rule demonstrated superior performance compared to 

other dispatching rules in terms of waiting time and repair time. The average LWT and LRT for FCFS were 
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the lowest among all the dispatching rules tested. This indicates that scheduling using the FCFS method 

can significantly reduce downtime, thereby enhancing technician efficiency and productivity.  

 

The LCFS dispatching rule also showed relatively good performance but was still outperformed by the 

FCFS. The round-robin dispatching rule exhibited the poorest performance, with the highest average LWT 

and LRT. This suggests that the round-robin method is ineffective for scheduling work requests involving 

paired technicians. Other dispatching rules, such as LPT, SPT, WLPT, and WSPT, showed varying 

performance but were still inferior to FCFS.  

 

Based on this analysis, it can be concluded that the FCFS method is the most effective for optimizing the 

downtime for scheduling work requests involving paired technicians. Another possible explanation for 

these findings is that the round-robin dispatching rule algorithm is less effective in reducing downtime 

because it does not consider technician speed or the urgency of work requests, potentially leading 

technicians to suboptimal scheduling. Although the Enhanced Round Robin (ERR) algorithm has 

demonstrated improved performance over traditional round robin by reducing average waiting time for 

tasks, this enhancement is primarily observed in CPU scheduling contexts and may not be directly 

applicable to the scheduling of technician work requests (Sanaj & Prathap, 2020). 

 

  
 

Figure 14. FTT, ARTT, SD TH for sample 1.  
 

Figure 15. FTT, ARTT, SD TH for sample 2. 

 

Based on the simulation data analysis obtained from Figures 14 and 15 for the two samples, several 

technician performance metrics were tested across three different scenarios. The metrics analyzed included 

the Fastest Technician Time (FTT), Average Repair Time of Technician (ARTT), Simulation Duration 

(SD), and Throughput (TH). From the simulation data analysis, it is evident that scenarios with lower 

average FTT and ARTT demonstrate better performance. A lower FTT indicates that technicians can 

complete their tasks in a shorter time, reflecting high efficiency in handling urgent tasks. A lower ARTT 

indicates that the average time required for technicians to complete repairs is shorter, indicating that 

technicians work faster and more effectively. 

 

Additionally, a shorter Simulation Duration (SD) indicates that the overall scheduling and task completion 

process is faster, thereby reducing waiting time and enhancing responsiveness to work requests. This is 

crucial in situations where time is a critical factor, such as urgent repairs or dynamic work environments. 

A Higher Throughput (TH) indicates that more work can be completed within a given time period, implying 

that the scheduling system can handle a larger volume of work with higher efficiency. The high throughput 

also suggests that technicians can complete more tasks without compromising the quality of their work. 
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Based on this analysis, scenarios with the lowest FTT and ARTT values and the highest throughput can be 

considered optimal. These scenarios not only reduce downtime but also enhance overall technician 

productivity. By selecting an optimal scenario, companies can ensure that their technicians work with 

maximum efficiency, thereby improving customer satisfaction and reducing operational costs. While 

Overall Equipment Effectiveness (OEE) values, including availability, performance efficiency, and rate of 

quality, are crucial for identifying areas for improvement in manufacturing processes (Alexander et al., 

2024), they cannot be used as a benchmark for technician allocation. This is because OEE primarily focuses 

on equipment performance and does not account for variables such as technician speed, skill level, or task 

urgency, which are essential for effective scheduling. 

 

According to the information provided, the third scenario demonstrated better productivity and efficiency 

than the other scenarios. This is because of the lower FTT, ARTT, and SD values, which indicates that 

technicians can complete their tasks more quickly and efficiently. Although the Throughput (TH) in the 

third scenario was lower than that in the second scenario, the second scenario showed higher FTT, ARTT, 

and SD values, indicating that technicians took longer to complete their tasks, and the simulation duration 

was longer. Therefore, despite the higher throughput in the second scenario, the third scenario remains more 

productive and efficient overall because of shorter task completion times and more efficient simulation 

durations. 

 

Thus, the third scenario can be considered the best for optimizing downtime and enhancing technician 

productivity when scheduling requests involving paired technicians. This scenario ensures that technicians 

can complete their tasks quickly and efficiently, thereby improving the overall operational efficiency. 

Therefore, to optimize downtime in scheduling work requests involving paired technicians, the method that 

yields the lowest FTT and ARTT values and the highest throughput is the most effective choice. 

 
Table 6. Min, max, mean values of waiting time and repair time. 

 

Descriptive analysis indicators 

Minutes 

WT RT 

1 2 3 1 2 3 

Mean 39317.71 6377686 17890.72 

3598 23980 1973.5 Min 9275 44196 3790.7 

Max 196580 44251687 75544.5 

 

Table 6 lists the average Waiting Time (WT) and Repair Time (RT) for each scenario. It is important to 

note that scenario 1 represents historical data samples, whereas scenarios 2 and 3 include simulated data 

incorporating technician speed. Scenario 1 shows that the average WT is quite high, ranging from 9,275 to 

196,580 min, indicating that historical scheduling methods may not be efficient in reducing waiting time. 

The average RT in this scenario was 3,598 min, showing consistency, but still relatively high. 

 

Scenario 2 exhibits an extremely high average WT, ranging from 44,197 to 44,251,688 min, suggesting 

that the scheduling method in this simulation may not be effective in reducing the waiting time. The average 

RT in this scenario was 23,980 min, which was significantly higher than that in scenario 1, indicating longer 

repair times. 

 

Scenario 3 shows a lower average WT compared to scenario 2, ranging from 3,791 to 9,432 min, indicating 

that the scheduling method in this simulation is more effective in reducing the waiting time compared to 

scenario 2. The average RT in this scenario is 1,973 min, which is lower than that in both scenarios 1 and 

2, indicating faster repair times in this simulation. 
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It is noteworthy that scenario 1 demonstrates better performance in terms of lower RT compared to Scenario 

2, but has a very high WT. Scenario 2 (simulated data) shows poor performance with very high WT and 

RT values, indicating that the scheduling method in this simulation is ineffective. Scenario 3 (Simulated 

Data) shows better performance with lower WT and RT compared to scenarios 1 and 2, indicating that the 

scheduling method in this simulation is more effective. From these results, it can be concluded that scenario 

3 is the most effective in reducing waiting and repair times, whereas scenario 2 shows the worst 

performance. Although scenario 1 had lower repair times, it still had significantly longer waiting times. 

 

These findings provide a new perspective, in that simple dispatching rule algorithms, particularly FCFS, 

remain superior in addressing scheduling issues for work orders involving multiple technicians. Scenarios 

related to technician selection are highly effective when technician allocation is based on speed. This 

indicates that technician selection in work order scheduling is not only determined by knowledge but can 

also involve technician speed as a parameter. These findings prove that traditional dispatching rules remain 

relevant for addressing issues in modern industrial environments (Luo, 2020). 

 

This study resolves the conflict between scheduling efficiency and technician speed, showing that 

technician speed is a crucial factor for effective scheduling. Technician allocation has been of key interest 

in scheduling processes for several years. These findings further reveal that a significant technician speed 

reduces downtime. Additionally, it introduces a new approach to handling multi-technician work order 

scheduling, demonstrating that the first-come first-serve rule still has the capability to reduce downtime 

better than others by maximizing technician speed in task completion. 

 

4.2 Limitations 
Our study has several key limitations that should be considered when interpreting the results. First, the 

assumptions made in this study, such as scheduling in the simulation that does not account for technician 

arrival times, may have affected the findings. The arrival times were used only for data sequencing and 

were not included in the simulation; thus, they did not fully reflect the real-world conditions. Additionally, 

paired technicians were allocated based on their expertise in specific equipment, which may not fully 

represent the flexibility required for field assignments. 

 

Second, this study did not include scenarios related to technicians’ shift work. All technicians were assumed 

to always be available for scheduling, which is unrealistic given work hour limitations and the need for rest. 

Furthermore, each technician was assigned only one work request per simulation to avoid a high workload, 

which may not reflect the actual workload of technicians. 

 

Third, there were no time constraints on the technician tasks for each request, or limitations on the number 

of technicians involved. If two job requests arrive simultaneously, they are not processed concurrently but 

are adjusted based on the availability of equipment and technicians. This can lead to unanticipated delays 

in the simulation. 

 

Regarding the data used, this study involved two randomly selected data samples to evaluate the 

effectiveness of the algorithms and the best scheduling scenarios for reducing downtime. However, this 

research focused solely on the use of dispatching rule algorithms for sequencing work requests involving 

paired technicians and did not include more advanced algorithms, such as artificial intelligence. Although 

some advanced algorithms have been implemented to address issues such as dynamic scheduling with real-

time job arrivals (Wu et al., 2023; Xu et al., 2024) and adaptive resource allocation using differential 

evolution (Li et al., 2023), this limits the generalizability of the findings to more complex and dynamic 

scheduling scenarios. 
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Although alternative explanations for our results cannot be ruled out, the two patterns in the findings point 

to the main explanations. First, the results indicate that traditional dispatching rule algorithms, such as 

FCFS, remain relevant and effective in reducing downtime in paired technician scheduling scenarios. 

Second, technicians’ speed of handling work orders is a crucial factor that can enhance efficiency and 

productivity. 

 

However, it is important to note that in this study, the performance of FCFS was observed only under 

specific conditions, namely, technician allocation based on expertise and work speed. The algorithm did 

not account for other potentially influential factors, such as technician workload distribution or scenarios 

where waiting time is excluded from the scheduling criteria. Furthermore, the scheduling scenario did not 

incorporate job priority levels or consider the varying capacities of technicians to handle different 

workloads. These limitations suggest that while FCFS can be effective in certain contexts, its applicability 

may be constrained in more complex or dynamic scheduling environments where prioritization and resource 

balancing are critical. 

 

It is hoped that future research will address these limitations and provide more comprehensive and accurate 

results in the context of scheduling work requests involving technicians. 

 

5. Summary and Conclusion 
This study investigated the effectiveness of dispatching rule algorithms in optimizing downtime for 

scheduling work orders involving paired technicians. Previous research suggests that traditional dispatching 

rule algorithms can still be effectively used in complex scheduling scenarios (Wu et al., 2023), and the use 

of two agents can determine the optimal objectives of the appropriate dispatching rule (Luo et al., 2021). 

This study offers a new perspective on the importance of technician speed in scheduling work orders 

involving paired technicians. 

 

The findings indicate that the First-Come First-Served (FCFS) dispatching rule algorithm is superior to 

other algorithms in reducing downtime and enhancing technician productivity. These insights highlight that 

technician speed is a key factor in effective scheduling and is applicable to various industrial scenarios. 

Additionally, the study revealed that allocating technicians based on their speed of handling work orders 

can be more effective than allocations based solely on technical skills. 

 

The implications of this study are that companies can improve their operational efficiency and technician 

productivity by implementing dispatching rule algorithms that consider technician speed. This can 

significantly reduce downtime and enhance the responsiveness to work requests. 

 

Future research could explore the use of more advanced algorithms, such as artificial intelligence, to further 

improve the efficiency and productivity of technician scheduling. Further studies could investigate more 

complex and dynamic scheduling scenarios using real-time data and test dispatching rule algorithms under 

various industrial conditions. 
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