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resources, being it labor, tools, or parts and materials, maintenance presents an important stochastic component. Maintenance can 
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predetermined intervals, being its work essentially deterministic. The latter results from the probabilistic nature of failures, 
performed upon a fault is identified, being its work inherently stochastic. The workload resulting from corrective maintenance can 
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1. Introduction 

Maintenance is performed in all physical assets to prevent or reduce the occurrence of failures, or to return the 
assets to an up state, thus increasing their availability, ideally, at a minimum cost [1]. Despite its strategic implications, 
maintenance is still seen as a “necessary evil” in some economic sectors [2]. To others, maintenance is already treated 
with due relevance in the development of business strategy [3]. One the one hand, for the owner of the asset, whose 
core focus is in producing goods or services, maintenance is required to achieve established production levels through 
asset availability. On the other hand, for the organization providing maintenance, commonly known as Maintenance, 
Repair, and Overhaul (MRO), its core focus is in improving maintenance performance [4]. Effective and efficient 
maintenance management is required for both. Maintenance management refers to the activities of establishing 
maintenance requirements, objectives, strategies and responsibilities, as well as implementing these through planning 
and control, while improving maintenance activities and economics [5]. 

In simple terms, maintenance comprises preventive maintenance and corrective maintenance. The former type of 
maintenance refers to maintenance actions performed with the purpose of assessing or mitigating degradation and 
reducing the probability of failure [5]. It is also known as scheduled maintenance, or planned maintenance, if 
performed according to a specified time schedule or specified number of units of use, or according to a maintenance 
plan. The latter refers to maintenance actions performed after fault identification with the purpose of restoring the asset 
into a state in which it can fulfill its function [5]. It is also known as unscheduled maintenance, or unplanned 
maintenance, given it is performed only after a faulty state is detected, which, in turn, depends on the probabilistic 
nature of failures. While preventive maintenance work is essentially deterministic, characterized by maintenance 
activities known beforehand and prespecified maintenance resources such as labor, tools, parts and materials, but also 
budgets, corrective maintenance work is inherently stochastic [6], [7]. The full scope of the corrective maintenance 
work may only be known at the end of the execution of preventive maintenance. For example, many preventive 
maintenance activities refer to inspections, such as visual inspections. If in the course of an inspection a faulty state is 
detected, a corrective maintenance activity, such as a repair, is required to restore the asset. If the repair requires parts 
or materials with long lead times, or specialized tools or workforce, which may not be readily available, the 
maintenance process suffers delays, resulting in the extended downtime of the asset [7], [8]. The uncertainty resulting 
from this lack of information prior to the execution of the maintenance work is one of the most important factors 
contributing to the complexity of maintenance management. 

Maintenance management is about decisions made in the present that will affect actions performed in the future. 
One the one hand, this decision-making process is limited by the available data at the time of the decision, which is 
often incomplete, insufficient, or contains variability. This type of uncertainty is called aleatory uncertainty [9]. On 
the other hand, decision-makers must rely on predictions or estimations obtained from inherently imperfect models. 
This type of uncertainty is called epistemic uncertainty [9]. While much of the aleatory uncertainty results from the 
physical processes of the real world and cannot be reduced or modified, epistemic uncertainty may be reduced and 
better managed through the use of better prediction models. In maintenance, the aleatory uncertainty refers to the 
natural degradation of assets over time, observable in the decreasing levels of reliability. Epistemic uncertainty refers 
to the types of models that are used to predict that natural degradation.  

The purpose of this research work is to present a review on key problems affecting maintenance management and 
on relevant solutions to address these problems, framed within business analytics (BA), which comprises descriptive, 
predictive, and prescriptive perspectives [10]. 

The review was performed under the following approach: 1) the problems affecting maintenance management have 
been defined, mainly, based on relevant books including [11], [12], [13], part of the Springer Series in Reliability 
Engineering, and [14], [15]; 2) regarding the selection of solutions to address the identified problems, scientific papers 
have been retrieved from ScienceDirect, Web of Science, and Google Scholar through the search terms “maintenance 
capacity planning”, “spare parts management”, and “maintenance scheduling”. The solutions were selected 
particularly within aviation maintenance, given the importance of maintenance in this sector and the attention it has 
received from researchers. The selected solutions were then grouped into the three BA perspectives previously 
enumerated – descriptive, predictive, and prescriptive. 

The remainder of the paper is organized as follows. In Section 2, a review on literature addressing concepts and 
definitions within maintenance management is presented. In Section 3, key problems affecting maintenance 
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the other hand, decision-makers must rely on predictions or estimations obtained from inherently imperfect models. 
This type of uncertainty is called epistemic uncertainty [9]. While much of the aleatory uncertainty results from the 
physical processes of the real world and cannot be reduced or modified, epistemic uncertainty may be reduced and 
better managed through the use of better prediction models. In maintenance, the aleatory uncertainty refers to the 
natural degradation of assets over time, observable in the decreasing levels of reliability. Epistemic uncertainty refers 
to the types of models that are used to predict that natural degradation.  

The purpose of this research work is to present a review on key problems affecting maintenance management and 
on relevant solutions to address these problems, framed within business analytics (BA), which comprises descriptive, 
predictive, and prescriptive perspectives [10]. 

The review was performed under the following approach: 1) the problems affecting maintenance management have 
been defined, mainly, based on relevant books including [11], [12], [13], part of the Springer Series in Reliability 
Engineering, and [14], [15]; 2) regarding the selection of solutions to address the identified problems, scientific papers 
have been retrieved from ScienceDirect, Web of Science, and Google Scholar through the search terms “maintenance 
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particularly within aviation maintenance, given the importance of maintenance in this sector and the attention it has 
received from researchers. The selected solutions were then grouped into the three BA perspectives previously 
enumerated – descriptive, predictive, and prescriptive. 

The remainder of the paper is organized as follows. In Section 2, a review on literature addressing concepts and 
definitions within maintenance management is presented. In Section 3, key problems affecting maintenance 
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management are presented. In Section 4, selected solutions, framed within BA, are reviewed. Finally, in Section 5, 
conclusions are drawn on the performed work and future research opportunities are identified. 

2. Maintenance Management 

Maintenance management is formally defined as “all activities of the management that determine the maintenance 
requirements, objectives, strategies and responsibilities, and implementation of them by such means as maintenance 
planning, maintenance control, and the improvement of maintenance activities and economics” [5]. In particular, the 
objectives of maintenance management include minimizing idle workforce, maximizing workforce use, materials, and 
equipment, and, finally, maintaining the equipment operating at a level in which it is capable to fulfill production and 
quality goals [16]. Being of paramount importance in keeping assets operational at a minimum cost, the subject of 
maintenance management has been addressed in relevant literature. The book edited by Ben-Daya et al. [14] is a 
reference in this regard. The book covers a wide range of topics within maintenance management and maintenance 
engineering, from maintenance organization to maintenance planning and scheduling, from maintenance strategies to 
maintainability and system effectiveness. In another book Duffuaa and Raouf [15] focus on the planning and control 
aspects of maintenance management, further elaborating on some of the techniques presented in Ben-Daya et al. [14]. 
Another important reference in maintenance management is the book of Márquez [11]. The author extends his previous 
work [17] and proposes a “maintenance management framework”, comprising a series of “management blocks”, each 
of which with a clear function within the maintenance management process. For each block, different tools, including 
models, techniques, and methods used in maintenance engineering, are provided. Other references in maintenance 
management include the books of Kelly [18], [19], [20]. The author focuses on the strategic, tactical, and operational 
aspects of maintenance management in each book, respectively. 

Maintenance management comprises all three levels of decision: strategic, tactical, and operational [4]. The 
strategic level deals with the definition of the maintenance strategy, which must be consistent and coherent with other 
aspects of the business such as production, marketing, finance, etc. The tactical level addresses the planning and 
scheduling of maintenance activities, considering degradation models for the assets, maintenance policies adopted by 
the organization operating the assets, and logistics. Finally, the operational level deals with the execution of 
maintenance activities [4]. Related with the levels of decision, Márquez [21], separates the maintenance management 
process into two parts: the definition of the maintenance strategy; and the implementation of the strategy. The first 
part refers to the definition of the maintenance objectives (strategic level), which are derived directly from the business 
plan, being, for that reason, related to maintenance effectiveness. The second part refers to the ability to ensure the 
availability of required maintenance resources and to minimize costs (tactical and operational levels), being, therefore, 
related to maintenance efficiency. In many economic sectors, the definition of the maintenance strategy is limited by 
the manufacturer of the physical asset (OEM), or by regulatory authorities. This is the case with assets such as aircraft, 
in which maintenance requirements are pre-established and cannot be changed by aircraft operators. Taking these 
cases into consideration, the present research work focuses on the problems and solutions affecting the implementation 
of the maintenance strategy, i.e., it addresses the problems and solutions of the tactical and operational levels of 
maintenance management. 

Three key problems affecting maintenance management include capacity planning, spare parts management, and 
scheduling. These have been identified as important problems, particularly in aircraft maintenance [7], [22], and are 
presented in Section 3. In Section 4, techniques used to address these problems are discussed. 

3. Maintenance Management Problems 

As previously mentioned, this research work focuses on the problems affecting the implementation of the 
maintenance strategy [21]. Three key problems include capacity planning, spare parts management, and scheduling 
[7], [22]. Márquez [23] includes maintenance planning and maintenance scheduling as the two first “steps” in the 
maintenance management process. According to the same author, maintenance planning refers to the identification of 
required maintenance activities (or tasks), including their scope and frequency, to prepare the maintenance plan. 
Maintenance scheduling refers to the development of a schedule for the execution of the maintenance activities and 
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the supply of resources. Finally, spare parts management includes the identification and classification of spare parts, 
the determination of required quantities, and the definition of inventory control policies [24]. 

Al-Turki [16] compares the complexity of maintenance management, particularly of planning and scheduling, with 
that of production management. According to the author, three main differences exist, which relate with the sources 
of uncertainty in maintenance management: 

• The demand for maintenance work, i.e., maintenance workload, has more variability than production and the arrival 
of demand is stochastic. 

• Maintenance activities have more variability between them, making standards hard to establish compared to 
production activities. 

• Maintenance planning requires coordination with other functional units in an organization and is a major cause of 
delays and bottlenecks. 

3.1. Capacity Planning 

Al-Fares and Duffuaa [6] state that the objective of maintenance capacity planning is to find the balance between 
available capacity, i.e., workforce, and required capacity, i.e., workload. According to the same authors, available 
capacity is mostly constant, since it derives from the amount of maintenance workers an organization has. On the 
contrary, required capacity is mostly fluctuating over time, given its variability, possibly presenting trend or seasonal 
patterns. This is a crucial strategic function of maintenance management since if the level of available resources is too 
high, serious inefficiencies may occur, with large amounts of capital wasted on unused resources. If the level of 
resources is too little, maintenance work may not be effectively performed, potentially reducing the availability of the 
assets and shortening their lifespan. Taking this discussion into account, Márquez [25] states that the problem of 
maintenance capacity planning is one of achieving a balance between the downtime cost of the asset and the idle time 
cost of the maintenance staff. 

The process of maintenance capacity planning comprises three steps [6], [25]: 

• Estimation of the required capacity, i.e., maintenance workload, for each time period in the planning horizon. 
• Determination of the available capacity, i.e., maintenance workforce, for the same time periods. 
• Determination of the amount of available capacity to assign to each time period in order to fulfill the required 

maintenance capacity. 

Al-Turki [16] states that any planning activity should start by forecasting the future. This is in accordance with the 
previous steps. In fact, accurate forecasting is of the utmost importance for an adequate estimation of required 
maintenance capacity. Although not being trivial activities, the determination of available capacity and of the amount 
of available capacity to assign to each time period are, arguably, easier to address than the estimation of required 
capacity through forecasting. This is because if an accurate and timely estimation of future maintenance workload 
exists, even if the available capacity exceeds or falls short of the required capacity, contingency actions may be 
adopted such as allocating regular in-house crews to other tasks or resorting to overtime and contract maintenance, 
respectively [26]. 

3.2. Spare Parts Management 

The main purpose of spare parts inventories is to avoid long maintenance downtime, which can be severely affected 
by supply lead times of replacement parts that are not readily available [24]. Nonetheless, spare parts inventories may 
significantly increase costs, not being practical to stock all parts and components prone to failure. The use of spare 
parts may be specific, their demand may be highly random, and their lead time may be highly variable or unknown. 
In addition, while in stock, spare parts may be prone to obsolescence or degradation and are hardly resalable [24]. 

There are three key aspects to consider in spare parts management [24]: 

• Identification and classification of spare parts. 
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the supply of resources. Finally, spare parts management includes the identification and classification of spare parts, 
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Al-Turki [16] compares the complexity of maintenance management, particularly of planning and scheduling, with 
that of production management. According to the author, three main differences exist, which relate with the sources 
of uncertainty in maintenance management: 

• The demand for maintenance work, i.e., maintenance workload, has more variability than production and the arrival 
of demand is stochastic. 

• Maintenance activities have more variability between them, making standards hard to establish compared to 
production activities. 

• Maintenance planning requires coordination with other functional units in an organization and is a major cause of 
delays and bottlenecks. 

3.1. Capacity Planning 

Al-Fares and Duffuaa [6] state that the objective of maintenance capacity planning is to find the balance between 
available capacity, i.e., workforce, and required capacity, i.e., workload. According to the same authors, available 
capacity is mostly constant, since it derives from the amount of maintenance workers an organization has. On the 
contrary, required capacity is mostly fluctuating over time, given its variability, possibly presenting trend or seasonal 
patterns. This is a crucial strategic function of maintenance management since if the level of available resources is too 
high, serious inefficiencies may occur, with large amounts of capital wasted on unused resources. If the level of 
resources is too little, maintenance work may not be effectively performed, potentially reducing the availability of the 
assets and shortening their lifespan. Taking this discussion into account, Márquez [25] states that the problem of 
maintenance capacity planning is one of achieving a balance between the downtime cost of the asset and the idle time 
cost of the maintenance staff. 

The process of maintenance capacity planning comprises three steps [6], [25]: 

• Estimation of the required capacity, i.e., maintenance workload, for each time period in the planning horizon. 
• Determination of the available capacity, i.e., maintenance workforce, for the same time periods. 
• Determination of the amount of available capacity to assign to each time period in order to fulfill the required 

maintenance capacity. 

Al-Turki [16] states that any planning activity should start by forecasting the future. This is in accordance with the 
previous steps. In fact, accurate forecasting is of the utmost importance for an adequate estimation of required 
maintenance capacity. Although not being trivial activities, the determination of available capacity and of the amount 
of available capacity to assign to each time period are, arguably, easier to address than the estimation of required 
capacity through forecasting. This is because if an accurate and timely estimation of future maintenance workload 
exists, even if the available capacity exceeds or falls short of the required capacity, contingency actions may be 
adopted such as allocating regular in-house crews to other tasks or resorting to overtime and contract maintenance, 
respectively [26]. 

3.2. Spare Parts Management 

The main purpose of spare parts inventories is to avoid long maintenance downtime, which can be severely affected 
by supply lead times of replacement parts that are not readily available [24]. Nonetheless, spare parts inventories may 
significantly increase costs, not being practical to stock all parts and components prone to failure. The use of spare 
parts may be specific, their demand may be highly random, and their lead time may be highly variable or unknown. 
In addition, while in stock, spare parts may be prone to obsolescence or degradation and are hardly resalable [24]. 

There are three key aspects to consider in spare parts management [24]: 

• Identification and classification of spare parts. 
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• Determination of required quantities. 
• Definition of inventory control policies. 

The first aspect refers to the selection of parts and components that should be stocked. Technical, economic, and 
operational criteria should be considered in the selection process, with parts ranked through Pareto analysis or 
multicriteria methods. The second aspect refers to the estimation of quantities of the spare parts previously selected 
to acquire. If no failure data exists regarding the spare parts, quantities may be based on OEM recommendations, or 
on records from similar equipment. Otherwise, reliability-based, or forecasting-based procedures can be employed 
[24]. Reliability-based procedures resort to reliability functions to estimate time-to-failure and number of 
replacements at failure. Forecasting-based procedures resort to past observations to estimate future levels of activity, 
in this case the required number of spare parts [27]. Typically consider parameters include spare parts demand interval 
variability and demand size variability [28]. Finally, the third aspect refers to the inventory analysis, including the 
definition of the frequency to assess the inventory status, the definition of order instants for parts restocking, and the 
definition of order quantities [24]. 

3.3. Scheduling 

According to Al-Turki [16], maintenance scheduling is the process of matching maintenance activities with 
resources, in which the activities are sequenced to be executed at certain points in time according to their interrelations, 
the availability of resources, and other limitations and constraints. The efficiency of maintenance scheduling can be 
assessed through different measures such as meeting due dates, time of completion, or utilization of resources. 
Márquez [29] presents a similar definition of maintenance scheduling to that of Al-Turki [16]. In addition, the author 
lists a set of aspects that are required to be considered when producing a maintenance schedule: 

• Precise work orders, with clear instructions regarding the work to be performed, required resources, and procedures. 
• Time standards for each maintenance activity, based on time measurements. 
• Information regarding available resources, including technicians, spare parts inventory status and procurement 

information, tools and other specific maintenance equipment. 
• Production schedule information, including time periods available for maintenance. 
• Maintenance activities priorities, established together with the production department. 
• Information about scheduled maintenance activities, ongoing and delayed. 

When compared to production activities, Al-Turki [16] identifies the following challenges when scheduling 
maintenance activities: 

• Maintenance activities are highly uncertain regarding duration and resource requirements. 
• Maintenance activities are highly related regarding precedence relations and relative priority. 
• Maintenance activities can be divided into sub-activities, each with different requirements. 
• Maintenance activities can be interrupted or canceled due to changes in the operational context. 

4. Maintenance Management Solutions 

Given the importance and complexity of the aforementioned problems to the maintenance management process, 
multiple solutions have been proposed over time to address them. A review of some of these solutions is presented in 
this Section, framed within BA and applied particularly in aviation maintenance. The expression “business analytics” 
is widely used in various contexts, but no commonly accepted definition exists for what it is [30]. BA can be defined 
as the use of data through statistical analysis, quantitative methods, and mathematical models to improve decision-
making in organizations [10]. This research work adopts the taxonomy related to what analytics does [31], under which 
BA is divided into descriptive analytics, predictive analytics, and prescriptive analytics [10], [32]. Specifically in 
maintenance, Karim et al. [33] propose a concept for knowledge discovery with focus on big data and analytics called 
maintenance analytics (MA). 
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4.1. Descriptive Analytics 

Descriptive analytics refer to the use of data to gain insights about past and present business performance to allow 
informed decisions [10]. This is the most common type of analytics, in which data is summarized in charts and reports. 
Techniques within this type of analytics include descriptive statistical measures, probability distributions, sampling, 
and statistical inference. 

Regarding the application of descriptive analytics techniques to maintenance management, Dinis et al. [7] propose 
a framework for the qualitative and quantitative characterization of maintenance work to support MRO organizations. 
The framework, developed in an aircraft maintenance context, comprises a 3-dimensional coordinate system including 
aircraft zones, project phases, and technical skills, under which maintenance work is statistically characterized. The 
authors claim that the proposed framework can be used for capacity planning, spare parts management, and 
maintenance scheduling. 

4.2. Predictive Analytics 

Predictive analytics refer to the use of historical data to make predictions, exploiting patterns and relationships in 
the data, and extrapolating them into the future [10]. Techniques within this type of analytics include regression 
analysis, forecasting techniques, data mining, simulation, and risk analysis. 

Including Bayesian networks (BN) in predictive analytics techniques, several studies apply this technique in 
maintenance management. In capacity planning, Kellenbrink et al. [34], Steffen C. Eickemeyer et al. [35], and Dinis 
et al. [36] use BN to estimate the workload in aircraft maintenance. In other works, BN are combined with exponential 
smoothing models to predict the workload of future and unprecedented aircraft maintenance interventions [37], [38]. 

In spare parts management, several studies employ forecasting techniques in maintenance contexts. Examples 
include [39], [40], [41], [42], [43]. Ghobbar and Friend [44] compare the accuracy of 13 forecasting methods in 
forecasting spare parts in aircraft maintenance. Bacchetti and Saccani [45] present a review on forecasting methods 
addressing spare parts classification and demand forecasting for stock control. 

Regarding scheduling, only the work of Öhlinger et al. [46] has been found employing an artificial intelligence-
based approach for forecasting maintenance orders for MRO scheduling. 

4.3. Prescriptive Analytics 

Finally, prescriptive analytics refer to the use of data to find the best alternative from a set of alternatives, which, 
given its size, involve too many choices for a human decision-maker to effectively consider [10]. Techniques within 
this type of analytics include linear and non-linear optimization, integer optimization, heuristics, and decision analysis. 

In capacity planning, Dijkstra et al. [47] proposes a decision support system (DSS) to support maintenance 
management in determining the required size and composition of the workforce in a major aircraft MRO. The authors 
resort to integer optimization to address the problem. Other authors using optimization approaches in maintenance 
capacity planning include [48], [49], [50], [51], [52], [53], [54], [55], [56], [57], to provide some examples. 

In spare parts management, Gu et al. [58] present two non-linear programming models to find the optimal order 
time and order quantity of aircraft spare parts. Wang [59] propose a stochastic dynamic programming model for joint 
spare parts inventory and planned maintenance optimization. Zanjani and Nourelfath [60] develop an integrated 
mathematical programming model for spare parts logistics and operations planning in maintenance. Erkoc and 
Ertogral [61] develop an integer programming model to optimize overhaul start times for rotable spare parts. Hu et al. 
[62] present a review of studies using operations research (OR) in spare parts management. Van Horenbeek et al. [63] 
present a review on joint maintenance and inventory optimization models. Lolli et al. [64] use machine learning for 
multi-criteria inventory classification applied to intermittent demand. 

In scheduling, [65], [66], [67], [68], [69], [70] employ optimization approaches to solve scheduling problems in 
maintenance, particularly in aircraft maintenance. 
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[62] present a review of studies using operations research (OR) in spare parts management. Van Horenbeek et al. [63] 
present a review on joint maintenance and inventory optimization models. Lolli et al. [64] use machine learning for 
multi-criteria inventory classification applied to intermittent demand. 

In scheduling, [65], [66], [67], [68], [69], [70] employ optimization approaches to solve scheduling problems in 
maintenance, particularly in aircraft maintenance. 
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5. Conclusions and Future Research 

The purpose of this research work is to present a brief review on key problems affecting maintenance management 
and on selected solutions addressing each of these problems, framed within BA and applied, particularly, in aviation 
maintenance. Three key problems in maintenance management include capacity planning, spare parts management, 
and maintenance scheduling. The first problem refers to the estimation of maintenance workload, the determination of 
maintenance capacity, and the combination of both. The second problem refers to the identification of spare parts, the 
determination of required quantities, and the definition of inventory control policies. Finally, the third problem refers 
to the definition of a time frame for the maintenance activities to be performed, while matching their execution with 
the required resources. 

Regarding reviewed solutions, these have been framed according to a three-fold taxonomy of BA, in which BA is 
divided into descriptive analytics, predictive analytics, and prescriptive analytics. Descriptive analytics refers to the 
use of past or present data to gain insights about the business to improve decision-making. Predictive analytics refers 
to the use of historical data to predict the future by exploiting patterns and relationships in the data. Finally, prescriptive 
analytics refers to the use of data to select an alternative from a set of alternatives which, given its dimension, would 
be impossible for a human decision-maker to effectively consider. 

From the performed review, although brief and focused on aviation maintenance, one can observe that the number 
of studies addressing each of the possible problem/solution combinations, from the aforementioned problems and 
solutions, is uneven. Regarding studies employing descriptive analytics techniques, only one study has been found. 
Only one study has been found as well addressing the scheduling problem from a predictive analytics perspective. On 
the contrary, multiple studies have been found addressing spare parts management from a predictive analytics 
perspective, as well as addressing any of the three problems from a prescriptive analytics perspective. 

As for future research, a more exhaustive review should be performed considering the presented maintenance 
management problems and the adopted taxonomy of BA. From the performed review, some indications exist regarding 
the affinity of some of the BA perspectives with some of the problems. This may result from a more mature scientific 
field, such as is the case with OR, and would explain the number of studies found within the prescriptive perspective 
addressing all of the problems affecting maintenance management. In addition, the emergence of monitoring sensors 
in complex systems, and the connection of these sensors to information networks, i.e., Internet of Things, allows the 
collection of enormous amounts of data. The exploitation of this data for maintenance management, through techniques 
such as Machine Learning, which will expectedly contribute to the predictive and prescriptive perspectives of BA, 
presents another research opportunity. 

Acknowledgements 

Duarte Dinis acknowledges the Portuguese Fundação para a Ciência e a Tecnologia (FCT) for its financial support 
via the project UIDB/00667/2020 and UIDP/00667/2020 (UNIDEMI). This work is also financed by Portuguese funds 
through FCT, under the project UIDB/00097/2020 (CEGIST). 

References 

[1] H. Löfsten, “Measuring maintenance performance - in search for a maintenance productivity index,” Int J Prod Econ, vol. 63, no. 1, pp. 
47–58, 2000, doi: 10.1016/S0925-5273(98)00245-X. 

[2] L. Pintelon and A. Parodi-Herz, “Maintenance: An Evolutionary Perspective,” in Complex System Maintenance Handbook, K. A. H. 
Kobbacy and D. N. P. Murthy, Eds., Springer London, 2008, ch. 2, pp. 21–48. 

[3] S. K. Pinjala, L. Pintelon, and A. Vereecke, “An empirical investigation on the relationship between business and maintenance 
strategies,” Int J Prod Econ, vol. 104, no. 1, pp. 214–229, 2006, doi: 10.1016/j.ijpe.2004.12.024. 

[4] K. A. H. Kobbacy and D. N. P. Murthy, “An Overview,” in Complex System Maintenance Handbook, K. A. H. Kobbacy and D. N. P. 
Murthy, Eds., Springer London, 2008, pp. 3–18. 

[5] CEN, BS EN 13306:2017 - Maintenance. Maintenance Terminology. European Standard. Brussels: European Committee for 
Standardization, 2017. 

[6] H. K. Al-Fares and S. O. Duffuaa, “Maintenance Forecasting and Capacity Planning,” in Handbook of Maintenance Management and 
Engineering, M. Ben-Daya, S. O. Duffuaa, A. Raouf, J. Knezevic, and D. Ait-Kadi, Eds., Springer London, 2009, ch. 8, pp. 157–190. 

[7] D. Dinis, A. Barbosa-Póvoa, and Â. P. Teixeira, “A supporting framework for maintenance capacity planning and scheduling: 
Development and application in the aircraft MRO industry,” Int J Prod Econ, vol. 218, no. February, pp. 1–15, Dec. 2019, doi: 



3076	 Duarte Dinis  et al. / Procedia Computer Science 253 (2025) 3069–3077
8 Duarte Dinis / Procedia Computer Science 00 (2024) 000–000 

10.1016/j.ijpe.2019.04.029. 
[8] C. Reményi and S. Staudacher, “Systematic simulation based approach for the identification and implementation of a scheduling rule in 

the aircraft engine maintenance,” Int J Prod Econ, vol. 147, no. PART A, pp. 94–107, 2014, doi: 10.1016/j.ijpe.2012.10.022. 
[9] A. H.-S. Ang and W. H. Tang, Probability Concepts in Engineering, Second Edition. Wiley, 2007. 
[10] J. R. Evans, Business Analytics: Methods, Models, and Decisions, 2nd ed. Pearson, 2016. 
[11] A. C. Márquez, The Maintenance Management Framework. in Springer Series in Reliability Engineering. Springer London, 2007. doi: 

10.1007/978-1-84628-821-0. 
[12] K. A. H. Kobbacy and D. N. P. Murthy, Complex System Maintenance Handbook. in Springer Series in Reliability Engineering. 

London: Springer London, 2008. doi: 10.1007/978-1-84800-011-7. 
[13] A. C. Márquez, Digital Maintenance Management. Springer International Publishing, 2022. doi: 10.1007/978-3-030-97660-6. 
[14] M. Ben-Daya, S. O. Duffuaa, A. Raouf, J. Knezevic, and D. Ait-Kadi, Handbook of Maintenance Management and Engineering. 

London: Springer London, 2009. doi: 10.1007/978-1-84882-472-0. 
[15] S. O. Duffuaa and A. Raouf, Planning and Control of Maintenance Systems. Springer International Publishing, 2015. doi: 10.1007/978-

3-319-19803-3. 
[16] U. M. Al-Turki, “Maintenance Planning and Scheduling,” in Handbook of Maintenance Management and Engineering, M. Ben-Daya, 

S. O. Duffuaa, A. Raouf, J. Knezevic, and D. Ait-Kadi, Eds., Springer London, 2009, ch. 11, pp. 237–262. 
[17] A. C. Marquez and J. N. D. Gupta, “Contemporary maintenance management: process, framework and supporting pillars,” Omega 

(Westport), vol. 34, no. 3, pp. 313–326, 2006, doi: 10.1016/j.omega.2004.11.003. 
[18] A. Kelly, Strategic maintenance planning. Elsevier Butterworth-Heinemann, 2006. 
[19] A. Kelly, Managing maintenance resources. Elsevier Butterworth-Heinemann, 2006. 
[20] A. Kelly, Maintenance systems and documentation. Elsevier Butterworth-Heinemann, 2006. 
[21] A. C. Márquez, “On the Definition of Maintenance Management,” in The Maintenance Management Framework, Springer London, 

2007, ch. 1, pp. 3–10. 
[22] P. Samaranayake and S. Kiridena, “Aircraft maintenance planning and scheduling: an integrated framework,” J Qual Maint Eng, vol. 

18, no. 4, pp. 432–453, 2012, doi: 10.1108/13552511211281598. 
[23] A. C. Márquez, “Maintenance Management Characterization: Process, Framework and Supporting Pillars,” in The Maintenance 

Management Framework, Springer London, 2007, ch. 2, pp. 11–40. 
[24] C. Diallo, D. Aït-Kadi, and A. Chelbi, “Integrated Spare Parts Management,” in Handbook of Maintenance Management and 

Engineering, M. Ben-Daya, S. O. Duffuaa, A. Raouf, J. Knezevic, and D. Ait-Kadi, Eds., Springer London, 2009, pp. 191–222. 
[25] A. C. Márquez, “Models to Deal with Maintenance Capacity Planning,” in The Maintenance Management Framework, Springer 

London, 2007, ch. 12, pp. 157–184. 
[26] S. O. Duffuaa and A. Raouf, “Maintenance Strategic and Capacity Planning,” in Planning and Control of Maintenance Systems, 

Springer International Publishing, 2015, pp. 19–56. doi: 10.1007/978-3-319-19803-3_2. 
[27] J. E. Boylan and A. A. Syntetos, “Forecasting for Inventory Management of Service Parts,” in Complex System Maintenance 

Handbook, K. A. H. Kobbacy and D. N. P. Murthy, Eds., Springer London, 2008, pp. 479–506. 
[28] A. Syntetos, J. Boylan, and J. Croston, “On the categorization of demand patterns.,” Journal of the Operational Research Society, vol. 

56, no. 5, pp. 495–503, 2005, doi: 10.1057/palgrave.jors.2601841. 
[29] A. C. Márquez, “Models to Deal with Maintenance Scheduling Issues,” in The Maintenance Management Framework, Springer 

London, 2007, ch. 14, pp. 225–262. 
[30] Y. Duan, G. Cao, and J. S. Edwards, “Understanding the impact of business analytics on innovation,” Eur J Oper Res, vol. 281, no. 3, 

pp. 673–686, Mar. 2020, doi: 10.1016/j.ejor.2018.06.021. 
[31] C. Holsapple, A. Lee-Post, and R. Pakath, “A unified foundation for business analytics,” Decis Support Syst, vol. 64, pp. 130–141, 

Aug. 2014, doi: 10.1016/j.dss.2014.05.013. 
[32] D. Delen and H. Demirkan, “Data, information and analytics as services,” Decis Support Syst, vol. 55, no. 1, pp. 359–363, Apr. 2013, 

doi: 10.1016/j.dss.2012.05.044. 
[33] R. Karim, J. Westerberg, D. Galar, and U. Kumar, “Maintenance Analytics – The New Know in Maintenance,” IFAC-PapersOnLine, 

vol. 49, no. 28, pp. 214–219, 2016, doi: 10.1016/j.ifacol.2016.11.037. 
[34] C. Kellenbrink, F. Herde, S. C. Eickemeyer, T. Kuprat, and P. Nyhuis, “Planning the Regeneration Processes of Complex Capital 

Goods,” Procedia CIRP, vol. 24, pp. 140–145, 2014, doi: 10.1016/j.procir.2014.08.001. 
[35] S. C. Eickemeyer, S. Steinkamp, B. Schuster, F. Bodenhage, and P. Nyhuis, “Reliable Capacity Planning Despite Uncertain 

Disassembly, Regeneration and Reassembly Workloads by Using Statistical and Mathematical Approaches – Validation in Subsidiaries 
of a Global MRO Company with Operations in Asia, Europe and North America,” Procedia CIRP, vol. 23, pp. 252–257, 2014, doi: 
10.1016/j.procir.2014.10.097. 

[36] D. Dinis, A. Barbosa-Póvoa, and Â. P. Teixeira, “Valuing data in aircraft maintenance through big data analytics: A probabilistic 
approach for capacity planning using Bayesian networks,” Comput Ind Eng, vol. 128, pp. 920–936, Feb. 2019, doi: 
10.1016/j.cie.2018.10.015. 

[37] D. Dinis, Â. P. Teixeira, and A. Barbosa-Póvoa, “ForeSim-BI: A predictive analytics decision support tool for capacity planning,” 
Decis Support Syst, vol. 131, no. 113266, p. 113266, Apr. 2020, doi: 10.1016/j.dss.2020.113266. 

[38] D. Dinis, A. Barbosa-Póvoa, and Â. P. Teixeira, “Enhancing capacity planning through forecasting: An integrated tool for maintenance 
of complex product systems,” Int J Forecast, vol. 38, no. 1, pp. 178–192, Jan. 2022, doi: 10.1016/j.ijforecast.2021.05.003. 

[39] A. Regattieri, M. Gamberi, R. Gamberini, and R. Manzini, “Managing lumpy demand for aircraft spare parts,” J Air Transp Manag, 
vol. 11, no. 6, pp. 426–431, 2005, doi: 10.1016/j.jairtraman.2005.06.003. 

[40] W. Wang and A. A. Syntetos, “Spare parts demand: Linking forecasting to equipment maintenance,” Transp Res E Logist Transp Rev, 
vol. 47, no. 6, pp. 1194–1209, 2011, doi: 10.1016/j.tre.2011.04.008. 

[41] W. Romeijnders, R. Teunter, and W. Van Jaarsveld, “A two-step method for forecasting spare parts demand using information on 
component repairs,” Eur J Oper Res, vol. 220, no. 2, pp. 386–393, 2012, doi: 10.1016/j.ejor.2012.01.019. 



	 Duarte Dinis  et al. / Procedia Computer Science 253 (2025) 3069–3077� 3077
8 Duarte Dinis / Procedia Computer Science 00 (2024) 000–000 

10.1016/j.ijpe.2019.04.029. 
[8] C. Reményi and S. Staudacher, “Systematic simulation based approach for the identification and implementation of a scheduling rule in 

the aircraft engine maintenance,” Int J Prod Econ, vol. 147, no. PART A, pp. 94–107, 2014, doi: 10.1016/j.ijpe.2012.10.022. 
[9] A. H.-S. Ang and W. H. Tang, Probability Concepts in Engineering, Second Edition. Wiley, 2007. 
[10] J. R. Evans, Business Analytics: Methods, Models, and Decisions, 2nd ed. Pearson, 2016. 
[11] A. C. Márquez, The Maintenance Management Framework. in Springer Series in Reliability Engineering. Springer London, 2007. doi: 

10.1007/978-1-84628-821-0. 
[12] K. A. H. Kobbacy and D. N. P. Murthy, Complex System Maintenance Handbook. in Springer Series in Reliability Engineering. 

London: Springer London, 2008. doi: 10.1007/978-1-84800-011-7. 
[13] A. C. Márquez, Digital Maintenance Management. Springer International Publishing, 2022. doi: 10.1007/978-3-030-97660-6. 
[14] M. Ben-Daya, S. O. Duffuaa, A. Raouf, J. Knezevic, and D. Ait-Kadi, Handbook of Maintenance Management and Engineering. 

London: Springer London, 2009. doi: 10.1007/978-1-84882-472-0. 
[15] S. O. Duffuaa and A. Raouf, Planning and Control of Maintenance Systems. Springer International Publishing, 2015. doi: 10.1007/978-

3-319-19803-3. 
[16] U. M. Al-Turki, “Maintenance Planning and Scheduling,” in Handbook of Maintenance Management and Engineering, M. Ben-Daya, 

S. O. Duffuaa, A. Raouf, J. Knezevic, and D. Ait-Kadi, Eds., Springer London, 2009, ch. 11, pp. 237–262. 
[17] A. C. Marquez and J. N. D. Gupta, “Contemporary maintenance management: process, framework and supporting pillars,” Omega 

(Westport), vol. 34, no. 3, pp. 313–326, 2006, doi: 10.1016/j.omega.2004.11.003. 
[18] A. Kelly, Strategic maintenance planning. Elsevier Butterworth-Heinemann, 2006. 
[19] A. Kelly, Managing maintenance resources. Elsevier Butterworth-Heinemann, 2006. 
[20] A. Kelly, Maintenance systems and documentation. Elsevier Butterworth-Heinemann, 2006. 
[21] A. C. Márquez, “On the Definition of Maintenance Management,” in The Maintenance Management Framework, Springer London, 

2007, ch. 1, pp. 3–10. 
[22] P. Samaranayake and S. Kiridena, “Aircraft maintenance planning and scheduling: an integrated framework,” J Qual Maint Eng, vol. 

18, no. 4, pp. 432–453, 2012, doi: 10.1108/13552511211281598. 
[23] A. C. Márquez, “Maintenance Management Characterization: Process, Framework and Supporting Pillars,” in The Maintenance 

Management Framework, Springer London, 2007, ch. 2, pp. 11–40. 
[24] C. Diallo, D. Aït-Kadi, and A. Chelbi, “Integrated Spare Parts Management,” in Handbook of Maintenance Management and 

Engineering, M. Ben-Daya, S. O. Duffuaa, A. Raouf, J. Knezevic, and D. Ait-Kadi, Eds., Springer London, 2009, pp. 191–222. 
[25] A. C. Márquez, “Models to Deal with Maintenance Capacity Planning,” in The Maintenance Management Framework, Springer 

London, 2007, ch. 12, pp. 157–184. 
[26] S. O. Duffuaa and A. Raouf, “Maintenance Strategic and Capacity Planning,” in Planning and Control of Maintenance Systems, 

Springer International Publishing, 2015, pp. 19–56. doi: 10.1007/978-3-319-19803-3_2. 
[27] J. E. Boylan and A. A. Syntetos, “Forecasting for Inventory Management of Service Parts,” in Complex System Maintenance 

Handbook, K. A. H. Kobbacy and D. N. P. Murthy, Eds., Springer London, 2008, pp. 479–506. 
[28] A. Syntetos, J. Boylan, and J. Croston, “On the categorization of demand patterns.,” Journal of the Operational Research Society, vol. 

56, no. 5, pp. 495–503, 2005, doi: 10.1057/palgrave.jors.2601841. 
[29] A. C. Márquez, “Models to Deal with Maintenance Scheduling Issues,” in The Maintenance Management Framework, Springer 

London, 2007, ch. 14, pp. 225–262. 
[30] Y. Duan, G. Cao, and J. S. Edwards, “Understanding the impact of business analytics on innovation,” Eur J Oper Res, vol. 281, no. 3, 

pp. 673–686, Mar. 2020, doi: 10.1016/j.ejor.2018.06.021. 
[31] C. Holsapple, A. Lee-Post, and R. Pakath, “A unified foundation for business analytics,” Decis Support Syst, vol. 64, pp. 130–141, 

Aug. 2014, doi: 10.1016/j.dss.2014.05.013. 
[32] D. Delen and H. Demirkan, “Data, information and analytics as services,” Decis Support Syst, vol. 55, no. 1, pp. 359–363, Apr. 2013, 

doi: 10.1016/j.dss.2012.05.044. 
[33] R. Karim, J. Westerberg, D. Galar, and U. Kumar, “Maintenance Analytics – The New Know in Maintenance,” IFAC-PapersOnLine, 

vol. 49, no. 28, pp. 214–219, 2016, doi: 10.1016/j.ifacol.2016.11.037. 
[34] C. Kellenbrink, F. Herde, S. C. Eickemeyer, T. Kuprat, and P. Nyhuis, “Planning the Regeneration Processes of Complex Capital 

Goods,” Procedia CIRP, vol. 24, pp. 140–145, 2014, doi: 10.1016/j.procir.2014.08.001. 
[35] S. C. Eickemeyer, S. Steinkamp, B. Schuster, F. Bodenhage, and P. Nyhuis, “Reliable Capacity Planning Despite Uncertain 

Disassembly, Regeneration and Reassembly Workloads by Using Statistical and Mathematical Approaches – Validation in Subsidiaries 
of a Global MRO Company with Operations in Asia, Europe and North America,” Procedia CIRP, vol. 23, pp. 252–257, 2014, doi: 
10.1016/j.procir.2014.10.097. 

[36] D. Dinis, A. Barbosa-Póvoa, and Â. P. Teixeira, “Valuing data in aircraft maintenance through big data analytics: A probabilistic 
approach for capacity planning using Bayesian networks,” Comput Ind Eng, vol. 128, pp. 920–936, Feb. 2019, doi: 
10.1016/j.cie.2018.10.015. 

[37] D. Dinis, Â. P. Teixeira, and A. Barbosa-Póvoa, “ForeSim-BI: A predictive analytics decision support tool for capacity planning,” 
Decis Support Syst, vol. 131, no. 113266, p. 113266, Apr. 2020, doi: 10.1016/j.dss.2020.113266. 

[38] D. Dinis, A. Barbosa-Póvoa, and Â. P. Teixeira, “Enhancing capacity planning through forecasting: An integrated tool for maintenance 
of complex product systems,” Int J Forecast, vol. 38, no. 1, pp. 178–192, Jan. 2022, doi: 10.1016/j.ijforecast.2021.05.003. 

[39] A. Regattieri, M. Gamberi, R. Gamberini, and R. Manzini, “Managing lumpy demand for aircraft spare parts,” J Air Transp Manag, 
vol. 11, no. 6, pp. 426–431, 2005, doi: 10.1016/j.jairtraman.2005.06.003. 

[40] W. Wang and A. A. Syntetos, “Spare parts demand: Linking forecasting to equipment maintenance,” Transp Res E Logist Transp Rev, 
vol. 47, no. 6, pp. 1194–1209, 2011, doi: 10.1016/j.tre.2011.04.008. 

[41] W. Romeijnders, R. Teunter, and W. Van Jaarsveld, “A two-step method for forecasting spare parts demand using information on 
component repairs,” Eur J Oper Res, vol. 220, no. 2, pp. 386–393, 2012, doi: 10.1016/j.ejor.2012.01.019. 

 Duarte Dinis / Procedia Computer Science 00 (2024) 000–000  9 

[42] F. Guo, J. Diao, Q. Zhao, D. Wang, and Q. Sun, “A double-level combination approach for demand forecasting of repairable airplane 
spare parts based on turnover data,” Comput Ind Eng, vol. 110, pp. 92–108, 2017, doi: 10.1016/j.cie.2017.05.002. 

[43] S. Zhu, W. van Jaarsveld, and R. Dekker, “Spare parts inventory control based on maintenance planning,” Reliab Eng Syst Saf, vol. 
193, no. January 2019, p. 106600, Jan. 2020, doi: 10.1016/j.ress.2019.106600. 

[44] A. A. Ghobbar and C. H. Friend, “Evaluation of forecasting methods for intermittent parts demand in the field of aviation: a predictive 
model,” Comput Oper Res, vol. 30, pp. 2097–2114, 2003. 

[45] A. Bacchetti and N. Saccani, “Spare parts classification and demand forecasting for stock control: Investigating the gap between 
research and practice,” Omega (Westport), vol. 40, no. 6, pp. 722–737, 2012, doi: 10.1016/j.omega.2011.06.008. 

[46] F. Öhlinger, L. Greimel, R. Glawar, and W. Sihn, “An approach for AI-based forecasting of maintenance orders for MRO scheduling,” 
IFAC-PapersOnLine, vol. 55, no. 10, pp. 2312–2317, 2022, doi: 10.1016/j.ifacol.2022.10.053. 

[47] M. C. Dijkstra, L. G. Kroon, J. A. E. E. van Nunen, and M. Salomon, “A DSS for capacity planning of aircraft maintenance personnel,” 
Int J Prod Econ, vol. 23, pp. 69–78, 1991, doi: 10.1016/0925-5273(91)90049-Y. 

[48] H. K. Alfares, “Aircraft maintenance workforce scheduling: A case study,” J Qual Maint Eng, vol. 5, no. 2, pp. 78–89, Jun. 1999, doi: 
10.1108/13552519910271784. 

[49] T. H. Yang, S. Yan, and H. H. Chen, “An airline maintenance manpower planning model with flexible strategies,” J Air Transp Manag, 
vol. 9, pp. 233–239, 2003, doi: 10.1016/S0969-6997(03)00013-9. 

[50] S. Yan, T. H. Yang, and H. H. Chen, “Airline short-term maintenance manpower supply planning,” Transp Res Part A Policy Pract, 
vol. 38, pp. 615–642, 2004, doi: 10.1016/j.tra.2004.03.005. 

[51] J. Beliën, B. Cardoen, and E. Demeulemeester, “Improving Workforce Scheduling of Aircraft Line Maintenance at Sabena Technics,” 
Interfaces (Providence), vol. 42, no. 4, pp. 352–364, Aug. 2012, doi: 10.1287/inte.1110.0585. 

[52] J. Beliën, E. Demeulemeester, P. De Bruecker, J. Van Den Bergh, and B. Cardoen, “Integrated staffing and scheduling for an aircraft 
line maintenance problem,” Comput Oper Res, vol. 40, no. 4, pp. 1023–1033, 2013, doi: 10.1016/j.cor.2012.11.011. 

[53] J. Van den Bergh, P. De Bruecker, J. Beliën, L. De Boeck, and E. Demeulemeester, “A three-stage approach for aircraft line 
maintenance personnel rostering using MIP, discrete event simulation and DEA,” Expert Syst Appl, vol. 40, no. 7, pp. 2659–2668, Jun. 
2013, doi: 10.1016/j.eswa.2012.11.009. 

[54] S. C. Eickemeyer, F. Herde, P. Irudayaraj, and P. Nyhuis, “Decision models for capacity planning in a regeneration environment,” Int J 
Prod Res, vol. 52, no. 23, pp. 7007–7026, 2014, doi: 10.1080/00207543.2014.923122. 

[55] P. De Bruecker, J. Van Den Bergh, J. Beliën, and E. Demeulemeester, “A model enhancement heuristic for building robust aircraft 
maintenance personnel rosters with stochastic constraints,” Eur J Oper Res, vol. 246, no. 2, pp. 661–673, 2015, doi: 
10.1016/j.ejor.2015.05.008. 

[56] G. Chen, W. He, L. C. Leung, T. Lan, and Y. Han, “Assigning licenced technicians to maintenance tasks at aircraft maintenance base: a 
bi-objective approach and a Chinese airline application,” Int J Prod Res, vol. 55, no. 19, pp. 5550–5563, Oct. 2017, doi: 
10.1080/00207543.2017.1296204. 

[57] P. De Bruecker, J. Beliën, J. Van den Bergh, and E. Demeulemeester, “A three-stage mixed integer programming approach for 
optimizing the skill mix and training schedules for aircraft maintenance,” Eur J Oper Res, vol. 267, no. 2, pp. 439–452, 2018, doi: 
10.1016/j.ejor.2017.11.047. 

[58] J. Gu, G. Zhang, and K. W. Li, “Efficient aircraft spare parts inventory management under demand uncertainty,” J Air Transp Manag, 
vol. 42, pp. 101–109, 2015, doi: 10.1016/j.jairtraman.2014.09.006. 

[59] W. Wang, “A stochastic model for joint spare parts inventory and planned maintenance optimisation,” Eur J Oper Res, vol. 216, no. 1, 
pp. 127–139, 2012, doi: 10.1016/j.ejor.2011.07.031. 

[60] M. K. Zanjani and M. Nourelfath, “Integrated spare parts logistics and operations planning for maintenance service providers,” Int J 
Prod Econ, vol. 158, pp. 44–53, 2014, doi: 10.1016/j.ijpe.2014.07.012. 

[61] M. Erkoc and K. Ertogral, “Overhaul planning and exchange scheduling for maintenance services with rotable inventory and limited 
processing capacity,” Comput Ind Eng, vol. 98, pp. 30–39, Aug. 2016, doi: 10.1016/j.cie.2016.05.021. 

[62] Q. Hu, J. E. Boylan, H. Chen, and A. Labib, “OR in spare parts management: A review,” Eur J Oper Res, vol. 266, no. 2, pp. 395–414, 
Apr. 2018, doi: 10.1016/j.ejor.2017.07.058. 

[63] A. Van Horenbeek, J. Buré, D. Cattrysse, L. Pintelon, and P. Vansteenwegen, “Joint maintenance and inventory optimization systems: 
A review,” Int J Prod Econ, vol. 143, pp. 499–508, 2013, doi: 10.1016/j.ijpe.2012.04.001. 

[64] F. Lolli, E. Balugani, A. Ishizaka, R. Gamberini, B. Rimini, and A. Regattieri, “Machine learning for multi-criteria inventory 
classification applied to intermittent demand,” Production Planning & Control, vol. 30, no. 1, pp. 76–89, Jan. 2019, doi: 
10.1080/09537287.2018.1525506. 

[65] M. Doostparast, F. Kolahan, and M. Doostparast, “A reliability-based approach to optimize preventive maintenance scheduling for 
coherent systems,” Reliab Eng Syst Saf, vol. 126, pp. 98–106, Jun. 2014, doi: 10.1016/j.ress.2014.01.010. 

[66] C. Kellenbrink and S. Helber, “Scheduling resource-constrained projects with a flexible project structure,” Eur J Oper Res, vol. 246, 
no. 2, Art. no. dp-511, Oct. 2015, doi: 10.1016/j.ejor.2015.05.003. 

[67] Y. Qin, Z. X. Wang, F. T. S. Chan, S. H. Chung, and T. Qu, “A mathematical model and algorithms for the aircraft hangar maintenance 
scheduling problem,” Appl Math Model, vol. 67, pp. 491–509, Mar. 2019, doi: 10.1016/j.apm.2018.11.008. 

[68] S. Shaukat, M. Katscher, C.-L. Wu, F. Delgado, and H. Larrain, “Aircraft line maintenance scheduling and optimisation,” J Air Transp 
Manag, vol. 89, no. September, p. 101914, Oct. 2020, doi: 10.1016/j.jairtraman.2020.101914. 

[69] J. Kurz, “Capacity planning for a maintenance service provider with advanced information,” Eur J Oper Res, vol. 251, no. 2, pp. 466–
477, 2016, doi: 10.1016/j.ejor.2015.11.029. 

[70] H. H. Turan, M. Atmis, F. Kosanoglu, S. Elsawah, and M. J. Ryan, “A risk-averse simulation-based approach for a joint optimization of 
workforce capacity, spare part stocks and scheduling priorities in maintenance planning,” Reliab Eng Syst Saf, vol. 204, p. 107199, 
Dec. 2020, doi: 10.1016/j.ress.2020.107199. 

  


