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Abstract 

This review paper discusses the importance of having an optimal layout for rollingstock maintenance depots to optimize rollingstock maintenance in improving maintenance efficiency and reducing maintenance costs while maintaining the availability and reliability of railway vehicles. The current problems in rollingstock maintenance depots faced by railway industry are limited land availability, limited storage space, material handling issues, and the lack of standards for train maintenance depot layouts. The paper also presents classification criteria and categories on layout planning and maintenance optimization approach for rollingstock maintenance depots based on various recent studies including the methods used and the results obtained. Finally, this review paper proposes guidelines for future research on rollingstock maintenance depots in Indonesia as decision-making that considers the economic factors of layout optimization and the implications for safety and the environment of maintenance activities. This could also help improve the company's reputation as well as prepare for future expansion. 
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Introduction
Railways is one of an efficient mode of mass transportation in Indonesia, Indonesian Railway as a railway transportation provider is required to improve the productivity and efficiency of train maintenance. The results of effective and efficient train maintenance will affect positively the quality of train service and safety. 
The operational and maintenance activities have a significant portion in the overall business process cost (Pinciroli et al., 2023). In recent years, the maintenance and repair costs of trains in Indonesia have been increasing due to the increasing number of trains that have an economic life of more than 30 years. These rising costs have become a major concern for Indonesian Railways in managing its business, particularly in optimizing available resources to achieve optimal results. One solution that can be implemented according to the Company’s Long-Term Plan for 2020-2024 is to develop a master plan for each Workshop and Depot to optimize the design and accommodate future growth (PT Kereta Api Indonesia, 2020).
In optimizing the maintenance process at the Depot, it is necessary to improve its layout to be more effective and efficient. An Ineffective layout will increase material handling cost by up to 36% (Ripon et al., 2013), also incorrect layouts and location design may result in a loss over 35% of system efficiency (Izadinia & Eshghi, 2016). The most significant factor in determining layout efficiency is the cost of material handling (Emami & S. Nookabadi, 2013). Approximately 20%-50% of operation costs was from material handling as well as 15%-70% of production cost was from material flow (Mohamadghasemi & Hadi-Vencheh, 2012). A company can reduce material handling cost by 10%-30% to improve productivity with an effective facilities arrangement (Madhusudanan Pillai et al., 2011). One of the current problems in train maintenance depots is limited land availability, limited storage space, material handling issues, the lack of standards for train maintenance depot layouts, and limited train maintenance technology, which can affect overall efficiency such as disruptions in the train maintenance process and increase safety and health risks for depot workers.
Based on research conducted by Khariwal et al. (2020), the Systematic Layout Planning (SLP) method was used by provides step by step improvement approach to evaluate the existing layout and increase 5% of the railway workshop maintenance capacity (Khariwal et al., 2020). Li et al. (2012) used the SLP method to design and solve machine processing workshop of four-wheel harvester problems using shorten logistic path to improve production efficiency (Li et al., 2012). Azadeh et al. (2013) optimized the layout using an Integrated Simulation-Data Envelopment Analysis (DEA) approach and Discrete event simulation on a gas transmission unit maintenance workshop to increase efficiency with considering safety factors (Azadeh et al., 2013). Altuntas and Selim (2012) improve the efficiency and productivity level of the production system using weight criteria such as material handling factor, demand, and efficiency of material handling equipment (Altuntas & Selim, 2012). And Neghabi and Ghassemi Tari (2015) used mathematical programming to develop facility layout problems to assess the flexibility and the efficiency of the proposed facility layout model (Ghassemi Tari & Neghabi, 2015). 

This paper will discuss the importance of having an optimal layout for rollingstock maintenance depots to optimize rollingstock maintenance in improving maintenance efficiency and reducing costs while maintaining the availability and reliability of railway vehicles. A good layout can be achieved through a systematic approach of layout planning such as SLP by considering a maintenance optimization approach. This review paper will analyze various recent studies on optimal layout planning and rollingstock maintenance optimization approach for rollingstock maintenance depots, including the methods used and the results obtained. In addition, this review paper will also discuss the challenges and opportunities such as uncertainty in maintenance time and the complexity of railway vehicles. Therefore, this review paper is expected to provide a more comprehensive understanding of the importance of having an optimal layout and contribute to the development of efficient and optimal layout planning methods to optimize rollingstock maintenance for rollingstock maintenance depots in the future. 
Research Methods
The objective of this review paper is to present the systematic literature review of layout planning for rollingstock maintenance optimization especially on depot layout optimization and follow the systematic literature methodology review proposed by Barbara Kitchenham (2014) to accomplish this objective (Barbara Kitchenham, 2014). This methodology is applied to map the current application of layout planning and future opportunities of layout planning in train maintenance depot layout optimization, the review methodology includes six steps : (1) introduction, (2) review methodology, (3) systematic layout planning and industry application, (4) rollingstock maintenance optimization approach, (5) future research guidelines for Indonesian train maintenance depot, and (6) conclusions. 

Using Scopus database and Google Scholar as the main source with searching scope of academic papers in English including scientific articles published in journal papers and conference proceedings in the previous study of layout planning and its application from January 2001 to December 2022. The first step to making a systematic review is to search for a paper using the keyword on systematic layout planning and train maintenance depot optimization. The keyword for systematic layout planning are facility design, facility layout design, plant layout, layout planning, layout problem, and layout design. And for train maintenance depot optimization are train maintenance depot, maintenance optimization, train maintenance optimization, rollingstock maintenance optimization, railway maintenance, and railway workshop. Based on the search result, we filter the content title, keywords, and abstract. Second, included relevant papers such as a high number of citations that were previously published before 2001. Finally, the collected paper was reviewed to access its relevance to this paper’s main purpose by analyzing the abstracts, objective, proposed method, result, and conclusion. As a result, the remaining 95 selected papers then analyzed to make a comprehensive classification that integrated systematic layout planning and train maintenance depot optimization related to its productivity, efficiency, and safety. Through the result, the articles were classified based on the current application of layout planning and future research guideline for Indonesian maintenance depot layout optimization to contribute to the development of efficient and optimal layout planning methods for railway maintenance depots in the future.

The distribution of selected articles on different journal/ conference proceedings is dominated by the European Journal of Operational Research, Computers and Industrial Engineering, International Journal of Advanced Manufacturing Technology, and Computers and Operations Research. Several popular journals can be identified where the same topic is being discussed. There are only 7 relevant papers found which were published before 2001 with a high number of citations that will be used as reviewed papers. Fig. 1 can measure the details of how these studies in the previous years. The available study before 2006 was lower but significantly increase since the year 2010.
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Figure 1. Distribution of articles for the period before 2001 and the year 2001 until 2022.

Systematic Layout Planning and Industry Application
To accomplish the study objective, this review paper uses classification criteria and categories on layout planning shown in Fig. 2.
Problem Type

Problem type is decision-making in facilities layout problems.

a) Green Field Layout Design (G): Greenfield is about designing a new layout of planned facilities.

b) Re-Layout (R): Re-layout is changing/re-arrangement existing layout according to current requirements of existing facilities

Planning Phase
Planning phase is the layout planning of department and its part or machines. 

a) Block Layout (B): Block layout arranges the placement of departments within the production floor while considering the designated areas.

b) Detailed Layout (D): Detail layout involves the assignment and arrangement of parts or machines within each department.
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Figure 2. Systematic layout planning and industry application

Planning Approach

The planning approach refers to the variation of flow of material from one section to another throughout the planning period.
a) Static (S): During the planning period, flow of material from one section to another remains consistent. For systems where equipment can be modified at low cost, this design approach is recommended.
b) Dynamic (D): Material flow between departments were different at several time during the planning period. This approach provides the optimum design for each period, minimizing the overall cost of material transport as well as the cost of changing the layout of the plant (Al Hawarneh et al., 2019).

· Flexible layout (F): Flexible layouts are designed for each period to minimize total costs of material transport and cost of changing the layout of the plant.

· Robust layout (R): Robust layouts are designed and utilized throughout the planning period. For each period, there are no reorganization costs involved. Although these robust designs may not always be optimal for every period, they remain suitable during the temporary planning horizon as they reduce material transportation costs (Madhusudanan Pillai et al., 2011). The advantage of the robust layout approach is its absence of reorganization costs, while the disadvantage is it is not the optimal design. This method is suitable for situations when there are high costs associated with facility layout changes, such as companies that require heavy machinery to carry out their operations.

· Cyclic layout (C): Cyclic layout is designed for each period where the flow of material from one section to another will return to its initial state in the end of  planning period. The area required by some departments may change according to its season.

Characteristics of Facility
Facility characteristic is number of facilities and floors level required and also the area and dimension of facility layout problem. 
a) Number of Facilities: Number of buildings required for its operation.

· Single facility (S): Singe facility consist of one single building layout design.

· Multi facility (M): Multi facility consider two or more building in layout problem.
b) Number of Floors: Number of floors in a building needed for operational of the system.
· Single floor (S): Single floor used one level or floor for system operational.
· Multi-floor (M): Multi-floor considered two or more floors. The limited availability of land in urban areas and the high cost of providing housing space have prompted designers and engineers to consider using multi-floor layouts as an alternative to single-floor layouts. In rural areas, where land can be obtained at a more affordable price compared to urban areas, multi-floor layouts are preferred as a solution to save land for future expansion. In multi-floor layouts, material able to move horizontally on the same floor and between different floors at different levels as shown in Fig. 3.
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Figure 3. Multi-Floor Layout Problem
c) Number of Departments (n)

Department’s number required for the system to operate.
d) Department Area

Department area is how each department has an equal area or unequal area.

· Equal Area (EA): Equal area is where the area of each department has the same size.
· Unequal Area (UA): Unequal area is where the size of each department is not in the same size.
e) Department Dimension

Department dimension is the arrangement of department length and width or its aspect ratio.

· Fixed (Fx): When department length and width must remain intact.

· Flexible (Fl): Flexible dimensions are where each department can adjust different lengths and widths within a predefined range.

· Mixed (Mix): Mixed dimension is where the length and width of each department can be set as either fixed or flexible, depending on the available constraint area.

Material Handling System

Material handling systems are categorized based on the shape of the path where the material flow is being treated in each department using material handling equipment such as conveyors, cranes, forklifts, elevators, auxiliary equipment, etc. Department layout based on material handling system shown in Fig. 4.

a) Single Row Layout Problem (SRLP): One line material flow so all departments are arranged next to each other. Several shapes can be found in SRLP such as U-shaped pattern, straight line pattern or semicircular pattern (Drira et al., 2007). Rectangular departments arrange next to each other in a row to minimize the overall expense of layout optimization where product flows and minimize the distance between departments (Palubeckis, 2015).

b) Double Row Layout Problem (DRLP): The Automated Guided Vehicle (AGV) system is utilized to circulate and transfer the materials between departments where the departments are organized in dual parallel rows on either side.

c) Parallel Row Layout Problem (PRLP): Material flows linearly and independently where the departments are organized in dual parallel rows on either side. Departments with similar characteristics are placed in the same row, while the other departments are placed in separate parallel rows [18, 19]. PRLP assumed that both rows of the layout were from a similar initial position and no gap is allowed between adjacent departments.

d) Multi-Row Layout Problem (MRLP): Material flows linearly and independently inside each row in more than two rows of departments. In this configuration, each department has the flexibility to be assigned to any row. Height and distance between adjacent rows are the same (Hungerländer & Anjos, 2015).

e) Loop Layout Problem (LLP): Material flow circulated like a closed loop. The objective of this layout type is to determine the allocation of n departments to n pre-defined candidate locations within a closed circular network. In a loop layout, there is a loading or unloading station where a part comes in and out of the loop (Drira et al., 2007).

f) Open Field Layout Problem (OFLP): Departments are located freely in space because there is no specific pattern of material flow. There are no restrictions in placing departments, whether it's in circular layouts, parallel-row single-row, multiple-row or double-row (Drira et al., 2007).
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Figure 4. Layout of departments based on material handling systems

Layout Generation

Layout generation is a method to generate an alternative layout.

a) Mathematical Modeling (MP): using mathematics optimization models.

· Linear-Integer Programming (LIP): Linear programming model is a method used to optimize a linear objective function while considering linear constraints where all variables must be integers.

· Mixed Integer Linear Programming (MILP): Mix integer linear programming is a model to formulate facility layout problems with representation in a continuous manner and departments of different sizes. The MILP model consist of a combination of integer and non-integer decision variables as an objective function with constraint in the form of equality and inequality equation.
· Non-Linear Programming (NPL): The objective function of non-linear programming is non-linear and the feasible region is established based on non-linear constraints.

· Quadratic Assignment Problem (QAP): QAP is consist of quadratic function variable as an objective function where the facility layout problem is discretely represented with equal-sized departments and formulated through QAP.  

· Mixed-Integer Non-Linear Programming (MINLP)

· Fuzzy Stochastic Programming Model (FSPM)

· Genetic Algorithm (GA)

· Simulated Annealing (SA)

b) Expert Knowledge (EK): using the expert’s knowledge and experience to generate an alternative layout.
c) Computer-Aided Planning Tools (SP): using computer tools to generate an alternative layout.

Layout Evaluation

Layout evaluation is the method to evaluate several alternative layouts to choose the alternative layout that is most suitable fulfills the objective function and all constraints.

a) Multi-Criteria Decision Making (MCDM): MCDM using decision criteria as alternative layout evaluation. 
b) Data Envelopment Analysis (DEA): DEA compare the efficiency of layout alternatives that yield similar outputs with the same inputs using linear programming.

c) Simulation (S): For each layout alternative, simulations are conducted on several layout performance standard based on the identified layout framework.
d) Fuzzy Constraint Theory (FCT): FCT method is used to evaluate various layout alternatives based on the objective function under uncertain conditions.

e) Simple Criteria Comparison (SCC): SCC compare layout alternative based on quantitative performance criteria.
f) Non-Linear Programming (NPL): The objective function of non-linear programming is a non-linear function form and the feasible region can be determined by non-linear constraints.
Mathematical Modeling

Layout alternatives are generated using mathematical programming to solve the layout problem.
a) Type of Objective Function: 

· Single Objective (SO): Optimize an objective function as quantitative or/and qualitative function to solve layout problem using mathematical programming. The purpose of quantitative objective function is to minimize the movement of materials between facilities based on the distance function.  Departments that utilize personnel, utilities or common materials were placed next to each other while classifying the departments for safety, cleanliness, and noise reasons (Ripon et al., 2013). While qualitative objective function optimized the closeness of departments with relationship chart where values A = absolutely, I = important, U = unimportant, E = especially, O = ordinary, and X = undesirable.

· Multi-Objective (MO): Optimize two or more objective functions.

b) Objective Function: Objective function is a mathematical model to optimize (minimize or maximize) problems subject to all constraints such as materials handling cost (a), transport time (b), rearrangement cost (c), material handling equipment cost (d), area utilization ratio (e), flow distance (f), work in process (g), machine operations cost (h), risk level of the hazardous materials and waste path (i), aspect ratio (j), lost opportunity costs (k), closeness ratings among departments (l), occupational health/safety risks (m), and distance requests among departments (n).
c) Constraints: Constraint is a boundary condition of a mathematical model based on layout problems such as budget (1), area (2), capacity (3), distance (4), machine availability (5), demand satisfaction (6), number of material handling devices (7), transport time (8),  number of machines per department (9), work in process (10), non-overlapping (11), clearance among departments (12), location of machines (13), and material flow conservation (14).

d) Demand Consideration

· Certain (C): Demand is known beforehand, operations research models can be effectively utilized once all the input data is already known such as objective function and constraints, then the optimization can be performed under certain conditions.

· Uncertain (U): The unknown demand including material flow, distances between facilities, and transportation costs is determined independently without any interaction between them.

e) Type of Data: Type of data is the nature of layout model parameters or variables.

· Deterministic (D): The model parameter values are generally known or assumed with certainty in advance. Workshop layout that being studied is typically conducted long before the workshop is operating so data like demand is generally not known with sufficient precision (Drira et al., 2013).

· Non-Deterministic (ND): Because the parameter values are unknown, it is assumed that these values can be selected randomly or using fuzzy sets.  Fuzzy model for facility layout problems classifies into two main classes where the parameters are expressed using linguistic variables and the methods in the form of fuzzy numbers (Kaveh et al., 2014).

f) Distance Matrix

· Rectilinear (R): The absolute value of sum of difference coordinates of two points.

· Euclidean (E): Euclidean represents the straight-line distance between two points.

· Flow Path-based Distance (FD): FD represents the material distance between two departments along the predetermined material flow path

Solution Approach

Solution approach is a method to solve the mathematical optimization model in layout optimization problem.
a) Exact Approach (E): Exact approach is when the optimal solution is determined where the exact methods are useful approaches for finding optimal solutions to small-sized facility layout problems. Cutting plane algorithm, dynamic programming, semidefinite programming, and branch and bound method are some examples of exact approaches used.

b) Approximate Approach (A): Approximate approach are several metaheuristic and heuristic methods in which the solution is not necessarily optimum but feasible to solve problem with 15 or more departments within a reasonable amount of time. 

· Construction Algorithms: Construction algorithms are heuristic algorithm that generates layout design by selecting and placing departments to achieve a comprehensive outline layout (Chiang, 1998). This solution approach only generate a single layout as alternative that may be far from optimal (J. Y. Kim & Kim, 1995). Examples of construction algorithms include programming-based layout analysis and evaluation technique (PLANET), and computerized relationship layout planning (CORELAP), and automated layout design program (ALDEP).
· Improvement Algorithms: Improvement algorithms are a type of heuristic algorithm that starts with an initial solution and attempts to enhance it by swapping department locations to find the best layout solution until the solution cannot be further improved (Chiang, 1998). Examples of these methods include insertion neighborhood, pairwise exchange, computerized relative allocation of facilities technique (CRAFT), computer-aided facility design (COFAD), Lin-Kernighan neighborhood, etc.
· Metaheuristics Algorithms: Metaheuristic algorithms are a set of algorithms used to obtain approximate solutions for combinatorial optimization problems that cannot be solved efficiently by classical heuristic algorithms. Example of these methods are simulated annealing, genetic algorithm, ant colony optimization, and tabu search. 
c) Stochastic Approach (S): Stochastic approach refers to a simulation method used to apply alternative solution approaches that yield near-optimal solutions with a high probability. An example of a stochastic approach is the discrete event simulation. 

d) Hybrid Approach (H): Hybrid approach using two or more approaches to solve the layout optimization problem.
e) Artificial Intelligent Approach (AI): The artificial intelligence approach involves the use of experts or artificial neural networks that simulate human or machine intelligence to solve layout optimization problems.
Table 1 shows the classification result of several selected papers on systematic layout planning and its application in industry.
Rollingstock Maintenance Optimization Approach

For rollingstock maintenance optimization approach, this review paper uses classification criteria and categories as shown in Fig. 5.

Maintenance Optimization Criteria

The optimization criteria involve the minimization or maximization of an objective function, which applies not only to single objective optimization but also to multi-objective maintenance optimization. Because these optimization criteria are important as an input parameter for maintenance optimization model.
Table 1. Classification criteria and categories of  systematic layout planning and industry application
	Paper
	Criteria
	Application

	Author
	Year
	Problem Type
	Planning Phase
	Planning Approach
	Characteristics of Facilities
	Material Handling System
	Layout Generation
	Layout Evaluation
	Mathematical Modeling
	Solution Approach
	

	
	
	
	
	
	Number of Facilities
	Number of Floors
	Dept. Area
	Dept. Dimension
	
	
	
	
	
	

	Kim JY, Kim YD (J. Y. Kim & Kim, 1995)
	1995
	G
	B
	D
	S
	S
	UA
	Fl
	MLRP
	SP
	S
	-
	A
	-

	Y. S. Wong, K. L. Mak and E T. S. Ghan (K. L. Mak, 1998)
	1998
	G
	B
	S
	S
	S
	UA
	Fx
	MLRP
	MP
	-
	GA
	A
	-

	R. Tavakkoli-Moghaddain and E. Shayan (Shayan, 1998)
	1998
	G
	B
	F
	S
	S
	EA, UA
	Fx
	-
	MP
	-
	QAP
	A
	Equal and Unequal Department Layout Problem

	Russell D. Meller, Venkat Narayanana, Pamela H. Vance (Meller et al., 1998)
	1998
	G
	B
	S
	S
	S
	UA
	Fx
	-
	MP
	MILP
	-
	-
	-

	Wen-Chyuan Chiang, Chi Chiang (Chiang, 1998)
	1998
	G
	B
	S
	S
	S
	EA,UA
	Fl
	MRLP
	MP
	-
	QAP
	A
	-

	Guillermo E. Rotstein, Gordian Schilling, Michael C. Georgiadis, 
Sandro Macchietto (Georgiadis et al., 1999)
	1999
	G
	B
	S
	S
	S
	UA
	Fx
	MRLP
	MP
	MCDM
	MILP
	-
	Instant coffee process

	Shabeeb AH, Karray F, Hegazy T, Zaneldin E, Elbeltagi E (Karray et al., 2000) 
	2000
	G
	B
	S
	S
	S
	UA
	Fl
	MLRP
	MP
	MCDM
	GA
	A
	Construction Site

	Adil Baykasogylu, Nabil N.Z. Gindy(Baykasolu & Gindy, 2001)
	2001
	G
	B
	D
	S
	S
	EA, UA
	Mix
	MRLP
	MP
	-
	SA
	A
	Data generation of 6,15,30 departments for 5 and 10 periods

	Yang MY,Shin-Ching (M.-Y. C. and S.-C. Yang, 2001)
	2001
	G
	B
	S
	S
	S
	EA,UA
	Fl
	MLRP
	SP
	S
	-
	A
	Construction layout

	Jaydeep Balakrishnana, Chun-Hung Cheng, Kam-Fai Wong (Balakrishnan et al., 2003)
	2003
	G
	B
	S
	S
	S
	EA
	Fx
	MLRP
	MP
	-
	SA, GA
	A
	Rectangular layout with six departments

	J. Martens (Martens, 2004)
	2004
	R
	B
	S
	S
	S
	EA
	Fx
	MLRP
	MP
	-
	GA
	A
	Fashion industry

	Myung-Il Roh, Kyu-Yeul Lee, Hyuk-Su Jeong (Lee et al., 2005)
	2005
	G
	B
	S
	S
	M
	EA
	Fl
	MLRP
	MP
	-
	GA
	A
	-

	Mujing Ye, Zhenyu Cao,Gengui Zhou, and Feng Ye (G. Zhou et al., 2006)
	2006
	G
	B
	S
	S
	S
	EA
	Fx
	MRLP
	MP
	MCDM
	GA
	A
	Case on a hydraulic pressure manufactory

	Y. Hani, L. Amodeo, F. Yalaoui, H. Chen (Y. Hani et al., 2007)
	2007
	R
	B
	S
	S
	S
	EA,UA
	Fl
	MRLP
	MP
	-
	QAP
	A
	Train maintenance facility of the French railway system (SNCF)

	S. Kumanan R. M. Satheesh Kumar, P. Asokan, (Satheesh Kumar et al., 2008)
	2008
	G
	D
	S
	S
	S
	EU
	Fx
	 SRLP
	MP
	-
	-
	-
	-

	Semih Onut, Umut R. Tuzkaya, Bilgehan Dogac (Önüt et al., 2008)
	2008
	G
	B
	S
	S
	S
	EA
	Fx
	MRLP
	MP
	-
	-
	-
	Multi-level warehouse

	H. AL-Battaineh  F. Zhou, S.M. AbouRizk, (F. Zhou et al., 2009)
	2009
	G
	B
	D
	M
	S
	UA
	Fl
	PRLP
	MP
	MCDM
	GA
	A
	Tunnel construction site project in North Edmonton Sanitary Tunnel (NEST) Canada

	Id Jithavech & Krishna Kumar Krishna (Jithavech & Krishnan, 2010)
	2010
	G
	B
	S
	S
	S
	EA
	Fx
	 MRLP
	MP
	-
	GA
	A
	-

	Keivan Ghoseiri, Seyed Farid Ghannadpour (Ghoseiri & Farid, 2010)
	2010
	R
	B
	D
	M
	S
	EA
	Fx
	MLRP
	MP
	-
	GA
	H
	15 completely random generated instance problems

	M. Sam Mannan, Seungho Jung, Dedy Ng, Jin-Han Lee, Richart Vazquez-Roman (Jung et al., 2010)
	2010
	G
	B
	S
	S
	S
	EU
	Fx
	MRLP
	MP
	-
	MINLP
	S
	Gas release scenarios

	A. Azadeh, M. Moghaddam, S.M. Asadzadeh, A. Negahban (Azadeh et al., 2011)
	2011
	R
	B
	S
	S
	S
	EA
	Fl
	SRLP
	MP
	DEA
	FSPM
	-
	Injection molding process in refrigerator manufacturing company

	Tsung-Shing Hsu,  Chang-Lin Yang, Shan-Ping Chuang (C. L. Yang et al., 2011)
	2011
	G
	B
	D
	S
	S
	EA, UA
	Fl
	MRLP
	MP
	-
	GA
	A
	Job shop of manufacturing company

	K.D. Maniya, M.G. Bhatt (Maniya & Bhatt, 2011)
	2011
	G
	B
	S
	S
	S
	EA, UA
	-
	all
	-
	-
	-
	-
	-

	V. Madhusudanan Pillai, Irappa Basappa Hunagund, Krishna K. Krishnan (Madhusudanan Pillai et al., 2011)
	2011
	G
	B
	R
	S
	S
	EA
	Fx
	OFLP
	MP
	-
	-
	A
	Cellular layout

	Mohamadghasemi A, Hadi-Vencheh A (Mohamadghasemi & Hadi-Vencheh, 2012)
	2012
	G
	B
	S
	S
	S
	EA
	Fx
	MRLP
	MP
	S
	FSPM
	A
	-

	Manmath S. Shete, Pramod P. Shewale, Prof. DR. S. M. Sane (Shewale et al., 2012)
	2012
	G
	B
	S
	S
	S
	UA
	Fx
	MLRP
	MP
	-
	-
	-
	Compressor Manufacturing

	Serkan Altuntas and Hasan Selim (Altuntas & Selim, 2012)
	2012
	G
	D
	S
	S
	S
	EA
	Fx
	MRLP
	MP
	-
	-
	-
	Case I: 4 products; 9 machines
Case II: 15 products; 30 machines

	Li, Li Qin, Ze-rong, Zhi-qin Cao (Li et al., 2012)
	2012
	R
	B
	S
	S
	S
	EA
	Fx
	MRLP
	SP
	-
	-
	A
	Machine processing workshop of four-wheel harvesters

	S.M. Asadzadeh, A. Azadeh, S. Motevali Haghighi, H. Saedi (Azadeh et al., 2013)
	2013
	G
	A
	S
	S
	S
	EA
	Fx
	MRLP
	MP
	DEA
	LIP
	S
	Maintenance workshop of a gas transmission company

	A. Hadi-Vencheh and A. Mohamadghasemi (Hadi-Vencheh & Mohamadghasemi, 2013)
	2013
	G
	B
	S
	S
	S
	EA, UA
	Fl
	OFLP
	SP
	NLP
	-
	-
	Microelectronics sector

	Amaral AR (Amaral, 2013)
	2013
	G
	B
	S
	S
	S
	EA
	Fx
	PRLP
	MP
	-
	MILP
	A
	-

	Drira A,Pierreval H,Hajri-Gabouj S (Drira et al., 2013)
	2013
	G
	B
	S
	S
	S
	EA
	Fx
	MRLP
	MP
	FCT
	FSPM
	A
	Manufacturing Workshop

	A. Arauzo-Azofraa, L. Garcia-Hernandez, H. Pierreval, L. Salas-Moreraa (Garcia-Hernandez et al., 2013)
	2013
	G
	B
	S
	S
	S
	UA
	Fx
	MRLP
	MP
	FCT
	GA
	A
	Rectangular plant with fixed dimensions (W× H) and a set of facilities

	Li Hui, Qu Shi-you (Hui & Qu, 2013)
	2013
	G
	B
	S
	S
	S
	EA
	Fx
	SRLP
	SP
	-
	-
	-
	Coal Mine 
in Shanxi Province China with limited space

	Maricar G. Misola and Bryan B. Navarro (Navarro, 2013) 
	2013
	G
	B
	S
	S
	S
	EA
	Fx
	MRLP
	MP
	-
	GA
	A
	-

	Mostafa Abedzadeh, Mostafa Mazinani, 
Nazanin Moradinasab, Emad Roghanian (Abedzadeh et al., 2013)
	2013
	G
	B
	F
	S
	S
	UA
	Fl
	MRLP
	MP
	 
	MILP
	A
	-

	Glette K, Ripon KS, Khan KN, Hovin M, Torresen J (Ripon et al., 2013)
	2013
	G
	B
	S
	S
	S
	EA
	Fx
	MRLP
	MP
	MCDM
	GA
	A
	-

	Saeed Emami, Ali S. Nookabadi (Emami & S. Nookabadi, 2013)
	2013
	G
	B
	F
	S
	S
	EA
	Fx
	MRLP
	MP
	MCDM
	GA
	A
	-

	Kaveh M,Dalfard VM,Amiri S (Kaveh et al., 2014)
	2014
	G
	B
	D
	S
	S
	UA
	Fl
	MLRP
	MP
	-
	FSPM
	A
	-

	Serkan Altuntas, Hasan Selim, Turkay Dereli (Altuntas et al., 2014)
	2014
	R
	B
	S
	S
	S
	EA, UA
	Fx
	OFLP
	MP
	FCT
	FSPM
	-
	Machinery industry firm that produces part for grouting machine

	Tarek Al-Hawari, Ahmad Mumani, Amer Momani (Al-Hawari et al., 2014)
	2014
	R
	B
	S
	S
	S
	EA, UA
	Fx
	OFLP
	EK
	-
	-
	-
	Wood industry

	Farhad Ghassemi Tari and Hossein Neghabi (Ghassemi Tari & Neghabi, 2015)
	2015
	G
	B
	S
	S
	S
	UA
	Fx
	OFLP
	 MP
	-
	MILP
	S
	5 departments arranged in an unrestricted land area

	Palubeckis G (Palubeckis, 2015)
	2015
	G
	B
	S
	S
	S
	EA
	Fl
	SRLP
	MP
	-
	-
	A
	-

	Marco Laumanns, Per Thorlacius, Jesper Larsen (Thorlacius et al., 2015)
	2015
	G
	B
	D
	M
	S
	UA
	Fl
	-
	MP
	 
	 
	A
	DSB S-tog, the suburban passenger train operator of the City of Copenhagen

	Philipp Hungerländer, Miguel F. Anjos (Hungerländer & Anjos, 2015)
	2015
	G
	B
	S
	S
	S
	UA
	Fl
	MRLP
	MP
	NLP
	NPL
	S
	-

	Rajesh Matai (Matai, 2015)
	2015
	G
	B
	S
	S
	S
	EU
	Fx
	MRLP
	MP
	MCDM
	-
	A
	-

	Zuo X, Liu X, Wang S, Zhao X, Li J (S. Wang et al., 2015)
	2015
	G
	B
	S
	S
	S
	EA
	Fx
	DRLP
	MP
	-
	SA, MILP
	A
	-

	Yosra Ojaghi, et al. (Ojaghi et al., 2015)
	2015
	G
	B
	S
	S
	S
	EA,UA
	Fl
	MRLP
	SP
	S
	-
	A
	a company producing meatball and soup paste located at Bayan Lepas, Penang

	Izadinia N,Eshghi K (Izadinia & Eshghi, 2016)
	2016
	G
	B
	S
	S
	M
	EA
	Fx
	MRLP
	MP
	-
	MILP
	A
	 

	Syed Asad Ali Naqvi, , et al. (Ali Naqvi et al., 2016)
	2016
	R
	B
	S
	S
	S
	UA
	Fl
	MRLP
	SP
	S
	-
	A
	Switch gear facility

	D Suhardini, W Septiani and S Fauziah (Suhardini et al., 2017)
	2017
	G
	B
	S
	S
	S
	EA
	Fl
	-
	SP
	S
	-
	-
	Factory layout of PT. Gunaprima Budiwijaya

	Jerzy Grobelny, Rafał Michalski (Grobelny & Michalski, 2017)
	2017
	G
	B
	S
	S
	S
	EA, UA
	Fx
	OFLP
	MP
	-
	FSPM
	A
	-

	M. Sam Mannan, Cassio Brunoro Ahumada, Noor Quddus (Brunoro Ahumada et al., 2018)
	2018
	G
	B
	S
	S
	S
	EA
	Fx
	OFLP
	 MP
	-
	MILP
	S
	Study case of Hazardous Chemical Site from Center for Chemical Process Safety (CCPS)

	David Canca, Eva Barrena (Canca & Barrena, 2018)
	2018
	R
	B
	D
	M
	S
	EA
	Fl
	-
	MP
	S
	MILP
	A
	Railway Rapid Transit (RRT) Network of Seville

	Jocelyn D. Abad (Abad, 2018)
	2018
	R
	B
	S
	S
	S
	EA
	Fx
	MLRP
	SP
	MCDM
	-
	A
	Garment manufacturing

	Peng Y, Zeng T, Fan L, Han Y, Xia B, Wang X (Peng et al., 2018)
	2018
	G
	B
	D
	S
	S
	UA
	Fl
	MRLP
	MP
	S
	GA
	A
	-

	Al Hawarneh A,Bendak S,Ghanim F (Al Hawarneh et al., 2019)
	2019
	G
	B
	D
	S
	S
	UA
	Fl
	MLRP
	SP
	S
	-
	A
	 Construction projects

	N. Pournaderi, V. R. Ghezavati, M. Mozafari (Pournaderi et al., 2019)
	2019
	G
	B
	F
	S
	S
	EU
	Fx
	MRLP
	MP
	-
	GA
	A
	-

	Shubham Khariwal, Pradeep Kumar, Manish Bhandari (Khariwal et al., 2020)
	2020
	R
	B
	S
	S
	S
	UA
	Fl
	MRLP
	SP
	S
	-
	A
	Railway workshop

	Eu Wang Kim and Seok Kim (E. W. Kim & Kim, 2021)
	2021
	G
	B
	D
	M
	S
	EA
	Fl
	-
	MP
	S
	NLP
	-
	Infrastructure maintenance depot

	Mir Kaosar Ahamed, et al. (Kaosar Ahamed et al., 2021)
	2021
	G
	B
	S
	S
	S
	EA
	Fx
	MRLP
	MP
	S
	FSPM
	-
	Transitory facilities in construction sites

	RazaviAlavi SR,AbouRizk S (RazaviAlavi & AbouRizk, 2021)
	2021
	G
	B
	S
	S
	S
	UA
	Fl
	MLRP
	SP
	S
	-
	A
	Construction site

	Yinan Zhao, Jiaxi Wang, Manfred Gronalt, Boliang Lin (J. Wang et al., 2022)
	2022
	R
	B
	D
	M
	S
	EA,UA
	Fl
	MLRP
	MP
	SCC
	LP
	A
	 Shanghai South Depot China

	Vijay Kumar, V. Naga Malleswari (Kumar & Naga Malleswari, 2022)
	2022
	R
	B
	S
	S
	S
	EA
	Fx
	MRLP
	SP
	SCC
	-
	A
	Workstations of Motor Coach Shop maintenance workshop


a) Maintenance Cost (MC)
This criterion aims to minimize maintenance activities costs, including direct and indirect costs such as man hours, materials, and equipment. The optimization of maintenance costs involves finding the most cost-effective maintenance strategy that maintains system reliability and availability while minimizing maintenance costs.

b) Maintenance Quality (MQ)
This criterion involves maintaining the desired level of system performance by ensuring that maintenance activities are performed to a high standard. The optimization of maintenance quality involves ensuring that maintenance activities are performed correctly, safely, and efficiently to prevent system failures and reduce the need for frequent maintenance.

c) Personnel Management (PM)
This criterion involves optimizing the performance of maintenance staff by ensuring that they possess the requisite expertise, training, and resources to carry out maintenance activities with efficiency and effectiveness. The optimization of personnel management involves improving the working conditions, training, and motivation of maintenance staff to increase productivity and reduce time to repair between systems.

d) Availability (A)
This criterion involves maximizing the availability of the system by minimizing time to failure between systems caused by maintenance activities or system failures. This criterion is used to ensure that equipment is available when it is needed.

e) Reliability (R)
This criterion involves optimizing the reliability of the system by minimizing the likelihood of system failures. This criterion is used to prevent system failures, such as preventive maintenance and predictive maintenance.
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Figure 5. Rollingstock Maintenance Optimization Approach

f) Inventory of Spare Parts (I)
This criterion involves optimizing the inventory of spare parts by ensuring that the right parts are available when needed while minimizing inventory costs. The optimization of spare parts inventory involves selecting the most efficient inventory management system, such as Just-In-Time (JIT) inventory system to minimize inventory costs while ensuring that spare parts are available when needed.

g) Safety (S)
This criterion involves ensuring that maintenance activities are performed safely, with minimal risk to maintenance personnel and equipment operators. This criterion is used to minimize risks and hazards associated with maintenance activities.

h) Logistics (L)
This criterion involves optimizing the logistics of maintenance activities, including scheduling, transportation, and storage of materials and equipment. The optimization of logistics involves selecting the most efficient logistics system to ensure that maintenance activities are performed on time with minimal downtime.

i) Environmental Impact (E)
This criterion involves minimizing the environmental impact of maintenance activities, including waste generation, energy consumption, and emissions. This criterion is used to reduce waste, energy consumption, and emissions associated with maintenance activities.

Maintenance Policy and Actions

Maintenance optimization models are designed to optimize a particular maintenance policy, and the resulting output of the model will vary depending on the maintenance policy and actions employed.

a) Failure Based Maintenance (FBM)
This maintenance policy involves performing maintenance activities only when a failure or breakdown occurs. The actions taken include repairing or replacing failure system, analyzing the root cause of the failure, and implementing appropriate measures to avoid the recurrence of similar failures in the future.

b) Condition Based Maintenance (CBM)
This maintenance approach conducts maintenance tasks on the system's current condition which is determined through the use of sensors and other diagnostic tools. The actions taken include monitoring system performance, analyzing the data obtained from condition monitoring, and performing maintenance activities only when necessary.

c) Time-Based Maintenance (TBM)
This maintenance policy involves performing maintenance activities based on a schedule. The actions taken include component replacement or scheduled maintenance activities, regardless of the equipment's condition.

d) Predictive Maintenance (PdM)
This maintenance policy involves using predictive analytics to anticipate when maintenance activities will be required. The actions taken include analyzing equipment data to detect patterns and trends, predicting future failures or performance issues, and scheduling maintenance activities before failures occur.

e) Opportunity Based Maintenance (OBM)
This maintenance policy includes carrying out maintenance tasks during scheduled downtime, such as during standby time, system changeover or during planned maintenance shutdowns. The actions taken include performing maintenance activities that can be completed during scheduled downtime and reducing the impact of maintenance activities on production.
f) Corrective Maintenance (CM)
This maintenance policy includes carrying out maintenance tasks in response to a detected fault or failure. The actions taken include identifying the root cause of the fault or failure, repairing or replacing the system, and making necessary changes to prevent similar faults or failures from occurring in the future.

g) Preventive Maintenance (PM)
This maintenance policy involves performing maintenance activities to prevent system failures or degradation. The actions taken include performing routine inspections, lubrication, cleaning, and calibration, and replacing parts before they fail or degrade.

System Configuration

Various optimization models are available for each of these system configurations to solve maintenance optimization problem.
a) Single Unit (S)
A Singe unit is a system configuration that consists of a single unit where maintenance actions are carried out to ensure the system's reliability and availability on maintenance optimization problem.
b) Multi-Unit (M)
Multi-unit are system configurations that consist of multiple identical units working in parallel, where maintenance actions are carried out to solve maintenance optimization problems.
c) Series (Se)
Series are system configurations that consist of multiple units connected in a series to solve maintenance optimization problem where a failure of any single unit can cause the entire system to fail.

d) Parallel (Par)
Parallel are system configurations that consist of multiple units working in parallel to solve maintenance optimization problem where the failure of any single unit does not affect the performance of the entire system.

e) Redundancy (Red)
Redundancy is a system configuration that consists of redundant components or subsystems to solve maintenance optimization problems. When one of the components or subsystems fails, a backup component or subsystem takes over the system's operation.

General Modeling Technique

General modeling technique refers to decisions that must be made in maintenance optimization.

a) Continuous or Discrete (C/Di)
This modeling technique is the decision variables in an optimization problem. Continuous optimization involves variables that can take on any real value within a specified range, while discrete optimization variables can only take on certain values, typically integer values.

b) Deterministic or Probabilistic (De/P)
This modeling technique is the level of uncertainty in an optimization problem. Deterministic optimization involves problem solving where all parameters and variables are known with certainty, while probabilistic optimization incorporates uncertainty into the optimization problem, typically through the use of probability distributions.

c) Static or Dynamic (S/D)
This modeling technique is the time dimension of an optimization problem. Static optimization involves solving problems where all parameters and variables are known at a single point in time, while dynamic optimization solving problems where the parameters and variables change over time.

d) Multi or Single Objective (MO/SO)
This modeling technique is the number of optimization objectives in a problem. Single objective optimization is performed on a single objective function, while multi-objective optimization is performed simultaneously on multiple objective functions.

e) Constrained or Unconstrained (C/UnC)
This modeling technique is the constraints on the decision variables in an optimization problem. Constrained optimization involves solving problems subject to one or more constraints, while unconstrained optimization solves problems without any constraints on the decision variables.

Data Sources

Sources of data that can be used to identify and determine important data required for specific cases to minimize uncertainty and avoid time loss by gathering irrelevant data.
a) Failure Data (F)
Failure data are information about the failures that occur in a system such as frequency and duration of failures, also causes and consequences of each failure. Failure data is used to identify patterns and trends in system behavior.

b) Cost Data (C)
Cost data are information about the costs of maintaining and repairing a system such as the costs of labor, materials, and equipment. Cost data is used to identify the most cost-effective maintenance strategies for a system.

c) Operating Data (O)
Operating data are information about the operating conditions of a system such as the system's load, temperature, and other environmental conditions. Operating data is used to identify the maintenance strategies that are best suited to the specific operating conditions of the system.

d) Expert Knowledge (EK)
Expert knowledge is the knowledge and experience of maintenance personnel who are familiar with the specific system being maintained such as the system's design, operation, and maintenance requirements. Expert knowledge is used to ensure that the models are based on accurate and relevant information about the system.
Optimization Algorithms

An Optimization algorithm is employed to discover the most optimal solution for the given optimization problem which has its advantages in solving specific problems in maintenance optimization.

a) Analytical (An)
Analytical algorithm solves mathematical equations analytically to find optimal solutions for solvable simple problems with a closed-form solution, such as linear or quadratic equations.

b) Numerical (Num)
Numerical algorithms find the optimal solution through iterative calculations that used for problems that do not have a closed-form solution, such as nonlinear equations.

c) Linear Programming (LP)
Linear programming is a mathematical optimization method used to find the optimal solution of linear objective functions with linear constraints, such as determining the optimal maintenance schedule given limited resources.

d) Dynamic Programming (DP)
Dynamic programming is a mathematical optimization method used to solve optimization problems that have sequential decision-making over time that is used in maintenance optimization problems that require decisions to be made over a period of time, such as determining the optimal maintenance schedule for a complex system.

e) Integer Programming (IP)
Integer programming is an optimization technique that is used to solve problems with discrete variables which require decisions to be made on a discrete scale, such as determining the optimal inventory levels for spare parts.

f) Simulated Annealing (SA)
Simulated annealing is an algorithm for stochastic optimization that is used to find the global optimum of a complex function by simulating the cooling process of metal annealing.

g) Simulation (S)
Simulation optimization is a technique that is used to discover the most optimal solution for a given problem through simulation used for problems that require simulation of the system, such as determining the optimal maintenance schedule for a large system.
Output
These outputs are the expected output for maintenance optimization model to evaluate and determine the most effective and efficient maintenance schedules and plans for the system.

a) Evaluation/Comparison Concept

The output of maintenance optimization includes an evaluation or comparison of different maintenance strategies or policies used to select the most effective and efficient maintenance approach for a system.

b) Maintenance/Replacement Strategy
Maintenance optimization provides recommendations for maintenance and replacement decisions such as identifying the optimal time for replacement or scheduling maintenance activities to minimize downtime.

c) Inspection Frequency

Maintenance optimization determines the optimal inspection frequency for a system to ensure the inspections are performed frequently enough to detect potential issues but not so frequently as to waste resources.

d) Maintenance Scheduling/Planning

The output of maintenance optimization includes maintenance schedule or plan that specifies when and how maintenance activities should be performed to make sure that the maintenance tasks are performed in a timely and cost-effective.

e) Resource Requirements

Maintenance optimization could identify the resources required such as the number of personnel needed or the amounts of spare parts required to ensure that the required resources are present to conduct maintenance activities.

Table 2 shows the classification result of several selected papers on rollingstock maintenance optimization related to its productivity, efficiency, and safety.
Future Research Guidelines for Indonesian Train Maintenance Depot

There are several challenges and opportunities when it comes to optimizing maintenance for railway vehicles as the guidelines for future research. One of the challenges is dealing with the uncertainty in maintenance time of repairable item with low maintainability such as spare parts availability and the need for expert technician. It can be difficult to predict exactly how long maintenance will take and when it will be needed, which can make it hard to plan and optimize maintenance activities. Another challenge is the operational complexity of railway vehicles with a whole new system that has never been used before. These machine with complex systems required expertise with specific knowledge to maintain the systems. They have many different systems and components that need to be inspected and maintained, and any issues with these systems can lead to system failure. However, there are also many opportunities for optimizing maintenance in this context. For example, by using advanced data analytics and predictive maintenance techniques, it may be possible to better predict when maintenance will be needed and to plan maintenance activities more effectively. Additionally, by using advanced simulation and modeling techniques, it may be possible to optimize the layout of maintenance facilities to improve operational efficiency and reduce maintenance costs.

There are some potentials for the future research direction of Indonesian rollingstock maintenance depot that could possibly be done. First is to analyze the efficiency and effectiveness of diverse layouts for rolling stock maintenance depots. The second is to optimize the maintenance processes to guarantee the execution of maintenance activities are carried out in efficient manner and their impact on the overall layout planning. The third is to maintain workforce planning to ensure that there are enough trained workers to carry out maintenance activities. The fourth is to evaluate the impact of layout changes in the rollingstock maintenance depot layout on maintenance performance to identify the most effective layout planning strategies. The fifth is implementing multi-objective approaches extensively to generate various layout alternatives that can provide more comprehensive and well-rounded solutions for layout planning such as maximizing maintenance efficiency while minimizing costs of material handling and reducing environmental impact. The sixth is to compare different optimization algorithms to identify the most effective ones for the Indonesian Train Maintenance Depot Optimization. The seventh is to evaluate the impact of environmental factors such as noise, air pollution, and waste management on the layout planning process. And eighth is using integration of advanced technologies such as big data analytics, AI, and IoT to provide a significant improvement in rollingstock maintenance depot optimization. Overall, future research should aim to develop a comprehensive framework for rollingstock maintenance depot layout planning that considers all relevant factors and optimizes the efficiency and effectiveness of rollingstock maintenance.
Table 2. Classification criteria and categories of  maintenance optimization approach
	Paper
	Criteria

	Author
	Year
	Maintenance Optimization  Criteria
	Maintenance Policy and Actions
	System Configuration
	General Modelling Technique
	Data Sources
	Optimization Algorithms
	Output

	Hani Y, Chehade H, Amodeo L, Yalaoui F (Yasmina Hani et al., 2006)
	2006
	A, R
	TBM, CM, PM
	Par
	MO
	C
	S
	Maintenance Scheduling

	Hani Y, Amodeo L, Yalaoui F, Chen H (Yasmina Hani et al., 2008)
	2008
	A, R
	TBM, CM, PM
	Par
	MO
	O
	S
	Maintenance Scheduling

	Rezvanizaniani SM, Valibeigloo M, Asghari M, Barabady J, Kumar U (Rezvanizaniani et al., 2008)
	2008
	A, R, S
	PM
	-
	D
	F
	Num
	Maintenance Scheduling/ Planning

	Cheng YH, Tsao HL (Cheng & Tsao, 2010)
	2010
	MC, MQ, S, I
	PM, CM
	S
	MO
	F, C, O
	An
	Evaluation, Maintenance/ Replacement Planning

	Lair W, Ziani R, Mercier S, Roussignol M (Lair et al., 2010)
	2010
	MC, R
	PM, CM
	Se, Par
	De
	F, C
	SA
	Maintenance Strategy

	Yun WY, Han YJ, Park G (Yun et al., 2012)
	2012
	MC, A
	PM
	-
	S
	F, C, O
	SA
	Maintenance Scheduling

	Parada Puig JE, Basten RJ, Van Dongen LA (Parada Puig et al., 2013)
	2013
	MC
	-
	-
	SO
	C
	An
	Maintenance Strategy

	Panagiotidou S (Panagiotidou, 2014)
	2014
	MC, I
	TBM
	M
	C
	C
	LP
	Maintenance replacement strategy

	Giacco GL, Pacciarelli D (Carillo et al., 2014)
	2014
	A, R
	-
	M
	D
	O
	Num, IP
	Maintenance scheduling/ planning

	Olumuyiwa AO (Olumuyiwa, 2014)
	2014
	MC, A, R
	PM
	M
	MO
	F, C, O
	Num, SA
	Maintenance scheduling/ planning

	Asekun OO,Fourie CJ (Asekun & Fourie, 2015)
	2015
	MC, R, S
	-
	M
	MO
	F
	An
	Maintenance scheduling

	Lai YC, Fan DC, Huang KL (Lai et al., 2015)
	2015
	MQ, A
	-
	M
	SO
	F, O
	IP
	Maintenance scheduling strategy

	Vos JI,Van Dongen LA (Vos & Van Dongen, 2015)
	2015
	MC, A, R, S
	CBM
	S
	S
	F
	An
	Maintenance Strategy

	Corman F, Kraijema S, Godjevac M, Lodewijks G (Corman et al., 2017)
	2017
	R, A, MC
	PM
	M
	MO
	F, C
	An
	Maintenance planning

	Eisenberger D, Fink O (Eisenberger & Fink, 2017)
	2017
	MC
	CBM, PM
	M
	D
	F, O
	S
	Maintenance Strategy, Inspection frequency

	Herr N, Nicod J, Varnier C, Zerhouni N, Cherif M (Herr et al., 2017)
	2017
	A, R
	CBM
	M
	D
	O
	LP
	Maintenance Scheduling

	Luan X, Miao J, Meng L, Corman F, Lodewijks G (Luan et al., 2017)
	2017
	A
	PM
	M
	D
	O
	IP, LP
	Maintenance Scheduling

	Macedo R, Benmansour R, Artiba A, Mladenović N, Urošević D (Macedo et al., 2017)
	2017
	MC, PM
	PM
	M
	D
	C, O
	IP, LP
	Maintenance Scheduling

	Nishi T, Ohno A, Inuiguchi M, Takahashi S, Ueda K (Nishi et al., 2017)
	2017
	MC
	PM
	M
	D
	C, O
	IP, LP
	Maintenance Scheduling

	Tréfond S, Billionnet A,Elloumi S, Djellab H,Guyon O (Tréfond et al., 2017)
	2017
	MC, A, R
	PM
	M
	D
	F, C, O
	IP, LP, S
	Maintenance Scheduling

	Bannikov D, Sirina N (Bannikov & Sirina, 2018)
	2018
	MQ; A, R
	PdM
	S
	Di
	C, O
	S
	Evaluation concept

	Aung KM, Sidorenko Valentina G, Buchirin Vladimir G, Safronov Anthon I (Aung et al., 2019)
	2019
	A, R
	-
	M
	D
	O
	SA
	Maintenance Scheduling

	D'Ariano A, Meng L, Centulio G, Corman F (D’Ariano et al., 2019)
	2019
	A, R
	FBM
	S
	MO
	F, O
	LP, IP
	Maintenance Strategy

	Lin B, Wu J, Lin R, Wang J, Wang H, Zhang X (Lin et al., 2019)
	2019
	A
	PM
	M
	D
	O, C
	SA
	Maintenance strategy and planning

	Zhang C, Gao Y, Yang L, Kumar U, Gao Z (Zhang et al., 2019)
	2019
	A
	PM
	S
	D
	O
	LP, IP
	Maintenance planning

	Zhang C, Gao Y, Yang L, Gao Z, Qi J (Zhang et al., 2020)
	2020
	MC
	PM
	M
	D
	O
	IP, LP
	Maintenance planning

	Erguido A, Márquez AC, Castellano E, Flores JL, Fernández JF (Erguido et al., 2020)
	2020
	A, R
	CBM, TBM, 
	M
	D
	F, O
	S
	Maintenance strategy

	Zomer J (Zomer, 2020)
	2020
	A
	PM
	M
	MC
	O
	Num
	Maintenance scheduling

	Zomer J, Bešinović N, de Weerdt MM, Goverde RM (Zomer et al., 2021)
	2021
	A
	TBM
	M
	D
	O
	LP, IP
	Maintenance strategy and planning

	Tian Q, Wang H (Tian & Wang, 2022)
	2022
	MC, R, S
	PM
	M
	D
	F, C, O
	Num (PSO)
	Maintenance strategy

	Zhou W, Li S, Kang J, Huang Y (W. Zhou et al., 2022)
	2022
	A
	PM
	M
	D
	O
	LP, IP
	Maintenance Scheduling


Conclusions
Based on the purpose of this systematic literature review, the layout of a maintenance depot directly impacts the productivity of the maintenance process and the utilization of resources, such as equipment and personnel. An optimal layout can improve the flow of materials and equipment, reduce the distance and time required to move rollingstock between maintenance sections and minimize the waiting time for maintenance that leads to minimize time to repair and increasing the availability of the rollingstock and reducing the number of backup units required. Furthermore, an optimal layout will reduce maintenance costs by minimizing unnecessary movements of rollingstock and equipment, reducing travel time and distances for personnel, and optimizing the use of equipment and resources. It can also help ensure the safety of personnel and rollingstock by minimizing the risk of accidents or collisions during movement within the depot. Overall, the optimal layout for rollingstock maintenance depots is essential for improving operational efficiency, reducing maintenance costs, and maintaining the availability and reliability of railway vehicles.

Classification criteria and categories on layout planning and maintenance optimization approach for rollingstock maintenance depots based on various recent studies was made which can provide a better understanding of the current research and the importance of optimal layouts and contribute to the development of optimal layout planning methods to optimize rollingstock maintenance for rollingstock maintenance depots in the future. Despite the significance of this discussion, there has been no specific research studying the details of layout and maintenance optimization for rollingstock maintenance depots based on real cases in the railway industry. 
On the contrary, this study can inspire practitioners to consider the safety and environmental factors of maintenance activities in the decision-making process of layout for rollingstock maintenance depots, not just focusing solely on the economic factor of layout optimization. In addition, it can also help to improve the reputation of the company with both existing and potential customers.
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