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Abstract:

Purpose: Assembly  Line  Balancing  (ALB)  is  critical  to  manufacturing  efficiency  and productivity.  It
involves assigning tasks to workstations to optimise performance while satisfying task priority and cycle
time constraints.  The Simple ALBP (SALBP) is a simplified version of  the general  problem that has
received considerable research interest. Many academic works have been published on this topic, using a
variety of  methods, including exact, heuristic, and metaheuristic approaches. Therefore, the purpose of
this research is to present a comprehensive evaluation of  the literature on the methods used to solve the
SALBP.

Design/methodology/approach:  A comprehensive literature review was conducted to identify, select,
analyse, and summarise 126 papers on SALBPs. The study started with the selection of  relevant keywords.
The selected papers were then narrowed down using various criteria.

Findings: The  analysis  showed  that  SALBP-1  and  SALBP-2  are  the  most  common  types,  with
metaheuristic approaches being the most widely used. Despite extensive research, there is a significant need
for studies focusing on SALBPs for multi- and mixed-models, particularly in the context of  U-shaped and
two-sided lines.

Originality/value: This literature review contributes to the identification of  key areas for improvement in
the SALBP and provides insight into potential directions for future research.
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1. Introduction

In the context of  a highly competitive global market, manufacturers are required to engage in a range of  strategies
to improve both the  efficiency and effectiveness of  their  production systems (Hager,  Wafik & Faouzi,  2017;
Priyono, Ijomah & Bititci, 2016). The creation of  an efficient assembly line (AL) is considered to be one of  the
most promising objectives for effective production systems (Abdullah-Make, Ab. Rashid & Razali,  2017). The
primary  objective  of  the  AL balancing  problem (ALBP)  is  to  determine  the  optimal  allocation  of  tasks  to
workstations  within  the  production  system,  while  satisfying  specific  constraints  and  optimising  efficiency  by
focusing on one or more objectives (Jiao, Jin, Xing, Li & Liu, 2021).

At the line balancing stage, the line configuration is typically referred to as having been selected in a previous
decision phase. Each configuration imposes appropriate constraints that must be respected when allocating tasks to
workstations. Some common configurations include straight lines (SLs), two-sided lines (TSLs), and U-shaped lines
(USLs) (Abdullah-Make et al., 2017; Chutima & Khotsaenlee, 2022).

Figure 1. Different types of  line layout

Today, line balancing has become one of  the most effective tools for adapting the existing production system to
evolving product designs or new market conditions. It is also a powerful tool for product customisation (Zamzam
& Elakkad, 2021). It is possible to schedule multiple models of  a product for production on the same production
line, either in a mixed-model (MiM) or multi-model (MuM) mode. In a MiM line, where multiple products are
involved, all products are processed simultaneously in a mixed sequence. Conversely, in a MuM line, the production
line is dedicated to one product at a time and goes through a set-up process to change to the next product model
(Pereira, 2018). 

The first publication on ALBP was by Salveson (1955). Salveson proposed a solution based on linear programming.
Subsequently,  Baybars (1986a) conducted the initial study to differentiate between the classical and generalised
versions of  ALBP. The classical version, known as Simple ALBP (SALBP), has attracted considerable attention
from researchers. As a result, numerous studies have been devoted to the development of  computationally efficient
approximations and exact methods for solving the SALB problem (Rekiek, Dolgui, Delchambre & Bratcu, 2002;
Scholl & Becker, 2006). Furthermore, with the growing knowledge of  the SALB problem, there has been a need
for review papers to consolidate and synthesise the results for both academics and practitioners.
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Figure 2. Types of  assembly line

This review aims to fill  the current gap in the  literature by providing a summary of  recent advances in the
techniques used to solve the types of  SALBP. Despite the extensive research on the ALBP (Battaïa & Dolgui, 2022;
Boysen,  Schulze & Scholl, 2022; Chutima, 2020; El Machouti,  Hlyal, Babay & El Alami, 2024a) significant gaps
remain in the study of  several methods used to solve only the simple version. Therefore, the originality of  this
review lies in its comprehensive synthesis of  recent research on the evolution of  SALBP types and methods,
providing an integrated perspective that will inform future developments in the field. The remainder of  the article is
structured as follows: Section 2 presents the basic principles of  line balancing, including SALBP classification,
multi-objective optimisation, and solution methods. Section 3 provides a summary of  the existing work in the
literature. Section 4 presents the results and discussion. Section 5 concludes the study and proposes future research
directions for SALBPs.

2. Line Balancing: General Principles

For readers unfamiliar with line balancing, this section provides a brief  overview of  manufacturing flow lines.
Further details can be found in (Battaïa & Dolgui, 2013, 2022; Boysen et al., 2022; Eghtesadifard, Khalifeh &
Khorram, 2020; Rashid, Hutabarat & Tiwari,  2012; Saif,  Guan, Wang,  Mirza & Huang, 2014; Sivasankaran &
Shahabudeen, 2014).

2.1. Number of  Products or Models

In the literature, the following types of  lines are often distinguished according to these specific criteria.  Figure 2
shows the categorisation of  lines based on the degree of  similarity between the models produced on the line.

• Single-model (SiM) lines represent a classic configuration that produces a single model of  a given product
category.  In this  specific case,  both task time and precedence constraints can be observed through a
singular precedence graph (Saif  et al., 2014).

• MiM lines  combine  many  models  of  the  same  basic  product  that  have  comparable  manufacturing
processes and are produced simultaneously on the same line. The precedence diagrams of  all product
models are combined to determine the precedence relationship in a MiM line (Van Zante-de-Fokkert & De
Kok, 1997).

• MuM lines are used in the assembly of  a variety of  products in batches. A batch line is utilised when there
are several discrete items or product families that have significant variations in the manufacturing process
(Van Zante-de-Fokkert & De Kok, 1997).

The main purpose of  implementing different categories of  lines in production systems is to meet the multiple and
varied requirements of  consumers.
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2.2. Line Layout

A variety of  line configurations can be found in the literature, including SLs, TSLs, and USLs, which are the most
frequently used (Gökçen, Ağpak, Gencer & Kizilkaya, 2005). Figure 1 illustrates a selection of  line layouts, where
the dashed squares correspond to workstations occupied by a single worker. The number of  units within each
workstation indicates the specific task(s) assigned to that workstation.

• SLs:  A  series  of  individual  workstations  arranged  in  sequence  along  a  linear  conveyor  system
(Eghtesadifard et al., 2020).

• TSLs: This configuration can be used on either the left or right side. At the same time, the opposite
workstations perform identical tasks on the workpiece. The execution of  a specific task is constrained to
either the left or right side of  the line, whereas other tasks are permitted on either side (Abdullah-Make et
al., 2017).

• USLs: In this specific configuration, the entry and exit points are located in close proximity to each other.
The positioning of  workers between the two ends of  the line allows them to move from one side to the
other. As a result, these workers can manipulate two or more workpieces simultaneously within the same
cycle time (Kucukkoc & Zhang, 2015a).

2.3. SALBP Classification

On the other hand, Baybars (1986a) divided the ALBP into two different categories based on their parameters and
characteristics:  the General  ALBP (GALBP) and the  SALBP.  The SALBP has  been the  subject  of  extensive
research in the field and, due to its simplified nature, has generated a substantial body of  publications. SALBPs are
categorised into four different types based on the optimisation objective (Hackman, Magazine & Wee, 1989). The
following diagram (Figure 3) shows the purpose of  each type of  SALBP.

Figure 3. Versions of  SALBP

• SALBP-1 distributes work between workstations to minimise the number of  workstations M for a fixed
cycle time CT.

• SALBP-2 tries to minimise CT for a given M.

• SALBP-E represents the most standard type of  problem, focusing on maximising line efficiency E while
reducing  CT and  M due to their  interdependence,  where    and  Tsum is  the  sum of  all  task

processing times (PTs).

• SALBP-F is a feasibility issue that determines whether a feasible line balance exists for a given setting of  M
and CT.

-831-



Journal of  Industrial Engineering and Management – https://doi.org/10.3926/jiem.7390

There has been extensive research on the objective function (OF), which is a calculated metric used to evaluate the
efficiency of  a production line  (Abdullah-Make et al.,  2017). It is  widely used in decision analysis,  operations
research, and optimisation studies. The OF plays a central role in research, particularly in the area of  optimisation. 

In ALBPs, the OF is a fundamental element. It provides researchers with a clear direction, allowing them to focus
their efforts on identifying the most effective solution to their problems. Two principal categories of  ALBPs are
distinguished: those that are optimised based on a single OF and those that are simultaneously optimised with
multiple objectives (Battaïa & Dolgui, 2022).

Multi-Objective  Optimisation  Problems  (MOPs)  are  a  common  method  for  tackling  complex  real-world
engineering challenges, of  which ALBP is a notable example. In MOPs, a set of  competing objectives must be
optimised simultaneously.

2.4. Multi-Objective Optimisation

Combining an ALBP with another optimisation problem often results in a modification of  the OF considered for the
combined problem. In the context of  MOPs, the quality of  feasible solutions is evaluated based on an OF, to identify
the one that represents the best solution (Scholl & Becker, 2006). The following OFs are commonly used in SALBPs:

• Minimise M (SALBP-1);

• Minimise CT (SALBP-2);

• Maximise E (SALBP-E). This is equivalent to minimising the product M × CT.

• Other commonly used OFs include the following:

• Minimise  the  Smoothness  Index  (SI),  the  objective  is  to  reduce  the  workload  differences  between
different  workstations,  where   and  Ti represents  the  time  spent  working  at
workstation i, i  {1, …, m};

• Minimise the idle time Id;

• Minimise the cost of  the line while ensuring that all line constraints are respected;

• Minimise energy consumption.

2.5. Solution Procedures

Once the problem has been presented and the objectives have been defined, the solution method must be specified.
To address the issue of  production line balancing, it is essential to use combinatorial optimisation techniques. The
objective is to identify the best solution among the feasible solutions, based on the criteria outlined in the problem
constraints. Two methods are described in the literature: the exact method and the approximate method (Scholl &
Becker, 2006).

2.5.1. Exact Methods

Two methods can be used to solve LBPs optimally. The first method involves the use of  a standard general solver,
such as LINGO, ILOG Solver,  or  ILOG Cplex,  among others.  The second method is  an original  dedicated
solution approach (Battaïa & Dolgui, 2013). The ALB process requires the application of  mathematical procedures
to ensure the accurate and optimal solution of  LBPs. The primary objective of  the first approach is to develop a
suitable mathematical model (MM) for the issue and to optimise the solver parameters to obtain the fastest feasible
solution.  Various  MMs  have  been  mentioned  in  the  research  literature,  including  Mixed  Integer  Linear
Programming (MILP)  (Azizoğlu & İmat, 2018), Nonlinear Integer Programming (NIP)  (Hamta,  Fatemi-Ghomi,
Jolai & Bahalke, 2011), and Constraint Programming (CP) (Bukchin & Raviv, 2018).

Due to their primary purpose of  handling a wide range of  optimisation problems, solvers may not be efficient
enough when used for specific variations of  LBPs or a specific input data structure. In such cases, it may be
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necessary to develop a novel and specialised exact approach, such as Branch-and-Bound (B&B) (Walter & Schulze,
2022) or Dynamic Programming (DP) (Walter, Schulze & Scholl, 2021).

The computational time required to solve a problem is a key determinant of  the effectiveness of  an exact approach.
While  these  methods  can  provide  optimal  solutions,  they  are  often  computationally  expensive  and  require
significant computational resources  (Li,  Kucukkoc & Tang, 2020). However, it is important to note that these
methods may be less effective when applied to real-world situations on a large scale, which may make the optimal
solution less feasible.

As the SALBP is NP-hard, the use of  approximation techniques is required for large-scale problems or when time
constraints significantly influence the decision context.

2.5.2. Approximate Methods

The computational time required by exact methods can be unacceptably long due to the size and complexity of  the
problem under consideration. As a result, approximation methods are often preferred. These strategies seek high
quality solutions that are not always optimal.  Several approximation approaches for solving ALBPs have been
presented in the literature (e.g., Amen, 2000; Scholl & Voß, 1997). There are two types of  approaches: heuristic and
metaheuristic.

2.5.2.1. Heuristic Methods

Heuristic  approaches  use  intuitive  criteria  to  select  the  best  candidate  (an  intermediate  solution)  during  the
problem-solving process. While they facilitate rapid solution generation, the quality of  the solution may not be
optimal. Heuristics are often used to generate initial solutions that allow a more efficient search for an optimal
solution. In addition, heuristics are often used to improve the solution process in other approaches (Jiao et al., 2021;
Rekiek  et  al.,  2002;  Scholl  &  Becker,  2006).  Constructive  techniques  are  based  on  priority  criteria,  typically
determined by the number of  successors and predecessors, and the PT of  the task. The Ranked Positional Weight
(RPW) method is one of  the earliest heuristics, described by Helgeson and Birnie (1961). This method ranks tasks
in descending order by their positional weight, which is calculated as the sum of  the task duration and the PTs of
all its successors. Many alternative heuristic approaches can be used in SALBP, including Shortest PT (Pitakaso,
Sethanan,  Jirasirilerd & Golinska-Dawson, 2023), Precedence Diagramming  (Pintzos,  Triantafyllou,  Papakostas,
Mourtzis & Chryssolouris, 2016), and Largest Candidate (Make, Rashid, Razali & Perumal, 2017).

Despite their speed, heuristic methods have several inherent limitations that must be taken into account. These
methods are unable to guarantee optimal solutions, are sensitive to initial inputs, and present difficulties in handling
complex constraints and multiple objectives. In the context of  ALB, it is typical to consider multiple objectives
simultaneously (Ahmad, Osman, Osman, Mohd-Azhar, Jamaludin, Abu-Bakar et al., 2024; Battaïa & Dolgui, 2013).
As a result, metaheuristic methods are often used to develop optimal solutions.

2.5.2.2. Metaheuristic Methods

Metaheuristics  have demonstrated greater  efficiency  and effectiveness  than heuristics  in  the  context  of  ALB,
primarily due to their more extensive search processes. Glover (1997) was the first to propose this concept, defining
it as a method that uses constructive techniques to identify initial solutions and local search algorithms to facilitate
progress towards better neighbouring solutions. Unlike local search techniques, metaheuristics do not terminate
when no better neighbour solutions are found. Instead, they can even move to inferior solutions to avoid premature
convergence to a local optimum. 

The majority of  metaheuristic algorithms are inspired by natural phenomena. The ability to effectively address the
NP-hard optimisation problem is becoming increasingly crucial. As the complexity of  SALBPs increases every day, it
is clear that there is an increasing need for the development of  advanced algorithms  (El Machouti  et al., 2024a).
Commonly used metaheuristics for solving SALBPs include  Genetic Algorithms (GA) (Álvarez-Miranda, Pereira,
Torrez-Meruvia & Vilà, 2021; El Machouti et al., 2024a; Zhang, 2019), Ant Colony Optimisation (ACO) (Huo, Wang,
Chan, Lee & Strandhagen, 2018; Yagmahan, 2011),  Simulated Annealing (SA) (Li, Janardhanan, Nielsen & Tang,
2018),  Tabu  Search  (TS)  (Abdeljaouad & Klement,  2021;  Arikan,  2021;  Özcan & Toklu,  2009b),  and  Greedy
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Randomised Adaptive Search Procedure (GRASP) (Abdeljaouad & Klement, 2021; Arikan, 2021; Özcan & Toklu,
2009b; Andrés, Miralles & Pastor, 2008; Bautista, Alfaro-Pozo & Batalla-García, 2016; Bautista Valhondo & Alfaro
Pozo, 2017; Belkharroubi & Yahyaoui, 2021, 2022b; El Machouti, Hlyal, & El Alami, 2024b).

3. Existing Works
This section presents a review and classification of  SALBPs based on an analysis of  the existing research literature.
Furthermore, it provides a perspective on the novel contributions and research objectives of  the present study in
comparison to previous studies in this area.

The introduction of  the first analytical description of  the ALBP by  Salveson (1955) has led to a considerable
increase in the number of  published solution strategies. Since the SALBP is NP-hard, it is crucial to develop both
exact and approximate techniques. Following the initial presentation of  the heuristic method by  Tonge (1960),
several  heuristic  techniques  have  been  proposed.  For  example,  Baybars  (1986b) proposed  an  efficient  single
heuristic solution that outperforms all others in solving the deterministic LBPs for a SiM. The solution is then
obtained by combining several heuristic criteria. Another approach to solving SALBPs was proposed by Saltzman
and Baybars (1987). They developed an implicit enumeration method for the SALBP-1 to reduce M along the line
for a given CT. Computational results for many well-known problems from the literature are discussed. Over the
years, researchers have proposed a variety of  methods for solving SALBPs. 

3.1. Exact Solution Procedures

Since 1990, a number of  exact methods have been developed for different types of  SALBP, based on DP or B&B.
Well-established exact solution strategies include a variety of  complex enumeration systems, boundary processes
and dominance rules. These strategies are effective for small to medium-sized problems, but their effectiveness is
reduced when applied to extremely large examples.

However, the exact method that has received the most attention in recent years is the use of  B&B techniques, as
demonstrated  by  Klein  and  Scholl  (1996) with  their  method  for  solving  SALBP-2.  This  method  uses  an
enumeration approach, namely the Local Lower Bound Method, which is further enhanced by a set of  restrictive
constraints.  Computational  studies  have  demonstrated  that  this  method  is  highly  efficient  in  terms  of
computational speed. Another notable contribution is the work of  Sprecher (1999) on SALBP-1, which is based on
a precedence tree-guided enumeration scheme developed to address  a  variety  of  resource-constrained project
scheduling problems. In another paper, Liu, Ng and Ong (2008) proposed three novel B&B algorithms for solving
SALBP-1. The Hoffmann heuristic solution (Hoffmann, 1963, 1992) is used as the upper bound (UB) solution for
all three methods. 

To achieve a smoothed workload, it is necessary to minimise the sum of  the squares of  the workloads (SI ). This is
the same aim as that proposed by Azizoğlu and İmat (2018). In their paper, the authors address a SALBP with a
given  M and a given  CT. The results show that  M and the work are the most important factors influencing the
complexity of  the solutions. Another important factor influencing the solution time is CT. A B&B algorithm and a
MILP formulation are proposed, as well as numerous optimality properties and bounds. The results show that the
B&B technique can effectively solve medium-sized problems in real time. On the other hand, Walter (2020) shows
that one of  the LBs used in their algorithm is incorrect, and the author uses an example to show how the incorrect
bound could prevent their B&B method from finding optimal solutions. As a result, the author corrects the bound
argument and proposes a more rigorous formulation. Furthermore, Hazır, Agi and Guérin (2021) investigate the
problem of  reducing SI in the context of  a fixed CT and M. In this paper, the researchers develop a B&B solution
technique to address the workload smoothing problem and evaluate it in comparison to the approach presented by
Azizoğlu and İmat (2018). 

The paper by Walter et al. (2021) considered a subset of  the well-known SALBP with fixed M and CT that seeks
fully  smoothed  workloads  across  workstations  along  the  assembly  line  (SALBP-SX:  an  optimised  version  of
SALBP-F). The main objective is to achieve a balanced distribution of  workloads rather than to minimise CT. In
this case, OF is the squared deviation of  each workstation’s workload from the ideal workload and is therefore
closely related to variance. The researchers showed that their OF is equivalent to that optimised by Azizoğlu and
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İmat (2018),  who were the first to present an exact method for SALBP-SX.  Walter  et al. (2021) proposed a
modified B&B method for the optimal solution of  SALBP-SX. The experimental and computational results show
that SALSA (SAL Smoothing Algorithm) is more effective than the task-oriented B&B technique proposed by
Azizoğlu and İmat (2018). In a study by Walter and Schulze (2022), the effectiveness of  two exact B&B algorithms
in addressing the workload smoothing problem in SALs was presented and evaluated. The researchers found that
the B&B technique proposed by Hazır et al. (2021) (BB-HAG) was not more effective than the algorithm proposed
by Azizoğlu and İmat (2018) (BB-AI). 

SALBP  represents  a  fundamental  integer  programming  (IP)  problem  in  the  field  of  operations  research.
Conversely, Ritt and Costa (2018) proposed an IP model for SALB and related issues, including USLs with priority
constraints.  In a  notable  contribution,  Gökçen et  al.  (2005) presented the  shortest  route  formulation  of  the
U-shaped ALBP (SUALBP), which was originally proposed by Gutjahr and Nemhauser (1964). This formulation
was developed to minimise  M for a given  CT.  The model presented in this article can be used as a basis for
developing successful heuristic techniques for solving the SUALBP.

CP is a general technique for solving combinatorial optimisation problems. It combines the efficiency of  linear
programming  with  the  ability  to  formulate  mathematical  equations  characteristic  of  computer  programming
(Bukchin & Raviv, 2018). Several authors have proposed CP-based methods for solving certain types of  SALBPs.
Pastor,  Ferrer  and García (2007) conducted  an  analysis  of  the  effectiveness  of  CP  and  IP  formulations  in
addressing the SALBP. In this context, it is becoming increasingly important to determine the optimal technique for
modelling and solving SALBPs. The aim of  this research is to identify the most effective technique for modelling
SALBP-1 and SALBP-2. According to Pastor and Ferrer (2009), the authors proposed an improved MM to solve
these types. The main concept is to introduce supplementary constraints, given that the range of  M is calculated
based on the UB of  M or the UB of  CT.

SALBP has been studied extensively. However, the E-type of  the problem deserves further attention. This was
identified by El Machouti et al. (2024a), who aimed to examine existing research on SALBP-E issues and predict
future research directions by reviewing papers published between 1995 and 2023. The review demonstrated that the
objective of  this issue is to minimise the line capacity  M  × CT. Furthermore, the study demonstrated that the
majority of  SALBP-E problems are single-objective optimisation problems. In addition, researchers often analyse
SALBP-E using SLs. With regard to methodology, the study identified a gap in the utilisation of  exact methods to
address SALBP-E.

3.2. Construction Heuristics

In the context of  optimisation objectives, feasible SALB solutions are needed as starting points for local searches or
to generate initial lower (upper) bounds for exact solution methods  (Boysen et al., 2022). Traditionally, Priority
Rule-Based  methods  (PRBMs)  or  partial  enumeration  methods  have  been used  to  determine  such  solutions.
Another  line  of  research  aims at  improving PRBMs,  which are  well  suited for  fast  initial  answers  (even for
extremely large cases) and can be easily extended to different types of  problems (Otto & Otto, 2014). 

Scholl and Voß (1997) present heuristic techniques for solving SALBP-1 and SALBP-2, with particular focus on
PBMs for determining initial reasonable solutions and improvement procedures. As novel contributions to the field,
they introduce new priority constraints, an extension of  dynamic rules, and bidirectional planning. Furthermore,
they  describe  a  fundamental  improvement  process  based  on  task  repetition  between  workstations.  This
improvement process is linked to a static version of  TS. On the other hand, Otto and Otto (2014) propose general
design guidelines for the development of  well-performing PRBMs through a thorough computational analysis.
They also evaluate and demonstrate their effectiveness on the SALBPs. PRBMs are of  great importance in solving
NP-hard optimisation problems. For this problem, it has been shown that PRBMs can achieve superior results in a
matter of  seconds. In addition, another promising heuristic approach to solving SALBP-1 is the use of  Petri nets
(PNs), as described in the study by Kilincci and Bayhan (2006). The algorithm identifies tasks within the PNs model
that can be assigned to the workstation with the shortest  Id.  The algorithm is capable of  producing a feasible
solution in less than one minute. 
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All enumerative exact techniques can be constrained in terms of  PT and/or search space to generate heuristics.
Blum and Miralles (2011) and Li, Kucukkoc and Tang (2021), among others, present Beam Search (BS) strategies
for various SALB problems. These strategies limit the size of  the enumeration tree by setting a beam width, which
is defined as the maximum number of  transitions from one level of  the tree to the next.

Sewell and Jacobson (2012) presented the Branch-Bound, and remember (BBR) algorithm, for addressing SALBP-
1.  Following the combined standards of  Hoffmann,  Talbot  and Scholl,  the algorithm finds and validates the
optimal solution for each problem. BBR is a hybrid strategy that combines B&B with DP (Li et al., 2020). B&B
uses bounds to reject subproblems that cannot reasonably provide a better solution than the best solution found.
The method has been shown to find optimal solutions and verify their optimality for 269 known benchmark
problems in  a  short  time.  Similarly,  Morrison,  Sewell  and Jacobson  (2014)  discuss  the  computational  results
obtained by applying Sewell and Jacobson’s (2012) BBR method with cyclic best-first search to Otto, Otto  and
Scholl (2013) database of  SALBPs.

For SALBP-2, where it is necessary to minimise CT, the researchers recommend the B&B method of  Klein and
Scholl (1996) and the iterative BBR method of  Li et al. (2021). In their study, they presented an enhanced iterative
BBR (IBBR) algorithm and an iterative BS (IBS) approach. IBBR uses additional LBs to provide more partial
solutions and a different order of  using LBs and dominance rules to speed up the search. Furthermore, additional
LBs, supplementary dominance criteria,  and a new workstation load selection criteria are used to improve the
proposed IBS. The computational research showed that both proposed techniques, IBBR and IBS, outperformed
the IBS-Blum method developed by Blum and Miralles (2011).

Furthermore, SALBP research has also focused on DP. Bautista and Pereira (2009) proposed a DP-based heuristic
for ALBP. This paper presents a technique for solving SALBP-1, called “bounded DP (BDP).” The proposed
method  combines  different  heuristic  criteria  to  minimise  the  search  space  within  a  DP framework,  thereby
improving the results of  any previous solution to the issue. The results show that the implementation can find an
optimal solution. Even when using shorter PTs, these results outperform any previous approach identified in the
literature. In another paper, Bautista and Pereira (2011) presented TSALBP-1, a variant of  SALBP with time and
space constraints.  Subsequent research presented different BDP bounds and solution methods tailored to the
specific characteristics of  the problem at hand, based on the methods in the literature for solving SALBP-1. In
addition, the number of  LBs for the simple issue was increased to account for the BDP method and to evaluate the
quality of  the exact solutions. 

For a more comprehensive understanding of  heuristic methods, readers are encouraged to consult the following
reviews: (Abdullah-Make et al., 2017; Ahmad et al., 2024; Álvarez-Miranda, Pereira & Vilà, 2023; Battaïa & Dolgui,
2013; Boysen et al., 2022; Chetna, Ram-Chauhan & Chawla, 2019; Chutima, 2020; Eghtesadifard et al., 2020; El
Machouti  et al., 2024a; Fathi, Fontes, Urenda-Moris & Ghobakhloo, 2018; Jiao et al., 2021; Kharuddin & Ramli,
2020; Razali, Kamarudin, Ab. Rashid & Mohd-Rose, 2019). Constructive heuristics are widely used and important,
but it is crucial to note that they do not guarantee an optimal solution. Instead, they generate feasible solutions that
approach the true optimum. Therefore, it is important to study metaheuristic methods.

3.3. Metaheuristics Solution Procedures

Today, operations research has a variety of  metaheuristics that are used to find near-optimal solutions wherever
possible.  In  SALB  research,  different  metaheuristics  are  applied  to  different  categories  of  problems.  Our
comprehensive  overview covers  the  many forms  of  metaheuristics  that  are  most  commonly  used  for  SALB
problems and can provide a number of  references.

3.3.1. TS Method

Although the application of  TS to SALBPs is challenging (Scholl & Voß, 1997), there are several TS approaches
available for both basic and extended versions, such as SALBP-1. Lapierre, Ruiz and Soriano (2006) proposed a TS
algorithm for  SALBP-1,  which  they  tested on real  industrial  data.  Their  findings  showed that  the  algorithm
performed well  on real  cases and produced better  results.  However,  a thorough statistical  study is  needed to
determine the effectiveness of  the method. On the other hand, Özcan, Çerçđoğlu, Gökçen  and Toklu (2009)
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investigated parallel lines with deterministic task times and developed a TS method that aims to minimise M while
minimising SI. They compared the theoretical minimum M with the results of  the research problems using the TS
method.

It may be impossible to achieve effective learning through metaheuristics for this problem. This conclusion is based
on the findings of  Pape (2015), who conducted a thorough study of  several heuristics and metaheuristics for
SALBP-1.  Pape (2015) found that the results  of  the most effective  metaheuristic  (TS) were inferior  to other
approaches, and not comparable to exact methods. On the other hand,  Abdeljaouad and Klement (2021) used a
generalised TS algorithm to solve the MiM case, focusing on minimising CT, similar to the approach used for SiM
lines (SALBP). The existing MM and a proposed LB inspired by the fundamental SALBP bound were compared
with the solutions of  their algorithm, which showed strong performance.

3.3.2. SA Method 

The SA algorithm is presented as one of  the most common metaheuristic approaches for addressing a range of
SALB problems. A review of  this study was provided by numerous articles, including (Li et al., 2018; Özcan &
Toklu, 2009a).

The SA algorithm is a simple strategy that can quickly find the best solutions to problems of  any size. Notably,
Özcan and Toklu  (2009a)  had  a  similar  goal  in  their  study of  SALBP-1.  They  aimed to  minimise  M while
minimising SI and maximising E. Based on the concepts of  adaptive learning and SA, this paper proposes a hybrid
improvement heuristic solution for SLs and USLs. A series of  comparative tests are performed on the benchmark
problems presented by Scholl (1995). With the exception of  one difficult case, the proposed approach identified the
best solution. In contrast, Li et al. (2018) developed MMs and SA algorithms with the objective of  minimising CT

and addressing the robotic ALBP-2 (RALBP-2). To address problems of  a large scale, two SA algorithms are
proposed, and four MILPs have been developed with the objective of  identifying optimal solutions for small-scale
problem instances. The efficacy of  the proposed methods is confirmed by a comparative study of  the tested
algorithms and other adapted methods.

3.3.3. GA Method

GA is one of  the well-known techniques in Artificial Intelligence (AI) and is commonly applied to solve SALB
problems. Studies have shown that GA outperforms other algorithms in terms of  solution quality and convergence
speed, especially for challenging combinatorial problems (Abdullah-Make et al., 2017; Hlyal, Ait-Bassou, Soulhi, El
Alami & El Alami, 2015). This metaheuristic begins by generating an initial population of  chromosomes, which
represent initial solutions. A fitness function is then applied to assess the quality of  each solution, guiding the
stopping  criteria.  The  best  individuals  are  selected  for  crossover  and  mutation,  producing  new  offspring
chromosomes.  These  new  individuals  are  evaluated,  and  the  process  continues  iteratively  until  the  specified
conditions are met (El Machouti et al., 2024a). 

In addressing SALB problems,  a  significant number of  researchers have used the GA approach.  Tasan and
Tunali (2006) present a hybrid GA strategy that combines GA and TS to solve a SALBP-1. Furthermore, the
control  parameters  including  population  size,  crossover  and  mutation  were  optimised  to  improve  the
performance  of  the  hybrid  GA.  The  results  of  the  parameter  optimisation  showed  that  changes  in  the
parameters had a significant impact on the issue solution. In addition, to understand the implementation of  the
hybrid GA, the researchers applied it to a number of  benchmark problems. The results of  this comparative study
confirm that the integration of  the GA with the TS can lead to a significant improvement in its performance.
Moreover,  Zamzam and Elakkad (2021) address the bi-objective Time and Space ALBP (TSALBP) in their
paper, with a particular focus on time and space constraints, which are critical for reducing wasted time and
unplanned travel.  A  hybrid  GA is  used  to  reduce  M and  the  number  of  workers.  The  study  illustrates  a
significant advance in addressing a real-world issue and indicates that a SALB can outperform a multi-manned
AL under  specific  conditions.  This  study  makes  a  significant  contribution  to  the  field  as  it  is  the  first  to
implement  a  GA under  these  constraints.  For  further  articles,  refer  to (Álvarez-Miranda et  al.,  2021;  Triki,
Mellouli, Hachicha & Masmoudi, 2016).
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3.3.4. GRASP Method

The GRASP technique consists of  two key stages: the construction stage (CS), which generates a feasible solution,
and the improvement stage, which uses local search (LS) to explore the neighbourhood of  the generated solution
and further improve it (Essafi, Delorme & Dolgui, 2012).

Belkharroubi and Yahyaoui (2021) introduced a hybrid approach that combines GRASP and GA techniques to
address the MiMALBP-2, which aims to find the best  CT for a given  M.  The GRASP method uses an RPW
heuristic  during  the  CS  to  generate  the  GA’s  initial  population,  while  a  neighbourhood  search  procedure  is
employed  to  enhance  solution  quality.  The  approach was  tested  on a  numerical  example,  demonstrating  the
improved  solution  efficiency  from  the  GRASP  method  when  combined  with  GA.  In  a  subsequent  study
(Belkharroubi & Yahyaoui, 2022b), the authors addressed MiMALBP-1, focusing on minimising M for a given CT,
and proposed a hybrid reactive GRASP (HRGRASP) algorithm, which they evaluated across seven problem sets of
varying sizes.

A recent study by El Machouti et al. (2024b) focused on worker allocation in MiMALBP-E, aiming to identify the
best  combination of  CT and the number of  workers to  achieve  maximum  E. To tackle this,  the researchers
developed an HRGRASP method. The goal of  this approach was to minimise the time required to complete tasks
at each workstation by assigning tasks to the worker with the shortest PT.  To evaluate the effectiveness of  the
algorithm, an illustrative problem was used in which eight workers had to be allocated between two models. The
results of  this problem were compared with a GA that includes three key operations: scramble mutation, cyclic
crossover and roulette wheel selection. The study found that the proposed HRGRASP algorithm is generally more
efficient and robust than the GA. 

3.3.5. ACO Method

ACO is an AI method inspired by the foraging behaviour of  ants. In this algorithm, ants release pheromones along
the paths they visit, and more pheromones are produced on the better paths, attracting more ants to follow those
paths in the next iteration. Over time, most ants will gravitate towards the shortest path. ACO has been effectively
applied to a wide range of  classical NP-hard problems and has been extensively studied for its application in solving
different types of  SALBPs (Zheng, Li, Li & Tang, 2012).

Yagmahan (2011) discusses  the  MiMALBP-1  and  addresses  concerns  related  to  capacity  utilisation  and
discrepancies between workstation times due to variations in operating times, M,  E and smooth production. The
author  proposes  a  multi-objective  ACO (MOACO)  algorithm  to  solve  these  problems.  To  demonstrate  the
efficiency of  the algorithm, several test problems are solved and the results show that the MOACO algorithm
outperforms other methods. As well as this,  Huo et al. (2018) used a hybrid approach that combined the ACO
algorithm with BS (ACO-BS) to solve SALBP-1. The aim was to improve the solution quality and speed up the
search process. However, when the results were compared with those obtained using the priority rule; it was found
that ACO-BS significantly improved the quality of  the best solutions.

3.4. AI-Based Approaches

The ALBP represents a significant challenge in optimising production systems. This issue has been addressed using
a  variety  of  methods,  including  exact,  heuristic,  and  metaheuristic  approaches.  While  these  methods  have
considerably enhanced production system performance, it is important not to underestimate the increasing role of
AI techniques (Aferhane, Bouallal, Douzi, Harba, Vilcahuaman & Arbanil, 2024; Atwani, Hlyal & El Alami, 2020).
The  application  of  AI  methods,  including  artificial  neural  networks  (ANN) and reinforcement  learning  (RL)
algorithms, introduces a novel approach to the resolution of  ALBP. The integration of  learning and adaptation
capabilities enables these approaches to address complex and dynamic problems more effectively than traditional
methods (Aferhane, Bouallal, Douzi & Harba, 2024; Ibáñez, Cordón, Damas & Magdalena, 2009). The use of  these
advanced techniques allows AI to model and analyse operator performance in real time. Furthermore, AI can adapt
to fluctuating production conditions, enabling dynamic reallocation of  tasks according to changing performance
and constraints  (Polo-Triana,  Gutierrez  & Leon-Becerra,  2024).  By incorporating  these  adaptive  and learning
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capabilities,  AI adds significant value to traditional ALB methods, transforming production systems into more
responsive and optimised environments (Nagy, Ruppert & Abonyi, 2020).

By exploring these techniques, Ali and Tirel (2023) have investigated the application of  AI techniques, specifically
RL, to address the challenges of  ALB. They focus on the use of  deep RL (DRL) to control industrial assembly
lines. This approach aims to optimise task assignment and resource allocation while respecting priority constraints,
using an action masking method to reduce the action space to feasible actions. Recently, Mumcu (2024) proposed a
combined approach of  heuristic  methods and ANN to optimise assembly lines in the lighting industry.  Four
heuristic methods achieved a maximum efficiency of  93.955%. In addition, a neural network model was trained and
achieved 99.940% accuracy in predicting the operations of  another line. This study illustrates the effectiveness of
ANN as a complement to heuristic methods. In a separate study, Chourabi, Khedher, Babay  and Cheikhrouhou
(2023) proposed an approach to solve the ALBP in the garment industry using ACO and a worker performance
index. Their method includes a global competence index based on measurable criteria such as quality, activity and
attendance.  The purpose  is  to  maximise  this  competence index  for  optimal  worker  and task  allocation,  thus
demonstrating the effectiveness of  their model in a real production environment. Further studies can be found in
the works of  (Khalid, Yusof  & Iida, 2020; Woo, Cho, Nam & Nam, 2021).

Literature
Type of
SALBP

Solution method
Optimisation

objective
Type of

production line Line layout

Exact 
method

Approximate method

1 2 3 4 5 SiM MiM MuM SLs TSLs USLsHeuristic Metaheuristic

Nearchou, 
2005

SALBP-1

Differential
Evolution
algorithm
(DEA)

  

Gökçen et al., 
2005

SUALBP Shortest route
formulation   

Tasan & 
Tunali, 2006 SALBP-1 Hybrid GA

and TS   

Kilincci & 
Bayhan, 2006

SALBP-1 Petri nets
(PNs)     

Lapierre et al.,
2006 SALBP-1 TS    

Ze-Qiang, 
Wen-Ming, 
Lian-Sheng &
Bin, 2007

SALBP-1 ACO   

Kilincci & 
Bayhan, 2008 SALBP-1

P-
invariants
of  PNs

  

Andrés et al., 
2008 GSALBP-1 GRASP   

Blum, 2008 SALBP-1 ACO-BS   

Liu et al., 
2008

SALBP-1 B&B   

Özcan & 
Toklu, 2009b SALBP SA, adaptive

learning     

Pastor & 
Ferrer, 2009

SALBP-1
SALBP-2

MILP    
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Literature
Type of
SALBP

Solution method
Optimisation

objective
Type of

production line Line layout

Exact 
method

Approximate method

1 2 3 4 5 SiM MiM MuM SLs TSLs USLsHeuristic Metaheuristic

Bautista & 
Pereira, 2009

SALBP-1 BDP   

Kilincci, 2010 SALBP-2 PNs-based
heuristic    

Jonnalagedda 
& Dabade, 
2010

SALBP-2

Priority
rule,

Station-
oriented
heuristic

  

Blum & 
Miralles, 2011

SALWABP
-2

BS   

Petropoulos 
& Nearchou, 
2011

SALBP-2 PSO    

Kilincci, 2011 SALBP-1 PNs-based
heuristic   

Yagmahan, 
2011

SALBP-1 ACO     

Emrani-
Noushabadi, 
Bahalke, 
Dolatkhahi, 
Dolatkhahi & 
Makui, 2011

SALBP-1 GA   

Bautista & 
Pereira, 2011

TSALBP-1 BDP   

Zheng et al., 
2012 SALBP-1 ACO   

Dou, Li & Su,
2013 SALBP-1

Particle
Swarm

Optimisation
(PSO)

  

Yu & Shi, 
2013 SALBP-1 GA   

Su, Wu & Yu, 
2014

SALBP-E PNs based
heuristic    

Esmaeilbeigi, 
Naderi & 
Charkhgard, 
2015

SALBP-E MILP      

Kucukkoc & 
Zhang, 2015b

PTALBP-E ACO   

Pitakaso & 
Sethanan, 
2016

SALBP-1
SALBP-1M

A modified
DEA   
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Literature
Type of
SALBP

Solution method
Optimisation

objective
Type of

production line Line layout

Exact 
method

Approximate method

1 2 3 4 5 SiM MiM MuM SLs TSLs USLsHeuristic Metaheuristic

Corominas, 
Garcıa-Villoria
& Pastor, 2016

SALBP-E MILP OH   

Zhang, Yan, 
Liu & Jiang, 
2016

SALBP-2
Integer Coded

DEA   

Nearchou & 
Omirou, 2017

SALBP-1
SALBP-2

DEA   

Kammer-
Christensen, 
Janardhanan 
& Nielsen, 
2017

MuRALBP
-2 OH   

Zhang, 2017 SALBP-1
Improved
Immune

Algorithm
   

Belassiria, 
Mazouzi, El 
Fezazi & El 
Maskaoui, 
2017

SALBP-E Hybrid GA    

Azizoğlu & 
İmat, 2018 SALBP-3 B&B

  

Huo et al., 
2018

SALBP-1 ACO-BS   

Zhang, 2019 SALBP-1 Immune GA
(IGA)    

Hazır et al., 
2021

SALBP-3 B&B   

Li et al., 2021 SALBP-2 Enhanced
IBBR

Enhanced
IBS   

Arikan, 2021 SALBP-2 Reactive TS    

Álvarez-
Miranda et al.,
2021

SALBP-2 GA-BDP   

Walter et al., 
2021

SALBP-F
(SALBP-

SX)
B&B   

Abdeljaouad 
& Klement, 
2021

SALBP-2 OH TS    

Belkharroubi 
& Yahyaoui, 
2021

SALBP-2 GA-GRASP   

Walter & 
Schulze, 2022 SALBP-3

Task-oriented
B&B

algorithms
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Literature
Type of
SALBP

Solution method
Optimisation

objective
Type of

production line Line layout

Exact 
method

Approximate method

1 2 3 4 5 SiM MiM MuM SLs TSLs USLsHeuristic Metaheuristic

Belkharroubi 
& Yahyaoui, 
2022a

SALBP-E GA   

Belkharroubi 
& Yahyaoui, 
2022b

SALBP-1 HRGRASP   

El Machouti 
et al., 2024b

SALBP-E HRGRASP   

SALWABP: SAL worker assignment and BP, SALBP-1M: SALBP-1 with the maximum number of  machine types considered in a
workstation, SALBP-3: to minimise  SI, MuRALBP-2: Type two MuM Robotic ALBP, OH: Other heuristics, 1: Minimise  M,
2: Minimise CT, 3: Maximise E, 4: Minimise SI, 5: Minimise Id. 

Table 1. An overview of  some SALBP research using exact and approximate approaches 

4. Results and Discussion

A review of  the literature (Table 1) leads to the following conclusions.

Researchers have identified a number  of  different  types  of  SALBPs,  with SALBP-1 and SALBP-2 problems
representing the primary focus of  their investigations, as shown in Figure 4. This trend can be attributed to the
fundamental  importance of  these two problems in  the field of  ALB theory.  Several  algorithms,  optimisation
techniques, and heuristics have been developed with a specific focus on SALBP-1 and SALBP-2, contributing
significantly to the extensive existing literature on this topic. The study of  SALBP-1 is often motivated by its
relevance to the initial design of  assembly lines, while the study of  SALBP-2 is attracting attention due to its
importance in improving the efficiency of  existing lines.

Figure 4. Frequency of  SALBP types in selected articles

The study of  SALBP-1 is often motivated by its relevance to the initial design of  ALs. Similarly, SALBP-2 has
attracted considerable interest for its potential to improve the efficiency of  existing lines. However, these two
variants do not fully address the complex and evolving needs of  modern industry. There is a clear opportunity to
explore  more  complex  variants,  such  as  SALBP-E,  which  incorporates  environmental  efficiency  criteria,  or
multi-objective variants that optimise multiple aspects simultaneously. It is important to note that this problem is
more complex than SALBP-1 and SALBP-2 due to its  non-linear  form.  This  is  the  reason why only  a  few
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researchers have focused on SALBP-E. Furthermore, additional studies are required to gain a greater understanding
of  the complexity of  SALBP-E.

Figure 5. Frequency of  SALBP objectives in selected articles

In the context of  SALBPs, the most commonly addressed objectives are the minimisation of  M,  CT and SI, as
illustrated in Figure 5. By reducing the  M required to perform a set of  tasks, companies can limit infrastructure
expenditure and improve the overall efficiency of  the AL. This minimisation is a fundamental aspect of  SALBP-1.
Secondly,  CT minimisation is a key objective of  SALBP-2, particularly in situations where production times are
critical. The focus on CT minimisation reflects the importance for companies to respond rapidly to market demands
while maintaining high productivity. Furthermore, the minimisation of  SI is also widely studied. The aim of  this
indicator is to ensure a better distribution of  tasks and greater homogeneity in the production flow, which is often
prioritised in environments where the stability and fluidity of  the production process are essential.

It is important to note that the majority of  SALBPs are formulated as single-objective optimisation problems.
Consequently,  they  do not  always  reflect  the  complexity  of  real  production systems,  which often require the
simultaneous optimisation of  multiple criteria. Table 1 presents an overview of  the limited number of  papers that
have studied MOPs.

A significant number of  articles in the field of  production and manufacturing process optimisation have focused
on SiM lines, as shown in  Table 1, which are designed to produce a specific type of  product. This approach is
widely used in the academic literature because SiM lines have distinctive  characteristics and present particular
challenges that are of  interest to researchers. By focusing on these lines, studies can investigate in detail the optimal
planning and scheduling strategies for a specific production task. They can also analyse in great detail the impact of
changes in demand, capacity constraints and cycle times on the overall performance of  the production system
(Battaïa & Dolgui, 2013). The production of  personalised products, on the other hand, requires the use of  different
products on the same line. To address this issue, a MiMAL and a MuMAL have been developed for the production
of  a range of  products.

A recurring observation in the literature is the predominance of  studies on SLs to the detriment of  more complex
configurations such as TSLs and USLs. The principal reasons for this trend are the simplicity of  SL models, which
facilitate  the  analysis  and  modelling  of  SALBPs,  and  their  linear  design,  which  is  particularly  well  suited  to
conventional production lines. However, TSLs and USLs offer significant potential advantages. The introduction of
TSLs increases workstation density and reduces unnecessary travel for operators  (Abdullah-Make et al.,  2017).
Similarly, USLs allow operators to work at multiple workstations simultaneously, thereby encouraging collaboration
between workers in different sections of  the line (Chutima & Khotsaenlee, 2022; Kucukkoc & Zhang, 2015a).
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Figure 6. Distribution of  articles based on the methods used

The results presented in Table 1 clearly show a growing trend in the use of  hybrid methods for solving SALBPs.
Hybrid methods allow higher-quality solutions to be obtained in reasonable computational times. Hybridisation
could potentially solve the SALBP by synthesising several algorithms into a single one. This would allow the system
to benefit  from the strengths  of  each algorithm,  so hybridisation could potentially  reduce the complexity  of
SALBP systems. Based on our observations, metaheuristic algorithms were found to be remarkably effective in
exploring spaces, avoiding local optima, and identifying near-optimal solutions. Our results show that metaheuristic
algorithms have considerable potential for solving SALBPs (see  Figure 6). The analysis of  Table 1 also shows a
notable adoption of  two particular artificial intelligence methods, GA and ACO.

Recent publications on SALBPs are numerous and diverse, indicating that the topic continues to be of  interest to
both academics and practitioners. To build on this momentum, it is recommended that the following suggestions
for future SALB research be considered.

• SALBP-E and SALBP-F are advanced versions of  SALBP that present additional challenges. Finding a
balanced solution in a given configuration while respecting these specific constraints is a critical aspect of
these problems. Despite their complexity, understanding and solving these variants is essential to simulate
realistic production line conditions and to develop optimisation strategies capable of  meeting practical
manufacturing challenges.

• To accurately and comprehensively reflect operational requirements in SALBPs, it is essential to use multi-
objective functions rather than just one. By considering multiple objectives, decision-makers can conduct a
thorough evaluation of  the production system, taking into account different  performance metrics. This
approach enables decision-makers to make well-informed and balanced decisions that are consistent with
the overall objectives of  the production process.

• The advent of  rapid advances in computer technology and AI has resulted in an increased reliance on
hybrid methods combining various intelligent approaches for SALBP resolution. These methods integrate
the efficacy of  conventional metaheuristics with the efficiency of  AI techniques, thereby providing more
robust and efficient solutions. The advent of  these AI techniques has facilitated the exploration of  novel
avenues  for  SALBP resolution,  enabling  the  tackling  of  more  complex  and  realistic  problems  with
optimised solutions.

• It is important to note that more research is needed to address issues related to production lines that include
MiM and MuM lines. These production lines represent a superior means of  production and are well placed to
adapt successfully to the present diversity of  consumer demands and short product life cycles.

• To improve production systems, future studies should investigate different configurations of  SALBPs,
including USLs and TSLs, taking into account additional constraints such as zoning. It would be beneficial
to conduct a study to demonstrate the practicality of  implementing such layouts in real industries.
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5. Conclusion

This paper provides an overview and analysis of  SALBP. A large number of  academic papers have studied this
topic using various exact, heuristic and metaheuristic methods. The choice of  the most appropriate approach is
crucial and depends on the specific requirements, constraints and objectives of  the SALBP. While the exact method
is the best option, it is also the most time consuming. Therefore, a comprehensive review of  recent research on
SALBPs is needed to identify trends in the problems and appropriate solution methods. Although SALBPs are a
class of  NP-hard optimisation problems, efficient methods and techniques are available to solve large instances
with good quality for practical use. Based on a survey of  the types of  problems and production lines, as well as the
research objectives in SALBP and the methods used to solve these problems, the results indicate that SALBP-1 and
SALBP-2 are the most commonly used. Our research shows that the majority of  SALBPs have been classified as
single objective optimisation problems. However, there is a significant gap in the existing literature with implications
for MiM and MuM lines with USLs or TSLs. Furthermore, a hybrid metaheuristic can be investigated to exploit the
advantages of  these techniques. The integration of  new AI techniques, such as ANN and RL algorithms, can be
explored to improve the effectiveness of  SALB approaches and to address new manufacturing challenges.
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