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Abstract. Production scheduling is a critical component of modern manufacturing, as it ensures
the efficient use of limited and often expensive production resources. The integration of lot sizing
and scheduling has therefore attracted significant scholarly attention, offering opportunities to improve
capacity utilization and inventory management. This paper reviews and synthesizes the literature on the
Economic Lot Scheduling Problem (ELSP), with particular emphasis on studies adopting the Common
Cycle (CC) approach. The reviewed works are systematically classified into key categories, including
defective production processes, shortage policies, maintenance activities, deteriorating items, objective
functions, and modeling constraints. This taxonomy not only organizes the diverse body of research
but also highlights thematic trends and methodological contributions across more than three decades
of ELSP studies.
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1. INTRODUCTION

In the late twentieth century, the US Small Business Administration reported that inventory costs account
for 45% to 90% of total business expenses [125]. This striking figure highlights the central role of inventory
in organizations where limited resources and capital are closely tied to stock management. Poor inventory
estimation or excessive stockholding can lead to depreciation, obsolescence, and product deterioration, ultimately
increasing operational costs. As a result, optimizing production and inventory levels is crucial for reducing costs
and enhancing overall business efficiency.

One of the most influential milestones in inventory theory is the Economic Order Quantity (EOQ) model,
first introduced by Ford Whitman Harris in 1913 [131]. His article, “How Many Parts to Make at Once”,
marked the beginning of a century-long research stream on economic lot sizing. Although Harris’s work was
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initially overlooked and often mistakenly attributed to Wilson, later studies by Erlenkotter [46-48] clarified
Harris’s contribution and impact. The EOQ model quickly became one of the most cited and applied concepts
in operations management, forming the cornerstone of economic production and ordering decisions.

The basic EOQ model assumes instantaneous replenishment, which is unrealistic for manufacturing contexts.
To address this, in 1918, Taft introduced the Economic Production Quantity (EPQ) model, incorporating
gradual production and delivery rates. His formulation allowed production batches to be aligned with both
machine capacity and customer demand, significantly reducing production and holding costs [119].

In subsequent decades, attention shifted toward more complex settings. In the 1950s, Eilon [42] and Rogers
[127] extended EOQ/EPQ concepts to multi-item systems, giving rise to the Economic Lot Scheduling Problem
(ELSP). In the context of ELSP models, demand and production rates are known, the sequence of producing
them is uncertain, and the focus is on decisions about the cycle scheduling, which is repeated periodically. Due
to the complexity and non-linearity of the problem, no specific algorithm is proposed to obtain the optimal
solution. Gallego and Shaw [54] showed that the ELSP problem is an NP-Hard (non-deterministic polynomial),
which means that solving this problem is impossible in polynomial time without removal of certain conditions
and assumptions. Elmaghraby [45] reviewed the literature on ELSP problems until 1976 and highlighted the
different approaches to solving this problem. Then, Lopez and Kingsman [93] compared different methods for
ELSP until 1990, in terms of different criteria. After that, Silver et al. [136] performed another review of the
literature on ELSP. They showed that in the literature about ELSP, a number of innovative approaches to
problem-solving were developed. Overall, there are five general approaches to solving the ELSP:

(1) Common Cycle (CC) or Rotational Cycle (RC): The cycle of all items is considered the same. Therefore,
the optimal common cycle is easily obtained by this method. The advantage of this approach is to find a
feasible solution quickly [68].

(2) Basic Period (BP): cycle lengths are integer multiples of a base period. Identical lot sizes are associated
with items and finding the feasible solution has complexities [12,77].

(3) Time-varying lot size (TV-LS): Lot sizes vary dynamically. This approach is more complex and time-
consuming than two other approaches, but it finds a better solution to the problem [40, 166].

(4) Independent Solution (IS) and miscellaneous heuristics: Analytical relaxations providing bounds. A well-
known approach of this kind is independent solution (IS) approach that solves the problem analytically by
relaxing synchronization constraint. Consequently, the solution obtained by IS provides a lower bound of
optimal solution (in some cases the solution is infeasible due to the relaxing constraint) [19].

(5) Hybrid/other approaches that combine problem-specific heuristics and metaheuristics.

Among the various approaches to ELSP, the Common Cycle (CC) policy has emerged as one of the most widely
adopted due to its simplicity, feasibility, and strong industrial applicability. While the CC approach may not
always deliver the theoretical optimum, it offers practically implementable solutions and enables coordinated
scheduling in real-world production environments. Its relevance is evident across diverse industries such as
pharmaceuticals (batch production of drugs), automotive (parts scheduling), food processing (multi-product
production lines), and electronics (component manufacturing) — all of which involve a single facility managing
multiple products under capacity constraints.

Empirical evidence further underscores the prominence of CC in ELSP research. Chan et al. [19] analyzed
105 papers published between 1997 and 2012 and reported that CC was the most frequently employed policy,
appearing in 41% of studies (46 articles). Similarly, Santander-Mercado and Jubiz-Diaz [130] reviewed 126
ELSP papers from 1958 to 2015 and found that approximately 32% (40 papers) utilized the CC approach.
Expanding on these efforts, Beck and Glock [8] conducted a comprehensive content analysis of 242 ELSP papers
published up to 2019. Their coding-based methodology categorized research streams across scheduling policies,
solution methods, assumptions, and extensions, providing a broad overview of the field’s evolution. However,
their review did not delve into detailed assessments of individual scheduling policies. In particular, the CC
approach — despite its widespread use and practical relevance — remains underexplored in terms of its solution
methodologies, modeling frameworks, and managerial implications.



A REVIEW PAPER ON THE ELSP WITH THE CC APPROACH 1327

Then, Martinelli et al. [96] a systematic literature review on single-machine sequencing problems in make-to-
order (MTO) environments, emphasizing Industry 4.0 contexts, sequencing complexity, and heuristic vs. exact
solution procedures. That study focused primarily on order sequencing challenges such as setup times, due
dates, processing times, and uncertainties that are typical in MTO environments. Recently, Ying et al. [165]
conducted a large-scale systematic review of the Single-Machine Scheduling Problem (SMSP) using citation-
based techniques, namely Main Path Analysis (MPA) and Cluster Analysis (CA). By examining 2904 articles
published since 1987, their study identified the main developmental trajectories of SMSPs, highlighted the most
influential works in different periods, and mapped out key thematic clusters such as deterioration and learning
effects, constraint-based scheduling, maintenance-related extensions, advanced heuristic methods, and agent-
based approaches. Their contribution lies in providing, for the first time, a comprehensive knowledge-diffusion
perspective on SMSPs, outlining how the field has evolved historically and suggesting directions for future
research.

1.1. Scope of the review

This study focuses specifically on Economic Lot Scheduling Problem (ELSP) research that applies to the
Common Cycle (CC) policy in a single-machine environment. The CC approach is one of the most widely used
and practically implemented scheduling strategies in the ELSP literature, accounting for a significant share of
published studies (41% in [19]; 32% in [130]). By narrowing the scope to this homogeneous framework, the
review achieves three goals:

(i) It allows a clear classification of modeling assumptions, problem environments, and solution techniques.
(ii) Tt facilitates consistent methodological comparisons through a shared cycle-time structure; and
(iii) It generates robust managerial insights relevant to industries where feasible cyclic schedules are essential.

Restricting the focus to single-machine systems further reflects the original and most extensively studied
ELSP configuration, which also serves as the theoretical foundation for many later extensions. This choice
enhances methodological clarity, improves comparability across studies, and allows for a more in-depth analysis
without the additional complexity of multi-machine settings. Importantly, this focus does not suggest that the
CC policy or single-machine systems are superior to other approaches but rather represents a deliberate decision
to enable analytical depth.

Several surveys have provided broader perspectives on ELSP and related scheduling problems. Santander-
Mercado and Jubiz-Diaz [130] reviewed 126 papers (1958-2015), categorizing them by scheduling approaches
and solution methods, and reported that about 32% (40 papers) employed the CC approach. Beck and Glock
[8] conducted a large-scale content analysis of 242 ELSP papers published up to 2019, classifying research
streams by policies, solution methods, assumptions, and extensions, but without a focused assessment of specific
scheduling strategies such as CC. More recently, Ying et al. [165] analyzed nearly 3000 single-machine scheduling
studies using citation-based methods, mapping developmental trajectories and thematic clusters in the broader
scheduling field. However, their work did not explore the methodological and managerial implications of CC-
based ELSP models in depth. Similarly, reviews on sequencing in make-to-order (MTO) environments have
highlighted sequencing complexity under Industry 4.0 contexts but paid little attention to the integration of
lot-sizing and scheduling decisions that define ELSP.

Against this background, our review fills an important gap by systematically analyzing 141 CC-based single-
machine ELSP studies published between 1990 and August 2025. The list of the 141 selected papers is shown
in Appendix A. These papers are categorized according to solution methods, problem environments, objective
functions, and modeling structures. In addition, the review provides statistical insights into publication venues,
contributing countries, and authors. In doing so, this study not only complements existing surveys but also offers
a deeper, policy-focused perspective on the most widely applied and practically relevant scheduling strategy
in ELSP research. For completeness, a brief theoretical formulation of the classic ELSP model under the CC
approach is provided in Appendix B.
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2. REVIEW METHODOLOGY

Lopez and Kingsman [93] reviewed the literature on the ELSP. They analyzed solution methodologies used
by published articles in the field until 1990. To ensure comprehensiveness, transparency, and reproducibility,
this review was designed and conducted in two phases. At the end of these phases, articles meeting the eligibility
criteria were coded and analyzed. The scope of this study is limited to peer-reviewed journal articles in English,
published between 1990 and August 2025, that examine the Economic Lot Scheduling Problem (ELSP) under
a single-machine environment with the Common Cycle (CC) policy.

Inclusion criteria

— Peer-reviewed journal article, English language, published 1990-Aug 2025.
— Explicit focus on ELSP with CC policy (as the main or part of a hybrid approach).
— Contribution falls into one of four categories:

(1) main CC-based modeling approach,

(2) hybrid models combining CC with other policies/methods,

(3) analytical derivation of upper/lower bounds, or

(4) solving special cases.

Exclusion criteria

— Conference papers, theses, or non-peer-reviewed work.
Non-English publications.

Multi-machine models without a distinct CC component.
Studies focusing exclusively on other policies (BP, TV-LS, etc.).

2.1. Initial phase: Core databases

Previous surveys often restricted their search to the keywords “ELSP” or “economic lot scheduling problem.”
However, some relevant papers are indexed under alternative terms such as lot sizing, EPQ, or EM@), particularly
when combined with the single-machine setting. To avoid this labeling bias, we expanded the search strategy.

Searches were carried out in Scopus and Web of Science (WoS), using the following four sets of keywords (in
title, abstract, or keywords):

— Set 1: {Economic lot scheduling problem} OR {ELSP},

— Set 2: {Lot sizing AND single machine},

— Set 3: {Economic production quantity AND Single machine} OR {EPQ AND Single machine}, and
— Set 4: {Economic manufacturing quantity AND Single machine} OR {EMQ AND Single machine}.

Raw retrievals are summarized in Table 1 (before merging and deduplication): WoS =396, Scopus =459.
After merging both databases and removing duplicates, 656 unique records remained. Each record was screened
at the title/abstract level, and articles explicitly adopting the CC policy were identified. This process yielded
117 CC-ELSP papers in the first phase.

2.2. Secondary phase: Complementary search

Since some relevant CC-based ELSP papers are not indexed in Scopus or WoS, a complementary search was
conducted in Google Scholar. To improve precision, the search was limited to article titles and restricted to the
years 1990-2025. Eight sets of keywords were used:

— Set 5: {lot scheduling AND common cycle} OR {lot sizing AND common cycle},

— Set 6: {lot scheduling AND single machine} OR {lot sizing AND single machine},

— Set 7: {Production AND single machine} OR {Manufacturing AND single machine}, and
— Set 8: {Production AND common cycle} or {Manufacturing AND common cycle}.
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TABLE 1. Number of articles extracted from databases based on selected keywords.

Set Scopus  WoS Google Scholar

(In title)
{Economic lot scheduling problem} or {ELSP} 287 241
{Lot sizing & single machine} 132 118
{Economic production quantity & Single machine} or {EPQ & Single 39 33
machine}
{Economic manufacturing quantity & Single machine} or {EMQ & 1 4
Single machine}
{lot scheduling & common cycle} or {lot sizing & common cycle} 16
{lot scheduling & single machine} or {lot sizing & single machine} 55
{Production & single machine} or {Manufacturing & single machine} 205
{Production & common cycle} or {Manufacturing & common cycle} 22
Total 459 396 298

Then all the obtained articles are merged, and duplicates are removed, non-English papers, and conference
papers were removed, the rest of the papers are all examined one by one, and articles related to the CC approach
are separated. The total number of articles from this phase is 298, and details are given in Table 1.

In the secondary phase, a total of 298 articles were retrieved from Google Scholar. Among these, the records
that were not already indexed in WoS or Scopus were carefully reviewed at the title, abstract, and problem-
definition levels. Through this process, we identified 24 additional journal papers explicitly addressing ELSP
with the CC policy that had not been captured in Phase 1. These were added to the previously identified 117
papers from Phase 1, resulting in a final dataset of 141 CC-based single-machine ELSP articles included in this
review.

3. REVIEW STATISTICS

This section presents descriptive statistics of reviewed articles, including information about publication years,
journals, contributing authors, citations, and countries of origin. It also highlights the studies that have had the
greatest performance and impact in the field.

To begin with, it is essential to examine the temporal distribution of publications. Figure 1 shows the number
of ELSP studies adopting the CC approach published each year between 1990 and 2025.

As illustrated in Figure 1, research activity in this area has been relatively scattered but persistent over the
past three decades, with fluctuations in publication intensity. The early years of the 1990s witnessed a modest
but steady flow of contributions, usually between 2 and 5 articles per year. During the 2000s, the publication
trend remained moderate, rarely exceeding 6 papers per year.

A significant increase can be observed in the mid-2010s, particularly in 2015, which marked the highest
peak with 10 publications in a single year. This peak indicates a renewed research interest in CC-based ELSP
models, likely influenced by the expansion of metaheuristic approaches and the integration of modern production
constraints (e.g., sustainability, just-in-time, and capacity considerations). The upward trend continued in the
following years, with 8 articles in 2016 and between 4 and 6 papers annually up to 2021.

In total, 48 of the 141 reviewed papers (34%) were published in the most recent decade (2015-2025). This
concentration of publications demonstrates that ELSP with the CC approach has remained an active and rel-
evant research area in recent years, particularly in light of new production paradigms such as Industry 4.0,
sustainability-driven scheduling, and the rise of hybrid /metaheuristic solution techniques. The continued publi-
cation of papers in 2022-2025 (albeit at a slightly lower annual rate) further underscores the ongoing attention
scholars are paying to this problem.
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In summary, the time-based analysis of publications reveals three key observations:

(1) Steady foundation: The 1990s and 2000s laid a steady groundwork of 2-5 papers annually.

(2) Research peak: A surge of interest in the mid-2010s, culminating in a record number of contributions in
2015.

(3) Sustained relevance: More than one-third of all contributions were published in the last decade, reflecting
the problem’s adaptability to modern research challenges.

3.1. Journals statistics

Figure 2 illustrates the distribution of reviewed articles across journals. To ensure clarity, only journals that
published more than three papers on ELSP with the CC approach are reported. As shown, 14 journals account
for 86 papers, representing about 61% of the total reviewed literature. This concentration highlights that a
relatively small set of high-impact journals has served as the primary outlet for research on CC-based ELSP
models.

The International Journal of Production Economics (18 articles) and the International Journal of Production
Research (15 articles) stand out as the most influential publication venues in this domain. Together, these
two journals alone account for nearly 23% of all reviewed papers, reflecting their central role in disseminating
research at the interface of production planning, scheduling, and inventory management.

The next tier of outlets includes ITE Transactions and the European Journal of Operational Research (8 papers
each), followed by Scientia Iranica, Production Planning and Control, and the International Journal of Industrial
Engineering, each with 5 publications. These journals demonstrate a sustained interest in applied scheduling
and lot-sizing research, often linking methodological innovations with practical manufacturing contexts.
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In addition, specialized outlets such as Omega, RAIRO-Operations Research, Naval Research Logistics, and
Management Science have also contributed multiple high-quality papers, reinforcing the cross-disciplinary impor-
tance of ELSP research. Journals with a stronger emphasis on mathematical and computational approaches,
including Applied Mathematics and Computation and Applied Mathematical Modelling, are also represented,
confirming the methodological diversity of the field.

3.2. Authors statistics

In this study, all 141 selected articles were carefully re-examined to identify their contributing authors.
The number of publications and collaborations per author were then aggregated to determine the most active
researchers in the field. Figure 3 presents the top authors with more than four publications on ELSP using the
CC approach, ranked according to their number of contributions.

As shown in Figure 3, Taleizadeh, A.A. is the most prolific author in this domain, with 18 publications,
followed by Nobil, A.H. with 13 papers and Cardenas-Barrén, L.E. with 11 papers. Other highly active contrib-
utors include Chiu, Y.S.P. (10 papers) and Moon, I. (9 papers). These scholars represent leading figures in the
study of lot-sizing and scheduling problems, often combining CC-based ELSP models with extensions such as
shortage policies, sustainability concerns, and metaheuristic solution approaches.

Authors such as Chiu, S.W. (8 papers), Yano, C.A. (6 papers), and Wee, H.M. (6 papers) also play a significant
role, frequently bridging theoretical contributions with applications in supply chain and production planning.
The list is complemented by Niaki, S.T.A., Sedigh, A.H.A., and Banerjee, A., each with 5 contributions, who
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add to the methodological diversity of the field through hybrid modeling, applied optimization, and analytical
case studies.

In total, these top 11 authors account for 96 papers, representing a substantial share of the literature on
ELSP with the CC approach. Their collective contributions underscore the fact that a relatively small group of
researchers has shaped much of the development and visibility of CC-based ELSP research over the last three
decades. Moreover, strong collaborations among these authors — particularly across Iran, Mexico, Taiwan, South
Korea, and the United States — reflect the international and cooperative nature of this research stream.

3.3. Countries statistics

Figure 4 presents the top 12 countries where researchers have contributed to ELSP studies using the CC
approach. This information was obtained from the affiliations of the authors: first, each author of the 141 selected
papers was identified, and then the corresponding country of research was determined based on institutional
affiliation.

As shown in Figure 4, the United States ranks first, with 75 author affiliations, highlighting its long-standing
leadership in the field of operations research and production planning. Iran (67 affiliations) and Taiwan (52
affiliations) follow closely, reflecting the strong presence of active research groups in these countries. These
three nations together account for nearly 55% of all affiliations, demonstrating their central role in advancing
CC-based ELSP research.

The data confirms that ELSP with the CC approach has been investigated by a truly international community.
Notably, the concentration of research efforts in Asia (Iran, Taiwan, South Korea, India, Singapore, Malaysia)
demonstrates the growing importance of production planning and lot-sizing in fast-developing economies with
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strong manufacturing sectors. Meanwhile, the USA and European countries (UK, Sweden) continue to provide
substantial theoretical and methodological contributions.

In summary, while the USA remains the leading contributor, the active roles of Iran and Taiwan highlight the
global and collaborative nature of ELSP research. This distribution also reflects the balance between established
centers of operations research in North America and Europe and emerging hubs of applied research in Asia and
Latin America.

3.4. Citation analysis

One of the key indicators of an article’s impact on the scientific community is the number of citations it
receives. To capture this dimension, citation data for all 141 selected papers were extracted from Google Scholar
(as of August 24, 2025). Collectively, these articles have received 5145 citations, underscoring the relevance and
influence of ELSP research with the CC approach.

Figure 5 highlights the top 10 most cited articles in this domain. The most cited contribution is the paper
by Tang and Teunter [152], with more than 170 citations, followed closely by Ben-Daya and Hariga [10] and
Teunter et al. [153], each exceeding 150 citations. These works represent milestone studies that introduced new
modeling insights and solution methods, establishing a strong foundation for subsequent research.

Other highly cited contributions include Silver [135] and Taleizadeh et al. [148], both surpassing 140 citations,
further highlighting their enduring influence. Studies such as Federgruen and Katalan [50] and Carreno [16]
also rank among the most recognized works, demonstrating the breadth of influential contributions across
different decades. More recent entries, including Tiwari et al. [155], illustrate how newer approaches continue to
attract scholarly attention, especially when addressing modern challenges such as metaheuristic optimization or
industry-oriented constraints.

Overall, the citation distribution confirms that while a relatively small subset of studies has achieved particu-
larly high visibility and long-term impact, the broader body of literature continues to be cited actively, reflecting
the ongoing relevance of CC-based ELSP models in both methodological and applied research streams.
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4. CLASSIFICATION OF THE PAPERS

In this section, we present and analyze the classification of the 141 reviewed studies. It is worth noting that
seven of these works [52, 56, 85,99, 100,112, 160] primarily sought to extend or refine earlier studies, building
upon previously established models.

Although the focus of this review is confined to single-machine ELSP models with the CC approach, a small
number of exceptional papers have investigated alternative production layouts. These include: (a) job shop
environments [71,122,157], (b) flow shop settings [2,43], and (c) group technology (GT) systems [91,105,134].
These contributions are cited here only to illustrate the diversity of contexts in which the CC approach has
occasionally been applied. Nevertheless, they do not alter the scope of this review, which remains strictly
centered on the single-machine ELSP framework.

In this section, we present the taxonomical classification of the 141 reviewed studies. The classification criteria
were selected based on two considerations:

(1) dimensions that frequently appear in the ELSP literature, and
(2) core modeling aspects that fundamentally influence the structure and solution of CC-based ELSP models.

Accordingly, the reviewed studies are classified along the following dimensions:

Shortage policies (no shortage, full backordering, lost sales, partial backordering);

Defective production processes (scrap, imperfect quality, reworkable items, etc.);

Maintenance activities (preventive and corrective maintenance);

— Deteriorating items (fixed lifetime wvs. inventory-dependent deterioration);

— Objective functions (cost minimization vs. profit maximization);

— Constraints and problem conditions (e.g., setup times, warehouse space, budget, service levels);
— Decision variables (continuous wvs. integer); and

Input data characteristics (deterministic vs. stochastic).

It should be clarified that the production environment (e.g., job shop, flow shop, group technology) is not
part of the classification criteria in this review. These environments were only mentioned briefly to acknowledge
a few exceptional studies outside the single-machine setting. The focus of our taxonomy and analysis remains
strictly on single-machine ELSP models with the CC approach.

Job shop: This layout groups similar machinery together. Using this layout, items travel in the system based
on their production sequence from one shop to another. Ouenniche and Boctor [122] minimized system costs
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by addressing sequencing and ELSP in a multi-item production system for the finite horizon in a job shop
environment using a mixed integer non-linear programming (MINLP) model. Hennet [71] investigated ELSP
employing a CC approach for a multi-stage production planning in a job-shop. Torabi et al. [157] applied a CC
approach to address a multi-product ELSP, considering a flexible job shop and finite horizon using the MINLP
model.

Flow shop: This layout complies with the operations. Therefore, this layout enables the system to maintain a
continuous flow of items through the system. Akrami et al. [2] addressed a multi-product ELSP for flexible flow
shops considering finite horizon; production steps are in series and a finite buffer between steps. El-Najdawi [43]
presented a heuristic algorithm developed based on CC approach for the ELSP in a multi-stage multi-product
flow shop environment.

Group technology (GT): This method is a combination of flow shop and job shop in which items are grouped
based on similarities to be produced in a pseudo flow shop (i.e., flow shops formed for a group of items). Kuo
and Inman [91] solved group a technology ELSP (GT-ELSP) employing a heuristic. After that, Moon et al.
[105] extended former heuristic by considering modified cycle length for feasible solutions and provided a hybrid
genetic algorithm for GT-ELSP. Shirodkar et al. [134] developed a heuristic for GT-ELSP with a time-varying
lot size approach. The solutions of heuristic compared with the lower and upper bounds obtained by an infeasible
independent solution (IS) and CC, respectively.

In addition, studies of Hahm and Yano [62], Hahm and Yano [63], Hennet [71], Jensen and Khouja [80] and
Chiu et al. [28-30], addressed assembly and production for parts of a product. Chiu et al. [29] addressed a
vendor—buyer inventory system consists of multiple repairable items sharing common parts. To optimize the
system, they adopted two stages of production: one for common parts and another for end products. Hahm
and Yano [62] scheduled various assembly components produced by a third party coupled with delivery of
items to the customer. Then, Hahm and Yano [63] presented a heuristic to obtain “just-in-time” scheduling for
production of multiple items and their delivery to a subsequent facility in each cycle. Jensen and Khouja [80]
presented an efficient algorithm that obtains the optimal solution for Hahm and Yano [62].

4.1. Shortage

Shortage policies represent a critical dimension of ELSP modeling, as they define how unsatisfied demand is
treated within the system. Incorporating shortage policies enables models to reflect realistic conditions in which
customer demand cannot always be met, whereas omitting them implies an idealized setting with consistently
high service levels.

When inventory is insufficient to meet demand, organizations incur shortage-related costs. In the reviewed
literature, ELSP studies adopting the CC approach can be grouped into four categories: (a) no shortage, (b)
full backordering, (c) lost sales, and (d) partial backordering. The overall distribution of studies across these
categories is shown in Figure 6, while their detailed taxonomical structure is illustrated in Figure 7. Notably,
some studies present models that consider both permissible and non-permissible shortages. In such cases, the
permissible shortage policy is treated as the primary category, as it represents the more general formulation.

4.1.1. Without shortage

These studies represent cases in which shortages are not permitted, and inventory levels are planned to fully
satisfy customer demand at all times. Among the 141 reviewed papers, 75% (88 studies) fall into this category,
highlighting that the majority of CC-based ELSP research assumes a non-shortage environment.

4.1.2. Fully-backordering

This category of studies examines situations where shortages are allowed and customers are willing to wait
for replenishment. In such cases, a backorder occurs: demand is placed, but inventory is insufficient, so unmet
orders are queued until production catches up. Once items are manufactured, previously backordered demands
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are satisfied first, followed by new requests. These systems are particularly relevant in markets where customers
accept waiting — most often in monopolistic or low-competition environments.
However, this policy entails several drawbacks, including:

(a) interruptions in production flow,

(b) potential damage to a company’s reputation,

(¢) higher procurement costs for urgent raw material supply, and
(d) penalties or costs associated with delayed deliveries.

As shown in Figure 6, studies addressing backordering policies represent approximately 16% of the total
literature (22 papers). A more detailed classification of these works is provided in Figure 7. For example,
Gallego [52] analyzed rotation schedules in ELSP under machine capacity constraints, establishing tighter lower
bounds and extending results to systems with permissible backorders. Gupta [61] examined ELSP with the CC
policy for multiple items, deriving both the optimal lot size and shortage level. Elhafsi and Bai [44] considered
variable production rates controlled at the beginning and during the cycle in CC-based ELSP systems with
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shortages. More recently, Pasandideh et al. [125] modeled ELSP with shortages and non-conforming items,
where defective items are either scrapped or reworked depending on the severity of the defect.

4.1.8. Lost sale

The lost sales phenomenon arises under two conditions: (a) customer demand exceeds available inventory,
and (b) customers, unable or unwilling to wait, choose substitute products. In such cases, the unmet demand
is permanently lost, and the resulting lost sales costs are incorporated into inventory deficiency analysis. This
policy introduces both tangible costs (e.g., direct loss of revenue) and intangible costs, including (a) damage to
the company’s credibility and (b) erosion of customer loyalty.

Studies adopting the lost sales policy are summarized in Figure 7. For example, Bollapragada and Rao
[11] developed an ELSP model integrating resource allocation, lot sizing, and lost sales by analyzing product
assignments to production lines with varying costs and capabilities. Similarly, Khoury et al. [86] applied the
CC approach to address ELSP under limited capacity conditions, explicitly accounting for demand lost due to
insufficient inventory.

4.1.4. Partial backordering

Under the partial backordering policy, a proportion of the unmet demand is eventually satisfied, while the
remainder is permanently lost. Specifically, if a shortage of size S occurs, then @S units (where 0 < o < 1)
are backordered and fulfilled after some delay, whereas (1 — «)S units are lost sales. This hybrid treatment of
shortages reflects scenarios where some customers are willing to wait, while others switch to substitutes. The
studies adopting this policy are illustrated in Figure 7. It should be noted that papers not shown in this figure
do not incorporate shortage considerations.

Several studies have investigated ELSP under partial backordering conditions. For example, Taleizadeh et al.
[141] proposed a model for a manufacturing system with scrap, service-level requirements, and partial backo-
rdering, in which shortages are addressed through a combination of lost sales and backorders. Later, Taleizadeh
et al. [146] developed an exact algorithm for ELSP that incorporated rework, budget constraints, service levels,
and partial backordering. Building on this line of research, Taleizadeh and Wee [139] analyzed a multi-item,
capacity-constrained, imperfect production system with immediate rework and partial backordering, aiming to
minimize total costs by optimizing cycle length and backorder quantities.

4.2. Defective manufacturing process

Defective production is a crucial aspect of system modeling, as real-world manufacturing processes are seldom
flawless. Incorporating elements such as scrap, rework, or imperfect-quality items allows models to capture
realistic production environments, whereas excluding them assumes idealized processes without defects.

As illustrated in the tree structure of studies on defective items, 82 out of 141 papers (approximately 58%)
addressed issues related to defective production. For example, Giri et al. [57] examined an ELSP model that
incorporated capacity constraints and quality-related costs arising from potential non-conforming items (Fig. 8).

Moon et al. [104] investigated defective production in ELSP by assuming that the process begins in an
in-control state, producing conforming items. After a certain number of units, the system transitions to an
out-of-control state, generating defective products. The transition time was modeled as a random variable.
Such defective production may arise due to operator errors, poor-quality raw materials, or process instability.
Earlier, Moon [100] developed an ELSP model that incorporated investments aimed at reducing setup costs and
improving quality.

In defective production systems, a key issue concerns inspection policies. Most studies employed 100% inspec-
tion to detect defective items. Ma et al. [94] compared three scenarios: (a) no screening, (b) in-process inspection,
and (c) post-production 100% screening. Other studies — such as Ben-Daya and Hariga [10], Moon et al. [104],
Giri et al. [57], and Parveen and Rao [124] — adopted inspection-and-restoration approaches, in which inspections
were performed at fixed intervals to detect shifts from the in-control to the out-of-control state. For example,
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Ben-Daya and Hariga [10] analyzed ELSP under deteriorating processes, optimizing the number of inspections
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during each cycle.
Defective items in the literature are categorized as follows:

— Scrapped/Disposed/Rejected items: ITtems with no further use, disposed of or recycled at a cost.
Taleizadeh et al. [141] modeled scrap under both uniform and normal defective-rate distributions. Nobil
et al. [111] studied a buyer—vendor inventory system considering scenarios with a single vendor (lost sales

F1GURE 8. Tree structure of studies by type of defective items.

allowed, batch deliveries) and multiple vendors with a joint shipment policy.

— Imperfect quality items: Items that are neither scrapped nor suitable for rework. This category considers

two phenomena:

(I) Imposes an extra cost: Some studies only account for additional system costs caused by imperfect
items. For instance, Moon et al. [103] examined the effect of stabilization periods on ELSP by defining
target yield rates. Adhisatya et al. [1] investigated two imperfect key modules, each with probabilities of

(IT) Lower price: Items with minor defects can be sold at reduced prices. Nobil and Taleizadeh [109] studied
— Reproducible items: Items that can be recycled and remanufactured. Tang and Teunter [152] analyzed

ELSP with hybrid production lines handling both new and returned products, applying a CC approach with
two lots per item. Later, Teunter et al. [153] extended this work to systems with separate dedicated lines for

shifting to out-of-control states.

a multi-product system in which defectives were either reworked or auctioned without rework.

production and remanufacturing.
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— Repairable/re-workable items: Items identified as nonconforming during inspection but made acceptable
after additional processing. Three rework policies are identified:

(I) Immediate rework: Rework occurs immediately after production, at equal or higher rates than normal
production. Taleizadeh et al. [142] studied random defectives under service-level constraints, while Nobil
et al. [114] addressed multi-item imperfect systems with non-zero setup times and rework/scrap options.

(IT1) Accumulated rework: Defectives are collected across M cycles and reworked in the (M + 1)-th cycle.
Haji and Haji [64] modeled this scenario, while Nobil et al. [120] proposed an ELSP with scrap and
reworkable items across multiple products, comparing policies of (a) warehousing defectives for later
rework vs. (b) repairing items within the same cycle.

(IIT) Reworked off-line: Rework does not impact the main production process (time is ignored). This may
occur when rework is outsourced, performed in another stage, or occurs at very high rates. Khouja
[85] analyzed such a model under imperfect quality, assuming all defective items were reworked off-line
without affecting machine utilization.

4.3. Maintenance activities

Maintenance policies are an important consideration in ELSP modeling, as machine reliability and downtime
directly affect production scheduling and overall efficiency. Incorporating maintenance, whether preventive or
corrective, adds realism to models; while omitting it implicitly assumes uninterrupted machine availability.

The reviewed literature highlights two main types of maintenance policies:

— Preventive maintenance (PM): PM involves planned; routine maintenance aimed at preserving machine per-
formance and avoiding unexpected breakdowns. This requires proper scheduling of maintenance activities
along with records of inspections and service history. Only three studies applied PM in the context of ELSP,
namely Ben-Daya and Hariga [10], Taleizadeh et al. [148], and Taleizadeh [138]. For instance, Taleizadeh
et al. [148] examined a defective ELSP with shortages, incorporating permissible interruptions in the pro-
duction process for PM activities, while Taleizadeh [138] analyzed the combined effects of PM and partial
backordering.

— Corrective maintenance (CM): CM focuses on addressing machinery failures after they occur by identifying,
isolating, and repairing the issue so that the system returns to acceptable operating conditions. Giri et al.
[57] considered CM within an ELSP framework, also including PM as part of their model. They assumed
a normally distributed time for the process to shift from the in-control to the out-of-control state, with
inspections scheduled at the end of each cycle to determine the need for corrective action.

Overall, only 4 out of 141 reviewed papers (approximately 3%) incorporated maintenance policies in their
ELSP models, underscoring that this remains a relatively underexplored but practically significant dimension
of research.

4.4. Deteriorating items

Deterioration refers to the decline in the usability or value of items over time, and it is particularly critical
for perishable goods such as food, pharmaceuticals, and fashion products. Models that ignore deterioration
implicitly assume that items have an unlimited lifetime, which is rarely the case in real-world settings.

Traditional inventory models generally assume that product quality remains intact until delivery. In reality,
however, items often lose value due to deterioration, physical deformities, discoloration, or even shifts in con-
sumer preferences that render products obsolete [4]. Products with a finite or limited shelf life — such as dairy,
meat, and fruit — are typically classified as deteriorating items, since their availability decreases or evaporates
over time regardless of demand. Early studies, such as Whitin [162], highlighted the obsolescence of fashion
items, while Chare and Schrader [22] provided the first formal model of decaying inventory using a negative
exponential function.

In the reviewed literature, deteriorating items are analyzed in two main categories:
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(1) Fixed lifetime: Items that have a predetermined usable lifespan (e.g., one week). Chowdhury and Sarker [38]
proposed an optimal schedule and ordering policy that accounts for shelf-life constraints in the production
of a family of items on a single machine, adjusting either the production rate, cycle length, or both.
Sharma [133] incorporated shortages and provided mathematical formulations to optimize cycle length
under deterioration. As another example, Koulamas [90] studied tools with finite lifespans that required
periodic replacement by robots.

(2) Inventory-dependent deterioration rate: Items that deteriorate continuously over time. Lin et al. [92] mod-
eled ELSP with products subject to significant deterioration, while Nobil et al. [114] introduced a single-
machine inventory model with exponential deterioration rates. They derived both upper and lower bounds
for the optimal cycle length and solved the model using bisection and Newton—Raphson methods.

As illustrated in Figure 9, only about 6% (8 papers) of the reviewed studies addressed deterioration in
single-machine ELSP systems, highlighting it as an important but relatively underexplored area of research.

4.5. Objective function

The choice of objective function determines the optimization goal of ELSP models. While the majority of
studies focus on minimizing total cost, a smaller number aim to maximize profit or consider multi-objective trade-
offs. Limiting analysis to cost minimization may restrict the range of managerial insights, whereas incorporating
alternative objectives can reveal broader strategic implications.

Among the 141 reviewed papers, each employed a single objective function in its modeling. The dominant
approach is cost minimization, while only three studies explicitly sought to maximize profit: Hariga [69], Kim
and Goyal [87], and Shafiee-Gol et al. [132]. For instance, Hariga [69] examined insufficient production capacity
and introduced collaboration with external suppliers to meet excess demand, maximizing annual profit margins
by optimizing the number of setups and external orders in two EPOQ models. Kim and Goyal [87] analyzed a
composite sourcing policy for a multi-product ELSP, explicitly accounting for raw material costs and supplier
selection to maximize profit. More recently, Shafiee-Gol et al. [132] studied ELSP with defective items and
rework, incorporating pricing decisions as a key factor. They assumed that item prices followed a random
distribution and customer demand was a linearly decreasing function of price. By demonstrating that the profit
function was concave, they derived optimal solutions for both production cycle length and product prices.

4.6. Constraints and problem conditions

Constraints represent the practical limitations and organizational conditions that shape real-world ELSP
systems. Incorporating constraints makes models more realistic and directly applicable to industrial contexts,
while omitting them improves analytical tractability but reduces realism.

The constraints highlighted in Figure 10 were chosen because they are the most frequently addressed categories
in the reviewed literature and represent fundamental operational limitations encountered in production and
inventory systems. Specifically, the surveyed studies most often considered constraints such as setup time,
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FI1GURE 10. Tree structure of studies by type of constraints.

number of shipments, budget restrictions, warehouse space, and service level requirements. In addition, several
papers examined other important factors, including upper and lower bounds for production ratios (e.g., [83,101]),
setup cost bounds (e.g., [56]), product—machine allocation (e.g., [110]), insufficient capacity (e.g., [86]), safety
stock policies (e.g., [164]), and sequence-dependent setups (e.g., [63,80]).

Several examples illustrate the impact of these constraints on ELSP modeling. Vemuganti et al. [159] studied
warehouse space and budget restrictions in a multi-machine common cycle system and analyzed their effect on
lot size, cycle length, and total cost. Houshyar [76] examined a single-machine system with warehouse capacity
limits, proposing an optimal solution for a special case and a heuristic for feasible schedules. Choi and Nobel
[37] incorporated unit load sizes, material handling equipment, and warehouse capacity into a nonlinear integer
programming model solved heuristically. Taleizadeh et al. [144] and Nobil et al. [113] addressed shipment con-
straints in multi-echelon supply chains with discrete deliveries. Jodlbauer and Reitner [81] considered stochastic
demand with safety stock and service-level constraints, proposing algorithms for optimizing cycle length under
different service-level and cost trade-offs.

Thus, the classification presented in Figure 10 reflects both the most common constraints reported in litera-
ture and those with the greatest relevance for linking theoretical models to practical production planning and
scheduling environments.
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4.6.1. Setup times

One of the most common constraints considered in ELSP models is machine setup time prior to production.
Setup times are generally divided into two main categories:

(a) setup time for normal production, and
(b) setup time for the rework process.

Within normal production, setup times can be further classified as either:

— Sequence-independent setup times, where the setup duration remains constant regardless of the production
sequence; and

— Sequence-dependent setup times, where the setup duration varies according to the order in which items are
produced.

A number of studies have addressed sequence-independent setup times. For example, Haji and Mansuri [65]
modeled sequence-independent setup times in ELSP and derived the optimal cycle length using a closed-form
solution procedure. Dobson and Yano [41] examined a batch production system with constant demand and
supply, where items flowed in small batches along a production line with potential inventory buffers at inter-
mediate or terminal stages. Federgruen and Katalan [50] investigated a random ELSP with cyclical base-stock
policies under significant consumption uncertainty, incorporating sequence-independent setup times, processing
times, or their combinations. Haji et al. [66] extended this line of work by analyzing sequence-independent
setup times for the rework process in imperfect production systems, where defective products were reprocessed
to meet acceptable quality standards. Later, Nobil et al. [112] revisited the study of Haji et al. [66], identifying
conditions under which shortages could be avoided during setup times.

Other research has focused on sequence-dependent setup times. Alle et al. [3] formulated and solved an ELSP
with performance decay under sequence-dependent setups, while Brander and Forsberg [15] proposed a heuristic
for disassembly operations with sequence-dependent setup times, optimizing disassembly frequencies and the
corresponding cyclic schedule.

4.6.2. Decision variables

Decision variables represent the controllable elements of ELSP models, including factors such as cycle length,
lot size, or sequencing of items. Models that rely solely on continuous variables are generally simpler to formulate
and solve, while incorporating integer or binary variables makes the models more realistic but also significantly
increases their computational complexity.

In the reviewed literature, decision variables can be grouped into two categories:

(1) Continuous variables: e.g., cycle length, production quantity per period, shortage quantity per period, and
product price.

(2) Integer or binary variables: e.g., allocation of items to machines, production sequence per machine, number of
shipments, maximum batch size, maximum warehouse capacity, number of cycles, and number of inspections
per period.

Accordingly, ELSP studies can be divided into two modeling approaches:

— Continuous nonlinear programming, where the formulation involves one or more continuous variables.
— Mixed-integer nonlinear programming (MINLP), where both continuous and discrete variables are included
in the model.

The distribution of studies across these two approaches is presented in Figure 11. Continuous nonlinear
models capture the core trade-offs of cycle length, production, and shortages, whereas MINLP models provide a
richer representation of practical decision-making by also incorporating discrete choices such as setup sequences,
shipments, and inspections.
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4.6.3. Input parameters

Input parameter assumptions are a fundamental aspect of ELSP modelling, as they directly influence both
the realism and the robustness of solutions. Deterministic models assume that all input data (e.g., demand,
production rate, setup time) are perfectly known in advance. By contrast, stochastic models capture uncertainty
by assigning probability distributions to one or more parameters, thus better reflecting real-world manufacturing
environments. A third stream of research applies fuzzy logic, which handles vagueness or imprecision in input
data when exact values or distributions are difficult to specify.

Based on the reviewed studies, ELSP models can therefore be classified into three categories according to
their input data assumptions (Fig. 12):

(a) Deterministic models: These assume complete and certain knowledge of all parameters. Deterministic
modelling dominates the literature because of its relative tractability. Within this stream, some studies
focus on exact optimization (closed form or mathematical programming), while others propose heuristics
to generate feasible solutions in practical settings.

(b) Stochastic models: These account for randomness in one or more parameters such as yield rate, demand
rate, production time, setup time, product deterioration, or process failure. For example, Yano [164] studied
a multi-item system with random yield rates, developing an iterative scheme to obtain optimal cycle lengths
and yield adjustments. Federgruen and Katalan [50] incorporated random demand, production, and setup
times in a stochastic ELSP. Ben-Daya and Hariga [10] modeled process reliability where the shift from in-
control to out-of-control follows an exponential distribution. Haji and Haji [64] addressed random rework
rates for imperfect products, while Chiu et al. [26] considered product damage governed by a continuous
uniform distribution.

(¢) Fuzzy models: These approaches recognize that certain parameters may not be known precisely and
cannot always be described by standard probability distributions. Instead, fuzzy sets capture vagueness in
inputs such as demand, processing times, or deterioration rates. For instance, Sangari et al. [129] applied
fuzzy logic to ELSP to handle imprecise demand function.

5. GAP ANALYSIS AND PRACTICAL CONTRIBUTIONS

A key objective of this review is not only to classify existing studies but also to identify the research gaps and
assess their relevance to real-world scheduling systems. Although the Common Cycle (CC) approach provides
analytical tractability and has been widely applied in the ELSP literature, several areas remain underdeveloped:

(I) Integration with modern production paradigms — Few studies explicitly link CC-based ELSP models with
Industry 4.0 concepts such as cyber-physical systems, real-time data, and digital twins. Bridging this gap
could enhance the applicability of ELSP models to smart factories.
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(IT) Limited consideration of stochastic and fuzzy environments — While most models assume determinis-
tic inputs, real-world production systems face uncertainty in demand, processing times, and quality lev-
els. Expanding stochastic and fuzzy-based ELSP models would improve their robustness for managerial
decision-making.

(ITI) Underrepresentation of maintenance and deterioration — Only a small share of studies (3% on main-
tenance, ~6% on deterioration) incorporate machine reliability and product perishability. Yet, these are
critical issues in industries such as food, pharmaceuticals, and electronics.

(IV) Multi-objective decision-making — The dominance of cost-minimization objectives (~98% of papers) lim-
its managerial insights. Profit maximization, service-level trade-offs, and sustainability-driven objectives
remain relatively unexplored.

(V) Empirical validation — Most CC-ELSP models remain theoretical, with limited empirical or case-based val-
idation in industrial contexts. Applying these models to real scheduling data in sectors such as automotive,
pharmaceuticals, and food processing could strengthen their practical impact.

Despite these gaps, CC-based ELSP studies contribute significantly to scheduling real systems. Their main
practical contributions include:

— Providing simple and implementable policies for coordinating multi-product production cycles.

— Offering analytical and heuristic tools that reduce computational complexity for planners.

— Addressing extensions relevant to practice, such as shortages, quality defects, rework, and shipment policies.
— Highlighting how constraints like capacity, budget, and warehouse space affect scheduling decisions.

Overall, the reviewed body of literature demonstrates that CC-based ELSP models are not only academically
relevant but also provide valuable insights for practitioners managing scheduling in constrained, multi-product
production environments. At the same time, the identified gaps offer fertile ground for future research that can
bring ELSP modeling closer to the realities of modern manufacturing.

6. CONCLUSION

This review has systematically examined 141 journal articles on the Economic Lot Scheduling Problem
(ELSP) under the Common Cycle (CC) approach, published between 1990 and August 2025. By applying a
structured taxonomy, the studies were categorized across key modeling dimensions, including shortage policies,
defective production, maintenance, deterioration, objective functions, constraints, decision variables, and input
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assumptions. Bibliometric statistics further revealed the main contributing journals, countries, and authors,
providing a comprehensive overview of the research landscape.

The principal contributions of this study are threefold. First, it offers an updated and detailed literature
review of CC-based ELSP models, extending prior surveys by covering the most recent decade of research.
Second, it introduces a refined taxonomy that captures both classical and emerging themes, thereby enhancing
the analytical clarity of the field. Third, the paper highlights critical gaps in the literature, including limited
treatment of stochastic and fuzzy environments, underrepresentation of maintenance and deterioration, and the
scarcity of empirical validation.

From a managerial perspective, the CC approach remains highly relevant for real-world scheduling because
it provides simple, implementable, and coordinated production policies that are especially suitable for multi-
product environments constrained by capacity and resources. Industries such as pharmaceuticals, food process-
ing, automotive, and electronics can benefit from the insights offered by CC-based ELSP models, particularly
when addressing quality defects, shortages, and shipment policies.

Looking ahead, future research should focus on bridging theoretical models with practical applications.
Promising directions include linking ELSP with Industry 4.0 technologies, incorporating sustainability and car-
bon considerations, adopting multi-objective optimization frameworks, and validating models with industrial
case studies and empirical data. Addressing these gaps will strengthen the practical applicability of CC-based
ELSP research and ensure its continued relevance in modern production environments.

REFERENCES

[1] F.Y. Adhisatya, T.J. Ai and D.C. Gong, Economic lot scheduling problem with two imperfect key modules. Proc.
Manuf. 4 (2015) 30-37.

[2] B. Akrami, B. Karimi and S.M. Hosseini, Two metaheuristic methods for the common cycle economic lot sizing and
scheduling in flexible flow shops with limited intermediate buffers: the finite horizon case. Appl. Math. Comput. 183
(2006) 634—645.

[3] A. Alle, J.M. Pinto and L.G. Papageorgiou, The economic lot scheduling problem under performance decay. Ind.
Eng. Chem. Res. 43 (2004) 6463-6475.

[4] M. Bakker, J. Riezebos and R.H. Teunter, Review of inventory systems with deterioration since 2001. Eur. J. Oper.
Res. 221 (2012) 275-284.

[5] A. Banerjee, Simultaneous determination of multiproduct batch and full truckload shipment schedules. Int. J.
Prod. Econ. 118 (2009) 111-117.

[6] A. Banerjee, V.R. Pyreddy and S.L. Kim, Investment policy for multiple product setup reduction under budgetary
and capacity constraints. Int. J. Prod. Econ. 45 (1996) 321-327.

[7] F.G. Beck and C.H. Glock, The impact of batch shipments on the Economic Lot Scheduling Problem. Comput.
Ind. Eng. 96 (2016) 126-139.

[8] F.G. Beck and C.H. Glock, The economic lot scheduling problem: a content analysis. Int. J. Prod. Res. 58 (2020)
3437-3454.

[9] F.G. Beck, K. Biel and C.H. Glock, Integration of energy aspects into the economic lot scheduling problem.
Int. J. Prod. Econ. 209 (2019) 399-410.

[10] M. Ben-Daya and M. Hariga, Economic lot scheduling problem with imperfect production processes.
J. Oper. Res. Soc. 51 (2000) 875-881.

[11] R. Bollapragada and U. Rao, Single-stage resource allocation and economic lot scheduling on multiple, non identical
production lines. Manage. Sci. 45 (1999) 889-904.

[12] E.E. Bomberger, A dynamic programming approach to a lot size scheduling problem. Manage. Sci. 12 (1966)
778-784.

[13] K.E. Bourland and C.A. Yano, A comparison of solution approaches for the fixed-sequence economic lot scheduling
problem. IIE Trans. 29 (1997) 103-108.

[14] K.E. Bourland, M.J. Brown and C.A. Yano, The product cycling problem under increasing yield rates. IIE Trans. 29
(1997) 417-422.

[15] P. Brander and R. Forsberg, Cyclic lot scheduling with sequence-dependent set-ups: a heuristic for disassembly
processes. Int. J. Prod. Res. 43 (2005) 295-310.



1346
[16]
[17]
[18]
[19]
[20]
21]

[22]
23]

[24]
[25]
[26]
[27]

28]

[29]

[30]

31]
32]
[33]
[34]
[35]
[36]
37]
[38]
[39]
[40]
[41]

[42]

AH. NOBIL ET AL.

J.J. Carreno, Economic lot scheduling for multiple products on parallel identical processors. Manage. Sci. 36 (1990)
348-358.

J. Casas-Liza, J.M. Pinto and L.G. Papageorgiou, Mixed integer optimization for cyclic scheduling of multiproduct
plants under exponential performance decay. Chem. Eng. Res. Design 83 (2005) 1208-1217.

G.H. Chan and Y. Song, Rotation cycle schedulings for multi-item production systems. Eur. J. Oper. Res. 135
(2001) 361-372.

H.K. Chan, S.H. Chung and M.K. Lim, Recent research trend of economic-lot scheduling problems. J. Manuf.
Technol. Manage. 24 (2013) 465-482.

C.K. Chan, F. Fang and A. Langevin, Single-vendor multi-buyer supply chain coordination with stochastic
demand. Int. J. Prod. Econ. 206 (2018) 110-133.

Y.J. Chang and M.J. Yao, A genetic algorithm for solving the economic lot scheduling problem with reworks.
J. Chin. Inst. Ind. Eng. 26 (2009) 411-425.

P. Chare and G. Schrader, A model for exponentially decaying inventories. J. Ind. Eng. 15 (1963) 238-243.
Y.S.P. Chiu, C.C. Huang, M.F. Wu and H.H. Chang, Joint determination of rotation cycle time and number of
shipments for a multi-item EPQ model with random defective rate. Econ. Modell. 35 (2013) 112-117.

Y.S.P. Chiu, H.D. Lin, F.T. Cheng and M.H. Hwang, Optimal common cycle time for a multi-item production
system with discontinuous delivery policy and failure in rework. J. Sci. Ind. Res. 72 (2013) 435-440.

S.W. Chiu, C.T. Tseng, M.F. Wu and P.C. Sung, Multi-item EPQ model with scrap, rework and multi-delivery
using common cycle policy. J. Appl. Res. Technol. 12 (2014) 615-622.

S.W. Chiu, S.W. Chen, C.K. Chang and Y.S.P. Chiu, Optimization of a multi-product intra-supply chain system
with failure in rework. PloS One 11 (2016) e0167511.

Y.P. Chiu, K.W. Chiang, S.W. Chiu and M.S. Song, Simultaneous determination of production and shipment
decisions for a multi-product inventory system with a rework process. Adv. Prod. Eng. Manage. 11 (2016) 141.
Y.S.P. Chiu, Y.T. Hsieh, J.S. Kuo and S.W. Chiu, A delayed differentiation multi-product FPR model with scrap
and a multi-delivery policy — I: using single-machine production scheme. International Journal for Engineering
Modelling 29 (2016) 37-52.

Y.P. Chiu, J.S. Kuo, S.W. Chiu and Y.T. Hsieh, Effect of delayed differentiation on a multiproduct vendor-buyer
integrated inventory system with rework. Adv. Prod. Eng. Manage. 11 (2016) 333.

Y.S.P. Chiu, H.D. Lin, M.F. Wu and S.W. Chiu, Alternative fabrication scheme to study effects of rework of
nonconforming products and delayed differentiation on a multiproduct supply-chain system. Int. J. Ind. Eng.
Comput. 9 (2018) 235-248.

S.W. Chiu, C.H.O.U. Chung-Li, L.I.LN. Hong-Dar and M.H. Hwang, Exploration of a multi-product epg-based
system with overtime and quality reassurance. Econ. Comput. Econ. Cybern. Stud. Res. 53 (2019) 77-94.

S.W. Chiu, Y. Huang, Y.S.P. Chiu and T. Chiu, Satisfying multiproduct demand with a FPR-based inventory
system featuring expedited rate and scraps. Int. J. Ind. Eng. Comput. 10 (2019) 443-452.

Y.S.P. Chiu, V. Chiu, Y. Wang and M.H. Hwang, A postponement model for multi-item replenishment decision
considering overtime, commonality, and quality reassurance. Int. J. Ind. Eng. Comput. 11 (2020) 509-524.
Y.S.P. Chiu, C.S. Wu, V. Chiu and P.C. Sung, Determining the optimal cycle length for a multiproduct EMQ
problem considering rework and overtime options. J. King Saud Univ.-Eng. Sci. 32 (2020) 265-273.

Y.S.P. Chiu, V. Chiu, H.D. Lin and T. Chiu, Multiproduct fabrication-shipment decision making incorporating an
accelerated rate and ensured product quality. Manage. Prod. Eng. Rev. 12 (2021) 33-44.

Y.S.P. Chiu, J.H. Jhan, V. Chiu and H.H. Chang, A multi-item manufacturing system with an outsourcer and
random defective items. J. Appl. Res. Technol. 19 (2021) 364-378.

S. Choi and J.S. Noble, An integrated material flow system approach for determining the economic production
quantity (EPQ). Int. J. Prod. Res. 38 (2000) 3485-3511.

M.R. Chowdhury and B.R. Sarker, Manufacturing batch size and ordering policy for products with shelf lives. Int.
J. Prod. Res. 39 (2001) 1405-1426.

M. Das Roy and S.S. Sana, Multi-echelon green supply chain model with random defectives, remanufacturing and
rework under setup cost reduction and variable transportation cost. Sadhana 46 (2021) 211.

G. Dobson, The economic lot-scheduling problem: achieving feasibility using time-varying lot sizes. Oper. Res. 35
(1987) 764-771.

G. Dobson and C.A. Yano, Cyclic scheduling to minimize inventory in a batch flow line. Fur. J. Oper. Res. 75
(1994) 441-461.

S. Eilon, Scheduling for batch production. J. Inst. Prod. Eng. 36 (1957) 549-570.



[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]

[52]
[53]

[54]
[55]

[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]

[71]

A REVIEW PAPER ON THE ELSP WITH THE CC APPROACH 1347

M.K. El-Najdawi, A compact heuristic for common cycle lot-size scheduling in multi-stage, multi-product produc-
tion processes. Int. J. Prod. Econ. 27 (1992) 29-41.

M. Elhafsi and S.X. Bai, The common cycle economic lot scheduling problem with backorders: benefits of control-
lable production rates. J. Global Optim. 10 (1997) 283-303.

S.E. Elmaghraby, The economic lot scheduling problem (ELSP): review and extensions. Manage. Sci. 24 (1978)
587-598.

D. Erlenkotter, Note — An early classic misplaced: Ford W. Harris’s economic order quantity model of 1915. Manage.
Sci. 35 (1989) 898-900.

D. Erlenkotter, Ford Whitman Harris and the economic order quantity model. Oper. Res. 38 (1990) 937-946.

D. Erlenkotter, Ford Whitman Harris’s economical lot size model. Int. J. Prod. Econ. 155 (2014) 12-15.

A. Eynan, The benefits of flexible production rates in the economic lot scheduling problem. IIE Trans. 35 (2003)
1057-1064.

A. Federgruen and Z. Katalan, The stochastic economic lot scheduling problem: cyclical base-stock policies with
idle times. Manage. Sci. 42 (1996) 783-796.

I. Ferretti, C.H. Glock and S. Zanoni, Integration of power energy aspects into the economic lot scheduling prob-
lem. Comput. Ind. Eng. 186 (2023) 109756.

G. Gallego, An extension to the class of easy economic lot scheduling problems. ITE Trans. 22 (1990) 189-190.
G. Gallego and I. Moon, Strategic investment to reduce setup times in the economic lot scheduling problem. Nav.
Res. Logistics 42 (1995) 773-790.

G. Gallego and D.X. Shaw, Complexity of the ELSP with general cyclic schedules. IIE Trans. 29 (1997) 109-113.
S. Ganesan and R. Uthayakumar, An EPQ model for a single-machine multiproduct imperfect production system
using a hybrid logarithmic barrier method. Opsearch 60 (2023) 1121-1152.

B.C. Giri and I. Moon, Note on an economic lot scheduling problem under budgetary and capacity constraints.
Int. J. Prod. Econ. 91 (2004) 229-234.

B.C. Giri, I. Moon and W.Y. Yun, Scheduling economic lot sizes in deteriorating production systems. Nav. Res.
Logistics 50 (2003) 650-661.

A. Goli and M. Alinaghian, A new mathematical model for production and delivery scheduling problem with
common cycle in a supply chain with open-shop system. Int. J. Manuf. Technol. Manage. 34 (2020) 174-187.

A. Goli and S.M.R. Davoodi, Coordination policy for production and delivery scheduling in the closed loop supply
chain. Prod. Eng. 12 (2018) 621-631.

J. Gongalves and R.C. Leachman, A hybrid heuristic and linear programming approach to multi-product machine
scheduling. Eur. J. Oper. Res. 110 (1998) 548-563.

D. Gupta, On the economic lot scheduling problem with backlogging: the common cycle approach. Oper. Res.
Lett. 12 (1992) 101-109.

J. Hahm and C.A. Yano, The economic lot and delivery scheduling problem: models for nested schedules. IIFE
Trans. 27 (1995) 126-139.

J. Hahm and C.A. Yano, The economic lot and delivery scheduling problem: the common cycle case. ITE Trans. 27
(1995) 113-125.

R. Haji and B. Haji, Optimal batch production for a single machine system with accumulated defectives and
random rate of rework. J. Ind. Syst. Eng. 3 (2010) 243-256.

R. Haji and M. Mansuri, Optimum common cycle for scheduling a single-machine multiproduct system with a
budgetary constraint. Prod. Planning Control 6 (1995) 151-156.

R. Haji, A. Haji, M. Sajadifar and S. Zolfaghari, Lot sizing with non-zero setup times for rework. J. Syst. Sci.
Syst. Eng. 17 (2008) 230-240.

C. Haks6z and M. Pinedo, Economic lot scheduling with resources in parallel. Int. J. Prod. Res. 49 (2011) 2625—
2641.

F. Hanssmann, Operations Research in Production and Inventory Control. John Wiley and Sons, New York (1962)
254 p.

M.A. Hariga, Economic production-ordering quantity models with limited production capacity. Prod. Planning
Control 9 (1998) 671-674.

S.A. Hasheminejad, K. Valipour and H. Khoshnood, Applied real-valued genetic algorithm for an extended model
of economic lot, purchase and delivery scheduling problem. Int. Rev. Appl. Sci. Eng. 13 (2021) 197-207.

J.C. Hennet, A common cycle approach to lot-scheduling in multistage manufacturing systems. Prod. Planning
Control 12 (2001) 362-371.



1348
[72]
73]
[74]
[75]
[76]
[77]
(78]
[79]
[80]
[81]
[82]
[83]
[84]
[85]
[36]
[87]
[88]
[89]
[90]
[91]
[92]
[93]
[94]

[95]
[96]

[97]

(98]

AH. NOBIL ET AL.

D.J. Hockstra, Simple policies in the economic lot scheduling problem with zero setup costs. Prod. Planning
Control 8 (1997) 25-30.

M. Holmbom and A. Segerstedt, Economic order quantities in production: from Harris to economic lot scheduling
problems. Int. J. Prod. Econ. 155 (2014) 82-90.

M. Holmbom, A. Segerstedt and E. Van der Sluis, A solution procedure for Economic Lot Scheduling Problems
even in high utilisation facilities. Int. J. Prod. Res. 51 (2013) 3765-3777.

M.A. Hoque and B.G. Kingsman, Synchronization in common cycle lot size scheduling for a multi-product serial
supply chain. Int. J. Prod. Econ. 103 (2006) 316-331.

A. Houshyar, Optimal cycle time in a multi-product single machine with unit load, and storage space considera-
tions. Comput. Ind. 16 (1991) 197-208.

W.L. Hsu, On the general feasibility test of scheduling lot sizes for several products on one machine.
Manage. Sci. 29 (1983) 93-105.

R.R. Inman, P.C. Jones and G. Gallego, Economic lot scheduling of fully loaded processes with external setups.
Nav. Res. Logistics (NRL) 38 (1991) 699-713.

M. Jenabi, S.F. Ghomi, S.A. Torabi and B. Karimi, Two hybrid meta-heuristics for the finite horizon ELSP in
flexible flow lines with unrelated parallel machines. Appl. Math. Comput. 186 (2007) 230-245.

M.T. Jensen and M. Khouja, An optimal polynomial time algorithm for the common cycle economic lot and delivery
scheduling problem. Fur. J. Oper. Res. 156 (2004) 305-311.

H. Jodlbauer and S. Reitner, Optimizing service-level and relevant cost for a stochastic multi-item cyclic production
system. Int. J. Prod. Econ. 136 (2012) 306-317.

L.A. Johnson and D.C. Montgomery, Operations Research in Production Planning, Scheduling, and Inventory
Control. Wiley (1974).

M. Khouja, The scheduling of economic lot sizes on volume flexible production systems. Int. J. Prod. Econ. 48
(1997) 73-86.

M. Khouja, A note on “deliberately slowing down output in a family production context”. Int. J. Prod. Res. 37
(1999) 4067-4077.

M. Khouja, The economic lot and delivery scheduling problem: common cycle, rework and variable production
rate. IIE Trans. 32 (2000) 715-725.

B.N. Khoury, N.E. Abboud and M.M. Tannous, The common cycle approach to the ELSP problem with insufficient
capacity. Int. J. Prod. Econ. 73 (2001) 189-199.

T. Kim and S.K. Goyal, Composite sourcing policy considering raw-material consumption. Int. J. Logistics Syst.
Manage. 11 (2012) 535-549.

D. Kim, V.A. Mabert and P.A. Pinto, Integrative cycle scheduling approach for a capacitated flexible assembly
system. Decis. Sci. 24 (1993) 126-147.

T. Kim, Y. Hong and S.Y. Chang, Joint economic procurement — production—delivery policy for multiple items in
a single-manufacturer, multiple-retailer system. Int. J. Prod. Econ. 103 (2006) 199-208.

C. Koulamas, Application of ELSP solution techniques to the deterministic robotic scheduling problem. Int. J.
Prod. Res. 33 (1995) 2933—-2944.

H.W. Kuo and R.R. Inman, A practical heuristic for the group technology economic lot scheduling problem.
Int. J. Prod. Res. 28 (1990) 709-722.

G.C. Lin, D.E. Kroll and C.J. Lin, Determining a common production cycle time for an economic lot scheduling
problem with deteriorating items. Eur. J. Oper. Res. 173 (2006) 669-682.

M.A.N. Lopez and B.G. Kingsman, The economic lot scheduling problem: theory and practice. Int. J. Prod.
Econ. 23 (1991) 147-164.

W.N. Ma, D.C. Gong and G.C. Lin, An optimal common production cycle time for imperfect production processes
with scrap. Math. Comput. Modell. 52 (2010) 724-737.

R. Mallya, Multi-product scheduling on a single machine: a case study. Omega 20 (1992) 529-534.

R. Martinelli, F.C.M.Q. Mariano and C.B. Martins, Single machine scheduling in make to order environments: a
systematic review. Comput. Ind. Eng. 169 (2022) 108190.

M. Mohammadi, S.N. Musa and A. Bahreininejad, Optimization of mixed integer nonlinear economic lot scheduling
problem with multiple setups and shelf life using metaheuristic algorithms. Adv. Eng. Softw. 78 (2014) 41-51.

M. Mohammadi, S.N. Musa and A. Bahreininejad, Optimization of economic lot scheduling problem with backo-
rdering and shelf-life considerations using calibrated metaheuristic algorithms. Appl. Math. Comput. 251 (2015)
404-422.



[99]
[100]

[101]
[102]
[103]
[104]
[105]
[106]
[107]
[108]
[109]
[110]
[111]
[112]
[113]
[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]
[122]

[123]

A REVIEW PAPER ON THE ELSP WITH THE CC APPROACH 1349

I. Moon, A note of correction on “Multi-product scheduling on a single machine”. Omega 21 (1993) 597-599.

I. Moon, Multiproduct economic lot size models with investment costs for setup reduction and quality improvement:
review and extensions. Int. J. Prod. Res. 32 (1994) 2795-2801.

D.H. Moon and D.P. Christy, Determination of optimal production rates on a single facility with dependent mold
lifespan. Int. J. Prod. Econ. 54 (1998) 29-40.

I. Moon, G. Gallego and D. Simchi-Levi, Controllable production rates in a family production context. Int. J. Prod.
Res. 29 (1991) 2459-2470.

I. Moon, J. Hahm and C. Lee, The effect of the stabilization period on the economic lot scheduling problem.
IIE Trans. 30 (1998) 1009-1017.

I. Moon, B.C. Giri and K. Choi, Economic lot scheduling problem with imperfect production processes and setup
times. J. Oper. Res. Soc. 53 (2002) 620-629.

I.LK. Moon, B.C. Cha and H.C. Bae, Hybrid genetic algorithm for group technology economic lot scheduling prob-
lem. Int. J. Prod. Res. 44 (2006) 4551-4568.

L. Nafisah, R.A.M. Sinaga, A. Soepardi, M. Salma and I. Irianto, Optimizing multi-item EPQ under defect and
rework: a case in the plastic molding industry. OPSI 18 (2025) 201-212.

M. Najafi, A. Ghodratnama and S.H.R. Pasandideh, Solving a Deterministic Multi-product Single-machine EPQ
Model with Partial Backordering, Scrapped Products and Rework. Int. J. Supply Oper. Manage. 5 (2018) 11-27.

M. Najafi, A. Ghodratnama, S.H.R. Pasandideha and R. Tavakkoli-Moghaddamb, Bi-objective economic production
quantity with partial backordering under uncertainty. Trans. A: Basics 37 (2024) 1408.

A.H. Nobil and A.A. Taleizadeh, A single machine EPQ inventory model for a multi-product imperfect production
system with rework process and auction. Int. J. Adv. Logistics 5 (2016) 141-152.

A.H. Nobil, A.H.A. Sedigh and L.E. Cardenas-Barrén, A multi-machine multi-product EPQ problem for an imper-
fect manufacturing system considering utilization and allocation decisions. Ezpert Syst. App. 56 (2016) 310-319.

A.H. Nobil, M. Seifbarghy, A.H.A. Sedigh and D. Pishva, Considering discrete delivery ordering and shipment
consolidation in a three-echelon supply chain with failure. Int. J. Adv. Oper. Manage. 8 (2016) 247-275.

A.H. Nobil, E. Nobil and L.E. Cardenas-Barrén, Some observations to: lot sizing with non-zero setup times for
rework. Int. J. Appl. Comput. Math. 3 (2017) 1511-1517.

A.H. Nobil, A.H.A. Sedigh and L.E. Cérdenas-Barrén, Multi-machine economic production quantity for items with
scrapped and rework with shortages and allocation decisions. Sci. Iran.: Trans. E Ind. Eng. 25 (2018) 2331-2346.
A.H. Nobil, A. Kazemi and A.A. Taleizadeh, Single-machine lot scheduling problem for deteriorating items with
negative exponential deterioration rate. RAIRO-Oper. Res. 53 (2019) 1297-1307.

A.H. Nobil, A.H.A. Sedigh, S. Tiwari and H.M. Wee, An imperfect multi-item single machine production sys-
tem with shortage, rework, and scrapped considering inspection, dissimilar deficiency levels, and non-zero setup
times. Sci. Iran. Trans. E: Ind. Eng. 26 (2019) 557-570.

A.H. Nobil, A. Kazemi and A.A. Taleizadeh, Economic lot-size problem for a cleaner manufacturing system with
warm-up period. RAIRO-Oper. Res. 54 (2020) 1495-1514.

A.H. Nobil, A.H.A. Sedigh and L.E. Cardenas-Barrén, A multi-product single machine economic production quan-
tity (EPQ) inventory model with discrete delivery order, joint production policy and budget constraints. Ann.
Oper. Res. 286 (2020) 265-301.

A.H. Nobil, S.T.A. Niaki, S.A.A. Niaki and L.E. Cardenas-Barrén, An economic production quantity inventory
model for multi-product imperfect production system with setup time/cost function. Revista de la Real Academia
de Cliencias Exactas, Fisicas y Naturales. Serie A Matemdticas 116 (2022) 49.

E. Nobil, L.E. Cérdenas-Barrén, D. Garza-Nunez, G. Trevino-Garza, A. Céspedes-Mota, I. de Jestus Loera-
Hernéndez, N.R. Smith and A.H. Nobil, Sustainability inventory management model with warm-up process and
shortage. Oper. Res. Perspect. 12 (2024) 100297.

A.H. Nobil, E. Nobil, L.E. Cérdenas-Barrén, D. Garza-Nunez, G. Trevifio-Garza, A. Céspedes-Mota, 1. de Jests
Loera-Herndndez and N.R. Smith, Economic lot scheduling problem under two different rework policies. RAIRO-
Oper. Res. 59 (2025) 3749-3776.

S. Oner and T. Bilgig, Economic lot scheduling with uncontrolled co-production. Eur. J. Oper. Res. 188 (2008)
793-810.

J. Ouenniche and F. Boctor, Sequencing, lot sizing and scheduling of several products in job shops: the common
cycle approach. Int. J. Prod. Res. 36 (1998) 1125-1140.

E.A. Pacheco-Veldzqueza and L.E. Cdrdenas-Barrén, An economic production quantity inventory model with back-
orders considering the raw material costs. Sci. Iran. Trans. E Ind. Eng. 23 (2016) 736.



1350 A.H. NOBIL ET AL.

[124] M. Parveen and T.V.V.L.N. Rao, Optimal cycle length and number of inspections in imperfect production processes
with investment on setup cost reduction and quality improvement. Int. J. Manuf. Res. 4 (2009) 17-36.

[125] S.H.R. Pasandideh, S.T.A. Niaki, A.H. Nobil and L.E. Cérdenas-Barrén, A multiproduct single machine economic
production quantity model for an imperfect production system under warehouse construction cost. Int. J. Prod.
Econ. 169 (2015) 203-214.

[126] S. Ramani and N. Narayanan, Single facility, multi-item lot sizing under Just-in-Time and “cyclic scheduling for
improvement”. Int. J. Prod. Econ. 26 (1992) 333-339.

[127] J. Rogers, A computational approach to the economic lot scheduling problem. Manage. Sci. 4 (1958) 264-291.

[128] U. Saglam and A. Banerjee, Integrated multiproduct batch production and truck shipment scheduling under dif-
ferent shipping policies. Omega 74 (2018) 70-81.

[129] E. Sangari, F. Jolai and M.S. Sangari, A novel fuzzy finite-horizon economic lot and delivery scheduling model
with sequence-dependent setups. Complex Intell. Syst. 10 (2024) 7009-7031.

[130] A. Santander-Mercado and M. Jubiz-Diaz, The economic lot scheduling problem: a survey. Int. J. Prod. Res. 54
(2016) 4973-4992.

[131] M. Sebatjane, A.H. Nobil and E. Nobil, Cross-docking in retail: sustainable EOQ-based models for multi-item
inventory systems with imperfect quality and stockouts under carbon cap-and-trade. Clean. Logistics Supply Chain
15 (2025) 100221.

[132] S. Shafiee-Gol, M.M. Nasiri and A.A. Taleizadeh, Pricing and production decisions in multi-product single machine
manufacturing system with discrete delivery and rework. Opsearch 53 (2016) 873-888.

[133] S. Sharma, Optimal production policy with shelf life including shortages. J. Oper. Res. Soc. 55 (2004) 902-9009.

[134] V.A. Shirodkar, R. Sridharan and V.M. Pillai, Effective allocation of idle time in the group technology economic
lot scheduling problem. Int. J. Prod. Res. 49 (2011) 7493-7513.

[135] E.A. Silver, Deliberately slowing down output in a family production context. Int. J. Prod. Res. 28 (1990) 17-27.

[136] E.A. Silver, D.F. Pyke and R. Peterson, Inventory Management and Production Planning and Scheduling. Vol. 3.
Wiley, New York (1998), p. 30.

[137] H. Sun, H.C. Huang and W. Jaruphongsa, Genetic algorithms for the multiple-machine economic lot scheduling
problem. Int. J. Adv. Manuf. Technol. 43 (2009) 1251-1260.

[138] A.A. Taleizadeh, A constrained integrated imperfect manufacturing-inventory system with preventive maintenance
and partial backordering. Ann. Oper. Res. 261 (2018) 303-337.

[139] A.A. Taleizadeh and H.M. Wee, Manufacturing system with immediate rework and partial backordering. Int. J.
Adv. Oper. Manage. 7 (2015) 41-62.

[140] A. Taleizadeh, A.A. Najafi and S.T.A. Niaki, Economic production quantity model with scrapped items and limited
production capacity. Sci. Iran. Trans. E: Ind. Eng. 17 (2010) 58-69.

[141] A.A. Taleizadeh, S.T.A. Niaki and A.A. Najafi, Multiproduct single-machine production system with stochastic
scrapped production rate, partial backordering and service level constraint. J. Comput. Appl. Math. 233 (2010)
1834-1849.

[142] A.A. Taleizadeh, H.M. Wee and S.J. Sadjadi, Multi-product production quantity model with repair failure and
partial backordering. Comput. Ind. Eng. 59 (2010) 45-54.

[143] A.A. Taleizadeh, S.J. Sadjadi and S.T.A. Niaki, Multiproduct EPQ model with single machine, backordering and
immediate rework process. Eur. J. Ind. Eng. 5 (2011) 388-411.

[144] A.A. Taleizadeh, G.A. Widyadanab, H.M. Wee and J. Biabani, Multi products single machine economic production
quantity model with multiple batch size. Int. J. Ind. Eng. Comput. 2 (2011) 213-224.

[145] A.A. Taleizadeh, L.E. Cdrdenas-Barrén, J. Biabani and R. Nikousokhan, Multi products single machine EPQ model
with immediate rework process. Int. J. Ind. Eng. Comput. 3 (2012) 93-102.

[146] A.A. Taleizadeh, S.G. Jalali-Naini, H.M. Wee and T.C. Kuo, An imperfect multi-product production system with
rework. Sci. Iran. 20 (2013) 811-823.

[147] A.A. Taleizadeh, H.M. Wee and S.G. Jalali-Naini, Economic production quantity model with repair failure and
limited capacity. Appl. Math. Modell. 37 (2013) 2765-2774.

[148] A.A. Taleizadeh, L.E. Cérdenas-Barrén and B. Mohammadi, A deterministic multi product single machine EPQ
model with backordering, scraped products, rework and interruption in manufacturing process. Int. J. Prod.
Econ. 150 (2014) 9-27.

[149] A.A. Taleizadeh, M. Yadegari and S.S. Sana, Production models of multiple products using a single machine under
quality screening and reworking policies. J. Modell. Manage. 14 (2019) 232-259.



[150]
[151]

[152]
[153]

[154]
[155]

[156]

[157]
[158]
[159]
[160]
[161]

[162]
[163]

[164]
[165]

[166)

A REVIEW PAPER ON THE ELSP WITH THE CC APPROACH 1351

A.A. Taleizadeh, B. Sarkar and M. Hasani, Delayed payment policy in multi-product single-machine economic
production quantity model with repair failure and partial backordering. J. Ind. Manage. Optim. 16 (2020).

A.A. Taleizadeh, R. Askari and I. Konstantaras, An optimization model for a manufacturing-inventory system with
rework process based on failure severity under multiple constraints. Neural Comput. App. 34 (2022) 4221-4264.
O. Tang and R. Teunter, Economic lot scheduling problem with returns. Prod. Oper. Manage. 15 (2006) 488-497.
R. Teunter, K. Kaparis and O. Tang, Multi-product economic lot scheduling problem with separate production
lines for manufacturing and remanufacturing. Eur. J. Oper. Res. 191 (2008) 1241-1253.

R. Teunter, O. Tang and K. Kaparis, Heuristics for the economic lot scheduling problem with returns. Int. J. Prod.
Econ. 118 (2009) 323-330.

S. Tiwari, W. Ahmed and B. Sarkar, Multi-item sustainable green production system under trade-credit and partial
backordering. J. Clean. Prod. 204 (2018) 82-95.

S. Tiwari, A.H. Nobil and L.E. Cirdenas-Barrén, Note on “Multiproduct single-machine production system with
stochastic scrapped production rate, partial backordering and service level constraint”. Int. J. Appl. Comput.
Math. 5 (2019) 83.

S.A. Torabi, B. Karimi and S.F. Ghomi, The common cycle economic lot scheduling in flexible job shops: the finite
horizon case. Int. J. Prod. Econ. 97 (2005) 52-65.

F. Van Den Broecke, H. Van Landeghem and E.H. Aghezzaf, An application of cyclical master production scheduling
in a multi-stage, multi-product environment. Prod. Planning Control 16 (2005) 796-809.

R.R. Vemuganti, D. Dianich, M. Oblak and H. Dabbaghi, Constrained optimal production lot sizes for several
products. Am. J. Math. Manage. Sci. 10 (1990) 199-228.

S. Viswanathan and S.K. Goyal, On “Manufacturing batch size and ordering policy for products with shelf
lives”. Int. J. Prod. Res. 40 (2002) 1965-1970.

B.J. Wagner and D.J. Davis, A search heuristic for the sequence-dependent economic lot scheduling problem.
Eur. J. Oper. Res. 141 (2002) 133-146.

T.M. Whitin, The Theory of Inventory Management. Princeton University Press, Princeton, NJ, USA (1953).

C. Yan, Y. Liao and A. Banerjee, Multi-product lot scheduling with backordering and shelf-life con-
straints. Omega 41 (2013) 510-516.

C.A. Yano, The product cycling problem in systems with uncertain production yields. IEEE Trans. Robot. Autom. 6
(1990) 640-651.

K.C. Ying, P. Pourhejazy and T.C. Huang, Exploring the development trajectory of single-machine production
scheduling. Ann. Oper. Res. (2024) 1-26.

P.H. Zipkin, Computing optimal lot sizes in the economic lot scheduling problem. Oper. Res. 39 (1991) 56-63.

Please help to maintain this journal in open access!

This journal is currently published in open access under the Subscribe to Open model
(S20). We are thankful to our subscribers and supporters for making it possible to
publish this journal in open access in the current year, free of charge for authors and
readers.

Check with your library that it subscribes to the journal, or consider making a personal donation to
the S20 programme by contacting subscribers@edpsciences.org.

More information, including a list of supporters and financial transparency reports,
is available at https://edpsciences.org/en/subscribe-to-open-s2o.


mailto:subscribers@edpsciences.org
https://edpsciences.org/en/subscribe-to-open-s2o

1352 A.H. NOBIL ET AL.

APPENDIX A. LIST OF THE 141 SELECTED PAPERS

1D Paper

1] Adhisatya et al. [1]
2] Akrami et al. [2]
3] Alle et al. [3]

4] Banerjee et al. [6]
5] Banerjee [5]

6] Ben-Daya and Hariga [10]
7] Beck and Glock [7]

Beck et al. [9]
Bollapragada and Rao [11]
Bourland and Yano [13]
Bourland et al. [14]
Brander and Forsberg [15]
Casas-Liza et al. [17]
Carreno [16]

Chan and Song [18]

Chan et al. [20]

Chang and Yao [21]

Chiu et al. [23]

Chiu et al. [24]
Chiu et al. [25]
Chiu et al. [26]
Chiu et al. [27]
Chiu et al. [28]
Chiu et al. [29]
Chiu et al. [30]

Chiu et al. [31]

Chiu et al. [32]

Chiu et al. [33]

Chiu et al. [34]

Chiu et al. [36]

Chiu et al. [35]

Choi and Noble [37]
Chowdhury and Sarker [38]
Das Roy and Sana [39]

Dobson and Yano [41]

Elhafsi and Bai [44]
El-Najdawi [43]

Eynan [49]

Federgruen and Katalan [50]
Ferretti et al. [51]

Gallego [52]

Gallego and Moon [53]
Ganesan and Uthayakumar [55]
Giri et al. [57]

Giri and Moon [56]

Goli and Davoodi [59]

Goli and Davoodi [58]
Gongalves and Leachman [60]
Gupta [61]

Hahm and Yano [62]

Hahm and Yano [63]

Haji and Mansuri [65]

QU OU U B B B B B B B B R W W W WWWWwWwWwWhNoNDNDDNDNDDNDDNDN DN = e e e = = O 00
DO O 0 0N O WO O 00N W OO 00N DO N OO 0N DO W O T



A REVIEW PAPER ON THE ELSP WITH THE CC APPROACH 1353

Haji et al. [66](2008)

Haji and Haji [64]

Haks6z and Pinedo [67]

Hariga [69]

Hasheminejad et al. [70]

Hennet [71]

Hockstra [72]

Holmbom et al. [74]

Holmbom and Segerstedt [73]

Hoque and Kingsman [75]

Houshyar [76]

Inman et al. [78]

Jenabi et al. [79]

Jensen and Khouja [80]

Jodlbauer and Reitner [81]

Khouja [83]

Khouja [84]

Khouja [85]

Khoury et al. [86]

Kim et al. [88]

Kim et al. [89]

Kim and Goyal [87]

Koulamas [90]

Kuo and Inman [91]

Lin et al. [92]

Ma et al. [94]

Mallya [95]

Mohammadi et al. [97]

Mohammadi et al. [98]

Moon et al. [102]

Moon [99]

Moon [100]

Moon and Christy [101]

Moon et al. [103]

Moon et al. [104]

Moon et al. [105]

Nafisah et al. [106]

Najafi et al. [107]

Najafi et al. [108]

Nobil et al. [110]

Nobil et al. [111]

Nobil and Taleizadeh [109]

Nobil et al. [112]

Nobil et al. [117]

Nobil et al. [115]

Nobil et al. [114]

Nobil et al. [116]
]
]
]

F 0 0 0 0 00O OO XTXXXLRRRXXXTTTTTTTTT TR RDND YD DT T T OO
QLR AN B RN OO XN E XN H OO XD WNHOO0NDARWNH OO0

Nobil et al. [113

101] Nobil et al. [118
102]  Nobil et al. [120
103]  Oner and Bilgig [121]

|
|
}
104]  Ouenniche and Boctor [122]
|
|
]
|

105]  Pacheco-Veldzqueza and Cérdenas-Barrén [123]
106] Pasandideh et al. [125]

107]  Parveen and Rao [124]

108] Ramani and Narayanan [126]



1354 A.H. NOBIL ET AL.

109] Saglam and Banerjee [128]
110] Sangari et al. [129]
111]  Shafiee-Gol et al. [132]
112]  Sharma [133]

113]  Shirodkar et al. [134]
114]  Silver [135]

115]  Sun et al. [137]

116] Taleizadeh et al. [140]
117]  Taleizadeh et al. [141]
118] Taleizadeh et al. [142]
119] Taleizadeh et al. [143]
120] Taleizadeh et al. [144]
121] Taleizadeh et al. [145]
122] Taleizadeh et al. [146]
123] Taleizadeh et al. [147]
124]  Taleizadeh et al. [148]

126] Taleizadeh [138]

127]  Taleizadeh et al. [149]

128]  Taleizadeh et al. [150]

129] Taleizadeh et al. [151]

130] Tang and Teunter [152]

131]  Teunter et al. [153]

132]  Teunter et al. [154]

133] Tiwari et al. [155]

134] Tiwari et al. [156]

135]  Torabi et al. [157]

136] Van Den Broecke et al. [158]
137]  Vemuganti et al. [159]

138]  Viswanathan and Goyal [160]
139] Wagner and Davis [161]

140]  Yan et al. [163]

141]  Yano [164]

AprPENDIX B. Crassic ELSP MobpEL wiTH THE CC APPROACH

The classic ELSP under the Common Cycle (CC) approach assumes that all items share the same production period
T. In this formulation, n denotes the number of items, A; represents the setup cost for item i, h; is the holding cost per
unit per unit of time for item 4, p; is the production rate, d; is the demand rate, ¢; denotes the production cost per unit,
and T refers to the common cycle length. The total cost (TC) is the sum of setup, holding, and production costs:

<1 - %) T+ dici) . (B.1)

Johnson and Montgomery [82] showed that this function is convex in 7T'. Thus, the optimal cycle length can be obtained
by differentiation:

" (A;  hid;
TC = il
C ;<T+ 5

2 Z?:l A'L

S (i (- £))

When shortage costs (m;) are incorporated into the classic model, the total cost (TC) function is extended to include
terms for the shortage quantity per item. The resulting cost function remains convex, and the optimal cycle length (7)

T =

(B.2)
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and optimal shortage levels (S;) can be obtained analytically using standard calculus, as shown in equations (B.3)—(B.5).

A hi d i)y Untmp (S m(S0Y 6 g

L d d;
222 1A Zz 1 (h +7-r1) ( 71)
Ez’:l hid; — :L 1 (h +7r7, (

T = (B.4)

P
”)
Pi
» hiT* i) di d;
S = (hiT* + i) di (1 _ f). (B.5)
(hi + ) i
When a portion of items produced is defective and cannot be reworked, the model is extended to incorporate both the

proportion of rejected items (a;) and the cost of discarding them (v;). The corresponding total cost function remains
convex (Eq. (B.6)), and the optimal cycle length can again be derived analytically (Eq. (B.7)).

. "L (A hids d; di (¢ + aiv;)
TC_;(TJF 5 (1 (7)T+7> (B.6)

1—ou)ps
. 23 A, | |
' Sr (hidz‘ (1 - ﬁ)) (B.7)

When defective items can be reworked, the model is further extended by incorporating the rework rate (8;), rework
cost (y;), and rework rate (r;). In this case, defective items are assumed to be reprocessed immediately after the regular
production cycle. The total cost function is reformulated to include these terms (Eq. (B.8)), and the corresponding
optimal cycle length is derived in closed form (Eq. (B.9)). These extensions demonstrate how the classic CC-based ELSP
can integrate rework considerations without losing its convexity properties, thus allowing analytical solutions for optimal
cycle length to be maintained.

TC=>" (? h;di <(1 —ai—fi— jf) (1+5:) + (1 - :;) ﬂ?) T4 il +1Ofv;i+ ﬁiri)) (B.8)
=1

T = 2 i A (B.9)

iy (hids ((1- i - ﬁﬁ—)(lwz) (1-5) %))
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