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Abstract: This review is a systematic literature review-cum-bibliometric analysis of the field of Artificial Intelligence in
Production and Optimization with a view to mapping the field in holistic manner. In this review the authors have attempted to
identify the predominant strands in the field and identify where learning approaches have been linked to decision making
frameworks and where learning approaches end at prediction. Data for the review are sourced from Elsevier's Scopus database,
and are limited to English language journal articles and reviews published between 2014 and 2027 using key words. This review
is based on 3,727 records in the final database. The number of documents published has increased from 38 in 2014 to 1,161 in
2026 and the top producers are China, India, and the United States. The most prevalent themes were identified as Artificial
Intelligence, Machine Learning, and Optimization. The formal decision model seems to be mainly in the field of scheduling,
while in bioprocess and additive manufacturing, and food systems, it is not often that the decision is made to end at prediction.
Keywords: Artificial Intelligence; Production; Optimization; Machine Learning; Scheduling; Bibliometric Analysis.

I. INTRODUCTION
Production systems are now asked to raise output and hold a process stable under tighter energy, waste, and quality constraints.
Artificial intelligence is used for both jobs. It forecasts a failure, a yield, or a demand, and it is also asked to choose a schedule, a
setpoint, or a route. The two uses are not the same. A forecast can be accurate and still leave the decision to a rule of thumb. The
most cited paper in the set studied here, (Tao & Zhang, 2017), treats the shop floor as a digital twin that can be monitored and
improved. Later work has pushed related tools into waste-to-energy, renewable power, fermentation, additive manufacturing, and
food chains. What is less often shown is a formal decision model sitting under the forecast.
The literature that makes this claim has grown too fast, and too unevenly, for a narrative review of a few well-known papers. A
Scopus search on “Artificial Intelligence AND Production AND Optimization”, limited to 2014-2027, English, and journal articles
and reviews, retained 3,727 records. The performance file holds 3,725 documents from 1,484 sources, written by 12,416 authors.
The review corpus has 3,719 unique records in the same window. In both counts, 55 per cent of the documents are dated 2025 or
2026. Annual output stayed between 38 and 62 documents from 2014 to 2018, reached 106 in 2020, and then rose to 162, 231, 312,
493, 899, and 1,161 from 2021 to 2026. The 2026 figure is not a full year. The export was taken on 11 September 2026. The 16
documents dated 2027 are papers already assigned that year. The reported annual growth rate of —6.44 per cent compares the first
year with the last, so the small 2027 count pulls it below zero. Set against 2014, the 2026 count implies growth of about 33 per cent
a year. A straight trend line fits badly and should not be used to forecast. The largest source, Applied Sciences, holds 75 documents,
about 2 per cent of the file. The topic is not housed in one journal.
A count-and-map reading is the right instrument for a set of this size. Bibliometric analysis summarises trends, themes, and the most
active authors and countries, and science mapping shows how the publications connect (Donthu et al., 2021; Zupic and Cater, 2015).
A systematic selection, with the search and the filters fixed in advance, reduces the chance that the set is assembled by preference
(Linnenluecke et al., 2020). A review also needs a stated path from identification to classification and evaluation (Paul et al., 2021).
The search began with 8,311 Scopus records. A time filter left 7,432. A document-type filter for articles and reviews left 4,134. An
English-language filter left 3,755. A journal filter left 3,727. The path is drawn as a PRISMA flow diagram. PRISMA records
identification, screening, eligibility, and inclusion, and the number excluded at each step. It is a reporting guideline, not a review
method and not a quality-appraisal tool (Moher et al., 2010). Records were downloaded in BibTeX and analysed in
Biblioshiny/Bibliometrix and VOSviewer, with Excel used for further counts (Aria and Cuccurullo, 2017; van Eck and Waltman,
2010). The planned analyses cover publication trend, citation, authors, journals, keywords, and collaboration (Donthu et al., 2021).
The Scopus export has no cited references, so co-citation and bibliographic coupling could not be run. What the file supports is a
performance reading and a keyword reading.
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The maps answer who publishes, and on which words. They do not answer whether a learning method has been joined to a decision
model. The corpus rarely uses the jargon of operations research. Twenty records name the discipline. One hundred and twenty-three
records, 3.3 per cent, mention mixed-integer programming, linear programming, stochastic programming, robust programming, or
constraint programming. Artificial intelligence, machine learning, and optimization dominate the keyword maps. Scheduling is the
clearest meeting point. (C. Zhang et al., 2023) reviewed learning-based approaches to scheduling, packing, and routing. (Esteso et
al., 2023) examined 181 articles and found reinforcement learning applied mainly to production scheduling, usually with model-
free, single-agent algorithms in simplified environments. That finding lines up with (Y. Zhang et al., 2022), a multi-agent deep
reinforcement learning treatment of a dynamic job shop under stochastic order and resource disturbances, and with (Li et al., 2020),
which pairs a learned rule with an optimisation step for rescheduling in Industry 4.0. (Usman et al., 2026) reviewed about 300
papers on job-shop scheduling with resource flexibility, and (Prata et al., 2024) examined 170 on constraint programming in
scheduling. In some of these papers the optimisation model is kept and learning only forecasts cost or demand (Boresta et al., 2024).
A linear programming plan can also be paired with a machine-learning forecast (Vaz et al., 2024). Robust formulations appear, but
they are scarce: a local-search ant colony for hot-rolling schedules (R. Zhang et al., 2020), and a greenhouse controller that puts
robust optimisation inside deep reinforcement learning (Ajagekar et al., 2023). “Robust optimization” has 9 hits in the corpus,
“vehicle routing” has 4, and “reinforcement learning” has 107.

Outside scheduling, the published work more often stops at the forecast. Predictive maintenance, quality control, and digital twins
are middle-sized nodes, with 89, 140, and 135 records. A hybrid convolutional and long short-term memory model forecasts
machine failure (Wahid et al., 2022), and an industrial internet-of-things platform supports quality applications (Christou et al.,
2022). The step from that forecast to a schedule is uncommon. (Danach et al., 2026) is one of the few records that carries a failure
prediction into a maintenance schedule. In the bioprocess cluster the same split appears. (Imamoglu, 2024) and (Hossain et al.,
2022) use learning to model biomass productivity and carbon fixation. (Kabir et al., 2023) predicts and optimises hydrogen yield.
(Murali et al., 2026) reports that plants are mostly run on operator experience, and that research has focused on supply chains and
laboratory cases rather than plant-level decisions. Of 418 records on fermentation, metabolism, microalgae, or bioprocesses, two
record a formal programming method or model predictive control.

The small circles show the same limit. (Soori et al., 2025) and (Ciccone et al., 2023) find machine learning used for quality, process,
design, and material formulation in additive manufacturing. (Elbadawi et al., 2020) predicts printability from 614 formulations and
does not schedule the build queue. (Serov & Vinogradov, 2022) treats data-driven design of nanomedicines as still early. (Nguyen et
al., 2025) finds explainable methods limited in that domain, and (Martini et al., 2024) names additive manufacturing as a case for
human-centred Industry 5.0. None of these papers moves from a printability score to build-queue scheduling, batch composition, or
capacity planning. Food-chain studies repeat the pattern. (Kollia et al., 2021) uses deep networks for greenhouse yield and
packaging-label control. (Dakhia et al., 2025) covers food computing, supply-chain optimisation, and safety. (Pandey et al., 2023)
treats learning as a preservation tool. (Tsolakis et al., 2022) is the less common logistics case, automated vehicles in a container
terminal, and it reports little work on the environmental cost of the Al system inside the decision model.

A further set of topics sits beside the decision model rather than inside it. (Téth et al., 2023) outlines a human-Al architecture.
(YYang et al., 2022) applies federated learning to industrial internet-of-things services. Large language models are among the fastest-
growing labels, with 77 of 122 mentions dated 2026. (Chen & Huang, 2025) joins them to reinforcement learning for crop
production. (Bozejko et al., 2026) pairs autonomous Al with quantum computing for a two-machine scheduling problem, and
(Ajagekar& You, 2022) surveys quantum Al for sustainable energy. (Wheeler, 2026) adds a caution: across 73 empirical studies, the
environmental outcomes of Al vary tenfold to sixtyfold across regions.

Four gaps sit behind the large nodes. Learning meets a precise decision model mainly in scheduling, and rarely in bioprocess,
additive manufacturing, or food systems (Esteso et al., 2023; Murali et al., 2026). Uncertainty is seldom handled with robust or
stochastic formulations. Explainability, human oversight, and privacy-preserving coordination appear as separate topics, not as
constraints inside a decision model (Nguyen et al., 2025; Yang et al., 2022). The objective rarely includes the resource cost of the
model itself (Wheeler, 2026). A reading that stops at artificial intelligence, machine learning, and optimization will miss all four.
The present review therefore does two jobs. It describes the performance and the keyword structure of the 2014-2027 literature, and
it uses that structure to locate where learning has been connected to a formal decision model. Four questions follow. How has output
changed from 2014 to 2027, and what does the performance file say about authors, sources, and citations? Which countries produce
the work, and how concentrated is authorship? How do author keywords cluster at co-occurrence thresholds of 15 and 30? Where
has learning been connected to a formal decision model, and where has it stopped at a prediction?
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The sections that follow set out the selection and the tools, the performance and keyword results, and the review of that last
question. The conclusion returns to the four questions, states what the maps cannot show, and sets out the work that the gaps imply.

Il. LITERATURE REVIEW
The study and mapping of artificial intelligence for production and optimisation is now a vast field of research and many authors
have tried to chart it. According to (Esteso et al., 2023), reinforcement learning applications in production planning and control are
primarily model-free and single-agent, where-as (Christou et al., 2022) noted that the predictive maintenance, quality management
and zero-defect manufacturing are some of the most noticeable smart manufacturing use cases. (Ng et al., 2024) showed that the
frequent applications of machine learning to additive manufacturing are quality control, process optimisation, and design
optimisation. The collection of these accounts indicates that the field has emerged independently and that there are distinct sets of
approaches for prediction, scheduling, and process design. The question addressed in the present review is as follows: Where has
learning been linked to a formal optimisation model, and where has it been left to simply provide predictions? Studies are sorted
according to the decisions made (scheduling/planning, maintenance/quality control and process/bioprocess operations), and special
emphasis is given to the limitations noted by the authors, as these are most clearly indicators of where additional study is required,
and where the evidence is lacking.
Where operations research does appear, scheduling is its most visible point of contact with learning methods. (C. Zhang et al., 2023)
reviewed learning-based approaches to scheduling, packing and routing in manufacturing, and (Esteso et al., 2023), who examined
181 articles, reported that reinforcement learning has been applied mainly to production scheduling, usually with model-free, single-
agent algorithms in simplified planning environments. This observation is consistent with the dynamic job-shop formulation of (Liu
et al., 2022), in which a multi-agent deep reinforcement learning system responds to stochastic order and resource disturbances, and
with (Zhou et al., 2020), who pair a hybrid metaheuristic with a classifier that judges when rescheduling is worthwhile. (Usman et
al., 2026) analysed approximately 300 papers on job-shop scheduling with resource flexibility, while (Prata et al., 2024) examined
170 papers on constraint programming in production scheduling. Because (Esteso et al., 2023) point to simplified test environments,
it remains unclear from these syntheses whether learned policies retain their advantage over tuned exact solvers on realistic
instances.
A different set of studies maintains the optimisation model and assigns learning a supportive role. In (Boresta et al., 2024) an OR
model is used to allocate shared resources and to determine the cost shares between the parties, which are then used to train
machine-learning models that help forecast the costs of services, whilst in (Vaz et al., 2024) a machine-learning demand forecasting
model is fed into a linear programme to plan the production in an electronics company, considering the demand as the input. In
both, the optimisation model is still the key to feasibility, whereas this is not the case with end-to-end learned policies. Only in a few
cases, uncertainty is dealt with formally. (R. Zhang et al., 2020) develop a strong mixed-integer model of hot-rolling scheduling,
solve it by employing ant colony search, embed robust optimisation in a deep reinforcement learning controller for greenhouse
climate, as done by (Ajagekar et al., 2023), and build a stochastic, multi-objective simulation-optimisation model of a vaccine
supply chain as done by (Kamran et al., 2023). The number of records of the word counts is instructive: “robust optimization” has 9
hits; “vehicle routing” has 4 hits; and “reinforcement learning” has 107 hits.
Predictive maintenance, quality control and digital twins represent middle-sized nodes in the manufacturing cluster, taking
predictive capabilities a long way from the realm of decision-making. A hybrid CNN-LSTM framework was used to predict
machine failures from sensor time series by (Wahid et al., 2022); while (Christou et al., 2022) noted that predictive maintenance,
quality management and zero-defect manufacturing are key use cases of smart manufacturing that are challenging to develop given
the requirement to integrate diverse systems. Both studies come to an end with the forecast. The transition from a failure probability
to a maintenance schedule, a reordering of spares or a reallocation of a production line is a point at which OR models normally work
and (Danach et al., 2026) are some of the few that do. The cross sections between these forecasts and formal scheduling or
inventory models are much less well documented than the forecasts themselves, with 89 records for “predictive maintenance”, 140
for “quality control” and 135 for “digital twin”.
The microalgae, anaerobic digestion, biofuel and hydrogen production are small nodes and exhibit a different pattern within the
sustainability and bioprocess clusters. (Imamoglu, 2024) highlighted the current challenges in the application of microalgae
processes and identified the need for more data, more complex and scalable models for broader use of Al and machine learning
applications. (Hossain et al., 2022) employed boosted regression trees, neural networks, and support vector regression with
Bayesian optimisation to model biomass productivity and CO2 biofixation, while (Kabir et al., 2023) used machine learning for
prediction and optimisation of GH production using dark fermentation and PEM technologies.
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(Murali et al., 2026) state that AD plants are mostly operated on a conservative basis based on experience of the operators and
current research focuses on optimizing the supply chain, techno-economic analysis, and small lab scenarios but not on a decision
making at plant level. Their argument is consistent with the corpus: Of 418 records on fermentation, metabolism, microalgae or
bioprocesses, only two record the use of mixed-integer, linear, stochastic, robust and dynamic programming, or model predictive
control. The pattern seems to indicate that learning is utilized to make a prediction, and the decisions that follow this prediction are
not formulated.

The small periphery on the same maps are Additive Manufacturing, 3D Printing, Drug Delivery and Personalised Medicine. Quality
control, process optimisation, design optimisation, microstructure analysis, and material formulation are the common applications of
machine learning in additive manufacturing identified by (Ng et al., 2024) and (Ciccone et al., 2023) based on 48 papers, arrived at
the same conclusion of optimisation using Al in additive manufacturing. (Elbadawi et al., 2020) have predicted the printability of
medicines from 614 drug-loaded formulations, while Serov and (Serov & Vinogradov, 2022) say that the data-driven design of
nanomedicines is still in its infancy. (Ukwaththa et al., 2024) concluded that the use of explainable Al in Additive Manufacturing is
still limited, and (Martini et al., 2024) suggested Additive Manufacturing as a use case for human-centred Al in Industry 5.0. All of
the studies mentioned here do not answer the questions that follow after prediction of the printability of the aforementioned product,
which include scheduling of the build-queue, composition of the batch or capacity planning for personalised dosage forms.

Food safety and food chains are in a similar situation. (Kollia et al., 2021) used deep neural architectures in three phases of the food
supply chain, which include greenhouse yield prediction, packaging label control and more recently, (Dakhia et al., 2025) described
the use of Al-enabled 10T for food computing, including supply chain optimisation and food safety. Similarly, (Pandey et al., 2023)
discuss the use of machine learning as a protection tool for fruit and vegetable preservation. (Tsolakis et al., 2022) address a less
common logistics application, automated guided vehicles in a container terminal and report an absence of research in the field of
environmental sustainability of Al-enabled operations in decision support systems and optimisation models. The rest of the accounts
focus mainly on the detection and prediction process and do not elaborate much on the allocation and routing process.

Four further themes appear only at the edge of the maps. Explainability is the first. (Danach et al., 2026) attach SHAP-based
explanations to a gradient-boosting model that feeds a predictive-maintenance scheduling formulation, so that maintenance
engineers can validate its outputs, yet only two records in the corpus combine explainability vocabulary with exact OR-method
terms. Human involvement is the second: (Tao et al., 2024) propose a multi-objective framework in which human input interacts
with genetic algorithms, particle swarm optimisation and reinforcement learning, and (Téth et al., 2023) outline a human-Al
collaboration architecture for Industry 5.0, but “human-in-the-loop” occurs as a keyword in only four records. Federated learning is
the third. (Yang et al., 2022) apply it to service provisioning in industrial 10T, and it features in only about 35 records. Large
language models are the fourth and fastest growing, with 77 of 122 mentions dated 2026. (Chen & Huang, 2025) combine them
with reinforcement learning for crop management, (Bozejko et al., 2026) pair autonomous Al with quantum computing for a two-
machine scheduling problem, and (Ajagekar& You, 2022) survey quantum Al for sustainable energy. (Wheeler et al., 2026) add a
caution, reporting from 73 empirical studies that the environmental outcomes of Al vary tenfold to sixtyfold across regions.

The evidence suggests that the following four gaps are masked by the large nodes. Learning is coupled with precise decision models
primarily in scheduling, and virtually never in bioprocess, additive manufacturing or food systems, where prediction is prevalent,
but prescription is not. Second, as the nine records of robust optimization show, uncertainty is not adequately treated with the firm
and stochastic formulations that are more in the spirit of OR practitioners. Third, explainability, human oversight and privacy-
preserving coordination are positioned not as a constraint within a decision model, but as a separate topic. Fourth, the objective
function doesn't often include the resource cost of Al itself, which (Wheeler et al., 2026) demonstrate to be region-dependent. A
study that makes recommendations for one of the small-circle domains, and tries them out against exact benchmarks in a context of
uncertainty, would therefore fill a gap directly supported by the corpus, and would have the further advantage of addressing a
domain, the small-circle domains, in which the established OR literature has not yet reached.

A systematic literature review of the available literature is performed and summarized and critically evaluated. Table 1 summarizes
the 589 review and survey articles on the topic of “Artificial Intelligence in Production and Optimization” that were identified. The
authors of these reviews could see that a significant number of papers are concerned with artificial intelligence, machine learning
and optimization techniques and that many of the papers use these techniques in various fields such as manufacturing, energy
systems, sustainability, supply chain management and agriculture. The first review studies were done in 2000, and they involved
genetic algorithm-based multiobjective optimization (Coello, 2000) and pattern recognition (Nieddu & Patrizi, 2000). In the most
recent years, the number of reviews has rapidly increased, with over half appearing since 2025.
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The latest research is centered on sustainable, data-driven and Al-driven methods, including digital twins, smart manufacturing, and
data-driven decision making. In Table 1 the basic results of the reviews performed in this field are summarized.

Table 1. Summary of Review articles

Authors Scope of Review Typ
e of
Stud
y
COELLO CAC (2000) An Updated Survey of GA-Based Multiobjective Optimization|2000
Techniques
NIEDDU L; PATRIZI G (2000) |Formal methods in pattern recognition: A review 2000
BANSAL RC; BHATTI TS;|Artificial intelligence techniques for reactive power/voltage control in|2003
KOTHARI DP (2003) power systems: A review
KALOGIROU SA (2003) Acrtificial intelligence for the modeling and control of combustion | 2003
processes: A review
CAIl H; LIU J; CHEN Y; et al. | Survey of the research on dynamic weapon-target assignment problem 2006
(2006)
MELLIT A; KALOGIROU SA | Artificial intelligence techniques for photovoltaic applications: A review | 2008
(2008)
WANG F; CHEN B; MIAO Z|A survey on reviewer assignment problem 2008
(2008)
HEIMANN T; MEINZER HP | Statistical shape models for 3D medical image segmentation: A review | 2009
(2009)
BLUM C; PUCHINGER J;|A brief survey on hybrid metaheuristics 2010
RAIDL GR; et al. (2010)
WANG F; SHI N; CHEN B |A comprehensive survey of the reviewer assignment problem 2010
(2010)
MARKELJ P; TOMAZEVIC D; | A review of 3D/2D registration methods for image-guided interventions | 2012
LIKAR B; et al. (2012)
NGUYEN TT; YANG S;|Evolutionary dynamic optimization: A survey of the state of the art 2012
BRANKE J (2012)
QIN SJ (2012) Survey on data-driven industrial process monitoring and diagnosis 2012
BOYSEN N; FLIEDNER M; |A survey on container processing in railway yards 2013
JAEHN F; et al. (2013)
BURKE EK; GENDREAU M; | Hyper-heuristics: A survey of the state of the art 2013
HYDE M; et al. (2013)
NIKNAFS A; DENZINGER J; | A systematic literature review of the personnel assignment problem 2013
RUHE G (2013)
BRAVO C; SAPUTELLI L;|State of the art of artificial intelligence and predictive analytics in the|2014
RIVAS F; et al. (2014) E&P industry: A technology survey
CASTILLO-VILLAR KK (2014) | Metaheuristic algorithms applied to bioenergy supply chain problems: [ 2014
Theory, review, challenges, and future
DEMESOUKA OE; |GIS-based multicriteria municipal solid waste landfill suitability [ 2014
VAVATSIKOS AP; |analysis: A review of the methodologies performed and criteria
ANAGNOSTOPOULOS KP | implemented
(2014)
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KARABOGA D; GORKEMLI|A comprehensive survey: Artificial bee colony (ABC) algorithm and|2014
B; OZTURK C; et al. (2014) applications

NOURANI V;  HOSSEINI | Applications of hybrid wavelet-Artificial Intelligence models in|2014
BAGHANAM A; [ hydrology: A review

ADAMOWSKI J; et al. (2014)

RENZI C; LEALI F; | A review on artificial intelligence applications to the optimal design of | 2014
CAVAZZUTI M; et al. (2014) dedicated and reconfigurable manufacturing systems

BELLO O; HOLZMANN J; | Application of artificial intelligence methods in drilling system design | 2015
YAQOOB T,; et al. (2015) and operations: A review of the state of the art

ESHRAGH F; POOYANDEH | Automated negotiation in environmental resource management: Review | 2015
M; MARCEAU DJ (2015) and assessment

HAZIR ©O; DELORME X;|A review of cost and profit oriented line design and balancing problems | 2015
DOLGUI A (2015) and solution approaches

HOU J; ZHOU K; ZHANG XS; | A review of closed-loop reservoir management 2015
et al. (2015)

DONGRE VB; GANDHI RS |Applications of artificial neural networks for enhanced livestock | 2016
(2016) productivity: A review

JONES D; TAMIZ M (2016) A review of goal programming 2016
REN Y; ZHANG L; |Ensemble Classification and Regression-Recent Developments, | 2016
SUGANTHAN PN (2016) Applications and Future Directions [Review Acrticle]

ABDULLAH MAKE MR; AB. | A review of two-sided assembly line balancing problem 2017
RASHID MFF; RAZALI MM

(2017)

ARULKUMARAN K; [ Deep reinforcement learning: A brief survey 2017
DEISENROTH MP;

BRUNDAGE M; et al. (2017)

BANDARU S; NG AHC; DEB |Data mining methods for knowledge discovery in multi-objective | 2017
K (2017) optimization: Part A - Survey

BLEI DM; KUCUKELBIR A; |Variational Inference: A Review for Statisticians 2017
MCAULIFFE JD (2017)

DEB C; ZHANG F; YANG J; et | A review on time series forecasting techniques for building energy|2017
al. (2017) consumption

GAMBHIR M; GUPTA V |Recent automatic text summarization techniques: a survey 2017
(2017)

MUJTABA G; SHUIB L; RAJ|Email Classification Research Trends: Review and Open Issues 2017
RG; et al. (2017)

SHYMCHENKO AV; |Review of the computational approaches to advanced materials|2017
TERESHCHENKO VV; | simulation in accordance with modern advanced manufacturing trends
RYABOV YA, etal. (2017)

VITORINO DE SOUZA | Technologies and decision support systems to aid solid-waste | 2017
MELARE A; MONTENEGRO | management: a systematic review

GONZALEZ S; FACELI K; et

al. (2017)

DAS UK; TEY KS; | Forecasting of photovoltaic power generation and model optimization: A|2018
SEYEDMAHMOUDIAN M; et |review
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al. (2018)

DUNJKO V; BRIEGEL HJ|Machine learning & artificial intelligence in the quantum domain: A|2018

(2018) review of recent progress

FARIS H; ALJARAH I; AL-|Grey wolf optimizer: a review of recent variants and applications 2018

BETAR MA,; et al. (2018)

GUNES BAYDIN A; | Automatic differentiation in machine learning: A survey 2018

PEARLMUTTER BA;

ANDREYEVICH RADUL A, et

al. (2018)

KIUMARSI B; | Optimal and Autonomous Control Using Reinforcement Learning: A|2018

VAMVOUDAKIS KG; [ Survey

MODARES H; et al. (2018)

KOGLER C; RAUCH P (2018) | Discrete event simulation of multimodal and unimodal transportation in | 2018
the wood supply chain: A literature review

LIN L; GEN M (2018) Hybrid evolutionary optimisation with learning for production | 2018
scheduling: state-of-the-art survey on algorithms and applications

MAO Q; HU F; HAO Q (2018) | Deep learning for intelligent wireless networks: A comprehensive survey | 2018

MAXWELL AE; WARNER TA,; | Implementation of machine-learning classification in remote sensing: An | 2018

FANG F (2018) applied review

MOSAVI A; OZTURK P;|Flood prediction using machine learning models: Literature review 2018

CHAU KW (2018)

SAFDAR S; ZAFAR S; ZAFAR | Machine learning based decision support systems (DSS) for heart disease | 2018

N; et al. (2018) diagnosis: a review

WANG Y; WANG L; | Clinical information extraction applications: A literature review 2018

RASTEGAR-MOJARAD M; et

al. (2018)

BERMEJO JF; FERNANDEZ |Review and comparison of intelligent optimization modelling techniques | 2019

JFG; PINO R; et al. (2019) for energy forecasting and condition-based maintenance in PV plants

BRADLEY A; VAN DER |Personalized Pancreatic Cancer Management: A Systematic Review of | 2019

MEER R; MCKAY C (2019) How Machine Learning Is Supporting Decision-making

CHAUHAN VK; DAHIYA K; |Problem formulations and solvers in linear SVM: a review 2019

SHARMA A (2019)

FAZERES-FERRADOSA T; | A review of reliability analysis of offshore scour protections 2019

TAVEIRA-PINTO F; ROSA-

SANTOS P; et al. (2019)

GIRI C; JAIN S; ZENG X; et al. | A Detailed Review of Artificial Intelligence Applied in the Fashion and | 2019

(2019) Apparel Industry
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1. RESEARCH METHODOLOGY
This study uses the methodology of systematic and bibliometric research to analyze the evolution, structure and future trends of
research in relation to the topics of Artificial Intelligence (Al), Production and Optimization. This type of analysis is especially
suitable for the current study since it allows researchers to analyze a huge number of scientific publications quantitatively and detect
patterns of the development of the research area (Donthu et al.,2021). Instead of conducting just a traditional narrative review, the
current study follows a structured approach to finding and selecting the publications for analysis.
A systematic approach makes it possible to gather the literature based on predetermined search and selection criteria and not on an
arbitrary choice of the studies. In this case, the researcher reduces the potential bias in the process and gets a clear framework for
retaining the publications for further analysis (Linnenluecke et al., 2020). Similarly, Paul et al. (2021) highlight the importance of
systematic literature review methods to provide a clear rationale for the literature identification, classification and evaluation
process.
The study uses the systematic selection method along with bibliometric analysis in order to examine the performance and
intellectual structure of the research devoted to topic of Al and production and optimization. Bibliometric approaches help identify
the most influential publications, authors, journals and research topics, whereas science mapping allows to identify the connections
and clusters in the field of research (Donthu et al., 2021; Zupic&Cater, 2015. That is why the methodology used by the author is
appropriate for such a wide and interdisciplinary topic as Al and Production and Optimization.

A. Article Selection, Inclusion & Exclusion Criteria

The literature search was carried out via the Scopus database with keywords as “Artificial Intelligence AND Production AND
Optimization”. Scopus was chosen to be the bibliographic records source due to the fact that big academic bibliographic databases
such as Scopus allow acquiring necessary bibliographic datasets for bibliometric analysis (Donthu et al., 2021). The purpose of the
search was to acquire papers that consider the relationship between Atrtificial Intelligence and Production and Optimization.

The first search brought 8311 records. These records then underwent a series of filters connected with a period of publications, types
of documents, language, and journals. The clear identification of inclusion and exclusion criteria is essentially in order to ensure
objectivity in the selection of literature (Linnenluecke et al., 2020).

The initial filtering process entailed using the time span criteria from 2014 to 2027, after which 7432 documents were filtered. In the
process, 879 documents outside the time span criteria were filtered out.
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Thereafter, a document type filter was used in the process, and it entailed keeping 4134 documents. During the application of the
document type filter, 3298 documents were filtered out. Language filtering was then done on the documents, whereby only those
written in the English language were retained. On the basis of the criterion, 3755 documents were kept, while 379 were filtered out
on the basis of language.

Finally, a journal filter was used on the documents. This led to the final dataset that had 3727 documents in total, whereby 28 were
filtered out.

The process of identification and selection of articles was captured through PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines. PRISMA is a systematic approach for reporting the identification, screening, eligibility
and the inclusion of records as well as the number of records that have been excluded at various levels (Moher et al.,2010). It is a
reporting guideline rather than a review methodology or a tool for assessing the quality of a review. The entire selection process of
the current study is captured in Figure 1 showing how 8311 records identified through Scopus search were narrowed down to 3727
records.

Figure 1: PRISMA Flow Diagram

PRISMA Flow Diagram

(adapted for bibliometric studies)

Records identified from Scopus
Identification (n=8311)

Antificial Intelligence AND Production AND Optimization

Total records retrieved
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B. Bibliometric Analysis

A Bibliometric Analysis will be used quantitatively analyze the development, structure and emerging trends in research on Axrtificial
Intelligence, Production and Optimization. This type of analysis is well suited for the topic being investigated in that it provides an
efficient method to analyze the substantial amount of academic literature in terms of its evolution (Donthu et al., 2021). In addition a
bibliometric approach helps assess the overall structure of the literature without conducting a detailed qualitative review of every
single publication.

The analysis focuses on major bibliometric factors such as the trend in publication, citation, key author and journals, keywords, and
research collaboration. The citation analysis can be used to important publications, authors, institutions and countries in the topic
area under investigation. The co-citation analysis can be applied to identify the publications which are cited together and
consequently, establish the intellectual basis of the research field. Bibliographic coupling is an analytical tool to identify
publications which cite common references and thus, understand the structure of research in this area (Donthu et al.,2021).
Moreover, co-word analysis is applied to study the frequency of keywords’ co-occurrence in order to find out the most important
concepts and thematic clusters of the studies. Co-authorship analysis allows finding out collaboration partners between researchers,
institutions, and countries. All of these approaches will help gain a better understanding of the development and intellectual
structure of research on the junction of Artificial Intelligence, Production and Optimization (Donthu et al., 2021; Zupic&Cater,
2015).

The bibliographic data retrieved from Scopus were downloaded in BibTeX format and were analyzed through Biblioshiny/
Bibliometrix and VVOSviewer, while Microsoft Excel was used to organize the additional data. Bibliometrix is an open source R-
based software developed for bibliometric and science mapping analysis, including data analysis and visualization (Aria &
Cuccurullo, 2017). Thus, the analysis of the final dataset consisting of 3727 publications provides information about the leading
researchers, the most significant studies, etc.

V. DATA ANALYSIS
A. Introduction
This report looks at research on Al in production and optimisation. The data comes from Scopus. It was analysed with Bibliometrix,
and the keyword maps were drawn in VOSviewer. Bibliometrix is an open source R tool built for science mapping (Aria &
Cuccurullo, 2017). VOSviewer builds maps from bibliometric data. A bibliometric study counts and maps publications to show
trends, main themes, and the most active authors and countries (Donthu et al., 2021). This report covers the main information,
yearly output, country output, a three field plot, and keyword co-occurrence networks.

B. Data

The file has 3,725 documents from 2014 to 2027. Of these, 2,709 are articles (73%) and 1,016 are reviews (27%). The Scopus
export has no cited references, so the reference count is zero. For this reason, analyses that need references, such as co-citation,
could not be done.

C. Main information

Figure 1 shows the main information. The 3,725 documents come from 1,484 sources and were written by 12,416 authors. Only 222
authors wrote a document alone. The average is 4.74 co-authors per document, so most work is done in teams. International co-
authorship is 31.17%, which means almost one in three documents has authors from more than one country. The data has 11,142
author keywords. The average document age is 2.23 years, so this is a young field. Each document has been cited 21.43 times on
average, and the total is 79,822 citations.

The annual growth rate shows -6.44%. This number is misleading. The time span ends in 2027, and that year has only 16
documents, probably papers already set for 2027 issues. The rate compares the first and last year, so the small 2027 count pulls it
below zero. If we compare 2014 (38 documents) with 2026 (1,161 documents), growth is about 33% a year.

The topic is also spread over many journals. The biggest sources are Applied Sciences (75 documents), Sustainability (62), IEEE
Access (61), International Journal of Advanced Manufacturing Technology (52), and Energies (50). Even the top journal holds only
2% of all documents. The most cited paper is on digital twin shop floors in IEEE Access, with 1,385 citations (Tao et al., 2017).
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Figure 1. Main information about the dataset

D. Annual scientific production

Figure 2 shows the number of articles each year. From 2014 to 2018 output was small and steady, between 38 and 62 documents a
year. It reached 84 in 2019 and 106 in 2020. After that the line rises faster: 162 in 2021, 231 in 2022, 312 in 2023, and 493 in 2024.
The biggest jumps come next, with 899 in 2025 and 1,161 in 2026. These last two years together give 2,060 documents, which is
55% of the whole dataset.

The 2026 count is not final, because the data was exported on 11 September 2026. The full year will probably be higher. The drop
to 16 in 2027 only shows how few papers carry that date so far. It does not mean interest is falling.

The dotted line is a straight trend line, and it fits badly. It sits above the real values in the middle years, below them at the end, and it
goes under zero in 2014. Growth here is faster than a straight line, so this trend line should not be used to forecast. In simple words,
the topic was quiet for years and then received a lot more attention.
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Figure 2. Annual scientific production

E. Country scientific production

Figure 3 is a world map where darker blue means more documents. China is the darkest, with 1,099 documents (about 30% of the
dataset). India is next with 532, then the United States with 359. Saudi Arabia (213), Iran (189), the United Kingdom (174), South
Korea (156), Spain (134), Italy (133), and Malaysia (130) follow.
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These counts are documents with at least one author from that country, so a paper with authors from two countries counts for both.
Six of the top ten countries are in Asia: China, India, Saudi Arabia, Iran, South Korea, and Malaysia. Europe and North America
have many countries with medium output. Grey areas, such as Russia, Greenland, and parts of central Africa, mean little or no data.
With 31.17% international co-authorship, the picture is that research is global, but a few large countries produce most of it.

Country Scientific Production

g

Figure 3. Country scientific production

F. Three field plot

The plot has the top 15 countries, the top 20 authors, and the top 15 keywords. Each box is one item, and its height shows how
many links it has. A line joins two items when they appear in the same documents.

China is the biggest box on the left. Almost all of the top 20 authors have Chinese names, such as Wang Y (80 documents), Zhang
Y (75), Wang X (57), Li Y (55), and Liu Y (54). Most of their links go to China. For example, 69 of the 80 Wang Y documents
have at least one Chinese affiliation. One warning: Scopus lists authors as surname and initial, so Wang Y can be many different
people. These counts are for groups of similar names, not single researchers.

On the right, artificial intelligence is the largest keyword (1,206 documents), followed by machine learning (566) and optimization
(236). Deep learning (145) and industry 4.0 (121) come next. Lines from authors to keywords are spread out and cross a lot, so the
same names write on many topics. The keywords artificial intelligence and artificial intelligence (ai) are counted apart, as in the raw
data.

Countries Authors Author keywords

N
4

B Chen %

Figure 4. Three field plot: countries, authors, and author keywords
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G. Co-occurrence analysis

Figures 5 and 6 are VOSviewer maps of keywords. Each circle is a keyword, its size shows how often it appears, a line shows that
two keywords appear together, and colours show clusters (van Eck & Waltman, 2010). Figure 5 uses a minimum of 15 occurrences,
s0 it has many keywords. Figure 6 uses 30, so only the common ones stay.
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Figure 5. Keyword co-occurrence map, minimum 15 occurrences
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Figure 6. Keyword co-occurrence map, minimum 30 occurrences

With 30 occurrences (Figure 6), there are four large clusters and one very small one. Artificial intelligence is the biggest circle and
sits in the middle, linked to every cluster.
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The red cluster covers factory and decision topics: decision making, decision support systems, deep learning, digital twin, internet of
things, industry 4.0, smart manufacturing, production control, and scheduling. The green cluster covers energy and environment:
hydrogen production, renewable energy, biomass, biogas, life cycle, and sustainability. The yellow cluster holds optimisation
methods: optimization, genetic algorithm, particle swarm optimization, artificial neural network, and forecasting. The blue cluster
holds life science words: human, nonhuman, article, review, metabolism, biosynthesis, and drug development. The small purple
group has crops and agriculture.

With 15 occurrences (Figure 5), the same core stays but splits into more detail, and six colours appear. The red cluster is now
biotechnology and medicine: fermentation, metabolism, genetics, synthetic biology, and drug delivery system. Green holds
bioenergy and waste words: biofuel, biogas, methane, biomass, waste management, and microalgae. Cyan is a separate energy
group: hydrogen production, renewable energy, energy systems, wind power, and photovoltaics. Yellow holds optimization, neural
networks, energy efficiency, swarm intelligence, and oil field development. Blue keeps industry topics: decision making, supply
chains, scheduling, digital twin, industry 4.0, and internet of things. Purple holds machine learning, prediction, deep learning,
convolutional neural network, computer vision, and image analysis.

The lower limit shows small niches, such as oil fields, wind turbines, and data privacy. The higher limit shows the main structure.
Both maps agree on that structure: Al in the centre, with industry and decisions, energy and environment, life sciences, and
optimisation methods around it.

H. Keyword co-occurrence network

Figure 7 is a simpler map with about 45 keywords in three clusters. Artificial intelligence is the largest node, followed by
optimization and machine learning. The thickest lines join artificial intelligence with optimization and with machine learning, so
these are the most frequent pairs.

The red cluster is about optimisation and energy: optimization, genetic algorithm, ant colony optimization, particle swarm
optimization, multiobjective optimization, hydrogen production, renewable energy, energy efficiency, sustainable development, and
decision making. The blue cluster is about learning and smart factories: machine learning, deep learning, reinforcement learning,
learning systems, digital twin, internet of things, industry 4.0, smart manufacturing, automation, process control, and forecasting.
The green cluster has research article and life science words: humans, nonhuman, article, review, metabolism, controlled study,
algorithm, prediction, process optimization, quality control, and artificial neural network. Put simply, optimisation links with
energy, machine learning links with smart factories, and the third group links with data and study terms.
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Figure 7. Keyword co-occurrence network

I.  Conclusion

Al in production and optimisation is a young and fast growing field. Output went from 38 documents in 2014 to 1,161 in 2026, and
more than half of all documents were published in the last two years. China leads by a wide margin, followed by India and the
United States.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 14 Issue X Oct 2026- Available at www.ijraset.com

Research is spread over 1,484 sources and 12,416 authors, and about one in three documents has international authors. The keyword
maps show artificial intelligence, machine learning, and optimization at the centre, with energy, smart manufacturing, and life
sciences around them.

V. FUTURE RESEARCH AGENDA

The bibliometric and keyword evidence shows a field that has grown quickly without yet deepening what it decides. Output rose
from 38 documents in 2014 to 1,161 in 2026, yet only 123 of the 3,719 records in the review corpus (3.3 per cent) mention a formal
programming method, and only 20 name operations research as a discipline. Artificial intelligence, machine learning and
optimization dominate every map, while the review found that learning is joined to a formal decision model mainly in scheduling
(Esteso et al., 2023). The agenda that follows takes the four gaps identified in the review, together with the limits of the method
used to find them. It asks for studies that move from prediction to prescription, treat uncertainty formally, place governance and
resource cost inside the decision model, and test findings across settings with stronger bibliometric designs.

A. From Prediction to Prescription

The first priority is to test the point where the field currently stops. In predictive maintenance, quality control and digital twins,
which have 89, 140 and 135 records, published work often ends at the failure forecast or the quality platform (Christou et al., 2022;
Wahid et al., 2022). Danach et al. (2026) carry a forecast into a maintenance schedule, but the review found few comparable cases.
The break is sharper in the small circles of the maps. Only two of 418 records on fermentation, metabolism, microalgae or
bioprocesses record a formal programming method or model predictive control, and Murali et al. (2026) report that anaerobic
digestion plants are mostly run on operator experience, with research centred on supply chains and laboratory cases rather than
plant-level decisions. Elbadawi et al. (2020) predict printability from 614 formulations without scheduling the build queue, and
food-chain studies detect contamination or forecast yield without routing a fleet (Dakhia et al., 2025; Kollia et al., 2021). A single
well-specified study in one of these domains, such as a build-queue or batch-composition model for additive manufacturing, would
advance the field more than another scheduling variant on a simplified shop.

Such studies need a stronger standard of evidence. Esteso et al. (2023) found that reinforcement learning is applied mainly to
production scheduling, usually with model-free, single-agent algorithms in simplified environments, so the advantage of learned
policies over tuned exact solvers on realistic instances is not established. Future work should compare any learned policy with an
exact or heuristic benchmark, not only with another learning policy, and should report solution quality, computing time and
feasibility. The syntheses of Usman et al. (2026) and Prata et al. (2024), on job-shop and constraint-programming scheduling,
indicate the methods against which such comparisons can be drawn. Hybrid designs deserve the same test. Boresta et al. (2024) and
Vaz et al. (2024) keep the optimisation model and use learning to forecast cost or demand, and future studies could compare such
hybrids directly with end-to-end learned policies, such as that of Y. Zhang et al. (2022), on the same instances.

B. Giving Uncertainty a Formulation

The second priority is to treat uncertainty explicitly. The corpus holds nine records on robust optimization and four on vehicle
routing, against 107 on reinforcement learning, a balance that does not match the disturbances found in plant data. Robust
treatments exist but are scarce: R. Zhang et al. (2020) address hot-rolling schedules, and Ajagekar et al. (2023) place robust
optimisation inside a deep reinforcement learning controller for greenhouses. Y. Zhang et al. (2022), by contrast, meet stochastic
order and resource disturbances through a learned multi-agent policy. Future research should ask when a stated uncertainty set or
stochastic formulation outperforms learned adaptation, and when combining the two is better. Studies should name the source of
uncertainty, whether demand, failure, yield or resource availability, state how it is modelled, and test feasibility under disturbance,
particularly in bioprocess and food settings where the review found little formal treatment. Reporting results across several
disturbance levels, not a single nominal case, would also make findings easier to compare.

C. Governance as Part of the Decision Model

Third, explainability, human oversight and privacy-preserving coordination should move from separate keywords to elements of the
decision model. Explainable artificial intelligence has 61 records and human-in-the-loop only four, and the literature mostly treats
them on their own. Nguyen et al. (2025) find explainable methods limited in additive manufacturing, Téth et al. (2023) outline a
human-centric Industry 5.0 collaboration architecture, and Yang et al. (2022) apply federated learning to industrial internet-of-things
services. Danach et al. (2026) show one route by pairing an explainable framework with maintenance scheduling.
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Future studies could model which decisions need human approval, what explanation a planner requires, or which data cannot leave a
site, and then measure what each requirement costs in solution quality. This would turn explainability from a label into a measurable
design choice. Martini et al. (2024), who name additive manufacturing as a case for human-centred Industry 5.0, suggest a suitable
test domain.

D. Counting the Resource Cost of the Model

Fourth, the objective should include the resource cost of the model itself. Tsolakis et al. (2022) report little work on the
environmental cost of Al-enabled decision support in logistics, and Wheeler (2026), drawing on 73 empirical studies, finds that the
environmental outcomes of Al vary tenfold to sixtyfold across regions. A method that ignores this cost may therefore rank actions
differently in different places. Future research should add the resource cost of training and running the model, such as energy use, to
the objective or constraint set, with regional parameters, and test whether the ranking of methods changes once it is counted.
Reporting that cost beside accuracy and solution quality would give readers a fuller basis for choosing between methods.

E. Holding Newer Methods to the Same Standard

Large language models are among the fastest-growing labels in the corpus, with 77 of 122 mentions dated 2026. Chen and Huang
(2025) combine them with reinforcement learning for crop production, Bozejko et al. (2026) pair autonomous Al with quantum
computing for a two-machine scheduling problem, and Ajagekar and You (2022) survey quantum artificial intelligence for
sustainable energy. These studies extend the method set but do not yet supply the missing plant-level decision models. Future work
should show that such a tool improves a stated decision against a benchmark, handles uncertainty, and reports its resource cost,
rather than treating novelty as the contribution.

F. Context and Comparability

The geography of the file also calls for care. China accounts for 1,099 documents, about 30 per cent of the file, followed by India
with 532 and the United States with 359, and six of the top ten countries are in Asia. Because a country count records where at least
one author is based, it says little about where the studied plants operate. Future studies should report the production setting and
region, and ask whether the same scheduling or maintenance model transfers between settings or needs local recalibration,
especially given the regional variation reported by Wheeler (2026). With 31.17 per cent international co-authorship, multi-country
teams are well placed to test one model on plants in more than one setting, and the grey areas of the country map, which mean little
or no data, mark regions where this file holds little evidence.

G. Methodological Development for Future Reviews

Finally, the limits of this review define the next bibliometric work. The search used one database and one Boolean string (Donthu et
al., 2021), and conference papers fall outside the set. Because the export holds no cited references, co-citation and bibliographic
coupling could not be run, and the intellectual base of the field was not identified (Zupic&Cater, 2015). Later reviews should add a
second database such as Web of Science, include conference papers, and export cited references. Since only 3.3 per cent of records
use programming terminology, a search string that adds scheduling and programming terms could better capture studies that join
learning to decision models. Author labels such as Wang Y are name groups, and keyword variants such as ‘artificial intelligence'
and ‘artificial intelligence (ai)’ were counted apart, so future work should disambiguate authors and merge keywords with a
thesaurus. The 2026 total is incomplete, so the analysis should be repeated once the year closes, with 2027 treated separately.
Because the maps show vocabulary, not decision quality, bibliometric mapping should be paired with qualitative coding of the
small-circle studies, and with a quality appraisal that PRISMA does not provide (Moher et al., 2010). Fixing the search, filters and
export procedure in advance would keep later studies comparable (Linnenluecke et al., 2020).

H. Summary

Taken together, these directions respond to one pattern: the field has many forecasts and few recommended actions. The next useful
contribution is therefore not another map of the same three keywords. It is a study set in one of the under-served domains that
recommends an action, states its uncertainty, includes governance and resource costs, and is tested against an exact or heuristic
decision model on realistic instances. By combining such empirical work with a more complete bibliometric design, future research
can show where learning has genuinely improved production decisions, rather than where it has simply been mentioned alongside
optimization.
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VI. CONCLUSION
The four questions have a single answer. Output was small from 2014 to 2018 and then rose sharply, with more than half of the
documents dated 2025 or 2026. China accounts for about 30 per cent of the file, and authorship is concentrated in a few surname-
and-initial groups. The keyword maps place artificial intelligence in the centre, with industry and decisions, energy and
environment, life sciences, and optimisation methods around it. Formal decision models appear mainly in scheduling (Esteso et al.,
2023; Zhang et al., 2023). In bioprocess, additive manufacturing, and food systems, the published work more often stops at a
prediction (Elbadawi et al., 2020; Kollia et al., 2021; Murali et al., 2026).
The performance file makes the growth concrete without supporting a forecast. The 3,725 documents come from 1,484 sources and
12,416 authors. Only 222 authors wrote alone. The mean is 4.74 co-authors per document, and international co-authorship is 31.17
per cent. The file holds 11,142 author keywords. Of the documents, 2,709 are articles and 1,016 are reviews. The mean citation
count is 21.43, and the total is 79,822. The reported growth rate of —6.44 per cent is an artefact of the window. It compares the first
year with the last, and 2027 has 16 documents. Set 2014 against 2026 and the rise is about 33 per cent a year. The 2026 count will
finish higher than 1,161, because the export is dated 11 September 2026. A linear trend line should not be used on this series. The
practical reading is that the field is young, written in teams, and still filling in. The average document age is 2.23 years. A
bibliometric reading is suited to a set of this size precisely because a narrative review cannot cover it (Donthu et al., 2021).
Citations are headed by one paper and otherwise spread. (Tao & Zhang, 2017) has 1,385 citations. Applied Sciences leads the
sources with 75 documents, then Sustainability, IEEE Access, the International Journal of Advanced Manufacturing Technology,
and Energies, with 62, 61, 52, and 50. Even the top journal holds about 2 per cent. A reader who follows one outlet, or the single
most cited paper, will miss most of the set. That scatter is why a systematic selection was used (Linnenluecke et al., 2020; Paul et
al., 2021).
Country counts are documents with at least one author from that country, so a two-country paper counts twice. China has 1,099
documents, India 532, and the United States 359. Saudi Arabia, Iran, the United Kingdom, South Korea, Spain, Italy, and Malaysia
follow, with 213, 189, 174, 156, 134, 133, and 130. Six of the top ten are in Asia. Grey areas on the map, including Russia,
Greenland, and parts of central Africa, mean little or no data in this file. The work is international, and a few large countries still
produce most of it. The three-field plot joins the top 15 countries, the top 20 authors, and the top 15 keywords. China is the largest
country box. Almost all of the top author labels are Chinese surnames with an initial: Wang Y (80 documents), Zhang Y (75), Wang
X (57), Li Y (65), and Liu Y (54). Scopus stores authors as surname and initial, so these are name groups, not single researchers.
Acrtificial intelligence is the largest keyword box, with 1,206 documents, then machine learning with 566 and optimization with 236.
The file counts “artificial intelligence” and “artificial intelligence (ai)” apart, which splits one concept across two nodes.
The VOSviewer maps agree on the structure and disagree only on how finely it is cut (van Eck and Waltman, 2010). At 30
occurrences there are four large clusters and one small one. Artificial intelligence links to every cluster. One cluster covers factory
and decision topics, including digital twin, industry 4.0, smart manufacturing, and scheduling. One covers energy and environment,
including hydrogen, renewable energy, biomass, and sustainability. One holds optimisation methods, including genetic algorithms,
particle swarm optimization, and neural networks. One holds life-science indexing terms, including metabolism, biosynthesis, and
drug development. A small group covers crops. At 15 occurrences the same core splits, and small niches appear, including oil fields,
wind turbines, and data privacy. A simpler network of about 45 keywords falls into three clusters: optimisation with energy,
learning with smart factories, and study terms with life-science words. The maps are a picture of vocabulary, not of decision quality
(Zupic and Cater, 2015). A large node means a word is used often. It does not mean the papers under that word solve an allocation,
a schedule, or a capacity problem.
The review looks past those large nodes. In the 3,719-record corpus, additive manufacturing has 58 records, food safety 24,
microalgae 41, and anaerobic digestion 63. Digital twin has 135, predictive maintenance 89, and reinforcement learning 107. Robust
optimization has 9 and vehicle routing has 4. (Esteso et al., 2023) places that learning mainly in simplified scheduling environments,
so the advantage over a tuned exact solver is not established. (Y. Zhang et al., 2022) and (Li et al., 2020) sit on the same scheduling
ling, as do (Usman et al., 2026) and (Prata et al., 2024). Cases that keep an optimisation model and use learning only to forecast cost
or demand remain the exception (Boresta et al., 2024); (Vaz et al., 2024). Robust treatments are real but rare (Ajagekar et al., 2023;
R. Zhang et al., 2020). (Danach et al., 2026) is one of the few records that carries a forecast into a schedule. (Wahid et al., 2022) and
(Christou et al., 2022) stop earlier, at the failure forecast and the quality platform.
The bioprocess and small-circle records confirm the split. Two records out of 418 on fermentation, metabolism, microalgae, or
bioprocesses mention a formal programming method or model predictive control. (Imamoglu, 2024) and (Hossain et al., 2022)
model productivity. (Kabir et al., 2023) models hydrogen yield. (Murali et al., 2026) makes the plant-level gap explicit. (Soori et al.,
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2025) and (Ciccone et al., 2023) keep additive manufacturing on quality, design, and materials. (Elbadawi et al., 2020) predicts
printability and does not schedule the queue. (Serov & Vinogradov, 2022) still treats nanomedicine design as early. Food-chain
studies detect contamination or forecast yield (Dakhia et al., 2025; Kollia et al., 2021; Pandey et al., 2023) and do not route the fleet.
(Tsolakis et al., 2022) is the logistics exception, and it notes the missing environmental term in the decision model.

Four gaps follow, and they are the agenda. First, learning should be tested against an exact or heuristic benchmark, not only against
another learning policy, and the test should use a realistic instance (Esteso et al., 2023). Scheduling is where that comparison is
easiest to run. Bioprocess, additive manufacturing, and food systems are where it is still rare (Murali et al., 2026; Ciccone et al.,
2023; Kaollia et al., 2021), which is why a single well-specified study in one of those domains would move the field more than
another scheduling variant on a toy shop. Second, uncertainty needs a formulation. Nine records on robust optimization, against 107
on reinforcement learning, is not a balance that matches plant data (Ajagekar et al., 2023). Third, explainability, human oversight,
and privacy-preserving training should enter the decision model as constraints, not as a separate keyword (Danach et al., 2026;
Nguyen et al., 2025; Téth et al., 2023; Yang et al., 2022). Fourth, the objective should include the resource cost of the model.
(Wheeler, 2026), drawing on 73 empirical studies, reports that environmental outcomes vary tenfold to sixtyfold across regions. A
method that ignores that cost will rank actions differently in different places. Newer tools do not close these gaps by themselves.
(Chen & Huang, 2025), (Bozejko et al., 2026), and (Ajagekar& You, 2022) extend the method set. They do not yet supply the
missing plant-level decision models.

Several limits follow from the design, and they bound what the agenda can claim. The search used one database and one Boolean
string (Donthu et al., 2021). The filters removed 879 documents on time, 3,298 on document type, 379 on language, and 28 on
journal. Conference papers are outside the set. The export has no cited references, so co-citation could not be run, and the
intellectual base of the field is not identified here (Zupic and Cater, 2015). Author counts for Wang Y and similar labels are name
groups. Keyword variants were left split. The 2026 total is incomplete, and the 2027 count should not be read as decline. Country
totals double-count internationally co-authored papers. The review corpus, the performance file, and the journal-filter total differ by
a small margin: 3,719, 3,725, and 3,727. PRISMA records the selection path. It does not appraise the quality of each paper (Moher
et al., 2010).

What the file supports is a description, not a ranking of methods. The literature is young, team-based, and Asia-heavy, spread across
1,484 sources, with more than half of its documents dated 2025 or 2026. The maps put artificial intelligence, machine learning, and
optimization at the centre, and energy, smart manufacturing, and life sciences around them. The review shows that the small circles
are where a formal decision model is still rare (Murali et al., 2026; Soori et al., 2025). The next useful paper is not another map of
the same three words. It is a study that recommends an action in one of those circles, states the uncertainty, and tests the
recommendation against a decision model.
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