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ABSTRACT: The world has become more global, markets are volatile, and the expectations of customers have grown 

with the increasing complexity of supply chain management and with constant disruptions to operations. Artificial 

Intelligence (AI) has become a game-changer for enhancing supply chain efficiency, resilience, and decision-making 

processes. This review covers the basics of how supply chain management works and the ability of AI-powered 

models to help optimize various aspects of the supply chain such as demand forecasting, inventory management, 

procurement, transportation, logistics, and risk management. The study covers machine learning (ML), deep learning 

(DL), predictive analytics and optimization techniques, which help businesses utilize vast amounts of real-time and 

historical data to support intelligent decision-making. Moreover, advanced supply chain concepts and practices, 

namely resilient supply chain, agile supply chain, green supply chain and cold supply chain, are examined in detail 

to discuss their role in providing sustainability and operational performance. The paper also reviews the latest 

research advances on AI for Supply Chain Optimization and highlights key challenges such as data quality concerns, 

interoperability, implementation complexity, and model interpretability. Finally, the future directions of AI-powered 

supply chains are explored, highlighting the need for scalable, explainable, and adaptive solutions that can contribute 

to building resilience, sustainability, and competitiveness in a dynamic business landscape. 
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1. Introduction 

Management practices have rapidly advanced over 

the past decade due to the changing role of humans in 

the supply chain [1]. The competitive market today with 

dramatically changing needs and a global market 

demands that supply chains remain competitive and are 

forced to adapt, and AI plays a key role in this process 

[2]. The increasing complexity, globalization, and 

vulnerability of supply chains have driven 

organizations to seek innovative solutions for 

enhancing their operational resilience, efficiency, and 

sustainability. Artificial Intelligence (AI) is one such 

technological game-changer which is now being used to 

make data-driven decisions and automate business 

processes across various supply chain functions. AI has 

transformed the landscape of supply chain 

management (SCM), significantly changing how 

businesses operate from predictive analytics to 

autonomous systems in industries where 

responsiveness and adaptability are paramount [3][4]. 

The goal of Supply Chain Management (SCM) is to 

improve customer value and reduce costs by 

coordinating the activities of suppliers and buyers from 

the beginning of the supply chain all the way to the end 

[5][6]. According to the Supply Chain Council, a supply 

chain is an interconnected system of businesses and other 

organizations that facilitates the movement of goods and 

data from producers to consumers. The term "Supply 

Chain Management" can refer to both the process of 

systematically and strategically coordinating the more 

conventional business operations that support the 

distribution network connecting the company's internal 

operations with its customers. The distribution of supply 

chains is subject to constant change as a result of factors 

such as direct customers and the introduction of new 

rules. The performance of an organization is greatly 

affected by its supply chain operations. Management of 

suppliers, customers, inventories, distribution, 

development, and design of new goods all contribute to 

a competitive advantage, which proves that the supply 

chain is accurate [7][8]. 

The next generation of business models is being 

reshaped, reinvented, and transformed by AI. Computer 

scientists have long been interested in AI because of the 

potential it has to solve issues in a way that is comparable 
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to human skills [9]. The automation and digitization of 

supply chain processes are greatly enhanced by it, 

which in turn increases supply chain productivity [10]. 

Using AI for SCM. SCM has the ability to completely 

alter the way businesses operate and the roles that 

managers play. The supply chain literature is now 

working on integrating modern AI methodologies into 

its core studies, but businesses are already embracing 

and investing in AI technologies to improve their end-

to-end supply chain operations. There have been some 

recent attempts in this direction. The definition of AI 

includes a wide variety of computational techniques 

that are used to simulate human intelligence, while ML 

consists of algorithms that allow a system to learn from 

the data and improve over time without being explicitly 

programmed [11][12]. This intersection has resulted in 

the creation of models that can handle complex data 

sets, detect patterns, and draw inferences, thereby 

contributing to the optimization of operations and 

decision-making in SCM [13]. ML applications have 

played a significant role in optimizing various processes 

in SCM. Predictive analytics, for example, can help 

businesses make more accurate forecasts based on ML 

algorithms, which can optimize inventory levels and 

improve production planning, ultimately boosting 

efficiency and lowering costs [14][15].  

This paper structure is as follows: Section II 

introduces Core Concepts of Supply Chain 

Management. Section III explores AI-Based Supply 

Chain Management Models. Section IV reviews recent 

literature, and Section V concludes the paper while 

outlining potential future research directions. 

2. Core Concepts of Supply Chain Management 

The supply chain is described as a network of firms 

that participate in processes and activities from supplier 

to manufacturer and from manufacturer to end user, 

ultimately resulting in the transfer of value to the end 

consumer in the form of physical commodities and 

intangible services. SCM refers to the process of 

effectively merging suppliers, manufacturers, storage 

facilities, and shops. This is the method by which goods 

and services are used in the right places at the right 

times at the right network cost.  

A. Supply Chain Optimization and Sustainability 

The most popular strategies are simulation, 

mathematical programming, or a mix of the two. Which 

ones are used dependent on the issue that needs fixing. 

For optimization of decisions involving novel 

configurations, mathematical modeling and 

programming are typically employed. These tools take 

into account both the structure and dynamics of 

processes, making them useful for tasks like designing 

SC networks. In contrast, models used for simulation 

take into account precise dynamic actions on a given 

network topology, but these activities are not always 

fully predictable [16]. Simulation modeling can be used 

to check how well a SC works in a given setup. 

B. Core Areas of Supply Chain Management 

Core Areas of Supply Chain encompass the major 

operational activities that influence supply chain 

efficiency and performance. Supply chain risk and 

resilience, demand forecasting, transportation and 

distribution, transportation and suppliers, and inventory 

management are all part of this domain. 

• Inventory Management: Inventory management 

and the associated costs provide a significant challenge to 

SCM due to the dynamic nature of demand patterns to 

accommodate a wide range of demands [17]. Stock 

optimization is possible with the use of AI-driven 

algorithms that account for demand, storage costs, lead 

time, and supply chain restrictions, among other things.  

• Transportation and Distribution: The foundation 

of SCM is the supply chain network, which connects 

manufacturers, distributors, suppliers, and consumers 

[18]. AI has the potential to optimize logistical timelines, 

truck loads, and delivery routes, which in turn can save 

fuel consumption and labor hours. 

• Procurement and Supplier Management: 

Decisions on the quantity, capital, and risk of acquiring 

things required for all operational purposes are made 

daily by the procurement and resource planning 

departments. A buying manager may rely on intelligent 

agent-based systems to guide them through the strategic 

and operational decision-making process, or even make 

decisions in their stead. 

C. Advanced Supply Chain Management 

Approaches  

Advanced Supply Chain Approaches focus on 

improving supply chain sustainability, flexibility, 

responsiveness, and resilience under changing business 

conditions. These approaches include green, resilient, 

agile, cold, and lean SCM, which address environmental 

concerns, disruptions, demand uncertainty, perishability, 

and operational waste. 

 

Fig. 1. Advanced supply chain approaches 
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• Green supply chain: The GSC has grown in 

importance as a tool for environmental adaptation in 

modern business. Due to the interconnected nature of 

the GSC's participating industries, a shift in one 

indicator might have knock-on effects on other supply 

chain metrics. 

• Supply Chain Resilience and Risk 

Management: The market nowadays is known for its 

extreme volatility and unpredictability. The idea of 

resilience is considered as a potential remedy [19]. 

While cost reduction and service improvement were 

formerly the primary goals of supply chain design, 

today's businesses prioritize resilience. 

• Agile supply chain: The ability to quickly adapt 

to changing circumstances is essential for success in 

today's corporate world. The idea of agility was initially 

presented as a management concept in 1991. Since then, 

it has gained a reputation as a new paradigm for 

increasing firm competitiveness.  

• Cold supply chain: The term "cold chain" refers 

to the system of procedures, database administration, 

and refrigeration machinery that keep perishable goods 

safe. What this implies is that the process of transport 

including loading, unloading, handling, and storage 

plays a crucial role in reaching this goal. 

D. Supply Chain Risk Management  

The goal of supply chain risk management is to 

detect, evaluate, and lessen the impact of potential 

threats to supply chain operations. It addresses supply, 

process, demand, logistics, risks to improve resilience, 

continuity, and overall supply chain performance. 

• Supply Side Risks: The term "supply risk" refers 

to the possibility that an incident may occur in incoming 

supply, whether it be from individuals or the market, 

and therefore affect the organization's ability to meet 

client demands.  

• Process Side Risks: The likelihood of an incident 

occurring within the main organization that might 

disrupt that company's internal ability to provide 

products or services is called an internal process risk. 

• Demand Side Risks: The SC's downstream, or 

customer-side, difficulties are the source of demand-

side hazards. The meaning of demand risk is "the 

possibility of an event associated with outbound flows 

that may affect the likelihood of customers placing 

orders with the focal firm, and/or variance in the 

volume and assortment desired by the customer."  

• Logistics Side Risks: Delays or disruptions in the 

logistic process can be caused by logistic uncertainty, 

which can originate from the firm's or partners' logistics 

systems or even from natural disasters.  

E. Foundations of Supply Chain Management 

It highlights the importance of SCM, decision-making, 

inventory planning, demand forecasting, transportation, 

and procurement in optimizing supply chain operations. 

It also highlights the contribution of conventional 

optimization methods, risk management, resilience, 

green, agile, cold, and lean supply chain strategies to 

increase efficiency, flexibility, sustainability, and 

responsiveness. All in all, these methods offer a thorough 

basis for dealing with various supply chain optimization 

needs.  

3. Ai-Based Supply Chain Management Models  

AI-driven SCM models leverage ML, DL, predictive 

analytics, and optimization algorithms for enhanced 

decision-making and operational efficiency. They 

provide insights into the nature of demand, the 

management of stocks, logistics, procurement, and the 

prediction of disruptions by analyzing real-time and 

historical data. These models boost supply chain 

transparency, resilience, cost-effectiveness, and flexibility 

amidst evolving business landscapes.  

A. ML in Supply Chain Management  

ML has the potential to address many problems in 

many different sectors [20], it is both an intriguing and 

challenging field. ML has numerous uses in the supply 

chain, a data-intensive business.  

• Linear Regression: One of the most fundamental 

ML algorithms, LR models the connection between a 

dependent variable (demand) and one or more 

independent variables (sales history, promotional 

activity, etc.) [21][22]. 

• K-Means Clustering: One unsupervised ML 

approach to data clustering based on feature similarity is 

K-Means Clustering [23]. For instance, SCM can utilize K-

means to classify consumers and suppliers and aggregate 

demand. 

• Genetic Algorithm: It can be applied to vehicle 

routing problems by identifying efficient routes that 

support faster product delivery while minimizing 

transportation costs and travel time. 

B. Deep Learning-Based Supply Chain Models  

DL is the future of AI implementation in supply 

chains, which provides advanced features over 

traditional ML by relying on advanced neural network 

structures [24]. Such systems are very efficient in 

unstructured data processing processes, learning 

hierarchical representation and solving complex 

problems that demand human-like perception and 

reasoning. 

• Convolutional Neural Networks: CNNs are used 
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within warehouses to perform automated tests to 

identify damaged products, conduct inspections of 

shipment contents, and labels that have extremely high 

precision and speed with human capabilities.  

• Recurrent Neural Networks: RNN and their 

more sophisticated versions such as LSTMs or GRUs are 

helpful at sequential modelling which is essential in 

supply chain time series modelling. The architectures 

consider long-term dependencies and seasonal patterns 

and changes of regimes that are not found in more 

simple approaches [25].  

• Graph Neural Network: GNNs are especially 

promising with regard to the application in supply 

chains due to the fact that a supply system is a network. 

GNNs take inputs in the form of information on nodes 

(facilities, suppliers, products) and edges 

(transportation links, supplier relationships, product 

flows) and learn representations, which reflect the 

network topology, dynamics, and constraints. 

C. Demand forecasting  

Predicting and planning for future demand and 

client needs, including sourcing, production, 

transportation, and operational tasks, using past data, 

market analysis, and other pertinent elements is known 

as demand forecasting [26]. Forecasting the amount of a 

product or service that consumers desire or require in 

the near future be it in the next few days, weeks, 

months, or even years is its principal objective [27]. 

Production planning, purchasing, inventory 

management, new product development, marketing 

campaigns, and so on all begin with demand 

forecasting. 

D. AI-Driven Platforms for Real-Time Supply 

Chain  

This framework also provides for easy integration of 

hardware and software components, which allows 

organizations to identify and preemptively manage 

supply chain risks [28].  

• Multi-Source Data Collection: This layer collects 

data from various IoT sensors, RFID tags, GPS trackers, 

and other hardware devices that are placed at different 

points in the supply chain.  

• Real-Time Stream Processing: Chains together 

pipelines to stream data in real time with minimum 

latency to supply data for analysis [29].  

• Data Quality Assurance: Ensures high-quality 

inputs by including filters on noisy, incomplete or 

redundant data.  

• Data Integration and Storage Layer: The data 

integration and storage layer offers a unified and 

centralized infrastructure for effectively integrating and 

storing multiple data streams.  

E. Challenges of Artificial Intelligence in Supply 

Chain Management Models 

Data quality, system interoperability, implementation 

costs, and model interpretability are all issues with the 

implementation of AI in SCM. These constraints may 

impact the accuracy, scalability, and usability of AI-

driven supply chain models.  

• Data Quality and Availability: AI models need 

large amounts of accurate, complete, and consistent 

supply chain data. Inconsistencies, missing, or noisier 

data can lead to less reliable models and less accurate 

forecasts. 

• Data Integration and Interoperability: Supply 

chains consist of various suppliers, manufacturers, 

logistics service providers, warehouses, and customers 

that communicate with each other using different 

software systems and data formats. The challenge of 

integrating these heterogeneous systems is still large. 

• High Implementation Cost: AI-powered supply 

chain systems are costly to develop and implement, with 

a focus on computing infrastructure, software, sensors, 

data platforms, and expertise. This is often challenging 

for small and medium businesses. 

• Model Interpretability and Explainability: There 

are many complicated models that are considered to be 

black boxes in AI and DL. Managers of the supply chain 

might struggle to see the rationale behind a model's 

specific demand prediction, supplier suggestion, or risk 

assessment. 

4. Literature Review 

This section presents related studies focusing on the 

integration of AI and SCM for improving demand 

forecasting, inventory management, routing 

optimization, logistics operations, decision-making, 

supply chain resilience, sustainability, and operational 

efficiency in various supply chain contexts. 

Narmin Sayeed et al. (2026) an AI framework for 

optimizing the whole supply chain through the use of 

ML, DL, RL, and hybrid optimization methods. Among 

its features are the ability to predict future demand, 

optimize inventory based on past performance, route 

logistics using RL, and evaluate supplier risk using 

explainable AI. Make decisions in real-time with the help 

of digital twins and data streams from the internet of 

things. Compared to traditional and rule-based methods, 

experimental findings on real-world and benchmark data 

demonstrate better cost reduction, service-level 

compliance, accuracy in demand fulfillment, and 

decrease in disruptions [30]. 

S. M. Raza et al. (2026) propose the Star-TBL 
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framework to help SMEs implement and scale AI for 

sustainable and resilient supply chains. Based on the 

Triple Bottom Line, resource-based, institutional, and 

resource orchestration views, the framework includes 

sustainability readiness assessment, capability 

development, minimum viable AI enablement, 

operational integration of predictive, prescriptive, and 

generative AI, and governance-supported performance 

evaluation. A synthetic proof-of-concept simulation 

illustrates potential effects on TBL indicators, but the 

results are indicative rather than empirical. The 

framework is focused on the problems that SMEs face in 

terms of data availability, analytical capacity, 

collaboration and governance, rather than on isolated 

efficiency gains, and considers system-level 

sustainability performance [31]. 

K. K and D. N (2025) investigate the use of AI for 

routing optimization for IOVs in dynamic 

environments, using real-time traffic, location, vehicle 

performance, velocity, distance and weather data. 

Various ML models such as RF, LR, AB, SVM are tested 

and the best model with a highest accuracy of 99.99% is 

AB, followed by RF with an accuracy of 99.96%. The 

method allows for adaptive routing, leading to better 

decision-making, cost-effectiveness, operational 

efficiency and performance, and less delays, carbon 

emissions, and logistical costs [32]. 

D Srinivas et al. (2024) proposed an ML-based 

Inventory Management Architecture that includes data 

collection, data preparation, feature selection, data 

storage, and ML processing. The advantages of ML in e-

commerce product management are illustrated through 

real-world examples such as Amazon's AI-powered 

forecasting. Demand prediction and supply optimization 

are facilitated by DT, RNNs and CNNs. But, the issues 

are data quality, computing power, and the interpretable 

of the model. Future research is oriented towards 

optimizing the ML algorithms, incorporating the latest 

technology, and ensuring the ethical use of AI and 

customer data privacy [33].  

A. Banjar et al. (2023) proposed a drone-based 

logistics supply chain to reduce the maximum delivery 

time of the logistics tasks. These intricate algorithms 

leverage dispatching rules, randomization and iterative 

approaches to optimize supply chain operations and 

enhance delivery efficiency. Experimental results 

presented in 1520 cases demonstrate that maximum 

delivery time can be reduced, with the best algorithm 

achieving 87.7% performance, 0.001 average deviation 

from the optimal solution and 0.0215 s execution time 

[34].  

M. Pattnaik et al. (2022) AI technology has become an 

extension of the human brain, making cognitive abilities 

unthinkable. Not that AI takes the place of humans, but 

that it does help them tap into their true strategic and 

creative abilities. To carry out the present study, 

surveyed a sample of 209 supply chain managers from 

various sectors, and used mean and t test for analyzing 

the data. Artificial intelligence is performing many 

critical roles in today's supply chain, and some key roles 

are discussed in the present study [35]. 

Table I summarizes key studies concerning AI-based 

supply chain optimization and management, 

highlighting their research focus, methodologies, key 

findings, challenges and limitations, and proposed 

directions for future research. 

TABLE I.  SUMMARY OF THE STUDY ON AI-BASED APPROACHES IN SUPPLY CHAIN 

Reference Study Focus Approach / 

Methodology 

Key Findings Challenges / 

Limitations 

Future Directions 

Narmin 

Sayeed et 

al. (2026) 

End-to-end 

supply chain 

optimization 

ML, DL, RL, hybrid 

optimization, IoT, 

digital twins, and 

XAI 

Improves cost, 

fulfillment, service 

levels, resilience, and 

disruption 

management 

Integration 

complexity, data 

quality, and 

computational 

requirements 

Develop scalable 

and real-time AI 

optimization 

frameworks 

S. M. Raza 

et al. (2026)  

AI adoption and 

sustainability in 

SMEs 

Star-TBL framework 

with predictive, 

prescriptive, and 

generative AI 

Supports sustainable, 

resilient, and phased 

AI transformation 

Limited data, skills, 

collaboration, 

governance, and 

empirical validation 

Validate scalable 

frameworks using 

real-world SME 

data 

K. K and D. 

N (2025)  

AI-based IoV 

routing 

optimization 

RF, LR, AdaBoost, 

and SVM using real-

time data 

AdaBoost achieved 

99.99% performance 

and supports adaptive 

routing 

Privacy, integration, 

and scalability issues 

Develop scalable 

and privacy-aware 

real-time routing 

D. Srinivas 

et al. (2024)  

ML-based 

inventory 

management 

Data preprocessing, 

feature selection, DT, 

RNN, and CNN 

Enhances demand 

forecasting and 

inventory optimization 

Poor data quality, 

limited computing, 

and interpretability 

Improve ML 

models, ethical AI, 

and data protection 

A. Banjar, 

et al. (2023)  

Drone-based 

logistics 

optimization 

Dispatching, 

randomization, and 

iterative optimization 

Reduces delivery time 

and improves logistics 

efficiency 

Optimization 

complexity and 

operational 

constraints 

Develop scalable 

and adaptive drone 

logistics 
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M. Pattnaik 

et al. (2022)  

AI applications 

in supply chain 

management 

Survey of 209 supply 

chain managers; 

mean and t-test 

AI enhances SCM 

capabilities and 

strategic decision-

making 

Adoption, skills, and 

implementation 

challenges 

Explore strategic 

adoption, ethics, 

and human–AI 

collaboration 

5. Conclusion and Future Work 

AI is making a profound impact on SCM by ushering 

in an era of intelligent, data-informed, and adaptive 

decision-making in every facet of the supply chain, from 

demand forecasting to inventory management, 

procurement to transportation, logistics to risk 

management. This review provides background on the 

basics of supply chain optimization and the increased 

use of ML, DL, predictive analytics and optimization 

techniques. AI-driven models can significantly boost 

prediction accuracy, optimize stock levels, aid in 

routing, provide visibility into operations, and boost 

supply chain resilience. The use of green, agile, resilient, 

cold and lean supply chains is just some of the advanced 

concepts that serve as proof of the impact intelligent 

technologies can have on sustainability and 

responsiveness. Recent research has found that 

adopting AI in conjunction with IoT, real-time data, 

reinforcement learning, explainable AI, and digital 

twins can yield more adaptive and proactive solutions 

to the supply chain. But issues of data quality, 

interoperability, implementation costs, scalability and 

model interpretability are still very important. In 

conclusion, AI is a robust tool for creating efficient, 

resilient, sustainable, and competitive supply chains in 

dynamic business environments. 

Further work is needed to create interpretable, 

adaptive, and scalable AI models for supply chain 

optimization. The greater integration of IoT, digital 

twins, real-time analytics, reinforcement learning and 

generative AI can help with proactive decision-making. 

Data quality, interoperability, privacy, implementation 

costs, ethical AI and practical deployment for SMEs are 

also areas to be researched. 
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