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Abstract- The integration of Artificial Intelligence 

(AI) into Supply Chain Management (SCM) has 

emerged as a pivotal advancement, offering 

transformative potential in enhancing efficiency, 

resilience, and adaptability. This review delves 

into the current trends, applications, and 

implications of AI in SCM, providing a 

comprehensive analysis of its impact on various 

facets of the supply chain. AI technologies, 

including machine learning, natural language 

processing, and robotics, are driving enhanced 

decision-making, improved forecasting accuracy, 

and greater operational efficiency. This paper 

examines the key areas where AI is 

revolutionizing supply chains, explores the 

challenges associated with AI implementation, 

and discusses the future trajectory of AI in supply 

chain management. 
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I. INTRODUCTION 

The increasing complexity of global supply 
chains, driven by globalization, rising customer 
expectations, and rapid technological 
advancements, has made traditional supply chain 
management (SCM) strategies insufficient 
(Christopher, 2016). Traditional SCM approaches, 
which rely heavily on human decision-making and 
static models, are unable to adapt to the dynamic 
and interconnected nature of modern supply chains. 
As businesses expand their global footprint, supply 
chains have become more complex and 
interconnected, involving multiple stakeholders, 
including suppliers, manufacturers, logistics 
providers, and retailers across different 
geographical regions. 

Artificial Intelligence (AI) is emerging as a key 
enabler of supply chain transformation, offering 
new capabilities in data analysis, decision-making, 
and automation. AI technologies, including 
machine learning (ML), natural language 
processing (NLP), computer vision, and robotics, 

enable supply chain managers to optimize 
operations, forecast demand more accurately, 
reduce costs, and enhance customer satisfaction 
(Ivanov et al., 2019). 

AI-driven supply chains offer several 
advantages over traditional models. First, AI 
enables real-time visibility into supply chain 
operations, allowing managers to identify and 
resolve bottlenecks more quickly. Second, AI-
powered predictive models improve demand 
forecasting accuracy, reducing the risks of 
stockouts and overstocking. Third, AI can automate 
routine tasks such as order processing, inventory 
tracking, and supplier selection, freeing up human 
resources to focus on more strategic activities. 
Finally, AI improves supply chain resilience by 
identifying and mitigating risks associated with 
market volatility, geopolitical instability, and 
natural disasters. 

The growing interest in AI for supply chain 
management is reflected in the increasing 
investment in AI technologies across industries. 
According to a report by McKinsey (2021), 
companies that have integrated AI into their supply 
chain operations have seen cost reductions of up to 
15% and service level improvements of up to 30%. 
Major corporations such as Amazon, Walmart, and 
DHL have already integrated AI into their supply 
chain operations, setting a benchmark for other 
companies to follow. 

This paper reviews the current state of AI in 
supply chain management, focusing on its 
applications, challenges, and future trends. The 
objective is to provide a comprehensive 
understanding of how AI is transforming supply 
chains and the strategic considerations necessary 
for successful implementation. By examining both 
the benefits and the obstacles associated with AI 
adoption, this paper aims to equip supply chain 
professionals with the knowledge required to 
navigate the complexities of AI-driven supply chain 
transformation. 
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II. AI APPLICATIONS IN SUPPLY CHAIN 

MANAGEMENT 

AI is being applied to various aspects of supply 
chain management, improving operational 
efficiency, decision-making, and customer 
satisfaction. The integration of AI into supply 
chains is enabling companies to streamline 
operations, enhance customer service, reduce costs, 
and improve responsiveness to market changes. AI 
is particularly valuable in managing large, complex 
supply chains where human decision-making alone 
is insufficient to process the volume and complexity 
of data involved. 

A. Demand Forecasting 

Accurate demand forecasting is essential for 
optimizing production schedules, managing 
inventory levels, and meeting customer 
expectations. Traditional demand forecasting 
methods rely on historical data and linear models, 
which often fail to account for complex market 
dynamics and unexpected disruptions. AI-driven 
demand forecasting models, on the other hand, use 
machine learning algorithms to analyze large 
datasets and identify complex patterns. 

Predictive Analytics: 
Machine learning algorithms analyze historical 
sales data, market trends, and external factors (e.g., 
weather and economic indicators) to predict future 
demand. AI models can incorporate unstructured 
data such as social media activity, news reports, 
and customer feedback to improve forecast 
accuracy. For example, Amazon uses AI-based 
demand forecasting to anticipate customer orders 
and position inventory closer to customers, 
reducing delivery times and costs. 

Customer Behavior Analysis: 
AI models identify purchasing patterns and predict 
customer preferences, enabling companies to 
adjust inventory and production levels 
accordingly. AI can segment customers based on 
buying behavior and create personalized marketing 
and inventory strategies to align with different 
customer segments. 

Dynamic Demand Planning: 
Real-time data processing allows AI models to 
adjust forecasts based on sudden changes in 
demand or market conditions. AI-based systems 
can automatically adjust production schedules and 
inventory replenishment plans in response to real-
time demand signals. 

B. Inventory Management 

Effective inventory management is crucial for 
balancing supply and demand while minimizing 

holding costs. AI enhances inventory management 
by providing real-time visibility into inventory 
levels and predicting future demand. AI-powered 
inventory management systems allow companies to 
minimize stockouts and overstocks, improve order 
fulfillment rates, and reduce working capital 
requirements. 

Automated Replenishment: 
AI-driven systems automatically adjust inventory 
levels based on real-time demand signals. Machine 
learning algorithms analyze historical sales 
patterns, seasonal demand variations, and market 
trends to optimize replenishment decisions. 

Warehouse Optimization: 
AI-powered systems optimize storage locations 
and picking routes to improve warehouse 
efficiency. Automated guided vehicles (AGVs) 
and robotic picking systems use AI to reduce 
picking errors and improve order processing times. 

Reduction of Stockouts and Overstocks: 
AI minimizes inventory holding costs by accurately 
balancing supply and demand. AI-driven inventory 
optimization models adjust order quantities and 
delivery schedules to prevent excess inventory and 
stockouts. 

C. Supplier Relationship Management 

Managing supplier relationships is critical for 
ensuring supply chain resilience and reducing 
operational risks. AI can analyze supplier 
performance data, including delivery times, product 
quality, and compliance metrics, to assess supplier 
reliability. AI-powered platforms provide real-time 
insights into supplier performance and recommend 
alternative sourcing strategies when disruptions 
occur. 

Supplier Performance Evaluation: 
AI evaluates supplier performance based on 
delivery times, quality standards, and contract 
compliance. AI systems rank suppliers based on 
historical performance and suggest corrective 
actions for underperforming suppliers. 

Risk Assessment: 
AI identifies potential disruptions in the supply 
chain and recommends alternative suppliers. 
Machine learning models analyze market 
conditions, geopolitical events, and environmental 
factors to anticipate supply chain disruptions. 

Cost Optimization: 
AI helps in negotiating better contract terms by 
analyzing supplier behavior and market trends. AI-
powered procurement platforms use predictive 
models to identify cost-saving opportunities and 
recommend optimal pricing strategies. 
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D. Logistics and Transportation 

AI enhances logistics and transportation by 
optimizing routing, load planning, and delivery 
schedules. Machine learning algorithms can predict 
delivery delays based on weather patterns, traffic 
conditions, and carrier performance data. 

Route Optimization: 
AI algorithms select the most efficient delivery 
routes, reducing fuel costs and transit times. AI 
systems analyze traffic patterns, road conditions, 
and weather forecasts to optimize delivery routes 
dynamically. 

Autonomous Vehicles and Drones: 
AI-powered autonomous trucks and drones are 
increasingly being used for last-mile delivery. 
Autonomous delivery systems reduce labor costs 
and improve delivery times. 

Predictive Maintenance: 
AI detects potential equipment failures in 
transportation systems, allowing for proactive 
maintenance. Machine learning models analyze 
sensor data from transportation assets to predict 
maintenance needs and prevent breakdowns. 

III. CHALLENGES OF AI IMPLEMENTATION 

IN SUPPLY CHAINS 

Despite the numerous benefits AI offers, its 
implementation presents several significant 
challenges that must be addressed for successful 
deployment. While AI has the potential to transform 
supply chain management by enhancing efficiency 
and responsiveness, the complexity of AI systems, 
data integration issues, high implementation costs, 
and workforce disruption create barriers to AI 
adoption. These challenges are particularly 
pronounced in global supply chains, where 
operations span multiple geographical locations, 
regulatory environments, and business cultures. 
Addressing these challenges requires a strategic 
approach, including investments in data 
infrastructure, employee training, and AI 
governance frameworks. 

A. Data Quality and Availability 

Data serves as the foundation of AI in supply 
chain management. AI models rely on large 
volumes of structured and unstructured data to 
generate insights and make predictions. However, 
many companies face significant challenges related 
to data quality, consistency, and availability, which 
can limit the accuracy and effectiveness of AI 
models. 

Data Fragmentation and Silos 
Supply chains typically involve multiple 
stakeholders, including suppliers, manufacturers, 

logistics providers, and retailers. Each of these 
entities often operates its own data management 
systems, leading to data fragmentation and silos. 
Inconsistent data formats, incompatible software 
platforms, and lack of standardization across the 
supply chain network create challenges in data 
integration and consolidation (Christopher, 2016). 

For example, a manufacturer may store 
production data in an Enterprise Resource Planning 
(ERP) system, while logistics data is managed 
through a Transportation Management System 
(TMS). Without seamless data integration, AI 
models are unable to generate accurate insights or 
respond dynamically to market changes. 

Incomplete and Inaccurate Data 
AI models require high-quality data to generate 
reliable insights. Incomplete or inaccurate data can 
distort AI-driven forecasts and lead to poor 
decision-making. For instance, missing data on 
supplier lead times or incorrect customer demand 
forecasts can result in overproduction, increased 
inventory holding costs, and delivery delays (Chen 
et al., 2022). 

Additionally, human errors in data entry, 
outdated product catalogs, and inconsistencies in 
supplier performance reports contribute to data 
quality issues. Even minor errors in input data can 
cause AI models to produce flawed 
recommendations, affecting supply chain 
performance. 

Real-Time Data Processing and Latency Issues 
AI models are most effective when they can process 
real-time data and respond dynamically to changing 
supply chain conditions. However, many 
companies lack the infrastructure to capture and 
process real-time data. Legacy systems may not 
support real-time data exchange, resulting in 
latency issues and delayed responses to supply 
chain disruptions (Ivanov et al., 2019). 

For example, AI-driven demand forecasting 
systems need to adjust inventory levels and 
production schedules based on real-time market 
demand signals. Without real-time data processing 
capabilities, companies may experience stockouts 
or excess inventory. 

Data Privacy and Security 
Supply chain data includes sensitive information 
such as supplier contracts, customer data, financial 
transactions, and production schedules. Protecting 
this data from cyberattacks, data breaches, and 
unauthorized access is critical for maintaining trust 
and compliance with data privacy regulations. 

Regulations such as the General Data Protection 
Regulation (GDPR) in the European Union and the 
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California Consumer Privacy Act (CCPA) impose 
strict requirements on data collection, storage, and 
sharing. AI models that process customer data or 
financial transactions must comply with these 
regulations to avoid fines and reputational damage 
(Choi et al., 2021). 

Moreover, cloud-based AI platforms that store 
and process data remotely introduce additional 
security risks. Cyberattacks targeting cloud servers 
or data transfer networks can compromise sensitive 
supply chain data, leading to financial losses and 
operational disruptions. 

B. Cost and Complexity 

Implementing AI in supply chain management 
involves significant financial and operational 
challenges. The cost of AI deployment includes 
investments in hardware, software, data 
infrastructure, and skilled personnel. Smaller 
companies with limited budgets may struggle to 
justify the high costs of AI adoption, while larger 
companies face complexities in scaling AI solutions 
across global operations. 

High Initial Investment 
AI implementation requires significant capital 
investment in computing infrastructure, data 
storage, and AI software platforms. For example, 
machine learning models require high-
performance GPUs and large-scale cloud 
computing platforms to process complex datasets 
and generate insights. 

The cost of hiring data scientists, AI engineers, 
and machine learning experts further increases the 
financial burden on companies. According to 
McKinsey (2021), the cost of implementing AI-
driven supply chain solutions can range from 
$500,000 to $5 million, depending on the scale and 
complexity of the project. 

Customization and Integration Costs 
AI systems need to be customized to align with the 
specific operational models, market conditions, 
and business goals of each company. This involves 
adapting machine learning models to industry-
specific datasets, integrating AI platforms with 
existing ERP and logistics systems, and 
developing custom APIs for seamless data 
exchange. 

Integrating AI into legacy supply chain systems 
presents additional technical challenges. Many 
existing supply chain platforms were not designed 
to handle AI-driven automation, requiring costly 
upgrades and system modifications (Chen et al., 
2022). 

Maintenance and Monitoring Costs 
AI models require continuous monitoring and 
retraining to remain effective. Changes in market 
conditions, supplier performance, and customer 
demand necessitate regular updates to AI 
algorithms and model parameters. AI systems that 
are not properly maintained may produce outdated 
or incorrect insights, reducing operational 
efficiency. 

For instance, an AI-driven demand forecasting 
system may need to be retrained periodically to 
account for changes in customer preferences or 
seasonal demand variations. This requires ongoing 
investment in AI expertise and system maintenance. 

Cost of Failure and Downtime 
Incorrect AI-driven decisions can result in 
significant financial losses. For example, an AI 
model that predicts an increase in demand based 
on faulty data may lead to overproduction and 
increased holding costs. Conversely, 
underestimating demand may result in stockouts 
and lost sales. 

Additionally, AI system failures due to software 
bugs, data corruption, or system crashes can disrupt 
supply chain operations and lead to downtime. 
Companies need to develop contingency plans and 
backup systems to minimize the impact of AI 
failures. 

C. Ethical and Regulatory Concerns 

The use of AI in supply chain management 
raises important ethical and regulatory issues 
related to data privacy, algorithmic bias, and 
transparency. Companies must navigate complex 
legal and ethical frameworks to ensure that AI-
driven supply chain decisions are fair, unbiased, 
and compliant with regulatory standards. 

Algorithmic Bias 
AI models are trained on historical data, which 
may reflect existing biases and inequalities. If the 
training data contains biased patterns, AI models 
may reproduce or even amplify these biases in 
supply chain decisions. 

For example, an AI model used for supplier 
selection may favor certain suppliers based on past 
contracts or geographic location, reinforcing 
discrimination and limiting supplier diversity (Choi 
et al., 2021). 

Lack of Transparency and Explainability 
Many AI models, particularly deep learning 
systems, operate as "black boxes," meaning that the 
decision-making process is not easily explainable. 
This lack of transparency makes it difficult for 
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supply chain managers to understand how AI 
models generate insights and recommendations. 

Lack of explainability also complicates 
regulatory compliance and stakeholder 
communication. Companies may struggle to justify 
AI-driven decisions to regulators, customers, and 
business partners without clear explanations of the 
underlying AI models. 

Data Privacy and Ownership 
AI models that process customer data, supplier 
information, and financial transactions must 
comply with data protection regulations such as 
GDPR and CCPA. Companies need to establish 
clear data ownership policies and secure data-
sharing agreements with supply chain partners. 

Accountability and Liability 
Determining accountability for AI-driven supply 
chain failures remains a complex legal challenge. 
If an AI model recommends an unreliable supplier 
or causes shipment delays, it may not be clear 
whether the responsibility lies with the AI 
developer, the company, or the system operator. 

D. Workforce Disruption 

AI-driven automation has the potential to 
significantly alter workforce dynamics within 
supply chains. While AI can reduce costs and 
improve efficiency, it may also lead to job 
displacement and create resistance among 
employees. 

Job Loss and Role Changes 
Automation of supply chain processes, such as 
order processing, inventory tracking, and logistics 
management, may reduce the need for manual 
labor. Workers in operational roles may face job 
losses or be required to transition to new roles that 
involve overseeing AI-driven systems. 

Skill Gaps and Reskilling 
AI systems require human oversight and model 
tuning. Companies need to invest in reskilling and 
upskilling programs to train employees in AI and 
data analysis skills. 

Resistance to Change 
Employees may resist AI adoption due to fear of 
job loss and changes in workflow. Effective 
change management and employee engagement 
strategies are essential for successful AI adoption. 

Human-AI Collaboration 
AI is most effective when combined with human 
expertise. Companies need to design AI systems 
that enhance human decision-making rather than 
replace it. 

 

IV. FUTURE TRENDS IN AI AND SUPPLY 

CHAIN MANAGEMENT 

AI in supply chain management is expected to 
undergo significant evolution in the coming years 
as technological advancements in machine learning, 
automation, and big data continue to accelerate. The 
growing demand for supply chain efficiency, cost 
reduction, and resilience in the face of global 
disruptions is driving increased adoption of AI 
technologies. Future AI-driven supply chains will 
be characterized by increased automation, 
improved transparency, enhanced decision-making 
capabilities, and greater adaptability to market 
fluctuations. 

A. Autonomous Supply Chains 

AI and robotics are expected to drive the 
development of fully autonomous supply chains, 
where machines and intelligent systems handle 
most operational tasks with minimal human 
intervention. Autonomous supply chains aim to 
increase efficiency, reduce labor costs, and improve 
supply chain resilience by eliminating human error 
and improving decision-making accuracy. 

End-to-End Automation: 
AI and machine learning will automate entire 
supply chain processes, from order processing and 
inventory management to transportation and last-
mile delivery. Advanced robotics and AI-powered 
warehouse management systems will enable 
automated picking, packing, and sorting of 
products. Automated guided vehicles (AGVs) and 
drones will handle material movement and product 
delivery, further reducing the need for human 
intervention. 

Self-Learning Systems: 
AI systems with self-learning capabilities will 
continuously improve their decision-making 
processes by analyzing real-time data and 
feedback. For instance, machine learning models 
will adjust production schedules and delivery 
routes based on real-time demand fluctuations and 
transportation constraints. 

AI-Driven Decision-Making: 
Future supply chains will rely on AI-powered 
decision-making platforms that integrate data from 
multiple sources, including sales, production, and 
logistics. These platforms will provide real-time 
recommendations for managing disruptions, 
optimizing routes, and improving customer 
service. 

Dynamic Supply Chain Configuration: 
AI will enable supply chains to dynamically 
reconfigure themselves in response to changing 
market conditions. For example, AI models will 
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recommend alternative sourcing strategies, adjust 
inventory levels, and optimize delivery schedules 
based on real-time demand signals and geopolitical 
developments. 

B. Integration of Blockchain and AI 

The combination of blockchain and AI is 
expected to enhance supply chain transparency, 
security, and traceability. Blockchain technology 
provides an immutable record of supply chain 
transactions, while AI analyzes this data to improve 
decision-making and operational efficiency. 

Enhanced Transparency: 
Blockchain enables secure and transparent record-
keeping of supply chain transactions, reducing the 
risk of fraud and improving traceability. AI can 
analyze blockchain data to identify inefficiencies 
and recommend process improvements. For 
example, AI can identify delays in the supply 
chain and suggest alternative suppliers or delivery 
routes. 

Smart Contracts: 
AI-powered smart contracts will automatically 
enforce contractual agreements based on 
predefined conditions. For example, AI models 
will track delivery performance, product quality, 
and payment schedules to ensure compliance with 
contract terms. Smart contracts will enable faster 
and more secure payment processing, reducing 
administrative costs. 

Fraud Detection and Security: 
AI models can analyze blockchain data to detect 
unusual patterns or anomalies indicative of 
fraudulent activity. Machine learning algorithms 
will identify inconsistencies in product sourcing, 
shipping records, and supplier performance, 
enabling companies to prevent fraud and improve 
supply chain security. 

ImprovedTraceability: 
Blockchain and AI will enable companies to track 
products from raw materials to final delivery, 
ensuring product authenticity and compliance with 
quality standards. AI models will analyze 
blockchain data to identify bottlenecks, improve 
product traceability, and reduce counterfeiting 
risks. 

C. Cognitive Supply Chains 

Cognitive AI refers to AI systems that simulate 
human thought processes, enabling them to 
understand natural language, reason, and make 
complex decisions. Cognitive supply chains will 
combine machine learning, natural language 
processing, and advanced data analytics to create 
intelligent supply chain ecosystems. 

Natural Language Processing (NLP): 
AI-powered systems with NLP capabilities will 
enable supply chain managers to interact with AI 
systems using natural language. For example, 
managers can ask AI systems to generate reports, 
analyze market trends, or recommend supply chain 
strategies using spoken or written commands. 

Context-Aware Decision-Making: 
Cognitive AI systems will analyze market 
conditions, customer behavior, and supply chain 
disruptions in real time to make context-aware 
decisions. AI models will assess the impact of 
market trends, geopolitical events, and 
environmental factors on supply chain 
performance, enabling proactive adjustments. 

Adaptive Learning: 
Cognitive AI systems will continuously learn from 
new data and experiences, improving their 
decision-making capabilities over time. Machine 
learning models will adapt to changing market 
conditions and customer preferences, ensuring that 
supply chain strategies remain effective and 
relevant. 

Scenario Planning and Simulation: 
Cognitive AI will enable supply chain managers to 
model different disruption scenarios and evaluate 
their potential impact on supply chain 
performance. AI models will recommend 
contingency plans and suggest mitigation 
strategies to reduce the impact of supply chain 
disruptions. 

D. AI in Sustainable Supply Chains 

Sustainability is becoming a top priority for 
supply chain managers as companies face 
increasing pressure from regulators, customers, and 
stakeholders to reduce their environmental 
footprint. AI has the potential to make supply 
chains more sustainable by optimizing energy 
consumption, reducing waste, and improving 
resource efficiency. 

Carbon Footprint Monitoring: 
AI will enable companies to monitor their carbon 
emissions and identify opportunities to reduce 
their environmental impact. Machine learning 
models will analyze data on energy consumption, 
transportation emissions, and production waste to 
recommend strategies for improving sustainability. 

Green Logistics: 
AI-powered route optimization models will 
minimize fuel consumption and emissions by 
selecting the most efficient delivery routes. AI 
models will also identify opportunities to shift to 
more sustainable transportation modes, such as 
electric vehicles or rail transport. 
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Waste Reduction: 
AI will help companies reduce waste by improving 
production planning and inventory management. 
Machine learning algorithms will predict product 
demand more accurately, reducing the risk of 
overproduction and excess inventory. 

Circular Supply Chains: 
AI will support the development of circular supply 
chains, where materials are reused, recycled, and 
repurposed to minimize waste. AI models will 
analyze product life cycles and recommend 
strategies for improving product design, material 
sourcing, and end-of-life recycling. 

V. CONCLUSION 

The integration of AI into supply chain 
management represents a transformative shift, 
offering enhanced efficiency, responsiveness, and 
resilience. AI-driven solutions in demand 
forecasting, inventory management, logistics, and 
supplier management are helping companies reduce 
costs, improve service levels, and increase 
operational agility. However, successful AI 
adoption requires addressing challenges related to 
data quality, cost, ethical considerations, and 
workforce impact. 

AI-driven demand forecasting enables 
companies to predict customer demand more 
accurately, reduce stockouts and overstocks, and 
improve customer satisfaction. AI-powered 
inventory management systems optimize storage, 
replenishment, and picking processes, reducing 
operational costs and improving order fulfillment 
rates. AI-enhanced supplier relationship 
management enables companies to assess supplier 
performance, negotiate better contracts, and 
mitigate supply chain risks. AI-powered logistics 
and transportation systems improve route planning, 
reduce fuel consumption, and enable faster and 
more reliable deliveries. 

Despite these benefits, AI adoption in supply 
chains presents significant challenges. Data 
fragmentation, incomplete data, and inconsistent 
reporting standards reduce the accuracy of AI 
models. High implementation costs and ongoing 
maintenance expenses create financial barriers for 
smaller companies. Ethical and regulatory 
concerns, including algorithmic bias and data 
privacy, require companies to implement robust AI 
governance frameworks. Workforce disruption 
caused by AI automation necessitates employee 
reskilling and training programs to ensure a smooth 
transition to AI-driven supply chains. 

The future of AI in supply chain management 
lies in autonomous supply chains, AI-blockchain 

integration, cognitive AI systems, and sustainable 
supply chain models. Autonomous supply chains 
will automate end-to-end supply chain operations, 
reducing human intervention and increasing 
operational efficiency. AI-blockchain integration 
will enhance supply chain transparency, security, 
and traceability. Cognitive AI systems will enable 
context-aware decision-making and adaptive 
learning, improving supply chain responsiveness. 
AI-powered sustainable supply chains will reduce 
carbon emissions, minimize waste, and promote 
circular economy practices. 

Companies that strategically invest in AI and 
develop the necessary digital capabilities will be 
well-positioned to navigate the complexities of 
modern supply chains and gain a competitive 
advantage in the global market. AI-driven supply 
chains will enhance customer satisfaction, reduce 
costs, and improve overall operational 
performance, positioning companies for long-term 
success in an increasingly competitive and dynamic 
business environment. 
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