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1. Introduction

In the retail sector, organizations grapple with tens of thousands, if not millions, of
orders, which are increasingly submitted online and require shipping to be completed
within a few days. As demand grows, many organizations will resort to automating
processing workflows. This essay shines a light on how artificial intelligence, or Al in
particular, can support this automation in relation to such order fulfillment processing.
It first provides a better understanding of the term order fulfillment, encompassing
concepts such as processing, automated fulfillment, and more. The essay further delves
into some drafts of employing AI specifically, including the present enhanced
distribution center workflow. The essay finally details some advanced means of how the
retail sector can benefit from integrating Al capabilities specifically into supply chain

operations for their own fulfillment and distribution needs.

Order fulfillment refers to the handling of sales order processing, or simply, 'order
processing.' This is a sequential task that is divided into three main stages. Upon an
order being made, a customer’s order is validated, followed by the picking and
packaging of requested products prior to the coordination of the picked goods with a
package delivery service provider. Automated solutions for these stages can increase the
speed of processing while reducing errors and thus the number of customers requiring
their intent processed subsequent to staff intervention. Yet, while order processing can
now be almost completely conducted without human intervention, shopping is still
dependent on customers, and perfect prediction of customer demand is impossible.
Supply chain work, too, is still constantly evolving, as this sector looks to keep pace with
similar advances in the retail arena. Trends include the changing location of warehouses

to better manage expected delivery speed to inbound carriers and determine demand,
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and the expansion of air express operations. However, the improvement of shipping
services is also being implored so that even shorter delivery times or same-day delivery
to specific areas is possible, making it the norm for direct-to-consumer independently of
carrier and operational choices. Thus, it can be observed that it is essential for
organizations to invest in the continual development and research of Al capabilities for
enhanced independent order fulfillment operations. In addition, the target of research
has evolved from retail delivery to more advanced subsystems such as logistics and

supply chain administration.

1.1. Background and Significance

Retail supply chains have, in the past, been fraught with the challenges of speed, cost,
accuracy, capital shortages, unnecessary inventory mismanagement, among others. All
these challenges were inherited from a lack of robust systems of automation and
efficient decision-making tools. Historically, very little has been done to automate the
order picking and delivery process; up to 65% of warehouses worldwide still use
manual labor. The latest technological advancements are, however, destined to change
the nature of work for a warehouse employee or an order picker. Customers have also
exhibited a trend of consolidating orders over an interval of days to save on shipping
costs. Delivery is now expected to be much faster, with static customers waiting no
longer than 2 days for an order to be fulfilled. While same-day delivery is slowly
becoming an expectation, it is still the minority. If an order arrives when the consumer is
present, e-commerce customers want the order filled and the items picked from

inventory within an hour of ordering.

Profound developments in artificial intelligence have shown that the robotics field offers
capable robots able to perform the retaking function; autonomous robots are now being
developed commercially. This potential technology stands to be the game changer in
warehouse logistics operations. The advent of e-commerce on a large commercial scale
means that many more small orders need to be fulfilled. Moreover, with globalization,
popular goods can sell out very quickly, and the closest storage warehouse can then
fulfill the next order, even if the time between orders is only a few seconds. Retail chains
aim to personalize order fulfillment and reduce the amount of stock carried in retail
warehouses. Al, in general, and robots, in particular, are needed to schedule stock

retrieval tasks to suit customer order deadlines. The impact of Al on their scheduling
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and operation is discussed in the next paragraph. The rapid evolution towards e-
commerce has occurred with a trend from company e-commerce websites to multi-firm
platform-based e-commerce systems. These large internet-based trading platforms
coordinate the selling and forwarding of small to very large items and add their
percentage fee to the sale. Conversely, the consumer can use just one website to buy
from a variety of sellers. Profit is made from gaining a percentage of the product sale as

well as, in some warehouses, taking shipping and handling costs.

2. AI Applications in Retail Supply Chain

Al can be used at various operational levels to facilitate cost savings, optimize work,
increase processing speeds, and enhance error detection and correction, simply by
integrating relevant systems. Retail sales are no exception; in fact, as many retailers are
also engaged in e-commerce, the capabilities of Al are being actively implemented for
automated order processing and user interaction. Their modern supply chains involve

several Al capabilities engaged at various levels.

Each order placed through an online sale is called a manual order. Order processing is
one of the most challenging supply chain processes. Once the user pays online, a series
of processes are adopted to deliver the product to the user as soon as possible. Many Al-
based approaches are being developed for online order fulfillment automation in the
retail sector. Al technologies are used to reduce different forms of errors and to optimize
work processes. Once the user places the order, the user request is processed, and Al
systems look at processing the order, inventory replenishment, and using logistics for
preparing packages for shipment. These processes help in making order processing fast
and with very little manual intervention. In many recent developments, Al is connected
directly to the user to understand their behavior and preferences. An anticipated order is
called the forecasted order, and on that premise, inventory might be replenished using

Al approaches like deep learning and time series analysis.

2.1. Inventory Management

Retailers benefit from Al as part of inventory management functions in their supply
chain. Some use real-time Al systems that balance supply and demand over time and
manage inventory levels based on customer requirements. Such systems help correlate

buyer demand fluctuations and inventory. Knowing what is in stock at any given time is
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critical. Otherwise, it becomes difficult to accurately commit to delivery dates when you

cannot predict lead times.

Predictive analytics enable retailers to use data and make informed inventory decisions
downstream to keep production and inventory levels in line with sales estimates for
continuous sales, seasonal peaks, and promotions. While an inventory management Al
algorithm does not usually suggest order quantities because the integration of reorder
points and order quantities into a company's stock management system is complicated,
the system can provide recommended order dates to assist in automating the
replenishment cycle. Automated systems such as this help organizations save time on
manual processes, minimize shipping costs, reduce excess and liquidation items, and
enhance purchasing and inventory selling. The schedule for inventory replacement is
crucial since a gap in the supply chain can lead to order fulfillment issues. Apps use Al
to recommend shifts in supply volume during parts of the day when drivers are most
required. Manufacturing uses the IoT and Al-based system to establish when it will
need to order sections of its manufacturing process. Currently, most buying habits are
guided by AI algorithms' purchasing recommendations, further decreasing the number

of people who need to be involved in the decision.

2.2. Demand Forecasting

Accurate forecasts are the cornerstone of any good inventory management strategy. As
such, demand forecasting is one of the most crucial functions for any retailer. In a retail
setting, the use of AI and machine learning tools such as sophisticated regression,
classification, and clustering algorithms changes the game of demand forecasting. They
are able to take historical sales data and construct models that are able to forecast future
sales with a very high degree of accuracy. These methods are able to aptly predict a
large array of relevant questions, spanning from basket type prediction to customer
lifetime value and a customer’s next purchase prediction. Traditional methods, which
typically treat time series as a linear combination of past demand, hold built-in

limitations, whereas machine learning models do not.

Some of the key machine learning techniques that are being employed by retailers to
enhance forecast models include: ¢ Random Forests ® XGBoost ® LSTM networks for
univariate or multivariate time series forecasting e State-Space models. Accurate

demand forecasts can lead to a number of competitive advantages over traditional
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supply chain strategies. For industry-leading retailers with the capacity to better predict
demand, there is the opportunity to better align inventory with customer demand.
Eliminating stockouts for products that are in high demand can help supermarkets
prevent lost sales and competitor substitution. Moreover, it can help prevent overstock
positioning of products that are forecast to be low in demand, freeing up working
capital and reducing the amount of waste. Order management strategies regarding how
often and when to replenish stock-keeping units within an e-commerce environment can
also be optimized to reflect machine learning forecasts. Under a lean inventory
management strategy, Al can be utilized for predictive pre-allocation optimization,
where orders are automatically directed in such a way that maximizes perfect orders

fulfilled by directing stock to the location that is most likely to be bought from.

3. Machine Learning Techniques for Order Fulfillment

To ensure the efficacy and efficiency of order fulfillment processes in retail, a range of
machine learning techniques can be applied, depending on the specific aspects of
fulfillment that manufacturing and retail companies seek to optimize. Decision tree and
decision forest algorithms, neural networks, and assorted ensemble machine learning
techniques are particularly effective in the classification and prediction of data, which
are important aspects of supply chain operations. If decision trees, k-nearest neighbors
algorithms, clustering techniques, neural networks, and other machine learning
predictive techniques are to be employed for the purposes of order fulfillment, a
taxonomy of the retail order fulfillment problem, or taxonomy of problems, must be
identified to associate these techniques with each challenge. This paper focuses on the
application of machine learning techniques in two areas of sales order fulfillment: how
to classify and analyze sales order related data, and how machine learning can be used
to optimize part of the retail order fulfillment system. Specifically, classification
techniques approximate human decision-making abilities, helping to categorize sales
orders and make decisions about urgency and how orders should be handled, picked,
packed, and shipped. Clustering approaches can also improve distribution centers by
organizing items based on inventory flow patterns and reducing the requirement for

workers to travel long distances when picking items from inventory.
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3.1. Classification Algorithms

3. AT METHODS FOR ORDER FULFILLMENT 3.1. Classification Algorithms Once we
have introduced some of the most common challenges related to the area of order
fulfillment, we now have to ask: How can we effectively leverage Al to address the
capabilities needed for successful fulfillment? A key consideration is to view
classification methods as the foundation of the order fulfillment algorithms. In this
approach, we take multiple orders and categorize them into bins or shipping containers
based on predetermined criteria. The most common criterion is arguably delivery time,
where we can distinguish between quick orders and slow orders. Another equally
important criterion that could potentially be mixed with the previous one is the relative
importance of the order. On one hand, quick orders are delivered in a timely fashion,
while slow orders are held for a few days. This way, we have a buffer period where we
can accumulate the slow orders and ship them all at once. Hence, automated initial
sorting into bins with predetermined expiry periods can increase the processing
efficiency of relatively high-volume order channels. Additionally, quick sorting might
take into account the content and prefer one quick channel over another; however, if
there is not a perfect match, it will still place it in the slow channel. At the core of any
intelligent AI method is a classification algorithm that can consider the complete order
context and result in an appropriate classification. Predictive models or even heuristics
can also help guide the selection of the best channel. To create more robust algorithms,
the data must contain thousands, if not millions, of examples for training, as the range of
customer behavior is likely not static. The case study of sorting into a small scale—high
level of 3 bins—can create the possibility of orders without payment from people who
could have done so to achieve just-in-time delivery. Successful retail channels must be
able to fulfill orders on about the same timescale that the orders come in from
customers. Finally, dynamic updates of channels can be an order fulfillment contingency
management strategy for handling service bottlenecks. Order classification tools are the
cornerstone for the design and deployment of automated order fulfillment processes in
modern retail. These methods are integrated into a broader personalized retailing
framework to prioritize orders based on customer delivery needs, store/device, and the
entire supply chain response potential. The key is being able to classify and thereby treat
distinguishable customer needs while ensuring that regular patterns have robustness

against any temporary service disruption that can occur.

Blockchain Technology and Distributed Systems
Volume 4 Issue 2
Semi Annual Edition | Jul - Dec, 2024
This work is licensed under CC BY-NC-SA 4.0.

31


https://thesciencebrigade.com/btds/?utm_source=ArticleHeader&utm_medium=PDF
https://thesciencebrigade.com/btds/?utm_source=ArticleHeader&utm_medium=PDF

Blockchain Technology and Distributed Systems
The Science Brigade Publishers

3.2. Clustering Methods

3.2.1 Introduction Order data are immense, and sometimes it is difficult to understand
the hidden information, patterns, or trends due to the possibility of a massive flow of
data in an unstructured format. In e-commerce, clustering can be an excellent technique
to group customer orders, while in warehousing, inventory items can be grouped on the
basis of customer job sets for efficient handling. In data analysis, clustering is a task that
is used to determine the similarity of one data point with other data points based on the
features available in the data. The same concept can also be used to group unlabeled
data into different sets based on its features or unique characteristics. In logistics
operations, the problems of clustering must be addressed to define proper locations for

inventory and structured jobs.

3.2.2 Clustering in Order Fulfillment Clustering and routing techniques can enhance
warehouse organization. Essential benefits of clustering include minimizing the
distances pallets need to move. Using a warehouse site as a case study demonstrates that
applying clustering and allocating storage positions to different materials can afford
significant savings in pallet movement. A clustering algorithm that employs a
hierarchical approach features are initially produced before being distributed among
machines for further processing. It is discovered that a large percentage of the process
characteristics are assembled in one group in a multi-machine system. Assessments of
the effect of combining a scheduling algorithm and a clustering method demonstrate
that by utilizing pre-established machine architectures, cost-effective, high-performance

production systems can be manufactured.

4. Case Studies and Success Stories

Leveraging Al for Automated Order Fulfillment: Case Studies and Success Stories

Case Study 1: Stitch Fix Utilizes Al to Streamline Inventory Management and Optimize
Fulfillment Operations

Stitch Fix is an online personal styling and shopping application that allows consumers
to receive personalized fashion recommendations. They have implemented artificial
intelligence into their operations to automate some fulfillment processes. They created
algorithms to manage inventory and streamline their supply chain. This automates the

need for a human employee to keep track of these metrics. They have also completed a
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pilot project that uses Al to reduce processing time. Instead of reviewing an order for
items to pull, the Stitch Fix warehouse operates more like an in-store shopper that in 12
to 15 minutes can handle a batch of new orders for the day. If successful, the waiting
stack of digital customer orders that have popped up overnight, and are coming from
the recommendation service, is essentially gone by the time the remaining 500 people on

the floor at Stitch Fix start their shifts at three separate daily times.

Case Study 2: Amazon Uses Al to Improve Forecasting for Their Inventory Management

Department

Amazon's Robotics division has been doing some interesting work to speed up the
development of machine learning algorithms related to fulfillment: they will use ML
forecasting to come up with some hypotheses, then verify these using controlled trials.
These experiments can be done across a number of factors, such as quantity per wave,
time per wave, the inventory locations allocation for a wave, and they can iterate on the
most performant recipe. This agile approach will help to push the state of the art in
forecasting. For Amazon, the company that has killed more malls than anyone, how it
can pack through e-commerce worth of jet engines, diapers, and many others like
fulfilling large orders is no longer a learning process that robotics can skip. Whether big
e-tail or traditional retailer, they all leverage machine learning to make fulfillment

enticingly easy.

4.1. Amazon's Use of Al in Fulfillment

Amazon is a pioneering retailer heavily investing in Al for order fulfillment. They
directly make use of AI for streamlining their supply chain and logistics procedures.
Amazon fulfillment centers feature several Al and non-Al automation systems and
subsystems that move, store, and transport inventory. For high-throughput storage
volume, Amazon deploys massive cubic-meter-scale robot-based drive units that can
move at velocities faster than 7 m/s and can direct merchandise scaled to the system’s
demand points for high-speed queue-based order consolidation. It leverages a major
two-level storage system, shrink-wrapped co-mingled inventory, and an Al-based item
group picking procedure. The Al-based packing cells feature commercial off-the-shelf
pick and place systems. Payloads range from only a few ounces to over 30 pounds,

going to totes well over 300 pounds in some instances.
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Numerically speaking, Amazon robotics systems alone have been scaled to tens of
millions of slots, tens of thousands of concurrently operating robots, and handling
multiple orders requiring over 60 items in under 15 minutes. Standard operating
procedures are updated continuously by field artificial intelligence and operations
research teams who specify placement order and input quality normative aspects at the
front of the system. The continual feedback process includes considerable research into
prediction improvements and consequent policy changes using meta-heuristics, time-
dependent analysis, and machine learning models all linked to item and tote level
features. Results: empirical data show an OOS associated with a 3x more time-
consuming process, causing a 54% increase in the propensity for purchasers to

completely abandon a shopping cart.

5. Challenges and Future Directions

The digital transformation for order fulfillment in retail with the help of AI technologies
certainly involves a number of difficulties. The interplay between supply chain and
retail functions includes the challenge of using joint Al demand forecasting based on
point of sales and market indicators interconnecting the retailers and their suppliers. The
implementation of Al technologies poses a number of challenges: (1) technical
challenges with regard to data quality, scalability, and interoperability; (2) ethical, legal,
and social challenges related to data privacy, responsibility, and work; (3) logistical
challenges related to whether compelling quality data sources for Al systems in the

retail sector can be identified.

Privacy and data protection are rarely addressed but prohibit the combination of
checkout and loyalty card data applied in Al for the evaluation of retailing strategies.
Recent data protection laws add rules against automated decision-making and profiling,
limitations of data processing, clear consent for data use, and process transparency.
Source data of Al systems have to be reliable, secure, comprehensive, fast, always
available, and compliant with legal requirements. Implementing AI for logistics
management in the area of order-to-cash processes might have to tackle the 'software is
not trusted' syndrome. There might also be resistance within organizations when
revamping systems and procedures based on new Al technologies. Manufacturing-
related AI technologies outside of order fulfillment in retail, such as predictive

maintenance or image recognition, have shown potential. Al can enhance customer
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personalization and take real-time demand data through the value chain to facilitate
efficient order fulfillment processes. The synergy needs to be researched further to
understand how best to apply it in retail and achieve combined benefits. It is important
to continuously evaluate and improve the Al system. If ratings of the user decline, the
Al system must be further improved, and additional care taken to ensure the next
product recommendations are not just based on past preferences but also on automated

evaluation of user feedback.

6. Conclusion

Many industries in the field of retail supply chain management have been presented
with the new opportunities Al can offer them. AI massively improves efficiency, speed
and the ability to scale in automated processes within order fulfillment. Its algorithms
have the ability to be trained on one aspect of the supply chain and then once mastered,
can be immediately applied for improvement elsewhere. Al provides solutions that can
ingest and process all the information necessary for e-fulfilment processes and can
instantly present decision-rendering implications. Without this technology, companies
have faced the difficulty of often having disparate systems which may not communicate
fully or openly with one another, and thus are not able to give the full picture of the
supply chain. AI technologies offer this bridging potential between multi-informational
silos. This has shown and reviewed how automated approaches that utilize AI are
beginning to revolutionize the retail space. This is outlined through exploring two case
studies and how AI implementation has improved their automated processes. In
addition, it has offered wider strategies and options for implementing an Al approach to
process automation within wider industry practices. Finally, it has also given companies
pause for thought. Although Al is set to make monumental shifts in the automation
space in the next 5 years, companies naturally feel an inward hesitancy and skepticism
towards Al application as a whole. This seeks to answer many of these questions and
show how these obstacles can be overcome, and why—to keep up with Al growth—
organizations will have to evolve. In adopting Al to improve efficiency, companies are
looking to grow and scale affordably. After all, since research in this space is fast
emerging, this is the sleeping giants’ story. Al technologies continue to break boundaries
in relation to the up and coming retail sector, and together with research findings, the

path forward is wide and bright.
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