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Search and ML Clustering – AI and Machine Learning 

Teronix Online is a business to consumer online chain that sells both consumer focused electronics and general household commodities to its customers. They do import and export some products to a few selected markets in Europe and the Americas (North and South). Over the last few years, they have become inundated by requests for their respective products and are dire need of expert assistance.
You have been asked to appraise Teronix Foods by its Chief Executive Officer (CEO) and to deliver a report that demonstrates the viability of deploying Artificial Intelligence (AI) and machine learning (ML) techniques for better understanding the types of data currently held by Teronix. As a result of this a dataset previously created by a former consultant to Teronix has been forwarded and it is hoped that this can be clearly explained to senior management of this company. 

1.0 ABSTRACT

Ever since the pandemic COVID-19 happened, there has been a shift in the use of artificial intelligence and machine learning as a part of online supermarket shopping. Multiple supermarket businesses worldwide have shifted their physical stores to online marketplaces so that there is a sense of sustenance within the business. Subsequently for this to be a possibility, artificial intelligence and machine learning had to be incorporated as a part of a new technology and software. As AI uses logic and mathematical theories to deduct reasoning, decision making and gather information, ML, in terms is a subset application of AI. Through the use of this technology, a new method of grocery shopping is introduced to the society where personalised recommendations, offerings and promotions are suggested for each individual customer. 

Undoubtedly, by implementing AI/ML algorithms to gather data and analyse data in different areas relevant to the supermarket sector, it has benefitted both the business and customers. Studies have shown that it has indeed provided improvements in the overall operational efficiency and has enhanced customer experience and increased the businesses revenue. Nevertheless, implementing AI/ML does have potential disadvantages that could jeopardise the business. It is essential that the supermarket provides and addresses these detriments so that the provided is highly effective and ethical for both the business and customers.  


2.0 INTRODUCTION 

Multiple studies have shown that artificial intelligence (AI) and machine learning (ML) are two greatly used technology tools used within the supermarket sector. It grants leverage within the sector by providing available consumer data as well as product information in order to accelerate growth of the business [1]. With that being said, artificial intelligence is the capability of a computer system to successfully mimic human cognitive functions, for example, problem solving skills, learning and more. By using AI, it uses logic and mathematical theories to deduct reasoning, decision making and gain information [2]. Machine learning, on the other hand, is a subset application of AI. It is ultimately the process of using mathematical models of data so that the computer system has a way of learning without any direct instruction. This benefits a computer system as it is capable of learning and improving continuously without any guidance [2]. AI and ML are interlinked as a computer system uses AI to think like a human and thus, perform tasks by itself whilst ML develops the intelligence within the computer system. 

In terms of the role of AI/ML within the supermarket factor, AI helps shoppers to search exactly what they are looking for in a completely automated way. It performs functions beyond human capability and access, such as gathering and analysing a considerable amount of data to predict issues and results correctly [1]. ML, on the contrary, considers limitless historical data and findings, thus developing patterns and trends to produce more accurate predictions. Consequently, by implementing both AI in ML, it has changed the fundamentals of retail operations by allowing machines to understand, think and execute necessary operations in a human manner. By introducing a new method of grocery shopping experience through personalised recommendations, offerings, and promotions, it has created a further deeper trust with the customer. With this, it boosts growth of businesses in a less expected tenure and thus, strengthens customer relations too. It overcomes any major threats and challenges as AI/ML gathers customer data and product information, and thus analyses the information and increases its capabilities. 


3.0 LITERATURE REVIEW  
a) Define the role of AI/ ML in the supermarket sector and to highlight the forms of data collection processes required for better understanding data types held by Teronix
The rise of involving artificial intelligence and machine learning as a part of supermarket shopping started when the pandemic COVID-19 rose which physically paralysed daily grocery shopping worldwide. Studies have shown that the pandemic had a huge part in shaping the supermarkets of future. Multiple supermarket businesses around the world shifted their physical stores to online marketplaces in order to sustain their presence during the pandemic [1]. As panic buying was a critical issue that everyone faced worldwide, supermarkets had to find a way to accommodate to delivery and pickup options in order to avoid panic buying as well avoiding any disruption to supply chains [3]. Studies have shown that ever since the rise of the pandemic, online grocery shopping has become adaptive since the advancement since. Predictions have also shown that society will continue to use this innovation as the applications provide more personalised options and is hassle-free [1]. Nonetheless, it goes without saying that the rise of digital grocery shopping has increased the competition amongst grocery retailers, hence only businesses with advanced machine learning grocery solutions has the ability to lead the market [1] [3]. 
In order to have a successful impact using artificial intelligence and machine learning for online supermarket shopping is collecting data where algorithms are created. Some of the common areas where AI and ML are used in supermarket sectors are personalised marketing, fraud detection, supply chain optimisation and more importantly, inventory management [3]. For personalised marketing, a digital shopping list generated by artificial intelligence catalogue creates algorithms using machine learning to analyse a customer’s past purchases along with demographic information such as location and time of purchase as well as search queries. By collecting this data, it enhances a customer’s online shopping as AI and ML tailors their specific preferences and needs for personalised marketing offers, advertisements and recommendations [4]. Additionally, fraud detection gathers AI/ML algorithms that analyses transaction data so that it has the ability to detect unusual patterns of behaviour such as fraudulent activities. By having this tool, it can alert the store’s management so that further action can be taken and avoided in the future. Supply chain optimisation, on other hand, analyses the supply chain data to optimise further routes and reduce transportation costs [4] [5] . This is crucial as it ensures that products are being delivered to the supermarkets within time, and how it can reduce food waste. This area heavily links to inventory management as AI/ML algorithms analyses sale data, optimise the inventory levels as well as predict demand patterns. This ensures the supermarket shelves are stocked with the right products by ordering the right number of demanding products needed [5]. 
Henceforth, the forms of data collection processes required for better understanding of data types held by Teronix are customer data, supply chain data, point of sale (POS) data as well as social media data. Customer data is one of the most important needed to collect as it helps businesses to understand customer’s behaviour including preferences. These data can be collected through various sources such as online shopping on the supermarket apps, mobile apps and loyalty programs. Supply chain data focuses on gathering information about suppliers used for the specific supermarket, as well as delivery timings and shipping routes [5]. By collecting this data, it can be used to optimise supply chain operations, reduce the costs and reduce fuel waste. Furthermore, POS data is collected at the time of the purchase which includes the product type, price, quantity bought and other additional transaction details. As a result of collecting this information, this data will then be used to track sale trends and improve the customer’s preferences and product recommendation [5]. Lastly, social media data provides further insight on the customer’s search engine and preferences. Data gathered for this area is used to improve marketing strategies as well as product development. 
b) Discuss the various forms of data the company needs to evaluate.
Based on the studies published regarding the role of AI/ML in the supermarket sector, supermarkets can leverage various forms of AI/ML data to gain valuable insights as well as optimise the whole operation. For example, by evaluating the overall sales data, the company will gain a better understanding of products that customers frequently purchase – purchase patterns, revenue trends and the demand for a variety of specific products [5]. This collected data will further help the company to forecast sales, improve pricing strategies and optimise inventory levels. Furthermore, by incorporating AI/ML algorithms to analyse customer’s data such as their purchase history, demographics and additional program participation solely based on a specific supermarket branch, it can produce personalise marketing campaigns, thus improving overall customer’s experience [6, 5]. 
Additionally, by analysing customer data and sales data, it simultaneously reflects on inventory data. When AI/ML are incorporated into the supermarket sector, the algorithms that are produced helps to analyse all the inventory data whereby it optimises stock levels. Not only that, but it essentially helps to reduce waste and improve the freshness of products [5, 6]. For example, the algorithms have the ability to predict and adjust demands based on the inventory levels accordingly so that overstock and stock outs of products are prevented. Henceforth, this reduces waste in the long run, thus benefitting the environment. Similarly, by evaluating supply chain data through the use of AI/ML algorithms, it can analyse all data related to transportation and distribution of products [7, 5]. This is beneficial for both the business and suppliers as it reduces the costs of unnecessary shipment and enhances the distribution logistics. 
Furthermore, not only does AI/ML algorithms benefit the supermarket through customer, supply and inventory data, but it is highly useful to interpret competitive data against other supermarket businesses and the overall marketing aspect of it. AI/ML algorithms can investigate and provide comparison amongst businesses in the supermarket sector [5]. By having this information, it helps the business to recognise current market trends, competitor’s pricing and marketing strategies. It gives an insight of what improvements can be put in place for the business so that it attracts more customers, increase customer acquisition with customer engagement and produce a better revenue. 
c) Appraise the tools and applications available to the company then offer valid recommendations for implementation. 
As a result of implementing artificial intelligence and machine learning into the supermarket sector, it does bring numerous advantages for both the business and customers. When the pandemic happened, and grocery shopping went digital, there has been an overall improvement in customer experience. AI/ML algorithms have tremendously provided personalised recommendations and offers to customers based on their past purchases, search history, preferences as well as demographics [8] [5]. Patterns of their purchases and how often it was purchased have influenced the algorithms and recommendations based on these data. It has ultimately enhanced customer’s satisfaction when purchasing their groceries online, thus achieving the sense of loyalty from the customers too. Not only does AI/ML provide efficacy for the customers, but it has shown to increase the efficiency for supermarkets similarly. The algorithms help to develop inventory levels as well as reduce waste from unused and expired products, hence increasing the overall efficiency and reducing the costs for overbuying any products [4] [5]. This is only possible as AI/ML algorithms have the ability to make better decision making by analysing large amounts of data so that it can provide valuable insights and predictions for the business [5] [8]. By doing so, studies have shown that it improves the operational performance and productivity. These algorithms also help to automate repetitive tasks such as data analysis, inventory management and more, thus allowing employees in the business to focus on other tasks [7]. 
Nonetheless, even though the implementation of AI/ML has benefitted the supermarket sector tremendously, there are various disadvantages that comes with it. One of the biggest detriments is the high implementation costs [9]. When AI/ML systems are implemented, it can be fairly expensive, thus supermarkets need a side revenue or invest in new software, hardware and even staff training to make this new modern technology possible [5]. It can take time to incorporate the software into the business and introducing it to the staff as well. Once AI/ML has been implemented into the business, it can create a sense of reliance on the technology and system [10]. This has a ripple effect as it commonly lead to a loss of human expertise, job loss and personal decision-making. Focusing on decision-making, a few studies have shown that AI/ML algorithms can be biased in terms of the data collected, whether it was biased in the first place or not. This may result in discriminatory practices as well as unfair treatment to certain group of staff and even the customers. More importantly, software and technologies can experience technical difficulties such as bugs and errors, hence it could affect the algorithms, leading to incorrect predictions and decisions [4] [10]. If the issue takes time to resolve, and customers are not able to use the application for their grocery shopping, loyal customers could be lost, and an increase of competition can occur due to the loss of customers. Similarly, studies have shown that there are data privacy concerns. In order for algorithms to be produced, customer data are collected and analysed. Hence, this means that supermarkets need to ensure that they have data protection regulations so that it protects customer data from unauthorised access [5] [10]. 
Even though implementing artificial intelligence and machine learning has provided a variety of benefits within the supermarket sector, it is very important for companies to address and consider any potential disadvantages that could harm the business and customers. The technology and software implemented needs to be highly effective and ethical at the same time for both the user and business. 


4.0 METHODS

Steps taken to analyse the dataset:

Excel Reader
1. This node reads a single or multiple files simultaneously, however it only reads one sheet per file.  
2. The Excel Reader is split into two different readers as seen on Figure 2 below, where the first data set represents data collected within 2009 to 2010, and the other data set consists of data within 2010 to 2011. 
3. The reason behind this is to accurately read the data presented, thus as the reader only reads one sheet per excel file, it is required to split the data into two. 

Concatenate
1. From the two files presented from the excel reader, concatenate takes these two files and puts them together. 
2. From doing this step, this will allow for a better reading of the data presented on each table. 
3. Ultimately, this node concatenates two tables, thus if one input table contains column names, then the other table does not. 

Colour Manager 
1. In this step, it allows the columns to be separated for a better understanding whether the values presented are either nominal or numerical columns. 
2. Nominal columns are possible values that are available, whereas numeric columns have lower and upper bounds. 
3. These values are then computed during the execution, thus if a column attribute is selected then the colour can be changed by using the colour chooser. 

Partitioning 
1. The input table is split into two partitions. For example, into the train and test data. 
2. These two partitions are available at two output ports.
3. [image: A picture containing text, screenshot, font, white
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Naïve Bayes Learner:
1. This node step creates a Bayesian model from the data that was given (train).
2. This step calculates the number of rows per attribute value per class  nominal attributes as well as Gaussian distribution for numerical attributes. 
3. This model that was created can be used in the naïve Bayes predictor so that predictions of unclassified data can be made. 
4. Nonetheless, when the columns are ignored due to unsupported data types, then it will display a warning message.
5. This step works really well in a multi-class prediction. 

Naïve Bayes Predictor:
1. This step allows predictions of the class per row based on the learned model. 
2. Class probability is the product of the probability per attribute as well as the probability of the class attribute itself. 
3. For this step, probability of the nominal values is based on the number of occurrences of the class value with the given value then divided by the number of total occurrences of the class value. 
4. Thus, the probability of numerical values is then calculated based on the assumption of a normal distribution per attribute. 

Figure 1: Settings shown in Partitioning [12]


Scorer:
1. Lastly, this step compares two columns by their attribute value pairs so that it shows the confusion matrix. For example, it is based on how many rows of which attribute and classification match each other. 
2. It also highlights the cells of this matrix so that it can determine the underlying rows. 
3. The function of the dialog allows the user to select the two columns for comparison. 
4. Ultimately, the output of the node is the confusion matrix where it includes the number of matches in each cell. 
5. The second outport on the other hand indicates the number of accuracy statistics such as the false-positives, true-positives, true-negatives, recalls, precision, sensitivity overall accuracy and false-negatives. 


5.0 RESULTS 
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Figure 2: KNIME Sub-workflow into a Node  [11]



KNIME is a powerful and simple tool to use to convert the sub-workflow into a node. The KNIME platform is an open source designed for data analysis and reporting. In this case, it is beneficial within the supermarket sector as it has machine learning components built in such as algorithms to the system. Additionally, features provided in KNIME has a concept of a modular data pipeline so that it allows for data mining with a straightforward interface. Other features included are visualisation, analysis, modelling as well as data processing. 











6.0 CONCLUSION 

In conclusion, it can be said that in a whole, artificial intelligence and machine learning has indeed provided improvements in the overall operational efficiency and has enhanced customer experience and increased the businesses revenue. By collecting and analysing various types of data, AI/ML algorithms have provided benefits in different sectors within the supermarket, thus having the potential to keep upgrading and developing the use of this technology for a long run into the future. AI/ML benefits the supermarket sector as it gains valuable insights within their operation, market as well as customers, but also has the information needed to optimise their strategies in order to improve the overall efficiency, reduce costs and waste. Despite having a few disadvantages of implementing AI/ML within the supermarket sector, it is important that companies provide a service that is highly efficient and more importantly ethical for the customers. Data privacy is one of the biggest potential and harm that could affect both the customers and company, hence it is important that it is considered and addressed when implementing these software technologies and applications. 
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