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[bookmark: _Toc125406374]Introduction 
This report will cover the use of Artificial Intelligence (AI) and Machine Learning (ML) in the supermarket sector. There are a number of ways that supermarkets can make use of AI and ML to better the systems that they have in use and increase their profit margins. As technology advances along with improvements to AI and ML the use of them to make improvements in the workflow of all sorts of businesses and environments will become far more popular. Today there are already a huge number of implementations for AI/ML and a lot of these go unnoticed. This paper will highlight the usage of AI and ML in the supermarket sector and the ways in which it can be used to help with expansion of the company, in this case Teronix and how it can prove useful in the handling and management of stock and inventory. 

[bookmark: _Toc125406375]Role of Artificial Intelligence and Machine Learning 
There are a number of roles that AI and ML play everyday in the supermarket and retail industry. The most common one that first comes to mind is using ML and artificial neural networks to predict and forecast sales of a particular product. An example of this in the real world comes from online alcohol retailer Drizly who have noted that especially in recent years with the continuous rise in inflation people are looking for a cheaper alternative to champagne and the new year’s celebrations of 2022 to going into 2023 are no different [1]. This is an ideal case for supermarkets. Often the management of a store are not taking a close look at specific products that are selling faster than other more traditional ones, In the case of the data from Drizly champagne has long been a more popular option when it comes to new years celebrations so a store may not even realise that a different celebrational beverage is beginning to rise in popularity. This is where ML is so useful in the supermarket space. A neural network trained to look for new patterns and trends in sales data would be able to flag the increase in sales of one thing over another and tell the store management and inventory staff that they may wish to look into stocking more of one option over another. With a semi-supervised approach the management can make the final decision they want on if this data and suggestion is good or they can tell the neural network that they are not interested in this kind of suggestion and correct it’s learning. 
	Another use that may not be so relevant to an online retailer but is still incredibly useful is the governing of self checkouts. In recent years shoplifting at self checkouts has become increasingly popular [2]. Using AI and ML we can learn from cameras and shoppers tendencies to see if they are up to no good. In conjunction with the regular cameras an AI system can be put in place and use an image recognition system to match the item a shopper is scanning with the item that is supposedly being scanned on the checkout. If a shopper was to scan a box of strawberries but the barcode scanned says they are scanning a small 99 pence snack, then the system would flag the action and request that a store employee be called for assistance at the checkout. Using methods similar to these companies have been able to cut down on the amount of self checkout shoplifting and bring back some of the lost revenue from customers that would do this. This isn’t the only use for computer vision in supermarkets though, a company can have CCTV on their premises and see which ways around the stores the shoppers go the most. If a company can see which areas are the most popular and which products are picked up the most across the store, then a new layout for the store can be thought of [3].
	A far newer and less implemented way of using AI and ML in supermarkets is to have self scanning carts a company by the name of Caper AI has created a shopping cart that can scan the items a shopper picks up as they are put into the cart and eliminate the need for scanning again at checkout [4]. This shopping cart allows the shoppers to put whatever they want in and it will be added straight to the basket total that they can see on the display screen. The shoppers have a small payment pad that allows them to pay for whatever they have in the cart once they are done with their shop, and the cart can access the supermarkets database and suggest products to the shopper than they might be interested in. 
	These are the main ways in which AI and ML are used in modern supermarkets, Teronix can make the most use out of prediction sales data and recognising new and emerging product sales patterns to allow the stock to be properly adjusted. Should Teronix whish to become a physical retailer with store locations around the world then these other systems and technologies discussed may be of interested to them. However, for now the technology of most interested to Teronix is the prediction and recognition of sales patterns using neural networks.

[bookmark: _Toc125406376]Data Evaluation 
The main type of data that Teronix has stored from it’s business is what products have been sold on each invoice, the cost of the products, the quantity of the products, and the region in which the products are being sent to. Some of this data is more useful than others, in the case of Teronix where the products are being sent might not be as important as how many of each product are being bought. Since Teronix has had a large amount of requests for specific products that they carry, then sales data around how much of the most popular products are being bought is very important. Arguably in the case of Teronix the most important data they would want to use is the quantity or sales volume of each product. The requests for products to be restocked is the main focus for this appraisal therefore looking into which products are selling the most will almost definitely give us an idea of what needs to be better stocked and when to restock it. By looking at the sales quantity of all the products available on Teronixes website we can using the previously mentioned methods of predicting and extrapolating patterns in the sales data. These patterns will then allow Teronix to make sure they are stocked and carrying the popular products in order to turn the most profit. 
	The majority of Ternoixes data is quantitative [5] and would benefit from some form of prediction or pattern recognition. To get the most out of the use of an ML model an artificial neural network would be most useful to us [6]. The neural network required will be discussed in a more in-depth fashion later on in this report, for now knowing that prediction and patterns are key to getting the most out of the data provided is good enough. 
Some simple data manipulation and filtering done in the program KNIME can help Teronix Online get a better look at what is going on.
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Figure 1 Basic Knime Workflow to filter and sort data
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Figure 2 Scatter plot of a small portion of Teronix products sold in 2009-2010
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Figure 3 Scatter plot of a small portion of Teronix products sold in 2010-2011
Looking at figure 1 and 2 a basic workflow in the app KNIME was set up to take the Teronix data and do some manipulation. The row based filter is removing negative and blank values so the data is not skewed by anomalous entries, It is then passed on to the GroupBy block which groups the quantity sold of each item in the spreadsheet into one. This then gives us a much simpler scatter plot at the end allowing us to look at the individual items closer with no need for multiple plot points for the same item or negative values skewing the total sold quantity. Although figure 2 has a very messy x axis once you zoom in on a specific plot point or area it is much clearer to see what item is being talked about. The choice to use the stock code instead of the item description was made to decrease the clutter on the graph when looking at it. 
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Figure 4 total volume of sales per country for 2009-2010
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Figure 5 total volume of sales per country for 2010-2011
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Figure 6 volume of sales for United Kingdom from both years
Figures 4 and 5 show the total volume of sales for each country in their respective fiscal years. In both years United Kingdom was one of the highest scoring regions which could be an important thing for Teronix Online to look at. If these regions consistently score highest year after year then it may be worth stocking additional popular items in these regions. 
	Although the data received from Teronix is limited in the total time it shows a lot can be extrapolated from the 2 years of data we have. A few regions consistently scored highly on total volume of sales. This is worth noting and looking into for Teronix, It is very likely that a lot of the requests they have for products are coming from these high sales volume areas so a more in depth look at these regions along with some new additional data collection methods may go a long way. To improve the data they have collected Teronix could offer customer satisfaction surveys along with a number of employee surveys or self-evaluations. The amount of accurate and relevant that can be made with this data are, however, very limited. The data provided by Teronix is from 2009 to 2011 which makes it outdated by over a decade now. Although the data isuseful for seeing some trends and making a few predictions much more up to date data from the last 5 years of the business would be ideal in forecasting trends for the company’s sales. 
[bookmark: _Toc125406377]Tools Available 
There are a number of systems out there for the supermarket sector that could be useful. However, due to the nature of Teronix being an online store then there is a couple of limitations. Several companies offer good AI and ML systems for in store locations of companies as Teronix is online only these aren’t useful to them. Caper AI and Shelf Engine would be great fits if they wish to go into the physical store side of the business. Although Shelf Engine excels at making sure fresh produce that is produced on the day is not wasted [7]. Shelf Engine offers an analysis portion to their packet that Teronix could use themselves. Not only does it offer predictions on the data that it is fed there are also a few options for them to suggested suppliers on items for the store. Since Teronix is offering a lot of home décor items to their users they may wish to partner up with an AI company such as Cadeera. Cadeera is an AI powered app that allows a user to see what a piece of furniture or home décor would look like in their space without having to take measurements of the surroundings by hand [8]. Cadeera also suggests the user products that they might be interested in based on what they are already searching for. This feature would be a great fit for the needs and interested of Teronix as the offer such a wide range of products each user could get suggestions on similar products. If a user was to buy a sign for their room Cadeera could suggest them items in Teronixes database that match the theme and style of the item that they are looking at for an increase in potential sales. 
	Teronix could greatly benefit from a customer relation software as well. Salesflare is a great introduction to this and allows for automatic follow up emails to be sent out to users about products they may be interested in [9].

[bookmark: _Toc125406378]Machine Learning Model 
To get the most out of a machine learning model some form of prediction in relation to the sales data is suggested to Teronix. There are a number of ways in which prediction can be done with Machine Learning and in an ideal world Teronix would use a Random Forest Regression model to predict theirs sales data. The random forest regression takes an ensemble learning method to reach the best outcome. An ensemble learning method is when outputs from multiple neural networks are combined and then they are ran through a random forest prediction to get the best results. This would prove to be one of the most useful methods however, due to the limitations of the tools available a simpler regression model will be used to predict and forecast data from Teronix. 
	To come up with a solution that Teronix Online would be interested in using a linear regression model is going to be used to predict the sales volume from the two years of data provided. If Teronix can see an increase in revenue from their sources then they can continue to do what they are and take a closer look at which product is selling the best and which products are maybe not worth carrying for them anymore so they can better focus on the best products for maximising revenue. 
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Figure 7KNIME workflow of the linear regression model sused
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Figure 8Graph showing the mean price of eah product
[bookmark: _Toc125406379]Conclusion 
Teronix has a good portion of useful data that can be used to see the trends in what their shoppers might want. A number of systems and technologies exist for them to take advantage of such as Cadeera and Salesflare as well as Fujitsu who provide data analysis and prediction of sales data should they wish. Teronix are limited in what they can implement because of the online only form of their business. However, that does not mean that they would not benefit from implementing an AI or ML Solution. Every business in modern times should be using some for of AI and ML to make sure that they are getting the most out of what they need whether that be inventory management or sales data prediction. The validity of the data provided by Teronix can be somewhat brought into question as the sales data is from over a decade ago making it nearly entirely irrelevant to what Teronix are doing today. More up to date data would be required to draw a solid conclusion on the total benefit of ML but it is without a doubt an option Teronix should be considering regardless of how much data they have. There is no better time to start collecting data than the present and using it to the best of the available AI and ML solutions ability to improve profits and customer satisfaction for their business. 
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