[bookmark: _Hlk96950469]Leon Mathias
2013015
Computing (Software engineering)
Student University of Wales Trinity St David, Swansea, Wales
L6 - AI and Machine Learning (ACCA6011)
Date of submission: 23/01/2023


Table of Contents
Abstract	3
Introduction	3
Literature Review	3
Methods	4
Results	5
Conclusion	11
References	11



[bookmark: _Toc125109593]Abstract
In this paper artificial intelligence and machine learning is briefly explained followed by how these can help Teronix in better understanding and using their data. The main benefits of machine learning to Teronix are provided as well as some issues. Different methods of machine learning and how they can be applied to the company are displayed as well as recommendations on how to improve their data set. Results of machine learning applied to the data set are given in order to provide an understanding of how this could be beneficial to Teronix.
[bookmark: _Toc125109594]Introduction
In order to provide assistance to Teronix based off of the data set given a explanation of how machine learning can benefit the company and how it can be applied to help the company in the future must be undertaken. Because the data set is out of date there will be difficulties producing accurate results. How this can be improved and used by Teronix is explained.
[bookmark: _Toc125109595]Literature Review
Artificial intelligence (Ai) is a type of computer science that programs machines to think and act like humans. Ai requires large data sets to provide any accurate are useful results. Ai collects data in multiple different ways and then identifies patters in the data [1]. By identifying patterns in data, Ai can then make predictions about the data it has collected. Ai can then recommend actions similar to how humans would based on the data. 
Machine learning (ML) is a sub category of Ai this type of Ai learns how to do a given task without being programmed to do so. Similar to how as humans grow up and learn more the more task they can compete and the better they can do those tasks, that is how machine learning works. The computer gains knowledge based on past data or experiences by looking for patterns in the data [2]. The more data the computer receives the more finely tuned and accurately correct the results become [3]. As time goes on more and more data is becoming available from all different kinds of sources. 
AI and machine learning can be used in many different ways in order to help with multiple different aspects of online businesses [4]. Because Teronix is a business that allows customers to purchase items online, this allows for the company to collect data about their customers. By collecting data about customers such as their purchase history. This can provide many different types of useful data such as the items they purchased, when they purchase the items, how often they purchase each item, how much of each item they buy as well as how much money they spend each purchase. This data is easy to collect as the business is online. This data can provide personalised product recommendations that can lead to more purchases because the customers are shown the items they like rather than having to go search for them [5]. This can also help provide recommended products to similar customers [6]. This can also be used to create the personalized shopping experience across multiple devices by using a log in for customers. 
Automatic pricing optimization can help Teronix by changing the price of products. Based on the amount of sales of each product an AI system can analyse the data and adjust prices accordingly [7]. This can also provide a starting price to new items that Teronix decide to start selling a new product based on the price and how well similar products sell. Discounts can be added to products to attempt to get customers to buy the product passed on the amount of sales the product gets at a time of year [8]. By using machine learning items can be paired together by the amount of times they are purchased together and the types of customers who purchase the product, this could bundle similar products or products frequently bought together and set a price for this bundle of product. Using AI can take the guess work out of deciding items price and can put more accurate and up to date pricing for items. By understanding the location of each customer the prices can be adjusted accordingly to match more closely to the local price.
Another possible future feature that could provide assistance to Teronix would be to have a virtual chat bot that could assist customers by providing support to any issues they would have [9]. This would require Teronix to collect more and different types of data in order for this to provide any assistance. 
Machine learning can provide sales and demand forecasting which makes it possible to plan inventory by analysing previous data and predicting the amount of products that will have to be ordered in to keep up with demand. Because machine learning provides up to date data by using real-time updates. This means that in real time machine learning can update forecasts by finding new trends in the data. The accuracy of these forecasts will improve with time the more data that the machine is provided with [10]. Therefore, it is important to provide the machine with up to date data as well as lots of historical data. Although it is possible for machine learning to attempt to make forecasts with incomplete data although the forecast may not be as accurate.
One of the main benefits of machine learning is that it can learn to adapt on its own without any human intervention. Meaning there is no need to keep going back to change the system as it will do this on its own by continuing to make predictions and improving algorithms. Another benefit of machine learning is that the more time and data the system is given the more efficient the machine will become and the more accurate the results will be [11]. By using machine learning larger sets of data can be read much quicker and efficiently than humans would be able to. This also means that it can find patterns in the data and create predictions about the data that would not be easily spotted by humans [12]. As it would be almost impossible to provide each customer with their own personalised recommendations without using machine learning. Meaning that using machine learning can save time as well as money by analysing the data quicker [13]. Using AI also can eliminate any human error because it would be repetitive for a human to analyse a large data set human error could impact the results.
Although there are many benefits to using machine learning as an online business there are also drawbacks. One of the drawbacks is that the predictions and forecasts made by the machine are only as good as the data that it is given [14]. Therefore, if the data is messy or inaccurate the results will not be accurate also in order to predict accurately a lot of data is required [15]. The results can become biased if the data set is not big enough which could cause problems if these predictions are used.
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There are different tools available in order to analyse the data. One analytics platform is Knime [16]which does not require any coding it allows users to drag and drop nodes that can connect to each other to provide results. Orange [17] is another tool that provides the same functionality where users can drag and drop nodes without the use of coding. Orange also allows for interactive data visualisation where the user can select different points in the data and visualise that data in real time.
There are different uses and methods of machine learning that could be useful for the data given by Teronix. One of those methods is classification [18]. This method categorizes the data into two or more categories. This could help Teronix by categorizing the data in order to see what countries order which items or what cost most to ship items to.
Prediction model can be used by Teronix in order to predict if a customer is going to place an order soon. Because prediction model bases its guess off of previous experience and knowledge to create a statement about a future event [19]. Although because the data set is old the likelihood of these predictions still being useful are low.
Forecasting unlike prediction doesn’t ‘guess’ a future statement it can predict how much of one product is going to be sold by analysing the data do observe the recent trends to produce an outcome [20].
Clustering is another machine learning method that could benefit Teronix as this method groups data based on their similarity. This could help Teronix as it could group the products of most sold and price sold for in order to find the similarity between the lowest selling products. By using K-means clustering the data will be separated into a set number of groups [21].
Because the data provided by Teronix is from 2009 – 2011 this data is out of date although it can still be used the results could be out of date and not accurate. Not only could the data inaccurate but it could also cause problems to Teronix if the results from the data is used it could cause a loss of money to the company because an item that was in demand 12 years ago may not be wanted anymore causing the company to order in more of that product, only for it not to sell. A solution for this is to provide newer, more up to date data.
There are also multiple missing values in the data and although it is possible by using machine learning to provide results with missing data it could lead to inaccurate results. Also, the result could be bias depending on the data that is missing. The data that is provided also is not consistent as some products stock code has letters in them while others do not, it is important to keep all the data as consistent as possible to gain relevant results. 
In order to get accurate and results that you expect it is important that the data is separated accordingly. For example, all the returns should be in a separate data set because it is easier to join two sets of data rather than try to separate them. Because the price is not in minuses in the data set the returns could be calculated as purchases leading to wrong and misleading results being produced. Also Postage, samples and tests are in the data set which should be placed into their own set to be merged. Test data should be removed as this could also affect the results negatively. 
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Figure 1: Split date and time
As seen in the image above the invoice date and time into have been split into separate columns in order to gain more accurate results and not to confuse the system.
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Figure 2: Knime Workflow
The image above is a naïve bayes prediction model using Knime. Both the 2009-2010 and 2010-2011 data sheets are imported and then concatenated in order to merge the both tables of data from the Teronix data set provided. A column filter is used to filter the unwanted or irrelevant columns. Then the data is partitioned into a learner and a predictor.
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Figure 3: Knime column filter
The column filter for the model above only uses the description of the item as well as the price of that item because no other data is needed to reach the desired result.
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Figure 4: Knime partitioning
As seen in the image above the data set is split 20/80 to train some of the data and test the other.
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Figure 5: Knime results
The results above show the count of each item as well as the average price the items are sold for to provide useful information on what they should be set at in the future.
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Figure 6: Orange workflow
Orange was used in the image above to produce the results below. This is the model used in order produce a decision tree the File node is where the data is imported into the tool. Then a column is selected to be the target of the decision tree, certain columns are filtered out in this section rather than deleting them in the data set itself. The data is then sorted in the decision tree node and able to view in the decision tree viewer. Orange also allows selected data from the decision tree to be visualised in ways such as scatter plot, box plot and more.
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Figure 7: Data set change
The data has been separated as can be seen above as this data set only contains postage data this allows for the program using the data to run quicker rather than having to load in all of the data that is not going to get used. Although it is possible to filter by row to filler only stock codes of POST. It is also possible to concatenate the data to combine multiple data sets to use them together.
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Figure 8: Orange scatter plot
The scatter plot for all of the data can give each row of the data set its own attributes in the image above the different countries are colour coded and placed onto the graph and the larger the circle the higher the price which allows for an easier view of the data.
[image: ]
Figure 9: Orange decision tree
As seen in the image above this section of the decision tree is the area where all the POST cost more than 40.00 it then breaks the data down even further into more branches with more decision nodes. If we follow the branch all the way to the right the last decision is whether or not the price is more than 523 if yes the outcome is the United kingdom if no the outcome is Canada. Following the left side of the top node the last decision is not price anymore it is quantity on order to provide different answers.
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Figure 10: Orange bar graph
The bar graph above is from the selected data in the decision tree therefore it does not represent all the data in the data set only the data that has the price of 40 and above. It can be seen that the too large United Kingdom data is significantly larger than the others therefore it is possible there is a mistake in the data set or these two pieces of data should not be accounted for because there is such a big difference.
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To conclude there are many useful ways artificial intelligence and machine learning can be used by Teronix. By using different types of machine learning and different models to provide the results that could be beneficial. Although there are many benefits for Teronix it is important that the business improves their data. The data provided was outdated and messy which effected the possible outcomes and create many difficulties. Therefore, Teronix could benefit from the use of Ai and machine learning as long as their data is updated.
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Invoice  StockCode Description Quantity InvoiceDate InvoiceTime Price Customer D Country
489434, 85048 15CM CHRISTMAS GLASS BALL 20 LIGHTS 12 01/12/2009  07:45:00 6.95 13085 United Kingdom
489434 79323P PINK CHERRY LIGHTS 12 01/12/2009  07:45:00 6.75 13085 United Kingdom
489434 79323W WHITE CHERRY LIGHTS 12 01/12/2009  07:45:00 6.75 13085 United Kingdom
489434, 22041 RECORD FRAME 7" SINGLE SIZE a8 01/12/2009  07:45:00 21 13085 United Kingdom
489434, 21232 STRAWBERRY CERAMIC TRINKET BOX 2 01/12/2009  07:45:00 125 13085 United Kingdom
489434, 22064 PINK DOUGHNUT TRINKET POT 2 01/12/2009  07:45:00 1.65 13085 United Kingdom
489434, 21871 SAVE THE PLANET MUG 2 01/12/2009  07:45:00 125 13085 United Kingdom

489434 21523 FANCY FONT HOME SWEET HOME DOORMAT 10 01/12/2009  07:45:00 5.95 13085 United Kingdom
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