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[bookmark: _Toc125461614]Abstract
This report discusses artificial intelligence and machine learning, and the ways in which machine learning types can be integrated into the supermarket sector. A dataset was provided by Teronix, an online business, to find out how artificial intelligence could be implemented for their business. The data was pre-processed and analysed. The results are discussed, and recommendations are made for Teronix for strategizing their future approach. 
[bookmark: _Toc125461615]Introduction
Teronix is an online business that sells various products directly to consumers worldwide. These products include electronics, foods, and general household commodities. The CEO of Teronix has requested a report to demonstrate the viability of deploying artificial intelligence and machine learning techniques, and to understand the types of data held by Teronix. A dataset, created by a previous Teronix consultant, has been provided to the author for evaluation. In this report, the author will discuss what artificial intelligence and machine learning entails, the areas in which Teronix could utilise different types of machine learning, what data Teronix currently holds and how this data can be exploited for the future of Teronix.  
[bookmark: _Toc125461616]Literature Review
Artificial Intelligence is defined by John McCarthy as “the science and engineering of making intelligent machines, especially intelligent computer programs”. Although there is not a solid definition of ‘intelligence’ itself, intelligence can be viewed as the computational component of being able to accomplish goals in the world [1]. Artificial intelligence can be classified by four approaches: acting humanly, thinking humanly, acting rationally, and thinking rationally. 
Acting humanly aims to create a machine that can mimic that of human intelligence. The Turing Test is used to distinguish if a computer is acting humanly. A machine passes the test if a human interrogator cannot distinguish whether the written responses are from a person or a computer [3]. Thinking humanly involves distinguishing exactly how a human thinks, in order to program a computer to act within the same manner. A mixture of psychological tests and computer models are made to achieve this [3]. To think rationally, a computer must follow the ‘laws of thought’, which in turn means to “solve any solvable problem described in logical notation” [3]. To act rationally, a computer must perceive their environment and act towards those findings to create and achieve their goals, whilst adapting to changes over a prolonged time period [3]. 
A branch of artificial intelligence is machine learning. Machine learning develops software applications for enhancing performance criteria by analysing historical data. Machine learning can be split into four types of learning: supervised, unsupervised and reinforcement, and semi-supervised. Supervised machine learning is given training data, which consists of instances that comprise both the desired inputs and outputs. Only examples from the input space are given to unsupervised machine learning, and a model is then fitted to these observations [2]. Semi-supervised learning consists of datasets that contains both labelled and unlabelled data, essentially being a mixture of supervised and unsupervised learning. Reinforcement learning learns the optimal behaviour in the environment through rewards and punishment of the data provided. 
The supermarket sector has welcomed with open arms the introduction of artificial intelligence into its practices. It is predicted that artificial intelligence in the supermarket sector will reach $24 Billion by the year 2027 [8]. There are many ways in which machine learning can be used within the sector. First, we can look at taking an acting rationally approach and distinguish what the rational agent might be for a supermarket. From distinguishing the rational agent, we can then recognise what types of machine learning can be implemented within the sector. A rational agent is one that acts to achieve the best outcome [3].The optimal outcomes that can be assumed for a retailer, including Teronix, would include:
· Maximise profits 
· Minimise running costs 
· Minimise waste of products such as perishable items
· Provide fast and efficient customer services
· Provide fast and efficient delivery
[bookmark: _Toc125461617]Maximise profits
Different supervised types of learning can be used to maximise profits through sales pattern analytics. 
A Classification algorithm can be used to classify popular and unpopular products that have sold each month. Products can be categorised by number of sales each month and analysed to see what products sell better and when. Additionally, a linear regression algorithm can take the data produced from the classification algorithm and predict future sales of products. For example, classifying products by sales per month, we might see that electric heaters have sold more units in December in comparison to July for the previous 5 years. From this, a supermarket can assume that it is better to purchase and stock heaters in December as opposed to July. A linear regression algorithm could then look at variables that may affect the sale of heaters such as weather and temperature. The regression algorithm will then predict the number of heaters needed to be stocked to meet demand and maximise product sales in certain months based on predicted temperatures. 
Additionally, an unsupervised machine learning technique known as clustering can be applied to maximise profits. Supermarkets can utilize an algorithm called K Means Clustering to cluster customers by variables such as purchase history, geographic location, age, gender, social activity, and more, to determine an accurate view of customer preferences. This data can then be used for targeted advertisement of certain products or recommendations aimed towards these clusters of customers. This should in turn produce a greater chance for improved sales. For example, it might be found that out of the cluster of customers who previously bought a TV from Teronix, 70% of these customers bought a soundbar within the next week. Thus, it would be beneficial to add a recommendation of purchasing a soundbar to customers who are currently viewing TVs for sale. 
[bookmark: _Toc125461618]Minimise running costs 
In order to minimise running costs, a natural language processing algorithm can be implemented into a supermarket’s website and customer service helpline. Natural language processing (NLP) is an artificial intelligence in which computers are able to understand text and spoken words and produce an accurate response. NLP can be broken down to three components: natural language understanding which categorises the intent of the user, dialogue management which determines the intent of the user, and natural language generation which generates a response to the user [4]. A supermarkets website's support chatbot and an automated response customer service helpline that uses NLP will lower operating expenses for the business by avoiding the need to hire customer service representatives. It was found that the average price of a Facebook chatbot sits between $3000 and $5000, whereas the annual salary of a customer service representative was $35,800 [6]. Not only is a chatbot or automated response cheaper to run, they can also run 24 hours a day, 7 days a week. 
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It was mentioned previously that a linear regression algorithm can help maximise profits. By predicting sales patterns, supermarkets will not only increase the sales of specific products, but it can prevent the overstocking of items, thus minimising waste, especially on perishable items as retailers are not purchasing unnecessary amounts of stock that will not sell. 
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Although NLP will reduce costs for supermarkets, it is important that the data set is meaningfully managed in order to provide good customer service. Ensuring the data set for the NLP algorithm is managed well will ensure that responses are appropriate and fast. Further advantages of using NLP are that it can still be utilised by consumers outside of store opening hours whilst filtering queries quickly and efficiently [6].
[bookmark: _Toc125461621]Provide fast and efficient delivery
To provide fast and efficient delivery, supermarkets can utilise Dijkstra’s algorithm. Dijkstra’s algorithm provides a solution for the shortest-path problem. The goal of Dijkstra’s algorithm is to construct minimal paths from a source node to the remaining nodes. Teronix can implement this algorithm to distinguish the shortest route to delivery addresses, thus increasing efficiency of deliveries whilst minimising wasted mileage [7][16]. 
[bookmark: _Toc125461622]Methodology
To evaluate the ability for Teronix to introduce machine learning and produce the optimal outcome for their business, a data set is needed to work from. Teronix has provided a dataset for evaluation that distinguishes customer orders, including variables such as the quantity and descriptions of items purchased, the price of the items, the country the order was in, and others. 
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To accurately dissect the data and apply machine learning, there are many different open-source software’s available for use. Three popular software’s that can be utilised for implementing machine learning include Knime, Jamovi, and Jasp. 
Knime is an open-source data analytics software written in Java that allows users to blend, access, analyse, and visualise data without requiring the user to have any coding knowledge [9]. It was first launched in July 2006 and adopted by pharmaceutical companies. Knime has now become a tool used by large enterprises for encompassing data loading, transformation analysis, and data visualisation [10]. The advantage of Knime is that no prior coding knowledge is needed for analysing data. The disadvantage of Knime for the author, was that the user interface was not very intuitive, and it seemed difficult to navigate how to organise and analyse datasets within the platform. 
Jamovi is open-source platform that allows users to analysis and visualise data without prior coding knowledge. Jamovi prides itself on being a platform that is neutral to all statistical strategies and approaches. The advantages of Jamovi include that it does not require prior coding knowledge, but the user interface is intuitive and easier to navigate in comparison to other data analysis platforms [11]. 
Jasp is open-source platform for data analysis that is supported by the University of Amsterdam. Jasp offers analysis in classical and Bayesian form, with the primary goal being to make Bayesian analytics easier. Jasp provides a user-friendly interface and aims to only offer complicated analysis tools when needed by users[12][13]. 
For this report, Jamovi was the chosen tool for data analysis and applying machine learning to the Teronix dataset.  Jamovi was selected due to the user-friendly interface and because it did not require prior coding knowledge. As it also prides itself on being neutral to all statistical strategies and approaches, it was also an option that was not going to skew the dataset results by any means. Prior to uploading the dataset into Jamovi, the data needed pre-processing. 
[bookmark: _Toc125461624]Pre-Processing the Dataset
For pre-processing, the data needed to be standardised. Countries were standardised into International Standardisation Organisation (ISO) country codes. Blank data items, samples, postage, and product descriptions that were set as unknown were removed from the dataset to ensure only legitimate sales were being looked at. Data that was not linked to a Customer ID was also removed. After the pre-processing of data was complete, the file was saved as a .OMV file and the dataset was uploaded to a Jamovi project. 
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As the data variables included the items that were bought, the quantity that were bought, the price, and the customers; a type of machine learning that can be implemented for Teronix is linear regression to predict the trend of what items will sell well in the future, and also what the prices of the items may look like in the future. 
To achieve these predictions, a linear regression algorithm was selected. 
Quantity was selected as the dependable variable and Customer ID was selected as a covariate. Jamovi then took that data and produced a linear regression graph in which a prediction can be drawn from for forecasting how many items known customers will purchase in the future. The outcome is discussed within the Results section of this report. 
For the second prediction, Price was selected as a dependable variable and Quantity was selected as a covariate. Jamovi then took that data and produced a linear regression graph in which a prediction can be drawn from for predicting the quantity of items being sold in the future and what the prices will look like.  The outcome is discussed within the Results section of this report. 
[bookmark: _Toc125461625]Results
It should first be noted that the data provided by Teronix was 12-14 years old as the dataset ranged from 2009-2011. Thus, the predictions will not be a forecast for the following years to come from today in 2023. 
The first analysis aimed to predict how many items would be purchased in the future by known customers. From the output graphed below, we can see that if Teronix were to carry on their approaches as done so during the time of given dataset; Teronix would see a gradual increase in the quantity of items sold in the future, as well as an increase in customers. However, there are some anomalies. A group of products would sell exceptionally well in the future. From this prediction, if Teronix were to maintain their approach, it would be recommended that the grouped products with these exceptional sales rate should be stocked accordingly during that predicted timeframe.
[image: ] 
The second analysis aimed to predict how prices would be affected for items sold in the future. From the output graphed below, if Teronix were to continue their sales strategy and approach as of when the dataset was collected; the prices are predicted to rise sharply along with quantity of items sold. There is also an anomaly of one group selling at an exceptionally high price within the future.
[image: ]
The predicted results of increased sale quantities and increased prices are achievable with Teronix’s current approach but do entail a period of time of none to minimal growth. 
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As it were, Teronix were previously in a position to increase profits and gain customers based on the linear regression algorithm analysis. However, the data provided by Teronix was from 12-14 years ago, with the data logged for 2009-2011. Because the data is outdated, this renders the finding of the algorithms void, as the dataset provides inaccurate inputs for an analysis of Teronix moving forward from today. Since the dataset was collected, trends and technologies have shifted and so Jamovi would possibly be accounting for these trends based on data that may not be feasible today. For example, many products provided in the dataset that were predicted to increase sales quantity dramatically could be products such as graphics cards, due to the emergence of crypto mining as well as the shortage of computer chips in the recent years, pushing the demand for graphics cards up [14][15]. However, as the dataset is 12-14 years old, it is highly unlikely that any graphics card from 2009-2011 would be sought-after as the specifications would likely now be obsolete for modern day computers. Thus, the algorithm may be predicting that certain products will do well based on current trends, but not recognise that the product itself is in fact obsolete technology and would not perform well. By proxy, this dataset does not aid Teronix for accurate strategizing of their approach at all. 
Provided that Teronix can obtain a dataset from more recent years, machine learning can provide a much more accurate pattern analysis for aiding Teronix to strategize their approaches when selling consumer goods.  
Additionally, it is recommended that Teronix look at implementing the following machine learning types in the following areas: 
· Classification algorithms, to classify popular products and help achieve maximum profits
· Linear regression algorithms, to predict future trends and sales for maximising profits and reducing waste, thus also reducing spending costs
· Clustering algorithms, to gauge sight on customer variables and tailor products towards certain groups in order to maximise profits
· Natural Language Programming algorithms, to replace customer service representatives and provide 24/7 customer help, thus reducing running costs 
· Dijkstra’s algorithm, to plan delivery routes for enhancing efficiency of deliveries and reducing running costs
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536370 22728 ALARM CLOCK BAKELIKE PINK 24 01/12/201008:45 3.75 12583 France FRA
536370 22727 ALARM CLOCK BAKELIKE RED 24 01/12/201008:45 3.75 12583 France FRA
536370 22726 ALARM CLOCK BAKELIKE GREEN 12 01/12/201008:45 3.75 12583 France FRA
536370 21724 PANDA AND BUNNIES STICKER SHEET 12 01/12/201008:45 0.85 12583 France FRA
536370 21883 STARS GIFT TAPE 24 01/12/201008:45 0.65 12583 France FRA
536370 10002 INFLATABLE POLITICAL GLOBE 48 01/12/201008:45 0.85 12583 France FRA
536370 21791 VINTAGE HEADS AND TAILS CARD GAME 24 01/12/201008:45 125 12583 France FRA
536370 21035 SET/2 RED RETROSPOT TEA TOWELS 18 01/12/201008:45 295 12583 France FRA
536370 22326 ROUND SNACK BOXES SET OF4 WOODLAND 24 01/12/201008:45 295 12583 France FRA
536370 22629 SPACEBOY LUNCH BOX 24 01/12/201008:45 195 12583 France FRA
536370 22659 LUNCH BOX | LOVE LONDON 24 01/12/201008:45 195 12583 France FRA






 


 


 


 


Artificial Intelligence 


and Machine Learning


 


ACCA6011


 


SHARLA PASSARIELLO (1903420)


 




     

 

Artificial Intelligence  and Machine Learning   ACCA6011   SHARLA PASSARIELLO (1903420)  

