Artificial Intelligence and Machine Learning
ACCA6011

University of Wales Trinity Saint David
Brandon Philip Gorman MBCS (1909188)































Lecturer: Dr Terry Walcott



Table of Contents
Table of Figures	2
Abstract	3
Introduction	3
Literature Review	3
Application Appraisal	5
Method & Results	5
Conclusion	12
References	12


[bookmark: _Toc125462461]Table of Figures

Figure 1 AI Model Process	6
Figure 2 Standardised Dataset Excel	7
Figure 3 Descriptive Statistics	8
Figure 4 Biggest purchasers vs smallest purchasers	9
Figure 5 2010 nations	10
Figure 6 Linear Regression	11






















[bookmark: _Toc125462462]

Abstract

The following report introduces the reader to Artificial Intelligence and Machine Learning and its practical application to an online business context. The report will emphasise the methods of AI used to assist the business Teronix, provide insights on the current dataset as well as make recommendations on changes to ensure business improvement and competitiveness. The report will be forwards to the Chief Executive Officer for further review and implementation.    

[bookmark: _Toc125462463]Introduction

Teronix Online (the retailer) and an online store that provides goods specialising in consumer electronics and general households’ commodities. The retailer has access to markets in Europe and the America’s, and because of the diverse market environment the retailer exports have increased over the time. This has resulted in a higher demand for goods and subsequently orders. Due to the increase in demand and the diverse markets the retailer has access to, the retailer has access to more data than previous years. 

This report will emphasise the viability of implementing Artificial Intelligence (AI) and Machine Learning (ML) techniques to assist the retailer in its “Business as Usual” activities. 

[bookmark: _Toc125462464]Literature Review 

Artificial Intelligence in it most simplistic form is the use of computers to imitate human like behaviour unaided. Pavel Hamet et al. describes Artificial intelligence as “a general term that implies the use of a computer to model intelligent behaviour with minimal human intervention. AI is generally accepted as having started with the invention of robots.” [1] Artificial intelligence aims to achieve four human characteristics; thinking humanly, thinking rationally, acting humanly, acting rationally. Artificial Intelligence as suggested is a broad term and in fact has several branches. To achieve the four “human like’ functions a computer must implement either of the following process or technique:  Machine, Learning, Deep Learning, Natural Language Processing, Robotics, Expert Systems and Fuzzy Logic. The main three in the context of this report are Machine Learning, Natural Language Processing and Fuzzy Logic. 

Machine learning as the term suggests is the use of machines to process and analyse data to solve business, health, and other problems. As C.M Bishop explains “machine learning (ML) seeks to automatically learn meaningful relationships and patterns from examples and observations” [2]. ML can be broken into three main sub-areas: Supervised, Unsupervised and Reinforcement learning. 

Supervised Learning is the application of ML where the algorithm applied uses recognised features in the form of labels. The labels are usually applied by an external user to provide context.  The data collected is then used to train the set algorithm to generate informed decisions / predictions on unlabelled data on a given subject. Two of the most common supervised learning techniques are: Classification and Regression. Classification usually focuses on images whilst regression assist in predicting prices, and sales etc. 

Unsupervised Learning, unlike supervised learning can provide insights and by identifying hidden relationships within a dataset. Ghahramani describes unsupervised learning as the following “unsupervised learning can be motivated from information theoretic and Bayesian principles…state-space models, many variants and extensions” [3]. This is done by clustering data by a particular characteristic. A common unsupervised technique in a commercial environment would be the implementation of association rules which can assist in the creation of association between data items.  

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Reinforcement learning is where an agent interacts with the environment and continuously learns. The University of York describes Reinforcement as “a subset of ML that allows an AI-driven system to learn through trial and error using feedback through its sensors. ” [4] For example, an automatic vacuum cleaner will take data from its environment to detect where barriers or obstacles are and will be able to avoid colliding with the barrier. 

Natural Language Processing (NLP) is the implementation of natural human language to support customer interaction and business development. NLP is used on several social media platform such as Twitter and Facebook as well as financial institutions such as banks and credit lenders to direct customers to the correct departments. NLP is described as “branch of AI that gives computers the ability to read and understand human languages” [5].

Fuzzy Logic. Fuzzy Logic is based on a method at times referred to as the “level of truth”. This takes the approach that True and False values are on a spectrum. Fuzzy Logic can be used in several business environment form health care to assist in medical diagnostics such as cancer screening and environmental control such as automatic Air conditioning.  Novák depicts fuzzy logic as the following “Fuzzy Logic is a form of many-valued logic in which the truth value of variables may be any real number between 1 and 0” [6]. 

Unlike other sectors within a local economy, retailers have proactively moved towards a data approach to support their business. Due to this approach the implementation of AI & ML has become a standard practice. 

Firstly, customer analytics. Customer analytics can come in a wide range of sources. In an AI & ML context, the use of Natural Language Processing (NLP) [5] provides retailers the ability to investigate the characteristics of a written language and model the syntax of the language as well as the production of the written language. NLP is mostly used by retailers as a “Human-Computer Dialogue system”. Retailers use these in several ways such as chat bots and automated answering machines. By implementing such a technology provides the retailer the ability to provide valuable information to customers, and record customer interactions. 

Secondly, Pattern Analytics. Pattern analysis is the process of identifying trends within an active dataset. Pattern analytics can be done mathematically as well as with the use of algorithms. Pattern analytics has also branched into several new areas including computer vision. In retail two types of pattern analysis are used, supervised and unsupervised algorithms. [2]

Next, computer vision. Computer vision is the application of AI with images. Boesch describes computer vision in retail context as “From image optimization to customer behaviour analysis, from shelf space management to in-store health monitoring, retail AI and retail vision can improve the shopping experience for people and revenues for retailers.” [7]. Computer vision has several purposes in a retail context such as: visitor profile analysis, security, and customer experience for example. This method of AI can also assist businesses with shelf placement as well as product placement to maximise sales. 

Finally, deep learning. Deeping learning is the science of neural networks. In a retail context, this can be incredibly useful in making informed decisions in the same way humans do. This can develop new customer models and personality models to drive additional customers to their store and online medium. As Silver explains “neural networks typically have a few thousand to a few million units and millions of connections. Despite this number being several orders of magnitude less than the number of neurons on a human brain, these networks can perform many tasks at a level beyond that of humans (e.g., recognizing faces, or playing "Go")” [8]. 
[bookmark: _Toc125462465]Application Appraisal 

The implementation of Artificial Intelligence and Machine Learning don’t need to be extremely expensive. There are several open-source applications that can be used to obtain the information required to aid in business decisions. Four key pieces of software include: KNIME, Jamovi, JASP and Orange. The software listed can be integrated with databases and other business intelligence systems for data. 

Firstly, KNIME. KNIME is a piece of software founded in early 2004. The purpose of the software was to develop a “new open-source platform as a collaboration and research tool.” [9]. To date the application is used in over 60 countries and used in a diverse set of industries from health care to aeromechanics. KNIME is flexible allowing end users to interact with their visualisations, and if they so wish code is several languages such as R, Java, JavaScript, and Python.  Although, KNIME provides a significant number of tools the interface at times can be confusing and to those first approaching AI and ML it can be confusing to understand. 

Secondly, Jamovi. Jamovi is a statistics tool which allows users to perform highly complex statistics with a simplistic user interface and module-based service [10]. The application is based on R programming which means those who are also R proficient can create their own custom modules and make them available for the community to use. Jamovi, although simplistic does have its draw backs the main drawback being the inability to perform analysis on data that has already had a set analysis applied. 

Next JASP. Just like KNIME and Jamovi, JASP is also open source. JASP and Jamovi share similar characteristics module based and open for new module development. Unlike the other software’s JASP has a focus on “frequentist and Bayesian” [11] analysis methods which can provide the analyst with the ability to broaden their analytical search.   

Finally, Orange. Orange is a tool used primarily for data mining. Although data mining and machine learning usually go hand in hand orange is limited in the detail analysis it can produce. Despite this, just like the other software application is supports most commercial standard data stores such as “Excel, comma- and tab-delimited files (.xlsx, .csv, .tab). It also reads online data, such as Google Spreadsheets. SQL widget supports PostgreSQL and MSSQL databases.” [12]. 


[bookmark: _Toc125462466]Method & Results

To ensure the dataset is fit for purpose, the author first reviewed the dataset and established the dataset relates to customer sales information. The author also noted that the dataset is a decade out of date. 

After establishing the datasets purpose the author performed a data standardisation exercise. The exercise performed the following: the removal of negative quantity items which represent refunds. This will negatively impact that dataset and will change to connect of the algorithms implemented. Although, not implemented in this example they could be used to detect defective and or disliked products by the business intelligence team.  The author also removed blank and unknown products. This was done as the author concluded that there wasn’t any way to identify the product, the results produced would be redundant and no value to the operational service. 

In addition, the data removal the author also performed the following data standardisation. The author added ISO country codes [13]. The ISO product codes are an international standard that is used internationally. The ISO implementation also allows for easier integration with other systems and Business Intelligence services. 

To also provide consistencies in products. The author created a product ID. This standard ID will assist the author in applying supervised machine learning. 


The model implemented by the author was based on a “Association” analysis. The Association analysis requires two measures and a categorial label. To ensure the model was compatible the author first removed data that would cause confusion to the algorithm. 

The model follows the below flow charts principles: 
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After this, the author then performed initial analysis of the dataset to determine what countries had the greater number of sales. This is to minimise the data used and to focus on the higher performers. The author has also added the weaker nations for comparison. 

Figure 2 and Figure 3 suggests the United Kingdom and the Republic of Ireland are primary customers with other European nations also favouring sales. 


[image: ]



















[bookmark: _Toc125462477]Figure 3 Descriptive Statistics
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[bookmark: _Toc125462478]Figure 4 Biggest purchasers vs smallest purchasers




After determining that the biggest sales are in Europe the author then compared the 2010 dataset in the same way. 

Firstly, the author determined that in the following year sales improved internationally and several developing economies also had an increase in sales. 

In addition to the initial analysis the author then used linear regression to determine successful sales based on previous product sales. 

The dataset brought back an interesting result highlighting nations who had little activity in the previous financial year had a significant increase in sales the following year. There could be several reasons for this. The main reason is that 2010 saw a significant growth in the world economy due to governments taking fiscal measures to minimise further economic shock. As highlighted in the 2010 UK government analysis: “following six consecutive quarters of negative growth, the UK economy finally moved out of recession in the last quarter of 2009.  The economy had moved into technical recession in the third quarter of 2008 as GDP fell for a second successive quarter.” [14].  

There are, however, some concerns. The author requires more up to date data to ensure the mode developed works correctly. The dataset provided is over a decade out of data and market trends have changed over the last ten years. There is a higher focus on electronic sales, a more liberalised economy and market competition has changed.  

According to a 2022 report by statista. online retail is now more popular that standard shopping. Amazon.co.uk is the biggest online sales retailer grossing over £17.08 billion in sales in the UK alone, whilst its nearest competitor Tesco reached just £7.6 billion [15].  This suggests the organisation could be in trouble with its competitiveness or performing well. Until a more up to date dataset has been provided, the author can only predict that sales will increase globally due to increased trade deals with other nations outside of the EU as well as the Commonwealth, but sales figure suggest a high level of brand loyalty which will need to be placed into the training model of the AI algorithm to understand preferences. 
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To conclude, the author was successful in producing the following model and proposes the following actions.

Firstly, the data model. The data model with the provided dataset will need to first be re-standardised. The dataset didn’t provide the author with the relevant labels to provide an in-depth analysis. The dataset will need to answer the business problem in the first instance before AI can provide additional insights and assistance. This will be using an expert system. The data will then need to be trained with the “Association” algorithm to ensure the greatest possible outcome. 

Secondly, pre-processing. The pre-processing in a real-world environment would be through a data warehouse. The author recommends the organisation adopts a data warehouse to store data to assist in providing the AI algorithm with the context it requires. The author also recommends that data is updated as a constant, so Linear Regression techniques can be applied to review sales across nations. 

Next, comparisons between competitors. By obtaining sales information from competitors, it will allow the organisation to predict future trends in sales etc. Currently, product sales are higher in G7 countries and current analysis from out outputted P value suggests this will continue.     

Finally, the author recommends that organisation applies Artificial Intelligence to the following areas for the greatest output:
· Culturally Significant Products – Classification. 
· Product Placement – Clustering.
· Sales by nation overtime – Linear Regression.
· Nations with declining sales – Association. 
The author also recommends that Jamovi is integrated with an Expert System where logical understanding can be manually updated with disrupting predictions. 
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ProductCode '.Quantity ¥ | InvoiceDate v | Price CountrylSOCode | ¥
P0001 12 01/12/2009 6.95 GBR
P0002 12 01/12/2009 6.75 GBR
P0003 12 01/12/2009 6.75 GBR
P0004 48 01/12/2009 2.1 GBR
P0005 24 01/12/2009 1.25 GBR
P0006 24 01/12/2009 1.65 GBR
P0007 24 01/12/2009 1.25 GBR
P0008 10 01/12/2009 5.95 GBR
P0009 12 01/12/2009 2.55 GBR
P0010 12 01/12/2009 3.75 GBR
P0011 24 01/12/2009 1.65 GBR
P0012 12 01/12/2009 2.55 GBR
P0013 10 01/12/2009 5.95 GBR
P0014 18 01/12/2009 5.45 GBR
P0015 3 01/12/2009 5.95 GBR
P0016 16 01/12/2009 1.69 GBR
P0017 3 01/12/2009 6.95 GBR
P0018 12 01/12/2009 1.45 GBR
P0019 12 01/12/2009 1.65 GBR
P0020 12 01/12/2009 1.65 GBR
P0021 16 01/12/2009 3.39 GBR
P0022 4 01/12/2009 3.75 GBR
P0023 2 01/12/2009 8.5 GBR
P0024 12 01/12/2009 4.65 GBR
P0025 12 01/12/2009 2.1 GBR
P0026 12 01/12/2009 2.1 GBR
P0027 3 01/12/2009 5.95 GBR
P0028 6 01/12/2009 2.95 GBR
P0029 8 01/12/2009 1.25 GBR
P0030 8 01/12/2009 1.25 GBR
P0031 24 01/12/2009 4.25 GBR
P0032 6 01/12/2009 2.1 GBR
P0O033 6 01/12/2009 2.1 GBR
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Descriptives



  CountryISOCode ProductCode



N #N/A 537309
  ARE 397
  AUS 630
  AUT 506
  BEL 990
  BHR 106
  BMU 34
  BRA 62
  CAN 77
  CHE 1146
  CYP 539
  DEU 7390
  DNK 408
  ESP 1200
  FIN 339
  FRA 5356
  GBI 821
  GBR 473800
  GRC 511
  HKG 74
  IRL 9460
  ISL 71
  ISR 74
  ITA 696
  JPN 164
  KOR 53
  LBN 12
  LTU 154
  MLT 170
  NGA 30
  NLD 2667
  NOR 364
  OTH 306
  POL 181
  PRT 1034
  RSA 110
  SGP 117
  SWE 861
  THA 76
  USA 226
  WIN 54
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Descriptives

Country StockCode
N Australia 1184
Austria 384
Bahrain 18
Belgium 1935
Brazil 32
Canada 150
Channel Islands 748
Cyprus 613
Czech Republic 24
Denmark 367
EIRE 7894
European Community 57
Finland 648
France 8108
Germany 8668
Greece 142
Hong Kong 282
Iceland 182
Israel 295
Italy 741
Japan 321
Lebanon 45
Lithuania 35
Malta 109
Netherlands 2326
Norway 1052
Poland 325
Portugal 1471
RSA 58
Saudi Arabia 9
Singapore 222
Spain 2423
Sweden 429
Switzerland 1936
USA 179
United Arab Emirates 67
United Kingdom 485504

Unspecified 446
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Linear Regression

Model Fit Measures

Model R R?

1 0.0420  0.00177

Model Coefficients - Quantity

Predictor Estimate SE t ]
Intercept @ 71.1562 4.55698 15.61 <.001
Price -0.0125 0.00588 -2.14  0.033
Country:
Austria — Australia -58.5042 9.20835 <.001
Bahrain — Australia -53.6541  37.23834 0.150
Belgium — Australia -59.2513 5.78551 <.001
Brazil — Australia -59.9753  28.09093 0.033
Canada — Australia -52.7128  13.58960 <.001
Channel Islands — Australia -58.4108 7.32365 <.001
Cyprus — Australia -60.7095 7.80224 <.001
Czech Republic — Australia -43.2195  32.32974 0.181
Denmark — Australia -48.7989 9.36801 <.001
EIRE — Australia -52.4167 4.88677 <.001
European Community — Australia  -62.5065  21.26291 0.003
Finland — Australia -54.7403 7.66213 <.001
France — Australia -57.3834 4.87834 <.001
Germany — Australia -57.4883 4.85822 <.001
Greece — Australia -60.1949  13.92522 <.001
Hong Kong — Australia -53.9489  10.39071 <.001
Iceland — Australia -57.6175  12.48429 <.001
Israel — Australia -56.1649  10.20346 <.001
Italy — Australia -60.2226 7.34481 <.001
Japan — Australia 9.9162 9.86711 0.315
Lebanon — Australia -62.5108  23.81464 0.009
Lithuania — Australia -52.4920  26.89318 0.051
Malta — Australia -62.3211  15.69496 <.001
Netherlands — Australia 15.2176 5.59787 0.007
Norway — Australia -52.7773 6.64359 <.001
Poland — Australia -59.8031 9.81923 <.001
Portugal — Australia -60.1018 6.12212 <.001
RSA — Australia -65.0336  21.08731 0.002
Saudi Arabia — Australia -62.2378  52.46543 0.236
Singapore — Australia -46.8161 11.47272 <.001
Spain — Australia -59.6665 5.55995 <.001
Sweden — Australia 12.8860 8.83615 0.145
Switzerland — Australia -55.3524 5.78494 <.001
USA — Australia -57.3954  12.57464 <.001
United Arab Emirates — Australia ~ -56.4784  19.69090 0.004
United Kingdom — Australia -61.3890 4.56250 <.001
Unspecified — Australia -63.7232 8.71165 <.001

2 Represents reference level




