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I declare that this report is the product of my own work and is not being submitted for any other degree etc.

James Evans
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As detailed in the This is detailed in the ACCA6011 AI & ML Assignment [1]: -

The following report details the appraisal of Teronix Online and delivers a report which demonstrates: -

· The viability of deploying Artificial Intelligence (AI) and
Machine Larning (ML) techniques for better understanding the types of data currently held by Teronix Online.

· A clear explanation of how a set of data can be used to form recommendations to Senior Management, what these recommendations are and the assumptions which underpin them.


This report has been carried out by James Evans.



[bookmark: _Toc124513357]Introduction

As requested within the ACCA6011 assignment [1], the following report details:-

· AI/ML Potential: -
· A definition of the role which AI/ML can play in the supermarket sector (specifically Teronix Online specific products).
· Highlighting the forms of data collection processes required for better understanding data types held by Teronix Online.

· Data Discussion: -
· Discussion of the various forms of data the company needs to evaluate.

· Tool Appraisal: -
· Appraisal of the tools and applications available to the company.
· Offering of valid recommendations for implementation.

· AI/ML Model Creation: -
· Create a suitable AI/ML model based on Teronix Online Data.

· Evaluation: -
· Add an overall conclusion to your report that summaries your analysis of Teronix Online.

· 
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AI/ML Potential

Defining AI/ML in the Supermarket Sector
Within the Supermarket Sector, AI can play a larger role than it has previously, and this is likely to increase dramatically over the coming years, with changes coming more quickly year on year. Two short years ago AWS for Industries [2] pointed out that retailers should use AI and ML in a
“transformative way to create truly unique customer experiences or optimize critical business processes.”
ONPASSIVE [3] lists that the current Top 5 applications of AI in Retail are (and describes them as): -
· Self Service Checkouts – already widely available in larger supermarkets throughout the UK, and can operate without employing individual cashiers.

· Chatbots to Aid Customer Assistance – Typically used to provide a bespoke service through customer alerts. The alerts are based on previous purchase history and can steer the customer towards new offers or products that they may wish to purchase based on this history. Multiple languages will make the store more accessible to a greater number of customers this increasing footfall.

· In-Store Support – A combination of inventory management, phasing out price tags and replacing them with smart shelf tags (a tag which alerts stock control that the item has left the shelf and entered the basket of the customer. The smart tags can show video advertisements, nutritional information and help the customer fid what they need in various languages.

· Price Adjustments – Using modelling to predict the optimal price point for products; then rolling these out swiftly using the smart shelf tags.

· Price Forecasts – Modelling he change in price over time based on: -

· Stock
· Availability
· Demand
ONPASSIVE stresses that: -
“Predictive analytics and machine learning could achieve much more than just a pricing prediction in the retail industry.”
AWS for Industries [2] detail how AI/ML can be used for Demand Planning. This is essentially: -
“The goal is to offer the right quantity of products, in the right place, at the right price, at the right time.”
If a company were to employ these; in conjunction with facial recognition which MS Azure [4] has been perfected and believes is ready and available at scale, the company’s ability to reduce costs, increase footfall and maximise profits would be greatly improved.

Data Collection Processes
The following data collection processes would be necessary to understand the data types held, at the present time, by Teronix Online: -
· A review of the varying places in which data is currently held, which should in turn lead to an assessment of what additional data should be collected in future.
· An assumption of the assumed current data locations and the processes necessary to extract said data can be found below: -
· Staff database
· Information regarding the staff that exist across the entire organisation.
· Could potentially be used to deploy individuals to stores with lower staff necessary in AI/ML forecasts.
· Format of the data to be determined, collated, and kept updated accordingly in a single location.
· Recommendation is that this be stored in a standalone database and fed regularly into a data warehouse.
· Customer database
· Information regarding the customers that exist across the organisation.
· Could potentially be used to recommend purchases, maximise revenue and increase footfall.
· Format of the data to be determined, collated, and kept updated accordingly in a single location.
· Recommendation is that this be stored in a standalone database and fed regularly into a data warehouse.
· Stock database
· Information regarding the stock held, procured, and sold across entire organisation.
· Could potentially be used in line with AWS recommendations [2] to plan the pricing and availability of products for Demand Management purposes.
· Format of the data to be determined, collated, and kept updated accordingly in a single location.
· Recommendation is that this be stored in a standalone database and fed regularly into a data warehouse.
· Sales records
· Information regarding the sales made across the organisation.
· Could potentially be used to tailor an individual customer experience in addition to planning for periods of peak demand based on previous trends.
· Format of the data to be determined, collated, and kept updated accordingly in a single location.
· Recommendation is that this be stored in a standalone database and fed regularly into a data warehouse.
· Outlet Information
· Information regarding the various outlets.
· Could potentially be used to track the differences in shopping habits based on location and subsequently used to plan accordingly.
· Format of the data to be determined, collated, and kept updated accordingly in a single location.
· Recommendation is that this be stored in a standalone database and fed regularly into a data warehouse.



Data Discussion

In order to create a tailored customer experience, as outlined in section 4.01; it is wise to fully understand the data which the company currently holds; in addition to the data that it is wise to hold going forwards.
Existing Data Set
The existing data set appears to show sales data between 2009 and 2011, spread across two MS Excel tabs in a single workbook, with records that exceed the magnitude of 100. 
The following fields (and associated descriptions) are present: -
· Invoice
· A number which relates to the total purchase.
	
· StockCode	
· A code associated with the item purchased.

· Description
· A description of the item that has been purchased.

· Quantity
· The number of items purchased.

· InvoiceDate
· The data of the purchase of the line item.

· Price	
· The price of the line item.

· Customer ID
· The Unique Identifier of the customer.

· Country
· The country in which the purchase and store resides.
In order for this data to be used for the purposes of AI and Machine Learning; the following assumptions are to be made: -
· The store locations in the data are still valid.
· The stock associated with purchases made is still available.
· The customer ids are still valid.
· Customer information related to the unique Ids is available to create a tailored experience.
· The purchasing habits by individuals are still at least similar to the habits shown in the data.
· Any categories found within the data can be mapped to the stock available in the current landscape.
Additional Data
In order to make a unique customer experience; the following additional data would be required to drive the Machine Learning and subsequently make recommendations at both the customer and business levels: -
· Facial Recognition
· Added to the customer database so that each customer can be given a tailored experience (as previously detailed).
· Item Subtypes
· To allow a simpler view of the data types for visualisation purposes.
· Supplier Details
· Information about suppliers of stock.
· In House Stock Availability
· Details of the stock which is and will be available and when.
· External Stock Availability
· Details of the stock, which is and will be available for purchase, and when.
· Staff Availability
· Details of the existing and planned staff that are available to work at each location and when, broken down into specialism (for use in Demand Management).
· Staff Requirements
· The number of staff that are required in each location and in each specialism (for use in Demand Management).




Tool Appraisal

Potential Tool Appraisal
Russel and Norvig [5] detail the following tools that can be used for AI and Machine Learning: -
· Intelligent Agents
· An Artificial Intelligence that perceives its environment through a preceptor and changes its surrounding environment, based on this input, through an actuator.
· Russel and Norvig [5] detail the varying types of Intelligent Systems as: - 
· Simple reflex agents – reacts to a specific perception in a specific way.
· Model-based reflex agents – Acts in a specific way given a specific perception.
· Goal-based agents – continues to change the perceived environment until a specific goal is reached (perceives the pre-determined end state).
· Utility-based agents – can assess the environment and calculate the best course of action to maintain a pre-defined equilibrium (or optimal) state.

· Neural Networks
· Achieves an output based on various inputs, associated weightings and an actuation function.

· Computer Vision
· The way in which a machine can perceive the world around itself through the input of visible light (this is vital for facial recognition).
· Involves shape matching and depth perception.

· Machine Learning in Big Data: -
· Supervised learning where categories are pre-defined and assigned based on specific criteria.
· Unsupervised learning where categories are assigned through clustering.
· Several techniques exist including: -
· K-means.
· Density Based clustering

· Fuzzy Logic
Russell and Norvig [5] define Fuzzy Logic as: -
“a method for reasoning with logical expressions describing membership in fuzzy sets.”
This is effectively a method for analysing data where the categories for which are largely subhective. E.g. Tall, wide, high etc.
· Searching
· Algorithmic AI which is capable of: -
· Finding the shortest pathway between two nodes.
· Being programmed “genetically”, where the algorithm itself  is effectively changed until a desired end state is reached. 
· Can be used in classification.

· State Machines
· Can be used for sequential control problems.
· Finite State Machines produce an output every time an input is consumed.
· Popularly shown as a 2-dimensional array – similar to a matrix.

· Prediction
· Using probability in conjunction with one or more of the tools already mentioned to assess the likelihood of various outcomes in a given situation and based on the data to hand.

Potential Application Appraisal
The Applications used to conduct AI and Machine Learning by the author, and a short appraisal of each, can be found below: -
· Weka
· Capable of cluster analysis, categorisation, and predictive modelling.
· The data set in its current form is not suitable to be fed into Weka.
· Orange
· Capable of basic AI and ML.
· Knime
· Capable of more complex AI and ML.
· Capable of cluster analysis, categorisation and predictive modelling.
· Data can be fed in successfully.

Recommendation for Implementation
Based on the data that has been supplied; the author has decided to use the following tools in the following application: -
· Tools chosen: -
· Unsupervised learning to perform cluster analysis through K-means.
· Categorise the data based on the clusters that are observed.
· Predict the ongoing trends based on the categorisation and predictive model.
· Application chosen: -
· Knime, as the data can be uploaded successfully, the software is free to use, and possesses the tools outlined above to perform the necessary AI and Machine Learning.


AI/ML Model Creation

Pre-processing in Excel
The data supplied was spread across a total of two worksheets and numbered more than a million records. The following pre processing was therefore required: -
· “Trimming” each cell entry to remove erroneous spaces.
· Removing unnecessary inverted commas from the data.
· Adding a unique identifier to each row.
· Removing 1/3 of the data from each tab and saving this in a separate CSV Workbook. This is our test data.
It is assumed that any duplications present within the data provided are in fact additional purchases that belong in the data set. Therefore all data duplications that have been found have been left inside the data set.
Each tab was subsequently saved as its own comma separated variable worksheet. This is our training data.

Training Data Model
Pre-Processing in Knime
These individual workbooks were then: -
· Uploaded to Knime through the use of two CSV readers
· Combined into a single list of data using a “Concatenate” node 
· Normalised to turn each relevant set of numerical data into a “normally” distributed curve, where the median value becomes the peak of the distribution (0) and the extremes in either direction become negative and positive values respectively, exceeding in magnitude accordingly.
Nodes: -
[image: Diagram
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Data Extract: -
[image: Table
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Handling of Missing Values
To successfully feed the data into the K-Means node to determine the clusters and categorise the data; any missing values must forst be handled.
In this case they were: -
· Detected
· Replaced with the: -
· Modal value of the Field if the data set is a description.
· Mean value of the Field if the data set is numeric.
· Apply this to the Data Set.
[image: Graphical user interface, application
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Performing Clustering Analysis
Using the K-Means Node with the following Settings, the clusters identified are as follows: -
[image: Graphical user interface, application
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Clusters: -
[image: Table
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Following Clustering
· The data is then de-normalised to return the initial values.
· Normalisation is modelled using the model writer.
· Clustering is modelled using the PMML Writer.
· Data is prepared for visualisation.
The full Node Diagram can be found below: -
[image: A picture containing text, sky, map
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Test Data Model
The results of the Categorisation of the Training Data Sets are then used to model potential outputs using the Test Data.
The Node Diagram for this next section can be found below: -
[image: Diagram
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The Assignment of Cluster Labels Process using these Nodes was carried out as follows: -
· Data is read by the CSV Reader.
· Normalisation is modelled on the Normalisation of the Training Data.
· Data is Normalised.
· Clusters are Assigned based on the Clustering Model that has been produced using the Training Data.
· Data is De-Normalised.
· This Data is then Pivoted to Provide useful Management Information to drive Business Decisions: -
· Category
· Country
· Revenue
The resultant Clustering is as follows: -
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Evaluation

Conclusion Summarising the Analysis of Teronix Online
Recommendations Based on the Changing Shopper Experience
As outlined in 4.01; invest in: -
· Self Service Checkouts
· Chatbots to Aid Customer Assistance 
· In-Store Support 
· Price Adjustments
· Price Forecasts 
· Stock Availability
· Demand Management
Recommendations Based on Data
Looking at the modelling and taking the previous assumptions into account; we can observe that in particular territories specific clusters are more likely to sell better (symbolised by a positive number) or sell worse (symbolised by a negative number).
We can therefore recommend investments in particular stock types in particular territories based on this information.
It would be worth investing in people where necessary in these particular departments, in the event that smarter shopper experiences have not yet been employed.
The full output has been given in section 4.04 and should be used to drive strategic business decisions. Some specific examples include: -
· UK – Cluster 1
· These are net positive and should be invested in as they yield the most revenue for the country.
· Norway – Cluster 2
· These are net positive and should be invested in as they yield the most revenue for the country.
· Channel Islands Cluster 0
· These are net positive and should be invested in as they yield the most revenue for the country.
· Spain Cluster 2
· These are net positive and should be invested in as they yield the most revenue for the country.
· Sweden Cluster 2
· These are net positive and should be invested in as they yield the most revenue for the country.
Conversely, the clusters which yield no revenue for a particular region should receive zero investment.
Some examples include: -
· Switzerland - Clusters 0,1 and 3.
· RSA - Clusters 0,1 and 3.
Upon examination of the data; we can observe that, in fact, a large amount of revenue was not accounted for through clustering (approximately 75%). The region with the greatest amount of unclassified revenue is the UK.
Therefore it is recommended more analysis is carried out before implementing any specific findings following the Cluster Analysis.


· 
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Test Data Cluster Summarisation
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