


Abstract
In this report, a prototype data warehouse with data from UK Atomic Authority Transactions of the Q2 2018 from April to June has been designed and built. An ETL process including extract, transform and load has been conducted from the original data in Excel file to final tables in Access file. Then, some reports related to the performance of different attributes including expense types, areas and suppliers has been generated with Tableau software and some brief analysis has been given on them. Finally, a dashboard for the data warehouse has been designed to meet the requirements of the managers in UKAEA finance with Tableau software and the explanation for the design.
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1. [bookmark: _Toc5624292]Introduction

Business Intelligence[1] could help enterprises make decision with foresight using large scale date and analysing method. Orders from sales department, inventory from warehouse, transaction from financial department, customers and suppliers from market department, industry and competitors, external environments are included in the data. Hence, data warehouse and ETL process can be used to transform data into knowledge and information. As a result, the process of BI can be concluded into three steps as collecting, managing and analysing. The main target for BI is to make sure that all the decision makers can make the full knowledge and insight of the enterprise in order to make the perfect decisions.
ETL[2][3] is defined as the process, during which the data will be extracted from the data source and load the data set into business system with data warehouse. The aim of the ETL process is to integrate the complex and inconsistent data into a normalized format and act as a basis for enterprise analysing and policy making. The time of ETL process spent in the whole BI project has been taken as one third of the whole process and the quality of ETL process has a big relevance to the success of the BI project. ETL process has three parts including data extraction, cleaning and conversion, loading.
The goal of this report is to design and establish a data warehouse prototype with the data on UKAEA Transaction from April to June in 2018. The useful tools for this process include Microsoft Excel and Access. Then some reports related to the total amount spent on different objects from different perspectives should be generated using Tableau software. Finally, a dashboard of the data warehouse should also be generated to give an overview of the project for finance managers.
2. [bookmark: _Toc5624293]Data Warehouse
In this section, a prototype data warehouse[4][5] will be devised and built with data of UKAEA Transactions and the ETL process will be conducted including extract, transform and load.
2.1. [bookmark: _Toc5624294]Data Source
The data used here is on UK Atomic Energy Authority Transactions for the second quarter of the financial year 2018 from April to June inclusive. The data is published by United Kingdom Atomic Energy Authority and the topic of which is government spending. It can be found from the data.gov.uk website and last updated date is 4th April 2019.
Figure 1 shows the overview of the whole data. For data in April 2018, it has 3136 effective data; for data in May 2018, it has 2912 effective data; for data in June 2018, it has 2598 effective data with 9 records with value lost. In total, the data source has 8645 effective data that can be put into processing.
In addition, the data has eight attributes including department, pay data, entity, product family, expense area, supplier, transaction number and net amount which can be useful in the further steps of ETL process.
[image: ]
[bookmark: _Toc5624331]Figure 1 Overview of the data
2.2. [bookmark: _Toc5624295]Data Warehouse Design
In the design process, first work is to identify which data attributes should be dimensions and which ones should be measures. Based on this, the invoice fact has dimensions including department, entity, pay date, product family, expense area, supplier and transaction number and measures including net amount. Each dimension has a unique identification as its primary key and has its value. For example, department attribute has department ID and department name. Also, the invoice face has invoice ID as its primary key.
In addition, the schema should have master data which is data that has a concrete business use. It includes users, data source and table attributes; aggregate data which is reporting directly from the DW can be problematic as it slows down the system’s operation; and metadata which is data about data. UML Tools for UML diagrams - UMLET has been used here to draw the schema. Figure 2 shows the schema of the data warehouse.
[image: ]
[bookmark: _Toc5624332]Figure 2 Designed schema of the data warehouse
2.3. [bookmark: _Toc5624296]ETL Process - ‘Extract’ & ‘Transform’
In the ‘Extract’ phase[6], the data used in the process should first download from the specific website. Figure 3 shows the specific website to download the data.
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[bookmark: _Toc5624333]Figure 3 Data on data.gov.uk webpage
In the ‘Transform’ phase[7], the data of different month in the second quarter in financial year 2018 should be integrated into one csv file. Then a star schema should be designed with the column names of the data warehouse as shown in Figure 2. In the schema, necessary metadata and aggregate data tables with further master data tables will be added.
Next, the ETL document should be created to complement the details in the structure. First, the existing data source is an Excel spreadsheet and the new data warehouse star schema is given. Then, database to data warehouse table mapping has been shown to give a guideline of the document. Figure 4 shows an overview of database to data warehouse table mapping. Furthermore, a full version of the document can be found in the appendix of this report.
[image: ]
[bookmark: _Toc5624334]Figure 4 Overview of database to data warehouse table mapping
Moreover, there are 9 records with missing value in the Excel file of June 2018 and should be filled with unknown in the text cell and 0 in the numerical cell as shown in Figure 5. The purpose of this step is to make sure there are no blank spaces in the named columns of the file.
[image: ]
[bookmark: _Toc5624335]Figure 5 Records with missing values
Finally, to prepare for the load phase, the text in each column which will become a dimension should be copied to a new sheet and remove duplicate value of it. Figure 6 shows the overview of data after removing duplicate process.
[image: ]
[bookmark: _Toc5624336]Figure 6 Overview of data without duplicate
2.4. [bookmark: _Toc5624297]ETL Process - ‘Load’
In the ‘load’ phase [8], first, the main spreadsheet and each of the column with data of dimension should be paste into access as a unique table. The main spreadsheet is a fact table as shown in Figure 7 and each of the worksheets is a dimension table as shown in Figure 8. From the figures, the fact table has an auto number primary key – Invoice ID and each of the dimension table has the key.
[image: ]
[bookmark: _Toc5624337]Figure 7 The fact table
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[bookmark: _Toc5624338]Figure 8 The supplier dimension table
After inputting all the data into access, UPDATE query should be adopted to replace the text of a dimension filed in the fact table with the corresponding primary key value of the dimension table. Here, the link between the invoice fact table and supplier dimension table will be taken as an example. First is to create a query and choose the two tables into the query window. Then the Supplier Name filed in the Invoice fact table should be updated to Supplier Name ID field in the Supplier dimension with the criteria of Supplier Name field in the Supplier dimension. Figure 9 shows the example of this query. The general form of the update query is UPDATE fact. dimension name=dimension. primary key WHERE fact. dimension name=dimension. Dimension name.
[image: ]
[bookmark: _Toc5624339]Figure 9 Example of update query
After all update queries have been done, the field type of dimension field in the fact table should be changed from TEXT to NUMBER because all the text filed have been substituted by the auto number primary key in different dimensions. Figure 10 shows the design view of the fact table after changes. 
[image: ]
[bookmark: _Toc5624340]Figure 10 Data type of the fact table after changes
Then, master data tables corresponding to master data shown in the schema of Figure 2 will be created. They include users, data source and table attributes and Figure 11 shows the Table Attributes. In addition, meta data and aggregate data tables have been created as well.
[image: ]
[bookmark: _Toc5624341]Figure 11 Master data tables of Table Attributes
Finally, the relationship model of all the tables has been designed in Figure 12. In the design, the dimensions field in the invoice fact table should be linked with the primary key – Identification in each dimension table. Also, the aggregate data table and master data tables should be put into the model as well. It should be found that the relationship model here matches the star schema created in Figure 2 which shows the correspondence between the ETL plan and implementation.
[image: ]
[bookmark: _Toc5624342]Figure 12 Relationship model of the tables.
In the next part, some reports on the data about expense types, expense areas and suppliers will be generated to give a guide for financial managers.
3. [bookmark: _Toc5624298]Data Reports
In this part, Tableau software [9][10] has been used to generated data charts and reports to give a clear view of the financial situation of UKAEA Transactions data.
3.1. [bookmark: _Toc5624299]Top Expense Types
Figure 13 shows the net amount of different expense types for the second quarter of 2018. Here, bar chart has been used with dimensions product family and pay date in the columns and measures net amount in the rows.
From the result, it could be found that the top five expense types for this quarter are Engineering Goods (4,540,750), Professional Services (3,648,578), Hired Agency Staff-Rullion CMF/PO(2,796,171), Facilities (1,916,216) and ICT(1,400,664) respectively.
[image: ]
[bookmark: _Toc5624343]Figure 13 Net amount of different expense types for the quarter
Figure 14 shows the net amount of different expense types for each month in the second quarter of 2018. Here, the quarter has been split into three months.
From the result, it could be found that the top five expense types for April are Engineering Goods (2,669,948), Professional Services (1,798,781), Facilities (929,545), Hired Agency Staff-Rullion CMF/PO (872,514), and ICT (675,888) respectively.
The top five expense types for May are Hired Agency Staff-Rullion CMF/PO (1,109,727), Professional Services (876,853), Engineering Goods (841,069), ICT (587,115) and Facilities (510,959) respectively.
The top five expense types for June are Engineering Goods (1,029,733), Professional Services (972,944), Hired Agency Staff-Rullion CMF/PO (813,930), Energy and Fuels (784,137), Facilities (475,712) respectively.
[image: ]
[bookmark: _Toc5624344]Figure 14 Net amount of different expense types for each month
3.2. [bookmark: _Toc5624300]Top Expense Areas
Figure 15 shows the net amount of different expense areas for the second quarter of 2018. Here, bar chart has been used with dimensions expense area and pay date in the columns and measures net amount in the rows.
From the result, it could be found that the top five expense areas for this quarter are Fusion (9,448,631), other (3,431,791), Property (3,008,517), Support Services (2,265,949) and Unknown (0) respectively.

[bookmark: _Toc5624345]Figure 15 Net amount of different expense areas for the quarter
Figure 16 shows the net amount of different expense areas for each month in the second quarter of 2018. Here, the quarter has been split into three months.
From the result, it could be found that the top expense areas for April are Fusion (3,437,241), other (2,137,717), Property (1,497,792) and Support Services (1,301,770) respectively.
The top expense areas for May are Fusion (2,794,527), Property (759,253), other (551.009) and Support Services (473,718) respectively.
The top expense areas for June are Fusion (3,216,863), Property (751,472), other (743,066), Support Services (490,461) and Unknown (0) respectively.
[image: ]
[bookmark: _Toc5624346]Figure 16 Net amount of different expense area for each month
3.3. [bookmark: _Toc5624301]Top Suppliers
Figure 17 shows the net amount received from each department of different suppliers for the second quarter of 2018. Here, bar chart has been used with dimensions suppliers and pay date in the columns and measures net amount in the rows.
From the result, it could be found that the top five suppliers who received the most money from each department for this quarter are Rullion Engineering Ltd (816,904), EDF Energy (803,391), Morson International (373,769), Department of Energy and Climate Change (330,292) and 3M United Kingdom Plc (236,553).
[image: ]
[bookmark: _Toc5624347]Figure 17 Net amount received of different suppliers for the quarter
Figure 18 - 20 shows the net amount received from each department of different suppliers for each month in the second quarter of 2018. Here, the quarter has been split into three months.
From the result, it could be found that the top five suppliers for April are Rullion Engineering Ltd (878,925), Marsh Ltd (710,253), South Oxfordshire District Council (397,228), Sundry Supplier (358,742) and Morsh International (352,863).
The top five suppliers for May are Rullion Engineering Ltd (1,117,831), Morsh International (291,219), CDW Ltd (247,592), South Oxfordshire District Council (196,074), Cavendish Nuclear Limited (146,829) and EDF Energy (108,951).
The top five suppliers for June are Rullion Engineering Ltd (816,904), EDF Energy (803,391), Morsh International (373,769), Department of Energy and Climate Change (330,292) and 3M United Kingdom Plc (236,553).
[image: ]
[bookmark: _Toc5624348]Figure 18 Net amount received of different suppliers for April
[image: ]
Figure 19 Net amount received of different suppliers for May
[image: ]
Figure 20 Net amount received of different suppliers for June
In the next part, a dashboard of the data warehouse will be designed to provide at-a-glance views of information relevant to this business process.
4. [bookmark: _Toc5624302]Dashboard Design
Dashboards[11][12] typically provide an overview of key performance indicators related to a specific goal or business process. Here, a dashboard has been created for the UKAEA Transactions data warehouse for the Q2 2018 including April to June.
In order to create a dashboard with the most important information, an overview of the data attributes should be taken to decide which of them need to be put in the dashboard. In the data, there is only one department – BEIS and entity – UKAEA. As a result, the focus should be put in these three attributes – product family, expense area and supplier. 
In the previous part, the top five of these fields have been found. However, just put in the three bar charts cannot give a brief and nice look for financial managers to make decisions. Also, Tableau software has been used to create the dashboard for this data warehouse.
Figure 21 shows the dashboard of the data warehouse. Take a glance at the dashboard, the manager could see different expense areas with side by side bar chart at first on the top of the page. Then, expense types with line chart can be seen on the bottom – left of the page. Finally, suppliers with packed bubbles chart can be seen on the bottom-right of the page.
The design of the expense areas bar chart has the reason that there are just five areas so bar chart can clearly show the net amount of different areas. If there are too many areas, bar chart would be too long to show all the fields. In addition, different colours have been used here to give a clear view of the difference. The manager could clear see that the fusion area has the most net amount.
The design of expense types line chart has the reason that there are too many types here and the manager may just need to know the top types and the least types to make policies. Here, different types and its net amount for three months have been given a clear show for the manager.
The design of supplier packed bubble chart has the reason that the size of bubbles can give an indication of the level of net amount and the colour of the bubbles has the same function too. With different features of the data, different chats and layout of the dashboard can give the manager a better understanding of the data.
[image: ]
[bookmark: _Toc5624349]Figure 21 Dashboard design of the data warehouse
5. [bookmark: _Toc5624303]Conclusion
In the report, the prototype data warehouse of the UKAEA Transactions data has been created and the ETL process including extract, transform and load has been conducted to load the data from Excel file into Access file. The preparation work for this is the design work including star schema. After the ETL process, it could be found that the relationship model matches the data schema designed before. After that, some reports about finding the top expense types, expense area and suppliers has been generated through Tableau software and bar charts have been used here to give a clear show of the results. Finally, a dashboard related to the reports before has been built to give a brief overview for financial managers to make better policies depending on the previous results.
[bookmark: _Toc5624304]Reference
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Appendix
Database to data warehouse table mapping:
	DATABASE TABLES
	DATA WAREHOUSE TABLE

	Spreadsheet 
	InvoiceFact 

	Spreadsheet 
	Department 

	Spreadsheet 
	Entity 

	Spreadsheet 
	PayDate 

	Spreadsheet 
	ProductFamily 

	Spreadsheet 
	ExpenseArea 

	Spreadsheet 
	Supplier 

	Spreadsheet 
	TransactionNumber 

	Not Applicable – This table needs to be generated from scratch 
	Users 

	Not Applicable – This table needs to be generated from scratch 
	Data_Sources 






Database to data warehouse attribute mapping
INVOICEFACT
	TARGET
ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	InvoiceID
	PK
	Automatically generated
	Shouldn’t happen
	Refer to staff

	Department
	Spreadsheet.Department
	Linked to Department dimension PK
	“Unknown”
	Refer to staff

	EntityID
	Spreadsheet.Entity
	Linked to Entity dimension PK
	“Unknown”
	Refer to staff

	ProductFamilyID
	Spreadsheet.ProductFamily
	Linked to ProductFamily dimension PK
	“Unknown”
	Refer to staff

	ExpenseAreaID
	Spreadsheet.ExpenseArea
	Linked to ExpenseArea dimension PK
	“Unknown”
	Refer to staff

	PayDateID
	Spreadsheet. PayDate
	Linked to PayDate dimension PK
	Shouldn’t happen
	Refer to staff

	TransactionNumber
	Spreadsheet.TransactionNumber
	None
	Shouldn’t happen
	Refer to staff

	SupplierID
	Spreadsheet.Supplier
	Linked to Supplier dimension PK
	“Unknown”
	Refer to staff


DEPARTMENT
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	DepartmentID
	PK
	Automatically generated
	Shouldn’t happen
	Refer to staff

	DepartmentName
	Spreadsheet. Department
	None
	“Unknown”
	Refer to staff


ENTITY
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	EntityID
	PK
	Automatically generated
	Shouldn’t happen
	Refer to staff

	Entity Name
	Spreadsheet.Entity
	None
	“Unknown”
	Refer to staff


PRODUCT FAMILY
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	ProductFamilyID
	PK
	Automatically generated
	Shouldn’t happen
	Refer to staff

	ProductFamilyName
	Spreadsheet. ProductFamily
	None
	“Unknown”
	Refer to staff


EXPENSE AREA
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	ExpenseAreaID
	PK
	Automatically generated
	Shouldn’t happen
	Refer to staff

	ExpenseAreaDescription
	Spreadsheet.ExpenseArea
	None
	“Unknown”
	Refer to staff



PAY DATE
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	PayDateID
	Spreadsheet PayDate
	None – Primary key
	Shouldn’t happen
	Refer to backup

	PayDate
	Spreadsheet PayDate
	None
	“Unknown”
	Set to “Unknown” value

	Year
	Spreadsheet PayDate

	None
	“Unknown”
	Set to “Unknown” value

	Quarter
	Spreadsheet PayDate

	None
	“Unknown”
	Set to “Unknown” value

	Month
	Spreadsheet PayDate

	None
	“Unknown”
	Set to “Unknown” value

	Week
	Spreadsheet PayDate

	None
	“Unknown”
	Set to “Unknown” value



SUPPLIER
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	SupplierID 
	Spreadsheet Supplier 
	None – Primary key 
	Shouldn’t happen 
	Refer to staff 

	SupplierName 
	Spreadsheet Supplier 
	None 
	Refer to staff 
	Refer to staff 



[bookmark: _GoBack]TRANSACTION NUMBER
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	TransactionNumber ID 
	Spreadsheet Transaction Number
	None – Primary key 
	Shouldn’t happen 
	Refer to staff 

	TransactionNumber 
	Spreadsheet Transaction Number
	None 
	Refer to staff 
	Refer to staff 



Comments
General, the fact table is where most of the problems will occur as this is going to be by far the largest table in the schema. The foreign keys should be extractable from the other tables, and if these are not present then the only thing for it is to have a member of staff check what’s missing. If this is happening a lot, then the organisation has some serious data quality/data governance issues that need to be addressed at source system level.

Problems with the dimension tables tend to be less drastic. Always ensure that there is a record in each dimension to represent an “Unknown” value (or, in a date dimension, a date that is an identifiable date in the past that only has problem records attached to it).



Master Data, Metadata and Aggregate Data tables

Users
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	UserID
	Generated from user list
	None – Primary key
	Shouldn’t happen
	Refer to staff

	UserName
	Generated from user list
	None
	Refer to staff
	Refer to staff

	UserType
	Generated from user list
	None
	Refer to staff
	Refer to staff



Data_Sources
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	SourceID
	Generated from source list
	None – Primary key
	Shouldn’t happen
	Refer to staff

	SourceName
	Generated from source list
	None
	Refer to staff
	Refer to staff

	SourceLocation
	Generated from source list
	None
	Refer to staff
	Refer to staff



TablesAttributes
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	TablesAttributesID
	Generated from schema
	None – Primary key
	Shouldn’t happen
	Refer to staff

	TableName
	Generated from schema
	None
	Refer to staff
	Refer to staff

	AttributeName
	Generated from schema
	None
	Refer to staff
	Refer to staff



Comments
These tables are set up at design time and will change very rarely thereafter. Data sources will change only as the organisation changes its upstream data collection process. Table and attribute changes will occur as the data warehouse is expanded to include new stars. Users will change as staff change, but the user table should also include records for the ETL system and for the operational system so that automated tasks can be logged in any metadata tables.

mInvoices
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	mInvoicesID
	Generated
	None – Primary key
	Shouldn’t happen
	Refer to staff

	TableModifiedID
	Updated table
	Link to TablesAttributes
	Reject and rollback transaction
	Reject and rollback transaction

	RowModified
	Updated table
	Get RowID from updated table
	Reject and rollback transaction
	Reject and rollback transaction

	AttributeModifiedID
	Updated table
	Link to TablesAttribtes
	Reject and rollback transaction
	Reject and rollback transaction

	OldValue
	Updated table
	Original data value
	Set to NULL
	Reject and rollback transaction

	NewValue
	User/ETL Process
	New data value
	Reject and rollback transaction
	Reject and rollback transaction

	DataSourceID
	Source system
	Link to Data_Source
	Reject and rollback transaction
	Reject and rollback transaction

	UserID
	Login/ETL Process
	Link to Users
	Reject and rollback transaction
	Reject and rollback transaction

	Timestamp
	DBMS
	Generated
	Reject and rollback transaction
	Reject and rollback transaction

	Comment
	User/ETL Process
	None
	Reject and rollback transaction
	Reject and rollback transaction



Comments
This table records who did what and when to the data warehouse and MUST be updated every time a change is made to the fact or dimensions in order to maintain an audit trail through the data. As a result, if any data is missing or incorrect then not only is the mOrders row insert rejected but the transaction that caused the insert must also be rejected and rolled back.


aInvoices
	TARGET ATTRIBUTE
	SOURCE(S)
	PROCESSING REQUIRED
	MISSING VALUE?
	INCORRECT VALUE?

	aInvoicesID
	Generated
	None – Primary key
	Shouldn’t happen
	Refer to staff

	AggregateDateID
	Generated
	Link to Date_Dim
	Rollback and write to log
	Rollback and write to log

	QuarterToDate
	Orders_Fact
	Sum TotalCost over time
	Rollback and write to log
	Rollback and write to log

	YearToDate
	Orders_Fact
	Sum TotalCost over time
	Rollback and write to log
	Rollback and write to log

	Timestamp
	Generated
	None
	Rollback and write to log
	Rollback and write to log

	Comment
	ETL Process
	None
	Doesn’t matter
	Doesn’t matter



Comment
The aggregate table is generally updated monthly once the main body of the ETL process has completed for the month. As this is an automated process that does not tend to have a significant impact on the operation of the data warehouse any problems in the aggregation process are generally written to an error log file for investigation by a staff member. 
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