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	Abbreviation

	Full Term

	OLTP
	Online Transaction Processing


	ETL
	Extract, Transform, Load


	BI
	Business Intelligence 
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	Dimension
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[bookmark: _Toc228165089]Task 1 - Data Warehouse Evaluation and Recommendations
[bookmark: _Toc228165090]1.1 OLTP vs Data Warehouse
An Online Transaction Processing (OLTP) system is used to support the day-to-day operations of a business by processing large numbers of regular transactions in real time [1]. These systems are designed for speed and efficiency, ensuring that activities such as order entry, inventory monitoring, deliveries, and invoicing are handled quickly and accurately. OLTP systems are usually highly normalised to reduce data redundancy and maintain consistency [2]. At Rags’n’Riches Ltd, the existing OLTP system supports essential operations such as recording customer orders, tracking the location of props and costumes, and managing deliveries and returns.

In comparison, a data warehouse is a centralised platform that integrates data from across the organisation, and where relevant external sources, to support reporting, analysis, and decision-making. Data is collected from operational systems, cleaned, and organised into a consistent format, allowing both current and historical data to be analysed effectively [3]. The key difference between OLTP systems and data warehouses is their purpose. OLTP systems are designed to run the business by handling everyday transactions, whereas data warehouses are designed to analyse the business by supporting reporting, trend analysis, and business intelligence activities.

For Rags’n’Riches implementing a data warehouse would provide significant benefits. For example, It would enable them to identify which props and costumes generate the highest revenue, analyse seasonal demand patterns, and monitor delivery and operational costs across different warehouses. It would also provide a single view of data from orders, transport, and finance systems. As the data warehouse operates separately from the OLTP system, analytical queries would not affect the performance of daily operations. a data warehouse would also allow the business to identify longer-term trends and would help with more strategic planning, such as forecasting demand or evaluating the potential profitability of expanding specific warehouse. This would help the company remain competitive and make the best decisions as the business expands.



[bookmark: _Toc228165091]1.2 Data Warehouse Architecture and Data Integration 
As outlined in the previous section, a data warehouse enables Rags’n’Riches to analyse business performance and support strategic decision-making. To implement this a structured architecture is required to collect, process, and store data from multiple sources across the business, as shown in Figure 1 below.
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Figure 1: Data Warehouse Architecture for Rags’n’Riches

As shown in the diagram, data flows from left to right, beginning with source systems, going through the Data staging process, and finally being stored and presented for analysis.

The first stage of this architecture involves data sources. For Rags’n’Riches, these include internal systems such as the orders database, inventory tracking systems, transport and delivery systems and finance records. In addition, external data sources, for example market trends or demand within the theatre industries, can also be used to provide business insight and comparison. The second stage is data staging, which involves a process called ETL (Extract, Transform, Load). During the extract phase, data is collected from the different operational systems. In the transform phase, the data is checked, cleaned, and organised so that it is consistent and accurate, for example, item codes, pricing format, and customer details can be aligned across all systems. Data is temporarily stored in a staging area during this process to ensure accuracy before being transferred. Finally, in the load phase, the processed data is stored in the data warehouse in a format suitable for analysis [4].

This process is designed to function without affecting the company’s day-to-day activities. The data warehouse sits separate from the operational systems, and data extraction normally occurs at scheduled times, for example during the night. This ensures that order processing, inventory updates, and delivery management continue to run efficiently without interruption.

Once the data is stored, it can be organised into data marts, these are smaller, department specific subsets of the data warehouse and can be accessed through reporting and business intelligence (BI) tools, for example Microsoft Power BI or Tableau. This allows department managers to produce insights such as identifying high-performing products, viewing demand trends and monitoring operational costs across different warehouses and locations. By combining data into a single, reliable source, the data warehouse enables more effective and informed decision-making across the company.

A data warehouse also ensures a high level of data consistency and accuracy by integrating and standardising information from multiple systems into a single version of the truth. Because the data is updated in a controlled and consistent way, there are no conflicting versions of the same information. This reduces the risk of errors and provides senior management with more confidence in the data used to help with decision making.



[bookmark: _Toc228165092]1.3 Use of Data Marts to Support Departmental Decision-Making
Data marts are a smaller subset of a data warehouse that are designed to meet the needs of different departments within a business. Instead of accessing all company data, each department can use a data mart that has only the most relevant and useful data for their decision-making. This makes it easier, faster, and more efficient for managers to analyse data and view insights. As each data mart is focused on a specific area of the business, it improves system performance by reducing the amount of data that needs to be processed, allowing users to access information more quickly. It can also improve data security, as departments only have access to the data relevant to their role, reducing the risk of sensitive information being accessed unnecessarily.[image: ]
Figure 2: Department Specific Data Marts for Rags’n’Riches
For Rags’n’Riches, these data marts can be designed to support the needs of different senior managers. The Managing Director would benefit from a high-level data mart that provides an overview of overall business performance. This could include key performance indicators (KPI’s) such as total revenue, profit margins, warehouse performance across all locations, and overall demand trends. By having access to dashboards and summary reports, the director can make strategic decisions about company growth and possible expansion, investment opportunities, as well as monitor the success of strategic decisions over time.
The Sales and Marketing Director could benefit from a data mart focused on customer behaviour and demand trends. This could include data on the most popular costumes, seasonal trends in rentals e.g. increased demand for pantomime costumes at Christmas, customer trends e.g. repeat customer, and the effectiveness of different pricing strategies and promotions. This would allow the company to have targeted marketing campaigns, adjust pricing, and respond to customer demand, helping to increase revenue.
The Finance Director would need a more detailed financial data mart focused on profits, revenues and costs. This could include data on costume rental income, delivery costs for example fuel costs, maintenance and repair costs. It could also allow data analysis of discounts and late payments. With this data, the Finance Director can monitor the company’s finances, ensure the business remains financially sustainable, and identify opportunities for potential cost savings and improved efficiency.
By providing each department with a clear and relevant view of data, data marts reduce complexity by limiting unnecessary data and make analysis faster and more efficient. They allow managers to focus on the information most important to their job without being overwhelmed by unnecessary detail. As data marts are produced from the same data warehouse this ensures consistency across the business as all departments are working from the same underlying information. Data marts help managers make better and faster decisions, improving performance and supporting future growth.



[bookmark: _Toc228165093]1.4 Data Structure Design: OLTP Normalisation to Data Warehouse Star Schema 

OLTP systems and data warehouses store data differently because they are designed for different purposes. OLTP systems help with day-to-day operations, such as processing orders and handling inventory. To do this efficiently data is organised into many related tables using a normalised structure to avoid duplication and maintain accuracy [5]. However, this structure can make it more difficult and slower to analyse data, particularly when combining information from multiple tables.

In comparison, data warehouses use a dimensional structure that is optimised for analysis and reporting. Data is organised into fact tables containing measurable metrics, with dimension tables linked to them to provide descriptive information [6]. This structure is known as a star schema, as shown in Figure 3 below.
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Figure 3: Example Star Schema for Rental Data at Rags’n’Riches

The diagram above shows how this structure can be applied to Rags’n’Riches. The Rental_Fact table records key measures such as rental days, daily cost, total cost, discounts, and delivery cost. This table is linked to several dimension tables, including Customer (customer details), Item (type of costume or prop), Warehouse (location and specialisation), and Date (day, month, and seasonal information). These dimension tables allow the business to analyse data from different perspectives.
This star schema makes it easier to perform queries, for example identifying the most profitable items, analysing demand trends over time, or comparing warehouse performance. It also helps with analysis, allowing managers to filter and group data by customer type, location, or time period without requiring complex queries. As the structure is simpler and more intuitive, with a fact table linked to dimension tables, it is easier for non-technical users to understand and use through reporting tools and dashboards.
Compared to OLTP systems, the star schema makes analysis easier and improves query performance, making it more suitable for management decision-making. It also allows historical data to be stored and analysed over long periods, helping the organisation identify trends and make better strategic decisions.


[bookmark: _Toc228165094]Task 2 - Data Warehouse Design and Implementation
[bookmark: _Toc228165095]2.1 Data Sources: Internal and External Systems
The data warehouse designed for Rags’n’Riches will combine data from a number of internal and external systems to enable effective analysis and support improved business intelligence across the organisation.

Internal source systems include:

· Orders system: captures rental transactions, pricing, discounts, and customer details
· Inventory management system: records item availability, location, and classification for example specialist or common
· Transport system: provides delivery, return, and distance data
· Finance system: stores invoices, payments, and write-offs for damaged items
· Purchasing system: records information on newly acquired props and costumes, including purchase costs and supplier details

External source systems include:

· Fuel card providers: supply fuel usage and cost data for delivery
· Geographical data: used to calculate delivery charges and optimise delivery planning

Combining these data sources allows the company to analyse performance, control costs, and help with better decision-making. 

These source systems represent the needs of different user groups within the company. For example, finance teams rely on financial and payment data, operations staff depend on transport and inventory data, and sales and marketing teams use customer and order data. Identifying these user groups ensures that the data warehouse is designed to support their specific reporting and analytical requirements.

[bookmark: _Toc228165096]2.2 Star Schema Design for the Data Warehouse
[bookmark: _Toc228165097]2.2.1. Fact & Dimensions Tables
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Figure 4: Fact & Dimensions Structure For the Data Warehouse

The planned data warehouse schema uses a multi star design, with several fact tables representing key business processes, with a number of both shared and independent dimension tables. This method follows dimensional modelling principles, which are recommended for data warehouses because of their ability to support efficient querying and data analysis [6]. The main Rentals_Fact table stores core rental transactions and includes measures such as total cost, discount, delivery cost, and rental duration. This table links to multiple dimensions, including Customer_Dim, Item_Dim, Warehouse_Dim, Date_Dim, RentalType_Dim, and Employee_Dim, allowing for more detailed analysis of customer behaviour, product usage, warehouse performance, and trends over time.

Additional fact tables are also used allow for more advanced analytics. Using multiple fact tables separates different business processes, making it easier to analyse each area while still keeping the data connected through shared dimensions tables.The Delivery_Fact table records logistics measures such as distance, fuel cost, delivery cost, and total deliveries, helping with analysis of transportation efficiency. The Finance_Fact table records financial transactions, including invoice and payment amounts and links to the PaymentType_Dim, allowing analysis of income and payment behaviour. The StockControl_Fact table tracks inventory levels and stock movements, including stock levels, stock value, and stock event types, and links to the Supplier_Dim, enabling analysis of inventory management and supplier performance.

In some cases the fact tables share dimension tables allowing for a  consistent and efficient structure. Shared dimensions tables like the Date and Warehouse tables, keep data consistent across fact tables and allow different areas of the business to be analysed together. This design makes it easier to run queries and analyse the business from different perspectives, while remaining scalable and easy to manage.
[bookmark: _Toc228165098]2.2.2. Metadata Tables
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Figure 5: Metadata Structure For the Data Warehouse

A mChangeLog metadata table has been implemented to track all changes made within the data warehouse. This table records key information for example the table and attribute modified, the affected record, previous and updated values, the user who made the change, and the date of modification. By combining change tracking into a single table, the design avoids duplication and supports a scalable approach if the schema is expanded later. This helps maintain data quality by tracking changes, identifying errors, and allowing incorrect data to be corrected, which is particularly important when working with large volumes of data and data sources.
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Figure 6: Aggregate Data Structure For the Data Warehouse

The aggregate tables shown above are designed to store calculated metrics of key business data in order to improve query performance and aid with efficient reporting [6]. The aRentals table captures aggregated rental activity, including daily, weekly, monthly, and year-to-date sales, as well as total rentals and average rental values, helping with analysis of overall business performance. The aDelivery table summarises logistics data, including delivery costs and total deliveries, helping with cost control and operations. The aInventory table gives an overview of stock levels and movements, including items rented, returned, and written off, allowing monitoring of inventory usage and losses. The aFinance table aggregates financial data including total payments, write-offs, and outstanding debt, witch will aid with financial analysis and finance management. By storing these pre-calculated measures, the aggregate tables reduce the need for complex queries on detailed fact tables, enabling faster reporting and decision-making.

[bookmark: _Toc228165100]2.2.4. Master Data
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Figure 7: Master Data Structure for the Data Warehouse


The data warehouse design includes several master data tables. These tables store reference information that is used across the entire data warehouse to ensure consistency and control. The Users table stores information about system users, including their UserId’s, names, and roles, allowing the organisation to track user activity. The DataSources table records details of the systems from where data is extracted, enabling the business to track where data originates. The TableAttributes table defines the structure of the data warehouse by listing tables and their associated attributes, helping with metadata management and maintaining consistency across the schema. These master data tables ensure that data is standardised and follow data governance [6].




[bookmark: _Toc228165101]2.3 Data Marts and Departmental Data Structures 
Data marts are smaller sections of a data warehouse designed to meet the specific analysis needs of different departments, such as sales, finance, or inventory. Instead of using the entire data warehouse, users access only the data they need for their role, which speeds up queries and makes analysis easier [7]. Data marts also improve decision-making by providing a consistent and reliable source of data for each department. Data marts are created by extracting data from the data warehouse, ensuring that all departments use consistent data.

For Rags’n’Riches, data marts can be created for each department based on their requirements:
· A Finance data mart, designed to support the needs of the Finance Director, would use a star schema based on the Finance_Fact table, supported by Rentals_Fact for revenue-related measures.This would be linked to dimensions including Date and Customer. This structure enables analysis of payments, outstanding balances, write-offs, and overall financial performance. This will support budgeting, forecasting, and financial management.
· A Sales and Marketing data mart, designed for the Sales and Marketing Director, would use a star schema built around the Rentals_Fact table as the central fact table. This would be connected to dimensions such as Customer, Item, and Date. This allows analysis of customer behaviour, product popularity, pricing effectiveness, and seasonal trends, as well as identifying high-value customers.
· An Operations data mart, designed to support operational management, would use a star schema based on Delivery_Fact and StockControl_Fact tables, linked to Warehouse and Date dimensions. This enables analysis of delivery performance, transportation costs, stock levels, and warehouse efficiency, helping to optimise logistics and resource allocation.
Clearly defined data marts and star schema structures ensures that data is organised in a way that helps with efficient analysis across the company. Aligning each data mart with specific business functions, Rags’n’Riches can provide relevant insights while keeping a consistent and well-structured data warehouse.



[bookmark: _Toc228165102]2.4 ETL Process and Data Transformation Plan
The ETL process extracts data from several internal systems, including orders, inventory, transport, and finance systems, as well as external sources such as fuel card data. This data is first loaded into a staging area where it can be cleaned and prepared without impacting operational systems. The mapping between source systems and data warehouse tables is shown in Table 1, providing an overview of how data is sourced during the ETL process.

Table 1: Source System to Data Warehouse Table Mapping

	Source System
	Data Warehouse Table

	Orders System
	Rentals_Fact

	Transport System
	Delivery_Fact

	Inventory System
	StockControl_Fact

	Finance System
	Finance_Fact

	Orders System
	Customer_Dim

	Inventory System
	Item_Dim

	Warehouse System
	Warehouse_Dim

	Orders System
	RentalType_Dim

	HR System
	Employee_Dim

	Finance System
	PaymentType_Dim

	Purchasing System
	Supplier_Dim

	N/A– this table is generated from scratch
	Date_Dim

	N/A– this table is generated from scratch
	Users

	N/A– this table is generated from scratch
	DataSources

	N/A– this table is generated from scratch
	TableAttributes



As shown in Table 2 below, data for the Rentals_Fact table is extracted primarily from the orders system, with transformations including calculating total cost, applying discounts, and calculating rental duration.

Table 2: ETL Attribute Mapping for Rentals_Fact

	Target Attribute
	Source(s)
	Processing Required
	Missing Value?
	Incorrect Value?

	RentalID
	Orders System
	None
	Should not occur
	Refer to staff

	CustomerID
	Orders System
	Link to Customer_Dim
	Set to “Unknown”
	Refer to staff

	ItemID
	Inventory System
	Link to Item_Dim
	Set to “Unknown”
	Refer to staff

	DateID
	Orders System
	Convert to Date_Dim key
	Set default date
	Refer to staff

	WarehouseID
	Orders/Transport
	Link to Warehouse_Dim
	Set to “Unknown”
	Refer to staff

	RentalTypeID
	Orders System
	Link to RentalType_Dim
	Set to “Unknown”
	Refer to staff

	EmployeeID
	Orders System
	Link to Employee_Dim
	Set to “Unknown”
	Refer to staff

	TotalCost
	Orders System
	Calculate (rate × days)
	Set to 0
	Refer to staff

	Discount
	Orders System
	Apply discount rules
	Set to 0
	Refer to staff

	DeliveryCost
	Transport System
	Link delivery data
	Set to 0
	Refer to staff

	RentalDays
	Orders System
	Calculate duration
	Set to 0
	Refer to staff



As outlined in Table 3 below, delivery data is extracted from the transport system and fuel card data, where values such as distance and delivery cost are converted into a consistent format and aggregated. 

Table 3: ETL Attribute Mapping for Delivery_Fact

	Target Attribute
	Source(s)
	Processing required
	Missing Value?
	Incorrect Value?

	DeliveryID
	Transport System
	None
	Should not occur
	Refer to staff

	DateID
	Transport System
	Convert to Date_Dim key
	Set default date
	Refer to staff

	WarehouseID
	Transport System
	Link to Warehouse_Dim
	Set to “Unknown”
	Refer to staff

	Distance
	Transport System
	Standardise units
	Set to 0
	Refer to staff

	FuelCost
	Fuel Card Data
	Match to delivery records
	Set to 0
	Refer to staff

	DeliveryCost
	Transport System
	Calculate or extract
	Set to 0
	Refer to staff

	TotalDeliveries
	Transport System
	Count deliveries per date
	Set to 0
	Refer to staff



Table 4 shows how inventory data is transformed for the StockControl_Fact table, including linking to dimension tables including Item_Dim, Warehouse_Dim, Date_Dim, and Supplier_Dim, calculating stock levels and ensuring data quality.







Table 4: ETL Attribute Mapping for StockControl_Fact

	Target Attribute
	Source(s)
	Processing Required
	Missing Value?
	Incorrect Value?

	InventoryID
	Inventory System
	None
	Should not occur
	Refer to staff

	ItemID
	Inventory System
	Link to Item_Dim
	Set to “Unknown”
	Refer to staff

	WarehouseID
	Inventory System
	Link to Warehouse_Dim
	Set to “Unknown”
	Refer to staff

	DateID
	Inventory System
	Convert to Date_Dim key
	Set default date
	Refer to staff

	SupplierID
	Purchasing System
	Link to Supplier_Dim
	Set to “Unknown”
	Refer to staff

	StockEventType
	Inventory System
	Standardise values
	Set to “Unknown”
	Refer to staff

	StockLevel
	Inventory System
	Ensure non-negative
	Set to 0
	Refer to staff



Financial data is imported from the finance system. During transformation, values from invoice and payment amounts are converted into a consistent format, and the data is linked to dimension tables for example the customer table.

Table 5: ETL Attribute Mapping for Finance_Fact

	Target Attribute
	Source(s)
	Processing Required
	Missing Value?
	Incorrect Value?

	FinanceID
	Finance System
	None
	Should not occur
	Refer to staff

	RentalID
	Orders System
	Link to Rentals_Fact
	Set to “Unknown”
	Refer to staff

	CustomerID
	Finance System
	Link to Customer_Dim
	Set to “Unknown”
	Refer to staff

	DateID
	Finance System
	Convert to Date_Dim key
	Set default date
	Refer to staff

	PaymentTypeID
	Finance System
	Link to PaymentType_Dim
	Set to “Unknown”
	Refer to staff

	InvoiceAmount
	Finance System
	Standardise format
	Set to 0
	Refer to staff

	PaymentAmount
	Finance System
	Ensure currency format
	Set to 0
	Refer to staff



In all tables data is cleaned, validated, and linked to dimension tables using primary and secondary keys before being loaded into the data warehouse.
[bookmark: _Toc228165103]2.5 Data Quality and Information Governance
Data quality and information governance are essential to ensuring the consistency and reliability of the data warehouse. During the ETL process, issues such as missing data errors and duplicate records will be corrected through data cleansing, validation, and standardisation. Data from multiple source systems may use different formats or structures, so transformation procedures must ensure consistency across all datasets. The system must apply set business rules, such as pricing and discount calculations, to ensure the data is accurate and consistent.

During normal operation, governance measures such as access controls, role-level security (RLS), audit trails, and metadata collection are essential for maintaining data accuracy, security, and traceability. Regular data monitoring, validation checks, and error logging will be needed to identify and resolve issues early, preventing incorrect data from impacting the system. Additionally, there will need to be clearly defined roles and responsibilities to ensure responsibility for data management and access. These practices help keep the data accurate and support better decision-making across the organisation.
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