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Rags & Riches (R&R) currently uses the online transaction processing (OLTP) database. This is beneficial for keeping the business running, as it deals with day-to-day transactions and data. OLTP database enables day-to-day rapid transactions. It relies on a large number of simple transactions that Rags & Riches is currently optimised for and allows for multi-user access from different departments within Rags & Riches [1]. This allows for the users within the sales department to access information of the inventory department. It’s fast and accurate and allows for real-time booking of the product Rags and Riches provides on a daily basis. Previous transactions are rarely stored within an OLTP.

The OLTP database does not allow for complex analysis and reporting of previous data/history. A data warehouse provides centralised data storage which would be accessible from all departments within R&R (multi-dimensional) [2], and all data from previous transactions are stored within this data warehouse. The main benefit for a data warehouse to be integrated into this company, is that this data can be analysed for patterns, allowing for business insight and potential future growth. The data warehouse would be able to store information such as annual trends in costume rental (certain time of the year would see higher rentals of a certain costume as well as the amount), monthly profit/costs, and provide insight into which warehouse is more profitable [3]. This data can be accessed by different departments, such as the financial department to provide monthly reports to the CEO. Snapshots can be used to provide true information on day-to-day transactions [4].

Ultimately, the currently used OLTP is used for running the business, while implementing a data warehouse into R&R allows for insight into profitability, cost efficiency and thus future business growth. All this data can be used to create a visually appealing dashboard that can be used for reporting and showcasing the business analytics.
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Figure 1 - ETL Pipeline [5]
This is known as an Extraction-Transform-Load (ETL) pipeline. Following this type of pipeline would allow for R&R to populate the data warehouse from different sources allowing for data reports later in the pipeline. 

The data sources would be the data collected from different physical warehouses and the different departments within these warehouses. As an example, we would retrieve the inventory data from Abergavenny warehouse and store it within the data warehouse. This information can be accessed by the sales department to order product from Abergavenny warehouse. R&R sources would be all the data from different departments. This is known as the extraction phase of the pipeline, which is then stored in the “staging phase” where data awaits to be transformed. 

All the data extracted would be raw data. It’s improbable that every department follows the same data input structure (different date structure, missing data) therefore this data would need to be transformed into consistent and clean data. The R&R data warehouse specialist would clean and transform this data through custom code (Microsoft Integration Services can be implemented to automate this somewhat [6]). 

Once this data has been transformed, it would be loaded into the centralised data warehouse allowing for users to access, analyse and report. The OLTP would still be available for the day-to-day quick analysis and would not have an effect on the data warehouse and vice versa.

All of this would be done during off-peak hours, usually implemented during out-of-work hours so that any users accessing the data does not experience higher latency. The CEO can also access a “read only” copy of the data, which would reduce latency and allow departments to create/add information without the fear of data integrity being compromised.

A proposed data warehouse architecture would look something like in the figure below.
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Figure 2 - Proposed Architecture for DW
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In figure 2 (Task 1.2), we can see in the proposed data warehouse architecture that data marts would be implemented into the data warehouse. 

The data mart is a focused aspect of the data warehouse. The data mart uses a smaller subset of data taken from the data warehouse, which would be accessible to the specific department quickly without having to extract all the data from the larger data warehouse. This allows for the departments to analyse the specific data they require, providing trends for that specific department. Due to this, the data warehouse is more secure as access to only specific data is required for each department. 

[bookmark: _Toc229759453]Managing Director 
The managing director would need a data mart that oversees the whole business, which includes the business revenue (daily, monthly, annually), the business profit and the department performances within the R&R. The dashboard would be used to visualise this information, which would be showcased within business meeting to identify which departments/locations are meeting the business goal, and where there is need for improvement. 

This data mart would include logistics data (transport cost – implementation of “closest warehouse” and whether this is fuel efficient versus warehouse-stock movement fuel efficiency), risk management (damaged goods – amount damaged, repair/maintenance time, which in return effects stock level) and labour efficiency (which warehouse has highest input/output of stock). 

All this data would allow for important decision making to be made by the managing director and rationalise the business operations to see future profit.  
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The finance director would need direct access to a data mart that includes majority of the business costs. As the business has a revenue of £12.8m last year, and a business profit of £2.1m, the finance direction would need all the information on how and where the profit has been made, and if there are any “stagnant” products that would need to be sold or advertised for less money. This would include payment of staff, warehouse renting, cost of transportation (fuel cards), maintenance costs (lorries, warehouse, costumes), anything to do with the budget and profit/cost margin. 

The finance team also needs data on popular/non-popular costumes, new acquisitions of costumes and any damaged stock. The data mart would provide all relevant information/data allowing for the finance director to report on where the business is making money, and where the business is losing money.

From this data mart, the finance director would also be able to provide reports to the managing director on the business’ fuel efficiency. The fuel cards provide data on whether the “closest warehouse” is effective. 

Snapshots of this data can be used to show a summary of the data within a reporting period.
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The sales and marketing director would need access to client/customer information, sales/rental information and inventory. 

Data mining can be used to find trends/patterns in stock orders (product popularity and demand), item performance and provide more insight on who what and when the clients are renting. This information can then be used to create marketing schemes (discounts), advertisement and demand in new product that can be acquired by the acquisition department.

Certain areas where warehouses are located can use marketing strategies and advertising strategies to increase demand. An example of this would be promoting the historical costumes in Durham area after a potential historical movie (trend could be seen that historical movies have increase in historical re-enactments), or work with Durham Castle for advertisement.

This data mart would provide insights that the sales and marketing director can target to provide future profit and growth within the business. An example of this would be promoting the “Emergency” orders in the case-study for clients that struggle with the 14-day window – extra 15% on product delivery – increased profits. 
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As the IT director is aware of the OLTP systems, which has a normalised structure. This allows for efficiency and data integrity when dealing with the day-to-day transactions. This structure used a Third Normal Form (3NF), which reduces redundancy when inputting data as it helps remove duplication and missing data []. This is perfect for R&R at the moment, as it’s relying on daily information rather than stored information.

The current OLTP structure would look like this.
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Figure 3 - OLTP Example Architecture

The data has been broken down into smaller tables. If R&R wanted to find out which client ordered an item, the OLTP joins the tables to locate this information, with some data produced being irrelevant to the index search. When analysing this information for reports this can cause a large strain on the structure, causing latency issues in different departments using this database. Non-key attributes rely on only the primary key rather than other non-key attributes. Due to this, when creating a report since the data is scattered, the table will create complex multiple joins, which causes latency and crashes [], for a simple data pull. It also requires an analyst to understand the WHOLE table before attempting to pull data.

Multi-dimensional structures like the Data Warehouse that R&R should implement are different. This structure is optimised for data retrieval, rather than following the pipeline seen in figure 3. A data warehouse is broken into “Fact” tables and “Dimension” tables, where the structure will follow a star schema structure (imagine the solar system, with the Sun “fact” at the centre, and the other planets as “dimensions”). 
Fact tables contain the numbers, which can be pulled quickly when querying/searching for data. For R&R, this would contain the rental price, the total cost, the amount of days a client is renting for, and the quantity of an item. 

Dimensions tables contain the context of these numbers, so in a “Client” dimension, this would contain client details such as ClientID, ClientAddress, a contact number and so on. A date dimension is essential for a star schema as this can provide the directors with insight on “when”. This is important when trying to analyse the best time of the year to push the renting of costumes to the client and allows the directors to simply “filter”. With the date dimension, it would allow for R&R to compare the annual profit difference quickly. 

Implementing a star schema structure would be more beneficial for data analysis and retrieval, as it has a reduce number of joins which provides less latency and stores historical data and trends.
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To follow the ETL pipeline and create a data warehouse, we will need to identify the data sources necessary for the extraction phase. These data sources would have a different input format/structure, which would need to be evaluated for transforming and loading.

The original data base (OLTP) would be a primary data source, which provides all the necessary information and data to create the new data warehouse schema for R&R. This provides the customer orders, item quantities, orders dates and the data provided from daily rental transactions. These databases are located locally at each warehouse and therefore cannot communicate without the centralised data warehouse.

The inventory management database would be implemented that would allow for the item dimension to be populated in the data warehouse. This provides the data for item identification, item name/description, the costs of daily rental, replacement cost and which warehouse location the item is located. R&R currently tracks the £12.8 million revenue and with the centralised data warehouse, it would allow the inventory database to communicate with the sales system, which would reduce any availability errors.

Staff databases would be implemented into a “Staff” dimension allowing for history of who accepted orders, personal details and warehouse location. This is ideal for HR and can be used to link with a performance aggregate data table.

As external data sources, these would include things like Government tax, distances (Google would provide calculated distance from warehouse to warehouse, or warehouse to client address), as well as data from fuel corporations providing the fuel cards (this data is privy to change).
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Figure 4 - Proposed Star Schema
This is the proposed star schema structure. Our core fact tables would be the Rental Fact and the Transport fact.
The fact tables are shown in red, with conformed dimensions shown in yellow (where the table connects to more than one fact), independent dimensions in white, metadata shown in orange, aggregate data shown in green and master data shown in blue. 
The core table Rental Fact is where the data for the finance director is placed. This fact should allow for data from this fact to be retrieved and can be displayed on a dashboard. This fact contains links with the order dimension, client dimension, item dimension and the rental dimension. This would allow for the finance director to see which item type is most profitable, which region and when. 

The second core fact is the Transport fact. This records the logistics, as mentioned in task 2.1 It would allow for the tracking of fuel costs based on warehouse start and warehouse destinations whether from deliveries or internal deliveries. Having fuel time and delivery time is beneficial and provides the managing director insight into whether the “closest” warehouse is profitable/working.

The date dimensions are beneficial, allowing for instant filtering of items between dates (daily, monthly, annually) for easy comparisons. These are connected to both facts, and would allow the financial director to see the profits provided by the Rental Fact and the costs provided by the Transport fact on a specific date.

The metadata is shown in orange. This provides a log on when something has been changed. These changes would include new attributes, removal of attributes, the userID and the time. This ensures data integrity. 

The aggregate data is shown in green and stores performance of specific attributes within the data warehouse, allowing for reporting to be done quickly without having to retrieve the whole fact tables. Performance data would be useful as it can provide data on the performance of each warehouse, item, client and staff. 

Master data is shown in blue. If data is compromised or lost during the transform stage, this provides the “blueprint” and thus should reduce these missing inputs and incorrect values.
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Finance Data Mart / Director
The data retrieved and stored within this data mart would be from the Rental Fact and the dimensions that are surrounding it in figure 4 from task 2.2. This would be highly beneficial as a data mart, as it isolates the financial data required by the financial department. This would increase security as only authorised personnel would have access to this data mart and would reduce latency, as a query would not need to scour the whole data warehouse. This data mart would be mostly accessible to the finance department.

Logistics Data Mart
This data mart would retrieve information from the Transport Fact. This would allow the managing director to track and compare when prioritising the “closest warehouse” policy. The Fact concentrates on delivery time and fuel cost within the Fact, and then also utilises the warehouse dimension to compare warehouses and their efficiency. This would be mostly accessible to the logistics department and would provide cost reports to the finance department.

Inventory Data Mart
This data mart would prioritise the item dimension as well as the aggregate data for item performance. This data would be stored and provide insight into how well an item is doing, the costs of repairing this item or re-stocking this item and allow for management decisions when buying more stock or selling an item (good performance = more stock). This data mart would be accessible to the acquisition and marketing team.
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Figure 5 - ETL Implementation Plan
This is the part of the proposed ETL implementation, which is our Data Mapping document. By following this data mapping table, it would ensure high data integrity and accuracy.
The ID attributes are taken from their respective databases. This would reduce any errors, as the database would flag if there are any missing or incorrect values. 

The emergency attribute would be taken from the orders database directly. When a client orders, one of the questions needed would be “Is it an emergency order?”. If yes, this would flag the order to prioritise the order delivery, while also flagging to the finance department of a 15% increase due to surcharge. 

The discounts have also been set when purchasing more than 4 costumes. This will automatically be applied when data is extracted and transformed, and this is then calculated automatically when discovering the cost total. The emergency surcharge is also calculated automatically, increasing data integrity as the user does not have to input the data themselves.

Following this ETL plan should allow for high data quality, as errors and missing values are either non-existent or will be flagged for investigation. This allows for a high quality ETL process, providing consistency and complete and accurate data. An example of this in figure 5 would be during calculating the cost total. R&R need to make sure that the data extracted is correct, with the same correct input format as any of the attributes necessary for this calculation, otherwise the calculation could be wrong. 

The company also needs to prioritise data protection and privacy, following GDPR [7], as a lot of personal data is stored in this warehouse (client and staff addresses, names etc). This data would need to be stored securely, and the company would need to follow correct security software updates to ensure this data is not lost or stolen. Any report created also needs to refrain from containing any staff or client information, as it is not necessary for business insights and growth. 

The data warehouse specialist would need to monitor the data to ensure that the data remains of high quality, accuracy and consistent. This would ensure that the data stored in the data marts ready for retrieval are correct and showcase the correct business insights for use by directors and the CEO of Rags & Riches. 
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