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1. [bookmark: _Toc88845055]Online transaction processing (OLTP) database vs Data warehouse
OLTP database is used to record business interactions that happen daily within an organisation, also known as transactional data.[1] For Recovery Radio you store transactional records of tracks played in your playlist history database. A data warehouse is an assemblage of data that has subject-oriented, integrated, non-volatile and time-variant characteristics that help workers in decision making roles by transforming that data into useful information [2, pg 29-34].
Data warehouses are subject-oriented and OLTP databases are application-oriented. This means data warehouses provide information around a subject such as revenue rather than an application. [2, pg 29-34] This concept can be viewed in figure 1. Data warehouses get data from multiple organisational sources including OLTP databases, this data is cleaned to ensure that the data is integrated and consistent. Because the data is integrated into one central source it has the benefit of speed in terms of querying as you do not have to manipulate multiple sources for analysis this reduces the load on the OLTP databases improving efficiency. [3,4]
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Figure 1

Data warehouses vary from OLTP databases as they are time-variant. This means that the historical data of the business is tracked and stored. Compared to OLTP databases which store the most recent data for a record. [2, pg. 29-34] Historical data is another benefit of data warehousing as it allows historical analysis which will be useful for the University who are looking at popular music change over 20 years. The non-volatile characteristic in data warehouses means data is loaded in large sums and can only be read. Deleting and updating is not allowed. Whereas in OLTP systems data is accessible and can be manipulated as shown in figure 2. [2, pg. 29-34] This characteristic of a data warehouse means query response times are reduced as it is only performing one operation thus increasing efficiency and decision making.[4] 
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Figure 2 – [2, pg 29-34]





2. [bookmark: _Toc88845056]Data Warehouse Architecture
Below in figure 3 shows the architecture of a data warehouse. The architecture is split into four sections as shown.
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Figure 3 - [5, pg. 19]



2.1 [bookmark: _Toc88845057]Data Sources & Extraction

The first stage of the architecture is the data sources. The sources of data can include internal sources such as:
· Operational data –Data from OLTP databases.
· Archival data – Old data that has been saved periodically from operational systems e.g., database backups. 
· Other internal data – XML files, spreadsheets, and unstructured data. [6, pg. 35-37]
Additionally, external sources can be utilised. External data is data that isn’t generated from an organisations system. Using Recovery Radio as an example, external sources could be the Performing Rights Society (PRS) and the advertisers. External data can come in various formats such as reports and structured files. The data originating from external sources is not conformed typically, thus it must be transformed for utilisation in the warehouse. [2, pg 257-259]
To transport the data from the sources into the data warehouse, it must go through a process called extract, transform and load (ETL). The extraction step moves the desired data from the sources into the staging area, as shown below.
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Figure 4 

The extraction process is performed by extraction tools or custom programs. The process can be complex due to the variation of data sources and the volume of data being moved which can, in turn, strain the operational systems [6, pg. 35-37]. This is mitigated by:
· Performing extraction at off-peak times. 
· Using Incremental Extraction over Full Extraction. The incremental extraction only extracts changed data from the last extraction performed. [7]

2.2 [bookmark: _Toc88845058]Data Staging & Transformation
Once the data has been extracted it is moved into the staging area where the data can be processed further, also known as transformation.[8] During this stage, the extracted data from each source is cleaned, standardised, and summarized to end up with an amalgamation of integrated data for the warehouse [6, pg. 38-39]. Cleaning involves fixing misspellings, conflicts, missing data or removing erroneous data. Additionally, duplicates are removed as the same data can be brought in from multiple systems. Repeating data fields and types are standardised as well. [6, pg. 38-39]
The extracted data and units also need to be summarised to the appropriate level of detail or granularity. If the granularity is high the detail of information is low. The storage and efficiency of the system are improved in this context. However, the ability to answer queries can be affected as shown in Figure 5 below. [2, pg 41-42]
The transformation process does not directly affect the performance of operational systems as the data has been extracted beforehand. However, due to the complexity of the process, it requires a lot of time when manually transformed, this can be resolved by utilising automation.[9]
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Figure 5 – [2, pg. 41-42]

2.3 [bookmark: _Toc88845059]Data Warehouse & Loading 
After the transformation of the data in the staging area, the data is then loaded into the data warehouse. During this final process, the dimensional tables and fact tables that make up the data warehouse are populated with the transformed data for use by data marts, end-users, and application systems. [5, pg. 19-21] Loading the data warehouse can take time and can damper operations regarding analysis as during loading the warehouse needs to be offline. This can be mitigated by performing large loads at off-peak times and splitting the load process into chunks, known as incremental loading. [6, pg. 303]

2.4 [bookmark: _Toc88845060]Data Marts
A data warehouse is a consolidation of useful historical data from an organisations source system from which analytics can be performed to aid strategic decision making. Data marts can be visualised as a segment of the complete data warehouse that is focused on a single subject or business process such as marketing, sales, and finance.[10] Data is channelled from the warehouse into marts to provide targeted data for decision-makers. The data moved into the mart from the warehouse is organised carefully to create a centralised source of accurate information.[10] Each strategic user such as finance, sales, marketing and managing directors can access their relevant data from the marts which can then be used in data visualisation applications such as dashboards for decision making.[11] Below in figure 6 shows the data mart process for Recovery Radio.
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Figure 6 
Benefits
Because the data in the mart is specific to a subject/process it eliminates the need for departments to search for data through the organisation’s data sources using complex queries. This helps in reducing strain on analytical staff and systems and thus improving efficiency. Due to the mart being a consolidated reliable source for a department it also increases the accuracy of decision making as everybody is working off the same data rather than using multiple sources. Another benefit is that marts are easy to use as it is designed for the needs of the strategic staff. [10, 12]




3. [bookmark: _Toc88845061]Normalised vs Dimensional
OLTP systems utilise the normalised structure/model found below in figure 7. The normalised structure of these systems is obtained through the process of normalisation which organises data into tables (entities) and relationships according to the rules of normalisation. [13] Data warehouses utilise the dimensional structure/model. The dimensional structure of a data warehouse is represented by fact tables and dimensions compared to entities and relationships found in OLTP systems. Dimensional models can be either snowflake or star schema, I will be discussing the latter. [14, pg. 49-54] In OLTP systems the higher the level of normalisation results in the data becoming more segregated. This is done to eliminate redundant data and to ensure data integrity. [13]
 In data warehouses, denormalization is used as it can speed up data retrieval for analytical applications compared to a normalised system, which must search through more tables as the data is more segregated due to normalisation. Additionally, analytical users may find retrieving data from a normalised system more difficult due to the complexity of queries involved. [15, pg. 268-270]
Fact tables in data warehouses are located centrally, with dimensions surrounding the fact table. A fact table is comprised of measurements, metrics, and facts about a business process. Dimension tables provide descriptive data for all the metrics and measurements found in the fact table. Facts and dimensions are connected with foreign and primary keys. This is different in an OLTP as the data is described by entities and their attributes. However, connections are made through keys as well. [ 16]
Below in figure 8 shows an example of a dimensional star schema model for Recovery Radio concerning advertisement sales generated from the radio programmes. The sales director of recovery radio might want to know the sales revenue generated from individual adverts. In the diagram, the fact is sales revenue as it is a measurement or metric of the advertising business process. The fact tells us the revenue generated from particular adverts. Advertisement, advertiser, time, and rate dimensions are dimensions as they describe the fact. 






[image: Entity relationship diagram describing how relationships between publications (papers), REF studies, institutions, authors and inter-paper citations. doi:10.1371/journal.pone.0173152.g001  ]










Figure 7– [17]
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Figure 8 – Recovery Radio Star Schema






















	

	
Recovery Radio – Design 

4. [bookmark: _Toc88845062]External & Internal Data
Below is the dataflow and entity-relationship diagrams which show the external and internal data sources for Recovery Radio. External entities such as the advertisers, PRS, university, listeners, and the hospital all either receive or send data to Recovery Radio as shown in figure 9. The tracks, news bulletins, programmes and presenter continuity tracks are all stored internally.
In figure 10 below shows the relationships of the entities within the operational systems. Each programme consists of advertisements, news, tracks, and presenter information. Every track has information about its performer, ISRC and genre. The primary playlist keeps records of each track played for the calculation of performance fees. 
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Figure 9 
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Figure 10 	

5. [bookmark: _Toc88845063]Star schema – recovery radio 
Below the star schemas for Recovery Radio can be found. The schemas have been designed around the requirements of the Recovery Radio users and system. The four main requirements found below have been used to develop the schemas:
1. Weekly report that shows the tracks played and cost per track 	Comment by MyFamily John Williams [3]: 2.2.2: Always a good idea to identify the requirements
2. Weekly report that shows the generated revenue from adverts.
3. Monthly report that shows the most popular tracks, artists, and genres.
4. Music / Advert interaction data.
From the requirements found above, fact tables have been developed to explain the requirements and the related business processes. Dimension tables have been formed to describe the facts found in the fact tables. All the data found has been derived from external and internal sources.

Star schema – Track Cost
To answer the cost per track requirement, the star schema found in figure 11 has been created. The fact for this star schema is the ‘Cost of Track (£)’ field as it is a measurement. This schema shows the tracks played and the cost of the track for when it was played. The track length, date and PRS rate dimensions have been added to the schema as they describe how the fact is calculated.
The track, genre, artist, programme, and playlist dimensions are included in the design as they describe the details of the cost event as well as allow the performance fee to be distributed to the correct artist.

[image: Diagram
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Figure 11 

Weekly track cost 
Below in figure 12 is an aggregate star schema with a higher granularity than shown above. This schema has been developed to show the tracks played in the week and the cost of each track for that particular week. This schemas fact is the weekly total cost per track. Because this schema is an aggregated version of the one in figure 11 the PRS rate, playlist and programme dimensions have been removed. 
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Figure 12

Star schema – Advert Revenue
One of the requirements of the system was to show advertising revenue. Below in figure 13 shows the star schema for this purpose. The fact table shows the revenue (£) generated for an advert based on the time it was played. The date dimension is used to describe the time it was played, and the advert rate dimension shows the cost bracket. The advertisement and advertiser dimensions describe the advert details. The programme and playlist dimensions are included for further analysis if required in the future. This fact table will form the basis for the aggregate tables that follow.
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Figure 13

Weekly Advert Revenue
Below in figure 14 is an aggregated fact table that shows the total revenue generated for an advert played that week. This is to facilitate the requirement of weekly advertising revenue. Due to the granularity being different compared to figure 14 the advert rate dimension has been removed as we are looking at weekly totals, not specific instances. 
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	Figure 14



Star schema – Music/advert interaction
Below in figure 15 is the schema for the requirement for advertisers to be able to perform music advert interaction analysis. For analysis to be possible they need all the details relating to the time the advert was played and the track played around it. The fact table in this schema is a ‘factless’ table. According to Kimball, this means it does not produce a numerical value related to an event (fact), it only records the dimensional details of an event. [18] The reasoning for the fact table being ‘factless’ is because Recovery Radio cannot generate any meaningful facts for music/advert interaction for the advertisers as they do not have access to the advertiser’s sales or profit data. Dimensions included support detailing the advert, time, or track of the music advert interaction event.
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Figure 15 

Star schema – Track Popularity 
The star schema found in figure 16 shows the number of times a track has been played in a week. This is important as the university and the compiler both want to know the popularity of music for their marts. This table will form the foundation for the related data marts. The fact is the times a track has been played. The dimensions surrounding the fact describe the details of the fact including the track, artist, and genre. 
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Figure 16




6. [bookmark: _Toc88845064]Data Marts
Below you will find the schema for the data allocated to each data mart. From the analysis of Recovery Radios systems and operations appropriate data marts have been formed as shown in the table below:
	Data Mart
	Users
	What do they want to see?

	Sales
	Sales director/analysts
	Weekly advert revenue generated for use in a report.

	Adverts
	Advertisers 
	Music / Advert interaction details for their analysis.

	Music 
	University researchers and the compilers.
	What genres, tracks and artists are popular. (Monthly)

	Finance
	Finance director/analysts
	Weekly track costs, revenue, and profit

	Business
	CEO
	Outgoings, revenue, and profit at a monthly scale to help decision making.



Sales Mart
Below in figure 17 shows the sales mart. The fact table allows the sales staff to view the revenue generated from each advertisement at a weekly level. The surrounding dimensions each describe the fact. 
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Figure 17 




Advert Mart
Below in figure 18 shows the schema for the advert mart. The schema is a direct translation of the star schema found in the data warehouse minus the playlist dimension as these are the only details required for the analysis by advertisers. 
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Figure 18

















Music Mart
[image: Diagram

Description automatically generated]Below in figure 19 is the music data mart. The university and compilers both share this mart as they are both interested in the monthly popularity of music. Three facts are derived from the warehouse track popularity schema, but now the data is at monthly intervals instead of weekly as per user requirements. Additionally, track, genre and artist have been segregated.
Figure 19















Finance Mart
Below is the data mart for the financial users. It shows the revenue, costs, and profit for the week. The cost fact is so weekly payments can be distributed to the PRS. The profit fact is included as financial workers likely need to produce reports for upper management.
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Figure 19





Business Mart
Below is the data mart for the CEO. It shows the same details found in the finance mart but at a monthly interval as the CEO is likely not concerned with the weekly running of the business.
[image: Diagram
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	Figure 20


7. [bookmark: _Toc88845065]ETL plan 
Below I will be showing the ETL plan for each table within the data warehouse. This will include dimension tables and fact tables. All tables will undergo cleaning of the data to ensure conformity.

Conformed dimension – Track
[image: Diagram

Description automatically generated]The track dimension is extracted from the track table located within recovery radios internal sources. TrackID, Track Name and ISRC are all extracted from the table as shown below. 
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Conformed dimension – Artist
[image: Diagram

Description automatically generated]The artist dimension is extracted from the artist table located within recovery radios internal sources. ArtistID and Artist Name are extracted from the table as shown below 








Conformed dimension – Genre
The genre dimension is extracted from the genre table located within recovery radios internal sources. GenreID and genre type are extracted from the table as shown below.
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Conformed dimension – Date
[image: Diagram

Description automatically generated]The date dimension is extracted from the playlist table located within recovery radios internal sources. Date – Time is extracted from the table. The transformation specified in the purple box below converts the data into a format for the dimension. 



Conformed dimension – PRS Rate
The PRSRate dimension is extracted from the PRSRate table located within internal sources. Time bracket and cost are extracted. The transformation shown in the purple box converts the data for the dimension.
[image: Diagram

Description automatically generated]








Conformed dimension – Track Length
The track length dimension is extracted from the track table located within recovery radios internal sources. TrackLength is extracted. A primary key is added for the dimension as shown below.
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Conformed dimension – Playlist
The playlist dimension is extracted from the playlist table located within recovery radios internal sources. PlaylistID is extracted from the table and moved into the dimension.
[image: Diagram

Description automatically generated]








Conformed dimension – Programme
The programme dimension is extracted from the programme table located within recovery radios internal sources. ProgrammeID and Programme Type are all extracted from the table
[image: A picture containing diagram
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Conformed dimension – Advertisement
The advertisement dimension is extracted from the advertisement table located within recovery radios internal sources. AdvertisementID and Advert Name are extracted from the table.
[image: Diagram
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Conformed dimension – Advertiser
The advertiser dimension is extracted from the advertiser table located within recovery radios internal sources. AdvertiserID and advertiser name are all extracted from the table.
[image: Diagram
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Conformed dimension – Advert rate
The advert rate dimension is extracted from the advert rate table located within recovery radios internal sources. Advert time bracket and cost are extracted from the table. The transformation below creates the primary key needed for the dimension table.
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Fact – Track Cost
Below shows the ETL for the track cost fact table. Dimensions are loaded into the table. Cost of track is extracted and calculated via the transformation below.
[image: Diagram, schematic
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Fact – Weekly Cost Per Track
[image: Diagram

Description automatically generated]Below shows the ETL for the weekly track cost fact table. Dimensions are loaded into the table. Cost of Track is summed for weekly amount.


Fact – Music / Advert Interaction
[image: Chart, diagram

Description automatically generated]Below shows the ETL for the music advert interaction table. All the dimensions are loaded into the fact table.
Fact – Advert Revenue
[image: Diagram

Description automatically generated]Below is the ETL for the advert revenue fact table. Dimensions are loaded directly. Revenue is calculated using the transformation below.

Fact – Weekly Advert Revenue
Below shows the ETL for the weekly revenue fact table. Dimensions are loaded directly. Weekly revenue is calculated using the transformation below.
[image: Chart, diagram
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Fact – Track Popularity
Below is the ETL for the track popularity fact table. Dimensions are loaded directly. Times played is calculated using the transformation found below.

[image: Chart, diagram
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