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[bookmark: _Toc156661274]1. Introduction

Data is multiplying by the day in an augmented nature, where complexities are formed throughout businesses, such as Cambrian Real Estate Company.  To mitigate issues when utilising their full potential, one avenue to foster their data is adopting a Data Warehouse (DW).  This report will guide a comprehensive plan on the process of developing a DW to harness and align with Cambrian’s business strategy and unique needs.


[bookmark: _Toc156661275]2. Differences Between OLTP and Data Warehousing

[bookmark: _Toc156661276]2.1 Online Transactional Processing (OLTP)
OLTP systems are an instrumental tool for day-to-day operations such as inventory management, customer interactions, and accounting.  They contribute to assisting with transactional processing in quick succession by efficiently storing and retrieving data across query functionalities.  OLTP systems are efficient in executing queries from database systems  where transactional data is stored in a row architecture.  The transactional datasets are often large in volume, such as Cambrian’s, so they will need to be stored and retrieved effectively.  The capabilities of an OLTP system ameliorate performance, boost query processing speeds, and optimise workloads.  Through normalisation techniques, OLTP data structures enhance data integrity by decreasing data redundancy (1, 2, 3 p.6, 4, 5). 
However, as Cambrian wishes to improve decision-making and Business Intelligence (BI), it is postulated that OLTP systems obtain impracticalities during analytics, as processing reports from historical data and facts can be stagnant (6). 

[bookmark: _Toc156661277]2.2 Data Warehouse
A Data Warehouse (DW) system allows various data sources to be transformed for analytical motivations.  Organisations may use a DW to improve their decision-making by analysing historical data.  This data can be extracted from a wide range of sources where it is stored in a centralised location (7 p.13).  A high level of skill is not required to access the DW, which will benefit the staff at Cambrian being used to an OLTP system.  
Utilising a DW allows organisations to make use of their complex datasets which can quantify to improve domains like competitive advantages.  For instance, analysing and comparing the data will pinpoint patterns and trends in transactional operations (8).  The data from other sources can be integrated into a DW.  Beneficial for structured data, integration assists with a holistic approach to decision-making and improves collaboration among stakeholders (9 p.1, 8).  Powell believes that imitating a de-normalised OLTP source system into a DW model is a great solution (3 p.6).

[bookmark: _Toc156661278]3. Architecture of Data Warehouse and Source Systems

[image: Data warehouse architecture: A comprehensive guide]The DW categorises its data so it can be easily accessible and utilised for a specific process, rather than storing it by the type of source system.  Users can therefore retrieve and manipulate the specific data quickly and make informed decisions for future insights (10 p.29) The architecture consists of multiple layers with each being integral to its mechanism as the other; source layer, staging layer, warehouse layer, and consumption layer (Figure 3.1) (11).  These layers function in a consecutive notion, which enables the DW to store and process large amounts of data.  
Figure 3.1. Data Warehouse Architecture by Layers

[image: Data warehouse architecture | Download Scientific Diagram]One of the popular architectures for a DW is known as an ETL (Extract, Transform, Load) (Figure 3.2) pipeline where data is extracted from sources into the DW, and therefore loaded into reports and dashboards for analytical purposes.
Figure 3.2. ETL Process Diagram

[bookmark: _Toc156661279]3.1 Extract 
The sourcing layer comprises extracting raw data from a variety of heterogeneous internal sources, such as relational databases, spreadsheets, XML files, or external sources like websites or emails.  Extraction methods and rules are recommended as each source will have a specific data format, depending on user needs (12 p. 115-116, 13 p. 116).  A study (14) reveals there are two logical (full and incremental) and two physical (online and offline) methods of extraction.  Full extraction loads the DW for the initial time, whilst the DW is revitalised during incremental extraction, where data is added and adjusted since the last extraction.  Techniques are utilised for these methods such as database logs and audit columns.  A paper (15 p.110) argues that assuming the operational data source/s are not altered, incremental loading is more methodical.
[image: A diagram of data management
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Figure 3.1. ETL Process

[bookmark: _Toc156661280]3.2 Transform
The data is held in the staging area where the transformation commences.  Processes in staging include data cleansing, intricate calculations, and data capture (identifying data changes in sources) alterations which need to be applied before being loaded into the DW.  Subsequently, data integrity and accuracy will be improved to enhance analysis (16 p. 272).  Business rules and schema modifications are employed during transformation to ensure the data suits the DW’s needs (15 p.108).

[bookmark: _Toc156661281]3.3 Load
The data is loaded into the DW layer where it is formed into, for instance, forms, views, and schemas, which can be used for a collection of features and procedures.  A subset of a DW is a data mart, where data can be retrieved and analysed for a specific business process, such as detecting customer insights or market trends (17, 18).

[bookmark: _Toc156661282]3.4 Presentation Layer  
The end of the ETL process is where the data is queried and analysed to support decision-making (13).  This can be a series of reports or visualisation dashboards through bespoke applications or third-party platforms such as PowerBI or Tableau.
ETL is designed to operate efficiently and without disrupting day-to-day operations.  By streamlining the process of collecting, cleaning, and integrating data from various sources, ETL ensures that these crucial activities occur seamlessly in the background.  This means that organisations can maintain the continuity of their daily operations without experiencing delays.  ETL's ability to work efficiently allows businesses to derive insights from their data and support decision-making without impeding the regular flow of activities (19, 20).


[bookmark: _Toc156661283]4. How Data Marts Target Information

A Data Mart (DM) is an extension of a DW that allows organisations to pinpoint and decompose sections of their functional units.  Each DM follows a compartmental approach (dependent or independent) which targets a subset of each department, and by combining multiple DMs, an overall vision of the enterprise may be achieved.  They are an imperative mechanism to aid stakeholders in analysing historical activities and outcomes to make informed decisions (21).  The independent approach is postulated by Kimball (22), who utilises the ETL process to quantify a holistic DW by formulating each DM initially - around segregated use cases (figure 4.1).  Alternatively, Inmon (12) denotes the dependent approach which involves the DMs being transpired from the completion of a developed DW (figure 4.2).  Depending on business requirements, these both play a pivotal role in maximising the data’s potential. 


[image: A diagram of data storage

Description automatically generated]Figure 4.1. Kimball’s Inductive Approach
[image: A diagram of data processing
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Figure 4.2. Inmon’s Deductive Approach



The next section will explain the use cases that multiple business areas can obtain whilst leveraging DMs.
[bookmark: _Toc156661284]4.1 Managing Director
Incorporating DMs into business processes caters for managers to identify the holistic performance of the company while providing insights for strategic decision-making.  Managers generally use data-driven systems to assist with gaining an accurate interpretation of the data and to improve profit margins.  Adopting DMs aims to harness these outcomes to engage with Key Performance Indicators (KPIs) and discover market trends (23 p.275-277).  A paper (24 p.2-3) expresses that decisions are supported for managers when data is presented through a DM, especially if the decisions are based on a specific department.  DMs can facilitate BI frameworks for managers with limited expertise as they mitigate challenges when utilising complex DWs.

[bookmark: _Toc156661285]4.2 Finance Director
Cwmbran can utilise a DM to aid with its financial data by segregating specific operational departments.  From this, transactional reports can be generated to assist with retrieving the data quickly, compared to using intricate DWs (25 p.1).  DMs provide a user-friendly design to assist the utilisation of financial directors, who may obtain lack of skill in comprehending data context (26 p.201).  Financial data within any business should be integral to its operational processes.  DMs ensure data accuracy and validity with their cleansing and validation mechanisms, benefitting financial reporting and analysis (27).

[bookmark: _Toc156661286]4.3 Sales and Marketing Director
Data marts can harness multiple aspects that relate to sales and marketing operations.  With their pinpoint analyses of each department, directors can foresee future occurrences to facilitate their strategic goals.  Cwmbran can discover and predict trends which can decrease costs, increase sales volume, and augment customer relationships (28).  DMs analyse data more thoroughly than a DW, which often obtains information on multiple departments of the enterprise.  Subsequently, benefitting directors in identifying market trends, patterns, and anomalies (29 p.6-7).

[bookmark: _Toc156661287]5. Normalised Structure of an OLTP System
An OLTP system consists of a normalised framework to eliminate data dependency and redundancy by constructing tables with corresponding attributes, in a relational database (30 p.4).  Goede (31 p.688) believes that the principles of normalisation by Codd (1972) supply data storage and precise input methods for OLTP systems.  Pattinson and Schmit (32) suggest that techniques like normalisation and using entity relational diagrams to help form data structures, identify impracticalities for decision-making, especially for data loading and query effectiveness.  
Generally, the data includes the day-to-day business transactions which are segregated into normal forms.  The first normal form relates to no repetition of groups or arrays within a single column and is comprised of only atomic values, the second normal form eliminates any non-partial dependencies where non-prime attributes are fully dependent on the primary key, and the third normal form consists of the eradication of all transitive dependencies (33, 34).

[bookmark: _Toc156661288]6. Dimensional Structure of a Data Warehouse

One technique for organisations to quickly execute queries and simplify data interpretation is applying dimensional modelling, which emerges through the ETL process (35 p. 7).  data modelling enables an accurate representation of the data that assists analysts in forecasting particular operations, that have not been realised.  The structure of the DW would be minimised if failure to apply Dimensional Modelling as this technique enhances the data to be well-assembled (35 p. 48).  Fact tables coincide with the DW structure by aiding decision-making that identifies organisational events.  Each fact table is centrally located with corresponding dimensions that describe the fact's behaviour (36 p.70).  Facts and dimensional modelling quantify to developing star schemas (Figure 6.1) which help to further organise the DW structure and enhance operational transactions.  
Through their transparent joins (star joins) between a low number of tables, star schemas de-normalise the data to provide quick query execution when dealing with large datasets (37 p.5-7).  Incorporating star schemas will facilitate BI analysis within Cambrian with its simplistic data aggregation and integration of other technologies like data cubes and OLAP systems.  However, it is paramount to attain expertise when developing the DW, especially if data relationships are not understood (38 p.518).
[image: A diagram of a sales table

Description automatically generated with medium confidence] Figure 6.1. Star Schema with Facts and Dimensions



[bookmark: _Toc156661289]7. Development and Description of a Star Schema

[bookmark: _Toc156661290]7.1 Internal and External Source Systems
To represent the data flowing through the system, Data Flow Diagrams (DFDs) have been developed.  These depictions formulate an understanding of how the data is processed and stored in each repository.  Each DFD will consist of a series of entities, processes, and data stores which are connected by joins to represent the data’s flowing direction.  This includes the data interacting with the OLTP system, the new Data Warehouse and any external sources such as cloud-based platforms.

[bookmark: _Toc156661291]7.1.1 Data Flow Diagrams

Sales
 [image: A diagram of a company
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Marketing
[image: A diagram of a computer flowchart
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Finance
[image: A diagram of a flowchart
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Property Management
[image: A diagram of a software company
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Customer Service
[image: A diagram of a data flow
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[bookmark: _Toc156661292]7.1.2 Entity Relational Diagram 

Entity Relational Diagrams (ERD) were constructed to depict the relationships between entities (tables) and attributes (field names), and how they interact with the data and processes of the OLTP system.  The joins connecting each table are known as cardinality which resembles the relationships between the entities.  One-to-many joins are illustrated in this example, such as a customer may have many interactions and a single property may have multiple data analysis.  However, all joins return as a single join back to the initial entity (39). 
[image: ]




[bookmark: _Toc156661293]7.1.3 Data Dictionaries

To enhance data integrity and minimise data redundancy, data dictionaries ensure the data is entered correctly.  This includes applying validation techniques which assist the data is being cleaned and in the correct format.  For example, the primary key validation of each table certifies that it is unique to other rows.  This mitigates rows being mixed up and eliminates duplicated entries.  Format and input masks ensure the data is entered correctly, including its data type and length.  
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[bookmark: _Toc156661294]7.2 Star Schema

The following are depictions of multiple star schemas that Cambrian can utilise to enhance their strategic decision-making.  Extracted from the OLTP system, these provide for the master data: key entities of the business such as customer, properties and sales; meta data:  descriptions of other data like relationships and attributes to aid in comprehension; and aggregated data: which improves query performance through computational totals of the fact data.  Organising this data ensures referential integrity to enable the DW to produce efficient analysis and reporting outcomes.  The four fact tables were constructed around, but not limited to, Cambrian’s key business processes.  

[bookmark: _Toc156661295]7.2.1 FactSales
FactSales provides an analysis of the specific quantitative measures of the sales transactions.  The linking of foreign key IDs between the fact table and each dim enables the fact table to immediately update upon changes to data within a dim.  Each dim describes the fact’s behaviour.  Numerous analytical processes may emerge from ‘FactSales’ such as pinpointing the exact date and time of a property transaction.  From this, Cambrian can analyse their market trends and patterns to pinpoint transactions by quarter from ‘DimQuarter’ and ‘DimTransactionDate’ - facilitating predictive analysis.  The Finance Director may use this star schema to produce accurate reports and projections.

[image: A close-up of a list of words
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[bookmark: _Toc156661296]7.2.2 FactPropertyManagement
The ‘FactPropertyManagement’ star schema can be utilised to manage and analyse the data from a specific property.  This may include information on maintenance requests within ‘DimRequests’, customer interactions within ‘DimCustInteraction’ and year within ‘DimYear.  A process like this can provide a seamless query to establish company performance metrics and KPIs for the Managing Director.  The analysis may not only pinpoint the request type for a given interaction but to determine the maintenance request total for a particular property per year.  
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[bookmark: _Toc156661297]7.2.3 FactCustInteractions
Cambrian may construct a fact customer interaction to analyse their customer behaviour to increase their sales performance or develop customer relationships.  These can be tailored to a given property within ‘DimProperties’ and segregated to a specific time within ‘DimDay’, ‘DimMonth’, or ‘DimYear’.  For example, the Sales and Marketing Director can benefit from this process by discovering why a particular property has not been sold, which may result in communicating with their sales rep.
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The fact analysis can contribute to specific analysis types to provide all Directors with access to, holistically.  Filtration methods may be applied for isolation purposes through ‘AnalysisType’ such as market trends, sales performance and demographic data located within ‘DimIntAnalysis’ (internal source) and ‘DimExtAnalysis’ (external source).
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[bookmark: _Toc156661301]7.3.1 Sales Performance by Quarter
The Data Mart (DM) example below will benefit the Sales and Marketing Directors by running a total sales by quarter query.  For instance, they can holistically analyse throughout a particular quarter the sales total and amount, purchasing behaviour through customer segmentation and demographic data of the sales performance across disparate properties, which can differentiate between the UK or Republic of Ireland.
[image: A close-up of a list of words

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated]


[bookmark: _Toc156661302][bookmark: _Hlk156552824]7.3.2 Property Metrics
The Managing Director can obtain benefits from this DM by discovering KPIs and performance metrics.  This example demonstrates the average leasing price per property to assist in strategic decision-making, such as determining market positions on leased properties per sector or predicting property income for future revenue.
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[bookmark: _Toc156661303]7.3.3 Customer Engagement
The customer engagement DM can provide insights to the Sales and Marketing Directors to enhance Cambrian’s customer service.  Additionally, customer interactions, patterns and preferences may be examined and understood through the total interactions and the average duration customers are engaged for.
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[bookmark: _Toc156661304]7.4 Simplified ETL Plan

This next section will include descriptions relating to the Extract, Transform, and Load process of each star schema, including how each dimension is populated.

[bookmark: _Toc156661305]7.4.1 FactSales ETL
Each dim is populated from the ‘Sales_Transaction’ OLTP system, which in turn, populates the fact table.  The creation of these dimensional models ensures that the source data is not altered and remains intact, preserving its integrity. 
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[bookmark: _Toc156661306]7.4.2 FactPropertyManagement ETL
The following is a depiction of the ETL process of the FactPropertyManagement which can be utilised by the Managing Director.
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[bookmark: _Toc156661307]7.4.3 FactCustInteractions ETL
Here is a representation of the customer interactions ETL which the Sales and Marketing Directors can benefit from by producing a series of customer analysis.
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[bookmark: _Toc156661308]7.4.4 FactAnalysis
The ETL process of the Analysis star schema may apply to all company Directors to obtain insights into making strategic decisions within their specific departments.  Identifying whether the analytical data is retrieved internally from their Swansea HQ building or externally from the cloud is one example that Cambrian can gain from this ETL.
· DimIntAnalysis from InteralAnalysisID primary key within AnalysisInternal.
· DimExtAnalysis from ExternalAnalysisID primary key within AnalysisExternal.
· DimProperties from PropertyID primary key within Properties.
· DimPropertyType from PropertyTypeID foreign key within Properties.
· DimTransactionType from TransactionType within Sales_Transactions.
· DimTransactionDate from TransactionDate within Sales_Transactions.
· DimTransactionHour from TransactionHour within Sales_Transactions.
· DimDay, DimMonth, DimQuarter, DimYear from InteractionDate within Sales_Transactions.
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[bookmark: _Toc156661309]7.5 Main Data Quality and Information Governance Issues

To enhance their operations, it should be paramount for Cambrian to understand the data quality and governance issues involved during the ETL process and the Data Warehouse (DW) itself. 
[bookmark: _Toc156661310]7.5.1 Data Quality
It is crucial to maximise the integrity of data during the integration and transformation phases as internal and external sources such as an OLTP system or the cloud, may obtain data quality issues.  Adopting quality rules and procedures is imperative to improve the usability and quality of the data by enhancing its accuracy, availability, and consistency (40 p.2).  The data may be susceptible to issues such as spelling errors, missing values or identical attributes with alternative data (40 p.4, 41 p.43-44).  This can result in challenges in decision-making across all departments.  One method to combat this is to construct data dictionaries to act as a framework that includes validation and data cleaning procedures to ensure the data is accurate and consistent (40 p.16).  Data redundancy consists of data duplication such as unnecessary attributes and values within the star schemas and data marts.  Subsequently, increasing the storage with redundant data can impact the DW’s performance.  To mitigate, adopting minimising techniques and frequent review methods can ensure the DW operates efficiently to provide strategic analysis (42 p.29).

[bookmark: _Toc156661311]7.5.2 Governance Issues
Due to the handling of personal data, Cambrian should adhere to data regulations, for instance, the General Data Protection Regulation (GDPR) that guarantees protection in the event of data breaches and protects citizens' private information.  Complying with the GDPR ensures that sensitive data is being safeguarded and handled appropriately (43).  Data security is a major concern as it is the most endangered during the ETL process (44 p.89), especially when operating with personal data and intellectual property when extracting from external sources.  These issues may include data breaches or access to the system by unauthorised users.  Applying measures such as access control methods like granting permissions to selected users, encryption techniques to protect the data by converting it into ciphertext, and authentication protocols through constructing IDs and passwords for specific users to access the data (45 p.40-41).  It would be ethical for Cambrian to employ social engineering strategies throughout their organisation to ensure the safeguarding procedures are utilised consistently.

  


[bookmark: _Toc156661312]8. Conclusion
In essence, Cambrian adopting a data warehouse is a necessity to decipher the complexities of their day-to-day operations.  Customised to strategic requirements, this comprehensive system aims to render the data to maximise its potential.  Cambrian will be well-positioned to elevate its strategic decision-making processes by implementing star schemas with focused data marts.  This report should enable comprehension for the CEO and Directors of how the company can harness valuable insights to propel business performance.
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DimCustomer from CustomerlD primary key within Customer.
DimCustinteraction from InteractioniD primary key within Custinteractions.
DimProperties from PropertyID primary key within Properties.

DimPropertyType from PropertyTypelD foreign key within Properties.

DimDay, DimMonth, DimQuarter, DimYear from InteractionDate within Custinteractions.
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