Week 1 – Tutorial 1
Discuss various types of databases with examples

Introduction

Although as a concept in computerised terms barely 60 years old, databases are now prevalent throughout our entire modern lives – think scanning barcodes at an automated till machine in a supermarket or making a booking with a travel agent for a package holiday, or even just registering for yet another website account – databases are used everywhere you look, wherever it is useful to have fast access to pertinent data.  With a reported [1] global market value of over $65 billion in 2022, the businesses of the world take DBMS, or DataBase Management System software seriously for good reason.

A Brief History

The precursor to the database was the File Processing System – basically a reproduction of the existing paper filing cabinet system in computerised form.  It generally required each department of an organisation to have their own dedicated data files, both with their own unique structure and accessed and worked on by their own bespoke application software, leading to data duplication and inconsistencies within the organisation, and wasteful overhead in maintaining or updating the bespoke applications.  Sharing data between departments wasn’t easy or straight-forward due to the likely differences in their design, which would have been based on their own departments’ individual requirements – for example Sales may have had records of a product line markedly different to the way Marketing did things for the same products.
Charles Bachman is generally credited [2] for the term given to the first type of computerised database systems – ‘Navigational’ – from his paper [3] ‘The Programmer as Navigator’, made possible by the invention of direct access disk-based storage systems, improving over the sequential access magnetic tape storage.  The two main navigational models of database design/operation were the Hierarchical model and the Network model.  They were ‘Navigational’ from the need to move through the records, either one by one (GET NEXT or GET PREVIOUS) or by following pointers or links between ‘parent’ and ‘child’ records.
In the 1970’s came the next breakthrough in database design development – the Relational model.  E.F. Codd at IBM proposed in his paper [4] [5] a new way of structuring data and having it self-describe relationships between different entities, making it searchable and more space-efficient – important when disk-based storage was still very expensive.  IBM later released System R which was the world’s first introduction to SQL – Structured Query Language.
The 1980’s and 90’s saw the explosion of desktop computing among businesses and home users, and some more database theory developments with the Object-Oriented Relational Databases coinciding with object-oriented programming becoming more prominent.  Following the 2000’s saw the emergence of NewSQL and the desire for massively distributed and highly scalable online transactional databases.
Modern Databases

Modern Database Systems (a collective term for the application programs that interact through the DBMS with the database and data therein) provide a whole raft of features and benefits [6] compared to what came before them as just explored above:
· Control of data redundancy
· Eliminating as much as possible (but not always all) wasteful duplication of data
· Data Consistency
· Controlling the duplication of data allows us to help preserve the consistency of the data
· Data Insights not previously possible
· Prior to databases, departments worked with their own sets of data – in an integrated database all data is available to all departments (where permitted) so new insights or relationships between data are available that were not previously
· Data Integrity
· Validation rules can be set on existing data or data inputted – for example, a product number against a purchase record must match a valid product record.
· Data Security
· Access to the DBMS in whole can be protected by an authorisation system and encryption, and further certain data fields or views can be limited to only certain employee roles as needed.
· Data Standards
· Much like data integrity, a single authoritative database can enforce the use of a certain date and time format across all accessing applications in the organisation.
· Increased Concurrency
· The DBMS provides for controls over shared or simultaneous data access, preventing ‘clashes’ occurring and ensuring data integrity is upheld.
· Improved Backup and Resilience
· A single authoritative database provides a central place for the concern of backups and recovery.  Additionally, many modern DBMS can provide highly available clustering services in order to provide 24/7 database service uptime even through hardware failures or maintenance.
These advantages must of course be contrasted to the potential disadvantages [6] :
· Complexity – a database must be first designed to meet identified requirements and it must be maintained and administered.
· Software Costs – DBMS software costs vary enormously depending on budgets and requirements.
· Size – DBMS software is large and resource intensive, leading to…
· Hardware Costs – these too vary enormously depending on budgets and requirements.

Modern Examples

· Microsoft SQL Server 2022 [7]
· A Relational Database Management System marketed in various ‘Edition’s for different target audiences and workloads.
· Microsoft Access [8]
· A Relational Database Management System marketed primarily to small businesses or home users, part of the ‘Office’ suite of applications.
· dBase [9]
· A Relational Database Management System marketed to application developers.
· Oracle Database [10]
· A Multi-Model Database Management System, that can work with relational, document-oriented, graph-based or other data model databases.
· MySQL [11]
· An Open-Source [12] Relational Database Management System, in various editions and supported by many potential partner businesses.
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