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This report will discuss version control systems and their importance in software development for software teams and individuals. It will also discuss how Git works and how it passes the artefact through three phases.
[bookmark: _Toc31763983]2. Version Control Systems
A version control system allows you to recall precise versions of a file or set of files as it is capable of recording changes made to them [1]. These systems are important because they allow an individual and software teams to make changes and experiment with the code but also go back to a past version of the code which produced specific results [2]. This relieves developers when managing source code versions which are error prone and tedious [3]. There are two types of version control systems: centralised and distributed [4].
Centralised version control (CVS) works on a single central repository that software developers must send any changes and commits to [5]. Software teams will usually establish coding practices and conventions in order to maintain the source code quality and control changes made to the central repository [6]. Advantages to centralised version control is that it is easier to understand, and access control is simpler as everything is controlled from one central repository [7]. Some drawbacks are everything is dependent on access to the main server, which means if it goes down versioned changes cannot be saved [8]. Also, there are issues with security as the entire history could be lost if there is corruption in the central database [8]. Subversion is open-source and one of the most popular centralised version control systems [9].
A distributed version control system (DCVS) is where every software developer’s computer has a copy of the full version history and complete codebase [10]. One advantage of DCVS is that it has faster workflows than CVS as it does not work on a remote server and tasks can be performed locally so no network time is required [11]. Creating and destroying branches is very simple in DCVS, which makes experimenting much easier for software developers [12]. DCVS also allows local changes to be tracked in the same repository, while security or bug fixes can be merged from upstream [13].
There are not many disadvantages of DCVS compared to CVS, apart from it being more difficult to use for beginners and if the project has a long history, downloading all this history can take up an impractical amount of disk space and time [5]. 
One of the most widely used distributed version control systems is Git developed by the creator of the Linux operating system, Linus Torvalds [14]. There are three phases which the Git artefact (file) passes through: modified, staged and committed [15]. Modified indicates the artefact has had changes made to it, but it has not been committed to the database [15]. Staged is when the file has been added to the staging area (index) to enter the next commit snapshot [15]. The command for this is “git add” [16]. A committed artefact is one that is stored in the local Git database [15]. The command “git commit” is used to commit the changes made to the artefact [17]. “Git status” can be used to check the status of your files e.g. files that have yet to be committed [18].
To fully understand the process which the artefact travels through these states, it is important to know the three locations the files travel. The first stage is the working tree where files stay and allow changes to the file to be marked [19]. It is also referred to as the untracked git area [19]. The next stage is the staging area or the “index” where changes to the files are being saved and tracked and the changes are shown in the .git directory [19]. The third stage is the local repository which contains everything in the .git directory and any commits or checkpoints are visible [19]. 
GitHub is very beneficial to teams as projects on GitHub require permission to modify repositories which project managers can use to structure projects and manage permissions for different levels [20]. Git also allows multiple people to work on the same file at the same time, and changes are usually merged automatically, but any conflicts are shown and teams can easily resolve them [21]. 
A branch operation can be used to split your development into two different pathways e.g. if you need a separate branch to do bug fixes to the stable version so it does not disrupt the rest of development [22]. This branch can then be merged with the master branch and you can see any changes that have been made and who made them [23]. There are several workflows available for software teams to choose from when using branches to present changes into a repository: centralised workflow, feature branch workflow and forking workflow [24].
The centralised workflow commits all changes into the master branch which is the default development branch and no other branches are used; developers clone the central repository and make their own changes which they then “push” into the master branch [25]. Feature branch workflow incorporates the use of a separate dedicated branch for developing each new feature which is then merged into the master branch [26]. In a forking workflow, the developer makes a copy of the repository to their GitHub account and then makes changes and is merged back to the source repository with a pull request [27]. 
Multiple projects can be managed with a shared account, known as an “organization” in GitHub [28]. There are three roles available in an organization: owner, member and billing manager [28]. Owners have complete access to the organization which includes inviting and removing people and teams, managing permission levels and removing and creating repositories [29]. A member is the default role for any new person joining the organization [29] and a billing manager simply manages any billing settings e.g. adding, updating or removing payment methods [30].
Git is also beneficial to individuals and software teams because of its security where it uses the hashing algorithm Secure Hash Algorithm 1 (SHA-1) as a checksum to manage files, the directory and versions securely so work cannot be corrupted [31]. Another advantage of Git is its fast performance which can be attested to how it handles objects internally by packing similar ones together and externally where a substantial amount of data is sent efficiently through a network as a good compression model is used [32]. 
A disadvantage of Git is that a lot of technical knowledge is needed due to its command lines and it is slower running on Windows [33]. Git also does not support checking out sub-trees, so the central service would have to be set up for multiple package repositories [33]. When deciding on a version control system, software development teams and individuals should take note that Git cannot handle large binary files [34].
Version control is hugely important for software development teams in particular because of the “constant communication vehicle” [35] it provides for them no matter where they are and the way it preserves each individuals work without overwriting a fellow developer’s work [35]. Another crucial aspect of version control systems that benefits software development teams is quality gating which helps them to create and impose guidelines before code changes and stops erroneous code changes from being added across the team’s software [36].
In industry, many organisations require “due diligence checks” which may involve tracking ownership of the intellectual property (IP) of the software that is going to be released [37]. This is aided with version control systems which provide a list of contributors and the dates of their contributions that can be cross-checked with IP contracts [37]. During a software project, project managers and clients can follow the progress of the project so software developers have no opportunity to neglect work and it will keep them on track because any conflict in the system will cause problems for the other developers [38].
In conclusion, version control in modern day projects is practically vital, not just for the software developers but for the client themselves who want to track the ownership of the code. For the software team during development, version control is extremely helpful for collaborating seamlessly and without losing versions of code should an error occur. The development is also sped up by not needing a remote server and the ability for multiple software developers to work on the same file at once. It also helps software developers to keep track of the quality of the code by allowing team managers to only accept code that meets code guidelines. Individuals also greatly benefit from version control systems thanks to its collaborative properties. Branching greatly helps both individuals and teams when they are working on a project and there are certain bug fixes to be done, as they can work on a separate branch without disrupting the main branch and then merge the fix back into the main branch, all done effortlessly. 
Link to my GitHub account: https://github.com/runabibi/AdvWebDev.git




3. References

[1] 	S. Chacon, Pro Git, New York: Springer, 2009. 
[2] 	J. D. Blischak, E. R. Ravenport and G. Wilson, “A Quick Introduction to Version Control with Git and GitHub,” PLOS Computational Biology, vol. 12, pp. 1-18, 2016. 
[3] 	M. Mijac, I. Tepavac, K. Valjevac and S. Kliba, “Version Control Systems, Tools and Best Practices: Case Git,” in Medinfo, Zagreb, 2015. 
[4] 	Beanstalk Guides, “An introduction to version control,” [Online]. Available: http://guides.beanstalkapp.com/version-control/intro-to-version-control.html. [Accessed 5 January 2020].
[5] 	G. Lionetti, “What is version control: centralized vs. DVCS,” Atlassian, 14 February 2012. [Online]. Available: https://www.atlassian.com/blog/software-teams/version-control-centralized-dvcs. [Accessed 5 January 2020].
[6] 	B. d. Alwis and J. Sillito, “Why Are Software Projects Moving From Centralized to Decentralized Version Control Systems?,” in ICSE Workshop on Cooperative and Human Aspects on Software Engineering, 2009. 
[7] 	N. Cheshire, “Centralized vs Distributed Version Control Systems - What's Best for Notes Development?,” Teamstudio, 22 November 2018. [Online]. Available: https://www.teamstudio.com/blog/distributed-vs-centralized-version-control-systems-for-lotus-notes. [Accessed 5 January 2020].
[8] 	Intland Software, “CVCS & DVCS: The Needs That Version Control Systems Serve,” [Online]. Available: https://content.intland.com/blog/sdlc/the-needs-that-version-control-systems-serve. [Accessed 5 January 2020].
[9] 	Subversion, “Apache® Subversion®,” [Online]. Available: https://subversion.apache.org/. [Accessed 5 January 2020].
[10] 	C. Gehman, “What Is DVCS Anyway?,” Perforce, 25 July 2018. [Online]. Available: https://www.perforce.com/blog/vcs/what-dvcs-anyway. [Accessed 5 January 2020].
[11] 	Jacob, “Why Embrace Distributed Version Control Systems?,” 19 August 2014. [Online]. Available: https://rhodecode.com/blog/62/why-embrace-distributed-version-control-systems. [Accessed 5 January 2020].
[12] 	I. Clatworthy, “Distributed Version Control Systems - Why and How,” 2007. 
[13] 	L. Grimmer, “Aspects and benefits of distributed version control systems (DVCS),” 5 November 2009. [Online]. Available: https://www.lenzg.net/archives/285-Aspects-and-benefits-of-distributed-version-control-systems-DVCS.html. [Accessed 6 January 2020].
[14] 	Bitbucket, “What is Git,” Atlassian, [Online]. Available: https://www.atlassian.com/git/tutorials/what-is-git. [Accessed 6 January 2020].
[15] 	S. Chacon and B. Straub, Pro Git 2nd Edition, New York: Apress, 2014. 
[16] 	R. E. Silverman, Git Pocket Guide: A Working Introduction, O’Reilly Media, Inc., 2013. 
[17] 	Archeogeek, “The three stages of Git,” [Online]. Available: http://archaeogeek.github.io/foss4gukdontbeafraid/git/stages.html. [Accessed 6 January 2020].
[18] 	S. Kappagantula, “Top 20 Git Commands With Examples,” DevOps Zone, [Online]. Available: https://dzone.com/articles/top-20-git-commands-with-examples. [Accessed 6 January 2020].
[19] 	L. Maurer, “Git Gud: The Working Tree, Staging Area, and Local Repo,” Medium, 10 October 2017. [Online]. Available: https://medium.com/@lucasmaurer/git-gud-the-working-tree-staging-area-and-local-repo-a1f0f4822018. [Accessed 6 January 2020].
[20] 	Y. Perez-Riverol, L. Gatto, R. Wang, T. Sachsenberg, J. Uszkoreit and F. d. V. Leprevost, “Ten Simple Rules for Taking Advantage of Git and GitHub,” PLoS Computational Biology, vol. 12, no. 7, pp. 1-11, 2016. 
[21] 	P. Bell and B. Beer, “Why Use GitHub?,” in Introducing GitHub: A Non-Technical Guide, Sebastapol, O'Reilly Media, Inc., 2015, pp. 1-2.
[22] 	J. Narebski, “Branches and Tags,” in Mastering Git, Birmingham, Packt Publishing Ltd., 2016, pp. 26-27.
[23] 	W3docs, “What is Git,” [Online]. Available: https://www.w3docs.com/learn-git/what-is-git.html. [Accessed 6 January 2020].
[24] 	A. Magana and J. Muli, “Workflows,” in Version Control with Git and GitHub: Discover the most popular source control solutions used by developers worldwide, Packt Publishing Ltd., 2018, p. 6.
[25] 	Bitbucket, “Comparing Workflows,” Atlassian, [Online]. Available: https://www.atlassian.com/git/tutorials/comparing-workflows. [Accessed 6 January 2020].
[26] 	J. Vallandingham, “A GIT WORKFLOW WALKTHROUGH – FEATURE BRANCHES,” Bocoup, 20 July 2015. [Online]. Available: https://bocoup.com/blog/git-workflow-walkthrough-feature-branches. [Accessed 6 January 2020].
[27] 	GitHub Gist, “GitHub Standard Fork & Pull Request Workflow,” [Online]. Available: https://gist.github.com/Chaser324/ce0505fbed06b947d962. [Accessed 6 January 2020].
[28] 	GitHub, Inc., “Permission levels for an organization,” [Online]. Available: https://help.github.com/en/github/setting-up-and-managing-organizations-and-teams/permission-levels-for-an-organization. [Accessed 6 January 2020].
[29] 	A. Pipinellis, “Managing Organizations and Teams,” in GitHub Essentials, Birmingham, Packt Publishing, Ltd., 2015, pp. 53-56.
[30] 	GitHub Inc., “Adding a billing manager to your organization,” [Online]. Available: https://help.github.com/en/github/setting-up-and-managing-organizations-and-teams/adding-a-billing-manager-to-your-organization. [Accessed 6 January 2020].
[31] 	ToolsQA, “What is GIT?,” [Online]. Available: https://www.toolsqa.com/git/what-is-git/. [Accessed 6 January 2020].
[32] 	B. Laster, “Git's Advantages and Challenges,” in Professional Git, Wrox, 2016, pp. 11-18.
[33] 	Educba, “Introduction To GIT,” [Online]. Available: https://www.educba.com/introduction-to-git/. [Accessed 6 January 2020].
[34] 	Perforce, “Git vs. SVN – What Is The Difference?,” 14 November 2018. [Online]. Available: https://www.perforce.com/blog/vcs/git-vs-svn-what-difference. [Accessed 6 January 2020].
[35] 	Smartsheet, “The ABCs of Software Version Control,” [Online]. Available: https://www.smartsheet.com/software-version-control. [Accessed 6 January 2020].
[36] 	M. Andersson, CollabNet, 19 March 2018. [Online]. Available: https://resources.collab.net/blogs/dont-underestimate-the-importance-of-version-control. [Accessed 6 January 2020].
[37] 	S. Yeates, “What Is Version Control? Why Is It Important For Due Diligence?,” Osswatch, 9 May 2013. [Online]. Available: http://oss-watch.ac.uk/resources/versioncontrol. [Accessed 7 January 2020].
[38] 	K. Gupta, “What is Version Control and what is its purpose?,” 23 May 2018. [Online]. Available: https://www.freelancinggig.com/blog/2018/05/23/what-is-version-control-and-what-is-its-purpose/. [Accessed 7 January 2020].




2

