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1. [bookmark: _Toc60916338]Aim
The aim of this assignment was to design a two-player game of Connect 4, which can be played online with amendments to the traditional rules. 
2. [bookmark: _Toc60916339]Evaluation of the Design
2.1. [bookmark: _Toc60916340]Software Design Definition
Software design is the practice of specifying software methods, functions, objects and the general layout and interaction of the code so that the resultant application satisfies the expectations of the user. It is the process of producing a description of the full program components and actions prior to the deployment of the actual applications [1]. 
2.2. [bookmark: _Toc60916341]Written Plan of User Story Maps
A written plan of the user story map was drawn to assist the team to understand how the Connect 4 game worked and every feature of the game that was required to be included. Whilst the team understood the traditional rules of Connect 4, time was spent at the start discussing understanding of the additional rules. Every team member had strengths and weaknesses and working together meant a design was developed based on a common understanding of the additional rules. 
The team created a draft plan of each section of the user story map including the primary goal, and the process of the Connect 4 game to plan the activities, tasks, and user stories before creating the final user story map. 
2.2.1. [bookmark: _Toc60916342]Primary Goal of the Connect 4 Game
The primary goal that needed to be reached to meet the needs of the user was identified by the team, as shown in figure 1. 
[image: ]
[bookmark: _Toc60674103]Figure 1: Primary Goal of the Connect 4 Game.
2.2.2. [bookmark: _Toc60916343]User Activities
The team outlined the activities the player would undertake whilst using the Connect 4 software.  The basic stages were defined by envisaging what actions were required to reach the primary goal in figure 1. The process involved writing small tasks which when combined, describe steps the player will follow whilst using the software. 
[image: ]
[bookmark: _Toc60674104]Figure 2: Plan of User Activities.
2.2.3. [bookmark: _Toc60916344]User Tasks
The team developed a list of user tasks based on each user activity. Creating user tasks enhanced creativity and helped identify as many features as possible without prioritisation. The user tasks were an unprioritized collection of ideas, designed to help solve the user's problems. 
[image: ]
[bookmark: _Toc60674105]Figure 3: Plan of User Tasks.
2.2.4. [bookmark: _Toc60916345]User Stories
The team created user stories which are clear descriptions of a system told from the point of view of the user. They follow the structure known as the Connextra template [2][3] shown below: 
[image: ][4]
[bookmark: _Toc60674106]Figure 4: User Story Structure.
This helped outline the specific tasks the user will carry out whilst using the application, adding more detail to each task, and outlining what would happen if things went wrong. The plan of the user stories is shown in figure 5. 
[image: ]
[bookmark: _Toc60674107]Figure 5: User Stories Plan.
The complete design plan of the user story map is shown in figure 6. 
[image: ]
[bookmark: _Toc60674108]Figure 6: User Story Map Design Plan.
Once the basic plan was outlined, more time was spent creating a final user story map. Converting the ideas to a user story map layout helped finalise the ideas, as things were added or removed. 
[image: ][image: ][image: ]
[bookmark: _Toc60674109]Figure 7: User Story Map.
2.3. [bookmark: _Toc60916346]User Sequence Diagram
The team created a sequence diagram of the Connect 4 game which helped describe communications passed between the player, the game, the counter and the grid. The sequence diagram helped display the interractions of the objects in a time sequence.
[image: ] 
[image: ]
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[bookmark: _Toc60674110]Figure 13: User Sequence Diagram.



2.4. [bookmark: _Toc60916347]Wireframe
A wireframe was created by the team to design the website containing the Connect 4 game at a structural level. It helped lay out the features and the content of the Connect 4 website, considering the user stories and the requirements. Wireframes helped to define the basic layout of the Connect 4 game before design and content would be introduced.
[image: ]
[bookmark: _Toc60674111]Figure 14: Wireframe.

2.5. [bookmark: _Toc60916348]Advantages of the Team using User Story Maps
· Clear priorities – The general approach to how a story map is designed made it easier to prioritise each story, while retaining the relation between large and small problems. e.g., a large problem such as being able to Connect 4 counters or a small problem such as counter colour.
[image: ][image: ]
Figure 8: Choose Counter and Player Connects 4 User Stories.
· Communication – Story maps were created by the whole team which made it easy to analyse the product right from the start and it encouraged constructive conversations within the team.  During the team meetings, team members asked questions like, "What is your understanding of the additional Connect 4 rules?", "Why do we need this user story ", "Do we need a difficulty level?", "Will the player play against the computer or another player online?" This provided a shared awareness of the development project and the meaning of each story.

· Visible product goals and vision – A user story map is a document of a dynamic nature that can be expanded as the product develops. Having an overall view of the Connect 4 project and understanding where it begins and where it finished meant the team understood the concept of the game and how it could be created as a web application. In addition, the user story map helped to demonstrate all additional product specifics and share this information around the team. People perceive things differently so including clearly written requirements helped introduce a single solution to the Connect 4 game functionality. 

· Breaking down large criteria into small items – the requirements for the Connect 4 game, particularly the additional rules, contained explanations that were difficult to comprehend. User story maps made it easy to break down the large tasks of designing the overall game into smaller parts, which meant they were easier for the team to understand. For example, the game settings as shown in figure 9: 

[image: ]
Figure 9: Choose Game Settings User Stories.
2.6. [bookmark: _Toc60916349]Disadvantages of the Team using User Story Maps
· Less focus on non-functional requirements: The team's user stories focused primarily on the functional requirements i.e., how end-users directly interact with the online game. Non-functional requirements such as usability, fault tolerance, performance and reliability were not captured.
· Difficult to scale with more complicated projects: The Connect 4 project was relatively straightforward so the simple format of user stories suited the project.   However, if the project was more complex, it may have been difficult to scale up.

· Produced vague requirements: The user stories were written in an informal language which meant the requirements were a bit too vague for coding the Connect 4 game in C#. For example, when player captures opponent’s counter in figure 10: 
[image: ]
Figure 10: Player Captures Opponent's Counter User Story.
2.7. [bookmark: _Toc60916350]Discussion of the User Story
The user stories were created by the team with the INVEST criteria in mind [5]. 
The author considers that each user story created was ‘independent’ from the others. If any changes needed to be made to one particular user story, the other user stories will be unaffected and each user story can be worked on in any order. This meant some user stories could be prioritised over others. 
The user stories created were ‘negatiable’. The aim of a project is to meet the user requirements, rather than sticking rigidly to the user stories. The user stories can be implemented in different ways which allowed the team to create the code for the Connect 4 game individually and in a way they chose. 
The user stories aimed to be ‘valuable’ by providing a separate unit of value to end users. Including the “so that” clause in every user story helped the team write down a reason as to why each story is valuable for the user. The team perhaps created too many user stories (18 in total) as the recommended amount is 5-15 [6]. However, since this was a plan for a web application, the project naturally requires more user stories. In hindsight, some stories were unnecessary for the implementation of the Connect 4 code such as the one shown in figure 8: 
[image: ]
Figure 11: User story for logging into the application.
Each user story was brief enough that the amount of time it would take to implement each story was ‘estimable’. This meant the user stories could be prioritised, taking into consideration the length of time a user story takes to complete and how important the user story is to the functionality of the game. 
The team aimed to write user story as a ‘small’ one sentence description of the user’s requirements. This provided the team with a focus and makes it easy to adapt and respond to any future changes. Two of the user stories, circled in figure 8, could possibly have been made into one user story to simplify the story. 
[image: ]
Figure 12: Choose Opponent User Story.
The user stories were ‘testable’ meaning acceptance criteria could be written for each story. Having testable stories ensured the creation of a good quality application, and facilitated Test Driven Development once the application started being implemented. 
An additional improvement to the user story map is the team could have included the minimal viable product. 


3. [bookmark: _Toc60916351]CRC cards
3.1. [bookmark: _Toc60916352]CRC Modelling
CRC (Class-Responsibility-Collaboration) modelling is an easy, low-tech approach for developers and users to work with each other to define and grasp the requirements of a business. 
A CRC card [7] is a basic index card that has been broken down into three parts, as seen in Figure 10.
[image: OOP Tutorial Week 4: Class, Responsibilities, Collaborators][8]
[bookmark: _Toc60674112]Figure 15: Template for a CRC card.
A class is a set of related objects. The class name of an object provides a language to discuss a design.  The name of the class appears at the top of the card. 
An object is a person, location, item, activity, or idea that is important to the device at hand. The object's responsibilities are represented by a handful of short verb sentences, each representing an active verb, such as position, task, or if statements.
Occasionally the class may have a responsibility to perform, but it does not have enough details to do so. Thus, it needs to collaborate with other classes to complete the responsibility.  Collaborators are objects which, in the process of fulfilling responsibilities, can accept or send messages, and defines relationships with other classes [8]. 
3.2. [bookmark: _Toc60916353]CRC Card Design Approach
One of the major object science centres in the late 1980s was the Tektronix Research Laboratories in Portland Oregon. These laboratories were one of the major users of Smalltalk, and many of the core concepts in object technology were developed there. Two prominent Smalltalk programmers were Ward Cunningham and Kent Beck [7]. 
Instead of using illustrations to create templates, as other methodologists have done, they described classes using 4 X 6 index cards. Rather than specify the attributes and methods on the cards, the responsibilities were written. The responsibility is a high-level explanation of the intent of the class, the idea is to try to get away from a description of pieces of data and procedure, but now to capture the purpose of the class in a few sentences. 
CRC cards are an informal strategy that promotes debate. In a CRC session, the developers will gather around a table each person will pick up a card as they explain how the class engages in any use case. By giving the developers something to handle that reflects the class, it becomes simpler to speak about the project. By highlighting the responsibilities instead of the data and methods, the developer's focus is away from data holders and helps them understand the higher-level behaviour of the class.
CRC cards are useful when teams are getting weighed down in too many specifics too early, or if they appear to create classes that are cluttered and do not have specific definitions. 
There are a few clear attributes of CRC cards that indicate that they help decompose a problem—a key component of computational thinking—which can be challenging to implement, and they are deliberately short. 
Advantages of CRC cards [9]
· Users are fully involved in defining the requirements and thereby improve their knowledge of the system when creating it.
· CRC cards facilitate the transition from process orientation to object orientation.
· The CRC cards provide the basis for a more systematic analysis and design approach.
Disadvantages of CRC cards
· CRC cards offer limited details about program elicitation due to high-level abstraction.
· It is difficult to schedule people together to do CRC modelling.
· CRC models are only part of the description of user requirements for an OO program and use cases, prototypes and formal requirements documents must also be considered.
3.3. [bookmark: _Toc60916354]Evaluation of the CRC cards
In hindsight, the author considers that two of the CRC cards had too many responsibilities. The recommendation is that each class should have at most three or four responsibilities [10]. The CRC cards with too many responsibilities could have been split. The cards containing too many classes indicates low cohesion [11]. Ideally, a cohesive class should have just one responsibility.
The Connect 4 CRC cards should have contained only one responsibility for each class, as most of the cards contained more than one responsibility. As there are no restrictions on the number of responsibilities permitted within a given class, it is possible to overwhelm a class with so many responsibilities resulting in a low degree of cohesion within the model. Ideally, a coherent class can have only one responsibility [12]. Excessive responsibilities may also contribute to the need for a significant number of collaborators to assist them. Too many class partnerships will result in a high coupling that will needlessly increase the sophistication of the system. In software design, the aim is strong cohesion and the lowest possible coupling.
Having too many responsibilities may contribute to the development of macho classes. The macho class instantiates an object that does most of the work, leaving all small operations to a collection of effectively meaningless classes [9]. Ideally, the intelligence of the system should be spread as equally as possible in the application and the function should be distributed universally. When all the responsibilities are focused in one or two classes, it raises the complexity of making alterations.
The CRC cards created by the team did not include a class role for each card. The lack of a class role can contribute to the assignment of incorrect, pointless, or even lacking responsibilities. Although the role appears very unimportant, it serves a rather important function. If a class plays more than one role, there may be generalizations where each role is simply a subclass of a superclass [9].
For the team to validate whether the CRC cards contained sufficient detail, the team roleplayed the Connect 4 game with different scenarios. The CRC cards had strengths which helped with the coding however, further roleplay could be undertaken to make detect any weaknesses in the CRC card technique and ensure any problems were addressed [13].
[image: ]
[bookmark: _Toc60674114]Figure 17: Connect 4 Game CRC Cards.
3.4. [bookmark: _Toc60916355]Acceptance Criteria for the Connect 4 Game
Acceptance Criteria are the requirements that the software product must satisfy to be approved by the manufacturer, the consumer or some other system. They are unique to each user story and describe the actions of a function from the end-user viewpoint [14]. 
When the user stories were written, the team included testable criteria which helped to accurately check that all the required criteria had been met. If the criteria cannot be tested, then there would be no means of verification. These conditions should either be met or not be met. 
The acceptance criteria were written in a clear and concise way so anyone who read it would understand it. The criteria were written avoiding the use of jargon and without being longwinded to avoid the key points being misunderstood. 
The desired characteristics such as conciseness, clarity, and comprehension are subjective.
The author considers the CRC cards to reflect the user stories as they were clear and concise, testable and the team members were all on the same page. The team role-played the CRC cards to validate that the conditions were met for the game. 
Clearly written acceptance criteria introduced a single solution to the Connect 4 game functionality. It helped the team define the boundaries of the user story and helped to validate the Connect 4 application functions. Acceptance criteria are the core of positive and negative tests aimed at testing whether the system performs as intended. 
Having created CRC cards, the team role-played a variety of scenarios in order to verify if the system performed on paper: if not, the design could be changed before entering the time-consuming phase of programming a defective design. 
The author considers that the CRCs reflected the acceptance criteria identified in the user stories in figure 7. 

4. [bookmark: _Toc60916356]Importance of Software Testing
Software testing (or quality assurance) is an important phase of the Software Development Life Cycle [15]. 
According to ANSI/IEEE 1059 standard [16], testing is the method of examining a software system or its component(s) with a view to deciding whether it meets the defined specifications. As such, testing is running a system to find any defects, gaps or incomplete requirements that are inconsistent to the specific requirements. 
Software testing guarantees the consistency of the product and satisfies both consumers and users [17]. It also offers improved market optimisation (less maintenance costs), stability and excellent user experience. Software testing plays a crucial role in the design and development process. After the development process, software is tested to verify and validate.
Testing has become a very important part of the IT field due to [18]: 
1. Quality of the product
Software Testing aims to improve the credibility of a business in the industry by offering a reliable product to the consumer as set out in the specifications specification papers.
Owing to these factors, software testing is becoming a very necessary and integral part of the software development process.
2. Cost-efficiency
Design faults for any complex structure can never be fully ruled out.
If design issues remain undetected, it may become more difficult to track back errors and fix them. It is going to be more costly to repair. Often, when repairing one bug, we can unknowingly add another. If vulnerabilities are found in the early stages of development, it would cost a lot less to repair them. For this reason, it is important to identify flaws in the early stages of the life cycle of software development.
It is best to start testing early than to implement it at any point of the software development life cycle, and frequent testing is needed to ensure that the system is developed, as needed.
3. Security
Security Testing identifies any risks to the system and measures the possible weaknesses, so that threats can be encountered, and the system does not stop working or cannot be abused. A breach in customer security means customers will not trust the company. 
4. Satisfaction of the client
The ultimate aim of every company is to have the highest customer satisfaction. Software testing enhances the user interface of the application and ensures customer satisfaction leading to increased sales.
There are many examples where insufficient software testing leads to bugs leading to monetary and human loss [19]: 
· Nissan cars recalled more than 1 million cars from the market due to a software flaw in sensory airbag detectors. Due to this software malfunction, two injuries were reported.
· Several of Amazon's third-party sellers saw that their product price was lowered to 1p due to a technical bug. They were left with expensive losses.
· Starbucks was forced to shut over 60 percent of stores in the U.S. and Canada due to technical failure on the POS system. At one point, the store served coffee for free because they were unable to complete the transactions. 
4.1. [bookmark: _Toc60916357]Techniques of Software Testing
There are two commonly used techniques of software testing, i.e., White Box testing and Black Box testing.
4.1.1. [bookmark: _Toc60916358]Black Box Testing
Black Box Testing is a method in which the tester does not know the internal structure, design, or implementation of the program [20]. 
Black box testing is not an alternate method to white box testing but a complementary approach which tends to uncover a different class of errors. 
Black box testing will uncover the following error types:
1. Incorrect or incomplete functions
2. Errors in interface
3. Errors in the data structure
4. Performance related errors
5. Errors in initialization or termination
Black box testing can be applied to functional and non-functional testing. 
4.1.1.1. Functional Testing
· Functional testing tests the unique functions or features of the program under test. For example, verifying that it is possible to log in with the right user ID and impossible to log in with the incorrect ID. 
· Functional testing may concentrate on the most important features of the program (smoke testing/sanity testing), the integration of main components (integration testing) or the system as a whole (system testing).
4.1.1.2. Non-functional Testing
Black box testing tests additional aspects of the program, rather than the specific features and functionality. The non-functional test does not verify "if" the program will execute a certain operation, but "how" it executes the action.
4.1.1.3. Black Box Testing Techniques
4.1.1.3.1. Equivalence Partitioning
Tests will separate potential inputs into categories or "partitions" and test only one example input for each group [21]. For instance, if the program needs the date of birth of the user who is learning to drive and accepts the date of birth for all users under 17 years of age but rejects users over 17 years of age, it is appropriate for testers to validate one date of birth in the "under 17" category and one date in the "over 17" group. 
4.1.1.3.2. Boundary Value Analysis
Testers may identify that the program has a special answer to a particular boundary value. For instance, only values between 1 and 6 should be accepted in a particular field. Testers should concentrate on boundary values (0, 1, 6 and 7) to see whether the program accepts and rejects inputs correctly.
4.1.1.3.3. Combinatorial testing
Combinatorial testing tests input values that are dependent on each other. It tests whether setting one would alter the impact of the other. For example, to test whether distance increases as speed increases. 
4.1.2. [bookmark: _Toc60916359]White Box Testing
White box testing is a testing approach based on a close review of the internal structure of the program [22]. It is also often called glass box testing.
The test cases in white box testing are to:
1. Examine all the individual pathways within the module.
2. Exercise all rational paths with their true and false sides.
3. Execute all loops within their ranges and within operating limits.
4. Exercise internal data systems to ensure they are valid.
There are three key purposes for performing white box testing:
1. Programmers may make certain conclusions which are incorrect when planning or integrating certain functions. Consequently, there are risks of logical faults in the program. Procedural information must be reviewed to detect and correct specific logical errors.
2. Certain assumptions about control flow and data can cause programmers to make design errors. To identify the logical path faults, white box checking must be completed.
3. To identify some typographical errors which were undetected by type-checking mechanisms and syntax.
4.1.2.1. Branch Coverage
Branch coverage maps the code into branches of conditional logic and guarantees that each branch is subject to unit testing. For instance, if there are a variety of nested conditional statements:
[image: ]
[bookmark: _Toc60674115]Figure 18: White Box Testing Branch Coverage Example.
A, C, and D are conditional branches since they only exist if the condition is fulfilled. B is an unconditional branch, since it is only executed after A. In branch coverage testing, the tester defines both conditional and unconditional branches and writes code to run as many branches as possible.
4.1.2.2. Path coverage
Path coverage concerns linearly independent routes through the code. A flow control diagram is drawn of the code, such as the example below.
[image: ]
[bookmark: _Toc60674116]Figure 19: White Box Testing Path Coverage Example.
Control flow diagram used to develop experiments for a path coverage approach
There are many potential pathways through the code in the example:
1, 2
1, 3, 4, 5, 6, 8
1, 3, 4, 7, 6, 8
etc.
In the path coverage approach, the tester writers would test as many paths as possible across the control flow of the software. The goal is to recognise pathways that are broken, repetitive or inefficient.

4.1.2.3. Test Harness
A test harness refers to a collection of software, test drivers, test data and other supporting tools that are configured to test the program by running it in various environments and evaluating the performance. It uses test libraries to run tests and produce a report.
[image: ][23]
[bookmark: _Toc60674117]Figure 20: White Box Testing Test Harness Example.
Test harness in automation testing corresponds to software systems and a process that involves test data, test scripts, test results, and compares and analyses the results. 
For instance, a testing tool for functional testing, organizes and handles all test data, scripts, runs, and results. The test harness for this would be:
[image: ][23]
4.1.3. [bookmark: _Toc60916360]Differences Between Black Box and White Box Testing
[image: Black Box and White Box Testing Approaches followed in this study... |  Download Scientific Diagram][24]
[bookmark: _Toc60674118]Figure 21: Black Box and White Box Testing Diagram.
	Black Box Testing
	White Box Testing

	The main purpose of this test is to test the functionality/behaviour of the program.
	The main purpose is to test the application infrastructure.

	Testing is achieved by trained software testers.
	Testing is performed by the developers of the software. 

	Testing can only be undertaken using the GUI.
	Testing should be performed at an early stage before the GUI is ready.


	Test cases would have more information on input conditions, test steps, expected results and test data.
	Test cases should be clear with descriptions of technical principles such as statements, code coverage, etc.

	Access to the code is not needed. 
	Access to the code is necessary.

	Test findings would have a wide range of possibilities, which means it is impossible to determine the right data.
	Test results can be quickly found since only a certain portion of the functionality is concentrated at a time.

	All potential inputs cannot be considered using this test.
	Testing is more in-depth as it will test each of the paths.

	Errors are detected after the base code has been created.
	Can identify errors early. 

	Primarily used in higher-level tests such as System Testing and Acceptance Testing
	It is primarily used in lower test stages, such as Integration Testing and Unit Testing


 

5. [bookmark: _Toc60916361]Testable code
The strength of well-written code is that it generally tends to be robust to modification. Such that, where there is a modification in the requirements it is desirable if the change in the code is proportionate.  Although this is not always achieved the use of testable code helps the developer get closer to this target.
A unit test is a process that instantiates a small portion of the program and verifies its behaviour independently of the other parts. The standard unit test consists of three phases:  
1. It initializes a small part of the program that it needs to test (also known as SUT (System Under Test), 
2. It applies stimuli to the system under test (typically by calling a method upon it), and finally, 
3. It observes the resultant behaviour. If the observable behaviour is compliant with the expected result, the unit test will pass, otherwise it will fail, signalling that there is a problem in the system under test. 
The three unit test phases are often referred to as Arrange, Act and Assert, or simply AAA.
The unit test will check the various behavioural components of the system under test, but most often it will fall into one of the following two categories: 
· state-based
· interaction-based
Checking that the device under test produces results which are correct or that the outcome is correct is referred to as state-based unit testing, whereas verifying that it correctly invokes those approaches is referred to as interaction-based unit testing. 
5.1. [bookmark: _Toc60916362]What makes code testable?
It is important to distinguish the testable code from the non-testable one. Mixing them together leads to a code mix that cannot be tested [25].
Write Cleaner Functions
If a function is written that just does one thing, codebase will result in being fully testable. U nit tests should be written for all the functions separately.
Single Responsibility Principle
A class is expected to have only one reason to be altered.
The Open closed Principle
Class behaviour should be able to be extended without changing it.
The Liskov Substitution Principle
Derived classes must be able to be substituted for their base classes. This means that functions using references to base classes must use derived class objects without knowing.
The Interface Segregation Principle
Interfaces must be fine-grained and must be client specific.
The Dependency Inversion Principle
It relies on abstractions, not concreteness. In other words, modules that encapsulate high-level policy must not rely on modules that are implementing information. The user module, for example, must not know how to execute the login. 
5.2. [bookmark: _Toc60916363]Benefits of Testable Code
It is important for testable code to be well-written in order not to complicate unit testing.
Writing testable code ensures the smallest components can be independently verified. To achieve this, each part must have its own dependencies injected into it. This ensures that the code cannot reference global variables or use read/write singletons or service locators, etc. Writing testable code   can be a highly powerful and reliable way of building software and can be verified programmatically [26].
Testable code simplifies the verification process so that the software is always maintained in a ready-to-release state. Testable code enables last-minute improvements to be made on a project, in a way which are cost-free and trivial, the same kind of improvements that are commonly extremely costly to implement late in a software process that does not use automatic regression testing.
Testable code is high quality code. It is loosely coupled, coherent, well encapsulated and in charge of its own state. In brief, it is uniquely defined in its proper position, such that it is simple to retain and expand. 
For example, if a time calculation must use a different time due to different time zone, testable code means the time can be passed in without needing to make any changes to the code. If the current time needs to be used rather than passing in a particular time a default argument can just be used. The code is robust to change since it is testable. 
https://sites.google.com/site/swtestingconcepts/home/what-is-software-testing


6. [bookmark: _Toc60916364]Version control software
Version control is a mechanism that lets developers solve certain daily issues, such as monitoring code updates, helping to preserve code, and allowing them to work on the same source code files without disrupting each other's workflow [27]. 
Git is the most popular version control software used by millions of developers and programmers around the world today. 
6.1. [bookmark: _Toc60916365]Collaboration
If a team is working together on the same files in a shared folder Version Control Software means anyone on the team can work freely-on any file at any time. The VCS helps combine every change into one common version. It is easy to find where the current version of a file is or where the whole project is. The version control system means it is in a common, central location. 
6.2. [bookmark: _Toc60916366]Storing Versions
The Version Control System demands a short explanation of what has been changed every time a new version of the project is saved. Furthermore, for code or text files, precisely what has been modified in the file can be seen. Keeping a record of changes to a particular code file can help the developer and new contributors understand how a specific aspect of the code was created, i.e., how it started and evolved over time to get to the current version. In addition, if the introduction of a new feature creates problems in expanding or extending the project over time, the use of version control enables developers to monitor that feature and modify it or delete it without impacting the design of the project.
6.3. [bookmark: _Toc60916367]Backups
A useful advantage of using a version control system is that whenever a contributor clones a repository, a backup of the existing version is created, meaning a full-blown version of the project is on each team member’s disk – including the full history of the project. Having several copies on separate computers is useful as it means files can be recovered if data is lost due to server failure.
6.4. [bookmark: _Toc60916368]Experimenting and Testing
Source code is always under production in today's world, whether that is due to new features, a fresh demographic to be reached, or new software applications to be created. Multiple project copies are usually made whilst a team works on a development project to create new features, validate them, and ensure that they perform correctly so this new feature can be applied to the main project. This could save time as it is possible to create various aspects of the code concurrently.
The author agrees that there are many advantages of version control systems as they allow comparing files, identifying differences, and merging changes if appropriate before any commit code is committed. Versioning is a way to keep track of program builds by being able to distinguish which version is presently under development, production, and QA. As new developers join the project, they can quickly update the latest version of the application to the local environment using the version control system thus keeping track of the version they are running. It is possible to have fully individual code versions during development if multiple development activities are required to be kept apart. VSC also allows merging of files to create a final working version. 
Versioning is useful when troubleshooting a problem, different versions of files can be compared, and discrepancies tracked. The last running file should be compared with the defective file, minimizing the time taken finding the source of the error. If the user wishes to roll back the modifications, the last operating file will be applied using the correct version.



[bookmark: _Toc60916369]Appendix
[bookmark: _Toc60916370]Group Project Logs
[bookmark: _Toc60916371]First meeting – 30/11/2020
All team members were present in this meeting.
We started developing our user story map.
Define the main goal for us
· “To create a two-player game of connect 4”
Define the main goal for the users
· “To be the first to get 4 in a row”

Questions we’ve come across 
· Are you looking for the design to be web application or console? 
· If you capture 3 in one go is there a hole?
· The counter drops into the hole, or does it stay empty to be filled by next dropped counter?
· If there’s 2 counters above, do both counters drop down?

Plan of action
Come up with a list of what we think we need to do and compare next week to come up with a group list.

[bookmark: _Toc60916372]Second meeting – 4/12/2020
Mark, Ewan and Gemma were present at this meeting but Lowri wasn’t.
This is the meeting I missed.
The full plan was developed for the activities and user tasks.
The primary goal was also updated to the following.
“For 2 players to play a game of Connect 4 online
with amendments to the traditional rules.”

Plan of action for next meeting
To look back over the plan created today and see if there’s anything else to add. 
Start to look at user stories.



[bookmark: _Toc60916373]Third meeting – 7/12/2020
All team members were present in this meeting.
We firstly went over the full plan developed last week.
At this point we were able to create a full list of the user stories needed. 

Plan of action for next meeting
To look back over the list of user stories to see if there’s anything else to add.
Look at creating CRC cards.

[bookmark: _Toc60916374]Fourth meeting – 9/12/2020
All team members were present in this meeting.
We all looked over the user stories created and all team members were happy with the list and nothing needed to be changed.
CRC cards
· We all firstly went through the user stories and picked out the classes we identified.
· From this we started to develop our CRC cards with responsibilities and collaborators.
· We managed to finish the majority of the CRC cards in this meeting

Plan of action for next meeting
Finish CRC cards
Look at the CRC cards created and see if there is anything missing

[bookmark: _Toc60916375]Fifth meeting – 10/12/2020
All team members were present in this meeting.
During this meeting we all looked through the CRC cards we had started last week and had a discussion on it.
We had decided that we needed to alter some of the collaborators as they didn’t all suit.
After this had been done, all of the CRC cards were finished during this meeting.
Once the CRC cards had been finished, we all had a discussion about sequence diagrams ensuring all team members understood what we were doing.
We then started the sequence diagram.
Plan of action for next meeting.
Finish the sequence diagram
Start wire frame diagrams

[bookmark: _Toc60916376]Sixth meeting – 14/12/2020
All team members were present in this meeting.
In this meeting we completely finished the sequence diagram and discussed it ensuring we were all happy.
We also started our wire frame diagrams in this meeting.

Plan of action for next meeting
Finish wire frame diagrams
Go over everything to make sure we are all happy with what we have done.

[bookmark: _Toc60916377]Seventh meeting – 15/12/2020
All team members were present in this meeting.
In this meeting we finished the wire frame diagrams as a team.
We all went over the whole finished design we had created and had a deep discussion and decided we were all happy with what we had done. 



[bookmark: _Toc60916378]Git Logs
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Firstly, basic configuration details need to be set. This is crucial because this data is used for any Git commit, and it is immutably built into the commits created. 
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Changes to old file before that change was committed. 
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https://www.westagilelabs.com/blog/why-is-software-testing-and-qa-important-for-any-business/#:~:text=The%20importance%20of%20software%20testing%20and%20quality%20assurance%20is%20of,better%20usability%20and%20enhanced%20functionality.
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Appendix
Grid.cs
using System;

namespace Connect4
{
    class Grid
    {
        private readonly int sizeOfRows = 7;
        private readonly int sizeOfcolumns = 6;
        private readonly int connect4 = 4;
        private readonly int[,] sizeOfGrid;
        private int playerWins = -1;
        public Grid()
        {
            sizeOfGrid = new int[sizeOfRows, sizeOfcolumns];
            ResetBoard();
        }

        public int DropCounter(int columns, int player)
        {
            // drop into columns, return rows or -1 if fail

            columns -= 1;
            int rows;
            int success = -1;

            if (columns > sizeOfcolumns - 1)
            {
                Console.Write("Please choose a number between 1-6!\n");
                return -1;
            }

            if (columns < 0)
            {
                Console.Write("Please choose a number between 1-6!\n");
                return -1;
            }

            for (rows = 0; rows < 6; rows++)
            {
                if (sizeOfGrid[rows, columns] == 0)
                {
                    sizeOfGrid[rows, columns] = player;
                    success = rows;
                    break;
                }
            }
            if (rows == sizeOfRows)
            {
                Console.Write("This columns is full :( Try again!\n");
                success = -1;
            }
            return success;

        }

        public bool CheckForWin(int columns, int rows, int player)
        {

            columns -= 1;
            int[] checkForConnect4 = { -1, 1, -2, 2, -3, 3 };

            //wins counts along each direction, forward and backward flags 
            int wins, forwards, backwards;

            //4 directions (h,v,d1,d2)
            for (int connect4Direction = 0; connect4Direction < 4; connect4Direction++)
            {
                switch (connect4Direction)
                {
                    case 1: //Horizontal
                        forwards = 0;
                        backwards = 0;
                        wins = 1;
                        for (int i = 0; i < 6; i++)
                        {
                            int currentColumn = columns + checkForConnect4[i];

                            if (currentColumn < 0 || currentColumn >= sizeOfcolumns) continue;

                            if (sizeOfGrid[rows, currentColumn] == player)
                            {
                                wins++;
                            }
                            else
                            {
                                if (checkForConnect4[i] < 0) backwards = 1;
                                else forwards = 1;
                            }
                            if (backwards == 1 && forwards == 1) break;

                        }

                        if (wins == connect4)
                        {
                            Console.Write("Player connected 4 horizontally!!!\n");
                            
                            playerWins = player;
                            return true;
                        }
                        break;

                    case 2: //Vertical
                        forwards = 0;
                        backwards = 0;
                        wins = 1;

                        for (int i = 0; i < 6; i++)
                        {
                            int currentRow = rows + checkForConnect4[i];

                            if (currentRow < 0 || currentRow >= sizeOfRows) continue;

                            if (sizeOfGrid[currentRow, columns] == player)
                            {
                                wins++;
                            }
                            else
                            {
                                if (checkForConnect4[i] < 0) backwards = 1;
                                else forwards = 1;
                            }
                            if (backwards == 1 && forwards == 1) break;

                        }

                        if (wins == connect4)
                        {
                            Console.Write("Player connected 4 vertically!!!\n");
                            playerWins = player;
                            return true;
                        }
                        break;


                    case 3: // == Diagonal

                        forwards = 0;
                        backwards = 0;
                        wins = 1;

                        for (int i = 0; i < 6; i++)
                        {
                            int currentRow = rows + checkForConnect4[i];
                            int currentColumn = columns + checkForConnect4[i];

                            if (currentRow < 0 || currentRow >= sizeOfRows) continue;
                            if (currentColumn < 0 || currentColumn >= sizeOfcolumns) continue;

                            if (sizeOfGrid[currentRow, currentColumn] == player)
                            {
                                wins++;
                            }
                            else
                            {
                                if (checkForConnect4[i] < 0) backwards = 1;
                                else forwards = 1;
                            }
                            if (backwards == 1 && forwards == 1) break;

                        }

                        if (wins == connect4)
                        {
                            Console.Write("Player connected 4 diagonally \n");
                            playerWins = player;
                            return true;
                        }
                        break;

                    case 4: // != Diagonal

                        forwards = 0;
                        backwards = 0;
                        wins = 1;

                        for (int i = 0; i < 6; i++)
                        {
                            int currentRow = rows - checkForConnect4[i];
                            int currentColumns = columns + checkForConnect4[i];

                            if (currentRow < 0 || currentRow >= sizeOfRows) continue;
                            if (currentColumns < 0 || currentColumns >= sizeOfcolumns) continue;

                            if (sizeOfGrid[currentRow, currentColumns] == player)
                            {
                                wins++;
                            }
                            else
                            {
                                if (checkForConnect4[i] < 0) backwards = 1;
                                else { forwards = 1; }
                            }
                            if (backwards == 1 && forwards == 1) break;

                        }

                        if (wins == connect4)
                        {
                            Console.Write("Player connected 4 diagonally!!!\n");

                            playerWins = player;
                            return true;
                        }
                        break;

                }

            }

            return false;

        }

        public void ResetBoard()
        {
            playerWins = -1;
            for (int rows = 0; rows < sizeOfRows; rows++)
            {
                for (int columns = 0; columns < sizeOfcolumns; columns++)
                {
                    sizeOfGrid[rows, columns] = 0;
                }

            }

        }

        public void DisplayGrid()
        {
            Console.WriteLine("----GRID----");
            for (int rows = sizeOfRows - 1; rows >= 0; rows--)
            {
                string rowStrings = "";

                for (int columns = 0; columns < sizeOfcolumns; columns++)
                {
                    rowStrings += "|" + sizeOfGrid[rows, columns];
                }

                Console.Write(rowStrings + "|" + "\n");

            }
            Console.Write("\n");

            if (playerWins != -1) { Console.Write("Winner = Player " + playerWins + " :)\n"); }
        }

    }
}

Program.cs
using System;

namespace Connect4
{
    class Game
    {
        static void Main(string[] args)
        {
            Grid current_board = new Grid();

            Console.Write("Welcome to Connect 4!!!!\n");
            Console.Write("This is a two player game, where to win a player must connect 4 of their counters either " +
                "horizontally, vertically or diagonally.\nEnjoy!!! \n\n");

            bool win = false;
            int current_player = 1;
            while (!win)
            {
                Console.Write("Player " + current_player + "'s turn!!!!\n");
                Console.Write("Please choose a column between 1 and 6 to drop your counter.\n");
                string stringColumns = Console.ReadLine();
                Console.Clear();

                int columns;
                while (!int.TryParse(stringColumns.ToString(), out columns))
                {
                    Console.Write("Player " + current_player + "'s turn!!!!\n");
                    Console.Write("Please choose a column between 1 and 6 to drop your counter.\n");
                    stringColumns = Console.ReadLine();
                }
                

                int rows = current_board.DropCounter(columns, current_player);
                if (rows == -1) continue;

                win = current_board.CheckForWin(columns, rows, current_player);
                
                current_board.DisplayGrid();
                
                current_player = (current_player == 1) ? 2 : 1;
            }
            Console.WriteLine("Press any key to exit...");
            Console.ReadLine();
        }
    }
}
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1. [bookmark: _Toc60859125]AJAX REST Application
A website was created for a fictitious company called Salesburys. The website contains an admin panel with two main sections; 
· The shop page – which displays the ecommerce website, which would be visible to the public and displays the Salesburys products and allows users to filter the products by category (men clothing, women clothing, electronics, and jewellery) and,
· The admin page – which allows an admin to add, remove and search for items that Salesburys sell. 
1.1. [bookmark: _Toc60859126]Shop Section
1.1.1. [bookmark: _Toc60859127]Home Page
The home page is a call-to-action page to advertise the products Salesburys sell. 
[image: ]
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[bookmark: _Toc60903105]Figure 1: Shop Section Home Page.
1.1.2. [bookmark: _Toc60859128]Products Page
[image: ]
[image: ]
[bookmark: _Toc60903106]Figure 2: Shop Section Products Page.
The product page allows a user to filter the products by 4 categories, as shown in figure 5:
[image: ]
[bookmark: _Toc60903107]Figure 3: Filtering Products by Product Type on the Products Page.
Figure 4 shows the result of a user filtering by women’s clothing. A button allows the user to remove all filters if needed. 
[image: ]
[bookmark: _Toc60903108]Figure 4: Result of A User Filtering by Women's Clothing.
1.2. [bookmark: _Toc60859129]Admin Page
1.2.1. [bookmark: _Toc60859130]Adding a New Record
The admins can add a new product which directs them to another page allowing them to insert a new record into the database. 
[image: ]
[bookmark: _Toc60903109]Figure 5: Button for Adding a New Product.


1.2.2. [bookmark: _Toc60859131]Adding a new product
[image: ]
[bookmark: _Toc60903110]Figure 6: Adding a New Product Page.
[image: ]
[bookmark: _Toc60903111]Figure 7: Inserting Records into Each Field to Add a New Product.
[image: ]
[bookmark: _Toc60903112]Figure 8: Successfully Submitting A New Product.
1.2.3. [bookmark: _Toc60859132]Deleting from Database
[image: ][image: ]
[bookmark: _Toc60903113]Figure 9: Delete Existing Product by Entering the ID of the Product.



1.2.4. [bookmark: _Toc60859133]Searching for a record by ID
[image: ]
[image: ]
[bookmark: _Toc60903114]Figure 10: Search for an Item by ID.

2. [bookmark: _Toc60859134]Introduction
In 2000, when almost every sector was expanding across the World Wide Web, two approaches to developing application programming interfaces (APIs) evolved – SOAP (Simple Object Access Protocol) and REST (Representational state transfer). SOAP APIs quickly gained momentum with developers, however due to the emergence of smartphone apps, REST APIs began to overtake them a decade later. Currently, both SOAP and REST are commonly used and are still popular amongst developers.     
However, a new data query language, GraphQL, was launched by Facebook in 2015 as an alternative to REST and SOAP [1]. Normally the development of something new, means that what currently exists is not sufficient. By this logic, the advent of GraphQL in the API protocol sense indicates that REST is no longer up to the task and that GraphQL is better. But is this the case?
This report compares REST, SOAP and GraphQL and the best way of exchanging data between applications is investigated. 
Comparing REST, SOAP and GraphQL
SOAP, REST and GraphQL all have some major differences. GraphQL is a query language [2], REST is an architectural style [3], SOAP is a lightweight protocol [4]. 
SOAP has two main functions – GET and POST. GET is used to extract data from the server, and POST is used to add or edit data.
REST alters the state of the related source by submitting a request to the URI.
GraphQL leverages two types of requests – queries to access data from the server, and mutations to alter data. 
[image: API timeline][5]
[bookmark: _Toc60903115]Figure 11: API Timeline.



1.1. [bookmark: _Toc60859135]What is REST?
[image: What is REST API? | Zestard Technologies][6]
[bookmark: _Toc60903116]Figure 12: What is REST API? Diagram.
REST supplies a collection of design rules to build stateless services which are shown as resources and, in certain instances, as sources of specific information, like functionality and data. Each resource is identified by its unique Uniform Resource Identifier (URI). REST is defined by simple interfaces that use HTTP requests for accessing and using data without the use of an additional messaging layer, like SOAP. 
REST services can be accessed via URI using HTTP methods. After the user's request, the expectation is that what is returned is a representation of the resource requested. The representation of any resource is a document that represents the actual or expected status of the requested resource [7]. 
REST has six guiding constraints that must be followed if the interface is to be referred to as RESTful, as shown in figure 13. 
[image: REST Constraints – Csharp Star][8]
[bookmark: _Toc60903117]Figure 13: The Six REST Constraints.
Developers of APIs can implement REST in several ways. 
When a client request is made through a RESTful API, a representation of the resource's state is passed to the requester or the endpoint. This information is given in one of six different formats:
· HTTP: JSON, 
· HTML, 
· XLT, 
· Python, 
· PHP, or 
· plain text. 
JSON is the most common programming language to use since, unlike its name, it is both language-agnostic and understandable by both humans and machines.
An example of a REST POST request using JSON is shown in figure 14.
[image: POST to '/posts' returns all (100) posts instead of the newly POSTed post ·  Issue #52 · typicode/jsonplaceholder · GitHub][9]
[bookmark: _Toc60903118]Figure 14: REST POST Request in JSON.
1.2. [bookmark: _Toc60859136]What is GraphQL
GraphQL is an open-source query and manipulation language.   Facebook created GraphQL internally for its mobile applications since 2012 as an alternative to the REST architecture until it was launched in 2015. It allows specific data requests, allowing clients greater control about what information is being sent [10].
A GraphQL server gives a predefined schema to a user, which describes the shape of the data graph. There are three principal characteristics of GraphQL:
· Enables the user to decide precisely what details they want.
· Makes the collection of data from different sources simpler.
· Involves a type system to define data.
The GraphQL schema specifies the functionality of the API and determines how users can request the data. It is sometimes viewed as a contract between a server and a client. 
GraphQL has its own language – SDL (schema definition language) which is the most common way to specify a GraphQL schema [11]. SDL is a special syntax that was created to work with any language or framework [12]. It is used to define data types, the relations between types, and their fields, as shown in figure 15. 
[image: An Empirical Study of GraphQL Schemas | by James Davis | The Startup |  Medium][13]
[bookmark: _Toc60903119]Figure 15: Example GraphQL schema for queries and modifications.
Clients submit queries that specifically specifying the data they want to obtain or mutate. The server implementing the GraphQL API completes the query and returns the requested data [13].
For instance, a GraphQL service that tells us who the user logging in is (me) as well as the name of that user may look as follows [14]:
[image: ]
[bookmark: _Toc60903120]Figure 16: GraphQL Service.
[image: ]
[bookmark: _Toc60903121]Figure 17: Functions to Get GraphQL Data.
Once a GraphQL server is operating (typically on a web service URL), GraphQL queries can be obtained for validation and execution. A received query is reviewed first to ensure that it only refers to the given types and fields, then runs the functions provided to generate a response.
[image: ]
[bookmark: _Toc60903122]Figure 18: JSON Result from a Query.
1.3. [bookmark: _Toc60859137]What is SOAP?
SOAP (Simple Objects Access Protocol) is a message protocol developed in 1998 by Microsoft. It is often used for displaying web services and transferring data through HTTP/HTTPS.  SOAP only supports the XML data format, closely following pre-set specifications [15]. 
Since SOAP depends extensively on XML, along with the schemas, it defines a very highly typed messaging structure.
Each operation supported by the service, the XML structure of the request and the response for that operation is specifically defined. Input parameters bound to a specific type: such as an int, a bool. These are encoded in the WSDL (Web Service Description Language). WSDL which acts like a middle ground between the service provider and the customer. In programming words, the WSDL is like a method signature tool for the web service [16]. 
An example SOAP API request and response is shown in figure 18. 
[image: ]
[image: The History of REST APIs][17]
[bookmark: _Toc60903123]Figure 19: SOAP API Request and Response Body.
1.4. [bookmark: _Toc60859138]API Protocol Comparison
On comparing the current API protocols, it can be seen that API architecture approaches, and concepts have developed over time and the problems that have been solved with each new protocol.
1.4.1. [bookmark: _Toc60859139]REST Vs SOAP
The main difference on comparing SOAP and REST protocols is in the way each handles app payload. SOAP messages are too verbose, since it relies on XML, both on the request side and on the response side. Within the SOAP structure, the volume of information transmitted is enormous, so it requires additional resources and thus it slows down communication. 
This method has increasingly become inefficient with the advancement of mobile apps, as it has influenced the performance. With its endpoint requests, REST has provided an immediate and extremely effective solution, so it has become API developer's protocol of choice.
An instance of a SOAP request and response as seen in figure 19. Both messages are very detailed and contain a lot of information.
However, a REST request is more effective because the structure is simpler and more apparent. It includes all properties of the requested resource, no matter whether the user wants it or not.
Support for a single data file, XML, was another drawback of SOAP, while REST could process XML, HTML, and JSON.

1.4.2. [bookmark: _Toc60859140]REST vs GraphQL
Within the field of API-oriented architecture, although REST was seen as a technological revolution, developers were still left seeking more. Existing API protocols had issues with over-fetching or under fetching data from the server, so Facebook created GraphQL in order to look for a different method of fetching data from the server to attempt to resolve this issue.
The problem with REST and SOAP is they return all properties of the data including data the user may not need. For example, in REST, if a user requests a list of products and their prices, the product details and pictures will also be returned. In addition, the user would have the inconvenience of making an extra request to retrieve the price of the product if it is quoted in different source. 
GraphQL addresses the problem of over-fetching data by obtaining the exact data in one single request [18].  When you make a data query in GraphQL, you decide precisely what you want to get. The results are obtained by moving the data definition functions over to the client side, while the data is specified in REST on the server side. In other words, in the REST API architecture, the server decides which data is to be returned, while in the GraphQL API, the server only will declare the available data, and the client determines what is to be returned.
Facebook's GraphQL approach is very basic in concept: instead of providing many endpoints, it provides one single endpoint with a defined schema which can take complicated queries and output the data however the client chooses [19].
Between the client and one or more data points, the GraphQL layer resides, accepts client requests and, according to the instructions, fetches the required data. To use an analogy:
The old REST model is like visiting three separate stores on the internet, as shown in figure 19. GraphQL is like giving instructions to a personal assistant and waiting for them to return after they have been supplied with the addresses to all three locations, as shown in figure 19. 
[image: So what's this GraphQL thing I keep hearing about?]      [image: So what's this GraphQL thing I keep hearing about?][19]
REST		                          GraphQL
[bookmark: _Toc60903124]Figure 20: REST Vs GraphQL.
GraphQL operates by using a single query to fetch data from many databases.
Data caching is an important factor when choosing an API protocol. Caching removes the need to submit full requests and responses as data has been cached from previous requests. The REST API uses an HTTP caching framework that produces satisfactory performance. At the same time, GraphQL does not have intrinsic caching and requires external methods on the client side, such as Apollo Client.

1.4.3. [bookmark: _Toc60859141]SOAP vs GraphQL
GraphQL is the newest breakthrough in the history of API architecture, and it incorporates the efficient suites of both SOAP and REST. Both SOAP and GraphQL use only one endpoint URL to fetch or modify the data. Simultaneously, GraphQL reduces the network payload as it is much lighter.
GraphQL and SOAP both share strong data typing. Communication between applications is ensured since both protocols explicitly declare data types.  
However, neither SOAP or GraphQL have their own caching systems and so they need to rely on external resources.
https://da-14.com/blog/ultimate-guide-api-architecture-rest-soap-or-graphql 

[bookmark: _Toc60859148]5. Conclusion
On comparing REST, SOAP and GraphQL to find their benefits and drawbacks it appears to be the case that the choice of protocols depends on the situation. 
· REST and JSON continue to be the starting point for most modern APIs, since they are less bandwidth-heavy and more quickly understood by the developers who create or use them. As a result, REST remains the technological leader for most public APIs.
· SOAP tends to be used in some circumstances but is largely overlooked as being an outdated technology of the industry.
· GraphQL has solved a number of REST problems and has a variety of other useful features.
In the author’s opinion, it is not possible to directly compare REST, SOAP and GraphQL as they all have their own strengths and weaknesses. It all depends on the certain use in particular situations. 

https://medium.com/better-practices/rest-soap-graphql-gesundheit-6544053f65cf
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[ “index. htm1

germa@LAPTOP-KD318VS2 MINGH6S /e/Uni/Year
dir (naster)

s git commit -am "webpage says hello”
[master ecosabi] webpage says hello

1 file changed, 8 insertions(+)

create mode 100644 index. html

germa@LAPTOP-KD318VS2 MINGH6S /e/Uni/Year
dir (naster)

s |

3/software

3/software

3/software

3/software

3/software

3/software

3/software

Development/GitTutorial/git]

Development /GitTutorial/git]

Development /GitTutorial/git]

Development /GitTutorial/git]

Development /GitTutorial/git]

Development /GitTutorial/git]

Development /GitTutorial/git]
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gemma@LAPTOP-KD31BV52
dir (master)
$ touch cats. txt

MINGW64

gemmaGLAPTOP-KD318V52
dir (naster)
$ vi cats.txt

MINGHES

gemmaGLAPTOP-KD318V52
dir (master)
$ cat cats. txt

MINGHES

gemmaGLAPTOP-KD318V52
dir (master)
$ git add cats. txt

MINGHES

gemmaGLAPTOP-KD318V52
dir (naster)
$ vi cats.txt

MINGHES

gemmaGLAPTOP-KD318V52
dir (master)

$ cat cats. txt

many cats

MINGHES

gemmaGLAPTOP-KD31BV52 MINGH64.
dir (master)
$ git add cats. txt

/e/unmi/Year

/e/uni /Year

/e/uni /Year

/e/uni /Year

/e/uni /Year

/e/uni /Year

/e/uni /Year

3/Software

3/software

3/software

3/software

3/software

3/software

3/software

warning: LF will be replaced by CRLF in cats.txt.
The File will have its original line endings in your

genmaGLAPTOP-KD31BVS2 INGH64 /e/Uni/Year 3/Software

dir (master)
$ git status -s
A cats.txt

Development/GitTutorial/git

Development/GitTutorial/git

Development/GitTutorial/git

Development/GitTutorial/git

Development/GitTutorial/git

Development/GitTutorial/git

Development/GitTutorial/git

working directory

Development/GitTutorial/git
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gemmatLAFIUF-RUILEVS 2 HINGWGS Je/Umi/Year 3/s0Ttware
dir (master)

$ git commit -m "added some text in cats.txt

[master 219bsf] added some text in cats. txt

1 file changed, 1 insertion(s)

create mode 100644 cats. txt

genmaGLAPTOP-KD31BVS2 INGH64 /e/Uni/Year 3/Software
dir (naster)
$ vi cats.txt

genmaGLAPTOP-KD31BVS2 INGH64 /e/Uni/Year 3/Software
dir (master)

$ cat cats. txt

many cats

many dogs

genmaGLAPTOP-KD31BVS2 INGH64 /e/Uni/Year 3/Software
dir (master)

$ git add cats. txt

warning: LF will be replaced by CRLF in cats.txt.
The File will have its original line endings in your

genmaGLAPTOP-KD31BVS2 INGH64 /e/Uni/Year 3/Software
dir (naster)
$ vi cats.txt

genmaGLAPTOP-KD31BVS2 INGH64 /e/Uni/Year 3/Software
dir (master)

$ git status -s

N cats. txt

genmaGLAPTOP-KD31BVS2 INGH64 /e/Uni/Year 3/Software
dir (master)

$ cat cats. txt

many cats

many dogs

many rabbits

genmaGLAPTOP-KD31BVS2 INGH64 /e/Uni/Year 3/Software
dir (master)

$ git checkout cats. txt

Updated 1 path from the index

genmaGLAPTOP-KD31BVS2 INGH64 /e/Uni/Year 3/Software
dir (master)

$ git status -s

0 cats.txt

vevelopment/Gitiutorial/git

Development/GitTutorial/git

Development/GitTutorial/git

Development/GitTutorial/git

working directory

Development/GitTutorial/git

Development/GitTutorial/git

Development/GitTutorial/git

Development/GitTutorial/git

Development/GitTutorial/git
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gemmalLAPTOP-KD31BV52 MINGWE4 /e/Uni/Year 3/Software Development/GitTutorial/git
dir (master)

$ cat cats. txt

many cats

many dogs
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gemma@LAPTOP-KD31BV52 MINGW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir (master)

$ git log —-oneline

219ebsf (HEAD -> master) added some text in cats. txt

eco6abl webpage says hello

95c49b0 More text added

4540db1 Files commiting
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gemma@LAPTOP-KD31BV52 MINGW64 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
$ git Tog cats. txt

commit 219eb8F92cba23d611d911745c90Fd55FeddarcF (HEAD -> master)

Author : Gemma Dunlop <1801285@student. uwtsd. ac. uk>

Date: Mon Dec 28 21:04:33 2020 +0000

added some text in cats.txt
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gemma@LAPTOP-KD31BV52 MINGW64 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
$ vi cats.txt

gernaGLAPTOP-KD31BVS2 MINGH64 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
$ cat cats.txt

many cats

many dogs

-~
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gemmaBLAPTOP-KD31BV52 MINGWE4 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
$ git commit -am "Added ‘many animals’ to the text File'

[master 20c3e4f] Added ‘many animals’ to the text file

1 file changed, 2 insertions(+)
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gemma@LAPTOP-KD31BV52 MINGWG4 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
$ git log —-oneline

20c3e4F (HEAD -> master) Added 'many animals’ to the text File

219¢b5F added some text in cats. txt

eco6abl webpage says hello

95c49b0 More text added

4540db1 Files commiting
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gemmaBLAPTOP-KD31BV52 MINGWE4 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
$ git checkout 219ebsf cats. txt
Updated 1 path from 601da01

gernaGLAPTOP-KD31BVS2 MINGH64 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
$ cat cats.txt
many cats

genmaGLAPTOP-KD31EVS2 MINGWG4 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
$|
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gemma@LAPTOP-KD31BV52 MINGW64 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
$ git status
on branch master
Changes to be committed:
(use "git restore —-staged <files.
modified:  cats.txt

to unstage)
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genmaGLAPTOP-KD31BV52 MINGWG4 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
$ vi cats.txt

gernaGLAPTOP-KD31BVS2 NINGW64 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
$ git conmit -an "Changes made to cats. txt”

[master 9eses3s] Changes made to cats. txt

1 file changed, 1 insertion(s), 2 deletions(-)

genmaGLAPTOP-KD31EVS2 MINGWG4 /e/Uni/Year 3/Software Development/GitTutorial/gitdir (master)
s |
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Signed in as
gembreaker

@ setsto

Your profile

Your proiecte
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gemma@LAPTOP-KD31BV52 MINGWE4 /e/Uni/Year 3/Software Development/GitTutorial/git
S ki Testrespo

;ma@LAPmP—KD!JBVS 2 MINGWG4 /e/Uni/Year 3/Software Development/GitTutorial/git
e etretro

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)

$ git init

Initialized empty Git repository in
al/gitdir /TestRespo/.git/

/Uni/Year 3/Software Development/GitTutori

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)
$ git add .

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)

$ git commit -am "First commit"

On branch master

Initial commit
nothing to commit (create/copy Files and use "git add" to track)

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)
$ git remote add origin https://github. con/gembreaker /TestRespo.git

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)

$ git push -u origin master

error: src refspec master does not match any

error: failed to push some refs to "https://github. con/genbreaker /TestRespo. git"

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)

$ git clone origin https://github. con/gembreaker /TestRespo.git

fatal: repository ‘origin’ does not exist

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)
$ Vi dog.txt

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)
$ vi rabbit.txt
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gemmaGLAPTOP-KD31BV52 MINGWG4 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)

$ git add .

warning: LF will be replaced by CRLF in dog.txt.

The File will have its original line endings in your working directory

warning: LF will be replaced by CRLF in rabbit.txt.

The File will have its original line endings in your working directory

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)

$ git commit -m "First changes prior to remote repo”

[master (root-commit) 2853d98] First changes prior to remote repo

2 Files changed, 2 insertions(s)

create mode 100644 dog. txt

create mode 100644 rabbit.txt

gemmaGLAPTOP-KDI18VS2 WINGHG4 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (naster)
s git remove

s not a git command. See 'git —help'.

The most similar command is
remote

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)

$ git remote -v.

origin https://github. con/gembreaker /TestRespo.git (Fetch)

origin https://github. con/gembreaker /TestRespo.git (push)
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gemma@LAPTOP-KD31BV52 MINGW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (master)
$ git branch -M main

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (nain)

$ push -u origin main

bash: push: command not found

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (nain)

$ git push -u origin main

Enumerating objects: 4, done.

Counting objects: 100% (4/4), done.

Delta compression using up to 4 threads

Compressing objects: 100% (2/2), done.

Writing objects: 100% (4/4), 285 bytes | 95.00 KiB/s, done.
Total 4 (delta 0), reused 0 (delta 0), pack-reused 0

To https://github. con/gembreaker /TestRespo. git

* [new branch] main > main

Branch 'main’ set up to track remote branch ‘main’ from ‘origin’.

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo_(nain)
$ vi githubFile. txt

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (nain)

5 git pull

Already up to date.

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (nain)

$ git add .

warning: LF will be replaced by CRLF in githubfile.txt.

The File will have its original line endings in your working directory

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (nain)

$ git commit -m "more changes made”

[main eedd113] more changes made

1 file changed, 2 insertions(+)

create mode 100644 githubfile. txt
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gemmalLAPTOP-KD31BV52 MINGWE4 /e/Uni/Year 3/Software Development/GitTutorial/git

dir /TestRespo (nain)

$ git push

Enumerating objects: 4, done.

Counting objects: 100% (4/4), done.

Delta compression using up to 4 threads

Compressing objects: 100% (2/2), done.

Writing objects: 100% (3/3), 331 bytes | 82.00 KiB/s, done.

Total 3 (delta 0), reused 0 (delta 0), pack-reused 0

To https://github. con/gembreaker /TestRespo. git
2853d95. . eedd113  main -> main

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (nain)

$ git remote

origin

genmaGLAPTOP-KD31BVS2 NINGHW64 /e/Uni/Year 3/Software Development/GitTutorial/git
dir /TestRespo (nain)

$ git remote -v.

origin https://github. con/gembreaker /TestRespo.git (Fetch)

origin https://github. con/gembreaker /TestRespo.git (push)
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Gemma Dunlop more changes made eedd113 3 minutes ago D) 2 commits

dog.txt First changes prior to remote repo 8 minutes ago
githubfile.tct more changes made 3 minutes ago

rabbit.txt First changes prior to remote repo 8 minutes ago
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Salesburys JeWEIery
Shop
Admin

John Hardy Women's Legends Naga Gold Solid Gold Petite Micropave White Gold Plated Princess
& Silver Dragon Station Chain Bracelet

£168 £9.99
£695

Men's Clothing
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Salesburys
Shop
Admin

Filter Search

Search by product type:

men clothing  ~

Apply Filter || Remove Filter
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Salesburys
Shop
Admin

Mens Casual Slim Fit John Hardy Women's Legends Naga Gold Solid Gold Petite Micropave

& Silver Dragon Station Chain Bracelet
£15.99 £168

£695
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Filter Search

Search by product type: Apply Filter | | Remove Filter
men clothing

jewelery

electronics

women clothing A
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Salesburys Filter Search

Search by product type: [women clothing

Apply Filter

Shop
Admin

BIYLACLESEN Women's 3-in-1 Snowboard
Jacket Winter Coats

£56.99

Remove Filter

Lock and Love Women's Removable Rain Jacket Women Windbreaker Striped
Hooded Faux Leather Moto Biker Jacket Climbing Raincoats
£29.95 £39.99

2 e
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Salesburys

Shop
. Add New Product
Admin .
Delete existing product
Post Id:
Delete Post

Search for an item

Search product

Get Post | Remove Filter

D Title Price  Description Category  Image
1 Fallraven - Foldsack £109.95  Your perfect pack for everyday use and walks in men https://fakestoreapi.com/img/81fPKd-
No. 1 Backpack, Fits 15 the forest. Stash your laptop (up to 15 inches)in ~ clothing ~ 2AYL_AC_SL1500_jpg
Laptops the padded sleeve, your everyday
2 MensCasual Premium ~ £223  Slim-fitting style, contrast raglan long sleeve, men httpsy//fakestoreapi.com
Slim Fit T-Shirts three-button henley placket, light weight & ot~ clothing ~ /img/71-3H{GNDUL._AC_SY879._SX._UX._SY._UY_jpg

fabric for breathable and comfortable wearing.

And Solid stitched shirts with round neck made for

durability and a great fit for casual fashion wear

and diehard baseball fans. The Henlev stvle round v




image63.png
Salesburys Add Product  H:

Shop Add new product

Title:

Admin

Price:

. —

Description:

Image URL:

Add Post

Return to Admin Page
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Salesburys Add Product  H:

Shop Add new product
Admin )

Price:|20.99

Category: |Bags

Description: [Woven crest badge, 3m refle|

Image URL: |hypebag,jpg|

Add Post

Return to Admin Page
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Shop Add new product

Title: Hype Bag

Admin

Price:|20.99

e —

Description: [Woven crest badge, 3m refle|

Image URL: |hypebag,pg

Add Post
Successfully added to database:
Title: Hype Bag
Price: 20
Category: Bags
Description: Woven crest badge, 3m reflective zips and strap piping, large front pocket 100% Polyester Elasticated mesh pocket on sid
Image URL: hypebagjpg
Return to Admin Page
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Delete existing product
Post Id: |4

Delete Post
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Delete existing product

Post Id: |4

Delete Post
Successfully deleted product.
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Search for an item

Search product|4

Get Post | Remove Filter

)

Title
Fallraven - Foldsack
No. 1 Backpack, Fits 15

Laptops

Mens Casual Premium
Slim Fit T-Shirts

Mens Cotton Jacket

£55.99

Description

Your perfect pack for everyday use and walks in
the forest. Stash your laptop (up to 15 inches) in
the padded sleeve, your everyday

Slim-fitting style, contrast raglan long sleeve,
three-button henley placket, light weight & soft
fabric for breathable and comfortable wearing.
And Solid stitched shirts with round neck made for
durability and a great fit for casual fashion wear
and diehard baseball fans. The Henley style round
neckline includes a three-button placket.

great outerwear jackets for Spring/Autumn
/Winter, suitable for many occa

ns, such as

Category

men
dlothing

men
dlothing

men
dlothing

Image
httpsy//fakestoreapi.com/img/81fPKd-

2AYL_AC_SL1500_jpg

htps://fakestoreapi.com
/img/71-3H]GNDUL._AC_SY879,_SX._UX._SY._UY_jpg

https://fakestoreapi.com/img/71li-
ujtlUL_AC_UX679_jpg
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Search for an item

Search product|4

D Title
4 Mens
Casual
Slim Fit

Get Post | Remove Filter

Price

£15.99

Description

‘The color could be slightly different between on the screen and in practice. /
Please note that body builds vary by person, therefore, detailed size
information should be reviewed below on the product description.

Category

men
clothing

Image

https://fakestoreapi.com
/img/T1YXzeOuslL_AC_UY879_jpg
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> $.ajax('https://jsonplaceholder. typicode.com/posts’, {
method: 'POST')

data: {

title: “foo',
body: bar,
userId: 1

1 thentrunctiontaata) ¢
console. log(data)
i
< »(state: f, aluays: f, then: f, promis
v (title: *foo", body: "bar", userld:
body: "bar®
1d: 101
title:
userId:
> proto: Object

< £, pipe: f,
17, id: 101}

Y
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schema {
query: Query
mutation: Mutation

X

type Mutation {
createOf fice(input: OfficeInput!): Office

X

type Query {
company(id: ID!

: Company
X
type Company {
id: 10!
name: String
address: String
age: Int @deprecated(reason: "No longer relevant.")
offices(limit: Int!, after: ID): OfficeConnection

o~ w N o

1
12
13
14
15
16

type OfficeConnection {

>

totalCount: Int
nodes: [0ffice]
edges: [OfficeEdge]

type OfficeEdge {

>

node: Office
cursor: ID

type Office {

>

id: ID!
name: String

input OfficeInput {

>

name: String!
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type Query {

me: User

)

type User {
id: 1D
name: String
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Along with functions for each field on each type:

function Query_me(request) {
return request.auth.user;

}

function User_nane (user) {
return user.getName() ;

}
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For example the query:

me {
name

Could produce the JSON result:

“Luke Skywalker®
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POST http://soapl.develop.com/cgi-bin/ServerDemo.pl?class=Geometry HTTP/1.0
SOAPMethodName: http://soapl.develop.com/cgi-bin/ServerDemo.pl?
class=Geometry#calculateArea

Host: soapl.develop.com (http://soapl.develop.com/)

Content-Type: text/xml Content-Length: 494
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<?xml version="1.0"?>
<SOAP:Envelope

xmlns:xsi="http://www.w3.0rg/1999/XMLSchema/instance"
"http://www.w3.0rg/1999/XMLSchema/instance"

xmln OAP-"urn schemas-xmlsoap-org:soap.v1l">
<SOAP:Body>
<calculateArea>
<origin>
<x xsd:type="float">10</x>
<y xsd:type="float">20</y>
</origin>
<corner>
<X ) ype="float">100</x>
<y ype="float">200</y>
</corner>|
</calculateArea>
</SOAP:Body>

</SOAP:Envelope>
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