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[bookmark: _Toc61028459]Design process evaluation [1]:
The following is an evaluation of the design process employed by myself and my group when planning the creation of a Connect four web app.
Strengths:
· Miro:
One of the strengths of our chosen method of program design, amongst other, was the fact that we designed it in miro. Miro is a web app which allows multiple users to access a single piece of work. Because of this, myself and the other members of my group were able access our design whenever we wished which made it easy to convene as a group when making the design.

Moreover, miro also offered the added bonus of being an easily changeable environment for the group to explore all requirements for the program.

· User story map (screen shot below) [1]:
Another strength of our design process was our user story map. We used this to give a detailed description of everything we expected the finished program to do with out spending to much time on documentation. As the article “What is user story” from Visual paradigm puts it: “User stories reduce the time spent on writing exhaustive documentation by emphasizing customer-centric conversations. [1]”

The user story map was also strengthened by our use of different coloured notes. The topmost level of post-it notes depict what is now as “user activities”, these give a non-in-depth look at how the program would. Next come “user tasks”, these give a more step-by-step view on how each of the user activities would be achieved. Finally come the “user stories”, these are the most in-depth part of the user story map they show us everything function that the program should carry out as well as why it should do so. This is done using the "as a blank I want blank so that blank" structure which helped to better understand the requirements of the program and the need for certain functionality.
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· CRC cards (screen shot below):
Our design was also strengthened by our in-depth CRC cards which explained in great detail what classes would be required in the program as well as what each class would be responsible for and how all of the classes would collaborate.
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· Wire frame diagram (screen shot below):
We also utilized a wire frame diagram during the design process. This diagram helped us visualize what we wanted our finished product to look like which gave us a useful new perspective on the project as a whole and even helped us come up with features for the program which we had not yet thought of.
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[bookmark: _Toc61028460]CRC cards [2]:
Evaluate [2]:
As a group we used CRC cards to more accurately plan what classes we would need to use in the program and what responsibilities and collaborators those classes would require. These cards also proved to be a good team exercise and helped us plan how classes would connect to each other. In a blog post atomicodjects.com described CTC cards as: “very practical, good at playing “what if” games with class definitions” [2]. The cards we made mirror the criteria shown in our user story map and proved to be integral in the creation of our program. All in all, we found the CRC approach to be very useful and would definitely incorporate them again in future projects.
Class: grid (screen shot below):
The following is a description of our CRC card for the grid class along with how it relates to the code.
[image: ]
Responsible:
know the dimensions of the grid (screen shot below):
This was done by implementing a multidimensional array into the program depicting exactly what should populate each cell of the grid.
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Building and displaying grid (screen shot below):
This was done by creating a method which contained two “for” loops. The first loop would trigger once for each row in the array. Every time the first loop was triggered the second loop would trigger, this one for each column in the array. Each time the second loop is triggered the console would print what ever is inhabiting that cell in the array, the cell would be specified by the current progression of the two loops. For example, if the value of “y” is “1” and the value of “x” is “1” then the console would print what ever is in cell 1,1 of the array.
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Storing the positions of any counters placed on the grid (screen shot below):
This was achieved by taking the “pc” variable from within the “player” and using it to specify which column the player wishes to place a counter into. Shown below is a method containing a “for” loop which would trigger once for each row in the array. Each time the loop triggered, an “if” statement would trigger checking each cell in a specified column to see if it already contained a player’s counter. If said cell was inhabited the program would revert to the cell above it and would fill it with the counter of whoever’s turn it is.
[image: ]

Collaborator:
Player:
The “turn” method from the” Player” class is referenced within the “grid” class in the “placecounter” method as the “pc” variable it is required to specify which column the player wishes to place the counter in.

[bookmark: _Toc61028461]Test [3][4][5]:
Importance of testing:
Testing is immensely important whenever creating any manner of product, none more so than software. No matter how much planning and design one puts into a program, there will likely still be a need for testing. Testing can be used to reassure one’s self that code is working as expected and to uncover errors which had not been thought of to begin with.
Black box testing [3]:
Black box testing is a type of testing which is carried out by someone who has never come across the program before. These tests would usually see the tester simply go about using a program in the wrong way in an attempt to break it to uncover errors. This manner of testing is ideal for finding errors within code which the programmers may not have been prepared for.
As Mohd. Ehmer Khan and Farmeena Khan wrote in their 2012 journal on testing: “Black box testing treats the software as a “Black Box” – without any knowledge of internal working and it only examines the fundamental aspects of the system. [3]”
White box testing:
Unlike black box test, white box testing sees tests carried out by someone well versed with the program in question. These tests are usually planned out in advance and usually follow the same structure: “What is being test?”, “What is the expected outcome if the test?”, “What is the actual outcome if the test?”. Testing in this manner is done to be sure that a program runs as expected.
As highlighted by the afore mentioned writers in their journal on the subject: “White box testing van uncover implementation errors such as poor key management by analysing internal working and structure of a piece of software.” [4].

Testable code:
Testable code means, as you might expect, code which is easy to test. This would depend on how the code is laid out. If a program is made up of one large piece of code, nicknamed “Spaghetti code” by Robert C. Martin, then chances are it will be very difficult to diagnose any errors uncovered through testing. Testable code is incredibly important into software engineering as, without it, developers could find themselves sparing at code for hours, unable to figure out what may be causing errors.
A well-known and widely used collection of software engineering principles, documented by the afore mentioned software developer, is “SOLID”. SOLID is a set of principles which can help set out code in a manner that makes it easier to pinpoint what parts of a program might be causing an error.
SOLID principles:
Single responsibility principle:
The single responsibility principle states that classes should only do one thing and should do it well. The greatest benefit of this is that these classes would be strait forward and thus easy to test. SRP also discusses mutable and immutable objects, mutable being changeable and immutable being unchangeable.

Open-closed Principle:
The open-closed Principle proffers the notion that code should be open to extension but closed to modification. This essentially means that code should be written in such a way that it can be added to but should not be modified or changed. One reason that completed code should not be edited, when new code is added, is that editing code which has been tested could well cause new errors to occur making any previous tests redundant. An example of how code could open extension and close to modification would be that an abstract class being closed to modification but open to extension through the use of child classes. Using ORP makes code enormously easier to maintain as it be would set out in such a way that error handling and extension is very straight forward.

Liskov substitution principle:
The Liskov substitution principle simply means that child classes sure always follow the rules of their parent classes essentially means that new child classes cannot add new behaviour which contradicts the parameters put in place by the parent class.

Interface segregation principle:
The Interface segregation principle states that child classes only utilize the required methods from their parent class so as allow the child class to access methods that they will never use or should not be allowed to use. This is achieved with interfaces by creating numerous smaller interfaces opposed to having one large interface which does everything. The main reason a developer might like to follow this principle is to make sure that the more sensitive data on a database can only be accessed by classes which genuinely require it.

Dependency inversion principle [5]:
The dependency inversion principle is the idea of writing an application and defining what interfaces it requires before creating classes. This makes for loose coupling as classes would be dependent on the abstraction defined in the application. DIP is an integral part of SOLID and when discussed in a journal on SOLID principles by Vamsi Krishna Madasu, Tarik Eltaeib and Trinadh Venkata Swamy Naidu Venna they noted that: “The principle of dependency inversion is at the root of many of the benefits claimed for object-oriented technology. Its proper application is necessary for the creation of reusable frameworks.” [5].

[bookmark: _Toc61028462]Version control [6][7]:
Version control is the idea of saving passed versions of a program. One major advantage of this is the idea that broken code may yet be useful. This means that if a developer found themselves deleting or rewriting code, they would be better off saving said version of the code, copying it and making changes to the newer version as they find some of that old code may come in handy at some point during the development process. A blog posted on perforce.com noted one advantage being: “Traceability for every change ever made”. [6].

[bookmark: _Hlk61024816]Version control is also a very useful tool when it comes to creating software as a team. The afore mentioned blog describes it as: “A single source of truth across teams, code, and assets.” [7].

As for the quote “Version control software is a key tool in the software development process” I agree that Version control can be useful in large scale projects and would likely come in handy for ongoing maintenance though I believe it would prove more hassle than its worth in smaller projects.

Code:
Code for the “display” method in the “Grid” class:
public void display()
        {
            Console.WriteLine("0     1     2     3     4     5     6");

            for (int y = 0; y < 7; y++)
            {
                for (int x = 0; x < 7; x++)
                {
                    Console.Write("{0} ", _grid[y, x]);
                }
                Console.WriteLine();
            }
        }

Code for the “placecounter” method in the “Grid” class:
public void placecounter(int pc, string counter)
        {
            for (int i = 0; i < 7; i++)
            {
                if (i > 0)
                {
                    if (_grid[i, pc] == "X    " || _grid[i, pc] == "0    ")
                    {
                        _grid[i - 1, pc] = counter + "    ";
                        break;
                    }

                    else if (i == 6)
                    {
                        _grid[i, pc] = counter + "    ";
                        break;
                    }
                }
            }
        }
Code for the “wincheck” methods in the “Gird” class:
public bool wincheck(string counter, string playernum)
        {
            for (int x = 0; x < 7; x++)
            {
                for (int y = 0; y < 7; y++)
                {
                    if (y > 3 || x > 3)
                    {
                        if (_grid[x, y] == counter + "    " && _grid[x, y - 1] == counter + "    " && _grid[x, y - 2] == counter + "    " && _grid[x, y - 3] == counter + "    ")
                        {
                            Console.WriteLine("Player {0} has won!!!", playernum);
                            Console.ReadLine();
                            return true;
                        }

                        if (_grid[x, y] == counter + "    " && _grid[x - 1, y] == counter + "    " && _grid[x - 2, y] == counter + "    " && _grid[x - 3, y] == counter + "    ")
                        {
                            Console.WriteLine("Player {0} has won!!!", playernum);
                            Console.ReadLine();
                            return true;
                        }
                    }
                }
            }
            return false;
        }

[bookmark: _Toc61028463]Appendix:
Git hub (1/2):
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Git hub (2/2):
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Git logs:
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Git bash (1/2):
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Git bash (2/2)
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User story map:
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Wireframe diagram:
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CRC cards:
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