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PART A
1. Compare and contrast the benefits and drawbacks of using arrays and linked lists.
a. Benefits of Arrays
i. Arrays are indexed - needs an initial size.
ii. Arrays are sequential memory address allocation.
iii. Arrays are static (Note: C++ arrays are static arrays. Whereas C# and Java arrays are like C++ pointer logic, they either can be set fixed or dynamic).
iv. Arrays are quick due to the sequential address allocation.
v. 2D static arrays are initialised by setting a fixed size. 
b. Disadvantages of Arrays
i. Arrays cannot be resized.
ii. Arrays can only be used if the programmer knows the size of the list.
c. Benefits of Linked Lists
i. Linked lists are dynamically sized.
ii. Similarly, to C++ pointers, linked lists use memory heap rather than sequential address allocations. This has a benefit as it gives the ability to resize the linked list during running time. (Note: Linked lists in C++ can be created with pointers that add nodes to the end of the list. However, in languages like C# and Java, memory allocation works differently.)
iii. Linked lists have no wasted memory usage, as the information in a linked list is resizable. In other words, data can be added and deleted whenever necessary.
d. Disadvantages of Linked Lists
i.  The theory of a linked list is a class with an inner class and a pointer to add new nodes meaning that linked lists would cost memory as more nodes are created.
ii. Memory access is generally slower as memory heaps are addressed memory, where sequential memory is indexed.
iii. Memory heap corruption is easy to happen, especially in C/C++ programming. This is due to the lack of garbage collectors, so manual deletion of pointers is essential. Linked lists in C# and Java are less dangerous to create as the languages support garbage collectors. Smart Pointers are available in C++ to help prevent this from happening.
iv. 2D linked lists would have to be initialised programmatically (example: FOR loop logic). 


2. We wish to record thousands of new names being inserted every day. Would it be preferable to use an array or linked list? Provide reasons for your choice. Assume we wish to use a hybrid approach where we create an array of linked lists, as shown in figure 1 below.
a. Method in Array
i. C#/Java arrays
1. Arrays are equivalent to C++ Pointers, and it’s possible to set size, initialise the array every time a new item is added.
2. Process:  Initialisation, Deletion and Re-Initialisation after adding to the size.
3. 2D Arrays could be used here.
4. To find data within an array, an index is required.
ii. C++ arrays
1. C++ arrays can only be declared and initiated only once. A high number could be set to the array, but memory usage would raise where it would not need to.
2. Process: Initialise with a fixed size.
3. To find data within an array, an index is required.
b. Method in Linked Lists
i. A linked lists approach works on C++, C# and Java. As a Linked List is class-based, general methods such as: -
1. Pop (Remove Data)
2. Push (Add Data)
3. Clear (Clears List)
4. Size (Gets Size of Linked List)
This makes a more straightforward process to create more complicated logic. Depending on the setup, a linked list could include methods to find specific words without needing external FOR loop logic.
c. Best Approach
i. I would suggest a Linked List. Manual methods using Pointers or Dynamic Arrays (depending on the language) is possible, with classes/functions to manage the process. However, a static array, nonetheless, is not suited. That means C++ arrays are out of the question. The Linked List saves memory usage and works well in different types of scenarios. A 2D Linked List could be created to organise the names in the system. A method of sorting is suggested below: -
1. An algorithm to sort out names alphabetically every time new data is added. If every time information is pushed, an algorithm to sort the alphabetical order could ensure that the data is in order. Another point to mention would be that the algorithm would make a new index for the first part of the 2D linked list to be created from A-Z only if the letter is in use. For example:
	[A] - Ada -> Arnie
	[B] - Beth -> Bob
	[C] - Cath -> Cerys
	[Y] - Yan -> Yoda

d. Performance of Method
If the Find method logic within the Linked List class is set up to loop between each letter of the alphabet until it matches up with the letter Z of Zelda for example, then it would take 23 repetitions before reaching Z. After it has found the first letter, the system would then have to find Zelda, so it will loop through different names beginning with Z which could take a while, depending on how many other names with the letter Z is stored the Linked List variable. A solution to make this process faster is selecting the first letter from the name, then navigating directly to that letter instead of looping as we know the index of the alphabet (Z would be index 23). After Z is found, then loop until Zelda is found. This could increase the Find method performance within the system. It also adds return logic within the Find method to return as soon as it matches, instead of resuming the loop to create faster response times, which would prove slower in popular letters.
3. Demonstrate how a binary search tree is constructed for 34, 6, 7, 18, 45, 12, 3, 26 and explain the need to maintain a balanced binary tree.
a. A binary tree contains a left node that is less than a node, and the right node is more than or equal. Each node can only hold two children (Left and Right). The order only matters when inputting. To delete a node, the first node that matches will be removed, and the children node that is the second highest will replace the old place. To find data within a binary tree, it will check if the search number is more than, equal to or less than to determine which way to travel. If data is higher than the smaller value and no other paths are available, the process should stop. The deletion of data and finding information is the same method because the data is added via more than or less than methods, the data is less far down the list, then it is assumed that the information doesn’t exist.
b. Binary Tree Example to Convert Below:
[image: ]
c. Demonstration of Binary Tree - Insertion:
[image: ]
d. Demonstration of Binary Tree - Finding:
[image: ]

e. Demonstration of Binary Tree - Deletion:
[image: ]

4. a. Using Dijkstra’s Algorithm, the shorted path from the following graph is generated.
Retrieve a Camera Scenario:
	Node
	Item
	Cost
	Acceptable Trade

	0
	Stamp
	0
	Already Owned

	1
	Book
	3
	Stamp

	2
	Toy Boat
	8
	Stamp

	3
	Ship's Bell
	4
	Book

	
	
	7
	Toy Boat

	4
	Scooter
	3
	Ship's Bell

	
	
	10
	Toy Boat

	5
	Camera
	2
	Scooter



Pathway of Path A-B:
To work out which pathway is quicker, it is essential to highlight all possible routes first. The Dijkstra algorithm adds the cost total, which illustrates the path length.
Path A Length: 12			Path B Length: 20			Path C Length: 27
	
	Stamp -> Book
	Book -> Ship's Bell
	Ship's Bell -> Scooter
	Sooter -> Camera

	Pathway A (Book):
	3
	7
	10
	12

	
	Stamp -> Toy Boat
	Toy Boat -> Scooter
	Scooter -> Camera
	

	Pathway B (Toy Boat):
	8
	18
	20
	

	
	Stamp -> Toy Boat
	Toy Boat -> Ship's Bell
	Toy Boat -> Scooter
	Scooter -> Camera

	Pathway C (Toy Boat):
	8
	15
	18
	20





Graph of the Lengths:
[image: Chart]
Djkstra’s Diagram Representation:
The vertices (black) are the nodes indexed from 0 - 5. The edges (red) represent the cost ranging from 2 - 10. The path lengths (blue) are calculated below using Dijkstra’s Diagram.
[image: ]


	b. Performance of Dijkstra’s Algorithm is based on the length of time to calculate each path 
available to get from A to B. Dijkstra’s Algorithm takes into count the cost and chooses the pathway
with the lower price. This indicates the quickest route. With Dijkstra’s Algorithm using the O(EV²) formula, a 2D would most likely do this FOR LOOP that would go through each parent (O). They would
start from a parent working down the child nodes of the parent adding the costs (E) up via the vertex 
index (V²).

The diagram below shows all available paths that can be chosen.
[image: Chart]
5. Briefly describe how the Minimax algorithm works.
a. To understand the minimax algorithm, it is essential to think of a virtual environment played in the background before any move is considered. The Minimax algorithm works because it will make a move then test all the possible actions after would. It will then flip the chances of the opponent winning and summarise their score. If the Minimax returned the score, it would settle on the column tested.
b. Language Preferred and Why?: 
i. Benefits of the setup:
1. The Make Move function drops, so it will not fill up the whole board, taking every illegal move that will not happen. This means it has only looped seven instead of forty-two times.
2. The Virtual Environment would have been a safer testing place than the actual board. C#’s ICloneable or C++ could have created this virtual environment for Minimax to run with more time.
ii. Both problems and pros with the setup. The Minimax algorithm will: -
1. favour left side. (Problem)
2. make moves to the left side and right side if played correctly. (Pro)
3. Will stop making moves if blocked. (Problem - AI gives up but could be a problem with the depth limit.)
4. go for the victory. (Pro)
5. prevent the player from going for a win. (Pro - However, because of the depth limit of the integer of six, the AI will not read every possible success and still make mistakes making its natural move.)


iii. The Minimax algorithm seems to have a detrimental effect on prediction, especially with more significant sized boards. This is because it needs to test every possible move that itself and its opponent has to do. Without limiting the depth search, it changes the fact how fast the AI plays. Now in games like chess or other games with timers, a wait is not a huge deal, but in an arcade environment, users may expect faster responses with AI and still holding the value of accuracy. 
iv. The Minimax algorithm has a better place in 2D environments or, in some cases, 3D environments, but in character AIs or a space invader type game, it needs to have an update of a tick (a frame). If the algorithm takes more than a millisecond to make the best move available, it will make the gameplay too easy to play and no challenge behind it. The algorithm can work better in miniature games and is easy to set up. In larger setups, the algorithm proves too heavy and takes too long to predict.
v. C++ | Justification: After working with C#, the Minimax algorithm performed slowly. It was hard to set up a different environment to predict the next move as C# required a library called ICloneable to create up to date versions of the grid. The author even tried making sub-objects and even sub-parameters to set the class. However, in the C# language, new objects seem to synchronise with different same-type objects used with ICloneable. The workaround to this was making a function undo a move and just make everything happen within the playing field (the reason I wanted to make a virtual environment was to prevent the Minimax from undoing either player or AI’s move randomly). Another approach is to create a new class with the current object of the grid and made the possible moves in a separate entity. This approach would not need to undo any actions and return the best move with the logic.
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