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QUESTION ONE
1.a.i)

Begin
Patrolling
Enemy retreats
Attacking
Energy levels replenished

Energy level decreases below 30% of max

Damage value fallen below 20%
Damage value reaches 0%
Energy level decreases below 30% of max

All is quiet
Foraging / hunting


Enemy spotted
Damage value fallen below 20%
Enemy spotted
Damage value reaches 0%
Damage value reaches 0%
Damage value reaches 0%
Dead
Damage value fallen below 20%
Shark Retreated

1.a.ii)
Attack::Enter(Shark)
{
	attackRegion = DefineAttackRegion(Shark);
	attacks = [array of different attack objects];
}

Attack::Execute(Shark)
{
	While (true)
{
	If (damageLevel == 0%)
	{
		ChangeState(Shark, Dead);
Return;
	}
	Else if (damageLevel < 20%)
	{
		ChangeState(Shark, Retreated);
			Return;
	}

if (energyLevel < 30%)
	{
		ChangeState(Shark, ForagingAndHunting); // Change state
Return;
	}

	If (EnemySpotted())
	{
		ChangeState(Shark, Patrolling);
Return;
	}

	// If we get here then it hasn’t changed state, so attack
	Shark->Attack(attacks);
}
}

Attack::Exit(Shark)
{
	Cout << “Exiting attack state”;
	Shark->StopAttacking();
	Delete this;
}

1.b)
One way to implement a state machine is using a transition array. A transition array is a two-dimensional array which stores all combinations of states and transitions. An example is below:
	v State    |    Event >
	A
	B
	
	C

	1
	2
	-
	
	-

	2
	-
	1
	
	3

	3
	1
	2
	
	2



In this example, as highlighted, if event B occurred while in state 2, the state would transition to state 1. Dashes denote no transition on an event occurring, and could be stored as nullptr or as a rogue value. This method is easy to understand and implement, but its encoding is sparse, being a 2D array, and wastes memory.
An alternative method is to use nested switch statements, where the outer switch checks the current event, with each of this switch’s cases having a switch statement inside, which checks for the transition and moves to the new state. This method is effective and follows a very logical approach, but produces messy and difficult to read code, making maintaining and adding states difficult.
Another approach is to use one class per state, with each class implementing an abstract class or interface which has Enter, Execute and Exit methods. This method uses the Singleton principle/pattern, and is called the State Pattern. It is easy to maintain due to the object-oriented approach, only needing a new class added for a new state. 



QUESTION TWO
2.a)
The fuzzy logic process consists of four steps:
· Fuzzification
· Rule Evaluation / “Inference”
· Rule output aggregation / “Composition”
· Defuzzification

Fuzzification is the process of taking crips inputs, and determining their degrees of membership for various sets. For example, taking a crips input of a person’s salary, and determining to what extent they fit in to the “low salary” and “high salary” sets.
Rule evaluation involves taking the fuzzified inputs and applying them to the provided rules, which output a single value representing the evaluation.
Rule output aggregation is the process where the fuzzy sets representing outputs for each of the rules are combined to form a single fuzzy set.
Defuzzification is the process used to create a quantifiable, crisp value given the fuzzy sets from previous steps.


2.b)
Two defuzzification techniques are centriod (centre of gravity), and the weighted average method. For a real-time application, the centre of gravity would be more appropriate as its precision can be modified by changing the number of sample points, which varies the precision of the result, but can improve performance. Because of this, a middle-point can be found between precision and performance, depending on the specific scenario.



2.c)
Guards’ attention = 12.5 units 
Lock strength = 6 units

Step 1. Fuzzification
Guards’ attention
Low = 		(15 – x) / 5		= (15 – 12.5) / 5	= 0.5
Medium = 	(x – 10) / 5		= (12.5 – 10) / 5	= 0.5
High =								= 0 (x below 25)

Lock strength
Low =		(7.0 – x) / 2.5		= (7.0 - 6) / 2.5	= 0.4
High = 	(x – 5) / 5		= (6 – 5) / 5		= 0.2 


Step 2. Rule evaluation / inference
R1:	IF attention is high = 0
	OR strength is high = 0.2
	THEN	success is low = 0.2 (take max)

R2:	IF attention is medium = 0.5
	AND strength is low = 0.4
	THEN success is medium = 0.4 (take min)

R3:	IF attention is low = 0.5
	THEN success is high = 0.5



Step 3. Composition / clipping values

Graphing the success chance for low, med, high, in Figure 1:
[image: ]
Figure 1 - success chance graph
[image: ]Figure 2 - clipping using rule outcomes

Clipping using the rule values, shown in Figure 2:

Step 4. Defuzzification
Using the values from above:
	Value
	LOW
	MEDIUM
	HIGH
	MAX

	0.1
	0.2
	0
	0
	0.2

	0.2
	0.2
	0
	0
	0.2

	0.3
	0.2
	0.4
	0
	0.4

	0.4
	0
	0.4
	0
	0.4

	0.5
	0
	0.4
	0
	0.4

	0.6
	0
	0.4
	0
	0.4

	0.7
	0
	0.4
	0.5
	0.5

	0.8
	0
	0
	0.5
	0.5

	0.9
	0
	0
	0.5
	0.5

	1.0
	0
	0
	0.5
	0.5




Centroid calculation:

((0.1 + 0.2) * 0.2) + ((0.3 + 0.4 + 0.5 + 0.6) * 0.4) + ((0.7 + 0.8 + 0.9 + 1.0) * 0.5)
(2 * 0.2) + (4 * 0.4) + (4 * 0.5)




0.06 + 0.72 + 1.7
0.4 + 1.6 + 2.0


2.48
  4

= 0.62 OR 62% chance of success


QUESTION THREE
3.a)
The denominator is ignored in classification as it is constant. When comparing two or more classes, there is no need to calculate the denominator as it will be the same for all classes. As a result, the denominator will have no impact on the comparison of classes. Removing this removes an additional division and simplifies the calculation.
The probability of individual events are multiplied. Logarithms of probabilities are used as they can then be added together during calculations, as opposed to multiplied. Logarithmic probabilities make computation more practical because of this, especially when working with large equations.


3.b)
Your Skill=Medium, 
Opponent’s Skill=Low, 
Opponent’s Ranking=Normal, 
Your Ranking=Normal

Wins
P(YourSkill=medium | Win=yes) 		= 4/9
P(OpponentSkill=low | Win=yes) 		= 3/9
P(OpponentRanking=normal | Win=yes) = 6/9
P(YourRanking=normal | Win=yes)	= 6/9
P(Win=yes) 					= 9/15

Loses
P(YourSkill=medium | Win=no) 		= 1/6
P(OpponentSkill=low | Win=no) 		= 1/6
P(OpponentRanking=normal | Win=no) 	= 2/6
P(YourRanking=normal | Win=no) 	= 2/6
P(Win=no) 					= 6/15 

Probability of a win given the variables
P(X | Win=yes) = 4/9 * 3/9 * 6/9 * 6/9 * 9/15	= 0.03951 (rounded 5DP)

Probability of a lose given the variables
P(X | Win=no) = 1/6 * 1/6 * 2/6 * 2/6 * 6/15	= 0.00123 (rounded 5DP)

Optional: Get normalising value to check workings
P(X) = P(X | Win=yes) + P(X | Win=yes)	= 0.04074 (5DP)

P(Win=yes | X) = 0.03951 / 0.04074 	= 0.96981 (rounded 5DP)
P(Win=no | X) = 0.00123 / 0.04074	= 0.03019 (rounded 5DP)

P(Win=yes | X) + P(Win=no | X) 		= 1 therefore correct

P(X | Win=yes) > P(X | Win=no) therefore a win is more likely
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