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Q1)  
1a) A computer game is under development and you are part of the team responsible for the game’s AI state machine implementation. You are responsible for designing the high-level game state machine that controls the actions of an AI shark that patrols and defends an underwater enemy base. 

The Game Design team has developed the following set of draft requirements that describe the desired actions of the shark AI. 

When first instantiated, the Shark will enter patrol mode, swimming around the base looking out for enemy activity. If the shark’s energy level goes below 30% of its maximum, then the shark will begin foraging/hunting for food. After feeding the shark’s energy levels will have been replenished and the it will return to patrolling the base.
 If an enemy is spotted, either when foraging for food or when patrolling, then the shark will attack the enemy. When the shark’s damage value falls below 20% of its maximum it will retreat and will only begin patrolling again when all is quiet. If the enemy retreats then the shark will return to patrolling the base perimeter. 
If the shark’s damage levels fall to zero at any time then it will die.

i) Develop and draw the state transition diagram for this Shark AI Control state
machine. Include appropriate states and transition events.
[12 Marks]

State transition diagram of shark 
ATTACK ENEMY TILL DEAD OR HEALTH BELOW 20%  
FOOD FORGING/ HUNTING 
HUNT WHEN ENERGY 30% BELOW
RETREAT 

ATTACK ENEMY 




PATROL 

PATROL SUROUNDING WATERS KILL ENEMYS FOUND 


RETREAT WHEN HEALTH BELOW 20%  AND ONLY RETURN TO PATROLL ALL QUIET (NO EMMIMES)



ii) Given an “Attack” state exists, describe using pseudo code the actions taken when
executing this state. Assume the standard Enter/Execute/Exit state machine design
approach.
[7 Marks]
Attack::Enter(SHARK)
{
            FIND ENEMY(ASHARK)
    	if (SHARK == ASHARK)  then
{ 
   		ENEMY(SHARK,ASHARK)
}


SHARK:: ENEMY (ASHARK)
{
    	if (FINDENEMY(ASHARK)) then
{
       		ChangeState(ASHARK, ATTACK)
       		Return
}
if (ENEMYRETREATS(ASHARK)) then
{
       		ChangeState(ASHARK, PATROL)
       		Return
}
if (ENEMYKILLED(ASHARK)) then
{
       		ChangeState(ASHARK, PATROL)
       		Return
}
If(HEALTH BELOW 20%()) then
{
	ChangeState(ASHARK,RETREAT)
}

}


1b) Compare and contrast different methods for implementing state machines in software.
[6 Marks]

There are two main methods for implementing state machines loops (Moore) and variable checks (Mealy), with loops the entire program is run through the loop again and again and reacts to new information fed into the loop for instance when finding a shark attack etc, this is different from a variable as this can use calling to jump to the required place in the loop and then back to a smile while if loop. 
The main loop will call all functions and check one by one jumping out as needed this uses more memory and processing power, on the other-hand there is more chance for error with variable calling as if a mistake is made in programming it can bug out massively and not work at all it is also much harder to test. 

Q2)  

2a) Identify and briefly describe the procedures involved in the operation of a fuzzy logic expert system. [6 marks]

a fuzzy logic expert system, this is a system that uses fuzzy logic instead of Boolean logic. 

There are 4 steps needed to setup and run a fuzzy logic expert system these are: 

Fuzzification:  this is taking the binary output of 0 or 1 and fuzzifying them, this works by identifying how well a criteria meets a standard for instance (person is 2.4 meters tall) might have a value of 1 on a tall person scale and a (person is 1.4 meters tall) could have a value of 0 so a person of 1.9 meters tall would have 0.5 this is fuzzification.  

Rule evaluation:  in this step the fuzzified output is taken and calculations are made, this is done to get a single output for each of the fuzzy rules. 

Aggregation of outputs: in this stage the previous calculations results are all scaled and combined to make a single fuzzy set. The input of this stage is all clipped or scaled consequent(results) membership functions 

Finally, defuzzification: that last stage of the fuzzy system is to make sure we get a single crisp number, we do this by taking the aggregate fuzzy set and the output will be a single number. 



2b) State two defuzzification techniques and indicate which method you would choose for a real time application giving arguments for your choice. [4 Marks]
There are two main types of defuzzification methods are:

centroid technique: this finds a point at the centre of the fuzzy set this allows for making good estimates of a number of points. 
Sugeno fuzzy inference:  this takes a single point from the dataset and saying this is one and everywhere else is zero. This gives spikes up and down that represent the outputs. 

For a real time application I would use Sugeno fuzzy inference as it is computationally effective, this means it takes less time to process on computers meaning results are displayed faster witch is very important for real time systems. 

2c) An A.I. game bot assesses his chances of entering a guarded dungeon unseen using the following fuzzy rules:

Rule 1
IF overall attention of guards is high
OR strength of lock is high
THEN chance of success is low

Rule 2
IF overall attention of guards is medium
AND strength of lock is low
THEN chance of success is medium

Rule 3
IF overall attention of guards is low
THEN chance of success is high
His assessment of the overall attention of the guards is 12.5 units and lock strength value is 6 units. With the above rules and the membership functions defined below, deduce the chance of success the AI bot has in successfully entering the dungeon. Use the Centroid Defuzzification method in your answer.

Chance of success is very high

X = 12.5 for guard attention and x = 6 for lock strength 
Low attention x=12.5 (x) = 0.5 guard low  attention = 1


Medium attention x=12.5 (x) = 0.5 guard medium  attention = 0 


high attention x=12.5 (x) = - 0.5 guard high  attention = 0 

low lock strength x=6 (x) =0.4  low lock strength = 1

high lock strength x=6 (x) = 0.2 high lock strength =  0
1	1


Lock strength 
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Q4)  

4a) Within the context of machine learning, explain the terms supervised and unsupervised learning and in each case outline the processes involved in creating a predictive model from a given data set. [6 Marks]

Machine learning can be split into 2 subgroups supervised and unsupervised. 

Supervised: to start a supervised machine learning algorithms, you start with a data set, extract feature vectors you want the machine to learn and add labels to those vectors, the new data set is then fed into a machine learning algorithm, this then predicts the answers and outputs the labelled test data, another set of data is then fed in with extracted feature vectors but no labels and the machine is expected to label them.

Data set                  	extract feature vectors                         	data set 
Label vectors 
	Machine learning algorithms 
New data set 	extract feature vector	
		
Labelled test data 	Predictive model 	

Unsupervised: : to start an unsupervised machine learning algorithms, you start with a data set, extract feature vectors you want the machine to learn, the data set is then fed into a machine learning algorithm, this then predicts the answers and outputs the labelled test data, another set of data is then fed in with extracted feature vectors the machine is expected to label them.
Data set                  	extract feature vectors                         	data set 

	Machine learning algorithms 
New data set 	extract feature vectors	
		
Labelled test data 	Predictive model 	

4b) Explain the distinction between classification and regression and state, with supporting arguments, whether these tasks are supervised or unsupervised examples of machine learning.         [5 Marks]

Classification and Regression are both types of supervised machine learning both make use of known data sets (labelled) to make predictions.  In supervised learning the machine is trained to map a variable to a known output. 

The main difference between classification and regression is that regressions output is numerical, were as classifications output is discrete labelled data 


4c) With reference to the perceptron neuron shown in figure 4a below, explain the purpose of the synaptic weights wk1, wk2 and wk3. [4 Marks]
[image: ]

Wk1 and Wk3= are both excitatory connections these are used to pass along useful variables for calculations to be made at the next stage. This can be seen from the weights being positive numbers 

Wk2= an inhibitory connection this is used to get rid of unneeded variables.  This can be seen from the weight  being a negative number 




4d) Calculate the output of the activation function of the perceptron in figure 4a when x1=0.9 , x2=0.8, x3=-0.12 and the activation function is a Rectified Linear Unit (ReLU) given by (max(0,y)) [10 Marks]

Wk1 = 0.4 x 0.9= 0.36
Wk2 = -0.2 x 0.8 =-0.16
Wk3 = 0.12 x -0.12 = - 0.0144
Summing 


	1




	-1	0	1



-1

Rectified Linear Unit (ReLU) given by (max(0,y)) = Y = X = Y 0.2248 
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QUESTION FOUR
4a)  Within the context of machine learning, explain the terms supervised and unsupervised
learning and in each case outline the processes involved in creating a predictive model
from a given data set.
16 Marks]
Explain the distinction between classification and regression and state, with supporting
arguments, whether these tasks are supervised or unsupervised examples of machine
learning.
15 Marks|
4c)  With reference to the perceptron neuron shown in figure 4a below, explain the Q4-)
purpose of the synaptic weights Wi, Wiz and wia.
14 Marks| 4a) Within the context of machine learning, explain the terms supervised and unsupervised learning
outline the processes involved in creating a predictive model from a given data set.
[6 Marks]
4b) Explain the distinction between classification and regression and state, with supporting
arguments, whether these tasks are supervised or unsupervised examples of machine learing. [5
Marks]
4c) With reference to the perceptron neuron shown in figure 4 below, explain the purpose of the
synaptic weights wk1, wk2 and wk3. [4 Marks]
V% (ctr) -
Summing Junction  Activation function
figure 4a: Rosenblatt perceptron neuron.
4d)  Caleulate the output of the activation function of the perceptron in figure 4a when
=-0.12 and the activation function is a Rectified Linear Unit
ren by ®(max(0,y)).
[10 Marks]
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