State Machine
Two types – a counter and everything else. 
Counter has a few number of states and it always go through the same sequence over and over again in the same order. Counters do not have input, because they need to go through the same sequence every time.
The everything else type: a state machine can have input and output. The input determines the sequence of the states.
States A, B, C and D. If the state A receives input A, then it remains in the same state. If the input is B, then it changes into state B.
The state diagram is a graph – the states are represented by circles, the vertices. Edges are directed from the initial state to the next one. Edges are also labelled showing corresponding input and output. We always presume that the starting state is S0.  The state table can be based on the diagram and vice versa
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To have 4 different states we need two flip flops
	
	
	

	A
	0
	0

	B
	0
	1

	C
	1
	0

	D
	1
	1



	Current State
	Input
	Next State
	Output

	00 (A)
	0
	01 (B)
	1

	00 (A)
	1
	00 (A)
	1

	01 (B)
	0 
	10 (C)
	0

	01 (B)
	1
	11 (D)
	0

	10 (C)
	0
	11 (D)
	0

	10 (C)
	1
	10 (C)
	1

	11 (D)
	0
	01 (B)
	1

	11 (D)
	1
	00 (A)
	1



State machines 
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Look up table 
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Decision tree
Can be used for classification and for regression. 
Classification
Decision Tree – Rows and columns
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We can use this data to try to make a prediction for day 15 – shall we play or not. We have two classes and the prediction for day can be either yes or no. 
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To build the tree we can use entropy or Gini
Entropy: divide and conquer algorithm/split into subsets
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Machine Learning
We can have two general types: Supervised and unsupervised. 
Unsupervised, we have a dataset – we apply methods to infer a structure of the data, we do not have labels
Supervised learning: we have a data seta and a list of outcomes. The type outcome can give us regression or classification problems. Regression – the outcome values are real numbers – for example we are trying to predict prices. The target values are continuous (price, 31300, 238400, etc). 
 With classification we have classes, categories, categorical data. we may be trying to predict – what is in a given image, if someone will default on their credit card. Many model for both. The target value are discrete. We have classes. 
With regression problems we have x and y with a lien of best fit. 
With classification problems we are trying to group the data (which ones are fruit, which is a cat/dog
Statistical methods – for example linear regression for regression models. Logistic regression for classification – taking linear regression and squashing it through logistics…
Decision and Classification trees
Decision tree makes a statement and then makes a decision based on whether the statement is true or false.
Classification – when classifies things into categories – classification tree
If the decision tree is trying to predict a numerical value, then it is called a regression tree. 


Genetic algorithm
Trying out combinations – problems like this can quickly escalate into an exponential problem – for example to generate solutions for problems where we have no way of knowing the correct solution, such as the Knapsack problem. 
It uses a population of possible solutions. The set of all current solutions at a given point is called a generation. We start with generation 0, which holds random solutions. We have to decide which ones of these solutions is good for our problem – which of the population will be selected. We use fitness function. The bag-pack example – the fitness function will be “as long as it fits within the limit value for the bag”. If the fitness is met, it is 0. A solution with a higher fitness score is selected for reproduction. We can use single point crossover function, or mutation to generate two new solutions. We repeat the process. The selection and the crossover function does not eliminate the possibility of killing of our best solution – this is where elitism comes in. We can select top end solutions. Mutation allows us to discover new solutions. It can loop until a satisfactory solution is found. This algorithm is not deterministic – we will not get the same answer every time. But we can have an approximately optimal solution. Limitations – the run time of the fitness function – it takes long to generate a solution. 
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Definition: ~

A finite state machine M = (S, 1,0, f, g, 8)
is composed of a finite set of states S, a finite
input alphabet 7, a finite output alphabet O, a
function f from (S, I) — S, a function'g from
(S,I) = O and a starting symbol so.c &
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