Chapter 1:

· MATLAB is a computer program that provides an interactive environment for numeric computation, data analysis and visualization, and programming development.
· Used to solve matrix and vector operations
· Executes programming statements directly without first needing to convert the statements into machine-language instructions.
· MATLAB as basic calculator
· It does basic arithmetic operations (eg. “1 + 2”, “1 - 1”, “10 * 7”, “2 / 3”)
· “2 / 3” will give us “6.6667”
· if we want more decimal places. format command should be used “format long”. 
· Enter “format” to go back to normal.
· A list of format commands w/ definitions can be by entering “help format”.
· Exponential calculations
· use “^” to specify exponents
· eg. “-2 ^ 4” = “-16”, while "(-2) ^ 4” = 16.
· Order of operations
· MATLAB first calculates multiplication and division then subtraction and addition.
· 212 - 32 * 5 / 9 = 194.222 WRONG. Correct way: (212 - 32) * 5 / 9 = 100.
· If parenthesis are used, you  must ensure that they are balanced properly. (if opened, they have to close at one point too)
· do not use anything but “( )”. other brackets are used for other commands in matlab.
· Scientific notation
· eg. 7.1e9 means 7.1 x 10^9
· Inf & NaN
· eg.  >> 1 / 0  = Inf
·  >> inf - inf  = NaN   (Any arithmetic computation involving NaN  results in NaN)
· Elementary functions
· A complete list could be found using >> help elfun
· sqrt(16) = 4. 
· nthroot (8, 3) = cubic root of 8. = 2 (8 is inside the radical, 3 is outside)
· Rounding
· >>round (0.1) = 0 or >>round (0.5) = 1 rounds to the nearest integer.
· >>ceil(0.1) = 1  (only rounds up)
· >>floor (0.1) = 0 (only rounds down)
· >>fix (0.1) = 0 , >>fix (1.9999) = 1 (simply discards the fraction part)
· Reminder after division
· >> rem(9, 2) = the remainder from 9 / 2 = 1
· Trigonometry
· MATLAB normally works with radians.
· Radians = sin, cos, and tan
· Degrees = sind, cosd, and tand
· Exponents and Logarithms
· e^1 = exp(1) (do not put “^”) | e^ (-t/T) = exp(-t/T) | exp(-1/2).
· log base 10 *(100) = 6 would be written as >>log10(100) = 6.
· logarithm with base e is called ln. log(exp(2)) = 2



Chapter 2:

· Variables can be created and store in Matlab so that a user would not have to repeat a certain number.
Example:
>> vstart = 100 / 3.6; % the starting velocity in m/s
 >> v = 60 / 3.6; %the velocity in m/s at time t
 >> distance = 100; % the distance traveled in m
This will set and store the variables vstart, v and distance.
If the equation that we want to calculate is 
>>acc = 1/2 * (v^2 - vstart^2) / distance
acc = -2.4691 (so we have found the acceleration)
· variables can only be written in this form
· variable name = expression (not the other way around)
· z = 3 is correct but 3 = z is not.
· Variables get stored in the “workspace”
· Under the table Address | Name | Value
·  There are three rules that MATLAB  enforces for variable names:
· a variable name must start with a letter
· the rest of the name can include letters, digits, or underscores
· the name cannot be the same as any of the reserved names called keywords that MATLAB  uses as part of its programming language
· Tips for variable names:
· choose meaningful names
· avoid long variable names
· use lower camel case for multi-word names (aLi dIanat)
· use lower case for most variables
· use upper case for constants
· avoid using names of functions for variable names (eg. “sin")
· Variables can be used to do further operates with
· >> z = 3 | >> z - 1 = 2

There are some simple rules that you need to remember when using the memory model:
1. Each row can hold only a single variable name.
2. Each row can hold only a single value (a single numeric value, example).
3. Each value occupies a fixed, finite amount of physical computer memory. For our purposes, we will assume that every value occupies the same amount of memory required to hold a double-precision floating point value.
4. Arrays are stored contiguously (i.e., in an unbroken block of rows). For example, an array of 5 numeric values would be stored using 5 rows (with each value in a separate row).
5. The programmer cannot use a variable name that is not already stored in memory except to create a new variable.
6. Variable names are unique in the current workspace; however, the same variable name can exist in different workspaces.
7. The programmer can directly change a value only by using the assignment operator; certain types of values (that have not been discussed yet in this book) can be changed indirectly by calling a function.
8. The programmer cannot access values directly; a variable name must be used to access the value.
9. The programmer has no control over where variables are stored; MATLAB might move variables around in memory (for reasons that will soon become apparent) but the progammer is generally unaware of such rearrangements. When using the memory model, you can place variables wherever there is sufficient space.



Chapter 3: 

· Scripts
· A script is simply a plain text file that contains a sequence of MATLAB  statements.
· Current working folder in MATLAB refers to the folder that Matlab searches when looking for scripts and functions.
· you can add folder by entering “>>addpath address of the path”
· Using scripts instead of manually entering via the command window
· Manually entering using the command window, we would enter each function separately as follows:
 >> theta = 0:5:360;
>> x = cosd(theta);
>> y = sind(theta);
>> plot(x, y, 'o')
>> axis equal
>> axis([-1 1 -1 1])
· instead we can simply create a script and enter all the statements there. MATLAB would recognize it, and also help you with tools such as format, run, and debug.
· Scripts are saved in “.m” files
· When a script is run, MATLAB will execute the statements
· all the variables that appear in the script will appear in the main workspace 
· thus, the script will overwrite your existing workspace variables if the script contains variables with the same name as your workspace variables.

· Userdefined functions
· a MATLAB  function provides the user a way to perform a well defined task using a well-defined interface.
· A typical function requires the user to supply zero or more input values called arguments.
· the function uses the augments to perform some sort of computation that is specified by the user. when this process is done. MATLAB will return output values to the augments computed called return values.
· a function has its own workspace; any variables created inside the function do not affect variables in other workspaces.
· Creating a user-defined function 
· The first line of every MATLAB  function must:
· begin with the keyword function
· followed by the list of comma separated output variables in square brackets(the square brackets are not required if there is only one output variable)
· followed by the =  sign
· followed by the name of the function
· followed by the list of comma separated input arguments in parentheses
· eg. function [ output_args ] = untitled( input_args )
· 1 input, 1 output function.
· for example, for a function that calculates the volume of a sphere, we would call it: “spherevol”
· to calculate the volume of sphere, we need radius of sphere. so we could say that the input argument would be “radius" and output value would be “volume” .
· so the final result would be as follows: function [ volume ] = spherevol( radius )
· Lines 2-4 usually start with the notation “%” that tells MATLAB to ignore these augments. 
· There augments are usually written to clarify the function in more details or comment on something.
· The body of the function uses the input argument variables to compute and assign the value of the output variables.
· we must assign a value to all of the output variables.
· in this case: volume = (4 / 3) * pi * radius ^ 3; would be our body.
· The body of the function starts after the help comments and is optionally ended by the keyword end.
· The final function would look like this:

function [ volume ] = spherevol( radius )
%spherevol function is to calculate the volume of a sphere.
%   Radius is needed to find the volume. 
volume = (4/3) * pi * radius^3
end

· Testing the function
· before we called the function, we have to specify any input values. in this case its radius.
· r  = 1;
· and then we call the function by  v = spherevol(r)
· when we specify r, the function just takes the value of 1 and enters it into the function, and gives the value for v (volume) back.
· 2 input, 1 output function.
· unlike the last example, there needs to be more inputs created.
· while entering multiple input arguments, they are listed separated by commas.
· eg.  volume of a spherical cap of height h
· we need the height and the radius to be able to find the volume.
· the function would start with the function statement then the body starting with comments and ending with end statement, as follows:
function [ volume ] = capvol( height, radius )
%CAPVOL Volume of a spherical cap
% VOLUME = CAPVOL(HEIGHT, RADIUS) returns the VOLUME of
% a spherical cap with the given HEIGHT on a sphere
% with the given RADIUS.
volume = (1 / 3) * pi * height ^ 2 * (3 * radius - height);
end

· 2 input, 2 output function.

function [ volume, base ] = capvol( height, radius )
%CAPVOL Volume of a spherical cap
% VOLUME = CAPVOL(HEIGHT, RADIUS) returns the VOLUME of
% a spherical cap with the given HEIGHT on a sphere
% with the given RADIUS.
% [VOLUME, BASE] = CAPVOL(HEIGHT, RADIUS) also returns
% the value of the base radius of the cap BASE.
volume = (1 / 3) * pi * height ^ 2 * (3 * radius - height);
base = sqrt(height * (2 * radius - height));
end
· result will be as such:

>> [volume, base] = capvol(0.25, 1)
volume =
    0.1800
base =
    0.6614


Day 1 Notes:

· Plotting the graph of y = 1/2 * x -1 on the domain -1<= x <=5
· we first define x.
· >>x = -1:5  (meaning that its between -1 and 5.)
· then we enter the function
· >>y = 0.5 * x - 1
· now we plot the function using (input, output, style)
· >>plot(x, y, ‘o-‘)
· Finding intersection between this graph and another graph.
· enter the function >> y = -1 / 3 * x + 2
· enter “>> hold on” asking matlab to graph this function on the same plain as the graph of last function.
· then plot the graph by >> plot x, y, 'r*-‘) r as in colour red.
· this will provide us with a graph of two lines intersecting.
· Find the exact point of intersection
· transform the two as such: 1/2 * x - y = 1 and 1/3 * x + y = 2
· And the write the two equations in matrix mode. A [1/2 -1; 1/3 1][x;y] = b[1;2]
· then enter those a = the left side and b = the right side
·  If a/b, we can get the interception “u”
	operator
	name
	precedence

	( )
	parentheses
	highest

	^
	exponentiation
	

	-
	negation
	

	*, /, \
	multiplication and division
	

	+, -
	addition and subtraction
	lowest





Day 2 notes:

Basic Calculations Variables
· Upon computing a certain calculation, MATLAB by default displays up to 4 decimal places.
· to change the format in which MATLAB displays results, you can use the command “format”.
· If the denominator contains a sum, difference, product, or quotient, it probably needs to be enclosed by parentheses. 
· Sine and Cosine 
· functions named “sin” and “cos” are used to calculate the sine and cosine of angles in radian. 
· functions named “sind” and “cosd” are used to calculate the sine and cosine of angles in degrees.
· To perform a task in MATLAB, we have to enter tasks in the following order:
· function name + inputs to the function.
· we should get the outputs of the function.
· eg. sind(30) = 0.5
· “sind” being the function name | "(30)” being the input | “0.5” being the output.
· Help in regards to the function could be retrieved using:
· “help function-name”
· Complete list of functions can be retrieved from:
· “help elfun”
· when the operation such as “z = 1 + 2”, it means the following:
· evaluate the expression on the right side of “="
· store the result on the left side of “="
· Variables along with their values are stored in a table called the workplace.
[image: ]




· Variables names must start with letter, the rest can include letters, digits, or underscores.
· names are case sensitive (A is different from a)
· names can not be keywords of MATLAB.
· names should be as meaningful as possible
· massEarth	instead of mE
· not too long.
· use lower camel case for variable names.

[image: ]





Day 3 notes:

· Every time MATLAB statement is entered into the command window, most of the time MATLAB accesses its memory to either retrieve and/or modify that value.
· Representation of numbers in the computer memory
· Every value recorded occupies a fixed amount of physical computer memory.
[image: ]
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Day 4 notes: Not included.

Day 5 notes:
· A string is row vector of character, therefore any text in a ‘ ‘ is a string.
· Use command “disp” to display a MATLAB string without its name.
· >> s = ‘Dina’
· Then >> disp(s) = Dina
· sprintf should be used to create formatted strings
· Syntax of the sprintf command:
· str = sprintf(formatSpec, A1, ..., An)
· str being the variable name
· sprintf being the command
· formatSpec being the formatting string
· A1, ..., An being the variables that contain values that we want to format.
· Formatted Output
· How information should be displayed and it can include
· Text eg. >> sprintf('hi')
· Escaped characters >> sprintf('hi\tbye’) leaving space between hi and bye >> sprintf('hi\nbye’) writing bye on the next line
· Percent sign for operations such as >> sprintf('50%%’)’
· Conversations characters and arrays containing data
· The conversion character starting with “%” tells matlab which type of conversion should be used upon displaying the variable.
· Examples of conversions: %d  base 10 integer %i  base 10 integer %f  fixed-point floating-point %e  exponential notation %s  string String conversion example: >> AgeofDina = ’17’; >>sprintf('Her age was %d', AgeofDina) = Her age was 17
· for floating-point conversion “%f", you can say how many digits you want after the decimal point as follows: 
· “%.2f” would give us 2 digits after the decimal
· Minimum number of character to output could be achieved by:
· example “%5d” gives a minimum of 5 character.
· Scripts and Functions
· Explained in chapter 3 Notes.

Day 6 notes: Explained in chapter 3 Notes.

Day 7 notes:
Vectors and Matrices

· An array is a multidimensional table, represented by d1 x d2.
· scalar is just 1 x 1.
· eg. >> s = 1;
· Vector is a two dimension array where one dimension is 1
· there are two types of vectors: row vector and column vectors
· 1x3, a row vector
· 5x1, a column vector
· creating a row vector:
· >> v = [1 2 3 4]
· >> v = [1, 2, 3, 4]
· >> v = 1:4  (“:” meaning “to”)
· >> v = start:step:stop
· >> v = [1:2:9] (start: 1, step: 2, stop: 9)
· >> v = [1:2:8] | v = 1 3 5 7
· Another way is using the function linspace.
· linspace(X1, X2, N) generates N points between X1 and X2.
· eg. >> linspace(1, 9, 5) = 1 3 5 7 9
· creating column vector:
· >> v = [1; 2; 3; 4]
· >> v = start:step:stop’  (the single quote after a vector, displays the column vector)
· >> v = [1:2:9]' (start: 1, step: 2, stop: 9)
· a row vector can be transformed into column vector by using the the colon notation.
· >> v = 1:4 (gives us the row vector) >> w = v(:) (transforms it into column vector)
· number of elements in a vector
· >> length(v)
· Norm or magnitude of a vector can be found as such:
· >> v = 1:4;
· >> norm(v) = 5.4772
· Indexing or finding an or group of element(s) in a vector
· >> v = -5:3
· >> v (1) = -5
· >> v (3) = -3
· v([1 3 5)] = -5 -3 -1
· You could also modify a certain or a group of element(s) in a vector
· >> v(3) = 100 would change of the third element to 100.
· >> v([1 3 5]) = [7 8 9] would change 1st, 3rd, and 5th element to 7, 8, 9
· v(end) means last element
· v(end - 1) (takes one away from last element)
· Arithmetic operations can be applied to arrays or vectors.
· u = [1 2 3]
· >> w = 2 + u (add two to each element in u)
· >> w = 2 - u
· >> w = 2 * u
· >> w = 2 / u
· >> w = 2 .^ u
· arithmetic operations between two arrays
· >> u = [1 2 3] | v = [4 5 6]
· w = u + v
· w = u .* v
· w = u ./ v (/ means v over u)
· w = u .\ v (\ means u over v)
· w = u .^ v
· Other examples:
· >> u = v / norm(v);
· midpoint of two points : m = (p + q) / 2;
· etc.


Day 8 notes: Logicals
· Logicals in MATLAB
· Logical expression: evaluates to either true or false
· Logical variable: is either true or false
· true = 1 | false = 0
· Nonzero and NaN numbers are also true
· Creating a logical variable
· Use keywords “true” or “false”
· example: >> x = true | x = 1
· RATIONAL OPERATORS
· INSERT TABLE FROM SLIDE 5
· Example: 
>> x = 1; | >> y = 2; | >> x > y  (is x larger than y?) | ans = 0
>> x = 1:8; | >> x > 5 | ans = 0 | >> sum(x >5) | ans = 3
· Example using randi with two dices, what are the odds the sum of two dices will become 2, 7, less than 7 and not 7 are:
>> nRolls = 1000000;	(number of rolls)
>> die1 = randi(6, 1, nRolls);	(vector die 1 giving out random integers between 1 and 6, nRolls times.)
>> die2 = randi(6, 1, nRolls); 	(vector die 1 giving out random integers between 1 and 6, nRolls times.)
>> total = die1 + die2; (adding vector die1 + die2, which adds element 1 to element 1.. so on)
· Odds of the sum = exactly 2?
>> sum (total == 2) | sum = 27943
>> sum (total == 2)/nRolls | sum = 0.0279 * 100 = 2.79% is the odd.

Exactly 7?
>> sum (total == 7) | sum = 166351
>> sum (total == 2)/nRolls | sum = 0.1664 * 100 = 16.64% is the odd.

Less than 7?
>> sum (total > 7) | sum = 416305…..

Not equal to 7?
>> sum (total ~= 7) | sum = 833649….





LOGICAL OPERATORS[image: ]

Not expressions[image: ]example: >> x = 1:5; | >> ~(x > 2) (elements that are not more than 2. | ans = 1 1 0 0 0

Elementwise and (&)
[image: ]
Example: 

>> x = 1:8;
x =
     1     2     3     4     5     6     7     8
>> x > 2 & x < 6
ans =
     0     0     1     1     1     0     0     0
Elementwise or (|)
[image: ]Example: 

>> x = 1:8;
x =
     1     2     3     4     5     6     7     8
>> x <= 2 | x >= 6
ans =
     1     1     0     0     0     1     1     1





 Day 9 notes:

· Logical indexing:
·  a logical indexing can be used to index another array
· Example: 
>> x = 1:5

>> I = x > 3 - defines I
I =
     0     0     0     1     1

>> x(I) - calls for logical array “I” in array x.
ans =
     4     5

· Selection statement
· Uses a logical value or values to know if an statement should be executed or not.
· “If" statements will execute A SINGLE block of statements if the conditions are met.
· Format of if statement:
· if (logical condition) (eg. x > 3)
· sequence of MATLAB Statement (then, if the logical condition = true, then do this! | if its false, then skip.) (e.g. fprintf (‘PUNCH ASS’))
· end
· (more Matlab statements)

· if-else Statement allows you to execute one of TWO blocks of statements, depending on whichever meets the conditions given. (CAN ONLY BE ADDED AFTER IF STATEMENT)
· if (logical condition) (eg. x > 3)
· sequence of MATLAB Statement (then, if the logical condition = true, then do this! | if its false, then skip and do “else" statements.) (e.g. fprintf (‘PUNCH ASS’))
· else
· sequence of statements (e.g. fprintf (‘NOT PUNCH ASS’))
· end
· (more Matlab statements)

· if-elseif statement allows you to execute one of MULTIPLE blocks of statements, depending on whichever meets the conditions given.
· if (logical condition) (eg. x > 3)
· sequence of MATLAB Statement (then, if the logical condition = true, then do this! | if its false, then skip) (e.g. fprintf (‘PUNCH ASS’))
· “elseif" statement another logical statement (check if else if is true, if yes, then do it! if not skip and do “else”!)
· else
· sequence of statements (e.g. fprintf (‘NOT PUNCH ASS’))

· end
· (more Matlab statements)


Day 10 notes: 

· Loop allow you to repeatedly execute blocks of code. and there are two kind of loops:
· for loops repeat a block of code a specific number of times
· while loops repeat a block of code as long as a logical condition stays true.
· Fomat of For Statement:
· for index = vector_of_values
· index being the loop variable
· vector_of_values a sequence of MATLAB statements repeated once for each element in vector_of_values.
· end


· "While" loop repeats a block of code as long as a logical condition is true
· no look variable
· number of loops times is not necessarily specified (if condition is true, then sequence of statement (loop body) is run
· Format of while loop
· while (logical condition)
· sequence of statements (after this is run, the loop checks if condition is still true, if true, repeats the loop.)
· end 
· while loops: finite loops
· this can be done by ensuring that the loop body eventually causes the logical condition to become false.
· ctrl + c to stop.
· Collatz conjecture
· Start with positive number n and repeat until you reach 1
if n is even : n = n/2
if n is odd: n = 3 x n + 1
example:
n = 6	6, 3, 10, 5, 16, 8, 4, 2, 1 

this can be interpreted in in a function as such: 



function iter = collatz(n)
%COLLATZ Collatz sequence
%  ITER = COLLATZ(N) returns the number of iterations ITER
%  for the Collatz conjecture starting from the positive
%  integer number n.
iter = 0;
while n ~= 1
  % if n is even, divide it by 2
  % otherwise, triple it and add 1
  if rem(n, 2) == 0
    n = n / 2
  else
    n = 3 * n + 1
  end
  iter = iter + 1;
end
 end


Day 13 Notes:

· Adding element to an array
· an element could be added to an array if the dimensions are compatible with existing array
· joining two arrays is called concatenation
Example:

>> v = [1];
>> v = [v 2]
v =
     1     2
>> v = [1];
>> v = [-1; 0; v]
v =
    -1
     0
     1
This could be done with strings two:
>> rank = 'Rear admiral';
>> firstName = 'Grace';
>> lastName = 'Hopper';
>> fullName = [rank ' ' firstName ' ' lastName]
fullName =
Rear admiral Grace Hopper

· Matrices
· Definition: a matrix is a 2-dimensional array where the size of the dimensions is usually larger than 1.
· Creating matrices can be achieved by m x n, entering m row vectors of length n
Example:


>> I = [[1 0 0];		[1 0 0;
        [0 1 0];   OR	0 1 0;
        [0 0 1]]   	 	0 0 1] 

I =
     1     0     0
     0     1     0
     0     0     1

Another way is:
>> P = [[-1; 1], [1; 1], [1; -1], [-1; -1]];

P =
    -1     1     1    -1
     1     1    -1    -1

· Indexing or accessing an element of matrix
· A(row, col)
Example: A =
     8     1     6
     3     5     7
     4     9     2

>> A(1, 1)
ans =
     8

Indexing a whole row or column

>> A(:, 2)
ans =
     1
     5
     9
>> A(3, :)
ans =
     4     9     2

Submatrix (part of a matrix) can be obtained:
Example:

>> A(1:2, 1:2)
ans =
     8     1

     3     5

You can also replace elements of a matrix
Example:

>> A(3, 3) = 1
ans =
     8     1     6
     3     5     7

     4     9     1


Day 14 notes:

· Maximum
· Use “max” function to get the maximum value and the index of maximum value
>> maxValue = max(x)
maxValue =
     25  >> [maxValue, idx] = max(x)

minValue =
     25
idx =
   50

· Minimum
· Use “min” function to get the minimum value and the index of the minimum value

>> minValue = min(x)
minValue =
     7  >> [minValue, idx] = min(x)

minValue =
     7
idx =

   213

· Arithmetic Average or Mean
· Use the function “mean”
· a problem: sesitive to big measurements

>> mean([-1 0 1])
ans =
      0

>> X = [1  2  3;
        3  8  11];
>> mean(X)
ans =

       2  5  7

· Variance
measure of spread around the mean
>> x = randn (1, 100);

>> hist(x,20);
var(x)

· Standard Deviation
square root of a variance 
>>std(x)


Day 15 notes:
· Matrix and image operations (using nested loops):
· single loop
· dot product
· dprod = dot(u, v);
· doubly nested loop
· matrix-vector product - for each row r of A, w(r) = dot product of the row and v
n = length(v);
w = zeros(n, 1);
for r = 1:n
  w(r) = dot(A(r, :), v);
end
· matrix-matrix addition/subtraction
for each row r of A and B
for each column c of the row
c(r,c) = A(r,c) + B(r,c)
[n, m] = size(A);
C = zeros(n, m);
for r = 1:n
  for c = 1:m
    C(r, c) = A(r, c) + B(r, c);
  end
end
· Hadamard product (element-by-element matrix product)

triply nested loop
matrix-matrix product

visiting element of a matrix
[n, m] = size(A);
for r = 1:n
  for c = 1:m
    A(r, c)
  end
end

· reading and displaying images

>> I = imread('redeye.jpg'); >> imshow(I) >> size(I)
ans =
   480   638     3


· Matlab uses RGB format colours
[R G B]
R : amount of red
G: amount of green
B: amount of blue
represented between 0 to 255
imshow(I(:, :, 1)); shows only red
imshow(I(:, :, 2)); shows only green
imshow(I(:, :, 3)); shows only blue


Day 16 notes: 

continue of day 15.

· Getting rid of red pupil:
J = I;      % the new image without red eyes
[nRow, nCol, nColor] = size(I);
for i = 1:nRow
  for j = 1:nCol
    c = I(i, j, :);
    red = c(1);
    green = c(2);
    blue = c(3);
    if red > 200
      J(i, j, 1) = 0;
    end
  end
end

· Global thresholding is clarifying pixels as red or nor red

if red > 200
      J(i, j, 1) = 0;
    end
if the value of the threshold does not work well, we need to find another value.
we can do this by using the function “impixelinfo”, this helps us to use the pointer to identify pixel information



Day 17 & 18 notes:

Testing

· Unit testing
· seeks to verify the functionality of a specific part of a program, usually a single function
· Test that for every input, expected output is produced
· White box testing
· tests the internal logic and structure of code
· Black box testing
· ignores the implementation details of the code and only examines what the code does in response to inputs and running conditions
· focusses on determining if the program does what it is supposed to do




Day 19 notes:

· Line and Curve Fitting
· be able to see measurements better on the graph
· functional relationship between two or more variables
· conclude results between data points
· conclude results outside data point
· Line fitting in Matlab
· Use the function “polyfit” to find the slope, m. and y-intersept, b. in the equation y = mx + b
>> x = [-4; 3.7; 0; 2.5; 1.2; -2.8; -1.4];
>> y = [-37; 38; 0; 29; 21; -21; -8]
>> polyfit(x, y, 1)

ans =

    9.7436    4.2564

y = 9.7436x + 4.2564

· Yfit gives you the best x values
>> coeffs = polyfit(x, y, 1);
>> yfit = polyval(coeffs, x)
yfit =
  -34.7182
   40.3079
    4.2564
   28.6155
   15.9488
  -23.0258
   -9.3847

· after calculating the yfit, the residue errors could be calculated as such: 

>> coeffs = polyfit(x, y, 1);
>> yfit = polyval(coeffs, x);
>> res = y - yfit
res =
   -2.2818
   -2.3079
   -4.2564
    0.3845
    5.0512
    2.0258

    1.3847
· Leverage points in line fitting
· in line fitting, a high leverage point is a measurement made near the extremes of the range of independent variable
· if this measurement is erroneous, or can only be made with low precision, then it will have a large effect on the fitted line
· Polynomial fitting in Matlab
% t     time vector (from 1 to 3 s)
% y     height measurements taken at t

coeffs = polyfit(t, y, 2);

t2 = linspace(0, 3, 20);
yfit = polyval(coeffs, t2);
plot(t, y, 'o', t2, yfit, 'r-');

g = -2 * coeffs(1)    % should be 9.81
v0 = coeffs(2)        % should be 15
y0 = coeffs(3)        % should be 2



Day 20 notes:

· Cellular Automata
· n dimensional grid cells (n x m)
· each cell is either, on or off or as such.
· each cell has adjacent cells
· one cell’s state changes depending on the state of its own and its neighbours (adjacent cells)
· Rules
1. a cell that is alive dies if it has fewer than two neighbors that are alive (as if caused by under-population)
2. a cell that is alive remains alive if it has two or three neighbors that are alive
3. a cell that is alive dies if it has more than three neighbors that are alive (as if caused by over-population)
4. a cell that is dead becomes alive if it has exactly three neighbours that are alive (as if by reproduction)

Applying conway rules into MATLAB

function H = conway(G)
%CONWAY One generation of Conway's Game of Life.
%  H = CONWAY(G) computes the next generation H starting
%  from the current generation G using the rules of
%  Conway's Game of Life.
%  G is a 2-dimensional array of values where the value
%  0 indicates that the cell is dead, and 1 indicates
%  that the cell is alive.
[rows, cols] = size(G);
H = zeros(rows, cols);
for r = 1:rows
    for c = 1:cols
        n = alive(G, r, c);
        if G(r, c) == 0         % cell is dead
            if n == 3           % Rule 4
                H(r, c) = 1;
            end
        else                    % cell is alive
            if n < 2            % Rule 1
                H(r, c) = 0;
            elseif n < 4        % Rule 2
                H(r, c) = 1;
            else                % Rule 3
                H(r, c) = 0;
            end
        end
    end

end


Day 21 notes:

Introduction to computer graphics
· Most common presentation for consumer graphics is called mesh of triangle.
· simple to represent objects in 3D
· guaranteed to be flat
· Triangle in 3D has 3 components called vertices
· Use patch command to connect vertices. (using ordinates of the 3 vertices as row vectors)
· also have to give the colour in RBG
· For more realistic appearance, lightning needs to be done properly. (interaction of light with surface)
· A classic lighting method called: Labertian
· Brightness of the surface does not depend on viewer’s position, but only depends on direction of light
· amount of reflection light -> proportional -> cosine of the angle between the surface normal and the direction of the sun


Day 22 & 23 notes:

Review & transitioning to Java

Java
· Writing a Java code:
· Java codes are written by a program using an editor
· uses a tool called compiler to process the program
· compiler checks if it makes sense, and if it does, outputs “byte code”
· Java virtual machine used to run byte code.
· Modern Java softwares have all in one.
· semicolon is used to separate statements
· does not print out data, unless it it told to
· Variables in Java
· variables can not be changed once created.
· upon creation, type and name is needed only. no values necessary.
· Arrays in Java
· array is a container holding fixed number of values of single type
· arithmetic operations with arrays can only be done through the creation of loops
· [bookmark: _GoBack]Indices start at 0 and “[ ]” must be used for indexing element(s) in arrays
· multi-dimensional arrays = arrays of arrays.
· Java h does no arithmetic with arrays.
· No function in Java, but instead it has classes and objects.
· Loops in Java
· if number of times of loop is known, use for loop or an enhanced for loop.
· if some conditions must be true to run, then use while loop or a do-while loop.
Format of loop in Java
for loop

for ( loop variable initialization ; termination condition ; increment)
{
	// loop body
}

· loop variable initialization = loop starting value
· termination condition = the loop will run as long as the termination condition is true
· increment = at the end of the loop body, the increment expression is evaluated
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