Matlab primer



Basics:

save "file.mat”
load "file.mat”

A Matlab Cheat-sheet (MIT 18.06, Fall 2007)

save variables to file.mat

Toad variables from file mat Constructing a few simple matrices:

diary on record input/output to file diary rand(12,4) a 12x4 matrix with uniform random numbers in [0,1)
diary off stop recording randn(12,4)  a 12x4 matrix with Gaussian random (center 0, variance 1)
whos list all variables currenly defined zeros(12,4)  a12x4 matrix of zeros

clear delete/undefine all variables ones(12,4)  a12x4 matrix ofones

help command quick help on a given command eye(5) a 5x5 identity matrix | (“eye”) o

doc command extensive help on a given command eye(12,4) a 12x4 matrix whose first 4 rows are the 4x4 identity

Defining/changing variables:
3

X = define variable X to be 3
x = [1 2 3] setXto the 1x3 row-vector(1,2,3)
x = [1 2 3]; same, but don't echo X to output
x = [1;2;3] setXtothe 3x1 column-vector (1,2,3)
A=1[1234;56 7 8;9 10 11 12];

set A to the 3x4 matrix with rows 1,2,3,4 etc.
x(2) =7 change X from (1,2,3) to (1,7,3)
A(2,1) =0 change A, | from 5 to 0

Arithmetic and functions of numbers:

3*4, 7+4, 2-6 8/3  multiply, add, subtract, and divide numbers
377, 37 (8+2i) compute 3 to the 7th power, or 3 to the 8+2i power

sqrt(-5) compute the square root of —5

exp(12) compute e!2

1og(3), 10g10(100) compute the natural log (In) and base-10 log (log;,)
abs(-5) compute the absolute value |-5]

sin(5*pi/3) compute the sine of 57/3

besselj(2,6) compute the Bessel function J {6)

Arithmetic and functions of vectors and matrices:
x * 3 multiply every element of X by 3

x + 2 add 2 to every element of X

x + y element-wise addition of two vectors X and y

A * y product of a matrix A and a vector Yy

A * B product of two matrices A and B

x * y not allowed if x and y are two column vectors!

x .* y element-wise product of vectors X and y
AN3 the square matrix A to the 3rd power

X3 not allowed if X is not a square matrix!
x."3  every element of X is taken to the 3rd power

cos(x) the cosine of every element of x
abs(A) the absolute value of every element of A
exp(A) e to the power of every element of A

sqrt(A) the square root of every element of A
expm(A) the matrix exponential A
sqrtm(A) the matrix whose square is A

Transposes and dot products:

X", A" the transposes of x and A
X", A" the complex-conjugate of the transposes of x and A
X" *y the dot (inner) product of two column vectors x and y

linspace(1.2,4.7,100)

row vector of 100 equally-spaced numbers from 1.2 to 4.7
7:15 row vector 0f7,8,9,...,14,15
diag(x)

Portions of matrices and vectors:

x(2:12) the 2nd to the 12th elements of X

x(2:end) the 2nd to the last elements of X

x(1:3:end) every third element of X, from 1st to the last

x(2) all the elements of x

A(5,2) the row vector of every element in the Sth row of A
A(5,1:3) the row vector of the first 3 elements in the 5th row of A
A(:,2) the column vector of every element in the 2nd column of A
diag(A) column vector of the diagonal elements of A

Solving linear equations:

A\Db for A a matrix and b a column vector, the solution X to Ax=b
inv(A) the inverse matrix A~!

[L,U,P] = 1u(A) the LU factorization PA=LU

eig(p) the eigenvalues of A

the columns of V are the eigenvectors of A, and
the diagonals diag(D) are the eigenvalues of A

[V.D] = eig(A)

Plotting:

plot(y) plot y as the y axis, with 1,2,3,... as the X axis
plot(x,y) plot y versus X (must have same length)

plot(x,A) plot columns of A versus X (must have same # rows)

loglog(x,y) ploty versus X on a log-log scale
semi logx(x,y) plot y versus X with X on a log scale
semilogy(x,y) plot y versus x with y on a log scale
fplot(@(x) ..expression..,[a,b])

plot some expression in X from x=a to X=b
axis equal force the x and y axes of the current plot to be scaled equally
title("A Title") add a title A Title at the top of the plot
xlabel ("blah") label the x axis as blah
ylabel ("blah") label the y axis as blah
legend("foo","bar") label 2 curves in the plot foo and bar
grid include a grid in the plot
figure open up a new figure window

dot(x,y), sum(x.*y) ...two other ways to write the dot product
X *y*" the outer product of two column vectors X and y

http://web.mit.edu/18.06/www/Spring09/matlab-cheatsheet.pdf

matrix whose diagonal is the entries of X (and other elements = 0)



How | did it
Stats=1e7/;

rO=rand(Stats,1);

r1=floor(2.*r0);

n_heads(1)=r1(1);

for t=2:Stats; n_heads(t)=n_heads(t-1)+rl(t); end;
tp=[1, 10,100,1000, 10000, 100000, 1000000, 10000000]
np=n_heads(tp)

fp=np./tp

figure; semilogx(tp,fp,'ko-');

hold on; semilogx([1,10000000],[0.5,0.5],'r--");
figure; loglog(tp,abs(fp-0.5),'ko-');

hold on; loglog(tp,0.5./sart(tp),'r--');



Proportion of heads

Y: proportion of heads among X coin spins
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Proportion of heads among 1,000,000,000 coin tosses
(10> more than Kerrich) took me 33 seconds on my Surface Book
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Y: deviation of probortion of heads from 0.5
P among X coin spins
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Central Limit Theorem
Known since 1733 "™
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Two definitions of probability

e (1) STATISTICAL PROBABILITY: the relative
frequency with which an event occurs in the
long run

e (2) INDUCTIVE PROBABILITY: the degree of
belief which it is reasonable to place in a
proposition on given evidence

Bulmer, M. G.. Principles of Statistics (Dover Books on Mathematics)



Inductive Probability

An inductive probability of an event the
degree of belief which it is rational to place

in @ hypothesis or proposition on given
evidence.

Logical



Principle of indifference

* Principle of Indifference states that two events
are equally probable if we have no reason to
suppose that one of them will happen rather
than the other. (Laplace, 1814)

Pierre-Simon,

. : - marquis de Laplace
Unbiased coin: (1749 —1827)

probability Heads = French mathematician,
probability Tails = % physicist, astronomer

 Symmetric die:
probability of each side =1/6




Inductive probability can lead to trouble

Glass contains a mixture of wine and water

We know: proportion of water to wine can be anywhere
between 1:1 and 2:1

We can argue that the proportion of water to wine is
equally likely to lie between 1 and 1.5 as between 1.5
and 2.

Consider now the ratio of wine to water. This quantity
must lie between 0.5 and 1, and we can use the same
argument to show that it is equally likely to lie between
1/2 and 3/4 as it is to lie between 3/4 and 1.

But this means that the water to wine ratio is equally
likely to lie between 1 and 4/3=1.333... as it is to lie
between 1.333.. and 2

This is clearly inconsistent with the previous calculation
Bertrand’s paradox



Inductive probability
relies on combinatorics
or the art of counting
combinations



Counting — Multiplication Rule

* Multiplication rule:

— Let an operation consist of k steps and
* n, ways of completing step 1,
* n, ways of completing step 2, ... and
* n, ways of completing step k.
— Then, the total number of ways or outcomes are:
* n, *n,*.*n,
 Example:

— S={A, C, G, T} the set of 4 DNA bases
— Number of k-mers is 4k=4*4*4.. *4 (k —times)
Important example: 64 triplets in the genetic code

— A protein-coding part of the gene is typically 1000 bases long
There are 41000= 22000~ 10600 nhossible sequences of
just one gene. Or (10090)2>,000=1 015,000,000 of 25 000 human
genes.

For comparison, the Universe has between 1078 and 10%° atoms
and is 4*10'/ seconds old.



Counting — Permutation Rule

A permutation is a unique sequence of distinct
items.

If S={a, b, c}, then there are 6 permutations
— Namely: abc, acb, bac, bca, cab, cba (order matters)

# of permutations for a set of n items is n!

n! (factorial function) = n*(n-1)*(n-2)*...*2*1
71 =7*6*5*4*3*2*1 = 5,040

By definition: 0l =1



Counting - Similar Item Permutations

e Used for counting the sequences when not all
the items are different.

* The number of permutations of:

—n=n,+n,+..+n_items of which
* n, are identical,
* n, are identical, ..., and

n!

* n, are identical.

* Iscalculatedas:  Nn!n,!..n!
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