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Vectors and Matrices

colon operator :

1:10
v=1:2:10

ans =
1 2 3 4 5 6 7 8 9 10
Vv =
1 3 5 7 9
Pointwise multuplication and powersof arrays: A. * Band A. *3 (A*B is-matrix- multiplication)
v_sqaured = v.”"2

fprintf('normof v =% =% = %\n'", normv), sqrt(dot(v,vVv)),
sum(v."2) . 5)

v_sqaured =

1 9 25 49 81
normof v = 12.845233 = 12.845233 = 12.845233
I i nspace()

I i nspace(1, 3,7)
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ans =
1. 0000 1. 3333 1. 6667 2. 0000 2.3333 2.6667 3. 0000

Somefunctions: size(A), min(A), max(A), sin(A), sum(A), mean(A), isprime(A), A*A prod(A,1), A + 3,
A "2, 2*A, A+A, cross(v,w), find(A==13), union(v,w)

Other ways of creating arrays:

eye(3), zeros(3), ones(3,4), diag([1 2 3]), rand(3,4), randn(1, 100),
rand( 3, 4, 2) (3-dim array)

md=magi c(4) % nmagi ¢ square!
sum col s =sum nd) % sum of col ums
sumrows = sum(md, 2) % sum of rows

sum di agnoal = sun(diag(m)) % sum of diagonals
m =
16 2 3 13
5 11 10 8
9 7 6 12
4 14 15 1
sumcol s =
34 34 34 34
sumrows =
34
34
34
34
sum di agnoal =
34

A random = randi ([-3,5], 3, 7) %a random 3*7 matrix of integers
between -3 and 5
rank_A = rank(A_random

A random =
4 -1 -2 1 2 -1 0
-1 5 -1 0 1 3 2
4 0 2 4 5 3 -3
rank_A =
3

nul | ( A) : Anorthornomal basisfor the null space of matrix A

null _A = null (A_random

mat ri x_di mensi ons = size(null _A)

% verify orthonormality by showing null A * null A = 4*4 identity
mat ri x

normof_difference = norm(null_A" * null_A - eye(4))
fprintf('verifying orthonormality, i.e., null_A"' * null_A = eye(4).
In fact normof the difference = % 15f\n", norm.of _difference)

null _A =
-0.3241 -0.5346 -0.0018 0.1021
-0.0680 -0.2468 -0.5029 -0.2662
-0.3141 -0.2148 -0.3684 0. 4663
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0. 8593 -0.1623 -0.1263 0.1212
-0. 1816 0. 7500 -0.1781 0. 0953
-0. 1039 -0. 1241 0.7499 0. 0539
0. 0977 0. 0535 0. 0365 0.8213
mat ri x_di nensi ons =
7 4
norm of difference =
2.4252e-16
verifying orthonormality, i.e., null A" * null_A = eye(4). In fact
norm of the difference = 0.000000000000000

Indexing: accessing array elements

% *submatri ces*
p5 = pascal (5) % binom al coefficient
p5([1 3 5], [1 3])

p5(3:5,:)
pS =
1 1 1 1 1
1 2 3 4 5
1 3 6 10 15
1 4 10 20 35
1 5 15 35 70
ans =
1 1
1 6
1 15
ans =
1 3 6 10 15
1 4 10 20 35
1 5 15 35 70

Cholesky decomposition of a symmteric matrix: chol ( A)

¢ = chol (p5)
is_correct = isequal (c'*c, p5) Yerify correctness of chol esky
deconposition

c =

1 1 1 1 1
0 1 2 3 4
0 0 1 3 6
0 0 0 1 4
0 0 0 0 1

is_correct =
1

logical indexing

p5(p5 < 5)=0

pS =
0 0 0 0 0
0 0 0 0 5




FJ Matlab Tutorial

0 0 6 10 15
0 0 10 20 35
0 5 15 35 70

indexing to new shape and end keyword

a =110
a([3 468 47829]) %preserving shape of indexing
a(3:end) % end key word

a(1l:4:end)
a =
1 2 3 4 5 6 7 8 9 10
ans =
3 4 6 8
4 7 8 9
ans =
3 4 5 6 7 8 9 10
ans =
1 5 9

Reshpaing Arrays
Concatenating matrices

A = ones(2,3)*5; %2 by 3 matrix of all 5's.

B=r and( 2, 3); %2 by 3 matrix of uniform[0,1] random nunbers
C=[A;B] %cat horizontal (B bel ow A)

D=[A,B] %cat vertical (B to right of A

C =
5. 0000 5. 0000 5. 0000
5. 0000 5. 0000 5. 0000
0. 0540 0. 7792 0. 1299
0. 5308 0. 9340 0. 5688
D =
5. 0000 5. 0000 5. 0000 0. 0540 0. 7792 0. 1299
5. 0000 5. 0000 5. 0000 0. 5308 0. 9340 0. 5688

Deleting rows and columns

D:, 4) =[] %deleting one colum
C([2 3], :) =[] %deleting two rows

D =
5. 0000 5. 0000 5. 0000 0.7792 0. 1299
5. 0000 5. 0000 5. 0000 0. 9340 0. 5688

5. 0000 5. 0000 5. 0000
0. 5308 0. 9340 0. 5688

transpose, revel, reshape
C transpose = C % transpose

Cravel =C(:)' %ravelling
C(3,6)=99 % assinging out of array bounds expand array
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md_r esphape
a 2*8 mtri
C _transpose
5. 0000
5. 0000
5. 0000
Cravel =
5. 0000
C =
5. 0000
0. 5308
0
md_r esphape
16 9
5 4
Plotting

0. 5308
0. 9340
0. 5688

0. 5308
5. 0000

0. 9340
0

11

reshape(magi c(4),

[2,8])
5.0000  0.9340
5. 0000 0
0. 5688 0
0 0
7 3 6 13
14 10 15 8

% reshaping a 4*4 matrix into

5. 0000 0. 5688
0 0
0 0
0 99.0000
12
1

ezpl ot () - just give (optionaly) the range (usally as [a,b]). Has symbolic version too: syms X v;

ezplot(x"2)

ezpl ot (' gamma(x)"',[-4,5]),

grid on % gammua f

and negative integers

unction: has ploes at 0

13

10

10

ezpl ot (' (x"2+y~2) A2=20% (xA2-yA2)" )

%inplicit
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(x*+y?)*=20 (x*-y?)

parametric 3D: ezpl ot 3() (ezplot() does 2D parametrix), e.g., ezplot(‘cos(3*t)', 'sin(2*t)")

ezplot3('sin(t)", " cos(t)',"t",[0,6*pi])
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x = sin(t), y = cos(t), z=1

x-y plotting: pl ot () (asofplot())

X = -3:.1:3;
y = exp(-x."2);
pl ot (X, y)

grid on, xlabel('x"), ylabel ("y"), title('exp(-x"2) G aph')
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axp{-xijl Graph

04k "\ 4
o3l H"n .

02 E

01 B

Plotting two curves Either use "hold on" or plot(x,y1,x,y2)

X = -5:.2:5;
plot(x, sin(x), x, cos(x), '--"), legend('Sin(x)", "Cos(x)"), grid on
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— Sinfx)
— — Coslx)

08 -

06 F 3
04+ Y

02k §

0.4 ¢ A _|'

\ :
0.6 - i '"-H .

0.8 F |

Surfaceplot: ezsur f () orezsurfc() toaso seethe contours

ezsurf('sin(sqrt(x"2+y"2)) / sqrt(x"2+y"2)') % may use a different
domain , e.g. [-7,7] (applicable to both x y), or [-7,7,-4,4]
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sin{sqri{x“+y?))/ sqri(x®+y?)

Surfaceplot: surf () orsurfc() toaso seethe contours

[x,y] = meshgrid(-2:.1:2);
g =X .* exp(-x."2 - y."2);
surfc(x, vy, 0)

10
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)‘;“"i‘
-M?;
il #"‘
i !‘9’ ‘

Contour plot: ezcont our f ()

ezcontourf('sin(3*x)*cos(x+y)',[0,5])
% col ormap(' spring') % changing col or

11
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sin(3 x) cos(x+y)

Polar coordinatee: pol ar () orsimply ezpol ar (' si n(4*t)")
ezpol ar('sin(4*t)")
% 0: 0. 01: 2*pi ;

% sin(4*t);
%ol ar(t, r, 'red") %this renders in red

12
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270

r=zin(4 1)

Histogram: hi st ogr am()

X = randn(10000,1); 90000 random nornal s
hi st ogr am( x)

13
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sm T T T T T T T

Scatter Plot : scatter ()

= |linspace(0, 10, 50);
=4 + x/2 + 2*randn(1, 50);

X
y .
scatter(x,y), Isline

14
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Random numbers

First, initialize the random number generator to make the results in this example repeatable.

rng(0, twister') %reset the seed
r_uniform= rand(1,6) % unifrom][O, 1]

r_integers = randi (12,2,9) %2 by 9 matrix of randominteger between 1

and 12
r_normal = randn(1,6) % nornal
nmean_std = [nmean(r_normal ), std(r_normal)] % nean and std

r_permutation = randpernm(15,10) %a |ength 10 random pernuati on of 15
el enent

r_uniform=
0. 8147 0. 9058 0.1270 0.9134 0.6324 0. 0975
r_integers =

4 12 2 12 10 6 10 8 11
7 12 12 6 2 11 12 1 12
r_normal =
0. 4889 1.0347 0.7269 -0. 3034 0. 2939 -0.7873
mean_std =

15
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0. 2423 0. 6759
r_pernutation =
9 6 10 12 3 13 4 15 11 2

Linear Equations

matrix multipication, det () , etc.

pointwise add = [2 3 -2] + [45 7] %ointwise nmultplication (for
vectors, matrices (all arrays))

pointwise mult =[2 3 -2] .* [45 7] %ointwise nultplication (for
vectors, matrices (all arrays))

A = magic(3);

matrix_multp = A* A %= A2, matrix nmultiplication

det _A = det(A) %simlarly trace(A)

poi ntwi se_add =
6 8 5
poi ntwi se_nult =
8 15 -14
matrix_nultp =
91 67 67
67 91 67
67 67 91
det A =
- 360

inver se and solution

inverse = inv(A) %inverse
x = linsolve(A [1 0 0]") %inear solve
x= A\ [1, 0, 0]' %sane |inear solve, but shorter

i nverse =
0.1472 -0. 1444 0. 0639
-0.0611 0. 0222 0. 1056
-0.0194 0. 1889 -0.1028

0. 1472
-0. 0611
-0.0194

0. 1472
-0. 0611
-0.0194

eigen values and eignen vectors

ei genval ues = ei g(A) % ei genval ues
[V,Dl = eig(A %eigen vectors and eigen val ues

ei genval ues =
15. 0000
4.8990
-4.8990

16
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V =
-0.5774 -0.8131 -0. 3416
-0.5774 0.4714 -0.4714
-0.5774 0. 3416 0. 8131
D =
15. 0000 0 0
0 4.8990 0
0 0 -4.8990
Least Square Linear Regression:
short way using X \y
x1 =[.2.5.6.81.01.1]";
x2 =[.1.3.4.91.11.4]";
X = [ones(size(x1)) x1 x2];
y = [.17 .26 .28 .23 .27 .34]";
b=X\vy
bh =
0.1203
0. 3284
-0.1312

long way using Iscov(X,y). But can also return standard error of coefficients amd mean square error

[b,se_b,mse] = lscov(XYy)
b =
0.1203
0.3284
-0.1312
se b =
0. 0643
0. 2267
0.1488
nee =
0. 0015

polynomial curvefitting

x =[123456]; y=1[5.543.1128 290.7 498.4 978.67]; %lata
p = polyfit(x,y,4) % ax*4 + bx"2 + .
response_vs fitted = [y; polyval (p, x)]
p =
4.1056 -47.9607 222.2598 -362.7453 191.1250
response_vs fitted =
5.5000 43.1000 128.0000 290.7000 498.4000 978.6700
6.7844  36.6780 140.8440 277.8560 504.8220 977.3856

Optimization

For maximizing f(x), minimize -f(x)

17
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onevariable: f m nbnd() . Can further use
opts = optinmset (' Display',"iter");

To find the minimum of the humps function in the range (0.3,1), use pointer to function @humps

X fm nbnd( @wunps, 0.3,1) % @wunps is pointer to the hunps(x) funtion

0.6370

several variables: f nmi nsear ch() Find aminimum for "three_var()" function using x =-0.6, y = -1.2,
z=0.135 as starting values.

v =[-0.6 -1.2 0.135]; %nitial search

fun = @v) v(1).722 + 2.5*sin(v(2)) - v(3)"2*v(1)"2*v(2)"2;

fm nsearch(fun, v)

% m nsearch(@hree_var, v) %here three var() is defined in an mfile

ans =
0. 0000 -1.5708 0. 1803

Nonlinear Least Square

I sqcurvefit () :from Optimization toolbox. Below solving a Phyical BioChem problem

xdat a [ 50, 55, 60, 65, 70, 75, 80, 85, 90] ;

ydata = [3.4,3.3,3.2,2.5,1.4,.25,.12,-0.1,-0. 25];

logistic fun = @x, xdata)(x(1)-x(2))./(1l+exp(x(3)*(xdata-x(4)))) +
x(2);

x0 = [3.5,-0.3,0.25, 69.2];

options = optinoptions('lsqgcurvefit', Display',' none'); %so as to
suppress war ni ng out put

x = Isqcurvefit(logistic_fun, x0, xdata, ydata, [], [], options) % X =
| sgcurvefit(fun, x0, xdat a, ydat a)

tinmes = linspace(xdata(1l), xdata(end));

pl ot (xdat a, ydata, ' ko' ,tines,logistic_fun(x,tinmes), ' b-")

grid on, title('Nolinear |east square fit to the Logistic Curve')

X =
3. 4006 -0. 1609 0.2908 68. 9322

18
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. MNolinear least square fit to the Logistic Curve
- T T T T T T T

a0 =k a0 63 70 73 80 83 a0

Numeric Root Finding

Numeric one equation in one unknown: f zer o()
fzero() admitsaninterva or point asinitial search, and has options
Calculate 7 by finding the zero of the sine function near 3.

fun = @in; % function
x0 = 3; %initial point
x = fzero(fun, x0)

X =
3. 1416

Find the zero of cosine between 1 and 2.

fun = @os; % function
x0 =[12]; %initial interval
[x,fval ,exitflag, output] = fzero(fun, x0)

X =
1.5708
fval =
6.1232e- 17
exitflag =
1
out put =

19
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intervaliterations: O
iterations: 5
funcCount: 7
al gorithm 'bisection, interpolation
nmessage: 'Zero found in the interval [1, 2]'

root of polynomialsr oot ()
roots([1 0 -2 -5]) %x"3 -2x -5

ans =
2.0946 + 0.0000i
-1.0473 + 1.1359i
-1.0473 - 1.1359i

root of function with parameter

nmyfun = @x, c) cos(c*x); % paraneterized function
c = 2; % par anet er

fun = @x) nyfun(x,c); % function of x al one

x = fzero(fun, 0.1)

X =
0. 7854

numeric multivariable: f sol ve() of Optimization Toolbox. Passinitial guess
root2d=@x) [ exp(-exp(-x(1)+x(2))) - x(2)*(1+x(1)"2), x(1l)*cos(x(2)) +

x(2)*sin(x(1)) - 0.5];
x = fsolve(root2d, [0,0])

Equati on sol ved.

fsol ve conpl eted because the vector of function values is near zero
as neasured by the default value of the function tol erance, and
t he probl em appears regul ar as nmeasured by the gradient.

0. 3931 0. 3366
To supress warning output, call f sol ve() with option:

options = optinoptions('fsolve','Di splay',"'none');
x = fsolve(root2d, [0,0], options)

X =
0. 3931 0. 3366

Symbolic Root Finding

Symbolic one equation in one unknown: sol ve()

syms a b c x
sol = solve(a*x"2 + b*x + ¢ == 0) %inplicity x is assunmed as unknown

20
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sola = solve(a*x"2 + b*x + ¢ == 0, a)

Warni ng: The solutions are valid under the follow ng conditions: (b +
(br2 -

4d*a*c)M(1/2))/a < 0;

(b - (b*"2 - 4*a*c)”~(1/2))/a < 0.

To include parameters and conditions in the solution, specify the
"ReturnCondi ti ons' option

sol =
-(b + (b*2 - 4*a*c)~(1/2))/(2%a)
-(b - (b*2 - 4*a*c)~(1/2))/(2%a)

sola =

-(c + b*x)/x"2

Symbolic numeric one equation in one unknown: vpasol ve()

Syns x
vpasol ve(200*si n(x) == x"3 - 1, x)

vpasol ve(200*si n(x) == x*3 - 1, X, 4) %wth initial value 4
vpasol ve(200*sin(x) == x"3 - 1, x, [-5,-3]) %in interval [-4,-3]
ans =

- 0. 0050000214585835715725440675982988

ans =

3. 0098746383859522384063444361906

ans =

- 3. 0009954677086430679926572924945
Symbolic two equationsin two unknowns: sol ve()

Syms u v
[u,v]=solve([2*ur2 + v*2 == 1, u - 2*v == 0], [u, Vv]) %2 dinensiona

u =
-2/3
2/ 3
Vv =
-1/3
1/3

Symbolic numeric two equationsin two unknowns: vpasol ve()

syns Xx vy
[sol _x, sol _y] = vpasolve([x*sin(10*x) == y*3, y*"2 == exp(-2*x/3)],
[x, y])

sol _x =

88.90707209659114864849280774681

sol _y =

0. 00000000000013470479710676694388973703681918

Symbolic Calculus

limit

21
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Syms X

a=1limt((1-cos(x))/x"2, 0) %imt
b =1limt(abs(x)/x, x, 0, "right")
a =

1/2

b =

1

series

syms k n x

S1 symsum( k™2, k, 0, n) % finite sum

S2 symsum( 1/ k*2, k, 1, Inf) %infinite series
S3 = synmsum(x*k, k, 0,1 nf) % geontric series

Sl =

(n*(2*n + 1)*(n + 1))/6

S2 =

pi ~2/ 6

S3 =

piecewise([x <1, -1/(x - 1)], [1 <=x, Inf])

derivative

syms t

f = 3*t"2 + 2*t1~(-2);

diff(f) %derivative
diff(f,2) %second derivative

ans =
6*t - 4/t"3
ans =

12/t"4 + 6

integral

syms t

f = 3*t"2 + 2*t"(-2);

int(f) %integral

int(f,1,2) %definite integral
ans =

(t~4 - 2)/t

ans =

8

numerical integration

x
J[ ¢ log i x)dr
il

fun = @x) exp(-x.72).*log(x)."2;
i ntegral (fun, 0, Inf)

22
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1. 9475
algebra

syns Xx vy
expand( cos(x+y))
factor(x"3 - y"3)
simplify((x"4-16)/(x"2-4))

ans =
cos(x)*cos(y) - sin(x)*sin(y)
ans =

[ X -y, x"2 + x*y + y"2]

ans =

X"2 + 4

Symbolic Vector Calculus

curl (F) of avector field F.

Syns X y z
F = [ x"3*y"2*z, y"3*z"2*x, z"3*x"2*y];
curl _F =curl (F, [x, vy, z])

curl _F =
XN2*z"3 - 2*x*y"3*z
X/\3*y/\2 - Z*X*y*zl\3
- Z*X/\a*y*z + y/\3*zl\2

potential function for a conservative vector field F : given F with curl(F)=0 find function f with grad(f)
=F

syms x y z F f

F=1[x;y z*exp(z)]

curl _ F=vcurl(F)' %verify cur(F) =0

f = potential (F, [x Yy z])

grad_ f mnus_ F = sinmplify(gradient(f)-F)' %verify grad f = F

F =
X
y
z*exp(z)
curl _F =
[ 0, O, 0]
f =

xN2/2 + yh2/2 + exp(z)*(z - 1)
grad_f_mnus_F =
[ 0, O, 0]

potential vector field for an incompressiblevector field F: given Fwith div(F)=0, find Pwith curl(P) = F
syms x y z F P

F = [2*y"3 - 4*x*y; 2*y"2 - 16%*z72+18; -32*x"2 - 16*x*y"2];
div_F = divergence(F) %verfiry div(F)=0

23
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P = vectorPotential (F, [x y z]) %solve for the potential P
curl _P mnus_F = simplify(curl (P)-F)" %verify curl(P) = F

div_F =

0

P =

z*(2*y"2 + 18) - (16*z"3)/3 + (16*x*y*(y"2 + 6*X))/3
2*y*z*(- y/\2 + 2*X)

0
curl P mnus F =
[ 0, 0, O]

L aplacian: same as grad(div(f))

Syms X y z

f(Xx,y,z)=1/sqgrt (x"2+y"2+z"2)

L = laplacian(f, [xy z]); %In the sense of generalized functions, L
is the Dirac delta function at the origin

L f = sinplify(L)

f(x, y, z) =

1/ (x"2 + ynh2 + z"2)"(1/2)
L f(x, vy, z) =

0

Symblic Ordinary Differential Equations

First order ODE: linear, variable coefficient, homogenous

s = dsolve(' Dy = 5*t*y")

s = dsolve(' Dy = 5*t*y', 'y(0)=3")
S =

C5* exp( (5%t "2)/ 2)

S =

3*exp((5*t"2)/2)
First order ODE: nonlinear

s=dsol ve(' (Dy+y)"2 == 1")

% al ternative syntax

synms x(t)

x(t) = dsolve((diff(x,t) + x)*2 == 1, x(0) == 0)

S =
ClO*exp(-t) +
Cli*exp(-t) -

x(t) =
exp(-t) - 1
1 - exp(-t)

1
1

Second order ODE: linear, inhomogenous

s=dsol ve(' D2y = cos(2*t) - y', 'y(0) =1, "Dy(0) = 0");
s= sinmplify(s)

24
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% al ternative syntax

syms y(x)

Dy = diff(y);

y(x) dsolve(diff(y, x, x) == cos(2*x) - vy, y(0) == 1, Dy(0) == 0);
y(x) = sinplify(y)

s
1 - (8*sin(t/2)"4)/3

y(x) =

1 - (8*sin(x/2)"4)/3

Third order ODE: linear, homogenous

syms u(x)

Du = diff(u, x);

D2u = diff(u, x, 2);

u(x) = dsolve(diff(u, x, 3) ==u, u(0) ==1, Du(0) == -1, D2u(0) ==
pi)

u(x) =

(pi*exp(x))/3 - exp(-x/2)*cos((3"(1/2)*x)/2)*(pi/3 - 1) -
(37(1/2)*exp(-x/2)*sin((3"(1/2)*x)/2)*(pi + 1))/3

System of ODE: linear homogenous

syms f(t) g(t)

[fSol (t) gSol (t)] = dsolve(diff(f) == 3*f + 4*g, diff(g) == -4*f +
3%9)

%wthinitial condition:

[fSol O(t) gSolO(t)] = dsolve(diff(f) == 3*f + 4*g, diff(g) == -4*f +
3*g, f(0) == 0, g(0)==1)

fSol (t) =

C23*cos(4*t) *exp(3*t) + C22*sin(4*t)*exp(3*t)

gSol (t) =

C22*cos(4*t) *exp(3*t) - C23*sin(4*t)*exp(3*t)

fSolO(t) =

sin(4*t)*exp(3*t)

gSol O(t) =

cos(4*t)*exp(3*t)
System of ODE: linear, inhomogenous using matrix form

syms x(t) y(t)

A=1[12 -11];
B=1[1 t];
Y =[x y];

eqn = diff(Y) == A*Y + B
[xSol (t) ySol (t)] = dsolve(eqn);

xSol (t) = sinplify(xSol (t))
ySol (t) = simplify(ySol (t))
eqn(t) =

diff(x(t), t) == x(t) + 2*y(t) + 1
diff(y(t), t) ==t - x(t) + y(t)
xSol (t) =
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(2*t)/3 + 27 (1/2)*C27*exp(t)*cos(27(1/2)*t) +

27 (1/ 2)*C26*exp(t)*sin(27(1/2)*t) + 1/9

ySol (t) =

C26*exp(t)*cos(2”r(1/2)*t) - t/3 - Q7*exp(t)*sin(2r(1/2)*t) - 2/9

Symbolic Laplace and Fourier Transforms

Laplacetransform

synms st ab
| apl ace(t”™9)
| apl ace(exp(-b*t))
| apl ace(sin(a*t))

ans =
362880/ s710
ans =

1/ (b + s)

ans =

al (a"2 + s”2)

inverse Laplace transform

i | apl ace(1/s"7)
il apl ace(al/(s"2 + an2))
il apl ace(s"2/(s"2 + a"2))

ans =
t"6/ 720

ans =

sin(a*t)

ans =

dirac(t) - a*sin(a*t)

Fourier and inverse Transforms

Syns x w
f = exp(-2*x"2); %our function

FT = fourier(f) % Fourier transform

f = ifourier(-2*exp(-abs(w))) % inversre Fourier transform

FT =
(27(1/2) *pi A(1/ 2) *exp(- w2/ 8) )/ 2
f =

-2/ (pi *(x72 + 1))

Tables (dataframes)

Tables are equivalent of R dataframes for data analysis

LastName = {' Smith';' Johnson' ;' Wllians';" " Jones'; 'Janes'};
Age = [38;43; 38;40; 63];

Hei ght [71; 69; 64; 67; 70] ;

Wi ght [176; 163; 131; 133; 190];
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Bl oodPressure = [124 93; 109 77; 125 83; 117 75; 132 85];
T = tabl e(Age, Hei ght, Wi ght, Bl oodPressure, . .
" RowNanes' , Last Nane)

T =
Age Hei ght Wi ght Bl oodPr essure
Smith 38 71 176 124 93
Johnson 43 69 163 109 77
WIIlians 38 64 131 125 83
Jones 40 67 133 117 75
James 63 70 190 132 85

writetabl e(), readtable() readandwritetablesto files with choce delimter, header, etc.

% * Accessi ng dat a*

T([ 2 3],:) %as table

T{[2 3],:} %as data (matrix)
T.Height %or T.(2)

T(T. Age>38, :)

ans =
Age Hei ght Wi ght Bl oodPr essure
Johnson 43 69 163 109 77
WIlians 38 64 131 125 83
ans =
43 69 163 109 77
38 64 131 125 83
ans =
71
69
64
67
70
ans =
Age Hei ght Wi ght Bl oodPr essure
Johnson 43 69 163 109 77
Jones 40 67 133 117 75
Janes 63 70 190 132 85

Data Import and File I/O

Writing numerial array tofile: dl mw it e() . Reading: dl nr ead()

dlmwite(' magi c5.txt', magic(5), ' ');
nb=dl nread(' magi c5.txt') % or nb=i nportdata(' magi c5.txt").

nb =
17 24 1 8 15
23 5 7 14 16
4 6 13 20 22
10 12 19 21 3
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11 18 25 2 9
Haslow level file|O similar to C

Writing afileby f open(, ' W)

x = 0:.5:3;
y = [x; log(x); exp(x)];
fid = fopen('logtable.txt', "w);

fprintf(fid, 'x log x exp_x\n');

fprintf(fid, "% % %\n', y); %two values appear on each row of the
file, i.e., print the transpose

fclose(fid);

type logtable.txt %lisplay the file created

X log x exp_x

0. 000000 -Inf 1.000000

0. 500000 -0.693147 1.648721
1. 000000 0.000000 2.718282

1. 500000 0. 405465 4.481689

2. 000000 0.693147 7.389056

2.500000 0.916291 12.182494
3. 000000 1.098612 20. 085537

Reading afileby f open(, ' r")

fid = fopen('logtable.txt', "r");
header = fscanf(fid, '%', 3)
linel = fscanf(fid, "% ', 3)'
line2 = fscanf(fid, "% ', 3)'

fclose(fid);
header =
x| og_xexp_x
linel =
0 -Inf 1
line

2 =
0.5000 -0.6931 1. 6487

Importing dataintoat abl e: r eadt abl e()

t = readtable('logtable.txt', "delimter', 'space')
t =
X | og_x exp_x
0 - | nf 1
0.5 -0. 69315 1. 6487
1 0 2.7183
1.5 0. 40547 4.4817
2 0. 69315 7.3891
2.5 0.91629 12. 182
3 1. 0986 20. 086

Importing datainto a structure: i nport dat a()
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delimter ="
headers = 1;
s = inportdata('logtable.txt") %or s = inportdata('logtable.txt",

delimter, headers)
data = s.data

S =
data: [7x3 doubl €]
textdata: {'x" 'log x' ‘'exp X'}
col headers: {'x'" 'log_x' ‘'exp_ x'}
data =
0 - | nf 1. 0000
0.5000 -0.6931 1.6487
1. 0000 0 2.7183
1. 5000 0. 4055 4.4817
2. 0000 0. 6931 7.3891
2.5000 0. 9163 12.1825
3. 0000 1.0986 20. 0855

To copy datafrom clipboardto A use' - past especi al ' :
A = inportdata(' -pastespecial")

array2tabl e(A), table2array(), sumrary(), size(),
T.Properties. Vari abl eNames, T.Age=[], T(1,:)=]

Programming: functions, while, for, if, else,
and, or, not

anonymous function. Can be passed as pointer to function in fzero(), etc

power = @Xx, n) X.”"n;
power ([1 2 3], 3)

ans =
1 8 27

.m file scripts can contain anonymous function defintions, but not .m-file function defintions (neither can
the interactive shell)

.m file functions can contain sub functions or nested functions but only first function is seen from outside.
An .m file function can return one or several values
function F = root2d(x)

F(1) = exp(-exp(-x(1)+x(2))) - x(2)*(1+x(1)"2);

F(2) x(1)*cos(x(2)) + x(2)*sin(x(1)) - 0.5;
end % returns a vector F

function [x1,x2] = quadratic(a,b,c)
d = disc(a,b,c);
x1 = (-b +d) / (2*a);
X2 = (-b - d) / (2*a);

end % end of quadratic
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function dis = disc(a,b,c)
dis = sqrt(b”"2 - 4*a*c);
end % end of sub-function

if, else (and, or)

a = 100;
if a==10 || a ==
fprintf('Value of a is 10 or 5\n" );
elseif ( a == 20 && a ~= 30)
fprintf(' Value of a is 20\n" );
el se
fprintf(' None of the values are matching\n');
fprintf(' Exact value of ais: %\n', a);
end

None of the val ues are natching
Exact value of a is: 100

whileloop

a = 10;

while( a < 13)
fprintf('value of a: %l\n', a);
a=a+ 1,

end

val ue of a: 10
val ue of a: 11
val ue of a: 12

for loop (C style)

for a = 18:-2:14
di sp(a)

end

18
16
14

for loop (Python style)
for a = [24, 18,17, 23]

di sp(a- 10)
end

Environment and Commands

semicolon: suppresses output
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Continuation usean ellipsis.. . ., to continue the input on the next line.

Stop execution: press Ctrl+C or Ctrl+Break. on Mac, you can aso use Command+. (Command key and
the period key).

Intellisense: To see the parameter list of afunction, pause after typing "(".
code completition: type part of variable and press tab

cl ear x

cl ear x* %clear all variables starting with x
clearvars x y z

clc %clears screan

help fzero

format, format(long) % nunber of decimal digit display
quit %quit Matlab session

who % I1ist of variables

pwd % current directroy

path % matlab path of directories

x=i nput ("enter a nunber: ') %waits for an input
type 'filename.txt' %displays file content

Matlab Publish, Markup and Latex

Matlab Publish
Can save notebook as html or pdf (choose Publis/Edit Publishing Options/output file format.

Unfortuantely was not able to run Matlab from Jupyter notebook - probably due to lack of Matlab support
for Python 3.6.

So here | use Matlab's Publish utility (on the Publish tab of the main Matlab screen).

MatLab Markup

The first heading appears as notebook title, subsequent headings in table of contents.

Number of spaces after % determines format: O=comment, 1=normal font, 2 =preformatted, 3=code.

Thisis hyperlink: MathWorks, ITALIC TEXT, BOLD TEXT, MONOSPACED TEXT. Has bullet, image,
€tc too.

for x = 1:10
di sp(x) % CODE TEXT
end

Matlab Latex

Maltlab embeds (somewhat blurred) images of latex equations. Morover inline egautions like .| flx)dr

don't line up well.

Published with MATLAB® R2015b
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