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Initializing Vectors

= colon operator
= X =1:2:10
X =
1 3 5 7 9
= linspace(x1,x2,N) generates a row vector of N
linearly equally spaced points between x1 and x2
= X = linspace(10,20,5)
X =
10.00 12.50 15.00 17.50 20.00
= logspace(x1,x2,N) can be used for logarithmically
equally spaced points
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Vector Input to Functions

= You can call many built-in functions

with array inputs

= The function is applied to all elements

of the array

= The result is an array with the same

size as the input array

Vector Input to Functions

= Examples:

«Xx=[3-294-562];
= abs(x)

ans =

3 2 9 4 5 6 2

= sin( [ 0 pi/6 pi/4 pi/3 pi/2])

ans =

0 0.5000 0.7071 0.8660 1.0000

= a=1:5;

= log(a)
ans =
0 0.6931 1.0986 1.3863 1.6094
2-D Arrays 2-D Arrays

= Recall matrices and subarrays
« a=[1:2:7; 10:2:16 ] = a(?)

a= ans =

1 3 5 7 110

10 12 14 16 3

s [ X, y] = size(a) 12
X = 5
2 14

7

y =

4 16
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= Adding the elements of a matrix

[r,c] = size(a);

s=0;
for ii = 1:r,
for jj = 1:c,
s = s + a(ii,jj);
end

end
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2-D Arrays

= Adding the elements of a matrix (cont.)

= a=[1:2:7; 10:2:16 ]; = sum(a,2)

2-D Arrays
= Finding the maximum value in each row

l;r,c] = size(a;;

=zeros(r,1);
= sum(a) ans =
ans = 16 for i = 1:r,
11 15 19 23 52 m= a_("zgl)?
. sum(a.1) - sum(sum(@) ' (m <aifp),
ans = ans = m = a(ii,jj);
11 15 19 23 68 gnd
. . en
sum(a(:)) (i) = m;
ans = end
68
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2-D Arrays 2-D Arrays

= Finding the maximum value in each row (cont.)

= a=[1:2:7; 10:2:16 ]; = max(a,[],2)

= Replace elements that are greater than
t with the number t

= max(a) ans = [r,c] = size(a);
anslg 12 14 16 176 for ii = 1:r,
= max(max(a)) for jj = 1:c,
] ;ixia'[]'l) ans = it (ai,ji) > t),
10 12 14 16 16 a(ii,jj) = t;
« max(a(:)) end
ans = end
16 end
2-D Arrays Array Operations

= Replace elements that are greater than
t with the number t (cont.)

a(a>t)=t

(“a>t" is a logical array)
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= Scalar-array operations

« x=1:5
X =
1 2 3 4 5
sy =2*x - scalar multiplication

2 4 6 8 10
= Z2=X+10 - scalar addition
7=
11 12 13 14 15
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Array Operations

= Array-array operations
(element-by-element operations)
= x=[12345]; y=[2-143-2];
nZ=X+Yy
=
3 1 7 7 3
= Z=X.*y
2 2 12 12 -10
sz=x.Yy
Z =
0.5000 -2.0000 0.7500 1.3333 -2.5000
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Array Operations

= Array-array operations
(element-by-element operations)
s Z=X.1Yy
= 7=
1.00 0.50 81.00 64.00 0.04
= Use .*, ./, . for element-by-element
operations

= Array dimensions must be the same

Fall 2004 Cs111 14

Loops vs. Vectorization

= Problem: Find the maximum value in a
vector
= Soln. 1: Write a loop
= SoIn. 2: Use the built-in function “max”

= Use built-in MATLAB functions as much
as possible instead of reimplementing
them
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Loops vs. Vectorization

Yoompares execution times of |oops and vestors
v/any Sel i m Aksoy, 7/3/2004

Yreate a vector of random val ues
X = rand(1,10000);

Wl nd the maxi num val ue using a | oop
% eset the time counter

for ii = 1:1ength(x
f(x(ii) > m
m=x(ii);
end
end
tl = toc; %! apsed tine since last call totic

W\nd the rmxlrmmus\ng the built-in function
c % eset the time counter
m- TR (x)
t2 = C; %! apsed tinme since last call totic
% spl ay tining results
fprintf( " Tining for loop is %\n', ):
fprintf ( *Timng for built-in function is %\ n', t2);

Fall 2004 Cs111 16

Loops vs. Vectorization

= Problem: Compute 3x>+4x+5 for a
given set of values
= Soln. 1: Write a loop
= Soln. 2: Use 3*x."2 + 4*x + 5

= Allocate all arrays used in a loop before
executing the loop

= If it is possible to implement a
calculation either with a loop or using
vectors, always use vectors
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Loops vs. Vectorization

9Conpares execution times of |oops and vectors

9y Selim Aksoy, 7/3/2004

%Jkse a | oop
tic; %eset the time counter
¢l ear
or x £ 1: 10000,
Y(X) =37 x2 +4°x
end
1= toc; 9%l apsed tine since last call totic

e a loop again but also initialize the result vector
et the time counter

L4t x

%l apsed time since last call totic

e vector operations
%eset the tine counter

X 5;
%l apsed time since last call totic

timng results
Timing for uninizialed vectc
Timing for inizial e ',
fprintf ( *Timing for vectorization is % \n', t3);
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Matrix Operations

= Transpose operator ® '

= u=[1:3]
u=
1
2
3
= v=[uu] IV:[UI;U‘]
V= Vv =
1 1 1 2 3
2 2 1 2 3
3 3
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Matrix Operations

= Matrix multiplication: C=A* B
w If

= A is a p-by-gq matrix

= B is a g-by-r matrix

then

= C will be a p-by-r matrix where

Cli. )= & AGK)B(K J)
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Matrix Operations

= Matrix multiplication: C=A* B

éa, a, a,l &, by
A = gan a22 a233 B = 2321 QZE
By 3, a,f &, b

é(a'llbll + alztbl + a’13b31) (aubu + alzbzz + a13b32) L:J
C=gab,+ah, +ah,) (b, +anh, +adb,);
aa31Q1 + a32b21 + a33@1) (a31b12 + aSZbZZ + aSSQZ)g
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Matrix Operations

= Examples
=a=[12;34] =a.*b
a= ans =
1 2 -1 6
3 4 6 -4
= b=[-13;2-1] =a*b
b= ans =
103 3 1
2 -1 5 5
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Matrix Operations

= Examples
»a=[142;573;916] =c=a*b
a= c=
1 4 2 28 27
5 7 3 65 49
9 1 6 98 32
«b=[61;25;73] «sd=b*a
b= ??? Error using ==> *
6 1 Inner matrix
2 5 dimensions must
7 3 agree.
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Matrix Operations

= ldentity matrix: |
s A¥I=1*A=A
= Examples
»a=[142;573;9161];
= | =eye(3)
| =

[ =l=]

1
0

~
OWN
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Matrix Operations

= Inverse of a matrix: Al

s AAT=ATA=|

= Examples
=a=[142;573;916];
= b =inv(a)

-_0.4382 0.2472 0.0225
0.0337 0.1348 -0.0787
0.6517 -0.3933 0.1461

=a*b
ans =
1.0000 0 0
0.0000 1.0000 0
0 -0.0000 1.0000
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Matrix Operations

= Matrix left division: C=A\B
= Used to solve the matrix equation
A X =Bwhere X=A1B
= In MATLAB, you can write
« Xx=1inv(@) *b
«x=a\b
(second version is recommended)
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Matrix Operations

= Example: Solving a system of linear equations

4x- 2y+6z=8 é4 -2 6uéxu B
2x+8y+2z=4 [—» & 8 2y =g
6x+10y +3z=0 g6 10 34zH 80§
«A=[4-26;282;6103];
«B=[840T7;
= X=A\B

X =

-1.8049

0.2927
2.6341
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Matrix Operations

= Matrix right division: C=A/B
= Used to solve the matrix equation
X A=Bwhere X=BA"1
= In MATLAB, you can write
= X =b *inv(a)
«X=b/a
(second version is recommended)
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