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Element-wise operations

Operation | MATLAB
Syntax
Addition +
Subtraction -
Multiplication %
Division . /
Exponentiation A




Element-wise operations

They are operations that act on corresponding
elements between two arrays

Another way of saying element-wise operations is
element-by-element operations

Addition and subtraction of arrays is always
element-wise

Multiplication, division, exponentiation of arrays
can be elementwise

Both arrays must be same dimension



Element-wise Operations

 Arrays of numbers in MATLAB can be interpreted as
vectors and matrices if vector or matrix algebra is to be
aIE)plied. Recall that matrices are mathematical objects
that can be multiplied by the rules of matrices. To do
matrix multiplication, you need to use the standard *, /,

and " operators [without the preceding . (dot)]. They are
not for

* To deal with arrays on an element-by-element level we
need to use the following element-wise or dot-operators:

.* , ./ and .A



Element-wise Addition and Subtraction

A A A
For A= [ 1 12 13] and
Ay Ay Ajs
B = [B11 B1, B13]
B,1 By, Bas

Aq1 -
A+B=|
Azq -

A_p = [An —By1 A —Biz Az — B13]

A21 o B21 A22 o B22 A23 o BZS



Element-wise Division

 Matrices must be of the same size

Ay A Ags Bi11 B 313]

ForA=[
Ay Ayp Ay B,1 By, Bjs

v < |

A/B=[A11/B11 A12/B1; A13/B13]
Ay1/By1 Azy/Byy;  Ajz/Bjs



Element-wise Multiplication

* Not in
linear algebra

 Matrices must be of the same size

All A12 Al?)] [Bll BlZ 313]
For A = and B =
A21 AZZ A23 B21 B22 B23
AxB = ’An XBy1 Ay XByp Az X B13]
Ay1 X Byy Ayy; X By, Ayz X Byj



Element-wise operations between vectors

If two vectors a and b are: a = [@; a; @3 ag and b = [b; by b; by then
element-by-element multiplication, division, and exponentiation of the two vec-
tors gives:

a -$ E'-'I = -ﬂ'lbl -ﬂ':bj ﬁljbﬂ ﬁ'__-l_b;I
a . b = |:|iI1.-';|E-|1 ﬂ:.-*;bz ﬁ's-"f-bj a*l-';b-;l

a’b= E”ll'b] {ﬁ'jlbz {-ilfz.lﬁi [ﬂ'ﬂ&]



Element-wise operations between matrices

If two matrices 4 and B are:

Ay Ay 4y Bu B2 Bus
31 A3y Az B31 B B3y

then element-by-element multiplication and division of the two matrices gives:

ApnBy ApBp 4B An/By Ap/Bp Ap/Bis
A FB= |dyBy ApByn ApBy; ASB= | A3/ By An/By A3/ By
A58y ApBin ApBy | 431/ B3 A3/ By Az Bz

Element-by-element exponentiation of matnx 4 gives:

(A" (A" (A"

B oo —
A= 1(45)" ()" (A)"

(A3 (A39)" (433)"



Array operations & dot-operators

.*, ./ and .A

Because scalars are equivalent to a 1x1 array, you
can either use the standard or the dot-operators
when doing multiplication, division and

exponentiation of scalars (i.e., of single numbers).

It is okay for you to always use the dot-operators,
unless you intend to perform vector or matrix
multiplication or division.



Example - element-wise multiplication

« Use .* to get element-wise multiplication (notice
period before asterisk)

* Both matrices must have the same dimensions
>> A = [1 2; 3 4];

B (0 1/2; 1 -1/271;

>> C = A .* B

>> C

>>

0 1
3 =2



If matrices not same dimension in element-wise

multiplication, MATLAB gives error
> A = [ 1 2; 3 4];
> B = [1 0]";

>> A .* B % Meant matrix
multiplication!

??7? Error using ==> times

Matrix dimensions must agree.

>> A * B % this works

ans =

1
3

12



Array vs. Matrix Operations

* Example:
x=1[2,1;3,4]

y=105,9;7,8]

z =x .*y

results in [10, 6; 21, 32]; this is array multiplication

Z =X *y

results in [17, 20; 43, 50]; this is matrix multiplication

So, do NOT forget the dot when doing array operations!
* ./ M)

13



Matrix Multiplication

* Type used in linear algebra
« MATLAB denotes this with asterisk (*)

 Number of columns in left matrix must be same as
number of rows in right matrix (inner
dimensions)

Cinxn = Amx B xn

L]



Be careful!

* Be careful when element-wise multiplying
square matrices (nxn matrix)

* Both element-wise multiplication and matrix
multiplication always work

* If you specify the wrong operator, MATLAB
will do the wrong computation and there will
be no error!

— Difficult to find this kind of mistake



