The Queen Mother says
"Please turn your phone of "

af2

« A matrix is a rectangular array, possibly of numbers
« it has m rows and n columns
- if m = n then the matrix is square
- two matrices are equal if
« they have same number of rows

* they have same number of columns
- corresponding entries are equal
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Section 3.8

Ca, &, - &,U0 : :
0 We also sometimes say that A is an array
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The jth column of Ais am by 1 matrix (a vector) By




addition

« To add two arrays/matrices A and B
« they must both have the same number of rows
« they must both have same number of columns

C,=a,+h;

+ How many array references are performed?

« How is an array reference made? What is involved?

« How many additions are performed?

« Would it matter if the loops were the other way around?
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-fori=1tomdo
- for j=1tondo
- Clillj1:= 0
« for x =1to k do
* CI1 = LT + ALIIIX] ™ BIxILj]

- Could we make it more efficient?

+ How many array access do we do?

« How many multiplications and divisions are performed?
« What is the complexity of array multiplication?

« Is the ordering of the loops significant?

Do an example on the blackboard!/

1 0 40
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Is multiplication commutative?

+Does Ax B =BxA?
« It might not be defined!

« Can you show that A x B might not be B x A?

(AB)C = A(BC)

« BC takes 20 x 10 x 40 operations = 8,000
« the result array is 20 x 10

« call it R
« AR takes 30 x 10 x 20 operations = 6,000
« A(BC)takes 14,000 operations (mults)

Does it matter?
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A* = AA

A’ =AAA

A =AAA--- A

r times

Show that A x B might not be same as B x A/
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Does AB =BA?
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[Transpose of a Matrix”
Interchange rows with columns
A=[a]
A =[b;] where b =a; Ol<i<nOl<j<m
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Must be square
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Think of distance

[Foinof Aand B (OR)
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So, it is /ike addition

join

- a relation
* a graph
- whatever

« 1 might be considered as true
+ O might be considered as false
« the array/matrix might then be considered as
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« Isn't this like add?
« Just replace x +y with max(x,y)?

C=ALCB
G;=a,; Eb.,j

So, it is like addition too?




meets
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« Isn't this like add?
« Just replace x +y with min(x,y)?

meets
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« Like multiplication but
- replace times with and
- replace plus with or
* The symbol is an O with a dot in the middle

Boolean product
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Boolean product

-fori=1tomdo
- for j=1tondo
- Clillj1:= 0
« for x = 1to k do
« C[i1[j1 = C[i][j]1 OR A[i][x] AND B[x][j]

Can we make this more efficient?

Raising a 0/1 array to a power

The r** boolean power

A'l'=AOAOAO---OA

r times




applications

matrices
- tables
« weight and height
- distance from a to b (and back again?)

* zero-one matrices

- adjacency in a graph
« relations
+ constraints

+ Imagine matrix A

- each row is an airline
« column is flight humbers
« A[i1[j] gives us jth flight number for ith airline

* Imagine matrix B

« each row is a flight number
« each column is departure time

+ join(A,B) gives

- for each airline the departure times

« in constraint programming a zero-one matrix is a constraint

+ boolean product gives us path consistency




