Lecture 15: Matrix Multiplication

November 16, 2016 10:34 PM

We know M,,,,(R) is a vector space. ie. we can add any 2 mxn matrices and we can
multiply any mxn matrix by a scalar.
Here is another operation:
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Always remember: row x column

14.1 How to multiply a matrix by another matrix

Example
23 5 9 D to multiply two matrices, the # of
‘ l x | 2] _J columns in A must equal the # of
5k 4 2 rows in B
A B

¢ dimension of product matrix = # of rows in A by # of columns in B

i.e. in this example, A has 2 rows and B has 2 columns, so the product matrix

is 2 rows by 2 columns

“"‘N {colvm
e each element of the product matrix has a unique address; [1,1], , ,[2,2]
e element [1,1] is equal to the dot product of the first row of A and the 1st column of
B (=19)
o every element [x,y] of the product matrix is equal to 4, - B,
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b) v 2 2 | _[0 '5] Each column is a linear combination of the
34| [-tjTL2? columns of A
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For a matrix A and a matrix B = [b,|b,|...|b,,] we can say:
A-B= [AbllAb2| e |Abn]
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c) Relation to linear systems
Problem: Try to solve [é i] . [2] = [2]

Swbor 1 (3) %) = (9)
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SyFVT Xq t+ LXy; = O

3%y +4x, =6
Solution: Cals g 0s
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14.2 Strange properties of multiplying matrices
11 21, 1 0 —1
a) A‘[3 4]'3‘[2 3 0]

A'B=[151 162 :é]

W
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B - A =not defined!

ma=[; 3l.e= 3l

vofi Joasl }

ie. matrix multiplication is non-commutative

1 4
0)A=|0]|,B=|-1 nx 1 matrices
2 2

(column vectors)
ATB =8 (=A-B —dotproduct of vectors) M
BTA=8 (=B-A —dotproduct of vectors)

1 4 -1 2

ABT=O]-[4—1 2]=[0 0 0]
2 8 -2 4
4 4 0 8

BAT = —1]-[102]=[—1 0 —2‘
2 2 0 4

i

(=tensor products of vectors) g

ha= [—11 _11]'3 ~ H g]
A-B = [8 8] = 0242
Note: we canread A - B as follows:

The first column of the productis 1 (_11) +1 (_11) = (g) , the second one is
2(2)+2(7) =)
oa=[; Tle=[; Sle=[5 g

ac=[, ghee=l;
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14.3 Pleasant properties

NOTE: Notation:

T o o l{'o? 9
OMxn:w‘ IM: 0o I

l o o &M—)
—h— “Yerhty matyix’
" Ll
2erg prodviX

Theorem
Let 4, B, C be matrices and k € R be a scalar. Then, whenever defined:

a)
b)
)
d)
e)
f)
g)

(AB)C = A(BC)

A(B+C)=AB + AC
(B+C)A=BA+CA

k(AB) = (kA)B = A(kB)

(AB)T = BTAT
IfAismxn,thenl,,A=Aand Al,, = A
IfAismxn,then A - 0,4, = Opxpy
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