
Matrix-VectorMultiplication

(section 2 . 2 )

Recall: h o w t o s h o w o n e v e c t o r i s

a l i n e a r combinat ion
o f o t h e r ,

given v e c t o r s - w e expanded

a l l t h e operations ,
r e w r o t e a s

a s ys tem o f l i n ea r equa t i o n s ,

t h e n u s e d a m a t r i x t o s o l ve

t h e s y s t e m . W e would l i ke

t o g o s t r a i g h t t o the matrix!



Rewrite u s i n g m a t r i x - V e c t o r Multiplication

L e t i t be a v e c t o r i n
112" and

l e t i t b e a n m i n m a t r i x .

L e t a i , a j , . . . , Em denote t h e

r o w v e c t o r s o f A , s o

I ,
A- = aj
)

.

Each ai fo rl:i
Tm

I E i t m i s a v e c t o r i n IR", s o

w e c a n do t -product
a-
i w i t h v .



W e t h e n w r i t e t h e matr ix iector

product o f A a n d I b y

a i r
a i rA t a
→

. T
'

:
Em i r

v e c t o r i n 112M (each do t

product i s a r e a l number, w e

have m o f them).



Exempt : L e t A=[1 234],
5=1-56]. Compute

A i r .

Solution: A . i r 4123-
[8]
[34]-
f-65)

y;)



O b s e r v a t i o n s :

1 ) Dimension m a t c h ? I f A i s a n m a i n

m a t r i x a n d Fr i s a 4 × 1 v e c t o r ,

t hen t h e product

A . r t m a h e s s e n s e on ly w h e n n - K .

( m a n ) ( t a x i )
0 equal

T h e o u t p u t A i r i s a n n e x t v e c t o r .

2 ) M a t r i x c o l u m n s : I f A i s a n

m i n m a t r i x , l e t e i i n
CR"

I
b e t he vector [8,] .

:



i . e . E, i s t h e v e c t o r w i t h a 1 i n

t h e f i r s t e n t r y , z e r o s i n a l l o t he r

e n t r i e s . W h a t happens w i t h t h e

product A-E,?

Example: A = [2
I - 5

G O
3]

A i s 2 × 3

§ = [ '8) 3× 1

A e i =
[21-511
8](2×3113×1)

[603)-
(b)

a



[ 2 I - 5 )
' [ '8]

A e i = ([603)-(to)
= [ 2g] t h e f i rs t

c o l u m n o f A

A=[ : 'o-s]

I n general, A-E, = the first co lumn

o f A



I f e j i s t h e v e c t o r i n 112" w i t h

a o n e i n t h e second e n t r y, z e r o s

i n a l l o t h e r e n t r i e s , then

A - Ey = t h e second co lumn o f A

for o u r e xamp l e ,

c : : ' t : ,
[21-571%1]=1!]r=

[ 6 0 3 ] . [ 8 ]



I f Eg i s t h e v e c t o r i n LR" w i t h

a 1 i n t h e 3rd en t r y and

z e r o s i n a l l o t h e r e n t r i e s ,

A - E , = t h e t h i r d c o l umn o f A

I n general, i f e r , i s t h e vector i n

112" w i t h a 1 i n t h e
bath

entry

and z e r o s i n a l l o t h e r entries,

A- Ef, = t h e 4th column o f A

(there a r e n Ea vectors i n 112")



E ¥ 2 : L e t T b e t h e function

t h a t t a k e s a v e c t o r [¥]
i n

1123 t o t h e v e c t o r

[ § ] . Express T a s a

m a t r i x .

Solut ion: suppose A i s t h e m a t r i x t h a t

implements t h e funct ion T ; t h a t is,

ACE.]=[I]
(mxn¥3x1 → 3 × 1

Find a n explicit description o f A .



A E, = t h e f i r s t c o l u m n o f A .

B u t s i n c e Aei, = A [§] i s

supposed t o equa l [§]:[§),
the first co l umn o f A i s [to].

A (3×1)=3×1
11 I

3 × 3

since A i s 3 × 3 , w e need t w o

m o r e c o l u m n s .



A Ey = second c o l u m n o f A .

↳
= LAei--Aw. Eli:

equa l # = [ I ] , s o

the second c o l u m n o f A i s [%).

Finally, A'ez = t h i rd column o f A ,
x=y=0, 2=1

AE, = A # i s supposed t o

e a r n [Yo):[80)'



A:['oo!!]
I s t h i s correct?

I : : : * ,
=p, ooo-CE]

[ o 1 0 3 .

(Ee)
)

[ o 0 0 3 - [¥7
= [§] ✓


