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Matrix

e A matrix is a set of vectors
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Matrix

* If the matrix has m rows and n.columns, we say the size of
the matrix is m by n, written.mxn.

* The matrix is called square if m=n

* We use (M \to denote the set that contains all matrices
whose size+s m x
2 columns
3 columns ¥ ;l
2 rows _1 - E@; 3rows |2 5| €M,
ot T B €

2'X3 X 2
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Matrix

* Index of component: the scalar in the i-th row and

Jzth column is called (j,j)-entry ofo

5= Row F& Column

(1,2)-entry
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(3,1)-entry

(3,3)-entry



Matrix

e Two matrices with the same size can add or
subtract.

* Matrix can multiply by a scalar
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/ero Matrix

* zero matrix: matrix with all zero entries, denoted by O (any
size) or O,
 For eﬁr"‘n:ple, a 2-by-3 zero matrix can be denoted

Ogy s = 04=0
0 0 0 —A=0
* Identity matrix: must b@ 0 0 |
- WLE 1, HEHE Is=10 0
0

Sometime@is simply written as | (any size).



Properties

* A, B, C are mxn matrices, and_s and t are scalars
*A+B=B+A
(A+B)+C=A+(B+C)
 (st)A = s(tA)
e s(A+B)=sA+sB

e (s+t)A = sA + tA



Tra NS pose Is “transpose” a linear system?

e If Alis an mxn matrix

@@pﬂ&iﬂf—é) is an_ nxm matrix whose (i,j)-
entry is the (jgi)-entry of A

(1,2), ,}J

Transpose
ol = B
(3,2)
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a11T1 + A12T2 + -+ A1 Ty
a21T1 + A22T2 + - -+ + A2, Tp

|
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Am1T1 + QGmaXo + - - + QmnTy = bm

&

Matrix-vector product: Ax =Db



Row Aspect

M b

Az1 Qpp - Qay 8
A=|— : 3 : =1
-|am1 Am2 Amn| -

a21T1 t+ @292 + - -+ + A2nTh

Ax =
P"rn,lfﬁ + A2 Lo + ** * + Ayyndn
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Matrix-Vector Product

a1121 + aexs + o adipx, | = | b1
o111 + @ooxo + -+ + aspx, | = | b2
Aim1 L1 + Am2Lo + -0+ Amnln | — bm
Ax = b

Coefficients are A



Column Aspect

117 Aq2 A1n (1
a1 QA7 Aon X2

A= : X =
_aml amz amn_ _J;.,L_

Ax

\
A11T1 + A12L2 + *** + A1, Tn
(2171 + Q222 + -+ + A2p Ty

11 + AmoTo + +++ + AymnTn




Example

xq1 +4x, = by
—3X1 + 2x2 = bz
T
61"
: column 2
Column

Aspect

A:[—lz ;]

Row 2




Matrix-vector Product

* The size of matrix and vector should be matched.




Properties of
Matrix-vector Product

* A and B are mxn matrices, u and v are vectors in fR”
and cis a scalar

cAlu+v) =Au+ Av

* A(cu) = c(Au) = (cAu

. ﬂi—\B)u Au+ Bu 1

. AO is the mx1 zero vector IO
@35 also the mx1 zero vector O

*IhV=V
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Matrix-vector Produc )
d B are mxn r%ast. ItAw = Bwjfor all@n

s it true that A = B)?
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—S N\

A3
-\;@)forj =1,2,--,m, Wher{\ej\.S the j-th standard vector in R"

Column Aspect

@ ay 0-prrtr 0,




Concluding Remarks
A1 Aq2 A1n | (X1 |
A1 Q2 Aan X2
A= : : : X=1":
Adm1  Am2 Amn | Xn
@1171 + @12T2 + - T A1pTy
A91T1 + A292XL9 + - - + A2nLn Row
Ax —
Aspect
Am1T1 + Am2T2 + *** + AmnTn
(A1 KEva (A1n | Column
=Xx1| * | +xo| ¢+ |FeoFxy| e
Am1 | 1 Am2. Amn




