Matlab 14: Matrix Formulas

Cheng-Hsin Hsu

National Tsing Hua University
Department of Computer Science

Slides and sample codes are based on the materials from
Prof. Roger Jang

CS3330 Scientific Computing



Transpose and Inverse

e \

* Matrix transpose

(4B) =B A"
(4BC) =C"B" A"
a’b=b'a
x|"=x"x

* Matrix inverse
(4B)' =B'4™"
(4BC)' =C'B'4™



Block Form of a Matrix (1/2)
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* Matrix partition into a block form:

—Examples
12 3
A=145 6 {A“ A”}
7 8 9 A21 A22
_ b1T —
| | | s
. a,|=| - b -
| 5
_ b;




Block Form of a Matrix (2/2)
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* Block-form matrix operations
—Examples

A:{An A12:| B:{B“ Bl2:|
A21 Azz B, B,
T T
— AT _ All A2T1 AB |:A11B11 + AIZBZI AnBlz + A12822:|
A1€ AZT2 4, B, + 4,,B,, A, B, +4,,B,,

A=|a, a, a,|,x=|Xx,|=>AXx=a.x, +a,x,+a,x,




Gradient of a Function
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* Gradient of a function 1(x)

of(x)/ox, X,
Vf(x)= 5 , where x=| :
of (x)/ ox, | X

e If f(x)z ¢'x=x"¢c

Vf(x)=c= :




Quadratic Form (1)
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 Quadratic form of x

X' AX = Za”xl +Z Zay XX

i=l j=1,j#i
* A can be assumed symmetric since
T
A+ A

T
x' AX =X 5 X




Quadratic Form (2)

* When x=[x,y]

a a
XTAX=[x y]{ 1 12:|{x:|
Ay Ay ||V

X
= [aux T+a,y apx+ azz)’]{y}

2 2
=apXx + (alz +a, )xy +ayy

* Different values of A can lead to the same
guadratic form as long as is the same.



Quadratic Form (3)

e When Xx=[x,1,z]"

a, dy, a5 | X

. -
X AX—[X Yy oz dy dyp dy ||V Ti Expanditbv}

Brutal force!
dy; dzp dyz || 2

=4, X" + 0,y +ayuz + (a12_+ 5_121 )xy + (a13 R )XZ + (azs T a; )J’Z

e Different values of A can lead to the same quadratic
form too.



Gradient of a Quadratic Form
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* The gradient of a quadratic form

|24x,if Ais symetric
V(XTAX) - {(A +A4" )x, otherwise

a,, d,p a; || X
Ay dy dy |y
sy d3p dyz || 2

= a11x2 + a22y2 + 513322 + (alz +a,, )xy + (a13 +a; )XZ + (azs +a;, )yZ

_2a11x+(a12 + azl)y+ (a13 + a31)2}

— Example
xTAx:[x v z]

T
V(x Ax) 2a,,y +(a12 + aZI)x+ a,; +as, )z
2“332 + (a13 + a31 X+ az3 +a,, )y
2a,, a,+a, a;+ %i }

= =l a,tay 2a,, ay tas,

a;; +dy  dytag 2a;,
=(4+4" )



Common Formulas
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 Some common formulas (assuming A is
symmetric and all derivatives are w.r.t x)

[XT Ax)z 2AX

[xTAx+bTx+c):2Ax+b

<1 < <1 < K <
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