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Quadratic Forms and Definite Matrices
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O(x) = 51‘f + 33:§ + 2x5 — X1x2 + 8x2x3

Ox)=xUAx =[x, x» x3]|—=1/2 3 4| x
0 .



O| H=tH=l(change of variable)

1}
od Al
=

:

o MY oyt
oF
ol

AmEQ
2K

<)

jol

AP)y

P 'x

L

x =Py y
x'Ax = (Py)'A(Py) =y P'APy =y (P

=y ' Dy

=X

5p

AZF CHEAZE0[7| M=o, = ciZ=t 7t

B

I

<I
ﬁm

1|4

I

mo
jol
10]
0
1O
o__=
foid
1l

<
I



g s s MEE SO

() amee ofStat

2 Al o| tH=H Bl (change of variable)
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y=P 'x=P'x | 2/a5 =1/4/5 [ 2]_ 6//5
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3y2 — 7y2 = 3(6//5) — 7(—2/~/5)* = 3(36/5) — 7(4/5)
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% Positive definite (9] ME )

Qx) =x'Ax >0, ¥x#0 . J
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< Positive semi-definte (22| HIX E &)
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Q(x) =x"Ax >0,
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<+ Negative definite (&

Qx)=x"Ax <0

< Negative semi-definte (¥2| HIHE )
Qx) =x"Ax <0, Vx#0

% Indefinite (3. HE F)
Q(x) =x' Ax
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= eigenvalue . > 00|H, A 9| H

= eigenvalue A; > 00|, A &of &t

= eigenvalue A, < 00|H, A 29| X

= eigenvalue A; < 00|H, A 39| &t
A9l eigenvaluell =2 eigenvalueg 2
A= 28R 3 (indefinite)

= (positive definite)
B 32 (positive semi-definite)
= (negative definite)
15 3 (negative semi-definite)
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[x[| = x™x = 1L o, Q(x) = x"Ax2| X|CHZ}af X| A7)

Ax = Ax
x Ax = \x'x

= Allx|[ = A

x Ax =)\  when [|x||=1

= X CHES : 7tE 2 eigenvalue
= X|AZf 7HE 2F2 eigenvalue
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» Uo| HE S (positive definite) A= 1} 2| HE S (negative
definite) =

= EigenvalueZ} 00| OfL|HAM 25 F0|7L}, B5E 24
= det(A) = ITA; =0
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% Gram =

= HO|HE GHHE = dZ A=[a,...a,] Of CHSH
ATA, AAT
= CHAISHE
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=
(ATA)T = AT(AT)T = AT A
(AAT)T = (AT)TAT = AAT

= QUO| HI™ME S (positive semi-definite) : A7} 7t 0l A2
xTAATx = (ATx)T(ATx) = ||[ATx|]2 > 0
x' AT Ax = (Ax) T (Ax) = |[Ax]|[|?2 > 0
If x" AT Ax =0, ||Ax||?2 = 0 and ||Ax]|| = 0.
Ax =0

x = () because A 1s mmvertible

Except x =0, x' AT Ax > 0.
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Cholesky =3df

<+ o] MBS (positive definite) I A ¢ R
= LU 23}{0]| 23]

A= LU = LDW L:CHZHA 20| 101 & A2 s
T D: CHZHA 20| UQ| CHZHA 2 QI CHZtsH =
A=A W : CHZHA 50| 101 A AFZE B

A=LDW = (LDW)' =W 'DL"
W=1L" (diagnal is fixed, L and U are unit triangular matrix)
A=LDLT o HE30|7| (20| DO (iR g4
_ .DY2p\2rT — (LDL-“E}(LDL.-“Q)T
A= (LD'*)(LD'?)

“» Cholesky =af

= O| MED HHL B} AztsHHED O MA|HMTO| ZOZ B Jts

A=MM B = LDY? triangular matrix
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