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Today : A very useful
-

Concept

in Control ( optimization

Qvadraticprogramm.in
We have already Seen two

types of optimization problems

11×11 min HAx-y.lt
min

x
x

s.a . Ax -- lb
A full

A full row- rank column - funk

These are both special

cases of Convex

Quadratic programs



Q P ( Quadratic Program)

Equality - constrained Casse
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Quadratic function

we can aways assume that

Q is symmetric -
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If Q is not symmetric

desire Of = Qt Qt
-

I XTQX t xtq to = I XTGTXT xtq te
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f- ( x ) = txt Gx t xtq to

what is the minimum XP ?

Does fcx) have a minimum ?

e. g . f( X ) = - Iz x ?
e. g , f- ( x) = o . X

'

t X ?

f- Cx) a X
'
t b X t c

aaaaa 7$ O ⇒ FCK ) has a minimum

Assumption :

Qi has strictly positive

eigenvalues ( positive Definite)
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QV -

- VA
.

⇒ Q - V -1kV
"

⑨ -

- Qi -
- VIA ✓

T

V
"

=

Define :
Q= VA Vt

Q
"

:
A'" VT

A" :-c diag ( rxi
,
Tx
. .

.
.

.

.

rxn)
Oi" :-. HA: "

t" := diag ( ¥ , tr
.

.
- -

- 1¥)
E : : Q" x
X := G-Kz

f-(x) - I XTQX t xtq to

⇐ I XTQ
""
Q" x t xtg to

E- Izz EZ * ET Q
-"Tq t C

-

-

T



E- atte
E- I HZH? t EE * c

⇐ t ( Zit . . .tZn ) t Z
,
- I ,

t - r - t En.IN
+ C

n

= C t E (Izzi? + Ii • Zi )
i - iT

minimize Zi independently
* -

.Minimum is attained when Z ; = - q ,

E. = - E
Q'" x. = - Q

- ""

q
Q
- "' Q'" x. = - Q

-"

Q
- ""

g

x. = - Vit
"' -1¥ ✓Tq

=
- WAI

" VT q

x*=-Q
P×f( x ) = f×fI*TQx t gg**-* te )
t

( xx is where
=

. QX t 9

gradient of fit) is )



to our QP
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e. g . Min 2X* ,

'
t 3X ,
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sit . Ah = 1€

Assumption : b E Col (A)
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problem is feasible / ""

solution exists
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Min te XT Q X t XT9 tc
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sit . Ax -- b
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we require that VzTQ⑧z
is Positive Definite

( positive eigenvalues )

¥t⇐ - (VEQVZ)
- ' (vi. ( Question))
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else : x
-
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Xt given on prey . Page

is solution to

Mh I XTQX t xtg to
XEIR

"

sit . AX=b

If : BE Col ( A ) positive definite

and We'⇐QVz $+0

Return to least - squares problems :

mi; MAX- toll
.
= my 1*11 Ax- sik
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e- my txt # Ax
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Q=At⑦
q= - Ab

min HXH
min I XTX
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q -5-0
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Linear - Quadratic Regulator
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