
Quadratic Programming

min fix
sit AX linear constraints

C 0 positive def

fix Cx ptx

Faratic Fearlinear

In terms of coordinates

Amm cm bm p
C Cij WLOG Ci Cji ie C CTsym

p ftp

f x Cijxixj I pixi
pos def

If 0 f is convex



Lagrangian function

kid m pX
Axb six

filet

KKT find X.X.MS
os.t.DxLo XC pt XA M 0

Cx p Aix MoAXb
so

MX O C S

Mso
CX Ax M P

Lp 12AX b
X 0 13

MO 14

MX 0 nonlin 5



Solution of using LP Simplex Frank Wolfe

11 WLOG assume p so b 30
Otherwise multiply individual row by 1

eg Aix ask 3
anxit tail 3

2 Introduceauxiliary variables w̅ w̅ 30
St
c Ix M W P

Ax w b 1

5 41am
so

0

feasible dictionary
3 Objective function need W 0 W 0

min wit win wit Wm

max wi wh w wh

4 Set X X d At x 30



5 C S ÑX 0

ie Mix it Man 0

Xi so Mixo
ie Xi Mi cannot be simultaneously

positive

During simplex while choosing entering
and
leaving variables never let XiMi

be basic variables at the same time

Example F p 185

min fix XF X X x2 5 2

it 4 1

St it 2 1
1 270

taste.nl getc



C 2 det 4 2 1
1 2 x 3 X 1

3 1 0

C is posidef
f is convex

x
XM Xft Xix 12 5 2

Nxitxa D Mix.MX
KKT 2 14 2 4 M 0

2 2 5 X Ma O

X2 1

M M 30

Mix Max 0
v

2 14 2 X M 0

2 2 X 12 5

it 1

MiMz o

Mix 12 2 0



MD of course solve for x X 1 X2

f Xft Xix 12 5 2

Using LP max Wi w w3
sit W 0 2x X2 X MIW2 5 2 2 M Ma

W3 1 X1 X2

initialfeasible wi.ws.ws xi.AM 270
dictionary 1 4 4

M Solving KKT directly
2 1 X2 X M 0

2 2 5 X Ma O

X2 1

MilMs 30

Mix Max 0



Xi 12 0 Mi 12 0

244 2 X
2x 5

1 4
X2 4 4

X2 1 XitX 1

1 3 2X 1

2

4,70 42 0 Mio X 1

2 X 0

1 5 X 12 0

1 2

12 1 5 2 6
X O X 0 12 0 2 1

1 4 1 0
2 5 0

1 3 M 4

0 X2 1 1 3 MF4 12 0



F P 187

See also MG p 188

93
Ai

92
A

min NS.t 1 Ai XIPsX.i i2

1



I Ai 112 11Aill Lai x HIP sd
Haiti Kai x X 11 17

new var

x ̅
1 d 11 15 11 17

5 11 112

New problem

min I xp
quadratic

I

sit Haill 2 ai x x ̅ 5 1,2
Kai x x ̅ Hail

lin constraints



Markowitz Portfolio SelectionModel Vip415

RjJj priceofportfolio j

max R Ix Rj
i

sit Xj o IX 1

In general Rj is random
max average of R
min fluctuation ofR

ER E I XjR Ix ERjj w

rj meanofR

Var R E R ER

E IxjR Ex ERjj



Ef Ex Rj ERj

EI Xix R ER R ER

E Etiiae.ie

eanRi
RjmaxIxjrj

uI.XixjCij

sit
27 1 Xj 0

I

quadraticlinear


