
17 . Reduced Gradient

• Newton 's method for linear constraint
'



Previous lecture

sufficient condition for optimality of ate for

min

'

fox) sit Ax=b .
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f - smooth, AEIRM
'm

,
m En

see is a strict
local minimizes if

① Feasibility : Aoi - b

② Optimality : FfGi) = A'y for some g.ERM.

③ Positivity :

p
' F'fax'T p so for ace PENLAND

.



Equally constrained with quadratic min.
min lzxtpxtqtxtr sit . Ax=b

,
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where PBO and A ERM
"

.

Optimality conditions :

① Feasibility : Aoi = b

② Optimally ; pa*+q = Atg * } KKT system -

system of Equation in ntm variables :

liaise:*:S
& KKK matrix.



Equally constrained with quadratic min. (contd)
•If the KKT system is not solvable, the constrained

quadratic opt. problem is unbounded below or

infeasible .
• The KKT matrix is non- singular if . any of the
falbo ing holds :

① NCA) ANCD) = {og .

② For any xto, Ax=o ⇒
atPsc so .

. ( P is PD on MAID
③ Ep z yo .

,
Z is a basis for NCA) .



Newton's method for equality constraint .

Consider basis for NCA) .

min fox) s-t Ax = b .

KEIR" 7

Let so be a particular solution and RCI) =NCA) .

Quadratic approximation at I :

f-CI+Zp) x f-Kc) + Tf ⇐p) + I pt F'fC⇒Zp

We can solve :

nine Ept tf p + g- Tp + I
,

Pepin
-m

IT = EFfEx ) Z , g- = E'TfCE) , I= fox) .

Newton direction : te D= - g-



Algorithm

Input : I feasible point
and Z basis for NCA)

For 12=1, 2,3,

' - Compete g : =V-fcx.DZ
. Compete It :

= Tff (xx)

3 . Solve EHZd =
- Eg toget dis

4. Line search f- ( scat a Zdk)
5. scat, = Xk -1 dkdk

6 . Stop if converged.



Example
min fox) subject to Ax - b .

- ①
KEIRN

- An approach to solving ① is to solve the

system of equations corresponding to optimality
condition (KKT system)

-Algorithm approach :

i - Find particular solution
Jc and a basis Z

for null space of A. ( assume
A fuel row

rank)

2 . Solve the unconstrained problem
f-(Itp) s - t ' AGE -iZpJ=b

min -
PERN

-m

using a descent method.
Aways satisfied .



Basis of Null CA)

① Using BR- decomposition :

A'= [ is is ] [ Ro)
RCB) -0 RCB) = Rn

• Rtt) = RCB) .

. NCA) = RCO)



Basis of Null CA)
Permute columns of A so

,

that

A- = [B N]
,

B - basic meting non singular ( Note that A is full rank)

N - non- basic matrix .

If oc is feasible :

Ax- b ⇐ [B N] -1*7:3] , b ⇐
s BRB -1 Nxa = b

Consider 2- = [BIN) ,
Ate 0 .

I




