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such that :

5(5) > f(57) > ... > f(3k) > f(3k+)

where fix) = ** A x -Y**.

Remark :

·Th is chosen as -Df(5") =-(A5E - 5)

· Optimal has is : Cm =

-(AE-5) .-YM .
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where FF =
AJETR. A

A
= n - A



ConvergenceanalysisAssumeis symmetric positivedefinitea
( small enough 2)

Then
: Te = I-CA) Ro ,

where E" =* "- ** and
*

is the solution

of Ax =5
.

· Converges if << X max = max(x1
,

% -... , Xn]
S



InpracticeswechaT (xmin =
min &xx ... x1])

Define : Emax = R(A)=condition number ofA

i p(1 -(A) = 1 - kt)1 .

i . Gradient descent method converges

Remark : Convergence depends on the condition number.

If condition number is BIG ,
the convergence

is slow !!



-Conjugategradient method

Goal : Minimize a quadratic functional
:

* = argminy() ; y()=A
-

where A = symmetric positive definite
matrix in Muxu(IR) and

JEIR".

Recall : DY(* ) = AX-5 and-
Minimizer ** of 4(*) satisfies A** "Catxi)



Strategy :

Given a current approximation * K
,
find a new approximation

-

by : *k = * k + &kPk (PK=Searchdirect
onC

But we want to choose : time step 21 to be the optimal
and search direction such that Pi · Apj = 0 for itj.



Motivation : For A Mzxz(IR)
,
if *

= sol of AX=

5

.
-

Ideally ,
we want to find i , such that the

↳
~ direction allows us to more directly to **

%
↑ : T . // ** - Y, = p ,

= c(x *
- Y

, )

..
BUT : Ap1 = c (A*-Axi) = c (5-Axi)

o Po YR YR

AP1 · Po =co
= -DY(d)
= -cY(*+) =

: Ap · po = 0

Get convergence in JUST 2 steps !!



②Summary
:

FindSearchDirections(j) such thata
Step Lj.



Choiceoftime step & (GivenPo,a

Y(xx + ak) = 4(xk) + 274(k) · Ph+A
(Taylor expansion)

Minimumattainedata
wher Fr = AYk-5 and,f . At



-ChoiceoftheSearchdirectionsIAproceed to

find the search direction PK in the form :

Px = - Uk -P1 where Br =-
=> APK = -Ak -B(-1AP

=> PLAYK = -PEAK-BIPAPE
II

=> A =-



Next time : we can prov:

↑.j
= 0 for itj.

↓
converges in iteration

Conjugate gradient method

because :
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