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Let	xk	denote	solution	at	iteration	k	

f (x) = 1
2
xTAx − xTb

df
dx

= Ax − b

the	negative	gradient	of	f(x)	with	respect	to	x	

rk = b− Axk (EQ3)	

Note:	rk	is	the	negative	gradient	of	f(x)	at	x=xk	
	
So	the	gradient	descent	method	would	move	in	direction	rk	



Note:	{pk}	all	pairwise	conjugate		

pk = rk −
pi
T Ark
pi
T Api

pi
i<k
∑ (EQ4)

		

			



p1 = r1 −
p0
T Ar1

p0
T Ap0

p0

pk = rk −
pj
T Ark

pj
T Apj

pj
j<k
∑

Let p0 = r0 and for k =1,2,...

Then pj
T Apm = 0, for all 0 ≤m < j ≤ k



x1 = x0 + a0p0
xk = xk−1 + ak−1pk−1 = x0 + ai pi

i≤k−1
∑

(EQ2)	

(EQ1)	



		αk =
pk
Trk

pk
T Apk

(EQ.	1)	

(EQ2)	

pk = rk −
pj
T Ark

pj
T Apj

pj
j<k
∑(EQ4)	

rk = b− Axk
= b− A(xk−1 +αk−1pk−1)
= rk−1 −αk−1Apk−1

(EQ3)	

Note:	rk	is	the	negative	gradient	of	f(x)	at	x=xk	
	



αk =
pk
Trk

pk
T Apk

(EQ.	1)	















function x=CG_lin(A,b)
k=0;
N=size(A,2);
x=rand(N,1)*2-1;
r=b-A*x;
p=r;
hc= norm(r) < 10^-6 ;
while ~hc
    a=(r'*r)/(p'*A*p);
    x=x+a*p;
    r_new=r-a*A*p;
    beta=(r_new'*r_new)/(r'*r);
    p=r_new+beta*p;
    r=r_new;
    hc= norm(r) < 10^-6 ;
    k=k+1;   
    F(k)=1/2*x'*A*x-x'*b;
    if mod(k,10)==0
        fprintf('iter = %d, error = %f, f(x)=%f\n',k,norm(r),F(k))
    end
    Err(k)=norm(r);
end



					

			 	-	



			

			

			



			

			

			

			
	-	

	-	

	-	



Problem	1.	Let	B	denote	an	m-by-n	matrix	and	c	denote	an	n-
by-1	vector,	where	m	>	n.		Bz	=	c	is	a	linear	system,	where	z	
collects	n	unknowns		Since	B	is	not	square,	it	is	unable	to	
directly	solve	it	by	the	matlab	statement,	inv.	It	is	expected	
to	solve	it	by	the	conjugate	gradient	descent	method.	
a.  State	why	and	how	to	Bz=c	by	the	conjugate	gradient	

descent	method.	
b.  Please	design	a	numerical	experiment	to	generate	B	and	

c	for	some	m	>	n,	such	as	m=1000	and	n=500.	Try	to	solve	
it	by		function	CG_lin	

Exercise	1	(2017/10)	



Problem	2.		The	mnist		database	of	handwritten	digits	has	a	
training	set	of	60,000	examples,	and	a	testing	set	of	10,000	
examples.	The	digits	have	been	size-normalized	ad	centered	
in	a	fixed-size	image.	
http://yann.lecun.com/exdb/mnist/	

a.  Discuss	applicability	of	the	conjugate	gradient	descent	
method	for	pattern	recognition	of	handwritten	digits.	

b.  Design	a	numerical	experiment	to	apply	matlab	function	
GC_lin	to	pattern	recognition	of	handwritten	digits.	Verify	
effectiveness	of	GC_lin		by	this	database.	


