MA3513 — ASSIGNMENT # 6

1. A real symmetric matrix A is positive definite, if for any non-zero column vector w, we

have wT Aw > 0. Show that if A is symmetric positive definite matrix, then A has a

Cholesky decomposition. That is A = SST, where S is a lower triangular matrix with

positive diagonal entries. To prove this, you need the following steps:

a bf
A=
b C
where a is the (1,1) entry of A, bis an (n— 1) x 1 column vector, b7 is the transpose
of band Cis an (n — 1) x (n — 1) matrix. Find > 0, y and Z, such that

i

where y is a column vector of length n — 1 and Z is an (n — 1) x (n — 1) matrix.

(a) Re-write A as

(b) Show that Z is also symmetric positive definite.

(c) Asin an induction proof, assume Z has a Cholesky decomposition, that is Z = S1 57,
then find S such that SST = A.

2. Find a Cholesky decomposition of

4 2 =2
A=12 2 0
-2 0 11

3. Find the values of 3, such that the matrix A below is positive definite.

1 2 4
A= |2 13 23
4 23 B

4. Find the LU decomposition with partial pivoting (i.e. PA=LU) for the matrices below.

1 1 7 1 -3 2 0 3 1
@. A=|0 1 3|, (). A=]|-2
-2 2 4 0 6 3 1 -1 1/2

5. Let A be a tridiagonal matrix

ar C
b1 as C2
A= by
Cn—1
L bn—1 Qn




(a) Write a MATLAB function for its LU decomposition (without partial pivoting) using
only three vectors. For input, you have the three vectors a, b and ¢ that define the
matrix A. For output, the entries of L and U are stored in b and a, ¢, respectively.

The original values of a, b and ¢ are destroyed. That is

_1 1 _al C1 i
by 1 az
L= b

Cn—1

L bnfl 1_ L Qn

(b) Write a MATLAB function for solving Ly = f using only two vectors. One vector

for the matrix L and the other vector f. The solution y is written in f.

(c) Write a MATLAB function for solving Uz = y using only three vectors. Two vectors

for the matrix U and the vector y. The solution x is written in y.

(d) Write a main program in MATLAB that solves Az = f for a tridiagonal matrix

based on its LU decomposition. Test you program on the following 7 x 7 system:

1 1 1
1 0 2 1
1 0 . r=|1
1 1



