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1. {22 pamts) Let + Le o non-zero colunu vector of dimension n.

Gar i poims: Give the number of references and the munber of flops for the BLAS
aperations o f e aid ee? . Specily the names of these operations.

(hY {4 poluts) Let n = %t Show that Hud] o= |fulls = 1.

(¢} (4 points) Let o € B be a column vector. Show that {uuf)z = (u!z)u. Give the

mumber of Hops necessary to compute (wu’ )a without computing uu’.

(ebr {4 points) Show that the matrix A = J — 2uu? is symmetric and orthogonal.
{where 1 18 the dentity n by n niatrix).

(e: (G poinis) For o € B prove that the GAXPY operation Hz reduces to a SAXPY

operation.
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2.

(24 pomes) Let 42 X0 e a square snatnx, such that ¢ (1) A4 is invertible and (i)
A= LU whiere Loos aneoxon lower frangular mainx with s on its diagonal and U
I~ tpner trlaeilay o xon

(G poines Show thae the LU deconposition of 4 1s unique.

[
Vil

(1 {6 poins; Let O be the diagonal watrix which elements are ugli = 1,...,n, the
dingonal elemcnts of U, Show that 4 = LU is equivalent to A = LDMT, where
A 13w lower triangular matrix with U's on the diagenal. Give an explicit formula
for AL

{1 (G points) Cowplete the following MATLAB program that gives the LDMT decom-
position lor an invertible matrix 4.
function [L,D,M]=1dm{4A}
% A 1s invertible and admits the LU deccmposition
[(L,Ul=1ufA);

(10 poines) Assinne we add the assiinption that A is symmetric, i.e. A = AT Prove
char A= LDLT 1e M =1L

"4
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30022 polns) bet L = {{e i = 1,20 onbowith a; # 2;, © # 7. Define the column
vectorsof length ne = (111,07 0 = (2720 .1, )T andy = (y1 %2 ....yn) 7. Finally
let A be the s by 2 nworix

A=lre

fon, o Gopotnt s Prove tlie rank{A) = 2
]

(hi (G pointsd Show that the 2 by 2 matrix B = AT A is symmetric and positive
definite.

{¢1 (10 polnts) The MATLAB commands w=A\y and w=B\{A’*y) give the same result
wlich the snigue solution of the least squares problem

ly — Aw|»=minlly — Az||z
zeR?

specily the equation verified by « then give numerical linear algebra methods
that are used by each of these connnands,




4. (32 pointst Given the matrices A and 1 = A7 A defined in the previous problem from
the data Dy, auswer the [o]lowing :
fad 1d poins] Lot {opoan ) and {oyiep) be the 2 pairs of eigenvalues-eigenvectors
assoclared winl the watrix B with g7 < o, Using appropriately the MATLAB
connnaud {W,Di=eig(B). generate fiom this command {o,w; } and {o2, w2} by
completing the following segment ol MATLAB code :

[w,u]=ei1gisy;

sigmal=........... ;
sigmaZ=........... ;
Wl=s. ... .. ... ... ;
WA= ;
i1 14 pomts) State the theorem that assesses why wiwy = 0 and wlw;, = 1,4 =1,2.

Also. sav wliv gy > 0. Vi =1, 2,

¢3 G points) Let i = —=Aw; 4 = 1.2, Show that v; € R, ¢ = 1,2 with vTvy = 0
\
, Nz i
aand
wrrizrlA? = |. 2

(i (4 polnts) Prove also that vy and vy verify :

AAT G = o, i = 1.2,




(o0 {4 polnis; Let w, = %,—17\5? e RY. 7= 1.2 Prove that
A .

voo= oty b= 1,2,

s eepuivalent to .

Avy, = oy 1 =1.2.

(I} {6 potnts e the eguations
Aug = JSov, 1=1,2,

in matrix foru. For that purpese. define the matrices U = [uy ug), V = [y vy
and & the 2 by 2 diagonal matrix whose elements are /o7 and /g;. Give the
sizes of the wmalrices U7 and V7, then show that :

AU = V5.

(g1 {4 pomts) Give the value of ||Al]y 1 terms of o3 and 5.




