
Examination: Mathematical Programming I (191580250)

Iuly 6, 2012, 8.45 -11.45

Eflf Prove the lollowing sratements./)
1$ rctA : (ai., ) € R"" be a positive deÍinite matrix. tn"ï.,!.?:the matrix A is nonsingular.

,{) Consiaer a matrix A € R'Ín o[the form A - »l=,b,bf with vectors b, € IR'.1 -' r 
1, . . . , À'. Show that A is positive semideflnite. '' ,""
Under the additional assumption that the vectors b; are linearly independent, prove that
therankof Ais k (i.e., kerA: {x I Ax:0} has dimension n,- k.)

/)
W Let be given A € Rmxn and b e R-. Show that precisely one of the following altematives
Í orlt is true:

(1) Ax < b has a solution x

UI) A'r'y :0, b''y ( 0,y > 0,y I 0 hasasolutiony

HinÍ: You may Jirst prove thaÍ (I) and (ll) cannot hold simultaneously. To Jinish Íhe proof, use a
trick as in the proof of Gordan's corollury

nEHÍ Let f : lR -+ IR be a convex function on 1R.. Suppose there are points 11 1 12 ( rr3 and
ri, Ö € lR such that f (.r1) : o,-riÍb,i: \,2,3, i.e., the points (:r;,./(ri)) are on a line. Prove that
then we must have: /(r,) - ot * b for all r € l.r1 , r3].

s9q
1

@l I-et ('1 C R', i Q I,beconvex sets, where 1is some (possibly infinite) index set. Show

that the set C ,: 0 C; is also convex.
ieI

tff Let ll : R." -+ IR.,l € /, be convex functions on 1R', where I is some index set. Show that*7 
the function .f (r) ,: n;.1x {Í(;,,)} is also convex.

Is there a relation between the result in (a) and (b)?

Ex. 5 We wish to compute the minimizer Í of the quadratic function ./(x) : jxrAx * brx
with positive definite matrix A.

Determine the minimizer Í of q and show that for any starting point x6 the Newton method
finds this minimizer of q in one step.

'(b) Let us apply the Quasi-Newton method. Suppose that this method produces the iterates r:1.,
i the search directions d6 and the matrices FI1, À: : 0, 1, ... . Show that the relation holds:

H;'d.i : Ad.i,forall j : 0,...,k - 7,

and after n steps we have H, = 4-t.
Hint. Use the relation (from the proof oÍ Lemma 5.6): Hfl i : ór, 0 ( j < k - L, where

1i :'9i+t - 83, ö, : X711 - X3.



Ex. 6 Show: Given p > 0 andp : (p,.,...,pn)r €R" with p > 0, thefunction

/(x) ::pIx*rf rr1r,;
i:1

isconvexon{xeR"lx>0}andthepointz:(plpt,...,,plp)ristheuniqueminimizerof
I
J,
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A copy of the lecture-sheets may
contain worked out exercises.)
Good luck!

during the examination. (The copies may noÍ
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