Week 12, Lecture 1

Optimization Algorithms
(ACM 41030)

Dr Lennon O Naraigh
Exercises #6

3. Consider the half-space defined by:
H,={xeR'a -xz+a>0}

where a € R" is a constant non-zero vector and &« € R is a constant scalar.

Formulate and solve the OP for finding the point @ € H, with the smallest
Euclidean norm.
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4. Consider the following modification of the example in class notes. Here, { is a
parameter that is fixed prior to solving the problem:

min f(x),
min f(z),

where _ _
) =RE=sy + (v — B~,

t is sji&o& faf‘ e P’o()(o\,v\ .
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ACM 41030 More on Constrained Optimization
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i -y >
THY | 5.
1+4: 1 - X
Loty (',o)'r

(a) For what values of ¢ does the point @, = (1,0)” satisfy the KKT conditions?

(b) Show that when t = 1, only the first constraint is active at the solution and

find the solution. @
I

TK(&\\ ’\1\: (X—}'LSL*' oy (1—%=4")
— 3\.,_('-7‘+\§>

1l M a6 s %
N &
_a:_C o ‘*'(‘4"‘55 + A — N

A



2
_aiq o "\"’("j—tv ‘b?\\——(\z_
)
b S e e B e R Py

BL\A - -

~—
-— I/2

=) X\'\—%Z: \

%ﬁ’j\x =0 => AlAY « A-dy =0
=%
= A =xp= —u( "fjs ‘

et
\

Aye D= 2,
>\\*‘\7_ — —UL (—'t> .
sdékdk’- 9\(\(: \—Lx.(~t§$
AZ0 . S gl , ts oo Ole .
- t<o
Tele £ =-\t\.
s e ‘
> = —
== |t| ﬁ 4—?,3 ‘=> —t iEaE 4\_-,3 i
3 BN
C i >

L T



=t \ i >
m 2D

%ﬁ\,'\r e (\22 O L SUMQ_ feG,SO\f\ili on (ﬁg&l@, i’

gt&mﬂ’m} we W d. . %kﬁ"\ Conly He (s
Consiwe~r s ackue. ‘PrOVV\ cless vles / ézwwz\vic.
(easovwﬁ W e Leravns H/\a-)"' \/LQ/ S\— VS o g oY

Ot M (6o A O %
Qb ab ce- hckin ende recpaomale "
- o
= 5 y-t)T
.

/i > \



Oe 1S SOlUQJK,

/n*Q Same Prouq,w\) US;"ﬁ HQ/ \l(/lCT CCN\OLA'(\O\AA i
O(\Q Ac\due Comnlvoinl (}\L:O)

kT L
&[: 1\‘2>*\ 7)/ i O
X

lewd 2

, i £ e e O
e

%kﬁ’\'\’\éle >\\ '
1(_1\-}23 = Ny & 4(3"35

i o e N /.I.A_.\3 Ly



e e \—x-g =0 (p“‘*“‘_‘ﬁﬁ"*“ﬁ

Bock o AvsWlamiab epuatian :

>
— L (\(-‘_L> o 4('0~l> i
a3 4 (LY =0

o
= + NS A2 -3 = O .
e 2Lk -3 = Same = 24—
- \ T 2 & \ Obhma«:‘\\: o
@lavanrngy  warude.

%l\g’l D G X:,s:v O. 3R



S

X x

U

O.3R
\ — K<«



Week 12, Lectures 2-3

Optimization Algorithms
(ACM 41030)

Dr Lennon O Naraigh

Exercises #6

6. Formulate the dual problem for the following OPs:

(a) Minimize:

an (e,z), subject to Az — b > 0.
ZER™

Here, ¢ € R™ is a constant vector, b € R™ is a constant vector, and A €
R™>" is a contant matrix.

(b) Minimize:

mm 3{z,Gz), subject to Az — b > 0.

Here, A and b are as before, and G € R™™" is a constant symmetric positive-
definite matrix.
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3. Consider the half-space defined by:

}1(1 = {IE c R"|a T+ a> ()}3

where a € R"™ is a constant non-zero vector and @ € R is a constant scalar.
Formulate and solve the OP for finding the point * € H, with the smallest
Euclidean norm.
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Optimization Algorithms (ACM 41030)
Second Written Exam
23/04/2026

The second written exam is worth 50% of the module grade. This will take place as a full end-
of-trimester exam in the RDS. Note the duration: the exam will last 60 minutes.

The exam will contain 4 questions, For maximum marks, all 4 questions must be
answered. The exam format is closed book. Non-programmable calculators are permitted.

The questions will involve a mixture of theory and calculations / exercises. The following
theory is examinable:

o The projection operator — Section 12.4

o First-order optimality conditions in case of a single inequality constraint — Section
13.2

o Showing that if the LICQs are satisfied, then the Lagrange Multipliers are unique -
Section 15.1, Theorem 15.2

« Showing that the tangant cone is inside the set of LFDDs; showing that the tangant
cone and the LFDDs are the same when the LICQs are satisfied — Section 15.2,
Theorem 15.3.

NOTE: you can assume without proof that the matrix ( ZAT) has full row rank.

e Assuming Farkas's Lemma, prove the necessary conditions (KKT conditions) for a
feasible point x, to be a minimizer - Section 16.4

The calculations / exercises will come exclusively from Exercises 5 and 6:
o Everything on Exercises 5 is examinable.

o Everything on Exercises 6 is examinable except for:
o Question'5, which requires a computer for the solution.
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