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Problems for Lecture 7 GRA 6035 / ELE 3781 Mathematics

Key Problems

Problem 1.
Check if the given sets are compact (closed and bounded). It is useful to sketch the sets:

a) D= {(z,y) : 2,y > 0 and 2z + 3y < 6} b) D = {(z,y) : 422 + 9y* < 36}

c) D={(z,y):z,y>1and 2z + 3y > 12} d) D ={(zy) : 4zy <1 and z,y > 0}
Problem 2.

Solve the Lagrange problems:
a) max f(z,y,2) = x + 2y + 3z when 2z + y?4+222=9
b) max /min f(z,y,2) = &% + y? + 22 when 322 + 2% + 22% = 12

Problem 3.
Use the second order condition to solve the Lagrange problem:

a) max /min f(z,y,2) = 422+ 9y2 + 22 whenz +y + 2z =1
b) max /min f(z,y,2,w) = zw — yz when z* + 4y? = 4 and 42% 4+ 9uw? = 36

Problem 4.

Determine if there are any admissible points such that the NDCQ fails when the constraints are given by:
a) zyz =1 b) 322 +3y2+ 822 =1
c) B+ +24=0 dzy—z2zw=1landz+y+z+w=4

Exercise Problems

Problems from the textbook: [E] 6.1, 6.2, 6.3ab, 6.4, 6.11
Exam problems Final exam 11/2019 Question 4ab

Answers to Key Problems

Problem 1.
a) Compact b) Compact
c¢) Not compact (not bounded) d) Not compact (not bounded)
Problem 2.
a') fmax =9 b) fmin =4 f(m.ax =k
Problem 3.
8) fmin = 36/49 b) froex =4, fruin = —4
Problem 4.
a) None b) None c) (z,y,2) = (0,0,0) d) None
Eivind Eriksen, Office B3y-085, eivind.eriksen@bi.no Bl Norwegian Business School
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Key Problems

Problem 1.
Solve the Kuhn-Tucker problems:

a) max f(x,y,2) = ¢ — 2y + 2z when 22 + y2 + 22 < 3
b) max f(z,y,2,w) = 2z + yw when 22 + y2 < 1 and 422 + 9w? < 36

Problem 2.
Solve the Kuhn-Tucker problems:

a) max f(z,y,2) = %y22? when 22 + % + 2% + z?y?2% <4
b) max f(z,y) =In(z%y) —z —y whenz > 1, y>landz+y >4
Exercise Problems

Problems from the textbook: [E] 5.13 - 5.14, 6.3cd, 6.5 - 6.10
Exam problems: [Final 11/2017] Question 3-4
[Final 11/2018] Question 3-4

Answers to Key Problems

Problem 1.
a') fma.x=3\/§ b) fma.x=3

Problem 2.
a) famel b) fmex =8In2-3In3 —4

Eivind Eriksen, Office B3y-085, eivind.eriksen@bi.no Bl Norwegian Business School
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Problems for Lecture 9 GRA 6035 / ELE 3781 Mathematics

Key Problems

Problem 1.
We consider the constrained optimization problem max f(z,y,2) = 272 — 4y? — 22% when z* + y* + 24 < 16.

a) Find the maximum point and maximum value of f.

b) Use the envelope theorem to estimate the new maximum value of f when we change
i) the constraint to z* +y* 4+ 22 <20 ii) the objective function to fzy,2) = 2% — 4y — 22°

Problem 2.
Determine the range of the following quadratic functions:

a) f(z,y,2) =22 +4zz+y2 +52° —dy + 22
b) f(z,y,2,w) = 322 + 22y + 8zz — 2zw + Y% + dyz + 2yw + 622 + 3w? + 1

Problem 3.
We consider the Lagrange problem given by

min f(z,y,2,w) = — 422 — 10y? — 522 — bw? + 4zz + daw — 4yz + dyw + 6zw when 2+ +22+uw=6

a) Determine whether f is convex or concave.
b) Find all points (z,y,2,w) such that (z,y,2,w; \) satisfy the Lagrange conditions when A\ = —12.

¢) Solve max f(z,y,2,w) subject to 2+ y? + 22+ w? =6.

Problem 4.
Let g(x,y,2,w) = 322 + 2zy + 8z — 2zw + Yy + dyz + 2yw + 722 + 4w?, and consider the Kuhn-Tucker problem

given by
max f(z,y,2) =z +y + 2z +w subject to g(z,y,z,w) <18
a) Determine the definiteness of the quadratic form g.
b) Write down the Kuhn-Tucker conditions of the problem in matrix form.

¢) Write down the non-degenerate constraint qualification in this problem, and find all admissible points where
this condition does not hold (if there are any).

d) Solve the Kuhn-Tucker problem.
e) Determine whether the set D = {(z,y,2,w) : g(z,y,z,w) < 18} of admissible points is a compact set.

Exercise Problems

Exam problems [Final 01/2018] Question 1,3,4

Eivind Eriksen, Office B3y-085, eivind.eriksen@bi.no Bl Norwegian Business School
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Exam Final exam in GRA 6035 Mathematics
Date  April 20th, 2022 at 1300 - 1600

This exam consists of 1241 problems (one additional problem is for extra credits, and can be skipped).
Each problem has a maximal score of 6p, and 72p (12 solved problems) is marked as 100% score.

You must give reasons for your answers. Precision and clarity will be emphasized when
evaluating your answers.

Question 1.
We consider the matrix A given by

2 —4 -—l11
A=1|-2 3 10
1 -4 -10
(a) (6p) Compute the determinant and rank of A.
(b) (6p) Find a base of Null(A — I).
(c) (6p) Show that A =1,A = —5 and A = —1 are eigenvalues of A.
(d) (6p) Find a matrix P such that P~ AP is diagonal, if it is possible.

Question 2.
(a) (6p) Solve the differential equation ¢ — 3y’ + 2y = et

(b) (6p) Solve the differential equation ty' +y = 1.
(c) (6p) Solve the differential equation 2ty’ + 4 = 1.
(d) (6p) Find the equilibrium state of the system of differential equations. Is it stable?
2 -4 -11 -3
v=(-2 3 10| y+/[2
1 -4 -10 -1

Question 3.
We consider the function f given by f(z,y,2) = 4y — 242 — 32% — 22y — 8z and the Lagrange problem
given by

max f(z,y,2) subject to g(z,y,2) = 22+ 4422 4 dyz =2

(a) (6p) Find all stationary points of f and classify them.

(b) (6p) Write down the Lagrange conditions of the Lagrange problem.

(c) (6p) Find all points (z,y,#; A) with A = 1 that satisfy the Lagrange conditions.

(d) (6p) Solve the Lagrange problem.

(e) Extra credit (6p) Find a linear change of variables x = Pu such that the constraint g(x)=2
takes the form A\ju? + Aou? -+ Azu = 2, and use this to describe the set of admissible points.



