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Please answer all questions. Everything covered in class can be freely
referred to.

PROBLEM 1

a) Consider a concave function U —"—>R defined on a convex subset U of
R".Define B, ={xeU: f (x)20} .Is B, a convex set?(Proof or

counterexample)

b) Consider a maximization problem ( f,S).The feasible set S cR" is

convex, and the objective function S—' 3R is concave. Define
M = Set of all global maxima of ( f,S) 1)
Is the set M convex? (Proof or counterexample)

¢) Consider a maximization problem ( f,S).The feasible set S cR" is

convex, and the objective function S—' >R is strictly concave, i.e.
f(tx+(1-t)y)>tf (x)+@-t) f(y),forall x = y,0<t<1 )
Define
M = Set of all global maxima of ( f,S) 3)

Show that the set M cannot contain two distinct elements

PROBLEM 2

Consider concave functions U —%—>R,i=1,2,...,L defined on a convex

subset U of R".Define
B ={xeU :g;(x)>0} @)

L
a) is the intersection ﬂ Bi a convex set? (Proof or counterexample)
i=1
L
b) is the union U Bi a convex set? (Proof or counterexample)
i=1
L
c) is the cartesian product H Bi a convex set? (Proof or counterexample)
i=1

L
d) isthe sum z Bi a convex set? (Proof or counterexample)
i=1
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PROBLEM 3

a) For all allowed values of the parameters, find all global maxima of the
following maximization problem, or show that none exist.

maximization problem|

Objective function R——R, f(x)=x
Constraints X<25+t-5x<s+2t-3,x>0
Variables  x

Parameters s,t

conditions on parameters s>0,t >0

b) The solution of the maximization problem (5) is a function x = F(s,t) .Is the

function F concave?

PROBLEM 4

a) Consider the function
R’ SR, f (X, X, %) = aX,X, + BX; —CX2 +C X, +C,X, (6)
For which values of the parameters «, f,¢,c,,C, is this function concave?
b) Consider the function
R® 25 R, g(X, X, X)) = XX, +bxZ +dx? (7)
For which values of the parameters «,b,d is this function concave?

c)Consider the function h=2f +3g,with f given by (6),and g given by (7). For

which values of the parameters is h concave?

d)Consider the function h=min{5f,6g}, with f given by (6),and g given by (7).

For which values of the parameters is h concave?

PROBLEM 5

Consider the following
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maximization problem|

Objective function  R,“* —" >R, f(Xy, X, X ) = Xo +24/%.. X,
Constraints  pX, + X, +...+ X, <m,x, 20,x >0,...,x_ >0
Variables X, X,..., X,

Parameters p,m,L

conditions on parameters p>0,m>0,L >1, L integer

a) compute the largest value of L for which the objective function is
concave, and solve (8) for this particular value only.

b) compute the smallest value of L for which the objective function is not
concave, and solve (8) for this particular value only.

c) compare the global maxima in the two cases.

PROBLEM 6

For all allowed values of the parameters, find all global maxima of the
following maximization problem, or show that none exist.

maximization problem|

Objective function R—I>R, f(x)=x
Constraints  x>0,ax* +bx+c>0
Variables  x

Parameters a,b,c

conditions on parameters a=0,b=0,c#0

PROBLEM 7

For all allowed values of the parameters, find all global maxima of the

following maximization problem, or show that none exist.

maximization problem|

Objective function R?—5R, f(x,X,) =X +aX,
Constraints O£x1£4,03x234’()(1_2)2_()(2)220
Variables X, X,

Parameters «
conditions on parameters a >0

(10)
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PROBLEM 1

a) Consider a concave function U —.—R defined on a convex subset U of
R".Define B, = {x eU: f(x)2 0} Is B, a convex set?(Proof or

counterexample)
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b) Consider a maximization problem (f,S) .The feasible set S cR" is

convex, and the objective function S—. 3R is concave. Define
M =Set of all global maxima of (f,S) (1)

Is the set M convex? (Proof or counterexample)
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¢) Consider a maximization problem (f,S) .The feasible set S cR" is

convex, and the objective function S—.—R is strictly concave, i.e.
f(tc+(1=1)p)>tf (x)+(1=1) f(y).forall x = y,0 <t <1 2)
Define

M =Set of all global maxima of (f,S) (3)

Show that the set M cannot contain two distinct elements
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PROBLEM 2

Consider concave functions U ——R,i=1,2,...,L defined on a convex

subset U of R" .Define

B ={xeU:g,(x)=0} (4)

a) is the intersection ﬂ B, a convex set? (Proof or counterexample)
i=1
L
b) is the union U B. a convex set? (Proof or counterexample)
i=l
L

c) is the cartesian product 1—[ B, aconvex set? (Proof or counterexample)
i=1

d) isthe sum Z B, aconvex set? (Proof or counterexample)
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PROBLEM 3

a) For all allowed values of the parameters, find all global maxima of the
following maximization problem, or show that none exist.

maximization problcm|

Objective function R—5R, f(x)=x
Constraints x<2s+t-5x<s5+2t-3,x20 (5)
Variables X

Parameters s,¢

conditions on parameters s = 0,7>0

b) The solution of the maximization problem (5) is a function x = F(s,7) .Is the
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PROBLEM 4

a) Consider the function
R’ —L5R, f(x,,X,,X,) = ax,x, + Bx; —cx; +¢,x, +C,X, (6)

For which values of the parameters «, f3,¢,c,,¢, is this function concave?
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b) Consider the function
R’ —<= SR, G0 X% )= af.\‘f_\’3 + b.\'l2 + dx:2

For which values of the parameters «,b,d is this function concave?
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c)Consider the function /=2 f +3g ,with f given by (6),and g given by (7). For

which values of the parameters is 4 concave?
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d)Consider the function 4 =min{5/,6g}, with f given by (6),and g given by (7).

For which values of the parameters is # concave?
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PROBLEM 5

Consider the following

maximization problem|

Objective function R, “" —L5R, £(X,, X, X, ) = X, + 2:/X,...X,
Constraints ~ px, +x, +...+x, <m,x, 20,x,20,...,x, =20

(8)

Variables  x,,x,,...,x;

Parameters p,m, L

conditions on parameters p >0,m >0,L >1, L integer

a) compute the largest value of L for which the objective function is
concave, and solve (8) for this particular value only.

b) compute the smallest value of L for which the objective function is not
concave, and solve (8) for this particular value only.

c) compare the global maxima in the two cases.
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PROBLEM 6

For all allowed values of the parameters, find all global maxima of the
following maximization problem, or show that none exist.

maximization problem|

Objective function R—L5R, f(x)=x
Constraints  x>0,ax’ +bx+c¢>0
Variables X

Parameters a,b,c

conditions on parameters a = 0,h # 0,c =0
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PROBLEM 7

For all allowed values of the parameters, find all global maxima of the
following maximization problem, or show that none exist.

maximization problem|

Objective function R*—L>R, f(x,,x,)=x, +ax,

Constraints  0<x, <4,0<x, <4,(x,—2) —(x,)" 20 (10)

Variables  x,,x,
Parameters «

conditions on parameters a >0
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