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To get multiple eigenvalues there are two possibilities.
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The objective function of the problem is a continuous function, the feasible region is aX
compact set and therefore there are certainly maximum and minimum values.



Given the number of constraints, it is not convenient to use the Kuhn-Tucker conditions
which would require the resolution of 8 systems.

We firstly study the possible points of free relative maximum and minimum.
Applying the first order conditions we get:

f Ê Ê Ê −
0 œ #B  C  $ œ !
0 œ #C  B œ !

$C  $ œ ! B œ #
B œ #C C œ "

0 Bß C œ #ß "    X  w
B
w
C

 and .

For the second order conditions we get, using the Hessian matrix:

‡ ‡
‡
‡

       Bß C œ œ
#  " œ #  !
 " # œ %  " œ $  !

   #ß " #ß ". Since , the point "

#
 is a

minimum point, with .0 #ß " œ  $ 
Now we study the objective function  at the points of the first0 Bß C œ B  C  BC  $B  2 2

constraint . It is B œ ! 0 !ß C œ C C  !  2  and for  it is an ever increasing function.
Let's study the objective function  at the points of the second0 Bß C œ B  C  BC  $B  2 2

constraint . It is C œ ! 0 Bß ! œ B  $B Ê 0 B œ #B  $   !   2 w  and therefore the function

is increasing for .B  
$

#

Finally, let's study the objective function  at the points of the0 Bß C œ B  C  BC  $B  2 2

third constraint . It isC œ %  B À
0 Bß %  B œ B  "'  B  )B  %B  B  $B œ $B  "&B  "' Ê  2 # # #

Ê 0 B œ 'B  "&   ! B  
&

#
w   and therefore the function is increasing for .

We therefore have the following situation:



from which we see that:
-  !ß %  is a maximum point, with , and it is the absolute maximum0 !ß % œ "' à 
-  %ß !  is a maximum point, with , and it is a relative maximum0 %ß ! œ % à 
-    #ß " 0 #ß " œ  $  , and it is the absolute minimum.is a minimum point, with

The point    $
# ß ! 0 ß ! œ  is a minimum point, with , relatively to the points of the

$ *

# %
constraint . For a complete analysis we form the Lagrangian function only for this con-C œ !
straint. We get: A - -   Bß Cß œ  ÀB  C  BC  $B  C2 2 . So
 




A
A -

-

w
B
w
C

œ #B  C  $
œ #C  B 

C œ !

œ !
œ ! Ê

B œ

C œ !

œ  !

$
#

$
#

 and therefore the point  $
# ß !  may be, since

- œ  !
$

#
, with respect to the interior points of the feasible region , a maximum point and X

therefore it is neither a maximum point nor a minimum point.

The point    & $
# #ß 0 ß œ  is a minimum point, with  relatively to the points of

& $ ""

# # %
the constraint . For a complete analysis we form the Lagrangian function only forC œ %  B
this constraint. We get: A - -   Bß Cß œ  B  ÀB  C  BC  $B C  %2 2 . So 
   




A -
A -

- -

w
B
w
C

œ #B  C  $ 
œ #C  B 

C œ %  B

œ !
œ ! Ê Ê

'B œ "&
C œ %  B
œ )  $B

B œ

C œ

œ  !

&
#
$
#
"
#

 and therefore the point

 & $
# #ß  may be, since , with respect to the interior points of the feasible region ,- œ  !

"

#
 X

a maximum point and therefore it is neither a maximum point nor a minimum point.
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For the second order conditions we use the Hessian matrix: ‡   Bß C œ
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