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Lecture - 30
Example Problems on Constrained NLP

So, in our course Selected Topics in Decision Modeling we are in our 30th lecture, and in
this lecture we are going to give some examples on Constrained Non-Linear

Programming problems, right some examples of NLP.
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So, let us take very simple problem first. And to really understand the different methods
that we have solved at different point of time can we solve this particular problem that is
minimize a function of x 1 and x 2 x 1 minus 3 whole square plus x 2 minus 4 whole
square and the constraints are 2 x 1 plus 2 x square is equal to 8 and x 1 and x 2 are

greater than equal to 0.

So, can you solve this problem by graphical method as single variable unconstrained
non-linear programming problem and using Lagrange multipliers and also using KKT
conditions right? So, you see this is simple constraint that is equality constraints. So, if
you solve the same problem by different methods then you can really understand the

relative merits and demerits of these.



So, really speaking the KKT conditions are general conditions, they are utilized for
inequality problems. But equality is a special case of inequality is it not? That when
inequality constrained; usually say in this case would have been 2 x 1 plus x 2 less than
equal to 8, but equal to is included in that. So, that the special case is it alright; so, all

problem well Lagrangian multipliers used also be solved by KKT conditions; is alright.

So they are the general conditions can be applied for all problems with equality as well
as inequality conditions. Now since an equality conditions is used the constraint is really
inequality; sorry equality, you can put that into the objective function and transform it

into a single variable problem right.

So, you can right in this case you can find out 2 x 1 plus x 2 equal to 8. So, you can find
out x 2 equal to say 8 minus 2 x 1, put it in the objective function and you can also solve
it as a single variable unconstrained NLP. This particular problem is simple; so it is
possible, but it may not be possible for all problems suppose we have a 3 variable
problem and we have only one constraint. So, one constraint can only reduce one
variable, it will still remain a multi variable problem and cannot be solved really by

single variable problem is alright.

So, that is not possible, but you can actually make it an unconstrained NLP by putting
those constraints into the objective function is, alright. So, this is also possible when you
have an equality constraint. So, let us proceed and see how we can solve these by all

these 4 different methods.
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] Graphical Solution

X

Objective Function
2x, +x,=8
Minimize f(x,,x,)

=3P +(x,-4)°
(o () (-3 +(-9)

Constraints

Point (3,4)

2x,+x,=8

— -
xl 2 0; xz 2 0, ptimal Point
(2.2,3.6)
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So, first let us look at the graphical method; so, you see first you draw the function these
objective function the red one is really the objective function see I had only drawn 2 such
circles, there could be more such circles is it not more circles, but then this is our

constraint what is the constraint? 2 x 1 plus 2 x equal to 8.

So, this is the constraint line you know how to draw it? If you put x 2 equal to 0, then x 1
will be equal to 4. So, this point is 4 and if x 2 equal to 0 then sorry x 1 equal to 0 then x
2 should be equal to 8. So, we can draw line from this point to this point that will be our
constraint line is it alright. Now you see if I draw different circles which are all and this

is the point 3, 4 which is our center.

So, making these as a center if I draw different circles that circle which just touches this
constraint line; just touches this constraint line that will be our the optimal point is it
alright. And incidentally that optimal point is 2 by 2 and 3 by 6 is it alright; that is our
optimal point. So, this is how you can solve this problem graphically; this is simple
problem, so it is easy to solve, but it may not be. So, easy fine all such problems is it
alright right. So, that is how you can do what is known as graphical solution. Let us see

how we can solve this by an unconstrained optimal problem.
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Solving as Unconstrained NLP

Objective Function Since 2x; + X, = 8; wehave: x, = 8-2x;
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2%, +x,=8 =097 46 -
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So, as I as we discussed earlier that the constraint line is 2 x 1 plus x 2 equal to 8; so, we
have x 2 equal to 8 minus 2 x 1. So, if [ put 8 minus 2 x 1 in this case instead of x 2, then

[ have a x 1 minus 3 whole square plus 8 minus 2 x 1 minus 4 whole square is it alright.

So, this becomes actually x 1 minus 3 whole square plus you know 4 minus 2 x 1 whole
square. So, that is x 1 square minus 6 x 1 plus 9 and 4 x 1 whole square minus 16 x 1
plus 16, it comes to x 1 square minus 22 x 1 plus 25; so, that is our objective function.
And this then become an unconstrained problem, unconstrained NLP because a

constraint is taken inside.

So, what should be done in this case? Recall we have to take first differential for
necessary condition and second differential for the sufficient condition. Now the second
differential should be positive or negative? It is a minimization problem just recall, it

should be negative right.
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So, we remember that; so, once you remember then we can do that; that we take that it is
a minimization problem. So, we take the first differential the fist differential is what we
get is you know we take the first differential 10 x 1 minus 22 equal to 0. So, x 1 is 2.2.
And second differential for minimization problem, it should be positive because we
know if it is negative then it will be for maximization; if it is positive that will be for

minimization.

So, minimization problem we must have second differential should be positive. So,
second differential is coming to 10 which is positive. So, the functions is convex and
minimization is possible so that means, x 1 is equal to 2.2 and x 2 equal to 8 minus 2 x 1

equal to 3.6.

So, the minimization function value is 0.8 and the optimal solution x 1 equal to 2.2, x 2
equal to 3.6. So, we have now seen that how to solve this problem by graphical method
and also by unconstrained NLP method. So, how do you solve this same problem by the

Lagrangian multipliers?
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Solving by Lagrange Multipliers
Objective Function Rewriting in Standard Form
Minimize f(x,,x,) Maximize f(x,,x,)
= (x,-3y" *’(xz”‘t)2 = - _3)1”()52 -4y
Constraints Constraints
2x,+x,=8 2x, tx,=8
X, 205 x, 20; X, 205 x, 2 0;
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So, this is minimization problem it is better to put it in the standard form; so, if you put it
into the standard form then it will be maximize f x 1 x 2 minus of x 1 minus 3 whole
square minus of X 2 minus 4 whole square is it alright. So, that is how we can do and the

constraint is X 2 X 1 plus x 2 equal to 8, x 1 and x 2 greater than equal to 0.

Actually for Lagrangian multiplier method these standard form is really not required, but
we have done this once an once for all because we require this standard form for KKT

conditions is it alright.
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Solving by Lagrange Multipliers

Lagrange function L(x,,x,,4) =~ (x,-3)' = (x,-4)' - A.(2x, +x,-8)

Now, taking partial differentiation w.rt X,,X,,4 and equating to zero:

@:— (v,=3)-24=0 (1)
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So, we wrote it in the standard form has maximization problem then we formulate what
is known as the Lagrangian function. So, what would be the Lagrangian function? It
should be minus of x 1 minus 3 whole square minus of x 2 minus 4 whole square that is
of first part and minus lambda times 2 x 1 plus x 2 minus 8 that is our Lagrange’s
function. So, when we differentiate it with respective x 1 x 2 and lambda we get 3

equations what are they plus do it with respective x 1.

So, it should be minus 2 x 1 minus 3 and x 1 will be 0; so, 1; so multi 1. So, it is itself
and here it should be 2 lambda is, alright. So, that is how it should be and second term
again minus 2 of x 2 minus 4 and differential of these is 1; so that 1 is not required; so
minus 2 X 2 minus 4 minus of lambda equal to 0 and the third term minus of 2 x 1 plus x

2 minus 8 equal to 0.

So, these are our 3 differentiation partial differentiation and then putting equal to O is

alright. So, that would give us Lagrangian function differentiation.
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Solving by Lagrange Multipliers

From Equation (1), we get oL —2x,-3)-2=0 (1)
Ax,-3)-2=0; ie x-3+4=0
ie, x,=3-4 @) :TL:—Z(xI—ﬂ—/l:O )

2
From Equation (2), we get oL

= =—(2x+x,-8)=0 :{3)
“2(x,-4)-A=0; ie 2x,-8-1=0 04

ie. x,=4-(112) (§)

Putting (4) and (5) in (3), we get: 2*(3-A)+4—-(A/2)-8=0; ie. 2-(54/2)=0; ie A=08

Hence, We have: x, =3-1=3-08=22 and x,=4-(1/2)=4-04=36
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So, this is exactly what we have got now the first one will give minus 2 into x 1 minus 3
minus 2 lamda equal to 0 or x 1 equal to 3 minus lambda. Second one 2 x 2 minus 8§

minus lambda equal to 0 or x 2 equal to 4 minus lambda by 2.

So, if put them into the third equation. So, 2 into 3 minus lambda plus 4 into min into x 2

that is 4 minus lambda by 2 minus 8 equal to 0. So, that gives 2 minus 5 lambda by 2



equal to 0 or lambda is equal to 0.8. So, that 0.

8; if I put when x on is 2.2 and x 2 is 3.6.

So, if you recall we have got the same value that is 2.2 and 3.6 by Lagrangian multipliers

also.
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Solving by Lagrange Multipliers

Objective Function
Minimize f(x,,x,)
=(X,-3) +(x, -4y
Constraints
2x,+x,=8
205 =0
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Optimal Solution to the Problem

X, = Mk x2=3.6;
Minimum f(x,,x,)
=(22-3)2+(3.6-4)}=0.8
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So, this is the solution then by Lagrangian multipliers that x 1 equal to 2.2 and x 2 equal

to 3.6 is alright. So, how then this problem will be if you solved be by KKT conditions

right?
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Solving by KKT Conditions

Objective Function
Minimize f(x,,x,)
=(x,-3)* +(x,-4)?
Constraints
2x,+x,=8
Al el
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Rewriting in Standard Form

Maximize f(x,,x,)

= - (X, -3 -(x,-4)’
Constraints

2%, +x,=8

X, 20; x,20;

PRV QEI Lo




The same problem once again if we solve by KKT conditions; how it should look like?
Look here the original problem is function of x 1 and x 2 equal to x 1 minus 3 whole

square plus x 2 minus 4 whole square constraints 2 x 1 plus x 2 equal to 8.

So, putting in standard form minus x 1 minus 3 whole square minus x 2 minus 4 whole
square 2 x 1 plus x 2 equal to 8, x 1 less than equal to 0 x 2 greater than equal to 0 x 1

and x 2 both greater than equal to 0.
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] Solving by KKT Conditions
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So, you know if I if I write; this is our original problem then this are these are the
constraints that we should use; see either you can use then in these manner or as I just
discuss in the previous classes what we can do? We can actually right down the
Lagrangian function. So, the Lagrangian function could be equal to minus of x 1 minus 3

whole square minus of x 2 minus 4 whole square then minus u 1 2 x 1 plus x 2 minus 8.

So, we can right the Lagrangian function and then we can obtain del I, del x 1, del 1 del x
2 and del 1 del u 1. So, what will be del 1 del x 1? Minus 2 x 1 minus 3 minus 2 u 1; that
is the first one. Second one minus 2 X 2 minus 4 and minus u 1 that is second term. So,
that should be greater than equal to 0 and another term will be x 1 multiplied by del 1 del
x 1 equal to 0; x 2 multiplied by del 1 del x 2 equal to O right.

So, this is how these 2 sets of conditions can be written. So, once again we can formulate

the Lagrangian the del 1 del x 1 less than equal to 0 del 1 del x 2 less than equal to 0 x 1



times del 1 del x 1 equal to 0 x 2 time del 1 del x 2 equal to 0 right. So, this is how we can

right all those 4 constraint.
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Example 1: KKT Conditions

3.g(x)=-b<0  fori=12,.,m,
2 +x,-8<0 @) X

Problem Considered

Maximize f(x,,x,)

i ’(xl’s)z’(xz"‘)z
doulg(x)-b|=0 fori=12,...m.
'[s'( ) ] J i Constraints

(2x,+x,-8)=0 (4)
2x, +x,=8
5.x,20 for j=1,2, 1.

X, 20; xz"zﬂ;
X 20,x,20 )

6.1 20 fori=1,2,..,m.
20 (6)
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So, moving ahead we can right the constraint line itself 2 x 1 plus x 2 minus 8 less than
equal to 0 and u I into 2 x 1 plus x 2 minus 8 equal to 0. So, this is another set of
constraint and the last ones are x 1 greater than equal to 0; x 2 greater than equal to 0 and
u 1 greater than equal to 0. Now once we have written all these KKT conditions, now we

see that in this particular case we have x 1 equal to x 2; 2 x 1 plus x 2 equal to 8.

So; that means, these time equal to 0. So, that gives us that u 1 equal to not 0 right; so,
we fine that u 1 is not equal to 0. So, that is one thing that we find out directly. And there
i1s no need to right really condition 3, it is condition 3 is not really required because

directly we have 2 x 1 plus x 2 equal to 8.
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Example 1: All the KKT Conditions and Solution

2x,-3)-2, <0 (la) For positive x, and x,
“2x,-4)-m <0 (1b) B s = Er=0 )
X%,(=2%,~3)-2m) =0 (2a) “Ax,-4)-u =0 (2)

(2%, ~4)-1)=0  (2b)
2 +x,-8<0  (3)

2x,+x,-8=0 3)

Same equations are obtained as
n(2x,+x,-8)=0 (4) with Lagrange Multipliers.
Hence, Optimal Solution:
=22 x,=3.6;
Minimum f(x,,x,)
=(22-31+(3.6-4)* =08

x20,x20 (§

w20 ()
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Now apart from this we can also observe that by writing all these constraints that the x 1
and x 2 are going to be positive because you know really speaking we are have a non

zero solution.

So, since that is so automatically from here since x 1 and x 2 are positive x 1 and positive
x 2. So, we can find out that these terms are really equal to 0; so, right. So, really have 3
equation that these equal to 0 these equal to 0 and these equals to 0. So, if we solved
them these become exactly same as those equations obtained with Lagrangian

multipliers.

So obviously, the solutions also would be same that is x 1 equal to 2.2 and x 2 will be
equal to 3.6 and the minimum function would be 0.8 alright. So, see we have really seen
that the KKT conditions can be utilized for almost all NLP problems and particularly for

problems also where equality constraints is also used is alright.

So, these particular example is I had taken really to explain the equivalence of the KKT
conditions and the Lagrangian multipliers. And as a special case for equality constraint
we have also seen how a similar problems can be solved by equality constraint for 2
variable problem as an unconstrained problem also; additionally the graphical

explanation is also seen right
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Example 2 on Lagrange Multipliers

A company sells chocolate in cylindrical boxes of 60 cc volume each. For the purpose
of better handling, the company wishes to minimize the surface area of the boxes.

What should be the height to radius ratio for the box with minimum surface area?

Note: The volume of a right circular cylinder is a1’ h and the surface area of
aright circular cylinder is 27 + 27k, where r is the radius of the cylinder and

h is the height of the cylinder. L 'f ( ) ’lﬂTLHT‘ h
Min 1(3)=

0 i =60
() v 5»{' Trh=
1 v b0
6%’ / T7{O) J}\/Z"" 3
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So, as more exercise let us let us see some problems on Lagrangian multipliers again. Let
us see a problem on this type; say a company sells chocolate in cylindrical boxes of 60 cc
volume each. For the purpose of better handling the company wishes to minimize the
surface area of the boxes right. So, what should be the height to radius ratios for the box

with minimum surface area is alright.

So, you know what the company wants? The cylindrical boxes the volume is 60 cc right
that is given, but then how do you make a height to radius ratios so that the box is having
minimum surface area. Look here the volume of right circular cylinder is pi r square h
and the surface area is you know 2 pi r square plus 2 pir h; 2 pi r h you know this where

r is the radius of the cylinder and h is the height of the cylinder is it alright.

So, we know that this part is because the right circular cylinder really look like this that
this is how which should look like right. So, if this is r then this perimeter will be 2 pi r
and this height is h. So, 2 pi r h is this portion this curve portion and this one is pi r

square and this one is also pi r square.

So, if you add then this is 2 pi r h and this pi r square plus pi r square that is 2 pi r square
plus 2 pir h; that is the total surface area; what we have to do is we have to minimize the
surface area right. So, what will the function? Minimize fx equal to 2 pi r square plus 2
pi r h; subject to pi r square h equal to 60 and r greater than equal to 0 h greater than

equal to 0.



So, that would be our problem formulation is it not this fair and simple? So, question is

that how do we solve this problem by making use of Lagrangian multipliers?
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Example 2 on Lagrange Multipliers

Objective Function Rewriting in Standard Form
Minimize f (r,h) Maximize f(r,h)
=2art+2nrh = -2xrt-dxrh
Constraints Constraints
xrh=60 Inz+2Inr+Ink=In60

ie. 2lnr+Ink=In60-Inz =295

b

s
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So if you write this is the objective function minimize 2 pi r square plus 2 pi r h and

constraints is pi r square h equal to 60.

So, if you rewrite in the standard form then we get maximize f r h is minus 2 pi r square
minus 2 pi r h the negative form. And see this constraint we can make it a linear
constraint by making 1 n pi plus 2 I n r because that is how the I n works plus 1 n h equal
to 1 n 60; so, just taken I n of this. So, then 2 I nr plus 2 1 n h is 1 n 60 minus | n pi and
see I n 60 and 1 n pi can be can be obtained from calculators and we can get a value of
2.95.

So, basically the problem then becomes maximize minus 2 pi r square minus 2 pih pirh
subject to 2 1 n r plus I n h equal to 2.95, right. So that is the problem. So, how it should

be solved?
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Example 2 on Lagrange Multipliers
Lagrange function L(r h A)- -2ar’ - 2wrh—A.(2nr +Inh-295)
Now, taking partial differentiation w.rt r,h,A and equal it to zero

oL =
o= =2mh-24r=0 () By 2th My 20

oL o

Lo amr-ain=o @ % yor— Vp= O

oL - 2.95) = i 1'95)-0

af—(2lnr+ln -295)=0 (3) ,gl' . ,Q‘b'f'\‘hnh' &
§
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So, first we define the Lagrangian function 1 r h lambda equal to minus 2 pi r square
minus 2 pi r h minus lambda into 2 I n r plus 2 1 n h minus 2.95 right then we should take

the differentials.

So, please find out these differentials del 1, del r, del 1, del h and del 1 dl lambda and they
should be equated to 0; the first one del I del r; so minus 4 pi r minus 2 pi h and here
minus 2 lambda by r equal to 0; why 2 lambda by r? Because 2 lambda and 1 n r if you
differentiate 1 by 1, so that is how. And the second case del 1 del h; the first term nothing
then minus 2 pi r and this should be minus lambda by h equal to 0 and third is straight

forward minus 2 I n r plus I n h minus 2.95 equal to 0 right.

So, these are going to be our 3 equality conditions that we get from the Lagrangian

multipliers.
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Example 2 on Lagrange Multipliers
From Equation (1), we get Z_I;:_Mr_zﬁh_u”:“ )
—4xr-2zh-241r=0 a
ie. ~dmr-mh=Alr  (4) ARGt @

oL
From Equation (2), we get é= ~(2Inr+Inh-295)=0 (3)
2mr=Alh=0 ie -2zr=Alh
ie. =2rh=A/r (5)
Combining (4) and (5), we get 4
=dar-mh=Alr=-2xh, ie -2xr=-xh, i.e.

34
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So, having obtained that now we can tried to solve. So, if we try to solve then we find
that the first conditions I know if take this portion that side and divided by 2. So, minus 2
pir h minus 2 pi r minus pi h equal to lambda by r and here minus 2 pi r equal to lambda

by h by slight re orientation minus 2 pi h is also lambda by r.

So, 4 and 5 both are each is lambda by r; that means, 1 h is can be equated. So, minus 2 pi
r minus pi h equal to lambda by r equal 2 pi h; so, little reorientation gives minus 2 pi r
equal to minus pi h. So, if you cancel pi from both sides and equal I mean minus sign
also from both sides we get 2 r equal to h right. So, that is precisely the condition that we

have got h equal to 2 r right.
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Example 2 on Lagrange Multipliers

Objective Function Hence, the solution to the problem will be:
Minimize f (r,h) Condition for optimality: h=2r
=2rr* +2nrh Minimum Surface Area: 6712

Constraints

ar'h=60
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So, that is the thing that h is really 2 r 2 r; that means the height should be the equal to
diameter right. If, r is the radius then height should be equal to diameter and minimum
surface area is 6 pi r square, but additional thing has to be obtained that since these
problem is one minimization; that means, this function should be really convex that

should be ensured also.

So, we saw a problem with Lagrangian multipliers and as a just a quick overview let us

we take look one another problem on the KKT conditions.
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Example 3 on KKT Conditions

Objective Function Rewriting in Standard Form
Maximize f(x,,x,)

—_A_.P
e x2+4x1+6x2

Maximize f(X,,X,)

)
X x2+4x1+6x2

Constraints Constraints
x1+x2$6 x1+x2S6 !
x>3 3-x,<0
X, >4 4- X, <0
x, 20, x,20 x,20,x,20
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Just an overview so that our idea becomes clear; so, here is a problem that let us say
maximize a function a minus x 1 square minus x 2 square plus 4 x 1 plus 6 x 2 and
constraints are X 1 plus x 2 less than equal to 6 x 1 greater than equal to 3, x 2 greater

than equal to 4 and x 1 x 2 greater than equal to O right.

So, if we try to put it in the standard form then these conditions has to be re written as 3
minus x 1 less than equal to 0 and 4 minus x 2 less than equal to 0; rest are the same. So,

this is how we have got the original problem. So, what we do then?
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] Example 3 on KKT Conditions
i, ai—iu,- Bico arx= Xy for j=1,2y e Problem Considered

dx
Maximizef(X,,X,)

jooE J
—2x1+4—u1+u2£0 (la) =_x11_x%+4x1+6x2

-2X,+6-u,+1,<0  (1b)

xl+x256
1 (-}f n ag‘ i i P S_XISO
2.xj a—z;uia =0 atx=x,forj=12,..,n 4-x,<0
T J
X, 20, x,>0

X, (-2x +4-m+m)=0  (la) v el
K H6-m =0 (@) [ 2N v bty + U (4019
w30+ (4%

37
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We this is our problem; so, these problem now see if you right take the Lagrangian
method, then what will be the Lagrangian function? It should be minus x 1 square minus
x 2 square plus 4 x 1 plus 6 x 2 plus u 1 into x 1 plus x 2 minus 6 plus u 2 3 minus x 1

plus u 3 4 minus x 1.

So, that will be the Lagrangian and we have to then differentiate with respect to x 1, x 2,
u l,u 2 and u 3 is alright all of them. So, if we if we differentiate with respective x 1, we
get this condition; if we differentiate with respective x 2 we get this condition is alright.
And additional constraint is that these part multiplied by x 1 should be 0, this part
multiplied by x 2 should be 0 right.
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Example 3 on KKT Conditions
3.g.(x)-h <0 fori=1,2,m. Problem Considered
' ’ Maximizef(X,,X,)

X +x,-6<0 (3
i1770) (a) = - xI-x2+4x, +6x,

3-x 50 (3b)
4-x,<0 (30) MRues
3-x,<0
4ufg(x)-b]=0  fori=12..m. 4-x,<0
X,20,x,20

(X +X,-6)=0 (4a)
ny(3-x,)=0 (db)
1, (4-X,)=0 (4c)
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So, these are the first 4 conditions; now the constraints themselves are the third that is
with respect u 1, u 2 and u 3. And; obviously, the first constraints multiplied by u 1,
second constraint multiplied by u 2, third constraint multiplied by u 3 should be equal to

0 right and apart from the greater than equal to conditions.
(Refer Slide Time: 28:33)

Example 3 on KKT Conditions
5.4,20 o j=1,2, g, Problem Considered
Maximizef(X,,X,)
%20,x,20 () = —xt-x3+4x, +6x,
6.u20 fori=12,...m. X +Xx,<6
3-x<0
u 20, 4,20, 8,20  (6) 4-x,<0
X, 20,x,20
b
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So, these are all the KKT conditions.
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e
Example 3: All the KKT Conditions

2x 4=+, <0 (1a) (X +X,=6)=0 (4)  problem Considered
=2X,+6-u,+1u; <0 (Ib) u2(3-x1)=0 (4b)

u3(4—x2)=0 (4¢)
X,(-2x +d-m +1)=0  (2a)

Maximizef(X;,X,)
= DD
= - x; =Xy +4x, +6x,

X,(-2%, +6- 1 +4) =0 (2b) X, 20,x,20 () pn
x+x,-6<0 () piECEEL ) :“xnig
; -x,<
3-x<0 (3b)  Note: Since x, 23, and x, 24 | >3 .
==
4-x,<0 (30 we have x, >0, and x,>0;

From (2a) and (2b), we have
(1a) and (1b) turn to equality
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So, all the KKT conditions are written here, but you know one interesting thing you can
see that x 1 is greater than equal to 3 and x 2 is greater than equal to 4. So, what you can
say that both x 1 and x 2 are greater than equal to 0. So, if x 1 and x 2 are greater than
equal to 0; obviously, these terms equal to 0. So, this is immediately we can see that we

have these terms are equal to 0.
(Refer Slide Time: 29:10)

- I
Example 3: Solving the Problem  «r conditions

We shall solve the problem by inspection. =2 +4-u =0 (la)
2%, +6-1t,+ 4, =0 (1b)

* letustrywithu; =u; =u3 =0
X +x,-650 ()

* Hence, from (1a) and (1b), we have: x; = 2; and x; = 3;

3-x, <0 (3h)
+  These values satisfy all the KKT conditions! 4-x,<0 (3¢)
+  Hence, These are also optimal solutions. 1y (X, +X,-6)=0  (4a)

hE-X)=0 ()
1;(4-,)=0 (de)
. . x,20,x,20 (5)
+  So, we have: x1 =7, xl =3, Z-=13 120, 1,20, 1,20 (6)

+  As the objective function is concave and all the constraints
are convex, the sufficiency clause is also satisfied.
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So, what we get then from the KKT conditions that these are equal to 0, these are another

set of condition and these are another set of conditions and these are another greater than



equal to conditions. So, we can first try with u 1 equal to u 2 equal to u 3 equal to 0. So,
if these terms are equal to 0 then by putting here we can solve and you can see x 1 equal
to 2 and x 2 equal to 3 really takes care of them. And you see there can be obtained from
these 1 a and 1 b and if we put them into the condition 3; all of them as satisfied and rest

of them a satisfied also is alright.

So, we see that x 1 star equal to 2, x 2 star equal to 3 and z star equal to 13 will be our
optimal solutions right. But the additional thing that you must also ensure is that the
original functions should also be a concave function because the constraints are all
convex because they are all equal to. So, they can be I mean they are all linear; so, they
can be both convex and concave, but the objective function must be concave for a

maximization problem is it alright. So, that must be ensured also, right.

So, in this particular lecture we have seen different examples of constraint NLP
problems. And I hope by this time you have got sufficient expertise on unconstrained and
constraint NLP problems. And I hope you will be able to solve different NLP problems

without problems is it, alright.

Thank you very much.



