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Lecture — 47
Prescriptive Analytics (Contd.)

Hello everybody, this is Rudra Pradhan here welcome to BMD lecture series, and today
we will continue with Prescriptive Analytics, and that to coverage on sensitivity analysis.
In fact, in the last lectures we have highlighted some of the issues with respect to
sensitive analysis. So, now we will continue with this similar kind of you know
discussion, and then we will address you know more effectively this particular you know
component that to the sensitivity analysis in the LPP you know structure that is the linear

programming problem structure.

So, in the last lectures we have already highlighted the particular you know requirement,
and the utility of this sensitive analysis, because the business is very dynamic any points
there may be you know you know possibility possible change that which, because of the
business requirement the kind of you know change of the business environment, and the
volatility of you know business, and the with respect to competitions, and with respect to
you know some kind of you know control mechanisms, or some kind of you know you
know external, you know factors so; that means, there is a in reality there is a kind of you
know possibility that the particular problem, I can change that to with respect to the
coefficients of the objective, function the coefficients of the constants, and the kind of

you know conditions.

So, now with given situations we look for the optimality agains, we look for the
optimality with the changing situation, this is the this is the you know over all kind of

you know structure of the sensitive analysis.



(Refer Slide Time: 02:07)
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Unit Objectives

O Explain how sensitivity analysis can be useful to a decision maker.

O Explain why it can be useful for a decision maker to extend the analysis of a
linear programming problem beyond determination of the optimal solution.

O Explain how to analyze and interpret the impact of a change in the value of

the objective function coefficient.

Explain how to analyze and interpret the impact of a change in the right-

hand-side value of a constraint.

Explain what a dual is and formulate the dual of a problem.

Interpret dual problem and relate dual solution to primal splution.

Explain economic interpretation of dual variables and the dual solution.

Determine if adding another variable to a problem will change the optimal

solution mix of the original problem.
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And in fact in the last lectures, we have already highlighted the particular you know you

know objectives of the sensitive analysis or this particular you know unit objectives.
(Refer Slide Time: 02:14).

Sensitivity analysis
+ Benefits of sensitivity analysis
= Enables the decision maker to determine how a change in one of the
values of a model will impact the optimal solution and the optimal

value of the objective function while holding all other parameters
constant.

— Provides the decision maker with greater insight about the sensitivity
of the optimal solution to changes in various parameters of a problem.

— Permits quick examination of changes due to improved information
relating to a problem or because of the desire to know the potential
impact of changes that are contemplated.
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And to continue on that particular you know component. So, what I like to address. So,
the sensitive analysis will give you the kind of you know clue, where the decision maker
or it can determine how to change or how to bring a change in one of the values of the
model, and that will impact on the optimum solution, and the optimum values of the

objective function while holding all other parameters constant, and provides in that



decision maker with greater insight about the sensitivity of the optimal solution to

changes in various parameters of a problem.

Then agains we quickly look for the kind of you know improvement with respect to the
particular you know changed scenario so; that means, technically it is a kind of you
know continuous process, or iterative process. So, every times we can jump to a
particular you know step or the kind of you know positions where we may have a kind of
you know improve situation that to with respect to values of the decision variable, and

the values of the a kind of you know objective functions.

So, whether it is a kind of you know original structures where you will do the iterations
and then look for the optimum solution, and agains after reaching the optimal solutions,
again the iterative process will continue, if there is any change with respect to objective

functions with respect to constants and the kind of you know conditions.

So; that means, technically so it is the kind of you know you know continuous process,
or iterative process till you get the optimum solution as per the particular you know
requirement so; that means, this particular structure will give you enough flexibility. So,
this is what the original kind of you know requirement, and now if the business a
business you know business will be changed like this like this like this, then the

particular solution will be like this like this.

So that means, we have a kind of you know flexible kind of you know structure through
which we can actually come to a kind of you know solution for a business problems, and
then the management decision will be very effective as per the particular you know
business requirement. So, now so the first answer structure is a change in parameters
value and that to so, the value of the objective functions, and the right hands, and the
right hand side of the constants and left hand side of the constant, and the coefficient of a

particular you know constant.

So, now the issue about the changes are you know which arrange, we can you know
change the particularly you know structures of course, you know you know in a kind of
you know predictive kind of you know environment for instance with a even more you
know models with respect to of the different some constant, and you know conditions we

look for the optimal solution. Now in the kind of you know future requirement, we may



not have any idea about to the kind of you know business environment, or the kind of

you know business problem, but you know any change which you like to apply.

So, there should be some kind of you know plan or some kind of you know logic through
which you can actually it is change kind of you know requirement, and then we look for
the optimality, or optimal solution with respect to every change situation for instance let
us say, but with a particular you know situations. So, our objective function with easy
with respect to x 1 and x 2 that to or the coefficient of objective function for x 1 is a 60

or you know you know and 50 for x 2.
(Refer Slide Time: 05:54)

Changes in Parameter Values

+ Categories of model parameters subject to potential changes
— The value of an objective function coefficient
— The right-hand side (RHS) value of a constraint
- A coefficient of a constraint
+ Concerns about ranges of changes
— Which range pertains to a given situation?
- How can the range be determined?

— What impact on the optimal solution does a change that is within the
range have?
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So, then you allow the particularly no coefficient to change you know with a 10 percent
increase, 20 percent increase 30 percent increase the keeping other things remain
constant, then you look for the optimum solution, again in the resource you know sites it

may be change with respect to availability.

Let us say today the labor hour is it let us say availability is you know 100 hours. So,
with respect to in a future requirement the 100 hours may increase you know with 10
percent, 20 percent, 30 percent; that means, we must have a planning proper planning
through which actually you first fix the possible changes, and then for every change
situation that is with respect to problem you know structuring, then we look for the you

know optimum solution, or we search for the optimum solutions.
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Optimality and the Objective Function Coefficient

* Range of optimality

- Finding the range of objective function values for
which the optimal values of the decision
variables would not change.

= A value of the objective function that falls within
the range of optimality will not change the
optimal solution, although the optimal value of
the objective function will change.
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That is how the kind of you know beauty of this sensitivity analysis, and again suffer as a
range of optimality is concerned finding the range of objective function values for which
the optimal use of the decision variable will not change, and again a value of the
objective function that falls within the range of optimality will not change the optimum

solution though, the optimum value of the objective function will change.
(Refer Slide Time: 07:03)
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Feasibility

+ Range of feasibility

- The range of values over which the right-hand-side (RHS) value can
change without causing the shadow price to change.

— Within this range of feasibility, the same decision variables will remain
optimal, although their values and the optimal value of the objective
function will change.

— Analysis of RHS changes begins with determination of a constraint’s
shadow price in the optimal solution.
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So; that means, we have a you know kind of you know flexibility all together. And so for

as a feasibility is concerned the range of values over which the right hand side value can



change without causing the kind of you know shadow price to change, then within this
range of you know feasibility the same decision variable will remain optimal although
their values, and the optimum value of the objective function will be changed, and
analysis of right hand side coefficient you know changing it changes with determinants

of you know you know constant setup rise in the optimum solution.
(Refer Slide Time: 07:41)

Example

Tha Sarvar Problem

Generol description A firm that asembles computens and compater equipment is
about to start production of twe new Wk server masdels. Lach type of model will
recuire siiembly time, inipection time, and itorage ipece, Th amounts of sach of

hutcan be vt 1 tha prockition of thesrvers s lnved The Xp = qUANLILY of server model 1 to produce
rmanager of the firm would bke 1o d he G of o !
I crder 0 izt proft puveced by s of éhese v X, = quantity of server model 2 to produce

Additional information In order to develop a suitable model of the problem, the

manager hay miet with design and manufacturing penonnel. As a result of thow mi -
meetings, the manager has obtained the following information: maximize Z 6011“50"2

Tpet - Subject to:
Nkt dhom Wb Assembly  4x, + 10x, = 100 hours
Irnges tion Bima per s 2 hours 1 o F
T AR cnidne Inspection 2+ Tx, = 22 hours
o My ol ey S tOTge 3 + 3x, = 39 cubic feet
Besours Amount Avsilsbls x]u K? = 0

Auarmbly time 100 hown
IRigCtion time 22 howrs
Storuge ipace 39 cubic fout

The manager abic met with the fiem's marketing manager and learred that de-
rane for the servers wai iuch that whatever combination of theie two madel of

servers is produced. all of the cutput can be sold
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So that means, when we change the particular you know structure of the problem. So,
there is a high chance that you know the you know optimum solution will be changed,
but there is in the same times there is a high chance that you know optimum solution will
not change at all. For instance suppose we are using a particular constant with a you
know it is a kind of you know production process, and we are allocating resources

effectively.

But you know, but keeping other things remain constant if you know increase 1 after you
know 1 after another you know unity of resources for a particular constant, then I you
know I am very sure after a particular point of time, the value of the objective function or
the optimum solution that is the values of the decision variable will not change, if you
continuously increase the coefficient of that particular constant keeping other things

remain constant.

So; that means, you know it is not that you know every times change of the constants, or

the change of you know coefficients will change drastically the optimum solution, it



depends upon the type of you know problem, the kind of you know business, and the
kind you know requirement, and obviously there is a possibility of you know change, but
not necessarily that the change really happen with respect to change up all the you know
structure of the problem, agains to address the sensitivity structure the same problems we

can highlight which you have already solved.

(Refer Slide Time: 09:09).

Feasible Solution Space

X1
22

o] L1, 25 Xy
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In the case of graphical method simplex method, and agains resolved through solver
package, and then this is what the original solution corresponding to this problem that is
you know with respect to 2 variables x 1 and x 2 with the 3 constraints, and the objective

function is maximization type, and the constants are in a less than type and as a result.

So, we have the typical you know structure like this, and this is what the feasible regions,
and then we are looking for the kind of you know solutions; Now coming to the

sensitivity structures.
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Structure of a Change in the Objective Function Coefficients
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You see here, so the first structure of you know the kind of you know sensitivity. So, this
is the original objective functions, and this is what the first objective function, now any
change of the particular you know coefficient of the objective function, then the position

of the you know objective function will not remain same. So, it will change it.

So, the movement will be go like this, and agains the any other change of the coefficients
again it will move like this so; that means, you know keeping other things remain
constant if you change the coefficient of the objective function. If the coefficients of
objective function will be at the increasing rate, and then; obviously, the value of the
objective function will be all set increasing rate, if it is actually less than to original
situation, then the value of the objective function may be less as per the original

situation.



(Refer Slide Time: 10:35)

The optimum values of the server problem are

= 9
X= 4
Z =740

In this chapter, we just found the range of optimality for each coefficient of the
objective function for the server problem. Thay were

For the x; coefficient, 50 to 100
For the x, coofficient, 30 to 60

Given this information, analyze the impact of a change in tha x, coafficient of the
objective function from 60 to 82.50. Spacifically, what impact will there be on the
optimal values of the decision variables and the objective function?

Solution
First, check to see if the new value of the x, coefficient is within the range of opti-
mality. We can see that 82.50 is within the range of 50 to 100. Consaquantly, there
will be no change in the optimal values of x, and x,.

However, the optimal value of Z will change. To find its new value, we must sub-
stitute the new coefficient into the objective function with the optimal values of
the decision variables and solve, Thus:

2 = 8250(9) + 50(4) = 942.50
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You know so; obviously, we have not near idea what will be the final change with respect
to change of these coefficients. So, now you know again you know we have to go you
know in the kind of you know iterative process, and follow the kind of you know
procedure, then ultimately we look for the kind of you know final solution, whether you
know there is a change or you know it is still you know as per the particular you know

requirement.

So, now the optimum values which have already solve is x 1 equal to 9 x 2 equal to 4,
And Z equal to 740, and now with respect to you know kind of you know sensitive
analysis. Let us say you know the coefficients of you know objective function will
changed to instead of 50 totally change 200 or instead of you know 34 x 2 it will change

to 60, then what should be the possible you know optimum solutions.
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Solution for Revised Server Problem

X3
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So, you know accordingly you have to actually again look for the final structure, and
then we can actually; that means, you know if you are changing the coefficients of the
objective function, then the constants position will be remains same, and as you know
the same corner points. And the kind of you know values of the decision variable just

what will it do.

So, put the value of the decision variable with respect to original means new objective
functions, where the coefficients of that objective function you know it change now. And
then we see whether you know there is a change of you know optimum solutions. So,
this is again you know kind of you know dynamics of this particular you know

requirement or the kind of you know business.



(Refer Slide Time: 12:10)

Example with the same problem extended

Determine the range of feasibility for each of these binding constraintsin the server
problem:

1. The inspection constraint.
1 The storage constraint.

Solution

1. Following the above procedure, we determine the last point where the storage
constraint intersects with the line that is parallel to the inspection constraint
line, maving away from the origin. See Figure 4.

Next, we repeat the procedure moving toward the origin, See Figure 5.

The coordinates of the upper limit, the point where the storage constraint
Intersects with the line parallel to the inspection constraint line, are easy to ob-
tain directly from the graph: x, = 13, x, = 0. For the lower limit, note that at that
last point, the storage and assembly lines intersect. Hence, we can determine
the coordinates of that point by solving the equations of the storage and
assembly lines simultanecusly. This will yield x, = 5 and x, = 8.,
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And agains this is a another kind of you know situation.

(Refer Slide Time: 12:18)

The Upper Limit on Using Additional Inspection Time

X2

22

Last intersection
with storage constraint
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If we change then what should be the kind of you know possible solution. So, now here
there is a kind of you know you know structuring like you know we have already
discussed in the inferential analytics, and the kind of you know predictive analytics with
a kind of you know problem, and the kind of inability of you know that time the kind of

you know structuring. So, we may have some kind of you know you know solutions, the



values of the decision variables. Now here since it is a kind of you know optimization

problem.

So, we are looking for the values of the decision variable, but in the case of you know
inferential analytics or predictive analytics, the similar kind of you know structures we
are you know we are looking for a kind of you know objective orientations for instance,
in the case of inferential analytics, we have solved couple of problems to find out you
know values of the you know population parameter. And then we are looking for the
confidence interval for this for these population parameters. Now here also same thing.
So, we are looking for the values of the decision variable, and that with the condition that
you know the values of the decision variables are in a kind of you know positive serve

only.

So, now here we can also create a confidence intervals, for instance we can put the
restriction about the x 1 or x 2, and then you know let us say x 1 may be with respect to
20 and 30 range, or x 2 equal to 40 and 50 range, then again read on the models, and

check whether the whether there is a kind of you know optimal solution or not.

So that means, you know it is a kind of you know again flexible kind of you know
scenario, and of course when you add one after another constant then your feasible zone
will be restricted, and then solution will be very pointed kind of you know things, and I
mean see we are you know searching the you know or you know kind of you know or the
kind of you know requirement only, so obviously if you know or you know focus the
problem you know perfectly; obviously the solution is also, or you know for you know

as per the particular you know requirement.
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Lower Limit on Inspection Time
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So that means, you know with respect to the kind of you know change. So, will have a
kind of you know change scenario, and agains us look for the kind of you know
optimality. So, here also like you know in the case of an inferential analytics, and
predictive analytics we can have a we can have here also confidence interval, or the
values of the decision variables, and then look for the optimality, where we can have the
optimum knowledge of the decision variable, and then the value of the objective

function.

(Refer Slide Time: 15:04)

Range of Feasibility for Changes in Inspection Time
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So, now these are all possible change agains, and this is what the structuring.
(Refer Slide Time: 15:08)

Example: Continued

Hence, the range of feasibility for the RHS of the inspection constraint is 18 to 26.
The range of feasibility is bordered by these two limits, as illustrated in
Figure 6.

2. Repeating the process for the storage constraint, we determing the last points
{upper limit and lower limit) for which the line parallel to storage constraint in-
tersects the inspection constraint (see Figure 7)

We can see on the graphin Figure 7 that the lower limit intersects atx, =
1, x, = 0, and at the upper limit the inspection and assembly lines cross. Solving
those two equations simultaneously yields x, = 75 andx; =7.

Substituting these two sets of values into the storage constraint gives us

Y75)+ Y7) =435  (upper limit)

3+ 30)=33 (lower limit)
Hence, the range of feasibility for the RHS of the storage constraint is 33 cubic
feet to 43.5 cubic feet.
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And the same structure; So, when we change the particular you know structure, then the
upper bound will be a in a having 43.5, and the lower bound is a 33 so; that means, if you
change the kind of you know structuring, then the if you know since it is a linear
combination of you know x 1 and x 2 they; obviously, we like to know we like to know

what is the contribution of profit from the a product.

A product you know once, that the x 1s and what is the contribution of you know product
to that is x 2, and then what should be the a final profit a in that is the combined profit
for both x 1 and x 2. So, it depends upon the kind of you know the contribution of the

objective function coefficient, and the kind of you know values of the distant variable.
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Range of Feasibility for the Storage Constraint
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So, now this is agains the in the kind of you know flexibility.
(Refer Slide Time: 16:07)
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Excel Input Screen for the Server Problem
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And with Respect to lower limit and upper limit again, if you know you know go to the
kind of in a solver package, where we have already solved some of the problems for

instance if you go to the kind of you know solver package you will find here.



(Refer Slide Time: 16:20)

9 4 Signal  Limit
Profit 70 60/ 870
10 76 <= 100
22 <= 22
3 39 I e e
1 13¢= 20

1
2 DV X1 x2
3
4

> Constraints

L RS
—

So, this is what the server package we have already you know discuss, now what will
you do in that kind of you know sensitive analysis. Let us say the original problem is
with respect to 60 and 50. So, now you change actually let us say we do we increase to
70 say. So, now, instead of 60 you put you know a 70 here, and in this case you put let us

say 60, and then what should be the a kind of you know possible earth change.

So, agains you go to the in resolver, and then the model is already actually you know
finalized. So, either you can reset the process here, yeah there is option for easy at all,
then you can do that and you know after that again you put the solve options, and then
look for the solution, it will be automatically change the particulars. So, earlier it was a

740. So, now it is coming 870.

So, now agains similar kind of you know structure the first constant is non binding, and
then the second constant third constant is a binding. Agains if you add you know one
more constant you know, then 4 against you have to go to the solver and in this case you
know in the in the previous you know change situation, we are just changing the object

coefficient of the objective function as a result.

So, there is no structural change yes, but if you add 1 1 constant here then; obviously, in
the input box here. So, you to put you know add on here. So, provided you must have

information here, and then accordingly we look for the solutions for instance let us close



here. So, you can put here let us say 1 more constant here, 1 and 1 and then put the limit

here let us say 20, and then check whether the solution is coming or not.

So, in this context again you go to the kind of you know again you allow that this will be
also less than type, and what will you do. So, you go to the solvers again, and here there
are only 3 constants, and then you have to put you know add on that is the third constants
that will be here. And again so the signal is less than type, and the constant limit is
actually here 20, and then again you put you know and so, as a result the third constraint
is added into the process, and then again look for the optimum solutions and then ok. So,
this is what the solution is all about. So, it is agains coming 870, and it is again actually

satisfying the kind of you know criteria.

So, ultimately so this is a kind of you know situation through which actually we will look
for the you know optimality, where the optimum solution structure is changing as per the
particular unit change requirement. So, now corresponding to this problem so, heres so,
the issue is you know how quickly can address these problems, and then you know look
for the chain situations, and then look for the optimal solution with respect to the chain

scenario.
(Refer Slide Time: 19:38)
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So, now you know I mean see in this problems, what we have already discussed here and
in these are all optimum solutions, and that too with respect to changing situations all

right. So, now, what is happening here, so if you go to the actually excel sheet here.
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So, this is what actually the answer we put and you find here, this is what you know the
original solution 740, and without any you know application of sensitive analysis, and in
fact, what we have already discussed here the first constant is not binding, and the

second constant is a showing binding, and third constraint is binding.

And so, for is sensitivity report is concerned we have here sensitivity report, and the
objective coefficients are you know 60 and 450, and if you allow you know increase you
know 40, and 10 and allow decrease 10 and 20, then what should be the possible you
know optimum solutions. So, these are all you know various possible solutions, and with

respect to this particular you know problems right.
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Another example

Let us consider how the solution to the server problem would be atfected by mul-

tiple changes to either its objective function coefficients or the RHS values of its

constraints. Let's consider these changes:

a. A change in the objective function from maximize 60x;, + 50x; to maximize
70x, + 56x,.

b. A change in the RHS of the inspection constraint from 22 to 23 hours and a
change in the storage constraint from 39 to 36 cubic feet.

Solution 4
(Values for allowable increases and decreases are taken from Exhibit  5)

a.  The change in the x, coefficient is +10 (l.e., 60 to 70), and the change in the x,
coefficient is +6 (L.e., 50 to 56). From Exhibit 5, the allowable increase for the
x, coefficient is 40, and the allowable increase for the x; coefficient is 10. Thus,

we have
Variable xy x5
_ _Change >0 T
Allow. inc. or dec. +40 10
percent change 25% + 60% = BS¥
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So, that means technically what I like to say that you know sensitive analysis is actually
beautiful kind of you know structure through which, it will give you know or it will be
bring some kind of you know multiple options, through which you can address the
business problem more effectively, and then we come with a kind of you know

management decision as per the particular you know requirement.

And in fact, in the predictive analytic structures we call this particular component, or we
call this particular structure called as you know robustness, we have a different kind of
you know flexible structures, which you can pick up the best as per the problem

requirement and the management requirement.

Here the similar kind of you know structure, but here the particular structure is called as
you know sensitive structure that to over should be the optimal solution corresponding to
change up the a scenario, that to with respect to the coefficients of the objective function,

the coefficients of the constants, and the kind of you know conditions.
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Example (Continued)

b. For the RHS changes, we have

Constraint Inspaction Storage
Change 1 -3
Allow. inc. or dec. 4 -6
percent change 25% + 50% = 75%

The total change would be 75 percent. Because this does not exceed 100 percent, it
is within the range of sensitivity. Consequently, the shadow prices (10.00 and 13.33) do
not change. The optimal value of Z will change. The amount of change will be

+1(10.00) — 3(13.33) = —30
Hence, the optimal value of Z will be 740 — 30 = 710.
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So, these are all various you know optional change in that to we look for the optimum

solutions, and so you know we like to address here some of the cases like this.
(Refer Slide Time: 21:50)

Summary of Results of Changes That Are within Ranges of
Optimality and Feasibility

Objective Function Coefficient Change within the Range of Optimality

Factor Result

Variables in solution Same variables still in solution
Optimal values of solution variables Don't change

Optimal value of Z Will change

RHS Change within the Range of Feasibility 5

Factor Result

Shadow price Remains the same
List of variables with positive values Remains the same
Values of variables with positive values Change

Optimal value of Z Changes
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So that means, technically what we have already you know discussed in the kind of
intensity analysis, so that means, we have highlighted the a problems, and that to look for
the optimum solution with respect to objective functions, and the kind of you know
constants. So, then you know we allow the kind of you know problem with respect to

you know change scenario, and that should be actually in a kind of you know logical



setup, or the kind of you know the future requirement, or the kind of you know

management requirement, with respect to management objectives.

So; that means, we like to you know first predict the possible changes that to you know
apply in that case of in objective functions with respect to constants, and the conditions,
then for every change we look for the optimum solutions so; that means, whatever
changes you live you know being. So, for every change will find you know another kind

of you know optimum solutions.

Now we must have a kind of you know comparative analysis that too we have our
original optimum solutions, now with respect to any change of the particular problem
structure what should be the new optimal solutions, then we can compare with the
original optimal solution with the new optimal solutions, then we freeze accordingly as
per the particular requirement. So that means, with a given situation we have optimal
solution corresponding to objective function and constant, and then and then we will

have a here kind of you know prospective solution for the future requirement provided.

We must have a kind of you know predict kind of you know structure that to with respect
to you know objective function constant and the conditions. So, so that requires you
know enough exposure to understand the problem, understand the business environment,
and then look for the solutions you know as per the a particular you know management

requirement. And what I have already mentions.

So, when we apply sensitive analysis. So, there are you know number of possible
changes can happen, and that too with respect to coefficients of the objective functions
coefficient of the constant that left hand side right hand side, and you may have the
option to a you know add one after another variables, we can have a options to add one
after you know another constants, and any change you will apply then agains it will run
the model and look for the optimal solution, and the beauty of the system is here. So,
once you get the optimal solutions. So, now, any change you will apply that to so the that

to the change will be effective at the you know final optimal solution only.

So that means, in the simplex procedure. So, your final optimal tables will be the input
for you know any change scenario. So, any specific change with respect to a particular
you know options that to with respect to of the depends on or with respect to constants or

you know condition, then you look for the optimum solutions, and then we like to



address the problems how is the kind of you know chain scenario with respect to original

you know structures.

So, you know so or so if you sum up then you know there is the a there is a 2 possibility.
So, the first possibility is a there is no change of optimum solution corresponding to the
chain situation, and in the second options there is a change of optimum solution
corresponding to a change situation that with respect to objective functions, and with

respect upon you know constants.

So, this is this is actually a you know very you know useful as per the you know business
environment is concerned, because most of the business are very dynamic you know
highly volatile, and highly uncertain, and there is huge leaks and; obviously, there is a
you know lots of you know external factors, and there is lots of you know competitions,
and sometimes you know this in this particular structure will change, here you know and
there is a increase of you know competition levels, and there is a high chance there is a

decrease of you know computational level so; that means, anything can happen in future.

So, if you are in a position to predict the future kind of you know structure, the business
structure, then you allow that change to the optimal solution and look for the again the
change optimal solution so; that means, the typical structure is that you know if you are
in a position to predict the future kind of you know problem structure, or the promised
you know the kind of you know business structure, then agains you may be in a you must

be in a position to look for the optimum solution with the changing situations.

So, ultimately the challenge is how best you can bring the possible changes you know as
per the future requirement that to with respect to objective function with respect to
constraints, and the kind of you know condition. And so, you know that is how you know
it is more interesting, and you know we must you know before you start this problem,
and you know bringing the kind of you know change, you must have you know enough
exposures enough understanding about the business problem, and enough you know

knowledge about or the idea about the business environment altogether.

Then you can actually you know you know bring the possible change, and then look for
the a possible you know optimum solution corresponding the corresponding to particular

you know change, and finally so, what I have already mentions.



So, either you know the you know optimal solution will change, or you know optimal
solution will not change. In fact, sometimes you know if optimal solution will changed.
So, the value of the objective function will change, and the a number of you know
decision variables will remain constant, only the values of the decision variable will

change as a result the generally will change that the objective function value will change.

And sometimes the change there will be structural change of the optimal solutions,
initially there may be you know typically you know clusters. Let us say with respect to 4
variables in the optimal solution original ability well solutions it is only 2 variables are
there. Now with respect to change then you will find all the values of the decision
variables are in the track to address the problems, and to come with a call independent
solution which is not economically feasible, and in fact you know socially you know

sustainable, or environmentally sustainable.

So; that means so what we have address till now, is the kind of you know linear
programming structure through which actually we are you know addressing the problem
corresponding to the business objective, business constraints, and the business

conditions, and looking for the optimum solution.

And agains looking for further optima you know optimal solutions, corresponding to the
changing environment that to business dynamics, with respect to objective function
constraints and conditions, and then we can actually; that means, technically we have
actually enough understanding or you know annex flexibility to on address the problem
more effectively, and then come with a kind of you know management decisions as per

the particularly know business requirement with this will stop here.

Thank you very much have a nice day.



