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Lecture — 40
Predictive Analytics: Simulation

Hello everybody this is Rudra Pradhan here, welcome to B M D lecture series today we
will continue with predictive analytics and that to coverage on simulation. In fact, we
have already discussed couple of techniques in this particular you know unit that is on
predictive analytics starting with you know association technique, causality technique,
machine learnings and the data mining. So, this is also similar kind of you know
predictive analytics structure through which you can understand the problems get
insights from the data then develop a system through which you can do the predictions
and do the kind of you know forecasting as per the problem requirement and the kind of

you know management requirement.

In fact, in a real life kind of you know situations and the kind of you know business
situations you will find you know there are lots of complexity, there are lots of dynamics
and with respect to you know availability of you know data and the kind of you know
understanding, you have to develop a kind of you know systems or you know develop a
kind of you know structures or develop a kind of you know algorithm through which you
can do you know better predictions, better forecasting as per the management
requirement and in this context simulation is a kind of you know effective tools or you
know effective technique and through which you can you know understand a particular
you know business problem and then get you know better insights a after the particular
you know structure and then you can go for the kind of you know prediction and you

know for castings.

So, in this lectures we will highlight this particular you know component that is the
simulation and then we will discuss how it is you know kind of an effective tool through
which you can understand a kind of you know business problem and get the insights
from the data and then connect the particular you know structure through which you can
do the predictions for the particular you know problem. In the simulations lots of things

are there and it depends upon a you know kind of you know situation because you know



risks and the kind of you know uncertainty are always there in a kind of you know

business process.
(Refer Slide Time: 02:34)

Simulation: Outline

*  Uses of Simulation

* Simulation Process 4 .
* Monte Carlo Simulation

* Queueing (Waiting Line) Theory
+ Discrete Event Simulation (DES)

+ Advanced DES

! NPTEL ONLINE

ITKHARAGPUR CERTIFICATION COURSES
T EeWa r N [ R R RN R N RS )

So, that is why with respect to a particular you know structures or the kind of you know
particular you know requirement, we have to develop a you know kind of you know
system or you know structure. So, that you know some kind of you know better
prediction and some kind of you know better insights we can actually generate for the
particular you know business problem or you know particular you know business
requirement. In fact, in the simulations so some of the things are you know you uses of

you know simulation which I already.

In fact, you know highlighted and simulation process then Monte Carlo simulations then
Quinn’s theory and the discrete event simulations then advanced discrete event
simulation; that means, actually like you know data mining structure simulation engine
you know not a kind of in a small component it is a very big component and very
attractive component for the kind of you know business environment or the kind of you
know management environment because most of the business problems and the kind of
you know management problems are very dynamic with you know plenty of you know

risk uncertainty.

So, with the simulations we can actually streamline the particularly you know process

and then developer a kind of you know system and the kind of you know structure



through which you can actually control the problems predict the problem as per the

particular you know management requirement.

(Refer Slide Time: 04:05)

Simulation

+ Process of modeling reality to gain a better understanding of the

phenomena or system being studied |
A

+  Simulation versus the “real world”
- More cost effective
— Less dangerous environment
~ Faster -,
~ More practical

+ Does not require mathematical models or computers
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So, that is how simulation you know understanding the simulation and then use the
simulation is very you know interesting for the kind of you know business analytics and
first of all we would like to understand what is exactly the simulation then we connect
with you know structure through which you can you know get to know how simulation
can be you know very effective tools for the business requirement or the kind of you
know business analytics and it is a process of modeling a reality to gain a better

understanding of the kind of you know situation or system being studied.



(Refer Slide Time: 04:34)
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Types of Simulation

+ Performance

*+  Proof

* Discovery

* Entertainment

* Training

*+ Education

* Prediction
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So; that means, actually a particular system to be you know understand to be kind of you
know explored, but the thing is that you know you should first understand the particular
you know structure through which actually the kind of you know structure you can you

know develop.
(Refer Slide Time: 04:48)
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So, a simulations means you know we like to know the kind of predictive structure with
you know actual scenarios so; that means, what is the actual fact the real world scenario

and then how is the simulated structure; that means, we like again it is a kind of



predictive structure and through a particular you know situations and then we will
compare with the actual structure with the you know predictive structure. So, more cost
effective and it is more dangerous you know to the kind of you know means less
dangerous to the kind of you know environment because it will give you some kind of
you know setups through which you can you know monitor the process and then you
know kind of you know understand the kind of you know system through which you can

actually predict the business you know requirement.

So, it actually learns very fasters like you know the support vector machines or random
forest. So, it is actually more practical sometimes you know because of kind of you know
process which you like to develop and the kind of know technique itself understanding
the insights and get you know predicted environment as per the particular you know
business requirement and in fact, a the particular you know tool does not require

mathematical models or the kind of you know structures.

But just you know have a simple kind of you know structure through which you can
actually generate the kind of you know predictive kind of you know environment for
instance actually a simple excel say you know excel spread sheet can help you to get the
simulated results if you are actually you know the particular you know effect and the
kind of you know insights so; that means, say again same things you understand the
problems understand the insights then you know connect a particular you know model
and the kind of you know tools through which you can go for better prediction better

insights and the better kind of you know management requirement right.

So, with this actually I like to highlight here the types of you know simulations you
know with respect to performance through discovery, entertainment, training, education,
prediction so; that means, actually by the way I mean it is a very effective tools you
know as per the kind of you know dynamic you know business requirement and the kind
of you know real life you know reality. So, the thing is that you know simulation process
the I means understanding of the simulation process and that too start with the here the
kind of you know model development and then in the model development itself you
know define the problems or you know put the questions or put the kind of you know

structure as you know what is exactly we need.



So, that you know we can actually simulate accordingly until unless you clear about the
problem the kind of you know requirement and the kind of you know need. So, we are
not in a position to define the problem and we are not in a position to steam simulate the

kind of you know thing.

So, that you know the thing can be analysed properly or you know it can be predicted
properly. So, develop the conceptual model and then generate the data I means you know
we need some kind of you know initial kind of you know inside. So, that you know you
can simulate for the future requirement so; that means, to whatever techniques we have
till now discussed we need actually some kind of you know historical data or some kind
of you know original insights means actual insight or actual information through which
actually we develop a structure with different predictive analytics tools and then we will
go for the kind of you know new structure through which you can you know do the
effective predictions and affective for forecasting as per the particular you know business

requirement.

(Refer Slide Time: 08:44)

] Simulation Process

*  Model development

Define the problem or question
- Develop the conceptual model

Collect data

Build computer model
+  Model validation

+ Simulate and analyze output
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So, we are in the processor in a simulation is a kind of in a structure through which we
can get the kind of you know better structure which we will do the predictions as per the
particular you know business requirement then as usual here the process is to develop the

models as per the requirement as per the on you know a data availability data



visualization insights then connect with a particular you know setups then validate the

particular you know setup then simulate and analyse the output.

So, this is how you know it is not something new. So, it is also unusual the kind of you
know structure through which actually you can actually develop and then I know train
then test validate and then finally, fix the particular you know structure as per the

particular you know requirement.
(Refer Slide Time: 09:27)
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And simulation process you know altogether it is of you know 3 different stages, first
stage more important is the model development then, model validations, then the
simulation it is like you know same techniques which you have discussed like you know
neural network random forest support vector machines data mining tools like you know
clustering etcetera. So, in the model development, the most important thing is the
problem definitions then develop the kind of you know conceptual model and the model
conceptual model you know it is not actually once you develop means it is a fixed
actually it is a kind of flexible depending upon the structure the requirement it can

change then final means it is a kind of a continuous search process all together.

We are you know doing the kind of you know structuring, restructuring, testing,
retesting, validating, revalidating then finally, fix up a kind of you know structure

through which you can have a better you know system and then we will do the kind of



you know prediction as per the particular you know requirements. So, what 1 have

mentioned the earlier.

So, the problem definitions and develop the conceptual model then have the data and
then connect with a kind of you know structure through which you know it is not
necessarily the computer you know some structure through which actually you can
actually generate the particular you know insights then you know model validations that
mean in the kind of you know of quantitative comparisons then sometimes you know
you can actually connect or you know valuate through experts opinions and because we
have a kind of qualitative you know forecasting structures through which actually we can
quantify and develop a quantitative models with the help of you know ting information

or in actual information.

Then numerically or in the modeling structure you can also validate and then again still
to make you know more effective more efficient you can also connect within expert’s
opinion and then finally, simulate and then analyse. So, there are lots of you know again
process DOE, replication that is a design of experiments then, data collections, storage
and organize and then finally, you can you know analyse the particular you know

process.
(Refer Slide Time: 11:53)

Monte Carlo Simulation

+ Model the output of a system by using input variables
that could not be known exactly. ; -

+ Random variables (those that are uncertain and have a ﬂ 2
range of possible values) characterized by a probability

distribution. r @‘_\J :
* Solution is a distribution of possible outcomes that can /
be characterized statistically.
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And Monte Carlo simulation is a one of the such you know kind of you know structure

through which you know we can do the a you know simulations and then means with the



actual information we get little bit insights and develop the kind of know model and

generate or you know simulate for the future requirement.

So, ultimately again, every times there is a input kind of you know things and then the
kind of you know response variable the target variable that is the output through to need
to be actually predicted and for that actually we are looking for a kind of you know
structure or you know kind of an algorithm or you know system through which we can
actually simulate a you know the future requirement of a business. So, random variables
you know usually a technical use for the kind of you know means a kind of you know
probability distribution structure through which you will do the prediction and solution is

a distribution of possible outcomes that can be generalized you know statistically.
(Refer Slide Time: 12:50)
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Simple Monte Carlo Example : Distribution of Charges
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This is a simple example and we have a number of patients that is it with respect to
frequency and the kind of you knows charges. So, patients are you know paying and they
are you know 20000. So, it is it you know 10 and then 30000 then, 20 like that we have a
plenty of you know data and then just you plot and then you can get a kind of you know
insight and the idea of about this plotting actually to get to know a particular you know

distributions.

Now, one of the basic requirement of you know simulation is to connect since it is a with
respect to you know risk and uncertainty then; obviously, 2 major components for

simulation for this particular predictive analytics is the probability and probability



distribution. We have already gone through so, many in distribution starting with you
know binomial you know Poisson distribution, normal distributions generating
distributions. So, like that you know a uniform distribution. So, we have lots of you
know distribution generally the simulation is actually done through the particular you

know distribution.

So, having a particular you know structure or you know actual information of a particular
problem. So, we like to first you know get insight and understand the system and then
take you know how these information are actually fitted with a particular you know
distribution. Once you pick up a particular distributions with respect to the actual
availability or actual information availability then you know easily it through that
particular you know distribution you can actually simulate for the future requirement that
is the basic [FL] about the simulation and that is how first you understand then you know
having the means the thing is that you know without having the initial insights or you
know initial you know informations that is how the you know data is a kind of you know
one of the first and requirement for the simulations and then the kind of you know

management requirement.

So, it has actually 2 step process altogether first step you having a the actual information
you understand the particular you know structure check how these information are you
know connected with a particular you know distribution, then using that particular
distribution you can simulate for the future requirement and that too the kind of you

know management requirement or the problem requirement.



(Refer Slide Time: 15:11)

Simple Monte Carlo Example

06
* Fifty percent of the clinic’s patients E gi
do not pay for their services, and it 503
is equally likely that they will pay g gf
0 T

or not pay.
Pay Do Nat Pay
* The payment per patient is modeled by:

Probability of payment x Charges/patient = Payment/patient
+ A deterministic solution to this problem would be:
0.5 X $70/patient = $35 per patient
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So, this is another way of you know visualization. So, it is a kind of, you know so; that
means, here we like to have a payment structure and some are paying not paying and
then we have we like to know how much probability is you know for the paying case and

non-paying case. So, this is a simple case of you know structuring.
(Refer Slide Time: 15:33)

Simple Monte Carlo Example : Payment Distribution
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So, I will take you to a kind of an excel sheet and show you how once you get a little bit

insights and little bit you know structure how simulation can help you to generate you



know kind of you know future requirement or the kind of enough problem requirement

or the kind of you know management requirement.

So, here it is another kind of an example similar kind of an example with you know more
features and more you know variables and here the payment structures then you know
this is with respect to payment then you know die total charges you know how much
payment with a different kind of you know clustering and then against again what you
know I have suggested earlier that you know with a particular you know informations
with a particular in item. So, you can first you know check the kind of know be you
know means visualize first check the particular you know distribution then again use this
particular distribution for the simulation it can be in a kind of in a bivariate setup and it

can be with you know multivariate setup.

Since we are now connecting with you know payment with the number of trials so; that
means, it is a 2 variable case we can plot and then you can check, but when we have a
multiple kind of you know structure then we can mathematically check and connect their
models and then finally, can you know predict the kind of you know requirement right.

So, this is how the kind of you know simulation structure and likewise you know.
(Refer Slide Time: 17:00)

Simple Monte Carlo Example : The Flaw of Averages

*+ On average each patient pays $35. However:
— Fifty percent of the patients pay nothing.
— Asmall percentage pay as much as $120.
- No individual patient pays $35.

* Monte Carlo simulation can reveal hidden information and a clearer
understanding of the risks and rewards of a situation or decision.
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So, this is how the analysis. So, once you get some kind of an insights then; obviously,
you can actually develop a structure through which you can do the kind of you know

predictions and do the kind of you know simulation.



(Refer Slide Time: 17:06)
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Simple Queueing System

i, Buffer or Queue
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+  Customer population—finite or infinite
* Arrival process—often Poisson with mean arrival rate . °
* Queue discipline—first come, first served (FCFS) is one example

* Service process—often exponential with mean service rate
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So, simple there is a Quinn’s theory through which actually you can also do the similar
kind of you know prediction and similar kind of you know kind of you know simulation.
So, here it is a question of you knows or means to understand this particular you know
technique typically. So, we need actually understand the particular you know system like
customer population then it is it may be finite and infinite then arrival process so; that
means, we need actually the kind of you know requirement. So, once you know the
requirement then we can follow the kind of particular follow the particular you know

structure through which you can do the simulation.
(Refer Slide Time: 17:55)

Queueing Notation
+ A/B/C/D/E *  M/M/1 queueing system
- A=Inter-arrival time — Poisson arrival distribution
distribution — Exponential service time
— B =Service time distribution distribution
— C=Number of servers — Single server
— D =Maximum queue size - Infinite possible queue
- E=Size of input population length

= Infinite input population

= Only one queue
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So, in this case the best you know the particular you know system is followed by a
Poisson distributions and as through Quinn’s theory you first you know identify the kind

of requirement then we the particular theory has a different kind of you know models.
(Refer Slide Time: 18:09)
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Queueing Solutions (M/M/1, A< )

Capacity utilization = Percentage of time the server is busy

A mean arrivalrate
u  mean service rate
~ 1/mean time between arrivals mean service time

{lmeanservicetime  mean time between arrivals

Average total number of customers in the system
= Arrival rate X time in the system
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So, this is what the usual model. So, the simple actually to find out the capacity
utilization which is actually percentage of time the server the busy with respect to that
particular you know problem. So, then we like to find out the capacity utilization which
actually the ratio between mean arrival rate mean service rate and again. So, with respect
to some you know mathematics we can calculate the particular you know system of
course, actually when will you do for you know more kind of you know future

requirement and the kind of you know simulated values.



(Refer Slide Time: 18:37)
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Queueing Solutions (M/M/1, 1.< )

Average waiting time in the queue

Average time in the system

= Average waiting time in the queue + Average service time
= W] :I'MQ + 1: L

Hop=A

Average length of the queue (or average number in the queue)

o
U opp=2) \php-2
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So, manual it is not possible, but just we have to follow the kind of you know
distribution and the kind of you know structure through which actually we just get
connect with you know inputs and then the kind of you know distributions and after that
it will help you to generate these simulated results as per the particular you know

problem requirement and the kind of you know business requirement.
(Refer Slide Time: 19:07)
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VVH M/M/1 Queue Example

* Goal: Only one patient waiting in line for the MRI
* Data:

— Mean service rate (p) is four patients/hour and is exponentially
distributed

— Arrivals follow a Poisson distribution and the mean arrival rate is three
patients/hour (1)
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So, in this case you know the means; obviously, what I mentioned you know the

objective must be very clear actually. So, if you do not know the kind of you know



response variables or the kind of you know objective requirement and the kind of you
know attributes through which you can predict the response variables or simulate the

response or the kind of you know objective.

So, then you are not in a position to do the kind of you know analysis so; that means, we
technically get to know the insights first you understand the insight the problem structure
the kind of you know objectives then with the help of you know availability and the kind
of you know understanding you can develop a system and then develop a kind of you
know simulation through which actually you generalize the problem as per the particular

you know requirement and the kind of you know management requirement.
(Refer Slide Time: 19:56)
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VVH M/M/1 Queue Example

If one customer arrives every 20 minutes and it takes 15 minutes to perform
MRI, the MRI will be busy 75% of the time.

Capacity utilization of MRI = %age of time MRI is busy

_Tu _15minutes

—p=—t=— 759
14 20 minutes

- p: i - g - 750/0
u 4
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So, this is similar kind of you know problems with the different understanding and

different kind of you know structuring.



(Refer Slide Time: 19:58)

VVH M/M/1 Queue Example
Average time waiting in line
e e T

U pu-1) 4@4-3) 4

Average time in the system
(.
= W t—— 1 h
e el
Average total number of patients in the system
- ,
=1 e m-apatlents

= Arrival rate X Time in the system
= 3 patients/hour X 1 hour= 3 patients
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So that means
(Refer Slide Time: 20:01)
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VVH M/M/1 Queue Example
+  Average number of patients waiting in line =
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* VWH needs to decrease the utilization, p = A/y, of the MRI process
* VWHean

~ Increase the service rate ()

— Decrease the arrival rate ()
— Do a combination of both
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Discrete Event Simulation (DES)
Basic Simulation Model
+  Entities are the objects that flow through the system.
+  Queues hold the entities while they are waiting for service.

*+  Resources or servers are people, equipment, or space for which entities
compete.
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Technically we have already discussed the Monte Carlo simulations and the Quinn’s
theory through which you can do this summation; that means, these are the different
process through which you can understand the problem then develop a structure and then
go for the kind of you know simulation the kind of you know future forecasted
requirement as per the management you need and the third kind of you know structure in
the simulation is called as a discrete event simulation and this is the basic simulation
models which and you know there is a kind of you know objects that flow through the
system and it is again through Quinn’s theory like you know entities where they are
waiting for a kind of you know for a service and; obviously, there are certain attributes
through which actually we like to actually understand the problem and then and get the

insights for the kind of you know simulation requirement and so.



(Refer Slide Time: 20:59)
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Discrete Event Simulation (DES)
Simulation Model Logic
+ States are variables that describe the system at a point in time.
+ Events are variables that change the state of the system.

+ The simulation jumps through time from event to event, and data are
collected on the state of the system.
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These are all you know basic understanding about this discrete event simulation and
what I will do actually only I mean say again so, in order to understand the particular you

know structure.
(Refer Slide Time: 21:08)
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Simulation Example

Simulation model is based on sales and costs of a shop. The benefit is simply
the difference between sales and costs in this simple case.

Based on historical data for costs and sales that were analyzed with the tool
“distribution fitting” we found out that the costs follow a normal distribution
(mu=120, sigma=10) and the sales a normal distribution (mu=80, sigma=20)
(see tutorial on distribution fitting for more details).

So, the variables used here are Sales, Costs and Benefit.
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So, I will take you know 3 variables and here the 3 variables are you know sales, cost
and benefit and with a particular you know understanding and you know particular
structure and we like to you know check how simulation and you know can generate

certain kind of you know future requirement as per the problem need and you know



business need and with this you know whatever techniques which you have already
highlighted and that will be connected with you know the kind of you know structure
here to understand the basics and here the guy the structure which I like to highlight is
with respect to sales, cost and benefits. So; that means, technically there are 3 variables

and as a result, we like to know how this simulation can be done.

(Refer Slide Time: 22:08)
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So, with respect to what and let us go to the particular you know excel sheet and in the
excel sheet we have actually what I have already highlighted. So, we have actually here 3
variables sales, cost and benefit and then we like to actually develop a simulated results
with respect to these variables and then that missed any variable can be actually response
and; obviously, there should be you know logical understanding or you know logical
connection through means the particular you know structure which you like to develop
here as a kind of you know meaningful interpretation or you know meaningful

requirement then simulation will help you.

Otherwise you know these are all actually you know mathematical tools if you connect
you know differently or you know without any logic or without any kind of you know
theory then the a prediction structurally you know you know the kind of you know as per

the management requirement and the kind of you know problem requirement.

So, that is how actually having the information and understanding the problem is the first

end requirement for, any kind of you know predictive analytics. So, once you understand



once you know acquainted with the particular you know structure then you connect the
actual insights and then get the you know inbuilt insights then you know finally, go for
the kind of you know prediction and the requirements. So, now, in this case we like to
you know go for you know simulation that too we have a lots of you know simulation

techniques.

So, we like to it because one of the most important technique is the Monte Carlo
simulations and we like to use that particular you know technique through which you
generate the simulated figure and you see basic requirement is here. So, there are sales
cost and benefit and some data which we have highlighted here and then again you can
actually develop the simulation of a particular problem with you know any software’s

which like you know which you have already highlighted.

You can go through you know means you can solve the problem by math lab you can
solve the problem through R software’s and you can go through kind of you know other
software like you know (Refer Time: 24:16) data and against in this case actually we are
using here excel start which is a similar kind of you know package whatever we have
already highlighted and same way we will also highlight this problem and get to know
how simulation can help the particular you know business process to get some kind of
you know effective you know kind of you know scenario through which you can do the
management decision and in this case going through this data for the particular you know

simulation packets.

So, it will be appearing in the advanced futures and here we have a plenty of you know
tools like you know conjoint analysis decision, time series analysis Monte Carlo. So,
likewise we have a couple of you know advanced you know analytics tools through
which you can you know analyse the problem get insights and then think about the
prediction about the future. So, since we are you know our focus is on you know
simulation that too in Monte Carlo simulation. So, you just click here and then since
there are 3 variables. So, one of the first hand requirement of this particular you know
structure is to define a particular distribution that what I have already mentioned that you

know understand the problem then connect that problem with a particular distribution.

So, connect with a particular distribution means it is not arbitrary choice you must have a

kind of you know insights to check that you know whether this particular problem is



fitted with you know binomial distribution, Poisson distribution or normal distribution
and let us assume that this is connected with a normal distribution. So, first we check the,
you know kind of you know structure. So, let us start with the particular sales value first
and then go to the advanced feature then go to the defined distribution. So, which I have
defined here actually normal distributions. So, put then again go to the cost side and then
again go to the excel start advanced features choose Monte Carlo simulations again
define the discussion for the cost and again we allow for the normal distributions and
then finally, you go to the benefit which is actually our requirement then again go to the

Monte Carlo simulations.

So, now here we would like to actually go we like to have define the kind of in a result
variables because we like to actually here simulate the benefit structure with respect to
sales and cost and again. So, we define structure you have to pick up a particular you
know set up and finally, you go to the excel set excel start and then advanced futures
again pick up the Monte Carlo simulations and then run the model so; that means, what
we have done we you know we have actually system here benefits with respect to sales
and cost and we like to generate the you know simulation for the benefit structure and
that too with respect to sales and cost and for that we have actually used the normal
distribution structure and as per the normal distribution requirement, we need actually

population parameters that is the mean and standard deviation.

So, giving a mean and standard deviations as a kind of you know proxy which you can
you know assume or we can actually get through a kind of you know market
informations and the kind of you know expert structure and then you know expert
structure through it you know we can actually design and then go for the kind of you

know simulation.

So, now you just put and then it will be run the models and finally you to get the kind of

you know simulated value and this is what the simulated value sees here.



(Refer Slide Time: 27:51)
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This is how statistic and cost and sales and these are all again descriptive statistics

starting with you know number of observations and minimum and maximum.

(Refer Slide Time: 27:58)

In fact, we in the simulation we put you know 1,000 structure that can be actually
changed you put in a 5,000 to you know 100,000. So, automatically the simulated figures
will be coming. So, these are all various you know descriptive statistics. So, this is again
like you know previous discussion about the random for a support vector machines and

the data mining. So, descriptive statistic will be the kind of you know mandatory



requirement to report to know understand the actual insight and the actual kind of you
know scenario then the particular technique can be actually developed and then

compared with the actual scenario with the predicted scenario.

So, descriptive statistic will help you to understand the actual you know effect and
connect with a particular you know distribution particularly for the simulation then it will
help you lot to go for the means choosing a best distributions then for you know
simulation if you are the choice of particular distribution is wrong then the simulated

figure will be also wrong so, as a result the management decision cannot be effective.

(Refer Slide Time: 29:19)
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That is why this should be actually you know first connected and understand and this is
how the you know kind of you know cost and the sales structure and this is how the box

diagram will give you some kind you know indication about the model validations.



(Refer Slide Time: 29:29)

And this is how since we choose actually normal distribution and this is how the cost
structure and this is how the sales structure and it is normally distributed and as a result

the most important thing is actually the simulated results.

(Refer Slide Time: 29:40)

This is what the simulated results and we simulated for you know benefits that too with
respect to sales and cost and the simulated figures are available here. So, these are all

actually simulated figures.



(Refer Slide Time: 30:00)
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So, let us see here. So, this is actually particular you know distribution which is followed
by normal distribution and this is what the result variable so; that means, technically. So,
the simulation generate now it is a these are all you know future requirement and this
will be available for actually 1000 because we ask the software to run the model for you
know 1000. So, if you change that particular you know structure then if you choose you
know 500 then it will give you 500 simulated figure, if you choose you 1000 it will give

you 1000 you know simulated figure again you see here.

So, this typical understanding here is that you know if you go to the first end data. So, it
is with respect to cost and you know sales and that too the kind of, you know benefits
CS. So, technically it is the benefit which depends upon you know sales and cost and
what we have done actually we understand fast the cost structure connect with you a
particular distribution and sales structure which we can understand and connect with a

particular distribution.

Then now finally, benefit is a predicted and you know simulated with the help of you
know cost and sales where we are assuming a normal distribution structure and then one
of the most important thing here requirement is here you know fix the or assume a
particular you know a structure that is the requirement of you know parameters value
that is a kind of you know for the normal distribution we need actually mean and

standard deviations. So, once you get mean and standard deviations and then the kind of



you know variables you know insights and the kind of you know variable understanding

then you can actually is simulate for the you know requirement problem requirement.

So; that means, in this case here the kind of you know benefit is actually predicted with
the help of you know cost and sales and since we have fixed the distribution effects to
the particular data structure. So, the software will help you to give you the forecasted
figure of you know benefits that too with respect to cost and sales that too for you know
future one thousand units altogether. So, now, if we change the particular you know
simulated you know requirement then; obviously, this value can be actually also

generated more.

So, this is actually big kind of you know structure I am just highlighting so, that you can
see more effectively. So, these are all actually simulated figures. So, this is starting with
the first unit. So, this is one this is. So, this is how the first units this is what the
simulation and in the simulation this is the main results through which we are actually
looking as per the particular you know problem requirement and management
requirement and. So, it is for 1000 unit because we have fixed the particular you know
software or allow the softwares to generate simulation figure for 1000 unit if you change
then you know it will give you means if you change to you know or 2000 or 3000 then

again you will get you know simulated figure of you know 3000 you know items.

So, as a result you know what we actually you know try to address here that you know
simulation is a kind of in a effective tool through which you can get some kind of you
know structure understand the insight and you know define a kind of you know structure
or develop a kind of you know structure for the future requirement and; obviously, over
the time you can actually compare which the actual structure or in actual fact, but you
know means it is a part of the game and simulated figure is always for you know future
kind of you know requirement; that means, in this contest. So, we have actually predicted
for you know 1000 units you know forecasted you know structure, but how is the actual

structure happening.

So, that needs to be a compared and then finally, you can you know check the
validations; that means, if your problem understanding is very clear and the choice of the
distribution is very clear then the difference between the actual happenings and the kind

of you know predicted happenings may not be actually highly distance. So, the effective



prediction and effective simulation means we can call that you know effective prediction
and effective simulation for the particular you know business requirement. If the
difference between the actual and predicted will be a you know minimum as much as
possible actually that is how we you know most of the techniques we use actually the
kind of you know prediction indicators various prediction indicators just to compare the
actual scenario and the predicted scenario and then check what particular you know
methodology or you know framework gives you know highly minimum kind of you
know bias. So, that you know we can declare that you know the model is very effective
for the particular you know problem and the kind of you know prediction and the kind of

you know management requirement.
(Refer Slide Time: 35:09)
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So, these are the kind of innocent things which you have already highlighted and.
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This is how the cost and sales benefits and that is the correlation matrix so. In fact, you
know the correlation says that you know cost and benefits are you know highly
correlated, but sales and cost are you know low correlated and again benefit in sales is
having high correlated anyway. So, our job is here easy to predict the kind of you know
benefit structure with respect to sales and cost of course, when we analyse this kind of
you know problems in between there may be certain issues you know with respect to
relationship between independent variables you know the kind of you know multi
coordinate issue the kind of you know data issue the kind of you know model issue. So,
what is actually the requirement that you know you understand the data structure then
understand the problem theoretically logically convinced as per the particular you know

requirement.

Then you connect a particular you know models or choose a particular model as per the
particular you know problem structures with respect to variables availability and the data
availability. Then come with you a kind of you know a model structure and we can
validate after that and finally, fix the kind of you know model which can give you
effective prediction and you know effective kind of you know requirement and which is

actually the kind of you know management requirement.
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Summary

+ Simulation is a powerful tool for modeling processes and systems to
evaluate choices and opportunities.

* Simulation can be used in conjunction with other initiatives such as Lean
and Six Sigma to enable continuous improvement of systems and
processes.
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And then accordingly we can go for some kind of, you know effective decisions. So; that
means, there are a number of you know areas where simulation can be applied and that is
actually you know that is how it is very useful for the kind of you know problem with a
requirement and the kind of you know management requirement and all together in the
predictive analytics we have discussed you know lots of techniques. In fact, particular
technique requirement is different and I mean say sometimes we can choose a particular
technique as per the problem requirement. So, altogether we get to know various tools

predictive analytics tools through which some management problem can be analysed can



be predicted and accordingly management decision can be taken into consideration with

this we will stop here.

Thank you very much, have a nice day.



