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Lecture — 35

Predictive Analytics: Time Series Forecasting

Hello everybody, this is Rudra Pradhan here. Welcome to BMD lecture series. Today, we
will continue with predictive analytics and that too the topic of discussion is on time

series forecasting.
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Learning Objectives

Knowing predictive analytics when data is attached with time series:

time series modelling.
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So, what we like to actually highlight in this particular case is like this we like to know
the predictive analytic structure, where the data is with respect to time so that means you
know in a real life scenario we have lots of you know variables information’s which can
be available with respect to time. And that too it may be with respect to you know annual
observations, it may be with respect to weekly observation, it may be with respect to

monthly observations or day wise observations something like that.

So, when we have actually set of you know in information with respect to time, then the
predictive structure can have actually more you know means can be you know having
different kind of you know look. And we can explore something more about to the kind

of you know the as per the kind of you know business requirement.
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Importance of Time Series Analysis

As the basis of Time series Analysis businessman can predict about the changes
in economy. There are following points which clear about the its importance:

1. Profit of experience : . .

2. Safety from future 9. Risk Analysis & Evaluation of
3. Utility Studies changes. .

4. Sales Forecasting 10. Census Analysis )

5. Stock Market Analysis 11. Budgetary Analysis

6. Process and Quality Control 12. Yield Projections

7. Inventory Studies

8. Economic Forecasting
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So, what are the things we are supposed to have in the kind of you know time series
forecasting. So, let us you know start with that. And in fact, you know it is very
important in the day today business environment like you know the profit forecasting,
safety future forecasting, utility studies, sales forecasting, stock market forecasting’s,

inventory studies, economic forecasting, budgetary analysis, risk analysis.

So, you know whenever there is a kind of you know problem and the problem can be
addressed with a with you know set of variables; and the variables information’s are
available in a kind of you know time series format, then obviously a one the standard
structure which we can actually investigate the problem. And then go for the predict you
know predictions or something a you know like forecasting. And that too with a help of

you know time series techniques.

So, there are so many time series techniques are there. And the requirement of this
technique you know is that you know data must be available with respect to a particular
time. It may be annually; it may be monthly; it may be quarterly; it may be weekly; it
may be day wise; it may be minute wise. So, there is no such you know you know kind
of you know typical structure, but data most the; you know recorded over the kind of you
know arrange with respect to a particular you know time structure. So, then the meaning

of you know time series forecasting or time series analysis will be very active.



Otherwise we may use time series data, but the kind of you know modelling for the
predictive kind of you know environment where you will lose the kind of you know
importance when there is any kind of you know gap or some kind of you know

inconsistency happens in the in the process of you know data gathering.
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Forecasting Models

Forecasting |
Techniques |
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So, this is a you know kind of you know interesting structure through which you can
actually go for the predictive kind of you know environment. So, now, you know the
typical discussion is on you know various forecasting models and you know so far as a

forecasting models are concerned, so it can be divided into two parts.

One part is called as you know qualitative models, and then you know casual models,
and then finally, the time series you know models. So, some of the qualitative forecasting
tools like you know Delphi technique, then the kind of you know grounded theory, sales
for compositions, consumer market survey. So, these are you know various qualitative
you know techniques are there through experts opinion or something kind of you know
you know experience people’s opinions we can actually you know forecast something

else as per the business requirement.

Then we have already discussed so many casual you know techniques like simple
regression analysis, multiple regression analysis. However the time series modelling is
not slightly you know you know different from these grows, but it has a some of you

know typical features through you can actually discuss this particular you know analysis.



In the time series you know forecasting’s, so we have a kind of you know simple
structure and so many complex structure through which you can do the forecasting as per

the business requirement.

So, some of the standard you know methods are Naive technique, moving average,
weighted moving average, exponential smoothening techniques, trend analysis,
seasonality analysis, multiplicative decomposition analysis, so many you know you
know techniques are there in the kind of you know time series umbrella. And depending
upon the particular you know problem and the kind of you know particular technique, we

can go for the kind of you know predictions and the kind of you know forecasting’s.
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l Time Series Models

* (General Form: Y=T*C*S+ ¢ where

* T=Trend - long term movement of mean

+ C = (Business) Cycle - an upturn or downturn not
yd by seasonal variation; effect of the economy
e 52§

easonal Variation - repetitive pattern observed
over a specific time period

+ ¢ = Error (random variation)

» Practical Forecast Form: ¥=T*$
+ Cisimportant, but difficult to forecast
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So, in the first hand understanding so far as time series model is you know like this. So,
here we have actually the kind of you know compositions Y a equal to T cross C cross S
with a error term, where T is represented as a trend and that is actually represented as a
long term kind of you know impact. And C represents the business cycle operations; and
it mostly affected by upstream, downstream and not typically affected by a seasonal kind
of you know structure. Then S is the seasonal variations and then this is actually seasonal

variation; it may be due to you know seasonal effect and then finally, the error terms.

In the practical you know so far as a real life scenario is concern we try to actually you

know explore trend you know trend forecasting and seasonality forecasting, because you



know the kind of you know business cycle impact is very difficult to integrate in the

process of you know forecasting’s.
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Time Series: Stationary Models

v Stationary Model Assumptions

* Assumes item forecasted will stay steady over time
(constant mean; random variation only)

* Techniques will smooth out short-term irregularities

+ Forecast for period t+1 is equal to forecast for period t+k;
the forecast is revised only when new data becomes
available.

* Stationary Model Types
+ Naive Forecast
+ Moving Average
+ Weighted Moving Average
* Exponential Smoothing
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So, what we will do here, so let us see how is the particular you know structure. In the
time series kind of you know a models, so some of the assumptions are there and
different models are there through which you can do the kind of you know prediction.
So, one of the structure is called as you know stationary issue you know; that means,
actually so there should not be highly kind of you know volatile while you know
studying the kind of you know prediction so that means, like you know heterogeneity

issues.

So, the a stationarities which you know the mean variance of a particular series should
not be actually deviate over the time. If it is actually deviate over the time then this may

affect the kind of you know predictions.

Then so some of the actually you know stationary process you know we have a different
models like you know Naive forecasting, moving average, weighted average and
exponential smoothing. So, in the today’s lecture we specifically highlight some of these
techniques through which you will do the forecasting’s and like to check what is the kind

of you know prediction structures as per the you know business requirement.
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l Stationary Time Series Models: The Naive Model

* Whatever happened last
period will happen again

this time
* The model is simple and Ff :Yf—1
flexible

* Provides a baseline to or
measure other models :
* Attempts  to  capture F, =1, : Quartery data
seasonal factors at the | /=Y _,: Monthly data

=

expense of ignoring trend ==
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So, now you know the typical you know in time series structure, so we like to actually
connect with the all historical data and because it is a available with respect to time
usually called as you know historical data. So, the usual procedure of you know
forecasting here the starters of a particular variable that is represented as a you know
current framework and that will be predicted through you know its past you know

structures like this particular you know examples here.

So, F t equal to you know function of Y t minus 1 so that means, so you know the
forecasted figure of a particular you know variable with respect to t depends upon the lag
of the previous year’s. So, it is actually here represented you know quarterly data means t
minus 4, then monthly data t minus 12. So, there are various ways actually you can you

know do the kind of you know forecasting as per the business requirement.

So, we have actually you know lots of you know flexibility to address this problem like
you know dummy modelling or (Refer Time: 09:27) data modelling, we have a lots of
you know different models through which you can you know predict the kind of you

know business environment.

So, in the time series, we have actually extensive kind of you know structure through
which we can do the same similar kind of you know predictions and the kind of you
know forecasting’s. So, we will go one by one and highlight what are the a typical issues

through which you can actually check some of the problems right.
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So, in the in the process of this particular you know discussion, so what will you do first
you know every times we may use different models you know for the prediction and
forecasting’s. But so far as validation concern under the judgement means we like to
check which one is the best you know for this you know particular prediction. So, we
have a some of the you know typical statically indicator or predictive indicators through

which you can declare that you know this model will be good for the forecasting.

So, some of the indicators are represented here. So, first indicator is bias that is mean
error; and it is a difference between the actual value minus true value. And then mean
absolute deviations; it is actually you know same, but we like you know find out the kind
of you know mean difference from actual and you know predicted with you know
removing this sign of particular you know structure. Then mean absolute percentage
errors, SO mean square error, root mean square errors, so there are so many you know
standard tools are there which can you know help you to pick up a particular model for

the forecasting and whether to for a particular you know business requirement.

So, these are all various you know you know you know statistical formula through which
you can actually operate and then we will finally, so that means, first you know prepare a
forecasted models then the actual information and the forecasted information’s, you will
find the error term. And after getting the error terms, so these are the indicators can be

obtained finally, and to check or to judge which one is the best model to go for you know



final forecasting or the final predictions. So, what are the ways we can do. So, we can

discuss you know one by one.
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Naive Forecast
Wallace Garden Supply
Forecasting
Aciuanl MNaviar Absolule  Porcenl  Squared
Fariod Value Forecast Emor Eror Ermor Ermrar
January A
Fobruary 12 10 2 2 16 67 % 4.0
March 16| 12 4 4 25.00% 16.0
Apiil 13| 16 -3 3 23.08% 9.0
May 17 13 4 4  23.53% 16.0
June 19| 17 2 2 10.53% 4.0 4
July 15 19 -4 4  2667% 16.0
Auguat 20| 15 5 5 25.00% 25.0
Saplambar 22| 20 2 2 8.09%: 4.0
Oulobar 19| 22 -3 3 15.79% 8.0
Novembor 21 19 2 2 8.52% 4.0
Dacomior 19| 21 2 2 10.63% 4.0
o818 3 17.76% 10.081
BIAS MAD MAPE MSE
Standard Error (Square Root of MSE) = 3.176619
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And let us see here ok. So, this is what actually the kind of you know structure. So, what
will you do. So, first you know there are couple of methods which we have already

highlighted here.
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Time Series: Stationary Models

* Stationary Model Assumptions

* Assumes item forecasted will stay steady over time
(constant mean; random variation only)

* Techniques will smooth out short-term irregularities

+ Forecast for period t+1 is eiual to forecast for period t+k;
the forecast is revised only when new data becomes
available.

* Stationary Model Types
+ Naive Forecast
* Moving Average
+ Weighted Moving Average
+ Exponential Smoothing
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So, these are all various methods through which we can get the forecasted a kind of you

know model.



(Refer Slide Time: 12:18)

[ R BRI A A RN

Measures of Forecast Error
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And then the difference we have to find out with the actual information and then finally,
check which one is the best model as per the particular you know business requirement.
That means so these models these models can be used for forecasting then these
indicators are used for fixing or you know checking the best model you know as per the

particular you know business requirement.

So, now we will go one by one. So, the first structure is called as you know Naive
forecasting. So, here we are going to going for you know sales forecasting’s. And for that
you know we have a monthly observations from first month to last month January to
December. And these are all you know actual sales. And then we will we will do the

predictions through actually the kind of you know Naive forecasting.

And the structure of Naive forecasting is nothing but a actual value which is the
forecasted value will be depends upon the previous value so that means, actually we start
with 10, 12, 16 then in the Naive forecasting’s, so the current item 12 depends upon the
previous item 10. Similarly, 16 you know items depends upon 12 like this, so that means,

one one point behind. So, it is like you know Y t and Y t minus 1.

Then here the actual and then the kind of you know predicted structure. And the
difference between actual and predicted will give you the error component. And finally,
once you get the error component, and then as per the previous discussion in lots of you

know predictive you know analytic structure, so first check is the check you know



whether error sum is coming you know close to 0 or not. So, now, this is actually we are
checking the kind of you know error, and then we are finding out the mean sum error that

is here we represented as a bias.

And then absolute mean error. So, we just remove this sign and then find out the sum and
divide by number of observation, this will give you the kind of you know structure called
as a mean absolute deviation. And then finally, mean percentage error. So, the absolute
error divided by actual value, and then we find out the you know mean error. And this

called as a mean absolute percentage error.

Then finally, we have a error here. And we can go for you know errors error squares.
And then finally, a sum of the error sums squares we can you know and divided by the
sample observation will have a mean sum square. And square root of all these you know

mean sum square is nothing but called as a root mean square error.

So; that means, so these are the following indicators through which we can check that
you know whether the particular you know forecasting say this is actually the forecasting
forecasted value and that too for you know you know Naive forecasting. And then
finally, we are checking the checking the validity through these you know indicators

right.
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For instance, if you go to the let us take you know examples. You go to the excel sheet.
And then in the excel sheet, so these are you know variables same variables which we
have actually plotted here. And we have actually series of data here and what we done
here is so this is monthly observations. And then this these are actual sales. And the
forecasted sales as per this net you know forecasting so just what we will have actually

you know this is actually the actual values.

So, what will you do. So, you can put one point behind and then and then paste it. So,
you will get the particular issues. So, by default this sample will be removed. And then
we will find out the kind of you know errors, error this is now that means, technically Y t
has a function of Y t minus 1. So, as a result this will be by default the forecasted figure.
And then the error will be the difference between the actual value minus the forecasted

value. And then we will we will get the error component.

Again if you if you extend, then you will get the particular you know difference, these
are all called as you know different error difference at different point of times between
actual sale and predicted sale. And then finally, we will look for the some of the error
terms so that means, technically so this is actually mean error by default you know we

can go for the average.

So, either you can calculate the total and divided by total observations or else you can
directly calculate the average. And this will be coming actually mean error. And then in
the case of you know mean absolute deviations, so these are all error. So, what will you
do, so we will we will calculate the mean absolute error. So, what will you do, you just
put equal to then you ask for the absolute value, and absolute value of this series. So, you
can indicate this ones. And then you can actually scroll down. And then you will you will

find the particular the entire items will be transferred into positive sides.

And against will find out the you know what I called as you know mean that is called as
you know again you look for the average and this will give you mean absolute you know
deviations. Similarly, in the case of mean absolute percentage error, so what will you do.
So, it is actually the kind of you know difference between the mean absolute deviations
and divide by the actual sales so that means, technically so this can be equal to mean

absolute deviation divided by actual sales right.



So, then you will get this particular series. And then finally, you can extend this one and
finally, you can calculate at the kind of you know structures and you know the kind of
you know average right, this can be calculated. And again since mean absolute
percentage, so you can multiply with hundreds. So, this will give you the kind of you

know the impact and then mean sum I mean sum error.

So, this is actually you know what will you do you have a error here and then you can
actually square all these errors. Then finally, you can after you know finishing all the you
know columns then finally, you can look for the average. So, this will give you mean
error mean sum you know square error and then it is called as you know root mean

Square €rror.

So; that means, if you squaring all these things then finally, if you take square root then
this will give you root mean square error. So, that means, technically so these are the
kind of you know you know statistical indicators through which we can just the fitness of
the particular you know model. So, means technically so the Naive forecasting is actually
one-way to go for the forecasting when you are you know variables are you know

variables information’s are available in a kind of you know time series format.

So, that means, this is a this is a very sophisticated technique actually, because every
time forecasted figure you know Y t depends upon you know previous year Y t minus 1.
So, as a result, so while you know having the kind of you know forecasting, so your data
should having a kind of you know consistency. So, if any gap in between then this

forecasting may be getting affected drastically.
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So, then against moving forwards, so now this is the difference between the actual sales
and the kind of you know Naive forecasting. Then you will find there is a drastic
difference. And the difference also we have actually plotted here, and we can find out
and then we can plot it. So, this is the kind of you know red one is the forecasted you

know line and then the actual line.

So, you will find there is a difference. Some cases error is positive some cases error is
negative which is actually as per the particular you know requirement and that is rule of
the forecasting. So, so that you know total error, so error sum should be equal to 0; the if
that is the case then the first hand choice is that you know we are we are in a right track

for this kind of you know forecasting.
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Stationary Time Series Models: Moving Averages

The Moving Average Method

*  The forecast is the average of the last n observations

of the time series.
P R D I L ) S
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n
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And then in the stationary kind of you know process we have actually moving average
technique through which again we can do the forecasting, we can go for three-year
moving average, we can go for five year moving average, we can go for seven year

moving average and then we can do the forecasting.

(Refer Slide Time: 21:12)
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Moving Averages
Wallace Garden Supply
Forecasting
Actual
Peariod Valua Three-Month Moving Averages
January 10 ————
February 12 ——
March 16 £ v
April 13} 10 + 12 + 186 | 3 = 12.67
May 17 12 + 186 + 13 | 3 = 13.67
June 18 16 + 13 + 17 | 3 = 15.33
July 15 13 + 17 + 189 | 3 = 16.33
August 20 17 + 19 + 15 | 3 = 17.00
Saptambear 22 19 + 15 + 20 | 3 = 18.00
Octobar 189 15 + 20 + 22 | 3 = 19.00
November 21 20 + 22 + 19 | 3 = 20.33
December 19| 2 + 19 + 219 | 3 = 20.67
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And we start with actually three-year moving average. So, now the same data, so this is
the monthly data of you know sales from January to December. So, now, in the case of

you know three-year moving average, so first three point you know can be clubbed and



take the average. So, similarly then again 10, 12, 16, so it will give you a particular
figure; then again it will start with a 12, 16, 13 then it will give you another figure. So,
likewise so your forecasted figure will be so the you know three-year data points three-

months data points and then we find out the average.

So, likewise we have the series here and against so this will be the forecasted figure, and
then we will find the difference and the difference will give you the kind of you know
error component so that means, for every you know in this kind of you know three-year
moving average. So, first two data points will not be there because we need three data
points to get average. So, as a result it will start with you know 16 and then it will

continue up to last data points so, as a result.

So, these are the kind of you know forecasted figure. So, 10 12 16, so this will give you
the first figure; and 12, 16, 13 so this will give you the second figure. And then 16 13 17,

so this will give you third figure and so on.

(Refer Slide Time: 22:41)

l Moving Averages Forecast

Wallace Garden Supply

Ferecasting 3 period movng average

Input Data Foracast Error Analysls

Absolute Squared Absolute

Period Actual Value Forecast Errar affor amor % amor

Maonth 1
Month 2
Manth 3
Manth 4 0.333 011 2.56%
Month & 3,333 11,111 18.61%
Month 6 3.667 13444 19.30%
Month 7 1.333 1.778 B.89%
Month 8 3.000 2000  15.00%
Monih 9 4.000 16.000 1B.18%
Month 10 0.000 0,000 0.00%
Month 11 0.667 0.444 3INT%
Month 12 1,867 2778 B.77%

Next period | 19.887
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So, in the next slide, so we have actually actual values and then the forecasted value
which we have here in the right side. So, then that will be taken into consideration here.
Now, the actual value minus forecasted value, it will give you the error component. And
now again so you will check the particular you know structure here so that means. So,
this is the actual structure and then this is the forecasted structure and the difference will

give you the error structure. And this is the sum of the error terms that is actually mean



error and then mean absolute deviation then it is actually mean square error then mean

absolute percentage error.

So, we have completed earlier. So, it is just sum a we can actually calculate here. And
then check whether actually you know this particular forecasted you know structure is
rightly to go for the prediction or not. So, likewise we have actually lots of you know
similar kind of you know techniques through which we can you know go for the

predictions.
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Wallace Garden Supply
Forecasting 3 period moving average

Actual Value - Forecast

Absolute Squared Absolute

Period Actual Value Forecast Efror BITOF airor Yo @ror
Manth 1
Monih 2
Month 3

input Data Forecast Error Analysis

Month 4 0.333 0111 256%
|Month 5 3333 11111 19.61%
Manth & 3.667 13444 19.30%
|Manth 7 1.333 1778 B8O
|M0r|ﬂ1 8 3.000 9000  15.00%
Month 9 4.000 16.000  18.18%
Manth 10 0.000 0000  0.00%
Manth 11

Month 12

Next period [0 18,867
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And again if you compare actually this is the actual scenario that is the you know blue
one. And then the yellow one is the forecasted figure which starts with you know at the
third point because it is the kind of you know three-year moving you know three-year

moving average forecasted structure.
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Stability vs. Responsiveness

+ Should I use a 2-period moving average or a 3-period moving average?
— The larger the “n” the more stable the forecast.
- A 2-period model will be more responsive to change.
~ We don't want to chase outliers.
~ Butwe don't want to take forever to correct for a real change.

— We must balance stability with responsiveness.
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Again so far as a stability point of view, you know we like to check you know whether
you know the three-year structure or five year structure or seven year structure is more
effective. So, when only add you know you know 3 to 5, 5 to 7 then you know the idea is
that you know this tablet will be more accurate because you know every time you are

normalising with you know bigger spool of the data.

And obviously, the forecasting will be strengthens as per the particular requirement. And
by the way every times through these you know indicators you can check the fitness of
the models and then finally that will be useful for the kind of you know prediction and

the forecasting’s.
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Stationary Time Series Models: Weighted Moving Averages

+ The Weighted Moving Average Method

— Historical values of the time series are assigned
different weights when performing the forecast

Fra= WY WY WY+t WY

Iw, =1
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So, now against there is another model called as you know weighted moving average.
So, in that case, same way we are going for actually you know three-year moving
average or seven year moving average, but every time now it is now a simple kind of you
know addition and the kind of you know mean calculations. Here we like to allow weight

and then we can calculate the average. So, some of the weight should be equal to 1.

(Refer Slide Time: 25:23)
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But weight will it you know you can go for you know you know equal weightage or

unequal weightage, but equal weightage there will be you know you know 0.2 go for



these weightage, so obviously weight should be unequal. But how you have to assign
weight for 2 d in the three different structure so that is actually a question mark.
Sometimes you know we use principle component analysis to derive the weight use a
kind of you know structure through which you can actually go by in weighted moving

average.

So, now in this case we use actually let us say first one is 0.22, 0.593 so that means,
actually we assume that you know this is a kind of you know weight structure through
which we can actually we can we can actually go for the kind of you know prediction.
And now the same structure earlier we are you know adding 10, 12, 16 and taking the
average now 10 into W 1, 12 into W 2, 16 into W 3, where W 1 is equal to 0.222, and
0.593, and 0.185. So, as a result this will give you the forecasted figure. So, now this is

the actual figure and this is the forecasted figure.
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Wallace Garden Supply
Forecasting 3 penod welghted moving average
Input Data Errar
Pariod Actual value _ Waights Forecast Error arror arror % arror

Month 1 10] 0.222
Month 2 12| 0.593
Month 3 18| 0,185
Month 4 13 12.208 0.702 0.702 0492  5.40%)
Month 5 17 14,6568 2444 2444 5871 14.37%
Monih & 19| 14.407 4,503 4593  21.003 2417%
Manth 7 15) 16.484 1,484 1.484 2202 9.89%
Month 8 20) 17.814 2.186 2.186 4776 10.93%
Month 8 22 16.815 5.185 5.185 26.888  23.57%
Monih 10 19| 19.262 0,262 0,262 0068  1.38%
Month 11 21| 21.000 0.000 0.000 0000  0.00%
Month 12 19| 20,036 -1.036 1,036 1,074 545%

Average 1.988 6852 6952 1057%
Next period 20,185 BIAS MAD MSE  MAPE

Sum of weights =
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So, what will you do again, so we will go the same kind of you know structure and then
we will check the kind of you know error then first check is the find out the error terms
and you check the mean error. And then mean absolute error, then mean square error,
then mean absolute percentage error and similarly root mean square error. So, this
actually standard structure; only the structure is actually what is the particular
mechanism which we apply to get the forecasted value. So, the actual value will be there.

So, we need to have a forecasted value.



But here the beauty is that you know the forecasted figures are well connected with the
actual structure and that is how the time series prediction is slightly different than the
cross sectional predictions. So, the typical structure is actually you know called as you
know weighted moving average. And that too we have already discussed the Naive

forecasting simple average and weighted average moving average forecasting structure.
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Stationary Time Series Models: Exponential Smoothing

Exponential Smoothing

* Moving average technique that requires a minimum amount of
past data

+ Uses a smoothing constant o with a value between 0 and 1 (Usual
range 0.1to0 0.3)

* Forecast for period t = Forecast for period t-1 plus a times the
difference between the actual value and forecast in period t-1: ¥,
= ?t-l +afYy - ?t-l]' or

+ Canalso be expressed as: ¥, = a(Y,,) + (1- a)(¥,) =

(Actual value in period t-1) + (1- «)(Forecast in period t-
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Again, whereas, you know similar kind of you know models are there exponential
smoothing you know structure through which you can do the predictions. So, now, in this
case, your forecasted figure will depends upon you know the structure of you know you
know previous years you know data, and the kind of you know the difference between
the two different time periods and the kind of you know forecasted figures. So, this can

be another way to do forecasting’s.
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Exponential Smoothing Data

Storage Shad Sales
Actual

Period | value(Y,) 1 a Yt Yis Vi

January 10| = 10 0.1
February 12 10 + 01 % 10 - 10 )= 10.000
March 16 10 + 01 * 12 - 10 )= 10.200
April 13 10.2 + 01 *( 16 - 10.2 )= 10.780
May 17, 1078 + 01 *( 13 - 10.78)=  11.002
June 19 11.002 + 01 *( 17 - 11.002 )=  11.602
July 15 11.602 + 0.1 *( 19 - 11.602 )= 12342
August 20 12342 + 01 *( 15 - 12342 )= 12.607
September 22 12607 + 01 °( 20 - 12607 )= 13.347
Oetober 19 13347 + 01 *( 22 - 13347 )= 14.212
November 21 14.212 + 01 *( 19 - 14212 )= 14691
Decembear 19 14691 + 01 *( 21 - 14691 )= 15.322

Class Exercise: What is the forecast for January of the following year?

low about March? Find the Bias, Mad & MAPE. (Note: aequals 0.1,)
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So, now, in order to understand the data structures so let us actual values actual value can
be represented as Y t. And then we calculated actually Y t bar that is or Y t head that is
called as you know estimated structure and the lag of the estimated structures. So, now,
the error the this is how the modelling structure through which means as per the
particular you know formula here. So, we have to just connect here. So, this is what the
kind of you know exponential smoothing structure through which actually you have to

find out the predicted kind of you know environment ok.

So, once you get this particular you know predicted structure then again you will go for
the you know comparison. So, this is actual. And by default this will be finally, the
predicted component. Then again similar way we have actual value and then the
forecasted value, and the difference will give you the error component. Again you find
out the mean error, mean absolute error, mean square error, mean absolute percentage

error and then finally, root mean square error.
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Evaluating the Performance of Forecasting Techniques

+ Several forecasting methods have been presented.

* Which one of these forecasting imethods gives the "best” forecast?
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Exponential Smoothing
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So, likewise actually you will find here so many this is comparison between the actual
plotting and the forecasted plotting through exponential smoothing. And the every times
you will find there is difference and some error are positive, some errors are negative
which we which is as usual and that is good for the kind of you know prediction

structure. And that too when the data is in a kind of you know time series framework.

So, now, again question is the what is the proper evaluation technique through which you

can say that you know which model is actually best fit for the particular you know



prediction and the particular you know business requirement so far as you know perfect
management decision is actually you know is the kind of you know requirement. So, in
that case what will you do, so we have a different kind of you know models. We have a
discussed Naive techniques, moving average, three-year moving average, five-year
moving average, then weighted average then smoothing techniques. So, that means, you
know same problems and you use different kind of you know prediction structures or

forecasting structure.

Then what we like to you know do that you every times you know by using a particular
technique forecasted technique, you find out the error terms. And then find out the error
indicators that is the mean error, mean absolute percentage error, mean absolute
deviations, root mean square error, then you do the comparative analysis. So, technique
one, technique two, technique three, then you report all these indicators. And usually a
particular you know structure will be declared as you know very effective for the
prediction and forecasting, if the particular error indicators behaviour is very less. So,
that means, the error mean square error, mean absolute percentage this should be actually

in a kind of you know declining structure.

So, when the kind of you know when there is a kind of comparative analysis between
two models, in one particular model the mean error mean error or mean square or root
mean square error are comparatively low compared to the first one then by default the
second model will be derived choice for the prediction and forecasting. So, the so the
idea is here when we when our judgment is which one is the good forecasting technique
so far as the particular business requirement is concerned or particular management

decision is concerned, so we have to create some forecasted models.

Because same problems can have a different forecasting structure like what we have
already highlighted here for five techniques. And then finally, we have to declare that
you know which particular technique is more effective more efficient so far as a the
particular problem is concerned. And that is typically based on this you know the so the
kind of you know validation will be through these indicators only. A particular model
will be declared as you know efficient when the these error are having actually low level
compared to the compared to you know previous models or you know forecasting with

you know previous techniques.
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Performance Measures - Selecting Model Parameters

+ Use the performance measures to select a good set of values for each
model parameter.

— For the moving average:
+ the number of periods (n).

~ For the weighted moving average:
* The number of periods (n),
* The weights (w;).

~ For the exponential smoothing:
+ The exponential smoothing factor (a).

* Excel Solver can be used to determine the values of the model parameters.
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So, there are you know many, many ways we can actually check the performance you
know structure through which you can declare the model is best fit for the prediction and

the kind of you know forecasting’s right.
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Trend & Seasonality
+ Trend analysis
— Technique that fits a trend equation (or curve) to a series of historical
data points
- Projects the equation into the future for medium and long term
forecasts. Typically do not want to forecast into the future more than
half the number of time periods used to generate the forecast
+ Seasonality analysis
— Adjustment to time series data due to variations at certain periods.
— Adjust with seasonal index - ratio of average value of the item in a
season to the overall annual average value.
~ Examples: demand for coal in winter months; demand for soft drinks
in the summer and over major holidays
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So, there are some other issue like you know trend analysis and the seasonality, all these
things will be you know there in the particular you know process. And in fact, in this
particular you know time series framework, we can also use dummy technique to find

out you know the kind of you know seasonality effect and the kind of you know



quarterly effect, monthly effect, and but for that you know you may you must have
actually big data set. And then these are things we can you can also target, and we can
also explores or you know there are other things like you know structural way also can
be checked when you have the data with respect to time for a particular you know

variables.
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So, likewise you know there are many things which we can actually explore and means
the idea is that here. So, in the time series structure, we have actually n number of
techniques through which we can prepare a forecasting models or you know predicted
model through which you will do the forecasting’s and do the you know predictions as

per the business requirement.

So, we have actually some of the discussion we have already discussed so many
techniques. And a likewise there are couple of other techniques are there which can also
you know means very useful for the kind of you know prediction and forecasting. And
that too in the context of a even in the context of you know time series modelling. So, we
will continue this particular you know discussion in the next lecture; and we will stop

here and.

Thank you very much, have a nice time.



