Business Analytics & Data Mining Modeling Using R
Dr. Gaurav Dixit
Department of Management Studies
Indian Institute of Technology, Roorkee

Lecture - 34
Naive Bayes — Part IV

Welcome to the course business analytics and data mining modelling using R. So, in the
previous lecture we were doing an exercise for Naive Bayes we did an exercise for Naive
Bayes in excel. Now we also talked about a particular data set on a flat the on flights, and

we are going to use that to do a modelling exercise in R. So, let us open our studio so on.
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Pibrary(xlsx) | s deal s e +

df=df[, lapply(is.naidf), 2, al1)]

1
t
3 # Flightoetails. olsx
4 dfsread. xlsx(file.choose(), 1, header = T)
5
& df=df[ apply(is. nadf), 1, a11),]

T head(df}

§

stridf)

10 ## Excel
11 # but th yea
12 mrsef Fie Fiow Focages  Help  Veewsr =0
13 ## a5 oat
14 s B gt *
15 dfbsdf
16
17 £ 8
) o
Conuche - /Dt b =0

You are welcome to recistribute 1t under certain conditions.
Type ‘lieense()” or 'Tieence()' for distribution derails

& 15 a collaboravive project with many contributers
Type ‘contributors()’ for more wnformation and
“eirarton()’ on how to cite R or R packages in publicavions

Type ‘demo()" for some demos, 'halp()’ for en-line halp, or
“help.start()’ for an HTML browser interface to help.
Tyoe ‘q()" to quit R

So first let us reload this particular library xlsx because we have data in excel format. So,
we would like to utilize this particular library functions available in this to import the

data set as we I am been doing before.
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1 Tlibrary(xlsx) % L el e o
2
3 # Flightoerails. s oata

4 dfsread. xlsx(file choose(), 1, header = T) 0 df 107 obs. of L1 variables

5

L]

§

df=df[, lapply(is.naidf), 2, al1))
df=af[ lapply(is na(df), 1, a1l),]
headidf

stridf)

B Fiol  Paage  Help  Vews -

B gt

Conaole G /Dats Minkg Sesion § -
Type ‘dema()’ for some demos, 'help()’ for on-line help, or

“help.stare()’ for an WTML browser interface to help

Type ‘a()” to quit R,

= Tibrary(xlsx)

Leading required package: rlava

Loading required package. xlsxjars

> dfzread x1sx(file choose(), 1, header = T)
» view(df)

= df=df[, Tapply(is.naldf), 2, all)]

> dfudf [lapply(1s.naldf), 1, all},]

So, this so file is fried details dot xlsx. So, let us import the data set. So, here you can see
108 observations of 13 variables ah, but we do not have those many variables and there
are some any columns and any rows in this actually. So, you can see in the data set, and
these are some NA columns, and we might also have yes and there are some and I wrote
as well. So, we would like to get rid of these NA rows and n columns because we do not

have those many variables and rows.

So, first particular code as we have been talking about in previous lectures as well
previous our exercise as well that the first one will remove the any columns. So, let us
says execute this. The second code would actually remove the any rows. So, let us
execute this. So, how it works we have discussed in previous lectures as well. Let us look
at the first 6 observations. So, these are the observations first we have flight number the

flight number is given there for different carriers flight carriers also there.
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1 Nibrary(xlsx) L el e o

F

3 & Flightbetails.xlsx oata

4 dfsread. xlsx(file choose(), 1, header = T) 0df 107 abs. of 11 variables

5 df=df[, lapply(is.naidf), 2, al1)]

6 df=df[ apply(is na(df), 1, al1),]
headidf )

§

stridf)
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« dfsdf[lapply(is.na(df), 1, all),]

> head(df )

Flight . nusber Flight.carrier pate SRC 5
W7ld5  Jet Airways 2017-07-31 Bow 1899-12-30 03:00
G4l Jet airways 2017-07-30 sow 1899-12-30 06:30
WILTE  Jet Airways 2017-07-31 BoM 1899-12-30 09:50
397 det airways 2017-07-31 sow 1899-12-30 08:40
W84 et Airways 2017-07-31 Bow 1899-12-30 O1:40
415 det airways 2017-07-31 sow 1899-12-30 02:55:00 .

ATD iTA ATA DEST Day Flight.Status
1 1899-12-30 03:05:00 1899-12-30 04:35:00 1899-12-30 04:29:00 sm 2 ontine
2 1899-12-30 06:28:00 1899-12-30 08:15:00 1899-12-30 08:02:00 BLA 1 ont ime

ZEEEEE:2

B e P

So there are as we will see there are three carriers we have information on data on three
carries we have and date these are the 2 dates specifically. Then we have source, then we
have a schedule time of departure here you would see this number is actually you can see

899 12 30 how and then after this we have schedule departure time.

So, how this number is coming in the why this particular date is coming in there so this is
important detail that we will discuss. Now all the variables which are storing time actual
time of departure schedule time of arrival or actual time of the depa arrival you would

see that this particular date is also appended before the time right.

After this we have a destination variable destination variable, we have actually 3
variables in this. So, we will discuss them 2 days, flights on 2 days a one represented by
one is representing Sunday and 2 is indicating Monday and then we have flight status on

time or delayed.

So, as we discussed in the previous class if the actual time of arrival of a flight is a less
than or equal to schedule time or arrival time than it is on time if it is more than that
more than schedule time of arrival then it is delayed it has been classified as delayed. So,

let us run this structure function.
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1 Tibrary(xlsx) L el e o
i
3 # Fligheoerails. xlsx Data
4 dfsread. xlsx(file choose(), 1, header = T) O df 107 obs. of L1 variables
5 df=df[, lapply(is.na(df), 2, all))
& df=df[ apply(is. na(df), 1, al1),
headidf
8 stridf)

L R a0

14 ' = a8 N ™ aput *

15 dfbadf
16

17 # correct arrival and denactute times
T T

Conohy /Dt Minkeg Seision & -

L2
§ Flight carrier: Factor w/ 3 levals "air India™ "Indige”™, : 3333333333

§ Date : Date, format: “2017-07-31" "2017-07-307 ...
§ sAC + Factor w/ 3 lavels "so”™ "DEA” "waa™ 1111111111

§ 510 (P format: "1899-12-30 03:00:00" "1899-12-30 06:30:00° ...
1 ATD ¢ Pumaciesy format: “1899-12-30 03:05:00" “1899-12-30 06:28:00°

§ 5T i POsINGt, format: “1899-12-30 04:35:00" “1899-12-30 0B:15:00° ...
§ ATA : posixer, format: “1899-12-30 04:29:00" “1899-12-30 0B:02:00'

§ DEST i Factor w/ 3 Tevels “BLR™,"WVD”,"IN": 1111111111 ...

§ Doy trm 21221222121

§ Flight.status . Factor w/ 2 levels "delayed”,“ontime™ 2212121111 ...

You can see that flight carrier it has 3 levels Air India, Indigo, and then Jet Airways as
you saw in the first these observation. So, these are the three carriers we have
information on these 3 carriers then the date, is there are 2 dates 30 and 31st of July

2017.

And then the next variable is source that is factor variable 3 levels “BOM” that is for a
Mumbai and “DL” that is for Delhi and then m a “MAA” that is for Chennai airports.
And then we have scheduled time of departure and the actual time of departure schedule

time of arrival schedule time of arrival.

So, these are actually this POSIXc t, format that is there are and the times are given all
right. So, we will discuss this why this particular date is coming there then destination
we have three levels so these are the 3 airports, “BLR” for Bangalore, as “HYD” for
Hyderabad and “IXC” for Chandigarh. So, these are the 3, these are the 3 airports.

Then this information on days so that is 2 days of flight on 2 days we have in our data
set. So, one representing Sunday as we talked about 2 and then we need to this is shown
here as the numerical variables. So, we would be required to convert it into a factor
variable or categorical variable. then we have flight status 2 levels in delayed and on

time. So, 2 levels as you can see here.



So, let us talk about the this peculiar date that is being appended in the in this particular
arrival or departure time. If we look at the excel file that we have here if we look at the
excel file we do not have this information here you can see that scheduled time of

departure as execute time of departure and the excel file we do not have this information.

But when this perfect data set is actually loaded into our environment are actually on the
format in which are imports this particular data it requires it to also have the calendar
date and the of course, the data is being imported from excel into our environment it is
the date default calendar date that is available in excel that is being taken and the default
date that is being taken is actually in the calendar date of day one that is there for in the

windows excel.

So, in the windows excel we have nineteen hundred one and one that is first January of
1900 that as the day one so that is the default value ah, but this particular value is not
shown here instead 18, 99, 12, 30 that is 30th of December 1899 that is shown here that
is again because of that the excel incorrectly treats 1900 as a leap year and this has been
this being the case all the dates which are come after 1901 so they are for those dates the

we have to do the adjustment.

So, the so this particular this particular date has been taken the after this adjustment for
post 1901, you can see this particular date which was 1901 and on which was meant to
be in windows excel as 1901 1 now becomes 1899 1230 right. So, so this is the particular
date that is taken by default when we import data from excel windows excel we are
running windows operating system and we are importing this data from the windows
system in and the excel data into our environment so, this date is being appended here.

Now how do we correct this.

So, let us look at the few code if you lines up code so first let us take a backup. So, this
was the data originally has it was imported. So, we taken the backup now what we will
do we will format these particular for these particular times you know arrival and
departure times into this format just this format so that the end date is we are able to get

rid of the date information.
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Data
0df 107 obs. of 11 variables
15 dfbsdf 0 dfb 107 obs. of L1 variables
16
17 7 correct arrival and departute times
18 dfisTosFormat (dfiSTO, "wH:wans")
19 dfi5TD-as POSIXIt(paste(dfiDate,df3STD), format = “Nv-Sm-Sd WH-%M:-%57)
10 dfiato-formar (df 1aTo, “Sa:am:Ns”)
21 dfSATD-as. P\'lsl::ﬂlhpute\dﬂmte ﬂﬁm‘)] format = “Xy-Xm-%d N4 ANINET) Fin Pos Facagws Help Vews i
32 dfisTasforman(dfisTa, “Nuim:X
31 dfisTasas. msmupmemﬂmr dfisuu Format = “Xv-Am-%d Xn:m:is™) B gt v
24 dffatasformat (df jATa, "Nk XM .%57)
15 dfiaTazas msxtl:msmdﬂml,df‘.m]. formar = “Ny-Tm-%d TyanrisT)
6
W1
Consol G Dits Minkg Seuk =0
§ Date . Date, format. “2017-07-31" "2017-07- 10
§ sAC -umrw,':iluﬂsm "DEL", “man” 11I11.I11I1
§ 5TO . PosIxct, format. “1899-12-30 03.00.00" "1899-12-30 06.30.00° ..
i AT + posvet, format: “1899-12-30 03:05: 599-12-30 06:28:00°
§ 5TA . PosINct, format. “1899-12-30 04.35.00" "1899-12-30 08.15.00° ..
5 ATA : posTuet, format: “1899-12-30 04:29:00" “1899-12-30 08:02:00°
§ DEST . Factor w/ 3 leyels ° "BLR”,HDT,UDCTE 1111111111,
1 Day twm 2112322231211
§ Flight.status : Factor w/ 2 levels "delayed”,“ontime™ 2212121111 ...
» dfbzdf

> [EESIo=format (dfisTD, ~MH.0M.%57)

5

So, let us execute this. So, once this is has been formatted if you are interested in the
value you can type here and you would see that all the values are in this format. Now and
you are interested in the class of this now and that also you can see this is now character
vector of 107 length right. So, this has been extracted now we will convert it into a

POSIXIt format that is available in R.

So, we use the paste function where we will first paste this particular date that is stored
in the another variable in the data frame which is having the corrected information as we

saw in the previous output.

Let us look at again so this is the date column where we have the correct dates. So, that
particular date is going to be used now and then we will have stored in this format. So,

let us execute this know once this is done.
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13 # a1.04 odf 107 obs. of L1 varisbles
{5 afbsdf 0 dfb 107 obs. of 11 varisblas
16
17 # correct arrival and departute times
18 dfistoeformar (dFISTD, “Narmang”)
19 dfisTosas PoSIx]t(paste (dfiDate,dfSsTD], format = “Wy-Sm-Sd %i:Wa:%s
10 dfiato-formar(df 1aTo, “Sa:am:ns®)
21 cfiatDeas . POSIN]t (paste (df iDate, dfSaTD), format = “Ny-%m-3d %0570 Fin Pob  Packagw  Help  Wews ~Tm
22 dfssTasformax(dfisTa, "N Mm%5")
31 dfistasas . posixlt(paste(df ipate dfisTa), format Ky =Xm-d A m: XS B gt v
24 dfSaTasformat (dfIATA, "W 0M.N5")
25 dfiaTazas poSIxVtipaste(dfioate dfiata), formar = “Sy-Ym-%d ixw:s")
% 3
AN g e
Console G-/Duts Minkg Sendon =0
(76] "2017-07-31 07.20.00 157" "2017-07-31 08.30.00 157" "2017-07-31 06:10.00 151" 3
(78] "2017-07-31 09:45:00 157" "2017-07-31 01:25:00 157" “2017-07-31 09:20:00 157"
(82] "2017-07-31 01.05.00 157" "2017-07-31 02.00.00 157" "2017-07-31 05.10.00 157"
(B5]) "2017-07-31 09:15:00 157" "2017-07-31 02:30:00 157" “2017-07-31 09:00:00 157"
(B8] "2017-07-31 06.20.00 157" "2017-07-31 01.25.00 157" "2017-07-31 06.50.00 157"
(91] "2017-07-31 07:40:00 157" "2017-07-31 08:55:00 157" "2017-07-31 10:35:00 157"
(94] "2017-07-31 05:45.00 157" "2017-07-31 06.55.00 157" "2017-07-30 07.50.00 157"
(97) "2017-07-31 08:40:00 157" "017-07-31 06:46:00 157" “2017-07-31 06:00:00 157"
[100] "2017-07-31 06:45.00 157" "2017-07-31 12:35.00 157" "2017-07-31 06.05.00 157"
[103] "2017-07-31 06:20:00 157" "2017-07-31 10:30:00 IsT° “2017-07-31 10:00:00 157"
[106] =2017-07-31 04:00:00 157" "2017-07-31 10:30.00 157"

Now let us look at the values. So, you can see correctly specified the dates right where it
is supposed to be 30, it is 30 or 30th of July 2017, where it is supposed to be 31st of July
2017 it is that and the time format is also now IST.

The earlier time format if you are interested in but we will not look at the time zone does
not look at the time zone. So, we can still do it use using by looking at the this particular
the backup that we had taken. So, there you can see the by default not just the calendar
date that was appended was the day one of windows excel and that too in you know

incorrect. And then the time zone is also taken by default at GMT right.

So, we have been able to change this and now the correct dates are appended and then
IST. So, you might be thinking why we have date calendar date information at all in
time. So, this is the our format where it requires if you do not if you just try to create a
POSIX 1t or ct object without the calendar date it will automatically take the systems date
and append it to that time information. So, let us do the same exercise for other columns
other date columns times column that we have arrival departure columns. So, let us

execute these lines of code.
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17 & correct arrival and departute times pata

18 dfssTo-format (df5TD, "TH.XM:%5") odf 107 obs. of 11 variables
19 dfisTo-as.Postxit(pasve (df iave, dfisTo), forman = “Ny-tmeid o W45

20 dFiaTo-Format (dFIATE, "t Xs") 04fh 107 obs. of L1 variablas
11  dfSaTDeas POSIXNIE (paste (df iDate,dfSATD), format = “Ny-Ym-%d .M. %57)
12 dfSsta-forman(dfisTa, “waam:ns”)

23 dfisTacas PosIxItipasta(df
4 dfiaTAsformat (df IATA, "SH: 5

25 dfiatazas postxit(pasve(dfibave, dfiata), formatr = “Ny-tmeid Wo:an:s7)

% Fin Pol fackagm belp  Veewss =0
&7 headidf)

8 prridf) 5 gt +

@, dfisTa), format Ny=Nm-Ng N AMTEST)

0 dfb2=df
s el 3

3 Wil78  Jet Avrways 2017-07-31 sow 2017-07-31 09:50.00
4 397 et Airways 2017-07-31 som J017-07-31 03:40:00
] 0 Jet Airways 20017-07-31 sow 2017-07-31 01:40.00
§ 415 et Afrways 2007-07-31 now 2017-07-31 02:55:00
ATD 5T ATA DEST Day Flight.Status
1 2007-07-31 03:05:00 2017-07-31 04:35:00 2017-07-31 04:29:00 mR 2 ant i

2 2017-07-30 06:28.00 2017-07-30 08:15.00 2017-07-30 08.02.00 R 1 antine
3 2007-07-31 10:19:00 2017-07-31 11:30:00 2017-07-31 11:38:00 e 1 delayed
4 2017-07-31 08:43.00 2017-07-31 10:30.00 2017-07-31 10.24.00 ®iR 2 antine
5 2007-07-31 02:25:00 2017-07-31 03:20:00 2017-07-31 04:06:00 e 1 delayed
6 2017-07-31 02:52.00 2017-07-31 04:35.00 2017-07-31 04:32:00 ®R 2 antine

And now let us look at the first 6 observations. Now if you see 30 dates are being
correctly specified and we have also seen already that time zones are have also been
appropriately corrected we can also have a look at the structure of this particular data
frame you can see structure now and you would see in the structure as well the correct

dates are now there.

Now let us also take a back of this particular data frame as well, but as we have
discussed that a particular task is to predict the flight delays therefore, we are not and the
predictors information that we would like to model is not actually incorporating the

actual dates rather than we are going to use the time intervals of departure.

So, therefore, we are not interested in actual date so it does not matter us whether the
date information is appended in the in the departure and arrival times and what that date
is we are not interested in that, but we are interested in the time intervals during a
particular day. So, therefore, having different date appended in a particular you know
arrival or departure time will complicate the thing and complicate the process as you will

see in the later part of the code.

We would like to have to simplify that coding process that we are going to follow later
on we would like to have the same date not even though the data is on 2 days 31st of July

2017 and 30 th of July 2017 we would like to have just 2 1 date here. So, that our



computation which we are going to do later on are easy because we are interested in time

intervals in on any calendar date right.

(Refer Slide Time: 14:30)

17 =50
T T
0l cR- ' |t [ S—
0 nbwenn =1 imegnment  Hisiory =0
_ P ohmsrmben O F - . L1 NPT T H Fepve e f it =
& maag.ar i -
W strie) 0 1ot s =
4] Data
;0 dfb2edf 3 Odf 107 obs. of LI variables
4 0df 107 cbs. of 11 variables
i 0 dfb? 107 obs. of L1 variables

# time dneer
14 df-dfb

35 dfisToestrptime(format{dfisT0, %
16 dfiATDsstrptine(farmat(dfiaTD, "%
17 dfisTazsrrpime(formau(dfisTa, “wi: )
38 dffaTasstrptime(format(dffaTa, "N NmNs"), TH R KsT)

40 hepddf
i1 ste(df)

§ sTA : PosIxlt, format: "2017-07-31 04.35:00" "2017-07-30 0B:15:00" ...
§ ATA : postxlt, formar: “2017-07-31 04:29:00° “2017-07-30 08:02:00°

§ DEST + Factor w/ 3 Tevels "stR™,"wr0™,"mxc™: 1111111111 ...

§ Day twm 21222222121

§ Flight.status : Factor w/ 2 levels "delayed” “ontime™: 2212121111 ...
> dft2=df

» dfudfb
> df§sTo=strptina(format (df55TD, “Wmans™), “wwiwa:ns”)

» dfSaTpsstrptine(format (dFSaTD, "N NMNs™), "NWEMST)
> dfsTazstrptina(forman (df§sTa, “NH-aMas™), “mimews’) Arguments
» df SaTasstrptime(format (dfSaTa, "Ne:RacXs™), "W 00S")

We are not bothered about the specific date. So, letsly restore this particular data frame
they are be the first backup that we have taken and we are again going to use this
particular function strip time is the t R p time so this is going to format the information

that we have into the in the format that we want we will see just now.

So, if you are interested in finding more detail on this particular function you can type
the name of the function here in the help section and you can find more information your

date time conversion functions to and from characters.

So, this is these what we will take the character vectors character vector in the x and will
format as per the specified format and the time zone if it is null not specified then the
systems time zone would actually be taken and this is what has happened if we look at
the first 6 observation you would see that all the times now they have been appended

with the this particular days systems date here you can see 8th of August 2017.

So, all the time, time related variables departure and arrival times they have been
appended with this particular date even though the actual date as per the date columns
were different. But since we are not interested in dates we do not mind because we

would be calculating time intervals.



So, there we would like to have the same date instead of different dates, can have a look

at this structure variable as well you can see the different date has been mentioned here.
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" Aol 0df 107 obs. of L1 varisbles
15 dfisToestrptime (format(dfisTo, “in, ) 0¢f 107 bs. of L1 variablas
16 dflatosstrptimeformat(df laTD, "Nn.% ] 0 dfb2 107 obs. of L1 variables

37 dfisTa-steptime(formauidfisTa, “wi
38 dfiatasstrptime(formatidfiaTa, “wn:%

40 bead(df)
41 ser(df)
¥ Break departure time into appropriate intervals
44 range(dfiaTn)
45 breaki-seq(sTrptine(T00:00:007, "WwcxsT), steptismg("24:00:007, "SWiwais’),
i by = "6 hours”}
A1 gl ey ®

6770 ...
§ Flight.carrier: Factor w/ 3 Tevals “afr India™ “Indige™,. : 3333333333

§ pate i pate, format: "2017-07-31" "2017-07-307 ..

§ SAC : Factor w/ 3 Tevals “pow” "DEL WaA™: 1111111111

§ s + PosIxle, format: "2017-08-08 03.00:00" "2017-08-08 06:30:.007 ..

§ ATD : postxTt, formar: “2017-08-08 03:05:00° "2017-08-08 06:28:00°

§ sTa + PosIxlt, format. "2017-08-08 04.35: "2017-08-08 08:15.007 ..

§ ATA + postxlt, formar: “2017-08-08 04:79:00° “2017-08-08 08:02:00°

§ pEST + Factor w/ 3 Tevels "stR™,"wr0™,"mxc™: 1111111111 ...

§ Day thwe 2122122211 Argquments

§ Flight.status : Factor w/ 2 levels "delayed” “ontime™: 2212121111 ...

So, we had been converting data into one format to other another because of this issue
wherein the departure and arrival times are being appended with the calendar date as

well.

So, we saw that by default it takes the 18 99 30 12 value then we change it to the correct
values at for the as per the information the data set that we have 30th July and 31st July
then because the later computations and the modelling that be required we do not
actually focus on these specific dates and the computation would simplify if we have the
same date for all the times it would be easier for us to compute the time intervals later

on.

So, we have appended the correct if we have appended the current data of the system so
as you can see here. Now as we discussed what we are going to do is we are going to
take the actual departure time and this particular variable ATD and we are going to break

it into appropriate time intervals.

So, we are converting a variable converting particular date variable or time variable other
time variable into a categorical variable. So, we are going to do binning for this. So, let

us look at the range.



So, here it was for this range that we changed the calendar design the calendar date for
arrival and departure times. Now had it been the had it been the same dates the actual
dates as you would see that as in the, this particular data frame I guess. So, we would see
that ATD if I run a range for this not this one the, they where we had the actual dates. So,
I think this one.
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16 dflatosstrptime(fornat(dfiaTD, "5H: T 1 st

37 dfisTacstrptim(format(dfista, pata
38 dfiaTassteptine(format(dfiaTa, "WkiimNs"), odf TR T [ 7
:g headidf ) 0 éfb 107 obs. of L1 variakles
i1 sridf) 0 dftz 107 obs. of 11 variables
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43 # break doparture time
44 range(dfiaTn
45 breaki-seq(sTrptine(T00:00:007, "Mrwu:xsT), steplimg("24:00:007, "SH:ma:is”),

breaks PasIxce[1:5], format. "201
Tahelzy chr 1141 "0.6 “A-12" “12

4 by = "6 haurs” R Mol [r— =l
A7 Tabelswsc("0-67,6-12", 12147, “18-24") D=Ses] e
48 pePT-cut(dfiaTD, breaks = breaks, right = F, labels = labelsv) p § & - dejlinc

53 f-chind(df, oEeT) it s { eveprines | aneines B e froem | haractee
df=cbindidf, ogeT)

v : | Usage
Console G-/Dats Minkg Seuion | =0
§ oay imm 2122222221 ... _
§ Flight status @ Factor w/ 2 Tavels “delayed” “entime™: 2212121111

= range(dfSamn)

[1] “2017-08-08 01:10:00 157° “2017-08-08 20:00:00 157"

= range(dfbiaTo)

[1] “1899-12-30 01:10:00 cur* “1899-12-30 20:00:00 cut™

+ range(dfbiiaTo)

[1] “2007-07-30 02:19:00 157° “2017-07-31 20:00:00 157"

= breakssseq(strptime("00.00:00", "W 00.%s"), strptime("24:00:00", "XH:Xm:¥s"),

Arguments

* by = "6 hours")
> labelsvee ("0-6","6-12","12-18","18-247)

So, this is what you see that it is also in this particular range it is also counting the
calendar date which is 30th of July comes first. So, the first date that we have is this
particular information on 30th July to 19 and then last one is 31st July and 20. So, this is
this we do not want and do not want because we want to create time intervals

irrespective of the day.

So, in this case if we have the same date then you would see that we do not focus on the
date then you would see the first time is 1 10 and then the last one is 20. So, this is the

difference we have to be on to create the time intervals you have to focus on this.

So, this is what we are going to do it here is we will create different intervals. So, this is
a function that we are going to use breaks then we are going to create a sequence of time
intervals for time intervals and as you typical the strip time function can be used to
convert the character vector into a appropriate you know time and date and time format

in R.



So, as per this format specified format it will be converted 0 0 value and up to 24 and we
are going to create 6 by 6 hours so we are going to create 4 time intervals if for within 24

hours for a day.

So, first is going to be as you can see in the next code labels 0 to 6. So, between 0 to 6 a
m that is first time interval for us from 6 to 12, and that is the second time interval first
for us, and then 12 to 18 the third time interval, and then 18 to 24. So, 24 hours of a
particular day we have broken we are trying to break them into 4 time intervals and then
later on as you will see we will class we will break the departure time departure,

departure time, actual departure time, and formation into one of these intervals right.

So, if right if it has an actual departure time which lies between 0 and 6 am it would be
given the value 0 to 6 a particular flight has the actual departure time and between 6 and
12 between 6 am and 12 pm then it would be given this particular this particular class
this particular category and then similarly for other flights as well. So, this is what we are

trying to do here.

So let us execute this code you can see breaks this these this particular variable has been
created labels and we can use the cut function and use the breaks information that we
have just created and the first argument in the cut function is going to be the variable

which we want to cut which we want to bin.

So, we want to bin actual departure time into 4 bins then we have already defined labels
name are appropriately defined and as per the breaks it is going to be different
observation is going to be binned. Now there is one more argument that you would see
that right as false so this would indicate whether the weather in a range the right side
value is going to be counted or not so because this is false. So, right value is not going to

be counted.

So, the range is actually going to be open on the first value of the these interval and
being closed being open or open on the open on the last value of the interval and closed
on this particular values it will take the value it can take the value0, but not 6 6 will come

here in the in the 6 to 12 category.

Similarly 12 will come here in the 12 to 18 in category and similarly flight at departuring

at 18 would come into this category. So, in this fashion we would be able to create this



bin this particular variable. So, you can see in the environment section the departure this

function has been created you are interested in the actual values you can see.
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43 # sreak departure time into appropriate intervals values
44 range (dfiaTo) breaks  Postxee(1.5], formar. 201
45 breaks=seq(strptime("00:00:00", “Wi:%:¥s"), strptime("24:00:007, "SH:w:s"), DEPT ractor wi 4 levels 04"
i by = "6 hours Tabelsy b [1:4] "0-6° "6-12" "12

47 Tabalsv=e("0-6","6-12","12-18","18-24")

48 pepTscut{dfIATD, breaks = breaks, right = F, labels = labelsv)
]

50 dfscbind(df, DEPT)

§1

52 dfSoay-as factor(dfSoay)

53 levels(dfiday)

1 o ety 2

DEPT o F
[1] 06 612 6=12 612 0=6 0-6 6=12 612 6=17 6-12 =12 Q-6 6-12

(14] 6-12 0-6 6-12 6-12 6-12 12-180-6 O0-6 0-6 0-6 6-12 18-24 18-M4

(27) 0=6  12-18 18-24 18-24 =12 6-12 0-6 6-12 612 6-12 06 0-6 612

(40) 0-6 6-12 0-6 6-12 6-12 6-12 6-12 6-12 6-12 0-6 6-12 6-12 6-12

(53] 0=6 612 612 Q-6 06 612 6=12 612 =12 0-6 6-12 612 612

(66] 6-12 6-12 6-12 12-18 0-6 6-12 6-12 12-18 6-12 6-12 6-12 6-12 6-12

(79] 6=12 06 =12 0-6 06 0-6 612 0-6 612 617 06 612 612

[92] 6-12 6-12 0-6 6-12 6-12 6-12 6-12 6-12 6-12 12-18 0-6 §6-12 6-12
[105] 6-12 0-6 §-12 Arguments
ulvrls 0-6 6-12 12-18 18-2

So for all the 107 values you know all the values they have been given a class or they
have been assigned a bin to which they belong. From the output of this particular

variable categorical variable that we have just created you can see the labels as well.

So, using the cut function by default we are creating a factor variable you can see the
labels have also been appropriately specified in this. So, once this particular departure
time the actual departure time once we have doing this particular variable we can add
this into our existing data frame and as we talked about the day variable that we had let
us also look at more details on this day and you can see this is numerical variable even

though this is categorical sisto stored as numerical here.

So, we would like to convert it into factor or categorical variable using as dot factor
function. So, let us execute this code now let us look at the labels of this we can see
labels are 1 and 2. So, to bring more clarity to these labels will change the layer and
labels name as Sunday and Monday because one is representing Sunday and 2

representing Monday.
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52 dfipay-as factor(dfioay)

53 Tevels(dfioy) breaks pestxce[1:5], Formar: "201

§4 Tovals(df Soay)=e("sunday”, “wonday") PEFT factor w4 levels "0-67,
11 Packagn m|
§6 seridf) i e — -
ST head(df p & & 4 s
b R TP VRO | AT B 0 i | Rt ¢
59 dfb3adf
60 df=df[, -c(1,3,5:8)) 5
Nt e 2 e 2 || Usage
Conuche - /Dt =0
§ Flight.Carrier. Factor w/ 3 levels “Air India”,"Indige”, ... 3333333333 ... °) OO0 Sy
1 Date : bate, format: “2007-07-31" “1017-07-307
§ sRC ¢ Factor w/ 3 levels "BOMT,"DEL™,"MAA", 11 11 1 11111.
§ sTo : postle, format: “2017- 03 08 01 00:00" "2 Dﬂ'
§ ATD + PosIXIt, format. "1017-08-08 03.0%: -08 06.28.00° ..
§ 5Ta : postnle, format: “2017-08-08 04:35:00" * +08 08:15:00"
§ ATA + PosIxIt, format. "2017-08-08 U‘ 9. DD 20]? 08-08 08.02.007 .
§ DEST + Factor w/ 3 lavels "BR™ "0 "DIx¢™: 1111111111
§ pay o Factor w/ 2 levels " Swdlr.ﬂoﬂnr.lll?zlzlll .
§ Flight.status ¢ Factor w/ 2 levels * Mmd “ontime™: 221212111 Arguments
§ DEPT + Factor w/ 4 levels "0-67,"6-12","12-187, de2llidel.

So, let us change the labels as well so once this is done we can have a look at the again
the structure. So, you can see now the day has also been appropriately being mentioned
here in the output Sunday, Monday here and the destination also now you can also see

the another variable departure DEPT with 4 levels.

So, now we have been able to create the variables have the variables in the format that
we want. Let us look at the first of the observation as well one more variable as you can

see depth and they also you can see it has changed has now become Monday and Sunday.

Because we have changed the labels also this has also changed now certain variables in
this we are not interested so we will get rid off them for example, flight number this are
not going to use the date column this also we are not going to use now the departure and
arrival times and different columns that we have that also we do not require the 5 to 8 the
4 columns that ye. So, we are no another interested in that we have appropriately

transformed the created the required variables.
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53 Tewels(dFiday) 0 dfb 107 obs. of 11 varisbles

54 Tevels(df iay) = ("sunday”, "Monday”) 4 0dftz 107 obs. of L1 varfakles

55 values

g sireh) breaks  postace(1:5], forsat: “201
5‘5 ot DEPT Factor w4 levels "0-67."
59 dftiedf g [y e = e
60 df-df[,<(1,3,5:8) Sl e

61 ptridf) : & & £ eyl

62  headidf

T PR | A, 5 0 Fram £ RAFAT

84 # partitioning: 60%:4C
11 (g ey ¢

4 2017-08-08 08.43.00 2017-08-08 10.30.00 2017-08-08 10.24.00 BLR Monday
5 2007-08-08 02:25:00 2017-08-08 03:20:00 J017-08-08 04:06:00 BLA mMonday
& 2007-08-08 02.52.00 2017-08-08 04.35.00 2017-08-08 04.32.00 BLR Monday
Flight. Status DEPT

ontine 0-6

entine 6=12

delayed 6-12

ontine 6=12

delayed 0-6

ontine 0-6 Arguments
» df=df[,-c(1,3,5:8))

e Pt

So, let us get rid of those columns now let us look at the variables that we are interested
in now we are reduced to a data set of 5 variables, data frame of 5 variables, 6 variables,
5 predictors, and one the outcome variable of interest is write status and the other
variables you can see first one fight carrier now 3 levels and then the source then we
have destination 3 3 air force each then we have day that is Sunday or Monday. Then we
applied status at the outcome variable and then we have departure that is different time

intervals or part for a particular flight you know the time interval for the departure.

So, with this we are reading for ready for our modelling. So, we have appropriately
perform over data processing. So, you can see first 6 observation also so these are the
observations now we are ready for our modelling exercise. So, what we are going to do
here is we will first start with the partitioning of this particular data set. So, we will keep
60 percent of the observations in the training partition and 40 percent of the observation

in the test partition.

So, let us do the partitioning using this sample function. Let us create the training
partition then test partition. Now the library that we require the package that we require
to perform Naive Bayes modelling in R is € 10 7. So, let us load this particular let us load

this particular library.
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Console G-/Duta Minksg Senion I =0
& Jet Mirways BOM BLR Sunday ontime 6-12 1 At
3 Jet alrways BoM  BLR Monday delayed 612 -
4 Jet Airways BOM BLR Monday ontiee §-12 g
5 Jet alrways BoM BLR Monday delayed 0-6
]

Jet Avrways BOM BLR Monday ontime (-6

> partidezsample(l:nrow(df), 0 6'nrow(df), replace = F)
» dftrarnecf [partids, ]

= dftest=df [-partids,]

= Tibrary(el071)

wirning méssage: Arguments
package 'el071' was bunlt under R wersion 3.4.1

Now let us look at the Naive Bayes functions in the Naive Bayes function the first
argument is going to be the formula that we have to express in this form as we have been
doing in other functions in previous lectures. So, you can see if light dot status is the

outcome variable of interest here.

So, you can see appropriately specified then the tilde and dot that is representing that all
other variables are going to be counted as predictors. Now as you have seen that data
frame that we have now we have just the outcome variable and the predictors no other

variable there.

So, we can use the dot here and the training partition that we have here is the day of train
let us execute this code, let us look at the attributes of this particular variable mod. So,
this is so these are the attributes classes Naive Bayes and this is a Naive Bayes object and
so these are the attributes these are the other information that we have right labels call

tables a priory.

So, let us look at the output in more detail. So, first we have calls so that is the (Refer
Time: 29:07) call that we made then we have prior probabilities. So, these are the actual
proportion of records belonging to delayed class and the outcome variable or on time

class in the outcome variable.



So, as you can see 37.5 percent of the records belong to the delete class in the data set
and in the 62.5 record belong to the on time class of outcome variables this is with
respect to training partition and not the full data set that we have. Now after this we see a
table on conditional probabilities as we can see here that why that is nothing, but flight
status and flight dot carrier and for different labels we have the probabilities values

alright.

So, just like the exercise that we have done on using excel. So, here we have more than 1
or 2 predictors in this exercise and you can see for first predictor that is flight carrier and

the outcome variable for different classes we have the probabilities values.

So, this would essentially mean that the Naive Bayes formula that we have talked about
so these are the probabilities right. So, these are the probabilities values for each class
and for each class of that predictor and given that whether they belong to the delayed or
on time class about come variable so these probabilities values you can see here for other

predictors as well.
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If you want to have a relook at the Naive Bayes formula we can again go back to the

formula you can see.
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So, these are the values we are interested in x 1 that is predictor given the that particular
class that is C whether delayed or on time and the probability of belonging to probability

of that particular value predictors value.

So, So these are so these predictors being categorical. So, they can take these values for
example, SRC it can take 3 values so for each of these values with respect to different
class in the outcome variable the variabilites value. So, we have so this table actually has
the all the information that we required to compute these Naive Bayes probabilities and

then the numerator or denominator or the actual Naive Bayes probability.

So, the attributes that we saw if we you want to access these attributes you know one by
one this is all we can do. So, these are the a priori one the first has give you the other one

tables that we have already gone through.

So, with this we will stop here and we will continue our discussion we will continue

perform doing our modelling using the same data set in next lecture.

Thank you.



