Predictive Analytics - Regression and Classification
Prof. Sourish Das
Department of Mathematics
Chennai Mathematical Institute

Lecture - 58
Hands on with R: Classify fake bank note with GLM

Hello all. Welcome to the part B of lecture 19. In this part we will do Hands on with R in this

hands on video. We are going to do work on another data analysis where let me just first open

the R.
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Type 'demo()' for some demos, 'help()' for on-line helo, or
'help.start()' for an HTML browser interface to help.
Type 'q0)" to quit R.
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So, what I am going to do here we have the from the UCI machine learning repository. If we

just go there and let me just open my net, yeah ok.
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used for print inspection was used. The final images hove 460x 400
pixels. Due to the object lens and distance to the investigated object
gray-scale pictures with a resolution of about 668 dpi were gained.
Wavelet Transform tool were used to extract features from images.
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So, this is the UCI machine learning data repository. This is called bank note authentication
data set. So, this is from Denmark. It says basically data were extracted from images that were
taken from genuine and forged bank not like specimens. For digitization and industrial

camera usually used for print inspection was used.

The final images have a 400 by 400 pixel due to object lens distance to the investigated object
grayscale pictures with resolution of about 600 dpi where gained. Wavelet Transformation

tool were used to extract the features from the images.
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Wavelet Transform tool were used to extract features from images.
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And these variants of wavelet transformations, skewness of the wavelet transformations,
curtosis of the wavelet transformations, entropy of images and the classification manually

done classification O or 1 that was done.
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So, now let us start analysis. So, data equal to we will do read dot csv read dot csv. Let me
just go quickly to the bank note and all downloads and classification. So, from so, this is the

data set name. I have shared this data with in the swarm portal.
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So, if we just read this ok. So, it does not have any header because looks like this cannot be

the name. So, it does not have any header.
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So, we have to say header equal to header equal to false header equal to false and now

have the data correctly read, alright.
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Now, what we have to do? We have to put the colnames data equal to c. First, let us take
these name variants of wavelet. So, first one will be var of wavelet, second will be the

skewness, curtosis and entropy, ok.
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Skewness of wavelet maybe I will just say skew. I do not want to put very large name.
Skewness, curtosis of wavelets and “entropy”; and finally, last one is the class which is
forged or not, right. So, let me just run this. So, now we have the these names are being given

ok. So, maybe I will just say wave. Yeah. And now I think this is fine, right, ok.

Next, I will just have a look that how many forged cases and how many original note were
there. So, out of 13,722 13,000, no, sorry, 1372 observations, 610 of them are forged and 762

of them are not forged. They are true original bank note. So, what I am going to do?

I am going to first plot data, dollar, variance of wave, comma, data, dollar skewness of

wavelength maybe pch equal to 20. Now, what I am going to do is something you will I think



you will have fun with it, data, dollar, you take the forge or not, see there is 0 or 1 is there. So,

what I am going to do? I am going to add 1 to it, ok. I am going to add 1 to it.
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[859]222222222222222222222222222222222 wee

Now, what happens if [ add 1 to it? What is happening? You actually is very simple. I am just
adding either 1 or 0. It was 0 or 1. So, all Os have become 1 and 1s have become 2. Now, as a
color, 1 color equal to 1 means it is it will be black and color equal to 2 means it will be red,

ok.
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1 data i Pe;;.cs;(”data,bunknote,authertlcatlon,txt”,heuderfrj R Clobal vioment -

2 Data

3 colnames(data)=c("var_wave","skew_wave","curt_vave", "entropy" data 1372 obs. of 5 variables
4 ,"forged_or_not")

b

6

7 table(dataSforged_or_not)
8

9 plot(data$var_wave data$skew_wave,pch=20

s Plis Packes Help Viewsr  Prsenation =

10 ,col=(datasforged_or_not+1) T .
1 xlab="var:ance of Wavelet'|

12 ,ylab="skewness of Wavelet") I

1 pierd

Bickround Jobs a

® R wwnoads Texching s snd Cassbaion/NPTEL]
v ceitcteticticccetceccctlecttccctcicec

[892)222222222222222222222222222222222
[925]222222222222222222222222222222222
[98) 222222222222222222222222222222222
112222222222

[ reached getOption("max.print") -- omitted 372 entries ]

> plot(dataSvar_wave,data$skew_wave,pch=20

+ ,col=(data$forged_or_not+1)

+ ,xlab="variance of Wavelet"
+
>

skewness of Wavelet

,ylab="skewness of Wavelet")

L

So, this is a this is I am taking making forged or not as the color that I am going to use xlab is
let me just take simply “variance of Wavelet”, ok. And ylab, ylab equal to this is simply

“skewness of Wavelet” transformed image, ok.
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Let me just make this plot. Yeah, let me just zoom it. So, this is the data. So, now we see this
data is very peculiar. The data has a very peculiar shape. You can see there is a very peculiar
shape and there is bit of a overlap between the two kind of things. So, one is was forged,
which was marked as red or these are like these are the specimens or points which have which

represents forged note and the black ones are the one, which represent the original note.

So, there is we see there is a bit of a overlapping is happening, but mostly they are kind of
well separated with slight overlapping between the 2. So, can we use wavelet variance and

skewness of the wavelet these two feature to do the classification.
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14 Data

15 set.seed(81) data 1372 obs. of 5 variables
16 n = nrow(data) df_test 411 obs. of 5 variables
17 m = ceiling(n*0.7) df_train 961 obs. of 5 variables
18 idx = sort(sample(1:n,m,replace=F)) Values

19 idx int [1:961] 235789.
20 [if _train-data[idx, ] " 961

21 df_test=data[ -idx, ]
2 2 toon | Bown - 9| £ 5 haish
23

24 1

e

S NPTEL

Fles Phis Puckages ol Viewsr  Presetation -0

Conol | Termind | Bkt
Qe o
> sample(1:10000,1) E
[1] 81 g
> set.seed(81) s e
> set.seed(81) £
> n = nrow(data) H
> m = ceiling(n*0.7) 2
> idx = sort(sample(1:n,m,replace=F))

> df_train=data[idx,]

> df_test=data[-idx,]

o vaiancs of Wavelot

6 4 2 0 2

So, what we will do we will first we will set a seed say sample first we need a set a seed. So,
we need a number 1 is to say 1000. So, we will take 81. So, 81 as sitting our seed set dot seed

ok, alright. And then n is the nrow of data and m is the ceiling of n times 0.7.

So, I am taking 70 percent for training data set and rest of them has test idx equal to sort,
sample, 1, is to n comma m comma replace equal to false, ok. And then so, let me just have
this. So, this idx is 961 cases have come and then now df train equal to data idx comma and

df test equal to test equal to minus idx. So, let me just run the whole thing, yeah.
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17 m = ceiling(n*0.7) R . B - NPTEL
lg idx = sort(sample(1:n,m,replace=F)) df_test 411 bs. of 5 variables
i

df_train 961 obs. of 5 variables

20 df_train=data[idx,] fitl List of 30

21 df_test=data[-idx,]

2 Values

23 fitl = glm(forged_or_not~var_wave-gkew_wave, data= df_train i ;2; (L% 235789 .
24 ,family = binomial(link="logit")) m

5 n 1372L

2 sumary i) e —
27

> n = nrow(data)
> m = ceiling(n*0.7)
> 1dx = sort(sample(1:n,m, replace=F))

skewness of Wavelet
o

>
> df_train=data[idx,] 2
> df_test=data[-idx,]

> fitl = gln(forged_or_not~var_wave+skew_nave, data= df_train

+ ,family = binomial(link="logit"))

" variance of Wavelet

6 4 2 0 2 4

[€

So, first thing I am going to do I am going to fit a simple model with wavelet variance of
wavelet and the skewness of wavelet as the you know feature of simple logistic regression fit.
First model will going to be glm, ok glm. So, what we have is forged or not is as this comma

variance of wavelet plus skewness of wavelet.

These two data equal to data equal to df train and then family equal to binomial link equal to
“logit”, alright. Now, this is what I am going to do. I am going to run this model. Now, if you

run this summary fit1.
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data = df _train)

Deviance Residuals:
Min 10 Median 3Q Max
-2.50035 -0.32038 -0.05591 ©0.23803 2.58257

Coefficients:

Estinate Std. Error z value Pr(>lzl)
(Intercept) 0.62180  0.13411 4,637 3.54e-06 ***
var_wave  -1.11790  0.07854 -14.234 < 2e-16 ***
skew_wave -0.27360  0.62750 -9.948 < 2Ze-16 ***

Signif. codes: @ ‘***' 0.001 ‘**’ @.@1 ‘*’ 0.05 ‘.’ 0.1 ‘' 1
(Dispersion parameter for binomial family taken to be 1)

Null deviance: 1319.8 on 96@ degrees of freedom
Residual deviance: 498.4 on 958 degrees of freedom
AIC: 504.4

Number of Fisner Scoring iterations: €

>
<

S0 Evicomet Haoy Comediors Gt Tuotal

"

P  img taset - N26NB - f st -
e -
df_test 411 obs. of 5 variables
df_train 961 obs. of 5 variables
fitl List of 30

Values

skewness of Wavelet

idx int [1:9%61] 235789 .

n 13721

6 4 2 0 2 4

So, what you have it is saying that both variance of wavelet and the skewness of the wavelet

is going to have a very strong accuracy sorry strong effect on the both variance of wavelet and

the skewness of the wavelet is going to have a on the whether note will be forged or not, ok.
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18 1dx = sort(sample(1:n,m,replace=F)) A L S Lt
L . . df_test 411 obs. of 6 variables
o d;_tramzdatu[}dx,J df_train 961 obs. of 5 variables
21 df _test=data[-idx,] fitl List of 30
@ Values
23 fitl = glm(forged,ur,mv:t\vtllr,wu\‘/e—stfewgf‘va\’{e, data= df_train idx int [1:961] 235789 .
24 ,fomily = binomial(link="logit"))
% m 961
26 summary(fitl) n 172

fies s Pk By Ve Prscraion -0

a7 Proon Boen: @4 5 Publish
28 df_testiprobl-predict(fitl,newdata = d*_test,type="response")
29
ERT) st
Conol | Terind | Bcktound s =0
® AL /Do Txchigegrsson s Csihcion PEL | 3
> df _test§pronl=predict(fitl,nendata = df_test,type="response")

>

skewness of Wavelet
0

6 4 2 0 2 4

So, let us take that as and then now what we are going to do we are going to make the

prediction on the test data set, ok. df test df test dollar probabilityl equal to predict fitl,

newdata equal to df test and then type equal to “response”, ok.
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Svwve  skecwve  arwve  owon  fodona bl Jobil binment

1 3626000 866610600 -2E7IN00 ~).A4699) 0 C0030248501 - -
o sasion om0 amizeo 15 ) coourmin df_test 411 obs. of 6 variables
O TN %00 110 TN df_train 961 obs. of 5 variables
UL e 2aum ssn ) s : :
R o aaeon amom oiam 3 twonsson fitl  List of 30
10 CLSHNOO 1080001 2SKGDO0 -29%I0) > csmsun Values
W om0 ammense 4w s > s . q
i vt s idx int [1:9%61] 235789 .
2GS W00 20000 LoD ) e m 961
2L 6N0® 3000 4D ) ez n 13721
3OS B0 205500 025D > onesosn
42 -D2062000 922070400  -3.744X00 ~5.81030) 0 01583579955 S flgd T ) G s =0
43 -DO0GKO0 9203100400  -0.4124800 -196380) 0 0120631500 #oon | Bewn - (9 £ )
o e s 3 s ) cauusss

L9020 0600 23000 250300 ) coousasn

howing 110 15f 411 s, ol s

Conol | Terind  Bcktound s |
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> df_test$probl=predict(fitl,newdata = df_test,type="response") .
> View(df_test) $ e
> :
3 o
HE
e
T — T
£ 4 2 0 2 4
variance of Wavelet
L

So, now if you see you see this, alright. So, now you can see that these values have come 0

and all this probability of 0.24.
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0 e nsew  Bevw 2en0 df_train 961 obs. of 5 variables

IR 020 0N 0 L27W

fitl List of 30

W6 LG 260 s L
DO LSO N0 asem A7 Values
i LR, A 1dx int [1:9%611235789..
Wm0 suwo s Lo
e e o e i 1 voamn n 961
W7 LT A0 st e 1 v n 13721
U LN S0 -aoiome LSO 1oy
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72 2341900 -0BSEMO 2684200 1155200 1 097450490 .
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> df _test§pronl=predict(fitl,nendata = df_test,type="response")

asifction NTEL/ e

> View(df_test) g @
> :
3 o
2
H
HI')
HE
£ 4 2 0 2 4
variancs of Wavelet
L

So, let us see if it is. So, mostly they are close to 0 some 0.1, 0.2 and if we just go down to 1
and you will see that they are reasonably close to 0.9, 0.8, 0.9, 0.8, right. Here is a one point
where you got a you know 0.26, but the probability is less, but you know actually it is a
forged note. So, there will be looks like there could be some misclassification possible. So,
what we are going to do? We are going to make the prediction. These are the probability of

this particular node to be forged note.
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23 fitl = glm(forged_or_not~var_wave-skew_wave, data= df_train il STim smen s oT oo iemoee

LT df_test 411 obs. of 6 variables

24 ,family = binomial(link="logit" = -

5 4 ( aits) df_train 961 obs. of 5 variables

26 summary(fitl) fitl List of 30

27 Values

28 df _testSprobl-predict(fitl,newdota = d_test,type="response") idx int [1:%61]235789.

m 961

29 df_testiprobl[df_test$probl-0.5]=1
30 df _testiprobl[df_testIprobl<-0.5]-0 n

31 Fles Phis Puckages ol Viewsr  Presetation -y
1 # ton | Bon - (0| Snow

32

3

TR
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> df _test§pronl=predict(fitl,nendata = df_test,type="response")
> View(df_test)

> df_test$proo1[df_testSprobl>0.5]=1

> df_testSprobl[df _test$probl<=0.5]=0

>

skewness of Wavelet

6 4 2 0 2

Now, I am going to make the prediction df testdollarprobl equal to df testdollarprobl. If it is
0 greater than 0.5, we will call it 1. And if it is less than equal to 0.5, we will call it 0. So; that

means, not forged ok, alright.
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N Lm0 s 22080 06 P : :
B o0 1meeor 2mwn osem D fitl  List of 30
10 S0 1080l 2546100 293620 o Values
1 omwo e cum v o idx int [1:961] 235789 .
3 e owmnm agvw A7mm D
1A INE0 1000 LS o b m 961
RO 360 306000 b o n 13721
3OS IMe00 NSO 026D o
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@ A2 - /Do Tchingegession, o S PEL
> df_test$probl=predict(fitl,newdata = df_test,type="response") L
> View(df_test) H
> df _test$pron1[df_testSprob1>0.5]=1 %
> df_test$prob1[df _test$probl<=0.5]=0 1
> Vien(df_test) §
N ]
6 4 2 0 2 4
variance of Wavelet
e

Now, what we are going to do? So, now, if I just look into the df test. So, now, they are all.

So, here are there are some mis-classification we can see, but mostly they are agreeing.
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26 summary(fitl) S——
21 . . train 961 obs. of 5 variables
28 df _testiprobl-predict(fitl,newdota = df_test,type="response") fitl List of 30
29 df _testiprobl[df_testIprobl-0.5]=1
30 df_testiprobl[df_test$probl<=0.5]-0
31

Values
conf_tab.. 'table' int [1:2, 1:2] 2.
1dx int [1:9%611235789..

32 conf_tabll = table(predict-df_test$probl o6t

33 ,actual=df_test$forged_or_not) n

o n 172

5 sun) I N
36

i o=

> df_test$proo1[df_test$probl«=0.5]=0 3
> View(df_test)
> conf_tabll = table(predict=df_test$probl 5 o
+ Jactual=df_test$forged_or_not) 2
> conf_tabll H
actual 2

predict @ 1

0208 24

1 19 160

6 4 2 0 2 4

So, now we are going to I am going to calculate a confusion table, ok. So, table predict equal
to df testdollarprobl comma actual equal to df test dollar forged or not, ok. Now, if I just run
the confusion table. So, this is my confusion table actually predicted 0 and actually O was 208

cases and in is the test data set. Similarly, predicted 1 and actually it was 1 was 160 cases.

There are 24 cases where it was predicted it is not forged, but it is actually forged and there
are 19 cases where it was predicted forged, but it was not actually forged. So, there are

possibility of and let us just check the accuracy.
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fi;l List of 30

32 conf_tabll = table(predict-df_testSprobl fit2 List of 30

33 ,actual=df_test$forged_or_not) Values

34 ' " i "

35 sun(diag(conf_tabl1))/nron(df _test)*100 E::f,tub‘.. i’t‘:bl[i,géq]t glsz; ;2]92...
3? n %1

38 fit2 = update(fitl,.~.+I(var_wave 2)+I(skew_wave’2) " et =
39 +var_wave*sken_wave) . m,\-‘zu::h;‘[.:l' \:m — Gnoih
40

41 summary(fit2)
w1 pied

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 1319.84 o;\ 960 degrees of freedom 2
Residual deviance: 365.15 on 955 degrees of freedom $
AIC: 377.15 e

Nutber of Fisher Scaring iterations: 7
£ 4 2 0 2 4

n vaiancs of Wavelot

So, first I am going to take the diagonal of the confidence table. These are the correct
predictions all correct prediction take the sum of that; sum of that. These are the all 368 are
the total correct prediction and total number of all test is. Actually, just I can take nrow of df
test is 411 of them there are 411 of them if I just make 100 out of this so, 89.53. So, this is my

accuracy 89.53.

Now, if I make, I will make a second model fit2. What I will do is essentially I will just
update fit 1 with same model plus few more engineered feature. So, I will just take variance
of wave and square them plus a skewness of wave lengths and square them and finally, plus
variance of wave times skewness of wave, ok. If I just run this and summary let me run the

summary of fit2.
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31 ) fitl List of 30
32 conf_tabll = table(predict-df_testSprobl e List of 30
;Z ,actual=df_test$forged_or_not) TE IS
. | " conf_tab.. "table' int [1:2, 1:2] 2..
iz sun(diag(conf_tabl1))/nron(df_test)*100 {dx int 19611235789 .
37 mn 961
38 fit2 - update(Fitl, .. +1(var_wave 2)+I(sken_vave'2) ey .
39 +var_wave*sken_wave) :. e T T ] e T
40

41 summary(fit2)
w1 ot

Conole Termins © Backgro

® R422 - pere) e
Coefficients: "
Estimate Std. Error z value Pr(>1zl) g e
(Intercept) 1.564866  0.204163  7.665 1.79e-14 *** |
var_wave -1.876305 0.176926 -10.605 < 2e-16 *** ;3
skew_wave -0.060625 0.038243 -1.585 0.1129 3"
(var_vaver?) 0.057639  0.,029567 1,949 0.0512 .

H

I(skew_waver2) -0.056032  0.007548 -7.424 1.14e-13 *
var_wave:skew_wave 0.142255 0.026317 5.405 6.47¢-08 *

%

6 4 2 0 2 4

Signif. codes: @ “¥**’ @.001 “**' 0.01 “*’ 0.05 ‘.’ 0.1 ‘1 variancs of Wavelet

[€

So, looks like variance of wavelets and skewness of wavelet ok was. So, initially variance of
wavelet ok if I just run the summary of fitl we see that both wavelet both variance and
skewness of the wavelet is as effect, but if I run on the forged or not whereas, if I run
summary of fit2 where, it shows basically variance of wavelet does have a effect skewness

does not, but the quadratic effect of skewness does have a effect and their interaction does

have a effect.

So, this is very interesting phenomena, but let us see what is the whether adding this feature

help me increasing the out of the sample accuracy or not. So, that will be my that will be the

real test case.
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37 df_test 411 0bs. of 7 variables

38 fit2 = update(fitl,.~.+I(var_waver2)+I(skew_wave'2)
39 +var_wave*sken_wave)

40

41 summary(fit2)

4

43

44 df_testiprob2-predict(fit2,newdata
45 df_testiprob2[df_testSprob2-0.5]-1
46 df_testiprob2[df_testiprob2<-0.5]-0
47

21 (nlevd

df_test,type="response")

Console Ternina © Backround obs
st NPTEL|
ot Ul JUU uEYIcE3 Ul 11 ceuun

Residual deviance: 365.15 on 955 degrees of freedom

AIC: 377.15
Number of Fisher Scoring iterations: 7

> df _test$pron2=predict(fit2,nendata = df_test,type="response")
> View(df_test)

> df _testSproo2[df_test$prob2>@.5]=1

> df _test§pron2[df_test$prob2<=0.5]=

>
€

df_train 961 obs. of 5 variables

fitl List of 30
fit2 List of 30
Values

conf_tab.. "table’ int [1:2, 1:2] 2.
idx int [1:961]1 235789..

Fles Phis Puckages o Viewsr  Presetation =
P room Boon s 0 4 % holsh

skewness of Wavelet

6 4 2 0 2 4

variang of Wavelet

So, what I will do? I will just take this guy copy and paste it here, but here instead of
probabilityl I have to take probability2 and then instead of fit2 I will just do fitl I will just do

fit2 it will add a new column it should add a new column the probability?2, ok.
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s 2o 4w 5750 I e int [1%1] 235789 .
0 e snmmeco ou:o -Lessn I ] o [ ==
W ansme Lmseo om0 1m0 I # oon | B 19| d 5 il
W o0 S0 @900 %D O

34 LM S2ME0C06  ABGONO 038D ]

S 76101 of 1 e, al ol

Conoe | Termind | Bcktound s =0

R R4 - [Doins T egrsson . Csihcion PEL e

RESLUUUL USVLUILE.  JUJ.1J UIl 700 UTYITEd Ul 11 ceuui b

AIC: 377.15

Nutber of Fisher Scaring iterations: 7

skewness of Wavelet

> df _test§pron2=predict(fit2,nendata = df_test,type="response")
> View(df_test) 2
> df_testSprob2[df_test$prob2>0.5]=1

> df _testdproo2[df_test$prob2<=0.5]=

> View(df _test)

»

And then on the probability 2 I will make the prediction if it is more than 5, 0.5 I will say 1
otherwise I will say it is 0. So, now they are making 0 1, ok. Here is a misclassification; here

was misclassification it was corrected here is a misclassification here is misclassification.
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43

44 df_testiprob2-predict(fit2,newdata = df_test,type="response")
45 df_testiprob2[df_testiprob2-0.5]=1

46 df_testiprob2[df_test$prob2<=0.5]-0

47

48

49 conf_tabl2 = table(predict=df_testiprob2

50 ,actual=df _test$forged_or_not)
51

52

53 sun(diag(conf_tabl2))/nron(df_test)*100

54

41 (oalevd

O

wreL » §%

Enviamens Hstoy  Comediors Gt Tutoial =0 Y
. - st - - et
Ll c NPTEL

df_train 961 obs. of 5 variables
fitl List of 30

fit2 List of 30
Values

conf_tab.. "table’ int [1:2, 1:2] 2.
conf_tab.. "table’ int [1:2, 1:2] 2.

idx int [1:9%1] 235789 .
fies Pl Puckies Holp Viewr Prsetaion )
 ton | Btn - O % holsh

Conol | Termind | Bcktound s o
R R4.22 - - Dowods Tesching e Gt PTEL/ e
Sy lemuislese)
> conf_tabl2 = table(predict=df_test$prob2
+ ,actual=df_test$forged_or_not)
> conf_tabl2
actual
predict 0 1
0212 18 °
1 15 166
> sum(diag(conf_tab12))/nron(df_test)*100
[1] 91.9708

>

skewness of Wavelet
o

6 4 2 0 2 4

variang of Wavelet

So, we will see and we can just calculate a confusion table simply second confusion table
with probability2 and what is the situation of this is the second confusion table for this with
the second model and if we just compute the accuracy simple accuracy this is 91.97. So, 92

percent accuracy we are getting whereas, for from this first model we are getting 89.5 percent.
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32 conf_tabll = table(predict=df_test$probl “‘;f;:m-’n imt‘)b:‘ g; 5 varigbles
3 ,actual=df_testiforged_or_not) o sho
u ofit2 List of 30
35 &cclslsum(ding(conf.tahl1))/nmw(df_test)*l% Values =
36 conf_tab.. "table’ int [1:2, 1:2] 2.
37 conf_tab.. "table’ int [1:2, 1:2] 2.
38 it2 - update(Fit1, .. +I(var_waver2)+I(skew_wave'2) idx int [1:961] 235789 .
39 +var_wave*sken_wave) fies Pl Puckies Holp Viewr Prsetation -0
40 Proom Boone 9 f % Plish -
41 summary(fit2)
e ottt Rsan s
s | Tormna | Bchiound s -0
® R422 - [Dowd T egssi o osicsion L
. JUC LU L= _LE> LD 1 U1 YEU VT UL )
> conf_tabl2 3
actual i
predict @ 1 H
0212 18
115 166 §
> sum(diag(conf_tab12))/nrow(df_test)*100
[1] 91.9708
> sum(diag(conf_tabl1))/nrow(df_test)*100 T S
[1] 89.53771 ® 4 4024 h
variancs of Wavelet

>
|
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table(predict=df_testSprob2 B Y

,actual=df_test$forged_or_not) test_data 1 cps. of 2 variables
Values
accl 89.5377128953771
53 acc2-sum(diag(conf_tabl2))/nrow(df_test)*100 acc? 91.970802919708
4 conf_tab.. "table’ int [1:2, 1:2] 2..
55 accz-accl conf_tab.. "table’ int [1:2, 1:2] 2.
56 , idx int [1:961] 235789..
57 ## visualisation to understand the effect of feature engineering
[T —— -0
58 P toon | Bespn + |0 %
59 test_data = dum_var - data.frame(natrix(NA,nrow=1,ncol=2))
60
se1 | it
> sum(diag(conf_tab12))/nrow(df_test)*100 5,
[1] 91.9708 £
> sun(diag(conf_tabl1))/nron(df_test)*100 5 o
[1] 89.53771 g 9
> accl=sum(diag(conf_tab11))/nrow(df _test)*100 H
> acc2=sum(diag(conf_tab12))/nron(df_test)*100 2
> acc2-accl
[1] 2.43309

> test_data = dun_var = data. frame(matrix(NA,nrow=1,ncol=2)) A2 02

>

So, nearly 2.5 percent gain that we are getting, ok. So, this could be accuracyl and this could
be accuracy?2 and accuracy2 minus accuracyl. So, 2.4 percent gain that we are getting because
of the because of engineering proper feature engineering. Now, let us see how the geometry
of the predictive space has changed using because of adding the feature engineer engineered

feature.

So, I will do some visualisation to understand the effect of feature engineering, ok. Let us try
to understand that. So, first I am going to do test data I am going to define a test data or
dummy variable and dummy variable data dot frame and with that I will going to see matrix

NA comma nrow equal to 1 ncol equal to 1 or sorry ncol equal to 2.
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55 acc2-accl )
is . : d d the eff ¢ f conf_tab.. "table' int [1:2, 1:2] 2..
# ! i ) tand the effect o re o L
. # visualisation to understan e effect of feature engineering conf_tab.. "table' int [1:2, 1:2] 2.

idx int [1:961] 235789 .

59 test_data = dum_var = data.frame(matrix(NA,nrow=1,ncol=2)) N 961

60 colnames(test_data)=colnames(dum_var)=c("var_wave","skew_wave")

61 n 13721
62 var_wave num [1:141] -7 -6.9 -6.8..
63 Var_vave-seq(-7,7,by-0.1) T o e—L

> accl=sum(diag(conf_tab11))/nrow(df_test)*100
> acc2=sum(diag(conf_tab12))/nron(df_test)*100

skewness of Wavelet
o

> acez-accl
[1] 2.43309
> test_data = dun_var = data. frame(matrix(NA,nrow=1,ncol=2)) i
> View(test_data) S

> View(dum_var)

> colnames(test_data)=colnames(dum_var)=c("var_wave","skew_nave")
> var_vave=seq(-7,7,by=0.1)

> | varianc of Wavelet

6 4 2 0 2 4

So, test data and this is the I am just creating a simply place holder, ok. Just a place holder
and then I am going to add a colnames of a test data equal to colnames equal to dummy
variable equals to this 2, ok. These are the then variance of wave, alright. So, variance now
what I am going to do? So, variance of wavelet as a range of between see it is between minus
7 and 7 and skewness of wavelet is somewhere between maybe minus 12 to 12, ok. So, I am

going to create this variance of wave define minus 7 to 7 by 0.1.
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Console Ter Background obs = 2 Varows - { 7
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[1] 8. acc2

> accl=sun(diag(conf_tab11))/nron(df_test)*160 conf_tab.. "table’ ?nt [1:2, 1:2] 2.

> acc2=sun(diag(conf_tab12))/nron(df _test)*100 conf_tab.. "table’ int [1:2, 1:2] 2.

> ace2-accl idx int [1:9%61] 235789 .

[1] 2.43309 mn 961

> test_data = dum_var = data. frare(matrix(NA,nrow=1,ncol=2)) n 13721

> View(test_data) var_wave num [1:141] -7 -6.9 -6.8..

> View(dum_var) Fles Pt o e v P -0
L4 Bogn- 9 4 5 Publish.

> colnames(test_data)=colnames(dum_var)=c("var_wave" " skew_nave")
> var_vave=seq(-7,7,by=0.1)
> var_wave

[1] -7.0 -6.9 -6.8 -6.7 -6.6 -6.5 -€.4 -6.3 -6.2 -6.1 -6.0 -5.9 -5.8

[14] -5.7 -5.6 -5.5 -5.4 -5.3 -5.2 -5.1 -5.0 -4.9 -4.8 -4.7 -4.6 -4.5 ¢
[27] -4.4 -4.3 -4.2 -4.1 -4.0 -3.9 -3.8 -3.7 -3.6 -3.5 -3.4 -3.3 -3.2
[40] -3.1-3.0 -2.9 -2.8 -2.7 -2.6 -2.5 -2.4 -2.3 -2.2 -2.1 -2.0 -1.9
[53] -1.8 -1.7 -1.6 -1.5 -1.4 -1.3 -1.2 -1.1 -1.0 -0.9 -0.8 -0.7 -0.6
[66] -0.5 -0.4 -0.3 -0.2 -0.1 €.0 @.1 0.2 0.3 0.4 0.5 0.6 0.7
[79] 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1,5 1.6 1.7 1.8 1.9 2.0
[92] 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.3 2.9 3.0 3.1 3.2 33 2
[105] 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 43 4.4 45 46
[118] 4.7 4.8 4.9 50 5.1 52 53 54 55 56 57 5.8 59
[131] 6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.3 6.9 1.0 AR

> variang of Wavelet

skewness of Wavelet

So, basically if I just do that now you can see that it just creating values between minus 7 to 7

with a difference of 0.1 ok, it just created these values.
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:z acez-accl conf_tab.. "table’ int [1:2, 1:2] 2.
conf_tab.. 'table' int [1:2, 1:2] 2.
:; ## visualisation to understand the effect of feature engineering Tax int [1:961] g 357 8]9
961
59 test_data = dum_var = data.frame(matrix(NA,nrow=1,ncol=2)) : 171
1 v=col N " ongl ot
g? colnames(test_data)=colnames(dur_var)=c("var_wave","skew_wave") skew_vave num [1:221] 11 -10.9 -1
6 var_wave num [1:141] -7 -6.9 -6.8..
63 var_wave-seq(-7,7,by-0.1)| re e [ [ ot |2
64 skew_vave-seq(-11,11,by-0.1) 1
65
st

626 (Toplevh 2
Console Termind  Backround Jobs
R RA22 - /Downkad Txchngtegessionnd_Casfcton/NPTEL

> skew_wave=seq(-11,11,by=0.1)
>

skewness of Wavelet

variang of Wavelet

NPTEL

.
hah
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> skew_wave

1]
[12]
[23]
[34]
[45]
[56]
[67]
(78]
[89]

[160]
[111]
[122]
[133]
[144]
[155]
[166]
[177
[188]
[199]
[210]
[221]

>

-9.9
-8.8
-7.7
-6.6
-5.5
-4.4
-3.3
-2.2
-1
010
11
2.2
3.3
4.4
5.5
6.6
7.7
8.8
9.9
11.0

-9.8
-8.7

-7.6 -
-6.5 -
5.4 -
4.3 -
3.2 -
-2.1 -

21,0 -

0.1
1.2
2.3
3.4
4.5
5.6
6.7
7.8
8.9
10.0

-9.7
-8.6

-9.6

-8.5 -8.
-7.4 -7,
-6.3 -6.
52 =
4,1 -
-3.0 -

19 -
-0.8 -0.

0.3
1.4
25
3.6
4.7
5.8
6.9
3.0
9.1
10.2

-11.0 -10.9 -10.8 -10.7 -16.6

-9.5

-10.5 -
-9.4
-8.3
-7.2
-6.1
-5.0
-39
-2.8
-1.7
-0.6
0.5
1.6
2.7
3.8
4.9
6.0
7.1
8.2

10.4

NPTEL - doc_update - RStudio

10.4 -10.3

-9.3
-8.2
-7.1
-6.0
-4.9
-3.8
-2.7
-1.6
-0.5
0.6
17
2.8
3.9
5.0
6.1
7.2
3.3
9.4
10.5

-9.2
-8.1
-7.0
-5.9
-4.8
-3.7
-2.6
-1.5
-0.4
0.7
1.8
2.9
4.0
5.1
6.2
7.3
8.4
9.5
10.6

-10.2

-9.1
-8.0
-6.9
-5.8
-4.7
-3.6
-2.5
-1.4
-0.3
0.8
1.9
3.0
4.1
5.2
6.3
7.4
8.5
9.6
10.7

-9.0
-7.9
-6.8
-5:7
-4.6
-3.5
-2.4
-1.3
-0.2
0.9
2.0
3.1
4.2
5.3
6.4
7.5
3.6
9.7
10.8

-10.1 -10.0

-8.9
7.8
-6.7
-5.6
-4.5
-3.4
-2.3
-1.2
-0.1
1.0
2.1
3.2
4.3
5.4
6.5
7.6
8.7
9.8
10.9

Enviromant | Hstoy

conf_tab..
conf_tab..
idx

m

n
sken_wave
var_wave

Fles Phis  Puckages

skewness of Wavelet

Comdiors Gt Tutwial n

'table' int [1:2, 1:2] 2.
"table' int [1:2, 1:2] 2.
int [1:961] 235789 .
961

13721

num [1:221] -11 -10.9 -1..
num [1:141] -7 -6.9 -6.8..

Helo Newr  Prsenaton =

Bon e 0 o % holsh

Similarly, if I just say skewness of wave is going to take sequence of value between minus 11

to 11 by 0.1 difference this is also going to create values between minus 11 and 11 with a

difference of 0.1, ok equal distance of 0.1. So, I am getting grid I just created grid.
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62

63 var_wave=seq(-7,7,by=0.1)
64 skew_vave=seq(-11,11,by-0.1)
65

66- for( 1 in var_wave){
67 for(j in skew_wave){
68 dum_var=c(i,3)

NPTEL - doc_update - RStudio

69 test_data =rbind.data. frame(test_data,dum_var)

70}
7}

RA22 - /D 4.
L100] et E)

[210]
[221] 11.0

> for( 1 in var_wave){
+ for(j in skew_wave){
+ dum_var=c(i,3j)

8.8 89 90 91 92 93 9.4 95
9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6

0.0 ot 0.

0w o0

96 9.7 9.8
10.7 10.8 10.9

+ test_data =rbind.data.frame(test_data,dum_var)

+ }
+}

>

Now, I am going to create a joint grid; joint grid how that is how. So, for i in 1 i in variance
of wave for j in skewness of wave and then dum variable equal to ¢ of whatever i and j values

are there in the thing and then what I am going to do? Test data equal to rbind data dot frame

test data comma dummy variable, alright.

5

e §%

Coinamnt Wty Comediors Gt Tuwial -0 \Y
test_data 31165 obs. of 2 variabl..
Values

accl 89.5377128953771

acc? 91.970802919708

conf_tab.. "table’ int [1:2, 1:2] 2.
conf_tab.. "table’ int [1:2, 1:2] 2.
dum_var num [1:2] 7 11

Fles Phis Puckages o Viewsr  Presetation =0
P oom Boon s 0 4 % holsh

skewness of Wavelet
o

2 0 2 4
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Flet 2 mpor Cataset - N S02NB - f Lsk = -

e skonvave - | 8 il bvoneent -
: - = test_data 31162 obs. of 2 variabl..
3 7 109 Values
4 W -4 accl 89.5377128953771
s ? 07
— a2 91.970802919708
B ; 105 conf_tab.. "table’ int [1:2, 1:2] 2.
e conf_tab.. "table’ int [1:2, 1:2] 2.
0 7 102 dum_var num [1:2] 7 11
I i o [ [ i i =
m - - P ron | Bogar 0 T
" ) m
1 7 2

howing L1015 of 31,162 e, 2 ot ccomn

Conol | Termind  Bcktound ks =
@ R 422 - /Do Tchingegession, .o PEL e

L1975 0.0 0.7 06 L 3. T2 2 3.0 20 T 20

[210] 9.9 10.6 10.1 16.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 5,

[221] 11.0 £

> for( i in var_wave){ 5 o

+  for(j in skew_wave){ H .

+ dum_var=c(1,3) § ’

+ test_data =rbind.data.frame(test_data,dum_var) 2

#) &

+}

> View(test_data) 4 20 2 40
% variance of Wavelet

€

So, let me just run it, ok. So, it has created test data with 31,162 observations if I just create

that you will see that it has created all a complete grid of two values.
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- | 18 il Evoneent -
test_data 31161 obs. of 2 variabl..
Values

accl 89.5377128953771

acc? 91.970802919708

conf_tab.. "table’ int [1:2, 1:2] 2.

62

63 var_wave=seq(-7,7,by=0.1)
64 skew_vave=seq(-11,11,by-0.1)
65

66 for( i in var_wave){
67 for(j in skew_wave){

68 dum_var=c(i,3) conf_tab.. 'table' int [1:2, 1:2] 2.
69 test_data =rbind,data. frame(test_data,dum_var) dum_var num [1:2] 7 11

o} | o [ s 1 | P o
71} 2 ton | B - 19| { % s

72 test_data-na.omit(test_data)

Floy N e sur sweo 1o 2enr avio 1wld &
[221] 11.0

> for( 1 in var_wave){

+ for(j in skew_wave){

+ dum_var=c(1,3)

+ test_data =rbind.data.frame(test_data,dum_var)
+

} w

skewness of Wavelet

+}

> View(test_data)

> test_data=na.omit(test_data)
>

6 4 2 0 2 4 5

And now what I am going to do I am going to create a let me just put a na dot omit dot omit.

So, there will be the first row will be deleted and now you can see all the values are being

created.
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67+ tor(j skew_wave){ AT NPTEL
68 dum_var=c(i,j) test_data 31161 obs. of 4 variabl..
69 test_data =rbind.data. frame(test_data,dum_var) Values N
70} accl 89.5377128953771
71} acc? 91.970802919708
72 test_data-na.omt(test_data) conf_tab.. "table’ int [1:2, 1:2] 2.
(] conf_tab.. "table’ int [1:2, 1:2] 2.

74 test_dataSprobl = predict(fitl,newdata = test_data,type = "response") dunvar  num [1:2] 7 11

75 test_datasprecl-Ny| e N

76 test_dataspredl[test_datasprobl-0.5]-"pink" B e S
77 test_dataSpredl[test_datasprobl<-0.5]="grey"

_uu iy
?g w

‘ H
> Vien(test_data) g
> test_data=na.onit(test_data) f N
> View(test_data) $
> test_dataSprobl = predict(fitl,newdata = test_data,type = "response") g

> test_data$predl=NA

> test_dataSpredi[test_data$prob1>0.5]="pink"
> test_dataSpredi[test_datasprobl<=0.5]="grey"
>

6 4 2 0 2 4

variang of Wavelet

Now, essentially what I am going to do is I am going to create for these all possible values I
am going to create probabilityl equal to predict fit from the 1st model newdata equal to test

data and type equal to “response”, ok.

Now, what I am going to do is test data from the test data I am going to do a prediction and
here is the whole thing the prediction is basically probabilityl if it is greater than probabilityl
greater than 0.5 then the prediction will be “pink™ basically it is a forged; that means, its
forged, ok and if it is less than equal to 5 we will use grey; that means, it is not “grey” color I

am just going to make this things, ok. Now, if you just go there you see pink and grey.
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2 7 ] Ll L otest_data 31161 obs. of 4 variabl..
f 2 o oo gk
4 7 08 0208 prk Values
g 7 17| IBIRS | ok accl 89.5377128953771
6 2 0 o ook
- e a2 91.970802919708
s 7 04 0387 prk conf_tab.. "table’ int [1:2, 1:2] 2.
B 03 ommn pm - i —
™ s omeat o conf_tab.. "table' int [1:2, 1:2] 2.
n K -i01 09865k dum_var num [1:2] 7 11
» 00 o ok
= o G [T —— -0
7 = 2| avwwass e Ploon oo 9 4 % bl +
1 , 27 ommme ook
I : 25 09845 ok

Showing L1615 f 31,16 e ot o

Consle Termina © Backround obs —
R RA2L - /Downlad Txchingtegsson.and_Cassfcton/NPTEL
T

+}

> View(test_data)

> test_data=na.onit(test_data)

> View(test_data)

> test_dataSprobl = predict(fitl,newdata = test_data,type = "response™)
> test_data$pred1=NA

> test_dataSpredL[test_data$prob1>0.5]="pink"
> test_dataSpredi[test_data$probl<=0.5]="grey"
> View(test_data)

>

€

skewness of Wavelet

variang of Wavelet
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75 test_dataspreci-i : il

76 test_dataSpredl[test_datadprobl-@.5]="pink" test_data 31161 obs. of 4 variabl..
77 test_dataspreci[test_datadprobl<=0.5]="grey" Values

78 accl 89.5377128953771

£l acc? 91.970802919708

80 plot(test_datoSvar_wave,test_datasskew_wave conf_tab.. "table' int [1:2, 1:2] 2.
61 1pch=20, col=test_dataspredl conf_tab.. "table’ int [1:2, 1:2] 2.
82 ,XLab="variance of Wavelet" dunvar num [1:2] 7 11

83 ,ylab="skewness of Wavelet”)|

84 points(df_testivar_wave,df_testisken_wave il LS T

,pch=20
,col=(df _test$forged_or_not+1))

e ————
> test_dataSpredi[test_data$prob1<=0.5]="grey" 3
> View(test_data)

> plot(test_dataSvar_wave, test_data$skew_nave

+ ,pch=20,col=test_data$predl ¢

+ ,xlab="variance of Wavelet" H

+ ,ylab="skewness of Wavelet")

> points(df_testSvar_wave,df_test$sken_wave

+ ,pch=20

+ ,col=(df_test$forged_or_not+1)) $ 42 0 2 44
, variancs of Wavelet

€

So, now what I am going to do? I am going to make a plot I am going to make a plot that test
data dollar variance of wave test datadollarskewness of wave and then pch equal to 20 color
equal to test data dollar my prediction color whatever the prediction color. Now from the

above plot so, I can I will just take the lab labels xlabels and ylabels, ok.

So, that is the my predicted area. So, later the one which so, any point that will fall in this
area will be called forged note and any points or any notes whose variance of wavelet and the
skewness of the wavelet falls in this area will be called not forged or original note, ok. And
then what I will do? I will I can just put the points essentially df testdollarvariance of wave
comma df testdollarskewness of wave pch equal to 20 and color equal to df test dollar the

forged or not plus 1.
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So, I have to just take this and then alright. So, if I just run this. So, now, if you see so, these
are the points. So, let me just. So, clearly you can yeah I think this is now probably better

right. Now, this looks good.

So, what we are seeing here that these are the points you can see there are some
misclassification point the points which were definitely where will be misclassified and then
there are like you know forged note, but they will be called as a original note and then there

will be notes which are original, but they will be called as forged.

So, there is a effectively bit of a difficult this is sort of a difficult zone, ok. This is definitely a

bit of a difficult zone, alright. Now, what I am going to do I am going to produce the same



plot, but for the second model remember that second model were second model were

developed using the engineered features with quadratic terms, alright.
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df_testSvar_wave,df_testSsken_wave
,pch=20

,col=(df _test$forged_or_not+1))

90 test_data$prob2 = predict(fit2,newdata = test_data,type = "response")

91 test_dataSpred2=NA

92 test_datalpred2[test_datadprob2-@,5]="pink"
93 test_dataSpred?|test_datasprob2<-0.5]="grey"
9% |

95

Conole T Bckround pbs

T e L

+ ,Xlab="variance of Wavelet"

+ ,ylab="skewness of Navelet")

> points(df_testSvar_wave,df_test$skew_wave
+ ,pch=20

+ ,col=(df_test$forged_or_not+1))

> test_dataSprab2 = predict(fit2,newdeta = test_data,type = "response")
> test_dataSpred2=NA

> test_dataSpred2[test_data$prob2>0.5]="pink"

> test_dataSpred2[test_data$prob2<=0.5]="grey"

>
[C

Envircoment Histoy  Comectors Gt Tuoral
r Nsstuse e

161 obs. of 6 variabl..

Values

accl 89.5377128953771

acc2 91.970802919708
conf_tab.. "table' int [1:2, 1:2] 2..
conf_tab.. 'table’ int [1:2, 1:2] 2..
dum_var num [1:2] 7 11

Fles s Picges Hep Viewsr  Presenation =
f1om Bpgm - 0 f % noih

skewness of Wavelet
0

6 4 2 0 2 4 6

So, I am going to copy this thing. So, probability2 with second model probability2
probability2 prediction2 probability2 prediction2 probability2 let me just run this.
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: d R e e test_data 31161 obs. 4f 6 varidbl..
s ; 04 03OTS prk 10003000 pnk Values
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+ ,ylab="skewness of Wavelet") R
> points(df_testSvar_wave,df_test$skew_wave §
' ,pch=20 5 o
* ,col=(df _test$forged_or_not+1)) H
> test_dataSprob2 = predict(fit2,newdata = test_data,type = "response") § w4
> test_dataSpred2=NA
> test_dataSpred2[test_data$prob2>0.5]="pink" 24

> test_dataSpred2[test_datasprob2<=0.5]="grey" T I
> View(test_data) » ’

>
jC

So, now if I have the test data, I have now got the second probability and their corresponding

predictions as well.
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90 test_datadprob2 = predict(fit2,newdata = test_data,type = "response")

91 test_dataSpred2-=NA

92 test_datadprec2[test_dataSprob2-0.5]="pink"
93 test_dataSpred2[test_datasprob2<=0.5]="grey"

%

9 |

96 plot(test_data$var_wave,test_datasskew_wave
,pch=20, col-test_dataspred2
,xlab="variance of Wavelet"
,ylab="skewness of Wavelet")

97
98
9

51 (Toaleved

Conole Termina  Backround obs

R R422 - -Dowobosd
by Y

> test_dataSprab? = predict(fit2,newdata = test_data,type = "response")

sifction NPT

> test_dataSpred2=NA

> test_dataSpred2[test_datadprob2>0.5)="pink"
> test_dataSpred2[test_data$prob2<=0.5]="grey"

> View(test_data)

> plot(test_dataSvar_wave,test_data$skew_wave

¥

¥
iy
>

,pch=20,col=test_datas$pred2
,Xlab="variance of Wavelet"

,ylab="skewness of Wavelet")
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NPTEL - doc_update - RStudio
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Erviromint | Hstoy  Comectors Gt Tuoral I

v a -
df_train 961 obs. of 5 variables
fitl List of 30

fit2 List of 30

test_data 31161 obs. of 6 variabl..
Values

accl 89.5377128953771

acc? 91.970302919708

Fles Phis Puckages o Viewsr  Presetation —

skewness of Wavelet
o

6 4 2 0 2 4 6

variang of Wavelet
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NPTEL

So, now if I just run this, but the color will be instead of predictionl the prediction2. Now if I

just do that. So, now, you can see this is a completely different geometry a quadratic geometry

sort of coming up nicely, ok sort of a ellipse or kind of thing behavior is coming up, which is

a very interesting and now if we just put the points here, right.



(Refer Slide Time: 35:00)

r
(XX) Fo
¢ 2. » 5 oI A e £ e - i%
0 e athntaton .. | O Untcl® o G Hsy Comsdors Gt Tl =0 Y
26 g+ Asitu - f st e NPTEL

) Dswaonson | Q /-
92 test_dataSpred?|test_dataSpronZ-0.5)="pink"
93 test_dataSpred2[test_dataSpron2<-0.5]="grey"

94

95

96 plot(test_dataSvar_wave,test_data$skew_wave
97 ,pch=20,col-test_dataspred2

9% ,xlab="variance of Wavelet"

99 ,ylab="skewness of Wavelet")

109 |
101 points(df_testSvar_wave,df_testSskew_wave

102 ,pch=20
103 ,col=(df_testSforged_or_notds)
0 (ot £

Conole Termina  Backround obs
s o asifctonNPEL]
LES LIUULUSPI UULSY, 2= LR

22 - - DowradsTeching !
> LESL_uuLuIpI Eu

> test_dataSpred2[test_data$prob2<=0.5]="grey"
> View(test_data)

> plot(test_datasvar_wave, test_datasskew_nave
+ ,pch=20,col=test_data$pred2

+ ,xlab="variance of Wavelet"

+ ,ylab="skewness of Navelet")

> points(df_testSvar_wave,df_test$skew_wave
+ ,pch=20

+ ,col=(df_test$forged_or_not+1))

>

€

Rt ¢

R Clobal vioment -

odf_train 961 obs. of 5 variables
ofitl List of 30
ofit2 List of 30
otest_data 31161 obs. of 6 variabl..
Values

accl 89.5377128953771

acc? 91.970302919708
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skewness of Wavelet
o
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variang of Wavelet
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> test_dataSpred?[test_dataSprot §
> View(test_data)

> plot(test_datasvar_wave,test ¢
+ ,pch=20,col=test_dataspre

+ ,xlab="variance of Wavel¢

+ ,ylab="skewness of Navele

> points(df_testSvar_wave,df_tes * | &

+ ,bch=20 T T T T T T

+ ,col=(df_test$forged_ot 6 B 2 4 ? 4 6 gz 48

" T 2 of Wavelet &
L 2 y

So, put the points here then we can see that you know there is a it is trying to capture these

points whereas. So, let me just you know little bit increase this guy. So, it will be let, yeah.
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Spred2| test_data3probZ>0.5="pink"

93 test_dataSpred2[test_data$pron2<=0.5]="grey"

94

95

96 plot(test_datasvar_wave,test_dataSskew_wave
97 ,pch=20,col=test_datasprec?

9% ,xlab="variance of Wavelet"

99 ,ylab="skewness of Wavelet")

100

101 points(df_testivar_wave,df_testéskew_wave
102 ,pch=20

103 ,col=(df_test$forged_or_not+1))

oL/
Faes PIUULoY . J= pLin
> test_dataSpred2[test_data$prob2<=0.5]="grey"

> View(test_data) .
> plot(test_datasvar_wave, test_data$skew_nave o

+ ,pch=20, col=test_dataprad? s

+ ,Xlab="variance of Navelet" 0 .

+ ,ylab="skewness of Wavelet") ° S

> points(df_testSvar_wave,df_test$skew_wave '

+ ,pch=20 T T T T T

+ ,col=(df_test$forged_or_not+1)) * * 2 g ¢ 4 ¢
s variance of Wevelet

€

So, this is the quadratic behavior that we are seeing here and whereas, if you just this is the
simple without any feature engineering, we will get a simple linear you know discriminator
whereas, here we are getting a sort of a nice non-parametric quadratic discriminator. Here you
can see these points are getting misclassified right, these points are getting misclassified

whereas, here they are not getting misclassified this point is getting misclassified.

But it is better than too many and similarly I think if this point is getting misclassified here
whereas, sorry about that, this is better this point are not getting misclassified. So, few points

which are nicely not getting misclassified and trying to capture this and overall amount of the

sample accuracy is going up.
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> View(test_data)

> plot(test_dataSvar_wave, test_data$skew_wave

skewness of Wavelet

+ ,pch=20,col=test_data$pred2 o

+ ,xlab="variance of Wavelet"

+ ,ylab="skewness of Wavelet") w K

> points(df_testSvar_wave,df_test$skew_wave . A

+ ,pch=20 2 et

+ ,col=(df_test$forged_or_not+1)) T T T T T T

> Vien(df_train) : 4 2 o 2 ¢ ¢
> vériance of Wavelet

i

So, feature engineering typically helps remember that I have not tried the cubic and the other
higher order transformations, in addition we have few more data for example, we have
curtosis and entropy, which I do not have I have not used. So, my recommendation is you

guys use that and check whether it helps you to improve the accuracy.

So, I will stop here and in the next video, I will try to do predictive analysis with a new data
set with a new problem. I hope you are enjoying these hands-on real data analysis. Take care,

bye.



