Engineering Statistics
Professor Manjesh Hanawal
Department of Industrial Engineering and Operational Research
Indian Institute of Technology, Bombay
Lecture 60
Generating Random Samples using Python,
Hypothesis Testing using Python (Contd.)
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Poisson Distribution

In [ J: fig, ax =plt.subplots(l,4,figsize=(30,6))

x = np.random.poisson(lam=1, size=10000)
fiqure(figsize=(10,10))

sns.histplot(x, ax=ax(0], color='r')
ax([0].set_ylabel('count’, color='b')
ax([0].set_xlabel('x', color='b")

x = np.random.poisson(lan=3, size=10000)
sns.histplot(x, ax=ax[1], color='b')
ax[1].set_ylabel(’count’, color='b')
ax[1].set_xlabel('x', color='b')

X = np.random.poisson(lam=5, size=10000)
sns.histplot(x, ax=ax[2], color='g')

ro ax([2].set_ylabel('count’, color='b')
§v ax([2].set_xlabel('x', color='b’)
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ax([2].set_ylabel('count’, color='b')
ax[2].set_xlabel('x', color='b")

X = np.random.poisson(lam=7, size=10000)
sns.histplot(x, ax=ax[3], color='k')

ax([3].set_ylabel('count’, color='b')
ax[3].set_xlabel('x', color='b')

Out[67]: Text(0.5, 0, 'x')
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Next similarly, we can also do, Poisson distribution. But in the Poisson distribution, we will

Lhvmadanin damdlima

say like how to actually one figure we can use to index multiple figures, or like in one figure
we can plot multiple figures as subplots. So, here | am creating subplots. And now |
specifying 1 comma 4. That means what | am trying, asking Python to do is | want 4 fingers
in 1 row. It is like a 1 cross 4 matrix, and 4 figures | want which are at placed adjacent to

each other. And the command to get the Poisson sample generated is you just need to invoke



this function random.poisson by passing the lambda value, and how many samples you want,

it will generate that many samples.

Now, | am going to decide what should be the size of my figure, and that figure size is
mentioned here. And now | am going to draw the histogram of this data sample at the first
element in my array of 1 cross 4, like | have declared to get 4 figures. And now the first
figure |1 want to put my first figure in the first position. And for that, | am going to use this x
equals ax 0, and then tell, plot the histogram of x to this function histplot. Let us first get that.
So, and now you can set the label here, y label as count and your x label or x. And this one is

the figure that corresponds to it.

And similarly, if you want to generate data according to another lambda parameters, and if
you see its histogram, but you want it to be the second element in your array, you have to just
use set x equals to ax 1, then you pass the argument to the histplot. Similarly, you can do, you
can generate third and fourth plot. In that case, the only thing you want to do is like,
whichever data generator you generate, and then specify that handler number of that figure, to
a histplot to generate this plot. So, here, we wanted 4 figures placed adjacent to each other.

And that is what we got here.

So, this is about basic distributions functions that are available in Python. | just talked about
basic normal distribution, exponential distribution, gamma and beta distributions, so you can
play with other distributions. Usually, this Python libraries are very well documented. So, just
go and play around it.
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Hypotesis testing

Data Set. This data set consists of Gata from the 1985 Ward's Autormotive Yaarbook. The column names coul help you to Lndarstand the data better The
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In [69]: df = pd.ead csv(’
at
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Is [70): df.info[)
cclass “pandas.core. fruse.OutaFrane'>
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Data columns (total t
¢ colam
2
)
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dtypes: int64(2), object(f)
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In [ ): df.describe(]
Question 2: Craate two data set of Highway-mpg for Diessl and Gas.
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In [72): df.describe()

citymeg highamy-mpg
count 205000000 205000000

. 5200 075220
wossze  ams
e AE0X) e
N w0 20000
% 200 300000
R T

max 4000000 54000%0

Question 2: Crests two data set o Highway-mpg fr Diesel and Gas.

»
In [ ) qusmdf{de]"tuel
peiat g
dieseludt[df] fuel-type’ |om'diesel ] highvsy-apg')
diesel|

pe’ J=="gas’ [ 'hig

In [ |¢ dfa = df{df["fuel-type

dtb = df(df] "fue;
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Question 3: Take 20 random samples from each data set.
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Now, we will briefly touch upon how to apply or how to use Python in some of our other
tests we did, we will going to talk about hypothesis testing here. If you recall, in hypothesis
testing, we wanted to check whether a null hypothesis is true or not. And for that, we come
up with a decision criteria. And based on the decision, we accept or reject the null hypothesis.
Here | am interested in comparing performance of vehicles, when they use diesel or petrol.
So, | think this petrol | do not know they use simply the word gas here. So, maybe we will

just say diesel and gas here.

So, this data set so, for to understand this we are going to use a data set which is 1985 Ward’s
Automotive Yearbook, the column names here specifies what is the data type it is, for
example, what make, so, the column are like a descriptions like for example, a column could
be make which provides the manufacturer of the vehicle, and the column number of cylinder
cues explanation about how number, how many cylinders are there in the engine, and the
column peak RPM use what is the maximum revolution per minute like that. So, in this we
are going to compare whether the performance of diesel and gas vehicles are going to be the

same or not. And we are going to do that using this data here.

So, to play with data, we are going to use this Pandas and use NumPy to see some
visualisation we have use matplotlib. And also, to some statistics, we use this scipy stats
package and from that we use this ttest particularly. So, let us execute this and then let us read
the file. And as we discussed yesterday when | read this file, | will see the first 5 rows with
description about the headers and the data in it up to 5 rows, and this info will give me a brief
summary of all the columns | have, there are looks like there are about 7 columns here sorry

8 here and they have no null values here.

So, they have all the about the discount 2 naught 5. So, there are 8 columns. And that is
saying there are 2 naught 5 entries in here which are indexed from 0 to 2 naught 4. And all
these columns have some values, that is why this is all of it is showing 2 naught 5 as a null,

non-null values. Now, if you want to check there is any missing values in it.

Like for example, if there is no missing value, either that place would have been left empty or
there would I am going to put a question mark. And since it is saying here do not find null
values, maybe there is a question mark if there is data missing there. So, let us see this is,
what | am trying to do here is | am trying to find in columns checking in each columns, if

there is any question mark there.



So, for that, I am we define this variable column and taking it through all possible columns,
and under each column I am checking if any of this value is a question marks. To check that
we have used this function value count, and telling what is the value we are looking into. And
this will give us how many times question mark is appearing in columns and that is printed
here. So, notice that this looks like few lines of code, but this could be very compactly written
like this in one line. So, in make column there are none, which are question mark, fuel type

also there is none, and in horsepower there are 2 big question mark like that.

Now, you will want to remove these missing values. So, 2 missing values, first we identified
the columns where the values are missing those are horsepower, peak time, and price. So, we
have put the values, replace the question mark by false here. And now if you again can
describe, and now everything is value here now we can count the statistics like mean,

standard deviations, and all.
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In [ ]: dfa = df(df( fuel-type"] == “gas’]|
dfb = df[df[ fue pe”) == “diesel”)
Question 3 : Take 20 random samples from each data set
It (15 2p.rasdon.seed(i2)
df1 20 = dfa.sample(n=20)
41220 = dfo. sazple(neio)
P
Ly Question d: Cor datasets and nterpret your obsenations
NPTEL
& Cvme Fle Bt Ves Heoy AT  ® wm miuw
O o 100 - manemity X x * x @ ar owhe X 4
c locahost & o - 3o t @
T @it @ 8 ensowne [ ks @ Mpcisoder o oL e CofoeINn W Wl [ Ow " [ L s pmp
~ Jupyter Python_part 3. Last Checkpeint 03122022 frsaved chrgast L
Fle  Ean View insent Ceb Karrei Widgets  Hep 7 | Python 3 (pysemel O
B ¢+ X208 ¢ PRn B C P Cot v
xpg, dtype: intéd
in [ |3 dfa = df[df[ qas”]
dfb = df[df["fuel-type"] == “diese]
o guestis Take 20 randos sasples from each d
| = np.razdon. seed(42)
41120 = dfa.sazple(nell)
44220 = 45, sample(nei0)
Question 4: Cor darasets and nterpret y
Summary of dataset GAS
In [75]: dt)_20.describe()
chy-mpg highway-mog
count 20.000000 20,00000
e 2S00 2300
o 7
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[75]¢ df1_20.describe()
chympy Wghway-meg
count 200000 200000
mean ZSNON 283000
W TSR 73
min 142000 180X00
2% 70NN 270
O% BONN 2000
W AS00 34000

ma BN 3000

Summary of dataset DIESEL

In [43]: 42 20.describe()
\

horsapowse  pesk-pm city-meq highway-mpg srca
cont MO0 000000 00003 2000000 2000000

mean  BAASIOI0 AISO0N00 J0X0ND 34750 1SEIB1STN0D

sd MM 205 GBI RRAXT TSN
W S200000 ¢SONNN0 Z0N0N0 2500000 700000
iv 2% 00000 CWSO00 2500000 2500000 $120000%00

SO%  BACONN0 44SO0XD0 29000000 38000000 13852500000
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Now, what we want to do is we want to now look into their mileage. So, we want to look into
their highway mileage. So, and | want to look into the vehicles which are gas and diesel type
here. I have so | will look into all the columns which were all the vehicles which are running
on gas and list their highway mileage. So, mpg stands for miles per gallon. And then again
for fuel the vehicles which are running on diesel | again list their mileage, highway mileage
and let us see, when | do this, | am going to get this, low the first maybe | am printing too
much here, first | printed this gas.

So, there looks like a gas there are about 185 element vehicles which are running on gas and
the second part corresponding to this print which is showing me that there are about, this just
did not show me the length here, but when I look into the length of the diesel, it is showing
me that is 20. So, here | have this diesel vehicles, sorry the vehicles running on gas are about

185, and the one which are running on diesel are about 20 here.

Now, | stored them separately in a new data frame, which the gas is stored in a data frame
dfa, and the diesel one showed in dfp here. See, notice that storing getting extracting the
column information is very easy in Python, all you have to do is first look into all the data
where fuel type base gas. And when you pass it to only those indexes to give a data frame,
which is storing all that data, it will only return those data's, and not others.

And similarly, here for the diesel case. Now, what | want to do is | want to take 20 sample
from each one of these samples and use it to do my hypothesis testing whether diesel and gas
have the similar mileage. Now, you will see that when I do the describe both before that, to
achieve that 20, getting 20 samples, 1 am going to use a rand function, first the random
function is seeded, so that you get the same value of this randomness, and in the first I will
get 20 samples from the dfa, and another 20 samples from dfp. Now, when | look into the
summary of this dfl 20, you will see that there are 20 elements in that and we are seeing this
mean, and median, and highway also has similar values populated here, this is you can also

See.
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Box Plot of two dataset

# tigure Size of 20X10

awpd. concat ((df1_20,d£2_20]))
ette("Bright”)
plt.itle| ‘Box Plot Righvay ¥0G for Gas and Diesel’)

Oat[44]: Text(0.5, 1.0, 'Box Plot Highvay PG for Gas and Diesel’)

Bax Piot Highway MPG for Gas and Diesel
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In [S1]: isport raspy as zp
isport seabars as sos
froa natplotlib.pyplot isport tigure
ispart matplotlib.pyplot as pit

DL L

trom scigy. som
e @
from scipy.stats import

trom scigy

Normal Distribution

[53): # geserate randam musber of sormal di on .
mu, sigsa = 0, 0.1 # sean and standard deviation =
s = np. random. norzal (mu, sigma, 10 '
/G ! distribution

+ armay((-1. y & Te-01, -2.52380%

7 1 ¢ Sl . 3 3
39e-01, -9.33722253e-02, 1.04692013e-01, 5.69950305e-02,
L21466274e-02, 6.353969320-02, 1.28975653e-01, -2.61399925e-02,

1 , 1 s s -6, 3 -
@ 1421223e-03, 1.126117036-01, -4.542442750-02, -1.39353952

5.3
-1.15 3219505e-01,  1.44538463¢-01, -1.82406981,
2.32861901-01, 7.25151399-02, 6.79973076e-02, 3.75468667¢

1 -1 . 1, -1
-8.65161499-02, 1.55256182-01, ~1.55272707e-01,
-6.00 L 169693
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Question 5: Test whether the average misage of both the data sets e equal o ot at level 5% of significance. Explin the procedurs completely and
rterpret your resuls.

Question 8: Consider nStep 2 fHere the o al)

46]: dfa = df(df[ fuel
dfb = df[df]"tuel

In [47): dfa

’ ™
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Diesel s a sigaficantly larger spreac out than gas, as evidenced by the lengthier box plot for Giesel,
3. Arethere any cutiers?

Since neither dstaset contained any obvicus cutlers, neher box plotfeatures tiny Gicles that extend past the top or battom whiskers.

-»

Now, often these are like just like statistic count, maybe one can want to use it pictorially for
that one can use the box plot here, the box plot to do this, we are going to use box plot
function in this sns library, and the plotting, for that we are going to use this command so X is
simply going to be the fuel type. We have to just say X is the string is fuel type, y is highway
mpg, so highway mpg here, and x is fuel type here. And the data we are going to give you is

this concatenated value of dfl and df2.

Now, when | plot this, you see this 1, 2, 3, 4, 5 end up us. The bottom one here corresponding
to the lowest value that is the minimum value, which is 22 here, and the middle one, so, the
second one here is going to correspond to the 25th quartile of the data and the middle one is
the 50th quartile, which is also the median, and this is like a 75th quartile, and the last one

here is going to represent the maximum value.



So, now we have named this figure as box plot highway mpg for gas and diesel. Now, based
on this you see that if you compare this just take the mean, it gives a sense that diesel has a
better efficiency, has better mileage. Now, we want to test this. Now, our hypothesis is we
want to test the hypothesis our average mileage or both of them are same, and my alternate

hypothesis is they are not.

Now, | want to test it, and | want to use the t test for it. So, if you recall in hypothesis testing,
the accept or reject by comparing to a threshold. And now we want to first compute the
statistics and the p value of that statistics. So, to compute the t states, | am going to use this t
test ind, which is the t test we had already defined a t test, we did we define t test here before,

no.

So, this t test is a function which takes the 2 data sets that we want to compare, and here
equal variance tells whether | should be taking the variance of these 2 tests to be the same or
not, here we have set it false. So, this will not take this data to be the same variance. And
recall that when we are talking t tests, it is assumed that the data is following a quotient

distribution.

Now, this function is going to return me 2 value stat and p, stat will be the value of the
statistic that we compute and p is its probability that statistics is going to be larger than some
number if | by default, that is like a set the significance level is set to be .05. So, we see that
now p we compare against the significance level 0.05, if it is true, we say that null hypothesis
accepted. And otherwise, we are going to say that it is rejected.

Now, it so happens that in this example, p value turns out to be minus 2.229 and whereas the
p value is 0.037. And clearly 0.307 is going to be smaller than 0.05. So, we are going to see
that the null hypothesis is going to be rejected, that is the performance of these 2 are not the
same. Like this, you can do here | just showed you that, let me see why is this happening at

some more things here.
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Quastion 8: Consider the whole data sets created n Step 2 (Here the no. of samples are not equal)

46]¢ dfa = df(df["fuel-type’) == “gas’]
dfb = df[dt[ fuel-type"] == “diese

)1 dfa

make fusktype num-of<yliedens hersepower peskpm ciymey highwapmeg price

o amme g o ] 7 nas
- o 00 150
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So, here based on this, you can, here with the 20 random samples generated, you conclude at
that, yes, this your null hypothesis that both are the same performances is rejected. Now, you

can do this again. But this time, instead of not necessarily taking 20 samples for both, maybe

you can take all the possible samples available for each of these and compare.

And you can do the same process here. | am not going to go into the details, but again, to get
a sense here, you can first put the blocks plot. And again, here when | take all the data also
like looks like again, diesel is performing better. And then you can try to test this and when
you do this test, at significance level .05 again, the null hypothesis is rejected here. So, you

see that like before we applying this hypothesis test, sometimes the visualisation gives more

idea about how the data looks like.
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Data Visualization

In (8]: isport seabore as sas
impart pandas as pd
from matplotlib.pyplot import figure
df1 = pd.read_cov('pokemon_data.cev')

1. Histogram

In (7): tigure(figsizes(10,5)) # tiguce Size of 1015
ans.histplot(at1] “Atfack"), kde=True) # plot histogran

Out(7]: <AxesSubplot:xlabels'Attack’, ylabels'Count'>
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Atack
In [ |1 tigure(figsizes(10,5)) # tigure Size of 10X5

sus.scatterplot (x="Type 1°,y="Attack” datasdf1)

0ut13]: <AxesSubplot:xlabel='Type 1', ylabel='Attack'>
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3. Box-plot

NPTEL sus.boxplot (x= Type 1°,y="Attack’,datasdfl)
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4, Violin plots
A violin plot is a hybrid of a box plot and a kernel density plot, which shows peaks in the data

(datasdt] |

So, | want to quickly spend one a minute on this various visualisation tools. So, that is why

data visualisation is important and this seaborn tool provides some pretty good functions to
do that. So, one function which we already used is histogram, and when you have a data, you
can see that like, for example, earlier | do this Pokémon data. In the Pokémon data, let us say

I want to see how this attack column looks like | can generate the histogram like this.

And also, there are other plots called scatter plots, box plot we just saw and there is another
things violin plots, these are other good visualisation techniques. | encourage all of you to
play with them. So, with that, we will stop. But this Python is a very comes with a very rich
libraries. So, you can readily use it to do good statistical analysis. |1 hope whatever we discuss
is going to be helpful to you.



