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In [36]: dimport numpy as np
data = np.genfromtxt("iris.data"”, delimiter=",")
print(data)
[5.1 3.5 1.4 8.2 nan)
[4.9 3. 1.4 8.2 nan]
[ 4.7 3.2 1.3 ©.2 nan]
[ 4.6 3.1 1.5 8.2 nan]
[ 5. 3.6 1.4 8.2 nan]
[ 5.4 3.9 1.7 8.4 nan]
[ 4.6 3.4 1.4 8.3 nan]
[ 5. 3.4 1.5 8.2 nan]
[4.4 2.9 1.4 8.2 nan]
[ 4.9 3.1 1.5 @.1 nan]
[ 5.4 3.7 1.5 8.2 nan]
[ 4.8 3.4 1.6 ©.2 nan]
[ 4.8 3. 1.4 8.1 nan]
[ 4.3 3. 1.1 8.1 nan]
[ 5.8 4. 1.2 8.2 nan]
[ 5.7 4.4 1.5 8.4 nan)
[ 5.4 3.9 1.3 .4 nan]
5.1 3.5 1.4 8.3 nan]
3.2 1.7 8.2 nan]
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In [37]: | print ( "Data type : ", type(data) )
print ( "Data shape : ", data.shape )
print ( data[:1@] )

Data type : <class 'numpy.ndarray’>»
Data shape : (158, 5)

[[ 5.4 3.5 1.4 8.2 nan]
[ 4.9 3. 1.4 8.2 nan]
[ 4.7 3.2 1.3 8.2 nan]
[ 4.6 3.1 1.5 8.2 nan]
[ 5. 3.6 1.4 8.2 nan]
[ 5.4 3.9 1.7 8.4 nan]
[ 4.6 3.4 1.4 8.3 nan]
[ 5. 3.4 1.5 8.2 nan]
[ 4.4 2.9 1.4 8.2 nan]
| [ 4.2 3.1 1.5 8.1 nan]]
it dimzdzts § 01 0dz' detsj (linsyldig H 59 Odzd
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In [69]: datal = np.genfromtxt("iris.data", delimiter=",", dtype=None)
print(datal.shape)
print(type(datal))
print(type(datal[@]))
print(type(datal[@][4]))
print(datal[:1@e]

(15@,)

<class "numpy.ndarray >
<class 'ruwpy.void')
<class "numpy.bytes ">

[(5.1, 3.5, 1.4, 8.2, b'Iris-setosa’) (4.9, 3.8, 1.4, 8.2, b'Iris-setosa’)
(4.7, 3. 2 1.3, 8.2, b'Iris-setosa’) (4.6, 3.1, 1.5, 8.2, b'Iris-setosa’)
(5.8, 3. 1.4, 8.2, b'Iris-setosa’) (5.4, 3.9, 1.7, 8.4, b'Iris-setosa’)
(4.6, 3. 4 1.4, 8.3, b'Iris-setosa’) (5.8, 3.4, 1.5, 8.2, b'Iris-setosa’)
(4.4, 2.9, 1.4, 8.2, b'Iris-setosa’) (4.9, 3.1, 1 @.1, b'Iris-setosa’)]

it dMzdz8§ OFicEL CO HOMZ = ©OL dztsG s

stcOLEZ i YJdzOlsj d dzts ( dzO  j Pytegz0 y C
ftotso sHdIs! OdzOdzd L Isdff s tl.L 6lzd iz R fils G=C
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In [70]: dt = np.dtype("f8, f8, f&, fs, U3@")
data2 = np.genfromtxt("iris.data", delimiter=",", dtype=dt)
print(data2.shape)
print(type(data2))
print(type(data2[e]))
print{type(dataz[@][4])
print(data2[:18])

(158@,)

<class 'ruwpy.ndaﬂray'>
<class "numpy.void'>
<class "numpy.str_'>

[(5.1, 3.5, 1.4, 8.2, 'I“is—setosa ) (4.9, 3.@, 1.4, 8.2, 'Iris-setosa’)
(4.7, 2.2, 1.3, 8.2, 'Iris-setosa’) (4.6, 3.1, 1.5, @.2, 'Iris-setosa’)
(5.8, 3.6, 1.4, 8.2, 'Iris-setosa’) (5.4, 3.9, 1.7, 0.4, 'I"is—setosa'}
(4.6, 3.4, 1.4, 9.3, 'Iris-setosa’) (5.8, 3.4, 1.5, @.2, 'Iris-setosa’ )
(4.4, 2.9, 1.4, 8.2, 'Iris-setosa’) (4.9, 3.1, 1.5, @.1, 'Iris-setosa’)]
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In [72]:  import matplotlib as mpl
import matplotlib.pyplot as plt

# [annHeie uz omdensHbelx cmonbyoB
sepal_length = [] # Sepal Length
sepal_width = [] # Sepal width
petal length = [] # Petal Length
petal_width = [] # Petal width

# Bwnonvsem obxod Bceli konnexyuu dota?

for dot in dataZ:
sepal_length.append(dot[8])
sepal_width.append(dot[1])
petal_length.append(dot[2])
petal_width.append(dot[3])

# CmpoumM zpaguku no NpoexkyuaMm GaHHbIX

# YuumwiBaem, qmo kawdwe 58 munoB upucoB udym nocnedoBamensHo

plt.figure(1)

setosa, = plt.plot(sepal_ length[:58], sepal width[:58], "ro", label='Setosa')

versicolor, = plt.plot(sepal_length[5@:10@], sepal_width[5e:1ee], 'g~', label="Versicolor")
virginica, = plt.plot(sepal length[1@8:158], sepal width[1@8:158], 'bs', label="Verginica")
plt.legend(bbox_to_anchor=(1.85, 1), loc=2, borderaxespad=0.)

plt.xlabel( 'Sepal Length')

plt.ylabel( 'Sepal Width')

plt.show()
4'5 T T T T T T T
e ® @ Setosa
a 4 \Versicolor
40 1 |= m Verginica
| B |
£ 35} .
je!
=
g
l% 3.0 | [ ] | =
| | | |
(]
25| 4
2_0 1 'y 1 1 1 1 1

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
Sepal Length
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In [74]: | import matplotlib as mpl
import matplotlib.pyplot as plt

# [avuue u3s omdensHex cmonbyol
sepal_length = [] # 5epal Length
sepal_width = [] # Sepal Width
petal length = [] # Petal Length
petal_width = [] # Petal width

# BoinonHAem obxod Bceli konnekyuu data?
for dot in dataz:
sepal_length.append(dot[@])
sepal width.append(dot[1])
petal_length.append(dot[2])
petal_width. append(dot[3])

# CmpouM 2paguku No NPoexkuyuaM JaHHeDC

# YuyumiBaem, umo kawobie 58 munoB upucoB udym nocnedoBamensHo

plt.figure(l)

setosa, = plt.plot(sepal_length[:58], sepal width[:58], 'ro’, label="Setosa’)

versicolor, = plt.plot(sepal_length[58:188], sepal width[5@:1ee], 'g"', label="Versicolor')
virginica, = plt.plot(sepal_length[188:150], sepal width[18@:158], 'bs', label='Verginica')
plt.legend(bbox_to_anchor=(1.85, 1), loc=2, borderaxespad=@.)

plt.xlabel( Sepal Length")

plt.ylabel('Sepal Width')

plt.figure(2)

setosa, = plt.plot(sepal_length[:58], petal_ length[:58], 'ro’, label="Setosa')

versicolor, = plt.plot(sepal_length[568:188], petal_length[5@6:188], 'g"', label='Versicolor')
virginica, = plt.plot(sepal_length[1868:158], petal_length[18@:15@], 'bs', label="Verginica')
plt.legend(bbox_to_anchor=(1.85, 1), loc=2, borderaxespad=8.)

plt.xlabel( Sepal Length')

plt.ylabel('Petal Length")

plt.figure(3

setosa, = plt.plot(sepal_length[:50], petal_width[:58], 'ro’, label="Setosa’)

versicolor, = plt.plot(sepal_length[58:1688], petal_width[5e@:1e8], 'g', label="Versicolor')
virginica, = plt.plot(sepal_length[1@6:158], petal width[188:158], 'bs', label='"Verginica')
plt.legend(bbox_to_anchor=(1.85, 1), loc=2, borderaxespad=8.)

plt.xlabel( Sepal Length")

plt.ylabel('Petal_Width')

plt.show()
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RL CttOWdStse 1.9 kyj = tstctSetdsan ¢sdisdzts,
sSIsH j dzd d3s, WersigolasdvVergiiscafGc j H Mis Qo dzw ¥ Is MtsB S
tcOLHjdzjdd] SCSBlter a wWodzw jlsmw dgj ftotsflsts?
1l sfmistets2 Is§ Hteze dJ ftetsy Sydd dMmnr BH &
tcOL dzdydzr = ftesj Cyd?2 dEsydes fsmistesdIls! HC

1 Oxdgr § Qag@fdy y

1. 1 4 M Ilstow ZzO COYEzhclasehmay stzefgigls & is
tejLlzdz sOIsj odLEOddL Oydd, dMmMmdzj Hise Ols
or asHtse ( dzOf ted d3j to, BN dzts B'" Ih ¢ B tsytletsd3
dqted Betosds j , B Pewlwidiedsjdzi J v@eyZ 5B .  sd3dzd Is*
fJteodydese s d fmfdj thtsdeOdzd dzd jH Offiadzf mls O dzj ¢
ftedtesHy HOdzdz" »n, O dzgj tmistetsj dzdj dBSHJ C

1.1 ¢Oyjmbej MijH' t©OLLOBBISSd dMi
Python Javad dz€#. 1 s Mtse dzOMmtseo Odzd M o fsHOE
MOoBsMlsswisj dzt dets @I JjIs or BtOIs: wi ¢ o
(ftcd 1 Issdz MiskH jdzlskz dzgj sBrHdBs Stodlsd yg

2. ltd o" Bite] (da@selsds® tojOMBEREOMLIASB - SH d
M zOMse Ols! Mmoats?2 o' Btstc M Hickced B MiploOE!
COEOB SISO dzZOH tSHJdZOC o™ d3d dzOB steOd3d H Od;

3. 1 ©O®BSCOR HOMESets GOBGEKOSKASE S
d dzfis te iz d3j Bpth@te(d § B dzd 515§ € BOfHdzY  tet®) NcjOa
fsMisOodzj dzdz" = L OH OYy.

RdzHdo dHEZOdz detsj L OH Odzd j

1. 1 sHeQmEgtls j HOdzdz" A9, Q] tniSMPLHEPH @ o' B
M ftcjfsHOBRB | dddkdsy jls ftojHdEs)ydls! dOBt
5j BOdC B2 BOcdMlsjeMSises dhmmdjHse Oded v .

2. 1 teojjtendfsydz R Od&zOdzdL HOdzdz 2. 1 to
flskHjdls Hisdy jdz ftej HsMIsOoadls! fdzj Hizy h ks
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2. 1. [fdMmOded)] d&OBGE©O HOMI 5, f6WM
ftedtesHlz \H@OAED v dzdj dzOBBICO HOdMzdZ = d o
Bz f sfstesdls! dz0@ thdtsej HOdkSEE dzOB
jhOjdi3"j M dMftsd Lse Odedj &3 H Odzgztf d 5 Otz |
COyHBEE ftodL dzOSO d jets Isdi.

2. 2. Atcd@3dO dzOB O HOdzdz = : Ctsdzd yj Ml
ftodL dzOC s, CRéEzquanEo 58 dPEGBfzd 2, Mtcj H dzj
ftedL ZOS 8o, ®OSCMIABOd dz j d &dded BOdz dz

ftesudd (i@ OFfdty j dedv, Cbster §  d3tsy
fjtodudy 2 OdzOdzdL
2.3, LEOW duj MSdj ftej HilsOo dzj dad v |,

dzd tststets dats iy ls d dmmdzj Hizj BBSGE dzOB stc O HO
N4 dzZOIsj dz' des fesdL o i MmMisd 5 dej MG tsdz Cdad3

HBHjEYOdd] Glyjko d jet Wi

[byil s dZzZOBBtOlttedzs? tWOBBIS] HEdJ

1. 13t d dzOL 9 Odzd) OB OIsSsStcdzts? t6

2. QdzdL Oydw C Oy HBSGESRIflZEMS IO zDuzH @z H
ftcdojHjdzdjd3 dMrSHAdSE B ccOEHMZO Jf tcdste @O
odLEZOddL Oydd HOdzdz - .

3. [loajlsr dzO0 Ctsdzlstetsdz dz' §J otfftetsMm’ .

4. CCEOddy | Whtedsr (Stdimtsd &2 o' ofs
CodBdizjdizlsdefs, sCOL" 908h ] fWHEBSS orf f S
tejLlzdz SO, ftsdkzEyjdedz" § ©® ~tSHJ JVY orf fft

{yjil B o' fddjddd &OBtKOlsiodis? tC
MHOjIsmwY ftcoj f sHOo Olsj dz¥ .

ssdzstotsdz’ dzr j ot totsfyr
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1.s0Cd] ddmlstelzdzj dzls Odz* dziz § Isfipic j H figls © G5t
tcOBBYJ Gt &3 MmiD&@aStjghgéyd ©Odzd nls O
2. s 0¢dj BdBPyzos N dz L 2z Isfyw Hdzv Ol
BOh ddzdzese s tspbkzyjdzdw? 1021 CttOISkzE - Ot
3 1suyjdz ftd wjoOoddLOoydd mdhlsjd
cOMmMf esMistcOdz] dzdj ¢ Bydher® ddzd BdB dZdBIsj ¢ d

s S ddlsj Ok’
[ dzv o' ff sdzdzj dzd ¥ dzOB StcOlsstedzts? OB SIS

Hdzv o jlsO 20 Ctdsted dF j! b sl &
d fls sy dz@ @0} [ 1
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[o1rftovft1oCc RIRJOUG[ RYOGARC T 011 3

Ajdzd d LOHOYd

A j dz zOB stc Ols s te dzts 2 tcOBSIsT dL 2y da
odLEOdZdL Oydd dzOBtstttss H Odzdz" -

[Mdzso dzr | L OHOYJ:

izMmisOdatso ¢ O wfatptbfipkateam? ¢ O

iqLEzypidase dz » Isdf se ¢ ten@atpldtlbtse B d B dzd t

idLEyjdedj BMdesode" = IsdffdsaborE tcOW dC s E

ifsdzeyjdedj dzOor Ctsoa OdzZOdzdL O H Odzdz’ =
H Odzdz" n

sjBjlsduj M) cBhdise Odzd j

1 jteiH o' fdzdzj dzdj d3 dzOB stcOlsstcdgtf B! fig© B
BOLtso " &3 { tod dRythdnO dzfif Vs dz'CLOz W  fdzj HESE M d
[MsBts] odzd 30dedj dzj sB - tSH[E Ots d IpR F dzdzls 43 tc §

[BSstczHBsoa Odzdd d d3OIsy ted Odz’

[ dzv o' ff sdzdzj dedWw dzOBtstcOlststcdzes?2 OB SIS
4 emtsdzOdz! dg" 2 Csdf ' s Isjtc Mt Mmdzj HEzs M dc
tcOL tcOBBISC (or BtcOls! SHddz dJdzd dzj MG 5
ftcOCIsdyj M2 toj OdzdL Oydd MBDMis@alStuda2@ls te O &
d or hj; fntc J H Qavateddziis Ots tfsts Ryhoris (Arnacondd
B d B dzd ts Isnatpld@litdzsabornnumpy.

LS OLOddY 5 sjrndedCj BJjL Y Of
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dlskHjdzlst HBdyd MdzjHtso Ol! BN j§tedd
fsdz Lso Olsj dzj 2 JtemtsdzOdz da'z Is € ooy tsshiydsjtst
ftesdL oHdIs! tc J d3ts dzls Isd mnded yd MS d = ftcj
ftoesetcORBds G ts sBJ M Jjyj dedw . J Mz yOj
dzj sBatsHdd@3s Mstse dls! tsB L Istsdgz OH ] dzd f
(sBBMizEy do O h j &3z § jtemMsdzOdz dzOB StcOIlssted C

[ JsBH SPSteWHEBE of f Sdzdzg] dzdWw tc O

] jtoj H 0" f sdzdzj dzd J O3 dqdzH doa dH ZOdz! dets@
or fsdzdzdls' oMmj fbkdeSlsr bkyjsdzs2 L OHOY] .

LYJ BAdZOW L OHOYO

I fsdzdzed d3 OdzOdzd L OB tstc® H Odzdz" R ¢l
[ Odzdz" 2 dzOB Gt HOdzdz' & dMY sdz' L) lffied o LSkC
BjssHse foscdtL Jeso OdzdwW. 1 OBtte ftcj H
Cdzd j dzls Otse Isj dzj S sd3dzgz dzd C Oyd tsdadets? S iR O
odH]j L otsdzl 5o, dzts y dz' 4 d Hdzdodz | tcOL @
fsHatHdl HdY B Ezyjfifddiud iFisE Y dzjted] ¢ tezishy o
CdzOMmMmd W ICNK) YNNG Lodic treg. 1 OB stc H Odzdz’ = d3tsy dats
e 5L dEgudd dO Kagmie]O dzj

{t OMmMmdisslstedds sMmMdeso dz' j] (todL dz0QdQc tetizte 1
dzOB stc H Odzdz" = ) pahdafdts da'’ Lot BE ddizOEB d dzOB 516G
( ol dgte Q).

import numpy as np

import pandas as pd

from matplotlib import pyplot as plt
import seaborn as sns

%matplotlib inline
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data_path = "../datasets/telecom_churn/telecom_churn.csv"
data = pd.read_csv(data_path)
data.head()

. Voice Number Total Total To
Account Area International . .

State mail vmail day day d

length code plan .
plan messages minutes calls char
0 KS 128 415 No Yes 25 265.1 110 45
1 OH 107 415 No Yes 26 1616 123 27
2 NJ 137 415 No No 0 243 .4 14 41

{ b dss OB kL CO HOddz Tq §5czkyj dzd

1 OB st H @ldgden churncsy MtsH j oy d Is Bisdz! " 5
ftedL dzOC ts9 . [ &z HjlsOdz detseé s ( infe(yg diz@ iy f) @
DataFramdtc dizipizt2 Q).

data.info

<class 'pandas.core.frame.DataFrame'>
RangeIndex: 3333 entries, © to 3332
Data columns (total 20 columns):

State 3333 non-null object
Account length 3333 non-null int64
Area code 3333 non-null int64
International plan 3333 non-null object
Voice mail plan 3333 non-null object
Number vmail messages 3333 non-null int64
Total day minutes 3333 non-null float64
Total day calls 3333 non-null inte64
Total day charge 3333 non-null float64
Total eve minutes 3333 non-null float64
Total eve calls 3333 non-null inte4
Total eve charge 3333 non-null float64
Total night minutes 3333 non-null float64
Total night calls 3333 non-null int64
Total night charge 3333 non-null float64
Total intl minutes 3333 non-null float64
Total intl calls 3333 non-null inte64
Total intl charge 3333 non-null float64
Customer service calls 3333 non-null int64
Churn 3333 non-null bool

dtypes: bool(1l), float64(8), int64(8), object(3)
memory usage: 498.1+ KB

i I deie 2 5B ROdY 5 fodL dzOS OF

L EOWdCd, dMisd tkjdrj fttd OdOddL j
fl dMfsd LsoOddj & Clsster 7 tdd Misteswisf
Clsster 7 o) HdzOL dzOYj d&¥ CcOW S d.

6111 LEOd&dL Oydw Stddyjmlse jddz & §todL
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rdzv ftej HMMlsOo dzj dzgdw tcOMYf ted HJ dzj dedWw  H t
fsSHARBBHdIs sB " YydzOWw GdMmMlstsc tc ©OAZAZ0O, MtsH jt
(ted MR&ESC

3 data['Tofal day minutes‘].hist();
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{ Mz dzti @ e S8 BOJY & ftedL dzOS OF |

[ f sl tot joddits’ ¢ B ls s shis() Is dg® Byith@triarntsen

10 MBOBd HJ dzi JMmY sdz' L zpaphgthib. [ dpisldbist)  d L
By des dMfsd LsoO! Hdv fohisesjddY cd
(tedMBsld {lstsd daj Stsdzdyj Mo jdzdzr § ftodL
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t dimMzdz8 € tc g d34 dzj dzdhist)egiAs s L 2OdzdL Oy d
dzj MSsdz? Cdr ftodL dzOC ts9

0 ZOEscdudy 2 kdf cwOWds O disymaplotibs diz
( od MRges § idzd dzj 5B~ SH Jd Bts f stindstetfisteljisH J dzJ
OOEsedydy 2 (] H oDk kS jedetstzl3 , dzOsts  dzk
Hsf sdddlsj & d j] 2&Mujlk’ (ttdhkzdass

1 plt.bar(data.index, data['Total day minutes'])
2 plt.show()
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1 hist = data['Total day minutes'].value_counts()
2 plt.bar(hist.index, hist);

o Ll L] w -3 [5,) [=4] ~ =]
I i L i L i L i i

t dzdes ® MY sdz' L nsatplotiag gz § tcj H Mis O dzj dac
L dz2Oyj dzed?2 ftedL dzOSC O

[Hddz dL ‘WBjfgsdo deDY dCtse Hdv OdOd
fodL dZOSks®s ¢wh dj boxplok MO&IR WIfHELOy Od. C
6] Odzd L 5o Odzdz’ 2 ¢ tc @ §T s dzf 624 & O @ dbrpDE © o
OS] 1 WWJCIsdo dBY. tsjiHG stOpfigl BE jC sH. d o L
CeOW dStso HAE" OdOdEdLO fwisd hilsOtsso M &C

5 sns.bokplof(data:'Tbtal déy mihutes']);
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top_data = data[['State','Total day minutes']]
top_data = top_data.groupby('State').sum()
top_data = top_data.sort_values('Total day minutes’',ascending=False)
top_data = top_data[:5].index.values
sns.boxplot(y="'State’,
x="Total day minutes’,
data=data[data.State.isin(top_data)], palette='Set3');

oH{ + e —] "
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Total day minutes

t dMzdds @ M tsdz' L ieeplotelzdzy OdzOdzdL © § ted L dz

| o OWbdxPlotmtsmistsdls dL CtstwtsBSd, Ekffse
ddzls j 6 o Otclsddz! dgr 2 tOL BOr ttOMYytej Hj dzj dad W
CoOtlsipdz: d V@ % §(j ey dzls d dzd . YJtlsO o dzzls
B4 HdOdzlz t6OMY tej HJ dzj ded ™ ( d3ts5 dgtls tfmeiiing) a| d Is
pandagfnumpy.v " lssBOy Ot Is o jM! tOLBLEM Is
B dzd B3O dz' dz" §  BOCMdKBOd dzf § L dzOyd ded Vv,
(Op plvIJ00, Yoo plwIO0)Y, ©b'YOo Up i ddzsjtcC o Otelsd
tcOL BBOR . UBYS Qi3dsBdz® dz@ GO MW o' BisM!
Ld2Oyd dzedv, Ctslstster j dzad o dmr a0 smw o
G tc OW(dt€ dom 2.9kts €
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IQR
Q1 Q3
Q1-15xIQR Q2+ 15 xIQR
Median
I T L) 1 T T T T 1
—-4o -30 -20 -lo Do 1o 20 30 4o
—2.698c —0.67450c 0.67450 2.6%80

24.65% 50% 24.65%

45 -3c -20 -lo oo 1o 20 3o 4G

15.73%  68.27%  15.73%
40 -3c -20 -lo Oc 1c 20 3o 4G

tdmMzdgE @ sBEzCIsE® ctcOWJEO Isdf O

6. 1. 2. sObjestdOd d" § fHtedL &zOC

sdidude d©s COjegdicdOzsdgr 63 OdzOdzd L ez §
wodzw jIsimpw SR.klCdsHe {(Olsj ctsted Odz! dz" 2 ftodL d
c{COhue)( cslsY dz Weo dzv ji IO e ddAatfelay JHirfiiisdCy) dz
GtecOW d ¢ dounppplf oL B d B (edalsdmnj SCAtsIstster | MW s
dets dzy Y8 Mmr ter d3 H O dasai3Rizs dzdoy J fffids o & O fricuEdL 1D
ftedL d&zOC O

1 # aucmozpamma "nonyasapHeix" wmamo8
2 sns.countplot(data[data['State'].isin(data[ 'State'].\
3 value_counts().head(5).index)]['State']);

1 sns.countplot(data['Churn']);
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6. 1.3. 1] dL kOdzd LSOsyddfvy Jirieldsels jdatadz’ j ~dzdtwic d L «
JHdddB dL o Otcd Odzls s o odLEOddL Oydd
ftedL dzOCtso wWodzw jlsMW HJOGCtORBBO 5 dzj ME
t OmMmissisted 3 ftedd3j 6 HJ Bsdmistedtolzr " d2 Mtec
Mow L Odgdz" = M W dKzOdgl)ts8 dzdgd dzs ®B1cOvL f totsh | dz

Yybsts 1 Ists ofyj s OL Olsj dzdhargefipts Hdjdgindal difjts SHC
10 tedimizdzC ] 2. 11 fftojHMIsOodzjdz CSBBH HdAzW ¢t

# Ombop 4vucnoBeix npusHakoB, codepxauux cnoBo ‘charge’
feats = [f for f in data.columns if 'charge' in f]
feats

['Total day charge',
'Total eve charge’,
'Total night charge’,
'Total intl charge']

it dMEz2886€C[ sBstc f sCOLOIsjdzj 2, MeoaweiL Od

) s stcO® ddasjtej My hdn &S 0OL Olsj dzj 2
Hdzw fMtcOs dzj 4. (ted iz dzts S

# cmpoum omdesibHble 2ucmozpammsl
# Ona HeckonbKux Npu3HaxkoB
data[feats].hist(figsize=(5,5));
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t  ME2MBEr O OB HdW MicOo daj ded ™ &
f5COL Olsj dzj 2

yOflss dMfcsd Lkéls §sfOwds] MNtOsd d
hJtesCsEts oL GEd&YHO &0 2dzABB8t H @dzde'dD ¢ (OtezPi
od ME2ACIO3 ftoj HisOo dzj dz cEdMistsc Ol tcOf
%O odzj HdOC OdzO i B Otstesi da@AfFtcj H
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1 # MonapHoe pacnpedeneHue npusHaxkoB
2 # [lpumeHeHue Seaborn
3 sns.pairplot(data[feats]);
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{ {MEZ2ABT) 5§ Otedzsj] ©OMY 6] Hj dzj dzd .

[ sy dets toj OdzdL 59 OlIs! 8 tsdzj j Mdzsy dz" § Gte
HtsB O9 d Is ¢ MmEh jMmlsolze h dd3 f @hdrn (EOE R J Y
slsC OL ts59) d woOmMttOmdIs- tcOL dp gl 'L s
f s Otcdz &3 twWOMtej Hj dzj dad W oikd s f] slst
(tod mME.tEks ¢

rs mMdas fHtste dMif sdzr L 59 Odzd fipeabomts L Q3 tsls @EL
dB3d s spandas( C slsster | ftosdLotsHYWIS oadLEZOdzdL O
matplotlib) . 1 d B dadipboigd@@ B s5dzj j dL © j MisdzOw d b
ftcd OdzOdzdL j HOdzdzr = 9o pwOEEZE Or Misj O Isj -
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1 sns.pairplot(data[feats + ['Churn']], hue="Churn');
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it dMz2AABC) s Otcdets] wWOMYtej Hjdzj dedj 1 te
sIsC OL 89
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1 plt.scatter(data['Total day charge'],

2 data['Total intl charge'],

3 color="lightblue', edgecolors='blue')
4 plt.xlabel('[lHeBHble HaqucneHwe')

5 plt.ylabel('MexgyHapogH. Ha4ucneHue')

6 plt.title('Pacnpefenenve no 2 npusHakam');

Pacnpepgenexune no 2 npusHakam

MexayHapoaH. HauncneHue

0 1 @ 00® 0O O oo (e o)
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[lHesHble HauyucneHne

t d MEz2a81C| tc O Wsdaftes d B dzd miatpldilig

10 tod iz dfSsiC 02 .0MA fteddsjte Bdj Itdts
CEeOW ds 0.

1 # PackpawuBaHue OaHHbIX

2 # lBem 6 3aBucumocmu om yxoda KaAueHma

3 ¢ = data['Churn'].map({False: 'lightblue', True: 'orange'})

4 edge_c = data['Churn'].map({False: 'blue', True: 'red'})

5 # Hacmpolika epaguka

6 plt.scatter(data['Total day charge'], data['Total intl charge'],
7 color=c, hdgecolors=edge_c

8 )

9 plt.xlabel('[HeBHble HaqucneHue')

16 plt.ylabel( 'MexnyHapofH. HayucneHue');
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JtOWdSe dz0 tedmizdzC j 2. 16 d@sydts fsf)
dZOff tcd d3j o6, By des HSB Oo dzW Is! d3dztsy j Miso O
FCOL" 90v fOOBjlster odLEZzOdzdL Oyd d 2.47zv ¢

# Yweduwue knueHmol
data_churn = data[data['Churn']]
# OcmaBuueca KaueHmb!

data_loyal = data[~data['Churn']] Pacnpeaeneime KaneHToR

@ @ Ywnm
© o OcTanuce

wn
[+]

plt.scatter(data_churn['Total day charge'],
data_churn[ 'Total intl charge'],
color="orange"',
edgecolors="red’,
label="Yuwnn'
)

plt.scatter(data_loyal['Total day charge'],
data_loyal['Total intl charge'],
color="lightblue’,
edgecolors="blue’,
label="OcTanuce’

-
[+]

[t
[#]
=]

MERIYHAMLAN. HEYRCIEHWE
- ]
(5]
%
Q
Q

@ 0@ O O oo o0

plt.xlabel('[HeBHble HauyucneHue') o n x x Ll 50 L4
plt.ylabel('MexayHapoOH. Ha4YucneHue') fjpeaHbEE HEUMC REHIE
plt.title('Pacnpenenenue kaueHToB')

plt.legend();
Q) B )

t d MZ2RER) shistetsj ded § tslsH j dz dzr 7 ;ff 5@)C
dmMrsHd 2 CH; B) §dkyj dd

) tcj Odz dzr = L OHOYOR KBOh dJqdzdzse s 5Bz
HOdzdz' = dzj sBratsHdBs or wadls! Ctstetej dzvw ydd
f OC pdadasf &34 4 Isfw o Mistets | dedr 2 1 dydziydse(Cdl Qibtsh O
DataFrame 1 0 tdmkzdzCj 2. 18 s OLOdz WtcOc d3j

# MpumeHaemca ¢yHkyus corr() u3 Pandas

data.corr
Account Area Nu‘:nnl::i'i Total day Total day Total day Totaleve Tota
length code minutes calls charge minutes
messages
Aclgg;m 1.000000 -0.012463 -0.004628 0.006216 0.038470 0.006214 -0.006757 0.01

Area code -0.012463 1.000000 -0.001994 -0.008264 -0.009646 -0.008264 0.003580 -0.01
Number

vmail -0.004628 -0.001994 1.000000 0.000778 -0.009548 0.000776 0.017562 -0.0C
messages

T?::ﬂ[ﬂ:ﬁ 0.006216 -0.008264 0.000778 1.000000 0.006750 1.000000 0.007043 0.01

t dMEz2ABT ftej Hy dzj dzdj CBtetej dzdtelze M dn

] sdzz yd dzdzOv BBOIsted y @ X35 J dzj tc @O wBg BJ dz
(9 tjOdz dz' » LOHOYOR HBO"N ddzdesets tsB Iz Yy dac
fstevm€dpmd Bpdzj izt dBVONPO Bt yr t6OMMA&ZOIsts
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HOdzdz" » JtosOdzOdzdL Jtetso Ols! ¢ ts toitelg ted» nyte J d3Ct
L OHQUWXY.tcd di3j tetd MdRtsyz: L 59 Ols mMCtedylisr , H dz
Co1 WWdydj dzsse | Bzleg!] gzv Wdgf. s dz? L ts9 Ols! fn
G tc OWidh€atnmag tc d i 2.1k ¢

sns.heatmap(data.corr(), cmap=plt.cm.Blues);

Account length - 10

Area code -
Number vmail messages -
Total day minutes - - 08
Total day calls -
Total day charge -
Total eve minutes -
Total eve calls -
Total eve charge -
Total night minutes - -04
Total night calls -
Total night charge -
Total intl minutes - -02

-06

Total intl calls -

Total intl charge -
Customer service calls - -00

Chumn -

mememe

rge
tes
alls -
rge
utes
calls -
Churn |

uuuuu
CCCCCC

Area code -

Number vmail messages -
Total day calls -

Account length -
Total day charge -
Total eve
Total eve c
Total int
Total intl charge -
Customer service calls -

Total eve minutes -
Total night mi

Total day minutes -
Total nigh

Total night ¢

Total intl mi

t dmEz2u8TC) L 2OdzdL Oydvw BOLELdYO CBStcts
Gt OW d ¢ keatimap f O

sttetej dzdtolze h d j S o dztizgO& H Ocdzw 5 Isyw  dz
ftesyd Mid tBEYJ ddW.

l Oydz § L O] yodadw

1. d4lsOls! w ts sdf On CtcOW dCtso i tcd
https://medium.com/opemachinelearningcourse/opermachinelearningcourse
topic-2-visualdataanalysisin-python846b989675cd

21 C€Oyjmbkej MtejH' t©OLWGOBESISCd dMY tsc
Python Javad dz€#. 1 5 Mtc dzOMtsdf @dedféetsH O Ols j dzj d3 f
MOoisMistswilsj dz dzgts sy JIs o' BOIs! Wi ¢ {to
(fted L Issd3 MlskHjdzskz dzj sBatSHdBS Stedlilsd yd



https://medium.com/open-machine-learning-course/open-machine-learning-course-topic-2-visual-data-analysis-in-python-846b989675cd
https://medium.com/open-machine-learning-course/open-machine-learning-course-topic-2-visual-data-analysis-in-python-846b989675cd

31
2. ltd o' BBt (datasB)EiOO tor Qjdzdp@EPESB ~ SH d
M zOMtso Ols mMots?2 eo"BBIK M Httzeddd Miski
COC t©OBEBISO dZOH BHJRZOSCBo " &3 dzOB SO +
3. ] COREOr HOMdEZEEs OBBWOISStcdEsGe S
d dzfis ez d3j Bpth@te(d § B dzd 515§ € B fHdzY  tet®) NejOa
f sMisOo dzj dzdz" = L OH OY.

RdzZHJo dHEZOMz dztsj L OH Odzd J

1. 1 HBJjtedlsj dzOB ts5§3,4hdoO dags & dzQ@APEz Zelg jin) it
ftcj f SHO9 Olsj dzj d3. dlskzH jdzls sy jIs ftoj H dzts:
Isj BOIdE B2 BOcdMmisjteMEsets dMmMMmdzj Hise Odad W .

2. o jeedisdzr A J OdzO didnts B 15 P dzda’ ded. d30 dzd |
ZHjdzd Is CteOW dyd M¢ sdizkz ftcJ HMIsOo dzj dzd
odLEZOzdL Oydd s cdstsidyes h g jHifdxrdd s, & wiffs
ClOWdE s Y Jj d&zOIj dz' dzs HtetsdL o fhlsd OEZO dzg
HOdzdf fiff sdz! L 59 Ols? COC By dets Btsdzj j t©OL dz

HUBHjEYOdd] Glyjko d jet Wi

[suyjl 5 dOBttOtds? ©OBBI] HEGdY,]
1. 1 s3ite d dzOL 9o Odzd] dzZOBtSKOISBStedzts? o
2. 1 JO0dzdL Oydw COYHBSEB f HeCdEst) i OHIEOR

fodo jHjddjd JMosHdses SBHO §sdOd

odLEZOddL Oydd HOdzdz - .

3. [kojlk' dzO Ctodidstetsds dF j oy tetshmr .
4. CCtOdadz’ | Witedd (Stdeftsdz dgf 2 or ots

Coddzj dels OtcdwVw B3, fsCOL" 908 h djtofesbY 8OE Sk

jLizd 5OIr, fodkzyjdd j o RtHj JY of ft
syl 5 or ftsdzdsj dzdd OB SOl dts? t©C

MHOjlsMY ftjftsHOs Olsj dz¥ .
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ssdzstetsdz’ dzr j ot totsfyr

1.sO0Cdd ddemlstelzd3j delsOdzt dzr § My HMise O
tcOB Y G5 & iplB&@aStjdghgéy d O dz

2. s 0¢dj BdBPyzos N dz L 2z Isfyw Hdzv Ol
BOh ddzdzse s tspbkzyjdzdw? 1021 CttOlSkzE - Ot

3. Isuyjdkz ftwd ©jOddLOoydd mdmlsj d
cOMf esMistcOdz] dzdj ¢ Bydher®R ddzd BdB dZdBIsj € d

uf dst§ dzdlsj Ozt
[ dzv o' ff sdzdzj dzd V¥ dzZOB StcOlstedzs?2 OB SisT

Hdzv o jlkO 20 Ctdstesd dF | oGftsh’ toj
dMmissydedl$ d: [ 1
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forftouvftr1oCc BIrHesRyYruwsrRr fruvlr3
S| b8 RARS OARR

AJdd d L OHOYyd

A dz ZzOB BtcOIststcdes 2 yJ z@pg slsf tcd dzyd f 59
d deVv 5t 3Oy digdaps s dMysd L s OdzdJ & B Iste
Cazommdw.ds oydd

ImMdzso dzr J L OHOY(Jd:

T dLiyjdedd  ddzfm Bythndsy dizls O e *O dzd L Oy d d
B stedud MEs2 S dzOMMd¥ dSOydd

T drizuyj dgfjssH e B SPBHPL OB Istetso B4 Is
CazOMmMmd¥,dscoydd

isme 5 dad J  dZENNIdRJOi @] 2

v itstejlbdyj Métsj tBMmdetse Odad j

1 jtejH o fsdzdzj dzd j &3 dzOB stcOlststedets? tc OB
sitstedy?2 fomstesj ddw d&jbstedyd MSdns & dzOMmH
dmissydiepl fMsets] oded d3Odedd dzj sB - tSH PP [
dmrtHdz &3d ¢ tsH O3] .

[BSstcZHtBsoa Odedy d d3OIsj ted Odzr

[ dzv o' f sdzdzj dedw dzOBtsStcOIststcdzs? OB SIS
f 4 emsdOdz! dg" 2 Csdisf ! s Isjte Mts MmdzjHEzs " dc
cOLtcOBISCd (o' BteQlis'dz! te d df to Hala O dzddlzf
ftcOChkdyujMSts?2 toj OdkdL Oydd MDis@alStudaRels tc O |

d eorhj; Mmt] Hadadai@ jtac)stRjHdafnEdonda.
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LEOLOddY s IsjrddSj BJL B OF

dlskHjdzlst HBdydr MdzjHtso OB L 5§ Of)dzts fif d
fsd LsoOlsjdzj?2 jtemtsdzOdz’ dg' 7 SCtsBf! 8 Isjt
ftesdLotHdIs! j Bsdzls Isj mdzdyj MS dr ftej
flesCtOBBdsets B j MY j uj ddv. J fdzlz Y O j
dzj sBrtsHd B3s MtstsBh dlIs! sB | Istgds dz®a E=3d dedid
(sBfdzEy do Os h j Bz f j eisdzOdzz OB steOlststcd C

[jssHdCO d fstWHEBSS of ff sdzdzj dad

1 jtoj H 0" f sdzdzj dzd J O3 dqdzH do dH ZOdz! dets@
or fsdzdzdls' oMmj fbkdeSlsr bkyjedzs2 L OHOY] .

LYJ BdZOW L OHOYO

l OB Or HOdds?2 L OHOYd CaBndGdh & ©6
dimf sdz’ L so Oded j i3 3 stsH.Of BUAYJORISedjm  dpAsHE:
dmfsdz L ¥ sfpw HOdzdz'.j 5B dtedmMOA Adh jtcO

Il 03¢ Or HOddzs?2 HOBGStOIstscdzs?2 OB S|
B d B dzd tsgajdésdPandasi { Ists BdBdzdtslsj €O Pyt hon,
h s ] otsL sy desfisd Hdzv OdzOdzdL O H Odadz -
MY j yd O Bafaii$tsence YOMists O dizg ls|fgzats d3.chvis.tsufz0O Is
Xlsx, &) d f sd3tsh + BdB dzdtslsj € d Pandas
sBtcOB OlIsT 9 Ols! d O0dzOdzd L { 5B {5 0 K te-SinLs@ ts dztPhe
ftocjHsMsOadzv jIs hdiesCd] otL By dsMmisd o dL
ofow L Cj M BdBdZdtlj COdBd Matplotlib d S

[Mdzso dzr i3 MistezCIsktcOdZd HOdzdz" =« © Pa
DataFrame. 1 jtor 2 dL dzdnr {( toj H)ilc@®o @'dz0A
BOMMdo HOdzdz' = dzj Cslsstesets W Gigd ted 2@ diiz
MstczClsktc® HOdzdz" m, ftojHMISOO dzv ¥ h OW MBI
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MsHjteydls HOddzr | BHdesets Isdf O. [ sy dets -
sdf © Series. t Is tsisCdds|lytetlds Of astHa AsrHagnse  H dzW
tcj Odz dgf = HOdgdzr =n: MlstesCd Mstslse jIlsMmisea z¥ |
sBi jCIstse , O MsdzByr Mtstslse jlsMmlsalze ls { tec
1. 10 ©&di). f§tcj H Mis O PyrpndslotebdwkiH d&¥ L OCG tok
dMrtsHdSGES dzZOBBtCO H Odzdz -~ .

In [8]: import pandas as pd
import numpy as np

data_source = 'iris.data’
d = pd.read_table(data_source, delimiter=',")
d.head

5.1)|3.5)|1.4|0.2 |Iris-setosa

4913.0(1.4]0.2 |Iris-setosa

4713.211.3|0.2 |Iris-setosa

50(36(1.4]|0.2]lIris-setosa

0
1
2146131 (1.5]|0.2|Iris-setosa
3
4

54(39(1.7|0.4|lIris-setosa

{ MR MY Sdz Lpnedsday L OctelzL Cd |

sz HEzjls SBtOldl: oddBOdedj, uybst
qdzs jeftojlsdteso OkOM! COC hOfCO IsOB ddy
dzj Is sy dig sl 'S s H d i35 MAAfitz®d qflsy ©B3QPL &5 &HOT &
Mz yO] Mkl §stcwHCso™ j desdjcO o CC

In [11]: import pandas as pd
import numpy as np

data_source = 'iris.data’
d = pd.read_table(data_source, delimiter=",', header=None
d.head()

Out[11]: 0 |1 |2 |3 |a

513 1.410.2|Irns-setosa

4913.0(1.4)|0.2 |Irs-setosa

4.6(3.1(1.5(0.2 |Irs-setosa

0 3.5
1 0
2(4713.2(1.3)|0.2|Ins-setosa
3 1
4 6

5.0(3.6|1.4|0.2 |Ins-setosa

t dMzI2E § sB O dzj dzdDjtaFra@d & d z d3ts dzy O dac

RfMdzj Hso Ols j dzr  8OCy ] dBsyjl HOl: fd
LOckL 83). (tdf.
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In [19]: dimport pandas as pd
import numpy as np

data_source = "iris.data’
d = pd.read_table(data_source, delimiter=",",
header=None,
names=[ 'sepal_length', 'sepal_width’,
'petal_length', 'petal width"', "answer'])

d.head()

out[19]: sepal_length | sepal_width | petal_length | petal_width | answer
0|51 3.5 1.4 0.2 Iris-setosa
114.9 3.0 14 0.2 Iris-setosa
2147 3.2 1.3 0.2 Iris-setosa
3|46 3.1 1.5 0.2 Iris-setosa
4150 3.6 1.4 0.2 Iris-setosa

it dMEzIBE § sB O9 dzj dzdPgtaFramdh C &) d d3o tsdz' dz" did
MistsdzB ytso

2. 1 sMmdzj LOGlzL S d HOdMdk =~ ®Bsyds od
dzOB tstc H Odzdz' = . rdzv o dL E2OdzdL Oy dd dsealmolnH j ¢
(te d 8)4).

In [18]: import seaborn as sb

%matplotlib inline
sb.pairplot(d)

t dMEzE § sB 09 dzj dzdPataFra@ddf & d &z d3ts dzy O dac

] ®©jLbkd O] G&OY®ES,o BSEE WO O% h 2
sBi | IOtds 5 ©OL &dyas)d fiedL oS od ( t
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t dMEzABE L s Otedzs] fodL dzOSso sy O

10 ctcOWdS ] s Otcdesets tcOMY toj Hj dzj dad W
5B L dzO Y dzdive P (R igfedsy Js ddedzle Ots © . [ IsH j d
slsd3j YO Ismw tOL dzd ydzr &5 Yo jlsOdBd, des o(
Bdzsy j lso O Istsyht fzj HeOj I8 | tzp gOIsd s o dzd BOC
O sdztsy jdzdzr | 5 HJOCOROE]. 1 SHEHBO2 IS

3. 1dzv ftedHOddY BEOEEiESERCHEDjlste
ECOLOL!, it COCtBkE ftodL @DCE tWOLHJ dw s I

In [23]: import seaborn as sb
%matplotlib inline
sb.pairplot(d, hue='answer')
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{ IMEAEC sf Otedes] ftdL OS5 ©OMY te]
&ZO € dzOmmr

§

[ sy des L d3j dzd Is BOtE j torf COYHBEB §c
dmf sdz' L tssb@dsrplot(d, kue='answer', markers=["0", "s", "D"])

4. 1 jtoj2H] O3 ¢ f smistetsj dzd © BtsH j dzd .
CdgdW dS Ooydd H 5 dzy dzO sBj M jydoe Ols! M
fsdzl LsoOlsjdz2 ootsHdl deseatsy fHftodL dzOS so s
o tBkYyoOrh j2 orBBt]j), O Odkestedlsdy ¢ dzO
SHdsiz dqL ¢ kzommses ddmtse .
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5. wkhjmlsokjlk dzj ifRis daks st HEOO teafd@dyy O 2 N
SONHOW  |BSHj d fejH SOOI  dzOdzd yd j
sflsdidL Owdid.sd L £j iw  seikie deditgls | Qs s to &
C ZOMMdW dC B0 ( df.

from sklearn.neighbors import KNeighborsClassifier
from sklearn.metrics import accuracy_score

X _train = d[['sepal length', 'sepal width', 'petal length', 'petal width']]
y_train = d['answer']

K=3

# Co3zdaHue U HacmpoUuka kaaccugpuxkamopa

knn = KNeighborsClassifier(n_neighbors=K)

# nocmpoeHue Modenu kaaccupukamopa (npouyedypa obyyeHua)
knn.fit(X_train, y_train)

# HcnonesoBaHue Knaccugukamopa

# ObvabneHue npusHakob obvekma

X_test = np.array([[1.2, 1.0, 2.8, 1.2]])

# MonyvyeHue omBema dna HoBozo obvekma

target = knn.predict(X_test)
print(target)

['Iris-versicolor']
{ dMEABET Mdetso dzr j 5O tojh jddw L OH
Bdzd % @21 dn MmsMminji?2 M dhyckitz L se

v f o] dzfpls Oo dzjxdadstictsy wismizj20sl§0 § & d3j dzv
fodL dz0Cse d fshmdjHdls] LO dL dj daj dzd j o3

6. [ BHJjd f(hHeowsjogds Glse jls HAzvY dser
dimMrtsHdzs?2 or BBt j) Bl jCIst88., mezi HE@JzBdzd
mMdzj ke hdj dzgj HBMISOISd IOCtSEe fBHABHO:

ie COyjmbe,j SCtdzdy mlseoO® Bdzdy OKE3 -~
o' BisStc HOdhktscts L dz0Qj v , dzflzts 5B s g szl
HOdzdz" 2 f OtcOd3j Istec Hitsdzy jdz s IsddBdL Jtetse Ols

i slsmizlsMmilse Hgdls s ¢ @CaOW d yj MS 54 ftoj HMIsC
odLEOdZJLOydd ftesyj MmO ftoeddgwIsdw tej h j dac

RMftcOo dd3 HOdzdz" | dzj HsMIsOISC (.
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7. 1 02 d3j dsmw sBisMmdzseo Odzd j & or Btstc O
Codzd yj Mlso © B dzd y O2B 5[5 Mmastny Hdg 2 d M tf sla! Lits e
5 Y JlzizCs O uhplihdsre(t©d 8)9).
from sklearn.model_selection import train_test_split

X_train, X_holdout, y_train, y_holdout = \
train_test_split(d[['sepal_length’, 'sepal_width’,
'petal_length', 'petal_width']],

d[ 'answer'],
test_size=0.3,
random_state=17)

knn = KNeighborsClassifier(n_neighbors=3)

knn.fit(X_train, y_train)

knn_pred = knn.predict(X_holdout)

accur = accuracy_score(y_holdout, knn_pred)

print('accuracy: ', accur)

accuracy: ©.977777777778

i dMEzABET yj &z O bsydsfhlsd € &zOmmdH ds
& Is ts thafdkodt

] COoyjfmbej +CMfjteddsj dzsO (sfitesBlz2IS,
MsMjHj?2 d ttOmBtslstedlsj dL dBj daj ded j Istsydatsf

8. [hJj BHdAO tyj désalidaiin(C\H&mor 0 @8dd.
fsCOLOdz OdzestedIisdz § sdzz yj ded v @A dzGedizg@s 1
o' BstcO tsfflsdBzOdz desets L dzOyj dzd "KNNdEIZzds\NjdaEs
HOdzdzts?2 tsyj dz€ d .
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from sklearn.model selection import cross val score
import matplotlib.pyplot as plt

# 3HaveHUA napamempa K

k list = list(range(1,5@))

# Mycmol cnucok 0M1A XpaHeHuA 3Ha4YeHul moYvHocmu

cv_scores = []

# B yukne npoxodum Bce 3HauyeHus K

for K in k list:
knn = KNeighborsClassifier(n_neighbors=K)
scores = cross_val score(knn, d.ix[ : , ©:4 ], d['answer'], cv=18, scoring="accuracy')
cv_scores.append(scores.mean())

# Boryucnaem ouwubky (misclassification error)
MSE = [1-x for x in cv_scores]

# Cmpoum 2paguk

plt.plot(k list, MSE)
plt.xlabel( ' KonuuecTeo cocepeit (K)');
plt.ylabel( ' Ouwubka knaccudukaumm (MSE)")
plt.show()

# Muem MUHUMYM
k_min = min(MSE)
# lpobyem Haldmu npoyue MUHUMYMbl (€CAU UX HECKO/bKO)
all k min = []
for i in range(len(MSE)):
if MSE[i] <= k_min:
all k min.append(k_list[i])

# nevamaem Bce K, onmuMancHeie dnAa modeau
print('OnTumancHele 3HauvenmA K: ', all k min)

t MEzMBEt j OdzdL Oydw HtesyjHEZzter o' Btsts
ts fny dzisresgvalidationerror

lTotH HdW HOddddscects CBAIO ftj HMIsOs dzj dz

0.07
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0.05
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0.03

Owwnbka knaccudpmkaumm (MSE)

0.02

0.01
0 10 20 30 40 50

KonuuyectBo cocenei (K)

ONTuUManbHble 3HadenwuAa K: [13, 18, 20]

t Mz T] L 2OdzdL Oydw or Bste® G Isd B3C
crossvalidationerror



42

l Oydz § L O] yodadw
1.1 tcd o' Btste] dz@iatsE)Qz0H GdpdhFzAt GgPBEB -~ SH d «
Mtsec zOMse Ols! Mots?2 orBBte M Htekzeddid MmMisk
yJ zZj,Hdf misd disMmisd o' BBtcO. sHddzOC s =7 9
2.1 cOREOr HOMdEZEES OBBtWOISStcdsets ¢ L
d def s to Iz d3j Bpth@te(d B dzd 515§ € tgdmdzy tet®) NejOa

f sMisOo dzj dzdzr = L OH Oy
3. ltcd orBBtcj dzZOBBICO HOdzdzr = fdzj HI
OB st O3, SCwlstster j ddjels MmdzjHkzs hdj =~ Ot
ftodL dz0OCts9 dzO B jJous(mMdzsmy j f oy j dzOB g dz

ftosf zMCtse o HOdzdz = .

RdzZHdo dHEZOMz dztsj L OHOdzd J

lulskzH j dzs MOBsMistswis j dz' dets o' B 3AHjdsy dz
fficsj dedw € zOMMdW dS Olstste® M dMmf sdz! ftse C
McedzOMEzjls Mets?2 or"Btste M ftojf sSHOO Olsj dzj c

2.l T i sdzded sy Y wsMmlstetsjdedy disHj dzd € dzOTy
Bdzd y ©O2"h dn MsigijHjidzd Wl LSOOG dzj 5B~ SH d d3
f sHL OHOYyd:

2.1 wBusifdsd ] € dzOMmd W d SKOIsStstted@d Uy frLls@ HOO dadc
MsMiHj22) fd Ltse Olsj dzj d3;

2.2 17 ydmdzjhdatfoptH &2y j O dzd yder ©dzOQY sz
teOL dzd ydz' = Htsdzj 2 ®BEZYO®s M j2 d IsjfMmisdtelze h

2. 3 11 ydfmdzj aedsyalidetignjHdd®vd tc O L dfdwjdzdR?2 © o
sOCYj Hddv tcOL dztbid @@ tshdzd yde@® g p R 2 s H dzdats ) j
o Odzd HOYJd d

2.4 1rydmdzdlsj ts{ls KO df eds fijdzlz 2 de@ y jfivted
ltotsH j i3 dzMistcdtcz?2 s My sdz L s Oded j 1 tsdzlz
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HBH Y Oded] BlsyjlsoO d Jet Wi

[sy] O stcOIststcdzets? tOBESlIsy Htsdzy j dz MSH

1. 1 BBt d dzOL 9 Odzd) OB BKOIsSsStcdzts? 16

2. (4J0OdzdL Oydw ¢ Oy H trREdzH df dzdizf BsQdz! felstsiljc O
ftedojHjddjd3 dMraBBHAdes (SHO {ttisctcOdd
odLEZOZdL Oydd HOdzdz = .

3. [loajlr dzO0 Ctsdzlstetsdz dzr | otfftetsfr .

4. CCtoOdedz" | Wit (Stdefftsdz dzf 2 o7 o ts
Cdigdzj dzZls OtedvWv 3, sCOLr o908 h dj §BteWHBE ¢
tejLlzdz O™, fosdzkyjdsde § © ~tHJ JVY orf fft

{sudls t o' {f tdzdzj dzd d YorBtschehfy IsesArjdissiw  tefif:
MHOjIsMw ftojf sHOs Olsj dzv .

sdzstetsdzl dzr | ot totsr

1. V1 swinded Is § stse j dedzts s sMdetse dzr n
C &OMMd¥ S Oydd: ojlstsH Bkazdg QDR ) . fiptsiipi H
21 swimdzdlsy wMmdzesodz" § GTtwddzydtd kNN + sOf
31 swidedIsd Hfteddzydf o' BtcO® Ctsdzdyd Mise
sftcjH]dv]jlsmMw fteddOHddzj ) desfyls! vy jUajr® fipig bs.
4.] yYjd L OSCd&zt yo,jlsmw dBBj?lstsH f OteL j dets o fi
51 swimdzdlsy fteddzydyd B IstsHO  Isj dzyd Odz
6.1 OLtsoadlsj, BE PG s BOEGBJL JNXP Is o d3jls

s dmMsS dzdlsj O kzter
[ dzv o' f sdzdzj dzgdV¥ OB StcOIlststcdzs?2 tcOB SIS

Hzw ko jlsO dz0 Coddstesdr dzf j toasdldets i dzjowj b
dMmlstsydzdl¢ d: [ 1
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[orftovft1oCc BoINIwyrusrREIT
S8 RARS O ARR

AJdd d L OHOYyd

A j dz dzOB tstc Ols s tc dzts 2 tcOB SIsT dL zyy
d dztt steBOYd Bdetipls g3 d MY sdz' L tes @ deqd @S d - d
Cazommdw ds oydd.

ImMdzso dzr J L OHOY(Jd:

I she 5] dzd § IsSj ndetsdzise deCzj tsEzsdg VY o
My d ek spted dztsy § ded v ;

I she 5] dzd § s ~dzsdzsce dd o dzj HicJ dzdV Oz
Hjtejo' jo o Htoddztsy j ded VW ;

TdLzud dzd § tBie @ dgi§ e d W d ¢ Oyd d ;

ismMotsjdzdj BSHIWJECOYyd?2 dtsedu mMSdr

vjBtejlsdyj MSsj tBtsMmdatse Oded j

) jtejH orf f sdzdzj dzd j f  cri@jBisBiciCrisHisthengis 2ts Ltadd®
sjtedj?2 (oMt ddy d&scduyimMSdn ¢ &omm
d mls sy fizhI¢ d :

[BSstcZHtBsoa Odedy d d3OIsj ted Odzr

[ dzv o' f sdzdzj dedw dzOBtsStcOIststcdzs? OB SIS
fJjemtsdzOdz' dz" 2 Cod3f+ s lsjtc Mmts fdzj roOsdddd c
tcOL tcOBBISC (or BtcOlIs! SHddz dJdzd dzj MG 5
fteOCIdyj MEts?2 toj OdzdL Oydd MPDMis@IStuda2@1s tc O I
d eorhj; Mmtej Hadalkl jid)ptdjddaSnadondy
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LEOLOddY s IsjrddSj BJL B OF

dlskzH j dzlsm HnsgpHdze Ols'  Bh jitoddzw Ists?2  Is,
ftsdz L s Olsj dzj 2 f4temMsdzOdz! dz' n Csdif + ¥ Isjt
ftesdLoBHdISH tcJ d3ts dzls Isd mded Uud MS dn fmtcj
ftosctcORBBAEE S sBJ Mt J yud ded v . J Mz yOj
dzj sBrtsHd BBtis ! MisBB hiflstsdz OH BB dzad MistcOlststclz
(sBMdizEy do O h j &3z § jtemMsdzOdz d&zOB StcOIlssted C

[jssHdCO d fstWHEBSS of ff sdzdzj dad

LYJ BdZOW L OHOYO

J tc O3S On zyd B dzts 2 L OHOYyd dzj 5B -~ SH
CzOMMdW dS Olsstc® dzO0 tsMmdetse J dztsE g P M H OGS
dmMfsdz L zj Ismw dzOBtste HOdzdz" = 8B dtedMmMOr 7

1. 1 tsHGdz¢e ydd3 BdBdzdsilsj € d, Cslstste” j
fJtcoduyudesets OdzOdd)L O HOdgdzr = (tedfm.

import numpy as np
import pandas as pd

%matplotlib inline

import seaborn as sns
from matplotlib import pyplot as plt

data_source = 'iris.data’'
d = pd.read_table(data_source, delimiter="',",
header=None,
names=[ 'sepal_length', 'sepal_width",
‘petal_length', 'petal_width', 'answer'])
dX = d.ix[ : , 0:4 ]
dy = d['answer']
print(dX.head())
print(dy.head())

sepal_length sepal_width petal_length petal_width

] 5.1 3.5 1.4 0.2
1 4.9 3.0 1.4 0.2
2 4.7 3.2 1.3 0.2
3 4.6 3.1 1.5 0.2
4 5. 3.6 1.4 0.2
[} Iris-setosa

1 Iris-setosa
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{ dMEz4AE R MY Sdz L preddsdafy L OctekzL Cd d&zO

2. 1 dzw f smistetsj dzd W Hyted 90 ¢ dzOMmMmd
MYy J yd 0dz' dzr dkledindz@ddeitjdsodi reeClassifier [ yJ dzd &3 Is t
BsH j dzd Bgldosty twdfif). e dzj HEzjIs tBtOIsdIs! 9 dzd ¢
BB ssH] By O2hdar MtsMjHj2 { tcdr otistitef@zf
K i ¢sdzdyj Mo iz Bdzd y ©2 N dn mMemiH] 2, |
DecisionTreeClassifierdz) sBr SsHd d&3s k¢ OL Ols! Ho © f Of
cdzzddzz meydepth @ Etdzdyjmsets HtodL dzOC 5o

(max features.

from sklearn.tree import DecisionTreeClassifier
from sklearn.model selection import train_test split
from sklearn.metrics import accuracy_ score

# [ModmHoxecmBa dna hold-out
X_train, X_holdout, y_train, y_holdout = \
train_test split(dX, dy, test size=8.3, random_state=12)

# 06yvyeHue modenu

tree = DecisionTreeClassifier(max_depth=5,
random_state=21,
max_features=2)

tree.fit(X_train, y train)

# [Mony4yeHue oueHku hold-out

tree_pred = tree.predict(X_holdout)

accur = accuracy_score(y_holdout, tree_pred)
print(accur)

©.977777777778

{ dmiz42E§ B zuj ded § ¢ ds®RfPaidtid S ©ydd d Yy
d3J Is ts hote-dgit
3. lwsdreajHjdg syl dz€ & [Is 5y detwdgimtidatiopts H |
(tcdB) , O IsOCyyJ MH] &ZOj d3 or" 9tsSH ' sB s

max_depth
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from sklearn.model_selection import cross_val_score

# 3Ha4eHus napamempa max_depth
d_list = list(range(1,20))
# Mycmoli cnucok 08 XpaHeHUA 3HA4YeHuli mo4YHocmu
cv_scores = []
# B yuksae npoxodum Bce sHa4veHus K
for d in d_list:
tree = DecisionTreeClassifier(max_depth=d,
random_state=21,
max_features=2)
scores = cross_val_score(tree, dX, dy, cv=10, scoring='accuracy')
| cv_scores.append(scores.mean())
# Boiqucasem owubky (misclassification error)
MSE = [1-x for x in cv_scores]

# Cmpoum zpaguk

plt.plot(d_list, MSE)

plt.xlabel('Makc. raybuHa pepesa (max_depth)');
plt.ylabel('Ounbka knaccudukaumm (MSE)')
plt.show()

# Wuem MUHUMYM
d_min = min(MSE)

# [pobyem Halmu npodue MUHUMYMsl (€CAU UX HEeCKOAbKO)
all d min = []
for i in range(len(MSE)):
if MSE[i] <= d_min:
all d_min.append(d_list[i])

# nedamaem Bce K, onmumansHsie dna modenu
print('OnTuManbHble 3HaveHua max_depth: ', all_d_min)

t dMEz4ABE T yJ dzC O Istsydzts Mis d cradgssadidptont d3d
ZORBYHjddj tsflsd diz0dz dzsnetsdepthdzO y J

| jLkd O] ©OBGI" HOddSE SHAE BH O

B
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OnTUMaNbHbIE 3Ha4eHWAa max_depth: [3]

{ ME4ZETr o sH L Oo d d BESE &  f Q@ aERGpHE

4. [ flsd BOdz dzsj L dzOmpx deffthjds sfHQ (3 jf ldstebar y
) BsHjdzd ftodmizlsMmise zj Imax fedtufes 6 Gzt t¢f rOXs ¢
EmMlsOdzso dzj dz © L dz2Oyd dedd 2 (dzi dL d3j daw dzipw
crossvaldationf s ofMmj d3 § OtcOd3] IstcOd3 oGsidPfacEVL k2 j
f OC gkle@®nmodel selection( tc dif).
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from sklearn.model_selection import GridSearchCV, cross_val_score
from sklearn import tree

dtc = DecisionTreeClassifier(max_depth=18, random_state=21, max_features=2)

tree_params = { 'max_depth': range(1,20), 'max_features': range(1,4) }
tree_grid = GridSearchCV(dtc, tree_params, cv=18, verbose=True, n_jobs=-1)
tree_grid.fit(dX, dy)

print('\n')

print('Nlydwee coYeTaHWe napameTpos: ', tree_grid.best_params_)
print(‘Nydumue 6annbl cross validation: ', tree_grid.best_score_)

# FeHepupyem epaguveckoe npedcmaBneHue depeba

tree.export_graphviz(tree_grid.best_estimator_,
feature_names=dX.columns,
class_names=dy.unique(),
out_file='iris_tree.dot’,
filled=True, rounded=True)

Fitting 1@ folds for each of 57 candidates, totalling 57@ fits

NlyHwee codYeTaHue napameTpoe: {'max_features': 2, 'max_depth': 3}
NyYwue Bannel cross validation: ©.96

[Parallel(n_jobs=-1)]: Done 57© out of 570 | elapsed: 3.9s finished

{ dME4BEE ORSHY Hj ded ) GflsdBOd d' 7 Ot
¢ zomndw d¢ oydd

1 swidzd sy " atsH HOdzdzsets WitcOcE d&3j dzls ©.
¢ Of6ld, candidatefit. s OCdJ L dzOyd dedw  tod dzd d3Os Is +
CsHf Y j @Bz ?

sz HEjls tBEOIdIS! o dzd B3O dzd 4 , Ylsts o
f OtOd3j stetso, WOCIduimMed, B dzs f tsistetsj d
r smiszy € HOdzdzsdzz H j toj 9 Iz bedf éstmdhitoroSisda@ffisii®
GridSearchCV | CtA5) (fetdtigfimwe stHdMY stcls § sdzlz YJ
Wstedzts 1 sdzzyj dzdzr 2 W sted3Ols  dptsppudetic J - to jing B
fn © 2hikpd/webgraphviz.coml sdzlz yJ dedetsy H Jjte]J 95 46tcj H Mis
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sepal_length <= 5.45
gini = 0.6667
samples = 150
value =[50, 50, 50]
class = Iris-setosa

Tru‘e/ xilse

petal_length <= 2.45 petal_width <= 1.75
gini = 0.2374 gini = 0.5458
samples = 52 samples = 98
value =[45, 6, 1] value =[5, 44, 49]
class = Iris-setosa class = Iris-virginica
| \
ini=00 petal_width <= 1.6 petal_width <= 0.7 petal_width <= 1.85
9 ~ gini = 0.2449 gini = 0.301 gini = 0.0425
samples = 45 _ _ _
value = [45, 0, 0] samples =7 samples = 52 samples = 46
s value = [0, 6, 1] value =[5, 43, 4] value = [0, 1, 45]
class = Iris-setosa o . o ! D Y
class = Iris-versicolor class = Iris-versicolor class = Iris-virginica
gini=0.0 gini=0.0 gini=0.0 gini = 0.1557 gini = 0.1528 gini=0.0
samples =6 samples = 1 samples =5 samples = 47 samples = 12 samples = 34
value = [0, 6, 0] value =[0, 0, 1] value =[5, 0, 0] value = [0, 43, 4] value = [0, 1, 11] value = [0, 0, 34]
class = Iris-versicolor class = Iris-virginica class = Iris-setosa class = Iris-versicolor class = Iris-virginica class = Iris-virginica

{ I ME4BEE OR sHY Bj ted §50dz dz7 & § OOk Istot
CzOmMmMd¥ dS Oydd

] swidzd Is L dz2O0yd dedv t J ted d3d dzdz" ~ gim, [zl
samplesvalue

5. [flkdd0d dF j §OwOdkjlster GtejHjdzj dz
M sdz L 5o Ols! jj HdA7).C ZOMMd¥dSOydd ( sc

# Mocmpoum obnacmu peuweHus 0na onmumansHozo OdepeBa
# max_features = 2, max_depth = 3

dtc = DecisionTreeClassifier(max_depth=3,
random_state=21,
max_features=2)

dtc.fit(dX, dy)

res = dtc.predict([[5.1, 3.5, 1.4, ©.2]])

print(res)

['Iris-setosa’]

t dmMiz4zE @ MY sdz’ L 859 Oded §J dSH J dzd dzisG (

6. | LOCd&syjddd ¢smbsesdd jhj ©H
dzse d yd M¢ 52 CHOMipEORG @I ES " O " dj Gtc@
CzOmmMd¥ d¢ @8).dd (tedfm.
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plot_markers = ['r*', 'g*', 'bo']
answers = dy.unique()

# Coadaem nodzpapuxku On8 kaxdol napsl hpusHakoB
f, places = plt.subplots(4, 4, figsize=(16,16))

fmin = dX.min()-©.5
fmax = dX.max()+8.5
plot_step = ©.82

# 06xodum Bce subplot
for i in range(@,4):
for j in range(©,4):

# Cmpoum pewaiwue 2paHulsl
if(i 1= §):
XX, yy = np.meshgrid(np.arange(fmin[i], fmax[i], plot_step),
np.arange(fmin[j], fmax[j], plot_step))
model = DecisionTreeClassifier(max_depth=3, random_state=21, max_features=2)
model.fit(dX.ix[:, [i,7]], dy)
p = model.predict(np.c_[xx.ravel(), yy.ravel()]
p = p.reshape(xx.shape)
p[p==answers[8]] = @
p[p==answers[1]] i
pl[p==answers[2]] = 2
places[i,j].contourf(xx, yy, p, cmap='Pastell')

# 06x0d Bcex knaccoB
for id_answer in range(len(answers)):
idx = np.where(dy == answers[id_answer])
if i==j:
places[i, j].hist(dX.iloc[idx].ix[:,i],
color=plot_markers[id_answer][@],
histtype = 'step')
else:
places[i, j].plot(dX.iloc[idx].ix[:,1i], dX.iloc[idx].ix[:,]],
plot_markers[id_answer],
label=answers[id_answer], markersize=6)

if j==e:
places[i, j].set_ylabel(dX.columns[j])

if i==3:
places[i, j].set_xlabel(dX.columns[i])

t dMz48E ¢ smistetsj dedjy tej " O h dn

lTotsH HOdMMEBsME 8a @9dz dzO tod M.
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t dkz4gs g j MO N dj cOddyr dsedyd et

7. JritsdzdzdIlsj ddzHndodHEZOd detsj L OH Odzd |

l Oydz § L O] yodadw

1. 1td o' BBt (da&sB)EitOO toy AjdzddFPEB ~ SH d
Mse zOMmMtse Ols MmMots?2 orBtste M HEkzecddizd MiIsk
yjdzi ¢ dzgj HsfEmisddsmisd o' BstcO® BHJAdZOC ST

2. 1 ©OBRBCOR HOMREsSEs &OBGKOlGHLkZSE S
d defls to Iz d3j Bpth@te(d B dzd 515§ € 19 4 H dz'te jtd QLG
f sMisOo dzj dzdzr = L OH Oy.
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RdzZHJo dHEZOMz dztsj L OH Odzd J

1. wlskHjdzls MOBsMiIstsw s j dzi dzts o [3pdfHtaid)] Is
f smistets j ded W CazOmMmMdW S O stc O fn dmt dz
CzoOmMmMdWd COBEdOmMEzjls Meats?2 o Bt M o]

2. 17 f ofdsdpdsldejts § dzd § 0 BtsHJ dzd ¢ dzOfmd W d¢
CdzommdW d< Oydd. ) ~nSHY tWjhjddw L OHOY
f sSHL OHOYd:

2.1 1 6fmistetsj dzed zse d yJ M¢ 6 smaddpin iy d
( BOC Md B3O dz! dets 2 mavdiabigdz(dz)0 € i B3O dz' dzts G 5 ¢
ftodgOO)FEBdz L tsoOIsjdzjd3 (EMlsOdetso dlIs! dzs BT | )
HdzW o' BteOdzdz" » dMMdzj Hso Olsprdp) d3 f Ot Od3] Is t

2. 2 17 yd mdzjogdsyalidsionj(M3E)dH dzv tc OL dzd y dzn
max depth( f sfistetsdIs! cOWdSE LOadMmMddsmisd) ;

2. 3 17" yd mdzjoggsyalidstionj(MsE)dH dzv  tc O L dzd y dzn
max feature f sfistctsdIls! OV S L Ooadmddismisd) ;

2. 4 I T ydmdzdls j s Is dogodeptida] jnax feata@s| j dac
[Bsdzz 2 Is § e 52 9" BBtG. ] otsH j i3 dzisted to
CzOmMMmdW d ¢ Ol st 0.

2.5 JreajHdbgtchg@isi o o

2.6 JrejHdlkj twihosehdj c6tOdzdyr ¢ sk

HBHjtyOddj ByjlO d jet W

[Ibyils s dzOBBtcOItstodzgs? t6OBBIS] Hsdz |

1. 1 sBite d dzOL 9 Odzdj dZOBESKOISBStedzts? o

2. {(4J0O0dzdL Oydw ¢ O H trRdzH df dzdizf EsQdz! fe@lstsijc O
fedojHjddid dIMrntsHdses C(SHO e tcOdo
odLEZOddL Oydd HOdzdz -~ .

3. J[lkoajlsr d&0O Ctdstetsdz dzf §] ot .



54
4., CCtcOdedzr | Wisteds3r (Ctsdeftsdzy dzf 2 97 o ts
C i) des Oted W 3, HCOL'T 9 OO S cPBBCHASD 4
jLizd 5OIr, fodkzyjdd j o RtHj JY of ft
Jbydils BB or fsdzdzj dedd dZOBSKOISSLAdRE?2 ©BC
MHOjlsMY fjfsHOs Olsj dzv .

sdzstetsdz’ dzr j ot totsfyr

1. sWwidedIsy ftwddzydi ¢sMmistetsj dedWw HJt] o

2.0 0 dIsj MmisOls dHisdfjudednf tsq dzistf tsggOIs d o dzts

31 swimdedIlsj { dzlstesf d2desjy fted HJ dzj dzed J

4, yIss IsOCtsj Bdzts e ¢ &zOfMMso OW d dz¥ s tc
ftoddsd dzv § Ismw ?

5.1 W Mmdzd Is § dzOL dzOyJ dzd § d OdestedIlsds
ftedL dzOC ts9 .

6.1 swimdzd sy ( tstevOK tisQzsYg defflis@lsj 2 o Wisted

e dMsS ddlsj Ok
[ dzv o' ff sdzdzj dzd ¥ dzOB StcOlststedzts? tOB SIS

Hd" ©lojlkO 20 Codsttsd df j oGt toj
dMmistsydapk d: [ 1
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forftovitroc BOILABGURY [ &5 OCl HHURIC

Ajdzd d LOHOYd

A J dz OB St OIs 5t dzts 2 tcOB SIsT dL zyJd
ddW stedsOydtsdzdz « MdMmMlsig &3 M dhf sdz? L s9 Odzd
sBlzygj dedw .

ImMdzso dzr J L OHOY(Jd:

ishotsjdzdy Iirmrdzdzsedd odzjHtc] dzdw Odze
o foddztsyj ded ™ ;

Tdeyj ®gdikeseo dzr = ftedj d@zseo tOBIST M w©OL to
BO ddedets G t5; 5B 2y ded W

I sMmeotsy dzd 4 Isd ~ded & f smistetsj dzd v , ts
Zsedmisdud MEs2 tejeted Mdd

I e tsj dad | ftod J dss o tcOB tslisT fn md dzl
BOMh IsOBdietso OdzdJ i3 OO EEBE 52 cdf tf J tof

vjBtejlsdyj MSsj tBtsMmdatse Odad j

1 jtejH o fsdzdzj dzd j &3 dzOB stcOlststedets? tc OB
sjitstedj?2 tmstesjddwy tjctcj MMdsdede = BBH
fpdzy Hize M J @ABIstsyded ¢ d:

[BSstczHtsoa Odzdy d d3OIsy ted Odz*

[ dzv o' ff sdzdzj dedWw dzOBtstcOlststcdzs?2 OB SIS
fJjemsdzOdz' dz" 2 Clif ! s lsjte Mt MmMdzjHEE M dcC
cOLtcOBBISCd (9" BteOls! sHddz ddzd dzj MC 51
ftcOCIsdyd MEts?2 tj OdzdL Oydd MBMis@ELStuda2B1S tc O |
d eorhj; Mt Haadalkl jid)ptdRjHOaAENadondy
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LS OLOddY 5 sjrndedCj BJL Y Of

dIskzH j dalsT Hisdzy dz@ Mmdzj His9 OlsH sBh jftedd
fsdz L590OIjdzj2 jteimdOd dz@ 7 @ SCBf! slsjt
ftesdLotsHdIs! Isj Bdedsts g S d o fite j HMlse , Iz fiy s
ftesCteORBEEEE B M j yj ddWw. J fydzkz y O j
dzj sBrtsHdB3ss MtstsBh dlIs! sB 1 Istsdz OH d3d dzd f
(sBMdzEy do O h j Bz f jteitsdzOdzz OB tsteOls st d C

[dtsHdSCO d fsteWwHiSES or ff sdzdzj dzd
L YJ B dEHVO YO

]l tOREAR B 2GR @y d B jfttcjsdg defCalghh Me If You Can:
Intruder Detection through Webpage Sessibtipé://inclass.kaggle.ow/'c/catch

me-if-you-canintruderdetectionthroughwebpagesessiorracking.
td"OjlsmMw LOHOYO dqHJjdsd¥desoydd oL dzt
RdzlsjtodzjIs. 1 Oftcddzjte, oLzt d¢ ftsylte tsc
o dzOH jdzj y wh dCO: tsdzhdgsiafjvls mdejOL izH G dsv 4/ tc tsf
Hj &zZ0dz R tsL W d da tc Asctlis dpldz HijldsO offdids + W dzO € Mt
me si Bz Ho G Ols! d3r P C 52, UBGHO Is ©¢C f
dqH] dzsdWdydtese Ols! d corcddzzls: e dL 81
ots2ilsd BSHEMS 1 BFEDdeg L d3' cOL tcOB OIs™ 9 O
Google Analytics d tsfdmreOslsmw o dOk
wWteOLOd3 ¢Traver sal Pattern Mininge d c
) yd B dzts 2 L OH OYJ tcOmMMmdiislstcddz  tsnts
OOz L dqtetso OIOIs | sl ts dL-M@2 €ds,dz! § ) J
f SHiGWH GSHdJdB d Isjd&i3 34 Yy dzsejStsd3, d f
Ists Htickes2). |1 COydifmlsey &Bibtedeéd o 1 lIstsc



https://inclass.kaggle.com/c/catch-me-if-you-can-intruder-detection-through-webpage-session-tracking
https://inclass.kaggle.com/c/catch-me-if-you-can-intruder-detection-through-webpage-session-tracking
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] sBlzyos h j2 orptsteC jftcf migb @o dzedz'$ i dnr
ftedL dzOC (d :

isiteilTt Iss dqdznj ¢Mmr foMmjhjdadzr » MO2Itso
W0O2dzj Mmits sifgdiitspkPtc ] d3

itime jiotej d&3Ww s h jdzedw MO2Itse site_j;

targeti yJ dzj o 52 WASLHlR dsOfg s, yYlsts MmJ Mmdw
Ybsts d ediddetss Stodig@® ftsd 3 MO sO®) .

1 OH Oy @ H j dzOIs ftosgdatsL ' H dzw i Md:
(test _sessions.csv), SGftjHjddls!, ftedc

1 Jd sBWL Olsj dz dzts sctcOded ydo Ols! mw Is ts
train_sessions.csvi 9 train. zip H O dz' dme s d& |
f sdz L ts9 Ols jindgc®dizd 9 @ B, fs Cltster A3 By d
sBkzyoOs hzg or BtsteC Iz.

ljtejatsHdds & tojh jdede :

1. 1 sHGd yjd3 dzj sBatsHddB jJ BdBAZItSIS] € C

from _ future_ import division, print_function
%matplotlib inline

from matplotlib import pyplot as plt

import seaborn as sns

import pickle

import numpy as np

import pandas as pd

from scipy.sparse import csr_matrix
from scipy.sparse import hstack

from sklearn.preprocessing import StandardScaler
from sklearn.metrics import roc_auc_score
from sklearn.linear_model import LogisticRegression

t dmzeas & sH  ff sHC dagf g Az B d &5'dzd GUpytetnotebook

2. lwtsojHjd §Jjtcoduyudssy ©©Ofdz] A tso A dzdft
LOGtkzL C 2 HERdzdzr = (ted M.
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train_df = pd.read csv('Dataset/train_sessions.csv', index_col='session id')
test_df = pd.read_csv( 'Dataset/test_sessions.csv', index_col='session_id')

times = ["time%s' % 1 for i in range(1, 11)]
train_df[times] = train_df[times].apply(pd.to_datetime)
test_df[times] = test_df[times].apply(pd.to_datetime)
train_df = train_df.sort_values(by="time1l')

print{train_df.shape)
print(test_df.shape)
train_df.head()

(253561, 21)

(82797, 28)
site1 | time1 site? |time2 sited [time3 sited |timed site5 |time5
session_id
2013- 2013-
21669 56 01-12 55.0 |01-12 MNaN |NaT MNaN |[MNaT NaN |NaT
08:05:57 08:05:57

i dMEE2ES§ OctelL SO d § jtodyudOv i

l COYHB2 Mttt dzOBBKLO HOddd = MtsH]
isiteliddzin j € fjtcotsets fsMmjh jdedesegts MO2 |
Ftimeliotcj d3w § tsfj h j dzd vinjffifiacpdsec s MO2 0O

i sitel0i d dzH § Gefifs 1f0s My M j dzdzse s MO2AISO o M |

itimeldiotcj &3 g gP2Is®0o Mmj Mmdd;

i targeti y4 dzj o OwW ff jtoj d3j dzdzOV , ftcd dzd d3OJ Is
0 Hdw fMjMMd2 Htekddn fsd Lo Olsj dzj 2.

gjmMMmMdd fdz LsoaOlsjdzj?2 o©rHjdzjdzr IOC(
Hdzd dzj § ftsdzzyOmO ddzd MmMHjty dls Bdij
sCtsdayj dadets? dzdets CSBSEHO ftsdzl LtsoaOlsjdzr
Md MMdw LOd d&zO s otj digjded BESdzj j 30 d3Jc

I s@eyj ofMistej yor sy s izh jdade j L daf
mMsmMistsdls d&3j dzj 4, Ydd3 dr 10 MO2Istse .

3. 10d@3jdzeddz Gtetsf zh j dedz J L 2Oy ded v dz
Yyj zsdsz sdfkz. v OS] LOGwkzLdd Mdztse Ote! f
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sites = ['siteXs’ ¥ i1 for 1 in range(1l, 11)]
train df[sites] = train df[sites].fillna(@).astype(’'int')
test_df[sites] = test_df[sites].fillna(@).astype('int')

with open(r"Dataset/site_dic.pkl"”, "rb") as input_file:
site_dict = pickle.load(input_file)

sites_dict = pd.DataFrame(list(site_dict.keys()),
index=list(site_dict.values()),
columns=["'site'])

print(u’'scero cailtoe:"', sites_dict.shape[@])

sites_dict.head()

BCero cawtoe: 48371

site

11774 | i62.tinypic.com

27343 | static.weezbe.com

18896 | forum.sports.fr

25836 | webservices.viamichelin.com

36271 | www.clipartof.com

{ (MEEBES OC oz L € G GRdao0 whks tc 5O Is O

4. 1 8C0Yjd, COCqd| noO2lsT W dzw s s fi
fsfdzvtcd &3d 5 fsMmih Oj BBsMmisd:
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top_sites = pd.Series(train_df[sites].fillna(@).values.flatten()

y.value_counts().sort_values(ascending=False).head(5)

print{top_sites)
sites_dict.ix[top_sites.index]

21 123776
=] 122738
23 87619
782 77855
22 58258
dtype: inté4

site
21 |www.google fr
0 MNaMN
23 |www.google.com
782 | annotathon.org
22 |apis.google.com

{dmzeds§ ftoj Hjdzd dedy dzOdBSdZi] ¢
5. [fMdzetseo gk OBl BERHj&B ftetsotsHdIs!

md MMmd 2. [ &z 1 st MSLHOHA SIsHj dz¢ dzr 2
md MMdd, dz& dzdzyOded™w M i) d 44 Hdzdlsj d
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# cozdadum omdenswHeill damagpelim
time_df = pd.DataFrame(index=train_df.index)
time_df[ 'target'] = train_df[ ' 'target’]

# Halidem

time

Bpema
time_df['min']
df['min']
time_df[ 'max']
time_df[ ‘max"']

HaQ4yana U OKOH4YaHuR Cceccuu

train_df[times].min(axis=1)
pd.to_datetime(time_df[ 'min’])
train_df[times].max(axis=1)
pd.to_datetime(time_df[ ‘'max"])

# Beivucnum dnumensHocmb ceccuu U nepeBedem B cekyHOb
time_df['seconds’'] = %
(time df['max'].values -

time_df['min'].values) / np.timedeltaésd(1,

time df.head()

'sh)

target | min max seconds
session_id
21669 0 2013-01-12 08:05:57 [2013-01-12 08:05:57 | 0.0
54843 0 2013-01-12 08:37:23 |2013-01-12 09:07:09 | 1786.0
77292 0 2013-01-12 08:50:13 | 2013-01-12 08:50:17 | 4.0
114021 0 2013-01-12 08:50:17 | 2013-01-12 08:50:20 | 3.0
146670 0 2013-01-12 08:50:20 | 2013-01-12 08:50:22 | 2.0

t dMzEBE & sL H Odad j
f OBPIststs o

vyssfijej2lsd ¢
Mo®se s dzOyOdo
vd fdts!

orestetd.

Csdzd g Mise ts

sBtcOL 503,

o fJ
sO¢

sBlEZYOY h j2,

yksts &
sSHdzts?2 duL

9" Btstets ¢

sBjd~

9] r

B J s
SHdzts 9 toj o3 dadzts

d

Bistets G )

H dzw

tcOL Bdo @O dzj M sdz! €15

1 HIME

d3r

BEHJ O

H dzw
9" Btstets ¢
o sdzdztso OlsL ¥ ! dzduls gH j dzOIs !

BIzH ]

dzts My

sCOL Ols+ Mw
sBJ dn

1 IsOf ts9
HJ dzOIs !

9 r

DbtaFjacE dzts ¢ Btc Odzj dzd W
fnd Md 2

sB Rk ygflzgeths - B jitkd f sHG SIS
O9'Hjddd vyjdzj oz
d tBERZYyOs h OW |
CdzcdetsSdrn 5l Bdz BN & d Bzt
ftcj sBtcOL ts9 Odad W
Isj Mistso ts2
S H dzts
i tcjstsB tdfCta dsLo d@@E]
Hiclz G 52

s

§4td dad
d bjmkst

BkHIEIS
BfSicts!

9 tsL t6(
dzj @ 5L dBs Y dz
Bistets ¢
Is ts dz-
ftc] SBlocOL ts¢
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YyddzdSsds, O fitejH tBlzyjddjd ddd f§ttscd
dd uUOMmis!
# Hawa yenebaA nepemMeHHAA
y_train = train_df['target']
# obveduHeHHaA mabaulya UCXOoOHBIX OQHHLIX
full_df = pd.concat([train_df.drop( 'target’, axis=1), test_df])

# uHdekc, no wkomopomy Oydem omdename obyyawwyw Beibopky om mecmoBol
idx_split = train_df.shape[@&]

print('y _train', vy train.shape)
print('train_df', train_df.shape)
print('full_df', full_df.shape)

y_train (253561, )
train_df (253561, 21)
full_df (336358, 20)

{ MG e dzdw dzdj SBEZYO:d [ ACGEE ] f

6. 1 dzv f jtcots?2 dsHjdzd BEZHjdB dMf sdz’ L &
o MimMmdd (dets dzgj BEHjd BBtOh Ols! 9 dzd d30
o' Bstetsd3 HOdzdzgr = Hd&YW &BsHjdzd Mssdls Mmdzj
dL dzs Bdzj dede” § MO2I", d yi® aOMmjmbdd.odl
9 jWIsdsmls: , ylkts s MmjmMmdwy Cdzdm, d
IsOB dzd YT orBjtejdd Istsdz ¢ts HftoedL dzOCd sit
LdzOyd dzdv L Od3j dzj dz@ gz dzj d@3. 1 tsls € OC 9" G

full_sites = full_df[sites]
full_sites.head

site1 |site2 | site3 |sited |site5 | site6 |site7 |site8 | site9 [site10

session_id

21669 56 55 0 0 0 0 0 0 0 0
54843 56 55 56 55 0 0 0 0 0 0
77292 946 (946 |951 (946 |946 |945 (948 (784 949 (946

114021 945 (948 (948 (048 |945 |946 (947 (945 (946 |946
146670 947 (950 (948 (947 |950 |952 (946 (951 (946 |947

t dMzsz8 I B Zyo® heo BstcC O dzO0O BMmdatsoe j
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gjMmMmdd ftjHMmMlsOoadzwesls Mets?2 f sMmdzj Hs
HOdzdz" | © ISOCtsd3 adH] daj zHtsSB da" H dzW dzd dzj
cdilsjLt?2 (k2 Cddm jMmils! dL dzs Bdzj dzdzr j 1)
sOC e OL 5, Yylstse " COYHBRE otL BsY dzts
SlsHjdz! dgr 2 ftedL dzO¢ ( CsdzsdzS O) O JjGts
fsmihjlgadts MOAuO o MmjMmmdd

sites_flatten = full_sites.values.flatten()
full sites sparse = csr_matrix(([1] * sites_flatten.shape[8],
sites_flatten,
range{@, sites_flatten.shape[8] + 18,
18)))[:, 1:]
print('sites_flatten', sites_flatten.shape)
print('full_sites_sparse', full_sites_sparse.shape)
print('Calculation Memory Size: ', full_sites_sparse.shape[@] *
full_sites_sparse.shape[g] * 4)

sites_flatten (3363588,)
full_sites_sparse (336358, 48371)
Calculation Memory Size: 452546BlE6656

# Crkonbko Mecma IaHuMaem paspexeHHaA mMampuyda 8 namamu

print('{@} elements * {1} bytes = {2} bytes'.format(
full_sites_sparse.count_nonzera(),
4, full_sites_sparse.count_nonzera() * 4))

print('Real Memory Size = {8} bytes'.format(full_sites_sparse.data.nbytes))

1866898 elements * 4 bytes = 7467592 bytes
Real Memory Size = 7467592 bytes

t dMESBE L sfistetsj dzadj ©WOL 6 ) § dedats.

7. (1 OLtw)y jdedzlz® BOIsted ylz sdziBjtds dHiredisidr
sBRzyjuddfdh jds feshmiskzs WEzdSyds Hov §o
(h®) . | dMosHdtsd dzOBBStcy HOdzdzr 7 90 %
Hdzv B EYj daddzwy ©O0dkdWOyYdd. | Olsj &3
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def get_auc_lr_walid(X, vy, C=1.8, seed=17, ratio = 8.3):

idx = int(round(X.shape[@] * ratio))

lr = LogisticRegression(C=C,
random_state=seed,
n_jobs=-1).fit(X[:idx, :], y[:idx])

y_pred = lr.predict_proba(X[idx:, :])[:, 1]

score = roc_auc_score(y[idx:], y_pred)

return score

Xktime
X_train = full _sites_sparse[:idx_split, :]
print(get_auc_lr_valid(X_train, y_train))

8.,91%523883917
Wall time: 3.71 s

{ dMEzsBE T Bz yd dzd 4 dz0 yOMmisd &rosyg ldsh O

vJffJjt! BBRZYJdB BSHjd QO oMmj2 orf Bfsts

# ¢yHrkyua dna 3anucu npozHozoB 6 galn
def write_to_submission_file(predicted_labels, out_file,
target="target', index_label="session_id"):
predicted_df = pd.DataFrame(predicted_labels,
index = np.arange(l, predicted_labels.shape[8] + 1),
columns=[target])
predicted_df.to_csv(out_file, index_label=index_label)

Xxtime

1lr = LogisticRegression(C=1.@, random_state=17).fit(X_train, y train)
X_test = full_sites_sparse[idx_split:,:]

y_test = lr.predict_proba(X_test)[:, 1]

write to submission_file(y test, 'baseline sites.csv')

Wall time: 5.13 s

{ dmEsdBE B Zyj dedj B3BHJdzd dzddzj 2 des?2 6

8. [ tSH ] dz fsmistetsj d&zZ0O d tBlEkyj dzAROC v t51
AUC, dd3j ils LdzOyjdeddy 0, 9195. 15 fjtjH ¢
OdzOdzd L : By des dzd Y tseor fidls: Is sy dzts s
ftodL dzOC ts9 .

9. 1 sBOoaddz © BBERZYOE "N z¥ oirdyg iy Yz dets &t
ftesdma SHJO2OGM) Mind W
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# damagpelm dna ananuza HoBbix npuzHakoB

full_new_feat = pd.DataFrame(index=full_df.index)

# doBaBum npusHak start _month

full new_feat['start_month'] = full_df['timel’].apply(
lambda ts: 188 * ts.year + ts.month)

full new feat.head()

start_month
session_id
21669 201301
54843 201301

77292 201301
114021 201301

146670 201301

t Mzt T 5L HOdzed ] desoatsegts Wicj 2 d&3O
Mddzlsj L Jictse Odzdztsc s § e L dzC

 sBOoaddz Mddzlsj L diecseo Odzgdz” 2 HtoedL dzOC o
sBkzyjddj d Byjddd bydessmls! f sdzlz yJ dzdzts?

# dobabnrem HoBelll npusHak 6 paspexeHHYKH Mampuyy

print('full_new_feat.shape’', full_new_feat.shape)

tmp = full_new_feat[['start_month']].as_matrix()

print('tmp.shape’', tmp.shape)

print('full_sites_sparse.shape', full_sites_sparse.shape)

X_train = csr_matrix(hstack([full_sites_sparse[:idx_split,:], tmp[:idx_split,:]]))

# cyumaem mempuky Ha BanudayuorHol Guibopke
print(get auc_ lr valid(X_ train, y train))

full_new_feat.shape (336358, 1)
tmp.shape (336358, 1)
full_sites_sparse.shape (336358, 48371)
8.750835486018

t M s zyj dzdy dsH j dzd dzse dmisd
fd dzls j L d tdf se@dzddzO®) ts d3

J ud 9 dH dzts, Yls s Is s ydzts s ¢ dstsH j dzd z d
ftedL dz0OC O. [ OMhIsOBdtckzj &3 detseor 2 ftodL dzOC
cOL :
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# GobaBum HoBwl cmandapmuaupoBarHeil npuzHak B8 pasapeweHHYW Mampuuy

tmp = StandardScaler().fit_transform(full_new_feat[[ 'start_month']])

X_train = csr_matrix(hstack([full_sites_sparse[:idx_split,:], tmp[:idx_split,:]1]))
# cqumaem mempuky Ha BanudauyuoHHol 6Gebopke

print(get_auc_lr_valid(X_train, y_train))

8.919698615157

t M8 B zyj dzdy dsH j dzd dzsedmisd
Mddzlsj L dtco Odgdz" &3 BOMN sOB Jtctso O

ssydesfls: ®sHjdkd §ser d&Om: , ki j M0l
f oz dlsj dz' desj o dzdwdzedj dz© d3tsH j dz

10. sBOQadds jNj sHddz MmMddzlsi L Jtetseo O da
z dzd € Odz! dz" (R_unfg@sisme M MM GtH). (ed M.

# mMacumabupyem HoBwl npusHaK

full_new_feat['n_unique_sites'] = (full_sites.as_matrix()»@).sum(1)

tmp = StandardScaler().fit_transform(full_new_feat[['start_month', ‘n_unique_sites']])
X_train = csr_matrix(hstack([full_sites_sparse[:idx_split,:], tmp[:idx_split,:]1))
print('X_train.shape', X_train.shape)

# oby4veHue, owubka

print(get_auc_lr wvalid(X_train, y_train))

X_train.shape (253561, 48373)
8.9151139286818

t I8 s zyj ded§ d3sH J dzd fmp_udamie_Sitds

11, 1 82Hjd3 s fkIsd HBB O9 dejtgdOe ddigs ojr"qj
ftedL d&zOC O: Y O fm statzOoup dz0 dzflg g thgg ohS 2 f ted L o
Zilstcj dzdzy 4 dzOmpées fj Mid d (

full_new_feat['start_hour'] = time_df['min’'].dt.hour

full_new_feat[ 'morning'] = (full_new_feat['start_hour'] <= 11).astype(np.int32)
full_new_feat

start._month | n_unique_sites | start_hour |morning
session_id
21669 201301 2 8 1
54843 201301 4 8 1
77292 201301 10 8 1
114021 201301 10 8 1
146670 201301 10 8 1

t d MESASEA Stcd3d to 59 O dzddpts a3 OAs tefigfdydals j L dtets o
Hdzw tsBEkYJ ddw d&tsHj dzd
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12. 1teso jHj B SBEYjdedj dstsHjdd ) My sc

%ktime
# gopmupyem obByuawuyw BeibSopky
tmp_scaled = StandardScaler().fit_transform(full_new_feat[['start_month', 'start_hour', 'morning']])
X_train = csr_matrix(hstack([full_sites_sparse[:idx_split,:],
tmp_scaled[:idx_split,:]1]))

# zaguxcupyem kavecmBSo ¢ napaMmempamu no YMOAYAHUK
score_C_1 = get_auc_lr_valid(X_train, y_train)
print{score_C_1)

8.959145758439
Wall time: 3.6 s

t dMEzSA8Cf B zyd dedwVv dsHJj dzd f detseo ™ d3d 4 b

13. 1 tod SBbkyjddd BsHjdd & Jhifsed Lk
CLWWdudjds tjckdviedL Oydd. ) sHBj 6] d
HsMlsOodzv s h 2 HBOCHdBOd ds Issydsmls: dt

d%time
# Habop BosmoxHeX 3Ha4eHul C
Cs = np.logspace(-3, 1, 18)

scores = []

for C in Cs:

sc = get_auc_lr valid(X_train, y_train, C=C)

scores.append(sc)

print(C, ' -> ', sc)
#from tgdm import tgdm
#for C in tgqdm(Cs):

# scores.append(get_auc_Lr_valid(X_train, y train, C=C))
@.eel1 -> ©8.828627741427

©.88278255948221 -> ©.B95928859635

0.00774263682681 -> ©.9388321431638

8.8215443469@83 -> ©,956320664198

8.8599484258319 -> 8.968675849238

8.16681985372 -> ©.961202396393

8.464158883361 -> ©.968319282616

1.291545966581 -> ©.958667935331

3.5938136638 -> 0.95576l1287846

18.e =-» B.95132148541%
Wall time: 38.7 s

np.max(scores)

9.96128239639339355

{  MEBABT) sz uj dedj bydsmisd d&sHj dd
cdff jof OO®R SO

) 5 f sdziz y dzdz’ o3 ROy ftistetst] dh e O d €
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plt.plot{Cs, scores, 'ro-")

plt.xscale{ "log")

plt.xlabel{ "C")

plt.ylabel{ AUC-ROC")

plt.title( NMogbop kosddruMeHdTa perynApUaauuu’)

# ZOPUIOHMAABHAA AUHUA cavecmBo smodeau © KopduLLeHmam MO TR

# 20| IR : 1 IO YMO
plt.axhline({y=score C_1, linewidth=.5, color , linestyle="dashed')

plt.show()
058 Monbop koadruweHTa perynapuaaumm
096 —_— _ — — — — — -

094

092

0.90

AUC-ROC

088

0.86

084

10 104 107 10° 10°

[ dMEzs@BE, 6OV d¢ L OAJCROEGEB) Isefd ] §J 6] O

14. [Bkydd BsHj dz mMts L dzOyJ Gzoigi@ly dz'c df
0,1668101.

# B8.16681885372 -> ©.961282396393
score_result = get_auc_lr_valid(X_train, y_train, C=8.1668181)
print(score_result)

8.961283453111

{ MBI Sdzzyy ded § % d dzOdz des? Bt H

15. 1 L OCd yj ded ks Hgetz yqis dz02 H j dzdzy o3
LdzOyjdedj s St WWdydjdedsO tjekdviedL Oydd
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# nodzomoBum daHHele dna oby4eHus u mecma
tmp_scaled = StandardScaler().fit_transform(
full_new_feat[['start_month', 'start_hour', 'morning']])

X_train = csr_matrix(hstack([full_sites_sparse[:idx_split,:],
tmp_scaled[:idx_split,:]]))

X_test = csr_matrix(hstack([full sites sparse[idx_split:,:],
tmp_scaled[idx_split:,:]1]))

# obyyum modens Ha Bcel Bubopke © onmMUMAABHLM KoadduyueHmomMm pez2yaspuaayuu

lr = LogisticRegression(C=C, random_state=17).fit(X_train, y_train)

# cdenaem npozHos Ona mecmobBol Bubopku

y_test = lr.predict_proba(X_test)[:, 1]

# sanuwem ezo 6 ¢alin, zomoBuili dns cabmuma

write_to_submission_file(y_test, 'baseline_res.csv')

t M5B8 B zyjdzdy dzO oMmj2 or BSKGS J

16. Jrftsdzdedlsj ddzHndodHEZzOdz detsj L OH Odzd |

l Oydz" §j] L O3 yodaedw

1. l1ted o' Btic] (ddz&sB)sitOO toh jdzdp P BB ~ SH d
M zOMtso Ols mMots?2 eorBtste M HEkzeddd MmiIsk
YyJdz 8 dzgj HsfkzMmisdd@ktsMisd or BstcO® BHJdAZOC o

2. | ©O®SOS HOMBEEt ®OBBEOkGEdsE s
d dzmistcz d3j Egyh@te(d § B dzd sls j € d, fntd j mdze jtd Q L@
fsmisOo dzj dzdz" = L OH O.

RdzHdo dHEZOdz dzts] L OH Odzd J

1. wlbkHjdds MOBsMissWIsj dz/ dats o [3p4fHtai®)) Is
f smistetsj dzd v CdzOmMmMdW dS Olststc© difs ¢ o gl dsdzj f
toJ G tojdinfripidc zOMEzjls Mets?2 orBtstc M HtojfsHO

2. 17 f dzdad Jsdzd JY sdgisaeiddnds d U4 ME 52 1 6 jmdsl
tcjh jddv LOHOYd dzj sBratsHddBs tojh dls! fdzj +

2.1 | tc ORS¢ OR or ff Sdzdzi dzd W L OH Odad W dzJ
Mddzls j L Jtotseo Odzdz’ = ftedL dzOC O, syd ded Is! d
HtsB Oo dzj ded W § tod L dgQl§ RO fi{"frjs Ofstafdtalty od@y dedd™  te

221 sMmdzy BYtejHjdzjdedWw dzgj SBrBH®BBSEB
MY stcdzsdtetso Ols dzOB st L dzOy g dzd 2 cdyfJte
S lsd B3Odz dets L dzOUd dzdAUC-ROCsfiyld tdfty 2Addf | @)acCiai) Wisc
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2.3 16Mmdz wtBRZYJ ddWw d&BsHJjdd dzj SB~tSH
Bj2Mdzo? d

HBHjEYOdd] Blyjko d jeEt Wi

w

[lsyjl 5 &OBBKOkS S 2

1. 1 st d dz2OL o9 Odzdj dZOBESKOISBStedzts? o
2. 1 40dzdLOoydw ¢ OH jcdz@zH o dzdfizf Bbs@dz! fetssfc C
fcdojHjdedl d3 dMmtSHASGETS CtsH O
odLEZOdL Oydd HOdzdz" = .
3. Jlajlsr dO Ctdsttsd dz |
4 . CCtcOdede” § W sSted3'
CBBRBR} dels Ot d W &i3d ,
tejLEzdz sOIsT |
{sud b ©
MHOj Ismw

tcOBBIs] HtsdzY J

f 656 tc Odd

ot otsfr .

(S Bdmsdz! dz" 2 9" 95
f ¢ Ousdeds) sdadd'j dfOm tdseHOHESUS tee
fsdzeyj dgdz" § © ~tSHJ JVY o' ft

9" f sdzdzj dz2d d dzOB stcOls s to dats 2

6 C
fcjfcHOo Olsj dzv .

stdzstetsdz! dgf | ot tetsfy’
1. 10 C0O0Cdy GSHO ftoj HMIsOso dzj dz H O
9" BSlCdrj?ds [dzz )y dzts Ote z BZjRiEBafitcts o Ols! C tSH S
2. RMMdzj HEz21Is] fPytHoind st H dz'o20 def@Bdistce H O
slsojls d&zO MmMdzj Hbke N d2 otsftets: CO¢dy mMo?2
slsojIsO O oBfftets By ds HBKLOBSISOIS!
31 0 wWPkPythonjecj OdzdL 22Is] ftetseo jtecC &z Mdzi HEZ¥
Te Mgy Cddm o MiejHd] B CBBLEUJ,
irsdzvy MmimMmd2 Cdzdm o o' BBWKGES] fHtojor h

iTJOfOLBdy Hddkjd dsfisd 0jfmnd?2 &
foddj todets tSHJ d&ZOS 50T .

i rsdzy Mg mid?2
YJlseojtelsd.

C St

ud &

¢ dzd ) fiy daff Is B dzdzgats ) k) &M s ©
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4. ] tOBRECOn fBHfEZW SISO 9 EyjsBds2 L O
Csdzdyj mMsoa © Mj Mmd2 ¢ dzd m tsdkart imdndals j1 Ltafidety) ot
mMzj Hze h dj ke jtoyHjdedW:

i dOyOdzO 20 1fi] tgisH@zE 2014 cEBHO Cfs
fd Mind2 Edy dz' " d dzts fy

i yYyjdsds Ssdzdyj Msets MmjMmMmd?2 Cdzdfm L C
ofmMjcets jtedBsHO

if] OYUOEZO 2013 CESHO 5 MjtejHddz 21
mMi MMd2 oL tetshdzs

5. 506dJ B IstHTYJYdzOMmddrt IS OV v &zddzi I dz
smdats e dzr f OtcOd3j Ister dzd dzj 2 d3ts 2y Is E3ts HIg @
cdftjtcf OtcOd3j Iste” dzd dzj 2 dzts?2 BBsH J dzd ?

6. 1 tswidzd s dzOL dz0yJ dzd J§ d f todEzyd
MlsOrsMisdyJ ME et GteOHd | dzls O.

7.Yylsts sOCts] c¢cdzddzj 2des tcOL HJ dzd BOW o1 B

g dmdsdklsj cOlskzte”

[ dzv o' f sdzdzj dzdv dzOB BtcOlsBtedzts?2 OB SIS
Hizw tslso jlsO 20 Ctdstetsd dz | otsfteshr to]
dfmistsydapk d: [ 1
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forftovftrvoc BOIRITELOC [T LT[HERC

Ajdzd d LOHOYd

A J dz OB St OIs 5t dzts 2 tcOB SIsT dL zyJd
d dz¥ ste 3Oy )t dpday & MY 5dz' Ozt alz Qaifrl] 1BKs e3® B d dzdzts ¢
5Bz yd dzd w

ImMdzso dzr J L OHOY(Jd:

i e 5] dzd j B sBHBEZSEcdd ttOBTBIST fn  dst
LOHOYOR &O"N ddzgdese s B EZYj dad W

isme 5] dzd jtc OBJEdsH Sy dzd dzj 2 daythyyf d3tsH J dzv o

isotsjdedd RBIbBSHISCd fteddgj dzo dedW 3 Ists|

iTqLiEyjdedy Bhdzcedz » § OOd] stetso tcj G ts,

vjBtejlsdyj MSsj tBtsMmdase Odad j

1 jtejH o fsdzdzj dzd j &3 dzOB stcOlststodets? tc OB
sd stedd 2 {f tsgnisohiphy diad dzdz" d30 "dyfsdadptsin) 2, ts g )Y IS dizef
fpdzy Hize M dj @ABIstsyded & d:

[BstczHtsoa Odzdy d d3OIsy ted Odz*

[ dzv o' f sdzdzj dedw dzOBtstcOIststcdzs? OB SIS
fJjemtsdzOdz' dz" 2 Csdisf ! sIsjte Mts MmdzjHlzs " dc
tcOL tcOBBISC (or BtzPT sds o fsdz ff fedrs tc © d3dz’ -
fteOCIdyui MEts?2 toj OdzdL Oydd MBMis@IStuda2els tc O I
d erhj; Mt d@®adads jcfptRjHOaENEIONd

LS OLOddY 5 sjrndedCj BJjL Y Of
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dlskHjdzlst HBdyd MdzjHtso OB L 5§ Of)zts fif
ftsd LsoOlsjdzj?2 jteimtsdzOdz’ dg' 2 CtsBf! 8 Isjt
ftesdLotsHJIs! tcj 3 dzls Isj ~ded ud MS dn ftej
fesctcOBBdsets 8 MY j uj ddw . ] fldzlz y O j
dzj sBrtsHd B3s MtstsBh dlIs! sB | Istgds dz®a E=3d dedid
(sBfdzEy do Os h j Bz f jeisdzOdzz OB st Olststsd C

[ibBHCO d (BEBYHES o' § &ddzaj dzd

LYJ BdZOW L OHOYO

Il ttOdi¢ On EkEydsBdzs?2 L OH Quds ctegsw B jftdsjidy d
MisOIs d dzO0 € MmHIss i@hipbrahabr.ju ]l SH totsB dats fi]
(https://inclass.kaggle.com/c/howpbpbrahabifavs).

A ©O2 dzhowpop testsv MtsH jJ ey dIs Isj Mlstsa ™ j ts
howpop traincsv ftsH j ey dls B EZYOE h Iz8 or ststeq z.
favs lognorm A ORodgiop test.jsonlined howpop _train.jsonlinedtsH j .o O
fsdzdz" | SHdmMOdzd v JSONO s gz o OW W 1 fpfay® KgndauzO W

ddzj HEZ ] Is tsB tc Ols d Is * howpoflzdramGsdrdinesi W QBB tz M
tcOL d3j tetsdz 4 | 1 .

l jtejratsHdd € tjh jdads :

17. 1 sHC dzedaj sl r sHdAd3r | BdB ARSI € (!

from __future__ import division, print_function
import numpy as np

import pandas as pd

import scipy

from matplotlib import pyplot as plt

import seaborn as sns

from sklearn.model_selection import train_test_split
from sklearn.linear_model import Ridge

from sklearn.metrics import mean_squared_error

%matplotlib inline

{ MEEAES sH § sHC dzs j dzqupyteBndtebonl s Is j


https://habrahabr.ru/
https://inclass.kaggle.com/c/howpop-habrahabr-favs
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18. ltweso jHJ B HJjtwoadydesy tBMdzi His9 Odzd |
LOGekzL Sz HO2WMr - v QW Jn. ftcj HMIsOo dzj dzd j
ortess dzaJ HOJIs thdy k] dsdss dSls HAtdg ) HHNGE
swyjdazts ydlsojlsmw. steOdzmW stcdzd ez j @®3 o' 9 &
3 Isthead)BzH J d3 8" asHdIs! BGHdz MbtesSClkz, O &

train_df
test_df

pd.read_csv('dataset/howpop_train.csv')
pd.read_csv('dataset/howpop_test.csv')

praint (" SSSSSIIIE LA EE P I L P EiTiiiiii i)
print(train_df.head()
praimt (" SLSSSSIIISIIL LI EE AP iiiiiiiiifis)
print(test_df.head())

FELELEEERETET I E it ddidddiiiiriiiidy

url domain post_id \

@ https://habrahabr.ru/post/18284/ habrahabr.ru 18284

1 https://habrahabr.ru/post/18285/ habrahabr.ru 18285

2 https://habrahabr.ru/post/18286/ habrahabr.ru 18286

3 https://habrahabr.ru/post/18251/ habrahabr.ru 18291

4 https://geektimes.ru/post/18294/ geektimes.ru 18294

published author flow polling content_len \

8 2888-81-81 18:19:88 @Tapac develop False 4385

1 20988-01-01 18:3@:0@ @DezmASter  design False 7344

2 2888-81-81 1B:34:80 @DezmASter design False 8431

3 2008-01-82 ©1:32:00 @Taocorus  design False 5662

4 2288-01-82 14:34:08 @dennydo NaN False i7es

title comments favs views \

8 HoeorogHwi nogapok bBnorrepam — WordPress 2.3.2 e <] 238
1 Cymacwegude aiUua, WAM CEpBMC ANA OTCNEKUBAHWA . .. 1 1 353
2 Cymacwepgude AAUa, WAW CEPEMC ONA OTCASKWEAHWMA ... 47 72 1288
3 CrnaxvsaHue wpudToB, WM CybnUKCenbHas OTPMCOBKA lez 36 5780
4 NoYeMmy MHe He HpaeWTcAa iPhone 238 6 148

tdmze2s T sdzzyj dedj M O ¢ d deOB St

train_df
test_df

pd.read csv('dataset/howpop_train.csv')
pd.read_csv( 'dataset/howpop_test.csv')

print (" /LA ALLSETIESA LIS R R )
print(train_df.head(1).T
print (" SASSLTSLTE LSS LT LA P iditididiiiis)
print(test_df.head(1).T)

t dMkaBE L sz yd ded i g BB P d3tzg tzdpfutmyferO da
notebook

IT o8H Hd&" HOdEZsEs CHUO0 fioj HiisOo dj d



75

FHELTELLETEIET T Td LA i iiriidiidisss

e
url https://habrahabr.ru/post/18284/
domain habrahabr.ru
post_id 18284
published 2088-01-01 18:19:880
author @Tapac
flow develop
polling False
content_len 4385
title HosorogHWii nopapox 6norrepam — WordPress 2.3.2
comments e
favs 8
views 236
votes_plus =]
votes_minus =]
views_lognorm -8.792687
favs_lognorm -1.34487
comments_lognorm -2.43687
FEEETELTEEISTETIII AT i i iiiiridiisiies

8
url https://habrahabr.ru/post/314888/
domain habrahabr.ru
post_id 314888
published 2916-11-01 @1:85:08
author @fsoull
flow develop
polling True
content_len 28132
title OneiT Mcnonb3oBaHuWAa MassTransit 3.8

t dmMzeAs @ Istsdze yr  dzOB tstc© H O dzdz
19, [ftejHjdZddB cOLBjtc 9" BStetsC :

{dMEz6BE T o) HJ dz ded J

20.

print('TecToeslid Habop: \t', test df.shape)
print(‘0O6y4awwan swifopra: \t', train_df.shape)

(3398, 9)
(134137, 17)

TecToBbll Habop:
06y4awwan eebopka:

I sdzeydd3 B M ¥ Wdm jsAagky d ©

COL &Bj 60O Isj e

fts
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print(train_df.info())

<class 'pandas.core.frame.DataFrame'>
RangeIndex: 134137 entries, @ to 134136
Data columns (total 17 columns):

url 134137 non-null object
domain 134137 non-null object
post_id 134137 non-null inté4
published 134137 non-null object
author 97657 non-null object
flow 87848 non-null object
polling 134137 non-null bool
content_len 134137 non-null inté4
title 134137 non-null object
comments 134137 non-null inte4
favs 134137 non-null inté4
views 134137 non-null inté4
votes_plus 133566 non-null floate4d
votes_minus 133566 non-null floate4d
views_lognorm 134137 non-null floated
favs_lognorm 134137 non-null floatE4

comments_lognorm 134137 non-null floate4d
dtypes: bool(l), floated4(5), inted(5), object(s)
memory usage: 16.5+ MB

None

i dMz@EEg BN OW Jdo¥ stedkOYd™w 5 GBI

21, { Offinkslstedds, S OSdd tsBtcOL Bay difts tow
o 1o ] d3j dzdzts 2pubtishefl. [ s { SscEts MY 67 ). j 05O dd
b st n sy doublighey t o8

# wonupyem cmonbey JaHHeix published

ser_data = train_df[ 'published'].apply(lambda ts: pd.to_datetime(ts))
print('Pag ¢ pgaTamu ctonbuya published')

print(ser_data.head())

print( 'Pazmep ofbexTa Series: ', dfl.shape

ser_data.apply(lambda el: el.value).plot()

t dMEz@ZE S sH Hdzv 0OdzOdzd L Gpubtisked j dz' dz
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Pag ¢ paTamu cTonBua published

=] 2888-81-81 18:19:@8

1 2808-81-01 18:38:00

2 28688-81-81 18:34:88

3 2088-91-02 ©1:32:00

4 2088-81-82 14:34.00

Name: published, dtype: datetimefd[ns]
Pazmep obvekTa Series: (134137,)

<matplotlib.axes._subplots.AxesSubplot at @xlbfc9cls>
150 1e18

145
1.40
1.35
1.30
1.25

1.20

1.15
0 20000 40000 60000 80000 100000 120000

t dmkzeBs § cOW d&,  smistcpupldidx 2 ¢ s

22. 1l tesHtsdzy d d3 OdzOdzdL qtetso Ols dzOB tsto
mMkh jmMselzjls dzd Cttetcj dzw ydw B YHE BISH
oMy sdz' L 2] dgimdas.Bpiabrametsaz()r L 9 Qo tj Odzd L Oyo
5 k&3t daiodabr(), §skisydgids dydy dels’. § et dzv

corr = train_df.corr()
corr

post_id |polling content_len [comments |favs views votes_plus | votes_minus | views_lognorm |favs_lognorm | ct
post_id 1.000000 |0.081628 |0.241384 -0.147763 |0.089313|0.132385|-0.187885 |-0.235594 -0.010376 -0.005845 -C
polling 0.081628 |1.000000 (-0.003337 [0.042605 |0.006882 |0.025660 |-0.033505 |0.027116 -0.003523 -0.036385 0
content_len 0.241384 |-0.003337 | 1.000000 -0.023544 |0.308184 |0.204101|0.068779 |-0.078686 0.246063 0.356481 0
comments -0.147763|0.042605 |-0.023544 |1.000000 |0.164166|0.290035|0.613961 |0.457638 0.349568 0.278942 0
favs 0.089313 |0.006882 |0.308194 0.164166 | 1.000000 |0.634304 |0.416241 |0.062877 0.456097 0.587982 0
views 0.132385 |0.025660 |0.204101 0.280035 |0.634304 |1.000000 |0.396849 |0.128654 0.585105 0.406782 0.
votes_plus -0.187885 |-0.033505 | 0.068779 0.613961 |0.416241|0.396849 | 1.000000 |0.464168 0.414232 0.449712 0
votes_minus -0.235594 |0.027116 |-0.078686 |0.457638 |0.062877|0.128654|0.464168 |1.000000 0.146609 0.088226 0
views_lognorm -0.010376 |-0.003523 | 0.246063 0.349568 |0.456097 |0.585105|0.414232 |0.146609 1.000000 0.688811 0
favs_lognorm -0.005845 |-0.036385 | 0.356481 0.278942 |0.587982 |0.406782|0.449712 |0.088226 0.688811 1.000000 0
comments_lognorm |-0.001605 |0.071417 |0.073132 0.662740 |0.263239 |0.326427 |0.525081 |0.355458 0.546530 0.479476 1.

{ dMEkeBE§ Olsted yO € stote] dzv yuchid dfn dzv

1 ts HOdzdzts?2 &BOItedyy dzj sBrtsHd B S toj H
(M St WWdydjdestsdz S tstetej dzv ydd Bsdz M



78

ftoj HMlsOo dzj dzditsds HEB@stEddzs Moy ZOY L OH O
shdeCd, ikt ftjHmMsOosdd &Odylz ¢
odHJ:

corr[corr>@.9].replace({np.nan : ''})

post_id | polling | content_len | comments |favs | views | votes_plus | votes_minus |views_lognorm |favs_lognorm | com

polli;g 1

views 1

votes_plus 1

votes_minus 1

views_lognorm 1

favs_lognorm 1

{ dMEzeeE s Olkted yO € stetej dzw yehid dfH dzw
sOCdd GBLOLBAE bkMsOdkOs dzde O] d, yls t

dzj L O dMmd d3" .

23.

lteSo jHj & jhj GHds dhid Hse Oded j

feddSOydd fel0ctsHOd ( odf.

it d Mz6EABIKs tsH

df = train_df.copy()

df[ 'published'] pd.to datetime(df[ 'published']).dt.year
SS df[ 'published'].value_counts()
print(ss.sort_index())

2888 7743
2089 18783
2ele 13891
2e11 15863
2812 15972
2813 15537
2014 le1s8e
2015 23452
2816 16316
Mame: published, dtype: inté4d

Hozv  sihis tddQfipifcfiey] HG) talfy WogdSvO

GtsH O3
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[ dzw Btsdzj | RO dzW Hdetse s f toj HMIsOo dzj dac

fsfilstcsdds CteOW ¢ :
25000

20000

15000

10000

) |||| ||||
0

2008 2009 2010 2011 2012 2013 2014 2015 2016

{ MEERES, tOW S ©OmfejHj dj ddY §Lk

(=]

24. 1 jtoodydesy dfiMmdzj Hso Odadj dzOBESICO
dzd f sftcj HMlse j dzdets € §tsMmistetsj dzd® d3tsH j dzd
HOdzdz" =~ 2O Bkt dzdtetseo sydzze d I Missalzy {f
Clstster | BERHEIS dMftsd L soOls! mMw o sy f

features = ['author', 'flow', 'domain',’'title']
train_size = int(e.7 * train_df.shape[@])
print(‘Pazmep ucxogHoro KabBopa: ', len(train_df),
"\nPazmep obyvawwei nogesbopkn: ', train_size)
#omdensem npusHaku om yenebBol nepemeHHol
X, v = train_df.ix[:, features], train_df['favs_lognorm’]
X_test = test_df.ix[:, features]
X_train, X_valid = X.iloc[:train_size, :], X.iloc[train_size:,:]
y_train, y_valid = y.iloc[:train_size], y.iloc[train_size:]

Pasmep McxogHoro Habopa: 134137
Pazmep obydawwei nogeeibopkw: 93895

t dMEzARCs sH Hd&zvW YsHetlkkseCd (¢

25. 1 dzv  OdzOdzdL O G tsdzls § dzls Ghowpdpts.jsqnlimeg d d3ts
Is i sdz'Tlidvgctgrizerd L GKlgales @F-1 DF ( tsls Otz dz.
frequency, IDF 1 inverse document frequency) MisOIlsdmisd yj mes C
dmy tkdpdzOV Hd&v sy &z d o900y dsmisd Mdztce © o
Yyofmls: s Ctsdzdzj S ydd HsC Zd3j dzlsts o d dzd ¢t
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fosf steydtsdzOdzj dz S sdzd yj Mlso 2 Ef siIstej B dzj dzd
fosf steydtsdzOdzy dz yOMmisslsj bk Sty jdBlsddjndzdits dh
Tfi df Vectorizer {fto] sBtOFkz jJiksdls pAOBls™e . o

[Mdeso dzr | § OtcOd3j Ister Tfi df Vectori zer

imndfiftced fomssj ddd MmMdhse Otew Mazse O,
Ud &3 Z2COL Odzdetsy L dz2Oyj dedJ, daodetstedtolze Ismw ;

T max dfi f ted ¢ BAJldtcthylzise Otew Mmdzse O, Cilstst
Ud B3 2SS OL Odzdetsy L dz2Oyd dedJ, daeodetstedtolzy Ismw ;

i analyzeri sftcj H ] dzv j Is, Misteswismw  dzd  to(
Md®kBosdzOdz (BEZS O O®) ;

I ngram_rangei sf tcj HJ dzW ] Is, Wstedzd oz Ismw dz
SlsHjdzt dzg' » Mdzse C dfiizd Mo dj N¢ gdziz yO,j M
Csdzdyj Mise ts Md dzo sdztso ) . 1 Of tod d&3d to, J
ngram_range=(1,3),Iss ftcdLdO¢Cd BEHEI
f Ote Mdzse d dL btetsj & Mmdzse;

i stop_ wordg Mdzseo ©, Cwlstster | ( cteasjicdidedz & dg@ly tc

4 BLHOHd®B tsBi jCIs TfidfVectorizer (

t d MzedB Ly ts L H Qfidt{/gctorizer












































































































