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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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[ J s tganfromtx{) o tsL o tc Gi§Afiadirapy (Is d humpyndarray.
sdzj HEj s tBEOIdIS! o dzd d3O dzd 4§ , Yylsts gwisr 2
L dzO y hutagyNaN( tsB8 1 W Mdas{lsjj Bz ? ) .

3. ltsdLoatsHdIs! 9" 9 B8H 9 Mi dzjstc Qrstsdy@izd’
flzls: . |1 tjOdz dzgF - BsPH PO YBE Ou Olztzpw fMmdzd h
yoh j omMjets dMmMitsd Lksls HtsHe BStcSCEZ HO
dimmdzj Hizj B2 tBERZYOUD] 2 o7 BtSteCd (tedm.

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
sHddz 9 Otcd Odzls L Oc tclnumpyfidama@ dzdz" = o d3OMMJ ¢

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’)]

[q’fr]lzdzl$$Oil:tG&LQO HOdzr = 9 d&OMmMmdse
fsdz L tso Olsj dzj o3

1l swidedlsy wWOLdzdydj o MtkzfhiEe@FL B OO
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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

{ Mk dzEC ebMBj 2N d2 OdzOdzdL HOdzdz & 15
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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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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
dMeshistcOdzj dzd § f sdiythafrdzd B dB dZ SIS § ¢ d

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

Hzw ko jlsO dz0 Ctdstesd dzf j! iotsd @lsfr fdzjj ¢
q fls ts y dz@.O0]. [ 1
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foerftovfiroc ROIRISEIU[ SR DANGE SCI

AJdd d L OHOYyd

A j dz! zOB 5tc Ols 5 te dzts 2 OB BOIS! dz® Y B dz§
ddzmiszd3j dzls™ Hdzv tejh jdzedWw .L OHOYBOh d dzdzts G t

[Mdzso dzr | L OHOYJ:

Tz yj dzed j Odiztded S B o o sL RBsy desMmisj 2 Mmtso
DataScience

i f sdzlz yJj dedisjo deEBetg fifdzs o Odzed v ff tod d3j dzj dzd v
BOh d dzdzs G ts5; 5B ZYj ded W

i fsdzkyd dzdJ Ed@BHULBEE f sHGC dz¥ Y ded v
ftedd3d dzgj dedw Hdzv tjh jdedWw GtetsMmisj2h des L OF

vjBtejlsdyj mMSsj tBtsMmdase Odad j

10 Mote] @3] dedes sz + sOf J ©WOLoadIlsdw dsdzmlis
sBlzyj ddw MmMEkzh jMmMsekzjls BBdz "ts] tcOL dzdatsB K&
tejh jdd¥ LOHOY HOdzdesets §C dzOMMO.

] tc Od3¢C On H O dzdzts 2 Hd Mydy dzd dz’ tc O
StedJ dzelsdtetse Odzdz § dzO d ytf sdz' LRythod dzd dets Mists
ddzmlstclzdzj dzlstseo H dzv WROE Hidgbaswts sagtzjyl dzd O
BdBdzdtslsj €d © t©OLjL] WL Ctse {f tetsc te O dzd3cC

[Ohddedetsj] BBEYjdedj ©® JavaScript

1dLOadMmMddBs Is Isses, Wwodw jlIsjfm! dzd o
Atsyjls ftsctekzLdls! v o HBOh ddedetsj tsB LY dzd
tsB Jrugd & , Cslstster 2 f dzOdzdtelzjls dMmMftsdz L 58 C
slsCter Ist o3 dfma tsH dz" a3 CSHBSM Bewtzdsy  LwaLd
ftosctcOdRAd totso Odad W Pyt hon ftsHHjteydo O] I
sBlzyj dzd v , JavaScrsijpt fndejts Is otg) fiiddidsdafigs h ( |



16

it OBsGYdscd JavaScript dmisd Lo Odzd O
tcOL o jtols™ 9 OdzgdW BtsH j dzj 2 BO"N dJdedesets tsB Iz Yy

TensorFlow.js

TensorFlow.js i 1 Ists BdBd&dtslsj €O n slsCter Ist
fsLotsdzwe h OW f sdzdzs s & LOf EMC Ols! i tots
BtcOkzL j to] . Clsts dzOMmdzj Hdz2d ¢ Deepl earn. j s
Tensor Flow. js kdzzyhojl WEdtydtsdOdz dzr |
oL By detsMilst BOC M BOdz! des dMmf sdz! L ts9 Ols
BdBdzdslsj Sd or d&tsy fJlbj tciftzsdz | ts o Olf-dzls iz dz
API-ddzls j teW j 2 fyr Hdzw BYftcjHjdzjdzdw, tsBIEZ Y] dac
ftecwdis o BOkL jt.]. S tcts d3j sts@ 5, sdz Oc¢
WebGL d Node. | s.  Mdzd E o90OMm J Mmlis! Y
Colstster jdlo) FdBlstctclsdtctso Ols! o BtOkzL jto,
fMpd Ol . 17 OCY] dBsyjlby §ijlzydls:
BtcOkzL J 60O.

Machine learning tools

1 dedzdtslsj €O ddzfmilstckzdzj dzlstseo BZONM d dedzts G s
mB stedzed € tcj MztemMtsj &BC d = d dzmistclz d3j dzls s o fn
fsHHjteyCd hdesEts tOMftishmistcOdzj dzdz” n W
BteOkL Jtej. CIsd dqdzmilstelzdzj dzlst B J MY Jdgseo O
BOh ddedets e s B EZYJ dod W, 9 Cdzt yovw teBlzyj dzd j
dmSEzmmlilse j dzgdz" § dzj 2tetsdzde”" § MJIlsd ( ANN) ,
dzOyd dzO J Is § dL yOls: -Bt hfoss 59 j jg fega® jn S w
BOM ddzdzse s B ERZYJ dzdV o B@EOE j dodzem 9@k dgjSdzl
f sdisy*! o Od.

Keras.js

Keras.jsi f stf Zdzv e dzOW ff dzOIsW stcdz®@ M tslsCter Ist
fsLotsdzv jIs LOfEMEOIs! gtsH j dzd BOM d dzdzts G ts
fsSHHjtyCE tjydddO GPU M dmMisdy L tse Odad j ¢
Node.js, o' BEHJjI] LOfEMEOIL! dr Id !
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ftcj HdzOGOJ Is fBHH ]ty L BsH j dzj 2, sB kzyd
Mdteo Jtodzets?2 Mt H T sOCtts?2 C€OEC Microsoft
B3sH jdzj 2 Keras, CGlststgr jo dedw@dds jsts jls ' dz@c Cn
o Cdzt yoesls I nception v3 -f&eBXdgdzedf] 's (I &
| mageNet) d BsBkzYyJddj s MNI ST.

Brain.js

ssdyjfydd &OhMdddsets tBRzyd ddY tyj d
dz¥ Hj 2 X J dzOdedj dzOyOls! ofd §d s’ | Ldsiasanss' d.
9 1Iss?2 BdOMId dsekls ftoedejMmlsd o L Odgj!
MlsOdesoa dIlsmMw 90Oy de" d&3&. Clsts McjHO ) lsCter
JavaScriopt, ClsicOW Eftctsh OjIs ftesyj M
dzj 2tetsdadz’. 7 [fipjdisfj 207 wWodzw jIsj ! tcOL tcOB SlsYy
dzad L dz2OCtsdsr f oBBOh ddede’ d3 tsBlkzyd ded J d3, Br ai
sBkydddw. [ @y dts dMftd Lo Ols: M No
Hdzv tsBlzyj ddvw dBsHj v d KON Jddazs s rzus
fsHHjJtydoOJIls Brain.js, 9C¢dz¢ yosils mJjlisd

STDLib

STDLibi 1 Ists BdBdZdtsls j $O M lkCter Isr di3 dfMmn
ftod dztsy J dzd 2 JavaScriopt d Node. | s. [ fr
fsHYjteSCdo Oj Is tctDtrm | Jotg ) @ HzW 0 dad Iz y-tiztc § dztf  J| ezt
BOh Jdedetsets tsBEZY  ded W, STDLi b d&tsyjls EkH
1l dedzdtslsj €O ftsMmlsOodzw jlsmw M tsBh Jtedzr d3d
MsOldmisdyd m¢ dd3qd Wiz deS ydw d3d, (B’ j

o' MC s tosydd BH@BHED] 2 &GOh dhkdses By
fMfcd Lco0Ols! jet ©OMh diojdede’ | bklddzdlse
sdeddslsjS. stsdj bkscets, jhdd o0d dikyd
HOdzdzr 5, of dz@2Hjlkj STDLi b flsswh j2.
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[ Ohddzdetsy BBEYjJd2dy © Pyt hon

1 JEdlsj O NumPylsts Nsmp vz f st zdzv tc dzOV
python Hdd&' ttBttOBtSISCd BBd hdr ddsc sdgj
Bsdzl " sets dzOBBtLO dBOIsj BOIsduj MEda Wk dzC -
fsdzj L dzs Hdzw WhkdzH Od3j dzls Odz! dzf = dzOkz datgd -
Clsts tMmMB j dzdzs Y sdzj L dzgs HdzwW dzddzj 2 dzts2 C
Mz yo02 dz" = ydfmd dz Il T mMsCsC Oy Mise j dedz" |
dimf sdz? L s ls NumPy Hdv &OddiEkzdzdttse Odzd W

SciPy. SciPyi {1 Ists tsyj dz f s zdzv tcdzOW B dB dzd
BOhdgzs e s B EZYJ dod v, IsO¢ ¢cOo¢ sdz@ MmtsH
sflsddsdL Oydd, dzd dzj 2 dets? Odzé j Bt d dzls j
tcOL d2dyo0 d&jyHEZ BdBAZIJIjSC82 Sci Py d Mmls
shdtsodzr = § OCjIstse, Cwbtster j Mmjs Muspjodzw ¢ tists
HdzZv BOddfizdzdteses OdzdwY dJL s5Bt.OY J ded W d3(d .

Skikit-learn. SkikitlearnT1 sH dz0@ dL MO =~ § 5§ & dzW tc dg"
Cdzommd yj MS dn Odze sted Is d3ts @ ML . [ O (6
BdB d&zdtslsj ¢ Pyt hon, O d d3j dkdeta, r n N uffntsPHyH | d
Btz "ddzmlsots Odzestcdlsthsar e BQRS ded v 3G dask ©
OdzOdzdL © HOdzdz" m, Ylsts HJjd&OjIs jets tslsdzd yc

Pandas. Pandéds Ists ff sf zdzw tedzOWY Pyt hon B dBdzd
{20 dzj dd3jilb fwBscts soskHap) dgdzdy & OBOd
zOBtstc HOdzdz" » Htsdzy jdz BTFIs! ftSHGEBIS dzj dz
syjdz ftoedetsHdlmw, Mitd Sk tdz BN dz teC
fsHeBlssaCd HOddz" =. 1 dBdzdBIS] SO ftoj HisM
HOdzdzr = ( L@ L jdztoftdefiidscz d3j dzls™ H d&zv OdzOdzd L O
ofMstetsj dgdz" 7 d3j stsHtse ftsdME O, tsBI jHJdzaj dac

Keras. Kerag sy j dz@ ffkzdzvicdzoOy BdBdZdslsj ¢ O
Pyt hon. Clsts or MsCtsktetsodzj o™ 2 AP dzj 2 t
fseo jTedhsor FIl ow, CNTK ddzd Theano. [dz a3
sO¢ d dO GPUsts Krejrafislseo disj dz! dzts Hdzv  dzO1
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Colstster | ntslwWlils Mmilstetsd Is d ftesj CIsdetso Ols
ftoj qdzszh j Mlse Keras wo dzv jjlciifwts Igfts, B I Urjdstde tsts
ftoslstsisdy r .

[Oh ddedetsj] tsBERZYjddj © R

ldedzdtslsj SO Dplyr. Dplyr o Mmdztse datsds
HOdzdzr &3 ®© R. Dplyr WOSIkdudmMéd fmistets]
MomMlsQodzw e Is Btsdz! h ¥ YOfls: BOda'f z tey y o &
HydZzOjIsj. 17 dyjlkj ttOBBIOI! COC M dzt
sOB dzd yodsd kZHOdzj dzdz" = B OL HOdzdz = .

Ggplot2. Ggplotad sHdz0 dL dzzyh dr BdBdZIBISj ¢ H
o R. 1l dBdzdslsj CO ggplot2 tjOkzdqLEZjIs ¢@G
Clkls fBHABBH HOJjIs dzOd3 § sMdzj His9 Olsj dz' dzr 2
9" Oy jdedW oLOdBsMowL j2 dBiyHE Obttdslkz
ftcj HMIsOoadzjdzgdj d3. Ggpl ot 2 dd&3jjls hdqetsC d?

ML R. Clisls f0O0Cjls OBfMmtsdz® Isdes dzj 9 j tofs
BOhM ddztgB &t dzdwvw . 1 dzj d3 MtsBteOdzr Hsylsd of
Hdzw o' f tsdzdgj dzgdW¥ L OHOY &BOhM ddzdetsets B EZYJ d
H dzw CdzommdW dS Oydd, tej ctej Mid d, ¢ dzOfls
OdzOdzdL © 9" ¥ do Oj didsMmis( . [ Mis ! tc @S YHj dzwdz ds
WEkdS ydd. s OC Y J, Bisdz! h ddzmise ts 9" f tsdzdzg
tcOMYf Otc O dzdzj Az Is+ .

Caret. Caret Blojyojls L0 CazOmMmmdw d ¢
ddehistczdzj delstse o Hf OCjlsj wWodw jlsfqpw W Iz dzC yc
sy4d dzd o, digh sdztcdzdzy $Hr BtstcC Iz, o dzd W dzd 4
BsHjdzd @O ftesdL otsHdIs] dzv detsyls* . b Car e
frlsOslsmwv Eftesmisdls: sy mMm §smistes] dzd
WEdeS yd?2 d Htokzecdj ddj IB-HS offHid dz yldsssise Qfc
Hdzw tojh jddy fOCIdujméd dzeEBB?2 {totsB dz
sBifMfjudeoOils JjHddz 2 ddalsjteWw j2Mm Hdzv dz
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sBlkzyjddw d MIlsOdzH OtclsdL dqelzjls tOL dzd ydzr j
HOdzdzr =, fHtojHOOtcdIlsj dz2 dzOW s WCOBIBIES @S O 9 ¢
4t B3 dedz” .

Esqui sse. Cltsls #0Cjls fteddsj m dzOd B ts5k
10 MOBsd Hjdzj 1 Ists Edzzyh jddj ggpl ot 2.
dmMmdzj HisO Ols H Odzdz" | , odLEzOdzdL Jtekzwy d=A
fsL otsdzv jsli tedfifsas@ tcOBRBdzr , Stedor j, Istsyd Y
O LOLjdk + CMistclsdtotsa Ols! cteOWdS ddzd f tsc

[ Oh ddzdetsy tsBERZYJjdedd © PHP

Rubi xML. JrimsSCtsktesodzj o OV BdBMEZIESIS] ¢
fsLotsdzY jIs ML HO9 Ols’ W { t8®dztizO Bz f tipf s dzt
PHP. UVHB dz' 2 Hdzv t©OL ttOBBIsydsEtses API
[ sHEd dZOvw Otendlsj Csktc® MtsyjlsOjIs o MmJeE
dimrtsHdzr 2 CH d BJ My dzOldes] dMf sdzr L 59 Oc

PHROPENCV. OpenCVi { Ists dmfdesj O WEkdsyd?2,
ftoj HdzOL dzOyJ dzdzOW HdzZw Ctdi3f! s lsjtodesets L |
OPENCVi{ Ists dssBptzIsC O Hdzv OpenCV.

PHRML. PHP-ML 1 BdB dZd 5Is j € O dBBOh ddzdzse s 5B Iz
EdssdzyOdzdgML PfHPH H jtoy Jo Oj s OdzetstedIsd3 ¢ Is(
tej ctej Mipdw . Jdz OCYJ gqd3d 4 Is dzj MEsdz! Ct5
dLiEzyjddwvw, 1OCdr C0OC dzOBtstc HOdzdz" = | r i s

Google Cloud Machine Learning. Google NIt Ists Ef tc Qo dzv¥v j O3'
Colte’ 2 foLotdW jIs tOLtOBSISYd S Od3L tEs tH (
ftesyy Mmmr . [dz ftejHEZOGOjIs Ctsdeo j 2] tc, d
BOh ddedzse s B EYJ d2dwVv sl dOYOEZO HE € dzy
Clster | fdBBsc Ot s tsls MO » hdzse dz" = L C
HtS Bfsdzj J MmMdzsydzr = L @GzdQ@Py.d K@K pr 65OH Otz
BOMh IsOB § . stesdzy Ibtset, jets cdBC M ]
Emmdzked Mtso 3 Misdes dadzd ddzndo dH zOdz! dzts .
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ftcjHo OtcdIsj dz# dzes B ERZYJ dedlzze BsHj dz2 d dfp
tcOL o jtolstsB@REY .9 1 SHH jtoy o O Ispw  tcOL dzr j

Tesseract for PHP. Tesseract sts d3j ~r OdzedL &3 s Isdyj M¢E
mMd o sdzse Hdzv tOL dzd ydz' = G jtcOydtsdade = f
EBifMyjudddi, orfkhjdadetsi ¢t dod.y Judf =g
cOLtcOBtSISCd wWodzwjIsMfw Google M 2006 G tSH
dL mMOdr » Istsydzr = HBMsEzfdzr » dz2O Mj e tsHdgV "
sjSMsO ) kSterls'r @3 dMrBHd dF ¢ tSH . ¢
BdBdzdslsj ¢ .

[Ohddedets] tsBERZYJd2dj © Java

We k a . 1 zHdoe dlsj di' alztse s toylsdzts d3yeck atsH d d
BdBdzdslsj ¢d d@O"Nddzdztse 6 §f seztlzgfldzdw . tc @/ &3 C
smdtsej Java, d&kzyhj emjcects dMisd L Ekzj OV
Weka o thdsodtsds Jfiptsdztzy B sz dasys O
OdzOdzdL © HOdzdzr = d ftesedesL detsets d3tsH j dzd to
f stclsOlsdoeo dzOW  ftesmlsOwW o dMf sdz' L tso Odzd ¢

caeddzO Weka LOC dz¢ yO  Isimw ) CdzOmmd W
Cshtster &3 s BBPLHYyj B Ov CdzOoMMdW ds Ooydw
L Issets fsdz L Iz, dzs 1SOC Y J YSHHJjtYy o OJ Ist
OfmMmsydoOydd, ftoseddetsL qtetso Odad o toj o3 dad:
B dzOtclzy j dzad J TOUBWDOAr? &f,tctsW j Mifpste ¢ 2B J
l csWgt M sk + ¥ Isjtedzr » dzOkC o bkdzdo jtemdlsy

stsdzdzj S ydw Odze sted Is Bts 9 BOh d dzdzsc 5 5
ftoddzj dgj dzO dzj f sftcj Hiise j dadets € dzOB tsto Iz
MeeMmlse j dzgdzsets Java CtHO. [ 2O ftSHHJ o)
d dzlsigjd€ sz Odz! desets OdzOdzdL © H Odzdz =, o ¢ dz¢
HOdgdz" n, S dZzOMMdWdeoyds, ¢ dzofmlsjtedL Oyds
WlEZdS yd?2.
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Massive Online Analysis (MOA). MOA 1 Ists f tetsGtc Od3d3dets ] K
SlsCter Isr 3 dMrBSHAZ d3 § SH B, dzdzigf J v dz) dggash
sBkydddw d ddzsj dzdzj SskOdzr dese s OdzOdzd L O
otej d3dj dzd. [ OLtOBSISOdzdz" 2 &O Java, ©dzO |
Weka ftod d@dOMhilsOBdtetseo Odzdd Hts Btsdzj J fdz
BON ddzdzsc s B Wzt i3 delssed MOA  f tsdzj L dzC
CdazommdW S Ooydd, sSB dzZOtclzy j dzdW¥ o' BlesMise ,
mMdmilsj d3. MOA &y Jls BT Is! fsdzj L J dz Hdzw
HOdzdzr » d ftslstsCtse HOdzdzr »n, O ISOCHYJ H v
R dzls § t6dzjjlRRO (ol johT) .

MOA M jydoOd: dzts tcOL cOBBISOd HA&Y KEOh
HOdzdzr = © tojyddiy toj Odz' desegts otej dzj dad . |
fOWIsd. MOA ftojHBSMIsOadzw jIs 1 IsOdztsdzdzlz®
) sB dzOMiIsd ddzlsj dzdzj € Is z O dztc gzis ¢ f5 Is Gode@Vdrd L &
fsdzj Ldzr » WEkdSyd?, o Cdzg yovw dzjelts tOF
Odzc stcdlsdso, T olktsCtse d &BjIsHse yj dzb d
HOdzdz" = (tej Odz? dzr = d MmMddzlsjIsdyd MSdnr) H d
OB tstc Mikzh j Mise s df'F Pe® dsde i dzdiyts.o

Deeplearning4j. uttBh jMmlsoats JAXent e
dL MO »n ddzdeso Oydtsdedzr » ftosHEZC IstEol ISisC s
Csdgdizj ey MCOY BdBAZBSISj SO M St s &3 d
slsCter Isr d@3 dMr SHdziadz ¢ tSweadk adzO AJavy  f totSH |
sBl jHddzd dedd dzgj 2tetsdzdzr = Milsj?2 d cdzzeBtsCt

Deepl earni ng4j ftcj HdzOL dzOyJ dz H dzw
ftesctcOBBdMIsss dzO Java, Scala d Cloju
tcOmMftej H dzj dzles T c @ dpfptied Wsts HOdzdz' 7 M) BEEt
Bsh dzsmls+ ¢ d mMftshmtse datsmls sBtcOB OIS 90
f OtcOdzdzj dzt dz" | L OHOYd ddzd L OHOdzd W . ] dzl
sBlzyJj ded j M sMtseMlsa zs Is tcOMY sL dzOo Odzd
BOh d dedets dgted sB Zhyfpj st tsL dz2OyoOjls, ylsts De
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Sftcd HYy dzj dzgdWw N OB dzsdztseo d dzOMistetsj dzgd?2 o
By des dMf sdz' L s9 Ols! HdzwW B dzOtelzy jJ dedvw O
sO¢dr COC WddzOdzMtseor §j IsteOdzL OC ydd .

MALLET. { OL X OBoasIs Gdgdiets o dzsd3  § dzH to ¥ [
MiszH j dZsOdsd dL UMASSI {ds U Rjedafifis, to ZM7y LdilsEDTdz-
BON ddzdzsc s tsBlkyjdedw M slsCte’ Istr &3 dMmatsHC
sjSMmMlsj. Clkil §0O0¢jls d&O hMdtsej Java (¢t
d Misimlse j €&@tsc &8 dzOMIsj tedL Oyde, ¢ dzOmmMdW d ¢ ¢
JqdW sted3Oydd, Isj 30Isdyd ME&tsj dsH | dzd tetseo O da
sBlzyd dzdw ¢ IsjSmiskz.

MALLET 9oCdzs yojls o MmjBw Mmzsyd j ddz
HsCkZd3] dzlstse , sOCd] C0OC 1 WyBEtdn e Qded o
[dz2 fBHHjJteydoOjls hdqesSCd?2 mMfjClste Odze st
1 02jJMO, Hjtjo!'Ww twjhjiddd?2 d < dzlstetst db)
CdzOmMmMdW ds Olststc O. s OC Y J MALLET o C dzt yC
BOwC dietse & d § M dzj miHsjodstg e’ Qigtsdils dls jdd3. d3

ELKI. d4t6jHO HI&V{fedhzePpET d KBIDH j to)y
Structures (MeCtcOh jdgdes ELKI ), ftcj Hls
HozZVv OdzOdzdL O HOdzdzr = M SISt Is" &3 dMmn SH dz
zO0 dMmMmdzj Hiso Odzed ¥ B H \QjdasCsfcadAsVd3ts ez § ts dzls te s dzd
CdzOMms j todesds OdzOdzd L § , ddzH j S MOR BOLT HO
fsLosdzwjls djLOoadmMddis tyj dzdo Ols+ O dzG ts
HOdzdzr = d LOHOYd bkftOo dzj dedwV H Odzdz d3( ,
Fdzd ¢ Odgtedpsidf Htkzedrmr MtejH ddzlsj dzdzi CIskz O dz
Weta dd&zd Rapi dminer . ELKI sO¢ Y4 HEH]
WstedzOIlsr W O2dzse ddzd d3d ter twOMmMmilstswdzdw dc

[ O ddgdetsj] BBEYjd2dj © C#
ML.NET. MLNET 7 {Ists Ctosfff dzOlsY tstcd3j dadw
sBlEyjddw f GlsStrsr & MRBHA & CSHIEE,
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HsMiskzf dz@m &5 Hdzw tOL OBESIsYydSitse . NET. ML.
tcOL tcOB OIs™ 9 Ols Mo tsd mMse Mise j dzdz" BBSH |
BOM ddzdets§ wSBRZYJddy o Metd TieddaOpijded
ftcj Ho OtcdIsj dz dztsets BYr lsO w©WOLwLOBBISSd (¢
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Accord.NET. AccordNETi 1 sts Wtcj 2 BotsteC Hdzw dzOEzn
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sflsdddL Oyde , MsOlsdmisd ¢ Iz, BOh d dzdzts§ 5B
mdIsd, SBtcOBBISSE MdedkzOdzse d dLtSBtOY J
(LOSCd M jfizd] cOWditse d odLEZOdzdL Oy
MBLHOd HdzY tOMmh dqtej dzdwv o tsL sy detsflsj 2 AF
o Cdz6 yojls o MmMjsw AForge. NET. 1torj oj
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(Motsddsd d ML HOdzdzr &3 Miststetsdzded d3d ¢ ts d3t
Bsy des yd ted L ©OENHaf'czdzr @ BsHjdzd fte] otcOh O
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M- tcOdzV Is HOdzd . 1 OoaHWw T L Issdz Wit j 2 d3o tst
How-Ol d (BfftejHjdzwvjls ftsdz d eLtcOMmMls & W

Amazon Machie Learning. JHddz L Wt 2 d3ot
tcOBtSIsOjIs M B dEOYd ddd HOdzdzr d3d M A mazc
BsHjdzd BddzOtedes?2 d Bkzdz' Isd¢ dzOmtsetsd € dz
tjetey Mmde . 168 Miwedm MHJ dzOd disy jdddes
1 Celfissf ez sy d day Jd&3f stelsdtelzs smw .

[BSstczHBsoa Odzdy d d3OIsy ted Odz*

[ dzv o' ff sdzdzj dedWw dzOBtstcOIststcdzs? OB SIS
fJtmMtsdzOdz! dz" 2 Csdi3f + ¢ Isj te mts mMdzj Hize h dc
tOL©EOBEBIS] (orBtOk! wBHddz ddzd daj MS 51

ftcOCIsd g L Oydd L OH @QB tZOB ts @ Gzds Byhgats 3 Is
(Anaconda.

VLEOLOddY Y5 IsjrdedCJ BJL ST O

glskzHj dzlst HBddz" Mdzj Hs9 Ol BN j§ftedd
ftsdz L s Olsj dzj 2 fJtemsdzOdz dz' n Cod3tf + 8 Isjt
ftesdLotHdIs! Isj Bdedstsflzdg € d - fMtej HMise , s
ftetsc tc OBBAEE S tsBJ Mt Jyd ded v . J Mdzz yOoj
dzj sBrtsHd @3 Mstse dls! ts B L Issdg OH ] ded f
(sBMAzEy o O " j i3 f j eMsdzOdzk dzOB stcOlsstcd ¢

[jsHdSO d fBEWHES o' f tsdzdzj dzq
[ dzw 01 iz tzdz dzOB tstc Ols s to dats 2 tcOB SIS dz
fdzj Hizs A dj IO :
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1. RLEYdk!' ©kjstjldyjmnsSd?2 &OkjtedOd
2. Jr{isdddls’ ©O0stlk’ 5 bkilsOdts§j
OB SlssM shse dsflsd Rytmumsdtz &GO s | dadisdsts j €8
3] BtOl! d ftsHjdshstediess O! dMY td
EBkyj ¥ dz20 fteddited twihjddw f§sMmisj2h ]
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1. 1tHBjtedls]j dzOB stc -7H O dfdz’ ffits cdd@BD fridzj2frisizj te
ftcjf sSHOO Olsj dzj d3. jilsidisy jJdgls o jsle O dzdz’
s5j BOlsdC 2 BOcdmlsjwmMStsets dMMmdj Hse Oded W .

2. [BtsMdz2lsj or'Bttt BdBdItlkjCd &OhJd
ftotsflsts? L OH Oyd BONM d dzdzts G t5 B lzyd ded w
ftosmisj2"ndj Odeswdld f§tojHo Ous@sd dz Hifbdd

3. 1tsH,BsfMsdiekz2ls] ©OBskshfshEsc
sBlkzyjddw Hddv tjhjddw ftesMmisj2h j2 L OH O

HtSH ey Odedjy lsyilko d jets Wi

[byil s dZzZOBBtOlsttedzs? tOBBIS] HEdJ

1. 1 sd3ijte d dzOL 9 Oded) dOBGSKOISSKL®RS? .

2. 1 40dzdLOydy COyHBGEB fkzdisO {tsHtO
ftcdojHjddjd3 dMrSHdes C(BHO {toisc tcOdd
odLEZOddL Oydd HOdzdz - .

3. [loajlr dO Ctdzlstetsdz dzr J] otfftetsfyr .

4., CCtcOdedzr | Wistedir (Ctsdemsdz dzf 2 9" o ts
Coizdzj dels Qv &3, TB8COL" 90 h ] TBWHEBSE ¢
tejLlzdz O, ftdkzkyjddzr § © ~tSHJ JVY orf ffrt

{lsydl 5 o" ftsdzdzj dedd dzOBBEOIsedzts? tcC
MHOjIsMw ftojf sHOo Olsj dz¥ .
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1.§0¢dj BdBdzd 5l ] Wzdy dgd™ d digisty alass  te[en §f s dz!

Is | =~ dzts dXE GFjathework

2. 0¢dj BdBAtSlj $d &OMNdddtscects BEYJ d

Is § -~ dats @&yherd 2

3.500dj BdBddtlkjCd &OhNddkscs sBEZyjd

5 j 0 dzts des@® d 2

4.5 0Cd] Bdes@dEldzizEd s tsBlZyj ddw oGy dzts

s j 7 dzts desaSdip?

5, 50¢dj BdBARtlj $d &OMNdddtscects BEYJ &

s j 7 dzts @MFe d 2

6.s0¢Cdj BdBARItSI] $d &OMNdddtsects BEYJ &

sjnds®scd?
7{fdhdisj thdet otz do B dMgdRytsls j ¢ d

8B.lYdhdilsy thmdetsodzr | o tsLRBEgsdzsMmisd B dB d
0.l fdhdlsjy Bimdese dz" | o s KesdTdstsdnftodd B d B
10l fdhdlsjy Bimdesoadz | otsL di3Hedssmisd B dB C

11.vj & MAYsmwgsls dd Yo Is i TensofFo P sghE d

s dMsS ddlsj Okt

[ dzv o' ff sdzdzj dz2d ¥ dZOB StcOlstedzs?2 OB ST

Hizw o jlsO dz0 Ctdzstesdy df | otftesh:
dmlssyded Sq: [1, 2, 5
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idqLizyd ded 4 BMmdatso dz Is d ff Sea@lone cOW S 59 E

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

]
m
m
-

sjBjlsduj M) cBhdise Odzd j

l1jtiH o" fsdzdzj dzdj &3 dzOB st Olsstedzts? OB
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
f 4 temsdzOdz! dg" 2 Csif ! s Isjte Mts MmdzjHEzs " dc
cOLtcOBBISCd (or BteOlslz! € tisH df dp ts &f tdf d3datz | M € tfst
fteOCIdyj MEts2 toj OdzdL Oydd MBDMis@IStuda261% tc O I
d erhj; Mtc j H Qavateddzls Ot tfsts Ryhors Briaconda
B d B dzd ts Isnatpld@litdzsabornnumpy.
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dlskH jdieydzgrH Sdzj HisO Ols! B j ftod dew Ists?2
ftsdz L s Olsj dzj 2 f4JtemMsdOdz dz' n Csligf + ¥ Isjt
ftesdL oHdIs! tc J d3ts dzls Isd mnded yd MS d = ftcj
ftoesetcORBds G ts sBJ MY Jyuj ddvw. J Mz yOj
dzj sB - SH BB Is Mts s B L Issd3 OHBddAd MistOIsstck
(sBBMizEy do O h j &3z § jtemMsdzOdz dzOB StcOIlssted C

[ibBHCO d (BEBYHES o' § &ddzaj dzd

] 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 HOddz &= dMytsd LizjlsMmw o §C
BjssHse foscdtL Jeso OdzdwW. 1 OBtte ftcj H
Cdzd j dzls Otse  Isj dzj € sd3dzlz dzd € Oy d sdgdEs?e  Ctaigfe@s
odH]j L otsdzl 5o, dzts y dz' 4 d Hdzdodz | tcOL @
fsSHARBHdIs H dzw Bz yd dzd v BsH j dzj 2 dzts ¢ ¢
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’'" LotgoHQ ddR( jfde d L dzOC d
( ol dgte Q).

import numpy as np

import pandas as pd

from matplotlib import pyplot as plt
import seaborn as sns

%matplotlib inline



30

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
] ddgfustse Oded j &5 Stslsster & tdd MisteswIshmw,
Clsster 7 o) HdzOL dzOYj d&¥ CcOW S d.

61 1. JdLEzOddLOydy Ctddujhlse j ddz 7
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rdzv ftej HMMlsOo dzj dzgdw tcOMYf ted HJ dzj dedWw  H t
fsHAaBHJIs sB " YydzOw cdmMis e tc®PBEO, B d B Hae jst
(ted MREES S

3 data['Tofal day minutes‘].hist();
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t dimMzdz8 € tc g d34 dzj dzdhist)egiAs s L 2OdzdL Oy d
dzj MSsdz? Cdr ftodL dzOC ts9

OO dude 2 kdf cwOWdSs O stz giaplotibs dziz
( od MRges § idzd dzj 5B~ SH Jd Bts f stindstetfisteljisH J dzJ
OO dudy 2 ftojHiMlsOo dzj dedes Bz 2@  ted Mk
Hs sdzdedlsj dz dzr §| ®®Muib' (tdhkdss

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 1 WWjClkdodr i kdise cLOWdCt
fodL dZOSks®s ¢wh dj boxplok MO&IR WIfHELOy Od. C
6] Odzd L 5o Odzdz’ 2 ¢ O §T s dzf 24 & O @ AbrpDE © 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');
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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 . Y jtelsO o dglzls
B4 HJOdzlz 6OMYtej HYdzj ded™ ( 35y dzs Hnelnf) aid Is
pandagfnumpy.v " lssBOy Ot Is o jM! tOLBLEM Is
B dzd B3O dz' dz" §  BOCMdKROd dzf § L dzOulg e,
(Op plvIJ00, Yoo plwIO0)Y, ©b'YOo Up i ddzsjtcC o Otelsd
LOL BOS. uvyYycodkd &O cwoOWdS,j] GBSGL dOYO:
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%
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40 -3c -20 -lo Oc 1c 20 3o 4G

tdmMzdgE @ sBEzCIsE® ctcOWJEO Isdf O

6. 1. 2. sObjestdOd d" § fHtedL &zOC

sdf dyder &5 COjetstedOdzy dzf s ftod L dzOC tsd3
wodzw jIsimpw SR.klCdsHe {(Olsj ctsted Odz! dz" 2 ftodL d
c{COue)( cslsY dz Weo dzv ji IOy ig zd24alf ey JHirfriisdCily) dz
GtecOW d ¢ dounpbplf oL B d B (edalsdmnj CCAtsIstster | MW s

Bts dzj 5 M ter &5 H O dzsaBRES dzddy j s o tz O fe O P
ftodL dzOC 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. ldLEzOddL Oydwy MmMtslsdatsh jddw ¢t
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
MowL Odedz" » ) WddzOdzmtsor d@zd L O laiidsO)lsidsdz din ¢Sz
Ylsts tIss ofj §s5¢OLOlsj dzdhargehipts Hdjdgiyd@M difjts ¢fC
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

) sipdzy et fEhsq s jzdp A nBsy dts  § 5
Hazv MteOo dzj 2d®). (ted Mz dats €

# cmpoum omdesibHble 2ucmozpammsl
# Ona HeckonbKux Npu3HaxkoB
data[feats].hist(figsize=(5,5));
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2O odzj HdOC OdzO i B Ototesj Ju@MEtcj H j dzj dzd v .
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1 # MonapHoe pacnpedeneHue npusHaxkoB
2 # [lpumeHeHue Seaborn
3 sns.pairplot(data[feats]);
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1 sns.pairplot(data[feats + ['Churn']], hue="Churn');
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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)

T T T T T T T
0 10 20 30 40 50 60
[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');

MexayHapoaH. HayncneHue

0 1 O oD OO0 O oo o0

T T T T T

T T
0 10 20 30 40 50 60
[HeBHble HayncneHne

{ dMEZ2ABT OMistes2¢O OV O: yoajl k
L 2Oy dzd v ftedL dzOC O
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JtOWdSe dz0 tedmizdzC j 2. 16 d3tsy dzs Odgdfs,f
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 dMEz2ABT] smistetsj ded 4 BISHJ dzt dzr = ;ff BGI)C
dMotHdr 2 StH: cEOY 8 dkyj dd

) tcj Odz dzr = L OHOYOR KBOh dJqdzdzse s 5Bz
HOdzdz" = dzj BBrtSHdABS o wo dls! Ctetej dzv ydd
f OC pdadas{ d3j J IsmW o Mistets| dedz" 2 T d3dzlg dmus(Szly Qiftsh @
DataFrame 1 0 tdMmizdzC jJ 2. 198 offsHCGED L1 Gsdis 2W teV Czedd§ j

# 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 y 4 dzdzOv d3OIsted ¥ @ xd Kilsitsls dig @ Lde@ivgel Is § ¢
(9 tjOdz dz' » LOHOYOR HBO"N ddzdesets tsB Iz Yy dac

fswewpR domd B$dz) e dBOdIOed y"r ©OMNGBOISts
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HOdzdz" » JtosOdzOdzdL Jtetso Ols! ¢ ts toitelg ted» nyte J d3Ct
L OH QY. tcd d3j to,d Mgtz s Ols ¢ mMCtedylisr , H dz
Co1 WWdydj dzsse | Bzleg!] gzv Wdgf. s dz? L ts9 Ols! fn
G tc OWidh€a®nap 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 intl mi

Total night ¢

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

sttetej dzdtelze h dj GtedL dzOSd B ydets kHOC
ftesyd Md telEYJ ddw.

l Oydz § L O] yodadw

1. d4lsOls! w ts sdf On G tc OWQdEdfLoj  fHI 0z
https://medium.com/opemachinelearningcourse/opermachinelearningcourse
topic-2-visualdataanalysisin-python846b989675cd

21 C€Oyjmbkej MtejH' t©OLWGOBESISCd dMY tsc
Python Javad dz€#. } s MmMtsec dzOMmtseo Odzd M fHtoj f sHOEs
MOoisMistswilsj dz dzgts sy JIs o' BOIs! Wi ¢ {to
(fted { stdzifidsrgndads Cwdlsdud MEd B sMdas



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
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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§ € Mg mdzv tet®) NejOa
f sMisOo dzj dzdz" = L OH OY.

RdzZHJo dHEZOMz dztsj L OH Odzd J

1. 1 tHBJjtdlIlsj dzOB tstE3, 4hdo digits G- dz@APz 2clg jin zfitgs
fto] f tSH@B@AB. dlskHjdls Byl o HAEEY (IS
sj BOIdSE 82 BOcdMmisjtemMSsets dmmdzj Hiso Odad W .

2 . lteso jHdIsj f jtco d udhtdB s5Q dzCodeddi d3OwiAf g
EHj dzdls: GteOW dyd MS sdikz ftoj HiMIsOo dzj dzd ©
odLEZOdZdL Oydd dus@ & dspdy iz ji 9 [sH O dzdz'dZD.B BSltets M Is
CtcOWdEtso ) Jj &zOIsj dz des ftesdL o j ffled OEzO dzg
HOdzdz" » dMmMftsdz' L s9 Ols! COC sy dets BEsdzj j

HUBHjEYOdd] Glyjko d jet Wi

[byjls {5 dOBtkOltieds? ©OBSGI] HGMY]
1 . sd3ddte d &ZOLoOdzd)y dOBBOIStstcdzts? OBt
2. t(JO0ddLOydwy CO)YHBGEB flzdSlsO ff tsSHEO

ftcdo jHjddj 3 dMosHdEes SBHO ftodisOde

odLEZOddL Oydd HOdzdz - .

3. [kojlst dzO Stdstetsd dz | ot .
4. Qe Wistedyr (SCtdmsdz dzr 2 9" oatsH) (

Cdiid3j dzls Otedvw B3, TsCOLr 9O hdj fBGWHBE ¢

GjLizd OLr, ftdkzyjdds j o AtHj jY of ft
{bydls 5 o' ftsdzdej dzedd OB OlBdzts? t6C

MHOJ smw Ofstg jdfftsH Oo
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ssdzstetsdz’ dzr j ot totsfyr

1.sO0Cdd ddemlstelzd3j delsOdzt dzr § My HMise O
tcOBBYJ 6t &3 MmiD@aStjeghgéyd ©Odzd ls O

2. s 0¢dj BdBPyzos N dz L 2z Isfyw Hdzv Ol
BOh ddzdzese s tspbkzyjdzdw? 1 021I] CtoOlSUSEES jn Ot

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

s dMsC dzdlsj Ok ter
[ dzv o' ff sdzdzj dzd V¥ dzZOB StcOlstedzs?2 OB SisT

Hdzv o jlsO 20 Ctdstesdr df | oG 't tifdzj Hezj
dMmissydedl$ d: [ 1
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forftouvftroc BORfwEBLIC fLrcl ke [t

I RIrOBZRM & [ o[ [HB

AJdd d L OHOYyd

Aj dz OB stcO sl ) @ slsfteddydy e
d dett ste 3Oy digdaids fols d MY sdz! L s0 Odzed § & d3d Iste
CazOmmdi.dc Ooydd

{ Mdzts oLd® HjO Y ] :

T dLbkyud dzed d d dzf Bytthiandzy dizls O edj"O dzd L Oy d d
Bjstedyud MEs2 §dZOMMIW S OYydd

I dLrEzyjagfJstsHtse Y sff@3d © Byl tdts o d3d Is
CazOmMMdW¥,ds Ooydd

Tsme s dadd  ABERNNIdSJIEEONQS 2

v itstejlbdyj Métsj tBMmdetse Odad j

1 JtoJH o' f sdzdz] dzd jod® B BB B S tdL) ksBE dztn Y Zs ¢
sitstedy?2 fomstesj ddw d&jbstedyd MSdns & dzOMmH
dmissydiepk fMsets] o ded d3Odedd dzj sB -~ tSH PHE [
dmrtHdz &3d ¢ tsH O3] .

[BSstcZHtBsoa Odedy d d3OIsj ted Odzr

[ dzv o' ff sdzdzj dedw dzOB st @ thtctzicB Mvc Od g6
fJjemtsdzOdz' dz" 2 Csdisf ! s Isjte Mts MmdzjHEzs " dc
tcOL tcOBBISC (or BtcOlIs! SHddz dJdzd dzj MG 5
fteOCIdyj MEts2 toj OdzdL Oydd MPDMis@IStuda261% tc O I
d orhj; Mmtel H3deids e BiRBiHHAPENadONd
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LEOLOddY s IsjrddSj BJL B OF

dlskHjdzlst HBdydr MdzjHtseo Ols! BN j§ftedd
ftsdz L s Olsj dzj 2 fJtemMtsdzOdz! dz' n Csdif + ¥ Isjt
ftesdLoBHdISH tcJ d3ts dzls Isjrdedyd M drmded fytc g
ftosctcORBBAEE S sBJ Mt J yud ded v . J Mz yOj
dzj sBatsHdd@3s Mstseh dls! tsB L Istsdgz OH ] dzd f
(sBMdizEy do O h j &3z § jtemMsdzOdz d&zOB StcOIlssted C

[jssHdCO d fstWHEBSS of ff sdzdzj dad

1 jtejH  of fisdzdzj dzd § 8 o dzH d eted) s IS@BH detatiz
or fsdzdzdls! of)j flkdClsr EyjBdes2 L OHOY].

LYJ BdZOW L OHOYO

l OB Or HOddks?2 LOHOYd ttOmMMdOlstmd o O
dimf sdz’ L so Oded j i3 3 stsH.Of BUAYJORISedjm  dpAsHE:
dmfsdz L ¥ sfpw HOdzdz'.j 5B dtedmMOA Adh jtcO

]l t©O0di¢ On BHEOERESRc A ©OBBIST ) ¢ sd3d d
B d B dzd tsgajdésdPandasi { Ists BdBdzdtslsj €O Pyt hon,
hdqtesCdj oL dBtsydesMmisd HdzvW OdzOdzdL © H Odzck
MY j yd O Bafaii$tsence YOMists O dizg ls|fgzats d3.chvis.tsufz0O Is
XIsx, &) d f sd3tsh + BdB dzdtslsj € d Pandas
sBiOB O™ 98 Ols! d O0dOdzd L BBEOK - ML Qugish
ftocjHsMsOadzv jIs hdiesCd] otL By dsMmisd o dL
ofow L Cj M BdBdZdtlj COdBd Matplotlib d S

[ Mdzsazdg MlstczCIsztcOdBd HOdzdzr = © Panda
DataFrame. 1 jtor 2 dL dzedm ftej HMMISOO dzW § I
BOMMdo HOdzdz' = dzj Cslsstesets W Gigd ted 2@ diiz
MistczCIlsktce® HOdzdz" =, ftoj HMIsOo dzvdrs"jOY Sl



46
MsHjteydls HOddzr | BHdesets Isdf O. [ sy dets -
sdf © Seri es. dlstczCIskzte® Dat aFr ame tsls
tcj Odz dgf = HOdgdzr =n: MlstesCd Mstslse jIlsMmisea z¥ |
sBl jSCIksa, O MistdiseyL dpLOs. j Isilso 28 Is
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 |

4 dzz H IsSjBldc O Is d Is o dzd 3O dzd 4 , ysts f jteo O
dqdzsjtef toj stetso OdzO ! ¢coO¢ hOof CO I[sOB d&zd y
dzj Istsy didg fisls ‘= sH d B3ts MY Htz® & dlsz tsBARPL SO T &
Mz yoj MmMlstsdze yr ke yoOls {fsstWwHICtse ' J dasc

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] BEHjls or o] HgQh ] dy QY s
Bl | IsOds 5 tOL d&zd yas).d §tedL dz0C 0d5 ( t
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t dMEzABE L s Otedzs] fodL dzOSso sy O

10 ctcOWdS ] s Otcdesets tcOMY toj Hj dzj dad W
sBtsL dzO Y dedive tePlVisfdgs yirged yj ddzlsj tof ©Cgz@jigts o «
slsdgj YyOs smw tOL dzd ydz' &3 Yo jlsOdBd, dzs o d
BRdztsy j Miso O Istsyigt fzj HolOj I8 | tzp tzOIs d Is ! 9 dzd BBOC
COMf sdzsy jdzdz" | 5 HJOCOROd]. 1 SHEKRO2 IS

3. 1 dzv ftedHOddw lsHj dz d&f B C OindfHBEs
FCOLOL!, 5 COCtkkE ftodL @Sl tOLHj dvs k

In [23]: import seaborn as sb
%matplotlib inline
sb.pairplot(d, hue='answer')
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{ MEABET shistetsj dzdj CwOWdSO f; ECOL
¢ ZOMMmEso
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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
0.06
0.05
0.04

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
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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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fJorftovftrvec BOIRITELVIT fLrr) r:
[ (Rl EERC

AJdd d L OHOYyd

A J dz OB St OIs 5t dzts 2 tcOB SIsT dL zyJd
ddeW stedzsOydtsdzdz’" » MdMmilsj &3 M dhf sdz! L s9 Oded
sBlzygj dedw .

ImMdzso dzr J L OHOY(Jd:

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

ismhMotsjdzdjy d&BJIsHdE tcOBTsIsT pytimondzd dzj 2 dz' d3

isMeotsjdzdd ®RIBHISd ftodd3d doj ded?V BJ Ists

iqLEzyJ dzdd Mozt dz -~ f OtcOd3) Steso  tc] G 6,

v ittejlbdy MStsj tBtMmdeatse Odad j

l1jtiH o" fsdzdzj dzdj &3 dzOB st Olsstedzts? OB

s tsted j 2 tmistetsj dzgdwv toj ctej MMddedz" = dBBH |
fpdzy Hize M dJ gl syded € d :

[BSstczHBsoa Odzdd d d3OIsy ted Odz’

[ dzv o' ff sdzdzj dedWw dzOBtstcOlststcdzes?2 OB SIS

4 wipslz’ d' 2 @ Csif'skjte Mt MdzjHks " ddkd

tcOL tcOB BISC (or BtcOls! SHddz dJdzd dzj MG 5

fteOCIdyui MEts?2 tj OdzdL Oydd MBMis@ISuda2els tc O
d o' Mj,; Mte] HD3dagl jtad)fstRjdsdafsnadonda

LEOLOdY s IsjrddCj BJjL BT O

dlskHjdzlst HBdydr MdzjHtseo Ols! BN j§ftedd
ftsdz L s Olsj dzj 2 f4JtemMsdOdz: dz' n Csligf + ¥ Isjt
ftesdL osHdIs tc J d3ts dzls Isd nded ud MS d = fmtej
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f etsG tc OBdzdzs G 5 ts B JdArthyiOy J dzds's .dzO tallz 3 jfiplzd W C
dzj sBrsHd B3 Mtsse dIs! tsB L Istsds OH &3] dz( f
(sBMmMdzEy do O h j &3z ff J s dzOdz dzOB Bt OIls st d C

[jssHdCO d fstWHEBSS of ff sdzdzj dad
LYJ BdZOW L OHOYO
Il ttOdi¢C Or EkEyjsBdzts?2 L OH Quds ctegsw B jftdsjidy d
mBIs' d dzO e M Omifsji/habrahabr.ju ]l BHtetsB dats fi)
(https://inclass.kaggle.com/c/howpbpbrahabifavs).
A ©2 dzhowpop testsv MtsH j ey dIs s Mistse M P2 dzts
howpop traincsv ftsH j ey dIs tBEZYOE h Iz8 or st lz.

favs_lognorm A ORowdgop test.jsonlined howpop train.jsonlinef)tsH j tey O
fsdzdz" § 5§ dMOdzedw JSPB O IAjj2dzjoo CGiws tafdySidaigiagimizdzO

sdzj Hzj s B tOIsdIs! howsopztfaipGsdatinesi W QB tz M
cOL &3] tetsdz 4 | 1 .

ljtejatsHdds & tojh jdede :

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

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

tdmMizdztE € s@. § s5H S dzé Yd dequpytesndteborl tsis j

2. ltwseo jHjdz fijtcodydesy tBMdzj Hise Odzad j
LOCGtekzL Sk HOdi)-: (O] HtjHMIsOs dzj dzd j
or BtstetsC dzgj HOJjIs thds" Mdzj dedetsé s o j HMIsC
swy jdzs ydlkojlsmw. uvteOdhW¥stczdtckzj &. 8) o ts
&3 sthead)BzH jJ d3 8" asHdIs! BGHdzz MbtesSlkz, O &


https://habrahabr.ru/
https://inclass.kaggle.com/c/howpop-habrahabr-favs
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train_df = pd.read_csv('dataset/howpop_train.csv')
test_df = pd.read_csv('dataset/howpop_test.csv')

print (" S/ SLILIITATELEEEAEE I EEL I IR I I LT iTiliirT)
print(train_df.head()
praint (" SLSSSIIII IS EE AT iiiiiiiidfi)
print{test_df.head())

FELELEEEEEEEE TS d i iiiddddidddiiiiiidiiidy

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/18291/ 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 28088-01-81 18:3@:08 @DezmASter  design False 7344

2 2888-81-21 1B:34:80 @DezmASter design False 8431

3 2068-01-82 ©1:32:00 @Taocorus  design False 5662

4 2888-01-82 14:34:08 @dennydo NaN False 3786

title comments favs views \

8 HoeorogHwi nopgapok bBnorrepam — WordPress 2.3.2 e <] 238
1 Cymacwegwde adUua, WNKM CepBWC ANA OTCNEKMBAHMA ... 1 1 353
2 Cymacwepwde aiua, WAW cCepBWC ANA OTCNEKWEAHMA ... 47 72 1288
3 CrnaxvBaHue wpubTOB, W CYyBNUKCENbHAA OTPMCOBKA lez 36 5780
4 NoYeMmy MHe He HpaeWTcAa iPhone 238 5 1488

fdmMzdzs € s6zz2jdedj MO SCd dzOBSts

train_df
test_df

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

print (" SAAA AT S SRS )
print(train_df.head(1).T]
print (" SASITIIEI PR ET LT EF T iiiiirisiidiiiiid™)
print(test_df.head(1).T)

it dmMzdze8 ¢ sz j dzdj yYdlsOj ddsc 5  fumyjeH Ml
notebook

Il T ot8H HM&W HOdEksecs (HHO0 ftoj HMMNIsOo dzj dz
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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

tdmMedzE @ sBdz8 yr dzOB SO H Odadz
3. J[JftjHjddd ttOL BBjtc o BBIBE :

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

TecToBbll Habop:
06y4awwan eebopka:

{dMzds § &4 8 J dzj ded J

4., 1 sdzEydd BN E*Y

(3398, 9)
(134137, 17)

COL &Bj 60O Isj e

ddeW stedsOyde s W

4§
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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

it dMkzdzE 86 08 JddW SEedBOYdY 5 B

5. t OmMBsltedd, SOCdd3 ©BeOL Bag difds tow
otcj d3j dedets 2pubtishnedl . ( fikzw  { stsé s dMl sH) L 2] G
Ef stew H sy j dpublighesl tf dfdys

# 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()

{ M dzt6 € 56. Az OdzOdzq L Gubtisked j dz' o
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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

tdmMzdz8§ O §6,  smistcpupldidx 2 ¢ s

6. ) totsHtSdzy d 3 OdzOdizdL qtotse Ols dzOB 5t
mMkh jmMselzjls dzd Cttetcj dzw ydw B YHE BISH
o s sdz' L zj dgindas.Oxpfabrsmetsaiz() | " L 9o O toj OdzdL ©
5 kdtdmiodabr(), §odzzydd st widydjddsr Gt

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.

{ Mz dzE§ OB YO € Biote] dzv yuchid dfn dzv

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



fcj il 0o dp detieisRts MOk & Y dzts

shde Cd,

odHJ:

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

f 51 Ists dBlz
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mdztsy dzOW
ftcjHMmsOadd ®BOEdyk

L OH O
C

post_id

polling | content_len

comments

favs | views

votes_plus

votes_minus

views_lognorm | favs_lognorm | com

post_id

1

polling

1

content_len

comments

favs

views

votes_plus

votes_minus

views_lognorm

favs_lognorm

1

comments_lognorm

1

tdmezdzE § OB yoO 6 stete dzv ytchid dfH dzw

v OS dd
dzi L O dfd 3" .

7.

SBtOL 53

ltesojHjd JNJ

b ils Odz0o dzd @ O o,

feddSOydd f6s10)ctsH Od ( ©df.

df

df[ 'published'] =

55

= train_df.copy()

= df[ 'published’].value_counts()
print(ss.sort_index())

2888
2ees
2018
2811
2elz2
2813
2814
2e15
2816

Name:

7743
le7az
13891
15863
15572
15537
lelge
23452
16316

t d ik dzts’Cs t6H. 1HOdzW

published, dtype: inté4d

f sMmistctsj dad W

GtsH O3

Ylst

SHdes dMfMdzj Hise Oded J :

pd.to datetime(df[ 'published']).dt.year

CteOW s o
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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

{ d Mk desi6y BOWIIS t©Omfj Hj dj dedv 1§ L

(=]

8. ljtoadydesy dMmimdzj Hiso Odadj dzOBESICO +
dzd f sftcj HMlse j dzdets € §tsMmistetsj dzd® d3tsH j dzd
HOdzdz" =~ 2O Bkt dzdtetseo sydzze d I Missalzy ff t
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 dMkz dztsiCs t6H. 1H2dzWw f sSHGEtSIstsea & d f t

9. 1 dzv 0OdzOdzdL O & sdzls§ 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
dmfsdz! L 2] BZOW Hdzw tsyd dz¢d 90O desisd MmMdztse
Yyofmls: s Ctsdzdzj S ydd HsC Zd3j dzlsts o d dzd ¢t



63
ftoslf steydtsdzOdzj dz S tsdzd yd mMlseo 2 E{ tsls tc jlxddg=dzd
fosf steydtsdzOdzy dz yOmlssilsy bkftslstej B dzj dedw
Tfi df Vectorizer {fto] sBtOFkz jJiksdls pAOBls™e . o

[Mdeso dzr | f OtcOd3j Ister Tfi df Vectori zer

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

iTmax dfi ftcd smlstetsj dzgdd Mdzseo Otew Mzse O,
Ud B3 2SS OL Odzdetsy L dz2Oyd dedJ, daeodetstedtolzy Ismw ;

i analyzeri sftcj H ] dzv j Is, Mistetsw Ismwd3 daff dzdif totf
Mdd@o sdzOd3 (BEZSC OO ;

I ngram_rangei sf tcj HJ dzW ] Is, wWistcdzdtelze Ismw dz
slsHjdzt dzn » Mzse dJdzd dL dgj MEtsdz €dr  fydzt
Csdzdyj Mise ts Md dzo sdztso ) . 1 Of tod d&3d to, J
ngram_range=(1g Bzl ftsdd dO& @Ils+ mwv dL
f Ote Mdzse d dL btetsj & Mmdzse;

i stop wordd dzso O, Cwlstste’ | dJodestcdtclzs Isfyw

4 BLHOHd®B tsBi jCIs TfidfVectorizer (

from sklearn.feature_extraction.text import Tfidfvectorizer
vectorizer_title = TfidfVectorizer(min_df=3, max_df=8.3, ngram_range=(1,3))

vX_train_title = vectorizer_title.fit(X_train['title’'])
print('vX_train_title.vocabulary_: ', len(wX_train_title.vocabulary_))
vX_valid_title = vectorizer_title.fit(X_valid['title'])
print('vX_train_title.vocabulary_: ', len(vX_train_title.vocabulary_))
vX_test_title = vectorizer_title.fit(X_test['title'])
print('vX_train_title.vocabulary_: ', len(vX_train_title.vocabulary_))

X_train_title = vectorizer_title.fit_transform(X_train['title’])
print('X_train_title.shape: ', X_train_title.shape)
X_valid_title = vectorizer_title.transform(X_valid['title'])
print('X_valid_title.shape: ', X_valid_title.shape)

X_test_title = vectorizer_title.transform(X_test['title'])
print('X_test_title.shape: ', X_test_title.shape)

vX_train_title.vocabulary_: 58624
vX_train_title.vocabulary_: 28528
vX_train_title.vocabulary_: 2768
X_train_title.shape: (93895, 508624)
X_wvalid_title.shape: (48242, 58624)
X_test_title.shape: (3998, 56624)

t d Mz diBCu t6L. H Afidt{/gctorizer
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sBl JClIs

fit_transforng).

[ Odzdz' jo ®te jindiste O dzv Is{ifwis jotc dydsde’ 3O Isqi dzH j § fi

10.

X_test_title.vocabulary_

{'kog': 1284,
"'nodemy ' : 1973,
"Obipel ' : 1885,
'momoxeT': 1952,
'eBreHunin ' : 1886,
'user group': 521,
'ToyHocTew': 2538,
'kocMMYeckune 't 1338,
"poHKE": 2249,

'nog android': 1985,
"AyHy': 1399,
"kawgoil': 1216,

Tf i

t d f)k dzsiCA 6t BGHs  MfilifEectOrizer

) sf)ls tc SHIBF-BOIsted Y-

H dzw

dMmyf sdz' L t59 Odzd gndlyzef-RHa® 366 1H33.O

vectorizer_title ch = TfidfVectorizer(analyzer='char')

vX_train_title_ch = vectorizer_title ch.fit(X_train['title'])

', len(vX_train_title_ch.vocabulary_))
v¥_valid_title_ch = vectorizer_title_ch.fit(X_valid['title'])

', len(vX_valid_title_ch.vocabulary })
vX_test_title_ch = vectorizer_title_ch.fit(X_test['title’])

, len(vX_test title ch.vocabulary ))

print(’'vX_train_title_ch.vocabulary_:
print(’'vX _valid_title ch.vocabulary :

print('vX_test title ch.vocabulary :

LIsd

X_train_title_ch = vectorizer_title_ch.fit_transform(X_train['title'])
print('X_train_title_ch.shape: ', X_train_title_ch.shape)
X_valid_title_ch = vectorizer_title_ch.transform(X_valid['title'])
print('X_valid_title ch.shape: ', X valid_title ch.shape)
X_test_title_ch = vectorizer_title_ch.transform(X_test['title'])
print('X_test_title_ch.shape: ', X_test_title_ch.shape)

vX_train_title ch.vocabulary : 218
vX_valid_title_ch.vocabulary_: 165
vX_test title ch.vocabulary : 136
X_train_title_ch.shape: (93835, 218)
X_valid_title_ch.shape: (48242, 218)
X_test_title_ch.shape: (39908, 218)

Hisflskzq O

df Vect o

m
m

A d

[
[
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{ d Mk desis) 5 ST fdbizecorizerfy  § Ot O dnflyzestotmr

11. 1 dzw sBtcOB SIS d sMilsOdz dz" n ftod L dz
Dict Vectori z.er 1 tgd L[dz@nh@rtf éflaw,n'domain’] d d3j ¥ Is
COjetstcdOdzr dgke ftodqtesHlz, Hdzv dedrm Tfi df

vectorizer_feats = DictVectorizer()

tmp_dict train = X_train[feats].fillna('-').T.to dict().values()
tmp_dict_valid = X_valid[feats].fillna('-').T.to_dict().values()
tmp_dict_test = X_test[feats].fillna('-").T.to_dict().values()

X_train_feats = vectorizer_feats.fit_transform(tmp_dict_train)
X valid feats = vectorizer feats.transform(tmp dict valid)
X_test_feats = vectorizer_feats.transform(tmp_dict_test)
print(X_train_feats.shape)

print(X_valid feats.shape)

print(X_test_feats.shape)

(93895, 17869)
(40242, 17869)
(3998, 17869)

t d fk dzsiC) 6 KGDjctEftgrizerd &zv S Ols j ¢ st6d O dz?

12. Jr fsdddd sBi jHdds dedj 1§ sdzlzyj dzdz’ =

# obveduHeHue mMampul, NOCMPOEHHLIX HA npeduidyyux amanax

X_train_new = scipy.sparse.hstack([X_train_title,\
X_train_feats,\
X_train_title_ch])

X_valid_new = scipy.sparse.hstack([X_valid_title,\
X_valid_ feats,"
X_valid_title_ch])

X_test_new = scipy.sparse.hstack([X_test_title,’
X_test_feats,)
X_test_title_ch])

print(X_train_new.shape)

print(X_valid_new.shape)

print(X_test_new.shape)

(93895, 68711)
(48242, 68711)
(3990, 68711)

t d iz detsitf s6l. j1H7d H2f-dg@ I te d

sdzjHEZjls tBEOLdl' odd®BOdzdj, ubt ]
f szl yd dede” 3 BOBtdyod (§fswimddlsd ¢ udc
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13. 1 dzv sBlzyd ded W 9" BtcOdzO dzd dzj RAzOW
tcjokzdwtedL Oydj 2.
Hntime

model 1 = Ridge(alpha=.1, random_ state=1)
model_1.fit(X_train_new, y_train)

Wall time: 1@ s

model_1.predict(X_train_new)
model_1.predict(X_valid_new)

train_predsl
valid_predsl

print('Ownbka Ha TpeiHe: ', mean_squared_error(y_train, train_predsl))
print('Owwbka Ha TecTe: ', mean_squared error(y valid, wvalid predsl))

Ownbrka Ha TpedHe: ©8.184187831582
Owmbra Ha TecTe: ©.996233534497

t dMmkz dets’&f 86z Wj8ded § d3sH j dzd M § O taprdgP.b tc

14. 1" fsdzded s sBbkzyjdedj JhJ tHAzs52 dBSH ]

%¥time
model 2 = Ridge(alpha=1.8, random _state=1)
model_2.fit(X_train_new, y_train)

Wall time: 4.12 =

model_2.predict(X_train_new)
model_2.predict(X_valid_new)

train_preds2
valid_preds2

print('Owvbka Ha TpedHe: ', mean_squared_error(y_train, train_preds2))
print('Ownwbka Ha TecTe: ', mean_squared_error(y_valid, valid_preds2))

Ownbka Ha Tpeilne: 8.28624487471
Ounbka Ha TecTe: ©.88695156251

t d Mz dets’&f 66z YJ9ded 4 dstsH J dzd M ¢ O @ Is i

15.
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l Oydz § L O] yodadw
1. ltwd o' BBt (ddzsB)siOO tor @j@zdp'@EP S8 -~ SH d «
M zOMse Ols! Mots?2 eorBste ) Htezeddkd Mmisk
yjdzr 8 dzgj HsfMmlsddismisd or Btstc® BHJdzOC o
2. 1 ©OBRBCOR HOMEEEB dOBBtOlBtdse s
d def s to Iz d3j Bpth@te(d B dzd 515§ € tgdmdzy tet®) NejOa
f sMmisOo dzj dzdzr = L OH Oy.

RdzZHJo dHEZOMz dztsj L OH Odzd J

1. wlskHjdzls MOBsMIstsw s j dzv dats o [3p4Htaid)] Is
f smistets j ded W CazOMMdW dS O stc O fn dmt dz
CdzOommd W dftoyd@mikzjls Meots?2 o' BB M ftoj f BH

2 . Il sdzdzdIlsy §tsMmlstesj dzdy dsHJ dzd € d
CdzommdW d< Oydd. ) ~nSHY tWjhjddw L OHOY
f sSHL OHOYd:

2.1 1 6fmstetsj dzd J zse d yJj M¢ 6 smaddpinm iy d
( B3OS Md 30 dzlz Bzt @z" )n@x features (BBOSC M d O dz! dzts G s ¢
ftiodL depBtd L so OIsj dzj di3 (EMlsOdetso dlIs! dzs BT | )
HdzW o' BteOdzdz" » dMMdzj Hso Olsprdp) d3 f Ot Od3] Is t

2. 2 11 yd fmdzjocadsyalidaionj(M3E)dH dzv  tc OL dzd y dzn
max depth( f smistetsdIls! ctOWdSE L OadMmddsmisd) ;

2. 3 11 yd fmdzjogdgsyalidstionj(MaE)dH dzv  tc O L dzd y dzn
max feature f smistesdIls! cOVdSE L Ooadmddsmisd) ;

2. 4 I T ydmdzdls j s § Is dnog©deptita] jnax featat@s| j oz
[BBMdzz 2 Is | Mo 52 o’ BBBtG. 1 to telzg jJ d3stfiab)dzlicq joc
CdzOmMMmdW d ¢ Olsstc 0.

2.5 Jre9jHdIs] Hpnpjots o WiBtedzOlsg

2.6 JrejHdlkj twijhosehdj c6tOdedyr ¢ sk
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HBH Y Oded] BlsyjlsoO d Jet Wi
[byils s dzOBBtcOIststodzs? t6OBBIS] Hsdzy J
1. 1 sBite d dzOL 9 Odzdj dzOB 5160 Is SHc@ASE IS 'te.
2. (J0OdzdL Oydw ¢ Oy H trRdzH df dzdizf Bs@dz! felstsijc O
ftedojHjddjd dIMrntsHdses C(SHO e tcOdo
odLEZOddL Oydd HOdzdz -~ .
3. J[lkoajlsr &0 Ctdstetsdz dzf § ot .
4. CCtoOdedz" | Wit (Stdmtsdz dzf 2 O fygts
Csdizdzj dzels OtedvVv s, S OLTMr 908 hdj fBteWHBSE ¢
tejLzdz! SOIsr, ftodzizyjddz § ©® ~tsHJ JVY orf ft
Jsyils B or fsdzdzi dzdd dzOBSKOISLdZE? ©C
MHOjIsMmwY ftcj f sHOo Olsj dz¥ .

stdalstetsdzy dz" § ot tetsfy’

1.sOCdj djlssHT ¢ dz® fighy ¢ Usdn® O giaff dzj 2 dz' d3d ?

20C0x)dlsj tMdtsodesr § § OO Ister dzd dzj 2 o

3. 1 tswidedlsj dzOL dz0y J dzd § d fteddzydy
MsOntsmisdyuj MS et GOHd ] dlsO.

4.1 YjdB LOCds yojlsmw ¢ dzOo dzOW dHjWw B

5ylsts sOCts] ¢ dzd dag R eiastc C@@ B | dzd B3OV

6. 1swhmdsdlsy dzOL dzOyj dedj wHite d Mmftew
dzd dzj 2 dzts?2 C &zOMMdW dS Oydd.

s dMsC dzdlsj cOlskzter
[ dzv o' ff sdzdzj dzd V¥ dZOB StcOlstedzs?2 OB SisT
Hdz" Blso jIsO dzO0 Ctdalstetsdz! dzr | ot tetsfjrd jtogj
dfmistsydapk d: [ 1
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forftouvftroc OBGEIIYII RrRuel [[?21L]1 1R
IRI[JRJUursrR PYTORCH

AJdd d L OHOYyd

A j dz zOB 5t Ols ts tgdeteny | dePp Slo'sL BB des M Is
PyTorch

ImMdzso dzr J L OHOY(Jd:

idMmMmdzj Hse Oded ] o tsL di3sPyTaslinis j 2 B d B dzd ts5is,

T fsdzzyj dzd § § tzO0df 'telftelzy) dzj dzd ¥ OtedW d3j Isdy
s jteOyd?2 dQH Isj dzL st Od3d

T fsdzzyj ded J dZzOo " C 59 fts OQoltsdizOIsd yj
dmf sdz L soOdzdj d3 dzj 2tesMmilsjor an Wij 2 d3o steé

vjBtejlsdyj MSsj tBtsMmdase Odad j

[Mdeso dzr | Mo jHjdedw 5 dgj 2tetsilsjora W

J HOdzdzts 2 fipiPBtslistg d otO® Isfqw shdatse T W te |
sBlkzyjddw PyTorch.

SSGEHO dzj 5B - BH J di3ts ZzOf dMOIs dmckzm
tcjh O h [z s toj HJ dzv dzdzlz ¥ L Ode®Prilzr @ BB
CdzOmmdW dS-@&dig 8 o gz stsB dzOtelzy j dedJ dzdy dz# H
ofMmj cz0@ d dzO0j sqw Mt MBstceO® H Odzdz =, O kY
ftoesotsHWIsMw + St jtod d3j dalsr .

[HAOSCB M j ydoOdzdmlsr B'r istets § tsdg¥ dzqd ,
COYHTMT2 t©OL fm dezdzv Htsdz6 s d ItczHBL OlstcOls
Wit 2 dz3oisdgtS Wiz dzd 9 Clter n jMmis! Wiz dz¢ yd
Bsy des B Mistets d ftosMmists tojh Ols' Isdf sor j
fdmOls: twjh jddw ¢ Bfsdzjj Mmdzsy dzgm d3 L OH OycC
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slh jMmsokzjls Btdz Witj R3S tsdltsg Misatkz B 5C 5
t OLdzd yo0 &BjyHE dbfisdstf s8] bmsdz, COCtse BN
1 0fteddzjtec, © Caffe d Caffe2 or fdhjlsy
cCmMmtsg € sOOC ) Lego, ) Tensor Fl ow (
or ydmdazdilsj dz dz" 2 ctcOW, fslstsd3 € tsdptf(d) dad,tsc zo
otejd3w €O ©® Torch d PyTorch o fdhijls
CtOW or ydmdzj dzgd2 ML HOY Isfqw ksdz' €5 § tod
oty Y o f sdzdz] dzdp Lz B Isfifretsdzs § sSL o B5dzW
BdzsCd, IOC ¢ Chodif2d dedadate: Ols

N

Caffe Theano Torch
Caffe2 TensorFlow PyTorch
CNTK MXNet

Kaldi
DL4)
Keras

tdMmMizdzE & = § O B dzZsyYdets?2 C By Odzso € d dz
dzj 2QtesmijIlsjor s Wit 2 Boss C

b d dzls O Pyifdrdh

[ MsB j dzgdzsisd Py Tor c h:

iHd OBy MSd2 ctwOW or ydmdzj dzd 2 ;

iEHBd J dBsHkzdd torch.nn d torchvi
B3d ded @O dd [ md dzd W i3q ;

T dzgj Sslstste’r » L OHOYOAs HOXYJ] B' Mistej §

idzjeCts ftosotsHdIls! orf ydmdzj degdv dzO GP U

r dzv dmtf sdyToshlzp kg &E sHd i3t B stclsdtotso O

importtorch

t OmMmdssIstcd d3, co¢ ) PyTor ch o' ff 5dzdz
UJ dzL Stesd3 dzOL " 9 O v dGdese sd3d tedz" 2 9 J C st
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x=np.array([1,23}e j S Isstc = Isj dzL stc tcOL d3gj tedzts M

y = np.array([[1, 2, 3], [4, 5, 6]) &3O Istcd yO = Isj dzL tstc tc
HOdzdzs a3 Mz yO4 Isj deLr st6 (2, 3))

z = np.array([[[1, 2, 3], [4, 5, 6], [7, 8, 9]],

[[1, 2, 3], [4,5, 6], [7, 8, 9]],

a,2,3],[4,56],[7,89)" seesd&¢" (3, 3, 3) = Is
HOdzdzts 3 Mz yO©4 (3, 3, 3))

letsMmisy 2 dd3 Hdgl dioggeiettsd® 1S3) szdzs jels MW L G Big Is
cf OtcOdzdzj dzj f df jHe dL ydmj dzjokzmMEO ISt
Codzdyj Mlsoats COdOdziso, L dzOydls {1 Ists Isj dzL tst
f sded 3O YwolstsdBz, vyl o PyTorch & ]
(FloafTensor, IntTensor, ByteTensor).

vdtfr Isj] RyToerehtse o

torch.HalfTensor # 16 bum, c nnaBawwyel mo4vkol
torch.FloatTensor # 32 6uma, ¢ nnaBawwel mo4xkol
torch.DoubleTensor # 64 6uma, ¢ nnaBawwyel mo4kol
torch.ShortTensor # 16 6um, uyeno4ucneHHwili, 3HakoBbil
torch.IntTensor # 32 buma, yenoyucneHHsll, 3HaKoBeIl
torch.LongTensor # 64 6uma, yeno4ucrieHHeil, 3HaKOBbIl

torch.CharTensor 8 6um, yesno4vucaeHHsil, 3HAKoBeil
torch.ByteTensor # 8 6um, yeno4ucneHHsil, 6e33zHakoBbil

t Ommissisted 3 Josihisj2h dJ sfjtoydd
Isj dzL st O d3( :
HSLHOdZd ] Isj dzL 56O

a = torch.FloatTensor([1, 2])
a

executed in 549ms, finished 21:37:28 2021-12-11

tensor([1., 2.])

a.shape

torch.Size([2])
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b = torch.FloatTensor([[1,2,3], [4,5,6]])
b

executed in 5ms, finished 21:38:19 2021-12-11

tensor([[1., 2., 3.],
[4., 5., 6.1])

b.shape
executed in 3ms, finished 21:38:21 2021-12-11

torch.Size([2, 3])

X = torch.FloatTensor(2,3,4)
executed in 4ms, finished 21:37:39 2021-12-11

X

executed in 27ms, finished 21:37:41 2021-12-11

tensor([[[@., 8., ©., B.],
[@., 8., 8., ©.],
[6., 8., 0., ©.]],

[[e., e., &., ©.],
[e., ©., 0., 8.],
(6., e., @., &.11])

X = torch.FloatTensor(168)
X

executed in 5ms, finished 21:42:41 2021-12-11

tensor([  nan, nan, ©.0000, ©.0000, ©.0008, ©.8000, ©.0000, 0.9000, ©.0000,
©.00008, ©.0000, ©.0000, 0.0000, 8.0000, 0.0080, 0.0008, 0.0000, ©.0000,
©.0000, ©.8008, ©.0000, 0.0000, ©.0000, ©.0000, 0.0008, ©.8000, ©.0000,
©.0000, ©.0000, ©.0000, 0.0000, 8.0000, 0.0080, 0.0008, 0.0000, ©.0000,
©.0000, 0.8008, ©.0000, 0.0000, 0.0000, ©.0000, 0.0008, 0.8000, ©.0000,
©.0000, ©.0000, ©.0000, 0.0000, 0.0000, 0.0000, 0.0008, 0.0000, ©.0000,
©.0000, ©.0008, ©.0000, 0.0000, 8.0000, ©.0080, 0.0008, ©.0000, ©.0000,
©.0000, ©.0008, ©.0000, 0.0000, ©.0000, ©.09000, 0.0008, 0.8000, ©.0000,
©.00008, ©.0000, ©.0000, 0.0000, 8.0000, ©.0080, 0.0008, 0.0000, ©.0000,
©.0000, ©.8008, ©.0000, 0.0000, ©.0000, ©.0000, 0.0008, ©.8000, ©.0000,
©.00008, ©.0000, ©.0000, 0.0000, 8.0000, ©.0080, 0.0008, 0.0000, ©.0000,
0.0000])

X = torch.IntTensor(45, 57, 14, 2)
X.shape

executed in 5ms, finished 21:42:54 2021-12-11
torch.Size([45, 57, 14, 2])

sdzjHEjls BSBLOldls! oddBOdedj, ulsts §tsc

OL 3 dzsMisd, de L Gfics dgtf J Is 20 Y gaglzts f Wyl 0 | @
Isj dzL stc O dgz dzW 3 dzj tsBzEras H:J B 9" L 9 Ols! d3j Ist
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X = torch.IntTensor(3, 2, 4).zero_()
X

executed in 42ms, finished 21:38:02 2021-12-11

tensor([[[e, @, @, @],
[e, e, e, o]],

[[e, o, e, @],
[93 9) e) e]])

[[e, o, e, @],
[e, o, e, ©]]], dtype=torch.int32)

RLAj dzgj dedj tcOL d3j tc @Opreshppf) tstc @ jolsiBuiz®(izts ¢
MBLHOY s detseo "™ 2 IsjdaL ste, O dzgj dL d3j dgv jls f

b

tensor([[ 1., 2., 3.]
[ 4., 5., 6.]

b.view(3, 2)
executed in 5ms, finished 21:38:27 2021-12-11

tensor([[1., 2.],
[3., 4.7,
[5., 6.11)

| BdedzdtlsjCd tjOddL co Ody arish BB dzts f

a = torch.FloatTensor([1.5, 3.2, -7])

a.type_as(torch.IntTensor())

tensor([ 1, 3, -7], dtype=torch.int32)

a.type_as(torch.ByteTensor())

tensor([ 1, 3, 249], dtype=torch.uint8)

sz Hizj s EBEydysse @lded . type_ _as() MmMBLHCI
dey B devjlsmw) ,-pbsBcegmby jcOmdds in

R dzH j € ) OyTafchO dzO dzts &lufnRyizO
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a = torch.FloatTensor([[100, 26, 35], [15, 163, 534], [52, 99, 66]])
a

executed in 5mes, finished 21:50:45 2021-12-11

tensor([[100., 2., 35.],
[ 15., 163., 534.],
[ 52., 90., 66.]11)

a[e, @]
executed in 4ms, finished 21:50:48 2021-12-11

tensor(100.)

afe][1]

executed in 5ms, finished 21:50:53 2021-12-11

tensor(20.)

dbed¥ Bjsds O d Bbdjor Gfjttoydd ®&OBS
ey dMfsd Oss@k' *dzj /SfW©] 7 OdOdscd
Onepatop ¢ AmHarnor ¢
+ torch.add()
- torch.sub()
*  torch.mul()

/  torch.div()

a = torch.FloatTensor([[1, 2, 3], [1e, 20, 30], [100, 200, 300]])
b = torch.FloatTensor([[-1, -2, -3], [-10, -20, -30], [1le0, 200, 300]])
a+b

tensor([[ 9., 0., 0.
[ o., 0., 9.
[ 200., 400., 6600.

1,
1,
1D

I Bj ks §tjHMisOo dzj dedzsets o' h j CBHO d

a.add(b)
tensor([[ 0., 0., 0.1,

[ e., 9., 8.1,
[ 200., 400., 600.]])

l PyTorchte ] Odzd L 59 Odz" &BOItedydzr 4 Y jOY(d



75

z = X.mm(y)

z = torch.mm(x, y)

#MampuyHoe YMHOXeHue.

Z = X.mv(v)

z = torch.mv(x, v)

#YMHO¥XeHUe mampuusl Ha Bekmop.
z = X.dot(y)

z = torch.dot(x, y)
#CkanapHoe yYMHOXeHue meH30poB.
bz = bx.bmm(by)

bz = torch.bmm(bx, by)
#llepemHoxaem mampuysl yesasimu bam4yamu.

stcOdzMtf sdzdtetso Odzdj dBOItedy (Isj dzL st6 Q)

a = torch.FloatTensor([[1, 2, 3], [16, 20, 30], [10e, 200, 300]])
a

tensor([[ 1., 2., 3.1,
[ 10., 20., 30.],
[ 100., 200., 300.]11)

a.t()

tensor([[ 1., 10., 100.],
[ 2., 20., 200.],
[ 3., 30., 300.]])

#4COdzwtedetsy ftesdLo jHjdedj o) Slktstotso:

a = torch.FloatTensor([1, 2, 3, 4, 5, 6])
b = torch.FloatTensor([-1, -2, -4, -6, -8, -10])
a.dot(b)

tensor(-141.)

a@hb

tensor(-141.)

[ Obted ydes | Edsdzsy j dzdj :

a = torch.FloatTensor([[1, 2, 3], [10, 20, 3@], [1ee, 200, 3e0]])
b = torch.FloatTensor([[-1, -2, -3], [-10, -20, -30], [180, 200, 300]])

a.mm(b)

tensor([[ 279., 558., 837.1,
[ 279., 5580., 8370.],
[ 27900., ©55800., 83700.]])

a@hb

tensor([[ 279., 558., 837.1,
[ 279., 5580., 8370.],
[ 27900., ©55800., 83700.]])
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Il My or ydmdzj deftwy dets PydmatEhdIls! ¢ 0O0¢ dzO
(Graphical Processing Unit) (4 Mdzd d
By HEZ deddBd HJdOJIMY ByYyjd feshbss, yl
sMmtse § dzdzatsMmis § 2 .

X = torch.FloatTensor(1024, 1024).uniform ()
X

tensor([[ 7.9731e-01, 4.6601e-01, 8.6153e-01, ..., 2.5323e-01,
9.3823e-01, 1.3455e-01],

[ 2.3913e-081, 2.6659e-82, 9.7426e-01, ..., 6.4511le-01,
7.0774e-01, 6.7771e-01],

[ 7.1618e-01, 3.3269e-01, 6.8090e-01, ..., 6.3792e-01,
1.9157e-01, 3.6917e-01],

[ 2.8950e-01, 1.8528e-01, 9.9694e-01, ..., 4.4681le-01,
9.5263e-02, 9.4072e-01],

[ 2.3887e-01, 1.8414e-01, 7.6068e-01, ..., 1.1467e-01,
4.4128e-01, 8.0135e-02],

[ 4.1611e-01, 7.8844e-82, 9.6175e-081, ..., 5.475le-01,
1.1966e-02, 9.1312e-01]])

x.1is_cuda

executed in 3ms, finished 22:11:36 2021-12-11

False
) jtoj Bj " Of BGRUj dzL tste  dzO
X = X.cuda()

executed in 20.4s, finished 22:12:00 2021-12-11

X.1is_cuda

executed in 11ms, finished 22:12:00 2021-12-11

True

1 PyTorch dz0 tsfdztso 5 Seddograddicdy Odzd L s Odz s,
or ydmdzj dzgdv cGcteOHdJ dzssea o7 ydgmdzdilsj dz’ dztsg t

Autogradtc Ofh dW tctser 98 Oj Isiqpw € OC Aut omat i
oLWIisd) cufsdhdkbidizs, dL dzOL o OdzedV {f sdzv
slso jyos hd2 LO oLPldgr dlesfdotndetsd . Wicj !
By dzd ) BsY 4 ls ftesHdWW jtod dzydtetse Ols
mMdztsy detsmis d .

RBY stelsdtelzj d3 delzy dzr 2 § dzOmMm:
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from torch.autograd import Variable

RHJW IsOCOw: sBtcOYdo Oj &3 Isj dzL stc 9
Isj dzL ste, des BBdz dd3d 4 Is MY & Micdelozs iy 1§ idnjdagl g@6
sBY tcdzzIsr 2 o Variable(), Its fted or L tsoj
fjtoj d3j dzdzr &3, sls Ctslststecr n L OadMmdls Isj dzL st

[ Mdzd or dMfsd Lizjlsy ojtmds pytor
torch. Tensor TdHUOzsr dhulsagila'b | POd3 B tsdz/ |
sBtstcOyYydo Ols! ® Variabl easidzd BltekismMBtcdls-
(torch.Variable(J deprecated).

lticdd3jte 9" ydgmdzy dedv ctcOHdJ dzlsso:

X = torch.FloatTensor(3, 1).uniform_()
w = torch.FloatTensor(3, 3).uniform_()
b = torch.FloatTensor(3, 1).uniform_()
X = Variable(x, requires_grad=True)

w = Variable(w, requires_grad=True)

b = vVariable(b, requires_grad=False)
y = (w @ x).add_(b)

loss = y.sum()

# 6epém zpadueHmei no Bcem "aucmeam" - 6 OAHHOM cay4de 3mo meH30psl X, wWw U b
loss.backward()

executed in 559ms, finished 22:20:35 2021-12-11

X.grad

executed in 5ms, finished 22:20:39 2021-12-11

tensor([[0.4518],
[1.1326],
[1.4788]1)

w.grad

executed in 4ms, finished 22:20:41 2021-12-11

tensor([[0.3792, ©.9332, 0.9024],
[0.3792, ©.9332, 0.9024],
[0.3792, ©.9332, 0.9024]])

b.grad
executed in 3ms, finished 22:21:22 2021-12-11

y.grad
executed in 3ms, finished 22:20:45 2021-12-11
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JteOHdjdalsT dzj 3Ol o tdzj .Gga)a,d tets Is§ts
BtcOdzd Idlgdlzlse tcOH tcOHdJj dzls’ dzy dzj )y Ol 9 Is:
BtcOdzd i+ .
l sdzzydlst Isjdel st dL Variabl e() sy dz

X

executed in 35ms, finished 22:21:02 2021-12-11

tensor([[0.3792],
[0.9332],
[0.9024]], requires_grad=True)

X.data

executed in 5ms, finished 22:21:05 2021-12-11

tensor([[0.3792],
[0.9332],
[0.9624]])

[BstczHBS9 Odzdjy d ®BOIJ ted Odzr

[ dzv o' ff sdzdzj dedWw dzOBtstcOlststodzets? OB SIS

fJjemtsdzOdz! dz" 2 Cli3f ! v Isj to Mt Mdzj Hize P dcC

tcOL OB BISC (9" BtcOlIs! sHddz ddzd dzj < 5

fteOCIsdyj MEB2 t6j OdzdL Oydd L OH Oy dB@imrs tc O
(Anaconda, B dB dRj™ER ¢ O

LEOLOddY s sjrdedCj BJLSY OF

glskHjdzsr Htsdydzr Mdzj HBO OlIsy BN tedd
ftsdz L s Olsj dzj 2 f4JtemtsdzOdz! dz' n Csdzf + ¥ Isjt
ftesdL osHdIs! tcj d3ts dzls Isj ndzd ud MS d Al dedijte 4
ftosctcORBBAEE S sBJ Mt Jyd dedw. J Mz yOj
dzj sBrtsHd B3 Mstse dls! ts B L Issdg OH ] ded f
(sBMdzEY do O h j &3z § jemMsdzOdzk dzOB StcOIlsstcd C

[ idlsBHdECO d YstewWHESE orf § dzdzej ded
L Yd B Jz OHJO Y
1 OHOYoO 1. JltwsmMisjRrhldj distfte@@Bddd dzO
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1. 4BLHO2Ij] HO9O ojh jMmlse jdader 7 Isj daL &

(12,)

2 4BLHO2Is] IsjdeLtstc ¢, weodzwe hd2fmw Isj

3. JlrejHdlsy fjtor 2 MmMlssdzeBjy BOItedyr"

) OHOYOP BN A3 sdud MEdj sigdeoOoydd dzOH

1. 4BLHO2I] HOO ojh jMmlse jdader 7 Isj daL &
(1,10).

2. dBLHO2Isj] IsjdaLtstc ¢, Wodzwes h d2fmw Is

3. lwisdLeajHdlsj ofmj OwdWddlbduimidy

1 OHOYy@ A& yda MteOodzj dzdvw, OcGtj cOYyd(d

HBLHO2M8Y Stelsj a tcOL 34 tedzetsmis d (100,
ddzls jtcf o j sJtctsoa Ols! 1 Ists €0OC 100 €COtlsddsts
COdzOdzOd) d orejHdIlsj Hjtor 2 1 dzj d3j dzls 1
matplotlib.pyplot).

Il "9 judlsj Mmtej H dzj-1§2 1 A oisjfdixfsts aifigif # € Otcls
ofmMjds COwlsddASDOBEMd @isigtedinzdziddzd j ¢ Odz0 dzts
COtelsd dz ) .

1 OHOYO 4. 1t jOdzdL Oydw WkdSydd §tw dis

100 dh dlsj Vobkvelz§ pasfX, w) (V0 o " tsW)ISH Y SH
dzj 2tctsdzO () fifyf cfdgdeyBoishAf tcj H o Oted Is j dz' dats |
O dMOIls: 1 IskunPdzC yde dz0

def forward_pass(X, w):
# Baw Kod 30eck

1 OHOYyO 5

1. [Biwegdlj IsjdeL st a tOLBjO (2,
dddyddzdL dtekz2Ilsj dr Mdazzy0o0?2 dts tcOo dats d3j tc dzt

2. uBLHO2IE40 GPUSsthdd jHdlsj do fkz Bk

3. 10jd3 dL i3 dedlsy Witedse Isj dzL ste® b
Isj dzL stc® a, fYodzzydlsj Isj dzL st c .

4. ljtwjdimisdisy ¢ dz©O CPU, (Jtj d3d misd!
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5. [Biweadlsj IsjdeLmle*E2¥F @it heusdsad i
c (lssi/@mls: O
6. Itdkkzydls) IsjdLsteigei £CI Ssdf@sVar
dzz y dets f sazeydils! dL dzjets Fl oat Tensor ())

RdzZHJo dHEZOMz dztsj L OH Odzd J

1. 1tHBjtodlsj dzOB s5tc -7H O dfdz frits cdadD fridzj2frisiz) to
ftoj f SH®@P Olstjsdzjy j dzls dBsy jIs e HAzEY dIs! dzO
sj BOIsdSE 82 BOcdMmMlsjteMEsets dMimdzj Hise Odzd W .

2.1 dhdlsj LOHOYkz ®&OhMJddsects tBEyj ddw
dmf sdz' L s9 Odzd jP§ForBhd B dzd sIs j €

H4SH jteyOdedj lsyjlko d jets Wi

[Ibydls {5 dzOB s teGlsity tg digs ) Ste Q Hoty O js ¢

1. 13t d dzOL 9 0Odzd)] OB BKOIsStsStcdzts? t6

2. 1 40ddLOoydw ¢ OxHBRdzH  dzdfizf Bs@dz! felssfc C
ftedojHjddjdB dIMrtsHdses C(tSHO e tcOdo
odLEZOddL Oydd HOdzdz - .

3. [ o jlsrdzided jS tsodisticidsts )" .

4. CCtcOdedz' | Wistodyr (Stdeftsdz dzr 2 o' 9 ts
Cdiid3j dzls Otedvw B3, TsCOL 9O hdj fBGWHBE ¢
tejLlzdz SO, ftsdkzkEyjdedz" § ©® ~tSHJ JVY orf ft

Jbyils BB or fsdzdzj dzedd dzOB BSOS S dEiBEU; tdC
MHOjIsmwY ftoj f sHOo Olsj dz¥ .

Stdastotsdz dzr j ofsff totsfyr
1.{fdhdlsj tdsePyTece dzdslsj ¢ d
2vylsts sOCt] Isj daL S5t6?
3l jtjudmdazdlsy shdsedsd j Otdw ddIsdud M
&3 Is tPyTorchi § &7 O dzOdzts & .
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41 jtejydmdzdlsj hdsse d j KOl dRylerci 4
5. [fdhdlsy o 5L i35y dzts My Yorch Bfds8 dzg & s § My dzd
fesdLosHdy 7. lwdojHdl] fwddjt orf ydfd
or ydmozdlkj &z dzscts cwOW 0.

s S ddlsj cOlktr

[ d&2v o' § t5dzdzj dzd e CorAsESts tg O I4 tictefdzf IS H ¢ Bls 50 C
Hizw ko jlsO 20 Ctdistetsdy dF | oGftesmr toj
dMmlstsydapk d: [ 1
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Jorftouvftrvoc oHfjsPprfusd 1oL 10
PYTORCH

AJdd d L OHOYyd

A j dz dzOB 5t Ols ts tefdztiz?y | dePp s lo's L d3ts Ysets figls
PyTorch

ImMdzso dzr J L OHOY(Jd:

itcOLtcOBBISC O dzj 2 tcsdP@lofgh d MY sdz! L 59 Odzd

ifsdzzyjddj dzOeor Ctsoe dMitsdz L soOdzdwv to

i dimimdzj Hso Odzdj tOBBIST ftoesMmisj2"h jes
H Odzdz" ~ .

vsJBtjlsduimMét] teBMmdase Oded

{ftejHjdzdd OO dsb" e ftoddydy dO
fsmistetsj dad d dzt B 52 dijntdes dedzts D Isfl) Jds d L Oai i
I dzj f stej HMise j dadzts, MOBO Otrndlsj Clskzts
ZdzC yd?2 OCIsdoeOydd E COyYHBEt dzj 2tetdzO) ;
i dz0yOdz' dzOv ddzd yqd Odzdfgd2syg;w o j s € Oy |
T B stsH tsflsdRdL Oydd dzj 2tesmjlsd (M5 H(
learning_rate);

TeOLd3j 6 BOBYyJj?2 (batch _size);

iICStsdzdyd Msets dbsjttOyd?2 wtBERZYjddw (num

iwWkzdSydqw flsjte! (|l oss) ;

isdyf twjekdwtedL Oydd dzjtesfmjilsd ( Hdzw

stotsdpir " j 2C OL Odzdzr = Ofmf j CIstse , o Oy dzts
wWOCIstster, MowLOdedz §j| M MOBBS2 LOHOYJ?2 (

i COyjmsoats orBBtLSd (dzj fteslsdotstej yd e
fsMisOdetsoa Cd L OHOY) ;

TecOLd3j 6 o BScC (.

©

==
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ltedd3j o6 f sMmistetsy dzd W

(9 LOHOUYY

import pandas as pd
from matplotlib import pyplot as plt

data = pd.read_csv("./data/apples_pears.csv")

dmf sdz L 2§ sm¥

C ZOMMd W d & OjsTsOdza:
dzOB tstc H O dzdz

m

n G

plt.figure(figsize=(10, 8))
plt.scatter(data.iloc[:, @], data.iloc[:, 1], c=data['target'], cmap='rainbow")
plt.title('A6n0ku u rpyun', fontsize=15)
plt.xlabel( ' cummeTpuyHocTe", fontsize=14)
plt.ylabel( 'xenTtuzHa', fontsize=14)
plt.show();
A6N0KK 1 rpyLLK
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o ® o o ° 0 y .
* . O'f ::.. ...o.: '..‘. s ...‘..‘: ®e
e . LY [ . L
we L4 * .. . ° N .
08 .o oo \. ‘.} ‘.! . ‘.o 3 - @
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06 ® e * . =, * . < .
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E LY (] O" & * e ., e® ol .
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: L) .o :. .. [ ] w?® o % ‘
. . o p
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C R A 2 . “ *
e W% .. . o ‘.A
w| *° oS ST
00 02 04 06 08 10
CUMMETPUYHOCTb
X = data.iloc[:,:2].values # mampuya obveKkmbi-hpusHaKu

torch. nn dzj 3y Ols

o M

data[ 'target'].values.reshape((-1, 1)) # knaccwl (cmonbey us Hynel u eduHuy)

| &SHEdj

dzj 5B R |

0]

9

dzj 2 tetsdzs S

RS H &z dzj

torch.optim dzj Y

B SBHO SflsddddL Oydd dzj 2tetsmy Isd:

import torch
from torch.nn import Linear, Sigmoid

[ Mis!

TWhkdS yd tsdzOdzt dzr 2
ifsmdzj His9 Ols j dz' dz" 2

Ho O dfjzdedfy tsiaji M@t lsj 2

9

PyTorct

(Functional) ;
(Sequential)
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{ O dsslsedd olsttes?2 §HI! enEdzyYkzIs'S HE

ihy sjttdy MY, d fshmsesdd OSdd MY st

Clstster 2 o' tjcOdefb o Mo Qaedssh ' ¥ Numpy) :

num_features = X.shape[1]

neuron = torch.nn.Sequential(
Linear(num_features, out_features=1),
Sigmoid()

)

neuron

Sequential(
(0): Linear(in_features=2, out_features=1, bias=True)
(1): Sigmoid()

)

1 sC0 yYybt & fHftosmiss MsLHOdEZd Bi jCIs
dL BSHdtset dzddzj 2 desets Mdzsw tOL d3j todatsMls ¢
ftod B3 dagj ded v MdeBsdrnr . 16 34 Mj2yom
(g doL stelz) , dfCEmig s dedgdm@f Gedzd L dtelzlsmw  fdziz
B fsdkzydd ©BSHEI §sC0 vyt dzgj sB Lk yj dedats:

neuron(torch.autograd.Variable(torch.FloatTensor([1, 1])))

tensor([ ©.5060])

tdOodzdLzj &3 ftej HMEOLOdd] MMy sdz L 59O

proba_pred = neuron(torch.autograd.Variable(torch.FloatTensor(X)))
y_pred = proba_pred > 0.5
y_pred = y_pred.data.numpy().reshape(-1)

plt.figure(figsize=(10, 8))

plt.scatter(data.iloc[:, @], data.iloc[:, 1], c=y_pred, cmap='spring')
plt.title('A6noku u rpywn', fontsize=15)

plt.xlabel('cummeTpu4HOCTE ', fontsize=14)

plt.ylabel('xentusHa', fontsize=14)

plt.show();
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sOC d tydHOsMm!, dduydicects ftdjL dse .
Ctekehd I wBdt 8 dmr Mdddi sted ydzsmlisd
torch. Tensor , O IsjdzL ster ) torch. Var

GtOHd j dzlsT 5 9 j MO3:

StsH BBEkyd dzdv GHhwcts dzj 2tetsdzO dzO Py T






































































































