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3
BBEJAEHHUE

OcHoBHass 1eib — JaTh CTYJCHTaAM TEOPETHUYECKOE IMPEACTABICHUE O
COBPEMEHHBIX MpobiieMaMax B 00OJACTH CHCTEM HCKYCCTBEHHOTO WHTEIUICKTa U
MaITUHHOTO OOYYCHHSI, a TAK)KE IIO3HAKOMUTH C MYTSIMH UX PEIICHHUS .

[TocoOue mpeaHazHayeHO JIsi CTYJAEHTOB, OOJAJAIONIMX TEOPETUYECKUMHU
3HAHHUSMU B 00JIACTH MTPOCKTUPOBAHMSI TIPIIIOKEHUHN U MPAKTHUESCKIMHU HaBBIKAMHU
nporpammupoBanus (npeanouturenabHo si3biku C, C++, C#, Python, R). Llens
yaeOHOro mocoOus: cGOpMUPOBaTH Yy CTYJASHTOB IIEJIOCTHBIM B3IV HaA
COBPEMCHHBIC TEHICHIIMA B OO0JACTSIX MAIIMHHOTO OOYYeHHUs, HWCKYCCTBEHHOTO

HHTCJVICKTA, aHaJIM3a JaHHBI3, C(I)OpMI/IpOBaTI) CUCTCMY KOMHGTGHHHﬁ.
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JABOPATOPHAS PABOTA 1. UHCTPYMEHTAJIBHBIE
CPEJICTBA MAIIIMHHOI'O OBYYEHUA

Ienu u 3axpaun

Llens nabGopaTopHOM pabOTHI: M3y4YEHHE MPOTPAMMHBIX CPEICTB IS
OpraHu3alnuu pabodero MecTa CIEHUANNCTa M0 aHAIW3Y JAaHHBIX U MalIMHHOMY
00y4EeHHIO.

OcHOBHBIE 337a4H:

— YCTaHOBKa M HACTpO¥Ka cpenbl pazpadorku Python;

— U3y4Y€HUE MPUHIUIIOB 3arPy3KU U OUYUCTKH JAHHBIX;

— TIOJTyYeHHUE HABBIKOB IO MPEABAPUTEIHHONW 00pabdOTKE NaHHBIX Ha S3BIKE
Python;

— M3YYCHHE OCHOBHBIX OMONMMoTek Python a1 paboTel ¢ TaHHBIMHU.

Peanm.yeMLIe KOMIICTCHIINHU

JlabopaTopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIEIYIOUIUX

komnerennuii: OITK-2.

Teopernueckoe 060CHOBaHHE

[lepen BhIMOIHEHUEM JTA0OPATOPHOM PAOOTHI HEOOXOMMO O3HAKOMUTHCS C

0a30BBIMH NIPUHIIUITAMH si3bIKa Python, ncrnone3ys ciemyroiue nctodnuku: [1-5].
O6opynoBaHne U MaTepHAJIbI
JInst BBIMOJTHEHHS J1ab0OpaTOpHOM pabOTHl PEKOMEHIYETCS HCIOJIb30BaTh

HepCOHaHBHBIfI KOMIIBIOTCP CO CIICAYHONIMMU IIPOIrpaMMHBIMU  CPEACTBAMU

pa3paboTku (BbIOpaTh OJUH WM HECKOJBKO MPOTrPaMHBIX MPOAYKTOB MJis
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IPaKTHYECKOM peanu3aliuy 3aaa4 jJadoparopHoii padorsr): MS Visual Studio 2013

¥ BBIIIE; cpea pa3padboTku Java, marepnperatop Python (Anaconda).

MeTomea N NMOPAAOK BbINIOJHCHHUSA paﬁoTbl

HCpCI[ BBIIIOJIHCHHUCM HWHAWBUAYAJIIBHOT'O 3adaHus PCKOMCHAYCTCA

BBIIIOJIHUTD BCE ITYHKTHI y4€OHOM 3aa4H.

Y4eOHnas 3agqaua

Heo0OxoaumMo opraHu3oBaTh MOATOTOBKY JAHHBIX JJIS MOCTPOSHUS MOACTH
(momyctum Mozenu kinaccudukaiym). B kauecTBe JaHHBIX BBIOpaH HAOOp JTaHHBIX
00 upucax @umepa. 10, NOKaIYyil, CaMblii U3BECTHBIA HA0OP JAHHBIX, C KOTOPOTO
MHOTHE HAYMHAIOT UCCIIEJOBAaHUE aJITOPUTMOB MAIIMHHOTO O0yUYEeHUsI.

JlauHbli HAOOp JaHHBIX NpeJHA3HA4YeH JJs IOCTPOCHUS MOJAEIH
kiaccudukanuu. Janusie o 150 sk3emmiisipax upuca (puc. 1.1), mo 50 sx3eMIuispoB
u3 Tpéx BunoB — Upuc merunuctoiit (Iris setosa), Upuc Buprunckuit (Iris virginica)
u Upuc pasnousetHslii (Iris versicolor). Jlyig KaXaoro sK3eMIUisipa U3MEPSIIUCh
YEThIPE XAPAKTEPUCTUKH (B CAHTUMETPAX):

1) nivHA Hapy>KHOW J0JM OKoJIolBeTHHKa (sepal length);

2) 1MpHHA HAPYKHOU JOJIM OKOJIoIBeTHHKA (sepal width);

3) nnuHa BHYTpPEHHEH J0/M oKoJoBeTHHKa (petal length);

4) mmpuHa BHYTPEHHEH 10K OoKoJolBeTHHKa (petal width).

Ha ocHoBanum 3Toro Habopa AaHHBIX TpeOyeTcsl MOCTPOUTH MPaBUIIO
KJIaCCU(UKALMU, ONpPEIENSIIONIee BUJ PAcTeHHs] MO JaHHBIM H3MEpeHHil. OTo
3aJja4a MHOTOKJIACCOBOM KJIaCCH(HUKAIINH, TaK KaK UMEETCs TP Kilacca — TP BUIa

upuca.



Pucynok 1.1 — Baemnwmii Buj kiaccuuuupyemMbix HprcoB: a) Iris setosa; 6) Iris
virginica; B) Iris versicolor

1. HeobOxomuMo ckavath HaOOp naHHBIX M3 pernosutopust Center for
Machine Learning and Intelligent Systems (HeoOX0IuUM TOJBKO OJWH TEKCTOBBIH

daiin ¢ nanapIME U3Mepernid): http://archive.ics.uci.edu/ml/datasets/Iris.

®aiin Iris.data mpu mpocMOTpe BBITJISANUT CICAYIONMM 00pa3oM (puc. 1.2):

-‘_a Lister - [Di\Projects\PyProjects\Al Lesson'thsw:w IFirl'sta;n] -

| ®aiin  [lpaeka Buag  Kogmposka  Cnpaska
SIris-serosa
Iris-serosa
fIris-setosa
Irisa-setosa
s Iris-setaosa
fIris-setosa
yIria-setosa
;Iris-setosa
fIris-astosa
.1, Iria=setosa
0.2, Iria-aetosa
0.2, Irisa=-astosa
1,Iris-aeto=sa

Pucynok 1.2 — Buemnuit Bua nanssix daiina lris.data
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2.  Hcnonwp3oBaTh TEKCTOBBIE PENAKTOPHI JJIA MPOCMOTpa M aHAIM3a
JTAHHBIX M3 OMpEICICHHBIX HAOOpPOB — HEpalMOHAIBHBIM BapuaHT. [losTomy
samyctuMm Jupyter Notebook u Haunem paboTarh ¢ 3arpyKeHHbIM HaOOpOM ¢

ucnonb3oBanueM cpensl Python. Mcnonszyem meton genfromtxt() us makera Scipy.


http://archive.ics.uci.edu/ml/datasets/Iris
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_ Jupyter Untitled Last Checkpoint: 5 minutes ago (autosaved)

B+ AR 2 ¢ N B C Code »| CellToolbar

NaGopaTtopHas paborta 1

UccnepoBaHue Habopa faHHbIX MPUCEI PUliepa
In [36]: dimport numpy as np
data = np.genfromtxt("iris.data"”, delimiter=",")

print(data)

5.1 3.5 1.4 0.2 nan]
4.9 3, 1.4 9.2 nan]
4.7 3.2 1.3 0.2 nan)
4.6 3.1 1.5 ©.2 nan]
5 3.6 1.4 ©.2 nan]
5.4 3.9 1.7 .4 nan)
4.6 3.4 1.4 9.3 nan]
5. 3.4 1.5 ©.2 nan]
4.4 2.9 1.4 2.2 nan]
4.9 3.1 1.5 .1 nan]
5.4 3.7 1.5 0.2 nan]
[ 4.8 3.4 1.6 9.2 nan]
[ 4.8 3. 1.4 ©.1 nan]
[ 4.3 3. 1.1 ©.1 nan]
5.8 4. 1.2 0.2 nan]
5.7 4.4 1.5 8.4 nan]
5.4 3.9 1.3 .4 nan]
5.1 3.5 1.4 0.3 nan]
[57 3.8 1.7 o.3 nam
Pucynok 1.3 — 3arpy3ka gannbix (atina Iris.data

Meton genfromtxt() BosBpamaer maccuB numpy (tum numpy.ndarray).
Crnenyer oOpaTuTh BHHMAaHHWE, YTO MATHIA CTOJOCI COACPKHUT HEOIPE/ICICHHBIC
3Hauenust NUMpPY.NaN (oObsicaute — mouemy?).

3. IIpou3BOauThH BBIBOJ BCErO MCTOYHHMKA JAHHBIX — HEpallMOHAIbHBIN
nyTh. B peasbHBIX 337a4ax JTaHHBIX MOXKET OKa3aThCsl CIHMITKOM MHOTO, TIO3TOMY
Yaimie BCEro HCIOJB3YIOT IMOABBIOOPKY IaHHBIX MJIi TOBEPXHOCTHOTO 0030pa
uccieayeMon ooyyaromieit Beioopku (puc. 1.4).

In [37]: | print ( "Data type : ", type(data) )
print ( "Data shape : ", data.shape )
print { data[:1@] )

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

[[ 5.1 3.5 1.4 8.2 nan]
[ 4.9 3. 1.4 8.2 nan]
[ 4.7 3.2 1.2 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 @.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]]

Pucynok 1.4 — HauaneHoe uccienosanue Iris.data
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W3 npencraBiieHHoro parmMeHTa BUIHO, uTo data — 370 AByMepHBIN MacCHB
pasmepoMm 150X5, win MOXHO CKa3aTh, YTO 3TO OJHOMEPHBIM MAaCCHUB, KaXKIbIi
AJIIEMEHT KOTOPOTO TAKKEe OJJHOMEPHBI MAaCCUB Pa3MEpPOM S5 3JI€MEHTOB.
4, B pamkax maHHOU 3aaun HEOOXOAMMO BCE-TaKH MOTYYUTh 3HAYCHUS

IATOTO cTOJIONA. [[JIst 3TOr0 JKenaTeapHO UCIOJIb30BaTh APYrou moaxon (puc. 1.5):

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 "numpy.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, 3.6, 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, 1.5, @.1, b'Iris-setosa’)]

Pucynok 1.5 — 3arpyska naHsIx pa3HOro THIa B MacCUB

Cpasy ke >kelaTelbHO (Ha IMEpBOHAYANBHBIX dTamax u3ydeHus Python)
IIPOBOJAMUTH AHAJIM3 TUIIOB pa3M4YHbIX 3HaueHuM. Ha puc. 1.6 mpexncraBnen eme
OJIMH BapHWaHT 3arpy3KH JTaHHBIX B MaccuB humpy.ndarray.

In [70]: dt = np.dtype("f8, f8, f8, 8, U3a")
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 "numpy.ndarray’>»
<class "numpy.void'>»

<class "numpy.str_'>

[(5.1, 3.5, 1.4, 8.2, 'Iris-setosa’) (4.9, 3.e, 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’)
(5.0, 3.6, 1.4, 0.2, 'Iris-setosa’) (5.4, 3.9, 1.7, 6.4, 'Iris-setosa’)
(4.6, 3.4, 1.4, 0.3, '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’)]

Pucynok 1.6 — 3arpy3ka 1aHbIX B MACCUB C TUIIOM, OIIPEAECTIEMbIM
NI0JIb30BATENIEM

[Tosicaute pas3iInidnuc B CTPYKTYpPaAX AAHHBIX, ITOJIY4aCMBIX C UCIIOJIb30BAHHUCM

MNpCaACTaBJICHHBIX JIMCTHUHI'OB.

d. beuo 3arpyxeno 150 37IeMEHTOB JaHHBIX, HO Jake€ IPU TaKOM

MaJICHbKOW BBIOOpPKE HEBO3MOXKHO YTO-TMOO cKa3aThb O Habope naHHbIX. Jis
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MOJTydeHHUs]  JIOTIOJIHUTENbHOH WHGPOpMAlMd  HEOXOAWMO  BU3YAIH3HPOBATH
3arpy’KeHHbIE JaHHbIC. B HaIem ciaydae KaKIbIil JICMEHT JaHHBIX MPEICTaBICH
BEIICCTBCHHBIMU TPU3HAKAMH — 3TO CYIIECTBEHHO YIPOIIAET BH3YyaIH3aIHIO
(puc. 1.7). Ho CIIO)KHOCTBH 3aKjIr0o4acTcs B TOM, YTO IPHUXOAHMTCI PabOTaTh C
JIEMEHTaMH  4-MEpPHOTO TPOCTPAHCTBA, IMOITOMY CTPOHMTCS HE TrpadudecKoe
NPEJICTAaBICHUE pacTpee/iCHus, a OTACIbHBIC TPOSKIINH.

6. VYxe u3 rpadgudeckoro pacmnpenencHus Ha puc. 1.7 BHIHO, 9TO THUI
upucoB Setosa xopomo otaensercs. Ha ngaHHOM Tpaduke MpencTaBICHO
oroOpakeHre B Iuiockoctu mnpusHakoB (‘Sepal Width’, ‘Sepal Length’) Ho
UCCIIEIOBATEeNlb MMEET BO3MOXKHOCTH IOCTPOUTH CTOJBKO TpaHUKOB, CKOJIBKO
HEOOXOMMMO JUIsi TIIyOOKOTO aHaiu3a JJaHHbIX. M3menum sueiiky In[72] B

COOTBCTCTBUHU C JIMCTHUHI'OM, IPEACTABJIICHHBIM Ha PUC. 1.8.
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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

Pucynox 1.7 — IIpocTeitmmii aHamm3 JaHHBIX 110 TpadUdecKOMY TPEICTaBICHUTO



Sepal Width
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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()

Pucynok 1.8 — Iloctpoenue npocteiiiiero rpaduka st 0OTOOpakeHUs

Pa3InYHbIX HpOCKI_[I/Iﬁ JaHHBIX

BrIBo maHHOTO KOJMIa TIpeicTaBieH Ha puc. 1.9.

4.5

4.0 -

35

3.0

25

45

- - - - - 7
- . o - - : - - : —w
Setosa 1 e e Setosa
) n .
& a Versicolor . - L 4 a Versicolor
1 [= = Verginica [ n g%y "= | i
.. g = gt [ ] = = Verginica
st [ L] 1 1
1 = = “;'! adTa
5] u ‘A:‘ 4 {A:‘fA
I3
= 4 N 1
am 2 A Ay
g AA
- - 3F A 1
L}
2F e o o 1
L 1]
scocteflecs, o
. . . . . P " . . .

1 ! .
4.0 4.5 5.0 5.5 6.0 6.5 7.0 75 8.0
Sepal Length

® e Setosa
a4 a Versicolor
B B |m = Verginica

Petal_Width
>

0.5

L
6.0 6.5 7.0 7.5 8.0
Sepal Length

Pucynok 1.9 — BeiBox rpaduka st 0ToOpaxeHus: pa3audHbIX NPOEKIIUA

JaHHBIX
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13 rpadpukoB 1.9 yke XOpoIIO BUIHO, YTO MHOXKECTBO Set0Sa Xoporio
oTAenuMo, a MHOKecTBa Versicolor u Verginica npenctaBisitor co00i MHOXKECTBA,
paslielicHne KOTOPBIX SBJISCTCS HEMPOCTOM 3aJaucil.
[TocTpoiiTe apyrue NPOCKIMH HCXOMHBIX JaHHBIX. CKOJBKO BCEro

Pa3TUYHBIX TPOSKIIMA MOYKHO MTOCTPOUTH JIJIsl JAHHOTO Ha0Opa JaHHBIX ?

Basknble 3aMevaHus

1. HecMmoTpsi Ha KaXyIIylOCS TPOCTOTY W «IOHITHOCTHY» JAaHHBIX B
pe3yiabTaTe BU3yalU3alldH, HWCCIEAOBaTeNlb HE JOJDKEH JIeNaTh TOCHEIIHBIX
BBIBOJIOB (HampuMep, ObLI0 Obl OIIMOOYHO AeNiaTh BBIBOJ IO puc. 1.9 o Tom, 4to
upucel Setosa te, y kotopbix petal width menee 0,75). CrieayeT MOMHHTB, YTO 1ENb
NIEPBUYHOTO UCCIICOBAHMS TAaHHBIX — MOJYYCHHE MPEICTABICHUS O CTPYKTYpE U
NpUpPOE JaHHBIX, a HE TIOCTPOCHUE MOEIH MPeICKa3aHus, KIacCU(PUKAIMH U T.I1.

1. B xauecTBe cpeapl pa3paboOTKU HCIIONIB3YHTE S3BIKA MPOTPAMMUPOBAHUS
Python, Java wimm C#. Ilo corimacoBaHHMio C TpernojaBaTelieM CTYJCHT MOXET
CaMOCTOSITEIbHO MOXKET BBIOPATh SI3bIK MPOTPAMMHUPOBAHHS U Cpely pa3paboTKH
(mpu 3TOM CTYAEHTY HEOOXOAMMO KPUTHUECKH 00OCHOBATH CBOM BBIOOD).

2. IIpu BeIOOpe HaOopa ganHbIX (data set) Ha pecypcax [9, 10] HeoOxoaumo
COTJIacOBaTh CBOM BHIOOD C APYTMMU CTyICHTAaMH I'PYIIBI M MPEN0IaBaTeIeM, TaK
Kak paboTa HaJl OJMHAKOBBIMH HAOOpaMH TaHHBIX HEJAOMYCTHUMA.

3. B pamkax naHHOTO 1200paTOPHOTO Kypca PEKOMEHAYETCS MCIOIh30BaTh
uHCTpyMeHTapuii Python (OuGnuoteku, cpeay pa3paOOTKH) [UIs pPELICHHUS

ITIOCTAaBJICHHBIX 3a1a4.

HNuauBuayaabHoe 3a1aHUE

1. ITondepure HaObop naHHBIX Ha pecypcax [9, 10] u cornmacyiiTe cBOi BHIOOD
¢ npenogaBareiaeM. CTyIeHT MOXKET MPE/JI0KUTh HA00Op JaHHBIX B COOTBETCTBHUU C
TEMATUKON MAaruCTEPCKOTO UCCIICAOBAHUS.

2. ITpoBeauTe NMEepBUYHBIA aHANU3 JAHHBIX. B pe3ylbTrare aHanu3a JaHHBIX

CTYJEHT JAOJKEH MPEJOCTaBUTh CIENYIOUTYI0 HH(OpMAIUIO 0 HA0OPE TaHHBIX:
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2.1. Onucanue HaboOpa AaHHBIX, MOSICHEHUS, MTO3BOJISIONINE JIyUllle MOHSAThH
npupoy AaHHbiX. HazHauenue Habopa NaHHBIX U BO3MOXKHBIE MOJETH, KOTOPbIE
MO>KHO TOCTPOUTh Ha OCHOBE JAaHHOTO Habopa JaHHBIX (NPAKTUYECKUE 3a/1auH,
perraemMbie ¢ UCIOJIb30BaHUEM JAHHOTO 0OydJarorero Habopa gaHHbx). Onucanue
Ka)XJ0T0 MPU3HAKa U €T0 THIIL.

2.2. ®opma Habopa MaHHBIX: KOJUYECTBO 3JIEMEHTOB HAOOpa, KOJIUYECTBO
MPU3HAKOB, KOJUYECTBO MPOMYIICHHBIX 3HAYEHUH, CpeHEe 3HAUYCHUE OTACIbHBIX
MPU3HAKOB, MAKCUMAJIbHbIE U MUHUMAJIbHbIE 3HAUYEHUS OTIIEIbHBIX MPU3HAKOB U
npouue Tmokazarenu. [lpeamnonoskeHus, KOTOpbIE MOXHO CJellaTh, MPOBEIs
IIEPBUYHBIN aHAJIN3S.

2.3.  I'papuueckue  mpencTaBiICHUs,  IO3BOJSIONIME  CYAUTH O
HEOJTHOPOJHOCTH HCCIIeAyeMoro HaOopa naHHbBIX. [loctpoenue rpadukoB

KCJIATCIbHO ITPOU3BCCTH I10 HCCKOJIBKHUM IIPOCKIIHAM.

Coaepxxkanue or4yera u ero popma

Otuert 1o 1abopaToOpHON pabOTe AOTKEH COACPIKATh!

1. HoMep u Ha3BaHue 1a00paTopHOM pabOThI; 3a1a4u 1a00PaTOPHOUN pabOTHI.

2. Peanuzanust Kaxa0ro myHkrta nojapasaena « MuauBuayasbHOe 3a1aHUE» C©
NpUBEICHHEM HCXOAHOTO KOJa TMpOrpamMMbl, AWarpamMM © TpaduKkoB s
BU3YyalIU3allM IaHHbIX.

3. OTBeTHI HA KOHTPOJIbHBIE BOIPOCHI.

4. Dxpannbie (HOpMbI (KOHCOJBHBIN BHIBOJ) U JIMCTUHT IPOIPAMMHOIO KOJa C
KOMMEHTapHUsIMH, TTOKa3bIBAIOIINE MOPAIOK BBIMOIHEHUS J1a00paTOpHOil paboThI, U
PE3yNIbTaThI, TOJyUYEHHBIEC B X0O/I€ €€ BBHITTOTHEHUS.

OT4eT O BBINOJHEHUH JTAOOPATOPHON pabOThI MOAMUCHIBACTCS CTYIACHTOM U

CHacTCs IMPCIoaaBaTCIItO.

KoHTpoJibHBIE BONIPOCHI
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1. Kakue MHCTpyMEHTalbHBIE CPEICTBA HCIOIB3YIOTCA JUIsl OpraHu3aluu
pabouero mecra crnienmanucta Data Science?
2. Kakme OubOmmoreku Python wucmone3yrorcss mist paOoTel B 00JacTH
MAaIIMHHOTO 00yueHus? J[aliTe KpaTKyro XapakTepUCTUKY Kax a0l OuOInoTeKe.
3. Tloyemy mpu peamu3arii CHUCTEM MAIIMHHOTO OOYYEHHUS IIUPOKOE

pacnpocTpaHeHHue Moy oubarnoreku Python?

Cnmcok ureparypbl

J1J1s1 BBITIOJTHEH WA J1a0OpaTOPHOM pabOThI, TPU MOATOTOBKE K 3aILUTE, & TAKXKE

HJIs1 OTBETA HAa KOHTPOJIBHBIC BOIIPOCHI PCKOMCHIAYCTCA UCIIOJIB30BATh CICAYIOIIHNC

uctounuku: [1-3, 9, 10].
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JIABOPATOPHAS PABOTA 2. BUBYAJIN3ALIUA JAHHBIX

Ienun u 3apaun

Llenr maGopaTopHOM paOOTHI: H3YYEHHE NPOTPAMMHBIX CPEICTB s
BU3yaJIU3al[Ui HA0OOPOB JTaHHBIX.

OcHOBHBIE 337]a4H:

— ycTaHoBKa ¥ HacTporika matplotlib, seaborn;

—M3y4YCHHE OCHOBHBIX TUIOB rpadukos oudauorexn matplotlib;

—M3y4eHHE OCHOBHBIX TUTIOB IpadukoB Oubmmoreku seaborn;

— TOJyYCHHE HABBIKOB aHAJW3a JAHHBIX MO0 BU3YaJbHBIM IPEICTABICHUSIM

JTAHHBIX.

Peanm.yeMLIe KOMIICTCHIINN

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIICIYIOIIUX

komnerenmuii; OITK-2.

Teopernyeckoe 060CHOBaHHE

[lepen BeImoOIHEHUEM JTAOOPATOPHOM PAOOTHI HEOOXOUMO O3HAKOMHUTHCS C
0a30BBIMH MPHUHIMIIAMH s3bIKa Python, ucmons3ys cnenyromue ucrounuku: [1-5].

Oco0oe BHUMaHHE HEOOXOMMO YICIUTh PEIO3UTAPHIO [5] ¢ HCXOIHBIMH KOJaMH.

Ob6opynoBaHne U MaTePHUAJIbI

Jlyist BeIMOTTHEHUST 1a00paTOpHOM pabOThl PEKOMEHAYETCS HCIOIb30BaTh
MEPCOHAIBHBIA KOMIBIOTEp CO CIEAYIOIIUMHU MPOTPAMMHBIMU  CPEACTBAMHU
pa3paboTku (BbIOpaTh OAWH WJIM HECKOJIBKO MPOTPAMHBIX MPOAYKTOB JIJIst

NPAaKTHYECKOMN peau3aliny 3aaa4 jJadoparopHoi padorsr): MS Visual Studio 2015
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U BBIIIC, cpeaa pa3paborku Java, wuurepmperatop Python (Anaconda) ¢

oubmorexamu matplotlib, seaborn, numpy.

MeTomea N MOPAAOK BbITIOJTHCHUSA paﬁoTLI

Ilepen BBIIIOJIHCHHUCM HWHAWBUAYAJIIBHOT'O 3adaHus PCKOMCHAYCTCA

BBIIIOJIHUTD BCE ITYHKTHI y4€OHOM 3aa4H.

Y4yeOHast 3a1aua

Brimonnum ananu3 HabGopa paHHbIX «lIpenckazaHue yxoaa KIHMEHTay.
JlaHHbI Ha0Op JaHHBIX UCIOJIB3YETCA B KQUeCTBE Y4EOHOr0 Habopa MpH U3y4eHUU
METOJI0B MporHo3upoBanus. Habop mpencrasisier co0oil JaHHbIE 00 aKTUBHOCTH
KJIMEHTA0B TEJICKOMMYHHUKAIIMOHHOW KOMIMAaHUM (KOJUYECTBO YacOB Pa3rOBOPOB,
BUJICO3BOHKOB, HOYHBIE W JHEBHBIE Pa3roBophl U Impouune). Habop maHHBIX
NOAXOAUT JJIs OOydeHUsl MoJeNel JIOTUCTUYECKOM perpeccuu, Mojeiei
kinaccudukanmu (CNN, kNN, Logic tree). HaGop maHHBIX MOXXHO TOJYYHUTh B
penosutopuu [5] wim Ha moptane Kaggle [4].

PaccMOTpuM OCHOBHBIE TPHU3HAKH, MPEICTABICHHBIA B Habope. 3arpy3um
HA0Op JAHHBIX C UCIOJIb30BaHHWEM Pandas M BhIBeIEM NpPHU3HAKW HAO0Opa JaHHBIX

(pucyHok 2.1).

import numpy as np

import pandas as pd

from matplotlib import pyplot as plt
import seaborn as sns

#matplotlib inline

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 .4 114 41.

Pucynok 2.1 — 3arpy3ka JaHHBIXH NOJyYEHUE U IPEBUYHBIN aHAJIN3 NPU3HAKOB



HabGop mammbix telecom_churn.csv comepxutr 0o0JblIoe KOJIAYECTBO

npu3HakoB. [IJis neTasibHOro M3ydeHHs Bocmosibdyemcs MmetonoM Info() kmacca

DataFrame (pucynox 2.2).

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

State

Account length

Area code
International plan
Voice mail plan
Number vmail messages
Total day minutes
Total day calls

Total day charge
Total eve minutes
Total eve calls

Total eve charge
Total night minutes
Total night calls
Total night charge
Total intl minutes
Total intl calls
Total intl charge
Customer service calls
Churn

3333
3333
3333
3333
3333
3333
3333
3333
3333
3333
3333
3333
3333
3333
3333
3333
3333
3333
3333
3333

non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null

object
int64
inte4
object
object
inte4
floate4d
inte4
float6e4d
float6e4
inte4
floate4
float64
int64
float6e4
floate4d
int64
float64
int64
bool

dtypes: bool(1l), float64(8), int64(8), object(3)

memory usage: 498.1+ KB
Pucynok 2.2 — Unudopmauns o npusHakax Habopa JaHHBIX

['paduixu, vcnons3yemble TPU aHAIU3E NAHHBIX, JAEJAT HE 0 OMOIHoTEeKaMm,

C HUCIIOJIb30BAHUEM KOTOPBIX OHU CTPOSATCA, 4 11O THUIIAM IIPU3HAKOB, OJIA aHAJIM3ad

KOTOPBIX MpeHA3HAYEHBI TpaduKH.

6.1.1. Busyanuzaiusi KOJTH4E€CTBEHHBIX MPU3HAKOB

JIHH npeaACTaBJICHUA PACHPCACICHUA IMPOCTOr0 KOMYCCTBCHHOI'O IIPpHU3HAKA

MOAXOAUT OOBIYHASI THUCTOTpaMMa,

(pucynok 2.3).

cojepiKaiascs BO BceX OuUOIMOTEKax
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3 data['Totél day minu'tes‘].'hist();

0 50 100 150 200 250 300 350

Pucynox 2.3 — Uadopmanst o mpu3Hakax Habopa JaHHBIX

Jlnst moctpoeHwust ructorpammbl BeizeiBaeTcst meto hist() kimacca DataFtrame.
Ha coamom nene ucnosb3yercss meron u3 omdmmoreku matplotlib. Meron hist()
MOYHO HCIOJIb30BaTh JJISi MOCTPOCHUSI TUCTOTPAMM IO HECKOJBKHM MpPU3HAKAM
(pucyHok 2.4). [Ipu 3TOM HEKOJIMYECTBEHHBIC IPU3HAKU HTHOPUPYIOTCS.

Account length Area code Churn Customer service calls
800 2500 3000

2500 4

00 2000

2000 4
1500 4
1000 4

1500
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500

e
i
:

ol 1
[} 100 200 425 450 475 500 000 025 050 075 100 0 2 4 6 8
Number vmail messages Total day calls Total day charge Total day minutes
1000

2500

2000
800

600
400
200

s &
- 8 8 8
(=]

[} 20 40 [} 50 100 150 0 20 40 0 100 200 300
Total eve calls Total eve charge Total eve minutes Total intl calls

800

600

400

200

N g
- B8 883
(=]

-

0 100 200 300 0 5 10 15 20

Total intl charge Total intl minutes Total night calls Total night charge
1000 1000

o 50 100 150 o 10 20 30

800

600

400

200

5 5 8 3
s B8 8 &8 &
o

[1] 2 4
Total night minutes

5 5 8 B
s 8 8 B8 3

100 200 300 400
Pucynok 2.4 — I[Ipumenenne Metona hist() mis Busyanuzanuu pacipeaeacHus
HECKOJIBKHUX MTPU3HAKOB
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AHAJIOTUYHBIN TN rpadrKka MOYKHO TOJIYYHTh ¢ ucnoiabs3oBanreM Mmatplotlib
(pucyHok 2.5). Ecim  HeoOX0mAMMO  MOCTPOUTH rpaduK  pacupecicHHs,
aHAJIOTUYHBIA TPEJCTABICHHOMY Ha pHUCYHKE 2.3, TO HYXHO BBIIOJHUTH
JOTIOJTHUTEIBHBIE pacueThl (PUCYHOK 2.6).

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

350

300 A

250 A

200 4

150 A

100 4

50 4

04 L
o 500 1000 1500 2000 2500 3000 3500

Pucynok 2.5 — I[TocTpoenue ructorpammel ¢ ucnoib3oBanueM matplotlib

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

0 50 100 150 200 250 300 350
Pucynok 2.6 — Ucnons3oBanue matplotlib nns npencrasnenus pacnpeaencHust
3HAYCHUH MPU3HAKa

OmuH u3 3¢(EeKTUBHBIX TUMOB TpaPHUKOB IS aHAIU3a KOJIWYECTBEHHBIX
npU3HAKoOB — 3To «sme ¢ ycamu» (boxplot). Ha pucynke 2.7 moka3aH KOI H
peanu3oBaHHbIN Tpaduk. s aHanM3a HECKOJIbKUX Mpu3HakoB rpaduku boxplot
takoke ¢ ¢dexkTuBHb. Ha pucynke 2.8 mpeacTaBieH KOO M pe3yibTaT MOCTPOCHUS

I])ﬂ(pI{I(CHBJIJIH aHaJIn3a ITATH IITaTOB C hdaI(CIlhdaJIBIJBJhd()fi])@hd()hllIIIEﬂBIIIJ)(I3B()IIKKIB.
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5 sns.bokplof(data:'Tbtal déy mihutes']);

0 50 100 150 200 250 300 350
Total day minutes

Pucynok 2.7 — I'paduk «muk ¢ ycamu» JUIsl OTJIEIBHOrO MpU3HaKa

1 top_data = data[['State','Total day minutes']]
2 top_data = top_data.groupby('State').sum()
3 top_data = top_data.sort_values('Total day minutes',ascending=False)
4 top_data = top_data[:5].index.values
5 sns.boxplot(y='State’,
6 x="'Total day minutes',
7 data=data[data.State.isin(top_data)], palette='Set3’');
OH{ ¢ — e T
o — I
v
2w S —
[
N | — I [
| I— I
0 S0 100 150 200 250 300 350

Total day minutes

Pucynok 2.8 — cnonbs3oBanue boxplot mis aHanmm3a npu3Haka ajs MsTH [ITaTOB

I'padux boxplot cocrour u3 xkopoOku, ycoB u Touek. Kopobka mokaspiaet
MHTEPKBAPTUIILHBIN pa3Max pacrpeeieHusi, TO €CTh COOTBETCTBEHHO 25% ( mepBas
kBapTwib, Q1) u 75% (Q3) nepuentunu. Yepra BHYTpU KOpPOOKHM 00O3HAYaET
MeIMaHy pacrpeaeiacHus (MOKHO MOYYHTh ¢ UCTIOIb30BanrueM Metoaa median() B
pandas u numpy). Ycel oToOpakaroT BECh pa3dpoc TOUYEeK KPOME BEIOPOCOB, TO €CTh
MUHUMAaJIbHBIC U MaKCHMaJbHbIC 3HAYCHHUS, KOTOPBIC MONAJAI0T B IPOMEKYTOK
(Q1—-1,5-IQR, Q3+ 1,5-IQR), tne IQR = Q3 — Q1 — WHTEPKBAPTHIbHBII

pasmax. Toukamu Ha Tpaduke o00o03HA4arOTCs BBHIOpOCH! (outliers), To ecTh Te
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3HAYEHMsI, KOTOPbIE HE BIUCHIBAIOTCSA B MPOMEXKYTOK 3HAYEHUH, 3aJJaHHBIN ycaMu

rpaduka (pucyHok 2.9).
IQR
Q1 Q3
Q1 -15xIQR Q3 + 1.5 x IQR
. Median
—do 30 -20 —iaé 0o 1o 20 30 40
-2.6980 -0.67450 0.67450 2.6980
24.65% 24.65%
—40 30 20 -lo 0o 1o 20 30 10
| 1 T T T — 1
-40 -30 -20 0o lo 20 30 40

Pucynok 2.9 — CtpykTypa rpaduka TUmna «mumK ¢ ycaMm»

6.1.2. KareropuansHble npu3HaKu

Tunu4HBIM KaTEropraIbHBIM MMPU3HAKOM B aHATM3UPYEMOM Ha0Ope MaHHBIX
spisietcst  «llItar» (State). Tlog kareropwaibHBIA MPU3HAK TMOAXOIUT TaKKE
«Ortka3y» (Churn) (xoTst on siBisteTcs aoruueckum). Ha pucynke 2.10 npencraBieHsl
rpaduku trma countplot() nz 6mdmuoreku seaborn, KOTopeie CTPOSIT TUCTOIPAMMEI,
HO HE MO CBHIPHIM JaHHBIM, a TIO0 PACYUTAHHOMY KOJHMYECTBY Pa3HBIX 3HAYCHUU

IIpU3HaKa.

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

2500
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1500

count

count

1000

500
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Pucynok 2.10 — I'paduk countplot: a) Busyanuzanus pacrnpeaeicHus Ipru3HaKa
Churn; 6) Bu3yanu3anus maty MOMyJISIPHBIX IITATOB

6.1.3. Busyanusanusi COOTHOILIECHHS KOJIMYECTBEHHBIX PU3HAKOB

OnHMM U3 BAapUAHTOB BU3YAJIM3AlMM COOTHOLIEHMS] KOJIMYECTBEHHBIX
NPU3HAKOB SIBIISIETCS IUarpamMma 1o HEeCKOJbKUM Mpu3HakaM (pucynku 2.4, 2.8).
PaccMoTpuM npumep AeMOHCTPUPYIONINI CpaBHEHUEPACIIPEIETICHHI TTOKa3aTeNeH,
CBSI3aHHBIX C (PMHAHCOBBIMU 3aTpaTaMM KJIMEHTOB. YTPOIIEHHO, MOKHO CKa3aTb,
9TO 3TO BCE MOKA3aTeNH, COAepIKAIINe MOJICTPOKY «Charge» B MMEHHU MOKa3aTels.

Ha pucynke 2.11 npezacrasieH koa st 0T00pa TpeOyeMbIX MMOKa3aTeNe.

1 # Ombop 4ucaoBeix npusHakoB, codepxauux caobo 'charge'
2 feats = [f for f in data.columns if 'charge' in f]
3 feats

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

Pucynok 2.11 — Ot60p mokasartenei, CBsI3aHHBIX C 3aTpaTaMH KIMEHTOB

Ilocne 0T60pa HHTCPCCYIOIINX MoKa3aTeyiel MOXKHO IIOCTPOUTHh AUAT'PAMMBI

JUIs cpaBHEHUS (pUCYHOK 2.12).

1 # cmpoum omdenbHele 2ucmozpamMsl
2 # 0na Heckonbkux npusHaxkoB
3 data[feats].hist(figsize=(5,5));

Total day charge Total eve charge

0 20 40 & 0 10 20 30
Total intl charge Total night charge
1000 -

800 -
750 A
600 4
500 1
400 A
0- 0-
0 2 4

Pucynok 2.12 — JluarpaMmsbl JJi CpaBHEHUS pacipeieNieHUs] YUCIOBbIX
noKa3areJen
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YacTo HCMONB3YIOT MOMApHOE CpPAaBHEHHE MPU3HAKOB JUJIsi OOecreueHus
IIMPOKOTO B3TJIsia HAa HA0Op AaHHBIX (pucyHOK 2.13). Ha nuaranansHbIX rpadukax
pucyHKa 2.13 npencraBiaeHbl THCTOIPAMMBI pACIPEIEIICHUS OTAEIBHOIO MIPU3HAKA,

Ha BHCAMAraHAJIbHBIX MMO3UIUAX — IMOIMMAPHBIC PACIIPCACICHUA.

1 # lonapHoe pacnpedeneHue npu3HaxkoB
2 # [lpumeHeHue Seaborn
3 sns.pairplot(data[feats]);
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Pucynox 2.13 — [TonapHoe pacnpeneneHne mpru3HaKoB

MosxHO peann3oBaTh rooJiee cloxkHble rpaduku. Hanpumep, ecnu tpedyercs
N00aBUTh K CYIIECCTBYIOIIMM IpH3HaKaM, IeneBoil mpusHak Churn (koimdectso
OTKa30B) W PACKPACUTh pa3HbIE THUIBl DJIEMEHTOB, TO MOXXHO BOCIIOJIb30BaATHCS
NOMAapHBIMU  paclpeeICHUsIMA, HO C OTOOpa)X€HUEM IMOJMHOMKECTB OTKa30B

(pucyHok 2.14).
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J10 cHX TOp KCIOJIb30BaJIMCh BO3MOXKHOCTH OMOIMOTEKH S€aborn, a taxke
MeTOoJIbI pandas (KoTopble MPOU3BOAAT BH3yaaH3alldIo, Opallasch K OMOIHOTEKE
matplotlib). bubmmoreka matplotlib HanbGonee n3BecTHas U MHUPOKO MPUMEHsEMAsT

NpY aHaJIN3e TaHHBIX B paMKax CTeKa TexHoyorui python.

1 sns.pairplot(data[feats + ['Churn']], hue='Churn');
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Pucynox 2.14 — IlonapHoe pacnpeneiieHue TPU3HAKOB C BU3yalln3aluei
OTKa30B

Ha pucynke 2.15 mnokasan mnpumep wHcnonb3oBaHusi rpaduka Scatter

oubnrorexu matplotlib, mpenHasHaueHHOTO /st BBIBOIa MHOYKECTBA TOYEK.
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1 plt.scatter(data['Total day charge'],

2 data[ 'Total intl charge'],

3 color="lightblue', edgecolors='blue')
4 plt.xlabel('[dHeBHble Ha4ucneHue')

5 plt.ylabel('MexayHapofH. HayucneHue')

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

Pacnpepenenune no 2 npusHakam

MexayHapoaH. HayucneHue

01 @® 0C0O® O O OO (e
T T T T T T

0 10 20 30 40 50 60
[lHeBHbIe HayncneHne

Pucynox 2.15 — I'paduxk scatter oubimorexku matplotlib

Ha pucynke 2.16 nokaszan npumep Oosiee TOHKOM HACTPOMKH IMapaMeTpoOB
rpaduka.

1 # PackpauwuBaHue OaHHbIX

2 # llBem B8 3aBucumocmu om yxoda KaueHma

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

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

5 # Hacmpolika 2paguka

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

8 )

S plt.xlabel('OHeBHble Ha4yucnexue')

10 plt.ylabel( 'MexayHapofH. HauucneHue');

MexayHapoaH. HayucneHue

0 1 @ 0@ OC® O oo Qo

T T T T T T

0 10 20 30 40 50 60
[HeBHble HayncneHne

Pucynox 2.16 — Hacrpoiika rpaduka: 1[BeT TOUYKH 3aBHCHT OT IICJICBOTO
3HAYCHUS NPU3HAKA
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I'padux Ha pucyHke 2.16 MOXKHO MOCTPOUTH Pa3IUUYHBIMU CIIOCOOAMH,
HAIpUMEpP, MOXKHO JT00aBJISATh MHOKECTBA TOUCK OTIEIHHBIMH TOMHOKECTBAMH,

yKa3bIBasl apaMeTPhbl BU3YAIHU3aIUHU JIJIS KaKI0T0 MOMHOXeCcTBa (pucyHok 2.17).

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

data_loyal = data[~data['Churn']] Pacnpenencrme knueHTos

o @ @ Ynm
plt.scatter(data_churn['Total day charge'], > ¢ o OcTanuce
data_churn['Total intl charge'], % °
color="orange', g4 @
edgecolors="red"', % 2 i og
label="Yunn' T3
27 o o
) g O L0
plt.scatter(data_loyal[ 'Total day charge'], 22 ch
data_loyal['Total intl charge'], % e ge o
color="lightblue’, E
edgecolors="'blue’, =
label="OcTanuco’ 0 ® ow® oo o @oo
plt.xlabel('[HeBHble Ha4ducneHue') 0 10 20 30 40 50 60

plt.ylabel('MexayHapoOH. Ha4YucneHue') [HEEHLIE HAUMCNEHKE

plt.title('Pacnpenenenue kaueHToB')

plt.legend();
a) 0)
Pucynoxk 2.17 — IlocTpoeHue OTAENbHBIX MTOJMHOXKECTB C JIETCHI0M; a)
UCXOJIHBIN K0JT; 0) MOTy4YeHHBIN Tpaduk

B peanbHBIX 3amauax MamIMHHOTO OOYYCHHUS TMPH TEPBHYHOM aHAN3E
JTAHHBIX HEOOXOJUMO BBISIBUTH KOPPEJSAIUU MPU3HAKOB 0OydJarorieil Beioopku. B
nakeTe Pandas nMeeTcst BCTpOCHHBIN HHCTPYMEHT ISt 3TOTO — MeTOoJ1 COrr() Kiacca

DataFrame. Ha pucysnke 2.18 noka3an ¢parMeHT BbIBOJA ITOU (DYHKIIUH.

# lMpumeHaemca ¢yHkyusa 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

A"Igg;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:_Eﬂﬂ:i 0.006216 -0.008264 0.000778 1.000000 0.006750 1.000000 0.007043 0.01

Pucynox 2.18 — Onpenenenue KOppeaupyromux Mpru3HakoB Habopa TaHHbBIX

[Tonyuennas matpuna umeet pasmep 17 X 17. DTo HE3HAYNUTENBHBIN pa3Mep
(B peanbHBIX 3a/1a4uax MAIIMHHOTO 00YYEHUs pa3Mepbl MaTpULl KOPPEIALUA UMEIOT

nopanku 106 — 101° u Gonee), Ho maxe IS MaTpUIILI PacCMaTPUBAEMOro Habopa
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JAHHBIX MPOAHAIU3UPOBATH KOPPEJSIIUIO MPU3HAKOB BPYUYHYIO — TpPYIOEMKas
3amada. Hampumep, MOXKHO HCIIOJIB30BaTh CKPHWIITHI, IS BBIJACICHHS OOBIIHX
koadduienToB koppensiuu. Ho mydie uCnosib30BaTh CHEIUATBHBIA THI

rpaduka — heatmap (pucynok 2.19).

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

Account length P

Area code -
Number vmail messages -
Total day minutes -
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
Total intl calls -
Total intl charge -
Customer service calls - -00

- 0.8
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Pucynok 2.19 — Busyanuzaius MaTpuiia KOppesiuy ¢ HCTIOIb30BaHHEM
rpaduka tuma heatmap

Koppenupyroniue npusHaku 0ObIYHO YIATSIOTCS M HE pacCMaTPUBAIOTCS B

npoiiecce 00y4YeHusI.

BasxkHble 3aMeuyaHus
1. Cratbs o TtHumax rpaduKOB TIPH TIEPBUYHOM aHAIMU3E JAHHBIX:
https://medium.com/open-machine-learning-course/open-machine-learning-course-

topic-2-visual-data-analysis-in-python-846b989675cd

2. B xaudecTBe cpenbl pa3pabOTKHU UCIOJIB3YHTE S3BIKA MPOrPaMMUPOBAHUS
Python, Java wim C#. Ilo coriacoBaHHiO C TpeEnojaBaTesieM CTYACHT MOXKET
CaMOCTOSITEIFHO MOYKET BbIOpaTh S3bIK MPOTPAMMHPOBAHUS U Cpely pa3pabOTKH

(pu 3TOM CTYAEHTY HEOOXOAMMO KPUTHUECKH 00OCHOBATH CBOM BBHIOOD).


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. IIpu BeIOOpe HaOopa manubIx (data set) ma pecypcax [3, 4] HE0OXOAMMO
COrJIacoBaTh CBOW BBIOOP C APYTMMU CTYACHTAMH IPYIIIBI U MPENOjIaBaTesieM, TaK
Kak paboTa HaJl OTMHAKOBBIMHM HA0OPaMH JIAHHBIX HEJOMyCTUMA.
3. B pamkax qaHHOTO JIAOOPAaTOPHOTO Kypca PEKOMEHYETCS UCIOJIb30BaTh
uHCcTpyMeHTapuii Python (O6uGmmoteku, cpemy pa3paboTKu) Ui pEHICHHS

ITIOCTABJICHHBLIX 3aJ1a4.

NuauBuayajbHoe 3a1aHue

1. ITonOepute HabOp naHHBIX Ha pecypcax [3, 4] u cornacyiTe cBO¥t BEIOOD C
npenoaasareneM. CTyJEeHT MOXKET MPEeAoKUTh HAO0Op JaHHBIX B COOTBETCTBUU C
TEMaTHUKON MarucTepcKoro UCCIEIOBAHMUS.

2. IlpoBenute mnepBUYHBIA aHaMM3 JaHHbIX. Oco00e BHUMAHUE CIIETYET
yIEIUTh  IpaduueckoMy  HpPEJICTaBICHHUIO  paclpeeeNieHUH  MPU3HAKOB,
BU3YyaJIM3al[M1 B3aUMOCB3€M, MO3BOJISAIONINE CYUTh 0 Habope naHHbIX. [locTpoeHue
rpauKoOB >KeTaTeabHO MPOM3BECTH IO HECKOIBKUM mpoekuusm. [Ipu anammze

JaHHBIX HCIIOJIB30BAaTh KaK MOXKHO Ooice pa3H006pa3HLIe THIIBI Fpa(IJI/IKOB.

Coaepxxkanue or4yera u ero popma

Otuert 1o 1abopaToOpHO pabOTe AOTKEH COACPIKATh:

1. Homep 1 Ha3BaHue 1a00paTOpHO pabOThI; 33241 JTJa00OPATOPHOI pabOTHI.

2. Peanu3zanusi KaKa0T0 MyHKTa nojpasaena « M aauBuayanbHoe 3aqaHuey ¢
MPUBEICHUEM MCXOJHOTO KOJa TMpOrpaMMbl, auarpaMm U rpadukoB s
BU3YyalIU3aINH IaHHbIX.

3. OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

4. DxpanHbie (HOPMBI (KOHCOIBHBIN BBIBOJ) U JIMCTHHT MPOTPAMMHOTO KOJIa C
KOMMEHTAPHUSIMHU, TTOKA3bIBAIOIITUE TIOPSIOK BHITIOJIHEHUS JTA0OpATOPHOU paboThI, U
pe3ynbTaThl, MOJIYYEHHBIE B X0/1€ €€ BBITIOJIHEHHUS.

OT4eT 0 BBINOTHEHUH JTaOOPATOPHOIM PaOOTHI MOJMUCHIBAETCS CTYIACHTOM U

C/IaeTCs IPEIoaaBaTelIio.
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KOHTpOJIBHLIe BOIIPOCHI

1. Kakue wHCTpyMEHTalbHBIE CPEACTBA MCIOJB3YIOTCS AJSi OpTraHU3alud
pabouero mecra crnienmainucta Data Science?

2. Kakme OumbOmmorexku Python wucmone3yrorcss mist paOoTel B 00JacTH
MAaIIMHHOTO 00yueHus? J[aliTe KpaTKyro XapakTEepUCTUKY Kax a0l OuOIMoTeKe.

3. Tlouemy mpuW peanu3alyiyi CHUCTEM MAIIMHHOTO OOYYECHHS IIUPOKOE

pacipocTpaHeHue mony4rin oubarnoreku Python?

Cnmcok ureparypbl

I[JI?I BBIITOJIHCHU L Ha60paT0pHOﬁ pa60TbI, IIPpH IIOATOTOBKC K 3allIUTC, a TAKIKC

HJIs1 OTBETA HAa KOHTPOJIBHBIC BOIIPOCHI PCKOMCHIAYCTCS HMCIIOJIB30BaTh CIACAYIOIIHNC

ucTouHUKH: [1-4].
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JIABOPATOPHAS PABOTA 3. METPUYECKHUE METO/IbI
KIACCU®PUKALINN

Ienu u 3axpaun

Ilens maGopaTopHOW paOOTBI: HM3yYCHHE IPHUHIUIIOB  IOCTPOCHHS
WHOOPMAITMOHHBIX ~ CHUCTEM C  HCIOJIh30BAHUEM  METPUYECKUX  METOJIOB
KJIacCU(UKAIIUH.

OCHOBHBIC 33/1a4H:

— W3yYeHHWE WHCTpyMeHTapus Python g peanu3anuu  aJropuTMOB
METPHUYECKOM Kaccuukamu,

—  W3YyYCHHE METOJOB  ONTHMH3AlMA  [apaMeTPOB  METPUUYECKOMN
KJIacCU(UKAIIUH;

— ocBoenue moaudukaiuii KNN-meroa.

Peanm.yeMLIe KOMIICTCHIINHU

JlabopaTopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIEIYIOUIUX

komrerenmmii: OITK-2.
Teoperuueckoe 060cCHOBaHHE
Ilepen BeimoaHEHUEM J1a0OPATOPHOM PabOTHI HEOOXOAMMO O3HAKOMMTHCS C
TEOpPHEH IMOCTPOCHUS METPUYECKHX KIacCU(UKATOPOB, HCIOIB3YS CIEAYIOIIHE
uctounuku: [1-5]. Ocoboe BHMMaHHE HEOOXOAMMO YACIUTH pero3utapuio [5] ¢

HNCXOAHBIMH KOOdaMH.

Oo0opynoBanne 1 MaTepuaJibl
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JInst BBIMOJIHEHHST JIAOOPATOPHOM pPabOThl PEKOMEHIYETCS HCIOJIb30BaTh
ICPCOHATBHBI KOMIIBIOTED CO CIECAYIONUMH TMPOTrPAMMHBIMH  CPEACTBAMHU
pa3paboTku (BBIOpaTh OJUH WM HECKOJBKO IPOrPAMHBIX IPOAYKTOB IS
IPAKTHYECKON pean3aluu 3aaad Jadoparoproi padorsr): MS Visual Studio 2013

¥ BBIIIE; cpea paspadboTtku Java, marepnperatop Python (Anaconda).

MeTomea N NMOPAAOK BbITIOJTHCHUSA paﬁoTLI

Hepez[ BBIITOJIHCHHUCM HWHAWBUAYAJIIBHOT'O 3adaHus PCKOMCHAYCTCA

BBINIOJIHUTD BCE ITYHKTHI y4€OHOM 3aa4H.

Y4yeOHas 3agqa4ya

B pamMkax naHHOM 3a7aun paccMaTpUBAETCs MOCTPOEHHUE KiIacCHuUKaTopa ¢
UCIIOJIb30BaHUEM MeToja Onmxailmux coceneil. B kauecTtBe Habopa JaHHBIX
UCTIONB3YIOTCS TaHHbIE 00 upucax duriepa.

B pamkax naHHOW nabopaTopHOW pabOTHl pEKOMEHIYETCSl MCIOJIb30BaHHUE
oubimotekn pandas. Pandas — sro Oubmmorexka Python, mnpemocraBnstorias
IIMPOKKE BO3MOXKHOCTH JIJIsl aHaln3a JaHHBIX. JlaHHBIE, ¢ KOTOPHIMH pabOTaIoT
cnenuanuctel Data Science, wacto xpansarcs B TabaumuHoM (opmate (.CSV, .1sv,
XlIsx, ...). C momompto Oubmmorekn Pandas nanHbIE yIOOHO 3arpyKarth,
o0pabatbiBaTh W aHAIM3UPOBaTh ¢ Momoibio SQL-mono6HbIX 3ampocoB. Pandas
IPEIOCTABIISET MUPOKUE BO3MOXXHOCTH BU3YAJIbHOT'O aHAJIN3a TaOJIMYHBIX TAHHBIX
B CBsi3Ke ¢ Oubnmorexkamu Matplotlib u Seaborn.

OcHOBHBIMU CTPYKTypaMH AaHHbIX B Pandas siBistroTcst kiaccel Series u
DataFrame. IlepBblii U3 HUX IpeACTaBIIIET COOON OTHOMEPHBIN MHIEKCUPOBAHHBIN
MacCUB JJaHHBIX HEKOTOPOTo (PUKCHUPOBAHHOIO THMA. BTOpoil — 3TO AByxmepHas
CTPYKTypa JaHHBIX, MPECTaBIISAIONMas cOO0M TabIUITy, KaXKIbIi CTOJIOCI] KOTOPOM
COJIEP)KUT JTAaHHBIC OJJHOTO THUMa. MOXXHO TIPEACTABIATh €€ KaK CI0Bapb OOBEKTOB

tuna Series. Ctpykrypa DataFrame oTnu4HO NOIXOAWUT i TPEACTaBICHUS
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pEabHBIX JaHHBIX: CTPOKA COOTBETCTBYIOT MPU3HAKOBBIM OITUCAHUSAM OTACIBHBIX
00BEKTOB, a CTOJIOIBI COOTBETCTBYIOT IIPH3HAKAM.
1.  Ha puc. 3.1 npeacraBnen xox B Python Notebook mis 3arpysku

HCXOJTHOTO HAabopa TaHHBIX.

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

0(4913.0)1.4)0.2|lIris-setosa

114.713.2(1.3]|0.2|Iris-setosa

46]3.1(1.5)0.2|lIris-setosa

2
3|5.0(3.6)1.4]0.2|Iris-setosa
4

54(3.9(1.7]|0.4|Iris-setosa

Pucynok 3.1 — Mcnons3oBanue pandas uist 3arpy3ku JaHHBIX

Cnynyer oOpatuThb BHHMaHHE, 4YTO TIepBas CTpoka Habopa JaHHBIX
UHTEPIPETUPOBAJIaCh KaK IIamka TaOauuel (Ha3BaHue CToiOLOB). JlaHHYIO
HETOYHOCTh HEOOXOJMMO HUCIPaBUTh CIEAyIOIMM obOpa3om (puc. 3.2). B Takom

cllydae CTOJIOLBI MOJIyYaT MOPSAKOBbIE HOMEpA B KAUE€CTBE Ha3BaHUM CTOJIOIOB.

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

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

Out[11]: o |1 (2 |3 |a

0|5.1(3.5|1.4(0.2]Iris-setosa

1(4.9]3.0(1.4)|0.2|Ins-setosa

4732 (1.3]10.2|Iris-setosa

2
3|46(31)|1.5(0.2]Irs-setosa
4

5.0(3.6(1.4|0.2 |Ins-setosa

Pucynok 3.2 — JIo6aBnenue manku DataFrame mo ymonuanuto

Uccnenosarenb Takxke MOXKET JaTh CUMBOJIbHBIE MMEHa CTOJOIAM IMpHU

3arpyske (puc. 3.3).
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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
4(50 3.6 1.4 0.2 Iris-setosa

Pucynox 3.3 — Jlo6aBnenue manku DataFrame ¢ ciMBOJIBHBIMA UMEHAMH
CTOJIOLIOB

2. ITocne 3arpy3Kknu JaHHBIX MOJKHO BHU3YAJIU3UPOBATH HOquCHHBIﬁBI

HaOOp AaHHbIX. [Jig Bu3yanuzaiuu OyJIeM HCIOJb30BaTh OMOIMOTEKY Seaborn

(puc. 3.4).

In [18]: dimport seaborn as sb
%matplotlib inline
sb.pairplot(d)

Pucynok 3.4 — Jlo6aBnenue manku DataFrame mo ymonyanuio

B pesynbrare Oyner BbiBeleH Tpaduk, OTOOpa)xaroluil pacrpeeieHue

00BEKTOB TOMAPHO M0 pa3IMYHBIM MpU3HaKaM (puc. 3.5).
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Pucynok 3.5 — [TonapHoe nmpu3HaKoBOE pacipeiesieHHe HPHCOB

Ha rpa¢uke nonapHoro pacnpeeneHusi BUIHO MPEUMYILIECTBO CUMBOJIBHOTO

0003HaYCHUS CTOJ'I6IIOB - l"pa(i)I/IK JICTYC MHTCPIIPCTUPOBATD. OTI[GJ'IBHI)IG KJIaCChbI HC

OTMCYAIOTCA pas3sIMYHbBIMHU OBC€TAMHU, HO BUAHO, YTO Ha OTACJIBbHBIX HOJIFpa(i)I/IKaX

MHOKECTBa TO4YeK paszzaeneHbl. Cienyer oOpaTuTh BHUMaHWE Ha MOATpaduKy,

pacnojoxxeHHble o quarasaiu. [logymaiite, 4To OHM OTOOpaXaroT?

yKa3arh, 10 KaKOMY TPU3HAKY pa3/enstoTcs Touku (puc. 3.6).

Jns mpugaHus OTACIBHBIM KJlacCcaM CBOUX IIBETOB HEOOXOAMMO

In [23]: import seaborn as sb
%matplotlib inline

sb.pairplot(d, hue='answer')
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Pucynox 3.6 — Iloctpoenue rpaduka ¢ ykazaHUEM MpHU3HAKa OTACIbHBIX
KJIACCOB

Pesynbrat mpencrasien Ha puc. 3.7.
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PI/IC}’HOK 3.7 - HonapHoe IIPU3HAKOBOC PaCIpCaACICHNC UPHUCOB C Pa3aCICHUCM
Ha KJIaCChbl

MoXHO HM3MEHUTh MapKepbl Kaxaoro kiacca. Jias 3Toro HeoO6Xoaumo
ucnojs30Bath ko: sh.pairplot(d, hue="answer', markers=["0", "'s", "D"]).

4. IlepelimeM K IOCTPOEHMIO Mozenu. Mogaenb  METpUYEeCKON
KJIacCU(pUKALMU JIOJDKHA O0OecreyuBaTh CIACAYIOUIMI  auropuTM  paloOThI:
M0JIb30BaTe)Ib BBOJUT HOBOE MPU3HAKOBOE OMMCAaHNE 00bEKTa (0OBEKT OTCYTCTBYET
B o0yuaromieil BEIOOpKE), a aITOpUTM KJIAacCU(DHUKAIMKA OTHOCUT HOBBIM OOBEKT K

OJIHOMY M3 KJIACCOB UPHCOB.
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5. CymectByeT HECKOJbKO BapHalldii MeToja OMMKAMIIMX COCeaeH.
Kaxmas Momenb TpeamonaraeT Halddke Pa3IMYHbIX — apaMeTpoOB IS
onTHMHU3anKMKu.  Bocmonedyemcs  OmOnmorekoi  SCIKit  gms mocTpoeHwus
kiaccudukaropa (puc. 3.8).

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

# CozdaHue u Hacmpolika kaaccuguxkamopa

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']
Pucynox 3.8 — OcHOBHBIE dTambl penieHus 3a1a4u KjIacCu(pUKaIM METOIOM
OJIMKANIINX cCoceel ¢ UCIOIb30BaHneM OnOmoTeku SCikit

Jist mpencraBieHHOro oobekTa X_test mompoOyiTe MOMEHSATh 3HAUEHHE

IMPHU3HAKOB U IPOCICANTEC 3a N3MCHCHUCM 3HAYCHUA BBIXOAHOT'O KJIacca.

6. Mopnens ocTpoeHa W BBIAACT OTBET JJIST HOBBIX (OTCYTCTBYIOIIHMX B
UCXOJIHOM BhIOOpKE) 00BeKkTOB. Ho, ananu3upys koa Ha puc. 3.8, ciaeayeT OTMETUTD
CJIEIYIONTME HEAOCTATKH TAKOTO TOIX0/1a;

— B KauecTBE KOJIMUECTBa ONMKAMIIMX cocenei BbIOpaHO 3HaueHne K=3,
BBIOOp JTAHHOTO 3HAYCHMsSI HE OOOCHOBBIBACTCS, HO B JIAHHOM METOJIE MMEHHO
JAHHBIN IMapaMeTp JODKCH ONTUMHU3HPOBATHCS,

— OTCYTCTBYET Kakoe-TuO0o TpauuecKkoe TMpeACTaBICHUE MOJENIH, HET
BU3YyaJIU3aINH MPOIECCa TPUHSITHUS PEIICHUS.

I/ICHpaBI/IM JaHHBIC HEAOCTATKU.
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7. 3aiimeMcss  000OCHOBaHHMEM  BbIOOpa  ONTHMAJIBHOIO  3HAYECHMS
KOJIMYecTBa ONmkaiux cocenei. s sToro OyneM HCMOIb30BaTh MPOCTEHIITYIO

oneHky kadectBa hold-out (puc. 3.9).
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

Pucynox 3.9 — OneHka TOYHOCTH KiIacCu(pUKaTOpa ¢ UCTIOIb30BAaHIEM
meronuku hold-out

B kauectBe 9KCIICPUMCHTA HOHpO6YfITG IIOMCHATH 3HAQUYCHHC KOJIHNYCCTBA

cocelnen u PaCMOTPUTC U3MCHCHHNC TOYHOCTHU KHaCI/I(l)I/IKaTOpa.

8. Eime ogua orerka kadectna — cross validation (CV) error. Ha puc. 3.10
MIOKa3aH alfOPUTM ITOJTyUEHHS OLIEHKH TOYHOCTH Kiaccudukarmu CV u mporeaypa
BHIOOpA ONITUMAIILHOTO 3HAYCHMSI KoruecTBa coceeii B anroputme KNN Ha ocHOBe

JTaHHOM OIICHKH.
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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 3Havenua K: ', all k min)

Pucynok 3.10 — Peanuzarus mporerypbl BBIOOpa ONTUMAIBHOTO TTapaMeTpa Ha
ocHoBe Cross validation error

BeiBoa 17151 JaHHOTO KOJIa MpeicTaBieH Ha puc. 3.11.

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]

Pucynok 3.11 — Busyanu3aiust BbIOOpa oNTUMaIbHOTO MapaMeTpa Ha OCHOBE
cross validation error



39

Baxuble 3ameyaHus

1. Ilpu BEIOOpe Habopa maHHBIX (data set) Ha pecypcax [3, 4] HeoOxomuMO
COTJIaCOBaTh CBOW BHIOOpP C JPYTUMH CTYACHTaMHU TPYIIBI M MpermojaBaTesieM C
IEJTBIO HEJIOITYCTUMOCTH BBIOOpA OJIMHAKOBBIX BAPHUAHTOB.

2. B paMkax gaHHOTO JTaOOpaTOPHOTO Kypca PEKOMEHIYETCSl MCIOJIb30BaTh
uHcTpyMeHTapuii  Python (6uOamorekn, cpemy pa3paObOTKu) [UIS PEIICHHUS
MOCTaBJICHHBIX 3a/1a4.

3. Ilpu BeIOOpe HabOpa MAHHBIX CIEAyeT OTAaBaTh MPEANOYTCHHUE TEM
HabopaM, KOTOphIE MMEIOT CJICAYIONINE XapaKTEPUCTUKU: Coaepkar He Ooiee 5
MIPU3HAKOB Ha OOBEKT; BCE MPU3HAKA — YHCJIOBBIC, JKEJIATEIHHO OTCYTCTBHE

IIPOITYCKOB B JaHHBbIX.

NupuBuayaibHoe 3a1aHue

1. CTyaeHT caMOCTOSATEIILHO BRIOMpacT HA0Op JaHHBIX Ha pecypcax [3, 4] ms
MOCTPOEHUS KJIacCU(PUKATOpa ¢ MCIOIB30BAHUEM METOJIa OMIKAUIINX coceliel U
corjacyeTt CBOM BBIOOD C MperogaBaTeIeM.

2. BeImomHUTE MOCTpOEHWE MOJEIHM KiacCH(HUKAIMd Ha OCHOBE METOJa
ommkaiimmx coceneit. B xone pemnieHus 3agaqyu HE0OOXOAMMO PEIIUTh CIEAYIOIIUE
MO/13aa4H:

2.1 Tloctpoenue knaccudukaropa ¢ 3aganueM K (komuyecTBa OvKalmmmx
Coce/JIei) MoJIb30BaTelIeM;

2.2 Beruucnenune ouenku hold-out mas pasauunx 3Hadenuii K, a Taxxke s
Pa3JIMUHBIX 0JIeH 00yJarolieil U TECTUPYIOIIEH MOABBIOOPOK;

2.3 Boruncaenue oneHku Cross validation mist pasnmuunbix 3Hadenuin K, a
Takxke JuIs pa3mdHbix 3HadeHui fold (kosmdecTBa MOAMHOXKECTB TpU Kpocc-
BaJIMIALINN).

2.4 Boruuciure ontuMmanbHbie 3HadeHus K. OOocHyiiTe CBOil BBIOOD.

ITpogemMoHCTpUpYyHTE NCIIOIB30BaHUE MOTYYEHHOIO KJIAaCCU(UKATOPA.
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Conep:xanue oTyera u ero gpopma

Otuet no 1abopaTopHOM paboTe JOJIKEH COJIePKaTh:

1. Homep u Ha3BaHue 1ab0paTOpHOI pabOTHI; 3a1a9u JTa00PATOPHOM pabOTHI.

2. Peann3zanus Kaxa0ro myHkKTa nojapasaena « MuauBuayansHoe 3aaHue» ¢
NPUBEJACHUEM HCXOJIHOTO KOJla [MporpaMMbl, auarpaMM U Tpa@uKoOB IS
BU3yaJIN3allM TaHHBIX.

3. OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI.

4. DxpanHbie HOpMbI (KOHCOJIBHBIN BBIBOJ) U JIMCTUHT POTPAMMHOIO KOJIa C
KOMMEHTAPHUSIMH, MOKA3bIBAIOIINE MOPSIOK BHIMOJHEHUS JITAOOpATOPHOU pabOThI, U
pe3yJbTaThl, TOJTYYEHHBIE B XO€E €€ BBIIIOJIHECHUS.

OTyeT o BBINOJIHEHUU Ja00OPATOPHON PabOTHI MOMUCHIBACTCS CTYJICHTOM U

CHacTCs IPCIIOAaBaTCIIIO.

KOHTpOJIbHLIe BOIIPOCHI

1. Tlosichute  OCOOEHHOCTH  OCHOBHBIX  METOJOB  METPUUYECKOU
KJIaCCU(HUKAIIMU: METOJ] OIMKaNUIIero cocena, MeTo 1 K OrKaiImx cocenei.

2. ITosicHuTE OCHOBHBIE IPUHIIMIIBI M dTanbl peanu3annn Mmetoga KNN.

3. [TosicHUTE IPUHITUTI BBIOOpA KOJTMYECTBA COCETHUX 0OBEKTOB, TTO KOTOPHIM
ompeesIeTcs MPUHAIIC)KHOCTD IEIEBOT0 00BEKTA K PE3YIBTUPYIOIIEMY KI1accy.

4. B yeM 3aKki1r0o9aeTcss MEeTO/ Map3eHOBCKOTO OKHA?

5. [MosicHUTE TIPUHITUT METO1a TTOTCHITHAIBHBIX (YHKITHH.

6. HazoBute, kakue mapaMeTpbl ONTHMU3HPYIOT B MeTogax KNN?
Cnncok ureparypbl
J1J1s1 BEITIOJTHEH S JTaOOpaTOPHON pabOTHI, TP MOATOTOBKE K 3aIIIUTE, & TAKKE

AJIs1 OTBETA HA KOHTPOJIBHBIC BOIIPOCHI PCKOMCHAYCTCS UCIIOJIL30BATH CIACAYIOIIHC

uctouHuku: [1-5].



41
JIABOPATOPHAS PABOTA 4. JOIT'HYECKHUE METO/IbI
KIACCU®PUKALINN

Ienu u 3axpaun

Ilens maGopaTtopHOW paOOTBI: HM3yYEHHWE MPHHIMIIOB ITOCTPOCHUS
WHOOPMAITMOHHBIX ~ CUCTEM C  HCIOJB30BAHMEM  JIOTHYECKUX  METOJIOB
KJIaCCU(UKAIIUH.

OCHOBHBIC 33/1a4H:

— OCBOCHHC TEXHOJOTHU BHEAPCHHS aJTOPUTMOB HA OHOBE PEIIAIOIINX
CITMCKOB B IIPUJIOKCHUS

— OCBOCHHE TEXHOJOTHU BHEAPCHHSI aJTOPUTMOB HAa OHOBE PEIIAIOIIUX
JIEPEBHEB B MPUIIOKCHUS,

— U3Y4YEHHE IMapaMeTPOB JIOTHIECKON Ki1acCU(DUKAIINH;

— OCBOCHUC MOI[I/I(i)I/IKaI_[I/Iﬁ JJOT'MYCCKHUX METOJ0B KJ'IaCCI/ICI)I/IKaI_[I/II/I.

Peasqim3yemble KOMIIETEHIIUH

JlabopatopHass paboTa HampaBieHa Ha (GOPMHUPOBAHUE CIIEIYIONTUX

komrreteHmmid: OITK-2,
Teoperuueckoe 000cHOBaHME
[Tepen BeImoTHEHUEM JTAOOPATOPHOUM PAOOTHI HEOOXOIUMO O3HAKOMHUTHCS C
TEOPHEH ITOCTPOCHUS JIOTHYECKUX KIACCU(UKATOPOB, HCIOIB3YS CICAYIOIINE

ucrounuku: [1-5].

Oo0opynoBanne 1 MaTepuaJibl
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JInst BBIMOJIHEHHST JTAOOPATOPHOM PabOThl PEKOMEHIYETCSl HCIIOJb30BaTh
ICPCOHATBHBI KOMIIBIOTED CO CIECAYIONUMH TMPOTrPAMMHBIMH  CPEACTBAMHU
pa3paboTku (BBIOpaTh OJUH WM HECKOJBKO IPOrPAMHBIX IPOAYKTOB IS
IPAKTHYECKON pean3aluu 3aaad Jadoparoproi padorsr): MS Visual Studio 2013

¥ BBIIIE; cpea pa3padboTku Java, marepnperatop Python (Anaconda).

MeTOIlI/IKa N NMOPAAOK BbITIOJTHCHUSA paﬁoTLI

Y4eOHnas 3agqaua

B pamkax ydeOHOM 3ajaud HEOOXOAUMO MPOU3BECTU MOCTPOCHHE
KJIacCU(UKaTOpa Ha OCHOBE JIOTMYECKOro jaepeBa. B kauecTBe Habopa JaHHBIX
UCTIONIB3YeTCsl HA0Op AaHHBIX 00 npucax duiiepa.

1. [Moaxmtounm OMOIMOTEKHU, KOTOPBIE MOTPEOYIOTCS I 3arpy3Kud U

NEPBUYHOTO aHajM3a JaHHbIX (puc. 4.1).

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
Pucynok 4.1 — cnons3oBanue pandas juist 3arpy3ku Habopa TaHHBIX

2. Jlnst  mocTpoeHuss — nepeBa  KiIacCHU(UKAIIMKM  BOCIOJIb3YyEeMCS

cneunaiibubiM  Kitaccom Sklearn.tree.DecisionTreeClassifier. Ouesumu TOYHOCTH
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monean metogom hold-out (puc. 4.2). Cienyer oOpaTuTh BHUMaHHE, YTO €CJIH B
MeTojie OJIMKANIIINX COCeIeH TIPOU3BOIMIACH OIITUMH3AIINS 10 OTHOMY ITapaMeTpy
K — komumyecTBYy OmmkaWmmmx coceieil, TO TMpH CO3JaHUH  MOJICIH
DecisionTreeClassifier nHeoOxomumo yka3aTth JaBa TapameTpa: MaKCUMAIbHYIO
nryouHy nepea (Max_depth) m komwdecTBO NPH3HAKOB pasleicHHS JepeBa

(max_features).

from sklearn.tree import DecisionTreeClassifier
from sklearn.model selection import train_test split
from sklearn.metrics import accuracy_score

# [ModmHoxecmBa dnsa 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

Pucynox 4.2 — O0y4eHue Mo KiaacCu(pUKAIIMKN U OIEHKA €€ TOYHOCTH
meTonoM hold-out

3.  TlpomsBenmem OIlEHKY TOYHOCTH MOJEIHU MO MeToay Cross validation
(puc. 4.3), a Takxke caeraeM BBIBOJLI 00 ONTUMAIbHOM 3HAYEHUU IapaMerpa

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)

Pucynok 4.3 — OueHka TOYHOCTH MOZEIIA METo10M Cross validation u
HaXOXKJICHHE ONTUMAJILHOTO 3HaYeHHUs mapamerpa max_depth

B pesysbrare paboThl JaHHOTO KOa OyAeT MoaydeH BbIBOJ (puc. 4.4).
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Makc. rnybuna gepesa (max_depth)

OnTUMaNbHbIE 3Ha4eHWAa max_depth: [3]

Pucynok 4.4 — BeiBoj 3aBucumocTH 3HaucHuss MSE ot mapamerpa max_depth

4, OnTuManbHOE 3HaUeHUe mapaMmeTpa max_depth moaenu mosydeHo, HO
B MOJICJIM MPHCYTCTBYeT eile OAuH mapamerp max_features, xotopblid ObLI
YCTaHOBJICH B 3HAYEHUE 2 (HE U3MEHSIICA U HE ONITUMU3HpoBaiics ). J[iig mpoBeaeHust
cross validation mo Bcem mapamerpam Bocmoiibdyemcsi kiaccom GridSearchCV

naketa Sklearn.model_selection (puc. 4.5).
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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

Pucynok 4.5 — HaxopkieH1re ONTUMAaIbHBIX MApaMeTPOB MOJIENIN JIOTUUECKOM
KJ1accuuKauu

[TosicuuTe BBIBOA AaHHOTO (parMenTa. [ToscHUTE 3HAYEHHE TAKUX BEIMYHH
kak fold, candidate, fit. Kakue 3naueHus IpUHUMAIOT JaHHBIE BEIUYMHEBI B JAHHOM
KOJZI€ ¥ To4YemMy?

Crnenyer oOpaTWTh BHHMAaHHE, YTO B PE3yIbTATE€ OICHKH ONTHMAIbHBIX
napameTpoB, GaKTUYECKH, OBIIIO TOCTPOCHO ONITUMAIILHOE JIEPEBO KIacCU(UKAIUH.
JlocTynm K JaHHOMY JiepeBy IMpPOM3BOAMTCS uepe3 moje best estimator  kiacca
GridSearchCV. B kozae (puc. 4.5) nIpou3BOIUTCS SKCIOPT MOJTYYEHHOTO JepeBa B

dopmar .dot. ITosryueHHsIit hopMaT MOKHO MPeoOpa3oBaTh B .pPNY Yepe3 CepBHC

caiita http://webgraphviz.com. [TonyueHHOE IepeBO NpeACTaBICHO Ha puc. 4.6.


http://webgraphviz.com/
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sepal_length <= 5.45
gini = 0.6667
samples = 150
value =[50, 50, 50]
class = Iris-setosa

Tru‘e/ ‘ilse

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

o

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

Pucynox 4.6 — HaxomkneHne onTUMaIbHBIX TTapaMeTPOB MOJCIN JJOTHIECKON
KJ1accu(uKauu

[TosicHuTe 3HaYeHUs TEPEMEHHBIX B y3JaX IMOJYyYeHHOro jaepema: gini,

samples, value.

5. OnTuManbHbIC mapamMcCTpbl OIIPCACIICHBI, MOKHO 06y‘-II/ITI) MOACIIb U

UCTIONIB30BaTh ¢¢ /I Kiaaccudukanuu (puc. 4.7).

# 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’]

Pucynok 4.7 — Vicniosnib30BaHue MOJICIH JIOTHYECKOHN KiIacCU(pUKaIIUN

6. B 3akirodueHMM TOCTPOMM €II€ OJIHY BHU3YallM3allMI0 Mpolecca
JIOTUYECKON  KJIacCU(PUKAIMU — TOKaXEM pelIaAlIIue TPaHUIBl  MOJEIU

kinaccupukanuu (puc. 4.8).



plot_markers = ['r*’',

answers =

# Cozdaem
f, places

fmin = dX.
fmax = dX.

plot_step

# 06xo0dum
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ghl, Ibol]
dy.unique()

nodzpapuku 818 kaxdol napsl npusHaxkoB
= plt.subplots(4, 4, figsize=(16,186))

min()-©.5
max()+8.5
= 8.82

Bce subplot

for i in range(@,4):

for j

#

in range(@,4):

CmpouM peuaiyue 2paHuubl

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]] 1

pl[p==answers[2]] = 2

places[i,j].contourf(xx, yy, p, cmap='Pastell')

06x00 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[:,i], dX.iloc[idx].ix[:,]],
plot_markers[id_answer],
label=answers[id_answer], markersize=6)

if j==o:

places[i, j].set_ylabel(dX.columns[j])

if i==3:

places[i, j].set_xlabel(dX.columns[i])

Pucynox 4.8 — Iloctpoenue pemaronux rpaHull

BrIBo maHHOTO KOJIa TIpeIcTaBiIeH Ha puc. 4.9.
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Pucynox 4.9 — Pemaromuie rpaHUIlsl TIOTHYECKONW MOJIENH KiIaccu(pUKaIum

1. BrinonHuTe MHAMBUIYAIIBHOE 33/1aHUE.

Baxnble 3ameyaHus

1. ITpu BBIOOpE Habopa nanHbIX (data set) Ha pecypcax [3, 4] HeoOXoaMMO
COIJIacOBaTh CBOM BBHIOOP C APYTMMH CTyAEHTAMH TPYIIILI U MPEIOAaBaTEIEM C
IEITBbIO0 HEIOMYCTUMOCTH BEIOOPA OJJMHAKOBBIX BAPUAHTOB.

2. B paMkax JaHHOTO JJaOOpaTOPHOro Kypca pEKOMEHIYETCS MCIOJb30BaTh

uHCTpyMeHTapuii Python (OuGmmoteku, cpemy pa3paOOTKHM) Ui PEHICHUS

IIOCTAaBJICHHBIX 3a1a4.
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NuauBuayaibHoe 3aaHue

1. CTyieHT caMOCTOSATENBHO BRIOUpaeT Habop MaHHBIX HA pecypceax [3, 4] mms
MOCTPOCHHS  KJIacCU(pHUKATOpPa C  KCIOJB30BAaHHEM  METOJa  JIOTHUYECKOU
KJaccu()UKAIMU U COTJIACYET CBOU BHIOOP C MPEIIOIaBaTEIIEeM.

2. BrImonmHUTE MOCTpOEHHWE MOJETH KiIacCH(pUKAIMA Ha OCHOBE JepeBa
kiaccudukanuu. B Xoie pemieHHs 3aqadd HEOOXOIUMO PEIIMTh CIICAYIOIIHE
no/3a1a4u:

2.1 Tloctpoenue moruueckoro kiaccudukaropa ¢ 3amanueM Mmax_depth
(MakcuManpHOM ryOuMHbI) W MmMax_features (MakcuMalbHOrO — KOJMYECTBA
NPU3HAKOB) MOJIB30BaTENIeM (YCTAHOBUTH JIFOOBIC); BU3YyaJIN3allUs IepeBa PeIICHHA
JUTs BBIOPAHHBIX MCCIIeI0BaTEIeM apaMeTpoB (B ¢popmare .png)

2.2 Boruucienue onenku Cross validation (MSE) mis pa3imyax 3HaYeHHN
max_depth (mocTpouts rpaduik 3aBUCIMOCTH);

2.3 Beruncnenue onenku Cross validation (MSE) mis pasnuunx 3HadeHuit
max_features (moctpouts rpaduk 3aBUCUMOCTH);

2.4 Belunciaure onTHMaiabHble 3HaucHHS Max_depth u max_features.
ObocHyiiTe cBoil BbIOOp. IIpogeMOHCTpUPYWUTE HCMONB30BAHUE MMOJTYYEHHOTO
KJ1accudukaTopa.

2.5 BeiBegute nepeBo B popmare .png;

2.6 BeiBeguTe pemaromye rpaHuibl TOJTYyYEHHOW MOJETH.

Conepxxanue or4yera u ero popma

Otyet mo 1abopaTopHOM paboTe MOJKEH CO/IePKATh:

1. HoMep u Ha3BaHue 1a00paTOpHOI pabOThI; 3a1a4u Ja00OPATOPHOUN PaObOTHI.

2. Peanuzanumsi KaKI0T0 MyHKTa nofpasfena « uauBruayanbHoe 3agaHuey ¢
MPUBEJACHUEM HCXOJHOTO KOJla TMpOrpaMMbl, auarpaMM W TpapuKoB IS
BHU3YyaJIN3aIH TaHHBIX.

3. OTBeTHI HA KOHTPOJIbHBIE BOMPOCHI.
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4. DxpaHHble (POpMBI (KOHCOIBHBIN BBIBOJ) U JUCTUHI IPOTPAMMHOIO KO/Ia C
KOMMEHTapHUSIMU, TTOKA3bIBAIOIINE MOPSAIOK BHIMIOTHEHUS TaO0OPaTOPHON paboThI, U
pe3yibTaThl, IOJIYYCHHBIE B XO/I€ €€ BBIIIOJHEHHUS.
OT4eT O BBINOJHEHUH JTAOOPATOPHON pabOThI MOIMUCHIBACTCA CTYACHTOM H

CAACTCs IPCIIOAaBaATCIIIO.

KOHTpOJIBHLIe BOIIPOCHI

1. IlosicHUTE NPUHIUI TOCTPOEHUS I€PEBA PELICHUIA.

2. YKaXHUTe CTATUCTHUECKOE OIpeieTieHre NH()OPMATUBHOCTH.

3. [losicuute >HTpONMITHOE OIpeeeHre HHHOPMATUBHOCTH.

4. Yro Takoe MHOrokjaccoBas HHpopMaTtuBHOCTh? Jlji1 4ero oHa
MpUMEHSIETCS ?

5. IlosicHute Ha3HaYeHWE U AITOPUTM OMHAPU3ALUU KOJINYECTBEHHBIX
MIPU3HAKOB.

6. [losicHuTe MOPAAOK MOUCKA 3aKOHOMEPHOCTEN B (hOpME KOHBIOHKIIUH.
Cumcok iureparypbl
J1J1s1 BBITIOJTHEH U JTa0OpaTOPHOM pabOThI, TPU MOATOTOBKE K 3aILUTE, & TAKXKE

I OTBETA HAa KOHTPOJIBHBIC BOIIPOCHI PCKOMCHIAYCTCA HMCIIOJIB30BaTh CIACAYIOIIHNC

ucToyHukH: [1-5].
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JIABOPATOPHAS PABOTA 5. JOI'HCTUYECKAS PET'PECCHUA

Ienun u 3apaun

Ilenr maGopatopHOW pabOTHI: HM3yYE€HHWE MPHUHIIMIOB IMOCTPOCHUS
WHPOPMAITMOHHBIX CHCTEM C HCIOJIh30BAaHUEM JIMHEWHBIX METOIOB MAIIMHHOTO
oOy4JeHwUs.

OcCHOBHBIE 3a/Ia4U:

— OCBOCHHE TEXHOJOTHU BHEAPEHHS aJIrOPUTMOB JIMHEHHON KiIaccu(uKaum
B TIPUJIOKCHUS;

— M3Y4YE€HHE OCHOBHBIX IPUEMOB paOThI C pa3pesKEHHBIMU MaTPULIAMH B XOJIE
MalIMHHOTO OOyYEHHS,

— OCBOGHHE TEXHHMKH TIOCTPOCHHs, OOyYeHUS U OICHKH MOCIH
JOTHCTUYECKOH perpecuu;

— OCBOCHHE TIPUEMOB pPA0OTHI C CHHTE3UPOBAHHBIMH TIPU3HAKAMH,

MaCHITa6I/IpOBaHHeM u H&CTpOﬁKOﬁ THUIIepIapaMcTpoOB.

Peasqim3zyemble KOMIIETEHIIUH

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIEIYIOUIUX

komrerennmii: OITK-2.
Teopernueckoe 000CHOBaHUE
[lepen BhImoIHEHUEM JTA0OPATOPHOM PAOOTHI HEOOXOUMO O3HAKOMUTHCS C
TEOpHUel MOCTPOCHHUS PETPECCUOHHBIX MO MAIIMHHOTO O0yUY€HUs, UCIIONB3YS

cleAyroIme uCTouHuku: [1-5].

O6opynoBaHne U MaTepHAJIbI
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JInsi BBIMOJIHEHHST JIAOOPATOPHOM pPabOThl PEKOMEHIYETCS HCIOJIb30BaTh
ICPCOHATBHBI KOMIIBIOTED CO CIECAYIONUMH TMPOTrPAMMHBIMH  CPEACTBAMHU
pa3paboTku (BBIOpaTh OJUH WM HECKOJBKO IPOrPAMHBIX IPOAYKTOB IS
IPAKTHYECKON pean3aluu 3aaad Jadoparoproi padorsr): MS Visual Studio 2013

¥ BBIIIE; cpea paspadboTtku Java, marepnperatop Python (Anaconda).
MeToauka ¥ NOPSIIOK BbINOJHEHUSI PpA0OTHI
Y4yeOHast 3a1aua

B pamkax y4eOHO# 3amaum pe3depeM mpooOiiemy «Catch Me If You Can:

Intruder Detection through Webpage Session (https://inclass.kaggle.com/c/catch-

me-if-you-can-intruder-detection-through-webpage-session-tracking).

Pemaercs 3amaya uaeHTU(PUKAIIMKY B3JIOMIIMKA [0 €r0 MOBEJICHUIO B CETU
WuTepuer. Hanpumep, B3IIOMIIMK OYTOBOTO SIIIMKA OYJET BECTU ce0s HE TaK, KaK
BJIAJIEJICII SIIHUKA: OH MOKET HE YAAISTh COOOIIEHUS cpa3y MO MPOYTEHHUH, KaK 3TO
Jienan X034UH, OH Oy/eT Mo-ApyroMy CTaBUTh (PIaKKH COOOLIEHUSM U JaxKe IO-
CBOEMY [JBUTaTh MBIIIKOH. Torma Takoro 3IOYMBINIJICHHHKA  MOXHO
UACHTU(DUIIUPOBATh M «BBIKUHYTH» W3 MOYTOBOTO SIIWKA, MPEIJIOKHUB XO3SHHY
BoiTu mo SMS-komy. Iloxokue MexaHuU3Mbl pa3pabaThIBAIOTCS, HAMpPUMEp, B
Google Analytics 1 onuchIBalOTCSI B HAYYHBIX CTAThsIX, HAUTH MOXHO MHOTOE IO
dpazam «Traversal Pattern Mining» u «Sequential Pattern Mining.

B yueOHOM 3amaue paccMOTpUM TIOXOXKYIO 3aJady: airoputMm Oyjaer
aHAIM3UPOBaTh MOCIEAOBATEIIBHOCTh M3 HECKOJIBKUX BEO-CAMTOB, MOCEHIEHHBIX
HOJIPSIT OTHUM U TEM K€ YEJIOBEKOM, U OIPEIEIISITh, DIUC ITO WK B3IOMILUK (KTO-
TO pyroi). B xauecTBe METpUKU B 3TOM copeBHOBaHuHM ucmnoib3dyercss ROC AUC.

B oOyuatomieit BbIOOpKe train sessions.Csv MPEJCTAaBJICHbI CIEAYIONINE
NpU3HAKU:

— Site_i — 9T0 MHAEKCHI MOCEIICHHBIX calToB (pacumdpoBka gana B pickle-
daitne co cmoapem site_dic.pkl);

— time_j — Bpems mocemieHust CaiToB site j;


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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target — neneBoil mpu3Hak; (paxkT TOro, YTO CECCUs MPUHAIULKUAT INHC (TO €CTh
YTO UMEHHO DJIMC XOJIMJIa IO BCEM ITUM caiiTam).

3amaya — cHaenaTh TMPOTHO3BI JJIi CECCHMl B TECTOBOWM BBIOOpKE
(test_sessions.csv), OMpENeaUTh, MPUHAIJICKAT JTU OHHU DJIHC.

He o00s3aTenbHO OrpaHUYMBATHCS TOJBKO MPEAJIOKEHHOM BBIOOPKOM
train_sessions.csv — B train.zip JaHbl HCXOIHBIC JaHHBIE O IOCCHICHHBIX
MOJIb30BAaTESIMU  BEO-CTpaHMIIAX, MO KOTOPHIM MOXHO C(QOPMHPOBATH CBOIO
00ydJaroIyro BIOOPKY.

IIepexoanm K peLICHUIO:

1. [TonknroueM HEOOXOAUMBIE OMOTUOTEKH:

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

Pucynok 5.1 — Kox noaximodeHust HEOOX0AUMBIX OMOIHoTek B jupyter notebook

2. [IpoBenem mnepBuyHOE oOOciIeqOBaHME HAaOOpa AaHHBIX. BhIMOIHUM

3arpy3Ky JaHHbIX (puc. 5.2).
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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)

{82?9?, 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

Pucynox 5.2 — 3arpy3ka u nepBudHasi 00pab0TKa JaHHBIX

B kaxnoit ctpoke Habopa TaHHBIX COAEPKATCS MPU3HAKU CECCUU:

— sitel — uHAEKC MEePBOTo MOCEIICHHOIO CaiiTa B CECCHUH;

— timel — Bpems MOCeIIeHus MepBOTro CaiiTa B CECCUU;

—sitel0 — uapekce 10-T0 MOCEMEHHOro caiiTa B CECCUU;

—timel0 — Bpems nocemienus 10-ro caiita B ceccuu;

— target — ueneBas nepeMeHHasi, MpUHUMAET 3HaYeHUE 1 1715 ceccuit Dnuc u

0 m1st ceccuil APYrux MOJab30BATEIICH.

Ceccun nosib30BaTesield BbIIEJIEHBI TAKUM 00pa3oM, UTO OHU HE MOTYT OBbITh

JUTMHEe Tojlydaca win conepxkut 6onee 10 caitftoB. To ecth ceccusi cuumrtaercs

OKOHYEHHOM 0O Korja moJib3oBaresb noceTun 10 callToB monps, 1100 Koraa

ceccust 3aHs1a o BpeMeHu Oosiee 30 MUHYT.

B tabnune BcTpedaroTcss MpOMyIIEHHbIE 3HAUEHUS, 3TO 3HAYUT, YTO CECCUS

COCTOMT MeHee, ueM u3 10 caiTos.

3. 3amMeHUM IMPONYHICHHBIC 3HAYCHUA HYJICM MW TIMPHUBCIACM KOJIOHKH

neaomy Tumy. Takxke 3arpy3uM CJIOBaph CAaMTOB M TIOCMOTPHUM KaK OH BBITJISIUT:
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sites = ['site%s' % i for i in range(1, 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=1list(site_dict.values()),
columns=['site'])

print(u'scero caittoB:', sites_dict.shape[@])

sites_dict.head()

Bcero cantos: 48371

site

11774 | i62.tinypic.com

27343 | static.weezbe.com

18896 | forum.sports.fr

25836 | webservices.viamichelin.com

36271 | www.clipartof.com

Pucynok 5.3 — 3arpy3ska cioaps caiitoB hopmarta .pKI

4, ITokaxkeM, KakWe CaWTBI  SBISIOTCS  TOIOBBIMHM, HamoOoOJee

MONYJIIPHBIMHU T10 MTOCEIAEMOCTH
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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
e 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

Pucynok 5.4 — Onpenenenue Hanbosiee moceIaeMbIX caliToB

5. OcHoOBHYIO paboTy OyJaeM MPOBOIUTH ¢ BPEMEHHBIMHU IapaMeTpaMH
ceccuid. JIjist ATOr0 CO3/MauM OTACBHBIN (PpeiiM MaHHBIX AJisI XpaHEHUs Hadaja

CECCHUH, JTKJTHUAHHSI CECCHH U €€ JUTUTEIbHOCTH (pHc. 5.5).
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# cozdadum omdenswHeill damagpelim
time_df = pd.DataFrame(index=train_df.index)
time_df[ 'target'] = train_df[ ' 'target’]

# Halidem Bpemsa
time_df[ ‘min"]
time_df['min'] =
time_df[ 'max']
time_df[ ‘max"']

HaQ4yana U OKOH4YaHuR ceccuu

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

# Beiyucnaum daumensHocmb ceccuu u nepeBedem 8 cekyHIbi
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

Pucynok 5.5 — Co3nanue otnensHoro DataFrame st XxpaHeHus BpeMeHHBIX
MapaMeTpoOB CECCUM

UtoObI IepeiiT K 00YYCHUIO MOJICIIH, HEOOXO0IMMO IMOJATOTOBUTH AaHHbIe. C
caMoro Hadaja BBIICTUM IIEJIEBYIO MEPEMEHHYI0 M yAaluM €€ U3 0o0ydaromiei
BbIOOpKH. Temnepps U oOydaromiasi, U TeCTOBas BIOOPKH OyAyT UMETh OJUHAKOBOE
KOJIMYECTBO KOJIOHOK, MTOATOMY OOBbEIMHUM MX B OAWH oOmuii natadpeiim. Takum
oOpa3oMm, Bce mpeoOpa3oBaHusi OYIyT BBIMOJHITHCS OJHOBPEMEHHO Kak ISt
oOy4arorniei, Tak u Jyisi TeCTOBOM BBIOOPOK. C OAHOW CTOPOHBI, 3TO BEJIET K TOMY,
9TO0 y o00eux BBIOOPOK OYIET OJHO MPOCTPAHCTBO MPU3HAKOB (MOXKHO HeE
BOJIHOBAThCS, YTO 3a0BUIM cHenaTh MpeoOpa3oBaHHE KAKOTO-TO TMPHU3HAKA IS
OJTHOM W3 BBIOOPOK), HO C APYrod Bo3pacTaeT Bpems oOpaboTku. Jlyis GoibImx
BBIOOPOK  MOXKET  OKa3aThCsl  HEBO3MOXKHBIM  cllelaTh  IpeoOpazoBaHUs
OJTHOBPEMEHHO [JIsi 00eux BBIOOPOK (a HHOrAa mpeoOpa3oBaHUs MPUACTCS
pa30MBaTh HAa HECKOJIBKO JTAloOB TOJBKO JJII O0OYyYaromieil/TeCTOBOM BBIOOPKH).

3nech ke Mbl OylaeM jenaTh MpeoOpa3oBaHUsl IS OObEAMHEHHOW TaOJIUIIBI
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LHCIWKOM, a IICpeaq O6y‘IGHI/IeM HJIM IIPOTrHO3UPOBAHHUEM ITPOCTO BO3bMEM HYKHYIO
€€ 4acCTh.

P

# Hawa yenebBaAa nepemeHHas

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)

Pucynok 5.6 — Ciiusiaue oOyuaroiieii 1 TeCTOBOW BEIOOPOK

6. s nmepBoit Mmosienu OyIeM UCIIOIb30BaTh TOJIBKO MOCEIIEHHbBIE CANThI
B ceccuu (HO He OyaeM oOpaiaTh BHUMaHUE Ha BPEMEHHBIE MPU3HAKK). 32 TaKUM
BBHIOOPOM JIaHHBIX [IJII MOJENM CTOWUT CIEAyolnas uaes: y OJIUC eCTh CBOU
U3MIO0JICHHBIE CAalThl, U YeM Yallle Bbl BHJUM 3TH CAWTHI B CECCUM, TEM BBIIIIEC
BEPOSTHOCTH, YTO ATO Cecchs Iuc, U HaoOopoT. [lonroroBum naHHBIC, W3 BCEH
Tabnuipl BeIOEpeM TONbKO mpuzHaku sitel, site2, ... , sitel0. Ilpomymennsie

SHAYCHHUA 3aMCHCHBI HYJICM. Bort kak BBIITI AT IIEPBBIC CTPOKHU Ta6J'II/II_IBIZ

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 56 585 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

Pucynok 5.7 — OGyuaroiiasi BBIOOpKa Ha OCHOBE IIOCELIAEMbIX CAUTOB
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Ceccur mpenCTaBIAIOT cCOOOM MOCIENOBATEIbHOCTh MHAEKCOB CaWTOB, U
JAaHHBIC B TAKOM BHU/I€ HEYA0OHBI JJIs1 IMHEWHBIX METOI0B. B cOOTBETCTBMY ¢ Haten
runote3oi (y Dnuc ectb U3M00JIeHHbBIE CaliThl) Ha/I0 MPeoOpa3oBaTh ATy TaOJIUILY
TaKUM 00pa3oM, YTOOBI KaXXJIOMy BO3MOKHOMY CalTy COOTBETCTBOBAJ CBOM
OTIIEIBHBIM TpHU3HAK (KOJIOHKA), a €ro 3HA4YCHUE pPaBHSJIOCh OBl KOJWYECTBY
IIOCELLIEHUI 3TOr0 CalTa B CECCUMU:

sites_flatten = full_sites.values.flatten()
full sites sparse = csr_matrix(([1] * sites_flatten.shape[8],
sites_flatten,
range(e, sites_flatten.shape[@] + 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 mMampuya 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

Pucynok 5.8 — [Toctpoenue pa3pexeHHON MaTpHUIIBI

7. Pazpspxennyro Matpuity OyaeM HCHOb30BaTh Kak HA0OP JaHHBIX JJIs
oOyuenus. Hamumem mnpoctyro (yHKIUIO JJIsI TOJTY4YEHUs] KauecTBa OOyUCHHS
(puc. 5.9). B ucxonnom Habope ganabix 90% mperieeHToB OYIyT UCTIOIh30BATHCS

1151 00yuenus, a 10% — mis Bamuganuu. 3aTeM
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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

Axtime
X_train = full_sites_sparse[:idx_split, :]
print(get_auc_lr_valid(X_train, y_train))

8.,91%523883917
Wall time: 3.71 s

Pucynox 5.9 — OOyueHue Ha 4acTH BEIOOPKU U BBIYHMCIICHUE KaueCTBa MOJIETU

Teneps 00yuynM MOZEIb Ha BCEM BHIOOPKE M BBIYUCIUM KayeCTO:

# ¢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

Pucynox 5.10 — OGydeHne Moeu TUHEHHON perpecCHy Ha IMMOJTHOU BBIOOPKE

8. Mopens moctpoeHa u obydeHa! TodnocTh, onenmBaemas mo ROC
AUC, umeer 3nauenue 0,9195. Ho nmepen ncmnonb3oBaHreM HEOOXOAUMO ITPOBECTH
aHaJIM3. MOJKHO JIM TMOBBICUTH TOYHOCTH MOJEIM 3a CYET J00aBICHHUS HOBBIX
IIPU3HAKOB.

9. JloGaBuM B 00y4aroIIyt0 BEIOOPKY HOBBIM MTPU3HAK — MECSIL, B KOTOPOM

npoucxoauia ceccus (puc. 5.11).
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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

Pucynoxk 5.11 — Co3ganue HoBoro gpeiima Jij1si aHaIM3a HOBOTO
CHUHTE3UPOBAHHOTO MIPU3HAKA

Jlo0aBUM CHHTE3MPOBAHHBIA MPU3HAK B OOYYaAIONIYI0 BBIOOPKY, IIPOBEAEM
00y4eHHe U OLIEHUM TOYHOCTh MOJYyYEHHOW MOJIETH:

# 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 BanudayuoHHol Bubopke
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

Pucynox 5.12 — OGyueHne MoJieu JTOTUCTUYECKON PETPECCHU C
CUHTE3UPBAHHBIM MTPU3HAKOM

Od4eBUHO, YTO TOYHOCTH MOJIETM YMEHBINUJIACh TMOCie J00aBlIeHUS
npu3Haka. MacmrabupyeM HOBBIH ITPU3HAK U BBITIOJTHUM MPOLEYPY 00yUCHHUS e1lle

pas:
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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,:]]))
# cqumaem mempuky Ha BanudauyuoHHol 6Gebopke

print(get_auc_lr_valid(X_train, y_train))

8.919698615157

Pucynok 5.13 — OGyueHne MOJeu JTIOTUCTUYECKON PETPECCUU C
CUHTE3UPBAHHBIM MaCIITAOMPOBAaHHBIM IIPU3HAKOM

To4HOCTH MOJICIIN IIOBBICHJIACH, TO CCTh MaCHITa6I/IpOBaHI/I€ IIpU3HaKa UMCCT

ITOJOXUTCIIbHOC BIIMAHUEC HA MOACIIb.

10. J[loGaBuM emie OAMH CHUHTE3UPOBAHHBIM MPHU3HAK: KOJIUYECTBO

YHHKAJIBHBIX caiToB (N_unique_sites) B ceccuu (puc. 5.14).

# 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

Pucynok 5.14 — O0yueHre MOZEIN C HOBBIM MMPU3HAKOM N_unique_sites

11. Tloiigem no mytu n00aBiIeHHs] HOBBIX MpHU3HAKoOB. J[00aBuM elle 1Ba
npHU3HaKa: yac Havaja ceccum (Start_hour), mormdeckuii mpu3HakK, OTpakaroIIUi

yTpeHHEEe Havayio ceccuu (Morning).

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

Pucynok 5.15 — ®opmupoBaHre MaTPUIIbl HOBBIX CUHTE3UPOBAHHBIX MPU3HAKOB
JUTsl O0OyYeHUST MOJIEIH
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12.  IlpoBeaem 00yueHHE MOJEIH C UCIIOJIB30BAHUEM HOBBIX MPU3HAKOB:

%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)

0.959145798439
Wall time: 3.6 s

Pucynox 5.16 — OGydeHust MOJieIH C HOBBIMU ITPU3HAKAMH U MacIITAOUpPOBaHEM

13. Ilpu oOyueHuu MOJENN MBI UCIIOJIb3YeM Tumnmnepnapamerp moaenu C —
kodhdumment perynapuzanuu. I[logdepem  KOdPOUIMEHT peryisipU3aIuy,
JOCTABJISIOLIUI MAaKCUMAJIbHYIO0 TOYHOCTh MOJIEIH.

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

1.29154966581 -> ©.958667935331

3.5938136638 -> 0.95576l1287846

le.8 =->» 8.95132148541%
Wall time: 38.7 s

np.max(scores)

9.96128239639339355

Pucynok 5.17 — [lony4yeHue TOUHOCTH MOJIETU MPU PA3TUYHBIX 3HAYEHUSAX
rUnmnepnapaMerpa

[To nomyuennsiM 3HaueHussM AUC-ROC noctpoum rpaduxk.
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plt.plot{Cs, scores, 'ro-")
plt.xscale{ "log")
plt.xlabel{ "C")

plt.ylabel{ "AUC-ROC" )

plt.title( NMogbop kosddruMeHdTa perynApUaauuu’)

# ZOPUIOHMAABHOA AUHUA kadecmBo modenu © KOPPULNERMOM N0 YPMOAHTHUR
plt.axhline({y=score C_1, linewidth=.5, color = 'b", linestyle="dashed')
plt.show()

058 Monbop koadruweHTa perynapuaaumm

094

092

0.90

AUC-ROC

088

0.86

10 104 107 10° 10°
Cc

Pucynox 5.18 — I'paduk 3aBucumoctn AUC-ROC ot runmneprnapamerpa

14. OOyuuMm wMozenb co 3HaueHWeM rummnepnapamerpa C  paBHBIM
0,1668101.

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

8.961283453111

Pucynox 5.19 — [lonyyenue ¢huHanbHOM MOJIETH U €€ TOYHOCTH

15. B 3zakmroueHuu oOy4uM MOJI€b C HaWJICHHBIM ONTHUMAaJIbHBIM

3Ha4YeHHEM KO3 UILIMEHTa PEerysipU3aIuu.
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# nodzomoBum OaHHbie Ona 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]))

# oby4um modens Ha Bcel Boilbopke ¢ OnNMUMANbHLIM KOIPPUYUEHMOM pe2ynapusayuu

1r = LogisticRegression(C=C, random_state=17).fit(X_train, y_train)

# cOenaem npozHos das mecmoBol Buibopku

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

# 3anuwem ezo B ¢aun, zomobulili Ona cabmuma

write_to_submission_file(y_test, 'baseline_res.csv')

Pucynok 5.20 — O6y4enue Ha Bceil BRIOOPKE U 3aMKCh IPOTHO3a B (haiin

16. BpmosHUTE MHAUBHUAYATBLHOE 3a/1aHUE.

BaxkHble 3aMeuaHust

1. ITpu BBIOOpE Habopa nanHBIX (data set) Ha pecypcax [3, 4] HeoOXoaMMO
COrjlacoBaTh CBOM BHIOOP C JPYTMMH CTYACHTAMHU TPYIIbI U MPErnojaBaTeieM ¢
IeITBI0 HEJOIYCTHMOCTH BBIOOpA OIMHAKOBBIX BAPHUAHTOB.

2. B pamkax JaHHOTO JJaDOPAaTOPHOTO Kypca PEKOMEHYETCS UCIOJIb30BaTh
uHCTpyMeHTapuii Python (O6uGmmoteku, cpemy pa3paOOTKHM) Ui pPEHICHUS

IIOCTABJICHHBIX 3a1a4.

NupuBuayaibHoe 3a1aHue

1. CTyieHT caMOCTOSTEIbHO BhIOMpaeT HaOOp JaHHBIX Ha pecypceax [3, 4] mms
MOCTPOCHHUSA KiaccudukaTopa C UCHOIb30BAaHMEM METOJa JIOTUCTUYECKOU
perpeccuu U corjacyeT CBOM BHIOOD € MpenogaBaTesieM.

2. BpIOTHUTE TOCTPOCHUE MOJEIM JIOTUCTHYECKOW perpeccun. B xonme
pelIeHus 3a1a4i HeOOXOIMMO PEIINTh CIEIYIOIINE MOA3a1a4H:

2.1 B pamkax BBHINIOJHEHUS 3aJaHUsI HEOOXOJUMO BBECTH 2 HOBBIX
CHHTE3UPOBAHHBIX TMPH3HAKA, OICHUTh HM3MEHEHHE TOYHOCTH MOJETH TIOCTe
n00aBJICHUS IPU3HAKOB (C MPUMEHEHUEM MacCIITa0MpPOBaHUS IPU3HAKOB U 0€3).

2.2 Tlocne ompeneneHuss HEOOXOAMMOTO HaboOpa MPU3HAKOB HEOOXOJAMMO
chopmupoBaTh Ha0Op 3HAYEHWI TUMNeprnapaMeTrpa MOJEId U BbIOPATH

ontumainbsHoe 3Hauenue. [locrpoiite rpadpuk (AUC-ROC, runnepnapametp C).
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2.3 Tlocne oOydeHuss Mojeld HEOOXOJAMMO COXPAaHUTh Ha JUCK 3HAUYCHUS

Oelicaiig.

Coaep:xanue oT4era u ero popma

Otuet 1o 1a00paToOpHOIl pabOTE NOIKEH COAECPHKATh:

1. Homep n Ha3BaHue 1a00paTOpHOI pabOTHI; 3a1a9u JTa00PATOPHOM pabOTHI.

2. Peanu3anus kaxa0ro myHkra nojapasnena « HauBuayaabHOE 3a1aHUE» C©
IOPUBEICHUEM HCXOAHOIO KOJa MporpamMmbl, AMAarpaMM U TIpauUKoB aJs
BU3YyaJIM3allM TaHHBIX.

3. OTBeTHI Ha KOHTPOJIBHBIE BOIIPOCHI.

4. Dxpannbie (HOpMbI (KOHCOJBHBIN BHIBOJ) U JIMCTHHT IPOIPAMMHOIO KOJIa C
KOMMEHTapUsMHU, IOKa3bIBAIOIINE MOPSAIOK BBIIOIHEHUS Ja0OPATOPHOI paboThI, U
pe3ynbTaThl, IOJIYYEHHBIE B XO/I€ €€ BBIIIOJHECHHUS.

OT4eT 0 BBINOIHEHUH JAOOPATOPHON PabOTHI MOAIUCHIBAETCS CTYAEHTOM U

CHacTCs IMPCIIOAaBaTCIIIO.

KonTpoJsbHbIe BONPOCHI

1. 3a kakue roJla TPEICTaBICHbI JlaHHbIE B OOy4Yarle W TECTOBOMU
BbIOOpKax? OTBET HY)KHO apryMEHTUPOBaTh KoJ0M Ha Python.

2. Uccnenyiite ¢ ucronb3oBanueM Python ucxomusiii HAOOp TaHHBIX U JaiTe
OTBET Ha CJCAYIOIIMN BOMPOC: KaKUE CaWThl yallle Bcero mnocemaer Dmauc? s
OTBETa Ha BOMPOC MOKHO 10paboTaTh KOJ MyHKTa 4 yueOHOTrOo 3a1aHusl.

3. Ha si3pike Python peanusyiite IpoBepKy CIIEAYIOIIUX YTBEPKICHHIA:

— Ceccust D1HC B CpETHEM KOPOYE, YEM CECCHUSI OCTAIbHBIX MOJIb30BATEIICH.

— Jlons ceccuit Dnuc B BeIOOpKE mipeBbImaet 1%.

— JIlmama3oHbl DIMTEIIFHOCTH CECCHM OIHUC M OCTANbHBIX MOJIb30BaTCICH
MIPUMEPHO OJIMHAKOBBI.

— Jlonms ceccuii Dnmc muuTenbHOCTEIO 40 ¢ M Oojiee COCTaBIIIET MCHEE

YETBEPTH.
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4. B pamkax noanyHkra 9 yueOHOM 3aa4i IOCTPOiiTe rpadMK 3aBUCUMOCTU
KOJIMYECTBA CECCUI DITNC OT CHHTE3UPOBaHHOTO Mpu3Haka start_month. IIposepste
CIIEAYIOIINE YTBEPKACHUS:

— ¢ Hayana 2013 roga no cepenuny 2014 roma KOIMYECTBO €KEMECSTUHBIX
CECCUM YMEHBIIUIIOCH;

— B LIEJIOM KOJMYECTBO CECCHM DJUC 3a MECSI] MOCTOSIHHO Ha MPOTSIKEHUU
BCETO MEPUOJA;

— ¢ Hadana 2013 roxa no cepeauny 2014 roga KOJIMYECTBO €KEMECAUHBIX
CECCUIl BO3POCIIO.

5. Kakume w™eroapl knaccuukanuy SBIAIOTCS JHHEHHBIMH? Y KaXUTe
OCHOBHBIE [apaMeTpbl JHUHEWMOM Moxaenu kiaccupukauumu. Yrto Takoe
TUIIIIEPIIAPAMETPHI TMHEHHON MOJEIH?

6. IloscHure Ha3HaueHWE W MPUHIOUINBl  pEATU3alUUd  METOOB
CTaXOCTUYECKOTO I'PAUEHTA.

7. YTo Takoe «JIMHEHHO pa3enuMasi BBIOOpKa»?
Cnucok aureparypsl
J1J1s1 BBITIOJIHEHUS Ta00paTOpHOI padOThI, IPU MOATOTOBKE K 3aIIUTE, 8 TAKKE

AJIs1 OTBETA HA KOHTPOJIBHBIC BOITPOCHI PCKOMCHAYCTCA MCII0Jb30BATh CIACAYIOIIHC

ucToyHukH: [1-5].
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JABOPATOPHAS PABOTA 6. JUHEMHASI PETPECCHS

Ienun u 3apaun

Lenr maGoparopHoil  paOOTBI: HM3yYEHUE MPHUHIMIIOB MOCTPOCHUS
MH(POPMALIMOHHBIX CHUCTEM C HCIOJIb30BaHUEM JIMHEHHBIX METOJ0B MAIIMHHOTO
OoOy4JeHHS.

OcHOBHBIE 33/1a4u:

— OCBOGHHE METOJOJIOTHH pPabOThI ¢ MOJENSIMHU JIMHEHHOH perpecuu B
3a/1ayax MAIIMHHOTO OOYy4YEeHUS;

— OCBOCHHE METAMK PadOThI C TMHEHHBIME MOJIeNIsiME B Python;

— OCBOCHHUE METOJIMKU TIPUMEHECHUS METO/IOB PETPECCHH;

— U3YUYCHHC OCHOBHBIX IIApaMCTPOB PCIrPCCCHOHHBIX MOI[GJ'IGﬁ.

PeaﬂmyeMLle KOMIICTCHIINHN

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIEIYIOUIUX

komrretenmmid: OITK-2,
Teopernueckoe 000CHOBaHUE
[lepen BeImoOIHEHUEM JTAOOPATOPHOM PAOOTHI HEOOXOUMO O3HAKOMHUTHCS C
TEOPHEH TIOCTPOCHHS PETPECCHOHHBIX MOCIICH MAIIMHHOTO O0yUYeHHUs, HCTIONb3YS
cleayroIme ucTounuku: [1-5].
O6opynoBaHne U MaTepHAJIbI
JIist BBIMTOTHEHUST 1a00paTOPHOM pabOTBHl PEKOMEHAYETCS HCIIOIh30BaTh

HepCOHaJIBHBIfI KOMIIBIOTCP CO CICAYIOMMUMHU IIPOTPpaMMHBIMH  CPCIACTBAMU

pa3paboTku (BbIOpaTh OJUH WM HECKOJBKO MPOTrPaMHBIX MPOAYKTOB MJis
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IIPaKTHYECKOM peanu3aliuy 3aaa4d jJadoparopHoi padorsr): MS Visual Studio 2013

¥ BBIIIE; cpena paspadboTku Java, marepnperatop Python (Anaconda).
MeToauka v NOPSIIOK BbINOJIHEHUSI PpA0OTHI
YuyeOHas 3agaua

B pamkax yuebHo# 3amauu pezdbepem mpobiemy «lIpornos momynsapHocTu

CTaTbU Ha Xabpe» (https://habrahabr.ru). [ToxpoOHoOCTH

(https://inclass.kaggle.com/c/howpop-habrahabr-favs).

daitm  howpop_test.cSv  comepkuT  TecToBble  OOBEKTHL.  Daiin
howpop_train.csv comepxut oOydaromiyro BbeIOOpPKY. llenmeBas mepemeHHas —
favs_lognorm. daiiner howpop_test.jsonlines u howpop_train.jsonlines coxepsxar
noJHele onrcanus crarer B popmate JSON. Ilenesast nepemennas — favs_lognorm.

Crnenyer oOpatuTh BHHMMaHue, uyto howpop_train.jsonlines — caiin ¢
pasmepom 4 I'b.

IIepexonm K peLICHUIO:

17. TloaxmaroueM HEOOXOOUMBIE OMOIUOTEKH:

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

Pucynok 6.1 — Koa moakmtouenus 6ubiroTek B jupyter notebook

18. IlpoBenem mnepBuyHOE OOCjeAOBaHME HaOOpa JaHHBIX. BhImosHUM
3arpy3ky pAaHHbIX (puc. 6.2). Takoe mnpeacTtaBieHuHe oOOydYarolmed M TECTOBOU
BBIOOPOK HE JaeT OCMBICIECHHOIO MPEACTABICHUS O CTPYKTYpe NAHHBIX, BBIBOJ
TsDKENIO0 uuTaerca. TpaHchopMHupyeM BBIBOJ CienyromuM obpa3om (puc. 6.3): B

metoze head() OymeM BBIBOAWTDH OJHY CTPOKY, a TAKXKE TPAHCIIOHUPYEM BBIBO/I.


https://habrahabr.ru/
https://inclass.kaggle.com/c/howpop-habrahabr-favs

train_df
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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())
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Crnaxkvsavve wWpHHTOB, W CyBNUKCENbHAA OTPWCOBKA

No4YemMy MHe He HpaeuTcA iPhone
Pucynox 6.2 — Ilonyuenue manku Habopa JaHHBIX

e <] 236
1 1 353
47 72 1288
lez2 36 5788
238 6 1488

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)

Pucynok 6.3 — [Tony4yeHrne ynTaeMoro npecTaBICHUs JaHHBIX B JUpyter
notebook

BrIBOa 1711 maHHOTO KO/Ia MpeCTaBieH Ha puc. 6.4.
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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 Hosoroguuii nopgapok 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

Pucynok 6.4 — Ctonbipl Habopa TaHHBIX

19. Omnpenenum pasmep BEIOOPOK:

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

TecToBbll Habop: (3598, 9)
06y4awwan eebopka: (134137, 17)

Pucynok 6.5 — Onpenenenue pasmepa T€CTOBOTO U 00y4JaroIiero Habopos

20.  [MTomyuum oburyro nHDOpMaImio 1Mo Gppeimy:
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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 floated
votes_minus 133566 non-null floated
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

Pucynox 6.6 — O6mas nadopmarus mo o0ydaromeid BRIOOpKe

21. Paccmorpum, kakuMm oOpa3oM ymopsodeHbl naHHble B train_df mo
BpemerHoi ocu (rmo published). Jlas storo mcmons3yem kox (puc. 6.7). Jlanubie

yrnopsigodeHsl 1o noio published (puc. 6.8).

# wonupyem cmonbey JaHHeix published

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

print(ser_data.head())

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

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

Pucynok 6.7 — Kon mist ananusa otaensHoro mosist published
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Pag ¢ paTamu cTonBua published

=] 2088-81-81 18:19:80

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

Pucynox 6.8 — I'paduk, moctpoenHsrii o psity published

22. llpomomxuM aHaATU3UpPOBaTh HAOOpP JMAaHHBIX H  OMPEACTHUM,
CYIIECTBYET I KOPPENALHUS MEXKIy OTICIbHBIMUA TpHU3HaKamu. J[ias 3Toro
Bocmosib3yemcst merogom pandas.DataFrame.corr(). Beizsas peanuzanuto GyHKIHH

no ymosyanuto train_df.corr(), momy4uum ko3¢hUIIMEHTHI KOPPETAIUH.

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.

Pucynok 6.8 — Matpwuria koppensuuu st npusHakos train_df

[To manHOI MaTpuile HEOOXOAMMO OMPENCTUTh KOPPEIUPYIOIIHE PIIU3HAKA

(¢ xoaddumentom koppensiuuu Oonbine 0.9). MckaTh Takue 3HAYCHHUS TI0
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€HHOM MaTpune — J0CTAaTOYHO CJIOXKHas 3aJada, KOTOopasAa IIOBJICUCT

OLIMOKHU, TOITOMY MPEACTaBUM MAaTpUIly KOPpENSIIMU B YAOOHOM JJIsl aHaiIH3a

BUJIE:

corr[corr»@.9]

‘1

.replace({np.nan : '

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

post_id

1

polling

content_len

comments

favs

views

votes_plus

votes_minus

views_lognorm

favs_lognorm

comments_lognorm

Pucynok 6.9 — Matpuiia koppessiiuu ajis npusHakos train_df

Takum oOpa3oM ycTaHaBiIMBaeM, 4YTO MpU3HAKAU HaboOpa JaHHBIX
HE3aBUCUMBI.
23. IlpoBenem emie 0HO HCCIEIOBaHMUE: OMPEIECIUM KaK pacIlpeesIeHbl

nyOJyMKanuu 1o rojaam (puc. 6.10).

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

Pucynox 6.10 — Ko ayis moctpoenus rpadguka pacupeneneHus myoauKaruii mo

rogam
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Jlns Gojee HarIsgHOTO TIPEACTABICHUS] O paclpeieieHud 10 TojaM

MOCTPOUM TpaduK:
25000

20000

15000

10000

) |||| |||‘
0

2008 2009 2010 2011 2012 2013 2014 2015 2016

(=]

Pucynox 6.11 — I'paduk pacnpeneneHus: myOIuKaiuii mo rojgam

24. IlepBuuHoe wuccienoBanue Habopa JaHHBIX 3aBepiieHo. I[lepeiinem
HEIOCPEICTBEHHO K MTOCTPOSHUIO MOJEIN 00ydeHus. Pa3aennm nexomaHpii Habop
JTAHHBIX HA TPEHUPOBOYHYIO U TECTOBYIO MIOJIBBIOOPKH, a TAKKE OTOEpEM MpPU3HAKH,

KOTOpbIE OyIyT UCIOIb30BATHCS B MPOLIECCe 00yUEHUsI.

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, ¥ = 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

Pucynok 6.12 — Koa 115t moAroTOBKH MOABBIOOPOK

25. Jlnsa aHanmm3a koHTeHTa (comep:kumoro daitmoB howpop *.jsonlines)
tcnoanp3yem TfidfVectorizer u3 makera sklearn. TF-IDF (ot anrn. TF — term
frequency, IDF — inverse document frequency) — craTucThyeckas Mmepa,
HCIIOJb3yEMas AJIsd ONCHKH BA’)KHOCTH CJIOBA B KOHTCKCTC JOKYMCHTA, ABJIAIOIICTOCS

YacThIO KOJUIEKIIMM JIOKYMEHTOB WM Kopmyca. Bec Hekoroporo ciioBa
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MIPOTOPITMOHAJICH KOJIMYECTBY YIOTPEOICHHS STOTO CJIOBA B TOKYMEHTE, U O0OPAaTHO
IPOTIOPIIMOHAJICH YaCTOTE YIIOTPEOJICHHUS CIIOBA B APYTUX JOKYMEHTAX KOJIICKIIHH.
TfidfVectorizer npeobpasyet Tekctsl B Matpuity TF-IDF npusnakos.

Ocnosublie mapametpsl TfidfVectorizer B sklearn:

— min_df — mpu mocTpoeHUM CiIoBaps CJIOBA, KOTOPBIE BCTPEUAIOTCS PEXKeE,
4eM yKa3aHHOE 3HAYCHHE, HITHOPUPYIOTCS;

— max_df — npu mocTpoeHHH c1O0Baps CIIOBA, KOTOPHIE BCTPEYAIOTCS Yallle,
4eM yKa3aHHOE 3HAYCHHE, HTHOPUPYIOTCS,

— analyzer — ompenenser, CTPOSATCS JM NPU3HAKH IO CJIOBAM WJIH IO
cuMBoJiaM (OyKBam);

— ngram_range — ompenensier, (GOPMUPYIOTCS JH TMPU3HAKH TOJIBKO U3
OTJICJIbHBIX CJIOB WJIM M3 HECKOJIbKUX cJIOB (B ciyuyae c analyzer='char' 3amaer
KOJIMYECTBO CHMBOJIOB). Hampumep, ecim yka3ath analyzer='word' wu
ngram_range=(1,3),To mpu3Haku OyayT (OpPMHUPOBATHCS M3 OTICIBHBIX CJIOB, U3
map CJIOB U U3 TPOEK CJIOB;

— stop_words — ciioBa, KOTOPbIE HTHOPUPYIOTCS MTPH MOCTPOCHUH MATPHUIIBI.

Coznaaum o0bekT TfidfVectorizer u oOyuuM ero Ha TaHHBIX:

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)

Pucynok 6.13 — Coznanue Tfidf\Vectorizer



/8

[Tomyunnu Tpu cnoBapst v Tpu matpuubl |F-IDF. Jlng noctyna k cioBapsim
MOXHO oOpatuthcs k moito Vocabulary  ob6wekta TfidfVectorizer. K stomy
BPEMEHH OOBEKT JOHKEH ObITh OOydeH — JOJKeH OBbITh BBI3BAaH METO]

fit_transform().

X_test_title.vocabulary_

{"kop': 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,

Pucynok 6.14 — ®opmar crioBaps Tfidf\Vectorizer

JlanHbie B ciioBape xpaHsaTcs B popmate {'TepMUH': MHIEKC NMPU3HAKA,... } .

26. Iloctpoum TF-IDF-matpuiibl mjis 3TUX K€ TPU3HAKOB, HO C
UCIOJIb30BaHueM napametpa analyzer='char' (puc. 6.15).
vectorizer_title ch = TfidfVectorizer(analyzer='char')

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

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

print('vX _valid title ch.vocabulary : ', len(vX_valid_title_ch.vocabulary_ ))
vX_test_title_ch = vectorizer_title_ch.fit(X_test['title’])
print('vX_test title ch.wvocabulary : ", len(vX_test title ch.vocabulary ))

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: (93895, 218)
X_valid_title_ch.shape: (48242, 218)
X_test_title_ch.shape: (39908, 218)
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Pucynok 6.15 — IToctpoenune TfidfVectorizer ¢ mapamerpom analyzer='char'

27. Jlnsi  oOpaOOTKM OCTalbHBIX TPH3HAKOB OyIeM HCIOJIB30BaTh
DictVectorizer u3 sklearn. Ilpusmaku [‘author’, ‘flow', 'domain’] wumeror

KaTeropualibHyto npuponay, st aux TfidfVectorizer HenpumeHuM.

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 wvalid)
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)
(48242, 17869)
(3998, 17869)

Pucynok 6.16 — IToctpoenue DictVectorizer mjist kareropuaibHbIX TIPU3HAKOB

28. BrwmoaanM 00beAMHEHUE TIOTYYCHHBIX MATPHIL;

# 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)

Pucynok 6.17 — O6benunenue |DF-maTpun

CJIGI[yeT 06paTHTI) BHHMAHHUC, YTO OIICpalnA O6’[>€I[I/IH€HI/I$I JA0ITyCTUMA Hall

MOJIy4YeHHBIMU MAaTpULIAMU (TIOSICHUTE MOYEMY ).
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29. Jlns oOydeHuss BbIOpaHa JMHEWHas Mojenb perpeccun ¢ L2-

peryisipu3anuci.

kktime
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

Pucynok 6.18 — O0yuenue Mojenu ¢ mapamerpom peryssipusanuu alpha=0.1

30. BwmoaauM oOy4eHHE e11e 0JTHONH MOJIEIH U TIPOBEPUM OIIHOKH:

%¥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

Pucynok 6.19 — O0yuenue Mojenu ¢ mapameTpom peryisipusanuu alpha=1

31.
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Baxuble 3ameyaHus
1. ITpu BeIOOpe Habopa manHBIX (data set) Ha pecypcax [3, 4] HEoOXOAMMO
COTJIaCOBaTh CBOW BHIOOpP C JPYTUMH CTYACHTaMHU TPYIIBI M MpermojaBaTesieM C
IEJTbI0 HEJOMYCTUMOCTH BBIOOpa OJTMHAKOBBIX BaPHAHTOB.
2. B pamkax maHHOTO J1abOPaTOPHOTO Kypca PEKOMEHAYETCS UCIIOIh30BaTh
uHcTpyMeHTapuii  Python (6uOamorekn, cpemy pa3paObOTKu) [UIS PEIICHHUS

IIOCTAaBJICHHBIX 3a1a4.

NuauBuayaabHoe 3a1aHue

1. CTyieHT caMOCTOSATENBHO BRIOUpaeT Habop MaHHBIX HA pecypceax [3, 4] mms
NOCTPOCHHUST  KJIacCUpHUKATOpa C  HCIOJB30BAaHHMEM  METOJa  JIOTHYECKOU
KJIacCU(PMKALMU U COracyeT CBOM BBIOOP C MpenojaBaTeseM.

2. BhBIMOTHUTE MOCTPOCHHWE MOJENH KiIacCH(UKAIMK Ha OCHOBE JepeBa
ki1accupukanmu. B Xome pemieHHs 3agadyd HEOOXOOMMO PEIIMTH CIIEAYIOIIHe
no/13a1a4u:

2.1 TMocTpoeHue jormveckoro kiaccudukaropa ¢ 3amaHueM Mmax_depth
(MakcumasibHOM  TiyOmHbI) W MmaxX_features (MakcMManbHOTO — KOJMYECTBA
NIPU3HAKOB) MMOJIB30BaTENIeM (YCTAHOBUTH JIFOOBIC); BU3YyaJIN3allUs IepeBa PEeIICHHIA
JUTs BBIOPAHHBIX MCCIIe0BaTeIeM mapameTpoB (B popmare .png)

2.2 Boruucnenue onenku Cross validation (MSE) mis pa3nmmyax 3HadeHHH
max_depth (moctpouts rpaduk 3aBUCIMOCTH);

2.3 Beruncnenue onenku Cross validation (MSE) mis pasnuunx 3HadeHuit
max_features (moctpouts rpaduk 3aBUCUMOCTH);

2.4 Berluncaure onTUMalbHBIe 3HaueHus Mmax_depth u max_features.
Oo6ochyiiTe cBoil BbIOOp. IIpogeMOHCTpUPYWHTE HCMONB30BAHUE MOJTYYEHHOTO
KiaccudukaTopa.

2.5 BreiBenute aepeBo B opmare .png;

2.6 BeiBeauTe pemaromye rpaHuibl TOJTYYEHHOW MOJIETH.



82

Conep:xanue oTyera u ero gpopma

Otuet no 1abopaTopHOM paboTe JOJIKEH COJIEPKATh:

1. Homep u Ha3BaHue 1ab0paTOpHOI pabOTHI; 3a1a9u JTa00PATOPHOM pabOTHI.

2. Peann3zanus Kaxxaoro myHkTa nojapasaena « MTuauBuyanbHoe 3aJaHue» ¢
NPUBEJACHUEM HCXOJIHOTO KOJla [MporpaMMbl, auarpaMM U Tpa@uKoOB IS
BU3yaJIN3allM TaHHBIX.

3. OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI.

4. DxpanHbie HOpMbI (KOHCOJIBHBIN BBIBOJ) U JIMCTUHT POTPAMMHOIO KOJIa C
KOMMEHTApHUsIMHU, MIOKA3bIBAIOIIKE MOPSIO0K BHIMOJHEHUS JIA0OpaTOPHOU pabOThI, U
pe3yJbTaThl, TOJTYYEHHBIE B XO€E €€ BBIIIOJIHECHUS.

OTyeT o BBINOJIHEHUHU J1a0OPaTOPHON PadOTHI MOAMUCHIBACTCS CTYAECHTOM U

CHacTCs IPCIIOAaBaTCIIIO.

KOHTpOJIbHLIe BOIIPOCHI

1. Kakue meToibl KiaccupuKalK SBIASIOTCA TUHEHHBIMU?

2. YKa)XUTe OCHOBHBIE MTApaMETPhI JINHEHMOM MOIETH KiIacCu(PUKaII.

3. ITlosicuute Ha3HAaYeHHME W  NPUHLUIBL  peau3allid  METOJO0B
CTaXOCTUYECKOTO TPaUEHTA.

4. B yem 3akitouaeTcs TJIaBHas UAesl METOJIa OTIOPHBIX BEKTOPOB?

5. Urto Takoe «JIMHEeWHO pa3aeuMasi BBIOOpKa»?

6. [losicHuTe Ha3HAYEHHE SIIEP U CIIPSIMIISIOIINUX TTPOCTPAHCTB B aIrOpUTMax

JMHEHHOU KiacCuUKAIIIH.

Cnncok ureparypbl

J11s1 BBITIOJTHEHMSI TA00pATOPHOH pabOThI, MTPH MOJTOTOBKE K 3aIUTE, a TAKIKE JJIS
OTBETa Ha KOHTPOJIbHBIE BOITPOCH PEKOMEH TyeTCsI UCTIOIBb30BaTh CIIEAYIOIINE
uctoyHuku: [1-5].



83
JIABOPATOPHAS PABOTA 7. PABPABOTKA EJUHOI'O
IMABJIOHA TPEIBAPUTEJIBHON OBPABOTKHU JAHHBIX

Ienu u 3axpaun

Llens maGopaTopHOl pabOTHI: U3YYEHUE TEOPETUUYECKUX TMPUHIIMIIOB U
WHCTPYMEHTAJILHBIX PEJCTB IS MOCTPOCHMs TaWIUIaiiHa TSl TIPEeIBapUTEILHOM
00pabOTKH JTaHHBIX.

OcHOBHBIE 33a4H:

— IpeJBapuTeIbHas 00padOTKa JaHHBIX;

— U3y4eHue OUOIMOTEK JIJIsl TPEeIBAPUTEIHLHON 00pabOTKH TaHHBIX;

— MacITabMpOBaHUE IPU3HAKOB;

— IPEJICTAaBIICHNE KAaTeTOPUATIbHBIX TAHHBIX;

— MIOCTPOCHHE MakIIaifHa JJIsl MpeIBaApUTENbHOM 00pabOTKU JaHHBIX.

Peanm.yeMbIe KOMIICTCHIINHU

JlabopaTopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIEIYIOUIUX

komnerennuii: OITK-2.

Teopernueckoe 060CHOBaHHE

Jlns pelieHus 3a7ad MAIlIMHHOTO OOYYEHHUs YacTO MPUXOAUTCS MOBTOPSITH
pasIMYHbIe OJIOKH KOJ/Ia, KOTOPBIC SIBJISIOTCS € AMHOOO0Pa3HBIMH JJISl pa3HbIX 3a/1a4,
MpUHAJJISKAIIUX OJHOMY KJaccy (perpeccus, kiaccuukamus, KiacTepu3aius u
T.1.). JlaHHOE 00CTOATENHCTBO MPUBOIUT K MTOBTOPSIIOIIEMYCS MTAOJIOHHOMY KOJY.
Taxoii ko1 HazbiBaeTcs boilerplate-ko nmm pocto boilerplate. C apyroii cTopoHsl,
eauHooOpaszHas MIOCJIEI0BATECILHOCTD JICCTBUM, KOTOPYIO BBIIIOJIHACT
pa3pabOTYMK TPH PEIICHUH 33Jlad MAIIMHHOTO OOyYeHUsS 4YacTO Ha3bIBAETCS

naimiaitanom (machine learning pipeline).
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PaccmoTpum mpocrennii naWruiad i pelieHus 3aadd perpeccuu. s
pelieHusi 3a7auyd perpeccud HeOXOAMMO peajan3oBaTh (B 0O0mIeM ciydae)
CJIETYIOLTUE CTaJUH:

1. 3arpy3ka Habopa JaHHBIX.

2. 3amonHEHWE TPOMYCKOB JaHHBIX B COOTBETCTBUU C BBIOpPAHHOU
CTpaTErUE.

3. MacmtabupoBaHue MPU3HAKOB.

4. O0paboTKa KaTeropuBaJIbHBIX MPU3HAKOB.

5. Paznienenue Ha TECTOBYIO U TPEHUPOBOUYHYIO BHIOOPKY.

6. OOy4yeHue MoJemu.

7. HHTGpHpGTaHHH " BU3yaJIn3alusg pC3yabTaTOB.

3anoJjiHeHUE ITPOITYCKOB B IAHHBIX

missingvalues = Simplelmputer(missing_values = np.nan, strategy = 'mean’,
verbose = 0)

missingvalues = missingvalues.fit(X[:, 1:3])

X[:, 1:3]=missingvalues.transform(X[:, 1:3])

MacmtabupoBanue npusHakos (standartisation u normalization)

from sklearn.preprocessing import StandardScaler
Paznenenue Ha TeCTOBYIO M 00yUYarOIIyO0 BHIOOPKHU:
from sklearn.model_selection import train_test split

from sklearn.cross_validation import train_test_split

[lepen BeImoTHEHUEM JTAOOPATOPHOM PAOOTHI HEOOXOIUMO O3HAKOMHUTHCS C

0a30BBIMU NIPUHITUITAMH si3bIKa PYython, ncrnonp3ys cieayrolie ncTouHuKH: [ 1-5].

O6opynoBaHne U MaTepHAJIbI
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JInsi BBIMOJIHEHHST JIAOOPATOPHOM pPabOThl PEKOMEHIYETCS HCIOJIb30BaTh
ICPCOHATBHBI KOMIIBIOTED CO CIECAYIONUMH TMPOTrPAMMHBIMH  CPEACTBAMHU
pa3paboTku (BBIOpaTh OJUH WM HECKOJBKO IPOrPAMHBIX IPOAYKTOB IS
IPAKTHYECKON pean3aluu 3aaad Jadoparoproi padorsr): MS Visual Studio 2013

¥ BBIIIE; cpena paspadboTtku Java, marepnperatop Python (Anaconda).

MeTomea N NMOPAAOK BbITIOJTHCHUSA paﬁoTLI

,HHH TCCTUPOBAHHA YHHBCPCAJIBHOI'O naMIiaiHa 6YH€T HCIIOJIB30BaTbLCA

MoJiesIb TnHeHoHo# perpeccun (LinearRegression u3 oubnmroreku sklearn).

YueOHnas 3a1aua

Ycroue. [locTpouTs mNaimiaiiH, pealu3yromui NEPBUYHYIO 00pabOTKy
JTAHHBIX.

Pemienue. [{ns penieHust 3agauu HEOOXOJUMO HANHUCATh CKPUIT Ha SIBIKE

Python (pucysok 7.1).

1. MNogknroueHne bnbnuorek

import numpy as np
import matplotlib.pyplot as plt
import pandas as pd

2. 3arpy3Kka AaHHbIX U pa3geneHne Ha MaTpuLy NPU3HAKOB U 3aBUCUMYHO
nepemMeHHy

dataset = pd.read _csv('Data.csv')
dataset.head()

Country Age  Salary Purchased

0 France 44.0 720000 No
1 Spain  27.0 480000 Yes
2 Germany 300 540000 No
3 Spain 380 610000 No
4 Germany 400 NaM Yes
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X = dataset.iloc[:, :-1].values

y = dataset.iloc[:, 3].values

print ("MaTpuua npuznakoe"); print(X)
print ("3aeucuman nepemenHas™); print(y)

MaTpWua MpUM3HaKoB
[['France' 44.0 72000.0]
['Spain’ 27.0 48000.0]

[ 'Germany’ 30.© 54000.9|
['Spain’ 38.0 61000.0]
['Germany’ 48.@ nan]
['France’ 35.0 58000.0]
['Spain’ nan 52000.0]
['France' 48.0 79000.0]
['Germany' 50.0 83000.0]
['France’ 37.0 67000.0]]
3aBMCUMaA MepeMeHHan
['No" 'yes' 'No' 'No' 'Yes' 'Yes' 'No' 'Yes' 'No' 'Yes']

3. ObpaboTka NponyLleHHbLIX 3HaYeHUH

from sklearn.preprocessing import Imputer

imputer = Imputer(missing values = 'NaN', strategy = 'mean’, axis = @)
imputer = imputer.fit(x[:, 1:3])

X[:, 1:3] = imputer.transform(X[:, 1:3])

print(X)

[['France’ 44.9 72000.0]

['spain’ 27.8 48000.0]

['Germany' 30.0 54000.0]

['spain’ 38.0 61000.0]

['Germany' 4@.0 63777.77777777778]
['France' 35.0 58600.0]

['Spain' 38.77777777777778 52000.0]
['France' 48.9 79000.0]

['Germany' 5@.9 83000.0]

['France' 37.0 670080.0]]

4. ObpaboTka KaTeropmManbHbIX AaHHbIX

4.1 3aMeHa KaTeropuu Kogom (LabelEncoder)

from sklearn.preprocessing import LabelEncoder
labelencoder y = LabelEncoder()
print("3aeucuman nepemenHaa no cobpaboTku™)
print(y)

y = labelencoder_y.fit transform(y)
print(“3aewcuman nepemeHHas nocne obpaboTkn™)
print(y)

3aBuCUMan nepemeHHas go obpaboTku

['No' 'Yes' 'MNo' 'No' 'Yes' 'Yes' 'No' 'Yes' 'No' 'Yes']
3aBUCMMaA nepeMeHHan nocne obpaboTku
[p10011010 1]

4.2 NpuMeHeHWe OneHotEncoder

from sklearn.preprocessing import OneHotEncoder
labelencoder X = LabelEncoder()

X[:, @] = labelencoder X.fit transform(X[:, @])
onehotencoder = OneHotEncoder(categorical features = [@8])
X = onehotencoder.fit_transform(X).toarray()
print("MepekoomMpoBka KaTeropwansHoro npusHaka™)

print(X)

NepekoAWpoBKa KaTeropMansHoro npu3Haka
[[ 1.000000008e+00 ©.00000000e+00  0.00000080e+00 4.,40000000e4+81
.20800000e+84 ]
[ .0PBROERee+00 0.00000000e+00  1.000000002+00 2.70000000e+01
.30000000e+04 ]
.06B0OBBee+00 1.00000000e+060  ©.00000000e+00 3.00000000e+01
.40000000e+04 ]
.0000EoRee+00 ©.00000000e+00  1.00000000e+00 3.80000000e+01
.10000008e+04 |

—
DD D RN
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Pucynok 7.1 — Kox Python, orpakaromuii oO1uii manmiaiH 1is
npeBapuTeIbHON 00paOOTKH TaHHBIX

NuauBuayajbHoe 3a1aHue

1. [TonGepute HaOOp JaHHBIX HA pecypcax [5-7] u coryacyiTe CBOM BHIOOD ¢
npenoaasareneM. CTyJIEHT MOXKET MPEAJIOKUTh HA0Op JaHHBIX B COOTBETCTBUU C
TEMATUKOW MaruCTepCKOTo UCCIICIOBAHMS.

2. PeanusyiiTe mnepBUYHYI 00paOOTKY IaHHBIX 3arpykKeHHOro Habopa.
BBIMONHNATE TOJHBIA CIEKTp OINEpanui i 3arpy)KEHHOro Habopa JIaHHBI:
3arpy3ka, BU3yalu3anus, o0padOTKa TPOIMYIIEHHBIX 3HAYCHUH, 00paboTKa

KaTCropruaJIbHbIX JaHHBIX U Pa3CIICHUC BI)I60pKI/I Ha TCCTOBYIO U TPCHHUPOBOYHYIO.

Conepxxanue or4yera u ero popma

Otuert 1o 1abopaTopHON pabOTE AOIKEH COACPIKATH!

1. Homep u Ha3BaHMe 1a00paTOpHOM paboThI; 3a1a4u 1a00paTOpHOM pabOTHI.

2. Peanu3zanus Kaxa0ro nyHkra nojpaszaena « MTHauBuayaabHOE 3aJlaHue» C
NpUBEICHHEM HCXOAHOTO KOJa TMpOTpamMMbl, AWArpaMM H TpauKoB s
BU3YyaJIU3aIH IAaHHbIX.

3. OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

4. DxpanHbie (HOpMbI (KOHCOIBHBIN BHIBOJ) U JIMCTUHT TPOTPAMMHOTO KOJIa C
KOMMEHTAPHUSIMHU, TTOKA3bIBAIOIITNE TIOPSIOK BBITOJIHEHUS Ta00paTOPHOM pabOThI, U
pe3yabTaThl, TOJyYEHHBIC B XOJ€ €€ BHITIOJTHEHMS.

OTueT O BBINOJHEHUH JIAOOPATOPHON pabOThl MOANUCHIBACTCS CTYIEHTOM U

C/IaeTCs IPEIoaaBaTelIio.

KoHTpoJibHBIE BONIPOCHI

1. Kakas OubOmuoreka pPython mpenHasHaveHa i ymnpaBiieHHss Habopamu

JTaHHBIX: NUMPY, pandas, sklearn, opencv, matplotlib?
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2. Kakas ctparerus siBisieTcs HEXKeNaTelbHON npu o0paboTKe MPOIYCKOB B
JTAHHBIX ?

a) 3aMEHa MPOMYIIEHHBIX 3HAYEHUN B CTOJOIC MEIUAHHBIM 3HAYEHUEM I10
JAHHOMY CTOJIOITY;

0) ynajaeHue CTpOK, COIePKaIUX MPOITYCKU B TaHHBIX;

B) 3aMeHa MPOIYIICHHBIX 3HAYEHUN B CTOJIOIE CPEAHUM apUPMETHUECKUM
3HaYEHHUEM I10 TaHHOMY CTOJIOILY;

I) 3aMeHa TMPOMYIIEHHbIX 3HA4YeHW B CTOJIOIE Haumbojee Yacrto
BCTPEYAIOIIUMCS 3HAUCHUEM T10 JJAHHOMY CTOJIOILY;

3. OOocHyiTe OTBET Ha CIEAYIOUIYI0 MpoOJieMy MpeaBapUTEIbHON
00pabOTKM JaHHBIX: HMMEETCS HE3aBUCHUMasl KaTeropuajibHas TIepeMeHHas Y,
KOTOpas MpEeACTaBIsieT cOOOM KaTeropuajibHbIA NPHU3HAK, OINEPEICIHHbIA Ha
nomene {C#, Java, Python, R}. HyxHO ¥ NpUMEHSATh K JaHHOMY LIEJICBOMY
npusnaky OneHotEncoder?

4. TlosicuuTe mnpuHUMN pa3OueHHss HaOopa JaHHBIX Ha OOy4Yalollylo |
TECTOBYIO0 BBIOOpKY. Kakoe cooTHollleHHE «TecToBas:00yyaromas» Haubolee
ontuMapHO: 20:80, 50:50, 25:75, 5:95, 40:307?

5. Kakoii ko1 mydiiie UCTIONIb30BaTh MPH 3arpy3Ke JaHHbIX U3 CSV-(daiina?

a) dataset = read_csv(“data.csv”)

0) dataset = import(“data.csv”)

B) dataset = read.csv(“data.csv”)

r) dataset = import.csv(‘“‘data.csv”)

n) dataset = read xlIs(*data.csv”)

Cnmcok ureparypbl

J1J1s1 BBITIOSTHEHW S J1a00paTOPHON pabOTHI, TP MOATOTOBKE K 3aIIIUTE, & TAKXKE

AJIs1 OTBETA HA KOHTPOJIBHBIC BOIIPOCHI PCKOMCHAYCTCA MCIIO0Jb30BATh CIACAYIOIIHC

uctounuku: [1, 2, 5-7].
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JIABOPATOPHAS PABOTA 8. IOCTPOEHUE MMAMIIJIAMHA
OJHOMEPHOM PET'PECCHUH

Ienu u 3apaun

Lens mabopatopHOit pabOTHI: pa3paboTka eIUHOTO NalIUIaifHa JIJIs peleHUs
3aJ1a4u PETPECCHH.

OcHOBHBIE 3a/1a4H:

— peanu30BaTh KAOHBEWep /I BBITIOJHEHUS BCEX CTanii 00pabOTKHU TaHHbBIX
MIPU PEIICHUU 33/1a4d OJHOMEPHOU perpeccuu;

— MOJIyYEHUE TEOPETUYECKUX MPEICTABICHUN O 3a]1a4€ PErPECHH;

— MOJy4eHUE HABBIKOB HCIIOJIb30BaHUS MalIlIallHa TPU pElIeHUU 3aJlauu
MaITUHHOTO O0yUYeHUS;

— IIOJIY4YCHHC HAaBBIKOB pe(baKTopHHra KOoJa B 3aja4aX MallTUHHOI'O o6yquH;1.

Peanm.yeMbIe KOMIICTCHIINHU

JlabopaTopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIEIYIOUIUX

komnerennuii: OITK-2.

Teopernueckoe 060CHOBaHHE

Jlist perieHus 3aa4d OJTHOMEPHOM PEerpeccuu HeoOXOJIMMO HMCMOJIb30BATh
YHUBEPCAIBHBIA  TAWIUIAH  TpeABapuTeNbHOW  o0paboTkm  gaHHBIX. K
UMEIOIIEMYCSISl TA0JIOHHOMY KOJy HEO00XOIMMO J00aBUTh KO sl OOy4eHUs
MOJIEJIN, HHTEPIPETAIIMN U BU3yaIU3alU PE3yJIbTaTOB.

JIunelinas perpeccusi — METOJ BOCCTAHOBJICHUSI 3aBUCUMOCTH MEXKIY ABYMS
nepeMeHHbIMU. [IyCcTh 3a1aHa MOZENb PErpecCCH — NAapaMETPUUYECKOE CEMENCTBO

byukuit g(x,a), rne a € RP — Bekrop mapamerpoB Mojeau. Ormnpeaeaum
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q)YHKHI/IOHaJI Ka4CCTBa alllpOKCUMaluu HCHCBOﬁ 3aBUCHMMOCTH Ha BBI60pKC X{) KakK

CYMMY KBaJpaToB OIIMOOK:

4
Qe X?) = ) (gl ) = y)* CEY

OO6yuenue mo metoxy HauMeHbIuX kBaapatoB (MHK) coctout B Tom, 9T00BI
HAaWTH BEKTOP IMapamMeTpoB a”, TP KOTOPOM JOCTUTAETCS MHUHHUMYM CPEIHETO

KBapaTa OMHMOKY HA 3aJaHHOI 00y4Jaromel BrIoopke X *:

a* = arg min Q(a, X*). (8.2)

CranpapTHblii  CcOCOO pelIeHUs] 3TOM ONTUMU3ALMOHHOW 3aJaud  —
BOCIIOJIB30BAThCS HEOOXOJMMBIM yciioBHeM MuHMMyMa. Ecnu ¢ysnkuus g(x, a)
JIOCTATOYHOE Yuclio pa3 auddepeHurpyeMa mo «, TO B TOYKE MHUHUMYyMa

BBIIIOJIHACTCA CUCTEMA D ypaBHGHI/Iﬁ OTHOCHUTCJIBbHO P HCU3BCCTHLIX!

'
0 d
2 (x) =2 ;(g(xi, @) =y 52 (@) = 0. 83)

C ucrnonp30BaHKEM OMOIHOTEK MATMHHOTO 00yueHust hopmyJisl (8.1) —(8.2)
MOXHO pE€ajn30BaTh aBTOMATHYECKH, HO CJEIyeT TMOHMMAaTh, YTO KOHKPETHO

pean3yeT KaxIabli METO/.
O0opyaoBanne 1 MaTepuaJibl

JInst BBIMOJTHEHHS J1ab0OpaTOpHOM pabOTHl PEKOMEHIYETCS HCIOJIb30BaTh
IEPCOHATBHBI KOMIIBIOTED CO CIEAYIONUMH IPOTPAMMHBIMH  CPEACTBAMHU
pa3paboTku (BBIOpaTh OJMH WM HECKOJBKO TMPOTPaMHBIX MPOJYKTOB IS
NPAaKTHYECKOMN peau3aliuy 3aaa4 jJadoparopHoi padorsr): MS Visual Studio 2015
W BBIIIC, cpema paspaborku Java, wmurepmperatop Python (Anaconda) c¢

ounonmorekamu Matplotlib, seaborn, numpy.
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MeTOIlI/IKa N NMOPAAOK BBITIOJTHCHUSA paﬁoTLI

Hep ca BBIITOJIHCHUEM WHAUBUAYaJIbHOI'O 3adaHus1 PECKOMCHAYCTCA

BBIIIOJIHUTD BCE ITYHKTHI y4€OHOM 3aauH.

YueOHas 3a1a4a

Ycrosue. IlocTponTh naniuiaitd, peayin3yrolui pelieHrue 3a1a4l JTUHEUHON
OJJHOMEPHOU PErpeccum.

Pemenue. [{ns penieHust 3agauu HEOOXOJUMO HAMMCATh CKPUIT Ha SIBIKE

Python (pucysok 8.1).

1. NogkntoyeHne 6GubNUoTek

import numpy as np
import matplotlib.pyplot as plt
import pandas as pd

2. 3arpyska AaHHbIX ¥ pa3aerieHne Ha MaTpuLly NPU3HAKOB U 3aBUCUMYIO
nepemMeHHyH

dataset = pd.read_csv('./Salary Data.csv')
dataset.head()

YearsExperience Salary

0 1.1 39343.0
1 1.3 46205.0
2 15 377310
3 2.0 435250
4 2.2 39891.0
X = dataset.iloc[:, :-1].values

y = dataset.iloc[:, 1].values
print ("MaTpuua npw3Hakoe"); print(X[:5])
print ("3aeucuman nepemenHas"); print(y[:5])

Ma‘rpmua NMPU3HaKOB

[[ 1.1]

[ 1.3]

[ 1.5]

[ 2.]

[ 2.2]]

JaBuCcHMan nepemMeHHan

[ 39343, 462085, 37731, 43525, 39891.]
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Lesson 7. [NocTpoeHne nannnanHa perpecCcuy Last Checkpoint: 5 minutes ago (autosaved)
View Insert Cell Kernel Widgets Help Trusted
a B s ¥ M B C Code v

5. PasgeneHue BbIOOPKU Ha TECTOBYH U TPEHUMPOBOYHYHO

# from sklearn.cross validation import train test split
from sklearn.model selection import train_ test split
X _train, X test, y train, y test = train_test split(X, y, test size = 1/4, random state = 0)

6. O0yuyeHMe NMHEMHOW MoJENM perpeccum

from sklearn.linear_model import LinearRegression
regressor = LinearRegression()
regressor.tit(X train, y train)

LinearRegression(copy X=True, fit intercept=True, n_jobs=1, normalize=False)

7. NMpenckasaHue, obpaboTka n BU3yanusauma pesynbratoB

y_pred = regressor.predict(X_test)
print(y_pred)

[ 41656.25705466 123597.70938378  65443.50433372 63567.56223533
116093.94@99022 108590.17259667 117031.91203942 64505.53328452 ]

plt.scatter(X _train, y train, color = 'red")

plt.plot(X train, regressor.predict(X train), color = 'blue')
plt.title('salary vs Experience (Training set)')
plt.xlabel('yvears of Experience')

plt.ylabel('salary")

plt.show()

Salary vs Experience (Training set)

120000

100000 A

80000 1

Salary

60000 1

40000 A

Years of Experience
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plt.scatter(X test, y test, color = 'red")

plt.plot(X train, regressor.predict(X train), color = 'blue’)
plt.title('salary vs Experience (Test set)')
plt.xlabel('Years of Experience’)

plt.ylabel('salary')

plt.show

Salary vs Experience (Test set)

120000

100000 A

80000 1

Salary

60000 4

40000 { A4

2 4 6 3 10
Years of Experience

Pucynox 8.1 — Kog Python, orpaskarormii oOrmmii malriaiH s 3a1a49u
OJTHOMEPHOU PErpeccCun

NuauBuayajbHoe 3a1aHKe

1. [Tonbepute HabOp JaHHBIX HA pecypcax [5-7] u coriacyiTe cBoil BBIOOD ¢
npenojasareneM. CTyAeHT MOXKET NPEIJIOKUTh HA0Op JaHHBIX B COOTBETCTBUU C
TEMATUKON MAruCTEPCKOTO UCCIIEOBAHUS.

2. ITocTpoliTe MOJEIb PErPECCHH.
Conep:xkanue oTuera u ero ¢popma

Otuet 1o 1abopaToOpHO pabOTe AOIKEH COACPIKATh:

1. Homep 1 Ha3BaHue 1a00paTOpHOM pabOThI; 3aa4u JJa00OPATOPHOI pabOTHI.

2. Peanu3zanust Kaxa0ro nyHkra nojpasaena « MTHauBuayaibHoe 3alaHue» C
MPUBEJACHUEM HCXOJHOTO KOJla TMpOrpaMMbl, AuarpamMM u rpaduKoB s
BU3yaJIM3allMH TaHHBIX.

3. OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

4. DxpanHbie (HOPMBI (KOHCOIBHBIN BHIBOJ) U JIMCTHHT TPOTPAMMHOTO KOJIa C
KOMMEHTApHUSMHU, TTOKa3bIBAIOUINE TOPSAI0K BBINOJIHEHUS Ja00paTOPHOUN padOThI, U

PE3YyJIbTAThI, ITOJTYYCHHBIC B XO/IC €€ BBIIOJIHCHMUSI.
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OTuyeT O BBHINNOJHEHUHU na6opaT0pH0171 pa6OTBI MoANMChIBACTCA CTYACHTOM U

CAAaCTCs IPCIIOAaBaTCIIIO.

KOHTpOJIBHLIe BOIIPOCHI

1. TlouemMy mpu peanu3aliu JIMHEHHOW MOJEIH pPErpeccud HET
HEOOXOMMOCTH BHITIOJIHATH MAcIITAONPOBAHUE MPU3HAKOB?

2. Tlouemy mpW pealv3aliii MOJEITH JHUHEHHOW perpeccMd B KadecTBe
(GYHKIIMM TOTEPh HCIIOJIB3YeTCs KBaJpaTHYHOE OTKIOHEHHWE, a HE MOIYJb
OTKJIOHEHUSA?

3. Urto umenHo peanu3oBano B metoje fit(X, y) kimacca LinearRegression?

4. Yto Takoe p-3HadeHne? Kak pP-3HayeHUE UCIIOIB3YETCS IPU ONTUMU3ALUN
Mojienel perpeccun?

5. TlosicHuTe Ha3HaueHue MeToa predict kimacca LinearRegression.

6. [Tosicuute HasHauenue meronaa plot u scatter kimacca pyplot.

7. Ilo xakoil MOABBIOOpPKE HEOOXOAMMO OIICHMBATh TOYHOCTH MOJEIHU

MaIlIMHHOTO OOY4YEHUSI: TECTOBOU WJIM TPEHUPOBOYHOM ?

Cnmcok ureparypbl

J1J1s1 BBITIONTHEH WS J1a0OpaTOPHON pabOThI, TP MOATOTOBKE K 3aIIUTE, & TAKXKE

I OTBETA Ha KOHTPOJIBHBIC BOIIPOCHI PCKOMCHIAYCTCA HMCIIOJIB30BaTh CIACAYIOIIHNC

uctounuku: [1, 2, 5-7].



95
JJABOPATOPHAS PABOTA 9. UCIIOJIb3OBAHHUE
PA3PABOTAHHOI'O MAHIIJIAMHA JJISI MHOTOMEPHOM
PET'PECCHUHA

Ienu u 3axpaun

Ilenr mabGopaTopHOW pabOTHI: HAYUYUTHCS MPUMEHATH Pa3pabOTaHHBINA
nalrIaiH U1 TUPaXUPOBAHUS KOJA C IIEJIbI0 PEIleHUs] MIMPOKOro Kpyra 3ajad
MaIlIMHHOTO O0yYCHHUS.

OcCHOBHBIE 3a7a4M:

— TMOJy4YeHHWE HaBBIKOB pedakTopuHra KojJa B MPOEKTaX MAIIMHHOTO
oOyueHwus;

— TOJIydYeHUE HABBIKOB OIPECIICHUS] KIIIOYEBBIX NPHU3HAKOB B 3ajadax
MalTMHHOTO O0yUYeHHUS,

— TOJIyYCHHE HABBIKOB pEANTM3alMK KIIIOYEBBIX CTPATETHH ONTUMHU3AINH

MOJIEJICH pEerpecCcum.

Peasqim3zyemble KOMIIETEHIIUH

JlabopatopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIEIYIOUIUX

komnerennuii;: OITK-2.

Teopernueckoe 000CHOBaHUE
[Ipu pemennyn 3ama4 MHOTOMEPHON PETPECCH MCCIIEIOBATEI0 HEOOXO0IUMO
pelInTh psAJl oA3a/1ay:
1. Onpenenuts KOPPEIUPOBAHHOCTh MPU3HAKOB.
2. OnpenenuTh, Kakue MPU3HAKU CYIIECTBEHHBI MPU MOCTPOCHUU MOJEIU
perpeccuu.
[IpoGnema ompeneneHuss 3HAYUMBIX TPU3HAKOB MBs3aHA C MPOOIEMOi

CHMIKCHUA pa3MCPHOCTH.
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BaxxHoe 3HaueHHe MpH MHOTOMEPHOH perpeccu mpuodperaet oOpaboTka
KaTerOpHajbHBIX MPHU3HAOB. YacTo HEOOXOAMMO 3aMEHHTh KaTerOpUalIbHbIHN
NpU3HAK HA HA00p (PUKTHBHBIX NICPEMEHHBIX.

K mnpoGneme BbIOOpa 3HAYMMBIX TEPEMEHHBIX CYIIECTBYET HECKOJBKO
crpareruii (pakTUYEeCKH OTO METOIbI IMOCTPOCHUS MOJCIH MHOTOMEPHOM
perpeccun):

1. All-in. B narHOM mOAXO0/1e POU3BOAMTCS BKIFOUYCHUE BEEX MPHU3HAKOB B
MO/IEb.

2. Backward Elimination. B moxxoze mpeanosnaraeTcss 00ydeHUe MOJICTH C
y4eTOM BCEX IMPU3HAKOB M yJAJICHHE MPU3HAKOB IO OJHOMY HA OCHOBE HX
3HAYMUMOCTH JI0 JOCTH)KCHHUS CHUTYallMHM, KOTJa OCTAHYTCS TOJBbKO 3HAYHUMBIC
IPU3HAKH.

3. Forward Selection. ITogxom mpeanojaracT HadaJbHOE TECTUPOBAHHE
MO/ICJIN C OJTHUM MPU3HAKOM (TECTHPYETCS KaKIbIN MPU3HAK). 3aTeM T00aBIISIFOTCS
10 OJITHOMY Han0OoJiee 3HAYMMBbIC TIPU3HAKH.

4. Bidirectional Elimination. ITogxox coBmeraet ctpaTeruu 2 u 3.

5. Score Comparison.

Oob6opynoBanne 1 MaTepuaJibl

JInst BBIMIOJIHEHHST JTAOOPATOPHOM pPabOTHl PEKOMEHIYETCS HCIOJIb30BaTh
HEPCOHAIBHBI  KOMIIBIOTEP CO CICAYIONIMMH POTPAMMHBIMH  CPEICTBAMH
pa3paboTku (BBIOpaTb OJWH WM HECKOJILKO IPOrPAMHBIX IPOMYKTOB IS
NPaKTUYECKON peajn3alinu 3aaad jabopaTopHoit padotsl): MS Visual Studio 2013

Y BBIIIE; cpeaa pa3padboTku Java, uarepnperatop Python (Anaconda).

MeToanka v MOPSI/IOK BHINIOJHEHUS PA0OThI

Hep ca BBIITOJIHCHUECM WHAUBUYAJIbHOT'O 3adaHus PCKOMCHAYCTCA

BBITIOJIHUTD BCE ITYHKTHI y4eOHO 3a7auH.
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YueOHast 3a1aua
3aganme. Ha ocHoBe paspaboTaHHOro mnaWIiaiHa IS JIMHEHHOMN
OJTHOMEPHOU perpeccuu pazpadboTaTh MHOTOMEPHYIO MOJICTTh PETPECCHH.

Pemenue. JIyist pa3paboTKu MOAEIN HEOOXOAMMO PEaan30BaTh CICAYIOIIHMA

KOJI:

1.1 MoaknioyeHne 6ubNUOTEK

import numpy as np
import matplotlib.pyplot as plt
import pandas as pd

executed in 11.9s, finished 21:21:46 2019-10-11

1.2 3arpysKa JaHHbIX U pasfeneHue Ha MaTpULy NMPU3HAKOB U 3aBUCUMYIO NMepeMeHHYo
dataset = pd.read_csv('5@_Startups.csv')
dataset.head()

executed in 14ms, finished 21:49:36 2019-10-11

+ R&D Spend ¢ Administration ¢ Marketing Spend ¢ State & Profit ¢

0 165349.20 136897.80 471784.10 New York 192261.83
1 162597.70 151377.59 443898.53 California 191792.06
2 153441.51 101145.55 407934.54 Florida 191050.39
3 144372.41 118671.85 383199.62 New York 182901.99
4 142107.34 91391.77 366168.42 Florida 166187.94

X = dataset.iloc[:, :-1].values

y = dataset.iloc[:, 4].values

print ("MaTpuuya npusHakos"); print(X[:5])
print ("3aeucuman nepemeHnasn"); print(y[:5])

executed in Bms, finished 21:50:21 2019-10-11

MaTpuuya npuU3HaKos

[[165349.2 136897.8 471784.1 'New York']
[162597.7 151377.59 443898.53 'California']
[153441.51 101145.55 487934.54 'Florida']
[144372.41 118671.85 383199.62 'New York']
[142187.34 91391.77 366168.42 'Florida']]

1.3 O6paboTKka NponyLeHHbIX 3Ha4YeHN!

# from sklearn.preprocessing import Imputer

# imputer = Imputer(missing_values = 'NaN', strategy = 'mean', axis = @)
# imputer = imputer.fit(X[:, 1:3])

# X[:, 1:3] = imputer.transform(X[:, 1:3])

# print(X)

1.4 O6paboTka KaTeropuanbHbIX AaHHBIX

1.4.1 3ameHa kateropuu koaom (LabelEncoder)

# from sklearn.preprocessing import LabelEncoder
# Labelencoder_y = LabelEncoder()

# print("3a8ucumas nepemeHHas do obpabomku")

# print(y)

# y = labelencoder_y.fit_transform(y)

# print("3a8ucumas nepemeHHas nocae obpabomku")
# print(y)
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1.4.2 MpumeHeHue OneHotEncoder

from sklearn.preprocessing import LabelEncoder, OneHotEncoder
labelencoder = LabelEncoder()

X[:, 3] = labelencoder.fit_transform(X[:, 3])
onehotencoder = OneHotEncoder(categorical_features
X = onehotencoder.fit_transform(X).toarray()
print("MNepekoaupoBKa KaTeropuManbHOro npusHaka')
print(X[:4,:]1)

executed in 8ms, finished 21:50:24 2019-10-11

(3D

I'Iepexo,qupoBKa KaTeropvanbHoro npusHaka

[[o.o000000c+08 @. +00 1. +00 1.6534920e+85 1.3689780e+@5
4.7178410e+05]
[1.9000000e+00 ©.0008000e+00 ©.00000P02+00 1.6259770e+05 1.5137759e+85
4,4389853e+05 ]
[e. +60 1. +00 0. +08 1.5344151e+05 1.8114555e+05
4.0793454e+05]
[0.00000R0+08 0.000C060+08 1.00000002+00 1.4437241e+05 1.18567185+85
3.8319962e+85]]

1.5 Ons npegoTBpalleHnsa MyNbTUKONNEeHMBPHOCTH HeoBXoaumo n3baBnTLCA OT OOHON U3
HUKTUBHLIX NepeMeHHbIX, no6aBneHHbIX B pesynkTaTe 06paboTku KaTeropuanbHbIX NPU3HAKOB

X = X[:, 1:]
print(X[:4,:1)
executed in 4ms, finished 21:50:50 2019-10-11
[[e. +00 1. +80 1.6534920e+05 1.3689780e+05 4.7178410e+85]
[@.c0c0000e+00 ©.00P000Re+00 1.6259770e+85 1.5137759e+05 4.4389853e+85]

[1.e00c0000e+00 ©.0000008e+00 1.5344151e+05 1.0114555e+405 4.0793454e+05]
[e.00c0000e+00 1.0000008e+00 1.4437241e+05 1.1867185e+4085 3.8319962e+5]]

1.6 PasgeneHue BbIGOPKM HAa TECTOBYK U TPEHUPOBOYHYHO

# from sklearn.cross_validation import train_test_split
from sklearn.model_selection import train_test_split
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size = 9.2, random_state = 9)

executed in 3ms, finished 21:51:04 2019-10-11

1.7 OBy4eHMe NUHEWHOW MOLenNu perpeccum

from sklearn.linear_model import LinearRegression
regressor = LinearRegression()
regressor.fit(X_train, y_train)

executed in 5ms, finished 21:51:10 2019-10-11

1.8 OGpaboTKa pesynLTaToB, THOHUHI MOAeNun

1.8.1 MpepckaszaHue

y_pred = regressor.predict(X_test)
print(y_pred)

executed in 3ms, finished 21:51:13 2019-10-11

[1e3015.28159795 132582.2776@817 132447.73845176 71976.89851257
178537.48221058 116161.24230165 67851.69209675 98791.73374686
113969.43533013 167921.06569553]

Pucynok 9.1 — Koa Python asis moctpoenus Mo/iein MHOTOMEPHOM perpeccuu

Ha nanubIii MOMEHT mpou3BeneHO OOydeHHe MOJeTM Ha BCEM Habope
npu3HaKoB. JIJIs ONTUMHU3ALKMK MOJCIH peanu3yeM ctpareruio Back Elimination

(pucynk 9.2).
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1.8.2 OnTummusauma mogenu

import statsmodels.formula.api as sm

X = np.append(arr = np.ones((58, 1)).astype(int), values = X, axis = 1)
X_opt = X[:, [, 1, 2, 3, 4, 5]]

regressor_0OLS = sm.OLS(endog = y, exog = X_opt).fit()
regressor_OLS.summary()

executed in 22ms, finished 21:51:17 2019-10-11

coef  stderr t Pt [0.025  0.975]
const 5.0132+04 6884.820 7.281 0.000 3.62e+04 6.4e+04
x1 198.7888 3371.007 0.059 0953 -6595.030 6992.607

X2 -41.8870 3256.039 -0.013 0.990 -6604.003 6520229

X3 0.8060 0.046 17.369 0.000 0.712 0.900
x4 -0.0270 0.052 -0.517 0.608 -0.132 0.078
x5 0.0270 0.017 1.574 0.123 -0.008 0.062

X_opt = X[:, [e, 1, 3, 4, 5]]
regressor_OLS = sm.OLS(endog = y, exog = X_opt).fit()
regressor_OLS.summary()

executed in 20ms, finished 21:52:56 2019-10-11

coef  stderr t Pt [0.025  0.975]
const 5011e+04 B647.870 7.537 0.000 3.67e+04 6.35e+04

x1 220.1585 2900.536 0.076 0.940 -5621.821 6062.138

x2 0.8060 0.046 17.606 0.000 0.714 0.898
x3 -0.0270 0.052 -0.523 0.604 -0.131 0.077
x4 0.0270 0.017 1.592 0.118 -0.007 0.061

X_opt = X[:, [e, 3, 4, 5]]
regressor_OLS = sm.OLS(endog = y, exog = X_opt).fit()
regressor_OLS.summary ()

executed in 19ms, finished 21:53:11 2019-10-11

coef  stderr t Pelt| [0.025  0.975]

const 5.012e+04 6572.353 7.626 0.000 369e+04 6.34e+04
x1  0.8057  0.045 17.846 0.000 0715  0.897
X2 -0.0288  0.051 -0.526 0.602  -0.130  0.076
X3 00272 0016 1655 0.105 -0.006  0.080

X_opt = X[:, [e, 3, 5]]
regressor_OLS = sm.OLS(endog = y, exog = X_opt).fit()
regressor_OLS.summary()

executed in 20ms, finished 21:53:30 2019-10-11
coef std err t P>|t] [0.025 0.975]
const 4.698e+04 2689.933 17.464 0.000 4.16e+04 5.24e+04
x1 0.7966 0.041 19.266 0.000 0.713 0.880
x2 0.0299 0.016 1.927 0.060 -0.001 0.061
X_opt = X[:, [@, 31]

regressor_OLS = sm.OLS(endog = y, exog = X_opt).fit()
regressor_OLS.summary ()

executed in 18ms, finished 21:53:49 2019-10-11
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Dep. Variable: y R-squared: 0.947
Model: OLS  Adj. R-squared: 0.945
Method:  Least Squares F-statistic: 8498
Date: Fri, 11 Oct 2019 Prob (F-statistic): 3.50e-32
Time: 21:53:49  Log-Likelihood: -527.44
No. Observations: 50 AlC: 1059.
Df Residuals: 48 BIC: 1063.
Df Model: 1
Covariance Type: nonrobust
coef std err t P>|t] [0.025 0.975]
const 4.903e+04 2537.897 19.320 0.000 4.39e+04 5.41e+04
x1 0.8543 0.029 29.151 0.000 0.795 0.913
Omnibus: 13.727 Durbin-Watson: 1.116
Prob(Omnibus): 0.001 Jarque-Bera (JB): 18.536
Skew: -0.911 Prob(JB): 9.44e-05
Kurtosis: 5.361 Cond. No. 1.65e+05

Pucynok 9.2 — Onrumusanust MoJIeJIi MHOTOMEPHOUM PErpeCCrun

BrinonnuTe nHAMBUAYAIIBHOE 3aJJaHUE.

NuauBuayajbHoOe 3aJaHue

1. [Tonbepute HabOp JaHHBIX HA pecypcax [5-7] u coriacyiTe cBoil BBIOOD ¢
npenojasareneM. CTy€HT MOXET NPEIJIOKUTh HA0Op JaHHBIX B COOTBETCTBUU C
TEMATUKOW MAruCTEPCKOTO UCCIEAOBAHUS.

2. llocTtpoiite MoOJieTb MHOTOMEPHOM pErpeccud C UCIOJIb30BaHUEM

crpaterun backward elimination.

Conepxxanue or4yera u ero popma

Otyet mo 1abopaTopHOM paboTe MOJKEH COMIEPKATh:

1. HoMep u Ha3BaHue J1a00paTOpHOI pabOThI; 3a1a4u Ja00OPaTOPHOUN PaObOTHI.

2. Peanuzanmst Kaxaoro myHKTa noapasaena « MHauBuayanpHOe 3aJaHie» C
MPUBEJACHUEM HCXOJHOTO KOJla TMpOorpaMMbl, auarpaMM W TpapuKoOB IS
BHU3YyaJIN3aIH TaHHBIX.

3. OTBeTHI HA KOHTPOJIbHBIE BOMPOCHI.
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4. DxpaHHble (POpMBI (KOHCOIBHBIN BBIBOJ) U JUCTUHI IPOTPAMMHOIO KO/Ia C
KOMMEHTAPHUSMH, [TOKa3bIBAIOLIUE TOPSIO0K BBIIIOJHEHHS JTJA0OPATOPHOM pabOThI, U
pe3yibTaThl, IOJIYYCHHBIE B XO/I€ €€ BBIIIOJHEHHUS.
OT4eT O BBINOJHEHUH JTAOOPATOPHON pabOThI MOIMUCHIBACTCA CTYACHTOM H

CAACTCs IPCIIOAaBaATCIIIO.

KOHTpOJIBHLIe BOIIPOCHI

1. Ilouemy mnpu peanu3auud MHOTOMEPHON JIMHEHHOM perpeccuu
HE00X0AMMO J00aBUTh (PUKTUBHBINA MPU3HAK C €IMHCTBEHHBIM 3HaUeHHEM 1.07.

2. To Takoe QukTuBHas nepeMeHHas? lloscHuTe NpuUKMHY yJaJeHus OIHOM
(UKTUBHOW MEPEMEHHOM, BO3HUKAIOIIEH MpPHU IMEPEKOJUPOBKE KaTErOpUaIbHOTO
IIPU3HAaKa.

3. Ha ocHOBe Kakoro KpUTEepUsi MOXKHO BBIOMpATh YJaJIsI€Mblil MPU3HAK B
anroputme back elimination.

4. B yem 3akimovaercs anroputM all-in regression?

5. B yem 3akirouaercs anroputm forward selection regression?

6. B uem 3akmrouaercst anroputm Bidirectional Elimination?

7. Ctparerus Backward Elimination npeamnonaraer yaaaeHue Npu3HaKoB Ha
OCHOBE aHaimm3a pP-kputepuss. Kak peanns3oBaTe yhaneHue TMpPU3HAKOB B

aBTOMATHYECKOM pekume?
Cumcok ureparypbl
J1J1s1 BEITIOJTHEH S JTaOOpaTOPHOW pabOTHI, TP MOATOTOBKE K 3aIIIUTE, & TAKXKE

AJIs1 OTBETA HA KOHTPOJIBHBIC BOIIPOCHI PCKOMCHAYCTCA MCII0JIB30BATh CICAYIOIINC

ucrounuku: [1, 2, 5-7].
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JIABOPATOPHAS PABOTA 10. TIOJIMHOMMUAJIBHASA
PETPECCHUA

Ienu u 3axpaun

lens naGopaTtopHOil pabOThI: HAYYHUTHCS MPUMEHSATH pa3paOOTaHHBIN
MaNIUIaiH U1 TAPAKUPOBAHUS KOJIA C LEJIbI0 PEMIEHUS 331a41 MTOJIMHOMHUAIBHON
perpeccun.

OCHOBHBIC 33/1a4H:

— TIOJIydYEeHUE HaBBIKOB pe(paKTOpUHra KoJa B IPOCKTaX MAaIIUHHOIO
oOyueHus;

— M3YYCHHE TIOBEACHHS MOJCIM IMOJMHOMHUAJIBHOW PErpecCuu MpH
W3MCEHEHUU CTEICHU ITOJIMHOMA;

— ocBoenue moaudukaiuii KNN-metoa.

Peanm.yeMbIe KOMIICTCHIINHU

JlabopaTopHass paboTa HampaBieHa Ha (OPMHPOBAHUE CIIEIYIOUIUX

komnerennuii; OIIK-2.

Teopernueckoe 060CHOBaHHE

JIuneitnas u napabonnyeckast MOJIEIH SIBJISIOTCS YACTHBIMU ClTydasiMu Oosiee
CJIOKHOUW MOJEN — IMTOJTUHOMUATBLHOU. [IoCTpOUTh MOJIENTB pETPECCHU — 3TO 3HAUUT
HalTU mapaMeTpbl TOM (QyHKIUHU, KoTopas Oyaer B Hel ¢urypupoBaTh. s
JMHENHOM perpeccun — ABa mapameTpa: KodpPuimeHT u cBOOOHBIN YJICH.

[TonruHOMUanbHast perpeccuss MOMKET TMPUMEHSTHCS B MaTeMaTHYECKOU
CTATUCTUKE MPU MOJACIUPOBAHUU TPEHJIOBBIX COCTABJISIIOIINX BPEMEHHBIX PSIOB.
BpemenHoil psan — 3T0, MO CYTH, psIi YUCEI, KOTOPBIE 3aBUCIT OT BpPEMEHHU.

Hanpumep, cpeaHue 3HaueHNs TEMIEPATYPBI BO3AyXa MO JHSAM 3a MPOIIEAIINN 01,
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UMM J0XOX mpeanpusatus mno MecsuaMm. Ilopsanox MopenupyeMoro IoiavuHoMa
OLICHUBAETCS CIIELUAIBHBIMU METOJaMM, HalpuMmep, Kpurepuem cepuid. Llensb
IOCTPOEHHUS MOZEIIN TOJIMHOMHUAJIBHOM perpeccuu B 00J1aCTU BPEMEHHBIX PSIIOB BCE

Ta K€ — IIPOTHO3UPOBAHUC.

O0opynoBanue U MaTepHAJIbI

JIist BBIMOTHEHUST 1a00paTOpHOM paboOThl PEKOMEHAYETCS HCIOIb30BaTh
MEPCOHAIBHBIA KOMIIBIOTEP CO CIHEAYIOUIMMHA MPOTPaMMHBIMHU  CpPEICTBAaMU
pa3paboTKku (BbIOpaTh OAMH WJIM HECKOJBKO MPOrpamMHBIX MPOIYKTOB MJIs
NPaKTUYECKON peau3aliy 3a1ad JlaboparopHol paboTeiHTEprpeTatop Python

(Anaconda).

MeToanka v MOPSIIOK BHINIOJHEHUS PA0OTHI

Hepez[ BBIITOJIHCHUCM HWHAWBUAYAJIIBHOT'O 3adaHus PCKOMCHAYCTCA

BBINIOJIHUTD BCE ITYHKTHI y4e€OHO 3aauH.

YueOHas 3a1aua

3aganue. Ha ocHoBe paspaboTraHHoro mnaWmiaiHa s JIMHEHHOMN
OJITHOMEPHOMU perpeccuu pa3padoTaTh NOJUHOMHAIBHYIO MOJIEIb PETPECCHH.

Pemenue. Jlist pazpaboTku Mojeau HEOOXOIUMO Peaanu30BaTh CIACAYIONTUI

KOJI:
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1.1 MopknroyeHne DMONUOTEK

import numpy as np
import matplotlib.pyplot as plt
import pandas as pd

executed in 510ms, finished 22:35:43 2019-10-11
12 3arpy3Ka JaHHbIX U pa3gefieHWe Ha MaTpuuy NpPU3HaAKoB U 3aBUCUMYIO NepeMeHHYH
dataset = pd.read_csv('Position_Salaries.csv’)

dataset.head()
executed in 23ms, finished 22:35:54 2018-10-11

4

Position # Level # Salary &

0 Business Analyst 1 45000
1 Junior Consultant 2 50000
2 Senior Consultant 3 60000
3 Manager 4 80000
4 Country Manager 5 110000

1.6 ObyueHue mogenu

1.6.1 OBy4eHne NUHeNHOW Moaenu

from sklearn,linear model import LinearRegression
lin_reg = LinearRegression()
lin reg.ftit(X, vy)

executed in 834ms, finished 22:38:01 2019-10-11

LinearRegression(copy_X=True, fit_intercept=True, n_jobs=None,
normalize=False)

1.6.2 OBy4eHne NnonMHOMUAaNLHOW MoAenU

from sklearn.preprocessing import PolynomialFeatures
poly reg = PolynomialFeatures(degree = 10)
X poly = poly reg.fit transform(x)
poly reg.fit(X_poly, y)
lin reg 2 = LinearRegression()
lin_reg 2.fit(X_poly, y)
executed in 45ms, finished 22:59:17 2019-10-11

LinearRegression(copy X=True, fit intercept=True, n_ jobs=Hone,
normalize=False)
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1.7 MNpepckasaHue, obpaboTka U BU3yanu3auusa pesynbLTaToB

y_pred_lin = lin_reg.predict([[6.5]])

y pred poly = lin reg 2.predict(poly reg.fit transtorm([[6.5]]))
print(y_pred_lin, y_pred_poly)

plt.scatter(X, y, color = 'red’)

plt.plot(X, lin_reg.predict(X), color = 'blue")

plt.title( 'Truth or Bluff (Linear Regression)')
plt.xlabel('Position level')

plt.ylabel('Salary")

plt.show()

executed in 137ms, finished 22:53:36 2019-10-11

[330378.78787879] [176235.71632004]

Truth or Bluff (Linear Regression)
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600000
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plt.scatter(X, y, color = 'red")

plt.plot(X, lin reg 2.predict(poly reg.fit transform(X)), color = 'blue')
plt.title( Truth or Bluff (Polynomial Regression)')

plt.xlabel( 'Position level")

plt.ylabel('Salary")

plt.show()

executed in 134ms, finished 22:59:21 2019-10-11

Truth or Bluff (Polynomial Regression)
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X grid = np.arange(min(X), max(X), ©.1)

X_grid = X_grid.reshape((len(X_grid), 1))

plt.scatter(X, y, color = 'red’)

plt.plot(X_grid, lin_reg 2.predict(poly_reg.fit_transform(X_grid)), color = 'blue’)
plt.title( 'Truth or Bluff (Polynomial Regression)’)

plt.xlabel('Position level')

plt.ylabel( 'salary")

plt.show()

executed in 135ms, finished 22:59:24 2019-10-11
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1000000 ]

800000

600000

Salary

400000

200000

Paosition level




106

Pucynok 10.1 — Kox Python ms moctpoeHust Moieu MoJIMHOMHATbHOM
perpeccuu

PaCCMOTpI/IM KaKk  HM3MCHACTCA MOACIIb IIpyU  HU3MCHCHHUHU  CTCIICHU

arpoKCcUMUpYromero nojuHoMa (pucysk 10.2).

Truth or Bluff (Polynomial Regression) Truth or Bluff (Polynomial Regression)
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n=3 n==6
Pucynok 10.2 — AHanmM3 Mo1€JIM MOJIMHOMHUAJIBHOM Perpeccuu

OueBHAHO, YTO TMPU peaTU3alUU TMOJUHOMHUAIBHOW PErpeccuu HET
HEOOXOJIMMOCTH B HEMOTHBUPOBAHHOM YBEIMYEHUU CTENEHU AalMpOKCHUMAIUU.

BrimonauTe HHAWBUIYAJIbHOC 3aIaHNUC.

NuauBuayajbHOE 3a1aHKe

1. [Tonbepute HabOp JaHHBIX HA pecypcax [5-7] u cormacyiTe CBoil BBIOOD ¢
npenojasareneM. CTyI€HT MOXKET IPEAJIOKUTh HA0Op JAHHBIX B COOTBETCTBUU C
TEMaTUKOW MarucTepCKOro UCCIIEIOBAHMS.

2. TloctpoiiTe Monelb MOIMHOMHUAIBLHOM PETPECCUM C HUCIOJIb30BAHUEM.

[Ipoananu3upyiTe KpUBBIE alIITPOKCUMALIUU TTPU PA3JTUYHBIX CTEIIEHSIX MOJMHOMA.
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Conep:xanue oTyera u ero gpopma

Otuet no 1abopaTopHOM paboTe JOJKEH COJIePKaTh:

1. Homep u Ha3BaHue 1ab0paTOpHOI pabOTHI; 3a1a9u JTa00PATOPHOM pabOTHI.

2. Peann3zanus Kaxaoro myHkKTa nojapasaena « MTHauBuayaibHOE 3a1aHUE» C
NPUBEJACHUEM HCXOJIHOTO KOJla [MporpaMMbl, auarpaMM U Tpa@uKoOB IS
BU3yaJIN3allM TaHHBIX.

3. OTBETHI Ha KOHTPOJIbHBIE BOIIPOCHI.

4. DxpanHbie HOpMbI (KOHCOJIBHBIN BBIBOJ) U JIMCTUHT POTPAMMHOIO KOJIa C
KOMMEHTAPHUSIMH, MOKA3bIBAIOIINE MOPSIOK BHIMOJHEHUS JITAOOpATOPHOU pabOThI, U
pe3yJbTaThl, TOJTYYEHHBIE B XO€E €€ BBIIIOJIHECHUS.

OTyeT o BBINOJIHEHUU Ja00OPATOPHON PabOThI MOAMUCHIBACTCS CTYJICHTOM U

CHacTCs IPCIIOAaBaTCIIIO.

KOHTpOJIbHLIe BOIIPOCHI

1. TIlouemy mnpm peanmu3auuy MHOTOMEPHOM JIMHEMHOM PErpecCUM
HE00X0AMMO J00aBUTh (PUKTHUBHBINA MPU3HAK C €IMHCTBEHHBIM 3HaUeHHeM 1.0?

2. Yto Takoe ¢pukTrBHAs niepemeHHas? [losicHuTe mpuurHy yaajieHus OaHOU
(UKTUBHOW MEpEeMEHHOMN, BO3HUKAIOIIEH MPH MEPEKOJUPOBKE KAaTErOpUaIbHOTO
IIPU3HAaKa.

3. C ncronbs30BaHMEM KaKOro Kjiacca CO3AAaeTCsl MOJAEINb MOJIUHOMHUAIBHON
perpeccun?

4. Tlosicuute npUHUUI TNpeoOpa3oBaHMsl MPU3HAKOB IMPU IMOCTPOCHUH
IIOJIMHOMUAJILHOU PErpecChu.

5. BOo3MOXHO M PUMEHEHHE TEXHOJIOTUH MacIITaOUpOBaHUS MPU3HAKOB

MpU pean3aliy NOJMHOMUAIBHOU perpeccuun’?

Cnncok ureparypbl
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I[J'Iﬂ BBIITIOJTHCHHUA Ha60paTOpHOﬁ pa6OTBI, IIPH IMOATOTOBKCE K 3alIUTEC, 4 TAKIKC
AJIs1 OTBETA HA KOHTPOJIBHBIC BOIIPOCHI PCKOMCHAYCTCS MCII0JIb30BaTh CICAYIOIIHC

uctounuku: [1, 2, 5-7].
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3AK/IIOYEHUE

VYyebHoe mocobue (JIabOpaTOpHBIA  MPAKTUKYM) 1O  JUCIUIUIMHE
«VIcKyCCTBEHHBIM HWHTEIJIEKT B MNPOQPEecCHOHANBHON cdepe» s CTYACHTOB
HanpasneHus: 09.03.02 «MudpopmanmonHbie cucTeMbl U TexHoJorum». IlocoOue
OXBAaThIBAET TEOPETHUUECKHUE ACHEKThl IMOCTPOEHMSI MH()OPMALIMOHHBIX CHCTEM Ha
OCHOBE METOJIOB HMCKYCCTBEHHOTO HMHTEIUIEKTa, a TakKXKe IpelasiaraeT CTyIeHTaMm
IPAKTUYECKUE PEKOMEHJAIMU 10 pa3padOTKe CUCTEM HAa OCHOBE MTEOJIOB
UCKYCCTBEHHOI'O0 MHTEJIeKTa. OCHOBHOE BHUMAHHUE YJIEISIETCS TEOPUH O0yUYeHUs
MallliH (MamuHHoe o0ydyeHue, machine learning).

B mnocobum paccMOTpeHbl NPAKTUYECKUE AaCHEKThl MPOEKTUPOBAHUS U
pa3paboTku WHGOPMAIMOHHBIX CHCTEM /IS PEIICHUS pPa3IU4YHBIX 3a7ad C
UCIOJIb30BAaHUEM CIICAYIOIUX MOJXOAOB: JUHEHHBIX METOA0B KiacCU(pUKALIUH,
anmnapaTta HeHpOHHBIX ceTell, 0alileCOBCKUX METOJ0B KJIaCCU(PUKALIUHU, aITOPUTMOB
BOCCTAHOBJICHHSI PETPECCUH, aJITOPUTMOB JIOTHUECKOM Ki1acCH(DUKAIIHH.

MHorue 3ai1auu, BO3HUKAIOIINE B MPAKTUYECKUX MPHUIIOKEHUSAX, HE MOTYT
OBITh pEIlIeHBI 3apaHee U3BECTHRIMU METOIAMH WJIH AITOPUTMAMH. DTO IPOUCXOTUT
no TOW MpPUYMHE, YTO HaM 3apaHee HE W3BECTHbl MEXaHU3MBI TMOPOKICHUS
UCXOJHBIX JIaHHBIX WM K€ HM3BECTHas HaM HHQpOpMaIUs HEeIOCTaTO4YHA JJIs
MOCTPOCHHUS MOJEIM MCTOYHUKA, TEHEPUPYIOUIETO MOCTYMHAIOIINE K HaM JaHHBIE.
Kak roBopsT, Mbl IOJTy4aeM JaHHBIE U3 «UEPHOTO SIIHUKa». B 3THX yCIOBHUIX HUYETO
HE OCTAaeTCsl, KaK TOJIBKO M3Yy4aTh JOCTYIHYIO HaM MOCJEI0BATEIIbHOCTh UCXOTHBIX
JaHHBIX W TBITATHCS CTPOUTH TMPEACKA3aHWs COBEPIICHCTBYS HAIy CXEMYy B
nporecce npeackazanus. [loaxoa, mpu KOTOPOM Mpo- HUIbIE JaHHBIE WK TPUMEPHI
UCTIONB3YIOTCSL /I TIEPBOHAYAILHOTO (OPMHUPOBAHUS M COBEPIICHCTBOBAHUS
CXEMbl TpeACcKa3aHus, Ha3bIBACTCA METOJOM MamuHHOro oOydenus (Machine
Learning). MamuHHOe 00y4deHHUE — YpPE3BBIYAMHO MIMPOKAsS U JUHAMUYECKU
pa3BHBarOMIasicss O0NAacTh WCCIEAOBAHUN, WCIMOMIB3YIONIas OTPOMHOE YHCIIO

TCOPCTUYCCKUX U IIPAKTHYICCKHUX MCTOIAOB.
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