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BBEJAEHUE

1. Hean w 3agaum ocBOeHHsi AUCUHMNIMHBbI. OCHOBHAas IeNb — JAaTh
CTyJICHTaM TEOPETHUYECKOE TIPEICTABICHHE O COBPEMEHHBIX TpodiieMaMax B
00J1acTH CHCTEM HMCKYCCTBEHHOTO WHTEIUICKTAa W MAlIMHHOTO OOYYEHHS, a TaKkKe
MTO3HAKOMHTH C ITyTSMHU UX PEIICHUS.

[TocoOue mpeaHa3zHAa4eHO ISl CTYJAEHTOB, OOJAMAIOIIMX TEOPETUYCCKUMHU
3HaHUSAMH B 00JIACTH MPOCKTUPOBAHUS MPUIOKCHUIA W TPAKTUYECKUMHU HAaBBIKAMU
nporpaMmmupoBanus (npeanoututenbHo s3biku C, C++, C#, Python, R). Ilens
y4eOHOTO TocoOusi: CchOpMHpPOBATH Yy CTYACHTOB IIEJIOCTHBIM B3IV Ha
COBpEMEHHBIC TEHICHIIMM B OO0JIACTSAX MAIIMHHOTO OOYYEHHs, MCKYCCTBEHHOTO
WHTEJUICKTa, aHaJIn3a TaHHBI3; ChOPMUPOBATH CHCTEMY KOMITCTCHITHA.

YyebHoe mocobue (J1abOpaTOpHBIA  MPAKTHUKyM) 1O  AUCIUIUIMHE
«MCKyCCTBEHHBIN MHTEIUICKT M MAIITMHHOE OOYYECHHE) VIS CTYICHTOB HAIPABIICHUS
10.03.01 «Mudhopmanronnas 0€30I1aCHOCTHY. ITocobue OXBaThIBACT
TEOPETUYECKHE AaCTEeKThl IMOCTPOSHUS HWH(MOPMAIMOHHBIX CHUCTEM Ha OCHOBE
METOJIOB HMCKYCCTBEHHOT'O HWHTEJUIEKTa, a TakkKe IMpeaaraeT CTyJcHTam
MPAKTUYECKUE PEKOMEHJAIMU TI0 pa3pabOTKe CUCTEM HA OCHOBE MTEOOB
UCKYCCTBEHHOTO MHTEeJIeKTa. OCHOBHOE BHUMAHHE YICISICTCS TEOPUU OOYUYCHHUS
MaruH (MamuHHOe 00y4yeHue, machine learning).

B mocobum paccMOTpeHBI MPAaKTUYECKHE AacIeKThl MPOCKTHPOBAHUS U
pa3paboTku WHOOPMAIMOHHBIX CHUCTEM IS PEIICHHS pPa3IMYHBIX 3a7ad ¢
WCIIOJIb30BAaHUEM CJICAYIOIMNUX MOJXO/0B: JIMHEWHBIX METOJIOB Kiacchu(HKaIuy,
anmapaTta HeHPOHHBIX ceTel, 6alieCOBCKUX METOJIOB KJIACCU(PUKAIINH, aITOPUTMOB
BOCCTaHOBJICHHSI PETPECCHH, aJITOPUTMOB JIOTHIECKOU KITaCCHU(UKAIIHH.

MHuorue 3amayu, BOSHUKAIONINE B MPAKTUYECKUX MPUIIOKECHHUSIX, HE MOTYT
OBITh pEIICHBI 3apaHee U3BECTHBIMU METOJAMU WIIH alITOPUTMAMH. DTO MIPOUCXOTUT
0 TOW NTPUYMHE, YTO HaM 3apaHee HE HW3BECTHHI MEXAHHM3MBI IOPOKICHUS
UCXOJHBIX JIaHHBIX WJIM JK€ HM3BECTHas HaM HWHQOpMAaIus HEAOCTaTOYHa st
MIOCTPOCHUSI MOJIEIM MCTOYHHKA, TEHEPUPYIONIETO MOCTYIAIIINE K HaM JIaHHEBIE.

Kak TOBOPST, MBI ITOJIY49aCM JAHHBIC U3 KUCPHOTO ALIUKAY. B aTtux YCJIOBUAX HUYCTO



HC OCTACTCA, KaK TOJIbKO N3y4aTb JOCTYIIHYIO HAM ITIOCJICAOBATCIIbHOCTh HCXOJHBIX
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JAaHHBIX W IIBITATBCA CTPOUTH IIPCACKA3aHUA COBCPHICHCTBYS HAIIy CXEMY B

npouecce npeackazanus. [loaxon, npyu KOTOPOM MpoO- HIIbIE JAHHBIE UM IPUMEPHI

UCIIOJIB3YIOTCSL ISl TIEPBOHAYAIBHOTO (OPMUPOBAHUS W COBEPIICHCTBOBAHUS

CXEeMbl MpEACKa3aHMs, Ha3bIBAE€TCA METOJAOM MamuHHOro oOyuenus (Machine

Learning). MamunHOe 00ydeHHWE — YpE3BBIYAMHO MIMPOKAas WU JUHAMUYCCKU

Pa3BUBAOIIAACA 001acTh HCCJICI[OB&HPIﬁ,

TCOPETUUCCKUX U ITPAKTHICCKHUX MCTO0B.

HUCIIOJIB3YIOoOIasA OIrpoOMHOC YHCIIO

Kox, popmynuposka

Kox, popmynmpoBka nnaukatopa

HnaHpreMHe PE3YJIbTAaThI

KOMIIETEHIUU 00y4YeHUs IO TUCITUTLIINHE
(MonyII0), XapaKTepU3yIOIINe
aTarbl OPMUPOBAHUS
KOMIIETEHIINI, HHIUKATOPOB
IK-7. Cnocoben | MJI-1 Omnpenensger  KpuTepuu | BeImonHseT aHanu3 aHAIUTHYECKUX
aflanTHpOBaTh W | aHAIUTHYECKUX 3ajad, peLIeHue | 3aj1ad, peueHue KOTOPBIX
MOIUGULIPOBATH KOTOPBIX  MNPEANOYTUTEIBHO  C | MPENIOYTUTEIBHO c
CICHHAIN3UPOBAHHOC | picrmoip30BaHUEM TEXHOJIOTUH | MCIIOJIb30BaHUEM TEXHOJIOTUH
[POTPaMMHOC MaIIMHHOIO 00YYeHUsI MAIIMHHOIO 00YYEeHUs!
obecrietenne, METOM! UJ-2 OGocHOBBIBaE€T NPUMEHEHHE | AHAIU3UPYET 3¢ (EeKTUBHOCTB,
M QITOPUTMBL CHCTEM | 156 ygp MHOTO — ANrOpUTMA | KPUTHYECKH OIIEHHBAaEeT u
HCKYCCTBEHHOTO
AHTeIICKTA y | MAUIMHHOrO 00y4eHus1 [UIsl pellieHHs | aJanTUPyeT aNrOPUTMbI MAIIMHHOTO
ManEHOro oGyueHns | KCHKPETHOH 3a%atn o0yueHus JUIst peleHus
B MnpodeccuoHaIbHON KOHKPETHBIX 3a/a4
NEeATENbHOCTH Wa-3 Bmaneer HaBplkaMu | Peammsyer  sramel  pa3paboTku
pa3paboTku OpOTrpaMMHOTO | TIPOTPAMMHOTO obecrieueHus,
oOecrieueHus, MoJeneit U | MOJenel W anropuTMOB HAa OCHOBE
aNTOPUTMOB JUTS paboTel | Momenei HCKYCCTBEHHOTO
UCKYCCTBCHHOI'O  HMHTEIUIEKTa W | WHTEJUIEKTa " MAaIIUHHOTO
MAIIMHHOTO 00YYCHHUS o0OydeHus
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Tema 1. OcHOBHBbIE KOHLENIUY MAIIIUHHOTO O0y4YeHUSA
JlabopatopHas pabota 1. HHCTpyMEHTAJIbHbIE CPEICTBA MAILIMHHOTO

0o0yueHus

enun u 3apaun

Ilenp nabGopaTopHO pabOTHI: H3Y4YEHHE NPOrPAMMHBIX CPEACTB s
OopraHu3aluy padoyero Mecra CHeUUalIKucTa MO0 aHaJIU3y JAHHBIX U MAllMHHOMY
00y4YeHHIO.

OcCHOBHBIC 3a7a4H:

— YCTaHOBKA M HaCTpoOMKa cpenbl paspadborku Python;

— U3y4CHME PUHLNIIOB 3arpy3KH U OYMCTKHU JAHHBIX;

— TMOJIyYeHUE HABBIKOB MO MPEIBAPUTENBHON 00pabOTKE NaHHBIX Ha S3bIKE
Python;

— U3y4Y€HHE OCHOBHBIX OnOnmorek Python njs paGoTsl ¢ JaHHBIMH.

Teopernyeckoe 060CHOBaHHE

[Tepen BbImOIHEHHEM J1TAOOPATOPHON PabOTHl HEOOXOAUMO O3HAKOMUTHCS C

0a30BBIMH MPUHIIUINIAMH si3bIKa Python, ucnone3ys cnepyromue uctouHuku: [ 1-5].

O6opynoBaHue U MaTEepPHAJIbI

JIist BBITOTHEHUST 1a00paTOpHOW pabOThl PEKOMEHIYETCS HCIOIb30BaTh
MEPCOHANBHBIN  KOMITBIOTEP CO CJICAYIOIMUMH NPOTrPAMMHBIMH  CpEICTBAMU
pa3paboTku (BeIOpaTh OJWMH WM HECKOJBKO MPOTPAMHBIX TPOAYKTOB IS
MPAKTUYECKON pean3aiuu 3aaad jaboparopHoit padotsl): MS Visual Studio 2013

U BBbIIIIE; cpefa pa3padoTku Java, uatepnperarop Python (Anaconda).
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MeToauka v NOPSIIOK BHINOJHEHUS PA0OThI

Hepez[ BBIITOJIHCHUCM HHIWNBUAYaJIbHOT'O 3adaHus PECKOMCHAYCTCA

BBIIIOJIHUTH BCC ITYHKTHI y‘-Ie6H0ﬁ 3aJa4H.

YueOnasi 3agqaua

Heobxoaumo opraHuzoBaTh MOATOTOBKY JAHHBIX JJIsi OCTPOCHUS MOJEIH
(momyctum Mozenu kiaccudukanuu). B kauecTBe JaHHBIX BbIOpaH HAOOP JaHHBIX
00 upucax ®dumepa. IT0, IOKATYH, CaMblii U3BECTHBIA HAOOP JAHHBIX, C KOTOPOTO
MHOTHE HAYMHAIOT UCCIIEOBAaHUE AITOPUTMOB MAILIMHHOTO 00yYEeHHUSI.

Januplii HaOOp JaHHBIX MpeAHa3HAYeH JUIsi IOCTPOEHUS  MOJENH
knaccuduxaiuu. Janueie o 150 sxzemmisapax upuca (puc. 1.1), mo 50 sk3eMIisipos
u3 Tpéx BuaoB — Mpuc merunuctsiii (Iris setosa), MUpuc Buprunckuii (Iris virginica)
u Upuc pasnousetHsiii (Iris versicolor). [y Kakmoro sK3eMIuIsipa U3MEPSUIHCH
YEThIPE XAPAKTEPUCTUKH (B CAHTUMETPAX):

1) nnwmHA HapyXHOW oM OKoJonBeTHUKA (sepal length);

2) mupuHa HAPYXKHOU 101H oKoJonBeTHUKA (sepal width);

3) nnvHa BHYyTpeHHEH noym okoJionBeTHUKA (petal length);

4) mmpuHa BHyTpeHHEH nomu okonomnBeTHHKa (petal width).

Ha ocHoBanum sToro Habopa AaHHBIX TpeOyeTcsl MOCTPOUTH MPaBUIIO
KJaccu(ukanuu, ONpeeNsionee BUA PACTEHUs MO JAHHBIM H3MEpeHuu. ITo

3ajJaua MHOTOKJIaCCOBOM KJ'IaCCI/I(I)I/IKaHI/II/I, TaK KaK UMCCTCs TpHU KilaCCa — TPU BHUAA

Pucynok 1.1 — Buemnuit Bua kinaccuduuupyeMbix upucoB: a) Iris setosa; 0) Iris
virginica; B) Iris versicolor
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1. Heobxoaumo ckauate Habop maHHBIX W3 penosutopus Center for

Machine Learning and Intelligent Systems (He00X0IUM TOJIBKO OJUH TEKCTOBBIN

¢aiin ¢ manapIMu u3Mepenuit): http://archive.ics.uci.edu/ml/datasets/Iris.

@aiin Iris.data mpu nmpocMoTpe BBITISAIUT ciienyromuM oopazom (puc. 1.2):

Pucynok 1.2 — Buemn

@ain [lpaeka Bua
5.1,3.5,1.%4,0
4.2,3.0,1.%.0
4.7,3.2,1.3,0
4.6,3.1,1.5,0
5.0,3.6,1.4,0
5.4,3.9,1.7,0
4.6,3.4,1.4,0
5.0,3.4,1.5,0
4.4,2.9,1.4,0
4.9,3.1,1.5,0
5.4,3.7,1.5,0
4.8,3.4,1.6,0
4.8,3.0,1.4,0

.4, Iris-setosa

.2,Iris-sevosa

2, Iris-setosa
2, Iris-s=tosa
2,Iris-setosa
2,Iris-sctosa

3, Iris-setosa
2,Iria-setosa
2,Iris-setosa
1l,Iria-astosa

2, Iria=setosa
(0.2, Iris-aetoma

1,Iris-astosa

I Lister - [D\Projects\PyProjects\Al LessonLesson Liiris.datal S8

Kopvposka  Cnpaska

HUM BU TaHHBIX (aiima Iris.data

2. Hcnonb30BaTh TEKCTOBBIC PCOAaKTOPhI AJI1 IIPOCMOTpAa M AaHAJIM3a

JAHHBIX W3 OMNPENCIICHHBIX HAO0OpOB — HEpalMOHAIbHBIM BapuaHT. [loaTomy

3amyctuM Jupyter Notebook m HayHeM paboTaTh C 3arpyeHHBIM HAO0OpOM C

ucroiab3oBaHueM cpennl Python. Mcnonszyem meton genfromtxt() u3 makera scipy.

: Jupyter Untitled Last Checkpoint: 5 minutes ago (autosaved)

File Edit

B+ @B 4+ ¥

Keme Halr

M B C Code

»| &3 | CellToolbar

JlabopaTopHas pabota 1

UccnepgoBaHue Habopa gaHHbIX MpUCEl PUwepa

In [36]: dimport numpy as np

data = np.genfromtxt("iris.data”

print(data)

s delimiter=",")

n

(s

[- IV

o
[T T R TR Y T YR IT Ry )

T T R I N A RIS N ]
e L XS
T N N A Y

6w g

PRI YTV S T IR IR TY

e el el el el el e S S I S S S

IR TR T S T U SRS ST S

nan ]
nanj
nan]
nan]
nan]
nan]
nan]
nan]
nan]
nan]
nan ]
nan]
nan]
nan]
nan]
nan ]
nan]
nan]
nan]

PO DO D00 000000000000 D
B T B e I I TVI S NI R

Pucynok 1.3 — 3arpy3ka nanusix (aiina Iris.data


http://archive.ics.uci.edu/ml/datasets/Iris
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Meron genfromtxt() Bo3BpamaeT maccuB numpy (Tunm numpy.ndarray).

CJIG,Z[yeT O6paTI/IT]E> BHUMAHHUEC, YTO MSATHIN CTOJ'I6€I_I COACPKUT HCOIPCACIICHHBIC

3HadyeHust numpy.NaN (00bsicHuTE — nmoyemy?).

3. [Ipou3BOaUTH BBIBOJ BCETO MCTOYHMKA JAHHBIX — HEPAllMOHAJIbHBIN

MyThb. B pC€allbHbIX 3aJadax JaHHBIX MOXCET OKa3aTbCA CIMIIKOM MHOI'0, IIO3TOMY

qame BCCro HCHOJb3YHOT HOI[BBI60pKy JaHHBIX JI1 IIOBCPXHOCTHOI'O o630pa

uccieayemMoit odyyaroiieit BeIoopku (puc. 1.4).

In [37]:

print ( "Data type :

print ( "Data shape :
print ( data[:18] )

Data type : <class

Data shape : (158, 5)
[[ 5.1 3.5 1.4 8.2
[ 4.9 3. 1.4 8.2
[ 4.7 3.2 1.3 8.2
[ 4.6 3.1 1.5 8.2
[ 5. 3.6 1.4 8.2
[ 5.4 3.9 1.7 ©.4
[ 4.6 3.4 1.4 8.3
[ 5. 3.4 1.5 8.2
[ 4.4 2.9 1.4 8.2
[ 4.2 3.1 1.5 8.1

", type(data) )
", data.shape )

"numpy . ndarray >

nan]
nan]
nan]
nan]
nan]
nan]
nan]
nan]
nan]
nan] ]

Pucynok 1.4 — HauanbHoe uccnenoBanue Iris.data

N3 peacraBieHHoro parMeHTa BUIHO, 9YTO data — 3TO AByMEPHBIN MacCHB

pasmepom 150x5, Uaum MOXKHO CKazaTh, YTO 3TO OJHOMEPHBIA MAaCCUB, KaxAbli

QJICMCHT KOTOPOTI'O TAKIKC OI[HOMepHHﬁ MacCCHUB pasMCcpoOM 5 BJIEMEHTOB.

4. B pamkax naHHOM 3a1a4u HEOOXOIUMO BCE-TAKH MOJYYUTh 3HAYCHUS

nATOro cToao1a. JJist 3TOro KenaTejbHO UCTOIb30BaTh Apyrou noaxon (puc. 1.5):

In [69]: datal = np.genfromtxt("iris.data”,
print(datal.shape)
print(type(datal})
print(type(datal[@]))

print(type(datal[8][4]))

print(datal[:18]

(158,)

<class "numpy.
<class "numpy.
<class "numpy.
4, 8.

[(5.1,
(4.7,
(5.0,
(4.6,
(4.4,

NoWowww

.5

2
.6
.4
.9

3

il

2

2

il

1

[ =~

.3,

.4,

.4,
4

s

ndarray ' »
vold'>
bytes_"»
s

oo ®
[RERNENI R R ]
M
oo o oo

"Iris-setosa
'Iris-setosa
'Iris-setosa
"Iric-setosa
"Iris-setosa

R
)«
R
)«
I

delimiter=",", dtype=None)

4.9, 3.8, 1.4, 8.2, b'Iris-setosa’)
4.6, 3.1, 1.5, 8.2, b'Iris-setosa’)
5.4, 3.9, 1.7, 8.4, b'Iris-setosa’)
5.8, 3.4, 1.5, 8.2, b'Iris-setosa’)
4.9, 3.1, 1.5, 8.1, b'Iris-setosa’)]

Pucynok 1.5 — 3arpy3ka gaHpIX pa3HOrO THUIIA B MACCUB
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Cpasy ke xemarenbHO (Ha TIEPBOHAYAIBHBIX JTamax u3ydeHus Python)
POBOJUTH aHAJIU3 TUIIOB pa3Nu4HbIX 3HaueHud. Ha puc. 1.6 npencrasnen emie

OJIMH BapUaHT 3arpy3KH JAaHHBIX B MaccHB numpy.ndarray.

In [70]: dt = np.dtype("fs, f8, f8, 8, U3@")
data2 = np.genfromtxt(“iris.data"”, delimiter=",", dtype=dt)
print(data2.shape)
print(type(data2))
print(type(data2[e]))
print{type(dataz[@][4])
print(data2[:1€])

(159,)

<class "numpy.ndarray’>»
<class "numpy.void'>»
<class "numpy.str_'
[(5.1, 3.5, 1.4, 'Iris-setosa’
'Iris-setosa’
'Iris-setosa’
'Iris-setosa’
'Iris-setosa’

'Iris-setosa’) (4.9,
'Iris-setosa’) (4.6,

)

(4.7, )
, 'Iris-setosa’) (5.4,

)

)

3
3
(5.8, 3
El
2

El

=
[

E

.2

.6 s
(4.6, 3.4, ,» 'Iris-setosa’) (5.9,
.9

il

N
[ R A T

oD |
(LS RRLVR R O R S I S NS
W
o0 ®
e e e e

“

[av I v I v B v I v ]
Lol ST S I N

1
-

(4.4, ‘Iris-setosa’) (4.9, 1

2 2

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

IlosicauTe pasnuuue B CTPYKTypax AaHHBIX, TOIYy4aeMbIX C UCIIOJIb30BAHUEM

MMpCACTAaBJICHHBIX JIMCTHUHI'OB.

3. bruto 3arpyxxeno 150 »saeMEHTOB JaHHBIX, HO JaXe MpPH TaKOU
MaJeHbKOM BBIOOpPKE HEBO3MOKHO 4YTO-IHOO cKazarhb O Habope AaHHBIX. [lis
TIOJIYYCHUS  JOTIOJHUTEIbHOW HWHpOpMAMK  HEOXOAWMMO  BU3YaJIU3UPOBATH
3arpy>kKeHHbIE JaHHBIC. B Hamem ciayuyae KaKIbIil 3JIEMEHT JaHHBIX MPEJICTaBIICH
BCIIICCTBCHHBIMU TpPHU3HAKAMH — JTO CYIIECTBEHHO YIIPOIACT BHU3YaIU3AIIHIO
(puc. 1.7). Ho cnoxHOCTH 3akirodaercs B TOM, YTO MPHUXOAUTCA paboTaTh C
aleMEeHTaMu 4-MEpPHOr0 TPOCTPAHCTBA, IMOATOMY CTPOUTCS He Trpaduyeckoe
NpeACTaBICHUE pacTpe/ieNIeHUs], a OTJEIbHbBIE TPOCKIIUH.

6. VYke U3 rpaduyeckoro pacmupeaesicHus Ha puc. 1.7 BHAHO, YTO THII
uprcoB Setosa xopomo otaensercs. Ha panHom rpaduke mpencTaBieHO
oToOpaxeHnue B Iockoctu mnpusHakoB (‘Sepal Width’, ‘Sepal Length’) Ho
UCCJIeIOBAaTENb MMEET BO3MOXKHOCTH IMOCTPOUTH CTOJBKO TpadUKOB, CKOJBKO
HEOOXOIUMO JUIA TUIyOOKOro aHajiu3a JaHHbIX. V3MeHum sueiiky In[72] B

COOTBCTCTBUHU C JIMCTHUHI'OM, IPCACTABJIICHHBIM Ha PHC. 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

Pucynok 1.7 — Ipocreiiimumii aHaau3 JaHHBIX 1O TpauueckoMy peACTaBICHUIO



Sepal Width

import matplotlib as mpl
import matplotlib.pyplot as plt

# [auvubie U3 omdensHelx cmonbuyot
sepal_length = [] # Sepal Length
sepal width = [] # Sepal Width
petal_length = [] # Petal Length
petal_width = [] # Petal Width
# BoinonvAem obxod Bcel konnekyuu data?
for dot in data2:
sepal_length.append(dot[e])
sepal_width.append(dot[1])
petal_length.append(dot[2])
petal_width.append(dot[3])

# Cmpoum Zpaguku nNo npoexkyuam JaHHbDC

11

# YyumsiBaem, umo kawdoie 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[58:1680], sepal width[5@:188], 'g"',

virginica, = plt.plot(sepal_length[186:158], sepal_width[18@:158],

plt.legend(bbox_to_anchor=(1.85, 1), loc=2, borderaxespad=8.)

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[58:188], petal_length[5@:188],
virginica, = plt.plot(sepal_length[188:150], petal_length[16@8:158],

plt.legend(bbox_to_anchor=(1.85, 1), loc=2, borderaxespad=@.)

plt.xlabel( Sepal Length')
plt.ylabel('Petal Length')

plt.figure(3

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

label="Versicolor")
‘bs*, label="Verginica')

'g™", label="Versicolor')
'bs", label="Verginica')

versicolor, = plt.plot(sepal_length[58:180], petal_width[5@:188], 'g"', label="Versicolor')

virginica, = plt.plot(sepal_length[188:150], petal_width[1@e:158],

plt.legend(bbox_to_anchor=(1.85, 1), loc=2, borderaxespad=8.)

plt.xlabel('Sepal Length')
plt.ylabel('Petal Width')

plt.show()

'bs*, label="Verginica')

Pucynok 1.8 — IToctpoenue npocteiiiiero rpaduka s 0OTOOpaskeHUs
Pa3TUYHBIX TPOCKITUHN JTaHHBIX

BriBo 1aHHOTO KO/a TIpeicTaBieH Ha puc. 1.9.
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Pucynox 1.9 — BeiBon rpaduka juist oToOpaxeHus: pa3IudHbIX MPOSKIIHiA
JAHHBIX
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N3 rpaduxoB 1.9 yxxe XOpoIio BHAHO, YTO MHOXKECTBO Setosa XOpOIo
OT/ICJINMO, a MHOKeCTBa Versicolor u Verginica mpeACcTaBisiiOT cOO0H MHOXKECTRBA,
pa3aeneHrne KOTOPBIX SBJSETCS HENPOCTOM 3a1a4ei.
[TocTpoiiTe napyrue TPOEKIIMU HUCXOAHBIX JaHHBIX. CKOJBKO BCEro

Pa3INIHBIX HpO@KL[I/Iﬁ MOKHO IIOCTPOUTD AJIs1 JAHHOI'O Ha6opa I[aHHBIX?

Baxxnble 3ameyaHus

1. HecMoTpsi Ha KaXymIyrocs MPOCTOTY M «IOHATHOCTH» JIaHHBIX B
pesyibTaTe BU3yaJW3alluM, HWCCIEAOBATEllb HE JOJDKEH JeNaTh MOCIEITHBIX
BBIBOJIOB (Hampumep, ObLI0 ObI OMIMOOYHO JeNaTh BBIBOJ MO pHC. 1.9 0 ToMm, 4TO
upuchl Setosa Te, y koTopsix petal width menee 0,75). Cneayer MOMHUTSE, YTO TIENb
NIEPBUYHOTO MCCIICOBAHUS JTAHHBIX — MOJTYYCHHUE MPEACTABICHUS O CTPYKType U
PUPOC TaHHBIX, a HE TOCTPOSCHUE MOJICIH TIPpeICKa3aHus, KIIaCCU(PUKAIIUN U T.I1.

1. B xauecTBe cpeapl pa3pabOTKU UCIIOIB3YUTE SI3BIKA MPOTPAMMUPOBAHUS
Python, Java mnu C#. [lo cormacoBaHuio ¢ TperoaaBaTelieM CTYIEHT MOXKET
CaMOCTOSTEIILHO MOXET BBIOPATH SI3BIK MPOTPAMMHPOBAHUS M CPEely pa3padOTKu
(Ipu ATOM CTYACHTY HEOOXOAMMO KPUTHUUECKH 00OCHOBATH CBOM BHIOOD).

2. IIpu BBIOOpE HAOOpa naHHbIX (data set) Ha pecypcax [9, 10] HeoOxoaUMO
COTJIaCOBaTh CBOW BHIOOP C APYTHUMU CTYACHTAMH TPYIIILI U MPEMOaaBaTesieM, TaK
Kak paboTa HaJl 0IMHAKOBBEIMH HA0OpaMH JTaHHBIX HEJOITYyCTHMA.

3. B paMkax JaHHOTO JJabOpaTOPHOTO Kypca PEKOMEHAYETCS MCIONIb30BaTh
uHcTpyMeHTapuii Python (6mbmmoTtexu, cpemy pa3pabOTKH) i pEHICHUS

ITOCTABJICHHBIX 3a1a4.

NuauBuayajabHoe 3a1aHNne

1. TlonGepute Habop AaHHBIX Ha pecypcax [9, 10] u cornacyiTe cBoi BEIOOP
¢ npenoaaBareneM. CTyI€HT MOXKET MPETIOKUTh HA00p TAHHBIX B COOTBETCTBUU C
TEMATUKON MarucTepCcKOro UCCaeOBaHHUS.

2. [IpoBeauTe MepBUYHBIA aHANW3 JAHHBIX. B pe3ynbTaTe aHanm3a JaHHBIX

CTYJICHT JIOJIKEH MPEIOCTaBUTh CICAYIONIYI0 HH(pOopMaIiio 0 Habope TaHHbBIX:
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2.1. Onucanne HAOOpa AAHHBIX, MOSICHEHHUS, TTO3BOJISIOIINE JyYIlle TOHIThH
npupoAy NaHHbIX. HazHaueHue Habopa aHHBIX M BO3MOXHBIE MOJIEIH, KOTOpHIE
MOKHO TTOCTPOUTh Ha OCHOBE JaHHOTO Habopa MaHHBIX (TIPAKTUYECKHE 3a/ayH,
peraemMbie ¢ UCMOJIb30BAaHUEM JIAHHOTO O0yuaroiiero Habopa qaHHbiX). Onucanue
Ka)XJIOT0 MPU3HAKA U €ro THII.

2.2. ®opma HabOpa MAaHHBIX: KOJUYECTBO AJIEMEHTOB HAOOpa, KOJIUYECTBO
MPU3HAKOB, KOJUYECTBO MPOMYIIEHHBIX 3HAYCHUM, CpeiHee 3HAUCHUE OTIEIbHBIX
MPU3HAKOB, MAKCUMaJIbHbIE 1 MUHUMAJIbHbIC 3HAUCHUS OTIEIbHBIX MPU3HAKOB U
npoure nokazarenu. lIpeamnosioxeHus, KOTOpPbIE MOXHO CHeliaTh, MPOBEIs
NEPBUYHBINA aHAJIHU3.

2.3. TI'paduueckme  mpeacTaBieHHS,  MO3BOJSIONIME  CYAWTh O
HEOJHOPOJHOCTH HccleayemMoro Habopa maHHbiX. [locTpoenue rpaduxos

JKCJIaTCIIbHO ITPOU3BCCTH 110 HCCKOJILKUM ITPOCKIHAM.

Conep:xanue oTyeTa u ero popma

Otyet mo 1abopaTopHOM paboTe MTOKEH COACPKATH:

1. Homep 1 Ha3BaHue 1abopaTOpHOM pabOThI; 3aa4u J1a0OPATOPHOU pabOTHI.

2. Peanuzanus kaxaoro myHkTa noapaszieina « HIuBuyaabHOE 3aJaHUEY C
NPUBEACHUEM HCXOJHOTO KOJla MpOorpaMMbl, auarpaMM W Tpa@uKoOB s
BU3yaJIM3allMM TaHHBIX.

3. OTBeTHI HA KOHTPOJIbHBIE BOMPOCHI.

4. Dxpannbie (OpMbl (KOHCOTBHBIN BHIBOJ) U JIMCTUHT MPOrPAMMHOI0 KOJIa C
KOMMEHTApHUSIMHU, MOKA3bIBAIOIIKE MOPSIO0K BBHIMOIHEHHUS JIAOOpAaTOPHOU pabOThI, U
pe3yJIbTaThl, OJIYYEHHbIE B XO€ €€ BBIIIOJIHEHUSI.

OT4eT 0 BBIMOJHEHUH Ja00OPATOPHON pabOThI MOJIMUCHIBAETCS CTYJEHTOM U

CHacCTCA MPCIoaaBaTclIto.

KonTposabHbIe BONpoch
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1. Kakue wMHCTpyMEHTaJdbHBIE CPEACTBA HMCIOJB3YIOTCS [JISi OpraHU3alluu
pabouero Mecra crienuanucta Data Science?
2. Kakwme Oubmmorexn Python wucmonw3yrorcst misi paboTel B oOmacTw
MaIIMHHOrO 00y4eHus? JlaliTe KpaTKyro XapaKTEePUCTUKY Kax a0 OuOInoTEKe.
3. Ilouemy mpu peanuzalu CHUCTEM MAIIMHHOTO OOYYEHHS IIUPOKOE

pacmpocTpaHeHue noyqmim oudmmorexku Python?

Cnucok ureparypbl

I[JIH BBITIOJTHCHU A na60paTopH0171 pa60T]E>I, ITPpH IMTOATOTOBKC K 3alIUTC, d TAKIKC

AJIs1 OTBETA HAa KOHTPOJIBHBIC BOIIPOCHI PCKOMCHAYCTCA MCII0Jb30BaATh CIACAYIOIIHC

ucrounuku: [1-3, 9, 10].
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Tema 2. UHcTpyMeHTAJIbHBIE CPEICTBA MAIIIMHHOTO O0yUYeHUs

JlabopatopHas pabota 2. BU3yanu3anus JaHHBIX

ean u 3apaun

Ilenr mabGopaTopHOW pabOTHI: M3Y4YCHHE MPOTPAMMHBIX CPEICTB IS
BU3yaIH3aIli HA0OPOB JTaHHBIX.

OcHOBHBIE 3a7a4H:

— yCTaHOBKa M HacTpoiika matplotlib, seaborn;

—M3Yy4YeHHE OCHOBHBIX TUIOB rpadukoB 0ubanoTexku matplotlib;

—M3y4eHNEe OCHOBHBIX THMOB IrpapukoB OMOINOTEKH seaborn;

— TIOJTy9YCHHE HABBIKOB aHAIN3a JIAaHHBIX 0 BHU3YaJbHBIM IMPEACTABICHUSIM

JTAHHBIX.

TeopeTnueckoe 000cHOBaHHE

[lepen BwIMOTHEHUEM JTAOOPATOPHOM PAOOTHI HEOOXOIUMO O3HAKOMUTHCS C
0a30BBIMU MPUHIMIIAMH si3bIKa Python, ncnone3ys crnemyromue nctounuku: [1-5].

Oco6oe BHUMaHKE HEOOXOIUMO YIETUTh PETIO3UTAPHIO 5] ¢ NCXOMHBIMU KOJaMHU.

Oo0opynoBanune 1 MaTepuaJibl

Jlsiss BBITIOTHEHMsI J1Ta0OpaToOpHOW pPadOTHl PEKOMEHIYeTCS HCIOJIb30BaTh
NIEPCOHATLHBIN  KOMITBIOTEP CO CJACAYIOIUMH IPOTPAMMHBIMH  CPEICTBAMU
pa3paboTku (BbIOpaTh OJWH WM HECKOJIBKO MPOTPaMHBIX MPOAYKTOB IS
MPaKTUYECKON peanu3aiuu 3aaa4 jadopaTopHoi padotel): MS Visual Studio 2015
U BBIIIE; cpema paspabotku Java, wunTepmperarop Python (Anaconda) c

oubnuorexamu matplotlib, seaborn, numpy.
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MeToauka U NOPSIAOK BbINOJHEHUsI padoThl

IIepen BBIINTOJIHCHUEM HHIWNBUAYaJIbHOT'O 3adaHus PECKOMCHAYCTCA

BBITIOJIHUTD BCE MMYHKTHI y4eOHOM 3aa4H.

YueOnasi 3agqaua

Boimonnum ananu3 Habopa naHHbiX «lIpeackasanue yxona KIMEHTa.
JlaHHbIi1 HA0Op JAaHHBIX UCIOJIB3YETCA B KaueCTBE y4eOHOro Habopa NpH U3yYeHUU
METOJIOB MpOTHO3MpoBaHus. Habop mpencraBiser coboii naHHbIE 00 aKTUBHOCTH
KJIMEHTAOB TEJICKOMMYHHKAIIMOHHOM KOMMaHUM (KOJMYECTBO YacOB Pa3roBOPOB,
BUJICO3BOHKOB, HOYHBIC W JTHEBHBIE pPAa3roBOpel W Tmpouwne). Habop maHHBIX
NOAXOMUT A OOydeHHUs] MoOJeleld JIOTUCTHYECKOM perpeccuu, Mojenen
kinaccudukanuu (CNN, kNN, Logic tree). HaGop JaHHBIX MOXKHO MOJYYUTh B
peno3utopuu [5] unu Ha noptane Kaggle [4].

PaccMoTpuM OCHOBHBIE MPHU3HAKH, MPEACTABICHHbIM B HaOope. 3arpy3um
Ha0Op JaHHBIX C UCIOJb30BaHUEM pandas ¥ BbIBEIEM MpU3HAKU HAOOpa JTaHHBIX

(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 JaHHBIXU MOJYyYEHUE U TPEBUYHBIN aHAIU3 MPU3HAKOB



HaGop pmanubix telecom churn.csv comepxutr OoybIIoe KOJUYECTBO

npu3HakoB. Jlyisi neTanbHOro M3yudeHHs Bocmosb3dyemcsi metonoM info() kiacca

DataFrame (pucynok 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
inte4
int64
object
object
int64
floate4d
int64
float64
float64d
int64
floate4d
floate4d
inte4
float64d
float6e4
inte4
floate4d
inte4
bool

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

memory usage: 498.1+ KB
Pucynok 2.2 — Undopmaust o npuzHakax Habopa JaHHBIX

['paduku, ucrnonbp3lyemble MPHU aHAJIM3€E AAHHBIX, JEJIST He 0 OUOIHOTEKaM,

C HUCIIOJIb30BAHHUCM KOTOPBIX OHH CTPOATCA, 4 II0 THUIIAM IIPHU3HAKOB, IJI aHAJIH3a

KOTOPBIX MpeaHa3HauYeHbl rpauKH.

6.1.1. Buzyanu3zaiusi KOJIM4ECTBEHHbBIX MTPHU3HAKOB

JIHH NpCACTaBJICHUA PACIPCACICHHA IMPOCTOI0 KOMYCCTBCHHOI'O ITPHU3HAKA

moaxoauT 0OBIYHAS rucTorpaMma,

(pucyHok 2.3).

cojaepikamascsi BO BceX OHOIMOTEKax
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2 dataf 'Total day minutes'] .'hist(),'

0 50 100 150 200 250 300 350

Pucynox 2.3 — ndopmaust o mpu3Hakax Habopa JaHHBIX

Jnst moctpoenus ructorpammsl BeizbiBaeTcst Meto hist() kimacca DataFtrame.
Ha coamom nene ucnonb3yercs meros u3 O6ubmuorexku matplotlib. Meroa hist()
MO>KHO HCITIOJIb30BaTh JJI MOCTPOCHUS TUCTOTPaAaMM IO HECKOJIBKUM MpHU3HAKam

(pucyHok 2.4). IIpu 3TOM HEKOJIMYECTBEHHbIC MPU3HAKU UTHOPUPYIOTCS.
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Pucynox 2.4 — Ilpumenenne metosa hist() amst BUsyanusaiuu pacripeaeieHus
HECKOJIbKUX ITPU3HAKOB
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AHaJIOTUYHBIN TUN rpadrKa MOKHO MOJYYUTh C UCIIOJIb30BaHKEM matplotlib
(pucyHok 2.5). Ecimu HEOOXOOUMO  MOCTPOUTh TrpaduK  paclupercicHus,
AQHAJIOTUYHBIA TMPEACTABICHHOMY Ha pHUCYHKE 2.3, TO HYXXHO BBIOJIHUTH
JOTIOJIHUTEJIbHBIE pacueThl (PUCYHOK 2.6).

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

350

300 A

250 A

200 A

150 4

100 4

50

0-

0 500 1000 1500 2000 2500 3000 3500

Pucynok 2.5 — IlocTpoeHue ructorpaMMebl ¢ UCTiob3oBaHueM 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 — cnons3zoBanue matplotlib pyist mpeacraBiaeHus pacnpeaeaeHus
3HAYEHUM MPU3HAKA

OnuH u3 3(p(dEKTUBHBIX TUIIOB TpadUKOB IS aHAIU3a KOJIMYECTBEHHBIX
npu3HaKoB — 3TO «smue ¢ ycamu» (boxplot). Ha pucynke 2.7 moka3an xom u
peanu3oBaHHbI rpaduk. s aHanM3a HECKOJIBKUX MPU3HAKOB rpaduku boxplot
Takke 3pPpextuBHbl. Ha pucynke 2.8 mpeacTaBieH KOA U pe3yJbTaT NOCTPOEHUS

I])a(bPH(OIBIUIﬂIa}HlHII3a]IHHTl]]ITaTX)B C,Blal(CIIBlaJILI{BIBl()f&BGthhd11}H3BI{BIX>3IN)PH(OIL
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5 sns.boiplof(data:'Tbtal déy mihutes']);

0 50 100 150 200 250 300 350
Total day minutes

Pucynok 2.7 — I'paduk «suuk ¢ ycamu» ISl OTIEIBHOTO 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{ ¢ C —
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gwi  — T —
| — I AN
MN o -
0 5 100 150 200 250 300 350

Total day minutes

Pucynok 2.8 — Mcnionb3zoBanue boxplot ais aHanu3a npu3HaKa Jajis T IITaToB

I'paduk boxplot cocrout u3 Kopobku, ycoB u Touek. KopoOka mokassiBaer
WHTEPKBAPTUIIBHBIN pa3Max pacrpeeieH s, TO €CTh COOTBETCTBEHHO 25% ( mepBast
KBapTWwib, Q1) u 75% (Q3) mepueHTwId. Yepra BHYTPU KOPOOKH 00O3HAYaeT
MeJMaHy pacnpeneneHus (MOKHO OTYyYUTh C UCIIOJIb30BaHUEM MeTo1a median() B
pandas u numpy). Y cbl 0TOOpakaloT BeCh pazopoc TOYEK KpoMe BHIOPOCOB, TO €CTh
MUHUMAJbHBIE ¥ MaKCUMaJIbHBIC 3HAYCHHS, KOTOPHIC TOMAIal0T B MMPOMEXKYTOK (

Q1-1,5-1QR, Q3 +1,5-IQR), T1Ie IQR = Q3 - Q1 — UHTEPKBAPTHIBHBIN pazmax. Touykamu
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Ha rpaduke 0003Ha4arOTCs BBIOpPOCH (outliers), To ecTh Te 3HAYCHHS, KOTOPhIE HE

BIIMCBIBAIOTCS B IPOMEXKYTOK 3HAUCHUH, 3aJIaHHBIN ycaMmu rpaduka (pucyHok 2.9).

IQR
Ql Q3
Q1 -15xIQR Q3+ 15xIQR

i Median

—do -30 -20 —iaé 0o 1o 20 30 40
-2.6980 -0.67450 0.67450 2.6980
24.65% 24.65%

—4g -30 20 -lo 0o 1o 20 30 40

| — T T T T -1
—do -30 —-20 0o lo 20 30 40

Pucynox 2.9 — Ctpykrypa rpaduka Tuna «smukK ¢ ycamm»

6.1.2. KaTreropuanabHble NPpU3HAKU

TunuuHpIM KaTeropuaIbHBIM IPU3HAKOM B aHATTU3UPYEMOM Habope TaHHBIX
apnsercs «llrar» (State). Ilox xareropuanpHbli MPU3HAK HOJIXOJUT TaKXKe
«Otka3» (Churn) (xots oH siBisieTcs joruueckuM). Ha pucynke 2.10 npeacraBiieHbl
rpaduku Tumna countplot() u3z 6ubaMOTEKH Seaborn, KOTOPBIE CTPOSAT TUCTOTPAMMBI,
HO HE MO CBHIPHIM JAaHHBIM, a MO PACYUTAHHOMY KOJMYECTBY DPA3HBIX 3HAUCHHI

MPU3HAKA.

i . 1 # zucmozpamma "nonyaspHeix" umamoB
1 sns.countplot(data[ 'Churn']); 2 sns.countplot(data[data['State'].isin(data['State'].\
3 value_counts().head(5).index)]['State']);
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count
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Pucynox 2.10 — I'paduk countplot: a) Bu3yanuzaius pacupeneiacHus: mpu3Haka
Churn; 6) Bu3yanu3aius maTy MOMyJISPHBIX MITATOB

6.1.3. Buzyanuzanusi COOTHOIICHHS KOJIMYECTBEHHBIX MPU3HAKOB

OnHuM W3 BapUaHTOB BU3YAIM3allUM COOTHOIICHUS KOJIMYECTBEHHBIX
MPU3HAKOB SIBJIAETCS MarpaMMa MO HECKOJIbKUM Tpu3HakaMm (pucyHku 2.4, 2.8).
PaccMmoTpum npumMep 1eMOHCTPUPYIOLIUN CpaBHEHHEpACTIPEACICHUI TOKa3aTeleu,
CBSI3aHHBIX ¢ ()DMHAHCOBBIMU 3aTpaTaMy KJIMEHTOB. YTPOIIEHHO, MOKHO CKa3aTh,
YTO ATO BCE MOKA3aTeIN, COJEpKaIllre TOJICTPOKY «chargey» B MMEHHU MOKa3aTels.

Ha pucynke 2.11 npeacrasieH ko i1l oT00pa TpeOyeMbIX MoKa3aTenei.

1 # Ombop 4ucnoBeix npusHakoB, codepxawux cnoBo '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 — OT6op nokasaresnei, CBI3aHHBIX C 3aTpaTaMu KIIMEHTOB

[Tocne oTrOopa MHTEpECYIOMMX MOKa3aTeaed MOXKHO MOCTPOUThH AUATrPAMMBI

JUIsl CpaBHEHMS (pUCYHOK 2.12).
1 # cmpoum omdenbHbie 2UCmO2pamMel
2 # 0n8 HecKonbKux npusHakoB

3 data[feats].hist(figsize=(5,5));

Total day charge Total eve charge

I
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Pucynok 2.12 — JluarpaMmsbl 111 CpaBHEHUS paclpeaeICHUS] YUCIOBBIX
nokasareJieu

400 A
200
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Yacto wHCMONb3yIOT MOMAapHOE CPaBHEHHE NPU3HAKOB JJIsi 0OECTeueHUs
IIMPOKOTO B3TJIsA1a HA HAOOp AaHHBIX (pucyHOK 2.13). Ha nuarananbHbIX rpadukax
pucyHka 2.13 mpeacTaBiaeHbI TUCTOTPAMMBI pacipeiesieHUs OTACILHOTO IPU3HAKA,

Ha BHCAHWAraHAJIbHBIX IMO3HUIHAX — IIOIIAPHBIC PACIIPCACIICHHA.

1 # [lonapHoe pacnpedeneHue npu3HakoB
2 # [lpumeHeHue Seaborn
3 sns.pairplot(data[feats]);
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Pucynok 2.13 — ITonapHoe pacnpeneneHrue Npu3HaKkoB

MosxHO peann3oBaTh fojee cioxkHble rpaduku. Hanmpumep, eciu Tpedyercs
100aBUTh K CYIIECTBYIOLIMM IpH3HAaKaM, 1eneBoil nmpuszHak Churn (Komu4ecTBO
OTKa30B) M PACKPACUTh pa3HbIC THIIBI DJIEMEHTOB, TO MOXHO BOCIOJb30BATHCS
NOTIAPHBIMH  PACIIPENICICHUSIMU, HO C OTOOpaXCHHEM IIOJMHOXKECTB OTKa30B

(pucyHok 2.14).
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Jlo cuX IMop HCIOJIb30BAIMCh BO3MOKHOCTH OMOIHMOTEKH seaborn, a Takxke
MeToasl pandas (KOTOpbIE MPOU3BOIAT BU3yaIU3AIMIO, Opallasch K OMOIHOTEKe
matplotlib). bubnuoreka matplotlib Haubosnee u3BecTHas U MUPOKO MPUMEHsIEMAas

IIPpHU aHAJIN3C JAHHBIX B paMKaX CTCKa TEXHOJIOIui pythO].'l.

1 sns.pairplot(data[feats + ['Churn']], hue='Churn');
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Pucynok 2.14 — [lonapHoe pacnpeenaeHue Npu3HaKoB ¢ BU3yaln3aluei
0OTKa30B

Ha pucynke 2.15 mokazaH mnpumep HCHOIb30BaHMs Tpaduka scatter

oubmmorexu matplotlib, mpeanasHaueHHOTO 17151 BBIBOJIAa MHOYKECTBA TOUCK.
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1 plt.scatter(data['Total day charge'],

2 data['Total intl charge'],

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

5 plt.ylabel('MexgyHapogH. Ha4ucneHue')

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

Pacnpegenexue no 2 npusHakam

MexayHapoaH. HayncneHue

0 1 ® 0@ 0O O oo oo
T T T T T T T

0 10 20 30 40 50 60
[lHesHble Ha4YucneHue

Pucynoxk 2.15 — I'paduk scatter oudbauoreku matplotlib

Ha pucynke 2.16 nokazan npumep 0ojiee TOHKON HACTPOMKU MapameTpoB

rpaduka.

# PackpawuBaHue OaHHbLIX

# UBem 6 zaBucumocmu om yxoda KaueHma

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

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

# Hacmpolika zpaguxa

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

plt.xlabel( '[HeBHble Ha4ucneHue')

plt.ylabel( 'MexayHapoAH. HayucneHue');

[ IRUe T s L N e UV I S VE By S Ry

=

MexayHapoaH. HauyMcneHue
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[HeBHblE HauncneHne

Pucynok 2.16 — HacTpoiika rpadguka: 1[BeT TOYKH 3aBUCHUT OT LIEJICBOTO
3HA4YEHUS MPU3HAKA
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I'padux Ha pucynke 2.16 MOXHO MOCTPOUTH PA3TUYHBIMU CIIOCOOAMH,
HanpuMep, MOXHO JOOABJISATh MHOXKECTBA TOYEK OTIEIHHBIMU MOJIMHOKECTBAMH,

yKa3bIBasi HapaMeTpbl BU3yaTU3aLUU Ul KaXA0ro MOAMHOXKeCTBa (pUCYHOK 2.17).

# Ywedwue knueHmeol
data_churn = data[data['Churn']]
# OcmaBuueca KaueHmb!

data_loyal = data[~data['Churn']] Pacnpeaenenme knneHTos

® @ Ywmm
plt.scatter(data_churn['Total day charge'], : ¢ o OcTanuce
data_churn['Total intl charge'], % @
color="orange', g4 @
edgecolors="red"', H 2 Oog
label="Yunu' Z3 oo 6%% .
) Et @ -.- OO
plt.scatter(data_loyal[ 'Total day charge'], g2 ch g;
data_loyal['Total intl charge'], % e go o
color="lightblue’, . P
edgecolors='blue', = L] fo o
label="0OcTanuce' . © om o ooog @oo o
plt.xlabel('[lHeBHble Ha4vucneHue') 0 10 20 30 40 50 60

plt.ylabel('MexayHapoAH. HaYucneHue') [HEEHEIE HAUMCNEHHE

plt.title('PacnpenenerHve KnneHTOB')

plt.legend();
a) 0)
Pucynok 2.17 — [locTpoeHne OTAEIbHBIX IOJMHOXKECTB C JIETEHA0MW; a)
MCXOJIHBIN KO, 0) OTy4YeHHBIN Tpaduk

B peanbHbIX 3a7auax MaMIMHHOTO OOYYEHHs INpU MEPBUYHOM aHAJIM3E
JAHHBIX HEOOXOIUMO BBISIBUTH KOPPEISIUMU MPU3HAKOB oOyyvarouieil BbIOOpKU. B
nakete Pandas nmeercs BCTpOSHHBIH HHCTPYMEHT JJIsl 3TOTO — METOA corr() Kiacca

DataFrame. Ha pucynke 2.18 nmokasan ¢parMeHT BbIBOJIa 3TOH (DYHKITHH.

# lpumeHaemca ¢yHkyusa corr() us Pandas

data.corr
Account Area Nu‘:"n?:irl Total day Total day Totalday Total eve Tota
length code minutes calls charge  minutes
messages
A"Igﬁ;m 1.000000 -0.012463 -0.004628 0.006216 0.038470 0.006214 -0.006757 0.01

Area code -0.012463 1.000000 -0.001984 -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

Total day 0.006216 -0.008264 0.000778 1.000000 0.006750 1.000000 0.007043 0.01

minutes

Pucynok 2.18 — Onpeenenue KOppelupyromux Mpu3HaKkoB Habopa JaHHBIX

[TonyyeHnHast MaTpuiia UMeeT pazMep 17 x 17. ITO He3HAUUTENbHBIN pa3Mep (B
peanpHBIX 33Ja4aX MAIIMHHOTO OOYYEeHHs pa3Mepbl MAaTPHUI] KOPPEISAIUH UMEIOT

nopsAnKu 10°-1010 u Oosee), HO Aake Uil MATPUIIBI paccCMaTpUBAEMOro Habopa
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JAHHBIX MPOAHAIU3UPOBATH KOPPEISLMUIO IPU3HAKOB BPYUYHYK) — TPYyAOEMKas
3amaya. Hampumep, MOXXHO HCMONB30BaTh CKPUIITHI, JAJisi BbIACICHUS] OONBIIMX
kodhunreHToB Koppemsiiuu. Ho Jydine WCmoias30BaTh CICNHAIBHBIA  THIT

rpaduka — heatmap (pucyHok 2.19).

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

Account length - 10

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
Chumn -

- 0.8

-06

Account length -

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 -
Total night calls -

Total night charge -
Total intl minutes -
Total intl calls -

Total intl charge -
Customer service calls -
Churn |

Pucynok 2.19 — Busyanuzanus MaTpuiia KOppessiuu ¢ UCIOJIb30BaHUEM
rpaduka Tuna heatmap

Koppenupyroniye npu3zHaku 0ObIYHO YIAISIOTCS M HE pacCMaTpPUBAIOTCS B

nporuecce 00y4yeHusl.

Ba:xkubie 3ameyanus
1. Crates o tumax rpadWKOB TIPH TIEPBUYHOM aHAIM3E JaHHBIX:

https://medium.com/open-machine-learning-course/open-machine-learning-course-

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

2. B xauecTBe cpeabl pa3pabOTKH HCIONb3YyUTE A3BIKH MPOTrPaMMHUPOBAHUS
Python, Java wnu C#. I[lo cormacoBaHuio C MpenojaaBaTesieM CTYJIEHT MOXKET
CaMOCTOATENIbHO MOXET BbIOPATh SI3bIK MPOrPaMMHMPOBAHUSA U Cpely pa3padOTKu

(Ipu ATOM CTYACHTY HEOOXOAMMO KPUTHUUECKH 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. Tlpu BbIOOpe Habopa nanHbIX (data set) Ha pecypcax [3, 4] HeoOxoarMO
corjacoBaTh CBOM BBIOOp C APYTMMH CTYACHTAMH TPYIIIBI U MPENoiaBaTesieM, TaKk
Kak paboTa HaJl OIMHAKOBBIMH HA0OpaMU JaHHBIX HEAOIYyCTHMA.
3. B pamkax maHHOTO J1abOpaTOpPHOro Kypca PEKOMEHAYETCS MCIOIb30BaTh
uHcTpyMeHtapuii Python (6ubnuotexu, cpeay pa3pabOTKu) [ peLIeHUs

ITOCTAaBJICHHBIX 3a1a4.

NuauBuayajabHoOe 3a1aHue

1. [TonGepute HAOOp MaHHBIX HA pecypcax [3, 4] u cornacyiTe cBOit BHIOOD ¢
npenoaasareneM. CTYJEHT MOXKET MPEAIOKUTh HA0Op JAaHHBIX B COOTBETCTBUU C
TEMATHUKOW MaruCTepCKOTO UCCIICOBAHMUS.

2. IlpoBenute mnepBUYHBIA aHaiu3 JaHHBIX. Oco0oe BHUMaHUE CIEAyeT
yAETUTh  TrpaduueckoMy  TPEACTaBICHHUIO  paclpeefiecieHud  MPU3HAKOB,
BU3yaIHM3alllH B3aUMOCB3€H, MO3BOJISIIOIINE CYAUTH O Habope AaHHbIX. [locTpoeHue
rpa)MKOB KeJlaTeIbHO MPOU3BECTH IO HECKOJIBKUM NpoekiusM. llpu anammze

JAHHBIX MCIIOJIb30BATh KaK MOXXHO 0o0Jjiee pa3HOOOpa3HbIe TUIIBI TPa(UKOB.

Conepixanue oTyera u ero popma

Otuet no 1abopaTopHOM paboTe MTOKEH COACPKATH:

1. Homep 1 Ha3BaHue 1a00paTopHOM pabOThI; 3a1a4u 1aOOPaTOPHOUN pabOTHI.

2. Peanu3zanus KaKaoro MmyHKTa nojpaszaena « HauBuayansHoe 3a1aHue» ¢
NPUBEACHUEM HCXOJHOTO KOJla MpOorpaMMbl, auarpaMM W Tpa@uKoB s
BU3YaJIN3alNK TaHHBIX.

3. OTBETHI HA KOHTPOJIbHBIE BOMPOCHI.

4. Dxpannbie (OpMbl (KOHCOTBHBIN BHIBOJ) U JIMCTUHT MPOrPAMMHOI0 KOJIa C
KOMMEHTAPHUSIMH, TTOKA3BIBAIOIINE TIOPSAIOK BBITIOJHEHUS Ja00paTOPHOI pabOThI, U
pe3yibTaThl, OJIYYCHHBIC B X0/1€ €€ BBITIOJIHCHHUS.

OT4eT 0 BBIMTOJIHCHUH J1a00PaTOPHON pabOTHI MOIIUCHIBACTCS CTYJSHTOM U

CHacTCs IPCIIoaaBaTCino.
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KoHTpoJibHBIE BOIPOCHI

1. Kakue MHCTpyMEHTaJbHBIE CPEACTBA HCIOJB3YIOTCS [JIsi OpraHU3allvu
pabouero mecra crnermaiucta Data Science?

2. Kakune Oubnmoreku Python wucnomssytorcs nasi paboTel B obOnactu
MalIMHHOTo 00yueHus? JlaiTe KpaTKylo XapakTepUCTUKY KaXKIou Oubiroreke.

3. Tlouemy mnpu peanu3alu CUCTEM MAIIMHHOIO OOYYEHHS IIUPOKOE

pacrpocTpaHeHre moayanin oudanoreku Python?

Cnucoxk auTepatypsl

J1J1s1 BBIOJTHEH S 1TA00paTOPHOM pabOThI, IPU MOATOTOBKE K 3aIUTE, @ TAKKE

AJIs1 OTBETA HAa KOHTPOJIBHBIC BOIIPOCHI PCKOMCHAYCTCA MCII0JIb30BATh CIACAYIOUIHC

HUCTOYHUKU: [1-4].
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Tema 3. O0yueHue 1o npeneeHTam

JlabopaTopHas pabora 3. MeTpuyYeCKre METObI KilacCUuPUKauu

ean u 3apaun

Ilenr maGoparopHOW paOOTHI: W3yYEHHWE MPHUHIIUIIOB IMOCTPOCHUS
UH(OPMAIIMOHHBIX  CHCTEM C  HKCIOJb30BAHUEM  METPUYECKUX  METOJ0B
KJ1accu(UKanuu.

OcHoBHbIE 337a4H:

— u3yyeHue uHcTpymeHTapus Python s peanuzanuu ajaropuTmosB
METPUYECKON K1acCUpUKAIINH;

—  WU3y4YeHHE METOJOB  ONTHMHU3AIMU  TapaMeTpPOB  METPUYECKOM
KJ1accupuKaIuu;

— ocBoeHre Moaudukanuit KNN-meroza.

Teopernueckoe 000CHOBaHUE

[lepen BbITIOTHEHHEM J1a0OPATOPHON PAOOTHl HEOOXOIUMO O3HAKOMUTHCS C
TEOPUEH TOCTPOCHUS METPUUYECKHUX KIACCH(PUKATOPOB, HCIOJB3Ys CICAYIOIINE
ucroyHuku: [1-5]. Ocoboe BHMMaHHE HEOOXOJMMO YIEIUTh perno3utapuro [S5] c

HCXOAHBIMHU KOOJaMHU.

Oob6opynoBanmne 1 MaTepuaJibl

Jlist BhIMOTHEHUST 1a00paTOpHOM pabOThl PEKOMEHIYETCS HCIOIb30BaTh
NEPCOHABHBI  KOMIBIOTED CO CIEAYIOIUMHU MPOrPaMMHBIMH  CPEICTBAMHU
pa3paboTku (BbIOpaTh OAWMH WM HECKOJIBKO MPOTPAaMHBIX MPOAYKTOB IS
MPAKTUYECKON peann3aiuu 3aaay gabopatopHoit padotsl): MS Visual Studio 2013

U BhIIIE; cpea pazpadbotku Java, unrepnperarop Python (Anaconda).
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MeToauka U NOPSIAOK BbINOJHEHUsI padoThl

Hepej:[ BBIINTOJIHCHUEM HHIWNBUAYaJIbHOT'O 3adaHus PECKOMCHAYCTCA

BBITIOJIHUTD BCE MMYHKTHI y4eOHOM 3aa4H.

YueOnasi 3agqaua

B pamkax naHHOM 3a/1a4u paccMaTpUBAETCS MOCTPOCHUE KiaccudukaTopa ¢
UCTIONB30BAaHUEM MeToja Ommxalmux cocefeil. B kauectBe Habopa maHHBIX
UCTOJIb3YIOTCS AaHHbIe 00 upucax duiiepa.

B pamkax ngaHHO# naGopaTopHOM pabOThl PEKOMEHIYETCsl MCIOJIb30BAHKE
oubmmorexkn pandas. Pandas — sto Oubnmorexka Python, mpemoctaBmsromias
IMIMPOKUE BO3MOXKHOCTHU JUIsl aHAllM3a JAaHHBIX. JlaHHBIE, C KOTOPHIMH pabOTarOT
criennanuctel Data Science, yacTo XpaHsTcsi B TabiudHoM Qopmate (.csv, .tsv,
xlsx, ...). C mnomompto Oubmuorekn Pandas npanHple ymaoOHO 3arpyxatb,
oOpabaTbiBaTh U aHAJIM3UPOBaThH C nmomolibio SQL-nmomobHbIx 3ampocoB. Pandas
MPEIOCTaBISAET IMHUPOKHE BO3MOXXHOCTH BU3YAIbHOTO aHAJIN3a TAOJIMYHBIX TaHHBIX
B CBs3Ke ¢ OmOnmorexkamu Matplotlib u Seaborn.

OCHOBHBIMHU CTPYKTypamH HaHHbIX B Pandas sBistroTcst kiaccel Series u
DataFrame. I1epBblif U3 HUX IPEACTABIISIET COOOW OHOMEPHBIN HHIEKCUPOBAHHBIN
MAacCUB JaHHBIX HEKOTOPOro (PUKCHpPOBAaHHOTO TuIa. BTOpol — 3TO nByxmepHas
CTPYKTypa JaHHBIX, MPEJICTABIISIONIAs CO00M TaOIuUIly, KaXIbli CTOI0EI] KOTOpOH
COJICPKUT JTaHHBIE OJHOTO TUNa. MOXKHO MPENCTaBIATh €€ KaK cloBapb OOBEKTOB
tuna Series. Ctpykrypa DataFrame oTau4HO NOIXOIUT IJsi TMpEJACTaBICHUS
pEaNIbHBIX TaHHBIX: CTPOKH COOTBETCTBYIOT NMPU3HAKOBBIM OMHCAHUAM OTIECIbHBIX
O00BEKTOB, a CTOJOLIBI COOTBETCTBYIOT IPU3HAKAM.

1. Ha puc. 3.1 npencrasinen xoxa B Python Notebook nnst 3arpysku

MCXOJHOT0 Ha0Opa TaHHBIX.
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In [8]: import pandas as pd
import numpy as np

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

51)|3.5(1.4|0.2|Iris-setosa

0(49]13.0)11.4)0.2|Iris-setosa

114.713.2)11.3|0.2 |Iris-setosa

2146131 (1.5]|0.2]Iris-setosa

3(5.0(3.6(1.4]|0.2]lIris-setosa

4|5413.9|1.7|0.4 |Iris-setosa

Pucynok 3.1 — Ucnonbs3oBanue pandas s 3arpy3Ku JaHHBIX

Cnynyer oOpaturhb BHHMMaHHE, 4YTO TIiepBas CTpoKa Habopa JaHHBIX
UHTEpIIPETUpOBaAJIach KakK IIamnka TaOnuuel (Ha3BaHue cToiOLOB). JlaHHyIO
HETOYHOCTh HEOOXOJIMMO HCHIPABUThH cieayroumm obdpasom (puc. 3.2). B takom

CJIy4ae CTOJIOIbI OTyYaT NOPSIKOBbIE HOMEpPA B KAU€CTBE HA3BAHM CTOJIOLIOB.

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

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

Qut[11]: o |1 12 |3 |a

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

=y

49(3.0(1.4(0.2]Iris-setosa

4.73.2(1.310.2]|Ins-setosa

46(3.1|1.5(0.2]Iris-setosa

| €| M

5.0(3.6|1.4)|0.2 |Ins-setosa

Pucynok 3.2 — Jlo6aBnenue manku DataFrame mmo ymoiganuro

I/ICCJIe,Z[OBaTeHB TaKXKC MOXCT AaTb CHMBOJIBHBIC HMCHA CTOJ'I6LIaM Inpu

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(5.0 3.6 1.4 0.2 Iris-setosa

Pucynok 3.3 — JIo6aBnenue manku DataFrame ¢ cHMBOJIbHBIMU UMEHAMHU
CTOJIOIIOB

2. [Tocne 3arpy3ku MAaHHBIX MOXHO BH3YAJIM3UPOBATH IOTYYECHHBIMBI

HaOop maHHBIX. [ Bu3yanm3anuu OyJeM HCIONIb30BaTh OMOIMOTEKY seaborn

(puc. 3.4).

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

Pucynok 3.4 — Jlo6aBnenue manku DataFrame mo ymoraanuro

B pesynbrate Oymer BbiBeneH rpaduk, oToOpakaroUIuil pacrpeiesieHne

00BEKTOB MOMAPHO MO PA3IUYHBIM IpU3HaKaMm (puc. 3.5).
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Pucynok 3.5 — [lonapHoe npu3HakoBO€ pacupeiesieHue UPUCOB

Ha rpaduke nomapHoro pacnpeneiaeHusi BUTHO MPEUMYIIIECTBO CAUMBOJIEHOTO
0003Ha4YeHUS CTOIOLIOB — rpaduk jgerdye uHTepIpeTupoBaTh. OTAETbHBIC KIACCHl HE
OTMEUAIOTCS Pa3MUYHBIMU I[BETAMHU, HO BHUJHO, YTO HAa OTAEIBHBIX MOArpadukrax
MHOKECTBa TO4YeK pazjaeneHbl. ClieqyeT oOpaTUTh BHUMaHWE Ha TMOATpadUKH,
pacrnoioxeHHsle no auaradany. [logymaiite, 4To OHU 0TOOpaKAOT?

3. Jlns npupmaHus OTAENBHBIM KjaccaM CBOMX I[BETOB HEOOXOIUMO

yKa3aTh, [10 KAKOMY MPU3HAKY pa3JaeistoTcs TOUkH (puc. 3.6).

In [23]: | import seaborn as sb
%matplotlib inline
sb.pairplot(d, hue='answer')
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Pucynox 3.6 — Iloctpoenue rpaduka ¢ ykazaHueM MpU3HaKa OTIETbHBIX
KJIaCCOB

Pe3ynbTaT npeacrasieH Ha puc. 3.7.
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Pucynok 3.7 — IlonmapHoe npu3HaAKOBOE pacHpeeICHUE UPUCOB C pa3/IeICHUEM
Ha KJIACChI

MoOXHO W3MEHUTh MapKepbl KaXIoro kmacca. J[ms 3Toro HeoObxoammo
UCIIOIb30BaTh KO sb.pairplot(d, hue='answer', markers=["o", "s", "D"]).

4. [lepeiimeM K mOOCTpoeHUIO MoAenu. Moaenp  METpUYECKOU
Kaccuukanuu  JA0DKHAa — O0ECIeYMBaTh  CICAYIONUNA  aJirOpUT™M  padOTHI:
I0JIB30BaTE)Ih BBOJUT HOBOE IMTPU3HAKOBOE OMHMCAaHUE 00bEeKTa (00BEKT OTCYTCTBYET
B oOyuaromeld BRIOOPKE), a alTOPUTM KJIAaCCU(DHUKAIMA OTHOCUT HOBBIM OOBEKT K

OJHOMY H3 KJIACCOB UPUCOB.
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3. CylecTByeT HECKOJBKO BapualMii MeToja ONFKAHIIMX CcoceeH.
Kaxnas wmonens mpeamnojaraer HaJlWyue pa3IMyHBIX [apaMeTpoB s
ontuMu3anuu.  Bocmons3dyemcs  OumOnmuotexoir  scikit  gms mocTpoeHus
kiaccuduxartopa (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

# Co3daHue u Hacmpolika Kaaccuguxkamopa

knn = KNeighborsClassifier(n_neighbors=K)

# nocmpoeHue Modenu kaaccupukamopa (npoyedypa obyyeHus)
knn.fit(X_train, y_train)

# HcnonvzoBaHue kndccugukamopa

# 0bvabaeHue npusHakoB obvekma

X_test = np.array([[1.2, 1.8, 2.8, 1.2]])

# MonyvyeHue omBema dna HoBozo obvekma

target = knn.predict(X_test)

print(target)

['Iris-versicolor']
Pucynok 3.8 — OcHOBHBIE 3Tallbl PENICHUs 3aa4M KJIacCU(PUKAILIMTU METOJOM
O KalIINX coceneil ¢ UCIoJIL30BaHueM OnOInoTeku scikit

s mpencraBaeHHOTO 00BekTa X test mompoOyiTe MOMEHSTh 3HAYCHHE

IMPU3HAKOB U IMPOCICINTEC 3a N3MCHCHUCM 3HAYCHHA BBIXOJHOI'O KJIaCcCa.

0. Mogens mocTpoeHa W BBIAACT OTBET I HOBBIX (OTCYTCTBYIOIIHUX B
UCXOIHOM BBIOOpKE) 00BhekTOB. HO, aHanmu3upys ko1 Ha puc. 3.8, clieyeT OTMETHTh
CIIeMYIONINE HEJOCTATKH TAKOTO TOIX0/1a:

— B KauyecTBE KOJHYECTBa OJNIMKAMIIMX coceaeil BbIOpaHO 3HaueHme K=3,
BBEIOOp JTAaHHOTO 3HAYCHUS HE OOOCHOBBIBAETCS, HO B JAHHOM METOJIE MMEHHO
JAHHBIN ITapaMeTp JOJDKEH ONTHMHU3HPOBATHCS,

— OTCYTCTBYET Kakoe-I1u00 Tpaduueckoe MNpeACcTaBICHUE MOJCIH, HET
BU3YaJIM3AIMH MPOIECCa TPUHATHUS PEIICHHUS.

I/ICHpaBI/IM JaHHBIC HCOOCTAaTKH.
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7. 3aiimemcsi  000CHOBaHHMEM BbIOOpAa  ONTHUMAIBHOTO  3HAYCHUS
KOJIM4YeCTBa OMmkamux cocened. st aToro OyaemM MCHOIB30BaTh MPOCTEHUIITYTO

oreHKy 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

Pucynok 3.9 — OneHka TOYHOCTH KiIaccuUKaTopa ¢ UCIOJIb30BaHUEM
Mmetoauku hold-out

B kaudectBe 3kcnepuMeHTa MONPOOYyHTE MOMEHSTh 3HAYEHUE KOJIMYECTBA

coceleill 1 pacCMOTPUTE U3MEHEHHE TOYHOCTH KiIacH(pUKaTopa.

8. Emte ogna onenka kadectBa — cross validation (CV) error. Ha puc. 3.10
MOKa3aH aJITOPUTM MOJy4YSHHUS OLICHKH TOYHOCTH Kitaccudukanuu CV u nporeaypa
BBHIOOpAa ONTHUMAJILHOIO 3HAYEHHUs KojnuecTBa coceneid B anroputMe kNN Ha

OCHOBE JJAaHHOU OIIEHKH.
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from sklearn.model selection import cross val score
import matplotlib.pyplot as plt

# 3Ha4eHUA napamempa K

k list = list(range(1,50))

# Mycmol cnucok O0AA XpaHeHuAa 3HadeHul modYHocmu

cv_scores = []

# B yukne npoxodum Bce 3HaueHus 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 ouubky (misclassification error)
MSE = [1-x for x in cv_scores]

# Cmpoum 2paguk

plt.plot(k_list, MSE)
plt.xlabel( ' KonuuecTeo cocepeit (K)');
plt.ylabel( 'Ouubka wknaccudukaumm (MSE)")
plt.show()

# Muem MUHUMyM
k_min = min(MSE)
# [pobyem Hadmu npovue MUHUMYMbl (€CAU UX HECKO/bKO)
all k min = []
for i in range(len(MSE)):
if MSE[1] <= k_min:
all k min.append(k list[i])

# nevamaem Bce K, onmumancHele dnA modeau
print('OnTumancHele 3Hadenna K: ', all k min)

Pucynok 3.10 — Peanu3zanus nporieaypsl BbBIOOpa ONTUMAJILHOTO TIapamMeTpa Ha
ocHoBe cross validation error

BriBoa 1151 JaHHOTO KOJIa mpeAcTaByieH Ha puc. 3.11.
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OnTuManbHele 3HadenwAa K: [13, 18, 28]

Pucynok 3.11 — Busyanuzanus BeiOOpa onTUMAIBLHOTO IMapaMeTpa Ha OCHOBE
cross validation error
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Baxxnble 3ameyaHus

1. TIpu BeIOOpe Habopa nanHbIX (data set) Ha pecypcax [3, 4] HeoOXoaUMO
COTJIacOBaTh CBOM BBIOOpP C APYTHMH CTYACHTaAMHU TPYMIBI U MPEIMOJABATEIEM C
IEJIBIO HEJIOITYCTUMOCTH BBIOOpA OIMHAKOBHIX BAPHAHTOB.

2. B pamkax maHHOTO 1a00OpPaTOPHOTO Kypca PEKOMEHIYETCS] HCIIOIb30BaTh
uHcTpyMeHTapuii Python (6mbmmoTtexu, cpemy pa3paOOTKH) i pEHICHUS
MIOCTaBJICHHBIX 3a/a4.

3. Ilpu BbIOOpe HaOOpa AAHHBIX CIEAyET OTIaBaTh NPEANOUYTCHHE TEM
HabopaM, KOTOpbIE UMEIOT CIEAYIOIINE XapaKTePUCTUKU: COAEpKaT He Ooiee 5
NPU3HAKOB Ha OOBEKT; BCE MPHU3HAKA — YHCIIOBBIC; KEJIATEIhbHO OTCYTCTBHUE

IIPOIYCKOB B TAHHBIX.

NuauBuayajabHoe 3a1aHKue

1. CTyeHT camocTOsATEIHHO BEIOMpaeT HabOp JaHHBIX Ha pecypcax [3, 4] s
MOCTPOECHUS KJIacCU(PUKATOpa C UCIOIB30BAHUEM METOJa OJIMKaWIIUX cocene u
COrJIacyeT CBOM BBIOOpP C MPENoJaBaTeseM.

2. BbINOMHUTE MOCTPOCHHE MOJETH KiIacCU(PUKAlUM Ha OCHOBE METOHa
Oonmxalmmx coceneid. B xone pemenus 3aaaud HE0OOXOAUMO PELIUTH CIETYIOIINE
No/13aa4uHu:

2.1 IlocTpoenue knaccudukaropa ¢ 3aganueM K (komudectBa OimKalmx
coceJiei) MoJIb30BaTeIeM;

2.2 Boruucnenne oneHku hold-out mus pasznuunx 3HaueHuid K, a Taxke s
Pa3IUYHBIX A0JEH 00yYaroel U TeCTUPYIOUIEH MOIBBIOOPOK;

2.3 Boluucnenue oueHku cross validation nns pasnuusbix 3HaueHuil K, a
TaKkkKe I pa3nuuHbiX 3HadeHui fold (kommuecTBa MOAMHOXKECTB TPH KPOCC-
BaJIUJIALIUN ).

2.4 Beruucnute ontumaibHble 3HaueHusi K. OOocHyliTe CBOMl BBIOOP.

[IponemMoHCTpUpyHTE UCTIOJIB30BAHUE TTOYYEHHOTO KJIacCH(pUKATOPA.
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Conepxxanue oT4yera u ero popma

Otyet mo mabopaTopHOU paboTe TOKEH COACPKATH:

1. Homep 1 Ha3BaHue 1a00paTOpHOM pabOTHI; 33141 1a00PaTOPHOM PaOOTHI.

2. Peanu3zanus Kaxaoro nyHkta nojpaszaena « M HauBuayanbsHoe 3a1aHue» C
NPUBEACHUEM HCXOJHOTO KOJIla MPOrpaMMBbl, auarpaMM W TpapuKoOB s
BU3YaJIM3alNK TaHHbIX.

3. OTBeTHI HA KOHTPOJIbHBIE BOIIPOCHI.

4. Dxpannabie (OpMbI (KOHCOTBHBIN BHIBOJ) U JINCTUHT MPOTPAMMHOTO KOJIa C
KOMMEHTapHUsIMHU, TOKa3bIBAIOIINE MOPSAJOK BbINOJIHEHUS Ja00paTOpHON pabOThl, U
pe3yNbTaThl, HOJYYEHHBIE B XO1€ €€ BBIIOJHEHUS.

OT4eT 0 BBIMIOJIHEHUH Ja00PaTOPHOI PaObOTHI MOJIMUCHIBAETCS CTYJEHTOM U

CHAacCTCA MPCIoaaBaTclIro.

KoHTpoJibHBIE BOPOCHI

1. TlosicHure  OCOOCHHOCTH  OCHOBHBIX  METOJIOB  METPHYCCKOM
KJaccuuKaIy: METo 1 OIMKanIero cocena, MeTo k OnmKkaniux coceei.

2. losicHuTe OCHOBHBIC MMPUHITUIIBI M 3TAIBI peann3aruu metona kNN.

3. ITosicHUTE IPUHITUI BBIOOPA KOJIMYECTBA COCETHUX 0OBEKTOB, ITO KOTOPBIM
OTIpEIEIACTCS IPUHAIIICKHOCTD IIEJIEBOT0 00BEKTA K PE3YIbTHUPYIOMIEMY KJIacCy.

4. B yem 3akirodaeTcs METO Map3€HOBCKOTO OKHA?

5. ITosicHUTE IPUHITUI METOJ1a TOTCHITUAIBHBIX (DyHKIIHH.

6. HazoBute, kakue nmapameTpbl ONTUMHU3UPYIOT B MeToAax KNN?

Cnncok urepatrypbl

J1J1s1 BBITIOJTHEH WS 1TA00paTOPHOM PaObOTHI, TPH MOJATOTOBKE K 3aIIIUTE, a TAKIKE

AJIs1 OTBETA HA KOHTPOJIBHBIC BOIIPOCHI PCKOMCHAYCTCA MCII0Jb30BATh CICAYIOIIHC

UCTOYHMKHU: [1-5].



41
Tema 4. OCHOBHas1 TEPMHHOJIOTHSI KOHTPOJIUPYEMOTro 00y4eHu st

JlabopaTopHas pabota 4. Toruyeckre MeToIbl KI1acCU(PUKALIUU

ean u 3apaun

Ilenr maGoparopHOW paOOTHI: W3yYEHHWE MPHUHIIUIIOB IMOCTPOCHUS
UH(OPMAIIMOHHBIX ~ CHUCTEM €  HCIOJb30BAHUEM  JIOTHUECKMX  METOJ0B
KJ1accupUKaIuu.

OcHoBHbIE 337a4H:

— OCBOGHHE TEXHOJOTMU BHEAPEHMSI aJrOPUTMOB HAa OHOBE peUIAOLIUX
CIIMCKOB B MPUJIOKECHUS;

— OCBOGHHE TEXHOJOTHMU BHEIPEHMsI aJTOPUTMOB HAa OHOBE peEHIAONIUX
JIEPEBHEB B MPUIIOKCHUS;

— U3yYCHHE MapaMeTPOB JIOTHIECKON K1acCU(pUKAIIHH;

— OCBOCHHC MOI[I/I(bI/IKaHI/Iﬁ JOTNYCCKHUX MCTOJ0B KJIaCCI/I(I)I/IKaHI/II/I.

Teopernyeckoe 060CHOBaHHE

[lepen BeImonHEHMEM J1a00PaTOPHOI pabOTHI HEOOXOIUMO O3HAKOMHUTHCS C
TEOpUEH TMOCTPOCHHUS JIOTUYECKUX KIACCU(UKATOPOB, HCHOIB3Ys CIEAYIOIINe

HUCTOYHUKU: [1-5].

Oob6opynoBanmne 1 MaTepuaJibl

Jlist BhIMOTHEHUST 1a00paTOpHOM pabOThl PEKOMEHIYETCS HCIOIb30BaTh
NEPCOHABHBI  KOMIBIOTED CO CIEAYIOIUMHU MPOrPaMMHBIMH  CPEICTBAMHU
pa3paboTku (BbIOpaTh OAWMH WM HECKOJIBKO MPOTPAaMHBIX MPOAYKTOB IS
MPAKTUYECKON peann3aiuu 3aaay gabopatopHoit padotsl): MS Visual Studio 2013

U BhIIIE; cpea pazpadbotku Java, unrepnperarop Python (Anaconda).
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MeToauka U NOPSIAOK BbINOJHEHUsI padoThl

YueOHas 3agaua

B pamkax ydeOHON 3amaun HEOOXOAUMO TPOUZBECTU TOCTPOCHUE
Kjaccu(uKaTopa Ha OCHOBE JIOTHUECKOro JepeBa. B kadecTBe Habopa MaHHBIX
UCIOJIb3yeTCsl HAbOp MaHHBIX 00 upucax durmiepa.

1.  Tlomkmrounm OMOTMOTEKH, KOTOpbIC MOTPEOYIOTCS A 3arpy3Kd U

MEPBUYHOIO aHaIM3a 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
PI/ICYHOK 4.1 — Ucnionp3oBauue pandas AJI 3arpy3Ku Ha6opa JAaHHBIX

2. Jlnst  mocTtpoeHuss  nmepeBa  KiacCHU(UKAIMK  BOCIOJIB3yeMCS
cnenuanbHeM KiaccoM sklearn.tree.DecisionTreeClassifier. OnieHUMU TOYHOCTH
mozaenu MmetojoM hold-out (puc. 4.2). Cnenyer oOpatuth BHUMaHHUE, YTO €CIU B
METO/Ie OJIMKANUIITUX COCEACH MPOU3BOAMIACH ONTUMHU3AIIHS 10 OJJTHOMY TTapameTpy
K — xonmdectBy Ommkallmmx cocelel, TO TMpPU CO3JaHUU  MOJEIHU
DecisionTreeClassifier HeoOXxoauMo ykaszaTh JBa IapaMeTpa: MaKCHUMaJlbHYIO
ryouny nepeBa (max_depth) m KoamdecTBO MPHU3HAKOB pasleleHUs JAepeBa

(max_features).



43

from sklearn.tree import DecisionTreeClassifier
from sklearn.model_selection import train_test_split
from sklearn.metrics import accuracy_score

# lMoomHoxecmBa dna hold-out
X_train, X_holdout, y_train, y_holdout = \
train_test_split(dX, dy, test_size=0.3, random_state=12)

# Oby4yeHue modenu

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

tree.fit(X_train, y_train)

# lMony4yeHue ouyeHku hold-out

tree_pred = tree.predict(X_holdout)

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

©.977777777778

Pucynok 4.2 — O0yueHnne Moienu KiracCu()UKAIUKA B OLICHKA €€ TOYHOCTH
meTtoaoM hold-out

3. [IpousBeneM OIEHKY TOYHOCTH MOJIENH IO MeToay cross validation
(puc. 4.3), a Takxke cjaenaeM BBIBOABI 00 ONTUMAILHOM 3HAYEHUHU Mapamerpa

max_depth.

from sklearn.model_selection import cross_val_score

# 3Ha4eHus napamempa max_depth
d_list = list(range(1,20))
# Mycmol cnucok 0n8 XpaHeHuUsa 3Ha4veHul mo4YHocmu
cv_scores = []
# B yukne 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())
# Boiqucnsaem owubky (misclassification error)
MSE = [1-x for x in cv_scores]

# Cmpoum zpaguk

plt.plot(d_list, MSE)

plt.xlabel('Makc. rnybuHa gepesa (max_depth)');
plt.ylabel('Ounubka knaccuduxkauum (MSE)')
plt.show()

# Hyem MUuHUMYM
d_min = min(MSE)
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# lMpobyem Halmu npo4due MUHUMYyMbl (€Cau UX HECKOMNbKO)
all d min = []
for i in range(len(MSE)):
if MSE[i] <= d_min:
all_d_min.append(d_list[i])

# neyamaem Bce K, onmumanvHele 0na modenu
print('OnTuMancHble 3Ha4deHuAa max_depth: ', all_d_min)

Pucynox 4.3 — OrieHKa TOYHOCTH MOJIENTM METOI0M cross validation u
HaXO0XJICHHE ONTHMAaIbHOIO 3HaYeHUs napaMmerpa max_ depth

B pesynbTaTe paboThl JaHHOTO KOAa OyAeT Moixy4yeH BbIBOA (puc. 4.4).
040
035
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0.25

Owwnbka knaccudpukaumm (MSE)

020
0.15
0.10
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0.00
0 5 10 15 20
Makc. rnybuna gepesa (max_depth)
OnTuManbHble 3HaYeHua max_depth: [3]

Pucynok 4.4 — BeiBox 3aBucumoctu 3HaueHust MSE ot mapamerpa max_depth

4, OntumansHOE 3HaueHHe napamerpa max_depth mojaenu nmoaydeHo, HO
B MOJIEIM TPHCYTCTBYET €Ile OJIWH TmapameTp max features, KOTOpBIA OBLI
YCTaHOBJICH B 3HaUCHHUE 2 (HE M3MCHSUICS M HE ONITUMU3HpoBaics). [l mpoBeaeHus
cross validation mo Bcem mapameTrpaMm Bocmonb3dyemcs kimaccom 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=1@, verbose=True, n_jobs=-1)
tree_grid.fit(dX, dy)

print('\n')

print('Nlydwee coYeTaHWe napameTpoB: ', tree_grid.best_params_)
print(‘Nyd4une 6annbl cross validation: ', tree_grid.best_score_)

# FeHepupyem zpaguvyeckoe npedcmabBneHue 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

JNlyHdwee codYeTaHue napameTpoe: {'max_features': 2, 'max_depth': 3}
NyHwue 6Bannel cross validation: ©.96

[Parallel(n_jobs=-1)]: Done 57@ out of 578 | elapsed: 3.9s finished

Pucynok 4.5 — Haxox1eHre onTUMaIbHBIX ITApaMETPOB MOJICITH JIOTUIECKON
KIaccuukanuu

[Tosicaute BeIBOA qaHHOTO (parMeHTa. [losicHUTE 3HAUCHNE TAKUX BEITMYUH
kak fold, candidate, fit. Kakue 3nHaueHuss MpUHUMAIOT JJAHHBIC BEJTMYUHBI B TAHHOM
KOJI€ ¥ mo4yemy?

Cnenyer oOpaTUTh BHMMaHHE, YTO B PE3yIbTaTe OICHKH ONTHMAJbHBIX
napameTpoB, PaKTUIECKH, OBLIO MOCTPOCHO ONTUMATILHOE JIEPEBO KIacCU(UKAIUH.
Joctyn Kk JaHHOMY JepeBy MPOM3BOIUTCS udepe3 moje best estimator kiacca
GridSearchCV. B kone (puc. 4.5) npou3BOAUTCS SKCHOPT MOJIYYEHHOTO JIEpEBA B
dopmar .dot. [Tomyuennsrit popmat MOKHO TTpeoOpa3oBaTh B .png Yepe3 CEPBUC

caiita http://webgraphviz.com. [Tony4eHHOE AepeBO MpEICTaBICHO Ha puc. 4.6.
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sepal_length <= 5.45
gini = 0.6667
samples = 150
value =[50, 50, 50]
class = Iris-setosa

Tru‘e/ Y:Ise

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, 8, 1] value =[5, 43, 4] value = [0, 1, 45]
class = Iris-setosa . . o ! S e I
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

Pucynok 4.6 — HaxomkieHre onTUMAIbHBIX TTapaMETPOB MOJICIIN JIOTHICCKOM
KJIaCCU(UKAITUH

[losicHuTe 3Ha4YeHHs] MEPEMEHHBIX B y3JaxX IMOJY4YEHHOro JepeBa: gini,

samples, value.

5. OnTuManbpHble MapaMeTpbl ONpPEAENIeHbl, MOKHO OOYYUTbh MOJEIb U

UCITOJIB30BaTh e¢ sl Kiaaccudukaruu (puc. 4.7).

# Mocmpoum obaacmu peueHUus dng onmumanabHozo depebBa
# 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 — Vicniosib30BaHre MOJICNIH JIOTHUECKOHN KilaccuUKaIuu

6. B 3akioueHMH TOCTPOMM €Ie OJHY BHU3yalM3alUI0 TpoIiecca
JOTUYECKON  KIacCU(UKAIMKM — TOKaKEM peIIalollde TPaHUIBl  MOJCIU

kinaccudukanuu (puc. 4.8).



plot_markers = ['r*',

answers =

# Cozdaem
f, places

fmin = dX.
fmax = dX.

plot_step

# 06xo0dum
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"

g"", IbO‘]
dy.unique()

nodzpagpuku a8 kaxdol napsl npusHakoB
= plt.subplots(4, 4, figsize=(16,16))

min()-©.5
max()+8.5
= 98.82

Bce subplot

for i in range(®,4):

for j

#

in range(@,4):

CmpouMm peuaiyue 2paHuubl

if(i 1= 9):

#

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]1], dy)

p = model.predict(np.c_[xx.ravel(), yy.ravel()]

p = p.reshape(xx.shape)

p[p==answers[8]] = @

p[p==answers[1]] 1

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

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

06xo0d Bcex knaccoB

for id_answer in range(len(answers)):

idx = np.where(dy == answers[id_answer])
if i==j:
places[i, j].hist(dX.iloc[idx].ix[:,i],
color=plot_markers[id_answer][@],
histtype = 'step')
else:
places[i, j].plot(dX.iloc[idx].ix[:,1i], dX.iloec[idx].ix[:,3],
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])

Pucynok 4.8 — IlocTpoeHue perarnmx rpaHuil

BriBOA 1aHHOTO KOJI1a IMpCaACTAaBJICH HA PHUC. 4.9,
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Pucynok 4.9 — Pemaromue rpaHuiibl JOTHYECKON MOACIH KilacCcupuKammm

7. BeImiosHUTE HHAWBUIYAJIBHOE 3a/1aHUE.

BaxHble 3ameyaHus

1. ITpu BeIOOpe HaOopa nanHbIX (data set) Ha pecypcax [3, 4] HeoOXoaUMO
COTrjlacoBaTh CBOM BBIOOpP C APYTMMH CTYJCHTaMU TPYMIbl U MPEMOJaBaTEIEM C
IETbI0 HEJOIMYCTUMOCTH BBIOOPa OJTMHAKOBBIX BAPHAHTOB.

2. B pamkax maHHOTO J1a0OpPaTOPHOTO Kypca PEKOMEHIYETCs] HCTIOIb30BaTh

uHcTpyMeHTapuii Python (GuGnmoTexkn, cpemy pa3paOOTKH) sl pEIICHUs

ITIOCTAaBJICHHBIX 3a1a4.
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NupuBuayanbHoe 3a1anune

1. CtyneHT caMmOCTOsITEILHO BRIOMpaeT Habop TaHHBIX Ha pecypcax [3, 4] mis
NOCTPOCHHUsI  Kjiaccu(ukaTopa C  HCIOJB30BAHMEM  METOAa  JIOTHYECKOH
KJ1accu(UKaIld U COTJIACYeT CBOM BBIOOD C MPEIoaBaTelIeM.

2. BBIMOJHUTE TOCTPOCHHWE MOJENU Kiaccu(uKaluu Ha OCHOBE JepeBa
kinaccudukanuu. B xome pemeHust 3aaud HEOOXOAMMO PEIIUTh CIIETYIONTHE
no/3aJauu:

2.1 Tloctpoenue norudeckoro kiaccudukaropa c¢ 3amanueM max_ depth
(MakcuManpHOM TIIyOMHBI) ¥ max features (MakCUMajIbHOTO KOJMYECTBA
PU3HAKOB) MOJIb30BaTENEM (YCTAaHOBUTH JIFOOBIC); BU3yallu3allus AepeBa peuieHui
JUTA BEIOpAHHBIX MCCIIEAOBATEIEM MapaMeTpoB (B popmate .png)

2.2 Beruucnenue ouenku cross validation (MSE) st paznuyHx 3HaueHui
max_depth (moctpouts rpaduk 3aBUCUMOCTH);

2.3 Brruncnenue omenku cross validation (MSE) mist pasnuunx 3HadeHHIMA
max_features (moCcTpouTh rpadvK 3aBUCUMOCTH);

2.4 Beruucnaute onTuMaidbHble 3HaueHuss max depth u max features.
Ob6ocuyiiTe cBoii BbIOOp. I[IpogeMOHCTpUPYHTE WHCMONB30BAHUE MOJIYYEHHOTO
KkJaccudukaTopa.

2.5 BeiBenmute aepeBo B popmarte .png;

2.6 BpiBeguTe peliaroue rpaHuilbl MOTy4eHHON MOJICIIH.

Coneprxkanue oT4yera u ero popma

Otuet 1o 1abopaTopHON pabOTE NOKEH COACPIKATD:

1. Homep u Ha3BaHue 1abopaTOpHOI pabOThI; 3aa9u JIA0OPATOPHO pabOTHI.

2. Peanuzanus kaxaoro myHKTa nojapasaena « MHauBuayanbHOe 3a1aHue) C
NPUBEACHUEM HCXOIHOTO KOJla TMPOTpaMMBbl, auarpamMM W TpapuKoB IS
BU3YaJIM3aINH IaHHBIX.

3. OTBETHI HA KOHTPOJIBHBIE BOIPOCHI.
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4. Dxpannabie (OpMbI (KOHCOTBHBIN BHIBOJ) U JINCTUHT MPOTPAMMHOTO KOJIa C
KOMMEHTapHUsIMHU, TOKa3bIBAIOIINE MOPSAJOK BbINOJHEHUS Ja00paTOpHO padOThI, U
pe3yabTaThl, MOJYYEHHBIE B X0/I€ €€ BBIOJIHEHUSI.
OT4eT 0 BBIMIOJHEHUH Ja00PaTOPHOIM PaObOTHI MOJIMUCHIBACTCS CTYJEHTOM U

CHAacCTCA MPCIoaaBaTclIro.

KoHTpoJibHBIE BOPOCHI

1. TTosicHuTE MPUHLKI HOCTPOEHUS IEPEBa PEILICHUM.

2. YKaXuTe CTaTUCTUYECKOE OmpeiesieHue HHOPMATUBHOCTH.

3. [losicauTe >HTpONHITHOE onpeaeneHne HHPOPMATHBHOCTH.

4. Yro Takoe MHoOrokiaccoBas uHpopMmaruBHOCTH? Jlnsi yero oHa
IpUMEHSIETCS?

5. TloscHuTe Ha3HAYEHHE W QJITOPUTM OWHAPHU3AIUU KOJIWYECTBEHHBIX
MIPU3HAKOB.

6. [TosicHuTe NOPSAIOK MOMCKA 3aKOHOMEPHOCTEHN B (hOpME KOHBIOHKIIMIA.

Cnucok Jureparypsbl

J1J1st BBITIOJTHEH WS 1TA00paTOPHOM PaObOThI, TPH TOATOTOBKE K 3aIIIUTE, a TAKIKE

AJIs1 OTBETA HAa KOHTPOJIBHBIC BOIIPOCHI PCKOMCHAYCTCA MCII0Jb30BATh CICAYIOIIHC

UCTOYHMKHU: [1-5].



51
Tema 5. IIpocTeiimue MeTpUuIeCKHUE METOIbI

JlabopaTopHas pabota 5. TorucTuyeckasi perpeccus

ean u 3apaun

Ilenr maGoparopHOW paOOTHI: W3yYEHHWE MPHUHIIUIIOB IMOCTPOCHUS
UH(OPMAIIMOHHBIX CHUCTEM C HCIOJIb30BAHUEM JIMHEWHBIX METOJO0B MAaIIMHHOTO
00yueHusl.

OcHoBHbIE 337a4H:

— OCBOCHHE TEXHOJIOTMH BHEAPEHUS AITOPUTMOB JIMHEHHOM Ki1accupuKaiuu
B MIPUJIOKECHUS;

— U3y4YE€HHE OCHOBHBIX MMPUEMOB PAOTHI C pa3peKEHHBIMU MaTPUIIAMH B XOJI€
MalIMHHOTO O0y4Y€eHHUs;

— OCBOGHHME TEXHHMKH TIOCTPOCHHS, OOY4YeHHUS U OIECHKH MOJEIH
JIOTUCTUYECKON PErpecuiu;

— OCBOEHME NpPUEMOB pPAaOOThl C CHUHTE3UPOBAHHBIMM IPHU3HAKAMM,

MacITabMpOBAHWEM U HACTPOUKOW TUIITIEpIIapaMeTPOB.
Teopernueckoe 000CHOBaHUE
[lepen BbIMoaHEHUEM J1A0OPATOPHOM PAOOTHI HEOOXOJIUMO O3HAKOMHUTHCS C
TEOpUEH TOCTPOCHHS PETPECCUOHHBIX MOJICIICH MAIIMHHOTO 00yUYEHUS, UCTIOIb3YS
CIEIYIOIINE UCTOYHUKU: [1-5].
O6opynoBanne 1 MaTepuaJibl
Jlst BeITOTHEHUST 1ab0paTOpHON pabOThl PEKOMEHIYETCS HCIOIb30BaTh

IIEPCOHAIBHBIA  KOMIBIOTEP CO CIHEAYIOIIMMHU IPOTPAMMHBIMU  CPEACTBAMHU

pa3paboTku (BbIOpaTh OJMH WJIM HECKOJbKO MPOrpaMHBIX MPOAYKTOB s
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MPAKTUYECKON pean3aiuu 3aaad gaboparopHoit padotsl): MS Visual Studio 2013

U BhIIIIE; cpefa pazpabotku Java, unrepnperarop Python (Anaconda).

MeToauka U MOPSi/IOK BHINOJHEHUSI PA0OThI

YyeOHad 3a1a4a

B pamkax ydeOHOM 3amaun pezdepem mpodiemy «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 3amava maeHTH(UKAIMKA B3JIOMINKKA MO €r0 MOBEJCHHUIO B CETH
HNuTtepuet. Hanpumep, B3IOMIITUK TOYTOBOTO SIIIIUKA OYJET BECTH ce0s HE TaK, KaK
BJIQJICJICII SIIMKA: OH MOKET HE YIAJISITh COOOIICHHS Cpa3y MO MPOYTEHUU, KaK ITO
Jienan X035iMH, OH OyJeT MO-APYyroMy CTaBUTh (DJIAXKKK COOOILECHHMSIM U JaXKe TO-
CBOEMY JBUTaTh MBIMKOW. Torma Takoro 3JIOYMBINUICHHHKA  MOYKHO
UACHTU(DUIUPOBATh U «BBIKUHYTHY» M3 TMOYTOBOTO SIIMKA, MPEAJIOKHUB XO3IUHY
BoiTH mo SMS-kony. Iloxoxxue MexaHuU3Mbl pa3padaThIBAIOTCS, HANpPUMEpP, B
Google Analytics 1 ONHMCBIBAIOTCS B HAYYHBIX CTAThSIX, HAUTH MOXXHO MHOTOE I10
dpazam «Traversal Pattern Mining» u «Sequential Pattern Miningy.

B yueOHOI 3amadye paccMOTpUM MOXOXKYH 3aJady: ajlroputMm Oyaer
aHAIM3UPOBATh TOCIEIOBATEIBHOCTh M3 HECKOJIBKUX BEO-CAMTOB, MOCEHICHHBIX
OIS OJTHUM M TEM K€ YEIIOBEKOM, U OTIPEEISITh, DIIUC 3TO I B3JIOMIIHUK (KTO-
TO Apyroii). B kauecTBe MeTpuku B 3TOM copeBHOBaHUM rcnolibdyercss ROC AUC.

B oOyuaromieit BbIOOpKE train sessiOns.CSV MPEACTABJICHBI CIEAYIOLINE
TIPU3HAKH:

— site_1 — 3TO MHJEKCHI MOCEIIEHHBIX CalTOB (pacmmdpoBka gaHa B pickle-
daiine co cioBapewm site dic.pkl);

— time_j — BpeMs1 [TOCEIIEHHs CaiiToB site j;

target — riesieBoi mpu3HaK; (hakT TOTo, YTO CECCHsI MPUHAMIDKUT DIIUC (TO €CTh

YTO UMEHHO DJIMC XOJMWIA 10 BCEM ITUM CalTaMm).


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

3amaua
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— cHenaThb TMPOTHO3BI I CECCHM B TECTOBOW BBIOOpKE

(test_sessions.csv), ONpeaeauThb, IPUHAJICKAT JIM OHU DJTHC.

He oO0s3aTensHO OrpaHUYMBATHCS TOJBKO MPEAJIOKEHHOW BBIOOPKOM

train_sessions.csv — B train.zip JaHbl HCXOJHBIC JaHHBIE O MOCEIICHHBIX

MOJIb30BATENISIMU  BEO-CTpAHUIAX, IO KOTOPHIM MOXHO C(OPMHUPOBATH CBOIO

00y4Jaronyro BEIOOPKY.

[lepexoauM K penieHUIO:

1. [Toakrouem HEOOXOAUMBIE OUOJIMOTEKH:

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
from
from
from
from

scipy.sparse import csr_matrix

scipy.sparse import hstack
sklearn.preprocessing import StandardScaler
sklearn.metrics import roc_auc_score
sklearn.linear_model import LogisticRegression

Pucynok 5.1 — Kox noakmroueHns: HEOOX0IUMBIX OMOIHOTEK B jupyter notebook

2. [IpoBenem mnepBuUHOE 0OCHenOBaHME HaOOpa JaHHBIX. BITOTHUM

3arpy3Ky JAaHHBIX (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' % i for i in range(l, 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='timel')

print(train_df.shape)
print(test_df.shape)

train_df.head()

(253561, 21)
(82797, 28)

site1

session_id

21669 56

time1

2013-
01-12
08:05:57

site?

55.0

time2

2013-
01-12
08:05:57

sited

MNaM

time3

NaT

sited | timed

NaN |[MNaT

site5

NaN

time5

MNaT

Pucynok 5.2 — 3arpy3ka u nepBudHasi 00pab0oTKa JaHHBIX

B xaxxno#t cTtpoke Habopa JaHHBIX COACPIKATCS MPU3HAKU CECCHH:

— site] — MHIEKC TMEPBOTO MOCEIIEHHOTO CaiiTa B CECCHUM;

— timel — BpeMsi MOCEIIeHHsI TIEPBOrO CaiTa B CECCUH,

—site10 — uamexc 10-ro MocemeHHoro caiTa B CECCHUH;

—time10 — Bpems nocenienust 10-ro caiita B ceccuu;

— target — neneBas nepeMeHHas, IPUHUMAET 3HaYeHue | s ceccuil Dinc u

0 nms ceccuil Apyrux MoJib30BaTEIEH.

Ceccuu nosib30Batesnield BbIJIEJICHBl TAKUM 00pa3oM, 4YTO OHU HE MOTYT ObITh

JUIMHEE ToJiydyaca Wi cojepxxur 6onee 10 caittoB. To ecTtb ceccust cuurtaercs

OKOHYEHHOM OO0 Korja mojib3oBaresb noceTwn 10 caliToB monpsia, 1160 Koraa

ceccus 3aHsuIa 1o BpemeHu 6osuee 30 MUHYT.

B taGnuie BcTpedaroTCs MpOMyIIEHHBIE 3HAUYCHHUS, 9TO 3HAYHT, YTO CECCUS

COCTOMUT MeHee, ueM u3 10 caiTos.

3. 3aMeHUM MMpONyHICHHLIC 3HAYCHUSA HYJICM MW HIPUBCIACM KOJIOHKHU

1eJIoMy TUly. Takke 3arpy3um CjI0Bapb CauTOB U IOCMOTPUM KaK OH BBITJISIJIUT:
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sites = ['siteXs’ ¥ i1 for 1 in range(l, 11)]
train _df[sites] = train df[sites].fillna(@).astype(’'int')
test_df[sites] = test_df[sites].fillna(@).astype('int')

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

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

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

sites dict.head()

Bcero cawtoe: 48371

site

11774 | i62.tinypic.com

27343 | static.weezbe.com

18896 | forum.sports.fr

25836 | webservices viamichelin.com

36271 | www.clipartof.com

Pucynok 5.3 — 3arpy3ka cioBapsi caiiToB (popmara .pkl

4, IToxaskeM, Kakue CaWTBI  SBJISIOTCS  TOIIOBBIMHM,  HauoOoJee

IMOMIYJISIPHBIMH I10 ITOCCIIACMOCTH:
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top_sites = pd.Series(train_df[sites].fillna(@).values.flatten()
}.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 NaMN

23 |www.google.com

782 | annotathon.org

22 |apis.google.com

Pucynok 5.4 — Onpenenenue Haudosee NOCEIAaEMbIX CAUTOB

5. OcHoBHy10 paboTy OyaeM MpOBOAWTH C BPEMEHHBIMU IapaMeTpamu
ceccuid. [y 3TOro CO3MauM OTHACIBHBIN (peliM MaHHBIX JJIS XpaHCHUS Hadalia

CECCUM, JIKIIHYAHUS CECCUU U €€ IITUTENbHOCTHU (puc. 5.5).
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# cosdadum omdenswHelli 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 cCceccuu

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 daumensHocme ceccuu u nepeBedem 6 cekyHOIbi
time_df['seconds'] =
(time df['max’'].values -

time_df['min'].values) / np.timedeltags4(1,

time df.head()

P

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 — Co3nganue otaensHoro DataFrame 1y XpaHeHUs BpEMEHHBIX
napaMeTpOB CeCCUit

UtoObI IepeiTH K 00YYEHHUIO MOJICNIU, HEOOXOIUMO MOJATOTOBUTH AaHHbIE. C
camMoro Hayaja BBIJCIIUM IIEeJIEBYI0 MEPEMEHHYI0 W yJalluM ee U3 oOyuaromiei
BbIOOpKH. Tenepb u oOydaromasi, 1 TecToBasi BBIOOPKHU OyIyT UMETh OJIMHAKOBOE
KOJIMYECTBO KOJIOHOK, TOATOMY O0OBbEIMHUM UX B OAUH oOwmuii natadppeim. Takum
o0Opa3omM, Bce MpeoOpa3oBaHUs OyAYyT BBINOJHATHCA OJHOBPEMEHHO Kak st
oOyyaronieil, Tak u 111 TeCTOBOM BbIOOPOK. C OHOM CTOPOHBI, 3TO BEAET K TOMY,
9TO0 y o00eux BBIOOPOK OyOeT OJHO MPOCTPAHCTBO TPU3HAKOB (MOXKHO HE
BOJIHOBAThCs, YTO 3a0bUIM cleiaTh IpeoOpa3oBaHUE KaKOro-TO IMpHU3HAKa s
OJIHOM M3 BBIOOPOK), HO C JApYyroil Bo3pacraeT Bpemsi o0OpaboTku. st Oosbinx
BBIOOPOK ~ MOXKET  OKa3aTbCs  HEBO3MOXKHBIM  cenaTh  mpeoOpa3oBaHUs
OJTHOBPEMEHHO Uil 00eux BBIOOPOK (a uMHOrAga mpeoOpa3oBaHUsA NPUIETCS
pa30MBaTh Ha HECKOJBKO 3TaloOB TOJBKO A1 00y4arouleil/TeCTOBOM BBIOOPKH).

3nech ke Mbl OyneMm jenath NpeoOpa3oBaHus s OOBEAMHEHHOW TaOIUIIBI
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HCINKOM, a IICPCA o6yquHeM WX IIPOrHO3UPOBAHHUCM IIPOCTO BO3bMCM HYKHYIO
€€ 4acCThb.

P

# Hawa yenebBas nepemeHHas

y_train = train_df['target’']

# obveduHeHHaA mabauuya ucxoOHslx OAHHBIX

full_df = pd.concat([train_df.drop('target’, axis=1), test_df])

# uHdekc, no wkomopomy Oydem omdenams oby4awwyw Geibopky 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, 28)

Pucynok 5.6 — CnusnHue oOy4aroiiei 1 TECTOBOUM BEIOOPOK

6. Jlns mepBoit MoJienu OyIeM KUCTOIB30BaTh TOJIBKO MOCEIICHHBIE CAUThI
B ceccud (HO He Oynem oOpaliarh BHUMaHHE HA BPEMEHHbBIC MPU3HAKU). 32 TaKUM
BBIOOPOM JIaHHBIX JUIsI MOJENIM CTOUT CIeayromas uaes: y OJIUC eCTh CBOHU
M3II00JICHHBIC CAWTHI, M YEM 4Yallle Bbl BHAUM 3TH CAaWThl B CECCHUM, TEM BBIIIC
BEPOSTHOCTb, YTO 3TO Ceccus DIMc, U HaoOopot. IloaroroBuM naHHbIE, U3 BCEH
Ta0aubl BeIOEpeM TOJNBKO Npu3Haku sitel, site2, ... , sitel0. IIpomyieHHbie

3HA4YCHUA 3aMCHCHBI HYJICM. Bort kak BBITJIIAT IIEPBBIC CTPOKKU Ta6J'II/II_IBIZ

full_sites = full_df[sites]
full_sites.head

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

session_id

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

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

Pucynok 5.7 — O6yuaroniasi BHIOOpKa Ha OCHOBE MOCEIIAEMbIX CaliTOB
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Ceccun mpenCTaBISAIOT COOOM MOCIENOBATEILHOCTh MHACKCOB CaWTOB, U
JAaHHBIE B TAKOM BUJI€ HEYIOOHBI 1J1s1 TMHEHHBIX METOJIOB. B coOTBETCTBUM C Halel
runote3oiu (y Dauc ecTh U3M00JICHHBIE CAalThI) HAIO MPeoOpa3oBaTh ATy TAOIUITY
TakUM 00pa3oM, 4YTOOBI KaXXAOMY BO3MOXXHOMY CalTy COOTBETCTBOBAJ CBOM
OT/CJIbHBIM TPU3HAK (KOJIOHKA), a €ro 3HAa4Y€HUE PaBHSIOCh Obl KOJIUYECTBY
MOCEIICHUH 3TOr0 CauTa B CECCUMU:

sites_flatten = full_sites.values.flatten()
full sites sparse = csr_matrix(([1] * sites_flatten.shape[&],
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[@] * 4)

sites_flatten (336358@,)
full_sites_sparse (336358, 48371)
Calculation Memory Size: 452546816656

# Croneko mMecma 3aHumaem pazpexeHHaA mMmampuya 8 namamu

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

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

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

Pucynok 5.8 — ITocTpoeHue pa3pe:keHHON MATPUIIbI

7. PazpsixeHHyro Matpuily OyJieM MCIOJIb30BaTh Kak HA0Op JaHHBIX IS
oOydenus. Hamummem mpocTyro (QyHKIUIO IJis1 TOMY4YEHHUs KadecTBa OOy4YCHHS
(puc. 5.9). B ucxognom Habope ganubix 90% npeneaeHToB OyayT UCTIOIb30BATHCS

st o0yuenus, a 10% — st Banuganuu. 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 =

Pucynok 5.9 — O0yueHne Ha 9acTH BEIOOPKH M BBIYMCIICHUE KaueCTBA MOICIH

Tenepb O6y‘II/IM MOJICJIb Ha BCeH BLI60pK€ " BBIYHNCJINM Ka4CCTO:

# ¢yHryua 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)

%xtime

1r = 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

Pucynok 5.10 — O6yueHue Mojienu TMHEHHON PErpeccuu Ha MOJTHOM BBRIOOPKE

8. Mogens noctpoeHa u oOydeHa! TouHocTh, orneHuBaemas mo ROC
AUC, umeet 3nauenue 0,9195. Ho nepen ncnonb3oBaHreM HEOOXOAMMO ITPOBECTH
aHaJIM3. MOJKHO JIM NOBBICUTH TOYHOCTH MOJCIM 3a cYeT J00aBJIeHUS HOBBIX
MIPU3HAKOB.

9.  Jlo6aBum B 00y4aroIlyto BbIOOPKY HOBBIN MPU3HAK — MECSIII, B KOTOPOM

npoucxoauia ceccus (puc. 5.11).
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# damagpelm dna ananuza HoBeix npuzHakobB

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

Pucynox 5.11 — Co3manne HOBOTO (pperiMa 11si aHaIM3a HOBOTO
CHUHTE3UPOBAHHOTO MTPU3HAKA

JloGaBUM CHHTE3UPOBAHHBINM MPU3HAK B OOYYAIONIYIO BBIOOPKY, MPOBEAEM
oOydeHune 1 OIEHUM TOYHOCTh TIOTYyUYEeHHOW MOJICTIH:

# dobabnrem HoBeli npusHak 68 pdspexeHHYH mampuuy

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,:]1]))

# cqyumaem mempuky Ha BanudayuoxHoll 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)
8.75e835486018

Pucynok 5.12 — OGyueHue MOJenu JTOTUCTUYECKON PErpeccuu ¢
CUHTE3UPBAHHBIM IIPU3HAKOM

OuyeBHIHO, 4YTO TOYHOCTh MOJEIM YMEHBIIWIACH TMOCTe A00aBIICHUS
npu3Haka. MacmrabupyeM HOBBIA MPU3HAK W BBIIOJHUM TPOLEAYpPY OOyUeHHS

erie pas:
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# dobaBum HoBui cmandapmuaupoBanHsil npuaHak B pazpeweHHyw 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 GanudayuoHHol Bsibopke

print(get_auc_lr_valid(X_train, y_train))

8.919688615157

Pucynok 5.13 — OGyueHne MOJeNH JTOTUCTUYECKON PErPECcCUu ¢
CHUHTE3UPBAHHBIM MaCIITAOMPOBAHHBIM MTPU3HAKOM

TouHOCTH MOJACIHU ITOBBICKUIIACH, TO €CTb MaCIHTa6I/IpOBaHI/Ie IIPpU3HAKa NMCCT

ITOJIOKUTCIIbHOC BJIIMAHUC HA MOJCIIb.

10. [loGaBum emie OAMH CHHTE3UPOBAHHBIM TMPHU3HAK: KOJIUYECTBO

YHUKQJIBHBIX CAUTOB (n_unique_sites) B ceccuu (puc. 5.14).

# mMacumabupyem HoBwiU 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)

# oby4yeHue, owubka

print{get_auc_lr wvalid(X_train, y_train))

%_train.shape (253561, 48373)
8.916113928018

Pucynok 5.14 — OOyueHue MoJiesii ¢ HOBBIM MPU3HAKOM N_Unique_sites

11. Tloiinem mo myTH mAoOaBieHHs HOBBIX IpHU3HAKOB. JloO6aBuM ele aBa
OpU3HaKa: 4yac Hadaja ceccuu (start hour), nmoruueckuil mpusHaK, OTpa’KaroLIUN

yTPEeHHEE Hayajlo 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 — ®opmupoBanre MaTpUIbl HOBBIX CHHTE3UPOBAHHBIX IIPU3HAKOB
1U1st OOy4YeHUs MOJIeNn
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12. IlpoBeneM 0OydeHHE MOJEIIHN C HCIIOIb30BAHUEM HOBBIX ITPHU3HAKOB:

%¥%time
# gopmupyem obyuawuyw Geubopry
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,:]]))

# zapukcupyem kadecmBo ¢ napamempaMmu no YMoAYaHUKw
score_C_1 = get_auc_lr_valid(X_train, y_train)
print(score_C_1)

©.959149798439
Wall time: 3.6 s

Pucynok 5.16 — OGyueHust MOJIEIM ¢ HOBBIMU TIPU3HAKAMH M MacIITaOUpPOBaHEM

13.  IIpu 0OyueHHH MOJEIN MBI UCIIOIb3yeM runmnepnapamerp mojenu C —
kodhdunuent peryaspuszauuu. I[logdepem  ko3ppuuueHT perynspuzanuu,
JOCTABJISIFOUIMI MaKCUMAJIBHYO TOYHOCTH MOJEIIH.

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 tgdm(Cs):

# scores.append(get_auc_Lr_valid(X_train, y_train, C=C))
@.ee1 -> 8.828627741427

8.88278255948221 -> ©.8959528859635

9.00774263682681 -> ©.938832143168

9.8215443469@03 -»> ©,956320664198

8.8599484258319 -> 8.968675849238

8.16681885372 -> ©.9612823596393

9.464158883361 -> ©.960319282616

1.29154966501 -> ©.958667935331

3.5938136638 -> ©.955761207846

1.8 =->» ©.95132148541%9
Wall time: 38.7 s

np.max(scores)

8.96128239639339355

Pucynok 5.17 — IlonyueHue TOYHOCTH MOJIEIIU MPU PA3IMYHBIX 3HAYEHUSIX
TUIIepnapaMmeTpa

ITo momyuennsiM 3HaueHUAM AUC-ROC noctpoum rpaduk.
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plt.plot{Cs, scores, 'ro-")
plt.xscale{ "log")
plt.xlabel{ "C")

plt.ylabel( "AUC-ROC" )

plt.title( NMogbop kosddruMeHdTa perynApuzauwu’)

# ZOPUIOHMAABHOA JUHUA woqecmBo Modeny © NOMPPUUUEHMOM M0 JMOTHTHUR
plt.axhline({y=score C_1, linewidth=.5, color = "b", linestyle="dashed')
plt.show()

058 MonBop koadduuwenTa perynapuaaumm

054

092

0.90

AUC-ROC

088

0.86

10 104 107 10° 10°
Cc

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

14. OO6yunMm wMozenb co 3HaueHueM runnepnapamerpa C paBHBIM
0,1668101.

# B8.16681085372 -> ©.961282396393
score_result = get_auc_lr_valid(X_train, y_train, C=8.1668181)
print(score_result)

8.961283453111

Pucynok 5.19 — Ilonydenue huHAIBHON MOJIEIIH U €€ TOYHOCTH

15. B 3akmodueHun O0Oy4yuM MOJETb C HAWJCHHBIM ONTHMAIbHBIM

3Ha4YeHHEM KO3 PUIIMEHTa perysipu3aluu.
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# nodzomoBum daHHele dna obyvyeHus 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 = esr_matrix(hstack([full_sites_ sparse[idx_split:,:],
tmp_scaled[idx_split:,:]1]1))

# obyyum modenc Ha Bcel Buibopke © onNMUMANBHLIM KosgduUUUEHMOM pezyaspusayuu

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

# cdenaem npozHoz 0nA mecmobol Guibopku

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

# zanuwem ezo 6 ¢alin, zomobuil dna cabmuma

write_to_submission_file(y_test, 'baseline_res.csv')

Pucynok 5.20 — OOyueHue Ha Bcell BHIOOPKE U 3aMKUCh MIPOTHO3a B (haiii

16. BeimonHuTe MHAWBUAYATBHOE 3aJaHUE.

Baxublie 3ameyaHus

1. ITpu BBIOOpe Habopa naHHBIX (data set) Ha pecypcax [3, 4] HeoOxoaUMO
corjacoBaTh CBOM BBIOOp C APYTMMH CTYAEHTaMU TPYMIMbl U MPENOJABATEIEM C
LEJIbI0 HEJOIYCTUMOCTH BbIOOpa OJJMHAKOBBIX BAPHUAHTOB.

2. B pamkax naHHOTro 1a00paTOpPHOTO Kypca peKOMEHIYETCsl UCIOIb30BaTh
uHcTpyMeHTtapuii Python (6ubnuoTtexu, cpeay pa3pabOTKH) A pelIeHUs

IIOCTAaBJICHHBIX 3a1a4.

NuauBuayajabHoe 3a1aHKe

1. CTyneHT caMoCcTOATEIHHO BEIOMpaeT HabOp JaHHBIX Ha pecypcax [3, 4] s
NOCTPOEHUsI  Kiaccupukaropa ¢ HCHOJIb30BAaHUEM METOAa JIOTUCTUYECKON
pPErpeccuu 1 COrjacyeT CBOW BHIOOP € MPEnoJaBaTeseM.

2. BpINoOIHUTE TMOCTPOCHME MOJEIM JIOTUCTUYECKOM perpeccur. B xoje
penieHus 3aa4i He0OX0IMMO PELIUTh CIEAYIOIINE MOA3aTauH:

2.1 B pamMkax BBITIOJIHCHHS 3aJaHUs HEOOXOJAMMO BBECTH 2 HOBBIX
CUHTE3UPOBAHHBIX IMPU3HAKA, OLEHUTh HW3MEHEHHE TOYHOCTH MOJEIU MOCIe
n00aBlIeHUs MPU3HAKOB (C MPUMEHEHHEM MacIITabupOBaHUs IPU3HAKOB U 0€3).

2.2 Tlocne ompeneneHuss HEOOXOAUMOro Habopa MPH3HAKOB HEOOXOIUMO
chopmupoBath HaOOp 3HAYEHUW THUOIEpHapaMeTpa MOJAEIU U  BBIOpaTh

ontuManbsHoe 3HaueHue. [loctpoiite rpadpuk (AUC-ROC, runnepmnapametp C).



66
2.3 Ilocne oOydenust Moaenu HEOOXOAMMO COXPAaHUTh HA JUCK 3HAUYCHUS

OelcIIaiiy.

Coneprxanue oTyeTa u ero popma

Otuet 1o J1abopaToOpHON PadOTE TOKEH COACPIKATH:

1. Homep 1 Ha3BaHue 1a00paTOpHOM pabOTHI; 3a1a4u 1aO0OPaTOPHOU PaObOTHI.

2. Peanuzanus kaxaoro myHkra noapaszaeina « M HIuBUyaqabHOE 3aJaHUE) C
NPUBEACHUEM HCXOJHOTO KOJla MpOrpaMMbl, auarpaMM W TpaQuKoB IS
BU3yaJIM3alMM JAHHbIX.

3. OTBeTHI HA KOHTPOJIBHBIE BOIIPOCHI.

4. Dxpannbie (OpMbl (KOHCOTBHBIN BHIBOJ) U JIMCTUHT MPOTPAMMHOI0 KOJIa C
KOMMEHTApHUSIMHU, MOKA3bIBAIOIIKE MOPSIO0K BBIMOIHEHHUS JIA0OpaTOPHOU pabOThI, U
pe3yJIbTaThl, MOJYYEHHbIE B XO/€ €€ BbIIOJIHEHUSI.

OTyeT O BHITIOJTHEHUH JTaOOPATOPHOM PadOTHI OATUCHIBACTCS CTYJEHTOM U

CHacCTCA MPCIIoaaBaTclIto.

KoHTpoJibHBIE BOPOCHI

1. 3a kakue rojga NpeICTaBIEHbl JaHHbIE B OOy4arolled W TECTOBOM
BbIOOpKax? OTBET HY)KHO apryMEHTHUPOBaTh Koj0M Ha Python.

2. Uccnenyiite ¢ ucnonb3oBanueM Python ncxomansiii Habop HaHHBIX U AalTe
OTBET Ha CIEIYIOIIUA BOMPOC: KaKUEe CaWThl yalle Bcero mocemaet Onuc? s
OTBETa Ha BOMPOC MOKHO A0paboTaTh KOJ MyHKTa 4 y4eOHOro 3a1aHusl.

3. Ha s3p1ke Python peanu3syiite npoBepKy CAEAyIOMUX YTBEPKIACHUM:

— Ceccus DJHC B CpeIHEM KOPOUE, YEM CECCUS OCTAIbHBIX MTOJIb30BATEIICH.

— Jlons ceccuit Dnuc B BeIOOpKE mpeBbImiaeT 1%.

— Jlnama3zoHbl AIUTEIBHOCTH CECCHM OJUMC M OCTAIBHBIX MOJIL30BATEICH
IPUMEPHO OJIMHAKOBHI.

— Jlons ceccuit Dauc mauTeabHOCThI0O 40 ¢ m Oojiee COCTABIICT MCHEE

YETBEPTH.
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4. B pamkax noamyHkTa 9 ydeOHOM 3a1a4i TOCTPOiTe TpaduK 3aBUCUMOCTH
KOJIMYECTBA CeCCUl DIIMC OT CUHTE3UPOBAHHOTO Npu3Haka start month. IIpoBepsTe
CHEAYIOLIUE YTBEPKIACHUSA:

— ¢ Havana 2013 roxpa no cepeauny 2014 roga KOJIMYECTBO €KEMECIUYHBIX
CECCUI YMEHBIINIOCH;

— B 1IEJIOM KOJIMYECTBO CECCUU DJIUC 3a MECAL] MOCTOSIHHO Ha MPOTSKEHUU
BCEr0 NEPUOJA;

— ¢ Havana 2013 roma no cepeauny 2014 roga KOJIMYECTBO €KEMECIYHBIX
ceccui BO3pOCIoO.

5. Kakue wmetonpl kiaccupUKaIMU SBISIOTCS JUHEHHBIMU? YKaxuTe
OCHOBHBIE MapaMeTpbl JUHEHMON Mozenu kiaccupukanuu. Yrto Takoe
TUIIIEepHapaMeTpbl JUHEHHONW MO ?

6. IlosicHuTe Ha3HaueHME W  MPUHLMIBI  peaU3allUd  METOOB
CTaXOCTUYECKOI0 IPaJUEeHTA.

7. UTo Takoe «JIMHEHHO pa3aenumasi BBIOOpKay»?

Cnncok qureparypbl

JU1s1 BBIOJTHEH WS 1TA00PAaTOPHOM padOThI, TP OATOTOBKE K 3aLIUTE, a TAKKE

HJIs1 OTBETA HAa KOHTPOJIBHBIC BOIIPOCHI PCKOMCHIAYCTCS HMCIIOJIB30BaTh CIACAYIOIIHC

HUCTOYHUKU: [1-5].
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Tema 6. TeopeTnueckue acneKTbl MeTOAa OJMKAMIIMX coceaeit

JlabopaTtopHas pabota 6. TuHelHas perpeccus

ean u 3apaun

Ilenr maGoparopHOW paOOTHI: W3yYEHHWE MPHUHIIUIIOB IMOCTPOCHUS
UH(OPMAIIMOHHBIX CHUCTEM C HCIOJIb30BAHUEM JIMHEWHBIX METOJO0B MAaIIMHHOTO
00yueHusl.

OcHoBHbIE 337a4H:

— OCBOEHHME METOJOJIOTMM paboThl C MOJEISIMU JIMHEHHOW perpecuu B
3a/1a4yax MallMHHOTO 00y4YEeHUs;

— OCBOCHHE METJIMK pabOThI C JIMHEWHBIMU MOACIISAMH B python;

— OCBOCHHE METOJIUKU TPUMEHEHUSI METOJIOB PErPECCHH;

— M3y4YE€HUE OCHOBHBIX IAPAMETPOB PErPECCUOHHBIX MOJIEIIEH.

Teopernueckoe 000CHOBaHUE

[lepen BbIMoOIHEHUEM J1A0OPATOPHOM PAOOTHI HEOOXOJIUMO O3HAKOMUTHCS C
TEOPUEH TIOCTPOCHHS PETPECCUOHHBIX MOCIICH MAIIMHHOTO 00yUYEHUS, HCTIOIb3YS

CIEIyIOIINe UCTOYHUKHU: [1-5].

O6opynoBaHue U MaTEepPHAJIbI

JIist BBITOTHEHUST 1a00paTOpHOW pabOThl PEKOMEHIYETCS HCIOIb30BaTh
MEPCOHANBHBIN  KOMITBIOTEP CO CJICAYIOIMUMH NPOTrPAMMHBIMH  CpEICTBAMU
pa3paboTku (BeIOpaTh OJWMH WM HECKOJBKO MPOTPAMHBIX TPOAYKTOB IS
MPAKTUYECKON pean3aiuu 3aaad jaboparopHoit padotsl): MS Visual Studio 2013

U BBIIIIE; cpefia pa3padoTku Java, matepnperatop Python (Anaconda).
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MeToauka U NOPSIAOK BbINOJHEHUsI padoThl

YueOHas 3agaua
B pamkax yueGHoOIi 3amaun pe3depem mpobiiemy «IIpornos momymsipHOCTH

CTaTbH Ha Xabpe» (https://habrahabr.ru). [ToapoOHOCTH

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

daiin howpop test.csv  cOACpXHUT  TeCTOBble  OOBEKTHL.  Dain
howpop train.csv coaepxkut oOydarouryto BbIOOpKy. lleneBasi mepemenHas —
favs_lognorm. ®aiiner howpop test.jsonlines m howpop_train.jsonlines comepxat
noyiHbie onucanus crareit B popmare JSON. [leneBas nepemennas — favs lognorm.

Cnenyer oOpatuTh BHUMaHue, 49To howpop train.jsonlines — daiin ¢
pasmepom 4 I'b.

IIepexoaum K peLIeHu!o:

17. Tloakimroyem HEOOXOAUMBIE OUOJIMOTEKH:

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 — Kog noakntouenust OubnmoTek B jupyter notebook

18. IlpoBenem mepBmuHOE oOOCiIemOBaHWE HaboOpa MaHHBIX. BIMOTHUM
3arpy3ky JaHHbIX (puc. 6.2). Takoe mnpencraBieHue oOydyaromieid W TECTOBOU
BBEIOOPOK HE JTaeT OCMBICIICHHOTO TPEACTABICHHUSI O CTPYKTYPE TaHHBIX, BBIBOJI
TSDKEIO 4yuTaeTcs. TpaHchopMHpyeM BBIBOJ CEIyIOmuM oOpa3oMm (puc. 6.3): B

Metoze head() 6ynem BEIBOAUTH OJHY CTPOKY, a TAaK)Ke TPAHCTIOHUPYEM BBIBOJI.


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 (/LS LILIITATELEEEELEEEEAL IR I I AT iTEl i)
print(train_df.head()
prant ("L SSIIISII LA T Eiiiiiiiiifi)
print(test_df.head())

FELELEEEEEEEE T d i iiddddidddiiiiiidiiidy

Bowrn R o

2e88-01-81
2ee8-al-81
2e8g8-81-e1
2e88-9l1-82
2888-01-82

BownREr ®

aw R ®

train_df
test_df

url

https://habrahabr.ru/post/18284/
https://habrahabr.ru/post/18285/
https://habrahabr.ru/post/18286/
https://habrahabr.ru/post/18291/
https://geektimes.ru/post/18294/

published author
18:19:88 @Tapac
18:30:00 @DezmASter
18:34:88 @DezmASter
81:32:08 @Taocorus
14:34:8@8 @dennydo

domain

habrahabr.
habrahabr.
habrahabr.
habrahabr.

geektimes.

flow po
develop
design
design
design
NaN

ru
r~u
muJ
ru
ru

lling
False
False
False
False
False

titl

post_id
18284
18285
18286
18291
18254

\

content_len %

4385
7344
8431
5662
3786

e comments favs views

HoeorogHwit nopgapok Bnorrepam — WordPress 2.3.2
Cymacwegwue nﬁua, WAKW CepBWC ONA OTCAEXMBaHWA .
Cymacwenuwe AlLa, WNW CEpBMC ANA OTCNEXMBAHWA ...

Crnaxkvsavve wWpHHTOB, W CyBNUKCENbHAA OTPWCOBKA

NoYeMmy MHe He HpaeWTca iPhone

Pucynok 6.2 — Ilomydyenune manku Habopa TaHHBIX

a 2] 236
1 1 353
47 72 1208
lez 36 5708
238 6 1408

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

print (" SLLALLSIT SR RIS LRI
print(train_df.head(1).T]
print ("SI IILIET AT ILE AL E P r i)
print(test_df.head(1).T)

Pucynok 6.3 — I[ToaydeHrne yuTaeMoro npeICTaBlICHUs JaHHBIX B jupyter
notebook

BriBoa 1151 JaHHOTO KOZ1a MPEACTaBJIeH Ha puc. 6.4.
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LHELTEEEIEIT LTI I T P03 i ridiiidiiey

=]
url https://habrahabr.ru/post/18284/
domain habrahabr.ru
post_id 18284
published 2088-01-01 18:19:80
author @Tapac
flow develop
polling False
content_len 4385
title Hosoroguuii nogapoxk 6Gnorrepam — WordPress 2.3.2
comments e
favs =]
views 236
votes_plus 8
votes_minus =]
views_lognorm -8.792687
favs_lognorm -1.34487
comments_lognorm -2.438687
FEETEEEEETEirEi i fiddridddiriidiiiifissy
e
url https://habrahabr.ru/post/31488e/
domain habrahabr.ru
post_id 314888
published 2016-11-01 @1:85:88
author @fsoull
flow develop
polling True
content_len 28132
title OneiT McnonesosaHua MassTransit 3.8

Pucynok 6.4 — Cton01er Habopa JaHHBIX

19. Omnpenenum pa3mep BHIOOPOK:

print('TecToewid Habop: \t', test df.shape)
print(‘0O6y4awwan sbifopra: “\t', train_df.shape)

TecToBbli Habop: (3998, 9)
06y4awwans eebopka: (134137, 17)

Pucynok 6.5 — OnpeneneHue pazmMepa T€CTOBOTO B 00yJaroIiero Habopos

20. IMoxyuum oOuryto nHpopmalmio no Gpemy:
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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 inte4
published 134137 non-null object
author 57657 non-null object
flow 97848 non-null object
polling 134137 non-null bool
content_len 134137 non-null inté4
title 134137 non-null object
comments 134137 non-null int64
favs 134137 non-null inté4
views 134137 non-null inte4
votes_plus 133566 non-null floated
votes_minus 133566 non-null floated
views_lognorm 134137 non-null floated
favs_lognorm 134137 non-null floate4d

comments_lognorm 134137 non-null floate4d
dtypes: bool(l), floate4(5), inte4(5), object(s)
memory usage: 16.5+ MB

None

Pucynok 6.6 — O61as undopmaius mo o0ydaroiiei BbIOOpKe

21. PaccmoTpuM, KakuM 00pa3oM ymnopsI0o4eHbl JaHHble B train_df mo
BpeMeHHO# ocu (mo published). Jlnsa storo ucnons3dyem koxa (puc. 6.7). anubie

ynopsiioueHsl 1o noJito published (puc. 6.8).

# wonupyem cmonbey JaHHeix published

ser_data = train_df[ 'published'].apply(lambda ts: pd.to_datetime(ts))
print('Paa ¢ gaTtamm ctonbua published')

print(ser_data.head())

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

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

Pucynok 6.7 — Kop ans ananusza otaensHoro nosist published
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Pap ¢ paTtamu cTonBua published

e 2088-81-21 18:19:80

1 2008-81-01 18:30:00

2 2068-81-81 18:34:88

3 2088-91-02 @1:32:00

4 2088-81-82 14:34:080

Name: published, dtype: datetimefd[ns]
Pasmep obvexTa Series: (134137,)

<matplotlib.axes._subplots.AxesSubplot at @xlbfc9c18>
150 1e18

1.45
1.40
1.35
1.30
1.25

1.20

1.15
0 20000 40000 60000 80000 100000 120000

Pucynok 6.8 — I'paduk, mocTpoeHHsIH no psxy published

22. IlpopgomxkuMm  aHAIM3UPOBAaTh HAOOpP JIaHHBIX W  OMNpPEACIIUM,
CyLIECTBYET JIM KOpPpEeIsALMS MEXAy OTHACIbHbIMU IIpu3Hakamu. /[lnsg sToro
BOCHojb3yeMcs MetooM pandas.DataFrame.corr(). Bei3BaB peanuzanuio GpyHKIUN

no ymosyanuto train_df.corr(), moayuum ko3 PUIMEHTHI KOPPEALHH.

corr = train_df.corr()
corr

post_id |polling content_len [comments |favs views votes_plus | votes_minus | views_lognorm |favs_lognorm |c«
post_id 1.000000 |0.081628 |0.241384 -0.147763 |0.089313|0.132385|-0.187885 |-0.235504 -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 |0.308194 |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 — MaTpuiia koppessiiuu Jyist Tpu3HakoB train_df

[To nanHO¥M MaTpUIEe HEOOXOIUMO ONPEACTUTH KOPPEIUPYIOILIHE PIIM3HAKY (C

kodppunmenTom koppensaiuu  6onpme  0.9). MckaTh Takue 3HAYCHHS 10
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€HHOU MaTpuLC — A0CTATOYHO CJIOKHAA 3ajJa4da, KOTOpasd IIOBJICUCT

OIIMOKH, TIO3TOMY MPEACTABUM MATPUIy KOPPENSIUU B yIOOHOM MAJid aHaiIM3a

BUAC:

corr[corr»@.9]

“H

.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 — Marpuua koppensiuuu 11t npu3HakoB train_df

Takum oOpa3oM ycTaHaBIMBaeMm, 4YTO TMpU3HAKU Habopa JaHHBIX
HE3aBUCHMBI.
23. IlpoBenem eiie OJHO HUCCIEAOBAHUE: OMPEACIUM KaK pachpeieleHbI

nyosmkanuu no roaam (puc. 6.10).

df

train_df.copy()

df[ 'published'] pd.to_datetime(df[ 'published']).dt.year
55 df[ 'published’].value_counts()
print(ss.sort_index())

20838 7743
2889 1la783
2elg 13851
2811 15863
2812 15572
2013 15537
2014 lelse
2815 23452
2816 16316

Name: published, dtype: inté4

Pucynox 6.10 — Kopn ans noctpoenus rpaduka pacrpeaeneHus myoIuKanui mo

rojgam
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Jlns OGonee HArISAHOTO TPEACTABICHHUS O pacHpeAciIieHUHd II0 TrojaMm

MOCTPOUM Tpaduk:
25000

20000

15000

10000

) |||| |||‘
0

2008 2009 2010 2011 2012 2013 2014 2015 2016

o

Pucynok 6.11 — I'padux pacnpenenenus nyoaukamuii no rogam

24. TlepBuuHoe wWccleqoBaHUE HaOOpa MaHHBIX 3aBepineHo. llepeitmem
HEMOCPEJICTBEHHO K MOCTPOEHUIO MOJENH o0yueHus. Pa3aenum ncxoHbIil Habop
JTAHHBIX Ha TPEHUPOBOUHYIO U TECTOBYIO MOABBIOOPKH, a TAK)KE 0OTOepEM IIPU3HAKH,

KOTOpbIE OYyT UCIIOIB30BATHCA B MPOIECCE OOyUCHHUS.

features = ['author', 'flow', 'domain',’'title']
train_size = int(@.7 * train_df.shape[@])
print('Pasmep ucxogHoro Habopa: °, len(train_df), \
"\nPasmep obyvawweild nogseibopku: ', train_size)
#omdenAaem npusHaku om yenebol nepemeHHoU
X, ¥y = 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 wvalid = y.iloc[:train_size], y.iloc[train_size:]

Pasmep ucxogHoro Habopa: 134137
Pazmep ofydawwei nogeebopkwn: 93895

Pucynok 6.12 — Koa a1 moAroToBKY MOJBBIOOPOK

25. Jlns amanm3a koHTeHTa (comepkumoro (aitoB howpop *.jsonlines)
tcrionibdyem TfidfVectorizer u3 makera sklearn. TF-IDF (ot anrn. TF — term
frequency, IDF — inverse document frequency) — craTucThueckas Mepa,
UCIIOJIb3yeMasi /ISl OIICHKH BaXKHOCTH CJIOBA B KOHTEKCTE IOKYMEHTA, SIBIISFOIIETOCS

YaCTbIO KOJUICKOUMHM OOKYMCHTOB HWJIM KOpIIycCa. Bec HCKOTOpPOro CJjioBa
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MIPOIIOPIIMOHAJIEH KOJIMYECTBY YIIOTPEOICHUS 3TOTO CJIOBA B IOKYMEHTE, 1 00paTHO
IPOIOPLIMOHANIEH YaCTOTE YIOTPEOJIEHUS CI0BA B APYTUX JOKYMEHTaX KOJUICKIUH.
TfidfVectorizer nmpeoOpasyet Tekctsl B MaTpuily TF-IDF mpusnakos.

Ocnogubie mapametpsl TfidfVectorizer B sklearn:

— min_df — npu mocTpoeHnu cioBaps Cl0Ba, KOTOPbIE BCTPEUAIOTCS PEXKE,
YeM YKa3aHHOE 3HAUYE€HUE, UTHOPUPYIOTCS;

— max_df — npu mocTpoeHuu caoBaps ClI0OBa, KOTOPHIE BCTPEUAIOTCS Yallle,
YeM YKa3aHHOE 3HAUY€HUE, UTHOPUPYIOTCS;

— analyzer — ompeznensieT, CTPOSTCS JHM TMPU3HAKKA IO CJIOBaM WU TIO
cuMBoJiaM (OyKBam);

— ngram_range — ompenensier, (GOPMUPYIOTCS JU TMPU3HAKH TOJBKO U3
OTIIETIbHBIX CJIOB WJIM W3 HECKOJbKHMX CIIOB (B ciydae ¢ analyzer='char' 3amaet
KOJIMYEeCTBO cHUMBOJIOB). Hanpumep, ecnu ykazate analyzer='word' wu
ngram_range=(1,3),ro npusHaku OyayT GHOpMHPOBATHCS W3 OTACIBHBIX CIIOB, U3
nap cJIOB U U3 TPOEK CJIOB;

— stop_words — c10Ba, KOTOPbIE UTHOPUPYIOTCS MTPU MOCTPOCHUN MAaTPHULIBI.

Coznamum o6bekT TfidfVectorizer u 00y4uum ero Ha JaHHBIX:

from sklearn.feature_extraction.text import TfidfVectorizer
vectorizer_title = TfidfVectorizer(min_df=3, max_df=98.3, ngram_range=(1,3))

vX_train_title = vectorizer_title.fit(X_train['title’'])

print('vX_train_title.vocabulary : ', len(vX_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, 58624)
¥_wvalid_title.shape: (48242, 58624)
¥_test_title.shape: (3998, 5@8624)

Pucynok 6.13 — Co3nanue TfidfVectorizer
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[Tonyunnu tpu cioBaps u Tpu marpuubl TF-IDF. Jlns noctyna x cioBapsam
MOXHO 00patuthbcsi K momo vocabulary o0wekra TfidfVectorizer. K atomy
BPEMEHM OOBEKT JOJDKEH OBITh OOy4YeH — [OJDKEH OBITh BBI3BAH METO/I

fit_transform().

X_test_title.vocabulary_

{'kog': 1284,
"nodemy ' : 1973,
‘Ablpsl 't 1885,
'nmoMoxeT": 1952,
'eBreHuii ' : 1886,
'user group': 521,
'ToyHocTew': 2538,
'KocMHHYeckKne' @ 1338,
"peiHKE " 2249,

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

Pucynok 6.14 — ®opmar ciosaps TfidfVectorizer

JlanHbie B croBape xpaHsaTcs B popmate {'TepMuH': MHIEKC MPU3HAKA,... }.
26. Iloctpoum TF-IDF-matpuipl 111 3THUX K€ NPU3HAKOB, HO C
UCI0JIb30BaHueM napametpa analyzer='char' (puc. 6.15).
vectorizer title c¢h = 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¥X_valid_title_ch = vectorizer_title_ch.fit(X_valid['title'])
print('vX_valid_title_ch.vocabulary : ', len(vX_valid_title_ch.vocabulary_))
v¥_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_: 185
vX_test_title ch.vocabulary_ : 136
X_train_title_ch.shape: (938935, 218)
X_valid_title_ch.shape: (40242, 218)
X_test_title_ch.shape: (39%@, 218)

Pucynok 6.15 — Iloctpoenune TfidfVectorizer ¢ mapamerpom analyzer='char'
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27. Jns oOpabOTKH OCTaJdbHBIX MPU3HAKOB OyJeM HCIOJIb30BaTh
DictVectorizer wu3 sklearn. Ilpusnaku ['author', 'flow', 'domain'| wumeroT

KaTeropuanbHyto npuponay, st Hux TfidfVectorizer HenpumeHuMm.

vectorizer_feats = DictVectorizer()

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

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

print(X _valid feats.shape)

print(X_test_feats.shape)

(93895, 17869)
(48242, 17869)
(3990, 17869)

Pucynok 6.16 — [loctpoenue DictVectorizer ajis KaTerOpHaIbHBIX MPU3HAKOB

28. BrimoaHuM o0beMHEHNUE MOJYYSHHBIX MATPHII;

# obveduHeHue mampul, 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_wvalid_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)
(40242, 68711)
(3990, 68711)

Pucynok 6.17 — O6benunenue IDF-matpuir

CﬂenyeT 06paTI/ITB BHHMAHHC, YTO OIICpalusd 06T)CI[I/IHCHI/IH A0IIyCTHMaA Hax

MOJIYYeHHBIMU MAaTpULIAMU (TTOSICHUTE TIOYEMY).
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29. Jlns oOydenust BbIOpaHa JWHEHHAs Mojaenb perpeccuun ¢ L2-

peryispu3zauuci.

Aktime
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))

Owwbka Ha TpehHe: ©.184187831582
Ounbka Ha TecTe: ©.996233534497

Pucynok 6.18 — OOydyeHne Mojieau ¢ mapaMeTpoM peryisspusanuu alpha=0.1

30. BpInoaHuM 00yUYeHHE €Ile OJTHOM MOJIEIN ¥ IIPOBEPHUM OIIHOKHU:

%¥%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 TpeiHe: ', mean_squared_error(y_train, train_preds2))
print('Owvbka Ha TecTe: ', mean_squared_error(y_valid, valid_preds2))

Ownbka Ha Tpeilne: 8.28624487471
Oumnbrka Ha TecTe: ©.80695156251

Pucynok 6.19 — OGyuenue Mozenu ¢ napameTpoM peryispuzanuu alpha=1

Baxnble 3ameyaHus

1. IIpu BeIOOpe Habopa nanHbIX (data set) Ha pecypcax [3, 4] HeoOX0aAUMO
COTJIacOBaTh CBOW BBIOOP C JAPYTUMHU CTYACHTAMHU TPYMIBI M MpEmnojaBaTelieM C
LEJIbIO HEJIOMYCTUMOCTHU BbIOOpA OJIMHAKOBBIX BApPUAHTOB.

2. B pamkax naHHOTO J1a00OpPaTOPHOTO Kypca PEKOMEHYETCsl UCIOIb30BaTh
uHcTpyMeHTapuii Python (O0ubnmotexu, cpeay pa3paOOTKu) s peLIeHUs

ITIOCTABJICHHBIX 3aJ1a4.
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NupuBuayaabHoe 3aqanmne

1. CtyneHT camocTosATENbHO BEIOMpaeT HAOOP AaHHBIX Ha pecypcax [3, 4] s
MOCTPOEHUsI  KjaccupukaTopa C  HUCIOIB30BAHUEM  METOAA  JIOTUYECKOU
KJ1accuUKaIMU U COTJIaCyeT CBOM BBIOOD C MPErogaBaTesieM.

2. BpINOJAHUTE TOCTPOCHHME MOJENU Kiaccu(uKaluy Ha OCHOBE JepeBa
kinaccudukanuu. B xone pemieHuss 3agaud HEOOXOAMMO PEUIUTh CIIETyIOUIUE
N0J133Ja4H:

2.1 Tloctpoenue norumdeckoro kiaccupukaropa ¢ 3amanueM max_depth
(MakcumanbHOM rayOmHBI) W max features (MakKCUMaJIbHOTO KOJIMYECTBA
IPU3HAKOB) MOJIb30BaTENEM (YCTAaHOBUTS JIIOOBIE); BU3yallu3allus JepeBa peleHui
JUISl BRIOPAHHBIX HCCIIeIOBATENIeM MmapaMeTpoB (B hopmate .png)

2.2 Beruncnenue ouenku cross validation (MSE) st pasnuunx 3HaueHHMA
max_depth (mocTpouts rpadvik 3aBUCUMOCTH);

2.3 Brruncnenue oneHku cross validation (MSE) mis pa3nuyHx 3Ha4eHUH
max_features (moctpouts rpaduk 3aBUCUMOCTH);

2.4 Beluucniure ontuManbHble 3HadeHHss max depth m max features.
Ob6ocHyiite cBoil BBIOOp. [IpoIEeMOHCTPUPYHTE HCIONB30BAHUE MMOIYYECHHOTO
KJ1accudukaTopa.

2.5 BeiBequte nepeBo B popmare .png;

2.6 BriBeauTe pemaromne rpaHulibl OIYyYeHHOW MOJIEIN.

Conep:xanue oT4eTa u ero popma

Otuet 1o 1abopaTopHON pabOTe TOKEH COACPIKATh:

1. Homep 1 Ha3BaHue 1a00paTopHOM pabOThI; 3a1a4u 1aOOPaTOPHOUN padbOTHI.

2. Peanuzanus kaxaoro myHkTa noapaszneina « HauBuyaabHOE 3aJaHUEY C
NPUBEACHUEM HCXOJIHOTO KOJla TMpOorpaMMbl, auarpaMM W Tpa@uKoB s
BHU3yalIM3alNK JAHHbIX.

3. OTBeTHI HA KOHTPOJIbHBIE BOMPOCHI.
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4. Dxpannabie (OpMbI (KOHCOTBHBIN BHIBOJ) U JINCTUHT MPOTPAMMHOTO KOJIa C
KOMMEHTapHUsIMHU, TOKa3bIBAIOIINE MOPSAJOK BbINOJHEHUS Ja00paTOpHO padOThI, U
pe3yabTaThl, MOJYYEHHBIE B X0/I€ €€ BBIOJIHEHUSI.
OT4eT 0 BBIMIOJHEHUH Ja00PaTOPHOIM PaObOTHI MOJIMUCHIBACTCS CTYJEHTOM U

CHAacCTCA MPCIoaaBaTclIro.

KoHTpoJibHBIE BOPOCHI

1. Kakue Metoap! kiaccuukauy SBISIOTCS JTUHEHHBIMU?

2. YKaXuTe OCHOBHBIE MMapaMeTphl IMHEUMON MOJIENIN KJIacCU(PHUKALIUU.

3. llosgcHure Ha3HaueHWE W MNPUHUUIBI  peaIu3aldd  METOJOB
CTaXOCTUYECKOI0 IPaJUEHTA.

4. B uem 3akiro4aeTcs riiaBHas uAes METOAA ONIOPHBIX BEKTOPOB?

5. Uto Takoe «JIMHEHHO pa3aenuMas BBIOOpKa»?

6. [TosicHUTE Ha3HAYEHUE A€ U CIPAMIISIIOLINUX TPOCTPAHCTB B AJITOPUTMAX

JMHENHOM K1acCU(pUKALIIH.

Cnucok Jureparypsbl

JI1s1 BBITIOJTHEHUS J1Ta00paTOpHOM pabOTHI, IPH MOATOTOBKE K 3aIUTE, a TAKKE TS
OTBETa Ha KOHTPOJbHBIEC BOIPOCHI PEKOMEHTYETCS HCIIOIB30BaTh CIETYIOIINE
UCTOYHUKHU: [1-5].
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Tema 7. MeTpuueckue MeTOAbI KJIacCUPUKATUN
JlabopartopHas paboTa 7. pa3paboTka €IMHOTO 111abJI0Ha MTPEBAPUTEIbHON

00pabOTKH TaHHBIX

enun u 3apaun

Llens maGopatopHOil pabOTHI: W3YYEHUE TEOPETUUYECKUX MPHUHIIUIIOB H
WHCTPYMEHTAJILHBIX PEICTB IS MOCTPOCHMS TMaWIIaiiHa JUIsl TIPEeaBapUTEIbHOMN
00pabOTKH TaHHBIX.

OcHOBHBIE 337]a4H:

— mpeABapuTeabHast 00padoTKa JaHHBIX;

— U3y4eHure OUOIMOTEK AJisl IpeABapUTENbHON 00pabOTKY TaHHBIX;

— MaclITadupoOBaHUE TPU3HAKOB;

— IPEJICTaBIICHNE KAaTEeTOPUAIIbHBIX JIAHHBIX;

— MIOCTPOCHUE MaKIuIaifHa JIJ1s IPeIBapUTEIbHON 00pabOTKH TaHHBIX.

Teopernyeckoe 060CHOBaHHE

Jlns pemieHus 3aa4 MAlIMHHOTO OOYYEHHS YacTO MPUXOIUTCS MOBTOPSTH
pasznu4HbIe OJIOKH KOJIa, KOTOPBIE SIBIISIOTCS €IMHOO000PAa3HBIMU JIJISl pa3HbIX 3a7ad,
NpUHAUISKAIINX OJHOMY Kiaccy (perpeccusi, KiaccupuKanus, KiacTepu3aus u
T.1.). JlaHHOE 00CTOSATENBCTBO MPUBOIUT K MOBTOPSIOUIEMYCS IA0JIOHHOMY KOJTY.
Takoii kox Ha3pIBaeTcs boilerplate-koa unu mpocto boilerplate. C npyroii CTOpOHHI,
€IMHOOOpa3Hasi  IOCJHENOBATENbHOCTh  JEHUCTBUM,  KOTOPYH)  BBINOJHSIET
pa3paboTUMK OpU pEeUIeHHH 3a7ad MAIIMHHOTO OOYyuYeHHUs 4acTO Ha3bIBAETCS
naimiaiinoM (machine learning pipeline).

PaccmoTpum mpocrenmnii Mavruiad Ui pelieHus 3anadu perpeccuu. s
pelieHust 3aJadd  perpeccur HeOXOauMO peann3oBaTh (B OO0IEM ciaydae)
CIEeIYIOIINEe CTaUN:

1. 3arpy3ka HaOopa JaHHBIX.
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2. 3amnojHEHHE IMPOIMYCKOB JAHHBIX B COOTBETCTBUM C BBIOpaHHOMN
CTpaTErueu.
3. MacmrabupoBaHue NpU3HAKOB.
4. O0paboTKa KaTeropuBalbHbBIX MPU3HAKOB.
5. Pa3zeneHue Ha TECTOBYIO M TPEHUPOBOUHYIO BHIOOPKY.
6. O0yueHre MOJICIIH.

7. UuTepnperanuis ¥ BU3yaiau3alus pe3yiabTaToB.

3anoaHeHue MPOIYCKOB 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])

MacmrabupoBanre npu3HakoB (standartisation u normalization)

from sklearn.preprocessing import StandardScaler

Paznenenue Ha TECTOBYIO U 00YYAIOIIYIO BHIOOPKH:
from sklearn.model selection import train_test split

from sklearn.cross validation import train_test split

[Tepen BeIMOTHEHUEM JTAOOPATOPHOM PAOOTHI HEOOXOIUMO O3HAKOMHUTHCS C

0a30BBIMM IPUHIIUIIAMH s13bIKa Python, ucnones3ys ciaeayromue neTouHUKN: [ 1-5].
O6opynoBanne 1 MaTepuaJibl
Jlst BeITOTHEHUST 1ab0paTOpHON pabOThl PEKOMEHIYETCS HCIOIb30BaTh

IIEPCOHAIBHBIA  KOMIBIOTEP CO CIHEAYIOIIMMHU IPOTPAMMHBIMU  CPEACTBAMHU

pa3paboTku (BbIOpaTh OJMH WJIM HECKOJbKO MPOrpaMHBIX MPOAYKTOB s
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MPAKTUYECKON pean3aiuu 3aaad gaboparopHoit padotsl): MS Visual Studio 2013

U BhIIIIE; cpefa pazpabotku Java, unrepnperarop Python (Anaconda).

MeToauka U MOPSi/IOK BHINOJHEHUSI PA0OThI

JIisi TeCTUpOBaHMSI yHUBEPCAIBHOTO TakIuIaiiHa OyJIEeT HCIOIb30BaThCS

Mozenb JInHeioHou perpeccuu (LinearRegression n3z 6ubnuoreku sklearn).

YueOHas 3agaua

YcroBue. IlocTtpouth mNaliaifH, peaM3yIOMUA NEPBUYHYIO 00pabOTKy
JTAHHBIX.

Pemenue. [{ns pemenust 3aauyu HEOOXOAMMO HANUCATh CKPHUINT Ha SIBIKE

Python (pucynox 7.1).

1. MopknioyeHUne SMONUOTEK

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

2. 3arpy3ka AaHHbIX U pasgeneHne Ha MaTpuLy NPU3HAKOB M 3aBUCUMYHO
nepemMeHHyH

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

Country Age  Salary Purchased

0 France 44.0 72000.0 No
1 Spain  27.0 48000.0 Yes
2 Germany 30.0 540000 No
3 Spain 380 61000.0 No
4 Germany 400 NaN Yes
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X

dataset.iloc[:, :-1].values
dataset.iloc[:, 3].values

print ("Matpuua npuznakoe"); print(X)
print ("3aeucumas nepemeHHas"); print(y)

MaTpWua MpHU3HaKoB
[['France' 44.0 72000.0]
['spain' 27.@ 48000.0]
['Germany' 30.0 54000.0]
['Spain' 38.0 61000.0]

['Germany' 4@.@ 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]]
3aBMCHMaA nepeMeHHan
['No" 'Yes' 'No' 'No' 'Yes' 'Yes' 'No' 'Yes' 'No' 'Yes']

3. O0paboTka nponyLeHHbIX 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' 44.8 72060.0]

[*Spain’ 27.8 48006.0]

["Germany' 30.0 54600.0]

['spain’ 38.0 61000.0]

["Germany' 48.0 63777.77777777778]
['France' 35.8 58600.8]

['Spain' 38.77777777777778 52000.0]
['France' 48.0 79000.0]

["Germany' 50.0 83000.0]

['France' 37.9 67600.0]]

4. ObpaboTka KaTeropManbHbIX JaHHbIX

4.1 SameHa kaTeropuv kogom (LabelEncoder)

from sklearn.preprocessing import LabelEncoder
labelencoder_y = LabelEncoder()
print("3aBucuman nepemeHHaa o obpaboTkm™)
print(y)

y = labelencoder_y.fit transform(y)
print("3aBucuman nepemeHHana nocne obpaboTkK™)
print(y)

3aBucKMMan nepemMeHHas oo obpaboTku

['Mo" "Yes' 'No' 'No' 'Yes' 'Yes' 'No' 'Yes' 'Mo' 'Yes']
3aBMCHMMaA nepemMeHHaa nocne obpaboTkw
[e18@118101]

4.2 NMpuMeHeHne OneHotEncoder

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

X[:, @] = labelencoder X.fit transform(X[:, @])
onehotencoder = OneHotEncoder(categorical features = [©])
X = onehotencoder.fit_transform(xX).toarray()
print("MepexkognpoBeka kaTeropuansHOro npusHaka')

print(x)

I'Iepen(o,uyl pOBKa KaTeropuanbHoro npusHaka
[[ 1.e0000000e+00 0.06000000e+00 0.006606000e+00 4.460000000e+81
.20000000e+04 |
[ . 0000000 +00 ©.00000000e+00 1.00000000e+00 2.70000000e+01
. 80000000e+04 |
Jelelalelclalelel R cls] 1.60000000c+00 9.00000000c1+00 3.00000000e+01
.40000000e+04 |
. 00BERDELe+00 0.00000000e+00 1.00080000e+00 3.80006000e+81
.10000000e+04 |

—
DN @D
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Pucynok 7.1 — Kog Python, otpakaroruii oOmmmii maitiany ais
IpeABapUTEIbHON 00pabOTKH JaHHBIX

NupuBuayanbHoe 3a1anune

1. TlonGepute HaOOp AaHHBIX Ha pecypcax [5-7] u corjacyiTe cBoil BEIOOP C
npenoaaBareneM. CTYyIEHT MOXKET MPEII0KUTh HA0Op JTaHHBIX B COOTBETCTBUU C
TEMaTHUKOW MaruCTEPCKOTO UCCIETOBAHMS.

2. PeanuszyiiTe mnepBuuHyl0 00paOOTKY JaHHBIX 3arpy>KeHHOTo Habopa.
BrinonHuTe TONHBINA CHEKTp oOmepanuid s 3arpy>KeHHOro Habopa IaHHBI:
3arpys3ka, BU3yalu3alus, o00pa0oTKa TNPOMYIICHHBIX 3HA4YeHWH, 00paboTka

KaTCTOPHUAJIbHBIX JAaHHBIX U PA3JICJICHUC BBI60pKI/I Ha TCCTOBYIO 1 TPCHUPOBOYHYIO.

Conepixanue oT4yera u ero gpopma

Otyer no 1abopaTopHOM paboTe TOKEH COACPKATH:

1. Homep u Ha3BaHue 1a00paTopHOI pabOThI; 3a1a4u 1aOOPaTOPHOUN padbOTHI.

2. Peanuzanus kaxaoro nyHkra nojapasaena « UuauBuayanbHOE 3a1aHue C
OPUBEACHUEM HCXOJHOTO KOJila [MporpaMMbl, JauarpaMM U Tpa@uKoOB IS
BU3YaJIM3ALMM TaHHBIX.

3. OTBETHI HA KOHTPOJIbHBIE BOIPOCHI.

4. Dxpannbie (OpMbl (KOHCOJIBHBIN BHIBOJ) U JIMCTUHT MPOrPAMMHOI0 KOJa C
KOMMEHTapHUSIMH, TOKAa3bIBAIOIINE MOPSIOK BBIMOJIHEHUS 1a00paTOpHOM paboThL, U
pe3yibTaThl, MOJIYYCHHBIE B X0/1€ €€ BBITIOJIHEHHUS.

OT4eT 0 BBIMOJIHEHUH Ja00OPATOPHON pabOThI MOJNUCHIBAETCS CTYJEHTOM U

CHacTCs IMPCIIoaaBaTClIIo.

KOHTpOJILHI)Ie BOIIPOCHI

1. Kakas O6ubnuoteka python mpennHasHadena nansi ynpaBieHHs Habopamu

JTaHHBIX: numpy, pandas, sklearn, opencv, matplotlib?
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2. Kakas ctparerust siBIsieTCs HEXeNaTeIbHON Mpu 00paboTKe MPOITYCKOB B
JTAHHBIX ?

a) 3aMEHa TPOMYIICHHBIX 3HAYEHUW B CTOJIOIC MEIUAHHBIM 3HAYECHUEM I10
JTAHHOMY CTOJIOIY;

0) ynajaeHue CTpOK, COACPKAIIUX MPOMYCKU B TaHHBIX;

B) 3aMEHa MPOIMYIICHHBIX 3HAYCHUH B CTOJIONE CPEAHUM apu(PMETUIECKUM
3HAYEHUEM I10 JAaHHOMY CTOJIOIY;

I) 3aMeHa MpOMYLIEHHbIX 3HAYEHUW B CTONOIE Hauboyiee YacTo
BCTPEYAIONIMMCS 3HAYEHHUEM T10 JTAHHOMY CTOJIOIY;

3. OOocHy#iTe OTBET Ha CICAYIOUIYI0 TpoOeMy MpeaBapUTEIbHON
00pabOTKM JaHHBIX: MMEETCS HE3aBUCHMas KaTerOpHalbHas TepeMEHHas Y,
KOTOpasi TMpEeJCTaBIISICT COOOM KaTeropHalbHBIM IPU3HAK, OINEPEACITHHBIM Ha
nomene {C#, Java, Python, R}. HyXxHOo 1M NpUMEHSATH K JAHHOMY IIE€JI€BOMY
npusHaky OneHotEncoder?

4. Tlosichute npuHIMO pa30ueHuss HaOopa AAHHBIX Ha OOYYaloIIyI0 H
TECTOBYIO BBIOOpKY. Kakoe cooTHOIIeHHE «TecToBas:o0ydaromas» Hanboee
orntuManbsHo: 20:80, 50:50, 25:75, 5:95, 40:30?

5. Kakoii koa nyudlie UCnoJib30BaTh MpHU 3arpy3ke JaHHbIX U3 csv-(aitna?

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_xIs(“data.csv”)

Cnncok qureparypbl

JUJ1s1 BBIOJTHEH WS 1TA00PAaTOPHOM padOThI, TP MOATOTOBKE K 3aLIUTE, & TAKKE

HJIs1 OTBETA HAa KOHTPOJIBHBIC BOIIPOCHI PCKOMCHIAYCTCS HMCIIOJIB30BaTh CIACAYIOIIHC

uctouyHuku: [1, 2, 5-7].
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Tema 8. TeopeTnueckne 0CHOBBI JIOTHYECKUX METOA0B KJIacCuPUKAUT

JlaGoparopHas paboTa 8. mocTpoeHue MamiaiiHa 0THOMEPHON perpeccuu
ean u 3apaun

Ienb mabopatopHOit pabOTHI: pa3pabOTKa eIMHOTO MalIIaiHa I PEIICHUS
3aJ1a4d PErpecCcum.

OCHOBHBIE 3aJ1a4H:

— peajn30BaTh KaOHBEHEp /IS BBIIOJHEHHUS BCEX CTaAui 00paOOTKHU TaHHBIX
IIPY PEIICHUY 33]1a4l OJTHOMEPHOU PETPEeCcCUu;

— TIOJTyYCHHUE TEOPETHUCCKUX MPEACTABICHUH O 3a/1aue Perpecum;

— IOJIyYCHUE HABBIKOB HCIIOJIb30BAaHUS MaMIUIaliHA NPH PEIICHUU 3aJa4H
MalIMHHOTO O0y4Y€eHHUs;

— MOJIyYEHUE HaBBIKOB peaKTOPUHTA KO/IA B 3a7]a9aX MAIIMHHOTO O0yYCHHUS.
Teopernueckoe 000CHOBaHUE

JUis peuieHus 3a1a4u OJHOMEPHON perpeccur HeoOXOJUMO HCIOJIb30BaTh
YHUBEpPCAIbHBIA  NalIUIaiiH  npeAaBapuTeNbHOM  o0paboTku  gaHHbBIX. K
UMCIOIIIEMYCSIS ITA0JIOHHOMY KOJy HEO0O0XOIMMO A00aBUTh KO Il OOydeHHs
MOJENH, HHTEPIPETALIMU U BU3yaIU3alMU PE3YJIbTaTOB.

JIunenHas perpeccusi — METO BOCCTAHOBIIEHUS 3aBUCUMOCTU MEXAY ABYMS
nepeMeHHbIMU. [IycTh 3a1aHa MoJenb perpeccuu — napaMeTpu4eckoe CEMENCTBO
GyHKUUN g(x,a), TOE a € RP — BEKTOp MapaMeTpoB Moaenu. Onpenenum GyHKIHOHAT
KayecTBa allpoKCHUMAallud LEeNeBOM 3aBUCUMOCTH Ha BBIOOpKE X! Kak CyMMmy

KBa/IpaTOB OLINOOK:

Q(ax?) = ; (9(x,0) -y 8.1)
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OO0yuenue o metoy HaumeHbIux kBaapatoB (MHK) coctout B Tom, 4T00bBI
HalTU BEKTOP MapaMeTpoB a”, MPU KOTOPOM JIOCTUTAETCSI MUHHUMYM CPEIHETO
KBaJIpaTa OMMUOKH HA 3aJaHHON 00ydJaromieii BEIOOpKe X¥:

a” = arg in, Q(ax?) . (8.2)

CranmapTHBIA CIIOCOO pEIICHHMS OSTOM ONTUMH3AIMOHHOW 3aJadud  —
BOCIIOJIb30BaThCS HEOOXOJMMBIM YyCJIOBHEM MUHHMYyMa. Eciam GyHKIUA g(x,a)
JOCTATOYHOE YHCIO pa3 auddepeHuydpyeMa Mo «, TO B TOUYKE MHUHUMYyMa

BBIITIOJIHACTCA CUCTCMA p ypaBHeHI/Iﬁ OTHOCHUTCIIBHO p HCU3BCCTHBIX!
{
92Q 9
9 g(“’x‘”) - 22' (o) - yi)_a g(xi,a) =0. (8.3)
i=1 a

C ucnosp3oBaHrueM OMOIMOTEK MATMHHOrO 00yueHust popmyusl (8.1) —(8.2)
MOKHO pealu30BaTh aBTOMATHYECKH, HO CJEAyeT NOHHMAaTh, YTO KOHKPETHO

peaNM3yET KaXIbli METOI.
O6opynoBanne U MaTepHaJIbI

Jlyist BBITOTHEHUST 1ab0paTOpHON pabOThl PEKOMEHIYETCS HCIOIb30BaTh
NEPCOHABHBI  KOMIBIOTED CO CIEAYIONUMH MPOTPAaMMHBIMH  CPEICTBAMHU
pa3paboTku (BBIOpaTh OJWH WM HECKOJIBKO MPOTPAMHBIX MPOAYKTOB IS
MPAKTUYECKON pean3aliuu 3a1ay jaboparopHoit pabotsl): MS Visual Studio 2015
U BhbINIE; cpeda pa3pabotrku Java, wuHtepnperarop Python (Anaconda) c

oubmuorexkamu matplotlib, seaborn, numpy.
MeToauKa U MOPSIAOK BHINOJHEHHS PadOThI

Hepez[ BBIIIOJIHCHHUCM HWHAUBUAYAJIIBHOT'O 3aJaHus1 PCKOMCHAYCTCA

BBINIOJIHUTB BCE IYHKTHI y4eOHOM 3aauH.
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YueOHas 3agaua
Ycrosue. [locTponuTs nanmiail, peaiM3yOIUN PEIICHUE 3a1a4 JIMHEUHON
OJHOMEPHOU PETrPECCUM.
Pemenue. [{ns pemenust 3aauyu HEOOXOAMMO HANUCATh CKPHUINT Ha SIBIKE

Python (pucynok 8.1).

1. NogknroyeHne bubnuortek

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

2. 3arpy3ka AaHHbIX ¥ pa3geneHue Ha MaTpuLly NPU3HAKOB U 3aBUCUMYIO
nepemMeHHy0

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

YearsExperience  Salary

0 1.1 39343.0
1 1.3 46205.0
2 1.5 377310
3 2.0 435250
4 2.2 39891.0

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

y = dataset.iloc[:, 1].values

print ("MaTpwua npw3Hakoe"); print(X[:5])
print ("3aeucuman nepemenHan™); print(y[:5])

MaTpuua NpU3HakKoBe

[[ 1.1]
[ 1.3]
[ 1.5]
[2.]
[ 2.2]]

3aBMCHMan NepemeHHas
[ 39343, 46205. 37731. 43525. 39891.]

Lesson 7. [locTpoeHne nannnanHa Perpeccuy Last Checkpoint: 5 minutes ago (autosaved)
View Insert Cell Kemel Widgets Help Trusted
a2 v M B C Code v

5. PazpeneHue BLIDOPKM Ha TECTOBYO U TPEHUPOBOYHYIO

# 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 = @)

6. O0y4eHMe NMUHEMHOW MOLEenun 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)




91

7. NMpeackasaHue, obpaboTka u BU3yanusauma pesynsratoB

y_pred = regressor.predict(X test)
print(y_pred)

[ 41856.25705466 123597.70938378  65443.50433372 63567.56223533
116093.94099022 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('Years of Experience')

plt.ylabel('salary')

plt.show()

Salary vs Experience (Training set)

120000
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80000 4
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60000 4

40000 1

Years of Experience

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)
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g
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Pucynok 8.1 — Kox Python, orpaxaromuii oOuuii maitiaitH s 3a1auu
OJTHOMEPHOU PErpeccuun

NupuBuayanbHoe 3a1anune

1. TlonGepute HaOOp AaHHBIX Ha pecypcax [S-7] u corjacyiTe cBoil BEIOOP C
npenogaBareneM. CTyACHT MOXET NPEIJIOKUTh HA0Op JaHHBIX B COOTBETCTBUU C
TEMATHUKOW MaruCTepCKOTrO UCCIICIOBAHMS.

2. IlocTpoiTe MOZIENIb PETPECCUM.
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Conepixanue oTyera u ero popma

Otyet o 1abopaTopHOU paboTe MTOKEH COACPKATH:

1. Homep 1 Ha3BaHue 1a00paToOpHOM pabOThI; 3a1a4u 1aOOPaTOPHOUM pabOTHI.

2. Peanu3zanus KaXaoro MmyHKTa nojpaszaena « HauBuayansHoe 3a1aHue» ¢
NPUBEACHUEM HCXOJHOTO KOJla MpOorpaMMbl, auarpaMM W Tpa@uKoB s
BU3YaJIN3alNH TaHHBIX.

3. OTBETHI HA KOHTPOJIbHBIE BOIPOCHI.

4. Dxpannbie (OpMbl (KOHCOJIBHBIN BHIBOJ) U JIMCTUHT MPOrPAMMHOI0 KOJIa C
KOMMEHTAPHUSIMH, TTOKA3BIBAIOIINE TIOPSIOK BHITIOJHEHUS Ja00paTOPpHOI pabOTHI, U
pe3yibTaThl, OJIYYCHHBIC B X0/1€ €€ BBITIOJIHCHHUS.

OT4eT 0 BBIMTOJIHECHUH J1a00PaTOPHON pabOTHI MOIIUCHIBACTCS CTYJISHTOM U

CHacTCs IMPCIIoaaBaTCino.

KonTposbHBIE BONPOCHI

1. Tlowemy mnpu peanuzauud JUHEHHOM MOJEIM PErpeccud HET
HEO0OXOIMMOCTH BBITIOJIHITH MACIITA0MPOBAaHUE TIPU3HAKOB?

2. TloueMy mnpu peanu3ald MOJEIU JIMHEHHOW perpeccuu B KayecTBE
GYHKIUKA TOTEPh HCIOJB3YETCS KBaJIpaTUYHOE OTKIOHCHHE, a HE MOJIYJb
OTKJIOHEHUS?

3. Yro umenHo peanuzoBaHo B Metojie fit(X, y) kinacca LinearRegression?

4. Yto Ttakoe p-3HaueHne? Kak p-3HaueHue UCIOIB3YETCS IPU ONITUMU3ALUN
MoJieniel perpeccun’?

5. [loscaute Ha3zHaueHue Metoja predict kimacca LinearRegression.

6. [TosicauTe Ha3HaueHne Metoxaa plot u scatter kimacca pyplot.

7. Tlo kakoi mMOJABBIOOPKE HEOOXOJMMO OIICHHMBATh TOYHOCTH MOJEIH

MaIlMHHOTO O0Y4YEeHUs: TECTOBOM WJIM TPEHUPOBOYHOM ?
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Cnncok qureparypbl

JUJ1s1 BBIOJTHEH WS 1TA00pAaTOPHOM padOThI, IPHU MOATOTOBKE K 3aLIUTE, & TAKKE
JUIsl OTBETA Ha KOHTPOJIbHBIE BOIPOCHI PEKOMEHIYETCS UCII0JIB30BATh CIEAYIOLINE

ucTouHuku: [1, 2, 5-7].
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Tema 9. O0padoTKa NPU3HAKOB B JOTHYECKHX METOaX
Tema 10. Pemraromme cnucku
JlabopaTopHas pabota 9. ncrnonp30BaHue pa3pabOTaHHOTO MaNTIIaiiHa IS

MHOTOMEPHOU PErPECCUU

ean u 3apaun

ens naGopaTtopHOil pabOThI: HAYUYUTHCS MNPUMEHSATH pa3paOOTaHHBIN
NaNTUIaiH 71 THPAXUPOBAHUS KOAA C IIENIbI0 PEIIeHUs MIMPOKOro Kpyra 3ajad
MaIIMHHOTO O0yYEHHUS.

OcCHOBHBIE 3aa4MU:

— TMOJy4YeHUWE HaBBIKOB pe(akTopuHra KoJa B MPOEKTaX MAIIMHHOTO
o0yueHus;

— TIOJIyYeHHE HABBIKOB OIPEACIICHUS KIIIOYEBBIX MPHU3HAKOB B 3a/1adax
MaIIMHHOTO O0y4YeHHUS;

— TIOJIyYCHHE HABBIKOB pEaU3allMi KJIIOYEBBIX CTPATETHH ONTHUMU3AINH

MOJIEJIEU PErPECCUM.

Teopernueckoe 000CHOBaHUE

[Ipu pemennu 3a1a4 MHOTOMEPHOW PETPECCH UCCIIENOBATEI0 HEOOXOAMMO
PEIINTh PSJT TTOA3a0a4:

1. Onpenenutb KOPPEIUPOBAHHOCTD MPU3HAKOB.

2. OnpenenuTb, Kakue MPU3HAKU CYHIECTBEHHBI MPU MOCTPOCHUU MOJEIH
perpeccuu.

[IpoGnema ompeneneHuss 3HAYMMBIX TPU3HAKOB MBSI3aHA C MPOOJIEMOM
CHIDKEHHMS Pa3MEPHOCTH.

BaxxHoe 3HaueHWe TP MHOTOMEPHOW perpeccu mpuodpeTaeT oOpadoTka
KaTeropuagbHbIX MpU3HAOB. YacTo HEOOXOAMMO 3aMEHUTh KaTeropualibHbIN

IpU3HAK Ha HA00p (PUKTUBHBIX MEPEMEHHBIX.
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K mnpobneme BbIOOpa 3HAYMMBIX TEPEMEHHBIX CYIIECTBYET HECKOJIBKO
cTpareruii  (pakTUYeCKH OTO METOAbl TOCTPOCHUS MOJEIM MHOTOMEpPHOMN
perpeccun):

1. All-in. B manHOM moaxojie MpOu3BOAUTCS BKJIOUCHHUE BEEX MPU3HAKOB B
MOJIEJIb.

2. Backward Elimination. B moxgxone mpeamonaraercss o0y4eHne MOJEIH C
y4eTOM BCEX IMPHU3HAKOB M YJaJeHUE NPHU3HAKOB IO OJHOMY Ha OCHOBE HX
3HAYUMOCTH 10 AOCTHIKEHUS CHUTYalluHd, KOTJa OCTAaHyTCS TOJIbKO 3HAYUMBIC
MPU3HAKH.

3. Forward Selection. [logxon mnpenmnonaraer HayaldbHOE TECTUPOBAHUE
MOJENH C OAHUM MPU3HAKOM (TECTUPYETCS KaXKIbIi MPU3HAK). 3aTeM 100aBISIOTCS
0 OJJTHOMY HanOoJiee 3HAaUUMbI€ TTPU3HAKH.

4. Bidirectional Elimination. [Togxozn coBmemaer crpateruu 2 u 3.

5. Score Comparison.

Oo0opynoBanune 1 MaTepuaJibl

Jliss BBITIOTHEHHsI JTa0OpaTopHOW pPadOTHl PEKOMEHIYETCS HCIOJIb30BaTh
NIEPCOHATLHBIN  KOMITBIOTEP CO CJIACAYIOIMUMH TPOTPAMMHBIMH  CPEICTBAMU
pa3paboTku (BBIOpaTh OJWH WJIM HECKOJIBKO IPOTPAMHBIX MPOIYKTOB IS
MPaKTUYECKOHN peanu3aiuu 3ajaa4 jadbopatopHoit padotsl): MS Visual Studio 2013

U BBIIIE; cpeaa pa3padbotku Java, mHTepnperarop Python (Anaconda).

MeToauka U NOPSAAOK BBINOJHEHHsI padoThI

Hepe;[ BBITIOJITHCHHUECM HWHAUBUAYAJIBHOT'O 3alaHUuA PECKOMCHAYCTCA

BBINIOJIHUTB BCE ITYHKTHI y4eOHOM 3aa4H.
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YueOHas 3agaua
3amanue. Ha ocHoBe paspaboTaHHOoro mnaWraiHa g JIMHEHHOMN
OJTHOMEPHOM perpeccur pa3padoTaTbh MHOTOMEPHYIO MOJCIIb PETPECCHUH.

Pemenue. Jlyig pa3paboTku MoAeld HEOOXOAMMO peaan30BaTh CIEAYIOIIHIA

KOJI:

1.1 MoaknroyeHne GUONUOTEK

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 3arpy3kKa QaHHbIX M pasgeneHue Ha MaTpuLy NPU3HAKOB U 3aBUCUMYH NepeMeHHY
dataset = pd.read_csv('5@_Startups.csv')
dataset.head()

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

4 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

dataset.iloc[:, 4].values
print ("MaTpuua npusHakos"); print(X[:5])
print ("3aBucumas nepemeHHas"); print(y[:5])

executed in 6ms, finished 21:50:21 2019-10-11

MaTpuuya npusHakos

[[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 O6paboTka NponyLLleHHbIX 3Ha4YeHUH

# 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 OAHHbIX

1.4.1 3ameHa kateropuu Kkoaom (LabelEncoder)

# from sklearn.preprocessing import LabelEncoder

# labelencoder_y = LabelEncoder()
# print("3aB8ucumas nepemeHHaa o obpabomku")
# print(y)

# y = Labelencoder_y.fit_transform(y)
# print("3a8ucumas nepemeHHaa nocne obpabomku™)
# print(y)
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1.4.2 NpumeHeHnne OneHotEncoder

from sklearn.preprocessing import LabelEncoder, OneHotEncoder
labelencoder = LabelEncoder()
X[:, 3] = labelencoder.fit_transform(X[:, 3])
onehotencoder = OneHotEncoder(categorical_features = [3])
X = onehotencoder.fit_transform(X).toarray()
print("MNepekoaupoBKa KaTeropuanbHOro MpuaHaka™)
print(X[:4,:1)

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

I'IepEKo,quoBKa KaTeropuvanbHoOro npusHaka

[[0.0000000e+00 0.0000000e+00 1.0000000e+00 1.56534920e+05 1.3689780e+05
4.7178410e+85]
[1.0000000e+00 ©.0000000e+00 ©.0000000e+00 1.6259770e+05 1.5137759e+05
4.4389853e+85]
[©.0000000e+00 1.0000000e+00 ©.0000000e+00 1.5344151e+05 1.8114555e+05
4.9793454e+85]
[e. ‘00 @, ‘00 1. 190 1.4437241e+05 1.1867185e+05
3.8319962e+065]]

1.5 [Ona npenoTBpalleHNA MyNLTUKONMEHUBPHOCTU HeoBXxoaMMo U36aBUTLCA OT OAHOMN U3
(hUKTMBHbLIX NepeMeHHbIX, Ao6aBneHHbIX B pesynbTaTe 06paboTku KaTeropManbHbIX MPU3HAKOB

X = X[:, 1:]
print(X[:4,:1)
executed in 4ms, finished 21:50:50 2019-10-11
[[e. +0e 1. +00 1.6534920e+05 1,3689780e+05 4.7178410e+05]
[©.0Pe00ERe+00 ©.000000Re+0@ 1.625977@e+05 1.5137759e+85 4.4389853e+05]

[1.0000000e+00 ©.00000002+00 1.5344151e+05 1.0114555e+05 4.0793454e+05]
[0.00c0000e+0@ 1.0000000e+00 1.4437241e+05 1.1867185e+05 3.8319962e+05]]

1.6 PasgeneHue BbIGOPKM Ha TECTOBYH M TPEHMPOBOUYHYHO

# from sklLearn.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 = 8.2, random_state = @)

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

1.7 OGy4yeHue NUHENHOW Mofenu perpeccuu

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

executed in Sms, finished 21:51:10 2019-10-11

1.8 ObpaboTKka pe3ynsTaToB, THOHUHI MOAenn

1.8.1 MpeackasaHue

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

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

[183@15.20159795 132582.27760817 132447.73845176 71976.89851257
178537.48221058 116161.24230165 67851.69209675 98791.73374686
113969.43533013 167921.086569553]

Pucynok 9.1 — Kox Python ajis mocTpoeHust MoJen MHOTOMEPHOM perpeccuu

Ha nanspiii MOMEHT mpousBefeHO OOydeHHWe MOJieNId Ha BceM Habope
npu3HakoB. JlJis onTUMU3anuu Mojaenu peanuszyeM cTtpareruto Back Elimination

(pucyHk 9.2).
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1.8.2 OnTMMu3auyMsa mogenu

import statsmodels.formula.api as sm

X = np.append(arr = np.ones( (50, 1)).astype(int), values = X, axis = 1)
X_opt = X[:, [e, 1, 2, 3, 4, 5]]

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

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

coef stderr t Polt|  [0.025 0.975]
const 5.013e+04 6884820 7.281 0000 362e+04 64e+04
x1 198.7888 3371.007 0.059 0.953 -6595.030 6992.607

X2  -41.8870 3256.033 -0.013 0.990 -6604.003 6520.228

x3 0.8060 0.048 17.369 0.000 0712 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[:, [0, 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 5.011e+04 6647.870 7.537 0.000 3.67e+04 6.356+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 0604 -0.131 0.077
x4 0.0270 0.017 1.5%2 0.118 -0.007 0.061

X_opt = X[:, [, 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 Pslt| [0.025  0.975]

const 5.012e+04 6572353 7.626 0.000 3.69e+04 6.34e+04
x1 08057 0045 17.846 0.000 0715  0.897
x2  -0.0268 0051 -0.526 0602 -0.130  0.076

x3 0.0272 0.016 1.655 0.105 -0.006 0.060

X_opt = X[:, [0, 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  stderr 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 1.827 0.060 -0.001 0.061
X_opt = X[:, [@, 3]1]

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: 849.8
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 stderr 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: -0911 Prob(JB): 9.44e-05
Kurtosis:  5.361 Cond. No. 1.65e+05

Pucynok 9.2 — Ontumuzanus MoJieJ i MHOTOMEPHOM perpeccuu

Beinmonnaure HWHAUBUAYAJIBHOC 3aIaHNUC.

NuauBuayaabHoe 3a1aHne

1. TlonGepute HaOOp AaHHBIX HA pecypcax [S-7] u corjacyiTe cBoi BHIOOP C
npenoaasareneM. CTyJEHT MOXKET MPeaoKuTh HA0Op JaHHBIX B COOTBETCTBUU C
TEMaTHUKOW MarucTEPCKOTO UCCIIET0BAHMS.

2. llocTtpoWiTe MOI€Nb MHOTOMEPHOM PETPECCHM C HCIOJIb30BAHUEM

crpareruu backward elimination.

Coaepxxkanue oryera u ero popma

Otuert 1o 1abopaTopHOU pabOTe NOKEH COACPIKATh:

1. Homep u Ha3BaHue 1a00paTOPHON pabOTHI; 3a1a9u JJA0OPATOPHOM pabOTHI.

2. Peanmzanus Kaxaoro MmyHKTa mojapasaena « MHauBuayanbHOe 3a/1aHue) C
NPHUBEJICHUEM HCXOJHOIO KOJa MpOrpamMMbl, AWarpaMM H TIpaHuKOB s
BU3YaTH3aIIH TaHHBIX.

3. OTBeTHI HA KOHTPOJIBHBIC BOITPOCHI.
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4. Dxpannabie (OpMbI (KOHCOTBHBIN BHIBOJ) U JINCTUHT MPOTPAMMHOTO KOJIa C
KOMMEHTapHUsIMHU, TOKa3bIBAIOIINE MOPSAJOK BbINOJHEHUS Ja00paTOpHO padOThI, U
pe3yabTaThl, MOJYYEHHBIE B X0/I€ €€ BBIOJIHEHUSI.
OT4eT 0 BBIMIOJHEHUH Ja00PaTOPHOIM PaObOTHI MOJIMUCHIBACTCS CTYJEHTOM U

CHAacCTCA MPCIoaaBaTclIro.

KoHTpoJibHBIE BOPOCHI

. Tlouemy mnpu peanu3allud MHOTOMEPHON JHMHEHHON perpeccuu
HE00X0IUMO J00aBUTh (PUKTUBHBIN MMPU3HAK C €IUHCTBEHHBIM 3HaUeHueM 1.07.

2. To Takoe QukTuBHAsA nepeMenHas? lloscHuTe MpUYNHY yIaneHus: OJHON
(UKTUBHOW TEepEeMEHHOM, BO3HHUKAIOIIEH MPH MEPEKOJUPOBKE KATErOPHUATHLHOTO
pU3HaKa.

3. Ha ocHOBe Kakoro KpUTEepusi MOXKHO BBIOMpATh YJalseMblil MPU3HAK B
anroput™Me back elimination.

4. B yeM 3akmrouaercs anroput™ all-in regression?

5. B uem 3axnrovaercs anroput™m forward selection regression?

6. B yem 3axnrouaercs anroputm Bidirectional Elimination?

7. Ctpaterus Backward Elimination npeamnonaraer ynaneHue Ipu3HAKOB Ha
OCHOBE aHanmu3a p-kputepus. Kak peanusoBaTh ynajneHue MPU3HAKOB B

ABTOMATUYECKOM pEKUME?
Cnucok Jureparypsbl
J1J1st BBITIOTTHEH WS TA00paTOPHOM PaObOTHI, TPH TTOJITOTOBKE K 3aIIIUTE, a TAKIKE

HJIs1 OTBETA HAa KOHTPOJIBHBIC BOIIPOCHI PCKOMCHIAYCTCS HMCIIOJIB30BATh CIACAYIHOIIHNC

uctoyHuku: [1, 2, 5-7].
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Tema 11. Pemarwiue nepeBbs
Tema 12. UckyccTBeHHbIE HEHPOHHbIE CETH

Jlabopatopnas pabota 10. momrmHOMUATBHAS PETPECCUS

enun u 3apaun

Ilenp naGopaTtopHOl pabOThI: HAYYHUTHCS MPUMEHSATH pa3paOOTaHHBIN
NalIuIaiH Uil TAPAXKUPOBAHUA KOJA C LEJbI0 PENICHUS 3a/1a4d MTOJMHOMHUAIBHOU
perpeccuu.

OCHOBHBIC 3a/Ja4H:

— TOJIyYEHHUE HABBIKOB pe(paKkTOpUHra KoJa B IPOEKTAX MAalIUHHOIO
o0yueHus;

— HW3Yy4YEHHE TMOBEACHHUS MOJCIM IMOJMHOMHUAIBHOW PErpeccuu Ipu
W3MEHCHUH CTEICHU ITOJINHOMA,

— ocBoeHue Moaudukamnuit KNN-metona.

Teopernyeckoe 060CHOBaHHE

JIuneitHas u napaboyyeckast MOJEIH SIBJISIOTCA YaCTHBIMU ClTydasiMu Oosiee
CJIOKHOM MOJEIH — MOJIMHOMUAIBLHOU. [IoCTpOUTh MOJIENIH PETPECCUU — 3TO 3HAYUT
HalTU mapaMmeTpbl TOM (QyHKUMHU, KOoTOpas OyaeT B Hel ¢urypupoBaTh. [lns
JMHEHHOW perpeccun — ABa mapamerpa: KodpPuimeHT u cBOOOTHBIN YJICH.

[TonuHOMUanbHasE perpeccuss MOMKET IPUMEHATHCS B MAaTEMAaTHYECKOU
CTaTUCTUKE MPU MOJEITUPOBAHUM TPEHIOBBIX COCTABIISIIOIIMX BPEMEHHBIX PSIOB.
BpeMmeHHOll pAx — 3TO, MO CyTH, PS4 YMCEN, KOTOPBIE 3aBHUCAT OT BPEMEHHU.
Hamnpumep, cpennue 3HaueHus TeMIepaTrypbl BO31yXa Mo AHIM 3a MPOLIEIIHMI IO/,
WIM J0XOJ Hpeanpusatus no mecsuam. I[lopsaok MoaenupyemMoro mnojMHOMa
OIICHUBAETCSl CHEIUAJIbHBIMA METOJAMH, Hampumep, KpurepueM cepuil. Llenb
NOCTPOEHUS MOJIEJIH MOJTMHOMHUAIBHON pEerpeccuu B 00J1aCTH BPEMEHHBIX PSIIOB BCE

Ta KC — IIPOTrHO3HUPOBAHUC.
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Ob6opynoBanmne 1 MaTepuaJibl

Jlns BBITIOTHEHUS J1aOOpaTOpHOM pPabOThl PEKOMEHIYETCS HCIOJIb30BaTh
MEPCOHAIBHBIA  KOMIBIOTEP CO CIEAYIOIMMU MPOTPAMMHBIMU  CPEACTBAMHU
pa3paboTku (BbIOpaTh OJWH WM HECKOJIBKO MPOTPAMHBIX MPOAYKTOB IS

NPAaKTHYECKON peann3anuy 3aaad j1abopaTtopHoil paboteimHTEpIiperatop Python
(Anaconda).

MeToauka U NOPsiA0OK BHINOJHEHHsI padoThI

Ilepen  BBINOJIHEHWEM  WHIWBUAYAIBHOTO  3aJaHUSI  PEKOMEHIYETCS

BBINIOJIHUTD BCE IMMYHKTHI y4eOHOM 3a1a4H.

YyeOHas 3a1a4a
3aganue. Ha ocHoBe paspaboTraHHOro mnalmiaiHa JUisl JUHEHHOU
OJIHOMEPHOM perpeccuu pa3padoTaTh MOTMHOMHUAIBHYIO MOJICNIb PETPECCUH.

Pewenue. g pa3paboTku Mojeld HEOOXOAMMO peagnu30BaTh CIEAYIOIIMMA

KOI.

1.1 MNoaknroyeHne bubNUoTEK

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

executed in 510ms, finished 22:35:43 2019-10-11

1.2 3arpyska AaHHbIX W pazAeneHue Ha MaTpyLy NPU3HAKOB U 3aBUCUMYHO NepeMeHHY o

dataset = pd.read_csv( 'Position_Salaries.csv')
dataset.head()

executed in 23ms, finished 22:35:54 2019-10-11

- Position + Level + Salary =+
0 Business Analyst 1 45000
1 Junior Consultant 2 50000
2 Senior Consultant 3 60000
3 IManager 4 80000

4 Country Manager 5 110000
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1.6 ObyueHue mogenu

1.6.1 Oby4eHue NnuHenHOW Moaenun

from sklearn.linear_model import LinearRegression
lin_reg = LinearRegression()
lin_reg.fit(X, y)

executed in 884ms, finished 22:38:01 2019-10-11

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

1.6.2 OOy4eHWe NnoNMHOMHMaNsHOA Mogenn

from sklearn.preprocessing import PolynomialFeatures
poly reg = PolynomialFeatures(degree = 18)
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=None,
normalize=False)

1.7 MNpenckasanue, ob6paboTKa M BU3yanusauuna pesynsraToB

y pred lin = lin reg.predict([[6.5]])

y_pred_poly = lin reg 2.predict(poly reg.fit_transform([[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 2018-10-11

[330378.78787879] [176235.71632004]

Truth or Bluff (Linear Regression)
1000000 .

800000

600000

200000

Pasition level
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plt.scatter(X, y, color = "red')

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)

1000000

800000

600000

Salary

400000

200000

0 : : ; : .
2 4 6 8 10
Position level

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.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

Truth or Bluff (Polynomial Regression)
1000000 .

800000

600000

Salary

400000

200000

0 : : ; ; .
2 4 6 8 10
Position level

plt.plot(X, lin reg_2.predict(poly reg.fit_transform(X)), color = 'blue')

plt.plot(X_grid, lin_reg_2.predict(poly_reg.fit_transform(X_grid)), color = 'blue’)

Pucynok 10.1 — Kox Python ajyist moctpoenust Moienu noaIuHOMUATbHON

perpeccun
PaCCMOTpI/IM KakK NU3MCHACTCA MOIECJIb Ipu N3MCHCHUU CTCIICHU
apOKCUMUPYHOLLEro nojauHoma (pucysk 10.2).
Truth or Bluff (Polynomial Regression) Truth or Bluff (Polynomial Regression)
1000000 * 1000000 o
Sl 800000
600000
> . 600000
® 400000 ®  s00000
200000 200000
¢ 0
2 a 6 8 10 2 4 6 8 10
Position level Position level
n=15 n=2
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Truth or Bluff (Polynomial Regression) Truth or Bluff (Polynomial Regression)
1000000 [ ] 1000000 °

800000 500000

600000 600000

Salary
Salary

— 400000

200000 200000

L 0
2 4 6 8 10 2 4 6 8 10
Position level Position level

n=3 n==~6
Pucynoxk 10.2 — Ananu3 Mojeny noJMHOMHUAIBHOM perpeccuu

O‘ICBI/II[HO, 4qTO IIpu pcain3aluu MOJIMHOMHUATIBHOM perpeccun HET
HGO6XOI[I/IMOCTI/I B HCMOTHBHUPOBAHHOM YBCIMYCHHH CTCIICHHU aIIIIPOKCHUMAIIHUH.

Brinoanure HHIAWBUAYAJIBHOC 3aIaHNC.

NupuBuayajabHoOe 3aJaHne

1. TlonGepute HaOOp AaHHBIX Ha pecypcax [S-7] u corjacyiTe cBoi BEIOOp C
npenoaaBareneM. CTYyIEHT MOXKET NPEIIOKUTh HA0Op JTaHHBIX B COOTBETCTBUU C
TEMATUKOW MAarucTepCcKOro UCCIEI0BaHMUS.

2. IlocTpoiiTe MOAEenb MOJMHOMHUAIBHOW PErpecCHU C HCIOIb30BAHUEM.

[Ipoananu3upyite KpUBbIE aPOKCUMALUU IIPU PA3JIMYHBIX CTENEHIX OJIUHOMA.

Coaep:xanue oT4era u ero popma

OtueTt 1o J1abopaTopHOU padOTe NOKEH COACPIKATh:

1. Homep 1 Ha3BaHKe 1a00paTOPHOM pabOTHI; 3a1a9u 1a00PaTOPHOM PaOOTHI.

2. Peanu3zanus Kaxaoro myHkTa nojpaszaena « M HauBuayansHoe 3a1aHue» ¢
MPUBEACHUEM HCXOIHOTO KOJa TMpOrpaMMBbl, auarpaMM W TpapuKoB IS
BU3YaJIM3aINH IaHHBIX.

3. OTBETHI HAa KOHTPOJIbHBIE BOIIPOCHI.

4. Dxpanubie GOpMbI (KOHCOIBHBIN BBIBOJ) ¥ TUCTHHT MPOTPAMMHOTO KO/Ia C
KOMMEHTapHUsIMHU, TTOKa3bIBAIOIINE MOPSIOK BBITOIHEHUS Ja00paTOpHOI paboThI, U

PE3YyIbTAThI, HIOJTYUYCHHBIC B XO/€ €€ BBIIIOJIHEHUS.
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OT4eT 0 BBIMIOJIHEHUH Ja00OPaTOPHOI PabOTHI MOJMUCHIBAETCS CTYJEHTOM U

CHaCTCs IMPCIIoaaBaTCIO.

KoHTpoJibHBIE BONIPOCHI

1. Tlouemy mnpu peanu3alui MHOTOMEPHON JMHEHHON perpeccuun
HE00X0AUMO J0OaBUTh (PUKTUBHBIN MMPU3HAK C €IMHCTBEHHBIM 3HaUeHHEM 1.07?

2. YUro Takoe (ukTuBHasA nepeMenHan? [loscHUTe NpUYUHY yAAJIEHUS OJHOU
(UKTHUBHOW TMEepEeMEHHOM, BO3HUKAIOIICH MPH MEPEKOJUPOBKE KATETOPUATHLHOTO
IIPU3HAKA.

3. C ucnosb30BaHUEM KaKOro KJjacca CO34aeTCs MOJAENb NOJIMHOMHUAIbHON
perpeccun?

4. TlosicHuTe NpPUHLUMN MpeoOpa3oBaHUsl MPU3HAKOB MPU IOCTPOCHUU
MOJIMHOMHAIBHOU PETPECCHM.

5. BO3MOXHO J1d MPUMEHEHUE TEXHOJOTUUA MaclTaOMpOBaHUS MPU3HAKOB

IIPU peAIN3alny NOJUMHOMHAIBHOU perpeccun?

Cnucok Jureparypsbl

J1J1st BBITIOJTHEH WS 1TA00paTOPHOM PaObOThI, TPH TOATOTOBKE K 3aIIIUTE, a TAKIKE

AJIs1 OTBETA HAa KOHTPOJIBHBIC BOIIPOCHI PCKOMCHAYCTCA MCII0Jb30BATh CICAYIOIIHC

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

YuebHoe mocobue (J1abopaTOpHBIA  MPAKTUKYyM) MO  JAUCIUILIIMHE
«VMcKyCCTBEHHBIN MHTEUIEKT U MAITMHHOE 00yYeHUE» IJIsl CTYACHTOB HAIIPABICHUS
10.03.01 «MudopmanionHas ~ 0G€30MaCHOCTbHY. ITocobue  oxBaThIBaeT
TEOPETHUYECKHE AacCHeKThl MOCTPOEHUS HH(OPMALMOHHBIX CHUCTEM HA OCHOBE
METOJIOB HMCKYCCTBEHHOI'O HHTEJUIEKTa, a TakkKe MpeajiaraeT CTyieHTam
IPAKTUYECKUE PEKOMEHJAUMU 10 pa3pabOTKE CUCTEM Ha OCHOBE MTEOJOB
UCKYCCTBEHHOT'O MHTEJIeKTa. OCHOBHOE BHUMAaHHE YJIENSIeTCd TEOPUU O0yUYeHUs
MallliH (MaluHHOE 00ydeHue, machine learning).

B mocoOum paccMOTpeHbl MPaKTHYECKHE AacleKThl MPOCKTHPOBAHUS U
pa3paboTku WHOOPMAIMOHHBIX CHUCTEM [JIsl PEIICHUS Pa3IMYHBIX 3a7ad C
UCIOJIb30BAaHUEM CJIEAYIOIIUX MOAXOJOB: JIMHEWHBIX METOJO0B KiaccuuKaluu,
ammapara HEHPOHHBIX CeTel, 0alleCOBCKUX METOO0B KIacCU(UKAIUH, aJTOPUTMOB
BOCCTaHOBJICHHSI PETPECCHUH, AJITOPUTMOB JIOTHYECKOM KIacCU(PUKALINH.

MHorue 3aiayu, BO3HUKAIOIIME B MPAKTUYECKUX MPUIIOKEHHUSIX, HE MOTYT
OBITh PEIICHBI 3apaHee N3BECTHHIMU METOITAMU UITH aJITOPUTMAMU. DTO MPOUCXOIUT
N0 TOM NpPUYMHE, YTO HaM 3apaHee HE M3BECTHbl MEXaHHU3Mbl MOPOXKICHHUS
UCXOAHBIX JaHHBIX WM XK€ HM3BECTHAs HaM HHQpopMaIus HEAOCTaTO4YHA s
MOCTPOEHUSI MOJIEIM UCTOYHUKA, TEHEPUPYIOIIETO MOCTYIAIIINE K HaM JIaHHBIE.
Kak roBopsT, Mbl IOJIy4aeM JAHHbBIE U3 «UEPHOTO SALIMKa». B 3THX yCIOBUSIX HUUETO
HE 0CTaeTcs, KaK TOJbKO U3y4aTh JOCTYIHYIO HaM [IOCJIEI0BATEIbHOCTh HCXOAHBIX
JAHHBIX W TBITATHCA CTPOUTH IMPEACKA3aHMS COBEPILICHCTBYS HAIlly CXEMYy B
npouecce npeackazanus. [loaxon, mpyu KOTOPOM MpoO- LIIbIE JAHHBIE UM IPUMEPbI
UCIIOJIB3YIOTCSL JUISI TIE€PBOHAYAIBHOTO (OPMUPOBAHUS W COBEPIICHCTBOBAHUS
CXEeMbl MpEeACKa3aHMs, Ha3bIBAE€TCS METOJAOM MamuHHOro oOyuenus (Machine
Learning). MamuHHOe 0Oy4YeHHME — YpE3BbIUAWHO IMIMPOKAs W JHUHAMHYECKH
pa3BUBaromascs 00JacTh HCCIENOBAHUN, HCIOJIb3YIONIAsi OrPOMHOE YHCIIO

TCOPETUUCCKUX U ITPAKTHICCKHUX MCTOJ0B.
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: Ilonmnoe pykoBoactBo / Jlunnman Crennu, Jlaxoite XKo3u ; nep. A. CIUHKUH. -
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