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3aAquu

OCHOBHOY Cdepa TMPUMEHEHMI AEPEBLEB PELLUEHUM — TMOAAEPXKKA
NOOLUECCOB  MPUHATUA  YMPABAEHYECKMX  PELUEHUMM,  UCTMOAbB3YyEMAS B
CTATUCTMKE, QAHOAM3E AQHHbBIX WM MALLUMHHOM  ODy4YeHMM. 3AAQYAMMU,
PEeLLAEMbIMIM C MOMOLLLBIO ACQHHOTO ANnNApPATA, ABAIOTCH:

« Kaaccudoukauma — otHeceHre OObEKTOB K OAHOMY M3 30PAHEE M3BECTHbIX
KAQCCOB. LleAeBas nepemMeHHas AOAXKHA MMETb AUCKPETHbIE 3HAYEHMS.

 Perpeccus (YMCAEHHOE nNpPEeACKA3aHUE) — TPEACKA3AHME YUMCAOBOIO
3HAYEHMI HE3ABUCUMOM MEPEMEHHOM AAL 3AAAHHOTO BXOAHOTO BEKTOPA.

« OnucaHue oO6bEeKTOB — HADOOP MPABUA B AEPEBE PELLEHMM MO3BOAJET
KOMMOKTHO OMMUCLIBATH OObEKTbI. [TO3TOMY BMECTO CAOXHbBIX CTPYKTYP,
OMUCLIBAKOLLIMX OOBbEKTbI, MOXHO XPOAHUTb AEPEBBA PELLEHUMN.

Gsas


https://loginom.ru/blog/decision-tree-p1

OCHOBHbIE 3TAnNLI NnoCTPpOEHUA

BbiBop aTpmbyTta, Mo KOTOPOMY OYAET MNPOUN3BOAMTHCH
pa3breHmne B AOHHOM Y3Ae (ATpMOYTA PA3OUEHMS).

BbIBOp KpUTEPMI OCTAHOBKM OOYYEHMUA.
BoIOOP METOAQ OTCEYEHMS BETBEM (YMPOLLLEHMS).

OLUEHKO TOYHOCTM NOCTPOEHHOTO AEPEBA.

Gsas
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HOMMHAJIbHAA LLIENEBAA NEPEMEHHAA: PELLEHME
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MHTEPBAJIbHAA LUENEBAA NEPEMEHHAA: PELLEHME
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NMOUCK PASBUEHUN

- Kak BblbpaTb «Haunyywee» pasbueHmne? —
KPUTEPUIA PASBUEHUA

- Mo KaKon NnepemMeHHOM 1 KAKOMY 3HAUYEHUIO
npou3BoauTb pazbmneHune? — NOUCK PASEMEHUA

- Korpa HyXHO octaHoBUTbCA? — BbIBOP PASMEPA
OEPEBA



Kputepumn pazbmneHus

Copyright © SAS Institute Inc. All rights reserved.



KPUTEPUU PABBMEHMUA: UTO TAKOE XOPOLUEE PA3BBMUEHME?




KPUTEPUU PABBUEHMUA: YUTO TAKOE XOPOLLUEE PASBMEHME?
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KPUTEPUMU PA3BUEHUA: GINI
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KPUTEPUMU PA3BUEHUA: ENTROPY

H 1,p2,...,pr)=—zrpi log, (pz)
i=1
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KPUTEPUMU PA3BUEHMA: CHI-SQUARED

Observed (O-EY

X1: <38.5 >385 Expected 5
293 71 | .342 239 125 12 23
363 1 342 239 | 125 64 | 123
42 294 .316 225 | 116 149 273
656 .344 n=1064

© E)z
Xz Z =644 — p-value, worth = —log10(p)

v=(3 —1)(2 —1) =2
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KPUTEPUU PA3SBUEHUA: CHI-SQUARED

[lonpaBKu p-value

KonnyectBo BeTBeM

KonnyectBo pasnmnyHbIX 3Ha4YEHUMN
nepemeHHOWU

Konnuyectso nepemeHHbIX (KaHAMAaTOB) ANA
pa3bueHnsa B AaHHOM y3/ie

[nybuHa TeKkyulero y3na B Aepese

}

Yem 60nblue BapUaHTOB Mbl
nepebupaem, Tem 6onbLue
LUAHCbI C/1ly4aiiHO Bbl6paTb

HeBepHoe pa3bueHue

Yem HuKe (rny6rke) mbi B
AepeBe, TeM MeHblLue KON-BO
HabaoaeHun B y3ne, p-value

C/IULUKOM ONTUMUCTUYHbDIE



KPUTEPUU PABBUEHUA: MHTEPBAJIbHASA LEJNIEBASA NEPEMEHHAA
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[Monck pa3buneHus
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MOMUCK PABBUEHMUA. LLUAT 1

2. [Ona nepemeHHon X yoanntb HabaogeHua:
* C NPONYLLEHHbIMKU 3HAYEeHUAMM (Kpome cnyyana Use In Search)

* ecnu X — KaTeropuanbHas, To yaaauTb HabaoaeHus co
3HaYeHMAMM, BCTPEYAOLWMMUCA PeaKo

YnaneHus Bceraa NpounsBoAsTCS HE3aBUCMMO
MO Ka*KAoM NepemMeHHOM U Kaxaomy y3ny




MOMUCK PASBUEHMA. LLIAT 2

1. Coptupyem HabnwoaeHUs:

ecnn X — MHTepBabHanA UM OpAMHaNAbHasA — NPOCTO COPTUPOBKA NO
BO3PaCTaHUIO, NPONyLLEeHHbIe 3HaYeHMA OTNPABAAIOTCA B KOHeL|,

ecan X — HOMMHa/NbHAA, a Luenesaa nepemeHHaa Y — HenpepbiBHaA, TO
copTupyem ypoBHU/3HauyeHunsa X: L; no avg(Y)

ecnm X — HOMUHaNbHasA, a LueneBasa nepemeHHaa Y — UMeeT ABa 3Ha4YeHus,
TO copTUpYeMm ypoBHU/3HauyeHus X: L; no 0ose 00Ho20 u3 3HavyeHul Y

B octanbHbIX cnydasx (X u Y — HomuHanbHana, Y umeet
3 n bonee 3Ha4YEHUNIN) COPTUPOBKA HE MPOU3BOANTHCS




MOMUCK PASBUEHMA. LLAT 3

1. PaccmaTtpuBaem BCe BO3MOMKHbIE
6uHapHble pa3zbneHus:

* ec/n X — NHTepBabHaA UIN OPAMHA/bHASA — TO Pa3bueHnsa mexay
OAMHaKOBbIMW 3HAYEHUAMM X HEe A0MNyCcKatoTcA

* ecnn X — HOMWHaNbHaA, a ueneBaa nepemeHHana Y — HenpepbiBHaA,

TO pa3bueHne mexay pa3HbiIMU 3HaYeHUN X ¢ ognHakosbim avg(Y)
He A0NyCKatTCH

* Pa3bueHune, Npu KOTOPOM B ZIUCTE OCTAHETCA MaJI0 HabatoaeHUI
He AOoMnyCKatoTCs

Tenepb HaNMAEHbl BCe BO3MOXKHbIE
BUHAPHbIE PASEMEHUA




NMOUCK PASBUEHUA. LUAT 4

Maximum number of branches:

1. PaccmaTtpusaem Bce BO3MOXKHble M-apHebie
pa3buenmns (2 <N <M):

* [lepebupaem Bce — BbiIbMpaem oaHO
nyywee

* W npoBoamm KoHconunaauuto (merge-
and-shuffle algorithm)




NMOMUCK PABBUEHMA. LLIAT 5

Merge-and-shuffle algorithm

1. [na Ka)Kaoro sHayeHus X cO34aem CBOIO Y3e

NHTepBanbHble NepemeHHble pa3bneaem
Ha N rpynn

2. [MoovyepenHo paccmaTpuBaem nNapbl y3n0B.:

ObbeauHAaem napy

ObpaTHO pa3buBaem Ha ABe

N3mepsiem nonesHoCTb Takoro pasbuenuns
ObbeanHAem napy C MUHMMA/IbHOM
NONE3HOCTbIO



PABOTA C NPONYWEHHbLIMA 3HAYEHUAMU

Missing values:
Use in search

Ignore
Largest branch

Most correlated branch

Separate branch

Use as machine smallest

Y10 MOXXHO caenaTb C
NPONyLWEeHHbIMU 3HAYEHNAMMU



PABOTA C NPONYWEHHbLIMXA 3HAYMEHUAMM

CypporaTtHble npaBuna:

Surrogate rules: / * B KaKylo BETKY OTNpaBUTCA HabaoaeHue, ecnm
= 3HaYeHWne 0CHOBHOU nepemeHHoU -
nponyweHHoe
* 13 BCEX BO3MOKHbIX BbibMpaeTcs npaBuio,
pa3breHne No OCHOBHOM MaKCMMaJ1IbHO coomeemcmeyrouw,ee OCHOBHOMY
nepemeHHou V1
Vi=? V2=R V2="2V3=0.3

L 123 | RG,B | <05
PN ?
L1 |23 . G,B L NO



3HAa4YMMOCTb nepemMeHHbIX




3HAUYMMOCTb NEPEMEHHbIX: HA OCHOBE PA3BEMEHUA

3HaYMMOCTb (BaXKHOCTb) NepeMeHHON X; :

AGini(s(x ,1)) Importance(x;) =
LGini(s(xs,1)) T
AGini(s(x ,1)) e X a(se ,t) X Ai(s(x, 1))
n
N | |
[Gini(s(xs,2)) MGini(s(xz2,3)) Bec l y/ydLleHune
AGini(s(x ,2)) [Gini(s(xy,3))
[Gini(s(x;,2)) AGini(s(x s 3)) cooTBeTCcTBUE

Hopmupyetca: Importance € [0, 1]

Gsas



OCTOHOBKA POCTA AEPEBA & 0OpPYyOAHME
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KOrAA HY>KHO NMPEKPATUTDbL POCT OAEPEBA
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KOrgA HY>KHO NPEKPATUTDb POCT OEPEBA: OGPYBAHMUE /| PRUNING

1. Csepxy BHU3 (Top-Down) — KpUTEPUMN OCTAHOBKMU e
pOCTa: » Grow Criterion

* Pasmep nuncrta Maximum number of branches:

* [nybuHa gepesa

6
Maximum depth:

10

Minimum leaf size:

5




KOrgA HY>KHO NPEKPATUTDb POCT OEPEBA: OGPYBAHMUE /| PRUNING

¥ Pruning Options

2. CHusy BBepx (Bottom-Up) — kputepumn Subtree method:
BbibOpa «ayywero» gepesa
* To4yHOCTb MOAenu
 HaBanngaunoHHom Habope
*  Wcnonbsya CV

Cost complexity

C4.5

Reduced error

Selection method:
Cross validation folds: Automatic

Cost-complexity alpha

Largest
1-SE rule

N




KOrgA HY>KHO NPEKPATUTDb POCT OEPEBA: OGPYBAHMUE /| PRUNING

2. CHusy BBepx (Bottom-Up) — Kputepuit Bbibopa «ayyliero» aepesa

* BblpacTUTb MaKcMmanbHoOe gepeso

* 06pybas no ogHomy nucty (min. valid-error OR min. CV-error),
NOCTPOUTb NOC/1IeA0BaTE/IbHOCTb AEPEBbLEB:

BRIy

Osas |




AHCAOMBAM moaenen. CAY4AMHBbIM AEC.
AepeBbi KOK BCMOMOTATEAbHbIM MHCTRYMEHT.




AHCAMBJb - KOMBMHALMUA MOOEJEN

avg(Tl; TZI T3) =

Ty T, T3




AHCAMBJb - KOMBMHALIMA MOAEJIEN

[MPOCTOE «OJ/TIOCOBAHWE»: cpeaHee BEpPOATHOCTM Ha BbIXO4e MOAENEN
(apudmeTnyeckoe n reomeTpmyecKoe cpeaHee), MakCMMyM BEPOATHOCTHU

B Data

\
{3, Decision Tree i [ LogisticRegre = i 2> Neural Netwo

\ 4 \ J

% Ensemble

W Model Comp:

THE
POWER
TO KNOW.
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YNE3 ENSEMBLE: HACTPOUKM

Ensemble

Description:

Creates a new model by taking a
function of posterior probabilities (for
class targets) or the predicted values

¥ Interval Target

Predicted values:

Average
Average

Maximum
s Lt

class targets) or the predicted values
¥ Interval Target
Predicted values:

Average

¥ Class Target

Posterior probabilities:

Average
Average
Geometric Mean

Maximum




Random forest

Gsas




RANDOM FOREST - CNIYYAUHbIX JIEC

« IEC

» CTpoum MHOro gepesbeB

. CITYYAUHbIU

> Wcnonb3ayem (cnyyarHyto) noasbi6oOpKy HabnaoaeHum
TPEHNPOBOYHOro Habopa
> Wcnonb3ayem (cnyyarnyo) noaBbiOOPKY NepemMeHHbIX

XopoLunun riec - MHoro pasHoob6pasHbIX AepeBbeB

Gsas



RANDOM FOREST

N

1 t 1

T N\

] H H BN

HEEEEEEEEEEEN

[] H B B

HEEEEEEEEEEEN
] []

HEEEEEEEEEEEN
HEEEEEEEEEEEN

In bag sample

Out of Bag sample

./

\_

Nwem pa3bureHus,
Ctpoum gepeso

OueHnBaem KavyecTBo
MOAENU AePEBO

/

e

NMosTopaem N pas3
Pesynbrat mogenu — cpegHee no scem N gepesbam

Osas |



RANDOM FOREST

- CKONbKO HY»KHO AepeBbeB?

> bonble gepeBbeB — MeHbLUe AUCNepcUa — HaaeXHee npeackasaHme

» CKOJIBKO HYXXHO MNepeMEHHbIX?

> Default- /N, ¢

> MHOro CUNbHbIX NPEeANKTOPOB — Aenaem MeHbLUe
> MHoro chabbix npegnMKTopos — Agenaem bosblue

o [OoNONHUTEeNbHO (onums ) N3 BbIOPaAHHbIX C/y4aHO oTOMpaem ¢
Nydwum p-value xmn-kBagpar (cneu,. BapmnaHT)


http://documentation.sas.com/?cdcId=pgmsascdc&cdcVersion=9.4_3.4&docsetId=casml&docsetTarget=casml_forest_details03.htm&locale=en
https://dyakonov.org/2016/11/14/%D1%81%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D1%8B%D0%B9-%D0%BB%D0%B5%D1%81-random-forest/

RANDOM FOREST

Error Plot Average Squared Error ¥ | Xk

Average Squared Error

0.195

Number of Trees

Data Source
VALIDATE OUT OF BAG




RANDOM FOREST

Variable Importance

Variable Name Train Importance Relative Importance
FREQUENCY_STATUS_97NK 12.7705 1
CARD_PROM_12 10.3678
RECENT_RESPONSE_COUNT 9.9015
RECENT_CARD_RESPONSE_COUNT 9.5688
RECENT_CARD_RESPONSE_PROP 6.8346
WEALTH_RATING 6.5134
MONTHS_SINCE_LAST_GIFT 5.3773
INCOME_GROUP 5.1718
RECENT_RESPONSE_PROP 4.8848
MONTHS_SINCE_LAST_PROM_RESP 4.5640
NUMBER_PROM_12 4.3387
MEDIAN_HOUSEHOLD_INCOME 3.9939
PCT_ATTRIBUTE4 3.9486
LIFETIME_CARD_PROM 3.6924
LIFETIME_GIFT_COUNT 3.6143
PCT_ATTRIBUTE2 3.5952

LIRRANICITY K[138




[TomeHeHMne B KOYECTBE
BCMOMOTATEABHOTO MHCTPYMEHTA

Gsas




« BbiABNE€HME aHOMaNnK

« YMeHblLEeHMe pasMmepHOCTH

- Bbl6op BaXKHbIX / 3HAYMMbIX NEepPEeMEHHbIX ANS
[lpmeHeHne B APYrUX MeTo40B MOAEeIMPOBaHUA

Ka4eCTBeE - [pynnupoBKa 3Ha4YeHUI KaTeropmnasibHblxX
BCNOMOraTe/IbHOro nepemeHHbIX

MHCTPYMEHT
CUghhiiEE - MpeobpasoBaHme BXOAHbIX AAHHbIX

- HennHenHble nepeceyeHnss nepemeHHbIX
« 3aMeHa NponyLLeHHbIX 3HAYEHUN

- AncKkpeTtnsaumsa HenpepbIBHbIX NEPEMEHHbIX

9Sasgsas

Copyright © SAS Institute Inc. All rights reserved



CnyyaiHo BblIbMpaem oaHY NepemMeHHyHo:

» WHmepeanbHasa nepemMeHHaA:
pasbueHne No cnyyanHomy 3HaYeHue

» HOMUHAAbHAA: KaxKa0e 3HauyeHue
OTNPaBAAETCA B C/Iy4aiHYO BETKYy/Anct

[Mpn TaKOM NOCTPOEHUM aHOMANNK ByayT
CKopee Bcero 6/1mKe K KOpHIo, Yyem
HOpPMa/ibHble HabatogeHus. CumnTaem
anomaly score nns Kaxkaoro HabnogeHun
X:

s(x) = 2i—h(x)}

h(x) - cpeaHasa (no Bcem aepeBbaAM)
N/IMHA NYTU OT KOPHA A0 /IUCTa C
HabnoaeHnem x

1.0

0.5

x2

0.0

-0.5

-1.0

Copyright © SAS Institute Inc. All rights reserve
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7 Variable Selection Variable Selection ®®

Description:

Performs unsupervised and several [

OTHOCUTEe/IbHaA BaXKHOCTb supervised methods of variable

selection to reduce the number of K%

» Pre-screen Input Variables @

Combination criterion:

Selected by at least 1 v
» Unsupervised Selection @
» Fast Supervised Selection @

» Linear Regression Selection [ X

» Decision Tree Selection @
» Forest Selection '@
¥ Gradient Boosting Selection @

¥ Tree-splitting Options

Copyright © 2014, SAS Institute Inc. All rights reserved



ANCKPETU3ALUMA HENMPEPLIBHbLIX NEPEMEHHbIX
alolna o Dimension Inflation

Description: Y

Applies numerical or binning

transformations to input variables.

00

¥ Interval Inputs

(OFa)
Default interval inputs method: oo
©)

None

@)
Exponential @

Inverse @ éb

Inverse square O O 8
Inverse square root @ Oo

Log )
Log10

oo

None

Quantile binning
. Range standardization X X
| Square

Square root

Standardization

Tree-based binning Ssas
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