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IIpeaucioBue

AHanu3 JaHHBIX [IOCTaBJIsSIET IOHMMAaHWe, OOpa3lbl M  ONHCATENbHBIE U
IPOTHO3ZUPYIOLINE MOJEIU OT OOJBIIMX 00BEMOB JAHHBIX, TOCTYIHBIX CETOJTHS BO MHOTHX
opranmzanusx. lllaxtep HaHHBIX MOIXYYUT B OOJIBIION CTENIEHH Ha METOJIOJOTHIX, METOAAX U
ITOpPUTMAax OT CTaTUCTUKHU, OOydeHHWs: MammHbl ¥ uH(opmartuku. R Bce Oomee m Gomee
obecrieunBaeT MouLIHyl Iargopmy s aHanu3a JaHHbIX. OJHAKO, CHEHApUU U
NpOrpaMMHPOBAaHHE HMHOTAA - MpoOJeMa I aHAIWTHKOB IaHHBIX, MEPEMEINAIOIUXCsS B
aHamu3 naHHbiX. [laker Rattle oGecreunBaer rpaduueckuii uHTEpdEc MOIB30BATEINS
OIIpEJIeTICHHO /ISl aHajIM3a JaHHbBIX, UCTONB3yd R. DTo Takke oOecreunmBaeT CTapTOBYIO
IUIOINAAKY K UCTIOIb30BAaHUIO R Kak S3bIK MPOrpaMMHUPOBAHHUS JJISl aHATIH3a JTaHHBIX.
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BBeageHue

AHanu3 JaHHBIX KOMOMHUPYET HMOHATHS, HHCTPYMEHTHI U aJTOPUTMBbl U3 MAIIMHHOTO
Oo0y4YeHMsI U CTATUCTHKH [yl aHAJIM3a OYCHb OOJBIINX HAOOPOB JAaHHBIX, YTOOBI M3Y4MTb,
HOHSTH U IPe0Opa3oBaTh B AEHCTBUE.

CpencTtBa aHanM3a J@HHBIX C 3aKPBITBIM HUCXOAHBIM KOJOM OOJEr4uiav MOHUMAaHUE
aHalIM3a JaHHBIX BO MHOTHMX OpraHu3alusX. OJTH CpEeACTBa IPEUIararoT CTaHJApTHYIO
IPOCTOTY B YHOTpEOJIEHUH, KOTOpasl JeNaeT UX IPUBJICKATEIbHBIMU JUISI MHOTMX HOBBIX
AQHAJIMTUKOB JIAHHBIX HA PBIHKE, OTYAsSHHO UIIA BBICOKHE YPOBHU AHAIIMTHYECKUX HABBIKOB.

R upeanbHO MOAXOAMT U1l MHOTUX CJIOKHBIX 3a7jad, CBSI3aHHBIX C AHAJIU30M JAHHBIX.
R mpemnaraer mmpuHy W TIyOMHY B CTaTHUCTUYECKUX BBIYMCICHHUAX HE IOCTYIHBIX B
KOMMEPUYECKHUX CPEICTBaX € 3aKpPBITBIM HCXOAHBIM KomoM. Bce ke R ocraercs, mpexne
BCETO, SI3BIKOM IPOrPAaMMHPOBAHUS ISl BBICOKOKBAJM(UIIMPOBAHHOTO CTATUCTHKA BHE
JOCSATAEMOCTH 711 MHOTHX.

Rattle (Anamutuueckuit WuctpymenT R s mpoctoro oOyueHwusi) —sIBISICTCS
OpUMEHEHHEM I IpaUuecKoro aHajau3a JaHHbIX, HamucaHHbl Ha R (Yumesamc, 2009b).
OH pa3zpabatbIBajICsi OMPEICICHHO, YTOOBI YIIPOCTUTH MEPEX0]I OT OCHOB aHAJIM3a UCXOIHBIX
JMaHHBIX, Kak oOs3arenbHO mpeniaratomuiics GUIL, K ClOXHBIM BapuaHTaM aHaIU3aM
JAHHBIX, UCIIOJIb3Ysl MOIIHBIA CTATUCTHYECKUN SI3BIK.

Rattle o0beuHsIET MHOXKECTBO NAKeTOB R, KOTOpbIe BaXKHBI Ui aHAJIUTHKA JAaHHbIX,
HO 4YacTO HE JIETKM JJI1 UCHOJb30BaHUS HOBHYKOM. IloHnmanue R He TpeOyercs, 4ToObI
HauaTh ¢ Rattle - 3T0 Oyzmer nocTeneHHo pacTy, HOCKOJIbKY Mbl IPUOaBIIIEM U30IIPEHHOCTh K
HaleMy aHanu3y naHHbIX. [lonp3oBarensckuii naTepdeiic Rattle obecrieunBaeT BX0a B MOIIb
R kak MHCTpyMeHTa aHAJIM3a JaHHBIX.

Rattle ucnone3yercs nans mnpenojaBaHus aHadu3a JAHHBIX B MHOT'OYHMCIIEHHBIX
YHHUBEpPCUTETaX M B OOMXOA€ KOHCYJIbTAHTAMH M KOMAaHJaMHU aHaJIM3a JIAaHHBIX IO BCEMY
mupy. OH Taxke JOCTyIeH Kak MPOAYKT B npenenax nHdopmannonHoi Ceru Pa3paborunkon
- KOMIUIEKT aHaju3a OusHec-qaHHbIX Pokyca kak RStat.
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AHa/IU3 JAHHBIX

Rattle ompeneneHHO HMCIONB3yeT MPOCTYIO KOHIICTIMIO, OCHOBAHHYIO Ha BKIJIAJKaX,
JUISL TIOJIB30BATENILCKOro MHTepdeiica (pucyHok 1), moiydasi IOTOK ONEpanuil MoCpPeICTBOM
[polecca aHaJIM3a JaHHBIX C BKJIAJAKOM JUIS KaXJIOro dTana. THUIHWYHBIM IOTOK Olepaluu
ciemyeT ¢ JeBoi Bkimanku (Bkiagka Data) mampapo (Bkiaaka Log). Jlns mro0Goi BKiaaku
MOJIb30BATENb JIOJDKEH CKOH(HUTYpHUPOBATh JOCTYIHBIC MMapaMeTphbl M 3aTeM Ha)KaTh KHOIIKY
Execute (wmu F2), 9TOoOBI BBIIOJHUTH COOTBETCTBYIOIMIYIO 3amady. CTpoka COCTOSHUS B
BHU3Y OKHA YKa)KET 3aBEpIICHHE JICHCTBUS.

O6H.IPII>1 IIOTOK onepauﬂﬁ JJIA IIPOCKTA aHAJIM3a JaHHBIX MOXKET OBITE IIOJIY4YCH B UTOT'C
KaK:

1. 3arpy3utre HaGop JaHHBIX U BEIOCpUTE ITIEPEMEHHEIE;

2. UccnenyiiTe nanHbie, 9TOOBI TIOHATH PAcIIpEICIICHUS;

3. [IpoTtecTupyiite pacnpeaeneHus;

4. IlpeoOpa3yiiTe 1aHHBIE, YTOOBI YJIOBJIETBOPUTH MOJIEIUPOBAHUIO;
5. Co3narite Mogenn,

6. OueHnTe MOJEII M OTMETHTE HAOOPHI TAHHBIX;

7. Paccmotpute XKypHan nporecca aHanu3a JaHHBIX.

bazoBeiii ko R, coszmannHblii u BhIMONHsEeMbIM Rattle, 3ammcan Ha Brimagke LoOg,
BMECTE C MOYYUTEIbHBIMU KOMMEHTapUAMU. DTO MO3BOJSET MOJIB30BATENI0 PACCMATPUBATh
dakTryeckue koManabl R. @parmMeHnTsl kosa R MOTYT Takke OBITH CKOIMHPOBAHBI KaK TEKCT
(umu JkenopTupyemble B (ailin) oT BKIaAKU LOQ ¥ BCTaBUIM B MyNbT R U BBHIMOIHHUIUCE.
D710 no3BojisieT Rattle ObITH pa3BepHYTHIM ISl OCHOBHBIX 3aJ1a4, M BCE e MOJIy4aTh JOCTYI K
MONMHOM MomHOCTH R Kak HEoOXOauMbld (HampuMmep, 4YTOObI TMOJCTPOUTH  OMIUU
MOJIEJIMPOBaHUS, KOTOPbIE HE MIPE/ICTaBIeHbI B HHTEp(eiice).

AHalIUTHK AAHHBIX 33J0KYMEHTHPYET MX JEHCTBUE, NOCKOJbKY OHM BBIIOJIHAIOTCA
yepe3 Rattle, penaktupys >xypHan, KOTOpbIH Tak)Ke€ aBTOMATHUYECKU 3allOJHEH, MOCKOJIbKY
MoJenupoBaHue mpoaoinkaercsa. [Ipocras u aBTOMaTHueckas 00pabOTKa MOXeET Torjaa
IpEeBpaTUTh JKypHal B OT(GOpPMATUPOBAHHBIA OTYET, KOTOPHI TakKe BOILJIOLIACT
(bakTHUECKUI KOJ, KOTOPBIM MOXKHO TaKXKe UCHOJIHUTb, YTOOBI TUPAXKUPOBATH JIEHCTBHE.

Hcnone3ys cBa3anHblii Tangle mporeccop MO3BOJISET IKCHOPTUPOBATH JKypHAI Kak
¢aiin ckpunra R, 3anuceiBaTh NpeaNpUHATHIE MEPbI. 3aT€M MOKHO HE3aBHCHUMO HCIOJIHUTH
CKpHUNT B OoJiee mo3IHee BpeMsi (MM BCTaBUTHCS B KOHCOITb R).

Bocnpon3BoauMOCTh Ba)KHAa M B HAYYHOM MCCIIEIOBAaHUHM, U B KOMMEPUYECKOU
IIPaKTHKE.
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JdaHHbIe

Ecnu nabop nmanHbIX He ObUT mpemocrtaBieH Rattle, To naxkumaem kHomky Execute
(nanpumep, crapryem Rattle, u cpa3y mienkaem no Execute), u npegocraBisieTcst Onuus st
3arpy3Ky OJJHOT0 U3 HabOpOB JaHHBIX mpuMepoB Rattle uz daiina CSV.

Rattle moxeT 3arpy3uTh JaHHBIC U3 Pa3IUYHBIX UCTOYHUKOB. OH HEMOCPEICTBEHHO
noiepskuBaeT CSV (3amsTast Kak pas3aenutelib qaHHbIX), TXT (TaOyasaius Kak pas3aeinuTenb
nannbix), ARFF (o0muii ¢popmar HabOpPOB JaHHBIX aHAAM3a JAHHBIX, KOTOPBIA J100aBisET
tun uHGopMmanmu K Qainam CSV), u coemaumnenuss ODBC (mo3BouisieT COEIMHEHUE CO
MHOTMMH HMCTOYHHKaMH JaHHbIX BkIodas MySQL, SQLite, Postgress, MS/Excel,
MS/Hoctyn, SQL-cepBep, Oracle, IBM DB2, Netezza u Teradata). @pelimMbl naHHbIX R,
MIPUCOCIMHEHHBIC K TEKyleMy ceaHcy R um HabopaM NaHHBIX, JOCTYIHBIM H3 ITaKETOB,
YCTaHOBJICHHBIX B OMOnnoTekax R, Takxke noctynHel yepe3 uarepdeiic Rattle.

Uro0bl uccnenoBaTh UCHOIb30BaHUEe Rattle kak MHCTpyMeHTa aHalv3a JaHHBIX, MBI
cuuTaeM HabOpa NaHHBIX TpPUMEpa ayJuTa, MPEIoCTaBlIcHHYI0 makerom Rattle. /lanHbie
UCKYCCTBEHHBIC, HO OTpPaXalOT HA0Op MAaHHBIX pPEaTbHOrO0 MHpPA, HCHOIB3YEMBIH IS
paccMOTpeHHsI pe3yJIbTaTOB UCTOPUUYECKUX (DMHAHCOBBIX ayAUTOB. M300pakeHue, Harpumep,
MOJIyYEHUs] HAJIOTOBUKOM Hajlora Ha JI0XO/bl, OCHOBaHbI Ha MH(OpPMAILIUU, TPEAOCTABICHHON
HAJIOrOIIATEIbIIMKOM. MOHO BBIIOJHUTH THICSYM CIIYYalHBIX ayJUTOB, a PE3YJIbTAThbl
MOKaXYT, TpeOyeTcss M KOPPEKTUPOBKA MPEIOCTaBICHHONW WHGOpMAalMU, NMPUBOIAIIAS K
M3MEHEHHUIO0 OTBETCTBEHHOCTH HAJIOTOILIATEIbIINKA.

KoHTposbHBIIT Ha0Op JaHHBIX NPEJOCTAaBICH W Kak Habop maHHBIX R m kak ¢aiin
CSV. Habop nansubix coctouT 2,000 BBIMBIIUIEHHBIX HaJIOrOMJIATENBIIMKOB, KOTOpPbIE
KOHTPOJIMPOBAJIMCH JUIS BBINOJHEHHsST HAJOTOBBIX TpeOoBaHuil. Jlias Kaxkmoro ciydas
pe3yapTaT TMocie ayAauTa 3amucaH (JOJDKHBI JU  (uHAHCOBBIE TpeOOBaHUS OBUTH OBITH
CKOPPEKTHPOBaHbl WM HeT). dakThyeckas cymMMa B JOJUIapax KOPPEKTUPOBKH, KOTOpas
3aKOHYMJIACh, TAK)XKE 3alucaHa (3aMeTHM, YTO KOPPEKTHPOBKH MOTYT IOWTH B JHOOOM
HAaIPABJICHUH).

KoHTpousibHBIN HA00p JaHHBIX COACPKUT 13 mepeMeHHbIX (MU CTOJIOIOB), TIEPBBIM K3
KOTOPBIX SIBJISIETCS YHUKAIbHBIM KIIMEHTCKUM UACHTU(DHUKATOPOM.

IIpu 3arpy3ke ganHbIX B Rattle MoryT ncronb3oBaTbes Onpe/ieleHHbIE ClelUaIbHbIe
npedpuKchl K HMMEHaM IEePEeMEHHBIX Ul YKa3aHUs pOJM NEPEeMEHHOM MO YMOJIYaHMIO.
Hampumep, ecnmu umst nepemenHoit HauumHaercss ¢ ‘ID _°, To mepemeHHas oTMmeueHa Kak
uMmeromas posib uaeHtupukaropa. pyrue npeduxcsl BrimroudaroT, ‘IGNORE °, ‘RISK °,
‘IMP _’ (mnsa ouenoxn) m ‘TARGET _’. IlpuMepsl KOHTPOJBHBIX JAaHHBIX BKIIOYAIOT
IGNORE_Accounts u TARGET_Adjusted.

Omuus CSV Brmagku Data mpemocTtaBisieT camblii MPOCTOM TOIXOM K 3arpys3ke
nanHbeix B Rattle. Ecniu Bknaaka Data Beimosnsiercsi 6e3 mmenu daiina CSV, To Rattle
npejiaraeT OIIUI0 JIUIS 3arpy3ku Habopa gaHHbIX mpumepa. Illemdok mo momo Filename
MEPEYUCIIUT APYTUe JOCTYIHbIE HA0OPHI JaHHBIX BBIOOPKH, BKIItouas ‘audit.csv’.

Kak Ttonbko Rattle 3arpy3ut Habop AaHHBIX, TEKCTOBOE OKHO OYyAET colep)KaTh
CIIMCOK JIOCTYITHBIX TIEPEMEHHBIX U MX POJIeH 0 YMOIYaHUIO (KaK B PUCYHKE 2).
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¥ F Data Miner - [Rattle (audit.csvl] =
Project Tools  Settings  Help ) Rattie Visrsion 2.5.0 bogawans com
5 ] ‘= = ' !

Ewecute = Mew  Open  Save | Report  Export | Cuit

Diata Explore Test Transfonm Cluster fssociste Model Evaluate Log

Tepe: @ C5V File ARFF ODEC A Datasel Rbata Rl Library COFpUs Sript
Filename dLCsY | Separmton |, W Header
o Sample Percentage: |70 | Counk: |1400 o | Smed| (123 S Wy Edift
& put i lgnore Weight Caloulateor: Target: | Aute| | Categodc| | Mumenc
Mo, Wanabls Dats Type Input Target  Risk Ide=nt Ignare  Comme=nt
1 I Numers = i Ui quias 200
2 Age Numers & Unigques: &7
3 Employment Categoric @ Uniques: & Missing: L0
4 Education Categoric @ Umigue: 16
5  Marital Categoric @ Unigue: &
&  Ocoupahban Categoric @ [ Unigue: 14 Mizzng: 101
T InCome Humenc @ Unique: 2000
8  Gender Categoric @ Unigue: 2
9 Deductions Humenc & Unigue: 41
10  Hows Humenc & Unigue: 68
11 IGMORE Accourfts Categoric - Unigue: 33 Missing: 43

12 RISK_Adjustment  Numerc . Unigue: 310

Foles noted. 2000 observations by 3 input wanables. Target: TARGET Adjusted a Cateqoric 2 for classification.

Pucynok 2: nmepeMeHHbIH poseBoit 3kpaH Rattle.

[To ymomuanuo y OOJBIIMHCTBA MEPEMEHHBIX €CTh POJib Input Ui MOIETupOBaHMUSL.
MoHO yKa3ath oHy nepeMeHHyto kak LleneByrw (Target) nmepeMeHHYIO, U JTOTOTHUTEIBHO
yKa3aTh JPYTyIO NEepeMeHHYyI0 Kak mnepeMeHHylo Pucka (risk) (xoropast sBnsiercs mepoii
pasmepa "ueneit"). Jpyrue ponu ldent u Ignore.

Rattle ucrionb3yer npocTyro 3BPUCTHUKY JIJIsl IPUCBOEHUS POJIeH, OCOOCHHO AJIs EeNU U
UTHOPHPYEMBIX TepeMeHHbIX. [lockonbky, Hampumep, Jro0as 4YuciIoBas TEpPEeMEHHas, y
KOTOpPOM €CTh €IWHCTBEHHOE 3HAaueHWEe JUIsi KaxJAoro HaOIIO/IeHUs, aBTOMAaTUYECKU
YKa3bIBAETCS KaK UIECHTU(PHUKATOP.

Rattle, mo ymomuanuto, pa3aenut HabOp JaHHBIX Ha 00YYarOUIUi U TECTOBBIA HAOOPHI
JAHHBIX. OTOT BHUJ BBIOOPKM TOJNI€3€H B HCCIIEJOBATENBCKUX LENAX, KOIJa JaHHbIE
JnocTtaTouHo Oonbiuve. Ero ocHOBHas 1ieb, TEM HE MEHEE, COCTOUT B TOM, 4TOOBI BHIOpATh
70%-yr0 BbIOOpPKY [uisi oOydeHust Mmopeneii, obOecrneunBasi 30%-0e MHOXECTBO IS
TECTUPOBAHUSI.
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HUccaepgoBanue

HccnenoBaTenbCkuii aHaIM3 IaHHBIX BaKEH B IIOHMMaHUU JAaHHBIX. Bkiagka Explore
o0ecreyrBaeT MHOTOYHMCICHHbBIE YHUCIIOBbIE U I'paMuecKue HHCTPYMEHTHI JUIsl MCCIIEI0OBAHMS
JnaHHbIX. Eme pas, ecTb 3HaUMTENIbHAsE YBEPEHHOCTh BO MHOTHX APYTHUX Iakerax R.

CBoaka
Omnuus Summary UCIoyib3yeT koManay R summary() mist mpeaoctaBieHus: OCHOBHOM
omHoMepHoit cBoaku. K Heit mobasiensr contents u describe wu3 makera Hmisc (Harrell,
2009). PacmmpeHHbIe CBOAKHM BKJIIOYAIOT JOMOJHUTEIBHYIO CTATHCTHKY, MPEAOCTABICHHYIO
naketom fBasics makerom (Wuertz, 2009), skciiecc M acCHMMETpHUs, TaK K€ KaK CBOJKA
OTCYTCTBYIOIIMX 3HAYCHUH, UCMONB3Yysd (PYHKIHOHAJIBHOCTh IMPOIMYIICHHBIX 3HAYCHHUH W3
nakeTa mice (Baun byypen u I'py3yuc-VY auryps, 2009).

Pacnpenenienus
Onuus Pacnpenenenunii o0ecrieunBaeT MOCTYN K MHOTOYUCICHHBIM THUIIAM PUCYHKA.
OT0 Bcerga xopomiast uiest pacCMOTPETh PacIpeesieHs 3HAUCHUH KaX/I0i U3 MePEeMEHHBIX
JI0 aHAJIM3a JaHHBIX. XOTS BBIIICYIOMSHYTHIC CBOJIKH IOMOTAIOT, BU3yaJIbHbIC UCCIICIOBAHUS
MOTYT 4acTo ObITh BIosiHe pa3obmavaromumu (Cook u Swayne, 2007).

OOwmupHBIE MacCUB MHCTPYMEHTOB JOCTYNEH B mpenenax R g mpeacraBineHus
JAHHBIX BU3YaJIbHO, ¥ TEMa 3aTPOHYTa MOIPOOHO BO MHOTHMX KHHUTax BKIouas KimBieHn
(1993). Rattle oGecneunBaet npoctoit uHTEepdeiic s 6a30Boil PpyHKIMOHAIBHOCTH B R ais
TOTO, YTOOBI MOJYYUTh HEKOTOphIe oOmme pucyHKH. Tekymas peanu3amusi Mpexae BCETO
rojlaraeTcsi Ha OCHOBHYK rpaduky, oOecrneueHHyr0 R, HO Moxer mepeiith Ha Oosee
cnoxuyto lattice (Sarkar, 2008) wmu ggplot2 (Wickham, 2009).

HekoTopele KOHCEpBHpPOBAHHBIE PUCYHKH WILIIOCTpUpOBaHbl B pucyHke 3. Ilo
YacOBOM CTpeNKe Mbl MOXKEM BHJIETh AMArpaMMy, TMCTOTPAMMY, MO3aMUYHBIM PUCYHOK U
ynopsaoueHHbll pucyHok bendopna. WnentudunupoBaB 1eneByl0 NepeMEHHYIO (Ha
BkiIaake Data) puCyHKHM BKIIOYAIOT paclpelesieHuss Uil KaXJIoro IOJMHOXKECTBa
HaOJI01eHUH, TPUCOEAMHEHHBIX C KXIbIM 3HAYCHHEM LIeJIeBOI NIepeMEeHHOMH, Be3e, I/ie 3TO
MMEET CMBICII JIeJIaTh TaK.

GGobi n Latticist
Rattle obecnieunBaeT MOCTyI K IBYM CIIOXHBIM MHCTPYMEHTaM I HHTEPAKTHBHOTO
aHanmu3a rpaduueckux ganHbix: GGobi u Latticist.

GGobi (Cook u Swayne, 2007) Kk MHCTPYMEHTY BHU3YyaJM3allUU IOJYYarOT JAOCTYII
uepe3 maker rggobi (Wickham u ap., 2008). GGobi nomkeH ObITh YCTAHOBJIEH B CHCTEME
ornenbHo W ucnonasercs moa GNU/Linux, OS/X u MS/Windows. OH nocTyrieH st
ckaunBanus ¢ http://www.ggobi.org/.

Ggobi momne3eH IS MCCIAEAOBAHHUS BBICOKO-MEPHBIX JAaHHBIX Yepe3 OYeHb
JUHAMHYECKYI0O W WHTEPaKTHBHYIO TIpaduKy, OCOOCHHO C Typamu, pUCYHKamH pa3dpoca,
CTOJ'I6I/IKOBBIMI/I JII/Ial"paMMaMI/I n HapaJ'IJIeJ'II)HBIMI/I KOOp}II/IHaTHI)IMI/I pI/ICYHKaMI/I. PI/IC}’HKI/I
WHTEPAaKTUBHBIE M CBSI3aHBl C PHUCOBAHUEM KHUCThIO M uaeHTHUKanuei. [JocrymHas
(GYHKIIMOHAIBHOCTh OOIIMPHA, U MOAAEP)KUBAECT NaHOPaAMUPOBaHUE, U3MEHEHUE MacuTada u
BpalllCHUS.
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Rattle: Plot 2 o )

Distribution of Income
Distribution of Age by TARGET_Adjusted

M 2= o Al
o= _| 5]
= £ . ' mo
= | i s o o1
a ] I @ r
{=] I 3
L=} o o
2Ll £ g
[=1 ]
P . =]
|
all 0 200000 AQ0000
TARGET_Adjusted Income
Rattle 2009-0ct-14 21:27:29 giw Rattle 2009-Oct-14 21:27:29 ajw
Benford's Law: Income Mosaic of BQ4_Age
by TARGET_Adjusted by TARGET_Adjusted
% [17,28] (37,48] (48,90] (25,37]
= =
B Benfards .E
2 g 0 Al (1400) 2
= o B O (1537 =
= - b 1 (453) [
o i =
£ ~8 ol
o =] ™ v o
“g=-B=y a
=] —
= ~
[=1 L] 1 I I I ] I 1 I

1 2 34 5 6 7 89 Ba_age
Rettle 2009-0Ct-14 21:27:30 a)w
Distribution of the 1st Digit
Ratte 2009-0ct-14 21:27:30 giw

Ul save Hﬂrint Eigloﬁe

Pucynox 3: MccrnenoBanne nepeMeHHbBIX paclpeeICHH.

PucyHok 4 BBIBOIUT Ha 3KpaH PUCYHOK pa3Opoca Bo3spacta mpoTuB (0CTaBIEHHOIO)
[ToctynuBimiero m marpuiia pucyHka pa3z0dpoca yepe3 4eTbIpe MEepeMEHHbIE B OJHO BpeMs
(mpaBo). PucoBaHue KUCTbIO UCIOIB3YETCS, YTOOBI OTJIIMYMUTD KJIacC KaX10r0 HAOIIOICHHUS.

] e

audit.csvr Scatterplot (corrent]

File Edges QOptions ble Qpaem
s amit i " o e . ‘“'._.r.
i e L EL e,
- C I.l . =,
R TR D
. T s ]
e e TRk ki

i W s
Pucynok 4: TIpumep GGobi, ucnonb3syroriero rggobi, uto6sr coemMHUTBCS.

Bbonee cBexee momonHeHHE K KOMIIEKTY R makeroB - makets! latticist u playwith
(Ouaproc, 2008), koropeie wucmoms3ytor lattice rpaduky B mpenmenax rpaduyeckoro
uHTepdeiica UIs  WCCIENOBaHUS JaHHBIX B HWHTEPAKTHBHOM pexuMme. WHCTpyMEHT
HOJJICPXKUBACT PA3IMUYHBIC PHUCYHKH, BBIOOD MaHHBIX W IMOJMHOKECTBO W TOMICPIKKY
pUCOBaHUS KUCTHIO U aHHOTaUM. PUCYHOK 5 WIUTIOCTpUPYET PUCYHOK IO YMOJYAHUIO MPHU
BhIBOJIC U3 Rattle.
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TecT

Brmagka Test oOecmeumBaeT JOCTYH KO MHOTMM — IMapaMeTPUYECKHM U
HeMapaMeTpUUYECKUM CTAaTUCTMYECKHMM TecTaM pacnpefeneHuil. O1o Oonee cBexee
pacumpenue Rattle npogomkaer noiaydaTs BHUMaHHE (U, CIEI0BATENBHO, OYAET U3MEHATHCS
B TEUCHME JOJIFOr0 BpeMeHH). B KoHTekcTe aHanu3a JaHHBIX 4acTO IMPUMEHEHHbIE K 3a/aue
JIBOMYHOM KJIaCCH(PHKAINHU, TEKYIIUE TECThI, IPEXK/IE BCETO, OCYLIECTBISIOT CTATHCTUYECKOE
TECTUPOBAHUE JIBYX BBIOOPOK.

Fle ¥iew Stybe Thesee [Labels Jools Data Ootions Helg

ﬁ ﬂ i | marginal.plotidat, data = dad, groups = TARGET Adjusted, auta.key = Estiling: ~ | Edit call...

i) TARGET_Adjusted
Sty on tep 0 = 'P'd]]"_ﬁ :

Age —Ernployment Education Marital

o I||---5,.- o -1
1 1 IIIIIIIIIII 1 1

ot T ﬁt%‘ﬁ%@vmwt ii,-"‘{:.:‘ ._r,¢ Q'\f

Orccupation Income Gender Deductions
] 4 v 1

<1-1-1-Fata’
TTT

g ST S S S S QO g
Armotate Hours RISK_Adjustment | TARGET Adjusted

;w _ ..-\..'.-'In:".' .

o ix] ix] o =] .
L 5 . P@’D &Un“

¥ M= 1400, J000-10-14. R 2.0.2

el Lodlicisd W, 0,942 Wariakles on axes: =19 Goups | Colon, cxpade Conditioning:
marginals | | sploen {pairs) || parallel ~ || [roRGET_adusted | ~
Skt Select yaranles = - | Depith {300

- =

Aspeci: Lewels: geabes:
Cvag ba zoom (hold Shift tn constraim), Click for coordinates, Cirl-click to zaom out, Right-click for mana

Pucynoxk 5: Latticist, BBIBOISIIMI Ha S5KpaH KOHTPOJIbHbBIE JTaHHBIE.

TecTel pacmpeneneHuss JaHHBIX BKIIOYAIOT TecThl Kojomoropos-CmupHOBa H
paHTOBBIM 3HAKOBBIM TecT BunkokcoHa. /[[nsi TecTupoBaHUs pacIONOKEHUS CpeaHen
umerotces tectbl Cymmbl panra t-rect Wilcoxon. F-tect u koppensuus ITupcona Taxke
JIOCTYITHBI.
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IIpeo6pa3oBaHue

OuncTKka JaHHBIX M CO3[aHUE HOBBIX CPEACTB (TIOJYyYEHHE NEPEMEHHBIX) 3aHUMAIOT
HAMHOTo OOJbIlle BPEeMEHM MJIsi aHAIUTUKA JaHHbIX. ECTh MHOro moaxoioB K OYHCTKE
JIAHHBIX, U S3bIK IPOTrpaMMUPOBaHUs, MOJOOHBIH R, momuepxkuBaer ux. Bkinagka Transform
Rattle (pucynok 6) mpemocraBisieT MHOTHE OOIIHE BO3MOXXHOCTH I IIpeoOpa3oBaHu,
BKJIIOYas IMEepeMacIiiTabMpOBaHUE, YMEHBIICHHE ACHMMETPHH, 3allOJIHEHHE IPOIYIICHHBIX
3HAYCHU, MpEeBpallleHUEe YHUCIOBBIX IEPEMEHHBIX B KaTErOpUYECKHUE IepeMEeHHbIe, U
HAo0OpOT, pabora ¢ BBIOpOCaMH, H yJOAJICHHE TMEPEMEHHBIX WM HAOIIOJECHUN C
MPOMYIIEHHBIMU 3HAYEHUSIMU. 37IECh PACCMOTPUM HEKOTOPBIE U3 IPeoOpa3OBaHUM.

IlepemacmrabupoBanue

Omuus IlepemacmtadbupoBanue - Rescale npejjaraeT psaj  onepanuu
MacIITa0OUPOBaHUsS, UCIHONB3YS KOMaHAy Maciirada scalt ocHOBBI W KOMaHIY
nepeMaciTabupoBaHMsI rescale u3 nakeTa reshape (Wickham, 2007).

[lepemaciitabupoBanue BKJIO4aeT IieHTpupoBanue Bokpyr Hyis (Ilepeumentp-Recenter),
maciirabupoBanue B npomexkytke 0-1 (Scale [0,1]), mpeobpasoBaHre B paHTOBOE
ynopsioueHue (Panr-Rank), ycroitunBoe mepeMacmrabupoBaHHE OKOJIO HYJISI, MCIIOIb3Ys
meauany (-Meguana/MAD), 1 moBTOpHO MacmITaOupoOBaHWE, OCHOBAaHHOE Ha TpyMMax B
JTAaHHBIX.

Jlns  mroboro mpeoOpa3oBaHMs HMCXOJHAs IIEpEMEHHAass He MeHsercs. Hosas
NepeMeHHasl co3aaeTcs ¢ nMpeduKcoM, JT0OABICHHBIM K UMEHHU TIEPEMEHHOM, YTOOHBI yKa3aTh
Ha nipeoOpazoBanue. [Ipedukce Braoyaror ‘RRC _°, ‘RO1 _°, ‘RRK _’, ‘RMD _’, u ‘RBG
_’, COOTBETCTBEHHO.

D¢ ekt nepenepemMaciTabUpOBaHUs MOXKET ObITh MCCIIEOBAH, UCHOJb3Yys BKIAJIKY
Explore (pucynox 7). 3amerbTe, uto Rattle HakiaabiBaeT CTOJIOMKOBBIC JUArpaMMbl C
PUCYHKOM IUIOTHOCTH IO YMOJIYAHUIO.

F Data Miner - [Rattle (audit.csw]] i

Project  Jools  Settings  Help B Rattie Viersion 2.5.0 [ogawars com
a3 & @ L = - +'
Exgxufe Lo Dgan Sae Rapet  Expoet et
Duta Explore Test Translonm Custer Associste Model Evaluabe Log

Type: @ Rescale i pELTe Remap Cheanup

Hormslize & Recenbe Scale [0-1] -MadianaD Mztural Log Pafrix
Order: i Flanic Molan Groups

M, Wailale Diata Type and Mumber Missing

1 o Mumeric (1004641 to 2F9E10L; unique=2000; mean=25624347; median=5638451]
1 Ag= Mumesic [17 to 90; ursquea=~4T; m=an=18; medizn=3T; ignored].

1 Engloyment Cateqorical [& kevels; miss=100]

4 Education Categorical [ 16 kevels]

5 Marial Cabegorical [6 kevels]

B QCCupation Categorical [ 14 kavels; mics=101]

7 O Pourneeric [609.72 o 481259, 50; unique=200; mean=84606 46: median=5976895]
8 Gendar Categorical [2 keyelg]

& Deductions BouEnseric [D.00 0o 2004 00; unigque=41: mean=67,57; medan=0,MH}]

10 Haurs Rurneric [1 50 9%3; unique=&8: mean=41; madian=40]

11 MENORE_ACrounts  Categoncal [ 33 kavels; miss=43; ignored|

12 - RISE_Adpustment - Mumesic [-14533 to 112243; unique=310; mean =302 median=0],

13 TARGET_Adusted Mumesic [0 to 1 unigue=32: mean=0; median=0]

14 EO4 Age Cabegonical [¢ bewvels]. B0 code export.

Figure 6: Transform options.
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Distribution of RRC_Income Distribution of RO1_Income
by TARGET_Adjusted by TARGET_Adjusted
[i Al n Al
N | = | mao
§ = mi E m |1
u — @
3 =3
o N o
N i
fn — I
= F = - r
] | | [ — I | ' D
-1 0 1 2 3 4 5 0o 02 0.4 0.6 08
RRC_Income ROL_Income
Ratte 2009-Oct-14 21:27:51 giw Rattle 2009-Oct-14 21:27:51 gjw
Distribution of RMD_Income Distribution of RLG_Income
by TARGET_Adjusted by TARGET_Adjusted
[=1 — (=]
= —| o Al M
T o] oy z
(=]
E S . T =
g o T | %
© 51 “1 s F
ari .
= _M [ H'In-., P
. L

I LI R
] Z 4 ] 8 7 8B 92 10 12
RMD_Income RLG_Income
Rattle 2009-0ct-14 21:27:51 gjw Fattle 2009-0ct-14 21:27:51 gjw

ugave l‘g__Pn'r'nt u'gloie

Pucynok 7: YeTslpe mOBTOpHO olpesieneHHbIX MacTad Bepcun Jloxona.

3anosiHeHHne

3amnoHenne MMPOMYIICHHBIX 3HAa4YCHUN - XyUTpad TeMa U JOJKHO ACIAThCA TOJIBKO C
XOpOIIMM TOHUMaHUEM JaHHbIX. YacTo, HabOmOgaTeNnbHbIE JaHHBIE (B OTIMYHE OT
AKCIIEPUMEHTAJIbHBIX JIaHHBIX) OyAyT COAepXaThb OTCYTCTBYIOLIME 3HAUYEHHUS, U 3TO MOXKET
BbI3BaTh MpoOJEeMy g aJrOpuTMOB aHaiM3a JaHHBIX. Hampumep, ommwus Forest
(uctonp3yromas  randomForest) Ttuxo ymamser 000e  HaAOMIOACHHE € JIFOOBIM
oTcyTCcTByIOmUM 3HadeHueMm! Jlnsg HaOOpPOB MaHHBIX C OYEHb OONBIIMM KOJMYECTBOM
NEPEMCHHBIX U Pa3YMHBIM YUCJIOM OTCYTCTBYIOIIHUX 3Ha‘-I€HI/II71, 9TO0 MOXKET XOpOLIO MPUBECTHU
K HEOOJBIIIOMY, HETUITMYHOMY HA0OPY JaHHBIX, WIH JIa)Ke HUKAKUM JTaHHBIM BOOOIIIE!

Ecth MHOro THUIOB BO3MOXXHBIX 3aIllOJIHEHUI, TOJBKO HEKOTOPHIE U3 KOTOPBIX
HerocpeAcTBeHHO aocTynHbl B Rattle. [lanee, Rattle emie He mojiep:xuBaeT MHOKECTBEHHOE
3anonHeHue. OOpaszer] NpPOMYHIEHHBIX 3HAUY€HUH MOXKET ObITh MPOCMOTPEH, HUCHOJIb3Ys
kHornky Iloka3aTh mpomymeHHbIe oy Summary sxiagaku Explore.

Camoe mpocroe, U HauMEHEe PEKOMEHIYeMBbIH, 3allOJIHCHHE OOBHHEHWH BKIIIOYAET
3aMEHY BCEX INPOMYUICHHBIX 3HAUEHUH JUIsl NEPEMEHHON €IUHCTBEHHBIM 3HAauY€HUEM. OJTO
UMEEeT CMBICI, KOTJa Mbl 3HAaeM, 4YTO OTCYTCTBYIOIIME 3HAu€HUs (AKTUYECKH HMEIOT
3HayeHue “0”, a He HeusBecTHoe. Hampumep, B KOHTEKCTE HAJOrOOOJIOKEHUS, €CIH
HAJIOTOIUIATENbIIMK He 00eCcTIeYMBaEeT 3HAaUCHUE I ONPEEIIEHHOTO TUIIA YAEepKaHH, TO MbI
MOIIM OBl MPEANOJOKHUTh, YTO OHU paBHBI HYIIO. TOYHO TaK ke, €CIU YHUCIO JOYEPHHX
JJIEMEHTOB B CEMEHCTBE HE 3alMCaHO, TO Pa3yMHO NPEANOJIOKHUTh, YTO 3TO HYJb (HO 3TO
MOTJIO OBl OJTMHAKOBO XOPOIIO CPEAHUM, UTO YHCIIO TOIBKO HEM3BECTHO).
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B o0mem, anst mpomynieHHBIX 3HAYEHHH, KOTOphIE, KaK U3BECTHO, HE PaBHBI HYIIIO,
clelyeT HCHOJb30BaTh HEKOTOpoe '"IEeHTpajdbHOEe" 3HAYeHHE NEPEeMEHHOM. ITO YacTo
cpeaHee, MeJraHa, Wik Moja. MOXHO HCIIONIb30BaTh CpeAHEEe, HAPUMED, €CIIH TIepEMEHHAs
HOpPMaJIbHO pacrpeneneHa (M1 B OCOOCHHOCTH HMMeEET HeOONIbIIylo acummerpuio). Ecmm
JAHHBIC JICUCTBUTEIHHO HMMEIOT HEKOTOPYIO acCHUMMETPHUIO (HampuMmep, €CTh HEKOTOPOe
KOJIMYECTBO OYCHb OOJBLIMX 3HAYCHUil), TO TOrJa MeAMaHa Morjia Obl OBITH JIy4YIIUM
BBEIOOPOM.

Onmnacaiitech Jr000T0 BBITIOIHSEMOTO 3aNOJHEHHS. DTO, B KOHIIC KOHIIOB, H300peTaeT
HOBble maHHbIe! byaymas pa3pabotka Rattle MoxeT okazaTh Oosbllle TOAJIEPKKHA C

OCHOBAHHBIM Ha MOJICJIU 3aloJIHCHUSIMH Yepe3 Takue nakeThl kak Amelia (Honaker u np.,
2009).

IlepeoTodpaxenue

Onmust  IlepeoroOpa:kenusi-Remap oOecreunBaeT MHOTOYHCIEHHBIE OIEpalldd
nepeoToOpaKeH s, BKIIIOYAs CTEIIAKUPOBAHKE, JOrapu(pMHUpPOBaHNE, OTHOMICHUS M OTOOp
KaTeropuuecKuX MEPEeMEHHBIX B MEepeMEHHbIe MHAMKATOpa [UIsl CUTYallud, TJie MOTPOUTEIH
Mojenu TpeOyeT YHMCIOBBIX NMaHHBIX. Rattle mpemocraBisier BO3MOKHOCTH HCHOJIB30BATH
KBantuiab creuiaxkupoBanue, KMeans creana:xkupoBanne, u PaBuyio Ilupuny
cTeJuIaskupoBanus. [ KaKI0W OMIIMHM YKCIIO CTeNaKed M0 yMOIYaHUIO paBHsieTcs 4, HO
MOXXHO HW3MEHUTHh TIOJ] HAmM TOTpeOHOCTH. ['eHepupyemble NepeMEHHBIE CHA0KEHBI
npedukxcom Buaao ‘BQn _’°, ‘BKn _’, u ‘BEN _’ cOOTBETCTBEHHO, € ‘n’, yKa3bIBAIOIIEM YUCIIO
creiutaxeil. Takum 00pa3oM MBI MOXKEM CO34aTh MHOXKECTBEHHBIM binnings st 000U
TIEPEMEHHOM.

Ectp Takxke ommmu Ilpucoenunenus k Categorics - ymoOHBIH CITOCOO pacciIOUTh
HAO0Op JaHHBIX, OCHOBaHHBIH HAa MHOXXECTBEHHBIX KATETOPUYECKHX TMEPEMEHHBIX.
[IpeoOpazoBanue Jlorapugma takxe TOCTYITHO.
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Mopaenb

AJITOpUTMBI  aHANIM3a JAHHBIX YacTO OIMCHIBAIOTCS KakK JECKPUIITUBHBIC WIIU
nporuosupymomue. Rattle, B HacTosiuii MOMEHT, IOIEPKUBACT BA OOIIUX JCCKPUIITHBHBIX
wir Oe3HAJ30PHBIX IMOAXOAAa K TOCTPOCHUIO MOJCNHW: KIACTEPHBI aHallu3 W aHaju3
3aBUCUMOCTH. [lomnepxuBaeTcsi MHOTO TOCTPOMTENICH MOJCICH TIPOTHO3a: JIEPEBbs
pelIeHUi, YCWJICHHWE, CIIy4ailHbIe Jieca, MAIUHBI OMOPHBIX BEKTOPOB, OOOOIICHHBIC
JIMHEWHBIE MOJICIIM U HEHPOHHBIE CETH.

[TporHo3upyromiee MOAEIUPOBAHKUE, a B OOLIEM 3ajada KiIacCU(UKALNU, SBISIETCS
CeplIeBMHON aHanM3a AaHHBIX. Rattle mepBoHawanbHO cocpenoTodmics Ha oOmiel 3amade
aHanmM3a JaHHBIX - JBOMYHOM KiaccupukanuM uX (MIM JBa Kiacca), HO Temepb
HOJJICPKUBAET MHOXKECTBCHHYIO KJIACCU(UKAIMIO U PErPECcCHI0, TaK K€ KaK OIHCATEIbHBIC
MOJIETIH.

Rattle obecnieunBaet npsimoii uuTepdeiic s Habopa MocTpouTeNneil onucareabHbIX U
NPOTHO3UPYIOMUX MoOjeNel, AocTynHbIX B R. s kaxmoil Moxmenu mnpoctoir Habop
HACTpaMBaIOLIMXCs MapaMeTpoB NpeACTaBieH uepe3 rpaduyeckuil unrepdeiic. I'ne Tonbko
BO3MOXHO Rattle mpITaercss mpeacTaBuTh XOpOIIME 3HAYCHUS 10 YMOIYAHHUIO (4acTO TE Ke
caMble [0 YMOJIYaHHIO KaK BBIOPAHO aBTOPOM COOTBETCTBYIOLIETO MakeTa), YTO MO3BOJISET
MIOJIb30BATENIO MTPOCTO CO3/IaBaTh MOJIENb 0€3 HACTPOMKH WM ¢ MHHUMAIIbHOW HACTPOUKOMA.
OTO MOXET He Bcerja ObIThb NPaBUIBHBIM MOJXOJOM, HO SIBIISETCS, KOHEYHO, Pa3yMHBIM
MECTOM I CTapTa.

Msbl paccMOTpUM MOJAEIMpOBaHME B Ipenenax Rattle depe3 nepeBbst perieHuil u
CIIy4alHbI€e Jieca.

JlepeBbsi penieHui

OnvH W3 KJIaCCHYECKUX METOJOB OOydYeHHs MAIllMHBI, IIHPOKO pa3BEPHYTHIX B
aHanM3e JaHHBIX, SBJsAETCS HHAyKIWed aepeBa pemenuit Quinlan (1986). Hcmonb3ys
IPOCTON alrOpUTM M TPOCTYIO IPEBOBUAHYIO CTPYKTYPY, UYTOOBI IPEICTaBUTH MOJIEIb,
HO/IXO/, OKa3aloch, ObuT oueHb d(dextuBeH. Buuzy, rpart (Therneau u ap., 2009) u
cropona (Hothorn u ap., 2006) makeTs! npu3BaHbl, 4TOOBI ¢aenaTh paboty. [Tokassl pUCyHKa
8 Brimamka Model ¢ pesympratamMu co3maHusi JepeBa pPEICHHM, BBIBEJICHHOTO Ha JKpaH
JIOCJIOBHO (OOBIYHBIN Pe3yJbTaT OT CBOJAHONM KOMaH b i "'rpart” oobekra).

¥ F Data Miner - [Rattle (audit.cew]] i =
Brogect  Jools  Seitings  Help ‘j Ratie Visrsion 2.5.0 [Doawans oo
o O = = ' !

Ewecifie |~ Mew  Open  Save | Peport  Export | Oul
Data Explore Test Transfonm Clusber Associate | Model Evaluate Log
Type: @ Tres Brnst Fonest BT Linear seural Net Sursival All

Target: TARGET_Adpusted @ Traditions Condithanal Model Bullg=r: rpart
Priars: Min Splet: 40 o Max Depth: el ] . Imeclude Missing
Licess. Maftrin: Min Bucket: T . Complexity: 00100 . Rules | |Draw
summary of the Tres model for Classification (Bullt wsing rpart):
= 1400
node), split, n, loss, ywal, [yprob)
* demotes terminal rode
11 reat 1468 335 @ [0, 76071420 &. 23028571
1) Marltal=Absent , Dlverced,Married -spouse -sbsent , Unmarried Widowed 764 47 0 (0, 03845168
8.85131832) -
3) Marital=Married G3% ZE8 B (9.5471&3081 ©_452083@13]
&) Ocowation={leaner,.Farming Machinist Repair, Service Transport 27F 63 B (8. 76835235
0,23161765) -
71 Ocowpatice={lerical Executive Professional , Protective, Sales, Suppart 3460 124 1 (. 36470580
. 63579412)

14 Education=Associste,College HSgrad,¥rll,¥riz, ¥ritd, ¥YrSte, ¥r7te, ¥r9 162 79 1 (948763932
.5 1234568)
IB) BO4 Age=[17,X8],[268,37], [48,98] 181 42 & (0.58415842 6_41584158]
36) Esployment={ansultant,Private 75 25 & (0. 66666667 0.33333333) »
571 Fenleveent=PaFederal  PSiacal Paitate. Sel TRen b6 8 1 [0 B4615905 6 A5IR46151 = |

An rpart model hes been generated. Time taken: 0.06 secs
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Pucynok 8: Co3nanue epeBa peiieHui.

Rattle yBenmumBaeT CTOMMOCTH OCHOBHOHW  rpart QyHKIMOHAIBHOCTH ¢
JIOTIOJIHUTEIBHBIMY JUCILISSIMU JIepeBa peIlieHuil, Kak B pUCYHKE 9 1 IpeoOpa3oBaHUHU JepeBa
pelIeHni B CIIMCOK NpaBuJl (MCHoab3yroui kHolk Draw m Rules cooTBETCTBEHHO).

Decision Tree audit.csv $ TARGET _Adjusted

Merial

2 Dopaion

o
64 ke Educaton

8.0 |
o

272 ok BO4_fga 15

TR li

Emphoyreart ARG ncome = - = -0 76178 obs
™%

= 59

a 1 a 1
THobs Miobs 2obs  dlobs
BETHN  ES4m BN ANS%

Pucynok 9: nucmieii Rattle nepeBa pemenui.

MHo:xecTBO
[Toxxox MHOXeECTBa TMOJIy4HUJI MHOTO MHTEpeca B TOcJeaHee BpeMs. PaHHss pabora
(Yunbsime, 1988) skcrepuMeHTHpOBaia € Haeed OOBETUHUTH HAOOp JEPEBHEB PEIICHHIA.
Pe3ynpTarhl TaM yKazald Ha TMPEUMYIIECTBO CO3JaHHUS MHOXKECTBEHHBIX JICPEBBEB U
00BEIMHEHUS UX B €IUHCTBEHHYIO MOJIETh KaK MHOYKECTBO.

HenaBHue pa3paboTku MpoI0IIKAIOT JEMOHCTPUPOBATh 3PPEKTUBHOCTH MHOXKECTB B
aHau3e JaHHbIX C T[IOMOINBIO YCWJIEHUS U CIydalHBIX JIeCHBIX airoputMoB. OO0a
MOJJIEPKUBAIOTCS B CKPEXKETE, M Mbl paCCMaTPUBAEM TOJIBKO CITy4alHBIH JIEC 371€Ch.

Cayuaiinble Jieca

Cnyuaitnenii siec (Breiman, 2001) pa3pabaThiBaeT MHOXXECTBO JCPEBHEB PEIICHHIA.
CrnyuaiiHple Jeca 4acTO HCHOJB3YIOTCS, KOTJa Y Hac €CTh OuY€Hb OOIbIIHE O0yJaromiue
Ha0OpHI JAaHHBIX U OYEHBb OOJIBIIIOE KOJIMYECTBO BXOJIHBIX MEPEMEHHBIX (COTHHU HJIU YETHBIE
THICSIYM BXOJHBIX TepeMeHHbIX). ClydailHas JecCHash MOJENb OOBIYHO COCTABISIETCA W3
JIECATKOB WJIM COTEH JEPEBHEB PEHICHUN, KaXJ0€ CO3JaHHOE HCIOJIb30BAHUE CIYyYaHOMN
BBIOOpKU HaboOpa MaHHBIX, U CO3/AaBas JII0OOEe JEepeBO, CIydyalHYH BBIOOPKY MEepeMEHHBIX
paccMaTpUBaIOT B KaXKIOM Y3JIe.

Cayyaiinas BEIOOpKa U JJAaHHBIX U MEPEMEHHBIX FapaHTHPYET, 4To aaxe co3zganue 500
JIEPEBbEB pelIeHU MoXeT ObITh A(G(EeKTHUBHBIM. JTO TaKXKe JIOCTOWHO IOCTaBISET
3HAYUTEIbHYIO YCTOMUMBOCTH IIYMY, BBIOpOCAM M CBEPXIOATOHKE, KOT/IAa 10 CPaBHEHHUIO C
€IMHCTBEHHBIM JIPEBOBHU/IHBIM KJIaCCU(DUKATOPOM.

Rattle ucronp3yer randomForest maker (Jlnoy u Baiinep, 2002), uTo0b!I co3nath jec
JepeBbEB. DTO - HHTEpPeilc K HCXOTHOMY CIy4alHOMY JIECHOMY KOy OT HCXOJHBIX
pa3paboTurkoB Merosaa. CienoBaTeNbHO, XOTS, Y MOIYUYaIOIIMXCs I€PEBbEB €CTh pa3IMyHast
CTPYKTYypa K CTaHJIapTHBIM 'rpart” nepeBbsM, U TakuM 00pa3oM, HEKOTOPBIE U3 T€X JKE CaMbIX
JPEBOBHUIHBIX BU3yaJIHM3allMii HE JIETKO JOCTYNHBI. Rattle MoxkeT mepeuncnuTh Bce mpaBuia,
TeHEpPUpPYyEMBIE ISl CIIy4alHOTO Jieca, eciau TpeOyrommiicsa. JIJisi KOMIIEKCHBIX 3a7ad 3TO
MOYET OBITh OYECHb JTUHHBIM CITUCKOM JICHCTBUTENBHO (THICSIUU MPABUII).
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JlecHasi ommuMs MOXET TaKKe BBIBECTM Ha OSKpaH pPHUCYHOK OTHOCHUTEIbHOU
NEPEMEHHON 3HAYMMOCTH. OTO O0OecHeuyuBaeT MOHMMAHUE, KaKUe IEPEMEHHBIE WIPAIOT
0oJbIlIe BCEro BaXKHYIO pOJIb B MpEACKa3aHUU pe3yibTaToB Kiacca. Kuomka Importance
BBIBE/IET HA 3KPaH JIB€ MEPHI 110 AIbTEPHATHUBE I10Ka3a PUCYHKOB OTHOCUTEIBHON 3HAUYMMOCTH
MEPEMEHHBIX B HallleM Ha0Oope IaHHBIX OTHOCUTEIHLHO MpeIcKa3aHus Kiacca.
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IlocTpoeHue Bcex MoAesIed U HACTPOUKHU

ONBITHBIM TyTeM pa3IMYHBbIC Pa3pa0OTYMKH MOJICIH YacTO MPOU3BOIST MOJEIH,
KOTOPBIE BBITIOJIHSIOT OJIMHAKOBO C TOYKM 3PEHHUS MOPsSAIKAa HeBepHO crerudukanuu. Takum
00pa3oM, BIIOJIHE MOYYUTEIHHO HUCIIOIB30BATh BCE MOCTPOUTEIN MOJACIHU JIsl OTHOTO U TOTO
e Habopa ganueix. Omust All mocTpouT oHy MOIENb I KaXI0T0 MOCTPOUTENS MOIEIIH.

MBI MOXEM pacCMOTPETh PE3YJbTaTUBHOCTh KaXJAOW M3 CO3JAHHBIX MOJEIEH U
BBIOPATh Ty, KOTOpas Jy4IlUe yIOBJIETBOPSET HAIU OTpeOHOCTH. B BhIOOpE eqMHCTBEHHON
MOJZIETIM Mbl MOXKEM He 00s3aTeIbHO BBIOpaTh caMyl TOYHYIO Mopenb. Jlpyrue
K03 PULMEHTH MOT'YT UrpaTh poisib. Hampumep, ecinu mpocToe AepeBO pPELIeHUH MOYTH Tak
e TOYHO Kak 3T 500 nepeBbeB B CIy4aiiHOM JIECHOM MHOKECTBE, TO MOKHO OTKa3aTbCs OT
CJIOKHOCTH CIIy4ailHOTO Jieca [l pa3BepThIBaHUS.

D¢ dexTuBHAS anbTEepHATHBA, T1Ie OOBSICHEHUS HE TPEOYIOTCS, M TOUHOCTH, TpeOyercs,
JIOJDKEH CO3/1aTh MOJEJNIb Ka)/I0T0 THIIA, & 3aTe€M CO3/1aBaTh MHOXECTBO, KOTOPOE SBISAETCA
JTMHEHHOW KOMOMHAIMEH STUX MOJIEINIeH.

Onenka
Rattle obGecrieunBaeT craHAapTHBI HA0Op MHCTPYMEHTOB JUIS OLIEHKH M CPAaBHEHUS
pe3ynbTaTUBHOCTH Mojeneil. OH BKIIIOYaeT MaTpully OMUOOK (uiau Tabiuiy Oecropsiika),
muarpammbl iogbema, kpuBbie ROC, m KpuBbsie CTOMMOCTH, UCHOJB3YIONINX, HAIPUMED,
naker ROCR (IToiite u ap., 2009). Pucyrnok 10 moka3biBaeT BapHaHThI

Project  Tools  Settings  Help ) Rattie Vevsion 2.5.0 [gaware covm

B D = = = i w!
Execiie | Mew  Open  Sawe | Report  Expot | Oul

Dwta Explore Test Transfonm Clusber fssociste Model Edaluate Log

Type: Brror Matrix Hani ik Cost Curve Lift R Precision O Sersitivicy Prv OB Senne
Moo=l Tee o Forest

Data: Trinimg & Tasting | C5W Rla R Dataset

Risc Variable: RISE_Adpustment
RISK CHART

Pucynox 10: Oniuu a1 O1eHKH.

CoBokynnoe u3menenue kpuBoid ROC peanuzoBano B Rattle kak nuarpammsr Pucka
(pucynok 11). JlmarpamMmMbl pucka 0COOEHHO MOJIXOIAT VISl JBOMYHBIX 33724 KJIIaCCU(PUKALIHH,
KOTOpbIE paclpOCTPaHEHbl B aHanu3e JaHHbIX. Llenb coctour B TOM, 4TOOBI 3PPEKTUBHO
BHIBECTH Ha OKpaH JIETKO TIOHATYIO MEpy pe3YJIbTaTUBHOCTH MOJIENHA OTHOCHUTEIHHO
JOCTYIIHBIX pecypcoB. Takue IuarpaMMbl, Kak OKa3ajoch, ObLIM ¢ OOJbILIEH TOTOBHOCTBIO
OOBSICHIMBI PYKOBOJUTEIISIM TIPUHSITHS PEIICHUH.

Jlnarpamma pHucka 0ocoO€HHO TMOJIe3Ha B KOHTEKCTE KOHTPOJIBHOIO Habopa JaHHBIX, U
JUId 3ajjad aHalli3a PUCKOB BoOOmIEe. Y KOHTPOJIBHOTO HabOpa JAHHBIX €CTh JABE LIEIEBBIX
IIEPEMEHHBIX Kjlacca TaK K€ KaK TaK Ha3blBaeMas IEpEMEHHas pUCKa, KOTOpas SBISAETCS
Mepoil pa3mepa pHCKa, MPHUCOCTUHEHHOTO C KaXAbIM HaOmioneHueM. Y HaOMI0JeHUH, Y
KOTOPBIX HET KOPPEKTHPOBKH IOCiE ayauTa (TO €CTh, KJIMEHThI, KOTOpble MpPEeJOCTaBUIN
KOPPEKTHYI0 HH(pOpMaIMI0), KOHEYHO, OyIeT PHUCK HYJS MPHUCOEIUHEHHBIM C HHMH.
HabmionenusiM, y KOTOpBIX JIEHCTBUTEIBHO €CTh KOPPEKTHPOBKA, OYIyT OOBIYHO
IOPUCOETUHATh PUCK C HHUMH, M I ynoOCTBa MBI MPOCTO HAECHTH(PHUIUPYEM 3HAYCHHE
KOPPEKTUPOBKHU KaK BEJTMYMHA PHUCKA.

Rattle HUCIOJIB3YCT UACKO AUarpaMMbl pUCKa AJId OLUCHKU PC3YJIbTAaTUBHOCTUMOCIIN B
KOHTCKCTC aHaJIM3a PUCKOB.
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Risk Chart Forest audit.csv [test] RISK_Adjustment
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PI/ICYHOK 11: MpocCTasa COBOKYIIHAA AUarpaMma pucka.

JuarpaMma pHuCKa pHCYeT pe3yJbTaTUBHOCTh IMPOTHB BApPUAHTOB 3arpy3KH.
I[MpenrnonaoxuM, 4To y Hac OblTa COBOKYMHOCTh U3 100 HabmroaeHuid (MK BApHAHTHI ayanuTa).
3arpy3ka BapuaHTa - TPOIEHT ATUX CIIy4aeB, KOTOPhIC MbI (DaKTHUECKU TOMPOCHUM, YTOOBI
HalM ayauTopbl oOpabotanu. Ocratoiquecss ciiydad He OyayT B JaibHEW OOCUMTaHBI,
OXKHJIasi, YTO OHHM OYIYT C HU3KUM PHCKOM, H CIIE0BATEIHHO, C OTPAHUYCHHBIMH pecypcamu,
He TpeOys HUKAKOTo NEHCTBUS.

Pemrenne oTHOCHMTENBFHO TOTO, KAaKOM MPOLIEHT Clly4aeB 00pabaThiBaTh, COOTBETCTBYET
ocu X nuarpaMMsl pucka — ciaydau 3arpy3ku. 100%-as ciyyan 3arpy3ku yKa3blBaeT, 4TO Mbl
Oynem oOpabaTbiBaeM Bce KOHTPOJbHBIE ciydau. 25%-asi ciyyau 3arpy3Ku yKas3bIBaeT, 4TO
MBI Oy/1ieM 00pabaTbIBaTh BCEro OJHY YETBEPTh BCEX CIy4aeB.

Pe3ynbTaTHBHOCTD - MPOLIEHT 0OMIETr0 KOIMMYecTBa 00pa0OTaHHBIX CIIy4aeB, KOTOPBIC
noTpeboBaIl KOPPEKTUPOBKHU (MM TOJNHBIA pUCK - 00a rpaduyecku M300pa)keHbI, €CIu
NepeMeHHas pHUCKa WICHTU(QUIMPOBAHA), KOTOPBI MoOr Obl OBbITh TOKPBHIT Ha
00pabaTbIBa€MOM MHOKECTBE.

JluarpaMma pucka moka3bIBaeT KOMIIPOMHUCC MEXIY PECypCaMu U PUCKOM.

Pa3BepThiBaHUE MOAEIN
Kak Tonpko MBI BBIOpaiM MOJENb, KOTOpas MPEJICTaBiIseT NMPUEMIIEMOE YTOUHEHUE
HamMM OW3HEC-TIpolleccaM, Mbl CTAIKHBAaeMCsl C pa3BepThiBaHHEM. Pa3BepThIBAaHHE MOXKET
KOJIe0aThCsl OT HETMOCPEACTBEHHOTO MCTIONHEHUS MOJIENN JI0 TIOJTHOCTHIO aBTOMAaTHYECKON CO
TIIATEJILHO YIIPABIIEMOM CPEAON pa3BEPTHIBAHUS.

Jlanee oOcynuM HEKOTOphIe TpoOJIeMbl M HccienyeMm, kak Rattle mommepxuBaer
pa3BepTHIBAHUE.

Cuenapuu R
CaMblil IpOCTOM MOAXOA K Pa3BEPTBHIBAHUIO - 3TO NMPUMEHEHHME MOJEIN K HOBOMY
Ha0Opy JaHHBIX. JDTO YacTO YIOMUHAETCs KaK oyeHka eviucpvbiuia. B xoHTekcTe R 3T0 - He
4TO MHOE KaK ucrosb3oBanue Gpynkuuu predict.

Brmagka omenku Rattle mommep:xnBaeT OIEHKY BBIMTpBINIA ommuend Score. Ects
JMAIbHEUIITNE OMIINUU, YTOOBI OTMETUTh 00YJarOIIHNii HA0Op MTaHHBIX, HA0OpP JAHHBIX TECTA WU
JaHHble, 3arpyxeHHble U3 ¢aina CSV (KOTOphI AOMKEH COAEp)KaTh TE€ K€ CaMble
IIEPEMEHHBIE).

JIro6oe uncio Mojeneit MoKeT OBITh BBIOPaHO, U Pe3yJIbTaThl 3anucanbl (aiimy CSV.
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BBIUTpBII 9acTo BBITIOJHSAETCS HEKOTOPOE BpEeMs IOCIE TOTO, Kak MOJeiIb OynmeT
co3mana. B »aToM ciydae Mojenb JOJDKHA OBITH COXpaHEHa Uil Oojiee MO3IHETO
ucnoiib3oBanus. [lonsatue mpoekra Rattle mone3Ho mpu TakoM 00CTOSATENbCTBE. Tekylee
cocrosiHue Rattle (Bxirowast pakTudeckne JaHHBIC M MOJEIN, CO3/IaHHBIC BO BPEMsI CEaHCa),
MOXKET OBITh COXpPAHCHO K IPOCKTY, M II03)KE 3arpy)KeHO B HOBBIM 3K3eMIunsip Rattle
(paboTaronuii Ha TOM K€ CaMOM Y3JIe WIH JaKe Pa3IndHOU XOCT-CHCTEME M OTePAIlMOHHON
cucteme). HoBblii HaOOp JaHHBIX MOXKET TOrja ObITh OTMEYECH, HCIOJB3YS COXPaHCHHYIO
MOJCIIb.

Buuzy, coxpanenme/zarpyxenue npoekrta Rattle TpeOyer, 4uroObl He Oojble, yem
UCTIOJIb30BAaHUE KOMaHJ COXpaHEHUs M 3arpy3ku R co3jmano nBoMYHOE MpefcTaBiIeHHE
00bekTOB R m coxpanenue ux k (aitmy. IIpoext Rattle MoxeTr crarh BmosjgHe OONBIIAM,
0c00eHHO ¢ 0ONBIIMMU HAOOpaMHU TaHHBIX.

Bbonbuive ¢aitnbl 3annMaroT 00JbIIe BPEMEHU Ui 3arpy3KH, U JUIsl pa3BepThIBaHUS
MOJIeIb, KOTOPYIO 4YacTO HE 00s3aTEIbHO COXPaHATh C MCXOAHBIMHM JaHHbIMU. [loaTomy,
MOCKOJIbKY MBI CEPbE3HO OTHOCUMCSI K Pa3BEPTHIBAHHIO, Mbl MOTJIM Obl COXPAHUTH TOJBKO
MOJUIeKAIYI0 PAa3BEPTHIBAHUIO MOJIENb. JTO JAENAETCs IYTEeM HCIOJIb30BaHUA (DYHKIHH
COXpaHUTh W 3HAHUS HEMHOTO O BHyTpeHHeM ycTpoiictBe Rattle (Ho He Gosblire, YeM 49TO
IpeJICTaBICHO Yepe3 BKIaaky Log).

[Moxxox coxpanenus mojesau randomForest umeet BuI:

> myrf <- crs$rf
> save(myrf, file = "model01_090501.RData")
3aTeM MO3KE MOXKEM 3arpy3suTb MOZACIIb W TPHUMCHUTH MOICIIb (I/ICHOJ’IBSYIOH.[HIZ

CKPHMIIT, OCHOBAaHHBIN Ha KOMaH/ax, IOKa3aHHbIX Ha BKjIajake Rattle Log) k HoBomy Habopy
JAaHHBIX:

> library(randomForest)

> (load("model01_090501.RData™))

[1] "myrf"

> dataset <- read.csv("cases_090601.csv")

> pr <- predict(myrf, dataset,

+ type = "prob”)[, 2]

> write.csv(cbind(dataset,

+ pr), file = "scores_090601.csv",

+ row.names = FALSE)

> head(cbind(Actual = dataset$TARGET _Adjusted,

+ Predicted = pr))

Actual Predicted

100.022

200.034

300.002

410.802

510.782

600.158

Kak B CTOPOHE, MBI MOXEM BUICTH, YTO cnyqaﬁHaﬂ JIECHAasA MOACJIb ACIacT XOPOIIO Ha
9THUX HEMHOI'NX H8.6JHOILCHI/IHX.
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B npaktuke (manmpumep, B aBctpanmuiickom Office Hamoroo6moxeHus), Kak TOJBKO
Obul0  0I0OOpPEHO pa3BepTHIBAHUE MOJENIU, MOJENb pa3BepHyTa B OE30MACHYIO Cpeny.
3aIrIaHUPOBAaHO PETYISPHO OBITh NMPUMEHEHHBIM K HOBBIM JIaHHBIM, WCIOJB3YsS CKpUIIT,
KOTOpBIA O4YeHb MOJ00eH 3TOoMy BbIe (ucnonb3oBanue littler makera mns GNU/Linux).
JlaHHBIE TIOJYYEHBI U3 XPAaHWIUIIA JaHHBIX, U PE3YJbTAThl 3aMOJHAIOT TaOJIUIly XpaHHIUIIA
JAHHBIX, KOTOpas TOT/A HCIOJNb3YyeTCs, YTOObl aBTOMATUYECKH T'e€HEPHUPOBATH €IHMHUIIBI
paboTHI I AyJJUTOPOB K ICHCTBHIO.

dxcnopt B PMML
AHBTepHaTI/IBHLIf/'I nmoaxoJ K pasBCPThIBAHUIO NOJIKCH SKCIIOPTHUPOBATH MOJCIbL Tak,
YTOOBI 3TO MOTJIO OBITH UMIOPTUPOBAHO B JIPYroe MporpaMMHOe oOecriedeHue AJisi MPOorHo3a
Ha HOBBIX JAaHHBIX.

MBI SKCIIEpUMEHTHPOBAIA C HKCHOPTOM CcIy4dallHBIX JiecoB K komy C++. D10
JIEMOHCTPHUPOBAJIIOCH, padOTasi HA OCHOBE MUJUIMOHOB CTPOK HOBBIX JAHHBIX B XPaHWIIUIIE
JTAHHBIX B CEKYHJaX.
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KypHan

GUI He Tak noyioH 1 THOOK KaK MOJHBIHN SA3BIK MporpaMmmupoBanus. Rattle nocrarouen
JUIs MHOTMX aHAJUTHUKOB JAaHHBIX, oOecrednBas CpeAy OCHOBHOTO-IIyHKTa-U-ILEIYKa s
OBICTPOTO ¥ HEPOTUBOPEUMBOTO aHAJIHM3a JAHHBIX, MHOTOE MOJIydasi OT IMIUPHHBI U TITyOUHBI
R. Tlonb3oBarenb, nmpodeCCHOHAIBHBIA AHAIUTHK JAHHBIX, CKOPO HaiieT noTpeOHOCTh
BBINTH 32 MPEAIOJIOKECHUS, BOIUIOMIEHHBIX B Rattle. Rattle momnepxuBaer 310 yepe3 BKIAIKY
Log.

Kak ymomsiHyTO BBINIE, >KypHa! KomaHn R conmepxxut koHcTpykimu Rattle gepes
BKIanaky Log. Hamepenue coctouT B TOM, 4TOOBI KOMaHAbl R ObUTM JOCTYHHBI IS
konupoBanus B KoHcosb R Tak, 94To0s! Tam, rae Rattle Tonbko mpeacTaBiseT orpaHUuYeHHOE
KOJIMYECTBO OMIIUi1, JalbHENUIINE OMIIUN MOTJIM ObITh HACTPOEHHI uepe3 myibT R.

Bxnaaka Log monyuyaer komaHabl Il 0oJiee MO3JHETO BHITIOJHEHUS] U TaKXKe JIs
oOpa3oBanus. BkitoueHbl HHQOpPMATHBHBIE KOMMEHTapUU OMHUCAHUS HCIOJIb30BAaHHBIX
maroB. HamepeHwe coCcTOMT B TOM, 4YTO 3TO oOOecredrBaeT ydeOHOe BBEACHHE B
UCIONIb30BaHue R u3 KOMaHAHOMN CTPOKH, TJI€ MBI IOJYYUM ropasio 0obliie BO3MOKHOCTEH.

TexcT, KOTOpHIN NOSBIIAETCA HaBepXy BKIaAku L0Og, nmokasan Ha pucynke 12. Tekcry
KOMMEHTapus NpeAleCTBYET CUMBOJ KoMMeHTapus R (#) komannamu R Mexny HuMH.

F Data Miner - [Rattle (audit.csvl]

Project Tools  Settings  Help ) Rattie Viersion 2.5.0
b = [E = !
B pan Saree Ropwt  Expet Ot
Dt Explore Test Transfonm Cluster Aszociste Model Ewvaluabe Log
o Export Comamemts Penames Rattle Vamables: From crs$ to

& Fanthe is Cogyrhght dC1 300 6- 2000 Toganware Py Lid

& Ratthe bmesstamp: 2009-10-14 21:27:23 x86_6d4-po-linux-gnu

+ fatile version 2.5.0 user gn'

# Export this log textview to a file using the Export bution or the Tooks

2 menu bo =ave a log of all activity. This faolitates repeatability. Exparting

2 to fib= 'miyf0L R, for axample, sllows s to the type in the B Consols

2 the codnmand "Souroe] "y 01 A" th repeat the pracess autimatically

# Generally. we may want to edit the file Do suit our needs, We can dlso dinectiy
# edit this cument |og texiview 12 record additional information Defore enpanming
£

2 Saving and loading prajects also retains this log

librargrattle]

 This bog penerally records the process of building a model, Howeser, with very
# Iittle effort the og can be Lsed to soome & new dataset, The logical variabies

2 "building’ is umsd to tnggle betwssn generating trarsformstions, 25 when bulding
2 & model, and smply using the bansformations, as when scoding a dataset.

busilchireg - TALIE
scoring - | buelding -

Pucynok 12: XKypnan Rattle.

Bechb jxypHai MOeT ObITh SKCIIOPTHPOBAH B (aiiin ckpumnra (¢ pacmuperueM “.R’), a
3areM 3arpyxeH B R wimm pemaktop ckpuntoB R (kak Emacs/ESS wmu Tinn-R), 4to0Ob1
MOBTOPUTHh TOYHBIC IIard B3amMozeiicTBuii Rattle. BooOmie, MoxHO paccMOTpeTh KOA H
HOTIPAaBUTh €0, YTOOBI YAOBIETBOPUTH HamuM 1eism. [locne sxkcnopra Briaaku Log B ¢aiin
c umeneM (aiina ‘myrf0l.R’ nomyyaem Qailsl, KOTOPBI MOKHO BBIITOJIHUTh KaK CKpHUIIT B R:

> source("myrfO1.R")
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Copaska

MeHi0 moMomu 0OecreunBaeT JOCTYIl K KPAaTKHUM OIMUCAHUSAM (YyHKIMOHAIBLHOCTH
Rattle, crpykrypupoBaHHOTO, YTOOBI OTpa3uUTh IOJIb30BAaTENbCKUN wuHTepdeiic. Takxe
MHOTHE COOOLICHUS CIIPaBKU 00ECIEUUBAIOT MPSAMOM TOCTYH K 0a30BOM JOKYMEHTAIMH IS
Pa3JIMYHBIX BKIIOYCHHBIX ITAKETOB.
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byaymee

Rattle mpogosmkaer moaBepraTbest pa3pabOTKe, PACIIUPSIONICHCS B HAIpPaBICHUSAX,
MPOJUKTOBAHHBIX €€ (PaKTUYECKUM HCIOJIb30BAaHUEM B IPOEKTaX aHaiu3a JAHHBIX, U OT
IPEUIOKEHUN U KOJa, IPEIaraéMoro €€ IO0Jb30BaTeIbCKOW COBOKYIHOCTBIO. 3/1€Ch MBI
YIIOMHUHAEM HEKOTOPbIE SKCHEPUMEHTAIbHbIE Pa3pabOTKHU, KOTOpPbIE MOTYT MOSIBUTHCS B
Rattle B TeueHmne 10o1roro BpeMeHH.

Mmuorue Oonee HOBbIe MakeThl R oOecrneunBaiOT BO3MOXKHOCTH, KOTOpPHIE MOTYT
ynyamuTh Rattle 3HaunTenpHO. [lakeT ¢TOPOHBI UM TPHCOSAMHEHHBIC YCWIHS OOBEIUHUTH
MpeJICTaBICHUE MOJeNiel JiepeBa MPUHSATHUS pelieHus] dyepe3 R sBIs0TCA 3axBaTbIBaloLIEH
pa3paboTtkoii. [Ipeanoxkenus kape oObeTUHEHHBIH UHTEp(DENC K HCIIOHEHUIO MHOXECTBOM
pa3pabOTUYMKOB MOJEIM M 3HAUYMMOM MOAJNEPKKOW HACTPONKH MoOJenei MO pazIudyHbIM
yCTaHOBKAaM TapamMeTpoB. OJTa MOCIAEAHSsE BO3MOXXHOCTb - YTO-TO, C YEM MPOBEIHU
skcriepuMeHThl B Rattle, Ho erie xopoiro pazpaboTanocs.

Bo3MoxHOCTE TITyOOKOTO aHanmm3a TeKcTa roToBHTCs. Texkymue Bepcun Rattle moryr
3arpy3uTh KOPIIYC OKYMEHTOB, IpeoOpa3oBaTh MX B MpoOen (QyHKIMH, U 3aTeM HMETh
JIOCTYIHBIA Bce Bo3MOKHOCTH Rattle. 3arpy3ka kopimyca u ero mpeoOpa3oBaHHe B TpoOel
dbyukimu nonaratorcst Ha naker TM (Feinerer, 2008).

AHanmu3 BpEMEHHBIX DPsIOB HETOCPEACTBEHHO He momiepxkuBaercs B Rattle. Taxas
BO3MOYKHOCTbh BKJIFOUUT BO3MOKHOCTh INPOAHAIM3UPOBATH MCTOPUM Oyiora M HaOIIOACHUS
MHOTI'MX CYILIECTB B TEUEHHE JIOJITOTO BPEMEHU.

[IpocTpaHCTBEHHBIN aHAINU3 JaHHBIX - Apyras 00JacTh OOJIBIIOr0 MHTEpeca, 4acTo Ha
JTare MnpenBapuTeIbHON 00padoTKM aHanm3a AaHHBIX. OOmupHas padoTta, 3aBeplIeHHas s
MPOCTPAHCTBEHHOTo aHanmu3a naHHBIX ¢ R (Bivand u gp., 2008), moxer obecrneuuTh
OCHOBaHUE JIJIs TOTO, YTOOBI OHO paciiupuiio Rattle B ToM HanpaBieHuUN.

Jlanee cocpenoTtouybTech Ha OOBHHEHHH OTCYTCTBYIOIIETO 3HAYEHHS, BEPOATHO, C
BBEJICHHEM 0o0Jieeé HOPMAJIbHBIX TOAXOA0B, BKJIouas k caMbIXx OJUM3KHUX cocelei
MHOKECTBEHHOT'O OOBHHEHHU.

HauanpHas moanepka aBTOMAaTH3MPOBAHHON T'€HEPALMU OTYETa C HCIIOJIb30BAaHHEM
nakera odf\Weave, BkirouenHoro B Rattle (depe3 kHonky Report). [1IabmoHbl cTaHIapTHOTO
oTueTa paszpadaThIBAlOTCA IS KaXI0M w3 BKIaaok. Jns Bxmanku Data, mampumep, otuer
o0ecreunBaeT pUCYHKH U pacHpeesICHHs T0Ka3a Ta0JIuIl 1 OCHOBHYIO CTATUCTHKY.

Kop Rattle ocranercst OTKpBITBIM UCXOAHBIM KOAOM, U JIpYTHE MOT'YT CLIOCOOCTBOBATb.
WcxonmHblii  KOm  pa3MelleH Google Code (http://code.google.com/p/rattle/).
[Tonw3oBarenbekuii crucok pacceutku Rattle (http://groups.google.com/group/rattle-users)
TAK¥KE pasMCIICH Google. CHpaBO‘-IHI/IK C OTKPBITBIM HCXOAHBIM KOIAOM TaKKC IJOCTYIICH
(Yunbsime, 2009a).
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