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Mu1 xomum noceamums 3my KHU2y namamu Hauux pooumeJet,
Buxmopa I bproca u Haucu C. Bpioc, komopwie 6ocnumanu 6 Hac
cmpacme K Mamemamuxe U moyHbIM HAYKAM,

a maxoice Hauwum nepgoim yuumenam, Jocony V. Toroxu u [[cynuany Catimony,
u Hauiemy eepHomy opyzy, [xceghghy Yomcony, komopuwiii 600xnosun nac na mo,
YMobObL Mbl NOCEAMUNU CEOIO HCUIHb CIMAMUCTUKE.

ITumep I'eoex xomen 6bi NOCBAMUMb IMY KHUY
Tumy Knapky u Kpucmuany Kpamepy c 2nybokou 61a200apHocmuio
3a ux HayyHoe compyOHU4eCmeo U OpyxHcoy.






O6 aBTOpax

ITutep Bpioc (Peter Bruce) ocHoBan u pacumpun MHCTHTYT cratucTHueckoro obpaso-
BaHMs Statistics.com, KOTOpbIi Tenepb npemaraet nopsaka 100 kypcoB B obnactu cra-
TUCTUKH, U3 KOTOPBIX MPHUMEPHO MOJIOBUHA MpeAHa3HaueHa A aHAJIMTHUKOB JaHHBIX.
Hanumas B kauecTBe npenopaaBaTened BeIylIMX aBTOPOB M ULIH(YS MapKEeTHHIrOBYIO
CTpaTeruto Ui NpHUBIeYEHHs BHUMaHUs MPOdeCCHOHATbHBIX aHATUTUKOB AaHHBIX, [Tu-
Tep pa3BWJ LIMPOKOE MpPEACTaBIEHHE O LIEJIEBOM PbIHKE M CBOM COOCTBEHHbIE dKCMEPT-
Hbl€ 3HaHUS U1 €ro 3aBOCBaHHA.

Auapio Bpioc (Andrew Bruce) umeer 6onee dem 30-neTHH# cTax paboThl B 0o6nacTu
CTaTHUCTHKH M HAyKH O JIaHHBIX B akaJeMH4ecKo# cdepe, npaButenscTBe U 6usnece. OH
o0najaeT cTeneHbl0 KaHAWAATa HayK B 00JIaCTH CTaTHCTHKH BalllMHrTOHCKOro yHHBeEp-
cHTeTa M OImyOJIMKOBaN HECKOJIBKO paboT B peLieH3HpyeMbIX XKypHanax. OH paspaborai
CTaTUCTHKO-OPUEHTUPOBAHHbIE PELIEHHs LIWPOKOro CMEKTpa 3aJay, ¢ KOTOPbIMH CTaJjl-
KMBaIOTCS pa3HOOOpa3Hble OTPAC/IH, HAYMHAs C COMMIAHBIX PUHAHCOBBIX PUPM OO0 HHTEp-
HET-CTapTaros, U pacnojaraer FJ'ly60KI/IM NOHUMAHHUEM TMNPAKTHKH HAYKH O JaHHBIX.

IIutep I'epex (Peter Gedeck) umeet Gonee yem 30-neTHHIA ONBIT pabOTHI B 00aCTH Ha-
YUHBIX BbIUMCIEHUH M Haykd o AaHHbIX. [locne 20 ner paGoTsl B KauecTBE BBIYHUCIIH-
TeJbHOrO XMMHMKa B KOMMaHUM Novartis OH 3aHUMaeT AOJDKHOCTb CTapLIero MccienoBa-
Tens aaHHeIx B komnaHuu Collaborative Drug Discovery. Ilutep cneupanusupyercs Ha
pa3paboTke aJropMTMOB MALMHHOTO OOYYeHHs Ui MpeAcKa3aHus OHOJIOTHYECKHX W
($U3MKO-XMMHUYECKUX CBOMCTB npenaparoB-kaHauaatoB. Coastop kHuru "Jlo6Gsr4a pery-
JspHOCTEeH W3 OaHHbIX Ui OusHec-aHanuTHku" (Data Mining for Business Analytics).
HMeeT n0OKTOpCKYIO CTENeHb M0 XMMHH, KOTOPYIO OH MOMY4YHs B YHUBepcUTeTe DpliaH-
red-HiopHGepr B I'epmanny, a B YHuBepcutere ®epHyHuBepcuter-XareH (I'epmanus)
M3y4yas MaTeMaTHKY.
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NpeaucnoBue

Knura paccuuTana Ha uccreoBatelnsi JaHHBIX, MMEIOLIEr0 HEKOTOPBIH ONMBIT paboThl ¢
A36IKOM nporpaMmHpoBaHus R w/unu Python u uMmerolero npeauwecTByrowui (BO3MOXk-
HO, OOpPBIBOYHBIA WJIM CHIOMMHYTHBIH) KOHTAKT C MaTeMaTH4eckoi CTaTHCTHKOH. J[Boe
M3 TpeX aBTOPOB MPHIIHA B MUP HayKH O AaHHBIX U3 MHUPA CTATUCTUKH U MOITOMY 0Oma-
JalT HEKOTOPBHIM MOHMMaHHWEM TOTrO BKJIaJa, KOTOPBIA CTATHCTHKA MOXET NPHUBHECTH
B HAayKy O JaHHBIX KaK NPUKJIAJAHYIO AUCLMIUIMHY. B TO ke BpeMsi Mbl XOpOLIO OCBEAOM-
neHbl 00 OrpaHUYeHHUAX TPAIULIMOHHOTO CTaTUCTHYECKOro 0Opa3oBaHUs: CTaTUCTHKA Kak
JMCLMIIMHA HACUMTBIBAET MOJTOpPA CTONETHSA, U OOJIBUIMHCTBO YYEOHUKOB U KypCOB MO
CTAaTHCTHKE OTATOLIEHbI KHHETHKOH M HHEepLMEH OKeaHCKOro JlaiiHepa.

B ocHOBe HacTodIIEH KHHTH JIEXKaT JIBE LIETH:

¢ npeacraBUTh B y1060BapUMOMH, MPUroAHON A1 HABUIALMH U JIETKOJOCTYMHOM dopme
KJTIOYEBBIE MOHATHS U3 CTATUCTHKU, KOTOPBbIE OTHOCATCS K HayKe O JIaHHBIX;

¢ O6’l>ﬂCHl/lTl>, KaKH€ TMOHATHA Ba>KHbl U IMNOJIE3HBI C TOYKH 3PE€HHUSA HAYKU O OJAaHHBIX,
KaKHE€ MEHEE BaXKHbI U MIOYEMY.

YcnoBHble 0603HauYeHus, NMPUHATbLIE B KHUle

B kHHre ucnonp3yroTes cnenyoume Tunorpaduieckye yClIoBHble 0003HaYESHHUS:
4 Kypcus yKa3blBa€T Ha HOBbIE TEPMHHBI;
¢ noayxupubiii mpudt — URL-anpeca, anpeca 3nekTpoHHO# NOYTHI;

¢ MOHOUMPUHHEL wpudT HMCIOJB3YETCA AJIA JTUCTUHIOB MPOrpaMM, a TakK)Ke€ BHYTPH ab3a-
LUEB AJIs1 CCbUIKU Ha 3JIEMEHTHI MIpOrpaMM, TakKUe€ Kak NEpeEMEHHbIE WIH UMEHA Cl)yHK-
LIMH, 6a3bl AaHHBIX, THIIbl NAHHBIX, MEPEMEHHBIC Cpe€bl, HHCTPYKLIUU U KIIOYEBbIE
CJ10Ba.

KnioyeBble TepMUHbI

Hayka 0 JaHHBIX — 3TO CIUIaB MHOTOYMCJIEHHBIX NUCLUUIUIMH, BKIIIOYas CTaTHCTHKY,
MHpOpMaTHKy, HH(POPMALIMOHHbIE TEXHOJIOTMH M KOHKPETHble NMpeaMeTHble 00JIacTH.
B pe3syneTare npu ynoMMHaHUH KOHKPETHOM MAEH MOTYT UCIOJIL30BATLCS HECKONIBKO
pa3HbIX TepMUHOB. KiltoueBble TEPMUHBI U MX CUHOHWUMBI B JaHHOH KHHUre OYIyT BbI-
JeNAThCs B CIELHANBHBIX Bpe3Kax, TAKMX Kak MOKa3aHHbIe HUXe.
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JlaHHbIH 2n1eMeHT 0003HavaeT MOACKa3Ky WU COBET.

JaHHblif 31eMeHT 0003HavaeT oblliee 3aMedyaHue.

HaHHblFI 3JIeMeHT 0003HaYaeT NpeaynpeXKACHHUE U NMPEAOCTEPEKEHUE.

MUcnonb3oBaHue NnpumepoB KoAaa

Bo Bcex ciy4asix B 9TO# KHHMre AalOTcs MpUMepbl MCXOJHOrO KoJa CHayasa Ha si3bike R
1 notoM Ha Python. Bo n30exxaHne HeHyXKHBIX TOBTOPOB MBI OOBIYHO MOKa3bIBAEM TOJBKO
pe3yabTaT U rpadHkH, cozaBaeMble kooM Ha R. Mel Takxke npomyckaeM koj, He0OXo-
JMMBIH 1713 3arpy3ku TpeOyeMbIX MakeTOB U HaOOpoB AaHHBIX. Bbl MoXkeTe HaWTH nos-
HbIH KOJ, a Takke HaOOpBI AaHHBIX VT CKaYMBaHUS M0 aapecy

https://github.com/gedeck/practical-statistics-for-data-scientists.

OTa KHHra npejiHa3Ha4YeHa Ul TOro, 4ToObl MOMOYb BaM B BBINOJHEHWH Balleil paboTbl.
B uenom, eciu ko npyuMepoB NpejyiaraeTcs BMECTE ¢ KHUIOM, Bbl MOXKETE MCTIOJIb30BaTh
€ro B CBOMX MNpOrpamMmax M JOKYMEHTalLMH. BaM He HyXHO CBA3bIBaTbCA C HaMH
¢ npocb0o# 0 pa3peleHHH, €ClId Bbl HE BOCTIPOM3BOAMTE 3HAUYHTENbHYIO 4acTh Koaa. Ha-
npyMep, HanmMcaHHWe MPOrpaMMBbl, KOTOpas HCMOJIb3YeT HECKONBbKO (parMeHTOB Kola M3
JaHHOW KHUTH, OQULHAIBHOTO pa3pelieHus He TpeOyeT. OTBET Ha BONPOC MyTeM LIUTH-
POBaHUSA 3TOH KHUTM U LIMTHUPOBAHHUA KOJAa NpHMepa paspeleHus He TpebyeT. Biutoue-
HH€ 3HAUMTEJIbHOrO KOJTMYECTBa MIPUMEPOB KOJIa M3 3TOH KHHIH B JTOKYMEHTALMIO Balle-
ro MpoayKra AeHCTBUTENBHO TPeOyeT OTAeNbHON MUCCHH.

ANanTUPOBaHHBINA BapUaHT MPHUMEPOB B BUJIE 3JIEKTPOHHOTO apXHBa Bbl MOXETe ckayaTh
no cceuike ftp:/ftp.bhv.ru/9785977567053.zip. Ota cchlika JOCTYMHA TaKXke CO CTpa-
HHULBI KHHTH Ha caiite www.bhv.ru.

BnarogapHocTu

ABTOpr MPHU3HAIOT YCHJIUAA MHOTUX mo;[eﬁ, KOTOpPBIE NMOMOITIK CAEJIATh 3Ty KHHUIY pe-
AJIBHOCTBIO.

I'epxapn [unuep (Gerhard Pilcher), reHepanbHbIii IUPEeKTOp KOMMaHUK NO 0ObIYE pery-
nspHocted u3 naHHbX Elder Research, o3Hakomuncs ¢ paHHMMH YepHOBHKaMH KHHTH M
Jajl HaM MoJpoOHble M MOoJIe3Hble MCNpaBleHUs U KoMMeHTapuH. [lToMumo storo, AHs
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MakI'upk (Anya McGuirk) u Baii Cso (Wei Xiao), craTUCTHKM M3 KomnaHuun SAS, a
taioke [Dreit Xundurep (Jay Hilfiger), aBrop n3narenscrea O’Reilly, npenocraBunu no-
Jle3Hble OT3bIBbI O TNMepBOHayalbHbIX Habpockax kHWru. Tocuaku KypokaBa (Toshiaki
Kurokawa), kotopelii mepeBen nepBoe W3gaHWe Ha SMOHCKUH S3bIK, MPOAEal BCECTO-
POHHIOIO paboTy MO MepecMOTpY M MCHpaBlieHHIO 3Toro mpouecca. Aapon Lllymaxep
(Aaron Schumacher) u Banbtep [Maukorckuii (Walter Paczkowski) TuiatensHo paccMoT-
penv BTOpoe M3JlaHWe KHUIH M MPEeIOCTaBUIN LIeNbIi pAl MOJEe3HbIX U LIeHHBIX Npeano-
)KEHUH, 32 KOTOpble Mbl UM Ype3BblUaiiHO MpU3HaTeNbHBI. M3/HlIHE rOBOPUTD, YTO BCe
OCTaBLUHECs OLIMOKH NPUHAAIEKAT TOJbKO HaM.

B uzparensctee O’Reilly LllenHon Karr (Shannon Cutt) B apysxeckoii armocdepe co-
MpOBOXKAAT Hac B TEYEHHE BCEro mpouecca MyOIMKaLMK U B Mepy MOACTErHBal Hauly
paboty, B To Bpems kak Kpucren bpayn (Kristen Brown) nnaBHo npoBena Haumy KHUTY
yepe3 cTaauio npousBoacTea. Paituen Monaran (Rachel Monaghan) u Dnmmnaxy Caccman
(Eliahu Sussman) crapatensHO M TepreNIrBO MCMPABJISIM W Ylydllaidd Hall noyepk, a
Onnen Tpayrman-3aiir (Ellen Troutman-Zaig) rotoBuia npeaMeTHslid yka3zarenb. Hu-
koib Taw (Nicole Tache) B3si1a Ha ceOs Opa3abl NpaBieHUst BTOPBIM M3JaHUEM U OJHO-
BPEMEHHO 3(PEeKTUBHO PYKOBOAM/IA 3TUM MPOLIECCOM, a TaKXKe MPeJoCTaBWiIa PSAA XO-
pOLIMX PEAAKTOPCKHX MPEAIOKEHHH AN yIy4UIeHHs YMUTAeMOCTH KHUTH [UIS LIUPOKOH
ayautopud. Mel Takoke 6narogapuM Mapu bo-I'ypo (Marie Beaugureau), kotopas vuHu-
uvupoBaia Haw npoekt B O’Reilly, a Taoke bena benrdopra (Ben Bengfort), aBropa
O’Reilly u uHcTpykTOpa B Statistics.com, koTopblit mo3HakoMun Hac ¢ O’Reilly.

MBI, Kak ¥ 3Ta KHHMra, TaKxke U3BIEKIH N0Jb3y U3 MHOro4uciieHHsIx 6ecen Iurepa ¢ 'a-
aurom HImyanu (Galit Shmueli), coaBTOpOM ApyruX KHHXKHBIX MPOEKTOB.

Hakowneu, Mbl xoTenu Obl ocobo nodnaronaputs Dnnzabet Bproc (Elizabeth Bruce) u [le-
6opy HounHenn (Deborah Donnell), ubu Tepnenue u noaaepkka cienajiyv 3To HaUMHAHHE
BO3MOXHBIM.

KommeHTapuu nepeBoaumka

B ueHTpe BHMMaHHs MalIMHHOrO oOyuyeHHUs M ero noaodsact, rrybokoro obyueHus,
HaXOAMUTCS aBTOMAaTH4eCKH oOyyarolascs cucTeMa, T. €. CUCTeMa, crocoOHas ¢ TeYEHH-
€M BpeMEeHH NMpuoOpeTaTh HOBblE 3HAHHMA M YJIYy4qLIaTh CBOIO paboTy, UCMOMB3YS MOCTY-
naroue AaHHble. B 3apyGexxHoit crielann3npoBaHHON JTUTepaType nepedaya 3HaHUHN U
noNyYyeHue 3HAHUH BBIPOKAIOTCS OTAETbHBIMM TepMHUHaMmHM: teach/train (0byuams/mpe-
HUpoeamy), c OAHOM CTOPOHBI, U learn (3ayvusames, yceausams, yuumscs) — ¢ Apyrou.

B KOHTEKCTe CTPOMTENbCTBA AaBTOMATHUECKH OOYYalOLIMXCS MOJENEH mpeHupoeka —
3TO Mojaya HccieoBaTesieM Ha BXOJ OOYy4arolerocss ajiropuTMa HOpMAaTH30BaHHBIX
JAaHHBIX C LEJIbIO MOoTyYeHHus oOyuuBLIEHCS MOAENH, KOTOPYIO MOXKHO NMPUMEHATh K pa-
Hee He BCTPeuYaBLIMMCH [aHHBIM C LEJbIO TMpEeAcKa3aHus WM KJIacCUpULMPOBAHHUA.
Camoobyuenue xe (learning) — 310 paboTa, KOTOPYIO BBIMOJHAET 00YYalOLIMICS anro-
PUTM 10 YCBOCHHIO CBSI3€i M PEry/IsipHOCTEH B JaHHBIX WJIN U3MEHEHHIO U 3aKpeTUIeHHIO
CBOEro MOBE/CHHSL.
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B 3apy6exHoit uTepaType MosBIeHHE TepMHHa learning noapasyMeBaeT HCKIIOUUTENb-
HO BBIIIECKa3aHHOE — CamMooOyyeHue, T. €. CAMOCTOSTENIHOE 3ayvusaHue, yceoeHue ai-
TOPUTMOM peryispHocTedl WM napameTpoB. MHBIMM clOBaMH, yuMTeldb KaK TaKOBOH
OTCYTCTBYET. YCBOEGHHE MPOUCXOAUT MO KOHTPOIEM (KOHTPOIHMpyeMoe caMoo0yueHHe,
KOTJa JaHHbIe, Ha KOTOPBIX MOJENb TPEHUpYETCs, OblIM 3apaHee MoMeveHbl) U GeCKOH-
TPOJIBHO (HEKOHTPOJIMPYEMOe caMooOyueHHe, Kora AaHHbIe MOCTYMaloT HEMOMEUEHHbI-
mu). Mcnone3oBaHre TepMUHOB "00yueHHe ¢ yuutenem" u "oOyueHue 6e3 yuurens" yBo-
IUT B CTOPOHY OT CYTH AeNa U 3aTpyAHSAEeT Bpa3yMHTEJbHbIA MEpEeBOA, CKaXeM, TaKHX
pasHOBUAHOCTEH caMooOyyeHus, kak semi-supervied learning uau self-supervised
learning.

Onupasich Ha Takoe pa3Me)keBaHHE TEPMHHOB, 30HTHYHBIH TepMHH machine learning
(MalIMHHOE O0yueHHe) CledyeT BCceraa MOHMMAaTh KaK YceoeHue 3HAHUll anzopummuye-
CKOUl MAawuHOU, a CJeJOoBaTeNIbHO, 0ojiee COOTBETCTBOBATh OPUTHMHATY OyIeT TepMHH
MawuHHoe camoobyueHue WA asmomamuyeckoe yceoenue [pezyiapHocmeii].

BecoMbIM apryMeHTOM B MOJIb3Y 3TUX BapHAHTOB TEPMMHA ABJIAETCA U TO, YTO C Havasa
1960-x 1 no cepeaunsl 1980-x romoB B xoay ObLT MOXOXHUI TepMHUH — "oOyuvaroiyecs
MatuHel" (cM. pabotel A. Trropunra, K. lllenHona, H. Bunepa, H. Huibcona, . 3. Lpin-
KHHA U JIp.).

Cnenys nmpuHLMNAM 3paBoro cMeicia ¥ Opureel OkkaMa, B HacTOSLIEM NEpeBOAE 3a
OCHOBY MPHHSAT 3apyOeXxHBIN MOAXON.



MABA1

Pa3BeAabiBaTenbHbIA
aHanu3 OaHHbIX

OTa riapa NnocBsLeHa NepBOMY Luary B JIIOOOM NPOEKTe HayKH O JaHHBIX — pa3Be/bIBa-
HHUIO JJaHHBIX.

Knaccuueckas crtatucTuka (OKycHpoBanach MOYTH HCKIIFOUMTENIBHO Ha CMamucmu-
YecKoM 8bl600e — HWHOTAa CIOXKHOM Habope npouexyp WIS MONYHeHHs 3aKIFOueHHs
O KpYNHBIX TMOIMyJISLMAX, OCHOBBIBasACh Ha Malbix BblOopkax. B 1962 roxy [lxoH
V. Toloku (puc. 1.1) npuzBan k pedhoOpMHUPOBAHHIO CTATUCTUKH B CBOEW KOHLENTYaJIbHON
pabore "Bynyuee ananu3a naHHbIX" [Tukey-1962]'. OH mpeanoXun HOBYIO HAayuHYIO
JUCLMIIMHY MO Ha3BaHHeM "ananu3 danHeix", KOTOpas BKJIIOYAIa CTATUCTUYECKHUH BbI-
BOJ KaK BCEro JHUb OJWH U3 KOMIOHEHTOB. ThIOKM HaJlafiWJl CBA3H C MH)XXEHEPHBIM H
BBIYMCITUTENbHBIM COOOLIECTBAaMHU (OH NpHAYMal TEPMHUHBI bit oT aHrn. binary digit, T. e.
oum, W software, T.e€. NPOZPAMMHO-UHPOPMAYUOHHOE ObecneyeHue, blYUCTUMENbHAS
cucmema), ¥ €ro NepBOHAYAIbHbIE MPUHLMIIBI OKAa3aJUCh YAUBUTENBHO MMPOYHBIMHU H CO-
CTaBJIAIOT YacTh QyHAAMEHTa HayKH O AaHHbIX. OO1acTh pa3BebIBaTEIBHOIO aHalW3a
JaHHbIX Obl1a chOpMynHMpoBaHa BO MHOroM Onaromaps cTaBlUeH Y)ke KJIacCCHYECKOMN
kHure Toloku 1977 rona "Pa3penbiBatensHbiii aHanu3 gaHHbIX" [Tukey-1977]. Teioku
npeacTaBU MPOCTBIE JWAarpaMMbl (Hampumep, KopoOuaTkle. AHarpaMMmbl, JHarpaMMbl
paccesiHus), KOTOpbIe, HapsAAy CO CBOJHOM CTaTMCTHKOW (cpeaHee, MelHWaHa, KBAHTHIIU
 Z1p.), TOMOTaJIi PUCOBaTh KapTHHY Habopa JaHHBIX.

Puc. 1.1. [xoH Teloku, BbIAAIOWMACA CTATUCTUK, YbN UAeun, paspaboTaHHble 6onee yem 50 neT Ha3ag,
OpMUPYIOT DYHAAMEHT HaYKn O AaHHbIX

' Cwm. https://oreil.ly/LQwé6q.
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Bnaromaps JOCTYMHOCTH BBIYHUCIIUTENBHBIX MOLIHOCTEH W BbIPA3UTEILHOMY MpOrpamMMm-
HOMY OO0€cNeqeHHUIO Ul aHalu3a JaHHbIX Pa3BelblBaTesIbHbIA aHaIU3 AaHHbIX 3BOJIIO-
LIMOHUPOBAJI [ajleKo 3a mpenenbl cBoeil ucxonHoit obnactu. KimoueBsimMu ¢akTopamu
Pa3BUTHUS 3TOHM AWUCLHMIUIHMHBI CTaJIM OBICTpPOE pa3BUTHE HOBBIX TEXHOJOTHH, IOCTYN KO
Bce GosblieMy oObeMy JaHHBIX W OoJiee LIMPOKOE HCMOJIb30BaHHE KOJIMYECTBEHHOrO
aHanM3a B pa3IM4HbBIX AdcuumiavHax. [pua JloHoxo, mpodeccop cratuctuku CTIH-
¢dopackoro yHuBepcuTeTa U OBIBLIMHA CTYIOEHT-CTapUIeKypcHUK ThIOKM, Hamucan mnpe-
BOCXOAHYIO cTaTbio "50 JieT Haykd O OaHHBIX", OCHOBAaHHYIO Ha €ro BLICTYIJICHWM Ha
cemuHape B yectb 100-netus Twtoku, npoxonusiuem B [IpuHcTone, wrt. Hbio-/Dxepcu
[Donoho-2015]. B He#i [JoHoX0 npociexuBaeT reHe3uc Hayku O AAHHBIX BIUIOTh JO HO-
BaTOpcKoi paboThl ThIOKH B 001aCTH aHANIM3a JaHHBIX.

AnemMeHTbI CTPYKTYPUPOBaHHbIX AaHHbIX

JlaHHble NMOCTYMAOT U3 MHOTOYHMCIIEHHBIX UCTOYHHKOB: MOKa3aHUH JaTYMKOB, COOBITHIA,
TekcTa, GOTOCHUMKOB U BUaeo. Humeprnem seweti (Internet of Things, IoT) u3Bepraer
MOTOKK HMH(popMaLuH. 3HaYUTENbHAS YaCTh 3TUX JAHHBIX HE CTPYKTYpHpoBaHa: ¢oTo-
CHUMKH MpEACTABIAIOT co00H Habop MHKCENOB, MPU 3TOM KXl MUKCEN COAEPXKHUT
uHdpopMaumio o usete B popmate RGB (kpacHblii, 3eneHblid, CHHHIN). TeKCThl COCTOAT U3
MOCJIeIOBAaTEILHOCTEH CIIOBApPHBIX M HECJIOBApHBIX CHMMBOJIOB, YacTO pa3OMTBIX Ha pa3-
nenbl, moApasaensl U T. A. [loToku HakaTUH KJIaBMLU MpeCcTaBIsiOT coOoil mocyienoBa-
TEJILHOCTU JEHCTBHIA MONIB30BATENS, B3aUMOJAEHCTBYIOLLIEr0 ¢ NMPHIOKEHUEM WM BeD-
crpanuuedi. [lo cytu nena, rnmaBeHCTBYIoOILAs 3afada HAyKH O JAHHbBIX COCTOMT B TOM,
4TOOBI MepepabaThIBaTh 3TOT MOTOK ChIPBIX JaHHBIX B HHHOPMaLHIO, MMEIOLLYIO NPAKTH-
yeckoe 3HayeHHue. J[ns Toro 4yroOsl MPUMEHUTh OXBAau€HHbIE B 3TOM KHUre CTaTUCTHYe-
CKH€ MOHSATHS, HECTPYKTYPHUPOBaHHBIE ChIpble JaHHbIE HY>KHO nepepaboraTh B CTPYKTY-
pupoBaHHyto ¢opMy. OnHOH U3 Haubosee yacTo BCTpeyarolMxcs Gopm CTpyKTypHUpo-
BaHHBIX JaHHBIX sABNsAeTCcS TabJaMLA CO CTPOKAMH W CTONOLAMHM, T. K. AaHHble MOTyT
NOCTYNAaTh U3 pesIALMOHHON 0a3bl JaHHBIX TMOO cOOMpaTbCs A1 UCCIIEAOBAHUS.

CylecTByIOT ABa 0a30BBIX THUIA CTPYKTYPHPOBAHHBIX NAHHBIX: YHUCJIOBOW M KaTeropu-
anpHbld. UKCnoBbIe NaHHBIE UMEKOT [B€ (GOPMBI: HenpepvlHylo, KaK, HalpHMeEp, CKO-
POCTh BETpa WM MPOAODKUTENIBHOCTh BPEMEHH, U OUCKpemHYI0, KaK, HAlIPUMED, KOJIU-
YeCTBO BO3HHUKHOBEHHH cOOBITHS. Kamezopuanvivie naHHble TIPUHUMAIOT TOJBKO (UK-
CHpOBaHHBIH HabOp 3HaYeHW, KaK, HalpuMep, TUI 3KpaHa TeneBu3opa (miasma, LCD,
LED u . 1.) unu Ha3BaHue wTaTa (Anabama, Amsicka U T. 11.). Jeouynble TaHHblE SBIS-
IOTCS BaXKHBIM OCOOBIM CIy4aeM KaTeropualibHbIX NAHHBIX. DTU JaHHbIE NMPUHUMAIOT
TOJIKO OJHO M3 JIBYX 3Ha4eHHi, Takux kak 0/1, na/Het unu uctuHa/noxs. Ewe oauH no-
JIE3HBIA THUN KaTeropUalIbHBIX JaHHBIX — MOPAOKO8ble NAHHbIE, B KOTOPBIX KaTeropuu
YHOpPSOOYEHBI, UX TPUMEPOM ABNSETCS YHCIOBOM perTHHr (1, 2, 3, 4 unu 5).

3ayeM HaM BooOmIe BHHKAaTh B TAKCOHOMMIO THUMOB AaHHbIX? OkasbIBaeTcsi, UTo A/s
Lesiel aHalM3a JaHHbBIX M NpeAcKa3aTebHOr0 MOAENMPOBAaHHUS THN AAHHBIX MrpaeT Bax-
HYIO pOJib, [IOMOTast ONpeesaTh THUI BU3yalbHOro U300paKeHHs, aHaIN3a AaHHBIX MO0
cratuctuyecko MoaesH. Ilo cyTu aena, B BBIYUCIUTENBHBIX CUCTEMAX HAYKH O JAHHBIX,
TakuX Kak R v Python, 5TH TUIbl JaHHBIX UCTOJIB3YIOTCS Ul YJYYLIEHHs BbIYHCIUTENb-
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HbIF npou3BoaMTenbHOCTU. Elle BaxkHee, YTO THUIN MepeMEHHON onpeaenseT TO, KaKUM
00pa3oM BBIYMCIHMTENIbHAS CcHCTeMa OydeT TpaKTOBaTh BLIYMCIIEHWS [ 3TOH mepe-
MEHHOM.

KnioueBble naen ansa TUNOB AaHHbIX
YucsoBble (numeric)
JlaHHBbIE, KOTOpBIE BBIPAXAIOTCS HA YACTIOBOW LUKaJe.
HenpepsiBHbIe (continuous)
JlaHHbIe, KOTOpPbIE MOTYT NPUHUMATh JH0O0E 3HaUEHUE B MHTEpBaJIE.
CuHOHUMbL: UHTEPBAJI, YUCJIO C TUIABAIOLLEH TOYKOH, YMCIIOBas BEJTMUMHA.
duckpetHsle (discrete)

IlaHHble, KOTOpPBIE MOT'YT NPUHUMATL TOJIBKO LEJIOYNCIIEHHBIE 3HAUYEHHUS, TAKHE
KaK KOJIM4YeCTBa.

Cunonumbsl: 11e10€ YNCII0, KOTUUECTBO, CUETHAS BEJIMUMHA.
KareropuaabHble (categorical)

IIaHHble, KOTOpbIE MOTYT NMPUHUMATE TOJIBKO KOHKPETHOE MHOXECTBO 3HAYEHUH,
NpeAcTaBJIAOIIUX MHOXXECTBO BO3MOXHBIX K&TCFOpHﬁ.

CunoHumbl: TIEpEYrCIIeH s, TPOHYMepOBaHHbIE 1 HOMUHATbHBIE JaHHbIE, (aKTOPBL.
JABonynbie (binary)

YacTHBIN cy4yall KaTeropuaibHbIX JaHHBIX C JABYMS KaTeropusMH 3HaYeHHH,
Hanpumep, 0/], NICTHHA/OXb.

CunoHumbl: TUXOTOMUYECKAs, JIOTHYECKas!, MHANKATOpHas, OyieBa BeIU4MHa.
IopsaakoBsie (ordinal)
KarteropuanpHble JaHHBIE, KOTOPBIE MMEIOT SIBHO 3aJaHHOE YIIOPSIOYEHHE.

Cunonum: ynopsoueHHsli (akrop.

Pa3paboTuvky BBIUMCIMTEIBHBIX CUCTEM M MPOrpaMMHUCTBI 6a3 JaHHBIX MOTYT 3aaThbCs
BOMPOCOM: a 3a4€M HaM B aHAJIMTHKE BOOOILE HY)XXHO pa3fefieHHe Ha Kame2opuanbHule
U nopaokosvie NaHHble? B KOHLIE KOHLIOB, KATErOPUH SBJISIIOTCS MPOCTO KOJUIEKUHEH Tek-
CTOBBIX (JIMOO YMCIIOBBIX) 3HAYEHUH, U onopHas 6a3a JaHHBIX aBTOMaTH4eCKH paboTaer
C WX BHYTpeHHUM MpeacTaBieHHeM. OQHaKo YeTKass MAeHTU(UKALUS JaHHBIX B KaU€CTBE
KaTeropvajibHbIX, B OTJIMYHE OT TEKCTOBBIX, JEHCTBUTENILHO Mpeaaraer psja npeumy-
LLIECTB.

¢

3HaHME O TOM, YTO AAHHBIE ABJISAIOTCA KaTeropUalbHbIMU, MOXET CIYXHTh CUTHAJIOM
JUISL BBIYHCITUTENIBHON CUCTEMBI O TOM, KaKHUM 00pa3oM JO/DKHBI BECTH ce0si CTaTH-
CTHYECKHE MPOLEAYPHI, TAKHE KaK NPONYLMPOBaHUe rpadrka WK MOArOHKAa MOAEH.
B yacTHocTH, B R nopsaxoBbie faHHbIE MOTYT OBITh NMPEACTABIICHBI KaK yNoOpsA04eH-
HbI QaKTOp ordered.factor, COXpaHsis 3alaHHYIO MOJb30BaTeNIEM YNOPAAOYEHHOCTh
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B rpadukax, Tabnuuax u mozaensx. B Python maker scikit-learn moamepxuBaer mno-
PsAAKOBBIE TAHHBIC C MTIOMOILIBIO KJ1AaCCA sklearn.preprocessing.OrdinalEncoder.

¢ XpaHeHHe ¥ UHAEKCALMS JaHHBIX MOTYT ObITh ONTHMU3UPOBaHbI (KaK B PeIsLMOHHON
0a3e NaHHBIX).

4 Bo3MmoxxHble 3HaueHMs, NMPUHUMaeMble KOHKPETHOH KaTeropualbHON NepeMEeHHOM,
MOJIEPXKUBAIOTCSA B BBIYHUCIIMTEIbHON cucTeMe (KaK, HanmpuMep, CTPYKTypa JaHHBIX
enum).

Tpetbs "Bbiroga" Mo>xeT MPUBECTH K HEMNpeJHaAMEPEHHOMY WIIM HEOXKUIAHHOMY MOBeje-
HUw: AedonTHoe’ noBeaeHHe (GYHKUMH MMNOpTa JaHHBIX B R (Hampumep, read.csv)
COCTOMT B aBTOMaTHYE€CKOM KOHBEPTHPOBAaHMU TEKCTOBOro cronbua B factor. Ilocie-
OYIOUIME OMepalyy Ha 3ToM cTojbue OyayT MCXOAHUTb U3 MPEANONIOKEHHS O TOM, 4TO
€IMHCTBEHHO JOMYCTUMBIMH 3HAUYE€HMSMH I 3TOro croibua SBAAIOTCA Te, KOTOpblE
ObUTM NEepBOHAYAJIbHO MMIIOPTHPOBAHbI, ¥ MPHUCBOEHHE HOBOTO TEKCTOBOrO 3HAa4Y€HHs
BbIJACT MpeaynpexaeHue u coodieHue Na (not available) 06 orcyrcTBuM 3HaueHus. [la-
KeT pandas B Python He OyneT BBIMOAHATH TaKylo KOHBEPTALMIO aBTOMaTH4ecKH. OHAKO
BBl MOXKETE IBHO yKa3aTh CTOJIOEL KaK KaTeropuaabHbld B PyHKUMH read csv.

KnioueBble uaen ans CTPyKTypUPOBaHHbIX AaHHbIX
e B BBIYMCIHTENBHOI CUCTEME aHHBIE, KaK MPaBUII0, KTacCUGUUMPYIOTCS MO TUIY.

o Tunbl JaHHBIX BKIIIOYAIOT YKCIIOBBIE (HENpEPbIBHEBIE, IUCKPETHBIE) U KaTeropuab-
Hble (IBONYHBIE, IOPSAAKOBBIE).

e BB0J [aHHBIX B BBIYMCIIUTEILHON CHCTEME NEHCTBYET KaK CHUTHANl A/ BBIYHCIH-
TEJILHON CUCTEMBI O TOM, Kak 00pabaTbiBaTh JaHHbIE.

dononHutenbHbIe MaTepuanbi ANA YTeHUA

¢ JlokyMeHTaLMs MaKeTa pandas’ OMMCHIBAET Pa3Hble TUIIbI JAHHBIX H TO, KAK UIMH MOX-
HO MaHMITyJIMpOBaTh Ha A3bike Python.

¢ Tunsl JaHHBIX MOTYT BBI3BIBaTh IMyTaHHULYY, NMOCKOJIBKY THMIBI MOTYT HaKJIaJbIBaThCs
Ipyr Ha apyra, a TAKCOHOMHS B OJHOW BBIYMCIIUTETHHON CHCTEME MOXKET OTIMYAThCA
OT TaKCOHOMHH B Apyroi. Be6-caiit R-tutorial’ ¢ mpakTHyeckMMH 3aHATHAMH 10 A3bI-
Ky R oxparhiBaeT TakcoHommio ans R. JlokyMeHTaLMs pandas’ OMMCHIBAET pasHble
THITBI JAHHBIX U TO, KAK MMM MO>KHO MaHHITyJIUpOBaTh B A3bIke Python.

2 To ecThb Takoe MOBEJEHME, KOTOPOE CPabaThiBacT aBTOMATHYECKM, ECTM He ykalaHo uHoe. Tepmun default
B aTpUOYTHBHOM NO3MLIMK BCTpevaeTcs B 3apy0exHoi HHGOpMATHKe CIULIKOM YacTo, YTOOBI €ro HTHOpPHPO-
BaTb. — [Ipum. nepes.

3 Cu. https://oreil.ly/UGX-4.
 Cwm. https://oreil.ly/2YUoA.
5 Cm. https://oreil.ly/UGX-4.
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¢ Dba3sbl gaHHbIX 0OJiee AETATU3MPOBAHBI B TOM, KaK OHM KJacCUGHULMPYIOT THUMbI daH-
HBIX, HHKOPMOPUPYS YPOBHH NMpPELU3HOHHOCTH, MO (PUKCHPOBAHHON WM MEpeMeH-
HOM UTHHBI U MHOTO€ Jpyroe; cM. pykoBoactBo W3 Schools mo SQLC.

npﬂMoerﬂbele AaHHbIe

B HayKe€ O JAaHHBIX THIMAYHbLIM OINOPHBIM KapKaCcOM JJIs1 aHaJIh3a ABJIICTCS 00BEKT C npsi-
MOY20/1bHbIMU OaHHbIMy Hanogobue 3HeKTpOHHOﬁ TaGnMLBI WK TaONHLBI 6a3bl JaHHBIX.

IIpamoyzonvHble OanHble — 3TO OOLLMI TEPMHUH A ABYMEpPHOH MaTpHLpl, B KOTOPOH
CTPOKH 0003HayaroT 3amucd (ciaydau), a CTONOLBI — MpU3HAKK (MepeMeHHble). Kaop
dannbix — 370 crieluduunblii popmart, npucywuii s3eikaM R u Python. McxonHo nan-
Hble He BCerja MocTyNaloT B TaKOH ¢opMe: HECTpyKTypHPOBaHHBIE JaHHBIE (HanpuMep,
TEKCT) HeoOXoAUMO 00paboTaTh W MPUBECTH K TaKOMY BHAY, YTOOBI MX MOXHO ObLIO
NpeICTABUTL KAK MHO)KECTBO MPU3HAKOB B MPAMOYTOJIBHBIX NaHHBIX (cM. pazden "One-
MeHmbl CMPYKMypUpo8anHvlx OauHelx" panee 6 smoti 2naee). JlaHHbIE B PENALIMOHHBIX
fa3ax JAaHHBIX JOJDKHBI ObITh M3BJICUEHBI M MOMELLEHBI B OHY-EHMHCTBEHHYIO TabJIHLYy
U1 GONBUIMHCTBA 3a7ay MO aHAJIM3Y JAHHBIX H MOJEIHPOBAHHIO.

KnioueBble TepMUHbI ANA NPAMOYTONbHbIX AAHHbIX
Kaap ganubix (data frame)

[MpsMoyronbHble JaHHble (MOLOOHO EKTPOHHON Tabauue) — 310 0a3oBas CTPYK-
Typa AaHHBIX JJ1sl CTATUCTUYECKUX M aBTOMATHYeCKU 00ydaroluxcs Mojeel.

IIpusHak (feature)

CronbGen B Tabyuue 0OLIMHO HA3bIBAETCH MPHU3HAKOM.

Curnonumbl: aTpubyT, BXO[, Npelckasaresb, NTPeAUKTOp, IepeMeHHas.
Hcxoa (outcome)

MHorue npoekThl HayKu O AaHHBIX MpelyCMaTpHBAOT C MpeAcKa3aHhe Ucxoaa —
Hepeako B ¢popmare na/HeT (HampuMep, B Tabu. 1.1 370 oTBeT Ha Bonpoc "beuty Jin
TOPTH cocTA3aTeNbHBIMU WK HeT?"). [Ipu3Haku MHOrAA UCTIONB3YIOTCS AN Mped-
CKa3aHHs 1CXo/a B IKCTIEpUMEHTe WM CTaTUCTUYECKOM HCCIEeAOBAHMH.

Cunonumbl: pe3ybTaT, 3aBUCHMas epeMeHHas, OTKIIHK, 1ieNb, BLIXOZ.
3anucwu (records)
Crpoka B TabnuLe 00BIMHO HAa3bIBAETCS 3alUChIO.

Cunonumsl: ciyvail, npuMep, NpeLeneHT, IK3eMILIp, HabmoaeHne, WabioH, nar-
TepH, obOpasell.

® Cwm. https://oreil.ly/cThTM.
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Tabnuua 1.1. TunuyHbIl popmam OaHHbIX

. AnuTtenb- CocTtasa-
Kateropus Baniora npf)maMBHra Tene- 3af<1e:|:un :;all;I e:I:Mﬂ onlc-l e::uﬂ Tene-
popasu HOCTb p p P HOCTb?

Music/Movie/ us 3249 5 Mon 0,01 0,01 0
Game

Music/Movie/ us 3249 5 Mon 0,01 0,01 0
Game

Automotive us 3115 7 Tue 0,01 0,01 0
Automotive us 3115 7 Tue 0,01 0,01 0
Automotive us 3115 7 Tue 0,01 0,01 0
Automotive us 3115 7 Tue 0,01 0,01 0
Automotive us 3115 7 Tue 0,01 0,01 1
Automotive us 3115 7 Tue 0,01 0,01 1

B Tabn. 1.1 nokazaHa cMechb M3MeEpsEMBIX WM KOJMYECTBEHHBIX JAaHHBIX (Harpumep,
JUIMTENBHOCTh W LI€HA) M KaTeropHajlbHbIX AAHHbIX (HarmpuMmep, KaTeropus W BaiioTa).
Kak yxe ynomuHanoch paHee, cneuuanbHoil (opmoil kareropuanbHOW nepeMeHHOMH
AB/ISeTCA ABOMYHAs nepeMeHHas (na/Her nubo 0/1), KOTOPYIO MOXHO YBUAETbH B CAMOM
npaBoM crosbue Tabs. 1.1, — WHAMKATOpHas MepeMeHHas, MokasblBalolas, ObLIH NH
TOPId COCTA3aTENbHBIMU (ObLIO HECKOJBKO NMPETEHACHTOB WM HET). DTa UHAMKATOpHas
TIepeMEHHas TaKxkKe SBJSETCS NMEePEMEHHON pe3ynbmama, KOraa CUeHapuii 3akioyaercs
B TOM, YTOOBI MPEACKA3aTh COCTA3ATEAbHOCTb MM HECOCTS3aTENbHOCTh ayKUMOHA.

Ka,ﬂpbl AaHHbIX U UHOEKCbI

TpaguuuonHsle Tabnuubl 6a3bl JaHHBIX UMEIOT OJMH WJIM HECKOJbKO CTONOLOB, MMe-
HyeMbIX uHOekcom. OH 3HAYUTENBbHO MOBBIAET 3((HEKTUBHOCTE HEKOTOPHIX 3aMpOCOB
k 6ase paHHbIX. B Python npu ucnons3zoBaHun OUONHOTEKHM pandas OCHOBHOM MpsMoO-
YTONbHOH CTPYKTYypOH JaHHBIX SBJAETCS OOBEKT DataFrame, COASPIKALUMIA TAOJIMUILy AaH-
HbIX. [lo ymMonuaHuIO A8 00bekTa DataFrame CO3/1aeTCs aBTOMAaTHYECKHI LEJIOUYHCIICH-
HbII MHEKC, KOTOPbI OCHOBBIBAETCS Ha MOPSAKE CEeA0BaHUS CTPOK TaOaMLbl. B pandas
TaKKe CYLIECTBYET BO3MOXHOCTb 33a[aBaTb MHOTOYpPOBHEBbIE/HEpapXHUeckue HHICKCHI
C LIeJIbIO MOBBILIEHU 3P PEKTUBHOCTH HEKOTOPBIX ONEepaLu.

B R 6a30Boii npsAMOYyrosibHOM CTPYKTYpOH NaHHBIX sBAseTCS OOBEKT data.frame, KOTO-
pbIii TOJKE MUMEET HESIBHBIH LIEIOUMCNEHHbIH MHAEKC, OCHOBAHHBIH Ha MOpsJKe clieoBa-
HUs cTpok. HatusHbIi 1 R 00bekT data. frame HE MOAACPIKUBACT ONpeaesieMbie MoJib-
30BaTesieM MO0 MHOTOYPOBHEBbIE MHAEKCHI, XOTS COOCTBEHHBIN KJIOY MOXET ObITh CO3-
JlaH TIOCPEZICTBOM aTpHByTa row.names . sl MPEOAONEHHs ITOr0 HEAOCTATKA LIMPOKOE

7 ATpubyT row.names — 3TO CHMBOJLHBIH BEKTOP MHHOM, KOTOpAs COOTBETCTBYET YMCTY CTPOK B Kaipe
JaHHBIX, 6€3 1y0IMKaTOB U NPONYLIEHHBIX 3HAUEHUH. -— [Ipum. nepes.

24 | [nasa 1



pacnpoCTpaHEHHE NMOJTYYUIIX ABa HOBBIX MakeTa: data.table M dplyr. O6a noaacp>XKuBaroT
MHOI'OyYpOBHEBbBI€ HHACKCHI U obecneymBalOT 3HAUYUTENBHOE YCKOpPEHHE B pa60Te c 00B-
€KTOM data. frame.

Pa3nnumsa B TepMUHONOIMMMN

TepMuHoOIOrMs 171 MPAMOYTONBHBIX JaHHBIX MOXKET BbI3bIBATh MyTaHHILYy. B cTatu-
CTHKE M Hayke O JAaHHBIX HCMOJIB3YIOTCS pa3Hble TEPMHUHBI, KOTOpbIe TOBOPAT 00
OJIHOM M TOM ke. U1 CTaTUCTHKOB B MOJIENH CYIUECTBYIOT MpedcKa3amenbHble ne-
pemeHHble, KOTOpble MPUMEHAIOTCA UIA NpeACKa3aHusd omxauka THO0 3agucumoi
nepemennoli. B oTaMuMe OT HUX IS MCCleIOBaTeNs JaHHBIX CYIIECTBYIOT MPH3HA-
KM, KOTOpBIE HCHONB3YIOTCA Ul MpeickasaHus ueiad. B ocobeHHocTH cOuBaeT
C TOJKYy OAMH CHHOHHM: CHELMANMCTHI MO HHPOPMATHUKE YMNOTPEOIAOT TEpMUH
sample nnsa 0603HaueHUs OMHOM-€INHCTBEHHON CTPOKH, MMes MOJ HUM B BHIY 00-
pasell, Toraa Kak Ul CTaTUCTHKA sample 03Ha4aeT KOJUIEKLHIO CTPOK, T. €. BLIOOPKY.

HenpsiMoyronbHble CTPYKTYpbl AaHHbIX

[ToMHUMO MPAMOYTOJIBHBIX JAHHBIX CYILECTBYIOT U IPYTHe CTPYKTYPHI JaHHBIX.

JlaHHBIE BPEMEHHOro psja 3aMHMChIBAlOT MooYepeHble 3aMepbl OMHOH M TOH e mepe-
MEHHOH. DTH JlaHHbI€ MPEACTABIAIOT COOOH CHIPOI MaTepHan I METOIOB CTaTUCTHYE-
CKOro MpOTHO3UPOBAHHA, U OHU TaKXKe SBIAIOTCA KIIOUEBBIM KOMIOHEHTOM [JaHHBIX,
NpOU3BOAUMBIX ycTpoHcTBaMH — HMHTepHET BeleH.

[TpocTpaHCTBEHHBIE CTPYKTYPhI JAHHBIX, KOTOPBIE HCMONB3YIOTCSA B KapTorpaguyeckon u
reornpoCTPaHCTBEHHOM aHATUTHKE, GoJiee CIIOXKHBI U BapHaOesbHBbI, YeM NPAMOYTOJIbHbIE
CTPYKTYpHI JaHHbIX. B MX 0Ovexmnom TNpeAcTaBIeHWH LEHTPAJIBHON YacThIO JaHHBIX
ABNAIOTCA OOBEKT (HampuMep, AOM) M ero NpOCTPaHCTBEHHbIE KOOpAHHAThl. B nonesoii
MPOEKLMH, B OTJIHYHE OT HEr0, OCHOBHOE BHUMaHHE YAENsIeTcs MajbiM €IUHHLAM Mpo-
CTPaHCTBA M 3HAUYEHHIO COOTBETCTBYIOLIEH METPHKH (APKOCTH MUKCeIa, HapuMmep).

['padoBble (WK ceTeBble) CTPYKTYpPBl JaHHBIX HUCMONB3YIOTCS AJS MpeacTaBleHus GU3m-
YeckHX, COLMANbHBIX U abcTpakTHBIX cBA3el. Hanpumep, rpad coumanbHol ceTH, Takoi
kak Facebook unm LinkedIn, MoxxeT npenctaBnars cBsi3u Mexnay moasmu B cetd. Co-
€IMHEHHBbIE JIOPOraMH LIEHTPBbI pacrnpeleneHus SBIAIOTCS NpUMepoM (u3nyeckoi ceTu.
['padhoBBlE CTPYKTYpBI IIMPOKO NMPUMEHSIOTCA B HEKOTOPHIX THMaX 3aad, TaKHX Kak
ONTHMH3ALMA CETH H PEKOMEHAATENbHbIE CHCTEMBI.

Kaxxaplii U3 3TUX THMOB JAHHBIX UMEET B HayKe€ O JaHHBIX CBOIO CIICLUHUAIU3UPOBAHHYIO
MeTtogoJioruio. B LHEHTPE BHUMAHHS HACTOSALEH KHUI'Y HaXOOATCA NpsAMOYTOJIBHBIE JaH-
Hble — OCHOBOIIOJIararoLui CprKTyprIﬁ JJIEMEHT B IMPE€ACKa3aTE€JIbHOM MOICIIUPO-
BaHHH.

Mpadbl u rpacukm B cTaTucTmke

B aHrnos3eraHo#M MHGOpMaTHKE M MHGOPMAIMOHHBIX TEXHOJOTHAX TePMHH graph
(rpa¢) o6bIuHO 0603HAYAET ONMUCAHHUE CBA3EH CPEel CYIIHOCTENH U ONOPHYIO CTPYK-
TYpYy AaHHBIX. B cTatuctuke TepMuH graph (rpaduk) dame ucnons3yercs i 060-
3Ha4YeHHMA CaMbIX Pa3HbIX JHarpaMM, rpa¢MKoB M BU3yalM3alMi, a HE TOJILKO CBS-
3e# cpeld CYLIHOCTEH.
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KnioueBble uaen Ansa NpAMOYroNnbHbIX AaHHbIX

e B Hayke 0 naHHbIX 6a30BOM CTPYKTYpOl JaHHBIX SBSAETCS MPAMOYTOJbHAS MaTpH-
114, B KOTOPOil CTPOKM SIBISAIOTCS 3aMUCAMHU, a CTOJNOLBI — MepeMeHHbIMU (TpHU3Ha-
KaMHu).

e TepMHHOJIOTHS MOXeET BBI3bIBATh MyTaHHLLY, MOCKOJBKY CYLIECTBYIOT pa3HooOpas-
Hble CHHOHHMMBI, BBITEKAIOLINE M3 Pa3HbIX AUCLUHIUIAH, KOTOPbiE BHOCAT CBOM BKJIal
B HayKy O JIaHHBIX (CTaTUCTHKA, HHOOpPMATHKa U HHHOPMALIMOHHBIE TEXHOJIOTHH).

dononHutenbHbIe Matepuanbl ona YTeHuUsA

¢ JlokyMeHTauus Mo KajapaM JaHHBIX B R®.

¢ JloxyMeHTauus no kaapam (Tabiuiam) aaHHeIX B Python’.

OueHku UeHTpPanbHOro NnONOXeHusA

IlepeMeHHBIE ¢ M3MEPAEMBIMH MM KOJWYECTBEHHBIMH JAHHBIMH MOTYT UMEThH TBHICAYH
YETKO pa3IMYMMBIX 3HaueHUN. ba3zoBelif 11ar B pa3BeapIBaHUU JaHHBIX COCTOMT B MOJY-
YEHUH "TUIHUYHOrO 3HauYeHUA" VIS KaXKOOro NpHU3HakKa (MepeMeHHO): OLEHKU TOro, e
pacnosyiokeHo OOJBIIMHCTBO JAHHBIX (T. €. UX LEHTPaIbHON TeHIEeHLIMH).

KnioveBbie TePMUHbI OLIEHOK UeHTPaNnbHOro NONOXeHnA

Cpennee (mean)

CyMMa Bcex 3Hau€HUi, JeJieHHas Ha YUCJIO0 3HaYeHH.

Cunonumbl: cpeiHee apubMeTHYECKOE.
Cpennee B3BewieHHoe (weighted mean)

CymMma npousBe/icHU Bcex 3HauUeHUH Ha MX Beca, [IeJIeHHast Ha CyMMY BECOB.

Cunonumsl: cpefiHee apuMeTHyeckoe B3BEIIEHHOE.
Meaunana (median)

Takoe 3HaueHue, YTO MOJIOBUHA COPTUPOBAHHBIX JAHHBIX HAXOAUTCS BBILIC U HUXE
JAHHOI'O 3HAYCHUA.

Cunonum: 50- IpOLIEHTUITB.
Meauana B3BemieHHas (weighted median)

Takoe 3Ha4Y€HUE, 4YTO MOJIOBMHA CYMMBbl BECOB HAXOLMUTCA BbILIE MU HHXE COPTUPO-
BaHHBIX JaHHBbIX.

8 Cm. https://oreil.ly/NsONR.
° Cu. https://oreil.ly/oxDKQ.
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CpeaHee yceueHHoe (trimmed mean)

CpezHee 4HCIIO BCeX 3HAUYEHHH mocie oTOpackiBaHUs GUKCHPOBAHHOTO YKCia Npe-
JeNbHBIX 3HAYEHUIA.

Cunonumsl: 00pe3aHHOE CpeflHee.
PobacTHbiii (robust)
He uyBCTBUTENBHBIH K NpeeabHBIM 3HAUEHUAM.
Cunonum: yCTOHYHMBBIH.
Bei6poc (outlier)
3HaueHue JaHHBIX, KOTOPOEe CHIIBHO OTIUYAeTCs OT OOJIBIIMHCTBA JAHHBIX.

CunoHumbl: MpeAEIBbHOE, IKCTPEMATIBHOC UJIM aHOMAJIBHOEC 3HAYEHHE.

Ha nepBiii B3rsn 3afgada o600LIEHHS JaHHBIX BBIMIAAUT JOBOJIbHO TPUBHAILHOM: Halo
MPOCTO B3ATh CpeOHee apugmemuyeckoe NAHHBIX (cM. pazoen "Cpeonee" Oanee ¢ smoii
2nase). Ha caMoM fiesie HECMOTpS Ha TO, YTO CpeZiHEe BBIYUCIAETCS AOBOJIBHO MPOCTO U
€ro BbIFOJHO HCIOJB30BaTh, OHO HE Bcerja ObIBaeT Jiyulied Mepod LEHTpaJbHOro 3Ha-
yenus. [lo 3Toi mpuyMHe B cTaTUCTHKe OBUIM pa3paboTaHbl U MOMYJIIPU3UPOBAHBI HE-
CKOJIBKO aJIbTEPHATHBHBIX OLIEHOK CPEHEro 3HaYeHHUs.

MeTpuuyeckue 1 oueHOUYHble NoKa3aTenu

B craTucTHKE TEPMUH "oyenxa” 4acTO UCTIONB3YETCA U1 3HAYEHUH, BHIYMCIAEMbIX
U3 JIaHHBIX, KOTOpPbIE HAXOIATCA MOA PYKOH, IS TOro 4TOObI MPOBECTH pa3zivyue
MEXAy TeM, YTO Mbl BUAUM U3 3THX NAaHHBIX, U TEOPETHYECKH HCTHHHBIM WU TOY-
HBIM MMOJIoXKeHUeM Oen. MccrenoBaTend OaHHBIX M OHM3HEC-aHAIMTHKU ¢ OoJblieit
BEPOATHOCTHIO OyIyT Ha3bIBaTh TaKHUE 3HaUE€HNA METPHYECKUMH NOKa3aTeAMH, HIIH
Mempukamu. ITa pa3HULA OTPaXaeT MMOAXOMAb], MPUHATHIE B CTATUCTHKE, B OTIIMYHE
OT HayKH O JaHHBIX: y4ET HEOMNpeIeJIEHHOCTH JIEKUT B OCHOBE CTaTUCTHKH, TOrAa
KaK LEHTPOM BHMMaHUS HAYKH O JAHHBIX SABIAIOTCA KOHKPETHBIE JEJOBBIE MU Op-
raHM3alMOHHBIE LieneBble KpuTepuu. CrieoBaTeNbHO, CTaTUCTHUKH OLEHMBAIOT, a
UCCIIeIOBaTeN! JaHHBIX U3MEPSIOT.

CpenHee

Camolii 6a30BO# OLIEHKOIM LIEHTPAJIbHOTO TIOJIOKEHUS ABJIAETCS CpeoHee 3HAYeHue, WIH
cpeoHee apugpmemuueckoe. CpeiHee — 3TO CyMMa BCeX 3HauY€HMH, AeNeHHas Ha YMcio
3HayeHUH. Paccmorpum cnenyrowmii psag uucen: {3,5,1,2}. CpenHee cocTaBUT
(B+5+1+2)/4=11/4=2,75. Bbl uacto Oyaere BCTpeyaTb CUMBOI X (IPOU3HOCHUTCA
"HKC ¢ 4epToii"), KOTOpBIi 0003HaYaeT cpeiHee 3HaUYeHHE BBIOOPKU U3 MOIYJIALMH, HIH
reHepajibHOM coBokynmHocTH. DopMyiia cpeAHero 3HauyeHus A psja M3 1 3HaYeHHH
X5 Xy, ..., X, TAKOBA:

n

i=

xl
cpeaHee = x ==,
n
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N (unu 1) o6o3HavaeT obluee YUCIIO 3anuceid UM HabmoaeHuil. B cratuctuke 3to
0603HaYeHHe MCTOJIb3YETC ¢ 3arylaBHOM OYKBBI, €CJTM OHO 0603HaYaeT NOMyJIALHIO,
U CTPOYHOH, eclii OHO 0603HavYaeT BLIOOPKY M3 MonyJasuMu. B Hayke 0 gaHHBIX 3TO
pa3nuyMe He ABNAETCH NPUHLMNHATBHBIM, U NMOTOMY MOXHO YBUAETh U TO U IpY-
roe.

Pa3HOBMOHOCTBIO CpeHEro SBISETCS cpeoHee yceyeHHOe, KOTOpOe BBIYMCISAETCS MyTeM
otOpachiBaHUs GUKCHPOBAHHOIO YKMCJIa COPTUPOBAHHBIX 3HAYEHHH ¢ Ka)XKAOro KOHLA Mo-
CIIeIOBATENILHOCTH U 3aTEM B3ATHUS CpeaHero apuMeTHUECKOro OCTaBLIMXCS 3HAUEHHH.
Ecnu npeacTaBuTh COPTUPOBAHHBIE 3HAYEHUS KAK X)), X 55 --» X,y DA€ X, — 3TO HaH-

MeHblIee 3HAYEHHE U X, — Haubonbliee, TO GopMysa s BBIYHCIEHUS YCEYEHHOTO

CPEJIHETO C MPOIYCKOM p CaMbIX MaJIbIX W CaMbIX KPYTNHBIX 3HAUYEHHH OYIET CleAyIOLIEN:
n-p
Xi)
i=p+l

CpellHEE YCEYEHHOE =X = .
n-2p

VcedyeHHOe cpedHee YCTpaHAET BIMAHME MpeaeNbHbIX 3HaueHWH. Hanpumep, B Mexay-
HapOJAHBIX COCTA3aHUAX IO MPBHDKKAM B BOLY BEpXHHUE W HIKHHE Oaljibl NATH cyneit oT-
OpachIBalOTCs, U UTOTOBBIM 0a/lIOM CHHTaeTcs cpeaHeapupMeTHUecKHii 6ann Tpex oc-
TaBWMXcA cynei'’. Takoil MoAXoA He JaeT OAHOMY Cy[Abe MaHHMITYJIMpOBaTh GajioM,
BO3MOXXHO, YTOOBI OKa3aTh COJCHCTBHUE CIIOPTCMEHY U3 CBOEH CTpaHbl. Y ceueHHbIE cpel-
HHe MOTYYWTH IHUPOKOE pacrpocTpaHEeHHe U BO MHOTHMX CITy4asiX SBJSIOTCS MPeAnovTH-
TeNIBHBIMM BMECTO OOBIYHOTO CpeaHero (MpOoAoDKEHHs 00CY)KIAEHHs ITON TEMbl CM. 6 pa3-
Oene "Meouana u pobacmuvle oyenxu' Oanee 8 smot 2naese).

Eme oawH BHA Cp€OHETr0 3HAYE€HHUA — 3TO cpedueeaeemenﬁoe 3Ha4YeHue, KOTopoe BbI-
YHCJIACTCA MyTEM YMHOXKCHHS KaXKA0ro 3Ha4Y€HHs JaHHBIX X, Ha CBO# Bec W, W [€JIEHHUA
HX CYMMbI Ha CYMMY BE€COB. d)opMyna CpPE€AHEB3BCIIEHHOT' O BbITTIAANT TaK:

n
] wixl

1=

Cp€AHEE B3BELICHHOC = fw =
S
i

CyuleCTByIOT JiBa TIJIaBHBIX noGynn’reanux MOTHBaA Jisd UCMNOJIb3OBAHUA CPECIHEB3BEC-
HICHHOI'0 3Ha4YCHHUA.

¢ HexkoTopsle 3HaYeHHs BHYTpeHHe Oojiee epeEMEHYHUBBI, YeM ApYrue, U CHIbHO nepe-
MEHUYHMBBIM HabJoeHUAM npuaaercs 6osee HU3KHIA Bec. Harmpumep, ecniu Mbl Gepem
cpeaHee apHPMeETHYECKOE NAHHBIX, MOCTYMAIOUIMX OT MHOTOYHMCIEHHBIX NaTYHKOB,
¥ OZIMH M3 IaTYHKOB MEHee TOYEH, TOrJa BeC aHHBIX OT 3TOr0 AaTYHKA MOXHO MOHHU-
3UTB.

¢ CoOpaHHble JaHHbIE HE OJMHAKOBO MPEACTABISAIOT pa3Hble TPYIMIbl, KOTOpPbIE Mbl 3a-
UHTepecoBaHbl W3MepHuTh. HanpuMmep, B 3aBUCUMOCTH OT TOro, KakuM oOpa3om mnpo-

12 Cwm. https://oreil.ly/uV4P0.
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BOJMTCS OHJIAHHOBBIA SKCIIEPUMEHT, Y HAaC MOXKET He ObITh Habopa JaHHBIX, KOTOPBIH
TOYHO OTpaXkaeT BCe IpyMIlbl B MOJIb30BaTeNbCKOH 6aze. g Toro ytoOwl 3TO Henpa-
BHUTb, MOXKHO MpHIaTh OoJiee BBICOKHI BEC 3HAUCHUSM M3 TeX IPyIN, KOTOpble ObUIH
TMpeJICTaBIIeHbl HEIOCTATOUHO.

MeauaHa u po6acTHble OUEeHKN

Meouana — 3To 4uCIO, PACNONOKEHHOE B COPTUPOBAHHOM CMMCKE JaHHBIX POBHO MO-
cepennHe. EciM HMeeTCA YeTHOE YHCIIO JaHHBIX, TO CPEJIMHHBIM 3HAYEHUEM SBJISETCA TO,
KOTOpO€ He HaXOAWTCA B Habope NaHHBIX (GAKTUYECKH, a ABJIAETCS CPEOHUM apUPMeTH-
4YEeCKUM [BYX 3HA4Y€HUH, KOTOpbIE ACIAT COPTUPOBAHHbIE JaHHbIE Ha BEPXHIOO U HIXK-
HIOIO M0J0BUHBI. 10 cpaBHEHHIO CO CpelHUM, B KOTOPOM HCHONB3YIOTCH abCOIOTHO BCE
HaOnoJeH s, MeJMaHa 3aBUCHT TOJIbKO OT 3HAYEHUH B LIEHTPE COPTHPOBAHHBIX JaHHBIX.
XoTq 3TO MOXET BBIMNIAAETh KaK HENOCTAaTOK, MOCKOJBbKY CpeqHee 3HaueHHEe HaMHOIro
4YyBCTBUTE/IbHEE K JAHHBIM, CYLIIECTBYET MHOTO IPUMEPOB, B KOTOPBIX MEHaHa ABJsAETCA
Oonee noaxoasuled METPUKOH LEHTPAIbHOroO nojokeHus. CkaxeM, Mbl XOTUM B3IJIs-
HyTb Ha THMHYHbIE JOXOIbl JOMOXO3SHCTB B OKpYyrax, pacroIOKEHHBIX Ha nodepexxbe
o3epa Bawmnrron B Custne. Ilpu cpaBHeHun okpyra MenuHa ¢ okpyrom YuHaepMHp
UCIOJIb30BaHUE CPeHEro 3Ha4yeHUs Jajo Obl COBEPLUIEHHO Pa3HbIE Pe3yJIbTaThl, IOTOMY
uyto B Meaune xuset bunn I'efitc. Ecin ke Mbl OyneM vcnonb3oBaTh MeIMaHy, TO YXKe
He OyZieT MMeTh 3Ha4YeHHs, HacKoJIbko OoraTeiM siBnsercs bumn [efitc, — mo3uums cpe-
JMHHOTO HabJIIOIEHHS OCTaHeTCs TOH XKe.

[lo Tem ke caMbIM MPUYHHAM, MO KOTOPBIM HUCIONB3YETCs Cpe/iHee B3BELIEHHOE, MOXHO
BBIYUCITUTL U MeOuany 63seuienHyto. Kak M ¢ MeuaHoi, Mbl cCHavyalla BBIIIOJIHSIEM COPTH-
POBKY JAHHBIX, HECMOTPS Ha TO YTO C KaX/bIM 3HaYEHHEM JIaHHBIX CBs3aH Bec. B ornu-
YyHe OT CPEJMHHOro YWcia Me/MaHa B3BEIIEHHas — 3TO TaKoe 3HaueHHe, B KOTOPOM
CyMMa BECOB paBHa Ul HIDKHEH M BEpXHeE# TOJIOBHH COPTUpOBaHHOro cmucka. Kak u
MeIOuaHa, B3BElIeHHas MeldaHa pobacTHa K BBIOpocaMm.

Bbibpochl

Menunana Ha3biBaeTcs podacmHoll OUEHKOW LUEHTPAIBbHOTO MOJIOKEHHS, MOCKOJIbKY OHa
HE HAaXOAUTCA MOA BIMAHHEM 6bl6p0Co6 (NpeleNbHBIX ClyYaeB), KOTOpblE MOIyT HCKa-
3UTb pe3ynabTaTsl. Bbiopoc — 370 moboe 3HaueHHe, KOTOPOe CUIIBHO JUCTAHLMPOBAHO OT
ApYrux 3HaueHui B Habope naHHbIX. TouHOE onpeaeneHue BEIOpoca ABISETCS HECKONBKO
CYOBEKTHBHBIM, HECMOTPS Ha TO YTO B Pa3iIMYHBIX CBOAHBIX JaHHBIX M rpadHkax Hc-
NoJIb3yIOTCS HEKOTOpble mpaBuia (cM. pazden "llpoyenmunu u xopobuamvie ouazpam-
mul" Oanee 6 3moii 2nase). BeiOpoc kak TakoBOH He JeNaeT 3HaYeHHe JaHHBIX HEOMyC-
TUMBIM WJIM OIIMOOYHBIM (Kak B MpenbiayineM npumepe ¢ buwuiom Ieiitcom). Bmecte
C TeM BBIOPOCHI YacTO ABJAIOTCA Pe3ybTaTOM OLIMOOK AaHHBIX, TAKAX KaK CMELIMBaHHE
JAHHBIX C Pa3HBIMHM €JHHULIAMH M3MepeHHs (KWIOMETPBI C METPaMH) WM TUIOXHE TMOKa-
3aHUA OT Aatuyvka. Korna BeIOpOCHI SBISIOTCS pe3yJbTATOM HENPAaBWIBHBIX JAHHBIX,
cpeaHee 3HaYeHHe OyAeT MOKa3bIBATh IUIOXYIO OLEHKY LIEHTPAJIbHOrO MOJI0XKEHHS, TOrAa
KaK MeauaHa OyzeT mo-mnpekHeMy AOIyCTUMOH. B nmobom ciyyae BBIOPOCHI TOJDKHBI
ObITh BBISIBJIEHBI M OOBIYHO 3aCITY>KMBAIOT JAIbHEHILIETO paccieqoBaHHs.
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OGHapyxeHne aHOManuu

B oTnnuue oT TUNMYHOTO aHaNU3a AaHHBIX, I'le BHIOPOCH MHOTAA UHPOPMATHBHBI,
a MHOrJa — J0caJHas 1oMeXa, B 0OHapyjiceHuu aHomanuil LejeBbIMH 00beKTaMH
ABJIAIOTCS UMEHHO BBIOPOCHI, M 3HAUUTENbHbI MacCUB JaHHBIX NPEUMYLIECTBEHHO
CITy)KHT A7 ONpeAesieHUs "HOpMBI", C KOTOPO copa3MepsIOTCS aHOMAJTHH.

MenuaHa He eaMHCTBEHHas pobacTHas OleHKa LEHTpalbHOro nonokeHus. Ha camom
Aejie B LieJIAX MPEJOTBPALUCHUS BIMSHHUSA BHIOPOCOB LIMPOKO HCMOJIB3YETCs U CpejHee
yceueHHoe. HanpuMmep, yceueHne HIDKHUX U BepXHUX 10% naHHBIX (OOLIENPUHATHIN BbI-
60p) obecneynT 3alMTy OT BBIOPOCOB BO BCEX, KPOME CaMbIX Masibix, Habopax AaHHBIX.
CpenHee yce4eHHOE MOXET CUMTAThC KOMIIPOMHMCCOM MEXAY MEIHAHOW M CpelHHM:
OHO poOacTHO K MpeAebHbIM 3HAYE€HUSIM B JaHHBIX, HO UCTIOJIb3YeT Goblie JaHHBIX AMs
pacyeTa OLEHKH LIEHTPATIbHOTO MOJIOKEHHS.

Apyrue po6acTHble METPUKMU LIEHTPanNbLHOro NONOXeHUs

B cratHcTuke Obla pa3paboTaHa Macca APYTrUX OLIEHIIMKOB, TaK Ha3bIBa€MBIX 3C-
TUMATOPOB, LEHTPAILHOIO IMOJIOKEHUS MPEUMYIIECTBEHHO C LENbl0 pa3paboTku
6onee poGacTHBIX MHCTPYMEHTOB OLIEHKH, YeM cpefHee, U Oonee 3heKTHBHBIX
(T. €. crOCOOHBIX Jyyie oOHapyXHBaTh HeOOJbLIME Pa3HULBI B LEHTPAILHOM M0-
JIOXKEHHMH Mexay HabopaMH NaHHBIX). DTH MeTOAbl MOTEHUHAILHO MOJE3HbI A
He6oJbIIMX HAOOPOB JaHHBIX. BMecTe ¢ TeM OHHU €/1Ba JAlOT JOMOJHHUTENbHbIE Bbl-
TOZbl B YCJIOBUSIX KPYIIHBIX WM @K€ YMEPEHHO pa3MepHbIX HAOOPOB AaHHBIX.

Mpumep: cpeaHUe OLEHKU YUCNIEHHOCTU HaceneHus
U YpOBHA yOUKCTB
B 1abn. 1.2 moka3zaHbl NepBble HECKOJIBKO CTPOK W3 Habopa JaHHBIX, COIEP)KALLErO CBe-

JEHHS O YUCJICHHOCTH HaceJIEHMH ¥ ypoBHe yOuHcTB (B eaMHHUax youiicts Ha 100 Thic.
4eJI0BEK B I0/1) N0 KAKAOMY IUTATY.

Tabnuya 1.2. Heckonbko cmpok kadpa 0aHHbIX data.frame
0 YUCNIEHHOCMU HaceneHus u ypoeHe ybulicme no wmamam

Ne | Wrar Hacenenue YpoBeHb youmncts AG66peBuartypa
1 Alabama 4779736 57 AL
2 | Alaska 710 231 56 AK
3 | Arizona 6 392 017 47 AZ
4 | Arkansas 2915918 56 AR
5 | California 37 253 956 44 CA
6 Colorado 5029 196 28 co
7 | Connecticut 3574 097 24 CT
8 | Delaware 897 934 58 DE
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Berurcnum cpenHee, cpeiHee yCEYEHHOE U MeJUaHy YUC/IEHHOCTH HaceseHUs, UCIOJb-
3ya R:

> state <- read.csv(file="/Users/andrewbrucel/book/state.csv")
> mean(state[["Population"]])

[1] 6162876

> mean(state[["Population"]], trim=0.1)
[1] 4783697

> median (state[ ["Population"]])

[1) 4436370

Jns BeIMMCIIEHMS cpeqHero v MeauvaHsl Ha Python MBI MoxkeM HCHONB30BaTh METOABI
KaJpa JaHHBIX MaKeTa pandas. Jl1s yceueHHOro cpeHero 3HayeHHs Tpebyetcs GyHKLMA
trim mean U3 OMONMOTEKHU scipy.stats:

state = pd.read csv('state.csv')
state['Population'].mean ()

trim mean(state('Population'], 0.1)
state['Population'].median ()

CpenHee 6oJiblIIe CpE€AHEro yC€4C€HHOro, KOTopoe 6oublie ME€IHAHEI.

3TO BBI3BAHO TEM, YTO Cpe/IHEE YCEHUEHHOE MCKIIIOYAET caMble KPYIMHbIE U caMble Majible
OATh WITATOB (trim=0.1 oTOpackiBaeT mo 10% c kaxxaoro koHia). ECu MBI 3aX0TUM BbI-
YUCJIUTh CPENHECTATUCTHUYECKHH YPOBEHs YOUHCTB B CTpaHe, TO JOJDKHBI UCIOJIb30BATh
cpelHee B3BEIIEHHOE WJIM MEAMaHy, YTOOBl Y4eCThb Pa3HYK) UYHCIIEHHOCTb HACENEeHHUS
B wrarax. [Tockoneky 6a30Bbiii R He MMeeT GYHKUMH A B3BELICHHOW MeQUaHbl, MBI
JOJDKHBI MHCTATMPOBATh MaKeT, TAKOM KakK matrixStats:

> weighted.mean (state[ ["Murder.Rate"]], w=state(["Population"]])
[1] 4.445834

> library("matrixStats")

> weightedMedian (state[["Murder.Rate"]], w=state[["Population"]])
[1] 4.4

B3BelueHHOE cpeaHee 3HauU€HUE JOCTYIMHO C MOMOILLUBIO MakeTa NumpPy. [l B3BelIEHHOM
MeMaHbl MBI MOXKEM HCIIONIb30BAaTh CMELMATIM3UPOBAHHBIA MAKET wquantiles:

np.average (state['Murder.Rate'], weights=state['Population'])
wquantiles.median(state['Murder.Rate'], weights=state['Population'])

B atom cliydyae cp€JHEE B3BCLICHHOC U ME€JWaHa NMOYTH OJHHAKOBEI.

KnioyeBble naeu AN OUEHOK LEeHTPanLHOro NOMoXeHus

e ba3oBoil METPUKOI LEHTPALHOTO MOJOXEHUS SIBISETCA CpeJHee, HO OHO MOXET
OBbITh 4yBCTBUTENIBHBIM K Mpee/IbHBIM 3HaYeHUAM (BBIOpOCcam).

o JIpyrue MeTpukH (MeauaHa, cpeJiHee YCeueHHOe) SBNAOTCS 6osiee pobacTHBIMU.
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dononHuTtenbHble MaTepuanbl Anda YTeHusA

¢ Cratbs Bukuneauu'' o UEHTpPaIbHON TEHAEHUMH COAEPXKHUT OOLUMPHOE OOCYKAEHHE
Pa3IMYHBIX MEp OLCHUBAHHUS LEHTPAILHOIO MOTOXKEHHUS.

¢ Krnaccuueckas kaura JHxoHa Toioku "Pa3zBenviBaTenbHblit ananu3 maHHeix" [Tukey-
1977] no-npe>xHeMy NOJIb3yeTCs LUUPOKUM CIIPOCOM.

OueHkun BapuabenbHoOCTH

LlenTpanpHOE MOJOXKEHHE — ITO BCEro OIHA M3 pa3MepHOCTEH B 0000IIEHHH MPH3HAKa.
Bropas pasmepHocTs, sapuabenvrHocme, UMEHyeMas TaKkke OUCHepPCHOCHIbIO, TIOKa3bIBa-
€T, CrpyNMUpOBaHbl JIM 3HaY€HHUs AAaHHBIX IUIOTHO, WM XK€ OHU pa3bpocaHbl. B ocHoBe
CTAaTUCTUKH JIKUT BapuabeNbHOCTb: €€ U3MEpeHHe, YMEHbLIEHHE, pa3IMueHHe ciy4daii-
HOHM BapHabenbHOCTH OT peajibHOM, MASHTH(UKALMSA Pa3NUYHBIX UCTOYHUKOB peabHOM
BapuabebHOCTH U MPUHATHE PELIEHHI B YCJIOBUAX €€ MPUCYTCTBHS.

KnioyeBble TepMUHBI AN METPUK BapuabenbHOCTH
OTtknoHenns (deviations)

Pazuuua MEXay HabJII0JaeMBIMH 3HAYEHHAMH U OLIEHKOMH HEHTPAJIBHOI'0 MOJIOXE-
HUA.

Cunonumbl: OIIUOKH, MOTPELIHOCTH, OCTATKH.
Hducnepcus (variance)

CyMMa KBaJIpaTUUHBIX OTKJIOHEHHUI OT cpelHero, ejieHHast Ha n—1, rae n — 310
YUCJI0 3HAYEHUH JAHHBIX.

Cunonumel: cCpeIHEKBAIpaTHUYECKOEe OTKJIOHEHHE, CpeHEeKBaApaTuyeckas ommnoka.
CranaaprtHoe oTkjioHeHHe (standard deviation)

KBanpaTHbIif KOpeHb U3 JUCIIEPCUH.

Cunonumer: HOpMa [, , eBKJINI0BA HOpMA.
Cpeanee aécon0THOE OTKIOHEeHHE (mean absolute deviation)

CpenHee abCOMOTHBIX 3HAUYEHU OTKJIOHEHHU# OT cpeaHerolz.

Cunonumbl: HOpMa /, MAHX3TTEHCKast HOpMa.

MenuaHHoe a0coJIIOTHOe OTKJIOHeHHEe OT MeauaHbl (median absolute deviation
from the median)

Menuana abCONMOTHBIX 3HaYEHU OTKJIOHEHUH OT MEAUaHBI.

! Cwm. https://oreil.ly/qUW?2i.

'2 AGCOTIOTHBIM OHO SBJISAETCSA MIOTOMY, YTO CyMMHDYIOTCS OTKIIOHEHHS 110 MOAYJIO, T. K. B NPOTHBHOM CIly-
Yae cyMMa Bcex pazOpocoB Oyaet paBHa Hymo. — [Ipum. nepes.
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Pa3max (range)
Pa3zHuia Mexy caMbIM KPYNHBIM M CaMbIM MasibIM 3HaUeHUSAMU B Habope JaHHBIX.
IMopsiakoBsblie ctaTuecTHKH (order statistics)

MeTpHkM Ha OCHOBE 3HaY€HMH JAaHHBIX, OTCOPTUPOBAHHBIX OT CaMbIX MalblX 10
CaMbIX KPYIHBIX.

CuHoHUM: PaHTH.
IIpouenTnas (percentile)

Takoe 3HaueHue, 4To P NMpOUEHT 3HA4YeHWH NpPUHUMAET AAHHOE 3HAYEHUE WU
meHbliee U (100 — P) npoueHT 3HaYeHUH NPUHUMAET AAHHOE 3HauYeHWe WU 0OMb-
Lee.

CuHOHUM: KBAHTHIIb.

MexkBapTHIbHBII pa3max (interquartile range)
Pa3Huua Mexay 75-M U 25-M NpOLEHTUIIAMU.
Cunonumer: MKP, IQR.

Tak e Kak WU B Cllydyae LEHTPAJTBHOTO MOJIOKEHHUS, KOTOPOE MOXKHO W3MEPUTh Pa3HbIMH
cnocobamu (cpeaHee, MeiMaHa U T. A.), CYLIECTBYIOT pa3Hble CNOCOObl U3MEPUTH BapHa-
O€EJbHOCTE.

CTaH,qapTHoe OTKNOHeHue n cea3aHHblIe C HUM OLUEeHKHN

Haubonee wmpoko ucnons3yemble OLEHKH BapHabeTbHOCTH OCHOBaHbI Ha pa3sHULAX, WK
OMKNOHEHUAX, MEXJ1y OLEHKOM LIEHTPAILHOTO MOJIOXKEHHUS U HaONII0AaeMbIMHU JaHHBIMH.
Jns HaGopa panuHbiX {l, 4, 4} cpenHee paBHsiercs 3, a meauaHa — 4. OTKJIOHEHUA OT

CpelHero NpeacTaBisioT cobol pasHuubl: | -3=-2, 4-3=1, 4-3=1. DTH oTKIO-

HEHHA TOBOPAT O TOM, HACKOJIbKO OdaHHBIC pa36pocaHb1 BOKpPYI' UEHTpAJIbHOI0 3Ha-
YCHHA.

OauH 13 cnoco6oB U3MEpPUTL BapHabeIbHOCTb COCTOMT B TOM, YTOOBI OLIEHHTb TUITHYHOE
3HaYeHHEe ITHUX OTKIIOHEHHUH. YcpelHeHHe caMUX OTKJIOHEHWH Majo, Mo3TOMY OTpHLa-
TeNlbHbIE OTKIOHEHHS! HEUTPATM3YIOT MoJjoxHuTeNnbHble. DakTHUeCkH CyMMa OTKJIOHEHHH
OT Cpe/IHero kak pa3 paBHa HyJ0. BMecTo 3Toro npocToit moaxon 3akiioyaercs B TOM,
4yToOBI B3ATb CpelHee aOCONIOTHBIX 3HAYEHHUH OTKIOHEHHMH OT CpelHero 3Ha4eHHs.
B npensigyuiem npumepe abcolioTHOE 3HAaYE€HHE OTKJIOHEHHI paBHO {2, 1, 1}, a ux cpen-

Hee — (2+1+1)/3=133. D10 U ecTb cpednee abconommuoe OMKIOHEHUEe, KOTOPOE BbI-
yuclseTcs Mo cienyolled Hibke popmyre:

n
Z|x,—)?|

cpeaHee abCOMIOTHOE OTKIOHeHHe = -

b

n

roe x — cp€aHee 3HAa4YCHUE B Bbl60pKe, HJIN Bbl60p0‘-lHOe Cpe€aHEe.
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CaMbIMH U3BECTHBIMH OLIEHKaMH Bapua6enLHocm SABJISIKOTCA ()ucnepcwz H cmandapmnoe
OMKI0OHeHUe, KOTOpbl€ OCHOBaHbl Ha KBAaAPATHYECKHUX OTKIIOHCHUSIX. HHC]’[CPCHH — 3TO
Cp€aHEEC KBAAPATHUYCCKHX OTKJIOHEHU, CTAaHAAPTHOE€ OTKIIOHEHUE — KBaIlpaTHLIﬁ KO-

PEHb U3 IUCTIEPCHH.
(=%

b
n—1
CTaHIOapTHOE OTKJIOHEHHE = s = .//lucnepcus.

CraHOapTHOE OTKJIOHEHWE HMHTEPMNPETHUPYETCS HAMHOTO MpOILE, YeM AUCIEPCHs, TOo-
CKOJIbKY OHO HaXOJUTCS Ha TOM ke LIKajle U3MEpPEHHs, YTO U MCXOoHbIe JaHHble. OfHa-
KO, YUHUTBIBas ero GoJiee CIOXKHYIO U UHTYMTUBHO MEHEE MOHATHYIO (OpPMYITy, MOXET
MOKa3aTbCsl CTPAHHBIM, YTO B CTATHCTUKE CTaHAAPTHOMY OTKJOHEHHUIO OTAAeTCs Mpel-
MOYTEHHE MO CPaBHEHUIO CO CPeIHUM abCOMIOTHBIM OTKJIOHeHHeM. Takoe npeobiaganue
0053aHO CTaTUCTUUYECKON TEOPUM: MaTeMaTHYeckH paboTa ¢ KBaJpaTHYECKUMH 3Haue-
HUSAMH HaMHOTO ynoOHee, 4yeM ¢ abCOJIFOTHBIMH, B OCOOEHHOCTH B Clly4ae CTaTUCTHYe-
CKMX MoOJIeseH.

Jucnepeus = s° =

CreneHu cBo6oabI M nunun—-1?

B kHUrax no CTaTUCTHKE BCErAa Tak WM HHaye o0cyxaaeTcs BOMpoc: nouemy B ¢op-
MyJie IUCIIEpCHUHU Y Hac B 3HaMeHarese n—1, BMECTO 1, KOTOPbI NPUBOAUT K MOHATHIO
cmenenell 60600617 ITO pa3iMuUe HE BaXHO, MOCKOJIbKY # OOBIUHO fBISAETCS KpyIl-
HBIM HACTOJIbKO, YTO YK€ He MMeeT OONbLIOro 3HaueHus, OYAET JIM AeeHUe BHIMNON-
HATBCS Ha n UK n—1. OfHAaKo ecl¥ BaM MHTEPECHO, TO BOT oObsicHeHue. OHo 6a3u-
pyeTcs Ha NpeanochbUIKe, YTO Bbl XOTUTE MOIYyYHTh OLEHKH MONYJISLHH, OCHOBBIBAACh
Ha BBIOOpKE U3 Hee.

Ecnu B dopMyse aucrepcud MPUMEHUTh UHTYMTUBHO MOHATHBIA 3HaMeHarTesb M, TO
UCTHUHHbIE 3HAYEHUS AMCMEPCHM U CTAHJAPTHOTO OTKJIOHEHHs B MOMyNsAUuuu OyayT
HEOOOLECHeHbl. Takas OLEHKa HasbIBaeTcs cmewjennou. OQHAKO eciau pa3iesuTh
Ha n—1 BMECTO n, TO CTAaHAAPTHOE OTKJIOHEHWE CTAHOBUTCS HeCMeujeHHOU OLIEHKOM.

[MonHoe OOBSCHEHHE MPHYMHBI, MOYEMY HCIOJIb30BaHHE 1 MPUBOJUT K CMeELIEHHOM
OLIEHKe, COTPSKEHO C MIOHATHEM CTereHel cBOGO/bI, KOTOPOE NPUHUMAET BO BHUMa-
HHe YUCJIO OrpaHWYeHHUil NMpH BBIYMCIEHUH OLIEHKH. B IaHHOM cnydae CyIecTBYIOT
n—1 creneHeil cBOOOABI, MOCKOJILKY MMeETCS ONHO OrpaHHYeHHe: CTaHJapTHOe OT-
KJIOHEHHe 3aBHUCHT OT BBIYUCJIEHUS CpedHero B BblOOopk