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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecoscknii nogxon MawuHHoe oby4yeHne: cyTb

[MepBble MbICN 0D UCKYCCTBEHHOM WHTENIEKTE

o [edbecT cozpaBan cebe poboToB—aHAPOUAOB, Hanpumep,
rMraHTcKoro YyenoeekonogobHoro pobota Tanoca.

o llurmanuoH oxuensn lanaTeto.
o lerosa n Annax — Kycku rivHebl.
@ Ocobo myapble paBBYHLI MOMIN CO34AaBaTh MOJIEMOB.

@ AnbbepT Benmkuii n3roToBus NCKYCCTBEHHYIO FOBOPSILLYHO
ronosy (4em oueHb pacctpoun Pomy AKBMHCKOrO).

@ HaunHas c goktopa ®PpaHkeHwTeliHa, ganswe Al B
NnTepaType NOSIBNSAETCS NMOCTOSIHHO. ..
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecoscknii nogxon MawuHHoe oby4yeHne: cyTb

TecT TbropuHra

@ Al kak Hayka Hauascs ¢ Tecta Teropunra (1950).

o KomnbtoTep fo/XKeH ycnewHo BblgaTh cebs 3a YesoBeka B
(MMcbMeHHOM) Ananore Mexxay CyAbeli, YenoBeKOM 1
KOMMbIOTEPOM.

e [lpaBga, ucxogHasi popMyMpoBKa bblia HECKONBKO TOHbLUE U
MHTEPECHEE. ..
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecoscknii nogxon MawuHHoe oby4yeHne: cyTb

TecT TbropuHra

@ 3[ecb y>Ke O4EBUAHO, CKOJILKO BCEro Hago, 4Tobbl caenathb Al:

0bpaboTKa ecTeCTBEHHOTO 3bIKa;

npefcTaBneHne 3HaHWi;

BbIBOAbI N3 MOMYHEHHbIX 3HAHNIA;

oby4yeHune Ha onbiTe (cobcTeeHHo machine learning).
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecoscknii nogxon MawuHHoe oby4yeHne: cyTb

HapTmMyTckuii cemnHap

o Tepmun Al n dopMynnpoBKN OCHOBHBIX 3aJay NOSIBUINCHL B
1956 Ha cemuHape B JaptmyTe.

e Ero oprannsosanu Jxon Makkaptu (John McCarthy),
Mapsux Munckn (Marvin Minsky), Knog LLlenton (Claude
Shennon) n Hatannane Poyectep (Nathaniel Rochester).

@ D70 bbI1a, HaBepHOe, caMasi aMbuLUMO3Hast rpaHTO3asiBKa B
NCTOPUUN NHDOPMATUKIN.
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecoscknii nogxon MawuHHoe oby4yeHne: cyTb

HapTmMyTckuii cemnHap

Mbi npegnaraem nccnegoBaHne NCKYCCTBEHHOrO MHTENIEKTA
cpokom B 2 mecsiya ¢ ydactmem 10 yenosek netom 1956 roga
8 Japtmytckom konnegxe, [anosep, Hoto—lemnwmp.
Wccnegosanne ocHOBaHO Ha NpeAnoIONeHUN, HTO BCIKUA
acnekT obyyeHus nam n0boe Apyroe CBOVICTBO UHTE/IEKTA
MOXET B npuHYyune bbiTb CTOb TOYHO OMUCAHO, HYTO MALLINHA
CMOXET ero cumyanpoBatb. Mbl nonbiTaeMcss NOHATb, Kak
0by4UTb MaLUNHbI NCMOJIb30BaTb €CTECTBEHHbIE SI3bIKU,
popmupoBaTL abCTpakummu U KOHUENUUY, pellaTs 334344,
ceriyac nogBAaCTHbIE TOJILKO JIOASIM, U YYHLIATL cCamux cebs.
Mbi cuntaem, 470 cyljecTBeHHOE NPOABUXEHNE B O4HOM MN
bosiee U3 3Tux NpobsiemM BrOJIHE BOSMOXHO, €C/IN CNeynaibHO
nogobpanHas rpynna y4éHbix byger paboTtaTb Hag 3TUM B
TeYyeHme JieTa.
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecoscknii nogxon MawuHHoe oby4yeHne: cyTb

1956-1960: bonblune Hagexabl

@ OnTtumunctnyeckoe spems. Kasanock, 4To ewg HeMHOro, ewg
4YTb-YyTb...
@ Allen Newell, Herbert Simon: Logic Theorist.

o [lporpamma asisi 1OrM4eckoro BbIBOAA.
o Cwmorna nepegokasaTs bonbwyto Yacte Principia Mathematica,
Koe-rae aake mnssuHee, yem camu Paccen ¢ Vaitxegom.
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecoscknii nogxon MawuHHoe oby4yeHne: cyTb

1956-1960: bonblune Hagexabl

@ OnTtumunctnyeckoe Bpemsi. Kasanoch, 4To ewg HeMHOro, ewg
4yTb-4yTh...

@ General Problem Solver — nporpamma, koTopasi nbitanacs
AyMaTb KaK YeNoBeK;

@ MHoro nporpamm, KOTopble yMENU AesaTh HEKOTOpbIE
orpaHunyeHHble Beww (microworlds):

o Analogy (IQ-TecTbl Ha «BbibepuTte nuwHee» );
o Student (anrebpaunyeckne cioBecHble 3agaqn);
o Blocks World (nepectaensina 3D-6n0kn).
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecoscknii nogxon MawuHHoe oby4yeHne: cyTb

1970-e: knowledge-based systems

@ CyTb: HakoNUTL JOCTAaTOYHO BosbLIOKA Habop npaswa un
3HaHWii O NpefMETHO 0bnacTu, 3aTeM AenaThb BbIBOAbI.
@ [Mepebliii ycnex: MYCIN — gnarHocTuka uHdekuuii Kposu:

e okono 450 npasun;
@ pe3ynbTaThbl KaK Y OMbITHOrO Bpaya U CYLLECTBEHHO Ny4lue,
YeM y HaYMHaoLWMX BpaYeil.
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecoscknii nogxon MawuHHoe oby4yeHne: cyTb

1980-e: koMMmepyeckune npumeHerust; nHayctTpus Al

@ Hauvanocb BHegpeHue.

o [lepebiii Al-otaen 6611 8 komnanuu DEC (Digital Equipment
Corporation);

o VTeepxpaatoT, 4to K 1986 roay oH skoHomun DEC $10 man. B
roa;

o bym 3akoHumncs k koHuy 80-x, korga MHOrMe KOMMaHUN He
CMOF/IN ONpaBAaTh 3aBbILLIEHHBIX OXKUAAHWIA.
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecoscknii nogxon MawuHHoe oby4yeHne: cyTb

1990-2010: data mining, machine learning

@ B nocnegHue gecsatunetusi oCHOBHOW aKLEHT CMECTUICS Ha
MaLluHHOEe obydeHne 1 NMOUCK 3aKOHOMEPHOCTENR B AaHHbIX.

OcobeHHO — C pa3BUTUEM MHTEpHeTa.

Ceiivac npo Al B cMbic/ie TpEX 3aKOHOB POBOTOTEXHUKM YyxKe
HE OYE€Hb BCMOMMUHAIOT.

// Ho pobotuka — npougertaet u nonbayercs machine learning
Ha KaX4OM Luary.
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YTo Takoe malmHHoe oby4eHue KpaTkas ncropus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

Onpepgenexne

@ YT0 3HaunT — obyuvarowasnca mawmHa? Kak onpegenuts
«obyyaemocTb»?
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YTo Takoe malmHHoe oby4eHue KpaTkas ncropus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

Onpepgenexne

@ YT0 3HaunT — obyuvarowasnca mawmHa? Kak onpegenuts
«obyyaemocTb»?

Onpegenexue

KomnbtoTepHasi nporpamma obyHaercsi o Mepe HaKoMAEHUS ONbITa
OTHOCUTEJIbHO HEKOTOPOro Kaacca 3agaq T u yenepoii pyHkuymm P,
eC/IN Ka4ecTBO pelueHns 3Tux 3agad (oTHocutesnsHo P)
YJyHLUAETCS € M0lyHEeHUEM HOBOTO OfbITa.

o Onpepenerve oyenb (cnuwkom?) obuuee.

o Kakune KoHKpeTHble MpuMepbl MOXXHO NpuBecTu?
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

Yem mbl bynem 3aHnMaThCS

@ Mbl Bygem paccmaTpuBaTh pasHble anropuTMbl, KOTOpble
PewatoT Ty N UHYIO 3ajady, NPUYEM peLatoT TeM JyHLue,
4eMm bosibLue HavasibHbIX (TECTOBBLIX) AAHHBIX €My AAAYT.

@ CerofHsi Mbl norosopum 06 obueii Teopnm baiiecosckoro
BbIBOAA, B KOTOPY ODbIYHO MOXHO MOrpy3nTh J1t0boi
aJropuTM MAaLINHHOTrO oby4YeHus.

@ Ho cHauana — kpaTkunii 0630p OCHOBHbLIX 3334 MaLLUMHHOMO

oby4eHns B LEeoM.
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YTo Takoe malmHHoe oby4eHue KpaTkas ncropus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

OcHoBHble 3a4a4n N NOHATUA MaALUNHHOIO o6yqu|/|;|

o Oby4enue c yuutenem (supervised learning) — obyyeHne, B
KOTOPOM €CTb HEKOTOPOE HMC/IO NPUMEPOB C MPaBUIbHLIMU
oTBETAMMU:

o obyuarowas Bbibopka (training set) — Habop npnmepos,
Kaxaplli N3 KOTopbIx coctouT U3 npusHakos (features,
attributes);

© y NPMMEPOB eCTb NpaBUbHbLIE OTBETHI — NEPeMeHHast
(response), KOTOpytO Mbl NpeACKa3biBaeM; OHa MOXeT BbiTb
KaTeropuansHas (categorical), HenpepbiBHas unu
opaunHansHas (ordinal);

Cepreii Hnkonenko Beegenune: Al n baliecoBckuii BbiBOA



YTo Takoe malmHHoe oby4eHue KpaTkas ncropus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

OcHoBHble 3a4a4n N NOHATUA MaALUNHHOIO o6yqu|/|;|

o Oby4enue c yuutenem (supervised learning) — obyyeHne, B
KOTOPOM €CTb HEKOTOPOE HMC/IO NPUMEPOB C MPaBUIbHLIMU
oTBETAMMU:

e Mogenb obyyaercs Ha 3Toll Boibopke (training phase, learning
phase), 3aTeM MoxeT BbITb NPUMEHEHAa K HOBbLIM NpUMeEpam
(test set);

o rnaBHoe — obyunTb MOAENb, KOTOPasi HE TONIbKO TOYKN U3
obyuatoweli BbIGOPKN OBBSACHSET, HO 1 HA HOBbIE NMPUMEPSI
xopowwo obobiyaercs (generalizes);

o uHaue — oeepdutTuHr (overfitting);
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YTo Takoe malmHHoe oby4eHue KpaTkas ncropus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

OcHoBHble 3a4a4n N NOHATUA MaALUNHHOIO o6yqu|/|;|

o Oby4enue c yuutenem (supervised learning) — obyyeHne, B
KOTOPOM €CTb HEKOTOPOE YMC/IO MPUMEPOB C MPaBUJIbHLIMY
oTBETaMU:

o 0DbIYHO HaM JatoT NPOCTo oby4atoLLlyto BbIGOPKY — Kak Toraa
nposepuTb, obobuiatoTca an moaenmn?

@ KpocCC-BanuAaums — pasbreaeM BbIOOPKY Ha TPEHUPOBOUHbIN 1
BanugaunonHblli Habop (validation set);

o rnepef TeM Kak NoAaBaTb YTO-TO Ha BXOf, ODbIYHO AenatoT
npefobpaboTky, cTapasich BbIAENNTb U3 BXOLHbIX AAHHbIX
camble coiepaTenbHble acnekThl (feature extraction).
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YTo Takoe malmHHoe oby4eHue KpaTkas ncropus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

OcHoBHble 3a4a4n N NOHATUA MaALUNHHOIO o6yqu|/|;|

o Oby4enue c yuutenem (supervised learning) — obyyeHne, B
KOTOPOM €CTb HEKOTOPOE YMC/IO MPUMEPOB C MPaBUJIbHLIMY
oTBETaMU:

@ KJIaCCUMGDMKALMS: €CTb HEKOTOPbIN AWCKPETHBIA Habop
KaTeropuii (K1accoB), v Hago HOBble NPUMepPbI ONPeAeUTL B
KaKo-HUbyab Knacc;

@ Kknaccudrkaums TEKCTOB No Temam, cnaM-cbunsTp;
@ pacnosHasaHue nuL/obbekToB/TeKCTa;
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YTo Takoe malmHHoe oby4eHue KpaTkas ncropus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

OcHoBHble 3a4a4n N NOHATUA MaALUNHHOIO o6yqu|/|;|

o Oby4enue c yuutenem (supervised learning) — obyyeHne, B
KOTOPOM €CTb HEKOTOPOE YMC/IO MPUMEPOB C MPaBUJIbHLIMY
oTBETaMU:

@ perpeccusi: eCTb HEKOTOPas HEW3BECTHAst PYHKLMS, U HAZO
NpeAckasaTb eé 3HaYeHNs Ha HOBbIX MpUMeEpax:

© UMHXeHepHbie NpunoxeHus (npegckasaTb TemMnepaTypy,
nonoxeHue pobora, whatever);
o buHaHChl — NpeackasaThb LeHy akunii;
@ TO XKe NJIOC U3MEHEHUs1 BO BPEMEHUN — HaNpuMep,
pacnosHaBaHne peyu.
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YTo Takoe malmHHoe oby4eHue KpaTkas ncropus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

OcHoBHble 3a4a4n N NOHATUA MaALUNHHOIO o6yqu|/|;|

o Oby4eHue be3 yqutens (unsupervised learning) — obyyerne, B
KOTOPOM HET MpPaBUJIbHbIX OTBETOB, TOJILKO faHHbIE:

@ KJsacTtepm3ayuns (clustering): Hafo pa3buTb AaHHbIE HA 3apaHee
Hen3BeCTHbIE KJACChl MO HEKOTOPOW Mepe MOXOXKECTU:

@ BbIAESINTb CEMEICTBA rEHOB N3 NOCJIeA0BaATENbHOCTEN
HYKNE€OTUA0B;

@ KJlaCcTepu30BaThb MOJIb30BaTENEA U NEPCOHANN30BATL MOA HUX
NPpUIOXKEHNE;

@ KJ1aCTepu30BaTb MaCC-CMEKTPOMETPUHECKOe N30bpaXkeHne Ha
4acTW C pa3HbIM COCTABOM;
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YTo Takoe malmHHoe oby4eHue KpaTkas ncropus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

OcHoBHble 3a4a4n N NOHATUA MaALUNHHOIO o6yqu|/|;|

o Oby4eHue be3 yqutens (unsupervised learning) — obyyerne, B
KOTOPOM HET MpPaBUJIbHbIX OTBETOB, TOJILKO faHHbIE:

o cHuxenne pasmepHocTu (dimensionality reduction): ganHbie
MIMEIOT OrpOMHYIO Pa3MepHOCTb (O4eHb MHOMO MPU3HAKOB),
HYXKHO YMEHbLINTL €€, BbIAENNTL CaMbleé UHPOPMATUBHbLIE
MPU3HaKU, Y4TODbI BCE BbILLEOMMCAHHbIE aITOPUTMbI CMOTN
pabotats;

o gonosHenne mMatpuy (matrix completion): ecTb paspexeHHasi
MaTpuua, Hajo NpeacKasaTb, YTO HA HeJOCTaloWUX NO3NLUSIX.

e Yacto gaHbl npaBubHble OTBETHI A5t HEDONBLLOW YacTu
JaHHbIxX — semi-supervised learning.
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YTo Takoe malmHHoe oby4eHue KpaTkas ncropus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

OcHoBHble 3a4a4n N NOHATUA MaALUNHHOIO o6yqu|/|;|

o Oby4enue c nogkpennernem (reinforcement learning) —
oby4eHmne, B KOTOPOM areHT yHUTCs N3 CODCTBEHHbIX NPob 1
ownbok:

o MHoropykue 6aHguUTbI: €CTb HEKOTOPbLI Habop AelicTBuii,
KaXK[oe 13 KOTOPbIX BEAET K CAyYaliHbIM pe3yabTaTaM; HY>KHO
MONYHUTb KaK MOXHO DoNbLINA foxon;

o exploration vs. exploitation: kak u Korga oT ucciaefoBaHus
HOBOIO MEPEXOANTb K UCMOJIb30BAHUIO TOFO, YTO YXKE U3YHUI;

o credit assignment: KOH(ETKY JAIOT B CAMOM KoHLe (Bblurpasn
NapTWio), U HAZO KaK-TO PaCNpesieNnTb 3Ty KOH(ETKY No BCem
X0f,aM, KOTOpble npusenu K nobege.
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

OcHoBHble 3a4a4n N NOHATUA MaALUNHHOIO o6yqu|/|;|

@ akTuBHoe oby4yenme (active learning) — kak BbibpaThb
cnepytowmii (OTHOCUTENILHO [OPOrOiA) TECT;

e obyuenne panxuposaruto (learning to rank) — opguHansHas
perpeccusi, Kak NOPOANTb YNOPSAOYEHHBIN CNNCOK
(nHTepHeT-nonck);

@ bycrurr (boosting) — kak CKOMBUHNPOBaTL HECKOJILKO CNabbIx
K1aCCUPUKATOPOB TakK, HTODLI MOAYYNIICS XOPOLUNIA;

e Bribop mogesnn (model selection) — rae npoeecTu YepTy mMexay
MOZENAMUN C MHOTMMWU NapaMeTpamm U C HEMHOTUMU.
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YTo Takoe malmHHoe oby4eHue KpaTtkas uctopus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

BeposiTHOCTb B MalwnHHOM 0Dy4eHUy

o Bo Bcex meTosax n nofxofax o4eHb NPUroAUTCS METOA,
KOTOPbIi MOr Dbl He MPOCTO Bbl4aBaThL OTBET, a eLlé
OLEHMBATb, HAaCKOJIbKO MOJesNb YBEPEHA B 3TOM OTBETE,
HaCKOJIbKO MOJeNlb XOPOLLO ONUCLIBAET AaHHble, Kak
N3MEHATCS 3TU BeJNYUHbI NPU JaSbHERLINX DKCNEPUMEHTAX 1
T.A.

@ [losToMy ueHTpanbHyO posib B MalWMHHOM Oby4YeHun murpaet
TEOpUsi BEPOSITHOCTEN — 1 Mbl TOXe Dyaem eé akTUBHO
NMPUMEHSTH.
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YTo Takoe malmHHoe oby4eHue KpaTkas ncropus Al
Baiiecosckuii nogxon MawunHHoe oby4yeHne: cyTb

cTtounnkn

@ Christopher M. Bishop, Pattern Recognition and Machine
Learning, Springer, 2007.

e Kevin Murphy, Machine Learning: A Probabilistic Perspective,
MIT Press, 2013.

@ Trevor Hastie, Robert Tibshirani, and Jerome Friedman, The
Elements of Statistical Learning: Data Mining, Inference, and
Prediction, 2nd ed., Springer, 2009.
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@ Yo Takoe mawumHHoe obyueHue

o KpaTkas uctopust Al

@ MawwHHoe obyyeHue: cyTb

© Baiiecosckuii noaxon

@ OcHoBHble onpeaeneHuns
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YTto Takoe mawmHHoe oby4eHue

~ ~ OCHOBHbIe onpeapeneHns
Baiiecoscknii noaxon

OcHoBHble onpeseneHns

@ Ham He noHagobsTcs maTemaTnyeckue onpegeneHus
curma-anrebpbl, BEpOSITHOCTHON Mepbl, bopenescknx
MHOXECTB U T.TI.

o [locTaTo4HO MOHMMATL, 4TO BbLIBAIOT AUCKPETHbIE CAyHaliHble
BENNYMHBI (HEOTPULATENbHbLIE BEPOSTHOCTU UCXOAOB B CyMME
[atOT efUHILY) N HEMPEPLIBHbIE Cly4YaliHble BENUYNHbI
(MHTerpan HeoTpULATENBHON DYHKLMIA MNOTHOCTM paBeH
equHmLE).
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YTto Takoe mawmHHoe oby4eHue

~ ~ OcHoBHble onpeapeneHns
Baiiecoscknii noaxon

OcHoBHble onpeseneHns

o CoBMecTHasi BEpOSITHOCTb — BEPOSITHOCTb OAHOBPEMEHHOMO
HacTynneHus AByx cobbitTuii, p(x, y); mapruHanusauyus:

px) =) plx,y).
y

@ VC/10BHasi BEPOSITHOCTL — BEPOSITHOCTb HACTYMJEHNSI OGHOIO
cobbITUSA, €CIN N3BECTHO, 4TO Npousoluno apyroe, p(x | y):

p(x,y) =p(x|y)ply) = ply | x)p(x).
o Teopema baiieca — n3 npeapiayuiein popmynsi:

plylx) = pixlylply) _  plxly)ply)
p(x) >, pixly)ply’)

@ Hezasucumoctb: x n Y H€3aBUCUMBbI, eCnin

p(x,y) = p(x)ply).
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YTto Takoe mawmHHoe oby4eHue

~ ~ OCHOBHbIe onpeapeneHns
Baiiecoscknii noaxon

O bonesHsx 1 BEPOATHOCTSIX

o [lpuBeném knaccmyeckuii npuUMep U3 Knaccu4yeckoii obnactu
NMPUMEHEHNS CTaTUCTUKN — MeANLINHBI.

@ [lycTb Heknii TeCcT Ha KaKyto-HUbyab bone3Hb nmeeT
BeposiTHOCTb ycnexa 95% (T.e. 5% — BeposiTHOCTL Kak
NO3WTUBHOI, TaK U HEraTUBHON OLIJI/I6KVI).

@ Bcero bonesHb umeetcs y 1% pecnoHaeHToB (OTI0XKUM Ha
BPEMSs TO, YTO OHU PA3HOrO BO3pacTa u NPoeccuii).

o [NycTb HeKMil YenoBek MONYHNT MO3UTUBHLIN pe3yNbTaT TecTa
(TecT rosopuT, 4TO oH bonen). C Kakoii BEPOSITHOCTHIO OH
nelictentensHo bonen?
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~ ~ OCHOBHbIe onpeapeneHns
Baiiecoscknii noaxon

O bonesHsx 1 BEPOATHOCTSIX

o [lpuBeném knaccmyeckuii npuUMep U3 Knaccu4yeckoii obnactu
NMPUMEHEHNS CTaTUCTUKN — MeANLINHBI.

@ [lycTb Heknii TeCcT Ha KaKyto-HUbyab bone3Hb nmeeT
BeposiTHOCTb ycnexa 95% (T.e. 5% — BeposiTHOCTL Kak
NO3WTUBHOI, TaK U HEraTUBHON OLIJI/I6KVI).

@ Bcero bonesHb umeetcs y 1% pecnoHaeHToB (OTI0XKUM Ha
BPEMSs TO, YTO OHU PA3HOrO BO3pacTa u NPoeccuii).

o [NycTb HeKMil YenoBek MONYHNT MO3UTUBHLIN pe3yNbTaT TecTa
(TecT rosopuT, 4TO oH bonen). C Kakoii BEPOSITHOCTHIO OH
nelictentensHo bonen?

o OTseT: 16%.
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~ ~ OcHoBHble onpeapeneHns
Baiiecoscknii noaxon

JlokazaTenbCcTBO

o ObosHauum Yepes t pesynbTaT TecTa, yepes d — Hanum4me
bonesnu.

o p(t=1)=p(t=1ld =1)p(d =1)+p(t = 1|d =0)p(d = 0).

@ llcnonb3syem Teopemy baiieca:

B p(t=1/d =1)p(d =1)

~ plt=1d=1)p(d =1)+ p(t =1|d =0)p(d = 0)
- 0.95 x 0.01
~0.95 x 0.01 +0.05 x 0.99

= 0.16.
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~ ~ OcHoBHble onpeapeneHns
Baiiecoscknii noaxon

BbiBos

@ Bort Takne 3a4a4n COCTaBNAAKOT CYyTb BEPOATHOCTHOIO BblBOAA
(probabilistic inference).

@ [lTockonbKy oHM 0bbIYHO OCHOBaHbI Ha Teopeme baiieca, BbiBOg
4acTo HasbiBatoT baiiecosckum (Bayesian inference).

@ Ho He Tonbko no3TOMY.
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BeposiTHOCTb Kak 4acToTa

@ OBbIYHO B K/1AaCCMYECKOR TEOPUN BEPOSITHOCTEIA,
NpoucxonsLeid U3 PU3nNKM, BEPOSITHOCTb MOHUMAETCS Kak
npeaes OTHOLEHUSI KOJIMYECTBA ONpeaenéHHoro pesynbTaTa
3KCMeprMEHTa K ODLLEMY KONMHECTBY SKCMEPUMEHTOB.

o CraHpapTHbIii npumMep: bpocaHue MOHETKM.
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BeposiTHOCTb Kak CcTeneHb L0OBEpUS

@ Mbl Mmoxem pPacCy>XaaTb O TOM, KHACKOJIbKO BEPOATHO» TO,
4TO

o cbopHasi Poccun nobeguT Ha YemnuoHaTe mupa no cytbosy B
2018 roay;

o «Opguccetoy Hanmcana XeHLMHA;

o KepeHcknii bexan 3a rpaHuLy B XEHCKOM MIaTbe,;

@ Hoo LCTPEMALLEMCA K BECKOHEYHOCTUN KONNYECTBE
SKCNEPUMEHTOB» FOBOPUTbL 6eccMbICNEHHO — SKCNEPUMEHT
30€Cb POBHO OOWNH.
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Baiiecoscknii noaxon pen

BeposiTHOCTb Kak CcTeneHb L0OBEpUS

@ 37ecb BEPOSITHOCTU YXXE BbICTYNAIOT KakK CTENeHu JOBEPUS
(degrees of belief). 910 baltecoBckmii nogxon K BepOATHOCTAM
(Tomac Baitec Tak noxuman).

@ K cuacTbio, 1 Te, 1 Apyrue BEpOSITHOCTN MOAHUHSIOTCS OLHUM
N TEM >KE€ 3aKOHAM; €CTb Pe3y/bTaTbl O TOM, YTO BMOJIHE
€CTECTBEHHbIE aKCUOMbI BEPOSITHOCTHOIA IOTUKK TYT XKe
NPUBOAST K BecbMa y3komy knaccy dyHkuumii (Cox, 19).
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[MpsiMble n 0bpaTHble 3a8a4u

o [lpamas 3agaya: B ypHe nexaT 10 wapos, n3 HUx 3 4EpHBbIX.
KakoBa BeposaTHOCTb BbIbpaTh Y4€PHbIA Wwap?

@ nu: B ypHe nexat 10 wapos ¢ Homepamu oT 1 go 10. Kakoga
BEPOATHOCTb TOrO, YTO HOMepa TPEX NOCNEeA0BATENLHO
BbIOpaHHbIX WapoB fagyT B cymme 127

o ObpatHast 3ajaya: nepes Hamu ABe ypHbl, B Kaxgoi no 10
LLIApOB, HO B OAHOM 3 4YEpHbIX, a B gpyroii — 6. KTo-To B3sin
3 KaKOM-TO YpHbI LLAP, U OH OKa3sascs 4€pHbiM. Hackonbko
BEPOSAITHO, 4TO OH Bpan wap 13 nepsoli ypHbI?

@ 3ametbTe, 4TO B 0OpaTHOI 3ajaye BEPOSITHOCTM Cpasy CTanu
BaiiecoBcknMmn (XOTb 3[€CH U MOXHO NepeopMyMpoBaThb
4epes HacToThl).
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[MpsiMble n 0bpaTHble 3a8a4u

@ lHaye roeopsi, NpsiMble 3afla4n TEOPUU BEPOSITHOCTEN
OMUCLIBAIOT HEKUI BEPOATHOCTHBIV NPOLLECC UM MOAENb 1
NPOCAT NOACYNTATL TY WM UHYK BEPOSITHOCTL (T.€.
(haKTUHECKN MO MOAEN MPELCKa3aTh NOBEAEHNE).

@ ObpaTHble 3afa4n COAepXKaT CKPbITbIE nepemMeHHble (B
npUMepe — HOMEP YPHbI, N3 KOTOpoii bpann wap). OHn Yacto
NPOCAT MO W3BECTHOMY MOBELEHMIO NMOCTPOUTL BEPOSITHOCTHYHO
MoAenNb.

@ 3afayn MalWNHHOrO 0bydeHUst ObbIYHO SIBAAIOTCA 3a4adYamm
BTOPOI kaTeropuu.
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Onpepeneruns

e 3anuwem Teopemy baiieca:

p(0)p(D|0)
p(D)

e 3peck p(0) — anpuopHas BeposiTHocTs (prior probability),
p(D|0) — npasgonogobue (likelihood), p(6|D) —
anoctepuopHas BeposiTHocTh (posterior probability),

p(D) = [ p(D|6)p(6)d0 — BeposiTHocTb AaHHbix (evidence).

@ Boobuwe, ¢pynkymns npasgonogobus umeeT Bug,

p(0|D) =

ar plylx =a)

0N HEKOTOPOI CNyYaliHOW BENNYUWHBI V.
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Baiiecoscknii noaxon
ML vs. MAP

OcHoBHble onpegeneHnsi

@ B cratuctuke obbiuHO MWYT runoTesy MakcumasnbHoro
npasgonogobus (maximum likelihood):

Op = argmaxgp(D | 0).

o B bailecoBckom noaxofe MWYT anocTepuopHoe pacnpeseseHmne
(posterior)
p(0|D) o p(D|0)p(0)

N, BOSMOXXHO, MaKCUMaJIbHYIO aroCTEPUOPHYIO INMOTE3y
(maximum a posteriori):

Omap = argmaxgp(0 | D) = argmaxgp(D | 0)p(0).
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[NlocTaHoBKa 33aga4u

o [lpocTas 3ajaya BbIBOAA: faHa HEYECTHAst MOHETKa, OHa
nopbpowena N pas, nmeeTcst NocnefoBaTENbHOCTb
pe3ynbTaToB NafileHust MoHeTku. Hapo onpepennThb eé
«HeYyeCcTHOCTb» W NpeAckasaTb, YEM OHA BbINAfeT B
cnepyrownin pas.

@ ['vnoTesa MakcUManbLHOro NpaBaoONoAobusi CKaXeT, YTo
BEPOATHOCTb PELUKMN PaBHA YUCJY BbINABLUNX PELUEK,
[ENIEHHOMY Ha YNCNO 3KCMEPUMEHTOB.
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[NlocTaHoBKa 33aga4u

o [lpocTas 3ajaya BbIBOAA: faHa HEYECTHAst MOHETKa, OHa
nopbpowena N pas, nmeeTcst NocnefoBaTENbHOCTb
pe3ynbTaToB NafileHust MoHeTku. Hapo onpepennThb eé
«HeYyeCcTHOCTb» W NpeAckasaTb, YEM OHA BbINAfeT B
cnepyrownin pas.

@ ['vnoTesa MakcUManbLHOro NpaBaoONoAobusi CKaXeT, YTo
BEPOATHOCTb PELUKMN PaBHA YUCJY BbINABLUNX PELUEK,
[ENIEHHOMY Ha YNCNO 3KCMEPUMEHTOB.

@ To ecTb ecnu Bbl B35 HE3HAKOMYIO MOHETKY, nogbpocunu eé
OAMH Pa3s 1 OHa BbiNajia PELLUKOld, Bbl TeMepb OXMAAETE, YTO
OHa Bcerga byseT BbINaAaTh TONBKO PELLUKONA, NPaBUAbHO?

e CrpaHHO nony4aercsi... faBaiite norosopum ob atom
nonoapobHee Ha CrieAyOLLER Nekumnn.
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VnparkHeHUs

YnpaxHeHue.

1. V moero 3Hakomoro gsa pebénka. Byaem npegnonaraTs, 4to non
pebéHka BbIbMpaeTCs HE3aBUCUMO U PAaBHOBEPOSITHO, C BEPOSITHOCTbLIO %
[Be noctaHoBKM Bompoca:
(1) s cnpocun, ecTb My HEFO MasIbYUKK, 1 OH OTBETMI <Aa»;
KaKOBa BEPOSITHOCTb TOrO, Y4TO OAWH U3 AeTell — AeBOYKa !
(2) s BCTpeTuUn ogHOro U3 ero AeTeli, U 3TO Masb4MK; KaKoBa
BEPOSITHOCTb TOFO, 4TO BTOPOI pebEéHoK — AeBoqKa?
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~ - OCHOBHbIe onpepeneHns
Baiiecoscknii noaxon

Vnpa>kHeHus

YnpaxHeHue.

2. Mpowusowno ybuiicteo. Ha mecTe ybulicTea HaligeHa KpoBb, KOTopast
ABHO npuHagnexut ybuiine. Kposb npuHagnexnT pegkoii rpynne,

KoTopas npucyTcTeyeT y 1% Hacenenms, B TOM 4ucne y nNoACyaMMoro.

(1) Mpokypop roeopuT: «LllaHc, 4To y nogcygumoro bobina 6kl
MMEHHO TaKasl rpynna KpoBu, eciv bbl OH Dbl HEBMHOBEH —
Bcero 1%; 3HaunT, c BepoaTHocTbio 99% oH BuHOBEH». B uém
HEe npas Npokypop?

(2) AgokaT rosoput: «B ropoge XMBET MUIANOH YENOBEK, TO
ectb y 10000 n3 Hux Takasi rpynna KpoBu. 3Ha4UT, BCE, YTO
rOBOPUT HaM 3Ta KPOBb — 3TO 4TO MOACYAUMbIVi COBEPLUMNI
ybuiicteo ¢ BeposTHocTbio 0.01%; Hukakoe 3To He
[0Ka3aTeNbCTBO». B 4ém He npas agBokat?
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