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A ecnu aTo CTyAeHT
npuknagHou MatemMaTukn?
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— A ecnu 910 Data Scientist?




0 paccyxpeHuax

e Yy HaC eCTb Kakoe-To NpegBapuTensHoe 3HaHume (prior)

® Mbl OLleHVIBaeM CObbITVE C y4eTOM NpeABapuTeNbHOro
3HaHuA (likelihood)

e Mbl OOGHOBNAEM HALUW OLEeHKV NPV NOCTYMN/IeHUN
HOBbIX AaHHbIX (posterior)



Teopema baieca

P(D|T)P(T)

P(TID) =

P(C

v



Teopema baieca

P(Data|Theory)P(Theory)

P(Theory|Data) = P(Data)




Yro Takoe GaiecoBckue cetu



bailecoBckue cetu

CJIOXXHOCTB
TecTa

HanpaB/ieHHbIN auuKaInYeCcKnia
rpad

Pebpa nokasbiBatOT NPUYNHHO-
CNefCTBEHHYIO CBA3b

Tonbko HenocpeaCcTBEHHbIE
CBA3Y

3ajaHbl YC10BHbIe
BEPOATHOCTM MOTOMKOB Mpu
yC/10BUV NPesKoB

P4 orpaHynyeHu Ha CBA3K



bailecoBckue cetu

CJI0KHOCTDb
TecTa

PaccyxaeHuna = pacnpocTpaHeHue
(nponarauymva) cBraeTenbLCcTBa --
MNOABUNNCH HOBble laHHble,
HY>XHO OLeHNTb N3MEeHEeHUS B
ApYyrux sBepLUumHax



A37v|;| KypeHue
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Tybepkynes Pak nerkux
TB vs PJ1 BpoHxuT
PeHTreH Opnblwka

BbiBoA B ABYX HanpasneHusx (Lauritzen S, Spiegelhalter D)





https://jiajin.shinyapps.io/shinyBN/

HausHbIi GailecoBckuit Knaccudukartop

® HYXXHO HAUTU CaMytO BEPOSATHYHO
Teoputo T (MK oLEeHNTL NapamMeTp)
npw ycnosBun gaHHbIxX D

e B MNpeArnosIoXeHUN, YTo oTAe/IbHble
3/1eMeHTbI AaHHbIX He3aBUCMbI NpU
GVIKCMPOBAHHOM 3HayveHUn T,
CNIOXKHas GopMysia BEPOATHOCTU
CBOAUTCA K Npou3BeLeHnIo .

OoTAe/IbHbIX 3/1EMEHTOB




BbiBoa B 6aiiecOBCKMX ceTax

B o6uiem cnydae cnoxHee, HO UAEs Ta Xe -- Pas/ioXnTb
60bLUOE pacnpesenieHre Ha MPou3BeeHe ManeHbKUX

Kak cneactBue -- orpaHnYeHnsa Ha

e pacnpejeneHus
O  AWNCKPETHble
o MHOIoMepHble HOPMaJ/lbHbIE
o CMellaHHble

® CTPYKTYpbI



BbiBoa B 6aiiecOBCKMX ceTax

T.e. pa3briBaeM CNOXHbIE B3aUMOCBS3M MeXay 601bLINM

YNC/ZIOM MNepemMeHHbIX Hd bonee NPOCTbIE YaCTW

aK cieaActBme -- orpaHN4YeHnA Ha

e pacnpejeneHus
O  AWNCKPETHble
o MHOIoMepHble HOPMaJ/lbHbIE
o CMellaHHble

® CTPYKTYpbI



Bayesian Networks (baecoBckue ceTm)

e BepoAaTHOCTHbIE rpaduyeckme Mogenu
y P(B|A)P(A
e (OcHoBaHbl Ha TeopeMe baneca: P(A|B) = ( ;(2?)( )

> Korza Mbl noJsiydaemM HOBblEe AdHHbIE (cBMAeTenbCTBa), Mbl
nepecynTblBaeM NCXO4HbIE NMPEANON0XEHNA

o Ecnum Mbl 3Haewm, UTo y Naccaxuvpa BbICOKMM YPOBEHb B MPOrpaMme
NOSANBHOCTU, Mbl MEPEeCYUTLIBAEM €70 OXNAAEMYHO
YAOBNETBEPEHHOCTb



Yro Mbl u3Mepsiem?

Mpumep: airlines
Kakmne ¢pakTopbl MOTYT 6bITb NOJIE3HBIMY MNPY OLLeHKe aBUaanHNI

e Kakue BOMPOCHI Bbl 6bl BKAOUYWIV B UHCTPYMEHT?
e Kakuve gaHHble Bbl byseTe cobupaTtb?

MOXHO N1 06beANHNTL GaKTOPbl B Kakye-TO rpynnbl?
(NepcoHanbHbIE / NoOBeAeHYeCcKMe/...)



Y1o Mbl u3MepsaeMm

e Satisfaction dimensions
o Seat comfort
o Cabin service
o Entertainment

e Segmentation variables:

o Age

o Loyalty program membership

o Distance

o Cabin class

o  Kind of travel: family / couple / solo / group, business / tourism
O

Mprmep: Skytrax


https://www.airlinequality.com/write-a-review/?type=airline




BeposiTHOCTHbIE rpadmueckne Mopenu

“Mopgenb”: HalLy NpeAnoaoXeHUsA 0 TOM, Kak Cl
YCTPOEH MUP (Kak MUHUMYM, ero Hebo/bLuas ass

4acTb)

“Tpadpuueckume”: npeacTaBnaemM CBA3N Mexay
dakTopamMu Kak rpadbl (BeEPLUVHLI + CTPENKW). [ Seat comfort J

e BepLUVHbI = GpaKTOPBbI [ Service ]
® CTPesiku = HEMOCPeACTBEHHbIE CBA3M

A KaK XXe KOCBeHHble CBA3?

Satisfaction




HenocpeacteeHHble B3aumocea3u (1)
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HenocpeacTeeHHble B3auMoCBA3X (2)

[MonapHble cpaBHEHUSA

A Seat comfort }
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BeposiTHOCTHbIE rpadmueckne Mopenu

“Mopenb” + "rpa(I)l/l‘-IECKaﬂ" (BepLUVHBbI + CBS3W). Cluster 1 Personal Characteristics

. —————

/ . \
f bershs membmhp_‘_

“BepoAATHOCTHaA": HaLlW NpeArnosioXeHVa O
CBA34X, BblpaXeHHble B uudppax (CPT - conditional
probability table) e | Sdoczticn

Pabota OTAabIX feasibility

“llaBneHne” BpeMeHu 0.8 0.1 \

Het naBneHus spemenn | 0.2 0.9
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Airlines Content Recommendations Based on Passengers' Choice Using Bayesian Belief Networks



https://www.intechopen.com/books/bayesian-inference/airlines-content-recommendations-based-on-passengers-choice-using-bayesian-belief-networks

Orcrynnenue:

MoAe/MpoBaHue yaoB1€TBOPEHHOCTH




[lonapHble TecTb!
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MawuHHoe 06yueHue (black-box models)
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Cluster 1 Personal Characteristics

Cluster 2 Experience or behavior Characteristics
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Cluster 3 Preference Characteristics

Cluster 4 Individual Perception

Passengers' Choice Using
Bavyesian Belief Networks
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Cluster 2 Experience or behavior Characteristics
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Airlines Content Recommendations Based on Passengers' Choice Using Bayesian Belief Networks
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Cluster 3 Preference Characteristics
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Mpumep 2: software " GComputer |

{ Functions } /

 Speed |

Satisfaction [ Price }
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Ewie pa3 npo BepoATHOCTH




pumep 2: software

[ Computer ]

'

Speed

Computer
Speed Low Medium High
Low 0.8 0.5 0.1
High 0.2 0.5 0.9




Mpumep 2: software [Satisfaction} [ Price J

-

_ Satisfaction _ Satisfaction

Churn Low High Churn Low High
Yes 0.4 0.2 Yes 0.8 0.5
No 0.6 0.8 No 0.2 0.5




Pewennga u npepckasaHus




[penckasatb oTTOK (Churn) nonb3oBarenen
[ Computer }

e [lNs yNpoOLLEHUS BbIUYNCIEHWIA:

o 50:50 HM3KWNX M BbICOKUX LLeH /
o 30:70 HM3KOI N BbICOKOW Y/0B/IETBOPEHHOCTY [ Functions } [ Speed }
e P(Churn=Yes)=0.4*0.3*0.5+ 0.2*0.7*0.5 +
0.8%0.3*0.5 + 0.5%0.7%0.5 = 0.425 \/ )
[ Satisfaction [ Price }
- Satisfaction - Satisfaction M
Churn Low High Churn Low High
Yes 0.4 0.2 Yes 0.8 0.5

No 0.6 0.8 No 0.2 0.5




U3mMeHeHus, KoTopble 3aBUCAT OT HaC

e VI3MEHUTb LieHY Ha HU3KYHO
o I3MeHUTCa N1 CTpykKTypa?
o W3MEeHATCA N BEPOATHOCTA? /
o W3MeHnTCsa v npeackasaHme? [ Functions 1 [ Speed }

Satisfaction [ Price }

[ Computer }




U3mMeHeHus, KoTopble 3aBUCAT OT HaC

e lI3meHNTCA N cTpyKTypa? -- HET
e /I3MeHATCA N BepoATHOCTU? -- 1A, 0AHa 13 TabnuL CTaHeT HEeHYXXHOM
e lI3MeHNTCA N1 NpeackasaHme? -- A

Satisfagtion

Churn Low High High
Yes 0.4 0.2 0.5
No 0.6 0.8 5

o P(Churn =Yes)=0.4*0.3 + 0.2*0.7 = 0.26




U3mMeHeHUq BHelHero Mupa

e Y KOHKYPEeHTOB HM3Kasa LeHa
o I3MeHUTCa N1 CTpykKTypa?
o  W3MeHATCS 1 BEPOATHOCTA? /
o V3MeHWUTCa nn npejackasaHme? [ Functions 1 [ Speed }

Satisfaction [ Price }

[ Computer }




U3mMeHeHUq BHelHero Mupa

e Y KOHKYPEeHTOB HM3Kasa LeHa
o I3MeHUTCa N1 CTpykTypa? --

BO3MOXHO Competi
. petitor
o W3MeHATCA 11 BePOATHOCTI? -- [ Functions 1 [ Speed i / }

BO3MOXHO
o W3MeHUTCs N npejckasaHune? Satisfaction [ Price }
- 1A S ~

[ Computer }




CrpykTypa moaenu




JneMeHTbl 6alecoBCKOM CeTU

8 £

5 EP

CprKTypa YCnoBHblEe BEPOATHOCTU




BapuaHTbl nocTpoeHus
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Kak noctpoutb 6aitecoBCKyI0 CeTb




Bayesian Network: kak noctpoutb Moaenb

[ OI'Ipe,CI,EJ'II/ITe Leb MOAENNPOBAHUA

e PaspaboTainTe CTPYKTYpPYy MOAENM
o Onpegenuvite knto4eBble GakTopbl
o Onpegenuvte ocTanbHble GaKToOPbI
o Onpegenuvte, Kakne 3Ha4YeHUs eCTb Y pakTOpPOB
o Onpegenuvte CBA3N

e Onpegennte NnapameTpbl Mogen (BEPOATHOCTN)
e Viccneaynte mogens
o dHanM3 4yBCTBUTE/IBHOCTIA

O aHaNu3 BANAHUS NepeMeHHbIX
o CUeHapHbI aHann3 nan “what-if”

e Bannanpywnte mogenb



[pumepbl
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symptoms
signs
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colonisation

pheumonia

medication
e =l
= susceptibility
aspiration mechanica immunological
4 ventilation status

MeguunHa n anarHocTuka

(Lucas P. Bayesian networks in medicine: a model-based approach to medical decision making)
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X19

MegunHa v gnarHocTumka - msopeHud

(Curiac D. I. et al. Bayesian network model for diagnosis of psychiatric diseases, 2009)
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(Curiac D. I. et al. Bayesian network model for diagnosis of psychiatric diseases, 2009)
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HapgeXXHOoCTb cuctem

(Khakzad N., Khan F., Amyotte P. Safety analysis in process facilities:
comparison of fault tree and Bayesian network approaches, 2012)



Overall
satistaction

Supphes

satisfaction from
improvements

Repurchasing

Customer Satisfaction Survey

(Salini S., Kenett R. S. Bayesian networks of customer satisfaction survey data, 2009)



Overall
satistaction

Supphes

Customer Satisfaction Survey

(Salini S., Kenett R. S. Bayesian networks of customer satisfaction survey data, 2009)
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A Bayesian Network-based customer satisfaction model: a tool for management decisions in railway
transport



FIGURE 4.
Network of public
transit service
assessment

Exploring Passenger Assessments of Bus Service Quality Using Bayesian Networks



https://scholarcommons.usf.edu/cgi/viewcontent.cgi?referer=https://scholar.google.ru/&httpsredir=1&article=1453&context=jpt



https://jiajin.shinyapps.io/shinyBN/

[lone3Hble pecypcbl

Nagarajan R., Scutari M., Lébre S. Bayesian networks in R, 2013

Hgjsgaard S., Edwards D., Lauritzen S. Graphical models with R, 2012
Cneuunanunsaumna Coursera Probabilistic Graphical Models

BeeneHne B DAG: Graphical Causal Models by Felix Elwert
https://www.ssc.wisc.edu/soc/faculty/pages/docs/elwert/Elwert%202013.p
df nsa Handbook of Causal Analysis for Social Research, 2013

e TbloTOPUAnbI N MHTEPAKTMBHBLIE NpuMepbl hitp:/daagitty.net/learn/index.html



https://www.coursera.org/specializations/probabilistic-graphical-models
https://www.ssc.wisc.edu/soc/faculty/pages/docs/elwert/Elwert%202013.pdf
https://www.ssc.wisc.edu/soc/faculty/pages/docs/elwert/Elwert%202013.pdf
https://link.springer.com/book/10.1007/978-94-007-6094-3
http://dagitty.net/learn/index.html

