rPAOUYECKWUE MOAENN
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14 chespans 2018 1.

Random facts:

+ 14 deBpans --- [leHb CBATOro BaneHTuHa, NPOUCXOAALWNI OT Nynepkanui, npasgHuka
NNOAOPOANSA B YECTb HOTMHU «TMXOPAAOUHOW» N06BM Juno Februata n MaBHa; BO Bpems
nynepkanuin n3 WKyp KepTBeHHbIX XUBOTHbIX M3rOTaBNVMBANNCh GUYM, MOMOAbIE NOAY
6panu Ux 1 ronbiMy 6exani nNo ropoay, yaapsa 6UYomM BCTPETUBLIMXCA HA NMYTU XEHLLWH; TaK
NOSBUACA NPA3AHMK NIOOBN.



rPAOUYECKWUE MOAENN




B YEM )KE MPOB/TEMA

- B npeablaylinx Nekumax Mbl paccMoTpeny 3aaady 6anecoBckoro
BbIBOAA, BBV MOHATME CONPAXEHHOTO anpPropPHOro
pacnpeneneHuns, MoHAIM, UTO Halla OCHOBHAsA 334a4a — HanTu
anocTepuropHoe pacnpeneneHune.

- Ho ecnu BCE Tak NPOCTO — B3SIIM UHTErpasn, noc4nTanu, BCé
NONYYNNOCh — O YEM e 3eCb Lienasa Hayka?

- Mpo6nema 3aKnouaeTcs B TOM, UTO pacnpeaeneHus, KoTopbie
HAC MHTEPECYIOT, 06bIYHO CTMLLIKOM CMOXHbIE (CTUWKOM MHOTO
NnepemMeHHbIX, CTOXKHbIE CBA3N).

-+ Ho, C ApYron CTOPOHbI, B HVX €CTb JOMOMHUTENbHASA CTPYKTYPA,
KOTOPYO MOXHO MCMONb30BaTh, CTPYKTYpa B Buae
HEe3aBUCUMOCTEN U YCTOBHbIX HE3ABUCUMOCTEN HEKOTOPbIX
nepemMeHHbIX.



rPAOUYECKUE MOJENN C HAMPABNEHHbIMW TPAGAMU

+ [lpuMep: paccMOTPUM pacrnpegeneHmne TPEX NepemMeHHbIX 1
3anuiiem ero no hopmysne NoTHON BEPOSTHOCTU:

p(z,y,2) =p(z | y,2)p(y | 2)p(2).

- Tenepb Hapucyem rpad, B KOTOPOM CTPENKK YKa3blBatOT, KaKune
YCNOBHbIE BEPOATHOCTY 3aAaHbl.

- Moka rpac NONHOCBA3HbIN, 3TO HAM HUYero He AaeT — nboe
pacnpegenexue p(xy, ..., ,) Tak MOXHO Nepenucarb.

-+ HO ecny HEKOTOPbIX CBA3EW Hem, 3TO AAET HaM BaXKHYH0
VH(OPMALIMIO 1 YNPOLLAET KU3Hb.



rPAOUYECKUE MOAENN C HAMPABTEHHbIMW T'PA "

- PaccmMOTpyM HanpaBAeHHbIN aunMKNMYeckni rpad Ha BepLlnHax
Ty, .., Ty Y 33AAANM B KQKAOW BEPLWMHE pacnpeneneHuns
p(x; | pa(zx;)). Toraa 6yaem roBopuTb, UTO rpad € 3TUMu
NOKanbHbIMU pacnpefeneHnsamu ABsSeTcs rpaduuyeckon
MOfenbio (6anecoBCKON CETbI0 A0BEPUd) AN COBMECTHOrO
pacnpeneneHns BeEpOSTHOCTEN

k
p(l‘l, 7xk) = Hp(xz | pa(xz))
=1
- [pyrumu cnoBamu, eCiv Mbl MOXEM Pas3NoXnTb 6onbluoe
COBMECTHOE pacnpeaeneHne B Npon3BeaeHne noKanbHbIX
pacnpeneneHunit, Kaxaoe U3 KoTopbix CBA3bIBAET Masno
nepemMeHHbIX, 3T0 XOpoLo. :)



rPAOUYECKUE MOJENN C HAMPABNEHHbIMW TPAGAMU

- Mpumep: obyyeHne NapameTpoB pacnpeaeneHus no
HECKOMbKIM 3KCNepumeHTam (MNawkm, MOXHO HApUCOBaTb
napameTpbl ABHO):

p(zq,...,x,,0) = p(0) 4 p(z; | 0).

* YTO MOXHO CKa3aTb O (He)3aBMCMMOCTY CYYaNHbIX BENWNYUH z;
n xj?

- 3aja4a BbiBOAA Ha rpauyeckon Mofenmn: B HEKOTOPOW YacTu
BepLWWH 3HAYeHNA HABMIOAATCS, HaJo NepecunTaThb
pacnpeaeneHus B Apyrux seplinHax (noacynTaTb YyCIoBHbIE
pacnpeaenenud). Hanpumep, U3 3Toi MOLENMU MOMYUYaTCa U
3ajava obyyeHns napameTpoB, v 3a4aya nocneayoLlero
npenckasaHus.



rPAOUYECKUE MOJENN C HAMPABNEHHbIMW TPAGAMU

+ d-pasfennmocTb — YCOBHAA He3aBNCUMOCTb, BblpaXKeHHana B
CTPYKTYpe rpada:
- nocnepoBsatenbHas cBasb, p(x, y, z) = p(x)p(y | z)p(z | y):
+ ecnu y He Habnwaaercs, To
p(z,2) = p(z) [ply | 2)p(2 | y)dy = p(x)p(2 | );
+ ecnu y Habnwagaetcs, To
plz, 2| y) = plz,y.z) _ p(z)pylz)p(zly)

p(y) p(y)
NONYYNIN YCNOBHYIO HE3aBUCUMOCTb.

=p(z|yp(z|y),

NMocnenoBaTtenbHasA CBA3b



rPAOUYECKUE MOJENN C HAMPABNEHHbIMW TPAGAMU

- pacxoAawasncs ceasb, p(z,y, z) = p(z)p(y | z)p(z | z), - Tak xe:
- ecnu y He Habnaaerca, To
p(z,2) = p(x)p(z | z) [ p(y | z)dy = p(x)p(z | z);
- ecnu y Habnoaaerca, To
p(e,z | y) = BEls) = pelelimplle) = p(z | y)p(z | y),
NOMYYUIN YCIOBHYIO HE3aBUCNMOCTb.

<

Pacxopsiuascs cessb



rPAOUYECKUE MOJENN C HAMPABNEHHbIMW TPAGAMU

- VIHTepecHbIV cnyyan — cxoaawasncs ceasb, p(x, v, z) = p(z)p(y)p(z | =, y):
- ecnu z He Habnogaetcd, 10 p(x, y) = p(x)p(y), HE3aBUCUMOCTb
ecTb;
* eI 2 HABNIOAAETCA, TO p(z, y | 2) = RlE2) = PEpWipizlz.y), y
YCMIOBHOW HE3aBUCMMOCTU HETY.

O606ueHne: ecnn HabntogaeTca xoTs Obl
OfIVH 13 MOTOMKOB 2, Y)K€ MOXET He 6bITb
HE3aBUCUMOCTU MEXAY T U 3.

Cxopasiuasics cBs3b



rPAOUYECKUE MOAENN C HAMPABTEHHbIMW T'PA "

- MOXHO cchopMynMPOBaTb, KaK CTPYKTypa rpadia COOTHOCKTCS C
YC/TOBHOW HE3aBMCMMOCTbIO: B rpade, rae BeplviHbl U3
MHOXeCTBa Z nonyunnu o3Haunearms (evidence), ABe eué He
O3HauYeHHble BEPLUHbI z U y YCNOBHO HE3aBWUCHMbI MPU
YCNOBUY MHOXECTBA 03HAUYEHHbIX BEPLWUH Z, eCnn Nto6ou
(HeHanpaBneHHbIN) NYTb MEXAY & U y:

- 60 NPOXOANT Yepe3 03HAYEHHYIO BEPLWNHY z € Z C
NoCNeaoBaTeNbHON UNW PACXOAALLENCS CBA3bIO;

- nnéo npoxXoanT Yyepe3 BeplnHy CO CXO,CI,HU.I,QI?ICH CBA3bIO, B
KOTOpOl;l HW OHa, HW €€ NOTOMKMU He nonyynnu 03HaAYMBAHW.



rPAOUYECKUE MOAENN C HAMPABTEHHbIMW T'PA "

- MOXHO CKa3aTb, UTO rpad) 3a4aET HEKOTOPOE CEMENCTBO
pacnpefeneHnii — He Bce pacnpefeneHns Ha BeplinHax rpada
6yayT COOTBETCTBOBATL TEM OrPaHNUYEHUSAM MO YCNOBHOW
He3aBMCKUMOCTH, KOTOpble HaKMaablBaeT CTPYKTypa rpada.

- Teopema (6e3 [oKa3aTeNnbCTBa): 3TO CEMENCTBO pacnpegeneHun
B TOYHOCTY COBMAgaeT C CEMeNCTBOM Tex pacnpeaeneHuni,
KOTOPbIE MOXHO Pa3fNoXUTb B NPOV3BEaeHMe

k

Py, @) = [ [ p(; | pa(z,)).

i=1



MPUMEP BAMECOBCKOW CETWU
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MARKOV BLANKET

- MIHTEepecHbI BOMPOC: KaKne BEPLUINHbI HYXHO 03HAUYUTb, YTObbI
HaBepHAKa «oTpesatb» oaHy sepwnHy (Markov blanket)?

- VIHaye roBops, A9 KaKOro MMHUManbHOrO MHOXeCTBa BepLNH
X p(z; | xj;c’:i) =p(z; | X)?



MARKOV BLANKET



APYITNE TPAONYECKWE MOAENN




rPAOUYECKWUE MOJENN C HEHAMPABNEHHBIMU TPAGAMUN

- MOXHO caenaTb 1 TakK, YTobbl yCNOBME HE3ABUCMMOCTU ObINO
(6onee) nokanbHbIM.

+ [Ins 3TOro Hy)XHO 3a4aBaTb MOLENW HEeHANPAaBNEHHbIMU
rpaamm. B HUX ycnoBme COBCEM eCTECTBEHHOE: MHOXECTBO
BEPWWH X YCMIOBHO HE3aBUCUMMO OT MHOXECTBa BEPLWIWH Y npu
YCMOBUM MHOXECTBA BEPWUH Z, ecnun no6omn NyTb oT X K Y
NpPOXo4unT yepes Z.

- B yactHoCTH, 0UeBUAHO,
P(l'wl'j | xk#i,j) = p(z; | fk#,j)p(xj | Wk;ki,j) Toraa 1 Tonbko
TOrAa, Koraa x; U x; He CoefiHeHbl pebpom.

- Takme Mofenu HasbiBaloTca mapkosckumu cemamu (Markov
random fields).



YCNTOBHAA HESABUCUMOCTb B HEHAMPAB/TEHHbIX MOAENAX




rPAOUYECKWUE MOJENN C HEHAMPABNEHHBIMU TPAGAMUN

- T103TOMY B HEHamnpaBneHHbIX MOAENAX TOKANbHbIE
pacnpefeneHns COOTBETCTBYIOT KNWKam B rpade, u
thakTopM3aLMa NonyyaeTcs B BUAE

pes, e m) = 5 [[bele)

roe C' — MakcUMasbHble KIUKK, o — HeOTPULATEbHbIE
thyHKUMKM (nomeHyuans), a Z - HOPMUPOBOYHAA KOHCTAHTa
(partition function).

- TToCKONbKY 9 > 0, X 0ObIYHO NPECTABAAIOT KaK IKCMOHEHTbI:

Yo(re) = exp (—Eq(zc)),

Eq = OyHKLUWN 3HEPTUW, OHW CYMMUPYIOTCA B MOMHYIO 3HEPTHUIO
cucTembl (3TO BCE MOXOXKe Ha CTaTUCTUUECKyto UMKy, OTCIOAA U

TEPMUHONOTNA).
M



rPAOUYECKWUE MOJENN C HEHAMPABNEHHBIMU TPAGAMUN

- WHTepecHbIi hakT: Ha30BéM udeanbHol kapmou (perfect map)
pacnpegenexnuns D rpaduyeckyto mogens G, eCny BCe YCIOBHbIe
HE3aBMCUMOCTU, NPUCYTCTBYIOWME B D, 0TO6paxeHbl B G, 1
HA060pOT (H1Yero NuwwHero). Toraa waeanbHble KapTbl B BUAE
HaMpaBeHHbIX MOAENe CyLEeCTBYIOT He Y BCex pacnpefeneHui,
B BUE HEHAMPABEHHbIX TOXE HE Y BCeX, U 3TU MHOXEeCTBa
CYLLECTBEHHO pa3nuuatotca (6biBaloT pacnpenenexus, Kotopble
HeNb3A UAeanbHO BbiPa3uTb HANPaBNeHHON MOLENbH, HO
MOXXHO HeHanpasneHHoNn, n Hao6bopoT).

1



OAKTOP-TPADDI

- BaxkHas ang BbiBoAA Mogudukaumsa — pakmop-2pac (MoxHo
MOCTPOUTb ¥ MO HAaMpaBNeHHOW MoAenu, U nNo
HeHanpasneHHOoN).

- @akTop-rpad — ABYAONbHbIV rpad QYHKUAN 1 MEPEMEHHDbIX.

- MYHKLMSA, COOTBETCTBYIOWAn rpady, — nponssegeHve Bcex
BXOAALIMX B HEr0 PYHKLM (T.e. TO camoe pasnoxeHune v ecTb).

* Mpumep: p(zy, Ty, z3) = f1(21) fo(@2) f5(x3) f4 (21, T3) f5 (T2, 5).
L1 Lo xrs



CNACKBO!

Cnacn60o 3a BHUMaHue!
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