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Áàéåñîâñêèå ñåòè

Â ýòîé è ñëåäóþùåé ëåêöèÿõ ìû íà âðåìÿ îòâëå÷¼ìñÿ îò

îáó÷åíèÿ è ðàññìîòðèì îñíîâíûå ïîíÿòèÿ è àëãîðèòìû òåîðèè

áàéåñîâñêèõ ñåòåé äîâåðèÿ. Çàòåì ìû íàó÷èìñÿ îáó÷àòü òàêèå

ñåòè.
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Íàèâíûé áàéåñîâñêèé êëàññèôèêàòîð

Íàèâíûé áàéåñîâñêèé êëàññèôèêàòîð ÷àñòî õîðîøî

ðàáîòàåò.

Íî îí îñíîâûâàåòñÿ íà î÷åíü ñåðü¼çíîì ïðåäïîëîæåíèè, à

èìåííî íà óñëîâíîé íåçàâèñèìîñòè àòðèáóòîâ ïðè óñëîâèè

äàííîãî öåëåâîãî çíà÷åíèÿ.

Çà÷àñòóþ òàêîå ïðåäïîëîæåíèå äåëàåò àïïàðàò

íåïðèìåíèìûì.

×òî äåëàòü?
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Îò áàéåñîâñêîãî êëàññèôèêàòîðà ê áàéåñîâñêèì ñåòÿì

Íóæíî íàó÷èòüñÿ ïðåäñòàâëÿòü ìíîæåñòâî

(íå)çàâèñèìîñòåé ìåæäó èìåþùèìèñÿ ïåðåìåííûìè.

Äîñòàòî÷íî åñòåñòâåííàÿ èäåÿ: íàïðàâëåííûé ãðàô, â

êîòîðîì ñòðåëêè ïîêàçûâàþò ïðè÷èííî-ñëåäñòâåííóþ

ñâÿçü.
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Ïðèìåð

Ïðèìåð òîãî, êàê ìîæåò áûòü

çàäàí ãðàô áàéåñîâñêîé ñåòè.

Èñòîêè � ïðè÷èíû, ñòîêè �

ñëåäñòâèÿ. Êîðíè ïîëèäåðåâà �

ïåðâîïðè÷èíû, ëèñòüÿ �

ñèìïòîìû (êàê ïðàâèëî,

èìåííî èõ íàáëþäàþò).
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Ïðèìåð

Èçíà÷àëüíî çàäàíû óñëîâíûå

âåðîÿòíîñòè ïîòîìêîâ ïðè

óñëîâèè ïðåäêîâ. Ýòî óæå

ïîçâîëèò îïðåäåëèòü

ñîâìåñòíóþ àïðèîðíóþ

âåðîÿòíîñòü ëþáîé êîìáèíàöèè

ñîáûòèé â ñåòè.
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Ïðèìåð

Ñóòü ðàññóæäåíèé â

áàéåñîâñêîé ñåòè � ïðîïàãàöèÿ

ñâèäåòåëüñòâ. Íà âõîä

ïîñòóïàþò äàííûå òèïà

¾Ëîãè÷åñêèé äèñê íåäîñòóïåí¿

è ¾Èíäèêàòîð ïèòàíèÿ ãîðèò¿,

à çàäà÷à � îöåíèòü, êàê

èçìåíèëàñü âåðîÿòíîñòü äðóãèõ

óçëîâ (íàïðèìåð, òîãî, ÷òî

¾Êîìïüþòåð óïàë ñî ñòîëà¿).
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Áàéåñîâñêèå ñåòè ïðèìåíÿþòñÿ â îñíîâíîì äëÿ ðåøåíèÿ

äèàãíîñòè÷åñêèõ çàäà÷. Íàïðèìåð, èõ ÷àñòî èñïîëüçóþò â

ìåäèöèíå è âîîáùå äëÿ îöåíêè ðèñêîâ. Ò.å. ïðîïàãàöèÿ îáû÷íî

èä¼ò ñíèçó ââåðõ, îò ñëåäñòâèé ê ïðè÷èíàì. Íî ìîæíî è

íàîáîðîò.
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Çàâèñèìîñòü â ÁÑÄ

Êàêèå óçëû (ñîáûòèÿ) â áàéåñîâñêîé ñåòè çàâèñèìû?

Ïîíÿòíî, ÷òî òå, êîòîðûå ñîåäèíåíû ðåáðîì.

Íî íå òîëüêî...
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Ïîñëåäîâàòåëüíàÿ ñâÿçü

Ïðÿìàÿ ñâÿçü ìåæäó óçëàìè ñåòè. Â ýòîì ñëó÷àå 1 âëèÿåò íà 2,

à 2, â ñâîþ î÷åðåäü, âëèÿåò íà 2, è óçëû 1 è 3 ïîëó÷àþòñÿ

ñâÿçàííûìè. Îäíàêî, åñëè â 2 ïîñòóïèëî ñâèäåòåëüñòâî, ñâÿçü

ìåæäó 1 è 3 íàðóøàåòñÿ/
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Ðàñõîäÿùàÿñÿ ñâÿçü

Èíôîðìàöèÿ îá îäíîì èç

ïîòîìêîâ ìîæåò ïîâëèÿòü íà

âåðîÿòíîñòü äðóãîãî ïîòîìêà

îäíîãî è òîãî æå óçëà. Ýòî

ñâÿçàíî ñ òåì, ÷òî íå òîëüêî

èíôîðìàöèÿ î ïðîèçîøåäøåé

ïðè÷èíå ïîâûøàåò âåðîÿòíîñòü

ñëåäñòâèÿ, íî è ñëó÷èâøååñÿ

ñëåäñòâèå ïîâûøàåò

âåðîÿòíîñòü ïðè÷èíû. Åñëè

îáùèé ïðåäîê óæå ïîëó÷èë

îçíà÷èâàíèå, òî ñâÿçü

íàðóøàåòñÿ.
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Ñõîäÿùàÿñÿ ñâÿçü

Ñâÿçè ìåæäó óçëàìè 1 è 3 íåò:

åñëè ïðîèçîøëî 1, òî ýòî

ïîâëèÿåò íà âåðîÿòíîñòü

ñîáûòèÿ 2, íî âåðîÿòíîñòü 3

èçìåíèòüñÿ íå äîëæíà.

Îäíàêî ñèòóàöèÿ ìåíÿåòñÿ,

åñëè ñâèäåòåëüñòâî 2 óæå

ïîëó÷åíî: åñëè ìû çíàåì, ÷òî

îäíà èç ïðè÷èí ïðîèçîøëà, ýòî

äîëæíî ïîíèçèòü âåðîÿòíîñòü

äðóãîé ïðè÷èíû, âåäü

ñëåäñòâèå óæå îáúÿñíåíî.
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d -ðàçäåëèìîñòü

Îïðåäåëåíèå

Äâà óçëà íàïðàâëåííîãî ãðàôà x è y íàçûâàþòñÿ

d-ðàçäåëåííûìè, åñëè äëÿ âñÿêîãî ïóòè èç x â y (çäåñü íå

ó÷èòûâàåòñÿ íàïðàâëåíèå ðåáåð) ñóùåñòâóåò òàêîé

ïðîìåæóòî÷íûé óçåë z (íå ñîâïàäàþùèé íè ñ x, íè ñ y), ÷òî

ëèáî ñâÿçü â ïóòè â ýòîì óçëå ïîñëåäîâàòåëüíàÿ èëè

ðàñõîäÿùàÿñÿ, è óçåë z ïîëó÷èë îçíà÷èâàíèå, ëèáî ñâÿçü

ñõîäÿùàÿñÿ, è íè óçåë z, íè êàêîé-ëèáî èç åãî ïîòîìêîâ

îçíà÷èâàíèÿ íå ïîëó÷èë.

Â ïðîòèâíîì ñëó÷àå óçëû íàçûâàþòñÿ d-ñâÿçàííûìè.
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Óïðàæíåíèÿ

Óïðàæíåíèå

Íàïèñàòü ïðîöåäóðó, êîòîðàÿ ïî çàäàííîìó ãðàôó (ôîðìàò

çàäàíèÿ ãðàôà ïðîèçâîëüíûé) è äâóì âåðøèíàì îïðåäåëÿåò,

d -ðàçäåëåíû îíè èëè íåò.
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Âåðîÿòíîñòè

Äî ñèõ ïîð áûëè òîëüêî ãðàôû è ðàññóæäåíèÿ ¾íà

ïàëüöàõ¿.

Òåïåðü ïîðà ïåðåéòè ê çàäàíèþ âåðîÿòíîñòåé è ïðî÷èì

÷èñëåííûì ïðèìåðàì.

Â âåðøèíàõ çàäàíû óñëîâíûå âåðîÿòíîñòè ïðè óñëîâèè

âñåãî ìíîæåñòâà ïðåäêîâ. Åñëè ïðåäêîâ íåò, âåðîÿòíîñòè

íå óñëîâíûå (à ìàðãèíàëüíûå).
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Ïðèìåð

Ñåðãåé Íèêîëåíêî Áàéåñîâñêèå ñåòè äîâåðèÿ



Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

d-ðàçäåëèìîñòü
Òåîðåìà î äåêîìïîçèöèè
Ñâèäåòåëüñòâà

×èñëåííûé ïðèìåð

Âû÷èñëèì ñîâìåñòíûå âåðîÿòíîñòè öåïî÷êè ~u~v ~w :

p(uvw) = p(w |uv)
∑

~t p(u|~t)p(v |~t)p(~t) = 0.000199025,

p(uv �w) = p(�w |uv)
∑

~t p(u|~t)p(v |~t)p(~t) = 0.000010475,

p(u�vw) = p(w |u�v)
∑

~t p(u|~t)p(�v |~t)p(~t) = 0.012722625,

p(u�v �w) = p(�w |u�v)
∑

~t p(u|~t)p(�v |~t)p(~t) = 0.038167875,

p(�uvw) = p(w |�uv)
∑

~t p(�u|~t)p(v |~t)p(~t) = 0.00160245,

p(�uv �w) = p(�w |�uv)
∑

~t p(�u|~t)p(v |~t)p(~t) = 0.00017805,

p(�u�vw) = p(w |�u�v)
∑

~t p(�u|~t)p(�v |~t)p(~t) = 0.01894239,

p(�u�v �w) = p(�w |�u�v)
∑

~t p(�u|~t)p(�v |~t)p(~t) = 0.92817711.
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Âàæíûå çàìå÷àíèÿ

Åñëè ó óçëà n ïðåäêîâ, íóæíî çàäàâàòü 2n óñëîâíûõ

âåðîÿòíîñòåé.

Åñëè ïðåäêîâ ó óçëà x íåò, íóæíî çàäàâàòü ìàðãèíàëüíûå

âåðîÿòíîñòè p(x).

Â ãðàôå çàïðåùåíû íàïðàâëåííûå öèêëû.

Âñÿ ýòà èíôîðìàöèÿ â ñóììå äàñò âîçìîæíîñòü âû÷èñëÿòü

ëþáóþ âåðîÿòíîñòü â ñåòè, ò.å. åäèíñòâåííûì îáðàçîì

çàäàñò ðàñïðåäåëåíèå.
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Òåîðåìà î äåêîìïîçèöèè

Òåîðåìà

Äëÿ ÁÑÄ, ïîñòðîåííîé íà ìíîæåñòâå ïåðåìåííûõ

S = {x1, x2, . . . , xn}, îáùåå ðàñïðåäåëåíèå âåðîÿòíîñòåé

p(~x1~x2 . . . ~xn), èíäóöèðóþùåå çàäàííûå óñëîâíûå è

ìàðãèíàëüíûå âåðîÿòíîñòè è ñîãëàñîâàííîå ñ óñëîâíîé

íåçàâèñèìîñòüþ, âûòåêàþùåé èç d-ðàçäåëèìîñòè óçëîâ,

ñóùåñòâóåò, åäèíñòâåííî è ïðåäñòàâëÿåò ñîáîé ïðîèçâåäåíèå

âñåõ òåíçîðîâ, çàäàííûõ â áàéåñîâñêîé ñåòè äîâåðèÿ:

p(~S) =
∏
x∈S

p(~x |p̃a(x)),

ãäå pa(x) � ìíîæåñòâî ðîäèòåëåé óçëà x â áàçîâîì ãðàôå ñåòè.
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

d-ðàçäåëèìîñòü
Òåîðåìà î äåêîìïîçèöèè
Ñâèäåòåëüñòâà

Ïðèìåð

Ïîïðîáóåì â íàøåì ïðèìåðå

âû÷èñëèòü p(z). Äëÿ ýòîãî

íàäî ïðîñóììèðîâàòü ïî âñåì

îñòàëüíûì âåðîÿòíîñòÿì:

p(z) =
∑

~t~u~v ~w~x~y

p(~t ~u ~v ~w ~x ~y z).

Òóò áåçóìíîå êîëè÷åñòâî

âû÷èñëåíèé.
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

d-ðàçäåëèìîñòü
Òåîðåìà î äåêîìïîçèöèè
Ñâèäåòåëüñòâà

Ïðèìåð

Ïîñëå ïðèìåíåíèÿ ïðàâèëà

äåêîìïîçèöèè ïîëó÷àåòñÿ:

p(~z) =
∑
~t

p(~t)
∑
~v

p(~v |~t)p(~z |~v)

∑
~u

p(~u|~t)
∑
~x

p(~x |~u)∑
~w

p(~w |~u~v)
∑
~y

p(~y |~w),

è âû÷èñëåíèé óæå ãîðàçäî

ìåíüøå.
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

d-ðàçäåëèìîñòü
Òåîðåìà î äåêîìïîçèöèè
Ñâèäåòåëüñòâà

Ïðèìåð

Â ýòîì è çàêëþ÷àåòñÿ ñìûñë

áàéåñîâñêèõ ñåòåé äîâåðèÿ �

ðàçëîæèòü áîëüøîå

ðàñïðåäåëåíèå íà ïðîèçâåäåíèå

ìàëåíüêèõ.
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

d-ðàçäåëèìîñòü
Òåîðåìà î äåêîìïîçèöèè
Ñâèäåòåëüñòâà

Ñâèäåòåëüñòâà

Ñâèäåòåëüñòâà � óòâåðæäåíèÿ âèäà ¾ñîáûòèå â óçëå x

ïðîèçîøëî¿. Íàïðèìåð: ¾Êîìïüþòåð íå çàãðóæàåòñÿ¿, ò.å.

w .

Ãëàâíàÿ íàøà çàäà÷à: íàó÷èòüñÿ ïåðåñ÷èòûâàòü

âåðîÿòíîñòè ïðè ïîñòóïëåíèè ñâèäåòåëüñòâ.
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

d-ðàçäåëèìîñòü
Òåîðåìà î äåêîìïîçèöèè
Ñâèäåòåëüñòâà

Ïåðåñ÷¼ò âåðîÿòíîñòåé â îäíîì óçëå

Ïóñòü ïîñòóïèëî ñâèäåòåëüñòâî ¾Êîìïüþòåð íå çàãðóæàåòñÿ¿.

Äàâàéòå ðàññ÷èòàåì àïîñòåðèîðíóþ âåðîÿòíîñòü p(u|w).

Ñíà÷àëà íóæíî ïðèðàâíÿòü íóëþ íåñîâìåñòèìûå ñî

ñâèäåòåëüñòâîì ñëó÷àè â òàáëèöå ñîâìåñòíûõ âåðîÿòíîñòåé:

p(uvw ∧ w) = 0.000199025, p(uv �w ∧ w) = 0,

p(u�vw ∧ w) = 0.012722625, p(u�v �w ∧ w) = 0,

p(�uvw ∧ w) = 0.00160245, p(�uv �w ∧ w) = 0,

p(�u�vw ∧ w) = 0.01894239, p(�u�v �w ∧ w) = 0.
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

d-ðàçäåëèìîñòü
Òåîðåìà î äåêîìïîçèöèè
Ñâèäåòåëüñòâà

Ïåðåñ÷¼ò âåðîÿòíîñòåé â îäíîì óçëå

È íîðìèðîâàòü òî, ÷òî ïîëó÷èëîñü:

p(u|w) =
∑

~v ~w
p(u~v ~w∧w)
p(w) = 0.386107 . . . ,

p(�u|w) =
∑

~v ~w
p(�u~v ~w∧w)
p(w) = 0.61389288 . . . .

Ñåðãåé Íèêîëåíêî Áàéåñîâñêèå ñåòè äîâåðèÿ



Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

d-ðàçäåëèìîñòü
Òåîðåìà î äåêîìïîçèöèè
Ñâèäåòåëüñòâà

Ïåðåñ÷¼ò âåðîÿòíîñòåé â îäíîì óçëå

Âîïðîñ: êàêèì ïðåäïîëîæåíèåì ìû íåÿâíî ïîëüçîâàëèñü? ×òî

äåëàòü, åñëè îíî íå âûïîëíåíî?
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Outline

1 Èäåÿ áàéåñîâñêèõ ñåòåé

Ìîòèâàöèÿ

Ïðèìåð

2 Îñíîâíûå ïîíÿòèÿ

d -ðàçäåëèìîñòü

Òåîðåìà î äåêîìïîçèöèè

Ñâèäåòåëüñòâà

3 Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ

Âûâîä àëãîðèòìà

Àëãîðèòì
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Ìû ñåé÷àñ çàïðåùàåì íå òîëüêî íàïðàâëåííûå, íî è

íåíàïðàâëåííûå öèêëû. Ò.å. ãðàô áàéåñîâñêîé ñåòè �

ïîëèäåðåâî.

×òîáû íå çàïðåùàòü íåíàïðàâëåííûå öèêëû, íóæíî

ðàññìàòðèâàòü àëãîðèòìû ïîñòðîåíèÿ ìîðàëüíîãî ãðàôà,

òðèàíãóëÿöèè è ïîñòðîåíèÿ äåðåâà ñìåæíîñòè. Ýòèì ìû

çàéì¼ìñÿ íà ñëåäóþùåé ëåêöèè.

Ìû óæå ïîíÿëè, êàê ïðîïàãèðîâàòü ñâèäåòåëüñòâî ÷åðåç

îäèí óçåë. Îñòàëîñü ôîðìàëèçîâàòü ýòî è ñîáðàòü

àëãîðèòì öåëèêîì.
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Èäåÿ àëãîðèòìà

Ìû äåëèì ïîñòóïèâøèå ñâèäåòåëüñòâà íà äâå ÷àñòè � òå,

÷òî âûøå äàííîãî óçëà x (E+
x ) è òå, ÷òî íèæå (E−

x ). Íàøà

çàäà÷à � íàéòè

p(x |E ) = p(x |E−
x ,E+

x ).

Çàòåì âû÷èñëÿåì èõ äåéñòâèå íà x ïî îòäåëüíîñòè è

ñêëàäûâàåì ýòî âñ¼ âìåñòå.
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Îáîçíà÷åíèÿ

Evid(x) âîçâðàùàåò 1, åñëè x èíñòàíöèèðîâàí íàøèì

ñâèäåòåëüñòâîì.

Normalize(Pr) íîðìàëèçóåò ðàñïðåäåëåíèå Pr .

Ex\Y îçíà÷àåò ñâèäåòåëüñòâà, ñâÿçàííûå ñ x , êðîìå òåõ,

ïóòü ê êîòîðûì ïðîëåãàåò ÷åðåç ýëåìåíòû ìíîæåñòâà Y .
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Âûâîä

p(x |E−
x ,E+

x ) =
p(E−

x |x ,E+
x )p(x |E+

x )

p(E−
x |E+

x )
.

Íî â ïîëèäåðåâå x d -îòäåëÿåò E+
x îò E−

x , ïîýòîìó

p(E−
x |x ,E+

x ) = p(E−
x |x). Êðîìå òîãî, âåðîÿòíîñòè äîëæíû â

ñóììå äàâàòü 1, ïîýòîìó ìîæíî çàáûòü ïðî 1

p(E−
x |E+

x )
, à ïîòîì

ïðîñòî íîðìàëèçîâàòü ðåçóëüòàò. Èòîãî íóæíî âû÷èñëèòü

p(E−
x |x)p(x |E+

x ).

Íà÷í¼ì ñ p(x |E+
x ).
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Âûâîä

Ðàññìîòðèì âñå êîíôèãóðàöèè ðîäèòåëåé x ~U = p̃a(x). Òîãäà

p(x |E+
x ) =

∑
~U

p(x |~U,E+
x )p(~U |E+

x ).

U d -îòäåëÿåò x îò E+
x , ïîýòîìó ïåðâûé ñîìíîæèòåëü � ýòî

ïðîñòî p(x |~U), è ýòî äàíî íàì â òàáëèöàõ óñëîâíûõ

âåðîÿòíîñòåé.

E+
x d -îòäåëÿåò êàæäûé u ∈ U îò äðóãèõ, è

p(~U |E+
x ) =

∏
u∈U

p(~u|E+
X ).
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Âûâîä

Ðàññìîòðèì âñå êîíôèãóðàöèè ðîäèòåëåé x ~U = p̃a(x). Òîãäà

p(x |E+
x ) =

∑
~U

p(x |~U,E+
x )p(~U |E+

x ).

Îñòàëîñü çàìåòèòü, ÷òî E+
x =

⋃
u∈U Eu\x , âñå îíè íå

ïåðåñåêàþòñÿ, è Eu\x d -îòäåëÿåò u îò âñåõ îñòàëüíûõ

ñâèäåòåëüñòâ â E+
x . Èòîãî ïîëó÷àåòñÿ:

p(x |E+
x ) = Norm

∑
~U

p(x |~U)
∏
u∈U

p(~u|Eu\x)

 .
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Âûâîä

Ðàññìîòðèì âñå êîíôèãóðàöèè ðîäèòåëåé x ~U = p̃a(x). Òîãäà

p(x |E+
x ) =

∑
~U

p(x |~U,E+
x )p(~U |E+

x ).

p(x |E+
x ) = Norm

∑
~U

p(x |~U)
∏
u∈U

p(~u|Eu\x)

 .

Ýòî óæå ïîõîæå íà ðåêóðñèâíûé àëãîðèòì: p(~u|Eu\x) �

ðåêóðñèâíûé âûçîâ èñõîäíîé ïðîöåäóðû.
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Âûâîä

Óïðàæíåíèå

Ïðîâåñòè àíàëîãè÷íûé âûâîä äëÿ p(E−
x |x). Íóæíî áóäåò

ó÷èòûâàòü âîçìîæíûõ äðóãèõ ðîäèòåëåé ïîòîìêîâ x . Äîëæíî

ïîëó÷èòüñÿ:

p(E−
x |x) = Norm

 ∏
u∈ch(x)

∑
~u

p(E−
u |~u)×

×
∑
p̃a(u)

p(~u|x , p̃a(u))
∏

z∈pa(u)

p(~z |Ez\u)


(âåçäå pa(u) íå âêëþ÷àåò â ñåáÿ x , ðàçóìååòñÿ).
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Àëãîðèòì

Belief(x):

Âåðíóòü BeliefExcept(x , ∅).
BeliefExcept(x ,V ):

Åñëè Evid(x), òî âåðíóòü óæå èìåþùååñÿ ðàñïðåäåëåíèå x .

Âû÷èñëèòü p(E−
x\V |x) = EvidenceExcept(X ,V ).

U = pa(x).

Åñëè U = ∅ âåðíóòü Norm
(
p(E−

x\V |x)p(x)
)
.

Èíà÷å äëÿ êàæäîãî u ∈ U âû÷èñëèòü è ñîõðàíèòü

p(~u|Eu\x) = BeliefExcept(~u, x).

Âåðíóòü Norm
(
p(E−

x\V |x)
∑

~U
p(x |~U)

∏
u∈U p(~u|Eu\x)

)
.
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Àëãîðèòì

EvidenceExcept(x ,V ):

U = ch(x) \ V .

Åñëè (U == ∅) âåðíóòü ðàâíîìåðíîå ðàñïðåäåëåíèå.

Èíà÷å äëÿ êàæäîãî u ∈ U:

Âû÷èñëèòü p(E−
u

|~u) = EvidenceExcept(~u, ∅).
Z = pa(u) \ {x}.

Äëÿ êàæäîãî z ∈ Z âû÷èñëèòü

p(~Z |E
z\u) = BeliefExcept(~w , u).

Âåðíóòü

p(E−
x |x) = Norm

 ∏
u∈ch(x)

∑
~u

p(E−
u |~u)

∑
~Z

p(~u|x , ~Z )
∏
z∈Z

p(~z |Ez\u)

 .
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Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Óïðàæíåíèÿ

Óïðàæíåíèå

Ðåàëèçîâàòü àëãîðèòì ïðîïàãàöèè â áàéåñîâñêèõ ñåòÿõ áåç

öèêëîâ.

Ñåðãåé Íèêîëåíêî Áàéåñîâñêèå ñåòè äîâåðèÿ



Èäåÿ áàéåñîâñêèõ ñåòåé
Îñíîâíûå ïîíÿòèÿ

Ïðîïàãàöèÿ â ñåòÿõ áåç öèêëîâ

Èäåÿ
Âûâîä àëãîðèòìà
Àëãîðèòì

Ñïàñèáî çà âíèìàíèå!

Lecture notes, ñëàéäû è êîäû ïðîãðàìì ïîÿâÿòñÿ íà ìîåé

homepage:

http://logic.pdmi.ras.ru/∼sergey/index.php?page=teaching

Ïðèñûëàéòå ëþáûå çàìå÷àíèÿ, êîäû ïðîãðàìì íà äðóãèõ

ÿçûêàõ, ðåøåíèÿ óïðàæíåíèé, íîâûå ÷èñëåííûå ïðèìåðû è

ïðî÷åå ïî àäðåñàì:

sergey@logic.pdmi.ras.ru, smartnik@inbox.ru

Ñåðãåé Íèêîëåíêî Áàéåñîâñêèå ñåòè äîâåðèÿ


