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Áàéåñîâñêèé âûáîð ìîäåëåé II: Ïëàí êóðñà

Âîñïîìèíàíèÿ èç ÷àñòè 1:

EM-àëãîðèòì è âàðèàöèîííûé EM-àëãîðèòì;

Ìåòîäû ñýìïëèðîâàíèÿ (MCMC);

Ôèëüòð Êàëìàíà.

Ïîíÿòèå ãðà�è÷åñêîé ìîäåëè. Áàéåñîâñêèå è ìàðêîâñêèå ñåòè.

Àöèêëè÷åñêèå ãðà�è÷åñêèå ìîäåëè è àëãîðèòì Belief Propagation.

Ñêðûòûå ìàðêîâñêèå ìîäåëè (HMM) è èõ ðàñøèðåíèÿ.

Ëèíåéíûå äèíàìè÷åñêèå ñèñòåìû. Ôèëüòð Êàëìàíà è åãî

ðàñøèðåíèÿ.

Öèêëè÷åñêèå ãðà�è÷åñêèå ìîäåëè è âûâîä â íèõ.

Ñåãìåíòàöèÿ èçîáðàæåíèé: Àëãîðèòìû íà îñíîâàíèè ðàçðåçîâ

ãðà�îâ è àëãîðèòì α � ðàñøèðåíèå.

Ïðèáëèæåííûé âûâîä â ãðà�è÷åñêèõ ìîäåëÿõ, àëãîðèòì Expe
tation

Propagation.

Ïîíÿòèå ðàçëàäêè è ìåòîäû åå íàõîæäåíèÿ.
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Ñèñòåìà îöåíèâàíèÿ (ïðèìåð)

12 ëåêöèé + 1-2 íåáîëüøèõ òåñòà íà íèõ (ñóììàðíî äî 100 áàëëîâ);

3 çàäàíèÿ:

1 òåîðåòè÷åñêîå (150 áàëëîâ);

1 ïðàêòè÷åñêîå (150 áàëëîâ);

1 ãðóïïîâîå ñîðåâíîâàíèå (äî 200 áàëëîâ);

Ýêçàìåí:

Ïèñüìåííàÿ ÷àñòü (150 áàëëîâ),

Óñòíàÿ ÷àñòü (200 áàëëîâ).

Çàìå÷àíèÿ:

Çàäàíèÿ ñîäåðæàò çàäà÷è áîëåå, ÷åì íà 150 áàëëîâ, ïîýòîìó ìîæíî

âûáðàòü, ÷òî âûïîëíÿòü;

Â êàæäîì çàäàíèè áàëëû ëó÷øåé ðàáîòû óäâàèâàþòñÿ, åñëè îíà

îöåíåíà áîëåå, ÷åì â 120 áàëëîâ (íå áîëåå 250 áàëëîâ);

Çà êàæäóþ íåäåëþ îïîçäàíèÿ áàëë çà çàäàíèå ñíèæàåòñÿ â 2 ðàçà.

Çàäàíèå íå ïðèíèìàåòñÿ ïîñëå åãî ðàçáîðà èëè îáúÿâëåíèÿ îá ýòîì.
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EM-àëãîðèòì

Ïóñòü D = (X, y) � íàáëþäàåìûå ïåðåìåííûå, Z � ñêðûòûå ïåðåìåííûå.

p(D, Z|Θ) = p(D|Z, Θ)p(Z|Θ).

Âîïðîñ 1: êàê ðåøèòü çàäà÷ó p(D|Θ) =

∫

p(D, Z|Θ)dZ → max
Θ

?

Ïðèìåð 1. y = Xw + ε, w ∼ N (0, A−1), ε ∼ N (0, β−1I)
p(y, w|X, A, β) = p(y|X, w, β)p(w|A).

log p(y|X, A, β−1

︸ ︷︷ ︸

Θ

) ∝ − 1

2
log det(β−1I+XA−1X

T

)− 1

2
y
T

(β−1I+XA−1X
T

)−1y.

EM-àëãîðèòì

Ââåäåì F (q, Θ) = −

∫

q(Z) log q(Z)dZ+

∫

q(Z) log p(D, Z|Θ)dZ =

−

∫

q(Z) log q(Z)dZ+

∫

q(Z) log p(Z|D, Θ)dZ+

∫

log p(D|Θ)q(Z)dZ =

log p(D|Θ)−

∫

q(Z) log q(Z)
p(Z|D,Θ)dZ = log p(D|Θ)−DKL(q‖p(Z|D, Θ)).

Èäåÿ 1: p(D|Θ) → max
Θ

çàìåíèì íà F (q, Θ) → max
q,Θ

.

Èäåÿ 2: Ïîøàãîâî îïòèìèçèðóåì ïî Θ è q, òî åñòü

1 E-øàã: qs = F (q, Θs−1) → max
q

;

2 M-øàã: Θs = F (qs, Θ) → max
Θ

.
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EM-àëãîðèòì äëÿ ìàêñèìèçàöèè îáîñíîâàííîñòè

y = Xw + ε, w ∼ N (0, A−1), ε ∼ N (0, β−1I)
p(y, w|X, A, β) = p(y|X, w, β)p(w|A) =.

log p(y, w|X, A, β) ∝ m
2 log β − β

2 ‖y −Xw‖2 + 1
2 log detA− 1

2w
T

Aw.

F (q, A, β) = −

∫

q(w) log q(w)dw +

∫

q(w) log p(y, w|X, A, β)dw =

log p(y|X, A, β)−DKL(q(w)‖p(w|y, X, A, β)) → max
q,A, β

.

E-øàã (ñ÷èòàåì A, β �èêñèðîâàííûìè)

F (q, A, β) → max
q

⇐⇒ q(w) = p(w|y, X, A, β) = N (w0, Σ
−1
0 ), ãäå

Σ0 = A+ βX
T

X, w0 = βΣ−1
0 X

T

y.

M-øàã (ñ÷èòàåì q(w) �èêñèðîâàííûì)

Eq(w) log p(y, w|X, A, β) =

∫

q(w) log p(y, w|X, A, β)dw → max
A, β

.

F̃ (A, β) = m
2 log β − β

2E‖y −Xw‖2 + 1
2

n∑

j=1

log αj −
1
2

n∑

j=1

αjEw
2
j → max

A, β
.

∂F
∂αj

= 1
2αj

− 1
2Ew

2
j = 0 ⇐⇒ αj =

1
Ew2

j

.

Hint: 1 = αj(E
2wj +Dwj) =⇒ αnew

j =
1−αold

j Dwj

E2wj
.

∂F
∂β

= m
2β − 1

2E‖y −Xw‖2 = 0 ⇐⇒ β = m
E‖y−Xw‖2 . 5 / 8



EM-àëãîðèòì äëÿ ìàêñèìèçàöèè îáîñíîâàííîñòè

Ïîòåíöèàë ïîëÿ òî÷å÷íîãî çàðÿäà: ϕ = k q
r
.

Ïóñòü èìååòñÿ íåñêîëüêî çàðÿäîâ q1, . . . , ql â òî÷êàõ z1, . . . , zl.

Òîãäà ϕ(x) = k

l∑

i=1

ql
‖x−zl‖

. Ïî íàáîðó òî÷åê x1, . . . , xm è èçìåðåííûì

yi = ϕ(xi)− ϕ(∞)
︸ ︷︷ ︸

=0

+εi, εi ∼ N (0, β−1)

òðåáóåòñÿ îöåíèòü ϕ(x) äëÿ x èç òåñòîâîé âûáîðêè.
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y = Φw + ε, ε ∼ N (0, β−1I), ãäå

Φ =
∥
∥
∥

1
δ+‖xi−xj‖

∥
∥
∥ , i, j = 1, m;

w ∼ p(w|A) = N (0, A−1).

Øàã 1: p(ytrain|Φtrain, A, β) → max
A, β

ïîçâîëèò îòîáðàòü ïðèçíàêè.

Øàã 2: Ïðîãíîç äëÿ òåñòîâîé âûáîðêè:

p(ytest|Φtest, Φtrain, ytrain) =

∫

p(ytest|w, Φtest)p(w|Φtrain, ytrain)dw
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�åçóëüòàòû äëÿ çàäà÷è âîññòàíîâëåíèÿ ïîòåíöèàëà
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