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xn ∈ V+ 1 ≤ n ≤ N M

xn M = N



M ≥ N

x Y

N x ŷ ∈ Y

ŷ

f

y∗ = argmaxy∈Y f(x, y)

Z

M y∗, z∗ = argmaxy∈Y,z∈Z f(x, y, z)

f

f(x, y) = θ⊤Φ(x, y, z)

Φ



h ∈ H



x1 . . . xN K g
B0 ← ⟨(⟨⟩, {1, . . . , N}, 0,h0)⟩

m = 0, . . . ,M − 1
k = 1, . . . , |Bm|

(y,R, s,h) ← B(k)
m

i ∈ R
(s′,h′) ← (s,h)

w xi
s′ ← s′ + log q(w,h′)
h′ ← δ(w,h′)

j ← m+ |xi|
Bj ← Bj + (y + xi,R− i, s′,h′)

K Bj f(x, y) + g(R)

BM

h0 wi ∈ V

hi = δ(wi,hi−1)

q(wi,hi−1) ≈ p(wi | w1, . . . , wi−1)

H δ q

H

δ q

q(∗,hi−1; θq) = softmax(Wh(L)
i−1 + b) h(L)

i−1



θq = (W , b)

f(x, y) =
N∑

n=1

log p(xy(n) | xy(1), . . . , xy(n−1))

Y

M + 1 B0, . . . , BM

K (y,R, s,h)

y R s

f(x, y) h



g

g

R f(x, y) +
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g(R) =
∑
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∑

w∈xi
log p(w)
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J s s t

s t



F1

s ̸= t
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hs
0 ← 0
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t<j = [t1, . . . tj ]

ht
j = LSTM(ht

j−1,x
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j xt
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tj ht
j



uj,i = ht
j ·Wαh

s
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αj,i =
expuj,i∑

k∈[1,I] expuj,k

ht
j

cj

vj =
∑

i∈[1,I]

αj,ih
s
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cj = tanh(W[vj ;h
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cj
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cj

xt
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ht
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ht
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k fi
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