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TL;DR

Stochastic Beam
Search finds a set of

unique samples
(without replacement)
from a sequence model.



Example
flog- probabiliy __ |:| ¢ Binareselanguage model

- P(C) VOCﬂbUlary: %Abra, Cadabra %

e

log ou
P(A|C)
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P(C) P(A|C) P(C|CA) = P(CAC)



‘Prof Gumbeldore”

:
(Gumbel, 1945;
Maddison et al., 2014)

¢; = log p; G; ~ Gumbel(0) Gy, ~ Gumbel(¢;)

log-probability Gumbel noise  perturbed log-probability




|

I = argmax G4, ~ Categorical(p;)
i

‘Prof Gumbeldore”

:
(Gumbel, 1945;
Maddison et al., 2014)

max Gy, ~ Gumbel logz exp ¢;

\

l

max and argmax
are independent

P(I =1i) =p;



Example
flog- probabiliy __ |:| ¢ Binareselanguage model

VOC&bUlary: %Abra, Cadabra%
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This will be
our sample!




What happens if, instead of 1 (one),
we take the k largest clements (top k)7

2

I, .., Iy = argtop k Gy,
i
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Piy 1-Diy 2> 518,
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Tdlg=1 SGf-148 “~_ Also known as
L Zf =1 Piy Plackett-ILuce

% 1 his is equivalent to repeated
Iy ..., I, = arg top k Gy, sampling without replacement!
L (Vieira, 2014)



Example
flog- probabiliy __ |:| ¢ Binareselanguage model

VOC&bUlary: %Abra, Cadabra%
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"This will be our
set of samples!

o =y We can get a set of
unique samples

I D D EI from our model!
}




PROBLEM

In general, constructing
the full tree is not
possible...

... but we don’t have to!



Perturbed log-probability
‘ Noise Gg ~ Gumbel(0) is inferred Ofpartial Sequenoe <“C”>

/

Gge = max Gy, ~ Gumbel (logz exp ¢; )

74

¢s = log-probability of “C

H_ ; H 1 I

We can sample

S S! D : ﬂ D el u Gy ~ Gumbel (s)

directly

———————————————————————————

LLook at maximum of perturbed
log-probabilities in subtree



Start from root, sample KT
Gp. ~ Gumbel T ,
Ps (gl 7 Sample children
‘ Gy, conditionally on
max Gy, =G
S’eChildren(s) P s
- G¢S’
° a I sample G¢S, independently, compute Z = max G,
W [ 2 ‘shift Gumbels in (negative) exponential space:
64’5' = —log (eXp(_Gd)s) — exp(—Z) + exp (—G¢S,))

o! Ol (o 1®
... th Iti
(w)g o I I I @ )] ) O o

sampling Gg,. for
leaves directly!

(Maddison et al., 2014)
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We only need to expand the top
k nodes at each level in the tree

i e —  —2 V] heedhold

Fach top k node generates (at least)
1 one leaf (maximum) above threshold

I I I D At least k leafs will be above threshold
CACD {CCA: {ccc:-g

Other nodes only generate
leafs below threshold

No need to expand



We only need to expand the top
k nodes at each level in the tree

1
() . H This is a

H beam search

Io
‘T'op k according to
I I . perturbed log-probability
CAC CCA D CCC D Gumbel-Top-k

: .
trick

Sampling (without
replacement)

J




* A beam search that samples the nodes to expand

Important! : W :
™« Bugd samples children conditionally on parent

* 'T'he result is a sample without replacement
from the full sequence model

* [s a generalization of ancestral sampling (k = 1)






(Generate k translations

Plot BLLEU against diversity

Vary softmax temperature

- BS
SBS
-~ Sampling

Compare: —e— DBS(10)

Beam Search
Stochastic Beam Search
Sampling

3 I 0.20 0.25 0.30
Diverse Beam Search ‘ Diversity

(Vijayakumar et al., 2018)




Estimate expected sentence-
level BLLEU

Plot mean and 95% interval
vS. num samples

Compare:
*  Monte Carlo Sampling
* Stochastic Beam Search with
(normalized) Importance
Weighted estimator
* Beam Search with
deterministic estimate

BLEU, T=10.2

100 150
Sample size

MC
S8S

SBS (Norm.)
BS

BS (Norm.)
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