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Model & Inference in S

Usual translating of sentences f:

m best translation: e* = arg maxecg(f) Score(elf)

m eg.: score(e|f) = \- h(e,f) h(e, f) — features, X\ — params
m E(f) — search space e interested in this
Example

m source: Vénus est la jumelle infernale de la Terre
m search space options:

= |ist of n-best hypotheses
Venus - the twin of hell of the Earth
Venus is the infernal binocular of the Earth

Venus is the hellish twin of the Earth
= word lattice

Vénus : \[QQLLS,@,} ti

J\r/’énusiest : Venus— NULL : -

infernale : of_hell

jumelle : twin
___infernale :ﬂeﬁsn@ jumelle : twin
infernale : infernal>—" jumelle : binoculay

de_la_Terre : of the Ear@
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m in reality SMT systems perform poorly

= knowing why is difficult because of system complexity
m useful to know the best possible hypotheses

= can help failure analysis

Usefulness of (oracle) translation

m Finding bottlenecks
= if oracle is good — why the system couldn't return it?
= if oracle is bad — why doesn’t E contain better ones?
m Learning
= update towards the best hypothesis

In this work

B interested in finding best hypotheses contained in lattices
® two new methods, comparison with 2 existing methods
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Oracle Decoding Task

m by best hypothesis in E we mean highest BLEU translation
n 1/n
n-BLEU({e;}, {ri}) = BrevityPenalty - ( H pm>
m=1

= e; — hypotheses, r; — references, p,, — clipped precisions
B need some sentence-level approximation BLEU'

Exact oracle finding with sent-BLEU’

®m in n-best list — straight-forward
m in word lattice — NP-hard even for 2-BLEU [Leusch et al., 2008]

= 5o, approximations are needed = focus of this presentation

Oracle decoding on lattice L for reference r¢

w*(f)= argmax BLEU'(ex,rs).
we{paths on L}
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Earlier Approaches

Language Model Oracle [Li & Khudanpur, 2009] LM

B n-gram language model A; s built on reference r
m find most probable hypothesis

7 y(F) = ShortestPath(L o A;p(rf))

Partial BLEU Oracle [Dreyer et al., 2007] PB/PB/
m for partial path 7 let its weight be:
—log BLEU'(70) = —= Z log prm
m=1..4
m hypothesis h; is prefered to hy if log BLEU(h1) > log BLEU(hy)
= and same 3-word history or PB
= same 3-word history and same length PB/

m find shortest path

pg(f) = ShortestPath(L)
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Problems with existing approaches
LM
= distant relation to BLEU
= |ow quality

A PB

= approximate search (recombination heuristics)

= can be resource-greedy (keeps many hypotheses until the final state)
Both LM & PB ignore:

= precision clipping

= brevity penalty (except PBY)

= corpus nature of BLEU
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Our Contribution

New oracles
m partially take clipping, brevity and corpus nature into account

m produce better hypotheses and often faster

Take-away message

m although true BLEU oracles are NP-hard...
m we can find approximate oracles:

B very easy to calculate
m very high BLEU
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Linear approximation of corpus-BLEU LB

Linear approximation of BLEU . [Tromble et al., 2008]

lin BLEU(m) = folex| + Y 00 > cu(ex)du(r)
n=1 uex”
m cy(e) — number of occurences of u in e,
m §,(r) — indicator of presence of u in r.

m parameters: 6y = 1 (~brevity), 6, = (n-gram discounts)

1
4p-rn—1

‘de Bruijn transducers’ A,

m each A, contains all n-grams as output symbols
m arcs weighted by §,(r)

0:00/0 L11/0

101/0

A, automata for alphabet {0,1} and n=1...3
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Linear approximation of corpus-BLEU

Composition effect of As
m [ oA, produces n-gram lattice

B each n-gram arc weighted by 6, if the n-gram was in reference

Find LB oracle translation for 4-BLEU
B weight lattice L with 6y
m weight A; with 6;
m find shortest path
7/ g = ShortestPath(L o Aj o Ay o Az o Ay).

m so far all oracles:

= transformed and/or reweighted lattice L
= called ShortestPath

m difficult to account for clipping (it depends on the resulting path)

Artem Sokolov, G. Wisniewski, F. Yvon | LIMSI-CNRS | Lattice BLEU Oracles for SMT



Integer Linear Programming Oracles

m how to take clipping into account?
E need to fine-tune path weights

m reformulate 1-BLEU shortest path problem as an ILP problem:

arg max Z £+ (O1-Ligr — Oz - 1)

ie{arcs}

DIFTEHD SIS

Ecin(qsin) Ecout(qinit)

¢cout(q)  &cin(q)

maximize 1-BLEU

solution should be path

Y &= Y £=0, g€ {nodes}\ {qinit; arin} 3 ¢ > ¢

¢ein(q) £€out(q)

®m arc indicator §; = .
0 otherwise,

1 if arc i is active in solution,
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Taking account of clipping in ILP

New variable: Clipped word counter

Yw = min{ Z & Fofwinr}

£e{edges with w}

ILP problem with clipping

argmax ©j - Z Yw — © Z & — Z Tw

7w we{words} /E{arcs} we{words}
Yw = 0,70 < CW w < f
Ee{edges carring w}

SIREEH SIS

£e€in(qrin) £€out(qinit)
Y &= > £=0, g€ {nodes} \ {qinit, Gsin}

¢cout(q)  £cin(q)

B many ILP solvers available B we used Gurobi
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Langrangian Relaxation-based Oracle Decoder

B can be done without 3rd-party solvers
m Lagrangian relaxation to deal with clipping

Primal Dol

argmin — Z & - 0; arg max L(\)
£&{paths} i€arcs A

Y ot<alrwer A = 0w Er
& with w

Where
L(A) = min{ — Z fi'9i+z)\w' Z £— cu(r)
5 | .
ie{arcs} wer ¢ with w
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Langrangian Relaxation-based Oracle Decoder

L(A) = mgin - Z &ili + Z)\W Z & —cu(r)

i€{arcs} wEer £ with w
¢" = argmin £L(A) = arg min Z & (>\W(£i) - 0,-) «= just find shortest path
3 i € {arcs}
88£>(\>\) = Z & —cw(r) = update A towards max £(A)
Y gea(wng
Incremental Constraint Enforcing cf. [Rush et al., 2010]
v, A 0

fort=1— Tdo

O = arg ming Y, & - ()\w(gl) —6;)

if all clipping constraints are enforced

then optimal solution found

else for w € r do
ny < n. of occurrences of w in 5*“)
)\55) — /\fﬁ +a® . (ny, — (1))
AD max(0, /\Lt,))

m this was for 1-BLEU
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Experiments: Performance for two decoders
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Conclusion & Future Work

Results
m new oracle decoders find better hypotheses
m ...and do it faster
m optimization for 2-BLEU is sufficient to obtain good 4-BLEU

Main Conclusion
= |attices contain excellent translations

m +5-10 points to n-best list oracles
m +20 points above results of state-of-the-art models

= SMT has serious scoring problems Future Work
non-linear score func.
rich features
discriminative training
with lattice oracles

m linear models not flexible enough?
B more features needed?
m training flawed?

111
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Thank you for your attention!

Questions?
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Implementation

m OpenFST toolbox

= works with any semiring (PB required semiring of sets)
= proven and well optimized ShortestPath algorithms

m Gurobi ILP solver
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