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Training with Non-Deterministic Oracles

He wrote hers ay letters



Training with Non-Deterministic Oracles

DOBJ

ROOT He vvrotez hers letters



Transition System

Definition (Transition System)
A transition system for dependency parsing is a quadruple
S=(C,T,cs, Ct), where

1. Cis a set (configurations),

2. T is a set of transitions, each of which is a (partial)
functiont: C — C,

3. Cs is an initialization function, mapping sentence
W = WyW;...W, to a configuration ¢ € C,

4 C; C C (terminal configurations).
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Training with Non-Deterministic Oracles

ROOT He wrote her; ay letters

TCS(W)

[ROOT], [Heq, wrote,, hers, as, letters], {}



Training with Non-Deterministic Oracles

ROOT He wrote her; ay letters

[ROOT], [He1, wrotey, hers, as, letters)

TSHIFT

[ROOT, Heq], [wrotey, hers, au, letters)



Training with Non-Deterministic Oracles

Vi

ROOT He wrote her; ay letters

[ROOT, Heq], [wrotey, hers, as, letters)

TLEFTSBJ

[ROOT], [wrotey, hers, as, letters]



Training with Non-Deterministic Oracles

T

ROOT He wrote her; ay letters

[ROOT], [wrotey, hers, as, letters]

TRIGHTPRD

[ROOT, wrote;], [hers, as, letters]



Training with Non-Deterministic Oracles

DOBJ
R )

ROOT He wrote her; letters

[ROOT, wrote;], [hers, as, letters]

TRIGHT|OBJ, SHIFT, LEFTpgr, REDUCE, RIGHTpop,

[ROOT, wrotey, letters], [] € Ct



Training Deterministic Parsers with Non-Deterministic

aa & W N
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if c = (oli,j|3,A) and (j,i) € T then
t « LEFT
else if c = (ali,j|3,A) and (i,j) € T then
t < RIGHT
else if c = (ai, J|3,A) and 3R[k < i A[(R,J) € TV (j,R) € T]]
then
t < REDUCE
else
t < SHIFT
return t



Greedy Classifier-based Parsing

2 C < Cs(w)

3 while ¢ ¢ C; do

4 tp <= argmaxic goar(c) W - ¢(C, 1)
5

6

7

8

9

10

11 C + tp(c)

12 return A,



Deterministic Parsers with Non-Deterministic Oracles

1 for (w,T) € d do

2 € + Cs(w)

3 whilec¢ C; do

4 tp <= arg maxie goar(c) W - ¢(C, 1)

5 CORRECT(C) < {t] o(t;c,T) = true}
€ to <= arg maxiecoggect(c) W+ ¢(C, 1)

7 if t, ¢ CORRECT(C) then

8 UPDATE(W, ¢(C, o), ¢(C, tp))

9 ¢ < to(c)

10 else

11 C + tp(0)

12 return w



Training Deterministic Parsers with Oracles
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Training Deterministic Parsers with Oracles

DOB]J
TR e )

ROOT He wrote her; letters

SH, LAsgj, RAprp, RAjop), SH, LApeT, RE, RApog
SH, LAsgy, RAprp, RAi0g), RE, SH, LApET, RApog

— spurious ambiguity requires non-deterministic oracle
instead of static oracle



... with Non-Deterministic Oracles

R

ROOT He wrote her; ay letters

[ROOT], [He1, wrotey, hers, as, letters)
TSH, LAsg), RAprp, SH

[ROOT, wrotey, hers], [as, letters]



... with Non-Deterministic Oracles

PRD
SBJ DET
/ N N
ROOT He wrote her; ay letters

[ROOT, wrote,, hers], [as, letters]

TSH, LApet, SH

[ROOT, wrote,, hers, letters], [] € G

— error propagation can be mitigated by complete oracle
— dynamic oracle: non-deterministic + complete



Training (Standard)

1 for (w,T) € d do
€ + Cs(w)
while ¢ ¢ C; do
tp <= arg max;c eear(c) W - o(c, t)
CORRECT(C) < {t] o(t;c,T) = true}
to <= arg maxiecoggect(c) W+ ¢(C, 1)
if t, ¢ CORRECT(C) then
UPDATE(W, ¢(C, o), ¢(C, tp))
€ <+ to(C)
10 else
11 C + tp(0)

N o o B~ w N

Ao le]

12 return w



Training with Exploration

1 for (w,T) € d do

2 € + Cs(w)

3 whilec¢ C; do

4 tp < arg maxteLEGAL(c -(c,t)

5 OPTIMAL(C) « {t | o(t; c, T) = true}
6 to = arg maxcoprimac(c -¢(c,t)
7 if t, ¢ OPTIMAL(C )then

8 UPDATE(W, ¢(C, o), ¢(C, tp))

9 € < EXPLORE(C, to, tp)

10 else

11 C + tp(0)

12 return w

10



Optimality / Transition Costs
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Optimality / Transition Costs
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ROOT He wrote her; ay letters

C(A,T) =2

n



Optimality / Transition Costs
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ROOT He wrote hers ay letters

[ROOT, wrotey, hers], [as, letters]
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Optimality / Transition Costs

DOBJ
) /'OK\ /D}\

ROOT He wrote her; letters
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Optimality / Transition Costs
PRD
SB]J
/ N

ROOT He 4 wrote ; hers Ay letters

[ROOT, wrotey, hers], [as, letters]

TSH,...

n



Optimality / Transition Costs
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C(SHIFT; ¢, T) = tr(m)n AC(A T) —Amm C(A,T) =
C

n



Optimality / Transition Costs
DOBJ
PRD m‘
SBJ _108B] / DET
/ N

ROOT He vvrotez her3 letters

C(SHIFT; ¢, T) = tr(m)n AC(A T) —Amm C(A,T) =
C

o4(c, T)=A{t|C(t;c,T) = 0}

n



Arc Decomposition - Definition

Definition (Tree Consistency)
A set of arcs A is said to be tree consistent if there exists a
projective dependency tree T such that A C T.

Definition (Arc Decomposition)

A transition system is said to be arc decomposable if, for
every tree consistent arc set A and configuration ¢,c ~ A is
entailed by ¢ ~~ (h, d) for every arc (h,d) € A.

12



Arc Decomposition - Arc-Standard Counterexample

¢=(la,b,c]. 9)

Arc-Standard Transitions

LEFT[(o|s1]S0, B,A)] = (oS0, B, AU {(S0,51)})
RIGHT[(o|s1]S0, B8,A)] = (o]s1, B,AU{(51,50)})
SHIFT[(e, b|B,A)] = (ol|b, B5,A)

13



Arc Decomposition - Arc-Standard Counterexample

LEFT

¢ =([a,b,c],8) + (la,c],B)

Arc-Standard Transitions

LEFT[(o|s1]S0, B,A)] = (oS0, B, AU {(S0,51)})
RIGHT[(o|s1]S0, B8,A)] = (o]s1, B,AU{(51,50)})
SHIFT[(e, b|B,A)] = (ol|b, B5,A)

13



Arc Decomposition - Arc-Standard Counterexample

RIGHT

c=(la.b.d.8) £ ([a.b].5) £ ([b].5)

Arc-Standard Transitions

LEFT[(o|s1]S0, B,A)] = (oS0, B, AU {(S0,51)})
RIGHT[(o|s1]S0, B8,A)] = (o]s1, B,AU{(51,50)})
SHIFT[(e, b|B,A)] = (ol|b, B5,A)

13



Arc Decomposition - Arc-Eager Proof Sketch

Given: arbitrary configuration ¢ = (e, 3,A) and tree consistent
arc set A’ such that all arc are reachable from c.

To show: ¢ ~» A’

B={(h.d)|h,d¢ps}
B={(hd)|hde 8}
By={(h,d)|hep,deo}
By={(h,d)|de B heq}

14



Arc Decomposition - Arc-Eager Proof Sketch

B={(h,d)|h,d ¢ B}
B ={(h,d) | h,d e p}
By, ={(h,d)|hep,deoa}
By ={(h,d)|dep,heo}

14



Arc Decomposition - Arc-Eager Proof Sketch

14



Arc Decomposition - Arc-Eager Proof Sketch

B
B

{(h,d) | h,d ¢ B}
{(h,d) | h,d € 5}
{(h,d) | hep,deao}
{(h,d)|depB,heac}

Bp
By

14



Arc Decomposition - Arc-Eager Proof Sketch

B={(h,d)|h,d ¢ B}
B={(h,d)|h,de B}
By ={(h,d) | h € 8,d € 7}
By={(h,d)|dep,hea}

14



Arc Decomposition - Arc-Eager Proof Sketch

.3 4 .5 .6 .8

B={(h,d)[h,d ¢ B}
B:{(h,d)|h,d€5}
By, ={(h,d) | hep,deo}
B¢ = {(h,d) | d € B,h € 7}

o
\ \

14



Dynamic Oracle

og(c,T) ={t|C(t;c,T) =0}
C(t; (o T) = minA;t(C)wA C(A, T) — MIiNg.cA C(A, T)

Efficiently compute transition costs:
1. Intersect set of individually reachable arcs with goal arc set.

2. Gain set of individually reachable goal arcs and thusly,
reachable goal arc set.

3. See how a given transition affects this set of reachable arcs.

15



Transition Systems

v Arc-Eager

- Nivre 2003

- Goldberg and Nivre 2012
X Arc-Standard

- Nivre 2004
- Goldberg, Sartorio, and Satta 2014

v Hybrid

- Kuhlmann, Gdbmez-Rodriguez, and Satta 2011
v Easy-First

- Goldberg and Elhadad 2010



Conclusion

e spurious ambiguity

static — non-deterministic oracle
error propagation

incomplete — complete oracle

dynamic oracle (non-deterministic + complete)
arc decomposability

good runtime
optimization during training

experiments show improved accuracy
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Transition Costs - Arc-Eager

C(SHIFT; (0, b|B,A), T) =|{(R,b) €T | ke o}
U{(b,R)eT|kReaAVxeV:(x,R)¢A}
C(RIGHT; (s, b|B,A),T) =|{(kR,b)eT|keoUp}
U{(b,R)eT|kReaAVxeV:(x,R)¢A}
C(LEFT; (o|s, b|B,A), T) =|{(R,s)eT|rReptU{(s,R) eT|kep}
C(REDUCE; (ols, 8,A),T) = |{(s,R) €T | k€ 8}



Transition Costs - Hybrid

C(SHIFT; (o|s1]S0, bIB,A), T) = |{(b,R) € T | R € {so,S1}Uc}
U{(kR,b)eT|kRe{s1}Ua}|

C(RIGHT; (o]s1/s0, 3,A),T) = {(S0,R) € T | k € 5}
U{(k,s0) €T | ke B}
C(LEFT; (o]s1]S0, b|B,A), T) = |{(S0,R) €T | Re {b}UpB}

U{(R,S0) €T | R€e {s1} UL}



Transition Costs - Easy-First

C(TR; (M A), T) = [{(h,d) e T|h e \AK £h}u{(d,d)eT|d e}
TR € {LEFT, | 1< i < [A} U{RIGHT], | 1< i < |A|} and (h,d) added by TR



