Coarse-to-fine recognition for
weighted tree-stack automata

Max Korn

27. Oktober 2017



Motivation

» Problem: Parsing with complicated grammars and recognition
with complicated automata are time intensive



Motivation

» Problem: Parsing with complicated grammars and recognition
with complicated automata are time intensive

» Example: multiple-context-free grammars and tree-stack
automata with restricted fanout k have a complexity of

O(n3k)



Motivation

» Problem: Parsing with complicated grammars and recognition
with complicated automata are time intensive

» Example: multiple-context-free grammars and tree-stack
automata with restricted fanout k have a complexity of
O(n3k)

» Solution: use less complex grammar/ automaton
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Data-Storage

A tuple S = (C, P, R, ¢;) with
» set C (of configurations)
» set P (of predicates) with P C P(C)
» set R (of instructions) with R C P(C x C)

» initial configuration ¢; € C
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Automata with Storage

(a, true, push(B), 1) ~ (b, top(B), pop,?2)

(e, true, id, 0)

q3

(a, true, push(A), 1) (b, top(A), pop, 2)

L(Ms)={a"b" | n>1}
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Approximation

(a, true, push(B),1) (b, top(B), pop,2)

(a, true, push(C),1) (b, top(C), pop, 2)

L(Mx,)={a"b" |n>m>1}
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We use three strategies to approximate the initial automaton:

» Ignoring tree-structures inspired by Burden and Ljunglof [1]
and Cranenburgh [3] (TTS)

» Relabelling to equivalence classes of stack symbols by
Charniak et al. [2] (RLB)

» Reducing the amount of push-down configurations to a finite
number by Nederhof [5] (PTK)
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Algorithm by Denkinger [4]

Input: proper total approximation strategy A,

(S, %, K)-Automaton M, n € N, word w € ¥* and part. order
() CKxK

Output: some set of n-best runs of M on w

© 0N T s W

M —RA (./Vl)
Pf < (b
PC — RM/(W)
while |Pr| < n or maxpep,wt(6) > mingcp wt(~," (¢')) do
0 < smallest element of P.
P. <+ P\ {6}
for 0/ €, (0) do
if 0/ € Ry then Pr <+ PrU {0}
return Pr
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Algorithm for multiple layers

Input: (S, %, K)-Automaton M, n € N, word w € ¥, part.

() C K xK,

proper total approximation strategy Az,

proper total approximation strategy A,

proper total approximation strategy As,

proper total approximation strategy A,
Output: some set of n-best runs of M on w
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Algorithm for multiple layers

1. My R (M)
2: ./\/lz —=A, (Ml)

3 M, —RA,, (Mmfl)

4. Pf — @
5: Pm < RMm(W)

15: return Pr
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Algorithm for multiple layers

1. My —RA; (M)
Mz —=p, (M1)

N

3 My, —RA,, (Mmfl)

4: Pr <+ 0

5: Pm — RMm(W)

6: while |Ps| < n or maxgep, wt(0) > mingcp, wt(=," (¢')) do
7 0, < smallest element of P,

8 Pm < P\ {0m}

9 for 0,,_1 ezznlq (0m) do

10: if 0,,_1 € :‘:\’/\/(m71 then

11: for 0,,_» Emzi_l (6m—-1) do

12: if 0m— € Rr,, , then

13: for 6y E%le (91) do

14: if 0y € Ry then Pr < Pr U {90}

15: return Pr

N
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Implementation®

using rustomata https://github.com/tud-fop/rustomata
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Implementation®

. tt 1b tk
Preprocessing: app0 ——j; appl E;—% app2 EL—% app3

in app3.recognise(word).take(n) {

for runl
let trans_runsl = ctf_level(runl, &ptk, &app2);

for run2 in trans_runsl {
let trans_runs2 = ctf_level (run2, &rlb, &appl);

for run3 in trans_runs2 {
let trans_runs3 = ctf_level (run3, &tts, &appO);

for run4 in trans_runs3 {
println!( , run4);

}

using rustomata https://github.com/tud-fop/rustomata

N
a
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Stateless Push-Down Automata

replace(aiazas ... ax, bibabs ... b))

g

current symbols  new symbols

pop iff top = a; push(by)
pop iff top = a»

push(b)

pop iff top = ay push(by)
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» push(~y) = replace(e,v) for all v € T
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» push(~y) = replace(e,v) for all v € T
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v

v

push(y) = replace(e,~) for all y € T
pop(7y) = replace(vy,¢€) for all vy € T
id(y) = replace(y,~) for all y € T
id = replace(e, €)
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Stateless Tree-Stack Automata

Every instruction is preceded and followed by a set(+y).
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Stateless Tree-Stack Automata

Every instruction is preceded and followed by a set(+y).

State behaviour is encoded into stack-symbols.
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