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Abstract

Probabilistic context-free grammars (PCFGs) are widely-known as a class of statistical language
models. Tt is also known that the Inside-Outside (I-O) algorithm (an EM algorithm tailored
for PCFGs) requires much computational cost. In this report, we present a new framework
for efficient EM learning for PCFGs, assuming that CFG skeleton is given in advance. In this
framework, we first generate a support graph with partial parse trees in the WFST (well-formed
substring table), and then run the graphical EM algorithm on the graph. Taking each advantage of
Fujisaki et al.’s algorithm and the I-O algorithm, high-speed learning is expected. This framework
is also applicable for various extensions of PCFGs which include context dependencies. We have
conducted an experiment with the ATR corpus and a hand-crafted Japanese grammar, and the
results show that, in comparison with I-O algorithm, our new framework has achieved drastic
improvement in efficiency.

keyword: probabilistic context-free grammars, EM algorithm, Inside-Outside algorithm, WFST,
pseudo PCSGs, rule bigram model
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1: procedure Extract-CYK() begin

2: for £:=1 to N do begin

3 Initialize all ¢¢(-) to @ and all Visited[-] to NO;
4 ClearStack(U);

5: Visit-CYK (£, S, 0, ne);

6 for k :=1 to |U| do 7% := PopStack(U);

7 O :={r1,72,...,T|u|)

8: end

9: end.

1: procedure Visit-CYK({, A,d,d’) begin

2:  Put 7 = A(d,d’); Visited|r] := YES;

3. ifd' =d+1and A(d,d)Quwy(d,d') € T\"), then
4: Add a set {A—wg} to ¢e(7)

5:  else foreach A(d,d')@B(d,d")C(d",d') € TS,
6: do begin

7 Add a set {A— BC, B(d,d"), C(d",d')}
8: to 1[)((T);

9: if Visited[B(d,d")] = N0 then

10: Visit-CYK (¢, B, d,d"); /% 00 */

11: if Visited[C(d",d')] = NO then

12: Visit-CYK(6,C,d",d') /+ 00 %/

13: end;

14:  PushStack(r,U)

15: end.
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1: procedure Graphical-EM() begin

2:  Initialize all parameters §(A— ()

3 such that P(w¢|@) > 0 forall £=1...N;
4:  Get-Inside-Probs();

5. A0 .= Zé\; log P[¢, 5(0, ng)];

6 repeat

7 Get-Expectations();

8 foreach (A— () € R do

9 B(A—C) = A=)/ Yo ulA—C')

10: m+=1;

11: Get-Inside-Probs();

12: A 4= S log PLE, S(0, ne)]

13:  until A0 — X"~ becomes sufficiently small
14: end.

1: function Get-Inside-Probs() begin
2: for £:=1 to N do begin

3 Put O¢ ={r1,72,...,7T|0,1);

4 for k := |O¢| downto 1 do begin
5: foreach F € zzug(rk) do begin

6 R, 7x, E] :=1;

7 foreach ' € F do

8 if 7' = (A—() then

o: R[L, 7, E] += (A —C)

10: else R[{,mw, E] = P, 7'];
11: end; /* foreach F */

12: P, 7] = ZEezZ[(rk)R[Z’ T, E]
13: end /* for k */

14: end /#* for ( */

15: end.

1: procedure Get-Ezpectations() begin

2:  foreach (A—() € R do n[A—(] :=0;

3: for £:=1to N do begin

4 Put O¢ ={r1,72,...,7T|0,1);

5: Q,m]:=1; /+*mn 0000 10000 =*/
6 for k := 2 to |O| do Q[{, 7] := 0;

7 for k:=1 to |O(| do

8 foreach F € z[ug(rk) do

9: foreach ' € F do
10: if 7' = (A—() then
11: N[A—(] +=
12: Q¢, 7] - R[L, v, E]/P[L, S(0, ns)]
13: else if P[¢,r'] > 0 then
14: Q¢, 7' += Q[¢, 7] - R[L, 7w, E]/P[¢, T']
15:  end /#* for ( */
16: end.
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