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Introduction
• Development of large-scale deep unification 

grammars by hand is time-consuming and 
expensive

• Most treebank-based parsing technology 
produces “shallow” grammars

• Can “deep”, probabilistic constraint-based 
grammars be aquired from treebanks?
– yes, if we have an f-structure annotated treebank at 

our disposal
– but, they don’t exist
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Introduction
Penn-II Treebank (WSJ section): contains more than 

1,000,000 words in 50,000 sentences and trees.
►But no f-structure information.

Manual f-structure annotation of grammar rules extracted is 
time consuming and expensive. 

(Large number of CFG rule types - > 19,000 for Penn-II)

Contains (often) flat rules and some mistagging
Ambiguity of natural language makes our task harder. 
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Annotation Algorithm for Penn-II

Annotation Algorithm 
exploits:
– Configurational

information
– Categorial information
– Head information
– Penn functional tags
– Trace information

L/R Context

Coordination

Catch-All and Clean up

Traces
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Automatic Annotation
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Parsing into LFG F-Structures
• PCFG-Based LFG approximations
• Two Parsing Architectures: 

(pipeline & integrated)
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Experiment Motivation
• Automatically induced large-scale, robust PCFG-based 

LFG resources

• Compare with large-scale hand-crafted resources: XLE 
(Riezler et al., 2002; Kaplan et al., 2004) and RASP 
(Carroll and Briscoe, 2002)

• Evaluation in terms of dependencies (using XLE triples 
program and Carroll and Briscoe evaluation software)

• Long-term aim is to make our resources available to 
download
– First step: online demo
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Parsers
• PCFG
• P-PCFG

– Parent transformation (Johnson, 1999)
• Collins (1999)

– history-based parser
– Model 3 (includes WHNP LDDs)

• Charniak (2000)
– “maximum entropy inspired” parser

• Bikel (2002)
– emulation of Collins Model 2
– retrained to keep Penn functional tags
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Development Data
• DCU 105

– 105 sentences extracted randomly from Section 23 of the Penn II 
Treebank

– Automatically annotated and hand corrected (After numerous 
iterations)

• WSJ 2416
– Automatically annotate the original trees from Section 23 and 

use it as a gold standard
– CCG-style evaluation

• Evaluation
– XLE triples notation: rel(arg,arg)
– E.g. subj(see~1, John~0)
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Development Phase Results

• DCU 105

• WSJ 2416

Parser Preds-Only  
F-Score (%) 

All GFs  
F-Score (%) 

PCFG 74.00 84.02 
P-PCFG 78.33 86.46 
Collins Model 3 77.86 85.66 
Charniak 80.50 86.75 
Bikel M2 Emulation 79.73 86.80 
Bikel Retrained 83.27 88.59 

 

Parser Preds-Only  
F-Score (%) 

All GFs  
F-Score (%) 

PCFG 73.78 84.00 
P-PCFG 77.95 86.19 
Collins Model 3 80.10 86.82 
Charniak 82.63 88.08 
Bikel M2 Emulation 82.35 88.23 
Bikel Retrained 84.38 89.14 
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Significance Testing

 PCFG P-PCFG C3 CH BK BKR
PCFG       
P-PCFG <0.0001      
C3 <0.0001 <0.0001     
CH <0.0001 <0.0001 <0.0001  0.3513  
BK <0.0001 <0.0001 <0.0001    
BKR <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  
 

Approximate Randomization Test (Noreen, 1988)
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Evaluation
Evaluation of Bikel Retrained Parser + Automatic 

Annotation Algorithm against PARC 700 (King et 
al., 2003)
– 700 sentences randomly selected from Section 23 of 

the Penn II treebank
– Dependency triples
– Initially parsed with XLE English grammar and 

manually hand corrected
• Mapping to convert our DCU-style f-structures 

into PARC format (Burke et al., 2004)
• Test set split, 140 development, 560 test
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PARC 700 Results
Dependency % of total deps F-Score (%)
  BKR XLE 
adegree 6.17  81 82  
adjunct 14.32 68 66  
aquant 0.06 78 61  
comp 1.23 80 74  
conj 2.64 72 69  
coord_form 1.20 83 90  
det_form 4.61 97 91  
focus 0.02 0 36  
mod 2.74 75 67  
num 19.82 91 89  
number 1.42 88 83  
number_type 2.10 95 86  
obj 8.92 88 78  
obj_theta 0.05 43 31  
obl 0.83 56 69  
obl_ag 0.22 80 76  
obl_compar 0.07 38 56  
passive 1.14 81 88  
 

Dependency % of total deps F-Score (%)
  BKR XLE 
pcase 0.25 77 68  
perf 0.41 89 90  
poss 0.98 89 80  
precoord_form 0.03 0 91  
prog 0.97 90 81  
pron_form 2.54 92 94  
pron_int 0.03 0 33  
pron_rel 0.57 75 72  
proper 3.56 84 93  
prt_form 0.22 80 41  
quant 0.34 77 80  
stmt_type 5.23 88 80  
subj 8.51 78 78  
subord_form 0.93 47 42  
tense 5.02 95 90  
topic_rel 0.57 56 73  
xcomp 2.29 80 78  
Overall 100 83.08 80.55
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PARC 700 Preds-Only Results
Dependency % of total deps F-Score (%)
  BKR XLE 
adjunct 27.14 68 66  
aquant 0.12 78 61  
comp 2.33 80 74  
conj 5.00 72 69  
coord_form 2.28 83 90  
det_form 8.74 97 91  
focus 0.05 0 36  
mod 5.19 75 67  
number 2.69 88 83  
obj 16.91 88 78  
obj_theta 0.10 43 31  
obl 1.57 56 69  
 

Dependency % of total deps F-Score (%)
  BKR XLE 
obl_ag 0.41 80 76  
obl_compar 0.14 38 56  
poss 1.86 89 80  
pron_int 0.05 0 33  
pron_rel 1.08 75 72  
prt_form 0.42 80 41  
quant 0.64 77 80  
subj 16.12 78 78  
subord_form 1.77 47 42  
topic_rel 1.08 56 73  
xcomp 4.33 80 78  
Overall 100 77.68 74.31
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PARC 700 Evaluation



NCLT Seminar Series,                
November 15th 2005

PARC 700 Evaluation
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PARC 700 Evaluation
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Evaluation
Evaluation of Bikel Retrained Parser + 

Automatic Annotation Algorithm against 
CB 500 (Carroll et al., 1998)
– 500 sentences from SUSANNE corpus
– Manually annotated
– All sentences chosen were parsable by the 

RASP parser
– Capture dependency relations
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CB 500 Evaluation
 
Dependency % total deps. BKR RASP 
dependent 100 80.23 76.57 
  mod 48.96 80.3 75.29 
   ncmod 30.42 85.37 72.98 
   xmod 1.6 70.05 55.88 
   cmod 2.61 75.6 53.08 
   detmod 14.06 95.85 91.97 
  arg_mod 0.51 80 64.52 
  arg 43.7 78.28 77.57 
   subj 13.1 79.84 83.57 
    ncsubj 12.99 87.84 84.32 
    xsubj 0.06 0 88.89 
    csubj 0.04 0 22.22 
   subj_or_dobj 18.22 81.21 83.84 
   comp 12.38 76.73 71.87 
    obj 7.34 76.05 69.53 
     dobj 5.11 84.55 84.57 
     obj2 0.25 48 43.84 
     iobj 1.98 59.04 47.6 
    clausal 5.04 77.74 75.37 
     xcomp 4.03 80 84.11 
     ccomp 1.01 69.61 75.14 
  aux 4.76 94.94 88.27 
  conj 2.06 68.84 69.09 
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CB 500 Evaluation
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CB 500 Evaluation
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Demo

http://lfg-demo.computing.dcu.ie/lfgparser.html
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Conclusions
• Successfully developed and implemented a methodology 

for automatically acquiring large-scale, probabilistic LFG 
approximations 

• Statistically significantly better results than hand-crafted 
XLE and RASP resources

• Initial analysis of differences in results

• Online Demo
– Soon to be released on LFG/HPSG/Linguist lists
– Please email us with any feedback☺
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