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Introduction Surface Realisation

What is Surface Realisation?

Definition

A subtask of NLG to produce syntactically, morphologically, and
orthographically correct sentences from a given semantic/syntactic
representation.

input: lexicalised semantic or syntactic representation of
linguistic content

output: meaningful, grammatical and fluent natural language
string
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Introduction Surface Realisation

Motivation

Unification-based formalisms, e.g. LFG, HPSG, CCG, TAG

Handcrafted rules: FUF/SURGE, Lingo/LKB, OpenCCG, XLE etc.
Wide-coverage grammars automatically extracted from treebanks:
Nakanishi (2005), Cahill (2006), White (2007) etc.

? How automatically acquired grammars perform in generation

An inverse process of parsing

Grammar transforms and lexicalisation improve PCFG parsing
? How parsing techniques affect the performance of generation

Robustness, Reusability

Language- and Domain-independent
? How the techniques and grammars perform on Chinese data
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Introduction Lexical-Functional Grammar

C- and F-Structures

φ : C → F

φ(n1)=φ(n3)=φ(n5)=f1 φ(n2)=φ(n4)=f2 φ(n6)=φ(n8)=f3 φ(n7)=f4

n1:IP
[↑=↓]

n2:NP
[↑subj=↓]

n4:NR
[↑=↓]�L¬

JiangZemin

n3:VP
[↑=↓]

n5:VV
[↑=↓]¬�

interview
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n7:NR
[↓∈↑adjunct]�I

Thai

n8:NN
[↑=↓]on
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C(onstituent) Structure F(unctional) Structure
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Introduction Lexical-Functional Grammar

LFG Grammars

(1) IP −→ NP VP
[↑subj=↓] [↑=↓]

(2) VP −→ VV NP
[↑=↓] [↑obj=↓]

(3) NP −→ NR NN
[↑adj=↓] [↑=↓]

(4) NP −→ NR
[↑=↓]

f-structure annotated CFG rules

(1) ¬� VV (↑pred)=‘¬�〈subj,obj〉’
interview

(2) on NN (↑pred)=‘on’
president (↑ntype)=common

(↑num)=sg

(3) �I NR (↑pred)=‘�I’
Thai (↑ntype)=proper

(↑num)=sg

(4) �L¬ NR (↑pred)=‘�L¬’
JiangZemin (↑ntype)=proper

(↑num)=sg

lexical entries
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LFG-Based Generation PCFG Generation Models

LFG Generates Context-free Language

Definition

Generation in LFG is to determine the strings of a language that
correspond to a specified f-structure, given a particular grammar.

input: f-structure with unordered grammatical functions

output: corresponding functional annotated c-structure tree
(specifies a surface realisation)

Kaplan and Wedekind (2000)

The set of strings generated from fully specified f-structures according
to the LFG grammar is a context-free language.
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LFG-Based Generation PCFG Generation Models

Basic PCFG Model

Cahill and van Genabith (2006)

A PCFG-based chart generator using wide-coverage LFG
approximations automatically extracted from the Penn-II treebank.

F = an f-structure

T = an annotated c-structure corresponding to the f-structure

A statistical generation model defines P (T |F )

The best realisation is Tbest = argmaxT P (T |F )

Decomposition:

P (T |F ) =
∏

X → Y in T

Feats = {ai|ai ∈ φ(X)}

P (X → Y |X,Feats)
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LFG-Based Generation PCFG Generation Models

Independence Assumption in PCFGs

Missing structural dependencies between rules

Lack of sensitivity to lexical dependencies

(1) a. ù 4 �� m  �®
this CLS train run to Beijing
‘The train is bound for Beijing.’

b. ù 4 ��  �® m
this CLS train to Beijing run

(2) a. �I on é¥I ?1 �¯
Thai president to China make visit
‘The Thai president paid a visit to China.’

b. * �I on ?1 �¯ é¥I
Thai president make visit to China
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LFG-Based Generation PCFG Generation Models

History-based Model
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Grammar Rule Conditions
NP → NR NN NP {pred,ntype,num,adjunct} obj

[↑obj=↓] [↓∈↑adjunct] [↑=↓] [↑obj=↓]

P (T |F ) =
∏

X → Y in T

Feats = {ai|ai ∈ φ(X)}
∃f (f GF) = φ(X)

P (X → Y |X, Feats,GF)
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LFG-Based Generation PCFG Generation Models

Lexicalised Model
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Grammar Rule Conditions
NP(on) → NR(�I) NN(on) NP(on) {pred,ntype,num,adjunct}
[↑obj=↓] [↓∈↑adjunct] [↑=↓] [↑obj=↓]

P (T |F ) =
∏

X → Y in T

Feats = {ai|ai ∈ φ(X)}

P (X(x) → Y (y)|X(x), F eats)
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LFG-Based Generation Smoothing Algorithms for Chart Generator

Lexical Smoothing

1 Extracting lexical macros from lexical entries

POS lexical features (f)�I NR (↑pred)=‘�I’,(↑ntype)=proper,(↑num)=sg�L¬ NR (↑pred)=‘�L¬’,(↑ntype)=proper,(↑num)=sg

lexical macro NR (↑ntype)=proper,(↑num)=sg

2 Predicting POS of unknown words by lexical macros

P (POS|f) =
count(POS, f)

∑n
i=1 count(POSi, f)
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LFG-Based Generation Smoothing Algorithms for Chart Generator

Rule Smoothing

Features smooth: reducing the conditioning f-structure features

Partial match: reducing components of the CFG rule

Examples

Nonsmooth VP[↑=↓] → VV[↑=↓] NP[↑obj=↓], {subj, obj, pred}
Feature smooth VP[↑=↓] → VV[↑=↓] NP[↑obj=↓], {subj, obj, pred}
Partial match VP[↑=↓] → VV[↑=↓] NP[↑obj=↓], {subj, obj, pred}
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LFG-Based Generation Smoothing Algorithms for Chart Generator

Chart Generation Algorithm

Each (sub-)f-structure indexes a (sub-)chart

Each local chart generates the most probable trees for the
corresponding f-structure:

1 generating lexical edges by pred and special atomic features
representing function words;

2 applying unary rules and binary rules to generate new edges until
no more new edges can be generated;

3 if no edge in the local chart can cover the current f-structure,
applying smoothed unary rules and binary rules to generate new
edges;

4 propagating compatible edges to the upper-level chart.
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Experiments and Results

Experimental Data

Penn Chinese Treebank (CTB6)

Data source: newswire from Xinhua, Sinorama, HKSAR and
transcripts from broadcast news
Training Set: 15,663 sentences
Test Set: 500 sentences (5 words ≤ length ≤ 80 words)
Development Set: 500 sentences (5 words ≤ length ≤ 80 words)

F-structures automatically converted from CTB (Guo et al., 2007)

Annotated CFG Rules extracted from the training set

associated with without
f-structures f-structures

PCFG 22,372 8,548
HB-PCFG 28,487 11,969
LEX-PCFG 325,094 286,468

LFG-Based Chinese Generation INLG’08 19 / 24



Experiments and Results

Evaluation Metrics

Coverage: The percentage of input f-structures for which the
generator produces a (complete or partial) sentence.

Exact Match: The percentage of generated sentences that exactly
match the reference.

BLEU Score: A geometric average of n-gram accuracy, adjusted by
length penalty LP

BLEU = exp

(

N
∑

n=1

wn log pn

)

× LP

Simple String Accuracy:

SSA = 1 −
I + D + S

R

LFG-Based Chinese Generation INLG’08 20 / 24



Experiments and Results

Results without smoothing

All Sentences Coverage ExMatch BLEU SSA

PCFG 100% 7.2% 0.5401 0.6261
HB-PCFG 100% 8.60% 0.5474 0.6281
LEX-PCFG 100% 9.40% 0.5687 0.6537

Table: Results for all input f-structures

Complete Sentences Coverage ExMatch BLEU SSA

PCFG 36.40% 19.78% 0.7101 0.7687
HB-PCFG 34.80% 24.71% 0.7513 0.8092
LEX-PCFG 37.00% 25.41% 0.7431 0.8024

Table: Results for f-structures producing a complete sentence
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Experiments and Results

Results with lexical and rule smoothing

Complete Sentences

Partial match Coverage ExMatch BLEU SSA

PCFG 97.20% 11.32% 0.7022 0.7356
HB-PCFG 96.20% 12.27% 0.7263 0.7458
LEX-PCFG 97.80% 14.31% 0.7265 0.7696

Feature smooth Coverage ExMatch BLEU SSA

PCFG 100% 11.20% 0.7021 0.7330
HB-PCFG 100% 12.00% 0.7245 0.7413
LEX-PCFG 100% 14.20% 0.7265 0.7675

Table: Results for f-structures producing a complete sentence
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Summary

Summary

PCFG-based models for Chinese generation.

Using treebank-based, automatically acquired LFG resources.

Weakening inappropriate independence assumptions by including

lexical dependencies and enriching conditioning context with parent

f-structure features in PCFG models.

Outlook

Integrating a language model to rank equivalent realisations.
Comparing PCFG- and Dependency-based generation models.
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Questions

Thanks & Questions!
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