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Introduction

Human Language Processing

Human language processing is incremental: we update our parse of the
input for each new word that comes in.

Incrementality leads to local ambiguity, which we can observe in garden
path sentences:

(1) a. The old man the boat.
b. The prime number few.
c. I convinced her children are noisy.
d. We painted the wall with cracks.
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Introduction

Human Language Processing

Many garden paths are not due to syntactic ambiguity alone, they also
involve semantic role ambiguity.

(2) The athlete realized her goals . . .

a. . . . at the competition.
b. . . . were out of reach.

This indicates that humans incrementally assign semantic roles.

Let’s look at this example in more detail.
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Introduction

Human Language Processing: Example

The athlete realized

A0

Semantic triples: 〈[role labels], arg, pred〉

〈A0,athlete,realized〉

Frank Keller (Edinburgh) Incremental Syntax and Semantics 5 / 22



Introduction

Human Language Processing: Example

The athlete realized

A0 A1,A2,...

Semantic triples: 〈[role labels], arg, pred〉

〈A0,athlete,realized〉
〈[A1,A2],nil,realized〉

Frank Keller (Edinburgh) Incremental Syntax and Semantics 5 / 22



Introduction

Human Language Processing: Example

The athlete realized her goals
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Introduction

Human Language Processing: Example

The athlete realized her goals were out of reach

A0

A1

A0

Semantic triples: 〈[role labels], arg, pred〉

〈A0,athlete,realized〉
〈A1,were,realized〉
〈A0,goals,were〉
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Introduction

Incremental Semantic Role Labeling

We can now define the task of incremental semantic role labeling (iSRL):

determine semantic role labels as the input unfolds;
given a sentence prefix and its partial syntactic structure:

1 identify arguments and predicates;
2 assign correct role labels;

assign possibly incomplete semantic roles.
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Introduction

Non-incremental SRL

There is a large NLP literature on automatic semantic role labeling
(e.g., Liu and Sarkar, 2007; Màrquez et al., 2008; Björkelund et al., 2009).

However, none of the existing approaches are incremental. They typically
use a pipeline architecture:

Predicate
Identification

Argument
Identification

Argument
Labelling
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Incremental Semantic Role Labeling Incremental Parsing

iSRL Model

Our model is built on top of an incremental syntactic parser.

We label the output of the parser directly. No need for separate predicate
and argument identification step.

Psycholinguistically
Motivated TAG

(PLTAG)
+ Semantic

Role Lexicon

Incremental Role
Propagation

Algorithm (IRPA)

Triple Identifier/
Role Label

Disambiguation
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Incremental Semantic Role Labeling Incremental Parsing

Psycholinguistically Motivated TAG (PLTAG)

Psycholinguistically Motivated TAG (PLTAG, Demberg et al., 2013):

variant of tree-adjoining grammar;
supports parsing with incremental, fully connected structures;
connectedness is achieved through syntactic prediction;
PLTAG lexicon augmented with semantic roles for iSRL.
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Incremental Semantic Role Labeling Incremental Parsing

Comparison with TAG
TAG derivations are not always incremental: Banks will take measures.
Example

S

VP

NP↓VP

take

NP↓

subst−−−−→ S

VP

NP↓VP

take

NP

Banks

adj
−−→

S

VP

VP

NP↓VP

take

MD

will

NP

Banks

Lexicon
NP

Banks

S

VP

NP↓VP

take

NP↓

VP

VP*MD

will
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Incremental Semantic Role Labeling Incremental Parsing

Comparison with TAG

PLTAG derivation are always incremental and fully connected:
Example

NP

Banks

subst−−−−→ S1

VP1
1NP1

Banks

adj
−−→

S1

VP1

VP1MD

will

NP1

Banks

verif−−−→ S

VP

VP

NP↓VP

take

MD

will

NP

Banks

Lexicon
NP

Banks

S
VP

NP↓VP
take

NP↓
VP

VP*MD

will

Sk

VPk
kNPk↓
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Incremental Semantic Role Labeling Semantic Lexicon

Semantic Lexicon

PLTAG semantic lexicon derived from PropBank (Palmer, 2005):

NP

NNS

Banks

NP

NNS

measures

VP

VP∗
{AM-MOD}

MD

will

S

VP

NP↓
{A1}

VP

VB

take

NP↓
{A0,A3}

S1

VP1
1NP1

NP↓
{A0,A1,
A2,A3}

Only include semantic roles derived from verbal predicates.
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Incremental Semantic Role Labeling Incremental Role Propagation

Incremental Role Propagation

NP

NNS

Banks

S1

VP1NP1

NNS

Banks
{A0,A1,
A2,A3}

S1

VP1

VP

VP*
{AM-
MOD}

MD

will

NP1

NNS

Banks
{A0,A1,
A2,A3}

1. subst 2. adj

1. NP → 〈{A0,A1,A2,A3},Banks,nil〉

2. VP → 〈AM-MOD,will,nil〉
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Incremental Role Propagation

NP

NNS

Banks

S1

VP1NP1

NNS

Banks
{A0,A1,
A2,A3}

S1

VP1

VP1
{AM-MOD}

MD

will

NP1

NNS

Banks
{A0,A1,
A2,A3}

1. subst 2. adj 3. verif
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Incremental Semantic Role Labeling Incremental Role Propagation

Incremental Role Propagation

S

VP

VP

NP↓
{A1}

VP

VB

take

MD

will
{AM-
MOD}

NP

NNS

Banks
{A0,A3}

S

VP

VP

NP

NNS

measures
{A1}

VP

VB

take

MD

will
{AM-
MOD}

NP

NNS

Banks
{A0,A3}

4. verif

3. NP → 〈{A0,A1,A2,A3},Banks,take〉
VP → 〈AM-MOD,will,take〉
NP → 〈A1,nil,take〉
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Incremental Semantic Role Labeling Incremental Role Propagation

Incremental Role Propagation

S

VP

VP

NP↓
{A1}

VP

VB

take

MD

will
{AM-
MOD}

NP

NNS

Banks
{A0,A3}

S

VP

VP

NP

NNS

measures
{A1}

VP

VB

take

MD

will
{AM-
MOD}

NP

NNS

Banks
{A0,A3}

4. subst

3. NP → 〈{A0,A3},Banks,take〉
VP → 〈AM-MOD,will,take〉

4. NP → 〈A1,measures,take〉

Frank Keller (Edinburgh) Incremental Syntax and Semantics 13 / 22



Incremental Semantic Role Labeling Incremental Role Propagation

Argument Identification; Role Label Disambiguation

Argument identification:

〈{A0,A3},Banks,refused〉 Bilexical Features
Syntactic Features

L2-loss support
vector classifier

Keep

Discard

Role label disambiguation:

〈{A0,A3},Banks,refused〉 Bilexical Features
Syntactic Features

L2-regularised
logistic regres-
sion classifier

〈{A0},Banks,refused〉

Frank Keller (Edinburgh) Incremental Syntax and Semantics 14 / 22



Incremental Semantic Role Labeling Incremental Role Propagation

Argument Identification; Role Label Disambiguation

Argument identification:

〈{A0,A3},Banks,refused〉 Bilexical Features
Syntactic Features

L2-loss support
vector classifier

Keep

Discard

Role label disambiguation:

〈{A0,A3},Banks,refused〉 Bilexical Features
Syntactic Features

L2-regularised
logistic regres-
sion classifier

〈{A0},Banks,refused〉

Frank Keller (Edinburgh) Incremental Syntax and Semantics 14 / 22



Results Incremental Semantic Role Labeling

Results

Setup:
only include semantic roles derived from verbal predicates;
SRL-only task (as defined in CoNLL): use gold lexicon entries.

Evaluation:
full sentence accuracy (F1);
unlabeled prediction score (UPS).

Model comparison:
iSRL oracle: gold semantic role labels;
iSRL: all semantic role labels;
majority baseline;
MALT baseline.
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Results Incremental Semantic Role Labeling

Results: Full Sentence

iSRL oracle iSRL Maj. baseline MALT baseline

20

40

60

80

100

85.29
78.38

63.92

52.5

F 1

Frank Keller (Edinburgh) Incremental Syntax and Semantics 16 / 22



Results Incremental Semantic Role Labeling

Results: Incremental

5 10 15 200.2

0.4

0.6

0.8

1

words

F 1

Unlabeled Prediction Score (UPS) F1

iSRL oracle
iSRL

Majority baseline
MALT baseline
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Results Semantic Roles improve Incremental Parsing

Parse Re-ranking with iSRL

We can now feed the output of the iSRL model back into the parser to
improve parsing performance:

yn−11
yn−12
. . .

yn−1k
+
wn

PLTAG
.

iSRL
.

k−best
Reranker

yn3
yn1
yn7
. . .
ynk

yn{1 . . . k}

SRLs

For incoming word wn compute new prefix tree yn;
use PLTAG parser to attach wn to yn−1;
compute semantic roles for each possible yn;
perform online per word reranking.
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Results Semantic Roles improve Incremental Parsing

Reranking Features

Features for parse reranking:

baseline probability;
PLTAG features: unigram, unigram+parent, bigram trees;
tree features (Charniak and Johnson, 2005): right branching,
coordination, heaviness, neighbors, word;
SRL features:

complete SRL triples: 〈A0,athlete,realized〉;
semantic frame: 〈realized, A0: athlete, A1: were〉
back-off SRL triples: 〈–,athlete,realized〉, 〈[A0],–,realized〉,
〈[A0],athlete,–〉;
predicate/argument/role: realized, athlete, A0.
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Results Semantic Roles improve Incremental Parsing

Results

Train PLTAG, k-best reranker on WSJ sections 02–21;
test on WSJ section 23 (≤ 40 words).

I N

≤

76.21

76.75 76.81

77.47

77.77

F
1

evalb Score

Baseline Tree SRL T+S T+P+S
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Conclusions

PLTAG with iSRL as a Psycholinguistic Model?
Good evidence for PLTAG as a psycholinguistic model:

predicts reading times in the Dundee corpus (Demberg et al., 2013);
models a range of experimental results (Demberg, 2010).

PLTAG with iSRL as a potential model:
first explicit implementation of incremental parsing with incremental
semantic construction;
makes architectural claims: autonomous syntax (without re-ranking),
syntax-first with revision (with re-ranking);
can be interfaced with distributional semantics models.

Current limitations:
no formal evaluation on human data;
surprisal estimates can’t be computed easily;
plausibility of having three separate classifiers?
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Conclusions

Conclusions

New task: incremental semantic role labeling;
our model combines:

Psycholinguistically Motivated TAG (PLTAG);
semantic role lexicon;
incremental semantic role propagation algorithm;
argument identification, role disambiguation classifiers;

performs well incrementally: predicts (in-)complete triples early in the
sentence;
incremental SRL improves parsing accuracy;
download code from https://github.com/sinantie/PLTAG.
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Bonus Material: PLTAG

Lexicon:
Standard TAG lexicon
Predictive lexicon
(PLTAG)

Operations:
Substitution
Adjunction
Verification (PLTAG)
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Bonus Material: PLTAG

Lexicon:
Standard TAG lexicon
Predictive lexicon
(PLTAG)

Operations:
Substitution
Adjunction
Verification (PLTAG)

Example
Initial Tree: NP

Banks

S

VP

NP↓VP

take

NP↓

Auxiliary Tree: VP

VP*MD

will
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Bonus Material: PLTAG

Lexicon:
Standard TAG lexicon
Predictive lexicon
(PLTAG)

Operations:
Substitution
Adjunction
Verification (PLTAG)

Example
NP

Banks

substitutes into S

VP

NP↓VP

take

NP↓

resulting in S

VP

NP↓VP

take

NP

Banks
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Bonus Material: PLTAG

Lexicon:
Standard TAG lexicon
Predictive lexicon
(PLTAG)

Operations:
Substitution
Adjunction
Verification (PLTAG)

Example
VP

VP*MD

will

adjoins to S

VP

NP↓VP

take

NP

Banks

resulting in S

VP

VP

NP↓VP

take

MD

will

NP

Banks
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Bonus Material: PLTAG

Lexicon:
Standard TAG lexicon
Predictive lexicon
(PLTAG)

Operations:
Substitution
Adjunction
Verification (PLTAG)

Example
Prediction Tree: Sk

VPk
kNPk↓

Index k marks predicted node.
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Bonus Material: PLTAG

Lexicon:
Standard TAG lexicon
Predictive lexicon
(PLTAG)

Operations:
Substitution
Adjunction
Verification (PLTAG)

Example
S1

VP1

VP1MD

will

NP1

Banks

is verified by S

VP

NP↓VP

take

NP↓

resulting in S

VP

VP

NP↓VP

take

MD

will

NP

Banks

All nodes indexed with k have to be verified.
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