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DDEEP & EEP & SSHALLOW HALLOW PPROCESSINGROCESSING

deep methods for morphological - syntactic - semantic
processing exploit our knowledge about the structure of 
human language

as opposed to shallow methods such as pattern
matching grammars, n-gram language models

deep methods are needed for getting at the meaning of 
language input

shallow methods perform a partial or heavily under-
specified analysis sufficient for certain applications
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Sue gab Paul einen alten Pfennig. 
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Sue gave Paul an old penny. 

NP

∃x[(old'(penny')) (x) ∧ (Past(give'(sue‘, paul‘, x)))]
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OONCE NCE UUPON A PON A TTIMEIME

Broad industrial research in deep parsing
Xerox - LFG

Siemens - LFG

IBM Germany - HPSG

Hewlett Packard - GPSG and HPSG

IBM USA - PLNLP and Slot Grammar

Very large projects
EUROTRA

LILOG

LS-GRAM



ESSLLI 2008 - Day 4 

GGRAMMAR RAMMAR FFRAMEWORKSRAMEWORKS

Head-Driven Phrase Structure Grammar (HPSG) 

Lexical Functional Grammar (LFG)

Tree-Adjunction Grammar (TAG)

Categorial Grammar (CG)

Dependency Grammar (DG)

GB-Minimalist Program
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HPSGHPSG

Head-Driven Phrase Structure Grammar by
Pollard and Sag 

Uniform formalism: typed feature structures

High degree of lexicalization: very few PS-rules, 
rich lexicon structure

Ontological structure: Multiple inheritance type
hierarchy



ESSLLI 2008 - Day 4 

Problems Problems withwith DeepDeep AnalysisAnalysis

Coverage (Development Time)

Robustness (Coping with Out-of-Grammar Input)

Efficiency (Runtime and Space Efficiency)

Specificity (Selection among Readings)
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Problems Problems withwith ShallowShallow AnalysisAnalysis

Accuracy

Problems with embeddings, grammatical control, 
anaphora and modal as well as negative contexts.

According to SVP Raul Lopez, Slator expected him to 
be appointed CEO of Crawford Inc. at the upcoming
share holders meeting.

After the retirement of Peter Smith, Mary Hopp was 
introduced by VP Brown as the new director of the 
marketing division.

After every former US based vicepresident except Lisa 
Ronell served as Chairman of the Board, the 
shareholders for the first time appointed a non-US 
Chairperson.
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TTHE HE CCORE ORE MMACHINERYACHINERY
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Development Platform
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Runtime Parser
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Japanese
Grammar

German
Grammar

English
Grammar

Open Source
Public Domain
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HHOWEVEROWEVER

Back to the problems of 

robustness
coverage
specificity
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AASSUMPTIONSSSUMPTIONS

Information extraction is not an alternative to deep 
processing but a continuum between classification and 
"full" semantic analysis   

Information Extraction via Text Enrichment

We can detect topics, names, binary relations, complex 
relations, answers, etc.

Question:  At what point is deep processing needed?
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AAPPROACHPPROACH

Lack of robustness and coverage remains a 
serious problem for deep processing. 

So we need to find applications, where deep
processing can improve detection without
spoiling the performance.

Example: Relation extraction.

Let deep processing assist shallow methods.
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LTLT MMETHODSETHODS

discrete non-discretehybrid

shallow

deep

HMMHMM--basedbased
POS POS TaggerTagger
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LTLT MMETHODSETHODS

discrete non-discretehybrid

shallow

deep

HPSGHPSG--ParserParser
withwith MRSMRS
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LTLT MMETHODSETHODS

discrete non-discretehybrid

shallow

deep

PCF Parser PCF Parser 
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LTLT MMETHODSETHODS

discrete non-discretehybrid

shallow

deep

syntacticsyntactic LFGLFG
parserparser withwith MEME
selectionselection
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MMETHODS OF ETHODS OF CCOMBINATIONOMBINATION

Separate systems running in parallel with a 
selection function based on preference, 
confidence or assessment metrics

All in one integrated system (such as a 
blackboard or manager architecture)

Separate systems annotating the same input with
different control schemes (whiteboard or pool
architecture)
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Systems Systems RunningRunning in Parallelin Parallel

Separate systems running in parallel with a 
selection function based on preference, 
confidence or assessment metrics

PreProc

PATH 1

Selection
PostProcPATH 2

PATH 3
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SelectionSelection MechanismMechanism

Preference:
most probable component wins (deep < shallow)

Confidence:
most confident wins (each analysis gets a 
confidence measure)

Probability:
most probable analysis wins (calibrated
probabilities)

Mixed Approaches
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One One IntegratedIntegrated SystemSystem

PreProc
Selection
PostProc

Comp 1 Comp 2 Comp 3

Manager Architecture
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One One IntegratedIntegrated SystemSystem

Blackboard Architecture

PreProc

Comp 1

Comp 2

Comp 3

Selection

PostProc
Output

Input
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TTHE HE AAPPROACHPPROACH

Combination of shallow and deep processing by
incremental text enrichment

Shallow Methods

POS Tagging -- TnT

Morphology -- Morphix and MMorph

Word Nets -- GermaNet

Information Extraction -- SPPC and SPROUT

Deep Methods

HPSG Parsing -- PET
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PPOOL OOL AARCHITECTURERCHITECTURE

HPSG Parsing
by PET

Information 
Extraction by
SPPC - SPROUT

Topological
Parsing by
TOPOPARSER

Morphology
by Morphix
or MMorph

Word Senses
by GermaNet

POS Tagging
by TnT

B. Crysmann, A. Frank, 
B. Kiefer, S. Müller, 

G. Neumann,  J. Piskorski, 
U. Schäfer, M. Siegel, 

H. Uszkoreit,  F. Xu,
M. Becker,  H.-U. Krieger
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An EU IST ProjectAn EU IST Project
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The ConsortiumThe Consortium

© 2004   Hans UszkoreitACL 2005

Saarland University (Coordinator)

U. of Cambridge
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U. of Trondheim

Stanford University

CELI Company of Torino

XtraMind GmbH of Saarbrücken

acrolinx gmbh, Berlin 

DFKI Saarbrücken
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ThreeThree ApplicationsApplications

IR Indexing with Morphology and Statistical LT 

<TAG1 Hypermedia>, in 
<TAG2 computer science>, 
the integration of <TAG 4 
graphscs>, <TAG 4 sound>,
< <TAG 4 video>, or any 
combination into a 
primarily associative 
system of information 
storage and retrieval. 
<TAG Hypermedia>,
especially in an <TAG6 
interactive format> where 
choices are controlled by 
the user, is structured 
around the idea of offering 
a working and learning env
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Named Entity Recognition with FST Technology 

Accurate Relation Recognition with Deep Processing 

Application
Creativity 
Support

Application
Business 
Intelligence

Application Email
Response 
Management

Hypermedia, in computer science, the 
integration of graphics, sound, video, or any 
combination into a primarily associative system 
of information storage and retrieval. 
Hypermedia, especially in an interactive format 
where choices are controlled by the user, is 
structured around the idea of offering a 
working and learning environment that parallels 
human thinking˘that is, an environment that 
allows the user to make associations between 
topics rather than move sequentially from one 
to the next, as in an alphabetic list. 
The term hypertext was coined in 1965 by Ted 
Nelson to describe documents, as presented by a 
Computer, that express the no

nlinear structure of ideas, as opposed to the 
linear format of books, film, and speech. The 
term hypermedia, more recently introduced, is 
nearly synonymous but emphasizes the 
nontextual components of hypertext, such as 
animation, recorded sound, and video.
Hypermedia topics are thus linked in a manner 
that allows the user to jump from subject to 
related subject in searching for information. 
For example, a hypermedia presentation on na
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of information storage and retrieval. 
Hypermedia, especially in an interactive format 
where choices are controlled by the user, is 
structured around the idea of offering a 
working and learning environment that parallels 
human thinking˘that is, an environment that 
allows the user to make associations between 
topics rather than move sequentially from one 
to the next, as in an alphabetic list. 
The term hypertext was coined in 1965 by Ted 
Nelson to describe documents, as presented by a 
Computer, that express the no

nlinear structure of ideas, as opposed to the 
linear format of books, film, and speech. The 
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nontextual components of hypertext, such as 
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Business News,
Newsgroups

Customer Email

Documents
authored by user
enriched by application

Reports for 
user assembled 
by application

Response
E- Mails selected
on the basis of analysis

Digital Information
Repositories
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Project ObjectivesProject Objectives

The lack of robustness and coverage is a serious
problem for Information Extraction based on deep
processing alone.

Information Extraction with shallow processing
methods is efficient and robust, but: 

The lack of subcategorization information
precludes extraction of conventional semantic
representations.
There is insufficient information to recover scope
information.

Hybrid approach to multilingual information extraction
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every(x), experienced(x),VP(x),serve1(e,x), spast(e), on2(e’,e,y), 
some(y), committee(y).

every(x1), experienced(x2),VP(x3),serve1(e4), spast(e4), on2(e5), 
some(x6), committee(x7)

ARG1(e4,x1), ARG1(e5,e4),ARG2(e5,x6),

x1=x2, x2=x3, x6=x7.

Event-Based LF

Robust Minimal Recursion Semantics (RMRS)

NL Input
Every experienced vice president served on a committee.
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every_DT(x1), experienced_AJ(x2),vice_president_N(x3),served_V(e4), 
past(e4), on_PRP(e5), a_DT(x6), committee_N(x7)

Every experienced vice president served on a committee.

every(x1), experienced(x2),VP(x3),serve1(e4), spast(e4), on2(e5), 
some(x6), committee(x7)

ARG1(e4,x1), ARG1(e5,e4),ARG2(e5,x6),

x1=x2, x2=x3, x6=x7.

Deep Processing

POS Tagger

NL Input
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every_DT(x1), experienced_AJ(x2),vice_president_N(x3),served_V(e4), 
past(e4), on_PRP(e5), a_DT(x6), committee_N(x7),

x1=x3, x2=x3, x6=x7.

Every experienced vice president served on a committee.

NP Chunker

NL Input

The NP chunk parser outputs an (R)MRS representation in which the parts
of NPs are connected by equations. 
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Certain grammatical relations or attachment may not be detected by
the shallow parser.   (Such as topicalization in the example below).

that_DT(x1), proposal_N(x2), every_DT(x3), experienced_AJ(x4), 
committee_member _N(x5), support_V(e6), past(e6),

ARG1(e6,x5), x1=x2, x3=x4, x4=x5

NP Chunker 

That proposal every experienced committee member supported. 

NL Input
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Main IdeaMain Idea

RMRS provides a common representation for 
linguistic processing on all levels and for all 
languages. Shallow and deep processing produce 
compatible semantic representations.
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Main resultsMain results

New architecture for hybrid integrated 
multilingual natural language processing.

Combining efficient processing modules on 
different levels of preciseness and robustness 
and for multiple languages in a variable way.
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Main results: applicationsMain results: applications

Information extraction for business intelligence.

Implementation where HPSG refines and verifies the output 
of shallow parsing.

Information lookup for document authoring and creative 
meetings.

Server-based implementation with connection to external 
services (Google/Answerbus) and HoG.

Information extraction in an email autoresponse task.

Implementation with connection to HoG using the deepest 
available analysis triggered by clues.

Information extraction for a web portal from hike descriptions. 

Implementation with semantically enriched grammar and 
connection via HoG .
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Main resultsMain results

Linguistically sound analyses for a variety of 
phenomena and languages. 

We have an integrated demonstration of large 
and wide-coverage grammars for five languages.

Lexical databases.

Methods for unknown words and named entities.

Efficient generation.
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Hybrid Natural Language ProcessingHybrid Natural Language Processing

The analysis results of NLP tools at lower processing 
levels can be used by components at higher levels. 

For example, the deep linguistic analysis module PET 
uses default lexicon entries for Named-Entities that 
Sprout delivers. 
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Hybrid Natural Language ProcessingHybrid Natural Language Processing

The analysis results of NLP tools at lower processing 
levels can be used by components at higher levels.

For example, the deep linguistic analysis module PET 
uses default lexicon entries for Part-of-Speech tags 
that the POS tagger TnT delivers.
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Hybrid Natural Language ProcessingHybrid Natural Language Processing

Deliver the deepest result.

The Email Autoresponse application follows this approach
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Hybrid Natural Language ProcessingHybrid Natural Language Processing

Deliver partial results, whenever a complete analysis is 
not available. Partial results are taken from the deepest 
module that delivers results.
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Hybrid Natural Language ProcessingHybrid Natural Language Processing

Combine modules and grammars for different 
languages. Each language has its own 
configuration of valid modules and 
grammars.
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Hybrid Natural Language ProcessingHybrid Natural Language Processing
The different modules use a 
compatible output formalism, RMRS.

In case of shallower modules, this robust semantic  
structure allows for underspecification of, e.g., 
argument structure.
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Multilingual HPSG Grammar EngineeringMultilingual HPSG Grammar Engineering

Available HPSG grammars : 
German (50.000 lexical entries)
English (12.300 lexical entries)
Japanese (35.000 lexical entries)
Norwegian (84.240 lexical entries)
Italian (4.850 lexical entries)

We have a Grammar Matrix that allows an 
efficient implementation of new grammars with 
compatible and correct output.
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MMULTILINGUAL ULTILINGUAL GGRAMMAR RAMMAR DDEVELOPMENTEVELOPMENT

Existing Grammars in English, German, Japanese
Sizeable Grammar of Norwegian built in the project
Deep Thought by Lars Hellan and others at Trondheim U.
Italian Grammar by company CELI built in Deep Thought
Greek grammar being set up by Valia Kordoni and 
Julia Neu at Saarland University
Korean grammar being build by Jong-Bok Kim
New Portuguese Grammar project at University of Lisbon
headed by Antonio Branco
Spanish Grammar converted from ALEP format at U. 
Barcelona
New: Beginning of a Chinese Grammar at Saarland U.
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The Grammar MatrixThe Grammar Matrix

The Matrix for grammars of multiple languages: 
A system of types that is directly 
included into new and existing 
grammars.
Reduced start-up costs.
Common feature descriptions.
Shared insights on analyses of 
phenomena.
Support for multilingual applications.
Robust treatment of real corpora.
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The Grammar MatrixThe Grammar Matrix

It contains 19 files and documentation:

Basic types and features for multilingual HPSG 
development.
Basic types and features for multilingual semantic 
construction.
Settings for working with LKB, [incr tsdb()] and 
PET.
Basic lexical types
Basic rule types



ESSLLI 2008 - Day 4 

MatrixMatrix--based multilingual grammar engineeringbased multilingual grammar engineering
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MatrixMatrix--based multilingual grammar engineeringbased multilingual grammar engineering
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Scientific Impact: DELPHScientific Impact: DELPH--ININ

http://www.delph-in.net/
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Scientific Impact: DELPHScientific Impact: DELPH--ININ

Including open-source resources:
LKB grammar development system (incl. 
generation)
PET grammar processing system
[incr tsdb()] grammar profiling system
ERG English HPSG
JACY Japanese HPSG
NorSource Norwegian HPSG
Modern Greek Resource Grammar
Lingo Grammar Matrix
Redwoods treebank

(DeepThought Heart of Gold will be part of DELPH-IN)
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ConclusionConclusion and Outlookand Outlook

There has been considerable progress in the area of 
deep linguistic processing.

However, deep processing methods have to be
combined with discrete and non-discrete shallow
methods for sufficient performance. 

Flexible and scalable platform for the composition of 
hybrid systems.

Test of the platform in real world applications.

A better integration of statistical and deep linguistic
methods is still badly needed. 
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GGRAMMARRAMMAR44
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GGRAMMARRAMMAR44

Grammar Theory

HPSG-Theory

Grammar

English
LINGO Grammar

Grammar Formalism

HPSG Formalism

Implementation

LKB Platform
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GGRAMMARRAMMAR44

Grammar Theory

LFG Theory

Grammar

German 
PARGRAM Grammar

Grammar Formalism

LFG Formalism

Implementation

XLE System

runs onis suited
for

implements
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is writt
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