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DEEP & SHALLOW PROCESSING

hods for morphological - syntactic - semantic
g exploit our knowledge about the structure of
inguage

ed to shallow methods such as pattern
) grammars, n-gram language models

hods are needed for getting at the meaning of
> Input

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



| research in deep parsing

PLNLP and Slot Grammar

2CtS
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2n Phrase Structure Grammar (HPSG)

ctional Grammar (LFG)
ction Grammar (TAG)
Grammar (CG)

y Grammar (DG)

alist Program
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n Phrase Structure Grammar by
1 Sag

malism: typed feature structures

e of lexicalization: very few PS-rules,
structure

| structure: Multiple inheritance type
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Problems with Deep Analysis

development Time)
(Coping with Out-of-Grammar Input)
Runtime and Space Efficiency)

Selection among Readings)
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Problems with Shallow Analysis

blems with embeddings, grammatical control,
phora and modal as well as negative contexts.

ording to SVP Raul Lopez, Slator expected him to
appointed CEO of Crawford Inc. at the upcoming
re holders meeting.

er the retirement of Peter Smith, Mary Hopp was
oduced by VP Brown as the new director of the
keting division.

er every former US based vicepresident except Lisa
ell served as Chairman of the Board, the
reholders for the first time appointed a non-US
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PET
Runtime Parser

English
Grammar

German
Grammar

uonedljddy

Japanese
Grammar

Open Source
Public Domain
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HOWEVER

problems of
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extraction is not an alternative to deep
but a continuum between classification and
ntic analysis

Extraction via Text Enrichment

ect topics, names, binary relations, complex
nswers, etc.

At what point is deep processing needed?
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bustness and coverage remains a
oblem for deep processing.

d to find applications, where deep
can improve detection without
e performance.

elation extraction.

rocessing assist shallow methods.
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LT METHODS

hybrid non-discrete

HMM-based

POS lagger
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LT METHODS

hybrid non-discrete

HPSG-F

Withr VIR'S
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LT METHODS

hybrid non-discrete
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LT METHODS
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hybrid non-discrete

Syntactic L
parser with ME

selection




METHODS OF COMBINATION

e systems running in parallel with a
function based on preference,
ce or assessment metrics

e integrated system (such as a
ard or manager architecture)

e systems annotating the same input with
control schemes (whiteboard or pool
ture)
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Systems Running Iin Pa

ystems running in parallel with a
unction based on preference,
2 Or assessment metrics

PATH 1

Selection

PATH 2

PostProc

PATH 3

il
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Selection Mechanism _

ble component wins (deep < shallow)

L]
=2

dent wins (each analysis gets a
> measure)

able analysis wins (calibrated
S)

roaches
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One Integrated Syste

itecture

Selection
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One Integrated System

H Blackboard Architecture

PreProc

Comp 1l

Comp 2

Comp 3

Selection

PostProc
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WHITEBOARD

THE APPROACH

of shallow and deep processing by
ext enrichment

ods

Jging -- TnT

ogy -- Morphix and MMorph
ts -- GermaNet

ion Extraction -- SPPC and SPROUT

S

arsing -- PET
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POOL ARCHITECTURE

POS Tagging
by TnT

Morphology
by Morphix

or MMorph
Topological

Word Senses
by GermaNet
Parsing by

TOPOPARSER

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

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

H. Uszkoreit, F. Xu,

M. Becker, H.-U. Krieger

Information
Extraction by
SPPC - SPROU

HPSG Parsing
by PET




DeerTaovenr P4 An EU IST Project
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DEEPTHOUGHTEJ{Q: The Consortium _

=» UNIVERSITAT

DES Saarland University (Coordinator)
Y SAARLANDES

B UNIVERSITY OF U. of Cambridge
4% CAMBRIDGE

¥ UNIVERSITY OF U. of Sussex

SUSSEX

U. of Trondheim
?Sl\II"N U Stanford University

CELI Company of Torino

CEU A

C_eu_ . XtraMind GmbH of Saarbriicken
xtramind

acrolinx acrolinx gmbh, Berlin

’Fm DFKI Saarbriicken

ACL 2005




DeerTrovenr 2 Three Applications

Documents Reports for Response
authored by user user assembled  E- Mails selected
enriched by application by application on the basis of analysis

ication ication Email
Creativity Business Response
Support Intelligenc Manageme

Accurate Relation Recoinition with Deei Processini y

Named Entity Recognition with FST Technolo

IR lndexing with Morghologx and Statistical LT

Digital Information Business News, Customer Email
Repositories Newsgroups
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DEEPTHOUGHT?(/\.: Project Objectives

Kk of robustness and coverage is a serious
m for Information Extraction based on deep
sing alone.

ation Extraction with shallow processing
ds is efficient and robust, but:
e lack of subcategorization information

ecludes extraction of conventional semantic
presentations.

ere Is insufficient information to recover scope
formation.

Hybrid approach to multilingual information extraction
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DeepTHOUGHT =’// v
N

NL Input

Every experienced vice president served on a committee.

Event-Based LF

every(x), experienced(x),VP(x),servel(e,x), spast(e), on2(e’,e,y),
some(y), committee(y).

Robust Minimal Recursion Semantics (RMRS)

every(x1), experienced(x2),VP(x3),servel(ed), spast(ed), on2(eb),
some(Xx6), committee(Xx7)

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

X1=x2, Xx2=X3, X6=X7.




DeepTHOUGHT ='// v
N

Every experienced vice president served on a committee.

POS Tagger

every DT(x1), experienced AJ(x2),vice_president N(x3),served V(e4),
past(e4), on_PRP(e5), a DT(x6), committee N(X7)

Deep Processing

every(x1), experienced(x2),VP(x3),servel(ed), spast(e4), on2(eb),
some(x6), committee(x7)

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

X1=x2, Xx2=X3, X6=X7.




DeepTHOUGHT #/{
N

The NP chunk parser outputs an (R)MRS representation in which the parts
of NPs are connected by equations.

Every experienced vice president served on a committee.

NP Chunker

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, Xx2=x3, X6=X7.




DeepTHOUGHT =’// v
N

Certain grammatical relations or attachment may not be detected by
the shallow parser. (Such as topicalization in the example below).

That proposal every experienced committee member supported.

NP Chunker

that DT(x1), proposal _N(x2), every DT(x3), experienced AJ(x4),
committee_member _N(x5), support_V(e6), past(eb),

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




Main ldea

eS a common representation for
essing on all levels and for all

allow and deep processing produce
mantic representations.

DEEPTHOUGHT 57,:
N
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ture for hybrid integrated
natural language processing.
Ing efficient processing modules on

t levels of preciseness and robustness
multiple languages in a variable way.

DEEPTHOUGHT 57,:
N
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Main results: application-

lon extraction for business intelligence.

ementation where HPSG refines and verifies the output
allow parsing.

lon lookup for document authoring and creative

er-nased implementation with connection to external
ices (Google/Answerbus) and HoG.

lon extraction in an email autoresponse task.

ementation with connection to HoG using the deepest
lable analysis triggered by clues.

lon extraction for a web portal from hike descriptions.

ementation with semantically enriched grammar and
ection via HoG .

DEEPTHOUGHT ;// “
N
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Main results

lly sound analyses for a variety of
and languages.

e an integrated demonstration of large
de-coverage grammars for five languages.

abases.
r unknown words and named entities.

neration.

DEEPTHOUGHT 4/ “
N
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Hybrid Natural Languag

sis results of NLP tools at lower processing
be used by components at higher levels.
xample, the deep linguistic analysis module PET

default lexicon entries for Named-Entities that
ut delivers.

TEXT show me a picture of a Nokia 56 phone

TOP hi
_show v .
LBL ht5 pronoun_q_rel ||-2-9 picture_n -39
. pronoun_q_re! o2 ||pron_rel LBL por ||LBL h25([LBL  hag -oLp BL k35
imp_rn_rel LBL h8 | |pron_rel ARGD = ™ h19 17 17 LBL  hi0o01 Y30
LBL  hr|  |ARGD 92| [LBL  AI3| |apci  4@.ene re || ARG X6l ||ARGD s (|ARGD et || ppgy  ©32|[ARGD e
ARGD  h5 RSTR  hi0| |ARGD X9 pes-: ARGD  pevee: ' e
BODY  h12 arGz M7 L||PSTR O he2lipeTR  has|| L 30|\ gagp 30 |IRSTR  has
W16 e BODY  h24llpopy  hag P “lleopy k37
ReLs ARG e }
compound_ref /\
narned_abb_rel
LBL _abb_ _phone.n
RGO o4 fer |5 " e |[LBL h20002
%30 Yus || ARGD  H4L o=
ARGL 7 K 4| o ARGD *30res
ARGD w41 .\ || CARG Nokia_56 /

HCONS {hs qeq h1S, h10 qeq h13, h22 geq h19, h26 qeq h29, h36 geq h3g, h46 geq h43}
ING {29 ing h10001,h39 ing h10002}




Hybrid Natural Languag

S results of NLP tools at lower processing
e used by components at higher levels.

ample, the deep linguistic analysis module PET
efault lexicon entries for Part-of-Speech tags

e POS tagger TnT delivers.

TEXT what are polyphone ringtones 7

TOP  hi
. which_q_rel _be v idiorm_g_rel . .
int_m_re! . generic_ad) ref
™ hi prostn_m_rel || thing_rel LBL his |[|LBL hig || LBL z (1
RELS { LBL ke || LBL }13 || ARGO %3 sers=7num=sg || ARGD 82 wense=pmesen || ARGOD %20 pers=3 num=4
ARGO hé ARGO
TRC X3 ARGO h20 | ARGO %3 pere=3 num=sq | |RSTR hi17 || ARGL X207 pere=3 num=p || RS TR
X BEE=a num=50
! ' BODY hi8 || ARG2 %3 pers=3num=sg || BODY

HCONS {hm geq h19, hi7 qeg h13, h24 geq hza}
ING {h25 ing thDDl}
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Hybrid Natural Langua

pest result.

toresponse application follows this approach

xmltext | ITok | TnT | Chunkie | Sprout | SproutFs | RASP | PET [ result ]

/

] e
TExT what are polyphone ringtones 7
TOP  hl
) which_q_rel _bhe v idiorn_q_ref ) ) )
int_m_red ) generic_adi_ref generic_nom_re!l
prostn_m_rel || thing_rel LEL k15 ||LBL h19|[LBL h22
LBL ki LBL k26 |[LBL hi0001
RELS { LBL hé || LBL h13 || ARGO %3 o=z num=s || ARGD 82 tense=pesen || ARGD X200 pers=3 num=p }
ARGO he ARG0 827 tenee=y || ARGO 520 pera=7 num=g
ARGO HI0 || ARGO x5 pers=3 num=2 [|RSTR H17 || ARGL %20 pers=7 num=p || RSTR h24 )
TPC %3 pers=32 num=gg ARGL X200 pere=7 num=p || CARG rngtones
BODY 18 || ARGE %3 pes=3mum=s || BODY h2s
HCONWS {hm geg h1g, hi7 geq hl3, h24 geq hza}
NG {hos ing h1ooo1p
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Hybrid Natural Languag

tial results, whenever a complete analysis is
le. Partial results are taken from the deepest
t delivers results.

xmltext ITok TnT Chunkie Sprout SproutFs RASP PET | result

TEXT 1 want a new phone do you ?

TOP hi
broroun_qg_rel _want_ v _aq new o
prostn_m_rel ||pron_re! LEL b1l [|LBL his(|LBL hig EB L - . _phone_n
RELS { LBL hi (|LBL A8 || ARGO %9 perem i vum=sy || ARGD 82 1o s || ARGOD XES pere=7 num=sy ARGD oo LBL bl oood }
ARGO A5 || ARGO X2 o=t nwn-oo || RSTR F12 (| ARGL %9 e || RSTR hig ARG K16 pevees mum—se ARGO 16 pere=3 num=sg
BODY b1 || ARG2 %16 pere=3 num—s || BODY hao '

HCONS {h5 geq his, h12 geq hs, h19 geg h22}

NG {h22 ing h1o001 )

TEXT 1 want a new phone do you ?
TOP h1

o ;
FOROL =t
LBL hi » —4-
pron_rel LBL ha
ARGOE2 rerems
RELS { LBL h7 || ARGD %3 pers=z }
ARG1 ud
ARGO X3 pere—z || RSTR h1o
ARG us
BODY hiz2
ARGI X3 penez

HCONS {th geq h?}

ING {}.
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Hybrid Natural Languac

odules and grammars for different
Each language has its own
on of valid modules and

Heart of Gold Settings: Input text:
Depth: 4 Languages: & grglish e
20 " German !
30 Catian - BN
" =n f" Morwegian _
o a0 e Japanese III
& 100 T Greek analyze | Reset

Exarple | Help |

Please note that JavaScript™ is required.
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Hybrid Natural Language

Ifferent modules use a
atible output formalism, RMRS.

case of shallower modules, this robust semantic
ructure allows for underspecification of, e.qg.,

ument structure.

umltext | ITok TnT Chunkie Sprout SproutFs | RASP | PET result

TEXT Kim intended to buy the phone

TOPR h31
roper g red intend v
PrOper G narmed_rel || - _buy_ v =1
prpsin_rm_rel || LBL fil LEL b || prostfh_m_rel LBL\ h22 ||_phone_n
LBL h3 LEBL hid
RELS { LBL 51 (| ARGOD x2 ARGO &7 1enes—pan [ LBL x13||LBL hi4
ARGD  x2 ARGOD eil
ARGO f33 [|RETR 4 . ARGL X2 || ARGO RETE R19 || ARGD x13
CARG kimm ARGE x13
BODY i) ARGE h24q QO Rl

HCONS {h33 geq b6, h4 geq h3, h26 geq hio, h19 geq h14}

ING {}

umltext | ITok TnT Chunkie Sprout SproutFs RASP | PET | result

TEXT Kim intended to buy the phone
TOP hi

roper_q_rel intend_v
Aroper_q_ narmed_rel - -
prostn_m_ral [EE h& LBL hiz [BE his prpstn_rn_rde
RELS { LBEL hi ARGO ) . ARGOD B2 1emee=past LBEL hil
ARGO X310 pere=3 )
ARGO b5 || psTR mum=2g [ ARG1 "|| ARGD s
CARG
BODY hiz ARGZ

HCONS {h5 geq hi5, h9 geg hi13, h20 geq h23, h28 geq h31}

ING {}
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Multilingual HPSG Grammar Engineegng

2 HPSG grammars

an (50.000 lexical entries)
lish (12.300 lexical entries)
anese (35.000 lexical entries)
egian (84.240 lexical entries)
an (4.850 lexical entries)

a Grammar Matrix that allows an
Implementation of new grammars with
)le and correct output.
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MULTILINGUAL GRAMMAR DE

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 Matrix _

rix for grammars of multiple languages:

system of types that is directly
luded into new and existing
immars.

duced start-up costs.
mmon feature descriptions.

ared insights on analyses of
enomena.

pport for multilingual applications.
bust treatment of real corpora.

ESSLLI 2008 - Day 4



The Grammar Matrix _

O files and documentation:

ypes and features for multilingual HPSG
poment.

ypes and features for multilingual semantic
ction.

s for working with LKB, [incr tsdb()] and

exical types
ule types
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Matrix-based multilingual gram

kmlitext | ITok | TnT

Chunkie | Sprout | SproutFs | RASP

PET [ result ]

ESSLLI 2008 - Day 4

TEXT the man smiles
TOR b1
_the g ]
_smie_w
brpstn_m_red || LBL he | _man_n
LBL his
RELS { LEL Y | Y =Telu . Jep—— | VTR hig3 }
ARGO B2 tense=present
ARGO h5 [|RSTR F10 | ARGO X9 pera=3 num=sg gencer=n
ARGL XD pers=3 num=sg gender=n
BODY hiz
HCONS {h5 geg his, h10 geg h13}
ING {}
umltext | PET [ result ]
TEXT rmannen smiler
TOR k1
def-g-rel
q card_rel sirle-rel
mann-ref LBL hs prostn_rel
LBL hE || LBEL h9
RELS { LBL 73 || ARGD %4 sounded-+ LBL At }
ARGO e e+ ARGO a2 fernee = preacy
ARGO xgd poundea=+ || BRSTR h7 ARGD h1O
CaRG I-rel [| ARGl x4 sounded—+
BODY he
HCONS {h? geq h3, h10 geq hg}
ING {}




Matrix-based multilingual gramm

ar engineering

| umltext I ITok I TnT I Chunkie I Sprout SproutFs PET |’ result ]
TEXT Der Mann lacht
TP hl
et
_lachen_ v
LBL f3 || _mannon prpstn_m_re!
LBL he
RELS  { | ARGO X6 pers=3 num=sg gender=r || LBL h7 LBL hi |}
ARGO B2 tenss=precsnt
RETR i || ARGO %6 pere=3 numi=sa gender=m ARGO fel=]
ARGL x5 PerE=3 mum=2g gender=m
BODY i)
HCONS {hg geq hB, h4 geq h?}
ING {}
| amltext I ChaSen I PET i result | umltext I ITok I PET ( result ]
TEXT AMED TEXT | uomo sorride
Top h1 TP hl
ugelt_rel _def g .
o . _warau_v _sorriders_v "
propositton_m_rel [|_fito_n ||LBL  Rid B . LBL A3 || _uoro_n LB 1 proposition_m_rel
RELS { LBL hi[|LBL HAe || ARGD &7 } RELS ARGO x4 || LBL =] LBL fii4
ARGO 82 tene=presen ARGO =
ARGO h5 || ARGD x7 ||RSTR ki< RETR A& || ARGD x4 ARGO hi7
ARG v ARGL et
BODY Ri3z BODY A7
HCOMS {hS geq hils, hl4 geq hE\} HCONS {hEI geq h9, h17? geq hl}
ING {} ING {}
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@ Blue Delph-In: Dpen-Source Deep Processing - Metscape

File Edit Yew &Go B

elanie Si LEQ EnglishfG... 5 = where? E... Jim Breen's W,
———SSSSS————

HOME [d hitm!_page

DELPHIN

Computational linguists of several research sites have joined forces in a collaborative effort aimed at deep linguistic processing of human language. The goal is
the combination of linguistic and statistical processing methods for getting at the meaning of texds and utterances. The partners have adopted Head-Driven
Fhrase Structure Grammar (HPSG) and Minimal Recursion Semantics (MRS, twio highly advanced and influential models of formal linguistic analysis. They have
also committed themselves to a shared format for grammatical representation and to a rigid scheme of evaluation.

The collabaration involves researchears from the following institutions:

Cambridge University (UK, Computer Laboratory

DEKI Saarbriicken GmbH (Germany), Language Technology Lab (co-founder)
Monwegian University of Science and Technology (Morway), Lingwistisk Instifutt
Saarland University {Germany), Department for Computational Linguistics
Stanford University (US), LinGO Laboratory at CSL (co-founder)

Tolkyo University (Japan), Tsujii Laboratony

+ University of QOslo (Monway), MT Research Group

+ University of Sussex (UK, School of Cognitive and Computing Sciences

+ University of Washington (1US), Computational Linguistics Laboratony

* + b

+*

The DELPH-IM collaboration is open to additional partners who share our ambitious goals and commitments and who can dedicate the necessary resources to
the commaon task.

(Created by hansw, last modified 2004-09-19 | comment s@delph-in. net)



http://www.delph-in.net/

Scientific Impact: DELPH-IN

open-source resources.

3 grammar development system (incl.
eration)

grammar processing system

r tsdb()] grammar profiling system

English HPSG

Y Japanese HPSG

ource Norwegian HPSG

lern Greek Resource Grammar

jo Grammar Matrix

woods treebank

ought Heart of Gold will be part of DELPH-IN)
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Conclusion and Outlook _

S been considerable progress in the area of
Juistic processing.

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

and scalable platform for the composition of
ystems.

e platform in real world applications.

Integration of statistical and deep linguistic
IS still badly needed.
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GRAMMAR*

IS suited

for
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GRAMMAR*

IS suited

for
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GRAMMAR*

IS suited

for
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