Hybrid NLP




METHODS OF COMBINATION

e systems running in parallel with a
n 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
t control schemes (whiteboard or pool
ture)
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Systems Running in Parallel

ystems running in parallel with a
unction based on preference,
e Oor assessment metrics

PATH 1

Selection

2N PostProc

PATH 3

il
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Selection Mechanism _

)able component wins (deep < shallow)

e:
Ident wins (each analysis gets a
e measure)

)able analysis wins (calibrated
es)

doroaches
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One Integrated Syste

hitecture

Selection
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One Integrated System

Blackboard Architecture

PreProc

Comp 1

Comp 2

Comp 3

Selection

PostProc
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WHITEBOARD

THE APPROACH

of shallow and deep processing by
text enrichment

ods

gging -- TnT

logy -- Morphix and MMorph
ets -- GermaNet

ion Extraction -- SPPC and SPROUT

S

arsing -- PET
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WHITEBOARD

WHITEBOARD

XML/DOM =

Chunker

Shallow
Parser

Deep
Analysis

<Sentence>Sandy
Negotiating AB(&\\: likes Bagles
Control _ _M¥ </Sentence>
Application _I Document Sentence
- Memory Chart (XML) Sentence><Chunks>
: NP>Sandy</NP>
Whiteboard Broker <

! <VP>l1kes</VP>

<NP>Bagles</NP>

</Chunks></Sentence>

<Sentence> ...
<Shallow> ...
</Shallow> ...
</Sentence>

. g

<Sentence> ...
<HPSG> ... </HPSG>
. </Sentence>
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EBOARD ANNOTATION MACHINE

generic OOP interface

Shallow
Component

Application

Shallow
Component

Deep
Component

generic OOP interface

Application

Deep
Component

generic OOP interface
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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. Miiller,

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




re-processing and integration with deep

’SG processing for information

\nd task specific extensions to HPSG
for IE.

mantic target structures for shallow
analysis (RMRS).

maximally specific and unified output
jrated deep and shallow NLP
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stochastic techniques for
al selection from ambiguous system output
)Ving robustness and efficiency

Ive evaluation of parse selection

pervised training methods based on CFG
)ximations of HPSGs.

s-based methods

dynamic stochastic HPSG modelling
obust, efficient and domain-adaptive,
d for real-world applications.
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DeerTaovemr P4 An EU IST Project
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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 Intelligen Manageme

Accurate Relation Recoanition with Deeﬁ Processinﬂ -

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

B | The lack of robustness and coverage is a serious

problem for Information Extraction based on deep
processing alone.

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

O The lack of subcategorization information

precludes extraction of conventional semantic
representations.

O There is insufficient information to recover scope
iInformation.

Hybrid approach to multilingual information extraction
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Main project results

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

m | Different strategies for hybrid NLP have been
exploited and implemented.

B | Strategies for lexicon acquisition based on deep and
statistical processing have been implemented.

_ The theory and implementations are inherently
multilingual.

O The Grammar Matrix provides ways to implement new
grammars for new languages based on insights from
former implementations.

DEEPTHOUGHT ='-// g
N
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DeepTHOUGHT =’// 4
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 ='// 4
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 RMRS 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 =’// 4
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




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

Main results

B | Different strategies for hybrid NLP exploited and
Implemented.

B | Strategies for lexicon acquisition based on deep and
statistical processing implemented.

_ The theory and implementations are inherently
multilingual.

O The Grammar Matrix provides ways to implement new
grammars for new languages based on insights from
former implementations.

DEEPTHOUGHT =’-// g
N
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tecture for hybrid integrated
al natural language processing.
)ining efficient processing modules on

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

of disambiguation models into a
)rmance deep parser.

DEEPTHOUGHT 4/ g
N
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Main results: applications -

B | Information extraction for business
Intelligence.

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

B  Information lookup for document
authoring and creative meetings.

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

B [nformation extraction in an emalill
autoresponse task.

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

DEEPTHOUGHT 2//\.:
- LTII_882008 'y N A"LI“ ‘L:Al‘ ‘A 'Y | y - ‘..AlA \



Main results

ally sound analyses for a variety of
a and languages.

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

abases.
)r unknown words and named entities.

aneration.

DEEPTHOUGHT 4/ g
N
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Hybrid Natural Language

nalysis results of NLP tools at lower processing
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.

ING

RELS {

compound_ref

|| LBL h43

|cerG  Nokia 56

TEXT show me a picture of a Nokia 56 phone
TOP

proroun_q_rel
LBL hé
ARGD A9 pers=z
RSTR  hi0
BODY  hiZ2

narmed_abh_rel

ARGOD 4] perg=3

ARGz X4 pe

HCONS {hs qeq his, hi0 geq hi3, h22 geq hi19, h26 qeq h2g, hat geq has, h46 geq h43}

{hes ing h10001,h3s ing hioooz )

pron_rel
LBL hi3
.":".P\GD Xg Derg=2

roper_q_ref
8L has

'&' D X‘H perg=3
RITR h46
oDy h48

_show_v

LBL

ARGO
ARG
ARGZ

ARG

_bhone_n

LBL

ARGO ¥30 pere=3

pronoun_q_ref

LEL hat
ARGD AB et
1|[RSTR haa
|BODY ha4

a9
LBL

ARGO

RSTR
BODY

h25
N7

pers=3

h26
h2s

_picture_n

LBL hag ||=
17

ARGD e
x30

ARG 1 perg=3

ARG X300 pere=z

4.9
LBL

ARGO

RSTR
BODY




Hybrid Natural Languac

Is 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 h1

) which_q_rel _he v idiorn_q_rel ) ) .

int_rm_red i generic_adj_rel generic_narn_rel

prostr_m_re! || thing_re! LBL hi5||LBL higd||LBL

LBEL hi LBEL had hioooi
RELS { ARGO b LBL hé || LBL h13 || ARGOD &3 o=z num=cg || 8RGO 82 ense=preeent || ARGD X200 vere=7 num=;

ToC X3 ARGOD h10 || ARGO X3 pers=3 num=so || RSTR h17 || ARGL 20 pers=3 num=p || RSTR

X PErE=J num=8g
: ' BODY h18 || ARGE X3 pere=3 num=-sg || BODY

HCONS {110 geq h19, hi7 geq hi3, h24 geq hes b
NG {ho ing h1o001}
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Hybrid Natural Language Proc

pest result.

toresponse application follows this approach

xmltext | ITok | TnT | Chunkie | Sprout | SproutFs | Rase | PET f result ]

J/

] T
TExT what are polyphone ringtones 7
TOP  hl
) which_q_re! _be v idiorn_q_ref . . .
int_m_rel ) generic_adj rel generic_norm_re!
prostr_m_rel || thing_rel LEL k15 ||LBL h19|[LBL haz2
LBL ki LBL h26 || LBL hioa0s
RELS { LBL hé || LBL #1353 || ARGD X3 o=z num=s || ARGD 82 tense=pmesen || ARGO X200 o= numn=u }
ARGO he ARGO 827 tense=u || ARGD X2 pera=3 num=p
ARGO RI0 || ARGO x5 pers=3 num=2g [|RSTR 17 || ARGL %20 sers=3 num=p ||RSTR ha4 )
TPC %3 pers=3 num=gg BRGL w20 pere=3 num=p || CARG ringtones
BODY 18 || ARG2 k3 pes=7num=-z || BODY has
HCOMS {hm geq h19, h17 geq hi3, h24 geg hza}
NG {ho ing h1ooo1}
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Hybrid Natural Languac

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

xmltext JTok TnT Chunkie Sprout SproutFs RASP PET | result

TEXT I want a new phone do you 7

TOP hi
proroun_q_ref _want_wv _a.q new
prostn_m_rel || pron_rel LBL hif ||LBL his || LBL hig EBL - 22 _phone_n
RELS { LBL i || LBL hE || ARGO W8 per=i num=ey || ARGD 82 e ARGO %26 pere= num= ARGD cmA LBL hiooal }
ARGO £S5 || ARGO XD seremi num=2 || RSTR hi1Z2 || ARGL x9 e FESTR hig ARG %16 serees mumose ARGO XIE peimt um=s
BODY hi1d || ARG2 516 pers=3 num=2 [ BODY ha2o '

HCONS {h5 qeq hi1s, hi2 geq he, hig geq h22}
MG {h2z ing hiooo1 p

TEXT I want a new phone do you 7

TOP hi
_do_w
L5 hi pronoun_q_rel
bron_rel LBL el
ARGO &2 iense=u
reLs LEL h7 || ARGO %3 ez | )
ARGL g
ARG X3 pe=2 || RSTR hio
ARGZ us
BODY hiz
ARG w3 o2

HCONS {th qeq h?}

ING {}
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Hybrid Natural Langua

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

Heart of Gold Settings:

Depth: 4 Languages: & grglish eihocs
" zp " German !
a0 Catian 0N
 gn . Morwegian _
. an . Japanese III
& 100  Greek

Input text:

Analyze I Feset

Exarnple | Help |

Please note that JavaScript™ is required.
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Hybrid Natural Languag

different modules use a
patible output formalism,
S.

case of shallower modules. this robust semantic

xmltext ITok TnT Chunkie Sprout SproutFs | RASP | PET result B

TEXT Kim intended to buy the phone

TP h3a1
roer g el intend v
PrEper_G named_rel ||~ - _buy_w .
prostn_m_rel || LBL hi LBL he || prostf_m_re! LBL\ hiZz [|_phone_n
LBL h3 LBL hid
RELS { LBL h31 || ARGOD xe ARGO 87 tense=paa || LBL x13(|LBL  hig }
ARGO  x2 ARGOell
ARGO h33 [|RSTR h4 . ARG1 x2 || ARGO hig (| ARGO X213
CARG ki ARG2 x1.5
BODY hs ARGE ha4 Py hié

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

ING {}

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

TEXT Kim intended to buy the phone

TOP b1
; buy_w
proper_g_rel _intend_v — — the_gq
LBL ha || e LBL his LBL h2z (\aL h27 || _phone_n
brostn_m_rel LBL hiz prpstn_m_rg ARGOD  e25 P =
rets  { |LeL pilapen %10 pen=s 20 || ARED B2 e || gy nilf s Ao en LEL
men=s | [ ARGO pavs=3 || apgr xEQee
ARGO hs |lpsTR ho = || ARG h2 ; dsTR
CARG kirr 24
BODY hiz ARG2 ARG2 . apy

HCONS {h5 geq h15, h9 geq h13, h20 geq h23, h2g geq h31}

NG {}
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