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Abstract

The new deployments of the German Federal Armed Forces cause the necessity to anayze
large quantities of intelligence reports and other documents written in different languages. For
the monolingual information extraction we have build the ZENON system, which can be used
for the (partial) content analysis of English HUMINT reports from the KFOR deployment of
the Bundeswehr. In this paper, we present how we extended the ZENON system to do
information extraction from texts written in different languages. The general hypothesis
behind this work is the claim that information extraction on texts written in different
languages yields better intelligence results. We present the main idea of multilingual
information extraction and show, how named entity recognition was realized for Dari texts. A
Dari-German dictionary extends the capability of the information extraction functionality.
This is presented, as well as the morphological analysis of Dari verb groups. After a short
introduction, the information extraction and the ZENON project are explained. In the main
part of the paper, our approach to realize multilingual information extraction is described in
detail. First, we explain our main idea. Then, we show named entity recognition for Dari
texts, the integration of the Dari-German dictionary and the morphological analysis of the
verb groups. Finaly, open problems are discussed.

1. Introduction

The processing of human language was identified as a critical capability in many future
military applications (cf. [Steeneken, 1996]). Especialy the content analysis of free-form
texts is important for any information operation of the Network Centric Warfare (NCW)
concept (s. [NCW, 2001], p. 5-15). The partial content analysis can be realized through
Information Extraction (IE) which is a natural language processing technique (cf. [Appelt,
1999], [Hecking, 20044]).

We set up the research project ZENON?, in which the IE approach is used for the (partial)
content analysis of English HUMINT reports from the KFOR deployment of the Bundeswehr
(cf. [Hecking, 2007a], [Hecking, 2006a], [Hecking, 2006b], [Hecking, 2005a], [Hecking,
20044a], [Hecking, 2004b], [Hecking, 2003a], [Hecking, 2003b]). The overall objective of this
research is to create a graphically navigatable Entity-Action-Network. The information about
the actions and named entities are identified from each sentence and the content of the
sentences are formally represented. These forma representations can be combined and
presented in the navigatable network.

The ZENON system in version 1 can only process documents in one language (English). We
are in the process of building version 2. In this version of the system the information
extraction result from two different languages will be combined. Thiswill allow the analyst to
access information from texts written in different languages without knowing these languages.

! according to: Zenon of Citium, 336 BC - 264 BC, philosopher, founder of the Stoicism
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The general hypothesis behind this work is the claim that information extraction on texts
written in different languages yields better intelligence results. In version 2 the language Dari
is used as the second one. Beside the information extraction the system will give a word-to-
word-trandation to further support the analyst.

There are two official languages of Afghanistan according to the Congtitution. These two
official languages are aso the most commonly spoken. Dari - aform of the Persian language -
is spoken by half of the population. Pashtu is the other official language and is spoken by 35%
of the population. We choose Dari for our multilingual approach because this language is
spoken in the operational area of the German Bundeswehr.

This paper is structured as follows. First, a short introduction into the ZENON system version
1 is given. In the main part of the paper, the multilingual information extraction approach in
the ZENON system version 2 is described. For this, the general concept and the realized Dari
functionality are presented. Finally, we discuss open problems.

At the time of writing we are in the process of putting together the already programmed
modules.

2. TheZENON System Version 1

Starting with English HUMINT reports (and a list of the city names) from the KFOR
deployment of the German Federal Armed Forces we have realized in our research project
ZENON a system that is able to do a (partial) content analysis of these reports. The ZENON
system uses a shallow syntactic approach based on chunk-parsing and transducer. The
transducers are handcrafted grammars processed as finite automaton (cf. [Hecking, 2006a],
[Hecking, 2006b], [Hecking, 2005a], [Hecking, 2003a], [Hecking, 2003b], [Hecking, 20044,
[Hecking, 2004b]). The content of these KFOR reports are from a wide spectrum. Apart from
descriptions of conflicts between ethnic groups, tensions between political parties,
information about infrastructure problems, etc. there are aso reports, which concern
individuals or other entities. Statements of the form A meets B, A marries C, A shoots B, etc.
contains information about activitiesevents and involved entities. This information,
completed with location and time data, is combined into a graphically navigatable Entity-
Action-Network (e.g.; with a person in the center of the network). The intelligence analysts
can use this network to navigate through the meaning space of the reports.

A widely used toolbox for constructing information extraction systems is GATE (Generd
Architecture for Text Engineering, cf. [Cunningham, 2002]). GATE is an architecture, a free
open source framework (SDK) and graphical development environment for Natural Language
Engineering and offers alot of tools, which are used to realize the natural language processing
parts of the ZENON prototype (e.g., morphologica analyzer, part-of-speech (POS) tagger,
pre-defined transducer to recognize English verbal phrases, chunk-parsing). Tools for
handling languages which use Arabic characters are also enclosed. In addition to with GATE
implemented modules ZENON also has a subsystem for visualizing information extracted
from free-form texts.

During the processing of the HUMINT reports the natural language text is tokenized (i.e., find
words, numbers, etc.), the sentence boundaries are detected, the part-of-speech (i.e., whether
it'sanoun, averb, etc.) is determined, simple names of cities, regions, military organizations
etc. are annotated (through the Gazetteer), named entities (i.e., complex names of e.g. political
organizations, person names, etc.) are recognized and a morphological analysis of the verbsis
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done. The results of this are the annotated sentences of the reports. Then these annotations are
used to extract the action type (e.g., kill") starting with the verb of the sentence. If the action
type is determined the other parts of the sentence (e.g., subject, object, time expressions) are
located and formally represented in typed feature structures. These structures are coded in
XML (Extensible Markup Language) format and represent the output of the natural language
part of the ZENON system. In the last step the extracted content of different reports are
combined and selected according to predefined XSLT (Extensible Stylesheet Language
Transformation) sheets. Then, the result of the analysis is depicted graphically and can be
navigated interactively.

An important processing step during the natural language processing is the recognition of the
domain- and application-specific named entities. In the ZENON system transducers for the
recognition of the following named entities were developed: City, Company, Coordinates,
Country, CountryAdj, Currency, Date, GeneralOrg, MilitaryOrg, Number, Percent, Person,
PoliticalOrg, Province, Region, River, Time and Title.

Another important step is the extraction of verb phrases, action types and the sentence
content. The ZENON prototype uses various transducers (grammars) to recognize finite and
non-finite verbal phrases, modal verb phrases, participles and specia composed verb
expressions.

For amore detailed description of the above described processing steps see [Hecking, 200643 .

4,498 military reports (mostly in English) from the KFOR deployment of the German Federal
Armed Forces were used for the realization of the ZENON prototype. From these reports 800
were manually annotated and form the KFOR Corpus®. The corpus covers 886,000 tokens and
contains the annotations in different layers (cf. [Hecking, 2007a], [Hecking, 2006c]).

3. Multilingual Information Extraction

Multilingual (as well as multi-source) information extraction is an actual research topic (cf.
[Poibeau, 2007a]). For example, in [Pouliquen, 2007a] a multilingual multi-document
continuously-updated socia network is described. From 35,000 news articles (per day) in 32
different languages person names are extracted, name variants are matched and a social
network graph is produced that shows which names are mentioned together with other names.

The information about a specific entity or a specific action type extracted by the ZENON
system is only from documents written in one language (The KFOR reports are in English).
The main idea of multilingual information extraction is the extraction of information about a
specific entity and/or action from documents written in different languages. The hypothesisis
that using information written in different languages gives more accurate intelligence results.
For the redlization of multilingual IE, processing resources are needed for each language.
Beside language-specific lexica, grammars, morphological anaysis etc. a shared set of
concepts is necessary. For this a domain- and application-specific ontology is needed.

Multilingual IE in the ZENON system
The ZENON system was built to analyze English HUMINT reports. Version 2 will extend the

original system so that the result of analyzing English and Dari text can be processed together.
In Figure 1 the main idea of our multilingual information extraction system ZENON version 2

2 Since the KFOR corpusis classified, it is not freely available.
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is shown. In the upper half of the illustration the processing of the English documents is
shown. As already described above the named entities and the action types are determined by
chunk-parsing using Gazetteers and handcrafted language-specific grammars. Named entities
and action types in each sentence of each document are then combined to realize the content
anaysis. The result of both processing stepsis aformal representation of actions, entities and
content. This output from various documents can be combined and filtered according to
analysis needs. This result can be used by the analyst - directly or in graphical form. The
concepts of the application domain are formally described in the application-specific
ontology, which is used during the processing steps.

In the lower part of Figure 1 the processing of the Dari documents is illustrated. For the
identification of the named entities and the action types Gazetteers and handcrafted language-
specific grammars have to be built. The result must be combined to form the content analysis.
The formal description of the content analysis, the named entities and the action types can
now be combined together with the formal result from the analysis of the English documents.
In this fusion and filtering step XSLT is used to put together the content of documents written
in different languages. Basis of putting together formal content is the use of the same
ontology. Named entities and action types from different languages can be put together only if
they are mapped to the same concepts during the information extraction process.

In the Dari part of the system a Dari-German dictionary will be integrated. The result of this
part is then not only the formal content representation but also a word-to-word trandation of
the Dari document. This raw tranglation is possibly used by the analyst after analyzing the
formal result or the graphical version of it. This might be the case if he needs even more
information about the content of the document. The word-to-word trandation will give this
information and the analyst can decide whether a high-quality trandation from a human
trandator is needed.



English documents

~

12 Dec. - KABUL,
Afghanistan - Two
ISAF soldiers were
kiled and three
others were wounded
when their convoy struck

an Improvised Explosive
Device today in eastern
Afghanistan.

Ontology

Dari documents

A e 15 i
S PE R
daala g oliuilasl
A sl Sl

gl syt

Named entity, action
typerecognition

Content analysis

Named entity, action
typerecognition

Content analysis

Formal: action,
entities, content

Formal result

stype=kill,

{itype=ivg, sinfinith :typeVG=FVG, imPas, ..J,

ype=:p 3
:victimAll= John Mueller and four other persons,

Fusion and filtering

with XSLT

Formal: action,
entities, content

Word-to-word translation

Figure 1: Main idea of multilingual information extraction
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Dari processing resour ces and named entity recognition

We are in the process of realizing the idea of multilingual information extraction in the
ZENON system version 2. The system will be able to process documents in English and in
Dari. The functionality for the English language is those from version 1 of the ZENON
system. For the Dari language natural language processing functionality was realized in a
master thesis (cf. [Schwerdt, 2007a]). GATE components were built to recognize named
entities, a Dari-German dictionary was integrated to get shallow word-to-word translation and
a component was constructed to anal yze the morphology of Dari verbs.

The built Dari GATE application contains the following natural language components: Dari
Document Reset, Dari Tokenizer, Dari Sentence Splitter, Dari Gazetteer, Dari Grammar, Dari
VP Chunker, and Dari Orthomatcher. The Dari Document Reset is used for resetting interna
data structures at the beginning of the processing of a new Dari document. The Dari Sentence
Solitter isthe one delivered by the GATE system. From the Arabic components of GATE the
Dari Tokenizer and Dari Grammar were taken and expanded. The Dari Gazetteer was created
from scratch and contains the following lists of names in Dari (number of entriesin each list):
city_afgh (28), city world (126), country world (171), days (7), female names (708),
male_names (829), months (12), numbers (11), ordinals (10), province_afgh (34). For each of
these lists rules for recognizing the equivalent named entity type was created. Figure 2 shows
the result of the application of the Province, FirstName and Number rules.
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Dari-German dictionary

In the Dari application a Dari-German full-form dictionary with approximately 48,000 entries
was integrated in the Gazetteer. For each dictionary entry the following information is
available:

 ID

» Herkunft (source of the entry )

e Sachgebiet (subject area)

« Deutsche Ubersetzung (German transl ation)

e Deutsche Wortart (German part of speech)

e Deutscher Genus (German grammatical gender)

e Anzahl der deutschen Wérter (Number of words in German)

* Dari-Lemma (Dari lemma/headword)

e Dari-Numerus (Dari number)

» Englische Ubersetzung (English tranglation)

* Quelle (source of the Dari word)

* Dari-Wortart (Dari part of speech)

e Dari Wortanzahl (Number of wordsin Dari)

» Dari-Diaekt (Dari dialect)

*  Beschreibung (description)

» Haufigkeit (frequency)

In Figure 3 two dictionary entries are shown. Note that a feature is only shown if the feature
value is not empty.

1D 60532 60544
Herkunti Dr_De_xxx200611 | DR_DE_xxx2006-12-34974
sacheebiet GV GV
Dt. I"'Ile'a'r-l;f_uu;-_-; Ball Schnecke
Dt Wortart N HoCo
Dt Genus (—Wortart ) N,m
Anzahl o de. Wirter BW
Dit. Genns fem
Dari-Lemima T S o5
Cuelle LTWEB
Dari Wortart i} loCo
Dari Wortanzahl BW
Dialekt FD

Figure 3: Two dictionary entries

During the processing a word-to-word trandlation is produced and the tranglation result is
stored in the annotation type Wort (s. Figure 4).
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Figure 4: Annotation Wort with different word meanings

Mor phological analysis of verb groups

For the identification of the action types used in the Dari documents the verbal phrases must
be analyzed. For this purpose a morphological analysis was realized for the most important
verbs in Dari. Two full-form lexica were created. The first one contains 39,552 inflectional
past tense forms of the 8,818 verbs from the Dari-German dictionary. In Figure 5 the
infinitive budan ("to be"), the stem bud and the inflectiona past tense forms budam, ...,
budand are shown.

buelam g

bude cog
budan Ooe - | bud 24 bud o

Lrcdem 2 Sg

buded os o4

buddand NEATY)

Figure 5: Theinfinitive budan ("to be")

The second full-form lexicon contains 6,592 past-participle forms of the verbs.



Due to the fact, that the forms of the present tense are irregular the morphological analysis of
the present tense is restricted — at the moment - to the 84 most often used verbs (but 8,818
verbs are detected if they are in past tense). The analysis provides information about stem,
mood (indicative, subjunctive, and imperative), number, tense, negation, voice and translation
of the infinitive. Compound tenses are also handled. In Figure 6 the result of the analysis of
single verbsis shown. In Figure 7 the result for compound verb phrasesis given.
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Figure 6: Verb annotation

The identified stems are associated with the same action types used during the analysis of the
English verbal phrases.

We are in the process of integrating the modules for the semantic analysis of English and Dari
documents.

Open problems

There are of course a lot of possibilities to improve the implementation of the multilingual
information extraction system. One important issue is the trandliteration of Dari names to
those written in roman scripts. The problem is extended due to spelling variants in both
languages. For this problem, we use at the moment only an ad hoc solution. A more principal
solution is needed in which for each name one canonical form and its spelling variants are
defined.
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Another problem is the integration of the word-to-word tranglation with the information
extraction. At the moment, the raw trandation is not integrated into the formal description of
the extracted information.

A more genera problem isto get the same coverage of linguistic data (dictionaries, grammars
...) and functionality (POS tagger, morphology ...) for less commonly spoken languages.

(€8 GATE 4.0 build 2752

ST

File Options Tools Help

S® DEPFE -

GATE Messages| 467 GATE document 00014 “r GATE corpus_0001E | 3% Dari-E
Applicati TR —
%_ prlications |Annatation Sets | Annotations  Co-reference Editor |Text| q
- 5% DartE -
s Uz il Jiel0 4y ito .5l a3iils o g o
l? Language Resources [] DEFAULT_TOKEN
o 6 [T P |t o9 il s s singaian oS _Foily bl ol b o oo Lol O Bari
sial® 31 T_gaibs ST aaljo o - B O EeEE
& GATE corpus_D00TE s ol o Sl ol AT s s sl oy @05 i 5 59 cent 5 255y iy oy il sl ol | o il o5I6T 2 3181 =
aokup
ke Procassing Resaurces Lo 350l 5 _IEsh Mlgudos mole v ool 1S Lo 59 901 oz i 300 stulo ol ciadlis93 b aSCT ol a2 95 53 ETssw | |1 Numiber
=\, Dari orthomatcher S e i egy LUl O NumbersOrdinal
N, DariVF Chunker o 0 ol Gt o symso s _lssdoss Lo 0559 s 13 ol 51 B o ey e il 5B aobin s 45 3035k wblglol sl | | PrOVINCE
" s s lail ks Syebe ol Sl [] Sentence
& Qu Dari grammar [ SpaceToken
N i 0y el o Lol 2 03307 i Ly 3l 4 sl -
~ 8% Dari Gazeft.. 0 Spit
3553 sl el silsgei i T o 208 Lo by _Jme 05 wmanl58on donieour 48 anilones 0230 Lo "t Jgitio S L 31 S ey s [ Tempyerh
- # Dari Sentence Splifer ||| 5 e n Tl alisl o isod] cmbes Less S a6 1538 200 T |y iz 00560 5o Lss 33 1 5l s B i o sl O] Token
% Dari Tokeniser
12 ailoia . slB3og olslo 31 o5 siz ol 40 il ploiliw sz, sl W Louegs Lol a0 e w5850 a0 b ol s b ainged gt Joisio L8]
- O Dari Document Reset " Lleit o 2470 le i by a i e i olaoleo ot T e 9l s 505 & 5885 20865 35 by s et ol Lol s § O verh
& o s 2 4 an 30305 e b 3y bl @iy s _ogba bl L) 0 wort
b NE

B sl e 95 Fas sl sy 5] gy il 33505 595 | 2 il o ol sl a5 ) bl S mas clos oblelol ke
JJS-' D 550,

iy o] 0 550 S 938 e B v 15 51 b5l LY b sisls el Usite el sl 2lgm iy Soli 4 ol ol

5 sz sl T wsilaen by sl ol 5 ol a9, moslss i ool s [ sz Lo cmal s 0693 e 5 3ilsgos ol slingl 5l g " ooy
il wrlers L6l w b polign M o150 Lo S0 48 iz M

(x|

5 sl Sl o sl 51 13 10 5, 19 ke of | )z e
S ¢ Ao i i Jnae s il o )15y g

5 s 5 BT s

v
&7 g oo 33035 il nogs Wl iy 83l | neg « | Mein v @ Gl a5l 2an)s
< |2 s Bzt sl 5Bl
tense | Plusguamperfelt s @
WMimeType « |applic
type v|Fve |
nate SourcelURL v [fileiC -
hitpfaaee impr net?apc_state=henfarrdd44598]= voice || Akdiv - @
-
J B
" New
< 7 S Document Editor | Initialisation Parameters
Dari-E run in 0,516 seconds

4 Start (- e FIER G | [8erosteingang-Hicra... | 2 Wi wplorer | & \WAGISTER)... [} SATE 4.0 buid 2752

- e @8 DL« 0 e

Figure 7: Compound verb phrase

4. Conclusion

In this paper, we have presented how we extended the ZENON system to do information
extraction from texts written in different languages - in our approach for English and Dari.
We presented the main idea of multilingual information extraction and showed how named
entity recognition was realized for Dari texts. A Dari-German dictionary extends the
capability of the information extraction functionality. This was presented, as well as the
morphological analysis of Dari verb groups. Finally, open problems were discussed. At the
moment, we are in the process of integrating the modules for the semantic analysis of English
and Dari documents.
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