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Agenda

A brief introduction to Computational Linguistics &
Language Technology

Motivation for our work (customers)
Goal of the AIM sector’'s Language Technology activities

Introduction to the linguistic tool set
currently available in the AIM sector

IPSC Exploratory Research Project Cross-lingual Indexing
(keyword assignment)

Cross-lingual Indexing and Document
Similarity Calculation in a Nutshell
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Eurovoc thesaurus descriptors, here displayed in English
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Computational Linguistics (CL)
is a discipline dealing with computers and natural language

Natural Language Processing (NLP),
Language Technology (LT),
Language Engineering (LE)

are terms referring to the application areas of CL.

(Computational) Linguistics is not an exact science!
Language is closely related to cognition.

. L mJouNr
Introduction - Application Areas S

EUROPEAN COMMISSION

he
and Security of the

Machine Translation (MT)
Spell checkers
Grammar / syntax / style checkers

Speech recognition and synthesis:
to make machines more user-friendly or for dictation machines, etc.

Document / text retrieval: find one or more documents matching certain search criteria
(e.g. a certain letter or texts on a certain subject) in a large repository of documents

Automatic text summarisation / abridgement: present only the most relevant
information of a text

Document filtering / Personal information filtering: select (user-) relevant
documents from a large flow of incoming messages such as email messages or newswires and
present only these to the user

Document classification: assign documents to categories of a given subject classification,
e.g. decide whether newswires relate to sports, finance, agriculture, etc.
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Automatic keyword assignment to texts (indexing):
assign keywords automatically to a text to facilitate retrieval (e.g. for libraries)

Information Extraction: e.g. identifying proper names, company names, place names, date
expressions, etc.; extraction of whole scenarios from texts (e.g. succession of company leaders,
bank transfers, etc.)

Computer-Assisted Language Learning (CALL)

Monolingual or multilingual document generation

Translator’s workbench: a set of tools improving translators’ efficiency including MT,
translation memory, on-line dictionaries (bilingual, synonyms, ...), automatic terminology
extraction, a terminology bank, etc.

Document navigation: in a large repository of documents, find relevant ones and move
from one document to other related ones, e.g. by comparing the overlap of common indexing
terms or using other similarity indicators

EUROPEAN COMMISSION

. JOINT
IpX Question -

Why are results of Machine Translation
and other software not better?

Answer 1: There are many exceptions in language;
there are interfering and soft rules;
language permanently changes, etc. ...

Answer 2: Language contains little information.
The rest of the information is in our heads ...
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Institute for the Protection
and Security of the Citizen

Linguistic knowledge: knowledge contained in the language

She wrote a letter to her parents at the bar.
past tense (tense system of the grammar; morphology)
SU + write + DOBJ + I0BJ (+ ADV)
(sub-categorisation information of the verb write)
SU ' OBJ (syntactic word order knowledge)

Contextual knowledge: knowledge contained in the same text
(or present due to common environment)

... . She wrote a letter to her parents sitting at the bar.

Anaphora (pronoun) resolution
Word sense disambiguation (‘bar’ = 1. place for drinks, 2. straight piece of metal, 3.
legal organisation, 4. stripe, ...)

1117 R I B e
149 C En-Fr Dictionary Entry for ‘bar TR
EUROPEAN COMMISSION

Institute for the Protection
‘and Security of the Citizen

E—' Oxford SuperLex for Windows M=l E3
File Edt “iew Search Book Help
bar

T noun ;I

1 (etrip of metal, wood) bavre

[on cage, cell, window barreat s to put sb/be behind bars mettre gnétre derriere les barreamsy;

a bar of zoap une savonnette; a bar of gold nn lingot d or; o bar of chocolate wne tablette de chocolat;

[block) (of soap, gold, chocelate) barre f)

[obstacle) obetacle s (to pour; to doing powr faire); your age is not a bar votre dge ne constitue pas un obatacle;
law (profession) the bar le bavreon; to study for the bay se destiner an barvean; to be called to the bar entrer an bagrean;
law (in sourt) barre £ to come to the bar venir o Lo barre; the prisoner at the bar I'accusé - mf,

Sport (in gym, across goal) barre F; to practise onthe bars = exercer o bavres;

9 music mesuce F two beats in ato the bar dewx temps dans wne por mesure;

10 (in electric fire) résistance f

11 military B fon medal) barvette £ US (on uniform) galon e,

12 heraldny bare F.

W B W R

II preposition =auf;, all bar one tous saufun seul; bar none sans exception

11T transitime merd (p prés efe -rr-)

1 rblock) barver [way, path]; to bar sb's way bacrrer le passage o qo.

2 rhanyexclure [person] (fromsth de qeh); interdire [ectmity] ; journalists were barved I'ncces était interdit anx jonrnalistes; to
bar sb from doing interdire 2 qn de faire; his religion bars him from marrying =a religion lui interdit de se maries

3 (fasten) mettre In bavre a [geze, shuzzed] ) the gate was barred on avait mis In barre au portail

[mindow] o barreon:;

IV barred part porticiple adfective
1
2 (sriped) barred with barre de [eolour, mud]

V -barred (dans composis) fourfive-barred gate portail o guatre cing barrenns:

Idioms
ano holds barred contest une lutte ontons les coups sont permis;
it was a divorce battle with no holds barred le divorce a é1é nne hutte ontous les conps semblaient permis -
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World knowledge: knowledge not contained in the language or in the text
such as knowledge on the shape and character of things in the world,
knowledge on inference mechanisms, etc.

The man saw the elephant with the telescope.
(telescope is a tool to see)

The elephant saw the man with the telescope.
(telescope is an attribute of the man)

A small elephant VS. A large fly

Language Technology applications are mostly restricted to the information
contained in the texts.

Teaching computers to use contextual knowledge and world knowledge,
inference mechanisms, etc. is very difficult and labour-intensive

/1495 Common Problems in [ e
PC Language Engineering EUROFEAN COMMSSION

Ambiguity of POS: e.g. saw (Noun or Verb? see or saw?)
- need for POS disambiguation and sometimes semantic disambiguation

Structural (syntactic) ambiguity
[Time]g, flies,, [like an arrow],p,,. Vs.
[Time flies]g, like, [an arrow]qg;.

Semantic ambiguity: e.g. bar, suit
Ellipsis:  Es: @ cantaria (1%, 3) = En: I/he/she would sing
Morphological ambiguity: Es: cantaria = It: canterei (1%t) / canterebbe (39)

Multi-word expressions: (power) plant vs. ‘time flies’,

En: colour liquid crystal display vs. De: Flussigkristallfarbbildschirm)
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/119 Common Problems in mggggg;m
e Language Engineering (2) EUROFEAN CmMASON

Orthographic errors in texts (typos, bad OCR output)

Discontinuous elements:
Er brachte das Buch 1993 heraus. (herausbrachte = published)
make good use of

Unclear sentence borders: (... in the U.S.A. [Chancellor Kohl promised 3.2
million DM to Mr. Smith while Mr. Chirac avoided the issue.] ... )

Structural difference between languages (complex MT transfer)
He swam across the river. »
Il a traversé la riviere en nageant.

Use of metaphors, stylistic and lexical variation, ...

. i . BJOINT
Approaches in Language Engineering S

EUROPEAN COMMISSION

he
and Security of the

Rule-based (symbolic, linguistic) methods
description of all the rules in a formalism, having large and completely coded dictionaries >
complex applications are very time-consuming to develop.
typical applications are morphological analysers, tools to recognise names and multi-word
expressions, MT and CALL systems

Statistical methods
using absolute or relative frequency of words, letters, co-occurrence of words, etc.
typical applications are language recognisers based on bigram frequency and summarising /
abridging systems.
systems are often trained on manually encoded texts (e.g. POS taggers)

Hybrid methods, combining rules and statistics
e.g. POS tagging, lemmatisation, etc. for applications is done in a rule-based manner and
word frequency statistics are used to identify indexing terms or similarities between
documents, or
rule-based MT system identifies syntactic or lexical ambiguity and statistical data is used to
choose the most likely reading
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1 pS e
149 " What do we do? Why? For whom? R
Instiute for the Protection EUROPEAN COMMISSION
What?

Develop, evaluate, purchase and integrate linguistic software tools that help users
‘deal’ with textual information (find, analyse, display).

Why?
Help users to turn the phenomenon ‘information overflow’ into a rich and usable
source of knowledge
Help users to overcome the ‘language barrier’, which is especially important in an
international organisation such as the EC

For whom?

Main user currently is the EC’s anti-fraud organisation OLAF; also others

Techniques are useful in any other field and for any other organisation, private or
public

: S JOINT
149 C Goal of JRC’s Language Technology work m%‘éﬁﬁe’éc“

. - EUROPEAN COMMISSION
stitu roction

Institute for the Pror
‘and Security of the Ci

Retrieval of potentially relevant texts (from the internet, etc.) in a variety of
languages, using agent technology (Scheer et al. 2000)

Analysis: Extraction of a variety of information aspects from these texts:
recognise key words, subject domains and language of texts,
references to geographical places, to people, to products, etc.
Calculation of the similarity of documents (Steinberger et al. 2002);
clustering and classification of texts

Visualisation of the contents
of individual documents in document profiles

of whole text collections in document maps
(Hagman et al. 2000, Steinberger et al., 2000)

Small team; many languages to deal with => usage of mainly statistical methods
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1S - - i [
/149 C Retrieval of Online Newspaper Articles e
OSILIA Project (Open Source Intelligence Library for Internet Abuse);
JRC-internal collaboration with Cyber-Security and Web Technology sectors

Automatic, daily search of ca. 20 online newspapers and other news sites
written in English and German for articles about a certain subject field
(e.g. ‘internet abuse’)

rtie I.EN K?&&L@'ﬁmﬁ

& Land, Who else but...

JEGET 57o7's GUSINESS TENFO  ENTERTANNENT CLASSIFIED  ARCHIVE  SEARCH

Thursday, June 14, 2001

Resulting in a prototype

Including automatic
cleaning of the retrieved web pages
filtering
relevance ranking
classification
keyword assignment

Upsated Every 30 Minutes
Wilkinson investors from campus, AP TOP HEADLINE NEWS
political circles

= Israsli Troops Pull Out of Trve West

- Plead Guilh
- Space Shuftle Heads Into Orbit

The Associated Press

LEXINGTON — Since ecampus.com was launched in
1999, the company founded by farmer Gov. Wallace Wilkinsan
has gone through at least §118 million as it tried to sell buoks
and other goods, mostly to college students, on the Intemet

NATIGNAL NEWS

Ecampus, which filed for Chapter 11 bankruptey
protection last week  is itself now far sale, with an offer of - fnersen to Low OH 7,000 Workers
§2.55 millian.

Interface for browsing, searching,
visualising the resulting collection

Armong the investors in ecampus were former University
of Kentucky President Otis Singletary, UK Athletics Director
Larry vy and broadcaster Ralph Hacker, the radio voice of UK
men's basketbal, accarding to a list of ecampus investors

See http://www.jrc.it/langtech/osilia.html
JRC report: Scheer et al. 2000

Mr. Hacker declined to say how much he invested, but
said it was a small amount. "I it had gane, we might have been
able to buy a small car,” he said

The U.S. Securities and Exchange Commission is

EUROPEAN COMMISSION

1S - - [
/149 C Automatic Analysis of Texts CENTRE
Extraction of a variety of information aspects from texts

The current tool set can extract the following information:

text language (bigram-based, statistical tool; 99.7% success rate on 8000+ texts)
keywords (based on lemma frequency, statistical tool)

Eurovoc thesaurus descriptor terms (prototype)

references to geographical place names (prototype)

most similar documents to a given one (currently only monolingual or En-Es)
hierarchical cluster analysis of texts (bottom-up ‘classification’)

subject domains (first experiments)

Further information extraction planned:

references to names of people, companies, organisations

references to products and product groups, according to the Customs Tariff Code
(‘knife’, ‘tyres’, ‘lavatory pans’, ‘polymerisation products’, ‘Pacific halibut’, ...)

date and currency expressions
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E-3083/95 by [\ ElgilaR=T, 10 F (@E) - Seizure of plutonium at Munich airport

In the summer of 1994 a suitcase containing plutonium illegally imported into Germany was seized in
sensational circumstances at Munich airport in the Federal Republic of Germany. |s The
aware of this matter and, if so, wh and its services, and other European
agencies, informed of it? Can the [l say whether the in Karlsruhe
was involved, what services it provided for the German police, when it provided them, when the
plutonium was seized, and when it was handed over to the Nl e Ne g 1s ?

2 -- Answer given by [l eINET on behalf of the (10 January 1996)

The Commission would refer the Honourable Member to its earlier replies to questions about this
incident (Written questions 1489/95[(1)0J C 213, 17.8. 1995] and 1508/95[(2) CJ C 230, 4.9.1995] by
Mrs Breyen Bl (Euratom safeguards directorate) was alerted by the Gefman
authorities in the early afternoon of 10 August, 1994, that some material might be seized. In
accordance with formal agreements between the and the German government this
information was immediately passed by phone to the
(TUI) at Karlsruhe to ensure that preparations were made to receive any material seized. The seizure
was made by the German police, and the TUI was not involved. Its activities that night were limited to
receiving the closed suitcase at its premises in Karlsruhe. Subsequently, the TUI performed a precise
analysis of the material found inside the suitcase, to support the investigations carried out by Member
State authorities and to determine as far as possible the source and history of the nuclear material.

JOINT

RESEARCH

CENTRE
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Document Profile (Plan)
Structured Multilingual Display of Monolingual Information

Title E-3083/95 by Martin Schulz (PSE) Seizure of plutonium at Munich airport

Retrieval Date 03.05.1999
Creation Date 27.03.1996

Language(s) English (97% probagility)
Source hitp:#cnnin.com/digitaljam/wires/2906/1 ¥plutonium_eu html

Display Language English (En, Fr, De, Es, It, Pt, Da, Fi,JHe, NI, Sv)
Free Indexing Terms Eurovoc Indexing Terms

TUI, Commission, Karlsruhe, seizure, OJ, plutenium,
suitcase, German, material

import, Federal Republi¢c of Germany, plutenium, illicit
trade, fraud, EAEC Joint Research Centre, airport

Names Combined Nomenclature
Product Groups

Document Summary

Organisations: Commission,

: E-3083/95 by Martin Schulz (PSE)
European Institute for

CN 2844: "radioactive chemical ele-

Transuranium Materials (TUIlY,

Joint Research Centre, PSE

People: Martin Schulz,
Mrs. Breyer, Mr. Papoutsis

Geographical Profile

ments and radioactive isotopes, incl.
their fissile or fertile chermical elements
and isotopes, and their compounds;
mixtures and residugs containing these
groducts” (plutonium, 3)

CN 4204 "Trunks, suit, vanity, execu-
tive, brief, spectacle, hinocular, camera,
rmusical instrurnent, gun cases, holsters
and similar, travelling, toilet bags, ruck-
sacks, handbags, schoal satchels,
shopping-hags, wallets, purses, map,
clgarette cases" (suitcase, 3)

Seizure of plutonium at Munich air-
port

In the summer of 1984 3 suitcase
containing plutonium illegally imported
into Germany was seized in sensa-
tional circumstances at Munich airport
in the Federal Republic of Germarry.
The Cormrmission (Euratom safeguards
directorate) was alerted by the German
autharities in the early aftemoon of 10
ALgust, 1994, that some rmaterial might
he seized

EC - Joint Research Centre - IPSC - CSCF --- Ralf Steinberger
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Visualisation of Geographical References
in Text (Regions)
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S\

Records for level
REGIONS 1
[Counts]

\ 1-6
[ 7-19
I 20-55
I 56 - 105

[ | NoData
[ INONEU

500 Kilometers

] S
Institute for the Protection
‘and Security of the Citizen

Document Map (ThemeScape)
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Clear | Search

Search Options

Look for | all of the selected topics =

Limit resules to [100 *| documents

3 ThemeScape Map Viewer: JRC Full Text - Miciosoft Intemet Explorer M= B
Fle Edt View Go Favoites Help ‘
@+ 9 AT B 5 o
Back  Fonad Siop  Fefesh  Home | Seach Favoies Histoy Channels | Fulscreen  Mal  Pint  Edit
Address [£] hitp:/demo. cartia com| clulbert/map1 024 himl =] ‘ | Links
: - =
Map Legend | Search TopicList | Flags
Search for the map topics you would like to display: . Bse |
4 % | Meat Meat
[Topic 5 Fraud. Beef Animals
Fraud 76 _L live -t Cost Mobile 1
Projects 66 I F e '.:fg:m‘ a
Production 53 | e e o ©
Culture a7 3 . 3 2
Service 1% (I
Regions 10 Plant |
Inegularities 7 - Italian /
Health £ | Praduction
Committee 5 3 £ |
Ecu E
Customs 32 |
Cost 30 y.
Export 2 -
Transport 23
Mecu 2
Expenditure 2
Transit 2 =t g
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WS Monolingual Keyword Identification
e s Q (Indexing)

BJOINT
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CENTRE
EUROPEAN COMMISSION
Useful to give users an overview of the approximate contents of a document
Necessary component for cross-lingual Eurovoc thesaurus indexing

Statistical tool identifies statistically salient words of the text (same language)

By comparing the lemma frequency of a document with an
‘expected’ / average lemma frequency (reference corpus frequency)

Using the log-likelihood test (Dunning 1993). Alternatives: chi-square, TF.IDF, ...

Lemma TF RCF Kevnhess
tui 3 5 65.26
commission 7 11231 59.81
karlsruhe 3 22 57.50
seize 4 2342 4217
plutonium 3 437 39.94
suitcase 3 752 36.69
german 4 12738 28.69
material 4 18418 25.78
seizure 2 443 24.95

1S - i [
149 C Cross-lingual Thesaurus Indexing CENTRE
— ’9;,";;.'.,’:"{?"“ EUROPEAN COMMISSION
FUEL EEPEOCES ST
FADIOAC TIVE
IPSC Exploratory Research project WAITE
‘CrOSS'”ngual |ndeXing, N'UCL%ED‘R FIUIEL
Indexing, where ‘keywords’ are taken 3
. PLIIT DM
from a closed list of thesaurus terms Eng"Sh
(Eurovoc thesaurus descriptors). Text ‘ HUCLEAR SAFETY
All descriptor terms have been TRANEPORT OF
translated one-to-one into all eleven Resolution DANGEROTS GO0DE
official EU languages. on radio- HUICLEAR.
. : . . [ HOM-PROLIFERA TION
Possibility of displaying descriptor el CADIOACTIVE
terms in different languages. MATERIALS
EAEC
STORAGE

EC - Joint Research Centre - IPSC - CSCF --- Ralf Steinberger
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S e
119 C Eurovoc Thesaurus CENTRE

Institute for the " . EUROPEAN COMMISSION
crihitite] http://europa.eu.int/celex/eurovoc

Developed by the European Parliament (EP) and the EC’s Publications Office
(OPOCE), together with several national organisations

Controlled vocabulary, wide coverage

Multilingual (exists in all 11 official EU languages) !

Eurovoc is actively used; there is a real need for automating the process

We have access to large amounts of training material (manually indexed texts)

Hierarchically organised into a maximum of 8 le'

top level: 21 fields

next level: 127 micro-thesauri

total: 5933 descriptors (version 3.0)
5877 reciprocal relations (BT, NT)
2730 reciprocal associations (RT)

L]
ip . e
I Eurovoc (Top Level and Detail) BRSTE CeNTE
04 Politics 28 SOCIAL QUESTIONS
08 International Relations 2806 family
10 European Communities 2811 migration
12 Law 2816 demography and population
16 Economics 2821 social framework
20 Trade 2826 social affairs o
24 Finance ZS;isculture and religion
28 Social Questions .
32 Ed_ucation and Competition gtllttltr?el policy
36 SCIe_nce " acculturation
40 Business and Competition civilization
44 Employment and Working Conditions cultural difference
48 Transport cultural identity
52 Environment RT: protection of minorities (1236)
56 Agriculture, Forestry and Fisheries RT: socio-cultural group (2821)
60 Agri-Foodstuffs cultural pluralism
64 Production, Technology and Research popular culture
66 Energy ‘rggional culture
68 Industry religion '
72 Geography 2836 social protection

2841 health

76 International Organisations . .
9 2846 construction and town planning

EC - Joint Research Centre - IPSC - CSCF --- Ralf Steinberger
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Motivation for Thesaurus Indexing
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Large organisations use thesauri to index the documents in their archives

for storage and retrieval

Advantages

consistency of choice of ‘keywords’ facilitates retrieval

multilinguality

Disadvantages

little flexibility (descriptors like ‘internet’, ‘Kosovo’ introduced late)

very costly human process

quality and choices of human descriptor assignment are very variable

Thesaurus Indexing

Can be used to retrieve documents

Gives users an idea of the major
document contents

Used for given document set
Possibility of multilingual search + display

Human thesaurus indexing is expensive
(human labour)

Thesauri are less flexible (updating of
thesaurus)

Easier to expand search automatically to
find synonyms and hyponyms (NTs)

1S Thesaurus Indexing vs.
C Using Existing Search Engines

JOINT

RESEARCH

CENTRE
EUROPEAN COMMISSION

Search Engines

Can be used to retrieve documents

Search tool only

Used for open text collections (internet)
(Usually) monolingual search

Cheap, once system has been developed

More flexible

User has to think of synonyms and
hyponyms (NTs)

Both tools serve a different purpose. Use both!

Aim of automating thesaurus indexing: help or replace human thesaurus indexing

EC - Joint Research Centre - IPSC - CSCF --- Ralf Steinberger
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L]
1495 Assigning Eurovoc Thesaurus [
w-g Descriptors to Texts RS o e

Challenge: Descriptor terms like Lemma |T]:7']:DF DF (of lexmmna) |Log-likelihood +
DEMOGRAPHY AND POPULATION OF Bfishery | [EJEES 17 1382
CONSTRUCTION AND TOWN PLANNING Bfish 1369 68 103 873
are unlikely to occur verbatim Heonservation B 1174.88 102 828
even in texts on these issues Hfishing 6204 79 816
- Histock 985.59 72 701

Training phase: we generate, for [
; i Amanagement [ 1252.54 137 602
each descriptor, large lists of Rt stock 50,52 = 5

o 5 sh stoc .

associated lemmas (associates) = o
Avessel [ [[RREEER 114 585
Example descriptor 56410401: Horganization [ 1283.43 124 549
FISHERY MANAGEMENT Hfishery_management i616_04 9 445
Assignment phase: the more “migr‘"‘t‘_’ry—ﬁSh—St"Ck.%?'” ’ 128
associates for a descriptor we Bsubregionsl W s 23 423
find in a text, the more likely it s |Bmediterrancan W 64404 33 383
that this descriptor is appropriate |Bfishery_resource | [ERE 38 360
Aaflag W 59878 67 357

1 S . . . m%%%‘LRCH
C Training: Produce Lists of Associates CENTRE

EUROPEAN COMMISSION

Use training set (texts and manually assigned thesaurus descriptors)

Minimal linguistic text pre-processing
lemmatisation (base form reduction of words)
mark-up of most frequent multi-word terms
e.g. power_plant, United_Nations, migratory_fish_stock, New_York, ...
extensive stop word lists (lemmas)

Combine all texts manually indexed with one descriptor into a meta-text.
Compare the meta-text lemma frequency list with the lemma frequency list of

the whole training corpus (reference corpus), using the log-likelihood test
(Dunning 1993). Alternatives: chi-square, TF.IDF, ... (Kilgariff 1996)

Result: a list of keywords (associates) + their keyness
(weight; relevance for the contents of the meta-text)

Apply TF.IDF formula to down-weight those lemmas that are associates to
many descriptors.

EC - Joint Research Centre - IPSC - CSCF --- Ralf Steinberger
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1 pS . e
C Assignment phase CENTRE

EUROPEAN COMMISSION

For a new text, pre-process and compare the lemma frequency list
of this new text with all descriptor associate lists by

Using a statistical algorithm to identify those descriptor associate lists that are
most similar to the text’s lemma list = most appropriate descriptors

Cosine (Salton 1989): best precision for single formula,
compared to manually assigned descriptors

Okapi (Robertson et al. 1994) best when used as input for DSC !
Sum TF.IDF

mixed algorithms (e.g. ‘622’) best precision (cosine + 5%), but
computationally heavier and harder to use for DSC

Result: a ranked list of the most suitable descriptors for this text

INT
RESEARCH
149 C Formulae tested for descriptor assignment e comision

Term Frequency, Inverse Document Frequency

N Considers occurrence frequency of lemma (I)
TFI DFI,d_TFl,d '((Iogz DE ) +1) in meta-text (TF,,) and number of descriptors

I (d) for which the lemma is an associate (DF))

o
Aa TFIDF, 4. TFIDF, Cosine uses TF.IDF; computes the angle of two
COSINE(d,t) = 1ot multi-dimensional vectors (of the document (t)

(é TFIDF, 2)_(5 TFIDF,, 2) and of the descriptor associate list)

ihd It

Okapi considers occurrence frequency of
[} | N - DF| TF| d lemma as an associate (DF)); the number of
a. Og( ) d associates in the associate list (size, |d|);
ITtCd DF, u

Okapi, 4 =

TE  + the average size of descriptor associate lists
I.d M  (M); the total number of descriptors used (N)
. [¢] ‘ )
UmTHfidf (d,t) = £ TEI DFId TEI DFIt SumTF.IDF adds product of TF.IDF values of
it dct associates and text lemmas
E=0 COSNE | I Okapi | L SumTfidf ‘622’ mixed formula, uses all of the above
max(COSINE) max(Okapi) max(SumTfidf )

EC - Joint Research Centre - IPSC - CSCF --- Ralf Steinberger



Providing Cross-lingual Information Access in Multilingual Text Collections

Sample assignment result

Cosine ranks:

(cosine formula)

JOINT
RESEARCH
CENTRE

EUROPEAN COMMISSION

Title: Resolution on radioactive waste (6 manually assigned descriptors)

1,2,3,4,8,19 (52060101 - waste disposal)

Okapi ranks: 1,2, 3,4,6,11
622 ranks: 1,2,3,4,7,11
Sum TF.IDF ranks: 5,9, 11, 13, 16, 22
Descriptor ID Descriptor text Luverse square Swn  (Cosine Sum Okapi [F622 [Rank [Prec |Rec
Thidf"2 ~ /| TEDF
H6621020304000000 UL PEreocEssm oooesszgz|  o717]  1s1875[100.25[0697 1] 100] 16
£{6621010101D00000 fpLoraimne 000943596 0661 156494 60.8a0eds|  2[ 100] 33
H5216010400000000 |RADIDACTIVE WASTE 00057321 0518  201685] es.70lo.s77] 2| 100] s0
H6621010200000000 HucLeas e 000693454 0511  1s4644| 73.84[0565| 4] 100] 66
E6621010100000000 RavioacTve saremiass 000735633 0.314 as401| 2773[0428] 5| mof 66
A6621020200000000 [rwcrsas sarery 000222327 0285 286289| 5593|0427 6| 66| 66
H0816040102000000 NUCLEAR HONPROLIFERATION 000439714] 0244 123791 s291ozez| 7] 57 66
B4511030902000000 | [FATSPORT OF DANGEROUS 000219582 0240] o4a148] s37efozer| 2| e2] &3
H7606030200000000 a2a 000956452 0.228 53192 2130[0.346] o s5[ g3
[1006010300000000 Ease 000486021|  0.198 aosss| 47.0z[0.357] 10] sof g3

Institute for the

Institute for the Pror
and Security of the

px

taction
Citizon

Evaluation of the assignment

e Comparison with manually assigned descriptors

e Precision and recall can be calculated for each rank

e Manually assigned descriptors vary between 1 and over 20

JOINT
RESEARCH
CENTRE

EUROPEAN COMMISSION

e Average number of descriptors was 6.59 in EP training collection and
5.21 in OPOCE test collection

e Evaluation should consider hierarchical structure (broader terms BT and
narrower terms NT), as well as cross-hierarchy relations (related terms RT)

e Human indexers are advised not to use both BT and NT, while our system
exclusively follows the similarity measure and will assign both

e Human indexers do not assign same descriptors and same number of
descriptors either, and their assignment is inconsistent (day to day, over the
years, etc.); past studies: only 30% to 80% overlap between human indexers

=>»The manual results are not an absolute criterion for the assignment quality.

EC - Joint Research Centre - IPSC - CSCF
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Providing Cross-lingual Information Access in Multilingual Text Collections

Assignment results for 2432 English texts

Comparison of results achieved with a variety of formulae
Best result: mixed formula (622)

JOINT
RESEARCH
CENTRE

EUROPEAN COMMISSION

Sum TF.IDF Okapi Cosine  Cos. +Descr. 622 incl. Descr. text

ank Precision|Recall|  |Precision|Recall] |Precision|Recall  |Precision|Recall Precision||Recall|[Prec RT||Rec RT

1 33.584| 6625 46.711|| 5844 52.22011.083 55.552|11.682 (60 444012755 (67 722) 14.281

2 20.8111.508 40.933||16.923 45127||18.753 47.266/19.695 51.7789|21.580| 61760 24.557

3 26.754|[16.150 36.678|22.368 39.995|24.613 41.091)25.428 45.518|[28.139| 56,963 32.17%
T4 24.126(19.331 34.190/|27.504 36.575)29.638 36.482|29.897 4087233297 53135 38.055
5 22.294|22 265 31.735|31.662 33.258|33 440 33.043|33.684 37.352||27.727|| 50,140 42.822

[ 20.772||24.805 29.331|34.831 30.599||36.764 30.325|[36.901 34.12141.123|| 47039 464592

7 19.566|27.133 27.081|37.356 28.419|39.662 28.008|[39.573 31.691|44.314| 44707 49.700
.8 18.365|29.070 25.25739.627 26.42942.006 26.013/41.844 29,497 46,965 42645 52.603
j 1731130779 23.721|41.763 24.621|[43 884 24 30643 812 27.4314%.022| 40483 54.863
E 16.575||32.740 22.360|43.621 23.224||45.849 22.948|/45.926 25.740((50.980| 38750 57.030

Cross-lingual Document Similarity

JOINT
RESEARCH
CENTRE

EUROPEAN COMMISSION

Eurovoc thesaurus descriptors, here displayed in Englis

/ \

EEPROCESSTHG

FADIOACTIVE

English
Text

HUCLEAR SAFETY

TEAMSPORT OF
Resolution DAHMGEROTS GOODS
f N'LTCLE.P.R
On redio- HOH-PEOLIFEFATION
active waste FADIDACTIVE
MATEFIAL S

EAELC

STORAGE

HF

X

|FU'EI. EEPEOCESSIMG

ELDIOACTIVE
WAETE

[,
PLUT OHITRL I"'S

>< |N'LTI3LEAR FUJEL

|NU|:LEAR cAFETY  |[4im

DAHNGEROTE GO0DE

|WHS TEDISPOSAL

|STDR_&I}E

HIUICLEAE
HON-PROLIFEFATION

EALDIOACTIVE
MATERIALS

‘ |TRP.1~TSP ORT OF ‘

Spanish
Text

Resolucién
sobre los
residuos
radioactivos
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Providing Cross-lingual Information Access in Multilingual Text Collections

Two separate experiments:

(Cross-language and Monolingual)
e Document Similarity Calculation

JOINT
RESEARCH
CENTRE

EUROPEAN COMMISSION

Input: long lists of automatically assigned Eurovoc descriptors and their
relevance value (vectors)

Calculation of the similarity between these vectors using the cosine
formula (best result for descriptor assignment produced with Okapi formula)

Evaluation by checking whether the translation of the input text is
identified as the most similar document (translation spotting)

but: performance for translation spotting can be optimised (document length;
search space restricted to the other language)

general similarity calculation (no length restriction, full search space)

translation spotting (length restriction; search only texts of other language)

Results for SC and Translation Spotting

JOINT
RESEARCH
CENTRE

EUROPEAN COMMISSION

Task: find Spanish translations of 920 English texts
Search space: Collection of 2995 English and 2995 Spanish documents (total: 5990 texts)
Average score of all translation pairs: 69%; s.d.: 0.125

relatively low ranking of translations due to many similar documents (slight variations of texts) so that
same-language documents seemed more similar

e
——

96%

b

=
99.9%
2 T (o5%

_ A
/

- =

(74%

Translation spotting using LF

- = = = Translation spotting (without LF)

Similarity using LF
- = = = Similarity (without LF)

6 7 8 9
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Providing Cross-lingual Information Access in Multilingual Text Collections

g I JOINT
/lpsc Limitations to BEE?\I‘E#{FECH

o e Statistical Thesaurus Indexing T e

Performance depends heavily on the quantity and quality of the training data
not enough training data (received from EP) for all descriptors
very uneven distribution (descriptors used between 0 and 1000 times)
EP uses specific sublanguage (mainly legal, formal)

we expect better results when adding OPOCE training data
Eurovoc has wide coverage, but is not very detailed

when mapping document contents onto this coarse knowledge structure
we loose some information (e.g. highly scientific texts)

Current system is restricted to the 11 official EU languages

1 JOINT
RESEARCH
WSC Planned work mCENTRE

EUROPEAN COMMISSION

Experiment: train system on texts gathered automatically from the internet
to add more associates and to apply to more languages

Improve performance
add the OPOCE training data (different source, different text types, more!)
better text normalisation (multi-word term mark-up, stop word lists, etc.)
better cleaning of the training collection, e.g.
take out foreign language parts in documents
identify irregular texts (e.g. original has annex, translation does not, etc.)

experiment more with various parameters and new formulae
Usage for in-house multilingual document retrieval?

Apply to real world scenarios
apply to more languages
incorporate with a working system at customer sites

EC - Joint Research Centre - IPSC - CSCF --- Ralf Steinberger
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