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EUROPEAN COMMISSION

. JOINT
WSC Agenda | R

What is (cross-lingual) document similarity (DS)?
Why and how to calculate it?
How to measure it?

Document similarity calculation (DSC) in the context of the JRC activities
Assigning Eurovoc thesaurus descriptors to text

Using the result to calculate document similarity

Implementation details

Limitations of this method

Planned work

111S . : o mﬁ%%'LRCH
/lp C What is (cross-lingual) document similarity CENTRE

EUROPEAN COMMISSION
Institute for the Pratection
and Security of the Citizen

Intuitively clear, but it is hard to put one’s finger on it.
Could be based on:
degree of lexical overlap between two texts
map document contents onto a complex conceptual space (LS|, Landauer & Littman 1999)
stylistic information (sentence length, type-token ratio, word variation, ...)
meta-information (document type, format, author name, source, time of writing, ...)
Our approach:

map texts onto an existing knowledge structure (multilingual Eurovoc thesaurus), using
statistical methods

Eurovoc acts as a multilingual conceptual interlingua
requires thesaurus and training material (manually indexed texts)

does not require additional language pair-specific data (dictionaries)
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produce a ranked list of documents that are similar to a given one,
even if they are written in different languages

allow navigation through a multilingual document collection,
using document maps (Hagman et al. 2000, Steinberger et al. 2000)

automatic multilingual clustering or classification of documents

compile a collection of parallel texts found on the internet
(Resnik 1999, Smith, 2001)

WSC How to measure and evaluate mgi’%&m
Tt document similarity calculation EETE NG EEN

Non-trivial question: how to judge (even intuitively) document similarity

Questions:
3-page text vs. its 20-line summary of this text vs. related 3-page text
Should text length play a role?
Should document language be a factor?

Intuitively, the translation of a text should be most similar (< 100%)

Evaluation is difficult. Non-optimal solution:
success rate of spotting translations of a text as an evaluation criterion
but: tasks of translation spotting and similarity calculation are not the same:
search space for translations is restricted to other languages

text length is clearly a factor

system can be optimised for translation spotting.
What does this say about similarity calculation? => two separate experiments
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The JRC

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

. L. JOINT
DSC in the context of the JRC’s activities BE‘E&E%’EC“

EUROPEAN COMMISSION

is a Directorate General (DG) of the EC (www.jrc.it ; www.jrc.cec.eu.int)
Employs ca. 2500 people in 8 institutes in 5 locations (I, E, D, NL, B)

Goal of the LT group: put together a modular system with three main
components (IDoRA system; http://www.jrc.it/langtech):

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; clustering and classification of texts

[ S
Institute for the Pratection
nd Security of the Cifizen

Document Profile

Display Language English (En, Fr, Oe, Es, It,

suitcase, German, material

Names

-Organisations: Commission,
European Institute for
Transyranium Materials (TUI),
Joint Research Centre, PSE
 People: Martin Schulz,

‘Mrs. Breyer, Mr. Papoutsis

Geographical Profile

TUI, Cemmission, Karlsruhe, seizure,

Pt, Da, FilHe, NI, Sv)

Free Indexing Terms

0d, plutenium,
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Title E-3083/95 by Martin Schulz (PSE) Seizure of plutonium at Munich airport
Retrieval Date 03.05.1958

Creation Date 27.03.1996 )

Language(s) English (97% probability)

Source hitp-#cnnim.com/digitaljiamiwires/2906/1 ¥plutonium_eu him|

Eurovoc Indexing Terms

import, Federal Republic of Germany, plutonium, illicit

trade, fraud, EAEC Joint Research Centre, airport

Combined Nomenclature
Product Groups

CN 2844: "radioactive chemical ele-
ments and radioactive jsotopes, incl,
their fissile or fertile chemical elements
and isotopes, and their compounds;
mixtures and residugs containing these
products” (plutonium, 3)

CHN 4204 "Trunks, suit, vanity, EXecu-
tivie, brief, spectacle, hinocular, camera,
musical instrurnent, gun cases, holsters
and similar, travelling, toilet bags, ruck-
sacks, handbags, school satchels,
shopping-bags, wallets, purses, map,
clgarette cases” (suitcase, 3)

Document Summary

E-3083/95 by Martin Schulz (PSE)

Seizure of plutonium at Munich air-
port

In the' summer of 1994 & suitcase
containing plutonium (egally imported
inta Germany was seized in sensa-
tonal crcumstances at Munich airport
in the Federal Republic of Germany,
The Cormrmigsion (Euratorn safeguards
directorate) was alerted by the German
authorities jn the early aftemoon of 10
AlgLst, 1994, that some material might
e seized
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|3 ThemeScape Map Viewer: JRC Full Text - Miciosoft Intemet Explorer = B
Fle Edt Vew Ho Favoies Hep | 2 |
L e e B 4 e a3 =
Back  Fea Stop  Feiesh  Home | Seach Faveites Histoy Chervels | Fuliresn  Mal Pt Edt
Adress [&] hitp://deme caria comiirchullest/map 024 kil =] | tinks
- - -
If
Mg Legend | Search Topic List Flags
Search for the map topics you would like to display . = Bse |
= ‘ Mgt Meat
Topc_ [Fios: =] S Fray Beef Animals |
Fraud 7% Blive # Cost Mobile
| & L 4 - N
Proiects 66 R —— J{ﬁw i
Production 53 Iy | S 0 ‘e,’?"- i
Culture a7 raud PRt - H
Service 46 b i
Regions 10 2 Plant j
Inegularities 37 Italian ©
Health e Production
Committee 5 L 3 ]
Ecu 35
Customs 32
Cost 30
Esport 2
Transport 23
Mecu 22
Expenditure 22
Transit 2z H i 4
Clear | Search
Search Dptions
Look for [allaf the selecied fopics =
Lirnit results to |100 =] documents.

1S - . e
C Assignment of Eurovoc Descriptors CENTRE

EUROPEAN COMMISSION

e Eurovoc thesaurus

e Assignment using statistical methods
e Training phase, using collection of manually indexed texts
o Assignment phase
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Srihirites) 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) !
We have access to large amounts of training material (manually indexed texts)

Hierarchically organised into a maximum of 8 levels

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]
P . e
I Eurovoc (Top Level and Detail) BRSTE CeNTE
‘and Security of the Citizen
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
24 Finance 283i culture and religion
28 Social Questions ars )
32 Ed_ucation and Competition g:llttltrfel policy
I SCIe_nce " acculturation
40 Business and Competition civilization

44 Employment and Working Conditions
48 Transport

52 Environment

56 Agriculture, Forestry and Fisheries

60 Agri-Foodstuffs

64 Production, Technology and Research
66 Energy

68 Industry

72 Geography

76 International Organisations

cultural difference
cultural identity
RT: protection of minorities (1236)
RT: socio-cultural group (2821)
cultural pluralism
popular culture
regional culture
religion
2836 social protection
2841 health
2846 construction and town planning
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L]
1495 Assigning Eurovoc thesaurus [
- ..;«.h......ag descrlptors to texts EUROPEAN COMMISSION
‘and Security of the Citizen
Challenge: Descriptor terms like Lemnina |TF]:DF DF (of letnina) Lug—ﬁkeﬁllantlv
DEMOGRAPHY AND POPULATION OF Bechey _EIEXE = 2
CONSTRUCTION AND TOWN PLANNING Eifish 5 .|1369.68' 103 373
are unlikely to occur as such Bconservation M| 174,88 102 828
even in texts on these issues Hifishing .I1162_04 79 816
- Histock 985 59 72 701
Training phase: we generate, for N
: : Amanagement [ 1252.94 127 602
each descriptor, large lists of _ :
: . Bfish_stock W 75092 33 589
associated lemmas (associates)
Evessel [ [[SRERE 114 585
Example descriptor 56410401: Horganization [ 1283.43 124 549
FISHERY MANAGEMENT Eifishery_management i616_04 g 445
Assignment phase: the more ~ |Brmigretory._fish stocicfli587 17 2 =
associates for a descriptor we ~ (Hebregonal MWl 61174 = Gl
find in a text, the more likely it is |Bmedterranean W 4454 89 583
that this descriptor is appropriate |Bfshery_resource Wl 505.12 =8 60
|Biflag W 5578 67 357

/ips el G q I f . mfa(s)ls'EILRCH
h“g raining: produce lists of associates SRR CENTRE

Minimal linguistic text pre-processing
lemmatisation (base form reduction of words)
mark-up of multi-word units (MWU), identified with ‘quick and dirty’ procedure:
produce frequency list of all groups of two, three, etc. lemmas from training corpus
do not allow stop words as first or last word
hand-select reasonable terms (ca. 50%) _of thé table of contents i
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)

word | fre)].

Result: a list of keywords (associates) + their keyness commission 1485 15,

(weight; relevance for the contents of the meta-text) s T BL o

Apply TF.IDF formula to down-weight those lemmas that are associates to
many descriptors.
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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
F =061 COSNE | I Okapi | L SumTfidf ‘622’ mixed formula, uses all of the above
max(COSINE) max(Okapi) max(SumTfidf )
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Sample assignment result

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

Cosine ranks:

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 T Descriptor text Lm_ukamSum Cosine i Okapi [F621 Rank Frec Rec
Thd 1 ~ | IFIDF
H6621020304000000 e pereocessne 000982382 0717] 161875|1002500.697] 1] 100] 16
E{6621010100000000 fprorormn 000943536] 0661 156494 c0s4l064s| 2| 100] 33
ﬂﬁmOOOOOOUU'RﬂDIUACTWEWRSTE 00057321 0518 201685 B8R 70(0.577 3| 1004 50
F6621010200000000 [murLas rom 000693454] 0511  1s4644| 73840565 4] 100] 66
H(6621010100000000 avioatvs warersass 000735633]  0.314] 95401 47.7300428| 5| 80| 66
A6621020200000000 [ucsas sarery 000222327| 0285 286289 55.93[0427] 6| 66| 66
E0816040102000000 |NUCLEAR HON-PROLIERATION 000439714]  0244] 123791 szetfozez] 7 7] 66
4581 1030902000000 |IRANSPORT OF DANGEROUS 000219582 0240] 244148] s37eloawr| gl 62| a3
A7606030200000000 jmea 000956492] 0228  s3192] 21.30[0346] 8| 55| o3
B 1006010300000000 maze o00436021] 0198  90sss| 47.02l0357] 10| sof @3
JOINT

Py

and Security of the Citizen

Evaluation of the assignment

e Comparison with manually assigned descriptors

e Manually assigned descriptors vary between 1 and over 20

e Precision and recall can be calculated for each rank

ITRE

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.
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149 C  Assignment results for 2432 English texts CENTRE

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

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

@ Precision|Recall]  Precision|Recall] Precision/Recall  Precision/Recall ;Prerisiun Recall !Prer RT Hec RT

1 33504| 6625 46711 9.844 52220011083 55.592( 11,622 50.444)12.755] (57.722) 14.281
2 20,811 11,908 40.92316.523] 4512718753 47.266/[19.695 5173921580 61760] 24557
3 26.754(16.150 36.678|[22.368 39.995(24.613 41.091|[25.428 a5 518[28.139] 56963 32.179
4 24.126(19.331 24.150([27.504 36.575(20.638 3642229.897] | 408723297 53135) 38.055

5 22.254|[22 265 3173531662 33.208(33 440 33.043(33.654 37.352[37.727] 50140 42.822
& 20.772[24.805 29.331[34.831 30.599(36.7654 30.325(36.901 34.121]l1 123]] 47 033]| 46452

7 19.566|[27.133 27.091(37.356 28.419(30.662 28.008(29.573 31 691|144 314] 24 707][ 43700
I 12.365([29.070 25.257|39.627 26.429(42.006 26.013[41.844 20497 l46.965] 42645 52.603
9 17.311|[30.779 23:721(41.763 24.621(43 884 24.306(43.812 27.431/49.022 40483 54.963
10 16.575(32.740 22.360]43.621 23.224[45 849 22,948 45,926 25.740/[50.980] 38750/ 57.030

/ipSC (Cross-language) B e

e Document similarity calculation EUROPEAN COMMISSION

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

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

e Evaluation by checking whether the translation of the input text is
identified as the most similar document (translation spotting)
e but: performance for translation spotting can be optimised (document length;
search space restricted to the other language)
= Two separate experiments:
e general similarity calculation (no length restriction, full search space)

e translation spotting (length restriction; search only texts of other language)
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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
(Landauer & Littman 1991 (LSI): 78%, s.d. = 0.09 for 1582 English and French paragraphs)

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

e

b

=
199.9% J—[95% 96%

. = =

_ A
/

- == =

= (74%

Translation spotting using LF

- = = = Translation spotting (without LF)

Similarity using LF

0 - = = = Similarity (without LF)

Rank 1 2 3 4 5 6 7 8 9

. . e
Implementation details W CENTRE

Institute for the Pror
and Security of the C

System mainly implemented in
PERL,
CaGl
relational database management system (RDBMS)
(Oracle or MySQL)

Operating Systems:
Unix or WindowsNT

Lemmatiser:
Lernout & Hauspie’s IntelliScope Search Enhancer (ISE)

Tool for the calculation of associates:
customised version of the keyword identification tool of
Mike Scott's WordSmith Tools
(http://lwww.liv.ac.uk/~ms2928/wordsmith)
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WSC Limitations of this Method m&mc“

EUROPEAN COMMISSION

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
Institute for the Pratection
and Security of the Citizen

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.qg.
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

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

Follow up any suggestions you might have
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