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istribution of internet content by language
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Cross-Language Comparison —
Experimental Design

}'

 Basic Question

— Given 2 documents in separate languages, can we
determine if they are “about” the same thing?

Can Documentin A be
used to retrieve similar

U

Documents from
Corpus in B?

Corpus
> n
Language

<w

 Basic Test

— Given a document in language A, compute
similarity between it and each document in a
corpus of language B
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Approaches to cross-language
information retrieval

* Translate the query
— Efficacy is constrained by quality GC
of machine translation

Web Images Groupd

[4e=
" . aogle Search
* Train algorithm on parallel corpora
— Translations should:
- Be available in target languages
* Be rella_b!e . . health of animals act ===> loi
° health th ===} t
Be sufficiently large in size hoeifh o e sheey oo s
- Cover target subject domain ifavh enuihment o3 Marorier )
- L e T
* Be fr_ee_Of undue copyrlght :ighggtpgidﬂer ===3 plus ofFran
restrictions historic document === document
. . historic event ===> éuénement h
* Be electronically available house management committee ===>
%muge l.]f COMMONS Stanplgg conmit

- Be alignable
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* Resnik, Olsen & Diab (1999) showed that the
Bible fulfills all of these criteria and is
surprisingly suitable as a parallel corpus

— Translations in > 2,400 languages and rising
— Great care taken over translations

— Respectably large compared to other corpora
— Covers many modern genres

— Covers up to 85% of modern vocabulary

— Generally free of copyright restrictions

— Electronically available

— Alignable

The Bible as a Parallel Corpus
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Language coverage - detalil

A STATISTICAL SUMMARY OF LANGUAGES
WITH THE SCRIPTURES

Asummary, by geographical area and type of publication, of the number of different languages and
diglects in which publication of at least one book of the Bible had been registered a= of December 31,

2005,

Continent/Region Portions Testaments Bibles BII;}I[I.?S’ Total
Africa 223 3 154 (24 683
Asia 218 244 131 (28] 593
Australia/Mew Zealand/

Facific Islands 148 234 38 3 120
Europe 114 36 B1 147 211
Morth America 39 30 7 (o 76
Caribbean Islands /

Central America / 118 270 23 e} "7
Mexica/zouth America

Constructed

Languages 2 0 1 W 3
TOTALS 862 1,115 426 (122} 2.403

* This column is 3 sub-section of the Biblas column — for example, there iz 3 trans=lation of the
Ceuterocanon for <47 of the 61 languages of Europe in which the Bible has been translated.

[A feww corrections were made to ourlanguage databases and are reflected in this statistical summanry]
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The ‘Unbound Bible’

| A Unbound Bible - Microsoft Internet Explorer

Elle Edit ‘Wiew Favorites Tools Help ,#
eﬁack 2 ‘\) @ @ !'\‘h psaarch *Favorltes @ [;3' ,.:_; ] - D ﬁ "&&
¢ address | ] bispfuwn.unbiounible. comjindex, cFm?mathod=covininads. showDownloadiin v B s ”

m !]HB'““"' nihls [English] [Pycomai] [EH=6d] ﬁ ﬁﬂ;

v w [Transiate] [Mederlands] [Frangeis] [noay] [English] ﬂﬁ F‘
Bible Search Bible Study Tools Know God Downloads ;
Bible in a Year Search Settings | FAQ Links | Contact
Download Unicode Fonts and Bibles

Unicode Bibles

Afrikaans 1953 1

IE

i Download ]
Albanian T

e WT ir Rybant has written a free software program that works with Bibles in the Unkound Bible format. You can look up a passage,

Arabic: Smith & Van Dyke T

Aramaic MT: Pashitta T

Armenian (Eastern): (Genesis, Exodus, Gospels)
Armenian (Western): NT (Dwight/Riggs, 1853)
Basque (Mavarro-Labourdin): NT

Breton Gospels

Charnorra (Psalms, Gospels, Acts) . ! . f , ! [ f -
Chinese: NCV (Traditional) _|lingual Bible-reader program for the PalmOsS platform: It uses Unicode ta display Bible texts invarious languages, including:
Chinese: Union (Simplified) +
Chinese: NCY (Simplified) + kls and accents!
Etwcl'r;i:: 2gnmh (Traditional) + Hebrew, Syriac
Czech BKR 1 =
Czech CEP 1 load for Freel
Czech KMS +

Czech MKB 1

Danish

Dutch Staten Vertaling

English: King James Yersion 2
English: American Standard Version
English: Basic English Bible
English: Darby Versian Lt requires registration)
English: Douay-Rheims 22
English: Webster's Bible
English: Weymouth NT
English: Warld English Bible GB18030 Support Package
English IVuung's Literal Translation i

+ Unicode Fonts for Mac OS X

85 translations (some partial) in

+ Unicode Fonts for Unixand Linux

| 51 languages, in common format

Unicode Fonts
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The ‘Unbound Bible’ — a sample

B web_ utfB.txt - Notepad

43N 1 1 In the beginning was the word, anc¢
43N 1 2 The same was in the beginning witt
43N 1 3 All things were made through him.
43N 1 4 In him was 1life, and the 1ife was
43N 1 5 The Tight shines in the darkness,
43N 1 6 There came a man, sent from God, v
43N 1 7 The same came as a witness, that |
43N 1 8 He was not the light, but was seni
43N 1 9 The true Tight that enlightens eve
43N 1 10 He was in the world, and the worlc
43N 1 11 He came to his own, and those who
43N 1 12 But as many as received him, to ti
43N 1 13 who were born, not of blood, nor ¢
43N 1 14 The word became flesh, and lived :
43N 1 15 John testified about him. He criec
43N 1 16 From his fullness we all received
43N 1 17 For the law was given through Mose¢
43N 1 18 No one has seen God at any time. -
43N 1 19 This is John's testimony, when the
43N 1 20 He confessed, and didn't deny, buf
43N 1 21 They asked him, "what then? Are yc
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Coverage of internet content
based on ‘Unbound Bible’

@ English

@ German

B Japanese

B French

@ Chinese Simplified
@ Spanish

@ Russian

@ Dutch

O Korean

H Polish

@ Portuguese

@ Chinese Traditional
@ Swedish
@ Czech

@ Norw egian
@ Italian

@ Danish

@ Hungarian
@ Finnish

O Hebrew

@ Arabic

@ Turkish
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Cross-Language Comparison — Method 1

- Use separate index for each language

Gen 1:1 0.1 Gen 1:1 0.0

Document 1 Gen 1:2 0.0 Document 2 Gen 1:2 0.0
0.2 0.4

—> —>

0.3 0.3

0.0 0.0

Russian Rev 22:21 | 0.8 English Rev 22:21 | 0.0

l cosine

Similarity (Document 1, Document 2) = 0.3850
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Cross-Language Comparison — Method 2

* Use single index for all languages (concatenated)

Gen 1:1 0.1 Gen1:1 | 0.01
Document 1 Gen1:2 |00 |Document 2 Gen1:2 |o0.0
0.2 0.4
|

0.3 0.3
0.0 0.0
Russian + Rev22:21 | 0.8 Russian + LRev22:21[00

English English

lcosine

Similarity (Document 1, Document 2) = 0.3872
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Validation results: Test set in training set

Method: Index on entire Bible, measure average uninterpolated
precision at doc. 1 for 66 books of Bible

To
Arabic English French Russian Spanish
Arabic 1.00 1.00 1.00 1.00 1.00
English 1.00 1.00 1.00 1.00 1.00
From French 1.00 1.00 1.00 1.00 1.00
Russian 1.00 .99 1.00 1.00 1.00
Spanish 1.00 1.00 1.00 1.00 1.00

G
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Validation results: Test set not in training set

Method: Index on entire Bible, obtain matrix of similarity
measures for 5 conference abstracts where English and

Spanish translations exist

English
Doc 1 Doc 2 Doc 3 Doc 4 Doc 5
Doc 1 .607 .043 .045 .035 .022
Doc 2 .049 397 .038 .082 .166
Spanish Doc 3 .030 .050 .045 101 .049
Doc 4 102 .096 .080 189 .105
Doc 5 .035 131 .039 .042 .168

We have also used the framework successfully for Maori, to
distinguish between the Treaty of Waitangi and the New Zealand

National Anthem

G
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Validation results: Test set not in training set

Method: Index on entire Bible, measure Mean Average Precision
for 114 suras of Quran in English, Arabic, Russian, and Spanish

(results comparable to McNamee & Mayfield 2004)

.35

-LSA To

- no removal of

stopwords

Arabic English Russian Spanish

Arabic 100 74 60| go .33| 7o .46
English | _ .49 1.00| g9 75| 9o .53

From Russian | po 40| 9p .68 1.00 | g7 .45
Spanish | 66 46| g7 78| 74 62|  1.00

Method 1: Separate index for each language
Method 2: Single index for all languages

ing 5-
rams)
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| i Precision-recall graphs for different test parameters

08 1

" .\\R‘; —e— Test set in training set
0.7 ——2

. Test set not in training set
g 0 6 \\\ﬁk\ Large training set °
(Z) 05 \\ \_,\ Small training set
0 Y- \é x N —x— Different dialects
9_’ 0.4 \' ’% —e— Different languages
o —+—OT
0.3 e
0.2
0.1
0 T T T | | | | | |
01020304050.60.70809 1
Recall

Sandia
National
Laboratories



Observations

» Cross-language approach is easily extensible to new languages and
corpora, including minority languages

* Resources exist which allow large parallel corpora to be built up
from scratch in hours, at no monetary cost

« Unsurprisingly, the larger the training set, the better the precision-
recall results

* Results appear to be comparable to, or better than, those achieved
by other methods and reported recently in research literature; further
testing may be needed

* Our best results were obtained using LSA, a single index for all
languages, and without removing stopwords. This has the advantage
of requiring no language-specific expertise to set up. @ Sandia
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« Continue to test CLIR algorithm to identify its
strengths and weaknesses

Future directions

 What chunk size yields best cross-language IR
results, and why?

« Can we use the output of cross-language
comparison to characterize documents by their
ideology?
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