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Introduction (1/2)

Cross-language Information Retrieval (CLIR)
« Traditional IR identifies relevant documents in the same language as the query
* CLIR tries to identify relevant documents in a language different from that of the
query

Importance of CLIR
* CLIR research is becoming more and more important for global information

exchange and knowledge sharing.
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Introduction (2/2)

Translation resources are important factors to obtain an effective CLIR system
« Bilingual word lists,
« Parallel and Comparable corpora,
* Machine translation systems

* However, fully developed machine translation systems and even topic-appropriate

parallel corpora will sometimes not be available.

Our goal
« Utilize Wikipedia as a bilingual resource for query translation and expansion
« Three lexicons are extracted from Wikipedia for query translation
« Bilingual pair lexicon, Synonym lexicon and Polysemy lexicon
« A concept link graph is constructed from Wikipedia for query expansion

+ Build up a high performance CLIR system without a parallel corpus or with a week
.. Pparallel corpus
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1. THE KNOWLEDGE SET FROM WIKIPEDIA FOR CLIR
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WBL (Wikipedia Bilingual Lexicon) 1. The Knowledge set from

Wikipedia for CLIR

WBL (Wikipedia Bilingual Lexicon) consists of three lexicons extracted from
Wikipedia

« Bilingual pair lexicon

« Synonymy lexicon

* Polysemy lexicon

Note that all of these lexicons are automatically extracted from Wikipedia.
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Bilingual Pair Lexicon 1 The Kouedse set o
As of January 2012, there are different editions of Wikipedia in 283 languages
«e.g. Article of English Wikipedia, “President of the United States”
« French : “Président des Etats-Unis”
* Korean : “0/=9 (&&"
» German : “Prdsident der Vereinigten Staaten”

*This information is so-called Inter-wiki links included in body of each article

i 1. The Kr led: fi
Synonymy Lexicon S A
Alternative names that can be used to refer to a Wikipedia concept.

e.g. The article, “U.S.A” redirects to the article “United States” that contains
information about the same sense.

*This information is so-called Redirect pages.

*Source language synonymy lexicon and target language synonymy lexicon are
operated independently.

Andre Agassi Ot 2| OfHA|
Apache Software Foundation OfmpX| AZEQOf R Th
President of South Korea Chstal=o| CiE3
{§) DONG-A UNIVERSITY 29
Polysemy LeX]COn 1. The Knowledge set from

Wikipedia for CLIR

Disambiguation pages in Wikipedia are solely intended to allow users to choose
among several Wikipedia concepts for an ambiguous word.

e.g. The article, “Washington” contains three meanings that can be denoted as
“George Washington”, “Washington (State)”, “Washington, D.C.”

*This information is so-called Disambiguation pages.

English Concept English Sense

Washington George Washington X YAH
Washington Washington (State) QAEH F
Washington Washington, D.C. Q| Al H D.C.
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United States usa i o= 0gs
United States USA hES ofmjz|7t BER
United States ~ UnitedStates | o= USA
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Statistical Report for Query Matching 1. The Knowledge set from

Wikipedia for CLIR

The usefulness of the bilingual word lists (WBL) for query translation is
verified on the NTCIR-5 English-Korean CLIR data set.

« Statistical Report for matching query words in Title

. CTL
50

# of topics
# of unique query words 130
# of translatable query words 240
# of matched query words 150 163 217
RaholE) °L{'2:‘;s°h8d e 62.50% 67.92% 90.42%
Total # of equivalents 640 250 559

Avg. of equivalents in each

query word 4.26 1.53 2.58

>
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i 2. Query Translati
Overview very Transation
Source Query @, Pre-Process
= e =
| Query split_| : : !; ﬁ}
‘ Word or Phrase ‘ g )
Q= {5152 S3 -, S}
2. QUERY TRANSLATION FOR CLIR
.,!: Query Translation | @
Using Knowledge set and Knowledge Set
Machine Readable Dictionary Constructed by Wikipedia
e e e Synonym Polysemy
Using Statistical Method ‘ Lexicon Lexicon
for Sense Disambiguation
[ Bilingual Pair Lexicon ]
Target Query @y
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Example 2 Query Translation Translation Candidate Extraction 2. Query Translation
or CLIR for CLIR

N Step 1. Remove stop-words, extract translatable words, and combine words
OO0

into a phrase by using the longest first match strategy.
Kursk Submarine

. Rescue
accidaat International

Step 2 . Synonymy information of source words is added by using source

Pltylsy) =1 Pityls) =1

Pltylsy) 1. .05 . PP . .
= 0275 Pltyylsg) = f'z synonymy lexicon and it is used in the following two steps.
= 0375

A s
Pty it Fa L
=03 e

Step 3. If a source word is ambiguous, it has several translation candidates

PE

1

mu,,‘)_?:“ from polysemy lexicon.
T Step 4. The remaining source words are translated by bilingual pair lexicon.
Pleslsy) = %:“ Step 5. Synonymy information of target words is added by using target
S synonymy lexicon.
tyy ) Plta ls.n:é; Step 6. If a source word was not translated by WBL, the translation method
o attempts to translate the word by MRD.
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Statistic Method for Sense disambiguation(1/5) 2 QuenTantation

The sense disambiguation method assigns the scores to all the candidate target
queries for the source query Qs and then selects the target query Q; with the

highest score.
Os = {51,52,83,...,5n}

O = argmax ¢(c:)

n—1
$(c;)=Plcy |5, )H1 Plega leg)Peg | sjn)

Statistic Method for Sense disambiguation(2/4) 2 QueryTaniation

Candidate target queries are generated by combining possible translation
equivalents of each query word.

c(Qy) = {1 = (€11, €12, €13, €14), €2 = (€21, €22, €23, €24) o, C1
= (Clﬁ,lrC16,2rC16,3vC16,4)}
1) Transition Probabilities

a(ty, tjiz1,1)
Py =tuales =90) = gmate o0
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Statistic Method for Sense disambiguation(3/5) 2 QuewTranslation

2) Translation Probabilities

) _ {%“’Pg'za (tjklsj)}

P(ej = tiels; 2
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©

oiF5,75) = 21082 + Zyepon (TN s + 0N o)
W= Wty , Wy, e, Wiy ), W :%, P(wild)) = %
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Statistic Method for Sense disambiguation(4/5) 2 QuerTansation
()
Kursk i International Rescue

accident
Pltals) =1

Pty lsy) =1

1105

> Pltaylsg) =2

Pty |tn) = 0375

=0.3

%4— 0.3

Pltglsy) ==

=0.275
%+ 0.2

Pltalsy) ===

=0.225

i
Pty lsy) = 5
= 04125
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Statistic Method for Sense disambiguation(5/5) 2 QueryTanstation

for CLIR
@ @

Kursk ‘Submarine e
accident International

tl 21 3. 1
: &) &/ — 3. QUERY EXPANSION FOR CLIR

se23 w42
#les) = Pltaalsy) "Pltzs|tes) * Pltaslse) "Pltasltzs) * Ptaslsa) "Pltasltss) * Pltagls)
= 1x0.4x1x0.4%0.275x0.3 x 0.375 = 000495
@lez)=1%0.4%1x04 %0275 x 02 x0.275 = 0.00242
@les)=1%0.4 %1 0.4 x0.275 x 03 x0.225 = 0.00297
@lea)=1x04x1x04x0.275 x 0.2 x0.125 = 0.0011
.

.
.

Glere) = 1% 04 x 1x 0.1 % 0225 x 0.2 % 0125 = 0.000225
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Overview 3. Query Expansion or Example 3. QueryExparsion for

i A % % | %% % 6w 6w
=
Xy o o 0 ) 06 | 04 o o ] 0o o
K141 i o | [ | [ I
(Russian )Hbmallnﬁ ?.S‘f,-;g‘ AT \';é;u ! X . 9 ] o | 0 ! 0 g o a5 | 03 | i | o ¢
K-141 Kursk) PP e ;;(m:ﬁ"“”f % |70 |iol oo | ' [ Fec [P0 | 0l e | 0] 0
Input Kursk explosion) A0 . a2 D il ) it e EE | EillLE
, i
I:> initial vector Wand transition probability P . - = | ni,i f o] (ig o 71 71 Li ”07
QUGW Q constructed by Wikipedia Concept Link Graph by ,’n;{]ﬁ |olo (o]0 o000 |l0| 0|0
e 0(?5'. % ooz oo [of[oo]o|0 |0z
g S v o 1 0 el i e I
§OIE EE A % |o|o|[o|e|o|o|e]o|o|od]o
o xg ) ®OKS Eonen | Bl el s st A
o king) o e[| eoo[oloe]o]o]e
Random Walk on initial vector @ o s 2 [ 0 2 I
and transition pmbabiiity P Pl _— %w|o|o|o|[o|o]o|]o]|o|0o]e
. =S % |00 [ 07 [Tl [Tl [Tei [ el [ @[ @ [0 ] @
(International) i 1 1 i i i

Output

Expanded Query @,

T,
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Wikipedia Concept Link Graph Construction 3. Query Expansion for

The correlations between Wikipedia concepts are estimated by using a random
walk algorithm on Wikipedia concepts.

*The random walk algorithm is at each step the walk jumps to another site

according to some probability distribution [Hu et al. 2009].

Based on the article links of Wikipedia
« Construct a concept link graph G=(X,E), where X is a set of Wikipedia articles that
is represented as x — {x}", .
* W represents an weight matrix based on graph G
* Element w;; equals the link count associating vertices between x; and x; in
the matrix W.

()} DONG-A UNIVERSITY 25

Random Walk on the concept Link Graph(1/4) 3 QuerExpansion for

Initialize transition probability matrix P based on the weight matrix W and
vector vp on the queries.
« Define transition probabilities Pt.1|¢(xk | x;) from the vertex x;j to xi (x; and xx €X)

by normalizing the score out of node x;.

Sore
Proae (i) = ﬁ

« The initial vector vy is an m-dimensional vector with binary values

vy = {Po(xj)}j 1:1

(LFxeQ
Po(x)) = {0, ohawie
The probability that
a random walk starts from x;
‘%) DONG-A UNIVERSITY %26

Random Walk on the concept Link Graph(2/4)  3-QueryExpansion for

CLIR

Given this definition, the random walk algorithm works as follows:

Input :Transition probability matrix P and initial vector v,
Output : v,

l:fori:=0ton

2: compute v, = aPTv; + (1 — a)v;, where a € [0,1)
3:returnv,

4: Choose top k terms from v,, for query expansion
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Random Walk on the concept Link Graph(3/4)  3-QuerExpansion for

P % X X Xe X5 X X X X X1p LT
% | 0|0 | 0|0 |0e|ealo]o|o]|o]0
%|0|0|0|0|0|o|os|03|0z| 0|0
% | 0 |0 |0 |e [ e[ o]e]o]le
x|o|lolole|loleloalo[o]a]e
% |0z | o |0 |o|e|es[o|o|o]o]0
x|o[o|o|o[ofo[o|o|[o]|o]|0
BTE % |0 |oz|o|o|o|o[o|o]|0]|es|oz

N (uclear powen |
HoE BE N %|o|o|o|o[o|oo|o|[o]|o]e

XE {ROKXS Cheonan + +- it
sinking) % | oo o[salolo|o0
e x| 0|0 o[o[o]olw]o|e][d]oe
=mEe w0 |0 |e|e|elolela|e oo
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Random Walk on the concept Link Graph(4/4) 3 Queryxpansion for
v PTy, v PTy, v, PTv, v3
\ 1 | = 0 %y | 00 I X | 0210 %1 | 0ass0 X1 :u.zwo ] % [ 02825 |
=[] [=]0 [ |oso| [e|oom | [x|o02a7s| [x |oom0| |[x | o |
x \ 1 *3 o % | 0.50 X 0 | | X3 | 0.2500 | X3 | 0 | | X3 | 01250 |
B x| o Daloso| [ml o | [mlomw]| [ o | [=[ez0] 4. Experimental Results & Summary
x5 o | | x5 | 06 s 0.30 ‘ Xs | 0300 X5 0.3000 % | 02130 xs 0.2565
[%] e % | os % | 020 % |02 | || o020 [x |0220| | |o2:s |
x| o [ = | os e | 025 5 | 020 [ | 02500 | | |0z083 | [ | o2zes |
%] 0| | = | oz % | 0as % | o150 [ "% | oas00 | [ |ossss | % | oae1 |
L‘ o l 02 It Xy 7- 010 I Xg 0.100 | | Xg | 0.1000: 1 | ®g | 00575 ‘ | £ Y | 0.0798 |
i"w![ I | e O [l 0| [ealams | [ 00025 | xe|oame| || 0093 |
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EXPERIMENTAL SETTINGS (1/2) 4 Brperiment EXPERIMENTAL SETTINGS (2/2) 4 Boeriment
Baselines

The proposed query translation and query expansion techniques were tested

* Mono-IR: Original K
using the NTCIR-5 English-Korean CLIR test collection. one riginal Korean Query

X . ) X ) * Mono-IR+QE: Original Korean Query + QE (by Robertson)
« All of the articles are indexed by using the Indri search engine.
« Simple-SQ: All translation candidates of each query word are considered as its
synonym

Statistical Report of Wikipedia Dataset * MT: Translation results from Google’s free online language translation service

English Wikipedia Korean Wikipedia  PSQ: Straightforward extension to SQ in which translation probabilities are used.

# of Wikipedia articles 8,389,381 273,606 « LF and LS : Lexical Filtering and Smoothing with CTL
Total # of bilingual pair 105,643 + WTDM: Proposed query translation technique by (TDM: without translation prob.)
Total # of synonymy set 1,034,492 131,213

Total # of polysemy set 195,390 16,998 Baseline Query Expansion Model

*As a baseline query expansion system (QE), Robertson’s query expansion
technique is employed in our experiment [Robertson and Walker, 1999].

N R
RW(t)=r,log——log| |-logV
. n U
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EXPERIMENT RESULTS (1/4)

Comparisons of Baseline Systems

4, Experiment &
Summary

MAP R-Precision
(%) (%)

Average
Query Type Precision(%)
Mono-IR Title 29.86 36.36
Mono- N
IR+QE Title 32.78 40.29
) Title 12.41 15.30
SIBIESR (% mono) (41.56%) (42.08%)
MT Title 22.96 28.70
(% mono)  (76.89%) (78.93%)
PsQ Title 6.56 8.94
(% mono)  (21.96%) (24.58%)
Title 8.97 1174
A (% mono)  (30.04%) (32.28%)
Title 1834 2314
R (% mono)  (61.41%) (63.64%)

C,
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31.58
35.48

13.84
(43.83%)
25.47
(80.65%)
7.86
(24.88%)
9.84
(31.15%)
22,65
(71.72%)

4. Experiment &

EXPERIMENT RESULTS (2/4)

Summary
Performances of the proposed query translation technique
Average MAP R-Precision
Mono-IR Title 29.86 36.36 31.58
. 18.58 24.01 21.13
MRD-TDM file (62.22%) (66.03%) (66.91%)
Title

CTL-TDM (% mono)

CTL-LS- Title 27.08 36.19 30.51

WTDM (% mono) (90.69%) (99.53%) (96.61%)
o
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EXPERIMENT RESULTS (3/4)

Performances of the proposed query expansion technique

4. Experiment &
Summary

MAP R-Precision
(%) (%)

Average
Query Type Precision(%)

Mono-IR Title 29.86 36.36
MRD-TDM- Title 25.17 33.81
QE (84.29%) (92.99%)
MRD-TDM- Title 29.26 35.17
WQE (% mono) (97.99%) (96.73%)
CTL-TDM- Title 30.08 35.73
WLS (% mono) (100.74%) (98.27%)
CTL-TDM- Title

RW (% mono)

CTL-LS- Title 38.16 48.34
WTDM-RW (% mono) (127.80%) (132.95%)

1 DONG-A UNIVERSITY

31.58

28.74
(91.01%)

30.66
(97.09%)

30.79
(97.50%)

41.93
(132.77%)

4. Experiment &

EXPERIMENT RESULTS (4/4)

Summary
Summary of the performances in the proposed technique (WTDM)
06
05
04
M 0.3619
A 03
P
02 0.2401
0.l
0
MRD-TDM CTLLS-WTDM  CTL-LS-WTDM-RW
o
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Summary 4. Experiment &

Summary

Utilize what may be the world’s largest knowledge resource, Wikipedia, to
help query translation and expansion in CLIR.
*The query translation technique used bilingual word lists.

*The query expansion technique used a concept link graph from Wikipedia link
information and a random walk algorithm

Evaluation results indicate significant improvements over strong baselines,

exceeding even monolingual retrieval effectiveness
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