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Query Suggestion

= Query Suggestion
= A functionality that helps search engine users better specify their

information needs with related queries having been frequently used by
other users.

= Example — MSN Live Search
@ uee sear i 4

Web Images Mews Maps Classifieds Morew

air pollution Page 1 of 2,788,750 results + Options + Advanced

Better Indoor Breathing - www.comfortteamaz.cam SPOMSORED SITES elated searches:

Improve indoor air quality with our proven indoar air purfier solution Causes Air Follution
Indoor &ir Pollution

Air Pollution - www.willyoujoinus.com

Join Chevron's Farum & Yoice Your Opinion on Environmental Issues. {b Air Pollution Control
What Is Air Pollution - www,dealtime.com/clothing Effects air Pollution
Save Time while you Shop, Find the Best Deals an Clathing, Types &ir Pollution
Air Pollution Facts
Air pollution - Wikipedia, the free encyclopedia Solution &ir Pollution
Air pollution is the presence of any chemical, physical (2.9, particulate matter), air Paollution India

or biclogical agent that modifies the natural characteristics of the atmosphere,
The atmosphere is a complex, dynamic ...

en.wikipedia.org/wiki/Air_pollution - Cached page




More Example

MSN and Keyword Tool

The Keyword Tool generates potential keywords for your ad campaign and reports their Google statistics, including

G 1 s search perforrmance and seasonal trends. Start your search by entering your own keyword phrases or a specific LRL.
ou can then a newy keywords to the green box at the right. Learn more
0o0gle S ¥ hen add k d h b he right. L

keyword tool

Important note: Please note that we cannot guarantee that these keywords will improve your campaign performance.
. e also reserve the right to disapprove any new keywords you add. Keep in mind that you alone are responsible for
Suggestlng termS the keywaords yvou select and for making sure that your use of the keywords does not violate any applicable laws,

including any applicable trademark laws. For more details, please review our Terms and Conditions.
for pay-for-

performance
SeaI‘Ch market Keyword Variations Site-Related Keywords

Results are tailored to English, United States Edit

Enter one keyword or phrase per line:

air pollution
dse synonyms

[ Set More Keywords ]

Choose data to display: | Feyword Search “olume | =

More specific keywords - sorted by relevance (2

March Search Volume  Advertiser Competition Match Type: (2
Keywords > > Broad
air pollution Add
air water pollution Add
indoor air pallution Add e
air pollution effects Add e
ozone air pollution Add »

epa air pollution Add




Query Suggestion and Query
i Expansion

= Query Suggestion vs. Query Expansion

Query expansion Query suggestion

Target Terms and/or phrases Full queries

Mechanism | Term/phrase extraction | Query extraction from query
from documents logs




Cross-Lingual Query Suggestion

i (CLQS)

= Cross-Lingual Query Suggestion (CLQS):
suggests related queries, but in a different
language.

« Example: (French) terrorisme international >
(English) international terrorism, world terrorism,
what is terrorism, terrorist attacks, terrorist groups,

september 11, ...




i CLQS by Query Log Mining

= A query in a source language is likely to have correspondents in the query
log of the target language.

French Query English Query Log
voyage en france luxury commaodity
gagner des millions luxury cars

produits de luxe travel in France
météo strasbourg rail travel in France

strasbourg weather
win some millions
= CLQS based on mining query logs of difference languages

Source i Cross-Lingual Query £ Relevant Avolication
Query Suggestion Queries PP

1]

&
Query log
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Principled Approach to Cross-lingual
Similarity Estimation

= Central Task: Define and estimate cross-lingual query similarity

= Principled approach to similarity estimation: the cross-lingual
similarity 1s equal to the monolingual similarity between the target
query and the source query’s translation.

white pages yellow page (1.000)

phone books |[fitting | phone book (0.986)

||]ﬁ> telephone directory (0.992)
telephone directory white page (0.837)

phone book
telephone directories (0.000)

Monolingual query similarity
as target to fit

yellow page

CLQS candidates



:LSVM Regression for CLQS

s Regression model for learning the cross-lingual
query similarity function.

sim, (Qfaqe) = Sim,,; (qu ’qe)

s Advantages:

1. Only need a list of manually created query-translation
pairs.

2. Used to fit any proper monolingual query similarity
measure.

3. A principled way to integrate multiple features.

= SVM Regression:

sime, (d,.4,)= WP (£ (4,.9,))
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i Monolingual Query Similarity

= Monolingual query similarity
= Combining both query content-based similarity and click-based
similarity, estimated from query log (Wen et al., ACM TOIS, 2002).

SimML (pﬂ q) — ﬂ“ * Simcontent (p9 Q) + (1 o l) * Simclick—through (p’ Q)

i (p.q) = KN (p,q) KN(x,y): # of query words in common;
content \ 473 Max (kn (p), kn( Q)) kn(x): # of query words in x
RD(p,q) RD(x,y): # of common URLs;

SIM it vowens (P> q) =
lick —through Max (rd (p), rd (q)) rd(x): # of clicked URLs of x



i Cross-Lingual Features

= Queries g and g, are bilingually similar 1f
= they are translatable by a bilingual dictionary.

= they are statistically associated in word-aligned
parallel data.

= their query words co-occur frequently on eb
pages.

= ¢, 1s monolingually similar with queries
generated as above.



Cross-Lingual Features (1): Dictionary-
based Translation with Disambiguation

= Dictionary-based translation disambiguation using
word co-occurrence statistics

qr = {Wfpwfz aaaaa an} T(Wﬁ) = {tilﬂtizr“ﬂtim}

P(t;,t,) q; la seconde guerre mondiale
Mi(t,,t,) = P(t,t,)log
P (tij )P(,) an second  war world
the I  wartime worldwide
Sy I, )= MI(¢t,,t a quarrel war
dict (q fotgq f) Z ( ij kl) it warfare

i,k,izk

= Use top-4 translations to retrieve target queries, and assign
corresponding translation scores.



Score based on Parallel Corpora

i Cross-Lingual Features (2): Translation

= Parallel corpus as an assistant bilingual resource.

= Word alignment optimization: GIZA++ (Och and Ney,
2003)

= Given g, retrieve queries from the log containing the
aligned words of g,

= Associate the candidate queries with bi-directional
similarity score based on IBM model 1 (Brown et al.,
1993) translation probability:

SIBMl(Qf ) \/PIBMl(Qf|Q)PIBM1(q |Qf)

i bl 4 &l C(tj s.)+5

Funlo) = S o) LTS




Cross-Lingual Features (3): Online Mining
for Related Queries

= [f a target-language query often co-occurs with the
source-language query in many web pages, they are likely
to be semantically related.

La Vie En Rose Jullen and Sophie of Jeux D'enfants
..... S he relationship between Julien and Sophie fram the movie

Musees de France - Les jeux d'enfants de Erueqel

Les jeux d'enfants de Bruegel. « Back to list. Les jeux d'enfants de Bruegel. R&f. Prix.
JA104792, € 1450, Add to cart. Prices shown include »AT. ...

woney. museesdefrance. comfproduitsfdetails/AJA104792 - 10k - Cached - Similar pages

Jeux D'Enfants - Love Me If Wou Dared Photos - Wahoo! Movies LI

] ove We If ¥ou Dare.
uk.mowes.yahou.come!Jeux—DEnfants Love-ke-i-You-Daredphotos-46357-48255 htrml - 7k -
Cached - Similar pages

Jeux D'Enfants - Love MWe If You Dare Rovie - Wahoo! Movies LIK

Jeu 5 ie information including cast & crew details, photos
and mavie trailers from Yahoo! Mowvies LIk
uk.rmovies. yahoo.com/jfdeux-DEnfants-Love-Me-If- Y ou-Darefinde x-46958. html - 15k -

Cached - Similar pages

Video Jeux d'enfants - Dans le coeur d'une fée

Wiew “Jeux d'enfants™ at YouTube. Piite fée’ s rating:. %. Tags:. jeux,; d'enfants. This
also appears in:. QdJ: 5i j'étais actrice. ...

laptitefee. vox. comdlibraryAviden/Ba00d10a7 ad4935bfal0c d97 1 b95E4cdS. html - 33k -
Cached - Similar pages

Love Me If You Dare fJeux d'enfants) Jvlovie Reviews, Photos .

[ ie Ratings & Reviews, Cast & Crew Clips &8
Wideos, Posters & Gallery, Layouts & Llsts Fan Club & Showtlmes
www.ﬂi}{ster.cDmfmm-'ieflm-'e—me—if—yDu—dare—jeux—denfants - B9k - Cached - Similar pages




for Related Queries (cont’)

i Cross-Lingual Features (3): Online Mining

= Format bilingual search queries:

= la seconde guerre mondiale: (Ia seconde guerre mondiale)
AND (the OR la OR a OR it) AND (second OR I1) AND (war
OR wartime OR quarrel OR wartare) AND (world OR
worldwide OR war)
s Co-Occurrence Double Checking (CODC): two
objects a and b are considered to have association 1f b

can be found by using a as query, and vice versa

(Chen et al., ACL, 2006).
0,if freq (¢, @ q,) freq (¢, @ q.)=0
S cobe (qf .q, ): log{ﬁeq (g.@aq,) freq (0, @ QE)T
freq (0 ) freq (Q,)

e , otherwise



Cross-Lingual Features (4): Monolingual

Query Suggestion

» Further improve the recall of CLQS for a given set of
target candidate queries 0, expanded by using
monolingual query suggestion.

SO, (business dir

S0, (yellow pagg

ectory): White pages [xxx,1.000,xxx]

phone books [...,0.986,...

home page [...,1.000,...
p):telephone directory [...,1.000,...
phone book [...,0.986,...
telephone directories [...,1.000,...
yellow page [...,0.950,...

e e bl bl bl e

Qo

telephone directory (1.000)
phone book (0.986)
white page (0.992)

yellow page (0.950)
/b@ess directory (0.850)

L [ e

business directory [xxx,0.887,xxx] 1

white page (1.000)
telephone directory (0.975)
(29 ohone book (0.960)

yellow page (0.911)
™ pusiness directory (0.887)




i Recap: SVM Regression for CLQS

s Regression model for learning the cross-lingual
query similarity function.

sime, (q,.9,.) = simy, (T, .q,)

s Advantages:

1. Only need a list of manually created query-translation
pairs.

2. Used to fit any proper monolingual query similarity
measure.

3. A principled way to integrate multiple features.

= SVM Regression:

sime, (d,.4,)= WP (£ (4,.9,))
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i CLIR with CLOS

= Besides as a standalone system, CLQS can be
leveraged to supported CLIR
= Given g; compute CLQS {g,}

= For each ¢,, perform monolingual IR based on BM25 model
(Robertson et al., 1995)

= Documents are merged and re-ranked by the sum of BM25
scores
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i Performance Evaluation

= Data Resources
= CLIR: F-to-E
= |-month MSN English query log, 7.29M queries, freq>5

= 4,171 manually created F-E query-translation pairs, 70% as training
set, 20% as test set, 10% as development set

= Bilingual dictionary: 120,000 F-E entries
| Europarl F-E parallel COI'PUS (http://people.csail. mit.edu/koehn/publications/europarl)

= CLIR Benchmark collection: TREC6 CLIR French-English dataset
= Document set: AP88-90 newswire, 750MB
= Query set: 25 F-E queries pairs (CL#01-25), avg. length=3.3



i Objective CLQS Performance

= Benchmark CLQS by comparing with Monolingual Query
Suggestion (MLQS)

=  Mean-square-error (MSE) of SVM Regression

Tqﬁ"]ez‘)]z

MSE = %Z [sim cL (Qﬁaqei )_ SIm (

= Classification precision (P) and recall (R)

P =

‘SCLQS a SMLQS ‘

‘SCLQS ‘

R = ‘SCLQS

M SMLQS ‘

‘S MLQS ‘

= CLQS performance with different feature settings

Regression Classification
Features
MSE Precision Recall
DD 0.274 0.732 0.098
DD+PC 0.224 0.713 0.125
DD+PC+Web 0.115 0.808 0.192
DD+PC+Web+MLQS 0.174 0.796 0.421

DD: dictionary only;
DD+PC. dictionary and parallel corpora;

DD+PC+Web: dictionary, parallel corpora,
and web mining;

DD+PC+Web+MLQS: dictionary, parallel
corpora, web mining, and monolingual
query suggestion



i Subjective CLQS Performance

= Human subjective test on CLQS relevancy

200 French queries from French log not in training examples
1,727 English queries are produced by the model, avg. 8.7
suggestions per query.

1,407 are recognized as relevant. Accuracy=80.9%

An example (CL14): “terrorisme international” (international
terrorism)

International terrorism (0.991); what is terrorism (0.943);
counter terrorism (0.920); terrorist (0.911);

terrorist attack (0.898); international terrorist (0.853);
world terrorism (0.845); global terrorism (0.833);
transnational terrorism (0.821); human rights (0.811);
terrorist groups (0.777); patterns of global terrorism
(0.762); september 11 (0.734)




i CLIR Performance using CLQS

= For comparisons, we run 4 experiments using
= CLQS-based CLIR (all features)
= MT-based query translation (MT): a commercial F-to-E MT system,
1.e. Google’s translation tool (http://www.google.com/language_tools)

= Dictionary-based query translation (DT): implementation of

translation disambiguation based on co-occurrence statistics
(Ballestors and Croft, 1998)

= Post-translation expansion (Ballestor and Croft, 1997; McNamee
and Mayfield, 2002) based on pseudo relevance feedback (PRF)

using the output of CLQS, MT and DT. PRF takes top 10 terms
from top 25 retrieved documents.



CLIR Performance without

i Post-translation Expansion

Average precision = 11-point interpolated precision-recall
curve
IR method I;Ar \éeczgf)i % of Monolingual IR H-point PR curves (TRECO)
Monolingual 0.266 100%
MT 0.217 81.6%
DT 0.186 69.9%
CLQS 0.233 87.6%

Precison

Monolingual. monolingual IR;

MT: CLIR based on machine translation;

DT: CLIR based on dictionary translation;
CLQ@S: CLQS-based CLIR

0 01 02 03 04 05 06 07 08 09 1

Recall

11-point P-R curve without post-translation expansion



CLIR Performance with Post-

i translation Expansion

= Average precision comparisons
before and after post-translation

expansion
IR method | AP without PRF AP with PRF Change
Monolingual | 0.266 (100%) 0.288 (100%) | +8.27%
MT 0.217 (81.6%) | 0.222 (77.1%) | +2.30%
DT 0.186 (69.9%) 0.220 (76.4%) +18.3%
CLQS 0.233 (87.6%) | 0.259 (89.8%) | +11.2%

= Significant test (t-test): p-value<0.05 is
regarded significant

MT DT MT+PRF DT+PRF
CLQS 0.0298 3.84e-05 0.1472 0.0282
CLQS+PRF | 0.0026 2.63e-05 0.0094 0.0016

= 11-point P-R curve with post-
translation expansion

Precison

11-point P-R curves with pseudo relevance feedback (TREC6)

0.8

0.5 T
0.4
0.3
0.2

0.1

0 T T T T T T T T T T fa_a
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i Conclusions

= Summary:
= Present a principled approach to estimate cross-lingual query
similarity
= Build a CLQS system by mining query logs of different
languages

= CLIR based on CLQS significantly out-perform other
approaches

= CLQS and post-translation expansion are complementary to
CLIR

s Future Work:

= Investigate CLQS between language pairs which are loosely
correlated



