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Abstract lexical gap may cause the complete loss of a conceptin
the translated query. Furthermore, these queries often
Pseudo-relevance feedback, while useful in mono- include proportionally large numbers of proper names
lingual applications for refining and enriching short which are themselves less likely to appear in transla-
user queries, proves even more important in cross- tion resources.
language information retrieval (CLIR). For CLIR, As aresult, researchers seek techniques to compen-
query expansion before and after translation can pro- sate both for the brevity of the queries and the transla-
vide an opportunity to recover from translation gaps, tion gaps themselves. University of Chicago’s exper-
reduce ambiguity, and enhance recall. Furthermore, iments for the NTCIR4 CLIR tasks have focused on
for CLIR in unsegmented Asian languages, appropri- techniques exploiting pseudo-relevance feedback for
ate unit selection for translation, indexing, and re- query enrichment in a dictionary-based query transla-
trieval plays a key role. In our NTCIR4 CLIR exper- tion architecture. In particular, we have explored the
iments, we compare the effectiveness of different unitinteraction of translation and query expansion, com-
selection strategies - words and subword units - and paring the effects of pre-translation, post-translation,
different stages - pre- and post- translation for query and combined pre- and post- translation query expan-
expansion. We find that for the very short queries sion. In addition, building on work in multi-scale in-
with many untranslatable words in this test collection, dexing and retrieval, we have assessed the impact of
both pre- and post- translation query expansion, in- different unit selection strategies - choosing word and
dependently and in conjunction, significantly enhance subword units at different phases of the query expan-
retrieval effectiveness for all unit selection strategies. sion process for document retrieval and enrichment
We find, however, no significant differences across unit term selection.
selection strategies for expansion in merged multilin-  In both bilingual and multi-lingual tasks, we find
gual runs. However, more detailed per-language anal- significant improvements for pseudo-relevance feed-
ysis finds significantly better effectiveness in Japaneseback query expansion before translation, after transla-
when character-bigram units are employed for the tion, and both before and after translation. These ex-
identification of presumed relevant documents dur- pansion techniques yield dramatic improvements in re-
ing query expansion and word and bigram units are trieval effectiveness. We further find for merged multi-
chosen for expansion over approaches that use word-lingual runs, that all unit selection strategies for query

based units to identify relevant documents. expansion yield significant improvements with no sig-
Keywords: Pseudo-relevance feedback, Cross- nificant differences between strategies. We also de-
language information retrieval, Sub-word units. scribe finer-grained analysis of per-language results.

2 Related Work
1 Introduction
These experiments build on related work in pseudo-

Short queries such as those provided by users torelevance feedback query expansion for CLIR and on
web search engines pose challenges for informationmulti-scale indexing and retrieval for Chinese.
retrieval systems. Due to their brevity, there is little
context to disambiguate term usage. In addition, there2.1 Query Expansion
is little redundancy to compensate for differences in
the terms used to convey concepts by the searcher or Pseudo-relevance feedback applied to a query, also
the authors of the documents. For cross-language in-called query expansion, is a well-established technique
formation retrieval these difficulties are exacerbated. in monolingual information, providing necessary en-
For these brief queries, an untranslatable term due to arichment to typically terse user queries. [1] These tech-
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niques use the initial query formulation to retrieve a units form the basis of translation to reduce am-
set of highly ranked, presumed relevant documents biguity and enhance precision. Conversely, post-
and enrich the original query with new, highly selec- translation resegmentation and document indexing are
tive terms from these presumed relevant documents.performed using character bigrams to provide ro-
This technique has additional potential contributions bustness to speech recognition and segmentation er-
for cross-language information retrieval (CLIR). In ad- rors. This approach improves over purely word-based
dition to providing alternate forms to enhance recall strategies. A multi-scale approach to document expan-
or provide a contextually disambiguating effect to en- sion [5] in the same cross-language SDR framework
hance precision, query expansion for CLIR can over- demonstrated the effectiveness of bigram units for re-
come translation gaps. The key role of pre-translation trieval and word units for expansion.

query expansion for providing translatable terms has
been argued [6] for European languages. The util-
ity of pre-translation expansion for these languages is
further enhanced by the introduction of untranslatable,
but still orthographically matching, cognates. For Chi-  University of Chicago participated in the NT-
nese, [4] claimed that for CLIR across languages CIR4 CLIR task, submitting both multilinguadd —
where different orthographies or character encodings C'JE runs, using English queries to search Chinese,
prevented cognate matching, post-translation expan-Japanese, and English documents, and bilinguak

sion in document and query translation architectures E' runs, using Chinese queries to search English doc-
played an integral role as a means of recovering cru- uments. Our query formulations for official runs used

3 Overview

cial and often untranslatable named entities. the short title or one sentence description portions of
the topic specification, either individually or in com-
2.2 Multi-scale Indexing bination. In total, seven official fully automatic runs

were submitted: 2 runs in the — CJF title con-
dition, 2 runs in theE — CJE description condi-
tion, 1 run in thel — CJFE title+description condi-
tion, 1 run in theC — F title condition, and 1 run

in the C — F description condition. All runs uti-
lized a common dictionary-based query translation ar-
chitecture and indexing and retrieval framework. This
framework will be discussed in Section 4. In our ex-
periments, our primary contrastive conditions involved

While simple white-space based term extraction
may suffice for languages such as English or French,
extraction of fundamental units is a significant chal-
lenge for languages written without white-space de-
limited words, such as Chinese or Japanese. Two
approaches to term extraction are possible in such
cases: (1) automatic segmentation, and (2) overlap-

ping character n-grams. Heuristic longest match, rule- . o
the query expansion process. Specifically we evalu-

E:\S/gdb eaennd ar;:;:g] durtno iﬁzggpffnngig;getg apspergs]cehnetz?ted different word and sub-word unit selection strate-
tion for Chinese is often highly ambigubus result- gies for post-translation query expansion. In addition,

ing in only 70% agreement between human annota- we compared the effectiveness of pre-, post-, and com-

tors. Results in the Text Retrieval Conference (TREC) b'.n ed pre- and pOStf translation query expansion. We
. . will describe these different strategies in Section 5. We
6 monolingual Mandarin track [11] demonstrated the

superiority of techniques that indexed and retrieved prese_nt our SVS‘EF"_ results_; in Sectionahd discuss
. . .~ them in more detail in Section 7.

based on overlapping character bigram segmentations

of the documents and queries over word-based seg-

mentations using wordlists and rule-based or statistical4 Basic Architecture

techniques.

A comparable segmentation problem arises in
speech, since, in general, words are not separatedar
by silence in fluent speech. While automatic speech
recognition systems attempt to identify word bound-
aries as part of the recognition process, errors often
occur. [8, 7] observed that even when word level er-
rors occur, subword elements such as syllables may
provide partial correct recognition. Subword indexing
and retrieval have demonstrated significant improve-
ments in retrieval effectiveness for both monolingual
and cross-language spoken document retrieval.

[7] demonstrated the utility of a multi-scale ap-
proach to English-Mandarin cross-language Spoken  ithe results presented here correct a bug in the per-language re-
document retrieval. In this approach word or phrasal sult merging code that truncated the results for the official runs.

We employ a dictionary-based query translation
chitecture for cross-language information retrieval.
The same basic architecture is applied across lan-
guages and for both the bilingual and multilingual
runs. We will describe any language-specific process-
ing in the section in which it was employed. We note at
the outset, that since all of our linguistic resources for
Chinese segmentation and translation assumed GB en-
coding, we first converted all Chinese query and doc-
ument materials from Big5 to GB encoding using the
freely availablehc3 program.
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4.1 Query Term Extraction recall. We employ a simple rule-based stemmer based
on Porter’s algorithm [10].

Query term extraction aims to identify basic terms ~ Based on the broad coverage of the translation re-
for translation. In general, larger units - words or sources and this backoff procedure, fairly good trans-
phrases - are less ambiguous. Thus, we extract thelation coverage is achieved, on average only 5-9% of
largest translatable units based on our translation re-query terms are untranslatable. Of the untranslatable
sources. For Chinese language queries, we use thderms, the vast majority are proper nouns. For trans-
NMSU segmenterh_seg[3] to identify words. For lation to Chinese, about 10% of untranslatable terms
English language queries, we employ a greedy left-to- are common words; for Japanese, this rate rises to 15-
right longest match procedure to identify phrasal units 20%.
attested in the source side of the translation resource
for each of the document languages in the multilingual 42 2  Translation Combination
set.

Rather than selecting a single translation alternative,
4.2 Translation and Query Formulation we incorporated all translation alternatives into our
translated query. We used the InQuery query operators
to produce structured query formulations. Structured
query formulation, using the “#syn” operator, treats
the appearance of any of the translation alternatives as
evidence for and as an instance of the source language
term. The effect is comparable to treating all transla-
&ions as synonyms of each other; its utility for CLIR
was demonstrated by [9].

Translation Resources For the English-Chinese
language pair, we created a large bilingual term list by
merging the Chinese-English Translation Assistance
file (CETA) ? and the Linguistic Data Consortium’s
English-Chinese term lis We inverted resources
as necessary to create both a Chinese-English an
an English-Chinese term list. The resulting English-
Chinese term list contained 199,444 English head-
words and 395,216 total translations for an average of 4.2.3 Post-translation Reformulation
two translations per term.

For the English-Japanese language pair, we use
EDICT from the Electronic Dictionary Research and
Development Group at Monash Universityagain

dAfter translation and possibly expansion, we convert
the elements of the translated query to a form that will
facilitate matching in the indexed collection. Follow-
converted to term list form. The resulting English- ing prior work on unit s_elec_t|or_1 and stemming, we as-
. . ; sume that subword units will yield the best retrieval ef-
Japanese term list contained 210,728 English head-_ " . . : )
. fectiveness for indexing and retrieval for unsegmented
words and 451,100 total translations for an average of .
) . languages and stemmed forms will perform best for
slightly more than two translations per term. . : .
) g ... inflected languages such as English. For Chinese and
These term lists have been explicitly enhanced with

additional personal and geographic name information. Japanese, we apply position-based indexing to obtain

However, these terms are treated in the same fashionterm frequency and inverse documents statistics repre-

as all other entries in the term list. Thus, named enti- sentative of the translation as a whole by computing

ties are handled in the same fashion as all other mate_these statistics on instances of the constituents that are

. . . adjacent and in order. We used Inquery'’s “ordered dis-
rials. The approach relies on the expansion procedurest . . ;

. ance” operator for this purpose, which performs that
described below to recover or compensate for namedCOm utation at query time
entities that are absent or poorly handled by the trans- P query '

lation resource. .
4.3 Document Term Extraction

4.2.1  Coverage Enhancement Here we extract terms to maximize the likelihood of

Based on the extracted terms, we perform word-for- match with the form of the translated query. For Chi-

word dictionary-based translation. To enhance the nese and Japanese, therefore, we index based on over-

possibility of matching in the translation resource for lapping, cross-word character bigrams. For English

inflected languages, English in this case, we apply we used the stemmed form computed by Inquery’s

a backoff translation procedure, first attempting to kstem stemmer.

match surface forms from the queries in the translation

resource. Only if there is no match of surface forms do 4.4 Retrieval

we attempt to match stemmed forms. We thus trans-

late at the h|ghest preCiSion and backoff to imprOVe We use the |nQuery V3lp1 retrieval System devel-
2Distributed by MRM Corporation oped at the University of Massachusetts [2], with a de-
Shttp:/www.Idc.upenn.edu sign motivated by inference networks. Due to the large
“http://www.csse.monash.edu.au/ jwb/edict.html size of the inverted indices required for this collection,
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we employed the Inquery API's multi-database mech- 5.1 Basic Query Expansion
anism in a client-server framework to jointly query
subcorpora that did not exceed system size limits. The basic query expansion process involves two
phases: identification of presumed relevant documents
and selection of terms for query enrichment. We em-
ployed the Inquery API for the document and term se-
lection processes. First we present the current query
Finally, since we perform query translation into formulation to the document index to retrieve the top
multiple document languages for retrieval in the mul- 10 ranked documents. Using relative frequency of ap-
tilingual £ — CJE task, it is necessary to merge pearance of terms in those 10 presumed relevant docu-
the ranked lists from the individual per-language re- ments to their appearance in non-relevant documents,
trieval runs to produce a single ranked list. Based we augment the original query formulation with the

on a side experiment with the NTCIR3 queries and most highly selective terms through the Inquery API's
collection, we determined that there was a clear rela- query modification mechanism.

tion between number of untranslated terms in the final

query formulation and the retrieval effectiveness ofthe 52  pre- and Post-translation Query Expan-
query. Previous experience had indicated that fully en- sion

riched CLIR techniques could achieve retrieval effec-

tiveness comparable to or even better than monolin-  pq_translation query expansion can overcome
gual retrieval effectiveness due to implicit and explicit ;.o <|ation gaps by introducing related terms, not in

enrichment processes. the original query formulation, that represent concepts
We assumed a rank-based, round robin merge stratthat would not otherwise have been translatable. Post-
egy across the per-language runs, up to a total of 1000¢rans|ation query expansion can overcome translation
documents in the final ranked list. Based on the poten- gaps even for concepts that are not present anywhere in
tial high effectiveness of CLIR where translation was the translation resource, based on their presence in re-
highly successful, we assumed a uniform merge strat- |ated documents. We compare retrieval effectiveness
egy when full or almost full translation was achieved. for all four pOSSible conditions: no guery expansion,
On a per-query basis, we reduced the contribution of pre_translation expansion alone, post-translation ex-

each per-language ranked list based on observed depansion alone, and combined pre- and post-translation
creases in translation success. Based on the NTCIR3xpansion.

side experiments, we identified thresholds for full, par-
tial, and poor translation success, based on the residual 3 pit Selection for Unsegmented Lan-
presence of untranslated terms in the final query for- guage Query Expansion

mulation. Each reduction in translation success level
resulted in a reduction of one-third in the contribution
of that language’s ranked list to the final ranked list.

4.5 Merging

Prior research [7, 11] has identified character bi-
i . grams as the most suitable units for indexing and re-

Merging was not necessary for the bilingual CLIR eyl for Chinese, and similar arguments have been
task. made for other unsegmented languages. In con-
trast, for translation accuracy and ambiguity reduc-
tion, larger and multi-word phrasal units are more suit-
able for translation. Query expansion involves unit
selection at both stages: retrieval of candidate expan-

We consider two issues in pseudo-relevance feed-sion documents and selection of candidate expansion
back for CLIR in Asian languages: the relationship of terms. These two stages place conflicting demands on
pre- and post-translation expansion and the appropri-unit selection. Given the results above, one would pre-
ate choice of word and subword units for retrieval and fer character bigram units for indexing and retrieval
expansion term selection. First we present the basicof related documents. However, character bigrams -
query expansion process and then describe the con-especially those that may cross semantic boundaries
trastive configurations we explored. We perform the within or between words - seem less natural as enrich-
full suite of contrastive experiments for the multilin- ing terms, whereas word-based units are more seman-
gual E — CJEF task, as the unsegmented document tically natural. Prior work in document expansion for a
languages in this task provide a clear testbed. For thequery-by-example task in cross-language spoken doc-
bilingual task, we compare a restricted set of unit se- ument retrieval found significant improvements only
lection experiments for pre-translation query expan- for a hybrid strategy of bigram-based indexing using
sion, restricted to selecting word-based units for ex- word-based units for selection.
pansion to enable downstream translation, along with  We compare the possible combinations of unit sizes
post-translation expansion. for each stage: indexing and retrieval and term se-

5 Query Expansion
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Condition | Indexing Expansion
Name Unit Unit

bi2bi Bigrams Bigrams
bi2seg Bigrams Words
seg2seg Words Words
segzbi Words Bigrams
both Bigrams | Bigrams & Words

Table 1. Array of Unit Selection Strategies
for Query Expansion in Unsegmented
Languages

lection as illustrated in Table 1. After expansion,
all queries undergo reformulation to character bigram
units for final retrieval. We will use the condition
names from the table below for reference throughou
the remainder of the paper.

For the queries, translation produces word base
units directly. Within-word overlapping character bi-
gram represents are constructed as described in Se

tion 4.2.3. For Japanese, word-segmented forms for - ) ;
- word units for retrieval (seg2seq) in the query ex-

the documents are produced using the publicly avai
ableJuman 4.0.6 system under Debian for segmen-

We find a dramatic improvement for post-
translation query expansion relative to all strategies
without post-translation expansion, with increases of
400%-1000% in effectiveness as measured by mean
average precision (rigid) depending on query type and
pre-translation strategy. All results are highly signif-
icant by Wilcoxon Signed Ranks test (< 0.015).
These results demonstrate the value of post-translation
expansion in the indexing language for CLIR in differ-
ent orthographies.

In addition, we find that pre-translation query ex-
pansion also improves retrieval effectiveness - both in-
dependently and in conjunction with post-translation
expansion. While these increases are of much smaller
magnitude (5% - 300%), all but two cases reach sig-
nificance < 0.05), the exceptions being word re-
trieval with word level term selection for description

t queries without post-translation expansion and bigram

retrieval with word selection for title queries with

dpost—translation expansion. Finally, we also find that

in one case, pre-translation query expansion with bi-

cgram units for retrieval and word units for term se-

lection (bi2seq) significantly outperforms the use of

pansion process. Specifically, the bi2seg query ex-

tation and morphological processing. For Chinese, we pansion strategy significantly outpe.rfo.rms the §e92§eg
use the NMSU segmenteh_seg[3] to produce word-  dUery expansion strategy for description queries with

segmented documents. Finally, we use the same over/10 Post-translation expansion. These results demon-
lapping cross-word character bigram representationsStrate the \(alue enhancing retrleval effectllve.ness in
used in the main index (Section 4.3) for the bigram- pre-translation query expansion, and also indicate an

based documents. Due to file size constraints, we useo"’ldv"’mt"’1ge to the use of subword units in the retrieval
half of the documents in each collection, selected by phase as a means to enhance detection of relevant doc-

alternation, as a source of expansion documents and-Ments for feedback in some cases.
terms. N
6.2 Multilingual £ — CJE Results

6 Results . .
We used the multilingual task to fully assess the im-

pact and interaction of pre- and post-translation query
expansion and unit selection in unsegmented language
query expansion. We present results both for merged
CJE and per-language retrieval across title and de-
scription query formulations. We focus on the per-
language results to evaluate the impact of the contrast-
ing conditions in greater detail.

We find that query expansion before and after
translation both improve over retrieval without expan-
sion. Furthermore, the combination of pre- and post-
translation expansion yields additional substantial im-
provements over expansion at either phase alone. Fi-
nally we find effectiveness for all strategies for unit
selection in query expansion, but no significant differ-

Below we present basic results first for the bilin-
gualC — F CLIR task. Then we present results for
official and contrastive conditions in the multilingual
E — CJFE task. Results corresponding to official
runs appear in italics when presented in tabular form.

6.1 Bilingual C — E task

For the bilingualC — F task, we augmented
our standard dictionary-based query translation CLIR
architecture with pre-translation query expansion in
Mandarin. We compared the effect of using character
bigrams for retrieval of presumed relevant documents
Lomues:]rtwg W&fiv?rrerfggxgleog ?;ev?/g?:j?garseézvi?ltitg%(é)r ences betyveen configurations given shqrt querigs and
term seiection by the need to enable downstream queryreformulatlon to character bigrams _f(_)r flna}l retrieval

. : under the mergedv — CJE condition with pre-
translation. We also contrasted combined pre- and

. i ) translation expansion.(Table 3)
post-translation expansion and pre-translation only. To better understand the effect of query expan-

sion at different stages of processing, we focus on

Shttp://www.kc.t.u-tokyo.ac.jp/nl-resource/juman.html
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Type Pre-translation || Pre-Exp Only| Post-Exp
Expansion Type
Title None 0.0328 0.1281
Title bi2seg 0.0452| 0.1676
Title seg2seg 0.0389| 0.1726
Description| None 0.0117 0.1157
Description| bi2seg 0.0400| 0.1763
Description| seg2seg 0.0147 0.1779

Table 2. Effects of unit selection and pre- and post-translation query expansion on bilingual

C — Eruns

| Type | No Post] bi2bi \ bi2seg | seg2seg seg2bi both
Title 0.1316 0.1719 0.1711 0.1640 0.1663 0.1672
UCNTC-E-CJE-T-03] UCNTC-E-CJE-T-01
Descr| 0.1237 0.1681 0.1663 0.1617 0.1637 0.1687
UCNTC-E-CJE-D-04| UCNTC-E-CJE-D-02

Table 3. Effect of different unit selection on post-translation query expansion given pre-
translation expansion. Runs in italics correspond to official submission conditions.

within-language results. With the exception of pre- 7 Discussion and Conclusions
translation expansion of title queries in Japanese, in all
other cases, adding an expansion phase significantly

improves retrieval effectiveness. Both pre-translation !N our NTCIR4 CLIR runs, we have explored the
and post-translation expansion improve over the un- effects and interactions of pre- and post-translation

expanded baseline. Furthermore, combined pre- anddU€ry €xpansion in languages with differing orthogra-
post-translation expansion significantly outperforms Phies. We have further explored the question of suit-
either pre- or post-translation in isolation for both @aPlé unit selection in unsegmented languages for the

English-Chinese and English-Japanese cases. Thes®V0 Phases of query expansion - document retrieval
results appear in Table 4. and expansion term selection. We have found sig-

nificant improvements in retrieval effectiveness us-
ing pseudo-relevance feedback query expansion at all

Now, in the merged runs, the English documents are pPhases of the query formulation process, both before
neither translated nor affected by the post-translation and after translation. We find, in contrast with some
unit selection strategy that we apply to unsegmented Prior work, large and highly significant improvements
languages - here Chinese and Japanese. Thereforé/yith the combination of both pre- and post-translation
we consider the per-language results for Chinese andduery expansion. Our experiments further demon-
Japanese of unit selection in post-translation query ex-strate that for the queries in the NTCIR4 CLIR task
pansion. We further consider the interaction of these and given our underlying bigram retrieval architecture,
effects with pre-translation query expansion. The re- the full range of unit selection strategies for query ex-
sults appear in Table 5. We find an overall trend to Pansion yields similar increases in effectiveness over
improved retrieval effectiveness for all post-translation unexpanded query formulation in merged multilingual
query expansion unit selection strategies. For Chi- runs.
nese, only the seg2seg (title and description) and bi2bi  Per-language analysis suggests that in some cases,
(title only) post-translation expansion without pre- the use of bigram units in the document retrieval phase
translation expansion fail to achieve a significant im- of query expansion can yield significantly better re-
provement in retrieval effectiveness. For Japanese, bi-trieval effectiveness than the use of word based units.
gram based retrieval using both words and bigrams These results argue that bigram based indexing and re-
for enrichment (both) significantly outperforms most trieval yield better results for unsegmented languages,
strategies using word-based units for retrieval (seg2segovercoming ambiguities in segmentation with an effect
and seg2bi). Most other differences between post- similar to that of morphological analysis in other lan-
translation expansion unit selection strategies did not guages. This improved identification of presumed rel-
reach significance. evant documents supports better enrichment term se-
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| Type | No Expansion| Pre- | Post- | Pre- & Post-]|
EC Title 0.0765 0.1023| 0.0912 0.1221
EC Description 0.0705 0.0867 | 0.0956 0.1174
EJ Title 0.1479 0.1625| 0.2090 0.2717
EJ Description 0.1273 0.1588| 0.2029 0.2512

Table 4. Effect of query expansion at different phases of processing for Chinese and
Japanese. Post-translation expansion effectiveness is reported for the condition using

bigram-based retrieval with word based term selection.

[ Type | Lang | Pre-Exp| No Post-Exp| bi2bi | bi2seg| seg2seq seg2bi| both |
Title J No 0.1479 0.2127| 0.2090| 0.1829 | 0.1992| 0.2256
Title J Yes 0.1625 0.2666| 0.2717| 0.2418 | 0.2501| 0.2789
Description| J No 0.1273 0.2063| 0.2029| 0.1650 | 0.1561| 0.2116
Description| J Yes 0.1588 0.2521| 0.2539| 0.2317 | 0.2448| 0.2647
Title C No 0.0765 0.0887| 0.0912| 0.0899 | 0.0924| 0.0933
Title C Yes 0.1023 0.1320| 0.1221| 0.1252 | 0.1230| 0.1137
Description| C No 0.0705 0.0881| 0.0956| 0.0966 | 0.0943| 0.0923
Description| C Yes 0.0867 0.1343| 0.1174| 0.1211 | 0.1225| 0.1174

Table 5. Effect of different unit selection strategies on post-translation query expansion with

and without pre-translation expansion.

lection. This effect is observed in the Japanese post-fering orthography.

translation expansion runs in which all but one of the

results for retrieval using word-based units (seg2seg References
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character bigram based units for retrieval with word
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