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Abstract In this paper, we present a novel approach to language independent, ranked document
retrieval using our new self-index search engine,
Newt. To our knowledge, this is the ﬁrst experimental study of ranked self-indexing for multilingual Information Retrieval tasks. We evaluate the
query eﬀectiveness of our indexes using Japanese
and English. We explore the impact that linguistic
processing, stemming and stopping have on our
character-aligned indexes, and present advantages
and challenges discovered during our initial evaluation.
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Introduction

In this paper, we present a new self-index search engine, Newt, which implements a novel approach to
language independent, ranked document retrieval.
Newt is a hybrid search engine derived from an fmindex [Ferragina and Manzini, 2000] for fast substring matching, and a wavelet tree [Grossi et al.,
2003] to support document level ranking. To our
knowledge, this is the ﬁrst comprehensive evaluation of ranked self-indexes using multilingual document collections.
We focus on an unexplored key aspect of supporting traditional ranked document retrieval using self-indexes – bag-of-words queries. Past work
on ranked document retrieval in self-indexes has
focused primarily on top-k phrase querying using
simple tf×idf similarity metrics [Hon et al., 2009,
Culpepper et al., 2010]. In previous self-indexing
approaches, the top-k documents are retrieved using raw frequency counts. While top-k retrieval usProceedings of the 16th Australasian Document
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ing raw counts is a valuable ﬁrst step to developing
new approaches for eﬃcient and eﬀective ranked
document retrieval, these methods have never been
properly evaluated for traditional retrieval eﬀectiveness on any reasonably sized document collection.
We extend the work of Culpepper et al. [2010]
to support the Okapi BM25 [Robertson et al., 1994]
similarity metric along with generic bag-of-words
querying capabilities. We also perform the ﬁrst
comprehensive ranking evaluation using three
diﬀerent test collections: the trec 7 & 8 ad
hoc collection, the ntcir-9 GeoTime collection
of English and Japanese documents, and the
JA-Category subset of the ClueWeb09 collection,
as described in the ntcir-9 intent track [Song
et al., 2011]. As part of our evaluation, we expose
and explore an interesting substring problem
unique to character-aligned bag-of-words querying
approaches.
Our Contributions. We present the ﬁrst selfindex capable of supporting language independent
bag-of-words queries in a top-k ranked document
framework. We provide the ﬁrst comparative
evaluation of self-indexes for top-k ranked retrieval
against state-of-the-art inverted indexes on the
trec and ntcir data collections.
We also explore the viability of constructing a
monolithic multilingual index capable of delaying
linguistic and morphological processing until query
time. This is an important ﬁrst step in building
a new class of indexes for ranked text retrieval
that make no a priori assumptions about the use of
the text at indexing time, enabling decisions about
complex linguistic processing to be deferred until
query time.

2 Background
2.1 Inverted Indexes
For bag-of-words information retrieval tasks, indexing and querying is usually accomplished us-

ing an inverted index [Zobel and Moﬀat, 2006].
An inverted index contains a vocabulary of terms
mapped to a list of tuples containing document and
frequency data for the entire text collection. A
term can be anything, but for simplicity we consider each term to be a single word in the linguistic
sense.
For English text, stemming, stopping, case
folding, and removing diacritics are standard steps
in text preprocessing for inverted ﬁles [Witten
et al., 1999, Büttcher et al., 2010, Croft et al.,
2010], and is always done at indexing time.
However, this preprocessing requires speciﬁc
domain knowledge to be applied at indexing
time.
A considerable body of literature now
exists on the advantages and disadvantages of
diﬀerent preprocessing techniques. For instance,
stemming [Lovins, 1968, Porter, 1980, Frakes, 1984,
Paice, 1990, Krovetz, 1993] of English text tends
to help for large collections [Hull, 1996], but not
necessarily in smaller collections [Harman, 1991].
The conventional wisdom on using stop words
for English text is also context dependent. For
some queries, using stop words can dramatically
increase eﬀectiveness, but for others stop words
have a negative impact. Retaining stop words is
also important for phrase queries [Witten et al.,
1999, Manning et al., 2008].
In cjkv languages, segmenting text into
terms is not always possible since words are not
space delimited. Instead of mapping a single
word in a language to a term, an alternative
approach is to construct inverted indexes using
character n-grams. This approach has a long
history in Information Retrieval, particularly
for language independent indexing
[Burnett
et al., 1979, Willett, 1979, de Heer, 1982, Hollink
et al., 2004]. The general idea of n-grams is to
index overlapping substrings of ﬁxed length, and
support bag-of-words querying using the same
merging or intersection techniques as inverted
ﬁles. One advantage of this approach is that
language-speciﬁc parsing can be avoided at index
time, and multiple languages can be supported
simultaneously.
However, the eﬀectiveness of
this approach is strongly dependent on the
underlying language of the document [McNamee
and Mayﬁeld, 2004, McNamee et al., 2008]. In
particular, the retrieval eﬀectiveness in English
text using n-grams is mixed, and often worse
than term-based approaches, limiting widespread
adoption [Büttcher et al., 2010].
English and many European languages can be
described as space-delimited languages, wherein
words are separated by white space. In English, a
term in an inverted index is simply a word, which is
a sequence of characters preceded and followed by
whitespace [Dale et al., 2000]. However, east Asian

languages such as Chinese, Japanese, Korean, and
Vietnamese (cjkv languages), and agglutinated
European languages such as Finnish or Turkish
can be classiﬁed as unsegmented languages wherein
words are not neatly delimited by spaces.
In Japanese, text is mainly composed of Kanji
(Chinese characters) with Hiragana syllables for
inﬂectional endings and function words [Manning
et al., 2008]. Because words in Japanese are
written in succession, with no indication of word
boundaries, the word segmentation process is
generally performed on Japanese documents by
using morphological analyzers such as ChaSen1
and MeCab.2
However, the output of these
morphological analyzers is not always correct.
Some morphemes suggested by morphological
analyzers are overly segmented, especially when
documents contain unknown words [Yasukawa
and Yokoo, 2010]. Furthermore, output texts are
under-segmented or not segmented at all when
web pages omit punctuation marks or white space
in the text for the sake of simplicity or layout.
In newspaper articles, unique proper nouns are
commonplace. In patent documents, uncommon
compound words are widely used to describe a
developed technology. When wrongly segmented
morphemes are stored as index terms, search
results are often poor.
A considerable body of research comparing the
trade-oﬀs when applying n-gram or term-based
methods preprocessing to Chinese exists (see, for
instance, Kwok [1997], Nie et al. [2000], Luk and
Kwok [2002]). Generally, n-gram based methods
increase recall, while word-based methods improve
precision [Luk and Kwok, 2002]. However, recent
work has focused primarily on improving word
segmentation using morphological analysis, since
character and n-gram indexes can impose a
signiﬁcant space overhead.

2.2 Self-Indexes
Inverted indexes are a robust solution for
search problems dealing with readily-parsable
natural language text [Zobel and Moﬀat, 2006].
However, forcing unsegmented languages to rely
on morphological analysis is not always the best
option. Recently, self-indexing algorithms have
emerged as a viable alternative to inverted indexes
[Navarro and Mäkinen, 2007].
Self-indexing
algorithms are capable of supporting character
level matching similar to an n-gram index, but
with the same bounded eﬃciency as a suﬃx
array. Signiﬁcant performance gains using these
new data structures for basic pattern matching
are possible, but eﬃciently supporting ranked
queries on massive data sets using these novel
1 http://chasen-legacy.sourceforge.jp/
2 http://mecab.sourceforge.net/

data structures is still relatively unexplored [Hon
et al., 2010]. Self-indexes use space close to
what can be obtained by the best possible
data compression algorithms.
Previous work
on self-indexes has focused predominantly on
classical pattern matching problems. Self-indexes
are extraordinarily eﬃcient for simple pattern
matching operations, but are capable of much
more.
In this paper, we investigate the problem of
using self-indexing algorithms to solve the ranked
document search problem. The document collection T is a contiguous string drawn from an
alphabet Σ∗ , where σ = |Σ∗ |. Each document in T
is separated by a unique end of document symbol.
In practice, Σ∗ can be characters (UTF8 or ascii),
bytes, integers, or even terms.
Deﬁnition 1 A ranked document search takes
a query q ∈ Σ∗ , an integer 0 < k ≤ d, and a
text T ∈ Σ∗ that is partitioned into d documents
{D1 , D2 , . . . , Dd }, and returns the top-k documents
ordered by a similarity measure Ŝ(q, di ).
In order to solve the document search
problem, unadorned self-indexing algorithms
are not suﬃcient. The index also requires a
document array – a mapping between every suﬃx
in T to a corresponding document identiﬁer
[Mithukrishnan, 2002, Välimäki and Mäkinen,
2007, Culpepper et al., 2010]. By representing
the document array with a wavelet tree, all
occurrences of a substring P in each distinct
document, and across the whole collection, can
be counted in O(log u) time, where u ≤ min(σ, d)
using O(nHk (T ) + n log d) + o(n log σ) + o(n log d)
bits of space. Here, Hk (T ) represents the k th
order empirical entropy of the compressed text.
The document and collection occurrence counts
can then used to calculate tf×idf based Ŝ(q, di )
metrics at query time. A comprehensive discussion
of prior work on applications of self-indexes to the
ranked document search problem is beyond
the scope of this paper. In this work, we use an
enhanced version of the greedy top-k approach
described in Culpepper et al. [2010].

2.3

Ranking in Self-Indexes

Eﬀective and eﬃcient document ranking in a selfindex is an interesting open problem. For succinctness, we use “term” to represent any word,
substring, or phrase as self-indexing methods can
support any character sequence. All prior published work on ranked self-indexes uses a trivial
tf×idf ranking metric whereby the absolute term,
substring, or phrase frequency is calculated, along
with the number of distinct documents in which
the term, substring, or phrase appears. Ranked
self-indexes are capable of searching for a phrase,

a bag of words, or a bag of substrings with equal
ease.
For our experiments, our Ŝ(q, di ) ranking function is a variant of BM25. To our knowledge this
is the ﬁrst ranked document self-index using BM25.
We have began experimenting with other ranking
models such as Dirichlet language model ranking,
but BM25 is simple and eﬀective for bag-of-words
queries. Our Ŝ(q, di ) ranking function has the following formulation:

BM25

=

∑
t∈q

TFBM25 =

(
log

N − ft + 0.5
ft + 0.5

)
· TFBM25

ft,d · (k1 + 1)
ft,d + k1 · ((1 − b) + (b · ℓd /ℓavg ))

Here, N is the number of documents in the
collection, ft is the number distinct documents
appearances of t, k1 = 1.2, b = 0.75, ℓd is
the number of UTF8 symbols in the documents,
and ℓavg is the average of ℓd over the whole
collection. For self-indexes, there is an eﬃciency
trade-oﬀ between locating the top-k ft,d values
and accurately determining ft since the index can
extract exactly k ft,d values without processing
every document. We leave the task of ﬁnding the
most eﬃcient trade-oﬀ between these competing
requirements, and devising ranking metrics that do
not make term-based independent and identically
distributed assumptions, as topics for future work.

3 Experimental Framework
3.1 Text Collections
TREC 7 and 8 Ad Hoc. We conduct our English language experiments using the trec 7 and
8 ad hoc collections. These use around 2 GB of
newswire data from the Financial Times, Federal
Register, LA Times, and Foreign Broadcast Information Service, consisting of around 528,000 documents in total [Voorhees and Harman, 1999]. A
total of 100 test topics and associated relevance
judgments are available for these collections (topic
numbers 351–400 for trec 7, and 401–450 for trec
8). In our experiments, we use the title ﬁeld of each
topic; this gives a short query consisting of 2 to 3
keywords, on average, and is representative of the
kinds of queries that users enter into popular web
search engines.
NTCIR 2011 GeoTime. The ntcir GeoTime
task supports the investigation of search based
on geographic and temporal constraints. Each
information need therefore includes both time and
space aspects. The GeoTime 2011 task used two
document collections: English and Japanese. 25
information needs were made available in both

languages, enabling the investigation of retrieval
for the same queries in diﬀerent languages, as well
as the potential for cross-lingual retrieval [Gey
et al., 2011]. The English collection consists of
newswire data from the New York Times, Korea
Times, Mainichi, and Xinhua, together covering
a time period from 1998 to 2005, and amounting
to around 800,000 documents.
The Japanese
collection consists of newswire data from Mainichi,
also covering a time period from 1998 to 2005, and
including around 800,000 documents.
NTCIR 2011 INTENT in Japanese. One of
the subtasks of the ntcir 2011 intent task was
Document Ranking in Japanese [Song et al., 2011].
The Japanese collection in the task consists of the
Japanese segment of the ClueWeb09 collection3 ,
which entails 67.3 million documents. A total of
100 test topics and associated relevance judgments
are available for the collection (topic numbers
0101–0200 for ntcir 2011 intent).

3.2

Query Processing

In order to test the eﬀectiveness of bag-of-words
queries, the same query processing method was
used for each collection. We use the Indri Search
Engine4 as the state-of-the-art baseline for our
experiments. When stemming is required, we use
Krovetz stemming in order to remain consistent
with the Indri baseline [Krovetz, 1993]. English
queries for Newt and Indri were initially treated
as a bag-of-words with no stemming or stopword
removal. Each word was treated as a single term.
The Japanese queries were initially partitioned into
terms using ChaSen/MeCab with the standard
IPA dictionary5 . Our preliminary testing led to
the discovery of an unexpected issue, which we
will refer to as the substring problem.
The substring problem. The preliminary evaluation of simple Japanese and English queries in
the test collections resulted in unusually poor effectiveness. Further investigation revealed a problem with both query sets, which is rather obvious in hindsight. Short query terms in English or
Japanese are also substrings of other terms. These
false matches degrade the discriminatory power of
certain terms, and the problem becomes more pronounced with longer queries. The longer the query,
the more likely at least one of the terms is a subtring of another common term in the collection.
For example, the acronym “ana” (All Nippon Airways) found in the GeoTime-034 query is also a
substring of the word “analytic”, and, worse, it is
an overlapping substring in words like “banana /
banana”. This problem can be somewhat mitigated
using whitespace padding, as we will see shortly.
3 http://lemurproject.org/clueweb09/
4 http://sourceforge.net/projects/lemur/
5 http://sourceforge.jp/projects/ipadic/

However, there is no white space in the
Japanese collection used in Newt, so word
boundaries are particularly problematic in the
Japanese collection.
Consider the following
example scenario.
The Japanese word “ナス”
meaning “eggplant” is the same as the middle
of the word “バナナスムージー ” meaning “bananasmoothie”.
Consequently, search results with
Newt are intermingled with documents that
are not relevant, but were coincident with the
short words in queries. This problem is further
exacerbated by the fact that short substrings in
Japanese queries can traverse word boundaries
since there are no spaces in the index.
Conversely, substring matches in Japanese
texts can also have advantages over morphological
parsing. For example, suppose that document
X contains the Japanese word “バナナスムージー ”
meaning “banana-smoothie,” and document Y
contains the Japanese word “ストロベリースムージー ”
meaning “strawberry-smoothie”.
Because the
Japanese Katakana loan word “スムージー”
meaning “smoothie” is not included in the
standard dictionary for morphological analyzers,
both compound words would not be segmented
and become terms in an inverted index. Under
this circumstance, the query term “スムージー”
meaning “smoothie” ﬁnds neither document X nor
document Y, because the query term is not an
exact match to the terms in inverted indexes. On
the other hand, in Newt, the short query substring
will correctly match any documents that contain
“smoothie,” even as part of a compound word.
Moreover, a document for “スムージー の 材料 ”
meaning “ingredients for smoothie” is also found
in self-indexes without any analysis or parsing of
the sentence being performed. However, it is not
clear if these substring matches overcome the rank
pollution imposed by cross-term or intra-term
matching of very short substrings.
English query processing. In order to circumvent the substring problem in the English query set,
we experiment with term padding, whereby each
term in the query string uses additional whitespace:
1. preﬁx - add a single whitespace at the beginning
of each query term.
2. suﬃx - add a single whitespace at the end of
each query term.
3. space - add a single whitespace at the beginning
and end of each query term.
We investigate each of these query expansions
in conjunction with a mixture of the four diﬀerent indexing strategies: stemming, nostemming,
stopping, and nostopping. Each of these alternatives is discussed further in Section 4. These modiﬁcations signiﬁcantly improve the eﬀectiveness of

Newt on the trec collection, but the results were
still lackluster for the GeoTime collection. The
problem with the GeoTime query set seems to be
that each topic is phrased as a question, instead
of a set of keywords. For example, the GeoTime026 topic is “Where and when did the space shuttle Columbia disaster take place?”. Since many
of the words in the topic description are not relevant to the query, we generated a manual set of
keyword queries using only a subset of important
words from each topic. So, GeoTime-026 was reduced to “space,shuttle,columbia,disaster”. These
keyword queries are then run with Indri and Newt
and compared explicitly.
Japanese query processing. To examine the
substring problem in the Japanese query set, we
evaluate the impact of morphological analysis on
eﬀectiveness, and then test four possibilities:
1. ChaSen/MeCab word segmentation on both
documents and queries.
2. ChaSen/MeCab
word
segmentation
on
documents and no word segmentation on
queries.
3. ChaSen/MeCab word segmentation on queries
and no word segmentation in documents.
4. No word segmentation on documents or queries.
For the GeoTime collection, bag-of-words
queries from the topic description and a manual
set of keyword queries were prepared as described
above for the English queries. For the JA-Category
subset of the ClueWeb09 collection, we used the
oﬃcial Japanese topics in the ntcir-9 intent
task. Since those topics were selected from the
user query log of a commercial search engine, no
manual keyword selection was necessary.

4 Results
4.1 English Newswire
Text preprocessing at indexing time. A variety of text preprocessing approaches are commonly
applied to raw natural language text with the aim
of improving subsequent retrieval from a collection. We investigate the impact of applying stopping and stemming, at indexing time, for both the
the inverted index (Indri) and self-index (Newt)
approaches. The results are shown in Table 1,
with performance measured using precision at 10
documents retrieved, mean average precision, and
normalized discounted cummulative gain (nDCG)
for the trec 7 and 8 newswire collections.
In our experiments, the best text preprocessing options for Indri are to apply stemming but
not stopping; for Newt, the best performance is

achieved by applying both stemming and stopping.
These correspond to rows 3 and 8 in Table 1. The
diﬀerence between the results is not statistically
signiﬁcant (paired t-test, p > 0.1).
Query processing. A key potential advantage
presented by self-indexing approaches is the
opportunity for ﬂexible query processing at
retrieval time, without the requirement of
collection preprocessing at indexing time. As
explained in Section 3.2, by default Newt will
match any substring that corresponds to a query
term. While this can be useful, it may also
lead to unexpected outcomes for short query
terms. We therefore compare the default Newt
method (plain) with three other query processing
techniques: preﬁx, suﬃx, and space (see Section 3.2
for a full description). The results for the trec 7
and 8 collections are shown in Table 2. Note that,
as the aim is to avoid the need to commit to any
particular type of preprocessing at indexing time,
all results are based on the original collection (no
stemming or stopping).
The Indri and Newt plain runs are of roughly
similar eﬀectiveness. Adding preﬁx or suﬃx query
processing increases performance slightly compared
to plain. However, space query processing leads
to a substantial boost, with statistically signiﬁcant
improvements for all three eﬀectiveness measure for
the trec 7 data (paired t-test, p < 0.05), and a
signiﬁcant improvement for nDCG on the trec 8
data.

4.2 GeoTime
English GeoTime. We compare the inverted index and self-index approaches on a more complex
family of queries – with geographic and temporal
constraints – through experiments on the ntcir
2011 GeoTime English task. The results are shown
in Table 3, as measured by mean average precision,
mean reciprocal rank, and normalised discounted
cumulative gain at cutoﬀ level 10 as well as over
the full ranked list.
The performance of Indri and Newt is comparable over the full GeoTime 2011 queries when queries
are processed using the space approach. Speciﬁcally, there are no statistically signiﬁcant diﬀerences when using the suﬃx or space query processing approaches, while using the plain or preﬁx query
processing approached leads to signiﬁcantly worse
performance on the nDCG measures (paired t-test,
p < 0.05).
As the queries for the GeoTime task are very
verbose and include many instruction words, we
also carried out experiments with these queries
when they are reduced to keywords only (see
Section 3.2). Removing the instruction words
leads to substantially higher performance for
both the inverted index and self-index approaches

System
Indri
Indri
Indri
Indri
Newt
Newt
Newt
Newt

Preprocessing
nostem, nostop
nostem, stop
stem, nostop
stem, stop
nostem, nostop
nostem, stop
stem, nostop
stem, stop

P@10
0.3760
0.3760
0.4000
0.3960
0.3740
0.2837
0.3700
0.4040

trec 7
MAP
0.1570
0.1570
0.1717
0.1685
0.1711
0.1252
0.1466
0.1736

nDCG
0.3885
0.3885
0.4185
0.4153
0.4178
0.3445
0.3897
0.4275

P@10
0.4280
0.4220
0.4520
0.4420
0.4080
0.2729
0.3980
0.4340

trec 8
MAP
0.1938
0.1917
0.2256
0.2230
0.1881
0.1226
0.2000
0.2122

nDCG
0.4398
0.4367
0.4948
0.4917
0.4463
0.3405
0.4569
0.4715

Table 1: Eﬀectiveness results for Indri and Newt, with preprocessing of text at indexing time, measured
by precision at 10 documents retrieved, mean average precision, and normalised discounted cumulative
gain. Preprocessing variants are combinations of stemming and stopping.

System
Indri
Newt plain
Newt preﬁx
Newt suﬃx
Newt space

P@10
0.3760
0.3740
0.4040
0.3920
0.4300∗

trec 7
MAP
0.1570
0.1711
0.1773
0.1653
0.1763∗∗

nDCG
0.3885
0.4178
0.4222
0.4083
0.4227∗∗

P@10
0.4280
0.4080
0.4400
0.4120
0.4400

trec 8
MAP
0.1938
0.1881
0.1974
0.1954
0.2093

nDCG
0.4398
0.4463
0.4614∗
0.4462
0.4702∗

Table 2: Eﬀectiveness results for query processing approaches with Newt for the trec 7 and trec 8
newswire documents. No preprocessing of the collection was carried out at indexing time. Newt query
processing variants are plain, space, preﬁx, and suﬃx, as described in Section 3.2. ∗ and ∗∗ indicate
statistical signiﬁcance relative to the Indri run at the 0.05 and 0.01 levels respectively, based on a paired
t-test.

compared to using the full queries. The relative
performance between Indri and Newt on these
keyword queries is very similar, with no statistically
signiﬁcant diﬀerences between them.
Japanese GeoTime. We also investigate the
impact of word segmentation on documents and
queries in Japanese. For documents in the the
inverted index (Indri), word segmentation was
applied using the Japanese morphological analyzer
ChaSen. For documents in the self-index (Newt),
no word segmentation was applied. The results are
shown in Table 4, with performance measured by
precision at 10 documents retrieved, mean average
precision, and normalised discounted cumulative
gain, for the the ntcir 2011 GeoTime Japanese
collections.
As expected, the best method for the inverted
index approach is to segment both documents and
queries, while for the self-indexing approach good
performance is achieved with no segmentation being applied. The diﬀerence in performance between
these two approaches is not statistically signiﬁcant
(paired t-test, p > 0.1).
Unsurprisingly, mixing segmentation for only
one of either documents or queries leads to a drop
in performance for both indexing methods, as the
probability of mismatches is sharply increased.

4.3 Japanese Web Pages
We conducted experiments using the ntcir 2011
intent collection. For documents in the the
inverted index (Indri), word segmentation is
applied using MeCab. For documents in the selfindex (Newt), no word segmentation is applied.
Separate query sets were then tested with and
without segmentation using MeCab. The results
are shown in Table 5, with performance measured
by P@10, MAP, and nDCG for the the ntcir
2011 intent Japanese collections.
The best performance for the inverted index approach (Indri) is when both queries and documents
are segmented; for the self-index approach (Newt)
performance is best when no segmentation is carried out at either stage. The diﬀerence between
these two runs is not statistically signiﬁcant for any
of the measures, except for nDCG@1000 (paired ttest, p < 0.01).
As for the GeoTime Japanese results, mixing
segmentation approaches between documents and
queries harms both indexing approaches.

5 Conclusions
In this paper, we present results for our new experimental ranked self-index Newt. We show that
Newt is capable of supporting bag-of-words queries

System
Indri
Newt plain
Newt preﬁx
Newt suﬃx
Newt space
Indri
Newt plain
Newt preﬁx
Newt suﬃx
Newt space

Query type
full
full
full
full
full
keyword
keyword
keyword
keyword
keyword

MAP
0.1931
0.1519
0.1591
0.1666
0.1847
0.2846
0.2541
0.2689
0.2737
0.2822

RR
0.4922
0.2481
0.3411
0.4110
0.4742
0.6950
0.6448
0.6568
0.6953
0.7131

nDCG@10
0.2782
0.1687∗
0.1937∗
0.2043
0.2625
0.4159
0.3572
0.3892
0.4105
0.4133

nDCG
0.3635
0.2430∗∗
0.2622∗
0.2919
0.3348
0.5344
0.4817
0.5029
0.5175
0.5235

Table 3: Eﬀectiveness results for Indri and Newt, with no text preprocessing, for the GeoTime’11
collection for English topics. Newt query processing variants are plain, space, preﬁx, and suﬃx, as
described in Section 3.2. ∗ and ∗∗ indicate statistical signiﬁcance relative to the Indri run at the 0.05
and 0.01 levels respectively, based on a paired t-test.
System
Indri
Newt
Indri
Newt

Query type
full
full
keyword
keyword

Document
segmented
no segmentation
segmented
no segmentation

Query
segmented
segmented
no segmented
no segmentation

MAP
0.3229
0.0447
0.2568
0.3535

RR
0.6056
0.1256
0.5163
0.6869

nDCG@10
0.3731
0.0656
0.3181
0.3851

nDCG
0.5144
0.1093
0.4261
0.5633

Table 4: Eﬀectiveness results for Indri and Newt, for the Japanese GeoTime’11 collection.

with eﬀectiveness similar to traditional inverted indexing methods, and present the ﬁrst evaluation of
top-k ranked retrieval in large document collections
using self-indexes. We then explore potential solutions to an unexpected substring problem inherent
to all character-based indexing algorithms.
This work is an important ﬁrst step in constructing an entirely new class of indexing algorithms and search engines that are capable of delaying linguistic processing until query time. By
minimizing processing at index time, multiple text
formats and languages can be supported simultaneously. Our indexes implicitly retain the original
substring ordering, so new ranking methods that
exploit term proximity or linguistic syntax can also
be devised in future work.
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