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1 Introduction use, copy, distribute, and/or modify it.

Since corpus-based natural language processing has to deal

with large corpora, efficient searching of the large corporaanother suffix array library SUFARY[3] has been avail-
is inevitably necessary. For example, one might want 4gle since 1997. The difference between Sary and SUFARY
examine how a word or a phrase is used in the large cgfthe design philosophy. Sary is written in C but in object-
pora or to collect frequencies of all terms in the large casriented fashion. Sary aims for maintainability, extensibil-
pora. Our systen®ary solves these problems by providity, robustness, and reusability. In fact, the library of Sary
ing fast full-text search facilities for a single large text ofoes not use global or static variables at all except the ver-
the order of 100 MB using a data structure caeffixar- - sion number for making all functions reentrant so that the

ray[2]. Sary provides not only useful tools for searchingbrary can be used in multi-threaded programming.
large corpora, but also provides well-implemented libraries

as reusable components.

2 System Overview 3 Suffix Array

Our system Sary consists of three pantd&ksary command,
sary command, and libraries. One can construct the su@
array for a certain text file witmksary command and can

suffix array is a data structure designed for efficient
éarching of a large text. The data structure consists of an
! X . .array containing the indices to the text suffixes sorted in
search the text file with the constrggted _sufflx array W”i%xicographical order. Each suffix is a string starting at a
sary Com”?a”d- sary proy|des f‘f"_c'l't'es similar trep oo qain position in the text and ending at the end of the text.
command including case insensitive searches. Sary hasé%ﬁrching the text can be performed by binary search us-

following characteristics: ing the suffix array because the suffixes can be seen as the
e Fast Since searching of the text file with the suffiorted suffixes in the lexicographical order.

array is performed in a binary fashion, searching time Suppose that we have a sample text “abracadabra” and
grows logarithmically to the length of the text. Thuswish to construct an suffix array for the text. First, we as-
fast full-text searching can be achieved for large texign index points to the sample text. Index points specify
files. Additionally, Sary is written in C for maximizing positions where search can be performed. In our example,
the performance. Performance evaluation is discussgdex points are assigned to every character. It is possible
in Section 4. to assign index points every word or every line.

¢ Reusable Not only does Sary provides C library, but
also libraries for higher level programming languages
Perf and Ruby. One can use the libraries for devel- _Text|a b r a ¢ a d a b r a
L index ] 0 1 2 3 4 5 6 7 8 9 10
oping his/her own software. Sary supports UTF-8 en-
coding for handling various languages.

e Free Sary is a free software under the terms of GNU Second, we should sort the index points according to

Lesser General Public Licerfsso that everyone cantheir corresponding suffixes. Suffixes are sorted in lexico-
Iht t p: // w perl . con gra.ph|cal order a_nd |nde?< points are reorc.ieregl according to
2http: // www. r uby-1 ang. or g/ their corresponding suffixes. The following figure shows
Shttp: //www. gnu. or g/ copyl eft /| esser. htni the result of sorting.
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7 a b r a .+, phonologlc, morphophonemic, morphologic, lex
The morphological FAT is nondeterministic.... . .
0 a b r a c a d a b r a Examples include theoriss of morphological acquisi}
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4 c a d a b r a pary-dsearch: morphol
6 d a b r a i i
9 roa With the KWIC system, a user can find sample sentences
2 |r a c a da b r a from a large amount of papers written in English. The fol-

lowing figure depicts our system which consult the corpus
Finally, the resulting index points become the suffix arrd9r counting frequencies of phrases with Sary. Our another
for the sample text. One can search the sample text with égplication employs Sary for a dictionary lookup module
suffix array in a binary fashion. for a morphological analyzer.

|ﬁcumpuse e el |
“aectioniProblems of the Current Writing Enviromment;

A1though computers realized better writing environments,
4 PeI’fOI' mance there are st?ll problems,  One problem is the usability of
computers. Most people have difficulties in using computersi
that i1s learning and mastering computers impose heav, -
. . JodE  Compose (Fundanental bneoded-kbd) --Lb-—Ch9--|
Construction Time 242 Most

2 Most people

293 people

We conduct an experiment for constructing a suffix array | g,ft feoble e

for a 80 MB text file which consists of Japanese newspa- 155 e diffioulties
per.artlclels with index po.lnts of every chargcters. The ex- 1 g&%gﬁ%gg I ine
periment is performed with a machine equipped with Al- %18 In using

pha 21164A 466 MHzx 2 processors and 2 GB memory. 3831 using

Sary takes advantage of the multi processors by perform- .J:=1==t-
ing suffix array construction in parallel with multi-threaded
programming. The result shows that the suffix array is
constructed in 411 seconds while 562 seconds is needed

when no multi-threaded programming is employed. No Future Work
that Sary employsultikey quicksort[1] as the sorting algo-
rithm.

There are many scopes of improvements. First, we plan to
develop Windows version of Sary because the current im-
plementation can work only Unix-like systems. Second, ap-
i i proximate string searching and proximity searching should
Searching Time be implemented for improving search facilities. Finally, 64

. . it suffix arrays should be supported for handling larger text
Searching performance is hard to measure accurately &% on the o)r/der of GB orTI_gp glarg

cause modern operating systems have disk caches. We con-

duct an experiment searching the 80 MB text for a keyword

with the same machine. 2 GB memory allows loading thg Acknow|edgement
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