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PrefaceThis collaborative report contains the proceedings of the Prague Stringology ClubWorkshop '98 (PSCW'98), held at the Department of Computer Science and Engi-neering of Czech Technical University in Prague on September 3{4, 1998. The work-shop was preceded by PSCW'96 which was the �rst action of the Prague StringologyClub and by PSCW'97. The proceedings of PSCW'96 and PSCW'97 were publishedas collaborative reports DC{96{10 and DC{97{03, respectively, of Department ofComputer Science and Engineering and are also available in the postscript form atWeb site with URL: http://cs.felk.cvut.cz/psc. While the papers of PSCW'96were invited papers, the papers of PSCW'97 and PSCW'98 were selected from thepapers submitted as a response to a call for papers. The papers in this proceedingsare alphabetically ordered by the authors.The PSCW aims at strengthening the connection between stringology (the com-puter science on strings and sequences) and �nite automata theory. The automatatheory has been developed and successfully used in the �eld of compiler constructionand can be very useful in the �eld of stringology too. The automata theory can facil-itate the understanding of existing algorithms and the developing of new algorithms.Jan Holub and Milan �Sim�anek, editors
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A Fast Morphological Analysis Using theExtended AC Machine for Oriental Languages1Kazuaki Ando, Kimihiro Iwasaki, Masao Fuketa and Jun-ichi AoeDepartment of Information Science & Intelligent SystemsUniversity of Tokushima2-1 Minami-Josanjima-ChoTokushima-Shi 770-8506Japane-mail: fando,aoeg@is.tokushima-u.ac.jpAbstract. This paper presents a fast morphological analysis for oriental lan-guages by extending an Aho and Corasick's pattern matching machine. Ourmethod is a simple and e�cient algorithm to �nd all possible morphemes in aninput sentence and in a single pass, and it stores the relations of grammaticalconnectivity of adjacent morphemes into the output functions. Therefore, thecosts of checking connections between the adjacent morphemes can be reducedby using the connectivity relations. Furthermore, the construction method ofthe relations of grammatical connectivity is described. Finally, the proposedmethod is veri�ed by a theoretical analysis, and an experimental estimation issupported by the computer simulation with a 100,267 words dictionary. Fromthe simulation results, it turns out that the proposed method was 49.9% faster(CPU time) than the traditional trie approach. As for the number of candidatesfor checking connections, it was 25.5% less than that of the original morpholog-ical analysis.Key words: morphological analysis, oriental language, dictionary lookup, triestructure, AC machine, grammatical connectivity1 IntroductionAn intelligent natural language interfaces enable users to communicate with thecomputer in English, Japanese or other human languages. Morphological analysis[ABE86, AKI94, KUR94, LEE97, MAR94, MOR96, SAN94] is the �rst step of naturallanguage processing in the applications of natural language interfaces such as Infor-mation Retrieval [AOE91], Database Queries [KAP84], Expert Systems and so on. Ingeneral, the morphological analysis means segmentations of the input sentence intowords (morphemes) and attachments of part-of-speech to them. Therefore, althoughmorphological analysis for European languages, especially for English, plays only a mi-nor role in a natural language processing system, in the analysis of oriental languages1This work was supported by the Grant-in-Aid of the Ministry of Education, Science and Culture,Japan. 1



Proceedings of the Prague Stringology Club Workshop '98such as Japanese, Chinese and Korean it plays an important role because orientallanguages are agglutinative languages, that is the language do not have explicit wordboundaries between the words [ABE86, AKI94, KUR94, MAR94, MOR96, SAN94].The procedure of morphological analysis of oriental languages consists of twosteps. The �rst is to detect all possible morphemes, which are the smallest meaning-ful units, in a given input sentence. The second is to �nd the possible connectionsbetween adjacent morphemes by using a connection cost or probability based on thegrammaticality [ABE86, AKI94, SAN94]. In the �rst step, the morphological analy-sis involves a large number of dictionary lookup. In general, a well-known techniquefor dictionary lookup is to use a trie structure [AOE91, AOE96, KUR94]. The trieis a tree structure in which each transition corresponds to a key character in thegiven keys set and common pre�xes of keys can be shared. Therefore, the trie cansearch all keys made up from pre�xes in an input string without the need of scanningthe structure more than once. However, it is not so e�ective to use the trie for themorphological analysis [KUR94, MAR94, MOR96]. In order to detect all possiblesubstrings in a given input sentence, the dictionary access must be tried repeatedlyat each character position in the input sentence. Therefore, some characters may bescanned more than once for di�erent starting positions and the number of dictionaryaccesses is increased. In the second step, the morphological analysis checks gram-matical connectivity between adjacent words in order to �nd all possible connections[ABE86, SAN94]. This grammatical connectivity can be easily checked by using agrammatical table [ABE86]. However, this process requires considerable cost to checkthe grammatical connectivity, because it includes some checks of unnecessary connec-tions, for example, checking connection between NOUN and CONJUGATION, sincemany words as part of speech have di�erent grammatical interpretations. In order toachieve a fast morphological analysis, the mentioned problems should be solved.This paper proposes a high speed morphological analysis of oriental languages byextending a pattern matching machine based on Aho and Corasick machine (calledAC machine) [AHO75]. The proposed method is a simple and fast algorithm to �ndall possible substrings in an input sentence, and during only a single scan. Moreover,since the proposed method stores relations of grammatical connectivity of adjacentwords into the output functions, the cost of checking connections between the adjacentwords can be reduced by using the connectivity relations.In the following sections, our ideas are described in detail. In Section 2, wedescribe the dictionary lookup method using a trie structure for the morphologicalanalysis. Section 3 presents the high speed morphological analysis by extendingthe AC machine. Section 4 shows the theoretical analysis, and the experimentalevaluations veri�ed by the computer simulations with a 100,267 words dictionary.Finally, the results are summarized and the future research is discussed.2 Dictionary Lookup Method using Trie in theMorphological AnalysisMorphological analysis of oriental languages is very di�erent from that of English[ABE86, AKI94, KUR94, MAR94, MOR96, SAN94], because the languages do nothave explicit word boundaries between the words as shown Fig. 1. Therefore, in order2


