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Abstract

We introduce a new incremental search
methodcalled Migemo for languageswith
many characterfaces.Migemoperformsthe
incremental searchby dynamicallyexpand-
ing the input patterninto a compact regular
expressionwhich representsall thepossible
wordsthatmatchtheinput pattern.Weshow
that Migemo is usefulnot only for search-
ing texts in Japanese andotherEastAsian
languages,but alsofor performing sophisti-
catedsearchesonASCII-only documents.

1 Introduction

Incrementalsearchis oneof themostpowerful oper-
ationsprovidedin text editorslike Emacs,asthesim-
plest form of dynamic query. Various text matching
algorithms can be usedfor implementing incremen-
tal searchesfor languageswith ASCII characters, but
they arenot directly applicableto Japaneseandother
EastAsian languages,wherekeyboardcharacters do
notdirectlycorrespond to text characters.

In conventional Japanesetext editors,usershave to
selectJapanesecharactersbeforeperformingasearch.
In this case,the advantageof incremental searchis
almostlost, becauseJapanesecharacter entryusually
takesmultiple stepslike thefollowing:

1. Typethepronunciationof awordusinganASCII
keyboard.

2. Convert the ASCII text into a Kana text which
represents thepronunciation of a Japaneseword.

3. Convert the Kanatext into a setof Kanji words
by a Kana-Kanji converter. One pronunciation
usuallycorrespondsto morethanoneKanji char-
acters. For example, “ � � (machine)”, “ � �
(opportunity)”, and“ � � (strange)” all have the
samepronunciation“kikai”.

4. SelectthedesiredKanji wordfromthesetof can-
didatewords.

If userswantto find “ � � ” with a conventional in-
cremental searchmethod, they haveto typemorethan

tenkeys1. Figure1 shows theprocessof selecting“ �� ” asthesearchkeyword. A searchwith Kana-Kanji
conversionin this way is thusnotdynamic atall.
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Figure1: Theprocessof selecting“ � � (strange)” as
thesearchkeyword.

2 Migemo

We proposea new incremental searchmethodcalled
Migemo, which solves the problem described in the
previous section. Figure2 shows the processof per-
forming incrementalsearchfor a Japaneseword “ �� ” with theMigemofor Emacs2.

In this example, theusertypedonly four keys (
() *+
ˆS() *+

k
() * +
i
() *+
k ) to find “ � � ”, which is mucheasierthan

typing twelve keys in the previous example. Unlike
conversion-basedsearch,the searchwith Migemo is
truly incremental anddynamic, just like anincremen-
tal searchfor ASCII documentsis.
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startsthe incrementalsearch,
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KANA startsandendsKana-

Kanji conversion,
() *+

CONVERT convertsa Kanatext to a setof

Kanji words,
() * +

SELECT selectsa Kanji word from the candi-

datesof theKanji words,and
() *+

RETURN finishestheselection
processof Kanji words.

2http://migemo.namazu.org/.
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Figure2: The processof an incrementalsearchfor a
Japaneseword“ � � (strange)” with Migemo.

2.1 The Method

MigemoskipstheKana-Kanji conversionby dynami-
cally expandingtheinputpatterninto acompactregu-
lar expressionwhich represents all thepossiblewords
that matchthe input pattern. Figure3 shows the ex-
pandedregularexpressionsfor “k”, “ki”, and“kik”.
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Figure3: Expandedregular expressionsfor “k”, “ki”,
“kik”.

Although theactualsearchis performedwith theex-
pandedregular expressions,theuserdoesnot have to
careabout the expansion processbecausethe expan-
sionis performedsilently in thebackground.

2.2 Regular Expression Expansion

Migemogeneratesa regular expression(Hopcroft and
Ullman,1979) usingadictionaryandexpansionrules.
The first regular expressionin Figure3 includes the
candidatesgeneratedby ASCII-Kanaconversionrules
to coverall theJapaneseHiraganaandKatakanachar-
actersbeginningwith “k”:

k ý Ù þÿØ þ Ú þ Û þ Ü þ ÝGþ ß þ Þ þ à þ á þ â þ ä®þ � þ��
Extractionof theKanji wordsis performedby look-

ing upthewords in anASCII-Kanji dictionary. Figure
4 shows anexcerpt from ourdictionary.

Pronunciation Kanji Representation
kikai ë�� ë�� ��	 
��� � ñ�� îuð
kikaiabura ë���
kikaibuhin ë���� �
kikaichinou ë������
kikaigakkai ë������
kikaigaku ë����

Figure4: Dictionary for theregularexpressionexpan-
sion(excerpt).

All theKanji wordswhich matchthegivenpattern
are extractedfrom the dictionary and connected to-
getherby the or operator “|” to generatethe regular
expression. The searchperformance depends on the
efficiency of theregularexpressionmatching, andMi-
gemooptimizestheor-connectedregular expressions
byunifying redundantportionsof thewords.Theopti-
mizationallowsNFA (nondeterministic finite automa-
ton)regularexpressionenginesto eliminateredundant
comparisons(Friedl,1997). Figure5 shows the opti-
mizationfor aninputpattern“nez”.
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Optimized Regular Expression� �
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Figure5: Optimization of the regular expressionfor
“nez”.

In theexample, wordsbeginning with “ T ” suchas
“ T (mouse)”,“ T U (gray)”, and“ T V (ratman)” are



unified into the shortestword “ W ”, and words con-
sistingof a singlecharacter suchas“ X (sleep)”, “ Y
(screw)”, and“ Z (twist)” aregrouped into the char-
acterclass“[ X W Z Y [ \ ] ^ ]”. Moreover, words
having a common prefix suchas “ _ ` (fish)”, “ _a

(take root)”, “ _ b (nameof a town)” aregathered
into “ _ [ ` a b c dfe ]”.

More thanoneASCII stringssometimesrepresent
thesameKanastring. For example, both“kanji” (so-
calledHepburnfashion)and“kanzi” (so-calledKunrei
fashion)represent“ g h i ”. Migemoallowsbothrep-
resentations to generatetheregular expressions.

2.3 Pre-Compiled Regular Expressions

Tensof thousands of Japanesewordshave pronunci-
ationswhich begin with “k”, “s”, and“t” 3. Sinceit
takesalongtimeto compile regular expressionsfor all
thewordswith theseconsonants,pre-compiledregular
expressionsarepreparedfor theseshortpatterns.

3 Applications

3.1 Personal Information Management

Incrementalsearchis particularly useful for personal
informationmanagement(PIM) systems.We imple-
menteda PIM systemcalledQ-Pocket(Masui,2000)4

for PalmPilot, which usesMigemo for full-text re-
trieval. It is much easierto searchJapanesetexts
from direct Graffiti input than selectinga Japanese
keyword before performing the search. Here, a
Japanesedictionary usedin themobiletext input sys-
tem POBox(Masui, 1998) is usedfor Migemo. Us-
ing thesamedictionarybothfor text inputandfor text
searchhasanadvantageof consistenttext handling. If
a word “ j ” is definedto have a pronunciation “star”
in thedictionary, a usercantype klfmns klomnt kl*mna klpmnr to enter
“ j ” using an indirect text input method shown be-
fore. Documents including “ j ” canbe retrieved by
typing kl mns kl mnt kl mna kl mnr . To realizefastfull-text searching,
Q-Pocket employs Aho-Corasick(AhoandCorasick,
1975) methodfor handling or-connectedregular ex-
pressions.Figure6 shows how incremental full-text
searchof memosandscheduledatais performedwith
Q-Pocket.

3.2 Language-Independent Incremental Search

Applications of Migemo are not limited to handling
documentsin Asianlanguages,but it is usefulfor han-
dling ASCII documents.For example, if userscanuse
anabbreviationdictionary thatincludesentrieslike:

jfk JohnF. Kennedy
jfk JohnFitzgeraldKennedy

3In ourdictionary, 47,292wordshavepronunciationsbe-
ginningwith “k”, out of 153,517words.

4http://www.csl.sony.co.jp/person/masui/QPocket/Palm/.
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Figure6: Performing incremental full-text searchof
memosandscheduleswith Q-Pocket.

they cantype kl mnj klqmnf kl*mnk to find “John F. Kennedy”
and“JohnFitzgeraldKennedy”. If usersof anHTML
editorcanuseadictionarywhichincludesentrieslike:

header <h1>
header <h2>
header <h3>

they canincrementallysearchfor all theheadertags
by typing kl�mnh kl*mne klfmna kl�mnd klfmne klpmnr .

Figure 7 shows how to search‘ ’ (“hello” in
Chinese)by typing kl mnh kl mne kl m nl kl mnl kl mno usinganEnglish-
Chinesedictionaryincluding anentry:

hello

Figure7: Cross-lingualincremental searchusingan
English-Chinesedictionary.

3.3 Dynamic Abbreviation

Dynamicabbreviation is a methodto re-input previ-
ouslytypedwordswith lowertypingcosts5. Forexam-
ple,onecanre-input “floccinaucinihilipilification” by
typingonly klqmnf klrmnl kl�mno kl*mnc kl mnEXPAND . The kl m nEXPAND key ex-
pands“floc” into “floccinaucinihilipilification”. Dy-
namicabbreviation is not only usefulfor reducing the
typing costs,but alsousefulfor reducing spellinger-
rors.

However, conventional dynamic abbreviation does
not work effectively for Japanesetexts becauseof
the necessityof Kana-Kanji conversion. To realize
Japanesedynamic abbreviation, we appliedthe tech-
niqueof theregularexpressionexpansionprovidedby
Migemo.Sincedynamic abbreviation is performedby
searchingthetext backwardfor candidatewords from
thecursorposition,weusetheregularexpressiongen-
eratedby Migemo for the searchto skip Kana-Kanji

5In Emacs,dynamic abbreviation is calledas“dabbrev”.



conversion.Figure8 showshow thedynamicabbrevi-
ationwith Migemois performed.

st uv
EXPAND

st uv
EXPAND

Figure8: Dynamicabbreviation: expansionof “do”.

4 Discussion

4.1 Handling of Homonyms

Theadvantageof Migemois that it skipsKana-Kanji
conversionin incrementalsearches.On theonehand,
Migemocantolerateinconsistency of word represen-
tation. For example, a user can find “ w@h x y z
(hello)” and “ { |�z (hello)” by the samepattern
“konnnichiha”. On the other hand, Migemo might
find inappropriate wordsaccidentallybecause of the
homonyms. Forexample,ausermightfind “ } ~ (ma-
chine)” insteadof “ � � (strange)” whentheuserwant
to find “ � � ” becauseboth“ } ~ ” and“ � � ” have
thesamepronunciation“kikai”. This is a trade-off of
our method. In our experienceof usingMigemo for
severalmonths, thelattersituationsrarelyoccur. Even
though theinappropriatematchingoccurs,theusercan
simply ignore it by proceeding to the next matching
position.As a last resort,theusercangetbackto the
conventional incremental searchmethod to avoid the
ambiguity of homonyms.

4.2 Use of a Dictionary

SinceMigemo usesa dictionary to generateregular
expressions,Migemo cannotfind words that arenot
definedin the dictionary, just like a Kana-Kanji con-
versionsystemcannot convertaKanastringto aword
which is notdefinedin thedictionary.

Sincethelatestversionof Migemoonly useswords
in the dictionary, it cannot find a phrasewhich con-
sistsof more thanonewords. For example,Migemo
cannot find a phraselike “ � � � � � (current imple-
mentation)”. We areplanning to extendthealgorithm
so that it canhandle phrases.In Kana-Kanji conver-
sion, handling of phrasesis a hard task becausethe
conversionhasto disambiguatethephrasesasnatural
aspossible.However, handlingof phrasesfor Migemo
caneasilyberealizedby simplygatheringall possible

candidatesandconnectingthemby theor operator to
generate regular expressions.

4.3 Regular Expression Expansion

While MigemoperformsJapaneseincrementalsearch
by expanding the input patterninto regular expres-
sions,similar searchis alsopossibleif Japanesetexts
areconvertedto ASCII textsbefore thesearch.

The simplest method is to convert the whole
Japanesetext into the internal ASCII text at every
search.Incremental searchcanberealizedby search-
ing the internalASCII text. For example, a Japanese
text “ � � � �Q��� � ” is convertedinto “tekisuto to
kanji”. However, sincethe conversionrequirestime
linear in the length of the text, converting the large
text at every searchis thusnotpractical.

Another method is to convert the partial text dy-
namically into the internal ASCII text asproceeding
incremental searches.However, the method requires
a rathercomplicatedalgorithm to implement. More-
over, theKanji-ASCII conversionis not alwaysaccu-
ratebecauseof ambiguity of Kanji expressions.

5 Conclusions

We introduced a new incremental search method
called Migemo for handling languages with many
characterfaces. Migemo canbe usedin various sit-
uations including incremental searchesin text edi-
tors andtext retrieval in PIM systems.We areplan-
ning to apply the sametechnique for wider range of
searchtasks,including incrementalapproximatestring
matching, andimageretrieval from keywords.
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