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Abstract

We introduce a new incrememal search
methodcalled Migemo for langlageswith
mary char&terfacesMigemoperiormsthe
incremental searchby dynamically expand-
ing the input patterninto a compctregular
expressiorwhich representsall the possible
wordsthatmatchtheinput pattern.We shav
that Migemo is usefulnot only for search-
ing texts in Japanse and other EastAsian
languayes,but alsofor perfaming sophisti-
catedsearchesn ASCIl-ony docunents.

1 Introduction

Increnentalsearchis oneof the mostpowerfu oper
ationsprovidedin text editorslike Emacsasthe sim-
plestform of dynanic quer. Various text matching
algorithms can be usedfor implementing increnen-
tal searchesor languagswith ASCII charactes, but
they arenot directly applicableto Japanesandothe
EastAsian languageswherekeyboard charactes do
notdirectly correspadto text charactes.

In conventioral Japaneseext editors,usershave to

selectlapanesehaactersdhefore performingasearch.

In this case,the adventageof incrememal searchis
almostlost, becauselapaneseharater entry usually
takesmultiple stepdik e thefollowing:

1. Typethepronuwnciationof aword usinganASCI|
keyboard.

2. Corvert the ASCII text into a Kanatext which
represets the pronunciation of a Japanesword.

3. Corvert the Kanatext into a setof Kanji words
by a KanaKanji corverter One prorunciation
usuallycorrespondgo more thanoneKaniji char
acters. For examge, “## (machine)”, “#=
(opporturity)”, and“ & (strang)” all have the
samepronunciation“kikai”.

4. SelecthedesiredKanji wordfrom thesetof can-
didatewords.

If userswantto find “ #7%&” with a corventiona in-
cremeral searchmethal, they have to type morethan

tenkeys'. Figurel shavstheprocesof selecting* #F
& asthesearctkeyword. A searchwith Kana-Kaii
conversionin thisway is thusnotdynanic atall.
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Figurel: Theprocesf selecting’ & (strang)” as
thesearchkeyword.

2 Migemo

We proposea new incremeial searchmethodcalled
Migemo, which solves the prodem descriled in the
previous section. Figure 2 shows the processof per
forming increnental searchfor a Japanessvord “ &
& with the Migemofor Emacs.

In this examge, the usertypedonly four keys ([*s]
(i] () to find “#F#&”, which is mucheasierthan
typing twelve keys in the previous examge. Unlike
corversion-lasedsearch the searchwith Migemo is
truly incremenal anddynamic, justlike anincrenen-
tal searchHor ASCIl documentsis.

1Using Emacs the usershave to type E]

@ E] [ CONVERT ] [ SELECT ] [ SELECT ] [ RETURN ] [ KANA ]:

startsthe incrementalsearchl KANA | startsand endsKana-

Kaniji corversion cornvertsa Kanatext to a setof

Kaniji words, selectsa Kanji word from the candi-

datesof the Kanji words,and( return | finishesthe selection
procesf Kanji words.
2http://migemo.namazu.gf.
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Figure2: The processof anincrenentalsearchfor a
Japanesword*“ & (strang)” with Migema

2.1 TheMethod

Migemoskipsthe Kana-Kaitji corversionby dynani-
cally expandingtheinput patterninto acompactregu
lar expressionwhichrepresets all the possiblewords
that matchthe input pattern. Figure 3 shaws the ex-
pancdkdregular expressiondor “k”, “ki”, and“kik”.
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Figure3: Expandedreguar expressiondor “k”, “ki”,
“kik”.

Although theactualsearchs performedwith theex-
panad reguar expressionsthe userdoesnot have to
careabou the exparsion processecausehe expan
sionis perfamedsilentlyin the baclgrourd.

2.2 Regular Expression Expansion

Migemo generates regular expression(Hoponft and
Ullman, 197) usingadictionary andexparsionrules.
The first regular expressionin Figure 3 includesthe
candictesgeneratethy ASCII-Kanaconversionrules
to coverall the JapaneskliraganaandKatakanachar
actersbeginning with “k”:
ks [ Z|<|T|Z[AF| 717 [T ]|v]nlr
Extractionof theKaniji wordsis performedby look-
ing upthewordsin anASCII-Kanji dictionary Figure
4 shows anexceipt from our dictionay.

Pronunciation| Kanji Representation

kikai T = R Sk
BEa [ ER

kikaiabura HeAR I

kikaibuhin FEARER

kikaichinou | HEMRETRE

kikaigakkai | HEMRFES

kikaigaku HERE

Figure4: Dictionary for theregularexpressionexpan-
sion(except).

All the Kanji wordswhich matchthe given pattern
are extractedfrom the dictionary and connectd to-
getherby the or operato “| ” to geneatethe regular
expression. The searchperformane depenls on the
efficiency of theregularexpressiormatching andMi-
gemooptimizesthe or-conrectedreguar expressions
by unifying redundéntportiors of thewords. Theopti-
mizationallows NFA (nondetermiiistic finite automa-
ton) regularexpressiorengiresto eliminateredurdant
compaisons(Fried!,1997. Figure5 shows the opti-
mizationfor aninput pattern‘nez”.
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Optimized Regular Expression

[Eﬁﬁﬁﬁ%?@ﬁ)ﬁ] |nez| A [TLTHE
o] | R [PPXEBY v] | 1B [ AZER S
]| | nez

Figure5: Optimizatia of the regular expressionfor
“nez”.
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In the exampe, wordsbeginning with “ & suchas

=1

K (mowse)”,“ B fa (gray)”, and” 5B (ratman)” are
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unified into the shortestword “ fs”, and words con
sistingof a singlecharater suchas“ & (sleep); “4%
(scrav)”, and“$& (twist)” are grouped into the char
acterclass‘[ & RIRIEEHHA]". Moreover, words
having a comman prefix suchas“ 4 f& (fish)”, “#R
7 (takeroat)”, “AR I (nameof atown)” aregattered
into “ [ £AZE IR bk 5 2]

More thanone ASCII stringssometimegepresent
the sameKanastring. For exanple, both“kanji” (so-
calledHephurnfashion)and“kanzi” (so-calledKunrei
fashionyepresent»A U ”. Migemoallowsbothrep-
resentatioato geneatethereguar expressios.

2.3 Pre-Compiled Regular Expressions

Tensof thousand of Japanesavordshave pronunci-
ationswhich begin with “k”, “s”, and“t” 3. Sinceit
takesalongtimeto comple reguar expressiongor all
thewords with theseconsoants,pre-compiledregular
expressionsareprepaedfor theseshortpatterrs.

3 Applications

3.1 Personal Information Management

Increnental searchis particdarly usefu for persoml
information maragemeniPIM) systems.We imple-
menteda PIM systemcalled Q-Pocket(Masui, 20004
for PalmPilot, which usesMigemo for full-text re-
trieval. It is much easierto searchJapanesdexts
from direct Grafiti input than selectinga Japanese
keyword befae perfaming the search. Here, a
Japanesdictionay usedin the mobiletext input sys-
tem POBox(Masui, 1998 is usedfor Migema Us-
ing the samedictionary bothfor text inputandfor text
searcthasanadwntageof consistentext handing. If
aword “ %" is definedto have a pronunciation “star”
in thedictionay, a usercantype (a](r]toenter
“%” using an indirect text input metha shawvn be-
fore. Documeirs including “ %" canbe retrieved by
typing (a)(r]. Torealizefastfull-text searching
Q-Poclet employs Aho-Coiasick(Ahoand Corasick,
1975 methodfor handing or-connectedreguar ex-
pressions.Figure 6 shovs how incremental full-text
searchof memosandscheduleatais perfamedwith
Q-Poclet.

3.2 Language-lndependent Incremental Search

Applicatiors of Migemo are not limited to hardling
documentsin Asianlanguwagesput it is usefulfor han
dling ASCII docunents.For examge, if userscanuse
anabbreiation dictionary thatincludesentrieslik e:
jfk  JohnF. Kenneg
jfk  JohnFitzgeraldKenredy

3In ourdictionary 47,292wordshave pronunciatios be-
ginningwith “k”, outof 153,517words.
“http://mww.csl.soly.co.jp/persofmasui/QPockt/Palm/.
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Figure 6: Perfoming increnental full-text searchof
memosandschedulesvith Q-Poclet.

they cantype @ to find “John F. Kennely”
and“JohnFitzgeraldkennedy. If usersof anHTML

editorcanuseadictionary whichincludesentrieslik e:
header <hl>
header <h2>
header <h3>
they canincrenentallysearcHor all theheadetags

by typing(n](e](a)(a)(e] ]

Figure 7 shavs how to search'#41" (“hello” in

Chinese)y typing (n](e](1](1] (o] usingan English-

Chinesdlictionaryincluding anentry:
hello  fR4f
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Figure 7: Cross-lingualincremenal searchusing an
English-Clinesedictionary.

3.3 Dynamic Abbreviation

Dynamic abbreiation is a methodto re-inpu previ-
ouslytypedwordswith lowertypingcosts. For exam-
ple, onecanre-input “floccinaccinihilipilification” by
typing only@ @ expanp |- The| expanp | key ex-
pands“floc” into “floccinacinihilipilification”. Dy-
namicabbeviationis not only usefulfor redwcing the
typing costs,but alsousefulfor reducirg spellinger
rors.

However, corventioral dynamic ablreviation does
not work effectively for Japanesdexts becauseof
the necessityof Kana-Kanji corversion. To realize
Japanesdynamic abbreviation, we appliedthe tech-
niqueof theregular expressiorexparsionprovidedby
Migemo. Sincedynanic abbreiationis perfamedby
searchinghetext backwardfor candidatevords from
thecursorposition,we usetheregular expressiongen-
eratedby Migemo for the searchto skip Kana-Katii

SIn Emacsdynanic abbreiationis calledas“dabbres”.



corversion.Figure8 shavs how thedynamicablrevi-
ationwith Migemois perfomed.
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Figure8: Dynamicabbreiation: exparsionof “do”.

4 Discussion

4.1 Handling of Homonyms

The adwartageof Migemaois thatit skipsKana-Kanji

corversionin increnentalsearchesOn the onehand

Migemo cantolerateinconsisteng of word represen
tation. For exanple, a usercanfind “ ZAIZ B

(helloy and“4 H1Z (helloy by the samepattern
“konmichihd. On the other hand Migemo might
find inappopiiate words accidentallybecase of the
homayms. For examge, ausemightfind * ¥t (ma-
chiney insteadbf “ %7 (strang)” whentheuserwant
to find “#F” becaseboth* ¥#%” and“ 71" have
the samepronunciation“kikai”. Thisis atrade-df of

our methal. In our expeienceof using Migemo for

severalmontts, thelattersituationsrarelyoccur Even
thoudh theinappopriatematchirg occus, theusercan
simply ignore it by proceeéhg to the next matching
position. As a lastresort,the usercangetbackto the
corventioral incremental searchmethal to avoid the
ambiguty of homoryms.

4.2 Useof aDictionary

Since Migemo usesa dictionary to generateregular
expressions Migemo cannotfind words that are not
definedin the dictionay, just like a Kana-Kanji con
versionsystemcanrot corverta Kanastringto aword
whichis notdefinedin thedictionary
Sincethelatestversionof Migemoonly useswords
in the dictionay, it canrot find a phrasewhich con
sistsof more thanonewords. For example,Migemo
canna find aphraselike “ BIfE D F4£ (currert imple-
mentatiol”. We areplannirg to extendthealgorithm
sothatit canhande phrases.In Kana-Kairji corver
sion, handlirg of phrasesis a hardtask becausehe
corversionhasto disambigiatethe phrasesasnatual
aspossible However, handlirg of phrase$or Migemo
caneasilyberealizedby simply gatteringall possible

candicgitesandconrectingthemby the or operato to
generge reguar expressions.

4.3 Regular Expression Expansion

While Migemo periormsJapanesicrenentalsearch
by expandingthe input patterninto reguar expres-
sions,similar searchis alsopossibleif Japaneséexts
arecorvertedto ASCII texts befole thesearch.

The simplest methal is to corvert the whole
Japanesdext into the internd ASCII text at every
search.Incrematal searchcanberealizedby search-
ing theinternal ASCII text. For exanple, a Japanese
text “ -F A ~ LT is convertedinto “tekisutoto
kanji”. However, sincethe corversionrequirestime
linear in the length of the text, corverting the large
text atevety searchs thusnot practica

Another metha is to corvert the partial text dy-
namicallyinto the interral ASCII text asproceethg
incremeral searchesHowever, the methal requres
a rathercomgicated algorithm to implenment. More-
over, the Kanji-ASCII conversionis not alwaysaccu-
ratebecausef ambiguity of Kanji expressios.

5 Conclusions

We introduced a new increnental search method
called Migemo for handlirg languags with mary
characteffaces. Migemo can be usedin various sit-
uationsincluding incrememal searchesn text edi-
tors andtext retrieval in PIM systems.We are plan-
ning to apply the sametechniqe for wider range of
searchasks,jncluding incrementalappioximatestring
matching andimageretrieva from keywords.
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