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INTRODUCTION

Text editingis full of smallrepetitvetasks.Usershaveabas-
ket of toolsfor automatingsuchtasks,including search-and-
replacekeyboardmacrosandtext-processindganguagesik e
Perl or avk. Among the drawvbacksof existing tools are
too little power, too little domainspecificity and too-steep
learningcurves. Automatedtext editing canalsobe danger
ous; witnessthe recklessapplicationsof global search-and-
replacefeaturedin comp.risks,amongthem“eLabourated”
in a news reportaboutthe British governmentand “arjpgi-
cial turf” onawebsitethatevidently switchedfrom TIFF to
JPEG Existing automatiortools do nothingto helpthe user
catchthesekindsof errors.

We have developeda systemfor automatedtext editing,
LAPIS, thatis basedbn theideaof lightweightstructuse, the
ability to recognizetext structureautomaticallyusingan ex-
tensiblelibrary of patternsandparsers.The currentLAPIS
library includesparsersfor HTML, Java, plain text layout,
addressegphonenumbers.etc. Extendingthe library is as
easyaswriting a patternand giving it a name— actually
easiersinceLAPIS canalsoinfer patternsrom examples.

Lightweight structureenabledour novel featuresn LAPIS:
(1) text constaints, a new text patternmatchinglanguage
basednlightweightstructure(2) selectionguessingwhere
theusergivespositive andnegative examplesandthe system
infersa patterndescribingt; (3) simultaneougditing where
the usercontrolsmultiple cursorsto do a group of repetitve
editssimultaneouslyand(4) outlier finding, wherethe sys-
temdraws attentionto the mostunusualelementsn a selec-
tion or patternmatch,in casesomeof themareerrors.These
featurescombineto createa powerful ernvironmentfor auto-
matedtext editing.

TEXT CONSTRAINTS
All text editors have a search-and-replaceommandthat
searchedor a string patternand replacesit with another

Copyright is held by the author/avner(s).
CHI 2002 April 20-25,2002,Minneapolis MinnesotaUSA.
ACM 1-58113-454-1/02/0004.

paint (Fectang]eJ, 0, 03;
far {int i = 0; i < circle.length; ++i) {
(a) paint (Eirclelil, x, ¥);
paint (E'ir'c]e['i].center;, X+ 2, ¥ + 2);

1

rectangle Jpaint (0, 0);
for {int 1 = 0; 1 < circle.length; ++i) 4
(b) circle[i].Jpaint {x, ¥);
circle[i].center.paint {x + 2, ¥ + 2);

b

Figure 1. Simultaneousditingin action. (a) Userselects
“rectangle”; systeminfers the pattern“first ActualParame-
ter” to make other selections. (b) User cuts and pastesall

selectionsimultaneously

string. Someeditorsalso supportregular expressions put
the learning curve can be intimidating, and some patterns
areimpossibleto expresswith low-level regularexpressions.
LAPIS hasanew patternlanguagealledtext constaintsthat
addressetheseproblems[4]. Text constraintscombinelit-
eral string searcheslightweight structurefrom the library,
andrelationslik e befor, after, in, andcontains to produce
simplebut powerful patterns:

“-” in PhoneNumber

Link containing‘My Yahoo”
Java.MethodcontainingJava.MethodName=toString”
lastWord in Sentence

In LAPIS, text constraintareusednot only for search-and-
replace but alsoto definenew structurefor the structureli-
brary, to automateweb browsing, and to apply Unix-style
toolslike grepandsort to structuredext [4].

SELECTION GUESSING

Any languagéhasa learningcurve, andtext constraintss no

exception. LAPIS cansmoothout the curve by inferring a

patternfrom positive andnegative examplesprovidedby the

user The usergivesexamplesby enteringselectionguess-
ing mode Multiple examplesaregivenby makingamultiple

selectionin thetext editor, holding down the Control key to

add selectiongadditionalpositve examples)or remove se-
lections(negative examples). After eachselection the sys-
temsuggests patternthatmatchedhe users selectionsand
highlightsothermatchedo theinferredpattern.
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FlgureZ: RedoutherhlghlightingdraNsattentionto aselec-
tion error in simultaneouditing: only “Hayes” is selected
insteadof the full name“Hayes-Roth”.

Selectionguessinguseslightweight structurein two ways.
First, lightweight structureis usedin the inferred pattern,
so LAPIS caninfer patternsover HTML andJava structure
without having to infer an HTML or Java parser Second,
featuresderived from lightweight structureare usedto rank
the systems guessesso that fewer examplesare neededo

reachtherightinference.

SIMULTANEOUS EDITING

Many repetitive tasksin text editinghave a simpleform: ap-
ply thesameeditsto a groupof similar objects,suchaslines,
paragraphsmailing addressedunction calls, or thingsless
easilydescribedSimultaneougditing[5] is anew wayto do

thesekinds of editsall at once. In simultaneou®diting, the
userfirst selectsa setof regionsto edit, calledthe recods

This record set can be definedby a pattern, by selection
guessingpr by manualmultiple selection. After therecord
setis defined the systementersa modein which a selection
in onerecordcauseghe systemto infer a patternthatmakes
a similar selectionin every otherrecord. Subsequengdit-

ing operations— suchasinsert,delete andcut-and-paste—

affect all recordssimultaneously Using simultaneousdit-

ing feelslike controlling multiple text cursorswith a single
mouseandkeyboard(Figurel).

Like selectionguessing,simultaneousediting mustinfer a
patternfor eachselectionsoit is sometimesvrong. Theuser
can correctan inferenceby holding down the Control key
andmakingthe desiredselection.Fortunately the combina-
tion of high-level lightweightstructurewith the requirement
of exactly one selectionper record constrainsinferenceso
muchthatmostselectionsare correctafter only thefirst ex-
ample.In auserstudyof simultaneougditing,85%o0f users’
selectiongequiredonly oneexample,andeachselectionre-
quiredonly 1.25exampleson average[5]. The samestudy
found that simultaneousediting was up to 8 timesfasterto
useon averagethananothemprogramming-by-émamestration
systemDEED [2].

OUTLIER FINDING

The userstudy of simultaneousediting revealedthat users
tendto overlookselectionghatwereslightly incorrect.Out-
lier finding [6] is a techniquefor finding selectionswhich
look unusualandhighlighting themaspossibleerrors. Out-
lier finding useslightweight structureto find featuresthat
most selectionshave in common. Selectionswhich lack
thosefeaturesare deemedoutliersandhighlightedspecially
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Figure 3: The UnusualMatcheswindow finds possibleer-
rorsin a patternmatch.

to attactthe users attention(Figure 2). Whenoutlierswere
highlighted,usersweremorelikely to noticeandcorrectse-
lectionerrorsin simultaneougditing[6].

Outlier finding canalso help usersfix buggy patterns. The
UnusualMatcheswvindow (Figure3) displaysa histogramof
patternmatcheson a linear scaleof “weirdness”.Blocksly-

ing aloneat the right end of the histogramare outliersthat
might needthe users attention. Clicking on a block high-
lightsit in thetext editorandexplainswhatfeaturesmalke it

unusual. The window canalsoshav patternmismattieson
the samescale,so userscan checkfor both false positives
andfalsenegatives. The UnusualMatcheswindow canhelp
preventrecklessusesof search-and-replace.

RELATED WORK

LAPIS is similar to other programming-by-demuostration
systemdor text editing,including TELS, Tourmaline,Cima,
DEED, and SMARTedit [1, 2, 3]. LAPIS provides more
feedbackhanotherPBD systemsusingtext constraintssi-
multaneousditing,andoutlier highlighting.

CONCLUSION

LAPIS offersa baslet of new tools for automatedext edit-

ing thatdemonstratéhe usefulnessf lightweightstructure.

LAPIS is freely available,including Jara sourcecode from:
http://www.cs.cmu.edu/"rcm/lapis
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