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INTRODUCTION
Text editingis full of smallrepetitivetasks.Usershaveabas-
ketof toolsfor automatingsuchtasks,includingsearch-and-
replace,keyboardmacros,andtext-processinglanguageslike
Perl or awk. Among the drawbacksof existing tools are
too little power, too little domainspecificity, and too-steep
learningcurves.Automatedtext editingcanalsobedanger-
ous;witnessthe recklessapplicationsof global search-and-
replacefeaturedin comp.risks,amongthem“eLabourated”
in a news reportaboutthe British governmentand“arjpgi-
cial turf” on a websitethatevidentlyswitchedfrom TIFF to
JPEG.Existingautomationtoolsdo nothingto helptheuser
catchthesekindsof errors.

We have developeda systemfor automatedtext editing,
LAPIS, thatis basedon theideaof lightweightstructure, the
ability to recognizetext structureautomaticallyusinganex-
tensiblelibrary of patternsandparsers.The currentLAPIS
library includesparsersfor HTML, Java, plain text layout,
addresses,phonenumbers,etc. Extendingthe library is as
easyas writing a patternand giving it a name— actually
easier, sinceLAPIS canalsoinfer patternsfrom examples.

Lightweightstructureenablesfour novel featuresin LAPIS:
(1) text constraints, a new text patternmatchinglanguage
basedonlightweightstructure;(2) selectionguessing, where
theusergivespositiveandnegativeexamplesandthesystem
infersapatterndescribingit; (3) simultaneousediting, where
theusercontrolsmultiple cursorsto do a groupof repetitive
editssimultaneously;and(4) outlier finding, wherethesys-
temdrawsattentionto themostunusualelementsin a selec-
tion or patternmatch,in casesomeof themareerrors.These
featurescombineto createa powerful environmentfor auto-
matedtext editing.

TEXT CONSTRAINTS
All text editors have a search-and-replacecommandthat
searchesfor a string patternand replacesit with another
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Figure 1: Simultaneousediting in action. (a) Userselects
“rectangle”; systeminfers the pattern“first ActualParame-
ter” to make other selections. (b) User cuts andpastesall
selectionssimultaneously.

string. Someeditorsalso supportregular expressions,but
the learningcurve can be intimidating, and somepatterns
areimpossibleto expresswith low-level regularexpressions.
LAPIS hasanew patternlanguagecalledtext constraintsthat
addressestheseproblems[4]. Text constraintscombinelit-
eral string searches,lightweight structurefrom the library,
andrelationslike before, after, in, andcontains, to produce
simplebut powerful patterns:

� “-” in PhoneNumber� Link containing“My Yahoo”� Java.MethodcontainingJava.MethodName=“toString”� lastWord in Sentence

In LAPIS, text constraintsareusednot only for search-and-
replace,but alsoto definenew structurefor thestructureli-
brary, to automateweb browsing, and to apply Unix-style
toolslike grepandsort to structuredtext [4].

SELECTION GUESSING

Any languagehasa learningcurve,andtext constraintsis no
exception. LAPIS cansmoothout the curve by inferring a
patternfrom positiveandnegativeexamplesprovidedby the
user. The usergivesexamplesby enteringselectionguess-
ing mode. Multiple examplesaregivenby makingamultiple
selectionin thetext editor, holdingdown theControlkey to
addselections(additionalpositive examples)or remove se-
lections(negative examples).After eachselection,the sys-
temsuggestsa patternthatmatchestheuser’s selectionsand
highlightsothermatchesto theinferredpattern.



Figure 2: Redoutlierhighlightingdrawsattentionto aselec-
tion error in simultaneousediting: only “Hayes” is selected
insteadof thefull 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,
featuresderivedfrom lightweight structureareusedto rank
the system’s guesses,so that fewer examplesareneededto
reachtheright inference.

SIMULTANEOUS EDITING
Many repetitive tasksin text editinghavea simpleform: ap-
ply thesameeditsto agroupof similarobjects,suchaslines,
paragraphs,mailing addresses,function calls,or thingsless
easilydescribed.Simultaneousediting[5] is anew wayto do
thesekindsof editsall at once. In simultaneousediting, the
userfirst selectsa setof regionsto edit, calledthe records.
This record set can be definedby a pattern,by selection
guessing,or by manualmultiple selection.After the record
setis defined,thesystementersa modein which a selection
in onerecordcausesthesystemto infer a patternthatmakes
a similar selectionin every other record. Subsequentedit-
ing operations— suchasinsert,delete,andcut-and-paste—
affect all recordssimultaneously. Using simultaneousedit-
ing feelslike controlling multiple text cursorswith a single
mouseandkeyboard(Figure1).

Like selectionguessing,simultaneousediting must infer a
patternfor eachselection,soit is sometimeswrong.Theuser
can correctan inferenceby holding down the Control key
andmakingthedesiredselection.Fortunately, thecombina-
tion of high-level lightweightstructurewith therequirement
of exactly oneselectionper recordconstrainsinferenceso
muchthatmostselectionsarecorrectafteronly thefirst ex-
ample.In auserstudyof simultaneousediting,85%of users’
selectionsrequiredonly oneexample,andeachselectionre-
quiredonly 1.25exampleson average[5]. The samestudy
found that simultaneousediting wasup to 8 timesfasterto
useonaveragethananotherprogramming-by-demonstration
system,DEED[2].

OUTLIER FINDING
The userstudy of simultaneousediting revealedthat users
tendto overlookselectionsthatwereslightly 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
thosefeaturesaredeemedoutliersandhighlightedspecially

Figure 3: The UnusualMatcheswindow finds possibleer-
rorsin a patternmatch.

to attacttheuser’s attention(Figure2). Whenoutlierswere
highlighted,usersweremorelikely to noticeandcorrectse-
lectionerrorsin simultaneousediting[6].

Outlier finding canalsohelp usersfix buggy patterns.The
UnusualMatcheswindow (Figure3) displaysahistogramof
patternmatcheson a linearscaleof “weirdness”.Blocksly-
ing aloneat the right endof the histogramareoutliers that
might needthe user’s attention. Clicking on a block high-
lights it in thetext editorandexplainswhatfeaturesmake it
unusual.Thewindow canalsoshow patternmismatcheson
the samescale,so userscancheckfor both falsepositives
andfalsenegatives.TheUnusualMatcheswindow canhelp
preventrecklessusesof search-and-replace.

RELATED WORK
LAPIS is similar to other programming-by-demonstration
systemsfor text editing,includingTELS,Tourmaline,Cima,
DEED, and SMARTedit [1, 2, 3]. LAPIS provides more
feedbackthanotherPBD systems,usingtext constraints,si-
multaneousediting,andoutlier highlighting.

CONCLUSION
LAPIS offersa basket of new tools for automatedtext edit-
ing thatdemonstratetheusefulnessof lightweightstructure.
LAPIS is freely available,includingJavasourcecode,from:

http://www.cs.cmu.edu/˜rcm/lapis
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