
Chapter 8

Commandsand Scripting

LAPIS includesa numberof text-processingcommandsthatareenabledby lightweightstructure,
primarily becausethe patternlibrary andTC patternlanguagemake it possibleto describecom-
mandargumentssimply andconcisely. This chapter1 describesthesecommandsandgivessome
examplesof how they areused.

Many of the commandsdescribedin this chapterareinspiredby the suiteof text-processing
tools in Unix [KP84]. Unix tools, suchasgrep andsort , aredesignedto be asgenericand
task-agnosticaspossible,so that taskscanbedoneby combininga few generictools ratherthan
writing a programfrom scratch.Unfortunately, the genericnatureof existing Unix tools is also
a weakness,becausegenerictools can make only limited assumptionsaboutthe format of the
text. MostUnix toolsassumethattheinput is dividedinto recordsseparatedby newlines(or some
other�x eddelimitercharacter).But this assumptionbreaksdown for richly structuredtext, such
assourcecode,HTML, andXML. To overcomethis dif�culty , theLAPIS versionsof thesetools
allow thestructureof theinputto bedescribedby regionsets— usinglibrary patterns,TC patterns,
mouseselection,inferencefrom examples(Chapter9), or somecombination.

Oneinterfaceto thesetoolsis graphical,usingmenusanddialogboxesto choosea command,
con�gure its options,andinvoke it. However, animportantlessonfrom Unix is thatgenerictools
provide thegreatestleveragewhenthey canbegluedtogetherinto scriptsandpipelines,creating
new tools. Takingthis lessonto heart,LAPIS alsoembedsa scriptinglanguage,Tcl [Ous94],and
makesits text-processingtoolsavailableasTcl commandsaswell. Tcl waschosenpartlybecause
of its syntacticsimplicity, andpartlybecauseagoodJava implementationwasavailable[DeJ98].

Tcl is alsowell-suitedto interactive commandexecution. Like theUnix shell,LAPIS hasan
interactive interpreterthatallows scriptcommandsto beenteredon the�y . Unlike theUnix shell,
however, theLAPIS interpreterdoesnot usea typescriptshell,but a browsershell. Thebrowser
shellis anovel interactionmodelthatintegratestheinterpreterinto awebbrowsinginterface,using
the LAPIS commandbar to enterscript commands,the browserpaneto displayoutput,andthe
browsing history to managethe history of outputs. Among the bene�ts of a browsershell is an
interestingnew way to assemblepipelinesof commandsinteractively, describedin moredetail
laterin thischapter.

This chapteralsodescribessomecommandsfor interactingwith websites,so thata usercan
write Tcl scriptsthatbrowsetheWebautomatically— clicking on hyperlinks,submittingforms,

1Portionsof thischapterareadaptedfrom anearlierpaper[MM00].
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188 CHAPTER8. COMMANDS AND SCRIPTING

Figure8.1: TheToolsmenulists thetext-processingtoolsbuilt into LAPIS.

extractingdata,andso forth. To createa browsingscriptquickly, theusercandemonstrateit by
recordingabrowsingsequencein LAPIS.

The chapteris sprinkledthroughoutwith examplesof scriptsthat useLAPIS commandsto
perform real tasks. An alphabeticalreferenceto all LAPIS script commandscan be found in
AppendixC.

8.1 Text-ProcessingCommands

TheToolsmenu(Figure8.1)presentsa list of text-processingcommandsthatcanbeappliedto the
currentselection.Eachmenucommandhasanequivalentscriptcommand.

Themenucommandsareenabledonly whenat leastonenonzero-lengthregion hasbeense-
lectedin thebrowserpane.If theselectionincludesnestedor overlappingregions,theselectionis
�rst �attened(Section3.6.12),producinga�at regionset,beforebeingprocessedby thecommand.

All thesecommandsproducea new documentasoutput,ratherthanchangingthecurrentdoc-
ument. In that sense,they differ from commandsin the Edit menu,like Cut, Copy, andPaste,
which mutatethecurrentdocument.For sometools, like Extract,generatinga new documentis
appropriate;for others,like Sort,it maybebetterto changethecurrentdocument,or at leastgive
theuserachoice.Thisdesigndecisionmayberevisitedin a futureversionof LAPIS.

After acommandruns,its outputdocumentreplacestheoriginal inputdocumentin thebrowser
pane.Theoriginaldocumentis still availablein thebrowsinghistory, sotheusercanusetheBack
buttonto undotheeffectsof thecommand.

Thenext sectionsdescribethecurrentsetof commandsin LAPIS.

8.1.1 Extract

The Extractcommandextractsthe regions in the currentselectionto producea new document.
Theoutputconsistsof a list of items,onefor eachselectedregion. Figure8.2shows theresultsof
applyingExtractto variousselections.Theequivalentscriptcommandis

extract pattern

which extractsthe region set matchinga TC pattern. The namedpatternSelection always
returnsthecurrentselectionin LAPIS, soaselectionmadewith themousecanbeextractedby
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Extract

(a)extractingwords

Extract

(b) extractingsentences

Extract

(c) extractinglinks

Figure8.2: Examplesof theoutputproducedby Extractfor variousselections.
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extract Selection

By default, Extractformatsits outputasa list of lines. Theexact formattingdependson whether
the input documentis HTML or plain text. For HTML, Extract insertsa line breaktag, <br> ,
aftereveryextractedregion. For plaintext, Extractinsertsanewline characteraftereveryextracted
region, unlessthe extractedregion alreadyendswith a newline. This default formattingis sim-
ple, compactandworkswell enoughin mostcases.Whenextractedregionsspanmultiple lines,
however, it maybedif�cult to tell whereoneitem beginsandanotherends(see,for example,the
extractedsentencesin Figure8.2(b)).

For moresophisticatedformatting,theusercanspecifythetext thatshouldbeprintedbefore,
after, or betweenthe extracteditems. Thesedelimiterscanbe speci�ed by giving optionsto the
extract command:2

extract pattern
[-startswith start ]
[-endswith end ]
[-separatedby sep ]
[-as type ]

Here,start speci�esastringthatshouldbeprintedbeforeeachextractedregion,end is astring
to beprintedaftereachregion,andsep is a stringto beprintedbetweeneachpairof regions.For
example,thecommand

extract Word -startswith ( -endswith ) -separatedby ,

wouldprint all thewordsin theinputsurroundedby parenthesesandseparatedby commas,e.g.:

(LAPIS),(is),(a),(web),(browser),...,(cs),(cmu),(edu )

A solutionto the problemof distinguishingmulti-line extractedregionsin HTML is to separate
themwith horizontalrule tags,<hr> :

extract Sentence -separatedby <hr>

Presently, delimiterscanbespeci�edonly usingthescriptcommand,in orderto keeptheExtract
menucommandsimple.

Theextract scriptcommandhasoneotheroption.The-as type optionchoosesthetype
of the outputdocument,wheretype canbe oneof threechoices:text , html , or tcl (a Tcl
list). By default, theoutputtypeis thesameasthetypeof theinputdocument,which is eithertext
or HTML dependingon how thedocumentis beingviewedin thebrowserpane.ThusanHTML
pagewhosesourceis beingviewedasplain text is consideredto have typetext .

Theoutputtypedeterminestwo things:

2Thesquarebracketsin this syntaxspeci�cationshouldnot betypedaspartof thecommand;they merelydenote
optionalargumentsto theextract command.
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� Default output formatting in the absence of -startswith , -endswith , or
-separatedby options. As explainedabove, the default formatting of HTML output
printsa <br> tagafterevery region. Thedefault formattingof text outputprintsa newline
after every region that doesn't alreadyendwith a newline. The default formattingof Tcl
outputprintsspacesbetweentheregions,which is theformatfor aTcl list.

� Quotingandtype conversion. If the output type differs from the input type, thenthe Ex-
tractcommandautomaticallydoeswhatever quotingis necessaryto translatefrom onetype
to the other. Converting text to HTML replaces< with &lt; , > with &gt; , and& with
&amp;. Convertingfrom HTML to text deletestagsandexpandsentitieslike&lt; into the
correspondingcharacters.Convertingeithertext or HTML to Tcl producesa Tcl list — i.e.,
any outputregion which is not a simpleword is surroundedby curly braces,{} , andany
embeddedoccurrencesof curly bracesareescapedwith backslashes.

TheTcl outputtypeis usefulfor extractingall patternmatchesasa list for processingby otherTcl
commands.For example,

extract Sentence -as tcl

producesaTcl list of all thesentencesin thedocument.
TheExtractcommandis not theonly way to extractthecurrentselectionin LAPIS. Theselec-

tion canalsobecutor copiedto theclipboardandthenpastedback,into eitherthesamedocument
or a new document.Section7.5describedin detailhow this works. NotethattheCopy command
worksin boththeHTML view andtheplain text view, but Pasteonly worksin theplain text view
atpresent,sincetheHTML view is noteditable.Copying from HTML to plain text doesthesame
conversionsasExtract,deletingtagsandexpandingentities.With copy andpaste,theusercancon-
trol thedestinationof theextractedtext by makingmultiple selectionsfor thepastetarget. Copy
andpastealsoallows the userto changethe delimitersbetweenextractedregions interactively.
Figure8.3showsasequenceof editingcommandsincludingcopy andpastethatachieve thesame
effectastheextract Word commanddescribedabove.

Extractis analogousto theUnix utility grep . Whereasgrep canonly extract lines,Extract
canpull out an arbitrarysetof regionsmatchinga pattern,suchasSentence containing
"LAPIS" or MethodCall starting "printf" . TheUnix command

grep regexp

is roughlyequivalentto theLAPIS command

extract {Line containing / regexp /}

(The curly bracesarerequiredby Tcl to quotea multi-word patternasa singleargument.) One
mustsay“roughly equivalent” becausethe regular expressionmay be interpreteddifferently by
grep andLAPIS. Regularexpressionlanguagesdiffer, not only betweenLAPIS andgrep , but
alsobetweendifferentversionsof grep . Also, regularexpressionsin LAPIS arenot constrained
to matchwithin a line, asthey arein grep .
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(a) (b)

(c) (d)

Figure8.3: Usingcopy andpasteto extracta selection.(a) Theselection(Word) is copiedto the
clipboard. (b) After makinga new documentwith File/New, the clipboardis pasted,leaving an
insertionpoint aftereachpastedregion. (c) Theuserdeletesthe linebreaksthatwereinsertedby
default,andtypes),( instead.(d) Theuser�x esup theboundarycases,beforethe�rst andafter
thelastextractedregion.
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Figure8.4: TheSortdialog.

8.1.2 Sort

The Sort commandsortsthe regions in the currentselection. The selectionis sortedin place,
not extracted,so all text outsidethe selectionis left unchanged.The output is a new document
in which the selectedregionsaresorted,but which is otherwiseidenticalto the input document.
Someexamplesof theSortcommandareshown in Figure8.5.

The Sort menucommandpopsup a dialog box (Figure8.4), which offers two options. The
sort key speci�esthepartof eachregion thatis comparedto determinehow theregionsaresorted.
By default, the entireregion is usedasthe sort key. If only part of the region shouldbe usedas
thesortkey, theusermustgive a TC patterndescribingthatpart. Thesortkey for a region is then
determinedby concatenatingall matchesto thekey patternfoundin theregion. If aregioncontains
nomatchesto thesortkey pattern,its sortkey is theemptystring.

Thesort order speci�esthecollationorderfor sortkeys. Thefollowing sortordersareavail-
able:

� <Local Language>(a b c ...) sortsthe keys lexicographicallyin ascendingorder, case-
insensitively, usingthe collation orderfor the currentlocalereportedby the Java runtime.
For usersof theUS locale,for example,this optionreadsEnglish.For usersof theSpanish
locale,this optionreadsSpanish,andsortsaccentedcharactersin theconventionalSpanish
collationorder.

� Reverse<Local Language>(z y x ...) sortsthekeys lexicographicallyin descendingorder,
case-insensitively.

� Numeric (1 2 3 ...) andReverseNumeric (9 8 7 ...) sort thekeys asif they werenumbers.
Regionswhichdonotstartwith a recognizablenumberaretreatedas0.

� Unicode (A B C ... a b c ...) andReverseUnicode (z y x ... Z Y X ...) sort the keys
lexicographicallyandcase-sensitively by comparingUnicodevalues.

� Randomappliesa randompermutationto theselectedregions.Thecontentof thesortkeys
is irrelevantto thissortorder.

Thedefault sortorderis <LocalLanguage>,e.g.,English.
Thesortordersin LAPIS werechosento cover thecommoncaseswith a few simplechoices.

Not all possibleorderingsareavailable. For example,no case-sensitive local-languagesortorder
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(a) sortingwords

(b) sortingaddressesby lastname

(c) sortingcoursesby numberof units

Figure8.5: Examplesof usingSortonvarioustasks.
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Figure8.6: Sortingthewordsin adocumentproducesgibberish.(Notethatthebig purple“LAPIS”
wasnotsortedwith theotherwordsbecauseit is animage,not text.)

is provided. If case-sensitivity is desired,theusermustchooseUnicodeorder. Othersortorders
wouldalsobeuseful,includingdates,times,andsortordersthatignorewhitespaceandpunctuation
whencomparingsort keys. The mostgeneralsolutionwould let the userspecifya customsort
orderwith acomparisonfunction,like thestandardC functionqsort [KR88] or thePerlfunction
sort [WCS96].

Thescriptcommandfor Sorthasthefollowing syntax:

sort pattern
[-by keypattern ]
[-order [reverse] dictionary|numeric|unicode|random]

Multiple sortkeys canbespeci�ed with multiple -by arguments.Sortkeys arecomparedin the
orderthat the-by argumentsappear, so the�rst -by argumentspeci�estheprimarykey. If two
regionshavethesameprimarykey, thenext sortkey is compared,andsoon. Thedefaultsortorder
for eachkey is dictionary , the local language.To changethe sort orderfor a key, the -by
optionmustbefollowedby a -order option. For example,thefollowing commandmight sorta
list of carsprimarily by year(in reversenumericorder),thenby make:

sort Car -by Year -order reverse numeric -by Make

TheinteractiveSortdialogmaysupportmultiplesortkeys in a futureversionof LAPIS.
Sortingarbitrary regions in placeis powerful, but alsopotentiallydangerous.For example,

it is easyto reducea documentto gibberishby sortingits words(Figure8.6). More seriously, a
userintendingto sort a list of addressesby zip codemight inadvertentlyselectandsort the zip
codes,insteadof selectingtheaddressesandusingthezip codeasa sortkey. Sortingjust thezip
codesin placewould leavetheaddressesin thesameorderbut reassignadifferentzip codeto each
address,resultingin corrupteddata.This problemis not uniqueto LAPIS. In onecasereportedin
theBostonGlobeandcomp.risks , ateachersortedonly onecolumnin aspreadsheetof student
grades,whichscrambledthegradesasa result[Lut00].

The Unix sort commandis roughly equivalent to the LAPIS commandsort Line -
order unicode .
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Omit

Figure8.7: Imagescanbedeletedfrom a webpageby selectingthem(with the Image pattern)
andapplyingtheOmit command.

8.1.3 Keepand Omit

Thenext two commands,KeepandOmit, arecloselyrelated,so this sectiondescribesboth. The
main useof thesecommandsis �ltering — removing undesiredinformation from a document.
Unlike theExtractcommand,theKeepandOmit commands�lter informationin place,preserving
context outsidetheregionsbeing�ltered.

Omit is the easierof the two commandsto understand.The Omit commandproducesa new
documentwith thecurrentselectiondeleted.For example,Figure8.7shows theresultof omitting
theimagesfrom awebpage.

The Omit commandrequiresthe userto selectthe text that they don't want to see. Often,
however, it makesmoresenseto selectwhatyoudowantto seeand�lter everythingelseout. The
Keepcommandis designedfor this purpose.Keepdoesnot simply deleteall the text outsidethe
selection,however.. Deletingall unselectedtext maydeleteimportantcontext, like tableheadings
or datalabels,which may be neededto understandthe datathat remains. Instead,Keepusesa
simple inferencetechniqueto determinethe setof records that the useris trying to �lter . Then
Keepdeletesonly theunselectedrecords,preservingtheselectedonesandany context outsidethe
records.Figure8.8(b)showsanexampleof Keepappliedto awebpage.

Therecordsetusedby Keepis inferredautomaticallyby strippingconstraintsaway from the
TC patternthat createdthe currentselection. (If the selectionwas createdby the mouse,the
appropriaterecordsetcannotbe inferredby this technique,andtheKeepcommandis disabled.)
As long asthepatternhastheform A op B whereop is eithera relationaloperator, and , or not ,
theconstraintop B is strippedaway. Severalexamplesof this reductionareshown below.

Word starting "s" --> Word
ending "e"

either Link or Image --> either Link or Image
just after Heading

from "<" to ">" --> from "<" to ">"
not containing "img"

This inferencetechniqueis very simple,but it hasthe advantageof beingmorepredictablethan
machinelearningtechniqueslike theselectioninferencealgorithmsdescribedin Chapter9. Often
therecordsetis very simple,like Line or Rowor Method . Sometimes,however, therecordset
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(a)SelectBook contains "Doc"

(b) Invoke Keepcommandon (a)

(c) InvokeOmit commandon (a)

Figure 8.8: Keepand Omit are complementary. Startingwith the selectionshown in (a), the
Keepcommandkeepstheselectedbooksanddeletestherest(b), while theOmit commanddeletes
the selectedbooksandkeepsthe rest(c). Book is de�ned asRow anywhere after "De-
scription" .
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Figure8.9: TheReplacedialog.

needsto bedescribedby a complex pattern.In this case,theuser's selectionpatternmayinclude
someconstraintsthat de�ne the recordsetandotherconstraintsthat selecta particularsubsetof
records.The Keepcommandcannotautomaticallydiscriminateamongtheseconstraints,so the
bestway to useKeepis to �rst de�ne arecordpatternandassignit aname,andthenusethatname
in subsequentselectionpatterns.

Whentheselectionpatternfollowstheform A op B, KeepandOmit arecomplementaryoper-
ations.For example,applyingKeepto theselectionLink containing EmailAddress pro-
ducesthesameresultasapplyingOmit to theselectionLink not containing EmailAd-
dress , andviceversa.Figure8.8contraststhebehavior of KeepandOmit onaselection.

TheKeepandOmit menucommandshavecorrespondingscriptcommands:

keep pattern [-outof recordpattern ]
omit pattern

By default, thekeep commandinfers its recordsetusingthesametechniqueastheKeepmenu
command.Theusercanoverridetheinferencewith the-outof option,whichspeci�estherecord
setusinganotherpattern.Theomit commandhasnoneedfor a recordset.

No conventionalUnix tools arepreciselyanalogousto KeepandOmit. The closestequiva-
lent might be grep -v regexp , which extractslines that fail to matchregexp . The LAPIS
equivalentfor thiscommandwouldbe,roughly,

omit {Line containing / regexp /}

or equivalently,

extract {Line not containing / regexp /}

8.1.4 Replace

TheReplacecommandreplacesevery selectedregion with anotherstring. Invoking Replacepops
upadialogbox thatpromptstheuserfor replacementtext (Figure8.9). If theusertypessometext
andpressesOK, thentheReplacecommandgeneratesa new documentin which every selection
is replacedby the replacementtext. The Replacedialog usesa multi-line text widget, so the
replacementtext mayincludeembeddednewlines.

Thesimplestkind of Replacesubstitutesthesamestringfor everyselection.If theuserchecks
the“Substitutefor patternsin curly braces”checkbox,however, thenthereplacementtext is treated
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Figure8.10:Replacingselectionswith a template.Every region in theselectionon theleft (made
by thepatternParagraph ) is replacedby a templatewith two slots— onefor theperson'sname
(Name, de�ned asfirst Line in Paragraph ) andtheotherfor theperson's phonenum-
ber (Phone, de�ned asfrom end of "Phone:" to start of Linebreak ). Whena
templatepatternfails to match,e.g.,whenthereisn't a phonenumber, thatslot in thetemplateis
left blank.

asa template. Thetemplatemaycontainoneor moreslotsfor substitution,eachdenotedby a TC
patternsurroundedby curly braces.Figure8.10shows anexampleof a templatesubstitution.To
performthereplacement,eachselectedregion is searchedfor matchesto thesubstitutionpatterns,
andthetext of thematchesare�lled into thetemplatebeforereplacingtheselectedregion. If more
thanoneregionmatchesthesubstitutionpattern,thenthemultiplematchesaresimplyconcatenated
together. If noregionsmatchthesubstitutionpattern,thentheslot is �lled by theemptystring.The
substitutionpattern{all} canbeusedto matchtheentireoriginal region,sothatthereplacement
templatecanspecifytext to insertbeforeor afterit. Literal curly bracesin thereplacementtemplate
mustbeescapedwith backslashes,andbackslashesmustalsobeescaped.

The Replacedialog is clunky and largely unnecessarynow that LAPIS supportsmultiple-
selectionediting(Section7.5). Multiple-selectioneditingoffersmoreinteractive waysto do both
kinds of replacement.To replaceevery selectionwith the samestring, the usercansimply type
thestring into thebrowserpane.By the rulesof multiple-selectionediting, this hastheeffect of
deletingall theselectionsandreplacingthemwith thetypedstring.To replaceeveryselectionwith
a template,the mostinteractive techniqueis simultaneousediting (Chapter9), which effectively
infers substitutionpatternsfrom the user's examples.Editing only works in the plain text view,
however, sotheReplacecommandis still thebestoptionfor replacementsin theHTML view.

TheReplacemenucommandhasacorrespondingscriptcommand:

replace pattern replacement

wherepattern describesthe regions to be replacedand replacement is the replacement
template.

The closestUnix analogto Replaceis the sed command,which allows the userto specify
substitutionsof theform

s/ regexp / template /
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Here,template mayreferto parenthesizedsubexpressionsof regexp by number, \0 through
\9 , or to theentirestringmatchedby regexp usingthespecialcharacter&. TheReplacetem-
plate provides similar functionality, except that the templatespeci�es its own patternsfor sub-
stitution, ratherthanreferringbackto subexpressionsof the original pattern.Perl [WCS96] and
awk [AKW88] provideasubstitutioncommandsimilar to sed 's.

8.1.5 Calc

The last commandon the Tools menuis Calc. The Calc commandattemptsto interpretthe se-
lectionsasnumbersandcomputesomestatisticson them. By default, Calc producesan output
documentdisplayingall thestatistics:

count = <number of numeric selections>
sum = <sum of selections>
average = <sum / count>
min = <minimum value of selections>
max = <maximum value>
stddev = <standard deviation of selections>

Nonnumericselectionsareignored,sothecountonly includestheselectionsthatarerecognizable
asnumbers.StatisticsarecomputedusingJava doubles , which are64-bit IEEE �oating point
values.

TheCalccommandhasacorrespondingscriptcommand:

calc pattern
[-count]
[-sum]
[-average|-mean|-avg]
[-min]
[-max]
[-stddev]

in which pattern describesthe regionsthat shouldbe processed.If no optionsarespeci�ed,
thencalc returnsall thestatisticsin theformatshown above. If oneor moreoptionsis speci�ed,
thencalc only returnstherequestedstatistics,separatedby spaces.For example,thecommand

calc {Number just after "Price:"} -min -max -mean

might return

400 850 525.5

No conventionalUnix commandcorrespondsto Calc.



8.2. THE BROWSERSHELL 201

8.1.6 Count

There is no Count commandon the Tools menu,becausethe numberof matchesto a pattern
is displayedautomatically. Whenever the userrunsa patternor changesthe selectionwith the
mouse,LAPIS displaysthenumberof regionscurrentlyselectedin thepatternpane(Figure7.8).

Thescriptcommandcount doesthesamething:

count pattern

In scripts,thecount commandis mostusefulfor testingwhetherapatternhasany matches.
The closestUnix analogfor this commandis grep -c regexp , which countslines that

matchapattern.AnothersimilarUnix utility is wc, whichdisplaysthenumberof wordsandlines
in thedocument.Thesameeffect canbeachievedby count Word andcount Line .

8.2 The BrowserShell

Most interactive interpretersuseatypescriptinterface,in whichcommandpromptsareinterleaved
with commandoutputin thesamewindow. Lisp, Tcl, Python,andUnix shellslikesh andcsh all
follow this interactionmodel.

In contrast,LAPIS integratesits interpreterdirectly into the browsing window, a new idea
calledabrowsershell. A browsershell is differentfrom a typescriptshell in threeways:

� Commandsare typed into the Command bar. The Commandbar in LAPIS �lls a dual
role. Like theLocationbox in otherwebbrowsers,it displaystheURL of thewebpageor
�le in thebrowserpane.However, theusercanalsotypescriptcommandsinto it.

� The browser paneactsasstandard input and output for commands.Whena command
is executed,it takesits input from thecurrentdocumentin thebrowserpane,which maybe
a �le, a web page,or the outputof a previous command.After executing,the command's
outputis sentbackto thebrowserpaneasa new page,wheretheusercanview it aseither
plain text or renderedHTML, scroll throughit, edit it, or applyfurthercommands.

� Executedcommandsappear in the browsing history. The Forward andBack browsing
buttonsnavigatethroughcommandoutputpagesaswell aswebpages.Whenthebrowsing
historyis viewedasa list, bothURLsandexecutedcommandsappearin thelist. Portionsof
thehistorylist canbeextractedandsavedasascriptfor laterreuse.

Theremainderof thischapterdiscussesthedetailsandimplicationsof theLAPIS browsershell.

8.3 URLs asCommands

EitheraURL or ascriptcommandmaybetypedinto theCommandbar. LAPIS takesthis integra-
tion to its logical conclusion,andsimply de�nes URLs ascommandsin its dialectof Tcl. All of
thefollowing arevalid commandsin LAPIS:
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http://www.yahoo.com/
ftp://ftp.cs.cmu.edu/afs/cs/project/amulet
file:/home/rcm

The resultof a URL commandis the pageor �le loadedfrom that URL. File or FTP URLs that
refer to directoriesreturna pagelisting the�les in thedirectory.3 RegardingURLs ascommands
hastwo advantages.First, it simpli�es the implementationof the Commandbar, so that it can
treateverythingtypedinto it asa scriptcommand.DiscriminationbetweenURLs andotherscript
commandshappensat a lower level. Second,andmoreimportant,URLs canbeuseddirectly in
scripts. For example,hereis a simplescript that extractsthe Pittsburgh weatherforecastfrom
Yahoo:

http://weather.yahoo.com/forecast/USPA1290_f.html
extract {Table just after "5 day forecast"}

URL commandsareimplementedusingTcl'sunknown-commandfeature.WhenTcl encountersa
commandnamethatdoesn't exist, it invokesunknown instead,passingtheunknown command's
nameandarguments.In LAPIS, unknown checkswhethertheunknown commandcanbeparsed
asaURL. If so,theURL is fetchedandits contentsarereturnedastheresultof thecommand.

LAPIS alsotreats�lenamesascommands.Thustheseareall commands:

/etc/passwd
../../index.html
fruits.txt

LikeaURL, a �lename commandloadsthe�le into LAPIS. Because�lename commandsarealso
implementedwith theTcl unknown-commandfeature,�les with thesamenameasaTcl command
cannotbe loadedthis way unlessthey areexplicitly disambiguatedusingthe file: pre�x. For
example,to loada �le namedextract , which is ambiguouswith theLAPIS built-in extract
command,the�le commandmustbe

file:extract

Filenamecommandsmayalsobeambiguouswith externalprograms(Section8.6), in which case
thefile: pre�x canagainbeusedto disambiguate.

Relative �lenamesandURLsareresolvedrelative to thecurrentdirectory. By default, thecur-
rentdirectoryis thedirectoryof thelast�le loaded.Theusercanalsochangethecurrentdirectory
explicitly usingtheTcl cd command.Thecurrentdirectoryis usednotonly for resolvingrelative
�lenames,but alsoto invokeexternalprograms,andasthestartingdirectoryfor theFile/Openand
File/Savedialogboxes.

3Theformatof thispageis notwell-de�ned,unfortunately. LAPIS usestheJava library to loadURLs,andtheJava
library haschangedtheformatof thelisting returnedby directoryURLs from onereleaseof Java to thenext.
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8.4 Self-Disclosure in the CommandBar

The Commandbar is also usedfor self-disclosure [DE95]. Self-disclosureis a techniquefor
helpinguserslearnmoreabouta powerful userinterface,particularlyaboutfeatureswhich are
otherwisehidden,suchas scripting languagecommandsand syntax. Self-disclosurehasbeen
usedin other systemsto teachaboutkeyboardshortcuts(Lyx [Lyx02]) and script commands
(Emacs[Sta81], AutoCAD [Aut02], Chart N' Art [DE95]). In LAPIS, self-disclosureis used
to exposetheuserto boththescriptinglanguageandthepatternlanguage.

TheLocationbox in otherwebbrowsersis alreadyusedfor a kind of self-disclosure,because
it continually tracksthe URL of the currentweb page. Whenthe userclicks on a hyperlink to
browse to anotherpage,the Locationbox is updatedto show the new page's URL. In a sense,
the Locationbox is disclosinga command— the URL — that canbe usedto achieve the same
effect as the user's graphicalinteraction— a click on a hyperlink. Self-disclosureis probably
not asvaluablefor URLs asit is for otherkindsof commands,sincethereis no consistent“URL
language”acrossweb sitesthat would help a usergeneratea URL from scratch. Nevertheless,
usersdotakeadvantageof thedisclosedURL for saving bookmarksor sendingwebpagesto other
peoplevia emailor instantmessaging.

In keepingwith theuni�cation of URLsandotherscriptcommands,LAPIS notonly discloses
URLs in its Commandbar, but alsoscript commands.Whenthe userinvokesa text-processing
commandfrom theToolsmenu,ascriptcommandthatwouldhavehadthesameeffect is displayed
in theCommandbar. For example,supposetheuserselectsall thewordsin thedocumentusing
thepatternWord, andtheninvokestheExtractcommandto extractthem.Thenthecommandbar
woulddisplay

extract Word

Moreexamplesof disclosedcommandsareshown in Table8.11.
Theargumentsfor adisclosedcommandaredeterminedasfollows. If theselectionwascreated

by runninga pattern(like Word), thenthatpatternis usedasthe argumentfor the command.If
any partof theselectionwasmadeby themouse,thenSelection is usedastheargumentfor
thecommand.If theuserprovidedadditionalargumentsto themenucommandusingadialogbox,
thenthecorrespondingargumentsareincludedin thedisclosedscriptcommand.

Self-disclosureis usedin otherpartsof LAPIS aswell. For example,clicking on a named
patternin the library paneshows in thepatternpanehow thenamewould be referencedin a TC
pattern(Section7.4.3). Also, when LAPIS infers selectionsfrom examples,it disclosesa TC
patterncorrespondingto theinferredselection(Chapter9).

8.5 Command Input and Output

By default,commandstaketheirinputfromthecurrentdocument, whichis thedocumentdisplayed
in the browserpane. After a commandruns, its resultbecomesthe new currentdocument,and
the original documentis addedto the browsing history. As a result, a sequenceof commands
implicitly formsa pipeline,with theoutputof onecommandbecomingtheinput for thenext. For
example,this commandsequencepicksa randomword startingwith “a” from thelist of wordsin
/usr/dict/words :
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Figure8.2(a) extract Word
Figure8.2(b) extract Sentence
Figure8.2(c) extract Link
Figure8.5(a) sort Word
Figure8.5(b) sort Paragraph -by {last token in first line in

paragraph}
Figure8.5(c) sort Row -by {last cell in row} -order numeric
Figure8.7 omit Image
Figure8.8(top) keep {Book contains "Doc"}
Figure8.8(bottom) omit {Book contains "Doc"}
Figure8.10 replace Paragraph {{Name} {Phone}}

Figure8.11:Commandsdisclosedfor earlierexamplesin thischapter.

file:/usr/dict/words
extract {Word starting "a"}
sort Word -order random
extract {first Word}

Theinputfor acommandcanberedirectedfromadifferentsourcebypassingit asthelastargument
to thecommand.For example,thiscommandextractsthewordsstarting“a” from thegivenstring:

extract {Word starting "a"} "apple banana pear apricot"

Theresultis

apple
apricot

sincetheextract commanduseslinebreaksasits default terminators.All thescriptcommands
describedin Section8.1takeanoptionallastargumentspecifyingtheinputstringto process.

The outputof a commandcanbe redirectedusingTcl subexpressionsyntax[ expr ] . For
example,

set dictionary [file:/usr/dict/words]

storesthe documentloadedfrom /usr/dict/words into the Tcl variabledictionary . A
pipelinecanalsobeexpressedmoreverboselyby stackingupsubexpressions,asin:

sort Word -order random \
[extract {Word starting "a"} \

[file:/usr/dict/words]]

(Thebackslashesin thiscommandareTcl syntaxallowing a longcommandto becontinuedto the
next line.)

WhentheLAPIS interpreterevaluatesanestedcontext — asubexpressionin squarebrackets—
it automaticallypushesthecurrentdocumentontoa stack,restoringit afterevaluatingthenested
context. This behavior allows pipelinesto be encapsulatedin Tcl proceduresandusedin other
pipelines.For example,theweather-fetchingscriptshown earliermightbewrappedin aprocedure
calledget-weather :
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proc get-weather {} {
http://weather.yahoo.com/forecast/USPA1290_f.html
extract {Table just after "5 day forecast"}

}

andthenusedin apipelinethatinsertstheweatherforecastinto theuser'shomepage:

http://www.cs.cmu.edu/~rcm/personal-homepage.html
replace {"Weather Forecast"} [get-weather]

Note that the result of a Tcl procedureis the result of the last commandin its body, so get-
weather returnstheweatherforecastwithout needinganexplicit return command.This ex-
ampleassumesthattheuser's homepagecontainsthewords"WeatherForecast"somewherein it,
asaplaceholderfor theweatherforecast.

8.6 External Programs

LAPIS canalsorun anexternalcommand-lineprogramfrom theCommandbar. Like URL evalu-
ation,this featureis implementedusingTcl's unknown-commandfacility. If a commandnameis
not foundasa built-in Tcl commandor user-de�ned procedure,andcannotbeparsedasa URL,
thenLAPIS searchesfor anexternalprogramby thatname.For example,typing thecommand

ls

would displaya listing of the�les in thecurrentdirectory(at leaston systemswherels is avail-
able). If anexternalprogramhasthesamenameasa Tcl command,thentheTcl commandtakes
precedence.Thus,sort refersto the LAPIS sort command,not the systemsort program. The
usercanforcetheexternalprogramto run insteadby usingtheexec: pre�x. Thus

exec:sort

runstheexternalsort programinsteadof theLAPIS sort . Theexec: pre�x is intendedto be
analogousto otherURL protocolpre�xeslikehttp: andfile: .

Like othercommands,anexternalprogramautomaticallytakesits input from thecurrentdoc-
ument,and its output becomesthe new currentdocumentin the browser pane. Thus, external
programscanparticipatein pipelines.For example,if theusertypes(onBSD-styleUnix)

ps -aux

thenthebrowserdisplaysa list of runningprocesses.If thenext commandis

grep xclock
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thentheprocesslisting is �ltered to displayonly thoselinescontainingxclock . (Thesameeffect
couldbeachievedby theLAPIS commandextract {Line containing "xclock"} .)

To make this work with legacy programslike ps andgrep , theexternalprogramis invoked
in a subprocesswith its input andoutputredirected.Standardinput is redirectedfrom thecurrent
pageof thebrowser(passingtheHTML sourceif thecurrentpageis awebpage).Standardoutput
is redirectedto a new documentdisplayedin thebrowserpane,which is displayedincrementally
astheprogramwritesits output.Standarderror is redirectedto a specialsubframein thebrowser
pane,in orderto separateit from thestandardoutput. Figure8.12shows theresultingoutputfor
two differentinvocationsof ls . Thestandarderrorpanenormallyremainshiddenuntil anexternal
programprintsto it.

Programoutputmay be parsedandmanipulatedlike any otherpagein LAPIS. For example,
ps -aux displaysinformationaboutrunningprocessesin a tabular form:

USER PID %CPU%MEMSIZE RSS TTY...
bin 160 0.0 0.4 752 320 ? ...
daemon 194 0.0 0.6 784 404 ? ...
rcm 294 0.0 1.0 1196 660 ? ...

Thisoutputcanbedescribedby TC patternsenteredinteractively in thepatternpane.

Process is Line not 1st Line
User is Word starting Process
PID is Number just after User

In a script,TC patternscanberun by theparse command,which is handyfor de�ning a group
of namedpatternsfor usein subsequentcommands.Theparse commandtakesoneargument,
which is aTC expressionor groupof TC expressions:

parse {
Process is Line not 1st Line
User is Word starting Process
PID is Number just after User

}

Thesenamedpatternscan thenbe usedwith LAPIS commandsthat searchandmanipulateps
output:

# sort processes by PID
sort Process -by PID -order numeric

# display only xterm processes
keep {Process contains "xterm"}

# kill all xterms
eval kill [extract {PID in Process contains "xterm"} -as tcl]
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(a)

(b)

Figure8.12: An externalprogram's standardoutputandstandarderror streamsaredisplayedin
separatepanes.(a) a successfulcommandthatprintsonly to standardoutput;(b) anunsuccessful
commandthatprintsanerrormessageto standarderror.
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Notethateval is neededin thelastexamplebecauseextract mayreturna list of processIDs.
Without eval , this list would be passedto kill asa singleargumentwith embeddedspaces;
with eval , thelist is explodedinto separatearguments.

Normally, standardoutputbecomesthe currentdocumentfor subsequentpatternsandcom-
mands.Theusercanchooseto processthestandarderrorinsteadby clicking on thestandarderror
paneto make it active. Thesameswitchcanbemadein ascriptusingthecommand

property stderr

which returnsthe standarderror propertyof the currentdocument. The property command
accessesdocumentmetadata,explainedin moredetailbelow (Section8.13).

8.7 The BrowserShell asa SystemCommandPrompt

SincetheLAPIS browsershellcaninvoke externalprograms,it is worth comparingit to thecom-
mandpromptalreadyavailable in operatingsystemslike Unix, Windows, andMac OS X. In a
sense,the browser shell continuesa trend which hasseenthe web browser becomemore and
moretightly integratedinto the desktopinterface. Modernweb browserslike Microsoft Internet
ExplorerandKDE Konqueror[KDE02] alreadyinclude�le managementamongthebrowser's re-
sponsibilities.Integratingthesystemcommandpromptis anotherstepalongthesamepath,a step
whichmakessomesensebecause�le managementandcommandexecutionareoftenintertwined.
Recognizingthis fact,Konqueroralsointegratesacommandprompt,whichappearsasatypescript
shell in anoptionalpaneat thebottomof thewindow (Figure8.13).

TheLAPIS browsershell interfacebehavesdifferently from a traditionaltypescriptshell like
Konqueror's, however. Whereasa typescriptshell interleaves commandswith programoutput
in the samewindow, a browsershell separatesthe commandpromptfrom programoutput. The
browsershellalsoautomaticallyredirectsprograminput from thecurrentbrowserpage,andauto-
maticallysendsprogramoutputto anew browserpage.

Oneeffectof thesedifferencesis onscrolling. In a typescriptinterface,longoutputmayscroll
out of thewindow. To view thestartof theoutput,theusermusteitherscroll back,or elsererun
the commandwith outputredirectedto a commandlike more or head . The browsershell, by
contrast,initially displaysthe�r st windowful of output,ratherthanthelast, reducingtheneedfor
scrolling.Whenoutputis lessthanawindowful, atypescriptshellcanbecomeclutteredby outputs
of severalcommands,forcing theuserto scanfor thestartof the latestoutput. Thebrowsershell
displayseachprogramoutputon a new, blankpage.In essence,theoverall effect of thebrowser
shell is likeautomaticallyredirectingtheoutputof everycommandto more.

Unlike more, however, the browsershell's display is not ephemeral.The displayedoutput
canbe passedas input to anothercommand,which allows pipelinesto be assembledmore �u-
idly thanin the typescriptinterface.Developinga complicatedUnix pipeline,suchasps ax |
grep xclock | cut -d ' ' -f 1, is often an incrementalprocess.In typescriptinter-
faces,whereinput redirectionmustbespeci�edexplicitly, this processtypically takesoneof two
forms:

� Repeatedexecution: run A andview the output; thenrun A|B andview the output; then
(if B turnedout wrong) run A|B 0 andview theoutput;etc. This strategy fails if any of the
commandsrunslowly or haveside-effects.
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Figure8.13: TheKonquerorwebbrowser/�le manager[KDE02] canincludea terminalpane(at
thebottomof thewindow) for executingcommands.

� Temporary�les: runA > t1 andexaminet1 ; thenrunB < t1 > t2 andexaminet2 ; then
(if B waswrong)runB0< t1 > t2 , etc.

Thebrowsershelloffersa third alternative: runA andview theoutput;thenrunB (whichautomat-
ically receivesits input from A) andview theoutput;thenpressBack(becauseB waswrong)and
runB0 instead.Thebrowsershelldisplayseachintermediateresultof thepipelinewhile servingas
automatictemporarystorage.

Automaticinput redirectionmakesconstructingapipelinevery �uid, but it is inappropriatefor
programsthatusestandardinput for interactingwith theuser, suchaspasswd . Suchprograms
cannotbe run directly in LAPIS. One solution is to pop up a terminal emulatorin a different
window, e.g.:

xterm -e passwd

In thefuture,it mightbeusefulto embeda terminalemulatorin LAPIS.
Anotherproblemwith thebrowsershellmodelis the linearnatureof thebrowsinghistory. If

theuserrunsA, backsup,andthenrunsA' , theoutputof A disappearsfrom thebrowsinghistory.
To solve this problem,LAPIS lets the userduplicatethe browserwindow, including its history,
so that onewindow preserves the original history while the otherwindow is usedto backtrack.
(Netscape's New Window commandusedto work similarly beforeversion4.0.) A morecomplex
solution might extend the linear browsing history to a branchingtree, an idea which hasbeen
exploredin at leastoneresearchwebbrowser[AS95].
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8.8 PageHistory vs. CommandHistory

Thebrowsershellactuallyhastwo distincthistories:a page historyanda commandhistory. Both
historiesarefoundin otherwebbrowsers,but only acommandhistoryis foundin mosttypescript
shells.

Thepage historyconsistsof �les, webpages,andcommandoutputs.Thecurrentitem in the
pagehistory is displayedin thebrowserpane.Theusernavigatesthroughthepagehistoryusing
theBackandForwardbuttons.TheGomenupresentsa listing of thepagehistory, with eachpage
identi�ed by theURL or commandthatgeneratedit. Clicking on a pagein this list jumpsdirectly
to it. Thepagehistoryin LAPIS correspondsto thebrowsinghistoryin otherwebbrowsers.

The commandhistory is a history of the commandsthat have beentypedinto the Command
bar, madeavailableasa drop-down menuundertheCommandbar. Theusercanpick anearlier
commandfrom the menu,edit it as necessary, and executeit again. The commandhistory is
analogousto the URL history in otherweb browsers,which is similarly renderedasdrop-down
menuunderthe Locationbox. Commandhistory is also found in typescriptshells,whereit is
usuallyaccessedby pressingtheupanddown arrowson thekeyboard.

As longastheuseris simply typingcommands,thepagehistoryandcommandhistoryremain
synchronized.Eachtimeacommandis entered,thecommand'soutputis addedto thepagehistory,
andthecommanditself is addedto thecommandhistory. For example,supposetheuserhasrun
two commands:

CommandHistory PageHistory
http://www.cnn.com http://www.cnn.com
extract Image extract Image

If the userclicks Back to undothe last commandandrun a differentone,however, the two
historiesbecomeunsynchronized.The new commandis addedto the commandhistory, but its
outputreplacestheoutputof theold extract in thepagehistory:

CommandHistory PageHistory
http://www.cnn.com http://www.cnn.com
extract Image extract {Image anywhere after "News"}
extract {Image anywhere after "News"}

Thepagehistoryonly recordsthesequenceof commandsthatproducedthecurrentpage.Any
commandsthatwere“undone”by Backarenot includedin thepagehistory.4Thecommandhistory
recordsall commandsthathavebeenexecuted,whetheror not they wereretractedby Back.

The two historiesalsodiffer in size. By default, LAPIS only keepsthe last 20 pagesin the
pagehistory, sincepagesmaybelargeandthecurrentversionof LAPIS storesall pagesin RAM.
If LAPIS werea full-�edged webbrowser, however, thepagehistorywould simply bepartof the
browsercache,with somepagesin RAM andsomeon disk, andold pagesevictedasnecessary.
Thecommandhistorycanbemuchlongerthanthepagehistorywith little impactonmemoryuse.
LAPIS limits thecommandhistoryto 100commandsto keepthedrop-down menuatamanageable
length.

4Sayingthat Back “undoes” commandsis not strictly accurate,of course— LAPIS doesnot undo command
side-effectslikesettingTcl variablesor changesthe�lesystem.
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8.9 GeneratingScripts fr om the PageHistory

Thepagehistorycanbeusedto generatea script from a commandsession.TheConvert History
to Scriptcommandon theScriptsmenupopsupascripteditingwindow with thecommandsfrom
thepagehistoryloadedinto it. Theexampleabovewouldgeneratethescript

http://www.cnn.com
extract {Image anywhere after "News"}

Self-disclosurehelpshere,becauseit labelsall pagesin thepagehistorywith a scriptcommand,
even pagesgeneratedby menucommands.Thusthe usercandemonstrate a script usingmenu
commands,althoughno inferenceis doneto generalizethe script automatically. The usercan
explicitly requestinferenceby enteringselectionguessingmode;moreaboutthis canbefoundin
Chapter9.

Thegeneratedscriptusuallyrequiressomeediting,becauseit includestheentirepagehistory
of the currentLAPIS window. Old commandsirrelevant to the desiredscript must be deleted
manually. TheDemonstratemenucommanddescribedbelow (Section8.11),solvesthis problem
by startingascriptdemonstrationin a freshwindow with anemptypagehistory.

Currently, LAPIS hasno convenientmechanismfor namingthegeneratedscriptor makingit
persistent.At themoment,thetypical solutionis to wrapthescriptin aTcl procedure,e.g.:

proc cnn-pictures {} {
http://www.cnn.com
extract {Image anywhere after "News"}

}

If thescript is only neededtemporarily, thenit is suf�cient to usetheRuncommandin thescript
editingwindow to de�ne cnn-pictures in the Tcl interpreterfor the durationof the session.
To make thescriptpersistent,it mustbeaddedto theuser's Tcl startupscript (whoselocationis
de�ned in thePreferencesdialog). Ideally, this stepshouldbemucheasier. For example,scripts
savedto aparticulardirectorymightautomaticallybecomeavailableasscriptcommands.

Scriptscanbeaddedto theLAPIS toolbarusingthetoolbar command.For example,

toolbar CNN cnn-pictures

addsa button labeledCNN to thetoolbarwhich invokesthecnn-pictures procedurede�ned
above.

8.10 WebAutomation

SinceLAPIS is awebbrowser, it includescommandsfor simplekindsof automatedwebbrowsing,
sothata scriptcannavigatethrougha dynamicwebsiteor onlinetransaction.Webbrowsinghas
two basicactions:clicking onhyperlinksandsubmittingforms.Automatedwebbrowsingrequires
equivalentscriptcommandsfor eachof theseactions.

Clicking on a staticlink, whosetargetdoesn't changeover time,hasthesameresultastyping
theURL into theCommandbar. Thusthescriptcommandfor clicking on a staticlink is simply
thelink' s URL, suchas:
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http://weather.yahoo.com/

For somelinks, however, the targetURL variesdependingon whenthepageis viewed. Variable
links areoften found in online newspapers,for example,wherelinks to top storieschangefrom
dayto day. Theclick commandcanbeusedto click onavariablelink by describingits location
in thewebpagewith apattern.For example,thisscriptclickson thetopstoryin Salon:

http://www.salon.com/
click {Link after Image in 3rd Cell in Row}

Theclick commandthrows a Tcl exceptionif its patterndoesnot matchexactly onehyperlink
on thepage.

For enteringdatainto forms, LAPIS providesthe enter command.The enter command
takestwo arguments:the �rst is a patterndescribingthe form �eld to modify, andthe secondis
the valueto enterin the �eld. For text �elds, this valueis a string which is enteredin the �eld
directly. For menusor lists, thevalueis selectedin the list. For radiobuttonsor checkboxes,the
valueshouldbe“on” or “off ” (or yes/no,true/false,or 1/0).

Formsaresubmittedeitherby thesubmit command,whichusesthedefaultsubmitbuttonon
theform, or by a click commandspecifyingwhichbuttonto click. For example,hereis ascript
thatsearchesGooglefor theLAPIS homepageandclicks the I'm FeelingLucky button to jump
right to it:

http://www.google.com/
enter Textbox {LAPIS Lightweight Structure}
click {Button contains view source "I'm Feeling Lucky"}

(Notethatview source is neededherebecauseof aLAPISbug: thebutton'slabel,“I'm Feeling
Lucky”, is not searchablein therenderedHTML view.)

Theexamplespresentedso far have beenweb-site-speci�c,but somebrowsing tasksaresuf-
�ciently uniform acrossweb sitesto be handledby a genericscript. For example,the following
scriptcanlog into many websites,assumingtheuser's login nameandpasswordhavebeenstored
in theTcl variablesid andpassword :

enter {
Textbox just after Text containing either "login"

or "email"
or "id"
or "user"

} $id
enter {

Textbox just after Text containing "password"
} $password
submit
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8.11 WebAutomation by Demonstration

Combiningwebautomationwith scriptgenerationfrom thehistorymakesit possibleto createweb
browsingscriptsby demonstration.An earlyversionof LAPIS includedthis capability[MM00],
but it hassinceceasedto work becauseof changesin otherpartsof LAPIS. Thissectiondescribes
thefeatureasit originally worked,andexplainswhy it hasbecomebroken.

To createa browsing script quickly, the usercandemonstrate it by recordinga browsing se-
quence. The demonstrationbegins with an arbitraryexamplepage,the input page, showing in
thebrowser. Invoking theDemonstrateScriptmenucommandpopsup a new browserwindow, in
which the browsing demonstrationwill take place. A new window is createdso that the brows-
ing sequencecanrefer to the input pagefor parameters.Like any LAPIS browserwindow, the
Demonstratewindow recordsa browsing history: URLs visited andcommandstyped. Unlike a
normalbrowserwindow, however, theDemonstratewindow's historyalsorecordsusereventsin
form controls. For example,if the usertypesinto a form �eld, thehistory recordsan equivalent
enter command.

To �ll in a form with text from theinput page,theusercanmake a selectionin theinput page,
thencopy andpasteit to aform �eld in theDemonstratewindow. If thecopiedtext wasselectedby
searchingfor apattern,thenthisactionrecordsthecommandenter field-name pattern in
thehistory(wherefield-name is thenamegivento theform �eld in theHTML). If thecopied
datawasselectedmanually, thenthecommandenter field-name Selection is recorded
in the history, so that whenthe script is run at a later time, Selection will return the user's
selectionat that time. More complex dependenciescanbe expressedby typing a Tcl command
insteadof pointing-and-clicking.For example,if aradiobuttonshouldbeselectedonly if theinput
pagehascertainfeatures,then the usermight type the commandif {[count pattern ]}
{click field-name } .

UsingBackandForward,theusercanrevisethedemonstrationasnecessaryuntil thedesired
resultsareachieved. Whentheuseris satis�ed with thedemonstration,theDemonstratewindow
is closedandthehistoryis generatedasascript.

Othersystemshave providedwebautomationby demonstration,notablyLiveAgent[Kru97],
which recordsa sequenceof Netscapebrowsingactionsasa macro.LAPIS demonstrationshave
two advantagesover LiveAgent. First, the recordedtranscriptis representedby the browsing
history, which is visible, familiar, andeasyto navigate. A crucial part of making this work is
that LAPIS insertscommandsaswell asURLs in the browsing history. Second,an experienced
usercangeneralizethedemonstrationon the �y by typing commandsat crucialpointsinsteadof
pointing-and-clicking.SinceLAPIS embedsa full scriptinglanguage,theresultingscriptscanbe
signi�cantly moreexpressive thanrecordedmacros,without takingmuchmoretime to develop.

TheDemonstratefeatureis currentlybrokenbecausethefield-name patternsusedto iden-
tify form �elds areoutdated.Earlierversionsof LAPIS followedamodelin whichall parserswere
run on a pageautomatically, so that theHTML parsercouldcreatedocument-speci�cidenti�ers
likefield-name for eachform �eld foundin apage.Thismodeldoesn't scalewell asthelibrary
of patternsandparsersgrows. Instead,thecurrentversionof LAPIS only runsparsersondemand,
asdescribedin Section6.2.4.Thismodelis farmoreef�cient, but it meansthatall thenamedpat-
ternsin the library mustbedocument-independent— parserscannotgeneratedocument-speci�c
namedpatternson the�y . In thenew model,insteadof simplyusingfield-name , Demonstrate
wouldhave to describeeachform �eld asfollows:



214 CHAPTER8. COMMANDS AND SCRIPTING

Control
contains name-attr

contains AttributeValue
contains view source " field-name"

A bettersolutionwould be to addparameterizednamedpatternsto TC, so that onecande�ne a
parameterizedpatternControl( field-name ) asthepatternabove andrefer to namedform
�elds conveniently. Fixing Demonstrate,andaddingparameterizednamedpatterns,areboth left
for futurework.

8.12 Other Tcl Commands

Built-in Tcl commandscanalsobeenteredin theCommandbar. For example,theexpr command
performsarithmeticcomputation:

expr 5*5+2

Thiscommandreturns27 (asastring,theonly datatypein Tcl).
UnlikeotherLAPIS commandsandexternalprograms,built-in Tcl commandsdonotautomat-

ically usethecurrentdocumentfor inputandoutput.To givethesecommandsaccessto thecurrent
document,LAPIS providesthedoc command.Writing doc with noargumentssimplyreturnsthe
currentdocument,so

string length [doc]

returnsthelengthof thecurrentdocument.
Writing doc string setsthecurrentdocumentto string . For example:

doc "This is the new document"

Both formsof doc canbeusedin a singleTcl command.For example,if thecurrentdocument
consistsof a singlenumber, the following commanddoublesit andsetsthecurrentdocumentto
theresult:

doc [expr 2 * [doc]]

Whena Tcl commandis usedin a pipeline,doc mustbeusedto readandwrite thecurrentdocu-
ment.For example,hereis a pipelinethatextractsthewordsfrom thecurrentdocument,converts
themall to lowercaseusingthebuilt-in Tcl commandstring tolower , andthensortsthem:

extract Word
doc [string tolower [doc]]
sort Word

At �rst, thedoc commandmayseemlike anunnecessarycomplication.Why not just modify the
Tcl interpreterso that all Tcl commandssetthe currentdocument— not only LAPIS extension
commandslikeextract andsort , but alsobuilt-in commandslikestring ? Thenthepipeline
abovemightbewritten insteadas:



8.13. DOCUMENTMETADATA 215

# this example won't work in LAPIS
extract Word
string tolower [doc]
sort Word

This approachdoesnot entirely eliminatedoc , becauseit is still neededto specify the current
documentasanargumentto string . Worse,however, this approachturnsout to beunworkable
becauseall Tcl commandsreturna string, including control structureslike while , foreach ,
andproc . Thesecommandsalwaysreturntheemptystring,but areotherwiseindistinguishable
from otherTcl commands.5 If theresultof everyTcl commandbecamethenew currentdocument,
then it would be impossibleto usecontrol structuresin a pipelinewithout clearingthe current
document.

Whenenteringcommandsinteractively, however, precedingevery native Tcl commandwith
doc is tedious. LAPIS provides an automaticshortcut. When a Tcl commandtyped into the
Commandbar returnsa nonemptyresult,regardlessof whetherit useddoc , the resultbecomes
thecurrentdocumentandis displayedin thebrowserpane.Thus,enteringthecommand

expr 5*5+2

would display27 in the browserpane. Whenan interactive commandreturnsthe emptystring,
however, LAPIS doesnotchangethecurrentdocument,but insteadpopsupadialogboxindicating
that “The commandreturnedno data.” LAPIS treatsempty resultsdifferently from nonempty
resultsbecausemany Tcl commandsalwaysreturnemptystrings,and it seemsunproductive to
clear the browserpanewhenoneof thesecommandsis issued. This behavior alsomatchesthe
behavior of many webbrowsers,whichdisplayamessagelike“The serverreturnednodata”rather
thananemptypage.Theusercanoverridethis behavior by explicitly passingtheresultof theTcl
commandto doc , whichalwayssetsthecurrentdocumentevenif theresultis empty.

8.13 DocumentMetadata

A LAPIS documentis essentiallya stringof contentaugmentedwith somemetadatarepresented
by name-value pairs. The currentdocument's propertiesmay be accessedby the property
command.For example,

property url

returnsthecurrentdocument's url property. Thecommand

property -set base http://www.cs.cmu.edu/

setsthecurrentdocument's base property. Thecommand

property -list

5In fact,thispropertyis oneof theappealingfeaturesof Tcl, sinceit allowsusersto de�ne new controlabstractions
in thesameway thatthey wouldde�ne new proceduralabstractions.
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returnsaTcl list of all thepropertynamesde�ned on thecurrentdocument.
LAPIS de�nesseveralstandardproperties:

� content-type : thedocument's MIME type. Typical valuesaretext/plain for plain
text andtext/html for HTML.

� command: thecommandthatcreatedthedocument.

� url : theURL from which thedocumentwasloaded.

� base : theURL to which relative links refer, initialized from theHTML <base> tag.

� process : the java.lang.Process object that representsthe processthat generated
thedocument.

� stdout : thestandard-outputdocument,if thedocumentwascreatedby aprocess.

� stderr : thestandard-errordocument,if thedocumentwascreatedby aprocess.

Metadatapropertiesareusedin many waysin theLAPIS userinterface.Whena documentis �rst
displayedin the browserpane,its content-type propertyhelpsdeterminewhetherit should
beshown asrenderedHTML or plain text. Whena relative URL appearsin a hyperlinkor inlined
image(suchas <img src=/images/go.gif> ), the base andurl propertiesareusedto
resolve it into anabsoluteURL. Documentsarelistedin thebrowsinghistoryby their command
property(or url property, if thecommandpropertyis not found).

LAPIS commandsautomaticallycopy the base and content-type propertiesfrom the
input documentto the outputdocument.The only exceptionto this rule is the extract -as
type command,which setsthecontent-type of its outputdocumentto matchtype . If the
input documentlacksa base property, thenthe input document's url propertyis copiedto the
outputdocument's base property. As a resultof theserules,whena LAPIS commandis applied
to awebpage,theoutputpagewill alwaysbedisplayableasawebpagewith valid hyperlinksand
inlined images,evenif theURLsarerelative.

Whena LAPIS documentis convertedto a string, however, its metadatais lost. Thereare
two waysthis canhappen:whenthedocumentis savedto a �le, which only savesits content;and
whenthedocumentis processedby otherTcl commands,whichtreatit asastring.Therelocate
commandallows thebase propertyto survive thisconversion.Running

relocate

takesthecurrentdocument's base property(or url property, if no base is found)andcreatesa
new documentwith anexplicit <base> taginsertedin thedocumentcontent.

Anothersolutionto thisproblemwouldhaveall LAPIScommandstransformthecontentsothat
hyperlinksandinlined imagesareautomaticallypreserved. This couldbe doneeitherby adding
the<base> tagautomatically(essentiallyrunningrelocate automaticallyafterevery LAPIS
command),or by convertingall relativeURLsinto absoluteURLs. Thissolutionwouldobviatethe
needfor thebase metadataproperty. This approachseemstoo draconian,however. It effectively
hardcodesanabsolutelocationfor thewebpage,which is undesirableif theuseris editinga web
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pagethatmightbevisitedthroughdifferentURLs(e.g.,theusermightaccessit by a file: URL
for editing,but websitevisitorswoulduseanhttp: URL). LAPIS adoptsthephilosophy thatthe
contentof documentsshouldbeundertheuser'scontrol,andLAPIS commandsshouldnotchange
documentcontentunlessexplicitly directedto doso.

Thelossof thecontent-type propertyis notasserious,becauseit canusuallybeguessed.
For example,whenLAPIS loadsadocumentfrom a�lenameending.htm or .html , it infersthat
thedocumenthascontent-typetext/html . To guessthecontenttypeof a stringobtainedsome
otherway, e.g.,from theoutputof a Tcl commandor anexternalprogram,LAPIS examinesthe
beginningof thestringfor either<html> or <!doctype html (ignoringcaseandwhitespace).
If eitherof thesestringsis found, thenLAPIS guessescontenttype text/html ; otherwise,it
assumestext/plain .

8.14 CommandLine Invocation

LAPIS scriptscanbeinvokedby externalprogramsusingtheLAPIS commandline interface.The
designof this interfacewasinspiredby thecommandline interfacesof awk andPerl.

The LAPIS commandline interfaceis a batchinterface,which doesnot displayany GUI. It
acceptsinput from commandline arguments,�les, and/orstandardinput,andsendsoutputto stan-
dardoutputor �les. To usetheinterface,thecaller invokesLAPIS with threekindsof command-
line arguments:

� theinvocationmode, whichcanbeany oneof -pipe , -inplace , -batch , or -argv . If
themodeis omitted,thedefaultmodeis -pipe . Themodesarede�ned below.

� a script to run, which be speci�ed directly on the commandline (-e script ) or loaded
from a �le (-f scriptfile ).

� zeroor moreadditionalarguments,whoseinterpretationdependson the invocationmode.
For mostmodes,theseargumentsare�les or URLs; for the-argv mode,they arearbitrary
stringargumentsthatcanbeaccessedby theLAPIS script.

Theinvocationmodesareexplainedbelow.

PipeMode

Usingoneof thefollowing commandlinesinvokesLAPIS in pipemode:

lapis -pipe -e script file/URL file/URL ...
lapis -pipe -f scriptfile file/URL file/URL ...

In response,theLAPIS commandsin script or loadedfrom scriptfile arerunonevery �le
or URL listed on the commandline, andthe resultingdocumentsareprintedto standardoutput.
To beprecise,for every file/URL , LAPIS runsthefollowing commands:

file/URL # load the file or URL
script # run the user's script
puts [doc] # print result to standard output
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For example,thefollowing commandprintsall thecommentsin asetof Javasource�les:

lapis -pipe -e "extract Comment" *.java

Notethatpipemodeis thedefault invocationmode,so-pipe canbeomitted.Thisexampleprints
thecurrentpriceof Lucentstock:

lapis -e "extract {Number in Bold in Table starting 'Symbol'}" \
"http://finance.yahoo.com/q?s=lu&d=v1"

If nofile/URL argumentsarespeci�ed,thenpipemodetakesits input from standardinput. This
allowsLAPIS to beusedasa �lter in aUnix pipeline:

ps -aux | lapis -e "sort Process -by CPUShare \
-order reverse numeric"

Standardinputmayalsobespeci�edexplicitly on thecommandline as- (dash).
Pipemodeis analogousto thedefault modesof awk andPerl,which applytheuser's script to

every �le on thecommandline.

Inplace Mode

WhenLAPIS is invokedoneof thefollowing ways:

lapis -inplace -e script file file ...
lapis -inplace -f scriptfile file file ...

thenLAPIS runsthescripton every �le listedon thecommandline, andsavestheresultingdocu-
mentbackto thesame�lename. Theeffect is thesameasthissequenceof commands:

file # load the file
script # run the user's script
save file # save back to the same filename

Thesave commandautomaticallycreatesabackup�le namedfile ~. At present,inplacemode
only workson �les, nothttp: or ftp: URLs.

Inplacemodeis useful for performinga global �nd-and-replaceacrossa groupof �les. For
example,the following commandwould replaceidenti�ers namedfetch with get acrossa set
of Java �les:

lapis -inplace -e "replace {Identifier = 'fetch'} get" *.java

Perlalsoprovidesin-placeprocessingusingits -i option.
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Batch Mode

Batchmodeis similar to pipemodein thatit takeszeroor more�les or URLs:

lapis -batch -e script file/URL file/URL ...
lapis -batch -f scriptfile file/URL file/URL ...

Unlike pipemode,however, batchmodeis silentby default. It simply loadsthe �le or URL and
runstheuser's script:

file/URL # load the file or URL
script # run the user's script

Batchmodeassumesthattheuser'sscriptgeneratesits own outputor causessomeotherside-effect.
Thecommandmayuseputs to print somethingto standardoutput,or save to save a document
to disk,or mayinvokesomeothercommand(or awebtransaction)thathasaside-effect.

Ar gumentMode

Thelastcommandline modeis argumentmode,indicatedby -argv :

lapis -argv -e script arg arg ...
lapis -argv -f scriptfile arg arg ...

Unlike thepreviousmodes,argumentmodedoesnot interprettheadditionalarguments.Instead,
theargumentsareplacedin theTcl variableargv . Theuser's script is responsiblefor looking at
theargv variableto obtainany argumentsit needs,do its processing,andthenproduceits output.

Argumentmodeis usedto invoke self-containedprogramswritten in theLAPIS scriptinglan-
guage.For example,this programsearchesan onlinedictionaryfor thede�nition of every word
passedasanargument:

# look up dictionary definitions
# for each word given in arguments

foreach word $argv {

# get dictionary's search page
http://work.ucsd.edu:5141/cgi-bin/http_webster

# fill in and submit the search form
enter Textbox $word
submit

# extract the word's definition
extract {

from Heading starting "From"
to point just before Rule

}
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# strip out HTML tags
omit Tag

# print definition to output
puts [doc]

}

If thisprogramwerestoredin a �le namedlookup , thenit couldbeinvokedby

lapis -argv -f lookup word word ...

For easierinvocation,Unix allows scriptslike lookup to begin with a line of the form #! that
speci�esthescriptinterpreterto run. For LAPIS, this line lookslike:

#!/home/rcm/lapis/bin/lapis-script -argv

where/home/rcm shouldbereplacedby thelocationof theLAPIS installation.Usingthis trick,
thelookup scriptcanberun from theUnix commandprompt,just likeany otherUnix script:

% lookup zygote
From WordNet (r) 1.6 (wn)
zygote

n : the cell resulting from the union of an ovum and a
spermatozoon (including the organism that develops
from that cell) [syn: {fertilized cell}]


