Chapter 8

Commandsand Scripting

LAPIS includesa numberof text-processingommandghatareenabledoy lightweightstructure,
primarily becausehe patternlibrary and TC patternlanguagemake it possibleto describecom-
mandargumentssimply andconcisely This chaptet describeshesecommandsandgivessome
examplesof how they areused.

Many of the commandslescribedn this chapterareinspiredby the suite of text-processing
toolsin Unix [KP84]. Unix tools, suchasgrep andsort , aredesignedo be asgenericand
task-agnosti@aspossible sothattaskscanbe doneby combininga few generictools ratherthan
writing a programfrom scratch. Unfortunately the genericnatureof existing Unix toolsis also
a weaknesspecauseagenerictools can make only limited assumptionsboutthe format of the
text. Most Unix toolsassumehattheinputis dividedinto recordsseparatetby newlines(or some
other x eddelimiter character).But this assumptiorbreaksdown for richly structuredext, such
assourcecode,HTML, andXML. To overcomethis dif culty , the LAPIS versionsof thesetools
allow thestructureof theinputto bedescribedy region sets— usinglibrary patternsTC patterns,
mouseselectionjnferencefrom examples(Chapter9), or somecombination.

Oneinterfaceto thesetoolsis graphicalusingmenusanddialogboxesto choosea command,
con gure its options,andinvoke it. However, animportantlessonfrom Unix is thatgenerictools
provide the greatesteveragewhenthey canbe gluedtogetherinto scriptsandpipelines,creating
new tools. Takingthis lessonto heart,LAPIS alsoembeds scriptinglanguageTcl [Ous94],and
malesits text-processingoolsavailableasTcl commandsswell. Tcl waschoserpartly because
of its syntacticsimplicity, andpartly because goodJavaimplementatiorwasavailable[DeJ98].

Tcl is alsowell-suitedto interactve commandexecution. Like the Unix shell, LAPIS hasan
interactve interpreterthatallows scriptcommandgo beenteredonthe y . Unlike the Unix shell,
however, the LAPIS interpreterdoesnot usea typescriptshell, but a browsershell The browser
shellis anovel interactionmodelthatintegratesheinterpreteiinto awebbrowsinginterface,using
the LAPIS commandbar to enterscript commandsthe browserpaneto display output,andthe
browsing history to managethe history of outputs. Among the bene ts of a browsershellis an
interestingnew way to assemblgipelinesof commandsnteractiely, describedn more detail
laterin this chapter

This chapteralsodescribesomecommanddgor interactingwith web sites,sothata usercan
write Tcl scriptsthatbrowsethe Web automatically— clicking on hyperlinks,submittingforms,

Portionsof this chapterareadaptedrom anearlierpaper{MMOQ0].
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Figure8.1: The Toolsmenulists the text-processindoolsbuilt into LAPIS.

extractingdata,andsoforth. To createa browsing script quickly, the usercandemonstratét by
recordinga browvsingsequencén LAPIS.

The chapteris sprinkledthroughoutwith examplesof scriptsthat use LAPIS commandgo
performreal tasks. An alphabeticalreferenceto all LAPIS script commandscan be found in
AppendixC.

8.1 Text-ProcessingCommands

TheToolsmenu(Figure8.1) presentalist of text-processingommandshatcanbeappliedto the
currentselection Eachmenucommancdchasanequvalentscriptcommand.

The menucommandsare enabledonly whenat leastonenonzero-lengthiegion hasbeense-
lectedin the browserpane.If the selectionincludesnestedor overlappingregions,the selectionis

rst attened(Section3.6.12) producinga at regionset,beforebeingprocessetty thecommand.

All thesecommandgproducea new documentsoutput,ratherthanchangingthe currentdoc-
ument. In that sensethey differ from commandsn the Edit menu,like Cut, Copy, and Paste,
which mutatethe currentdocument.For sometools, like Extract,generatinga nev documents
appropriatefor others like Sort, it may be betterto changethe currentdocumentpr at leastgive
theusera choice.This designdecisionmayberevisitedin afutureversionof LAPIS.

After acommanduns,its outputdocumenteplacegheoriginalinputdocumentn thebrowser
pane.Theoriginal documents still availablein the browsinghistory, sotheusercanusethe Back
buttonto undothe effectsof thecommand.

Thenext sectiongdescribethe currentsetof commandsn LAPIS.

8.1.1 Extract

The Extractcommandextractsthe regionsin the currentselectionto producea nev document.
Theoutputconsistf alist of items,onefor eachselectedegion. Figure8.2 shawvs the resultsof
applyingExtractto variousselectionsThe equvalentscriptcommands

extract pattern

which extractsthe region set matchinga TC pattern. The namedpatternSelection  always
returnsthe currentselectionn LAPIS, soa selectionmadewith the mousecanbe extractedby
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Extract

(a) extractingwords

Extract

(b) extractingsentences

Extract

(c) extractinglinks

Figure8.2: Examplesof the outputproducedoy Extractfor variousselections.



190 CHAPTER8. COMMANDS AND SCRIPTING

extract Selection

By default, Extractformatsits outputasalist of lines. The exactformattingdependsn whether
the input documents HTML or plain text. For HTML, Extractinsertsa line breaktag, <br>,
afterevery extractedregion. For plaintext, Extractinsertsa newline characteafterevery extracted
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
extractedsentences Figure8.2(b)).

For moresophisticatedormatting,the usercanspecifythe text thatshouldbe printedbefore,
after, or betweenthe extracteditems. Thesedelimiterscanbe speci ed by giving optionsto the
extract command:

extract  pattern
[-startswith start |
[-endswith end]
[-separatedby sep]

[-as type ]

Here,start speci esastringthatshouldbe printedbeforeeachextractedregion,end is astring
to be printedaftereachregion,andsep is astringto be printedbetweereachpair of regions. For
example,thecommand

extract  Word -startswith ( -endswith ) -separatedby ,
would print all thewordsin theinput surroundedy parentheseandseparatedhy commase.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>

Presentlydelimiterscanbe speci ed only usingthe scriptcommandjn orderto keepthe Extract
menucommandsimple.

Theextract  scriptcommanchasoneotheroption. The-as type optionchooseshetype
of the outputdocumentwheretype canbe oneof threechoices:text , html , ortcl (aTcl
list). By default,the outputtypeis the sameasthetype of theinputdocumentwhichis eithertext
or HTML dependingon how the documents beingviewedin the brovserpane. Thusan HTML
pagewhosesources beingviewedasplaintext is consideredo have typetext

Theoutputtype determinegwo things:

2The squarebracletsin this syntaxspeci cationshouldnot betypedaspartof the commandthey merelydenote
optionalagumentdo 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. The default formattingof text outputprintsa newline
after every region that doesnt alreadyendwith a newline. The default formatting of Tcl
outputprintsspacedetweertheregions,whichis theformatfor aTcl list.

Quotingandtype corversion. If the outputtype differs from the input type, thenthe Ex-
tractcommandautomaticallydoeswhateser quotingis necessaryo translatefrom onetype
to the other Corverting text to HTML replaces< with &It; , > with &gt; , and & with
&amp;. Corvertingfrom HTML to text deletesagsandexpandsentitieslike &lt;  into the
correspondingharactersCorvertingeithertext or HTML to Tcl producesa Tcl list — i.e.,
ary outputregion which is not a simpleword is surroundeddy curly braces{} , andary
embeddedaccurrencesf curly bracesareescapeavith backslashes.

TheTcl outputtypeis usefulfor extractingall patternmatchesasalist for processingy otherTcl
commandsFor example,

extract Sentence -as ftcl

producesa Tcl list of all the sentences thedocument.

TheExtractcommands notthe only way to extractthe currentselectionin LAPIS. Theselec-
tion canalsobecutor copiedto theclipboardandthenpastedack,into eitherthesamedocument
or anew document.Section7.5describedn detailhow this works. Notethatthe Copy command
worksin boththe HTML view andthe plain text view, but Pasteonly worksin the plain text view
atpresentsincetheHTML view is not editable.Copying from HTML to plaintext doesthesame
cornversionsasExtract,deletingtagsandexpandingentities.With copy andpastetheusercancon-
trol the destinationof the extractedtext by makingmultiple selectiondor the pastetarget. Copy
and pastealso allows the userto changethe delimitersbetweenextractedregions interactvely.
Figure8.3 shavs a sequencef editingcommandsncluding copy andpastethatachieve the same
effectastheextract =~ Word commandiescribedabove.

Extractis analogoudo the Unix utility grep . Whereagyrep canonly extractlines, Extract
canpull out an arbitrary setof regions matchinga pattern,suchas Sentence containing
"LAPIS" orMethodCall starting "printf" . TheUnix command

grep regexp
is roughlyequvalentto the LAPIS command
extract  {Line containing / regexp 1}

(The curly bracesarerequiredby Tcl to quotea multi-word patternasa singleargument.) One

mustsay “roughly equialent” becausedhe regular expressionmay be interpreteddifferently by

grep andLAPIS. Regular expressionanguagesliffer, not only betweenLAPIS andgrep , but

alsobetweendifferentversionsof grep . Also, regularexpressionsn LAPIS arenot constrained
to matchwithin aline, asthey arein grep .



192 CHAPTER8. COMMANDS AND SCRIPTING

(@) (b)

(c) (d)

Figure8.3: Using copy andpasteto extracta selection.(a) The selection(Word) is copiedto the
clipboard. (b) After makinga newv documentwith File/New, the clipboardis pasted)eaving an
insertionpoint after eachpastedregion. (c) The userdeleteshe linebreakghatwereinsertedoby
default,andtypes),( instead.(d) Theuser x esuptheboundarycasesbheforethe rst andafter

thelastextractedregion.
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Figure8.4: The Sortdialog.

8.1.2 Sort

The Sort commandsortsthe regionsin the currentselection. The selectionis sortedin place,
not extracted,so all text outsidethe selectionis left unchanged.The outputis a new document
in which the selectedregionsare sorted,but which is otherwiseidenticalto the input document.
Someexamplesof the Sortcommandareshown in Figure8.5.

The Sort menucommandpopsup a dialog box (Figure 8.4), which offers two options. The
sortkey speci esthe partof eachregion thatis comparedo determinehow theregionsaresorted.
By default, the entireregion is usedasthe sortkey. If only partof the region shouldbe usedas
the sortkey, theusermustgive a TC patterndescribingthatpart. The sortkey for aregionis then
determinedy concatenatingll matchego thekey patternfoundin theregion. If aregioncontains
no matchedo the sortkey pattern,ts sortkey is theemptystring.

The sort order speci esthe collation orderfor sortkeys. The following sortordersare avail-
able:

<Local Language>(a b c ...) sortsthe keys lexicographicallyin ascendingorder case-
insensitvely, usingthe collation orderfor the currentlocalereportedby the Java runtime.
For usersof the US locale,for example,this optionreadsEnglish. For usersof the Spanish
locale,this optionreadsSpanishandsortsaccentedctharactersn the corventionalSpanish
collationorder

Reverse<Local Language>(zy x ...) sortsthekeys lexicographicallyin descendingrder
case-insensitely.

Numeric (1 2 3...) andReverseNumeric (98 7 ...) sortthekeys asif they werenumbers.
Regionswhich do not startwith arecognizablenumberaretreatedasO.

Unicode (A B C ... abc...) andReverseUnicode(zy x ... ZY X ...) sortthe keys
lexicographicallyandcase-sensitely by comparingUnicodevalues.

Random appliesarandompermutatiorto the selectedegions. The contentof the sortkeys
isirrelevantto this sortorder

Thedefaultsortorderis <Local Language>e.g.,English.
Thesortordersin LAPIS werechosernto cover the commoncaseswith a few simplechoices.
Not all possibleorderingsareavailable. For example,no case-sensite local-languagesortorder



194

CHAPTER8. COMMANDS AND SCRIPTING

(a) sortingwords

(b) sortingaddresseby lastname

(c) sortingcoursesy numberof units

Figure8.5: Examplesof usingSorton varioustasks.
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Figure8.6: Sortingthewordsin adocumenproducegyibberish.(Notethatthebig purple*LAPIS”
wasnot sortedwith the otherwordsbecausét is animage,nottext.)

is provided. If case-sensitity is desiredthe usermustchooseUnicodeorder Othersortorders
wouldalsobeuseful,includingdatestimes,andsortorderghatignorewhitespac@andpunctuation
when comparingsort keys. The mostgeneralsolutionwould let the userspecify a customsort
orderwith acomparisorfunction,like thestandardC functiongsort [KR88] or thePerlfunction
sort [WCS96].

Thescriptcommandor Sorthasthefollowing syntax:

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

Multiple sortkeys canbe speci ed with multiple -by amguments.Sortkeys arecomparedn the
orderthatthe-by amgumentsappearsothe rst -by amgumentspeci esthe primarykey. If two
regionshave thesameprimarykey, thenext sortkey is comparedandsoon. Thedefaultsortorder
for eachkey is dictionary , thelocal language.To changethe sort orderfor a key, the -by
optionmustbefollowedby a-order option. For example,thefollowing commandnightsorta
list of carsprimarily by year(in reversenumericorder),thenby make:

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

Theinteractve Sortdialogmay supportmultiple sortkeysin afutureversionof LAPIS.

Sorting arbitraryregionsin placeis powerful, but also potentially dangerous.For example,
it is easyto reducea documento gibberishby sortingits words (Figure8.6). More seriously a
userintendingto sorta list of addresseby zip codemight inadwertently selectand sort the zip
codes,nsteadof selectingthe addresseandusingthe zip codeasa sortkey. Sortingjustthe zip
codedn placewould leave theaddressem the sameorderbut reassigra differentzip codeto each
addresstesultingin corrupteddata. This problemis not uniqueto LAPIS. In onecasereportedn
theBostonGlobeandcomp.risks , ateachesortedonly onecolumnin aspreadsheetdf student
gradeswhich scrambledhegradesasaresult[Lut00].

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

Figure8.7: Imagescanbe deletedfrom a web pageby selectingthem (with the Image pattern)
andapplyingthe Omit command.

8.1.3 Keepand Omit

The next two commandsKeepandOmit, arecloselyrelated,sothis sectiondescribesoth. The
main useof thesecommandss lItering — removing undesirednformationfrom a document.
Unlike the Extractcommandthe KeepandOmit commandslter informationin place preserving
contet outsidetheregionsbeing ltered.

Omit is the easierof the two commanddo understand.The Omit commandproducesa new
documenwith the currentselectiondeleted.For example,Figure8.7 shavs theresultof omitting
theimagesfrom awebpage.

The Omit commandrequiresthe userto selectthe text that they don't want to see. Often,
however, it makesmoresenséo selectwhatyou dowantto seeand lter everythingelseout. The
Keepcommands designedor this purpose.Keepdoesnot simply deleteall the text outsidethe
selectionhowever.. Deletingall unselectedext may deleteimportantcontext, like tableheadings
or datalabels,which may be neededo understandhe datathat remains. Instead,Keepusesa
simpleinferencetechniqueto determinethe setof recods that the useris trying to Iter. Then
Keepdeletesonly theunselectedecords preservinghe selectecbnesandary context outsidethe
records.Figure8.8(b)shavs anexampleof Keepappliedto awebpage.

Therecordsetusedby Keepis inferredautomaticallyby strippingconstraintsaway from the
TC patternthat createdthe currentselection. (If the selectionwas createdby the mouse,the
appropriaterecordsetcannotbe inferred by this technique andthe Keepcommands disabled.)
As long asthe patternhasthe form A op B whereop is eitherarelationaloperatoyand, or not ,
theconstrainiop B is strippedaway. Severalexamplesof this reductionareshavn below.

Word starting "s" -->  Word
ending "e"
either  Link or Image --> either Link or Image

just after Heading

from ll<ll to II>II __> from ll<ll to II>II
not containing "img"

This inferencetechniques very simple, but it hasthe advantageof beingmore predictablethan
machindearningtechniquedik e the selectionnferencealgorithmsdescribedn Chapter9. Often
therecordsetis very simple,like Line or Rowor Method . Sometimeshowever, therecordset
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(a) SelectBook contains  "Doc"

(b) Invoke Keepcommancbn (a)

(c) Invoke Omit commandn (a)

Figure 8.8: Keepand Omit are complementary Startingwith the selectionshovn in (a), the
Keepcommandeepgsheselectedbooksanddeletegherest(b), while the Omit commandieletes
the selectedbooksandkeepsthe rest(c). Book is de ned asRow anywhere after "De-

scription”
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Figure8.9: The Replacedialog.

needgo be describedy a comple pattern.In this case the users selectionpatternmayinclude
someconstraintghat de ne the recordsetandotherconstraintghat selecta particularsubsetof
records. The Keepcommandcannotautomaticallydiscriminateamongtheseconstraintsso the
bestwayto useKeepisto rst de ne arecordpatternandassignt aname andthenusethatname
in subsequergelectionpatterns.

Whentheselectiorpatternfollowstheform A op B, KeepandOmitarecomplementarpper
ations.For example,applyingKeepto theselectiorLink  containing EmailAddress pro-
ducesthe sameresultasapplyingOmit to the selectionLink not containing EmailAd-
dress , andvice versa.Figure8.8 contrastshe behaior of KeepandOmit on a selection.

TheKeepandOmit menucommandsave correspondingcriptcommands:

keep pattern [-outof recordpattern ]
omit pattern

By default, the keep commandnfersits recordsetusingthe sametechniqueasthe Keepmenu
command.Theusercanoverridetheinferencewith the-outof  option,whichspeci estherecord
setusinganotherpattern.Theomit commandasno needfor arecordset.

No conventionalUnix tools are preciselyanalogoudo Keepand Omit. The closestequva-
lentmightbegrep -v regexp , which extractslinesthatfail to matchregexp . The LAPIS
equialentfor thiscommandwvould be,roughly,

omit {Line containing / regexp /}
or equialently,

extract  {Line not containing / regexp /}

8.1.4 Replace

The Replacecommandeplacesvery selectedegion with anotherstring. Invoking Replacepops
up adialogboxthatpromptsthe userfor replacementext (Figure8.9). If theusertypessometext
andpresse®©K, thenthe Replacecommandgenerates newv documentin which every selection
is replacedby the replacementext. The Replacedialog usesa multi-line text widget, so the
replacementext mayincludeembeddedhewlines.

Thesimplestkind of Replacesubstituteshe samestringfor every selection.If theuserchecks
the“Substitutefor patternsn curly bracescheckboxhowever, thenthereplacementiext is treated
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Figure8.10: Replacingselectionsvith atemplate.Every regionin the selectionon theleft (made
by thepatternParagraph ) is replacedoy atemplatewith two slots— onefor the persons name
(Name de ned asfirst Line in Paragraph ) andthe otherfor the persons phonenum-
ber(Phone, de nedasfrom end of "Phone:" to start of Linebreak ). Whena
templatepatternfails to match,e.g.,whenthereisn't a phonenumbey thatslot in the templateis
left blank.

asatemplate Thetemplatemay containoneor moreslotsfor substitutioneachdenotecby aTC
patternsurroundedy curly braces.Figure8.10shavs an exampleof a templatesubstitution.To
performthereplacementgachselectedegionis searchedor matchego the substitutionpatterns,
andthetext of thematchesre lled into thetemplatebeforereplacingtheselectedegion. If more
thanoneregionmatcheghesubstitutiorpattern thenthemultiple matchesresimply concatenated
togetherIf noregionsmatchthesubstitutiorpatternthentheslotis lled bytheemptystring. The
substitutiorpattern{all}  canbeusedto matchtheentireoriginalregion, sothatthereplacement
templatecanspecifytext to insertbeforeor afterit. Literal curly bracesn thereplacementemplate
mustbe escapeavith backslashesndbackslashemustalsobeescaped.

The Replacedialog is clunky and largely unnecessaryow that LAPIS supportsmultiple-
selectionediting (Section7.5). Multiple-selectionediting offers moreinteractve waysto do both
kinds of replacement.To replaceevery selectionwith the samestring, the usercansimply type
the stringinto the browserpane. By the rulesof multiple-selectiorediting, this hasthe effect of
deletingall the selectionsaandreplacingthemwith thetypedstring. To replaceavery selectionwith
a template the mostinteractve techniques simultaneou®diting (Chapter9), which effectively
infers substitutionpatternsfrom the users examples. Editing only works in the plain text view,
however, sothe Replacecommands still the bestoptionfor replacements the HTML view.

The Replacemenucommanchasa correspondingcriptcommand:

replace  pattern  replacement

where pattern  describeghe regionsto be replacedandreplacement s 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 parenthesizedubexpression®f regexp by number\0 through
\9 , or to the entirestring matchedby regexp usingthe specialcharacte& The Replacetem-
plate provides similar functionality, exceptthat the templatespeci es its own patternsfor sub-
stitution, ratherthanreferringbackto subepressionf the original pattern. Perl [WCS96] and
awk [AKW88] provide a substitutioncommandsimilarto sed's.

8.1.5 Calc

The last commandon the Tools menuis Calc. The Calc commandattemptsto interpretthe se-
lectionsas numbersand computesomestatisticson them. By default, Calc producesan output
documentisplayingall the statistics:

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,sothe countonly includesthe selectionghatarerecognizable
asnumbers.Statisticsare computedusing Java doubles , which are64-bit IEEE oating point
values.

The Calccommancdhasa correspondingcriptcommand:

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

in which pattern  describeghe regionsthat shouldbe processedIf no optionsarespeci ed,
thencalc returnsall the statistican theformatshavn above. If oneor moreoptionsis speci ed,
thencalc only returnstherequestedtatistics separatethy spacesFor example,thecommand

calc {Number just after "Price:"} -min -max -mean
mightreturn
400 850 525.5

No corventionalUnix commandcorrespondso Calc.
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8.1.6 Count

Thereis no Countcommandon the Tools menu, becausehe numberof matchesto a pattern

is displayedautomatically Whenerer the userruns a patternor changeghe selectionwith the

mouse LAPIS displaysthe numberof regionscurrentlyselectedn the patternpane(Figure7.8).
Thescriptcommandcount doesthe samething:

count pattern

In scripts,thecount commands mostusefulfor testingwhethera patternhasary matches.

The closestUnix analogfor this commandis grep -c regexp , which countslines that
matcha pattern.Anothersimilar Unix utility is wc, which displaysthe numberof wordsandlines
in thedocument.The sameeffect canbeachievedby count Word andcount Line .

8.2 The Browser Shell

Mostinteractie interpreteraiseatypescriptinterface,in which commandpromptsareinterleaved
with commandutputin thesamewindow. Lisp, Tcl, Python,andUnix shellslike sh andcsh all
follow thisinteractionmodel.

In contrast,LAPIS integratesits interpreterdirectly into the browsing window, a new idea
calledabrowsershell A browsershellis differentfrom atypescriptshellin threeways:

Commandsare typed into the Command bar. The Commandbarin LAPIS lls adual
role. Like the Locationbox in otherweb browsers,it displaysthe URL of the web pageor
le in thebrowserpane.However, the usercanalsotype scriptcommandsnto it.

The browser pane actsas standard input and output for commands.Whena command
is executedjt takesits input from the currentdocumenin the browserpane which may be

a le, awebpage,or the outputof a previous command.After executing,the commands

outputis sentbackto the bronvserpaneasa new page,wherethe usercanview it aseither
plaintext or renderecdHTML, scrollthroughit, editit, or applyfurthercommands.

Executedcommandsappear in the browsing history. The Forward and Back browsing
buttonsnavigatethroughcommandutputpagesaswell asweb pages.Whenthe browsing
historyis viewedasalist, bothURLs andexecutedccommandsppeaitn thelist. Portionsof
thehistorylist canbe extractedandsavedasa scriptfor laterreuse.

Theremaindelof this chapterdiscusseshe detailsandimplicationsof the LAPIS browsershell.

8.3 URLs asCommands

EitheraURL or ascriptcommandnaybetypedinto the Commandoar. LAPIS takesthisintegra-
tion to its logical conclusionandsimply de nes URLs ascommandsn its dialectof Tcl. All of
thefollowing arevalid commandsn LAPIS:
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http://www.yahoo.com/
ftp://ftp.cs.cmu.edu/afs/cs/project/amulet
file:’lhome/rcm

Theresultof a URL commands the pageor le loadedfrom thatURL. File or FTP URLSs that
referto directoriesreturna pagelisting the les in thedirectory® RegardingURLSs ascommands
hastwo adwantages.First, it simpli es the implementationof the Commandbar, so thatit can
treateverythingtypedinto it asa scriptcommand DiscriminationbetweenJRLs andotherscript
commandsappensat a lower level. Secondandmoreimportant,URLs canbe useddirectly in
scripts. For example,hereis a simple script that extractsthe Pittshurgh weatherforecastfrom
Yahoo:

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

URL commandsreimplementedisingTcl's unknavn-commandeature.WhenTcl encounters

commandamethatdoesnt exist, it invokesunknown instead passinghe unknavn commands

nameandargumentsin LAPIS, unknown checkswhethertheunknavn commandcanbe parsed

asaURL. If so,theURL is fetchedandits contentsarereturnedastheresultof the command.
LAPIS alsotreats lenamesascommandsThustheseareall commands:

letc/passwd
.[..[index.html
fruits.txt

LikeaURL, a lename commandoadsthe le into LAPIS. Becauselename commandsrealso
implementedvith the Tcl unknavn-commandeature, les with thesamenameasaTcl command
cannotbe loadedthis way unlessthey areexplicitly disambiguatedisingthefile: pre x. For
example,to loada le namedextract , whichis ambiguouswith the LAPIS built-in extract
commandthe le commandnustbe

file:extract

Filenamecommandsnay alsobe ambiguouswith externalprogramgSection8.6),in which case
thefile: pre x canagain beusedto disambiguate.

Relatve lenamesandURLs areresolhedrelative to the currentdirectory By default, the cur-
rentdirectoryis thedirectoryof thelast le loaded.Theusercanalsochangehe currentdirectory
explicitly usingtheTcl cd command.The currentdirectoryis usednotonly for resolvingrelatve
lenames,but alsoto invoke externalprogramsandasthe startingdirectoryfor the File/Openand
File/Sare dialogboxes.

3Theformatof this pageis notwell-de ned, unfortunately LAPIS usesheJavalibrary to load URLs, andthe Java
library haschangedheformatof thelisting returnedby directoryURLSs from onereleaseof Jasato the next.
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8.4 Self-Disclosuein the Command Bar

The Commandbar is also usedfor self-disclosue [DE95]. Self-disclosures a techniquefor
helping userslearn more abouta powerful userinterface, particularly aboutfeatureswhich are
otherwisehidden, such as scripting languagecommandsand syntax. Self-disclosurehasbeen
usedin other systemsto teachabout keyboard shortcuts(Lyx [Lyx02]) and script commands
(Emacs[Sta8], AutoCAD [Aut02], ChartN' Art [DE95]). In LAPIS, self-disclosures used
to exposethe userto boththe scriptinglanguageandthe patternlanguage.

TheLocationbox in otherwebbrowsersis alreadyusedfor a kind of self-disclosurebecause
it continuallytracksthe URL of the currentweb page. Whenthe userclicks on a hyperlink to
browvseto anotherpage,the Locationbox is updatedto shav the new pages URL. In a sense,
the Locationbox is disclosinga command— the URL — that canbe usedto achiese the same
effect asthe users graphicalinteraction— a click on a hyperlink. Self-disclosurds probably
not asvaluablefor URLSs asit is for otherkinds of commandssincethereis no consistentURL
language”acrossweb sitesthat would help a usergeneratea URL from scratch. Nevertheless,
usergdo take advantageof thedisclosedJRL for saving bookmarksor sendingvebpagedo other
peoplevia emailor instantmessaging.

In keepingwith theuni cation of URLs andotherscriptcommandsl.APIS notonly discloses
URLs in its Commandbar, but also script commands.Whenthe userinvokes a text-processing
commandrom the Toolsmenu,ascriptcommandhatwould have hadthe sameeffectis displayed
in the Commandbar. For example,supposéhe userselectsall the wordsin the documentusing
the patternWord, andtheninvokesthe Extractcommando extractthem. Thenthe commandbar
would display

extract Word

More examplesof discloseccommandsreshavn in Table8.11.

Theagumentdor adiscloseccommandaredeterminedasfollows. If theselectionvascreated
by runninga pattern(like Word), thenthat patternis usedasthe argumentfor the command.lf
ary partof the selectionwasmadeby the mouse thenSelection  is usedasthe argumentfor
thecommandlf theuserprovidedadditionalargumentgo themenucommandusingadialogbox,
thenthe correspondingugumentsareincludedin thedisclosedscriptcommand.

Self-disclosuras usedin other partsof LAPIS aswell. For example,clicking on a named
patternin thelibrary paneshaws in the patternpanehow the namewould bereferencedn aTC
pattern(Section7.4.3). Also, when LAPIS infers selectionsfrom examples,it disclosesa TC
patterncorrespondingdo theinferredselection(Chapter).

8.5 Command Input and Output

By default,commandsake theirinputfrom thecurrentdocumentwhichis thedocumentisplayed
in the browser pane. After a commandruns, its resultbecomeghe newv currentdocument,and
the original documentis addedto the browsing history As a result, a sequencef commands
implicitly formsa pipeline,with the outputof onecommandbecomingtheinput for the next. For
example,this commandsequencgicks arandomword 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: Commandslisclosedor earlierexamplesn this chapter

file:/usr/dict/words

extract {Word starting "a"}
sort Word -order random
extract  {first Word}

Theinputfor acommandanberedirectedrom adifferentsourceby passingt asthelastargument
to thecommand For example this commandaextractsthewordsstarting“a” from thegivenstring:

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

Theresultis

apple
apricot

sincetheextract commandusedinebreaksasits defaultterminators All the scriptcommands
describedn Section8.1take anoptionallastargumentspecifyingtheinput stringto process.

The outputof a commandcan be redirectedusing Tcl subepressionsyntax|[ expr ] . For
example,

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

storesthe documentoadedfrom /usr/dict/words into the Tcl variabledictionary . A
pipelinecanalsobe expressednoreverboselyby stackingup subepressionsasin:

sort Word -order random \
[extract {Word starting "a"t o\
[file:/usr/dict/words]]

(Thebackslashem thiscommandareTcl syntaxallowing along commando be continuedo the
next line.)

WhentheLAPIS interpretelevaluatesanesteccontext — asubepressiorin squareorackets—
it automaticallypusheghe currentdocumentbonto a stack,restoringit after evaluatingthe nested
contt. This behaior allows pipelinesto be encapsulateéth Tcl proceduresand usedin other
pipelines.For example theweatheffetchingscriptshavn earliermightbewrappedn aprocedure
calledget-weather
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proc get-weather 4 {
http://weather.yahoo.com/forecast/USPA1290_f.html
extract {Table just after "5 day forecast"}

}

andthenusedin a pipelinethatinsertsthe weatherforecastnto theusers homepage:

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

Note that the resultof a Tcl procedureis the resultof the last commandin its body, so get-
weather returnsthe weatherforecastwithout needingan explicit return  command.This ex-
ampleassumeshatthe users homepagecontainshe words"Weatherorecast'somevherein it,
asaplaceholdefor theweatherforecast.

8.6 External Programs

LAPIS canalsorun anexternalcommand-lingorogramfrom the Commandoar. Like URL evalu-
ation, this featureis implementedising Tcl's unknavn-commandacility. If a commandhameis
not found asa built-in Tcl commandor userde ned procedureandcannotbe parsedasa URL,
thenLAPIS searche$or anexternalprogramby thatname.For example,typing thecommand

Is

would displaya listing of the les in the currentdirectory(atleaston systemswvherels is avail-
able). If anexternalprogramhasthe samenameasa Tcl commandthenthe Tcl commandakes
precedenceThus,sort refersto the LAPIS sort commandnot the systemsort program. The
usercanforcethe externalprogramto runinsteadby usingtheexec: pre x. Thus

exec:sort

runstheexternalsort programinsteadof theLAPIS sort . Theexec: pre X isintendedo be
analogoudo otherURL protocolpre xeslike http:  andfile:

Like othercommandsan externalprogramautomaticallytakesits input from the currentdoc-
ument,andits outputbecomeghe new currentdocumentin the browser pane. Thus, external
programscanparticipatein pipelines.For example,if theusertypes(on BSD-styleUnix)

ps -aux
thenthebrowserdisplaysa list of runningprocessedf thenext commands

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

To make this work with legacy programdike ps andgrep , the externalprogramis invoked
in asubproceswvith its input andoutputredirected.Standardnputis redirectedrom the current
pageof thebrowser(passinghe HTML sourcef thecurrentpageis awebpage).Standardutput
is redirectedo a nev documentisplayedin the browserpane,which is displayedincrementally
asthe programwritesits output. Standarcerroris redirectedo a specialsubframen the browser
pane,in orderto separatét from the standarcoutput. Figure8.12 shaws the resultingoutputfor
two differentinvocationof Is . Thestandarderrorpanenormallyremainshiddenuntil anexternal
programprintsto it.

Programoutputmay be parsedand manipulatedik e ary otherpagein LAPIS. For example,
ps -aux displaysinformationaboutrunningprocesses atatkularform:

USER PID %CPU%MEMSIZE RSS TTY...

bin 160 0.0 04 752 320 ? ..
daemon 194 0.0 0.6 784 404 ? ..
rcm 294 0.0 1.0 1196 660 ? ..

This outputcanbedescribedy TC patternsenterednteractiely in the patternpane.

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

In ascript, TC patternscanberun by theparse commandwhichis handyfor de ning a group
of namedpatternsfor usein subsequentommands.The parse commandakesoneargument,
whichis a TC expressioror groupof TC expressions:

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

}

Thesenamedpatternscanthen be usedwith LAPIS commandghat searchand manipulateps
output:

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

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

# Kkill all  xterms
eval Kkill [extract {PID in Process contains "xterm"} -as tcl]
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@)

(b)

Figure8.12: An external programs$ standardoutputand standarderror streamsare displayedin
separatgpanes.(a) a successfucommandhat printsonly to standardutput; (b) anunsuccessful
commandhatprintsanerrormessagéo standarcerror.
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Notethateval is neededn thelastexamplebecausextract mayreturnalist of procesdDs.
Without eval , this list would be passedo kill  asa singleargumentwith embeddedpaces;
with eval , thelist is explodedinto separatarguments.

Normally, standardoutputbecomeghe currentdocumentfor subsequenpatternsand com-
mands.Theusercanchoosedo procesghe standarcerrorinsteadby clicking onthe standarcerror
paneto malke it active. The sameswitchcanbemadein a scriptusingthecommand

property  stderr

which returnsthe standarderror propertyof the currentdocument. The property  command
accessedocumentnetadataexplainedin moredetailbelown (Section8.13).

8.7 The Browser Shellasa SystemCommand Prompt

Sincethe LAPIS browsershellcaninvoke externalprogramsit is worth comparingt to the com-
mandpromptalreadyavailable in operatingsystemdike Unix, Windows, andMac OS X. In a
sense the browser shell continuesa trend which has seenthe web bronvser becomemore and
moretightly integratedinto the desktopinterface. Modernweb browserslike Microsoft Internet
ExplorerandKDE KonquerofKDEOQZ2] alreadyinclude le managemeramongthe browsersre-
sponsibilities.Integratingthe systemcommandoromptis anotherstepalongthe samepath,a step
which makessomesenséiecausele managemerdandcommandexecutionareoftenintertwined.
Recognizinghisfact,Konqueromlsointegratesacommandprompt,which appearasatypescript
shellin anoptionalpaneat the bottomof thewindow (Figure8.13).

The LAPIS browsershellinterfacebehaesdifferently from a traditionaltypescriptshell like
Konquerors, however. Whereasa typescriptshell interleares commandswith programoutput
in the samewindow, a browser shell separateshe commandpromptfrom programoutput. The
browsershellalsoautomaticallyredirectsprograminput from the currentbrowserpage andauto-
matically sendgprogramoutputto a new browserpage.

Oneeffect of thesedifferencess on scrolling. In atypescriptinterface,long outputmayscroll
out of thewindow. To view the startof the output,the usermusteitherscroll back,or elsererun
the commandwith outputredirectedto a commandike more or head. The browsershell, by
contrastjnitially displaysthe r stwindowful of output,ratherthanthelast, reducingthe needfor
scrolling. Whenoutputis lessthanawindowful, atypescriptshellcanbecomeclutteredoy outputs
of severalcommandsforcing the userto scanfor the startof the latestoutput. The browsershell
displayseachprogramoutputon a new, blank page.In essencethe overall effect of the browser
shellis like automaticallyredirectingthe outputof every commando more.

Unlike more, however, the browser shell's display is not ephemeral. The displayedoutput
canbe passedsinput to anothercommand,which allows pipelinesto be assemblednore u-
idly thanin thetypescriptinterface. Developinga complicatedUnix pipeline,suchasps ax |
grep xclock | cut -d ' ' -f 1,isoftenanincrementalprocess.In typescriptinter-
faceswhereinputredirectionmustbe speci ed explicitly, this procesgypically takesoneof two
forms:

Repeatedxecution: run A andview the output; thenrun A|B andview the output; then
(if B turnedout wrong)run A|B °andview the output;etc. This strat@y fails if ary of the
commandsun slowly or have side-efects.
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Figure8.13: The Konqueromweb browser/ le managefKDEO2] canincludea terminalpane(at
the bottomof thewindow) for executingcommands.

Temporaryles: runA > t1 andexaminetl ;thenrunB<tl >t2 andexaminet2 ;then
(if Bwaswrong)runB°<tl >t2 , etc.

Thebrowsershelloffersathird alternatve: run A andview the output;thenrun B (which automat-
ically recevesits input from A) andview the output;thenpressBack (becausd3 waswrong)and
run Binstead The browsershelldisplayseachintermediateesultof the pipelinewhile servingas
automatidemporarystorage.

Automaticinput redirectionmakesconstructinga pipelinevery uid, butit isinappropriatgor
programsthat usestandardnput for interactingwith the user suchaspasswd . Suchprograms
cannotbe run directly in LAPIS. One solutionis to pop up a terminal emulatorin a different
window, e.g.:

xterm -e passwd

In thefuture,it mightbe usefulto embedaterminalemulatorin LAPIS.

Anotherproblemwith the browsershell modelis the linear natureof the browsing history If
theuserrunsA, backsup, andthenrunsA' , the outputof A disappearsrom the browsing history.
To solwve this problem,LAPIS lets the userduplicatethe browserwindow, includingits history,
so thatonewindow preseresthe original history while the otherwindow is usedto backtrack.
(Netscapes New Window commandusedto work similarly beforeversion4.0.) A morecomple
solution might extend the linear browsing history to a branchingtree, an ideawhich hasbeen
exploredin atleastoneresearctwebbrowser[AS95].
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8.8 PageHistory vs. Command History

Thebrowsershellactuallyhastwo distincthistories:a page historyanda commancdhistory. Both
historiesarefoundin otherwebbrowsers but only acommancdhistoryis foundin mosttypescript
shells.

The page history consistsof les, web pagesandcommandoutputs. The currentitemin the
pagehistoryis displayedin the browserpane. The usernavigatesthroughthe pagehistory using
theBackandForwardbuttons.The Go menupresenta listing of the pagehistory, with eachpage
identi ed by the URL or commandhatgeneratedt. Clicking onapagein thislist jumpsdirectly
to it. Thepagehistoryin LAPIS corresponds$o the browsinghistoryin otherwebbrowsers.

The commancdhistory is a history of the commandghat have beentypedinto the Command
bar, madeavailableasa drop-davn menuunderthe Commandbar. The usercanpick anearlier
commandfrom the menu, edit it as necessaryand executeit again. The commandhistory is
analogoudo the URL history in otherweb browsers,which is similarly renderedasdrop-davn
menuunderthe Locationbox. Commandhistory is alsofound in typescriptshells,whereit is
usuallyaccessetly pressingheup anddown arrovs onthe keyboard.

As long asthe useris simply typing commandsthe pagehistoryandcommandhistoryremain
synchronizedEachtime acommands enteredthecommands outputis addedo thepagehistory,
andthe commandtself is addedto the commandhistory. For example,supposehe userhasrun
two commands:

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

If the userclicks Backto undothe last commandandrun a differentone, however, the two
historiesbecomeunsynchronized.The nev commands addedto the commandhistory, but its
outputreplacegheoutputof theold extract  in the pagehistory:

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

Thepagehistoryonly recordsthe sequencef commandshatproducedhe currentpage.Any
commandshatwere“undone”by Backarenotincludedin thepagehistory*Thecommanchistory
recordsall commandshathave beenexecutedwhetheror notthey wereretractedoy Back.

The two historiesalsodiffer in size. By default, LAPIS only keepsthe last 20 pagesin the
pagehistory, sincepagesmay belarge andthe currentversionof LAPIS storesall pagesn RAM.
If LAPIS wereafull- edged webbrowser however, the pagehistorywould simply be partof the
browsercache with somepagesn RAM andsomeon disk, andold pagesevicted asnecessary
Thecommandistorycanbe muchlongerthanthe pagehistorywith little impacton memoryuse.
LAPIS limits thecommancdhistoryto 100commandso keepthedrop-davn menuatamanageable
length.

4Sayingthat Back “undoes” commandss not strictly accurate,of course— LAPIS doesnot undo command
side-efectslik e settingTcl variablesor changeshe lesystem.
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8.9 Generating Scripts from the PageHistory

The pagehistory canbe usedto generatea scriptfrom a commandsession.The Corvert History
to Scriptcommandon the Scriptsmenupopsup a scripteditingwindow with thecommanddrom
the pagehistoryloadedinto it. The exampleabove would generatehe script

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

Self-disclosuréhelpshere,becauset labelsall pagesn the pagehistory with a scriptcommand,
even pagesgeneratedy menucommands.Thusthe usercandemonstate a script using menu
commandsalthoughno inferenceis doneto generalizethe script automatically The usercan
explicitly requesinferenceby enteringselectionguessingnode;moreaboutthis canbefoundin
Chapter.

Thegeneratedcriptusuallyrequiressomeediting, becausét includesthe entire pagehistory
of the currentLAPIS window. Old commandsrrelevant to the desiredscript must be deleted
manually The Demonstratenenucommanddescribedelon (Section8.11),solvesthis problem
by startinga scriptdemonstrationn a freshwindow with anemptypagehistory,

Currently LAPIS hasno corvenientmechanisnfor namingthe generatedcript or makingit
persistentAt themomentthetypical solutionis to wrapthescriptin a Tcl proceduree.g.:

proc cnn-pictures 4 {
http://www.cnn.com
extract {Image anywhere after "News"}

}
If the scriptis only neededemporarily thenit is sufcient to usethe Runcommandn the script
editingwindow to de ne cnn-pictures in the Tcl interpreterfor the durationof the session.

To make the script persistentjt mustbe addedto the users Tcl startupscript (whoselocationis

de ned in the Preferenceslialog). Ideally, this stepshouldbe mucheasier For example,scripts

savedto a particulardirectorymight automaticallypecomeavailableasscriptcommands.
Scriptscanbeaddedo the LAPIS toolbarusingthetoolbar commandFor example,

toolbar  CNN cnn-pictures

addsa buttonlabeledCNN to thetoolbarwhich invokesthe cnn-pictures procedurede ned
above.

8.10 Web Automation

SinceLAPIS is awebbrowser it includescommandsor simplekindsof automatedvebbrowsing,
sothata scriptcannavigatethrougha dynamicweb site or online transaction Web browsing has
two basicactions:clicking on hyperlinksandsubmittingforms. Automatedvebbrowsingrequires
equialentscriptcommandgor eachof theseactions.

Clicking on a staticlink, whosetargetdoesnt changeover time, hasthe sameresultastyping
the URL into the Commandbar Thusthe scriptcommandior clicking on a staticlink is simply
thelink'sURL, suchas:
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http://weather.yahoo.com/

For somelinks, however, the taget URL variesdependingon whenthe pageis viewed. Variable
links are often found in online nenvspapersfor example,wherelinks to top storieschangefrom
daytoday Theclick commandcanbeusedto click onavariablelink by describingts location
in thewebpagewith a pattern.For examplethis scriptclicks onthetop storyin Salon:

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

Theclick commandhrows a Tcl exceptionif its patterndoesnot matchexactly onehyperlink
onthepage.

For enteringdatainto forms, LAPIS providesthe enter command.Theenter command
takestwo arguments:the rst is a patterndescribingthe form eld to modify, andthe seconds
the valueto enterin the eld. For text elds, this valueis a string which is enteredin the eld
directly. For menusor lists, the valueis selectedn thelist. For radio buttonsor checkboxs,the
valueshouldbe“on” or “off” (or yes/notrue/false,or 1/0).

Formsaresubmittedeitherby thesubmit commandwhichuseshedefaultsubmitbuttonon
theform, orby aclick commandspecifyingwhich buttonto click. For example,hereis a script
thatsearche$ooglefor the LAPIS homepageandclicks theI'm FeelingLucky buttonto jump
righttoit:

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

(Notethatview source isneedederebecausef aLAPIS bug: thebutton'slabel,”I'm Feeling
Lucky”, is notsearchablén therenderedHTML view.)

The examplespresentedo far have beenweb-site-speci c,but somebrowsing tasksare suf-
ciently uniform acrossweb sitesto be handledby a genericscript. For example,the following
scriptcanlog into mary websites,assuminghe userslogin nameandpassverd have beenstored

in theTcl variablesd 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 Web Automation by Demonstration

Combiningwebautomatiorwith scriptgeneratiorfrom the historymakesit possibleto createweb
browsing scriptsby demonstrationAn early versionof LAPIS includedthis capability[MMOO],
but it hassinceceasedo work becaus®f changesn otherpartsof LAPIS. This sectiondescribes
thefeatureasit originally worked,andexplainswhy it hasbecomebroken.

To createa browsing script quickly, the usercandemonstate it by recordinga browsing se-
guence. The demonstratiorbegins with an arbitrary example page,the input page, shawving in
thebrowser Invoking the Demonstraté&criptmenucommandpopsup a nev brovserwindow, in
which the browsing demonstratiorwill take place. A new window is createdso thatthe brows-
ing sequenceanreferto the input pagefor parametersLike any LAPIS browserwindow, the
Demonstratevindow recordsa browsing history: URLSs visited and commandsyped. Unlike a
normalbrowserwindow, however, the Demonstratevindow's history alsorecordsusereventsin
form controls. For example,if the usertypesinto aform eld, the history recordsan equialent
enter command.

To Il in aform with text from theinput page the usercanmale a selectionin theinput page,
thencopy andpastdt to aform eld in theDemonstratevindow. If thecopiedtext wasselectedy
searchindor apatternthenthisactionrecordghecommancenter field-name  pattern in
the history (wherefield-name  is thenamegivento theform eld in theHTML). If thecopied
datawasselectednanually thenthe commandenter field-name  Selection is recorded
in the history, so that whenthe scriptis run at a later time, Selection  will returnthe users
selectionat thattime. More complex dependenciesanbe expressedy typing a Tcl command
insteadof pointing-and-clickingFor example,if aradiobuttonshouldbeselectednly if theinput
pagehascertainfeatures,thenthe usermight type the commandif {[count pattern ]}
{click  field-name }.

Using BackandForward, the usercanrevise the demonstratiormsnecessaryntil the desired
resultsareachieved. Whenthe useris satis ed with the demonstrationthe Demonstratevindowv
is closedandthe historyis generatesa script.

Othersystemshave provided web automatiorby demonstrationnotably LiveAgent[Kru97],
which recordsa sequenc®f Netscapérowsing actionsasa macro. LAPIS demonstrationbave
two adwantagesover LiveAgent. First, the recordedtranscriptis representedy the browsing
history, which is visible, familiar, and easyto navigate. A crucial part of making this work is
that LAPIS insertscommandsaswell asURLs in the browsing history Secondan experienced
usercangeneralizeéhe demonstratioron the y by typing commandsat crucial pointsinsteadof
pointing-and-clicking.SinceLAPIS embedsa full scriptinglanguagetheresultingscriptscanbe
signi cantly moreexpressve thanrecordedmacroswithout takingmuchmoretime to develop.

TheDemonstratéeatureis currentlybrokenbecausehefield-name  patternausedto iden-
tify form elds areoutdated Earlierversionsof LAPIS followedamodelin whichall parseravere
run on a pageautomatically sothatthe HTML parsercould createdocument-speci ddenti ers
likefield-name  for eachform eld foundin apage.Thismodeldoesnt scalewell asthelibrary
of patternsandparsergrows. Insteadthe currentversionof LAPIS only runsparserson demand,
asdescribedn Section6.2.4.This modelis far moreef cient, but it meanghatall the namedpat-
ternsin the library mustbe document-independenrt parsersannotgeneratalocument-speci ¢
namedpatternonthe y . In thenew model,insteadof simply usingfield-name , Demonstrate
would have to describezachform eld asfollows:
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Control
contains  name-attr
contains  AttributeValue
contains  view source "field-name"

A bettersolutionwould be to add parameterizethamedpatternsto TC, sothatonecande ne a
parameterizegatternControl( field-name ) asthe patternabove andreferto namedform
elds corveniently Fixing Demonstrateandaddingparameterizettamedpatternsareboth left
for futurework.

8.12 Other Tcl Commands

Built-in Tcl commandganalsobeenteredn theCommandar. For example theexpr command
performsarithmeticcomputation:

expr 5*5+2

Thiscommandeturns27 (asastring,theonly datatypein Tcl).

Unlike otherLAPIS commandsndexternalprogramspuilt-in Tcl commandsio notautomat-
ically usethecurrentdocumentor inputandoutput. To give thesecommandsccesso thecurrent
documentLAPIS providesthedoc commandWriting doc with noargumentssimply returnsthe
currentdocumentso

string  length  [doc]

returnsthelengthof the currentdocument.
Writing doc string  setsthecurrentdocumento string . For example:

doc "This is the new document"

Both forms of doc canbe usedin a single Tcl command.For example,if the currentdocument
consistsof a singlenumber the following commanddoublesit and setsthe currentdocumento
theresult:

doc [expr 2 * [doc]]

Whena Tcl commands usedin a pipeline,doc mustbe usedto readandwrite the currentdocu-
ment. For example,hereis a pipelinethatextractsthe wordsfrom the currentdocumentcorverts
themall to lowercaseusingthebuilt-in Tcl commandstring  tolower , andthensortsthem:

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

At rst, thedoc commandmayseemlike anunnecessargomplication.Why not just modify the
Tcl interpreterso thatall Tcl commandssetthe currentdocument— not only LAPIS extension
commands$ikeextract andsort , butalsobuilt-in commanddikestring ? Thenthepipeline
above might bewritten insteadas:
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# this example wont work in LAPIS
extract  Word

string  tolower [doc]

sort Word

This approachdoesnot entirely eliminatedoc, becauset is still neededo specifythe current
documentsanargumentto string . Worse,however, this approachiurnsoutto be unworkable
becauseall Tcl commandgeturna string, including control structuredike while , foreach
andproc . Thesecommandslwaysreturnthe emptystring, but are otherwiseindistinguishable
from otherTcl commands. If theresultof every Tcl commandbecamehenew currentdocument,
thenit would be impossibleto usecontrol structuresn a pipeline without clearingthe current
document.

When enteringcommandsnteractvely, howvever, precedingevery native Tcl commandwith
doc is tedious. LAPIS provides an automaticshortcut. Whena Tcl commandtyped into the
Commandbar returnsa nonemptyresult, regardlessof whetherit useddoc, the resultbecomes
the currentdocumentandis displayedn thebrowvserpane.Thus,enteringthe command

expr 5*5+2

would display 27 in the browserpane. Whenan interactve commandreturnsthe empty string,
however, LAPIS doesnotchangdhecurrentdocumentbut insteadoopsup adialogboxindicating
that “The commandreturnedno data’ LAPIS treatsempty resultsdifferently from nonempty
resultsbecausamary Tcl commandsalways returnempty strings,andit seemsunproductve to
clearthe browser panewhenone of thesecommandss issued. This behaior also matcheghe
behaior of mary webbrowserswhichdisplayamessagéke“The senerreturnechodata’rather
thananemptypage.Theusercanoverridethis behaior by explicitly passingheresultof theTcl
commando doc , which alwayssetsthe currentdocumenevenif theresultis empty

8.13 DocumentMetadata

A LAPIS documenis essentiallya string of contentaugmentedvith somemetadataepresented
by name-alue pairs. The currentdocument propertiesmay be accessedy the property
commandFor example,

property  url
returnsthe currentdocumens url  property Thecommand
property -set base http://www.cs.cmu.edu/
setsthe currentdocument base property Thecommand

property  -list

5In fact,this propertyis oneof theappealindeaturesf Tcl, sinceit allows userso de ne new controlabstractions
in the sameway thatthey would de ne new procedurabbstractions.
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returnsaTcl list of all the propertynamesde ned onthe currentdocument.
LAPIS de nesseveralstandardroperties:

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

command thecommandhatcreatedhedocument.
url : theURL from which thedocumentvasloaded.
base : the URL to whichrelative links refer, initialized from the HTML <base> tag.

process : thejava.lang.Process objectthat representshe procesghat generated
thedocument.

stdout : thestandard-outpudlocumentjf thedocumentivascreatedoy a process.

stderr : thestandard-errodocumentjf thedocumenivascreatedy a process.

Metadatgpropertiesareusedin mary waysin the LAPIS userinterface.Whenadocumentis rst
displayedin the browser pane,its content-type propertyhelpsdeterminewhetherit should
beshavn asrenderedHTML or plaintext. Whenarelatve URL appearsn a hyperlink or inlined
image(suchas<img src=/images/go.gif> ), the base andurl propertiesare usedto
resole it into anabsoluteURL. Documentsarelistedin the browsing history by 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 commandwhich setsthe content-type of its outputdocumento matchtype . If the
input documentacksa base property thenthe input documentg url propertyis copiedto the
outputdocument base property As aresultof theserules,whena LAPIS commands applied
to awebpage theoutputpagewill alwaysbedisplayableasawebpagewith valid hyperlinksand
inlinedimagesgevenif theURLs arerelative.

Whena LAPIS documentis corvertedto a string, however, its metadatds lost. Thereare
two waysthis canhappenwhenthe documenis savedto a le, which only savesits content;and
whenthedocuments processetly otherTcl commandswhichtreatit asastring. Therelocate
commandallowsthebase propertyto survive this corversion.Running

relocate

takesthecurrentdocumens base property(or url propertyif nobase is found)andcreatesa
new documentvith anexplicit <base> taginsertedn thedocumentontent.
Anothersolutionto this problemwould have all LAPIS commandsransformthecontentsothat
hyperlinksandinlined imagesare automaticallypresered. This could be doneeitherby adding
the<base> tagautomatically(essentiallyrunningrelocate  automaticallyafterevery LAPIS
command)pr by corvertingall relatve URLsinto absolutdJRLS. This solutionwould obviatethe
needfor thebase metadatgroperty This approactseemsoo draconianhowever. It effectively
hardcodesnabsolutdocationfor the web page whichis undesirablef the useris editingaweb
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pagethatmightbevisitedthroughdifferentURLSs (e.g.,theusermightaccesst by afile: URL

for editing,but websitevisitorswoulduseanhttp:  URL). LAPIS adoptghephilosoply thatthe
contentof documentshouldbeundertheusers control,andLAPIS commandshouldnotchange
documentontentunlessexplicitly directedto do so.

Thelossof the content-type propertyis notasseriouspecausé canusuallybeguessed.
For example whenLAPIS loadsadocumentrom a lename ending.htm or.html it infersthat
thedocumenhascontent-typegext/html . To guesghe contenttype of a stringobtainedsome
otherway, e.g.,from the outputof a Tcl commandor an external program,LAPIS examinesthe
beginningof thestringfor either<htm!> or<!doctype  html (ignoringcaseandwhitespace).
If eitherof thesestringsis found, then LAPIS guessesontenttype text/html  ; otherwise,it
assumesext/plain

8.14 CommandLine Invocation

LAPIS scriptscanbeinvokedby externalprogramausingthe LAPIS commandine interface. The
designof thisinterfacewasinspiredby thecommandine interfacesof awk andPerl.

The LAPIS commandine interfaceis a batchinterface,which doesnot displayary GUI. It
acceptsnputfrom commandine arguments,les, and/orstandardnput,andsendoutputto stan-
dardoutputor les. To usetheinterface,the callerinvokesLAPIS with threekinds of command-
line alguments:

theinvocationmode which canbeary oneof -pipe , -inplace ,-batch ,or-argv . If
themodeis omitted,the default modeis -pipe . Themodesarede ned below.

a scriptto run, which be speci ed directly on the commandine (-e script ) or loaded
froma le (-f scriptfile )

zeroor more additionalarguments whoseinterpretationdependson the invocationmode.
For mostmodestheseagumentsare les or URLS; for the-argv  mode they arearbitrary
stringargumentghatcanbeaccessetly the LAPIS script.

Theinvocationmodesareexplainedbelow.

Pipe Mode

Usingoneof thefollowing commandinesinvokesLAPIS in pipemode:

lapis -pipe -e script file/URL file/URL
lapis -pipe -f scriptfile file/URL file/URL
In responsethe LAPIS commandsn script  or loadedfrom scriptfile arerunonevery le

or URL listed on the commandine, andthe resultingdocumentsare printedto standardoutput.
To beprecisefor everyfile/lURL , LAPIS runsthefollowing commands:

file/lURL # load the file or URL
script # run the wuser's script
puts [doc] # print  result to standard output
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For example thefollowing commandorintsall the commentsn a setof Java source les:
lapis -pipe -e “extract Comment” *.java

Notethatpipemodeis thedefaultinvocationmode,so-pipe canbeomitted. Thisexampleprints
thecurrentprice of Lucentstock:

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

If nofile/lURL  amumentsarespeci ed,thenpipemodetakesits inputfrom standardnput. This
allows LAPIS to beusedasa lter in aUnix pipeline:

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

Standardnput mayalsobe speci ed explicitly onthecommandine as- (dash).
Pipemodeis analogougo the default modesof awk andPerl,which applythe users scriptto
every le onthecommandine.

Inplace Mode

WhenLAPIS is invoked oneof thefollowing ways:

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

thenLAPIS runsthescriptonevery le listedonthecommandine, andsavestheresultingdocu-
mentbackto thesamelename. Theeffectis the sameasthis sequencef commands:

file # load the file
script # run the wuser's script
save file # save back to the same filename
Thesave commandautomaticallycreatesabackuple namedile ~. At presentjnplacemode

onlyworkson les, nothttp: orftp: URLSs.

Inplacemodeis usefulfor 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 {ldentifier = 'fetch’} get" *java

Perlalsoprovidesin-placeprocessingisingits -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 pipe mode,however, batchmodeis silentby default. It simply loadsthe le or URL and
runstheusers script:

file/lURL # load the file or URL
script # run the wuser's script

Batchmodeassumethattheusersscriptgenerates own outputor causesomeotherside-efect.
Thecommandmay useputs to print somethingo standardutput,or save to save adocument
to disk, or mayinvoke someothercommandor a webtransactionjhathasa side-efect.

ArgumentMode

Thelastcommandine modeis agumentmode,indicatedby -argv

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

Unlike the previous modes,argumentmodedoesnot interpretthe additionalarguments.Instead,
theagumentsareplacedin the Tcl variableargv . Theusers scriptis responsibldor looking at
theargv variableto obtainany agumentst needsdo its processingandthenproduceits output.

Argumentmodeis usedto invoke self-containegrogramswrittenin the LAPIS scriptinglan-
guage.For example,this programsearchesn online dictionaryfor the de nition of every word
passe@sanargument:

# 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 this programwerestoredin a le namedookup , thenit couldbeinvokedby
lapis -argv  -f lookup word word

For easiennvocation,Unix allows scriptslike lookup to begin with aline of theform #! that
speci esthescriptinterpreterto run. For LAPIS, thisline lookslike:

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

where/home/rcm shouldbereplacedy thelocationof the LAPIS installation.Usingthistrick,
thelookup scriptcanberunfrom the Unix commandorompt,justlike any otherUnix script:

% lookup zygote
From WordNet (r) 1.6 (wn)
zygote
n : the cell resulting from the wunion of an ovum and a
spermatozoon  (including the organism that develops
from that cell) [syn: {fertilized cell}]



