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1 Intr oduction

This is a userguidedocumentatiorfor Vi-XFST! project. This documentationntroduceshe
softwareimplementatiorof the XFST managementodel preparedoy Prof. KemalO azer?
andYasinY Imaz® in SabanciUniversity Pleasecontactthe designersof the projectfor the
otherrelateddocument®n the proposednodel.

Intentionof Vi-XFST projectis to wrapthefunctionalitiesof XFST andto provide graphical
editing, managemenéand testingfeaturesto the researchers XFST is a very powerful tool
to manipulate nite-state networks, with its large setof commands.Vi-XFST is designedo
malke thesecommandsnvisible to the userand sene their functionalitiesthroughgraphical
component®f its interface.

2 Featuresof Vi-XFST

Vi-XFST providesa simpleandeasyyet powerful way to develop nite-state networkswithout
involving developersin the compleities of acommandine tool. With its setof innovative fea-
tures,lessexperiencedleveloperscanquickly starttestingwith nite-state conceptseeingthe
actualpictureon their workspacewhile the advanceddevelopersarefreedfrom mary manual
tasksandcontrolsthatthey hadto copewith before.This meanghatthey canfocusonwhatto
build, noton how to.

lvisual Interfacefor Xerox Finite-Statetoolkit
20 azer@sabanciuniedu
Syyilmaz@su.sabanciwiedu



Figurel: A samplescreen-shofrom the Vi-XFST IDE.

Thefollowing areimportantfeaturesof Vi-XFST:

A developmentenvironmentdesignedior XFST Vi-XFST treatsan XFST le asa de-
velopmentprojectthat hasto be managedn behalfof the userashe builds the regular
expressionsThedevelopercanmove from thetraditionalway of editingan XFST source
le, mostlydonewith atext editorlike”vi” or ”emacs, to arealintegrateddevelopment
ervironment, like Vi-XFST. He canseeresultsof his work at designtime, modify the
codeandretestary component.

Visual Regular ExpressionDevelopment:Vi-XFST's graphicalregular expressioncon-
structiontoolsallow developergo quickly build avisualmodelof their nite-stateregular
expressionsThe developerquickly createsatopologicalmodelof the expressiorshaw-
ing therelationshipbetweerexpressionsasthey arecombinedonthe carvasof thevisual
editor It is alsoeasietto breakdown into thevisualstructureof largeregularexpressions.
Thereis a hierarchicalview of networks available,andthat hierarchyis visible with in
Vi-XFST. The usercanzoomin a de nition to seewhatis insideit, andgo deeperdo
testsat any level on a componentmodify it, andgo backto thetop picture. This makes
it possibleto view networks at differentlevels of detail and make even large structures
manageablandcomprehense.



Automaticde nition and regular expressiondependencgheds and recompilation: Vi-

XFST watchesmodi cationsto a regularexpressiorandrecompilesary otherde nition

thatdependsnit. Eventhe networkson the stackcreatedwith previous”regex” com-
mandsarerecompiledf they dependnamodi ed regularexpressionThisis, in general,
adif cult procesgor thedeveloperdo do manually Butwith Vi-XFST, it is justtranspar
entto theuseratthe backgroundandautomaticallyhandled.Vi-XFST determinesvhich
de nitions have to berecompiled.This selectve recompilationof modi ed de nitions is

muchef cient thanrecompilingthewhole project.

A large setof supportedXFSTcommands:BesideexpressionoperatorsVi-XFST sup-
portsmary of theXFST'scomprehensie commandsetandtheiroptions.They arehidden
behindmary easyto usedialogboxes,menubuttonsandothergraphicalcomponent®f
Vi-XFST. The developerwill evenusesomeof themwithout noticing, ashe changesa
projectsetting,clicks abuttonor updatesanexpressionVi-XFST will sendtheappropri-
atecommandso XFST on behalfof him to accomplisttherequests.

De nition and NetworkBrowses: Thesetwo browsersintroducedin Vi-XFST display
thelist of de ned regularexpressiorde nitions andavailablenetworksonthestack.The
developercan accessary one of the de nitions or networks with just a mouseclick.
He cancheckor modify their properties,or usethemin otherpartsof the project. For
example,it is very easyto view which regular expressiondependson a particularone.
Without Vi-XFST, it isaquitedif cult task.Also, propertief anetwork canbeaccessed
with only amouseclick.

Drag andDrop: Oncearegularexpressiorde nition isde ned, it is availablein theDe -
nition Browser Thentheusercandraganddropit with hismouseontocarvasto construct
new expressionsOncebasicde nitions arede ned, usercanbuild new expressionsvith-
out typing arything at all; createa de nition basedrop previousde nitions into it, and
click Pushde nition andnew de nition is ready Evena uniquede nition nameis auto-
matically createdbn behalfof theuser Vi-XFST providesa stronglytypeddevelopment
ernvironmentthatreducegypeerrorswhile writing de nition regularexpressions.

History of input and outputteststrings: Vi-XFST keepstrack of stringsappliedto a
network onthestack.Usercanalwaysgo backandtestwith his previousinputswith just
onemouseclick. He doesnot have to try to remembetheinputsof lasttests. They are
savedinsidetheproject le, andcanbeexportedto ary text le.

Messa@e handling: Vi-XFST handlesevery messagdrom XFST program. They are
neverlost betweerusercommandsasbefore.Error messagegestoutputs normalXFST
messageareall differentiatedy Vi-XFST, parsedandindicatedto theuser

XFSTcompatibility: Vi-XFST project le canbe useddirectly inside XFST asa script
le. Thereis no Vi-XFST speci ¢ codeinsidethe source le of the projectthatmaybe
rejectedby XFST.



Multi-platform IDE: Vi-XFST runson mary Unix systemgSun Solarisandall Linux
distributions)andeven on Microsoft Windows platformswith the samefunctionality It
is afastpureC++ application,notaslow interpreteccodelike Javaor TCL.

3 Installation and Requirements

Vi-XFST code can be compiledon any UNIX or Microsoft Windows platformswhere QT
library (version>= 3.0.0)is available. Theinstallationprocessmayvary accordingto the plat-
form, but it is quite straightforwardif thesegivenstepsarefollowed.

A scriptis preparedhat usesQT tool gmale to compileandinstall the sourcecode. This
is usefulwhereautoconfandautomale toolsarenot installedon the target platform. The only
requirements the QT library. Justtype:

# sh ./compile.gmake.sh

to startcompilation,in the sourcedirectory The default pre x valuepointsto the usershome
director Pleaseadjustit priorto compilationby editingthe” DESTDIR variablein the” project’

le in the”in nity20/in nity20 " directory Theoutputbinary le is named’vixfst’ andinstalled
in thepre x directorywith thenecessarguxiliary les, suchasdocumentatioifin $pre x/docs

andimageg(in $pre x/images.

The otherway to build the codeon Unix systemss mostly for developmentpurposesThe
original codeis organizedusingKDevelopIDE and projectsourcecontainsautoconfandau-
tomale compatiblecompilationandinstallationMake les. The compileautoconfsh scriptis
preparedo automatehis installationprocedurewhich generates binary with delug options
on. Theoutput le nameis ”in nity20 ”, whichis the codenameof the projectduringdevelop-
mentphase Thebinaryis createdn in nity20/in nity20 directory It is stronglyrecommended
to usethis compilationif youintentto detugyour code.

Justgunzipandun-tarthe sourcepaclet andenterthein nity20 directory type:
# sh ./compile.autoconf.sh

to start compilation. The installationpre x is ”/usr/local/” by default. To install bina-
ries type "make install” after compilationsuccessfullyends. Thereare otheroptionsfor the
auto-generateticon gure’ script createdduring the compilation. Theseoptionsmay require
advancedknowledgeof GNU autoconfand automale scripts;thereforeit is mostly usedfor
developmentpurpose®nly.

If youwishto delug or scroll throughthe classesandseethe structureof the projectcode,
youshouldloadtheproject le for KDevelop”in nity .kdepoj” in in nity20 directory KDevelop
alsohandleghe projectswith the above autoconfgeneratednake les.
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On Microsoft Windows platforms,Vi-XFST project le under”In nity20_Win32” direc-
tory, shouldbe loadedusingMicrosoftVisual C++ (version>= 6.0). Oncethe compilationis
donetheimageand ush_network le shouldbein thesamedirectoryasthe outputexecutable
le.

As it is mentionedabove, the only requiremenbf Vi-XFST sourcecodeis the QT library.
Thereare freeware versionsfor Unix systems.For Microsoft Windows platformsa freewvare
licenseis not available. But it is possibleto obtainacademidicensesor educationapurposes
atlower prices.

Ourprojectcodeis nottestedyetonotherUnix operatingsystemglike FreeBSDOpenBSD
or HP Unix). But thedesignandimplementatiorof the projectavoidsdependingn ary system
speci c libraries,callsor functionsthatmayreducethe portability of thecode.Sothereshould
notbeary troubleporting Vi-XFST codeon otherUNIX platforms.

Of courseto build yourown projectswith Vi-XFST, XFST executableshouldbeavailablein
thetargetplatform. For moreinformationaboutavailability of XFST binariesfor your platform,
pleaseeferto http://wwwxrce xerox.com

4 The Integrated DevelopmentEnvironment

Whenyou startVi-XFST, you areimmediatelyplacedwithin the integrateddevelopmentervi-
ronment. This mainwindow providesall the tools you needto design,compileandtestyour
nite-state networks.



Figure2: A samplescreen-shofrom the Vi-XFST IDE.

Thedevelopmenernvironmentis composeaf mary graphicafunctionalcomponentssuch
asmenuitems,tabs,dialog boxes,which are usedduring differentstepsof nite-state project
developmentIn thefollowing sectionghesecomponentsrediscussedn detail.

4.1 Main Window

Vi-XFST developmenernvironmentmainwindow is actvatedwhentheprogramis started.This
window is the main control panelof the developmentprocess.For betterunderstandingmain
window canbe detailedinto the following componentspe nition Browsey NetworkBrowsey
ExpressionCarvas, Messges Tab, Test Tab Delhug Tab and Menubar componentsgachof
whichwill beexplainedin moredetail:

4.2 De nition Browser

The de ned symbolsin XFST that are constructedoy "define ” commandare referredas
regularexpressiorde nitions in Vi-XFST. Any regularexpressiorcreatedn Vi-XFST is added
into the De nition Browser It will remainthereuntil it is unde ned. De nition Browseris the
maincomponento access regularexpressiorde nition in Vi-XFST.



Figure3: TheDe nition Browser

Thereare mary functionsavailablein the pop-upmenuof De nition Browser Selecta
de nition itemandright click to invoke the De nition Browserpop-up.Theavailablefunctions
are:

New De nition Invokes the De nition Option dialog to createa new de nition. SeeSec-
tion 4.10for moreinformation.

Properties Displaysthe propertiesof ade nition in De nition Optiondialog. You canmodify
thede nition propertiesn this dialog. SeeSectiord.10for moreinformation.

Readregex Createsthe network for the de nition and pushedit onto the stack. The Net-
work Browserand Test Tab are activatedafter a successfucompilation. The network
appearsn the NetworkBrowserandbecomeshetop network. You cantestit usingthe
TestTab.

Unde ne Un-bindsthe symbolandremovesthede nition from the De nition Browser

Theitemsin theDe nition Browsercanbedraggedanddroppednto emptyslotsof anoperator
baseontheExpressionCarvas SeeSections.2for anexampleusageof draganddropfunctions
in Vi-XFST.
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4.3 Network Browser

Every network on the XFST stackis listed in the Network Browser The top network of the
stackis thetopitemin thebrowser Onceanetwork is createdit is addedo this browserwhere
it will remainuntil it is poppedup. NetworkBrowseris themaincomponento access network
in Vi-XFST.

Figure4: TheNetwork Browser

To accesghe propertiesof a network, selectandright click onit in the NetworkBrowset
TheNetworkOptionsdialogwill beinvokedin which variousnetwork settingscanbe adjusted.
Thereare also other operationson the stackunder Stack menu,which are turn, rotate pop,
clear andprint stakk. Theseoperationsnodi es the stackin the XFST processthenVi-XFST
synchronizests NetworkBrowserwith the XFST stackatthe sametime.

4.4 ExpressionCanvasand WorkspaceTabs

ExpressionCarvasis wherethe visual regular expressiondevelopmentcan be donewhena
projectis active on Vi-XFST mainwindow. Therecanbe morethanone ExpressionCarvas
but only oneof themis active at atime. Thesecarvasesareheldin the WorkspaceTabs The
usercanswitchbetweertheseabsto activatethedesiredcarvasandedittheregularexpression
insideit.
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Figure5: The ExpressiorCarvasandWorkspaceTlabs

EachExpressionCarvas can containonly one regular expressionobject. Whenthis ob-
jectis removedthe associatedarvasandworkspacdabis alsoclosed. To starta new regular
expressionn anew page,just selectyour operatorfrom thetool barandclick on any Expres-
sionCarvas Vi-XFST will openanemptyworkspacdabandcarvasfor you.

4.5 Messagelab

Vi-XFST alsohandlesXFST messageen behalfof theuser They are ltered anddisplayedn
theMessa@e Tab.

Figure6: TheMessagdab

The messagedisplayedn this tabcanbegroupedn to three:
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XFST successnessagesThey displaysuccessfutommandxecutionmessagesuchasasuc-
cessfulregularexpressioror network compilation. They areprintedin greencolor.

XFST error messagesThey areprintedin red, andinform error events. Most of the time, to
take the attentionof the user a pop-upinformationdialogbox may be invoked aboutthe
error.

Print MessagesThesearethe outputsof "print” command®of XFST, suchas”print de ned,
print stad, print random-loweretc”. They aredisplayedn blue.

TestResults Testresultmessagearegeneratedby the”apply’ commandsThey aredisplayed
in both TestTab andMessae Tab. Thesemessageareprintedin blackfonts.

Vi-XFST MessagesThesemessagearenot XFST generatedSomeof theactionsof Vi-XFST
producegheseoutputs,suchasloading a project, saving or loading the stack le etc.
Thesemessagearein darkblue.

4.6 TestTab

TestTab is whereyou canapply stringsto your networkson the stack.

Figure7: TheTestTab

Whena network is compiledonto stack,Vi-XFST will automaticallyactvate TestTab and
placethe cursorin the Input String Edit Box Enteryour inputsinto the Input String Edit Box
and pressenteror click the Apply button just below. The direction of apply commandcan
be setby downand up radio buttonsnearthe Apply button. The resultswill be displayedin
the ResultsEdit Box and your input string will be addedto the Inputslist. You canadjust
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maximumnumberof input stringskeptin the Inputslist andsomeothersettingsaboutTestTab
in the Prefeencedialog.

Itemsin the Inputslists canbe removed, clearedall, loadedfrom, or savedto atext le by
thebuttonson thistah Theseactionsarealsoassociatedvith menuitemsin the Testmenu.

4.7 Debug Tab

TheVi-XFST projectis still underdevelopment.Inevitably, despiteour hardefforts on delug-
gingthecode theremaystill besoftwarebugsor logic errors.Thereforehedeluggingwindow
whichis heavily usedn thedevelopmenprocessis notremovedfrom thisreleaseversion.This
window, whenthemessag@andleris installedanddehug optionis enabledduringcompilation,
displaysvariousdelug messagefom Vi-XFST execution o w.

Figure8: Thedehuggingwindow is usefulonly whenthe dehug optionis setduring compila-
tion.

Theusercanincludethe outputsof this window to reportbugsto the projectdeveloperthat
will beusedto trackdown the causeof the problem.

4.8 Menubar Commands

File Menu

Thereare functionsfor editing Vi-XFST preferencesnd shuttingdown Vi-XFST, under le
menuitem.

Preferences Openshe Prefelencedialog. SeeSectiond.12on page23 for moreinformation.
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Exit (Ctrl-Q) Initiatesthe shutdavn sequencef Vi-XFST, which canbe canceledf the user
doesnot con rm theinvoked con rmation dialog box. If therearemodi cationsin the
active project,theuserwill be promptedo save thechangesThe Vi-XFST will closeall
open les, try to closeandthentry to kill XFST processandsave all Vi-XFST options
and history to the operatingsystemsettingsstructure. For more information aboutVi-
XFST Settingsreferto Section??.

Project Menu

New (Ctrl+N) Opensthe New Projectdialog,allowing to createa new projectworkspaceand
associategbroject le.

Save (Ctrl+S) Savestheactive project le andassociatedbinary de nitions andnetwork les
to the projectdirectory

Load (Ctrl+L) Opensthe Load Projectdialog, allowing the userto selectan existing project
le toloadinto Vi-XFST.

Close(Ctrl+W) Closegheactive project.

View & print project le (Ctrl+P) OpengheProjectPreviewdialog,wheretheprojectsource
le canbeviewed,sasedor printedin variousformats.

Openrecentproject Containsasub-menwvith thelast10openedrojects.Theusercanopen
aprojectmoreeasilyusingthis recentprojectmenu.

Save xfst messagesSavesthe Messae Tab contentto atext le. Invokesa SaveFile dialog.
Clear xfst messageClearsthe contentof Messae Tab.

Properties(F2) OpengheProjectOptionsdialogthatletsthe userchangevarioussettingsfor
the project. This could be a projectnameto save the projectwith anothemameor some
userinterfaceoptions.

Insert Menu

Releaseselection(F2) Click this menuoptionto de-selectry selectednserttoolbarbutton.
This stopsthe pointerto insertnew operatorson the ExpressionCarvas

Concatenation Click this menuoption andthen click on the ExpressionCanvasor an open
slotof anexpressiorto placea Concatenatiomperator

Crosspioduct Click thismenuoptionandthenclick onthe ExpressionCarvasor anopenslot
of anexpressiorto placea Crossproducbperator

Intersection Click this menuoptionandthenclick on the ExpressionCarnvasor an openslot
of anexpressioro placeanIntersectioroperator
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Longestmatch replacement Click this menuoptionandthenclick on the ExpressionCarvas
or anopenslot of anexpressiorto placea LongestMatch Replacemenbperator

Longestmatch markup Click this menuoption andthenclick on the ExpressionCarvasor
anopenslot of anexpressiorto placea LongestMatchMarkup operator

Replacement Click this menuoptionandthenclick on the ExpressionCarvasor anopenslot
of anexpressiorto placea Replacemenbperator

Simple markup Click this menuoptionandthenclick on the ExpressionCarnvasor anopen
slotof anexpressiorto placea Simplemarkupoperator

Composition Click this menuoptionandthenclick onthe ExpressionCarvasor anopenslot
of anexpressiorto placea Compositionoperator

Crosspioduct Click thismenuoptionandthenclick onthe ExpressionCarvasor anopenslot
of anexpressiorto placea Crossproducbperator

De nition Menu

Newde nition (F4) InvokestheDe nition Optionsdialogto getde nition propertiesandthen
pushesa new de nition into the stackwith thesevalues. The createdde nition will be
addedo the De nition Browser

Push(F5) De nes the active de nition on the ExpressionCarvas and addsit to the De ni-
tion Browser

Readregex(F7) Compilesthe active de nition on the ExpressionCarvasaddsit to the Net-
work Browser

Unde ne (F8) Unde nestheactive de nition on the ExpressionCarnvasandremovesit from
theDe nition Browset

Properties(F9) Opensthe De nition Optionsdialog box for the active de nition on the Ex-
pressionCarvas De nition name,expressionand commentare someof the editable
valuesof ade nition throughthis dialog box.

Saveprint outputsto le This is atoggle-menuitem. If it is selectedthe print command
outputswill bewrittentoa le insteadftheMessae Tab. Thisoptioninvokesa SaveFile
dialog.

Do not print to le Thisis atoggle-menutem. If it is selectedthe print commandoutputs
will bewrittento the Messge Tabinsteadof a le.

Print-De ned printseachde ned symbolandthesizeof thenetwork it standdor.
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Network Menu

Save print outputsto le This is a toggle-menutem. If it is selectedthe print command
outputswill bewrittento a le insteadof the Messae Tab.

Print rst N outputs Thisis atoggle-menutem. If it is selectedthe print commandoutputs
will bewrittento the Messae Tab insteadof a le.

Print Random-lower Generatesandomwords from the lower side of top network on the
stack.

Print Random-upper Generatesandomwords from the upperside of top network on the
stack.

Print Words Printsthe pathsin thetop network of the stack.

Print Lower Words Displaysthewordsin the lower sidelanguageof the top network on the
stack.

Print Upper Words Displaysthe wordsin the uppersidelanguageof the top network on the
stack.

Print Net Printsatext representatioof thetop network onthe stack.

Print Sigma Printsthe sigmaalphabebf thetop network on the stack.

Print RandomWords Generatesandomwordsfrom thetop network on the stack.

Print Size Printsthesizeof thetop network on the stack.

TestsEquivalent Returnsl if thetopmosttwo networkscontainthe samelanguage.
TestsLower-Bounded Returnsl if thelower sideof thetop network hasno epsiloncycles.

TestsLower-Universal Returnsl if thelower sideof thetop-level network representghe uni-
versallanguage.

TestsOverlap Returnsl if the language®f the two topmostnetworks have a non-emptyin-
tersection.

TestsSublanguage Returnsl if the languageof the topmostnetwork is a sublanguagef the
seconchetwork on the stack.

TestsUpper-Bounded Returnsl if theuppersideof thetop level network containsno epsilon
cycles.

TestsUpper-Universal Returnsl if the upperside of the top-level network containsthe uni-
versallanguage.
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Prune Remwesall pathsleadingto non- nal statesin the top network on the stack. This
operationis notincludedin theproject le.

Reverse Replaceghetop network on the stackwith the onethatacceptghereverselanguage.
This operationis notincludedin the project le.

Sigma Replaceshetop network onthestackwith anetwork thatencodeshe"sigmalanguage”
of the original network, that is, the union of all symbolsin the sigmaalphabet. This
operationis notincludedin theproject le.

Sort Reorderdhe arcsof thetop network on the stackin a canonicalorder This operationis
notincludedin theproject le.

Substring Replaceghetop network on the stackwith a network thatacceptsvery stringthat
is asubstringof somestringin thelanguageof the original network. This operations not
includedin the project le.

Optimize Runsa heuristicalgorithmthattriesto reducethe numberof arcs. This operationis
notincludedin theproject le.

Unoptimize Reversesthe effect of optimizecommand. This operationis not includedin the
project le.

Complete Extendsthetop network until it hasa transitionfor every symbolin sigmain every
state.This operationis notincludedin the project le.

Determinize Replaceghetop network with anequivalentdeterministicnetwork. This opera-
tion is notincludedin the project le.

Epsilon-remove Replaceshetopnetwork with anequialentonethathasno epsilontransition.
This operationis notincludedin the project le.

Invert Exchangeshetwo sidesof thetop network onthe stack.
Lower side Extractsthelowerlanguageof thetop network onthe stack.
Minimize Replaceghetop network with anequivalentonethathasminimal numberof states.

Negate Replaceshetop network with anetwork thatacceptsll andonly thosestringsrejected
by the original.

Stack Menu

Clear Remaesall networksonthestack.
Pop Remaoesthetop network onthe stack.

Print Displaysthe contentof the stack.
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Rotate Pusheshetop elemenif the stackto the bottom.

Turn Reversesheorderof the networkson the stack.

TestMenu

Clear outputs Clearstheoutputsgeneratedby previoustests.

Save outputs Savesthe outputmessages the TestMessgesWindow into atext le. This
optioninvokesa Save File dialogbox.

Apply up Simulateghe compositionof theinput stringwith the lower sideof the top network
onthestackandextractstheresultfrom the upperside. Any outputmessagés displayed
in the TestMessgesWndow.

Apply down Simulateghe compositionof the input stringwith the uppersideof the top net-
work on the stackand extractsthe resultfrom the lower side. Any outputmessages
displayedn the TestMessgesWndow.

Load text le asinputs InvokesaFile Opendialogbox,andloadstheselectedASCII le asa
list of input stringsinto the TestInputsListbox

Savetestinputs Savesthe testinputsin the TestInputsListboxinto a text le. This option
invokesa Save File dialogbox.

Clear testinputs Clearstheentriesin the TestIinputsListbox

Help Menu

About Vi-XFST Invokesthe About Vi-XFST dialog, which givesthe authorcontactinforma-
tion, versionnumberandsomelicensinginformationaboutVi-XFST.

4.9 Project Options Dialog

Click Project|Propertiesor Project|Newto invoke the Project Optionsdialog.
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Figure9: ProjectOptionsdialog

This dialogis usedto edit propertiesa projectsessionn Vi-XFST. The valuesthatcanbe
setin thisdialogare:

Project Name This the descriptve namefor the active project. It is alsousedto generateghe
lename of the source le with the extension".infpr 0j". Changingthe projectname,
functionsasa”saveas’ operation.The next save commandwill createall project les
accordingo this new name.

Author Theauthorof theproject le.
Contact Thecontactinformationfor the project,probablyanemailaddres®r awebsite.
Folder Thefolderin whichtheproject les will besared. Defaultvalueis thecurrentdirectory

Description Intentionof this eld is a shortdescriptionfor the projectpurpose structureor
ary otherusefulinformationto theothers.

CanvasColor This optionsetsthe ExpressionCarnvasbackgroundolor for this project.

4.10 De nition Options Dialog

Click De nition|Pr opertiesor De nition|New to invoke the De nition Optionsdialog.
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Figurel10: De nition Optionsdialog

Thisdialogis usedto edit propertiesof anexisting or anewly createdde nition. Thevalues
thatcanbesetin thisdialogare:

Name This is the nameof the de nition. If it is a new de nition Vi-XFST will generatea
randomde nition namefor theuser In Vi-XFST de nition namesarekeptuniqueand
overridinga de nition nameis not allowed. If ade nition hasdependents;hangingits
nameis alsonotallowed.

Expression It is the regular expressionthatthis de nition is composedf. De nitions in Vi-
XFST canbe createdn two ways; eitherby typing an expressionin this De nition Op-
tionsdialog,or by usinggraphicalcomponent®n the ExpressionCarvas The rst kind
of de nitions aremarkedasnon-visua) they cannotbedisplayedon the ExpressionCan-
vasgraphically Their expressionganonly be editedin this dialog. But the secondype
of de nitions are called visual de nitions, andtheir expressionis extractedfrom their
graphicalrepresentatioon the carvas. Thesede nitions canonly be editedon the Ex-
pressionCarvas Thereforetheir expressiongreread-onlyonin this dialog.

Comment Any commentonthede nition canbetypedin here.

CanvasColor This option setsthe de nition rectanglebackgroundcolor for this de nition
only.

Tested& Veried A checkboxo indicatethatthis de nition is veri ed andtested andpossi-
bly bug-free.
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Verify Note A shortnoteon veri cation of de nition.

Ancestors A treeview of the ancestor®f this de nition. Theroot nodeis this de nition and
itemsbelow aretheoneswhichit depend®n.

DependentsA treeview of de nitions thatdependson this de nition. The root nodeis this

de nition anditemsbelow aretheonesthatdependniit.

4.11 Network Options Dialog

Click Propertiesmenuitem of the pop-upmenuin the Network Browserto invoke the Network
Optionsdialog.

Figurell: Network Optionsdialog

This dialogis usedto edit andview propertiesof a network on the stack. The valuesthat
canbesetin thisdialogare:

Name Thisis the nameof the network, which is the sameasthede nition thatthis network is
compiledfrom. Thisvalueis readonly.

Comment Any commenton thenetwork canbetypedin here.
Tested& Veried A checkboxo indicatethatthis network is veri ed andtestedandpossibly

bug-free.
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Verify Note A shortnoteon veri cation of this network.

Ancestors A treeview of the ancestor®f this network, which is the sameasancestor®f the
de nition of the network. The root nodeis this network anditemsbelon arethe ones,
which this network depend®n.

dependentsA treeview of de nitions thatdepend®nthede nition of the network. Theroot
nodeis the network anditemsbelow arethe onesthosedepenconit.

4.12 PreferencesDialog

Click File|Preferencesto invoke the Prefeencesdialog. The following dialogwill appearto
let variousVi-XFST settingsto bechanged.

Figurel2: Preferencedialog

The settingin this dialog box aresaredin "$HOME/.qt/in nityr ¢c” le on UNIX systems.
On Microsoft Windows operatingsystemst is in the registry databaseinder'in nityr c' key.
For the rst executionof Vi-XFST, somedefault valueswill be setto theseoptions. The most
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importantof themthat hasto be resetby the useris the XFST (or XFST.exe on Microsoft
Windows systemspinarylocation. If this locationis not enteredor invalid, Vi-XFST will not
beableto load XFST process.

Theoptionsthatcanbesetin thisdialogare:

XFST Binary Location Thisis thelocationof the executableXFST binary le onthesystem.
Usershouldhave properaccessightsto executethis le.

Enable Tooltips Enables/disablethe tooltips available for mary componenton Vi-XFST.
Theseare little help messageslisplayedin a small yellow box belov the mousecur-
sor, that appearsvhenthe userpointsto a menuitem, de nition box on the carvasor
toolbaritems.

Print CommandsOutput Limit Setsa limit on the upperlimit of outputlines generatedy
print commandswvailablein de nition andnetworkmenus.

Save TestInputs On Exit Enables/disablesutomaticsaving of testinputslist into yourproject
le.

Max Number of Inputs Putsanupperlimit on the numberof testinputsthatwill be keptin
your project le.

Clear History This buttonclearsthetestinputlist.

Keeplnputs Sorted by History|Alphabetically Sortstheinputlist accordingo thegivencri-
teria.

De nition CanvasColor This option setsthe de nition rectanglebackgroundcolor for this
de nition.

Project CanvasColor ThisoptionsetsheExpressionCarnvasbackgroundolorfor thisproject.

Font Options Theseare the font settingsusedin the carvas of the Vi-XFST. They canbe
changedo whatever settingsareavailableon the underlyingoperatingsystem.

4.13 Project Preview Dialog

Click Project|View & Print menuto invoke the ProjectPreview dialog. The following dialog
will displaythe sourcecodeof your project.
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Figure13: ProjectPreview dialog

You canusethis dialogto exportthe projectto atext le or printin variousformats.Click
Hide all commentsheckboxto hide/unhideVi-XFST in-line control comments.Or you can
enable/disablsyntaxhighlighting by the Usesyntaxhighlightingcheckbox.The Print button
will call thesystemprint dialogboxandlet you chooseprinting preferenceandgetahardcoy
of your project.If yourunderlyingsystempermits,a postscriptopy canalsobegeneratedvith
this printing dialog.

The Save buttonletsyou exportacopy of theprojectinto atext le, accordingo thedisplay
criteriasetin this dialog.

5 Project DevelopmentProcess
5.1 Starting a New Project

Vi-XFST handlesa developmentsessiorwith XFST in a ProjectWorkspace For eachproject
workspacea project le is created.Also whenthe projectis saved, a binary de nition and/or
network le will be createdin the samedirectory De nition and network settings,regular
expressionstestinputsandusercommentsarekeptin theproject le whichhasanamecreated
by concatenationf projectnameand”.infproj” le extension.

To starta projectworkspacecglick Project|Newmenuitem, or the associatedool button.
The Project Optionsdialog will be invoked. Entera descriptve namefor your project,and
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selectaprojectdirectory Thedefaultvaluepointsto the currentdirectory but it is probablethat
youwill wantyour project les savedin amorereasonabléocation.

You canalsoentersomevaluesfor Author, Contactinformationandfor project descrip-
tion. Theseareoptional elds andyou canchangethesevaluesat ary time later, just select
Project|Propertiesmenuto bring this dialogback.

Whenyou click the OK button, the ProjectOptionsdialogwill beclosedandanew project
workspacewill be initiated. A XFST processwill be loadedand menuitems, browsersand
workspacecarvaswill beinitialized. After theinitializations,you canstartaddingde nitions
to your workspace.

5.2 Building Regular Expressions

Therearetwo waysto de ne aregularexpressiorde nition in Vi-XFST. Thequickestway is to
typein aregularexpressiorusingthekeyboard.Simply click De nition|New De nition menu
item or associateteyboardshortcut(F4) to openDe nition Optionsdialog.

In thedialogade nition nameis alreadygeneratedor you. Justtype aregularexpression,
-somecommentis optionalbut recommendedandclick OK. The XFSTProgressDialog will
appealandtry to de ne your expression.f no erroroccurs,your regularexpressiorde nition
will appeatin the De nition Browser The Message Tab will be poppedup if it is notvisible.
Checkthesemessages$or your de nition. If therehasbeenan error, Vi-XFST would have
noticedthatanddisplaytheerrormessaggeneratedy XFST.

The otherway to createyour de nition, is to usethe ExpressionCarvasto build your reg-
ular expressionn a morecontrolledanduserfriendly way. Vi-XFST offersa powerful visual
interfacefor regularexpressiorconstruction.

Selectanoperator basetypefrom thetoolbarandclick onthe ExpressionCarvas Vi-XFST
will draw the operatorbasewith emptyslots. Theseslots arewhereyou will insertexisting
regularexpressiorde nitions. Youcanselectanddragade nition from theDe nition Browset
Or write click the empty slot and selectinsert De nition menuitem and selectan existing
de nition from thelist. The selectedde nition will be addedinto this empty slot you have
right-clicked.

You candoubleclick anemptyslotto createa new de nition morequickly. De nition Op-
tionsdialogwill beinvoked andthe createdde nition will beinsertedinto this slot automati-
cally.

For moreinformationaboutworking with graphicalrepresentationf regularexpressiorsee
Section6.
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5.3 Compiling a Regular Expression

Oncearegularexpressiors de nedin XFST andaddedo theDe nition Browsert now it canbe
compiledasa network ontothe stack.Therearemary waysof compilingaregularexpression,
you canjust right click a de nition in the De nition Browser and selectread regexin the
invoked pop-upmenu. Or if your regular expressionde nition is on the expressioncarvas,
right click the de nition thereandselectread regexmenuitem in the pop-up. Thereis also
anothemenuitem to do sametaskunderthe De nition menu.

During the regular expressionde nition compilation, XFST Progressdialog will be dis-
played. If thereis no error, your network item will appearin the Network Browser The
TestWindowwill be poppedup if it is notvisible. If therehasbeenanerror, Vi-XFST would
have noticedthatdisplaythe Messae Windowinsteadof the testwindow.

Compiling a regular expressionis just one mouseclick asdescribedabore, andyou can
quickly startenteringinputsto the network. Now, pleaseproceedo the next section.

5.4 Testinga Network

To apply input stringson the transduceaat the top of the stack,switch to the TestTab if it is
not alreadyactivated. Enteryour inputsinto the Input String edit box, andpressenteror click
the Applybuttonjust below. Thedirectionof applycommandcanbe setby downandup radio
buttonsnearthe Apply button. The resultswill be displayedin the Resultseditbox,andyour
inputstringwill beaddedo the Inputslist.

Itemsin the inputslists canbe removed, clearedand loadedfrom or sared to a text le.
Theseoperationsareavailableboththroughthe buttonson the Test Tab andmenuitemsunder
the Testmenu. If auto-s&e optionis setin the Vi-XFST settings,input stringsarekeptinside
thesourcele whentheactive projectis saved. They arealsoloadedwhentheprojectis opened
back.

5.5 Modifying The Stack

Itemson the stackarethe networks compiledby Vi-XFST. You canremove (pop-up),change
position and ordering(turn, rotate)of theseitemswith buttonsbelowv the Network Browser

Thereare variousoperationsover a network on the stack. Most of them are available under
the Network menu. For this versionof Vi-XFST thesenetwork modi cation commandsare
notkeptin your project le. Butthebinarynetwork le savedby ”save stack " command,
will containyour mostrecentstackincluding thesemodi cations. Sokeepin mind thisissue
andbewarethatVi-XFST will notre-runthesemodi cation commandsvhenit recompileghe

networkson the stack.
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5.6 Printing and Viewing the Source Code

Theprojectsourcele canbeviewedwithin the ProjectPreview dialog. Click Project|View &
Print menuto invoke the dialogthatwill displaythe sourcecodeof your project.

You canusethis dialogto exportthe projectto atext le or printin variousformats.Click
Hide all commentsheckboxto hide/unhideVi-XFST inline control comments.Or you can
enable/disablsyntaxhighlighting by the Usesyntaxhighlightingcheckbox.The Print button
will call the systemprint dialog box and let you choosethe printing preferencesand get a
hardcopy of your project. If your underlyingsystempermits,a postscriptcopy canalsobe
generatedrom this printing dialog.

Click the Save buttonto exportacopy of theprojectinto atext le, accordingo thedisplay
criteriasetin this dialog.

5.7 Exporting the Codeand Binary Files

Undertheprojectdirectory(seeProjectOptionsdialog),therearethree les relatedto aproject.
Theseare:

<ProjectName>.infproj Thesourcele for your project. It containsprojectinformation,op-
tions, network de nitions andinput strings. This le canbeloadedinto XFST with ”-I”
parameter All the Vi-XFST generateccodesare marked with "##Vi-XFST##” com-
mentmarkers. But it is stronglyadvisednot to edit this le manually Instead,usethe
Project View & Print dialog describedin Section4.13to generatea usercopy of the
projectsourcele.

<ProjectName>.infdef Thisbinary le iscreatedbytheXFST”save defined <filename> "~

commandautomaticallyby Vi-XFST wheneertheactive projectis saved. Thebinary le
containsnetworksfor all de ned symbolsin the projectworkspace.You canusethis le

in XFSTwith "load defined <filename> " commandVi-XFST will try tolocate
this le whentheprojectis loaded but if it is notavailable,all de nitions will berekuild
from theregularexpressiorsourcele. Butit cannotdetectif this le is modi ed outside
Vi-XFST, thereforeyou shouldnotchangehe contentof this le. Youmustwork onyour
own copy of thisbinary le.

<ProjectName>.infstack Thisbinary le iscreatebytheXFST”save stack <filename> ~

commandautomaticallyby Vi-XFST wheneertheactive projectis saved. Thebinary le
containsnetworks on the stackof the projectworkspace.You canusethis le in XFST
with "load stack <filename> ” command. Vi-XFST will try to locatethis le
whenthe projectis loaded but if it is notavailable,all networkswill berekuild from the
sourcele. But it cannotdetectif this le is modi ed outsideVi-XFST, thereforeyou
shouldnotchangdhecontentof this le. You mustwork onyourown copy of thisbinary
le.
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Any modi cation onthe stackwill be effective in this binary le. Soif youwantto pre-
parea binarytransducerle to distribute without the sourcecode,you canfreely do ary
modi cation with theoperatorsn Network menu.But remembethatthesemodi cations
arenot savedinto projectsourcele.

All of the les listedabove,arecompatiblewith XFST program.Any of themcanbedistributed
to otherusers.But only theproject le (with extension.infproj) canbeloadedbackto Vi-XFST.

If theproject le seemsonfusingwith mary inline commentblocksput by Vi-XFST, you
cangetatidier le by ProjectPreview dialogasdescribedabove.

5.8 Bug Reporting and Debugging Vi-XFST

The Vi-XFST projectis still underdevelopment. It lacks mary featuresof a comprehensie

integrateddevelopmentervironment. Inevitably, despiteour hard efforts on delugging the

code theremaystill bebugs,logic errors,or evencrashesvhile usingVi-XFST. Thereforethe

deluggingwindow, whichis heavily usedin thedevelopmentprocessis notremovedfrom this

releaseversion. This window, whenthe messagédandleris installedand dehuggingenabled
duringcompilation,displaysvariousdelug messagefom Vi-XFST execution o w.

If you experiencea bug to reportto the authors pleasesenda copy of thesemessagethat
will letto trackdown the bug. We appreciatevery bit of helpto improve the code.

6 Graphical RepresentationOf a Regular Expression

Oneof themostpowerful featuresof Vi-XFST is thegraphicakepresentationf regularexpres-
sions.OntheExpressionCarvas it is possibleto build comple regularexpressiorwith simple
mouseclicks.

Whena projectis openedn Vi-XFST, thereis alwaysanactive workspacdabthatcontains
an empty expressioncarvas. You canusethis carvasto placeand constructexpressionson.
First stepis to selectan operatorfrom the toolbarthatwill be the main operatorbase. Then
operandshouldbeaddedo slotsof thisbase Eachsloton Vi-XFST's operatobasess alikea
pairof braclets("[" ... "" )inregularexpressiortext. Vi-XFST placesyourde nitions
in theseboxes.Figure14 shavs anexamplede nition andthe correspondingxpression.

Figurel4: A de nition basewith two openslots:[ defl | defl ]
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Operatoibasedik e union,concatenationr compositiormaytake morethandefaultnumber
of operandsTo addadditionalslotsselectNew Slot from the pop-upmenuof the base.

Figurel5: A de nition basewith two openslots:[ def0 defl def4 ]

Justthe sameway an empty slot may be removed. Right click an empty slot and select
Remove from theinvoked pop-upmenuto removeit from the operatorbase.

Therearethreewaysto inserta de nition into an emptyslot. If you wantto createand
add a new de nition, just doubleclick into anemptyslot. Vi-XFST will createa de nition
for you andpop-upthe De nition Optionsdialog. Freelyenterarny expressionyou like, there
IS no restrictionin regular expressiondor de nitions createdusingthis dialog. Click OK to
acceptyour changes.Vi-XFST will automaticallypushyour expressioninto XFST, addit to
the De nition Browserandreplacetheemptyslotwith thisde nition. Thisis averyfastwayto
build up complex expressions.

Anotherway is to usean existing de nition from the De nition Browser Selectit with
mouse draganddropit into anemptyslot. This is alsoanothercomfortableway of building
expressiorwithin Vi-XFST.

Thelastway is to selectthe de nition to beinserted from the pop-upmenuof the empty
slot underinsert De nition item. Sub-menwf this item is the list of de nition availablein
Vi-XFST. Theselectedle nition will beinsertednto theemptyslot.

It is alsopossibleto insertan operatotbaseinto anemptyslot of anotherbase.This feature
enablego build complec regular expressions.It is importantto remembethat eachslotis a
pair braclet. Thereforeyour new operatombaseis enclosedvithin a pair of bracletsasshaw in
Figurel6.
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Figurel6: Nestingoperatobasesn eachother:[ [ Q| D] .x N ]

Thereis no limit in the depthof nestingoperatordnside eachother You canfreely build
largeregularexpressionslf thingsgetconfusingon the carvas,try the Minimize optionin the
pop-upmenusof operatorgo shrinkthe operatoryou areworking on.

Onceyouaredonewith yourregularexpressionit hasto bede nedin XFST processSelect
Pushde nition in the pop-upmenuof the operatorbase.Vi-XFST will de ne andstoreit in
the De nition Browser For moreinformationaboutde ning ade nition seeSection5.2.

6.1 Operator BaseObject

The basiccomponenbf an expressions the baserectanglethatde nes a pair of braclets ("
... ") andtheselectedperator You addothercomponentgde nitions) ontothis base.

You cangive it anamethatwill be usedto referto this network onceit is compiled.When
abaseis addedio the workspacecarvasa uniquede nition nameis alreadygeneratedor you.
Also the nameof a basecanbe modi ed from the De nition Dialog thatis invoked with the
Propertiesteminsidepop-upmenuof thebase Whenthisde nition is compiled,it will appear
in thede nitions browserof Vi-XFST with this nev name.Thefollowing drawving is asimple
de nition object:

Figurel7: A sampleoperatorbase

In Figure 14 the main operatoris anintersection.This basehastwo operandsdefl and
PRICE, which arealsopreviously de ned de nitions. Thesede nitions canberemovedfrom
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the baseby selectingRemove operatorfrom the pull-down menuinvoked by right clicking on
them.

The symbolsonthe upperright cornerof thesede nition rectanglesienoteif thede nition
canbe enlagedinsidethe operatorbase.A ”. ” meanghatthis de nition wasnot built using
thevisualexpressiorcarvas;therefordat cannotbeenlagedusinggraphicalcomponententhe
screenAlso doubleclicking onthede nition rectangleonly openshis de nition' s properties.

The”x” signon the upperright cornerof a de nition, asfor the ”"PRICE” in Figure 14,
meanghatthede nition canbe enlagedinto its componentsWhenade nition is enlagedby
clicking on this icon, this symbolchangesnto an”O'. Clicking againin this symbolshrinks
thede nition backto its original state.Hereis an exampleof viewing a de nition in enlaged
form:

Figure18: The PRICEde nition is enlagedinsideanotherde nition.

By using this featureof Vi-XFST, it is possibleto view a transducetback into its sub-
componentslt is alsopossibleto compileanenlagedde nition, andapply input stringto this
network onthe stackto dehugit.

7 Graphical Regular ExpressionComponents

In this versionof Vi-XFST, only mostcommonlyusedregular expressionoperatorsare sup-
portedon the expressioncarvas. Regular expressionghat requirethe other operatorscanbe
still built usingthe De nition Optionsdialogthatis invokedby De nition|New menu.We hope
to releasesupportfor theseexcludedoperatorsn the next version.

Onceanoperationis de ned you canstill changet, replaceoperandsepr deleteit later. It
is possibleto addnew slotsto anoperatoiif it cantake morethandefault numberof operands.
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For examplethe default Union operatorcomeswith two emptyslots. But you canalwaysadd

new slotsfor additionaloperandsAlso someoperatorssuchasmarkupandreplacementhave

"conditional operatorbaseghat have specialmeaninggor them. You canadda conditional
baseto themfrom the pull down menuby right clicking ontheseoperatorsAll of thesefeatures
areaccessibléhroughthe pop-upmenusof the operatorsiots.

Thefollowing sectiondn this chapterarealist of availableoperatorsn Vi-XFST.

7.1 Union

Figure19: Union operatorbase.Displayedregularexpression:
[ defl | def2 ]

Openswith 2 defaultopenslotsandmoreslotscanbeadded.Operatoricon canbechanged
into: Concatenationintersection.

7.2 Concatenation

Figure20: Concatenation  operatorbase Displayedregularexpression:
[ defl def2 defd ]

Openswith 2 default openslotsandmoreslotscanbeadded.Operatoiicon canbechanged
into: Union, Intersection.

7.3 Intersection

Figure21: Intersection operatorbase Displayedregularexpression:
[ [defi3 | def8 ] & def2 |
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Openswith 2 defaultopenslotsandmoreslotscanbeadded.Operatoricon canbechanged
into: Union, Concatenation.

7.4 Composition

Figure22: Composition operatorbase.Displayedregularexpression:
[ defl .o. [ def0 | def3 ] .o. defd |

Openswith 2 default openslots and more slots can be added. Operatoricon cannotbe
changednto anotheroperator

7.5 Crosspoduct

Figure23: Crossproduct  operatombase Displayedregularexpression:
[ defl .x. def2 ]

Openswith 2 default openslotsandno moreslotscanbe added.Operatoricon cannotbe
changednto anotheroperator
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7.6 Replacement

Figure24: Replacement operatorbase.Displayedregularexpression:
[[ defi -> def2 ],[def4 -> defl2 ] // Right _ Left ]

Openswith 2 default openslots. Possibleto addanotherpair of slotsfor parallelreplace-
ment. Operatoricon canbe changednto: Longest-matctiReplacement.

Specialoption: New Conditionaddsa conditionwith two openslotsto the replacement
operation.Only oneconditioncanbede ned peroperatoibase.

7.7 Left-to-right, Longest-Match Replacement

Figure25: Left-to-right,Longest Match Replacement operatoibase Displayed

regularexpression:
[ defl @-> def2 ]

Openswith 2 default openslots. Possibleto addanotherpair of slotsfor parallelreplace-
ment.Operatoricon canbe changednto: Replacement.

Specialoption: New Conditionaddsa conditionwith two openslotsto the replacement
operation.Only oneconditioncanbede ned peroperatombase.
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7.8 Simple Markup

Figure26: Markup operatombase Displayedregularexpression:
[ A-> defl .. def2 ]

Openswith 3 default openslots. Possibleio addanothettriple of slotsfor parallelmarkup.
Operatoricon canbe changednto: Longest-matcmarkup.

Specialoption: New Conditionaddsa conditionwith two openslotsto the markupopera-
tion. Only oneconditioncanbede ned peroperatoibase.

7.9 Left-to-right, Longest-matchMarkup

Figure27: Left-to-right, Longest-match Markup operatobase Displayedregu-
lar expression:
[A @-> defl .. def2],[B @-> defd ... defl2] || Left_Right ]

Openswith 3 default openslots. Possibleo addanothettriple of slotsfor parallelmarkup.
Operatoilicon canbe changednto: Simplemarkup.

Specialoption: New Conditionaddsa conditionwith two openslotsto the markupopera-
tion. Only oneconditioncanbede ned peroperatombase.
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8 Bug Reporting

TheVi-XFST projectis still underdevelopment.Inevitably, despiteour hardefforts on delug-
gingthecode,theremaystill bebugs. Thereforethe deluggingwindow, whichis heavily used
in the developmentprocessjs not removed from this releaseversion. This window, whenthe
messag®@andleris installedanddeluggingenabledduringcompilation,displaysvariousdehug
messagefom Vi-XFST execution o w.

If you experiencea bug to reportto the authors pleasesenda copy of thesemessagethat
will let ustrackdown thebug. We appreciatevery bit of helpto improvethecode.
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