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Chapter 1

What is PlaNet?

PlaNetis a packageof algorithmson planarnetworks. This packagecomeswith a graphicaluser
interface,which may be usedfor demonstratingand animatingalgorithms. Our focus so far has
beenon disjoint pathproblems.However, thepackageis intendedto serve asa generalframework,
whereinalgorithmsfor variousproblemson planarnetworksmaybe integratedandvisualized.For
this aim, thestructureof thepackageis designedsothat integrationof new algorithmsandevennew
algorithmicproblemsamountsto applyinga short“recipe”. Furthermore,our basegraphclassoffers
variousmethodsthatallow a comfortablehigh-level implementationof classesandalgorithms.

1.1 Intr oduction to PlaNet1

Theaim of this packageis to demonstratealgorithmson planargraphsby meansof a graphicaluser
interface(GUI). Thepackageis implementedin C++andrunsonSunSparcstations,andthegraphics
arebasedontheX11 Window System.A demoversionandsomeadditionalinformationis accessible
in theWorld WideWebatURL http://www.informatik.uni–konstanz.de/Research/Projects/PlaNet/.

Instancesfor the differentalgorithmicproblemsmay be generatedeither interactively or by a ran-
dom generator, storedexternally in files, andreadfrom the respective file again. All instancesare
stronglytyped,thatis, eachinstanceis associateda(unique)algorithmicproblemto whichit belongs.
This classificationof instancesis reflectedby theGUI: Theusercannotinvoke analgorithmwith an
instanceof thewrongtype.

Like instances,all algorithmsareclassifiedaccordingto theproblemsthey solve, andthis classifica-
tion is reflectedby theGUI too. For eachalgorithmicproblemtheremaybeanarbitrarynumberof
algorithmssolvingthisproblem.For two algorithmicproblems,Ø�Ù and Ø
Ú , let Ø�Ù�ÛÜØ
Ú indicatethatØ Ù is a specialcaseof Ø Ú . Suchrelationsof problemclassescanbeintegratedinto thepackageand
arethenalsoreflectedby theGUI. More precisely, analgorithmsolvingproblem Ø maybeapplied
not only to instancesof type Ø , but alsoto instancesof any type ØÞÝ sothat Ø=ÝoÛ1Ø . In otherwords,
althoughall instancesandalgorithmsarestronglytypedby thecorrespondingalgorithmicproblems,
analgorithmmaybeappliedto any instancefor which it is suitablefrom a theoreticalpoint of view,
evenif thetypesof thealgorithmandtheinstancearedifferent.

1Sections1.1to 1.3arebasicallyanextractof [NSWW96]
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In Section1.2,wegiveanoutlineof theGUI andsummarizethealgorithmsthathavebeenintegrated
sofar. Theinternalstructureof thepackageis designedto supporttheintegrationof new algorithms.
As a consequence,developersmay insertnew algorithmsandalgorithmicproblemsby applyinga
short“recipe”, which requiresno knowledgeabouttheinternals.With this goal in mind, theinternal
structureof the packagehasbeendesignedvery carefully. In Section1.3, we introduceour overall
design. The basicnotationis given in Section1.4. In Section1.5, the availabledocumentationfor
PlaNetis specified.

1.2 From a user’sperspective

At every stageof a sessionwith PlaNet, thereis a current algorithmic problem Ø . The problemØ indicatesthe nodein the problemclasshierarchythat the usercurrentlyconcentrateson. In the
beginning, Ø is void, andthe useralwayshasthe opportunityto replaceØ by anotherproblemin
the hierarchy. A new currentproblemmay be chosendirectly from the list of all problemsor by
navigating throughtheproblemclasshierarchy. In the latter case,a singlenavigationstepamounts
to replacingØ eitherby oneof its immediatedescendantsor by oneof its immediateancestors.To
initialize Ø in the beginning, eachof the topmost(i.e., mostgeneral)problemsmay be usedasan
entrypoint for navigation.

Oncethe currentalgorithmicproblemis initialized, the usermay constructa current instanceand
chooseoneor two currentalgorithms. Afterwardstheusermayapplythesetwo algorithmssimulta-
neouslyto thecurrentinstancein orderto comparetheir results.

An instancemaybegeneratedor readfrom afile only if thetype Ø=Ý of theinstancesatisfiesØ=ÝßÛÜØ .
Analogously, an algorithmmay be chosenonly if the type Ø Ý Ý of the algorithmsatisfiesØàÛáØ Ý Ý .
In particular, this guaranteesthat the algorithm is suitablefor the instance. Theserestrictionsfor
instancesandalgorithmsareenforcedby the GUI: To selectan algorithmthe usermustpick it out
of a list, which is collectedandofferedby the GUI on demand.This list containsonly algorithms
of appropriatetypes(namelytypes Ø=Ý so that Ø=Ý$âkØ ). Analogously, the lists of randominstance
generatorsandof externallystoredinstancescontainonly itemsof appropriatetypes(typesØ Ý Ý sothatØ=Ý ÝßÛ�Ø ).

Whenapplyingoneor two algorithmsto an instance,the GUI shows not only the final results,but
alsovisualizestheprocedureof thealgorithmsstepby step. After eachmodificationof thedisplay,
thealgorithmstopsfor aprescribedwait time. By default, thiswait time is zero,andtheuserobserves
only thefinal result,becausethedisplayof theprocedureis too fast. Theusermaychangethis wait
time to anarbitrarymultipleof msec. in orderto observe theprocedurestepby step.

Many algorithmsconsistof a small numberof major steps,for example,preprocessingand core
procedure.For eachmajorstepof analgorithm,a separate,auxiliary window is opened.The initial
displayof sucha window is the resultof the former major stepor if it is the very first major step
the plain input instance. The procedureof this major stepis displayedin the associatedwindow,
andafterwardsthe window remainsopenshowing the final resultof the major step. Therefore,on
terminationof the whole algorithm,all intermediatestagesareshown simultaneouslyand may be
comparedwith eachother. TheGUI alsooffersa featureto print thecontentsof awindow or to dump
it to afile in Postscriptformat.It is alsopossibleto adjustthegraphicaldisplayaccordingto theuser’s
taste.(SeeSection2.2for adetaileddescriptionof theGUI.)
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Sofar, thealgorithmicproblemsmodeledwith PlaNetmainlyreflectourtheoreticalresearchinterests.
TheseproblemsaretheOkamura–SeymourProblem,theMengerProblem,andfurtherversionsof the
MengerProblem. (SeeChapter3 for a detaileddescriptionof the problemsandChapter4 for the
algorithms.)Thesealsoincludenew heuristicvariationsof well known algorithms.In additionthere
arevariousbasicalgorithms,for exampleanalgorithmthatcomputestheDelaunaytriangulationof a
graphandalgorithmsthatgeneratefeasiblerandominstancesfor theproblemclasses(seeChapter5).

1.3 From a developer’s perspective

Theimplementationreliesheavily on theobject-orientedfeaturesof C++. Herewe do not saymuch
aboutobject-orientedprogramming;seefor example[Mey94] for a thoroughdescriptionof object-
orientedprogramming,and see[Str91] for a descriptionof C++. Nonetheless,this sectionis self
containedto ashigh anextentaspossible.Therefore,we first introduceall terminologythatweneed
to describetheinternaldesign.

Classes. Classesare a meansto model abstract data types. For example, the abstractdatatype
“stack” is essentiallydefinedby the subroutines“push,” “pop,” and“top.” A stackclasswrapsan
interfacearounda concreteimplementationof stacks(encapsulation), which consistssolelyof such
subroutines(usuallycalledthe accessmethodsof the stackclass). Considera pieceof codewhich
works with stacksandusesthis stackclassto implementthem. In sucha pieceof code,only the
interfacemaybeaccessed;theconcreteimplementationbehindthe interfaceis hiddenfrom therest
of thecode.Thisallowssoftwaredevelopersto adoptahigher, moreabstractpointof view, simplyby
disregardingall technicaldetailsof theimplementationof abstractdatatypes.

Inheritance. A class ã may be derivedfrom anotherclass ä . This meansthat the interfaceof ã
is thesameasor anextensionof the interfaceof ä , even if theconcreteimplementationbehindthe
interfaceis completelydifferentfor ã and ä . Moreover, anobjectof type ã maybeusedwherever
anobjectof type ä is appropriate.For example,a formal parameterof type ä maybe instantiated
by anactualparameterof type ã . A classmaybederivedfrom severalclasses(multipleinheritance).
Therefore,inheritancemaybeusedto modelrelationshipsbetweenspecialcasesandgeneralcases.
Moreover, inheritancemay beusedfor “code sharing,” that is, all codeimplementedfor the access
methodsof classä maybeusedby theaccessmethodsof classã too.

Polymorphism. This is anotherapplicationof inheritance. It meansthat classesã Ù�å�æ�æ�æ/å ã$ç are
derived from a common“polymorphic” classä , but theaccessmethodsof ä areonly declared,not
implemented.Hereinheritanceis simplyusedto make ãÞÙ å�æ�æ�æ©å ã�ç exchangeable:a formalparameter
of type ä is usedwhere-everit doesnotmatterwhichof ã9Ù å�æ�æ�æxå ã�ç is thetypeof theactualparameter.

Thisconcludestheintroductioninto object-orientedterminology. In PlaNet,eachalgorithmicproblem
is modeledasa class,andinheritanceis usedto implementthe relation Û . Thetopmostelementof
the inheritancehierarchyis thebasicLEDA graphclass[MN95]. Consequently, eachproblemclass
offersall featuresof theLEDA classby codesharing.

We paidparticularattentionto the problemof integratingnew algorithmsandnew problemclasses
into thepackageafterwards. Theproblemclassesandtheir inheritancehierarchyaredescribedby a
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file namedclasses.def, in a high-level language,which is muchsimplerthanC++. Theproject
makefilescansclasses.def andintegratesall problemclassesaccordingto their inheritancerela-
tionsandall solversinto thepackage.

Therefore,integrationof anew problemclassamountsto insertinganew itemin classes.def. In
addition,a file namedConfig mustbechangedslightly. Whenseveraldeveloperswork on theinte-
grationof differentnew problemclassesandalgorithmsin thepackagesimultaneously, eachdeveloper
only needsto maintainhis/herown local copy of classes.def andof this smallfile Config; all
otherstuff maybeshared.(SeeChapter6 for a detaileddescriptionof thegenerationandintegration
of new classesandalgorithms.)

Besidestheadvantagesof encapsulationdiscussedabove,wealsouseencapsulationfor severalother
importantdesigngoals,notablythetaskof separatingthecodefor graphicsfrom thecodefor theal-
gorithms.SincetheGUI displaysnotonly theoutputof analgorithmbut alsoits procedure,graphics
andalgorithmsarestronglycoupled. However, it is highly desirableto strictly separatealgorithms
andgraphicsfrom eachother. In fact, if this is not donealgorithmsandgraphicscannotbemodified
independentlyof eachother, andchanginga smallpartof thepackagemayresultin a chainof mod-
ificationsthroughoutthepackage.Thismeansthatmaintainingandmodifying thepackageis simply
not feasible.

In PlaNet,thegraphicaldisplayisdelegatedto theunderlyingproblemclass.Theprocessisasfollows.
The mostgeneralproblemclassencapsulatesa referenceto an additionalobject,which servesasa
connectionto theunderlyinggraphicsystem.Clearly, this objectis inheritedby all problemclasses.
This objecthasa polymorphicclasstype, and from this classtype anotherclassis derived, which
realizesgraphicaldisplayundertheX11 Window System.To runthepackageunderanothergraphical
system,it is only necessaryto derive yet anotherclassfrom this polymorphicclass. If oneor more
algorithmsareto beextractedandrun without any graphics,a dummyclassmustbederived,whose
methodsarevoid.

1.4 Terminology and basicnotations

All problemsconsideredin this packagerequirethattheunderlyinggraphis a directedor undirected
planargraph. For thebasictheoryof generalgraphs,planargraphsandalgorithmson thesewerefer
to [Har69], [CLR94] and[NC88]. Herewe only give somevery basicdefinitions.A graphconsists
of a setof nodes(alsocalledvertices),anda setof edges(or arcs,in caseof directedgraphs). A
graphis calledplanar if it canbeembeddedinto theplanewithoutedgecrossings.A path in a graph
is anorderedsequenceof nodesandedges/arcs,startingandendingwith nodes,respectively, sothat
no edge/arcappearsmorethanoncein thesequence.We oftengive undirectedpathsthedirectionin
which it is traversed.The leadingedge of a pathis thenthelastappendededge.A net is simplya set
of nodes.Thenodesin anetarecalledterminals.

Takingtheplanarembeddingof a graphandremoving all edgesandnodes,theplaneseparatesinto
faces. All edgesaroundsucha facedefinea facein thegraph.Theboundaryof a planargraphis also
calledouterface.

Triangulationsarevery importantfor our creationof randominstances.In a triangulationnodesare
connectedby undirectededgessothateachinner faceformsa triangle.A Delaunaytriangulation is
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a specialtriangulationin which thecircle formedby thenodesof eachtriangledoesnot containany
othernodeof thegraph[Ede87].

Mostalgorithmsconsidertheproblemof findingpairwisedisjointpathsconnectingtwo terminalnets.
In a solutionof a vertex–disjointpathproblemeachinternalnode(i.e. not anendpoint)appearsin at
mostonepath. Analogously, in a solutionof anedge–disjointpathproblemeachedgeappearsin at
mostonepath.

1.5 PlaNetdocumentation

ThePlaNetdocumentationconsistsof this manualandtheonlinehelpof theGUI. An overview can
alsobefoundin [NSWW96]. In thismanualwefirstprovideatutorialin whichweexplainhow PlaNet
is startedandhow theGUI works(seeChapter2). Then,wedescribeall problemsandalgorithmsthat
areintegratedup to now (seeChapters3, 4 and5). Chapter6 containstherecipesfor theintegration
of new classesand algorithmstogetherwith numerousexamples. Examplesof the different files
mentionedin this manualcanbefoundin theappendix(seeAppendixA andB). Theappendixalso
explainstheinternalstructureof PlaNetandtheformatof theunderlyinggraphdescriptionfiles (see
AppendixC, D, andE). A referencemanualof all availablegraphfunctionsandbasicalgorithmsis
givenin theAppendixF, G, andH.

As anonlinehelpin theGUI, mostmenuwindowsoffer aHelp button.Clicking on it invokesspecial
helpfor theuseof thatwindow or specialinformationabouttheselecteditem.

Thebestway to getusedto the functionalityandconceptof PlaNetis to readthe introduction(this
chapter),thetutorial (Chapter2) andthento retry theexample(Section2.3). For theimplementation
andintegrationof new classesandalgorithmsinto PlaNetit is very importantto readChapter6.

Within this manualthe menuitemsof PlaNetaretypedin bold face. Keywordsandvariablesare
typedin italics. Shellcommandsandsourcecodearetypedin typewriter.
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Chapter 2

Tutorial

This chapteris a concisetutorial for usingPlaNet. It is aimedat usersnot familiar with thesystem.
First, the actionsto make PlaNetrun on the machineare described,and then the menusystemis
explainedin detail. It is concludedby anexample.

2.1 Getting started

2.1.1 Systemrequirements

PlaNetcanbeinstalledon SUN workstations(SunOS4.1andSolaris2.x), with X11 Release5 or 6.
To compilePlaNeta gnuC++ compiler(versions2.6.3,2.7.0or 2.7.2)andLEDA 3.0 arerequired.
Theuseof a colordisplayis recommended.

2.1.2 Installing PlaNet

Thesourcecodecancanbeobtainedvia ftp usingtheinformationgivenin Table2.1. For theinstal-
lation alsoconferthefile PlaNet.README. First changeto thedirectoryfor theLEDA installation
andfor thePlaNetinstallation,respectively. Thenusethecommandtar within thesedirectoriesto
extractthesourcefiles:

Host: ftp.informatik.uni-konstanz.de
Login: anonymous
Password: è youremailaddressé
Directory: pub/algo/executables/planet/
Files: PlaNet.README

PlaNet-vs.tar.gz
LEDA-3.0.tar.gz

Table2.1: Ftpadressfor thesourcecode
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cd /path_to_LEDA/
tar xvzf /path_to_tar_file/LEDA-3.0-patched.tar.gz
cd /path_to_PlaNet/
tar xvzf /path_to_tar_file/PlaNet-1.3.tar.gz

The tar files are written such that the top directory is included. Thus, LEDA and PlaNet, re-
spectively, are createdin the currentdirectory. For the further installationprocessof LEDA see
the files README and INSTALL in the LEDA home directory /path_to_LEDA/LEDA-3.0.
For the installationof PlaNetfollow the instructionsof file README in the PlaNethomedirectory
/path_to_PlaNet/planet.

2.1.3 Starting PlaNet

PlaNetcanberun from any X server, aslong astheenvironmentvariableDISPLAY is setcorrectly.
To startupPlaNet,enter

/path_to_PlaNet/planet/planet.

2.1.4 Preparing the accountand settingenvir onmentvariables

Library of instances. PlaNetcomeswith adefault instancelibrary, thatis storedin thesubdirectory
/path_to_PlaNet/planet/instances. Becomingfamiliar with PlaNet,it will probablybe
necessaryto createanown library of PlaNetinstances.It is thereforerecommendedto createa new
directorycalledplanet in theown homedirectoryanda subdirectoryinstances. In this subdi-
rectory, createa link to theoriginalPlaNetinstances,(for example)by usingthecommand

lndir /path_to_planet/planet/instances.

This hastheadvantagethatall built-in instanceskeepvisibleandown instancescanbestoredtoo. If
the environmentvariablePLANET_INSTANCESis now setto this instancepath,PlaNetwill read
instancesfrom andwrite instancesinto thenew library. Theinstancepathcanalsobesetonlinein the
submenuFile of themainmenu(cf. Section2.2.2).

Default Postscript file. By default,PlaNetusesthefilenamethatis storedin theenvironmentvari-
ablePLANET_POSTSCRIPTwhenthecontentsof a graphwindow is to besaved into a PostScript
file. By settingthisvariableto a full filename,PlaNetwill save PostScriptoutputto thisfilename.

Display of Nodes,Edgesand Colors. On a color display, thegraphicaluserinterfaceattemptsto
allocateup to 24 colors— or asmany aspossibleif theglobalcolor maphasbeenfilled up by other
applications(e.g.Netscape).Thesecolorsaredefinedin thePlaNetresourcefile .planetrc. This
file alsodefinesthenodewidth andline width of thegraphs.Whenstarted,PlaNetsearchesfor this
file first in thelocaldirectory, andif nosuchfile exists,in thehomedirectory. If nosuchfile is found,
default colorsareusedanda file /.planetrc is created.If thecolorsor thenode/linewidth are
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notsuitable,thisfile canbemodifiedaccordingly. For adescriptionof theformatof file .planetrc
seeAppendixD. Thecolors,thenodewidth, andthe line width canalsobesetin thesubmenuFile
of themainmenu(cf. Section2.2.2).Thecolorsmentionedin thismanualreferto thedefault colors.

2.1.5 Running the menu

PlaNetis amenudrivenprogramwhereall actioncanbeselectedfrom thegivenitems.For selection
of any menuitemclick on thatitemwith theleft mousebutton.For scrollbarsalsousetheleft mouse
button to navigate throughthe given subitems. Most windows offer threebuttons: Help, Cancel
andOK . Theseare initiated by a click with the left mousebutton. The Help button givesspecial
information for the selecteditem of that window. Pushingthe Cancel button leaves the window
without changingthestateof PlaNet.By clicking on anOK buttontheselecteditem of thewindow
is setor theactionis carriedout.

2.2 The main menu

2.2.1 Principles

Thestateof PlaNetis definedby four items,theCurrentProblem, theCurrentInstance, the Current
Algorithm 1, and the Current Algorithm 2. Thesefour items and their currentvaluesare always
displayedin themainwindow. As describedin theintroduction,analgorithmfor theCurrentProblemØ cansolve any Current Instanceof type Ø Ý if Ø Ý is a specialcaseof Ø (i.e. Ø Ý ÛkØ ). Thus,one
or two Current Algorithmsmay be chosenfrom a list of all available algorithmsof type ØÞÝ Ý withØsÛ�ØÞÝ Ý .
Figure2.1 shows this main window as it popsup after the startof PlaNet. It consistsof the main
menufor the interactionwith thesystem,a listing of thestatevariables,andthePlaNetlog window.
The log window givesa shortdocumentationof all actionsof PlaNet.For example,theselectionof
a new problem,algorithmor instancearedocumentedthere. Furthermoreit containsall messages,
warningsanderrormessagesin respectto theuseof PlaNet.Especiallytheresultsof thealgorithms
aredocumentedhere. Usethescrollbaron theright sideof thatwindow to navigatethroughall log
messages.Apart from the displayin the mainmenu,all messagesarealsoautomaticallywritten to
a log file. Thenameof this file is displayedin the top of the log window. It is storedin thecurrent
workingdirectory, or if this is notpossiblein theuser’s homedirectory.

In general,the menuis run by first selectingan item from the menuitem Problem, which setsthe
CurrentProblemor boththeCurrentProblemandtheCurrentAlgorithm. Then,theCurrentInstance
is generatedby selectingthemenuitem Instance. Finally oneor two CurrentAlgorithmsareselected
andmaderunby operatingthemenuitemAlgorithms. Apart from thatgeneralcourseof action,it is
alwayspossibleto selectanotherCurrentProblem, Instanceor Algorithmatany stageof thesession.

Whenaninstanceis selected,it is displayedin a graphwindow. This window is arbitrarily resizable
andmovable,andoffers thebuttonsClose, Redraw, Scale+, andScale-. PushingthebuttonScale
+ (or Scale-, respectively) scalesthegiveninstanceupwards(or downwards,respectively) within the
givengraphwindow. SeeChapter4 for severalexamplesof a graphwindow containinginstancesof
differentproblemclasses.
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Figure2.1: Main window

2.2.2 The menu item File

Five subitemsareoffered:SetNodeWidth , SetLine Width , Edit Colors, Edit InstancePath and
Quit .

SetNodeWidth/Set Line Width: A small subwindow popsup, and the nodewidth (line width,
resp.)for thecurrentPlaNetsessioncanbesetby aslider.

Edit Colors: This subitemallows to setthecolorsthatareusedin thegraphwindows. Therefore,a
subwindow popsup displayingthecurrentcolors.Thesecolorscanbechangedby clicking on
themandthenmoving thethreeslidersindicatingthecolor, its intensityandits brightness.In
thissubwindow thefirst color is thebackgroundcolor, andthesecondcolor is thedefault color
of thegraphwindows.

SaveSettings: Thecurrentvaluesfor thenodewidth, line width andcolorsarestoredin thecurrent
PlaNetresourcefile .planetrc (seealsoSection2.1.4andAppendixD).

Edit InstancePath: Within this subitem,the path to the actualinstancedirectorycanbe set. By
default,theinstancepathis thepathgivenby theenvironmentvariablePLANET_INSTANCES.
If this variableis not set,the instancepathis setto the default PlaNetinstancepath(seealso
Section2.1.4).

Quit: Usethis subitemto terminatethePlaNetsession.If theCurrent Instanceis not saveda warn-
ing popsup, requestingwhetherto quit PlaNetwithout saving the instanceor to continuethe
session.

2.2.3 The menu item Problem

This menuitem serves to set the Current Problem. It containsthreesubitems:SpecificProblem,
Specific Algorithm and Problem Hierarchy. Figure 2.2 shows the Problem submenuand the
SpecificProblem submenu.A detaileddescriptionof theproblemscurrentlyincludedin PlaNetcan
befoundin Chapter3.
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Figure2.2: MenuitemProblemanda listing of all problemsof subitemSpecificProblem.

SpecificProblem: A list of all availableproblemsis presentedin asubwindow. A problemclasscan
bechosenby clicking on it, andthenpushingtheOK button.TheHelp buttondisplaysspecial
informationabouttheselectedproblem.

SpecificAlgorithm: A list of all available algorithmsand their correspondingproblemclassesis
presentedin asubwindow. By choosinganalgorithm,this is takenastheCurrentAlgorithmand
its problemclassis takenastheCurrentProblem. TheHelp buttonpresentsspecialinformation
abouttheselectedalgorithm.

ProblemHierarchy: A new window popsupvisualizingtheproblemclasshierarchy. Theleft (right,
resp.)subwindow shows theimmediateancestors(descendants,resp.)of theCurrentProblem
in the problemhierarchyaccordingto the order Û . The lower window indicatesthe Current
Problem. It is possibleto navigatethroughtheproblemhierarchyby adoubleclick with theleft
mousebuttonon theancestoror descendantwith theleft mousebutton.

2.2.4 The menu item Instance

In this itemseveralroutinesfor handlingtheCurrentInstance(like readinganinstancefrom thegiven
graphdatabase,editing, saving andprinting) areoffered. It containsthe subitemsInstance from
Graph Database, ResetInstance, Empty Instance, Edit Graph, Edit Graph Description, Ran-
dom Instance, Save Curr ent Instance, Save Curr ent InstanceasPostscript File, Print Curr ent
Instance, andTestFeasibility. Figure2.3showsall subitemsof thisitemandalisting of all Instances
from Graph Databasefor theMenger Problem(cf. Section3.4).

Instancefrom Graph Database: Let theCurrentProblembeof classØ , thenall availableinstances
from thegraphdatabaseof problemclassØ Ý with Ø Ý Û1Ø arepresentedin a subwindow. The
pathto thegraphdatabasecanbesetby theenvironmentvariablePLANET_INSTANCES(see
Section2.1.4)or in thesubmenuFile/Edit InstancePath (cf. Section2.2.2).An instancecan
bechosenby clicking on it, andthenpushingtheOK button. ThevariableCurrentInstanceis
setto theinstancename,andtheselectedinstanceis displayedin thegraphwindow.

ResetInstance: Usethissubitemto resettheResetInstanceto its initial state.If it hasbeenchanged
duringthesession,a warningpopsup giving thepossibilityto canceltheaction. If confirmed,
the last instancewhich hasbeenreadfrom thegraphdatabaseor generatedby item Random
Instanceis reloaded.
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Figure2.3: Menuitem Instancesandthelisting of all instancesfor theMenger Problemof submenu
Instancefrom Graph Database.

Empty Instance: Usethis subitemto createanemptyinstancefor theCurrentProblem. If theCur-
rentInstancehasbeenchangedduringthesession,a warningpopsup giving thepossibilityto
canceltheaction.If confirmed,thegraphwindow is cleared(or anew graphwindow is opened).
An emptyinstancecanbeusedto constructagraphwith themenuitemEdit Graph.

Edit Graph: This featureallows editing the Current Instanceor constructinga new one. Nodes
andedgescanbe inserted,deleted,or moved around;netscanbe addedor removed, andall
parametersof the graph,nodesandedgescan be edited. To do this, a new window (called
graph editor) containinga copy of the Current Instanceis opened.Within this the functions
asindicatedin Table2.2 areavailable. Thus,for example,to insertanedge,selectthesource
node,movethepointerto thetargetnode,andpressthe’InsertEdge’key (Shift + mousebutton
2). With theright mousebuttonpresseddown, anodecanbemovedsmoothlyin theplane.If a
non-planargraphis constructedwithin this tool, PlaNetwill make thegraphplanarby deleting
someedges.Thus,a planar(but not necessarilyplane)graphis achieved. Additionally, the
grapheditormenuoffersthefollowing buttons:

Placegraphin themiddleof thewindow: SHIFT+ "+"
InsertNode: SHIFT+ MouseButton1
InsertEdge: SHIFT+ MouseButton2
DeleteNode: CTRL + MouseButton1
DeleteEdge: CTRL + MouseButton2
SelectNode: MouseButton1
SelectEdge: MouseButton2
Selectnodeparameters: ALT + MouseButton1
Selectedgeparameters: ALT + MouseButton2
MoveSelectedNode: MouseButton3

Table2.2: Edit functionsin thegrapheditor
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Use: A window popsup to decidewhethertheedgeof thecurrentgrapharedirectedor undi-
rected.Thegraphis thentransmittedto thegraphwindow asit is displayedin thegraph
editor.

Quit: Thegrapheditoris closed,nochangesaretransmittedto thegraphwindow.

Help: A listing of theedit functionsasin Table2.2 is displayed.

Graph Params: All graphparametersof theCurrentProblemclassaredisplayedandcanbe
editeddirectly.

NodeParams: In orderto edit thenodeparametersof anodeof theCurrentProblemclass,se-
lect it usingmousebutton1, andpushNodeParams. All nodeparametersof theselected
nodearedisplayedandcanbe editeddirectly. Thereis alsoa togglebutton associated
to eachparameter. If this is set,thevalueof this parameteris copiedto all nodesof the
instance.

EdgeParams: Editing anedgeparameterworksanalogouslyto editinga nodeparameter, ex-
ceptthatanedgeis selectedusingmousebutton2.

Nets: All netsof thegrapharedisplayed,eachdefinedby oneline. Thenodesthatbelongto
a netarespecifiedby their numberin thegrapheditor. A net that is alreadypresentcan
beediteddirectly. In orderto adda new net,presstheAdd Net button. Thisopensa new
line,andthenumbersof thenodesspecifyingthenet(separatedby blanks)canbeinserted
to specifythenet.To deleteanet,justdeleteits nodesin thecorrespondingline.

Edit Graph Description: Thegraphdescriptionfile of theCurrent Instanceis diplayedandcanbe
editedandmanipulateddirectly. Observe thatediting this file is at own risk, sincethereis no
built-in checkroutineto maintainits consistency. The format of the graphdescriptionfile is
describedin AppendixE.

RandomInstance: A list of all InstanceGenerators for theCurrentProblemis presentedin a sub-
window. Selectageneratorby clicking on it andpushingtheOK button,andafeasibleCurrent
Instancefor theCurrentProblemis createdanddisplayedin thegraphwindow. For a descrip-
tion of theavailablegeneratorsseeChapter5.

SaveCurr ent Instance: A submenucontainingtheitemsSaveInstance1 andSaveInstance2 pops
up to selecttheinstanceto save. Thereafter, thefilename(without theinstancepath)canbeset
in a dialog window. If the instanceis of problemclass Ø , the instanceis written into the
predefinedinstancedirectoryinstances/P usingthis nameandthefile formatasdescribed
in AppendixE. If a file with this namealreadyexists, a messagewindow popsup to decide
whetherto overwriteit or not.

SaveCurr ent InstanceasPostscript File: This item works analogouslyto the previous one, but
herethe file nameis initially set by the environmentvariablePLANET_POSTSCRIPT(see
Section2.1.4).TheCurrentInstanceis convertedto PostScriptformatandsaved.

Print Curr ent Instance: Again, a submenucontainingthe items Print Instance 1 and Print In-
stance2 popsup to selectthe instanceto print. Thereafter, theprintercommandcanbesetin
a dialog window. The Current Instanceis thenconvertedto a PostScriptfile andsentto the
printerby thegivencommand.
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Figure2.4: MenuItemAlgorithm with subitemSelectAlgorithm 1 of classMenger Problem.

TestFeasibility: Theselectionof this item initiate the feasibility testfor theCurrent Instance. For
this purpose,thecheck routineof the Current Problemclassis invoked. For a detailedde-
scriptionof thesecheck routinesseeChapter3.

2.2.5 The menu item Algorithm

This itemallows to settheCurrentAlgorithm(s), to make themrun andto setthedelayof all actions
in the graphwindows. It containsthe five subitemsSelectAlgorithm 1, SelectAlgorithm 2, Call
Algorithm , Slow, and2 Windows (or 1 Window, resp.).Figure2.4showsthesubmenuof menuitem
Algorithm andthe submenuof subitemSelectAlgorithm 1 for the currentproblemclassMenger
Problem(cf. Section3.4).

SelectAlgorithm 1: With this item theCurrentAlgorithm1 canbeset.Let theCurrentProblembe
of the class Ø , thenall availablealgorithmsfor ØÞÝ with ØàÛêØ=Ý are listed in a subwindow.
An algorithmcanbe chosenby clicking on it, andthenpushingthe OK button. Pushingthe
Help buttongivesashortdescriptionof theselectedalgorithm.For thelist of all algorithmssee
Chapter4.

SelectAlgorithm 2: This itemallows to settheCurrentAlgorithm2. This is doneanalogouslyto the
selectionof theCurrentAlgorithm1.

Call Algorithm: If the Current Problem, the Current Instanceandat leastoneCurrent Algorithm
is selected,the algorithmis called. By default, first the feasibility of the Current Instanceis
checked1. This is doneby a call of the check routine of the classthat the algorithm was
implementedfor (cf. Chapter3). In caseof failure, this is indicated,otherwisethe Current
Algorithm(s) areexecuted.The actionof the algorithmsis visualizedin the main (andsome
auxiliary)graphwindows. For adetaileddescriptionof eachalgorithmseeChapter4.

Slow: This menuitem allows to setthewait time of thegraphicalaction(in msec) whenvisualizing
analgorithm:aftereachmodificationof thedisplay, thealgorithmstopsfor thegivenwait time.
Initially, thewait time is setto 0. A delayin termsof 200msecgivesa goodinsight into the

1SeeSection6.3how thischeckcanbedisabled.
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algorithmicaction. Thedelayhasno effect on InstanceGenerators chosenby themenuitem
RandomInstance.

2 Windows: By selectionof this item a secondgraphwindow is openedand initialized with the
Current Instance. If the algorithmsare called now (using menuitem Call Algorithm , see
above),bothselectedalgorithmsareexecutedin parallel:CurrentAlgorithm1 in graphwindow
1 andCurrentAlgorithm2 in graphwindow 2.

1 Window: Theselectionof this itemdeletesthesecondgraphwindow. UsingCall Algorithm (see
above),now only invokesCurrentAlgorithm1.

2.3 Example

In this section,an examplefor a working sessionwith PlaNetis given. The correspondinglog file
of this session(cf. Section2.1.5)is presentedin AppendixA. First, theaim is to solve theMenger
Problemfor the instance/user_xy/planet/instances/menger/men30 usingtheVertex–
Disjoint Menger Algorithm. In asecondstep,thesolutionof thisalgorithmis comparedto thesolution
of theEdge–DisjointMenger Algorithmona randominstancewith 20nodes.

To startthesession,call PlaNet(by just typingplanet), andthePlaNetmainwindow popsup. As
thegoal is to solve theMenger Problem, selectboththemenuitem Problem andthesubitemSelect
Problem with the left mousebutton. A list of all availableproblemspopsup. Selectitem Menger
Problem, pushtheHelp button to getsomemoreinformationaboutthis problem,andafter reading
this pushthe Closebutton. Pushthe OK button, and the variableCurrent Problem is now set to
Menger Problem.

To run the algorithmon instance/user_xy/planet/instances/menger/men30, first edit
theinstancepath:SelectmenuitemFile andsubitemEdit InstancePath. Now enter/user_xy/-
planet/instances/ andpushOK .

In thenext step,selectthe instanceby clicking menuitem Instance. A subwindow popsup. Select
item Instancefrom Graph Database, which popsup a list of all availableinstancesfor theMenger
Problemthatarestoredin /user_xy/planet/instances/menger/. Chooseinstancemen30
andpushOK . A graphwindow showing theinstancepopsup. ThevariableCurrent Instanceis now
setto /user_xy/planet/instances/menger/men30.

Now, choosethealgorithmby selectingmenuitem Algorithm andsubitemSelectAlgorithm 1. A
subwindow offeringall availablealgorithmsfor theMenger Problempopsup. SelectVertex–Disjoint
Menger Algorithm , andpushOK . ThevariableCurrentAlgorithm1 is now setto thisalgorithm.

After settingthesethreevariables,thealgorithmcanberun. To watchthealgorithmicactionin detail,
selectagainmenuitem Algorithm andthesubitemSlow. Entera wait time of 200msecthere,and
pushOK . Then,selectmenuitem Algorithm andsubitemCall Algorithm to invoke thealgorithm.
Thealgorithmicbehavior of theselectedalgorithmis now visualizedin themaingraphwindow and
in anauxiliarygraphwindow. Theresultsarewrittento thelog window andthelog file. For adetailed
descriptionof thevisualizationof thealgorithmseeSection4.2. Whenthealgorithmis finishedand
theresultsarestudied,closetheauxiliarygraphwindow by usingtheClosebutton.
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Now, comparethetwo algorithmsfor theMenger Problemona randomlygeneratedinstancewith 20
nodes.Therefore,selectmenuitem InstancesandsubitemRandomInstance, whichnow offersalist
of all availableinstancegeneratorsfor theMenger Problem. ChooseGenerateRandomInstancefor
Menger Algorithm andpushOK . Enterthenumberof nodesof theinstance,20,andpushOK . Now,
arandominstancefor theMenger Problemis createdin thegraphwindow accordingto thedescription
of thegeneratordescribedin Section5.1. If theinstanceis notclearenough,try to modify it by using
thegrapheditorof menuitem Instances/EditGraph. It oftenhelpsto scaletheinstanceandto move
someof thenodes.

Theaimisnow to runtheVertex–DisjointMenger AlgorithmandtheEdge–DisjointMenger Algorithm
in parallel. Therefore,selectCurrentAlgorithm2 to be theEdge–DisjointMenger Algorithm. This
is doneby selectingmenuitem Algorithms andsubitemSelectAlgorithm 2, thenchoosingEdge–
Disjoint Menger Algorithm andthenpushingOK . As a secondgraphwindow is necessaryfor the
visualizationof the Edge–DisjointMenger Algorithm, selectmenuitem Algorithms andsubitem2
Windows. The selectionof item Algorithms and subitemCall Algorithm now invokes the two
algorithms.Theresultsaredisplayedin their correspondinggraphwindows andin the log window,
andcanbecompared.Again,theresultsarealsoprintedto thelog file.

In orderto endthesession,selectitemFile andQuit , andconfirmthewarning.
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Chapter 3

Problemclassesin PlaNet

The algorithmic graph problemsaremodeledasC++ problemclassesthat reflect the propertiesof
this algorithmicgraphproblem.In this chaptertheproblemclassescurrentlyincludedin PlaNetare
described.Theproblemhierarchyis givenin Figure3.1,usingtheinternalclassnames.

Eachclasshasacheck routinethattestsif theinstanceis feasible.This is doneby first checkingthe
specialpropertiesof theproblemclassandthencallingthecheck routinesof theproblemclassesthe
classis derivedfrom.

3.1 GeneralNet Graph Problem(xgraph)

Graphsin thisclassarearbitraryplanargraphswith anarbitrarynumberof netsthateachcontainsan
arbitrarynumberof nodes.TheclassGeneral NetGraphProblemis themostgeneralplanargraph
problemclassin PlaNet.Graphsin this classenforcea fixedembeddingin theplane.Nodes,edges
andthe graphitself canhave arbitrarydataattachedto them. Thecheck routineof this problem
classonly checksif the embeddingof the graphis planar. This is doneby testingall segmentson
intersection,thususingquadratic(in thenumberof edges)runningtime.

menger three_terminal_graph okamura_seymour_graph

bounded_netsize_graphbounded_n_nets_graph

xgraph

Figure3.1: Problemhierarchy
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3.2 Net Graph Problemwith a BoundedNumber of Nets
(bounded_n_nets_graph)

The classNet Graph Problemwith a BoundedNumberof Nets is a direct descendantof the class
General NetGraphProblemwith thespecializationthatgraphsin thisproblemclasshave a bounded
numberof nets.Thenumberof terminalsin anetremainsarbitrary. Thenumberof netscanbesetin
theclassandis initially boundedto 1.

3.3 Net Graph Problemwith a BoundedNumber of Terminals per Net
(bounded_netsize_graph)

TheclassNetGraphProblemwith a BoundedNumberof TerminalsperNetis alsoadirectdescendant
of theclassGeneral NetGraphProblem. Thegraphsin thisproblemclasshaveaboundednumberof
terminalspernet; thenumberof netsremainsarbitrary. Initially, thenumberof terminalspernet is
boundedto 2, but canbesetto anarbitraryvalue.

3.4 Menger Problem(menger)

Let ë beanundirectedplanargraphwith two specifiedterminalsì and í . TheMenger Problemis to
find a maximumnumberof internallyvertex/edge–disjointpathsbetweenì and í in ë . Without loss
of generality, here,theembeddingof ë is enforcedsuchthat í is situatedon theouterfaceof ë .

TheclassMenger Problemis modeledasa directdescendantof theclassNetGraphProblemwith a
BoundedNumberof Netsandof theclassNetGraphProblemwith a BoundedNumberof Terminals
per Net. The graphsof the classMenger Problemhave onenet with two terminals ì and í . Theí –terminalhasto beon theouterface.

3.5 Okamura–SeymourProblem(okamura_seymour_graph)

Let ë�înï°ð åPñLò beanundirectedplanargraphwith a setof netsó?îõô¦ô/ì¦Ù å íöÙ�÷ å�æ�æ�æ©å ô/ì/ç å í�çh÷¦÷ . The
terminalnodesì©ø , í�ø , ùûú1üGúJý , areall on theouterfaceof ë . Additionally, thesocalledevenness
conditionis fulfilled, that is theextendedgraph ï°ð åPñJþ ô/ì�Ù å íyÙÏ÷ þÿæ�æ�æ�þ ô/ì/ç å í�çh÷ ò is Eulerian.The
Okamura–SeymourProblemis to decidewhethertherearepairwiseedge–disjointpaths� ÙÏå�æ�æ�æ©å �bç ,
sothat �
ø connectsì©ø with ílø for ü:îsù å�æ�æ�æ©å ý , andif so,to determinesuchasetof paths.

The classOkamura–SeymourProblemis modeledasa descendantof the classNet Graph Problem
with a BoundedNumberof Terminalsper Net. Thegraphsof this problemclasscontainanarbitrary
numberof netswith two terminalseach.Bothof theterminalsof eachnetareon theouterface,each
terminalhasdegree1 andall othernodeshave evendegree.
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3.6 Thr eeTerminal Menger Problem(three_terminal_graph)

Let ë beanundirectedplanargraphwith threespecifiedterminalnodesì¦Ù , ì/Ú , ì�� on theouterface
of ë . TheThreeTerminalMenger Problemis to find a maximumnumberof internallyvertex/edge–
disjointpathsin ë sothateachpathconnectstwo nodesoutof thegiventriple ô/ì Ù , ì Ú , ì � ÷ .
This problemclassis modeledas a specialcaseof the classNet Graph Problemwith a Bounded
Numberof Netsandof theclassNetGraphProblemwith a BoundedNumberof Terminalsper Net.
Graphsof thisproblemclasshave onenetwith threeterminalswhichall have to beon theouterface.

18



Chapter 4

Algorithms in PlaNet

In this chapterthe algorithmscurrently integratedin PlaNetare described. Theseare algorithms
for theMenger Problem, Okamura–SeymourProblem, andfor theThreeTerminalMenger Problem.
Thealgorithmsareclassifiedaccordingto theproblemsthey solve. As describedin the introduction
(Section1.1),analgorithmworkingonaninstanceof classØ alsoacceptsinstancesof derivedclassesØ Ý (i.e. classesØ Ý with Ø Ý Û Ø ). Therefore,for eachproblemclass Ø , PlaNetoffers algorithms
thatwork on instancesof classØ andof moregeneralclassesØ=Ý Ý ( ØáÛsØ=Ý Ý ). To avoid redundancy,
algorithmsareonly listedin thedescriptionof thealgorithmsof its mostgeneralproblemclass.

In thefollowing, wedifferentiatebetweenproblemsolvingalgorithmsandbasicalgorithms.Only the
problemsolvingalgorithmsaredescribedin detail.Mostof thebasicalgorithmsjustform theskeleton
for thebuilt-in instancegenerators,but they canbeusedontheirown too. By default,beforeinvoking
a problemsolvingalgorithmsfirst a checkwhethertheinput instanceis feasibleis carriedout1. This
is doneby thesamesubroutinethatcanbecalledexplicitly in theinstancemenuby choosingsubitem
TestFeasibility. TestFeasibility calls thecheck routineof theproblemclassthat thealgorithmis
implementedfor.

4.1 Preliminaries

Someunderlyingbasicsareexplainedfirst for a betterunderstandingof thefollowing. For a detailed
explanationof thefollowing itemsandespeciallyof mostof thefollowing algorithms,see[RLWW95].

Right-first search: Right-first searchplaysa crucial role within all problemsolving algorithmsin
PlaNet.Thismethodof searchinga graphis a specialdepth-firstsearch,wherein eachstepall
possibilitiesfor goingforwardfrom theleadingnodeareconsideredin theorder“from right to
left”. Moreprecisely, thismeansthefollowing.

Assumethat,at onestageof thesearch,node � is theleadingnodeof thesearchpath,andthatô�� å ��÷ is the leadingedge. If thereis anotheredgeincidentto � that is not yet consideredat
thatstage,thecounterclockwisenext suchedgeafter ô�� å �
÷ in thesortedadjacency list of � is

1SeeSection6.3how thischeckcanbedisabled.
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chosenfor goingforward. A right-first searchin a directedgraphworksanalogously, but here
only thearcsthatleave theleadingnodeareconsideredfor goingforward.

In someof thealgorithmsin PlaNet,thecorrectnessof theresultcanbeverifiedeasilyby computing
asaturatedcutor asaturatedvertex separator.

Vertex separator: A vertex separator in a connectedgraphis a setof nodeswhoseremoval discon-
nectstherestof thegraph.Vertex separatorscanbeusedto statea necessaryconditionfor an
instanceof avertex–disjointpathproblemto besolvable.

Saturatedvertex separator: Let ë î"ï°ð åPñ�ò be an undirectedgraph. A subset���áë is called
a vertex separator for two nodesì , í
	�ð , if andonly if ì and í lie in differentconnected
componentsof ë�ï°ð��
� ò . We call a vertex separator� for ì and í saturated, if every node
��	�� is occupiedby an ( ì å í )–pathandno two nodes� å ��	�� areoccupiedby the same
( ì å í )–path.

A necessaryconditionfor solvableinstancesof edge–disjointpathproblemsin undirectedgraphsis
thecutcondition:

Cut: A cut in agraphis asetof nodes.

Cut condition: If aninstanceof anedge–disjointpathsproblemis solvable, thenfor every cut � in
theunderlyinggraph,thenumberof edgesconnecting� with ð���� is at leastthenumberof
netswith oneterminalin � andtheotheronein ð���� .

Saturatedand over saturatedcut: � is calledan over-saturated cut, if � is a cut that doesnot
fulfill the cut condition. � is a saturated cut, if every edgeconnecting� with ð���� is
occupiedby adifferentpath.

4.2 Algorithms for the Menger Problem

Let ë be anundirectedplanargraphwith two specifiedterminals ì and í . The Menger Problemis
to find a maximumnumberof internally vertex/edge–disjointpathsbetweenì and í in ë . Without
lossof generality, here,theembeddingof ë is enforcedsuchthat í is situatedon theouterfaceof ë .
Currently, therearetwo algorithmsfor theMengerProblemincludedin PlaNet,theVertex–Disjoint
Menger AlgorithmandtheEdge–DisjointMenger Algorithm.

Vertex–Disjoint Menger Algorithm.
Here,theproblemis to find internallyvertex–disjointpathsin theMenger Problem. In PlaNetthelin-
eartime algorithmof Ripphausen–Lipa,WagnerandWeiheis implemented[RLWW93, RLWW97].
SeeFigure4.1for anexample.

In thealgorithm,pathsfrom ì to í arerouted“as far right aspossible”.But a pathoncedetermined
by the algorithmneedsnot necessarilyappearin the final solution. Not even an edgethat is once
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occupiedby an ï¥ì å í ò –pathduringthealgorithmmustbeoccupiedby apathof thefinal solution.Just
thereverse,pathsare“rearranged”timeandagain.

Thealgorithmworksin adirected,nearlysymmetric,auxiliarygraphconstructedfrom theundirected
inputgraph.All edgesô�� å �9÷ , excepttheedgesincidentto ì or í , arereplacedby thetwo correspond-
ing arcs ï�� å � ò and ï�� å � ò . Edgesincidentto ì arereplacedonly by thecorrespondingarcsleaving ì ,
andedgesincidentto í arereplacedby thecorrespondingarcsentering í . In this auxiliary graph the
directedversionof theMengerproblemis considered,i.e., theproblemof finding asmany directed
internallyvertex–disjoint ï¥ì å í ò –pathsaspossible.

Thealgorithmconsistsof a loop over all arcs ��Ù å�æ�æ�æxå �8ç leaving ì . In the ü���� iteration,thealgorithm
triesto find apathstartingwith �pø andendingwith í by right-firstsearch.Duringthesearch,conflicts
on thecurrentsearchpathcanoccur. A conflict occurswhenthesearchpathentersanotherpathor
itself. Conflictsareresolvedby markingarcsasremovedin thegraphandrearranging(splitting and
newly concatenating)the involved pathsso that proper ï¥ì å í ò –pathsarefound. For a moredetailed
descriptionof thetechniquessee[RLWW93, RLWW97]. Thecomputedpathsarethentransformed
into asolutionof theoriginalundirectedinstance.

After theconstructionof a maximumsetof internallyvertex–disjoint ï¥ì å í ò –paths,a saturatedvertex
separator is computedby aspecialdepth-firstsearchalgorithm.Thisdepth-firstsearchis startedfromì andusingonly edgesthat arenot occupiedby any path. If a nodethat is occupiedby a path is
entered,thesearchfollows thispathoneedgebackwardsandcontinues.If í is reachedanextrapathis
found.Otherwise,if thesearchreturnsbackto ì , asaturatedvertex separatorconsistsof thefollowing
nodes:for every visitedpath Ø take onenodewith maximumdistancefrom ì with respectto Ø , and
addthefirst nodeof all notvisitedpaths.

Visualizationof thealgorithm:
A secondwindow is openedin which thedirectedgraphinstanceis displayed.Theretheincremental
constructionof thepathscanbeobserved. Every new searchpathis givena new color. If a pathis
split becauseof a conflict, thebackendof thepathgetsa new color. Analogously, if two pathsare
concatenated,theresultingpathgetsanew color. Theresultingpathsarethentransmittedto theinput
instance.

Thesaturatedvertex separatoris visualizedin thedirectedgraphby markingits nodesin anew color.
All nodesthatarevisitedby thespecialdepth-firstsearcharealsomarkedin adifferentcolor. In addi-
tion to thegraphicalinformation,thevertex–disjointpathsfoundby thealgorithmsandthesaturated
vertex separatorarewritten to thePlaNetlog file andthelog window.

Edge–DisjointMenger Algorithm.
Now, theproblemis to find edge–disjointpathsin theMenger Problem. In PlaNetWeihe’s lineartime
algorithmis implemented[Wei94, Wei97]. SeeFigure4.1for anexample.

Themainideaof thealgorithmis to reducetheproblemto amaxflowproblem(cf. [CLR94]). There-
fore, an auxiliary directedgraph ë
� is defined,andfrom this, in a secondstep,anotherauxiliary
directedgraph ë � aredefined.Then,a maximumunit flow from ì to í in ë � is determined,andthe
solutionis transformedbackto a maximumunit flow from ì to í in ë!� . Finally, the latter flow is
transformedto a maximumnumberof edge–disjointï¥ì å í ò –pathsin ë .

21



Figure4.1: An instanceof theMenger Problem, with source11 andtarget16. Theleft figureshows
thesolutionconstructedby theVertex–DisjointMenger Algorithm, theright figureshows thesolution
of theEdge–DisjointMenger Algorithm. In blackandwhitemodethepathsbelongingto thesolution
aredashed.

Thegraphë � is thedirected,symmetricgraphthatarisesfrom ë if eachundirectededgeô�� å �9÷"	 ñ
is replacedwith the two correspondingdirectedarcs ï�� å � ò and ï�� å � ò . In the follwing attentionis
restricedto theproblemof finding a maximumunit flow # from ì to í in ë
� , wherebyevery edge
hascapacity1 andflow 0, initially. To computetheflow in ë � , thesecondauxiliary graph ë � is
constructedfrom ë!� by reversingsomeedgessothat ë!� doesnotcontainany cycleswith clockwise
orientation.Then,a flow in ë � hasa 1:1–correspondence to a flow in ë � . Thecomputationof the
flow in ë � worksasfollows:

Let �
Ù å�æ�æ�æ/å �pç be thearcsleaving ì . The procedureconsistsessentiallyof a loop over ù å�æ�æ�æ©å ý . In
the ü���� iteration,the algorithmroutesa pathstartingwith �pø andendingwith ì or í “as far right as
possible”by right-firstsearch.As everynodein ë � hasevendegreethesearchpathalwaysendsin ì
or in í . Every edgeis visitedonly once,theflow of every visitededgeis setto 1. Having determined
themaximumflow in ë � , thealgorithmthenreconstructstheflow in ë � andtherequiredpaths.

Visualizationof thealgorithm:
A secondwindow is openedwherethedirectedsymmetricgraphof theinstanceis displayed.There,
the constructionof the residualgraph ë � can be observed, whereedgesare reversedin order to
preventclockwisecycles.In this residualgraphevery new searchpathis givena new color. Now the
flow in ë � is visualizedandall edgeswith unit flow arecoloredin themainwindow. Out of these
edges,asmany edge–disjointpathsaspossibleareincrementallyconstructedandcolored.Additional
to thisgraphicalinformation,theedge–disjointpathsarewrittento thePlaNetlog file andlog window
by enumeratingthenodesinvolved.
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4.3 Algorithms for the Okamura–SeymourProblem

Let ë�înï°ð åPñLò beanundirectedplanargraphwith a setof netsó?îõô¦ô/ì¦Ù å íöÙ�÷ å�æ�æ�æ©å ô/ì/ç å í�çh÷¦÷ . The
terminalnodesì©ø , ílø , ùLú�ü[úÿý , areall on theouterfaceof ë . Additionally, theevennesscondition
is fulfilled, that is theextendedgraph ï°ð åPñ1þ ô/ì Ùxå í Ù ÷ þ æ�æ�æ�þ ô/ì/ç å í�çh÷ ò is Eulerian.TheOkamura–
SeymourProblemis to decidewhethertherearepairwiseedge–disjointpaths�UÙ å�æ�æ�æ©å �rç , so that �
ø
connectsì©ø with ílø for üÎî�ù å�æ�æ�æ©å ý , andif so,to determinesucha setof paths.

One basicEdge–Disjoint Path Algorithm to solve the Okamura–Seymour Problem is includedin
PlaNet. In addition, thereare also several heuristicalgorithmswhich try to minimize the size of
the solution, i.e. the total lengthof pathsthat are found. See[BNW96] or [Ney96] for a detailed
discussionof theheuristics.Figures4.2– 4.11show somealgorithmicsolutionsof aninstance.The
basicalgorithmsgivenat theendof this sectionaremainly includedfor theconstructionof random
instances.

Problemsolvingalgorithms

Edge–DisjointPath Algorithm for the Okamura–SeymourProblem.
This is an implementationof the linear time algorithmof WagnerandWeihe[WW93, WW95]. See
Figure4.2for anexample.

Without lossof generalitylet all terminalsbepairwisedifferentandhavedegreeone2. Weassumethat
theterminalssatisfythefollowing condition3: Accordingto acounterclockwiseorderstartingwith an
arbitrarystartterminal $ , ìxø precedesí�ø for üGînù å�æ�æ�æ©å ý , and í�ø precedesí�ø�%RÙ for ü�î ù å�æ�æ�æ©å ý'& ù .
Thesolutionis now computedin two phases:

1. First, a related“easier” instanceï°ë å ó)(+* ò with parenthesisstructure is constructed.For this,
considerthe ,¦ý –stringof ì – and í –terminalson the outerfacein counterclockwiseordering,
startingwith a terminal $ . The ü ��� terminalis assigneda left parenthesisif it is an ì –terminal,
anda right parenthesisif it is a í –terminal. The resulting ,¦ý –stringof parenthesisis thena
string of left andright parenthesisthat canbe pairedcorrectly. That meansthat the pairsof
parenthesisareproperlynestedor disjoint. Theterminalsarenow combinednewly according
to this pairing, choosingí�ø�î í (-*ø (i.e. the í –terminalsremainthe same). Then, ï°ë å ó (+* ò is
solvable,if ï°ë å ó ò is.

Theprocedureto computethedirectedpathsis essentiallya loop over thenew nets.In the ü����
iterationa pathfrom ì (-*ø to í (-*ø , ü9î ù å�æ�æ�æ/å ý is constructedby right-first search.Becausethe
evennessconditionis fulfilled for theinstance,eachpathreachesa í –terminal.If the í –terminal
is not í�ø theproblemis notsolvable.In thiscaseanover-saturatedcut is computed.

In caseof successall computedpathsarecombinedto build the directedauxiliary graph of
instanceï°ë å ó ò with respectto startterminal $ . Therein,all edgesof every patharegiventhe
directionin which they aretraversedduringtheprocedure.

2. Thesecondphasetakesasinstancetheauxiliary graphandtheoriginalnets.Similar to thefirst
phase,the requiredpathsarecomputedwithin a loop over all nets. In the ü ��� iterationa path

2This is easilyachievedby asimplemodificationof theinput instance.
3Otherwiseexchangestartandendterminalof anet.
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from ìxø to í�ø , ü.î ù å�æ�æ�æ/å ý , is constructedby right-first search.Again, if í�ø is not automatically
reachedtheinstanceis unsolvableandanover-saturatedcut is computed.

Visualizationof thealgorithm:
Two windows areopened,in both of themthe constructionof the pathsof ï°ë å ó)(+* ò (forming the
auxiliary graph) canbeseen.Onewindow staysin thisstate,theotherwindow visualizesthesecond
phaseof thealgorithm. In the ü.��� iteration,a pathfrom ìxø to í�ø , üEîkù å�æ�æ�æ©å ý is constructedby right-
first search.Everynew pathgetsthecolorof its correspondingnet.Having computedall paths,these
andtheir lengthsareprintedto thePlaNetlog file andlog window by enumeratingthenodesinvolved.

If in any phaseof thealgorithmtheconstructionof thepathsfails,anover-saturatedcut is computed
andtheedgescrossingthecut arecoloredred. Themissingnumberof edgesandtheedgeidentifiers
of thecrossingedgesarewritten into thePlaNetlog file andlog window.

Edge–DisjointMin Inter val Path Algorithm.
This algorithmis a modificationof thebasicEdge–DisjointPath Algorithmwherethetotal lengthof
all pathsis heuristicallyminimized.It usesasortof preprocessingfor thebasicalgorithmby choosing
thestartterminalheuristicallybeforecalling it. Thisheuristicalgorithmalsohaslinearrunningtime.
SeeFigures4.3,4.4,and4.5for examples.

Thecrucial factusedby theheuristicis that the ,¦ý –stringof ì – and í –terminalson theouterfacein
counterclockwiseorderingcanbeshiftedcyclically withoutinfluencingthesolvability of theinstance.
Doingthis,possiblyì©ø hasto beexchangedwith ílø to maintainthepropertythat ì©ø occursbeforeí�ø in
thestring.Now, to everynet /�ø aninterval of length 0¨ø (for thedefinitionof 0¨ø seebelow) is associated
andthelist is shiftedcyclically until thetotal interval lengthis minimal. After that, thebasicEdge–
Disjoint Path Algorithm is calledwith thefirst terminalof theshifted ,¦ý –stringasthestartterminal
$ .

Theinterval length 0±ø is definedin threeways:
In thefirst case(Edge–DisjointMin IntervalPath AlgorithmI ) 0 ø is thenumberof terminalsbetweenì©ø and ílø in thesequence.In thesecondcase(Edge–DisjointMin Interval PathAlgorithmII ) 0±ø is the
numberof edgeson theouterfacebetweenìxø and í�ø . In the third case(Edge–DisjointMin Interval
Path Algorithm III ) 0±ø is the numberof edgeson the outerfacebetweenìxø and í�ø minusthe edges
incidentto theterminals.

Visualizationof thealgorithm:
As this heuristicalgorithmdiffers from the basicEdge–DisjointPath Algorithm only by using an
especiallydeterminedstartterminal,thevisualizationis limited to theindicationof theresultingpaths
by colors.

Edge–DisjointMin ParenthesisInter val Path Algorithm.
Thisalgorithmalsois amodificationof thebasicEdge–DisjointPathAlgorithmwherethetotal length
of all pathsis heuristicallyminimized. It againusesa sort of preprocessingby choosingthe start
terminalheuristically. Thisheuristicalgorithmhasrunningtime 1 ï�/ þ ý Ú ò with / beingthenumber
of nodesand ý beingthenumberof nets,thusincreasingtherunningtime. SeeFigures4.3,4.4,and
4.5for examples.
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As in the Edge–DisjointMin Interval Path Algorithm above, this heuristicstartsat the orderingof
the ì – and í –terminals,in the first phaseof the basicalgorithm. But now the netsof the problem
with parenthesisstructureareconsideredby associatingan interval length 0¨ø to every net / (-*ø , ü2	ôhù å�æ�æ�æ�å ýb÷ , of instanceï°ë å ó�(-* ò . Thedefinitionof 0±ø is doneanalogouslyto thepreviousalgorithm.

Visualizationof thealgorithm:
Thevisualizationis doneanalogouslyto theheuristicalgorithmabove.

ReducedEdge–DisjointPath Algorithm.
In thesecondphaseof thebasicEdge–DisjointPath Algorithm thepathsareconstructedusingonly
edgesfromtheauxiliarygraph.TheReducedEdge–DisjointPathAlgorithmnow usesthisby invoking
the basicEdge–DisjointPath Algorithm first and then removing all edgesthat arenot considered.
Then,anew startterminalis chosenrandomlyandthebasicalgorithmis calledagainwith thisreduced
instance.Thisheuristicalgorithmagainhaslinearrunningtime. SeeFigure4.6for anexample.

Visualizationof thealgorithm:
First, the result of the Edge–Disjoint Path Algorithm is displayedin the main graphwindow. A
readablepresentationof all pathsandtheir lengthsis written to thePlaNetlog file andlog window.
After that, theresultof theEdge–DisjointPath Algorithmappliedto thereducedinstanceandusing
anotherstart terminal is displayedin an auxiliary window. Again, the pathsand their lengthsare
written to thePlaNetlog file andlog window.

More ReducedEdge–DisjointPath Algorithm.
In the methodof the ReducedEdge–Disjoint Path Algorithm any terminal can be chosenas start
terminalin thesecondcall of thebasicalgorithm. This is usedin theMore ReducedEdge–Disjoint
PathAlgorithmby iteratingover all possiblestartterminals.Beforeevery new step,all unusededges
arediscarded.This heuristicalgorithmhasrunningtime 1 ï¥ý3/ ò with / beingthe numberof nodes
and ý beingthenumberof nets.SeeFigure4.7for anexample.

Visualizationof thealgorithm:
The solutionsof the calls of the ReducedEdge–DisjointPath Algorithm for eachterminalasstart
terminal are displayedsuccessively in the graphwindow. The pathsand their lengthsof the last
iterationarewrittento thePlaNetlog file andlog window. Additionally, thetotalpathlengthsof each
iterationareprinted.

Edge–DisjointPath Algorithm — Last/LongestPath ShortestPath.
Thesetwo algorithmsusea sortof postprocessingfor thebasicEdge–DisjointPath Algorithm: The
basicalgorithmis calledfirst, andtheconstructedpathsarereconsidered.Theaim of this heuristic
algorithmis to make the last/longestpathof this solutionshorter. Therefore,the last/longestpathis
removed from the instance,andrecomputedby analgorithmto computeshortestpathsusingall the
edgesof the input instancewhich arenot occupiedby the otherpaths. Theseheuristicalgorithms
againhave linearrunningtime. SeeFigures4.8and4.9for anexample.

Visualizationof thealgorithm:
Thevisualizationis doneanalogouslyto thevisualizationof thefirst heuristicalgorithm.A readable
representationof the pathsandtheir lengthsarewritten to the PlaNetlog file and log window, in-
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dicatingalsothenumberof edgeswhich have beensavedby this heuristicin respectto theoriginal
algorithm.

Edge–DisjointPath Algorithm — All PathsShortestPaths.
This methodagainusesa sort of postprocessingfor the basicEdge–DisjointPath Algorithm: The
basicalgorithmis calledfirst, andtheconstructedpathsarereconsidered.Let �UÙ å�æ�æ�æ/å �bç bethecon-
structedpaths.For �bç to �UÙ , all pathsaresuccessively removedfrom thegraphandrecomputedwith
analgorithmwhichdeterminesshortestpathsusingonly edgesof theinput instancewhicharenotoc-
cupiedby theotherpaths.Thisheuristicalgorithmhasrunningtime 1 ï¥ý3/ ò with / beingthenumber
of nodesand ý beingthenumberof nets.SeeFigure4.10for anexample.

Visualizationof thealgorithm:
Thevisualizationis doneanalogouslyto thevisualizationof thepreviousheuristic.

Min ParenthesisInter val II and All PathsShortestPaths.
This methodis a combinationof two of theabove heuristics:As a preprocessing,theEdge–Disjoint
Min ParenthesisInterval Path AlgorithmII is called,andasa postprocessing,theAll PathsShortest
PathAlgorithm is executed.This heuristicalgorithmagainhasrunningtime 1 ï¥ý3/ ò with / beingthe
numberof nodesand ý beingthenumberof nets.SeeFigure4.11for anexample.

Visualizationof thealgorithm:
Again,thevisualizationis doneanalogouslyto thevisualizationof thefirst heuristic.

Basicalgorithms

GenerateN RandomTerminal Pairs on the Outer Face.
The input of this algorithmshouldbe an instanceof the classOkamura–SeymourProblemwithout
any nets. A dialogwindow requeststhe numberof nets 4 that areto be generated.The algorithm
thencreates,54 nodesand ,54 edges.Eachnodeis linkedto a nodeon theouterfaceby anedge,so
thatthenodesareuniformly distributedaroundtheouterfaceof theinputgraph.Then,theterminals
arerandomlycombinedinto two-terminalnets.

GenerateRandomTerminal Pairs on the Outer Face.
Thisalgorithmworkssimilarly to thealgorithmdescribedabove. Its inputshouldalsobeaninstance
of theclassOkamura–SeymourProblemwithout any nets.But in this algorithmthenumberof two-
terminalnetsis determinedby the algorithm: abouttwice asmany netsasthereexist nodeson the
outerfaceof theinput instancearegenerated.

Makeevery nodedegreeeven.
The input for this algorithmshouldbe an instanceof the classOkamura–Seymour Problemwhich
mighthavenodeswith odddegree.Thealgorithmremovesedgesfrom thegraphuntil everynodehas
evendegreeexceptthe terminalswhich aresupposedto have odddegree.This is doneby listing all
nodeswith odddegree(exceptthe terminals).Then,for every two nodesof this list a pathbetween
thesenodesis searchedheuristicallyandeveryedgeon thepathis deleted.
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Figure 4.2: The Okamura–Seymour Prob-
lem solved by the basic Edge–Disjoint Path
Algorithm. The solution uses 156 edges.ó î ôpï7658 å 6:9 òöå ï7958 å 9:, òöå ï79:; å 9:< òöå ï76:= å 6?> òöåï76A@ å 9:9 òöå ï76_ù å 9?> òöå ï79:< å 6:; òöå ï76:6 å 9A@ òöå ï79:6 å 9_ù òöåï79:= å 6:, ò ÷ . In blackandwhite mode,thepaths
belongingto thesolutionaredashed.

Figure4.3: Resultof the heuristicalgorithms
Edge–DisjointMin Interval Path Algorithm I
and Edge–Disjoint Min ParenthesisInterval
PathAlgorithmI. Thesolutionuses130edges.

Figure4.4: Resultof theheuristicalgorithms
Edge–Disjoint Min Interval Path Algorithm
II and Edge–Disjoint Min ParenthesisInter-
val Path Algorithm II . The solutionuses125
edges.

Figure4.5: Resultof the heuristicalgorithms
Edge–Disjoint Min Interval Path Algorithm
III andEdge–DisjointMin ParenthesisInter-
val Path AlgorithmIII . Thesolutionuses145
edges.
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Figure4.6: Resultof the heuristicalgorithm
ReducedEdge–DisjointPath Algorithm. The
solutionuses156edges.

Figure4.7: Resultof the heuristicalgorithm
MoreReducedEdge–DisjointPathAlgorithm.
Thesolutionuses131edges.

Figure4.8: Resultof the heuristicalgorithm
Edge–Disjoint Path Algorithm — Last Path
ShortestPath. Thesolutionuses143edges.

Figure4.9: Resultof the heuristicalgorithm
Edge–DisjointPathAlgorithm—LongestPath
ShortestPathfor theOkamura–SeymourProb-
lem. Thesolutionuses150edges.
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Figure4.10: Resultof theheuristicalgorithm
Edge–Disjoint Path Algorithm — All Paths
ShortestPath. Thesolutionuses84edges.

Figure 4.11: Result of the heuristic algo-
rithmMin ParenthesisIntervalII andAll Paths
ShortestPaths. Thesolutionuses83edges.

4.4 Algorithms for the Thr eeTerminal Menger Problem

Let B beanundirectedplanargraphwith threespecifiedterminalnodesC:D , C�E , C�F on theouterface
of B . TheThreeTerminalMenger Problemis to find a maximumnumberof internallyvertex/edge–
disjointpathsin B sothateachpathconnectstwo nodesoutof thegiventriple G�C D , C E , C F�H . Currently,
therearetwo algorithmsincludedin PlaNetfor theThreeTerminalMenger Problem, theThreeTer-
minal Vertex–DisjointMenger AlgorithmandtheThreeTerminalEdge–DisjointMenger Algorithm.
Figures4.12and4.13show examples.

Thr eeTerminal Vertex–Disjoint Menger Algorithm.
Here,theproblemis to find internallyvertex–disjointpathsin theThreeTerminalMenger Problem.
Neyer’s lineartimealgorithmis implemented[Ney96].

Essentially, thealgorithmconsistsof two phases.First, a maximumsetof internallyvertex–disjoint
pathsbetweenany pair of nodesof thegiventriple G�CADJIKCLE5IKC�F H is computedindependentlyby right-
first search.In thesecondphase,thesepathsarecombinedto form amaximalsetof internallyvertex–
disjointpaths.

Theconstructionof thepathsin thefirst phaseis doneusingthe following rule: Let M and N be the
terminalsthat areto be connected,and O the remainingterminal. If O is on the counterclockwise
pathbetweenM and N on theouterface,thenthepathsareroutedfrom N to M usingright-first search.
Otherwisethey areroutedfrom M to N . This guaranteesthat thepathscanbecombinedeasilyin the
secondphase.

For thesecondphase,observe thata solutionof theThreeTerminalVertex–DisjointMenger Problem
is a subsetP of thesumof theindependentlycomputedright-first pathsbetweenany two terminals
of the triple. The strategy to computeP now is the following: Let Q ( R , S , resp.) be the setof
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T CADUIKC�ELV –paths(
T C�E?IKCLFLV –paths,

T CLF?IKCADWV –paths,resp.) ascomputedin phase1. Initialize P with Q .
Then,addall R –paths(i.e.pathsfrom R ) thatareinternallyvertex–disjointto P , andrepeatthiswith
the S –paths.Now it is testedwhetherit is possibleto replaceone Q –pathin P by a R –pathand
a S –path,thusincreasingthe total numberof paths.Becauseof the constructionin phase1, all the
addedR –paths( S –paths,resp.)aretheoutermostpathsof R ( S , resp.).Hence,it sufficesto examine
only thosepathsof R and S on beinginternallyvertex–disjointwhich arenext outermostandnot yet
considered.If this is thecase,thesetwo pathsreplacetheoutermostQ –pathin P . Thisprocedureis
repeateduntil pathsarefoundthatarenot internallyvertex–disjoint.

Visualizationof thealgorithm:
Threeauxiliary graphwindows pop up, eachvisualizingthe incrementalconstructionof oneof the
threetwo-terminalpathsof thefirst phase.The

T CAD�IKCLE�V –pathsin thefirst window arecoloredred,theT C�E�IKC�FLV –pathsin thesecondwindow blue,andthe
T CLF5IKCADXV –pathsin the third window green. In the

following thepathsarecalledaccordingto thesecolors.

Theconstructionof P canbeobservedin themaingraphwindow. P is initializedwith all redpaths.
Thenall bluepathsthatareinternallyvertex–disjointto P areinserted,andanalogouslyall feasible
greenpathsareadded.After that,thereplacementof a redpathby a greenanda bluepathis carried
out if appropriate.In additionto the graphicalinformation,the set P of internally vertex–disjoint
pathswith maximumcardinalityis written to thePlaNetlog file andlog window by enumeratingthe
nodesinvolved.

Thr eeTerminal Edge–DisjointMenger Algorithm.
Now, theproblemis to find edge–disjointpathsin theThreeTerminalMenger Problem. Neyer’s linear
time algorithmis implemented[Ney96]. It worksanalogouslyto thepreviousone,exceptthatedge–
disjointpaths(insteadof internallyvertex–disjointpaths)aresearchedin phase1 andthencombined.
Thevisualizationis donein thesameway too.

4.5 Algorithms for the GeneralNet Graph Problem

Thealgorithmsin thissectionwereprimarily implementedfor theconstructionof randominstances.

GenerateRandomNodes.
The input for this algorithmshouldbe an emptyinstanceof the classGeneral Net Graph Problem.
The numberof nodesY is requestedin a dialog window, and Y nodeson randomcoordinatesare
created.This instanceconsistingonly of nodesis displayedin thegraphwindow.

DelaunayTriangulation.
This algorithmrequirestheinput of aninstanceof theclassGeneral NetGraphProblemthatshould
not containany edges.This canbe obtained,for example,by using the basicalgorithmGenerate
RandomNodesor by manualnodecreationusingtheEdit Graph featureof theinstancemenu.The
Delaunaytriangulation4 of thenodesis computedandthetriangulatedgraphis displayed.Here,the
algorithmof GuibasandStolfi is implemented[GS85].

4SeeSection1.4for thedefinition.
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Figure 4.12: A solution of the Three Ter-
minal Vertex–Disjoint Menger Problem. A
maximum set of 6 paths between nodes
G�;5Z[I�\L]^I�\�_ H have beendetermined.In black
andwhitemode,thepathsbelongingto theso-
lution aredashed.

Figure4.13: A solutionof theThreeTerminal
Edge–DisjointMenger Problem. A maximum
setof 7 pathsbetweennodesG�;5Z[I�\L]^I�\�_ H have
beendetermined.In blackandwhitemode,the
pathsbelongingto thesolutionaredashed.

Triangulation.
As the previous algorithm,this algorithmrequiresthe input of an instanceof the classGeneral Net
GraphProblemthatshouldnot containany edges.A randomtriangulationof thenodesis computed
andthetriangulatedgraphis displayed.

The randomtriangulationis found by computinga Delaunaytriangulationandreplacinga random
number̀ of edgesby their diagonaledge.Here, `ba�c decgf+h:i!c dec�jlk , whereZnmokpmqc dec is a random
number, and c dec is thenumberof edgesof thetriangulation.Thismethodhasbeensuggestedby Bill
Thurston(email:wpt@math.berkeley.edu).

Deleteall Multiple Edges.
Thisalgorithmrequirestheinputof anarbitraryinstanceof theclassGeneral NetGraphProblemand
displaysit afterthedeletionof all multipleedges.

DeleteN Edges.
Thisalgorithmalsorequirestheinputof anarbitraryinstanceof theclassGeneral NetGraphProblem.
Thenumberr is requestedin a dialogwindow, and r randomlychosenedgesof theinput instance
aredeleted.Thethusreducedinstanceis displayedin thegraphwindow.
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Deletea RandomNumber of Edges.
Like the previous algorithm, this algorithmrequiresthe input of an arbitrary instanceof the class
General NetGraphProblem. A randomnumber̀ ( Znm�`sm�c decut5v , where c d2c is thenumberof edges)
of randomlychosenedgesof theinput instancearedeleted,andthereducedinstanceis displayed.

CreateoneNet.
The input for this algorithm is an arbitrary instanceof classGeneral Net Graph Problem. A net
consistingof two terminalsis createdwherethesecondterminalis situatedon theouterface.
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Chapter 5

Instancegeneratorsin PlaNet

Thedevelopmentof randomgeneratorsfor specialplanargraphclassesis notstraightforwardandthe
designof suchalgorithmstook usa lot of time. All our randominstancegeneratorsarecalledwith
anemptyinstanceof thecorrespondingproblemclass,andconsistof the following steps.First, the
numberof nodesY is requestedin adialogwindow, and Y nodeswith randomcoordinatesarecreated
(algorithmGenerateRandomNodes). Then,a triangulationis constructedandafterwardsacoupleof
edgesareremoved.Theresultinginstanceis displayedin thegraphwindow.

Note that the triangulationsareexactly the maximalplanargraphswith respectto the insertionof
edges.Our experiencehasshown that suitablerandomdistributionscanbe implementedthis way
muchmoreeasily than,for example,by constructingrandomgraphsincrementallyasit is difficult
to maintainplanaritythroughsucha procedure.The following instancegeneratorsare includedin
PlaNet.Theparticularalgorithmsmentionedherearedescribedin detailin thecorrespondingsections
of Chapter4 andin AppendixF.

5.1 Generatorsfor the Menger Problem

As describedin Section3.4,a feasibleinstanceof theclassMenger Problemconsistsof anundirected
planargraphwith two terminalsin onenet,and w is on theouterface.

GenerateRandomInstancefor the Menger Problem.
After the creationof the nodes,a randomtriangulationis computed(algorithmTriangulation). A
randomnumberof randomlychosenedgesis deleted(algorithmDeletea RandomNumberof Edges),
anda randompairof terminals

T CxIywyV with w on theouterfaceis created(algorithmCreateoneNet).

GenerateInstancefor the Menger Problem.
This instancegeneratorworkssimilarly to thepreviousoneexceptthatthenodesareconnectedusing
aDelaunayTriangulationinsteadof a randomtriangulation.
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5.2 Generatorsfor the Okamura–SeymourProblem

A feasibleinstanceof the classOkamura–SeymourProblem(seeSection3.5) fulfills the following
properties:It is anundirectedplanargraphwith anarbitrarynumberof two-terminalnets.All termi-
nalshave nodedegree1 andlie on theouterface,all othernodeshave evendegree.

GenerateInstancefor The Okamura–SeymourProblemwith N Nets.
After the creationof the nodes,the Delaunaytriangulationfor thesenodesis computed(algorithm
DelaunayTriangulation). Then,a numberr of two-terminalnetsis requestedin a dialogwindow,
and r terminalpairsaregeneratedbeingdistributeduniformly on theouterface(algorithmGenerate
N RandomTerminal Pairs on Outer Face). After that, every nodedegree(except the terminals)is
madeevenby deletingedgesfrom theinstance(algorithmMake everynodedegreeeven).

GenerateInstancefor the Okamura–SeymourProblem.
This instancegeneratorworks analogouslyto the previous one except that the numberof nets is
determinedby the algorithmGenerate RandomTerminal Pairs on the Outer Face. This algorithm
generatesabouttwiceasmany terminalsastherearenodeson theouterface.

5.3 Generator for the Thr eeTerminal Menger Problem

An instanceof theclassThreeTerminalMenger Problem(seeSection3.6)hasto fulfill thefollowing
properties:It is anundirectedplanargraphwith exactly onenetof threeterminals.All terminalslie
on theouterface.

GenerateInstancefor the Thr eeTerminal Menger Problem.
After the creationof the nodes,a randomtriangulationis computed(algorithmTriangulation), and
threenodeschosenrandomlyfrom theouterfaceareput into a net.

5.4 Generator for the GeneralNet Graph Problem

A feasibleinstanceof the classGeneral Net Graph Problem(seeSection3.1) consistsof a planar
graphwith anarbitrarynumberof netsof arbitrarysize.

GenerateInstancefor the GeneralNet Graph Problem.
Thisalgorithmcreatesa randominstancewith onenetconsistingof two terminals.After thecreation
of thenodes,theDelaunaytriangulationfor thesenodesis computed(algorithmDelaunayTriangula-
tion), andtwo randomlychosennodesareput into anet.
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Chapter 6

Generationand integration of newclasses
and algorithms

PlaNetoffersa comfortableway of constructingandintegratingnew classesandalgorithms.In this
sectionit is describedhow new classescan be generatedeasily and how classes,algorithmsand
generatorsareintegratedinto PlaNet.

Thegeneralcourseof actionis thefollowing: For a givenproblem,first designa C++–class(derived
from classGeneral Net Graph Problem), if all existing classesdo not fulfill the propertiesof the
problem(seeSection6.1). After that, implementthe algorithms(seeSection6.2). Then,integrate
thenew classesandalgorithmsinto PlaNet. For this PlaNetoffersanenvironmentin which classes
andalgorithmscanbedesignedin a localsourcedirectoryandthenlinkedto thePlaNetlibraries(see
Section6.3).

PlaNetallows to chooseanarbitrarysubsetof classesandalgorithmsfrom theonesdescribedin this
paper, andto addown new classesandalgorithms. Thereareonly threeconditionsthat have to be
fulfilled:

z For eachalgorithmof a problemclass{ that is to be integratedinto PlaNet, { hasto beinte-
gratedin PlaNet.

z For eachproblemclass{ all moregeneralproblemclasses{}| of { with {�~�{}| (upto problem
classGeneral NetGraphProblem) have to beintegratedtoo.

z All new problemclasseshave to bederivedfrom classGeneral NetGraphProblem(directlyor
indirectly).

6.1 Generationof newclasses

A new classNew Class(internallycallednew_class) to beintegratedin PlaNetis specifiedby two
files: its declarationin theheaderfile new_class.h, andtheimplementationfile new_class.cc.
PlaNetoffers a high-level featurewith that thesefiles canbe generatedeasily in mostcases.But,
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DataType(LEDA) Namein thedescriptionfile Comment
int INT
float FLOAT
node NODE LEDA node
edge EDGE LEDA edge
list<int> INTLIST LEDA list of ints
list<float> FLOATLIST LEDA list of floats
list<node> NODELIST LEDA list of nodes
list<edge> EDGELIST LEDA list of edges

Table6.1: Supporteddatatypesandtheirnamesfor graph,nodeandedgeparameters

sometimesit is necessaryto write thecodefor theclassfrom scratch.Here,first thegeneralparameter
handlingisexplained.Thenthedesignof new classeswith andwithoutthehigh-level tool isdescribed.

6.1.1 Parameter handling

All new graphclassesarederived from a baseclassthat is alreadyintegratedin PlaNet. All these
classescanautomaticallymanageseveraldatatypesfor parameterson thegraph,nodes,andedges.
Thismeansthattheparametersandtheir typesonly have to bedefinedin theconstructorof theclass,
andthebaseclassthenallocatesanddeallocatesthespacefor theseparametersautomaticallywhen
aninstanceof theclassis created.Furthermore,all parametersandtheirvaluesarecopiedby acall of
thecopy–constructorof theclass.For eachparameterit canalsobemarkedtherewhetherit is to be
savedin anoutputfile streamor readin from aninput file stream.All parameterscanalsobeedited
by the menuitem Graph Edit . Table6.1 containsa list of all datatypesthat aresupportedby the
classesin PlaNet.AppendixG.8 listsall availablefunctionson theseparameters.

6.1.2 High-level generationof a newclassusingmakeclass

As the creationof a new graphclassrunsschematicallyin many cases,PlaNetoffers a high-level
environment,calledmakeclass, which generatesC++–codefrom a high-level descriptionof the
class. It is a perl–script1, locatedin the directory/path_to_planet/planet/bin. It canbe
usedas a self-containeddesigntool for a new class,if this classonly enforcessimple parameter
handling,by simplycalling it togetherwith theclassdescriptionfile.

Sucha classdescriptionfile consistsof five blocks: A definitionof theclassname,thenameof the
baseclassesit is derivedfrom, andthelistingsof its graph/node/edgeparameters,respectively. Each
of the last threeblocksmayalsobeomittedif no suchparameteris desired.Linesstartingby # are
takenascomments.In eachblock theinformationis givenby thecorrespondingkeyword in form of
a function.Thesekeywordsare:

1Confertheperlmanualpages.
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# class name
class("foo");

# as we all know, a "foo" is a "bar" and a "fnord"
is_a("bar", "fnord");

# graph parameters
graph_param("source", NODE, SAVE);
graph_param("target", NODE, SAVE);
graph_param("forbidden", NODELIST); # don’t save the nodelist

# node parameters
node_param("cap", FLOAT, SAVE);
node_param("excess", FLOAT); # don’t save node excess

# edge parameters
edge_param("cap", FLOAT, SAVE);

Figure6.1: File foo.def

class("name"): Theinternalnameof theclassis name.

is_a("class_1", "class_2", �J�J� ): Theclassis derivedfrom class_1, class_2, �J�J�
graph_param("name", type, SAVE): Theclasshasagraphparametercalledname of type

type. SeeTable6.1 for the supporteddatatypesandtheir names.The parameterSAVE is
optional.If it is giventheparameterwill bestored(read,resp.)whentheinstanceis written to
(readfrom, resp.)afile.

node_param("name", type, SAVE): Sameasabove for nodeparameters.

edge_param("name", type, SAVE): Sameasabove for edgeparameters.

SeeFigure6.1 for thedescriptionfile calledfoo.def for theexampleclassfoo. Theclassfoo is
derived from classbar andclassfnord. Thegraphparametersarea nodecalledsource, a node
calledtarget anda list of nodescalledforbidden. Thetargetandsourcenodeareto besaved,
while thelist of forbiddennodesis not to besaved,whenthegraphis written to a file. Therearetwo
nodeparametersof typefloat calledcap andexcess (whereonly cap is to besaved),andone
edgeparameterof typefloat calledcap (alsois to besaved).

Now, by a call of makeclass foo.def, two files foo.h andfoo.cc containingC++–code
aregenerated.Theseoffer (additionallyto all inheritedfunctionsof thebaseclasses)all accessand
lookupfunctionsfor thegraph/node/edgeparametersasthey aredefinedin foo.def. SeeAppendix
B (in FiguresB.1 andB.2) for a listing of thesefiles.

6.1.3 Generationof a newclassfr om scratch

If a new classthat is to be integratedin PlaNetneedsmoresophisticatedmodifications(e.g.new
functionsandmethods),the useof makeclass is not sufficient. But even thenthemakeclass
featurecanhelp to build a skeletonfor theheaderfile andthe implementationfile of thenew class:
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Thefilesgeneratedby makeclass only have to beextendedto containtheadditionalfeaturesof the
class.

In general,whendesigninganew classwithoutmakeclass, it is advisableto encapsulatetheheader
file of theclassdescriptionwith theheader

#ifndef __<classname>_h__
#define __<classname>_h__

andthefooter

#endif

Thus,declarationsof aheaderfile areincludedonly oncein acompilationenvironment.This is done
automaticallyby makeclass.

As anexampleconsideravariantof theMenger Problem, the(s,t)–PlanarMenger Problem. Herethe
problemis to find asmany internallyvertex–disjointpathsbetweenthetwo terminalsC and w aspos-
sible,in instanceswhereboth, C and w , lie on theouterface.Thus,feasibleinstancesfor this problem
have to fulfill all conditionsastheinstancesof theclassMenger Problem, but now also C is restricted
to be on the outer face. Thus, the class(s,t)–PlanarMenger Problem is a specializationof class
Menger Problem, andthereforethe classmenger_s_t_planar is derived from classmenger.
Thereonly hasto beaddeda new check routinewhich testsif the C –terminallies on theouterface
andthencallsthecheck routineof its baseclassmenger. As thisclassrequiresadditionaltestsand
themakeclass featurecannotbeused.FigureB.3 andFigureB.4 in AppendixB show theheader
file andtheimplementationfile of thisclass.

6.2 Implementation of algorithms and instancegenerators

As aclass,analgorithm2 New Algorithm, internallycallednew_algorithm, thatis to beintegrated
in PlaNetis specifiedby two files: its declarationin theheaderfile new_algorithm.h, andits im-
plementationin theimplementationfile new_algorithm.cc. It hasto bedeclaredin thefollowing
way:

int new_algorithm(class_A& G);

whereclass_A is derivedfrom classxgraph or its derivatives(class_A ~ xgraph). A func-
tion declaredlike thiscertainlyalsoacceptsclassobjectsof classesderivedfrom class_A.

All methodsof thebaseclassesmaybeusedfor theimplementationof thealgorithms.For adetailed
descriptionof thesemethodsconferAppendixG andH. Additionally, mostof thebasicalgorithms
usedin the algorithmscurrentlyincludedin PlaNetcanbe calledalso. Thesearedescribedin Ap-
pendixF.

2or instancegenerator
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As anexample,consideragainthe (s,t)–PlanarMenger Problemfrom theprevioussubsection.Fig-
ureB.5 in AppendixB shows theheaderfile menger_s_t_planar_algorithm.h for the(s,t)–
Planar Menger Algorithm. Again, the declarationof the algorithmis encapsulatedin a #ifndef
headerand#endif footer(cf. Section6.1.3).

In Figure B.6 in Appendix B, the implementationof the algorithm in file menger_s_t_pla-
nar_algorithm.cc is presented.The (s,t)–PlanarMenger Algorithm consistsof threeproce-
dures.The main proceduremenger_s_t_planar_algorithm is calledby PlaNetwith an in-
stanceof theclass(s,t)–PlanarMenger Problemor of aclassderivedfrom it. First,theterminalsC and
w areextractedfrom thedatastructure.Then,theedgethatis thefirst on thepathfrom C to w alongthe
outerfacein counterclockwisedirectionis determined.After that,thecoreprocedureright_paths
is calledwith thisedgeasinputparameter.

Theprocedureright_pathsmainlyconsistsof a loopoverall edgesthatareadjacentto C , starting
with edgestart. In eachiteration,a pathfrom C to w or backto C is searchedby a call of procedure
next_path. Procedurenext_path now searchesa pathfrom C to w asfar right aspossibleby
right-first search.Nodesthathave alreadybeenvisitedaremarked in a LEDA node_array. The
visualizationof thealgorithmis doneautomaticallyby theunderlyinggraphclasses:Theterminalsof
thenetaremarkedby a colorandeachpathis givenanothercolor.

6.3 Integration of classes,algorithms and instancegenerators

The generalcourseof actionwhenintegratingclasses,algorithmsandgeneratorsinto PlaNetis the
following: Theproblemclassesandtheirinheritancehierarchiesaredescribedin ahigh-level language
in a file namedclasses.def. Then,a file Config is usedto indicatelocal sourceobjects.These
filesarethenscannedwhentheactualPlaNetexecutableis generatedby usingthemake feature.

In orderto usethisenvironment,createthefollowing configurationfiles in thelocalPlaNetdirectory:
classes.def,Config, andMakefile. This is donebestby copying thetemplatefiles from the
directory/path_to_planet/planet/config andthenmodifyingtheseappropriately.

6.3.1 The format of classes.def

In file classes.def, all classesandalgorithmsof the local versionof PlaNetaredefined.It con-
sistsof a headerdefiningthe local PlaNetworking directories,followedby a block of linesfor each
problemclass.Eachsuchblockcontainsthebasicinformationfor theclassandall its algorithmsand
generators.Thespecificformatof thefile is asfollows. Linesstartingwith # aretakenascomments.

Theheaderconsistsof thekeywordsTOP: andtheoptionalkeywordLOCAL_SRC:. After thekey-
wordTOP: thepathto thePlaNetdirectoryis specified,andafterLOCAL_SRC: thepathto thelocal
sourcesdirectory, whichwill alsobesearchedfor includefiles. Thecurrentworkingdirectoryis taken
asa default for LOCAL_SRC. All pathsin classes.def have to bespecifiedrelativeto oneof the
pathsspecifiedafterTOP: or LOCAL_SRC:.

Eachproblemclassblock consistsof linesstartingwith thekeywordsCLASS, INCLUDE:, NAME:,
INSTANCES:, HELP:, followed by a list of algorithmsandgenerators,and is terminatedby the
keywordEND. ThenameafterCLASS definesthe internalclassname.All its baseclassesarelisted
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LOCAL_OBJECTS = ../local/menger_s_t_planar.o \
../local/menger_s_t_planar_algorithm.o

Figure6.2: An exampleof aConfig file

(separatedby blanks)aftera “:”. Keyword INCLUDE: is followed by thenameof the includefile,
i.e. thefile containingthedeclarationof theclass.After keywordNAME: thenameof theproblemas
it is displayedin thegraphicaluserinterfaceof PlaNetisspecified.KeywordINSTANCES: indicates
the nameof the instancedirectory for the problemclass. After keyword HELP: the nameof the
documentationfile for theclassis expected.Thetext in thisfile will appearashelptext in PlaNet.

After theselines,alist of algorithmsandgeneratorsfor theproblemclassmayfollow. Thedefinitionof
analgorithmandageneratordiffersonly in thekeywordALGORITHM or GENERATOR, respectively.
Eachlist item againconsistsof linesstartingwith thekeywordsALGORITHM (resp.GENERATOR),
INCLUDE:, NAME:, HELP: andtheoptionalkeywordNOCHECK (in caseof analgorithm).

After keywordALGORITHM (resp.GENERATOR) thenameof thealgorithmis specified.Again,after
keyword INCLUDE: the nameof the includefile is given. Keyword NAME: indicatesthe nameof
the algorithmas it is displayedin the graphicaluserinterfaceof PlaNet. The nameafter keyword
HELP: definesthenameof thedocumentationfile for thealgorithm.Thetext in this file will appear
ashelp text in PlaNet. By default, beforeanalgorithmis called,thecurrentinstanceis checked on
beingfeasible.This is doneby a call of thecheck routineof theproblemclassthealgorithmwas
implementedfor. Thiscall is avoidedif thedescriptionof thealgorithmendswith keywordNOCHECK.

FigureB.7 in AppendixB shows an exampleof a classes.def file. There,the setof problem
classesconsistsof the classes

T CxIywyV –Planar Menger Problem(cf. Section6.1.3),Menger Problem
andall baseclassesthereof.Thesetof algorithmsonly consistof the(s,t)–PlanarMenger Algorithm
to solve the

T CxIywyV –PlanarMenger Problem, andtheEdge–DisjointMenger AlgorithmandtheVertex–
Disjoint Menger Algorithmto solve theMenger Problem. As ageneratorfor theMenger Problem, the
algorithmGenerateRandomInstancefor Menger Algorithm is invoked. In this example,checksfor
feasibility of the instancesareonly carriedout beforecalling theVertex–DisjointMenger Algorithm
andthe(s,t)–PlanarMenger Algorithm.

6.3.2 The format of local/Config

In orderto generateanown executable,theConfig file alsohasto bemodified.In thisfile themake
variableLOCAL_OBJS canbeset.LOCAL_OBJS mustcontainall additionalobjectfiles thatareto
belinkedinto thePlaNetexecutable;if thisvariableis notsetcorrectly, thelinkerwill complainabout
“undefinedsymbols”or thelike.

Figure6.2shows anexampleof aConfig file for onelocal algorithmcalledmenger_s_t_pla-
nar_algorithm.cc, which operateson a graphclasscalledmenger_s_t_planar (cf. Sec-
tion 6.1.3). The sourcecodefor this algorithmis locatedin the directory/my/local/home/-
src/planet/local, asdeclaredin file classes.def of FigureB.7.
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6.3.3 Generationof the executable

All that remainsis to compile the codeand do the linking accordingto the information given in
the files classes.def andConfig. This is doneby using the make featureand appropriate
Makefileswhichscanthegivenfiles(for example,see[OT93] for adetaileddescriptionof make).
It is eitherpossibleto usethedefault Makefile thatcomeswith thepackage,or to write anown,
localMakefile.

To usethedefaultMakefile typemake in thelocalsourcesdirectoryandmake will recurseinto all
subdirectoriesasspecifiedin Config, andtry to compilethecodethereby usinga default rule. It is
alsopossibleto carryoutonly partsof thelinking by callingmake togetherwith aspecialtarget.See
AppendixC.2(andin particularParagraphplanet/config/Makefile) for a list of thesetargets
andmoreinformationaboutMakefiles thatarebuiltin in PlaNet.

Whenwriting anown, localMakefile, thepathto MakePaths hasto bespecifiedin theheader.
Thefile MakePaths shouldbein thePlaNethomedirectory.

Anyway, if aMakefile is placedin a local sourcedirectory, this onewill beusedwhengenerating
anexecutable.
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Appendix A

An exampleof a PlaNet log file

FigureA.1 displaysthePlaNetlog file (cf. Section2.1.5)of thePlaNetexamplesessionasdescribed
in Section2.3.
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planet: logging messages to planet-log.2249

planet: problem name: Menger Problem.
planet: new instance path: /homes/combi/neyer/planet/instances/
planet: ’/homes/combi/neyer/planet/instances/menger/men30’ read.
planet: algorithm 1: Vertex-Disjoint Menger Algorithm
planet: delay set to 200msec.

planet: running ’Vertex-Disjoint Menger Algorithm’...
The following paths were computed:
path 1: [11][17][7][18][24][16]
path 2: [11][2][8][12][20][4][29][6][9]

[1][15][16]
path 3: [11][13][0][19][16]
path 4: [11][5][10][21][16]
Number of paths: 4

Saturated Nodeseperator: [17][20][0][5]
planet: ’Vertex-Disjoint Menger Algorithm’ finished.

planet: random instance generator called.
planet: ’/tmp/.P_AAAa02249’ written.
planet: algorithm 2: Edge-Disjoint Menger Algorithm
planet: switched to 2 window mode.

planet: running ’Vertex-Disjoint Menger Algorithm’...
The following paths were computed:
path 1: [0][18][19][11][6][9]
path 2: [0][14][12][15][17][13][9]
path 3: [0][4][5][1][16][9]
Number of paths: 3

Saturated Nodeseperator: [18][12][16]
planet: ’Vertex-Disjoint Menger Algorithm’ finished.

planet: running ’Edge-Disjoint Menger Algorithm’...
1 path: [0][18][19][11][6][9]
2 path: [0][14][18][7][11][9]
3 path: [0][4][1][12][15][17][13][9]
4 path: [0][10][3][16][9]
Number of paths: 4

planet: ’Edge-Disjoint Menger Algorithm’ finished.

FigureA.1: A PlaNetlog file of theexamplesession
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Appendix B

Examplesfor the generationand
integration of newclassesand algorithms

This chaptercontainsthe files that have beenusedto illustrate the designand implementationof
new classesandalgorithmsin Chapter6. In Section6.1.2,a classfoo.def hasbeendefinedasan
exampleof the useof themakeclass feature. FiguresB.1 and B.2 now presentthe outputfiles
foo.h andfoo.cc of thecommandmakeclass foo.def.

FiguresB.3andB.4show theheaderfile andtheimplementationfile of theclass
T CxIywyV –PlanarMenger

Problem(calledmenger_s_t_planar) of Section6.1.3.Thisclasshasbeenderivedfrom scratch
withoutusingmakeclass.

In Section6.2, the algorithm (s,t)–PlanarMenger Algorithm hasbeendescribed.FiguresB.5 and
B.6 show its headerand implementationfile. It is calledmenger_s_t_planar_algorithm
internally.

FigureB.7 showsanexampleof aclasses.def file asit is describedin Section6.3.1.
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#ifndef __foo_h__
#define __foo_h__

// file: foo.h
// Code for class foo generated by makeclass

#include "bar.h"
#include "glompf.h"

class foo :
virtual public bar,
virtual public glompf

{
// indices for accessing parameters
int _node_excess_index;
int _node_cap_index;
int _edge_cap_index;
int _graph_source_index;
int _graph_forbidden_index;
int _graph_target_index;

public:

// constructor & copy constructor
foo();
foo(const foo& G);

// parameter access functions
float get_excess(node v);
void set_excess(node v, float value);

float get_cap(node v);
void set_cap(node v, float value);

float get_cap(edge e);
void set_cap(edge e, float value);

node get_source();
void set_source(node value);

list<node>& get_forbidden();

node get_target();
void set_target(node value);

};

#endif

FigureB.1: File foo.h
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// file: foo.cc
// Code for class foo generated by makeclass

#include "foo.h"

// constructor & copy constructor

foo::foo() {
_node_excess_index = new_node_float_par("excess", 0);
_node_cap_index = new_node_float_par("cap", 1);
_edge_cap_index = new_edge_float_par("cap", 1);
_graph_source_index = new_graph_node_par("source", 1);
_graph_forbidden_index = new_graph_nodelist_par("forbidden", 0);
_graph_target_index = new_graph_node_par("target", 1);

}

foo::foo(const foo& G) {
_node_excess_index = G._node_excess_index;
_node_cap_index = G._node_cap_index;
_edge_cap_index = G._edge_cap_index;
_graph_source_index = G._graph_source_index;
_graph_forbidden_index = G._graph_forbidden_index;
_graph_target_index = G._graph_target_index;

}

// node parameters...
float foo::get_excess(node v) {
return node_float_par(v, _node_excess_index);

}

void foo::set_excess(node v, float value) {
node_float_par(v, _node_excess_index) = value;

}

float foo::get_cap(node v) {
return node_float_par(v, _node_cap_index);

}

void foo::set_cap(node v, float value) {
node_float_par(v, _node_cap_index) = value;

}
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// edge parameters...
float foo::get_cap(edge e) {

return edge_float_par(e, _edge_cap_index);
}

void foo::set_cap(edge e, float value) {
edge_float_par(e, _edge_cap_index) = value;

}

// graph parameters...
node foo::get_source() {

return graph_node_par(_graph_source_index);
}

void foo::set_source(node value) {
graph_node_par(_graph_source_index) = value;

}

list<node>& foo::get_forbidden() {
return graph_nodelist_par(_graph_forbidden_index);

}

node foo::get_target() {
return graph_node_par(_graph_target_index);

}

void foo::set_target(node value) {
graph_node_par(_graph_target_index) = value;

}

FigureB.2: File foo.cc
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//******************************************************************************
//******************************************************************************
//******************************************************************************
// Name of the class: menger_s_t_planar
// Author: Gabriele Neyer
// Date: 25.03.96
//
// About the class:
// The (s,t)-planar Menger Problem
//
// Let G be an undirected planar graph with two specified
// terminals s and t on the outer face.
// The (s,t)-planar Menger Problem is to find maximum number
// of internally vertex/edge-disjoint paths between s and
// t in G.
//
// The class menger_s_t_planar is modeled as a direct
// descendant of class Menger.
// The graphs of this class have one net with two terminals
// s and t. The s and t have to lie on the outer face.
// These properties can be checked by the check-routine
// of the problem class.
//******************************************************************************
//******************************************************************************
//******************************************************************************
#ifndef __menger_s_t_planar_h__
#define __menger_s_t_planar_h__

#include "menger.h"

class menger_s_t_planar : virtual public menger
{

public:

// constructor & copy constructor
menger_s_t_planar() {};
menger_s_t_planar(const menger_s_t_planar& G) :menger(G){};

// checks if s lies on the outer face and calls ::menger.check(G)
virtual bool check();

};

#endif

FigureB.3: File menger_s_t_planar.h
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//******************************************************************************
//******************************************************************************
//******************************************************************************
// Name of the class: menger_s_t_planar
// Author: Gabriele Neyer
// Date: 25.03.96
// Modifications:
// For a short description of the class see corresponding ".h"-file.
//******************************************************************************
//******************************************************************************
//******************************************************************************
#include "menger_s_t_planar.h"

// checks if s lies on the outer face and calls ::menger.check(G)
bool menger_s_t_planar::check()
{

if(!menger::check())
return false;

// determine s-terminal (first terminal of the first net of G
node s = first_net()->first();
edge e;

forall_adj_edges(e,s,*this) // s has to ly on the outer face
if (left_face_id(e)==(int)OUTER_FACE || right_face_id(e)==(int)OUTER_FACE)
return true;

return false;
}

FigureB.4: File menger_s_t_planar.cc
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//******************************************************************************
//******************************************************************************
//******************************************************************************
// Name of the algorithm: menger_s_t_planar_algorithm
// Author: Gabriele Neyer
// Date: 25.03.96
//
// About the algorithm:
// Menger-s-t-planar Algorithm
//
// a maximum number of internally vertex-disjoint paths
// between s and t is determined by right first search,
// whereby s and t lie on the outer face of graph G.
//******************************************************************************
//******************************************************************************
//******************************************************************************
#ifndef __menger_s_t_planar_algo_h__
#define __menger_s_t_planar_algo_h__

#include <menger_s_t_planar.h>

int menger_s_t_planar_algorithm(menger_s_t_planar& G);

#endif

FigureB.5: File menger_s_t_planar_algorithm.h
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//******************************************************************************
//******************************************************************************
//******************************************************************************
// Name of the algorithm: menger_s_t_planar_algorithm
// Author: Gabriele Neyer
// Date: 25.03.96
// Modifications:
// For a short description of the algorithm see corresponding ".h"-file.
//******************************************************************************
//******************************************************************************
//******************************************************************************

#include "menger_s_t_planar_algorithm.h"
#include <gui_utils.h>
#include <LEDA/array.h>

// starting at a given edge prev a path from s to t is searched
// by the right first search method, only using unvisited nodes.
int next_path(node s, node t, edge prev,

node v, path P, node_array<int>& visited,
xgraph& G )

{
node w;
int found = 0;
edge succ = G.cyclic_adj_succ(prev, v); // next counterclockwise edge to prev
do
{
if((w=G.target(succ))==v) // determine source and target of succ

w=G.source(succ);
if(w == t ) // (s,t)-path found
{

G.append(P,succ);
return 1;

}
if(w==s)

return 0;
if(visited[w]==0) // node w is unvisited
{

visited[w]=1;
G.append(P,succ); // append succ to path P (forward step)
// recursive call of procedure next_path
found = next_path(s, t, succ, w, P, visited, G );
if (!found ) // path has not reached target

G.delete_last_edge(P); // backtrack step
else return found;

}
else

succ = G.cyclic_adj_succ(succ, v); // next counterclockwise edge to prev
}while(succ!= prev && !found);
return found;

}
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// simple right first search: a maximum number of paths in G
// from s to t is computed.
void right_paths(node s, node t, edge start,

node_array<int>& visited,
xgraph& G)

{
edge e, first;
node w;
path P;

visited[s]=1; // mark s as visited
e = start;
do
{
P = G.create_path(s); // create new path

if((w=G.target(e))==s) // determine next node
w=G.source(e);

G.append(P,e);
if(w!=t) // e!=(s,t)
{

if(visited[w]==0)
{

visited[w] = 1;
// compute next path
int ret = next_path(s, t, e, w, P, visited, G);
if(!ret)
{
G.delete_path(P); // path returned to s
return;

}
}

}
// determine next edge that is adjacent to s in counterclockwise order
}while ((e = G.cyclic_adj_succ(e,s))!=start);

}
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// As many internally vertex-disjoint paths between s and t as possible
// are found, whereby both terminals lie on the outer face.
int menger_s_t_planar_algorithm(menger_s_t_planar& G)
{

node s,t;
edge start,f;
node_array<int> visited(G,0); // (LEDA-)node_array

// determine terminals s,t
net *the_net = G.first_net();
the_net->init_iterator();
the_net->next_terminal(s);
the_net->next_terminal(t);

// determine start edge as the next edge on the outer face.
forall_cc_adj_edges(start,s,G)
{
// is start on outer face?
if((int)G.left_face_id(start) == (int)OUTER_FACE

|| (int)G.right_face_id(start) == (int)OUTER_FACE)
{

// is the edge next to start on outer face?
f = start;
G.next_adj_planar_edge(f,s);
if((int)G.left_face_id(f) == (int)OUTER_FACE

|| (int)G.right_face_id(f) == (int)OUTER_FACE)
{

start = f;
break;

}
else

break;
}

}
// compute paths ...
right_paths(s, t, start, visited, G);
return 1;

}

FigureB.6: File menger_s_t_planar_algorithm.cc
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#header:
TOP: /net/planet/planet
LOCAL_SRC: /my/local/home/src/planet/local

#definition of classes and algorithms
CLASS xgraph:
INCLUDE: xgraph.h
NAME: General Net Graph Problem
INSTANCES: xgraph
HELP: src/classes/libXG/xgraph.hlp

#empty set of algorithms and generators for the xgraph problem
END

CLASS bounded_netsize_graph: xgraph
INCLUDE: bounded_netsize_graph.h
NAME: Net Graph Problem (bounded number of terminals per net)
INSTANCES: bounded_netsize_graph
HELP: src/classes/libpgraph/bounded_netsize_graph.hlp

#empty set of algorithms and generators
END

CLASS bounded_n_nets_graph: xgraph
INCLUDE: bounded_n_nets_graph.h
NAME: Net Graph Problem (bounded number of nets)
INSTANCES: bounded_n_nets_graph
HELP: src/classes/libpgraph/bounded_n_nets_graph.hlp

#empty set of algorithms and generators
END

CLASS menger: bounded_netsize_graph bounded_n_nets_graph
INCLUDE: menger.h
NAME: Menger Problem
INSTANCES: menger
HELP: src/classes/libpgraph/menger.hlp

ALGORITHM vertex_disjoint_menger
INCLUDE: vertex_disjoint_menger.h
NAME: Vertex Disjoint Menger Algorithm
HELP: src/algorithms/menger/vertex_disjoint_menger.hlp
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ALGORITHM edge_disjoint_menger
INCLUDE: edge_disjoint_menger.h
NAME: Edge Disjoint Menger Algorithm
HELP: src/algorithms/menger/edge_disjoint_menger.hlp
NOCHECK

GENERATOR random_menger_example
INCLUDE: random_menger_ex.h
NAME: Generate Random Instance for Menger Algorithm
HELP: src/algorithms/menger/random_menger_ex.hlp

END

CLASS menger_s_t_planar : menger
INCLUDE: menger_s_t_planar.h
NAME: (s,t)-Planar-Menger Problem
INSTANCES: menger_s_t_planar
HELP: menger_s_t_planar/menger_s_t_planar.hlp

ALGORITHM menger_s_t_planar_algorithm
INCLUDE: menger_s_t_planar_algorithm.h
NAME: Vertex-Disjoint Menger-(s,t)-Planar Algorithm
HELP: menger_s_t_planar/menger_s_t_planar_algorithm.hlp

END

FigureB.7: An exampleof file classes.def
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Appendix C

Inter nals

This chaptercomprisesinformationaboutthe internalstructureof PlaNetas it is currently imple-
mented.Here,in particular, thedirectorystructure,theMakefiles, andtheinternalstructureof the
basicclassGeneral NetGraphproblemis described.

C.1 PlaNetdir ectory structure

The internaldirectorystructureof PlaNetis shown in FigureC.1. The homedirectoryof PlaNetis
calledplanet. It containsalink to thePlaNetexecutable,aREADMEfile, andthefile MakePaths
in which all pathsto the includedlibrariesandincludefiles aredefined.Furthermore,planet has
thesubdirectoriesbin, config, src, lib, andinstances.

bin: Theexecutablesplanet andmakeclass arestoredin thissubdirectory.

config: Thissubdirectorycontainseverythingthatisnecessaryfor theconfigurationof PlaNet.For
example,thethreeconfigurationfilesclasses.def, Config, Makefile, andthe library

planet

  bin  config src lib instances

algorithms classes gd gui include y

algoslibGWlibpgraphlibXG

FigureC.1: PlaNetdirectorystructure
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libconfig.a residehere(cf. Section6.3).

lib: Links to all PlaNetlibrariescanbefoundhere.

instances: Thissubdirectorycomprisesthelibrariesfor thebuilt-in instances.For eachproblem
classthereis a subdirectory, wherefeasibleinstancesfor this classarestored.Thenameof the
instancesubdirectoryis the sameasthe namedefinedafter the keyword INSTANCES in the
correspondingsectionof classes.def (cf. Section6.3).

src: The subdirectorysrc comprisesall PlaNetsourcefiles — exceptfor configurationstuff. It
containsthesubdirectoriesalgorithms,classes, gd, gui, include, andy.

algorithms: All algorithmsthat arecurrentlyintegratedinto PlaNetarestoredin oneof
thesubdirectoriesof thisdirectory.

classes: The subdirectoryclasses comprisesthe sourcecodefor the currently avail-
ablegraphclassesandthegraphwindow class.It containsthreesubdirectories:libXG,
libpgraph, andlibGW.

libXG: Theimplementationof theclassGeneral NetGraphProblem, internallycalled
xgraph, canbefoundhere.All problemclassesof this directorybuild theskeleton
of classxgraph (seeAppendixC.3 for a moredetaileddescriptionof this class).
Theobjectfiles herebuild up thelibrary libXG.a.

libpgraph: Here, the implementationof all problemclassesthat arecurrently inte-
gratedinto PlaNetcanbefound.Theobjectfilesbuild upthelibrarylibpgraph.a.

libGW: Here,the implementationof thePlaNetgraphwindow classGWindow canbe
found.

gd: Here,the sourcesof thegifdraw library canbe found. The gif outputroutinesof the
graphwindow usethesemethods.

gui: Thissubdirectorycontainstheimplementationof thegraphicaluserinterface.Its object
files build up thelibrary libgui.a.

include: This directorycontainslinks to all includefiles. The links to algorithmsthatare
currentlyintegratedinto PlaNetarecollectedin a subdirectoryalgos. In orderto add
moreheaderfiles,edit theMakefile to generatea link to theheaderfiles.

y: The implementationof the grapheditor andsomeotherextractsof the Y–projectcanbe
foundhere[KLM � 93].

C.2 About Makefiles

As describedin Section6.3.3,theactualgenerationof a local versionof PlaNetis doneby usingthe
make featureandappropriateMakefiles. Seefor examplein [OT93] for theuseof of make. Here,
thebuilt-in Makefiles andtheir targetsaresummarizedbriefly. Readalsothemanualpagefor a
detaileddescriptionof makefiles.

Most PlaNetsourcedirectorieshave an own Makefile. The following gives a list of the main
importantavailable compilationcommands(targets). In order to executeone of thesetargets just
entermake <target>. Onetargetthatis offeredby mostMakefiles isdepend. It canbeused
to checkall dependenciesin thecorrespondingsubdirectories(by acall to makedepend).
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planet/config/Makefile
Thisfile is usedto createa local versionof PlaNetasdescribedin Section6.3.3.

planet: Generatethe PlaNetexecutableby creatingthe local library libconfig.a and then
linking all sourcestogether.

config: Createtheconfigurationfilesalgorithms.h,graphCont.cc,graphClasses.h,
graphClassIds.h, andsetup.cc. The commandmake config mustbe calledfirst
eachtimeaftereditingthefilesclasses.def or Config.

lib: Createthelocal library libconfig.a.

local-objs: Generateall local objectfiles asdescribedin thelocalConfig file andtheconfig-
urationobjectssetup.o andgraphCont.o.

clean: Removeall localobjectfiles.

why: Printall files thathave to beremade,andthereasonwhy, i.e. it is indicatedwhich file thatthe
targetdependsonhave changed.

planet/Makefile
This file hasbeenusedto createthecurrentversionof PlaNet.All PlaNetsourcesarecompiledand
thePlaNetexecutableis generated.

world: CreatethePlaNetexecutableby executionof themakefile targetsinit, depend, libs,
andplanet.

init: Createall symboliclinks.

libs: Createthe libraries libGW.a, libXG.a, libpgraph.a, libalgo.a, libgui.a,
libnogui.a,libconfig.a,liby.a, andlibgd.a in theordergivenabove.

planet: CreatethePlaNetexecutable.

clean: Remove thelibrariesandall objectfilesof all subdirectories.

planet/src/classes/lib{XG,pgraph,GW}/Makefile, and
planet/src/{gd,y}/Makefile
Thesefilescanbeusedto createthelibrarieslibXG.a,libpgraph.a,libGW.a,libgd.a, and
liby.a, respectively.

lib: Compileall sourcefiles in thisdirectoryandcreatethecorrespondinglibrary.

planet/src/algorithms/Makefile
Thisfile is usedto createthelibrary of all algorithms.

lib: Compileall algorithmsandcreatethelibrary libalgo.a.

clean: Remove thelibrary libalgo.a andall objectfiles in all subdirectories.
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quad_graph

mgraph

param_graph

net_graph

xgraph

UGRAPH

FigureC.2: Derivationhierarchyof classxgraph

planet/src/gui/Makefile
Thisfile is usedto createthePlaNetexecutablewithin thisdirectory.

planet: CreatethePlaNetexecutable.

libs: Createall librariesin theordergivenbelow.

libGW.a, libXG.a, libpgraph.a,libalgo.a,libgui.a, libnogui.a,
libconfig.a: Createthecorrespondinglibrary.

C.3 The skeletonof classxgraph

The classGeneral Net Graph Problem, calledxgraph, is build stepby stepfrom the LEDA class
UGRAPH. FigureC.2shows thederivationhierarchy. An arcrepresentsan"is a"–relationbetweenthe
classes.Different featuresof classxgraph areembeddedin differentsubclasses.We now give a
brief descriptionof theseclasses:

LEDA UGRAPH: LEDA graphclassfor undirectedgraphs.

quad_graph: Planargraphclass.Thegraphsin theproblemclassenforceafixedembeddingin the
plane.SeealsoAppendixG.7for amoredetaileddescriptionandanexample.Thegraphclass
is a slightly modifiedimplementationof [GS85]. By themethodsdescribedtheretheinsertion
anddeletionof anedgetake � T \LV time.
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For eachedge,theadjacentnodesandfacescanbedetermined.Furthermore,for eachnode,the
edgesareorderedaroundthenodeaccordingto theirembedding.For eachinsertionor deletion,
thefaceidentifiersof thecorrespondingfaceof theedgeareupdated.This is doneby visiting
all edgesof theformerface.

mgraph: The graphsin this problemclasscanhave directedor undirectededges. In addition,a
graphcanhave virtual edgesandvirtual nodeswhichmustnot fulfill theplanarityconditionof
thegraph.Graphsof thisclasscanalsocontainpaths.

param_graph: Within this graphclass,parametersof derived classeson nodes,edgesand the
graphitself aremanaged.SeeSection6.1.1for moredetailedinformation. This graphclass
offersacomfortablewayof constructingandintegratingnew classesandalgorithms.

net_graph: A graphin this classcanhave nets.A netis simplya setof nodes.Therearevarious
functionsimplementedfor thecreationandmanipulationof nets.

xgraph: An objectof this classcanhandleanX–Window (GWindow). A color canbeassigned
to eachnodeandedge. Pathsandnetsarecoloredautomatically. SeeChapter3 for further
information.
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Appendix D

Format of the PlaNet resourcefile
.planetrc

The PlaNetresourcefile .planetrc is the configurationfile for the displayof the graphsin the
PlaNetgraphwindows. In it thevaluesfor thenodewidth, theline width andthecolorsthatareused
by PlaNetarestored.PlaNetalwaysusestheresourcefile of thecurrentworkingdirectory, or if none
existsthereof theuser’s homedirectory. Therespective directoryis alsousedwhentheconfiguration
is saved(seemenuitem File/Save Settings, Section2.2.2). If no resourcefile is foundat all, default
valuesareusedandanew resourcefile is createdin theuser’shomedirectory(seealsoSection2.1.4).

If thecurrentdisplayof thegraphsis not appropriatesucha configurationfile canbecreatedin the
currentworkingdirectoryandthevaluescanbechangedaccordingly. But observe thatthefile format
alwayshasto bekeptconsistent.Thereis no built-in consistency check! It is alsopossibleto adjust
the configurationvaluesonline usingthe correspondingfeaturesof the menu-itemFile in the main
menu(seeSection2.2.2).

Theconfigurationfile hasthefollowing structure.In thefirst two linestwo integervaluesareexpected
indicatingthenodeandline width, respectively. A nodewidth of about10anda line width of about2
areadvisable.Then,thecolorsaredefinedby first giving anumberY indicatingthenumberof colors
(includingthebackgroundanddefault color). After that Y linesareexpected,eachconsistingof three
integersdefiningan rgb–color. Seethe rgb manualpagefor detailedinformationof thecolor name
database.Thefirst color describesthebackgroundcolor, andthesecondcolor is thedefault color for
nodesandedgesof thegraphwindow. FigureD.1 shows anexample.
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10
4
24
65535 65535 65535
32639 32639 32639
65535 0 0
0 0 52685
0 65535 0
65535 5140 37779
65535 42405 0
65535 0 65535
0 50629 52685
8738 35723 8738
61166 61166 0
12850 52685 12850
35723 0 0
0 49087 65535
0 65535 65535
52685 34181 16191
0 0 35723
47802 21845 54227
0 64250 39578
52685 52685 0
53456 8224 37008
33667 35723 35723
52685 0 0
31354 14135 35723

FigureD.1: Exampleof file .planetrc
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Appendix E

Format of the graph description file

PlaNetoffers the featureto edit the files in which the instancesarestoredusinga specialinternal
format(seeSection2.2.4,menuitem Edit Graph Description). This formatis describedin detailin
thischapter. But, noticethattherearenoroutinesbuilt in PlaNetthattestthefilesonconsistency after
changing.Sobevery carefulwhenusingthis featureor editingan instancefile from the outsideof
PlaNet.

The generalinstancefile consistsof keywordspossiblyfollowed by numbersandcomments.Key-
wordsbegin with $, commentsareindicatedby #. Thefirst keyword in thefile is $PARAM_GRAPH.
Then,the instanceis definedby six consecutive blocksindicatingthesetof nodes,thesetof edges,
thegraphparameters,thenodeparameters,theedgeparametersandthenets,respectively.

The block for the set of nodesstartsby the keyword $NODES followed by the numberof nodes
Y . After that, Y lines areexpected,eachcontaininga distinct nodenumber, an x–coordinateanda
y–coordinate.

Thereafter, keyword $EDGES with the numberof edges� is expected,againfollowed by � lines.
Eachline containsanedgenumber, thenumbersof thetwo nodesthatareconnectedby theedge,and
a tag indicatingwhethertheedgeis undirected(tagu) or directedfrom thefirst to thesecondnode
(tagd).

Then,thekeyword$GRAPH_PARAMS indicatesthedefinitionof thegraphparameters.This is done
by first defining the typesof the parametersand their namesand then giving their values: Key-
words$int:, $float:, $node:, $edge:, $intlist:, $floatlist:, $nodelist:, and
$edgelist: have to follow line by line, definingtheparametersof thespecializedtypeof the in-
stance.For example,for aninstanceof aproblemclasswhichhastwo nodesasgraphparameters,the
namesof theparametershave to follow keyword$node:. Below keyword$values, thevaluefor
eachgraphparametertypeis expectedin theordergivenabove. Valuesof thesametypeareseparated
by blanks,valuesof differenttypesareseparatedby newlines.

Theblock for thedefinitionof thenodeparametersis startedby thekeyword$NODE_PARAMS. The
declarationof thenamesandvaluesworksasabove. Thevaluesfor eachnodeparameterareexpected
for everynodeseparately, beginningwith nodenumberzero.

Thefollowing keyword is $EDGE_PARAMS startingtheblock for thedefinitionof theedgeparame-
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ters.It hasthesameformatastheblock for thenodeparameters.

Finally, keyword$NETS with thenumberof nets k is expected.Thereafterk lines(oneline for each
net)areexpectedwith thenetnumberandthenodenumbersof thenodesof thenet.

The bestway to understandthe file format is to have a look at an example. The graphdescription
file of FigureE.1 belongsto a problemclasswhich hastwo graphparameters:a nodewith name
source andanodewith nametarget. Everynodehastwo floatparameterscalledcap andcost,
respectively. Every edgehasonefloat parametercalledcap anda list of floatscalledvalues. The
graphhasonenetof threenodes.

$PARAM_GRAPH

$NODES 4
# node_number xcoord ycoord
0 10 20
1 10 30
2 40 40
3 40 10

$EDGES 4
# edge_number from to directed(d)/undirected(u)
0 0 1 u
1 1 2 u
2 2 3 u
3 0 3 u

$GRAPH_PARAMS
$int:
$float:
$node: source target
$edge:
$intlist:
$floatlist:
$nodelist:
$edgelist:

$values:
1 3 # source node: node 1, target node: node 3
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$NODE_PARAMS
$int:
$float: cost cap
$node:
$edge:
$intlist:
$floatlist:
$nodelist:
$edgelist:

$values:
6 3 #node 0 has cost 6 and cap 3
10 1 #node 1 has cost 10 and cap 1
3 4 #node 2 has cost 3 and cap 4
2 8 #node 3 has cost 2 and cap 8

$EDGE_PARAMS
$int:
$float: cap
$node:
$edge:
$intlist:
$floatlist: values
$nodelist:
$edgelist:

$values:
2 #edge 0 has cap 2
2.0 4.3 6.5 # and a list of float-values: 2.0, 4.3, 6.5
3 #edge 1 has cap 3
5.0 6.2 7.0 8.9 # and a list of float-values: ...
3

#edge 2 has an empty list of float values.
0
9 8 7 6

$NETS 1
# net_num node1 node2 ...
0 0 1 2 #one net with three nodes

FigureE.1: An exampleof agraphdescriptionfile
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Appendix F

BasicAlgorithms

TableF.1givesasummaryof thebasicgraphalgorithmscontainedin PlaNet.Thesecanbeusedin the
developmentof new algorithmsasdescribedin Section6.2. Therefore,in orderto useanalgorithm
xyz, just includethe correspondingheaderfile <planet/algos/xyz.h>. For a moredetailed
descriptionof theparticularalgorithmseeChapters4 and5.
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Appendix G

Xgraph methods

This chaptercomprisesa descriptionof themethodsof classxgraph. For a betteroverview, these
methodsaredividedinto logical sections.For example,methodson pathscanbefoundin subsection
Paths, methodson netsin subsectionNets, and so on. The methodsare divided into Public and
Protectedmethods,if bothoccur, otherwiseall methodsarepublicby default. In eachsubsection,the
availablemethodsareclassifiedinto methodsthatupdatethegraph,justaccessinformationor iterate
on the graphstructure.Datastructureslike point or segmentdescendfrom LEDA. See[MN95] for
a usermanual.Sinceclassxgraph is a descendantof LEDA classUGRAPH the methodsof these
classescanalsobeused(e.g.furtheriterators,see[MN95]).

Throughoutall methods,we identify an undirectededgewith uedge a directededgewith dedge
andbothwith edge. A virtual edgeis denotedwith vedge, anddoesnothave to fulfill theplanarity
condition. Analogously, adjacentedgesto a virtual nodevnode do not have to fulfill theplanarity
conditiontoo.

G.1 Constructors, destructors,operators

Thefollowing methodscreate,construct,copy, or destructa graph.

xgraph G
Createaninstanceof typexgraph. G is initializedwith theemptygraph.

xgraph(const xgraph& G)
Createaninstanceof typexgraph andinitialize it with xgraph G.

xgraph& operator=(xgraph& G)
Assignmentfrom xgraph G to anxgraph.

xgraph& operator=(GRAPH m point,int � & G)
Assignmentfrom LEDA GRAPHm point,int� to anxgraph.

xgraph& operator=(UGRAPH m point,int � & G)
Assignmentfrom LEDA UGRAPHm point,int� to anxgraph.
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G.2 Graph methods

In this subsection,the basicgraphmethodsascreating/deletingnew nodesor edges,returningthe
sourceof anedgeetc.aredescribed.All methodsof this sectionarepublic.

Update

void clear()
Returnanemptygraph.

node new_node(point& p, void *info = 0)
Insertanew nodewith coordinatesp (LEDA point).

node new_node(int xcoord, int ycoord, void *info = 0)
Insertanew nodewith coordinates(xcoord,ycoord).

node new_vnode(void *info = 0)
Inserta virtual nodewithout coordinates.Thisnodedoesnot have to fulfill planaritycondition
duringits lifetime.

void del_node(node v)
Deletenodev andall edgesadjacentto v from thegraph.

void del_all_nodes()
Deleteall nodes(andall edges)from thegraph.

edge new_edge(node v, node w, void *info = 0)
Insertanew undirectededge(v,w).

edge new_uedge(node v, node w, void *info = 0)
Insertanew undirectededge(v,w).

edge new_dedge(node v, node w, void *info = 0)
Insertanew directededge(v,w).

edge new_mult_edge(node v, node w, void *info = 0)
Insertanew undirectededge(v,w).
Precondition:at leastoneedge(v,w) alreadyexists.
Thenew edgebecomesthenext edgeaftertheexistingedgein theadjacency list of nodev.

edge new_mult_uedge(node v, node w, void *info = 0)
Samefunctionasabove.

edge new_mult_dedge(node v, node w, void *info = 0)
Samefunctionasabove for adirectededgefrom nodev to nodew.

edge new_vedge(node v, node w, void *info = 0)
Insert a new virtual undirectededge(v,w). This edgedoesnot have to fulfill the planarity
condition.
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edge new_vuedge(node v, node w, void *info = 0)
Samefunctionasabove.

edge new_vdedge(node v, node w, void *info = 0)
Samefunctionasabove for adirectededgefrom nodev to nodew.

void del_edge(edge e)
Deleteedgee from thegraph.

void del_all_dedges()
Deleteall directededgesfrom thegraph.

void del_all_uedges()
Deleteall undirectededgesfrom thegraph.

edge rev_edge(edge e)
Replaceedgee in thegraphby its reverseedge.

void rev()
Replaceall edgesin thegraphby their reverseedges.

Access

void *inf() const
Returntheinformationattachedto thegraph.

void *inf(node v) const
Returntheinformationattachedto nodev.

void *inf(edge e) const
Returntheinformationattachedto edgee.

point loc(node v) const
Returnthecoordinatesof nodev asLEDA point.

int xcoord(node v) const
Returnthex–coordinateof nodev.

int ycoord(node v) const
Returnthey–coordinateof nodev.

segment seg(edge e) const
ReturntheLEDA segmentof edgee.

point operator[](node v) const
ReturntheLEDA pointof nodev.

void * operator[](node v)
Returna referenceto inf(v).

void * operator[](edge e)
Returna referenceto inf(e).
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int indeg(node v)
Returnthein–degreeof nodev, countinguedgesanddedgeswith targetnodev.

int outdeg(node v)
Returntheout–degreeof nodev, countinguedgesanddedgeswith sourcenodev.

int uedges(node v)
Returnthenumberof undirectededgesincidentto nodev.

int deg(node v)
Returnthedegreeof nodev, countingall edges.

node source(edge e)
Returnthesourceof edgee.

node target(edge e)
Returnthetargetof edgee.

int id(node v)
Returntheidentificationof nodev.

int id(edge e)
Returntheidentificationof edgee.

bool exists(node v) const
Returntrue, if nodev is anodeof thegraph,otherwisereturnfalse.

bool exists(edge e) const
Returntrue, if edgee is anedgeof thegraph,otherwisereturnfalse.

bool is_undirected(edge e) const
Returntrue if edgee is undirected,otherwisereturnfalse.

bool is_directed(edge e) const
Returntrue if edgee is directed,otherwisereturnfalse.

bool is_uedge(edge e) const
Returntrue if edgee is undirected,otherwisereturnfalse.

bool is_dedge(edge e) const
Returntrue if edgee is directed,otherwisereturnfalse.

bool is_(node v) const
Returntrue if nodev is anodeof thegraph,otherwisereturnfalse.

bool is_(edge e) const
Returntrue if edgee is anedgeof thegraph,otherwisereturnfalse.

int number_of_dedges() const
Returnthetotal numberof directededgesin thegraph.

int number_of_uedges() const
Returnthetotal numberof undirectededgesin thegraph.
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int number_of_vedges() const
Returnthetotal numberof edgesin thegraph.

node first_node()
Returnthefirst nodeof thegraph.

node last_node()
Returnthelastnodeof thegraph.

node succ_node(node v)
Returnthesuccessornodeof nodev.

node pred_node(node v)
Returnthepredecessornodeof nodev.

edge first_edge()
Returnthefirst edgeof thegraph.

edge last_edge()
Returnthelastedgeof thegraph.

edge succ_edge(edge e)
Returnthesuccessoredgeof edgee.

edge pred_edge(edge e)
Returnthepredecessoredgeof edgee.

list m node � all_nodes()
Returnall nodesof thegraphasaLEDA list m node� .

list m edge � all_edges()
Returnall edgesof thegraphasaLEDA list m edge� .

list m edge � all_dedges()
Returnall directededgesof thegraphasaLEDA list m edge� .

list m edge � all_uedges()
Returnall undirectededgesof thegraphasaLEDA list m edge� .

list m edge � adj_uedges(node v)
Returnall incident,undirectededgesof nodev asaLEDA list m edge� .

list m edge � adj_dedges(node v)
Returnall incident,directededgesof nodev asaLEDA list m edge� .

Iteration

Thefollowing methodsiterateover successive edgeswithout respectto theactualembeddingof the
graph.
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edge adj_succ(edge e, node v)
Returnthesuccessoredgeof edgee incidentto nodev.

edge adj_pred(edge e, node v)
Returnthepredecessoredgeof edgee incidentto nodev.

forall_adj_edges(edge e, node v, xgraph G)
Iterateover all edgesthatareincidentto nodev, returnthecurrentedgein e.

bool current_adj_dedge(edge& e, node v)
Returnthecurrentdirectededgee incidentto nodev.

bool next_adj_dedge(edge& e, node v)
Returnthenext directededgee incidentto nodev.

forall_adj_dedges(edge e,node v,xgraph G)
Iterateover all directededgesthatareincidentto nodev, returnthecurrentedgein e.

bool current_adj_uedge(edge& e, node v)
Returnthecurrentundirectededgee incidentto nodev.

bool next_adj_uedge(edge& e, node v)
Returnthenext undirectededgee incidentto nodev.

forall_adj_uedges(edge e, node v, xgraph G)
Iterateover all undirectededgesthatareincidentto nodev, returnthecurrentedgee.

The following methodsiterateover successive edgeswith respectto the actualembeddingof the
graph.

void first_adj_planar_edge(edge& e, node v)
Returnthefirst edgee incidentto nodev.

void current_adj_planar_edge(edge& e, node v)
Returnthecurrentedgee incidentto nodev.

void next_adj_planar_edge(edge& e, node v)
Returnthenext counterclockwiseedgee incidentto nodev.

edge cyclic_adj_succ(edge e, node v)
Returnthenext counterclockwiseedgee incidentto nodev.

edge cyclic_adj_pred(edge e, node v)
Returnthenext clockwiseedgee incidentto nodev.

forall_cc_adj_edges(edge e,node v,xgraph G)
Iterateover all edgesthatareincidentto nodev in counterclockwiseorder, returnthecurrent
edgein e.

void first_adj_planar_node(node& w, node v)
Returnthefirst nodew adjacentto nodev.

73



void current_adj_planar_node(node& w)
Returnthecurrentnodew adjacentto nodev.

void next_adj_planar_node(node& w, node v)
Returnthenext nodew adjacentto nodev.

G.3 Faces

Takingtheplanarembeddingof a graphandremoving all edgesandnodes,theplaneseparatesinto
faces.All edgesaroundsucha facedefinea facein thegraph. The following routineswork on the
facesof thegraph.All methodsof thissectionarepublic.

Access

bool outer_face(edge e)
Returntrue if edgee lieson theouterface,otherwisereturnfalse.

bool same_face(edge e, edge f)
Returntrue if edgee andedgef have a facein common,otherwisereturnfalse.

int left_face_id(edge e)
Returnthefaceidentificationof theleft faceof edgee.

list m edge � left_face(edge e)
Returnall edgesof theleft faceof edgee asaLEDA list m edge� .

int right_face_id(edge e)
Returnthefaceidentificationof theright faceof edgee.

list m edge � right_face(edge e)
Returnall edgesof theright faceof edgee asaLEDA list m edge� .

Iteration

int first_face(list m edge � & L)
Returntheidentificationof thefirst faceof thegraph.

int next_face(list m edge � & L)
Returntheidentificationof thenext faceof thegraph.

forall_faces(list m edge � L, xgraph G)
Iterateover all faces,returnthecurrentfacein L asaLEDA list m edge� .

G.4 Paths

A pathis simply a list of edgesandnodesin which eachtarget of anedgeis thesourceof thenext
edgein thatlist. All methodsof thissectionarepublic.
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Update

path create_path(node v)
Createanew LEDA pathwith startnodev.

path create_path(edge e, int reverse = 0)
Createanew LEDA pathwith startedgee andstartnodesource(e).

void delete_path(path P)
DeleteLEDA pathP.

path append(path P, edge e)
Appendedgee to theendof LEDA pathP.

path append(path P1, path P2)
Concatenatethetwo LEDA pathsP1 andP2, if theendnodeof P1 is equalto thestartnodeof
P2.

path split_path(path P, node v)
Returnthesubpathof LEDA pathP thatstartsat nodev. Returnnil if v is not aninnernode
of P.

path split_path(path P, edge e)
Returnthesubpathof LEDA pathP thatstartswith edgee. Returnnil if e is not anedgeof
P.

path delete_node(path P, node v)
Returnthe LEDA path that evolves from pathP when nodev and all its incident edgesis
deleted.

void delete_last_node(path P)
Deletethelastnode(andedge)from pathP.

void delete_first_node(path P)
Deletethefirst node(andedge)from pathP.

path delete_edge(path P, edge e)
ReturntheLEDA paththatevolvesfrom pathP whenedgee is deleted.

void delete_last_edge(path P)
Deletethelastedgefrom pathP.

void delete_first_edge(path P)
Deletethefirst edgefrom pathP.

Access

bool is_on_path(node v, path P)
Returntrue if f nodev is onpathP.
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bool is_first_node(node v, path P)
Returntrue if f nodev is thefirst nodeonpathP.

bool is_last_node(node v, path P)
Returntrue if f nodev is thelastnodeonpathP.

bool is_on_path(edge e, path P)
Returntrue if f edgee is onpathP.

bool is_first_edge(edge e, path P)
Returntrue if f edgee is thefirst edgeonpathP.

bool is_last_edge(edge e, path P)
Returntrue if f edgee is thelastedgeonpathP.

node source(edge e, path P)
Returnthesourceof edgee in respectto pathP.

node target(edge e, path P)
Returnthetargetof edgee in respectto pathP.

edge ingoing_edge(path P, node v)
Returntheedgethatis ingoingto nodev onpathP.

int length(path P)
Returnthelengthof pathP.

int number_of_paths()
Returnthenumberof pathsin thegraph.

int number_of_paths(node v)
Returnthenumberof pathscontainingnodev.

int number_of_paths(edge e)
Returnthenumberof pathscontainingedgee.

list m path � all_paths()
Returnall pathsasaLEDA list m path� .

Iteration

path first_path(node v)
Returnthefirst pathcontainingnodev.

path next_path(node v)
Returnthenext pathcontainingnodev.

path first_path(edge e)
Returnthefirst pathcontainingedgee.

path next_path(edge e)
Returnthenext pathcontainingedgee.

76



path first_path()
Returnthefirst pathin thegraph.

path next_path()
Returnthenext path.

node first_node(path P)
Returnthefirst nodeonpathP.

node next_node(path P)
Returnthenext nodeonpathP.

node last_node(path P)
ReturnthelastnodeonpathP.

edge first_edge(path P)
Returnthefirst edgeonpathP.

edge next_edge(path P)
Returnthenext edgeonpathP.

edge last_edge(path P)
ReturnthelastedgeonpathP.

node succ(path P, node v)
Returnthesuccessornodeof nodev onpathP.

node pred(path P, node v)
Returnthepredecessornodeof nodev onpathP.

edge succ(path P, edge e)
Returnthesuccessoredgeof edgee onpathP.

edge pred(path P, edge e)
Returnthepredecessoredgeof edgee onpathP.

forall_paths(path P, xgraph G)
Iterateover all pathsof graphG, returnthecurrentpathin P.

forall_adj_paths(path P, edge e, xgraph G)
Iterateover all pathsof graphG thatareincidentto edgee, returnthecurrentpathin P.

forall_adj_paths(path P, node v, xgraph G)
Iterateover all pathsof graphG thatareincidentto nodev, returnthecurrentpathin P.

forall_path_nodes(node v, path P, xgraph G)
Iterateover all nodesin pathP, returnthecurrentnodein v.

forall_path_edges(edge e, path P, xgraph G)
Iterateover all edgesin pathP, returnthecurrentedgein e.
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G.5 Nets

A netis simplyasetof nodes.A graphcanhaveanarbitrarynumberof netswith anarbitrarynumber
of nodes.All methodsof thissectionarepublic.

Update

int add_terminal(node terminal)
Openanew net,insertthenodeterminal, andreturntheidentificationof thenet.

bool add_terminal(int net_id, node terminal)
Insertthenodeterminal into thenetwith the identificationnet_id, returntrue in caseof
success.

bool del_terminal(int net_id, node terminal)
Deletethenodeterminal from thenetwith theidentificationnet_id, returntrue in caseof
success.

bool del_net(int net_id)
Deletethenetwith identificationnet_id, returntrue in caseof success.

Access

int number_of_nets()
Returnthenumberof nets.

int net_num(net *net)
Returntheidentificationof thenetnet.

Iteration

void init_iterator(node v)
Initialize theiteratorover all netsthatcontainnodev.

bool next_net(node v, int& net_id)
Returntheidentificationof thenext netcontainingnodev in net_id.

forall_nets_of_node(int net_id, node v, xgraph G)
Iterateover all netsthatcontainnodev, returntheidentificationof thecurrentnetin net_id.

bool next_net_id_of(int& net_id, node v)
Returntheidentificationof thenext netcontainingnodev in net_id.

list m int � get_nets(node v)
Returna list of all identificationsof netscontainingnodev.

int number_of_nets(node v)
Returnthenumberof netscontainingnodev.
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void init_net_iterator(int net_id)
Initialize theiteratorover all nodesof netwith identificationnet_id.

bool next_net_node(node& v)
Returnthenext nodeof thecurrentnetin v.

forall_nodes_of_net(node v, int net_id, xgraph G)
Iterateover all nodesthat arecontainedin the netwith the identificationnet_id, returnthe
currentnodein v.

forall_terminals(node v, net *N)
Iterateover all nodesthatarecontainedin thenetN, returnthecurrentnodein v.

net *first_net() const
Returnthefirst netof thegraph.

net *next_net() const
Returnthenext netof thegraph.

forall_nets(net *N, xgraph G)
Iterateover all netsof thegraphreturnthecurrentnetin N.

Methodsof the net structure

node first()
Returnthefirst nodeof thenet.

node last()
Returnthelastnodeof thenet.

node succ(node v)
Returnthesuccessornodeof nodev in thenet.

node pred(node v)
Returnthepredecessornodeof nodev in thenet.

int number_of_terminals()
Returnthenumberof terminalsof thenet.

void init_iterator()
Initialize theiteratorof thenet.

bool next_terminal(node& v)
Assignthenext terminalof thenetto nodev, returntrue onsuccess.

void set_iterator(node v)
Settheiteratorto nodev.

forall_terminals(node term, net Net)
Iterateover all nodesof thenet,returnthecurrentnodein term.
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G.6 Graphics

The following methodsoffer the possibility of coloring andsettingthe style parametersof edges,
nodes,paths,andnets.All methodsof this sectionarepublic.

Update

int new_color()
Returna new, unusedcolor. If all colorshave alreadybeenusedstartagainat thefirst color.

void reset_colors()
Resetthecolorcounterto thefirst color.

void set_default_color(int color)
Setthedefault colorof thegraphto color.

void set_node_color(int c)
Setthecolorof all nodesto colorc.

void set_uedge_color(int c)
Setthecolorof all undirectededgesto colorc.

void set_dedge_color(int c)
Setthecolorof all directededgesto colorc.

void set_edge_color(int c)
Setthecolorof all edgesto colorc.

void set_path_color(int c, path P)
Setthecolorof pathP to colorc.

void set_net_color(int net_id, int color)
Set the color of all nodesthat are containedin the net with identificationnet_id to color
color.

void set_color(node v, int c)
Setthecolorof nodev to colorc.

void set_color(edge e, int c)
Setthecolorof edgee to colorc.

void set_line_width(int w)
Settheline width of all edgesto w.

void set_node_width(int w)
Setthenodewidth of all nodesto w.

void tie_window (GWindow *win = nil)
Displaythegraphin window win. If win=nil stopdisplayingthegraph.

80



void display(node v, bool clear = false)
Displaynodev. If clear first clearthewindow.

void undisplay(node v)
Deletenodev from thewindow.

void display(edge e, bool clear = false)
Displayedgee. If clear first clearthewindow.

void undisplay(edge e)
Deleteedgee from thewindow.

void display(bool clear = true)
Displaythewholegraph.If clear first clearthewindow.

Access

int current_color()
Returntheactive color (i.e. thelascolorgivenby new_color()).

int get_default_color()
Returnthedefault colorof thegraph.

int get_node_color()
Returnthedefault colorof thenodes.

int get_uedge_color()
Returnthedefault colorof theundirectededges.

int get_dedge_color()
Returnthedefault colorof thedirectededges.

int get_path_color(path P)
Returnthecolorof pathP.

int get_color(node v)
Returnthecolorof nodev.

int get_color(edge e)
Returnthecolorof edgee.

int get_net_color(int net_id)
Returnthecolorof thenetwith identificationnet_id.

int get_line_width()
Returntheline width.

int get_line_style()
Returntheline style.

int get_node_width()
Returnthenodewidth.
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G.7 QuadEdgestructure

The classxgraph is derived from the LEDA UGRAPHin several steps(seeAppendixC.3). One
of the interim classesin this hierarchyis the classquad_graph which is an (slightly modfied)
implementationof thequadEdge structureof [GS85]. This is describedherein moredetail.

In thequadEdge structureeachedgeis identifiedwith a four tuple. Thefirst item containstheorigin
(Org) of theedge(whichmustnotbeequalto thesourceof adirectededge)andapointerto thecoun-
terclockwisenext edgewith thesameorigin (Onext). Theseconditemcontainstheidentificationof
the right face(Right) of that edgeanda pointerto the counterclockwisenext edgewith the same
right face(Rnext). Thethird item containsthedestination(Dest) of theedge(which mustnot be
equalto thetargetof a directededge)anda pointerto thecounterclockwisenext edgewith thesame
destination(Dnext). Thefourth item containstheidentificationof theleft face(Left) of thatedge
anda pointerto thecounterclockwisenext edgewith thesameleft face(Lnext). For anillustration
seeFigureG.1. In thisfiguretheedgee.Sym is edgee with reverseddirection.
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FigureG.1: Visualizationof asmallgraphasagraphwith quadEdge structure

Public methods

Access

node Org(edge e)
Returntheorigin of edgee. Beawarethattheorigin mustnotbeequalto thesource.

node Dest(edge e)
Returnthedestinationof edgee. Beawarethatthedestinationmustnotbeequalto thetarget.

82



int Left(edge e)
Returntheidentificationof theleft faceof edgee accordingto theorigin anddestinationof e.

int Right(edge e)
Returntheidentificationof theright faceof edgee accordingto theorigin anddestinationof e.

Protectedmethods

Access

edge Onext(edge e)
Returnthenext edgeafteredgee with thesameorigin. Be awarethat theorigin mustnot be
equalto thesource.

edge Oprev(edge e)
Returnthepreviousedgebeforeedgee with thesameorigin. Beawarethattheorigin mustnot
beequalto thesource.

edge Dnext(edge e)
Returnthenext edgeafteredgee with thesamedestination.Beawarethatthedestinationmust
notbeequalto thetarget.

edge Dprev(edge e)
Returnthepreviousedgebeforeedgeewith thesamedestination.Beawarethatthedestination
mustnotbeequalto thetarget.

edge Lnext(edge e)
Returnthenext edgeof edgee with sameleft face.

edge Lprev(edge e)
Returnthepreviousedgeof edgee with sameleft face.

edge Rnext(edge e)
Returnthenext edgeof edgee with sameright face.

edge Rprev(edge e)
Returnthepreviousedgeof edgee with sameright face.

G.8 Parameters

As describedin Section6.1.1, PlaNetoffers a high-level environmentfor generatingnew classes
so that all parametersof the given typesaremanageddirectly by the graphclass. This meansthat
theseparametersareautomaticallyallocated,deallocated,written to anoutputfile stream,etc. Here,
all functionson theseparametersaredescribed.This sectioncanbe omittedif the new classesare
generatedusingthefeaturemakeclass (cf. Section6.1.2).

Thefollowing datatypes(indicatedasTYPE) arevalid: int, float, node, edge, list<int>,
list<float>, list<edge>, andlist<node>. The correspondingtype namesTYPENAME
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areint, float, node, edge, intlist, floatlist, edgelist, andnodelist. In the
following, TYPE andTYPENAME alwayshasto bereplacedby any of these.

Public methods

Update

void assign(void *info)
Attachinformationinfo of arbitrarytype(castedto void *) to thegraph.

void assign(node v, void *info)
Attachinformationinfo of arbitrarytype(castedto void *) to nodev.

void assign(edge e, void *info)
Attachinformationinfo of arbitrarytype(castedto void *) to edgee.

Access

nodeInfo* _inf(node v) const
Returntheinformationthatis storedatnodev.

edgeInfo* _inf(edge e) const
Returntheinformationthatis storedatedgee.

Protectedmethods

Update

void copy_extra(const xgraph& G, node_array m node � & NewNode,
edge_array m edge � & NewEdge)

With thismethodit is possibleto implementa functionthatcopiesparametersof thegraphthat
arenot managedby thebaseclass.This functionwill becalledby thecopy–constructorof the
baseclass.Call copy_extra of thebaseclassalso.

Thefollowing functionsgenerateanew graph/node/edgeparameterThesefunctionsshouldbecalled
in theconstructorof thederivedclass.If save = 1, thentheparameterwill besavedwhenfwrite
is called,andtheparametervalueswill bereadfrom file by acall of fread.

int new_node_TYPENAME_par(char *name, int save = 1)
Createa parameterof type TYPE (calledname) for eachnodeand return its index for the
accessof the parameter(this index is usedin functionslike node_TYPENAME_par(node
v, int index)).

int new_edge_TYPENAME_par(char *name, int save = 1)
Seeabove; createaparameterfor eachedgeof thegraph.
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int new_graph_TYPENAME_par(char *name, int save = 1)
Seeabove; createaparameterfor thegraph.

Update& access Thesearemethodsto accessparametersby reference.Besureto call thesemeth-
odswith legal index arguments(asreturnedby new_node_TYPENAME_par(char*, int)) for example).
Rangecheckingis not done!

TYPE& node_TYPENAME_par(node v, int index)
Returna referenceto thenodeparameterof v having typeTYPENAME andindex index.

TYPE& edge_TYPENAME_par(edge e, int index)
Returna referenceto theedgeparameterof e having typeTYPENAME andindex index.

TYPE& graph_TYPENAME_par(int index)
Returna referenceto thegraphparameterhaving typeTYPENAME andindex index.

Access Thesearemethodsto convert parameternamesto indexesof typeint. They areintended
to beusedin theuser-definedset_.. . () andget_.. . () methodsto changeparameters.

int node_TYPENAME_par(char *name)
Returntheindex of thenodeparameterof typeTYPENAME calledname. If nosuchparameter
existsreturn �
\ .

int edge_TYPENAME_par(char *name)
Returntheindex of theedgeparameterof typeTYPENAME calledname. If nosuchparameter
existsreturn �
\ .

int node_TYPENAME_par(char *name)
Returntheindex of thegraphparameterof typeTYPENAME calledname. If nosuchparameter
existsreturn �
\ .

G.9 Input/Output

Public methods

void print_node(node v, ostream& O = cout)
Printa representationof nodev on theoutputfile streamO.

void print_edge(edge e, ostream& O = cout)
Printa representationof edgee on theoutputfile streamO.

void print_dedge(edge e, ostream& O = cout)
Printa representationof thedirectededgee on theoutputfile streamO.

void print_uedge(edge e, ostream& O = cout)
Printa representationof undirectededgee on theoutputfile streamO.
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int fread_graph(istream& in = cin)
Reada graphfrom the input file streamin. The input file musthave the format aswritten
by methodfwrite_graph. SeeAppendixE for a detaileddescriptionof this format. All
parameterswith save = 1 arereadandset.

int fwrite_graph(ostream& out = cout)
Write arepresentationof thegraphto theoutputfile streamout. All parameterswith save =
1 arewritten.

Protectedmethods

Thefollowing functionsreadaninstanceof anxgraph with all parametersthatareadministratedby
this graphfrom the input file stream.The format of the input file hasto follow the conventionsas
describedin AppendixE. All parameterswith save = 1 areread.

int fread_nodes(d_array � int,node � & node_num, istream& in)
Readall nodesfrom theinputfile streamin into theLEDA d_arraynode_num.
Precondition:node_num mustbeempty.

int fread_edges(d_array � int,node � & node_num,
d_array � int,edge � & edge_num, istream& in)

Readall edgesfrom theinput file streamin into theLEDA d_arrayedge_num accordingto
thegivenlist of nodesnode_num.
Precondition:

� node_num hasto matchtheright nodesto thenodeidentifiersin in.
� edge_num mustbeempty.

int fread_params(d_array � int,node � & node_num,
d_array � int,edge � & edge_num, istream& in)

Readall parametersfrom theinputfile streamin.
Precondition: The LEDA d_arraysnode_num andedge_num have to be filled correctly
(e.g.by theabove functions).

Thefollowing functioncanbeusedto implementanown input functionfor extra parameterswhich
arenot handledby thebasegraph.Be awarethatfread_extra of thebaseclasshasto becalled
first.

int fread_extra(d_array � int,node � & node_num,
d_array � int,edge � & edge_num, istream& in)

Readextra informationfrom theinputfile streamin.
Precondition: The LEDA d_arraysnode_num andedge_num have to be filled correctly
(e.g.by theabove functions).
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Thefollowing functionswrite a representationof thegraphto theoutputfile stream.All parameters
with save = 1 arewritten.

int fwrite_nodes(node_array � int � & node_num, ostream& out)
Write a representationof thenodesto theoutputfile streamout.

int fwrite_edges(node_array � int � & node_num,
edge_array � int � & edge_num, ostream& out)

Write a representationof theedgesto theoutputfile streamout.

int fwrite_params(node_array � int � & node_num,
edge_array � int � & edge_num, ostream& out)

Write a representationof theparametersto theoutputfile streamout.

Thefollowing functioncanbeusedto implementanown outputfunctionfor extra parameterswhich
arenot handledby the basegraph. Be awarethatfwrite_extra of the baseclasshasto called
first.

int fwrite_extra(node_array � int � & node_num,
edge_array � int � & edge_num, ostream& out)

Write extra informationto theoutputfile streamout.

G.10 Friend functions

Thefollowing functionsmaybeusedto implementanoverloadedfunctionworkingonthebasegraph.
They maybeusedby those(andonly those:-)) whoknow whatthey aredoing.

friend void set_params(param_graph& P)

friend void get_params(param_graph& P)
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Appendix H

Graphical interface

By including thefile gui_utils.h, a coupleof routinesfor handlingthegraphicaluserinterface
aremadeavailable.Theseroutinesallow to popup a messagebox,anothergraphwindow etc. If the
programis startedin a shellwhereit is not allowed to openanotherdisplay, the following methods
write theirmessagesetc.on theactive shell.

int UserGetInt(char *message, char *default_input "",
char *help_string = "")

A smallwindow entitledwith themessagemessage popsup to allow theinteractive input of
an integer value. The input line is initialized by the valuedefault_input. The window
containstwo buttons,OK andHelp. Clicking on Help popsup anotherwindow showing the
text of help_string. By clicking on OK thewindow is closedandthe (modified)integer
valueis returnedin default_input.

char *UserGetString(char *message, char *default_input = "",
char *help_string = "")

Samefunctionasabove,now for theinputof astring.

void UserMessage(char *message)
A smallwindow entitled“Message”andcontainingthemessagemessage andanOK button
popsup. Clicking theOK buttonclosesthewindow.

void UserError(char *message)
Samefunctionasabove,now with thetitle “Error”.

void UserWarning(char *message)
Samefunctionasabove,now with thetitle “Warning”.

int UserAsk(char *question)
A smallwindow popsup presentingthequestionstringquestion andanOK anda Cancel
button. If theOK button is clickedvalue1 is returned;if theCancelbutton is clickedvalue0
is returned.

void DisplayGraph(xgraph G, char * title)
A graphwindow with title title displayinggraphG popsup. All modificationsof thegraph
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are visualizedautomatically. Call G.tie_window() in order to leave the graphwindow
unchanged(cf. SectionG.6).
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