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Abstract The object-orientedUnified Modeling Language(UML) which has become
OMG standardoffersagreatvarietyof conceptsfor thedefinitionof thestructure
andtheexpectedbehavior of a softwaresystem.It hasthepotentialto replace
many previously usedsoftwarearchitecturedescriptionlanguages. This is
especiallytrue for the subsetof so-calledmodule interconnectionlanguages.
Comparedwith theselanguagesUML hasthe main drawbackthat its module
conceptis continuouslychangingfrom versionto versionwithout reachinga
well-definedstablestate(until thecurrentversion1.3). It is thepurposeof this
contribution to revisit thedevelopmentof theUML moduleconcept,to criticize
its currentform, andto presenta compactandprecisedefinitionof its visibility
rules.Theintegrationof still missingconceptsof component-basedarchitecture
descriptionlanguagesis out of the scopeof this contribution. It is oneof the
maintasksof theOMG taskforcewhich is responsiblefor thedevelopmentof a
real-timemodelingextensionof UML.
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1. INTRODUCTION

The designof softwaresystemarchitecturesis a disciplineof rapidly growing im-
portance. The softwareengineeringcommunityagreeson the fact that a software
system’s architectureplaysa key role for planningits developmentprocessandfor
guaranteeingits qualityconcerningcertainfunctionalandnonfunctionalrequirements
suchas its “correctness”,availability, performance,maintainability, portability, etc.
[BCK98]. Many papershave beenpublishedin thelastyearsaboutspecificsoftware
architectures,designpatternlanguages,andarchitecturalstyles. Nevertheless,there
is no commonagreementon thedefinitionof the term“softwarearchitecture”.As a
consequence,mostbooksor papersaboutthis topic startwith just anotherdefinition
of the term softwarearchitectureand introducetheir own architecturedescription
language.A roughclassificationof theliteratureshowsthatthereareat leasttwo main
categoriesof theselanguages:

1. More recentlypublishedpapersusethe termsoftware architecture description
language(ADL) often as a synomymfor componentdescriptionlanguages;
they favor theview thatsoftwarearchitecturesare“components+ connectors+
behavioral constraints”[GP95,SG96].

2. Elderpapersusuallyadhereto theterminologyof so-calledmoduleinterconnec-
tion languages(MIL) [DK76], whereasoftwarearchitectureis asetof modules
with differentkindsof dependency relationshipsbetweenthem;theAda-inspired
hierarchicalobject-orienteddesignlanguageHOOD is onefamousexampleof
thiscategory [R92].

Thereis somehopethattheinventionof new ADLs andtheassociateddiscussionof
“who’s ADL is thebestoneandwho’s terminologyis correct”maybeterminatedby
usingtheUnifiedModelingLanguageUML asa startingpoint for astandardsoftware
architecturedescriptionlanguage[RJB99].UML isthewidelyacceptedOMGstandard
of an object-orientedmodelinglanguage.It is in our opinion thefirst OO modeling
languagewhichaddressesall facetsof astate-of-the-artmoduleconcept.Its modules,
calledpackages,build shellsaroundarbitrarytypesof diagrams.It overcomesthereby
theseriousscaling-upproblemsof previously usedOO methods,whenhugeanalysis
or designdocumentshadto bepartitionedinto manageablepieceswith well-defined
interfacesbetweenthem.

It is worth-whileto noticethatUML combinesthestandardelementsof MILs with
a ratherbroadspectrumof othersublanguagesfor modelingthe logical behavior and
thephysicalstructureof a softwaresystem:

Classdiagramsandpackagesoffer all importantMIL conceptssuchas infor-
mationhiding, import andgeneralizationrelationships,multiple interfacesfor
classesandpackages,genericity, ����� .

The objectconstraintlanguageOCL allows for the definition of invariantsas
well asfor pre-andpostconditionsandoffers therebythenecessarymeansfor
“designingby contract”.



UML, theFutureStandardSoftwareArchitectureDescriptionLanguage? 195

Varioustypesof diagrams(statetransitiondiagrams,collaborationdiagrams
etc.) maybeusedto modelthedynamicbehavior of networksof relatedobjects.

Finally, componentanddeploymentdiagramsmaybeusedto definea mapping
of logicalsoftwareobjectsontoavailablehardwarecomponents.

Despiteof its richness,UML hasanumberof drawbackscomparedwith component-
basedADLs suchasthosepresentedin [SG96]. This is mainly dueto the fact that
UML’s componentdiagramsarenot intendedto representthe logical decomposition
of a softwaresysteminto reusableandrecombinablesubsystems:

“a componentis aphysicalunit of implementation” ([RJB99],p. 93).

Furthermore,UML doesnot offer theconceptof connectorsasfirst-classobjects,
which would be a hybrid of an association(class)betweensomeclassifiersandan
importdependency betweenaclassandaninterfaceof anotherclass.

Fortunately, seriousefforts areunderway to incorporatea variantof ADL compo-
nentsandconnectorsinto UML collaborationdiagrams.Theseactivities,discussedin
[SR98],areout of thescopeof this contribution. Herewe will revisit thecapabilities
of UML asa “traditional” moduleinterconnectionlanguage(MIL). We will seethat
UML offers all necessaryelementsof a MIL, but lacksa precisedefinition of their
(static)semanticsaswell asan in-depthdescriptionof how certaincombinationsof
theofferedconceptsshallbeusedin practice.

The following Section2 startswith a short summaryof the UML packagecon-
cept. It shows why UML’s packageconceptdefinition— aspresentedin the UML
referencebook[RJB99]andtheaccompanying standarddocumentfor UML version
1.3 [OMG99a] is neitherconsistentnor complete. Section3 discussesthe most
questionablepartof theUML moduleconcept,thenestingof packages,in moredetail.
Section4 explainsafterwardswhy it is usefulthat packagedependencieshave their
own visibility attributes.Thesevisibility attributesarepartof theUML metamodel,
but — asfar aswe cansee— not mentionedin the UML referencebook. Finally,
Section5 summarizesour discussionandpresentsa compactformal definitionof the
UML packagevisibility rules.

Pleasenotethatthispaperis our third presentationof aconsistentview of theUML
moduleconcept. Previously publishedpaperspresentedformal definitionsof UML
visibiliby rulesfor version1.0in [SW97]andfor version1.1in [SW98],respectively.
In the meantime, the UML standardvisibility rules have beenchangedradically,
without solving thepresentedproblems.Even worse,we have somedoubtsthat the
changesfrom UML version1.1to version1.3improvedtheUML packageconcept.It
is, therefore,themainpurposeof this paperto

explain why we have somedoubtsthat the visibility rulesof version1.3 are
betterthanthoseof version1.1,

show how a precise,compact,andusefuldefinition of UML’s visibility rules
might look like, and

suggesthow certainhiddenfeaturesof theUML packageconceptmightbeused
to expressotherwisenot directlyavailableconcepts.
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2. THE UML PACKAGE CONCEPT

The informationhiding andmodularizationconceptof UML packageswasstrongly
influencedby the designof the OO programminglanguagesC++ [ES94] and Java
[AG96]. Furthermore,thedesignof Ada[C96] obviously influencedthedevelopment
of theUML packageconcept,too. As aresult,thepackageconceptof UML hasabout
thefollowing properties:

A packagebuilds ashellarounda groupof closelyrelateddeclarations;usually
thesedeclarationshave the form of a diagramanddefinethe datastructures
and/ortheoperationsof amodeledsoftwaresystem.

It is the single purposeof a packageto regulate the visibility of its own
declarations,i.e. to restricttheusageof theencloseddeclarationstowell-defined
partsof a systemmodel.

As aconseqence,packageshave no run-timesemanticsatall, i.e. thesemantics
of a systemmodel is not changedif all its declarationsareput into a single
package.

A dependencyfrom a client packageto a server packagerevealssomeof the
server’s declarations(elements)while othersremainhidden.

Packageelementsaswell as(nested)packagesthemselveseitherhave publicor
protectedor privatevisibility (denotedas

�
, � , and � ).

Packagesmay benested, therebygrantinga child (parent)packagethe access
rightsto all thoseelements,whicharevisible in its parent(child) package.

Import/accessdependenciesmaybeusedto accesspublic resourcesof a server
package,whereasgeneralizationsrelationships(inheritancerelationships)re-
vealtheexistenceof protectedresources,too.

Frienddependenciesbetweena client anda serverpackagedestroy theserver
package’s visibility shell completelyand allow the client package even to
referenceprivatedeclarationsof theserverpackage.

For thediscussionof all furtherdetailswehaveto clarify whichversionof theUML
standardis usedasa baseline.Considerfor instancethehistoryof thevisibility rules
associatedwith nestingof packagesandtheexport of importedpackageelementsin
differentUML versions:

1. In UML 1.1 [OMG99b]a parentpackagehasanimplicit import relationshipto
all itschildpackages.Theimplicit importrelationshipallowstheparentpackage
to referenceall publicelementsof its child packages.Furthermore,thesenested
public elementsaswell asthe explicitely imported(andreferenced)elements
from otherpackageswith publicvisibilit y belong(probably)to theexportof the
regardedpackage.
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2. TheUML versiondescribedin the UML referencebook[RJB99] reversesthe
visibility rulesfor nestedpackages.A child packageseesall elementsvisible
for its parentpackage,butnottheotherwayround(aslongastheparentpackage
doesnothaveanexplicit importdependency to its child package).Furthermore,
thereferencebookstatesonpage99 that

“Elementswith privatevisibility arevisible only in thepackagecontaining
themandany packagesnestedinsidethatpackage.”

Finally, thereferencebookannouncesonpage120thatimport relationshipsare
not transitive. This meansprobablythatpublic importedelementsfrom other
packagesdono longerbelongto theregardedpackage’s export.

3. TheUML draft version1.3(alphaR2) [OMG99a]finally agreeswith theUML
referencebookconcerningthetreatmentof nestedpackages.But it hasadifferent
opinionconcerningtransitiveimports.It requiresonpage2-170that

“A packagewith an import dependency to anotherpackageimportsall the
publiccontentsof thenamespacedefinedby thesupplierpackage,including
elementsof packagesimportedby theimportedpackage.”

In the following we will usetheUML draft version1.3 asthereferencepoint for
ourdiscussions.It containsthemostprecisespecificationof theUML visibility rules,
althoughthe critical partsof thesevisibility rulesarenot yet expressedin the form
of objectconstraintlanguageexpressions(listedOCL expressionsdealwith renaming
conflictsonlyanddonotmakeany attemptstodefinethevisibility of importedelements
or theabove mentionedtransitiveimport relationships).

TheUML draftversion1.3distinguishesbetweentwo differentkindsof permission
dependencies.Normalimportdependenciesaddall publicelementsof serverpackages
(targetsof importdependencies)to thenamespaceof theirclientpackages(sourcesof
import dependencies).Client packageshave thepermissionto introducealiasnames
for importedelementsand to downgradevisibiliti esof importedelements. In this
way a client packageis able to resolve nameconflictsbetweenimportedelements
from differentpackages.Furthermore,it offersonly thoseimportedelementsaspart
of its own export interface,which have an unchangedvisibility . So-calledaccess
dependencieson the other handdo not changethe namespaceof a client package.
They grant a client modulemerely the permissionto referencean elemente of a
regardedserver packageS by usingthepathexpressionS::e.

Figure14.1presentsoneexamplefor a still rathertrivial interactionof accessand
import dependencieswith nestingof packages.We believe that thevisibility rulesof
UML 1.3have to beappliedasfollows:

PackageB seesthe importedclassidentifiersa1, a2, andd aswell asits own
classidentifier b, and its own packageidentifiersD andE, but not the class
identifiersa3, a4, ande.

PackageD seesits own classidentifier d as well as all classand package
identifiersvisible in its parentpackage(maybeexceptfor theclassidentifiera1
with privatevisibility).
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Figure14.1 Interactionof packageaccess,import,andnesting.

PackageEseesitsownclassidentifiereaswell asall classandpackageidentifiers
visible in its parentpackage(maybeexceptfor a1).

PackageC seesthe packageidentifiersB::D andB::E as well as the class
identifiersB::a2, B::d, andB::b via its accessdependency to B, it seesthe
classidentifierE::e via its accessdependency to E. It may not usethe class
identifiersB::a1, b, or B::D::d.

Pleasenotethatwehavesomedoubtsconcerningthetreatmentof public identifiers
of visiblepackages(suchasB::D::d), thehandlingof accessor importdependencies
to nestedpackages(suchastheaccessdependency from C to B::E), andthenotation
for importedelementswith achangedvisibility attributevalue(suchasa1 in B, whose
visibility valuehasbeenchangedfrom public to private). Thesedoubtsaremainly
causedby the abstractexampleof Figure13-6 on page121 of the UML reference
book,repeatedin Figure14.2(exceptfor someirrelevantclasses).We cannotseeany
reasonswhy packageX is allowed to accesspackageV insidepackageZ without
having anadditionalaccessor importdependency to packageZ itself.

3. VISIBILITIES OF NESTED PACKAGES

Theprevioussectiondid alreadymentionthedifferencesbetweenthevisibility rules
for nestedpackagesin UML version1.1andversion1.3,respectively. Furthermore,it
presentedoneexamplefrom the referencebookwith anaccessdependency between
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Figure14.2 Interactionof packageaccess,import,andnesting.

a packageanda subpackageof oneof its subpackages.As far aswe canseesucha
dependency is forbiddenin UML version1.3,but permittedin version1.1.

The following Figure14.3summarizesthe main differencesbetweenthe nesting
(scoping)rulesof UML version1.1and1.3,respectively. In UML 1.1aparentpackage
seesall thepublic elementsof its (public) child packagesandexportsthemasif they
wereits own elements.This is thereasonwhy theimport dependency from X to Z is
redundantin UML 1.1. Child packages,on the otherhand,do not seeany elements
of their parentpackages,which arenot importedexplicitely. As a consequence,the
importdependency frompackageU to packageZ is illegalaslongasthereis noimport
dependency from theparentpackageY to packageZ (whichmakesZ togetherwith its
contentsvisible in Y).

In UML 1.3 a child packageseesall the (nonprivate)elementswhich arevisible
for its parentpackage.This is the reasonwhy the import dependency from Y to X
is redundantin UML 1.3. Parentpackages,on the otherhand,arenot able to see
insidechild packageswithout first establishinganexplicit import dependency. As a
consequence,the import dependency from packageY to packageV is illegal aslong
asthereis no import dependency betweenthe packagesY andZ (which makesthe
contentsof Z visible for Y).

It is worth-whileto noticethatthevisibility rulesof UML 1.1with thepropagation
of visibleelementsupthecompositionhierarchyareratherunusual.Thenew visiblity
rulesof UML 1.3 have the advantagethat they areclosely relatedto the visibility
rules of Ada for packagesand library units [C96] and to the scopingrules of any
block-structuredprogramminglanguage.Neverthelesswe believe that thenew rules
areratherdangerousfrom a softwareengineer’s point of view dueto the following
reasons:

Usuallytherealization(or model)of asoftwaresystemdependsontherealization
(models)of its subsystems,but not theotherway round. As a consequencethe
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new propagationrules encouragethe designof unwantedsystem/subsystem
relationships.

Thedependenciesof parentpackagesdonolongersummarizethedependencies
of their child packagesif child packagesareallowed to import packagesnot
importedby their parentpackages.A packageis, therefore,no longera proper
abstractionof its subpackages.

The propagationof visible elementsfrom parentpackagesto child packages
encouragesthe developmentof softwarearchitectures,wherebasicresources
arenot locatedin basiclayersat the bottomof a softwaresystem,but in the
topmostpackagesof thesystemmodel.

In Section5 we will presenta precisedefinitionof UML visibility ruleswhich is
a kind of compromisebetweenthenestingof rulesof UML 1.1andUML 1.3. These
rulesneithersupportthedangerousautomaticpropagationof elementvisiblities from
parentto child packages,nordo they supportthedangerousautomaticextensionof a
parentpackage’snamespacewith thepublicelementsof its child packages.They treat
publicelementsof childpackagesasif they weremadevisibleby accessdependencies
from parentto child packages.This hasthe following consequencesfor thescenario
depictedin Figure14.3:

An accessdependency from packageX to packageZ is redundantasit wasthe
casein UML 1.1.

An importdependency from X toZ is not redundant;it givestheclientsof X the
right to usethepathexpressionX::e insteadof X::Z::e.

Neitheranaccessnoranimportdependency fromY toX is redundantif thenew
visibility rulesareused(asit is thecasein UML 1.3).
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The import or accessdependency from packageY to packageV is permitted
dueto thefact that thepathnameZ::V is visible andmaybeusedinsideX to
referencethetargetpackageof therequireddependency.

Theimportor accessdependency from packageU to packageZ is notpermitted
without theexistenceof animportor accessdependency from Y toZ.

4. VISIBILITIES OF PACKAGE DEPENDENCIES

Thediscussionof UML visibility rulesin thepreceedingsectionsignoredmoreor less
thefactthatimportandaccessdependenciesaswell asgeneralizationrelationshipsare
all subclassesof themetaclassModelElement of theUML metamodel.They inherit
from their commonsuperclassthepropertyto have onenameandvisibility attribute
valuein their ownerpackageanda differentaliasnameandvisibility attributevalue
in any clientpackage.In ouropinionit makesno senseto provide theserelationships
with their own namesandaliasnames.

Thesituationis a little bit differentin thecaseof the inheritedvisibility attributes
of import dependenciesand generalizationrelationships. They could be usedto
distinguishbetweeninterfaceimportsandimplementationimportsaswell asbetween
subtypeinheritanceand implementationinheritancein the usualsense. It is even
probablethatatleastoneauthorof theUML standarddefinitionversion1.1[OMG99b]
hadthis possibilitymindwhen(s)hewrotethesentenceonpage142

“Private inheritance(generalization)����� hidesthe inheritedfeaturesof a class
(package)����� .”

Nevertheless,therestof UML 1.1aswell asall recentlyproducedUML descriptions
ignorethe visibility attributesof dependency andgeneralizationrelationships.They
rely exclusively on theexistenceof certainstereotypesfor thedistinctionof different
kinds of generalizationrelationships.Furthermore,they do not explain the interac-
tion betweenthe usageof thesestereotypes(suchas implementationand interface
inheritance)andthevisibility rulesfor generalizationrelationships.

It is thepurposeof thissectiontoexplainhow thevisibility attributesof dependency
andgeneralizationrelationshipscould be usedin additionor insteadof someof the
previouslymentionedrelationshipstereotypes.Furthermore,thissectionpreparesthe
readerfor theprecisedefinitionof thevisibility rulesof thefollowing section,which
takethesevisibility attributesintoaccount.It explainsthedetailsof thefollowingidea:

A protectedor privateimportdependency or generalizationrelationshipbetween
two packagesaddsall public (protected)elementsof theregardedserverpackage
with an appropriatelyreducedvisibility to the client package’s own namespace
(optionallyunderadifferentaliasname).

Pleasenotethatthediscussionof reducedimportedelementvisibiliti esis meaningless
aslong astheseelementsarenot addedto thenamespaceof theclient package.As a
consequence,accessandfriend dependenciesbetweenpackagesareout of thescope
of thissection.

Combiningthreedifferentkindsof visibilitieswith twotypesof relationshipsresults
in six differentkindsof relationshipsbetweenpackages:

1. Publicimport: apublicimportdependency addstheimportedelementstoitsown
exportinterface.Thiskindof transitiveimportdependency is for instanceuseful
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if onepackagedefinesa setof operationswhich useelementsfrom different
packagesas parametertypes. Any client package,which imports (accesses)
the exportedsetof operationsautomatically, importsautomaticallyall needed
parametertypes,too.

2. Protectedimport: a protectedimport dependency addsall importedelements
with protectedvisibility to the client package’s namespace.It hasto be used
whenever certainimplementationdetailsbasedon importedresourceshave to
be hiddenfrom regular client packages,but mustbe revealedto all packages,
whichspecialize(inherit from) theregardedpackage.

3. Private import: a private import dependency correspondsto the conceptof
implementationmoduleimports in Modula-2[WS84]. It allows to import all
thoseresources,which are neededto constructthe contentsof the regarded
package,without revealing(reexporting)theseimportsto its clientpackages.

4. Public generalization: a public generalizationrelationshipbetweentwo pack-
agesdefinesa kind of subtyperelationshipbetweenthem. It is an assertion
for all regular clientsof thesepackagesthat the interfaceof the morespecific
packageis anextensionof theinterfaceof themoregeneralpackage.

5. Protectedgeneralization: a protectedgeneralizationrelationshipbetweentwo
packagesdefinesan inheritancerelationship,which is invisible for regular
import/accessdependency clientsof thesepackages,but visible alongfurther
generalizationrelationships.Theusefulnessof this constructis still a matterof
debate.

6. Privategeneralization: aprivategeneralizationrelationshipis closelyrelatedto
thewell-knownconceptof implementationinheritance.It allowsusto construct
apackagebasedon thepublicaswell asprotectedelementsof anotherpackage
withoutany restrictionsconcerningits exportedsetof elements.

5. PRECISE DEFINITION OF THE PACKAGE CONCEPT

The informal discussionof UML’s packageconceptcouldbe continuedby address-
ing new topicssuchas the characterizationof pathologicalcombinationsof import
dependenciesandgeneralizationrelationships(cf. [SW98]) or a precisedefinitionof
the formal parametersof genericpackages(packagetemplates)and their permitted
instantiationswith actualparameters.Discussingthesetopicswithout having agreed
on a solid definitionof thebasicpackageconceptbeforehandwould bemoreor less
fruitless. It is, therefore,the purposeof this sectionto finish our discussionwith a
precisedefinitionof whatwebelieveis ausefulUML packageconcept.Thisdefinition
reusesto acertainextentbitsandpiecesof amorecomplex andmoreformaldefinition
presentedin [SW98]. Here,weusenaturallanguagesentencesonly for thispurpose.

We do hopethat the following eight statementsarecomprehensiblewithout any
furtherexplanationsor thepresentationof anothersetof examples.Pleasenotethatall
statementsrely onthefactthatvisibility attributevaluesaretreatedasanenumeration
typewith thefollowing orderof its elements:
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private< protected< public.

Furthermore,they rely on the assumptionthat UML 1.3 no longerdistinguishes
betweenthe fact that an elementis importedand, therefore,visible inside another
package,and the fact that this elementis actually referenced(used)inside a client
package(the UML 1.1 standarddefinition gave its readersthe impressionthat only
thoseimportedelementsareexportedagainwhichareactuallyreferencedin theclient
package).

Basedon theseassumptionsa precisedefinition of the UML visibility rules for
packagesshouldhave aboutthefollowing form:

(1) Packagesadd their own elementsto their namespacecontainers: packageP
ownselemente with visibility v impliesthatP containse with visibility v.

(2) Packagesseetheelementsof theirownnamespacecontainer:packagePcontains
elemente with visibility v impliesthatP seese with visibility v.

(3) Packagesmaynotdependonor specializeinvisiblepackages:packageP hasan
importor accessdependency or a generalizationrelationshipto packageQ with
visibility v requiresthatP seesQ with visibility greaterequalv.

(4) Packagesadd imported elementsto their own namespaces:packageP has
an import dependency to packageQ with visibility v andQ containsa public
elemente implies thatP containse (underits old nameor a new aliasname)
with a visibility lessequalthanv.

(5) Packagesseepublic elementsof accessedor containedpackages: packageP
hasanaccessdependency to packageQ with visibility v or containspackageQ
with visibility v andQ containsa public elemente impliesthatP seese under
thepathnameQ::e with visibility v.

(6) Packagesextend the namespaceof specializedpackages: packageP has a
generalizationrelationshipto packageQ with visibility v andQ contains(sees)
anelementewith publicor protectedvisibility v’ impliesthatP contains(sees)
e with theminimumof thevisibilities v andv’ asits own visibility.

(7) Friendshaveaccessto all elementsof serverpackages:PackageP hasa friend
dependency to packageQ with visibility v andQ containsan elemente with
visibility v’ impliesthatP seese underthepathnameQ::ewith theminimum
of thevisibiliti esv andv’ asits own visibility .

6. SUMMARY

Thedevelopmentof theUML packageconceptandits accompanying visibility rules
seemsto bea never-endingstory. First versionsof thepackageconceptweremainly
influencedby the designof the packageconceptof the programminglanguageJava
[AG96]. Thefact thatJava doesnotassociateany visibility ruleswith thefile-system-
directory-likenestingof its packageshadtheconsequencethatUML got its own rules
for propagatingvisibleelementsupthehierarchyof nestedpackages[OMG99b]. Later
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on the developersof UML decidedthat its packageconceptshouldbemoresimilar
to thewell-definedpackageconceptof theprogramminglanguageAda [C96]. As a
consequencethedirectionfor propagatingvisible elementswasreversedin UML 1.3
[OMG99a]— in ouropinionwithouttakingall negativeconsequencesof thisdecision
for a systemmodelingandnota programminglanguageinto account.

Thiscontributionexplainedwhy webelieve thattheUML packageconceptshould
bemodifiedagain.Furthermore,it showedhow aprecisedefinitionof itsvisibility rules
mightlook like. Pleasenotethatall rulespresentedin theprevioussectionareprobably
valid for UML 1.3 (draft alphaR2), except for the treatmentof nestedpackagesin
rule(5). Nevertheless,wehaveto admit(complain)thatalmostall presentedrulesare
subjectto furtherdiscussions.It is for instancea matterof debate

whethergeneralizationrelationshipspreserveownershipof elementsor whether
theelementsownedby themoregeneralpackagearetreatedsimilarto imported
elementsin themorespecificpackageand

whetherthe generalizationrelationshippropagatesonly the namespaceof the
more generalpackageto the morespecificpackageor whetherit propagates
visibility rightsof accessdependencies,too.

Finally, we have to emphasizethat it is not alwayspossibleto evaluatethe pros
andconsof differentsolutionsfaithfully without conductingany realcasestudies.It
would for instancebe interestingto adddifferentversionsof visibility rulesto UML
casetools,andto checkhow often constructedmodels(the UML metamodel itself
wouldbeanidealcandidatefor this purpose)arein conflictwith theimplementedset
of rules.
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