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Abstract. The Unified Modeling Language(UML) community hasstarted
to defineso-calledprofiles in order tobetter suit theneeds ofspecific do-
mains or settings. Product lifeepresent special breed ofsystems—they
are extensible semi-finished pieces of software. Completing the semi-

finished software leads tearious softwarepieces,typically specific appli-

cations, which share theame coreThough productines havebeen devel-
oped for avide range ofdomains, they applyommonconstructionprinci-

ples. The intention of the UML-Profile is thedefinition of aUML subset,
enriched with gew UML-compliant extensions,which allows theannota-
tion of such artifacts. The paper preseaspects of the profilevith a focus
on patterns and exemplifies its usage.

1 What is a UML Profile?

UML is a large andregrettablycomplex languageStill, there are many requests to
explicitly represent additional features thahnot belescribedcomfortablywith UML
in its current version. Therefore, the UMiltovidesmechanisms, imparticularstereo-
types andtagged values that allow extensionsTheseextensions may beefined and
grouped in so calleprofiles.

Thus a UML profile is defined as an extension of the Ustindardanguagewith
specificelements. Aprofile provides newnotational elementand it usually special-
izes the semantics of some elements. It gy restricthe use of UML elements.
For example[2] describes irfurther detailthe profiling mechanisnand auseful ex-
tension of it, callegbrefaces.

A UML profile may target a specifi@pplication domain. UM-RT, thereal-time
profile, is one prominenexample.Other profilesmay provide tool-specific exten-
sions. Forexample, thesenight shape UML sathat it is better suited for mwdeling
Web-based systems, as the one described iA [1jva profile wouldestrict the UML

1 We use the terms product line and framework synonymously.



to single classnheritance. The UM-F profile, which is described indetail in [4]
supports product line annotations.

2 A Selection of Basic UML-F Tags

Though UML version 1.3alreadylists 47 stereotypesand 7 taggedvalues [6] and
UML 1.4 considerablyincreasedthese numbers, only a small number of them are
particularly useful forproductline annotations. This section picks out some of the
tags introduced by the UML-F profile for that purpose.

2.1 Product line and application classes

Many productlines come togethewith prefabricatechpplication classethat do not
belong to theproductline itself. Theseadditionalclassescan bestudied inorder to
understandhe standardusage of &amework byexaminingand adaptingtheir code,
whereas the product line classes themselves are usually not subject to change.

«framework» where a class
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Fig. 1. «framework», «application» and «utility» tags.

The tag «application» markapplication-specificclasses. During theroduct line
adaptation procesthis tag maymark newlyintroducedclasses asvell. The «frame-
work» tag marks classes and interfaces belonging tpriwkictline. A third category
of classes belongs to the utility level, as these classgg@iided ashasic classes by
utility libraries orthe runtimesystem.Thesemay betagged by«utility». Figure 1
exemplifies their usage. If a package iarkedwith one of these tags, then all of its
classes and interfaces are implicitly markedwash. Table 1 summarizethe nmeaning
of these UML-F tags.

2 UML-F provides aslightly simplified mechanisnthat unifiesstandardUML stereotypes
and tagged values to UML4ags [4].



Table 1. UML-F class tagsfor discerning betweenframework and application compo-
nents.

Tag-name Applies to Value Description
type
«application»  Class, Package Bool  The class/interface/package
Interface does not belong to a frame-

work, but to an application.
«framework» Class, Package Bool  The class/interface/package

Interface belongs to the framework.
«utility» Class, Package ~ Bool  The class/interface/package
Interface belongs to a utility library or

the runtime system.

2.2 Completeness and abstraction

The following UML-F tags deal only with the visuadpresentatiomf elementsthey
do not define any properties of the annotated modeling elements.

Standard UMLprovidesthe ellipsis (“...") to mark omissions ofattributes and
methods.However, wealsofind it useful to be able to mark elements as complete.
Therefore, we propose the UML-F tag “©” to mark completeraeskthe tag “...” to
explicitly mark incompleteness. In accordance with standard,Uhe “..."” tag is the
default. This means that clasiagramsandall their elementsare considereihcom-
plete unless explicitly marked as complete via use of “©".

Figure 2 showsthree representations aflass Human. Thdirst is complete,
whereaghe secondpartly omits theattribute compartmentndthe third omits both

the attribute compartment and the method compartment
completeness tag

Human E(! Human

age: Int height: Int oo

height: Int \\ Human
getHeight() getHeight() — © et
celebrateBirthday() celebrateBirthday () 7

incompleteness tag

Fig. 2. Three representations of the same class.

3 UML-F Pattern Tags

Many patterns written up in thgioneering pattern catald§] by the Gang-of-Four
(GoF—the four authors Gamma, Helm, Johnaad Vlissides)are productlines that



rely on afew frameworkconstruction principlesThis sectiondiscusseshe relation-
ship between the construction principlesdthe GoFcatalog patternandintroduces
the UML-F tags for annotating both tfirmmeworkconstruction principles as well as
design patterns. Instead of listittge UML-F tags foreach ofthe constructiorprinci-
ples and patterns, we explaimnd exemplify how toderive the UML-F tags in a
straightforward manner from their static structure.

3.1 Unification principle — adaptation by inheritance

Hook methods can be viewed as placeholttersare invoked bynore complexmeth-

odsthat are usually termedtemplate methods3 [3, 5, 7, 9]. The simplddea behind

hook methods is thatverridinghooks allowschanges othe correspondingemplate

method’s behavior without having to touch #murcecode ofthe class to which the
template method belongs to.

The essential set of framework construciimciples can bderived fromconsider-
ing all possible combinations between template and hook methods within one class or
in two classes. Theeason whythis becomes feasible ithat theabstract concepts of
templatesand hooks fade out domain-specificsemantics to show thelear means of
achieving extensibility irobject-orientedechnology. The UML-Rags forexplicitly
marking templateand hooks are «template»and «hook». In thesample UML-F dia-
gram in Figure 3method convert() irclassCurrencyConverter is semplate mthod
invoking round() as its hook.

«template, hook»
CurrencyConverter

convert(...) «template»

round(val: double): double «hook»

Fig. 3. UML-F tags annotating template and hook methods.

These UML-F tags can be used not only to mark methods but also to mark classes and
interfaces Attaching the«hook» tag to a class arterfacemeans that it contains a

hook method. The «template» tag has dhalogous meaning though it onlyakes

sense to attach to classesandnot to interfaces, asnterfacescannotprovide inple-
mentations of methods. Figure 3 attaches both tags to ClassncyConverter apply-

ing the UML-F tag ruleghat allows thdisting of severaltags within one set of en-
closing guillements.

3 Template methodsnust notbe confused with th€++ template constructwhich has a
completely different meaning.



The template-hookombination in which the templateethodandits correspond-
ing hook methods reside in the same class, as icabe ofFigure 3, corresponds to
the Unification construction principle. Tleeneraldescription ofthat principlecalls
the class THseeFigure 4). Therecipefor deriving the tags is toconcatenate the
construction principl@ame witheach ofthe elements of thgeneralstructure of the
construction principle. Thus, three UML{Rgsannotate the&Jnification construction
principle in a framework:

» «Unification—TH» marks the class

« «Unification—t» marks the template method

» «Unification—h» marks the hook method(s)

As a short cut we suggest the tags «Unif-TH», «Uni&rg«Unif—h». Compared
to the bare-bone template and hoags, the explicit statinthat the Unificationcon-
struction principle underlies a certain aspgfdhe frameworkprovides moresemantic
information. In particular, one who is familiar with the Unification construcgion-
ciple might, for example, infer thdegree offlexibility associatedvith that construc-
tion principle: Adaptations have to laecomplished irsubclassesndthus require an
application restart. This illustrates tlayeredstructure ofthe UML-F tags —more
“semantic-rich” tags can be definedt@arms of morédasicones.This layeredstructure
of the UML-F profile is further described in section 3.2.

«Unif-=TH»
TH

t) «Unif-t»
h() «Unif-h»

Fig. 4. Static structure of the Unification construction principle.

Figure 5 applies the Unification tags annotate clas€urrencyConverter.In UM-F,
any namecan bedefinedfor a group oftags. Wechoose the namBounding for the
Unification construction principle in that case. Although Figuran8l Figure 3repre-
sent the samaspectof the product-line,Figure 5 makes thanderlyingconstruction
principle explicit while Figure 3 uses the more basic template-hook tags.



«Unif-TH: Rounding»
CurrencyConverter

convert(...) «Unif-t: Rounding»
round(val: double): double  «Unif-h: Rounding»

Fig. 5. UML-F annotation of ssampleapplication ofthe Unification constructionprin-
ciple.

Conceptually, UML-F tags thatorrespond tothe staticstructure ofa framework
construction principlgrovide ameans fompinpointing the rethodsandclasses in a
product line that apply a particular desigigure 6 illustrates that aspect. Taxeows
expressthe mapping of thestructural componentsef the Unification construction
principle to their manifestation in a certain part of a framework.

Unification
construction principle

TH\

t() «templat T ) )

0 «emplatey | \«Umf—TH: Rounding»

h() «hook>’v\\ CurrencyConverter

™ convert(...) «Unif-t: Rounding»
P round(val: double): double  «Unif-h: Rounding»

Fig. 6. Rationale behind the Unification UML-F tags.

The Separation construction princigerivesfrom the Unification constructioprin-

ciple by moving the hooknethod toa separateclass H. The class T containing the
template method has an association to H. The template method in T invokes the hook
method in Hthrough thisassociation. Thelifference tothe Unificationconstruction
principle is that the behavior of T can be changed at runtime by pluggingpacdic

H instance. The UML-F annotation is analogous to the Unification principle and
discussed in detail in [4].

3.2 UML-F tags for design patterns

Analogous to the Unification and Separation construction principles, the structure of a
designpatterndetermineghe particularset of UML-F tags. In thease ofthe GoF
patterns, each pattedescriptionhas a sectiotabeledStructure which shows @ass
diagram.The classand methodnames in such diagramtogetherwith the pattern

name form theset of UML-F tags: «PatternName-methodName», «Pattern-
Name—-ClassNameandfor potential future Java- or C#-basedersions of the GoF
catalog or other pattern catalogPatternName—InterfaceNamesn. occasionswhere



associationsand attributes play a role, tags of the formPatternName-
associationLabel» and «PatternName-attributeNaanepresent asvell. This section
illustrates that description scheme for the GoF pattern Factory Method.

Consider the layered relationship betwésn UML-F tags setsfor the designpat-
terns, constructiomprinciples, and the templateand hook tags(seeFigure 7). The
essential framework construction principles Unification, Separatioomposite,
Decoratorand Chain-Of-Responsibilityepresenthe possible combinations ofem-
plates and hooks in one or two classes/interfaces. Since the patterns CorDgosite,
rator and Chain-Of-Responsibilityare identical with those core framework construc-
tion principles which result from combinations of template®l hooks viainheri-
tance. We suggest the nanssl structure ofthesethreepatterns aghe basisfrom
which to derive the UML-F tag sets.

Though the other GoFameworkpatternsand domain-specifigpatterns rely on ei-
ther Unification orSeparation otemplatesand hooks, productline developersthat
need taexpresghe richer semantic informationnherent in thes@atterns,annotate a
product line by means of the corresponding UML-F tag sets. The application of one of
these patterns expresses the intendedndadaptatiorpossibilities beyondthe static
structure to which a pattern is often reduced. The semantics of a pattane dafined
through its structural and behavioral constraints, as well as its intended use.

4Thetags of aconstruction principleor patternform one tagset. For example, thethree
tags of the Unification principle forrthe Unification tagset (Unif-TH, Unif-t, and Unif-
h).



Calculation

UML-F tag sets for pther pattérq catalogs or domain-specific patterns

UML-F tag sets for framework- relate GoF patterns

State Builder  Abstract Factory

Factory Method Strategy Command Prototype
Template Method / Brldge Observer Interpreter
/ relies on

Fig. 7. Layers of UML-F tag sets.

UML-F tags for the Factory Method pattern. Figure 8 showsghe static
structure of the Factory Method pattern according to the GoF catalog [5]. Note that the
diagrams inthe GoF catalogadhere tothe Object ModelingTechnique (OMT) [8]
notation which significantlyinfluenced UML but which is no longewused in its
original form. All the diagrams in this paper adhere to the UML notation.

According to the static structure of the Factory Method pattére UML-F tag set
consists of these tays

* «FacM—Creator»

* «FacM-facM»

e «FacM-anOp»

» «FacM—Product»

» «FacM—ConcreteProduct»

¢ «FacM- ConcreteCreator»

e «FacM—facM»

Onecould arguethat thesubclasses ofreatorand Productare in somecases not
relevant to document that pattern. So an alternative, shorter list of UML-Rvitadis
be: «<FacM—Creator», «Fack&eM», «FacM—anOp», «FacM—Product».

5 The tags adopt the Javeonvention ofusing uppercasdirst letters in class/interface
names and lowercase filstters inmethod namesThe use othe italics style indicates
an abstract class, an interface or an abstract method.

6 We suggest the abbreviations FacM for Factory Method and anOp for anOperation.



Creator

factoryMethod()

anOperation()
Product o
‘ ConcreteProduct ‘ ConcreteCreator

factoryMethod()

return new ConcreteProduct(ﬁ

Fig. 8. Structure of the Factory Method pattern (adapted from Gamma et al., 1995).

Figure 9 attaches the UML-F template drwbk tags to the ethods ofclassCreator.
This illustrates indetail the relationshipbetweenthe tag sets of the Factoryelhod
Pattern andhe Unification construction principle. It also denstrateghe additional
semantic information provided by the Factorgthbdpattern. For example, tHégni-
fication construction principle does not deal with a Product class.

«Unif-TH»

Creator
factoryMethod() «Unif-h»
anOperation() «Unif-t»

Fig. 9. Application of the Unification construction principlein the Factory Method
pattern.

3.3 Hooks as name designators of pattern catalog entries

Hook methods fornthe points ofpredefinedrefinementthat we call variatiorpoints
or hot spots [7]. Product line adaptatiaies place athese variatiorpoints. Depend-
ing on hook placement artdmplate-hook method corbination more odess flexibil-
ity can be achieved.

Every productline incorporateshe two essential construction principlémifica-
tion and Separation, no mattérow simple orhow complex theparticular template
and hook methodsre. Fine-grainedclassesapply the same construction principles as
complex classes inrder tointroduceflexibility. They differ only in the granularity,



the semantics of the hooks (often expressed in a hook’s name), the nurplmeidad
defaults for a hook, and timeimber of template-hoogairs. Thus wecan take dresh
look at thedesignpatterncatalog, thais, the 23patterns published ithe book by
Erich Gamma et al. [5].

Many entries in the pattern catalog can be regardesinadl productlines’, consist-
ing of a few classes, which apply the essential construction principles in varias
or lessdomain-independertituations. These catalogntriesare helpful whendesign-
ing product lines and thellustrate typical hook semantics. generalthe names of
the catalog entries are closely relatedhe semanti@spectghat arekept flexible by
provided hooks.

A significant portion of thdramework-centeregattern catalog entries relies on a
separation of template and hooks, thabisthe basiSeparatiorprinciple. Thecata-
log pattern Bridge discuss#ése abstractcoupling mechanisngenerically. Othecata-
log entries thatuse template-hookeparationintroduce more specific semantics for
their hooks:Abstract Factory, Builder, Command,Interpreter, ObserveRrototype,
State and Strategy. The names of these catalog patterns correspond to the semantics of
a particular hook method or the corresponding class.

3.4 UML-F tags for domain specific patterns

Product lines contain numerous patterns that are not general enough to be published in
pattern catalogs, but that rely on one of the essdrimleworkconstructionprinci-

ples. In many situations might beuseful tointroduce UM.-F tag sets thaéxplic-

itly refer to thesedomain-specificpatterns. Thedefinition of these dorain-specific

UML-F tag sets works in theame way as for the pattetags. Thestructure of a
domain-specificpattern definesthe tags. Thestructure of adomain-specific pattern
should also bannotated byGoF patterntags or the tags of theore construction
principles. Thisensures arexplanation of thedomain-specificpattern interms of
already understood designs.

4 Conclusions

The intention of the UM-F profile is theidentification of a UML subset,enriched

with UML-compliant extensions, which allows the annotatiorpafductlines. Over-

all, the presented selection of key aspects of the UML-F profile pursues the following

goals:

1. UML-F providesthe notational elements precisely annotatanddocument well
known designpatterns.Thereexists only aratherlimited UML supportfor that
purpose so far.

7 Theseare TemplateMethod, Factory Method; BridgeAbstract Factory, Builder, Com-
mand, Interpreter,Observer,Prototype, State, StrategyComposite, Decorator, Chain-
of-Responsibility



2. UML-F is itself in the spirit offrameworks—straightforwar@xtensibility is the
key to provide asuitable meanfor documentingany frameworkpatternincluding
the ones that come up in the future.

3. UML-F comprises a lean, mnemonic set of notational elements.

4. UML-F relies on theUML standardthat is, the extensionshould bedefined on
the basis of the existing UML extension mechanisms.

5. The notational elementare adequatefor being integrated in UMLtool environ-
ments. Forexample tools should beable tocreatehyperlinks betweenannotated
framework patterns and the corresponding online pattern documentation.

More profileswill be standardized byhe OMG inthe future,sound proposalsfrom

various communities will get thprocess of definingind standardizing UMLprofiles

started. In that sense, UML-F sets the stage for the UML profile for product lines.
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