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Argumentpassingmeanspassingvaluesalongwith an invocation.Most programming
languagesprovidepositionalargumentsastheirordinaryargumentpassingmechanism.
Sometimesordinaryargumentpassingis not enough,for instance,becausethenumber
of argumentsor their typesdi� er from invocationto invocation,or optionalarguments
are needed,or the sameargumentsare passedthrougha chain of multiple receivers
andmust vary �e xibly. Theseissuescanbe resolved usingordinaryargumentpass-
ing mechanisms,but the solutionsare usually cumbersome.In many systems,such
asprogramminglanguages,programmingenvironments,frameworks,andmiddleware
systems,advancedargumentpassingsolutionsareprovided to betteraddresstheseis-
sues.In thispaperwepresentfour patternsappliedin theseadvancedargumentpassing
solutions:variable argumentlists allow anoperationto receivearbitrarynumbers
of arguments,optional argumentslet operationshave argumentswhich caneither
beprovidedin aninvocationor not,non-positional argumentsallow argumentsto
be passedin any orderasname/valuepairs,andcontext objectsarespecialtypes
usedfor thepurposeof argumentpassing.

Intr oduction

Argumentpassingis an integral partof all formsof invocations,for instance,performedinArgument
passing object-orientedandproceduralsystems.All systemsthat provide facilities for performing

invocationsthusmustprovide someway to passarguments(alsocalledparameters)to oper-
ations.As a �rst examplefor suchsystemsonemight think of programminglanguageimple-
mentations,suchasinterpreters,compilers,andvirtual machines.But argumentpassingis
alsorelevantfor any otherkind of systemthatperformsinvocationsontopof thefacilitiesof-
feredby aprogramminglanguage,suchasmiddlewaresystems,aspect-orientedcomposition
frameworks,componentframeworks,interactive shellsof operatingsystemsor programming
languages,enterpriseintegrationframeworks,andsoforth.

In this paperwe presentsomepatternsthat provide advancedargumentpassingsolutions.Intended
audience Thesepatternsare importantfor developersof the systemsnamedabove, whenthey want

to provide someargumentpassingmechanismin a languageor framework. In additionto
that,thepatternsarealsorelevant for developersusingthesesystems,becausein somesitua-
tions theordinary(i.e. positional)argumentpassingmechanismso� eredby the languageor
framework do not copewell with a particulardesignproblem.Thenit is advisableto write
a little argumentpassingframework on top of the languageor framework that supportsthe
respective pattern.



double  max (double a, double b) {

  if ( a > b )
    return a;
  return b;

}
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operation namereturn type formal arguments
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Figure1: Operationde�nition

To explainthepatterns,weusethefollowing terminologyapplicableto all kindsof languagesTerminology
andframeworksmentionedabove: any kind of function,procedure,method,etc.,beit local
or remote,is calledanoperation. Eachoperationhasanoperation signature. Thesignature
containsat leastanoperation nameanda list of arguments. In typedenvironmentsthesig-
naturealsocontainstypesfor eachargumentanda returntype. An operationis “called” or
“invoked” usinganinvocation.

In thetext below, we sometimesrefer to “ordinary arguments”.With this termwe meanthe
typical, positionalargumentso� eredby almostany proceduralor object-orientedprogram-
ming language,suchasC, C++, Java,Tcl, etc.

Theargumentsin thesignaturearecalledformalargumentsbecausethey actasplaceholders
for argumentvaluesprovidedby the invocation.Theconcreteargumentvaluesprovidedby
an invocationarecalledactual arguments. Eachactual argumentis mappedto the formal
argumentat thesameposition.

When the invocationtakes place,eachformal argumentis �lled with the value of the re-
spective actualargument.This canbedoneby copying thevalueof theactualargumentinto
thestoragespaceof theoperation(call-by-value),asopposedto providing only theaddressof
thestoragespaceof theactualargumentto theoperation(call-by-reference). Anotherscheme
of argumentpassingis call-by-name,which refersto passingthe (unevaluated)codeof the
argumentexpressionto the operation,andthis codeis evaluatedeachtime the argumentis
accessedin theoperation.In dynamiclanguagescall-by-namecanbeappliedat runtime(ex-
amplesareargumentsevaluatedusingeval in Lisp or Tcl), or it canbeperformedstatically
by compilersor preprocessors(e.g.C macros). Therearea numberof other, lesspopular
parameterpassingschemes,suchascall-by-value-returnin Fortran,or copy-a-value-inand
copy-it-back.

Thetermsareillustratedusinga Java methodandinvocationasanexamplein Figures1 and
2.

double m  =  max (10, 2);

invocation

operation namereturn type actual arguments

Figure2: Operationinvocation



Thefollowing patternsarepresentedin thispaper:Pattern
Langua ge
Outline � A variable argumentlist providesan argumentpassingmechanismwith a special

syntax,whichallows theclient to invoke theoperationusingany numberof arguments
for this lastargument.Theactualargumentsareput asa list into thelast formal argu-
ment.

� optional argumentsareanargumentpassingmechanismthatusesaspecialsyntaxto
denotethatoneof theformalargumentsis optional.A defaultvalueis provided,which
is usedin casetheclientdoesnotprovide theoptional argumentin aninvocation.

� non-positional argumentsarean argumentpassingmechanismthat allows clients
to provide argumentsin aninvocationasname/valuepairs. Becauseeachargumentis
named,theargumentscanbeprovidedin any order, andtheargumentpassingmecha-
nismautomaticallymatchesthecorrectactualargumentsto theformalarguments.

� A context object is a specialobject type that is usedfor argumentpassing. This
objecttypeis usedasanargumentof theoperation(oftenit is theonly argument),and
the argumentsto be passedto the operationareencapsulatedin the context object
(e.g.asinstancevariables).

Thereareanumberof relatedpatterns,documentedelsewhere,thatplayanimportantrole forRelated
Patterns thepatternsdescribedin thispaper. Wewantto explainsomeof thesepatternsbrie�y:

� An automatic type converter [Zdu04b] convertstypesat runtimefrom onetypeto
another. Thereare two main variantsof the pattern: one-to-oneconvertersbetween
all supportedtypesandconvertersutilizing a canonicalformat to/from which all sup-
portedtypescanbe converted. An automatic type converter is primarily usedby
thepatternspresentedbelow for realizingtypeconversions.

� In a reflection [BMR+96] architectureall structuralandbehavioral aspectsof a sys-
temarestoredinto meta-objectsandseparatedfrom theapplicationlogic components.
Thelattercanquerytheformerin orderto getinformationaboutthesystemstructure.
In anargumentpassingarchitecture,reflection is especiallyusedto introspectordi-
nary operationsignaturesto performa mappingbetweenthe argumentspassedusing
thepatternsandordinaryinvocations.

� Thecontext objectpatternis ageneralpatternfor passingargumentsusingaspecial
objecttype.Variousspecial-purposevariantsof thispatternhave beendescribedin the
literaturebefore: invocation contexts [VKZ04] arecontext objectsusedin dis-
tributedinvocations;messagecontexts [Zdu03, Zdu04a] arecontext objectsused
in aspect-orientedcompositionframeworksandinterceptorarchitectures;arguments
object [Nob97] is an objectthat containsall elementsof an operationsignature,for
instance,asvariables;anything [SR98]describesa genericdatacontainer;encapsu-
late contexts [Kel03] arecontext objectsusedto encapsulatecommondataused
throughoutthesystem;openarguments[PL03] arecontext objectsusedto support
adynamicsetof arguments.

� A property list [SR98] is a datastructurethatallows developersto associatenames
with arbitraryvaluesandobjects.This structureis neededto representa simplelist of



non-positional arguments. Theproperty list patternthuscanbeusedto internally
implementthenon-positional argumentspattern.

Figure3 shows anoverview of thepatternsdescribedin this paperandtherelationshipsex-
plainedabove. Thepatternsdescribedin thispaperarerenderedin black,therelatedpatterns
in grey.
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Figure3: Patternmap:Most importantrelationshipsof thepatterns



Variab le Argument List

You arewriting operationsto be invoked for instancein a programminglanguageor in aConte xt
distributedsystem.

A particular operation needsto receive a varying number of arguments,and you do notProblem
know in advancehow many argumentswill be received. You only know that the argu-
mentsto be received are all of the sametype, and they canbe treatedin a uniform way.
Ordinary operation signatures, however, cannot retrieve arbitrary numbers of argu-
ments.Thus you have to apply tediousand error-proneworkaroundsfor this situation,
suchasabusing polymorphism (e.g. overloading) or passingthe argumentsin a helper
data structure.

Consideryou wantto processa list of objects,but do not know in advancehow many argu-Forces
mentsarein the list. For small numbersof objects,you canuseoverloadingto be ableto
invoke theoperationwith avaryingnumberof arguments:

void processList(Object o1) {
//...

}
void processList(Object o1, Object o2) {

//...
}
void processList(Object o1, Object o2, Object o2) {

//...
}

Besidestheproblemthatyouhavetowriteahugenumberof unnecessaryoperations,youface
theproblemthatthisapproachdoesnotscalewell for possiblylargernumbersof arguments:
consideryou might receive lists with up to 1000arguments.You would have to write 999
unnecessaryoperations.

An alternative solutionfor this problemis to bundletheargumentsin acollectiondatastruc-
ture (suchas a list or an array). But this solution is quite complex becausein eachsuch
operationyou have to processtheargumentsin the list, andfor eachinvocationyou have to
�ll thedatastructurebeforeyoucanperformtheinvocation.

A collectiondatastructurerequiresthecaller to put theappropriateargumentsinto thedata
structure,which make thecallermorecomplex. Notethattheoverloadingsolutionsketched
above, in contrast,makesthecalleemorecomplex anderrorprone.

Anotherproblemof usinga collectiondatastructureis thattwo kindsof invocationsexist in
thesystem.Ratherit woulddesirablethatall invocationslook thesame.

Provide a specialsyntaxfor the variable argumentlists that might beaddedasthe lastSolution
argument,or the only argument, to the argument lists of operations.Eachargument in
the variable argumentlist is of the sametype, which might be a generic type suchas
string or void pointer. The languageimplementation (e.g. the compiler or interpreter)
or the framework implementation (e.g. the distributed object framework) provides a



functionality to processthe variable argumentlists . Thus, fr om the developersper-
spective, all invocationsof variable argumentlist operations look just lik e ordinary
invocations,except that they vary in their length. Also, provide an API to make the
argumentspassedthr ough a variable argumentlist accessiblefrom within the opera-
tion.

The argumentsof variable argumentlist mustbe distinguishablein the invocationfromDiscussion
otherarguments.That's thereasonwhy variable argumentlist areusuallyrealizedasthe
lastargumentin theoperation.An alternative is to delimit themin theinvocation,for instance
using a specialcharacter. But this would violate the goal that invocationswith variable
argumentlist shouldlook thesameasordinaryinvocations.

In principle it is alsopossibleto have variable argumentlists beplacedin themiddleof
ordinaryarguments.This, however, is not advisablebecausein this caseit is easythatbugs,
suchaswrongnumberof arguments,arenotdetected.

Similarly, a simple,working solutionis to allow only for onevariable argumentlist per
operation. In principle it is also possibleto have morevariable argumentlists in one
operation,if the argumentscan be distinguishedby their type. Again, this might lead to
bugsthatarehardto �nd, for instance,whenoneof theargumenttypescanbeautomatically
convertedto anotherone.

In type-safeenvironments,type-safetyis anissuewhenusingvariable argumentlists . The
typical solutionis to let all argumentsin thevariable argumentlist beof thesametype.
Otherwise,it would benecessaryto de�ne how to handlethedi� erenttypesandmaybede-
limit them,meaningthatvariable argumentlists wouldhaveaprettydi� erentappearance
in thesignaturethanordinaryarguments(which is usuallynotwanted).If di� erenttypesare
neededin a variable argumentlist , a super-type of thesetypescanbe usedfor de�ning
thevariable argumentlist or, if this is not possible,a generictype,suchasstring,void* ,
or Object . A variable argumentlist in an untypedenvironmentis equivalentto usinga
generictypein typedenvironments.

In summary, in mostcasesit is advisableto allow for only onevariable argumentlist per
operationsignatureandenforcethatthisvariable argumentlist is thelastargumentof the
operationsignature.All argumentsof thevariable argumentlist arepassedasthesame
type.

Note that we requirea way to retrieve the argumentsin the variable argumentlist from
within theoperation.Here,variable argumentlist argumentsmustbea bit di� erentthan
ordinaryarguments,becausein theoneoperationsignatureelementthatrepresentsthevari -
ableargumentlist n argumentsarehidden.Usually, anAPI or specialsyntaxis provided,
whichprovidesawayto (a)retrieve thelist of variablearguments(e.g.asa list datastructure)
and(b) �nd out how many variableargumentsarepassedthrough. Using this information,
thevariable argumentlist canbeprocessedusingtheoperationsof thelist datastructure.

variable argumentlists solve a prevalentconcernin writing genericandreusableopera-Consequences
tions. They arean elegantsolutionbecausethey areappliedautomaticallyanddo not look
muchdi� erentto ordinaryinvocations.Only theoperationimplementationmustbewritten
in aslightly di� erentstyle.

If variable argumentlist arenot language-supportedor framework-supported,somee� ort



to provide an implementationis required. A simpleemulation(e.g.usinga collectiondata
structure)is notmuchwork, but onealsohasto write a little programgeneratorto convert the
invocationto thevariable argumentlist format.

A muchsimpler, but slower solutionis to usestrings(or othergenerictypes)for argument
passingandan automatic type converter to convert the invocationsbackandforth. An
invocation:

processList(3, 1, 2, 3);

would thenbecome:

processList("3, 1, 2, 3");

This is not very desirablein thecontext of many programminglanguagebecauseagainwe
would endup with two di� erentstylesof invocations.Moreover, thesolutionis ratherslow
becausebackandforth conversionto stringsis required. But therearesituationswerethis
solutionis highly applicable.For instance,in string-basedprogramminglanguages(suchas
mostscriptinglanguages)thereis no di� erencein the invocationstyles. Or, in middleware
implementationstheinvocationsaresentasa byte-arrayover thewire anyway. Thus,again,
thereis no di� erenceto all otherinvocations.

variable argumentlists canmake overloadingresolutionmorecomplex, ambiguous,or,
in somesituations,evenimpossible.Thususuallyit is advisablenot to useoverloadingfor an
argumentthatis realizedasavariable argumentlist , or at leastintroduceanunambiguous
rule for overloadingvariable argumentlists .

Type-safetymightbecompromised,dependingon thevariable argumentlists implemen-
tation(comparetheC/C++ andJava known usesbelow).

Someknown usesof thepatternare:Kno wn Uses

� In C andC++ variable argumentlists arelanguage-supported. In placeof the last
argumentyou shouldplaceanellipsis(“ ... ”). C andC++ provide anAPI to process
thevariable argumentlist (startingwith va ) asin thefollowing example:

void processList(int n, ...) {
va_list ap;
va_start(ap, n);
printf("count = %d: ", n);
while (n-- > 0) {

int i = va_arg(ap, int);
printf("%d ", i);

}
printf("\n");
va_end(ap);

}

This operationcanbeusedlike any otheroperation:



processList(1, 1);
processList(3, 1, 2, 3);

Pleasenote that functionsthat take a variablenumberof arguments(“varargs”) are
generallydiscouragedin C/C++ styleguides(seee.g.[CEK+00]) becausethereis no
truly portableway to do varargsin C/C++. If varargsareneeded,it is advisableto use
thelibrary macrosfor declaringfunctionswith variant argumentlists .

� In thescriptinglanguageTcl (similar to otherscriptinglanguages)a specialargument
args canbeprovidedto anoperationasthelastargument.In thiscase,all of theactual
argumentsstartingat theonethatwould beassignedto args arecombinedinto a list.
This combinedvalueis assignedto the local variableargs , which is an ordinaryTcl
list.

� Leela[Zdu04c] is a Webservicesframework thatusesvariable argumentlists for
genericargumentpassingbetweenWebservices.A Leelaserviceis boundto a SOAP
endpoint,andthis endpointo� ersa string-basedinterface. This interfaceis mapped
to the Web serviceoperationusing reflection (seealso the patternintr ospection
options[Zdu03]).

� In Java, startingwith version5.0, Var-Argsareprovided. Java's solutionis similar to
theC solution. A majordi� erenceis that it is type-safe.For instance,we canspecify
anoperationfor processinga String list:

public static void processList(String... args) {
for (String a : args) {

System.out.println(a + " ");
}

}

Java's Var-Argscanreceive any argumenttypeby usinga moregenerictype,suchas
Java's Object , for instance.

� Many programminglanguagesprovide a variable argument list mechanismto
receive argumentsfrom the commandline. This design is due to the argument
passinginterfaceof commandshells,especiallyUNIX shells,which led to C/C++'s
“ int main(int argc, char *argv[]) ” interface to programs. Most contemporary
programminglanguagessupporta similar interface,for instance,in Java, command
line argumentsare mappedto a specialString array that is the argumentof the
operation“static void main(String[] args) ”.



Optional Arguments

You arewriting operationsto be invoked for instancein a programminglanguageor in aConte xt
distributedsystem.

Sometimesoneoperation can be de�ned for a varying number of arguments. This sit-Problem
uation can in principle be solved using variable argumentlists . But considerthe situ-
ation is slightly di� erent to the problem solved by variable argumentlists : you know
the possibleargumentsin advance,and the number of argumentsis manageable.The
arguments might be of di� erent types (or kinds in untyped languages);that is, they
cannotor shouldnot be treateduniformly.

Constructorsareoperationsthat shouldbe able to receive di� ering numbersof argumentsForces
becausedi� erentclientswantto con�gure di� erentvalues.All unspeci�edvaluesshouldbe
�lled with default values.Considerthefollowing Java codeasanexample:

class Person {
Namename;
Address homeAddress;
Address workAddress;
...
Person(Name_name, Address _homeAddress, Address _workAddress) {

name= _name;
homeAddress= _homeAddress;
workAddress = _workAddress;

}
Person(Name_name) {

this(_name, null, null);
}
...

}

In this example,thevariableshomeAddressandworkAddress areoptionalandhave null as
a default value. To realizethis concern,the Person constructorneedsto be de�ned twice,
just to passthedefault valuesto theoperationthat really doesthework. Usually, thereare
moresuchconstructors,andweneedto providesimilar forwardersin subclassesaswell. For
instance,to provide theoption that thework addressis optional,anotherconstructorhasto
beadded.

The solution in the exampleusesJava's methodoverloadingwhich works by realizing a
concernusingmultiple operationswith di� erentsignaturesandpossiblychainingthemwith
invocationsamongeachother (as in the exampleabove). This is a heavy-weight solution
for the simpleproblemof realizingan optionaldefault value. For eachoptionalargument,
and eachpossiblecombinationof optional arguments,we needto provide one additional
operation. The result is a lot of unnecessarylines of code,reducingthe readabilityof the
program.

Anotherproblemis thatwe cannotprovide all possiblecombinationsof argumentsbecause
Java'soverloadingmechanismselectsmethodsonly onbasisof thesignatureof theoperation.



Sometimesthe typesof argumentscon�ict, for instance,in the above examplewe cannot
provide default valuesfor both homeAddressandworkAddress, becausethe two operation
signatures:

Person(Name_name, Address _homeAddress);

and:

Person(Name_name, Address _workAddress);

arecon�icting. Thecompilercannotdistinguishbetweenthembecausethey have thesame
typesin their signature.

Notethatit is notelegantto usevariable argumentlists in thisandsimilarexamples.The
argumentsof constructorsarenamedandtyped.With avariable argumentlist youwould
have to passall theargumentsusingagenerictype,andthenobtaintheindividual arguments
usingtheir positionin thevariable argumentlist . This approachmakesit hardto handle
changesin argumentlists.

Intr oduceaspecialsyntaxfor operationsignaturesto mark someargumentsasoptionalSolution
arguments. For eachoptional argumentprovide a default value. Provide a language-
support or framework-support for selectingor passingarguments to operations who
haveoptional arguments. It is important that thereareno syntacticambiguitieswhich
actual argument belongsto which formal argument.

optional argumentsrequiredefaultvaluesbecausewithoutthemit wouldbeunde�nedhowDiscussion
to handlean invocationin which anoptional argumentis omitted. Default valuescanbe
providedin di� erentfashions:

� They cansimply beprovided in theoperationsignature,wheretheoptionalargument
is de�ned.

� They canbe looked up at runtimeandaddedto theactualinvocationby the language
implementationor framework. To usethis variant is advisableif the default values
shouldbemodi�able aftertheprogramhasbeencompiledor started.For example,the
default valuescanbede�ned in acon�guration�le or anexternalrepository.

� They canbede�ned programmatically:somecodehandlesthesituationwhenanop-
tional argumentis notprovidedby aninvocation.

� They can be implicitly de�ned, for instance,by someconvention. For example, if
thereis an“empty” valueor system-widedefault value,thisvaluecanbechosenby the
languageor framework if no valuefor theoptional argumentis given. If thereis an
old value(e.g.from previousinvocations),alsotheold valuecanbeusedasthedefault
value.

Theoptional argumentspatternis oftencombinedwith otherpatterns.A variable argu-
mentlist is implicitly anoptional argumentthatdefaultsto “empty”. Whentheoptional



argumentspatternis combinedwith variable argumentlists , it is importantthat theor-
derof the two patternsin argumentlists is clearlyde�ned, so that thereareno ambiguities.
non-positional argumentsareoftenoptional arguments, meaningthatanomittednon-
positional argumentis treatedasbeingoptional.A context object implementationmight
alsoprovide supportfor optional arguments.

optional argumentsprovide a look andfeel similar to ordinaryinvocations.They canbeConsequences
appliedautomatically. In theoperationsignature,a specialsyntaxis requiredfor de�ning an
argumentasbeingoptionalandfor de�ning or retrieving thedefaultvalue.Usuallyinvocation
andoperationbodiesdo nothave to beadaptedto beusedwith optional arguments.

In compiledlanguages,thedefault valuescannotbe changedat runtime. For a changeof a
default valuea recompilationis necessary.

Someknown usesof thepatternare:Kno wn Uses

� In a C++ operationde�nition, the trailing formal argumentscanhave a default value
(denotedusing“=”). The default valueis usuallya constant.An exampleis the fol-
lowing operationsignature,which receivestwo int arguments,thesecondonebeing
optionalwith thedefault value5:

void foo(int i, int j = 5);

� Many scriptinglanguagessupportoptional argumentfor operations.In Tcl [Ous94],
for instance,optional argumentscanbede�ned aspairsof argumentnameandde-
fault value. optional argumentsneednot be speci�ed in an operationinvocation.
However, theremustbeenoughactualargumentsfor all theformal argumentsarenot
optional arguments, andtheremustnotbeany extraactualarguments.For instance,
the following log procedurehasanoptionalargumentout channel , which is perde-
fault con�guredto thestandardoutput:

proc log {log_msg {out_channel stdout}} {
...

}

If the last formal argumenthasthenameargs , it is treatedasa variable argument
list . In thiscase,all of theactualargumentsstartingat theonethatwouldbeassigned
to args arepassedasa variable argumentlist . That is, it is not possiblethat there
areambiguitiesbetweentheoptional argumentsandtheargumentsfor thevariable
argumentlist .

� In the GUI toolkit TK [Ous94], constructorsof widgetsprovide accessto thewidget
options,suchasbackground,width, colors,texts,etc.,asoptional arguments, which
representeitheremptyvalues(like anemptytext) or valuesthatareoftenchosen(e.g.
thecolorof thesurroundingwidget).A TK widgetcanthereforebeinitiatedwith only
averyfew linesof codebecauseonly thoseoptionsthatdi� er from thedefaultsmustbe
provided. For example,thefollowing codeinstantiatesa buttonwidgetandcon�gures
it with the label “Hello” anda callbackcommandthat prints “Hello, World!” to the
standardoutput:



button .hello -text Hello -command{puts stdout "Hello, World!"}

The operationconfigure allows TK programsto accessthe widget options. Thus
configure is anoperationwith non-positional argumentsin whicheachargumentis
anoptional argumentandits valuedefaultsto thecurrentsettingof thewidget.This
way only thoseoptionsof a widget to be changedmustbe speci�ed in a configure
invocation.For example,wecancon�gure a redbackgroundfor thebuttonwidget:

.hello configure -background red

� TheGNUProgramArgumentSyntaxConventions[GNU05] recommendguidelinesfor
commandline argumentpassing.To specifyanargumentasanoptional argument, a
so-calledlongoption,it is writtenas--name=value . Thissyntaxenablesa long option
to acceptan argumentthat is itself optional. Many UNIX toolsandcon�gure scripts
follow thisconvention.For example,many con�gurescriptso� eranumberof options,
suchas--prefix and--exec-prefix (thoseareusedfor con�guring the installation
path).Theseargumentscanoptionallybeappendedto con�gure invocations:

./configure --prefix=/usr --exec-prefix=/usr

If theoptionsareomitted,they have adefault value,suchas/usr/local .



Non­Positional Arguments

NamedActualArguments, NamedParametersAlias

Youperforminvocations,for instance,in aprogramminglanguageor in adistributedsystem.Conte xt

You needto passargumentsalong with an invocation. You are faced with one of theProblem
following twoproblems: �rstly , at the time whenyou designtheoperationwhich receives
the arguments, you do not know how many arguments need to be passed. Di� erent
invocationsof the operation require a di� erent number of arguments. Secondly, some
invocationsrequire a large number of arguments. Theseinvocationsare hard to read
becauseone must remember the meaning of each argument in order to understand
the meaningof the whole invocation. Matters becomeeven worsewhen both problems
occur together, i.e. there is a largenumber of argumentsand someof them areoptional
arguments.

Considerthefollowing invocation:Forces

ship.move(12, 23, 40);

This very simpleinvocationcanonly be understoodwith the speci�cationof the operation
movein thebackof themind. Developersusuallyhave to dealwith a lot of suchoperations
at thesametime, andthusit is impossibleto rememberthemeaningof all argumentsof all
operations.To understanda program,onehasto continuouslylook at theoperationspeci�-
cations.

This exampleillustratesthe problemof readability that many ordinary invocationsmight
have,onceacertainnumberof argumentsis exceeded.

Another importantproblemis that of extensibility. Programminglanguageslike Java o� er
overloadingto extendoperations,suchasmovein theexampleabove. This waywecanover-
load an operation,andprovide multiple realizationof the operation. For instance,we can
provide onemoveimplementationthat receives threeintegersasarguments(asabove), and
onemoveimplementationthat receivesanobjectof typeThrustVector . But asoverloading
dependson thetypesystem,we canonly de�ne overloadedoperationswith a di� erentnum-
ber of argumentsand/or di� erenttypesof arguments.We arenot ableto provide a second
realizationof movethatalsoreceivesthreeintegers.

Fromtime to time,we make little semanticmistakeswheninvoking suchoperationswith or-
dinaryoperations.For instance,we might twist two argumentsin aninvocation.Mostof the
time thecompiler�nds suchmistakesbecausedi� erenttypesareneeded,or our application
codecomplainsbecausethe valuesprovided arenot meaningful.But sometimessuchmis-
takesstayundetectedbecausethe twistedargumentsareof thesametype andtheprovided
valuesaremeaningful.For instance,in theabove example,a little mistake like:

ship.move(40, 12, 23);

mightstayundetected.Suchmistakesmightproducehardto �nd bugs.



Thepatternvalue object [Hen00a, Hen00b] providesapossiblesolutionto thisproblem.A
value object is realizedby a lightweightclassthathasvaluesemantics,andis typically, but
not always,immutable.If we make all valuesof theexampleoperationvalue objects, we
couldwrite theinvocationasfollows:

ship.move(Left(12), Right(23), Thrust(40));

Togetherwith overloading,value objectsprovide a well de�ned interfacefor ship move-
ments,which is typedandsupportsmultiple combinationsof arguments.Usingvalue ob-
jects, however, requiresus to changethe operationsignature.This might not be possible
for third-partycode,andthuswe needto write a value object wrapperfor eachextended
third-partyoperation. The value object solutiondoesonly work well for small numbers
of possiblearguments,becauseoperationoverloadingmeanswriting additionaloperations
for eachpossiblecombinationof arguments. Also, typescan only be usedto distinguish
argumentsaslong asthey aredi� erent(considertwo Thrust arguments,for instance).

Provide an interface to passnon-positional argumentsalong with an invocation. EachSolution
non-positional argumentconsistsof an argument nameplus an argument value. The
argument name can be matched to the respective arguments of the operation. Thus
it is no longer necessaryto provide the arguments in a strict order, but any order is
applicable. Usually non-positional argumentsare optional arguments.

Non-positionalargumentsprovideeachargumentasaname/valuepair. WeneedsomesyntaxDiscussion
to distinguishnamesfrom values.For instance,wecanstarteachargumentnamewith adash
“ - ”. Thenwe canwrite theabove invocationexamplein a form like:

ship.move -left 12 -right 23 -thrust 40;

Of course,this form doesnot conformto thesyntaxof ordinaryargumentsof theprogram-
ming languageanymore. Thus we must implementsomesupportfor dealingwith non-
positional argumentinvocations:

� Wecanprovideprogramgenerator(preprocessor)whichparsestheprogramtext, �nds
the non-positional argumentinvocations,andchecksthat they conformto the ar-
gumentsrequiredby the operation.The preprocessorsubstitutesthenon-positional
argumentinvocationswith ordinaryargumentinvocations.

� A moresimplewayto realizenon-positional argumentinvocationsis to useastring-
basedsyntax. That is, all operationsreceiving non-positional argumentsreceive
only onestringasanargumentin which thenon-positional argumentsareencoded,
suchas:

ship.move("-left 12 -right 23 -thrust 40");

Thissyntaxissimple,but weneedto parsethestring,type-convert thearguments(using
an automatic type converter ), andmapthemto theordinaryarguments.Runtime
stringparsingis slower thaninvocationsinjectedby aprogramgenerator.



� Wecanprovide aspecialkind of context objectwhichholdsnon-positional argu-
ments. That is, thecontext object mustbe ableto storea dynamiclengthtableor
list of name/valuepairs,andthevaluesmustbe of a generictype. Thustypeconver-
sion might get moresimplethanin thestring-basedvariant,andthesolutionis more
e� cient thanstringparsing.Thecontext object, however, requiresa di� erentsyn-
tax thanordinaryinvocations.Thusin mostcasescontext objectsshouldratherbe
usedinternally to implementnon-positional argumentsandstay hiddenfrom the
developer.

� Finally, it is also possiblethat a programminglanguageprovides supportfor non-
positional arguments. Alternatively, someprogramminglanguagescanbeextended
with supportfor non-positional arguments. All other variants,describedbefore,
requireda non-positional argumentframework – on top of a positionalarguments
implementation– for supportingthepattern.

Whennon-positional argumentsareimplementedontopof positionalarguments,weneed
someconverterthatis invokedbetweentheinvocationandtheexecutionof theoperation.The
convertermusttransformthenon-positional argumentsinto positionalarguments.Thatis,
it needsto mapthenamedactualargumentsto namesof theformal,positionalarguments.To
do so,theconvertermustknow aboutthenameandtypeof eachpositionalargument,sothat
it canmapthenon-positional argumentsin thecorrectway. Thisknowledgecaneitherbe
provided to theconverter(e.g.at compiletime or loadtime), or reflection canbeusedby
theconverterto acquiretheinformationat runtime.

The converter is also responsiblefor applying type conversionsif they arenecessary(e.g.
using the automatic type converter pattern),and must raiseexceptionsin caseof type
violations.Notethattheconvertermustalsocheckfor overloadedoperationsandotherkinds
of operationpolymorphism,if supportedby theprogramminglanguage,anddecideon basis
of the provided non-positional argumentswhich operationimplementationneedsto be
invoked.

In the “programminglanguagesupport” variant, the languageimplementation(compiler,
interpreter, virtual machine, etc.) realizes the converter. In the “program genera-
tor/preprocessor”variant,thegeneratorgeneratestheconversioncode.In theothervariants,
“string-basedsyntax”and“context object”, thedevelopermight have to manuallytrigger
theconverter. For instance,the�rst linesin theinvokedoperationmightquerythearguments,
or theinvoking codemusttriggerconversion,suchas:

system.invokeWithNonPosArgs(" ship .move -left 12 -right 23 -thrust 40");

The converter internallyneedsto hold andperhapspassaroundthe name-valuepairs. The
patternproperty list [SR98] providesa datastructurethat allows namesto be associated
with arbitraryothervaluesor objects.It is thusideallysuitedasanimplementationtechnique
to internallyrepresentthenon-positional argumentsbeforethey aremappedto theinvoca-
tion. A hashtabledatastructureis an(e� cient)meansto implementtheproperty list data
structure(thissolutionis usedby many scriptinglanguagessuchasPerlor Tcl).

Thepatternanything[SR98]is analternative for property list , whereproperty list is not
su� cient. It is agenericdatacontainerfor one(primitive) valueof any kind or anassociative



arrayof thesevalues.The patternthuscanalsobe usedto implementnon-positional ar-
guments. Finally, thecontext objectpatterncanbeused(only internally)to holdandpass
aroundthenon-positional arguments.

All non-positional argumentsfor which we canassumea default valueareusuallyop-
tional arguments. For instance,in theexamplewe might want to move the ship without
changingthe course,or just changethe course,or just changethe coursein onedirection.
Usingnon-positional argumentswith optional argumentswe canassumetheold value
asdefault for all valuesnotspeci�edandthendo invocationslike:

ship.move -thrust 30;
...
ship.move -left 15 -right 23;
...
ship.move -thrust 10 -right 15;

Thebiggestadvantageof non-positional argumentsis thatthey enhancereadabilityandun-Consequences
derstandabilityof longargumentlists. They canalsobeusedon topof positionalarguments,
meaningthatthey canbeusedto enhancethedocumentationof invocationsin a framework,
withouthaving to changethepositionalsignatureof a (given)targetoperation(seetheSOAP
examplebelow for anexampleof distributedinvocations).

Extensibility is alsoenhancedbecauseoverloadingextensionsof anoperationcanbebased
on the selectionwith an identi�er (the argumentname)andnot only usingthe type of the
argument.Thecombinationwith theoptional argumentpatternsupportstheextensibilityof
non-positional argumentsandenhancesthechangeability, whenextensionsareintroduced:
developerscande�ne default valuesfor extensionsto a givenoperation.That is, invocations
usingtheold versionwithout theextensionarestill valid anddo notneedto bechanged.

non-positional argumentsreducetherisk of mistakesduringargumentpassingbecausethe
developerhasto nametheargumentto whichavaluebelongs.

A drawback of non-positional argumentsis that they aremore verbosethan positional
arguments. That is, a programwith non-positional argumentshasmore lines of code.
This drawback doesnot necessarilyoccur, when optional argumentsare usedtogether
with non-positional argumentsand default valuescan be used. Consideran operation
with 20 options,and you want to changeonly oneof them. non-positional arguments
with optional argumentsallow you to specifyonly the nameand the value of that one
argument:theresultis aninvocationwith two extra wordsfor arguments.An operationwith
positionalargumentsthatchangesall 20optionswouldrequire18wordsmorethanthat(plus
invocationsto querytheold valuesof theargumentsnot to bechanged).

If thesystemor languagedoesnot yet supportnon-positional argumentsandyou wantto
introducethem,dependingonyoursolution,di� erentchangesto thesystemneedto bemade.
For instance,you might have to introducea converter, andtheconverter introducesa slight
performancedecrease.In somesolutions,discussedabove, thesignatureor implementation
of the operationsmustbe changed.Othersolutions(like the language-basedor generator-
basedvariants)requiremoree� ortsfor implementingthem.Thee� ortsanddrawbacksof the
individual solutionsneedto comparedto thebene�tsof non-positional arguments.

If positionalargumentsaresupportedaswell, two stylesof invocationarepresent.Thesyntax



for bothvariantsshouldbedistinctive, sothatdeveloperscanseeat �rst glance,which kind
of invocationis usedor requiredby anoperation.

Someknown usesof thepatternare:Kno wn Uses

� The SOAP protocol [BEK+00], usedfor Web servicescommunication,usesnon-
positional arguments. For instance,an invocationof an operationGetPrice with
oneargumentItem might look asfollows:

<soap:Body>
<m:GetPrice xmlns:m="http://www.w3schools. com/price s">

<m:Item>Apples</m:Item>
</m:GetPrice>

</soap:Body>

In SOAP theresponsemessagealsocontainsnon-positional arguments.

Web services frameworks implementedin languagesthat do not support non-
positional arguments must map SOAP's non-positional arguments to the
positionalargumentsof the programminglanguage.For instance,the Web services
framework ApacheAxis [Apa04] containsanautomatic typeconverter whichmaps
thenon-positional argumentsdeliveredin SOAP messagesto Java invocations,and
vice versa.

� TheGUI toolkit TK providesnon-positional argumentsfor con�guring theTK wid-
gets. Eachwidget hasa hugenumberof options. Most of the time it is enoughfor
a Widget instanceto con�gure only a few of theseoptions. For both readabilityand
extensibility reasons,it is notagoodchoiceto performthecon�gurationof thewidget
optionsusingoperationsandoperationoverloading,asusedby many otherGUI toolk-
its. For instance,abuttonwidgetwith non-positional argumentscanbecreatedlike
this:

button .b -text Hello! -command{puts hello}

Wecanalsosendany of thepossiblewidgetargumentsasnon-positional arguments
to thewidgetfor recon�guration.For instance,wecanchangethefont like this:

.b configure -font {Times 16}

The advantageof non-positional argumentsarethat we canchooseany of the 32
widgetoptionsin TK 8.4 for a button in any orderandthatwe candirectly seewhich
option is con�gured in which way. TK constantlyevolves. For instance,in TK 8.0
thebuttonwidgethadonly 28 options.NeverthelessTK 8.0scriptsusuallywork with-
out changes,compatibilityoperations,or othermeasures,becausethenon-positional
argumentsarecombinedwith optional arguments.

� OpenACS [GA99] is a toolkit for building scalable,community-orientedWeb appli-
cationson top of a Web server. It usesthe Tcl scripting languageas a meansfor
developersto adduser-de�ned operationsandcall themfrom Webpages(or Webpage



templates). One meansto support�e xible operationsare so-calledad proc opera-
tions. Theseoperationscan be declaredwith regular positionalarguments,or with
non-positional arguments. In addition,whennon-positional argumentsareused,
it is possibleto specifywhichonesarerequired,optional,andboolean.Optionalargu-
mentsrequireadefaultvalue.They areanimplementationof theoptional arguments
pattern.An exampleis:

ad_proc -public auth::authenticate {
{-username:required}
{-domain ""}
{-password:required}

} {...} {...}

In this operationsignature,the argumentsusername and password are required,the
domain argumentis anoptional argument, whichdefaultsto anemptystring.

� XOTcl [NZ00] is anobject-orientedTcl variantwhichsupportsnon-positional argu-
mentsfor all its operations.Its modelis similar to thatof theOpenACSframework.



Conte xt Object

You areinvoking operations,for instance,in a programminglanguageor distributedobjectConte xt
system.

You want to deliver complexor varying information to an operation. For instance,thereProblem
is a huge number of arguments, the number of arguments varies from invocation to
invocation,or thereareoptional arguments. Soordinary, positional argumentsarenot
really working well here. In addition to passingthe information to the operation, you
needto processthe information in someway. For instance,you might have to transform
them into a di� erent format (e.g. marshal them to transport them over a network).
Or the sameinformation is passedthr oughmultiple operationsand eachonecanadd or
removesomeinformation. Theargumentsmight beof di� erent types(or kinds) and thus
cannotbetreateduniformly. Sothe patternsvariable argumentlist or non-positional
argumentsdo not resolve all concerns either.

Considerinformationthatis passedthroughmultiple operations,andeachoperationcanaddForces
or remove arbitraryinformation.For instance,this situationis typical for realizationsof the
patternschainof responsibility [GHJV94], invocation interceptor [VKZ04], andpipes
and fil ters [BMR+96, SG96]. Using ordinary, positionalargumentsis cumbersomehere
becauseeachoperationwouldhave to know thesignatureof its successorto beableto invoke
it. Thusthemodi�ability of this architecturewould be limited: theoperationscouldnot be
assembledin arbitraryorder.

A variable argumentlist couldhelp to avoid this problembecauseall operationswould
just receive thevariable argumentlist andthushave thesamesignature.Theoperations
couldbeassembledin any order. But, asa drawback,eachoperationwould have to process
thevariable argumentlist beforetheargumentscouldbeaccessedor changed.Thismeans
a slight performanceoverhead.Also, it shouldbepossibleto reusethecodefor processing
the list in di� erentoperationsbecauselikely mostof themwill processthe list in moreor
lessthesameway– which is not supporteddirectlyby thevariable argumentlist pattern.
variable argumentlist only supportargumentsof the samekind. If therearedi� erent
types,for instance,conversionto andfrom agenericformatwouldbenecessary.

If just a variablenumberof namedargumentsis needed,non-positional argumentsmight
resolve the problem. If the argumentsor the processingrequirementsare morecomplex,
however, this won't work well either, becausenon-positional argumentsdo not support
complex processinginstructions.

Passthe arguments in a specialobject type, a context object. This object providesSolution
all argumentsasinstancevariables. The classof the object de�nes the structure of the
context object and the operationsrequired to processthe arguments.Using ordinary
inheritance, more specialcontext objectscanbederived.

A context objectmustbeinstantiatedand�lled with values(e.g.with theactualargumentsDiscussion
to bepassedto anoperation).A typicalexamplelooksasfollows:

Context c = new Context();



c.setValue("left", new Integer(12));
c.setValue("right", new Integer(23));
c.setValue("thrust", new Integer(40));
o1.invokeOperation(c);

In the operationreceiving the invocationthe argumentsmustbe accessedvia the context
object' sAPI. For instance,anaccessto avaluemight look asfollows:

Integer left = (Integer) c.getValue("left");

The API in this exampleuseskey/value-pairs.This, however, is just an example,context
objectscanuseany kind of datastructure.For instance,thesameexamplecouldberealized
usingaspecialshipcontext object thatreceivesthevaluesasinstancevariables,suchas:

ShipContext sc = new ShipContext();
sc.left = 12;
sc.right = 23;
sc.thrust = 40;
o1.invokeOperation(sc);

A context object is analternative to thepatternsvariable argumentlist , optional ar-
guments, andnon-positional arguments. context object is moregenericthanthesepat-
terns.This is becauseeachof theotherpattern's solutionscanberealizedusinga context
object. However, in the concretesolutionsappliedby thesepatterns,the patternsprovide
moresupportthanasolutionusingagenericcontext object. In particular, thepatternsusu-
ally allow for invocationsandargumentaccessthatlooksnodi� erentto ordinaryinvocations
andargumentaccess.

Therearesomestyleguidesthatadvisetheuseof context objects. For instance,an“old” C
programmingguidesays:“if a functiontakesmorethanfour parameters,packthemtogether
in a structandpassthestructinstead”.context objectscanbeseenastheobject-oriented
successorof this guideline. In general,however, context objectsare especiallyusedin
infrastructuresoftware. That is, they areoften not visible to the developer, but only used
internally. Examplesare:

� Implementationsof thepatternsvariable argumentlist , optional arguments, and
non-positional argumentsin interpreters,compilers,or programgeneratorscanpass
theargumentswithin their implementationusingcontext objects.

� Distributedobjectsystemsneedto bepassthedistributedinvocationthroughthe lay-
ersof the distributed objectsystemusinga context object. At the client side,an
invocationgetsstep-by-steptransformedinto a byte-arrayto besentover thewire. At
the server side, the invocationof the remoteobject is createdstep-by-stepfrom the
incomingmessage.Again theinvocationneedsto bepassedthroughmultiple entities.
Besidesinvocationinformation,extra context informationmustbe transmitted,such
assecurityinformation(like passwords)or transactioncontexts. This specialvariant
of thecontext objectpatternfor distributedobjectframeworks is calledinvocation
context andis describedin thebookRemotingPatterns[VKZ04].



� Aspect-orientedsoftwarecompositionframework needto interceptinvocationsandin-
directthemto aspectimplementations.This is mostoftendonewith context objects
(see[Zdu04a]). Thepatternlanguagein [Zdu03] describesa patternfor suchmessage
contexts1. Thepatternis aspecialvariantof context objects.

In all threeexamplesthecontext objectsarehiddenfrom developersandareusedinsideof
a framework usedby thedeveloper. An automatic typeconverter is usuallyappliedby the
context object implementationto transparentlyconvert generictypes,usedfor instancein
adistributedmessage,to thespeci�c typesde�ned by theuseroperation,sothattheusedoes
nothave to carefor typeconversion.

Besidesthe two variants of context objects mentionedabove, invocation context
[VKZ04] andmessagecontext [Zdu03, Zdu04a], therearemorecontext objectvariants
documentedin thepatternliterature:

� argumentsobject [Nob97] is anobjectthatcontainsall elementsof anoperationsig-
nature,for instance,asvariables.Theargumentsobject is passedto theoperations
with that signatureinsteadof the arguments. The patternis usedin object-oriented
languagesaswell asin procedurallanguages(e.g.a C struct canbe usedto encap-
sulateargumentvariables). argumentsobject is a very simplevariant to realizea
context object. It is advisableto usethisvariant,if �x edoperationsignaturesshould
besimpli�ed (or uni�ed).

� anything [SR98] is a genericdatastructurethat can hold any prede�nedprimitive
type,aswell asassociativearraysof theprimitive types.Usingtheseassociativearrays,
complex context objectscanbebuilt (the arrayscancontainarrays).Note that the
context object implementationin theanythingpatternis scatteredamongmultiple
implementationobjects. It is advisableto usethis variant,if a genericdatacontainer
thatcanbepackedwith arbitrary�elds andvaluesto bepassedalonga call chain(e.g.
asin the patternschainof responsibility, invocation interceptor , andpipesand
fil ters) is needed.

� encapsulate context [Kel03] is a context object that encapsulatescommondata
usedthroughoutthe system.This patternis usedto passthe executioncontext for a
componentor a numberof componentsasan object. The executioncontext can,for
instance,containexternalcon�guration data.Thustheencapsulate context pattern
describesoneparticularusecaseof the context object pattern. Henney presentsa
patternlanguagefor realizingencapsulate context, consistingof four patterns:en-
capsulated context object, decoupledcontext interf ace, role-partitioned con-
text , androle-specificcontext object (see[Hen05]). Thesepatternsaregenerally
usefulto implementcontext objects.

� openarguments[PL03] are context objects that supporta dynamicset of argu-
ments.

context objectprovidesageneralizationof theseindividual patterns.

Thecontext objectencapsulatestheargumentsof anoperationin anobjectandmakesthemConsequences

1In [Zdu03, Zdu04a] thispatternin calledinvocation context. To avoid confusionwith thesame-named
patternfrom thebookRemotingPatterns, we henceforthusethepatternnamemessagecontext.



exchangeable.If a numberof operationsareinvoked usingthesamecontext object, data
copying canbe avoided: all consecutive operationswork using the samecontext object
andpassit on to thenext operationafterthey have �nished their work. Thecontext object
couplesthe datastructures(arguments)andthe operationsthat areneededto processthese
arguments.context objectsareextensibleusingordinaryobject-orientedinheritance.

The downsideof using context objects is that invocationsdo not look like ordinary in-
vocations,but muchmorecodefor instantiatingand�lling thecontext objectsis needed.
This reducesthe readabilityof the code. Thuscontext objectsarenot transparentto the
developerusingthem. Also, theoperationreceiving thecontext objectsis di� erentto an
operationusingordinaryarguments.For thesereasons,context objectsareoftenusedin
infrastructuresoftware,wherethey arehiddenfrom thedeveloper.

Notethattherearesomesituations,whereaglobal,well known spaceis asimplealternative to
context objects, whichavoidspassingthecontext objectsthroughthewholeapplication
(anexampleis theenvironmentprovidedto CGI programsby awebserver). This alternative
can easily be abused. Likewise, a dangerof using context objects is that they can be
abusedfor tasksthat aresimilar to thoseof singletons [GHJV94]. They shouldonly be
usedfor modularchainsof invocations.A context object that referencesall elementsof
a systemand is usedlike a global datastructureis dangerousbecauseit stronglycouples
di� erentarchitecturalelements,meaningthattheindividual architecturalelementscannotbe
understood,loaded,or testedon their own anymore.

Someknown usesof thepatternare:Kno wn Uses

� An aspect-orientedcompositionframework interceptsspeci�c events in the control
�o w, called joinpoints. The aspectis appliedto thesejoinpoints. Thus the opera-
tion thatappliestheaspectmustbeinformedaboutthedetailsof the joinpoint. Many
aspect-orientedcompositionframework usecontext objectsto convey this informa-
tion. For instance,AspectJ[KHH +01] realizesits joinpoints using the JoinPoint
interface. From an aspectthe current joinpoint can be accessedusing the variable
thisJoinPoint . The aspectframework automaticallyinstantiatesthe JoinPoint in-
stancesand�lls it with values. For instance,the following instructionin an AspectJ
adviceprintsthenameof thesignatureof thecurrentlyinterceptedjoinpoint:

System.err.println(thisJoin Point .get Signature ().g etName()) ;

� In the Web servicesframework ApacheAxis [Apa04], when a client performsan
invocationor when the remoteobject sendsa result, a context object, called the
MessageContext, is createdbeforea Web servicesmessageis processed.Both on
clientandserverside,eachmessagegetsprocessedby multiplehandlers,whichrealize
thedi� erentmessageprocessingtasks,suchasmarshaling,securityhandling,logging,
transactionhandling,sending,invoking,etc.UsingtheMessageContextdi� erenthan-
dlerscanretrieve thedataof themessageandcanpotentiallymanipulateit.

� In CORBA the ServiceContext is usedasa context object which cancontainany
valueincludingbinarydata.Servicecontext informationcanbemodi�ed via CORBA's
PortableInterceptors.



� In .NET CallContexts areusedascontext object. They areusedto transportinfor-
mation from a client to a remoteobject (andback) that is not part of the invocation
data. Examplesincludesecuritycredentials,transactioninformation,or sessionIDs.
Thedatais anassociative arraythatcontainsname/valuepairs:

CallContext.setData("itemNa me", someData);

� context objectsareoftenusedwhenobjectsaresimulatedontopof proceduralAPIs.
The�rst argumentis acontext objectwhichbundlesall thedataaboutthecurrentob-
ject. For instance,theRedlandAPI [Bec04] simulatesobjectsusingthisscheme.Each
Redlandclasshasa constructor. For instance,theclasslibrdf model canbecreated
usingthe librdf newmodel operation.A context object of the type librdf model
is returned. A pointer to this context object type is usedin all operationsof the
librdf model type.For instance,the“add” operationlooksasfollows:

int librdf_model_add (librdf_model* model, librdf_node* subject,
librdf_node* predicate, librdf_node* object);



Conc lusion

In our earlier patterncollection SomePatternsof Componentand Language Integration
[Zdu04b] we providedthestartingpoint for a patternlanguageon thetopic of softwareinte-
gration,namelycomponentandlanguageintegration.Argumentpassingis animportantissue
in therealmof componentandlanguageintegrationbecausetheargumentpassingstylesof
two systemsto beintegratedmustbealigned.Thus,in thispaper, wehave supplementedour
earlierpatternsfor componentandlanguageintegrationwith someadditionalpatterns.These
patternscanbeusedby developersto realizeargumentpassingarchitectureswhich provide
moresophisticatedargumentpassingsolutionsthanordinaryinvocations.Of course,these
patternscanbeappliedfor othertasksthancomponentandlanguageintegrationaswell. As
futurework, weplanto furtherdocumentpatternsfrom thecomponentandlanguageintegra-
tion domain,andintegratetheminto acoherentpatternlanguage.
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[SR98] PeterSommerladandMarcel Rüedi. Do-it-yourself re�ection. In Proceed-
ingsof Third EuropeanConferenceonPatternLanguagesof Programmingand
Computing(EuroPlop1998), Irsee,Germany, July 1998.

[VKZ04] M. Voelter, M. Kircher, andU. Zdun. RemotingPatterns– Foundationsof En-
terprise, Internet,andRealtimeDistributedObjectMiddleware. Wiley Series
in SoftwareDesignPatterns.October2004.

[Zdu03] U. Zdun.Patternsof tracingsoftwarestructuresanddependencies.In Proceed-
ingsof EuroPlop2003, Irsee,Germany, June2003.

[Zdu04a] U. Zdun. Patternlanguagefor thedesignof aspectlanguagesandaspectcom-
positionframeworks. IEE ProceedingsSoftware, 151(2):67–83,April 2004.

[Zdu04b] U. Zdun. Somepatternsof componentandlanguageintegration. In Proceed-
ingsof9thEuropeanConferenceonPatternLanguagesof Programs(EuroPlop
2004), Irsee,Germany, July2004.

[Zdu04c] Uwe Zdun. Loosely coupled web servicesin remote object federations.
In Proceedingsof the Fourth InternationalConferenceon Web Engineering
(ICWE'04), Munich,Germany, July2004.


