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Argumentpassingneanspassingvaluesalongwith aninvocation.Most programming
languageprovide positionalargumentsastheir ordinaryargumentpassingnechanism.
Sometime®rdinaryargumentpassings not enoughfor instancepecaus¢he number
of agumentsor their typesdi er from invocationto invocation,or optionalarguments
are needed or the sameargumentsare passedhrougha chain of multiple recevers
and mustvary e xibly. Theseissuescan be resolhed using ordinary agumentpass-
ing mechanismsbut the solutionsare usually cumbersome.Iln mary systems,such
asprogramminganguagesprogrammingervironments framewvorks,and middlewvare
systemsadwancedargumentpassingsolutionsare providedto betteraddresgheseis-
sues.In this papemwe presenfour patternsappliedin theseadvancedargumentpassing
solutions:variable argumentlists allow anoperatiorto receve arbitrarynumbers
of agumentspptional argumentdet operationshave argumentswhich caneither
be providedin aninvocationor not,non-positioral argumentsallow agumentgo
be passedn ary orderasnamévalue pairs,and context objectsare specialtypes
usedfor the purposeof argumentpassing.

Intr oduction

Argumentpassings anintegral partof all forms of invocations for instance performedin
object-orientecand proceduralsystems. All systemshat provide facilities for performing
invocationsthusmustprovide someway to passargumentgalsocalledparametersio oper
ations.As a rst examplefor suchsystemsnemightthink of programmindanguagemple-
mentationssuchasinterpreterscompilers,andvirtual machines.But agumentpassings
alsorelevantfor ary otherkind of systenthatperformsinvocationsontop of thefacilities of-
feredby a programmindanguagesuchasmiddlevaresystemsaspect-orientedomposition
frameworks,componenframevorks,interactve shellsof operatingsystemsr programming
languagesgnterprisantegrationframewvorks,andsoforth.

In this paperwe presentsomepatternsthat provide advancedargumentpassingsolutions.
Thesepatternsareimportantfor developersof the systemsnamedabove, whenthey want
to provide someargumentpassingmechanisnin a languageor frameavork. In additionto
that,the patternsarealsorelevantfor developersusingthesesystemsbecausén somesitua-
tionsthe ordinary (i.e. positional)algumentpassingnechanism® eredby the languageor
framework do not copewell with a particulardesignproblem. Thenit is advisableto write
a little agumentpassingframenork on top of the languageor framework that supportsthe
respecire pattern.



Terminology

double max (double a, double b) {

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

}

Figurel: Operationde nition

To explainthepatternsyve usethefollowing terminologyapplicableto all kindsof languages
andframevorks mentionedabore: ary kind of function, proceduremethod,etc.,beit local
or remote,is calledanopeiation. Eachoperationhasan opeiation signatue. The signature
containsat leastan opemtion nameanda list of arguments In typedenvironmentsthe sig-
naturealsocontainstypesfor eachagumentanda returntype. An operationis “called” or
“invoked” usinganinvocation

In the text belav, we sometimeseferto “ordinary amguments”.With this termwe meanthe
typical, positionalagumentso eredby almostary proceduralbr object-orientegrogram-
ming languagesuchasC, C++, Java, Tcl, etc.

Theamgumentsdn thesignaturearecalledformal argumentdecausehey actasplaceholders
for agumentvaluesprovided by the invocation. The concreteargumentvaluesprovided by
an invocationare calledactual arguments Eachactual argumentis mappedto the formal
argumenfatthe sameposition.

When the invocationtakes place,eachformal agumentis lled with the value of the re-

spectve actualagument.This canbe doneby copying the valueof the actualargumentinto

thestoragespaceof the operation(call-by-\value),asopposedo providing only theaddres®f

thestoragespaceof theactualagumentto theoperation(call-by-reference)Anotherscheme
of agumentpassings call-by-namewhich refersto passinghe (unevaluated)codeof the

argumentexpressionto the operation,andthis codeis evaluatedeachtime the agumentis

accesseth theoperation.n dynamiclanguagesgall-by-namecanbeappliedat runtime(ex-

amplesarealgumentsevaluatedusingeval in Lisp or Tcl), or it canbe performedstatically
by compilersor preprocessorée.g. C macros). Thereare a numberof other lesspopular
parametepassingschemessuchas call-by-value-returnin Fortran,or copy-a-value-inand
copy-it-back.

Thetermsareillustratedusinga Java methodandinvocationasanexamplein Figuresl and
2.

double m = max (10,:2);

Figure2: Operationnvocation



Pattern Thefollowing patternsarepresentedn this paper:

Language

Outline A variable argumentlist providesan agumentpassingmechanisnwith a special
syntax,which allows theclientto invoke the operationusingary numberof aguments
for this lastagument. The actualagumentsareput asal list into the lastformal argu-
ment.

optioral argumentsareanargumentpassingnechanisnthatusesa specialsyntaxto
denotethatoneof theformal agumentss optional. A defaultvalueis provided,which
is usedin casetheclientdoesnot provide theoptioral argumentin aninvocation.

nornpositioral argumentsare an agumentpassingmechanisnthat allows clients
to provide agumentsn aninvocationasnamévalue pairs. Becauseeachargumentis

namedthe agumentscanbe providedin ary order andthe agumentpassingmecha-
nismautomaticallymatchegshe correctactualagumentdo the formal aguments.

A context objectis a specialobjecttype thatis usedfor agumentpassing. This
objecttypeis usedasanamgumentof the operation(oftenit is the only agument),and
the agumentsto be passedo the operationare encapsulateth the context object
(e.g.asinstancevariables).

Related Thereareanumberof relatedpatternsdocumente@lsevhere thatplay animportantrole for
Patterns the patterngdescribedn this paper We wantto explain someof thesepatternsrie y:

An automdc type conveter [Zdu04l corvertstypesat runtimefrom onetypeto

another Therearetwo main variantsof the pattern: one-to-onecorvertersbetween
all supportedypesandcorvertersutilizing a canonicaformatto/from which all sup-
portedtypescanbe converted. An automac type conveter is primarily usedby

the patterngresentedbelow for realizingtype conversions.

In areflection [BMR*96] architectureall structuralandbehaioral aspectof a sys-
temarestoredinto meta-objectandseparatedrom the applicationlogic components.
Thelattercanquerytheformerin orderto getinformationaboutthe systemstructure.
In anagumentpassingarchitecturereflection is especiallyusedto introspectordi-
nary operationsignaturego performa mappingbetweenthe agumentspassedising
the patternsandordinaryinvocations.

The context objectpatternis agenerabpatternfor passingargumentsusinga special
objecttype. Variousspecial-purposeariantsof this patternhave beendescribedn the
literaturebefore: invocdion contexts [VKZ04] are context objectsusedin dis-

tributed invocations;messge contexts [Zdu03 Zdu044 arecontext objectsused
in aspect-orientedompositionframavorks andinterceptorarchitecturesarguments
object[Nob97] is an objectthat containsall elementsof an operationsignature for

instance asvariables;anything [SR98] describes genericdatacontainer,encapsu
late contexts [Kel03 arecontext objectsusedto encapsulateommondataused
throughouthe systemppenargumentgPL03] arecontext objectsusedto support
adynamicsetof aguments.

A propety list [SR9§ is a datastructurethatallows developersto associatemames
with arbitraryvaluesandobjects.This structureis neededo represent simplelist of



nonpositioral arguments Thepropety list patternthuscanbeusedto internally
implementthe non-positioral argumentsattern.

Figure3 shavs an overview of the patternsdescribedn this paperandthe relationshipsex-
plainedabove. The patternglescribedn this paperarerenderedn black,therelatedpatterns

in grey.

uses internally for type conversions ————» (Automanc Type Converter ><—

Reflection T

4 A A uses internally for
introspect signature of ordinary invocations type conversions
) L

(Variable Argument List >— can realize—» (Optional Arguments ) <—can realize—(Non-Positional Arguments )

T
_can be used for
internal realization

1 I
alternative/context object can be used for internal realization
v v v Property List
Context Object
uses internally for type conversions ————

variant of context object
J L

v — R— ' !

<Invocati0n Context ><Message Context )(Anything ><Argumems Object ><Open Arguments )(Encapsulate Context >

Figure3: Patternmap: Mostimportantrelationshipof the patterns




Conte xt

Problem

Forces

Solution

Variable Argument List

You are writing operationsto be invoked for instancein a programminglanguageor in a
distributedsystem.

A particular operation needsto receve a varying number of arguments,and you do not
know in advancehow many argumentswill be receved. You only know that the argu-
mentsto bereceved are all of the sametype, and they canbetreatedin a uniform way.
Ordinary operation signatures, however, cannot retrieve arbitrary numbers of argu-
ments. Thus you have to apply tediousand error-proneworkar oundsfor this situation,
suchas abusing polymorphism (e.g overloading) or passingthe argumentsin a helper
data structure.

Consideryou wantto process list of objects,but do not know in advancehow mary argu-
mentsarein thelist. For small numbersof objects,you canuseoverloadingto be ableto
invoke the operatiorwith a varyingnumberof aguments:

void processList(Object  0l) {
/...

}
void processList(Object 01, Object 02) {

...

}
void processList(Object 01, Object 02, Object 02) {

...
}

Besidegheproblemthatyou have to write ahugenumberof unnecessargperationsyouface
the problemthatthis approactdoesnot scalewell for possiblylargernumbersof aguments:
consideryou might receve lists with up to 1000arguments. You would have to write 999
unnecessargperations.

An alternatve solutionfor this problemis to bundlethe algumentsn a collectiondatastruc-
ture (suchasa list or an array). But this solutionis quite comple becausen eachsuch
operationyou have to processhe agumentsn thelist, andfor eachinvocationyou have to
Il thedatastructurebeforeyou canperformtheinvocation.

A collectiondatastructurerequiresthe callerto put the appropriateargumentsinto the data
structure which make the callermorecomplex. Note thatthe overloadingsolutionsketched
above, in contrastmakesthe calleemorecomplex anderrorprone.

Anotherproblemof usinga collectiondatastructures thattwo kinds of invocationsexist in
the system Ratherit would desirablehatall invocationdook thesame.

Provide a specialsyntaxfor the variable argumentlists that might be addedasthe last
argument, or the only argument, to the argumentlists of operations. Eachargumentin
the variable argumentlist is of the sametype, which might be a generictype suchas
string or void pointer. The languageimplementation (e.g the compiler or interpreter)
or the framework implementation (e.g the distrib uted object framework) provides a



Discussion

Consequences

functionality to processthe variable argumentlists. Thus, from the developers per-
spective, all invocationsof variable argumentlist operations look just lik e ordinary
invocations, exceptthat they vary in their length. Also, provide an APl to make the
argumentspassedthr ough a variable argumentlist accessiblerom within the opera-
tion.

The agumentsof variable argumentlist mustbe distinguishablén the invocationfrom

otheraguments.That's thereasorwhy variable argumentlist areusuallyrealizedasthe
lastagumentin theoperation. An alternatve is to delimit themin theinvocation for instance
using a specialcharacter But this would violate the goal that invocationswith variable

argumentlist shouldlook the sameasordinaryinvocations.

In principleit is alsopossibleto have variable argumentlists be placedin the middle of
ordinaryarguments.This, however, is not advisablebecauseén this caseit is easythatbugs,
suchaswrongnumberof agumentsarenot detected.

Similarly, a simple,working solutionis to allow only for onevariable argumentlist per
operation. In principle it is also possibleto have more variable argumentlists in one
operation,if the agumentscan be distinguishedby their type. Again, this might leadto
bugsthatarehardto nd, for instancewhenoneof theamgumenttypescanbe automatically
corvertedto anothemne.

In type-safeernvironmentstype-safetyis anissuewhenusingvariable argumentlists . The
typical solutionis to let all agumentsin the variable argumentlist be of the sametype.
Otherwise|t would be necessaryo de ne how to handlethedi erenttypesandmaybede-
limit them,meaninghatvariable argumentlists would have aprettydi erentappearance
in thesignatureghanordinaryagumentgwhichis usuallynotwanted).If di erenttypesare
neededn avariable argumentlist , a supettype of thesetypescanbe usedfor de ning
thevariable argumentlist or, if thisis not possible a generictype, suchasstring, void* ,
or Object . A variable argumentlist in anuntypedenvironmentis equivalentto usinga
generictypein typedervironments.

In summaryin mostcasest is advisableo allow for only onevariable argumentlist per
operatiorsignatureandenforcethatthis variable argumentlist is thelastargumentof the
operationsignature.All agumentsof the variable argumentlist are passedsthe same
type.

Note that we requirea way to retrieve the agumentsin the variable argumentlist from

within the operation.Here,variable argumentlist agumentsmustbeabit di erentthan
ordinaryargumentspecausén the oneoperationsignatureslementhatrepresentshe vari -

able argumentlist n agumentsarehidden.Usually an API or specialsyntaxis provided,
which providesawayto (a) retrieve thelist of variableagumentge.g.asalist datastructure)
and(b) nd out how mary variableagumentsare passedhrough. Using this information,
thevariable argumentlist canbe processedsingthe operationf thelist datastructure.

variable argumentlists solve a prevalentconcernin writing genericandreusableopera-
tions. They arean elegantsolutionbecausehey areappliedautomaticallyanddo not look
muchdi erentto ordinaryinvocations.Only the operationimplementatiommustbe written
in aslightly di erentstyle.

If variable argumentlist arenotlanguage-supporteat framevork-supportedsomee ort



Known Uses

to provide animplementations required. A simpleemulation(e.g.usinga collectiondata
structure)s notmuchwork, but onealsohasto write alittle programgeneratoto corvertthe
invocationto thevariable argumentlist format.

A muchsimpler but slower solutionis to usestrings(or othergenerictypes)for agument
passingandan automa#c type conveter to convert the invocationsbackandforth. An
invocation:

processList(3, 1, 2, 3);

wouldthenbecome:

processList("3, 1, 2, 3;

This is not very desirablein the context of mary programmindanguagebecauseagainwe
would endup with two di erentstylesof invocations.Moreover, the solutionis ratherslov
becauséackandforth conversionto stringsis required. But thereare situationswerethis
solutionis highly applicable.For instancejn string-basegrogramminganguagegsuchas
mostscriptinglanguages)hereis nodi erencein the invocationstyles. Or, in middlevare
implementationshe invocationsaresentasa byte-arrayover the wire aryway. Thus,again,
thereisnodi erenceo all otherinvocations.

variable argumentlists canmale overloadingresolutionmore comple, ambiguousopr,
in somesituationsgvenimpossible. Thususuallyit is advisablenotto useoverloadingfor an
argumentthatis realizedasavariable argumentlist , or atleastintroduceanunambiguous
rule for overloadingvariable argumentlists .

Type-safetymight be compromiseddependingn the variable argumentlists implemen-
tation (comparehe C/C++ andJava known useshelow).

Someknown usesof thepatternare:

In C andC++ variable argumentlists arelanguage-suppatl. In placeof the last
argumentyou shouldplaceanellipsis (*... ). C andC++ provide an API 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 ary otheroperation:



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

Pleasenote that functionsthat take a variable numberof aguments(“varags”) are
generallydiscouragedn C/C++ style guides(seee.g.[CEK*00]) becauséhereis no
truly portablewayto dovaragsin C/C++. If varagsareneededit is advisableo use
thelibrary macrosfor declaringfunctionswith variant argumentlists .

In the scriptinglanguagerlcl (similar to otherscriptinglanguagesa specialagument
args canbeprovidedto anoperationasthelastargument.in this caseall of theactual
algumentsstartingat the onethatwould be assignedo args arecombinedinto allist.
This combinedvalueis assignedo the local variableargs , which is an ordinary Tcl
list.

Leela[Zdu04q is a Web servicesframeavork thatusesvariable argumentlists for
genericagumentpassingoetweenNeb services A Leelaserviceis boundto a SOAP
endpoint,andthis endpointo ersa string-basednterface. This interfaceis mapped
to the Web serviceoperationusing reflection (seealso the patternintr ospection
options[Zdu03).

In Java, startingwith version5.0, VarArgs areprovided. Java's solutionis similar to
the C solution. A majordi erencds thatit is type-safe.For instance we canspecify
anoperationfor processin@ String  list:

public static void processList(String... args) {
for (String a : args) {
System.out.printin(a + ")
}
}

Java's VarArgs canreceve ary amgumenttype by usinga moregenerictype, suchas
Java’'s Object , for instance.

Many programminglanguagesprovide a variable argumentlist mechanismto
receve argumentsfrom the commandline. This designis due to the amgument
passinginterface of commandshells,especiallyUNIX shells,which led to C/C++'s
“int main(int argc, char *argv[]) interfaceto programs. Most contemporary
programminglanguagessupporta similar interface, for instance,in Javza, command
line agumentsare mappedto a special String array that is the agumentof the

operatiort‘'static  void main(String[]  args) ".



Conte xt

Problem

Forces

Optional Arguments

You are writing operationsto be invoked for instancein a programminglanguageor in a
distributedsystem.

Sometimesone operation can be de ned for a varying number of arguments. This sit-
uation canin 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 should not be treateduniformly.

Constructorsare operationghat shouldbe able to receve di ering numbersof aguments
becauseali erentclientswantto con guredi erentvalues.All unspeci edvaluesshouldbe
lled with defaultvalues.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,the variableshomeAddressandworkAddress areoptionalandhave null as
a default value. To realizethis concern,the Person constructomeedsto be de ned twice,
just to passthe default valuesto the operationthat really doesthe work. Usually thereare
moresuchconstructorsandwe needto provide similar forwardersn subclasseaswell. For
instanceto provide the optionthatthe work addresss optional,anotherconstructothasto
beadded.

The solutionin the example usesJava's methodoverloadingwhich works by realizing a
concernusingmultiple operationswith di erentsignaturesaindpossiblychainingthemwith
invocationsamongeachother (asin the exampleabore). This is a heary-weight solution
for the simple problemof realizingan optionaldefault value. For eachoptionalargument,
and eachpossiblecombinationof optional aguments,we needto provide one additional
operation. Theresultis a lot of unnecessarlines of code,reducingthe readabilityof the
program.

Anotherproblemis thatwe cannotprovide all possiblecombinationsof agumentshecause
Java's overloadingmechanisnselectsnethodsonly onbasisof thesignatureof theoperation.



Solution

Discussion

Sometimeghe typesof agumentscon ict, for instance,in the abore examplewe cannot
provide default valuesfor both homeAddressand workAddress, becausdhe two operation
signatures:

Person(Name_name, Address _homeAddress);

and:

Person(Name_name, Address _workAddress);

arecon icting. The compilercannotdistinguishbetweenthembecausehey have the same
typesin their signature.

Notethatit is not elegantto usevariable argumentlists in this andsimilarexamples.The
argumentsf constructorarenamedandtyped. With a variable argumentlist youwould
have to passall theamgumentausinga generictype,andthenobtaintheindividual alguments
usingtheir positionin the variable argumentlist . This approachmakesit hardto handle
changesn agumentlists.

Intr oducea specialsyntaxfor operation signaturesto mark someargumentsasoptional

arguments For eachoptional argumentprovide a default value. Provide a language-
support or framework-support for selectingor passingargumentsto operations who
have optional argumentsit isimportant that there are no syntacticambiguities which
actual argument belongsto which formal argument.

optional argumentsequiredefaultvaluesbecausavithoutthemit wouldbeunde nedhow
to handleaninvocationin which anoptioral argumentis omitted. Default valuescanbe
providedin di erentfashions:

They cansimply be providedin the operationsignature wherethe optionalagument
is de ned.

They canbelooked up at runtimeandaddedto the actualinvocationby the language
implementationor framewvork. To usethis variantis advisableif the default values
shouldbe modi able afterthe programhasbeencompiledor started.For example the
default valuescanbede nedin acon guration le or anexternalrepository

They canbe de ned programmatically:somecodehandleghe situationwhenanop
tional argumentis not providedby aninvocation.

They canbeimplicitly de ned, for instance,by somecorvention. For example, if
thereis an“empty” valueor system-widalefault value this valuecanbechoserby the
languageor framework if no valuefor theoptioral argumentis given. If thereis an
old value(e.g.from previousinvocations) alsothe old valuecanbe usedasthe default
value.

Theoptioral argumentspatternis oftencombinedwith otherpatterns A variable argu-
mentlist isimplicitly anoptioral argumentthatdefaultsto “empty”. Whentheoptioral



Consequences

Known Uses

argumentspatternis combinedwith variable argumentlists, it is importantthatthe or-

derof the two patternsan argumentlists is clearly de ned, sothatthereareno ambiguities.
nonpositioral argumentsareoftenoptional arguments meaningthatan omittednon

positioral argumentis treatedasbeingoptional. A context objectimplementatiormight
alsoprovide supportfor optioral arguments

optioral argumentsprovide a look andfeel similar to ordinaryinvocations. They canbe
appliedautomatically In the operationsignaturea specialsyntaxis requiredfor de ning an
argumentasbeingoptionalandfor de ning or retrieving thedefaultvalue. Usuallyinvocation
andoperationbodiesdo not have to be adaptedo be usedwith optioral arguments

In compiledlanguagesthe default valuescannotbe changedat runtime. For a changeof a
default valuearecompilations necessary

Someknown usesof thepatternare:

In a C++ operationde nition, the trailing formal agumentscan have a default value
(denotedusing“="). The default valueis usuallya constant. An exampleis the fol-
lowing operationsignaturewhich recevestwo int amgumentsthe secondonebeing
optionalwith the default values:

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

Marny scriptinglanguagesupportoptioral argumentfor operationsin Tcl [Ous94,
for instancepptioral argumentscanbe de ned aspairsof agumentnameandde-
fault value. optioral argumentsneednot be speci ed in an operationinvocation.
However, theremustbe enoughactualargumentdor all the formal agumentsarenot
optioral argumentsandtheremustnotbeary extraactualarguments For instance,
the following log procedurenasan optionalargumentout _channel , which is per de-
faultcon guredto the standardutput:

proc log {log_msg {out_channel stdout}} {

}

If the lastformal agumenthasthe nameargs, it is treatedasa variable argument
list . In this caseall of the actualagumentsstartingat the onethatwould be assigned
to args arepassechsavariable argumentlist . Thatis, it is not possiblethatthere
areambiguitiesbetweertheoptioral argumentsandtheargumentgor thevariable
argumentlist .

In the GUI toolkit TK [Ous94, constructorof widgetsprovide accesgo the widget
options,suchasbackgroundwidth, colors,texts, etc.,asoptioral argumentswhich
representitheremptyvalues(like anemptytext) or valuesthatareoftenchosen(e.g.
the color of thesurroundingvidget). A TK widgetcanthereforebeinitiatedwith only
averyfew linesof codebecausenly thoseoptionsthatdi erfrom thedefaultsmustbe
provided. For example,thefollowing codeinstantiates buttonwidgetandcon gures
it with the label “Hello” anda callbackcommandthat prints “Hello, World!” to the
standardbutput:



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

The operationconfigure allows TK programsto accesshe widget options. Thus
configure is anoperatiorwith non-positioral argumentsn whicheachargumentis
anoptioral argumentandits valuedefaultsto the currentsettingof thewidget. This
way only thoseoptionsof a widgetto be changedmustbe speci ed in a configure
invocation.For example,we cancon gure aredbackgroundor the buttonwidget:

.hello  configure -background red

TheGNU ProgramArgumentSyntaxCorventiond GNUO5] recommendyuidelinedor
commandine agumentpassing.To specifyanagumentasanoptioral argument a
so-calledong option, it is written as--name=value . This syntaxenablesalong option
to acceptan agumentthatis itself optional. Many UNIX tools andcon gure scripts
follow this corvention. For example,mary con gure scriptso eranumberof options,
suchas--prefix and--exec-prefix  (thoseareusedfor con guring the installation
path). Thesealgumentscanoptionallybe appendedo con gure invocations:

Jconfigure  --prefix=/usr --exec-prefix=/usr

If the optionsareomitted,they have a default value,suchas/usr/local
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Non-Positional Arguments

NamedActual ArgumentsNamedParametes
You performinvocationsfor instancejn aprogrammindanguager in adistributedsystem.

You needto passargumentsalong with an invocation. You are faced with one of the
following two problems: rstly , at the time whenyou designthe operationwhich receves
the arguments, you do not know how many arguments needto 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 meaning of the whole invocation. Matters becomeeven worse when both problems
occurtogether; i.e.thereis alargenumber of argumentsand someof them are optional

arguments

Considetthefollowing invocation:
ship.move(12, 23, 40);

This very simpleinvocationcanonly be understoodvith the speci cation of the operation
movein the backof the mind. Developersusuallyhave to dealwith alot of suchoperations
at the sametime, andthusit is impossibleto remembeithe meaningof all agumentsof all
operations.To understana program,onehasto continuouslylook at the operationspeci -
cations.

This exampleillustratesthe problemof readabilitythat mary ordinary invocationsmight
have, oncea certainnumberof algumentss exceeded.

Anotherimportantproblemis that of extensibility Programmindanguagedike Javao er
overloadingto extendoperationssuchasmovein the exampleabove. This way we canover

load an operation,and provide multiple realizationof the operation. For instance we can
provide one moveimplementatiorthat recevesthreeintegersas aguments(as abore), and
onemoveimplementatiorthat recevesan objectof type ThrustVector . But asoverloading
depend®nthetype systemwe canonly de ne overloadedperationsvith adi erentnum-
berof agumentsandor di erenttypesof aguments.We arenot ableto provide a second
realizationof movethatalsorecevesthreeintegers.

Fromtimeto time, we male little semantianistaleswheninvoking suchoperationswith or-

dinaryoperationsFor instancewe might twist two agumentsn aninvocation. Most of the
time the compiler nds suchmistalesbecauseali erenttypesareneededpr our application
codecomplainsbecausehe valuesprovided are not meaningful. But sometimesuchmis-
takes stayundetectedecausdhe twistedargumentsare of the sametype andthe provided
valuesaremeaningful.For instancejn the abose example alittle mistale like:

ship.move(40, 12, 23);

might stayundetectedSuchmistalesmight producehardto nd bugs.
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Discussion

Thepatternvalue object[Hen00a Hen00R providesa possiblesolutionto this problem.A
value objectis realizedby alightweightclassthathasvaluesemanticsandis typically, but
not always,immutable. If we make all valuesof the exampleoperationvalue 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 typed and supportsmultiple combinationsof aguments.Using value ob-
jects, hawever, requiresus to changethe operationsignature. This might not be possible
for third-party code,andthuswe needto write a value object wrapperfor eachextended
third-party operation. The value object solution doesonly work well for small numbers
of possibleaguments,becauseperationoverloadingmeanswriting additionaloperations
for eachpossiblecombinationof aguments. Also, typescan only be usedto distinguish
agumentsaslong asthey aredi erent(considetwo Thrust amgumentsfor instance).

Provide an interface to passnon-positioral argumentsalong with an invocation. Each
nonpositioral argumentconsistsof an argument name plus an argument value. The
argument name can be matched to the respectve arguments of the operation. Thus
it is no longer necessaryto provide the argumentsin a strict order, but any order is
applicable. Usually nonpositioral argumentsare optional arguments

Non-positionabrgumentprovide eachargumentasanameévaluepair. We needsomesyntax
to distinguishnamedrom values.For instancewe canstarteachagumentmamewith adash
“-". Thenwe canwrite theabove invocationexamplein aform like:

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

Of course this form doesnot conformto the syntaxof ordinaryargumentsof the program-
ming languagearymore. Thus we mustimplementsomesupportfor dealingwith non
positioral argumentinvocations:

We canprovide programgeneratofpreprocessonyvhich parseshe programtext, nds
the nonpositioral argumentinvocations,and checksthat they conformto the ar
gumentsrequiredby the operation. The preprocessosubstituteghe non-positioral
argumentinvocationswith ordinaryargumentinvocations.

A moresimplewayto realizenon-positioral argumentinvocationss to useastring-

basedsyntax. Thatis, all operationsreceving non-positioral argumentsreceve

only onestringasanargumentin which the non-positioral argumentsareencoded,
suchas:

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

Thissyntaxis simple,butwe needo parsethestring,type-cowerttheamgumentgusing
anautomaic type conveter), andmapthemto the ordinaryaguments.Runtime
string parsingis slover thaninvocationsinjectedby a programgeneratar



We canprovide a speciakind of context objectwhich holdsnon-positioral argu-
ments Thatis, the context object mustbe ableto storea dynamiclengthtable or
list of namévalue pairs,andthe valuesmustbe of a generictype. Thustype cornver
sion might get more simplethanin the string-basediariant,andthe solutionis more
e cientthanstring parsing. The context object, hawever, requiresadi erentsyn-
tax thanordinaryinvocations. Thusin mostcasescontext objectsshouldratherbe
usedinternally to implementnonpositioral argumentsand stay hiddenfrom the
developer

Finally, it is also possiblethat a programminglanguageprovides supportfor non

positioral arguments Alternatively, someprogramminganguagesanbe extended
with supportfor nonpositioral arguments All othervariants,describedbefore,
requireda non-positioral argumentframevork — on top of a positionalarguments
implementation- for supportinghe pattern.

Whennon-positioral argumentsareimplementedn top of positionalagumentsyve need
somecorverterthatis invokedbetweertheinvocationandtheexecutionof theoperation.The
corvertermusttransformthe nonpositioral argumentsnto positionalagumentsThatis,
it needd4o mapthe namedactualagumentgo namesof theformal, positionalarguments.To
do so,thecornvertermustknown aboutthe nameandtype of eachpositionalagument sothat
it canmapthenonpositioral argumentsn the correctway. This knowvledgecaneitherbe
provided to the corverter(e.g.at compiletime or loadtime), or reflection canbe usedby
the corverterto acquiretheinformationat runtime.

The corverteris alsoresponsibldor applyingtype corversionsif they are necessarye.g.
usingthe automa#c type convetter pattern),and mustraiseexceptionsin caseof type
violations. Notethatthe corvertermustalsocheckfor overloadedperationsandotherkinds
of operationpolymorphism|f supportedy the programmindanguageanddecideon basis
of the provided non-positioral argumentswhich operationimplementatiomeedsto be
invoked.

In the “programminglanguagesupport” variant, the languageimplementation(compiler

interpreter virtual machine, etc.) realizesthe cornverter In the “program genera-
tor/preprocessorvariant,the generatogenerateshe corversioncode. In the othervariants,
“string-basedsyntax” and“context object’, the developermight have to manuallytrigger
thecorverter Forinstancethe rst linesin theinvoked operatiormightquerytheaguments,
or theinvoking codemusttriggerconversion,suchas:

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

The converterinternally needsto hold and perhapgpassaroundthe name-alue pairs. The
patternpropety list [SR9§ providesa datastructurethat allows namesto be associated
with arbitraryothervaluesor objects.It is thusideally suitedasanimplementatiortechnique
to internallyrepresenthe non-positioral argumentseforethey aremappedo theinvoca-
tion. A hashtabledatastructureis an(e cient)meango implementthepropety list data
structure(this solutionis usedby mary scriptinglanguagesuchasPerlor Tcl).

Thepatternanything[SR98]is analternatve for propety list , wherepropety list is not
su cient. It is agenericdatacontainerfor one(primitive) valueof ary kind or anassociatie



Consequences

array of thesevalues. The patternthuscanalsobe usedto implementnonpositioral ar-
gumentsFinally, thecontext object patterncanbe used(only internally)to hold andpass
aroundthe non-positioral arguments

All non-positioral argumentsfor which we canassumea default value are usually op-
tional arguments For instance,jn the examplewe might wantto move the ship without
changingthe course,or just changethe course,or just changethe coursein onedirection.
Using nonpositioral argumentswith optioral argumentswve canassumeheold value
asdefaultfor all valuesnot speci ed andthendo invocationdike:

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

ship.move -thrust 10 -right 15;

Thebiggestdantageof nonpositioral argumentss thatthey enhanceeadabilityandun-

derstandabilityof long agumentlists. They canalsobe usedontop of positionalaguments,
meaningthatthey canbe usedto enhancehe documentatiomf invocationsin a framework,

withouthaving to changeahepositionalsignatureof a (given)targetoperation(seethe SQAP

examplebelov for anexampleof distributedinvocations).

Extensibility is alsoenhancedecaus@verloadingextensionsof an operationcanbe based
on the selectionwith anidenti er (the amumentname)andnot only usingthe type of the
argument.Thecombinatiorwith theoptioral argumentpatternsupportgheextensibility of

nonpositioral argumentsandenhancethechangeabilitywhenextensionsareintroduced:
developerscande ne default valuesfor extensiongo a given operation.Thatis, invocations
usingtheold versionwithoutthe extensionarestill valid anddo notneedto be changed.

nonpositioral argumentgeduceherisk of mistalesduringamgumentpassingecause¢he
developerhasto nametheargumentto which avaluebelongs.

A dravback of nonpositioral argumentsis that they are more verbosethan positional
alguments. Thatis, a programwith non-positioral argumentshasmore lines of code.
This dravback doesnot necessarilyoccur when optioral argumentsare usedtogether
with nonpositioral argumentsand default valuescan be used. Consideran operation
with 20 options,and you wantto changeonly one of them. nonpositioral arguments
with optional argumentsallow you to specify only the nameand the value of that one
argument:theresultis aninvocationwith two extra wordsfor aguments. An operationwith

positionalagumentghatchangesll 20 optionswould requirel8 wordsmorethanthat(plus
invocationsto querytheold valuesof theagumentasotto be changed).

If the systemor languagedoesnot yet supportnornpositioral argumentsandyou wantto

introducethem,dependingnyoursolution,di erentchangeso the systermeedto bemade.
For instance you might have to introducea corverter andthe converterintroducesa slight

performancalecreaseln somesolutions,discusseabore, the signatureor implementation
of the operationamustbe changed.Othersolutions(like the language-basedr generator
basedrariantsyequiremoree ortsfor implementinghem.Thee ortsanddravbacksof the

individual solutionsneedto comparedo the bene tsof nonpositioral arguments

If positionalagumentsaresupportedswell, two stylesof invocationarepresentThesyntax



for bothvariantsshouldbe distinctive, sothatdeveloperscanseeat rst glance,which kind
of invocationis usedor requiredby anoperation.

Known Uses Someknown usesof thepatternare:

The SQAP protocol [BEK*00], usedfor Web servicescommunication,usesnon
positioral arguments For instance an invocationof an operationGetPrice with
oneargumentitem mightlook asfollows:

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

In SOAP theresponsenessagalsocontainsnornpositioral arguments

Web services framavorks implementedin languagesthat do not support non

positioral arguments must map SQAP's nonpositioral argumentsto the
positionalargumentsof the programminglanguage. For instance the Web services
framavork ApacheAxis [Apa04 containsanautomaic type conveiter whichmaps
thenonpositioral argumentseliveredin SOAP messageto Java invocationsand
vice versa.

TheGUI toolkit TK providesnon-positioral argumentgor con guring the TK wid-
gets. Eachwidget hasa hugenumberof options. Most of the time it is enoughfor
a Widgetinstanceto con gure only a few of theseoptions. For both readabilityand
extensibility reasonsit is nota goodchoiceto performthecon gurationof thewidget
optionsusingoperationsandoperationoverloading asusedby mary otherGUI toolk-
its. For instancea buttonwidgetwith norntpositioral argumentscanbecreatedike
this:

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

We canalsosendary of the possiblewidgetagumentsasnon-positioral arguments
to thewidgetfor recon guration.For instancewe canchangehefont like this:

.b configure -font {Times 16}

The adwantageof nonpositioral argumentsarethatwe canchooseary of the 32
widgetoptionsin TK 8.4 for a buttonin ary orderandthatwe candirectly seewhich
optionis con gured in which way. TK constantlyevolves. For instance,in TK 8.0
the buttonwidgethadonly 28 options.Nevertheles§ K 8.0scriptsusuallywork with-
out changesgompatibility operationspr othermeasureshecausehe non-positioral
argumentsarecombinedwith optioral arguments

Open/ACS [GA99] is atoolkit for building scalable community-orientedVeb appli-
cationson top of a Web sener. It usesthe Tcl scripting languageas a meansfor
developersto adduserde ned operationsandcall themfrom Webpageqor Webpage



templates). One meansto support e xible operationsare so-calledad_proc opera-
tions. Theseoperationscan be declaredwith regular positionalaguments,or with

non-positioral argumentsIn addition,whennon-positioral argumentsareused,
it is possibleto specifywhich onesarerequired,optional,andboolean.Optionalargu-

mentsrequireadefaultvalue. They areanimplementatiorof theoptioral arguments
pattern.An exampleis:

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

PO 4G}

In this operationsignature the algumentsusername and password are required,the
domain argumentis anoptioral argumentwhich defaultsto anemptystring.

XOTcl [NZ0Q] is anobject-oriented cl variantwhich supportsnon-positioral argu-
mentsfor all its operationslts modelis similar to thatof the OpenACS framework.
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Problem

Forces

Solution

Discussion

Conte xt Object

You areinvoking operationsfor instancejn a programminganguageor distributed object
system.

You want to deliver complexor varying information to an operation. For instance,there
is a huge number of arguments, the number of arguments varies from invocation to
invocation, or there are optional argumentsSoordinary, positional argumentsare not
really working well here. In addition to passingthe information to the operation, you
needto procesghe 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 passedhr ough multiple operationsand eachonecanadd or
remove someinformation. The argumentsmight beofdi erenttypes(or kinds) and thus
cannotbetreateduniformly. Sothe patternsvariable argumentlist or nonpositioral
argumentsio not resole all concems either.

Considernnformationthatis passedhroughmultiple operationsandeachoperationcanadd
or remove arbitraryinformation. For instancethis situationis typical for realizationsof the
patternschainof responsibility[GHIV94], invocdion interceptor [VKZ04], andpipes
andfil ters [BMR*96, SG96]. Using ordinary positionalargumentsis cumbersomérere
becauseachoperationvould have to know thesignatureof its successaoio beableto invoke
it. Thusthe modi ability of this architecturevould be limited: the operationscould not be
assembledh arbitraryorder

A variable argumentlist could help to avoid this problembecausell operationswvould

justreceve the variable argumentlist andthushave the samesignature.The operations
couldbeassembledh ary order But, asa drawvback,eachoperationwould have to process
thevariable argumentlist beforetheargumentsouldbeaccessedr changedThismeans
a slight performanceoverhead.Also, it shouldbe possibleto reusethe codefor processing
thelist in di erentoperationsbecausdikely mostof themwill procesghe list in moreor

lessthe sameway — whichis not supportedlirectly by thevariable argumentlist pattern.
variable argumentlist only supportagumentsof the samekind. If therearedi erent
types,for instancecorversionto andfrom a genericformatwould be necessary

If justavariablenumberof namedargumentss needednonpositioral argumentsmight
resohe the problem. If the agumentsor the processingequirementsare more comple,

however, this won't work well either becauseion-positioral argumentsdo not support
comple processingnstructions.

Passthe argumentsin a special object type, a context object. This object provides
all argumentsasinstancevariables. The classof the object de nes the structur e of the
context object and the operationsrequired to processhe arguments. Using ordinary
inheritance, more specialcontext objectscan be derived.

A context objectmustbeinstantiatecand lled with values(e.g.with theactualarguments
to bepassedo anoperation) A typical examplelooksasfollows:

Context ¢ = new Context();



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

In the operationreceving the invocationthe agumentsmustbe accessedia the context
object sAPI. For instanceanaccesso avaluemightlook asfollows:

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

The API in this exampleuseskey/value-pairs.This, however, is just an example,context
objectscanuseary kind of datastructure For instancethe sameexamplecouldberealized
usinga specialshipcontext objectthatrecevesthevaluesasinstancevariables suchas:

ShipContext sc = new ShipContext();
scleft = 12;

sc.right = 23;

sc.thrust = 40;
ol.invokeOperation(sc);

A context objectis analternatve to the patternsvariable argumentlist , optioral ar-

gumentsandnonpositioral arguments context objectis moregenericthanthesepat-
terns. This is becauseachof the otherpatterns solutionscanbe realizedusinga context

object However, in the concretesolutionsappliedby thesepatternsthe patternsprovide
moresupportthana solutionusinga genericcontext object In particular the patternsusu-
ally allow for invocationsandargumentaccesshatlooksnodi erentto ordinaryinvocations
andamgumentaccess.

Therearesomestyleguidesthatadvisethe useof context objects Forinstancean“old” C
programmingguidesays:“if afunctiontakesmorethanfour parametergpackthemtogether
in a structandpassthe structinstead”. context objectscanbe seenasthe object-oriented
successobf this guideline. In general,however, context objectsare especiallyusedin
infrastructuresoftware. Thatis, they are often not visible to the developer but only used
internally Examplesare:

Implementation®f the patternsvariable argumentlist , optioral argumentsand
nonpositioral argumentsn interpretersgcompilers or programgeneratorganpass
theagumentswithin theirimplementatiorusingcontext objects

Distributed objectsystemaeedto be passthe distributedinvocationthroughthe lay-
ers of the distributed object systemusing a context object At the client side, an
invocationgetsstep-by-stepransformednto a byte-arrayto be sentover thewire. At
the sener side, the invocationof the remoteobjectis createdstep-by-stedrom the
incomingmessageAgain the invocationneedgo be passedhroughmultiple entities.
Besidesinvocationinformation, extra context information mustbe transmitted such
assecurityinformation(like passwords) or transactiorcontets. This specialvariant
of the context object patternfor distributed objectframeavorksis calledinvocdion
context andis describedn thebook RemotingPatterns[VKZ04].



Consequences

Aspect-orientegoftwarecompositionframevork needto interceptinvocationsandin-
directthemto aspecimplementationsThis is mostoftendonewith context objects
(see[Zdu044g). Thepatternlanguagen [Zdu03 describes patternfor suchmessge
contextst. Thepatternis aspecialvariantof context objects

In all threeexamplesthe context objectsarehiddenfrom developersandareusedinsideof

aframework usedby thedeveloper An automaic type conveter is usuallyappliedby the
context objectimplementatiorto transparentlyconvert generictypes,usedfor instancein

adistributedmessagep the speci c typesde ned by theuseroperationsothattheusedoes
not have to carefor type corversion.

Besidesthe two variants of context objects mentionedabove, invocdion context
[VKZ04] andmessge context [Zdu03 Zdu044, therearemorecontext objectvariants
documentedh the patternliterature:

argumentsobject[Nob97) is anobjectthatcontainsall elementf anoperationsig-

nature,for instance asvariables. The argumentsobjectis passedo the operations
with that signatureinsteadof the arguments. The patternis usedin object-oriented
languagesswell asin proceduralanguagege.g.a C struct canbe usedto encap-
sulateargumentvariables). argumentsobject is a very simple variantto realizea

context object It is advisableto usethis variant,if x edoperationsignatureshould

besimpli ed (or uni ed).

anything [SR99 is a genericdatastructurethat canhold ary prede ned primitive
type,aswell asassociatie arraysof theprimitive types.Usingtheseassociatie arrays,
complex context objectscanbe built (the arrayscancontainarrays). Note thatthe
context objectimplementatiorin the anything patternis scatterecamongmultiple
implementatiorobjects. It is advisableto usethis variant,if a genericdatacontainer
thatcanbe pacled with arbitrary elds andvaluesto be passedlongacall chain(e.g.
asin the patternschainof responsibility, invocaion interceptor, andpipesand
fil ters) is needed.

encapsule context [Kel03 is a context object that encapsulatesommondata
usedthroughoutthe system. This patternis usedto passthe executioncontet for a
componenbr a numberof component@san object. The executioncontet can, for

instance containexternalcon guration data. Thusthe encapsulee context pattern
describesone particularusecaseof the context object pattern. Henng presentsa
patternlanguagefor realizingencapsulie context, consistingof four patterns:en

capsul&ed context object decoupleatontext interf ace role-partitioned con

text, androle-specificcontext object (see[Hen03). Thesepatternsaregenerally
usefulto implementcontext objects

openarguments[PL03] are context objectsthat supporta dynamicsetof argu-
ments.

context objectprovidesa generalizatiorf theseindividual patterns.

Thecontext objectencapsulatetheargumentsof anoperatiorin anobjectandmakesthem

1In [Zdu03 Zdu044 this patternin calledinvocdion context. To avoid confusiorwith thesame-named
patternfrom the book RemotingPatterns we henceforttusethe patternnamenessge context.



Known Uses

exchangeablelf a numberof operationsareinvoked usingthe samecontext object, data
copying canbe avoided: all consecutie operationswvork usingthe samecontext object
andpassit onto the next operationafterthey have nished their work. The context object
couplesthe datastructureqaguments)andthe operationghat are neededo processhese
arguments.context objectsareextensibleusingordinaryobject-orientednheritance.

The downsideof using context objectsis that invocationsdo not look like ordinaryin-
vocations but muchmorecodefor instantiatingand lling the context objectsis needed.
This reducesthe readabilityof the code. Thuscontext objectsare not transparento the
developerusingthem. Also, the operationreceving the context objectsis di erentto an
operationusingordinary aguments.For thesereasonsgcontext objectsare often usedin
infrastructuresoftware,wherethey arehiddenfrom the developer

Notethattherearesomesituationsywhereaglobal,well knowvn spaces asimplealternatve to

context objects which avoids passinghe context objectsthroughthe whole application
(anexampleis theervironmentprovidedto CGIl programsbhy awebsener). This alternatve

can easily be atused. Likewise, a dangerof using context objectsis that they canbe
alusedfor tasksthat are similar to thoseof singletons[GHJV94. They shouldonly be
usedfor modularchainsof invocations. A context object thatreferencesll elementsof

a systemandis usedlike a global datastructureis dangerousecauseat strongly couples
di erentarchitecturaklementsmeaninghattheindividual architecturaklementsannotbe
understoodloaded or testedon their own anymore.

Someknown usesof thepatternare:

An aspect-oriented@ompositionframenork interceptsspeci ¢ eventsin the control
ow, calledjoinpoints. The aspectis appliedto thesejoinpoints. Thusthe opera-
tion thatappliesthe aspecimustbe informedaboutthe detailsof the joinpoint. Many
aspect-orientedompositionframevork usecontext objectsto convey this informa-
tion. For instance,AspectJ[KHH *01] realizesits joinpoints using the JoinPoint
interface. From an aspectthe currentjoinpoint can be accessedising the variable
thisJoinPoint . The aspectframavork automaticallyinstantiateghe JoinPoint in-
stancesand lls it with values. For instance the following instructionin an AspectJ
adviceprintsthe nameof the signatureof the currentlyinterceptedoinpoint:

System.err.printin(thisJoin Point .get Signature ().g etNane()) ;

In the Web servicesframevork ApacheAxis [Apa04, when a client performsan
invocationor when the remoteobject sendsa result, a context object, called the
MessageContext, is createdbefore a Web servicesmessagas processed.Both on
clientandsener side,eachmessaggetsprocessethy multiple handlerswhichrealize
thedi erentmessag@rocessingasks,suchasmarshalingsecurityhandling,logging,
transactiorhandling,sendingjnvoking, etc. Usingthe MessageContextdi erenthan-
dlerscanretrieve the dataof the messagandcanpotentiallymanipulatet.

In CORBA the ServiceContet is usedasa context object which cancontainary
valueincludingbinarydata.Servicecontext informationcanbemodi ed via CORBA's
Portablelinterceptors.



In .NET CallContexts areusedascontext object They areusedto transportinfor-
mationfrom a client to a remoteobject (and back)thatis not part of the invocation
data. Examplesinclude securitycredentialstransactiorinformation, or sessionDs.
Thedatais anassociatie arraythatcontainsnamevaluepairs:

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

context objectsareoftenusedwhenobjectsaresimulatedon top of proceduralAPls.
The rst aguments acontext objectwhich bundlesall thedataaboutthecurrentob-
ject. Forinstancethe RedlandAPI [Bec04 simulatesobjectsusingthis schemeEach
Redlandclasshasa constructar For instancethe classlibrdf _model canbe created
usingthelibrdf _newmodel operation.A context object of the typelibrdf _model
is returned. A pointerto this context object type is usedin all operationsof the
librdf _modeltype. Forinstancethe“add” operatiorilooksasfollows:

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



Conclusion

In our earlier patterncollection SomePatterns of Componentand Languaye Integration

[zdu04 we providedthe startingpoint for a patternlanguageon the topic of softwareinte-

gration,namelycomponenandlanguagentegration. Argumentpassings animportantissue
in the realmof componenandlanguageantegrationbecausehe agumentpassingstylesof

two systemgo beintegratedmustbealigned.Thus,in this papeywe have supplementedur

earlierpatterndor componenandlanguagentegrationwith someadditionalpatterns.These
patternscanbe usedby developersto realizeargumentpassingarchitecturesvhich provide

more sophisticatedalgumentpassingsolutionsthan ordinaryinvocations. Of course these
patternscanbe appliedfor othertasksthancomponentndlanguagantegrationaswell. As

futurework, we planto furtherdocumenpatterngrom the componenandlanguagentegra-
tion domain,andintegratetheminto a coherenpatternlanguage.
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