Message Redirector -

Michael Goedicke® Gustaf Neumannt UweZdun*

* Specificatiorof Softwae Systems * Departmenbf InformationSystems
University of EssenGermany  ViennaUniversity of EconomicsAustria
{goedicle|uzdur} @cs.uni-essede gustaf.neumann@wu-wien.ac.at

Manyobject-orientedapplicationsrequire explicit control overthe messge flowto supporte.g. flexible wrapping inter-
ceptionsmodificationof messges,traces.etc. In objectsystemshis control canalsobe usedto expressarchitectural
semanticsacrossseveral objectsor classes.But mostprogramminglanguagesdo not supportsud techniquesas na-
tive language constructs.Thetefore, build an explicit MESSAGE REDIRECTOR instanceto control the methodcalls to
(andwithin) the affectedsubsystemsCallbadks canbe invoked during redirectionto modifyor extenddispatd-related
semantics.

Application Example: Employee Type Knowledg e Level

Let usconsiderthe exampleof a Ty PE OBJECT [7] which is acommonpatternin mary morecomplec objectsystemslt resolhes
the problemthata certaintype relationshiphasto be dynamicin a staticallytyped,object-orientedanguage.By building the type
relationshipwith the objectsof thelanguageinsteadof the staticclassesgynamictypingis “simulated” usingdelegation.

Figure 1 shavs a commonexampleof TyPE OBJECTS in businesssystemsfrom [3]: An employee hasan associatedbject
to modelthe emplojeetype. The emplojeetypesare createdwith commoncombinationsof paymentand retirementpolicies.
Employee typesindicate which policiesthey shoulduse. Of course,the natureof the employee types may change. And the
employeetype of acertainemployeemay changetoo.

Here,we cannotusestaticclassesasin Java or C++, to modelthe real world situationproperly Eachemployeeobjectmay
changsits type duringits lifetime. Oneemployeemay have morethanonetype at once. Moreover, the propertiesof thetype, like
which paymentor retirementpolicy to use,maydynamicallychangeaswell.

The solutionin Figure 1 includesan additionallayeringinto a group of objects(knowledgelevel) that describehow another
group of objects(operationalevel) shouldbehae. Sucha designis known as KNOWLEDGE LEVEL [3] or “metalevel” In the
KNOwLEDGE LEVEL additionalobjectsandrelationshipsareattachedo the Ty PE OBJECT.
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Figure 1. Employee Type Knowledg e Level Using a Type Object
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Theideato introduceexplicit Ty PE OBJECTS is frequentlyusedin object-orientedanguagesvith statictype systemgo mimic
adynamictype concept.If typesareknown to changedynamicallyandif classesrecomposedy changingcomponentsthetype
systemof staticallytypedlanguagesannotbe usedto expressthe targetedconcerngroperly Ty PE OBJECTS avoid proliferation
andcombinatoriakxplosionof classes.

However, theapproactbasedon explicit Ty PE OBJECTS yieldsseveral problems:

e RecurringTypeObjects In complex objectsystemsTyPeE OBJECT relatedconcernsarerecurring. l.e. different Ty PE OB-
JECTSin thesystemsuchasemployeetypes partytypes,organizatiortypes etc.sharecommonfeatures Theimplementation
variantin Figurel requiresmplementingof basicconcernslik e issuef objectcreationanddestructionrepeatedlyor each
occurrencef a Ty PE OBJECT.

e Further Message Dispatt-RelatedSemantics Often therearerecurringdispatch-relatedemanticghat shouldbe ensured.
E.g.in the employeetype exampleit may be beneficialto be ableto inherit from the employee Ty PE OBJECT. But since
the employeetypeis an object, the semanticof the inheritancerelationshiphave to be built by hand. Thesetaskscanbe
hard-codednto the employeetype, but thenthe inheritancamplementatiorcannotbe reused Besidesmplementingobject-
orientedrelationshipstherearemary otherexamplesof dispatch-relatedemanticonemaywantto ensureasfor instance
assertionslogging,objectsharingthroughFLYWEIGHTS, etc.

e CustomizatiorHooks Whenusingdynamictypesin the targetedlanguageasin the employeetype example,we expectto
benefitfrom the explicit dynamicrelationshipbetweertemployee” and“employeetype’ Il.e. customer or domain-specific
hooks,like ADAPTERS or DECORATORS, shouldbe transparentianddynamicallycomposablavith the employee/emplgee
type connection.

e Layered Knowledg Level If a KNOWLEDGE LEVEL is used,baselevel objectsshouldnot be ableto accessall knowledge
level objectsdirectly. Thusthe LAY ER propertyhasto be ensured.

As a solutionto theseand similar problemsa MESSAGE REDIRECTOR will be usedto control the messagdlow betweenan
objectandits TyPE OBJECT. Thusit canensurecertainpropertiesandintroduceadaptations/decorations.

Conte xt

Patterns,like TyPe OBJECT [7] or KNOWLEDGE LEVEL [3], divide the objectsysteminto an implementationabaselevel and
a metalevel, carrying metainformation, like typesor otherreflective information. If further semanticsshouldbe expressedand
ensuredvith the namedpatternsjik e for instancesn inheritancefeature we requirecontrol over the messagélow. Otherwisewe
cannotensurethatthe semanticof the featurearenot violated. Moreover, whenthe inheritancemplementatiorcannotbe reused,
we would have to implementthe samefunctionality over andover again.

Oftena projectis facedwith non-object-orientethnguage®r with objectsystemghatarenot powerful enoughfor the project’s
purposesBut neverthelesshe developerswantto apply advancedobject-orientedechniquesn theselanguageslin suchcasesthe
patternOBJECT SYSTEM LAYER [5] tells ushow to build anobjectsystemasa languagesxtensionon top of the targetlanguage.
A vital partof OBJECT SYSTEM LAYER is to have a control over the messagem the system. Otherwisewe cannotensurethe
semantic®f thelanguageconstructsandrelationshipgmplementedy the OBJECT SYSTEM LAYER.

Thoseandseveral othertasksin object-orientedystemgequireto have a controloverthe messagéow.

Problem

How to gaincontrolover the messagdlow in anobject-orientedystem sothatwe canat leasttraceandmodify the messageand
their results?How to ensurethat no messagebypasshe control over the messagdlow andviolate semanticave wantto express
with sucha construction?

Forces

e Contwlling the Messae Flow: Object-orientatiorbuilds its structuresaroundthe data,but the mostimportantpart of an
object-orientedystemis the behavior associateavith the data.Behavior is at runtimerepresentethroughmessagesrlhere-
fore, a diversesetof casesxist in which we wantto have a morefine-grainedcontrol over the messagélow. Examplesfor
reasongo have morecontroloverthe messagdéow are:



— Flexible Wrapping of ComponentsGlueingof black-boxcomponent®ntailsthe problemof (often minimal) changes
in the interfaces. As a consequencef the useof wrappersfor black-boxcomponents centralaccesoint for each
components available. However, changesandextensionof componentvrappingitself have to be propagatedhrough
thecode.

— DynamicMessae Resolution Whenthe messagdlow to a componentanbe controlled,modificationsor adaptations
of thesemessagesanbe dynamicallyhandledat runtime.

— Transpaencyof Adaptations Neithercomponenthor componentlient necessarilyneedto know of adaptationsTasks,
like loggingin thebackgroundshouldbe applicablein atransparentashion.

— Traceabilityof Messages Often,e.g.for deluggingpurposesit is usefulto traceall accesseto acomponenbr subsys-
tem.

— \ersion Integration: Often several differentversionsof one producthave to be supported.If the messagesentto the
productcanbecontrolled,it is oftenpossibleto adaptthemto thecommondenominatoor handleexceptionalcases.

— CrossingNamespac®&oundaries:In ervironmentswith multiple namespaces, centralinstanceis requiredto perform
a mappingbetweenidentifierswhich areonly uniquefor eachnamespaceOneexampleof sucha mappingis to map
uniqueobjectidentifiersin an object-orientecorogramminglanguageto the identifiersin an object-orienteddatabase
managemenrdgystem.Very similar situationsoccur whenseveralobjectsystemdave to beintegrated.

— ExtensibleMessae Resolution:Many programmindanguage®ffer only limited meandor dynamicmessageesolu-
tion. Thatis, it is hardand/orinelegantto composeorthogonalconcernsnto the messagerecedencerderandoften
it is impossibleto customizemessagelispatchrules, like the pathtaken throughthe classgraph. However, in mary
situationst is beneficialto enhancehe resolutionschemewith moredynamicsandcustomizability

Cental Accesdoint: Oftenthereareseveraldesignelementdhatareaccesseffom oneclientandthatsharesomecommon
property like beinga black-boxcomponenbr beingof a certaintype. Sometimegshe way of client accesgendsto change.
Thena bottleneckfor client messages required,wherechangesanbe appliedcentrally Otherwiseall accessegyossibly
scattereaverthe code,have to be searchedhn orderto applythe change.

Shieldingof a SubsystemOftena componentepresentanopaquesubsystemClientsshouldbe hinderedto directly access
thecomponent.

Flexibility of Wrapping Thereareseveral situationsin which a simplewrapperobjectis not sufficient for wrappinga com-

ponent.E.g.,if severalproductversionsor evendifferentproductshave to be supportedhighly programmablénterfacesare

required.Anotherexamplearecomponentsvith highly complex interfacesthattendto change.Sometimesventhe process
of wrappingitself hasto be kept consisteneaindflexible acrossall wrapperssay in orderto ensurea componenextension
architectures corventions.

Efficiency Thereasonwhy mary objectsystemdo not provide dynamicmessageesolutionis that staticresolutionis more
efficient. A techniquethatresemble®r implementsdynamicmessageesolutionschemeslwayshasto dealwith efficiency
issues.

Solution

Build anexplicit M ESSAGE REDIRECTOR instancethatis calledeverytime amessagshouldbesent. Themessagéselfis givenas
anargumentof the call to the MESSAGE REDIRECTOR. The MESSAGE REDIRECTOR mapsthe call to a messagémplementation.
After this mapping,the redirectorinvokesthe messagémplementatiorandreturnsthe result. The MESSAGE REDIRECTOR may
have hooksfor registeringcallbackswhich areinvokedin certainsituations.Thecriteriafor suchsituationsareapplication,domain,
or context dependentThatis, the callbacksmaybeinvokedon certaincalledobjects types,componentsmethodnamespr on ary

otheravailablecriteria.
Architecture Overview

In Figure2 we canseethearchitectureof atypical MESSAGE REDIRECTOR.

o A setof Interacting Objectsform a Subsystemn generalnoneof theseobjectsdirectly communicatesvith eachother
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Figure 2. MESSAGE REDIRECTOR — Architecture

¢ A centralRediector ObjectdispatchesheobjectcallsthroughsimpledispatchschemeViessge — Mess@elmplementation
If Message is not equalto Messgelmplementationthenthe MESSAGE REDIRECTOR objectactsas an ADAPTER. All
objectinteractiondn the subsystenarehandledvia the MESSAGE REDIRECTOR object. Sometimes- for instancewhenthe
dispatchenf anexisting interpretercanbe usedasaredirector— theredirectoris notanexplicit instanceof the objectsystem.
In the centralinstancemplementatiorvariant,theredirectoris a MEDIATOR in the subsystem.

o |f thesubsystenintegratescomponentinto the subsystens objectsystemthenCoMPONENT WRAPPERS canbeused.The
objectsthatareinvolvedin the CoMmPONENT WRAPPER arehandledlik e all othersubsystenobjectsandare dispatchedy

the MESSAGE REDIRECTOR object,too.

e Clientsfrom other SystemParts, interactingwith the subsystemusethe MESSAGE REDIRECTOR oObjectasa FACADE to
accesshe subsystemThis way it is ensuredhatthe MESSAGE REDIRECTOR cantraceall accesseto thesubsystem.

Design and Implementation

Class-Based Design and Implementation

In Figure3 asimpleclass-basedesignof a M ESSAGE REDIRECTOR is shovn. For moresophisticatededirection/dispatchintasks
thedesignwill getmorecomplex, but the generaldesignis moreor lesssimilar.

Clientsonly interactwith a centralM ESSAGE REDIRECTOR. The MESSAGE REDIRECTOR allows objectsof the subsystemo
beregisteredwith addObject . Theobjects,n turn, provide dynamicregistrationmeangor methodimplementationsBoth, objects
andmethodsareregisteredvith symbolicnamesasfor instancestrings. Thesesymbolichamesarestoredwith theimplementations.
This canfor instancebe donein alinearlist or with hashtables.In ary MESSAGE REDIRECTOR thereis sucha mappingbasedn
tuplesof the form (messge-key, method-impl) Oftenstringsareusedasmessagéeys. In languageslik e C or C++, oftenfunction
pointersare chosento point to methodimplementations.If the MESSAGE REDIRECTOR is usedin the interpreterof a whole
programmindanguagethe methodimplementatiormay cover severalclassege.g.,to accessanon-the-flybyte-codecompiler).
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Figure 3. Class-Based Design of a MESSAGE REDIRECTOR

The MESSAGE REDIRECTOR is differently createdn differentvariants.If it is a FACADE of a componentit is usuallycreated
by the componeninitialization code. In completeobject-orientedanguage®ftenit is initialized during interpreterinitialization.



Responsibilityof the currentstatein the object/methodablesusually stayswith the componentsmplementingthem. However, a
referencecountingmechanisntanbe usedin orderto deregisterobjectsupondestruction.
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Figure 4. Employee Type Knowledg e Level with a MESSAGE REDIRECTOR

In Figure4 a resolhed designfor the emplo/eetype exampleis shavn, hooked into the designfrom Figure 3. In additionto the
implementatiorexample,Figure4 containsa Class abstractionTheclassClass is usedto provide theemployeetype with class-
basedeatures|ik e instancecreationandinheritancen a dynamicfashion.All instance®f Class andits subclasseareObjects
andcontainatype propertytotheirClass type. This propertycanbedynamicallychanged.

For this purposea methodclass is addedto the objecttype. Thuseachinstancecanchangéits classdynamically Theclass
methodrecevesa string as argument. In Figure 5 the principal collaborationis shavn. A client objectrequestthe MESSAGE
REDIRECTOR to reclasshe employeeto a managemith a symbolicstring command.First the MESSAGE REDIRECTOR resolhes
theobjectin its objecttable. Then,on successit retrievesthemethodclass from employeeobjectwhichis found on Object .

Intheclass methodimplementationwe first have to find themanager objectin the MESSAGE REDIRECTOR. Thenit hasto be
checled,whetheiit is aclassor not. Thistaskis fulfilled by anotheradditionalmethodisType onObject . Finally, theinformation
in type ischangedndclass returns.
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Figure 5. Collaboration during Reclassing of an Emplo yee to a Manager

Theclientof anEmployee doesnotseethetype property Theclientcommunicatesnly with the MessageRedirector  using
thesymbolicnameof the Employee object. The MessageRedirector  redirectshe messageo the Employee objectandensures
typing semanticautomaticallyandtransparently

Thusthe Class abstractiorplus the MessageRedirector  implementa reusabldanguage-suppofor KNOWLEDGE LEVEL.
Similar patterngor KNOWLEDGE LEVEL variants)canbe implementedsimilarly. Moreover, variationsin form of customization
hookscanbe explicitly treatedby introducingcallbacks.Therefore evenvariationsof the KNOwWLEDGE LEVEL arereusableand
composableThe MESSAGE REDIRECTOR ensureshe LAY ER propertyby letting clientsonly accesghoseobjects/methodsf the
employeetype thatshouldbe exposed.All object/methodcombinationghatareunknown to the MESSAGE REDIRECTOR causea

runtimeerrorto beraised.



Note, in the examplewe have notimplementeda superclass  relationshipfor employeetypes. We canimplementsucharela-
tionshipwith the sametechniquesstheclass relation. However, in staticallytypedlanguagessuchasC++ or Jaa, it is hardto
implementanone-to-onédntegrationwith a dynamicclassconceptbecausehe staticclassesannotfollow dynamicclasschanges.
A solutionis to constrainthosedynamicclasseswvhich have a static counterpart:a callbackhook on the MessageRedirector
prohibitssuperclasghanges.Note thatevenin dynamicallytypedlanguagesntegrationof two differentclassconceptds a con-
siderableeffort. Constraintf both classconceptshave to be ensuredn the counterpartsSuchdispatch-relatedemanticcanbe
ensuredy callbackhookson the MessageRedirector

Implementation in C++

As anexample,we presenta simpleimplementatiorvariantof MESSAGE REDIRECTOR in C++. Here,a variantthatjust contains
the notion of dynamicobjectswith dynamicmethodbindings,anda simpledispatchschemeawith hooksis presented We present
theexampleimplementatiorapartfrom the examplein orderto presenit asareusablémplementationlt canbeusedasareusable
componentn severaldifferentTy PE OBJECT situations.Many projectsusingM ESSAGE REDIRECTORS implementit in areusable
form, sincethe concernghatleadto theintroductionof a MESSAGE REDIRECTOR areusuallyrecurringin anapplicationdomain.

Theimplementatiorcanbe donein nearlyary languageWe have to performthefollowing steps:

1. Find (andimplement)a suitablemethodtype abstractiorwhich canbeanobjector e.g.a functionpointerin C/C++.

2. Build a generictableor list for objects(usedin the MESSAGE REDIRECTOR) andfor the methodimplementationgusedin
theobjects).Thetablecontainskeys (lik e strings)andassociatedbjector methodimplementations.

3. Build aclassfor objectscontainingthe key asavariable(here:a string) andatableof its methods Moreover, addmethodfor
registering,deragistering,andqueryingof the methodtables.

4. Build a MESSAGE REDIRECTOR classwith atableof its objects. Moreover, add methodfor registering,deregistering,and
queryingof the objecttables.Optionally callbackmethodswhich areexecuteduponcertaincriteriacanbe added.

For demonstratiorwe will discussthe namedissuesfor the C++ languagen a genericandreusablewvay. First, we declarea
genericvoid pointertypeClientData  andthefunctionpointertype Methodimpl for methodimplementations:

typedef void *ClientData;
typedef int (Methodimpl) _ANSI_ARGS_((ClientData clientData, int argc, char *argv[]));

Now, a simpleabstractiorfor methodscanbe definedthatusesthe function pointertype.

class Method {

public:

int call(ClientData cd, int argc, char*™* argv) {return (*mi) (cd, argc, argv);}
void setMethod(ClientData method) {mi = (MethodIimpl*) method;}

pri\./.éte:

MethodIimpl*  mi;
h

In the Method class,two cornveniencemethoddor calling andregisteringa methodimplementatiorareprovided. In orderto store
methodimplementation®n objects,a genericdatastoreis required. Here, a genericHashTable with char* string keys and
ClientData  entriesis used.In this example,we requirethefollowing, simplifiedinterface:

class HashTable {

public:
HashTable::HashTable();
HashTable::"HashTable();

int createEntry(char* entryName, ClientData  value);
int deleteEntry(char* entryName);

ClientData getValue(char* entryName);

int setValue(char* entryName, ClientData value);

Yo

Theconstructoof HashTable allocateshe memoryfor the hashtable,while thedestructorfreesit. An entryin the hashtablecan
be created/deletedith createEntry  anddeleteEntry . Moreover, onecanretrieve the hashentry’s valuewith getvalue , and
changset with setValue

TheclassObject is definedasthe mostgeneralklassof the objectsystem.It providesmethodsandvariableslots(variablesare
notdiscussedhere).



class Object {

public:
inline const char* name() { return (name.);
void name(const char* n) {name_ = (char*) ckalloc (strlen(n)+1);}
int addMethod(char* name, Method* method) {
return  methods.createEntry(name, (ClientData) method);

}
Method* getMethod(char* name) {
return  (Method*)  methods.getValue(name);

}

int delMethod(char* nm) {
return  methods.deleteEntry(nm);

}

protected:

char *name_;
private:

HashTable methods;
HashTable variables;

I8

In the codeexcerpt, methods(name) anda property(name.) for definingand queryingthe objectnameare declared. Moreover,
two hashtablesfor methodandvariableentriesareprovided. The methodsaddMethod , getMethod , anddelMethod allow oneto
dynamicallystore retrieve, anddeletea methodentryin the objects methods hashtable.

Finally, a MESSAGE REDIRECTOR objecthasto be defined.On the MESSAGE REDIRECTOR methodgor dynamicallyadding,
getting,anddeletingobjectsaredeclared Thesehandlethe objectsin theredirectors methodtable.

class MessageRedirector {

public:

int addObject(char* name, Object* 0);

Object*  getObject(char* name);

int  deleteObject(char* name);

int  dispatch(ClientData cd, int argc, char*™* argv);
void addCallbackMethod(char* name, Callback* callback);
void delCallbackMethod(char* name);

int errorMsg(char* msg);

pri\-/.a.lte:
HashTable objs;
HashTable dispatchCallbacks;

h
Thedispatch methodhasto mapthe objectnameandmethodname givenin astringarray to methodimplementations:
int  MessageRedirector::dispatch(ClientData cd, int argc, char*™ argv) {
int  result;
if (argc < 2)

return  errorMsg("No obj/method  given");
Object* obj = getObject(argv[0]);
if  (lobj)

return  errorMsg("obj not found");
Method* mi = obj->getMethod(argv[1]);
if  (mi)

result = mi->call(cd, argc, argv);
else

return  errorMsg("method not found");
return  result;

}

Therearetwo methodsfor adding/deletingcallbackson the METHOD REDIRECTOR class. For differentapplicationscenarios,
differentcriteriafor the callbackarenecessaryAt leasteachcallbackhasto defineamethodimplementatiornif the callbackapplies:

class Callback : Method {..};

The callbacksmay be usedin specializedMETHOD REDIRECTORS. Diversecriteriamay sene asa conditionto determinewhen
the callbackhasto be applied.For instancehe calledobjectandmethodmay be addedasactivationcriteria:

class ObjMethodCallback : Callback {

char* methodName;
char* objName;

}



In aspecializedVIESSAGE REDIRECTOR this callbacktype canbeaddedo the dispatchalgorithm,lik e:

if  (strcmp(callback->objName, argv[0]) == 0 && strcmp(callback->methodName, argv[1]) == 0)
callback->call(cd, argc, argv);

Suchcallbacksmaybeplacedbeforeor aftertheactuallycalledmethod.Callbackmethodsnayhave adifferentsignatureto ordinary
methods For instancehey mayalsoreceve theresultof the computationin theactuallycalledmethod.

As avariant,the MESSAGE REDIRECTOR canitself bea subclas®f Object . Thenthe MESSAGE REDIRECTOR is instantiable.
Classesanalsobe addedasa specialobjecttype. Theneachobjecthasto associatevith anotherobjectvia atype property The
classobjectsimplementclassfeatureslik e instancecreation destructionjnheritancegtc.

Oftenagenericclient dataslotis associatedvith eachmethodandeachM ESSAGE REDIRECTOR. In suchaslot, for instancea
function pointerto a propagating redirectorcanbe placed. Thenthe primary redirectorpropagateso a secondaryedirector if the
clientdataslotis non-void.

Simple Object and Method Example

In the previous sectiona simple,genericmessageedirectorwasimplemented.Here, we briefly explain, how an exampleobject
with amethodcanberegisteredandcalled. First, a specialobjecttype hasto be derived:

class MyObject : Object {

public:

static int  printHello(ClientData cd, int argc, char *argv[]) {cout << "Hello" << endl}}
MyObiject::MyObject();

MyObject::"MyObiject();

ThemethodprintHello is anexamplefor adynamicallyregisteredmethod.For instancewe canregisterit in the constructor:

MyObject::MyObject() {
Method* mi = new Method();
mi->setMethod((ClientData) printHello);
addMethod("printHello", mi);

}

In the constructorthe methodprintHello is addedasa Method andthenregisteredwith the string-basedameprintHello
Now themethodcanbeused:

MessageRedirector m;
char**  args;
MyObject* o = new MyObject();

m.addObject("myObj", (Object*) 0);
args = new char*[3];

args[0] = "myObj";

args[l] = "printHello";

args[2] = "arg";

m.dispatch(0, 3, args);
delete [] args;

In orderto call the methodprintHello a methoddispatcherhasto be instantiated. Afterwardsan objectis instantiatedand
registeredwith the methoddispatcher Finally, the dispatch  methodis called with the symbolichamesfor objectand method.
Thesearemappedo the correctimplementation.

Consequences

+ All outgoingcallsfrom a (setof) client(s)arebundled.Thusthey canbe changedandadaptecdeasily

+ If dynamicresolutionschemesare necessarysimple MESSAGE REDIRECTORS can be implementedvery efficiently. For
mary tasksa simplesearch(or asequencef searchesfor thekey in ahashtablemay sufice.

+ MESSAGE REDIRECTOR implementationsisuallydo not requiremorecomplicatectlient code.



Adaptationsandextensiondn the M ESSAGE REDIRECTOR aretransparento the client.

As a FACADE, the MESSAGE REDIRECTOR shieldsa subsystenandprovidesa uniform way of access.

+ 4+ +

The MESSAGE REDIRECTOR canbeusedto provide flexibility throughhighly programmablénterfaces.

— All MESSAGE REDIRECTORS consumeadditionalcomputationtime. Eventhoughmostdynamicresolutionscanbe imple-
mentedwith sufficientspeedfor sometasksit might bealargereffort to find anefficientimplementation.

— If aMESSAGE REDIRECTOR is usedin parallelwith ordinarymethodcalls, two differentstylesof methodcallsarepresenin
asystem.

— Without languagesupportit is hardto enforcethata MESSAGE REDIRECTOR is not bypassedby ordinarymethodcalls. In
mary systemswe canneverthelessvoid bypassingE.g.in distributedsystemsa M ESSAGE REDIRECTOR onthesenermay
preventfrom directcallsto the subsystem.

— If the MESSAGE REDIRECTOR cannotbe reusedfrom an existing implementationthereare additionalcostsof design,im-
plementationmaintenancef the M ESSAGE REDIRECTOR. However, this may causdessefforts andbelesserrorpronethan
mary implementation®f recurringM ESSAGE REDIRECTOR concernghatarescatteredhroughthe code.

Pattern Variants

o Dispatderof an Interpreter. Every interpretedscripting)languagemusthave somekind of dispatchmechanisnin its inter-
preter Thedispatchmechanismedirectghescriptingcommando theimplementatiorin asystenlanguagdasfor instanceC
or C++). Oftenthedesignof suchMETHOD REDIRECTORS aremuchmorecomple thanothervariants becaussuchMEs-
SAGE REDIRECTORS have to trigger several interpretertasks,like commandexecution,on-the-fly byte-codecompilation,
garbagecollection,etc.

e ProgrammableWrapper. If the processof componentvrappinghasto be kepthighly flexible, or if the several component
wrappershave to be integrated,or if a mappingto a differentinterfacehasto be fulfilled during wrapping,a MESSAGE
REDIRECTOR canbeusedasahighly programmabléCOMPONENT WRAPPER.

e Partial ScriptingLanguaye Dispatc: In orderto make an applicationmore flexible, mary systemlanguageprojectsbuild
a partial scripting language. E.g. a small setof codesor stringsis mappedto implementations.However, often the dis-
patchmechanismnecessaryo mapthe codesto executablecommandsandto evaluatethe next commandafterwards,are
scatteredover the code. An explicit MESSAGE REDIRECTOR instanceis a more elegantdesignand enableschangeabil-
ity/maintainability of the dispatchmechanism.But oftenit is simply missingbecausehe developmentteamhasnot even
realizedthatthey have built a small, partial scriptinglanguagen their application.

¢ Redirectorfor ID Corversion/Mapping Some- oftenvery simple— MESSAGE REDIRECTORS areusedfor mappingof one
namespaceontext into another Thenthe METHOD REDIRECTOR is ratherusedasa powerful ADAPTER. This variantis
often usedfor integrationof differentobjecttechnologie®or languagesE.g., if a scriptinglanguageanda systemlanguage
have to be integrated,or if differentdistributed objectsystemshave to be integrated,or if uniqueobjectidentifiersin an
object-orientegorogrammindanguagéhave to be mappedo identifiersin anobject-orientedlatabasenanagemergystema
MESSAGE REDIRECTOR canbeusedfor ID corversion/mapping.

¢ Hierarchical Messa@e Rediector Extension An implementatiorvariantis to build a MESSAGE REDIRECTOR split over a
classhierarchy E.g.in C++onecanbuild sucha hierarchicaldispatchewith avirtual method like:

class Top {
/I standard method redirector

virtual int  dispatch(int argc, const char*const* argv);
7

class Special : Top {

int  dispatch(int argc, const char*const* argv) {

if (<can perform dispatch on Special>) {
return  <call on Special>
} else
return  (Top::dispatch(argc, argv));
h
o PropagatingMessae Reditection Anotherimplementatiorvariantit to enablepropagatiornio anothef ESSAGE REDIREC-
TOR. Thedispatchschemeecevesoptionalinformationwhich determinegheresponsibleedirector In theimplementation
example,we have discussedhe variantto passa void pointer, pointingto the responsiblegedirector if the primaryredirector
shouldnot handlethemessage.



Known Uses

e XOTcL [11] is a TcL extensionand implementspowerful messagenterceptiontechniquesdynamicobject aggreyations,
nestedclassesassertionsand several otherhigh-level languageconstructs.The hooksfor thesefunctionalitiesandfor lan-
guageextensibility areimplementedn the XOTcL messagelispatcher The dispatchelis a MESSAGE REDIRECTOR with
a similar architectureto the OTcL [19] MESSAGE REDIRECTOR, which is a more simplevariantthat doesonly supporta
dynamicobjectcall to implementatiormapping.

e Thereareseveralotherobject-orientedcriptinglanguageshatprovide asimilar simple(mostly staticymappingof objectcall
to implementationincluding[incr Tcl], Perl,andPython.

e TcICL [18] is a C++ integration for OTcl that provides a secondaryredirector The TcICL MESSAGE REDIRECTOR is
hierarchicallyorderedin C++ virtual methods.TcICL is usedin:

— Mash[14] is a streamingmediatoolkit for distributedcollaborationapplicationsbasedn the InternetMbonetoolsand
protocols.

— The Network Simulator(NS) [17] supportsnetwork simulationincluding TCPR, routing, multicast,network emulation,
andanimation.

o ActiwebActiveWebObjectURL Redilection If webobjectsshouldbe active objectsthatcanbeaccessedia URLS, thenthe
URL string hasto be mappedo object-orientednethods.In ActiWeb [12] a MESSAGE REDIRECTOR onthe HTTP sener
respondmethoddulfills thistask. It alsohandlessecurityissueslik e protectingresource®r executingin safeervironments.
Themappingcanbebasednthe URL, the protocolheadeyor the calling IP address.

e Acces<ontol in xoComm In thewebsenerimplementatiorkoComm[10] accessontrolmechanismsanbe composeds
anextensionarchitecture As a MESSAGE REDIRECTOR, theseaccesgontrolextensiondgnterceptthe messageandredirect
themto the implementationjf oneof the availableaccessontrolmechanismghallengeshe messageWhenmorethe one
accesgontrolmechanisnis usedatonce(like HTTP basicanddigestaccessontrol),thecall is propagatedhrougha CHAIN
OF RESPONSIBILITY.

e GenericDBMS Access In [6] we presenta designfor genericDBMS accesshat usesan MESSAGE REDIRECTOR for
mappingof object-orientednessagealls to relational DBMS accessmplementations.Thusthe main aim is to copewith
different DBMS productsand productversions. Moreover, a genericobject-orientedabstractionis provided to allow for
generabbjectpersistencen top of the differentrelationaldatabases.

e CodeFragmentswith XML: Thereare several projects,like [2], that expresscertainflexible codefragmentsin XML. The
XML parseris thenusedto provide eventsthataredispatchedfterwardsandredirectedto messagémplementationsSuch
projectsimplementthe partial scriptinglanguagedispatchvarianton top of the XML parser

Note,all namedvariantsandmostof theknown usesmplementM ESSAGE REDIRECTORS which areusefulin differentapplica-
tionsandthuscanbereusedln areusedvariantthe patternoftenis in partlanguagesupportedi.e. the designandimplementations
repositoryof the developeroffersthe MESSAGE REDIRECTOR asa reusablecomponent.However, asthe diversity of known uses
shaws, noneof thesemplementationss usefulfor all targetedsituations.For instancen X OTcL, wherea M ESSAGE REDIRECTOR
is languagesupportedwe oftenimplementM ESSAGE REDIRECTORS on top of the language.E.qg. in ActiWeb we usea MEs-
SAGE REDIRECTOR to mapURLSsto messagémplementationgndto handlesecurityissues.This MESSAGE REDIRECTOR is also
reusableput yet differentin implementation/semantid¢s the C-basedVl ESSAGE REDIRECTOR for the programminganguage.

Related Patterns

Objectsinteractingthrougha MESSAGE REDIRECTOR arefrequentlyplaceholdergor a componentwrappedby a COMPONENT
WRAPPER [6]. The criteriafor the messageontrol often dependon whetherthe call is targetedto an externalcomponenbr not.
E.g.for distributedcomponents&indevent-basedystemdhe MESSAGE REDIRECTOR may allow for registrationof asynchronous
callsandimplementthe messagejueue.

If the MESSAGE REDIRECTOR 0bjecthasto changea messageall to a differentinterface,thenit canperformthis mappingin
the style of an ADAPTER [4]. Whena setof objectssolely interactamongeachotherusinga MESSAGE REDIRECTOR thenthey
form one or more subsystemsUsually, direct accesgo the subsystens objectfrom clientsthat are outsideof the subsystemis
prohibited. Therefore the MESSAGE REDIRECTOR implicitly playstherole of a FACADE to the subsystem.In the subsystenit
oftenis a MEDIATOR for the subsystens objects.
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Often a MESSAGE REDIRECTOR is explicitly or implicitly partof an OBJECT SYSTEM LAYER [5]. It thenhandlesthe dis-
patchingof object-orientednessagem the OBJECT SYSTEM LAYER. OBJECT SYSTEM LAYER, MESSAGE REDIRECTOR, and
CoMPONENT WRAPPER arepartof alarger, architecturapatternlanguagehatis sketchedn [6].

SinceM ESSAGE REDIRECTOR containsanobjectandmethodabstractionin thetargetlanguageit canbe usedto implementthe
message/implementationappingin patterngntroducingaforeign,moreflexible objectsystem BesideSOBJECT SYSTEM LAYER,
foreign objectsystempatternsare Ty PE OBJECT [7], PROTOTYPE-BASED OBJECT SYSTEM PATTERN [13], and KNOWLEDGE
LevVEL [3].

In somecontets, the patternsCOMMAND [4] und COMMAND PROCESSOR [1] may be consideredasalternatvesto the MEs-
SAGE REDIRECTOR. If only a messagéo implementatiorindirectionis necessarthesepatternsmay yield a betterperformance
thenMESSAGE REDIRECTOR. In suchcasesMESSAGE REDIRECTOR is ratheranimplementatioroverhead.COMMAND letsthe
client performthe indirectionby meansof subclassing.Thusit is not transparentaind doesnot shield a subsystem.COMMAND
PROCESSOR additionallycontainsa simpleindirectionto a processothatallows for undoandredofunctionalityonthe commands.
It doesnot containanobject/methodibstractiorandis not M EDIATOR/FACADE for its subsystem.

REACTOR [15] dispatchegallsusinga synchronouslyemultiplexedeventqueue.Thusin event-basedystemslik e distributed
objectsystemsor GUI toolkits, REACTOR is an alternative to the combinationof MESSAGE REDIRECTOR with an eventqueue.
REACTOR primarilyimplementseactive eventhandling.It doesnothandlethefurtherresponsibilitie®f a M ESSAGE REDIRECTOR.
MESSAGE REDIRECTOR, in turn, doesnot containitself abstractionsor event demultiplecer, event handle,or event handlers.
However, in certainsituationsthe two patternsmay be combined. Thenthe event abstractionis usually implementedwith the
MESSAGE REDIRECTOR’s ObjectabstractionReasongor suchanintegrationareflexibility in eventtyping or callbackregistration
onthe REACTOR.

For the purposeof componentvrapping,an ADAPTER [4] ona WRAPPER FACADE [15] providesamuchlessflexible alternative
to MESSAGE REDIRECTOR, hut frequentlytheflexibility is notrequired.

See Also

The primary purposeof the MESSAGE REDIRECTOR is to obtaina controlover themessagéow in objectsystemsSucha form of
control canbe usedfor purpose®f limited granularity like messagénterceptionsmodificationsof messagegyr traces.However,
the MESSAGE REDIRECTOR canalsobeusedto expressandensurearchitecturasemanticshatcut acrossseveralobjectsor classes.
E.g.,in [8] and[9] we discusshow theinterceptordmplementedvith the MESSAGE REDIRECTOR of the XOTcL languagecanbe
usedto implementdesignpatternfragmentsin the samestylewe canalsoimplementseveral othertypesof architecturafragments,
like architecturatonstraints.

MESSAGE REDIRECTOR canbe usedto implementandensurethe semanticof behavioral abstractionsln [20] userinterface
componentare decomposedhto smallerbehaioral abstractiorunits, similar to mixins asin [16]. However, the descriptie lan-
guagefor behaioral abstractionsan be composedwith different programminglanguageslike Satherand C++. A MESSAGE
REDIRECTOR canperformthe mappingat runtimein orderto avoid the necessityof a descriptve languageor behaioral abstrac-
tions.
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