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Manyobject-orientedapplicationsrequireexplicit control overthemessageflowto supporte.g. flexiblewrapping, inter-
ceptions,modificationsof messages,traces,etc. In objectsystemsthis control canalsobeusedto expressarchitectural
semanticsacrossseveral objectsor classes.But mostprogramminglanguagesdo not supportsuch techniquesasna-
tive language constructs.Therefore, build an explicit MESSAGE REDIRECTOR instanceto control themethodcalls to
(andwithin) theaffectedsubsystems.Callbackscanbeinvokedduring redirectionto modifyor extenddispatch-related
semantics.

Application Example: Emplo yee Type Kno wledg e Level

Let usconsidertheexampleof a TYPE OBJECT [7] which is a commonpatternin many morecomplex objectsystems.It resolves
theproblemthata certaintyperelationshiphasto bedynamicin a staticallytyped,object-orientedlanguage.By building thetype
relationshipwith theobjectsof thelanguage,insteadof thestaticclasses,dynamictyping is “simulated”usingdelegation.

Figure1 shows a commonexampleof TYPE OBJECTS in businesssystemsfrom [3]: An employeehasan associatedobject
to model the employee type. The employee typesare createdwith commoncombinationsof paymentand retirementpolicies.
Employee types indicatewhich policies they shoulduse. Of course,the natureof the employee typesmay change. And the
employeetypeof acertainemployeemaychange,too.

Here,we cannotusestaticclasses,asin Java or C++, to model the real world situationproperly. Eachemployeeobjectmay
changeits typeduring its lifetime. Oneemployeemayhave morethanonetypeat once.Moreover, thepropertiesof thetype,like
which paymentor retirementpolicy to use,maydynamicallychangeaswell.

The solution in Figure1 includesan additionallayering into a groupof objects(knowledgelevel) that describehow another
groupof objects(operationallevel) shouldbehave. Sucha designis known asKNOWLEDGE LEVEL [3] or “meta level.” In the
KNOWLEDGE LEVEL additionalobjectsandrelationshipsareattachedto theTYPE OBJECT.

EmployeeType PayStrategyRetirement Plan

Employee Department

Knowledge Level

Operational Level

Type Object

* 1 *1

*1

1

*

Figure 1. Emplo yee Type Kno wledg e Level Using a Type Object
�
Publishedin: EuroPLoP2001,Sixth EuropeanConferenceonPatternLanguagesof Programs,Irsee,Germany, July2001.
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Theideato introduceexplicit TYPE OBJECTS is frequentlyusedin object-orientedlanguageswith statictypesystemsto mimic
a dynamictypeconcept.If typesareknown to changedynamicallyandif classesarecomposedby changingcomponents,thetype
systemof staticallytypedlanguagescannotbeusedto expressthetargetedconcernsproperly. TYPE OBJECTS avoid proliferation
andcombinatorialexplosionof classes.

However, theapproachbasedon explicit TYPE OBJECTS yieldsseveralproblems:

� RecurringTypeObjects: In complex objectsystemsTYPE OBJECT relatedconcernsarerecurring. I.e. differentTYPE OB-
JECTS in thesystem,suchasemployeetypes,partytypes,organizationtypes,etc.sharecommonfeatures.Theimplementation
variantin Figure1 requiresimplementingof basicconcerns,like issuesof objectcreationanddestruction,repeatedlyfor each
occurrenceof a TYPE OBJECT.

� Further Message Dispatch-RelatedSemantics: Often therearerecurringdispatch-relatedsemanticsthat shouldbe ensured.
E.g. in the employeetype exampleit may be beneficialto be ableto inherit from the employeeTYPE OBJECT. But since
the employeetype is an object, the semanticsof the inheritancerelationshiphave to be built by hand. Thesetaskscanbe
hard-codedinto theemployeetype,but thentheinheritanceimplementationcannotbereused.Besidesimplementingobject-
orientedrelationships,therearemany otherexamplesof dispatch-relatedsemanticsonemaywant to ensure,asfor instance
assertions,logging,objectsharingthroughFLYWEIGHTS, etc.

� CustomizationHooks: Whenusingdynamictypesin the targetedlanguage,asin the employeetype example,we expectto
benefitfrom theexplicit dynamicrelationshipbetween“employee” and“employeetype.” I.e. customer- or domain-specific
hooks,like ADAPTERS or DECORATORS, shouldbetransparentlyanddynamicallycomposablewith theemployee/employee
typeconnection.

� LayeredKnowledge Level: If a KNOWLEDGE LEVEL is used,baselevel objectsshouldnot beableto accessall knowledge
level objectsdirectly. ThustheLAYER propertyhasto beensured.

As a solution to theseandsimilar problemsa MESSAGE REDIRECTOR will be usedto control the messageflow betweenan
objectandits TYPE OBJECT. Thusit canensurecertainpropertiesandintroduceadaptations/decorations.

Conte xt

Patterns,like TYPE OBJECT [7] or KNOWLEDGE LEVEL [3], divide the objectsysteminto an implementationalbaselevel and
a metalevel, carryingmetainformation, like typesor otherreflective information. If further semanticsshouldbe expressedand
ensuredwith thenamedpatterns,like for instancesaninheritancefeature,we requirecontrolover themessageflow. Otherwisewe
cannotensurethat thesemanticsof thefeaturearenot violated.Moreover, whenthe inheritanceimplementationcannotbereused,
we would haveto implementthesamefunctionalityoverandoveragain.

Oftena projectis facedwith non-object-orientedlanguagesor with objectsystemsthatarenot powerful enoughfor theproject’s
purposes.But neverthelessthedeveloperswantto applyadvancedobject-orientedtechniquesin theselanguages.In suchcases,the
patternOBJECT SYSTEM LAYER [5] tells ushow to build anobjectsystemasa languageextensionon top of thetarget language.
A vital part of OBJECT SYSTEM LAYER is to have a control over the messagesin the system. Otherwisewe cannotensurethe
semanticsof thelanguageconstructsandrelationshipsimplementedby theOBJECT SYSTEM LAYER.

Thoseandseveralothertasksin object-orientedsystemsrequireto havea controlover themessageflow.

Problem

How to gaincontrolover themessageflow in anobject-orientedsystem,sothatwe canat leasttraceandmodify themessagesand
their results?How to ensurethatno messagesbypassthecontrolover themessageflow andviolatesemanticswe want to express
with suchaconstruction?

Forces

� Controlling the Message Flow: Object-orientationbuilds its structuresaroundthe data,but the most importantpart of an
object-orientedsystemis thebehavior associatedwith thedata.Behavior is at runtimerepresentedthroughmessages.There-
fore, a diversesetof casesexist in which we want to have a morefine-grainedcontrolover themessageflow. Examplesfor
reasonsto havemorecontrolover themessageflow are:
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– Flexible Wrappingof Components:Glueingof black-boxcomponentsentailstheproblemof (oftenminimal) changes
in the interfaces.As a consequenceof the useof wrappersfor black-boxcomponentsa centralaccesspoint for each
componentis available.However, changesandextensionsof componentwrappingitself have to bepropagatedthrough
thecode.

– DynamicMessage Resolution: Whenthemessageflow to a componentcanbecontrolled,modificationsor adaptations
of thesemessagescanbedynamicallyhandledat runtime.

– Transparencyof Adaptations: Neithercomponentnor componentclientnecessarilyneedto know of adaptations.Tasks,
like loggingin thebackground,shouldbeapplicablein a transparentfashion.

– Traceabilityof Messages: Often,e.g.for debuggingpurposes,it is usefulto traceall accessesto acomponentor subsys-
tem.

– Version Integration: Often several differentversionsof oneproducthave to be supported.If the messagessentto the
productcanbecontrolled,it is oftenpossibleto adaptthemto thecommondenominatoror handleexceptionalcases.

– CrossingNamespaceBoundaries:In environmentswith multiple namespaces,a centralinstanceis requiredto perform
a mappingbetweenidentifierswhich areonly uniquefor eachnamespace.Oneexampleof sucha mappingis to map
uniqueobject identifiersin an object-orientedprogramminglanguageto the identifiersin an object-orienteddatabase
managementsystem.Verysimilar situationsoccur, whenseveralobjectsystemshaveto beintegrated.

– ExtensibleMessage Resolution:Many programminglanguagesoffer only limited meansfor dynamicmessageresolu-
tion. That is, it is hardand/orinelegantto composeorthogonalconcernsinto the messageprecedenceorderandoften
it is impossibleto customizemessagedispatchrules, like the pathtaken throughthe classgraph. However, in many
situationsit is beneficialto enhancetheresolutionschemewith moredynamicsandcustomizability.

� Central AccessPoint: Oftenthereareseveraldesignelementsthatareaccessedfrom oneclient andthatsharesomecommon
property, like beinga black-boxcomponentor beingof a certaintype. Sometimestheway of client accesstendsto change.
Thena bottleneckfor client messagesis required,wherechangescanbeappliedcentrally. Otherwiseall accesses,possibly
scatteredover thecode,have to besearchedin orderto applythechange.

� Shieldingof a Subsystem: Oftena componentrepresentsanopaquesubsystem.Clientsshouldbehinderedto directly access
thecomponent.

� Flexibility of Wrapping: Thereareseveralsituationsin which a simplewrapperobjectis not sufficient for wrappinga com-
ponent.E.g.,if severalproductversionsor evendifferentproductshave to besupported,highly programmableinterfacesare
required.Anotherexamplearecomponentswith highly complex interfacesthat tendto change.Sometimeseventheprocess
of wrappingitself hasto be kept consistentandflexible acrossall wrappers,say, in orderto ensurea componentextension
architecture’sconventions.

� Efficiency: Thereasonwhy many objectsystemdo not provide dynamicmessageresolutionis thatstaticresolutionis more
efficient. A techniquethatresemblesor implementsdynamicmessageresolutionschemesalwayshasto dealwith efficiency
issues.

Solution

Build anexplicit MESSAGE REDIRECTOR instancethatis calledeverytimeamessageshouldbesent.Themessageitself is givenas
anargumentof thecall to theMESSAGE REDIRECTOR. TheMESSAGE REDIRECTOR mapsthecall to a messageimplementation.
After this mapping,the redirectorinvokesthe messageimplementationandreturnsthe result. The MESSAGE REDIRECTOR may
havehooksfor registeringcallbackswhichareinvokedin certainsituations.Thecriteriafor suchsituationsareapplication,domain,
or context dependent.That is, thecallbacksmaybeinvokedon certaincalledobjects,types,components,methodnames,or on any
otheravailablecriteria.

Architecture Overview

In Figure2 we canseethearchitectureof a typical MESSAGE REDIRECTOR.

� A setof InteractingObjectsform aSubsystem. In general,noneof theseobjectsdirectlycommunicateswith eachother.
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Figure 2. MESSAGE REDIRECTOR – Architecture

� A centralRedirectorObjectdispatchestheobjectcallsthroughsimpledispatchschemeMessage � MessageImplementation.
If Message is not equal to MessageImplementation, then the MESSAGE REDIRECTOR object actsas an ADAPTER. All
objectinteractionsin thesubsystemarehandledvia theMESSAGE REDIRECTOR object.Sometimes– for instancewhenthe
dispatcherof anexisting interpretercanbeusedasaredirector– theredirectoris notanexplicit instanceof theobjectsystem.
In thecentralinstanceimplementationvariant,theredirectoris a MEDIATOR in thesubsystem.

� If thesubsystemintegratescomponentsinto thesubsystem’sobjectsystem,thenCOMPONENT WRAPPERS canbeused.The
objectsthatareinvolvedin the COMPONENT WRAPPER arehandledlike all othersubsystemobjectsandaredispatchedby
theMESSAGE REDIRECTOR object,too.

� Clients from other SystemParts, interactingwith the subsystem,usethe MESSAGE REDIRECTOR objectasa FACADE to
accessthesubsystem.This way it is ensuredthattheMESSAGE REDIRECTOR cantraceall accessesto thesubsystem.

Design and Implementation

Class-Based Design and Implementation

In Figure3 asimpleclass-baseddesignof aMESSAGE REDIRECTOR is shown. For moresophisticatedredirection/dispatchingtasks
thedesignwill getmorecomplex, but thegeneraldesignis moreor lesssimilar.

Clientsonly interactwith a centralMESSAGE REDIRECTOR. The MESSAGE REDIRECTOR allows objectsof thesubsystemto
beregisteredwith addObject . Theobjects,in turn,providedynamicregistrationmeansfor methodimplementations.Both,objects
andmethods,areregisteredwith symbolicnames,asfor instancestrings.Thesesymbolicnamesarestoredwith theimplementations.
This canfor instancebedonein a linearlist or with hashtables.In any MESSAGE REDIRECTOR thereis sucha mappingbasedon
tuplesof theform (message-key, method-impl). Oftenstringsareusedasmessagekeys. In languages,like C or C++,oftenfunction
pointersare chosento point to methodimplementations.If the MESSAGE REDIRECTOR is usedin the interpreterof a whole
programminglanguage,themethodimplementationmaycoverseveralclasses(e.g.,to accessanon-the-flybyte-codecompiler).

MessageRedirectorClient

dispatch
addObject
getObject
delObject
addCallbackMethod
delCallbackMethod
...

obj = getObject(msg);
if (obj) {
  method = obj->getMethod(msg);
  if (method) {
    if (<msg matches a hook>)
      hook->call(msg);
    result = method->call(msg);
    if (<msg matches a hook>)
      hook->call(msg);
  }
}

objs Object

addMethod
getMethod
delMethod
...

Method

dispatchCallbacks

methods

Callback

call
setMethod
...

*1

1

*

*1**

Figure 3. Class-Based Design of a MESSAGE REDIRECTOR

The MESSAGE REDIRECTOR is differentlycreatedin differentvariants.If it is a FACADE of a component,it is usuallycreated
by the componentinitialization code. In completeobject-orientedlanguagesoften it is initialized during interpreterinitialization.
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Responsibilityof thecurrentstatein theobject/methodtablesusuallystayswith thecomponentsimplementingthem. However, a
referencecountingmechanismcanbeusedin orderto deregisterobjectsupondestruction.

Emplo yee Type Example Resolved

EmployeeType

Client

Employee

Class

type

MessageRedirector Object

int class(char* name)
int isType(char* name)

*1

Figure 4. Emplo yee Type Kno wledg e Level with a MESSAGE REDIRECTOR

In Figure4 a resolveddesignfor the employeetype exampleis shown, hooked into the designfrom Figure3. In additionto the
implementationexample,Figure4 containsa Class abstraction.TheclassClass is usedto provide theemployeetypewith class-
basedfeatures,like instancecreationandinheritancein a dynamicfashion.All instancesof Class andits subclassesareObjects ,
andcontaina type propertyto their Class type.Thispropertycanbedynamicallychanged.

For this purposea methodclass is addedto theobjecttype. Thuseachinstancecanchangeits classdynamically. Theclass
methodreceivesa string as argument. In Figure 5 the principal collaborationis shown. A client object requestthe MESSAGE

REDIRECTOR to reclasstheemployeeto a managerwith a symbolicstringcommand.First the MESSAGE REDIRECTOR resolves
theobjectin its objecttable.Then,onsuccess,it retrievesthemethodclass from employeeobjectwhich is foundon Object .

In theclass methodimplementation,wefirst haveto find themanager objectin theMESSAGE REDIRECTOR. Thenit hasto be
checked,whetherit is aclassor not. This taskis fulfilled by anotheradditionalmethodisType onObject . Finally, theinformation
in type is changedandclass returns.

:MessageRedirector

dispatch(...,
         "anEmployee",
         "class",
         "manager") 

client anEmployee:Employee manager:EmployeeType

getMethod("class")

class("manager")

isType("Class")

getObject("anEmployee")

getObject("manager")

Figure 5. Collaboration during Reclassing of an Emplo yee to a Manager

Theclientof anEmployee doesnotseethe type property. Theclient communicatesonly with theMessageRedirector using
thesymbolicnameof theEmployee object.TheMessageRedirector redirectsthemessageto theEmployee objectandensures
typingsemanticsautomaticallyandtransparently.

Thusthe Class abstractionplus the MessageRedirector implementa reusablelanguage-supportfor KNOWLEDGE LEVEL.
Similar patterns(or KNOWLEDGE LEVEL variants)canbe implementedsimilarly. Moreover, variationsin form of customization
hookscanbeexplicitly treatedby introducingcallbacks.Therefore,evenvariationsof the KNOWLEDGE LEVEL arereusableand
composable.TheMESSAGE REDIRECTOR ensurestheLAYER propertyby letting clientsonly accessthoseobjects/methodsof the
employeetype thatshouldbeexposed.All object/methodcombinationsthatareunknown to the MESSAGE REDIRECTOR causea
runtimeerrorto beraised.
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Note,in theexamplewe have not implementeda superclass relationshipfor employeetypes.We canimplementsucha rela-
tionshipwith thesametechniquesastheclass relation.However, in staticallytypedlanguages,suchasC++ or Java, it is hardto
implementanone-to-oneintegrationwith a dynamicclassconceptbecausethestaticclassescannotfollow dynamicclasschanges.
A solution is to constrainthosedynamicclasseswhich have a staticcounterpart:a callbackhook on the MessageRedirector
prohibitssuperclasschanges.Note thateven in dynamicallytypedlanguagesintegrationof two differentclassconceptsis a con-
siderableeffort. Constraintsof bothclassconceptshave to beensuredin thecounterparts.Suchdispatch-relatedsemanticscanbe
ensuredby callbackhookson theMessageRedirector

Implementation in C++

As anexample,we presenta simpleimplementationvariantof MESSAGE REDIRECTOR in C++. Here,a variantthat just contains
thenotionof dynamicobjectswith dynamicmethodbindings,anda simpledispatchschemewith hooksis presented.We present
theexampleimplementationapartfrom theexamplein orderto presentit asa reusableimplementation.It canbeusedasareusable
componentin severaldifferentTYPE OBJECT situations.Many projectsusingMESSAGE REDIRECTORS implementit in a reusable
form, sincetheconcernsthatleadto theintroductionof a MESSAGE REDIRECTOR areusuallyrecurringin anapplicationdomain.

Theimplementationcanbedonein nearlyany language.We haveto performthefollowing steps:

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

2. Build a generictableor list for objects(usedin the MESSAGE REDIRECTOR) andfor themethodimplementations(usedin
theobjects).Thetablecontainskeys (likestrings)andassociatedobjector methodimplementations.

3. Build aclassfor objectscontainingthekey asavariable(here:astring)anda tableof its methods.Moreover, addmethodfor
registering,deregistering,andqueryingof themethodtables.

4. Build a MESSAGE REDIRECTOR classwith a tableof its objects.Moreover, addmethodfor registering,deregistering,and
queryingof theobjecttables.Optionallycallbackmethodswhich areexecuteduponcertaincriteriacanbeadded.

For demonstrationwe will discussthe namedissuesfor the C++ languagein a genericandreusableway. First, we declarea
genericvoid pointertypeClientData andthefunctionpointertypeMethodImpl for methodimplementations:

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

Now, a simpleabstractionfor methodscanbedefinedthatusesthefunctionpointertype.

class Method {
public:

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

private:
MethodImpl* mi;

};

In theMethod class,two conveniencemethodsfor calling andregisteringa methodimplementationareprovided. In orderto store
methodimplementationson objects,a genericdatastoreis required. Here, a genericHashTable with char* string keys and
ClientData entriesis used.In this example,werequirethefollowing, 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);
...

};

Theconstructorof HashTable allocatesthememoryfor thehashtable,while thedestructorfreesit. An entryin thehashtablecan
becreated/deletedwith createEntry anddeleteEntry . Moreover, onecanretrieve thehashentry’s valuewith getValue , and
changeit with setValue .

TheclassObject is definedasthemostgeneralclassof theobjectsystem.It providesmethodsandvariableslots(variablesare
not discussedhere).
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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;

};

In the codeexcerpt,methods(name) anda property(name ) for definingandqueryingthe objectnamearedeclared.Moreover,
two hashtablesfor methodandvariableentriesareprovided.ThemethodsaddMethod , getMethod , anddelMethod allow oneto
dynamicallystore,retrieve,anddeletea methodentryin theobject’smethods hashtable.

Finally, a MESSAGE REDIRECTOR objecthasto bedefined.On theMESSAGE REDIRECTOR methodsfor dynamicallyadding,
getting,anddeletingobjectsaredeclared.Thesehandletheobjectsin theredirector’smethodtable.

class MessageRedirector {
public:

int addObject(char* name, Object* o);
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);
...

private:
HashTable objs;
HashTable dispatchCallbacks;

};

Thedispatch methodhasto maptheobjectnameandmethodname,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 (!obj)

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 thecallbackarenecessary. At leasteachcallbackhasto defineamethodimplementationif thecallbackapplies:

class Callback : Method {...};

Thecallbacksmaybeusedin specializedMETHOD REDIRECTORS. Diversecriteriamayserve asa conditionto determinewhen
thecallbackhasto beapplied.For instancethecalledobjectandmethodmaybeaddedasactivationcriteria:

class ObjMethodCallback : Callback {
...
char* methodName;
char* objName;

}
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In a specializedMESSAGE REDIRECTOR this callbacktypecanbeaddedto thedispatchalgorithm,like:

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

Suchcallbacksmaybeplacedbeforeoraftertheactuallycalledmethod.Callbackmethodsmayhaveadifferentsignatureto ordinary
methods.For instancethey mayalsoreceive theresultof thecomputationin theactuallycalledmethod.

As a variant,theMESSAGE REDIRECTOR canitself bea subclassof Object . ThentheMESSAGE REDIRECTOR is instantiable.
Classescanalsobeaddedasa specialobjecttype. Theneachobjecthasto associatewith anotherobjectvia a type property. The
classobjectsimplementclassfeatures,like instancecreation,destruction,inheritance,etc.

Oftena genericclient dataslot is associatedwith eachmethodandeachMESSAGE REDIRECTOR. In sucha slot, for instance,a
functionpointerto a propagatingredirectorcanbeplaced.Thentheprimaryredirectorpropagatesto a secondaryredirector, if the
client dataslot is non-void.

Simple Object and Method Example

In the previous sectiona simple,genericmessageredirectorwasimplemented.Here,we briefly explain, how an exampleobject
with amethodcanberegisteredandcalled.First,a specialobjecttypehasto bederived:

class MyObject : Object {
public:

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

};

ThemethodprintHello is anexamplefor adynamicallyregisteredmethod.For instancewecanregisterit in theconstructor:

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

}

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

MessageRedirector m;
char** args;
MyObject* o = new MyObject();
m.addObject("myObj", (Object*) o);

args = new char*[3];
args[0] = "myObj";
args[1] = "printHello";
args[2] = "arg";
m.dispatch(0, 3, args);
delete [] args;

In order to call the methodprintHello a methoddispatcherhasto be instantiated. Afterwardsan object is instantiatedand
registeredwith the methoddispatcher. Finally, the dispatch methodis calledwith the symbolicnamesfor objectandmethod.
Thesearemappedto thecorrectimplementation.

Consequences

	
All outgoingcallsfrom a (setof) client(s)arebundled.Thusthey canbechangedandadaptedeasily.

	
If dynamicresolutionschemesare necessary, simple MESSAGE REDIRECTORS canbe implementedvery efficiently. For
many tasksasimplesearch(or a sequenceof searches)for thekey in ahashtablemaysuffice.

	
MESSAGE REDIRECTOR implementationsusuallydo not requiremorecomplicatedclient code.
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Adaptationsandextensionsin theMESSAGE REDIRECTOR aretransparentto theclient.

	
As a FACADE, theMESSAGE REDIRECTOR shieldsa subsystemandprovidesauniform wayof access.

	
TheMESSAGE REDIRECTOR canbeusedto provideflexibility throughhighly programmableinterfaces.


 All MESSAGE REDIRECTORS consumeadditionalcomputationtime. Eventhoughmostdynamicresolutionscanbe imple-
mentedwith sufficientspeed,for sometasksit might bea largereffort to find anefficient implementation.


 If a MESSAGE REDIRECTOR is usedin parallelwith ordinarymethodcalls,two differentstylesof methodcallsarepresentin
a system.


 Without languagesupportit is hardto enforcethata MESSAGE REDIRECTOR is not bypassedby ordinarymethodcalls. In
many systemswe canneverthelessavoid bypassing.E.g.in distributedsystemsa MESSAGE REDIRECTOR on theservermay
preventfrom directcallsto thesubsystem.


 If the MESSAGE REDIRECTOR cannotbe reusedfrom an existing implementation,thereareadditionalcostsof design,im-
plementation,maintenanceof theMESSAGE REDIRECTOR. However, thismaycauselesseffortsandbelesserror-pronethan
many implementationsof recurringMESSAGE REDIRECTOR concernsthatarescatteredthroughthecode.

Pattern Variants

� Dispatcherof an Interpreter: Every interpreted(scripting)languagemusthavesomekind of dispatchmechanismin its inter-
preter. Thedispatchmechanismredirectsthescriptingcommandto theimplementationin asystemlanguage(asfor instanceC
or C++). Oftenthedesignof suchMETHOD REDIRECTORS aremuchmorecomplex thanothervariants,becausesuchMES-
SAGE REDIRECTORS have to trigger several interpretertasks,like commandexecution,on-the-flybyte-codecompilation,
garbagecollection,etc.

� ProgrammableWrapper: If the processof componentwrappinghasto be kept highly flexible, or if the several component
wrappershave to be integrated,or if a mappingto a different interfacehasto be fulfilled during wrapping,a MESSAGE

REDIRECTOR canbeusedasahighly programmableCOMPONENT WRAPPER.
� Partial ScriptingLanguage Dispatch: In orderto make an applicationmoreflexible, many systemlanguageprojectsbuild

a partial scripting language.E.g. a small set of codesor stringsis mappedto implementations.However, often the dis-
patchmechanism,necessaryto mapthe codesto executablecommandsandto evaluatethe next commandafterwards,are
scatteredover the code. An explicit MESSAGE REDIRECTOR instanceis a more elegantdesignandenableschangeabil-
ity/maintainabilityof the dispatchmechanism.But often it is simply missingbecausethe developmentteamhasnot even
realizedthatthey havebuilt a small,partialscriptinglanguagein their application.

� Redirectorfor ID Conversion/Mapping: Some– oftenvery simple– MESSAGE REDIRECTORS areusedfor mappingof one
namespacecontext into another. Thenthe METHOD REDIRECTOR is ratherusedasa powerful ADAPTER. This variantis
oftenusedfor integrationof differentobjecttechnologiesor languages.E.g., if a scriptinglanguageanda systemlanguage
have to be integrated,or if differentdistributedobject systemshave to be integrated,or if uniqueobject identifiersin an
object-orientedprogramminglanguagehaveto bemappedto identifiersin anobject-orienteddatabasemanagementsystem,a
MESSAGE REDIRECTOR canbeusedfor ID conversion/mapping.

� Hierarchical Message Redirector Extension: An implementationvariantis to build a MESSAGE REDIRECTOR split over a
classhierarchy. E.g.in C++ onecanbuild sucha hierarchicaldispatcherwith a virtual method,like:
class Top {

// standard method redirector
virtual int dispatch(int argc, const char*const* argv);
...

};
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));
};

� PropagatingMessage Redirection: Anotherimplementationvariantit to enablepropagationto anotherMESSAGE REDIREC-
TOR. Thedispatchschemereceivesoptionalinformationwhich determinestheresponsibleredirector. In theimplementation
example,we have discussedthevariantto passa void pointer, pointingto theresponsibleredirector, if theprimaryredirector
shouldnot handlethemessage.
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Kno wn Uses

� XOTCL [11] is a TCL extensionand implementspowerful messageinterceptiontechniques,dynamicobject aggregations,
nestedclasses,assertions,andseveralotherhigh-level languageconstructs.Thehooksfor thesefunctionalitiesandfor lan-
guageextensibility are implementedin the XOTCL messagedispatcher. The dispatcheris a MESSAGE REDIRECTOR with
a similar architectureto the OTCL [19] MESSAGE REDIRECTOR, which is a moresimplevariant that doesonly supporta
dynamicobjectcall to implementationmapping.

� Thereareseveralotherobject-orientedscriptinglanguagesthatprovideasimilarsimple(mostlystatic)mappingof objectcall
to implementation,including[incr Tcl], Perl,andPython.

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

– Mash[14] is a streamingmediatoolkit for distributedcollaborationapplicationsbasedon theInternetMbonetoolsand
protocols.

– TheNetwork Simulator(NS) [17] supportsnetwork simulationincludingTCP, routing,multicast,network emulation,
andanimation.

� ActiwebActiveWebObjectURL Redirection: If webobjectsshouldbeactiveobjectsthatcanbeaccessedvia URLs,thenthe
URL stringhasto be mappedto object-orientedmethods.In ActiWeb [12] a MESSAGE REDIRECTOR on the HTTP server
respondmethodsfulfills this task.It alsohandlessecurityissues,like protectingresourcesor executingin safeenvironments.
Themappingcanbebasedon theURL, theprotocolheader, or thecalling IP address.

� AccessControl in xoComm: In thewebserver implementationxoComm[10] accesscontrolmechanismscanbecomposedas
anextensionarchitecture.As a MESSAGE REDIRECTOR, theseaccesscontrolextensionsinterceptthemessagesandredirect
themto the implementation,if oneof theavailableaccesscontrolmechanismschallengesthemessage.Whenmoretheone
accesscontrolmechanismis usedatonce(likeHTTPbasicanddigestaccesscontrol),thecall is propagatedthrougha CHAIN

OF RESPONSIBIL ITY.

� GenericDBMS Access: In [6] we presenta designfor genericDBMS accessthat usesan MESSAGE REDIRECTOR for
mappingof object-orientedmessagecalls to relationalDBMS accessimplementations.Thusthe main aim is to copewith
different DBMS productsand productversions. Moreover, a genericobject-orientedabstractionis provided to allow for
generalobjectpersistenceon top of thedifferentrelationaldatabases.

� CodeFragmentswith XML: Thereareseveral projects,like [2], that expresscertainflexible codefragmentsin XML. The
XML parseris thenusedto provide eventsthataredispatchedafterwardsandredirectedto messageimplementations.Such
projectsimplementthepartialscriptinglanguagedispatchvarianton top of theXML parser.

Note,all namedvariantsandmostof theknown usesimplementMESSAGE REDIRECTORS whichareusefulin differentapplica-
tionsandthuscanbereused.In a reusedvariantthepatternoftenis in partlanguagesupported,i.e. thedesignandimplementations
repositoryof thedeveloperoffersthe MESSAGE REDIRECTOR asa reusablecomponent.However, asthediversityof known uses
shows,noneof theseimplementationsis usefulfor all targetedsituations.For instancein XOTCL, wherea MESSAGE REDIRECTOR

is languagesupported,we often implementMESSAGE REDIRECTORS on top of the language.E.g. in ActiWeb we usea MES-
SAGE REDIRECTOR to mapURLs to messageimplementationsandto handlesecurityissues.This MESSAGE REDIRECTOR is also
reusable,but yetdifferentin implementation/semanticsto theC-basedMESSAGE REDIRECTOR for theprogramminglanguage.

Related Patterns

Objectsinteractingthrougha MESSAGE REDIRECTOR arefrequentlyplaceholdersfor a componentwrappedby a COMPONENT

WRAPPER [6]. Thecriteria for themessagecontroloftendependon whetherthecall is targetedto anexternalcomponentor not.
E.g. for distributedcomponentsandevent-basedsystemsthe MESSAGE REDIRECTOR mayallow for registrationof asynchronous
callsandimplementthemessagequeue.

If the MESSAGE REDIRECTOR objecthasto changea messagecall to a differentinterface,thenit canperformthis mappingin
the styleof an ADAPTER [4]. Whena setof objectssolely interactamongeachotherusinga MESSAGE REDIRECTOR thenthey
form oneor moresubsystems.Usually, direct accessto the subsystem’s object from clientsthat areoutsideof the subsystemis
prohibited. Therefore,the MESSAGE REDIRECTOR implicitly playsthe role of a FACADE to the subsystem.In the subsystemit
oftenis a MEDIATOR for thesubsystem’sobjects.
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Often a MESSAGE REDIRECTOR is explicitly or implicitly part of an OBJECT SYSTEM LAYER [5]. It thenhandlesthe dis-
patchingof object-orientedmessagesin the OBJECT SYSTEM LAYER. OBJECT SYSTEM LAYER, MESSAGE REDIRECTOR, and
COMPONENT WRAPPER arepartof a larger, architecturalpatternlanguagethatis sketchedin [6].

SinceMESSAGE REDIRECTOR containsanobjectandmethodabstractionin thetargetlanguage,it canbeusedto implementthe
message/implementationmappingin patternsintroducingaforeign,moreflexible objectsystem.BesidesOBJECT SYSTEM LAYER,
foreign objectsystempatternsareTYPE OBJECT [7], PROTOTYPE-BASED OBJECT SYSTEM PATTERN [13], andKNOWLEDGE

LEVEL [3].

In somecontexts, thepatternsCOMMAND [4] und COMMAND PROCESSOR [1] maybeconsideredasalternativesto the MES-
SAGE REDIRECTOR. If only a messageto implementationindirectionis necessary, thesepatternsmayyield a betterperformance
thenMESSAGE REDIRECTOR. In suchcases,MESSAGE REDIRECTOR is ratheranimplementationoverhead.COMMAND lets the
client performthe indirectionby meansof subclassing.Thusit is not transparentanddoesnot shielda subsystem.COMMAND

PROCESSOR additionallycontainsasimpleindirectionto aprocessorthatallows for undoandredofunctionalityon thecommands.
It doesnot containanobject/methodabstractionandis not MEDIATOR/FACADE for its subsystem.

REACTOR [15] dispatchescallsusinga synchronouslydemultiplexedeventqueue.Thusin event-basedsystems,like distributed
objectsystemsor GUI toolkits, REACTOR is an alternative to the combinationof MESSAGE REDIRECTOR with an event queue.
REACTOR primarily implementsreactiveeventhandling.It doesnothandlethefurtherresponsibilitiesof aMESSAGE REDIRECTOR.
MESSAGE REDIRECTOR, in turn, doesnot contain itself abstractionsfor event demultiplexer, event handle,or event handlers.
However, in certainsituationsthe two patternsmay be combined. Then the event abstractionis usually implementedwith the
MESSAGE REDIRECTOR’s objectabstraction.Reasonsfor suchanintegrationareflexibility in eventtypingor callbackregistration
on theREACTOR.

For thepurposeof componentwrapping,anADAPTER [4] ona WRAPPER FACADE [15] providesamuchlessflexible alternative
to MESSAGE REDIRECTOR, but frequentlytheflexibility is not required.

See Also

Theprimarypurposeof theMESSAGE REDIRECTOR is to obtainacontrolover themessageflow in objectsystems.Sucha form of
controlcanbeusedfor purposesof limited granularity, like messageinterceptions,modificationsof messages,or traces.However,
theMESSAGE REDIRECTOR canalsobeusedto expressandensurearchitecturalsemanticsthatcutacrossseveralobjectsor classes.
E.g., in [8] and[9] we discusshow theinterceptorsimplementedwith theMESSAGE REDIRECTOR of theXOTCL languagecanbe
usedto implementdesignpatternfragments.In thesamestylewecanalsoimplementseveralothertypesof architecturalfragments,
like architecturalconstraints.

MESSAGE REDIRECTOR canbe usedto implementandensurethe semanticsof behavioral abstractions.In [20] userinterface
componentsaredecomposedinto smallerbehavioral abstractionunits, similar to mixins asin [16]. However, the descriptive lan-
guagefor behavioral abstractionscan be composedwith different programminglanguages,like Satherand C++. A MESSAGE

REDIRECTOR canperformthemappingat runtimein orderto avoid thenecessityof a descriptive languagefor behavioral abstrac-
tions.
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