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2 Pattern: Payloads

Context

In the landmarkpaper“The Early History of Smalltalk” [Kay93], Alan Kay re-
membersa few ideasfrom thesixtiesthathave influencechis thinking aboutOOR
Oneof themwasthe methodof transportingdfiles on tapefor the Burroughs220,
while hewasworking asa programmein the Air Force(around1961):

Therewere no standardoperatingsystemsof file formatsbackthen,
so somedesignerdecidedto finessethis problemby taking eachfile

anddividing it into threeparts. The third partwasall of the actual
datarecordsof arbitrarysizeandformats. The secondpartcontained
the B220 procedureghat knew how to get at recordsand fields to

copy andupdatethethird part. And thefirst partwasanarrayof rela-
tive pointersinto entrypointsof the procedurein thesecondpart(the
initial pointerswerein a standardorderrepresentingtandardnean-

ings).

Currentcomputersystemsuse differentmeansto exchangeinformation. In
mostcircumstanceghis is doneby passingmessagethrougha fastcommunica-
tion channel.However, the abore requirementsirethe same.(i) Messagegncap-
sulateall typesof information,including controlanddataof variablelength. This
correspondso thethird partof the B220file. (ii) Applicationsneeda mechanism
to accesghe varioustypesof informationwithin messagesThe mechanisnde-
pendson the messageontentsandcorresponds$o the B220 procedures(iii) The
standardpiecesof informationassociatedvith eachmessagearerequiredby all
messagéandlers—applicationthathandlemessagesThis correspondso thear-
ray of pointers.

Problem

Communicationwithin a software systemis performedby exchangingdifferent
typesof messagebetweencommunicatingentities. How to distinguishbetween
messageandtheinformationwithin messages?

Forces

e Communicatiornis restrictedto messag@assing;

e Thestructureof eachmessageepend®ontheinformationthatit contains;
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e Thecommunicatingntitiesexchangemary differenttypesof information;

e Applicationsreceve awide rangeof messagesncludingmessagethey do
notprocess;

e Dependingntheinformationthey encapsulatesomemessageseedspecial
processing.

Solution

Representmessagewvith payloads. A payloadprovides an abstractmodel that
allows the communicatingentitiesto identify differentmessageaypes,aswell as
distinguishtheinformationencapsulatedithin eachpayload.

Payloadshave two components:

Descriptor component Descriptorscontaingenerl informationaboutthe mes-
sage suchastype,asynchronouflag, priority level, etc. For eachmessage
type, the descriptoralsocontainstype-specifiparametes. For example,if
thepayloadcontainsanimage,onepossibilityis to encodéts name sizeand
format.

Data component The datacomponentholdsthe informationtransportedy the
messagelts sizeandformatdependnthe descriptorcomponent.

Thepreviouscomponentsffer solutionsfor two of therequirement&dentified
in “Context.” Thedescriptomprovidesa standardvay to organizethe information
abouteachpayload.It correspondso thefirst partof the B220file. Similarly, the
datacomponentontainsgheactualinformation. This corresponds$o thethird part
of thefile. However, sofar noneof this component®ffers behaior—the second
part. Thisis coveredlateronin this section.

Not all payloadscontainboth components.Sometimegpayloadsthat corre-
spondto controlmessagedo not needary additionaldata. Therefore thesepay-
loadscontainonly the descriptor Wheneer bothcomponentarepresentthe size
of thedatacomponents usuallymuchlargerthanthedescriptor This characteris-
tic is usedto optimizethe payloadcopying mechanism—seleelow.

Figure 10 shawvs a control payloadand a datapayloadcorrespondingo an
image. The generalinformationencodedn the descriptorcontainsthe message
type, an asynchronouflag anda priority level. In contrastthe descriptorof the
datapayloadcorrespondto animageandhasthreeadditionalfields. Thesecontain
theimagename sizeandformat.

An object-oriente@pproachs anelegantsolutionfor payloads Polymorphism
providesbehaior parameterizetly the datatype. This renderghe explicit encod-
ing of the payloadtypein the descriptounnecessarfiRemaing theresponsibility
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Figure10: Differentpayloadsandtheir components.

of messagéype checkingfrom the programmereducecompleity andimproves
efficiengy. Inheritancegroupsthe attributesandbehaior commonto all message
typesin asuperclasghuspromotingreuse Adding anew payloadrequiresonly to
accommodatéhe new attribute(s)—ifary—andto provide theappropriatdbeha-
ior. Existingsoftwarecontinuego work with nev payloadghroughthe superclass
interface. Therefore unlessit requiresthe new attributesor data,software canbe
reusedvithoutmodification.Encapsulatiorallows attributeslike anasynchronous
flag or a priority level to be associatedvith eachpayload. Relocatingthe knowl-
edgeaboutthis informationinside payloadsdecreaseghe coupling betweenthe
communicatingentitiesandthe messagethey exchange. Consequentlyaslong
asthe payloadinterfacedoesnot changeattribute representationsanbe modified
without affectingexisting payloadhandlers.

In concertwith a messag@assingmechanisn{Section??), payloadseplace
direct callswhenthesearenot feasible. One circumstances wheneer the com-
municatingentitiesresideacrosdogical boundariesThis is typical to distributed
systemandmultiprocessocomputersApplications(processesunningondiffer-
entmachiner processorsxchangedataonly by sendingnessaget® eachother
Anothercircumstancés when&er the communicatingentitiesexchangecomple
data.Interlayercallsin alayeredoperatingsystemtypically requirea large num-
ber of parameters.Sereral modernoperatingsystemshave replacedthesecalls
with amessagg@assingnechanisnfTW97].

Although payloadsoffer several benefitsover direct calls, thesedo not come
for free. The patterntradesperformancdor flexibility. Oneof the mainliabilities
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of this patternis the overheadrequiredfor payloadassemblinganddisassembling
However, thedecreasedouplingbetweerthecommunicatingentitiesandthemes-
sageshey exchangdacilitatestheoptimizationof themessag@assingnechanism
(Section??). Transfemechanismshatrequireadditionalinformationaboutmes-
sagesreableto obtainit directly from themessagahrougha well-definedproto-
col. Thiscanhelpreducethe messag@assingverhead.

Anotheroperatiorthatmakespayloadqwhenusedin conjunctionwith ames-
sagepassingnechanismjessefficientthandirectcallsis payloadcopying Some-
timesit is possibleto substitutgpayloadcopying with changeof ownership.How-
ever, if thepayloadis sentto multiple recipientsjt hasto beclonedsuchthateach
recever getsits own copy. But cloningwastespaceandmaynotevenbeviablefor
payloadswith large memoryfootprints. Underthesecircumstanceshe recevers
canshareghesamepayload.Shouldarecever modify theincomingpayload,t has
to obtainits own privatecopy. Whencopying is cannotbe avoided,an optimized
techniqguecanbeemplo/ed:

Shallow copy Copy justthe descriptorandsharedatacomponentsHowever, the
shareddatacomponentannotbe changed.

Deep copy Copy the datacomponentaswell. Implementingthis as copy-on-
write canimprove performance.

If the entitiesthatexchangethe dataresideacrosshardwareboundariesgchanging
of ownershipwithout copying cannotbe avoidedandthe entirepayloadhasto be
transferred.

Onepossibleway to improve performances to pack multiple payloadsinto
onecontainempayloadsuchthatall of themaretransferredn asinglestep[SC95].
This approachs well suitedto high messageatesor bursty traffic, suchthatthe
senderdoesnot have to hold a messagéoo long beforepassingt further It has
beensuccessfullyappliedin operatingsystemavhich consistof severalinteracting
component§TW97, CRJ8T.

Passingpayloadsinsteadof using direct calls has additional consequences.
(i) Payloadshide the detailsof the communicationchannel. Oncecommunica-
tion is doneonly by passingpayloadschange®f the communicatiorchannelare
transparentFor example the communicatingntitiescanberelocatecbn multiple
processinginitsthatarelinked by a high-speedetwork—e.g.,ATM or Ethernet.
Therefore payloaddacilitatethedistribution of existing applicationsover multiple
processinginits, which canbe heterogeneougii) Payloadsarestandloneobjects
andcanbepersistentMission-criticalapplicationsusepersistentnessaget cope
with failures.For example,|IBM’ s Exotica/FMQM(FlowMark on MessageQueue
Manager)[AAA T95] projectis a fully-distributed workflow systemthatemplo/s
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IBM’s MQI API for persistentmessaging.MQI eliminatesthe needfor a cen-
tralized databasewhich for mary workflow systemsconstitutesa single point of
failureandsometimes bottleneck.Therefore persistenpayloadsffer increased
resilienceto failures,greaterscalabilityandflexibility of systemconfiguration.

A large numberof applicationsusepayloads. Consequentlyautomatedools
for payloadmanagemenrtanbevaluableduringthe softwaredevelopmengprocess.
One suchtool is the MessageTranslationand Validation (MTV) Builder [Eng]
from Accel Software Engineering.MTV automatesoftwaregeneratiorto facili-
tatecommunicatiorbetweersystemsanddevicesof varioustypes.Theautomatically-
generatedodeprovidesmessagéranslatiorandvalidationcapabilitieghatcanbe
integratedinto an application. Payloadsare built and modified througha GUI.
Startingfrom a visual representationMTV Builder automaticallygenerateshe
interface control documentsthe translationand validation software, and the test
software. Thereforethe codemaintenancéimeis eliminated.

In summary the payloads patternhasthe following benefits(C1) and liabili-

ties(D):

O Payloadsincreasehe overall flexibility andpermitthe additionof new fea-
tures(e.g., priority levels, supportfor asynchronougvents)with minimal
changes.

0 Adding new messageypesdoesnot requirechangingthe existing entities
which are not interestedn them. For example,in a data flow architecture
(Sectionl), filters passdowvnstreamthe messagethey do not understand,
without performingary processing—alsknown as“tunneling”

O Messagecontentscan be modified at runtime. Modulesinsertor remove
messageomponentbeforepassinghemfurther Consequentjthetraffic
canbereducedy piggybackingnformationon passingnessages.

O Themainliability of this patternis its inefficienoy whencomparedvith di-
rectcalls. This is dueto the high overheadassociatedvith copying and
payloadassembling/disassenui

| mplementation notes

As mentionedbefore,the key propertiesof the object-orientegaradigmprovide
anelggantsolutionfor thethreerequirements&dentifiedin “Context.”

A flexible implementatiorsolutionis to regardthepayloadasacompositenes-
saggSCI5]. Concreteclassesorrespondingo variousmessagéypesarederived
from the abstractlassMessage—Figure11—andprovide implementationgor its
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class Message {

public:
Message();
virtual  "Message();
virtual Serialize() =0;
virtual Deserialize() =0;

/*
Other methods for messages
¥

Figurell: TheMessage abstracbaseclass.

interface. The Payload class—Figurel2—is a compositeMessage thatextends
theinterfacewith several descriptorspecificmethods.In this example,eachpay-
load hasassociatedvith it a priority level andanasynchronoufiag. Clientscan
subclas®ayload to extendthedescriptotspecificinterfacein atransparenivay.

Examples

1. Many multimedia applicationaisethe payloads pattern.VuSysteniLin94]
hasVideoFrame for singleuncompressedideoframe;AudioFragment for
a sequencef audiosamples;and Caption for close-captionedext. The
payloadsprovide marshalling/unmarshatlg methodswhich allow VuSys-
temmodulego resideon differentcomputersin ActiveMovie [AMS], pay-
loadsareeithermediasamplesr quality controldata.Mediadataoriginates
atthesourceandis passeanly dowvnstreamQuality controldataprovidesa
meando gracefullyadaptto load differencesn the mediastream.lt is used
to sendnotificationmessagefom arenderereitherupstreamor directly to
adesignatedocation. All the elementof the architecturearchitectureec-
ognizean asynchronousventwhich requiresgracefulflushingof old data,
followedby globalresynchronization.

2. AbstractSyntaxNotationOne(ASN.1)[X20889 is a methodof specifying
abstracbbjectsin the Open Systems I nterconnection (OSI) architecture.
TheBasicEncodingRules[X2088l describenow to encodevaluesof each
ASN.1 type as a string of bytes. BER encodesachpart of a valueasa
(identifieflength,contets) tuple. Theidentifierandlengthcorrespondo the
descriptorcomponentwhile the contentscorrespondgso the datacompo-
nent. Although ASN.1 and BER have beendesignedfor the application-
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class Payload : public Message {
public:

Payload();

virtual  "Payload();

Il Message interface

virtual  Serialize() {r %

virtual Deserialize() { I ¥ }

/*

Other methods for messages

*/

Il Payload-specific interface

int  PriorityLevel() const { return _priorityLevel};

bool IsAsynchronous() const { return _isAsynchronous};
/*
Other descriptor-specific methods
*/
/I Composite interface
vitual  void AddMessage(Message *) { I+ * '}
vitual ~ void RemoveMessage(Message *) { /¥ * };
private:
int _priorityLevel;
bool _isAsynchronous;

/*

Other descriptor-specific data
¥
vector<Message  *> _components;

Figurel2: ThePayload class.



Copyright ©1998DragosA. Manolescu 22

presentatiorinterfacewithin the OSl architecturethey have alsobeenap-
pliedfor distributedsystems.

3. As mentionedbefore,this patternis alsoemploed by someoperating sys-
tems. In the caseof UNIx streamdRit84], payloadsare called message
blocks. A headerspecifiesheir type (dataor control), aswell asotherat-
tributes(e.g.,asynchronousvent).

4. Parallel computing is anothedomainwherepayloadsareusedextensiely,
particularlyfor architectureshatdo not have sharednemory The Message
Passindnterface(MPI) [SOHL*96] is astandardizedndportablemessage
passingnechanismvhichrunsonawide varietyof parallelcomputersMPI
messagesall thedescriptocomponentmessagervelope'

Related Patterns

¢ Applicationsthatusethedata flow architecture typically emplg/ payloadso
encapsulatéhe datathatflows throughthe network.

Whathappensvhena sourcemodule(for example,afile readeryeacheshe
endof theinput stream?This conditionis signaledoy sendingdownstream
a payloadthat correspondgo the “end of stream”control message.The
mechanisnis propagatedionn the filter network until it reacheghe sink.
Therefore,payloads enablemodulesto exchangecontrol informationin a
transparentvay.

e Marshallingandunmarshallingnethodsequirepayloaddo reconstructhem-
sehesfrom abytestream.Thereceverendcanemploy afactory method [GHJV95
to reconstructheappropriateype of payload.

e Composite message [SC95] facilitatesthe packagingof several messages
into a composite.Its objective is to improve performanceby reducingthe
messag@assingoverhead.

e Theproxy [GHJV95,BMR*96] patterncanhelpreducetheoverheadf pay-
loadcopying. A proxy payloadhasthe samenterfacebut postponeshedata
transferuntil its dataor descriptorcomponentsreneeded.
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