Designing for Scalabilty in a Knowledge
Fusion System

Alun PreeceKit Hui
Departmenbf ComputingScienceUniversityof Aberdeen
AberdeenUK

Alex Gray, PhilippeMarti
Departmentf ComputerScienceCardiff University
Cardiff, UK

Abstract

The KRAFT project hasdefineda genericagent-basedrchitectureto support
knowledg fusion— the procesf locatingandextractingknowledgefrom mul-
tiple, heterogeneousn-line sourcesandtransformingit sothatthe union of the
knowledgecanbe appliedin problem-solving KRAFT focuseson knowledgein
theform of constaintsexpresse@gainsainobjectdatamodeldefinedby ashared
ontology KRAFT emplgs threekinds of agent: facilitators locate appropri-
ateon-line sourcef knowledge;wrappes transformheterogeneousnowvledge
to a homogeneousonstraintinterchangegormat; mediatos fusethe constraints
togetherwith associatedlatato form a dynamically-composedonstraintsatis-
factionproblem,which is then passedo an existing constraintsolver engineto
computesolutions.

The KRAFT architecturehasbeendesignedo be scalableto large numbers
of agentsthis paperdescribeshefeaturesof thearchitecturelesignedo support
scalability In particular we examinestatictechniqueshatunderpinthegrowth of
large-scal&KRAFT networks, anddynamictechniqueghatallow reoiganisation
of aKRAFT network asit increasen scale.

1 Introduction

The KRAFT project(KnowledgeReuseAnd Fusion/Tansformationpimsto definea
genericarchitecturdor knowledgefusion. Knowledgefusionrefersto the procesof
locatingandextractingknowledgefrom multiple, heterogeneousn-line sourcesand
transformingt sothatthe unionof the knowledgecanbe appliedin problem-solving.

The KRAFT architecturavasconcevedto supportconfiguiation designapplica-
tionsinvolving multiple componenvendorswith heterogeneouksnowledgeanddata
models. This kind of applicationturnsout to be very general,covering not only the
obviousmanuficturing-typeapplicationgfor example configuratiorof personatom-
putersor telecommunicationsetwork equipment)out also service-typeapplications
suchastravel planning(for example,composingpackageholidaysor businesgrips
involving flights, groundtravel connectionsandhotels)andknowledgemanagement
(for example, selectingand combining businessrules from multiple heterogeneous
knowledgeanddatabaseen a corporatdantranet).



A key featureof the KRAFT projectis thatthe form of knowledgeis restrictedto
constrints expressedagainstan objectdatamodel definedby a sharedontology|7,
13]. Thisontologyspecifieghe knowledgeavailablein resourcegxternalto the cur-
rentKRAFT network, andallows the externalresourceconceptdo be expressedn a
commoninternalrepresentationThis internalKRAFT resourcds usedby facilitator
andwrapperagentsandis managedy a speciaimediatoragent.

KRAFT buildsuponwork donein theearly1990sonknowledgesharingandreuse,
most notably the resultsof the Knowledge SharingEffort (KSE) project[11]. Al-
thoughit did resultin a numberof practicalapplications(for example,[5, 9]), the
early work on knowledgesharingand reusehasnot hadthe expectedimpactin the
constructionof large-scaleppen,distributedknowledgesystems.Oneareathat was
not addressedh the early work wasthat of scalability. few systemsusedmorethan
10 agents.However, thereis now arapidly-groving demandor “Internetscale”sys-
temsthat supportthe exchangeand processingof rich informationin areassuchas
electroniccommerceand knowledgemanagementAny architecturetargetingthese
areasmustbe designedwith scalabilityin mind. An importantaspectof KRAFT is
the useof constraintgintensionaldata)to reducethe quantitiesof extensionaldata
beingtransportecdindsoimprove scalability

This papercanberegardedasa sequelto the paperwe presentedn the KRAFT
architectureat ES99[13]; here,ourfocusis ontheimplementatiorof thearchitecture,
andin particularon the designfeatureshat supportscalability In particular we will
examinestatic techniqueghat underpinthe growth of large-scaleKRAFT networks,
anddynamictechniqueshatallow reoganisatiorof a KRAFT network asit increases
in scale.Beforewe cando this, however, we needto review the KRAFT agent-based
architectureandits implementation.

The paperis organisedasfollows. Section2 presentsan overview of the archi-
tecture,including the conceptuabperationof the main typesof agent,andthe im-
plementatiordesign. Section3 examineshow scalabilityhasbeendesignednto the
architectureasa whole,andtheindividual agents Sectiond concludes.

2 TheKRAFT Agent Architecture

An overview of thegenericKRAFT architecturds shovnin Figurel. KRAFT agents
areshavn asovals. Therearethreekinds of these:wrappersmediatorsandfacilita-
tors. All of theseareknowledge-processingntities,andaredescribedn section2.1,
2.2,and?2.3. Externalservicesare shovn asboxes. Therearethreekinds of these:
useragents resourcegtypically databasesr knowledgebases)andsolvers. All of
theseexternalservicesareproducersaandconsumer®f knowledge:userssupplytheir
requirementdo the network in the form of constraintsvia a useragentservice,and
receve resultsin the sameway. Resourcestore,andcanbe queriedfor, knowledge
anddata. SolversacceptCSPsandreturnthe resultsof the solving process Within a
KRAFT network, the constraintsanddataareexpressedisingthe conceptslefinedin
thesharedntology

KRAFT agentcommunicaterzia messagessinga nestedorotocolsuite. KRAFT
messagesareimplementedas charactesstringstransportedy a suitablecarrierpro-
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Figurel: Overview of thegenericKRAFT architecture.

tocol. A simple messagerotocolencapsulatesachmessagavith low-level header
information, including a timestampand network information. The body of the mes-
sageconsistsof two nestedprotocols:the outerprotocolis the Constaint Command
and QueryLanguaye (CCQL) which is a specialisedubsebf the KnowledgeQuery
andManipulationLanguagg KQML) [10]. Nestedwithin the CCQL messagss its
content.expressedn the Constaint Interchange Format (CIF).

In the currentimplementation KRAFT messagesre syntacticallyPrologterm
structures.An examplemessagés shown in Figure2. The outermostkr af t _nsg
structurecontainsa cont ext clause(headerinformation)anda ccql clause.The
messagés from anagentalledst or age_i nc toanagentalledpc_conf i gur at or .
Theccql structurecontainswithin its contentfield, a CIF expression(in theimple-
mentation,CIF expressionsare actually transmittedin a compiledinternal format).
CIF is describedurtherin Section2.1.

The following sub-sectiongxaminethe operationsof eachof the threekinds of
KRAFT agentin moredetail.

2.1 Wrapper Agents

Wrappersare agentsthat act as proxiesfor externalresources— commonly these
will be“knowledgesuppliers”. Wrapperssene two purposesthey advertisethe ca-
pabilitesof the resourceto a facilitator, whenthe resourcecomeson-line (seeSec-
tion 2.3), and they transformknowledge betweenthe commoninterchangeformat
usedwithin aKRAFT network, andtheinternalformatusedprivatelyby theresource.
In boththesetasksthey utilise the sharedbntology

2.2 Mediator Agents

KRAFT followsWiederholds definitionof amediatorasacomponenthatperformsa
specificinformation-processintask,often programmedy anindividual domainex-
pert[17]; everymediator‘addsvalue”in someway to knowledgeobtainedrom other



kraft_nsg(
context(1,id(19), pc_configurator, storage_inc,
ti me_stanp(date(29,9,1999), tinme(14,45,34))),
ccql (tell, [
sender : storage_inc,
recei ver : pc_configurator,
reply_with : id(18),
ontol ogy : shared
| anguage : cif,

content : [
constrain
each d in disk_drive
such that nane(vendor(d)) = "Storage Inc"

and type(d) = "Zzip"
at least 1 p in ports(host_pc(d))
to have type(p) = "USB"
1)

Figure2: An exampleKRAFT CCQL message.

agentsIn KRAFT, the maintasksperformedby mediatorsaareontologymanagement
andknowledgefusion. To performknowledgefusion, a mediatorgathersconstraints
from otheragentqtypically wrappersasdescribedn Section2.1),andprocessethem
to form a coherentCSPat run-timefor solving. Thisis shovn in Figure3. As part
of this task,mediatorswill typically pre-processhe constraintsn variousways;they
will alsoneedto planandperformselectve databasgueriesasexplainedin [6].
Therewill typically be several mediatorsin a KRAFT network: oneto perform
eachdistinct value-addingservice. For example,in a KRAFT network performing
configurationof PC products,theremay be a single configuratormediator or there
may be several configurators perhapsonefor eachof several differentkinds of PC
(laptops,genericdesktopsspecial-purposaorkstationsetc) or onefor eachof sev-
eraldistinctsubsystem§CPU, peripherakystemsapplicationsoftwarebundles etc).

2.3 Facilitator Agents

Facilitatorsarethe“matchmaler” agentghatallow agentgo discoser oneanothel9,

17]. Asthey comeonline,agentgegistertheiridentities,network locationsandadver-

tisementof their knowledge-processingapabilitieswith a known facilitator When
anagentneeddo requesta servicefrom anotheragent,it asksa facilitatorto recom-
mendanagentthatappeardo provide thatservice.

A resourcecapabilitymustbe representedhtentionallyandgenericallyfor com-
pactnessbut in a way that minimisesimprecision. The abstractcharacteristicef a
resourcearecommunicatedy meansof adwertisemeninessagesThe termsusedin
the body of adwertisementaredefinedin the sharedontology Thefacilitatorencap-
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Figure3: Fusionof constraintdrom multiple sources.

sulatesa databasef receved adwertisementsvith the abose componentsthe CCQL
facilitation operationgforwardingandbrokerage)areimplementedasquerieson this
adwertisementlatabase.

EachKRAFT network requiresat leastone facilitator In alarge network, there
may be multiple facilitators,eitherfor reason®f specialisatioror efficiengy.

2.4 Implementation of the KRAFT architecture

Interragentcommunicatiorin KRAFT is implementediy messaggassingusingthe

Lindatuple-spaceommunicatiormodel[4]. A Lindasenermanageshetuplespace;
clientsconnecto the spaceo write or readtuples(messagesKRAFT usesa Prolog
implementationof Linda, wheretuplesare Prolog term structures:instancesof the

kr af t _nsg termstructureshavn earlier To senda messagean agentwritesit to a

Linda sener with the nameof therecipient;to receve a messageanagentreadsary

tupleswith its own nameasthevalueof ther ecei ver field. An advantageof using
this modelis thattheindividual agentsdo not needto be multithreadedthey choose
whento receve ary waiting messagesynchronouslyKRAFT agentscanbe written

in ary languageprovidedthatthey have a Linda client module. Currently theseare
availablefor PrologandJaraagents.

The Linda modelis most effective for local-areacommunication,so to support
wide-areaKRAFT networks a federated_inda spacehasbeenimplemented. Each
local-area(called a hub) hasits own Linda sener with which local agentsinteract.
Theagentnamespachasa URL-like hubname/gentnamesyntax.EachLinda sener
is coupledto a gatevayagentthatrelaysmessagebetweerhubsin a mannersimilar
to aninternetrouter:if amessagés postedonthelocal Linda senerwith anon-local
hubnamédor therecipient,the gatavay relaysthe messagéo the correcthub gatevay
agent,which in turn writes it to the hub’s local Linda sener. This architectureis
shavnin Figure4. In thecurrentimplementationthe protocolusedto carrymessages
betweerhubsis TCPvia thesocletinterface;preliminarywork hasalsobeendoneon
inter-hubcommunicatiorusingCORRBA [IOP [12].

To supportdehugging,a Monitor useragenthasbeenimplementedo traceand
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Figure4: Implementatiorof the KRAFT architecture.

displaythepassagef messageacrossa KRAFT network, shavnin Figure5. Monitor
agentsareableto registerwith the gatavay agentsn orderto displayactivity at non-
local hubs,allowing a userto seeinteractionsacrosshe entire KRAFT network.

3 Designing for Scalability in KRAFT

During the designof the KRAFT architecture scalability was bornein mind. The
issueof scalabilityin a distributedervironmentis concernedvith reducingthe degra-
dationin performanceasthe work load increases.This work load canbe measured
in a numberof ways,suchasthe numberof usersactuvities, resourceproviders,and
sites. Inevitably asthe distributed ernvironmentgrows thereis somedegradationin
performanceBroadly, therearetwo kinds of techniquethatcanbe usedto tacklethis
problem:staticanddynamictechniques.

e Statictechniquesaregenerallyconcernedvith architecturablecisionghathave
beentakento supportthe generalscalability of the systemandareindependent
of thedynamicsituation.

e Dynamictechniquesmonitorthe currentstateof the distributedsystem(for ex-
ample,thedemandon eachresourceor the performancerofile of eachagent),
andattemptto respondo fluctuatingperformancen differentpartsof the sys-
tem by amelioratingthe factorscausingperformancelegradation. Hence,dy-
namictechniquesespondo feedbackirom monitorswhich are evaluatingthe
currentperformanceo identify peaksand/orbottlenecks.

In KRAFT, bothstaticanddynamicof scalabilitytechnique$ave beenemployed.
To this end,six stratgieswerebuilt-into thearchitecture:

1. Anintelligentstratgy for resourcejueryingandconstrainsolvingaimsto min-
imise numberof messagesandvolume of datatransferredconservingband-
width.

2. Thefederatednessaging@rchitecturginternet-styleJusingLinda hubsaimsto
minimisenetwork traffic, while alsobeingeasyto manageandfault-tolerant.
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3. Mediatorscan easily be replicatedon their local hub, allowing for concurrent
processingndload-balancing.

4. Useof virtualmachinedor agenimplementationge.g.JavaandProlog)areen-
couragedto allow agentmobility in casesvhereprocessingheeds¢o be moved
local to aresourcepr whereit is necessaryo transfer/replicat&an agenton a
differenthub

5. Facilitator bottlenecksare avoided by allowing for facilitator replicationand
specialisatior{for example,having a hierarchyof facilitators,similar to DNS),
andby usinggenericadwertisingto reducethe numberof adwertisements.

6. The sharedontologysupportsontology clusterswhich in turn allow for evolv-
ability (differentworlds) and bottom-upintegration of independently-created
networks.

All of thesestratgjieshave a staticaspect;jn thatthey allow a KRAFT network
designetto addresghe problemof scalabilityat design-time However, strat@ies(3—
5) have a significantdynamicaspectasdescribedelow.

We will now examineeachof thesestratgiesin moredetail.

3.1 Querying and Solving Strategy

As describedn Section2.2,mediatorghatperformconstrainfusionundertaleacom-
binationof operationsn constructinga CSPatrun-time: gatheringandpre-processing



asetof constraint§rom contributing agentsandqueryingdatabasevrappersn order
to populatethedomaingfor the CSP Thetwo mostcostly operationshereareactually
externalto themediator:theseare:

1. thenetwork traffic generatedby the constraintanddatagatheringporocessand

2. the constraintsolving processcarriedout by the wrappedsolver to which the
mediatordispatcheshe CSP

The KRAFT architectures designedo try to minimise both thesecosts,asfol-
lows:

1. In termsof network traffic, constraintsarea compaciway of transmittingwhat
could otherwisebe substantialvolumesof data. In a corventionalinforma-
tion interchangeapproachdatainstancesvould be transmittedextensionally
whereasn the constraintapproachgachconstraintis anintensionaldefinition
of apotentially-lageamountof data[15].

Moreover, whereit is necessaryo transferanumberof instancesxtensionally
(for example to populatea variabledomainfor a CSP),constraintcanbeused
by the mediatorasa filter to reducethe numberof instancedasedon whatis

known aboutthe solutionspacesofar. For example,if it is alreadyknown that
aPCcustomemeedstleasta 17-inchmonitor, thereis no pointin the monitor
vendorshippinginstance®f 15-inchmonitors.The“screensize>= 17inches”
constrainwould be sentby the mediatorto the monitorvendors wrapperfor it

to useaspartof theinternalqueryon the monitorsproductcatalogue.

2. In termsof constraintsolving, the mediatorcan perform an arbitrary amount
of pre-processingn the CSPbeforesendingit to the solver. It canalsoselect
whatit deemsto be the optimal kind of solver for the problem-at-hand.The
pre-processinganinclude simplifying the problem(for example,if redundant
constraintsare detected)or even abortingthe solving procesqfor example, if
aconflictis detectedn the CSPthatrenderst insoluble). Also, the aforemen-
tioned processusedto build the CSPin termsof gatheringinstancego popu-
late the variabledomainswill itself tendto simplify the CSPby filtering outa
significantnumberof “useless"values(this is similar to the forward-checking
techniqueusedin constraintsolving[8], but appliedin the distributedcontext).

Thesenormally leadto a reductionin databeingtransportedn the network, and
soimprove scalability

3.2 Federated Messaging Architecture

Unlike someagentcommunicatiorarchitecturegfor example JATlite!) KRAFT does
notrely onacentralisednessageoutingmechanismRoutingin KRAFT, likerouting
in the Internet,is decentralisedThe Linda hubarchitectureshavn in Figure4 allows
messagekcalto ahubto passunnoticedoy otherhubs.Whenthehubis entirelylocal

Lhttp://java. st anford. edu/
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Figure6: Cloninga mediatoron alocal hubin a KRAFT network.

to asinglehost,no network traffic atall is generate@messagearepassedhroughthe
TCP/IP“loopback” interface). The only wide-areanetwork traffic consistsof inter-
hub messagesyhich passbetweenwidely-separatedatavays. Section3.4 explains
how eventhis traffic canbe minimised.

An importantexceptionhereis wheremonitor agentsare configuredto monitor
activity at morethanone huh In this case,the hub messagesener is notified to
“echo” messagebetweenmonitoredhubs,andthis canleadto substantiahetwork
traffic. Therefore suchmonitoringis recommendednly for testing,andneverfor use
in anoperationaKRAFT network.

3.3 Mediator Replication

It is concevablethatmediatoravhoseservicesaremuchin demandwill becomebot-
tlenecks.Suchbottlenecksare easilydetectedy the hub seners,which canseethat
messagéraffic to andfrom particularagentss greaterthannormal,or arenot being
processea@srapidly aswould be desirable (This is like an office manageobserving
the“in” and“out” traysof workersin an office: in KRAFT these“trays” arecollec-
tions of messageen the Linda tuple spacemanagedy the hubsener) Locally, it is
relatively easyto cloneKRAFT mediatorspecauseheseagentsdo not tendto have
persistenstoragg(if they do,they will typically usea sharedprivatedatabaséor this
purpose).Thereforea mediatorcanbe clonedin principle by simply askingthelocal
OSto spavn anotherinstanceof the mediatorprocess The mediatorwould be passed
a uniqueagentnameby the hub sener. This s illustratedin Figure6 — the shaded
agent(amediator)is clonedon hubl

In thisway, mediatorservicesaneasilybereplicatedocally to provide concurrent
processing. This techniqueis equally useful for replicating ontology-management
mediatorsaswell asthoseperformingknowledgefusion.
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Figure7: Replicatinga mediatoron aremotehubin a KRAFT network.

3.4 Agent Mobility

Section3.3 coversthe casewherea mediatoris replicatedlocally. It is alsopossible
to replicatea mediatoron a differenthub (Or indeed,to relocatethe mediator by
replicatingit thenremoving the original.) This is possiblewhenthe mediatoris im-
plementedn alanguagehatusesavirtual machineervironment. KRAFT encourages
the useof suchlanguagesgurrently thetrial systemshave beenimplementedusing
PrologandJava. In thesecasesthe codefor the mediatorcanbe encapsulateth an
inter-hubmessagelirectedto a hubmanagerUponreceipt,the hubcanspavn anin-
stanceof the appropriatevirtual machineandpre-loadit with the encapsulatedgent.
This is illustratedin Figure 7 — the shadedagent(a mediator)is replicatedon hub?2
afterbeingshippedoverthe network from hubl

Thiskind of mobility is mostadvantageousshenonewantsto movetheprocessing
capabilitycloserto the data. Localisedcommunicatioris alwaysfar lesscostly than
wide-areacommunicationso moving a mediatorfrom a remotehubto the samehub
asthedataresourceganimprove performancesignificantly

3.5 Facilitator Federations

Asthescaleof aKRAFT network grows, thereis adangethatfacilitatorswill become
bottlenecksA numberof strat@iesareavailableto avoid this problem.

Normally, eachhub will have its own local facilitator, to which requestsan be
directedwithout the costof wide-areatraffic. If eachof thesefacilitatorsis to have
knowledgeof the entire multi-hub KRAFT network, thenthey obviously must ex-
changeadwertisementamongone another However, recommendequestsare typ-
ically much more commonthan adwertiserequestsso mostof their work thenwill
involvelocal messagéraffic.

If the network becomestoo large to allow eachlocal facilitator to store com-
plete adwertisementinformation, then thereare a numberof possibilitiesto reduce
the amountof information held by eachfacilitator One optionis to have specialist
facilitators, eachholding knowledge abouta particularareaof the sharedontology
(for example,in a consumetelectronicanarketplace therecould be a facilitator that



Figure8: Threeontologicalclusterswithin the sameKRAFT network.

knows aboutthe PC sector anotherthatknows aboutthe mobile phonesector andso
on). A “meta-facilitator” would be consultedfirst to locatethe appropriatespecialist
facilitator for a givenrequest.Of course ary of thesefacilitatorscould alsobe repli-
catedif necessaryAnotherpossibilityis to partition the facilitation spaceaccording
to location, whereeachfacilitator would have knowledgeaboutits local hub (or lo-
cal hubs),andwould directrequestghatcant be answeredocally to a neighbouring
facilitator. This approachis essentiallysimilarto the Internetroutingscheme.

The useof genericadwertisementwill reducethe numberof adwertisementsas
it eliminatesthe needto hold specificadwertisementslt alsoreduceshe numberto
be examinedwhenlocatingappropriatesxternalresourcesalbeit at the expenseof a
possiblymorecomplex matchingalgorithm.

3.6 Ontology Clusters

The schemesutlinedin Section3.5 cover only the caseswvherethe entire KRAFT
network usesa singlesharedontology againstwhich all advertisement&ndrequests
areexpressedCCQL allows for mutliple ontologiesto coexist within the same(using
theont ol ogy field in eachmessagebut, moreimportantly allows for agentausing
differentontologiesto interoperatéby meansof ontology clustes andinter-ontology
mappings.An ontology clusteris a communityof KRAFT agentsthat usethe same
sharedntology;aclusterthatusessharedntologySO; caninteroperatevith aclus-
terthatusessharedntology SO- if andonly if thereis anontological mappingfrom
S0, to SO2. Messagesvith contentexpressedagainstSO; would be sentto a des-
ignatedontological mediator(OM) thatwould transformthe contentto SO, before
fowardingthe messageo the intendedrecipient. Figure 8 shavs three ontological
clusterswithin the sameKRAFT network, bridgedby ontologicalmediators.

This part of the designfor the KRAFT architectureis elaboratedn [14]. The
ontologicalclustersallow for evolvability (differentworlds which mustbe madeto
inter-operate)andbottom-upintegrationof independently-created§RAFT networks.



4 Conclusion

Addressingheissueof scalabilityin adistributedenvironmentinvolvesmanaginghe
potentialdegradationin performanceaswork load increasesTypically, this is done
by employing acombinatiorof static(design-timeanddynamic(run-time)strateies.
In KRAFT architecture the static techniquesavailable to supportscalability are as
follows:

¢ theuseof intensionaldatareduceghe quantityof extensionaldatabeingtrans-
portedin the network;

¢ the useof genericadwert representatiomeduceshe numberof advertsstored
andanalysed;

¢ the useof optimal solvers andfilters reducesthe amountof extensionaldata
accesseffom externalsourcesn CSP;

¢ the ability to cloneat all KRAFT sitesthe facilitator, mediatorsand ontology
meanthatit is possibleto designthe architectureso that thereis no network
traffic if a CSPcanbesolvedwith localfacilitiesonly;

¢ theLinda hub designmeansthatlocal messageare processedocally — they
alsosupportan easyimplementatiorof monitorswhich trigger dynamictech-
niguesasthetuplesheldin a Linda hubshow the dynamicstateof mary of the
KRAFT componentsand

¢ theuseof ontologyclustersanda build-up approactto creatingthelocal shared
ontology for a clustermeansthey reflecttheir usercommunity needs,which
againrestrictsthe numberof occasionsvhenthereis a needto link to other
ontologiesn thecluster

The dynamictechniqueghat supportrun-time scalability in the KRAFT archi-
tecturearefoundedon the useof a managedhub-basediesign:the messageat the
Linda hubscanbe monitoredto determinewherethe bottlenecksare occurringand
which agentsareinvolved. As a resultof this monitoring, agentscan be clonedat
the sameor anothersite to reducenetwork traffic and overall time whenan agentis
overloaded.Agentscanmigrateto new sitesif the platform configurationat that site
and/orthe currentsituationis bettersuitedto their processingeeds.

We contendthat thesestatic and dynamicfeaturesmeanthat the degradationof
performancén a KRAFT network asworkloadincreasess graceful,andtheerviron-
mentis ableto reactto fluctuationin usagepatterndf thisis needed.
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