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andprovidessupportfor thecoexistenceof differentmanagementviewsof a largesetof entities.A prototypefollowing
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1 Introduction
Thevastmajority of currentmanagementsystemsprovide thetoolsneededto describethesetof network
componentsaswell as their attributes. However, in a systemwith a large numberof componentsit be-
comesinfeasibleto managea flat spaceof components.Therefore,it is extremelyimportantto aggregate
componentsin viewsthatrepresentdifferentmanagementdomains.

Thispaperproposesamodelto supporttherepresentationof complex networksin managementsystems.
The model, that distinguishesthe representationof individual componentsfrom the representationof the
relationshipsamongthesecomponents,is basedona two level architecture:� Thecomponentlevel: At this level eachnetwork componentis describedindividually.� The view level: The view level definesthe relationshipsamongcomponentsthat arespecificto a

particularmanagementactivity. At this level onedefinesalsowhich attributesof thecomponentare
visible in thecontext of theview.

In order to manageandmonitor a system,oneor moreviews needto be activated. The management
systemmustensurethat the informationprovidedto differentmanagersis consistent,evenif they interact
with differentviews. This is ensuredvia the two-level architecture:changesin the managedobjectsare
registeredat thecomponentlevel andthenreflectedat all relevantviews.

Themodelalsoproposesa flexible eventpropagationmechanism.Eventpropagationis performednot
only within a view but alsoacrossdifferentviews. Eventpropagationis usedboth to applyoperationsto
groupsof componentsandtonotify theusersof relevantoccurrences.A prototypeof asystemimplementing
theproposedmodelhasbeendevelopedasa Tcl extensionto theScottyplatform[SL95].

Thepaperis organizedasfollows. In Section2 wemotivatetheneedfor theview supportin management
systemsandSection3 briefly introducesrelatedwork. Theproposedmodelis describedin Section4 and
its implementationin Tcl introducedin Section5. An evaluationof the model is given in Section6 and
Section7 concludesthepaper.

†Selectedportionsof this reporthave beenpublishedin the Proceedingsof the IFIP/IEEE 12th InternationalWorkshopon Dis-
tributedSystems:Operations& Management,October, 15-17-2001,Nancy, France.



2 CarlosPalmaandLuis Rodrigues

2 Motivation
Any complex systemincludesa large numberof network componentssuchascomputers,devices,appli-
cations,etc. Eachof thesecomponentsis characterizedby a setof attributesthat needto be accessedin
the courseof managementactivities. However, mostof managementactivities do not needto accessall
attributesof eachcomponentnor the completesetof managedcomponents.The excessof non-relevant
informationin a giveninterfacemayevenbedetrimentalto theefficiency andsecurityof themanagement
activities. Therefore,it is extremelyimportantto definedifferentviewsof themanagedsystem.Eachview
is createdhaving a specificactivity or role in mind, andshouldincludeonly the objects(andattributes)
relevantfor thatactivity.

Considerfor instancea systemwith machines(runninga combinationof Linux andsomeproprietary
operationsystem)physically locatedin different roomsandconnectedto differentLAN segments. For
certainactivities it is interestingto organizeaview of thesystemaccordingto thegeographicaldeployment
of themachines,with anindicationof identifierandoperatingsystem.For otheractivities, it is moreuseful
to presentthe view accordingto the LAN segmentsand showing only the machinesthat run a specific
operatingsystem. Therefore,the managementsystemshouldallow to expressthesedifferent relations
amongthemanagementcomponents.

The notion of view addressesthis need. The view is an abstractionthat allows to aggregateandmake
visible the representationof the managedcomponentsthat belongto a particularcontext. Additionally,
theview filters thecomponentattributesandbehavior, suchthatonly thepropertiesthatarerelevantin the
context of theview areshown to theuser.

Usinga view, theuserinterfaceis simplified,sinceall theinformationthat is non-relevantfor a specific
managementactivity maybehiddenfrom theoperator. Furthermore,theview canalsobeusedamechanism
to controltheaccessto sensibleinformation,improving thesecurityof themanagementsystem.

3 Related work
Theneedfor structuringandgroupingthemanagedobjectshasbeenpresentfrom thebeginningin network
managementplatforms. Therefore,mostnetwork managementsystemsincludesomeform of representa-
tion mechanism.Onecandistinguishtwo mainclassesof network managementsystems:systemswhose
elementaryunit is thecomponentattributeandsystemswhoseelementaryunit is thenetwork component.

Thefirst classof approachesconsidersthateachindividualattributeis a basicunit of management.Net-
work elementsaredefinedasgroupsof attributes.It is alsopossibleto createcomponentsthatmix attributes
from severaldistinctphysicaldevicesandthathavenodirectmappingto concretenetwork components.We
cancite two mainexamplesof this approach:theSNMPQL[Yeo90] that representsthenetwork anda set
of relationaltablesthat canbe accessedusingSQL and the approachdescribedin [KSSZ97] wherethe
network is representedasa spreadsheet.Using theseapproachesit is difficult to supporteffectively event
propagationandhandlingmechanisms.A similarapproachhasbeendescribedin [Gol96], whereextensions
to theSNMP-SMIsupportthecreationof MIB viewsin anagent.Thecreationof viewsis supportedtrough
relationaloperations(joins,filtering, etc)onSNMPtableusingaSQLlike language.However, theseviews
arerestrictedto a singleMIB.

Most of the existing commercialandopensourcenetwork managementsystemfit into the secondcat-
egory. Our modeland implementationcanalsobe classifiedin this class. Representative examplesare
theTkined/Scotty[SL93], theDomainssystem[SM89, MS93], theCA Unicenter[Ass], andtheHP Open-
view [Pac]. In is interestingto notethatthelasttwo commercialsystems,despitetheirstrongpenetrationin
themarket,do not satisfactorily addresstheissuesaddressedby ourproposal.

The CA Unicenterdistinguishesthe object model from the topology model. The topology model is
concernedwith therelationsamongobjectsand,to a certainextent,supportsthedefinitionof differentper-
spectivesof themanagednetwork. TheHP Openview alsomakesa distinctionbetweentherepresentation
of themanagedobjectsandits presentation:thesameobjectmaybepresentedusingdifferenticons;icons
canbe groupedin mapsthat canbe linked in a hierarchicalmanner. However, in both cases,thereis no
supportto refinethe presentationof a givenobjectin a view sensitive manner:if anattribute is visible in
a view it mustbe necessarilyvisible in all views. Both our proposaland the previous examplescanbe
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consideredasdifferentapplicationof the Model-View-Controllerdesignpattern[BMHRS96] to network
managementtools.

4 Model
In this sectionwe presenta modelfor the implementationof the view abstraction.Our modelintendsto
combineflexibility , in thesensethatthesamesetof managedobjectscanberepresentedin many different
views,with theconsistency of informationprovidedacrossviews. For instance,if two operatorsaremoni-
toring thesamecomponentusingtwo distinctviewsandthecomponentchangesits statusdueto anaction
executedin thecontext ona view, this changeof statusshouldalsobevisible in theotherviews.

4.1 Basic elements
The modelproposedhereusesa compositionof the following basicelements:core-elements, links, ele-
ments, groups, maps(a maprepresentsamanagementview), andrepositories.� A core-elementrepresentsa concretemanagedobject.Typically, it representsa network component

(physicalor logical) suchasa nodeor a process.Eachmanagedobject is representedby a single
core-element,nomatterin how many mapsit is included.Thecore-elementcomponentencapsulates
thecompletesetof attributesandbehavior of themanagedobject.� An elementrepresentsa core-elementin a specificmap. Therefore,the elementmay restrict the
numberof attributesthat arevisible andthe behavior of the managedobject in the context of that
map. Note that a single managedobject, representedby a core-element,can be associatedwith
multiple elements.� A link representsa physicalor logical connectionamongtwo managedobjectsin a given context.
Therefore,a link connectselementsor groupsof thesamemap.� A group aggregateselementsandother groupsallowing to hierarchicallystructurethe map. The
groupcanbe usedto merelyaggregateelementsthat arelogically relatedor to createa composite
componentfrom othercomponents.� A map, thatrepresentsamanagementview, is asetof groups,elementsandlinks thattogetherrepre-
sentaconcretemanagementcontext. It is possibleto associateglobalconstraintsthatrestrictthetype
of informationfrom the core-elementsthat canbe visible in the map. Note that constraintscannot
associatedwith groups.� A repositoryis a persistentrepresentationof therelevantstateof thepreviouselements.Thereposi-
tory containsthecharacterizationof a setof core-elementsandthedescriptionof all themaps(with
associatedelements,links andgroups).

4.2 Attributes
Eachelementof ourmodelis characterizedby a setof attributesandmethods, asdescribedbelow.� An attributeis avariablethatrepresentsapropertyof themanagedobject.Attributesaresimplynum-

bersor strings.Theattributescanbeusedto storemanagementinformation,parametersthatdefine
the way a componentis testedandmonitored,informationrequiredfor network access,temporary
dataresultingfrom monitoringactivities,etc.Someof theattributescanbeusedto uniquelyidentify
themanagedobject,suchas,for instance,a MAC addressor a serialnumber.� The methodsdefinemanagementactivities (in our concreteimplementation,a managementscript).
Thesescriptscanbeexecutedperiodicallyor only whenexplicitly invoked(whentheattributesare
accessed).Themethodscanbeusedto returnvaluesthatareobtainedby applyingsomefunctionto
a setof simplerattributes.Themethodscanalsoinvoke somemanagementprotocolto interactwith
theconcretedevices.
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Fig. 1: Proposedobjectmodel

4.3 Relationships
Thebasicentitiesof ourmodelmayhave thefollowing relationships,asillustratedin Figure1.� A core-elementcanhave oneor moreattributesandmethods.A core-elementalsomaintainsa ref-

erenceto all of its elements.Therefore,thecore-elementis ableto propagateaneventcreatedin the
context of a givenmapto all mapsto which it belongs.� An elementmaintainsa referenceto thecore-elementit represents,a referenceto thegroupin which
it is containedandreferencesto all its associatedlinks. All theattributesthatdescribethestateof the
managedobjectarenot maintainedat the elementlevel; they arealwaysmaintainedat the level of
core-elementsto ensuretheconsistency of informationto beprovidedacrossdifferentviews.

Note that not all core-elementattributesarevisible in every element,sinceeachview definescon-
straintson theattributesthatarevisible throughtheelementsof thatview.

Rememberalsothateachcore-elementcanbeidentifiedby thevalueof somerelevantattributeof the
managedobjectthatit represents(for instance,aserialnumber).Thisuniqueidentifierwill bevisible
in all mapsin which theobjectis represented.� A link canhaveoneor moreattributesandmethods,andreferencesto theelementsthatit connects.� A groupcanhave oneor moreattributesandmethods.A grouphasa referenceto theuppergroup
(or to themap,if it is theroot group)anda setof referencesto all groups,links andelementsthat it
contains.� Finally, amapcanalsohaveoneor moreattributesandmethodsandareferenceto a rootgroup.

4.4 Constraints
By default, anelementrepresentsall attributesandmethodsof theassociatedcore-element.However, our
modelforeseesthe possibility of definingrestrictionsto the setof attributesvisible in a mapby defining
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Fig. 2: Eventpropagationexample

constraints at the map level. Constraintscanalso restrict the propagationof events. As we have noted
previously, theseconstraintsmaysimplify themanagementactivities andimprovethesecurityof theman-
agementsystem.

4.5 Filters
Filtersareintendedasa mechanismto automateandsimplify thecreationof maps.A filter is a constraint
on the characteristicsof the core-elementsthat may belongto a givenmap. After specifyinga filter, one
canrequestthecreationof an implicit map, amapthatcontainsall managedobjectswith thecharacteristics
definedin thefilter of themap.Themapdesignercanlatercanaggregatetheresultingelementsin groups
andlink themin differentways. However, sheis not allowed to createelementsadditionalin an implicit
map.

Therefore,the modelsupporttwo differentalternativesto createviews: implicit maps,whosecontent
is specifiedby the filter, andexplicit maps,whoseelementsareaddedexplicitly, oneby one,by theview
designer. Explicit mapsgivemoreconfigurationpossibilitiesto themapdesignerbut alsorequirea greater
dealof effort to define.

4.6 Event model
In orderto modelthebehavior of thecomponents,ourarchitecturedefinesaneventprocessingandpropaga-
tion model.Eventsaretypedandcanbepropagatedamongtheobjectsof activemapsaccordingto different
policies. Eventhandlerscanbedefinedat the level of individual components(core-elements,groups,ele-
ments,etc).Therefore,it is possibleto havefine-graincontrolonhow theeventsareprocessedateachlevel
of thehierarchy.

Thereare two main classesof events: internal eventsandexternal events. Internaleventsare raised
automaticallywhenthereis a changein any componentof a repository, suchaschangesin attributesor
addition/removal of elements.Internaleventsarenot propagatedandmustbe processedby the handler
associatedwith theaffectedgroup.Oneof themaingoalsof usinginternaleventsis to triggertheexecution
of scriptsthatchecktheconsistency of thecomponentsthatbelongto therepository. For instance,theevent
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thatis triggeredwheneveranew elementis insertedin aview, canbeusedto if it hastheattributesrequired
for thatview.

Externaleventsreflect eventsassociatedwith one or more managedobjects. Externaleventscan be
propagatedwithin a mapandacrossall mapsof a repository. Therearethreesub-classesof externalevents
that reflect different policies for event propagation,namely: ascendantevents,descendantevents,and
lateral events.

Ascendanteventsarepropagatedupwardsin thegrouphierarchydefinedby themapin whichthey occur.
At eachhop, the receptionof the event may trigger an appropriatehandler. The handlermay consume
theevent (which is not propagatedfurther)or forward theevent to thenext level afterprocessing.In any
case,thepropagationof anascendantevent terminatesat themapelement.Ascendenteventscanbeused
to specializeor generalizethe processingof specificoccurrences:the event can be processedby some
specializedhandlerassociatedwith the elementor be propagatedupwardsandbe processedby a global
handlerthathandlesall eventsgeneratedby thelower layers.

Descendanteventsaresimilar to ascendanteventsexcept that they arepropagatedin the oppositedi-
rection,from the groupin which the eventwasraiseddownwardsuntil a core-elementis reached.In the
core-element,thedescendanteventcanraiseasetof ascendanteventsin all elementsrepresentingthatcore-
elementin differentmaps.This mechanismeasesthetaskof applyingsomescriptto all elementsincluded
in a givenhierarchy. Additionally, thismechanismsupportsthepropagationof eventsacrossmaps.

Finally, lateraleventsarepropagatedacrossthe links that connectthe elementsof a map. Sincethese
links may form cycles,the event propagationis limited to a configuredmaximumnumberof hops. This
mechanismcanbe usedto correlateevents. For instance,onecancorrelatethe failure of a components
to thefailureof otherobjectsconnectedto thatcomponentthroughthepropagationof failurenotifications
throughtheestablishedconnections.

Figure2 illustratestheeventpropagationpoliciesdefinedin our eventmodel.
Theoccurrenceof Event1 at theelementS1 canresultin the following sequenceof events,depending

on theeventsub-class:� If theeventis ascendant, it will behandledat thelevel of theelementS1,propagatedto thegroupG1
and,possibly, furtherpropagatedandhandledin the mapV1. Note that for many events,a generic
handlercan be definedat the top level, in the map component. In suchcasethe event is simply
propagatedto therootandprocessedthere.However, thearchitecturesupportsthedefinitionof more
specificcontext-dependenthandlersin thelower levelsof thehierarchy.� If theeventis descendantit canbehandledat theelementS1andlaterhandledby thecore-element
C3. In thecore-Elementtheeventcouldbepropagatedto theremainingelementsthatrepresentsthat
core-element.� If the event is lateral with a maximumnumberof hopsset to 1, it will be only propagatedto the
elementS3.

Considernow theoccurrenceof a descendantevent,Event2, at the level of themapV1: theeventwill
bepropagatedamongelementsbelongingto mapV1 includingthecore-elementsthathaveelementsin V1.
Furthermore,thecore-elementsmayraiseanascendanteventthatwill bepropagatedto theelementsin the
mapV2.

Theproposedmodelfor eventpropagationallows:� to representin aconfigurableandcontext-sensitivemannerchangesin thestatusof managedobjects,
in all activemapsthatincludeaelementof thatcore-element(ascendantevents).� to actuatein a largesetof itemswithout explicitly namingall thetargets(descendantevents).� to propagatetheoccurrenceof eventsto all elementsthatarephysicallyor logically connected(lateral
events).



Supportingviewsin networkmanagementsystems 7

Map

Item

Element

Group

Binding Events Messages

Link

1

* 1

*

1

*

1

*

1

*

1 *

1

*

1

*

1

*

Attribute

1

1

*

1

*

Repo

Script Core-Element

Standard
Attribute

Scripted
Attribute

*

1

*
1

*

1

*
1

*

1

*

1

Internal
Events

External
Events

1

*

1

1..2

1 1..2

1

*

1

*

Persistent
Attribute

Constant
Attribute

Non-Persistent
Attribute

Fig. 3: Datamodelof Tnm::repo

Note that by defininga chainof eventsandhandlersit is possibleto modelcomplex propagationsof
eventsassuggestedin [OMKY97]. However, sinceourapproachdoesnotreliesondefininganew language,
propagationschemesbasedon the compositionof the threebasicmodeshave to be explicit codedin the
handlerswhile theMODEL [OMKY97] allows thesepropagationpoliciesto beexpressedin a declarative
fashion.

5 Implementation
In orderto validateexperimentallyour model,we have implementeda prototypeasa Tcl extensionto the
Tnm/Scottyplatform[SL95, SL93]. TheScottyplatformis aopensourcenetwork managementsystemthat
offersa Tcl interface.This systemhasa largeuserbasesinceit providesanopenandconvenientplatform
for thedevelopmentof customizednetwork managementsolutions.TheScottyplatformalsoincludesaTcl
module,theTnm::map [Sch], that intendsto supporttherepresentationof themanagedsystem.We have
optedto implementour modelasanextensionto theexistingTnm::map module.

We have calledour new Tcl moduleTnm::repo. The new modulepreservesthe functionality sup-
portedby theoriginalTnm::mapmoduleandimplementsasetof new functionalitythatsupportthemodel
proposedin this paper, namelythesupportfor definitionof differentmapsandextendedeventpropagation
mechanisms.Figure3 presentsthedatamodelof Tnm::repo.

Theadvantagesof implementingourmodelasanextensionto theTnm::map aretwofold. To startwith,
it allows us to reusemuchof the managementscriptsalreadyavailablefor the Tnm/Scottyplatform. On
theotherhand,it promotesthedisseminationandusageof our prototypeby others.To becompliantwith
theterminologyusedin the implementationof Tnm::map, we have optedto maintainsomeof the terms
usedin theoriginal implementation.Therefore,in thefollowing text a repositoryis simply designatedby
thekeywordrepo, a mapby thekeywordmap, a core-elementby celem , a elementby elem, a group
by group anda link by link.
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Therepresentationof any network is initiatedwith thecreationof arepo object.Therepo encapsulates
all thecelems,scriptsandmaps thatarestoredon thatrepository. Considerthefollowing examples:

Example1.

# Creating a repository
set repo1 [Tnm::repo create -name repo1]

# Creating Core-Elements
set pc001 [$repo1 create celem -name pc001]
set pr001 [$repo1 create celem -name pr001]

#defining attributes
$pc001 attribute set :MachineType "pc"
$pr001 attribute set :MachineType "printer"

# Creating a map explicitly
set map1 [$repo1 create map -name allpc]
set map2 [$repo1 create map -name allprinters]

# Creating an implicit map
set map3 [$repo1 create map -name allelements -filter [list :MachineType != ""]]

#Creating a script
#Note: the instruction "set function1 true" sets the return value of the script
set script1 [$repo1 create script -name function1 -script {

if { "%T" == "repo" }{
set function1 true

} else {
set function1 false

}
}

#Managing attributes
$repo1 attribute set :Global:Test1 "test123"
set result [$repo1 attribute get :Global:Test1]
$repo1 attribute unset :Global:Test1

#defining a method
$repo1 attribute set :Global:Var1 -script $script1

#listing repo info
set myrepomaps [$repo1 info maps]
set myrepocoreelems [$repo1 info celems]

#removing the repository
$repo1 destroy

Eachnetwork componentis representedin themanagementsystemby a singlecore-element(celem).
This entity is responsiblefor storingall relevant informationthatdescribesthenetwork component.On a
celem objectonecanperformoperationsto: readandwrite its attributes,obtain informationaboutthe
relevantrelationships(whichrepositoriesandmapsareassociatedwith thecelem, whichareits elements,
etc),asillustratedbelow:

Example2.

#Processing of attributes
$pc001 attribute set :SysType == pc
set result [$pc001 attribute get :SysType]
$pc001 attribute unset :Global:Test1

The definition of scripts at the level of the repositoryallows codeto be reusedin the handlingof
eventsand in the implementationof managementtasks. The scriptsare interpretedat run-timeandcan
includewildcards(a ’%’ followedby anothercharacter)thatareboundwhenthe script is invoked. These
wildcardspermit to accessrun-timeinformationsuchas: the token of the entity associatedto the script
(%H), type of entity associatedwith the script (%T), nameof the attribute (%V), etc. For instance,in the
scriptfunction1 of thepreviousexample,thewildcard%T would bereplacedin run-timeby thevalue
repo (andthescriptwould returntrue).

Notethat thesescriptsneedto beexplicitly invokedthroughtheattributeto which they arebound.Is is
alsopossibleto executescriptsby definingeventhandlers,asit will bedescribedbelow.

Themap objectsupportsoperationssuchastheaccessto itsattributes,creationof new elements(groups,
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elems andlinks), to list enclosedelements,etc:
Example3.

# Creating a Element
set elem001 [$map1 create elem $pc001 -name pc001]
set elem002 [$map2 create elem $pr001 -name pr001]

# Creating a group
set f1 [$map1 create group -name group1]

# Creating a link
set l1 [$map1 create link -name link1]

# Listing contents
set listelems [$map1 info elems]

# Removing a map
$map1 destroy

Note that the explicit creationof new elementsis only allowed in explicit maps. In the implicit maps
elementsarecreatedautomaticallyusingthe rulesdefinedin thefilter associatedwith themap. Theview
contentsis updatedwhentheview is createdor whentheupdate parameteris explicitly invoked.

As notedbefore,thesetof attributesthatarevisible in amapis limited by aconstraintthatcanbedefined
at themaplevel:

Example4.

# Deny the access to the attributes of all elements in the map
# whose name starts with ":Global:Private"
$map1 configure -constraints [list deny :Global:Private]

Thereis also a set of operationsthat can be performedon most items suchas: readingand writing
attributes,readinformationaboutthe item relations(to which mapthey belong,etc). Therearealsosome
operationsthatarespecificto eachitem. For instance,from theelementsonecanextract thecore-element
it represents;from a groupwe canobtaintheparentgroup,etc.Someexamplesaregivenbelow:

Example5.

# Associate an item to a group
$item configure -group $gr1

# Get all elements in a group
set objs [$gr1 info members]

# Connect to items using a link
$lnk1 configure -src $item1 -dst $item2

# Get the endpoints of a link
set source_item [$lnk1 cget -src]
set dest_item [$lnk1 cget -dst]

As we have notedbefore,a fundamentalfeatureof our modelis thesupportprovidedfor eventpropaga-
tion. Eventsaremanagedin threedistinctphases:definitionof scripts,definitionof eventhandlers(binding
scriptsto events)andraisingof events.Whenaneventhandleris defined,ascriptis boundto theeventtag;
suchscriptwill beexecutedwhentheeventreachestheobjectwherethehandleris defined.Theoccurrence
of aneventis triggeredusingtheraisecommand.Thefollowing exampleshowshow aneventhandlercan
bedefinedandtriggered.
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Example6.

# Creating an script
set scr2 [$repo1 create script -name eventhandler1 -script {

if {%T == elem } {
%H attribute set:Global:Error True

}
}

# Defining the handler for an event
$item1 bind :Events:Error1 -script $scr2 -up

# Raising an event
$item1 raise -up :Events:Error1

Notethatonly externaleventscanbeexplicitly raised.Internalevents,thatareboundto well known pre-
definednames,areraisedautomaticallyby theplatform.For instance,thefollowing commandis invalid:

Example7.

# Invalid command, returns an error
$repo1 raise -up :Repo:InternalEvents:CreateCelem

In orderto validateourmodel,wehaveimplementedanumberof extensionsto theTnm::map package,
including: theintroductionof theview componentwhich offersthepossibilityof specifyingconstraintsat
theview level, theextensionof theeventpropagationmodel,andthecharacterizationof eachentity through
attributesandmethods.

TheresultingTnm::repo extensionis independentof theactualmethodusedto interactwith thenet-
work componentsbeingmanaged.Theintegrationof theTnm::repo with existing network management
protocolsis madeat thelevel of scriptdefinition.At this level, all theavailableTCL extensionfor network
management,suchasthoseprovidedby Scotty(SNMP, ICMP) or by TCL (HTTP, sockets, etc)canbeused.
This separationof concernssimplifiesthetasksof definingthemapsin anabstractmanner, independently
from theconcreteprotocolsusedat thedevice level.

6 Evaluation
In orderto evaluatethemodelproposedin thispaper, we haveappliedtheprototypeto aconcretenetwork.
Additionally, we have comparedthe resultingmanagementsystemwith the systemsobtainedfrom the
applicationof otheralternativemodels,namelytheTnm::map andtheHP OpenView, to thesamenetwork.
A moredetailedreportof this experimentcanbefoundin [Pal00].

The targetnetwork, depictedin Figure4, waschosento allow thedefinitionof threedifferentviews of
thesamemanagedsystem:theview usedby themanagersof theMSWindowssystems,theview o theUnix
managers,andthe view of the networking componentsmanagers.Eachof theseviews includesdifferent
informationaboutthetargetnetwork. Theview usedby themanagersof theWindowssystemmustonlyhave
accessto informationaboutmachinesrunningthis operatingsystem.However, it shouldalsohave access
to the locationof thesemachinesins termsof LAN segments,default gateways,servers,etc. Theview of
theUnix managersis similar but coversmachinesrunningthatspecificOSandseveralparticularattributes
of this platform. Theview of thenetworking infrastructuremanagersprovidesaccessto informationabout
all inter-networking components(HUB, switches,routers,etc) but no specificinformationabouthow the
OS of eachmachineis configured.Note that somecomponents,suchasthe default gatewaysneedto be
includedin morethanoneview, with differentlevelsof detail.

Theadvantagesof ourmodelbecomemoreclearwhenwetry to modelthetargetnetwork with theother
platforms:� In theHP OpenView theOpenView Topologymanagermaybeusedto grouptheinformationaccord-

ing to differentviews. However, thereis nowayto restrictthewaytheobjectattributesareseenin the
differentviews. TheOpenView Postmasterservicecanalsobeusedto implementtheeventmodel.
However, theonly featurethatcanbespecializedfor eachview is thecolor of theiconsusedto rep-
resenttheobjects.On thecontrary, our modelallows full specializationof eventhandlingaccording
to theview context.
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Fig. 4: Evaluationnetwork� In theTnm::map onecanpresentdifferentattributesof the sameobjectin differentmapsthrough
thecreationof independentmaps. However, whenseveralmapsarecreated,theconsistency of the
information provided to the usersof differentmapsis no longer ensured.To enforcethe desired
level of consistency, theusermustcreatecomplex scriptsthatexplicitly updateall maps whenevera
changeoccursin any of themaps.� Naturally, our prototypedid not suffer from theselimitations. Using tmn:repo it was possible
to modelthe threemanagementviews, with specializedconstraintsandevent handlingprocedures,
without compromisingthe consistency of the informationprovided regardingthe sameatributesin
differentviews.

Sinceourprototypeis basedon theoriginaltmn:map, wewereableto measuretheperformancedegra-
dation resultingfrom the additionalcomplexity requiredto supportour abstractions[Pal00]. When do-
ing comparative teststo measurethe time neededto reador updatean attribute of a singleelementof a
map,wehaveobservedthatour implementationexecutes6.5%lessoperationsperminutethantheoriginal
tmn:map. This overheadis due to the additionaltestsrequiredto validateif the attribute is visible in
that view. We believe that this performancedegradationis perfectlyacceptablewhencomparedwith the
functionalitygainssupportedby themodel.

7 Conclusion
Theevolutionof theinformationsystems,bothin termsof sizeandheterogeneity, hascreatedtheneedfor
managementtools that, at the sametime, allow to obtaina global perspective of the completemanaged
systembut, on theotherhand,allow to defineselectiveviews tailoredto specificmanagementtasks.

We have proposedandimplementa new model that satisfiesthesenew requirements.Although some
of theaspectscoveredby our modelhave beenaddressedin an independentway in previoussystems,our
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proposalhasthemerit of integratingold annew featuresin a coherentwhole. Themainpropertiesof the
proposedmodelare:� A clearseparationbetweenthe devices,that representmanagedobjects,andthe entitiesthat repre-

sentthecontext in which theobjectcanbemanaged(this featureis supportedin somecommercial
platformssuchasHP OpenView);� An eventmodelthatallowsto selectively definethebehavior of eachcomponentwith differentlevels
of detail(inspiredin theeventmodelofferedby theTnm::map module);� Mechanismsthatallow to expressaccesscontrolpolicies(includedin thesystemDomains);� Thepossibilityof eachview to defineconstraintson thedeviceattributesthatarevisible in theview;� A new andpowerful setof eventpropagationpolicies(ascendant,descendantandlateral)thatcanbe
usedto preservetheconsistency of theinformationprovidedacrossmultiple views.

We have developeda prototypeof our modelasan extensionto the Tnm/Scottysystemandwe have
appliedthis prototypeto someconcretenetwork examples.Theexperiencehasshown thatcomplex man-
agementstructurescanberepresentedandimplementedin amuchmoreelegantandefficientmannerusing
amodelthat,asours,offersa well definedview abstraction.
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[SL95] J.ScḧonwälderandH. Langend̈orfer. Tcl extensionsfor network managementapplications.
In 3rd Tcl/TkWorkshop, Toronto,July1995.

[SM89] M. SlomanandJ. Moffett. Domainmanagementfor distributedsystems.Technicalreport,
1989.

[Yeo90] W. Yeong.Snmpquerylanguage.Technicalreport,PerformanceSystemsInternationalInc,
1990.


