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Abstract

Thel leolution! | 6 Internet/during the(last/decadewas/impressive. However, as/interconnected! |
networks[and(customer’s[increasesthe management/of'the overall[services becamemore! Jad[]
more[ Jomplex. Thetraditionalapproach | 6TP metwork management[SNMP/[(simple Network [ ]
Management/Protocol)[and/the | erresponding[ MIB(Management/ Information[Base) model[
evenlifltheylarewidelydeployed, they do[ I nttespond(¢ompletely to the newlyltequirements. |
In(fact, [the[size[nd the heterogeneous underlying technologies necessitate[ | amore[flexible,[]
consistent, reliable, and(scalable pproach. (]
Oneloflalpossiblepotential [Solution(is[ActiveNetworking[that/dims fo makemorelintelligent[
thelintermediaterouters/in/the metwork and[ | pssibility(to[|denloadicode directlylinthel lorelof!
themetwork toinfluencelitsbehavior.[Thus, [this[paperdims[to[ ] ppose[ aldctive management[ |
framework [as a[flexible solution[to 1P metworks and[services management. The framework [
proposes/ management architecture! | s/ well aslasetloflmechanisms/to(teplacel SNMP [and!its[ |
SMI(systemManagement(Information)/staticlinformationmodel By(a mew active[protocolland’
aDynamicMIB/(DMIB).[|
The DMIB improves| thel management/ ofllarge’ | emplex [networks/ byl moving/management!(
decision pmts[closer(to the mode being managedand ] gnamicldeploymentlofinew manager!(
and managedojects. [

]
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1 Introduction

Theldevelopment_ofldigital[Systems[in[telecommunications and the[] dvances imade in field[]
programmablel gate[ | may (FGPA)has( I ifted the 1 mphasis[from[ te hardware of hetwork![]
equipment's/to(thesoftware(they tun. Thus,[itl siclearly desirable(tol | dploylin(the future ] sl
open! as! possiblel telecommunication[| atwork[ infrastructures| incorporating’ computational ]
capabilities[directlylin the network [l nods.[As a matter of'that, [it[sipossible o] dvelop | aw[]
telecommunication/services/that(are hle to/move some of'their[ fnctionalities, thathas/been[
traditionally[ located[in[end[ systems,[] dectlylin|thel | orel network[ without  affecting! thel
hardware[Jquipment's(already’deployed. Themetwork[isthanconsideredds andctivepart/and[]
almanageable(resourceoflthe running(servicesand /ntonly/apassive lommunication tube.[T]

Thework[ I pesented(in/this[paper!is(related[tothe hanagement oflsuch [ atworks aswell[@s[the[
active(services[tunninglon(theltop[| 6 thesel | aivenetworks.[The[ an[sitolenhancel | xisting[ |
management protocold(take |dvantage of'the | ative metwork facilitiesin ! oderto[ | poposela!l
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flexiblel /adladaptable management solution(toservice! lad | atwork monitoringland/¢ontrol.[
Thelproposed architecturelis/calledlANSMATI[Active Network and Service Management!
Architecture.['This[Japproach[] grmit[] @[ render[lcompletely[ /dynamic( the[iway[ Inetwork!
equipment's’and/services[¢anl] b managed/according[to administrator policylor the tunning[]
services/themselves. (1]

2 Background concepts

Thetequirementsin/terms of ' management(oflIP (based ! latwork (can! 'ary/from(one(provider(tol
anotherland from(onedeployed serviceto ‘@another. In/the[lamal ‘contextwithoutregularization, [
ISPs!(Internet Service Providers) arelinahigh¢ompetition ¢ontext and arewilling[to[control[]
inlmore! precisel manner! their[ lasources. One ! cal] bl interested! | oly[by! the[ | prformance!
informationwhile[theisage resources/in [the network[can interest/another. ISP wants[to [ 'dploy! |
inlaldynamic/manner different[ | mnagement!strategies/according(to(their[business/objectives. [
Forlinstance, anTISPIcan( lblinterested [in[controlling the duration[ | 6multimedialservices/at/onel |
time[ad controllingthe[quantity (0fléxchanged information(at(another time.[|

Traditional Capproach[! 6 management[] mkes[this[task[| sry_complex,[this is[important[|d[]
propose! Jaiew [approach(to [ Jprmit[ Hiskind [ /6dynamicin/a/flexible manner.

2.1 IP Network Management

The!IP [networkmanagement( sl mainlybaselon[the Simple Network Management/Protocol. [
Thelideabehind SNMPlisrelatively(straightforward/and€asyfo [ Jundrstand.[A singlehanager![’
maylc¢ontrol [ mnylagents. As[lkownlin figure[1, the(SNMPis built[upon[the[onnectionless[!
UDP Transport[Protocol([1].'Themanager uses[SNMP [tequest[ d/tetrieveinformation from[]
thegent[ rilanlasynchronous manner.(Thel lonsequence oflusing UDP (as(a/transport/protocoll]
is[that | mnagers' | sould[ ' prform!somelkind!| & polling/to] dtect’ whetherl agents arelstill[|
operational.[Agents[¢an[send(traps/to[ | ntifysome( | eents,[ | hwever/those | callbllost[ mnlthel]
network [and[the manager can/completelylignore the Jeent. The [SNMP [protocol/doesnot selfl |
perform fetransmission([4].[The behavior lofthe [ gent[ slcompletely(static, meaning[that[ its[i
not/possible/tochangelorlenhance!its capabilities/during/time. Itscapabilities are reflected [ 1}l |
thelsetlofTinformation tepresented 1 p managed (] ofectl ritoa[Management/InformationBase,[]
which/can( Jbmanipulated| |pmanager.|
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Figure 1 : SNMP agent-manager model

2.2 Active Network Technology

Active networking/émerged(from discussions within[the DefenselAdvanced ResearchProjects[ |
Agencyl (DARPA)[] asearch community.[ Enabling[ the programmability[ ofl networks was[
expected(tolallow[alflexible network architecture, [which(would ease(thelintegration | 6 new!
services_and[would acceleratemetwork linfrastructure[innovation. [Two approachesare being[]
discussed. [ The!firstlone, called *‘programmable networks”, [isto | opn[ up etwork ¢ontrol [ 'd[]
applications[bylimeans of standardized interfaces!that[permit’id¢[control He service logiclofl]
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programmable switches(or[auters. Thelsecond approachis(based( | orthe transfer(ofiexecutablel
codebymeans of factive” [packets(or(dapsules. This latter@approach ismoredynamic [ jpproach [
andlénables[alimorel tficient[provisioningof network services, which[canl] bl dynamically[]
customized! for( particular[types ofl applications,[ | sers[ or[ individuall packets.. However, it[]
introducesmany problems ofisecurity, reliability, fesource[ THocationlandavailability. [

2.3 Motivation for using AN management

Thelmainladvantagelintroduced ] pLAN/is(its[capabilities to allowend[ ] ser(services(to dfine[

theirlown/mechanismsto[ |pocess/packets/in intermediate modes, thus|it( sipossible forthem! @[

dynamically[download[] aw[functionalities directlylinside the[routers_depending on[their[]

activities.[Management[ofisuch servicesneedstotake into/dccount[ His[dynamicbehavior(that[ ]

cannot!belfixed ! initiallylin[a(static[manner|as with[(SNMP where the[hode MIB is initially[

identified [3,5,6].

ThusCan[Active[Network and[Service[Management_approachl! aeds tol] dfinel) adynamicl]

approach(to[ianagement[ riformation specification_and ‘management[functions deployment.[ ][]

Consequently, lthe target(system should[provide: [

e Thel possibility to”] gnamically extend[ management[ | rnformation[iin[ the[ ‘management[’
information/ bse. [

e Alprotocol [ dldenload/thislinformation[ |dtectlylin the(target(active mode.

e Thelpossibility[foeénhance[managementfunctionlin active hode by recombination With[]
existingmanagementservices. [ |

In[ oniapproach, welusethe maturalcapabilities oflthe tinderlyingactive metwork framework [to [

adapt! ltemanagementIcapabilities0f'active modes during servicel kecution.

2.4 Concept of Dynamic Management Information Base

Thelneed tol ] namicallylextend[the managementlobjects/within[a modelhasgiven tise[tolal]
variety ofl ‘management! ] nstruments.[ Thel | pproach!itol] gnamicallylIdefinel imanagement!
facilities[waslalreadyintroduced | b/ the universityl of Columbialin[the[framel[ofl Extensible[
Agent[13].[However, litlwasmecessary[to (extend[some low [the [SNMP [protocol [ d@/encapsulate[ |
the hew ! functionalities. Since, [Wwide [ varietiesLof_approach ] hvebeen| poposed without[al!
common agreement, applications/have fosupport/several [Application [Programming Interfaces! |
(APIs)lin[] oderto[] bloperational. [InCActive Network, “specifyinglastandard APIfor[]
dynamically( Jextend[ /thel Imanagement! lobjects! Jland[ linformation[ | povides|Ithe! Itechnicall
foundation(required tosolvethis[problem. [T

2.5 Role of an Active Management Protocol

As[ithe[node numberandcomplexity_increase, management [ centers becomelpoints ofl’
implosionandlinundated With[large ] mounts[ofT ladundant[Iniformation. It sl essential [ Hat[]
networks/ management! fiteractions/ employ!techniques!that(tequire less/communicationland![
permit[Jmre( [ffectivel lation  orthe thanaged [ Inod(itself. (]

Thuslanlactive imanagement protocol[should [ b_defined[in[ nder[to support_lte interaction[]
between thehanagement/centerand the( lativemodes. Thelgoal(of'this/protocol [ sito[support:[ |

e Nodeldynamicl lghancementofimanagement[ iiformation/and functionalities. [

e Managementlapplication! Jdployment[ 1il Inder(to[ |dployefficient/solutions.[ |
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2.6 Advantages of Management service composition

Becauseof'the [ dynamic Ispect(ofiapplications,[ideally, activeservice will[deploylactivel Jadel ]
thatlrealizelthe[functionalities to[ ] pocess[packets[inlintermediate hodes[as[Wwell as ecificl]
management| codel of! this[ code. The management! centers canl takel | dvantagel ofl thesel!
capabilities[in[ nder[fo dploylhigh devel [l mnagement Services thatlare Jhlefo interact Wwith[]
specificimanagementcodel|mbeddedlin active nodes dependinglonlapredefined | ighllevell
component! titeractiondsign. (Thiswill(facilitate thespecificationand(the/deployment(ofiew [
managementapplications/based | ongxisting[previouslylinstalled [inanagement[¢apabilities on[ ]
activenodes. [However, [this[problem [ sinotladdressedin[this paperbut s@nlongoing research(’
hope.[

3 Proposed ANSM Architecture

Thelproposed[Active Networkand[Service[Management! Architectures, asl /sow in figure(2,[]

consistsof: ]

e Dynamic/Information (DInfo)linterface whatlis(an API(to/access/managed/information[ /o |
service ] ofects.[ThisCAPIfs.¢omposed [ 6 live primitives: [getAbout(), [getVersion(), get(),
set()land function().

® Dynamicl Management Information[ Base (DMIB)linterface[whatlisLan[ API[tolaccess[]
DInfo'sJobjects. I'This JAPI JisClcomposed [ & 'the[ followingIprimitives: “igetAbout(),[]
getVersion(),[ get(),[$et() and function(),l getObject(), nextObject(), testart(),[ 1 ptObject().[ 11
Tolensure the uniquelidentification( 6ieachDInfo, the [DMIB uses/the[same principles/as( |

the SMImamingfree [2,8]. Where theleaves[ofthisfree represent[ e MDInfo'sdbjects[T]
O

AN Management System

Retonres M. -
R

esource Mgmt. |

ANL N Active
Application L | | Protoco
(userl) L

Figure 2 : Active Network and Service Management Architecture

ad

Thel AN[Management! System: [ Thislcomponent[ s the[ ! catral point’of management oflthel
providerfdomain. All Helmanagementipolicieslare ] dfined (withinthisTgstem. It ‘¢omprises[al’]
set/oflfools that’énablenetwork manager(to | dfine(thebasic management/functionalities[to[ /&[]
deployedlin(the network.[] These functionalities/ concern[the network levellaswell as[thel]
servicelevel. [Each functionality¢an] bldeveloped [ bsed [l ordIService | omposition[] pinciple[]
which(means(that[ Helmanager can(teuse  gisting/management/components/already(deployed!
inthemanaged active node.

Managed(Active[Node:[1mnaged dctive nodes(dre thel lative modes(that(are  Jentrolled through(]
the[] aive[tmanagement[system.[Theylcontaina " DMIB/[thatloffers’anlabstractView oflthel]
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managed! resources! ofl thel] ative! node.[ Thel‘managed[ active nhode, [ runs[ anl activel nodel
execution@nvironment[ lat'support/activeprotocols. ]

3.1 The Dynamic Management Information Base

TheMMIB framework [ldscribes How the set0fhanaged [ ofectsandinformation supported ]
alparticularlactive[hodemay[bel | kanged[] o added[] sinamically. " It defines  objects[ called[
DMIB, [ Dynamic!Information(DInfo) and(the |lements of! procedurebylwhich[the Dynamicl
MIB objectsbehave. [

The[ Dynamicl Management_ Information[ Base (DMIB)[objectivelis[ftol! dscribel! nd[tol]
standardize[the Way fo [theset0f hanaged [l ofects, information [and thanager 0bjects [spported ]
bylalparticular(activenode may(bel kanged  o'added(]gnamically by altemote management![
system. [

Thelideal behind(DMIB/[is[tolimprovelthe management  of large networks[ byl shifting[thel
management ! decision’| pmts[from[ te[| catralized ' management(center[directly to[the[] agvel]
node being(managed.[A [single hanagermay(control [l rany[Active Nodes (directly(orindirectly. [!
As[sownlinfigure(3, the MMIB isan Active Node built/in [ Jofect. Thel ldvantage(to sebuilt(
inl] ofectlapproach 1 6fDMIBlimplementationlis[to] povidela] emplete ] opnlsolution. This[]
means|thatlanylexternal [ Jmnager/dan( Jgnamically/deploynew!( /Infol Isinglactivel |cpsules. ([l

d

Manager | Application |

Active Node | ActiveNode L Active Node|
DMIB DMIBL pMIBL

Active Networking Active Networking

Figure 3 : The Dynamic Management Information Base framrework

d

TheDMIB [thainly(consists 0f two [domponents: [

e TheDInfolthat(tepresentsobject/éncapsulatinginformation as/well ‘as 'methods/to control [
theseinformation.[ Methods[ thatgive[] acces to[local[ DInfolinformation[‘aswell[as[’
information fromothersDInfo forldlmanagementpurpose.

e TheDMIBllows¢hanges(fo ] blperformed onDInfo fromfemotemanagers. The [DMIB[]
naming| treelis/uisedas[ almechanism!( forl informationlidentificationlin!the network, as[!
describedin(Figure'4. Thelfreeleavesrepresent! e DInfolofects. This[gucturepermits(tol]
dynamicallylénhance thefree withTaw [ 1IMIBorDInfolojectldtianytime.

AlIMIB/can[ /b lemposed[1$0,1,20]..NT/IMIBorDInfo  lofects.! !

Al Infolcannot/containlany MMIB[or DInfol]ofects. 1 [117

DMIB TTroot
‘ DMIB Thamel ‘ ‘ DMIB TTiame2 ‘ ‘ DMIB ThameN!

‘ Dinfo nameX ‘ ‘ Dinfo TnameY' ‘ ‘ DMIB ThameM ‘

Figure 4 : DMIB - structure of naming tree

Managed! | ofects/¢anl | bl ] accesed|through'alvirtual [ niformation[tepository of DInfolthrough! !
five[primitives. [Forlexample, we[ calémploy IDMIB/(folimplement(aldissemination dlgorithm[]



288 LANOMS 2001

to | poplate different DMIB [in[ | dferent activenodes using DInfo.[Thelobjectivelis to shift/al
management decision|pmtsfrom[ lte management/center directlyintoactivenode.
Normallywhenaldissemination algorithm(approach (is ised inlactive mode, the tain result will ]
belthel] dereasel thel ] emmunication[ trafficlbetween!the manager[and[the ! atvelhode, as[!
presented(in Figure(5, ] oly(freated[évents(areteported fo the manager; through(this fechniquel
islfeasibleltoreplace[SNMP Traps/[7]and[ Ither[ datureswith more scalability. [

e ActiveNode L ActiveNode L ActiveNode L
DM DMIB L DMIB L DMIB L

pifto oL o L Dinto L

L] ‘ \

Active Networking

-
Figure 5 : DMIB - Dynamic Information send Information to Manager (asymmetric)

O

Hencel s shownlin[Figure[6, it s possible to[¢configure the (DMIB fo makes it work[as the[]
classical SNMP, modelLtiteractive. This(allows tol qicklyladaptation |6 SNMP manager fo(al
DMIB manager. [

Manager
o 4

Abehenod [ ActiveNode LI Actve Node L AciveNode L
DMIE DB L DB DB L
pin Pinto L Dinto L pinio L

. .

- — 'v‘- 4

‘ Active | Networking L

Figure 6 : DMIB - get Dynamic Information like SNMP
g
Itlcan(also[beused[tolamore ! fficient[approach to collect nformation from different activel]
nodes.[Thislapproach(tequires! Jsmultaneous/asynchronous!(activities usinglalget primitive ofl ]
DInfo,as  sowninFigure[7.7

Manager

Abtive Node AdiveNode AdiveNode AdiveNode
\‘ DMIB DMIB DMIB DMIB

Dinfo Dinfo Dinfo Dinfo

Lo |
viv 3 ¥ \i

ctive Networking

0
Figure 7 : DMIB - get multi Dynamic Information

Theseschemes[ | Bow the flexibility[to implement[different[] mnagement(strategies_and the[]
dynamic management( | riformation( change ! singl DMIB.[It[ specifies al standard API[ for[]
dynamically( Jextend[ Jthe[ Imanagement! lobjects( land’ information,! | poviding! thetechnicall
foundation(for[lagotiation(dfmew [productsinla Wnified Manager Framework. [ 7]

4 Dynamic Information (DInfo)

DInfo[ ofectivelis o teplace the[managed | ofect of the MIBland | povide delinfrastructurel’
necessary!to deployldynamically[ | aw[services/and[managed![ | ofect. It/ slaset/of information[
and [related ethodthat/énableJaccssingland(controllinghanagement( iiformation. DInfoses(
an["'object oriented" approach torepresentland (@xchange management fiformation. |
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Many management(rules isually[used in hanagement/center/canbeldownloaded [ ldtectly/inthel
target[] mnagement[node.[ Management[ center[| ulesCcan[] b mbodied _in[DInfo that[]sl]
downloaded [inremote thanaged [ nods. [
Thuslits is[possible to [automaticallyidentifyland correctproblems without requiring help from[]
the[manager[¢enter. DInfolallows managementl customer tolémploy techniques(that(tequire[]
lesslcommunication and thus/permitting(more( [ffectivelselflaction lomanaged| nods. ([
DynamicInformation(is formed (] plinformation[(About, Versionland[ therlinformation) and[]
functions.[ [Function!is| the procedure( performed(| b IDMIB! parent.[ IThis[ jpermits | slfl’
manipulationfinformation [ /omanipulation[ 6 Ither DInfo's.[!
"AfunctionlinDInfol¢anmanipulate DInfo(s) [folactualize [information[] otoapplyltules[fol]
manager|or(otherlactions.[AsDInfolis[an( | ofect, it[is[possiblefo implement tte[APIand Tavel]
many/otherlinformation[] o 'dnctionslaggregated(tolit[ /d supportldifferent objectives/(rules,[
state, [étc.).[The[proposed standard [((API) di IDInfo | povides[the technical foundation required [
tolsolveproblem ofispecificiMIBs development! do.[ |

]
TheDInfolAPIfs:[]

getAbout() |Return(a[String[with About tiformation[]the currentDInfo ! ofect((purpose,
functions, information [andcorrelated). |

getVersion() |ReturnlalString/with[lersionlinformation!|6thelcurrentDInfol ofect. ]

get() Return(an(Jofect. Thislobjectishould[1bispecifiedin[About tiformation.[]
set() Setlan( | ofect. Thislobject/and [yours rangevalor(should (bespecified in[About
information. [ |

function() This[method[is[tesponsible tolimplement thelspecific[DInfo treatment[(to
manager, [ tolactualize or[other ] dnctions). [ 1t[Jsused ] YL DMIB[parent(to
scheduler this/object. T

Figure 8 : Table with Dinfo API

5 Dynamic Management Information Base (DMIB)

Various/ IETF [working! | pupslarel | ontinuously defining(new MIB modules that(¢xtend thel |
Internet/standard ' MIB. 1t[ s’ alsolcommon for[enterprises orlindividuals tol¢reate or[extend !
enterprise(specificl or[_experimental [MIBs. 'As[Jaresult, managed[’ dvices[arel frequently[’
complex [collections/oflmanageable[ Jomponents|that have beenindependentlylinstalled[ ] omal]
managed ] nod."Eachcomponentprovides instrument for[the[managed] nod ] ad for[thel
managed_! ofects definedlin the MIB module(s) itL irplements. [ The IDMIB [approach [l ffers(al!
solutionto 'this[problem  tilActive Network. [
DMIBislalbuiltlincomponent[ 0fThode  that[permits toladd | ew IMIBland DInfol] bjects !
dynamically. [There isla[DMIB [foot[ Htat[ sSitesponsible byschedulingland(to | prform/specificl]
functions.! Thelnesting' structure of DMIB[allows!thelcreation! | § independent'domain( | ame! |
inside (| eakDMIB. Aslin[éach IDMIBtherelis(a selflfunction,it(is [possible[for[customizethe
scheduling/to [ lofects (DMIB'sland DInfo's) inside. (1]
With(theDMIB [mechanism, it[is possibleincrease the DMIB with[] aw[ ] IMIBlin[ | oder(to[]
grouplJaw | Info[Iponly mew[ ] IInfolatlany timeWithout[reinitialize[the  ativenode. AsDInfol’
haslinformationand[function,[it'is possible tolinsert new[ ] Dhfolwith[ | aw[function,. Now!is[
possibletolinsert/or'extend managed [ Inod dynamically with[Jaw [hanagementrules(in /oder(to[]
move orup datethe nodewith aw manager functionality. |

]
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ATlIMIBIConsistsGi[]

e Alsinglelor[multiplelDMIB [structuredtree, which[DInfo, ] btiwith holldrect access tol]
management![ riformation. [

e Alsinglelormultiple DInfo,which hve( lttect/access/tomanagement! riformation.

The MMIB [performs/the following functions: [

e Acceptslrequestfrom[mnagement Capsules[to dccess IDMIBand DInfoofects.

e Acceptsirequestfrom/ Imnagement(Capsules(toladd 'aw 1 IMIBobjectslin/the(tree.[ ]

e Acceptsrequest/from imnagementCapsules/tolcreate new [ | Info ofect[ nnIMIB.[

e Schedule JHDInfo functionswhenlapplicable (if[DInfolis different from NULL).

The DMIBIAPIfs: [

getAbout() * Return(alString[with[About[ riformation[/6ithe [ lerrentDInfo | ofect
(purpose, scheduler(functions, information and[correlated). [

getVersion() * Return[alString[with[] ersionlinformationoflthe[] urrentt DMIB
object.]

get() * Returnlan(] ofect[with[thenextDInfo 1 ofect/of the Terrent DMIB
object.[

set() * Without function, it sto [lbIDInfo[API@greement(only. |

function() * ThismethodlisUsheduled pIDMIB [parent, and[isthe [guarantee that
it §lpossible(tocustomize(dew [scheduler to DInfo'slin this IDMIB. [|

getObject (name) Returnthe MInfo ] ofect with the matched Came. [

nextObject () Return(the dextDInfo [ ofect [ 1i[DMIB.[]

restart() Initialized fo first DInfo [ ofect [1i DMIB fo [l ext[Ise [l 6 axtObject
0.1

putObject () Putmew[/Ihfo IoDMIBI[object 1iMDMIB.[]

*DInfolAPIlagreement. ]
Figure 9 : Table with DMIB API

6 Prototype

Tolimplement! e[ ANSMA [prototype, we! lavelused the/ANTS[Toolkit. The motivationlis/that[ |
ANTSGslalfull[Active Network [ fatform, [Straightforward [and [l seful. [The[decision [ hs[been[!
donelover(Active Networking[Systems Evaluation[[9].[ 1]

6.1 ANTS Toolkit

ThelActive[Node TransportSystem[10,11]7isbased[ ] onmobile lode, Toading[on tequestand (]
caches/techniques. It permits nhew![protocols/tol | b deployed[  gnamicallylin[ | atwork!] nods,[
without/synchronization " pinteraction[]btween [the physical modes and[funning protocols. Thel’]
architecturecallbldescribed LIsing[the(three following key(concepts: (1) fraditional IP [packets[
are(teplaced( | plcapsules(that/customize network(services;[(2) classical [fouters are[substituted [
byl lActivel nodes! that[ Jproceed incoming[ lcapsules! land‘maintain[ soft(store; [ (3)[Tal| adel]
distribution echanism! sifused to [ Jgnamicallyland [@automatically/deploy(routines tothe nodes!
requiring(them. (]

The[ANTS [defines the ] onceptLoflactive[hode ] onnected ) Y Channelstoform a network.[]
Capsules!drelinjected into the metwork 1 plApplications and forwarded[to the destination with[]
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customized [ routines. [ In[thel prototype  implementation | 6 ANTS[[12],[these[] enceptslarel]

O END-SYSTEM END-SYSTEM
E
:
5 O O
z
W
— Active
v Protocol Router Protocol
o
o]
E O O
u Node Node Node
—— Extension Extension
X “hanne
z
> Cansule Cavsule
mapped|toJaval llasses as/described(in Figure10.[]

d
Figure 10 : Key classes of the ANTS toolkit and their relationships.

6.2 DMIB implementation

Tolimplement/ANSMA [uthin/ANTS [foolkit, we [ Javespecified @DInfointerface @s/described[]
below: (1]
publiclinterface Dinfol{]
publiclloid function(),
publicString\gtAbout();!
publicString\gtVersion(); !
public/Objectiget(), |
publiclvidiset(Object'ob); ]
Fug
O
The[DMIB[¢lass implements thelinterface [ Dinfolandlextends a Thread ¢lass, tol bl anew(]
thread/inthe( /lass Node to improve the[scheduler objects DInfocomplied, through the method! |
Sfunction(().[ The ' DMIB class usesthe[Hashtable¢lassfoleénhancelthe ] ontrol[of DInfoland[]
DMIB/depositlobject. The DMIB!¢lass implements alsolthelothers DInfol APl methods,as[ |
shownlanddscribedin(figure(9, asdiscussed! |bfore. [

S arectory
= emamic
3 esporimental
D | Smgma
9 D miv-2
e at
& intertaces
& Dege
@ snenp
0 systorn

Figure 11 : ActiveNetManager an ANSMA Implementation.
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]

Then, weldeveloped/almanagerlapplication/to 'se/the DMIB (and the DInfoclasses inANSMA [
context.[ This manager! is! called ActiveNetManager,[ asl | kowed[in[ Figure! 11.[ It has! thel]
following(features: netself discovery,net/browser/(tolinteractwith " nod), DMIBbrowser/(like[
SMTP browser) andZools (to send [law [ Ihfo land IDMIB [tb [active [Inod). 11

Alsetloflactivel protocols was! developed!tol make functional [the  ActiveNetManager.[ Onel |
importantprotocolis tesponsible[forsendingland linstallingmew [ ¢lasses[ofDInfol 1 o DMIBI]
intothe/activel Inod,as’ lsownlinFigure12.[

Active Node

DMIB- root
DMIB- hamel | DMIB- hame2,

Dinfonl Dinfonl Dinfan2 |

Active Networking L

’ o H —— H p— ‘
m ““DMIB—nami

Figure 12 : DMIB - structure tree.

O

d

Tolaccomplish!(this, thelsendDMIB() ¢lass is[the Tinherit from [ DataCapsulelc¢lass ofANTS. [
This/latter that/can [transporta/databufferuntil(ddestination 'nod. In'this case, the/data buffer(
contains(a’]ustomized¢lassFDMIBlor[Dinfo.[WhensendDMIBl¢apsulemives inanlactivel]
node, lit/executes themethod evaluate from! e APl capsule. 1]

If'themode | ddress(is different/from(theldestination[address, the[| cpsulelis forwarded to the[’
destination(Active Node, [ | therwise, it ries/to get[ e[ DMIB[rootlobjectfrom[ Helocal node, [
bylthegetDMIB()method [to get! lelobject IDMIB dynamic, that[ lmans(abranch[ |6 DMIB tree, [ |
as! Bownlin Figure[111;andto getl Helobject DMIBIL/P6in[DMIB object/dynamic’ds sown! ]
in[Figure[13.If there/were[ | nt He[DMIBlobjectLIP6,[it will bellreated and[ | pti i DMIB[]
object/dynamic. !

Wellcallerifylin(the Figure(l1[the MMIBIL/P6[object hasnot(been installed. Howeverlin/the[]
figure[13,well call ntice(thelinstallation[| 6 alDMIB[L/P6 object and aDInfo dteste | ofect,[]
whichwill bel eecuted and the DInfo object/code implementationshown later. |
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ot Tabibe
10008

Vi 10001
B2410.0.0.3 - DMID Tree
3 owin-Root
1 Sarecon
§ |9 O amamic
[ =T
2 dieste
o | epermental
P D mgmit
@ Drmiv-2
&t
a5 e ] intertaces
\!') & Mage

“wifl#

0008 000

Figure 13 : DMIB Tree with dteste DInfo object.
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Then, [the thethod(gets al lastomized (class[DMIB (orDinfolintoselfldatalbufferiand writes/ition[
thellocal hode.[ After(this, (it iies[tolinstantiate this/ customizedlobject/and(fixes!litlinto[thel!
DMIBILIP6(] ofect.[After(this, the new[¢ustomized DMIBor[Dinfo will[belscheduledand[]
executed. The Figure 13 showsthe DMIB ltree after(the installation 0flthe dfeste DInfo [ ofect. [

]

Themethodlevaluateode o linstall [ HteDInfoispresented.
O
publiclbooleanlévaluate(Noden) I
| if(In.getAddress () ==getDst()) {I// |ifiodelis|destination| | nod |
)0 Ery{0
| U [ DMIB(dmib =n.getDMIB(); 17/ get "dcal DMIBroot ||
| L) . DMIB\dynamic|=(DMIB)|dmib.getObject ("dynamic"); [ [/ get "dynamic" DMIBin DMIB|root"|
| [ [\ DMIB lip6=I(DMIB)dynamic.getObject ("LIP6"); | //iget"LIP6 " DMIBIin'dynamic DMIB|
|0 L ifilip6[==null){ J/T ifharelisn't{ LIP6 DMIB|
|0 lip61=new DMIB(new!String("TestILIP6"), new String("0.1")); [ //createla law LIP6 I DMIB!
0 LU dynamic.putObject("LIP6",lip6), L/ put new LIP6 DMIB!in!"dynamic" DMIB! || J
10 030
U101 ByteArray'buf'=getData(), [ //createla’ bifer’
[0 FileOutputStream|file = newFileOutputStream(path);  //ltreatealfile to save new DInfo dode!|
O O nt"Hbuf length(); [
(100 file.write(buf.toBytes()),; [ //'savenew DInfo dode!)
[0 file.close(); ]
D0yl
[0 (I Class ' DInfoClass = Class.forName(className), [ /[ Fead lawDInfo dlass ]
[0 1ifi(DInfoClass 1= null) /1T ipInfo dlass[OK ]
[0 (11 lip6.putObject (dirName, (DInfo) DInfoClass.newlnstance()),; [ //putnew DInfo classin"LIP6"[DMIB]
L1101 [ }datch|(IExceptionle )l{n.log("ERRO"+e), } ]
(100 }lcatchl('Exception'é)[{n.log("ERRO"+e); } ]
[ tlelsel{return ImwouteForNode(this, (getDst()),; } [1//Tifnolis differentof destination then | gaol  dstination']
returnlfalse,
pin|
O
TheDTestDInfo classdode (!
]
packagelants.mib.dynamic; ]
importlants.*; ]
import!_gva.io.*; |
import|_gva.util. *; |
publiclass DTestimplementsiDInfo {1/ Avery simple éxample]
private String'about = new!String("Dynamic Test"); [ //hake'an ] abotiéxplanation'
intlcont=10; ]
publiclloidfunction(){ [ //THe function\gt'and \pint "About"land"Version"linformation(1)
[l ifl(cont>120){System.out.print(getAbout()+getVersion());cont =0, } ]
[l cont++,}]
publicIString'getAbout(){returnabout; } [ //Feturn|the about)
publiclString'getVersion(){return! awString("0.01"), } [ //eturn|the! | vesion!
publiclObjectget(){return(Object) @bout; } /[ eturn|theaboutin|thisléxample[]
publicllwid(Set(Object'ob) {about = ((String) 0b; } [ //Set( Itelabout(in|this éexample!
20
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7 Conclusion

In'this[paper, welhave[proposed anlactivelmanagement frameworkas/aflexible/approach/to[
networks(and[Services thanagement. Dynamic Management Information Baselisaloncept[ Hat[!
extendsland teplaces theltraditional SNMP model[Hroughl| aw!features ofl]1Exibility and[]
scalability.[ The[ DMIB[was[developed[toallow[manager[applications[to[ kasily achievel]
common management!goals'and scalability. This[ slution[ | blongs(to the Active Networking! |
ideas.[Theldditionaltrafficlintroduced | b capsulelinlactive networkslis the[main/] poblem![]
addressed. [However wethink [this[overload (will[be[ Jompensated [ 1p(the[processingldand traffic(
loadsaved /by theldeployment of management functions! itectlylin (ActiveNodes.[ |

At lte[moment, [this'works is[progressing fowards thelimplementation over[ANTS lin[ Joder to[ ]
test[ | different! | scenarios| | showing! | thel flexibility,[ | consistency, | reliability,[ | scalability,[
applicability, and consistencyl | 6this/approach regarding traditional lapproaches.
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