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t.In this work we present the basi
 
on
epts for a dynami
 plug-in-basedsoftware ar
hite
ture using 
on
epts from the Petri net-based MAS frame-workMulan. By transferring the 
on
epts of agent-orientation to a plug-in-based ar
hite
ture we are able to design our appli
ation and the plug-in-based system on an abstra
t level. Moreover, general problems thatevolve from a highly dynami
 and 
on�gurable ar
hite
ture have beensolved by basing the 
on
eptual design on multi-agent prin
iples. In thispaper we dis
uss the general properties of extensible systems and thebene�ts that 
an be a
hieved when applying the multi-agent view totheir ar
hite
ture.In addition to the 
on
eptual modeling of su
h ar
hite
tures, we provide apra
ti
al example where the 
on
ept has been su

essfully applied in thedevelopment of the latest release of Renew. Through the introdu
tionof the multi-agent 
on
epts, the new ar
hite
ture is now � at runtime� dynami
ally extensible by registering plug-ins with the managementsystem.Keywords:Components, dynami
 software ar
hite
tures, high-level Petrinets, modeling, Mulan, multi-agent systems, nets-within-nets, plug-inar
hite
tures, referen
e nets, Renew1 Introdu
tionToday's appli
ation software has to be adaptable, 
on�gurable and 
ustomizableto ful�ll the needs of the users. Many system developers approa
h this 
hallengeby introdu
ing extensible systems as plug-in systems to extend or alter the fun
-tionality of these appli
ations. Some systems are augmented with simple plug-inme
hanisms, others reorganize the ar
hite
ture of the appli
ation towards a sys-tem that 
onsists ex
lusively of plug-ins. While appli
ations of the �rst 
ategoryusually resort to simple designs with extremely restrained possibilities of ex-tending, the appli
ations of the se
ond 
ategory have to fa
e many 
hallenges toassure 
onsisten
y and inter-operablility of plug-in 
omponents.Plug-in-frameworks like those of E
lipse [2℄ or NetBeans [9℄ provide elab-orated plug-in features in their pra
ti
al environment. However, a 
on
eptualmodel of a plug-in is not dis
ussed in this 
ontext.



By examining plug-in systems from the agent-oriented perspe
tive, restri
-tions and problems of 
urrent systems 
an be dis
overed and atta
ked. More-over, by basing the ar
hite
tures of plug-in systems on agent-oriented prin
iples,the designs of the appli
ation ar
hite
tures adopt the advantages of multi-agentsystems. These advantages are the handling of problems su
h as 
on
urren
y,
on�i
ting fun
tionality, servi
e dependen
ies, lo
ality and priva
y, 
ompati-bility and dynami
 extensibility. Challenges of plug-in systems 
an thereforebe addressed in a more general way in Multi-agent systems. One of the fore-most bene�ts is, that the plug-in ar
hite
ture be
omes dynami
ally extensiblei.e. fun
tionality 
an be altered, added or removed at runtime without the needto restart the appli
ation.Based on agent-oriented Petri nets [8℄ and the FIPA-
ompliant MAS frame-work Capa (see [1℄) we present a 
on
eptual model for plug-in based systems.The idea is to stru
ture and improve su
h systems using important 
on
eptsfrom the agent-oriented area.In the following Se
tion 2 we give an introdu
tion for the Petri net-basedmulti-agent referen
e ar
hite
ture Mulan. Mulan, the 
on
eptual basis forCapa, uses the formalism of referen
e nets, a high-level Petri net formalismto handle 
on
urren
y, distributedness and lo
alities. The fo
us lies on the 
on-
epts in the MAS, whi
h are used in the design of our 
on
ept model of a generalplug-in ar
hite
ture. In Se
tion 3 we present our 
on
ept model for a dynami
plug-in-based ar
hite
ture. In Se
tion 4 we present the realization of the 
on
eptmodel in Renew and dis
uss some pragmati
 design de
isions.Note that the Petri net IDE Renew is portraited here in two di�erent ways.First, it is used to a
t as modeling tool and virtual engine for the abstra
tand the fun
tional Mulan models. Se
ond, it is used as the appli
ation, whi
har
hite
ture is examined and presented as a realization of the 
on
ept model of ageneral plug-in ar
hite
ture. A similar manifold obje
t of dis
ussion is the agentplatform Capa whi
h is realized as a plug-in for Renew, but also used in thedevelopment of the 
on
ept model.2 Agent System Ar
hite
tureIn this se
tion we will introdu
e the agent system ar
hite
ture Mulan togetherwith the Capa extension. Mulan is implemented using the referen
e net for-malism (and Java) so we start with an overview on referen
e nets.2.1 Referen
e netsReferen
e nets [5℄ are expressive high-level Petri nets that allow nets to be nestedwithin nets in dynami
al stru
tures (nets-within-nets [14℄). In 
ontrast to ordi-nary Petri nets, where tokens are passive elements, tokens in nets-within-netsare a
tive elements, i.e. Petri nets. In general we distinguish between two di�er-ent kinds of token semanti
s: value semanti
s and referen
e semanti
s. In valuesemanti
s tokens 
an be seen as dire
t representations of nets. This allows for



nested nets that are stru
tured in a hierar
hi
al order be
ause nets 
an only belo
ated at one lo
ation. In referen
e semanti
s arbitrary stru
tures of net-nesting
an be a
hieved be
ause tokens represent referen
es to nets. These stru
tures 
anbe hierar
hi
al, a
y
li
 or even 
y
li
.Referen
e nets may be modelled and exe
uted using the Petri net-IDE Re-new [6℄.Referen
e nets are obje
t-oriented nets. Similar to obje
ts in obje
t-orientedprogramming languages, where obje
ts are instantiations of 
lasses, net instan
esare instantiations of net templates. Net templates de�ne the stru
ture and be-havior of nets just like 
lasses de�ne the stru
ture and methods of obje
ts. Whilethe net instan
e has a marking that determines its status, the net template deter-mines only the behavior and initial marking that is 
ommon to all net instan
esof one type.Communi
ation between di�erent nets (net instan
es) is possible via syn-
hronous 
hannels. Syn
hronous 
hannels resemble method 
alls in obje
t-orien-ted programming languages, but they are more powerful. They temporarily fusetwo (or more) transitions and allow the passing of arguments in either dire
tions.Furthermore, the enabledness of the 
hannel is determined by all parti
ipatingtransitions, not only by one 
aller.2.2 The Multi-agent System MulanToday, agents and multi-agent systems (MAS) are one of the most importantstru
turing 
on
epts for 
omplex software systems. By in
luding attributes likeautonomy, 
ooperation, adaptability and mobility agents go well beyond the
on
ept of obje
ts and obje
t-oriented software development.
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Fig. 1. Agent system as nets-within-netsThe multi-agent system ar
hite
tureMulan [8℄ is based on the nets-within-nets paradigm, whi
h is used to des
ribe the natural hierar
hies in an agentsystem. Mulan is implemented in Referen
e nets using Renew [6℄. Mulanhas the general stru
ture as depi
ted in Figure 1: Ea
h box des
ribes one levelof abstra
tion in terms of the net hierar
hy. Ea
h upper level net 
ontains net



tokens, whose stru
tures are made visible by the ZOOM lines.1 The �gure showsa simpli�ed version of Mulan, sin
e for example several ins
riptions and allsyn
hronous 
hannels are omitted. Nevertheless,Mulan is an exe
utable model.The Multi-Agent System View. The net in the upper left of Figure 1 de-s
ribes an agent system, whose pla
es 
ontain agent platforms as tokens. Thetransitions des
ribe 
ommuni
ation or mobility 
hannels that build up the infras-tru
ture. The multi-agent system net shown in the �gure is just an illustratingexample, the number of pla
es and transitions or the inter
onne
tions have nofurther meaning.The Platform View. By zooming into the platform token on pla
e p1, thestru
ture of a platform be
omes visible, shown in the upper right box. The
entral pla
e agents hosts all agents that 
urrently reside on this platform. Ea
hplatform o�ers servi
es to the agents, some of whi
h are indi
ated in the �gure.2Agents 
an be 
reated (transition add) or destroyed (transition remove). Agents
an 
ommuni
ate by message ex
hange. Two agents of the same platform 
an
ommuni
ate by the transition internal 
ommuni
ation, whi
h binds two agents,the sender and the re
eiver, to pass one message over a syn
hronous 
hannel.Transition (external 
ommuni
ation) only binds one agent, sin
e the other agent isbound on a se
ond platform somewhere else in the agent system. Also mobilityfa
ilities are provided on a platform: agents 
an leave the platform (via thetransition new) or enter the platform (via the transition destroy).In the diagram some details of the platform are hidden for the reason ofsimpli
ity. An important feature that 
annot be seen is that a platform mayitself a
t as an agent. By this means, arbitrary hierar
hies of agents and platformsare possible, in parti
ular a platform is able to en
apsulate its agents from theoutside world.The Agent View. An agent is a message pro
essing entity. It must be able tore
eive messages, possibly pro
ess them and generate messages of its own. Ea
hagent 
onsists of exa
tly one agent net that is its interfa
e to the outside world(in the lower right 
orner of the �gure) and an arbitrary number of proto
ols(lower left 
orner) de�ning its behavior. The agent may ex
hange messages withother agents via the platform. This is done using the transitions re
eive messageand send message. These two transitions are the only inter
onne
tion of the agentto the rest of the (multi-) agent system, so the agent is a strongly en
apsulatedentity.The 
entral point of a
tivity of a su
h an agent is the sele
tion of proto
olsand therewith the 
ommen
ement of 
onversations. The proto
ol sele
tion 
an1 This zooming into net tokens should not to be 
onfused with pla
e re�nement.2 Note that only mandatory servi
es are mentioned here. A typi
al platform will o�ermore and spe
ialized servi
es, for example implemented by spe
ial servi
e agents.



basi
ally be performed pro-a
tively (the agent itself starts a 
onversation) or re-a
tively (proto
ol sele
tion based on a 
onversation a
tivated by another agent).In the 
ase of the pro-a
tive proto
ol sele
tion, the pla
e knowledge base is themain enabling 
ondition, the proto
ols are a side 
ondition.The Intera
tion View. The a
tivities of an agent are modeled as proto
olPetri nets (or short: proto
ols) � an example is given in the lower left 
orner ofthe �gure. The variety of proto
ols ranges from simple linear step-by-step plansto 
omplex dynami
 work�ows. Petri nets are well suited for the modeling ofpro
edures or pro
ess �ows, whi
h 
an be seen by their wide-spread use in thearea of (business) pro
ess modeling [15℄.2.3 Agents as PlatformsAs stated before, platforms in a full featuredMulan system may a
t like agentsand en
apsulate the hosted agents. It is therefore no problem to implement e.g. aholoni
 MAS using Mulan agents. The logi
al 
onsequen
e of this approa
h isto ex
lusively use these �platform agents� as agents in the MAS. Following thisidea leads to a dynami
ally re
on�gurable MAS stru
ture, i.e. a new hierar
hylevel may be introdu
ed at run-time simply by 
reating a new (platform) agentand migrating other agents into it.
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agentsFig. 2. Agent as a platformFigure 2 shows an agent that may serve as a platform for other agents. Insteadof proto
ol nets agents serve as des
ription of the platform agent's behavior.The internal agents are depi
ted in an abstra
t way. Ea
h of them may be afull-featured (platform) agent.2.4 CapaCapa (Con
urrent Agent Platform Ar
hite
ture) [1℄ is a partial re-implementationof theMulan framework. Capa ensures the 
ompatibility of theMulan frame-work to the FIPA spe
i�
ations [3℄. The internal stru
ture of the agents and thepossibilities sket
hed above are not tou
hed by Capa.



A part of the 
omplian
e to the FIPA spe
i�
ations 
on
erns the manage-ment of an agent platform. In parti
ular, an AMS (agent management system)and a DF (dire
tory fa
ilitator) have to be provided. This is done by pla
ingspe
ial agents on ea
h platform that o�er the mandatory servi
es. Additionalservi
es may be o�ered by agents residing on the platform. Agents migrating toa platform may o�er new servi
es previously la
king on this platform.This migration idea may serve as a basis for the 
on
eptualization of plug-inar
hite
tures. This will be demonstrated in the next 
hapter.3 Con
ept Model for a Dynami
Plug-in Ar
hite
tureA dynami
 ar
hite
ture is 
hara
terized by extensibility and adaptability. Wesket
h some general 
on
epts of plug-in systems and map these 
on
epts toagent-oriented 
on
epts. In this work we 
on
eive extensibility as a re
ursivefeature. We apply the idea of nested platform agents to our 
on
ept, whi
h leadsto re
ursive extensibility. A system is extended by 
omponents, whi
h again areextended by plug-ins, whi
h are (spe
ialized) 
omponents. Finally, we show thatthe re
ursive agent-oriented plug-in model is a full-�edged plug-in system thatallows for dynami
 
on�guration. The realization of this 
on
ept in Renew 2.0is des
ribed in Se
tion 4.3.1 ExtensibilityTo 
onstru
t extensible systems it is useful to get a notion of what is meant byextensibility. In software engineering, 
omponents have been introdu
ed as unitsof extensibility. Sametinger gives a de�nition of a 
omponent:De�nition 1 Component [10, p. 68℄Reusable software 
omponents are self-
ontained, 
learly identi�able artifa
tsthat des
ribe and/or perform spe
i�
 fun
tions and have 
lear interfa
es, appro-priate do
umentation and a de�ned reuse status.Likewise, extensibility in the agent-oriented view is a �rst-order 
on
ept.An agent system is extended by 
reating or migrating agents onto a platform.These agents provide additional fun
tionality to all other agents in the system aslong as they exist within the system. Removing the agent subtra
ts its providedfun
tionality from the system.Obviously we 
an map the 
on
epts of 
omponents on the 
on
epts of agents.Agents are en
apsulated (self-
ontained, 
learly identi�able artifa
ts). They havethe 
apability of a
tion and rea
tion (spe
i�
 fun
tions). In FIPA-
ompliantplatforms, the servi
e dire
tory, 
ommuni
ation languages and ontologies 
anprovide 
lear interfa
es and do
umentation. Mulan agents are 
omposed ofreusable proto
ols.The platform net in Figure 1 visualizes the idea of extensibility: Net tokensthat provide fun
tionality � agents � 
an be put onto and removed from the




entral pla
e of this net. These primitive platform servi
es provide the 
omponentmanagement of the software system. In the platform net of Figure 1 we areable to say that the system is extensible on one level. This notion of one-levelextensibility [12℄ expresses the fa
t that new 
omponents 
an be introdu
ed to thesystem but these 
omponents 
an not be extended themselves. The possibility toextend the 
omponents leads us to a notion for a re
ursively extensible system.The extended agent model shown in Figure 2 already provides re
ursive ex-tensibility. Every agent 
an serve as a platform for an arbitrary number of agents,whi
h 
an be platforms again. Components that re
ursively extend other 
om-ponents are plug-ins. We take the following de�nition from S
huma
her:De�nition 2 Plug-in [11, p. 34℄Plug-ins are 
omponents that 
hange the behavior of one or more other 
om-ponents in the system. This is done by using the provided interfa
e of the 
om-ponents.Up to now, we have a hierar
hi
al stru
ture of the system. The extensionrelation is strongly tree-stru
tured. The use of referen
e semanti
s enables us torelax this 
ondition. With referen
e nets we would be able to 
reate arbitrarystru
tured extension relations, e.g. a
y
li
 graphs. This would also be desirablefor a plug-in system, however, as long as we regard the 
ontainment relationof agents within agents as a physi
al relationship, one agent 
annot be lo
atedat two platforms at the same time. Nevertheless, the logi
al platform 
on
eptallows an agent to be residing at multiple platforms. Von Lüde et. al. [13℄ stressthe ne
essity of the use of multiple memberships of agents in platforms from aso
iologi
al viewpoint in analogy to the membership of humans in 
ommunities.3.2 Communi
ation Between ComponentsIn a multi-agent system, 
ommuni
ation between agents is always 
arried outthrough messages. These are transported horizontally by the platforms � this isa basi
 platform servi
e. In addition, the nesting of agent platforms introdu
esverti
al message passing as depi
ted in Figure 2 (ext. 
omm.).In fa
t, the 
ommuni
ation servi
es provided by ea
h platform allow us to seethe fun
tionality of all agents inside that platform as fun
tionality of that plat-form, in
luding the management servi
es of that platform and its 
hildren. Thus,the distin
tion between management and fun
tionality that we made earlier 
anbe dropped now.One of the advantages of the 
omponent-orientation is the re-usability (
f. [10,p. 68℄). This means for instan
e that the fun
tionality that is o�ered by the plug-in 
an be utilized by all 
omponents that need this fun
tionality. Therefore, a
omponent has to be able to address another 
omponent / plug-in. For this weneed the notion of servi
es that are o�ered by 
omponents. Servi
es have tobe published and made a

essible for other 
omponents. The servi
e dire
toryprovided by the dire
tory fa
ilitator (DF) of FIPA-
ompliant platforms servesthat purpose. If the DF is modeled as an agent, we 
an provide its servi
e at any



platform in the hierar
hy. However, for a software system it is more pra
ti
al tohave one global servi
e dire
tory. Therefore, we require a DF only at the top-levelplatform. Likewise, we demand for our system that every 
omponent (agent) is adire
t member of the top level platform. Although this is an enormous restri
tionof our general model it simpli�es the management of the plug-in system. If ea
hextensible 
omponent de
lares its extension management interfa
e as a publi
a

essible servi
e, potential plug-ins 
an query the platform for that servi
e andregister themselves dire
tly.A drawba
k of the 
urrent model is that the autonomy of a plug-in / agentis restrained when it 
omes to its own addition to or removal from sele
tedplatforms / 
omponents. The agent may initiate its migration, but it has no pos-sibility to prevent migration requests issued by third parties. It is passed asa passive obje
t through the 
ommuni
ation 
hannels during the pro
ess. Themodel also does not exa
tly determine the moment of extension registrationand 
on�guration. Therefore, we enfor
e a life 
y
le for all plug-ins within theplatform.The parti
ipation of a plug-in 
an be realized by simply adding a syn
hronous
hannel request to the add and remove transitions of a platform. These 
hannelrequests must be 
on�rmed by the added / removed plug-ins. This ensures thatthe servi
es of a plug-in 
annot be used by 
omponents before the plug-in hasbeen properly initialized.It should be noted that ea
h 
ontainment relationship is a

ompanied by itsown life 
y
le. In this view we 
an map the agent life 
y
le, as standardized bythe FIPA [4℄, onto the life 
y
le of the plug-in on the top-level platform. The life
y
les in ea
h 
ontaining sub-level should be handled by intera
tion proto
ols,de�ned by the extended 
omponent.A multi-agent system already de�nes per de�nition an extensible system.By mapping some of the multi-agents 
on
epts ba
k to the model of a plug-inar
hite
ture we are able to design a system that o�ers extensibility as �rst-order
on
ept. In addition, an agent-based view also takes into a

ount that extensiblesystems have to deal with 
on�i
ts, 
on
urren
y, redundant fun
tionality andalso missing fun
tionality. We have shown in this se
tion that a 
on
ept modelfor a dynami
 plug-in system ar
hite
ture 
an be done on the basis of multi-agentprin
iples. We have a
hieved a formalization of plug-in systems that enables plug-ins to be loaded dynami
ally at runtime. In the following se
tion we demonstratethe feasibility of our 
on
epts in a real-world example.4 Renew Plug-in Ar
hite
tureWe use Renew itself for a 
ase study where the plug-in 
on
ept is applied.The Renew tool has grown enormously sin
e its �rst release in 1999, and manyappli
ation-spe
i�
 extensions have been 
reated in the meantime. These exten-sions, like a work�ow engine, an agent platform or an editor for UML intera
tiondiagrams, are themselves already grown to appli
ations with their own exten-sions. Up to Renew 1.6, all extensions were 
ompiled into one large appli
ation.



Some sets of fun
tionality 
ould be sele
ted by spe
ifying a mode at startup, butmode swit
hing at runtime was not possible. However, a user would normallynot need all extensions at the same time, but possibly in arbitrary 
ombinations.Altogether, Renew is very well suited as a 
ase study for a dynami
, re
ursiveplug-in system.The plug-in system along with the de
omposed appli
ation has been releasedas Renew 2.0 and presented from the user's point of view last year in [7℄. Inthis se
tion we want to show how the 
on
epts developed in the previous se
tionare applied to the Renew plug-in system.4.1 Fun
tional De
ompositionFrom the user's point of view, Renew 
omprises two main 
omponents: thesimulation engine and the graphi
al net editor. Already in the �rst release it hasbeen stated that Renew supports multiple formalisms, sin
e new formalisms
ould easily be added by implementing the appropriate 
ompiler. Clearly it isdesirable to separate ea
h formalism into its own plug-in. A formalism manage-ment 
omponent 
an then provide a registry for all loaded formalisms as well asthe basi
 fun
tionality needed by many formalisms.In fa
t, the management of formalisms is divided into two plug-ins, and ananalogous partitioning is suggested for ea
h individual formalism as well as ea
hother extension to the simulation engine: One plug-in extends the simulation en-gine and/or formalism management 
omponents. It provides the pure fun
tion-ality extension without graphi
al adornments, e.g. the formalism management,or a 
ompiler. The se
ond 
omponent is a plug-in of the editor 
omponent andprovides additional menu entries, graphi
al representations of net stru
ture andtokens, formalism-spe
i�
 tools, et
. to the user.The user bene�ts from the introdu
tion of the dynami
 plug-in system forexample in a server s
enario: An appli
ation that has been implemented usingreferen
e nets and Java should normally run without the graphi
al net editor oranimated token game. In this 
ase, a user 
an start a redu
ed Renew systemwhere only the non-graphi
al 
omponents are installed. The simulation engineand formalism 
omponents are su�
ient to run the appli
ation. The user mayalso want to install a so-
alled Prompt plug-in so he 
an 
ontrol the plug-insystem and the simulation engine from the 
ommand line interfa
e.Suppose that, after the appli
ation has run undisturbed for some time, some-thing gets stu
k. The user then has the possibility to load the graphi
al editorand related plug-ins into the running system to debug the situation. The ani-mated token game, although started long after the simulation setup, will showthe 
urrent state of the system. So the user 
an sear
h for the bug and hopefully�x it. Afterward, he 
an restart the simulation engine. When the appli
ationruns again, the editor and related plug-ins 
an be unloaded from the system andfree their resour
es.



4.2 Applied Con
eptsThe Renew plug-in system is implemented along the 
on
epts developed inSe
tion 3. In the system there exists a so-
alled PluginManager that a
ts likethe platform net shown in Figure 1. There is no distin
tion between 
omponentsand plug-ins be
ause any 
omponent may also a
t as a plug-in to any other
omponent.The two transitions that add and remove plug-ins be
ome slightly re�nedin the Renew PluginManager: Plug-ins 
an enter the system in two ways. Atstartup, a plug-in �nder looks in a spe
i�
 lo
ation for pre-installed plug-ins,and during runtime plug-ins 
an be loaded dynami
ally by supplying an URL tothe plug-in loader. Analogously, all plug-ins are unloaded when the system shutsdown. The removal of 
omponents 
an also be initiated at runtime through aunload 
ommand.All plug-ins are a

ompanied by a des
ription of their provided servi
es. Allplug-ins follow a simple life 
y
le with mainly two transitions: initialization andshutdown. Plug-ins are asked to 
on�rm these transitions, this gives them ba
ksome of their autonomy as demanded in Se
tion 3.2).The maintenan
e of the servi
e dire
tory is automated: Ea
h plug-in is a
-
ompanied by a des
ription of its provided servi
es, the PluginManager main-tains the dire
tory during the initialization and shutdown transitions.Optionally, the PluginManager may enfor
e dependen
ies between plug-ins. If a plug-in is also a

ompanied by a des
ription of required servi
es, thePluginManager will not in
lude it in the system unless the required servi
esare available, that is provided by some other plug-ins. This me
hanism delegatessome 
ommonly needed autonomous de
isions of the plug-in to the PluginManagerto simplify the plug-in development pro
ess. Likewise, the unloading of a plug-in is prohibited as long as another plug-in requires a servi
e provided by theplug-in to remove. A 
ommand to re
ursively unload all dependent plug-ins isprovided. Of 
ourse, this dependen
y enfor
ement only works for stati
 servi
erequirements�but this is exa
tly what a Java programmer needs to ensure theavailability of required 
lass de�nitions.Re
ursive extensibility (as introdu
ed in Se
tion 3.1) is in
luded in the systemas a 
hain of 
omponent extensions. An example is the Mulan viewer plug-in,whi
h extends the Capa 
omponent to monitor agent a
tivity on the platform.The Capa plug-in in turn extends the simulation engine 
omponent to in
ludeits platform servi
es to all simulated net instan
es. Sin
e the Capa plug-in addi-tionally extends the editor plug-in to provide graphi
al representations for agenttokens, we also have an example for the extension of multiple 
omponents byone plug-in.4.3 PragmatismThe side 
ondition that the plug-in system should not redu
e the appli
ation'sexe
ution speed ne
essitated some pragmati
 solutions. The 
on
essions we made



are restri
ted to the Java implementation of the plug-in system, the pre
ise and
on
urrent Petri net semanti
s of the model in Se
tion 3 have not been weakened.The most important pragmati
 de
ision is to not follow our usual paradigmof implementation by spe
i�
ation be
ause the two uses of Renew � as runtimeengine and as 
ase study � do not mix well. It would be possible to use the netspresented in Se
tion 3 as 
ode base for the plug-in system. By augmenting thenets with Java ins
riptions that 
all the existing fun
tionality of the appli
ation
omponents, we would get an exe
utable plug-in system rather easily. However,then we would have to set up the Petri net exe
ution environment before theplug-in system in order to exe
ute the net implementation. This would introdu
ea 
ir
ular pre
eden
e be
ause the simulation engine is a part of the appli
ationon top of the plug-in system. Therefore, we de
ided to use the insights gainedfrom the 
on
ept model to re-implement the plug-in system in pure Java.A 
onsequen
e is the di�erent behaviour of the Renew and Java runtime en-vironment with respe
t to dynami
 linking. While in the referen
e net formalismthe 
ommuni
ating plug-ins are linked at runtime for ea
h 
ommuni
ation indi-vidually, the Java virtual ma
hine links the 
lasses on
e when they are loaded.For full dynami
 behaviour we would have to implement a dynami
 linking layerof our own, but we de
ided to skip that part. The needed indire
tion would slowdown inter-plug-in 
ommuni
ation of repetitive jobs.5 Con
lusionMulan is an expressive modeling framework, based on the referen
e net formal-ism, that is 
apable of modeling dynami
 system ar
hite
tures. Models that arebuilt with Mulan agents 
an pro�t from the multi-agent ar
hite
ture, whi
hamong other bene�ts provide the ability to 
onstru
t arbitrary and dynami
stru
tures. The agent/platform model allows to express extensibility and de-penden
y relationships of system 
omponents. Furthermore, the possibility to
on
retize the model by re�nement leading to a fun
tional model is of greatadvantage when designing, dis
ussing, prototyping and (re-)designing a system.The presented generi
 � referen
e net multi-agent based � 
on
ept modelfor a dynami
 ar
hite
ture proves to be an approa
h that is both, su�
ientlyabstra
t for expressive modeling and su�
iently 
on
rete to be able to transfer itto a real-world appli
ation. Moreover, it is the only modeling te
hnique � to ourknowledge � that is able to represent a �exible, adaptable and dynami
 design ofan appli
ation ar
hite
ture. The level of abstra
tness is a bene�t to the generaldesign de
isions. The level of 
on
reteness helps the ar
hite
t and developer toexperiment and evaluate the model prior to the implementation.The 
on
ept model 
omes with an expli
it top-level net, the platform orplug-in management system. Furthermore, the similarity of stru
tures on the toplevel and all other levels allows for the introdu
tion of independent servi
e andextension management units on every level. Our model is 
apable of des
ribing apluggable plug-in me
hanism. Su
h a model is useful to merge multiple systemswith independent management ar
hite
tures.



The Petri net IDE Renew has undergone major refa
torings and this pro
essis still in progress. However, the preliminary results are promising. It is safe tosay that the de
ision to refa
tor the system was the right way to go. We a
hieveda lean and �exible plug-in me
hanism that permits arbitrarily nested plug-ins.Beside just another plug-in me
hanism with spe
i�
 features that are veryvaluable in the 
ontext of our resear
h and development, a visual modeling 
on-
ept for plug-ins has been presented. In fa
t, 
urrently well-established modelingte
hniques are highly elaborated and powerful but also oriented towards stati
ar
hite
ture design and very resistant against paradigm shifts. In order to im-prove modern ar
hite
ture design many dynami
 aspe
ts have to be in
luded as�rst-order 
on
epts. Extensibility is one of them.We are looking forward to unleashing the full power of our ar
hite
ture modelby supporting an interleaved multi-formalism simulation support. Thereby, sev-eral advantages of di�erent formalisms 
an be 
ombined to the advantage of thedesigned model.Referen
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