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Formal definition of an object system:

Lak93b, Lak95b, SB94, SB94, SB94, SB01, SB95, SB01,
Mos02, ČJV97, GR89, PNt02, Jan99, Phi99, Phi00, GGW99,
OCo02, BvdA01, SSW95, KSSW01, Han97, Lil01, ABP01].
These approaches introduce features of object oriented lan-
guages into Petri nets, like classes and inheritance, and par-
tially also refer to the net-within-net paradigm. There is
no space here to discuss these concepts.

2 Elementary Object Systems

We now formally introduce elementary object systems which
form a restricted class of general object systems. We only
allow two types (colors) for places, namely objects from a
given set of object nets (which do not contain token-nets)
and ordinary black tokens. In general object systems more
types are allowed. By this restriction the model remains
simple, yet most important features can be introduced. To
alleviate the distinction between system and object nets the
components of the system net will bear a hat: t̂, p̂, P̂ , T̂ , . . .
etc.

Definition 2.1 (elementary object system)
An elementary object system is a tuple

OS = (SN,ONm0 , ρ,σ,R0) where SN is the system net,
ONm0 is a finite set {(ON1,m0

1) . . . , (ONk,m0
k)} of marked

object nets, ρ and σare the interaction relations and R0 is
the initial marking, which are defined as follows. (The sets
of places and transitions of all involved nets are assumed to
be disjoint.)

a) A system net is a Petri net SN = (P̂ , T̂ , Ŵ ) where

1. the set P̂ = Pob∪Pbt of places is divided into dis-
joint sets of object places Pob and black-token
places Pbt, T̂ is the set of transitions,

2. the set of arrows is given as a mapping
Ŵ : (P̂×T̂ )∪(T̂×P̂ ) → IN. For Ŵ (x, y) > 0 the
arrow (x, y) is called an object arrow if {x, y}∩
Pob %= ∅ and a black-token arrow if {x, y}∩Pbt %=
∅.

b) An marked object nets is a marked P/T-net ON i =
(Pi, Ti,Wi) (cf. the Appendix)1

1It is not very important, which class of Petri nets is chosen for
object nets. To keep definitions simple, we define them as P/T-nets.
(see Appendix)

7
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M.D. Cohen J.G. March and J.P. Olsen.
A garbage can model of organizational choice.
Administrative Science Quarterly 17:1--25, 1972.

Consider organized anarchies. These are organizations - or decision 
situations - characterized by three general properties.  

     The first is problematic preferences. In the organization  it is 
difficult to impute a set of preferences to the decision situation 
that satisfies the standard consistency requirements for a theory 
of choice. 

     The organization operates on the basis of a variety of 
inconsistent and ill defined preferences. It can be described 
better by a loose collection of ideas than as a coherent structure; 
it discovers preferences through action more than it acts on the 
basis of preferences,
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     The second property is unclear technology. Although the organization manages to survive and 
even  produce, its own processes are not understood by its members. It operates on the basis of 
simple trial-and-error procedures, the residue of learning from accidents of past experience, 
and pragmatic inventions of necessity. 

     The third property is fluid participation. Participants vary in the 
amount of time and effort they devote to different domains; 
involvement varies from one time to another. As a result, the 
boundaries of the organization are uncertain and changing; the 
audiences and decision makers for any particular kind of choice 
change capriciously.
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Problems. Problems are the concern of people inside and outside the organization 
....

Solutions. A solution is somebody's product. .... Despite the dictum that you 
cannot find the answer until you have formulated the question well, you often 
do not know what the question is in organizational problem solving until you 
know the answer.

Participants. Participants come and go. ..... Substantial variation in participation 
stems from other demands on the participants' time (rather than from features 
of the decision under study) .

Choice opportunities. These are occasions when an organization is expected to 
produce behavior that can be called a decision. Opportunities arise regularly 
and any organization has ways of declaring an occasion for choice. Contracts 
must be signed; people hired, promoted, or fired; money spent; and 
responsibilities allocated.
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A stream of choices
A stream of problems
A rate of flow of solutions
A stream of energy from participants

garbage can
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M.Masuch and P. LaPotin.
Beyond Garbage Cans: 
An AI Model of Organizational Choice.
Administrtive Science Quarterly 36: 38--67, 1989.

To get an approximate impression of the model, 
reconsider the finale of the James Bond movie, "A 
View to a Kill." Agent 007 balances on the main 
cable of the Golden Gate Bridge, a woman in distress 
clinging to his arm, a blimp approaching for rescue. 
In terms of the garbage can model, 
the blimp is a solution, 
007 a choice opportunity, and 
the woman a problem.

In the picture's happy ending, the hero is finally picked 
up, together with the woman, and a solution by 
resolution takes place; the problem is solved
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As women, as well as blimps, make their choices simultaneously, but 
independently of each other, a light hero, on the verge of rescue, 
may suddenly find himself overburdened. Heavy heroes, in turn, 
may become rescuable all of a sudden as their women desert them. 
This mechanism, called "fluid participation", creates the 
possibility of nonsensical solutions or nonsolutions.

Women may switch heroes too swiftly and end up with an 
overburdened hero each time; then, problems are not solved. Or 
heroes are rescued just as all women have left; then, a  "decision 
by flight" is made. 

Finally, heroes may be salvaged upon arrival at the scene before any 
woman in distress has a chance to grab their arm; 

     then "decisions by oversight" are said to be made.

 Nevertheless, decisions by resolution do occur.



1. Inhalt

2.Netze in
     Netzen

3. Referenz- 
      Semantik

4. Renew

5.  Garbage 
     can

6. Agenten &
 Komponenten

Univ. Hamburg

35Rüdiger Valk                                                       Objekt Petrinetze                                                         Seit"

blimp

blimps

woman

hero:cling(woman)

rescue

hero

blimp

blimp

blimp

hero

hero

admit to 

hospital

heroes

on cable

blimp

hero2:cling(woman)

hero1:leave(woman)

hero2

hero1

women in hospital

landed blimps
blimp

blimp

blimps in hangar

hero

woman

woman

blimp

bridge

woman: new woman

down:   blimp:       admit_h(hero), admit_w(woman),saveHero(hero)

            hero:         leave(woman), cling(woman)

            woman:    cling_on(), be_saved()

woman: cling_on()

blimp:saveHero(hero)

cling

women in

distress

up:   --

blimp: new blimp

hero: new hero

heroes in hospital

fly

blimp:admit_h(hero)

blimp:admit_w(woman)

woman:be_saved()

woman[1]

hero[4]
hero[3]

blimp[1]



1. Inhalt

2.Netze in
     Netzen

3. Referenz- 
      Semantik

4. Renew

5.  Garbage 
     can

6. Agenten &
 Komponenten

Univ. Hamburg

36Rüdiger Valk                                                       Objekt Petrinetze                                                         Seit"

in distress

:be_saved()

back in safety

hero

clinging 

 to hero    

hero

:add(hero) :remove(hero)

woman

down:   --        

[]

up:   hero:     add(hero), remove(hero)

        bridge:  cling_on(), be_saved()

:cling_on()

women

attached

n
nn+1

:cling(woman)

n
n-1

:leave(woman)

woman woman

0

woman:add(this) woman:remove(this)

down:  woman:   add(hero), remove(hero)  

hero

:cap(n)

up:   bridge:    cling(woman), leave(woman)

        blimp:     cap(integer)



1. Inhalt

2.Netze in
     Netzen

3. Referenz- 
      Semantik

4. Renew

5.  Garbage 
     can

6. Agenten &
 Komponenten

Univ. Hamburg

37Rüdiger Valk                                                       Objekt Petrinetze                                                         Seit"

hero

3
blimp capacity

hero:leave(woman)

:admit_w(woman)

:saveHero(hero)

[]

:admit_h(hero)

hero:cap(0)

n

hero on board

blimp

herohero

in hangar

guard(x<n)

hero:cap(x)

approaching

bridge

up:   bridge: admit_h(hero), admit_w(woman), saveHero(hero)

down:   hero: cap(integer), leave(woman)        



1. Inhalt

2.Netze in
     Netzen

3. Referenz- 
      Semantik

4. Renew

5.  Garbage 
     can

6. Agenten &
 Komponenten

Univ. Hamburg

38Rüdiger Valk                                                       Objekt Petrinetze                                                         Seit"

in distress

:cling_on(hero)
:be_saved()

back in safety

hero

clinging 
 to hero

hero

:add(hero) :remove(hero)

woman[2]

hero[3]

women
attached

n

:cap(n)

nn+1
:cling(woman)

n
n-1

:leave(woman)

woman woman

2

woman:add(this) woman:remove(this)

counter

woman[2]

hero[3]

woman[4]



1. Inhalt

2.Netze in
     Netzen

3. Referenz- 
      Semantik

4. Renew

5.  Garbage 
     can

6. Agenten &
 Komponenten

Univ. Hamburg

39Rüdiger Valk                                                       Objekt Petrinetze                                                         Seit"

  Renew-Simulatio*



1. Inhalt

2.Netze in
     Netzen

3. Referenz- 
      Semantik

4. Renew

5.  Garbage 
     can

6. Agenten &
 Komponenten

Univ. Hamburg

40Rüdiger Valk                                                       Objekt Petrinetze                                                         Seit"

Agente*
&

Komponente*



1. Inhalt

2.Netze in
     Netzen

3. Referenz- 
      Semantik

4. Renew

5.  Garbage 
     can

6. Agenten &
 Komponenten

Univ. Hamburg

41Rüdiger Valk                                                       Objekt Petrinetze                                                         Seit"

P
L
U
G
I
N

MULAN

RENEW

JAVA

Fig. 2: The architecture of the multi-agent system infrastructure.

2.2 Reference Nets

Reference nets are special high-level Petri nets in which the tokens can be nets
again. For these ”nets within nets” referential semantics is assumed. Tokens in
one net instance can be references to other net instances. The benefit of this
feature for Renew is that it is modular and extendible. Nets can call other nets
just like method calls of objects by using synchronous channels (see [11]).

A synchronous channel consists of two transitions which are called down-link
and up-link. These two transitions can only fire simultaneously and only if both
transitions are activated. Down-link and up-link can belong to one single net or
they can belong to two different nets. In both cases any object can be transferred
from either transition to the other. If two different net instances are involved it
is thus possible to synchronize those two nets and to transfer objects in either
direction by the synchronous channel.1

Mulan agents use the synchronous channels to start and stop their protocols.
Also the communication between the Mulan agent and its Mulan protocols is
realized with them. Messages are transferred from the agents to the protocols
and back. While the agent provides the functionality to transmit the message to
another agent the protocol is in charge of the processing of the message itself.

2.3 Mulan

Mulan is a multi-agent system that is based on Renew. It is implemented with
Petri nets as a system of reference nets (Mulan: Multi-Agent Nets) and it com-
plies with the open specifications of the Foundation for Intelligent Physical
Agents (FIPA, see [6]) for multi-agent systems.

The system consists of numerous Petri nets. This is illustrated in figure 3.
The figure shows the net within a net hierarchy of the system. Agents are nets
which exist on platforms which are also nets. There can be many platforms
and the agents can communicate with each other within and across platforms.
1 Additional information for Renew, reference nets and synchronous channels can be

found in [12].
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nested nets, the communication between these nets is provided. This is illustrated in fig-
ure 4.3. The figure shows the net within a net hierarchy of the system. Agents are nets
that exist on platforms. The platforms are also nets. There can be many platforms and
the agents can communicate with each other within and across platforms. Protocols are
nets within the agents and control their behavior. The figure is taken from (Köhler et al.
2001).

4.3.2 Mulan Agents

Agents are complex entities. They have to provide functionality for communication, in-
teraction, knowledge acquisition, storage and retrieval, decision-making and conversation
handling. All this is realized in Mulan agents by a modular, hierarchical design. All com-
ponents of the Mulan agents are realized as reference nets. This means that all modules
are actually nets and the modularity is provided by the ‘nets within nets’ paradigm (see
section 3.2).

From an outside viewpoint the agents can be seen as black boxes that communicate
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Figure 4.10: Two protocols exchanging messages. Protocol (a) initiates the conversation
and protocol (b) replies. Together these two protocols form a conversation.

stack shown in figure 4.11. The word protocol is used in a different way in this context, so
we use the term medium for a connection within one layer that can be used by a higher
layer. In fact, when the two agents reside on one platform, the two lowest levels, the
TCP/IP layer and the physical layer, are not used, instead there exists only one platform
that handles the communication internally. In this view, we can now talk of vertical and
horizontal communication. Vertical communication takes place between (vertical) layers,
e.g. between the agent and the protocols or between the agent and the platform on which
it resides. Horizontal communication is the communication of layers of the same level, e.g.
the communication between two agents.

4.3.5 Description of Mulan Protocols

Mulan protocols are Petri nets, more specifically, they are reference nets. These proto-
cols possess a clear, control flow-oriented character. They have a starting transition (in-
scription: :start()) and one ore more ending transitions (inscription: :stop()). These
transitions define the life cycle of the protocol instances. There are input and output
transitions (inscription: :in(p), :out(p) which allow the protocol to pass messages from
and to agents. These transitions contain up-links that constitute, together with the cor-
responding down-links in the agent nets, the synchronous channels that are the means of
communication between reference net instances.

The messages received by an agent through the communication system are passed on to
the responsible Mulan protocol through the synchronous channels. It is further processed
by the protocol and its content can be extracted. Another message, e.g. a reply, can
be formulated by the protocol and passed back to the agent, which sends it through the
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Figure 4.11: Layers of message transportation in Mulan for external communication across
platforms.

communication system to the new receiver.

:start()

:in(p)

p

p

p

p

:out(p)

:stop()

Figure 4.12: A scheme of a protocol.

The protocol defines, through its control flow, the behavior of the agent in the conver-
sation for which it is ‘responsible’. Therefore it decides how a message is processed, which
message is sent to which agent, and which internal actions are performed. However, the
agents receive messages from or send them to other agents. The agents also decide with
the knowledge from their knowledge base which protocols are being started to respond to
a certain message, i.e. the agents choose the protocol that leads the conversation. Once
a protocol is in charge of a conversation, it keeps the responsibility unless it passes the
responsibility to another protocol or it finishes the conversation.

Figure 4.12 describes a scheme of a Mulan protocol. In the image the Renew conform
inscriptions for the up-links are used (:start(), :stop(), :in(p), :out(p), p is a message
also called performative). The flow of the process is directed from left to right; a Mulan
protocol can therefore be read like a sentence. First the protocol has to be started (tran-
sition :start()) then a message is received. Now some other actions could be performed
which are not shown in the scheme but signified by a transition. Then a message is send
and finally the protocol is stopped which ends the conversation.
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Fig. 11: Interaction protocol diagram of the FIPA Request and a FIPA
Request-compliant producer-consumer example.

In the third and last step we use the net component extension of Renew to
draw the Mulan protocols with the net components analogous to the symbols in
Figure 13. Still some work has to be done regarding the actions, the adjustments
of messages and other inscriptions. Both figures 14 and 15 show resulting Petri
nets of the produce and the consume protocol. Note that the nets are not shown
here to be read as Petri nets, although they are fully operational and can be
executed in Renew and Mulan without any changes. Instead they are presented to
get an impression of the structured layout, the application of the net components
and the analogies to the structure of the interaction protocol diagrams.

a)
Producer

b)
Consumer

Fig. 12: Two parts of the example diagram; one for each agent.
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p2

:out(p2)

OUT

> >

p2

p2

:out(p2)

>

OUT

false

truecond

>

IF

>

>

p2

p2

:out(p2)

OUT

> >

p2

p2

:out(p2)

OUT

action p2=p.reply(
   "inform", "done")

> >

:stop()

STOP

>

:stop()

STOP

>

:stop()

STOP

>

cond = rand1

rand1
rand1

random1

random2

cond = rand2

Zufaellig bestimmen, ob
der Consumer die Aufgabe

erledigen kann.

rand2

rand1 = false

Perf

p

Perf

action p2=p.reply(
   "agree",
    p.getContent())

action p2=p.reply(
   "failure",
   p.getContent())

[]
[]

>

Perf

p

p

random2
random1

:access(wb)

wb

rand2

rand2

rand2 = true

rand2 = false

rand1 = true

rand1

reply
agree

reply
inform-done

reply
failure

reply
refuse

action p2=p.reply(
   "refuse", p.getContent())

Perf
p

import de.renew.agent.repr.acl.*;
import java.util.*;
import de.uni_hamburg.informatik.tgi.siedler.insel.*;
import de.uni_hamburg.informatik.tgi.siedler.util.*;
import de.uni_hamburg.informatik.tgi.siedler.Bank.Transaktion;
import de.uni_hamburg.informatik.tgi.siedler.sl.*;
import de.renew.simulator.NetInstance;
NetInstance wb;
AclMessage p, p2,nachricht,ack ;
Insel insel;
Transaktion e;
boolean rand1, rand2;
boolean cond;
Object o;
Object[] os;
String s;
Vector v;
int x;
Iterator  it;

b)
Consumer

receive consume
message

Fig. 15: The resulting consume Mulan protocol.
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BankPlayer Island

X

X

Protocol Diagram Register Player

inform newPlayer(NAME)

inform done

request newAccount(NAME)

reply

request deposit
(NAME, initial_fund)

inform

failure inform

failure

inform broadcast
(constructionBegin)

false true

all players 
registered

request
register(NAME)

Game Control

Fig. 17: Mulan conform-structured agent interaction protocol for the registration of a
player.

5 Conclusion

The gap between traditional system modeling and the use of high-level Petri
nets is relatively large. Both areas can contribute to the requirements of actual
software development today. The latest developments in this area are AUML
(see www.auml.org) where concepts from agent orientation are integrated mostly
for a more compact representation. However, distributed systems require more
elaborated features. These are covered by high-level Petri nets like reference nets
(see [11]) in combination with an agent-oriented architecture (see [10]).

In this paper we were able to integrate all directions. For this we started
with the introduction of our multi-agent system infrastructure. The advantage
of using a Petri net-based system is its inherent concurrency. The implementation
of a multi-agent system with Petri nets is only possible if it can be backed up
with a powerful and efficient simulation tool. This was achieved by building the
system on Renew.

We showed how modeling of agent interaction can be done by using FIPA
interaction protocol diagrams. The notion of net components and a correspond-
ing set for Mulan agent interaction were presented. Together with the seamless
integration of the net components into Renew we now have a simple but powerful
tool to support net component-based Mulan protocol implementation. AUML
provides methods for modeling interactions which can be used to facilitate and
structure the agent interaction. The structure of the protocols can be unified and
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106 CHAPTER 8. TOOL DEVELOPMENT

8.3.3 Game Round

Finally, the complex agent interaction protocol diagram round of the game control in set-
tler 2 produces usable code skeletons and reveals also a minor bug in the layout/connecting
mechanism (at the last NC ajoin). However, even though the generated code does not use
the NC out-in, which is much smaller than the equivalent NC out and NC in, the whole
net is not bigger than the custom made net. This is a satisfying result.

Figure 8.14 displays the agent interaction protocol diagrams while the following page
displays in figure 8.15 both Mulan protocols. The generated code is displayed on the top.
The custom made Mulan protocol – on the bottom – is displayed in its original version,
divided in two parts. The end of the first part sends a message to its agent to start the
second part.

Even though the Petri nets are not readable in detail, they are nevertheless displayed
here to show the structure of the protocols.

!EndOFGame_
inquireEnd

request-action tradingPhaseStart

inform-done

inform-done

request-action
tradingPhaseStart

request-action
timeout

request-action
tradingPhaseStart

request-action
tradingPhaseEnd

request-action tradingPhaseEnd

inform-done

inform-done

request-action
buildPhaseStart

inform-done

request-action
timeout

request-action
buildPhaseEnd

inform-done

request-action gameEnd

inform-result true/false

*

*

request-action
buildPhaseStart

request-action
harvest

inform-done

request-action
 nextTurn

Careful:
  the vertical order
  of arcs on Activations
  is important

Shorthand notations and
full ACL message samples
------------------------
- request-action harvest

    (request
      :content "((action
         (agent-identifier)
         (harvest))")

- inform-done

    (inform
      :content "((done (action
         (agent-identifier)
         (harvest))))")

- inform-result true/false

    (inform
      :content "((result
         (action
            (agent-identifier)
            (gameEnd))
         true))")

[continue] [end of game]

Siedler2:  GameControl_round

!Island_
build

GameControl_
round

!MarketPlace_
trade !Dice_toss

!Player_
build

inform-done

inform-done

!Bank_
trade

!Player_
trade

Figure 8.14: Agent interaction protocol diagram for the round of the settler2 game. The
focus lies on the game control agent. (See the appendix for a larger version.)
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wb[] Wissen

:access(wb)

>

:start()

import de.renew.agent.repr.acl.*;
import java.util.*;
import de.uni_hamburg.informatik.tgi.siedler.insel.*;
import de.uni_hamburg.informatik.tgi.siedler.util.*;
import de.uni_hamburg.informatik.tgi.siedler.Bank.Transaktion;
import de.uni_hamburg.informatik.tgi.siedler.sl.*;
import de.renew.simulator.NetInstance;

NetInstance wb;
AclMessage p, p2,nachricht,ack ;
AgentIdentifier aId;
Insel insel;
Transaktion e;

boolean cond;
Object o;
Object[] os;
String s;
Vector v;
int y;
Iterator  it;
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wb[] Wissen

:access(wb)

>

:start()

import de.renew.agent.repr.acl.*;
import java.util.*;
import de.uni_hamburg.informatik.tgi.siedler.insel.*;
import de.uni_hamburg.informatik.tgi.siedler.util.*;
import de.uni_hamburg.informatik.tgi.siedler.Bank.Transaktion;
import de.uni_hamburg.informatik.tgi.siedler.sl.*;
import de.renew.simulator.NetInstance;

NetInstance wb;
AclMessage p, p2,nachricht,ack ;
AgentIdentifier aId;
Insel insel;
Transaktion e;

boolean cond;
Object o;
Object[] os;
String s;
Vector v;
int y;
Iterator  it;
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wb[] Wissen

:access(wb)

>

:start()

import de.renew.agent.repr.acl.*;
import java.util.*;
import de.uni_hamburg.informatik.tgi.siedler.insel.*;
import de.uni_hamburg.informatik.tgi.siedler.util.*;
import de.uni_hamburg.informatik.tgi.siedler.Bank.Transaktion;
import de.uni_hamburg.informatik.tgi.siedler.sl.*;
import de.renew.simulator.NetInstance;

NetInstance wb;
AclMessage p, p2,nachricht,ack ;
AgentIdentifier aId;
Insel insel;
Transaktion e;

boolean cond;
Object o;
Object[] os;
String s;
Vector v;
int y;
Iterator  it;
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wb[] Wissen

:access(wb)

>

:start()

import de.renew.agent.repr.acl.*;
import java.util.*;
import de.uni_hamburg.informatik.tgi.siedler.insel.*;
import de.uni_hamburg.informatik.tgi.siedler.util.*;
import de.uni_hamburg.informatik.tgi.siedler.Bank.Transaktion;
import de.uni_hamburg.informatik.tgi.siedler.sl.*;
import de.renew.simulator.NetInstance;

NetInstance wb;
AclMessage p, p2,nachricht,ack ;
AgentIdentifier aId;
Insel insel;
Transaktion e;

boolean cond;
Object o;
Object[] os;
String s;
Vector v;
int y;
Iterator  it;
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wb[] Wissen

:access(wb)

>

:start()

import de.renew.agent.repr.acl.*;
import java.util.*;
import de.uni_hamburg.informatik.tgi.siedler.insel.*;
import de.uni_hamburg.informatik.tgi.siedler.util.*;
import de.uni_hamburg.informatik.tgi.siedler.Bank.Transaktion;
import de.uni_hamburg.informatik.tgi.siedler.sl.*;
import de.renew.simulator.NetInstance;

NetInstance wb;
AclMessage p, p2,nachricht,ack ;
AgentIdentifier aId;
Insel insel;
Transaktion e;

boolean cond;
Object o;
Object[] os;
String s;
Vector v;
int y;
Iterator  it;
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>>

Wissen

spielerDaten

selfAId

action p2= SlHandelsphaseStart.createAclMessage(bankAId)

action p2= SlHandelsphaseStart.createAclMessage(boerseAId)

:stop()

STOP

>

action p2= SlHandelsphaseStart.createAclMessage(((SpielleitungSpieler) o).getAId() );

o

o
Object

Object

action os = spielerDaten.toArray();

selfAId

:access(wb);
wb:ask("aktiverSpieler",aktiverSpieler);
wb:ask("spielerAnzahl",spielerAnzahl);

wb:ask("InselAid",inselAId);
wb:ask("BoerseAid", boerseAId);

wb:ask("BankAid",bankAId);
wb:ask("Name",selfAId);

wb:ask("spielerDaten",spielerDaten);

Spielleitung::Runde

import de.renew.agent.repr.acl.*;
import java.util.*;
import de.uni_hamburg.informatik.tgi.siedler.sl.*;
import de.uni_hamburg.informatik.tgi.siedler.agenten.spielleitung.*;
import de.renew.simulator.NetInstance;

NetInstance wb;
AclMessage p, p2;
boolean cond;
Object o;
Object[] os;
SlBool b;
Vector spielerDaten;
Integer aktiverSpieler, spielerAnzahl, t, aktuelleRunde;
AgentIdentifier inselAId, boerseAId, bankAId, selfAId;

p2

p2

:out(p2)

OUT

> >

selfAId

selfAId

Das Ernte-Protokoll wird aufgerufen.Die Runde beginnt.

Die Boerse wird aufgefordert, 
die Handelsphase zu eroeffnen

Die Bank wird aufgefordert, die Handelsphase zu eroeffnen

wb:remove("handel_timeout")

Maximal einmal Schalten bei 
Timeout XOR Abschluss

der Handelsphase durch 
jeden einzelnen Spieler

Zweiten Teil des Rundennetzes aufrufen

action p2=SlSpielleitungNaechsterRundenteil.createAclMessage(selfAId)

Erster Teil des Rundenprotokolls der Spielleitung. Der gesamte Rundenablauf ist in zwei Teilprotokolle
gegliedert, da nach dem Timeout durch die Boerse spaet eingehende Nachrichten der Spieler falsch 
gebunden werden koennten.

Beginn der Bauphase

action p2= SlSpielleitungErnte.createAclMessage(selfAId)
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action os = spielerDaten.toArray();
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selfAId

selfAId
spielerDaten

Object

inselAId

Wissen

action p2= SlHandelsphaseEnde.createAclMessage(bankAId)

action p2= SlHandelsphaseEnde.createAclMessage(boerseAId)

action p2= SlBauphaseStart.createAclMessage(inselAId)
action p2=SlBauphaseEnde.createAclMessage(inselAId) action p2=SlSpielleitungSpielende.createAclMessage(selfAId)

action p2=SlSpielleitungNaechsteRunde.createAclMessage(selfAId)

spielerDaten

boerseAId

boerseAId

b

cond = b.getValue() true

false

:stop()

STOP

>

spielerAnzahl

action p2= SlBauphaseStart.createAclMessage(((SpielleitungSpieler) o).getAId())

o

o

p.getContent()

p.content
>>

Wissen

wb:replace("aktiverSpieler", aktiverSpieler, 
new Integer((aktiverSpieler.intValue()+1)%spielerAnzahl.intValue()))

bankAId

Spielleitung::Runde2

bankAId

p2.getReceiver()

import de.renew.agent.repr.acl.*;
import java.util.*;
import de.uni_hamburg.informatik.tgi.siedler.sl.*;
import de.uni_hamburg.informatik.tgi.siedler.agenten.spielleitung.*;
import de.renew.simulator.NetInstance;
import de.renew.agent.repr.common.VTSet;

NetInstance wb;
AclMessage p, p2;
boolean cond;
Object o;
Object[] os;
SlBool b;
Vector spielerDaten;
Integer aktiverSpieler, spielerAnzahl, t, aktuelleRunde;
AgentIdentifier inselAId, boerseAId, bankAId, selfAId;
VTSet empfaenger;

Der zweite Teil der Runde beginnt.

Die Aufforderung an die Bank, die Handelsphase zu beenden,
wird versandt und eine Bestaetigung erwartet.

Die Aufforderung an die Boerse, die Handelsphase zu beenden, 
wird versandt und eine Bestaetigung erwartet

Wechsel von Handelsphase zu Bauphase

Sicherstellen, dass die Insel in die Bauphase uebergeht.

empfaenger
empfaenger

p2.getReceiver()

guard empfaenger.contains(p.getSender())guard empfaenger.contains(p.getSender())

Aktuelle Rundennummer inkrementieren Rundenprotokoll neustarten

Platzhalter, um zukuenftig vielleicht auch einen 
Timeout fuer die Bauphase zu implementieren,

entprechend dem Timeout der Handelsphase in der Boerse.

Bauphase beendet

Zweiter Teil des Rundenprotokolls der Spielleitung

wb wb

:access(wb);
wb:ask("aktiverSpieler",aktiverSpieler);
wb:ask("spielerAnzahl",spielerAnzahl);

wb:ask("InselAid",inselAId);
wb:ask("BoerseAid", boerseAId);

wb:ask("BankAid",bankAId);
wb:ask("Name",selfAId);

wb:ask("spielerDaten",spielerDaten);

Sicherstellen, dass die Insel die Bauphase beendet hat

Gegebenenfalls das Spiel beenden, andernfalls
neuen Spieler bestimmen und Runde neustarten

wb:replace("aktuelleRunde", aktuelleRunde, 
new Integer(aktuelleRunde.intValue()+1))

Neuen Spieler bestimmen und
in der Wissensbasis vermerken

Beim Spielende-Protokoll nachfragen, ob ein Sieger
feststeht, und somit das Spiel beendet ist.

Die hier verwendeten Guards sind "total eklige Workarounds fuer total eklige Bugs"

Spieler ueber Bauphasenanfang informieren und auf Beendigungswunsch 
der Bauphase von jedem einzelnen Spieler warten.

Jeden einzelnen Spieler ueber den Beginn der Handelsphase
informieren und auf  Beendigungswunsch der Handelsphase 

durch die Spieler warten.

Annahme der Benachrichtigung ueber das Erreichen 
eines Timeouts in Boerse ueber die Wissenbasis 

vom Protokoll handel_timeout.

GameControl_round generated code. 

GameControl_round original code. 

Figure 8.15: Round protocol of the game control agent (settler2, generated code structure and custom made net)

Daniel Moldt                                                                                                TdP-04

Renew: Interaktionsdiagramme +
Komponenten Plug-Ins



1. Inhalt

2.Netze in
     Netzen

3. Referenz- 
      Semantik

4. Renew

5.  Garbage 
     can

6. Agenten &
 Komponenten

Univ. Hamburg

59Rüdiger Valk                                                       Objekt Petrinetze                                                         Seit"

Daniel Moldt                                                                                                TdP-04

MULAN-Workflowagenten: Verteilung



1. Inhalt

2.Netze in
     Netzen

3. Referenz- 
      Semantik

4. Renew

5.  Garbage 
     can

6. Agenten &
 Komponenten

Univ. Hamburg

60Rüdiger Valk                                                       Objekt Petrinetze                                                         Seit"

Fazi+
7. Fazit



1. Inhalt

2.Netze in
     Netzen

3. Referenz- 
      Semantik

4. Renew

5.  Garbage 
     can

6. Agenten &
 Komponenten

Univ. Hamburg

61Rüdiger Valk                                                       Objekt Petrinetze                                                         Seit"

1. Objektpetrinetze haben ein großes Mode$ierungspotenzial              
☛reales Objekt ↔ Objektmode$ierung,                                          

☛Reduktion von Komplexität durch Abstraktio*
2. Mit Renew existiert ein effizientes Mode$ierungs, Simulations- und 

Implementations-Werkzeug für Anwendungen (mit Nebenläufigkeit) 
☛Mode$ ↔ Implementatio*                                                                            

☛Plattform für verteilte Programmierung
3. Agentenorientierter Entwurf ist möglich und hat zahlreiche Vorteil" 

☛ Verteilthei+                                                                                                  

☛ Protoko$ ↔Verhalte*
4. Netzkomponente*                                                                                        

☛ Hilfe zur Erste$ung komplexer So)war"                                     

☛ bessere Lesbarkeit der So)war"

Was wo$te ich zeigen?

7. Fazit
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                                  Vielen Dank für Ihre Aufmerksamkei+
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