Formalization of a Spatialized Multiagent Model using Coloured Petri Nets for the Study of an Hunting Management System

Innocent Bakam^1, Fabrice Kordon^2, Christophe Le Page^3, and François Bousquet^3

1 Computer Science Department, Faculty of Science, Yaounde 1 University, Po Box 812 Yaounde, Cameroun. ibakam@uycdc.uninet.cm 2 Laboratoire d’Informatique de Paris 6/SRC, Université Paris VI, 4 place Jussieu, 75252 Paris Cedex 05, France. Fabrice.Kordon@lip6.fr 3 CIRAD-TERA/ERE, Campus International de Baillarguet, BP 5035 34032 Montpellier, France.

{lepage, bousquet}@cirad.fr

Abstract. This paper presents an experience of a multiagent model formalization using coloured Petri nets, applied to the study of an hunting management system. The multiagent model of the hunting activity is presented, with simulation results. Then we describe Petri nets model assumptions and we give details about system modules. We analyze the model and we compare formal properties to multiagent simulation results. Pertinence of the approach is briefly discussed

1 Introduction

Multiagent approach provides a new way to model phenomena in which interactions between various entities are too complex to be apprehended by the traditional tools of mathematical modelling. Thus this approach is increasingly used in problems of environment management, and particularly in modelling of natural and renewable resources management [1], [2], [3]. The expression power of multiagent models allows us to represent interactions between autonomous entities, which have an individual behavior and are able to evolve in an environment [8]. But when it is necessary to analyze the system and identify global and general properties, the multiagent approach appears to have limits. The use of formal methods of specification seems to be the way indicated to analyze these virtual worlds which can not be studied only by simulation.

We present in this paper an experiment of the use of a formal approach to apprehend a multiagent system. Singh [13] underlines that althought several powerful formalisms exist, finding the right formalism is a nontrivial challenge. From a multiagent model of the hunting activity based on data collected in an

Eastern Cameroon village, we have built an equivalent Petri net model. Petri nets are choisen as a middle way between two extremes: differential equations which are not adapted to model individual behaviours and multiagent approach which has inadequacies when trying any formalization. After some simplifications, we use a model checker to exhibit formal properties of the system. Some previous related works have already attemped to use Petri nets to formalize multiagent models [4], [5] but these works usually focus on the behaviour aspect of those agents. Since in the field of natural and renewable resources modelling the space is often very important, we have built a Petri net model which integrates spatial distribution of the agents and their moves in this space. Gronewold [6] gives an example how the modelling technique of Petri nets can be adopted to the individual oriented modelling of ecological systems. But they are inadequacies in that work, according to the possibility to demonstrate general properties of the model.

We will begin with a brief presentation of the multiagent model, after which we will give the coloured Petri net we have built there from and the analysis we have carried on this model using available tools. We will discuss the pertinence of the approach and we will end by drawing some conclusion on the use of formal methods according to our experiment.

2 The multiagent model of hunting activity

During these last years, different organizations concerned with wildlife are unanimous that African fauna is increasingly being destroyed by anarchical hunting pratices. Many solutions (protected areas, taxes) have been tested, without producing the expected effects. The purpose of the use of multiagent approach to model hunting activity was to evaluate the viability of local strategies of wildlife preservation. The multiagent model we have built [9] represents hunting of the blue duiker in the forest around the village. An artificial landscape, mapping on the forest landscape has been defined as a grid of cells. Each cell has attributes corresponding to the state of the space portion it represents : road, water, trap...

A duiker agent has been created. Its attributes are the age, the sex, the duration of gestation and the partner. Using data on the life history of the blue duiker obtained from the work of Dubost [7], we have implemented growth, mortality and reproduction functions.

Then we have simulated the natural evolution of the population without any human activity. The results for population density suggest that the multiagent model converges with damping oscillations to a steady state of approximately 90 animals per km2. That density appears realistic because it is the one observed in the non hunted forest of the region. A second set of simulations uses the hunting data collected on the field.

Many scenarios have been implemented to test the influence of different hunting strategies: continuously repeating 1995 hunting data; removing traps from the spatial grid every 26 weeks and locating again at the same place or randomly re-locating within the same hunting location...

These experiments point out the crucial influence of the spatial dimension. We used CORMAS platform, (Common-pool resources and multiagent systems), a generic simulation environment based on Smalltalk which allows to build spatially-explicit individual-based models in a flexible way [11], developped in the GREEN research team of CIRAD^1.

We used multiagent approach as an alternatve to traditional mathematical tools: differential equations have been for a long time the adequate way to handle population dynamics. Multiagent systems offer efficient concepts to design, implement and simulate individual-based models. Nevertheless, simulations only provide short (finite) time information. In the field of natural resources management, it is of interest to know long term effects of managing decisions. The use of a formal approach may help to evaluate tendancies shown by simulation. Petri nets appear as the adequate approach which preserve formal analysis and individual-based modelling capabilities. More, efficient tools are available to design and analyze Petri net models.

Fig. 1. Multiagent simulation results: the population size variation during time for two scenarios.

3 The coloured Petri net model

Petri nets are a graphical and mathematical modelling tool applicable to many systems which the behavior can be described in terms of system states and their changes. Formally, a Petri net is a 5-tuple P N = (P, T, F, W, M_0) where:

– P = {p_1, p_2, ..., p_m} is a finite set of places, – T = {t_1, t_2, ..., t_n} is a finite set of transitions, – F ⊆ (P × T ) ∪ (T × P ) is a set of arcs, – W : F → {1, 2, 3, ...} is a weight function, – M_0 : P → {0, 1, 2, 3, ...} is the initial marking, – P ∩ T = ϕ and P ∪ T ≠ ϕ. 1 http://www.cirad.fr/presentation/programmes/espace/cormas/

A transition t is said to be enabled if each input place p of t is larked with at least w(p, t) where w(p, t) is the weight of the arc from p to t. A firing of an enabled transition t removes w(p, t) tokens from each input place p of t, and adds w(t, p) tokens to each output place p of t, where w(t, p) is the weight of the arc from t to p. In graphical representation, places are drawn as circles, transitions as bars or boxes. Arcs are labeled with their weights (positive integers), where a k−weighted arc can be interpreted as the set of k parallel arcs. Labels for unity weight are usually omitted.

Coloured Petri nets allow the use of tokens that carry data value and can hence be distinguished one from the other. Arbitrary complex data types can be used as coloured sets, like a list of many thousand records, involving fields of many different types [12]. To be able to occur, a transition must have sufficient tokens in its input places, and this tokens must match the arc expression. We used CPN-AMI^2 which is a Petri Net based environment. It offers a set of services to ease the work of designers who specify systems and take benefits of the Petri net theory. It relies on the Macao graph Editor which also behaves as the User Interface of CPN-AMI [10].

3.1 Assumptions of the model

The model is built by assembling modules which correspond each to an hypothesis. The main hypothesis are :

– H1: The moving hypothesis:

(a) The animals move randomly in the 4 directions (north, south, east and west); (b) The animals which move on an hunted cell are taken in the trap, according to a catch probability; (c) The animals taken in a trap are removed from the system (dead); (d) The maximum number of animals in a cell is defined; (e) The moves of the animals relate to all the population for each time step.

– H2: The population of animals increases by a fixed percentage – H3: The growth hypothesis:

(a) The animals grow; (b) When an animal reach the fixed maximum age, it is removed from the system.

– H4: The schedule of the various actions is well defined.

Those assumptions have been grouped (as shown by their number) and a net module was built for each group. Modules share common places which will be used to connect each other. Each module contains two special non coloured and 1-bounded places: Start Hx and End Hx which are marked respectively at the beginnning and at the end of the ”execution” of the module. The main places of the system are defined as follow:

2 http://www.lip6.fr/cpn-ami

– A place named P opulation contains tokens < Id, Age, X, Y, State >. Each token represents an animal. Age is its age expressed in half-years, X and Y are the coordinates of its spatial position, Id its number and State represents the state of the animal.

– A place named Space contains tokens < X, Y, Attr > corresponding each to a cell of the grid space similar to the space in the multiagent model. X and Y are the same as in the place named P opulation. Attr represents the state of the cell and express the fact that the cell is hunted or not, if it’s water or road, or simply an empty cell.

– Some other places can be mentionned here: the place Size which contains a coloured token < IdT > representing the population size; the place SpaceEmpty which contains tokens < X, Y > for all the available positions in the space; the place SpaceOcc for all the occupied positions.

Below we have described two modules: the moving module corresponding to the first group of assumptions H1 which carry the spatial aspect of the model and the increasing population module corresponding to assumption H2.

3.2 The moving module

The module (figure 2) represents the moves of the whole population during a time step of the evolution of the system. Each animal can move to one of its four neighbour cells or stay on its cell.

When a token is put on place Start H1, transition copy becomes enable and the population size < IdT > is copied from place Size to place SizeBis, the place step 1 recieved a non coloured token. The token of the place SizeBis will be decreased during the moving process and will match the Id attribute of the token < Id, Age, X, Y, State > currently moving. One of the transitions Left, Right, Up or Down is firing according to the current moving direction. Otherwise, when there’s no available position in the destination cell, the token stays in its initial position. After the moving step, the value of the token p and the state of the new position determine if the animal will be caught or not.

3.3 Increasing population module

This module (figure 3) increases the population size by creating a sub population which is added to the initial population. We have implemented in this module a divide mechanism which allows to increase the population according to the fixed increasing percentage defined by the model assumptions. The module starts by the marking of the place Start H2 and ends when there is a token in the place End H2. It shares places SpaceOcc, Size, SizeBis and P opulation with the moving module.

3.4 The complete modele

We have defined a scheduling module which connects End H_i to Start H_{i+1}, and the last module to the first for repeating seasons. A control mechanism was

Fig. 2. The moving module

Fig. 3. Increasing population module

added to stop the system when the population size reaches zero value. The whole system was obtainaed in connecting modules by means of ”channel places”. It gave a Petri net with 20 places and 22 transitions.

4 Analysis of the coloured Petri net model

We use simulations to validate each module of the model during the construction phase, by making sure if it had the expected behaviour on small initial marking. When the net is debugged, it can be analysed using structural properties analysis or model checking. The first way permits us to verify the coherence of the model. By computing invariants of places, we assume that the different control mechanisms we used in the model are well implemented.

Table 1. Statistics about the complete reachability graph of the Petri net model

The main phase of the analysis of the model is the study of its reachability graph. It is a directed graph with a node for each reachable system state and an arc for each possible transition from one system state to another. We used the PROD analysis tool which was integrated in CPN-AMI platform. Since the graph size is large, we experimented the model checker on smallest values of initial marking. We defined as initial marking a 2 × 2 space where each cell can contain at most two animals and where two of the four cells are hunted. With an initial population of 4 animals, we obtained a complete reachability graph with characteristics shown in the table 1.

We observed that the liveness of the system can be verified when the reachability graph doesn’t have any terminal node. It’s always the case when we alternated hunting and non hunting seasons (2). For the scenario (1b), we obtain a significant difference betwen the two configurations. It appears as a consequence of the neighbourhood mode we implemented. When traps are always maintained on their position (1a), it is possible to reach a terminal node. These results show that there is an important correlation between spatial and temporal dynamics of the system.

5 Discussion

As explained by Singh & al. [13], in general, formalizations of agents systems have been used for two quite distinct purposes: as internal specification languages to be used by the agent in their reasoning or action and as external metalanguages to be used by the designers to specify, design and verify certain behavioral properties of agents situated in a dynamic environment. Our work can be classified under the second purpose. We are going to discuss here two aspects of the experiment: modelling and verification of properties.

The use of Coloured Petri nets to represent spatial behaviors induces to develop specific mechanisms to model certain dynamics:

– the choice of a moving direction;

– what happens if there is no empty position to reach;

– how to assume coherence within the different places of the model (SpaceOcc and SpaceEmpty, P opulation and Size). The representation of random events too is not a trivial exercise. These difficulties are enough to divert the modeller’s attention from the real problem. Furthermore, modelling a complex problem such as wildlife management using Petri nets enables us to get benefit from the formal semantic of the approach, and then avoid any ambiguity in the interpretation of the system description. System modularity allows maintenance facilities and avoid spaghetti effects which would appear if trying to design directly the complete net.

Model checking is a useful method for verifying properties of finite states systems. After formalizing a multiagent model, there is a real methodological challenge to achieve the verification part of the study, because of the system complexity. In our case, we are trying to know if they are (or are not) system states for which the population size has a nil value. We didn’t obtain any significant difference when checking the model with that specific property or building the whole reachability graph. This is why we analyzed statistics about the complete reachability graph. It is clear that, due to the state-explosion problem, it would not be possible to analyze the model with realistic values. The model checker exhibits very interesting qualitative results, according to the field study. Formal analysis show the crucial influence of spatial dynamics (neighborhood’s type, moving directions, trap’s configuration) when studying the liveness of the system. These results have been pointed out by multiagent simulations.

6 Conclusion

The aim of this study was to validate simulation results we obtained from a multiagent model of hunting activity, using formal methods. We have built a coloured Petri net model with some assumptions taken from the multiagent model, and we analysed the reachability graph for some particular initial conditions which allow to prove the liveness of the system. In terms of management of natural resources, the liveness of our Petri net model is equivalent to the viability of the resources. We focussed our study on the qualitative aspect of the system and we showed correlations between the viability of the system, the spatial behaviour of animals and hunters spatio-temporal strategies. The use of coloured Petri nets, because of its call for precision, allows us to apprehend a very large specification. It gives us a good small-scale model to formally test the viability of some management strategies of the hunting activity and to validate simulation results of the multiagent model.

Acknowledgement This work has been supported by a CNRS grant through the project ”Systèmes Ecologiques et Action de l’Homme” and a CIRAD grant through the action ”Validité des systèmes multiagents et Aide à la décision”

References

1. Barreteau O., Bousquet F.: SHADOC: A Multi-Agent Model to Tackle Viability of Irrigated Systems. Annals of Operations Research, 1998.

2. Bah A., Canal R., Aquino (D’) P. Bousquet F.: Les Systèmes Multi-Agents Génétiques Pour L’étude de la Mobilité Pastorale En Zone Intertropicale Sèche. Actes du colloque SMAGET, 1998.

3. Rouchier J., Requier D. M.: Un Travail Interdiscipliniare : Élaboration D’un Modèle de la Transhumace À L’extrême Nord Du Cameroun. Actes du colloque SMAGET, 1998.

4. El Fallah S.: Représentation et Manipulation de Plans À L’aide Des Réseaux de Petri. Actes des 2èmes Journées Francophones IAD-SMA, Mai 1994.

5. Magnin L., Ferber J.: Conception de Systèmes Multi-Agents Par Composants Modulaires et Réseaux de Petri. Actes des Journées du PRC-IA, pp 129–140, 1993.

6. Gronewold Anja, Michael Sonnenschein: Event-Based Modelling of Ecological Systems with Asynchronous Cellular Automata. Ecological Modelling, 108:37–52, 1998.

7. Dubost G.: L’écologie et la Vie Sociale Du Céphalophe Bleu (Cephalophus Monticola Thunberg), Petit Ruminant Forestier Africain. Journal of Comparative Ethology, 1980.

8. Ferber J.: Multiagent Systems: An Introduction to Distributed Artificial Intelligence . Addison-Wesley 1999.

9. Bousquet F., Le Page C., Bakam I, Takforyan A.: A Spatially Explicit Individual Based Model of Blue Duikers Population Dynamics: Multiagent Simulations of Bushmeat Hunting in an Eastern Cameroonian Village. Accepted in Ecological Modelling, 1999.

10. Kordon F., Paviot-Adet E.: Using CPN-AMI to Validate a Safe Channel Protocol. The toolset Proceedings of the International Conference on Theory and Applications of Petri nets, Williamsburg, USA June 21-25 1999.

11. Bousquet F., Bakam I., Proton H., Le Page C.: Cormas : Common-Pool Resources and Multi-Agents Systems. Lectures Notes of Artificial Intelligence 1416, 2:826–837, 1998.

12. Jensen K.: Coloured Petri Nets : Basic Concepts, Analysis Methods and Pratical Use . Springer, 1997.

13. Singh Munidar, Anand S. Rao, Michael P. Georgeff: Formal Methods in DAI: Logic Based Representation and Reasoning. Multiagent Systems: A Modern Approach To Distributed Artificial Intelligence, 1999.