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Abstract—The execution of a multiagent-based simulation (MABS) model necessitates a scheduler that synchronizes the agents execution and simulates the simultaneity of their behaviors. In the majority of MABS frameworks the scheduler activates the agents who compute their context to decide the action to execute. This context computation process is time-consuming and is one of the barriers to increased use of MABS for large simulations. The context of an agent is computed based on all information he possesses about himself, the other agents and the objects of the environment that are accessible to him. One of the issues is to find this information and to identify the information subsets that make sense for the agent. In the majority of MABS, the context computation is hidden in the agent processes and there is no specific algorithm enabling to decrease its computing. Our proposal is the modeling of this subset of information identifying a context by a so called “filter” and an algorithm to find efficiently for each agent all their filters. The accessible information are given by the scheduler to the agents who browse a tree of filters to select the right information. With these filters, the agents know their context and decide which action to execute. Our algorithm is compared to a classical context identification. Promising results are presented and discussed. Keywords—Multiagent simulation, multiagent scheduling, context computation, agent modeling



I.



I NTRODUCTION



One of the main functional objectives of a simulation is the reproduction of complex systems, some specific properties must therefore be guaranteed. The simultaneity of actions, which implies that several agents are activated at the same simulated time, is one of these properties. Therefore, similarly to multitasking on a computer, the execution of a MABS model necessitates a scheduling process (executed by a scheduler) that synchronizes the agents execution and simulates the simultaneity of their behaviors. The majority of the MABS frameworks follow a cooperative model, where the activation of agents is controlled by a scheduler and their interruption is controlled by the agents themselves. When activated by the scheduler, the agent executes his current behavior and decides to hand over to the scheduler, either because he has finished what he has planned to do or because he has been designed to halt at a certain step. The scheduler then activates another agent. Following a discrete temporal model, the current time value within MABS is updated when agents have terminated their current action. The activated agent has to compute his context to decide which action to execute and this computation is timeconsuming. The context of an agent is computed with all the information that are accessible by him including his local perception



of the environment i.e. the other components of the MABS [4]. This computation can be divided in two steps. The first step is related to the identification of the perceptible information which cost depends of the organization of this information (grid, list, etc.). The second part is the identification of the subsets of information that are relevant for him. The definition of these subsets, that we call context, belongs to the knowledge of the agents because they condition their behavior. The issue is that the identification of the relevant context is embedded in the agent code: The agent executes an often costly (because of the often large size of the search space) if context then action evaluation process. To decrease this computation cost, the designer classically uses nested contexts and/or behavioral automata (NetLogo like MABS). From our point of view, nested contexts increase the complexity of the agent design and behavioral automata focus on the internal state of the agent, neglecting the other components of the agent context. Our proposal is the modeling of the contexts as “filters” to simplify the agent design without limiting the context computation possibilities. Each agent has his own filters and executes the algorithm that we propose in this paper to find all the filters related to the accessible information. The remainder of the paper is organized as follows. Section II discusses the issues related to context computation. Section III presents an illustrative example that we follow all along this paper. Section IV provides the formal definition of our proposal. Our context selection algorithm is provided in section V. Section VI presents our experimentation and results. The paper concludes with a discussion and some perspectives to this work. II.



S TATE OF THE ART



The context computation issue is not only related to the multiagent based frameworks. Every system in which the components act following filtered information coming from their environment has to deal with these issues. In Distributed virtual environments (DVE), context computation is a major issue and [9] has proposed a classification of the different solutions. Indeed, DVE provide sensory information to multiple users allowing them to interact in a shared environment even if they are situated in different locations. [9] proposes the following classification of the data filtering schemes: •



Zone-based solution: the environment is decomposed in zones and each of them contains a subset of information. This space information becomes therefore the main filter to find the relevant information. Moreover



it is possible to limit for a component his access to the information. •



Aura-based solution: an aura represents the interests of the participants. When the aura overlaps, then the participants exchange information. It is a qualitative improvement of the zone-based solution: because the information is filtered following the participant’s interests. This solution is time-consuming because the aura of all the participants have to be compared.



•



Class-based solution: with this solution, the participants subscribe to a subset of components that are relevant for them. Therefore, the information filtering is done following the specific relation between the component and is not limited to a spatial relation.



•



Hybrid solution: this is a combination of the two preceding solutions.



These solutions enable to compute which data should be sent to the participants and which data should be filtered. The participants compute their context based on these data. For instance in [7], in an aura-based teleconferencing system, a user receives data from the others if they use compatible medium, are close enough and he is interested by them. In this case, the user receives verified relevant data but he still has to compute his context (which users, what medium, etc.), which is a combination of this data. MABS has to take into account that the participants are artificial agents which have to compute their context following the accessible data. When an agent is activated, he is aware that he is executing a new simulation step. He can therefore compute his new context before to decide which action to execute. In this section, we discuss which information are provided by the scheduler to the agent when activated in a cooperative model. These information are used by the agent to choose which action to execute next. There are three options: 1) no information is given; 2) a reference to the action to perform; 3) some information about the simulation’s context. In the first option, the scheduler activates the agents either by calling a default method ([2], [10], [14], [1]) or with a control message ([13], [15], [12], [5]). The activated agent must then computes its context thanks to perceptible information. For instance in [1] the objects belonging to the activated agent perception field are given to him thanks to a perception event. The second option gives a reference to the next action of the agent and assumes that the scheduler knows which behavior of the agent has to be activated. In [11], the scheduler activates the agents following an ordered list of actions. In the logo-based multiagent platforms such as the TurtleKit simulation tool of M ADKIT [6] or S TAR L OGO1 , an agent has an automaton that determines the next action that should be executed. The scheduler activates the agents based on this information that is a predetermined context. With the last option, the scheduler also computes for each agent which action to execute, but this computation is based on the current simulation and agent’s context. To the best of our knowledge, the framework J EDI [8] and the Repast Simphony simulation platform [3] are the only two proposals where the 1 http://education.mit.edu/StarLogo/



choice of the action that is executed by an agent is computed by the scheduler. In the J EDI framework [8], the computation of the agent action decision is based on an interaction matrix where a cell is a conditioned interaction between two simulation components. The interaction is conditioned following the MABS state, i.e. a specific context. For instance, an interaction is possible between two agents following their proximity. At each of these contexts, an action is associated and will be executed by the activated agent. This matrix is given by the designer and does not change during the simulation. This approach is based on a reification of the interaction and its computation can therefore be externalized. The advantage is that it can be optimized and simply modified contrary to an agent-based approach. Nevertheless, this proposal is limited by the choice of the matrix to specify the interaction. Indeed the number of components that can be taken into account to condition an interaction is limited to the matrix’s dimension. Moreover this matrix cannot be modified by the agents and therefore the agent autonomy is limited. Repast Simphony natively uses the first scheduling options (i.e. with a default method and no information given to the agent), but it also allows a sort of contextual activation based on “watchers”. Watchers allow an agent to be notified of a state change in another agent and schedule the resulting action. The designer specifies which agent to watch and a query condition that must be verified to trigger the resulting action. This activation process is limited by the expressiveness of the watcher queries language to express the activation context. The queries are boolean expressions that evaluate the watcher and the watchee using primitives such as colocated, linked to [ network name ], within X [network name], etc. (a network is a graph of agents relationships) and the logic operators AND and OR. It is not possible to integrate complex conditions about other components (other than the watcher and the watchee). We propose a multiagent-based simulation process where the environment (our scheduler) activates the agents with their accessible information. We propose a data model and an adapted algorithm to compute agent’ context. A context is modeled by condition on meta-information about the MAS components given by the environment. This standardized model of a context is called a filter. The activated agent processes the computation context thanks to our algorithm on its own standardized context model (his filters). III.



I LLUSTRATIVE E XAMPLE



To illustrate our proposal, we choose to simulate the behavior of a driver who enters a roundabout. Our objective is to highlight the richness of the context modeling for a complex simulation. The roundabout simulation is used to illustrate the components of our proposal while our experiments are based on a theoretical example (section VI). Indeed, our experimentation takes into account the efficiency of our proposal and we have to control all the parameters. The figure 1 represents a roundabout with agents (vehicles, pedestrians and bicycles) and objects (traffic signs). The context of a vehicle agent is computed with the information that are perceptible by him: objects and agents in his perception field, his GPS device and his own state. Each of these sources gives numerous information that have to be combined to give to the vehicle agent (VA) a global



a 2D grid and each cell may contain a component of the environment. In this case, an agent has to access each cell that is accessible to him then collects the available descriptions. In a 2D grid, the descriptions are ranged following their position and their category has to be found. The complexity to construct the description list is O(C ∗n2 ) with C the number of categories and n the size of the part of the 2D grid that is perceived. The second alternative consists in organizing the descriptions by category and at each cycle find the descriptions that are accessible to the activated agent. The complexity to construct the description list is O(C ∗m) with C the number of categories and m the average cardinality of a category. There exists other alternatives and we assume that our algorithm uses a unique data structure: a list of categories for which there exists at least one perceptible description. This assumption is critical but is not difficult to respect since this is a quite basic model to represent the information. Fig. 1.



Crossroad simulation example



status of his own situation. These sources give complementary information. For instance, the perception field gives the relative location of the mobile entities (vehicles, pedestrians, bicycles, etc.), the GPS device gives information about the network topology and the traffic flows and the state of the agent gives his direction, speed, the state of his turn signals, etc. A context is a combination of these perceptible information that are relevant for the agent. For instance, the pedestrian agent pa1 is perceived by va1 and va2 (figure 1) but the resulting context is not the same for each agent: 1) va1 context could be ”my speed is excessive and there is pa1 crossing the street before me”; 2) va2 context could be ”I am about to cross entering traffic, which is blocked by the crossing pa1 ”. The information is the same but that is their combination that makes sense for agents. The issue is that these combinations are multiple and their computation is time consuming. Their definition are related to the expert domain as their use in the decision. After the identification of the relevant contexts, the agents have to decide which action to execute. Our proposal is positioned between the information acquisition and the decision process: a data model and an algorithm for information context processing. IV.



D EFINITION OF THE MODEL



A. Data model Our main objective is to decrease the execution time cost of a simulation. Classically, an agent executes a sequence at each simulation cycle: perception - decision - action. The result of the perception step is the computation of information about the perceptible MAS components (agents, objects, etc.). How this computation is processed is independent of our proposal since we only take into account the result of this process. Based on these information, the agent has to select those that are relevant. We assume that the scheduler provides to each agent a set of hproperty, valuei pairs for each perceptible entity. An entity is an agent or an object and a description is the list of pairs characterizing the entity (a formal definition is given below). Entities with identical properties belong to the same category. The figure 2 gives two alternatives for the recording of descriptions. In the first case, the descriptions are stored in



Fig. 2.



Alternatives for simulation data organization



The elementary component of our proposal is called a property and gives a specific information about an entity. Definition 1 (Property): A property pi ∈ P is a function, which description domain d j ∈ D is quantitative, qualitative or a finite set of data. A property is noted pi : Ω → d j , with Ω the set of descriptions. For instance, the property speed : Ω → R gives the speed of an entity or the property street : Ω → { streets, roundabout lanes} gives the location of the entity following the network’s topology. Definition 2 (Description): A description is a set of pairs hproperty, valuei that characterizes a MAS entity (agent or object). For instance, the description of a vehicle agent could be (we note ΩA ⊂ Ω the set of agents): •



speed : ΩA → R;



•



location : ΩA → N: the distance from roundabout entry or a relative value for a roundabout lane;



•



direction : ΩA → { to roundabout, from roundabout};



•



turnSignal : ΩA → {left, right, off }: gives the state of the turn signals



•



...



Definition 3 (Category): A Category represents the entities that have an identical set of properties and that are semantically similar. In our example, vehicle agents (VA), pedestrian agents (PA) and traffic signs (TS) are instances of categories. We propose to model a context as a filter that formalizes conditions on the entity’s descriptions that are perceived by the agent. A filter generates processed information from raw information (description of the MAS components) and is by construction an aggregate information. Definition 4 (Filter): A filter Fj ∈ F is a tuple Fj = h fa , fC , n f i with: •



fa : ΩA → {true, f alse} a mandatory assertion that expresses constraints on the agent who owns the filter;



•



fC : 2Ω → {true, f alse} an optional set of assertions expressing constraints about others components that complete the context;



•



n f the filter name.



A filter identifies by unification the agent’s description and the context (a subset of descriptions) that matches the associated assertions. A filter is valid for any tuple ha ∈ ΩA ⊂ Ω, context ⊂ Ωi such that fa (agent) ∧ fC (context) is evaluated to true. When a filter is valid, the associated context is valid for the agent a, i.e. the tuple hcontext, n f i. A context being formalized as constraints on the descriptions of the MAS components, the context and n f information are complementary to characterize the MAS context. It means that the same description’s subset can valid several contexts and a context can be validated by several description’s subsets. Let h fa , fC , warningi be a filter dealing with the detection of a warning related to the potential movement of vehicles. A filter belongs to an agent and is therefore built from his point of view. For the warning filter, the vehicle agent is on the central lane of the roundabout and a slower vehicle agent before him in the other lane turns on his left turn signal. The filter triggering depends on: i) the location of the agent (assertion fa ), ii) the perception of another agent with a perceptible property (assertion fC ). The filter warning has the following definition: •



a ∈ ΩA : fa : [speed(a) =?sa ] ∧ [street(a) = centralLane] ∧ [location(a) =?la ]



•



b ∈ ΩA : fC (b) : [speed(b) 
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