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Abstract

The natural evolution of the video game has now lead to sophisticated behavior simulation in a dynamic gaming environment. The GAIA simulation system uses agent societies to represent such behaviors. It provides parallelism of tasks, inheritance among behaviors, and has an appropriated development language. A synthesized approach to its composition, operation, and application within a video game project are proposed in this document.

Introduction

Since its inception, the young video game industry has never stopped exploring new avenues, new techniques capable of providing greater pleasure, realism, beauty, and challenge. However, there is no choice but to recognize that in twenty-five years the original principles of the entertainment program have hardly evolved themselves. To a great extent, they appeal to the skill and reflexes of the player, while so-called «adventure» games, peopled with characters rarely more sophisticated than robots, struggle to create a believable virtual world. Why then should we be surprised at the difficulty of transcending the player’s experience, of enabling him to inhabit such a world, when the characters living there virtually don’t really even live there themselves?

In fact, there is no doubt that advanced behavior simulation is the «new frontier» of video games. While great care is already being taken with game scenarios and while the game sound and graphics will soon be of excellent quality, the behavior simulations realistic, coherent, and interesting are still very far beneath the user’s expectations. While every undertaking in this domain is obviously encountering undeniable difficulties, the benefit to be derived is enormous: the creation of real living worlds, synonymous with an unprecedented gaming experience for the player.

Based on this observation, a close collaboration was begun by the Infogrames Entertainment’s
 development support department and the Appeal company, an expert in the domain of real-time 3D video game development. The development of the GAIA behavior simulation system is the direct result of that collaboration and its application to an innovative game project called Outcast
, developed by Appeal. 
The initial purpose of this document is to explore the problems of behavior simulation in order to determine its specific needs.  It, then, introduces the composition and operation of GAIA, concluding with a current example of its application to a video game project in progress.

BEHAVIOR SIMULATION

Behavior simulation has a specific requirement that differentiates it from the domain of artificial intelligence from which it naturally emerged: the goal of A.I. is to produce intelligent behavior, while the goal of behavior simulation is to produce credible behavior. This means seeking less objective effectiveness in favor of a convincing manifestation of the complex underlying emotional, psychological, and social reality inherent to all living beings. Consequently, the distinctive feature of behavior simulation is, above all, to be accessible, intelligible to the user, and to contribute to his immersion in a world.

In this sense, the approach poses not one, but two problems:  What characterizes and operates behavior? And then, what mechanisms or techniques do we use to simulate it effectively?

Defining behavior

The concept of behavior is at least as vague as that of intelligence [1][2]. It seems to conceal a reality too abundant and too complex to be easily defined. In that sense, too precise a definition at first seems a handicap because it threatens to develop only a fragmentary vision of the domain. Nevertheless, confronted by the need for a working definition, we have endeavored to articulate a few basic founding assumptions for our simulation structure:

· Behavior is structured around 3 phases: Acquisition of information, decision-making, and resolution of one or more actions.
· The acquisition is subjective: Each character naturally has its own point of view about its environment.

· The acquisition is more than sensory perception: As opposed to animal behavior, which is very situationally dependent, human behavior is based on an «enriched» image of one’s environment, partially independent of all physical data. That image is every bit as much a reflection of appreciable data as it is of one’s experience and ability to imagine what’s possible.

· The action is structured: Complex actions are broken down into as many component actions as necessary.

· Decision-making is based on experience and know-how: The analysis of the current situation and the decision to act accordingly are both dependent on situations familiar to the character, either from prior experience or based on general know-how.

Requirements in terms of tools

The lack of tools dedicated to behavior simulation in a game world does not prevent us from defining their ideal characteristics. On the contrary, this constitutes an essential step in selecting what techniques to implement. A good simulation system should:

· Allow the complexity of the domain to be handled based on simple principles: Otherwise the complexity of the domain would make the system unusable from the outset.

· Promote adaptation: The great difficulty in behavior simulation consists of providing a pertinent response to an environment that is immensely rich in facts. While a certain number of situations are obviously controlled by appropriate programming, the unexpected often threatens the coherence and credibility of a behavior. A good tool should allow the new situations to be handled, as much as possible, based on what has been programmed.

· Be independent of a specific definition of behavior: The difficulty in finding a satisfactory definition suggests that a good tool should be based on the least restrictive definition possible. Ideally, each behavior should be based on its own model. Thus, the ideal tool could be considered the means of constructing a behavior, not the means of defining a behavior within the framework it imposes.

· Facilitate incremental programming: The difficulty of creating a credible behavior, and a dearth of experience in the domain, make great programming flexibility imperative. It should be easy to add new possibilities to a behavior without affecting the existing ones, or even to activate/deactivate certain parts for the debugging phase.

A promising model: agent societies

For the past decade, AI work has focused on systems with centralized control, capable of solving problems based on a single point of view. This approach now seems to have reached its limit. Currently, a new means of approaching "intelligence" is being used to study how small entities with a local point of view and local control, usually called agents, might solve problems as a group when none of them is able to do so individually. A great number of definitions have been suggested to explain what an agent actually represents (even if none of them is strictly authoritative [3][4][5]). The properties common to all agents are small size, reactivity (perception and action) to a dynamic environment, and pursuit of a specific goal.
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This model seems the best suited to our requirements for an effective simulation tool. The small size of the agents ensures satisfactory granularity for incremental programming. The fact that the representation of a behavior is based on a single representational concept (the agent) satisfies our requirement for conceptual simplicity: Knowing how to create an agent is the same as knowing how to create a behavior, however complex it may be. Finally, and especially, the potential for the emergence of agent societies seems to satisfy our adaptive requirements: the competitive and cooperative interaction among agents is capable of producing new behaviors for unexpected situations.

the GAIA system
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GAIA is the acronym for Game’s Artificial Intelligence with Agents. It is a theoretical model foremost.  Secondly, it is a set of C++ functions (library) whose objective is to provide the services needed for programming sophisticated behaviors. In GAIA, each behavior is represented by an interactive agent society. Each agent is responsible for a minuscule portion of the character’s overall behavior. The flexibility of this approach avoids the pitfall of a restrictive definition of behavior: Each behavior is described on a case-by-case basis by adding different agents which hold the many aspects of the behavior we wish to describe. To facilitate the process, GAIA supports inheritance among behaviors allowing the description to be simplified by successive enrichments (e.g., the behavior of a guard is «enriched» by the behavior of a human being). The system is also able to manage several task resolutions simultaneously, which accounts for the parallelism that exists among certain tasks (e.g., shooting while moving). Moreover, GAIA has a dedicated language (Athena), which facilitates the description of complex behaviors.

GAIA objects

The system relies on 6 structures to represent a behavior in the form of an agent society. These are: behavior, information, sensor, agent, and  plan (cf. Figure 1).

Behavior

A behavior represents an agent society. It is the highest structure level from where all others may be declared. To facilitate programming, one behavior may inherit from another. From this point of view, a behavior may be seen as a container filled with sensor and resource agent information that may be reused in derived behaviors.

Information

Information represents the generic container for all data needed for the decision-making process. The information set defined within a behavior represents the game world as the character might objectively see it in physical, psychological, and emotional terms... Specifically, this means that the information does not contain just physical environmental data.

Sensor

In GAIA, each agent has its own point of view about the situation confronting the character (these may actually be opposing points of view). The point of view is provided by an agent’s sensor group. These act as many subjective filters for the objective behavior information.

Agent 

An agent represents a sort of behavioral atom, very close to the concept of mental agent developed by Minsky [6]. It is a small data entity responsible for a single task that knows the circumstances under which it may and must execute, as well as all possible plans for doing so.

Resource

A resource represents an abstract or concrete requirement for accomplishing the agent’s task, which may be temporarily or permanently unavailable. A single resource may be requested by several agents at once.  However, only one can actually use it.  Consequently, there is competition for resources among agents. Moreover, as it is sometimes easier to express a need in terms of allocated shares (e.g., concentration).  An agent may declare a need for a share of a resource.

Plan

A plan is a generic container for complex actions. Each plan contains a list of agents to which a component part of a task may be delegated.

Operation of GAIA

We will present only the characteristic elements of the system that distinguish it from other multi-agent systems [7] [8].

Managing Agents

Within the society, an agent may occupy any one of the following positions at any given moment:

· Animate: An animate agent tries to determine whether the situation it is able to handle has occurred. To accomplish this, it observes the current situation and compares it with the situation that enables it. This comparison uses a rating system from 0 (useless to take action) to 1 (urgent to take action). Consequently, being animate confers the right to observe and the possibility of participating in the decision-making phase. Moreover, certain agents may be permanently animate; such agents express an on-going aspiration or need of the character (to be happy, to sleep, etc.).

· Activated: An activated agent is one that actually attempts to act. It has realized that the current situation requires its intervention and offers its services. This is expressed as a priority greater than the threshold value (default value: 0.5). This means that the agent’s intervention must have a sufficiently probable achievement potential and must be pertinent to the objective. Certain agents may also be permanently activated. These can indicate what should be done when there’s nothing more interesting to do (because no animate agent is activated)!

· Inanimate: An inanimate agent has no right to observe and may not offer its services. It merely waits for a service it might be able to render.

· Excluded: An excluded agent is no longer part of the agent society and all other agents act as if it didn’t exist. Such agents are useful for momentarily or permanently inhibiting a part of the behavior.

So we may imagine that at the core of an agent society, there is a set of animate agents that become activated when they detect conditions favorable to their task. Since there may be several agents activated at the same time, which account for a character having simultaneous goals, they each offer to perform an action. Obviously, then, the tasks will be resolved, and the resources will be allocated in order of decreasing priority.

Managing Information

During the acquisition phase, most behavior simulation systems construct a complete world view. This generally takes considerable time. In GAIA, acquisition is dedicated to the active part of the behavior, which means that only the information required by the animate agents is actually constructed. This approach considerably reduces the time required for constructing a useful image of the environment.

Managing Sensors

A sensor operates as an information channel for an agent. It is the connection between the agent and the world. For that purpose, sensors offer three types of services:

· Extrapolation: When information cannot be constructed, a sensor may be programmed to extrapolate its content based on prior values.

· Significant change: In order to limit the frequency at which an agent’s priority is calculated, a sensor may be programmed to verify whether the information it is connected to has changed significantly. An agent’s priority will only be calculated if this is the case.

· Filter: As we have said, a sensor provides the agent with a subjective view. Consequently, it is possible to program a particular view of information so as to filter it for the agent in question.

Parallelism of tasks

The goal of resource management is to manage the parallelism of tasks. In fact, all active agents whose resources are available may act simultaneously in the world. In the context of GAIA, acting directly in the world means sending a command to a specific module called a "motor skill," which is responsible for animating the characters in the world. This module’s only property is to provide a non-blocking interface for GAIA. Therefore, calls on a "motor skill" do not have an immediate effect in the world, but are stored in order to be played on the screen at the same time, once GAIA’s work is done.

Parallelism and plans 

Within a plan, it is possible to define sequential or parallel steps. Sequential steps are carried out one after another and the next step is accomplished only if the preceding one is successful. In the case of parallel steps, all steps that are not in conflict for resources at any given time may be executed simultaneously.

Likewise, an agent’s plans may be handled sequentially or in parallel. In the case of the former, this means that as soon as the agent’s task can and must be executed, the best plan is selected and no other plan will be attempted until the one chosen ends in failure. (If it ends in success, no plan is selected because the task is easily executed).

By contrast, in the case of parallel plans, all plans attempt to simultaneously resolve themselves and are, therefore, constantly competing to find the best plan (not just after the failure of a previous one). This is particularly useful when a previously selected plan becomes less and less executable, while another is more suitable at this time.

Athena

GAIA has a dedicated language called Athena, which facilitates the writing of complex behaviors at a high level of abstraction, avoiding the system’s native C++ mode.

Conclusion relative to GAIA

GAIA is the current result of our efforts to provide developers with an effective approach and tool for complex behavior simulation. While the system, in its present state, already offers significant advances compared to existing systems, it remains amply perfectible. The next advances will be to integrate emotion and social relationship management, and a learning module into the system.

aPPLICATION TO THE WORLD OF OUTCAST

Outcast is a PC video game currently in development which, among other things, attempts to maximize the player’s interaction with the characters he encounters.

Here’s how a virtual actor’s behavior is designed in Outcast:





· Paradise is a proprietary library that handles all low-level aspects of the game.

· Motor skills manage the physical part of the actor. They provide a full range of basic gestures.

· Framework is a library of basic ready-to-use agents. It constitutes a solid, reusable foundation for all of the actors in the game. It also generates operating principles that ensure optimal use of the ideas provided by GAIA.

The cooperation of these systems has allowed us to create a virtual world that is vast, diversified, realistic and interesting to observe. The player will come to understand the customs of the local population and, by interacting with it, advance in the quest.

Conclusion

Interest in integrating complex behaviors into virtual game worlds has increased considerably over the past few years. This craze involves video game developers and gamers alike, who are known for their high standards. The system we have presented, as well as its application to Outcast, presage the impending emergence of a gaming revolution that will doubtless change the very definition of computer entertainment.
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