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Abstract 

  

It is important to allow creation of dynamic 

virtual worlds, which interact to user inputs. 

Currently, there is no simple standard method to 

model interactions and dynamic behavior in 

virtual worlds. This paper proposes an agent 

based visual programming language for modeling 

behavior in virtual worlds that facilitates creation 

of dynamic, autonomous virtual worlds. The 

visual language represents virtual world object 

behaviors based on agents and a hybrid of finite 

state machines, fuzzy state machines and petri-

nets, combined with message passing, data-

properties and persistence. The agent based visual 

language simplifies the process of modeling high-

level behavior of virtual worlds. 

 

   

1.Introduction  
 

 In virtual worlds, it is important to allow creation 

of dynamic virtual worlds, which interact to user 

inputs. Designing interactive virtual worlds is a 

complex process. Several problems are 

encountered when attempting to define virtual 

world object motion paths, behaviors and 

interactions. There are currently no simple 

standard methods of modeling interactions and 

dynamic behavior in virtual worlds. This research 

paper proposes a Visual Programming Language 

(VPL) for modeling dynamic interactive virtual 
world behavior. 

 

Currently there are many tools for building static 

virtual worlds with script based predetermined 

animations. However most of the behavioral 

aspects of virtual worlds are left to the 

programmer to implement. Geometric models of 

virtual worlds can be organized into scene-graphs, 

but how the scene-graphs are processed and 

additional behavioral characteristics such as 

collision detection are handled, need to be defined 
separately.  Geometric models of virtual worlds 

alone rendered by 3D engines provide low 

flexibility, and lack autonomy to model dynamic 

interactive behaviors. Hearn [2] has described 

several such geometric modeling techniques. The 

aspects of artificial intelligence (AI) also need to 

be incorporated into the behavioral model of a 

virtual world, to allow creation of more realistic 

behaviors. Aylett [21] discusses issues arising 

from combining artificial intelligence techniques 

with virtual environments.  

 
Virtual worlds may consist of avatars (virtual 

characters). Modeling autonomous avatar 

behavior is a complex process. Avatars should be 
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able to sense their environments, act 
autonomously and perform tasks based on some 

Artificial Intelligence (AI) reasoning logic. 

Avatars have been modeled as virtual agents, and 

several architectures have been developed to 

represent behaviors and interactions of such 

virtual agents. Much research has been done to 

define autonomous character motion behavioral 

architectures. One such architecture is C4 

developed by the MIT Media /Character Lab 

Group [5]. Designing a 3D interactive virtual 

world is a complex task, and creating avatars with 

realistic autonomous behavior is a difficult 
process that requires AI reasoning logic to be 

associated with behaviors. Hence to model 

dynamic avatars, a behavioral specification should 

allow artificial intelligence reasoning logic to be 

combined with kinematics and motion animation 

sequences.  

 

Several tools exist for creation of virtual world 

platforms such as Blaxxun, LamdadMOO, Active 

Worlds [9] and some allow a certain degree of 

behavior also to be built into the final virtual 
world. Each tool uses different formats and 

techniques to model virtual world behavior.  

There is no standard way of modeling virtual 

world behavior. Virtual world high-level behavior 

has been modeled using several techniques. AI 

techniques such as intelligent agents [9], and non-

AI techniques such as Finite State Machines 

(FSM) [5], Fuzzy State Machines (FuSM) [8], 

Flow-Nets/Petri-Nets [10] and scene graphs (with 

behavior) have been used to model virtual world 

behavior. 

 
There have been several successful applications of 

virtual worlds. Arts, business, entertainment, 

education, and flight simulators are some 

application areas of virtual worlds. A detailed list 

of such virtual world application areas is given in 

[29]. Technologies such as VRML have made it 

possible to develop web based virtual worlds. 

With advances in graphics and networking more 

networked virtual worlds are being developed. 

The Internet has evolved from a purely text based 

system to a web based interactive system with 3D 
virtual worlds. Immerging trends lead to the 

possibility of the Internet becoming one 

networked virtual world in the future. Methods of 

virtual world behavior modeling of autonomous 

characters can be extended to real world 

applications such as robot navigation. Overall to 

simplify design and creation of virtual world 

applications some method of modeling dynamic 
behavior is required.  

 

This paper focuses on using an agent based visual 

programming language to model behavior of 

dynamic virtual worlds. The defined VPL 

provides several advantages such as extensibility, 

which allows building more complex interactive 

worlds based on a core set of components.  One of 

the main challenges was finding a method of 

representing virtual world object behaviors and 

responses to inputs. The VPL behavioral 

specification allows modeling of static behaviors 
such as opening doors, switching on lights, and 

dynamic behaviors such as navigation and 

reasoning of avatars/virtual-agents.  

 

Related work is given in the next section. In 

section 3 the overall architecture of the VPL is 

discussed.    Section 4 gives the detailed 

functionality of the VPL, section 5 describes the 

VPL structure and section 6 gives an evaluation of 

the VPL. 

 

2. Related Work 
 
Designing interactive virtual worlds is a complex 

process. Several problems are encountered when 

attempting to define virtual world object motion 

paths and interactions. Generally virtual worlds 

are created using 3D designer packages where 

objects are statically defined and positions pre-

calculated. There are several tools to facilitate 

creation of such virtual worlds. The objects of a 

virtual world are usually designed using 3D 

modelers such as 3Dstudio[10]. Such 3D 

modeling tools provide an easy visual interface to 
create 3D worlds by defining geometric objects, 

applying textures and lighting. However the 

created worlds lack dynamic autonomous 

behavior.  

 

The first approaches to define dynamic behavior 

were to create 3D models of objects in 3D 

designers and load these objects into a program. 

The behavior of the objects is determined by a 

program, which may include interactions that are 

hard-coded or predefined as static animation 

scripts. This solution provides objects with little 
autonomy and requires extensive coding of 

specific motions, interactions and behaviors. Such 

an approach is not very flexible. New AI 

Techniques, and intelligent agent based modeling 

techniques have been used to give more 

autonomous behavior to 3D virtual world objects. 
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Policarpo [8] gives a high-level behavioral motion 
control hierarchy framework. This makes it 

possible to define abstract high-level behaviors 

without concern about how the behaviors are 

implemented.  

 

Willans [10] specifies toolkits such as Alice that 

can be used to define behaviors, and another 

called Maverik where behaviors are defined using 

a language with abstraction specifications. In 

another paper Willans [13] discusses a tool called 

Statemate that allows defining behavior based on 

a statechart specification. Another toolset called 
Merigold, specified by Willans[12] consists of a 

hybrid specification builder(HSB) that allows 

defining hybrid specifications of interaction 

techniques, and a Prototype Builder(PB) that 

integrates the behavioral interactions into a virtual 

environment. 

 

To create human like characters, requires virtual 

agents to be defined in such a way that they can 

acts autonomously. The behavior should have an 

element of unpredictability. Agents should exhibit 
behaviors that cannot be anticipated at design 

time. For example an avatar/virtual-agent should 

avoid repeatedly colliding with another object. 

Use of artificial intelligence techniques allow 

more autonomous behaviors to be defined. 

 

 Willans[13] classifies behaviors in two 

categories: discrete and continuous. Examples of 

discrete behavior being: opening doors and 

switching on lights, and examples of dynamic 

behaviors being: avatars/virtual agents 

motion/actions in virtual worlds. Modeling 
discrete behavior is straightforward as the 

behavior is well defined. Modeling continuous 

behavior is a more difficult task. Policarpo[8] 

distinguishes between deterministic (programmer 

defined) and non-deterministic  (determined at 

runtime.) behaviors. Non-deterministic behavioral 

characteristics result in more realistic behavior of 

autonomous agents, making them more human 

like characters.  

 

 Several methods have been used to model high-
level virtual world behavior, including agent 

based modeling, Finite State Modeling FuSM 

(Fuzzy State Machines), and scene-graphs with 

behavior. These methods of modeling behavior in 

virtual worlds are reviewed next.  

 

 

 

2.1 Agent Based Modeling  
 

 In a virtual world, dynamic objects with 

associated behaviors can be modeled as 

autonomous agents. Dynamic virtual world 

objects can be considered as individual 

autonomous agents. Each agent performs actions 

based on inputs it receives. Agent-based modeling 

provides a flexible way of modeling intelligent 

high-level behavior. Maher [9] specifies a method 
of modeling 3D virtual worlds as agents, where 

each object is an agent. Behavior is built into the 

virtual world by representing objects as agents, 

such as a wall agent. An agent oriented virtual 

worlds architecture is discussed by Maher in [20]. 

The following diagram (figure1) models the high-

level behavior logic of an autonomous agent. It 

represents the agent’s high-level behavioral 

actions that are directly implemented by a low-

level kinematics engine.  

 

Such models represent high-level behavior of 
virtual world objects as autonomous agents. 

Russel [3] classifies agents in to Reflex agents - 

agents that keep track of the world, (maintaining 

historic state information) goal based agents that 

act to achieve a goal, and utility based agents that 

attempt to satisfy a utility function. Virtual agents 

behaviors can be modeled after such reflex, goal, 

and utility based agents. 

 

 
       Figure 1: Agent based behavioral model
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  Agents sometimes get incomplete information, in 
such situations the agent needs to have a plan, 

how to achieve its goals. In addition to being 

reflex-based, historic-state-based, goal-based and 

utility-based agents need a have a planning 

technique to find a method of achieving goals in 

unanticipated situations. Having the ability to plan 

makes agents behavior more realistic. Several 

planning techniques are discussed in [3].    

 

Wooldridge [4] defines the following agent 

properties: autonomy- ability to operate 

independently, proactiveness– act towards a goal, 
reactivity– respond to changes in environment, 

and social ability – able to negotiate and cooperate 

with other agents. Virtual world agents having 

these characteristics exhibit more realistic 

behaviors.    

 

The ability to learn makes agents behave more 

autonomously. Agents with the ability to learn 

from situations and update their knowledgebase or 

utility functions act more intelligently. Learning 

enhances virtual character agent behavior. Several 
learning techniques that can be incorporated into 

agents are discussed in [5], [6]. 

 

Having agents that reason alone may not be 

sufficient in virtual worlds, agents need to interact 

and act in groups. Agents need to coordinate, 

cooperate and participate in team formation, team 

planning in order to achieve overall team action 

plans. Ciancarini [22] discusses several multi-

agent coordination models. Agents can be grouped 

by location, functionality or goals. Some agents 

could be organized into hierarchies.  
 

Agents sometimes need to cooperate and work in 

groups to achieve goals. Hence their needs to be a 

higher level collective agent behavior that defines 

goals and plans which govern individual agent 

behaviors. This will allow agents to act in groups. 

Blackboard architectures for agent group 

coordination are discussed by in [5]. Reynolds 

[19] gives methods of representing flocking, herd 

behaviors. An architecture called VELNET for 

interactions of users in very large virtual 
environments is described in [1]. 

 

Policarpo[8] specifies agent based modeling 

techniques for modeling behavior of virtual agents 

in games. Stephens [18] models fish behavior as 

autonomous agents. A framework for engagement 

and cooperation in motivated agent modeling is 

given in [23]. Wooldridge [4] describes a Belief-

Desire-Intention (BDI) model for agents. Here 
agents reasoning is defined in terms of Beliefs – 

what the agent knows about the world, Desires – 

the ideal state of the world and Intentions – 

desires that the agents is committed to achieve. 

Wooldridge [4] introduces LORA a formal 

framework using BDI to model agent reasoning. 

A method of representing agent behavior is also 

discussed in [11]. Overall agent-based modeling 

provides a flexible way of representing virtual 

world behavior.  

 

2.2 Finite State Machine Based Modeling 
 

 Finite state machines (FSMs) provide a simple 

way of modeling high-level behavior of virtual 

agents. Such a model can be easily converted to a 

set of instructions that can be executed to 

implement behavior. Each state represents a 

behavioral task that can be specified by a set of 

rules. In computational theory an FSM is defend 

as a set of states S, an input vocabulary I, and a 
transition function T(s,I) mapping a state and an 

input to another state [6]. Several details of Finite 

State Machines are given in [27].  

 

FSMs have been successfully used for many 

applications in computer science such as 

complier-lexical analysis. Unified Modeling 

Language (UML) defines one of its diagrams as a 

state machine [6].  State machine are one of the 

most used software patterns in game AI [5].  

FSMs could be organized into hierarchies where a 
state-behavior in a FSM can be subdivided into 

more detailed FSMs.  The top Level FSM defines 

the overall high-level behavior (strategic decision-

making). The Lower level FSM defines the actual 

action implementation. 

 

Rabin [5] describes a state machine language that 

does not follow the standard rigid definition of a 

FSM, in order to make it more flexible to model 

complex behaviors. It is designed to facilitate 

flexible game AI modeling, and is closely tied to 

code implementation. Thomas [15] discusses 
finite state machines with message passing and 

semaphore capabilities (PaT-Nets) for integration 

behaviors of virtual agents.  Rabin [5] also 

describes a method of enhancing state machines 

with messaging.  

 

Snavely discusses an example of “Agent 

Cooperation in FSMs for Baseball” in [5]. Where 

FSMs are used to model agents behavior in a 

baseball game. Brooks [14] describes the use of 
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message-passing augmented finite state machines 
(AFSM) as the underline computational model for 

mobile robots.  

 

Stack-Based FSMs are described by Tozour in [6], 

which keeps track of previous states to avoid the 

problem of FSM only being able to track one 

state. Rosado describes another approach of data 

driven FSMs in [6] where behaviors are not coded 

but dynamically determined at runtime from data 

files. Another form of conditional FSMs are 

described in [26].  A polymorphic approach to 

FSMs is discussed in [6], where dynamic selection 
of behavior is made from a collection of FSMs. 

Brookes [16] discusses a behavioral language 

based on augmented FSMs. Brooks also describes 

‘subsumption architecture’ in [17] based on layers 

of networks of augmented finite state machines 

that allows creation of intelligent control 

programs for mobile robots. Overall extended 

FSM based representation techniques have been 

successfully applied to model behavior of virtual 

agents and robots. 

 

2.3 Fuzzy State Machine Based Modeling  
 

Fuzzy State Machines (FuSMs) provide the ability 

to perform fuzzy-random selection of the next 

behavioral state. State transitions are made based 

on user input, internal reasoning and fuzzy 

selection. Policarpo [8] shows how FuSMs could 

be used to model behavior. Unlike FSMs the next 

action to perform is determined by a fuzzy 
selection algorithm. Unlike FSMs, FuSMs add a 

certain element of unpredictability to an agent’s 

behavior, resulting in more realistic behavior. 

 

 

2.4 Petri-Net Based Modeling 
  

Petri-Nets provide a method of modeling behavior 

in virtual worlds. In Petri-Nets message requests 
are represented as tokens that trigger transitions 

from states. Using Petri-Net tokens inter-agent 

communication message passing can be 

represented.  

 
Willans [10] describes methods of using 

Petri/Flow-Nets to model mouse based flying 

behaviors and behavior of a door world object.  

Petri-Nets are more suitable for modeling static 

behaviors of virtual world objects such as opening 

doors, switching on lights, and are not very 

appropriate for modeling dynamic behaviors of 
autonomous virtual agents. A hybrid specification 

(FlowNets) for interaction techniques is described 
by Willans in [12]. Petri-Nets can be extended to 

Fuzzy Petri-Nets (FPN) that facilitate fuzzy 

behavioral modeling. Koriem [7] describes the use 

of such fuzzy Petri-Nets for modeling and 

verification of Knowledge Based Systems. 

 
Petri-Net behaviors are well defined, however 
unlike agent-based behaviors they lack autonomy. 

Petri-Nets provide a means of modeling 

predefined static behaviors. The well-defined 

nature of Petri-Nets facilitates behavioral 

verification, which makes it possible to ensure 

that they behave according to a defined 

specification.  Petri-Nets have been successfully 

used to model virtual world interactions and 

behavior.  

 
2.5 Scene Graph with behavior 
 

When representing 3D objects, certain composite 

3D objects consist of a collection of 3D 

component objects. Transformation behaviors can 

be applied to the complete composite object, 
which affects each of the subcomponents. Each 

subcomponent has its own behavior. For example 

in a model of a 3D human character, the arm 

movement behaviors should also move in relation 

to the position of the body, as the compete 

character is in motion in a certain direction. To 

achieve this, object and behaviors can be 

organized into scene graph hierarchies, where the 

top-level object governs the transformation of the 

complete composite object and each sub-node 3D 

object may have its own behavior/transform (ex: 
move arm) in relation to the parent 

behavior/transform (walk forward). Hearn [2] 

describes an example of PHIGS structure 

hierarchy for composite scene object modeling. 

  

Such hierarchies are used for modeling complex 

human behaviors. A complete hierarchy for 

modeling humanoid behavior in X3D has been 

described in [24]. Which allows detailed 

specification (ex: finger, eyelid) of human 

behaviors. Details of modeling agent behaviors 

based on human motion capture are given in [25]. 
 

With such a model each 3D object that has a 

behavior associated with it should be defined 

along with the 3D object definition. The behavior 

is integrated into the 3D model and is tightly 

bound to the individual geometric representation 

of the 3D object component. This approach is not 

flexible, as individual behavior would be hard-
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coded along with the 3D model specification, 
ignoring aspects such as effects of external forces 

on objects.    

 

Organization of composite component behaviors 

into hierarchies provides a means of representing 

the correlation between composite and individual 

behaviors. There needs to be a method of 

abstracting behavioral actions performed by a 

composite object, which will simplify the 

behavioral action processing. Scene graphs 

provide a low level of behavioral abstraction. 

When a behavioral change occurs in one 
component (ex: composite component) it affects 

the behavior of subcomponents. The behaviors 

should encapsulate geometric transformation 

details, which allow a composite object to perform 

a requested behavioral task without concern of 

individual specific details of geometric 

transformations.  

 

In virtual worlds, certain object behaviors need to 

associate with other object behaviors. An 

individual virtual world object may have a set of 
behaviors it can exhibit. For intelligent virtual 

world objects such as virtual character agents’ 

behaviors would be dynamically generated to 

achieve the virtual agents target goals. In some 

situations several virtual character agents would 

need to coordinate to achieve an overall group 

behavior or goal. Individual object scene graphs 

need to be extended to support dynamic 

behavioral processing/coordination.  

 

3. Proposed Agent based VPL –

Framework  
 
     A framework is presented in this paper that 

models a virtual world as a collection of agents 

that interact. In this framework every object in the 

virtual world has associated behavioral 

characteristics, and is similar to a virtual agent.  

Virtual agents communicate via an inter-agent 

communication protocol. The framework 

organizes agents into groups.  The collective 

behavior of agent groups is defined by an overall 

plan. The proposed visual programming language 

(VPL) forms part of the framework (figure:2) that 

models individual agent behavior.  
 

 

 
 

Figure 2: Virtual World 

Behavioral Model Framework 
 

High-level behavior is governed by definition of 

an overall group plan. The group-planning layer 

defines an overall plan for the agent groups. This 
layer is responsible for selecting behavioral goals 

that need to be achieved by agent groups.   

 

Each agent has behavioral goals, and the agent 

itself may do planning. Finally these goals are 

implemented as behavioral actions that are 

defined in the visual programming language. The 

visual programming language operates as level 3 

in the framework. The VPL has many similarities 

to a state machine, but with additional 

characteristics added to enhance flexibility. 
Details of the VPL are discussed in the next 

section. 

 

4. VPL Component Functionalities 
 

The visual programming language named HSM 

(Hybrid State Machine) presented in this paper 
represents virtual world object behavior based on 
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agents and a hybrid of FSM, FuSM, Petri-Nets. 
The HSM also includes message passing, ability 

to integrate timing, data-properties and 

persistence. It consists of the following 

components: 

 

4.1 States (Behaviors)   
 

Defined as circles, represents behavioral states 

performed to achieve a goal. Corresponds to an 
output from a plan. Example: walk (continuous), 

open door (discrete).  Provides the functionality of 

a goal-based agent, where each goal is 

implemented as a behavioral state.  Each 

behavioral state has its own reasoning mechanism.   

 

4.2 Activation Unit (AU) /Actions  
 

Defined as rectangles. Represents actions/overall 
commands that trigger transitions from the input 

states to the output states. Several output states 

can be selected as the final outputs of the 

activation unit based on input messages and input 

states.  Defined in terms of a function that maps n 

inputs to 1…m outputs.  That can be a fuzzy, 

neural statistical, Bayesian or any other mapping 

function of inputs to outputs. Specific output 

transitions are trigged for specific patterns of input 

data or message-tokens. A direct transition would 

be represented as a one-to-one map from input to 

output.  

 
4.3 Transitions  
 

Represented as directed arcs. Indicates a transition 
from one state to another. Usually triggered by 

activation of an AU.   

 

4.4 Messages (Tokens) 
 

     Represents data events that provide inputs to 

AUs.  Consists of a data section that can be used 

to define timeouts. Message could be inputs from 

agent sensor. For example when the user sends an 
input to move forward, the message token would 

be used to trigger a transition from the waiting 

state to the move forward state. Provides a means 

of modeling inter-agent communication. Indicated 

as rounded edge rectangles in HSMs. 

 

4.5 Properties 
 

Represents parameters for states. Indicated as a 

hexagon in HSMs. Changing properties may alter 

the behavior of the state. This adds data driven 

characteristics to the HSM where each behavioral 

state is parameterized by data-properties that 

allow behaviors to be adjusted. For example: 

‘walk’ behavior can be parameterized by 

properties such as ‘speed’. When these properties 
are changed by messages the overall walking 

behavior is altered.  Represents agent parameters 

that provide inputs to utility functions of 

behavioral states.  

 

4.6 Persistence 
 

Represents a data store. Save historic data of 

states.  Indicated in HSMs as squares.  Used when 
the state of a value needs to retain some 

information such as historic information. For 

example when the positions moved to by a walk 

behavior need to be retained. Can be used to 

model a knowledgebase (KB) that is associated 

with a behavioral state. Provides functionality of a 

state based agent that maintains historic data. 

 

5. VPL Structure 
 

The proposed HSM visual programming language 

consists of states that correspond to behaviors. A 

behavioral state has properties capable of 

modifying the behavior. Data associated with a 

behavioral state, is modeled as a persistence store.  

Behavioral state transitions are trigged when 

certain logic conditions defined in activation units 

(AUs) are satisfied. Data associated with a 
specific transition is represented in the form of 

parameterized message tokens.  

 

The HSM is organized into hierarchies that define 

different levels of behavioral abstraction. The top 

level HSM provides the overall behavior where 

each state can in-turn be represented as a HSM. A 

particular high-level behavior is achieved by 

performing a subset of low-level behaviors that 

may in-turn be further subcategorized into a 

smaller set of well-defined behaviors. Individual 

low-level goals are modeled in lower level HSMs.   
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Figure:3 HSM VPL User Agent Behavioral Model 

 
 

Overall behaviors are organized into a hierarchical 

structure. This simplifies the overall diagrammatic 

design, and visual representation.  

 
An HSM model of a complete system design 

makes it easier to understand the overall 
behavioral architecture, interactions and 

relationships between individual components of 

the system. By simulating the HSM behaviors in 

the VPL the overall behavioral design can be 

verified. 

 

In HSM a collection of behavioral states, 

AUs(Activation Units)  and transitions form 

clusters that work to achieve the overall 

behavioral goals. Activation Units are similar to 

neurons in a neural network, where inputs are 
received from behavioral states and the activation 

function logic is embedded into AUs. Behavioral 

states are organized into hierarchies or tree like 

structures with AU logic selecting the next valid 

state.  

 

Although HSM is a visual programming language, 

which makes it possible to build behaviors for 3D 

objects and worlds, as found by much previous 

research into visual languages, there is a limit to 

what can and cannot be represented by diagrams 

alone. “a survey of the field quickly shows that it 

is not worthwhile to eschew text entirely”[28].  

Hence each component of the diagram has a 

associated well defined logical, or scripting 

functionality associated with it, and consists of a 

number of properties, similar to a GUI widget 

control in a visual user interface. The visual 

representation makes it easier for the user to 

visualize, create and understand behavioral 
definitions. Since the logic is well defined a 

computer can directly interpret it.  

 

 The HSM model can be converted to code 

directly, by representing the corresponding design 

patterns in code. Once the behaviors are well 

defined the HSM model can be implemented in 

any language. A grammar can be used to represent 

the HSM model that can be processed to generate 

the behavior.   

 

 Figure 3 shows a user agent behavior model in 
HSM. Here the user-agent is completely 

controlled by user inputs via sensors and is not 

associated with a high-level plan or group plan.  

Figure:3 - 1.1, 2.1 indicate properties that can be 
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used to adjust state  behaviors (Ex: speed of 
moving forward.)  

 

When representing high-level behavior of virtual 

world agents, there needs to be an element of 

unpredictability, to achieve more realistic 

behavior.  This is facilitated in HSM by allowing 

the AU to function as a fuzzy logic component 

that maps a sequence of inputs to a fuzzy set of 

outputs. This degree of unpredictability results in 

more believable realistic agent behaviors. Unlike a 

FSM the state transition is not static and may 

change dynamically at runtime, resulting in a non-
deterministic random behavior. Each behavioral 

state is defined logically by a set of goals that 

achieve the desired behavior. 

 

6. Evaluation 
 
The HSM-model VPL provides a means of 

modeling autonomous object behaviors in virtual 

worlds. Each object is modeled as an agent that 

has the characteristics of a reflex,state,goal,utility 

agent, with its individual plan and knowledgebase. 

Agent’s behavioral states are modeled and 

messages/tokens that trigger agents to move to a 

different behavioral state (transitions) allows 

different actions to be modeled. The transitions 

triggered by activation units allow fuzzy, neural, 

Bayesian logic decisions to trigger behavioral 

transitions. The use of persistence allows 
modeling of a KB and learning features. The final 

HSM can be directly converted into code by 

implementing the design patterns of individual 

components in the HSM.  

 

The HSM model unlike FSMs provides a means 

of modeling more autonomous behaviors with 

state transitions being triggered by AUs, and states 

receiving parametric and KB inputs. HSM 

provides a more flexible method of modeling 

behaviors and takes into consideration factors 
needed to model autonomous virtual agents. Petri-

Nets based behavioral models also lack autonomy 

and can be used to model static behaviors. HSMs 

may also be used to model static behaviors with 

simplified AUs. Anything modeled using a Petri-

Net can be modeled by an HSM. In addition more 

dynamic behavioral characteristics can be 

modeled using HSMs. Scene graphs with 

behaviors, integrate the behavioral and kinematics 

aspect of virtual world objects. This provides a 

low level of abstraction, and individual behaviors 

have to be specifically defined, which makes 
modeling generic autonomous behaviors difficult.  

     
Modeling virtual world objects as agents alone 

allows definition of autonomous agents. Agent 

logic behavior is inbuilt into an agent, without a 

means of how individual behavioral aspect are 

modeled. HSMs are part of an agent-based 

framework that models agent behavior. HSMs 

provide an individual modeling mechanism that 

can be directly implemented in a high level 

language.         

 

Overall any behavior modeled as an FSM, FuSM, 

Petri-Net, has an equivalent HSM model. The 
HSM VPL allows more flexible modeling than 

such techniques. The number of components 

defined in the VPL has been limited to prevent 

over complexity of the model. HSMs use a 

minimum set of basic components, needed to 

create autonomous virtual agent behaviors. The 

model can be interpreted by humans and can be 

directly implemented as algorithms. Hence the 

HSM VPL has several advantages over other 

methods of modeling virtual world behaviors. 
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