
DHAS: A Dynamic Hybrid Agent System 

for Managing  Heterogeneous Data Sources

Owen E. McCusker

1. Abstract

The management of dynamic, information-rich domains, such as the Internet, Bio-Informatics, and  Telecommunications, are fast becoming non-trivial tasks. Agent systems are a good solution for design domains where the standards for interoperability are rapidly evolving, the information growth is exponential, and the pressure for time-to-market is tremendous [13]. They reduce the management complexity by automating various tasks that are too difficult to be done directly by a user. Hybrid agents represent a turn in agent evolution where more focus is placed on the agent components, enabling the agent to be dynamically configured at run-time. This paper will first review the current state of agent technology, presenting a generalized definition of what an agent is. Next, the architecture of various agent system will be explored enumerating their strengths and weaknesses. The idea of bridging distributed data sources will also be discussed. Lastly, a high level view of a hybrid agent architecture will be presented putting together the various concepts discussed in previous sections. In conclusion, hybrid agents and hybrid agent systems offer a flexible alternative in developing agent frameworks compared to other agent types. In a hybrid framework different agent components can be assembled at run-time based on the task. In a dynamic environment, hybrid agents can offer better adaptability for the varying tasks needed by users.

2. Introduction

Agents Systems are a key enabling technology for managing data models with high intensity and turnover of data. This paper will review the current architectures of agents and agent systems being used today. In addition, it will present the philosophy of a specific type of agent: the Hybrid Agent.

Unlike any other system before it, agent systems are the first to formally transfer knowledge throughout the system. This is done using a well defined language called a agent communication language (ACL). Its integration into the existing web infrastructure could offer the ability to dynamically provide knowledge-base expertise embedded into a web browser.

A taxonomy of agents and agent systems will be reviewed. This will provide a basic understanding for the different philosophies underlying agent technology and will lead into the definition of a hybrid agent, and distributed hybrid agent system.

The need for bridging heterogeneous data systems is apparent [10]. Agents systems can be used to connect disparate data sources. 

The types of user interfaces interacting with these data sources (i.e. the web) are becoming more varied: virtual reality, thin clients, wearable computers [21]. These “behind the scenes” systems must be dynamic enough to accommodate for these new interfaces. 

The structure of agents is very similar to that of software object [26]. Agents contain a set of published API’s and rich message-based languages that are used by other clients (i.e. agents) to collaborate with the agent. It is this similarity that provides the flexibility of the architecture of the hybrid agent. A designer can use well-defined object design patterns to further simplify the architecture of the agent system [27]. 

3. Definition of an Agent and an Agent System

The concept of a software agent is not a new idea; it has roots stemming back into the 1970's with the introduction of the Actor model by Carl Hewitt [ 2 p. 1]. This model defines an agent as a “self-contained, interactive, and concurrently executing object”. 

Agents are not intelligent, at best they are pseudo-intelligent. In [2] it is well stated that the measure of intelligence is subjective at best. It may be a clearer classification measure to define agents by their functional behavior. Pattie Maes defines agents as " proactive, personalized, and adapted "[1]. Maes work has centered around building interface agents that work very closely with the user. In this case, agents serve as a vehicle to indirectly help the user on a task. It is interesting to note that, this concept clashes with Shneiderman’s views on direct manipulation [20]. In direct manipulation, users interact directly with objects through the interface. Shneiderman feels that all agents take away the concept of direct manipulation from the user. This is not the case with most agents that are discussed in this paper. It is only user interface agents that really fall into this debate.

Agents can be defined by the services they provide to a user. Examples of such an agent is a “spider”. This agent wanders the net indexing and spinning up meta-data. They can be reactive, by responding to stimuli, or can be proactive, seeking to fulfill predefined goals. 

Agents can also be thought to possess a minimal set of characteristics as outlined in [13]. These characteristics could consist of: delegation, communication skills, autonomy, monitoring, actuation, and intelligence. However, as mentioned above, intelligence is not a good indicator for agent classification.
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In the Open Agent Architecture from Stanford Research Institute (OAA), the characteristics are a bit less open. OAA agents must possess those attributes defined in the OAA standard; such as the ability to communicate using the Interagent Communication Language (ICL) which is a language developed for the OAA [18].

There exist many different definitions of agents and agents systems. In this paper agents can be seen as a program that is proactive having the following characteristics: 

· can communicate with other agents in the system using a ACL

· able to delegate tasks to other agents or agent systems

· able to negotiate tasks between themselves

· are autonomous

· are psuedo-intelligent

· manage knowledge

3.1 Agent Task Model


The Agent Task  Model (Fig. 3.1 ) is core to an agent architecture [13]. The task is ultimately defined by a client,  where  the client could be a person or could another program. Tasks must be communicated between agents. As illustrated in Fig. 3.1, the model has three stages: creation, planning, and execution. In the task model, an agent is first assigned to a task.  During the assignment, “event triggers” can be set and used to monitor the task during execution. Then  the planning stage begins. In this stage, agents negotiate the task and exception handling issues associated with the task [13].   The agent may collaborate with other agents to get involved. Lastly the execution phase occurs in which the task is monitored during the execution. 

3.2 A Taxonomy of Agents

There exist many different forms of agents which have been identified in [2]. This section will outline the strengths and weaknesses of each type. Figure 3.2 presents the various types of agents that can be found in either homogeneous systems or heterogeneous systems.
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Homogeneous systems represent an agent system comprised of one type of agent. It is thought that these types of systems would not be as effective as the combination of the different types [2].  In contrast, heterogeneous agents systems are comprised of a mixture of agent types. It is these various agents that will translate to hybrid agent components, that could be assembled into hybrid agents at task planning time.

3.2.1 Collaborative Agents (a.k.a. Deliberative Agents)

Collaborative agents stress autonomy and cooperation between themselves in order to perform a task. Collaborative agents use an Agent Communication Language (ACL) to  coordinate solving a task. Many ACLs are based off of the two well known agent protocols: Knowledge Interchange Format (KIF), Knowledge Query and Manipulation Language (KQML) [22]. An example of a collaborative agent is the Pleides system [2, 7]. This system searches the Internet, filtering information out for users using a set of collaborative agents working together to accomplish the task. It has two layers: layer one has task specific agents, and layer two has information specific agents. The task agents are responsible for using ACL to send information between the agents. The information agents are used to interface to the internet. 

3.2.1.1 Agent Communication Language (ACL)

In order to collaborate, agents need to send information to and from one another. The type of information may consist of simple messages or may be in the form of set of messages, like a sentence. This is done using a ACL. The ACL in [5, 22, 26] is comprised of two protocols: Knowledge Interchange Format (KIF), and the Knowledge Query Manipulation Protocol (KQML).

KIF is used as the way of conveying simple data between agents. It is a prefix version of predicate calculus, with some agent-specific extensions [22]. KIF uses a dictionary and a set of symbols in its syntax. A typical expression would look like: 

( age 055-999-9999 45) 

In this example the age of the person with that social security number is 45. 

KQML is similar to KIF in its syntax, but offers a way for agents to perform dialog with one another. An example of KQML would be [5, 26]:

( request-whenever


:sender agent007


:receiver agent008


content ((inform : agent008 :receiver chief



:content (location))(=time)00))


:in-reply-to agent87-3


:reply-with code2


:language java


:protocol control


:ontology chaos )

This message is parsed into its components by the receiving agent. As stated in [26], it is a “communicative act” type of message, describing the content of the message that is to be in the reply. Also, the language used in the communication could be Telescript, or some other language, instead of Java. 

3.2.3 Interface Agents

Where collaborative agents stress cooperation, interface agents are more singular and emphasize learning.  Interface agents interact directly with a user in order to perform user defined tasks. An interface agent will observe and monitor a user, storing information in a knowledge base to be used at later times.

In the context of direct manipulation, it is felt that the interface agent themselves can be given the responsibility of manipulating “objects” for the user [20]. 

A well known example of an Interface Agent is Pattie Maes’s Ringo/HOMR music selection agent [1]. This agent learns users needs and wants over time, developing the ability to make proactive choices for the user. 

3.2.4 Information Agents

The agents responsible for sifting through the enormous amounts of data  that exist in domains such as the web, are the Information agents [8]. In reference [2] they are said to perform the role of “managing, manipulating, and collating”  information from various distributed sources. 

Yahoo, a web site used for searching, is a good example of the abilities of information agents. This site uses a vast index database that is built by web spiders that wander the web looking for information. 

There exist two major types of Internet information agents: Searching agents and filtering agents [13]. Searching agents are the “spiders” that roam the net leaving an indexed web. The web associates location with descriptive meta-data which is searched on by users. Filtering agents can perform the task of filtering out information sent to a user using an email system.

3.2.5 Hybrid Agents

What happens when two or more of the above types of agents need to carry out tasks together? Instead of separating out the different behaviors into agents, these behaviors can be made agent components. These components are integrated together to form a hybrid agent. 

Pattie Maes has put together a hybrid agent that combines the collaborative and  reactive behaviors[13]. The collaborative part of the agent would handle the long-term goal oriented parts of the task. The reactive part has higher precedence over the collaborative component, allowing for characteristics such as adaptability [2]. 

4. Agent Systems – The Agency

It is the collaboration between agents, and thus the agent system, that offers a framework to facilitate the evolution of complex design domains such as the web. Agency is still a relatively immature word  used to describe a group of agents working together in a system [9]. The name implies functionality such as collaboration, facilitation, task negotiation, information gathering, presentation, and learning. This section will briefly survey three different types of agency systems [9]: A network of agents, a federated agent system, a distributed blackboard agent system. Each of these different architectures represent ways in which agents interact.

4.1 A Network of Agents

In the network of agents, the autonomy of each individual agent is emphasized [9]. The agents themselves are loosely coupled, not sharing information directly but passing information as need be. This architecture offers little centralization of shared resources resulting in a considerable amount of duplication of information [9]. Each agent must manage its own tasks, understand where to send messages to other collaborating agents, keep track of information learned from user interaction (i.e. interface agents), and keep track of the current state of the task. 

4.2 Federated Agent Systems

In contrast to the network of agents, the federated system allows a de-coupling between groups of agents [22, 9]. Some of the resources commonly used by the group of agents are shared by putting them into a facilitator subsystem. A group of agents work together to solve the same task, by interacting via the facilitator component.  The facilitator component centralizes the communication layer between the agents for inter-federation communication. It also acts as a central repository for holding information gathered by the federation. Therefore less duplication of information is seen when compared to the previous architecture. Another advantage of this system is that the complexity of the agent structure is reduced.

4.3 Distributed Blackboard System

The blackboard system centralizes control of shared agent behavior with the addition of a control shell, and network controller [9, 28]. These two components, along with the blackboard, represent the facilitator in the federated system. Network control is abstracted out into the network controller offering more flexibility of the control shell to manage the agent and the blackboard. The blackboard represents shared data, used between the different agents. Agents monitor the blackboard for data that they have been trained to process.

4.4 Bridging Heterogeneous Data Sources


The need for bridging heterogeneous data systems is apparent  in certain domains[10]. Bridging is the idea where data is normalized facilitating its sharing between distributed systems. Bio-Informatics and the web represent two domains in which the bridging of data sources is an issue, because the current technological infrastructure cannot support their needs [23, 24]. 

Users get comfortable to certain types of ways of obtaining and visualization their data. The data can be reviewed with some direct manipulation virtual reality device, or it could be done via static HTML. However, the underlying infrastructure needs to normalize the users view before presentation. 

Interoperability is another area to be reviewed. Issues of interoperability can be broken down into three main areas [23]:

· Technical - connecting participating information resources

· Semantic - the development of different data objects from different data sources.

· Social – getting the support from public agencies to carry out the needed development

The most pressing issue in Bio-Informatics is addressing the interoperability between the different distributed data sources [23]; as the amount of data grows along with the format  of its storage, so does the interoperability issue. This lack of interoperability makes it difficult to find answers to questions like: "How many genes on the long arm of Chromosome 21 have been sequenced” [23]. One of the goals of the 1990’s, in Bio-Informatics  is to develop ways for the various systems around the globe to share information [25]. Because of the sheer expanse and current exponential growth of genome data (i.e. like the web), agents can greatly simplify the work of geneticists allowing them to focus less on information management and more on genetics.

5. A Distributed Hybrid Agent System (DHAS)

The goal of DHAS is to provide a flexible agent framework that can be used to construct hybrid agents at runtime, using a set of well-defined components. As stated previously, agents are program entities that have a well defined set OF APIs and message protocol for performing tasks requested by the client programs. The type of architecture is a modification of the blackboard agent system. The design goal of this hybrid agent system is to bridge heterogeneous data sources by providing for the normalization of data from the various sources. Interface presentation issues will be accounted for, to allow the agent to “connect” to various thin user interface such as wearable computers, “in-dash” of car clients. 

5.1 Hybrid Agent-based Blackboard Architecture

The agent system architecture that will be used in this design will be the blackboard agent architecture as discussed in the previous section . This design (Fig 5.1) centralizes interfaces to the agent blackboard, the data warehouse, allowing for specialization of each local agent network.  The agent system consists of hybrid agents, a control shell, a blackboard, and a network controller. The control shell has the responsibility of passing on messages between the group of agents surrounding the blackboard. KIF messages are passed to the agent at runtime to initialize the agents knowledge base. 

Each of the agents have a collaborative component. The collaborative component will have an interface to the control shell which coordinates all inter-agent and intra-agent  communication. An agent mediator component chooses what component are needed for each task type, assembles them for agent to use. The mediator is managed by the control shell.

The control shell monitors agent feedback, communicates to the network component, sending messages to other local agent networks. 

It is the agent mediator (Fig 5.2), and the control shell that will manage the runtime assembly of the agent. 

5.2 Hybrid Task Model

The hybrid agent, in DHAS,  unique ability to assemble itself at runtime based on a task provides  flexibility in managing dynamic environments. Some of the task oriented design issues involved with this ability are:

· how a task can be carried out by an agent

· in what way can a task be captured by an agent and carried out

· how is the task delivered to the agent from a user

· how is the knowledge needed to carry out the task captured by the agent system. 

· How is the agents assembled at runtime

The task model is similar to the one depicted in Fig 3.1. Each task type will have components associated with it. The components need to be initialized with data from the knowledge base. For example, the web interface component will need keywords to look for and a list of universal resource locators (URLs) to choose from [8]. The task manager parses through a task definition assigns resources. It may interface with the control shell to create other hybrid agents if there are time constraints to get the job done. 
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5.3 DHAS Components
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The DHAS will composed of eight major components: user interface, task management, collaborative, data warehouse interface, data mining, and web interface (Fig. 5.2). Each of these components will be combined together to form the hybrid agent at runtime, based on the assigned task. The component list will consist of a collection of agent components that can be used to carry out various tasks. When the task is sent in and the collaborator component parses out the ACL, it will call on the agent mediator to go through the list of components and assemble the agents.

This agent assembly will be carried out by a agent mediator. The mediator will work closely with the control shell to assemble the agent based on the task need. This mediator closely follows the mediator pattern described in [27]. 

The collaborative component handles agent communication and task management. The communication will be done using an ACL. On receipt of a message it will be parsed and reviewed. If it is a task request from the control shell, the task is analyzed and negotiation with the control shell begins on the task. 

The user interface component deals with management of interactions between the user and the agent. This interaction starts out on the client application which sends messages to the user interface component of an agent. An application programming interface is needed on the light clients in order to connect to the agent. The type of interaction that can occur between the user and the agent is task negotiation, event monitoring, and data gathering.  

6. Conclusion

Agents and agent systems are a fast developing technology spanning the whole computing industry. Agent applications range from the interface agents of Pattie Maes, that provide musical selections for users, to the Open Agent Architecture of Stanford Research Institute, that enables developers to build there very own agents [1, 18]. Agent types are growing and evolving getting into many technologic niches of the computer industry. Hybrid agents are a natural step in the evolution of agent technology. Hybrid agents combine different agent philosophies into one agent [2]. The advantages of hybrid agents are found in using the combined strengths of other types of agents. The DHAS hybrid agent offers a flexible alternative to the statically behaved agents existing today. It offers flexibility at run-time, where the agent will be assembled based on the task defined by the user. This is can be key in dynamic environments such as the web.

The key challenge of developing agents systems on distributed heterogeneous platforms is that it must allow for effective collaboration between agents [13]. A relevant design issue is assembling heterogeneous knowledge-based software components into coordinated applications. This includes the development of standards that allow for effective collaboration between agents. The standards include protocols and infrastructures that will be needed by the individual agent components for effective task management. DHAS is a step toward this type of framework.

Agent technology is an enables the sharing of knowledge within a distributed environment. As agent architectures become more generalized and open, a new infrastructure will emerge allowing for the ability of  knowledge-sharing and commercialization.
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