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Abstract-

Although, multiagent systems are operative from more than three decades now, very few agent
interaction protocols meeting the communication specific requirements have been designed till date.
Researchers have strongly been demanding for a protocol which is able to formalize the semantics for
flexible and understandable communication i.e. to understand the meaning of rules of communication and
interaction. Since, agents active in a multi-agent system are socio-technical entities that interact with its
peers for every day computing; therefore, a protocol that meets the above concerns is highly desired. The
current investigation of existing protocols for agent interaction in multiagent systems is critical as it
investigate both positive and negative aspects of available protocols; thus laying the foundation for a novel
protocol.
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1. Introduction

An interaction protocol enables agents to exchange messages and establish
conversation with other competing agents. Agent interaction has primarily evolved as a
result of cross-organizational business processes and socio-technical systems. In order to
converse in an open environment such as multiagent systems, agent is provided necessary
infrastructure specifying communication or interaction protocol [1]. Fundamentally, an
agent is assumed to have ability to communicate i.e. ability to receive (perception) and
send (action) messages. With this ability, agents communicate with their peers to achieve
better goals and enhance the efficiency of the system. During this communication, agents
coordinate, cooperate, compete, plan and negotiate on various aspects turning into a
social entity. A multi-agent system [2] in this state behaves as a unit and is known as a
coherent system. Agents interacting in a coherent system may interact directly or
indirectly with each other; however all of them must follow certain rules of
synchronization known as interaction protocols especially, if there is a possibility that
they can interfere with one another in a destructive way. The key concern here is that the
semantics behind these rules should be clear and should be interpreted in the way they are
designed for. Unfortunately, the semantics of communication had not been so important
earlier and hence were not considered at the design time. But with the growing popularity
and applications of multiagent systems, this shortcoming has emerged as a bottleneck in
the practical implementation of many real-time multiagent systems.

This paper has been structured into five sections. Section 2 scrutinizes the taxonomy of
existing agent protocols and highlights a comparison amongst them. Section 3 focuses on
related work by reputed researchers. Section 4 presents the gaps in literature and possible
solutions that could bridge these gaps. Also, it aims to focus on the design issues
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associated with the novel protocol. Section 5 concludes by highlighting the future
research directions in the field under consideration.

2. Agent Interaction Protocols

Agent interaction in a multiagent system is primarily based on two important aspects
i.e. degree of heterogeneity and degree of communication [3]. A multiagent system is
usually a mix of both homogeneous and heterogeneous agents. Further, theses agents can
be classified as homogeneous non-communicating agents, heterogeneous non-
communicating agents and heterogeneous communicating agents. The aim of this section
is to identify the interaction protocols suitable for the third category of agents’ i.e.
heterogeneous communicating agents only. A conceptual taxonomy of agent based
interaction models is given in [4] (see figure 1).

Agent Interaction
Direct InDirect
ACL Based Mediated Artifacts Mediated by
Environment
Apriori Agent discovery
Acquaintance ¥ through Middle
Agent discovery agents and
through Middle Acquaintance
agents models

Figure 1: A Conceptual Taxonomy of Agent-based Interaction Models [4]

Agents in a distributed system can communicate directly as well as indirectly. In the
former case, an abstraction of the actual communication channel is not required while in
the later case, creation and exploitation of artifacts that represent a media for the agents'
interaction is required. Direct Interaction models usually employ Agent Communication
Language (ACL) [5, 6, 7]. For instance, in order to effectively communicate, agents must
"know" each other by a unique name. This issue is dealt by either providing direct a-
priori information about peer agents in the system or the mediator agents can be used for
agent discovery and development of more complex acquaintance models which adds
robustness and scalability to MAS.

Technically, agent communication is generally indirect and uses an end-to-end
message passing mechanism. Indirect agent interaction models are classified into artifact
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mediated and spatially grounded models [4]. The former provide the design and
implementation of an artifact while the later focuses on the agent’s environment.

On the basis of above taxonomy, various interaction protocols which have been in
existence are being depicted in figure 2 and following subsection provides an overview of
each one of them.

Coordination
Protocol

Contract Net
Trust
Establishment

Negotiation
Protocol

Agent
Interaction
Protocols

Contract Net
Protocol

Cooperation
Protocol

Figure 2: Existing Agent Interaction Protocol

2.1 Coordination Protocol

Coordination Protocols are executed among multiple agents to satisfy both
individual and group goals. Example of coordination protocol includes providing
information to peer agents on time. Coordination protocols are basically required to
maintain dependencies between actions of various agents, to meet global constraints and
more importantly when no one agent has sufficient competence, resources, or information
to achieve system goals, coordination adds intelligence of the system. In order to
construct a distributed coordinated system, prime requirement is to distribute control and
data which in turn implies that agents have autonomy to generate new actions and to
decide which goals to pursue next. The actions of agents, dependencies between the goals
and the resources required to execute the actions are represented using AND/OR goal
graphs [8].

In a multi-agent coordinated system, a team of agents undergo a joint commitment
towards a common goal. Each team member expects that the status of commitment along
with the status of objectives shall be minimally informed to all members. If any of the
team member opts to change its belief, it should be informed else this change may
jeopardize the entire system. Moreover, on such a betrayal, the committed agents
reassess themselves w.r.t. to a common goal which is yet to be achieved.
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2.2 Cooperation Protocol

Cooperation protocols are based on divide and conquer strategy. Initially, a complex
task is decomposed into subtasks which later are distributed among different agents
according to the role they play in the system. This strategy aims to reduce the complexity
of tasks and optimize resource allocation. Common mechanisms used in task
decomposition are market mechanisms, contract net, multiagent planning and
organization structures. The decomposition can be based on the agreements, expertise of
any agent, functional requirements or each agent in a system may have fixed role to play.
Whatsoever may the way of task decomposition, the distribution is made ensuring the
following [9]:

. Avoid overloading critical resources

. Assign tasks to agents with matching capabilities

. Make an agent with wide view assign tasks to other agents

. Assign overlapping responsibilities to agents to achieve coherence

. Assign highly independent tasks to agents in spatial or semantic proximity-
minimizes communication and synchronization costs

. Reassign tasks if necessary for completing urgent tasks

2.3 Contract Net Protocol

Contract Net Protocol is a high level protocol which is concerned with the
interpretation of the communication rather than the transmission of bit streams. CNP
facilitates distributed control of cooperative task execution with efficient inter node
communication and also allows participation in fully automated competitive
negotiations. It categorizes agents as either Initiator/Manager or Participant/Contractor
[10]. The agents can exchange their roles for different contracts as CNP allows further
delegation of subcontracts to other agents. FIPA has standardized contract net
interaction protocol and the flow diagram for the same is as depicted in figure 3.
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Figure 3: FIPA Standardized Contract Net Protocol
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CNP exists mainly between an Initiator agent (IA) and a contractor agent (CA).
Now the IA and CA undergo steps as illustrated in figure 3 repeatedly until a contract
gets negotiated and finalized. CNTEP, a variation in this form of CNP has also been
proposed in 2010 [11] by Singh and Juneja and further, an improvement in the same is
being suggested in [12]. The CNTEP version considers trust establishment among
negotiating agents as one of the prime factors before actual communication starts. Figure
4(a) and figure 4(b) given below depicts the working of CNTEP and its extended version.
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2.4 Negotiation Protocol

Negotiation is a process by which joint decision is reached by two or more agents,
each trying to reach an individual goal [13]. The major features of negotiation are
language used by participating agents, protocols followed by agents as they negotiate and
the decision process used for concession, criteria for agreement and to determine its
position. Negotiation techniques are either environment centric or agent-centric. In
contrast to environment-centric techniques which focus on designing the rules such that
participating agents are able to negotiate irrespective of their origin and capabilities, the
agent-centric approach considers designing the agents such that they are able to fit into an
existing environment. An agent while negotiating may conflict, compromise and choose
to cooperate with other agents. In case of conflict, the agents will not benefit by
negotiating and hence should choose to act alone. In compromising state, agents are
forced to get into negotiations as single agent can not achieve the desired objective while
in cooperative state, all offers are acceptable by both negotiating agents [13].

The next section presents a study of literature work being carried out by the
founders and pillars in the allied domain.
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3. Literature Review

The development of multi-agent system involves research issues such as
cooperation protocols, distributed control and effective communication. In fact, once
agents are ready for collaboration, they will need to find other agents they need to
collaborate with. Such a task is easy if they know exactly which agents to contact at
which location. However, our everyday human experience has shown us that such a static
setting is very unlikely to exist: people are usually on the move and they are not always
readily available to interact with others. The same holds true for dynamic multi-agent
systems: agents need support to find other agents. Such are the motivations pursued by
research groups working on the standardization of dynamic collaborative multi-agent
systems [14].

Chopra et al. [1] presented a detailed study about research directions in agent
communication. Authors highlight that techniques used in traditional distributed systems
which are primarily meant for enumerating possible message sequences without
considering the message meanings. Hence, these are not well suited for agent
communication. Authors further emphasizes that contrary to existing protocols, multi-
agent protocols should be flexible so that agents can exercise their autonomy but at the
same time, agents should also be held accountable for their actions. Singh [15] call
attention to the fact that along with syntax and semantics, pragmatics i.e. how messages
can be used or what they mean; is also important. The metrics to evaluate qualitative
aspects of multiagent protocols still need to be decided [16].

Sycara in an article [17] has raised several issues pertaining to multi-agent
systems. For instance, how do we enable agents to communicate and interact? What
communication languages and protocols do we use? How can heterogeneous agents
interoperate? What and when can they communicate?, just to list a few. One of the major
impediments while designing MAS is the lack of flexible tools and protocols to specify
agent’s problem solving behavior.

There have been several proposed methodologies for analyzing, designing, and
building multi-agent systems [18], most of which are based on existing object-oriented or
knowledge-based methodologies. In contrast, MaSE [19] is a general purpose
methodology for developing heterogeneous multi-agent systems but wider application of
the same could not be found in literature. Gerard and Singh [20] proposed a business
protocol that decouples agent and protocol designs in contrast to conventional designs
which offers coupling both agent and protocol. This work suggests modifying JADE
middleware so as to accommodate run-time modifications in agents but the same has not
been carried out so far.

Work by Genesereth and Ketchpel [21] raises number of important questions not
only related to agent communication languages but also to the design of agents so that
they can communicate in an environment. Authors talk about the hindrances posed due to
interoperability and also inconsistencies due to syntax and vocabulary. Further, in order
to address the incompatibility and inconsistency issue, Agent Communication Language
(FIPA-ACL) seemed to be satisfying the need initially but later on with the developing
complex systems, FIPA-ACL also started posing problems such as lack of sufficient
performatives.
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Cao and his team constructed groups of mobile robots with an aim to study issues
such as group architecture, resource conflict, origin of cooperation, learning, and
geometric problems and reported that as yet, few applications of cooperative robotics
have been reported, and supporting theory is still in its formative stages [22].

Few works [23,24] mentions that achieving coordination in multi-agent systems is
a major problem. Although various protocols for task allocation, resource allocation and
negotiations have been proposed but with the proliferation of agents, the demand for
coordination protocol suitable to a heterogeneous domains have increased. Another
article by Durfee and Rosenschein mentions that in an open system where standard task
level protocols among agents are brittle or undefined, allowing interaction patterns and
protocols to emerge from first principles i.e. agent preferences, abilities, and rationality in
a MAS manner is a promising approach [25, 26].

Few researchers [27, 28] have questioned the cost incurred either in terms of
required bandwidth for the exchange of information or in terms of risk of revealing the
information to peer agents. Further, author doubts on the reliability of communication
which in turn adds another dimension of complexity to the problem [29]. A community
of researchers [30] is concerned about the inheritance anomaly i.e. limitation of reusing
the existing synchronization methods and remedial solutions for the same exist in context
of conventional object oriented concepts but none of them is directly suitable for agent
oriented computing and hence extension of the current solution is still an open challenge.

Beer et al. have raised various questions [31] related to negotiation in multi-agent
systems with the aim to categorize certain protocols as negotiation—based. On a similar
note, author points that “Can all aspects of negotiation be incorporated into predefined
communication protocols?”[31] which, is clearly a debatable issue and is critical research
issue. Efforts have been put [11,12,13] suggesting the improvements in the backbone
protocols such as contract net protocol and hence current research work find motivation
to propose a new protocol which would be generic and hence suitable to most of the
applications.

A critical look at the aforementioned literature reflects some aspects of these
issues have been addressed; still practical developments, run-time mergers and analysis
of different protocols in different domains need to be investigated. The current research
work draws motivation from the above open challenges. Few gaps that still prevail in the
domain of current work are being listed in the upcoming section.

4. Gaps in Literature

Although a general idea of various interaction protocols was presented above but the
said protocols are implemented in application-specific mode. Hence, a generalized model
is very much required. Few of the prominent gaps that need to be bridged include the
demand of interaction protocol which is flexible and supports semantic based
communication. A compatibility check between two communicating entities needs to be
ensured. Above mentioned studies emphasized on facilitating dynamic interaction
amongst agents which is a complex and untouched challenge as agents operate in a
complex and distributed environment usually. Demand-based and urgent communication
sometimes gets mishandled due to ambiguity in understanding the message. Therefore,
semantics of messages communicated should be unambiguous and should be clearly
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understood by both the communicating parties. Further, lack of performatives in agent
communication languages also contributes to limitation of agent interaction. Available
literature does not support much on this issue. Further, gaps such as enabling agents to
interact, selection of communication language and protocol, issues pertaining to
heterogeneous entities are big hindrances in smooth implementation of multi-agent
systems. One of the most difficult to handle problem is allowing run-time modification of
existing agents which is not possible at the time of listing. The trustworthy and reliability
of agents in operation is also one of the major factors acting as obstacles for the wide
usage of multiagent communities. Above listed gaps are just few of the prominent issues
that must be addressed for agent technology to develop and contribute towards the
intelligent systems.

More precisely, some aspects of theses issues have been addressed still practical
developments and integration of different protocols leading to the design of a new and
generic agent interaction protocol still need to be investigated and hence forms the basis
of motivation carrying out this research work.

5. Conclusions and Future Work

The critical investigation of existing literature presented above reflects that in contrast
to traditional distributed systems where the meaning of communication remains
abstracted, in MASs the meaning shall not only be explicitly defined but also shall be
made public to ensure compliance checking as implementation of agents may change
from one instance to another. In fact, various requirements have given birth to various
theoretical solutions such as speech act theory, agent communication languages,
ontologies for agent communication and coordination languages. In order to address the
issues prevailing in existing protocols, various solutions have been proposed, few of them
have proved to good practically but most of others fail to compete practically. For
instance, Vanderveken in 2005 proposed an abstract idea of dialogue and conversation
which is a challenging and still an open research problem [32]. The challenges in the
multiagent community are untouched primarily due to the fact that most of the agents
based systems designed so far are domain specific and very few researchers have thought
of designing a generic protocol.
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