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Overview
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1. Agents & MAS

2. Architectures
• Network Architectures 
• Middle Agents

3. From services to agents 

4. Interaction Models 

5. Summary
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Multi-Agents Systems (MAS)

21st March 2013

• Distributed system which incorporates independent agents.

• Collective action ⇒ solve problems outside capacities of individuals.

• Focus is on properties that emerge from cooperation (vs. capabilities of 
individual agents)

• (Some aspects of) coordination achieved dynamically at run-time
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Multi Agent Architectures

21st March 2013

• MAS can have be centralised or decentralised (peer-to-peer/P2P).

• So-called middle-agent will play role of coordinator in a centralised 
architecture.

• Increasing interest in achieving coordination in P2P systems.
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Network Architectures

21st March 2013

• So far, mainly assumed some kind of centralised client/server architecture.
 
• Workflow systems are centralised:

• workflow manager orchestrates the components services;

• although data flow is conceptually via the services, in practise, goes via 
manager.

• But Service Oriented Architectures can equally well be decentralised
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Centralised: Coordination via Central Controller

21st March 2013
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Workflow Example

21st March 2013
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Coordination via Middle Agents

21st March 2013

• Middle-agents:
• specialised agent
• assists in locating service providers
• connects service providers with service requesters

 
• Two important types of middle-agent:

Matchmaker:    receives advertisements and matches with requests.
Broker:            like matchmaker, but also processes the requests. 

Cf.  http://www.cs.cmu.edu/~softagents/middle.html
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Service Matchmaking

21st March 2013
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Service Matchmaking

21st March 2013

� � � � � �

7IVZMGI�1EXGLQEOMRK

Match-
maker

Provider

Request for Service

Reply Provider Names

Requestor

Advertise Service

1MGLEIP�6SZEXWSW �7GLSSP�SJ�-RJSVQEXMGW 1YPXM�EKIRX�7IQERXMG�;IF�7]WXIQW�%KIRX�'SSVHMREXMSR ���1EVGL����� ������
� � � � � �

7IVZMGI�1EXGLQEOMRK

Match-
maker

Provider

Request for Service

Reply Provider Names

Requestor

Advertise Service

Request for Service
Reply Result of Service

1MGLEIP�6SZEXWSW �7GLSSP�SJ�-RJSVQEXMGW 1YPXM�EKIRX�7IQERXMG�;IF�7]WXIQW�%KIRX�'SSVHMREXMSR ���1EVGL����� ������



Fiona McNeill Multi-agent Semantic Web Systems: Coordination 10/33

Service Brokering
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Decentralised: Peer-to-Peer

21st March 2013
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From services to agents

21st March 2013

• Services provide decentralisation, interoperability, and encapsulation 
of state

• Traditional service composition requires service orchestration
• In our examples so far: centralised workflow
• One process co-ordinates execution and data flow
• Similar to client-server model, despite notion of protocol

• Peer-to-Peer architectures are different
• Components take initiative to participate
• No central point of control
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From services to agents

21st March 2013

• Service choreography provides more decentralisation

• Open interaction protocol specifications (no standard language)

• Semantic description of constraints to be satisfied by peers

• Peers can subscribe to protocols they can satisfy

• Discovery may or may not be enabled by centralised service

• This assumes autonomous, self-directed action by the peers 

• ... and brings us to the notion of autonomous agents
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Peer-to-Peer Architectures

21st March 2013
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Peer-to-Peer Architectures

21st March 2013

• Peers interact directly with each other, usually without central 
coordination.
• Each peer has autonomy over its own resources.
• Within a set of peers, each uses resources provided by other peers.
• Peers can act as both clients and servers; i.e., no intrinsic asymmetry of 
role.
• Performance considerations may dictate some centralised elements in P2P 
systems — leads to hybrid P2P systems.
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Hybrid: Peers and Super-Peers

21st March 2013
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Broadcast
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Multicast, 1

21st March 2013
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Multicast, 2

21st March 2013
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Coordination Problem

21st March 2013

• Simplistic WS Model:
• “one-shot” interactions:
• client sends a request message to a single service operation and receives a 
response message.

• In practise, we want to allow more complex kinds of interaction:
• multiple operations,
• multiple messages exchanged,
• messages sequenced in a particular order,
• multiple parties involved in the interaction.

• How do we ensure that such interactions are
• coordinated?
• correct?
• robust to failures?
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Interaction Protocols

21st March 2013

• ACLs define syntax, semantics and performative aspect of individual 
messages.

• How do messages become organised into a coherent conversation?

• Interaction protocols govern the exchange of series of messages.

• Define patterns of admissible sequences.

• Often formalised by UML sequence diagrams in FIPA
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Protocol Design

21st March 2013

1. Describe the interaction capabilities of the agents.

2. Clarify the type of messages involved.

3. Explain possible message sequences.

4. Specify the (internal) states of the agents.

5. Encode the protocol in a diagram (e.g., in AgentUML).
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Contract Net Protocol, 1

21st March 2013

• Forms part of larger framework: cooperative distributive problem solving. 
• Focusses on task allocation among communicating agents.
• Primary concerns: distributed control, achieving reliability, and avoiding 
bottlenecks.

1. Manager announces one or more tasks.
2. Agents bid to perform them.
3. Manager uses an evaluation function to rank the bids (e.g., choose the 
cheapest)
4. Uses the agents’ private knowledge for task allocation.
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Contract Net Protocol, 2

21st March 2013

1. Agent recognises it has a problem it needs help with.

2. Has a goal, and either cannot or prefers not to achieve it in isolation 
(own capability, deadline, etc)

3. The collection of nodes is the “contract net”

4. Each node on the network can, at different times or for different tasks, be 
a manager or a contractor

5. When a node gets a composite task (or can’t solve its present task), it
• breaks it into subtasks (if possible)
• announces them (acting as a manager),
• receives bids from potential contractors, then
• awards the job
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Contract Net Protocol

21st March 2013
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Limitations of Contract Net

21st March 2013

• Before sub-problems can be distributed, problem decomposition 
needs to be performed.

• Communication produces overhead and can be slow.

• Problems must have right granularity (rather coarse).

• Recognition stage (agent realises that it needs help with a problem) 
is not explicitly covered.
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Agent Roles

21st March 2013

• Protocols give us a way of specifying a class of legal interactions between 
agents.

• However, we often want to have higher-level ways of describing agent 
behaviour.

• Key notion: role that is assigned to an agent. Roles determine rights, 
duties and opportunities.

• The role assumed by an agent limits its possible actions. 

• Example roles in interaction: seller, buyer, auctioneer
• Seller must own goods before submitting them for sale.
• Buyer may submit bids if credit standing is good.
• Auctioneer may offer goods and accept bids.
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Electronic Institutions, 1

21st March 2013

• Agent counterpart of human organisations.  

• Specifies norms and rules to govern interaction.

• Conversation protocols are grouped into scenes.

• Agents participate in scenes by virtue of a role — can play different roles 
in different scenes.

• Example scenes (for auction):
• admit buyers
• admit sellers
• carry out auction
• settlement (i.e., paying for goods)

• Scenes play a similar role to policies; determine who can do what, when.
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Electronic Institutions, 2

21st March 2013

• Scenes are connected into a performative structure;

• latter governs how agents can move from one scene to 
another.

• E.g., admit buyer precedes auction,  auction precedes 
settlement 

• Norms govern transitions between scenes.
• E.g., a buyer agent that wins a bid is obliged to pay for the 
good.
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Interaction Models

21st March 2013

• Higher level structures govern more abstract aspects of interaction.

• Policy languages and electronic institutions: two ways of representing 
rights and obligations of agents.

• Key notions from electronic institutions:

scene:    bounded space in which a group of agents interact on a  
             shared task.
role:       fixed until the end of scene; determines which parts of a  
             protocol an agent can execute; multiple agents can take on  
             the same role.
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 Example Interaction Models
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Trust & Matching Algorithms for Selecting Suitable Agents A:5

in the term a(Role Name,Player), and each must have a set of messages they must
send and receive, and the constraints they must satisfy to be able to pass the mes-
sages. Message passing is indicated by a double arrow, whereas the constraints that
must be satisfied in order to allow a particular message to be sent are indicated by
a single arrow. An IM must provide this information for every role, and they must
be compatible across the different roles: in our example, the player of the police role
must send a message water level(Location) to the player of the sensor role; therefore
the sensor role must expect this message from the police role.

The meaning of an LCC interaction is encoded in the constraints. The purpose of
the messages is to share information about the instantiation of variables, and to make
it explicit what stage the interaction is at. It is possible, for example, to relabel wa-
ter level(Location) as message1(Location), and informative names are chosen only to
aid human readability. The naming of constraints, however, is crucial, and encodes
information about what the constraint means. For example, in order to send the first
message, the police agent must satisfy the constraint suitable loc(Entity,Location). If
the police agent has been designed with this particular interaction in mind, or if the
IM was designed by the same person who designed the police agent, it is likely that
this exactly reflects the organisation of data in the police agent’s data source, and it
will be able to unify this constraint with a fact in its database and return the answer.
However, in an open environment, where IMs are often reused by different parties, it
will often happen that the police agent does have information about suitable locations,
but does not represent it in exactly this fashion. Our matching techniques (see Section
4) allow the police agent to match its own representation to that of the constraint, so
that it can still satisfy the constraint. This match will often not be perfect (if the infor-
mation content of the two terms is similar but not identical), so the agent’s ability to
satisfy a constraint will not be perfect. If an agent cannot satisfy a constraint either
through unification or matching, then it is unable to perform the role. Once constraints
have been satisfied, messages are passed automatically.

a(police, P ) ::
water level(Location)⇒ a(sensor, S)← drop off (Entity) ∧ suitable loc(Entity, Location) then
water level(Location, Level)⇐ a(sensor, S) then
drop off (Entity, Location)⇒ a(firefighter ,F )← safe level(Level).

a(sensor, S) ::
water level(Location)⇐ a(police, P ) then
water level(Location, Level)⇒ a(police, P )← detect(Location, Level).

a(firefighter ,F ) ::
drop off (Entity, Location)← drop off (Entity, Location)⇐ a(police, P ).

Fig. 1. Sample interaction model scpecified in LCC

The first step in enacting an IM is to determine which agent should take on which
role. Agents must subscribe to roles which they wish (and believe they are able) to
play. Before interaction, they can look at which agents are signed up to other roles and
decide which of these agents, if any, they wish to interact with. Once all agents have
made these decisions, a negotiation agent will assign roles in a way that respects these
issues.

Determining how one can decide which other agents it is most advantageous to in-
teract with is the question that this paper addresses. For example, in the above IM,

ACM Transactions on Intelligent Systems and Technology, Vol. V, No. N, Article A, Publication date: January YYYY.

Key elements:
• role denomination: a(roleName,Agent)
• role denomination :: role definition
• Message passing:

• to ⟹ from, or from ⟸ to

• Preconditions: ⟵
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Summary: Architecture

21st March 2013

• Centralised vs. peer-to-peer architectures.

• Middle-agent acts as coordinator in a centralised architecture.
• Matchmaker vs. broker
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Summary: Protocols

21st March 2013

• Protocols determine possible messages and their sequencing. 

• Contract Net protocol is one of the oldest and most widely used.



Fiona McNeill Multi-agent Semantic Web Systems: Coordination 33/33

Reading
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• Walton, Chap 6.

• Wooldridge, esp Chaps 1, 2, 8. 

• Passin, Chap 9.


