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Motivation & Goal |

e multi-agent systems (MAS) impose heterogeneous requirements on
the interaction means and paradigms
e e.g., message-passing vs. shared space, synchronous vs. asynchronous,
proactive vs. reactive, etc.
e e.g., software agents vs. physical devices

@ coordination approaches can be classified according to diverse criteria

means of interaction—e.g. messages vs. tuples

synchronism of interaction primitives—synchronous vs. asynchronous
programming style—e.g. reactive (actors), vs. pro-active (agents)
objective or subjective [0003], depending on who is responsible for the
“burden of coordination”—agents themselves or a third-party
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Motivation & Goal Il

@ respecting agents’ autonomy is a foremost issue in design of
coordination models for MAS

I reactive programming styles often lead to inversion of control
I' synchronous semantics without adequate uncoupling leads agents to
passively withstand the outcomes of coordination

provide MAS designers with seamless support to multi-paradigm
coordination while preserving autonomy of agents

v agents deliberatively adapt coordination paradigm and interaction means
based on static preference or run-time contingencies

v such a choice does not affect negatively other agents’ activities
= focus on JADE [BPR99], Jason [BHWO07], and TuCSoN [0Z99]
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State-of-Art Agent-oriented Frameworks
Outline

© State-of-Art Agent-oriented Frameworks
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JADE
JADE in a Nutshell |

JADE [BPR99] is a Java-based framework and infrastructure to develop
and deploy agent-based distributed applications in compliance with FIPA
standard specifications for interoperable MAS

@ autonomy of agents is supported by the behaviour abstraction
I' Java objects executed pseudo-concurrently within a single thread by a
hidden non-preemptive round-robin scheduler

I behaviours switch only at completion—in the meanwhile no other
behaviour can execute

I' behaviours execute from the beginning every time—no way to
“stop-then-resume” a behaviour at arbitrary statements
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JADE
JADE in a Nutshell [l

@ coordination adopts the subjective stance through the agent
communication channel (ACC), providing asynchronous
message-passing

e agents have a mailbox where incoming communications wait to be
pro-actively considered

o receive() vs. blockingReceive() for (a)synchronously retrieving
messages

I' "block-then-resume” pattern to avoid hindering autonomy of agents
with blockingReceive ()—blockingReceive() suspends the agent
as a whole, method block() suspends only the caller behaviour,
automatically resumed by JADE upon reception of any message
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JADE
JADE in a Nutshell [l

@ ...on top of which FIPA protocols (e.g. Contract Net [Smi80] and
Achieve Rational Effect [Fou02]) are designed and provided as
callback frameworks

o callback methods correspond to each interaction step (message to be
received or sent)

e promote a reactive programming style, where agents synchronously
wait for messages

v/ internally implemented abiding to the block-then-resume pattern to
keep responsiveness to other interactions
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State-of-Art Agent-oriented Frameworks Jason

Jason in a Nutshell |

Jason [BHWO7] is a development framework and runtime system for BDI
agents implemented in a dialect of AgentSpeak [Rao96]

@ autonomy of agents is supported by the plan / intention BDI
abstractions
e a plan is scheduled as soon as a triggering event occurs
e not directly executed “as is” but instantiated as an intention

I intentions are pseudo-concurrently executed one action each according
to a single-threaded round-robin scheduler
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State-of-Art Agent-oriented Frameworks Jason

Jason in a Nutshell 1l

@ coordination adopts the subjective stance through an asynchronous
message passing layer

e no explicit receive primitive involved, nor a mailbox to monitor:
depending on illocutionary force of messages, reception causes different
events triggering execution of plans

e tell primitive to add a belief to the belief base of receiver agent,
causing a belief addition event handled by plans starting with +b clause
head—thus messages can be either re-actively or pro-actively
considered

v asynchronous vs. synchronous askOne primitive to query another
agent's belief base—caller intention only (not the whole agent) is
suspended, then automatically resumed when possible
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TuCSoN
TuCSoN in a Nutshell |

TuCSoN [0Z99] is a Java-based, (logic) tuple-based coordination model
and infrastructure for open, distributed MAS, providing objective
coordination as service through ReSpecT tuple centres [OD01]

@ TuCSoN preserves autonomy of agents through agent coordination
contexts (ACC) [Omi02] ...
v/ assigned to agents as they enter a TuCSoN-coordinated MAS, for

uncoupling synchronism of coordination operations invocation from
suspensive semantics of coordination primitives

e mapping operations to events asynchronously dispatched to ReSpecT
tuple centres
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TuCSoN
TuCSoN in a Nutshell 1l

@ ...and "two-phases’ execution of coordination operations

e invocation vs. completion phase: in the former, operation request is
dispatched to the target tuple centre; in the latter, its response is sent
back to the invoker

I' synchronism of invocation (un)couples the fate of the coordination
operation w.r.t. that of the invoker agent—e.g. a suspensive LINDA in
[Gel85]

I if (a)synchronous invocation is deliberatively chosen by agents, they
(do not) get suspended, too, if the operation gets suspended
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Enabling Multi-paradigm Coordination
Outline

© Enabling Multi-paradigm Coordination
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TuCSoN4JADE: Objective Coordination for JADE
TuCSoN4JADE in a Nutshell

v/ autonomy-preserving integration presented in [MOS14]

I main issue is making TuCSoN synchronous invocation mode
compatible with JADE concurrency model based on behaviours

X direct APl access hinders agents autonomy: control flow is coupled to
that of coordination operations, which is harmful in case of
synchronous invocation [ORV104]

= TuCSoN4JADE: bridge component suitably suspending / resuming
caller behaviours depending on outcome of coordination operations

http://apice.unibo.it/xwiki/bin/view/TuCSoN/4JADE J
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TuCSoN4Jason: Objective Coordination for Jason
TuCSoN4 Jason in a Nutshell

I main integration issue is making TuCSoN synchronous invocation
semantics compatible with Jason concurrency model based on
intentions

X direct APl access — trough Jason internal actions — hinders agents
autonomy as in the case of JADE

= TuCSoN4Jason: fine-grained integration of TuCSoN two-phases
execution with Jason intention suspension mechanism, properly
suspending / resuming caller intentions depending on outcome of
coordination operations

http://apice.unibo.it/xwiki/bin/view/TuCSoN/4Jason J
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TuCSoN4Jason: Objective Coordination for Jason
TuCSoN4 Jason: Architecture |

@ custom agent architecture enabling customisation of the BDI engine
hidden behind each Jason agent
o dispatches operation requests and responses
e tracks pending and completed operations
@ operation completion listener enabling TuCSoN to couple its
invocation semantics with Jason intention suspension mechanism
o dispatches notifications of operation completion
v (automatically) resumes suspended intentions when their result
becomes available
© custom internal actions enabling Jason agents to request TuCSoN
coordination services and inspect operations outcome
e provides Jason agents coordination primitives
v/ primitive getResult handles (automatic) intention suspension when
result of a getter primitive (such as in) is not yet available
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TuCSoN4Jason: Objective Coordination for Jason

TuCSoN4 Jason: Architecture Il
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Enabling Multi-paradigm Coordination TuCSoN4Jason: Objective Coordination for Jason

TuCSoN4 Jason: Flow of Interactions |

@ upon internal action call the custom agent architecture (T4JnArch)
asynchronously dispatches operation request to TuCSoN

@ then it tracks pending state of operation and spawns a dedicated
completion handler (TucsonResultsHandler)

© upon operation completion the handler is notified by TuCSoN with
the result

@ state of the operation is changed from “pending” to “completed”

© if needed, the suspended intention within which getResult () was
called is resumed
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TuCSoN4Jason: Objective Coordination for Jason
TuCSoN4Jason: Flow of Interactions Il
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TuCSoN4Jason: Objective Coordination for Jason
TuCSoN4 Jason: Implementation |

Behind the scenes

I any TuCSoN4 Jason internal action has an asynchronous invocation
semantics, so that agents are free to choose when to risk suspension
(of the caller intention only) by calling getResult ()

= when doing so, TuCSoN4Jason checks if operation result is available

e if it is, the current intention can proceed
e otherwise the intention gets suspended
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TuCSoN4Jason: Objective Coordination for Jason
TuCSoN4 Jason: Implementation Il

// result NOT available
if (!(results.containsKey(actionId))) {
Circumstance ¢ = ts.getC();
// suspend calling intention
Intention i = c.getSelectedIntention();
this.suspendIntention = true;
i.setSuspended (true);
c.addPendingIntention (
jason.stdlib.suspend.SELF_SUSPENDED_INT
+ i.getId(), i);
// track suspended intention
arch.getSuspendedIntentions ().put(actionId, i);
mutex.unlock(); // thread-safety
return true;

Figure: Intention suspension when getResult () is called with no result available
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Enabling Multi-paradigm Coordination TuCSoN4Jason: Objective Coordination for Jason

TuCSoN4 Jason: Implementation Il

// corresponding action caused suspension
if (this.suspendedIntentions.containsKey(this.actionId)) {
Intention suspendedIntention = this.suspendedIntentions
.remove (this.actionId);
this.mutex.unlock(); // thread-safety
// parse result
Circumstance ¢ = this.ts.getC();
Iterator<String> ik = c.getPendinglIntentions().keySet().iterator ();
while (ik.hasNext()) { // scan pending intentions
String k = ik.next ();
if (k.startsWith(suspend.SUSPENDED_INT)) {
Intention i = c.getPendingIntentions ().get(k);
if (i.equals(suspendedIntention)) { // find intention
i.setSuspended(false);
ik .remove ();
// other reasoner-related stuff
c.resumelntention(i);

Figure: Resuming a suspended intention when its result becomes available
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TuCSoN4Jason: Objective Coordination for Jason
TuCSoN4Jason: Wrap Up

TuCSoN4 Jason lets Jason agents simultaneously adopt different
coordination paradigms and means, depending on run-time needs, without
them hindering each other nor any other ongoing interaction activities

v subjective coordination = Jason asynchronous message
passing—handled, e.g., reactively through belief addition events (+b)

v/ objective coordination = TuCSoN4Jason facilities
v synchronous TuCSoN operations = follow an operation invocation
with immediate call to getResult ()
v asynchronous TuCSoN operations
v/ pro-active programming style = call getResult() in the Jason plan
when the information is needed
v/ reactive programming style = call getResult() in a parallel plan
dedicated to handling operation result
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Multi-paradigm Coordination at Work
Multi-paradigm ContractNet: Scenario

@ contract net protocol (CNP) [Smi80] re-interpreted in a
multi-paradigm coordination setting
I a single call-for-proposals (CFP) tuple in a shared contract-net space is
more efficient than messaging each seller = tuple-based CFP
I' purchase is typically a 1-to-1 interaction = message-based purchase
@ Book trading scenario
o n seller agents advertise their catalogue of books
e m buyer agents browse such catalogues looking for books
e buyers start a CFP
e sellers reply with actual proposals
e buyers choose which one to accept
I concurrency property = sellers should stay reactive to CFPs in the
middle of a purchase transaction—besides multiple CFPs or purchases

Paradigmatic example of practical relevance of preserving autonomy
while enabling multi-paradigm coordination
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Multi-paradigm Coordination at Work
Multi-paradigm ContractNet: Naive Approach |

@ no TuCSoN4Jason = just call TuCSoN API

I while the seller replies to CFPs, or carries on purchase orders, waiting
for further CFPs causes suspension of the intention—due getter
primitives suspensive semantics

@ this is fine: it is exactly for this suspensive semantics that the LINDA
model works—thus, TuCSoN

X what is not-so-fine is that being the getter operation stuck, the caller
agent as a whole is stuck too, and cannot schedule other intentions in
the meanwhile

Concurrency property is lost = autonomy of agents hindered )
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Multi-paradigm Coordination at Work
Multi-paradigm ContractNet: Naive Approach Il
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Multi-paradigm Coordination at Work
Multi-paradigm ContractNet: TuCSoN4Jason Approach |

@ TuCSoN4Jason = call TuCSoN4Jason API

I while the seller replies to CFPs, or carries on purchase orders,
...same as before )

@ again, this is fine: as before :)

v what is now fixed is that suspensive semantics is confined to the caller
intention, by the bridge

= only the caller intention is suspended, whereas other activities can
carry on in the meanwhile

Concurrency property holds = autonomy of agents preserved, too J
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Multi-paradigm Coordination at Work
Multi-paradigm ContractNet: TuCSoN4_Jason Approach Il
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Which Impact?

Enabling multi-paradigm coordination along a number of orthogonal
dimensions of coordination

@ objective vs. subjective stance

@ synchronous vs. asynchronous invocation

@ pro-active vs. reactive programming style

brings about many requirements, especially whenever coordinables are
allowed to change coordination paradigm and means at run-time

Technologies like TuCSoN4Jason and TuCSoN4JADE are key-enablers for
applications featuring distributed and heterogeneous components which
@ depend on communication and coordination to carry out their duties
@ require diverse coordination means depending on both their own
capabilities and run-time contingencies
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