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THE PROBLEM/OBJECTIVE
> sw components with  autonomous + reactive behavior
> models, programming abstractions?

DEALING IT WITH ACTORS: LIMITS
> reactivity principle pros & cons

A SOLUTION BASED ON AGENTS
> control architecture for pro-activity + re-activity
> simpAL programming abstraction

OUTLINE
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INTEGRATING AUTONOMOUS & 
REACTIVE BEHAVIORS

Building autonomous components that are capable of
> ...promptly react to events...
> ...while pro-actively doing some (possibly infinite) 
     set of actions
> keeping a clean & modular program design

Many examples in different domains
> web crawler reacting to user inputs 
> distributed algorithms (mutex, election,..)
> control systems 
> ...



Algorithm 10.2: Ricart-Agrawala algorithm
integer myNum ¿ 0

set of node IDs deferred ¿ empty set

integer highestNum ¿ 0

boolean requestCS ¿ false

Main
loop forever

p1: non-critical section

p2: requestCS ¿ true

p3: myNum ¿ highestNum + 1

p4: for all other nodes N

p5: send(request, N, myID, myNum)

p6: await reply’s from all other nodes

p7: critical section

p8: requestCS ¿ false

p9: for all nodes N in deferred

p10: remove N from deferred

p11: send(reply, N, myID)

M. Ben-Ari. Principles of Concurrent and Distributed Programming, Second edition

c≠ M. Ben-Ari 2006 Slide 10.13

Algorithm 10.2: Ricart-Agrawala algorithm (continued)

Receive
integer source, requestedNum

loop forever

p1: receive(request, source, requestedNum)

p2: highestNum ¿ max(highestNum, requestedNum)

p3: if not requestCS or requestedNum º myNum

p4: send(reply, source, myID)

p5: else add source to deferred

M. Ben-Ari. Principles of Concurrent and Distributed Programming, Second edition

c≠ M. Ben-Ari 2006 Slide 10.14

Distributed
mutual
exclusion
example [*]

[*] Principle of Concurrent and Distributed Computing. Ben Ari. Addison Wesley



> Integrating threads and events
> Events without inversion of control
> Asynchronous programming without spaghetti
....

RELATED PROBLEMS...
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TACKLING THE PROBLEM WITH 
ACTORS

ACTOR SEMANTICS
> based on pure reactivity principle
   = an actor dormant until a message is received

=> pro-activity must be implemented 
     through reactivity

> macro-step semantics
   = received msgs are processed one at a time in a
   single atomic step = all actions taken in response 
   to the given message
> analogous to event-loop frameworks 
   (run-to-completion semantics)
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• an actor doing a task TaskT, which can be 
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A SIMPLE CASE STUDY

Studying the problem using:
> ActorFoundry
   = Java framework with a rigorous actor semantics
> Erlang 
   = explicit receive (like Scala Actors, ...)

• an actor doing a task TaskT, which can be 
decomposed in sub-tasks ta, tb, tc 

• TaskT requires to promptly react to a message react 
that can be sent in any moment while doing TaskT

• upon receiving react, the actor must interrupt its 
current activity and do a sub-task td



FIRST SOLUTION IN ACTOR-FOUNDRY
public class TestActor0 extends Actor {
  private int c = 0;

  @message
  public void doTaskT() {
    ta();
    tb();
    tc();
  }
  
  @message
  public void react() {
    call(stdout, "println","react! "+c);
  }
  
  private void ta(){ c = c + 1; }
  private void tb(){ c = c + 1; }
  private void tc(){ c = c + 1; }
}



FIRST SOLUTION IN ACTOR-FOUNDRY
public class TestActor0 extends Actor {
  private int c = 0;

  @message
  public void doTaskT() {
    ta();
    tb();
    tc();
  }
  
  @message
  public void react() {
    call(stdout, "println","react! "+c);
  }
  
  private void ta(){ c = c + 1; }
  private void tb(){ c = c + 1; }
  private void tc(){ c = c + 1; }
}

PROBLEM
> reactivity shadowed
   = unique msg printed:
      react! 3



PARTIALLY
IMPROVED 
SOLUTION

public class TestActor1 extends Actor {
  private int c = 0;

  @message
  public void doTaskT() {
    send(self(), "doingTa");
  }

  @message
  public void doingTa() {
    send(self(), "doingTb");
    ta();
  }  

  @message
  public void doingTb() {
    send(self(), "doingTc");
    tb();
  }  
  ...
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PARTIALLY
IMPROVED 
SOLUTION

public class TestActor1 extends Actor {
  private int c = 0;

  @message
  public void doTaskT() {
    send(self(), "doingTa");
  }

  @message
  public void doingTa() {
    send(self(), "doingTb");
    ta();
  }  

  @message
  public void doingTb() {
    send(self(), "doingTc");
    tb();
  }  
  ...
  @message
  public void react() {
    call(stdout, "println","react! "+c);
  }
}

More reactive but tricky design
> to recover reactivity => 
   need to break into multiple
   msg handlers + self-sending
> decomposition driven by the
   granularity of reactivity
   (vs. task complexity)



ERLANG SOLUTION
test_actor() ->
    self() ! doTaskT, loop(0).
loop(C) ->
    receive 
      doTaskT -> 
        C1 = ta(C),
        self() ! doingTb,
        loop(C1);
      doingTb -> 
        C1 = tb(C),
        self() ! doingTc,
        loop(C1);
      doingTc -> 
        C1 = tc(C),
        loop(C1);
      react -> 
        io:format("react! ~w~n", [C]),
        loop(C)
    end.

ta(C) -> C+1.
...



ERLANG SOLUTION
test_actor() ->
    self() ! doTaskT, loop(0).
loop(C) ->
    receive 
      doTaskT -> 
        C1 = ta(C),
        self() ! doingTb,
        loop(C1);
      doingTb -> 
        C1 = tb(C),
        self() ! doingTc,
        loop(C1);
      doingTc -> 
        C1 = tc(C),
        loop(C1);
      react -> 
        io:format("react! ~w~n", [C]),
        loop(C)
    end.

ta(C) -> C+1.
...

Solution with explicit 
receive
> same “artificial”  
   decomposition & 
   self-sending pollution...
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TACKLING THE PROBLEM WITH 
AGENT-ORIENTED ABSTRACTIONS

Agent abstraction 
> modeling autonomous components capable of
   achieving tasks 
> conceptual extension/specialization of actors

Agent-Oriented Programming in simpAL
> programs as organizations of agents working in 
   a shared environment

WORKSPACE B

observe
use

communicate with

ARTIFACTS

ARTIFACTS

WORKSPACE A

AGENTS
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PRO-ACTIVITY PRINCIPLE 

Key feature of the agent model for our problem

Actors => reactivity principle
Agents => pro-activity principle 

> tasks as first-class concepts
> an agent acts because of a task to do
   (state condition)
> not (only) because of a message to handle
   (event condition)
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EXTENSION OF THE CONTROL 
ARCHITECTURE

Actors => event loop

cialize, depending from the view point) Object-Oriented
Programming (OOP) and actor-based approaches [31]. To
this purpose we designed simpAL [30], a programming lan-
guage that provides agent-oriented first-class abstractions to
deal with aspects related to concurrency, I/O, asynchronous
event management, distribution—and then using OOP for all
those parts that concern pure computation and data structure
modeling. In this paper we discuss in detail those aspects of
the simpAL agent model that allow for natively integrating
autonomous and reactive behavior.

3.1 From Reactivity to Pro-Activity Principle
Agents in simpAL can be generally defined as software com-
ponents which are designed to accomplish autonomously
tasks, both by exploiting the computational environment
where they are situated and by communicating with other
agents. Therefore, differently from objects and actors, agents
are not based on the reactivity principle, since they do some-
thing not necessarily only when receiving a message, but be-
cause they have one or multiple tasks to accomplish. In that
sense, we can say that they are based on a pro-activity princi-
ple, autonomously choosing and executing actions in order
to fulfill some tasks. Autonomously means that they fully
encapsulate the decision about what to do and the control of
their execution.

Actions are defined by the environment, which is mod-
ularized in terms of first-class abstractions called artifacts,
conceptually representing tools and resources shared and
used by agents to do their individual and cooperative tasks.
Artifacts are used to model non-autonomous computational
entities of the program that can be dynamically created and
disposed by agents, and that provide some kind of func-
tionality to agents. Examples of artifacts are a blackboard,
a bounded-buffer, a shared counter. Artifacts provide opera-
tions (e.g., put and get for a bounded buffer) which corre-
spond to the actions that agents can do. So the repertoire of
actions that an agent can do is dynamic and depends on the
set of artifacts available in the environment.

Along with pro-activity, agents typically need to be also
reactive, that is: in order to fulfill a task, they have to act upon
the environment but also to react to asynchronous events
that concern, for instance, some change in the environment
observable state. This is represented by artifact observable
properties, i.e. state variables that can be modified by the
execution of operations. Like actors, agents are reactive also
to messages sent by other agents. It is worth noting that
pro-activity could be defined in terms of being reactive but
not only to events – e.g. the assignment of a task to do,
communicated by another agent – but to also a state, i.e.
having a task which has not been fulfilled yet.

3.2 From Actor Event Loop to Agent Control Loop
In order to integrate pro-activity and re-activity, the control
architecture adopted in agents extends the actor one, based
on event-loop. From a behavioral point of view, actors can be

conceived as processes continuously executing the following
loop, sometimes called event loop [26]1:

Algorithm 1 Actor Event Loop
1: while true do
2: msg  PICKMSGFROMMSGQUEUE()
3: method SELECTHANDLER(msg)
4: EXECUTE(method)

5: end while

All the extensions introduced in literature, such as mak-
ing it explicit the receive primitive or providing a way to
order the messages to receive, can be finally translated into
this basic loop [6]. Two aspects are important in particular
for this paper: (i) if no messages are available in the queue,
the loop is blocked (this is consistent with the reactivity prin-
ciple); (ii) the method selected for handling a message must
be executed until completion, atomically, before fetching the
next message—this is also called macro-step semantics [6].

The loop characterizing agent execution (agent control
loop or reasoning cycle) in simpAL – inspired by the BDI
model/architecture [29] – can be considered an extension of
the actor event loop and is composed by three conceptual
stages – sense, plan, act – that are cyclically executed:

Algorithm 2 simpAL Agent Control Loop
1: while true do
2: . SENSE stage
3: if external events queue not empty then
4: ev  PICKEXTEVENT()
5: UPDATEAGENTSTATE(ev)
6: end if
7: . PLAN stage
8: if new tasks todo then
9: for each new task to-do task do

10: plan SELECTPLAN(task, belBase, planLib)
11: CREATENEWINTENTION(plan, task)
12: end for
13: end if
14: actList []
15: for each ongoing intention i do
16: if TASKFULFILLED(i) then
17: DROPINTENTION(i)
18: end if
19: actList actList+ SELECTACTIONS(i, belBase)
20: end for
21: . ACT stage
22: for each action act in actList do
23: EXECUTE(act)
24: end for
25: end while

1 Event loops are widely recognized to be part of the actor model by re-
search community working on actors but Carl Hewitt: “[...] In any case,
’event loop’ is confusing terminology because there can be “holes in the
cheese.” [Hewitt and Atkinson 1979, ActorScript], which means code is just
nested expressions (i.e. no loop)...” http://lambda-the-ultimate.

org/node/4453

4 2012/10/8
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TASKS 
> description of a job to be done
> task types grouped in roles
> roles = agent types

PLANS 
> specify how to accomplish tasks
> collected in scripts
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role Thermostat {!
  task KeepTemperature { 
    input-params {
      targetTemp: double
    }
    output-params {
      ...
    }
    understands {
      newThreshold:double
    }
  }

  task AchieveTemperature { 
    ...
  }
  ...
}
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TASKS AND PLANS AS PROGRAMMING 
ABSTRACTIONS in simpAL

TASKS 
> description of a job to be done
> task types grouped in roles
> roles = agent types

PLANS 
> specify how to accomplish tasks
> collected in scripts
> loaded dynamically by agents into their plan library

agent-script ACMEThermostat 
              implements Thermostat {

  energyLevel: double;
  ...

  plan-for KeepTemperature 
         context: energyLevel > 10{
 ! ...
  }

  plan-for KeepTemperature 
         context: energyLevel <= 10{
 ! ...
  }

  plan-for AchieveTemperature { ... }

}



TASKS AND PLANS AS PROGRAMMING 
ABSTRACTIONS in simpAL

TASKS 
> description of a job to be done
> task types grouped in roles
> roles = agent types

PLANS 
> specify how to accomplish tasks
> collected in scripts
> loaded dynamically by agents into their plan library
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PLAN MODEL IN simpAL

> set of action rules specify how to act and react
    each rule: when to do what  (ECA-like):

("when"|"every-time")[Ev][":" Cond] => Act [#lbl]

> can describe any arbitrary combination of sequence 
of actions with reactions = actions to be taken if/when/
every-time some event/condition hold

> syntactic sugar for representing more frequent 
control pattern (e.g. sequence)

PLAN BODY

> can be organized in possibly nested action rule blocks



ACTION RULE EXEC SEMANTICS

> in PLAN stage, every action rule ar such that the
   when condition is satisfied is collected 
> in the ACT stage actions of triggered rules are 
   executed
> triggered actions can be action rule block
   (=> pushed on the rule block stack)
   (=> ~interrupting current action rule block)



THE ABSTRACT EXAMPLE
agent-script TestScript implements RoleR {
  c: int = 0;
  
 plan-for TaskT completed-when: is-done tc {!
    do-task new-task Ta();
    do-task new-task Tb();
    do-task new-task Tc() #tc

    when told this-task.react 
              => using: console@main {
      println(msg: "react! "+c)
    }
  }

  plan-for Ta { c = c + 1  }!
  plan-for Tb { c = c + 1  }!
  plan-for Tc { c = c + 1  }!
  
  /* private tasks */
  task Ta{}
  task Tb{}
  task Tc{}
}

role RoleR {!
  task TaskT { 
    input-params {}
    output-params {}
    understands {
      react: boolean
    }
  }
}



ASYNCHRONOUS PROGRAMMING

agent-script MyClient implements Client {!  
  inputGUI: UserView
  ...
  plan-for UseServices  using: inputGUI 
                        completed-when: stopped {
    always => 
           completed-when: (is-done reqC || stopped)
           using: serviceA, serviceB {
      
      doReqA() #reqA 
      doReqB() #reqB
      when is-done reqA && is-done reqB 
                             => using:serviceC {
        doReqC() #reqC
      }
    }
  }
}



EVENT PROGRAMMING WITHOUT 
INVERSION OF CONTROL

usage-interface CounterUI {
  obs-prop count: int;
  operation inc();!
}

artifact Counter implements CounterUI {  
  init() { count = 0; }  !
  operation inc () { count = count + 1; }
}

role Observer {
  task Observing {
    input-params {
     sharedCounter: CounterUI;
}}}

agent-script ObserverScript implements Observer {
  plan-for Observing using: console@main {
    println(msg: "start observing...");
    using: this-task.sharedCounter {
      every-time changed count => {
        println(msg: "new count perceived! ")
}}}}



agent-script TestScript implements RoleR {!
  ...
  plan-for TaskT completed-when: is-done tc || is-done td {!
     do-task new-task Ta();
     do-task new-task Tb();
     do-task new-task Tc() #tc

     when told this-task.react => using: console@main {
       drop-all-tasks ;
       forget-old-plans ; 
       println(msg: "react! "+c) ;
       do-task new-task Td() #td
     }
  }  
  
  plan-for Td using: console@main {...}!
  ...  
}

MANAGING TASKS AS FIRST-CLASS ENTITIES



MANAGING TASKS AS FIRST-CLASS ENTITIES
 plan-for TaskT completed-when: is-done tc {!
    ta: Ta = new-task Ta();
    do-task ta;
    tb: Tb = new-task Tb();
    do-task tb;
    ...
    when told this-task.react : 
              is-ongoing ta || is-ongoing tb => ! !
        using: console@main 
        completed-when: is-done te || is-done newTc {!
      te: Te; newTc: Tc;
      forget-old-plans ;
      atomically: {
        println(msg: "react! "+c) ;
        if (is-ongoing ta) {
          drop-task ta ;
          newTc = new-task Tc() ;
          assign-task newTc ; 
        } else-if (is-ongoing tb) {
          te = new-task Te( prev: tb) ;
          assign-task te  
  }}}}



A REAL-WORLD EXAMPLE

Reactive File Searcher 
> collecting all files with a size greater than X
> users can change the file dimension dynamically
> users can stop the process 

(in the paper)
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FIRST PERFORMANCE EVALUATION

Two main critical points about performance in simpAL
> uncoupling between logical concurrency (agent-oriented layer) &
   physical concurrency (threads)

> agent control loop & plan model based on ECA-like action rules
  - conceptually the agent cycle is never blocked

First optimizations
> don't cycle if not needed

First tests are encouraging
- test reported in the paper with a long-running autonomous 
  behavior that must react a number of times to messages/events

Number of Iterations Erlang ActorFoundry Jason simpAL

10000 Iterations 1.52 s 8,92 s 12,56 s 1,58 s
10000 Iterations (no print) 0.04 s 0.06 s 6,30 s 0.89 s
25000 Iterations 8.82 s 56,94 s 69.57 s 4,52 s
25000 Iterations (no print) 0.06 s 0.14 s 50.69 s 2,29 s
50000 Iterations 35,34 s 218,64 s 281,16 s 9,15 s
50000 Iterations (no print) 0.11 s 0.31 s 252,95 s 4,55 s

Table 1. Execution time in seconds of the test program in Erlan, ActorFoundry, Jason and simpAL. The time reported in each
cell refers to the average of twenty different runs.

to explore agent-oriented programming as a mainstream pro-
gramming paradigm, devising agent-oriented abstractions,
concepts and mechanisms with the purpose of improving
programming and software development.

7. Concluding Remarks
The importance of abstraction in programming is well-
known and in this paper we discussed the application of
agent-oriented programming abstractions for tackling the
problem of integrating autonomous and reactive behavior in
concurrent and reactive programming.

Often abstraction comes with a price in terms of perfor-
mance, which could be either acceptable or not depending
on the application domain considered. In this perspective,
in the abstraction layer introduced by simpAL there are two
critical points related to agent execution. The first is the un-
coupling between physical concurrency and logical concur-
rency, so that there is not one raw OS thread for each agent,
but all the agents (and artifacts) on a node6 are executed by a
pool of threads—whose size depends on the number of pro-
cessors available on that node. The second one is related to
the agent control architecture and the plan model adopted to
drive the selection of actions at each agent cycle. Conceptu-
ally, the sense-plan-act cycle is executed continuously, even
in the case of, e.g., a simple sequence of actions that must
be executed without reacting to any external events. This
brings a severe penalty on performances when considering
– in particular – the execution of pure computational blocks
compared to e.g. actor technologies implementing a macro-
step semantics. When we consider – instead – behaviors that
mix computations and reactions/interactions, then the agent
control architecture could bring some benefits even from the
point of view of the performances.

To start investigating the performance issue, we made
some tests comparing the performance of simpAL with:
(i) Erlang and ActorFoundry as reference actor-based lan-
guages/frameworks; and (ii) Jason as one of the main agent-
programming languages in the state-of-the-art. The test pro-
gram we used is a slightly extended version of the first exam-
ple described in Section 2 where the execution of the task T

and the sending of the react message have been repeated for

6 simpAL programs can be distributed.

10K, 25K and 50K times respectively. Actually, two slightly
different test programs are considered: the first one in which
the test agent reacts to the message by incrementing a reac-
tion count and printing a message on the console – so in-
volving some I/O – and the second one without printing, so
a purely computational reaction. Each program has been ex-
ecuted for twenty times. The test has been executed with Er-
lang version 5.8.3, ActorFoundry 1.0, Jason 3.7 and simpAL

version 0.7, on a PC with a Intel Core 2 Duo P8400 2.26GHZ
(dual core) and 3GiB RAM7. The average of the execution
time experienced in the tests is reported in Table 1.

The results are quite promising, in particular by consid-
ering that simpAL technology (which is Java based) is still
in its infancy and no specific optimizations have been de-
vised yet. simpAL performs better than Jason of about an
order of magnitude – this result was quite expected, since
Jason (whose runtime is based on Java too) has been de-
signed for the (D)AI context and it strongly relies on logic
programming. Compared to Erlang and ActorFoundry, quite
surprisingly performances are comparable or even in favor of
simpAL when considering reactions with I/O; instead, both
largely outperform simpAL in tests with a pure CPU-bound
reaction, as expected.

Optimizations – that will be part of out future work – will
be explored in two main directions. The first one is about
optimizing the sense-plan-act cycle and in particular action
selection, avoiding as much as possible to do unnecessary
cycles and minimize the time to select actions in specific
cases, e.g. when blocks are composed by simple sequences
of actions – with no reactions. The second one is about the
management of beliefs; currently all the beliefs (that are
like variables or fields in other programming languages) are
managed through maps, accessed by a string-based key; this
naive strategy results in a severe overhead indeed, compared
to e.g. classic techniques used in compiled languages where
access to variables is index-based.

Finally, two relevant issues related to asynchronous
events have not been discussed: the management of (asyn-
chronous) errors – e.g., the failure of an action requested in
a plan, of task, of internal actions such as exceptions gener-

7 The source code of the test programs is included in the appendix, Sec-
tion A
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=> simpAL:
- allows for reacting while acting
- supporting structured and nested blocks with
  autonomous+reactive behaviors
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Existing BDI agent-programming languages DAI in 
literature   
- several examples: Jason/AgentSpeak(L), JACK, 2APL, GOAL, 
                            AgentFactory...

=> simpAL:
- very similar control architecture 
  (in particular with AgentSpeak/Jason)
- different plan model to improve modularization &
  encapsulation
- different handling of multiple tasks execution
- not targeted to (D)AI but to concurrent & distributed 
  programming
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Formalization of the agent control loop & simpAL
> rigorously specifying the semantics
> investigating properties 

More performance analysis and evaluation
> optimizations

About simpAL
> cooperative tasks 
> sub-typing
> reuse at the agent/artifact level
> platform improvement 
   (compiler, runtime, IDE, libraries)
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