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User
Environment

Agent
Architecture

getPercepts

change
percepts

executeAction

+init(String[] args)
+stop()

+getPercepts(String agName): List<Literal>
+executeAction(String agName, Structure action): boolean

+addPercept(String agName, Literal p)
+removePercept(String agName, Literal p)
...

-globalPercepts: List<Literal>
-agPercepts: Map<String,List<Literal>>

Environment

+init(String[] args)
+executeAction(String agName, Structure action): boolean

UserEnvironment



public class MarsEnv extends Environment {
  private MarsModel model;
  private MarsView  view;
  
  public void init(String[] args) {
        model = new MarsModel();
        view  = new MarsView(model);
        model.setView(view);
        updatePercepts();
  }
    
  public boolean executeAction(String ag, Structure action) {
    String func = action.getFunctor();
    if (func.equals("next")) {
      model.nextSlot();
    } else if (func.equals("move_towards")) {
      int x = (int)((NumberTerm)action.getTerm(0)).solve();
      int y = (int)((NumberTerm)action.getTerm(1)).solve();
      model.moveTowards(x,y);
    } else if (func.equals("pick")) {
      model.pickGarb();
    } else if (func.equals("drop")) {
      model.dropGarb();
    } else if (func.equals("burn")) {
      model.burnGarb();
    } else {
      return false;
    }
    
    updatePercepts();
    return true;
  }
  ...

  ...

    /* creates the agents perception 
     * based on the MarsModel */
  void updatePercepts() {

    clearPercepts();
        
    Location r1Loc = model.getAgPos(0);
    Location r2Loc = model.getAgPos(1);
        
    Literal pos1 =  Literal.parseLiteral
        ("pos(r1," + r1Loc.x + "," + r1Loc.y + ")");
    Literal pos2 = Literal.parseLiteral
        ("pos(r2," + r2Loc.x + "," + r2Loc.y + ")");

    addPercept(pos1);
    addPercept(pos2);

    if (model.hasGarbage(r1Loc)) {
      addPercept(Literal.parseLiteral("garbage(r1)"));
    }

    if (model.hasGarbage(r2Loc)) {
     addPercept(Literal.parseLiteral("garbage(r2)"));
    } 
  }

  class MarsModel extends GridWorldModel { ... }
    
  class MarsView extends GridWorldView { ... }    
}



// mars robot 1

/* Initial beliefs */

at(P) :- pos(P,X,Y) & pos(r1,X,Y).

/* Initial goal */

!check(slots). 

/* Plans */

+!check(slots) : not garbage(r1)
   <- next(slot);
      !!check(slots).
+!check(slots). 

+garbage(r1) : not .desire(carry_to(r2))
   <- !carry_to(r2).
   
+!carry_to(R)   
   <- // remember where to go back
      ?pos(r1,X,Y); 
      -+pos(last,X,Y);
    
      // carry garbage to r2
      !take(garb,R);
    
      // goes back and continue to check
      !at(last); 
      !!check(slots).
...

...

+!take(S,L) : true
   <- !ensure_pick(S); 
      !at(L);
      drop(S).

+!ensure_pick(S) : garbage(r1)
   <- pick(garb);
      !ensure_pick(S).
+!ensure_pick(_).

+!at(L) : at(L).
+!at(L) <- ?pos(L,X,Y);
           move_towards(X,Y);
           !at(L).





package blockworld;

public class Env extends apapl.Environment {

public void enter(String agent, Term x, Term y, Term c){...}

public Term sensePosition(String agent){...}

public Term pickup(String agent){...}

public void north(String agent){...}

  ... 

}



BeliefUpdates:
  { bomb(X,Y) }         RemoveBomb(X,Y){ not bomb(X,Y) }
  { true }              AddBomb(X,Y)   { bomb(X,Y) }
  { carry(bomb) }       Drop( )        { not carry(bomb)}
  { not carry(bomb) }   PickUp( )      { carry(bomb) }

Beliefs:
  start(0,1).
  bomb(3,3).
  clean( blockWorld ) :- 
     not bomb(X,Y) , not carry(bomb).

Plans:
  B(start(X,Y)) ;
  @blockworld( enter( X, Y, blue ), L )

Goals:
  clean( blockWorld )

PG-rules:
  clean( blockWorld ) <- bomb( X, Y ) |
  {
    goto( X, Y );
    @blockworld( pickup( ), L1 );
    PickUp( );
    RemoveBomb( X, Y );
    goto( 0, 0 );
    @blockworld( drop( ), L2 );
    Drop( )
  }
...

...

PC-rules:
  goto( X, Y ) <- true |
  {
    @blockworld( sensePosition(), POS );
    B(POS = [A,B]);
    if B(A > X) then
    { @blockworld( west(), L );
      goto( X, Y )
    }
    else if B(A < X) then
    { @blockworld( east(), L );
      goto( X, Y )
    }
    else if B(B > Y) then
    { @blockworld( north(), L );
      goto( X, Y )
    }
    else if B(B < Y) then
    { @blockworld( south(), L );
      goto( X, Y )
    }
  }

  ...
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Artifact

Operation

Observable 
Event

generate

Agentuse

perceive

Workspace

Environment

Observable
Property

update

perceive
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Manual
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link

create

dispose
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OperationX(Params)

...

ObsPropName(Args)

...

SIGNALS

USAGE

INTERFACE

OBSERVABLE 

PROPERTIES

OperationY(Params)

...

LINK

INTERFACE

OPERATIONS 



put

n_items 0

max_items 100

get

a bounded buffer

inc

count 5

reset

a counter

switch

state true

a flag

setTodo

last_todo ...

cancelTodo

next_todo check_plant

an agenda

...

GetLastTradePrice

a Stock Quote Web Service

availablestate

...wsdl

postEvent

registerForEvs

clearEvents

an event service

query

createTable

addRecord

a data-base

...

1001n_records

table_names ...

... ...

in

rd

out

a tuple space
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op(Params)

ValuePropName

ValuePropName
...

...

AGENT

op(parms)
action



OPERATION EXECUTION
op(Params)

ValuePropName

Value
...

...

SIGNALS OBS PROPERTIES
CHANGE

AGENT

op(parms)
action

action completion
- with success or failure -



Belief base
(or alike)

PropName(Value).
PropName(Value).
... ValuePropName

ValuePropName
...

focus

AGENT
OBSERVER



AGENT
OBSERVER

Belief base
(or alike)

PropName(Value).
PropName(Value).
... ValuePropName

ValuePropName
...

use
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linkedOp





http://cartago.sourceforge.net






class Counter extends Artifact {
  
  void init(){
    defineObsProp("count",0);
  }
  
  @OPERATION void inc(){
    ObsProperty p = getObsProperty("count");
    p.updateValue(p.intValue() + 1);
    signal("tick");
  }
}

inc

count 5



!create_and_use.

+!create_and_use : true 
  <- !setupTool(Id);
     // use
     inc;
     // second use specifying the Id
     inc [artifact_id(Id)].

// create the tool
+!setupTool(C): true 
  <- makeArtifact("c0","Counter",C).

!observe.

+!observe : true 
  <- ?myTool(C);  // discover the tool
     focus(C).

+count(V) 
  <- println(“observed new value: “,V).

+tick [artifact_name(Id,”c0”)]  
  <- println(“perceived a tick”).

+?myTool(CounterId): true 
  <- lookupArtifact(“c0”,CounterId).

-?myTool(CounterId): true 
  <- .wait(10); 
     ?myTool(CounterId).

OBSERVER(S)USER(S)





public class BoundedBuffer extends Artifact {
  private LinkedList<Item> items;
  private int nmax;
  
  void init(int nmax){
    items = new LinkedList<Item>();
    defineObsProperty("n_items",0);
    this.nmax = nmax;
  }

  @OPERATION(guard="bufferNotFull") void put(Item obj){
    items.add(obj);

getObsProperty("n_items").updateValue(items.size());
  }

  @GUARD boolean bufferNotFull(Item obj){ return items.size() < nmax; }

  @OPERATION(guard="itemAvailable") void get(OpFeedbackParam<Item> res) {
    Item item = items.removeFirst();

res.set(item);
getObsProperty("n_items").updateValue(items.size());

  }

  @GUARD boolean itemAvailable(){ return items.size() > 0; }
}

put

n_items 5

get



item_to_produce(0).
!produce.

+!produce: true 
  <- !setupTools(Buffer);
     !produceItems.

  
+!produceItems : true 
  <- ?nextItemToProduce(Item);
     put(Item);
     !!produceItems.

+?nextItemToProduce(N) : true 
  <- -item_to_produce(N);
     +item_to_produce(N+1).

+!setupTools(Buffer) : true 
  <- makeArtifact("myBuffer","BoundedBuffer",
                  [10],Buffer).

-!setupTools(Buffer) : true 
  <- lookupArtifact("myBuffer",Buffer).

!consume.

+!consume: true 
  <- ?bufferReady;
     !consumeItems.
    
+!consumeItems: true 
  <- get(Item);
     !consumeItem(Item);
     !!consumeItems.

+!consumeItem(Item) : true 
  <- .my_name(Me);
     println(Me,": ",Item).
  
+?bufferReady : true 
  <- lookupArtifact("myBuffer",_).  
-?bufferReady : true 
  <-.wait(50);
     ?bufferReady.

PRODUCERS CONSUMERS



public class SimpleTupleSpace extends Artifact {
   TupleSet tset;
  
  void init(){
    tset = new TupleSet();
  }
  
  @OPERATION void out(String name, Object... args){
    tset.add(new Tuple(name,args));
  }
  
  @OPERATION void in(String name, Object... params){
    TupleTemplate tt = new TupleTemplate(name,params);
    await("foundMatch",tt);
    Tuple t = tset.removeMatching(tt);
    bind(tt,t);
  }

  @OPERATION void rd(String name, Object... params){
    TupleTemplate tt = new TupleTemplate(name,params);
    await("foundMatch",tt);
    Tuple t = tset.readMatching(tt);
    bind(tt,t);
  }
  
  @GUARD boolean foundMatch(TupleTemplate tt){
    return tset.hasTupleMatching(tt);
  }

  private void bind(TupleTemplate tt, Tuple t){...}
 





philo(0,"philo1",0,1).
philo(1,"philo2",1,2).
philo(2,"philo3",2,3).
philo(3,"philo4",3,4).
philo(4,"philo5",4,0).

!prepare_table.

+!prepare_table
  <- for ( .range(I,0,4) ) {
       out("fork",I);
       ?philo(I,Name,Left,Right);
       out("philo_init",Name,Left,Right);
     };
     for ( .range(I,1,4) ) {
       out("ticket");
     };
     println("done.").

!boot.

+!boot
  <- .my_name(Me);
     in("philo_init",Me,Left,Right);
     +my_left_fork(Left); +my_right_fork(Right);
     println(Me," ready.");
     !!enjoy_life.
     
+!enjoy_life
 <- !thinking; !eating; !!enjoy_life.

+!eating 
 <- !acquireRes; !eat; !releaseRes.
      
+!acquireRes : my_left_fork(F1) & my_right_fork(F2) 
  <- in("ticket"); in("fork",F1); in("fork",F2).
  
+!releaseRes: my_left_fork(F1) & my_right_fork(F2) 
 <-  out("fork",F1); out("fork",F2); out("ticket").
       
+!thinking <- .my_name(Me); println(Me," thinking").
+!eat <- .my_name(Me); println(Me," eating").

WAITER PHILOSOPHER AGENT



public class Clock extends Artifact {

  boolean working;
  final static long TICK_TIME = 100;

      
  void init(){ working = false; }

    
  @OPERATION void start(){
    if (!working){
      working = true;
      execInternalOp("work");
    } else {
      failed("already_working");
    }
  }

  
  @OPERATION void stop(){ working = false; }

  @INTERNAL_OPERATION void work(){
    while (working){
      signal("tick");
      await_time(TICK_TIME);
    }
  }
}

!test_clock.

+!test_clock
  <- makeArtifac("myClock","Clock",[],Id);
     focus(Id);
     +n_ticks(0);
     start;
     println("clock started.").

@plan1
+tick: n_ticks(10)  
  <- stop;
     println("clock stopped.").

@plan2 [atomic]
+tick: n_ticks(N)  
  <- -+n_ticks(N+1);
     println("tick perceived!").

CLOCK CLOCK USER AGENT



setValue

value 16.0

user

ok

closed

agent



public class MySimpleGUI extends GUIArtifact {
  private MyFrame frame;
  
  public void setup() {
    frame = new MyFrame();
    
    linkActionEventToOp(frame.okButton,"ok");
    linkKeyStrokeToOp(frame.text,"ENTER","updateText");
    linkWindowClosingEventToOp(frame, "closed");
    defineObsProperty("value",getValue());
    frame.setVisible(true);   
  }

  @INTERNAL_OPERATION void ok(ActionEvent ev){
    signal("ok");
  }

  @OPERATION void setValue(double value){
    frame.setText(""+value);
    updateObsProperty("value",value);
  }
  ...
 
  @INTERNAL_OPERATION 
  void updateText(ActionEvent ev){
    updateObsProperty("value",getValue());
  }

  private int getValue(){
    return Integer.parseInt(frame.getText());
  }

  class MyFrame extends JFrame {...}
}

!test_gui.

+!test_gui
  <-  makeArtifact("gui","MySimpleGUI",Id);
      focus(Id).

+value(V) 
  <- println("Value updated: ",V).
  
+ok : value(V)
  <-  setValue(V+1).

+closed
  <-  .my_name(Me);
      .kill_agent(Me).
     

GUI ARTIFACT USER ASSISTANT AGENT 





// agent code

@processing_stream
+!processing_stream : true 
  <- makeArtifact(“myStream”,”Stream”,Id);
     focus(Id);
     +sum(0);
     generate(1000);
     ?sum(S);
     println(S).

@update [atomic]
+new_number(V) : sum(S)
  <- -+sum(S+V).

// artifact code

class Stream extends Artifact {
  ...
  @OPERATION void generate(int n){
    for (int i = 0; i < n; i++){
      signal("new_number",i);
    }
  }  
}







http://cartagows.sourceforge.net
http://jaca-web.sourceforge.net
http://jaca-android.sourceforge.net
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about organisation 

Agents don’t know  
about organisation 

Agent Centred 
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in Agents. 

AOSE 
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in Agents 
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Multi-Agent Development Kit  
www.madkit.org 
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makeArtifact
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{ }

{ } { }
{ } { }

{ } { }
{ } { }

{ } { }
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