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Summary

The complexity of current software systems requires the ability to adapt at run-time, and the development of
self-adaptive systems is one of the recent challenges for realizing dynamic adaptation. In this paper, we focus on
the adaptation based on the components connection as a fundamental adaptation, and present our implementation
framework for constructing self-adaptive systems on the basis of an agent platform. We reinforce the agent platform
by adding some application program interface for behavior cooperation and its autonomic activation, and connect the
behaviors with components in self-adaptive systems. We also introduce an implementation guideline: a way to iden-
tify the responsibilities for control loops and implementation patterns for these responsibilities. We also demonstrate
the effectiveness of our framework and guideline through the results from our implementation experiments and show
how they can be used to construct self-adaptive systems by using agent platforms.
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1: public class SampleAgent extends Agent{

2 protected void setup () {

3 addBehaviour (new Printer (this, "pl"));
4 addBehaviour (new Printer (this, "p2"));
5: }

6: }

7

8: class Printer extends SimpleBehaviour({

9: int n=0;

10: String name;

11:

12: public Printer (Agent a, String st) {

13: super (a) ;

14: name = st;

15: }

16: public void action() {

17: System.out.println ("I am "+name+".");
18: n++;

19: }
20: public boolean done () {return n>=5;}

01 JADEOOQOOOOO0O0O0O00O0

gooood
OO0O0O0OO0JADEOODOOOOOOOoOoOOoooon
googobooboooboobboboboobboooog
googooooobboboobuoboobooboooog
000ooooooooo2-100000000000
00000oooo0oooonD 10ooo00ooooo
gooooboobooobobbuooboooobooboo
OO000O0O0JADEODOOOO0OOOOOOOOOoO
googooooobooobooobooooboooog
goooboboooboooooooo
gbobooooobobooooooboboooboooboon
googoboboooboobboboboooboooog
googoooooobobbobbooobooooog
gobgooogboooboooooboobooogoboo
googobooboooboobbobobooobbooooog
000000000 JADEOOODOOOOOOOOoO
000000 done0 00000000000 O00O0OOO
0000000oo0o0oooooooooooo ArPLO
goooooood
gbooooooooooooooooboboobooogo
googobooboooboobboboboooboooog
googooooooobuoooboobooboooono
googobooooboobbobbooobboooog
O0000000OJADEOODOOOOO0OOOOOoODOoO
googboobooobbobbobobooboooboon
googobooboooboobbobboobboooog
googoobooobobooobobbooobboooog
OO00o0oOoooOoooOoooogon blockbDOOOO
googoooooooboobooboobooooog
00000o0ooo0ooooooooooon JADEO
googboboooboobboobbooboobobo
googobooboooboobboboboooboooog

| BSEICEETOISIY ]
-
) | S/ B |
( )
SelfAdaptiveAgent Component
7 IR Behaviour 75X )
EDa—I)|(
JADETZ YR TA—L
Java ETIRIEE
\. 4\ J

02 0O0OO0O0O0OoooooooooOo

googobooooobbobbooboobbooooo
googoboobooboboobooooboooog
goboogooooooobooobooobooobooooboo
goboogoboobooobooobobboooobobooo
googbobooooboobbooobboobboon
000000000000 JADEDOOOOOOoOoOO
goooboboobooooooooooooog

3. 0000000 00O0DbOoooDOooDOooo
gd

00000 2-100000000000000000
O00D0O0O00O0OJADEDOOOOOOODOOOOOOoO
googooobooobobobobboobbooooog
googooobooobuoobooboobooooog
googobooooobbobbobobooobbooooog
googobooooobbobobbuobobooboooo
googobooooobbobbooboobboooonoog
OO0O00OO0JADEODOOOOOOOOODOOOOoOOOn
googooooobbobbobuobobooboooboog
000000000 2000000000000000
0000 [Morandini O8] 00000 O0OO0OOOOOO
googooooobbobbooboobboooog
goobooobogboooooooboooobooo

3.1 000 OGO

00000003 000000o00goooooon
googooooobbobbobbooobbooooog
gooobobooobbobbuoobooobooboo
000000000 Darwin OO0 [Hirsch 06] 0000
googoooboobobbobobooobboooonoog
0000000000 3000 DarwinODOOOO0O00O0O
goboogobooooooboooboboboboobooobooboboo
Dawin 000000000 0OOODOOOOOOOOOO
googbobooobbobboobooboobon
gbobogboobobobooooboboboooboooo
mode 000000000000 0O00OOODODODOO
0000000000 3000000000 0Cleaning



Cleaning
Robot

DealWith
Q Dust

MaintainBattery
Loaded

CleanField

active

l passive I

. . Approach
O () _Station

passive

FillBattery

passive

passive

H—ER [ mode | O #—£x
REFAR—N O ERKR—+

03 0000oO0ooooooooooooo

RobotD 00000000 DealWithDust 0 0O O OO0O
0000 MaintainBatteryLoaded 0 200000000
000000000000 00 DealWithDust 0 00O 0O
googbobooobboobuoobboboobon
ApproachDust 0 0 00000 CleanField 0 20000
gooobobooboooobooboooooo
000000000000 Daawin OO OO 2000
googooooobbooboobboboboooboog
gobogobooooooboooboooboboobobooobo
O0030e000000000ODOOODODDODOOO
googooooobbooboobbobboooboog
gobogobooobooobobobooboboooboooboo
gooooooooooooobouobobooboboo
googooobooobboobooboobboooboog
googoooobooobooboobuooobooboooog
00000000 o0obOoboboOoboboActDOODOOon
OO0000CollectD 00D 0000ODODODOOOOODODODO
O00000000D0D000oooo3deod0oOoOoog
googboobooooobuoobooboobboooboog
gobooboboobooooboboobuoboboobuobooo
googooobooobbooboobuooooboooog
goooobobooboboooboooboboobon
googooooobboobooboboobonbo
O0D0D0000CollectD0 0000 AnalyzeO OO OO0
0000000000 0DecideD 00000 OO0OOO

3.2 000000000000 00O0000oon
gbobooobooobooboooboboobooobooo
00ooooooobooooogo JADEODOOOoono
000000 O00O00ooOOooOOoooooooono JADE
OD0D000OAgent0 0000000 SelfAdaptiveAgent [
00O 0O SimpleBehaviour 0 0 000 00O Component-
Behaviowr OO 000 4000000000000000O
0000000000000 ComponentBehaviour O O

ooooooooobo 260 10 Sp-A2011 00

ooo0oo0oOoooooOoboooogJADEODDOOOO
0000oooooooooo2-10000000000
000D0000000000000000D0OO0Compo-
nentBehaviour 0 0 0000000000000

O O O ComponentBehaviour 0 0 0 0 00 Darwin O O
00000 10000 mode0000000000OOO
000000000 mode0000O0000ODOODOOO
00000000000 DawinODOOOOOO mode O
googobooobooooboboboobobboooboo
googoooooobooboobobobboooboo
googooobooboobooobuooobooboonoog
00000000 sooooo0ooooooooooo
gobooboobboobboboobuooooooo
0ooooooooooobooooobooooooo O
0090000000000 00oooooooooon
gooobobobbooboooboboooboobooo
googoboooboooobooboobbobboooboog

OactivedO 0000 O waitingDO O 0 O O O achieved O O

000000 0Onotachievedd O 400000 mode OO
O00D00000000000 500 activateOpassivate
godobbobooooooouoooobooboooo
00oooooooooo0ooooooooooo 2d
godboboobooooooooobobooboobooag
OO Ocreatel finalize 0000000000000 OO
goooo00o00o0oooooooooo*oooooo
oot obooooood
goooooooboboboobbobobboooooood
oot ooooboboooo
goobobooooooooood

godoobooooobooooooboooooooa
00000 ComponentBehaviour 00O OO0OOO0O
OJADEOOOOODODOOODOO0 actionO O OO0
00000000 ComponentBehaviour 0 00000 OO
oo oooobooboooo
action0 0000000000 DOOODOODOOODOOO
000000000 performO00000000000O0OO
godoboobboooooobuobooboobobooboo
0000000ooooooooon performO0O000
oo boooooooog
000000000 activateCondition0 00000000
0oooooooodoobood truedgdooog
perform00 0000000000000 DOOODOOO
0000000 activateCondition1 00 00O perform O
oo ooooboboooo
oo ooooboboooo
goodobooooooobooooooooboboooo
googd

«x1 000 JADE O addBehaviour D OO0 00000



goooooboooooooooboooboobooooobooobooboo

/\

>I

Behaviour

SimpleBehaviour

>I

SelfAdaptiveAgent

ComponentBehaviour
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activate() : void

passivate() : void

finalize() : void
addPort(port) : void
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get() : Object
put(obj : Object) : void
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Component: Move
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Rest battery: 32 MMN->TEE
Moved to (4,5).

N java] Battery is low ... | €/WWTU—ETERA
Component: MaintainBatteryLoaded

Component: ApproachStation
Component: Find

Component: Move
Moved to (2,2).

: Rest battery: 25
90: java Station is found at (2,3). 2F—Saulz
91: java] Component: Move mM-THE
92: java Moved to (4,4).
98: [java]l Moved to (2,3).
99: [javal Rest battery: 9
1007 """ T3aval Component: FillBattery
101 [java] Fill battery ...
102 [java] Battery is full
"103: T [java] Component: DealWithbust
104 [java] Component: ApproachDust
105 [java] Component: Find
106 [java] Rest battery: 97 BEHYDCH1=
107 [Java] Dust is found at (2,2). LPO2TER
3 ]
[3 ]

07 DO0O0OOOODOOOODODOO

5 0000000007908 00000000000
000o00oo8s 00000 0oooooooooon
MaintainBatteryLoaded D 0 00O O0O0O00OO0OO 086
00ooono 2,3)0000000000000000
O00D000DoO0oDOo0o0o0O0000ooooo870990
gooooboooboobooooboooobboooooog
oogooolooo102000oo0o0ooooooolo3n
gooooooboboooobooboboobooboboboboo
ooool40000000000000000000
googogboooboboooboobbobboooboog
googoboooboobobooobobbooobooooog
googbooboooboobobobbuooboboo
googoboooooobooboobbobboooboo
googooog
goobooooooooooboooboooboboooboo
gooobooooooooobbooobooobobooooboon



goooooboooooooooboooboobooooobooobooboo 7

1: public void perform() {

8: if (find.mode==Mode.ACHIEVED) {

9: if (moveTo.mode==Mode.WAITING) {

10: try{

11: nextDust = findPort.get();

12: if (nextDust!=null) {

13: connectPorts (moveToPort,
pairOfMoveToPort) ;

14: moveToPort.put (nextDust) ;

15: moveTo.activate();

16: }
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1: public boolean activateCondition () {

2 return (robot.getBattery ()

3: < CleaningRobot._BATTERY_THRESHOLD_) ;
4: }

0 9 MaintainBatteryLoaded O 0 00 00O O O
Condition O 0ODO0O

activate-

public void passivate () {
super.passivate();

if (find!=null) {
find.passivate();

if (moveTo!=null) {
moveTo.passivate();
}

1

2

3

4:

5: }
6 .

7

8

9 nextDust = null;
0

10: }
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