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IMPULSE: Analysis of Multi-agent Systems Based on
KAOS Modeling

HIROYUKI NAKAGAWA, "1t NOBUKAZU Y OSHIOKAftt
and SHINICHI HONIDENttt:t

Agent technology offers a solution for producing complex software systems characterized by
autonomous behavior and a high degree of distribution, however, development of multi-agent
systems (MAS) needs a more feasible methodology for requirements analysis because of the
difficulty in generating an analysis model. The purpose of this study is to reduce the gap be-
tween the requirement analysis and analysis phases of developing multi-agent systems. This
paper describes the IMPULSE methodology, which utilizes the KAOS, goal-oriented analysis
method as a requirement analysis method, and provides developers with a tool for model
translation into an analysis model of multi-agent systems. This paper also shows the result of
evaluating IMPULSE through analysis experiments. IMPULSE enables simple and effective

development of multi-agent systems.
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Fig.1 Model description elements in Gaia.
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Table 1 Structure of the role model in Gaia.
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Fig.3 Model description elements in KAOS.
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Fig.4 Multi-agent systems development based on
IMPULSE.

OO0 MASOOOOOOOOOOOOOOOOOOO
O00OMASOOOOOOOOOO MASOOOOO
gooooooobOooooooobooboboon
IMPULSE OO OKAOSOOOOOOOOOOOO
0000000000000000 KAOSODOOOO
KAOSO Gaia 0O O0OOOOOOOOOOOO
00 KAOSOOOOOOOOOOooooooo
e IO 10000O0O0COOLOODCOOOOODOO
DooomKAOSOOOODODOOOOoOooooo
gooooboobobooooooooboono
o N0 2000000O0O0O0O0OOOOOOODOO
gbooooboooooooooooonn
e I 30000000 DODDOOODOODOODODO
goooog
o JOOOOOOODOOOOODOOOOOODON
goooooobooooooboooo 1400
gboboooooobo10o0oo0ooooooooo
goboooooooooobooocooooooo
gooooood
00 KAOSOODOOOOOOoOoOo KAOSOOOO
gbooOoocoobooooooobooobooooboon
Oo0000o0oooo KAoOSOODooooooood
goooboboooooooboobooooooboobDbo
KAOSOUOODO 100000000oooooooo
goooboboooooooooo1boooboooon
gooobobooooooobooboooooooooon
000 KAOSOUOOOOODOOO GaiaOOOODO
O0000000o0oo0ooOooooooOon KAOS
gooooooooooooooocoooooboooo
000000 KAOSOOOOOOooooooooo
O0OMASOOOOOOOOOOOOOOOOOOO
OO0 KAOSOOOOOODOOoOooooopooooooo
00 2000 KAOSOOOUOOOOUOOOOO

Aug. 2007

Gaia00000D0000D0000D0000D0O00
000000D0000000000 KAOSOOODO
0000000000000000000 GaiaOO
000000000000000000000000
000000000000000000000000
00000000000 1000000000 KAOS
000000000000000000000000
000000D0000000000000 102000
000000000 KAOSOODOOD Gaiad DO O
MASOODOOOODOOODO0OO0O0D0O00O0D000
0000000000000000000
000003000000 KAOSOOOOOOOO
0000 MASODOOODOOOOO0OO0O000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000D00000000000000000000
000000000000000D000000000
000D00D0000D000D000000000
00000000000 KAOSODOOOODOOO
0000000000000 Gaia0000000000
000000000000000000000000
0000000000000000 KAOSOOOOO
000000000000000000000000
0000000000000000000000000
0000000000 Liveness 100000000
000000000000 300000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000
000000000000000000KAOSIGaia
000000200000000000Gaia000
00000000000000000
3.3 GaiaDDODOOODO
Gaia00D0000D000D0O0D0000OO0O
0000000000000000000000000
000000O00O0IMPULSEDOOODOOOOOOO
000000000000000000000000
0000000 KAOSOOOODO GaiaOOOOOO
0000000000000000IMPULSEOODO
(1) 0OOoOooo
(2) D0DO0O0OO0OOOO0O0OO0O0O



Vol. 48 No. 8

02 00 KAOSO GaiaOOOOOOOOO
Table 2 Correspondence between expanded KAOS and
Gaia models.
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Fig.5 Operation model for deciding the date for meeting.
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Table 3 Attributes of the role model correspond to
expanded KAOS model.
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Fig.6 The goal model for analyzing environmental resources.
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2 for all KAOS_agent do
3 if (KAOS_agent 00 OO00OO00OOOOOO)

4 then KAOS_agent O Gaia_Role OO0 ;

5 if (KAOS_agent 00 O0O0O0OODOOOOO)
6 then KAOS_agent U Gaia_Environmental
Actor OO0 ;

7

8 /+ 0000OODOODDOO =/

9 for all KAOS_Operation do

10  if (KAOS_Operation[ Gaia_Role 00 OO0
ooa)

11 then{

12 KAOS_Operation [0 Gaia_Activity OO
0;

13 Gaia_Activity U Gaia_Role [ Activiti
es00000O0OO;

14 }

15

16 /x 00 000000000000 =%/
17 for all KAOS_Event do
18 if (sender_op:KAOS_Operation |

19 sender_op.0Output == KAOS_Event

20 && sender_op [0 Gaia_Role DO ODOOO
oo

21 && KAOS_Event.Caurse == receiver_op
22 && receiver_op U Gaia_Role DO OO
oood)

23 then{

24 KAOS_Event [0 Gaia_Interaction 00 ;
25 Gaia_Interaction [0 sender_op.Perfo
rmer [0 Protocols DO OOOOODO;

26 Gaia_Interaction [ receiver_op.
Performer [J Protocols DO O OODOO0O;

27 }

28 else KAOS_Event [0 Gaia_Environmental
Event 000 ;

29

30 /*» OOOOOO0OO =/

31 for all KAOS_OperationDiagram do

32  KAOS_OperationDiagram [J Gaia_SubOrgani
zation OO0 ;

33 for all operation in KAOS_OperationDia
gram do

34 if (operation O Gaia_Role OO OO0
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35 then Gaia_Role [0 Gaia_SubOrganiza
tion 0000O00000O0O000OO;
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37 /+ 00000000 =/

38 for all KAOS_Entity do
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40 for all Gaia_Role do

41 if (Gaia_Role.input == Gaia_0Object

42 && Gaia_Object.permission != "Cha
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43 then{

44 Gaia_Object.permission:="Reads";

45 add "Reads" Gaia_Object in Gaia_

Role.permissions;

46 };

47 if (Gaia_Role.Output == Gaia_Object)

48 then{

49 Gaia_Object.permission := "Chang

es";

50 add "Changes" Gaia_0Object in Gaia

_Role.permissions;

51 };

52

53 /x D0O0OOOODOOO =/

54 for all Gaia_Role do

55 0000000 Liveness DO O0OODOO
(Gaia_Role);

(00180 120 1000)
(0D 190 509000)

o0 Ooboocoooog

19740001997 0000000
goooooocooooooooon
gbooooocooozeoronoon
gooooooocoooooooon
oooooooooooooooo
gooooooobooboobobobboobobbooooo
gobooobooooo

IMPULSEO KAOSOOOOOOOOODOOOODOODOOOOOOO0OoOO0O 2565

o0 O0o0o0oooo

19710001993 0000000
gooooobooooodleesaoon
gooooooooooooooon
gooooocooooooboooo
ubmoooooooooo?2002
gboooooboooooboooz204000000
gobooobooboooooooooooooboooo
goooooooooobooooooobobooo
gooooo

oooooooooon

19530001976 0000000
000ooooooooi1978 00
00o0o0o0ooooooooooodg
O00ooooogog 200000
OO00ooOoOooooooo2004d
jooooooOooooooooooooooooo
goooOoooo2001000000000000O0
0000o0ooooooooooooo2060000
00000000ooooooo20020 5002003
01000 UCLOODODO Imperial College DO OO
002000000 6000000000000C0O0O
gogomies600000000ooooooooon
000000o0oo00o0o0oooooooooooon
goooooOoooooooOooooobooooooo
00000000000 0IEEE Computer Society
Japan Chapter Chair0 ACM OOOOOOOOOO
0000o0ooooooooooooooooo




