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A Group Forming Algorithm for

Cooperative Behavior of Rescue Agents

Yoshiki Asai T, Nobuhiro Itoh, Tetsuya Esaki*, Nobuhiro Inuzukaf
and Koichi Wadaf

abstract A multi-agent system (MAS) is used as a simulation architecture in RoboCupRescue

simulation project, which is a project for large scale disaster. It simultaneously occurs several large
problems which can’t be solved by one rescue agent (robot) in a disaster-stricken district. So, agents must
solve such a complicated problem cooperatively. In this paper, we propose a group forming algorithm
for cooperative behavior of rescue agents. We define group as a set of agents that solve a same problem
cooperatively. By using this algorithm, agent can form a group whenever it is required to solve the
problem. We implemented our rescue agent and confirmed efficiency of our algorithm through several

simulations.

1 0000 00000000000000000000000

gooogd

00o0oooooooooooooooooon
o0odopoooobDOoooooooooooogd
000000000 RoboCupRescue[l, 2, 3] 00
00000 RoboCupRescue 0000000000
oo0ooooooooooooooooooooon
00o0000oooooooooooooogooo
00DO000oooooooooooooooooo
00dooooooooooooooooogooo
o0ooooooooooooooooooooon
00Do0ooDoooooooooooooooon
000ooooooooooooooooooooon
o0oooooooooooooooooooon
o0oDoooooooooooooooooooon
00000000 RoboCup Soccer OO DOODOMO
0[4U00000000000000000000
00DOo0ooDooooooooboooooooon

'D0D0O0000 / Nagoya Institute of Technology
iDO0DDDOO0DO0 / Matsushita Electric Industrial
Co.,Ltd.

0000000000000 RoboCupRescue O
oo0o0d0oDOooooooooooooooooo
00o0o0ooooooooooooooooooo
oooooooooooooooooo

e OO ODODOODDOODOO

e HIODODODODOODDOODO

e 0D ODOOODDOOOO

e 0D UOODODDOODOODDO

e ODODDDODODDDODOODOOOOOO
oo

goooooboobobbbobobboobo
gooooooboobooobobobobonbg
goobooobooooooooboooboooo
goooooboobobooboobbobonbg
gooooboobooooobobbooboooobo
goooboobooobooboboboboooDoo
gooobbooobooobobooooooo

0130


研究会Temp
ゲ　ー　ム　情　報　学

研究会Temp 
（２００３． ３． ２４）

研究会Temp 
９－３

研究会Temp 
－13－


OO0odoooooooooooooooooog
O000ooooooooooooopooooooo
OO00o0oooooooooooooOoooooon
OO00oooooooooooooooooooo
ooooooooooo

OCooodoooooooooooooooon
000000000 Joint Responsbility[s] O
STEAM[6) 000 0000000000000O0
ooo0ooooooooooooooooooon
O O Joint Responsibility OO0 OO0 O0O0O0OCDOO
ooo0oo0oOoOooDoDOoOooOooOooOoooon
O00dooooooooooooooooooon
OO00oooopoooooooooooooooo
O000oooooooooooooooooooo
OO0oooooooono STEAMOOODOOOO0O
Oo00000o0o0o0ooooooooooooooo
oo0oo0ooooooopooooooOoooooo
OO00ooooooooooooooooooog
O00oooooooooooooooooooo
ooooooooooooooon

OO000ooooooooooooooooon
O000oo0oooDoooooooooooooo
OO000ooooooooooooooooooon
oo0ooo0o0oooooooooooooooon
oo000o0o0oOoOoO0OooOOoOooooooooog
Oo00ooOoooooogooooooooooog
O00oooooooooooooooooooo
O00dooooooooooooooooooo
Oo0oo0ooooOooooDoooooooooog
oo000ooo0ooooooooooooooo
O00odooooooooooooooooooo
OO000oooooooooooooooooooo
Oo0oo0ooOoDooooOooooooooooo
Oo000dooooooooooooooooooo
ooooooooooooooooooooooon
Oo0o0oooooooooooooooooooo
oooooooooog

00000 RoboCupRescue DODODOODODOOO
OO00oooooooooooooooooooo
Oo00ooopoooooooooooooooooon
O0000o0oooooooooooooooooo
Oo000o0o000ooooooooooOooog
0000000000000 0OJoint Responsibility
OOSTEAMOOOOO0O0O0O0O0O0ODOOOOOOO0O0
Oo0o0oooooooooooooooooooo
Oo000oo00oooooooooooooooo
OC00oooooooooooooooooooo
ooooooooooooooooon

2 000

2.1 0OO0OOOO

gopogooobooobooboooobooboooo
gogbobobobbooooooobobobobooo
gogobooobobbobobooooooon

gooobooboooboobooobobbobobg
googboboooobbooooboobobobood
googboobobooboboooobooobooDoo
gooooooboobooobbbobobobg
gobooboooboobbboobobobg
goooooboboobgoboboboobooooo
gooobooboboboboboboooooon
gooooobbooobooobobobobobood
goobogbooboboooobooooooboog
goo

22 UJUO0O0OoOobOOobOoOoboobooOoon

0o0oo0o0oooDoDo0o0oooDoooooao
RoboCupRescue 0000000000 O0DOOOO
gdoodoooooooooooooooooo
ooooo
e J0JDODDODODOWODODOODODOO
goooooooooooo

gboogobooobooooboooo

gboooooo1boobooobooooogn
googobooooooboboobooo

e 00000O0D0D0D000O0O0D0DDOD0 (000
0oo)o

e 0O DOODOODODOOODOOO
googoooooog

e U000 ODODODLOODLODODOO
gooobooboboobooboood

gooogooooobooobobbobbbon
gobogboooobooobooooooon
gbogooogd

gbooooooooooooboooboon
goo

e 0000000 UDOOOOOOOOUOO
gbogobooooobooboboooooboboon
gooo

23 0ODOOOOoOO

gooooobooooobooboooobooogo
goooooboboboboboooboboboog
gobooboooboooboobooobogon
goboobooobboooobooooboobo
gobooboboboooobooboboobo
googoboooboooboooboobooooo

gboooboooboobboboooooooooboo
goooboobooboboboobooooooo
gooogoooobobobobobobobood
gooogooooooooobobobooooboo
gooooobgooogooo

00 1(0000000)

Group =< cooperative_target,leader, members >

0 140


研究会Temp 
－14－


000 cooperative_target 0 OO0 OO0 OO0ODOO
00o0odooogoooooooooooooo
000000 leader DOOOOOODOODOOOO
members 000000000000 DOOOODOO
o0ooooooooooooooooooooon
leader O members O O cooperative_target 0 0 O
o0ooooooooooooooooooooon
0o0D00oooooooooooooooooon
00oDo0opoooooooooooooooooo
godooo1oooooooooooooood
0oo0oooooooooooooooooooon
o0oooooooooooOoooooooooon
o0ooooDooooooooooooooooon
gooooooooood

3 Uoooood
3.1 0JOodoobogood

gooooboooobogoooooooobooboo
gigooobooooboboboooooboon
gbogoboboooboobooooboobooooon
gboooooooboboboooobooobobon
gboobobooboobooobobobooooboon
gooooboooooobobobooooon
gogoooboboboooboooooooooo
goobobbooogoooooboboooooon
goboobgoobgoobooboooooon

U 1o0b0ogobobbooboobo

3.1.1 00000

gbooobobobobooboooooobboobo
gbogoobbobbi10b0b0ooobooao
O00000000000000000o00 (Priority)
gboooodboooboooooobobobooboon
gogoooobobobobooooboobon
googbooobooobobobooboboobboo

goooooooobogobuoboooooboboo
gboobobobooooboobooooooon
gbooboooooooooooboooooobon
googobooobooboooboboobooon

3.1.2 00000000000

gooboboooboooobooobooobooboo
gbooobooooobooooooobooboon

ggboobooboogooboob 2000000040
goboooboboobooobooboobooooo

00 2(007T000000000000)

Need_Cooperation(T) =
true  Ability(T) < Requirement(T)
false

Ability(T) > Requirement(T)
000 Ablity(T)OOODODODODODDOOOODOO
Ooo7To0000000ooooooooooa
0000 Requirement(T) 00000000 ODO
odooooooooooToooooooa

3.1.3 ODO0O00OgooOoobooOoboo

gooogoboboboboooboboooo
gbooooooooooobbooobobobo
gooooooooobobobboobobobobg
goooobooobooboboobobobg
goooooboooboooobooobobg
googbooobobobooboboboooon
goooboobobobobooobboobonbodg
goobooobroboobooboobobooooo
googooboogo3bogg

00 3(007T000000000000O0)

Keep_Activity(T) =

State(T) # Goal _State(T) 0O O
Need_Cooperation(T) = false
State(T) = Goal_State(T) 00O
Need_Cooperation(T) = true

true

false

000 Stete(Th)OOOODOOOODOOODO
gooroobooocboooooooboooooon
0 Goal State(T) DOD0ODO0TOO0O0O0ODOODO
googoooo

3.2 0OO0O0O0OoOooboboboooon

goobooboooooboobobooboobooo
gooooboobooobobooooobobobo
goooboobobooobobooooobooooo
goooooobooobooooooboboobn

e DO DOODOODOODODOOOODDOO
gogooobbobgooog

gboobogbobobobobobboooooon
googbooooboooobooboo

goooogobooboboooobooboobon
gbogboboobobooboooboon
ggg

gbobbobooooooboobooooon
googooooboooo

0 150


研究会Temp 
－15－


gooooobboboooobooogooobooon
gbooboooogobooooboboboooobon
goooobooboobobobooboooog
gbobbooobooooooo 40000000
gobooboboboobbooboboobon
goog

Step 1. U0 O00O0OO0OOOOOOOOOODOO
(0000000 oO0O0DO0OoO0OD)0OOooOoOo
googbooboooooooboooo

Step 2. 0O0O0O0OOOODOODOODOOODOO
goooogbooobooobooboobbon
oooo0ooooooawWdOooogoooogogo
gbooobooboooboobooboobboboobo
gbooobooooboboooboooooboobo
gboooooooooobooobobboooooboo
gobogooobooobbooobooboon
gboooboobooobbooboboobobooooobn
0000000000000 oDoooooon
googogd

Step 3. DODODODOOO0OODOOOOOOODOO
gboooogboobooooobooooooboo
gboobooboooooboobooboDbo
gbooooooooboobboobooboon
googoooooobogooog

Step4. 0 O0O0OODODODOOOOOOODDOO
gooboobooobobobooboboooboooobooo
gobobooogoboooooooboooboo
goooo

3.21 000O00OOO0OOOOO (Step 1.)

00000000 o0oU0o0ooUooDU (00
0)00oo00oDOoOoo0ooDoOOoooooDOoOoo
gboobooooooboobooooboboobon
gboobooooboooooobooogooboobon
gogooooooboboobooooboobon
gogobooobobobobooobooooon
gogbooboboobobooooooooon
goboooobooboooboboobooboon
gboobooooooooobooooobooooon
gogoboboboooooooooooooog
goobooooooboboobooooboobboo

goooboooobooooooooboooogon
gbogoooooboooobooboboooooon
goboooboobboobocccroooogoooo
gooboobooobbogoboboboooooboboo

00 4(00000000000OOO0O)

Keep_Receive _Response(CT) =

limit tome > 00 0O
State(CT) # Goal _State(CT)
limit time=0000
State(CT) = Goal _State(CT)

true

false

0 160

oo00 metteme 00000 O00O0OOCOOOO
goooooboboobbooooboboobo
goboboboooobooobo1bo0ggon
gobooogooobooboooboboboobo
goooobooobooobobooooooobooog
goboobooobogoooooboobod

3.22 0000000000 (Step 2.)

goobooboboboboboboooobooon
gooooobobobobobbooboobooon
gogbooboobooooboooboooboon
gooboobooooooooooboboooog
gooobooboobooobobobobonog
ggg

() 00000000 000O00oU0OUDOUDoDOo
googobooooobbooooog

(2) (1) 0000000000000000000
0000000dO0000000000000
000000000000000000000
0000 1000000000

(3 00000 O0OU0OUODObDODUOUDOoOUO
gbogboboobobooboooooon
gboobogbooooooobobooboon
googbooobooboboobboboooog

goobobooboooooooooobooboon
goooooooooooobobooobboooon
gooooobooboobbooooboboobo
gboogobooobooobbooooobooooo
goobboobboooooobbobobobooooo

googboobooobooooobooooboooo
gobooooboboboboobooboood
gbodb 1000000 ooooooooon
goboboogobbooboooboboooobog
googoooooooog

() 0000 oU0oDoOooOoooDOooOooDOo
googoooogog

(2 00000000 O0OODOO0UOU0OOO0
gobooobobobooboboboooon
gboooooooboobod

(3) (2)0000000000000000000
0000000dO0000000000000
0000000 1000000000

(/) 0000000000000 0U0OOOO0OO0OO
gooboooboobooooon

gogboobooboooboboboooob 10b0gao
goooboooooboobooobooobooboo
gooooboobooobooboboboboonDo
gboobooooboobooobbobobobonbg
goooooboboboobboboobobobo
gooobooogoboobooooooooonDo
b 1o00o0bobobobobobooboboboon
goooobooooboooo


研究会Temp 
－16－


{

gooooobooooooooooooboooo
gboobboobooboboobobogboooo
goobobooboobooboooooboboooboon
gooooooooooooooobobooooboo
gboobobooooooobboooboooooon
gboogobooooooooooooboobood

3.23 0000O0OOOOO (Step 3.)

goooboo4000000000000000
gbogboboboboobooooboobooon
gbogobooooobooboooobobooboon
00000000000 0000oooOdoOono
gobooooooooboccroooogooooon
goosbooooooboboboboobooooo

OO0 5 (0000000oon)

Form_Group(¢',CT) =

true

false

000 Group Ability(¢/,CT)000000ODO
¢ 0000 CcTO000000O00oooOoooon

dooooooooboobobooooboooodgn
0000 «(d000000000000000Qgo
gododobobooooooobbobooboooo
godooooooooooooboooooooboo
goooooooooooooooboooooa
goooodboooboooooooooooo
goodboooobooobobooboboboobooon
gdoodooboooooooooooo

3.24 00000OOOOO (Step 4.)

gooboobooooooboboboooboooooo
Oo000o0oO0oDO00ooOo«(oooooooon
gbooobooooboobobooboobogn
gogbobooboobobooooooooooon
OO0000000ooooooooooooon o«
gboobobooboobooooooooboooboon
gooboboooobooobobobooooon
goooooobooobooon

3.3 DUOooooobood

gooboooooobooooobooooon
gboobobooobobooboboboobobon
gboobooooooboboboboobooooooo
gooooo

goobooooooboooobooooooon
gbooobogboboobboobooooooboobooo
gbooboboobobboobooooboobooooo
gbooooooobooboooooboooooon
gobobboobooobobobooooboboon
gboooooboooooboboobobooon
goooboobooobgobobooboooooogo

g17gd

Group_Ability(0', CT) > Requirement(CT)
Group_Ability(0', CT) < Requirement(CT)

gooboooboobobobooooooobog
gooooobooobobobooboobooboo
googoboooboooobboobobooeseb OO

00 6 (00000000000 OO0O)

Breakup(Release) Group(6,CT) =

true  State(CT) = Goal_State(CT)O 00O
Group_Ability(0, CT) < Requirement(CT)
false State(CT) # Goal_State(CT) O O

Group_Ability(0, CT) > Requirement(CT)

gbebD0ODOOODOODODODOODOOO
googboobgbobooooooobooood
goooobbooboboboobbbobooooog
gooooobooooobobobooboon
gboogooobobobooooooobooDo
gooooboobooobooobbooobonDo
googoboooooboooboobooooo

gbooboooboooooooobooobbooboo
goboobooboooboboboboboboo
googooooobooboboboooboo
ggbddooooooooobooooobooboooo
goooboooooboobooobooboboobo
gooooobooobobbooboboboooDo
gooooooooooooooobboooood
googoobooooo

4 [0O0O

Oood0oooooooooooooooooon
ooooooooOooooooooooooOogon
O0oo0ooo0ooooooooooooon 10
010000000000 0000D00O0oOOooo
OO00o00oopDooooooooooooooon
000000 04000000 [1]0

Oo0ooooooooooooooooooon
O0000ooooooooooooooooon
000000000000 Joint Responsibility O
STEAM D000 O0O00O00OO0OOo0oooooon
ooooooooooooooooooooooo
Oo0oo0oO0oooooooooooooooooo
Oo0ooooooooooooooooo

4.1 00000

gooooooooboooooobooboogo
googooooooboogaoo

googobooboobooogn
gboobogoobobobooooooooon
gboobogooooboobobooooooon
goooooobooboboboboboon
gooddoooooouooooooooo
gooooboobooboboboobooooon
goooboboooobboobboboboon


研究会Temp 
－17－


gooooboobooooon
goooboooooboboooboobobon
gbooooooboono 100000 sob00on
gdbboooboooobooobooobooon
00 (0010)00000000000

ooobooooooo
gdooobooooooobooobooooao
gdobdoooooboooooooooao
goooooooboboooobbooooooa
gdoooooobooooooooooboa
gdobdoooooooooooooooaa
00 (NITRescue02) 0O DOODODO

gobooooooooooooboooobooog
000 (02)0000000000000000O0
gbobooooooboboboooooooooooo
O000000oOo0ooD foo0ooo00oooo
gboboobooobooboooboooooooo
bobooboooooobooobobooooooo
gbob 20000000 400mOdnbon0ooOooOan
gooooobdo 1,28100000

02000000004

gbooboooooooooob 100000600
bbb 1400000000 130000000
000 150000 (0000 150)000000
O RoboCup2002 OOOOOOOOOODO Arian
0000000000 o(Dooooooooon)
gbobooboooboooooobobooooooo
bodboooooboobobooo soobooon
gbobboobooooooboobooboooooooo
gbooooobooooogooo

4.2 0000
4.2.1 000O00O0OOOOOOOC

gobooboobooooooooboooooon
lobooooooooboo sonoobobboaon
gobooooocooo

gil1booocooooobooboboobooobooo
goobobobodoooooboobooooooooooon
gbobooooooboooboooooboobooboog
booobooobooobooobooooooao
ooboooboobobooooobooooboodg
goboooooobooooooessnoooooan
gboooobooolioboooocoooboooboaoono

obodoobooooooooobooooooaoon
gboooobooooooboooboobooooo
bodooboooooooobooooooboooa
bobooooooooooboobooboooooo

U1 gdo00oogoooooogogn

0o ooooo oooo ooo
ooooo gooo (%)

gooo 92.12 24.92 27.05

Joint Responsibility 19.22 10.02 52.13

STEAM 4.34 4.18 96.31

4.2.2 000000000

ub 100000000000000401200d
ooooowoooOoooooooooDboooo
goooosoooo

oo
15
14

130
12
1
10

ol

8
7
3
5

ok mow &

170 00O

U3 gbdboooooooooo

gsgbooooooooboooob 20000040
bbb sgooboboooboobooooog 1580
goooooooobooboooboooboboboon
uboboobOoooobooooooobooooo 2
gbooooobooobobooooobbooboooon
gbboooboooooobooobooooooon
uoboooooobooobooboboooooooo
gbobooboooboooooooboooooooon

4.2.3 0O0OO0O0O0OO

g2000000000000000D00O00C00O0
gbobooooobooooooobooooooooon
gboooboooboboooboooooooooon
goooooobooooo

020000000400

| oo ||DDDDDDDDD |
gooo 1013.70
Joint Responsibility 315.58
STEAM 347.16
| oooo I 295.04

4.2.4 00OO0OO0OOOODOOO

gboooooboooobooooboooboboooao
gooooos3oooo

gsboooooobobooobooooboooo
gbboobooboooooooobooobooon
booooboobobooooooooboooon
gooooboboocobooobooooboooao

0 180


研究会Temp 
－18－


0300000000000

| 00 [IEEEEE
agooo 636.64
Joint Responsibility 126.2
STEAM 66.9

gboobobooboobobooboobboooon
gooboooooobooooooobooobod
googooooogooog

4.3 UU0O0O0O0OOOOOOOO0

199 00000000 DbOO0o00bOoooobDoo
gboooooooboooboobooboboobooo
gboobooboboobboooooboobogn
gboooobbobooboboboboboboon
gooboboobooboobobobobooooon
gbooooooobobooooboobooboooboon
gbooboooooboooobbobobobon
00000000o00oo0oooooD(Uuooo
O0020000000)00000000000O
gobooooooooooobbbooobnD 405
gooo

g400000000000O0DODOO0O00ODODOOO
goooooooooooono sTEAMODOOO
gbogobobooboobobooboogoobobon
gboobooboboobobooboobooooboon
gbooboooooobobboooooooooboon
gboobooooooooooooobosbogoo
gbogooobooooboobooboobogooooon
gbooooooboboboooogobbobooboo

040000000 (000000O0)

| 000 IEEEEEEEEERE
0000 206.10
Joint Responsibility 288.62
STEAM 546.32
| 0000 I 535.96

05 0000000 (00O0000O0)

| 000 [IEEEEEEEEERE
0000 440.78
Joint Responsibility 97.46
STEAM 94.20

| 0000 I 53.92 |

goobo4D0000000000000O000O0O0O
oobooooooooosTEAMOO0OOOgoo
goobobooobooboooobooooon
goboboobooobooboboobgobooobon
gogobobobooboboooooooboooboon
gbogobobooboobobooooooboooon

0 190

googoboboooboboboboboboonl
gooooobobobobobboooobobonbo
gobooboboobobobobobobooobg
gboogbobboooboooboboobobobo
googoooobooobboobboobobogoo

5 4UoQO

ooodooooooooooooooooon
0doddoooooooooooooooooo
00od0oDOoooDoooooooooooooo
o0ooooDOoo0oooOoooooooOoooo
0o0o000ooooooooooooboooooooo
000 RoboCupRescue D DD O0OOOOOOO
000o0ooooooooooooooooooon
o0o00oDOooooopooooooooDoOoooo
oooooooooooooooooo

ooodoooooooooooooooooo
00o0o0DOoooooDoooooooooooo
o0odooooooooooooooooooo
ooooooogo

good

[1] RoboCupRescue Official Web Page,
http://www.r.cs.kobe-u.ac.jp/robocup-rescue/

[2] Hiroaki Kitano, "RoboCup Rescue: Search
and Rescue in Large-Scale Disasters as a
Domain for Autonomous Agents Research”,
SMC99,1999.

[3] ’OD0000000007,00 O O0OO0OO0OO
0 ,RoboCup-Rescue 0 00 OO The RoboCup
Federation 00000 OOOOOO, OOO
O ,2000.

[4] The RoboCup Soccer Simulator,
http://sserver.sourceforge.net/index.html

[5] N.R.Jennings, ”Controlling cooperative prob-
lem solving in industrial multiagent sys-
tems using joint intention”, Artificial Intelli-
gence,75,1995.

[6] M.Tambe, ”Toward flexible teamwork”, Jour-
nal of Artificial Intelligence Research 7 83-
124,1997.

[7 00000000 000O0,’000000
0000000000000 00000000
007, SI2001,235-236,2001.


研究会Temp 
－19－


6 U0O0O OOO0OO

gooooooboobooooboboboooboo
god

Message-Order (M) is a descending order of
messages in M(M is Messages Queue).The order is
decided with the priority included in a message.
If M includes a few messages with the same
priority,the order is decided by using agentids
included in the messages.

mystatus ‘none’;
repeat
receive M; /* messages queue*/
observe tasks T;

observe mytask if mytask is not ’none’;

:= free; mytask

case mystatus of
leader:
if Breakup_Group(mygroup,mytask) then
send (cancel, myid);
mystatus := free; mytask :
else
foreach mesage m=(leave, agentid) in M do
if agentid in mygroup then
/* 000000 */
mygroup mygroup - {agentid};
act for mytask as a leader;

’none’ ;

member :
if there is a
then
if (agentid = myleaderid) then
mystatus := free; mytask ‘none’;
else 1f Release_Group(mygroup,mytask) then
send (leave, myid);

message (cancel, agentid) in M

mystatus := free; mytask := ’none’;
else if cannot contribute to a task then

/* 0000000000000 -> 00 */

send (leave, myid);

mystatus := free; mytask := ’none’;
else

act for mytask with myleader;

free:
if there is a message

(request, agentid, task_info, priority)

in M then

let m :

the message with the maximum
order in the Message-Order (M)
(request, agentid, task_info, priority);
if (m’s priority > priority(mytask)) or
when mytask = ’none’ then
/+000000000000000 #*/
leaderid m’s agentid;
send(ack, leaderid, myid, mypos);
mystatus wait_as_member;
mygrouptask := task(m’s task_info refers);
leader_priority m’s priority;
timeleft a constant time limit;
else if ((mytask is ’none’) or
(status(mytask) = final))
and (T is not empty)
then
mytask := one of tasks
with maximum priority in T;
if Need_Cooperation(mytask) then
/000000000000 =/
send (reuquest, myid,
mytask_info,priority(mytask));

mystatus := wait_as_leader;
timeleft := a constant time limit;
group := emptyset;

else

/* 0000000000 */
act for mytask alone;

walit_as_leader:
/* 00000000CCDO0000 =/
if there is a message
(request, agentid, task_info, priority)
where task_info refers a task mytask in M

then
let M’ := M and my group forming request;
let m := the message with the maximum

order in the Message-Order (M’)
(request, agentid, task_info, priority);
/* 000000000 =*/
if (m’s agentid is not myid) then
/#* 0000000 =/
send (cancel, myid);
leaderid m’s agentid;
send (ack, leaderid, myid);
mystatus wait_as_member;
else 1f (timeleft > 0) and there is a message
(ack, leaderid, agentid, pos) in M then
if (leaderid = myid) then
/« 0000000000000000 */
group := group U {agentid};
else if (timeleft <= 0) and
(Form_Group(group, mytask))

then
/* 000000000000 */
mystatus := leader;

make mygroup by choosing members
from group by pos;
send (confirm, myid, mygroup);

else
send (cancel, myid);
mystatus := free; mytask := ’none’;

act for mytask;

walt_as_member:
/* 0000000000000 =/
if (timeleft <= 0) then
mystatus := free;
else
if there is a message
(confirm, agentid, group) in M then
if (agentid = myleaderid) then
if myid in group then

mystatus := member; mygroup := group;
mytask := mygrouptask;

else
mystatus := free;

act for mytask;

timeleft
endrepeat

timeleft - 1;
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