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Abstract

The paper presents a coordinated process through which the situated agents 

are capable of working jointly using knowledge about their skills to interact 

with other similar entities. A good coordination is reached because each si-

tuated agent is able to represent its suitability rates to perform any action in 

̶-やØTØª²ıµØや¹̶½╆や#Ø±ıŁØ±や³±ı-ºや±³ªæや°̶²Ø±╇や̶-や̶ºØ-²やª̶-やª©©°Łı-̶²Øや ı²±や̶ª-

²ı©-±や¹ı²æや©²æØ°や̶ºØ-²±╆や*-や²æı±や±Ø-±Ø╇やØ̶ªæや±ı²³̶²ØŁや̶ºØ-²や²°ıØ±や²©や±ØœØª²や̶-Łや
perform only the actions with the highest execution rates. Some experiments 

in a real robotic soccer test-bed are designed to put in practice the proposed 

ª©©°Łı-̶²ØŁや̶¬¬°©̶ªæ╆や'ı-̶œや°Øß̶°ø±やª©-ªœ³ŁØや²æØやØTØª²ıµØ-Ø±±や̶-Łや̶Łµ̶--

tages of the presented work in order to increase the performance of a team 

ª©ß¬©±ØŁやÆ½や±ı²³̶²ØŁや̶ºØ-²±や¹æØ-や²æØ½やß³±²や±©œµØやª©ß¬œØ¼や²̶±ø±やı-や̶やŁ½-

-̶ßıª̶œ╇やª©ß¬Ø²ı²ıµØや̶-Łや³-¬°ØŁıª²̶ÆœØや±ªØ-̶°ı©╆
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Introduction

4ıß¬œ½や ±²̶²ØŁ╇や ŁØªı±ı©-まß̶øı-ºや ±²°³ª²³°Øや ı±や ̶や ¬°©ªØ±±や
¹æØ°Øや̶ºØ-²±や±æ©³œŁやÆØや̶ÆœØや²©や±ØœØª²や̶や±¬ØªıRªや̶ª²ı©-や
©³²や©Œやß³œ²ı¬œØや̶œ²Ø°-̶²ıµØ±╆や4³ªæや¬°©ªØ±±や©ªª³°±やª©-²ı-
-³©³±œ½やı-やŁ̶ıœ½やœıŒØ╆や)³ß̶-やÆØı-º±╇やŒ©°やı-±²̶-ªØ╇や³±³̶-

œœ½やß³±²や²̶øØやŁØªı±ı©-±や̶Æ©³²や¹æ̶²やªœ©²æ±や²©や¹Ø̶°╇や¹æ̶²や
Œ©©Łや ²©や Ø̶²╇や Ø²ª╆や -ıøØ¹ı±Ø╇や ̶-や ̶ºØ-²や ı±や ŁØR-ØŁや ̶±や ̶--

½²æı-ºや ²æ̶²や ı±や ±ı²³̶²ØŁや ı-や ̶や ±¬ØªıRªや Ø-µı°©-ßØ-²や ̶-Łや
̶ª²±や Æ̶±ØŁや ©-や ı²±や ©Æ±Ø°µ̶²ı©-╇や ı-²Ø°¬°Ø²̶²ı©-や ̶-Łや
ø-©¹œØŁºØや̶Æ©³²や²æØや±ı²³̶²ı©-や©Œや±³ªæやØ-µı°©-ßØ-²╇や²©や
±ØœØª²や̶や¬̶°²ıª³œ̶°や̶ª²ı©-╆や5æØ°ØŒ©°Ø╇や ²©や ²̶øØやŁØªı±ı©-±╇や
agents must obtain knowledge that allows them to be 

aware of what actions can or cannot perform. Agents 

¹æ©や±æ©³œŁや¹©°øやł©ı-²œ½やß³±²やÆØや̶ÆœØや²©やª©-µØ°±Øや¹ı²æや
other agents in order to communicate information rela-

ted to the actions that each can do. Methods for coope-

°̶²ıµØや ß³œ²ıま̶ºØ-²や ŁØªı±ı©-±や ̶°Øや ²æØ°ØŒ©°Ø╇や ı-や ß©±²や
ª̶±Ø±╇や ı-²Ø-±ıµØや ±©Œ²¹̶°Øや ̶¬¬œıª̶²ı©-±や ̶-Łや æıºæœ½や ±©-

¬æı±²ıª̶²ØŁや̶œº©°ı²æß±や²æ̶²や³±Øや̶Łµ̶-ªØŁやŁØ±ıº-や²Øªæ-

-©œ©ºıØ±╆や*-や¬̶°²ıª³œ̶°╇や±©ßØや°Ø±Ø̶°ªæや²°Ø-Ł±やæ̶µØやœØŁや²©や
ß̶-̶ºı-ºや ª©ß¬œØ¼や ̶-Łや ª©©¬Ø°̶²ıµØや ¬°©ÆœØß±や ³±ı-ºや
agents. A situated agent is presented as a physical and 

ß©ÆıœØや Ø-²ı²½や ª̶¬̶ÆœØや ©ŒやSØ¼ıÆœØや ̶-Łや ̶³²©-©ß©³±や ̶ª-

²ı©-±やı-やŁ½-̶ßıª╇や³-¬°ØŁıª²̶ÆœØや̶-Łや²½¬ıª̶œœ½やª©©¬Ø°̶-

²ıµØや Ø-µı°©-ßØ-²±や 〉-³ªøや et al╆╇や ｲｰｰｵ《╆や *-や ²æı±や ±Ø-±Ø╇や
±ØµØ°̶œや°Ø±³œ²±や ²©や±©œµØやª©©°Łı-̶²ØŁや̶ª²ı©-±やæ̶µØやÆØØ-や
©Æ²̶ı-ØŁや³±ı-ºや̶ºØ-²や ²Øªæ-©œ©º½や 〉#©ºŁ̶-や et al╆╇や ｲｰｰｸ╉や
;æ̶-ºや̶-Łや1̶°øØ°╇やｲｰｱｰ╉や#̶°°Ø²やet al╆╇やｲｰｱｰ《╆や*-や¬̶°²ıª³-

œ̶°╇や °ØœØµ̶-²やø-©¹œØŁºØや ı±や-©²や ̶¬¬°©¬°ı̶²Øœ½や °ØSØª²ØŁや
̶-Łやª©ßß³-ıª̶²ØŁやÆ½や²æØや̶ºØ-²±╆や5æØ±ØやŁØRªıØ-ªıØ±やŁ©や
-©²や ̶œœ©¹や̶ºØ-²±や ²©やß̶øØや °Øœı̶ÆœØや ª©œœØª²ıµØやŁØªı±ı©-±や
¹æØ-や ²æØ±Øや ̶°Øや °Ø®³Ø±²ØŁや 〉*Æ̶°°̶╇や ｲｰｰｸ《╆や 0Æµı©³±œ½╇や
lack of the appropriate reasoning on these knowledge 

°Ø±³œ²±や ı-や ̶や œ©¹Ø°や ª©©¬Ø°̶²ıµØや ¬Ø°Œ©°ß̶-ªØや ̶ß©-ºや
̶ºØ-²±╇や¹æØ°Øや̶や¬°©¬Ø°やß̶-̶ºı-ºや©Œや±³ªæやø-©¹œØŁºØやı±や

®³ı²Øや °ØœØµ̶-²や ²©や ̶ªæıØµØや ±³°Øや ̶-Łや ²°³±²¹©°²æ½や ª©ß-

ßı²ßØ-²±╆や"ªæıØµı-ºやª©©¬Ø°̶²ıµØや̶ºØ-²±や ı±や ±²ıœœや ̶や ªæ̶-

œœØ-ºØ╇や ÆØª̶³±Øや ß̶-½や ı±±³Ø±や ß³±²や ÆØや ª©-±ıŁØ°ØŁや ı-や
©°ŁØ°や²©やŁØµØœ©¬や̶や¹©°øı-ºやª©©¬Ø°̶²ıµØや²Ø̶ß╇や±³ªæや̶±や
²̶±øや̶œœ©ª̶²ı©-╇やª©-Sıª²や©Œやı-²Ø°Ø±²╇やª©ßß³-ıª̶²ı©-╇やØ²ª╆や
〉'̶-ºや̶-Łや1̶°øØ°╇やｲｰｰｷ╉や1̶°øØ°╇やｲｰｰｸ╉や+Ø©-ºやet al╆╇やｲｰｰｶ╉や
#Ø-±©-や et al╆╇や ｲｰｰｷ《╆や *-や ±³ªæや̶や ª̶±Ø╇や ª©©¬Ø°̶²ıµØや̶ºØ-²や
systems often work in dynamic and unpredictable sce-

-̶°ı©±╇やŒ©°や²æ³±╇や²æØやßØßÆØ°±や©Œや̶や²Ø̶ßま̶ºØ-²やß³±²や°Ø±-
¬©-Łや°©Æ³±²œ½や̶-Łや̶Ł̶¬²ıµØœ½や²©や³-Ø¼¬Øª²ØŁやØ-µı°©-ま 
ßØ-²̶œや ªæ̶-ºØ±╇や ±³ªæや ̶±や ³-±³ı²̶ÆœØや ª©ßß³-ıª̶²ı©-や
̶ß©-ºや²æØßや©°やß©ŁıRª̶²ı©-やı-や²æØや̶ºØ-²や±½±²Øßやª©-R-

º³°̶²ı©-やŁ³Øや²©やŒ̶ıœ³°Ø±や©Œや¬Ø°Œ©°ß̶-ªØ╆や*-や¬̶°²ıª³œ̶°╇や
ª©©¬Ø°̶²ıµØや ±½±²Øß±や©Œや ±ı²³̶²ØŁや̶ºØ-²±や ̶°Øや ªæ̶°̶ª²Ø°ı-
zed by distributed control of heterogeneous agents. A 

number of interesting reasons exist to support the coo-

¬Ø°̶²ı©-や ̶ß©-ºや ²æØ±Øや ̶ºØ-²±╆や *-や Œ̶ª²╇や ²æØや ©ÆłØª²ıµØや ©Œや
the cooperation is to maintain maximum utilization of 

multi-agent resources while ensuring job performance 

̶²や²æØやæıºæØ±²や¬°©Ł³ª²ıµØやœØµØœ╆

How to reach interaction

)ıºæやı-²Ø°̶ª²ıµØやœØµØœ±や̶°ØやŁØ±ı°ØŁやŁ³Øや²©や²æØやŒ̶ª²や²æ̶²や
the solution to a more complex problem could be more 

successfully performed if multiples autonomous and 

intelligent entities can work together with the same glo-

Æ̶œや ©ÆłØª²ıµØや ı-や ßı-Ł╆や 5©や °Ø̶ªæや ı-²Ø°̶ª²ı©-╇や R°±²╇や ̶-や
̶ºØ-²やß³±²やÆØや̶ÆœØや²©やŁıTØ°Ø-²ı̶²ØやŒ°©ßやØ̶ªæや©²æØ°や ı-や
©°ŁØ°や²©や¬Ø°ªØıµØやı²±やsituation. Such information allows 

agents to know what action they can do by estimating 

²æØı°や©¬Ø°̶²ıµØœ½や°̶²Ø±やŒ°©ßや̶ œœや²æØや¬©±±ıÆœØや̶ œ²Ø°-̶²ıµØ±╆
-Ø²や³±やŁØR-Øや̶や±ı²³̶²ØŁや̶ºØ-²や〉SAj《や̶±や̶-やı-²ØœœıºØ-²や

entity with a physical representation and through 

which the system can perform physical changes on the 

Ø-µı°©-ßØ-²╆や 5æØ±Øや ±ı²³̶²ØŁや ̶ºØ-²±や ̶°Øや ØßÆ©ŁıØŁや Æ½や

Resumen

Este artículo presenta un proceso de coordinación a través del cual, los agentes 
situados son capaces de trabajar conjuntamente utilizando conocimiento acerca de 
sus capacidades para interactuar con otras entidades similares. Una buena coordi-
nación se puede lograr debido a que cada agente situado es capaz de representar, de 
manera efectiva, sus rangos de efectividad para ejecutar cualquier acción. Además, 
usando la información puede coordinar su trabajo con otros agentes. En este sen-
tido, cada agente situado trata de seleccionar y ejecutar únicamente las acciones 
para las que tiene un alto nivel de efectividad. Algunos experimentos en el esce-
nario de futbol robótico se desarrollaron para poner en práctica el método de coor-
Łı-̶ªıŸ-や ̶®³çや ¬°©¬³Ø±²©╆や -©±や ª©ßØ-²̶°ı©±や R-̶œØ±や ª©-ªœ³½Ø-や œ̶や ØŒØª²ıµıŁ̶Łや ½や
ventajas del trabajo presente para incrementar el rendimiento de un equipo de 
agentes situados cuando ellos deben solucionar tareas complejas en escenarios 
dinámicos, competitivos e impredecibles.

Descriptores: 

ゃ agentes situados 

ゃ robots cooperativos móviles 

ゃ interacción 

ゃ métodos cooperativos 

ゃ futbol robótico 

ゃ tareas complejas
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ª©-±ıŁØ°ı-ºや²æØやø-©¹œØŁºØやı-µ©œµØŁやı-や²æØı°やª̶¬̶Æıœı²½や
²©やØ¼Øª³²Øや̶-や̶ª²ı©-や¹ı²æı-や²æØı°やø-©¹œØŁºØやÆ̶±Ø╆や-Ø²や
us suppose that a SAjやı±や¬̶°²や©Œや̶やª©©¬Ø°̶²ıµØやº°©³¬や©Œや
±ı²³̶²ØŁや̶ºØ-²±や〉GSA《╆や"やº°©³¬や©Œや±ı²³̶²ØŁや̶ºØ-²±やß³±²や
ºØ-Ø°̶œœ½やı-µ©œµØやß©°Øや²æ̶-や©-Øや±ı²³̶²ØŁや̶ºØ-²やŒ©°や²æØや
Œ³œRœœßØ-²や©Œや̶や¬̶°²ıª³œ̶°や²̶±ø╆

'"SAi , SAj ı"GSA|SAiや┕や4"j   

where  GSA = {SAｱ╇やSAｲ╇やSA3╇や╆╆╆や╇やSAm}

"ªª©°Łı-ºや²©や²æı±╇や̶-や̶ºØ-²や³±Ø±や²æØやı-Œ©°ß̶²ı©-や¬°©µı-
ŁØŁやÆ½や²æ°ØØや〉ｳ《や¬̶°̶ßØ²Ø°±╇やª̶œœØŁやŁØªı±ı©-や̶ ¼Ø±╇や¹æØ°Øや
Ø̶ªæや̶¼ı±や¬°©µıŁØ±や±ı²³̶²ØŁや̶ºØ-²±や¹ı²æやø-©¹œØŁºØや°Ø-

lated to its capability to execute any determined action 

with a particular kind of information in a determined 

²ıßØや〉t《やı-±ıŁØや̶や±¬ØªıRªや±¬̶²ı̶œや°Øºı©-╇やª̶œœØŁや±ªØ-Øや〉S《╆や
"¼ı±やｱ╇やØ-µı°©-ßØ-²̶œやª©-Łı²ı©-±や〉EC《╇やı±やª©ß¬©±ØŁやÆ½や
ı-Œ©°ß̶²ı©-や°Øœ̶²ØŁや²©や²æØや±²̶²Øや©Œや²æØやØ-µı°©-ßØ-²やŁı-
°Øª²œ½や ı-µ©œµØŁや ı-や ²æØや¬Ø°Œ©°ß̶-ªØや©Œや ̶や¬̶°²ıª³œ̶°や̶ª-

²ı©-╆や"¼ı±や ｲ╇や ¬æ½±ıª̶œや ø-©¹œØŁºØや 〉PK《╇や ı±や °Ø¬°Ø±Ø-²ØŁや
Æ½や ²æØや ±¬ØªıRª̶²ı©-╇や ²æØや ±²°³ª²³°Øや ̶-Łや ©²æØ°や °ØœØµ̶-²や
details related to the agents’ physical skills and charac-

²Ø°ı±²ıª±╆や'ı-̶œœ½╇や̶ ¼ı±やｳ╇や²°³±²やµ̶œ³Øや〉TV《╇やı±や°Øœ̶²ØŁや²©や²æØや
ª̶¬̶Æıœı²½や©Œや̶-や̶ºØ-²や²©やª©ßß³-ıª̶²Ø╇や²©やı-²Ø°̶ª²や̶-Łや
©²æØ°や°ØœØµ̶-²やŁØ²̶ıœ±や²©やØ-²°³±²やı-や©²æØ°や̶ºØ-²±╆や*-や²æı±や
œıºæ²╇や ²æØや ±ı²³̶²ØŁや ̶ºØ-²‒±や ø-©¹œØŁºØや Æ̶±ØやKB〉SAj《や ı±や
therefore based on the combination of the three axes 

̶Æ©µØや〉EC╇やPK and TV《やŁı°Øª²œ½やıß¬œıª̶²ØŁやı-や²æØやØ¼Øª³-

²ı©-や©Œや̶-½や̶ª²ı©-╇や±³ªæや̶±やı²やı±やŁØ±ª°ıÆØŁやÆ½や〉ｱ《╆

KB〉SAj《や└や》EC 〉SAj《や²"PK〉SAj《や² TV〉SAj《『や や 〉ｱ《

In particular the situated agent’s knowledge base for 

²æØやØ¼Øª³²ı©-や©Œや̶や±¬ØªıRªや°©œØや〉Rぽ《やı-や̶やºıµØ-や²ıßØや〉t《╇やı-や
̶やŁØ²Ø°ßı-ØŁや±ªØ-Øや〉Sc《╇やı±やºıµØ-やÆ½や〉ｲ《╆

%"SAj ı"GSA ' KB〉SAj , Rw《ややややや└
 

》EC〉SAj , Rw《やややややPK〉SAj , Rw《ややややややTV〉SAj , Rw《ややや『や 〉ｲ《

*-や ¬̶°²ıª³œ̶°╇や ²æı±や ¬̶¬Ø°や ̶±±³ßØ±や ²æ̶²や Ø̶ªæや ±ı²³̶²ØŁや
̶ºØ-²やı±やª̶¬̶ÆœØや²©やØµ̶œ³̶²Øやı²±や°̶-ºØや©Œや̶¬²ı²³ŁØや²©や¬Ø°-
Œ©°ßや ̶-½や ̶ª²ı©-╆や 4³ªæや Øµ̶œ³̶²ı©-や ı±や ¬Ø°Œ©°ßØŁや Æ½や ̶や
match that includes two important aspects used to cal-

culate their suitability rate to all the proposed action. 

These aspects are:

ゃやや 5æØやª̶¬̶ªı²½や©Œや̶や±ı²³̶²ØŁや̶ºØ-²や²̶øı-ºやı-²©や̶ªª©³-²や
²æØやı-Œ©°ß̶²ı©-や¬°©µıŁØŁやÆ½や²æØや²æ°ØØや̶¼Ø±╆

ゃやや 5æØやı-S³Ø-ªØやŁØº°ØØや²æ̶²やØ̶ªæや̶¼ı±やæ̶±や©µØ°や²æØやØ¼Ø-

cution of any determined action.

*-や¬̶°²ıª³œ̶°╇や²æØやı-S³Ø-ªØやŁØº°ØØやまや°ØŒØ°±や²©や²æØや°Ø-

œØµ̶-ªØや²æ̶²やŁØªı±ı©-や̶¼Ø±やæ̶µØやı-や²æØや±ØœØª²ı©-や©Œや̶やŁØ-

²Ø°ßı-ØŁや ̶ª²ı©-や ı-や ̶や ¬̶°²ıª³œ̶°や ±ªØ-Ø╆や 4³ªæや ı-S³Ø-ªØや
aims to calculate critically the suitability of a situated 

agent to execute any role Rぽ from all the roles R in a 

±³ªªØ±±Œ³œや̶-Łや°Øœı̶ÆœØや¹̶½╆や*-や²æı±や±Ø-±Ø╇や±³ªæやı-S³Ø--

ªØやŁØº°ØØやまやı±や°Ø¬°Ø±Ø-²ØŁやÆ½や〉ｳ《╆

や や や や 〉ｳ《

¹æØ°Ø╇ 

and           

や ı±や²æØや°ØœØµ̶-ªØや©Œや²æØやØ-µı°©-ßØ-²̶œやª©-Łı²ı©-±╇
  

や ı±や²æØや°ØœØµ̶-ªØや©Œや²æØや¬æ½±ıª̶œやø-©¹œØŁºØや̶-Łや
 

や ı±や²æØや°ØœØµ̶-ªØや©Œや²æØや²°³±²やµ̶œ³Ø╆や

*-や¬̶°²ıª³œ̶°や²æØやı-S³Ø-ªØやŁØº°ØØやŒ©°や²æØやŁØµØœ©¬ßØ-²や
©Œや̶-½や±¬ØªıRªや°©œØや ı-や̶-½やŁØ²Ø°ßı-ØŁや±ªØ-Øやı±やºıµØ-や
Æ½や〉ｴ《╆

7Rd"Œ"R  '〉i"""""《ややŒiR    〉ｴ《

i"""""@
5æØ-╇や²æØや±³ı²̶Æıœı²½や°̶²Øやら of any situated agent is ob-

tained by a match between the requirement of the roles 

〉
cdi
st

R )( 《や ̶-Łや ²æØや ª̶¬̶Æıœı²½や ©Œや ²æØや ±ı²³̶²ØŁや ̶ºØ-²±

〉や や や や や や や や や や や や や や 《╆や -Ø²や ³±や ±³¬¬©±Øや ²æ̶²や ̶や ±ı²³̶²ØŁや ̶ºØ-²や

SAj is capable of executing a role Rぽ with a suitability rate 

ら in a time t╇や¹ı²æı-や̶や±ªØ-ØやScや̶±やı²やı±やŁØ±ª°ıÆØŁやı-や〉ｵ《╆

〉ｵ《

5©や²æØやØ-Ł╇や²æı±やß̶²ªæやØ-±³°Ø±や²æ̶²や̶-½や±ı²³̶²ØŁや̶ºØ-²やı±や
capable of knowing which roles it can do in a suitable and 

reliable way. This fact guarantees an increase in the per-

formance of the team-agent because almost all the time 

each role is performed by a trustworthy situated agent.

Some experiments and results

&¼¬Ø°ıßØ-²±や̶°ØやŁØµ©²ØŁや²©や¬°©µØや²æØやØUªıØ-ª½や©Œや²æØや
¬°©¬©±ØŁや ̶¬¬°©̶ªæ╆や )Ø-ªØ╇や ±©ßØや ŒØ̶²³°Ø±や æ̶µØや ÆØØ-や
R¼ØŁや²©やŁ©や̶-やıß¬œØßØ-²̶²ı©-やı-や²æØや°Ø̶œや°©Æ©²ıªや±©ªªØ°や
²Ø±²まÆØŁ╆や1̶°²ıª³œ̶°œ½╇や Ø̶ªæや ̶¼ı±や ı±や ıß¬œØßØ-²ØŁや³±ı-ºや
ŁıTØ°Ø-²やı-Œ©°ß̶²ı©-や©Œや²æØやRØœŁ╇や̶±やı²やı±やŁØ±ª°ıÆØŁ╆
&-µı°©-ßØ-²̶œやª©-Łı²ı©-±や〉̶¼ı±やｱ《╇やª©-±ıŁØ°ØŁやæØ°Øや̶±や̶や
parameter of proximity P╇や̶°Øや°Øœ̶²ØŁや²©や²æØや°Ø̶œやŁı±²̶--

ce between the current location of a situated agent and 
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²æØやª³°°Ø-²やœ©ª̶²ı©-や©Œや²æØや¬°©¬©±ØŁや°©œØ╇や̶-Łやı²やı±や¬°©-

µıŁØŁやÆ½や〉ｶ《╆

〉ｶ《

Where d max means the maximal distance of a situated 

agent with the proposed roles in a scene Sv as it is des-

ª°ıÆØŁやı-や〉ｷ《

d             = 〉d 〉SAｱ╇やRw《╇や╆╆╆や╇やd 〉SAm╇やRw《《や や 〉ｷ《

1æ½±ıª̶œやø-©¹œØŁºØや〉̶¼ı±やｲ《や°ØŒØ°±や²©や²æØやª©º-ı²ıµØや̶Æıœı-
ty of each situated agent to estimate the knowledge re-

œ̶²ØŁや ²©や ²æØや ª̶¬̶Æıœı²ıØ±や ©Œや ı²±や Æ©Ł½や ı-µ©œµØŁや ı-や ²æØや
Ø¼Øª³²ı©-や©Œや̶ や¬°©¬©±ØŁや̶ ª²ı©-╇や°Ø¬°Ø±Ø-²ØŁや̶ ±や̶ やª̶¬̶Æı-
lity of introspection I. Introspection parameter is calcu-

lated implementing feed-forward back-propagation 

neural networks.

I〉SAj, Rw《やややや└や〉ß̶¼Value 〉NN    《や̇"Rw《や や 〉ｸ《

5°³±²やµ̶œ³Øや〉̶¼ı±やｳ《╇やæØ°Øやª̶œœØŁや²°³±²やT╇や°ØŒØ°±や²©や²æØや±©-

cial relationship among agents taking into account both 

the amount of “good” actions which are actions execu-

ted in a suitable way and the amount of “bad” actions 

¹æıªæや̶°Øや̶ª²ı©-±や²æ̶²や̶°ØやØ¼Øª³²ØŁやı-や̶や-Øº̶²ıµØや¹̶½╆や
4©や²æ̶²╇や²æØや²°³±²やßØ̶±³°Øや©Œや̶や±ı²³̶²ØŁや̶ºØ-²やı±や¬°©µı-
ŁØŁやÆ½や〉ｹ《╆

〉ｹ《

0-ªØや²æØやıß¬œØßØ-²̶²ı©-や©ŒやØ̶ªæや̶ ¼ı±やæ̶±やÆØØ-やı-²°©Ł³-

ªØŁ╇や̶-や̶ºØ-²やı±やª̶¬̶ÆœØや²©やŁØR-Øやæ©¹や²æØや°ØœØµ̶-ªØや©Œや
²æØや±Ø²や©ŒやŁØªı±ı©-や̶¼Ø±やª̶-やı-S³Ø-ªØやı-や²æØやª̶œª³œ³±や©Œや
²æØや±ı²³̶²ØŁや̶ºØ-²±‒や±³ı²̶Æıœı²½や°̶²Ø±╆や8Øやæ̶µØやŁØ±ıº-ØŁや
̶やªœ̶±±ıRª̶²ı©-や©Œや̶ やÆı-̶°½やª©ßÆı-̶²ı©-や©Œや²æØや²æ°ØØや̶ ¼Ø±や

〉ı╆Ø╆╇や》ｰ╇やｰ╇やｰ『や¹æØ°ØやｰやßØ̶-±や²æ̶²や²æØや¬̶°̶ßØ²Ø°やı±やŁı±̶-

ÆœØや̶-Łや 》ｱ╇や ｱ╇や ｱ『や¹æØ°ØやｱやßØ̶-±や ²æ̶²や ²æØや¬̶°̶ßØ²Ø°や ı±や
³±ØŁ《╆や'°©ßや²æı±╇や¹Øやæ̶µØや©Æ²̶ı-ØŁやØıºæ²や±²³Ł½やª̶±Ø±╆や*-や
¬̶°²ıª³œ̶°╇やØ̶ªæや±²³Ł½やª̶±ØやŁØ-©²Ø±や²æØやÆØæ̶µı©°や©ŒやØ̶ªæや
©-Øや©Œや²æØや²Ø̶ßや²æ̶²や¹Øやæ̶µØや³±ØŁやı-や²æØやØß¬ı°ıª̶œやØ¼-

periments. It means that each team-agent uses one of 

the binary combinations to allow agents self-calculate 

²æØı°や±³ı²̶Æıœı²½や°̶²Ø±╆や*-や¬̶°²ıª³œ̶°╇や'ıº³°Øやｱや±æ©¹±や²æØや
general scheme of the robot soccer test-bed used in this 

experimental phase.

5æØ±Øや Ø¼¬Ø°ıßØ-²±や ̶°Øや °Øœ̶²ØŁや ²©や Øıºæ²や ŁıTØ°Ø-²や
teams of agents which use each one of the eight possi-

ÆœØや ı-S³Ø-ªØや ŁØº°ØØ╆や 5æØ±Øや ²Ø̶ß±や ª©ß¬Ø²Øや ̶ß©-ºや
²æØß±ØœµØ±やı-や²Ø-や〉ｱｰ《やØ¬ı±©ŁØ±や©Œや©-œ½や©-Øやº̶ßØや¹ı²æや̶や
¬°ØŁØR-ØŁや¬Ø°ı©Łや©ŒやRµØや〉ｵ《やßı-³²Ø±╆や*-や¬̶°²ıª³œ̶°╇や²æØや
©µØ°̶œœやØ¼¬Øª²ØŁや²Ø̶ß‒±や¬Ø°Œ©°ß̶-ªØやı±や°Øœ̶²ØŁや²©や°Ø̶-

ªæı-ºや²æØやº°Ø̶²Ø°や-³ßÆØ°や©Œや̶ªæıØµØŁや¬©ı-²±や̶-Łやº©̶œ±╆や
'©°やØ¼̶ß¬œØ╇や'ıº³°Øやｲやıœœ³±²°̶²Ø±や²æØや©Æ²̶ı-ØŁや°Ø±³œ²±やı-や
©-Øや©Œや²æØやØ¬ı±©ŁØ±や©Œや²æØやØ¼¬Ø°ıßØ-²±╆や)Ø°Ø╇や²æØや©µØ-

rall expected performance by each team is measured 

³±ı-ºや²æØや²©²̶œや±ª©°Øや©Œや¬©ı-²±や²©や©Æ²̶ı-や̶やº©̶œや̶µØ°̶ºØや
〉GAVE《╆や5æØやº©̶œや̶µØ°̶ºØやı±やª̶œª³œ̶²ØŁやÆ½や²æØやŁıTØ°Ø-ªØや
ÆØ²¹ØØ-や²æØや©Æ²̶ı-ØŁやº©̶œ±や〉G+《や̶-Łや²æØや°ØªØıµØŁやº©̶œ±や
〉G-《╆

Figure 1. General scheme of the Robot Soccer Test-bed used in 
the experiments
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Figure 2. Results of the first episode: a) 
Scores obtained in each game, b) Ranking 
of the teams
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*-や̶ŁŁı²ı©-╇や²æØや'ıº³°Øやｳやıœœ³±²°̶²Ø±や²æØや²Ø̶ß±‒や¬Ø°-
formance taking into account the successful number of 

points obtained based on the won and tied games along 

̶œœや ²æØや Ø¬ı±©ŁØ±╆や 5æØや ¬Ø°Œ©°ß̶-ªØや Ł©Ø±や -©²や ıß¬°©µØや
±ıº-ıRª̶-²œ½や±©ßØ¹æØ°ØやÆØ½©-Łや²æØやｶやØ¬ı±©ŁØ±や©Œや²æØや
Ø¼¬Ø°ıßØ-²╆や5æØや-³ßÆØ°や©Œや²°ı̶œ±や〉Ø¬ı±©ŁØ±《や²©やı-ı²ı̶œœ½や
ª©-R°ßや²æØや±½±²Øß±や¬Ø°Œ©°ß̶-ªØや¹̶±やR¼ØŁやı-やｱｰ╆

Figure 3. Performance comparison between the agents-teams

"±や̶やª©-ªœ³±ı©-╇や²æØ±Øや±²̶²ı±²ıª̶œや°Ø±³œ²±やª©-R°ßやªœØ̶°œ½や
²æØやıŁØ̶や²æ̶²や±ı²³̶²ØŁや̶ºØ-²±やª̶-やß̶øØや±³°ØやŁØªı±ı©-±╇や
̶-Łや ª̶°°½や ©³²や ̶や ÆØmØ°や ¬Ø°Œ©°ß̶-ªØや ¹æØ-や ²æØ½や ³±Øや
knowledge related to their situation to perform any 

¬°©¬©±ØŁや ̶ª²ı©-╆や%³Øや ²©や ²æØやŁıUª³œ²╇や ı-や ²æØや ŁØµØœ©¬-

ßØ-²や ©Œや ²æØ±Øや Ø¼¬Ø°ıßØ-²±╇や ²æØや -³ßÆØ°や ©Œや º̶ßØ±や ı±や
small but not less important for the aims of this re-

search. 

4©╇や²æØやØ¼¬©±ØŁや°Ø±³œ²±やª©-R°ßやªœØ̶°œ½や²æØやŁıTØ°Ø--

ce between the system performances where it uses 

ª©©°Łı-̶²ØŁや²̶±øや¬°©ÆœØßま±©œµı-ºや±²°̶²Øº½╆や*-や¬̶°²ıª³-

œ̶°╇や²æØ°Øやı±や̶-やıß¬°©µØßØ-²や°̶²Øや©Œや̶°©³-Łや̶-や63% in 

²æı±や±ªØ-̶°ı©やÆØ²¹ØØ-や²æØやÆØ±²や²Ø̶ßや〉³±ı-ºや²æØや±ØœØª²ı©-や
©Œや¬̶°̶ßØ²Ø°±や》ｱ╇やｱ╇やｱ『《や̶-Łや²æØや¹©°±²や ²Ø̶ßや〉³±ı-ºや²æØや
¬̶°̶ßØ²Ø°±や》ｰ╇やｰ╇やｰ『《╆

Final remarks

In this paper it is possible to argue how situated agents 

that use information about their rates of actions are ca-

¬̶ÆœØや²©や°Ø̶ªæやÆØmØ°やŁØªı±ı©-±や©³²や©Œや̶œœや²æØı°や¬©±±ıÆœØや
̶œ²Ø°-̶²ıµØ±╆や *- ²æı±や œıºæ²╇ the decision performance 

〉±³ªªØ±±Œ³œや ŁØªı±ı©-±《や ©Œや ²æØや ±ı²³̶²ØŁや ̶ºØ-²±や ı±や ÆØmØ°や
when they are able to estimate their situationや〉ı╆Ø╆╇や²æØı°や
ø-©¹œØŁºØやÆ̶±Ø《や°Øœ̶²ØŁや²©や²æØやØ¼Øª³²ı©-や©Œや̶-½や¬°©¬©-

±ØŁや̶ª²ı©-±╇や ²æ̶-や¹æØ-や ²æØや ̶ºØ-²±やŁ©や-©²や³±Øや ı²╆や 4³ª-

cessful decisions in the experiments are related to the 

ratio between the number of successful tasks perfor-

med by the situated agent and the total number of ac-

²ı©-±や¬Ø°Œ©°ßØŁやÆ½や²æØや±̶ßØや̶ºØ-²╆や"ªª©°Łı-ºや²©や²æı±╇や
²æØや±ı²³̶²ØŁや̶ºØ-²±やı-ª°Ø̶±Øや±ıº-ıRª̶-²œ½や²æØや-³ßÆØ°や©Œや

successful actions if they are able to base its decisions 

on their situation considering the three proposed para-

ßØ²Ø°±や©µØ°や²æØやØ-µı°©-ßØ-²╆
The data from the experiments discloses that the im-

plementation of the three parameters of the decision 

axes combined within the agents’ decision-making 

±²°³ª²³°Ø╇や¬°©Ł³ªØ±やÆØ±²や¬Ø°Œ©°ß̶-ªØやı-や̶œœや²æØやØ¼¬Ø°ı-
ßØ-²±╆や#³²やß©°Øやıß¬©°²̶-²œ½╇や²æØや±½±²Øßや¬Ø°Œ©°ß̶-ªØや
〉±³ªªØ±±Œ³œや ¬Ø°Œ©°ß̶-ªØ《や ı±や ±ıº-ıRª̶-²œ½や ÆØmØ°や ¹æØ-や
²æØや ̶ºØ-²±や ı-ª°Ø̶±Øや ²æØや ı-Œ©°ß̶²ı©-や 〉ı╆Ø╆╇や ¹æØ-や ²æØや
̶ºØ-²±や ³±Øや º°̶²Ø°や ̶ß©³-²や ©Œや ø-©¹œØŁºØ《や ı-µ©œµØŁや ı-や
²æØı°やŁØªı±ı©-まß̶øı-ºや²©や¬Ø°Œ©°ßや̶-½や̶ª²ı©-╆や)©¹ØµØ°╇や
the remaining cases show interesting results but not an 

optimal strategy for the present domains at all. This fact 

illustrates that the choice of a strategy that includes 

knowledge in the agents’ decision-making structure is 

Œ̶°やŒ°©ßや²°ıµı̶œ╆や*-や²æı±やª̶±Ø╇や²æØや©Æ²̶ı-ØŁや°Ø±³œ²±や̶°Øや±ıº-

-ıRª̶-²や ̶-Łや ±æ©¹や ²æØや -ØØŁや Œ©°や Œ³°²æØ°や ı-µØ±²ıº̶²ı©-や
̶Æ©³²や²æØや̶ºØ-²±‒や±ı²³̶²ı©-や̶-Łやı²±やØTØª²やı-や²æØや¬Ø°Œ©°-
mance of complex problems in dynamic and cooperati-

µØやØ-µı°©-ßØ-²±╆
This is a complicated process because the number of 

°©œØ±やº°©¹±やØ¼¬©-Ø-²ı̶œœ½╆や5æØ°ØŒ©°Ø╇やØ̶ªæや̶ºØ-²やı±や̶ÆœØや
²©や¬Ø°ªØıµØや ̶-Łや ı-²Ø°¬°Ø²や ²æØや ı-Œ©°ß̶²ı©-や ı-µ©œµØŁや ı-や
the proposed actions to generate its knowledge base. In 

²æı±や ±Ø-±Ø╉や °ØŁ³-Ł̶-ª½や ı-や ²æØや ²̶±ø±や Ø¼Øª³²ı©-や ı±や ²æØ-や
̶µ©ıŁØŁ╆や'ı-̶œœ½╇や²æı±や-Ø¹や̶-ŁやØTØª²ıµØや̶¬¬°©̶ªæやª©--

²°ıÆ³²Ø±や ²©や Ø-æ̶-ªØやß³œ²ıま̶ºØ-²や ØUªıØ-ª½や̶-Łや¬Ø°Œ©°-
ß̶-ªØや ı-や Ł½-̶ßıªや ̶-Łや ª©©¬Ø°̶²ıµØや Ø-µı°©-ßØ-²±や
because the agents are capable of knowing if they can 

perform the proposed action.
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