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The Dilemma between Exploring and Exploiting of Collective Agents in an Asynchronous Interaction 
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To understand various collective behaviors, we propose the multiplicity of interaction to each agent. Each agent has a 
passive phase and an active phase. These two phases are determined by asynchronous updating.  Using the discrepancy 
between learning (passive) and recalling (active), agents in our model show a flexible and multiple collective behaviors such 
as searching, making signs and collective cognition. Our approach provides a new tool to understand the internal 
measurement, including such as self-organization, from the collective perspective.  
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ŶƬÆƇƔƇƨ[Cornforth and Green, 2003; Giuggioli et al., 
2011;  Lewis and Murray, 1993]ǚƁƘ;Ŷƙ�f°ň�ćƅƌ
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(A) 

(B) 

Figure 1. (A) Algorithm of a passive phase (Left) and active 
phase (Right). (B) The detail algorithm of an active phase. Each 
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agent in an active phase takes account into his neighborhood of 
neighborhood except block sites. We also describe the way of 
changing bitstrings.  
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ĵ$Ƙĵ$Ƭğƨ
ƙǙµ¹ƢƅžƙĺAƘÜ�Ƭđ�Ɨ)Ʃ
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[Davey and Priestelely, 2005]ǚƐƟƧǙ°ňéƖ-jƬÁķ<
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ƗƖƨǚÄƗǙ·ƘĞĀƬǏǔǀǍƗľƜǙƊƘĞĀƬƢ

ƔƗIJ(·�ƘJ!Ŕ)ƬÁ�ƅ[Gunji et al., 2006; Niizato 
and Gunji, 2013]ǙßUƗŵƌƨÜ�ƗLƟƩƨJ!ŔƘ²`
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ƘńĞƃƙŶƟƟƓƃƟƄƟƖðùŻƖƃƩƒżƌ [Cornforth 
and Green, 2003; Cornforth et al., 2005]ǚ?ÿƖƽǑƳǖǄǋǄ
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ZŻ�VİƗƖƏƌƔżÜÊƙ�^Ƈƨǚ 
 

 

Figure 2 (A) The averaged density distribution of agent in 
1,000 steps. It can be observed that agents search all over spaces. 
(B) The averaged density distribution when blocks randomly 
distributed in a given space. 
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ŌhÙƬǏǔǀǍƗúň�ƗªuƅƌƔżǙƲǖƺƱǔǄƌƎ

ƙúň�Ƭ¢āƇƨƁƔƙƉƈǙoƃƖĎƩƬ�Ƨ.ƇƁƔŻñ
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ƌƎƙǙĨ|Ɣ�ĿƔŶƏƌǙ�ƐƘëBƇƨÜÊƗŹźƩƨ


ƗƖƨǚƁƘƥŷƖáZ�ƗŵƏƒǙƲǖƺƱǔǄƌƎƙƕƘƥ

ŷƗ�ƨĖŷƘƍƪŷźǟFigure 3B ƙƊƘąºƓŵƨǚTƥƧǙ
¯ƦźƗ���ĵƘƲǖƺƱǔǄƘñÞk{Ż��ƅƒŶƨ


ŻƫźƨǚƲǖƺƱǔǄƌƎƙǙFigure 2AƓğƌƥŷƗǙk{9
ºƗƥƧúň*WƗxŻƪŷƔƇƨǚƊƅƒǙÄüƗ;ŶƘƐŶ

ƒŶƨ��ƲǐƮƗƢōƟƪŷƔƇƨŻǙŌhÙƘcUƔ���

ĵƘk{Ƙ[8ƗƥƧǙŌhÙ�ĵƗmƇƨ�ĿŻ�ĸƃƩǙ

ƊƘYƗƥƧƐżƗžžƖƨǚ 
 

 
Figure 3. (A) Figure of an environment setting. At the center 

of the space, blocks and scent makings are distributed 
alternatively. (B) The averaged density distribution in 1,000 steps. 
The density is low around the center. (C) The comparison 
between agent with learning (light gray) and without learning 
(gray). 

 
m×gřƔƅƒǙE:ëƘƔżƗĵ$ƘÜ�ƬdĐƅƖŶƶ

ǖƻƬđŸƒƠƥŷǚƁƘƔżŰ���ĵƓƙdĐŻĚƖƫƩƖ

ŶƌơŰƲǖƺƱǔǄƌƎƙ²ăéƗ���ĵƗC·ƅƒŶžű

ƁƘsƙŰHƲǖƺƱǔǄƘ²ņÓU°ňƘvVƬƔƩƚ¯Ʀ

źƗƖƨűFigure 3C ƙƊƘąºƓŵƨǚ¯ƦźƗŰdĐƖƅ(Ʒ
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ǔǄǓǖǑ)ƗÇƝƒŰdĐŵƧƘƞŷŻþ 1000 ƻǂǁǉĵžņž
Ø®ƘŒWƗƔƕƟƏƒŶƨƁƔŻƫźƨűƁƘąºƔ Figure 3B
ƘƲǖƺƱǔǄƘªuÜ�Ƭđ�Ɨ)ƩƨƔŰ¯ƦźƗƲǖƺƱ

ǔǄƌƎƙ���ĵƬ�ĿƘĤGƔƅƒħĭƅƒŹƧŰĤG<

ƘęĘŻğƦƩƨűƁƁƓĚƖƫƩƌ�ĿĤGƗƥƨ/ŎƙŰ
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ƅŰƢŷ�®ƙƊƩƬ4ŊƇƨƁƔƗŵƌƨźƦűŏJ´ǎǃǑ

ƙŰE:ëƔē:ëŻƐžƨġłƘ_ď�ƗƥƧŰÜÊƗ�Ɔ

ƒçƖƨōSéƖ�ƨĖŶƬâƆŷƨ
Żƫźƨű 
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²�ƗŰáZŻ°ňéƗ^<ƇƨƶǖƻƬđŸƨű�Qƙ�

aƗŌhÙƬƢŷſŰƁƘ «Ż°ňéƗ�ŲƗ^<ƅƒĚž

ƔƇƨűƁƘƔż�ƐƘƶǖƻŻđŸƦƩƨűŌhÙŻ�ŲƗÏ

ƏƒĚžƶǖƻƔ[ŸƒĚžƶǖƻƓŵƨűê�éƗŰƢƘƘ.

ßƔÍÒƙŰßįƗŹŶƒ�İŻ¶İéƗçƖƨűƔŶŷƘƢŰ

²1Ɨ\ŻŵƏƒ�ŲƗÍŸƒĚžƚŵŶƙŰ\ƘKƁŷ#Ƙ

ƲǖƺƱǔǄƔƘ£ĢŻPœƗƖƨƅŰ\Ż�ŲƗ[ŸƒĚžY

IƙŰßƩƌŌhÙƬJġłƇƨźŻPœƔƖƨźƦƓŵƨű

ƐƟƧŰ�®Ɠƙ\ƔŶŷƿưǉƘÍÒƓŵƨŻŰƢŷ�®ƙ«

 ƘŌhÙƘǄǖƵǔéâ�Ƭ�MƅƒŶƨźƦƓŵƨűƁƘƥ

ŷƖßįƘ�İƘĻŶƙŰƲǖƺƱǔǄƌƎƘōSƘ�ƨĖŶ

®Ɨ�ŐƬ�ŸƨƙƈƓŵƨű 
 

Figure 4. The transition of density probability around the center 
with block rate. The triangle corresponds removing blocks with 
time and the rectangle corresponds adding blocks with time. 
 
Figure 4 ƙŌhÙŻ�ŲƗ[ŸƒŶžƔżƔÏƏƒĚž°Ƙ�
��ĵƘñÞk{ƘĽõƬěƅƌƢƘƓŵƨűŌhÙƙ 1000
ƻǂǁǉƂƔƗ 10%ƑƐ[ÏƅƒŶžƔƅƌűTźƦ/źƨƥŷƗ
ŌhÙƘ[ÏƘňƗƙŏmôéƖĽõŉ�ŻñħƃƩƌűƟ

ƈŰ�ŲƗŌhÙŻÎ8ƃƩƒŶžYIŰñÞk{ƙƤƏžƧƔ

ÏĜƅƒŶžűƁƩƙŰ�ĿĤGƘâ�ƓƠƌƥŷƗk{[8

ƗƥƨdĐŻ�ĸƃƩƒŶžƌơƓŵƨű�®ƓŰŌhÙƬ

�ŲƗDƧŋŶƒĚžƔżŰBlock rate Ż 0.5 ƞƕƗƖƏƒŶƒ
ƢŰñÞk{ŻƈƏƔoƃŶƟƟƬƌƢƏƒŶƨűƁƩƙŰŌh

ÙƬ\ƔŶŷƿưǉƔƅƒħïƇƨźŰŵžƟƓŌhÙƘōƟƧƔ

ŶƏƌƥŷƗǄǖƵǔƔƅƒħïƇƨźƘsŻ*�Ƙ�ƨĖŶƗ

�ŐƬ�ŸƒŶƨƁƔŻğƒDƩƨűƁƘƥŷƖŏmôéƖÁķ

ƙŰHaken(1983)ƘƹǅƺƱǂƯƵƻƖƕƗıÑƬƠƨƁƔŻƓż
ƨűƁƘ�MƗŹŶƒŰƲǖƺƱǔǄƌƎƙŰ°ň^<ƇƨáZ

ƗmƇƨōSéħïŻòOƇƨƔŶŷąºƬ�ƌű 
 

4. ���� 
-ŀĠÐƙ�¹ǙƃƟƄƟƖġłƬ³ƇƨƢƘƘǙƊƘ¶İ

ƗƙmįƬJfƇƨ
Ƙ�e*�ƣ�f�ƬĳƗpŇƃƩƒ

żƌĠÐàĬƓŵƨƔŶƏƒŶŶ[Gunji et al., 2006; Matsuno, 
1991]ǚMatsuno ƙĠÐmįƘĠÐƔ°ňƘ³Ŋ�ƬƅƒŶƨ
ƅǙGunji ƦƙǙĠÐmįƗ�ŷgUĬƬ�2ƅƒŶƨǚ�ĒƗ
+ĶƇƨÕƙǙmįƣÀ�ƔŶƏƌƢƘŻǙŵžƟƓ�}�żƘ

ƢƘƓƅźĩƩƖŶƗƢźźƫƦƈǙ�öƘgU�ƬƢƏƒ�

fƃƩƒƅƟŷ
�ƬƕŷàġƇƨźǙƔŶŷÕƗŵƨǚmįƘJ

fŻå�Ƭ�ƏƌƢƘƓŵƨƔđŸƨƔżǙƊƩƬ�Ųƙ¿ŊƔ

ƅƒƘ�ò�(*�)Ɣ,��ƔƅƒƘ�ò�(ŀ/)ƘĆŸňƖ
Ŷë��ãƬƢƏƒƓƅźĩƨ
ƙƓżƖŶǚ¶÷ƬĶƆƒ

�ŲŻ�~ƅƒżƌ�f�ƬƢƏƌë��ãƬđŸƨƁƔƙǙƟ

ƃƗǙmįƘJfƘ�e*�ƬđŸƨƁƔƗŵƌƨǚƊƩƙǙƿ

ưǉƔǄǖƵǔƘ�ď�Ǚµ/<Ɩë��ãŻƊƘƐƕ/<ƅ

ƒŶž¤'Ɠŵƨǚ 
À�ƣmįŻ�}ƐżƓŵƨƔ,�éƗƕƘƥŷƖƁƔƍƪŷ

źǚ²ĵ Nature ƓǙƐŽƘƥŷƖĬ¬ŻŵƏƌǚÛƙƳƳƴǌƬ
iæ<ƅƌƢƘƓŵƨƔïƦƩƒŶƨŻǙAxelsson ƙÛƘŕƝ
ƨƢƘƔňƘŕƝƨƢƘƘÍ<ÃēƘŔ��źƦǙÛƙň

ƘŕƝÆƅƬŕƝƨ
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