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MODEL: “MORPHOGENETIC” 

SWARM CHEMISTRY 
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FOUR CLASSES 

PARAMETERIZED 

Class R U w 

A One type 0 0 

B Multiple types 0 0 

C Multiple types ≠ 0 0 

D Multiple types ≠ 0 ≠ 0 



A B 

C D 





FINDINGS (4) 

Many variables showed a trend 

“A → C&D → B” 

Morphogenetic principles may have 

helped collectives maintain spatially 

adjacent, coherent organization 
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HERE IS THE NEW STUFF 

 

More detailed comparative analysis of the 

same experimental data among four 

classes 

 

Focusing on behavioral diversity 

within each class 



INPUT DATA 

Average speed of swarm as a whole 

Average of absolute speed of agents 

Average angular velocity of swarm 

Average distance of agents from center 

Average pairwise distance 

Number of connected components 

Average size of connected components 

Homogeneity of sizes of connected components 

Size of largest connected component 

Average size of CCs except for the largest one 

Average clustering coefficient 

Link density 

 

Temporal 

means 
 

& 
 

Temporal 

standard 

deviations 

24-D 

behavioral 

feature 

space 

Standardized & 

transformed by 

PCA 



PRINCIPAL 

COMPONENTS 

Cohesion (+) vs. 

dispersal (-) 
Temporally changing (+) 

vs. static (-) 
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HOW TO MEASURE 

BEHAVIORAL DIVERSITY 

 

Approximate volume of behavior coverage 

 

Average pairwise distance of behaviors 

 

Differential entropy of behaviors 



APPROXIMATE VOLUME OF 

BEHAVIOR COVERAGE 

L1 

L2 

Approximate 

volume  

= L1 * L2 * … 

 

(do this for 

  all 24D) 



RESULT  



AVERAGE PAIRWISE 

DISTANCE OF BEHAVIORS 

d1 

d2 

d3 
Average pairwise 

distance 

= Si = 1~n di / n 

 

(do this for n = 106 ) 



RESULT  



DIFFERENTIAL ENTROPY OF 

BEHAVIORS 

Differential entropy of  

behaviors 

= - ∫ ∫ … p log p  dPC1 dPC2 … 

 

(do this for top 4 PCs) 



RESULT  



INTERPRETATIONS 

In all of three measurements, Classes C & D 

showed greater values than A & B 

I WAS WRONG; 

Classes C & D were NOT in between A and B!! 

Difference between B and C/D not so significant in 

differential entropy that used only 4D 

→ Behavioral diversity is truly high-dimensional 



CONCLUSIONS 

Experimental data of “Four Classes of MCS” paper 

re-analyzed to characterize behavioral diversities 

in high-dimensional feature space 

Classes C & D consistently showed greater 

behavioral diversities than A & B 

Dynamic (re-)differentiation contributes to the 

production of more diverse behaviors in MCS 

 

Still not clear: What role does local information 

sharing play (between C & D)? 
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FOR MORE INFO 

NSF RI “Robustness and Adaptation in 

Morphogenetic Collective Systems” website: 

http://bingweb.binghamton.edu/~sayama/ 

NSF-RI-MCS/ 

 

Swarm Chemistry website: 

http://bingweb.binghamton.edu/~sayama/ 

SwarmChemistry/ 
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