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【提出用】

Self-organization of collective decision-making
The decision-making of each individual and the collective is affected by each other. We focus on the
patterns within collectives formed through such mutual interactions.

time
Choice A is answered

Choice B is answered

We investigate patterns in collective decision-making and society using analytical calculations and
data analysis.

Investigation of collective decision-making using mathematical approaches

Who decides and when?
The timing of individuals’ decisions significantly affects the correlation structure of individuals’
opinions. We are focusing on the heterogeneous distribution of individuals’ decision timings.

❖Algorithm for maximizing an individual’s 
accuracy in collective decision-making

❖Capturing hidden patterns in society through 
the  analysis of socioeconomic data

Biases in decision-making

Social pressure

Influence on others

Pattern
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organization

Main objects:
Collective intelligence,
Financial markets
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Regional Difference of Store/Facility Agglomeration  
Observed in Japanese Telephone Directory Data

Introduction

Results & Discussion 

Methods
Data

Multifractal analysis

• Population: Japanese 100-meter estimated mesh 
data from national censuses  

• Stores/Facilities: Corporate telephone dir ectory 
database telepoint with coor dinates (39 categories)

Fractal dimension of points 
in which the local fractal 
dimension around each is 
in [α, α+Δα]: f(α)

• Fractal dimension

• Idea of maltifractal analysis

1 2Approx. 1.58

• Derivation of multifractal spectrum
The object is divided by boxes with size .          
   (  ) 
The smallest unit:  
100-meter mesh       box with size 

= 1/28, 2/28, . . . , 27/28, 1

= 1/28

2) http://nihonga-hobbytimes.com/2018/04/18/ 「 墨流し」 /

Sierpinski gasket

1) https://ja.wikipedia.or g/wiki/シェルピンスキーのギャスケット
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Research Target  Regional difference in the spatial 
distributions of population and stor es/facilities,  
from the view point of multifractal.

• Multifractality can be seen in city morphologies.

• Multifractal analysis: a good tool to characterize a 
structure with the heterogeneous density. 

q= lim
0

log ip
q
i,

log
, f( q) = qq− q

dq

dq
= q,

(the num. of *stores/facilities in i-th box with size r )
(the total num. of *stor es/facilities)

 Pi, =

*Population, as well
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‣ Spatial distribution of population, str eets, land 
price…

• Spatial distributions of population and stor es/
facilities are qualitatively di fferent from each other.

Mariko Ito, Takaaki Ohnishi (Rikkyo University , Japan)
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Spatial distribution in most categories did not have 
multifractality in sparsely distributed r egion.

• Linear relationship between  and  is 
necessary for multifractality .

log
i
Pqi, log

Value of q

‣ The higher is  , 
the more is 
emphasized 
region with high 
density. 

q

Different regions, but similar tendency in  curves.f( )
Kanto

Keihanshin

Future work 
Can we observe such a tendency anywher e? Is it unique 
to Japanese metropolitan areas? 

(1:1,000,000 INTERNATIONAL MAP, Geospatial Information Authority of Japan )

Ozik et al. (2005), Murcio et al. (2015), Salat et al. (2018)

Appendix

What does  stand for?α

Small  : 
High density compared to the 
surroundings

α
Ito and Ohnishi. arXiv:2005.03935 (2020)

Large  : 
Low density compared to the 
surroundings

α
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High density compared to the 
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Ito and Ohnishi. arXiv:2005.03935 (2020)
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Quantification of 
the spatial distribution
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