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2How can we really understand “Market” ?

What’s an emergent order in Market ?
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Consumers Do NOT exist alone.

Products Do NOT exist alone.

How are they actually organized ?
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Data We Use

• The data is taken from the real transaction data in one of 
the biggest Japanese Online Store, “Rakuten Books”.

• Books, CDs, and DVDs respectively.
• The term is basically from April 2006 to March 2007.

* Note that this research was done 
as an analysis by Rakuten Institute 
of Technology, and the data do not 
include any personal information.
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Summary

• Probability Distribution of Sales Volume of each Product follows 
Power Law.

• Probability Distribution of Purchases Volume of each Customer 
follows Power Law.

• Co-purchase networks of Books, CDs, DVDs are almost similar to one 
another in the viewpoint of network structure.
– CDs network is a little difference from Books and DVDs in clustering.

• Full-connected co-purchase networks
– have the characteristics of Small World.

– include randomness under the influence of tastes of individuals.

– can be considered as Scale-Free Network when removing weak links.

• Sequential-connected co-purchase networks
– can be considered as Scale-Free Network, but NOT Small World.

• The characteristics of network do NOT depend on the number of 
target customers.
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Probability Distributions of 
Sales Volume and Purchases Volume
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Probability Distribution of Sales Volume follows Po wer Law
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Rank Plot of Sales Volume Probability Distribution of Sales Volume

� =1.62

� =1.93 � =1.83
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Probability Distribution of Sales Volume follows Po wer Law

Books
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Probability Distribution of Purchases Volume follow s Power Law

pv

rank

Books
Rank Plot of Purchases Volume Probability Distribution of Purchases Volume

P(pv)

pv

CDs DVDs

The data we use is the real market data of 30,000 customers at Rakuten Books by picking up at random

� =2.04

� =2.83 � =2.36
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Probability Distribution of Purchases Volume follow s Power Law

Books
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Building Co-Purchase Network from data
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Building Co-Purchase Network from data

Full Connection Sequential Connection
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Building Co-Purchase Network from data

• Full Connection
– all the nodes which user bought connect each other
– Weighted Undirected Network

(1)

(2)
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Building Co-Purchase Network from data

• Sequential Connection
– nodes connect as the sequential order of user bought. 
– Weighted Directed Network

(1)

(2)
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Capturing the Networks as a Whole
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Co-Purchase Network of Books

Full connection Sequential connection

* Target Customers = 30,000
* All Links are Visualized.

Number of nodes = 68,701
Number of edges = 2,215,260

Number of nodes = 68,701
Number of edges = 113,940
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Co-Purchase Network of CD

Full connection Sequential connection

Number of nodes = 14,038
Number of edges = 80,892

Number of nodes = 14,038
Number of edges = 22,727

* Target Customers = 30,000
* All Links are Visualized.
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Co-Purchase Network of DVD

Full connection Sequential connection

Number of nodes = 10,875
Number of edges = 139,839

Number of nodes = 10,875
Number of edges = 24,535

* Target Customers = 30,000
* All Links are Visualized.
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Basic Indicators

DVD

CD
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Degree Distribution (Full Connection)

Book

CD DVD

Degree Distributions of 
Full-Connected Network
DO NOT follow power law.



23

In-Degree Distribution (Sequential Connection)

Book

CD DVD

In-Degree Distributions of 
Sequential-Connected Network
follow power law.

� =2.57

� =2.43 � =1.99
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Out-Degree Distribution (Sequential Connection)

Book

CD DVD

� =2.56

� =2.33 � =2.09

Out-Degree Distributions of 
Sequential-Connected Network
follow power law.
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Sequential connection

Weight Distribution

Books

CDs

DVDs

Full connection
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Outline

• Building Co-Purchase Network from data

• Capturing the Networks as a Whole

• Changing Weight Threshold
• Changing Number of Target Customers
• Mapping Genre in Networks
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Changing Weight Threshold
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Changing Weight Threshold
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Changing Weight Threshold

Number
of Nodes

Full connection Sequential connection

Ratio
of Nodes
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Full connection Sequential connection

Number
of Edges

Ratio
of Edges

Changing Weight Threshold



32

Clustering
Coefficient

Characteristic 
Path length

Full connection Sequential connection

Changing Weight Threshold
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Network
Diameter

Network
Density

Full connection Sequential connection

Changing Weight Threshold
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Avg. Number
of Neighbors

Full connection Sequential connection

Changing Weight Threshold
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� =1.77

Changing Weight Threshold

Degree Distribution
(Weight > 0)

Book

Degree Distribution
(Weight > 1)

Full Connection
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� =1.42

Changing Weight Threshold

DVD

Degree Distribution
(Weight > 0)

Degree Distribution
(Weight > 1)

CD

� =1.64
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� =2.92

Changing Weight Threshold

In-Degree Distribution
(Weight > 0)

Book

In-Degree Distribution
(Weight > 1)

Sequential Connection

� =2.57
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� =2.03

Changing Weight Threshold

DVD

In-Degree Distribution
(Weight > 0)

In-Degree Distribution
(Weight > 1)

CD

� =1.84� =2.43

� =1.99
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� =2.93

Changing Weight Threshold

Out-Degree Distribution
(Weight > 0)

Book

Out-Degree Distribution
(Weight > 1)

Sequential Connection

� =2.56
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� =2.00

Changing Weight Threshold

DVD

Out-Degree Distribution
(Weight > 0)

Out-Degree Distribution
(Weight > 1)

CD

� =2.02� =2.33

� =2.09
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Changing Number of Target Customers
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Changing Number of Target Customers

Full connection Sequential connection

Number
of Nodes

Ratio
of Nodes
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Full connection Sequential connection

Number
of Edges

Ratio
of Edges

Changing Number of Target Customers
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Clustering
coefficient

Characteristic 
path length

Full connection Sequential connection

Changing Number of Target Customers
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Network
diameter

Network
density

Full connection Sequential connection

Changing Number of Target Customers
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Avg. number
of neighbors

Full connection Sequential connection

Changing Number of Target Customers



47Target Customer = 15,000

Changing Number of Target Customers

Full connection Sequential connection

Degree Distribution In-Degree Distribution

Out-Degree Distribution



48

Mapping Genre in Networks
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Mapping Genre in Co-Purchase Network of Books

Full Connection

Target Customers = 5,000

Weight > 1

k highlow

Node Coloring
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Mapping Genre in Co-Purchase Network of Books

Full Connection

Target Customers = 5,000

Weight > 1

k highlow

Node Coloring
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Mapping Genre in Co-Purchase Network of CDs

Full Connection

Target Customers = 30,000

Weight > 1

k highlow

Node Coloring
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Mapping Genre in Co-Purchase Network of DVDs

Full Connection

Target Customers = 30,000

Weight > 1

k highlow

Node Coloring
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Mapping Genre in Co-Purchase Network of DVDs

Sequential Connection

Target Customers = 30,000

Weight > 1

k highlow

Node Coloring



54

Summary

• Probability Distribution of Sales Volume of each Product follows 
Power Law.

• Probability Distribution of Purchases Volume of each Customer 
follows Power Law.

• Co-purchase networks of Books, CDs, DVDs are almost similar to one 
another in the viewpoint of network structure.
– CDs network is a little difference from Books and DVDs in clustering.

• Full-connected co-purchase networks
– have the characteristics of Small World.

– include randomness under the influence of tastes of individuals.

– can be considered as Scale-Free Network when removing weak links.

• Sequential-connected co-purchase networks
– can be considered as Scale-Free Network, but NOT Small World.

• The characteristics of network do NOT depend on the number of 
target customers.
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Co-Choice Network at the Exhibition “Book Café”

SFC Open Research Forum 2007, Japan
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Comparing the result with REAL Stores in Japan
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T. Iba, et. al, “Power-Law Distribution in Japanese Book-Sale Market“, Fourth 
Joint Japan-North America Mathematical Sociology Conference, 2008


