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Preface

In the present age, large amounts of data are produced continuously in
science, on the internet, and in physical systems. Such data are collectively
called data deluge. According to researches carried out by IDC, the size of
data which are generated and reproduced all over the world every year
is estimated to be 161 exa bytes. The total amount of data produced in
2011 exceeded 10 or more times the storage capacity of the storage media
available in that year.

Experts in scientific and engineering fields produce a large amount
of data by observing and analyzing the target phenomena. Even ordinary
people voluntarily post a vast amount of data via various social media on
the internet. Furthermore, people unconsciously produce data via various
actions detected by physical systems in the real world. It is expected that
such data can generate various values.

In the above-mentioned research report of IDC, data produced in
science, the internet, and in physical systems are collectively called big data.

The features of big data can be summarized as follows:

* The quantity (Volume) of data is extraordinary, as the name denotes.

* The kinds (Variety) of data have expanded into unstructured texts,
semi-structured data such as XML, and graphs (i.e., networks).

* As is often the case with Twitter and sensor data streams, the speed
(Velocity) at which data are generated is very high.

Therefore, big data is often characterized as V° by taking the initial
letters of these three terms Volume, Variety, and Velocity. Big data are
expected to create not only knowledge in science but also derive values in
various commercial ventures.

“Variety” implies that big data appear in a wide variety of applications.
Big data inherently contain “vagueness” such as inconsistency and
deficiency. Such vagueness must be resolved in order to obtain quality
analysis results. Moreover, a recent survey done in Japan has made it clear
that alot of users have “vague” concerns as to the securities and mechanisms
of big data applications. The resolution of such concerns is one of the keys
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to successful diffusion of big data applications. In this sense, V* should be
used to characterise big data, instead of V.

Data analysts are also called data scientists. In the era of big data, data
scientists are more and more in demand. The capabilities and expertise
necessary for big data scientists include:

* Ability to construct a hypothesis

* Ability to verify a hypothesis

¢ Ability to mine social data as well as generic Web data

¢ Ability to process natural language information

* Ability to represent data and knowledge appropriately

* Ability to visualize data and results appropriately

* Ability to use GIS (geographical information systems)

¢ Knowledge about a wide variety of applications

* Knowledge about scalability

* Knowledge and follow ethics and laws about privacy and security

* Can use security systems

¢ Can communicate with customers

This book is not necessarily comprehensive according to the above
criteria. Instead, from the viewpoint of social big data, this book focusses
on the basic concepts and the related technologies as follows:

Big data and social data

The concept of a hypothesis

Data mining for making a hypothesis
Multivariate analysis for verifying the hypothesis
Web mining and media mining

Natural language processing

Social big data applications

Scalability

In short, featuring hypotheses, which are supposed to have an ever-
increasingly important role in the era of social big data, this book explains
the analytical techniques such as modeling, data mining, and multivariate
analysis for social big data. It is different from other similar books in that
it aims to present the overall picture of social big data from fundamental
concepts to applications while standing on academic bases.

I hope that this book will be widely used by readers who are interested
in social big data, including students, engineers, scientists, and other
professionals. In addition, I would like to deeply thank my wife Tazuko,
my children Takashi and Hitomi for their affectionate support.

Hiroshi Ishikawa
July, 2014 Kakio, Dijon and Bayonne
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Social Media

Social media are indispensable elements of social big data applications. In
this chapter, we will first classify social media into several categories and
explain the features of each category in order to better understand what
social media are. Then we will select important media categories from a
viewpoint of analysis required for social big data applications, address
representative social media included in each category, and describe the
characteristics of the social media, focusing on the statistics, structures, and
interactions of social media as well as the relationships with other similar
social media.

1.1 What are Social Media?

Generally, a social media site consists of an information system as its
platform and its users on the Web. The system enables the user to perform
direct interactions with it. The user is identified by the system along
with other users as well. Two or more users constitute explicit or implicit
communities, that is, social networks. The user in social media is generally
called an actor in the context of social network analysis. By participating in
the social network as well as directly interacting with the system, the user
can enjoy services provided by the social media site.

More specifically, social media can be classified into the following
categories based on the service contents.

* Blogging: Services in this category enable the user to publish
explanations, sentiments, evaluations, actions, and ideas about certain
topics including personal or social events in a text in the style of a diary.

* Micro blogging: The user describes a certain topic frequently in shorter
texts in micro blogging. For example, a tweet, an article of Twitter,
consists of at most 140 characters.
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® SNS (Social Network Service): Services in this category literally support
creating social networks among users.

* Sharing service: Services in this category enable the user to share movies,
audios, photographs, and bookmarks.

* Video communication: The users can hold a meeting and chat with other
users using live videos as services in this category.

* Social search: Services in this category enable the user to reflect the
likings and opinions of current search results in the subsequent
searches. Other services allow not only experts but also users to directly
reply to queries.

* Social news: Through services in this category the user can contribute
news as a primary source and can also re-post and evaluate favorite
news items which have already been posted.

* Social gaming: Services in this category enable the user to play games
with other users connected by SNS.

* Crowd sourcing: Through services in this category, the user can outsource
a part or all of his work to outside users who are capable of doing the
work.

* Collaboration: Services in this category support cooperative work among
users and they enable the users to publish a result of the cooperative
work.

1.2 Representative Social Media

In consideration of user volumes and the social impact of media in the present
circumstances, micro blogging, SNS, movie sharing, photograph sharing,
and collaboration are important categories of social big data applications,
where social media data are analyzed and the results are utilized as one of
big data sources. The profiles (i.e., features) of representative social media
in each category will be explained as well as generic Web, paying attention
to the following aspects which are effective for analysis:

¢ Category and foundation

e Numbers

¢ Data structures

¢ Main interactions

¢ Comparison with similar media
e API

1.2.1 Twitter
(1) Category and foundation

Twitter [Twitter 2014] [Twitter-Wikipedia 2014] is one of the platform
services for micro blogging founded by Jack Dorsey in 2005 (see Fig. 1.1).
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' Language: English +

Username or email

Welcome to Twitter. = Forgot password?

Start a conversation, explore your
interests, and be in the know. 3 X
New to Twitter? Sign up

Full name
Email

Password

. App Store View other devices

About Help Blog Status Jobs Terms Privacy Cookies Adsinfo Brand Advertise Businesses Media Developers Directory

Figure 1.1 Twitter.
Color image of this figure appears in the color plate section at the end of the book.

Twitter started from the ideas about development of media which are
highly live and suitable for communication among friends. It is said that it
has attracted attention partly because its users have increased so rapidly.
For example, in Japan, when the animation movie “Castle in the Sky” by
Hayao Miyazaki was broadcast as a TV program in 2011, there were 25,088
tweets in one second, which made it the center of attention.

(2) Numbers

e Active users: 200 M (M: Million)
¢ The number of searches per day: 1.6 B (B: Billion)
¢ The number of tweets per day: 400 M

(3) Data structures

(Related to users)

® Account

e Profile

(Related to contents)

o Tweet

(Related to relationships)

¢ Links to Web sites, video, and photo

¢ The follower-followee relationship between users
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Memory of searches
List of users
Bookmark of tweets

(4) Main interactions

Creation and deletion of an account.

Creation and change of a profile.

Contribution of a tweet: Tweets contributed by a user who are followed
by another user appear in the time line of the follower.

Deletion of a tweet.

Search of tweets: Tweets can be searched with search terms or user
names.

Retweet: If a tweet is retweeted by a user, the tweet will appear in the
time line of the follower. In other words, if the user follows another
user and the latter user retweets a certain tweet, then the tweet will
appear in the time line of the former user.

Reply: If a user replies to a message by user who contributed the tweet,
then the message will appear in the time line of another user who
follows both of them.

Sending a direct message: The user directly sends a message to its
follower.

Addition of location information to tweets.

Inclusion of hash tags in a tweet: Tweets are searched with the character
string starting with “#” as one of search terms. Hash tags often indicate
certain topics or constitute coherent communities.

Embedding URL of a Web page in a tweet.

Embedding of a video as a link to it in a tweet.

Upload and sharing of a photo.

(5) Comparison with similar media

Twitter is text-oriented like general blogging platforms such as WordPress
[WordPress 2014] and Blogger [Blogger 2014]. Of course, tweets can also
include links to other media as described above. On the other hand, the
number of characters of tweets is less than that of general blog articles and
tweets are more frequently posted. Incidentally, WordPress is not only a
platform of blogging, but it also enables easy construction of applications
upon LAMP (Linux Apache MySQL PHP) stacks, therefore it is widely used
as CMS (Content Management System) for enterprises.
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(6) API

Twitter offers REST (Representational State Transfer) and streaming as its
Web services APL

1.2.2 Flickr

(1) Category and foundation

Flickr [Flickr 2014] [Flickr—-Wikipedia 2014] is a photo sharing service
launched by Ludicorp, a company founded by Stewart Butterfield and
Caterina Fake in 2004 (see Fig. 1.2). Flickr focused on a chat service with

Inspiring photography.

Introducing the all new Flickr app.

2_o
o) O  Share and connect with the
L/ /)  Flickr Community.

Stunning photos made easy.

All your pictures in one place

Figure 1.2 Flickr.
Color image of this figure appears in the color plate section at the end of the book.
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real-time photo exchange in its early stages. However, the photo sharing
service became more popular and the chat service, which was originally the
main purpose, disappeared, partly because it had some problems.

(2) Numbers

Registered users: 87 M
The number of photos: 6 B

(3) Data structures

(Related to user)

Account
Profile

(Related to contents)

Photo

Set collection of photos

Favorite photo

Note

Tag

Exif (Exchangeable image file format)

(Related to relationships)

Group
Contact
Bookmark of an album (a photo)

(4) Main interactions

Creation and deletion of an account.

Creation and change of a profile.

Upload of a photo.

Packing photos into a set collection.

Appending notes to a photo.

Arranging a photo on a map.

Addition of a photo to a group.

Making relationships between friends or families from contact.
Search by explanation and tag.

(5) Comparisons with similar media

Although Picasa [Picasa 2014] and Photobucket [Photobucket 2014] are also
popular like Flickr in the category of photo sharing services, here we will
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take up Pinterest [Pinterest 2014] and Instagram [Instagram 2014] as new
players which have unique features. Pinterest provides lightweight services
on the user side compared with Flickr. That is, in Pinterest, the users can
not only upload original photos like Flickr, but can also stick their favorite
photos on their own bulletin boards by pins, which they have searched and
found on Pinterest as well as on the Web. On the other hand, Instagram
offers the users many filters by which they can edit photos easily. In June,
2012, an announcement was made that Facebook acquired Instagram.

(6) API
Flickr offers REST, XML-RPC (XML-Remote Procedure Call), and SOAP
(originally, Simple Object Access Protocol) as Web service APL

1.2.3 YouTube
(1) Category and foundation

YouTube [YouTube 2014] [YouTube-Wikipedia 2014] is a video sharing
service founded by Chad Hurley, Steve Chen, Jawed Karim, and others in
2005 (see Fig. 1.3). When they found difficulties in sharing videos which
had recorded a dinner party, they came up with the idea of YouTube as a
simple solution.

YoulfD =- ot | [N

BEST OF YOUTUBE

[2) Fooutaren voute

3 cumeo 7 Chenyon i 70 iy Pist Day at & Hew Job
B voies promies | mace o my Gt r~
B wsons e o
f
B seciant Beats by Dre | The Game Before The Game
3708182 vewns 1 &

©  Erowse channei

: 7= ![I}klth;-—A—‘/c stal]
Signin now 1o see your * TRAILER (PRETTY GUARDIAN SAILORMOON Crystal
channels and AN
recommendations| = Asm-m '

[E Popular on YouTube
™ N
/’k ‘}\

Does the Gangnam Wiy You Shouldrt Be Lana Del Rey Studio Pasdrst - Simerte Cat
Opnlcat memm

¢ mEOR O
|ome meome

* Parallel and Cre
sl

g0
28

E2 caming
Figure 1.3 YouTube.
Color image of this figure appears in the color plate section at the end of the book.
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(2) Numbers

¢ 100 hours of movies are uploaded every minute.
¢ More than 6 billion hours of movies are played per month.
¢ More than 1 billion users access per month.

(3) Data structures

(Related to users)

¢ Account

(Related to contents)

e Video

¢ Favorite

(Related to relationships)
e Channel

(4) Main interactions

Creation and deletion of an account
Creation and change of a profile
Uploading a video

Editing a video

Attachment of a note to a video
Playing a video

Searching and browsing a video
Star-rating of a video

Addition of a comment to a video
Registration of a channel in a list
Addition of a video to favorite
Sharing of a video through e-mail and SNS

(5) Comparison with similar media

As characteristic rivals, Japan-based Niconico (meaning smile in Japanese)
[Niconico 2014] and the US-based USTREAM [USTREAM 2014] are picked
up in this category. Although the Niconico Douga, one of the services
provided by Niconico, is similar to YouTube, Niconico Douga allows the
user to add comments to movies which can be superimposed on the movies
and seen by other users later, unlike YouTube. Such comments in Niconico
Douga have attracted a lot of users as well as the original contents. Niconico
Live is another service provided by Niconico and is similar to the live
video service of USTREAM. USTREAM was originally devised as a way
by which US soldiers serving in the war with Iraq could communicate with
their families. The function for posting tweets simultaneously with video
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viewing made USTREAM popular. Both USTREAM and Niconico Live
can be viewed as a new generation of broadcast services which are more
targeted than the conventional mainstream services.

(6) AP

YouTube provides the users with a library which enables the users to invoke
its Web services from programming environments, such as Java and PHP.

1.2.4 Facebook
(1) Category and foundation

Facebook [Facebook 2014] [Facebook-Wikipedia 2014] is an integrated
social networking service founded by Mark Zuckerberg and others in 2004,
where the users participate in social networking under their real names
(see Fig. 1.4). Facebook began from a site which was intended to promote
exchange among students and has since grown to be a site which may
affect fates of countries. Facebook has successfully promoted development
of applications for Facebook by opening wide its development platform to
application developers or giving them subsidies. Furthermore, Facebook
has invented a mechanism called social advertisements. By Facebook’s
social advertisements, for example, the recommendation “your friend F

facebook
Facebook helps you ct and share with Create an account
the people in your life. It’s free and always will be.
fl
8 PN
§ & 2 o q 2 First Name Last Name
S
e 2 Your email address
Y &
4 ‘& 5 8 Re-enter email address
New Password
Birthday

Why do I need to provide my
DS | Manth J, yesr date of birth?
Female */ Male

By clicking Cre:
you have,

Create a Page for a celebrity, band or business.

i Terms and that
okie Use .

Figure 1.4 Facebook.

Color image of this figure appears in the color plate section at the end of the book.
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purchased the product P” will appear on the page of the user who is a friend
of F. Facebook’s social advertisements are distinguished from anonymous
recommendations based on historical mining of customers behavior such
as that of Amazon.

(2) Numbers

e Active users: 1 B

(3) Data structures

(Related to user)

¢ Account

e Profile

(Related to contents)

e Photo

e Video

(Related to relationships)
¢ Friend list

e News feed

¢ Group

(4) Main interactions

Creation and deletion of an account

Creation and update of a profile

Friend search

Division of friends into lists

Connection search

Contribution (recent status, photo, video, question)
Display of time line

Sending and receiving of a message

(5) Comparison with similar media

In addition to the facilities to include photos and videos like Flickr or
YouTube, Facebook has also adopted the timeline function which is a basic
facility of Twitter. Facebook incorporates the best of social media in other
categories, so to say, a more advanced hybrid SNS as a whole.
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(6) API

FQL (Facebook Query Language) is provided as API for accessing open
graphs (that is, social graphs).

1.2.5 Wikipedia
(1) Category and foundation

Wikipedia [Wikipedia 2014] is an online encyclopedia service which is a
result of collaborative work, founded by Jimmy Wales and Larry Sanger in
2001 (see Fig. 1.5). The history of Wikipedia began from Nupedia [Nupedia
2014], a project prior to it in 2000. Nupedia aimed at a similar online
encyclopedia based on copyright-free contents. Unlike Wikipedia, however,
Nupedia had adopted the traditional editorial processes for publishing
articles based on the contributions and peer reviews by specialists.
Originally, Wikipedia was constructed by a Wiki software for the purpose
of increasing articles as well as contributors for Nupedia in 2001. In the
early stages of Wikipedia, it earned its repulation through electric word-of-
mouth and attracted a lot of attention through being mentioned in Slashdot

English Espariol
The Free Encyclopedia La enciclopedia libre
4509 000+ articles 1099 000+ articulos
B8 - Deutsch
AVES=T o o) Die freie Enzyklopédie
908 000+ 2F o 1716 000+ Artikel
Pycckun @ Frangais
Ce0600Has aHYuKnonedust L’encyclopédie libre
1111 000+ crateit ’\\K 1503 000+ articles
Italiano Portugués
L’enciclopedia libera A enciclopédia livre
1120 000+ voci 827 000+ artigos
Polski L4
Wolna encyklopedia BERNEReR
1044 000+ haset 767 000+ f8
L E== < IER
Find Wikipedia in a language: [ H — |

BT TN T WTATERWTIED) 4 000 ooo- T AT AL MM T AT T Y

Deutsch « English « Espafiol « Frangais « Italiano « Nederlands « Polski « Pycckuit « Svenska

Figure 1.5 Wikipedia.
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[Slashdot 2014], a social news site. Wikipedia has rapidly expanded its
visitor attraction with the aid of search engines such as Google.

(2) Numbers

¢ Number of articles: 4 M (English-language edition)
¢ Number of users: 20 + M (English-language edition)

(3) Data structures

(Related to users)

¢ Account

(Related to contents)

e Page

(Related to relationship)
e Link

(4) Main interactions

(Administrator or editor)

¢ Creation, update, and deletion of an article

¢ Creation, update, and deletion of link to an article

¢ Change management (a revision history, difference)
* Search

¢ User management

(General user)

* Browse Pages in the site

¢ Search Pages in the site

(5) Comparison with similar media

From a viewpoint of platforms for collaboration, Wikipedia probably should
be compared with other wiki media or cloud services (e.g., ZOHO [ZOHO
2014]). However, from another viewpoint of “search of knowledge” as
the ultimate purpose of Wikipedia, players for social search services will
be rivals of Wikipedia. You should note that differences between major
search engines (e.g., Google [Google 2014] and Bing [Bing 2014]) and
Wikipedia is being narrowed. Conventionally, such conventional search
engines mechanically rank the search results and display them to the users.
However, by allowing the users to intervene between search processes in
certain forms, the current search engines are going to improve the quality of
search results. Some search engines include relevant pages linked by friends
in social media in search results. In order to get answers to a query, other
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search engines discover people likely to answer the query from friends in
social media or specialists on the Web, based on their profiles, uploaded
photos, and blog articles.

(6) AP

In Wikipedia, REST API of MediaWiki [MediaWiki 2014] can be used for
accessing the Web services.

1.2.6 Generic Web
(1) Category and foundation

When Tim Berners-Lee joined CERN as a fellow, he came up with the
prototype of the Web as a mechanism for global information sharing and
created the first Web page in 1990. The next year, the outline of the WWW
project was released and its service was started. Since the Web, in a certain
sense, is the entire world in which we are interested, it contains all the
categories of social media.

(2) Numbers

¢ The size of the indexable Web: 11.5 + B [Gulli et al. 2005]

(3) Data Structures

(Related to users)

NA

(Related to contents)

¢ Page

(Related to relationships)
e Link

(4) Main operations

(Administrator)

* Creation, update, and deletion of a page
¢ Creation, update, and deletion of a link
(General user)

* Page browse in a site

* DPage search in a site

¢ Form input
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(5) Comparisons with similar media

Since the Web is a universal set containing all the categories, we cannot
compare it with other categories. Generally, the Web can be classified into
the surface Web and the deep Web. While the sites of the surface Web allow
the user to basically follow links and scan pages, those of the deep Web
with back-end databases, create pages dynamically and display them to
the user, based on the result of the database query which the user issues
through the search form. Moreover, the sites of the deep Web are increasing
rapidly [He et al. 2007]. The categories in the deep Web include on-line
shopping services represented by Amazon, and various kinds of social
media described in this book.

(6) API

Web services API provided by search engines such as Yahoo! can facilitate
search of Web pages. Unless we use such API, we need to carry tedious
Web crawling by ourselves.

1.2.7 Other social media

The categories of social media which have not yet been discussed will be
enumerated below.

¢ Sharing service: In addition to photos and videos described previously,
audios (e.g., Rhapsody [Rhapsody 2014], iTunes [iTunes 2014]) and
bookmarks (e.g., Delicious [Delicious 2014], Japan-based Hatena
bookmark [Hatena 2014]) are shared by users.

¢ Video communication: Users can communicate with each other through
live videos. Skype [Skype 2014] and Tango [Tango 2014] are included
in this category.

¢ Social news: The users can post original news or repost existing news
by adding comments to them. Representative media of this category
include Digg [Digg 2014] and Reddit [Reddit 2014] in addition to
Slashdot.

* Social gaming: A group of users can play online games. The services
in this category include FarmVille [FarmVille 2014] and Mafia Wars
[Mafia Wars 2014].

¢ Crowd sourcing: The services in this category allow personal or
enterprise users to outsource the whole or parts of a job to crowds in
online communities. Amazon Mechanical Turk [Amazon Mechanical
Turk 2014] for requesting labor-oriented work and InnoCentive
[InnoCentive 2014] for requesting R&D-oriented work are included
by the services in this category.
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Big Data and Social Data

At this moment, data deluge is continuously producing a large amount of
data in various sectors of modern society. Such data are called big data. Big
data contain data originating both in our physical real world and in social
media. If both kinds of data are analyzed in a mutually related fashion,
values which cannot be acquired only by independent analysis will be
discovered and utilized in various applications ranging from business to
science. In this chapter, modeling and analyzing interactions involving
both the physical real world and social media as well as the technology
enabling them will be explained. Data mining required for analysis will
be explained in Part II.

2.1 Big Data

In the present age, large amounts of data are produced every moment
in various fields, such as science, Internet, and physical systems. Such
phenomena collectively called data deluge [Mcfedries 2011]. According to
researches carried out by IDC [IDC 2008, IDC 2012], the size of data which
are generated and reproduced all over the world every year is estimated to
be 161 exa bytes (see Fig. 2.1). Here, kilo, mega, giga, tera, peta, exa, zetta
are metric prefixes that increase by a factor of 10°. Exa and Zetta are the
18th power of 10 and the 21st power of 10, respectively. It is predicted that
the total amount of data produced in 2011 exceeded 10 or more times the
storage capacity of the storage media available in that year.

Astronomy, environmental science, particle physics, life science, and
medical science are among the fields of science which produce a large
amount of data by observation and analysis of the target phenomena. Radio
telescopes, artificial satellites, particle accelerators, DNA sequencers, and
MRIs continuously provide scientists with a tremendous amount of data.

Nowadays, even ordinary people, not to mention experts, produce
a large amount of data directly and intentionally through the Internet
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Figure 2.1 Data deluge.

services. Digital libraries, news, Web, Wiki, and social media. Twitter, Flickr,
Facebook, and YouTube are representatives of the social media which have
evolved rapidly in recent years. Moreover, some news sites such as Slashdot
and some Wikis such as Wikipedia can be viewed as kinds of social media.

On the other hand, data originating in electric power apparatus, gas
apparatus, digital cameras, surveillance video cameras, and sensors within
buildings (e.g., passive infrared-, temperature-, illuminance-, humidity-,
and carbon dioxide-sensors) and data originating in transportation systems
(e.g., means of transportation and logistics) are among the data which
people produce indirectly and unconsciously in physical systems. Until
now, such data produced by physical systems was considered, so to speak,
as data exhaust [Zikopoulos et al. 2011] of people. Nowadays, however, it
is thought that it is possible to recycle such data exhaust and to generate
business values out of them.

In the report of the above mentioned researches of IDC, data produced
in science, the Internet, and physical systems are collectively called big data.

The features of big data can be summarized as follows:

® The quantity (Volume) of data is extraordinary, as the name denotes.

e The kinds (Variety) of data have expanded into unstructured texts,
semi-structured data such as XML, and graphs (i.e., networks).

® As is often the case with Twitter and sensor data streams, the speed
(Velocity) at which data are generated is very high.
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Therefore, big data are often characterized as V? by taking the initial
letters of these three terms Volume, Variety, and Velocity. Big data are
expected to create not only knowledge in science but also values in various
businesses.

By variety, the author of this book means that big data appear in a wide
variety of applications. Big data inherently contain “vagueness” such as
inconsistency and deficiency. Such vagueness must be resolved in order to
obtain quality analysis results. Moreover, a recent survey done in Japan has
made it clear that a lot of users have “vague” concerns as to the securities
and mechanisms of big data applications. The resolution of such concerns
are one of keys to successful diffusion of big data applications. In this sense,
V* should be used for the characteristics of big data, instead of V.

Social media data are a kind of big data that satisfy these V*
characteristics as follows: First, sizes of social media are very large, as
described in chapter one. Second, tweets consist mainly of texts, Wiki media
consist of XML (semi-structured data), and Facebook articles contain photos
and movies in addition to texts. Third, the relationships between users of
social media, such as Twitter and Facebook, constitute large-scale graphs
(networks). Furthermore, the speed of production of tweets is very fast.
Social data can also be used in combination with various kinds of big data
though they inherently contain contradictions and deficits. As social data
include information about individuals, sufficient privacy protection and
security management are mandatory:.

Techniques and tools used to discover interesting patterns (values)
from a large amount of data include data mining such as association rule
mining, clustering, and classification. On the other hand, techniques used
to mainly predict occurrences of the future, using past data, include data
analysis such as multivariate analysis [Kline 2011].

Of course, data mining and data analysis must more and more
frequently treat such big data from now on. Therefore, even if data volume
increases, data mining algorithms are required to be executable in practical
processing time by systems realizing the algorithms. If the processing time
of an algorithm increases proportionally as the data volume increases, then
the algorithm is said to have linearity with respect to processing time. In
other words, linearity means that it is possible that processing time can
be maintained within practical limits by some means even if data volume
increases. If an algorithm or its implementation can maintain such linearity
by certain methods, then the algorithm or implementation is said to have
scalability. How to attain scalability is one of the urgent issues for data
mining and data analysis.

Approaches to scalability are roughly divided into the following: scale-
up and scale-out. The former approach raises the processing capability
(i.e., CPU) of the present computers among computing resources. On the



