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ABSTRACT

This paper provides a service-oriented foundation for big data. The foundation has two parts. Part 1 
reveals 10 big characteristics of big data. Part 2 presents a service-oriented framework for big data. The 
framework has fundamental, technological, and socio-economic levels. The fundamental level has four 
big fundamental characteristics of big data: big volume, big velocity, big variety, and big veracity. The 
technological level consists of three big technological characteristics of big data: Big intelligence, big 
analytics, big infrastructure. The socioeconomic level has three big socioeconomic characteristics of big 
data: big service, big value, and big market. The article looks at each level of the proposed framework 
from a service-oriented perspective. The multi-level framework will help organizations and researchers 
understand how the 10 big characteristics relate to big opportunities, big challenges, and big impacts 
arising from big data. The proposed approach in this paper might facilitate the research and develop-
ment of big data, big data analytics, business intelligence, and business analytics.

1. INTRODUCTION

Big data has become one of the most important frontiers for innovation, research and development in 
computing (Kumar B., 2015; McKinsey, 2014; Manyika, Chui, & Bughin, 2011) (Sun, Strang, & Li, 
2018), industry and business (Chen & Zhang, 2014) (Sun Z., 2019). Big data has become a strategic 
asset for organizations, industries, enterprises, businesses, and individuals as well as national security. 
Big data has also been a key enabler of exploring business insights and economics of services. These 
have drawn an unprecedented interest in industries, universities, governments and organizations (Gart-
ner, 2020) (Sun, Strang, & Li, 2018). Big data and its emerging technologies including big data analyt-
ics and intelligent analytics (Coronel & Morris, 2015; Tableau, 2020) have been not only making big 
changes in the way the business operate but also making traditional business analytics bring about new 
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big opportunities for academia and enterprises (Sun, Strang, & Yearwood, 2014; Manyika, Chui, & 
Bughin, 2011). Big data analytics and intelligent analytics has big market and investment opportunities 
(Sun Z., 2019). For example, International Data Corporation (IDC) forecasts that big data and business 
analytics (BDA) revenue will be $274.3 billion by 2022 with a five-year compound annual growth rate 
(CAGR) of 13.2% from 2018 to 2022 (IDC, 2019). However, some fundamental issues are still open for 
comprehending big data. For example:

•	 Why is big important for big data?
•	 What are the characteristics of big data?
•	 How do we understand the relationships among the characteristics of big data?

This article will address these three issues. It addresses the first issue taking into account a math-
ematical thinking. To address the second issue, different from the existing literature on big data (Borne, 
2014; Gandomi & Haider, 2015; McAfee & Brynjolfsson, 2012), this article identifies and reveals 10 
Bigs as the ten big characteristics of big data based on our early research (Sun, Strang, & Li, 2018). 
The 10 Bigs include big volume, big velocity, big variety, big veracity, big intelligence, big analytics, 
big infrastructure, big service, big value, and big market. Then this article presents a service-oriented 
framework through exploring the interrelationships among these 10 Bigs. This framework reveals that 
the 4 Bigs are fundamental characteristics of big data; another 3 Bigs are technological characteristics 
of big data; the remaining 3 Bigs are socioeconomic characteristics of big data.

The remainder of this article is organized as follows. Section 2 overviews the characteristics of big 
data from an evolutionary Perspective. Section 3 looks at why big is important in a big data world. 
Section 4 identifies and reveals 10 Bigs as the ten big characteristics of big data. Section 5 presents 
a service-oriented framework and looks at service providers, brokers and requestors for fundamental, 
technological, socioeconomic level of the framework respectively. The final sections discuss the related 
work, implications, and end this paper with some concluding remarks and future work.

2. CHARACTERISTICS OF BIG DATA: AN EVOLUTIONARY PERSPECTIVE

This section looks at the characteristics of big data from an evolutionary perspective.
The characteristics of big data have been scattered in a significant number of publications. From an 

evolutionary perspective, Doug Laney of the META Group (now Gartner) uses 3 Ds: data volume, data 
velocity, and data variety to represent the characteristics of data in e-commerce in 2001. These 3 Ds 
should be controlled in data management using novel techniques (Laney, 2001). Late these 3 Ds have 
been changed into 3 Vs (volume, velocity, and variety) which have been explained as three characteristics 
of big data (Tsai, Lai, Chao, & Vasilakos, 2015; McAfee & Brynjolfsson, 2012; Gandomi & Haider, 
2015). These 3 Vs have been extended first to 4 Vs as four characteristics of big data by adding veracity 
(Sathi, 2013; IBM, 2015), and then to 5 Vs as five characteristics of big data (volume, variety, velocity, 
veracity, value) (DataCom, 2015; Wang, 2012), finally to 10 Vs by adding another 5 Vs: validity, vari-
ability, venue, vocabulary and vagueness (Borne, 2014).

With the development of big data as a computing, big data computing, more Vs might be proposed to 
extend these 10 Vs, because case based reasoning (CBR) researchers have extended the R model of CBR 
from 4 Rs, 5 Rs (Sun & Finnie, 2004; 2010) to 11 Rs (Bridge, 2005). To our knowledge, however, these 
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