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ABSTRACT

With the world witnessing a digital revolution, data is now the fuel that drives forward the 21st century. Big data is a collection of
data that the traditional software options cannot handle. Big data is everywhere and the big data revolution is upon us. Big data
engineering is a demanding specialization that trains engineers to understand real-time data processing and build massive big
data reservoirs. This paper is a primer on the various uses of big data in engineering.
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1. INTRODUCTION

Our lives revolve around huge data sets. With the advent of various social media platforms and multinational companies, the
generation of data has increased drastically. This data is due to Internet, high-speed networks, mobile, 10T, social data, industrial
operations, etc. all across the world. There has been a rapid emergence of technology in response to the huge amounts of data
generated. Collecting and handling big data is one of the emerging challenges in the 21th century.

As its name implies, big data is a structured, semi-structured, and unstructured data, which is very big, fast, and comes in many
forms. Big data is a collection of complex data sets that are so intense in their volumes that traditional data processing software
cannot handle them. It refers to the large volume of structured and unstructured data with the potential to be mined for
information. Typical examples of big data include [1].

o A million sales transactions by an online retailer
e A million hosted phone calls by a telecommunications provider
e A sensor that produces 50 megabytes of data every two nanoseconds

Big data has become the mainstream technology across various industries. As shown in Figure 1, businesses from all types of
industries have greatly benefited by adopting big data solutions [2]. This is true of healthcare, energy, finance, telecommunication,
marketing, and sports. To understand the role of big data in engineering, it is expedient to understand what constitutes big data.

2. REVIEW ON BIG DATA

Big data (BD) refers to a collection of data that cannot be captured, managed, and processed by conventional software tools. It is a
relatively newer technology that can help many industries. The three main sources of big data are machines, people, and
companies. Big data can be described with 42 Vs [3]. The first five Vs are volume, velocity, variety, veracity, and value [4].

e Volume: This refers to the size of the data being generated both inside and outside organizations and is increasing
annually. Some regard big data as
data over one petabyte in volume.

e Velaocity: This depicts the unprecedented speed at which data are generated by Internet users, mobile users, social media,
etc. Data are generated and processed in a fast way to extract useful, relevant information. Big data could be analyzed in
real time, and it has movement and velocity.
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e Variety: This refers to the data types since big data may originate from heterogeneous sources and is in different formats
(e.g., videos, images, audio, text, logs). BD comprises of structured, semi-structured or unstructured data.

e Veracity: By this, we mean the truthfulness of data, i.e. weather the data comes from a reputable, trustworthy, authentic,
and accountable source. It suggests the inconsistency in the quality of different sources of big data. The data may not be
100% correct.

e Value: This is the most important aspect of the big data. It is the desired outcome of big data processing. It refers to the
process of discovering hidden values from large datasets. It denotes the value derived from the analysis of the existing
data. If one cannot extract some business value from the data, there is no use managing and storing it.

On this basis, small data can be regarded as having low volume, low velocity, low variety, low veracity, and low value.
Additional five Vs have been added [5].

e Validity: This refers to the accuracy and correctness of data. It also indicates how up to date it is.

e Viability: This identifies the relevancy of data for each use case. Relevancy of data is required to maintain the desired
and accurate outcome through analytical and predictive measures.

e Volatility: Since data are generated and change at a rapid rate, volatility determines how quickly data change.

e Vulnerability: The vulnerability of data is essential because privacy and security are of utmost importance for personal
data.

e Visualization: Data needs to be presented unambiguously and attractively to the user. Proper visualization of large and
complex clinical reports helps in finding valuable insights.

Figure 2 shows the 10V’s of big data. In addition, the 10V’s above, some suggest the following 5V’s: Venue, Variability,
Vocabulary, Vagueness, and Validity) [6].

To thrive in today’s complex business environment, businesses must adopt a data-driven culture and leverage analytics
platforms to make key decisions that improve productivity. Industries that benefit from big data include the healthcare, financial,
airline, travel, restaurants, automobile, sports, agriculture, manufacturing, and hospitality industries.

3. BIG DATA ANALYTICS

Every day, data is growing bigger and bigger, and big data analysis (BDA) has become a requirement for gaining invaluable
insights into data such that companies could gain significant profits in the global market. Once the big data is ready for analysis,
we use advanced software programs such as Hadoop, MapReduce, MongoDB, and NoSQL databases [7]. Big data analytics
refers to how we can extract, validate, translate, and utilize big data as a new currency of information transactions. It is an
emerging field that is aimed at creating empirical predictions. Data-driven organizations use analytics to guide decisions at all
levels [8].

Big data analytics is capable of processing massive amounts of dirty data and extract the gold information from it. It has the
potential to predict performance, upcoming changes, and market trends with unprecedented accuracy. To maximize the value of
data and make it useful to end users, engineers need to incorporate analytics into their daily tasks. To handle big data, various
frameworks like Hadoop, Spark, Cassandra, and Apache Storm are used.

4. BIG DATA IN ENGINEERING

Big data engineering is a specialization that requires working with big data. It is a field associated with helping organizations
capture data from various sources, process, and make it ready for further use. It involves developing, maintaining, testing, and
evaluating big data solutions. By using big data engineering skills, it is possible to bring together massive amount of data and
process it so that company can make faster decisions. Big data engineering enables streaming analytics for real-time diagnostics
and efficient traffic management.

As data keeps increasing and becomes more complex, the role of big data engineering will grow in importance. Opportunities
within big data engineering are many. Companies desire to get the maximum value out of their data, and they need data pipeline
builders as they migrate to the cloud. For example, the engineering company Raytheon Corp monitors its assembly operations
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down to the turn of a screw, as shown in Figure 3 [9]. If a screw in a missile fails to complete its full count of turns, Raytheon
will know about it immediately and be able to take corrective action.

5. BIG DATA ENGINEERS

Big data engineers play a major, unique role in enterprises that are facing a data deluge. They are tasked with designing big data
solutions and building massive big data reservoirs that can store and process sweeping data streams. They sort through the
massive data to find relevant sets useful in predicting behavior [10]. They know how to apply technologies to handle the
challenge of dealing with petabyte or even exabytes of data on a daily basis.

Big data engineers have a spectrum of responsibilities. They may be responsible for the following tasks [11]:

¢ Build highly scalable data management systems from the design phase to completion
e Design and develop data pipelines

e  Design top-tier algorithms, predictive models, and prototypes

e Create data set processes to be used for data modeling, mining, and production

e Develop custom analytics apps and other kinds of software

e Ensure that data systems meet specific requirements

o  Oversee disaster recovery preparations

¢ Research improvements to data quality, reliability, and efficiency

e Look for data acquisition opportunities as well as new uses for existing data and tools

e Turn messy, chaotic information into clean, accurate, and actionable data

o Develop, construct, test, and maintain frameworks like large-scale data processing systems and databases

o Collaborate with other teams such as data analysts, data scientists, data architects, modelers, and IT specialists

e Have sound oral and written communication skills

Figure 4 summarizes the roles of a big data engineer [12]. Nearly all fields need big data engineers, as they provide organizations
with analyzes and insights that are useful in business, finance, government, healthcare, engineering, science, telecommunications,
manufacturing, and other industries. Many enterprises in numerous sectors are actively collecting big data and are facing a
shortage of the necessary expertise.

To become a big data engineer requires showing an interest in computer science, software engineering, computer engineering,
applied mathematics or related field. Big data engineer should hold at least a bachelor’s degree in one of those fields. They must
also have considerable knowledge of Java and high-level programming languages such as C/C++, Python, R, SQL and Scala. To
advance their career, they should pursue vendor-specific certifications such as Oracle, Microsoft, IBM, Google, and Cloudera.

6. APPLICATIONS OF BIG DATA IN ENGINEERING

Big data engineering finds application across the spectrum as data analytics in any industry where huge data challenges have
emerged. These industries include healthcare, architecture, agriculture, finance, marketing, engineering, automotive industry, and
construction. Big data has changed many professions. Its use is emerging and transforming all branches of engineering including
chemical engineering, software engineering, electrical engineering, mechanical engineering, and construction engineering. The
following are typical engineering applications of big data.

e Software engineering: This engineering discipline may be regarded as the application of a systematic, disciplined,
quantifiable approach to the development, operation, and maintenance of software. It is the application of engineering to
software. Software engineering practices can be used to improve the production of big data systems. Big data helps to
improve software engineering processes, which can in turn develop better big data projects [13].

e Electrical Engineering: The electrical engineering field is one of the fields that have been forced to evolve in the big
data world. The value of engineering data largely depends on the insight that can be gained from it. One should develop
the data skills needed to thrive in the field. Electrical engineer is responsible for inventing and developing new electrical
systems and for solving problems relating to the electrical field. Big data is a new technology which is helping electrical
engineers [14].
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e Chemical Engineering: Like other industries, chemical companies are using big data to innovate and improve
operations. Chemical engineers, whether in industry or in academia, are being asked to manipulate, transform, and
analyze complex data sets. Big data tools are already having a great impact in chemical engineering. Big data analytics
are now being used by leading chemical companies to recognize patterns, to enhance manufacturing processes, improve
marketing, and support innovation [15, 16].

e Mechanical Engineering: A large portion of mechanical engineering focuses on domains such as product design and
development, manufacturing, material, and energy, which are likely to benefit from big data. Mechanical engineers may
improve reliability of the existing manufacturing processes, predict emerging equipment failures, design next generation
of manufacturing equipment, and invent new technologies based on the historical data [17].

e Construction Engineering: Big data is impacting how we design and construct buildings. Big data in construction offers
a way to improve existing processes and make informed decisions about future projects. Big data is changing
construction industry in the following ways [18]: (1) improved health and safety, (2) better cost control and prediction,
(3) enhanced operational efficiencies, (4) informed asset management.

e Manufacturing Engineering: Data has long been the lifeblood of manufacturing. The big data revolution is rapidly
changing the manufacturing industry. Manufacturing data is key to conducting data-driven manufacturing. Most
manufacturing data is standardized which is supported by various industrial vendors and associations. Big data in
manufacturing is generated from the production and process, from machines such as pumps, motors, compressors,
meters, sensors, controllers or conveyers. The big data in manufacturing does not mean anything without analysis. Six
key drivers of big data applications in manufacturing have been identified as system integration, data, prediction,
sustainability, resource sharing, and hardware [19].

Other applications include civil engineering, highway engineering, and transportation engineering.

7. BENEFITS AND CHALLENGES

The incorporation of big data in engineering has already yielded multiple benefits and helped engineering industries gain a
competitive advantage. Big data is being leveraged to increase margins, optimize production, enable innovations, and produce
highest returns. It is commonly accepted that big data is a source of competitive advantage. Big data has the ability to transform
and change the game for businesses of all sizes and types. Mining big data can offer benefits in design, such as design
improvement, saving design time and costs, fast response to market, matching customers’ needs, and gaining customer
satisfaction. Big data should be measured by the impact it brings into every sphere of our lives.

However, countless challenges come with leveraging big data in engineering. Big data is inherently complicated at every turn.
Implementing big data systems is complex, with humerous dynamic components. Any of these components can fail and finding
the root cause of the failure can be challenging. The rise of big data also raises fundamental challenges in privacy, security, and
data ownership. In spite of these challenges, companies that fail to adopt the new norm of data-driven operations could lose
traction in the market and become irrelevant in the future.

8. CONCLUSION

The growth in big data has been phenomenal. Big data as a research discipline is still evolving. As more enterprises begin to
appreciate the powerful insights and value of big data, adoption will increase. It is up to each company to figure out how it can
best turn insights into impactful decisions.

Big data engineer is a professional who is eager to join a fast-growing field that aligns with their interest for computer science,
statistics, or computer engineering. Big data engineers are coveted and highly in demand; their salary reflects this. More
information on big data in engineering can be found in the books in [20-22] and related journal: Journal of Big Data.
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Figure 1 Real-time application of big data [2].
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Figure 2 The 10V’s of big data.
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Figure 3 Big data at a missile plant [9].

BIG DATA ENGINEER KEY RESPONSIBILITIES,
SKILLS, AND TOOLSET
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Figure 4 The role of a big data engineer [12].
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