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Abstract

The software engineering is a mature industry of human activity focused on the
creation, deployment, marketing and maintenance of software. The life cycle model,
three components of life cycle phases - products, processes and resources and
engineering and methodologies for creating, deployment and maintaining software are
the fundamental concepts of the software engineering. A software is the foundation of
technological advances that lead to new high performance products. In addition, the
new products of technology are usually the software-intensive products. The
functionality of the products determines the scale and complexity of the software. As
the functionality of products grows, so does the need to efficiently and correctly create
and maintain the complex software that corresponds to this growth. Therefore, in
addition to solving its own problems, software engineering serves the solution of the
problems of creating and maintaining software in other domains, which are called
application domain. The information technology and the computer science are a well-
known application domains for the software engineering. The basis of the information
technology domain is data. The information technology are being implemented in an
organization to improve its effectiveness and efficiency. The base component of the
information technology is an information system. The functionality of information
systems for has grown dramatically when big data began to be used. This growth has
led to the emergence of a wide variety of software-intensive big data information
systems. At the same time, the role and importance of software engineering for
solving the problems of this application domain has only intensified. Modern
possibilities of the software engineering are shown. The aspects of interaction between
the software engineering and the big data systems are analyzed. The topics for the
study of a software in the big data ecosystems and the software of big data system of
systems are outlined.
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1. Introduction

The software engineering is a mature industry of human activity focused on the creation,
deployment, marketing and maintenance of software. The life cycle model, three components
of life cycle phases - products, processes and resources and engineering and methodologies for
creating, deployment and maintaining software are the fundamental concepts of the software
engineering. A software is the foundation of technological advances that lead to new high
performance products. In addition, the new products of technology are usually the software-
intensive products. The functionality of the products determines the scale and complexity of
the software. As the functionality of products grows, so does the need to efficiently and
correctly create and maintain the complex software that corresponds to this growth. Therefore,
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in addition to solving its own problems, software engineering serves the solution of the
problems of creating and maintaining software in other domains, which are called application
domain. The information technology and the computer science are a well-known application
domains for the software engineering. The basis of the information technology domain is data.
The information technology are being implemented in an organization to improve its
effectiveness and efficiency. The base component of the information technology is an
information system. The functionality of information systems for has grown dramatically
when big data began to be used. This growth has led to the emergence of a wide variety of
software-intensive big data information systems. At the same time, the role and importance of
software engineering for solving the problems of this application domain has only intensified.

In paper, modern possibilities of the software engineering are shown. The aspects of
interaction between the software engineering and the big data software are analyzed. The
topics for the study of a software in the big data ecosystems and the software of big data
system of systems are outlined.

2. The software engineering

The software engineering, having appeared more than fifty years ago, is now rather mature
industry of human activity aimed at creating, deployment, marketing and maintaining software
[1]. The credo of software engineers is expressed in the view of software products as reality
objects, which are created, act, are changed and destroyed by the implementation of
appropriate processes. And, these processes can be controlled and they can be managed. This,
successively, led to the concept of modular software design, starting with the method of
structured programming, continuing in block-oriented, modular and object-oriented
programming languages, and ending with a component approach to software development.
This also led to modern the software life cycle models, when two phases of the cod-and-fix
model were replaced in the waterfall model on real-life processes: vertical processes - domain
analysis, requirements specification, and design, construction, testing and debugging;
horizontal processes - management, quality assurance, verification and validation,
documentation [2]. This contributed to the emergence of new forms of software products,
methods, tools and professions. The result of solving a software engineering problem is
always a product that has a customer. The software engineering product is created in the
context of a life cycle and must meet the requirements specific to any engineering (product
construction, quality, standards, documentation, maintenance, environmental impact and
economics). In this regard, in the software engineering there is a number of types of the
engineering (Table 1).

Table 1
The types of engineering

Ne Engineering Goals
1 The forward engineering Creating software products
The backward (reverse) | Extract design and implementation information
engineering about legacy products
3 The reengineering Changing  software  products  (repairs,
reworking, reusing)
4 The search-based engineering Finding COTS, the reusable components and
the other parts of software
5 The empirical engineering Researching software products
6 The value based engineering Integrating value considerations into the full
range of existing and emerging software
engineering principles and practices.

The software culture and related tools, for example, CMMI, P-CMM, etic code are also
important [3]. The impact on the environment is studied in the context of the concept of the



sustainable development in the form of lean and green software development, as well as the
software reusable development. The evolution of products is explored in the form of a product
line. The interaction and mutual influence of products, as well as software assets and artefacts,
is explored in the form of software ecosystems and software artefacts ecosystems [4]. In the
context of globalization, the software engineering products are implemented and researched as
a system of systems. The software engineering products and the processes for creating and
maintaining them are costly. There is software economics with effective methods, models and
tools for the cost estimating of software development [5, 6].

The Software Engineering Body of Knowledge (SWEBOK) and the Curriculum
Guidelines have been developed for undergraduate and graduate education of the software
engineers [7]. Training of the software engineers for the application domains is carried out at
master’s postgraduate education. For example, postgraduate education for big data software
development [8, 9].

1. The software engineering domain and the big data domain -
decision of problems

Consider interrelation between the software engineering and big data application
domain in aspect decision of problems in big data software development. Usually, the
interaction of the software engineering with an application domain is carried out by the
“problem-solution” principle [10]. In the application domain, a problem is formulated to be
solved, and in the software engineering domain, a solution is sought. If there is none solution,
a new one is created (Figure 1).
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Figure 1. The “problem-solution” principle implementation

In more detail, the solution of the application domain problem should be considered
in the context of the following four domains:

- Application domain, for which the problem is solved and (or) software (software
product) is created - for example, this is the application domain "information technology"
(represented by the relevant XBoK knowledge, Figure 1). For example, for information
systems and technologies it is Core Body of Knowledge for ICT Professionals [11];



- Problem domain, in that new solutions are created or existing solutions are
improved. This is the scientific part of the software engineering domain (represented by
SWEBoK [7]);

- Implementation domain, in that the software (software product) is created according
to the solution. This is the engineering part of the software engineering domain
(represented by SWEBoK);

- Domain of evaluation and implementation of the results, in which individual
properties of the results obtained are checked and the issues of their implementation are
examined. This is the practical part of the software engineering domain.

Nowadays, there is no separate Body of Knowledge for big data domain (XBoK, Figure
1). Therefore, knowledge regarding big data is located in several documents, for example, in
the following [12 - 15]. With respect to this, the following can be said, either the big data is
not considered as a separate domain as a result of its immaturity, or it is inappropriate to
consider it as a separate domain. At the same time, in [16] proposes the task of creating big
data body knowledge as a basis for developing a core curriculum. This is the accepted
practice. If the application domain is software-intensive, then postgraduate education
programs for application domain specialists can be created to interact with specialists in the
software engineering domain. Usually, these are master's programs of universities. If the
request for education of specialists in the applied domain is sustainable in demand, then the
Common Body of Knowledge can be created as a basis for a consistent curriculum
development.

Thus, the big data domain, for software engineering is similar to other application
domains, nothing more.

2. The software engineering and big data software - interaction

However, from the point of view of the software engineering, it is impossible not to pay
attention to the diversity of the big data technologies and, consequently, the diversity of
software of big data systems. This diversity is created due to the presence of characteristics of
big data such as Variety, Volatility, and Value. The diversity of the big data systems provides
the presence of the big data software ecosystems. In addition, a variety of the big data systems,
which are used to achieve an emergent goal, can be a form of the big data system of systems.
Ecosystems of this type and big data system of systems will be interesting for software
engineering researchers.

The article analyzes aspects of the interaction between the software engineering and the
big data software.

2.1The software engineering and challenges of big data software

Guided by the “problem-solution” principle (Figure 1), the big data researchers formulate
the problem of a big data software. The problem (Figure 1) can be formulated for different
domains, such as those represented by the following Body of Knowledge - DMBOK,
BABOK, PMI-BOK, SWEBOK, ACM BoK. The big data challenges are associated with big
characteristics (10V) [17]. At the same time, each of the 10V puts different requirements for
different the big data systems. Experts and research indicate, that not all big characteristics are
inherent in every big data software [18]. On the contrary, only some require support, and that
this depends on the type of domain. According to the study [19], in the largest number (7 V's)
are need of Retail & Oil and Gas domains. Other domains are distributed the following: (5
V's) - Agriculture, Manufacturing, Health Care, Law enforcement & Education; (4 V's) -
Waste Management; (3 V's) - Telecommunication. If the subject it is from the software
engineering (SWEBOK), then the problem is formulated for the software engineering problem
domain (Figure 1). When the problem is solving, the challenges of big data software should be
taken into account.

For software engineering, the followings problems arising in connection with this, require
additional study. The processes the software architecture design, the software quality



assurance are less studied [20]. In [21], the problems of implementing the project and
requirements management, deployment and operations processes are added to these problems.
In [10], the problems of using data-centric software development to implement the big data
analytics software and the problems of testing and debugging for the big data analytics
software are formulated. The paper [22] analyzes the possibilities of the software engineering
for the implementation of the big data systems. In [23, 24], the problems of the developing
systems in the application domains with big data, for example, military, aviation industry,
banking and financial industry are considered. The main challenges the big data for software
engineering in context of the software life cycle phases look in Table 1.

Table 1
The main Challenges the big data for software engineering

Ne | SLCF Challenges Paper
1 Require Integrating Big Data [25],
ments characteristics in [26]
requirements (Big Data
scenarios, Data specific
requirements), Highly
Interdisciplinary Teams

2 Architec Providing [25],
ture a scalable storage and [18],
design processing of massive [27]
datasets by the
distribution and parallel
processing of data using
cloud-based Big Data
technologies, automatic
resiliency, computation
intensive

analytics.

3 Quality It impossible to [25]
assuranc comprehensively test

e every aspect of Big Data
Software at scale before
deployment to
production. The
assessment of data
quality, complex data
processing and different
notions of correctness.

4 Testing Data quality testing, [21]
testing of machine
learning algorithms
5 Deploy Deployed to [21]
ment & Cloud environment,
Operatio complex monitoring of
ns the operations, Long-
term operation.

4.2 The big data and challenges of software engineering

The methods and tools used in the big data domain can be used in solving software
engineering challenges and main challenges already are studying (Table 2). Using the big



data analytics for the growing software projects, the data mining for studying software
repositories, and the visual analytics for knowledge discovery are considered [28]. The
application of the machine learning algorithms for software analysis [29] and the artificial
intelligence in difference phases of the software life cycle are considered [30].

Table 2
The main Challenges of the software engineering
Ne | Challenges Decisions Paper
1. | Software projects grow in | The big data analysis | [31]
size and complexity methods
2. | Reuse of components | Datamining methods [32]
(recommendation systems)
3. | The knowledge Visual analytics methods [33]
discovery (software
understanding for
maintenance end evolution,
software visualization,
decision-making on human
resources)

5. The challenges for software engineering researchers

For software engineering researchers, new themes from big data application domains
are likely to be software of big data ecosystems and software of big data system of systems.

5.1 The big data system of systems

The system of systems is set of systems networked together in a large-scale integrated
system. The systems are heterogeneous and independently operable on its own, but is
networked together for a common goal. [34]. Modern system of systems is characterized in
terms of five main properties, sometimes referred to as the acronym "OMGEE" [35]:
Operational Independence, Managerial Independence, Geographic Distribution, Evolutionary
Development, and Emergent Behavior.

The system of systems concept is used for big data system [36]. If we consider that each
stage of pipeline is implemented by the system, then the implementation of the entire data
processing pipeline will be the system of systems (Figure 2).
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We will distinguish between the system of systems core and the system of systems
environment (context [37]).

The system of systems core can be consists of the seven core elements of the system of
systems SE and provides the context for applying systems engineering processes. On Figure 2
shows three core elements from the V model that focus on system of systems upgrades [38].

The system of systems environment consists of a set of functional systems. On Figure 2,
the system of systems environment is represented by systems of big data processing pipeline.

The composition of functional systems of the big data system of systems environment may
vary and depends on the lead system integrator (systems engineer) — “Orchestrating Upgrades
to system of systems” element (Figure 2).

One functional system will definitely be included in the big data system of systems
environment - big Data Management System (Platform). It provides the implementation of the
metadata at the physical and conceptual levels [39]. The big Data Management System,
creates a common big data space for functional systems included in the big data system of
systems (data collection, classification, indexing, storage, search, transform functions,
representing big data).

The big data system of systems environment may include an analytics (modeling,
prediction) system that performs analytics operations of two categories of analysis -
particularly direct analysis and exploratory analysis which requires real time response [40];
presentation system performing data delivery, visualization; situation awareness system,
which involves collecting, aggregating, and interpreting information in order to know what is
happening in the environment. In addition, the system of systems environment may include
big data systems of application domains, for example, banking and financial services, energy,
healthcare, media, and education among others. In this case, the platform must provide an
application layer of data presentation.

With a focus on system of systems upgrade the "Orchestrating Upgrades to system of
systems» element is used. This element is used with additional elements from the core system
of systems. This are the "Addressing Requirements and Solution Options" element and the
“Assessing Performance to Capability Objectives" element (Figure 2). These three elements
together provide the application of systems engineering processes for developing of new
systems and continuation to support system of systems.

Inputs to "Addressing Requirements and Solution Options" element include [38]:

- Current system of systems architecture and associated constraints, opportunities for
changes and options;

- Expected impacts of changes on system of systems, including planned individual
system changes;



- Problems/issues associated with implementation of previous system of systems
updates.

Outputs of this core element to other system of systems SE core elements are identification
of requirements together with an approach for implementing those requirements. The
implementing new requirements may be:

- Adding new systems;

- Updating or extending functionality of existing systems;

The result of "Addressing Requirements and Solution Options" element is a technical plan
that triggers orchestration of new system of systems upgrades [38].

The “Assessing Performance to Capability Objectives” element receives inputs on goals
and objectives, and on system of systems changes that to affect the performance. In the
assessment is used metrics, based on receives inputs. The output of the assessments provides
feedback to the systems engineer of system of systems on the accomplishment and feasibility
of the capability objectives.

The “Orchestrating Upgrades to system of systems” element coordinates the changes being
implemented in the system of systems to effect performance improvements and added
capability.

5.1.2 The software of big data systems as software of system of systems

All systems in the system of systems environment of big data system of systems are software-
intensive systems. Therefore, software plays an important role in big data system of systems and
is often the most complex part of the system. Software system engineering and software-intensive
systems engineering are used to create and maintain the software of system of systems
environment [41]. Ignoring the systems aspects of software of system of systems environment can
result in software that will not integrate with other software systems of system of systems
environment.

To create and maintain a system of systems, system engineering is used, which is different
from the traditional one [41]. Doing the system engineering processes does not lead to software,
but obviously requires the use of software-aided systems.

5.2 The big data ecosystems

The data ecosystems are considered in [42]. The transition from a data ecosystem to
the big data ecosystems is considered in [39] and the big data architecture framework and big
data lifecycle in big data ecosystem are proposed. In [43], the actors of such ecosystem are
introduced, and the modules of the big data ecosystems are introduced in [40].

The modules that formed the big data ecosystems are software-intensive systems and
must be considered as software of big data ecosystems.

5.2.1 The big data software ecosystems

The big data software ecosystems will be heterogeneous both in terms of actors, roles and
strategies, as well as products and platforms. This is a consequence of the presence of such in
the big data software ecosystem is involved making use of a wide variety of technologies and
tools, such as data management - acquisition, storage, management and retrieval of data; data
processing - text analytics, business intelligence, data visualization and statistical analysis,
predictive analysis. This will entail the presence of different actors, data products and
platforms in the ecosystems. In software ecosystems, the variety of these entities is usually
limited of the software engineering territory [44]. In the big data software ecosystem, there is
no such restriction. Conversely, diversity is a consequence of using solutions from different
domains. Problems of big data system of systems arise with owners of a big data can also
influence on big data software ecosystems.

The data processing pipeline in a typical big data system of systems consists of activities
united in stages and is fulfilled by own systems of the stages. (Figure 2). For example,



Collection stage, consists of Data ingestion, Data loading and preprocessing activities;
Preparation includes Information extraction, Data cleaning, big data integration; Analytics
consists of Data analysis, Data loading and transformation; Visualization includes Data
visualization [25]. Taking into account the concept information (data) value chain it can be
argued that each stage forms a new version of the data product, which can be sold or used as
input for the next stage. The activities of stage are fulfilled on own landscape, the boundaries
of which can be considered as the boundaries of the corresponding software ecosystem (Figure
3) [44].
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Figure 3. The data (information) value chain

Individual stages may be skipped or repeated, if necessary. They are independent set of
activities, each with the goal to form data product and sell it or as input in next stage. At the
same time, each stage is filled with a wide range of different supporting functionalities, and as
a result different software-intensive tools and actors. Different actors (e.g. data producers, data
consumers) can participate by executing one or more activities (e.g. Data Discovery, Data
Exploitation), and each activity can consist of a number of actions or value creation
techniques, (e.g. Gathering, Visualization, Service Creation). In turn, each action can consist
of one or more data value chains, since they might need a series of processes to be executed in
order (e.g. visualization requires identifying the data to visualize, then deciding on a
visualization method, then rendering the visualization). This leads to a clearly defined
landscape and allows to research each stages of the data processing pipeline in the big data
system of systems as an ecosystem. At the same time, the role orchestrator — ensure the
exchange and sharing of data in the context of ecosystems in order to achieve additional value
of data. The data exchange focuses on cooperation between the systems along value chain. For
this, standards are used. Data sharing is focusing on generating additional value out of data
along value chain. For this, a mode of collaboration is used.

Big data can significantly change both approaches to research and the architecture of
software ecosystems by applying the solutions given in Table 2.

3. Conclusion

The big data systems are software-intensive systems. Therefore, to create and maintain
software of big data systems, it is advisable to use the methods and tools of software
engineering. The goal of paper is to show, that software of big data systems for software
engineering are the application domain, nothing more. The article shows the modern
possibilities of software engineering and the interconnection of software engineering and big
data software. On the one hand, it is considered which challenges of big data software are



already being solved by applying the methods of software engineering, and on the other hand,
which challenges of software engineering can be solved by applying the methods of
processing of big data. This will be useful for both application domain researchers and
software engineers. Finally, we have indicated new topics for software engineering
researchers. These are the software of big data system as a software of system of systems and
the big data software ecosystems. Those and others may be objects of future research.
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