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Abstract

Software systems development teams, using agile practices, have a bias
to focus on simpler solutions in early iterations and increments of a
software system development process. Usually, requirements related to
the system as a whole, as dependability, are considered requirements
that are treated in the last iterations cycles. Without Systems Engineering
concepts, these teams discovery too late that there is not refactoring to
make up the initials choices. The interplay between Software Engineering
and Systems Engineering must be increasingly present in organizations
that develop software systems. System Engineering approach helps the
software development team to coordinate their work processes and steer
the team to the development of software systems with quality and value to
the business that demands the system. This paper is about the Endeavor
dimension of the SEMAT Essence kernel, and how we can work with it to
reach the interplay between Systems and Software Engineering.

Keywords: Software engineering ¢ System engineering ¢ Essence kernel
e Software process ¢ Socio-technical, complexity
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1. Introduction

There are several organizations in which the development of software systems
is not the primary business; nonetheless, these companies have a department
or area that works with Information Technology (IT). When the IT department
of these organizations receives a demand from some other organization
business area, a team is formed to perform the software system development
(SSD) endeavor. However, the IT department of this kind of organizations was
not created to innovate, to create innovative software systems for each business
demand; they were created to be efficient [1]. Moreover, it is a commonplace
the fact that these IT departments also have to deal with demands that are
related to others software systems that are already in operation, and also with

business pressures to reduce costs and delivery times.

When the IT department defines a team to the SSD endeavor, it is necessary to
define a way of work that allows the team members integration and cooperation.
A way of work that steers the understanding of what must be implemented, the
implementation itself, and the validation of the system that is delivered. The
team coordination must be done with a focus on the delivery of a software
system that achieves both the customer needs and expectations. This kind
of mantra of SSD management can be reached by way of work that promotes
a unique understanding of what must be delivered, considering both the
functional and non-functional aspects of the business demand. Furthermore,
the way of work must have a quick and effective reaction to the changes that
are imposed to the software systems requirements; changes originated by
market forces that act upon the organization business.

Some of the factors that characterize the differences between organizations
of the same business sector are the qualities of their software systems. This
characteristic requires that IT departments seek innovation and flexibility of
their processes and software systems, which brings complexity to both the
software system as the development process itself.

Systems Engineering offer practices that can enable the integration and
collaboration among IT team members, which enable the development of a

Software & Systems Engineering Interplay and the SEMAT Kernel @ 7/
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single vision of the different parts of a system to be developed [2]. It is the
vision of the software system as a whole that promotes the identification of the
system dependability issues [3], [4] at the beginning of iterations of the work
of the SSD endeavor.

Work, Team, and Way of Work are present in one of the three areas of concern
that were identified in the SEMAT kernel. They take part of the things that we
always deal with in Software Engineering. They are the alphas of the SEMAT
kernel Endeavor context [5].

SEMAT kernel is the first answer to a “Call for Action” [6], a little step in the
process of redefining the Software Engineering. This paper is about Systems
Engineering through the life cycle of software systems, supporting Software
Engineering practices with a socio-technical approach that promotes the
integration of the people that take part of an SSD endeavor, looking for a
knowledge construction about the system as a whole, since the early cycles
of system integration. Barry Boehm has also highlighted the importance of
Systems and Software Engineering interplay in several articles, as [7], [8] & [9].
Boehm argues that without up-front Systems Engineering and teambuilding,
two common failure modes occur: a leadership scarcity of the agile team, and
the bias to focus on easiest-first solutions in the early iterations; an approach
to treat dependability issues, like scalability and security, as features to be
incorporated in later iterations, when no amount of refactoring will compensate

the early choices.

This approach contributes to enabling IT team to develop software systems
that add value to the organizations, contributing to organization performance
and efficiency.

8 @ Software & Systems Engineering Interplay and the SEMAT Kernel
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2. SEMAT Kernel - The Essence

An Opportunity identified by a business area of an organization is a search for
a solution to the IT department of this organization. A solution in which the
people that work in the SSD process make use of Software Engineering and
System Engineering practices to understand what must be done, validate this
understanding, and implementing the solution. Although there are several
practices to conduct this process, there is a set of essentials elements that
are universal and are present in all the endeavors to develop high-quality
software systems. These elements - called alphas in SEMAT kernel - deal with
“things we always work with” and “things we always do” in an SSD process.
These elements provide an integrated set that enables the predictability of the
delivery, and the continuous improvement in the way of work, communication,
and understanding of what, and how, the team is working in a moment, and
what they must to do in the following project increments [5].

SEMAT kernel does not compete with existing SSD methods. It is not a new
methodology to SSD. It is an answer to the need of redefining Software
Engineering [10]. Essence is a kernel of universal elements that are both
present in several SSD methods and that enable the measurement of the
project progress and health. The kernel was first published in the SEMAT
submission to OMG call: Foundation for Agile Creation and Enactment of
Software Engineering [11]. Figure 1 and figure 2 represent the “things we
always work with” and “things we always do” in an SSD process. More than a
conceptual model, the kernel provides:

I. A framework for SSD teams to think about the endeavor progress and the
state of their efforts.

II. A common basis to discuss, improve, compare, and share Software

Engineering best practices and methods.

III. A framework to SSD teams assemble practices from different origins,
continuously improving the way of work.

IV. A framework for defining metrics that are independent of practices, to
evaluate both the quality of developed software and the methods used to
develop it.

Software & Systems Engineering Interplay and the SEMAT Kernel @ 9
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V. And the most important, a way to help SSD teams to understand where they
are, what they should do next, and where they need to improve.

M 2.1. Endeavor alphas

Alphas are representations of the essential elements that must be monitored to
guide the success of SSD process. Each alpha has a set of states, and each state
has a checklist that identifies whether the state has been met. Alphas must be
seen together, not in an approach that individually considers each alpha [5].

The kernel alphas that belong to the Endeavor area of concern are Work, Way
of Work, and Team. Observing the Endeavor kernel dimension at Figure 1,
Team performs and plan the Work, and that the Team applies Way of Work,
which guides the Work (Fig. 3).

M 2.2. Endeavor kernel dimension and the inherent software
complexity

IT team members are professionals that are under pressure both to be efficient
and to produce software systems that meet stakeholders need; they must
address the identified Opportunity. There are different ways of work that these
professionals can use to fulfill their mission successfully. However, in this
endeavor, they must not forget that the Work to be performed depends on
understanding the requirements of the problematic situation that appears as an
Opportunity.Whichever the Way of Work applied by the Team, there is an issue
present in all SSD endeavors: the identification of the problematic situation,
the Opportunity, and the Requirements that such problematic situation brings.
This identification process is primarily an activity related to people talking to
people [12], [13], [14].
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Team member’s deal with information and knowledge obtained through
interactions with Stakeholders to understand the Opportunity and
Requirements. In this process, and especially in the implementation of the
software system, these team members need to work in a concentrated way
to deal with the underlying complexity of the SSD process [15], [16]. This
complexity has also been highlighted by Frederick Brooks in his classic 1987
article “No Silver Bullet: Essences and Accidents of Software Engineering”
[17], in which he points out that due to a large number of distinct elements that
are present in the SSD process, the development of this type of system is an
activity that is more complex than any other type of man-made construction.
As evidence of the number of elements that exist in the SSD process, Clarke
& O Connor [18] argue that there are 40 factors and 170 sub-factors that are
present in SSD context.

Endeavor

Figure 3: The alphas of the kernel Endeavor area of concern and their

interrelationships.

M 2.3. Endeavor dimension and its relationships

Figure 4 shows all the relationships of the SEMAT kernel alphas that belongs
to the Endeavor area of concern:

I. Work has relationships with Requirements - Opportunity - Software System.
II. Team has relationships with Software System - Stakeholder.

III. Way of work has relationships only with alphas of the Endeavor dimension.

12 ® Software & Systems Engineering Interplay and the SEMAT Kernel
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Nevertheless, it is an essential link between Team and Work and is under
the direct influence of the factors mentioned by Clarke & O "Connor [18].

Despite the apparent simplicity of the relations between the alphas shown
in Figure 4, there is a challenge in these relations. A challenge related to
the cooperation among Team members, and between these people and
stakeholders. This relationship is essential to I'T team realize a work that adds
value to the organization.

3. Systems Engineering

The Cartesian way of dealing with a problem is to divide it into smaller and
simpler parts, as much as possible; it is the most successful technique used
by Engineering, and this approach enables humanity to reach the current
state of technology. However, even with the successes of this approach, there
are problems in which this approach cannot succeed; System Engineering
uses System Thinking to deal with these problems. Hitchins [2] argues that
System Thinking caught the attention of engineers when they realized that
the Cartesian approach has difficulties to deal with systems that include
people. According to Peter Senge [19], Systems Thinking is a discipline to see
a system in its totality, a kind of framework to view the system components
interrelationship more than to view the components, to view the system
patterns of change more than to view system static images.

Hitchins [2] states that Systems Engineering uses Systems Thinking to
understand the nature of the problems. This approach looks for practical
experiences and interactions with the problem, trying to understand it, and
proposes solutions that may not solve it, but that can provide a response that
improves the problem understanding, allowing the development of a solution
which is the best at the moment.

Software & Systems Engineering Interplay and the SEMAT Kernel ® 13
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Using this Systems Engineering approach, that is more qualitative than

quantitative, and that make use of experience, IT team members can develop a
Way of Work that enables them to deal with SSD problems. To implement thils.7

approach IT team can use the Lean Startup cycle [20] in the contrary course:

14 ® Software & Systems Engineering Interplay and the SEMAT Kernel
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Build (System Measure
Construction) (feedback)

Figure 5 - The Lean Startup Cycle on the Contrary Course

The construction of a minimal version of the software system is the
implementation of aresponse to an Opportunity thatis the best possible solution
at the moment. The relationship between the Team and the Stakeholders to
build this minimal version of the software system leads to an evolution of
the knowledge about the Opportunity, a learning experience that allows the
evaluation and evolution of the software system, and a new version of the
software system can be developed. This approach gives rise to an evolutionary
spiral of knowledge and systems in which each turn adds more value to the
organization.

The complexity of people interactions in these cycles of Learn (knowledge) >
Measure (feedback) -> Build (System Construction), and the technology used
by this people, make up a kind of patchwork of technology and people that
give rise to a Sociotechnical System [21] that kernel Endeavor dimension must
take into account.

Usually, the Team applies a Way of Work that focuses on developing the
technical part of the software system, concentrating on the software issue,
and the Team assumes that the requirements reflect the business need. This
technical approach results in a software system that works as the Team thinks

Software & Systems Engineering Interplay and the SEMAT Kernel ® 15

K=
BACK
TO TOC



ISSUE NO.22 | June 2018

that it must work, and that do not take into account the stakeholders culture

and experience.

4. The Lean Startup Cycle on the Contrary Course

When following an approach like the evolutionary spiral of knowledge
developed by doing the Lean Startup cycle on the contrary course (Fig. 5),
Team members have the opportunity to use System Thinking framework of
System Engineering to learn through the knowledge and experience of the
stakeholders since the early iterations. This approach makes it possible to
have, in the sequence of iterations, software system versions more effective
and resilient. At each cycle, since the early ones, the Team can incorporate
more treatments for dependability requirements, which arises from the
interrelationships that exist not only among the technical components of
the software system but also between these components and the people that
interact with the software system.

5. Conclusion and Future Work

It is impossible to predict the dependability issues that a software system will
demand. It is not possible to leave to the last iterations cycles the evaluation of
these issues; when the Team technical debt [22] about dependability issues is
already at a point in which the refactoring is not possible to be done to meet
the identified need [7].

The different fashions of Software Engineering methods and practices do not
deal effectively with the inherent complexity of SSD because they are based on
code development, without considering the inter-relationship between:

I. Technical components (hardware & software).
II. Issues related to the organization or the business process.

IIL. Issues related to the relationship between the team members.

16 ® Software & Systems Engineering Interplay and the SEMAT Kernel
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IV. Issues related to the relationship between team members and stakeholders.
V. The real intentions of the users using the software system.

The effective interplay between Systems Engineering and Software Engineering
is a critical condition to enable IT department to add value to the organization
business, and no longer be seen as a cost of operation for organizations in which
the software development is not the core business. The System Engineering
systemic approach enables the IT team to develop an understanding of what
has to be developed, considering the various inter-relationships, and inspire a
socio-technical environment in which the IT team objective is more than build
a software system, is to add value to the organization business.

The authors of this paper are conducting researches about extensions both
to SEMAT kernel alphas and to the alpha states checklists, to offer an answer
that considers the inherent complexity of SSD process, in which dependability
has a strong presence. l
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