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our future through science

For an engineering field to be taken seriously amongst other
engineering disciplines, (Valedri & Davidz, 2007):
— It must have a solid theoretical basis that

— underpins the system engineering methods and processes as valid
and consistent.
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* Research consists of a whole = e
continuum of research designs that L ST GonE

re-search’ [ri'sail
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discover new fagc
research intg

cover a spectrum from (Marais 2012):
— the soft science to that of
— the hard sciences.

* Itis a human activity to gain knowledge about our world

* It is one of the ways in gaining knowledge about our world
with a rigid skeptical criticizing function associated with it

It has a proven method (Scientific Method)
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« We already know from various researchers
that it is difficult to do research in systems

engineering
(Rhodes & Valderi 2007) (Valderi & Davidz 2009) (Sparrius 2011)

* Do you follow the methods of the hard sciences or that of the
soft sciences, in other words,

— |s systems engineering a hard engineering discipline or is it a
management discipline?
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methods in systems engineering
exists (Rhodes & Valderi 2007).
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Valderi & Davidz (2009) states that empirical research in
systems engineering is a new frontier with many challenges

that includes:

— Conducting the empirical research in the field.
— Threats to validity associated with data collection.
— Considering empirical mixed-methods research.
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"mindset” {noun}

a set of beliefs or a way of
thinking that determines
one's behavior, outlook

and mental attitude.

« Systems Engineering requires a post-modernistic mindset in
which the measurements are defined relative to the subject
under investigation.
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An academic research programme for systems PN
engineering in South Africa needs a ]

classification in terms of the National Research {:4}_—_}’ —{_—_}\
Foundation’s (NRF) framework for evaluating > ¢ S
research output.
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Engineering
(Scientific Domain)

Operational Research
(Main Research Field)

Systems Engineering
(Field of Specialisation)
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Operational Research
(Main Research Field)
Systems Engineering
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Systems Systems Engineering Systems
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ﬁﬁ@érsﬂm Praxis Framework, a joint project of the International Couricil on Systems Engineering and the International Soclely for the Systems

AN INTEGRATIVE SYSTEMS SCIENCE

Identifying, exploring, and understanding patterns of complexity through contributions from

Foundations Theories Representations
Meta-theories of Methodology, General Systems Theory, Systems Models, Dynamics, Networks,
Ontology, Epistemology, Axiology, Pathology, Complexity, Anticipatory Cellular Automata, Life Cycles,
Praxiology (theory of effective Systems, Cybernetics, Autopoiesis, Queues, Graphs, Rich Pictures,
action), Teleology, Semiotics and Living Systems, Science of Generic Narratives, Games and Dramas,
Semiosis, Categories, etc. Design, Organization Theory, etc. Agent-based Simulations, ete.

SYSTEMS THINKING

Appreciative and reflective practice using
'systems-paradigm’' concepts, principles, patterns,
etc.

practice informs theory

theory informs practice

SYSTEMS APPROACHES TO PRACTICE

\\ Addressing complex problems/opportunities using methods, tools, frameworks, practice patterns, etc.

Pragmatic, Pluralist, or Critical multi-methodology uses heuristics, prototyping, model! unfolding,
boundary critiques, etc., to understand assumptions, contexts, and constraints, including complexity from
stakeholder values and valuations; chooses appropriate mix of ‘hard’, 'soft|, and custom methods; sees
systems as networks, societies of agents, organisms, ecosystems, rhizomes, discourses, machines, etc.

'Hard' methods are suited to solving well-defined  'Soft' methods are suited to structuring problems
problems with reliable data, clear optimization goals,  involving incomplete data, unclear goals, perspective
and at most objective complexity; use machine and role complexity, etc.; use learning system
metaphor and realist/functionalist foundations. metaphor and constructivist/interpretivist foundations.

Creative Commoris Attribution 3.0
© 2012 [nternational Federation for Systems R
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r " W@stam Praxis Framework, a joint project of the International Couricil an Systems Engineering and the International Society for the Systems Sciences N
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SYSTEMS THINKING

Appreciative and reflective practice using
'systems-paradigm’' concepts, principles, patterns,
etc.

practice informs theory

theory informs practice

SYSTEMS APPROACHES TO PRACTICE \
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« Structuralist philosophy of science
(Balzer, Moulines & Sneed, 1987)

* Not to be confused with structuralism

It is the method used by Nobel Prize winners since 1970’s
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Definition 4 (Theory)

T(z) < £=<<01,...,0, >, <Ry,....Rp, f1,..,fe> A >
with
O; representing a set of objects,
R; representing relations,
fi representing functions and mappings, and

A representing the axioms of the theory.

In the above definition A is the axioms, and O;, R; as well as f; are part of the
inference rules in figure 1.2 on p. 8.

For every relation or function, a type can be given by stating the structure of either
the set or sets to which it belongs, [36, 35], e.g.

R, C O x 2(01x02)
fi C 20102 x O,

The axioms describe laws or definitions in the domain of the theory’s objects and
relations [36, 35], e.g.

1. Laws: (Vz,y)(P(z) AC(y) = X(z,y))
2. Definitions: (Vz)(f(z) = {y|F(z,y)}).

The theory T, on its own, is a pure formal theory with no connection to empirical
reality. To establish such a relationship, data D is needed. D is written in a data
representation language L', which should be a subset of the formal language L, thus
L' c L [36, 35].
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Definition 6 (System)

Systems = {z|SYSTEM (z)} A
SYSTEM (z) <=
re{<z,290> |21 =<01,...,0, > Nxog=<Ry,..R,>} A
obj(zr)=z1 A
rel(z) =zo A
states(z) =3 C obj(z) A
$ N Systems = ()
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3.2 Formal system breakdown structure

In systems engineering, a system breakdown structure (SBS) is used as a structure
to define and manage a system and its life cycle [81, 44, 77, 11].

Formally, it can be said that
SBS = {(x,y)|ly € 25,8 € Systems, Iz € 25,y C z} (3.1)

where S is the system with lowest level of resolution that is of interest.

The subsystems and components of S are Ss, thus
SsCS (3.2)

S is an environment for the subsystems S;. Each sub-system in S, is again a system
which consists of subsystems and components. This is repeated until the necessary
level of resolution is reached.

A component can be defined as follows:

Components = {x | COMPONENTS(z)} A
COMPONENTS(z) <= xN Systems#0 A
obj(z) N Systems =0 A

rel(z) N Systems # 0

Each level of resolution is indicated by a number. The highest level of resolution is
system level one. If a system consists of seven levels of resolution, then the lowest
level of resolution will be number 7 and the highest resolution level will be 1. From
this description, it follows that if S() is the subsystems and components of system
level ¢ + 1 and £ is the number of system levels of interest, then

SWcs@c.cs®=¢
If S® is the subsystems and components of system level 7 + 1, then

vz e S Iy e st 5z cy
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Y¥(r) <= 1€ (8. £, AD P Mr.Ms, Mss.p.0.1)

where the operators are abbreviated as follows:

p = requirements
0 = design
¢ = amplement

@ Erasmus, L. D. and Doeben-Henisch, G. 2011. A Theory of the
System Engineering Process. In 10th AFRICON Conference:
Sustainable Energy & Communications Development for Africa,

Livingston, Zambia.
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E requirements: SXEx A x D - >Px|M_R
E design: E x A x|M_R [|----->

implementation: Ex Ax|M_S | ----- >M_S*
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* A framework is proposed to perform systems engineering
research within South Africa.

« Within the reference of the National Research Foundation
(NRF) classification of research, Systems Engineering is
classified within:

— Specific Scientific Domain of Engineering,
— Main research Field of Operational Research.

* Four categories for systems engineering research in South
Africa:
— Formal Theories for Systems Engineering,
— Tools for Systems Engineering,
— Processes for Systems Engineering (Standardised behaviour) and
— Systems Engineering Applications.
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