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Abstract

As part of INCOSE Systems of Systems (SoS) Working Group efforts to work towards development of
practical approaches to address SoS challenges, there is an ongoing collaboration between the INCOSE
Systems of Systems and Complexity Working Groups to identify ways to leverage work coming from the
complexity community to address this SE practice area.

In particular, the INCOSE Complexity Primer and the recent paper on ‘appreciative methods’ provide
approaches to characterize and address complexity. In this initiative, these have been viewed through
the lens of systems of systems to assess how and why systems of systems exhibit complexity, as the basis
for identifying approaches from the complexity community that can guide the application of systems
principles to systems of systems. The results of these efforts will be presented in a new SEBOK article in
Emerging Knowledge on ‘SoS and Complexity’

This roundtable will briefly share the results of this working group effort to date and provide a set of
perspectives on the nature of SoS complexity addressing a set of questions on the implications of SoS
complexity for effective application of systems engineering to SoS and large interconnected systems as
presented in the INCOSE SE Vision 2035.
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Characteristics and Definition of Systems of Systems "4

Maier (1998) postulated five key characteristics (not criteria) of SoS: operational independence
of component systems, managerial independence of component systems, geographical
distribution, emergent behavior, and evolutionary development processes, and identified
operational independence and managerial independence as the two principal distinguishing
characteristics for applying the term 'systems-of-systems.' A system that does not exhibit these
two characteristics is not considered a system-of-systems regardless of the complexity or
geographic distribution of its components.

In the Maier characterization, emergence is noted as a common characteristic of SoS
particularly in SoS composed of multiple large existing systems, based on the challenge (in time
and resources) of subjecting all possible logical threads across the myriad functions,
capabilities, and data of the systems in an SoS. As introduced in the article “Emergence”, there
are risks associated with unexpected or unintended behavior resulting from combining systems
that have individually complex behavior. These become serious in cases which safety, for
example, is threatened through unintended interactions among the functions provided by

multiple constituent systems in a SoS.
Systems of Systems (SoS) - SEBoK (sebokwiki.org)
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SoS & Complexity Project

Apply Complexity concepts to address Systems of Systems complexity challenges

Practical application of Practical
approaches to

* Complexity dimensions
* Guiding Principles for “ * identifying

complexity thinking  understanding
* Candidate approaches to * addressing
addressing complexity SoS complexity

Ry 29" i
t s Orlando, FL, USA

Joint Project of SoS and

Appreciative Methods Applied to the Assessment of

Complex Systems Complexity WGs




Apply complexity concepts to
identify and understand SoS
complexity

Appreciative Methods Paper Complexity Primer
» Review definitions of the 14 dimensions * Review ‘Guiding Principles to Complexity
of complexity Thinking’
* Provide input on applicability to SoS * |dentify how SoSE incorporates complexity
* How do the complexity characteristics thinking
manifests in Systems of Systems and « How do Complexity Principles apply to SoS?
S e
L Practical application of Practical |

Appreciative Methods Applied to the Assessment of approaches to

i » Complexity dimensions

* Guiding Principles for
complexity thinking

* Candidate approaches
to addressing complexity

-

* jdentifying

* understanding
* addressing
SoS complexity




Characteristic:

How

Why

Diversity

Connectivity P a p e r
Interactivity
Adaptability Frll 29 munces * How do these apply to SoS and why?
K !' o r Orlando, FL, USA ]
Multiscale 14.'1:‘;' Juy 20.- 25,2019 . N . .
- 1+ Paper provides definitions and discussions of
Multi-persp T .
— Appreciative Methods Applied to the Assessment of - each characteristic from the perspective of SoS
Behavior (n Complex Systems
describable
response svstem)
Dvnamics Dimension Definition? How SoS Exhibit.... Why?
cdmplex Diversity The structural, behavior, and system state S0S can exhibit tremendous By definition, SoS are comprised of multiple
varieties that characterize a system and/or | diversity across the various independent systems with their own users,
. ii ir consti v s which u irement .
Representation senenment Sroide 3 SngE O GHEIETt | s ovlopa o s e memperenp
dlﬁ.iCUIt behav.lors, functionality and an SoS, increasing the likelihood that there will
1 - bechnical approsches. be differences among the constituents of an
Evolution Sos.
Svstem Connectivity The connection of the system between its SoS include connectivity within S0S are comprised of ‘connected’ constituent

Emergence not
predictable
behavior

Disproportionate
Effects

Indeterminate
Boundaries

Contextual
Influences

Complexity Characteristics Ff\
from Appreciative Methods ™

‘y

functions and the environment. This
connectivity is characterized by the number
of nodes, diversity of node types, number of
links, and diversity in link characteristics.
Complex systems have multiple layers of
connections within the system structure.

Provides a starting point for identifying

approaches for addressing complexity

each constituent system, among
constituents in the SoS and
between the SoS and its
environment.

systems, so in addition to the connectivity
within each constituent, an SoS by its nature is
characterized by additional connectivity among
constituents. SoS typically have large numbers
of nodes, a diversity of node types, 3 large
number of links, and diversity in link
characteristics, as well as multiple layers of
connections within the system structure.
Discontinuities (breaks in & pattern of
connectivity at one or more layers) are often
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Quicklinks

Systems of Systems are generally characterized as complex (Sheard, 2019) (Luzeau et al. 2011} (Simpson,
2009) (DeLaurentis, 2007) (Ireland, 2014) (Magee, 2004), as is noted in the systems of systems (SoS)
knowledge area of the SEBoK.

The question for those seeking to perform SoS Engineering (SoSE) then is how to addjiiie
complexity? In an Fnjgc-mg colla?oratmn behveen.the INCOSE SoS and Complexity Wo PrOVIdeS a Sta r-tl ng pOI nt for |dent|fy| ng
work on characterizing complexity has been applied to SoS, to assess how and why Sg

the basis for identifying approaches from the complexity community to applications of § a pproach eS for' add reSS| ng Com pleX|ty

systems of systems. This collaboration was spurred by recent work in both communitiel
understand how complexity affects systems of systems (Watson, 2020) and guiding principles to complexity

Main Page

Editor's Corner

Governance and Editorial Boards
SEBoK Sponsors

Acknowledgements and Release

Histoey thinking can be applied in Systems of Systems Engineering. (INCOSE, 2016)
FAQs .
) Contents [hide]

Outline

1 Complexity Dimensions Applied to Systems of Systems
Table of Contents e S : i ey s ;
2 Guiding Principles to Complexity Thinking Applied in Systems of Systems Engineering
[# Part 1: SEBoK Introduction

3 References
3.1 Works Cited
3.2 Primary References

3.3 Additional References

[#] Part 2: Foundations of Systems
Engineering

[+l Part 3: SE and Management

https://www.sebokwiki.org/draft/System
of Systems and Complexity

[*l Part 4: Applications of Systems
Engineering
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The Science of Systems Integration

Complex Systems exhibit integration at multiple levels of hierarchy and must be studied as such,
marrying structural and functional representations of the system, addressing cross-domain
interactions and seeking appropriate allocations of complexity and autonomy.

operational modes

(.4 &)
%, )

Mode 2

{ A

Mode 1

Network Topology=f(Coupling, Modularity,.....)

Design Interaction
Off-design Interaction

High : . e

Node and Link Weights change with different

System level
g Network of System Network of lal =
S S «—> 2 Sm
g Structure = 15 Sm 2 System Functions -
8 Subsystem level <m N =
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ks n <> ®
T>) <
Q
— <
| Component level <> 7 SR & N&/
<— <
_______
Low

Type of interaction
Blue= information , Green= Force, Red=Energy,

Purdue University-Center for Integrated Systems in Aerospace
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Dan Delaurentis, ddelaure@purdue.edu

Useful complexity metrics are those that, when combined with the right
performance metrics, assist human designers & architects to reason
about design alternatives cognizant of risk tolerance.

Integrated System
Performance

-
C

| o for measuring compiexity of
aerospace systems

Shashank Tamaskar, Kartavya Neema &
Draniel DeLaurentis

e e

?? Best Design ??
Different depending on risk tolerance

Co Complexity

Tamaskar, S., Neema, K., DeLaurentis, D., "Framework for measuring complexity of
aerospace systems", Research in Engineering Design , February 2014.

Purdue University-Center for Integrated Systems in Aerospace
(CISA)
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Traits of Complex Systems™
* 14 distinguishing traits of complex systems

Diversity Dynamics

Connectivity Representation
Interactivity Evolution

Adaptability Emergence

Multi-Scale Disproportionate Effects
Multi-Perspective Intermediate Boundaries
Behavior (unpredictable) Contextual Influences

. CompIeX|ty Management Strategies

Balance instead of optimization
— Tension between large-small, agile-planned, centralized-distributed
— Bounded within simpler structure
— Architecture to understand interactions
— Social-Political Complexity relationship between engineered, natural & governance environment

* Watson et. al., “Appreciative Methods Applied to the Assessment of Complex Systems”, INCOSE IS 2019
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Beyond technical complexity, the "other dimensions" of complexity
are as important, if not more, for understanding complex systems

Structure
Arrangement of
systems

Process
Series of
coordinated actions

Data
Big Data across
systems

Technology in
systems

Technical

Scale of evolution across multiple

@ Do

69

Panarchy

hierarchies

(©) °
So=59

@}@ 2o=Do

’D D°==D'
)0

People
Worldview of

individuals

Coercive
Command structure
influences

Organizational
Hierarchy and
dynamics of subgroups

)

oal
Difficulty of objectives

* While complexity is most often thought

to pertain to technical aspects and
technicality of functions, our study
findings indicate that other dimensions
of complexity (e.g., organizational
complexity, process complexity, data
complexity, and environment
complexity) may be as important, if not
more, for understanding (and designing)
systems

Our research uncovered eight different
viewpoints of complexity and one
overarching concept of Panarchy to tie it
all together

15



Technical Complexity

Technical Complexity occurs when one seeks to “design a system to
achieve a predefined purpose by organizing the various components
and subsystems in the most efficient way possible”

Systems Operations Systems
Engineering Research Analysis

Methods to manage complexity

Process Complexity

Process Complexity “arises when we have to put together a series of
interdependent actions to achieve a purpose”

The

Vanguard
Method

Methods to manage complexity

16



@) Coercive Complexity

Coercive complexity is “associated with the exercise of power, which
can operate to ensure some individuals or groups have the capacity
fo control the behaviors of others and benefit as a result”

Critical
Vel Systems
Syntegrity "

Methods to manage complexity

Data Complexity

Data complexity is associated with the collection, storage,
processing, and use of large amounts of data

S5V'’s of Big
DEE!

Methods to manage complexity
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@) Structure Complexity

This type of complexity is based on the arrangement and dynamic
relationships between different system elements

Network System
Theory Dynamics

Methods to manage complexity

Organizational Complexity

Organizational complexity is seen as driven both by the internal
interactions of the parts of a system and by the interactions between
the system and its turbulent environment.

Socio-Technical Organizational
Systems Thinking Cybernetics

Methods to manage complexity

18



People complexity is rooted in differences in the worldviews,
perspectives, and assumptions of individuals, and its larger impacts
through culture, politics, religion, and other social constructs.

Strategic Assumptions Soft Systems
Surfacing and Testing Thinking

Methods to manage complexity

@ Goal Complexity

This complexity arises when different parts necessary to perform a
task or reach a goal interact or conflict

Task Complexity
Framework

Methods to manage complexity

19



@ Panarchy

Panarchy is a “conceptual model that describes the ways in
which complex systems of people and nature are dynamically
organized and structured across scales of space and time”

. . Centralized Scale
Panarchy proposes that adaptive cycles within a Command QC/
complex system are connected via multi-scale / ~7 -
. . .. Evolution  _
hierarchies and remain interdependent on one o - 4 . .
. Distributed Disruption Systems will inevitably change, driven by
another across both spatial and temporal scales Control A disruption and evolution from internal
. . . . (1
(i.e., spatial spans and timescale). Pl otion 2 g and external sources
— - - - /
DeceEntraIitz.ed wmsruption
Xecution
Scale
Small and Fast Timescale Long and Slow
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Perception
of reality

Reality Cognitive



Cognitive agents

World model
(information
resource) | ' :
/E\
Dr::;j%n Capability
Abstraction

/ A\

Initial | __.—e___.-»| Final
Frmeeeeees Perception  J<-----------mmmmmmmmoo state state

World states

J. Axelsson & P. Svenson. “On the Concepts of Capability and Constituent System Independence in Systems-of-Systems”.
Proc. IEEE System of Systems Engineering Conf., 2022.
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An Engineering View of SoSE

. In broad terms, SOSE has been seen by the INCOSE community as a practice area of SE International exploitation

* Indeed, SEBoK covers SoSE in Part 4: Applications of Systems Engineering of space

. SoSE is employed where the differentiating characteristics of SoS are apparent:
managerial and operational independence of the constituent systems, eg:
—  Transportation systems
—  Defence C5ISREW systems
—  National health systems

An orbital vehicle

—  Market-based energy systems

- The Internet

—  Theinternational exploitation of space

As complexity increases, the competencies

R A sensing subsystem
and disciplines need to change v ,
A circuit card assembly

Electronic components

Complexity

28
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Complexity Hierarchies are Not a New ldea! — (Boulding, 1956)

Level

Characteristics

Examples

Relevant disciplines

1. Structures

Static

Crystals, bridges

Description, verbal or
pictorial, in any
discipline

2. Clock-work

Predetermined motion

Clocks, machines, the
solar systems

Physics, classical
natural science

maintaining

cells

3. Control mechanisms | Closed-loop control Thermostats, Control theory,
homeostasis cybernetics
mechanisms in
organisms

4. Open systems Structurally self- Flames, biological Theory of metabolism

(information theory)

5. Lower organisms

Organised whole with
functional parts, ‘blue-
printed’ growth,
reproduction.

Plants

Botany

knowledge of
knowledge, symbolic
language

6. Animals A brain to guide total | Birds and beasts Zoology
behaviour, ability to
learn.
7. Man Self-consciousness, Human beings Biology, psychology

8. Socio-cultural
systems

Roles, communication,
transmission of values

Families, the Boy
Scouts, drinking clubs,
nations

History, sociology,
anthropology,
behavioural science

9. Transcendental
systems

‘Inescapable
unknowables’

The idea of God

Unknown

Notes: (1) Emergent properties are assumed to arise at each defined level.

(2) From level 1 to level 9: complexity increases; it is more difficult for an outside observer to predict behaviour; there is
increasing dependence on unprogrammed decisions.

(3) Lower level systems are found in higher level systems- eg man exhibits all the distinguishing properties of levels 1-6,
and emergent properties at the new level.



Complexity Science is a Mainstream
Influence in Business and

Attractor
Basin I1

Attractor Landscape

Management science has drawn on a broad
base of systems and complexity theory for
strategic management and organisational
interventions

Potential —»

Connectedness ——»

Source: Panarchy, 2002, p. 34.

Holonic Growth in

i porio2 Their language is focused on dealing with the (Gt Linitsto Growth..,
o Period 1 . . . C()he‘rence ...........................
3 flux of life and continual improvement to .
® achieve outcomes that are systemically T 7 o
.......................... o x+ pro lems ! responses

Parameter Increases >>>>

desirable and culturally feasible

Complexit
Level —><—

FFE 11

" Single-Loop Lea
most common learning style,
problem solving

y

¥
=
FC,
— P Complexity
< 1 I Level ¢
" /
rning /- /

Governing Variables Action Strategies
Goals, values, beliefs, = and Techniques

conceptual frameworks
Why we do what we do What we do

-

Double-Loop Learning
more than problem solving, this learning style

"\
reevaluates and reframes goals, values, etc.

http://bsix12.com/double-loop-learning/

— Adapted from interpretations of Argyris's writings: hitp:/mww.infed.orgfthinkers/argyris.htm and

fr)

Y requisite variety: (at least) the ri%ht variety in
| responses to deal with variety of the problems
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Operationalising our Knowledge of Complexity

« Use these ideas to classify the
SoS challenge and use this
knowledge to direct practice

«  The latter is facilitated through

the development of a discipline

Kurtz and Snowden’s Cynefin Domains (2003)

COMPLEX
Cause and effect are only
coherent in retrospect

KNOWABLE
Cause and effect
separated over time

and do not repeat and space
Pattern management Analytical/Reductionist
Perspective filters Scenario planning

Complex adaptive systems
Probe-Sense-Respond

Stability-focused
intervention

No cause and effect
relationships perceivable

Cause and effect relations
i repeatable, perceivable
and predictable

Legitimate best practice

Systems thinking

Connectivity

c2

5102,

s2c2_~"
L]

sic1|

Taxonomy to Guide SoS Decision
Making (DeLaurentis et al., 2011)

A2
- > Control

SystemType
(human-type)

N 29"‘Allwwua| I‘NCOSE
nternational symposium

m Orlando, FL, USA

‘\ | 4 l/

July 20 - 25, 2019

Appreciative Methods Applied to the Assessment of

Complex Systems Watson et al (2019)

Distinguishing Characteristics of SoS
(Gorod et al, 2008)

. ‘ System of Subsys!ems‘ ‘ System of Systems ‘
Enactment tools Standard operating
procedures -
i O A v & ;i i A,
Crisis management Process reengineering E Conformance Avtonomy
Autonomy s céded by parts in Autonomy is exercised by
- = | = i v rde i d
Act-Sense-Respond Sense-Categorize-Respond s Rt ookt dd
Centrali Belonging D
Parts are akin to family members; they did Constituent systems chcose to belong on a
not choose themselves but came from costbenefits basis; also in order to cause
F l 00 d an d J a Ck son 9 S T ot al Syst ems parens. Belonging of pats o hl nure roater uliment of ol v purpoess, and
because of belief in the 508 supra purpose
. Platform-Centric Connectivity Network-Centric
ntervention Prscort gt S it Omamay sl corstan ysens
withevery possiilly of myiad connectons
i Sy snang e between Constiuent ysiss, possdy via &
subsystems. net-centric architecture, to enhance SoS
Unitary Pluralist Coercive il
Simple Operations research Social systems design Critical  systems H genec Diversity Hetera
. . N . heuristics Managed i . reduced or minimized by modular Increased diversity in So€ capability achieved
Systems analysis Strategic assumption surfacing and hierarchy: paris’ diversity encapsulated to create by released autonomy. committed belonging.
testi a known discrete module whose nalure s o and open comectiviy
Systems engineering esting project simpiicty into next level of the hierarchy
Systems dynamics Foreseen Emergence Indeterminable
Complex Viable system diagnosis Interactive planning ? Foreseen, both good and bad Enhanced by deliberately not being foreseen,

General system theory
Socio-technical systems thinking

Contingency theory

Soft systems methodology

behavior, and designed in o tested
out as appropriate

though its crucial importance is, and by creating
and emergence capabiliy climate, that will
support early detection and elimination of bad
haviors

University of Adelaide

Identifying the Class of SoSE Challenge

System pe?
o
Context o g
o i
o
e

(Mitre 2011, Stevens 2011%)

Traditional Project SE

K Sct;i;ttee?(l: Traditional program domain
Well-bounded problem
Predictable behavior

Stable environment

%
:eholder ""e/,w
ntext

A Particular
System

rsity of Adelaide

ey, r
M Oleme, /

o,
2% )
%% 3
Systems engineering across
boundaries

Messy frontier

Political engineering (power,
control..)

High risk, potentially high reward
Foster cooperative behavior

<
“0«“"' Implementatiog
o o Context
Acquts!

Stevens R. 2011, Engineering Mega-
Systems, ISBN 978-1-4200-7666-0,
CRC Press.

SoSE Area
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Classifying Dimensions (Cook & Pratt, 2016)

Dimension Categories
Governance Virtual, Collaborative, Acknowledged, Directed
Based on technical, organizational and system performance complexity. Sets of
: these can be categorized or the SoS-of-interest can be benchmarked against known
Complexity 2 =

SoS, e.g. city transportation system, humanitarian aid deployment, international air
traffic control, and the Internet

Degree of Stakeholder

Unitary, Pluralist, or Coercive

Agreement
s Benchmark against well-known SoS that compare the dynamicity to constituent
Dynamicity y e - , 1 e
system lifetime. Using a change scale such as: slowly, moderately, rapidly
Bt Key domain area. This need not be a small list e.g. transportation, defence,
i telecommunications
Tl Start with Hifchins® levels, could make domain specific e.g. business, industry,
$0¢10economic
= o Benchmark against well-known SoS, e.g. trucking fleet, global banking system.
Connectivity S o = " =
i Internet, air traffic control
: S Benchmark against well-known SoS, e.g. electricity distribution, transportation,
Sociotechnical Nature g = ty P

international trade

SoS Lifetime

SoS lifetime as a proportion of average life of constituent systems. Scales such as:
<0.1,0.1-2.0, and > 2.0

31



Elements of a Discipline Ay

Cook & Ferris (2007) describe the elements necessary for a discipline (after
Cropley et al, 2005; Checkland and Holwell 1998 & Kline, 1995)

— F =framework of ideas

— M, = methodology applied to problems that embodies F — marshals methods, tools, and techniques

— M, = agreed methodology for developing F
— A= area of concern. Covers problem, discipline, domain, and real-world problem situation.

— Also need a community of paid scholars ©

Enabling
| See also Rousseau et al, (2016)

Methodology M, /

embodied
i g

Activity Scope

» Exploration

» Development
» Application

Knowledge Base
» Data

» Theories

» Methodologies

Guidance Framework

» Domain View
» Worldviews
» Terminology

M;

Challenges

Figure 4: The AKG Model of a Discipline

Framework

of Ideas F
32
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A Helpful Construct

« The INCOSE/ISSS System Praxis
Framework (Martin et al, 2013) helps
show that all systems practice draws
on systems sciences (which includes
complexity science) via systems
thinking

. In SOoSE, influencing and shaping
take precedence over directing

. Need to employ a pluralistic approach
—  Socially aware “soft” approaches

—  Critical systems approaches to
include all the stakeholders

— Engineering and scientific methods
to engineer the technical solution

—  Project management to drive
progress

Thus, SoSE practice is informed by
multidisciplinary systems science

SE Vision 2035

—x

The Systems Praxis Framework, a joint project of the International Council on Systems Engineering and the International Society for the Systems Sciences

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, etc.

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 welldefined  '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/ffunctionalist foundations. metaphor and constructivist/interpretivist foundations.

Creative Commons Attribution 3.0 License

http://www.systemspraxis.org © 2012 International Federation for Systems Research

33




Getting Started on an SoSE Challenge 1

The Business and Mission Analysis Process of ISO/IEC/IEEE 15288:2015 is
useful to understand the context, commercial drivers, social and political
aspects, and value models

Classifiers can surface the:
— Nature of the SoS of Interest
— Role of the actors
— The problem context

Use these findings to identify relevant systems approaches and their
associated Frameworks of |deas

Design the detailed, specific SOSE approach

Undertake the SoSE methodology and learn and refine it over the iterations
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A Design Process for a SOSE Approach (cook, pratt & Unewisse 2015)
qoverments,

National /

Electricity

Generation

regulators and other
authotities

Australian National Electricity
Generation & Distribution SoS and

& cg;;ignsgzs the National Electricity Market
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Methodologica
| Needs &
Requirements
Elicit || - Methodology
] ~holde Functional
Stal\ll(ehglder e Analysis Approach
eeds for National
Sleste ¥ Electricity
Methodology Generation
Understand Understand &
SoS Problem T'I]r?t:r%it()f Derive Value Distribution
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X
2. Problem Small SoSE . ’I..DeS|gn 3. Catalogue of
Classifier, Pratt & Team Principles, Pratt Practical SoSE
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Key Needs for the SoSE Methodology
Design Process

Classifiers — already discussed

— Also lifecycle focus e.g. strategic planning, portfolio management, acquisition,
asset management

. Catalogue of practical SOSE approaches — see right

. Catalogue of SoOSE methods, processes, tools, & techniques — see
Complexity Primer

. Principles for the design of SOSE approaches

. Key personnel with competencies in:

- Design of SoSE approaches
— Systems Engineering
. In particular systems thinking and systems theory

- Broader systems approaches and underpinning systems philosophy,
science/engineering and practice

In Summary

. Systems and Complexity theory along with Systems Thinking underpins
practice in SOSE
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SoSE Approach Description Good for ...
The wave model is an evolutionary model comprising five main
process elements with experiential leaming from many SoSE .
R . . * Directed and
US Department of programs. It was -ongmal!y t%esxgned for acknow !edged SoS \\'n.h.a acknowledged SoS
Defence SE for SoS: small SoSE team; 1.10\\'ever= it has also been appheq to collabor.an\'e with a small SoSE
The Wave Model SoS challenges. It isa metz‘x-methot%ology, Le. it guides the design of team (has been
SoSE methodologies, and is extensively documented. Key references: applied to
OUSDA (2008), Dahmann et al. (2011), Lane et al. (2010), Dahmann |  collaborative SoS)
and Heilmann (2012).
DOSVM draws on complexity theory and recognizes Constituent
System Project Offices (CSPO) have the resources and means to
Dynamic change, and that in many SoS, the actual authority and resources of
Optimization of SOS | any central element is insufficient to do more than guide the *  Collaborative SoS
using Value evolution of the SoS. In DOSVM, each CSPO views the SoS in terms eith lile or no
Measurement of its utility to itself, seeking to “optimise” the SoS (from its point of
(DOSVM) view) through the influences available to it. DOSVM is ideal for

collaborative SoS in which there is little or no central control. Key
references: Honour (2016), Honour and Browning, (2007).

The Modified Wave
Model

Cook and Unewisse (2017) concluded that the wave model is well
suited to the Australian Defence program level of SoSE effort and
proposed a simplified Modified Wave Model for programs. Aspects of
the methodology and its supporting tools and techniques have been
trialled in Defence and industry to good reviews (Jusaitis and Cook

Programs to co-
ordinate maty
Projects using

2018; French and Heard 2018). Subsequently, a compatible, austere modest resources

integration and interoperability assurance methodology was

developed and trialled successfully. Key References: Cook and

Unewisse (2018).

SoSG, through its origins in complexity theory, seeks to expand SoSE

away from the “technology first and technology only” perspective of | | Awids range of

earlier versions of SoSE. It includes appreciating the context to collaborative and
SoS Governance deter-'mme what initiatives ngh{ be fezumble, Identg.ﬁ-'mjg areas that ackrow. !edged SoS
(S0SG) can mtg;rove the SoS, and adopting a “long-term v@v of the . Apprec@e: that de-

evolutionary development of the SoS. SoSG appreciates that de- centralized control

centralized control can be expected and is suited to a wide range of can be expected

collaborative and acknowledged SoS challenges. Key references:

Keating (2013), Morris et al. (2006).

SSPE is a comprehensive but austere multi-methodology inspired by

strategic planning, systems theory, CBP, and BSTA to achieve * Force design

inclusivity and stakeholder engagement in a systemic way. Later
Systemic Strategic versions include ideas from system engineering to achieve structured ;Z};%Zi]omj roaches
Planning and abstraction and trade-offs between candidate force structures. SSPE are nee degptﬁ cover
Execution (SSPE) is ideally suited to force design and has been used successfully in technical integration

Australia; additional technical approaches are needed to cover aspects

technical integration aspects. References: Hodge and Cook (2013),
Hodge and Cook (2014a, b).

Fragment of a table on SoSE approaches (Cook & Pratt, 2020)
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