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Abstract This chapter provides an in depth exploration of the reference model for
complex system governance (CSG). The CSG reference model is explored as the
set of interrelated functions and associated communication channels that must be
performed for a system to remain viable (continue to exist). To provide this explo-
ration, this chapter is focused on three primary objectives. First, the background for
the CSG reference model is developed. This background places the CSG reference
within the larger scope of the emerging CSG field. Following the introduction to
the role of the reference for CSG field development, the conceptual foundations
are examined. These foundations include management cybernetics, systems theory,
and system governance. Included in the management cybernetics discussion are the
10 communication channels that are used in the CSG reference model. Second,
the CSG reference model is developed. This development explores the nine meta-
system functions that constitute CSG. Each function is examined for the primary
role, responsibilities, and representative products from the function. The functions
provide ‘what’ must be done to execute CSG for a complex system. Third, the future
directions for further development of the CSG reference model are explored. The fit
of the reference model within the larger scope and development of the CSG field is
examined.

Keywords Complex system governance · Reference model ·Management
cybernetics

C. B. Keating (B)
Old Dominion University, Norfolk, VA, USA
e-mail: ckeating@odu.edu

P. F. Katina
Department of Informatics and Engineering Systems, University of South Carolina Upstate,
Spartanburg, South Carolina, USA

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. B.Keating et al. (eds.),Complex System Governance, Topics in Safety, Risk, Reliability
and Quality 40, https://doi.org/10.1007/978-3-030-93852-9_7

187

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93852-9_7&domain=pdf
mailto:ckeating@odu.edu
https://doi.org/10.1007/978-3-030-93852-9_7


188 C. B. Keating and P. F. Katina

1 Introduction

Complex system governance (CSG) is an emerging field in the earliest stages of
development. The introduction of this field has been previously suggested in several
different works, most recently, Keating et al. (2019). In this previous work, CSG
was defined as “Design, execution, and evolution of the metasystem functions neces-
sary to provide control, communication, coordination, and integration of a complex
system.”(p. 6). Without repetition of earlier work, at a high level, the following
elements of the definition are elaborated as essential foundations for our present
purposes:

1. Communication—the flow and processing of informationwithin and external to
the system that provides for consistency in decisions, actions, and interpretations
made with respect to the system.

2. Control—invoking the minimal constraints necessary to ensure desirable levels
of performance and maintenance of system trajectory, in the midst of internally
or externally generated perturbations of the system.

3. Coordination—providing for interactions (relationships) between constituent
entities within the system and between the system and external entities such that
unnecessary fluctuations are avoided.

4. Integration—continuous maintenance of system unity as a dynamic balance
between autonomy of constituent entities and the interdependence of enti-
ties necessary to invoke a coherent whole. This interdependence produces the
system identity (uniqueness) that exists beyond the identities of the individual
constituent entities.

5. Design—purposeful and deliberate arrangement of the governance system
consistentwith the achievement of desirable performance outputs and outcomes.

6. Execution—performance of the system design within the unique system
context, subject to the emergent perturbations stemming from both dynamic
interaction with the environment as well as internal elaborations within the
system.

7. Evolution—the change of the governance system in response to internal
and external shifts. These shifts may be in response to new knowledge,
environmental perturbations, internal system perturbations, or emergence.

8. Metasystem—the set of interrelated higher level functions that provide for
governance of a complex system.

However, as compelling as this definition might appear, it creates a necessary but
not sufficient set of conditions to fully articulate and prepare for practice related to
CSG. In the earlier Keating et al. [19] work, the need for a ‘referencemodel,’ coupled
with a corresponding development framework, was identified as one of the critical
elements for CSG field development. The other two elements included: (1) setting of
a comprehensive research agenda to direct purposeful development of the field, and
(2) introduction of an initial set of challenges to focus research around areas with
the potential to address some of our most vexing problems in dealing with complex
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Fig. 1 CSG reference model fits within the developing CSG field

systems. Thus, the need for a CSG reference model was identified as one of three
critical elements in a triad for the development of the CSG field as first expounded
in Keating et al. [19] and shown in Fig. 1.

The first element of the triad for development of the CSG field includes setting
of a comprehensive research agenda to guide holistic field development in an inte-
grated fashion. The research agenda serves to position current and ongoing research
within the larger context of research and entities undertaking research related to the
CSG field. It offers an organizing approach to accelerate development of the field
with the ultimate objective of engaging coherent and rigorous research to improve
practice. The second element of the triad involves generation of a CSG reference
model and corresponding CSG development framework. The reference model estab-
lishes a conceptually grounded representation of a complex governance system from
a theoretically, axiomatically, and axiologically consistent frame of reference. In
addition, the corresponding CSG development framework provides a corresponding
guide for the methodological, method, and application of CSG to successfully bridge
knowledge to practice. In effect, the development framework serves to advance the
CSG field while bringing it to the world of the practitioner, offering a comprehensive
approach for the analysis and methodical development of governance for a complex
system. The third and final element of the triad involves the introduction of an initial
set of challenges, around which research can be undertaken to advance the CSG field
and begin elaboration of the research agenda. The CSG reference model serves an
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important role in the developing CSG field and is a precursor to the development
framework and an essential element of the research agenda.

To serve the primary purpose of expounding the CSG referencemodel, the chapter
is organized to accomplish three primary objectives. First, we set the conceptual
foundations for the CSG reference model. This foundation is based on Beer’s [3, 4,
6] metasysem as described in the viable system model. In effect, the metasystem
is stationed ‘above’ or ‘beyond’ the entities it serves to integrate, coordinate, and
control [15, 19]. Therefore, the metasystem construct is ideally suited as a starting
point from which to develop and ground CSG in the conceptual underpinnings of
systems theory and management cybernetics. The second objective is focused on
introducing the CSG reference model. The nine functions and subfunctions of the
CSG reference model are developed with respect to their primary purpose and set of
requirements that must be achieved in fulfilment of the function/subfunction. Third,
we examine the future directions for further elaboration and development of the CSG
reference model and the fit of this model within the larger development of the CSG
field. As part of this examination, the role of the CSG reference model in relation to
the other CSG field development areas is explored. The chapter concludes with a set
of implications that the CSG reference model holds for the emerging field of CSG,
along philosophical, theoretical, axiomatic, axiological, methodological, method,
and application development challenges.

2 Conceptual Foundations for the CSG Reference Model

In setting the stage for the development of the CSG reference model, we focus on
management cybernetics as a foundation upon which to build. Management cyber-
netics, or sometimes referred to as organizational cybernetics, was developed by
Beer [3, 4, 6] in the form of the viable system model (VSM) and described by Beer
as the ‘science of effective organization’. In addition, we rely on systems theory as
a philosophical, theoretical, and axiomatic basis for our development of the CSG
reference model. In this section, we identify the two primary conceptual bases for
our reference model development.

Systems theory provides a strong theoretical grounding for the CSG field as well
as the constituentCSG referencemodel. Systems theory has been previously linked to
the CSG field Keating et al. [19] and identified by Adams et al. [1] as a set of axioms
and associated propositions (principles, concepts, and laws) that seek to describe
the behavior of both natural and manmade systems. The concepts of systems, and
the emergence of systems theory, are certainly not new. In fact, the foundations of
systems thinking have been traced as far back as the ancient Chinese work The I
Ching, translated as book of change and dated to be at least 5000 years old [23].
This work noted the dynamic nature of changing relationships among elements.
Additionally, the central philosophical tenet of systems thinking, holism, can be
traced back to the writings of Aristotle, who suggested that ‘the whole is more than
the sum of its parts’. In one of the most cogent presentations of systems theory,



Complex System Governance Reference Model 191

Adams et al. [1] have consolidated the body of systems theory knowledge around a
set of organizing axioms and corresponding propositions (principles, concepts, and
laws). For brevity, we have included Table 1 that specifies the systems theory axioms
(following the work of Adams et al. [1]) and draws the implications for the current
development of the CSG reference model. For an extended discussion on systems
theory the reader is referred to the more complete work of Adams et al. [1] and for
explication of the nature of systems theory to the CSGfield theworks of Keating et al.

Table 1 Systems theory axioms and governance

Systems theory axiom Complex system governance reference model
Implications

Centrality Axiom—central to all systems
are emergence and hierarchy and
communication and control

• Deal with emergent conditions and perturbations
• Define relationships for accountability and
responsibility

• Information for consistent decision, action, and
interpretation

• Monitor and maintain performance while
preserving maximum autonomy

Contextual axiom—meaning in systems is
derived from the circumstances and
factors that surround them

• Compatible with the context and environment
within which the system exists

• Flexibility based on shifting context
• Articulates, monitors, interprets, and responds to
context and contextual shifts

Goal axiom—systems achieve specific
goals through purposeful behavior using
pathways and means

• Establish, monitor, and maintain strategic
direction and identity

• System purpose, goals, and objectives consistency
• Coherence in identity
• Cohesive force that maintains integrity of the
system in focus

Operational axiom—systems must be
addressed in situ, where the system is
exhibiting purposeful behavior

• Guide system strategic execution
• Consistency in system behavior and performance
• Production of outputs and outcomes consistent
with expectations

Viability axiom—key parameters in a
system must be controlled to ensure
continued existence

• Measurement of system performance
• Monitor and process internal and external
fluctuations

• Regulate key parameters essential to continued
system existence

Design axiom—purposeful imbalance of
resources and relationships

• Maintain and evaluate system model against
execution

• Model the present and future system
• Establish exchange in system (matter, energy,
information)

Information axiom—systems create,
process, transfer, and modify information

• Information needs for decision, action, and
interpretation support

• Efficiency in exchanges
• Dynamic information access, availability, or
utility
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[19] and Whitney et al provide a detailed development. As the CSG field becomes
established, systems theory offers a strong theoretical foundation upon which to
anchor the field, following the development of Adams et al. [1] and adapted from
the earlier work of [18]. It is important to note that the axioms, as well as constituent
propositions, do not operate independently or in mutual exclusivity of one another.

The contributions of systems theory to the emerging CSG reference model are
summarized as: (1) grounding the model in a strong philosophical and theoretical
basis, (2) reliance on a philosophic/theoretical foundation that has withstood the
test of time, and (3) establishes a multidisciplinary foundation that supports model
application across a spectrum of fields and applications.

The VSM serves as an excellent foundation for the development of the CSG
reference model. The essence of the VSM [3, 4, 6] related to the development of
the CSG reference model is held in two primary contributions. First, the VSM is
concerned with the design for requisite variety [2], which basically states that the
control in a system is a determined by the degree to which the regulator of a system is
capable of matching the variety (complexity) being generated external to the system
(from the environment). Hence, ‘requisite’ is the variety that must be generated to
regulate andmaintain system viability within established or desired limits. If external
variety exceeds the variety (matching) capability of the regulator (providing feedback
for system adjustment to maintain key parameters), then the systemwill not maintain
viability (existence).

From this simple relationship, [3, 4, 6] expounded the VSM as a set of func-
tions that provides for the disposition of system variety through filtering (attenuating
variety by limiting variety beyond the capacity of the system to respond), amplifica-
tion (generation of larger amounts of variety from the system to better match variety
being externally cast upon the system) and transduction (translation to preserve
meaning across system boundaries). This control, through the regulation of variety,
is control in the cybernetic perspective, as opposed to more pejorative interpretations
of control as domination of an individual or entity that limits independence. Consis-
tent with a cybernetics perspective of control, control is neither a good nor bad, but
rather an element that exists in every viable (existing) system. In this sense, manage-
ment cybernetics embraces control as: (1) necessary to ensure a system continues
to exist in response to environmental perturbations, (2) only provides a minimal
set of constraints [regulation] on the system necessary and sufficient to maintain
performance and behavior of the system, and (3) preserving autonomy [freedom and
independence of decision, action, and interpretation [19, 20] of constituent entities
in a system].

A second major contribution of management cybernetics is the identification of a
set of interrelated metasystem functions in the VSM that provide for the continuing
viability of a system. The metasystem provides the integration and coordination
necessary to ensure that a system continues to produce the products or services
that allow it to meet performance levels necessary to continue to operate (exist).
Failure of any of the metasystem functions would jeopardize the overall system.
Beer’s formulation of the metasystem provides 5 essential functions for continued
systemviability. For brevity, the metasystem functions of the VSM are provided
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Table 2 Metasystem functions in the VSM

VSM Metasystem function Role of the function

Coordination system 2 • Provides for system stability by preventing unnecessary
fluctuations within the set of systems being integrated by
the metasystem

• Promotes operational system performance by ensuring
sufficient integration within the system

• Acts to harmonize the system such that the system acts
in unison

• Limits unnecessary turbulence, increasing system
efficiency as well as effectiveness

Operational control
system 3

• Maintains operational performance on a day to day basis
• Provides for the execution of policy, distribution of
resources, and accountability within the system

• Focused on near term achievement and maintenance of
system performance levels

Audit and accountability system 3* • Provides monitoring of the system to identify aberrations
and invoke necessary explorations to determine the
source of the aberrant behavior or unexpected variance

• Essential to understand the nature of variance and focus
actions to resolve variance

Development
system 4

• Scans and captures information from the environment
and assesses that information for strategic implications
and system level impacts

• Models the future and strategic evolution of the system

Policy system 5 • Provides for the strategic decisions and direction that
maintain the identity of the system

• Monitors and maintains a balance between the inherent
tension between the long-term external focus and the
short-term internal focus of the system

(consistent with earlier summaries from [13, 19] to offer a high level overview of [3,
4, 6] VSM metasystem functions (Table 2).

The third major contribution of management cybernetics and the VSM is the
inclusion of communication channels. Table 3 is provided as a summary of commu-
nication channels for the VSMbased on several works articulating Beer’s VSM [3–6,
9, 10, 13] as supplemented by [16].

The metasystem construct makes several important contributions to our concep-
tual foundations for the CSG reference model, including: (1) since the metasystem
operates at a higher logical level beyond (meta) to the elements (entities) that it
must integrate, we can focus on the integration, coordination, communication, and
control at a level beyond the entities that are governed, (2) being that the metasystem
has been conceptually grounded in the foundations of systems theory and manage-
ment cybernetics, the conceptual lineage has been established and provides a more
robust foundation, (3) the ‘function’ view of metasystem permits a focus on defining
what must be achieved to fulfil the function, as opposed to how it must be fulfilled,
(4) the metasystem functions are interrelated and do not operate in isolation from
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Table 3 Communication channels in the VSM

Communicationchannel Primary functions

Command • Provides direction to operational units
• Dissemination of non-negotiable direction to the system

Resource bargain/Accountability • Provides/determines the resources (manpower, material,
money, information, support) for operational units

• Defines performance levels to which operational units will
be held responsible

• Determines how operational units will interface for
performance reporting and accountability

Environmental Scanning • Provides design for sensing of the external environment
• Identifies environmental patterns, activities, or events with
system implications

• Provided for access throughout the metasystem as well as
governed systems

Operations • Provides for the routine interface between operational
system entities and from the metasystem to operational
units

Coordination • Provides for system balance and stability by ensuring that
information concerning decisions and actions necessary to
prevent disturbances are shared among operational units

Audit • Provides routine and sporadic feedback on the performance
of system operations

• Investigates and reports on problematic areas

Algedonic • Provides instant alert to crisis or potentially catastrophic
situations occurring in the system

• Bypasses routine communications channels and structure to
identify system threats

Dialog • Provides examination and interpretation of organizational
decisions, actions, and events

• Seeks alignment of perspectives and shared understanding
of organizational decisions and actions in light of system
purpose and identity

System learning • Provides detection and correction of system errors, testing
of assumptions, and identification of system design
deficiencies

• Ensures that the system continually questions the adequacy
of its design

Informing • Provide routine transmission of information throughout the
system

• Routes information that is not appropriate for other
channels for accessibility throughout the system

one another, in effect operating as a system in and of itself, (5) the performance of
metasystem functions is necessary to produce continued viability, not necessarily
high performance, as a system can exist at various levels of performance, and (6)
by understanding the nature and role of the metasystem functions, functions can be
purposefully designed, executed, and maintained.
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The final element in the conceptual foundation for the CSG reference model is the
CSG field. Since we have provided an essential development of the CSG field in the
introduction to this chapter, we now shift to the development of the CSG reference
model.

3 Complex System Governance Reference Model

The CSG reference model is proposed as a critical element in the development of
the CSG field. The reference model provides a systemic representation of CSG, built
upon the intellectual foundations of systems theory and management cybernetics.
The purpose of the CSG reference model is to provide an organizing construct for
the interrelated functions necessary to perform CSG. The CSG reference model is
designed to provide the following contributions to the emerging CSG field:

• Common Grounding Reference Point—the model provides a common model for
identification of ‘what’ a governing metasystem must accomplish if the system
is to remain viable. Arguably, any complex system that exists is performing the
functions of the CSG reference model, albeit they may be performed at a minimal
level.

• Set of Common Functions and Requirements—the model provides a detailed
explication of the functions that must be performed for governance of any
complex system. This level of detail for governance, drawing back to the foun-
dations of systems theory and management cybernetics, is essential to CSG field
development.

• Multiple Utility—the model informs analysis, design, maintenance, and evalua-
tion for CSG. As such, it provides both researchers and practitioners a valuable
artifact for dealing with complex systems.

• Foundation for Field Related Development—the model provides a foundation for
other developments and contributions to the CSGfield, not limited to development
methodologies, methods development, tools/software development, and research.

Prior to getting into details concerning the CSG reference model, we offer a high
level depiction of the model. We have been careful to point out the consistencies, as
well as elaborations, from the metasystem functions identified by Beer’s early works
[3, 4, 6]. With respect to the metasystem functions of the VSM, the CSG reference
model has the following commonalities/distinctions: (1) the numbering convention
has been kept consistent to avoid confusion between the VSMmetasystem functions
and theCSGmetasystem functions, (2) the communication function has been directly
incorporated into the CSG reference model to amplify the importance of communi-
cations with respect to the other functions, (3) the number of functions/subfunctions
has been extended to nine to amplify additional functions we feel are necessary and
sufficient for metasystem design, and (4) we have treated the productive system in
Beer’s VSM as a ‘black box’ in our CSG reference model, allowing the focus to
be on the interrelationship of the metasystem to the entities being governed, not on
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the entities themselves. Our departure from the strict confines of Beer’s VSM meta-
system formulation (proposed over four decades ago) may be unsettling to purists.
However, we have elaborated, modified, and extended the metasystem of the VSM
to fit the purposes of CSG. This does not cast doubt or challenge the basis or formu-
lation of the VSM. On the contrary, it simply evolves and extends the VSM to better
fit our intended use for representation of CSG. There are nine metasystem functions
that we have identified for our CSG reference model. A brief depiction of the nature
and role of the metasystem functions is:

• Metasystem five (M5)—Policy and identity—corresponds to system 5 in the VSM
metasystem, focused on overall steering, giving direction and identity for the
system

• Metasystem five star (M5*)—System context—elaborates a responsibility within
the VSM system 5, focused on the specific context within which the metasystem
is embedded

• Metasystem five prime (M5’)—Strategic system—monitoring elaborates a respon-
sibility within the VSM system 5, focused on oversight of the system at a strategic
level

• Metasystem four (M4)—System development—corresponds to system 4 in the
VSMmetasystem, focusing on the long range development of the system to ensure
future viability

• Metasystem four star (M4*)—Learning and transformation—elaborates a
responsibility within the VSM system 4, focused on facilitation of learning based
on correction of design errors in the metasystem and planning for transformation
of the metasystem.

• Metasystem four prime (M4’)—Environmental Scanning—elaborates a respon-
sibility within the VSM system 4, focused on sensing the environment for
trends, patterns, or events with implications for both present and future system
performance and development

• Metasystem three (M3)—System operations—corresponds to system 3 in the
VSM metasystem, focused on the day to day operations of the metasystem to
ensure that the system maintains performance levels.

• Metasystem three star (M3*)—Operational performance—corresponds to system
3* in the VSM, focused on monitoring system performance to identify and assess
aberrant conditions.

• Metasystem two (M2)—Information and communications—elaborates the system
2 function in theVSM to focus on the design for flowof information and consistent
interpretation of exchanges (communication channels).

The detailed articulation of these metasystem functions is depicted in Table 4.
As shown in Fig. 2, the functions are interrelated. None of the functions operates
independent of the other functions. In addition, it is important to note that none of
the functions is ‘more important’ than the others. Consistent with the VSM, all of the
CSG referencemodel functions are necessary to ensure the continuing viability of the
entire system. Poor performance of one metasystem function will propagate through
the entire metasystem. The metasystem functions are performed through associated



Complex System Governance Reference Model 197

Ta
bl
e
4

M
et
as
ys
te
m

fu
nc
tio

ns
fo
r
th
e
C
SG

R
ef
er
en
ce

M
od
el

M
et
as
ys
te
m

fu
nc
tio

n
Pr
im

ar
y
ro
le

R
es
po
ns
ib
ili
tie
s

Pr
od

uc
ts

M
et
as
ys
te
m

fiv
e
(M

5)
po
lic
y
an
d
id
en
tit
y

Pr
im

ar
y
fu
nc
tio

n
is
to

pr
ov
id
e
di
re
ct
io
n,

ov
er
si
gh

t,
ac
co
un

ta
bi
lit
y,
an
d
ev
ol
ut
io
n
of

th
e

sy
st
em

.F
oc
us

in
cl
ud

es
po

lic
y,
m
is
si
on

,v
is
io
n,

st
ra
te
gi
c
di
re
ct
io
n,
pe
rf
or
m
an
ce
,a
nd

ac
co
un
ta
bi
lit
y
fo
r
th
e
sy
st
em

su
ch

th
at
:(
1)

th
e

sy
st
em

m
ai
nt
ai
ns

vi
ab
ili
ty
,(
2)

id
en
tit
y
is

pr
es
er
ve
d,

an
d
(3
)
th
e
sy
st
em

is
ef
fe
ct
iv
el
y

pr
oj
ec
te
d
bo
th

in
te
rn
al
ly

an
d
ex
te
rn
al
ly

•
E
st
ab
lis
he
s
an
d
m
ai
nt
ai
ns

sy
st
em

id
en
tit
y
in

th
e

fa
ce

of
ch
an
gi
ng

en
vi
ro
nm

en
ta
nd

co
nt
ex
t

•
D
efi
ne
s,
cl
ar
ifi
es

an
d
pr
op
ag
at
es

th
e
sy
st
em

vi
si
on

,s
tr
at
eg
ic
di
re
ct
io
n,
pu

rp
os
e,
m
is
si
on

,a
nd

in
te
rp
re
ta
tio

n
•
A
ct
iv
e
de
te
rm

in
at
io
n
an
d
ba
la
nc
e
fo
r
sy
st
em

fo
cu
s
be
tw
ee
n
pr
es
en
ta
nd

fu
tu
re

•
D
is
se
m
in
at
es

st
ra
te
gi
c
pl
an

an
d
ov
er
se
es

ex
ec
ut
io
n

•
Pr
ov
id
es

fo
r
ca
pi
ta
lr
es
ou
rc
es

ne
ce
ss
ar
y
to

su
pp

or
ts
ys
te
m

•
Se
ts
pr
es
en
ta
nd

fu
tu
re

pr
ob
le
m

sp
ac
e
fo
r
fo
cu
s

of
pr
od
uc
t,
se
rv
ic
e,
an
d
co
nt
en
td

ev
el
op
m
en
ta
nd

de
pl
oy
m
en
t

•
Se
ts
st
ra
te
gi
c
di
al
og

fo
ru
m
s

•
Pr
es
er
ve
s
au
to
no
m
y
an
d
in
te
gr
at
io
n
sy
st
em

•
M
ar
ke
tin

g
of

sy
st
em

pr
od
uc
ts
,s
er
vi
ce
s,
co
nt
en
t,

an
d
va
lu
e

•
Pu

bl
ic
re
la
tio

ns
pl
an
ni
ng

an
d
ex
ec
ut
io
n

•
E
xt
er
na
lm

en
to
rs
hi
p
de
ve
lo
pm

en
t(
e.
g.
,B

oa
rd

of
di
re
ct
or
s)

•
E
st
ab
lis
he
s
sy
st
em

po
lic
y
di
re
ct
io
n
an
d

m
ai
nt
ai
ns

id
en
tit
y
of

th
e
sy
st
em

ex
ec
ut
ed

th
ro
ug

h
st
ra
te
gi
c
di
re
ct
io
n

•
R
ep
re
se
nt
s
th
e
sy
st
em

in
te
re
st
s
to

ex
te
rn
al

co
ns
tit
ue
nt
s

•
D
efi
ne
s
an
d
in
te
gr
at
es

th
e
ex
pa
nd
ed

ne
tw
or
k
fo
r

th
e
sy
st
em

(s
tr
at
eg
ic
pa
rt
ne
rs
hi
ps
)

•
E
vo
lv
es

sc
en
ar
io
s
fo
r
sy
st
em

tr
an
sf
or
m
at
io
n
an
d

im
pl
em

en
ts
st
ra
te
gi
c
tr
an
sf
or
m
at
io
n
di
re
ct
io
n

•
Fo

ru
m
s
an
d
m
ec
ha
ni
sm

s
to

de
fin

e,
m
ai
nt
ai
n,

an
d

ev
ol
ve

sy
st
em

id
en
tit
y
an
d
fo
cu
s
(m

is
si
on
,

vi
si
on

,s
tr
at
eg
ic
di
re
ct
io
n,
pu

rp
os
e)

•
St
ra
te
gi
c
sy
st
em

pl
an

•
Pu

bl
ic
re
la
tio

ns
pl
an

ex
ec
ut
io
n
an
d
pe
rf
or
m
an
ce

m
on

ito
ri
ng

•
M
ar
ke
tin

g
pl
an

ex
ec
ut
io
n
an
d
pe
rf
or
m
an
ce

m
on

ito
ri
ng

•
In
te
gr
at
ed

sy
st
em

m
ap
pi
ng

•
Sa
tis
fic
in
g
sy
st
em

po
lic
ie
s

•
G
ov
er
na
nc
e
ar
ch
ite
ct
ur
e
fo
r
th
e
m
et
as
ys
te
m

(c
on

tin
ue
d)



198 C. B. Keating and P. F. Katina

Ta
bl
e
4

(c
on
tin

ue
d)

M
et
as
ys
te
m

fu
nc
tio

n
Pr
im

ar
y
ro
le

R
es
po
ns
ib
ili
tie
s

Pr
od

uc
ts

M
et
as
ys
te
m

fiv
e
st
ar

(M
5*
)s
ys
te
m

co
nt
ex
t

Pr
im

ar
y
fu
nc
tio

n
is
to

m
on

ito
r
th
e
sy
st
em

co
nt
ex
t(
th
e
ci
rc
um

st
an
ce
s,
fa
ct
or
s,
co
nd
iti
on
s,

or
pa
tte
rn
s
th
at
en
ab
le
an
d
co
ns
tr
ai
n
th
e
sy
st
em

)

•
Id
en
tif
y
sy
st
em

co
nt
ex
ta
nd

pr
ov
id
e
fo
r

as
se
ss
m
en
to

f
co
nt
ex
tu
al
im

pa
ct
s
on

sy
st
em

pe
rf
or
m
an
ce

(c
on

st
ra
in
in
g
or

en
ab
lin

g)
•
A
ct
iv
el
y
m
an
ag
es

co
nt
ex
t

•
C
on

du
ct
s
bo

un
da
ry

sp
an
ni
ng

to
de
te
rm

in
e
th
e

bo
un

da
ry

co
nd

iti
on

s,
va
lu
es
,a
nd

ju
dg

m
en
ts
fo
r

th
e
sy
st
em

•
C
on

du
ct
s
in
qu

ir
y
in
to

co
nt
ex
tu
al
ba
rr
ie
rs
to

sy
st
em

ex
ec
ut
io
n
or

de
ve
lo
pm

en
t

•
M
on
ito

rs
an
d
as
se
ss
es

th
e
in
flu

en
ce

of
co
nt
ex
tu
al

as
pe
ct
s
fo
r
th
e
sy
st
em

•
In
fo
rm

s
de
ve
lo
pm

en
to

f
th
e
st
ra
te
gi
c
pl
an

•
St
ak
eh
ol
de
r
an
al
ys
is

•
C
on
te
xt
ua
lm

ap
pi
ng

•
C
on

te
xt
ua
lm

on
ito

ri
ng

an
d
de
ve
lo
pm

en
ts
tr
at
eg
y

M
et
as
ys
te
m

fiv
e
pr
im

e
(M

5’
)s
tr
at
eg
ic
sy
st
em

m
on

ito
ri
ng

Pr
im

ar
y
fu
nc
tio

n
is
to

m
on
ito

r
m
ea
su
re
s
fo
r

st
ra
te
gi
c
sy
st
em

pe
rf
or
m
an
ce

an
d
id
en
tif
y

va
ri
an
ce

re
qu
ir
in
g
m
et
as
ys
te
m

le
ve
lr
es
po
ns
e.

Pa
rt
ic
ul
ar

em
ph
as
is
is
on

va
ri
ab
ili
ty

th
at
m
ay

im
pa
ct
fu
tu
re

sy
st
em

vi
ab
ili
ty
.

•
T
ra
ck

on
go
in
g
pe
rf
or
m
an
ce

of
sy
st
em

ba
se
d
on

m
ea
su
re
s
of

pe
rf
or
m
an
ce

fo
r
op
er
at
io
ns

•
D
is
se
m
in
at
es

sy
st
em

pe
rf
or
m
an
ce

th
ro
ug
ho
ut

sy
st
em

•
Id
en
tifi

ca
tio

n,
an
al
ys
is
,a
nd

m
ai
nt
en
an
ce

of
sy
st
em

co
nt
ex
t

•
C
on

du
ct
s
in
qu

ir
y
in
to

pe
rf
or
m
an
ce

ab
er
ra
tio

ns
•
M
on
ito

rs
an
d
as
se
ss
es

th
e
co
nt
in
ui
ng

ad
eq
ua
cy

of
st
ra
te
gi
c
sy
st
em

pe
rf
or
m
an
ce

m
ea
su
re
s

•
In
fo
rm

s
de
ve
lo
pm

en
to

f
th
e
st
ra
te
gi
c
pl
an

•
M
ea
su
re
s
fo
r
st
ra
te
gi
c
sy
st
em

pe
rf
or
m
an
ce

•
R
es
ul
ts
of

in
qu
ir
y
an
d
an
al
ys
is
of

pe
rf
or
m
an
ce

is
su
es

•
R
ec
om

m
en
da
tio

ns
fo
rc
on
tin

ua
nc
e,
m
od
ifi
ca
tio

n,
or

de
le
tio

n
of

pe
rf
or
m
an
ce

m
ea
su
re
s

M
et
as
ys
te
m

fo
ur

(M
4)
sy
st
em

de
ve
lo
pm

en
t

Pr
im

ar
y
fu
nc
tio

n
is
to

pr
ov
id
e
fo
r
th
e
an
al
ys
is

an
d
in
te
rp
re
ta
tio

n
of

th
e
im

pl
ic
at
io
ns

an
d

po
te
nt
ia
li
m
pa
ct
s
of

tr
en
ds
,p
at
te
rn
s,
an
d

pr
ec
ip
ita
tin

g
ev
en
ts
in

th
e
en
vi
ro
nm

en
t.

D
ev
el
op
s
fu
tu
re

sc
en
ar
io
s,
de
si
gn

al
te
rn
at
iv
es
,

an
d
fu
tu
re

fo
cu
se
d
pl
an
ni
ng

to
po

si
tio

n
th
e

sy
st
em

fo
r
fu
tu
re

vi
ab
ili
ty

•
A
na
ly
ze
s
an
d
in
te
rp
re
ts
en
vi
ro
nm

en
ta
ls
ca
nn
in
g

re
su
lts

fo
r
sh
if
ts
,t
he
ir
im

pl
ic
at
io
ns
,a
nd

po
te
nt
ia
l

im
pa
ct
s
on

sy
st
em

ev
ol
ut
io
n

•
G
ui
de
s
de
ve
lo
pm

en
to

f
th
e
sy
st
em

st
ra
te
gi
c
pl
an

an
d
sy
st
em

de
ve
lo
pm

en
tm

ap
•
In
fo
rm

s
th
e
de
ve
lo
pm

en
to

f
th
e
st
ra
te
gi
c
pl
an

•
G
ui
de
s
fu
tu
re

pr
od
uc
t,
se
rv
ic
e,
an
d
co
nt
en
t

de
ve
lo
pm

en
t

•
G
ui
de
s
in
ve
st
m
en
tp

ri
or
iti
es

•
Id
en
tifi

es
fu
tu
re

re
la
tio

ns
hi
ps

cr
iti
ca
lt
o
sy
st
em

de
ve
lo
pm

en
t

•
Id
en
tifi

es
fu
tu
re

de
ve
lo
pm

en
to

pp
or
tu
ni
tie

s
an
d

ta
rg
et
s
th
at
ca
n
be

pu
rs
ue
d
in

su
pp
or
to

f
m
is
si
on

an
d
vi
si
on

of
th
e
sy
st
em

•
Pl
an
ni
ng

fo
r
re
sp
on
se

to
en
vi
ro
nm

en
ta
ls
ca
nn
in
g

•
M
od
el
s
of

th
e
pr
es
en
t,
fu
tu
re
,a
nd

en
vi
ro
nm

en
t

fo
r
th
e
Sy

st
em

•
St
ra
te
gi
c
sy
st
em

de
ve
lo
pm

en
tp

la
n
an
d
sy
st
em

de
ve
lo
pm

en
tm

ap

(c
on

tin
ue
d)



Complex System Governance Reference Model 199

Ta
bl
e
4

(c
on
tin

ue
d)

M
et
as
ys
te
m

fu
nc
tio

n
Pr
im

ar
y
ro
le

R
es
po
ns
ib
ili
tie
s

Pr
od

uc
ts

M
et
as
ys
te
m

fo
ur

st
ar

(M
4*
)l
ea
rn
in
g
an
d

tr
an
sf
or
m
at
io
n

Pr
im

ar
y
fu
nc
tio

n
is
to

pr
ov
id
e
fo
r
id
en
tifi

ca
tio

n
an
d
an
al
ys
is
of

m
et
as
ys
te
m

de
si
gn

er
ro
rs

(s
ec
on
d
or
de
r
le
ar
ni
ng
)
an
d
su
gg
es
td

es
ig
n

m
od

ifi
ca
tio

ns
an
d
tr
an
sf
or
m
at
io
n
pl
an
ni
ng

fo
r

th
e
sy
st
em

•
Pr
oc
es
se
s
in
pu
ts
fo
r
sy
st
em

w
id
e
im

pl
ic
at
io
ns

•
Id
en
tifi

es
m
ec
ha
ni
sm

s
fo
r
do
ub
le
lo
op

L
ea
rn
in
g

•
D
es
ig
ns

ob
je
ct
iv
es
,m

ea
su
re
s,
an
d
ac
co
un
ta
bi
lit
y

fo
r
se
co
nd

or
de
r
le
ar
ni
ng

in
th
e
sy
st
em

•
L
ea
ds

in
fu
tu
re

tr
an
sf
or
m
at
io
n
an
al
ys
is

•
Pr
ov
id
es

fu
tu
re

fo
cu
se
d
in
pu

tt
o
st
ra
te
gy

de
ve
lo
pm

en
t

•
In
fo
rm

s
th
e
de
ve
lo
pm

en
to

f
th
e
st
ra
te
gi
c
pl
an

•
D
es
ig
n
fo
r
se
co
nd

or
de
r
sy
st
em

le
ar
ni
ng

•
Sy

st
em

tr
an
sf
or
m
at
io
n
st
ra
te
gy

•
D
is
se
m
in
at
io
n
of

le
ar
ni
ng

re
su
lts
,i
m
pl
ic
at
io
ns
,

an
d
op
po
rt
un
iti
es

M
et
as
ys
te
m

fo
ur

pr
im

e
(M

4’
)e
nv
ir
on

m
en
ta
l

sc
an
ni
ng

Pr
im

ar
y
fu
nc
tio

n
is
to

pr
ov
id
e
th
e
de
si
gn

an
d

ex
ec
ut
io
n
of

sc
an
ni
ng

fo
r
th
e
sy
st
em

en
vi
ro
nm

en
t.
Fo

cu
s
is
on

pa
tte
rn
s,
tr
en
ds
,

th
re
at
s,
ev
en
ts
,a
nd

op
po

rt
un

iti
es

fo
r
th
e
sy
st
em

•
D
es
ig
ns

fo
r
en
vi
ro
nm

en
ta
ls
ca
nn
in
g
fo
r
th
e

en
tir
e
sy
st
em

(i
nc
lu
de
s
tr
en
ds
,c
ha
ng
es
,p

at
te
rn
s,

cr
iti
ca
ls
ta
ke
ho
ld
er
s,
co
lla
bo
ra
tiv

e
en
tit
ie
s,

re
se
ar
ch
,e
tc
.)

•
E
xe
cu
te
s
th
e
en
vi
ro
nm

en
ta
ls
ca
nn
in
g
de
si
gn

•
M
ai
nt
ai
ns

a
m
od
el
of

th
e
m
et
as
ys
te
m

en
vi
ro
nm

en
t

•
C
ap
tu
re
s
em

er
ge
nt

en
vi
ro
nm

en
ta
lc
on
di
tio

ns
an
d

ev
en
ts

•
C
on
so
lid

at
es

re
su
lts

fr
om

en
vi
ro
nm

en
ta
l

sc
an
ni
ng

an
d
pr
ov
id
es

sy
nt
he
si
s

•
In
fo
rm

s
th
e
de
ve
lo
pm

en
to

f
th
e
st
ra
te
gi
c
pl
an

•
D
is
se
m
in
at
es

es
se
nt
ia
le
nv
ir
on
m
en
ta
l

in
fo
rm

at
io
n
an
d
sh
if
ts
th
ro
ug

ho
ut

th
e
sy
st
em

•
D
es
ig
n
fo
r
en
vi
ro
nm

en
ta
ls
ca
nn
in
g
in
cl
ud
in
g

ob
je
ct
iv
es
,o

rg
an
iz
at
io
n,

ex
ec
ut
io
n,

an
d

pe
rf
or
m
an
ce

m
on

ito
ri
ng

•
Pu

bl
ic
at
io
n
of

en
vi
ro
nm

en
ta
ls
ca
nn
in
g
ac
tiv

iti
es

en
ab
lin

g
co
or
di
na
tio

n
of

ta
rg
et
s,
ex
ec
ut
io
n,

da
ta

ca
pt
ur
e
an
d
an
al
ys
is

•
D
is
se
m
in
at
io
n
of

sc
an
ni
ng

re
su
lts
,a
nd

im
pl
ic
at
io
ns

of
pa
tte
rn
s,
tr
en
ds
,t
hr
ea
ts
,e
ve
nt
s,

an
d
op
po
rt
un
iti
es

fo
r
th
e
sy
st
em

(c
on

tin
ue
d)



200 C. B. Keating and P. F. Katina

Ta
bl
e
4

(c
on
tin

ue
d)

M
et
as
ys
te
m

fu
nc
tio

n
Pr
im

ar
y
ro
le

R
es
po
ns
ib
ili
tie
s

Pr
od

uc
ts

M
et
as
ys
te
m

th
re
e
(M

3)
sy
st
em

op
er
at
io
ns

Pr
im

ar
y
fu
nc
tio

n
is
to

m
ai
nt
ai
n
op
er
at
io
na
l

pe
rf
or
m
an
ce

co
nt
ro
lt
hr
ou

gh
th
e

im
pl
em

en
ta
tio

n
of

po
lic
y,
re
so
ur
ce

al
lo
ca
tio

n,
an
d
de
si
gn

fo
r
ac
co
un
ta
bi
lit
y

•
O
ve
rs
ig
ht

fo
r
pr
od

uc
ts
,s
er
vi
ce
s,
va
lu
e,
an
d

co
nt
en
td

el
iv
er
y

•
Sy

st
em

pl
an
ni
ng

an
d
co
nt
ro
lf
or

on
go

in
g
da
y
to

da
y
op
er
at
io
na
le
ff
ec
tiv

en
es
s

•
D
ev
el
op

ne
ar

te
rm

sy
st
em

de
si
gn

re
sp
on
se

to
ev
ol
vi
ng

op
er
at
io
na
li
ss
ue
s
an
d
m
on
ito

r
op
er
at
io
na
lp

er
fo
rm

an
ce

m
ea
su
re
s

•
O
pe
ra
tio

na
lly

in
te
rp
re
ts
an
d
en
su
re
s

im
pl
em

en
ta
tio

n
of

th
e
sy
st
em

po
lic
ie
s
an
d

di
re
ct
io
n

•
In
te
rp
re
ta
tio

n
an
d
tr
an
sl
at
io
n
of

im
pl
ic
at
io
ns

of
en
vi
ro
nm

en
ta
ls
hi
ft
s
fo
r
op
er
at
io
ns

(b
as
ed

on
in
pu

ts
fr
om

sy
st
em

de
ve
lo
pm

en
t)

•
In
fo
rm

s
th
e
de
ve
lo
pm

en
to

f
th
e
st
ra
te
gi
c
pl
an

•
D
et
er
m
in
es

re
so
ur
ce
s,
ex
pe
ct
at
io
ns
,a
nd

pe
rf
or
m
an
ce

m
ea
su
re
m
en
tf
or

op
er
at
io
na
l

pe
rf
or
m
an
ce

•
D
es
ig
n
fo
r
ac
co
un
ta
bi
lit
y
an
d
pe
rf
or
m
an
ce

re
po

rt
in
g
fo
r
op

er
at
io
ns

•
O
pe
ra
tio

na
lp

la
n
fo
r
pr
od
uc
tio

n
of

sy
st
em

th
at

ge
ne
ra
te
s
va
lu
e

•
E
xe
cu
tio

n
fo
ru
m
s
fo
r
on

go
in
g
op

er
at
io
na
l

m
ai
nt
en
an
ce

•
R
es
ou
rc
e
pl
an
ni
ng

fo
r
op
er
at
io
na
lr
eq
ui
re
m
en
ts

•
E
st
ab
lis
he
s
op
er
at
io
na
lg

oa
ls
in

re
la
tio

ns
hi
p
to

st
ra
te
gi
c
pe
rf
or
m
an
ce

ob
je
ct
iv
es

•
Se
ts
pr
io
ri
tie
s
an
d
re
so
ur
ce

al
lo
ca
tio

n
fo
r

op
er
at
io
na
ls
up
po
rt
ac
tiv

iti
es

an
d
in
ve
st
m
en
ts

•
D
et
er
m
in
es

pe
rf
or
m
an
ce

m
ea
su
re

ta
rg
et
s

M
et
as
ys
te
m

th
re
e
st
ar

(M
3*
)o
pe
ra
tio

na
l

pe
rf
or
m
an
ce

Pr
im

ar
y
fu
nc
tio

n
is
to

m
on
ito

r
m
ea
su
re
s
fo
r

op
er
at
io
na
lp

er
fo
rm

an
ce

an
d
id
en
tif
y
va
ri
an
ce

in
sy
st
em

pe
rf
or
m
an
ce

re
qu
ir
in
g
sy
st
em

le
ve
l

re
sp
on
se
.P

ar
tic
ul
ar

em
ph
as
is
is
on

va
ri
ab
ili
ty

an
d
pe
rf
or
m
an
ce

tr
en
ds

th
at
m
ay

im
pa
ct
sy
st
em

vi
ab
ili
ty

•
T
ra
ck

on
go
in
g
pe
rf
or
m
an
ce

of
sy
st
em

ba
se
d
on

m
ea
su
re
s
of

pe
rf
or
m
an
ce

fo
r
op
er
at
io
ns

•
D
is
se
m
in
at
es

sy
st
em

pe
rf
or
m
an
ce

th
ro
ug
ho
ut

sy
st
em

•
C
on

du
ct
s
in
qu

ir
y
in
to

pe
rf
or
m
an
ce

ab
er
ra
tio

ns
•
In
fo
rm

s
th
e
de
ve
lo
pm

en
to

f
th
e
st
ra
te
gi
c
pl
an

•
M
on
ito

rs
an
d
as
se
ss
es

th
e
co
nt
in
ui
ng

ad
eq
ua
cy

of
op
er
at
io
na
lp

er
fo
rm

an
ce

m
ea
su
re
s

•
M
ea
su
re
s
fo
r
op
er
at
io
ns

•
R
es
ul
ts
of

in
qu
ir
y
an
d
an
al
ys
is
of

pe
rf
or
m
an
ce

is
su
es

•
R
ec
om

m
en
da
tio

ns
fo
rc
on
tin

ua
nc
e,
m
od
ifi
ca
tio

n,
or

de
le
tio

n
of

pe
rf
or
m
an
ce

m
ea
su
re
s

(c
on

tin
ue
d)



Complex System Governance Reference Model 201

Ta
bl
e
4

(c
on
tin

ue
d)

M
et
as
ys
te
m

fu
nc
tio

n
Pr
im

ar
y
ro
le

R
es
po
ns
ib
ili
tie
s

Pr
od

uc
ts

M
et
as
ys
te
m

tw
o
(M

2)
in
fo
rm

at
io
n
an
d

co
m
m
un
ic
at
io
ns

E
na
bl
es

sy
st
em

st
ab
ili
ty

by
de
si
gn
in
g
an
d

im
pl
em

en
tin

g
th
e
ar
ch
ite
ct
ur
e
fo
r
in
fo
rm

at
io
n

flo
w
,c
oo

rd
in
at
io
n,
tr
an
sd
uc
tio

n
an
d

co
m
m
un
ic
at
io
ns

w
ith

in
th
e
m
et
as
ys
te
m

an
d

be
tw
ee
n
th
e
m
et
as
ys
te
m
,t
he

en
vi
ro
nm

en
ta
nd

th
e
go
ve
rn
ed

sy
st
em

•
D
es
ig
ns

an
d
m
ai
nt
ai
ns

th
e
ar
ch
ite
ct
ur
e
of

in
fo
rm

at
io
n
flo

w
s
an
d
co
m
m
un

ic
at
io
ns

w
ith

in
th
e
m
et
as
ys
te
m
,b

et
w
ee
n
th
e
m
et
as
ys
te
m

an
d

en
vi
ro
nm

en
t,
an
d
be
tw
ee
n
th
e
m
et
as
ys
te
m

an
d

th
e
go
ve
rn
ed

sy
st
em

•
E
ns
ur
es

ef
fic
ie
nc
y
by

co
or
di
na
tin

g
in
fo
rm

at
io
n

ac
ce
ss
ib
ili
ty

w
ith

in
th
e
sy
st
em

•
Id
en
tifi

es
st
an
da
rd

pr
oc
es
se
s
an
d
pr
oc
ed
ur
es

ne
ce
ss
ar
y
to

fa
ci
lit
at
e
tr
an
sd
uc
tio

n
an
d
pr
ov
id
e

ef
fe
ct
iv
e
in
te
gr
at
io
n
an
d
co
or
di
na
tio

n
of

th
e

sy
st
em

•
In
fo
rm

s
th
e
de
ve
lo
pm

en
to

f
th
e
st
ra
te
gi
c
pl
an

•
Id
en
tifi

es
an
d
pr
ov
id
es

fo
ru
m
s
to

id
en
tif
y
an
d

re
so
lv
e
em

er
ge
nt

co
nfl

ic
ta
nd

co
or
di
na
tio

n
is
su
es

w
ith

in
th
e
sy
st
em

•
St
an
da
rd

pr
oc
es
se
s
an
d
pr
oc
ed
ur
es

fo
r
in
te
rn
al

co
or
di
na
tio

n
of

th
e
sy
st
em

•
C
om

m
un
ic
at
io
ns

ar
ch
ite
ct
ur
e
fo
r
th
e
m
et
as
ys
te
m

•
D
efi
ne
d
ex
te
rn
al
co
or
di
na
tio

n
ve
hi
cl
es

ne
ce
ss
ar
y

fo
r
su
pp

or
tf
or

th
e
sy
st
em

(e
.g
.,
pu

bl
ic
re
la
tio

ns
,

pr
es
s
re
le
as
es
)



202 C. B. Keating and P. F. Katina

Fig. 2 CSG Reference Model interrelated functions and communications channels

mechanisms (the particular implementing devices that execute the metasystem func-
tion and exist in relationship with other mechanisms within the metasystem). The
set of mechanisms and their interrelationships provide the structure that permits
performance of the metasystem functions.

4 Conclusions and Implications

This chapter represents a refined development of a reference model suitable for the
emerging field of CSG. We consider this model to be continually evolving, although
it is thoroughly grounded in systems theory and management cybernetics. However,
the complexity of the ideas and underlying theoretical foundations suggest that the
model will naturally evolve as we gain experience that only time, and applications of
the model can bring. The CSG reference model represents an important step forward
for the CSG field. The reference model provides a foundation upon which there
can be an evolution of development frameworks, corresponding methods to support
application, software-based tools, and the underpinnings for applications based on
deployment of the model. In addition, the model provides opportunities to make
further contributions to the body of knowledge through research undertaken to further
explore, test, and evaluate efficacy of the model. In effect, the building of the CSG
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Fig. 3 CSG Reference model as an element in building the CSG field

referencemodel represents a necessary response to establishing a grounding frame of
reference, based on the strong philosophical and theoretical linkage to systems theory
and management cybernetics. Figure 3 captures the CSG reference model within the
larger developing field of CSG. In effect, the CSG reference model: (1) is built upon
a sound theoretical base (systems theory and management cybernetics), (2) provides
an important element in the emerging CSG frameworks to guide application, (3)
serves to inform critical developmental areas for research endeavors in CSG, and (4)
supports meeting the application challenges that modern complex systems pose.

The current state of CSG reference model development provides two important
contributions directly related to moving the CSG field forward. First, the reference
model lies between the theoretical/philosophical roots of the field and the practical
applications that can be built to deploy the model. As such, the model lies between
the philosophical, theoretical, axiomatic, and axiological aspects of the CSG field
development and the method, methodology, and application aspects of the field.
The CSG reference model is a necessary development of the field to provide a bridge
between the research-based and practice-based field development emphases. Second,
the model supports a dialog important to the field. Continuing research articulates
a sound systems theoretic grounded representation for CSG. Prior to this model,
we have found little rigorously and theoretically grounded development of complex
system governance. Existing models of governance Keating et al. [19] fall short on
detailed development of the meaning, nature, and role that is played in CSG. The
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specific fit of the CSG reference model as an essential aspect of building the larger
CSG field is suggested in Fig. 3.

In charting a course for further development of the CSG reference model there are
several opportunities to accelerate growth of theCSGfield. First, themodel exists as a
well-grounded representation of what must be achieved to fulfil the requirements for
governance. However, the model should evolve as new and more rigorously devel-
oped explorations unfold. For example, the initial development of systems theory
centerd around a formulation of 7 axioms and 30 corresponding propositions. While
this was initially robust, care must be taken not to exclude a wider array of systems
theoretic knowledge and what that formulation might bring to enhance further devel-
opment of the CSG reference model and corresponding knowledge base. Second, the
model should directly inform approaches to engage CSG development. The genera-
tion of a development framework(s) for CSG is essential to build the field. The CSG
reference model is an ideal candidate against which rigorous CSG development
frameworks can be established.

Finally, there should be concentration in preparing for application of CSG through
methods and applications supportive of both the CSG reference model and a corre-
sponding development framework. In addition, there are opportunities to widen the
grasp of the CSG field by inclusion of several related fields. For example, system of
systems engineering [14, 17, 18] is a field with many parallels and strong linkage to
CSG.We should avoid closing off the CSGfield to other related fields. The premature
closing of the CSG field, while possibly temporarily pleasing, may serve to overly
narrow the field early and potentially preclude insightful lines of inquiry that could
broaden the utility of the CSG field.

One such framework for application of the CSG reference model is the CSG
architecture framework [7, 21]. This framework describes the conventions, principles
and practices for establishing complex system governance architectures. This lies in
support of accomplishing the 9 governance functions, 65 related responsibilities, and
34 related outcomes suggested for CSG. The framework also integrates 30 systems
theory propositions [22] as well asmetasystem pathologies encapsulating 83 systems
theory-based pathologies stemming fromKatina [11]. TheCSGarchitecture exist as a
first attempt to operationalize the CSG reference model in a form that is ‘actionable’.
CSG architecture development is targeted to three primary stakeholders [7]. Among
these stakeholders are included:

• Complex System Owner is a person or organizational body responsible for main-
taining system viability through decision making not delegated to a metasystem
governor or metasystem governance function owner.

• Metasystem Governor is a person or organizational body responsible for main-
taining system viability through accomplishment of all metasystem governance
functions.

• Metasystem Governance Function Owner is a person or organizational body
responsible for accomplishment of one or more metasystem governance func-
tion(s).
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The CSG architecture framework is considered to be a dynamic toolset for
complex system owners, metasystem governors, and metasystem governance func-
tion owners. The thrust of the toolset is focused on the discovery, development, and
maintenance of information necessary for development of complex system gover-
nance architecture products (model-centric outcomes/representations). These prod-
ucts facilitate greater understanding of a system of interest performance of complex
system governance functions. The CSG architecture framework is representative of
efforts to advance the CSG field through making the CSG reference model action-
able. In effect, theCSGarchitecture framework serves as a catalyst for transition from
theoretical underpinnings of CSG, and the CSG reference model, to real world appli-
cation of CSG and performance of metasystem governance functions and discovery
of associated pathologies. These advances are critical to the continuing maturation
of the CSG field through operational applications.

In closing, we are confident that this foray into the CSG reference model has
contributed to pushing the CSG field forward. CSG reference model-based appli-
cations, such as the CSG architecture framework, represent a vital step forward
in depicting the functional elements of governance, their execution, and their
interrelationships.

5 Exercises

1. Describe the role of the CSG reference model for the CSG field.
2. Identify a system of interest (SoI). For the SoI identify at least onemechanism (a

vehicle used to implement a function) for each of the nine metasystem functions
(e.g., weekly staff meeting for Operations function).

3. For a system of interest (SoI), for each of the 10 communication channels select
at least one mechanism (vehicle used to fulfil the communication channel) for
each of the channels (e.g., daily newsletter for Informing Channel).
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