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Figure 20. Energy and Entropy Relative to the System Archetypes

In figure 20, the two arrows illustrate the relative efficiency of each of the archetypes in
terms of energy consumption and the accumulation of entropy. As the narrative below will
explain, this inverse relationship is largely driven by the manner in which these systems

address variety and the impact that change and emergence has on the system itself.

* Relative Energy Consumption of the Archetypes
As shown by the top arrow in figure 20, archetypes on the left of the continuum are less
driven by energy concerns than those to the right are. This can be explained by examining
each of the archetypes and its relative energy needs. The following narrative discusses the
archetype’s use of energy as related to their archetypical behavior, beginning with the

lowest (the endurant) and proceeding to the highest (the manipulator).

- The Endurant
The endurant archetype survives by relying on its ability to endure the impact of change

and emergence. Its energy reserves are mostly used for functional performance,

sustenance and autopoiesis; they are generally not used to directly confront variety.
- The Regulator and the Organizer

These archetypes consume some energy in performing the activities necessary to

regulate or internally re-organize the system to address variety. Depending on the

efficiency of the system, those activities may be significant consumers of energy

reserves. Still, like the endurant, the energy consumed by these types of systems is

largely related to its function, sustenance, and autopoiesis.
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- The Migrator
It is when we reach the migrator archetype that we see the first major transition in the

consumption of energy. Because the migrator uses energy to escape the impact of
change and emergence, it is highly reliant on energy reserves. In reality, if the migrator
has sufficient energy and agility, it can avoid much of the temporal variety that might
increase its entropy. This capacity to avoid temporal variety, however, comes at the
expense of the contextual variety that impacts the system as it moves through the

environment.

- The Insulator
By using its energy to create shields, insulation, and filters, the insulator archetype can

transfer the risk of emergence and change from itself to an external entity. Depending
on the availability of material and the frequency of replacement, the construction of
external defenses may be very expensive in terms of energy, thus making the system

highly dependent on renewing its energy resources.

- The Manipulator
Perhaps the heaviest energy consumer of all the archetypes, the manipulator uses its

energy reserves to change the environment and to effectively eliminate the impact of
variety. Because of this, the manipulator must maintain energy reserves that are large
enough not only to sustain itself, but also to maintain the changes that it has created in
its environment. Further, because of competition and actions that are taken by other
systems (particularly those that wish to restore the environment to its previous state),
the energy costs of maintaining the environment may be greater than those required for

the initial conversion.

» Relative Entropy Accumulation
The lower arrow in figure 20 reflects the relative accumulation of entropy in each of the
archetypes that occurs as a result of its efforts to absorb/destroy variety. As one might
expect, the consumption of energy and the accumulation of entropy have a
complementary relationship which is reflected in the figure. The following list provides a
discussion of each archetype and its relative accumulation of entropy from the lowest (the

manipulator) to the highest (the endurant).

- The Manipulator
Because the manipulator archetype expends energy to eliminate or reduce the impact of

change and emergence, it is likely to be subjected to less entropy than the other
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archetypes. This does not mean, however, that the manipulator is immortal. On the
contrary, the manipulator is still subject to the impacts of temporal emergence that it is
exposed to before it can make environmental modifications, as well as to the impacts of

any change that it elects not to mitigate.

- The Insulator
The shields and filters that the insulator constructs in order to absorb variety allow it to

transfer the accumulation of entropy from itself to its protective mechanisms. As
entropy builds up in these components, they can be shed or exchanged for other
defenses. Regardless of how well the system is insulated, though, some level of entropy

still filters through and gradually degrades the underlying system.

- The Migrator
As the migrator traverses the environment, it can potentially avoid much of the impact

of temporal variety. Itis, however, still exposed to the contextual variety that it
encounters during its travels. While one hopes that the contextual variety is less
impactful than the emergence and change that the system is attempting to avoid, this is
not always the case. Further, as the system escapes from one form of temporal variety,
it may collide with other temporal variety at the new location. Ironically, in its efforts to

avoid the impacts of variety, the migrator may receive even greater exposure.

- The Regulator and Organizer
Somewhat more limited in their ability to absorb change, the regulator and the

organizer archetypes are subject to more significant accumulation of entropy. Because
these archetypes are inescapably bound to the conditions in their environment, they
must absorb all of the variety that arises. Accordingly, even a single dramatic change
may be enough to overwhelm them. Because of this, the bulk of their energy is likely to

be used in eliminating the entropy that accumulates in their system.

- The Endurant
With no mechanism for displacing or destroying variety, the endurant is subject to the

full brunt of variety that occurs in the environment. Its lifecycle is a constant battle to

remove the effects of entropy as they occur in order to maintain viability.

5.1.2. Allomorphosis versus Automorphosis

The terms automorphosis and allomorphosis have been used in both science and systems

engineering (Yolles, 2006) (Niklas, 1994), still the use and application of these words is
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varied enough that their definitions require special attention here. For the purpose of this
study, automorphosis represents the activities and effects that a system accomplishes by
modifying itself or its own configuration. Alternately, allomorphosis describes the activities
and effects that the system achieves by modifying things outside of itself; i.e., the
environment. In considering allomorphosis, the author stipulates that all systems, simply by
virtue of their existence, have some impact on the external environment. However, this
discussion focuses on the purposeful acts that the system undertakes to change the

environment.

INCREASING ALLOMORPHOSIS

< INCREASING AUTOMORPHOSIS

Figure 21. Allomorphosis and Automorphosis Relative to the System Archetypes

As with the consumption of energy and the accumulation of entropy, these two concepts
have a complementary relationship which is illustrated in figure 21. The following text

describes their manifestations in each of the archetypes along the continuum:

= The Endurant

While the endurant archetype does not possess a high degree of automorphic capability, it
does have some capacity for internal change. Specifically, it has the autopoietic ability of

self-repair and it has the capacity to collect, convert, and store energy for future use.

* The Regulator
The regulator archetype is highly automorphic. Its entire response to environmental
change is prefaced on the ability to alter its internal set-points to accommodate change.
Like the endurant, though, this archetype effects very little change to the outside world

and, thus, displays little allomorphic ability.
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* The Organizer
Like the regulator, the organizer archetype also survives by making changes to its internal
configuration - an automorphic behavior. However, while making these changes, the
system also has the capacity for adaptation. Over time and with the proper stimuli, an
organizer system may transform itself completely. Although passive, this does have an
allomorphic impact on the environment. Instead of being comprised of the original
system, the environment now contains the adapted system with all of its inherent

characteristics.

* The Migrator
The migrator archetype represents the transition point between systems that are mostly
automorphic and those that are predominantly allomorphic. While the migrator archetype
can be viewed as an allomorphic system, it requires some explanation. Because the
migrator traverses its environment in order to avoid the impact of emergence and change,
it is effectively changing its position relative to the environment. This means that, after it
has moved it has altered two environments, the one where it used to be has lost
something (the system) and the one where it has arrived has gained something.
Depending on its mode of travel, the migrator may have also impacted the environments
that it traveled through while in route from its original location to its destination. Still, any
changes made to the internal structure or to the configuration of the migrator are

generally limited to the collection and consumption of energy.

* The Insulator
It is with the insulator that we first see a purposeful impact on the environment. In order
to construct shields and filters, the insulator must take things from the environment and
convert them for its use. During this application, the material is likely to be exposed to a
greater amount of variety than it would normally have experienced. As the materials are
exploited and shed by the system, there are additional allomorphic impacts to the

surrounding environment.

* The Manipulator
Finally, the manipulator archetype approaches the environment with the specific
intention of making alterations. It is almost purely allomorphic in its behavior, making
changes to the environment in order to reduce or eliminate the requirement for it to make

changes to itself.
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5.1.3. Which Archetype is the Right Archetype?

As this section has demonstrated, each archetype has different requirements in terms of
energy, entropy, and impact within itself and its environment. For those who are observing
or governing a system, it may be difficult to decide which approach is best, particularly if a
system is possessed of more than one archetypical capability. While prescribing a specific
solution is beyond the scope of this research, it should be noted that, in some cases, there

may be one archetypical approach that is better suited than another.

At a minimum, one should have an understanding of which archetypical capabilities are
represented within the system under study. Complex systems are likely to represent several
archetypes at varying levels. With this in mind, one must then determine the system’s
current state in terms of energy and condition (accumulated entropy). For instance, a
system that has already sustained significant damage is unlikely to benefit from an
endurant approach. Nor will a system that is very low on energy have the capability to
significantly manipulate its environment. Finally, one must examine the potential variety
that is expected to be encountered and determine what measures are most likely to absorb

or destroy it.

While there can be no perfect knowledge, and emergent conditions may present unexpected
variety, it is possible to select an archetypical approach that is best suited to addressing the

current conditions based on the available information.

5.2. An Evaluation of the Complex System Archetypes Using the

Research Criteria

In approaching the existing archetypes and structures of systems theory, this research
began with a set of research criteria defined in section 2.2 of this study. Each classification
system was evaluated in terms of structure, rigor, holistic nature, inclusiveness,
transformativeness and basis in systems theory. As this research has now developed a new
collection of complex systems archetypes, it is appropriate that these archetypes be
compared by the same metrics to determine their level of conformance with the research
criteria. In this section, the collection of complex systems archetypes developed in this

study will be evaluated against each of these criteria.
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5.2.1. Structure

This research criterion asks if an ordered pattern of categorization exists within the
collection of archetypes and if the meaning of the classification, or archetype, is sufficiently

documented that an observer can draw consistent distinctions between them.

For these complex system archetypes, the response is a resounding yes. The research
begins by stipulating that the archetypes are developed from a perspective of system
behavior. This allows all viewers to begin their examination of the archetypes from a
common vantage point. Using this behavioral perspective, the research draws specific
distinctions between each of the archetypes. The particular behaviors that may be found in
each archetypical form are detailed, and the reader can use this information to immediately

distinguish between systems of varying types.

Notably, this research does not dictate that a system must be in one and only one category.
Because of this, the descriptions of the underlying archetypes, and the case study provided

in Appendix B, help to illustrate how a system may span archetypical forms.

5.2.2. Rigorous

The requirement for rigor in evaluating this classification system is driven by the need for
the archetypes to have well documented, strict, and discernable criteria which can be used

by an informed observer, regardless of his or her vantage point, to classify a system.

As described in earlier sections, these archetypes provide a highly rigorous evaluation
scheme. Any open system can be evaluated and distributed into the collection of archetypes
by objectively evaluating the manner in which it uses free energy to displace entropy in
pursuit of its own continued viability. The requirements for categorization are distinct, well-
defined, precise, and unbiased and should ensure a consistent categorization between

observers.

5.2.3. Holistic

The concept of holism in evaluating each classification system was developed with the
objective that a system under study be viewed as a whole entity, rather than as a collection
of parts, each of which has distinct behaviors. In the case of the archetypical forms
developed here, they are agnostic in terms of their level of application. For a system of
systems, these archetypes may be applied either at the top-level, or to any of the component

systems that reside within. In applying the archetypes to a system under study, the only
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requirement is that the subject be a distinct, open system which is evaluated according to its

individual behavior and responses to variety.

5.2.4. Inclusive

This criterion asks if the classification system is sufficiently broad or generalized to be
applied to any and all systems. In the cases of the complex systems archetypes, the answer

is a provisional yes.

As noted throughout the research, these archetypes are derived from the behaviors of open
systems, which are defined by their efforts to collect energy and displace entropy in order
to remain viable. Because of this, the archetypes do not directly apply to closed systems
which, by definition, do not exchange materials and energy with their environment. Here it
should be noted that simple systems such as these, generally only exist in an abstract
vacuum where the system boundaries have been drawn to specifically exclude complexity.
Take a simple clockwork, for example. By most definitions, a clockwork would be a non-
complex, closed system that starts with a finite amount of stored energy and then runs
down. The complex system archetypes developed here are not well suited for describing
the behavior of this system. However, if the definition of the clockwork is expanded to
include the hand that winds it to provide energy, the craftsman that oils and tunes it to keep
it in good repair, and the effects of temperature and humidity that slowly degrade it, then it

becomes part of a larger open system that is addressed by this research.

Therefore, this research can be said to be inclusive of all systems that are properly framed
within the environment to reflect the energy that creates and maintains them in the face of

the steady degradation of entropy.

5.2.5. Transformative

The criterion of transformativeness was proposed as an alternative to flat catalogs and
taxonomies, with the understanding that a system may be able to evolve between
classifications. In taxonomies, a system is generally placed into a single category that strictly
defines it and from which it cannot escape without fundamentally changing its nature. The
complex system archetypes do not place that restriction on systems. Because these
archetypes are behavioral in nature, a system can exist in more than one category and can
move fluidly between categories by altering the manner in which they interact with the

world around them. Because of this, the ability to change behavioral archetypes is wholly
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dependent on the system’s capacity to perform the functions and behaviors that are

included in the archetype’s definition.

Further, the complex system archetypes are a continuum of definitions, each of which exists
on the same hierarchical level. This means that systems are not bound to be merely one
archetype or another, but like light, can fall across a spectrum that reflects many different

characteristics, with varying levels of prominence.

5.2.6. Basis in System Theory

This criterion considers how well coupled a classification system is to the principles and
concepts of systems theory. Accordingly, this research was initiated, founded, and derived
from the systems literature. As the archetypes began to reveal themselves, new ideas were
explored that expanded from the base literature to related material across many disciplines.
In the end, though, the expanded concepts were related back to the systems literature and
tightly coupled to existing theory. As a result, this research is intrinsically bound to systems
theory and the archetypes can trace their origin and characteristics to the existing

literature.

5.3. Reconsidering the Research Assumptions

In the development of the research proposal, there were three fundamental assumptions
that governed the study. This section will examine each of these assumptions independently

and will discuss any impact that they may have had on the conduct of the research.

5.3.1. Sufficiency of Existing Research

The first assumption that was identified in the proposal was that the existing research in the
field of systems theory was sufficient to develop a meaningful collection of archetypes that
would continue to be applicable as new information is garnered in the future. During the
grounded theory phase of this research, an enormous amount of systems research was
examined and correlated, with each principle’s ancestry and progeny being documented in
detail. The collected models of systems theory which are provided in Appendix A reference
more than 300 books, papers, and studies. The concepts addressed in this literature are all
linked to the principles of systems theory and they span virtually all fields of human thought

- from philosophy and religion to science and engineering.

Even as the literature branches and flows through the various disciplines, there are

common threads that continue to emerge: threads that bind the disciplines together. These
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threads represent the fundamental truisms which are intrinsic in the perspective of all

human observers. To state them briefly:

1) Open systems and living creatures are not clockworks. They are not wound by some
external force that attends to their continued operation. To survive, these systems must
continually search for and acquire the fuel that they need to power and maintain

themselves.

2) All things, be they systems or raw matter, incur damage over time. Driven by the law of
entropy, everything slows down, breaks down, and eventually decays to some base state
where it reaches minimum energy and maximum disorder. This law of entropy

demands that all things are mortal and are moving toward an inevitable final state.

3) Open systems are defined by their resistance to the law of entropy. At the heart of all
systemic endeavors is an ongoing and raging battle against inevitability. In defiance of

nature, they collect energy to displace entropy and to remain viable.

These three concepts are recurrent in system theory and throughout the human experience.
Arguably, regardless of what advances in research may occur, these ideas will remain at the
heart of our future philosophy. Because this study is built on these fundamental building

blocks, I believe that the existing research is adequate for the conclusions that were reached

and that future research will continue to support those conclusions.

5.3.2. The Level of Abstraction is Acceptable

During the proposal, it was stated that the development of system archetypes would require
some level of abstraction in order to produce a reasonably sized collection. Because
abstraction comes at the cost of resolution, concerns were raised about the value and

applicability of the resulting archetypes.

In examining the resulting set, it is clear that they are highly abstract and that each
archetype represents a wide variety of different systems. However, the distinctions that are
drawn between each archetype are specific, clear, and discernable. As a result, all systems
that are possessed of a specific archetypical behavior will have common challenges and
capabilities that are inherent in the type. Because these abstract types emerged from a
concise, compact model of the system universe, they are thrifty in the factors that they

address, and they can be examined and understood at a very rudimentary level.



130

The question then becomes, are they too simple to be of real value? I believe that the
answer is no. The system archetypes provide a set of basic behavioral templates that reflect
how systems may interact with their environment. While rudimentary, these models offer
the researcher an excellent starting point for future system exploration. By discerning the
different archetypical capabilities that a system possesses, the researcher can then ask,
“why does the system prefer one approach over another?”, “what are all of my options?”,
and “is one archetypical approach the best solution based on the current environmental and
systemic conditions?” It is the simplicity of these building blocks that makes them ideal

tools for pondering the very complex world that surrounds us.

5.3.3. The Purpose of this Research is Appropriate

In designing this research, a guiding purpose was the objective to bridge the gap between
system examination and diagnostics. While the emerging archetypes are not specifically
tailored to the objectives of system diagnosis, they do provide an underlying diagnostic
capability that will be discussed later in the future research section. Interestingly, the
system archetypes that have been developed in this research have introspective capabilities
that go beyond the examination of system pathologies. In reality, there are many right ways
in which a system may respond to emergence and change, or to variety and entropy. If a
system selects the wrong approach, it is just as likely to be a simple error as it is to be a
pathological failing. Having a structure that differentiates the myriad ways that a system can
deal with variety provides insight and intelligence to the decision making process and can

contribute to extended system viability.

5.4. Limitations of the Study

As discussed in the section titled “Establishing a Foundation for the Systems Archetypes”,
this study has focused on the development of archetypes through the prism of a single
perspective: how a system behaves in response to external variety. There are, however,
many other vantage points by which a system may be viewed. Archetypes based on
structure, motivation, interconnections, and so forth are equally valid and would likely have
little semblance to those developed in this research. Still, these archetypes are drawn from
the literature and speak to a major concern of systems theory - that of the struggle for

viability.
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Notably, even if future researchers develop new and divergent collections of archetypes, the
systems that comprise those collections will still be facing the underlying struggle to garner
energy and to displace entropy. Because of that, the development of future, alternative
system archetypes is more likely to augment this study than to supplant it. It is the
limitations inherent in this study that offer opportunities for future research and

exploration.
5.5. Implications
5.5.1. Theoretical Contributions

» The System Archetypes
The primary theoretical contribution of this research is the development of the system
archetypes within the context of the generalized system environment. Each of these
archetypes is drawn from documented system principles that exist within the domain of

our research discipline.

* The Related Model of System Concepts and Principles
A secondary but equally significant contribution is the collected models of system theory
which are included in Appendix A. For future researchers, this catalog provides a
relational structure illustrating the many paths along which system theory emerged. Of
course, no such catalog can ever be complete as long as researchers continue to push back
the boundaries of system theory. Still, the collection of models included in this study can

serve as a foundation for future researchers and as a starting point for future models.
5.5.2. Methodological Contributions

* Model Based Grounded Theory
While there has been some discussion of using graphical models to develop grounded
theory in the past (Glaser, 2007), the approach used in this study added significant new
structure and rigor. By combining the approaches used in the Object Modeling Technique
(Rumbaugh, Blaha, Premerlani, Eddy, & Lorensen, 1991) and the Unified Modeling
Language (Rumbaugh, Jacobson, & Booch, 1999) with the collection, coding, and
interrelationship of grounded theory, a unique new methodological approach was
developed. Here, the researcher can view an abstract presentation of the data that has
been collected and can see the relationships as they emerge. By creating a hierarchy of

models, the researcher can ascend to a higher perspective to view the interrelations
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between large ideas and can then focus in on more distinct details, as the situation
warrants. Further, the construction of models and relationships that are somewhat
separated from the supporting details allows different observers to approach the model
from their own perspective. In doing so, each of them can interpret the model through the

prism of their own experience and can uncover unique and meaningful variety.
5.5.3. Practical Contributions

= Governance
One potent practical contribution for this research is in the domain of system governance.
In order to properly determine a course of action, a system is well served in knowing its
alternatives and understanding their strengths and weaknesses. By evaluating his or her
own system against the different archetypes, a system owner may be able to identify
which archetypical capabilities exist within the organization and how they might be
employed. With this knowledge, and an understanding of system and environmental
conditions, the governing body can determine a course of action that is more likely to

achieve the desired outcome and ensure system longevity and viability.

5.6. Future Research

In examining the results that have emerged from this study, there are a number of
interesting possibilities for future research, which come in a variety of forms. First, there
are those research opportunities that revolve around further exploration of the archetypes
and their inter-relationships. Secondly, there are opportunities to explore system
archetypes that may emerge along other perspectives and evaluate their impact, influence,
and interdependency on these archetypes. Finally, the archetypes as they are currently
defined may be used as a starting point for the development of analytical tools for
evaluating systems and organizations. This is not an exhaustive list, but merely a sampling
of some of the possibilities that exist. The following narrative discusses several of these

opportunities and how they might be exploited in the future.

5.6.1. Development of a Metaphorical Model

While the structure and layout of the system archetypes provides an ordered examination
of the behavior of systems as they progress through various responses to variety, it does not
currently have a good metaphorical representation. The Six Thinking Hats metaphor

espoused by de Bono (1985) is an example of one such approach In it, the color of each hat
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is linked to a specific way of thinking or perspective. Similarly, figure 22 shows an
illustration that Lindy McKeown (2006) has developed to represent the various approaches

educators take in adopting technology in the classroom.

The Pencil Metaphor

The Sharp Ones Hangers-On The Ferrules
They watch the Know all the Hold tightly onto
leaders, grab the lingo, attend the what they know.
best bits, learn seminars but don't  Tech has no place in
from mistakes and do anything their classroom.

do great stuff. |

—

The Leaders The Wood The Erasers
First to adopt Would use tech if Endeavour to undo
technologies, someone else sets much or all the
document and it up and shows work of the leaders.
share practice them how-to and

warts & all. keeps it running.

Figure 22. A Model of the Pencil Metaphor (adapted from Lindy McKeown (2006))

It would be beneficial for the system archetypes that were discussed in this study to have a
metaphorical representation which allows them to be more quickly understood, adopted,
and employed by other researchers. Further, the development of such a metaphorical model
could allow the researcher to identify and document other dimensions or continua that are

present within the collection of archetypes.

5.6.2. Development of System Analysis Tools

If one recognizes that the manner in which systems respond to approaching variety in the
form of change and emergence is one of their key characteristics, then that recognition
implies a significant number of vectors by which a system might be analyzed. First, using an
introspective approach, the analyst may be able to determine which archetypical
characteristics are present within the system. Once these have been identified, further
analysis can determine the relative dominance of each characteristic as demonstrated by its
frequency of selection and use. An analytical tool that examines the actual behavior of the
system is only a first step, however. Further analysis can determine the effectiveness and
relative efficiency that the system has experienced in its application of an archetypical
approach for addressing variety. In short, has the system historically selected the best

approach, or has it merely chosen the one that is best known?
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Finally, additional analysis techniques can look beyond the system itself to its surrounding
environment. Here, it is possible for tools and techniques to be developed that examine the
archetypical capabilities of the system, its current internal condition in terms of stored
energy and incurred entropy, and the approaching environmental conditions. Having this

information will allow the system to make a better informed decision on how to proceed.

5.6.3. Development of Archetype Based Diagnostics

Within the application of each of these archetypes, there are possibilities for different and
distinct pathologies to occur. A quick examination of several of the archetypes provides an
illustration of this. Note that the description of pathologies provided below is not proposed
to be exhaustive, but is merely an example of some of the pathologies that one might

observe during archetypical behavior.

* Potential Endurant Pathologies
1) Failure to collect or convert free energy as required
2) Inability to store converted energy at the required rate or capacity
3) Inability to maintain stored energy
4) Inability to discharge or distribute energy at the required rate or capacity

5) Inability to use stored energy to maintain the system and reduce entropy

* Potential Regulator Pathologies
1) Dysregulation: regulatory actions that exacerbate the problem or create other
problems
2) Hyporegulation: failure to establish or apply adequate regulatory control to maintain
system conditions
3) Hyperregulation: maintaining tolerances too tightly on a key parameter to the
detriment of its subordinates -or- implementation of regulatory rules and hierarchies

that are too complex to be operated or maintained

* Potential Organizer Pathologies
1) Disorganization: failure to form a complete and coherent organizational structure
2) Misorganization: organizing into a form that is inconsistent with the demands of the
environment

3) Failure to adapt

4) Transformational latency: failing to transform in time

5) Transformative instability: preferring to change when the current form is adequate
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While these are only a few examples of pathologies that are directly related to archetypical
behavior, they demonstrate that the system archetypes can be used as a foundation for
diagnostics. Future research may extend beyond the development of pathologies specific to
each of the archetypes, and should examine the pathologies that occur when a system
improperly selects one approach over another. Other pathologies might exist that explain
why a system chooses to develop one archetypical capability or fails to recognize that it has
other capacities. The development of such diagnostic tools could provide a powerful new

perspective for the analyst to use in exploring a system under study.

5.6.4. Environmental Archetypes

As this research has demonstrated, open systems are represented by a collection of
archetypical behaviors that dictate how they respond to a potentially antagonistic
environment, displace entropy and remain viable. Notably, the behavior of the systems is
only one part of the equation. Of equal interest is the nature of the environment that the

system is dealing with.

As with the system archetypes, it can be supposed that there are a collection of
environmental archetypes that represent the conditions that are present within a system’s
local environment. Like the complex system archetypes, these archetypes should fall along a
spectrum or continuum where different conditions are manifested at different times. If
archetypical environments do exist and they can be effectively identified, then it should be
possible to develop a correspondence between the individual complex system archetypes
and the environment. Such a correspondence would be the foundation of a tool that could
allow system owner to assess their environmental conditions and then determine if their

archetypical behaviors are consistent with continuity or expansion.

Further, as changing conditions are detected, a continuum of environmental archetypes
may allow system owners to reasonably project how the environmental will transform from
one type to another. Coupled with an understanding of system capabilities, this
foreknowledge would allow a system to preemptively adapt in preparation for an emerging
future. Notably, the development of these environmental archetypes would not only
complement this research, but could be the basis of other standalone analysis tools that

extend the complex system governance toolset.
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5.6.5. Summary

In closing, the identification of these system archetypes is merely another step in an
ongoing journey to improve our understanding of the world around us. The open systems
that we comprise and that we interact with all share a fundamental drive to absorb variety,
to collect energy, and to maintain long term viability. By understanding and differentiating
the approaches that we take to accomplish that task, we are better prepared to assess our
own effectiveness and to evaluate all of our options in the face of a constantly changing
world. It is for us, moving forward, to expand these foundational ideas and to employ them

in order to make better decisions and to interact more effectively with our environment.
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Appendix A: The Referenced Concept Models
of Systems Theory

Walt Akers
0ld Dominion University, 2015
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A-1. Autopoiesis
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Figure A-1: Conceptual Model of Autopoiesis

m Definition
Autopoiesis: A system that is capable of producing or regenerating the functional elements
within its own system boundaries (Luhmann, 1990)

m Contributing Scholars

a. Niklas Luhmann (1990)

i. Discussing Autopoeitic Systems

“Autopoietic systems, then, are not only self-organizing systems, they not only produce and
eventually change their own structures; their self-reference applies to the production of
other components as well. This is the decisive conceptual innovation. [...] Thus, everything

that is used as a unit by the system is produced as a unit by the system itself. This applies to
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elements, processes, boundaries, and other structures and, last but not least, to the unity of

the system itself” (Luhmann, 1990).

ii. As Self-Referential Systems

“The system continuously refers to itself by distinguishing itself from the environment”

(Luhmann, 1983).

b. Humberto Maturana (1981) and Francisco Varela (1980)

i. Varela (1979) says

“An autopoietic system is organized (defined as a unity) as a network of processes of
production (transformation and destruction) of components that produces the components

that
(a) through their interactions and transformations continuously regenerate and realize the
network of processes (relations) that produce them and

(b) constitute it (the machine) as a concrete unity in the space in which they exist by

specifying the topological domain of its realization as such a network” (Varela, 1979).

i. Maturana (1981) gives the following definition

Autopoietic systems “are systems that are defined as unities as networks of productions of
components that recursively, through their interactions, generate and realize the network
that produces them and constitute, in the space in which they exist, the boundaries of the
network as components that participate in the realization of the network” (Maturana,
1981).

Varela (2000) quoted by Bourgine and Stewart (2004)

“A system is autopoietic if:

(a) it has a semi-permeable boundary,

(b) the boundary is produced from within the system, and

(c) it encompasses reactions that regenerate the components of the system.” (Varela, 2000)

. Weber and Varela (2002) regarding self-organization

“Thus, autopoiesis is a singularity among self-organizing concepts in that it is on the one
hand close to strictly empirical grounds, yet provides the decisive entry point into the origin
of individuality and identity, connecting it, through multiple mediation with human lived

body and experience, into the phenomenological realm” (Weber & Varela, 2002, p. 116).
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¢. Paul Bourgine and John Stewart

i. Defining an autopoietic system

“An autopoietic system is a network of processes that produces the components that
reproduce the network, and that also regulates the boundary conditions necessary for its

ongoing existence as a network” (Bourgine & Stewart, 2004).
d. David Witherington

i. Autopoiesis, Circular Causality, and Stability

Note: Stability is not explicit, but is strongly asserted in the phrase “it metabolically
maintains itself as an individual unity, as an invariant organization of patterning, in the

face of continuous turnover.”

“An autopoietic system produces the very components that give rise to it, establishing its
own self-maintaining processes. This is not to suggest that autopoietic systems construct
themselves independently from their surround. The autopoietic system exists as
thermodynamically open, engaging in incessant exchange of energy and matter with its
surround, yet establishes organizational closure in that it metabolically maintains itself as
an individual unity, as an invariant organization of patterning, in the face of continuous
turnover and renewal of its material and energetic constituents. Autopoietic systems thus
embody complete circular causality, actively regulating the very external boundary
conditions that produce them - by regulating the flow of energy and matter — thereby
incorporating external boundary conditions into their own dynamics” (Witherington,

2011).
e. David Seidl (2004)

i. On Reproduction versus Regeneration

“In order to ‘survive’ an autopoietic system constantly has to produce further elements. If
this (re-)production stops the system disappears; e.g. if a plant stops producing its cells it is
considered dead. For this it is irrelevant what concrete cells are produced; whether the plant
produces a new leaf, extends its roots or grows a blossom does not matter - as long as any
new elements are produced the plant is still alive. The fact of the reproduction as such -
independently of the concrete elements reproduced - is referred to as the autopoiesis of the

system” (Seidl, 2004).
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f. Lynn Margulis and Dorion Sagan (1986)

i. On Autopoiesis versus Reproduction

“Autopoiesis occurs, then, to maintain an organism during its own life, but by itself
autopoiesis does not guarantee that an organism will show genetic continuity or that the
characteristics of any given organism will persist faithfully though time. The process that

ensures genetic continuity is reproduction” (Margulis & Sagan, 1986).

ii. Relationship between Autopoiesis and Reproduction

“Reproduction depends on autopoiesis, but autopoiesis in turn cannot take place without the

eventual replication of DNA” (Margulis & Sagan, 1986).
g. Beth Dempster (2000)

i. Relationship to Sympoiesis

“I propose a new concept based on an interpretation of ecosystems: sympoietic systems.
These are complex, self-organizing but collectively producing, boundaryless systems. A
subsequent distinction between sympoietic and autopoietic systems is discussed. This
distinction arises from defining a difference between three key system characteristics: 1)
autopoietic systems have self-defined boundaries, sympoietic systems do not; 2) autopoietic
systems are self-produced, sympoietic systems are collectively produced; and, 3) autopoietic
systems are organizationally closed, sympoietic systems are organizationally ajar”

(Dempster, 2000).



