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Complexity 
What makes something complex?  The 
short answer is that it contains many 
different parts, whose aggregate 
behavior is not easy to formally 
describe.  The key contributions to 
complexity lie behind the words many, 
different, aggregate and easy.   For 
engineers & managers, making the effort 
to at least approximate a formal 
specification is fundamental to analysis 
and management; doing so with 
complexity has been a challenge.  
Determining the proper balance between 
engineering or management effort and 
the resulting increase in efficiency and 
effectiveness can be a matter of system 
and managerial survival because 
complex interactions, such as those 
found in everything from agriculture to 
electric grids and increasingly 
information technology, often result in 
unexpected and overwhelming changes 
in operating conditions.  Even if a 
systems operations team ultimately is 
able to cope, their credibility and 
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competence can be called into question 
because of the extraordinary 
expenditures needed to do so. 
Many different parts – The first 
requirement for complexity is that there 
be a very large number of distinctly 
different components.  There may be 
only a few physical components but if 
they are inherently dynamic, there may 
be many effectively different virtual 
components, each of which presents a 
distinct interface to its neighbors 
depending on where in the dynamic 
process they are operating.  Determining 
distinct physical and virtual interfaces 
and mapping them to state space is 
critical because it determines which set- 
and group-theoretic axioms apply.  In 
particular, engineering designs and 
operational processes that impose 
discrete modularity can introduce 
complexity. 
Aggregate behavior – The second factor 
in complexity is how the components 
interact, i.e. how their interfaces and 
interactions transmit energy, information 
and authority.  This factor underpins 
most of complexity theory for modern 
physics, chemistry and biology as well 
as information technology.   This paper 
discusses how complex aggregation 
arises from dynamic and non-linear 
interfaces between semi-discrete 
components, often called partial or loose 
coupling.  Even if the aggregate 
interactions are approximately linear2 
because the underlying components and 
their interfaces act as compact, smooth 
supports for state space, then complexity 
can still appear as part of the formal 
specification of the interactions.   

                                                
2 Examples include those found in relatively 
static or rigidly controlled systems such as 
buildings, airplanes or information archives. 



  

Easy formal specification – Formal 
specification of a system or entity has 
three requirements:   

1. that it be describable and 
measurable,  

2. that it accurately predict behavior 
within a given precision,  

3. that it be computationally 
tractable  

Such formal models reside in the minds 
of the observers and occasionally in a 
computer simulation.  The act of making 
sense of, simulating or analyzing 
behavior may add complexity by making 
discrete observations of, or arbitrarily 
making discrete steps through, the 
simulation or analysis of the interactions 
and interfaces.   

Identity 
Formal specification of distinct 
components traditionally results in 
formal labels or symbols in order to 
enable communication and ease search 
and retrieval within constructs of the 
formal specification.  However, by 
substituting the discrete symbol for a 
partially-coupled system component in 
operations, discretizing can slip into a 
system unnoticed and complex behavior 
can appear.  The sub-field of analysis 
called symbolic dynamics has emerged 
as a result.   
This paper discusses how formal 
modular analysis of a system can lead to 
a formal specification of identity that can 
maximize the benefits of labeling and 
while guarding against introducing 
unnecessary complexity and chaos. 

Delegation 
Inherent in dividing things into distinct 
functional parts is the potential for 
delegation.  If a function can be 
separated from the rest of operations, it 
has the potential to be delegated. Which 

resources and how much energy, 
information and authority go with it – 
how autonomous and discrete it will be – 
determines the extent of the partial 
coupling.  In managed systems there is a 
constant tension between the need for 
the efficiency and damage control that 
comes with autonomy and the need for 
tight coupling that synchronized 
operations demand.  This paper 
discusses how formal analysis of the 
dynamics of modularity can be used to 
define the minimum specification 
needed for delegation in an efficient and 
robust system, while at the same time 
determining the limits of control that can 
be expected. 

Formal Entity 
Specifications & Metrics 
The formal specification of an entity 
traditionally depends on a formal 
specification of the operative bounds on 
its operations and which of those 
boundaries are interfaces to other 
entities.  Such discrete bounds are set by 
many processes, some of which are 
qualitative (what type is it?) and some of 
which are quantitative:  Which one of a 
set of like items is it? Where is it? When 
does it operate?  In this section, we 
discuss how energy space metrics are 
used in making quantitative distinctions, 
and information space metrics make 
qualitative distinctions.  We then discuss 
how such distinctions between entities 
are concomitant with ordinary system 
dynamics, each producing the other in 
succession.  

Neighborhoods, Boundaries 
& Metrics 
Formal specification of an entity 
traditionally has been viewed as a top-
down process.  Some authoritative set of 



  

rules from ‘on high’ separates the sheep 
from the goats and numbers their census 
and orders their comings and goings 
within a realm or domain.  Subsequently 
it was noticed that the sheep and the 
goats self-sort into territories.  This 
enabled them to maximize utilization of 
the pastures, as measured by their 
respective abilities to be fruitful and 
multiply.  However, it was likewise soon 
noticed by the hunters, gatherers and 
herders (and subsequently by  
governments and international aid 
agencies) that the fruitfulness of a 
population was directly tied to its ability 
to get access to, and not just outside of,  
the necessary food, water, and other 
environmental goodness.  Not all of the 
necessities are locally plentiful at all 
times and this variation in underlying 
substrates drives both the entity 
reproduction process and much of the 
rest of their behavior as well. 

Classic Boundaries & 
Neighborhoods 
Once there are variations in the substrate 
necessities, they are detectable as soon 
as they can be compared and once they 
are detected, a boundary can emerge.  
Formally, such boundaries are rooted in 
a logic truth table based on the 
comparison, two of whose values are the 
classic this side (same) and the other 
side (not the same).  Additional values 
occur when there is a zone of ‘partly the 
same’ resources which are either shared 
or contentious or cases that are simply 
ignored by the comparator.  
Neighborhoods can be defined as a set of 
similar but not identical resources, in 
other words they match at some coarse 
distance but not at some fine distance.  
Each distance metric determines a 
system resolution, a concept long found 
useful in politics, signal processing and 

philosophy because it simplifies 
decisions, enables compression and error 
correction, and provides material for 
those introductory classes so useful to 
departmental teaching assistant funding 
justifications.  

Inside, Outside, Both & Neither 
In specifying an entity, therefore, at least 
one ‘match’ pattern is required in order 
to define inside and outside. Hamming3 
described how long the pattern must be 
to represent an entity to the specified 
accuracy, with one binary digit (bit) 
sufficient for the simplest case.  Nyquist4 
and Shannon5 determined how the lower 
and upper length limits such a pattern 
must be when behavior is dynamic6.  
Hamming also described how to 
compare the patterns, with complete 
matches necessary for inside and outside 
and partial, lower resolution (shorter 
length) matches used for the shared or 
contentious cases.  Cases beyond the 
pale7 are generally treated as errors or 
noise, which default to ‘outside’ for 
ordinary operational purposes.  

                                                
3 Richard W. Hamming. Error-detecting and 
error-correcting codes, Bell System Technical 
Journal 29(2):147-160, 1950 
4 H. Nyquist, "Certain topics in telegraph 
transmission theory," Trans. AIEE, vol. 47, pp. 
617-644, Apr. 1928 Reprint as classic paper in: 
Proc. IEEE, Vol. 90, No. 2, (Feb 2002) 
5 C. E. Shannon, "Communication in the 
presence of noise", Proc. Institute of Radio 
Engineers, vol. 37, no.1, pp. 10-21, Jan. 1949. 
Reprint as classic paper in: Proc. IEEE, Vol. 86, 
No. 2, (Feb 1998) 
6 i.e. one basis is naturally temporal; it also has 
to have its other bases such that its power 
spectrum has finite support (>0)  
7 No match within the ‘standard’ variance of the 
‘average’ length over the ‘average’ sampling 
time period defined for the system.  Note that the 
common definitions of average & standard 
variance presume a normal statistical 
distribution. 



  

Intersecting Flows 
Just as first order variations in the 
substrate can give rise to simple entities 
based on localized stable utilization 
processes, dynamic flows in the 
substrate can give rise to more complex 
entities dependent on meta-stable 
patterns.  The seasonal flooding of a 
river enables grasses able to tolerate or 
even thrive on regular deposits of silt 
and regular deprivation of soil oxygen.  
This substrate pattern establishes whole 
multi-level structured systems of 
agriculture such as rice paddies, dry-
season pastures (watervliets) and the 
Nile valley civilizations.  The stability of 
the boundaries is what defines a 
persistent entity.  Whenever there is 
variation in the substrate (most 
commonly energy dissipation over time 
because of the second law of 
thermodynamics), the probability of 
complexity in derived, dependent 
entities exists. 

Spans & Bases 
Given that entities are based on 
Hamming-defined comparisons, what 
standard comparisons are both useful 
and computationally feasible?  The most 
common, dating back thousands of 
years, created the real numbers to 
measure on, because they provide a 
uniform smoothly supported basis.  
More recently, the comparison process 
has been generalized to any probability 
distribution that can serve as a kernel 
with its corresponding distance metric.89  

                                                
8 Common distributions/metric pairs used for 
kernel-based analysis after the 
Gaussian/Euclidean are Exponential/Hamming 
and Triangular/Hamming.  W. Wei  & J. Mendel 
discuss their application in “A Fuzzy Logic 
Method for Modulation Classification in Non-
ideal Environments”,  IEEE Transactions on 
Fuzzy Systems, 7:3, June 1999 

If the basis is so smooth and compact as 
to be continuous (integrate-able), the 
boundary will be a region of very gentle 
gradient, not an edge.  The metrics of 
Real space is well understood and the 
analysis and subsequent management 
computations relatively easily 
implemented, but other bases are still an 
active focus of work. 

From Euclidean Metrics to 
Hamming Metrics 
Engineering difficulties come in shifting 
from systems with real number bases 
(which many people assume are the only 
real bases) to those with other metrics.  
Such shifts generally occur at entity 
boundaries; this is why most engineering 
analysis has been confined to closed 
systems, treating only those linear 
interactions that occur within a 
boundary.   Only recently has analysis 
started to treat cases outside of the 
boundaries, but generally only where the 
boundary represents an affine 
transform10 from one real number basis 
to another.  As a result, the engineering 
profession traditionally applies only to 
non-quantum-scale physical systems, 
many of which conform to the relatively 
simple Gaussian/Euclidian model, with 
only a handful of dimensions.11  With 
the rise of information technologies, 
                                                                 
9 R. Kotecky, “Phase Transistion: on a 
Crossroads of Probability and Analysis”, 
Highlights of Mathematical Physics (A.~Fokas 
et al, eds.), AMS, Providence, 2002, pp. 191-
207.  
10 Rotation, translation, scale, or shear between 
two continuous but not necessarily homogenous 
metric spaces.  These spaces are commonly but 
not necessarily linear, vector spaces. 
11 There is additional work on extended models 
which have weak convergence to a simple 
attractor and finite variance (adhere to the 
Central Limit Theorem), but they by definition 
do not exhibit the heavy-tailed distribution of the 
stereotypic complex system. 



  

however, these models have not only 
become poor approximations; they lead 
to faulty analysis, ineffective and 
inefficient management policies and 
brittle, failure-prone systems. 

Bases & Support in Information 
Space 
By structuring substrate energy and 
thereby generating information captured 
in the entity structure, a new potential 
kind of basis, an information basis is 
created.  These information bases in turn 
may become an information space 
substrate from which other entities are 
organized.  Their set- and group-
theoretic characteristics – the 
smoothness, compactness and 
integrability – determine the dynamic 
potential.  
To the extent that the information 
captured in the structure describes the 
energy interactions in the substrate, that 
dynamic potential is equivalent to that of 
the substrate itself.  Effectively, the 
entities are independent except to the 
extent that there is interactive energy 
flow within the substrate.12 
When entities interact in information 
space, however, they transform it into a 
substrate in its own right, with its own 
potential for information structure and 
entities.  How then might purely 
information space interactions occur? 

Flows, Sharing, Encoding & 
Noise 
The flow or sharing of information 
among entities is commonly known as 
communication, at least when the 
entities are perceived as having intent or 
authority to some degree.  This may be 
                                                
12 This substrate-level interaction can lead to 
implicit information exchanges between 
otherwise independent, autonomous entities, in 
the process also known as stygmergy. 

because the simplest form of 
communication, the granting or 
withholding of access to an energy 
resource such as food, fuel or water, is 
used to communicate intent information 
on top of the energy substrate 
interaction.13   
Serious study of communication’s 
fundamentals of encoding information 
on an energy carrier got particular focus 
during and immediately after World War 
II.  However, because of the command 
and control applications which drove the 
work, the field of information science 
has been limited for many decades by 
the transaction semantic requirements of 
control loops.  Even when the analysis is 
of the general physical environment as in 
image processing, radar scanning or 
protein folding, the assumption is that 
there are control mechanisms:  natural 
entities such as trees and people, 
engineered entities such as airplanes and 
boats or biochemical subsystems such as 
synapses.  This control regime constrains 
the observed information patterns 
according to what and how control is 
exercised.  All else is deemed outside the 
signal information boundary and ignored 
as noise.   

Energy, Information and 
Abstraction 
As mentioned in the discussion of 
names, the shift from pure mass and 
energy space to symbolic information 
space trades storage, transfer and 
training costs for potential control 
disruption due to discrete computation.  
                                                
13 Authority likewise derives from resource 
access control as summed up by the aphorisms 
“he who pays the piper calls the tune” and “he 
who has the gold, makes the rules”.  It is well-
known that many of the tragedies of the world 
result from mistakes in ascribing intent and other 
forms of mis-communication 



  

The key to managing these tradeoffs is a 
first-principles analysis of the interaction 
information produced by the abstraction 
process.  This analysis extends the signal 
processing methods of the early 
communications scientists, which only 
considered one or two levels of 
abstraction.  They started with physical 
layer carrier modulation on which is 
built a basic link layer control protocol.  
This approach has been extended in 
order to address the many more 
abstraction layers characteristic of digital 
information or data flows. 

Abstraction Metrics 
Traditionally, abstraction has been seen 
in static terms, often simply in terms of a 
feature subset.  This is the equivalent of 
a substring whose shorter Hamming 
length represents the degree or level of 
the abstraction.  The shorter the length, 
the more general the description and the 
harder it is to distinguish one entity and 
the easier it is to substitute another. 
This nominal uniformity enables two 
critical capabilities:  robust systems and 
efficient system construction and 
management.  It also enables reification, 
i.e. a process in which the shorter length 
abstraction is taken as the whole 
resource and not just a partial 
description.  If this partial description 
hides information critical to interaction it 
becomes an oversimplification and 
prejudice that can lead to bad decisions 
and inaccurate simulations.  
In particular, losing information about 
temporal information, especially 
material and energy substrate 
interactions causes systemic problems.   
Temporal information is fundamental to 
adaptability and adaptability underpins 
both robustness and efficiency. 
Therefore, to ensure a robust, efficient 
and manageable system, a formal 

analysis and abstraction of interaction 
dynamics is critical. 

Formal Analysis of Abstract 
Interaction 
Abstract interactions between entities, 
also known as protocols, have been 
formally categorized by information 
theorists according to the degree of 
synchronicity or coupling or information 
sharing between the entities necessary to 
ensure the consistency required for joint 
operations.  To ensure provably correct 
joint operations, atomicity and isolation 
of the interactions are also required14.  
Atomicity means the transaction is 
discrete in that it follows the “all or 
nothing” rule, Isolation means the 
entities are discrete: their interactions are 
independent of each other. 
The three most common categories used 
operationally are observation, 
coordination and control.  The 
distinguishing characteristic is how 
tightly coupled the otherwise separate 
operational states are; in other words, the 
Hamming distance between the initial 
state space coordinates at the receiving 
entity and the subsequent ones. 
Observation comprises read operations 
such as location (access), identification, 
categorization (including sortings based 
on relationships with other entities), 
search and status.  These interactions are 
completely asynchronous temporally and 
read-only in terms of storage space or 
processing memory.  The Hamming 
distance is minimal and is specified by 
the difference between a null length 
value and a full length value as read.  No 

                                                
14 The simplest transaction analysis was 
originally formulated by Haerder & Reuter, who 
coined the acronym ACID in their 1983 paper 
“Principles of transaction-oriented database 
recovery” in ACM Computing Surveys 15(4), pp. 
287-317.   



  

contributions from state machine 
changes. 
Control comprises various write 
operations such as create, delete, move, 
and modify.  These interactions must be 
completely synchronous (serialized) 
temporally and overwrite storage space 
or processing memory only while all 
other potential writers are locked out.  
The Hamming distance is significant, 
comprising not just the new value but all 
the new state space coordinates caused 
by using it as an operational input. 
Coordination comprises a combination 
of read, modify and write or compare 
and swap operations.  Monitoring, which 
periodically locates, searches, or updates 
status is the most asynchronous form as 
it constrains the atomic write to read-
only information within the entity and 
even when it does update that 
information, it occurs only during the 
sample time.  Distributed 
synchronization is more synchronized 
because it directly causes state changes 
by overwriting information, but only 
within that piece of the system within 
each component entity and within the 
update time.  When assembled, it is 
asynchronous between entities and 
between updates or commits.  The 
Hamming distance is significant, 
because it comprises the difference 
between the new static value and the old, 
plus any dynamic sequence of state 
space changes resulting from using the 
new value in operational processing 

Control, Persistent 
Autonomy & Identity 
The expected value of a formal 
specification process depends on the 
value of the resources covered by the 
specification and the cost of the 
specification process.  If a set of 
resources can be assembled under a 

single control or coordination regime, 
temporal dimensions and dynamics must 
be added to the formal specification.  
The persistence of the coordination or 
control over time has an important 
impact:  it enables the assembled value 
to increase over time.  This not only 
increases the justification for effort 
needed for formal analysis and 
specification, it can shift the system from 
dissipative to conservative.  In short, it 
can reduce complexity for the lifetime of 
the system, which makes it more 
manageable.  This can make it more 
robust and efficient, which can enable it 
to persist even longer, and so forth.  This 
enables even more value to accumulate.   
That persistence, however, rests on a 
knife’s edge created by the delicate 
balance between the compounding value 
and the compounding cost of operations. 
Autonomy can be seen as an entity 
whose control regime spans a certain 
collection of resources over a lifetime of 
a certain length and whose coordination 
and observation interactions do not have 
a significant impact on either span.  
Identity is formally determined by 
autonomy:  the resource and temporal 
frameworks that serve as the metric 
bases for those spans.  This is why 
functional naming schemas are simply 
coordinates within the resource and 
temporal frameworks.  It also explains 
why names that enable control of an 
otherwise independent entity are 
considered the powerful “true names” of 
myth, anthropology and operational 
security – they enable location of and 
access to critical resources and their 
processes. 



  

True Names:  At the 
Energy / Information 
Boundary 
As pointed out earlier, labeling entities 
and then manipulating those reference 
labels in information space in place of 
the entities or copies in physical space in 
is a common practice that can introduce 
hidden operational complexity, while 
overtly simplifying the storage, 
communications, and training 
requirements.  An analysis of this 
practice is useful as a model in 
managing complexity 
Abstraction is a powerful process that 
uses discrete memory modules to 
capture only those perceptual and 
behavioral properties learned to be 
important to monitor and possibly to 
manage.  This makes for efficient 
storage, but transferring the modular 
model into independent or remote 
storage benefits from another round of 
abstraction and tagging the model with a 
label.  After the initial semantic 
coordination, generally known as 
‘learning the language’ or ‘negotiating 
the price’, all that needs to be transferred 
is the symbol.   Symbol transfer cost is 
proportionate to its Hamming length, 
which is proportionate to the span of the 
system framework in which it is defined.  
Systems with high transfer costs are by 
necessity compact; systems with 
relatively low transfer costs tend to 
sprawl. 
The binding between symbol and object 
is critical for a number of reasons.  
Access to the symbol can be equivalent 
to access to the resources of the object 
itself if transfer of the symbolic 
information effectively transfers the 
object properties.  The most common 
examples of this type of symbol are 
addresses, timestamps and currency.   

Addresses reference resource location in 
space; timestamps reference resource 
location in time and currency references 
the resources value.  You don’t have to 
expend the energy finding the resource 
itself if you know when, where and how 
much just from the symbolic labels.   
However, the precision of the symbol 
space is critical to harnessing 
complexity.  It must be fine enough to be 
Nyquist accurate and Shannon robust, 
but not so fine that the Hamming 
distance of the encoding makes it too 
expensive to store or communicate.  
Furthermore, the discreteness must not 
introduce unmanageable complexity in 
the operational model, especially in the 
form of control loop vulnerabilities due 
to periodic chaos. This is discussed in 
more detail in a subsequent paper on 
Complex System Management. 
Arbitrary labels provide no direct access 
to object properties.  Consequently the 
binding is arbitrarily small and the 
transfer cost of the symbol is minimal. 
However the storage cost of maintaining 
a directory of the arbitrary assignments 
between objects and labels increases 
exponentially because synchronous 
access to the directory is required 
throughout the system.  In addition, the 
training necessary for a user to learn to 
effectively and efficiently search for an 
arbitrarily named object likewise grows 
as a product of the number of objects 
and the number of users.15 

Roles & Delegation 
Role is just a label for a partial identity, 
i.e. a functional abstraction.  How 
substantial that identity is – how much 
                                                
15 This is why directory services based on central 
repositories and search services based on unified 
taxonomies often fail.  The cost of maintaining 
consistency necessary to implement a basis that 
spans the entire information space is prohibitive. 



  

of the total entity it represents – depends 
on how much of the operational 
resources and lifetime it consumes.  
Titles are generally labels for persistent 
roles, especially roles that persist across 
otherwise unrelated entities.  The effort 
put into defining roles and titles is 
generally proportional to the value 
created by assembling them into a larger 
[sub-]system. 
Because any assemblage is defined by its 
control regime – the web of internal 
control interactions – they are usually 
thought of as an abstraction for the 
assembled value. At the same time, their 
internal interactions must be 
deconflicted – they share fundamental 
energy resources within the assembled 
span but their interactions based on that 
energy substrate must be atomic, 
consistent and isolated for correct 
operation.  This process is the basic 
approach to organization. 
It is best known in its top-down form, 
generally known as delegation, where 
some single authoritative entity’s control 
spans all the necessary resources.  It also 
occurs bottom-up, in which the 
overarching regime is self-organized by 
each entity subscribing by choice to, or 
complying by circumstance with, a 
single set of controlling principles rather 
than by prescription from on high. The 
most common form, political, is a 
combination in which the finest and 
coarsest granularities of organization 
organize bottom up, and the mid-level 
managers pride themselves on their 
masterful top-down control. 

Implications for Complex 
System Management 
As hinted at in the preceding sections, 
the impact of complex information space 
analysis on operations, operational 
concepts and management processes can 

be significant.  Organizational formats 
depend entirely on the ability to sustain 
an information space spanning bases.  
Compact support in information space is 
necessary for control but generally has a 
practical length limit caused by the 
physical/energy space encoding costs.  
Natural boundaries and modularity are 
therefore based in control spans.  
Building a system by assembling such 
modules requires a higher level control 
span bases that represents the 
assemblage as a whole.  To the extent 
that the abstraction process reduces the 
amount of control necessary, very large 
and very dynamic systems and systems 
of systems can be assembled. These 
themes are developed in more detail in a 
subsequent paper on Complex System 
Management, but three are summarized 
here. 

Capabilities & Capacities 
Modular assembly architectures have 
three important operational management 
characteristics: 

1. the ability to bring different 
capabilities to bear on a single 
goal,  

2. the ability to swap replacement 
capabilities in or out as needed  

3. the ability to increase or decrease 
capacity on demand.   

Each of these characteristics depends on 
well-defined if not formally standardized 
modular boundaries that enable low-
cost, dependable and repeatable 
integration and interoperation.  Thus at 
least semi-formal specification is critical 
to enterprise management and enterprise 
engineering because it enables the 
assurance provided by a governance 
process 



  

Adaptation & Migration 
As mentioned above, the ability to 
replace or augment one module with 
another is dependent on defining an 
interface boundary of a certain 
Hamming length.  However, every 
module’s full specification exceeds that 
interface specification length because it 
describes the modules capabilities in 
much finer detail.  To the extent that 
those details do not have an immediate 
but do have a potential material effect on 
the interoperability, they act as 
information slack in the system.  Slack 
in any engineered system is the source of 
both robustness and chaotic behavior.  It 
allows a system to venture into regions 
of state space that can either be useful 
agility or stressful extremes. 
Too little slack in a system control 
regime can make it brittle – unable to 
adapt – when faced with different 
operating conditions.  Managing those 
shifts by supporting well-defined 
migration strategies is key to any 
dynamic enterprise. 

Aggregation 
Finally we examine what happens when 
the aggregate behavior of assembled 
modules is not linear, not fully 
deconflicted or independent and not 
uniformly stable.   Information synergy 
and the scaling process has only recently 
been the subject of formal analysis.  A 
subsequent paper on Information Flow 
and Complex Aggregation covers how 
the scaling process can employ 
abstraction and not just self-similarity to 
layer information bases. 


