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Modeling Relations

A model allows us to reason about a situation through a 

surrogate situation. Inferences made within the model may 

correspond to inferences in the original situation, provided 

that they share the same “shape”.



It turns out that category theory, with its notion of 
“functoriality”, allows us to formalize this type of reasoning 
(Rosen).
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The reason we can use formal systems to reason about  
natural ones is because both systems share the same 
patterns. A functor is a map that preserves (some) patterns  
from one situation (formalized as a category) to the next.



A pattern has two parts
 a sketc
 an implementation

Patterns

a sketch is formally 
described as a 
directed graph - it 
consists of nodes 
and edges

an implementation 
assigns a sketch to  
certain objects and 
arrows of a given 
category



Distinguished and Collective Links

Given a pattern, we call the arrows of the implementation 
the distinguished links. These can be thought of broadly 
as relations between parts of a system. An example would 
be a group of workers and machines producing a common 
output but having distinct roles in this process.



When there exists a set of links from every object in the 
(implementation of a) pattern to a single object, such that 
they “commute with” the distinguished links, we call that 
set the collective links. The target of the collective links is 
like the standpoint of a common purpose.



In the case of workers in a hierarchical business structure, 
there may exist collective links to their manager.

STP 2022

The collective links plus their target 
is called the cone. There can be many 
cones for a given pattern. Also, the 
target object can be either inside or 
outside the pattern.
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A pattern can have many cones (collective links), and these 
form their own category, called the operating field. 



Imagine a city where all the neighborhoods are connected 
by three train stations. Each station along with the roads 
from each neighborhood to that station form a cone. The 
operating field of the neighborhood consists of the three 
stations and the paths between them.

The operating field



The colimit is the solution of the “binding problem”

A given operating field of a pattern may sometimes have 
an object with a certain universal property, such that it is a 
“factor” for all other cones. Using the city example, a train 
station from which it is possible to go directly to any other 
train station has this special property with respect to the 
logic of transportation within the city. 



We call such objects colimits. Another example: given the 
various factions of a political movement, the construction 
of consensus is the step-by-step creation of a colimit.

STP 2022



STP 2022

Any phenomena can be perceived from the “perspective” 
of a given pattern. For example, human sensibility is 
comprised of parts corresponding to the sense organs. 
Each organ perceives just one “aspect” of a thing, and the 
work of unifying these aspects is a “condition of possibility 
of experience” (Kant).

Mediation and Binding of Links

a perspective is a “maximal” 
set of aspects of an object 
that are correlated in  the 
pattern.

a colimit binds a perspective



Clusters and Simple vs. Complex Links

A link can exist between two patterns just as it can for two 
objects. We call such links “simple” if they can be 
decomposed into the set of links between their respective 
objects of the underlying patterns. This set of underlying 
links is called a cluster.



Simple links, like clusters, are composable - we can take 
two of them and make a new one. However, sometimes 
composing two simple links produces a complex link.
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two simple links can make 
another simple link

any simple link is functionally

equivalent to a cluster between

two patterns
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Sometimes an object serves as the colimit of two different 
patterns. A category where this is possible is said to satisfy 
the multiplicity principle. This serves as an obstacle to 
reductionism, meaning we cannot reduce links involving 
such a “divided” object into their underlying clusters. This 
is how we can model emergent phenomena.

The Multiplicity Principle

a “degenerate” object 
exists in this composition, 
indicating emergence



Hierarchy, Ramifications, Complexity

A pattern becomes a colimit which is an object that can 
belong to another pattern, and so on. When the objects of 
a category can be indexed according to this increasing 
complexity, we call it hierarchical. We can model scalar 
effects using this formal property.



We can unfold an object into its lower levels, a procedure 
called a ramification. The bottom level of a ramification 
are called the microcomponents. The lower bound of any 
ramification is the lowest level of the category, which  
consist of the atoms.



The complexity order of an object is the highest level of its 
ramification that contains a complex link.
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A 4-ramification of an object 
- assuming it is a complete 
unfolding, then it has a  
complexity order of 2 since it 
has a complex link at n = 2
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So far we have described how the modeling relation can 
be enriched by concepts from category theory, allowing us 
to model perception, action, complexity and scale. Now, 
we want to add dynamics.



This can be done by using the functor to act as the 
passage of time on our category (called configuration 
categories at given instant).

Dynamics
A functor is a map that 
preserves composition



Components and Propagation Time

An object that “persists” in time through the various 
configuration categories is called a component. These 
form the basic building blocks of a memory evolutive 
system.



We can generalize links between objects to links between 
components. We account for propagation time by 
imposing a rule on the composition between “horizontal” 
and “vertical” arrows.
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When a configuration moves through time, it may lose or 
gain objects and links. In particular, there can be 
absorption (a pattern is added to the configuration), 
elimination (some objects and links are removed) or 
binding (adding of a colimit). A collection of these three 
forms the strategy that characterizes the (partial) functor 
that maps one configuration to the next.












Strategies

a complexification 
with respect to a 
strategy is the 
configuration after 
applying the functor

specified by the 
strategy



Stability and Identity

Each component has a measure of stability at a given 
moment, which counts maximum interval in which this 
component is a colimit for a certain pattern. For cells this 
may be days, for organs it may be years and so on. We can 
use the stability span (and its weaker version, the 
continuity span) to model both invariance and disruptions 
occuring at the appropriate time scale of the component.
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a component at an 
instant t has three  
associated measures:



e(t) - the stability span

r(t) - the renewal span

c(t) - the continuity span



STP 2022

The coregulator (CR) is a subsystem of an evolutionary 
system whose components act together. The coregulators 
can retrieve and deposit information into a shared 
memory, determine the strategy of the system and 
interact with other coregulators.



The components of a coregulator are called agents. The 
agents together maintain an internal model of the world 
called the landscape. They can perform local operations 
called admissible procedures, which are stored in the 
system’s procedural memory. 

Coregulators



Temporality of Coregulators

Each coregulator has its own “subjective time” determined 
by the duration required for it to complete three actions

 decoding: forming the landscape from partial 
information received from the receptor

 regulation: selecting objectives and procedures to send 
to the effector

 encoding: sending commands, evaluating results, 
sending information to memory



If every step is the same duration, the CR is considered 
cyclic (e.g. a heart). 
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Memory

Effectors

Coregulator

Receptors

Landscape

the latency of a coregulator 
determines its subjective time and is 
in turn determined by the maximum 
of all propagation delays of all the 
links involved in a single step

decoding delay - the 
object(s) being perceived 
must have a stability span 
commensurate with this 
delay

operational latency - time 
required to send the 
commands

“the actual present” - 
forming the landscape and 
selecting a procedure

duration of a step - the 
average of this is called the 
period
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Once a landscape has been constructed, a CR may exert 
control on the system by selecting from a set of operations 
stored in procedural memory. This may be a selection 
forced by outside constraints, an outcome of random 
process, by vote, etc. The time it takes to make this choice 
is called operational lag. New procedures may be formed 
by combining old ones and stored in memory.



Each procedure contains commands which agents of the 
CR send to the effectors of the ES. Consider the example 
of a group of plaintiffs working with their lawyer to bring 
suit against the State. The process of legal discovery is 
how this CR forms the landscape, lawyers act as both 
receptors and effectors, and the legal world remembers  
both admissible actions as well as outcomes of past cases.

Anticipation

A landscape L is the sub category of 
the overall system containing only 
what the CR is able to perceive. 
Based on its admissible procedures, a 
CR constructs an anticipated 
landscape AL which is a 
complexification of the original.

However, nothing guarantees that the 
AL will be realized after commands 
are sent to the effectors. The 
landscape may be missing constraints, 
or other CRs may be in competition, 
or certain temporal constraints make 
it impossible.



Coregulator Learning

Learning is possible when the AL can be compared to the 
actual landscape in the next step. A comparison functor 
goes from ALt to Lt+s where t is the time the AL is formed 
and t + s is when a new landscape is formed. There also 
exists a difference functor from the landscape to the 
actual system, but this is not accessible to the CR itself.
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When different procedures are happening simultaneously, 
a procedure must be created that integrates all of them. 
This is happening at all relevant time scales. The 
integration will produce a new procedure that will be 
stored in memory, however it may not be a “lossless” 
process. There is no general solution to the integration 
problem, just as there is no guarantee that every binding 
problem can be solved.



“In autonomous natural systems, such as biological or 
social systems, the procedures of the lower co-regulators 
will take over in the short run, but these co-regulators 
remain under the control of higher co-regulators with 
longer periods, which may impose procedures for the more 
or less long term, either to resolve a situation, or to avoid a 
fracture at their own level; nevertheless there will always 
remain a certain plasticity, therefore some unpredictability, 
coming from the plurality of the ramifications via which a 
complex object can be unfolded.” (203)

Integration and Conflict of Procedures



Fractures

If a discrepancy between the anticipated landscape and 
the actual landscape cannot be resolved, it results in a 
fracture. The subsequent landscapes increasingly become 
disfigured representations of the system, or in some cases, 
no landscape can form within the required time 
constraints.



Capitalism, for example, undergoes crises of 
overproduction when the consumption cycle decouples 
itself from the production cycle. This is due to an inherent 
fracture that Marx identified in the wage relation itself, 
which enables the extraction of surplus value.
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If a CR has several steps interrupted by a fracture, it 
undergoes dyschrony. This may or may not be repaired 
over time. Dyschrony in one CR can propagate to other 
CRs, including to more complex ones. Dyschrony can be 
measured by three variables: the time lag of the CR, the 
period (average step duration) and the stability span of the 
components of the CR.



Dyschrony can be both productive (e.g. learning to do 
something faster so that the period decreases over time, 
the forcing of new procedures to be invented) or 
destructive (e.g. the time lag increases while the stability 
span decreases, as in an economic crisis).

Dyschrony

Fig 7.2 (p. 218)



Example: Fake News

Although the overall dynamics of a complex system cannot 
be predicted, we can use modeling to formalize a single 
step or small series of steps. Then, using our formal 
system, we can identify where fractures occur and make 
hypotheses about the cascading effects to other CRs.



Take for example the phenomena of fake news. It involves 
citizens, media, bad actors and the State itself. By causing 
a dyschrony (a fracture that cannot easily be repaired) at 
the level of individual perception, this can lead to a 
fracture at the level of the State.
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Social Media

Citizens

Bad Actors

The State

Encoding: Misinformation

Decoding: Conspiracy Encoding: Dissemination

Encoding: Ineffective Voting

disappearing links of  
collective action which 
leads to less belief, 
participation, etc.

Landscape Landscape

Climate

Encoding: Delayed action 
or inaction

Decoding: Evidence 
of destabilization
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Memory is comprised of patterns, called records, that have 
been “written” to the system by receptors and CRs over 
time. A simple type of record is one that is a colimit for a 
pattern of receptors, such that when the receptor patterns 
are activated again, a given feature of the environment will 
be recalled via the record.



Records are multifold objects with long stability spans, so 
they possess both complexity and plasticity. This allows 
the system to recognize not only a specific object but a 
class of objects. A system may have innate memory (records 
that exist at the birth of the system), which then grows 
more complex as the system evolves. To “remember” 
something is a procedure that a CR can undertake (as a 
necessity, since its landscape must be reconstructed at 
every step). 

Memory

a perspective is effectively redoubled when 
constructing a landscape:



first, a receptor pattern produces a perspective of 
an external object



second, agents of the CR also produce a 
perspective of the receptor pattern itself.



This second perspective is registered in the CR’s 
landscape, which then allows the CR to write it to 
memory in the form of a partial record object.

each coregulator calls a 
procedure to produce a 
partial record corresponding 
to its landscape - this is 
stored in memory

the CR constructs a 
landscape out of its 
perspectives (of various 
objects) - one of the objects 
is the binding of the sub-
pattern of the receptors

an object activates 
the receptors, only 
some of which are 
correlated by zig-zag 
links (in purple)

a full record is one which is 
a colimit for all the partial 
records



Example: Extended Minds

The concept of memory, like every other concept in ES, is 
a relational-compositional one. It intuitively formalizes the 
notion of an “extended mind” of many agents, each having 
partial information but together having a collective 
memory. Consider the pheremone trails of an ant colony, 
the way that art is itself an “extended conversation”, or the 
phenomenon of inter-generational trauma.



The process of “recall” itself corresponds to the unfolding 
of a complex object - in other words, every memory is 
actually a ramification of a record which activates the 
underlying patterns (and patterns of patterns). Take for 
example how individuals in an orchestra must recall the 
partial record corresponding to their own instrument, and 
this can in turn be unfolded into particular movements, 
chords, and so on.
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