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Abstract

The paper attempts to provide a conceptual basis for allusions to in-

formation processing in discussions about cognition. It de�nes the no-

tions of informational medium as a subsystem within a larger dynamical

system, the notions of information processing and information manage-

ment operations, and the notion of informational network � a network

of informational media. It suggest that situated cognitive systems can be

modeled with the help of informational networks at a high level of abstrac-

tion. Finally, it examines various properties that informational media may

need to posses to participate in an informational network. Understand-

ing those properties helps understand some of the design constraints on

various cognitive/AI mechanisms.

1 Introduction

1.1 Informational discussions in cognitive science

Cognitive scientists of all �elds resort to loose informational descriptions of

various cognitive phenomena. Neuroscientist and psychologist often describe

neural mechanisms as engaging in information processing. There are allusions

to neural or mental �coding� mechanisms. Cognitive agents are assumed to

gather, process, and utilize information from the environment. Communica-

tion mechanisms in animals and humans are often described as operating on
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meaningful information�communication is viewed as communication of (use-

ful) information. In the �eld of arti�cial intelligence (AI) similar, informational

locutions are common. The classical, symbolic approach to AI, as crystallized

by Newell and Simon (1981), is often described as the �information processing

paradigm�. While this is a misnomer�for, the description is more general than

the classical AI warrants�still, AI has been deeply infused by informational,

even information theoretic concepts.1 Later approaches to AI and theoretical

cognitive science, e.g. connectionism, rejected the centrality of symbols and

symbol manipulation, yet they still kept informational descriptions. (Smolen-

sky, 1986) More recently, dynamical approaches (Thelen & Smith, 1994) and

situated robotics approaches (Brooks, 1991) to cognition, which reject even rep-

resentational descriptions, also continue to utilize informational descriptions.

With few exceptions2 however, informational descriptions are only loose and

informal. At best, they serve a heuristic role in thinking about cognitive mech-

anisms and architecture; and at worse, they serve only a rhetorical role, as

intuition shapers for the audience. Even if used loosely, informational descrip-

tions can be quite useful, but the question is: Is there more to informational

descriptions of cognitive mechanisms?

There is a case to be made that too much should not be expected. Cognitive

science, embodied in its many branches, studies and models probably the most

complex, organized structures in the known universe. Brute, mind boggling

details matter. Ground level research needs to look at those details, and it is

unlikely that an abstract, purely informational account will su�ce. Cognitive

science, especially empirical work, needs to operate primarily on a lower level

of abstraction, closer to the speci�c subject matter, whether it is neurons, psy-

chological states, etc. Only loose informational descriptions should be expected

because the real work is performed with more speci�c concepts and language.

Informational descriptions, however, should be taken seriously because they are

up to something. The structure, function, and genetic origin of most cognitive

mechanisms is tightly connected to their capacity to operate on information.

Viewing cognitive systems as engaged in the information manipulation and uti-

lization business is not only helpful, but essential for a mature cognitive science.

1It is important to distinguish between the collection of concepts around the term informa-
tion and the formal theory of information (or communication) à la Shannon or Kolmogorov.
The formal theories of information are insu�cient to capture the richness of the use of the
use of the term in cognitive science.

2See (Ghahramani, 2000) for some examples of use of application of formal information
theory to problems in cognitive science.
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Therefore, cognitive science needs a more systematic, abstract account of gen-

eral cognitive systems that emphasizes their informational character. Such an

account must operate together with more concrete empirical or AI theories of

cognition. An informational account can serve two important roles for cognitive

science: (1) as an account formulated at a higher level of abstraction, it may

guide lower level theoretical work, (2) it can play a metatheoretical role for com-

parative analysis of lower level competing (or apparently competing) theories,

especially theories of cognitive architecture.

The purpose of this paper is to initiate an information based general ap-

proach to cognition. It suggests that cognitive systems be modeled with infor-

mational networks. Informational networks are systems of informationally and

causally interconnected informational media that extract, integrate and manip-

ulate information from the environment, the organism, and the network itself,

and utilize this information for the purpose of controlling the agent's behavior in

the environment, as well as (optionally) for controlling the structure of the very

informational network. The following section, �Informational Media�, discusses

the basic properties of informational media and informational transformations.

It discusses several important examples of informational media particularly rele-

vant for architectural debates. The section �Cognitive Systems as Informational

Networks� demonstrates how the notion of informational network can be used

to model cognitive systems (at a fairly high level of abstraction). It looks at

the kinds of properties the various media within an informational network need

to possess and how a network can be constructed by coordinating media with

di�erent sets of �skills�. Meanwhile, the remaining of this section lays out some

assumption about the nature of cognition and the notion of information, that

are useful for understanding some of the moves made in the later sections. No

attempt is made to justify or extensively support those assumptions.

1.2 Overcoming the informational bottleneck

Cognition is essentially a situated, embodied phenomenon. Although certain

cognitive mechanisms may be investigated and modeled independently as dis-

embodied systems, they are not properly cognitive unless they are viewed as

existing within an operational agent and as serving some control role for the

agent (coupled with other cognitive and noncognitive mechanisms within the

agent and the proximate environment.) An agent is a complex, su�ciently

isolatable system of the world existing high in the hierarchy of organizational
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complexity. A cognitive system is a subsystem of the agent (and possibly in-

corporating mechanisms outside of the agent as a metabolic unit) utilized for

controlling the agent's successful interaction with the environment, helping in

the achievement of whatever naturally endowed goals the agent may have. A

successful agent needs to make the state of the environment relevant to its con-

trol mechanisms. Thus, the control mechanisms need to utilize information

from the environment. An agent, however, is informationally deprived-there ex-

ists an informational bottleneck between the agent and the environment, due to

the agent's relatively low complexity in comparison to the information available

in the environment, and the limits of the sensing surface of the agent. More

formally, an agent is connected to the environment through a low capacity in-

formation channel. Information theory suggest that a low capacity channel can

be overcome if the states of the receiver are naturally correlated with the states

of the source of the information.3 For example, if one knows that the Allied

forces will begin invasion of France when the poem line �Bercent mon coeur

d'une langueur monotone� is played on BBC, the single bit of information en-

coded by the presence of the line is su�cient to induce the informationally rich

state that the Allied invasion has begun.4 An informationally deprived agent

can begin to overcome the limitation (possibly on an evolutionary time scale) by

increasing the organizational complexity of its control mechanisms so that they

can manipulate and utilize more accurate information about the environment.

More generally, we can think of cognition as the capacity of the control systems

to overcome the agent's inherent lack of immediate information.5 Skills such as

memory, learning, representation, planning etc. can be seen naturally as playing

this general role.

1.3 Information from dynamics: a structural approach

An agent, with its cognitive system, is a part of the natural dynamics of the

world. The existence of the agent as a unit separable from its environment,

and the existence of the cognitive system separable from other systems of the

agent, depends on the existence of various structural, organizational constraints

on the underlying dynamics. Constraints may be things like cell membranes,

3There can be a precise characterization of this within information theory: the relative
information entropy between the source and the cognitive system is low. See (Cover & Thomas,
2006) for some basic notions of infomation theory.

4Thanks to Luciano Floridi for this example.
5Again, more precisely, the purpose of cognitive complexity is lowering the relative infor-

mation entropy with the environment in order to improve the e�ectiveness of action.
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links among cells (e.g. synaptic connections), molecular structures, structures

of tissues, etc. The agent is determined by the natures of those organizational

constraints. A dynamical system where there is an agent and an environment

is categorically di�erent from a system such as a cloud of particles. The ex-

istence of an agent is a macroscopic property of the dynamical system. The

existence of an information driven control system within the agent, similarly, is

a macroscopic property of the dynamical system. It is possible only if appro-

priate organizational constraints exist within the dynamical system that allow

a macroscopic description of the system in terms of informational notions.

Information is about coordination (or coupling) between dynamical (sub)systems

in a way that one system can exert a control role on the other in virtue of the

possible macroscopic (informational) states that it can enter. Information is

not a thing that systems contain. Rather, it is determined by the way systems

interact, and the way the nature of the integration is invariant under appro-

priate dynamical (informational) transformation. Thus, the basic notion in an

account of information should be the notion of informational transformation.

Information, if anything, is only invariance under certain type of informational

transformations. Whether or not an informational transformation takes place

depends on the nature of the underlying dynamics (including its modal nature,

what happens in all possible alternative dynamical states). In what sense can we

say that a Compact Disk contains information? One answer is, the CD contains

physical structure that encodes the information�microscopic hills and valleys

on its surface. But what structure is that? Why is this the structure encoding

the information and not some other structure of the physical disk? The reason

this is the structure is because there are mechanisms that can read and write

this structure and correlate it to other structures (e.g. bits in a hard drive). It

is the possibility of the transformations that determine what information is in

the CD. The structure of the CD only facilitates the possibility of the transfor-

mation (it is what a laser can read). When we describe a cognitive system in

informational terms, we describe the nature of its dynamical properties, partic-

ularly, its disposition to engage in coordination with other systems and use that

coordination for its control.
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2 Informational Media

2.1 Basic de�nitions

Informally, we can think of an informational medium as a system capable of

entering in states that can be interpreted as containing information.6 An infor-

mational medium may be a physical system, or it may be a system of a more

abstract kind, such as a virtual machine. We can assume that the system can

exist in one of among a determined collection of states. We must also assume

that the system is a part of a larger super-system, i.e. it is not closed, and

the state of the system are substates of the super-system. The states of the

system can change in time. Thus, the system is an instance of a dynamical

system. No assumptions are made about the mathematical characterization of

the dynamical system.

Not all states of the system must be interpreted as containing unique infor-

mation. It is important that a medium may be able to take some bitting and still

be able to maintain its informational integrity. Thus, we demand that di�erent

dynamical states of the system may correspond to the same information-carrying

state. Consider an example: Let the system be 100× 100 pixel grid where each

pixel can be either black or white. The system can be in one of 210000 possible

states. We assume that the grid is used to present handwritten text. Imagine

it is in a state where the pixels depict the script letter a. We want to say that

di�erent renditions of the letter, one more elongated, another with a curvier tail,

yet another a bit shifted, etc., depict the same information-carrying state. If

the grid depicts gibberish, a random pattern of dots, we think of the dynamical

state as playing no informational role. We may want to distinguish gibberish

from an empty page, which may be the state of absence of text. In such a

system some states are informationally useful, others are not; and, many states

depict the same information carrier. It is extremely important to distinguish

6The system, being in a given state, does not contain the information intrinsically. As
alluded in 1.3 what information the system contains depends on the relation of the system
to other systems. However, what states the system is in is, in general, intrinsic to the sys-
tem. This being said, there is a notion of �intrinsic information� that is relevent to a theory
of informational media. The term �intrinsic information� is somethimes used to discribe the
organizetion of the system (Collier, 1990). �Intrinsic informaion� is formaly related to Kol-
mogorov information, which provides a measure of the algorithmic complexity of a system
� which is intrinsic to the system. The capacity of a medium to enter in informational
relations with other systems depends crucially on its organizational characteristics. Thus ex-
trinsic information requires the Collier notion of �intrinsic information� as a characteristics of
the medium. However, the precise connection between what I call information here and the
notion of �intrinsic information� is beyond the scope of this paper.
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between an information-carrying state and the information carried by the state.

We must be able to distinguish between a state where the script Phosphorus

appears from a state where the script Hesperus appears, yet both may con-

tain the same information in the sense that somebody using the system may

not care which of the two words (or other possible words, say Vennus) appears

when pointing a telescope. Thus, in a medium we must distinguish between

dynamical states, information-carrying states, and information-carrying states

containing the same information (or simply informational states).

An informational medium is a tripleM = 〈D, IC,F〉where D is a dynamical

system, IC is a collection of disjoint sets of states of D, where we think of the sets
as being the di�erent information-carrying states, and the states in each set as

the possible dynamical states that depict the same information-carrying state.

F is a collection of functions from D to Dthat respect the information-carrying

states�i.e. ∀f ∈ F , if I, J ∈ IC and x, y ∈ Iand f(x) ∈ J , then f(y) ∈ J�and

we think of the functions in F as information-preserving transformations. In

other words, the operations of the functions are such that if the state of the

system changes according to one of the functions, then the system contains the

same information. The orbits7 of the functions in F de�ne an equivalence class

on IC and thereby on the states of D. We call the elemts of the class the

informational states of the medium. We think of the informational states as the

possible di�erent kinds of information that the medium may contain.8

A function f : D → D on the dynamical system that respects the information-

carrying states for a medium M is called an information processing operation

on the medium.9 The information preserving operation in the de�nition of an

informational medium are examples of information processing operations. If an

approprite informational measure is provided, information processing operations

can also be information reducing or information increasing (or both). Whether

they are such depends on what information is contained by the information-

7An orbit of a function is a minimal subset of its domain closed under operations of the
function. Intuitively, an orbit is the collection of points one can reach with the function from
a �xed point. It is clear from this de�nition that the collection of orbits form an equivalence
class on the domain.

8The notion of informational medium can be regarded as a special case of the formal
notion of classi�cation with a set of infomorphisms developed in Barwise and Seligman (1997),
especially the classi�cations based on state spaces. The category theoretic framework of
Barwise and Seligman is unnecessarily abstract for our purpose, where the goal is to isolate
informational media from the dynamical interactions of systems within cognitive agents.

9Here the information processing operation is assumed to be deterministic � it determines
uniquely how a state transforms into another. The de�nitions may be modi�ed to allow
probabilistic operations, where each operation de�nes a conditional probability distribution
for each state to evolve into the others.
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carrying states and how they are related. Because we assume that an infor-

mational medium is a dynamical system, it naturally evolves through time. If

the natural evolution respects the information-carrying states, then we say that

the medium has a canonical information processing operation. Many media are

designed or selected exactly to take advantage of such canonical operations.

For example, computer hardware is designed in such a way that its temporal

dynamics respects the digital states of the memory, and facilitates the �ow of

computation � a special case of an information processing operation on the

states of memory. Because an informational medium usually is a subsystem of

a larger system, its evolution may depend on the state of other subsystems. If

this is the case, the notion of canonical information processing operation may be

extended to canonical set of information processing operations whose members

are context dependent. This can be very useful in cases where one wants to

control the processing operations a medium may engage in. A computer that

interacts with an external system, e.g. user with a keyboard, de�nes such a set.

If the operation is not the result of the natural, unintervened dynamical evolu-

tion, but is produced by an external intervention on the medium, we say that

the processing operation is external.10 When a mathematician is performing

sequential algebraic operation on a set of syntactics expressions, the operations

are external information processing operations.

One example of a medium with information processing operations can be

a system of logic with reasoning operations. The information-carrying states

may be regarded to be sequences of well-founded formulae. Deductive oper-

ations can be regarded as information preserving operations of the medium;

while, inductive operations maybe information reducing or information increas-

ing operations.11 Another example of an informational medium with process-

ing operations can be considered a trained neural network. Setting the in-

put nodes of the network can be regarded as setting the medium in a �xed

dynamical/information-carrying state. The propagation of activation, (or re-

laxation of the network, if it is a more complex network) can be viewed as a

10Strictly speaking, every external operation may be interpreted as a member of the canon-
ical set, if the di�erent contexts are taken to be wide enough. But, for most purposes it is
convenient to make such a distinction.

11For example, enumerative induction or statistical syllogism, where one goes beyond the
date, so to say, may be regarded as operations that increase the information of the system
� in a sense, the uncertainty is reduced. An inference where the data is simpli�ed because
some outliers are regarded as erroneous, can be regarded as information reducing (�ltering)
operation. The same can be said when one utilize regression analysis, whereby a simpli�ed
model is extracted form the data.
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sequence of applications of information processing operations. In many cases,

it is convenient to think of these operations as canonical information preserving

operations on the network, such that the dynamic of the network transforms

the information in a form where the output nodes get �xed in a particular way

based on the initial information set at the input nodes. Note that the operation

of reading the output nodes is not a processing operation as it involves external

to the network media.

IfM1 andM2 are two media, a function m : D1 → D2 from the dynamical

states of one to the dynamical states of the other, that respects the information-

carrying states, is called an information management operation between the two

media. An information management operation can be information preserving,

reducing, or increasing. The similar notions of canonical (set of) information

management operation(s) and external operations can be also de�ned. It is

possible (and interesting) to de�ne management operations that jointly operate

on several media simultaneously, however we will not concentrate on such op-

erations here. Here are few examples of information management operations:

Let one medium be the collection of diagrams of Euclidian geometry. A geo-

metric problem can be solved by manipulation of the diagrams (together with

other nondiagrammatic steps). Another medium, however, can be the collec-

tion of symbolic linear and quadratic equations. The same problem may be

solved using analytic symbolic operations on the equations. A problem can be

converted from diagrammatic form to analytic form. The transformations and

associations involved in the conversion can be viewed as information manage-

ment operations. Note that while there can be easy transformations between the

diagrammatic and analytic media, the processing operations of the media are

quite di�erent, which allows the same problems to be solved with di�erent levels

of complexity and systematicity.12 Often, as we shall see below, management

operations are useful to reformulate the information in a medium that has a

particular advantage in a given desirable property. Another example, this time

more relevant to cognition, is the transformation of information from the visual

system, where an object is identi�ed in virtue of its visual features, to the lan-

guage production system, where the object is identi�ed via a word (a phonetic

or letter representation). We can interpret the neural machinery that performs

12As a personal historical fact, it is the use of selcted traformations between di�erent meta-
matical represntation of a given problem, selected becaue of their capsity so simplfy sutain
featurs of a problem, that lead me to thinks about representaonal networks as mekanisms
for problem solving. I generalised to informational networks when I realised that strategy is
sentral for cogition in general.
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the transformation as implementing an information management operation.

Finally, an informational network is a collection of informational media

{Mi}i∈α, each with a collection of processing operations {Pi}i∈α, and with

various information management operations de�ned among the media.13

2.2 Dual nature of informational media

An informational medium is, after all, just a dynamical subsystem of a larger

system. As such, it is a�ected by other systems and it can a�ect other sys-

tems. Loosely, we can say that an informational medium participates in the

causal happenings of its world. Every informational medium, thus, has a dual

nature: it has informational nature, qua an informational medium, and it has

causal/dynamical nature, qua an open dynamical system. The interesting ques-

tion is related to how these two natures interact. Of course, the informational

nature is facilitated by the dynamical base, but it is a separate question how the

information contained and processed by the medium is e�ected and e�ect the

causal/dynamical interactions of the medium. There are two important ways

the informational and causal natures interact: (1) An external system S may

be causally correlated with the medium in a way that the information-carrying

states become correlated (possibly probabilistically) with some of the (possibly

macroscopic) states of S. In this case one can think of S as the source of the

information, and of the information as being, in a sense (not to be analyzed

here), about S. We say that there exist an informational connection between

the medium and S.14 (2) An external system C may be e�ected by the medium

in a way that it is coordinated with the information contained by the medium.

For many informational states there may be particular dynamical states that

have appropriate causal e�ects on C. For example, the informational states may

control the movement of the head of a printer. Ultimately, as it was suggested

in the introduction, it is this kind of systematic participation of the medium

in the causal/dynamical world- coupling with other systems, and utilizing that

coupling for external control-that make the notion of information both available

and theoretically useful.

13A more accurate name would be informational media network, however, the name is
unneccesarily long.

14If S is itself a medium, the connection may de�ne a management operation. S, however,
need not be a medium.
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2.3 Characteristics of informational media

The dual nature of informational media and the roles they can play in an in-

formational network provide several dimensions of properties of the media. A

medium can be evaluated according to: (1) its ability to enter in an appropriate

and su�ciently rich informational connection with a source; (2) its ability to

have desirable causal consequences; (3) its ability to contain detailed informa-

tion; (4) its ability to process the information appropriately; (5) its ability to

enter in appropriate management operations (5a) from it, and (5b) to it. Di�er-

ent media may excel in only some of these dimensions. Some media may be good

at coordinating naturally with an informational source (let us call these sensing

media), however, they may not be able to process the information appropriately

(computing media), or be able to utilize it well (active media). Other media

may excel at processing or utilization. In order for a control system to act well,

it may need to (e.g.) convert the information, via some sequence of management

operations, to a computing and then to an active medium. What if the sensing

and the computing media do not share the same �language�, i.e. there is no

direct information management operation from one to the other? There may

need to be a translator or transducer of some sort in between-a medium that is

good at communicating with both (or more in between). This is only a small

sample of possible roles for a medium within an informational network. The

notion of informational network is interesting, especially for cognition, exactly

because it allows us to model integration and coordination of skill speci�c sys-

tems that can accomplish a complex task via a distributed e�ort. We examine

the application of informational networks to cognitive systems next.

3 Cognitive Systems as Informational Networks

All cognitive agents are, essentially, informational networks whose organization

and dynamical interaction with the environment facilitates various informational

media to be coordinated with some informational sources in the environment,

these media (in the simplest case, the sensory surface) participate in various

processing operations, management operations with other (internal) media, and

causal e�ects that, in the course of the natural dynamics of the systems, produce

the agent's behavior. The complexities of cognition are the complexities and

intricacies of the informational network and its utilization (including, in more

advance systems, utilization that modi�es the informational properties of the
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media, or even generates novel media and integrates them into the network).

3.1 Finding the right candidate for the job

Viewing a cognitive system as an informational network puts upfront the idea

that cognition is achieved by careful integration of dynamical systems with var-

ious and varied skills. Historically, theoretical approaches to cognition have

attempted to propose uni�ed, single medium architectural frameworks. The

information network approach instead allows for many distinct, multiskilled

media. Instead of searching for the one super job candidate to implement all

cognitive capacities, it searches (or allows the search for) a carefully tuned col-

lection of limited skill candidates that can work together. A signi�cant part of

the approach consists of characterizing the various general job descriptions that

media may need to �ll in the network of an active cognitive agent.

3.1.1 Informational connection with a source

It is important that the human eye has 105 million photoreceptors to be able to

channel information about the world; if it had 1000 it would have been a poor

medium. Floppy disks are getting obsolete because the limit they place on size

of the �les is unacceptable for many modern applications of �les. Information

carrying potential is useless unless it can be connected to the appropriate source.

The eyes work well as eyes because they contain photoreceptors. The medium

of photoreceptors works as an information medium on its location because it

is naturally sensitive to the mechanism that transmits information from the

external objects.

In some cases however, a medium is too valuable for other reasons to be

scraped simply because it does not connect to the source naturally, i.e. as a

result of the underlying dynamics of the system. If this is the case, one has a

natural solution: one needs an intermediary medium to �translate� the infor-

mation. The brain works primarily with the transmission of electric signals.

Whatever the eye does, it better spit electric signals. The photoreceptors, un-

fortunately, cannot �re action potential. Due to their unique ability, they are

forgiven if they spit something else�they spit (less) glutamate. The compromise

is: add an intermediary level�something that can read glutamate and trans-

late into action potentials. This is what happens in the eye. The translation is

performed by the bipolar and ganglion (and other) cells.
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Some media are easier to accommodate than others. Some are very adapted

to particular informational structure; others are capable of carrying more generic

information. Some media always need an intermediary to engage in an informa-

tional connection. Such media are �iexible as to what informational connections

they enter. They are content �exible. Computer �les, for example, are �exible

in this sense: �les can be associated with an unlimited collection of sources.

Symbolic media in general are examples of content �exible media.

3.1.2 Information processing skills

Some media can do a lot with the information that they contain and others can

merely hold it. Some media are very e�cient at what they do, others take a lot

of time and e�ort to do simple things. A universal Turing machine is extremely

good at doing many things with its states. It is a medium that specializes

in processing. A �le, on the other hand, cannot do anything; it only stores

information.

Even though a universal Turing machine can do a lot, it does it extremely

ine�ciently. A fairly simple processing task can take enormous number of trans-

formations. A neural network, on the other hand, processes information very

e�ciently�often, independently of the complexity of the input. It, however,

can do only one task.

Processing power and e�ciency are not the only characteristics of an in-

formation processing system. These characteristics deal with what happens

when everything is right, when the medium has gotten �good information�, so

to speak. A cognitive system must be able to work in less than perfect condi-

tions. Processing is not valuable by itself. It is valuable because it allows the

appropriate utilization of the medium. Can the medium maintain utilizability in

less than perfect conditions? Often symbolic media can be extremely sensitive

to small modi�cations to the input (unless the systems incorporates su�cient

redundancy in the informational states; this is what happens with natural lan-

guage). A deductive system usually fails completely if the input is modi�ed.

Such systems exhibit extremely low rigidity. Some media, on the other hand,

can obtain partial success (and even recover) when the input is incomplete or

vague. Neural networks, for example, are capable of working with incomplete

inputs and obtain reasonable results. They exhibit graceful degradation. It is

clear that for situated cognitive agents media exhibiting graceful degradation

would be invaluable.
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3.1.3 Informational/Causal coordination skills

Real cognitive agents need to do stu� with the information they gather�the

informational network must facilitate e�ective actions. Somewhere along the

information path there must be places where �words turn into action�. Whether

it is turning bits into movement of the printer head, or moving a muscle, some-

where a medium coordinates the informational state with a cause. Every infor-

mational control system requires media that are especially formulated to interact

with the system that is controlled in purely dynamical term�active media.

Media that connect information to causes are least free in their design param-

eters. They place the strongest constraints on the design of the informational

network. Everything else is an adaptation to allow these media to be service-

able via the manipulation of the information. It is these media that, ultimately,

shape the structure of the informational states within the entire system.

Some media, however, especially some that we operate with, appear not to

be rigidly connected to the causal e�ects that they portray to have. When we

think about actions, for example, it seems as if the very content of the thought

is the causal consequence of the medium entertaining the �thought�. Clearly,

having media that have the capacity to process information related to the causal

consequence of the informational network is not the same thing as engaging in

the action itself�there is a di�erence between an action and a �representation�

of an action. Nevertheless, the fact that it is possible for the system to regard

actions as processable informational states and then materialize them�i.e. gen-

erate causal consequences that are results (in part) of informational state that

track the very consequences�suggest the existence of media that can be �exibly

utilizable. It would be a mistake to think that such �exibly utilizable media are

themselves the media, qua dynamical systems, that coordinate the information

with the causal consequences. The �exibly utilizable media are not media that

can do many things. Instead, they are media that, in virtue of their position

in the informational network, can be coordinated �exibly to the informational

states of various active media.

3.1.4 Information management skills

Media can have one of two uses (or both): they can be used as active media,

or they can be used as sources of information. If a medium is not active,

its role must be to make information available to other media�to engage in

management transformations, and also sometimes to act as a novel source.
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Management is a form of informational coordination between media that

usually depends on the nature of the global dynamical system within which the

network is implemented. Thus, in order for the information of one medium

to become available to another, the �rst must be able to enter in the correct

dynamical states that a�ect the appropriate informational state of the second,

receiver medium. If a receiver medium is only sensitive to light, the source

may shout all it wants, it will not be able to communicate with the receiver. It

would be a design requirement for any medium that must communicate with the

receiver that it must be able to enter in dynamical states that emits or re�ect

light in the appropriate form.

Management transformations don't serve only to transfer �message� between

media. The dynamics that facilitates the informational connection may �mod-

ify� the information. It may introduce selective loss of information in order to

simplify the work of successive media or to improve the coordination to a re-

mote source by eliminating unnecessary complexity or noise introduced by the

intermediary media. It may also increase the complexity of the informational

states in a productive way, etc. All of these capacities of management transfor-

mations require the appropriate involvement of the participating media. The

media must be able to provide the information in the appropriate way that the

transformations do their job correctly.

Similar to processing, management operations must be evaluated according

to how rigid the connection is. This is especially important, for example, in

coding schemata. Media acting as intermediary between other media often can

be described as coders or decoders. We can think of the structure of the coding

system as the capacity of the medium to engage in management. An important

necessary component of that capacity is the code to be �understandable� by the

receiver, but there are other important characteristics of the coding systems.

One is how sensitive the code is to noise�random modi�cations introduced

by the transformation. Noise is overcome by introduction of redundancy in

the coding system. Some of the most important results of Information Theory

relate to such problems. We can view the existence of a coding system with

a particular type of redundancy mechanism as a property of the medium to

engage in management transformations with certain level of rigidity.
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