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1. INTRODUCTION 

 Howard Pattee has championed the term “epistemic cut” 

to describe the symbol-matter, subject-object, genotype-

phenotype distinction [1-8]. An unavoidable gulf exists be-

tween knowledge and the physical objects of that knowledge 

[3], between description and the thing being described [9], 

between measurement and the physical state being measured 

[10], and between genotype and phenotype [3, 10-14]. Pat-

tee’s epistemic cut separates description from construction, 

simulation from realization, mind from brain, and the irre-

versible process of measuring initial conditions from re-

versible physicodynamic laws. The epistemic cut is related 

to the measurement problem of quantum physics [15-18]. 

Rosen also dealt with the problem of drawing a boundary 

between subject and object [19]. The epistemic cut is the 

demarcation between a physical system and its model [8]. 

Von Neumann said “ . . .we must always divide the world 

into two parts, the one being the observed system, the other 

the observer.” [20, ch. 6] 

 Given the boundary that exists between a physical system 

and its model, semantic closure must occur between the epis-

temological descriptions of initial conditions and physical 

dynamics itself [5, 7, 21, 22]. Matter is seen as having both 

physical and symbolic aspects of its own. Causal loops  
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within the system are believed to create semantic self-

reference [23, 24]. Many artificial intelligence specialists see 

complex systems as being rich in self-referents. 

 Semantic closure is seen as a requirement for autonomy. 

Matter must take on symbolic attributes in a material symbol 

system (MSS) for evolution to be possible [15]. A system 

with closed causal loops and self-reference is thought to de-

fine its own identity in the process of self-replication [25, 

26]. Semantics and pragmatics must be conjoined with syn-

tax to form a non fragmentable closure. Syntax alone is seen 

as inadequate to describe complex autonomous systems be-

cause it provides no basis for a system’s closed causal loops 

and self-reference. 

 Robert Rosen [27], Luis Rocha Rocha [26, 28], Jon 

Umerez [21], and others have made contributions to the no-

tion of semantic closure. Rocha in particular has expounded 

on semantic closure, referring to it as semiotic closure [29-

33]. “Semiotic” is a more inclusive term that better embodies 

the synthesis of syntax, semantics, and pragmatics [34]. Pat-

tee has agreed with Rocha on this expansion of meaning 

[35]. 

 Crucial to understanding semiotic closure is the principle 

of Complementarity between semiotics and physicality [1, 7, 

36-38]. Complementarity is necessary to create a relational 

framework and self-referential whole: 

 “Complementarity is an epistemological principle de-

rived from the subject-object or observer-system dichotomy, 

where each side requires a separate mode of description that 

is formally incompatible with and irreducible to the other, 

and where one mode of description alone does not provide 

comprehensive explanatory power.” [38, pg. 191] 

 But Pattee’s original description of complementarity ac-

knowledges the need for formal contributions to the science 
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of physics. Physics is the study of matter, energy, and the 

physicodynamic relationships between the two. But those 

relationships are formally defined and predicted. By “for-

mal” we are referring to abstract, conceptual, mathematical, 

logical, deductive, enterprises of mind. Such logic systems 

with their deductive rules (rather than physicodynamic 

“laws”) have traditionally been viewed as non physical. 

Measurements, for example, are formal representations of 

initial conditions, not the initial conditions themselves. Phys-

ics consists primarily of mathematical deductions flowing 

from unproven axioms. The need for non-physical formal-

isms exists in physics and the scientific method itself even 

prior to the introduction of the informational concerns of 

biology. 

 How are formal mathematical equations able to reliably 

predict physical interactions? We count on such predictions 

every day in the practice of physics. If formal mathematical 

structure did not in a sense “control” physical interactions, 

we would not be able to land a rover on Mars years after 

blast-off on earth. While we might like to limit the problem 

of prescriptive information and control to biology, in truth 

formalism governs physicality in both physics and biology. 

We find not only living things, but inanimate physicodynam-

ics in a rational context conforming to abstract mathematical 

deductive logic. In addition, we have not faired well in our 

relentless quest to reduce mind to physical brain. 

 The subject/object, symbol/matter, observer/system, 

genotype/phenotype gap would have to be closed to achieve 

the full philosophic naturalization of science. Exactly how 

semantic closure can be accomplished in the absence of in-

tentionality has never been fully clarified. Examples of spon-

taneous semiotic closure in the inanimate “real world” are 

also sorely lacking. While Pattee and Rosen never denied the 

existence of intentionality, prescription, control and creativ-

ity, neither investigator has succeeded in explaining the deri-

vation of these phenomena from physicality itself. The major 

challenge to naturalistic science is to elucidate how cause 

and effect physicodynamics (including heat agitation and 

quantum uncertainty) could have generated intentionality. 

 Three pressing questions are of immediate interest here: 

1) What are the necessary and sufficient conditions for 

turning physicodynamics into design, engineering, 

and computational feats? 

2) How did inanimate nature give rise to a formally-

directed, linear, digital, semiotic and cybernetic life? 

3) How does non physical mind arise out of physicality 

to then establish control over that physicality? 

2. THE CYBERNETIC CUT 

 Both the practice of physics and biology require travers-

ing not only an epistemic cut, but a Cybernetic Cut. The Cy-

bernetic Cut is an extension of physicist Howard Pattee’s 

Epistemic Cut, Complementarity, and Semiotic Closure. 

Pattee’s insights needed further development into a larger 

more inclusive concept. The Cybernetic Cut defines one of 

the most fundamental dichotomies of reality. The law-like 

orderliness of nature along with the seeming chance contin-

gency of heat agitation and stochastic quantum reality lie on 

one side of the divide. On the other side of this ravine lies 

the ability to choose with intent what aspects of being will be 

preferred, pursued, selected, rearranged, integrated, orga-

nized, preserved, and used. Thus the Cybernetic Cut goes 

well beyond mere knowledge, description, and measurement. 

The Cybernetic Cut explains how and where formal controls 

arise and penetrate the physical sphere to seize arbitrary gov-

ernance of physicodynamics. This is the realm of prescrip-

tion of formal function. Traversing the Cybernetic Cut af-

fords engineering-like ability to organize abstract concepts 

and to instantiate those concepts into physical reality. The far 

side of the Cybernetic Cut is both instructive and creative. It 

is controlling and managerial. The Cybernetic Cut must be 

crossed to program computational halting into any form of 

physical hardware. To prescribe, instruct or program formal 

utility is to traverse The Cybernetic Cut. 

 Traversing the Cybernetic Cut first requires contingency. 

Contingency means that events could happen in multiple 

ways, or could have happened in a way different from what 

occurred under the same physicodynamic constraints. But 

there are two kinds of contingency: chance contingency and 

choice contingency. Chance contingency is what we seem to 

observe in statistically describable quantum events and in the 

molecular collisions of heat agitation. In the latter, uncer-

tainty is high as to what will happen despite known causal 

chains. Most theorists attempt to reduce chance contingency 

to unknown and/or complex causation as summarized by 

Peale [39]. Thus chance contingency may be only “appar-

ent.” In any case, no deliberate selection from among op-

tions occurs with chance contingency. 

 Choice contingency, on the other hand, involves purpose-

ful selection from among real options. Unlike chance contin-

gency, with choice contingency an internalized goal moti-

vates each selection [40-42]. The bifurcation points found in 

the simplest binary system of choice contingency are bona 

fide decision nodes. Crossing the Cybernetic cut requires the 

ability to purposefully steer through successive bifurcation 

points down a path toward a desired goal. When purpose, 

goal, and intent are removed from “choices,” the practical 

capabilities of decision nodes, logic gates, configurable 

switch-settings, and circuits immediately deteriorate. Integra-

tion breaks down with as much reliability as 2
nd

 Law tenden-

cies. The system becomes analogous to random number gen-

eration rather than computation. Bifurcation points, in the 

absence of the intentional choice that would convert them to 

true decision nodes, consistently fail to generate sophisti-

cated utility. In symbol systems, the randomization of sym-

bols and denial of intentional symbol selection quickly leads 

to the loss of even rudimentary meaning and function. 

 The capabilities of chance contingency are often greatly 

inflated. The literature is replete with examples of the capa-

bilities of Markov processes, for example. But we often fail 

to critically analyze the investigator involvement that goes 

into such experimental designs. Lewontin and Levins [43] 

make several good points in this regard: 

 “Although it is often claimed that statistical techniques 

are ways of letting the objective data speak for themselves, 
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in both the contrast and correlational modes of statistical 

inference, all the real work is done by the a priori decisions 

imported into the analysis--which categories are to be used 

to create contrasting populations, which categories are to be 

measured, which categories are to be held constant while 

others are compared, and which is cause and which is ef-

fect?” [43]. 

 Formalism cannot be reduced to mathematics alone. 

Formalism also includes language constructions, the symbol 

and sign systems of semiosis, decision theory, non mathe-

matical logic theory, computer science, the larger field of 

cybernetics (the study of control), and many other fields that 

depend upon choice contingency rather than chance contin-

gency or necessity. In evolution theory we substitute selec-

tion pressure for choice contingency. But the bottom line of 

crossing the Cybernetic Cut is still selection of the fittest 

from among real options. 

 Nontrivial formal systems have never been observed to 

arise from “coin flips” at successive bifurcation points. Deci-

sion nodes must be true to their descriptive name. If guesses 

are made at decision nodes, both reason and empirical expe-

rience teach us that little or no utility will be generated. Wise 

choices must be made with intent to achieve logical, cyber-

netic, computational, and linguistic function. “Garbage in, 

garbage out,” programmers quip. The criterion of wise 

choices from among real options is incorporated into the 

generation of any kind of nontrivial organized system. Algo-

rithmic and computational processes traverse the chasm be-

tween formalism and physicality. Appreciating the Cyber-

netic Cut is the key to understanding the instantiation of any 

type of formal creativity and engineering success into physi-

cality. 

 Thus the Cybernetic Cut extends far beyond Pattee’s 

epistemic cut to address two major areas: 1) the gulf or 

chasm between formal purposeful choices and a materialistic 

world limited to chance and/or necessity, and 2) crossing that 

great divide through the instantiation of deliberate choices 

into physicality to achieve algorithmic utility in the material 

world. The latter constitute much more than mere con-

straints. They are controls. The difference between con-

straints and controls is explained in Section 3 below. The 

Cybernetic Cut manifests engineering-like ability to organize 

abstract concepts and to instantiate those concepts into 

physical reality. Traversing the Cybernetic Cut is instructive, 

prescriptive, and creative. It is controlling and managerial. 

 The Cybernetic Cut can be clearly observed in innumer-

able examples of formal controls of physicality. Pattee’s 

excellent description, measurement, and complementarity 

points do not fully explain this phenomenon. Table 1 shows 

the difference between Pattee’s description-based Epistemic 

Cut and its extension to a much more inclusive prescription-

based Cybernetic Cut. Table 2 shows the difference between 

physicality and those aspects of reality that traverse the Cy-

bernetic Cut into the sphere of functional and pragmatic con-

trols. 

 The term “self-organization” is unfortunately in wide-

spread use in the literature. The terms “organization” and  

 

Table 1. The Difference Between Pattee’s Description-Based 

Epistemic Cut and it’s Extension to a Much More 

Inclusive Prescription-Based Cybernetic Cut 

 

The Epistemic Cut The Cybernetic Cut 

Knowledge based Decision-node based 

Constraint based  Control based 

Description based Prescription based 

Measurements taken of existing 

constraints 
Constraints are deliberately chosen 

Uses laws Uses rules 

Learns Instructs 

End-user based Programmer based 

Non creative Creative 

Cause and effect Choice with intent steers the path 

Observational “Makes things happen” 

Self-ordering events Organizational 

Describes causal chains of  

“necessity” 
Optimization of genetic algorithms 

No choices required Requires choice with intent 

Uses existing laws of motion  Programs configurable switches 

Reads semantic information Writes prescriptive information 

Follows orders Managerial 

 

“self-ordering” should not be confused [44, 45]. No empiri-

cal evidence exists of unaided algorithmic self-optimization 

or spontaneous true self-organization [46]. Bona fide organi-

zation requires decision nodes, choice contingency, and pur-

poseful algorithmic optimization [46]. Self-ordering phe-

nomena are simple and redundant. Organized phenomena are 

typically informationally and cybernetically complex, not 

just combinatorially complex. They are prescriptively com-

plex and programmatically highly optimized. Prescriptive 

complexity typically requires choice contingency with inten-

tionality at bona fide decision nodes. The null hypothesis we 

seek to falsify is this: “Any form of nontrivial organization 

traverses the Cybernetic Cut, requiring choices with intent to 

explain.” 

 Single-celled organisms seem to make true choices (e.g., 

approach/avoidance to food sources and noxious stimuli) 

even though they lack physical brains and formal minds. 

However at this simple level, such “choices” could easily be 

pre-programmed (as with robots and AI) by their genetic 

instructions and various pre-existing epigenetic control 

mechanisms. We would not attribute “mind” to a robot or 

bacterium even though they seem to make choices. Prepro-

gramming does not require true choices by the robot or bac-

teria. But the question is, how were bacteria pre-programmed 

to approach food or avoid noxious stimuli? Typically the 

environment gets the credit for control. But environmental 

fluctuations do not constitute control. The control mecha-

nisms lie within the cell, and wisely respond to any envi-

ronmental eventuality. 
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Table 2. The Difference Between Physicality and those As-

pects of Reality that Traverse the Cybernetic Cut 

into the Sphere of Functional and Pragmatic Con-

trols 

 

Physicodynamics Traversing the Cybernetic Cut 

Physical Nonphysical & Formal 

Incapable of making decisions Decision-node based 

Constraint based  Control based 

Natural-process based Formal prescription based 

Constraints just “happen” Constraints are deliberately chosen 

Forced by laws & Brownian 

movement 

Writes and voluntarily uses formal 

rules 

Incapable of learning Learns and instructs 

Product of cause-and-effect chain  Programmer produced 

Determined by inflexible law Directed by choice with intent  

Blind to practical function Makes functional things happen 

Self-ordering physicodynamics Formally organizational 

Chance and necessity Optimization of genetic algorithms 

No autonomy Autonomy 

Inanimacy cannot program algo-

rithms  

Programs configurable switches 

Oblivious to prescriptive infor-

mation 

Writes prescriptive information 

Blind to efficiency Managerially efficient 

Non creative Creative 

Values and pursues nothing Values and pursues utility 

 

 We are hard put to provide empirical evidence or refer-

ences showing how programming can be accomplished 

without intentional choices of mind (crossing The Cyber-

netic Cut). It is only our materialistic metaphysical commit-

ments that make this fact difficult to acknowledge, not any-

thing scientific. What we repeatedly observe is that cybernet-

ics is accomplished through bona fide decision nodes, highly 

specific logic gate configurations and intentional configur-

able switch settings that integrate circuits and achieve formal 

computational halting. 

 Abel has championed the term Prescriptive Information 

(PI) to reduce confusion in the literature and to specify the 

more intuitive, semantic, instructive, algorithmic, and cyber-

netic sense of “information” [44, 47-51]. The formal compo-

nent of prescriptive information (PI) must be appreciated 

[44, 45, 47, 52]. Objects that are physicodynamically coher-

ent with their environment cannot possibly achieve bona fide 

organization. The natural inanimate environment does not 

contain sufficient PI to generate nontrivial organization [47]. 

Only highly informational life has ever been observed to 

generate holistic formal integration of components. No 

autonomous agent has ever been observed to arise from in-

animate physicodynamic determinism. Choice contingency 

at physicodynamically indeterminate logic gates is the key to 

achieving both PI and organization of any kind [47]. In addi-

tion to differentiating mere combinatorial probabilism from 

prescriptive information, Shannon uncertainty and mutual 

entropy must not be confused with the Boltzmann thermody-

namic entropy of statistical mechanics. The distinction is 

well defined in the literature [46 Secs 2.1 and 5, 53]. 

3. PHYSICODYNAMICALLY INDETERMINATE 
CONFIGURABLE SWITCHES 

 A unique situation must obtain within any physical sys-

tem to allow the introduction of formal controls. By controls, 

we do not mean mere constraints. Constraints manifest no 

deliberate directionality or purpose. Constraints occur as the 

result of prior cause-and-effect determinism. Such cause-

and-effect chains are oblivious to pragmatic goals. Even evo-

lution has no goal [54-57]. Constraints limit potential free-

dom indiscriminately with regard to function. Constraints 

exist in the form of unselected initial conditions and fixed 

low-informational laws. Constraints are thus utterly indiffer-

ent to utility. Controls, on the other hand, steer events toward 

formal goals such as computational halting, logically sound 

syllogisms, linguistic communication, and utilitarian physi-

cal constructions via wise design and engineering decisions. 

 Constraints can permit some degree of chance-

contingency freedom. But controls always manifest the exer-

cise of deliberate selection for function from within that 

freedom. We have seen that the opportunity to choose with 

intent from among real options (choice contingency) is re-

quired in order to leap over the divide known as the Cyber-

netic Cut. But how can this freedom of purposeful selection 

get instantiated into a physical world of cause-and-effect 

determinism? To incorporate choice contingency into physi-

cality requires a device with a unique property. We call this 

device a configurable switch. Configurable switches are 

physical devices that can register into physicality, and physi-

cally utilize, the nonphysical formal choices of mind. The 

necessary and sufficient conditions to traverse the Cyber-

netic Cut are 1) the dynamically-inert configurable switch 

[25, 28] and 2) the choice contingency required to set it. 

 Purposeful decision-node selections and algorithmic op-

timizations find no explanation in the mere chance and ne-

cessity of physicodynamics. Configurable switches can be 

set randomly, but no empirical evidence, rational support, 

nor prediction fulfillments have demonstrated the generation 

of computational halting via random switch-settings. No 

factual basis in science exists for attributing increasing com-

putational proficiency or organizational prowess to stochas-

tic ensembles or natural processes. “Drunken walks,” if they 

lead to sophisticated function, can invariably be shown to 

have investigator involvement steering the process from be-

hind the scenes. The usual modus operandi is found in the 

deliberate selection of sequential iterations. Neither Markov 

processes nor random number generators have ever been 

observed to generate functional programs and computational 

halting apart from this hidden experimenter steering. “Evolu-

tionary algorithms” can be shown from Materials and Meth-

ods to example nothing more than “directed evolution.” Di-

rected evolution, a self-contradictory nonsense term, is 

achieved through artificial selection, not natural selection. 
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 Genetic algorithms begin with a population of potential 

“solutions.” Solutions are not physical entities. They are 

formalisms that inherently incorporate a quest for superior 

utility. In addition, the optimization process of any genetic 

algorithm requires intentionality to select for maximum 

functional efficiency. Thus, both the pool of potential solu-

tions themselves and algorithmic optimization (narrowing 

down the list of potential solutions to arrive at the fittest so-

lution) require traversing The Cybernetic Cut. 

 Mere connections in Stuart Kauffman’s “buttons and 

strings” model [58] and in neural nets do not explain integra-

tion of circuits so as to organize and accomplish formal 

pragmatic goals. Physical interactions must be formally 

steered to achieve sophisticated function and computational 

halting. Empirically, choice contingency seems to be in-

variably associated with mind and agency. The reader is 

challenged to provide a single example of Artificial Intelli-

gence arising spontaneously from inanimate nature. In every 

published generation of AI with which the author is familiar, 

AI has been programmed by human intentional choice con-

tingency at bona fide “decision nodes.” 

 The naturalistic scientific community, and complexity 

theorists in particular, should collectively pursue falsification 

of the following null hypothesis: “Spontaneous nontrivial 

algorithmic optimization is never observed in nature apart 

from either 1) already existing biological prescriptive infor-

mation, or 2) investigator involvement in experimental de-

sign.” Falsification of this null hypothesis could be achieved 

with a single exception. But great care must be taken to ex-

pose hidden artificial controls. Such artificial controls are 

frequently programmed into supposed evolutionary software 

(e.g., the embarrassing “target phrase” naively incorporated 

into Richard Dawkin’s “evolutionary” program [59].) It is 

widely published that “evolution has no goal.” If an evolu-

tionary experiment is “directed,” how could it possibly be 

evolutionary? If the process is truly evolutionary, it cannot 

be deliberately directed toward a goal. When an experi-

menter directs or steers a supposed “evolutionary algorithm,” 

that experiment constitutes artificial selection, not natural 

selection, the same as dog breeding. 

 The term “evolutionary algorithm” is equally self-

contradictory. An algorithm is a step-by-step process or pro-

cedure for solving a computational problem. Algorithms are 

formal enterprises requiring optimization. To optimize re-

quires goals and intentionality. By definition, evolution can-

not pursue goal-oriented procedures. Evolution is not a pro-

grammer of linear digital instructions and code. Natural se-

lection provides no mechanism for the practice of formal 

representationalism at the genetic level using a symbol sys-

tem. Selection pressure cannot employ a Hamming “block 

code” of triplet codons to signify each amino acid. Evolution 

is after-the-fact differential survival and reproduction of al-

ready-living phenotypic organisms. The fittest organisms 

survive and reproduce best. Less fit living organisms and 

populations tend to die out faster. Nothing in NeoDarwinian-

ism or punctuated equilibrium theory explains the initial 

programming of linear digital prescriptive information. 

 Programmed events and processes leading to sophisti-

cated function are steered by decision-node choice commit-

ments. Even analog and index systems require formal 

choices to implement. Choices made with intent can become 

causes of physical effects [42, 60]. These causes originate in 

a purely formal world, but enter into the physical world via 

specific configurable switch settings to become physicody-

namic causes. We call this realization of formal control over 

physicodynamic causation the instantiation of formalism 

into physicality. Configurable switches must be specifically 

designed and engineered to open or close purely by formal 

choice, independent of any physicodynamic determinants. Of 

course a force must be applied to set the switch. But the 

question is “Which particular setting?” Whether the binary 

switch knob on a horizontal switch board is pushed to the 

right or to the left cannot be addressed by physicodynamics. 

The law of gravity, for example, acts equally on either op-

tion. 

 Configurable switches must be specifically designed to 

be “dynamically inert” [7, 21, 25] with respect to their cy-

bernetic function. Rocha sometimes calls this “dynamic dis-

continuity.” The very reason configurable switches are con-

figurable is that their setting is not determined by physi-

codynamic cause-and-effect. Switch settings are set only by 

free-will selections from among real options. No laws are 

broken. But the laws of physics cannot explain what config-

urable switch-settings accomplish (e.g., integrated circuits, 

formal computations by physical computers). 

 The formally determined course of flow of energy 

through these physical devices produces an organized (not 

merely physicodynamically ordered or constrained) physical 

output. This formal organization is alone what makes possi-

ble local pockets of temporary entropy evasion and seeming 

entropy reversal. The highly ordered dissipative structures of 

Prigogine achieve no such local evasions of the Second Law. 

But by formal programming and design, otherwise useless 

energy can be transduced by engineered mechanisms into 

usable energy. Entropy is shifted from the local to the larger 

peripheral environment. The algorithmic organization that 

achieves this is not physically derived. Such organization is 

always formal and decision-node based. Non physical pre-

scriptive information is required. 

 Weber attempts to summarize the contrast between men-

tal causation and indeterminism while dealing with the mind-

body problem [61]. Thus far, very little progress has been 

made in trying to reduce mind to physical brain. The primary 

reason is the inability of chance and necessity models to 

generate and explain the phenomenon of steering events to-

ward nontrivial utility. 

4. RULES, NOT LAWS 

 In language and operating systems, choices of alphanu-

meric characters are controlled by the arbitrary rule conven-

tions of that language. An example would be the high fre-

quency of occurrence of the letter “u” after the letter “q” in 

English. Such arbitrary rule controls must never be confused 

with the physicodynamic law constraints of physicality. No 

law of nature forces u’s to follow q’s. The sequencing of 



The Cybernetic Cut The Open Cybernetics and Systemics Journal, 2008, Volume 2    239 

letters in language is arbitrary. The formal rule could be bro-

ken if desired, but only at the expense of efficient communi-

cation of meaning in that language. Utility and efficiency 

would be compromised due to loss of communication. But 

no law of motion would be violated if we changed our arbi-

trary linguistic convention (rule). The letters on this page are 

physical. But their sequencing and function are formal, not 

physical. They function as physical symbol vehicles in a 

formally generated material symbol system [62, pg. 262]. 

 Traversing the Cybernetic Cut is governed by arbitrarily 

written rules, not by inescapable physicodynamic laws. The 

word “arbitrary” is often confused with “random.” In a cy-

bernetic context, arbitrary refers to choice contingency in the 

sense that no selection is constrained by cause-and-effect 

determinism. Neither is it forced by external formal controls. 

The choice at any decision node is uncoerced by necessity. 

But it is not just contingent (could occur in multiple ways 

despite the orderliness described by the laws of physics). 

Any of the switch options, or any member of a finite alpha-

bet, can be deliberately selected. The chooser has complete 

freedom of choice with intent without constraint. The 

weighted means of Shannon uncertainty cannot explain the 

deliberate choice required for semiosis, for example. The 

door is opened to formalism because the mind is free to 

choose any physical option with purpose. 

 No such freedom exists in any law-determined system. 

Laws constrain; they do not control. To control is to steer. 

Where there is no freedom of choice, steering is not possible. 

Laws describe an orderliness that forces outcomes. This is 

the very reason we are able to predict outcomes in physics. 

Laws produce order, not organization. Organization is for-

mal and choice-based. Little flexibility other than heat agita-

tion and the complexity of interacting causes exist to pro-

duce chance contingency in inanimate nature. But such con-

tingency never generates choice with intent, formal computa-

tional success, engineering prowess, or true organization. 

The laws and constraints of inanimate nature operate with-

out regard to pragmatic goals [57, 63-65]. To look to laws 

(especially to “yet-to-be discovered” imagined laws) as an 

explanation for the derivation of formal controls of physical-

ity is not only empirically unfounded, it is logically falla-

cious (a category error). No law can produce algorithmic 

organization. Table 2 shows the difference between inani-

mate physicality and those aspects of reality that traverse the 

Cybernetic Cut into the sphere of functional and pragmatic 

controls. 

 No laws of physics are violated in the programming of 

configurable switches. Yet the effects of the particular func-

tional settings of these configurable switches cannot be re-

duced to laws and constraints. Their functionality stems di-

rectly from their formally chosen settings. This constitutes 

the only known mechanism of bona fide controls. Configur-

able switches are the key to escaping the bounds of low-

informational (highly constrained and ordered) physicody-

namics to soar into unlimited formal creativity. Program-

matically set configurable switches are also the key to ex-

ceeding the relative pragmatic uselessness of chance contin-

gency. 

5. EVIDENCE THAT THE CYBERNETIC CUT HAS 
BEEN TRAVERSED 

 As with the “laws” of physics and other axiomatic prin-

ciples of science, epistemological certainty that the Cyber-

netic Cut has been bridged may not always be attainable. But 

the total of human experience leaves us with no rational jus-

tification for attributing formal nontrivial computation and 

algorithmic optimization to inanimate physicodynamics. The 

purposeful setting of a single physical configurable switch 

constitutes traversing the Cybernetic Cut by definition. This 

is not only the point of contact between formalism and 

physicality; it is the point of governance of physicality by 

formalism. Empirical evidence of nontrivial formal causation 

usually requires multiple cooperative switch-settings, as in 

integrated circuits. If we know that we have deliberately set a 

single switch with a goal in mind, we have sufficient justifi-

cation to consider the selection formal rather than physi-

codynamic. But in most cases, we may be limited to highly 

plausible belief in past-tense formal causation. Plausibility is 

established in the absence of any known natural force causa-

tion of formal function. Such a force regularity (especially an 

imagined yet-to-be-discovered law) would tend to set all 

configurable switches the same way. The combinatorial un-

certainty so necessary in any physical matrix for information 

retention would be precluded. Monod’s necessity cannot 

generate highly informational physical matrices. 

 Plausibility of belief that the Cybernetic Cut has been 

crossed also exists when the probability bounds of chance 

contingency are exceeded. Statistical prohibitiveness cannot 

be rationally ignored. Probability bounds are generally 

linked to the number of elementary particles thought to be in 

the cosmos, and to the number of nanoseconds since the Big 

Bang. We cannot say with absolute certainty that the number 

of elementary particles does not change with time. But our 

best information thus far is that mass/energy is neither cre-

ated nor destroyed. Phase space tends to be linked to our best 

estimates of the number of elementary particles in the cos-

mos. In addition, we can no longer appeal to infinite cosmic 

time for unlimited trials. Multiverse notions are utterly 

metaphysical rather than scientific. Thus when the probabil-

ity of spontaneous self-organization approaches statistically 

prohibitiveness, we have justifiable Bayesian “plausibility of 

belief” in assuming that the Cybernetic Cut has been trav-

ersed. Those unhappy with such limits to epistemological 

certainty need to be reminded of the nature of the human 

condition. Neither reasoning nor empiricism provides abso-

lute knowledge of anything. All reasoning begins with un-

proven presuppositions. Empiricism is always finite and po-

tentially incomplete. The Big Bang and the “laws” of physics 

are every bit as unprovable technically as the Cybernetic 

Cut. The exact same criteria that go into accepting a certain 

equation as a physical law equally affirm the Cybernetic Cut. 

Both constitute “best thus far” tentative knowledge and gen-

eralizations of either a presumed objective reality, or a con-

sistent solipsistic experience. 

6. LIFE TRAVERSE’S THE CYBERNETIC CUT 

 Base-pairing of existing positive nucleotide single 

strands to form double strands is a purely physicodynamic 

Dave
Highlight
Make bold if this is the journal style.

Dave
Highlight
No italics

Dave
Highlight
Remove the "ly."   Should be "statistical"



240    The Open Cybernetics and Systemics Journal, 2008, Volume 2 David L. Abel 

phenomenon. Base pairing is mediated by simple hydrogen 

bonds which themselves are not directly related to informa-

tional syntax. Montmorillonite adsorption of ribonucleotides 

and other forms of templating in primordial models of life-

origin are also purely physicodynamic. What physicalism 

cannot explain, however, is how each template or original 

positive strand acquired its own prescriptive informational 

sequencing. Physicodynamics such as base-pairing appears 

to play no role in the determination of which particular 

monomer is added next to a positive single-stranded instruc-

tional biopolymer. Neither the individual nucleotide selec-

tions in these positive single strands nor optimization of 

life’s literal genetic algorithms proceeds according to laws. 

Life provides the very basis for the notion of artificial ge-

netic algorithms [66-68]. Sequencing (primary structure) 

instructs the folding of both structural proteins and regula-

tory ncRNA shapes. Life uses these strings of dynamically-

inert configurable switch-settings to record formal program-

ming selections. Nothing is more highly informational than 

life. Even epigenetic regulatory proteins and ncRNAs are 

genetically prescribed by a vast syntax of sequential nucleo-

tide selections. Such programming is not an effect of physi-

cal “necessity.” Any law-based selection (e.g., clay surface 

adsorption) would produce only low-informational redun-

dancy (e.g., a polyadenosine with near zero Shannon uncer-

tainty [69]). For a high prescriptive information content to be 

instantiated into any physical matrix, high Shannon combi-

natorial uncertainty is required. This in turn requires freedom 

from law and necessity. Yet in the absence of physicochemi-

cal causation, equally nonfunctional “noise” would occur in 

the form of stochastic ensembles. Noise produces no more 

formal function than redundant low-informational laws. Ge-

netic prescription requires uncoerced, arbitrary yet non-

random selection of monomers. 

 The sequencing of initial non-templated positive strands 

is thus “dynamically incoherent” or “dynamically decou-

pled” [7, 21, 25]. Turing and von Neumann were inspired by, 

and modeled computer technology after, the dynamic inert-

ness of genetic cybernetics [36, 70]. Each single-stranded 

nucleotide selection represents a new “dynamically inert” 

configurable switch-setting. Any of the four nucleotides is 

polymerized with relatively equal physicodynamic difficulty. 

Genes are sequences of specifically set decision-node logic 

gates. While many selections seem inconsequential, others 

are absolutely critical to achieving computational function. 

Each logic gate must be freely configurable. Nucleotide se-

lection and sequencing cannot be determined by chance or 

necessity. Genetic instruction requires freedom to make effi-

cacious biological programming selections at the genetic 

level. Open-ended evolution (OEE) [3-5] is impossible with-

out such freedom of selection of physical symbol vehicles. 

Nucleotides are physical symbol vehicles in a material sym-

bol system (MSS) [25, 26, 30, 31, 71]. The sequencing of 

these physical symbol vehicles is critical to how the DNA 

positive strand instructs protein translation. Functional Se-

quence Complexity (FSC) [44, 49] rather than Ordered Se-

quence Complexity (OSC) or Random Sequence Complexity 

(RSC) is instantiated into the physical linear digital matrices 

known as genes. This instantiation of prescriptive informa-

tion into physicality makes genetic control possible. Genes 

are linear, digital, resortable, strings of these physical sym-

bol vehicles [72-75]. The nucleic acid of living organisms 

contains extraordinarily sophisticated linear digital pro-

gramming. Particular monomeric sequencing is crucial to 

life. More than any other characteristic, computational linear 

digital algorithms distinguish life from non life [73] [76]. 

Says Yockey, 

 "The existence of a genome and the genetic code divides 

living organisms from non-living matter. In living matter 

chemical reactions are directed by sequences of nucleotides 

in mRNA. . . . There is nothing in the physico-chemical 

world that remotely resembles reactions being determined by 

a sequence and codes between sequences.” [74, pg. 54] 

 Küppers [77, pg 166] makes the same point as Jacques 

Monod [57], Ernst Mayr [54, 55], and Hubert Yockey [72, 

78], that physics and chemistry do not explain life. Niels 

Bohr argued that "Life is consistent with, but undecidable 

from physics and chemistry"[63]. What exactly is the miss-

ing ingredient that renders life unique from inanimate phys-

ics and chemistry? The answer lies in the fact that life, unlike 

inanimacy, crosses the Cybernetic Cut. 

 These specific switch-settings also determine how RNA 

strands fold back onto themselves, forming helices, bulges, 

loops, junctions, coaxial stacking, etc. [79, pg. 682-683]. Not 

even the hypothesized pre-RNA World and RNA World es-

cape the formal linear digital algorithmic governance of 

computational function. The generic chemical properties 

alone of nucleic acid and protein are insufficient to generate 

life. 

 In molecular biology, “The ‘meaning’ (significance) of 

prescriptive information is the function that information in-

structs or produces at its metabolic destination” [44]. Szostak 

has used the term “functional information” [80]. Prescriptive 

information includes instruction and algo-

rithmic/computational programming, not just description. 

Genes provide instructions and algorithmic prescription of 

computational function. The oft used term “complexity” in 

life-origin literature is grossly inadequate to define the nature 

of genetic control [44-46, 49, 81]. As Hoffmeyer and 

Emmeche point out [82, pg. 39], “Biological information is 

not a substance.” Later they repeat, “But biological informa-

tion is not identical to genes or to DNA (any more than the 

words on this page are identical to the printers ink visible to 

the eye of the reader). Information, whether biological or 

cultural, is not a part of the world of substance.” [82, pg. 40]. 

As stated earlier, the formal, nonphysical, prescriptive selec-

tions instantiated into configurable switch settings (nucleo-

tide selections in this case) must never be confused with the 

physicality of those configurable switches themselves. 

 Most information theorists are trained to define informa-

tion from the perspective of an observer. The problem with 

this perspective is that in the absence of an observer, no in-

formation can exist. Yet clearly information was at work in 

the organization of early life. No observers existed >3.5 bil-

lion years ago [83]. Real prescriptive information, therefore, 

has to have predated animal observation. Certain types of 

prescriptive information must objectively exist. Early pro-
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karyotic genetic programming cannot be reduced to the sub-

jective mental constructs or observation of any animal 

knower/observer [45]. A purely epistemological definition of 

prescriptive information is grossly inadequate. 

 The maximum length of oligoribonucleotides in aqueous 

solution is only 8-10 mers [84]. The genetic programming of 

longer strands is certainly not “blind.” Stochastic ensembles 

of single-stranded small RNAs or of polyamino acids do not 

fold into functional shapes. Yet both single nucleotide and 

dipeptide overall frequencies are close to random in living 

organisms [85, 86]. Biomessages are unique in nature in that 

they are formally and functionally sequenced. They are not 

randomly sequenced, and they are not ordered by physical 

laws. They are sequenced so as to encrypt programmed in-

structions for the undeniable goal of achieving homeostatic 

metabolism. The realization of this goal requires transcrip-

tional editing, decryption (translation), folding, and some-

times even post translational editing [87]. These processes 

are fundamentally formal, as formal as the mathematical 

“laws” of physics. The genome and its editing processes not 

only prescribe, but directly and indirectly compute the end 

product. 

 In a Peptide or Protein World model of life origin, effica-

cious selection of each amino acid must be explained at the 

level of covalent peptide bond formation. Polyamino acid 

primary structure (sequence) is formed prior to folding. Pri-

mary structure is the main determinant of how the strand will 

fold. Thus functional shapes must be prescribed by linear 

digital semiosis. The covalent bonds of these highly informa-

tional strings are “written in stone” prior to when weak hy-

drogen-bond folding secondarily occurs. Instructive sequenc-

ing must be completed before tertiary shape and function 

ever occur. The GS Principle, or Genetic Selection Principle, 

obtains. This principle [44, 45] states that selection must 

operate at the genetic level, not just at the phenotypic level, 

to explain the origin of genetic prescription of structural and 

regulatory biological function. This is the level of configur-

able switch-settings (nucleotide selection). Selection must 

first occur at each decision node in the syntactical string. 

Initial programming function cannot be achieved by chance 

plus after-the-fact selection of the already-existing fittest 

programs (phenotypes). Evolution is nothing more than dif-

ferential survival and reproduction of already-existing fittest 

phenotypes. The computational programming proficiency 

that produced each and every phenotype must first be ex-

plained. Programming takes place at the genetic level. Even 

epigenetic prescription, development, and regulation ulti-

mately trace back to the genetic programming of those 

ncRNAs and regulatory proteins. Thus far, no natural-

process explanation has been published for selection at the 

decision-node, configurable-switch, nucleotide-selection 

level. 

 Even the translated polyamino acid language is physi-

cally nonfunctional while forming until after it dynamically 

folds according to the instructions contained within its linear 

digital programming (its primary structure). Only later does 

this syntax of covalently (rigidly) bound monomeric se-

quencing determine minimum-Gibbs-free-energy folding. 

Even then, not even three-dimensional shape, or tertiary 

structure, is selectable by the environment. A far more holis-

tic context of differential organismic survival and reproduc-

tion are required for natural selection to kick in. 

 In molecular biology recipe code is translated from nu-

cleotide sequence language into a completely different con-

ceptual amino acid language via code bijection. Bijection is a 

correspondence of representational meaning between arbi-

trary alphanumeric symbols in different symbol systems. 

Each triplet codon is a Hamming “block code” for a single 

letter (amino acid) of a long protein word [72]. A prescrip-

tive codon prescribes a certain amino acid letter at the re-

ceiver upon decoding. It is often argued that the symbol sys-

tem and code bijection (translation) of molecular biology are 

only heuristic. Yet the correspondence between the codon-

block-code sequencing and amino-acid sequencing is clearly 

both real and non physicalistic. Nucleotide sequencing is 

physicodynamically arbitrary and resortable. Bijection is 

formal, not physicodynamic. No binding or physicochemical 

reaction occurs between nucleotide symbols and the amino 

acid symbols they represent. Anticodon and amino acid are 

on opposite ends of each tRNA. Amino acyl synthetases are 

also independent enzyme molecules that have no direct bind-

ing affinity to codons. Neither fixed laws nor chance contin-

gency can explain the integration of 20 different kinds of 

each formally linked entity: amino acyl synthetase, the spe-

cific amino-acid end of each tRNA molecule, the specific 

anticodon opposite end of each tRNA, and the Hamming 

“block code” of each triplet codon. The number of permuta-

tions is staggering. The spontaneous integration of all these 

individual entities into a formal association capable of pro-

moting even a protometabolism is statistically prohibitive. 

7. CONCLUSIONS 

 The Cybernetic Cut is a fundamental divide of reality. 

The law-like orderliness of nature along with the seeming 

chance contingency of heat agitation and statistical quantum 

reality lie on one side of the divide. Choice contingency lies 

on the other. Choice contingency is the ability to choose with 

intent what aspects of being will be preferred, pursued, se-

lected, rearranged, integrated, organized, preserved, and 

used. Chance and necessity cannot generate choice contin-

gency. The Cybernetic Cut can only be traversed through 

nonphysical, formal, purposeful, decision-node choice-

commitments. Such choices are instantiated into physicality 

using dynamically-inert configurable switch-settings. Most 

of what is really interesting in presumed objective reality 

requires traversing the Cybernetic Cut, not just the epistemic 

cut of Pattee, to generate and/or explain. 

 Physicodynamics possesses no ability to choose with 

intent at decision nodes, to assign meaning to symbols, to 

ascribe value to functionality, or to pursue utility. Infody-

namics (trying to reduce information solely to physicality) 

provides no mechanism for the spontaneous generation of 

prescriptive information, including genetic instructions re-

quired for metabolic organization and life. Algorithmic op-

timization requires traversing the Cybernetic Cut. Physical-

ism provides no plausible explanation for, and no empirical 

evidence of, unaided self-organization [46] despite use of the 
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term in hundreds of published papers. Chaos theory explains 

physicodynamic self-ordering phenomena, not formal algo-

rithmic self-organization. 

 Even inanimate physical relationships require formal 

mathematical descriptions. As Pattee has pointed out many 

times, the laws of physics are worthless without inserting 

formal representations of initial conditions into the equa-

tions in the form of measurements. To represent initial con-

ditions with measurements not only crosses the epistemic 

cut, it crosses The Cybernetic Cut. The use of any symbol 

system requires crossing The Cybernetic Cut because sym-

bols must be deliberately chosen from an alphabet of arbi-

trary symbols. No materialistic model has been offered in the 

literature to explain this kind of choice contingency in phys-

ics. The problem of formalism’s role in physical reality is 

larger than just a biological one. 

 The necessity of traversing the Cybernetic Cut in order to 

instantiate functional controls over physicality is a fully fal-

sifiable principle. The observation of a single case of non-

trivial spontaneous computation independent of agent steer-

ing would suffice. Illegitimate investigator involvement in 

experimental design is usually found in computer program-

ming of experimental models or in experimenter choices of 

which iteration to pursue. Artificial selection, not natural 

selection, makes such so-called “evolutionary algorithms” 

possible. Purposeful choices are needed to achieve sophisti-

cated formal utility. The chance and/or necessity of physi-

codynamics alone have never been observed to generate a 

nontrivial formal control system. Falsification experiments 

would have to be free of hidden artificial selection. Iterations 

cannot be steered by experimenters as we see in SELEX ex-

periments of ribozyme engineering [88-90]. So-called “evo-

lutionary algorithms” are invariably examples of “directed 

evolution.” Both of these last two terms are self-

contradictory nonsense terms. If a process is directed, it is 

not evolutionary. If the process is evolutionary, it is not di-

rected. Algorithmic optimization is invariably steered toward 

the goal of ideal utility by programmer choices. Evolution 

has no such goal [56]. Traversing the Cybernetic Cut is the 

necessary and sufficient condition for generating any formal 

control system’s governance of mass/energy interactions. 

 Principles of science must not only be falsifiable, they 

must provide an historical metanarrative and explanation 

across a wide range of phenomena. In addition, they should 

foster verifiable predictions in unrelated fields. What scien-

tific predictions does the Cybernetic Cut afford? 

1) No nontrivial computational function will ever spon-

taneously arise in any inanimate physicodynamic me-

dium or environment independent of formal interven-

tion and controls. 

2) No sophisticated algorithmic optimization will spon-

taneously proceed in any inanimate environment upon 

removal of hidden experimenter choices and steering 

of iterations. 

3) No nontrivial functional controls of inanimate physi-

cal phenomena will be realized independent of the 

programming of dynamically-inert (dynamically-

incoherent) configurable switches that alone instanti-

ate formal agent choices into physical reality. 

 A single verifiable occurrence of any of these three null-

hypothesis predictions will falsify the Cybernetic Cut. 
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ABBREVIATIONS 

RSC = Random Sequence Complexity 

OSC = Ordered Sequence Complexity 

FSC = Functional Sequence Complexity 

PI = Prescriptive Information 

The F®P = Formalism precedes, prescribes and governs  

Principle   Physicality 

The GS = The Genetic Selection Principle—Selection  

Principle   must occur at the decision-node level of rigid  

   covalent bond linkage of specific monomers  

   (syntax), not just after-the-fact selection of  

   already-computed phenotypic fitness. 

REFERENCES 

[1] H. H. Pattee, "The complementarity principle and the origin of 

macromolecular information," Biosyst., vol. 11, pp. 217-26, Aug 
1979. 

[2] H. H. Pattee, "The physics of symbols: bridging the epistemic cut," 
Biosyst., vol. 60, pp. 5-21, Apr-May 2001. 

[3] H. H. Pattee, "How does a molecule become a message?," in Com-
munication in Development; Twenty-eighth Symposium of the Soci-

ety of Developmental Biology., A. Lang, Ed. New York: Academic 
Press, 1969, pp. 1-16. 

[4] H. H. Pattee, "Laws and constraints, symbols and languages," in 
Towards a Theoretical Biology. vol. 4, C. H. Waddington, Ed. Ed-

inburgh: University of Edinburgh Press, 1972, pp. 248-258. 
[5] H. H. Pattee, "Cell psychology: an evolutionary approach to the 

symbol-matter problem," Cognition and Brain Theory, vol. 5, pp. 
325-341, 1982. 

[6] H. H. Pattee, "The limitations of formal models of measurement, 
control, and cognition," Appl. Math. Comput., vol. 56, pp. 111-130, 

1993. 
[7] H. H. Pattee, "Evolving Self-Reference: Matter, Symbols, and 

Semantic Closure," Communication and Cognition-Artificial Intel-
ligence, vol. 12, pp. 9-28, 1995. 

[8] J. Hoffmeyer, "Code-duality and the epistemic cut," Ann. N Y Acad. 
Sci., vol. 901, pp. 175-86, 2000. 

[9] H. H. Pattee, "Quantum mechanics, heredity and the origin of life," 
J. Theor. Biol., vol. 17, pp. 410-20, 1967. 

[10] H. H. Pattee, "Physical theories of biological co-ordination," Q. 
Rev. Biophys., vol. 4, pp. 255-76, Aug 1971. 

[11] H. H. Pattee, "Physical problems with heredity and evolution," in 
Towards a Theoretical Biology 2, C. H. Waddington, Ed. Edin-

burgh: Edinburgh University Press, 1969. 
[12] H. H. Pattee, "The nature of hierarchichal controls in living mat-

ter," in Foundations of Mathematical Biology. vol. 1, R. Rosen, Ed. 
New York: Academic Press, 1971, pp. 1-22. 

[13] H. H. Pattee, "Physical problems of decision-making constraints," 
Int. J. Neurosci., vol. 3, pp. 99-106, Mar 1972. 

[14] H. H. Pattee, "The Evolution of Self-Simplifying Systems," in The 
Relevance of General Systems Theory, E. Laszlo, Ed. New York: 

George Braziller, 1972, pp. 32-41; 193-195. 
[15] H. H. Pattee, "Artificial Life Needs a Real Epistemology," in Ad-

vances in Artificial Life F. Moran, Ed. Berlin: Springer, 1995, pp. 
23-38. 

[16] E. H. Walker, The Physics of Consciousness: The Quantum Mind 
and the Meaning of Life. New York: Perseus Publishing Harper 

Collins, 2000. 

Dave
Highlight
Replace trademark symbol with an arrow to the right.   Hopefully something more refined than 	F --> P



The Cybernetic Cut The Open Cybernetics and Systemics Journal, 2008, Volume 2    243 

[17] F. J. Tipler, The Physics of Immortality. New York: Doubleday, 

1994. 
[18] R. Penrose, Shadows of the Mind: A Search for the Missing Science 

of Consciousness. Oxford: Oxford University Press, 1994. 
[19] R. Rosen, "Drawing the boundary between subject and object: 

comments on the mind-brain problem," Theor. Med., vol. 14, pp. 
89-100, Jun 1993. 

[20] J. von Neumann, Mathematical foundations of quantum mechanics. 
Princeton, N.J.: Princeton University Press, 1955. 

[21] J. Umerez, "Semantic Closure: a guiding notion to ground Artificial 
Life," in Advances in Artificial Life, F. Moran, J. J. Moreno, and P. 

Chacon, Eds. Berlin: Springer-Verlag, 1995, pp. 77-94. 
[22] M. Vaneechoutte, "The scientific origin of life. Considerations on 

the evolution of information, leading to an alternative proposal for 
explaining the origin of the cell, a semantically closed system," 

Ann. N Y Acad. Sci., vol. 901, pp. 139-47, 2000. 
[23] L. M. Rocha, "Artificial semantically closed objects," Communica-

tion and Cognition-Artificial Intelligence, vol. 12, pp. 63-90, 1995. 
[24] L. M. Rocha, Self-Reference in Cognitive and Biological Systems, 

1995. 
[25] L. M. Rocha, "Evolution with material symbol systems," Biosyst., 

vol. 60, pp. 95-121, 2001. 
[26] L. M. Rocha and W. Hordijk, "Representations and emergent sym-

bol Systems," Cognitive Science, 2000. 
[27] R. Rosen, Essays On Life Itself. New York: Columbia University 

Press, 2000. 
[28] L. M. Rocha and W. Hordijk, "Material representations: from the 

genetic code to the evolution of cellular automata," Artif. Life, vol. 
11, pp. 189-214, Winter-Spring 2005. 

[29] E. P. Rocha and C. Joslyn, "Models of embodied, evolving, semio-
sis: emerging semantics in artificial environments," in Proceedings 

of the Virtual Worlds and Simulation Conference, C. Landauer and 
K. L. Bellman, Eds.: The Society for Computer Simulation, 1998, 

pp. 233-238. 
[30] L. M. Rocha, "Selected self-organization and the semiotics of evo-

lutionary systems," in Evolutionary Systems: Biological and Epis-
temological Perspectives on Selection and Self-Organization, S. 

Salthe, G. van de Vijver, and M. Delpos, Eds. The Netherlands: 
Kluwer, 1998, pp. 341-358. 

[31] L. M. Rocha, "Syntactic autonomy: or why there is no autonomy 
without symbols and how self-organizing systems might evolve 

them," in Closure: Emergent Organizations and Their Dynamics. 
Annals of the New York Academy of Sciences, J. L. R. Chandler and 

G. van deVijver, Eds. Vol. 901, 207-223, 2000. 
[32] L. M. Rocha, "The physics and evolution of symbols and codes: 

reflections on the work of Howard Pattee," Biosyst., vol. 60, pp. 1-
4, Apr-May 2001. 

[33] L. M. Rocha and C. Joslyn, "Simulations of embodied evolving 
semiosis: Emergent semantics in artificial environments," in Pro-

ceedings of the 1998 Conference on Virtual Worlds and Simulation, 
1998, pp. 233-238. 

[34] C. M. Morris, Signs, Language, and Behaviior. New York: G. 
Braziller Publishers, 1946. 

[35] H. H. Pattee, "The necessity of biosemiotics: Matter-symbol com-
plementarity," in Introduction to Biosemiotics: The New Biological 

Synthesis Dordrecht, The Netherlands: Springer, 2007, pp. 115-
132. 

[36] J. von Neumann and A. W. Burks, Theory of Self-Reproducing 
Automata. Urbana,: University of Illinois Press, 1966. 

[37] H. H. Pattee, "Complementarity vs reduction as explanation of 
biological complexity," Am. J. Physiol., vol. 236, pp. R241-6, May 

1979. 
[38] H. H. Pattee, "The complementarity principle in biological and 

social structures," J. Soc. Biol. Struct., vol. 1, pp. 191-200, 1978. 
[39] J. Pearle, Causation. Cambridge: Cambridge University Press, 

2000. 
[40] A. Meystel, "A sketch of multiresolutional decision support sys-

tems theory," in Research and Engineering of Intelligent Systems: 
Performance Metrics. Measuring the Performance and Intelligence 

of Systems: Proceedings of the 2002 PerMIS Workshop, 
http://www.isd.mel.nist.gov/research_areas/research_engineering/P

erformance_Metrics/PerMIS_2002_Proceedings/Meystel2.pdf [Ac-
cessed 5/5/08], 2002, pp. 1-10. 

[41] M. E. Bratman, Intention, Plans, and Practical Reason. Chicago, 
Il.: Center for the Study of Language and Inf, Univer. of Chicago 

Press, 1999. 

[42] R. E. Shaw, E. Kadar, M. Sim, and D. Repperger, "The intentional 

spring: A strategy for modeling systems that learn to perform inten-
tional acts - group of 3," J. Motor Behav., vol. 24, pp. 3-28, 1992. 

[43] R. Lewontin and R. Levins, "Let the numbers speak," Int. J. health 
serv., vol. 30, pp. 873-7, 2000. 

[44] D. L. Abel and J. T. Trevors, "Three subsets of sequence complex-
ity and their relevance to biopolymeric information.," Theoretical 

Biology and Medical Modeling, vol. 2, p. Open access at 
http://www.tbiomed.com/content/2/1/29, 2005. 

[45] D. L. Abel and J. T. Trevors, "More than metaphor: Genomes are 
objective sign systems," J. BioSemiotic., vol. 1, pp. 253-267, 2006. 

[46] D. L. Abel and J. T. Trevors, "Self-Organization vs Self-Ordering 
events in life-origin models," Physic. Life Rev., vol. 3, pp. 211-228, 

2006. 
[47] D. L. Abel, "The BioSemiosis of Prescriptive Information," Semi-

otica In Press, 2009. 
[48] D. L. Abel, "Is Life Reducible to Complexity?," in Workshop on 

Life: a satellite meeting before the Millennial World Meeting of 
University Professors, Modena, Italy, 2000, pp. 3-4. 

[49] D. L. Abel, "Is Life Reducible to Complexity?," in Fundamentals 
of Life, G. Palyi, C. Zucchi, and L. Caglioti, Eds. Paris: Elsevier, 

2002, pp. 57-72. 
[50] D. L. Abel, "What is Life? (under Definitions)," 1997. [Online] 

http://www.lifeorigin.info [Accessed 5/5/08] 
[51] J. T. Trevors and D. L. Abel, "Chance and necessity do not explain 

the origin of life," Cell Biol. Int., vol. 28, pp. 729-739, 2004. 
[52] D. L. Abel, "Complexity, Self-organization, and Emergence at the 

Edge of Chaos in Life-Origin Models," J. Wash. Acad. Sci., vol. 93, 
pp. 1-20, 2007. 

[53] T. D. Schneider, "Information Is Not Entropy, Information Is Not 
Uncertainty," 2000. [Online] 

http://www.ccrnp.ncifcrf.gov/~toms/information.is.not.uncertainty.
html. [Accessed 5/5/2008] 

[54] E. Mayr, "The place of biology in the sciences and its conceptional 
structure," in The Growth of Biological Thought: Diversity, Evolu-

tion, and Inheritance E. Mayr, Ed. Cambridge, MA: Harvard Uni-
versity Press, 1982, pp. 21-82. 

[55] E. Mayr, "Introduction, pp 1-7; Is biology an autonomous science? 
pp 8-23," in Toward a New Philosophy of Biology, Part 1, E. Mayr, 

Ed. Cambridge, MA: Harvard University Press, 1988. 
[56] E. Mayr, What Evolution Is. New York: Basic Books, 2001. 

[57] J. Monod, Chance and Necessity. New York: Knopf, 1972. 
[58] S. A. Kauffman, Investigations. New York: Oxford University 

Press, 2000. 
[59] R. Dawkins, The Blind Watchmaker. New York: W. W. Norton and 

Co., 1986. 
[60] V. Ahl and T. F. H. Allen, Hierarchy Theory: a Vision, Vocabu-

lary, and Epistemology. New York: Columbia University Press, 
1996. 

[61] M. Weber, "Indeterminism in Neurobiology," Philosophy of Sci-
ence, vol. 72, pp. 663-674, 2007. 

[62] H. H. Pattee, "Dynamic and linguistic modes of complex systems," 
Int. J. General Systems, vol. 3, pp. 259-266, 1977. 

[63] N. Bohr, "Light and life," Nature, vol. 131, p. 421, 1933. 
[64] E. Mayr, This Is Biology: The Science of the Living World. Cam-

bridge, MA: Harvard University Press, 1997. 
[65] E. Mayr, What Makes Biology Unique? : Considerations on the 

Autonomy of a Scientific Discipline, 2004. 
[66] M. Mitchell, An Introduction to Genetic Algorithms. Cambridge, 

MA: Bradford Books, 1998. 
[67] L. Davis, Handbook of genetic algorithms. New York: Van Nos-

trand Reinhold, 1991. 
[68] D. E. Goldberg, Genetic Algorithms in Search, Optimization and 

Machine Learning. Reading, MA: Addison-Wesley, 1989. 
[69] G. Ertem and J. P. Ferris, "Sequence- and regio-selectivity in the 

montmorillonite-catalyzed synthesis of RNA," Orig. Life Evol. 
Biosph., vol. 30, pp. 411-422, 2000. 

[70] H. Quastler, "A Primer on Information Theory in Symposium on 
Information Theory in Biology," in The Gatlinburg Symposium, 

Gatlinburg, 1958, p. pages 37 and 360. 
[71] L. M. Rocha, "Evidence Sets and Contextual Genetic Algorithms: 

Exploring uncertainty, context, and embodiment in cognitive and 
biological systems," in Systems Science, 

http://informatics.indiana.edu/rocha/dissert.html (last accessed 
9/6/05). vol. Ph.D. Thesis Binghamton: State University of New 

York, 1997. 



244    The Open Cybernetics and Systemics Journal, 2008, Volume 2 David L. Abel 

[72] H. P. Yockey, Information Theory and Molecular Biology. Cam-

bridge: Cambridge University Press, 1992. 
[73] H. P. Yockey, "Origin of life on earth and Shannon's theory of 

communication," Comput. Chem., vol. 24, pp. 105-123., 2000. 
[74] H. P. Yockey, "Information theory, evolution, and the origin of 

life," in Fundamentals of Life, G. Palyi, C. Zucchi, and L. Caglioti, 
Eds. Paris: Elsevier, 2002, pp. 335-348. 

[75] H. P. Yockey, "Information theory, evolution and the origin of 
life," Info. Sci., vol. 141, pp. 219-225, 2002. 

[76] M. T. Turvey and P. N. Kugler, "A comment on equating informa-
tion with symbol strings," Am. J. Physiol., vol. 246, pp. R925-7, 

Jun 1984. 
[77] B.-O. Küppers, Information and the Origin of Life. Cambridge, 

MA: MIT Press, 1990. 
[78] H. P. Yockey, Information Theory, Evolution, and the Origin of 

Life, Second ed. Cambridge: Cambridge University Press, 2005. 
[79] R. F. Gesteland, T. R. Cech, and J. F. Atkins, The RNA World, 2 

ed. Cold Spring Harbor: Cold Spring Harbor Laboratory Press, 
1999. 

[80] J. W. Szostak, "Functional information: Molecular messages," 
Nature, vol. 423, p. 689, Jun 12 2003. 

[81] D. L. Abel, "Life origin: the role of Complexity at the Edge of 
Chaos," in Washington Science 2006, Headquarters of the National 

Science Foundation, Arlington, VA Washington Evolutionary Sys-
tems Society in conjunction with the Washington Academy of Sci-

ences, 2006. 
[82] J. Hoffmeyer and C. Emmeche, "Code-Duality and the Semiotics 

of Nature,(Forward to and reprinting of, with new footnotes)," J. 
Biosemiotic., vol. 1, pp. 37-91, 2005. 

[83] S. J. Mojzsis, G. Arrhenius, K. D. McKeegan, T. M. Harrison, A. 

P. Nutman, and G. R. L. Friend, "Evidence for life on Earth before 
3,800 million years ago.," Nature, vol. 384, pp. 55-59, 1996. 

[84] G. F. Joyce and L. E. Orgel, "Prospects for understanding the ori-
gin of the RNA World," in The RNA World, Second ed, R. F. 

Gesteland, T. R. Cech, and J. F. Atkins, Eds. Cold Spring Harbor, 
NY: Cold Spring Harbor Laboratory Press, 1999, pp. 49-78. 

[85] R. A. Kok, J. A. Taylor, and W. L. Bradley, "A statistical examina-
tion of self-ordering of amino acids in proteins," Origins of life and 

evolution of the biosphere, vol. 18, pp. 135-42, 1988. 
[86] O. Weiss, M. A. Jimenez-Montano, and H. Herzel, "Information 

content of protein sequences," J. Theor. Biol., vol. 206, pp. 379-86, 
2000. 

[87] M. J. Roth, A. J. Forbes, M. T. Boyne, 2nd, Y. B. Kim, D. E. 
Robinson, and N. L. Kelleher, "Precise and parallel characteriza-

tion of coding polymorphisms, alternative splicing, and modifica-
tions in human proteins by mass spectrometry," Molecular & cellu-

lar proteomics, vol. 4, pp. 1002-8, Jul 2005. 
[88] A. D. Ellington and J. W. Szostak, "In vitro selection of RNA 

molecules that bind specific ligands," Nature, vol. 346, pp. 818-
822., 1990. 

[89] C. Tuerk and L. Gold, "Systematic evolution of ligands by expo-
nential enrichment -- RNA ligands to bacteriophage - T4 DNA-

polymerase," Science, vol. 249, pp. 505-510, 1990. 
[90] D. L. Robertson and G. F. Joyce, "Selection in vitro of an RNA 

enzyme that specifically cleaves single-stranded DNA," Nature, 
vol. 344, pp. 467-468, 1990. 

 
 

Received: May 13, 2008 Revised: June 30, 2008 Accepted: July 7, 2008 

 

© David L. Abel; Licensee Bentham Open. 
 

This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.5/), which 
permits unrestrictive use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


