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Abstract:  
The purpose of this white paper is to draw the attention of the Intelligence Analysis community to Scientific Semeiotic as identified, defined, and developed by Charles Sanders Peirce.  It was conceived by Peirce to fill a knowledge void in science discovered by Peirce and which still exists today.  The void was created about 610 Years ago when the scholars removed a part of Aristotle’s philosophy in the belief that it would make it less religious.  An unintended result, however, was the excising of the study of the Reasoning Mind and the study of Logic.
It was unknown that the reasoning mind and psychological mind were separable.  The reasoning mind could be studied independently of the psychological mind and the results could be implemented without ever involving the psychological mind.  The reasoning mind processes could be implemented on a computer and automated.  Peirce made that discovery and proceeded to develop a System of Logic and the Art of Reasoning.  We unwittingly use some of that non-psychological Logic knowledge today.

Peirce attempted to have his results published, but his request for a grant from a prestigious institute was rejected.  Because of this rejection, he was denied the opportunity to write the seminal books that would have explained and elaborated on his systematic development of Logic and the Art of Reasoning.   We were thus denied the opportunity to see that Peirce’s theories also opened the cultural door to East Asian thinking and possibly West Central Asian thinking.  The Peircean Triadic or Teridentity Sign is the key understanding of the East Asian intellectual mind.

Peirce’s System of Science is an ordered system of knowledge that was hierarchically structured by levels of increasing abstractness with Mathematics as the most abstract.  Peirce was a Pure/Applied Mathematician, the World’s leading Logician, Expert Classifier, a multi-level Systems Thinker and Process Thinker. Peirce developed an accountability systems, i.e., Measures, and did an trade-off study of all the significant Western philosophies. Given that 

knowledge he constructed a framework of nested and hierarchical System of Systems for the non-psychological domain of  scientific knowledge.   It was a scientific system not a religious or metaphysical one.
It was a philosophical body of knowledge that went over and above the conventional knowledge defined by the current existing incomplete philosophies. 
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Forward.

The scientific methodology presented herein was created by Charles Sanders Peirce solely for use by high-minded, ethical scientists and engineers seeking truth, knowledge, and wisdom.  Peirce described them as Scientific Intelligences. 

Additionally, the process-centered, human-centered, inquiry-based triadic philosophy as described by Peirce is significantly different from all other major Western philosophies; consequently, it is unique and stands alone in its own philosophical class: Peircean Realism.  

Introduction.  

It has become readily apparent within the last few years that seemingly simple system processes such as Surveillance Tracking, Information Fusion, Situation Assessment, Sensor Management, Human Factors, Command and Control, Fire Control, Situational Awareness, Systems Design and Integration, Systems Engineering, and Quality Engineering have proven to be far more difficult to analyze, design, and develop than it was once thought.   There has been little or no progress in the last 34 years and these areas remain fragile cottage industries.  Because of that accountability and sustainability measures of effectiveness remain elusive.
The fact is that there is something missing.  What seems to be missing is a process centered, human-centered, inquiry-based scientific philosophy that provides the framework, points of departure, and measures for the conceptual development of the above processes/systems. Until such a new methodology is defined an automated reasoning system (natural intelligence) that includes right thinking (Logic), right actions and free will (Ethics), feelings and emotions (Aesthetic) will remain an elusive goal.   The new methodology must be an integrated scientific philosophy that accounts for external reality or environment (Metaphysics) and the perception of that reality (Phaneroscopy), and overcomes the mind-body split caused by Nominalism.  Until these domains are defined a useful Collaborative Science it will be difficult to define.  None of the major scientific philosophies or current systems paradigms have all of these characteristics.  
Information Fusion, Situation Assessment, and Resource Management have analogous human information processing functions.  This means that any effective design should be based on an approach that is a model of human cognition.   The absence of a scientific philosophy that accounts for human cognition limits the development of a sound Science of Information Fusion or useful design methodologies.

Who was Charles Sanders Peirce?

Charles Sanders Peirce (1839 – 1914) was a career scientist and engineer at the U.S. Coast Survey.  He is better known today, however, as the philosopher who founded the philosophy of Pragmatism (Peirce preferred Pragmaticism for his version).  
He was the son of Benjamin Peirce, Jr., distinguished internationally known Harvard professor of Mathematics and Astronomy.  Charles Sanders Peirce was tutored in mathematics and science by his father and, on his own, learned Logic at age 12.  He attended Harvard and the Lawrence Scientific School.  After graduating from school he went to the U.S. Coast Survey.  While at the U.S. Coast Survey, he became well known in Europe as an expert in gravitational measurements and in the design of gravitational instruments.  He never held a chair at a university, but was a lecturer at Johns Hopkins University for five years.  He also headed the Office of Weights and Measures.
The bulk of Charles Sanders Peirce’s work is still in manuscript form.  It has been said that there are enough manuscripts to fill 100 volumes of books.

An excellent research library that contains a large number of books on Peirce and that also possesses a rare annotated set of Peirce manuscripts may be found at the Institute for Studies in Pragmaticism at Texas Tech University in Lubbock, Texas. 
What is the Philosophical Problem?

During the better part of the 20th Century, the dominant Western scientific philosophy was Logical Positivism.  One of the noble goals of this philosophy was to develop a unified theory of science.   In the process of trying to unify science, however, it chose to ignore studies of the human mind.  It elected to focus on unifying the Natural Sciences, e.g., Physics. Astronomy, and Chemistry.  The result of this conscious decision to ignore mentalistic studies led to a decline and near extinction of Western psychological studies of the human mind and cognition by the academia.  The foundational works of Charles Sanders Peirce and William James faded into obscurity as a new psychological school became entrenched in Western psychology.

The new school that grew out of that new philosophical environment was the psychology of Behaviorism or, in simple terms, the psychology of Stimulus-Response.  The basic tenet of this school was that the behavior a human being or other organisms could be scientifically studied and understood by merely stimulating a subject and by studying the resulting responses.  The school of Behaviorism dominated psychological research in the 20th Century from before World War I until the death of its most famous advocate, B.F. Skinner, in 1989.

The emphasis on Behaviorism and the Natural Sciences left the West bereft of a strong scientific tradition in the mentalistic, i.e., intellectual, studies that includes creativity, intelligence, emotions, feelings, ethics, aesthetics, epistemology, wisdom, and Logic.   The human mind was something that Logical Positivistic Science was unable to deal with; therefore, it ignored it. 

What is the Connection with Information Fusion?
The connection is that Surveillance Tracking and Information Fusion processes are also information and knowledge producing processes. During periods of wakefulness the human mind is constantly gathering data and fusing useful information to support planning, decision making, and management of processes that consciously and unconsciously guide our every move and action throughout our daily lives.
Because there has been so little research done in this area, the quantitative and qualitative measures of effectiveness and figures of merit for the human information processing system, i.e., the human cognition, have yet to be developed.  Without a reasonable set of measures it becomes a difficult task to attempt to specify and to properly evaluate a user-centered, process-centered, open-system information processing system.  The development of measures for Accountability and Sustainability are therefore strongly dependent upon the ability to understand the fundamental information processes..

The notion of open-systems and closed-systems appears to be new to the majority of the Information Processing community.  Given the open system model of human cognition, Information Fusion and Surveillance Tracking Systems, as equivalent processes, must also be open-systems.  In a well designed system these processes would also try to continuously build a clear, stable, continuous, complete, timely, and relevant description of the surveillance domain.
The concept of open-system as used herein is similar to the Prigoginean notion of open-systems.  The difference being that the human self-control process is primarily exchanging and using information rather than energy with the uncertain information environment in which it is immersed.
The only known major philosophy that is defined as an open philosophy is Pragmaticism by Charles Sanders Peirce.  It is a scientific philosophy that treats all three philosophical categories simultaneously as a unit:
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None of the other Western philosophies can make this claim.  There is no “Mind-Body” split that plagues the other philosophies such as Cartesianism.
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What is Peircean Semeiotic?

Peircean Semeiotic as used herein refers to the totality of scientific Peircean knowledge including his contributions to Semeiotic, Mathematics, Statistics, Logic (Process), Philosophy, Scientific Philosophy, Social Sciences, Experimental Psychology, Operations Research, and the Cultural Sciences in general.  

Peirce preferred the anglicized version of the original Greek word.  He found that translations from Greek to Latin often resulted in a loss or dilution of connotations.

What is Semiotics?
Semiotics is the generic term for the study of signs.  There are many schools of Semiotics, but the three dominant schools are shown in the inset:

[image: image3.wmf]KNOWLEDGE

BASE

(BELIEF SYSTEM)

MGMT

ACTIONS

ALLOCATED

COURSES

OF 

ACTION

(X

P

 - X

M

)

SITUATIONAL

STATE VARIABLES

CONTROL

USER

PREDICTION

(K/K+1) AND (K/K+n)

PREDICTED

SITUATIONAL

STATE VARIABLES

UNCERTAIN

INFORMATION

INACCURATE

INCONSISTENT

INCOMPLETE

MEASUREMENT

INNOVATIONS

UNCERTAIN

    INFORMATION

X

M

PARAMETER

ESTIMATES

SITUATIONAL

AWARENESS

VARIABLES

PLANNING

DECISION

MANAGEMENT

(K/K-n) SITUATIONAL 

STATE VARIABLES

X

P

(K/K)

ALTERNATIVE PLANS

PLANS

SENSOR

SUITE


Only Peirce’s Semeiotic was developed as a scientific methodology for the working scientists and engineers.  Peirce’s methodology was never made known to the scientific community.  The result was that the knowledge became “lost” and his name became associated with philosophers and linguists.  The other two schools are primarily populated by Linguists and Humanists.  Semiotics-as-Defined-by-Morris is also strongly influenced by the now defunct philosophy of Logical Positivism.  It was Morris’s non-scientific Semiotics that became associated with Science.
Peirce defined Semeiotic as a higher level Logic that was made up of three lower levels of logic:

· Speculative Grammar
· Critic

· Speculative Rhetoric

Within Critic may be found Logic as it is normally understood by today’s scientists, mathematicians, Logicians, and engineers.  From the Peircean point of view, however, Critic also includes the Logic of Relations and the Science of Discovery or Inquiry.


Speculative Grammar, in simple terms, addresses the means by which Logical thoughts may be represented.  Peirce’s triadic sign represents one approach.  Speculative Rhetoric addresses how logical thoughts or signs may be communicated from an utterer to an interpreter to maximize understanding.  On a qualitative level, Peirce’s Speculative Rhetoric provides a framework and a point of departure for a Theory of Communications that include the utterer, the interpreter, and the sign, i.e., the bearer of an idea, i.e., useful information. 

What is a Peircean Sign?  

The Peircean Sign (Figure 1) is defined by Peirce as the irreducible combination of Object, Representamen, and Interpretant.  In Figure 2, as an example, the Object could represent the external air traffic management environment including all aircraft, weather, and anomalous signals.  
 The Representamen could represent the air traffic management surveillance picture on an ATC (air traffic control) display or on the cockpit display. 
 The Interpretant could represent either the pilot or an intelligent system in the case of an unmanned vehicle.  In the Peircean System of Signs, all three elements of the sign exist simultaneously and are not reducible to pairs, e.g., Object/Interpretant or Representamen/Interpretant.

The act of reducing a triadic sign to a set of pairs is analogous to the Mind/Body separation problem attributed to Descartes.  The irreducible Peircean triadic sign provides 
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Figure 1 – Irreducible Peircean Triadic Sign.  The proof of irreducibility is given by Burch.
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Figure 2 – The three major categories of Scientific Philosophy and their relationship with the triadic Peircean Sign.
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Figure 3 – Peircean System of Science was developed for scientists and engineers.  All subjects are arranged hierarchically in order of increasing abstraction.  Mathematics is the highest level of abstraction.  The subjects are intended to be interpreted as scientific subjects as opposed to philosophical or humanistic subjects.  Each level is dependent upon the higher levels of abstraction to provide additional principles and doctrines to solve its problems.  The lower levels supply data to the higher levels.

the Cognitive Science and Consciousness community with a means to describe a holistic mind/body Continuum.  Peirce showed that the triadic signs could be concatenated.  In this process the interpretant of one sign becomes the object of a second sign.  Sign concatenation may be used as a design aid to identify and define the subprocesses within a larger process.
What is the Peircean System of Science?
The Peircean System of Science evolved out of Peirce’s search for the Scientific Method.  He looked for it in a very thorough in-depth investigation of past and present science, philosophy, and Logic, but was unable to locate any methodologies resembling a useful, well defined and ordered scientific method.  Because of this void Peirce set 
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Figure 4A – Peircean Model of the Self is drawn as an open-system, process centered, user-centered teleological entity (teleological – goal-seeking entity).

out on his own to develop a scientific method that could be used by scientists and engineers.

Peirce constructed a System of Science wherein each major subject matter was ranked vertically in order of increasing abstraction.  He placed Mathematics on the highest rung as the most abstract of sciences and the Special Sciences, i.e., the physical and psychical sciences, near the bottom rung.  He then inserted what he called Scientific Philosophy between Mathematics and the Special Sciences as shown in Figure 3.

What is immediately obvious is that there is a large scientific knowledge gap between Mathematics and the Special Sciences.  It is the gap created by Logical Positivism when it consciously chose to ignore mentalistic studies.  The subject matter of the gap is the same knowledge needed for the development of information science (Speculative Rhetoric), human reasoning or science of natural intelligence (Normative Sciences), situational awareness (Phaneroscopy), and target, clutter, and EMI environment (Metaphysics). 
It should be noted that there is growing realization that there is no viable Theory of Information Science.  Systems Enginering, Systems Dynamics, Consciousness, Human Factors, and Information Science communities would be better served if there were a complete scientific philosophy such as that defined by Charles Sanders Peirce.  The absence of a complete integrated scientific philosophy has led to a scientific and technological impasse.

What is the Peircean Model of the Self?
The Peircean Model of the Self (Figure 4A) is a simple mental model that describes the three basic systems processes of a goal-seeking human information processing system as shown in Figure 4B.

These three basic systems are integrated and non-separable processes. They are interconnected and operate as a goal-seeking entity (teleological) immersed in an environment that contains uncertain information that is inaccurate, inconsistent, and incomplete.  

Figure 4B shows the Peircean Model applied to the systems design of an airborne air traffic management system.  As can be seen, Peircean Self-Control process is equivalent to the Command and Control and thus a starting point for a science of Command and Control (there is no science of command and control at this time).

The Data Gathering process is similar to the signal, data, image, map, and information processing processes that may be found in the front end of an advanced airborne or ground based Air Traffic Management information-processing systems.  A notional automatic and adaptive data gathering system may contain the following processes:

· Active and Passive Sensors

· Surveillance Tracking

· Information Fusion

· Knowledge Fusion

· Target ID Fusion

Within these processes are many sub-processes or tasks that were once wholly performed by a human operator or pilot.  In each case manual performance of a task included active reasoning by the operator or pilot. The target detection process required that an operator discerns a small signal in noise and reason that the signal represented a signal return from an actual target and was not a false alarm.  

For anyone with experience with non-automated surveillance pulse-radar systems will also easily recognize the following as tasks that demand a finite amount of attention and reasoning: Clutter Reduction, Parameter Estimation, Track Initiation, Track Deletion, State Estimation, Track Association, and Track Prediction

These tasks and others had to be performed and updated by an operator for each target on every update.  In can be seen that the operator decision load increases rapidly even under light air traffic conditions.  The advent of long range two and three dimensional surveillance radars generated so much additional data that it forced the insertion of Automatic Target Detection and Tracking to provide workload relief to the operators and to obviate the need to add more operators and displays.  

Automation, however, was achieved at the expense of removing operator reasoning from the processes.   It is fairly well known within the radar systems community that a highly skilled operator can very often out perform an automated system when operating against a small number of targets.  

The Artificial Intelligence and Cognitive Science communities had been unable to implement the field of automated abductive, deductive, and inductive reasoning while still constrained by the philosophical limitations of Logical Positivism.

What is the Peircean Self-control Process?

Peirce defined the self-control process based on his understanding of the human cognitive processes at the level of the Sign, i.e., conscious thought, and purposely avoided the psychological and physiological aspects of cognitive processing. He wisely avoided mixing the domains of “hardware”, “software”, and “information”; he dealt only with information.

Figure 5 depicts the Peircean Model-of-the-Self modified to represent a surveillance system.  The Self-control process is embedded within the command and control.  
It should be noted the notion of Feedback Systems was known to Peirce and the Experimental Psychologists of that era.  Peirce was America’s first Experimental Psychologist.  The Peircean Self-control process in simple terms is given in the inset:  
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Figure 4B – The Peircean Model Of The Self serves as a simple model for identifying the top-level system processes of an airborne air traffic management system 

Perception in this case represents the output of the data gathering process, i.e., measurements (target detections or tracks) and the input gate to self-control.  Purposive action represents the output gate of the self-control process.


Figure 5 – Peircean Model-Of-The-Self with the  expanded Self-control process recast as a notional airborne surveillance information processing system.

What is the Peircean Science of Inquiry?
Peirce defined the process of inquiry or discovery as including three fundamental inferencing processes shown in the inset:


The discovery of Abduction by Peirce as a logical process represents a major contribution to the science of Logic.  Controversial at first it is now gaining general acceptance as a legitimate form of inference that is separate and distinct from Induction and Deduction.

The science of inquiry forms the framework and the point of departure for the development of automated reasoning or belief engine as shown in Figure 6. 
What is Peircean Systems Design?

Inasmuch as systems design is a reasoning process, the processes of inquiry may also be used for the system design of new advanced systems.  The system design process shown in Figure 7 represents the science of inquiry in terms of familiar design and analysis tasks.  

Operations Research (the application of science to solve military problems) represents the process of system concept formulation based on analysis and simulations of Customer operational requirements.  

The most critical task is Systems Analysis.  This process bridges the gap between operations research and systems design.  This step in the design process is where insightful inquiry-based analysis is done to gain understanding of the system and accountability measures.  
The analytical process is similar to Peirce’s Theorematic Deduction.  For Peirce there was a heavily analytical form of deduction as well as reductionist deductive decomposition of the system requirements.  Peirce called the latter Corollarial Deduction. The purpose of Systems Analysis is to generate a top-down MOES/FOMS tree (also Accountability Tree) that relates the desired effects of the system to all the functions and subfunctions that affect the desired effect.  It also generates a system definition.


The Systems Design step takes the system definition and produces alternative systems designs and the associated costs for each design.  This step combines Abduction and Deduction to generate the alternative designs.  System Evaluation  (typically a simulation) quantifies the alternative systems designs.  This step is equivalent to Induction.


The Optimization process will support the process of achieving a cost-effective design.  The systems design process terminates when the optimality criteria have been met.


The dissipation of Conceptual Systems Design knowledge described above over the last 21 years resulted in the Government publishing a new Instruction CSCSI3170.01 Joint Capabilities and Development System (2003).  In August 2006, an update in the form of a White Paper was published (Capability Based Assessment (CBA)).  
When viewed from the standpoint of Peircean Logical Systems, what emerges is the equivalent of a Peircean Abductive Reasoning System (Figures 6 and 7).  The evolutionary JCIDS process took three years to capture the Logic that once existed in the mind of the Systems Designers of the 1960’s.  
The process is still incomplete and the fact that the inability to understand Logic was an impediment is still unrecognized.  Here is an example of the critical need to understand Logic and the applications of Logic; the enormous cost of this effort in time and dollars was unnecessary when the basic knowledge was already extant.
What is the connection with Quality and Lean Sigma?


There is an interesting but little known connection between Peirce and Quality Management-as-Defined-By-Deming.  The two individuals that Deming looked to as his mentor and philosophical guru were Walter Shewhart and C.I. Lewis, respectively.  Walter Shewhart also looked up to C.I. Lewis.  Shewhart and Deming were, however, unaware of the fact that Lewis had studied Peirce’s manuscripts and was drawing heavily on Peirce’s philosophy.

Shewhart and Deming refer to C.I. Lewis’ book, Mind and World Order, as the philosophical basis for 

their methodology for Quality Control.  Without realizing it they were embracing Peircean concepts including the

Peircean concept of Triadicity.  Unfortunately there were


Figure 6 – Simplified closed-loop belief engine

for an automated Peircean reasoning system.


Figure 7 - Simplified Peircean Conceptual Systems Design Process.  The process is recursive and is terminated when the optimality criteria are satisfied.  The optimality criteria or decision threshold are set as an input to the optimization process.  The critical primary and secondary MOES/FOMS are identified and defined in the Systems Analysis phase following the Operations Analysis phase.

Figure 8.  Example - Peircean/JSM Logic Engine

few books available at that time that reliably and accurately expressed Peirce’s philosophy in a clear manner.  Shewhart was unsuccessful in his attempts to describe the triadic relationship in his book, because the only readily available references were the dyadic writings of C.W. Morris. 
The notions of Logic are rife within the philosophy of Deming and most of the Modern schools of Lean Management and Six-Sigma.   The 19th and 20th Century quality concepts propagated by the Philosophy of Frederick Taylor have been superseded by the Modern methods of Deming and the students of Deming, i.e., the post-World War II Japanese Industry.

Design of Experiments is a well known process used in Agricultural Research (one of the domains of study of Shewhart and Deming).  An inspection of the process through the lens of Peirce reveals that the Design of Experiments includes three inferences as opposed to the traditional two.  Peirce’s perspicacious mind saw that the Design of Experiments began with Abduction, but because the Peirce’s precise vocabulary was unavailable to the careful scientists of the early 20th Century the process could only be explained in tortuous terms.   

How does it fit in with the Tofflerean Paradigm?

The Tofflers (Alvin and Heidi) have given the World a deep insightful look into the Future and have written extensively about the impact of the rapid technological changes on mankind and his civilizations.  In all of their writings, however, there is missing any mention of the impact of the changes on Philosophy, the demise of the existing philosophies, and the possible replacement philosophies.


Logical Positivism has been declared a collapsed philosophy (C.1955).  It was unable to live up to its own doctrines and precepts.  Its parent, Nominalism has been having problems providing guidance for problems in advanced physics and now in advanced information-processing science.  The effect of Logical Positivism’s collapse is that in addition to affecting the Natural Sciences it will also deeply affect the fields of Social Science, Logic (of Bertrand Russell and Frege), Psychology, Philosophy, Consciousness, and Cognitive Science.  The void in mentalistic research will continue until a new scientific philosophy such as Peirce’s is adopted.


None of these issues or any of the other foundational philosophical issues was addressed in detail by the Tofflers.  If there is underway a change in Ages equal to or greater in magnitude to the changes accompanying the shift to Agricultural Age and the shift to the Industrial Age, then it seems logical to look for changes in philosophy.  


According to the Tofflers, the possession of Knowledge (mind) will be equivalent to Wealth (money) and Muscle (military).  The only extant philosophy that offers a system that covers the Mind (knowledge) is Peircean Semeiotic.

It appears that Peircean Semeiotic is the only philosophy that has the ingredients needed to replace and to fill the voids created by the old philosophies.  Peirce’s Scientific Philosophy, i.e., Natural Intelligence, fills the void in mentalistic studies.  Peircean Realism fills the voids created by Nominalism in the areas of Form and Universals.

How does it Compare with the Reflexive-Processes?
A comparison of the Russian scientific paradigm of Reflexive Processes as described by Lepsky and LeFebvre with the Scientific Philosophy of American scientist Charles Sanders Peirce (1839 – 1914) shows that they are very similar in their subject content and goals [Table 1].  
The Russian goal is to develop a scientific paradigm that will allow the Russian people to think clearly and discern deceptive language being used by the authorities, and, simultaneously, to develop a common language to facilitate clear communications among different scientific communities.  
The goal of Charles Sanders Peirce was to develop a method of clear thinking for use by scientists and engineers in scientific inquiry; further, to communicate the results of their inquiry to a community of inquirers for examination and critique.  

The main difference between the two approaches is the reason for their creation.   In the case of Russians, they sought to replace the Soviet scientific paradigm with one that was devoid of Communist ideology tinged Behaviorist concepts.  They surveyed and examined the prevailing scientific paradigms in the United States, but found only schools of thought based on Behaviorism.  
They then turned to a concept that had been under development since 1962 by Russian Vladimir Lefebvre: Reflexive Control.  Lefebvre’s integrated concepts of Feelings, Free Will, and Thinking were combined with the concepts of situational awareness and reality.  The integrated combination became known as Reflexive Processes. The integrated set of sciences filled the void in mentalistic sciences created by Behaviorism.

Peirce’s Scientific Philosophy, on the other hand, emerged as a result of Peirce’s quest to develop a Scientific Method.  Peirce had found that the much-heralded Scientific Method had never been fully identified, defined, and developed.  One piece of the puzzle that needed to be developed was a System of Science.  
Peirce created a vertically structured system that ranked subjects by their degree of abstractness.  The highest level of abstraction was Mathematics and the lower levels were the conventional sciences.  In between, Peirce inserted Scientific Philosophy, i.e., sciences of the human mind or the science of natural intelligence.
Although the terminology is different, the words describing Peirce’s categories have the same general meaning as those of Reflexive Processes.  Peirce, however, was more precise in his definitions and the underlying construct of his theoretical knowledge is better developed.  The Peircean categories should be interpreted as scientific categories and not metaphysical or theological.

The following table shows Reflexive Processes and the corresponding elements of Peircean Scientific Philosophy:
	

	Table 1 – Comparison of Lefebvre and Peirce



	

	Reflexive Processes


	Scientific Philosophy



	Situational Awareness


	Phaneroscopy (Situational Awareness)

	Reflexive Control
	Normative Science

	Feelings
	Esthetics

	Free Will
	Ethics

	Thinking


	Semeiotic

	Reality
	Metaphysics (Reality)

	


Based on the Russian descriptions given thus far, it may be said that Reflexive Processes is a form of Peirce’s highly developed Scientific Philosophy and that it could easily be replaced by Peirce’s Scientific Philosophy

From an applications standpoint, Reflexive Processes is in a far more advanced state.  There is nothing equivalent in the Peircean domain (or any other Western school of thought) to the  Reflexive Controls equations developed by Lefebvre and with the supporting developments in characterizing Free Will.  A study of the proceedings of the 2000 Reflexive Control Symposium would probably reveal additional areas of development.

In the domain of Semeiotic (Higher Logic or the Art of Reasoning), however, nothing comparable to Peirce’s work in the development of a System of Inquiry based on Abduction and the Economy of Research is evident in Reflexive Processes.  The advanced integrated reasoning concepts developed by Peirce have yet to enter the mainstream of Western logical thought.  
The key to any further advancement in Reflexive Control and Western reasoning would be the development of a system of inquiry or the adoption of Peirce’s System of Inquiry.  The Intelligence Analysis community would benefit greatly from Peirce’s work in Abduction, Deduction, and Induction, Automated Reasoning, the Art of Reasoning,  and the work done by the Russians in applied Hypothesis Generation (See Figure 8 Logic Engine example)..
In summary, it may be said that Peircean Semeiotic is far more advanced in theoretical concept development whereas Reflexive Processes is more advanced in having developed practical applications.   On the other hand, Peircean Semeiotic and Reflexive Processes have surpassed anything concepts developed based on Logical Positivism.
Summary.

The evidence seems to indicate that Peircean Semeiotic is the only known major Western philosophy and body of knowledge that offers viable solutions, points of departure, and frameworks for the many problems in Collaboration, Information, Knowledge, Cognitive, Sociological, Cultural, and Knowledge Information Processing Science.
There is a need to restore the concept of Form and Universals to philosophy, and Peirce’s Scientific Philosophy needs to be restored to the System of Science.  The problem of the Mind-Body split may be mitigated using the Peircean Concept of Triadicity.

The application of Peircean Triadicity to a problem in Zen Buddhism resulted in the understanding of a riddle that Western Dyadic thinking was unable to decipher.  The use of Triadic thinking (Object, Representamen, and Interpretant) showed that the heretofore incomprehensible Zen Riddle became comprehensible.
A similar application of Triadicity to the Buddhist Concept of Mutual Causality yielded a simple explanation of a concept that Western Dyadic thinking made incomprehensible.  When an attempt was made to equate Western Buddhist Concepts of Mutual Causality to the Systems Theory of Bertallanfi, the analysis failed because the basic premise was false, i.e., concepts were Dyadic.
Peircean Semeiotic offers an open-system, human-centered, inquiry-based body of knowledge for scientific studies and engineering applications to Complex Adaptive Systems and for many other areas including: 

· Collaborative Technologies & Systems
· Cognitive Sciences
· Social Sciences (sociology, anthropology)
· Social Psychology
· Operations Research

· Conceptual System Design and Analysis
· System Analysis and Synthesis
· High Density Surveillance Tracking

· Situational/Battlespace Awareness Science
· Command and Control Sciences
· Resource/System Management Sciences
· Lean Sigma (Business & Program Mgmt)

· Accountability/Sustainment Science

· Automated Decision Making Systems
· Automated Diagnostics Systems

· Automated Peircean Knowledge Discovery Engines

Since the original publication of this paper in 2000, the first U.S. Hypothesis Generation Algorithm incorporating Peircean Abductive Reasoning and Peircean Lattice Theory has been developed. and demonstrated.  With the advance, a true Knowledge Discovery engine with predictive properties was realized for the first time in the U.S. by Dr. R. W. Burch (Texas A&M University).
Peircean Semeiotic is an excellent candidate for replacing the defunct philosophy of Logical Positivism as the scientific philosophy for scientific studies of human logical/ethical/esthetical reasoning. The complete universal philosophy of Peircean Realism is a candidate to replace the incomplete philosophy of Nominalism as the Information Age philosophy that will help to reshape civilizations.  

Conclusions

Peircean Semeiotic (or Scientific Semeiotic- as-Defined-By Charles Sanders Peirce) provides the foundational knowledge for the next major advancements in Intelligence Analysis.  It provides the methods for analyzing the Reasoning Mind and identifying and defining implementable processes for expanding and extending the reach of existing systems in the Data Gathering, Command and Control, and Weapon Control domains of weapons systems.  An Intelligence Analyst will have new tools for making the Reasoning Mind more “Mindful” and less “Mindless” thereby begin the process of extending the reach of Information, Cognitive, Knowledge, Social, and Cultural analysis, design, accountability nd sustainment. 
The Peircean method has been thoroughly investigated and structured by Charles Sanders Peirce.  The necessary substantive trade-off analyses have been accomplished by Peirce and the foundations for a system of accountability and sustainment for qualitative processes now exists and is ready for further development and use.  The Peirce’s analytical methods have been proven and are ready for transition from technology to application in systems.
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Glossary.

Abduction – See Inferential Science below.

Data – An organized array of signs with no particular user in mind.  Typically of little useful value to anyone.

Deduction – See Inferential Science below.

FOMS – Figures of merit: Qualitative or quantitative value or amount of worth.  Also FOMS are known as Measures of Performance (MOPS).
Form – What makes a thing be what it is (Aristotle); Form is something the mind can take in, assimilate, and comprehend (Peirce).

Induction – See Inferential Science below.
Information – An organized array of useful signs for a particular user or decision-maker.

Inferential Science – As defined by Charles Sanders Peirce the combination of Analytic and Synthetic Inference where Analytic may be subdivided into Corollarial Deduction and Theorematic Deduction and Synthesis may be subdivided into Abduction and Induction.  (Note:  Goedel’s Incompleteness Theorem is similar to Peirce’s definition for Theorematic and Corollarial Deduction.  He considered it his most important discovery).
Knowledge – Useful information that has predictive properties.

Logic – The science about drawing necessary conclusions (Peirce); a science which makes a systematic study of the reasoning process.

Logic Engine – A “plug in” universal Logic System.  There are two known such engines in the World: JSM Hypothesis Generator and BLUE or PKDE.

Logical Positivism – A failed philosophical movement that based its approach to a unified science on a vague notion of empiricism and verificationism.  

The philosophy of the “Hard Sciences” adopted by the adherents of the Vienna Circle and like organizations in the early 20th Century and late 19th Century.  It was adopted by the “Soft Sciences” assuming that it would give them scientific legitimacy.   The adoption of the philosophy was made without critically and adequately examining the impact of the assumptions on the ability of the “Soft Sciences” to address and answer problems of the subject matter of the “Soft Sciences”.  
In the Media, David Brooks of the New York Times observed the dichotomy and surfaced the tip of an iceberg in his The Art of Intelligence article in April, 2005.   
Additionally, since there is no one “Minding the Shop”, the fact that the philosophy had collapsed in the 1950’s went unnoticed.  A few thoughtful philosophers tried to inform the scientific community but their voice’s were too small. 
The philosophy was declared “collapsed: in the mid-1950’s.  Bertallanfi’s General Systems Theory cited in the CCJO (Capstone Concepts for Joint Operations, 2006) is based on the obsolete theory.
MOES – Measures of Effectiveness: A quantitative index that indicates the degree to which the desired effects have been achieved.  Also a measure of Accountabiliy and Sustainment.
Mathematics – The science which draws necessary conclusions…Benjamin Peirce, Jr.

Noise – Unorganized and unstructured collections of data reports; Enron model.  Often used as a baseline or floor.  
Non-psychological Logic – Peircean approach to Logical thinking is that the Reasoning Mind was separate and distinct from the Psychological Mind; therefore, in this manner removed Theology and Metaphysics from any discussion of Science.
Nominalism – Things are real, thoughts are not (From Eugene Halton, Bereft of Reason, 1995).  The general philosophy that has guided Western Civilization since about 1389 AD.  It is the philosophy of the Industrial Age.  Logical Positivism and other popular philosophies rests on this decadent metaphysical philosophy.
Operations Research – The application of science to the solution of military problems. Different from the operations analysis or systems analysis methods cited in the Capabilities Based Analysis JCIDS.
Pragmaticism – Peirce’s name for his version of Pragmatism, which is based on Realism.  Renamed by Peirce when he realized that Pragmatism as practiced by William James and others had taken a turn away from his original premisses.

Process – A systematic sequence of actions directed to some end.  Logicians are concerned with the process leading to a conclusion while Mathematicians are concerned with arriving at a conclusion.

Science – Methods of Discovery of knowledge (Peirce).
Scientific Philosophy – Used by Peirce to denote the Knowledge domain (Mindful domain) where conventional measures and measurement devices no longer become applicable.  It is a qualitative measurement domain that requires a greater breadth and depth of explanation to describe the Accountability of the new advanced 21st Century Knowledge Information Processing Systems.
System – An ordered and comprehensive assemblage of processes directed to achieve a desired effect and accompanied with well defined inputs, outputs, constraints and well defined MOES/.FOMS.  These are defined in the Concept Formulation phase of Systems Design.

Systems Analysis – Insightful, inquiry-based analysis that bridges Operations Analysis and Systems Design in the Systems Engineering development process.

Semeiotic (See-My-Oh-Tick) – The science of signs.  For Peirce – Higher Logic that included Speculative Grammar, Critic (lower Logic), and Speculative Rhetoric.

Systems Engineering – The analysis, design, and development of large scale complex systems.  Includes Lean Management Processes. Similar to systems engineering as defined by Simon Ramo.

U.S. Coast Survey – The most advanced technical institution in the United States in the 19th Century.  It is the early forerunner of NOAA and later spawned the National Bureau of Standards the forerunner of NIST.

Wisdom – Knowing better.
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Appendix..

 Experiential Systems Analysis and Operations Research:
Intelligence Analysis -  Advanced Information, Cognitive, Knowledge, and Social/Cultural Information Processing Systems Science and Technology. Foreign Semiotics and Reflexive Control. Information Processing Systems.  Advanced Peircean Knowledge Discovery Engine (Beyond Advanced Data Mining).  Social Network Analysis and Pattern Analysis. Accountability Analysis and Development - Measures of Effectiveness and Figures of Merit for qualitative and quantitative information processing systems.
Systems Analysis and Conceptual Design - Advanced Network Centric Warfare, Surveillance,   and Tracking Systems, Advanced analysis and design of closed-looped open system, process centered, human centered, and automated systems.  Network Centric Warfare conceptual systems analysis and design.  Kill-Chain Analysis,  Qualitative and quantitative MOES/FOMS  identification and definition.
Systems Analysis and Design – Advanced Fighter, Recce, and Bomber ISR Information Processing Systems.  Advanced Ship-based and Land-based Automatic and Adaptive Long Range Surveillance and Fire Control Systems.  Counter-weapons Sensors. Information Processing, and Displays. Measures  Accountability - Measures of Effectiveness and Figures of Merit for combat knowledge information processing systems.

Systems Analysis and Design - Advanced Combat Airborne Active and Passive Systems, Conceptual Design of Intelligent Closed-Loop Kill Chain Combat Systems.  Identification and definition of Measures for multiple mission Kill Chains.
Advanced Air Traffic Control Systems Systems Analysis and Design - Advanced Communications studies.  Advanced Human-centered Conceptual Systems Analysis and Design.  Measure identification and definition.  
Advanced Radar Meteorology Systems Analysi – Atmospheric Measurement Methodology and Analysis.   Advanced Statistical Methods and Analysis.  Advanced Weather Systems and Products.  
Advanced Lean/Six Sigma – Green Belt.

Mindful Lean systems analysis tools and Six Sigma statistical analysis and critical thinking analysis tools.

Education:

BSE/MSEE

Military Service:

U.S. Artillery Communications
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Peircean Information Processing System
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Peircean Sign – A Definition:


“A sign, or representamen, is something which stands to somebody (the interpretant) for something (the object) in some respect or capacity”.
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Peircean System of Science








Science of Research





Mathematics





Scientific Philosophy


Phaneroscopy





Normative Sciences


Aesthetics


Ethics


Semeiotic (Higher Logic)


Speculative Grammar


Critic (Lower Logic)


Speculative Rhetoric





Metaphysics





Conventional Science


Physical Sciences


Psychical Sciences





Science of Review

















Peircean Belief Engine
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Peircean Systems Design Process
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Three Major Schools of Semiotics





Semiology	Sassure		Linguistics


				Dyadic





Semiotics 	Morris		Linguistics


				Dyadic





Semeiotic 	Peirce		Scientific


				Triadic








Abduction�
“.. the step of adopting a  hypotheses as being suggested by the facts… lead to the prediction of the observed facts” - Peirce


.�
�
Deduction


�
“Performs the function of making a prediction as to what would occur if the hypotheses were to turn out to be the case”- Peirce


�
�
Induction


�
“Finds the ratio of the frequency by which the necessary results of deduction do in fact occur”- Peirce.
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Self-control Process:


Perception


Innovation	


Prediction


Planning


Decision


Belief


Purposive Action





Not shown is the feedback path from the Belief process back to the Innovations process.  Closed-loop Feedback Systems are difficult to comprehend and understand for those unfamiliar with basic Control Systems Theory.
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Definition:





Intelligence: 





The ability to React to a New Situation in a Non-programmed Manner.








Open Philosophy





External environment and all objects within the domain of discourse (Metaphysics).


Representation of that environment and all the objects within it (Phaneroscopy).


Interpretation of the totality of the Representation (Normative Science).
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