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Abstract

This paper concerns how General Schemas Theory can be used as a basis for Systems Theory, which in turn can be used as a basis for the practice of Systems Engineering. Systems Engineering is dependent, in part, on Systems Theory for its foundations. But Systems Theory only deals with one schema, i.e., the system, and does not deal with other schemas such as pattern, form, meta-system, domain, etc. A general theory of schemas has not been advanced to date and so there are questions concerning the nature of the schemas and how they relate to each other. More specifically, we must explore the characteristics of what Umberto Eco refers to as the “mathematical and geometrical” type of schema in Kant and the Platypus as a general structure for the organization and comprehension of experience though the articulation of spacetime. Kant in the Critique of Pure Reason first introduced the term “schema”. But since that time the concept has been used in a variety of settings with many different meanings. This paper, which focuses on highlighting a mathematical structure that explains the emergent levels of the unfolding of the various schemas, is part of a larger, and more expansive study that addresses the nature of the schema in the context of the Western Philosophical and Scientific tradition. These are the kinds of mathematical foundations that must be explored if we are to build a General Schemas Theory in which Systems Theory would be one variety of schema that Systems Engineering can use along with all the other schemas as a foundation for its practice. 

General Schemas Theory

General Schemas Theory is a new discipline that is meant to serve as an underpinning of Systems Theory, which in turn is seen as the foundation of Systems Engineering. Systems Engineering is a new practical discipline in search of its foundations. One good place to look for that foundation is in the well-established academic discipline of Systems Theory.  Unfortunately many of those who practice Systems Engineering have never been taught any form of Systems Theory. They only know about systems based on the hearsay of our technical culture in which almost everything is called a System, so as a result, the term “system” has become next to meaningless because it is indiscriminately applied to everything. One reason for studying academic systems theory is to dispel this indiscriminate usage and to imbue the term "system" with meaning again. As we might expect, the system schema can only have meaning if it is compared with other schemas of different kinds. In other words, there are things other than systems in our experience and our obsession with systems schemas originates from the idea that a schema other than that pertaining to the system was central to our construction of the world. That schema is the form. From the time of the Greeks through the nineteenth century this one schema was dominant in our thinking and analyzing of things around us. This is probably because we are genetically and neurologically predispositioned to efficiently focus on the form schema within our experience. During the twentieth century we learned to appreciate the importance of the system schema as different from the form schema. Also in this century there was an interest in the pattern schema, which was expressed in the Structuralist school of thought (Dosse 1997). Generally those who study systems are a different group than those who study forms or patterns. But George Klir, in his book on Architecture of Systems Problem Solving, brought all three of these schemas together and constructed a new way of thinking about systems in relation to those other schemas to produce an Advanced General Systems Theory.  It is this version of General Systems Theory from which I wish to take my departure in the construction of General Schemas Theory. George Klir contributes the key concept combining the best aspects of these three different schemas to support a deeper understanding of phenomena. However, we do not have to stop at the consideration of just these three schemas, we can go on to consider all possible schemas and their interaction as a means of supporting our Systems Engineering practice by extending the academic study of other sorts of schemas not normally talked about, even by academic theorists. What is strange is that schemas are developed in specialist disciplines because they are needed to study the phenomena in question, whatever that may be. It is unusual for the schema to transcend the discipline in the way that the system schema has through the establishment of General Systems Theory. General Systems Theory looks across all disciplines and identifies how the systems schema contributes to the understanding of phenomena in each discipline and attempts to produce generalizations about the system that cuts across all disciplines and all uses of the system's schema. This is the only schema for which there is a meta-discipline of this sort. Almost all other schemas are bound within their disciplines and their various uses which are isolated by: differences of terminology, differences of method, and differences of approach that apply to these schemas in each case. It is only a few farsighted theorists like George Klir who have begun to consider multi-schema configurations across disciplines, which he still calls Advanced General Systems Theory because the focus is still the systems schema. He considers the two lower level schemas of pattern and form that exist below the systems schema and demonstrates how they support and further explicate systems analysis and synthesis with regard to understanding phenomena. We want to break out of the attachment to the systems schema and treat each schema in its own right and understand its interaction with other schemas in a way that allows any one schema to take center stage and consider the supporting role of other schemas to it. Any schema can be the figure on the ground of all the other schemas. This is the sort of analysis that only a new discipline of General Schemas Theory can carry out without prejudice to one schema over another. The point is that Systems Engineering practice calls upon us to take this step because it needs the cooperation of many schemas simultaneously to perform its work effectively and efficiently. The three schemas that Klir studies are a good start, but they are not enough to support the full range of tasks demanded by Systems Engineering practice. So it is incumbent on us to study the interaction and interrelations of schemas of various sorts and thus extend General Systems Theory into General Schemas Theory. This is in response to the urgent needs expressed by Systems Engineering, which is attempting to build more and more complex systems all the time. This increasing complexity is exceeding the bounds of what the systems schema can support. Now we hear talk of Systems of Systems as the proximate extension of systems engineering. What is not realized is that the next schema up from the systems schema is not a doubling of the system but something emergent, something different that we have little expectation of in our attempt to talk of nested systems of systems of systems. The next level up from the systems schema is actually the meta-system schema. But this is just one of a whole series of emergent levels in the unfolding of the various schematic levels above the system, but also below the pattern. Although we would like to focus on the relation of meta-systems to systems and the emergent properties of the meta-system over the system, it is necessary to do that in the context of a general schemas theory which explores all the schemas, rather than merely concentrating on a few.

If we wish to construct a fully-fledged General Schemas Theory then the first challenge is to identify all the schemas that exist and to understand their relations to each other. This is a hard problem because schemas for the most part are developed in specialized disciplines to solve particular problems and even if the same schema is developed in different disciplines there is little cross pollination between the various formulations of the same schema in different disciplines. In other words we are attempting to do for all schemas what General Systems Theory has done for the system schema, that is look across all uses of any one schema across all disciplines and attempt to generalize about each schema’s usefulness in these many different contexts. We can see how long it has taken to do this for the systems schema, a job that is not near completion. So how are we expected to do the same thing for all schemas within a brief compass of our research? The answer of course is to develop a hypothesis, i.e. using what Charles Sanders Peirce called “abduction.” In other words as I read and studied many different disciplines, I began informally keeping track of when a new schema was being described. I have collected these observations and produced a hypothesis as to the extent of the proliferation of different schemas in various disciplines. Once this list has been compiled and understood then we can begin to look for schemas that do not appear in the list, and we can also look to see how the same schema appears in various contexts, as well as how different scholars attempt to compare the various schemas. So here is my hypothesis for the hierarchy of schemas:

· Pluriverse

· Kosmos

· World

· Domain

· Meta-system

· System

· Form

· Pattern

· Monad

· Facet

When we look at this hierarchical list we see that each schema in the list is unique in its properties and characteristics, it is an emergent hierarchy, which I call the ontological hierarchy, as opposed to the ontic hierarchy of emergent levels of things. We discover the emergent hierarchy of things through applying reductionism in science. Emergent levels of phenomena that we do not succeed in reducing we recognize as supervenient. However, the way we understand phenomena is by projecting generalized schemas onto it, which, in turn, breaks up our experience of spacetime. The number of generalized schemas is limited. Everything that emerges as phenomena must take one of these schematic articulations. This is prior to our categorization of them. This is at the point where we first recognize the phenomena as residing within spacetime. In other words, a phenomenon first must articulate spacetime prior to its categorization as to a specific type of phenomenon, and prior to its individualization as a specific individual with its own unique characteristics, and also prior to having a meaning assigned to it. Here, we are specifically talking about a ‘so called’ mathematical or geometrical schematization, which is identified by Umberto Eco in Kant and the Platypus as different from other uses of the term schema. The locus classicus of this concept is Plato’s Timaeus where he talks about the two types of triangles that produce the Platonic solids related to the elements. Here geometrical forms are used to describe minimal articulations of spacetime as a way of producing envelopes in which the qualities of “Platonic forms” might manifest (Silverman 2002). Here we will not go deeply into the genealogy of the concept of the schema. But we merely want to note that it shows up very early in the Western Tradition, and appears prominently in Plato, Kant, and Heidegger’s interpretation of Kant. In Plato there are two types of “forms” inside and outside spacetime. The forms inside spacetime, that are articulations of the “receptacle,” are produced from geometrical schemas. In Aristotle these two extremes are conflated into a theory of how “spacetime bound” substances have essences that are immanent to them. Aristotle develops his theory of categories to define all the ways you can talk about these things. Kant takes up and modifies the category theory in his own way but ties it to spacetime through the concept of the schema. Heidegger (1962a) points out how the Transcendental Imagination was an independent faculty in Kant’s first critique, but it was subsequently relegated to a lesser position in the hierarchy of the faculties. Heidegger uses this change in the hierarchal status of the Transcendental Imagination as the basis for showing how Kant had come close to his idea of dasein. But we note that it is from the Transcendental Imagination that schemas arise as projections of partitions on the plenum of spacetime. So it appears that the schema plays a fundamental role in the transformation from Kant and Husserl’s transcendental idealism, which is based solely on Pure Being, to the Heideggarian concept, which differentiates between Pure Being and Process Being. This difference shows up as the difference between the various modes of being-in-the-world, i.e. present-at-hand and ready-to-hand. This inaugurates the postmodern era in which different kinds of Being are identified. Ultimately four different types of Being are discovered in the work of Heidegger, Merleau-Ponty, Derrida and others. The impact of the fragmentation of Being profoundly revolutionized modern continental philosophy, in spite of the lag in recognition by Analytic strains of philosophy which still cling to the dream that all philosophy can be done within Pure Being. Instead of following out this genealogy of the concept of the schema and how it plays a crucial role in the revolution in our understanding of Being in the last century, we will merely note that schemas have a long and important role within the Western philosophical tradition and, for now, we will confine ourselves to defining the schemas that we are interested in as geometrical or mathematical following the usage of Umberto Eco who clearly distinguishes these kinds of schemas from other later uses of the word in the Western Tradition after Kant. The word is used in a bewildering variety of ways and this should not confuse us if we stick to the use of the concept as propounded by Plato and then Kant. However, because the meanings of these philosophers’ systems of thought have various interpretations, this way of defining the schema has limited usefulness.

Let us return to the list of schemas that have been proposed above, and to the distinction between this ontological emergent hierarchy and the ontic hierarchy which might include gaia, social, organisms, organs, cells, molecules, atoms, particles, quarks, strings. Any of these ontological schemas can be applied to any of the ontic hierarchy thresholds. There is a multi-schema projection on any one ontic emergent threshold of phenomena and this has become a source of endless confusion in science. One scientist will be talking of a cell as a form, while another will be talking about it as a system, or another will be talking about it as a meta-system. They will end up talking past each other because the projected template of understanding is different in each case. However, in each case there is a projection of Being onto the ontic particular in a specific template of understanding. Dasein is composed of  various existentialia such as Talk (rede), Discoveredness (befindlichkeit), and Understanding (verstehen) (Heidegger 1962b). The words that we use when we talk about schemas are projected by our understanding on phenomena. By this process we discover not just the phenomena as pregiven, but ourselves as pregiven. Talk must always be about something and it generally involves the application of the template of understanding to some level of the ontic hierarchy of phenomena. Talk ultimately evolves into Theorizing. Discoveredness is the pregiven preontological horizon of our experience that we explicate with our theory. Understanding is based first and foremost on the projection of schemas, which delimit phenomena in spacetime so that they can be categorized and then recognized as individuals. The odd thing about us is that we locate ourselves in spacetime, theorize about ourselves and project the same templates of understanding from the ontological hierarchy on ourselves as we do any other phenomena.

We have taken the normally emphasized schemas of system, form, and pattern and added several others both above and below them each having its own emergent characteristics. Guessing what these other macro and micro schemas might be is the trick here, and that guess comes from a broad reading of the Scientific and Philosophical literature. We want schemas that would be generally recognized by multiple disciplines as significant. But we also want to stretch the limits and go slightly beyond what is merely universally acceptable in a way that is consistent with the rational expansion of the series. Thus, it is clear that the next thing down from a pattern must be a monad, but we also know of monads that are faceted like quarks in particles and so we can consider that the lowest schema in our series might be the facet. Basically the monad is the smallest unified object. But it always seems that there is some patterning below whatever level we project as the lowest, so the facet allows us to explore this patterning even if we cannot distinguish the component as a separable object. In the other direction we run into a different problem which is that we have no single concept for the schema that is the next highest in the hierarchy from the system. Thus this has been called the meta-system. It is seen as the inverse of the system, and thus can be described as an environment, context, situation, milieu, or in other terms that are similar. The lack of a specific word for this ontological threshold is a source for much confusion. However above that level there are again general words that cover the higher-level ontological schemas, i.e. domain, world, kosmos, and pluriverse. With the pluriverse we are again pushing the envelope by admitting the hypothesis of the Many Worlds from physics, which posits that our cosmos is not the only one to exist (Deutsch 1997).  This is the simplest hypothesis that comes out of quantum mechanics, which might explain its eccentricities.  Yet, domain, world, and kosmos are fairly standard terms that can be understood by almost everyone. Domain means a discipline, as, for example, a department in the university. A world, as described by Heidegger, is the all-encompassing human lifeworld within which we live our lives. This is distinct from the Kosmos which is a schema projected beyond everyday experience which we use in order to attempt to comprehend the physical universe in which our world is embedded.  Quantum mechanics offers subtle glimmers that our kosmos may not be the only one, so it is good to define that level of abstraction just in case. The intention of positing the ontological hierarchy of the schemas, is to produce a set of “nested templates of understanding” that will allow us to comprehend phenomena that we discover as “onticly given” at various emergent levels. This particular series of schemas is as good a place to start as any in our search for a complete set. Each of these has been developed in at least one discipline. They seem about the right distance apart in terms of the spacing of their emergent levels. They are each significantly different from each other in terms of their organization and characterization. If we could understand how this set of schemas might work together then we would be in a much better position to understand the relationship of the system to the meta-system.  However, it is imperative to first understand how the whole set of schemas works together and this will provide a basis for understanding the system and meta-systems and then the special systems.  

Now, in the process of advancing a theory of schematization we will search for a way to generate the hierarchy of the schemas that will bring out their mathematical or geometrical nature rather than connecting them to any particular discipline.  Plato posits the ‘receptacle’, which is undifferentiated spacetime. He then posits that this plenum must be broken up and he gives this job to his Demiurge. The Demiurge creates two types of triangles and those are used to build the platonic solids, which are then seen as convex polytopes in which “Platonic Form” qualities, like earth, air, fire and water, may enter and exit spacetime. In other words there is a marrying of quantity and quality at the micro level of phenomena giving rise to things that might be seen as particulars with organized essences rather than merely bundles of properties. What we want to do is to find a mathematization that is not only similar to this, but also more general and universal. When we survey mathematics for such a “generating mathematical object,” what appears to be most appealing is Pascal’s triangle. Pascal’s triangle is a pyramid of numbers produced by adding the digits in the previous line to get the digits of the current line. It produces an infinite triangular pattern of numbers, which turns out to be central to the development of mathematics.

       0                     -2d

       1                     -1d

     1 0 1           point    0d   

    1  2   1         line     1d

   1 3   3   1     triangle   2d

 1 4  6    4  1   tetrahedron 3d

1 5 10  10   5  1 pentahedron 4d

For our purposes, the most significant aspect of Pascal’s triangle is that it generates an image of the minimal solid for each dimensional space. This has been well known for a long time and is used by mathematicians for many purposes. What I have discovered is that each Schema has images at two different dimensional thresholds in space. So, for instance, the form has both two and three-dimensional images and the pattern has both a two and a one dimensional image. I hypothesize that the hierarchy of ontological schemas corresponds with the dimensional unfolding of the Pascal triangle in such a way that each schema has two images on adjacent dimensional thresholds. In this way the schemas interlock with each other. One image is a positive image and the other is negative. The negative image of one schema fits into the positive image of the other schema at the same level and thus these schema images interlock with each other like Russian dolls.

       0        -2d void null

       1        -1d null facet

     1 0 1       0d facet monad  

    1  2   1     1d monad pattern

   1 3   3   1   2d pattern form

 1 4  6    4  1  3d form system

1 5 10  10  5  1 4d system meta-sys

The Pascal Triangle is a way to project partition on the spacetime plenum though the unfolding of dimensionality. It simply unfolds by addition starting with one and then dividing one by one to create the space within which the dimensional unfolding occurs. By defining the minimal solid for each dimension we then create the interlocking of the dimensions since the minimal solid has one less dimension than the space in which it appears. Ours is a four dimensional ambience but objects in this ambience are three-dimensional. The production of the minimal solids embodies the object within the dimension. Out of the possibility of simpler solids unfolds more complex solids. More complex solids are necessary to fill all of space. There are eight solids that are all space filling and thus defining the whole space. Now in each dimension we can use Euler’s laws to define the number of platonic solids in that dimension. In the case of the third dimension there are five, in the case of the fourth dimension there are six, in all other dimensions there are three platonic solids. Knowing the minimal solid in each case allows for the other solids to be deduced. These allow the all space filling solids to be deduced as well as the Archimedean solids. Now, because of the three dimensional nature of solid objects in our four-dimensional ambience, we normally do not explore higher geometries which we can define algebraically because we are not able to represent them without distortions. But this does not mean that we don’t project higher dimensions regardless of the limits of the space we are trapped within. Thus I propose that the series of schemas continues to unfold according to the same pattern up to at least the pluriverse. I propose that the schemas always have images on two-dimensional thresholds and that this defines how they interlock with each other.

         -1            -3d source         

          0            -2d void null

          1            -1d null facet

         10 …           0d facet monad(origin)

        1  2 …          1d monad pattern

       1 3   3 …        2d pattern form

      1 4  6  …         3d form system

     1 5 10  10  …      4d system meta-sys

    1 6 15 20   …       5d meta-sys domain

   1 7 21 35  35  …     6d domain world

  1 8 28 56  70  …      7d world kosmos

 1 9 36 84 126 126 …    8d kosmos pluriverse

1 10 45 120 230   …     9d pluriverse unknown

One of the key things that Heidegger says about dasein is that it’s Being overflows as an ecstasy. Part of this ecstasy could be seen as the projection of higher dimensional organizations onto phenomena. The Pascal triangle is a simple model of how this can be not only an additive process but also one that grows exponentially at each level as 2N elements. But this projection of templates of understanding is more than just a dimensional projection because each schema has its own characteristics that are emergent in relation to the last threshold. The templates of understanding are constrained by this dimensional unfolding which partitions spacetime, yet, because of the emergent qualities of each level; the organization of each schema is different from those before or after it. Each schema spans two dimensions and connects them just as the dimensions connect two schemas each. Thus the schemas are the complementary opposite of the dimensionality, not the dimensional articulation of spacetime itself. Dimensionality and the Templates of Understanding represented by the schemas serve as mutual limits. Things understood must be understood within the framework of dimensionality. They are mutually limiting. One partitions spacetime in order to have an envelope that encompasses that which is to be understood. The other gives a transformational infrastructure between dimensions. Form appears as two and three-dimensional. Dimensions are connected by schemas and schemas connect dimensions. The two together give the intellect something to categorize, something to individuate and something to assign meaning to. Plato studied the Form. He thought that form had two dimensional embodiments that were the substrate for the expression of qualities. But today we know that form is not the only schema, and thus we must use Pascal’s triangle to express the dimensional articulation of these other schemas that overflow our physical spacetime ambience with dimensional representations that go beyond our three dimensional objects in a four dimensional ambience. What we understand best are those schemas that are the same or less than the limit of objects in our ambience. However, we use the other dimensions to comprehend the complexity of interrelations between things in our ambience. These dimensions create the openness, which Heidegger called the clearing-in-being which, in turn, allows for different sorts of closure by which we reify our experience into a series of meta-stable configurations that Hilary Lawson calls “material”. For those closures of the openness we need the schematic templates of the meta-system, domain, world, kosmos and pluriverse, which have higher dimensional embodiments. But because their dimensionality exceeds that of our capacity for consciousness of spacetime, we have a much harder time defining these macro schemas to our satisfaction. They are an essential way in which our understanding overflows our embodiment, just as our talk overflows our comprehension, or our discoveredness overflows our ability to define and delineate everything we know leading to what Michael Polanyi calls tacit, or implicit, knowledge.

There is a lot more to say about the relations of the schemas to each other. For instance, each schema is produced by the conjunction of the two adjacent schemas so that they form an autopoietic ring, which, like the Ourobouros, eats its own tail. But our mission here is to merely present the key idea that differentiates the schemas from each other which is the unfolding of the Pascal Triangle where each schema comprehends two dimensions and thus is allowed to nest with its adjacent schemas. This shows that there are discrete bounds on the unfolding of the schemas tied to a crucial structure in mathematics. Each schema is therefore a series of transformations between its two dimensional images. Lower dimensional images serve as representations for higher dimensional images. Thus a two dimensional outline seen as a form is a representation of the three dimensional shape of a similar form. Representation then gets passed down through the hierarchy. A two dimensional outline can be seen as a two dimensional pattern which then can be transformed into a one dimensional patterning on, for example, a TV screen or a computer screen. This passing down of representational images to lower dimensions is the basis of the technology underlying the preservation and transformation of representations in our culture.

Conclusion

This is an excerpt from the full paper on General Schemas Theory, which is available at http://holonomic.net. The rest of the full  paper addresses ‘Implications’, ‘Horizons of Future Research’ and ‘Next Steps.’ The key point of this paper has been to establish the idea that there are two dimensions for each schema and two schemas for each dimension based on the structuring of Pascal’s Triangle. This concept grew out of the first series of working papers which examined each schema in relation to the whole set of schemas, and this paper is the first in a series that explores the mathematical basis of General Schemas Theory. Subsequent papers in this series are available at the research web site.

Glossary of Schemas

· Pluriverse Schema – superstructure past all determinate discrimination.

· Kosmos Schema – largest discriminable item.

· World Schema – largest set of human projected coherences of perspectives.

· Domain Schema – sets of disciplined and coherent perspectives.

· Meta-system Schema – environments encompassed by horizons.

· System Schema – objects and their relations seen as gestalts.

· Form Schema – shapes of objects.

· Pattern Schema – mixtures of discriminable elements to produce ordered variety.

· Monad Schema – smallest discriminable item.

· Facet Schema – substructure past all determinate discrimination.
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