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THERE ARE DIFFERENT TYPES AND FORMS OF COMPUTATIONS. ACCORDING TO THE FORM OF DATA 

PROCESSED, TWO PURE FORMS OF CONVENTIONAL COMPUTATION ARE STUDIED – SYMBOLIC 

COMPUTATION AND SUBSYMBOLIC COMPUTATION. 

.



SYMBOLIC COMPUTATION IS PERFORMED WITH DATA HAVING THE FORM OF EXPLICIT 

SYMBOLIC SYSTEMS, SUCH AS SYSTEMS OF NUMBERS, ICONS OR LETTERS, AND THE 

COMPUTING SYSTEM OPERATES WITH INDIVIDUAL SYMBOLS. HERE SYMBOLS ARE DEFINED AS 

LINGUISTIC OBJECTS AND NOT IN MORE GENERAL PHILOSOPHICAL SENSE.

SUBSYMBOLIC COMPUTATION IS PERFORMED AS TRANSFORMATIONS OF DATA DESCRIBED BY 

NON-LINGUISTIC OBJECTS SUCH AS SPECIFIC SIGNS, SIGNALS OR GEOMETRIC RELATIONSHIPS. 

NOTE THAT SUBSYMBOLIC COMPUTATIONS CAN BE MODELED BY SYMBOLIC COMPUTATIONS.

.



In both cases, the transformed entities are represented by the states of the computation system and 

by the states of its elements. Thus, to portray and study computation systems and their functioning, 

researchers use various mathematical models of computation, such as recursive functions or Turing 

machines, which work with separate symbols. 

.



Subsymbolic (intuitive) computation means that the machine (computation system) uses 

elementary operations with concealed semantics. Examples of such machines are neural networks 

and cellular automata. Subsymbolic (intuitive) computation allows elimination of explicit 

algorithms/programs and using instead optimization processes, which improve functioning of the 

machine by upgrading implicit algorithms and programs of the machine.

Subsymbolic (intuitive) computation is realized by the neural ensembles in the brain. Researchers 

of cognition conjecture that the object formation can function as the transition from a stream of 

massively parallel subsymbolic micro-functional events to symbol-type, serial processing through 

subsymbolic integration (Clark, 1989). Subsymbolic (intuitive) computation is a model of functioning 

of the emotional and effective systems of the human brain (Burgin, 2010).

.



Symbolic (rational) computation means that the machine (computation system) uses elementary 

operations with elementary objects having individual semantics. Examples are Turing machines, 

inductive Turing machines, and vector machines (Burgin, 2005). Symbolic (rational) computation is a 

model of functioning of the left hemisphere of the human brain. The advantage of the symbolic 

(rational) computation is the explicit form of the algorithms and programs that control and direct the 

functioning of the machine.

.



At the same time, the general theory of structures and brain neurophysiology point to one more pure 

type of computation. Indeed, if there is subsymbolic computation, then it must be super-symbolic 

computation, in which superstructures are transformed.

.



Super-symbolic (transcendent) computation is a model of functioning of the right hemisphere of 

the brain. Processing of images by operation with holistic shapes is an example of super-symbolic 

computation. The advantage of the super-symbolic (transcendent) computation is its ability to operate 

big formal and informal systems of data and knowledge. Implementation of super-symbolic 

computation is the way to the solution of the problem of big data and information overflow.

Symbolic structures are composed from symbols in a simple way, that is, these structures have 

low structural complexity. Symbols, words, texts as linear composition of words, and sets are 

symbolic structures.

Symbolic superstructures are composed from symbols and symbolic structures. Intricate 

hypertexts, multicomponent images, and structures of higher order are symbolic superstructures.

.



This gives us three pure types of computations:

- subsymbolic computation, 

- symbolic computation,  

- super-symbolic computation 

.



Combination of pure types gives mixed types of information processing. The first step in this 

direction gives us hybrid computation, which comprises both symbolic and subsymbolic 

computations being a two-fold type of computations (Burgin and Dodig-Crnkovic, 2015). Hybrid 

computation allows combining advantages of both symbolic and subsymbolic computations.

.



Conventional models of computation perform either symbolic computation, e.g., finite automata, 

Turing machines, inductive Turing machines or Random Access Machines (RAM), or subsymbolic 

computation, e.g., neural networks or cellular automata. New models, such as neural Turing 

machines (Graves, et al, 2014; Collier and Beel, 2018) or structural machines with symbolic and 

subsymbolic processors, carry out hybrid computation.

A neural Turing machine is a recurrent neural network with a network controller connected to 

external memory resources. As a result combines subsymbolic computation of neural networks with 

symbolic computation of Turing machines.

.



Super-symbolic (intuitive) computation adds one more dimension to the general schema. 

Synthesizing it with symbolic (rational) computation and subsymbolic (intuitive) computation in one 

model, we come to symbiotic computation. Structural machines with flexible types of processors 

can accomplish symbiotic computation. Symbiotic computation allows combining advantages of all 

three pure types of computation representing the entire type of computations.

.



As a result, we have: 

three pure types:

- subsymbolic computation, 

- symbolic computation,  

- super-symbolic computation 

three twofold types:

- hybrid computation combines symbolic and subsymbolic computations 

- blended  computation combines subsymbolic and super-symbolic computations  

- fused  computation combines symbolic and super-symbolic computations 

one entire type of computations

- symbiotic  computation combines all three pure types of computations 

.

.



Definition of structures

.

.



A first-order structure is a triad of the form

A = (A, r, R)

In this expression, we have:

- the set A, which is called the substance of the structure A and consists of elements, which are called structure elements of 

the structure A

- the set R, which is called the arrangement of the structure A and consists of relations between elements from A in the 

structure A, which have the first order and are called structure relations of the structure A

- the incidence relation r, which connects groups of elements from A with the names of relations from R

Examples: 

Order 1 < 2 < 3 < 4 < 5

String a – b – c – d – e 

Word  s – e – v – e – n

Graph ..                                               Labeled graph



A second-order structure is a triad of the form

A = (A, r, R)

Here

- the set A, which is called the substance of the structure A and consists of elements of the structure A, which are called 

structure elements of the structure A

- the set R, which is called the arrangement of the structure A and consists of relations in the structure A, which are called 

structure relations of the structure A

- r is the incidence relation that connects groups of elements from A and/or relations from R with names of relations from R

R = R1  R2  R3

R1 is the set of relations between the elements from the set A

R2 is the set of relations in the set R1 , i.e., elements from R2 are relations between relations from R1

R3 is the set of relations between elements from A and relations from R1

Relations from R2 and R3 are called relations of the second order in A..



Examples: 

1. The strict order < on numbers is a suborder of the non-strict order  on numbers. This is a relation of the second order.

2. Addition and subtraction are ternary relations. Subtraction is inverse to addition. This is a relation of the second order.

3. A function is a binary relation. When one function is an extension of another function, it defines a relation of the second order.

4. 0 is neutral element with respect to addition. This is a relation of the second order.

5. Taking relations between people, when the relations between A and B are better than the relations between A and D, it defines a 

relation of the second order.
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STRUCTURAL MACHINES
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A structural machine M works with structures of a given type and has three components:

The control device CM regulates the state of the machine M

The processor PM performs transformation of the processed structures and its actions (operations) depend on 

the state of the machine M and the state of the processed structures

The functional space SpM consists of three components:

The input space InM , which contains the input structure. 

The output space OutM , which contains the output structure. 

The processing space PSM , in which the input structure(s) is transformed into the output structure(s). 

Computation of a structural machine M determines the trajectory of computation, which is a tree in general 

case and a sequence when the computation is deterministic case and is performed by a single processor unit.
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There are three forms of functional spaces SPM and USPM :

SpM is the set of all structures that can be processed by the structural machine M and is called a categorical 

functional space

USpM is a structure for which all structures that can be processed by the structural machine M are 

substructures and is called a universal functional space

CSpM is a structure for which all structures that can be processed by the structural machine M are its 

components and is called a componential functional space 
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There are three basic types of control devices:

A central control device controls all processors of the structural machine

A cluster control device controls a cluster of processors in the structural machine

An individual control device controls a single processor in the structural machine

There are three basic types of processors:

A localized processor is a single abstract device (processor unit or unit processor)

A distributed processor, which is also called a total processor, consists of a system of unit processors or processor units

A spread processor, which is also called an entire processor, consists of a system of clusters of unit processors or 

processor units
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It is natural to suppose that each unit processor performs only local operations. In a general case, each unit processor 

moves from one structure element to another, performing operations in their neighborhoods. This makes it possible to 

consider a localized processor as a special type of a distributed processor with one unit processor.

Examples of heterogeneous distributed processors are processing devices in evolutionary automata such as evolutionary 

finite automata, evolutionary Turing machines or evolutionary inductive Turing machines (Burgin and Eberbach, 2009).

Cellular automata give examples of structural machines with (potentially) infinite distributed processors, in which unit 

processors are identical finite automata. One-dimensional cellular automata work with such structures as words. Two-

dimensional cellular automata work with such structures as two-dimensional arrays.

It is possible to build structural machines that can work not only with discrete but also with continuous data because 

structures can be continuous and there are no restrictions on relations in processed structures. This possibility turns 

artificial neural networks (Haykin, 1994), Shannon’s differential analyzer (Shannon, 1941), a finite dimensional and 

general machines of Blum, Shub, and Smale (1989) and Type 2 Turing machines (Weihrauch, 2000) into special cases of 

structural machines.
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There are three basic types of control devices:

A central control device controls all processors of the structural machine

A cluster control device controls a cluster of processors in the structural machine

An individual control device controls a single processor in the structural machine

There are three basic types of processors:

A localized processor is a single abstract device (processor unit or unit processor)

A distributed processor, which is also called a total processor, consists of a system of unit processors or processor units

A spread processor, which is also called an entire processor, consists of a system of clusters of unit processors or 

processor units
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INFORMATION PROCESSING - VASE OR TWO FACES?
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 Researchers around the world have recognized that the rate at which 
computers are improving is slowing down. To break past the apparent 
limits of computers, scientists are looking at new, original ways of 
designing them.

 “The key idea is that in the brain, the memory and the logic 
(processing) are co-located in the same basic element, the neuron,”

---- Alec Talin, Oak Ridge National Laboratory

 Inside your brain there are billions of cells called neurons that pass 
information across trillions of cell-to-cell connections called synapses, 
Aimone said. Whenever one neuron has a message, it sends a signal 
to lots of other neurons at the same time. But, only a random fraction 
on the receiving side carry on the message to more cells. 
Neuroscientists don’t agree why, but Aimone, a Oak Ridge National 
Laboratory Scientist thinks it could be a reason why brains do some 
tasks better than computers, such as learning and adapting, or why 
they use less energy.

INFORMATION PROCESSING WITH BRAIN-INSPIRED COMPUTING
Sandia National Laboratories: News Releases : What if the secret to your brain’s 

elusive computing power is its randomness?
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GENERAL THEORY OF INFORMATION
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Information has been 

considered as a fundamental 

constituent of the universe on 

a par with matter-energy, 

the missing link in the 

explanation of all the 

phenomena of the world. 

Other scientific streams consider 

information as something that 

pertains only to human beings.

Between these antagonistic 

positions, a variety of theories 

exists and the scientific debate 

is still on-going.

Matter

Energy

Data & 

Knowledge 

Structures

Information



EXISTENTIAL TRIAD AND INFORMATION STRUCTURES
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INFORMATION AND COMPUTATION
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“Information is related to knowledge and data, as energy is 

related to matter.” 

Burgin, M. (2010) Theory of Information: Fundamentality, Diversity and Unification. 

World Scientific, Singapore.

‘‘Computer science is concerned with 

information in much the same sense that 

physics is concerned with energy... The 

computer scientist is interested in 

discovering the pragmatic means by which 

information can be transformed.”
Wegner, P. (1965) ACM’s description of Computer Science  identified effective 

transformation of information as a central concern.



INFORMATION PROCESSING
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“Information expresses the fact that a system is in a 

certain configuration that is correlated to the 

configuration of another system. Any physical system 

may contain information from another physical 

system .” 

Hewitt, C. (2007) What is Commitment? Organizational and Social . In P. Noriega, J. Vazquez, Salceda, G. 

Boella, O. Boissier, & V. Dign (Eds), Coordination, Organizations, Institutions, and Norms in Agent Systems II 

(pp. 293-307). Berlin, Heidelberg: Springer .



INFORMATION PROCESSING STRUCTURES
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General Theory of Information (GTI) tells us that information is 

represented, processed and communicated using physical 

structures. 

The physical universe, as we know it, is made up of structures that 

deal with matter and energy. 

“Information is related to knowledge as energy is related to matter”

* Burgin, M. Theory of Information: Fundamentality, 

Diversity and Unification, World Scientific: Singapore, 2010.



“Moreover, when we assert that a named set (fundamental 

triad) is the most fundamental structure, it does not mean 

that it is the only fundamental structure in reality. There are 

other fundamental structures on different levels of reality. 

Fields in physics, molecular structures in chemistry, and the 

DNA structure in biology and genetics are fundamental 

(basic) in these fields. However, named sets (fundamental 

triads) form the physical block and constructing element for 

all those and many other structures. Consequently, named 

set (fundamental triad) is the most fundamental structure 

in the world of structures and thus in the whole world”

BURGIN, M.S. (2011) “THEORY OF NAMED SETS” NOVA SCIENCE 

PUBLISHERS, INC. NEW YORK. P 599

THE SCIENCE OF INFORMATION PROCESSING STRUCTURES
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State Evolution Through Structural Machines



WHAT IS A STRUCTURAL MACHINE
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1. Cognizing Agent hierarchy (Cm ) provides 

global signaling overlay 

2. CM is implemented as a set of algorithms 

specified as Knowledge structures (KS) 

which are entities with inter- and intra-

relationships and behaviors specified)

3. The specification is the transformation of 

Input KS to an output KS (with specific pre-

condition, transaction and post-condition)

4. Processor PM executes various computations 

to transform input KS to Output KS 



KNOWLEDGE STRUCTURES AND DOMAIN KNOWLEDGE MODELS
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Object O3
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O23:R1; O23:B1

O13:R1; O13:B1

Object 04
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Attribute 3

Attribute 4

O4:R1; O4:B1

Model of the Domain in the form of 

entities, their inter- and intra 

relationships and behaviors



STRUCTURAL MACHINE MODELING APPLICATION BEHAVIORS
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Control Device as an "Oracle“ 

Operating on Downstream KS

Control Device as 

an "Oracle"

Processors 

Distributed Application/Micro-Service  Components 

DBAPP DBAPPDBAPP

1. Each Oracle as a cognizing agent 
configures, monitors and implements 
transaction on downstream KS

2. Processors execute individual 
transactions required to implement the 
global transaction using individual 
transactions 

3. At each level the transaction is managed 
for consistency in downstream network

4. Each transaction specifies the 
operations on the KS representing the 
Application Network and its behavior as 
a graph (nodes, links and their 
relationships and behaviors)



STRUCTURAL MACHINES ENABLING SUPER-SYMBOLIC COMPUTING
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Body Brain

Mind

The Physical World

Sensors & Actuators

Model & Manage

Awareness

The Burgin Mikkilineni Thesis*

Ontological BM Thesis. The autopoietic and 

cognitive behavior of artificial systems must function 

on three levels of information processing systems and 

be based on triadic automata.

Axiological BM Thesis. The efficient autopoietic 

and cognitive behavior has to employ structural 

machines.

*Thesis is a statement or idea that is put forward as a premise to 
be maintained or proved.



SUPER-SYMBOLIC COMPUTING AND THE GENOME
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Mind

Brain

Body

Symbolic Computing

Sequences of symbols ATCG

Sub-Symbolic Computing 

Neurons that fire together wire together

Symbolic Computing Network Sub-symbolic Computing Network

Super-symbolic Computing Network

Neural Maps

“Self”

Five Senses



DIGITAL GENES AND NEURONS
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Symbolic Computing

Sequences of 1’s and 0’s

Sub-Symbolic Computing

Neural network Algorithms

Information Knowledge




 



SUPER-SYMBOLIC COMPUTING: THE KNOWLEDGE NETWORK WITH SELF-

REGULATION & COGNITIVE BEHAVIORS
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 Autopoietic Functional Node (AFN): Provides 
autopoietic component information processing 
services. Each node executes a set of specific 
functions based on the inputs and provides 
outputs that other knowledge nodes utilize.

 Autopoietic Network Node (ANN): Provides 
operations on a set of knowledge nodes to 
configure, monitor and manage their behaviors 
based on the group level objectives.

 Digital Genome Node (DGN): A system-level node 
that configures a set of autopoietic sub-networks, 
monitors them and manages them based on 
system-level objectives

 Cognitive Network Node: A system-level node that 
provides knowledge structures which manage the 
cognitive behaviors of the system to deal with 
globally shared knowledge and predictive 
behaviors dealing with fluctuations in interactions 
in the system (the observer and the observed or 
the “self” and the environment”



DISCUSSION
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