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ABSTRACT

ANALYSIS OF
NEURAL NETWORK RESPONSE
WITH VARIED NEURON MODELS
AND INTERCONNECTION PATTERNS

By

David Barnard Pierce

This work addresses the performance of a neural network algorithm for constrained
optimization. The network is simulated in VHSIC Hardware Description Language
(VHDL). Comparisons are made for neurons with a step response and several levels
of graded response, as well as several methods of interconnection. The response
variables include response function, gain of the response function, and number of
interconnections. The results show that a binary response is faster than a graded
response. Additional interconnections resulted in an increase in speed of the
network. Adding a capacitance factor to the input of the neuron model reduced
oscillation and increased problem solving capability. Setting the gain and/or weights

becomes the mechanism for implementing learning algorithms.
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1 INTRODUCTION

1.1 Motivation

The field of neural networks, although not a new field, is currently experiencing the
focus of large amounts of research [1]. This research is exploring various methods of
implementing networks, learning algorithms, different neuron models, and applica-
tions of the networks. The promise of faster solutions to difficult problems is a major
reason for the focus upon neural networks.

Because neural networks are parallel processing structures, faster computations
are expected. In addition, neural networks have fault-tolerant structures which pro-
vide additional incentive for use [2,3]. Neural networks are presently being utilized
for many existing computation problems such as nonlinear programming [4], control
applications [5,6], pattern recognition problems (2], and Content Addressable Mem-
ory (CAM) [9], to name a few. The parallel structure of the neural network allows
fast comparison of patterns to compute a fast, 'near optimal’ solution for a pattern,
which can often be more useful than a slowly computed, optimal solution [9]. The
neural network is also effective at the 'Traveling Salesman Problem’, an np-complete
problem that is time consuming for a single processor, sequential computing machine
[11].

Despite the amount of research in the area of neural networks, there is still a
large amount of knowledge to be gained. There is work being performed on network
structures, learning algorithms, hardware implementations, and the specific neuron
models to be utilized. One basic method of affecting the computational ability of the
neural network is to vary the specific neuron response, the basic computation block
of the network [12,13,14]. Also, the configuration of the network can have effects on
the computational ability of the network. For example, the number and location of
neuron interconnections will affect the computational ability.

Presently, there exists some work on the effect of different neuron responses and



their interconnections. Models with binary output and with graded response have
been postulated [12,13]. Work has been published to show that a graded response
will result in faster computations than a binary response [12]. However, there exists
no actual simulation or comparison data for binary as well as graded response neurons.
The effect of interconnections has also not been simulated for results. To generate an

efficient network, these areas need to be explored.

1.2 Scope

Several possibilities exist for optimizing a neural network. The number of intercon-
nections can be varied, the type of network algorithm can be varied, the method of
interconnections or data transfer can be varied, and the specific neuron implemen-
tation can be varied. These parameters are the basic building blocks of each neural
network.

As will be discussed, the type of neuron implementation can have a significant
effect on the neural network and its ability to arrive at a decision in an efficient man-
ner. This thesis addresses the performance of a neural network with changes in the
implementation of individual neuron response curves and the number of interconnec-
tions.

These changes will be simulated and the results compared through the use of
VHSIC Hardware Description Language (VHDL). VHDL allows hardware to be sim-
ulated and tested on a computer without actual implementation of the neural network
hardware. This is important as actual hardware may require a great deal of money
and time to generate results. VHDL allows simulations and results to be generated
for a minimum of cost and time [16,18].

This work will explore the effects of varied neuron responses and the effect of

varied interconnection patterns.



2 BACKGROUND
2.1 VHDL

2.1.1 Origin of VHDL

As the complexity of the engineer’s design tasks increase, the methods of generating
these designs must become more sophisticated. Without tools, such as computers
and computer programs, the design task is completely manual. Manual drafting,
development of schematics, tracking of part lists, and design analyses require large
amounts of time and effort to generate and update. Manual methods are also more
prone to errors in workmanship.

Because of the increasing complexity of the design tasks, it becomes necessary to
develop tools to handle tasks like design analyses. Tools such as computer aided draft-
ing, spreadsheets, SPICE (circuit analysis tool), and finite element analysis programs
are available to aid the engineer in his/her design task.

For these same reasons, VHSIC Hardware Description Language (VHDL) was
conceived and generated. The Department of Defense contracted for the development
of VHDL to aid in the desi@ of VHSIC hardware, which was a major item of defense
expenditure. Without VHDL, the design of VHSIC hardware would be difficult to
generate and to document.

VHDL will be utilized because of the amount of time and resources that would be
required to prototype a neural network. To implement the necessary neural networks
for the simulations would require many integrated circuit devices and much design
work. This, in turn, requires a large amount of financial resources: By utilizing VHDL
for simulations, the neural network can be generated and its operation verified in a
fraction of the time. Any necessary changes can be coded and verified within minutes,
which would not be possible with actual hardware. The cost to simulate the network
in VHDL is only the time spent to design and code the problem.



2.1.2 Structure of VHDL

A major advantage of VHDL is the ability to utilize varied levels of hardware ab-
stractions. The code can include exact models of gates with Boolean statements and
combine these gates into a design. The code can also use hardware concepts to sim-
ulate a design. This can be performed by coding a block which performs complex
Boolean and/or math functions on a set of data. These types of design can also be
combined when desired.

The design is represented by a behavioral or structural model, or a combination
of both. For the designer, this allows portions of uncreated hardware to be simulated
and verified prior to spending large amounts of time implementing a specific hardware
configuration. For example, a processor unit can be modeled behaviorally by sending
certain output data when particular input data is sent to the processor. This can
be coded without Boolean gate models allowing the designer to test a function or
operation prior to generating all the internal structure necessary for operation.

Two basic elements of every system represented in VHDL are performed with an
entity statement and an architecture statement. (Words that are reserved in VHDL
are shown in boldface in this thesis). These two statements define an external and
internal view of the system. The interface of the system is defined by an emtity
statement, which is the external view of the system. The behavior or structure of
the system is given in the architecture statement, which is the internal view of the
system.

The external view of the system described by the entity statement has commands
to declare the system as an emtity in addition to the system’s ports. Each port
defines a signal between the system and the systems around it. Signals defined by
ports can include input, output, or bidirectional signals. Other information may also
be declared in the entity statement concerning signals and values common to other

systems.



The internal view of the system described by the architecture statement has
commands to define what parts make up the system and how these parts define
the system’s operation. The system operation can be defined by a structural or a
behavioral model. The structural model contains models of real hardware such as
logic gates and memory devices and defines their connections. Behavioral models
describe the system operation by logic statements such as if statements and loop
commands. Both may perform the same function but are represented quite differently.
For example, a counter could be implemented with Boolean gate models connected
to operate like an actual counter. Or the Boolean logic of the counter could be
implemented with if statements without detailed gate models.

Also within the architecture command, components (other systems) may be de-
fined, signal values may be assigned, and other operations performed. The component
statement places a previously defined system within the architecture being defined.
The architecture of the counter example could include gate components by the in-
stantiated component statement. The component statement includes a port map
statement which defines the signal connections between the two systems.

The architecture of the system includes the code that defines the operation of the
system. The code could include signal assignment statements that transmit a signal
on a signal path. This can be performed as a result of a calculation, or a necesary
condition being set. Also, variables can be calculated and arrays of components
defined. These operations can be performed with loops, if statements, and other
common software functions. For example, in this work the network uses a loop
statement to calculate the summation for each neuron input. The neuron decision is
made using an if statement.

The architecture statement also includes one other important concept which is not
commonly found in software packages. The process statement defines a set of code

which will run, given certain conditions. The process can be specified with sensitivity



to certain signals. The process will begin when a transaction or event occurs on a
signal defined by the process as a sensitivity signal. The process statement also has
a wait statement which suspends operation of the process when specified conditions
occur. This capability will be utilized to update the network inputs and summations
when a transaction has occurred.

VHDL allows the use of libraries for cataloging basic design elements. Elements
such as gates, standard processors, or a hardware abstraction can be stored and
recalled for use within any entity or architecture statement. The elements stored
within a library are recalled by the use command. This command can recall another
entity, or a group of entities within a sub-library.

One more significant ability of VHDL is the ability to declare packages. A pack-
age stores the basic elements of several designs and allows for use commands to
address the package contents. A package body is the unit which contains functions
or other commands of the package. System level details such as system constants,
common functions, type declarations, and other similar information can be included
in a package for use and modification for a single system.

In this work, the package and package body will be utilized to store the summation
routine for each neuron’s input. This routine will be implemented by a fnhetion com-
mand, which returns a value when called by the software. The value to be returned

is the input summation for each neuron.

2.1.83 Application of VHDL

This work utilizes VHDL as the tool for simulating the artificial neural network and for
simulating and gathering results. VHDL is a practical, realistic approach to designing
a hardware neural network. It would be difficult and expensive to build a network
with real hardware to test the network.

The neural network utilized was originally described in [15] and will be modified



for use in this work. The modifications and rationale are described in the next section.

2.2 Artificial Neural Networks
2.2.1 Artificial Neural Network Theory

Neural network theories have been in existence since 1943 [7]. The first work on neural
networks concerned the mathematical concepts necessary for the network. Later work
postulated actual hardware configurations and the mathematics supporting their use
[9]. Much work has been centered around the Hopfield-Tank network [4,11,12,13,15].

Neural networks operate by computing a solution that reduces the network’s en-
ergy function to a minimum value with certain structure conditions. These conditions
allow the network to solve the problems detailed in this report. The energy function
of the Hopfield-Tank network is

e - 3 (zpg (Trn-d)

T j=i
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This energy function contains terms for the network energy and the structural
constraints of the network. This equation is minimized during the operation of a
neural network. The equation forces one neuron to be enabled in each stage and
forces the overall energy of the network to a minimum when one neuron is enabled
within each stage. The last term on the right side can be ignored for a proper choice
of gain (high gain).

The choice of weighting factors between each neuron is forced by the energy equa-
tion. The equation uses the weighting factors as part of the equation and the net-
work is therefore highly dependent upon these choices. Without the proper choice of
weighting factors, the network will not compute a valid solution.



Neural network theory generally attempts to draw parallels between biological
neural networks and artificial neural networks (non-biological). Biological neural
networks are responsible for the processing within the animal brain, such as sensory
processing, pattern recognition, and speech. Because biological neural networks are
very efficient at these tasks, it would be desirable to copy the network and utilize
the network for tasks that general purpose, sequential instruction machines perform
inefficiently. '

The use of artificial neural networks is relatively new, due primarily to the inabil-
ity of technology to produce a hardware implementation. Artificial neural networks
require a large number of processors and interconnections, which has been beyond
the capability of circuit technology.

The ability of manufacturers and the capabilities of equipment presently allows
small neural networks to be implemented. Massively parallel structures necessary for
large neural networks are not far away. These abilities have been progressing rapidly

over the last several years (8.

2.2.2 Neuron Design

The Hopfield-Tank network emulates the biological neural network by utilizing an
operational amplifier for each neuron. Each amplifier would have inputs, both excitory
and inhibitory, from many other neurons [9]. An example is shown in Figure 1. This
network is very large for nontrivial problems. An example would be the human brain,

which is estimated to contain 10'! neurons [10].

One of the most significant aspects of an artificial neural network is the neuron
model. The neuron has been postulated as an analog processor, such as an op-amp
[12,17] with excitory and inhibitory inputs. Most models utilize a graded response to
the inputs multiplied by their respective weights.

The neuron transfer function of a biological neuron is a monotonically increasing
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Figure 1: Hopfield-Tank Network Model.

and odd [-g(-u)] = [g(u)] function, or sigmoid function [3]. An example is shown in
Figure 2. The transfer function is commonly defined as

= () s (2]

The analog neuron model combines inputs and weights for each connection and
sums these values. A bias term is added to the summation and then the summation
value is utilized to calculate the output of each neuron.

The neuron has also been postulated as a discrete, or digital processor [8,9,15].
This model responds with a one or zero output, based on the summation of inputs
multiplied by their respective weights. This model has also been utilized in the
analysis and simulation of neural networks.

The digital model can be implemented easier than the analog version. Simple
digital logic gates may be used in place of more complex op-amp or analog gate
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Figure 2: Sigmoid Transfer Function.

models. The number of transistors necessary for a standard op-amp (Texas Instru-
ments uA741) is 22 [19]. For a standard digital gate (Texas Instruments SN5400)
the number is 4 [20]. The digital version is faster at the individual component level
due to the higher speed of digital electronics, 11 nanoseconds versus 10 microseconds
[19,20]. However, the number of gate delays in a digital model is dependent on neuron
implementation and would reduce the difference in speed.

Even with the listed advantages of the digital implementation, the network solu-
tion is not necessarily faster with digital neurons. It has been shown that an analog
network would arrive at a solution faster than the digital network [14]. This would
be true for equal time constants for each individual neuron. So it would be appro-
priate to ask, "For what networks would the analog neuron result in a more efficient

computation? What is an ideal (or sufficient) neuron model?”

10



2.2.3 Interconnection Effects

A neural network utilizes massive parallelism perform computations. This parallelism
is implemented through massive interconnection between individual neurons (2,14].
Each interconnection provides a signal which is multiplied by an appropriate weight
and summed with the remaining products. This sum determines each neuron’s output
via the neuron response curve. Inhibitory and excitory inputs can be provided to each
neuron. In some cases the inhibitory input is simply not excitory.

The effect of the number of interconnections to each neuron varies. The network
response improves with additional inputs to each neuron. This is a result of each
decision point having more information to apply toward that decision. However,
additional interconnections can have a decreasing benefit as more are added [14].

The interconnections in typical artificial neural networks are symmetric and the
interconnections to each neuron include a full stage or stages. A nonsymmetric net-
work would connect parts of a stage or stages to a neuron. This type of network
can solve specific problems but is too problem-specific and will not be utilized in this
work. The number of stages that are interconnected to each neuron will be varied
and the results used to determine the effect of increased interconnections.

The ease of implementation of a network is dependent upon the number of in-
terconnections. Fewer interconnections reduce the complexity of the network. It is
important to ask, "What is the optimum number of interconnections, and how many

are necessary to solve a given class of problems?”

11



3 NEURON AND NEURAL NETWORK SIM-
ULATION

3.1 Neuron Model

The neuron model utilized is similar to the model used by [15]. That model im-
plemented a two-state output for each neuron. In this work, the neuron model is

expanded to several states with different response curves.

3.1.1 Neuron Response Functions

Three types of response functions are investigated for each neuron. These include
binary, ramp, and sigmoid functions. The ramp and sigmoid results will be compared
to the binary model. This will provide a method of comparison for the different
models.

The three response functions were chosen to model the biological neuron response.
The binary function is the sigmoid function with an infinite gain. It is also the
simplest model to implement. The ramp function is used because it is close to the
actual sigmoid response of a neuron but does not have a complex math model, making
it easy to implement. The sigmoid is used because it is the actual neuron response
function. The simulations of each model will result in a comparison of the ability of
each response function to arrive at a solution when used in the neural network.

By comparing the results for each neuron, the desired response can be chosen.
The simpler models can be utilized if they provide the desired solution time, or the
more complex function may be utilized if desired. The results will show the attributes
of each of the functions.

For each response function, the gain of the curve is varied. By changing the gain
of the curve, the effects of gain assumptions are determined. These variations in the
neuron model provide coverage of factors that are important to the effectiveness of

each neuron and the network.

12
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The binary neuron response function is given in Figure 3. The two ramp neuron
response functions (for both high and low gain) are shown in Figures 4 and 5. The
two sigmoid neuron response functions (for both high and low gain) are shown in
Figures 6 and 7. These figures give the actual response function coded in VHDL
to implement the neuron. The neuron output values for each state (sum of input
multiplied by weights) is listed in Appendix A.

The gain of each of the functions is chosen to have greater or lesser resolution than
the problem set. That is, the decision of a neuron can be either the same as a binary
response or the neuron decision can be at an intermediate point on the response
function. Therefore, with a high gain function the neuron response will approximate
a binary response. The low gain functions will allow neuron outputs that are not a

one or a zero.

13
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3.1.2 Neuron Interconnections

The number of interconnections for each neuron is varied to provide a comparison of
the effect on the network. The first variations include interconnecting the stage that
the current neuron is in and the previous stage. The inputs from these two stages are
multiplied by their respective weights and summed at the neuron input. The neuron
output is then computed. For the other two variations, the previous two or three
stages and the current stage are connected to the current neuron.

The change in the number of interconnections between neurons is implemented

by changing the following:

1. Modifying the initial constants for the network within the neural package mod-
ule;

2. Modifying the memory module that holds weight factors for the neurons, and;

3. Modifying the bias term for each neuron response within the neuron modules.

The variations stated will allow visibility of the effect of interconnections in this
network.
Also, the neuron models for the increased interconnection networks are similar

but utilize a larger bias value to account for greater numbers of inputs.

3.1.3 Neuron VHDL Code

Appendix A contains the VHDL code for the neurons utilized in this work. The
code implements the neurons by calculating the sum of each weight-input product.
A series of elsif statements, which represent a lookup table, provide the output for
the appropriate state.

The summation for each neuron is peformed by a funetion call. This function
computes the product of weight and input and sums all products. Each neuron has

a process which is sensitive to the inputs. When a transaction occurs on an input

16



line, the neuron’s process is initiated. The process stops when the output has been

calculated until the next input transaction.

3.2 Network Model

The network model follows that of [15]. The network is setup as a processor with a
neural network as a coprocessor. The neural network receives weights from memory
as well as present neuron outputs and computes the solution. The results are then
passed to the processor. A convergence sensor is employed to sense when the network
has stabilised. The tolerance can be set within the package so it is easy to modify.
A block diagram of the network is shown in Figure 8.

Appendix B contains the VHDL code utilized to initialize the network, implement

the network, and set up a test bench.

3.2.1 Processor

The processor performs a management function for the network. The initial inputs
and initial states are passed through the processor to the neurons. Results from the
ﬁeural coprocessor are passed to the processor.

The processor module has a VHDL process which is sensitive to the outputs of
the test bench module. When the test bench module sends the neuron outputs back
to the processor, the processor’s process begins. The process assigns each neuron’s
output to the input array for each neuron. This array is used by the neuron code to
compute each neuron solution. The code utilizes if and loop statements to assign the

correct neuron outputs to each neuron’s input array.

3.2.2 Memory

A memory function is implemented to store the weights for each neuron. The weights

are drawn from memory at the beginning of the simulation. They are not used again

17
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during the simulation, but could be updated if a learning algorithm was implemented.

The memory module has one signal assignment statement that sends the weight
inputs for each neuron to the neuron. These weights are arranged in an array for each
neuron. This array is multiplied by the input array for each neuron to compute the

summation for each neuron.

3.2.3 Network

The network module uses a generate statement to define the network of neurons. The

generate statement uses a loop to define an array of neurons in a single line of code.

3.2.4 Test Bench

A common method for running simulations in VHDL involves the use of a test bench.
This test bench contains an entity, reference to modules in the library, and network
stimulation inputs. The test bench also provides signals for observation at the output.
The test bench used initializes the neuron states and begins the simulation.

The test bench module has a process that is sensitive to the neuron outputs. The
test bench takes the neuron outputs and sends them to the processor to be assigned

to the neuron inputs for the next cycle of calculations.

3.3 Simmlation Inputs

Several data files are utilized to investigate the operation of the network. These data
files contain the weight factors utilized for each of the problems simulated. The data
(weights) are contained within the memory module. This is due to the inability of
VHDL to utilize input files with real numbers as data. These data files provide a
typical example of a problem to be solved by the neural network. The data files
contain generated cost values which simulate network constraints. The network will

seck a solution that reduces the cost along the path from start to finish.
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The values utilized in the data sets consist of seven different values. The values,
0.0 and ;9.0, either turn off or enable a neuron. This allows a starting point and
ending point to be defined for the network. The first and last stages contain these
points. The other five values are weights utilized for each neuron. These values will
enable a neuron when the weight value is less than the bias value of the neuron.

Appendix C contains the data files used for the simulations.

3.4 Performance Measurement Technique

The performance of each neuron model is measured by the response time of the
network. Each neuron model is implemented with the base network and the results
are compared. The results include the final state (if one is reached) and the number
of cycles necessary to reach that state. The final state must be a valid solution or the
compute time will be meaningless.

Because the time between each update of the network state is 10 nanoseconds (10
nanoseconds was selected to represent five gate delays in 1 to 2 micron technology),
this is the amount of time for one cycle. Using a time other than 10 nanoseconds would
provide a more exact simulation for a particular network and particular neurons. To
determine the number of cycles for convergence of the network, the setup time is
subtracted from the completion time, and this result is divided by the cycle time. In
this report the setup time is 4 nanoseconds, which is the time to feed the weights and

initial conditions to the neurons.

3.5 Procedure for Simulation

The following steps are taken for each simulation run.

Step 1: Determine Neuron Output. The appropriate response curve and the
discrete output levels are determined for each neuron.

Step 2: Code Neuron Output. The output levels are coded into the VHDL neuron

model as a lookup table.
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Step 3: Determine Weights and Bias. The weights for each input for each neuron
are determined. The bias for the neuron response is also determined. The weights
are then coded into the VHDL memory model and neuron model.

Step 4: Edit VHDL Network File. Edit the network memory and initialization
code to utilize the appropriate neuron model, including weights and bias. The current
neuron model is added to the network code and then the file is ready to be simulated.

Step 8: Simmlate VHDL File. Next, the file is put into the VHDL analyzer and
the code is compiled and used for simulation. The report output is printed as the last
part of this step.

Step 6: Analyse Output. The output file is analyzed to verify that a valid solution
has been computed. If no valid solution has been calculated, return to step 3 and
repeat process. If a valid solution is computed, the number of cycles is calculated and
the final state is printed.
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4 SIMULATION RESULTS
4.1 Neuron Model Results

The neuron model results show that the binary response function provided the fastest
network solution time. The ramp and sigmoid response functions were as fast when
the gain was set very high approximating a binary response. When the gain was set
to a lower value, the network would oscillate.

Many simulations were performed with the network and various problem sets. The
weights and bias values were varied to arrive at a network and problem set that had
a solution. The majority of the simulations resulted in oscillation or a solution set
that was not valid.

The network would arrive at invalid solutions or oscillate for two reasons. The
network was found to be very susceptible to the value of the gain of the neurons
and to the value of the neuron bias used. The neuron bias, if not set to a value
less than the weights in the nonoptimal path, results in many neurons being enabled
incorrectly (including neurons not in optimal path). If the bias is set to a value more
than some weights in the optimal path, then no solution will exist for some stages of
the network.

The oscillation of the network occurred when the gain of the graded response
neuron models was set to a low value. A high value of gain results in a response
function that closely approximates a binary function with either a 0.0 or 1.0 output.
Therefore, a low value of gain is a value that allows a resultant neuron decision to
be other than 0.0 or 1.0. For example, if the sum of products at the neuron input is
close to 0.0, then the resultant neuron decision is very close to 0.5.

This neuron then provides this output multiplied by a negative weight, to other
neurons. If more than one neuron has other than a 0.0 or 1.0 output, other neurons
are highly negatively driven. This results in a 0.0 output for many neurons in one

cycle. The following cycle then contains many neurons with a 1.0 output (because
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Table 1: Results of Neuron Model Simulations.

Response Function | Solution Time
Binary 15 Cycles
High Gain Ramp 15 Cycles
High Gain Sigmoid 15 Cycles
Low Gain Ramp No Solution
Low Gain Sigmoid No Solution

there is no negative bias). The network will continue to oscillate in this way because
the low gain does not provide decision-making capability.

The high gain value provides only two decision points, so that each neuron has
good decision making capability. This results in a solution in the fastest time. The
weights and neuron bias values must be set to allow the binary neurons to arrive at
a solution.

The problem set utilized allows the binary response network to arrive at a decision
and also allows the graded response networks to arrive at a solution with the proper
bias and gain.

The results are shown in Table 1. The neuron .model response and number of
cycles needed to converge are given. Appendix D contains the actual neuron outputs

with times for examination.

4.2 Interconnection Pattern Results

The network results for varied interconnection patterns showed an increase in speed
for increased numbers of interconnections. The increased numbers of interconnections

provided each neuron with a greater knowledge of the problem set. This allows the
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first stages to compute faster. The starting point is used by the first stages as part of
the calculation and increased interconnections allowed more stages to use this known
value, thus decreasing the time for these stages to compute.

The final stage also computed faster with more than two stage interconnection.
This is due to the last stage having information from previous stages which have
already reached a solution, in addition to the previous stage.

The increased number of interconnections allowed the low gain sigmoid neuron
network to compute a solution, although this was not possible with only two stages of
interconnections. The low gain ramp neuron network oscillated as with the two stages
of interconnections. The additional knowledge combined with the better decision
making capability of the sigmoid function resulted in a solution where the ramp
function did not.

The difference in solution time between the low gain sigmoid and the binary
response networks decreased as more interconnections were added. This is due to the
added knowledge of each neuron overcoming the amount of ability of each response
function to make a decision.

Table 2 shows the simulation results for the binary neuron network. Table 3
shows results for the low gain ramp neuron network. Table 4 shows the results for
the low gain sigmoid neuron network. Appendix D contains the actual neuron outputs
with times.

A second problem was simulated with the varied number of interconnected stages.
This second problem contained a sub-optimal path between three stages that was
not part of the overall optimal path. This would show the capability of the network
to handle additional problems sets. Many applications of a neural network include
sub-optimal paths, for which fast, near optimal solutions are desired.

This additional problem set utilized a sub-optimal path between stages three,

four, and five. The sub-optimal path is therefore two stages long. The two- stage
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Table 2: Results of Varied Interconnections with Binary Neurons.

Interconnections | Solution Time
Two Stages 15 Cycles
Three Stages 13 Cycles
Four Stages 9 Cycles

Table 3: Results of Varied Interconnections with Low Gain Ramp Neurons.

Interconnections | Solution Time
Two Stages No Solution
Three Stages No Solution
Four Stages No Solution

Table 4: Results of Varied Interconnections with Low Gain Sigmoid Neurons.

Interconnections | Solution Time
Two Stages No Solution
Three Stages 19 Cycles
Four Stages 13 Cycles
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Table 5: Results of Varied Interconnections and Nonoptimal Path.

Interconnections | No Solution
Two Stages No Solution
Three Stages 13 Cycles
Four Stages 9 Cycles

interconnected network could not compute a solution for tinis problem set. The three-
and four-stage interconnected networks computed a solution in the same time as the
problem set that did not include a sub-optimal path.

The two-stage network cannot arrive at a decision in the stage that has the two
locally optimal paths. This stage sees two paths of a weight that is less than the
neuron bias, thus enabling two neurons in this stage. The network solution requires
that only one neuron is enabled per stage. So the effect of the sub-optimal path is
to cause the network to oscillate at the stage where two locally optimal paths exist.
The larger two networks have enough interconnections, or information, to see a larger
solution set and resolve which of the two paths is the correct choice.

The three- and four-stage networks computed a solution in the same time as the
problem set without the sub-optimal path. This shows that a solution can be com-
puted for a network with an optimal path in a certain time and then sub-optimal
paths can be introduced with the same solution time expected. The number of inter-
connected stages necessary for the problem set is the only variable that needs to be
determined.

The results for this additional problem are shown in Table 5. The results of the

simulation are given in Appendix D for examination.
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5 DISCUSSION

Based upon the opening text, the simulation results for the varied neuron models were
not expected. The graded response neuron models were not faster than the binary
neuron models. In some cases the graded response neuron models could not achieve
a solution.

The binary model proved to be easy to implement and simulate, whereas the
graded response models were not. The graded response models were more difficult
to implement due to variables such as gain and the number of discrete steps. These
variables required several trials to achieve a valid solution.

The weights and bias of the neurons were revised many times during the simulation
of each different network. This was necessary to make the network converge to a valid
solution in a minimum amount of time. The network must be adjusted in this way
for each new problem, as each problem set must utilize different weight values and
different bias values. The bias values could be set at a particular value, if the weight
values were multiplied by some factor. This would put each problem set within a
particular range and allow the same bias value to used for each simulation.

The majority of the results acheived through the successive trials were oscillating
networks. The bias and/or weights would combine to drive all neurons to a high state,
then a low state, and so on. By use of a problem that has only one optimal path,
the network would converge. The optimal path must also contain each of the locally
optimal paths. Locally optimal paths not in the optimal path could only be present
if the number of interconnected stages could effectively 'step over’ this sub-optimal
solution in search of the overall optimal path.

The network would not converge if the gain of the neuron response function was
low enough to allow the neurons to make 'fuzzy’ or intermediate decisions. This
caused the network to have final solutions that did not meet the validity test, that is,

not all neurons had a one or zero output. This occurred for a low gain, when decision
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points did not fall on the ends at 1.0 or 0.0, but in between.

The neuron model first coded into VHDL does not implement all factors of the
neuron as proposed by [17]. The capacitance term in the network was not imple-
mented. Additionally, the network does not accept negative input values. The input
values are either positive or zero. The models account for negative inputs with zero
input, but the capacitance function is not modeled.

Some further simulations were performed to determine if the simplified neuron
model caused the results to be other than expected. Each of the neuron response
functions was coded into a neuron model and a network that employed a form of
capacitance. Because VHDL is intended for digital hardware simulations, no capacitor
function is available. A capacitor was implemented by combining the previous input
value and the present input value. This is done for each neuron at the neuron input.
The VHDL code for this function is shown in Appendix A.

The capacitor implemented takes the past and present input and uses the following

calculation
NeuronInput = 0.6 (Present) ® 0.4 (Past).

This calculation limits a graded neuron output from going 1.0 to 0.0, and vice
versa. This allows the network to retain some memory and keep neurons from oscil-
lating in certain cases. The past value was also limited to a maximum absolute value
equal to the value of the neuron bias used. This prevents a highly negative input
from keeping the neuron off at all times.

The simulations were performed on the modified network and results taken. The
modified network results are shown in Table 6. The network did converge in one
additional case. However, the network did oscillate for the low gain ramp function
as before. The low gain sigmoid function converged to invalid solutions, but did so
relafively close to the values of the valid solution. For example, many stages with
the low gain sigmoid response had a result of 0.85, and the valid result was 1.0. The
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Table 6: Results for Network with Capacitance Function.

Response Function | Solution Time
Binary 15 Cycles
High Gain Ramp 16 Cycles
High Gain Sigmoid 16 Cycles
Low Gain Ramp No Solution
Low Gain Sigmoid 26 Cycles

result could be interpreted as a 1.0 because the other values in these stages were 0.0.
This network took longer to converge than the binary network, but did converge.

The capacitance allowed the network to retain memory and arrive at a solution.
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6 CONCLUSIONS

The work performed showed that neural networks.and their solution time is very
strongly dependent upon the neuron model and the interconnection pattern. The
speed of the network can be increased by modifying the neuron model and increasing
the number of interconnections.

The best network in the cases studied in this work utilizes neuron models with a
response function approximating a binary neuron. This neuron model provides the
fastest solution because no intermediate cycles were needed to converge. The graded
response neuron models require extra cycles to reach the decision point because of
intermediate ’decisions’ by each neuron made during simulation.

By increasing the number of interconnections, the difference in speed between the
binary and low gain sigmoid function is decreased. This decreases the need to employ
a binary neuron. A neuron with a moderate to high gain could be employed in a
network with many interconnections with little or no penalty in speed.

The sigmoid function would also provide more information to a learning algorithm.
The learning algorithm can use this information to determine the magnitude of the
neuron input. The learning algorithm can also reset the gain within this network to
allow modest gain at the start and increase the gain as a solution is near.

Additionally, the best network contains many interconnected stages. This also
results in a faster solution time. Additional interconnected stages also eliminate
solutions that are not part of the overall optimal path because of the larger picture
seen by each neuron.

By adding a capacitance term to the input of each neuron, it was shown that
the time to reach a solution for the network was increased. However the network
would cease to oscillate and, if interpretated correctly, could provide a solution where
a simplified network would oscillate.

The hardware available today can be employed in a digital model of a neuron
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for the best network. The slower analog components and slower speed of the graded
response networks does not compare to the binary neuron implemented with digital
gates. The benefit of the analog network would have be to great in the area of learning
algorithms to make the analog network desirable.

As research on learning algorithms grows, the optimal neuron model may be a
graded response function with the gain set to a high enough value to allow a small
degree of the switching decision to be on the response function and utilized in the
learning algorithm. It may also be advantagous for the learning algorithm to revise
the gain of the neuron model. Although this is not employed in biological neural

networks, an artificial neural network could put this increased capability to use.
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APPENDIX A
A.1 Neuron Model VHDL Code

The response curves are modeled in VHDL by incorporating a simple lookup table.
Each table was copied to the network code and a simulation run was made. Figures

9 through 18 show the VHDL code for each neuron model.
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- Model of a Ncuron Element

use work.Neural_Package.all;
entity Neural_clement is

port (
Stimulus : in Input_Array;
Weights : in Input_Array;
Output : out Real := 0.0);
end Neural_Element;

srchitecture behavior of neural_element is
begin
NeuralProcess :
process(Stimulus’ Transaction)
- variable Sum : Real;
begin
Sum := CalculateSum(Stimulus, Weights) + 1.9;
if Sum > (0.0) then
Output <= 1.0 after 4 ns;
else

Output <= 0.0 after 4 ns;
end if;
end process;
end behavior;

Figure 9: VDHL Code for Binary Response Neuron.
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- Model of a Neuron Element

use work Neural_Package.all;
entity Neural_clement is

(
pgt:mnlus : in Input_Array;
Weights : in Input_Array;
Output : out Real := 0.0);
end Neural_Element;

architecture behavior of neural_element is

component Capacitor port (Past : in Real; Present : out Real);
end component;

for all : Capacitor use entity work.Capacitor(behavior);
signal Past_Out : Real;

mngnﬂ?m In : Real;

cap : Capacitor port map (Past_Out, Present_In);
NeuralProcess :

process(Stimulus’ Transaction)
variable Sum : Real;
variable Cap_Value : Real;
varisble In_Voltage: Real;

begin
Sum := CaiculateSum(Stimulus, Weights) + 1.9;
Cap_Value := Present_In;
if Cap_Value < -1.9 then Cap_Value := -1.9;
end if;
In_Voltage := (0.6*Sum) + (0.4*Cap_Value);
if In_Voitage > (0.0) then
Output <= 1.0 after 4 ns;
else

Output <= 0.0 after 4 ns;
end if;

Figure 10: VDHL Code for Binary Response Neuron with Capacitance.



- Model of a Neuron Element

use work Neural_Package.all;
entity Neural_element is

port (
Stimulus : in Input_Array;
Weights : in Input_Array;
Output : out Real := 0.0);
end Neural_Element;

architecture behavior of neural_element is
begin

NeuralProcess: .
process(Stimulus' Transaction)
variable Sum : Real;
Sum := CalculateSum(Stimulus, Weights) + 1.9;
if Sum < (-1.5) then
Output <= 0.0 after 4 ns;
elsif Sum < (-0.5) then
Output <= 0.25 after 4 ns;
elsif Sum < (0.5) then
Output <= 0.50 after 4 ns;
elsif Sum < (1.5) then
Output <= 0.75 after 4 ns;

else
Output <= 1.0 afier 4 ns;
end if;

end process;
end behavior;

Figure 11: VHDL Code for Low Gain Ramp Response Neuron.
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- Model of a Neuron Element

use wark.Neural_Package.all;
entity Neural_clement is
port (
Stimulus : in Input_Array;
Weights : in Input_Array;
Output : out Real := 0.0);
end Neural_Element;

architecture behavior of neural_clement is

component Capacitor port (Past : in Real; Present : out Real);
end component;

for all : Capacitor use eatity work.Capacitor(behavior);
signal Past_Out : Real;

ngnaleeen(_InRul.

cap : Capacitor port map (Past_Out, Present_In);
NeuralProcess :

process(Stimulus’ Transaction)

variable Sum : Real;

variable Cap_Value : Real;
variable In_Voltage: Real;

begin
Sum := CalculawSum(Sumuhn. Weights) + 1.9;
Cap_Value :=
if Cap_Value < -1.9 then Cap_Value := -1.9;
end if;

In_Voltage := (0.6*Sum) + (0.4*Cap_Value);
if In_Voltage < (-1.5) then
Output <= 0.0 after 4 ns;
elsif In_Voltage < (-0.5) then
Output <= 0.25 after 4 ns;
elsif In_Voltage < (0.5) then
Output <= 0.50 after 4 ns;
elsif In_Voltage < (1.5) then
Output <= (.75 after 4 ns;
else Output <= 1.0 after 4 ns;

Figure 12: VHDL Code for Low Gain Ramp Response Neuron with Capacitance.
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- Model of a Neuron Element

use work.Neural_Package.all;
entity Neural_clement is

(
p?émulm:inhput_Anty;
Weights : in Input_Array;
Output : out Real := 0.0);
end Neural_Element;

architecture behavior of neural_element is
begin
NeuralProcess: :
process(Stimulus’Transaction)
variable Sum : Real;

begin

Sum := CalculateSum(Stimulus, Weights) + 1.9;
if Sum < (-0.3) then

Output <= 0.0 after 4 ns;
elsif Sum < (-0.1) then

<= (.25 after 4 ns;

elsif Sum < (0.1) then

Output <= 0.50 after 4 ns;
elsif Sum < (0.3) then
el”Ompmc- 0.75 after 4 ns;

Output <= 1.0 after 4 ns;
end if;

end process;
end behavior;

Figure 13: VHDL Code for High Gain Ramp Response Neuron.
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- Model of a Neuron Element

use work.Neural_Package all;
entity Neural_element is
port (
Stimulus : in Input_Array;
Weights : in Input_Array;
Output : out Real := 0.0);
end Neural_Element;

architecture behavior of neural_element is

component Capacitor port (Past : in Real; Present : out Real);
for all : Capecitor use entity work.Capeacitor(behavior);
signal Past_Out : Real;

ngnall’tm_ln Real;

ap Capacitor port map (Past_Out, Present_In);
NeuralProcess :

process(Stimulus’ Transaction)
variable Sum : Real;
variable Cap_Value : Real;
varisble In_Voltage: Real;

Sum = CalculateSum(Stimulus, Weights) + 1.9;
Cap_Value := Present_In;
¥ Cap_Value < -1.9 then Cap_Value := -1.9;
end if;
In_Vohage := (0.6*Sum) + (0.4*Cap_Value);
if In_Voltage < (<0.3) then
Output <= 0.0 afier 4 ns;
elsif In_Voltage < (-0.1) then
Output <= 0.25 after 4 ns;
elsif In_Voltage < (0.1) then
Output <= (.50 after 4 ns;
elsif In_Voltage < (0.3) then
Output <= 0.75 after 4 ns;
else Output <= 1.0 after 4 ns;

Figure 14: VHDL Code for High Gain Ramp Response Neuron with Capacitance.
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- Model of a Neuron Element

use work.Neural_Package.all;
entity Neural_element is
port (
Stimulus : in Input_Array;
Weights : in Input_Array;
Output : out Real := 0.0);
end Neural_Element;

architecture behavior of neural_element is
begin
NeuralProcess:
process(Stimulus’ Transaction)
variable Sum : Real;
begin
Sum := CalculateSum(Stimulus, Weights) + 1.9;
if Sum < (-1.5) then
Output <= 0.0 after 4 ns;
elgif Sum < (-0.5) then
Output <= (.15 after 4 ns;
elsif Sum < (0.5) then
Output <= 0.50 after 4 ns;
elsif Sum < (1.5) then
Output <= 0.85 after 4 ns;
else
Output <= 1.0 after 4 ns;
end if;
end process;
end behavior;

Figure 15: VHDL Code for Low Gain Sigmoid Response Neuron.
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- Model of a Neuron Element

use
entity Neural_clement is
port (
Stimulus : in Input_Array;
Weights : in Input_Array;
Output : out Real := 0.0);
end Neural_Element;

architecture behavior of neural_clement is

component Capacitor port (Past : in Real; Present : out Real);
end component;

for all : Capacitor use entity work.Capacitor(behavior);
signal Past_Out : Real;

signal Present_In : Real;

begin
cap : Capacitor port map (Past_Out, Present_In);
NeuralProcess :

process(Stimulus’ Transaction)
variable Sum : Real;
variable Cap_Value : Real;
v.jable In_Voltage: Real;

begin
Sum := CalculateSum(Stimulus, Weights) + 1.9;
Cap_Value := Present_In;
if Cap_Value < -1.9 then Cap_Value := -1.9;
end if;
In_Voltage := (0.6*Sum) + (0.4*Cap_Value);
if In_Voltage < (-1.5) then
Output <= 0.0 after 4 ns;
elsif In_Voltage < (-0.5) then
Output <= 0.15 after 4 ns;
elsif In_Voltage < (0.5) then
Output <= 0.50 after 4 ns;
elsif In_Voltage < (1.5) then
Output <= 0.85 after 4 ns;
else Output <= 1.0 after 4 ns;
end if;

Figure 16: VHDL Code for Low Gain Sigmoid Response Neuron with Capacitance.



— Model of a Neuron Element

use work Neural_Package.all;
entity Neural_clement is

port (
Stimulus : in Input_Array;
Weights : in Input_Array;
Output : out Real := 0.0);
end Neural_Element;

architecture behavior of neural_element is
begin
NeuralProcess:
process(Stimulus’ Transaction)
variable Sum : Real;

Sum := CalculateSum(Stimulus, Weights) + 1.9;
if Sum < (-0.3) then
Output <= 0.0 after 4 ns;
elsif Sum < (-0.1) then
Output <= (.15 after 4 ns;
elsif Sum < (0.1) then
Output <= 0.50 after 4 ns;
elsif Sum < (0.3) then
Output <= (.85 after 4 ns;
else
Output <= 1.0 after 4 ns;
end if;
end process;
end behavior;

Figure 17: VHDL Code for High Gain Sigmoid Response Neuron.
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architecture behavior of neural_element is
component Capacitor port (Past : in Real; Present : out Real);

end component;

for all : Capacitor use entity work.Capacitor(behavior);
signal Past_Out : Real;

sigul?rm_ln:kell;

cap : Capacitor port map (Past_Out, Present_In);
NearalProcess : N

process(Stimulus' Transaction)
variable Sum : Real;
variable Cap_Value : Real;
variable In_Voltage: Real;
begin
Sum := CalculateSum(Stimulus, Weights) + 1.9;
Cap_Value := Present_In;
if Cap_Value < -1.9 then Cap_Value :=-1.9;

end if;
In_Voltage := (0.6*Sum) + (0.4*Cap_Value);
if In_Voltage < (-0.3) then
Output <= 0.0 after 4 ns;
elsif In_Voltage < (-0.1) then
Output <= 0.15 after 4 ns;
elsif In_Voltage < (0.1) then
Output <= 0.50 after 4 ns;
elsif In_Voltage < (0.3) then
Output <= (.85 after 4 ns;
else Output <= 1.0 after 4 ns;
end if;
Past_Out <= Sum;
end process;
end behavior;

Figure 18: VHDL Code for High Gain Sigmoid Response Neuron with Capacitance.
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APPENDIX B
B.1 Network VHDL Code

The network is simulated by use of the VHDL code shown in Figure 19. This code

contains each of the parts of the network and the code necessary to implement them.
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" = Neural Package. Contains network parameters and function Sum.

package Neural_Package is

constant Network_Stages : natural := 8;

constant Neuron_Interconn : natural := 12;

constant Neurons_per_Stage : natural := 6;

constant Total_Neurons : natural := 48; _

constant Tolerence : Real :=0.1;

type Neural_Array is array (Natural range 1 to Total_Neurons) of Real;

type Input_Array is array (Natural range 1 10 Neuron_Interconn) of Real;

type Weights_Matrix is array (Natural range 1 10 Total_Neurons) of Input_Array;
typeSdmnlm_MmixismmenlmgeleoﬂM)dlm_Amy;

function CalculateSum (
Stimulus : Input_Array;
Weights : Input_Array)
retum Real;

end Neural_Package;

package body Neural_Package is
fanction CalculateSum (
Stimulus : Input_Array;
Weights : Input_Array)
i‘m Real
variable Sum : Real := 0.0;

for I in 1 to Neuron_Interconn loop
Sum := Sum + Stimulus(l) * Weights(T);
end loop;
return Sum;

end CalculateSum;
end Neural_Package:;
-~ Model of a Capacitor Element
use work Neural_Package all;
entity Capacitor is

port (Past : in real; Present : out real := 0.0);
end Capacitor;

architecture behavior of Capacitor is
begin
M’Tmncﬁm)

Figure 19: VHDL Code for Neural Network.



- Neural Package. Contains network parameters and function Sum.

package Neural_Package is
constant Network_Stages : natural := §;
constant Neuron_Interconn : natural := 12;
constant Neurons_per_Stage : natural := 6;
constant Total_Neurons : natural := 48;
constant Tolerence : Real = 0.1;
type Neural_Array is array (Natural range 1 to Total_Neurons) of Real;
type Input_Array is array (Natural range 1 to Neuron_Interconn) of Real;
type Weights_Matrix is array (Natural range 1 to Total_Neurons) of Input_Array;
type Stimulus_Matrix is array (Natural range 1 to Total_Neurons) of Input_Array;
function CalculateSum (
Stimulus : Input_Array;
Weights : Input_Array)
return Real;

end Neural_Package;

package body Neural_Package is
function CalculateSum (
Stimulus : Input_Array;
Weights : Input_Array)
return Real

18
variable Sum : Real := 0.0;
begin
for I in 1 to Neuron_Interconn loop
Sum := Sum + Stimulus(T) * Weights(T);
end loop;
return Sum;
end CalculateSum;
end Neural_Packagc;

~ Model of a Capacitor Element

use work.Neural_Package.all;
entity Capacitor is

port (Past : in real; Present : out real := 0.0);
end Capacitor;

architecture behavior of Capacitor is
begin

Figure 19. (continued).



- This module is meant to be used as a memory 10 hold the input values
- ( Weights ). A centralized memory is visualised as the change required
- for a different network would be minimal this way.

use work Neural_Package.all;
entity memory is

port (
memory_output : out Weights _Matrix);
end memory;

architecture memory_arch of memory is
begin

process

begin

memory_output <= (

— Neuron Stage 1
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
- Neuron Stage 2
(-2.5,0.0,0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-3, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(-0.5, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(«4.5,0.0,0.0,0.0,0.0,0.0, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(-2, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(4.5,0.0,0.0,0.0,0.0,00,-5.0,-5.0, -5.0, -5.0, -5.0, 0.0),
—Neuron Stage 3
(-25,45,4.5,-3.5,-25,-35,00, -5.0, -5.0, -5.0, -5.0, -5.0),
(45,-25,-35,45,-35,-2.5,-50, 00, -5.0, -5.0, -5.0, -5.0),
(-2.5,-2.5,4.5,4.5,-3.5,-35,-5.0,-5.0,0.0, -5.0, -5.0, -5.0),
(-25,-25,-15, 4.5, -25, -35, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(4.5,4.5,-25,-25,-2.5,-25,-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),
(-25,-2.5,-35, 4.5, -3.5,-25, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 4
(-2.5,-3.5,4.5,4.5,-35,-25,00,-5.0, -5.0, -5.0, -5.0, -5.0),
(-25,-35,-3.5,-3.5, 4.5, -2.5, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(-2.5,-35,45,-25,-2.5,-25,-50,-5.0,00, -5.0, -5.0, -5.0),
(-35,-35,45,-25,-25,-25,-5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(4.5,-35,-25,-05,-2.5,4.5,-50,-5.0, -5.0, -5.0, 0.0, -5.0),
(4.5,-35,-25,-2.5,4.5, 45, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage §
(-2.5,-25,-2.5, 4.5, -3.5,-25, 00, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,45,-25,4.5,-15,45, -5.0,00, -5.0, -5.0, -5.0, -5.0),
(-4.5,-25,-2.5,-3.5,-3.5,4.5,-5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-2.5,4.5,-25,-3.5,-3.5,45,-5.0,-5.0, -5.0,0.0, -5.0, -5.0),
(-4.5,-35,-25,-3.5,-3.5, 45, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(4.5,-35,45,4.5,-3.5,-35,-50, -5.0, -5.0, -5.0, -5.0, 0.0),
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- Neuron Stage 6
(-4.5,-35,-25,-25, 4.5, -3.5, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-2.5,-3.5,4.5, -2.5,-25,-5.0,0.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-35,-3.5,4.5,-25, -25, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-2.5,45,-25,-25,4.5,45,-5.0,-5.0,-5.0,0.0, -5.0, -5.0),
(-35,-3.5,45,-25,-3.5,45,-50,-5.0, -5.0,-5.0, 0.0, -5.0),
(-3.5,-0.5,-3.5, -2.5, -2.5, -2.5, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 7
(-2.5,-3.5.4.5,-25, -3.5,-25, 00, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-25,-35,-25,-25,-25,-5.0,00, -5.0, -5.0, -5.0, -5.0),
(45,-35,-25, -2.5, -3.5, -35, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-3.5,-25,-2.5,-3.5, -2.5, 0.5, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(-2.5,-3.5,-25,-25,4.5,-4.5,-50,-5.0, -5.0, -5.0, 0.0, -5.0),
(45,45,-25,4.5,-35,-35,-50,-5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 8
(-2.5,-3.5, 4.5, -0.5, -2.5, -3.5, 00, -5.0, -5.0, -5.0, -5.0, -5.0),
(-9.0,-9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(«9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0));

wait;

end process;

end memory_arch;

- A network of Ncural Elements
use work. Neural_Package.all;
entity network is
port (
Network_Stimulus : in Stimulus_Matrix;
Network_Weights : in Weights_Matrix;
Network_Output : out Neural_Array);
end network;

architecture network _structure of network is
component Neural_Node
port ( N
Stimulus : in Input_Array;
Weights : in Input_Array;
Output : out Real := 0.0);
end component;

Figure 19. (continued).
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~ Instantiation of all Neural_Nodes to the
- Neural_Element design unit

gg:l : Neural_Node use entity work.Neural_element(behavior);

foriin1l :oToul_Ne\nonsgenetm
Nodes : Neural_Node
port map ( Network_Stimulus(i), Network_Weights(i), Network_Output(i) );
end generate;

end network_structure;

- This unit is used (o sense the convergence of the network
- 10 a solution within the tolerence limit

use work.Neural_Package.all;
entity conv_sensor is
port (
Old_Outputs : in Neural_Array;
New_Outputs : in Neural_Array;
Sensor_Out : out integer);
end conv_sensaor;

architecture sensor_behavior of conv_sensor is
begin

loop_process:

process(Old_Outputs’Transaction)
varisble Sum : integer := 0;
varisble difference : real := 0.0;

begin

Sensor_Out <= 1 after O ns;

Loopl.: for I in 1 to Total_Neurons loop
difference := abs (Old_Outputs(T) - New_Outputs(l));
if difference > Tolerence then

Sum := Sum + 1;
end if;

end loop loopl;

if Sum = 0 then

Sensor_Out <= 0;
end if;
end process;
end seasor_behavior;

Figure 19. (continued).



— This is the top level assembly of all the sub-components. Different
- signals are generated and fed to different parts. In essence, it is the
— Test-bench for the whole system

use work Neural_Package.all;
entity ann_processor is
port (
Stimuli : in Neural_Array;
Outputs : out Neural_Array);
end ann_processor;

architecture processor_structure of ann_processor is
component memory
port (memory_output : out Weights_Matrix);
end component;
component network
port (
Network_Stimulus : in Stimulus_Matrix;
Network_Weights : in Weights_Matrix;
Network_Output : out Neural_Array);
end component;
component conv_scnsor
port (Old_Outputs : in Neural_Array;
New_Outputs : in Neural_Array;
Sensor_Out : out integer);
end component;
signal Old_Out : Neural_Array := (0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0);
signal New_Out : Neural_Array := (1.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0);
signal Done : integer := 1;
signal Matrix_Weights : Weights Matrix := (
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
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(0.0, 0.9, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.9, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),
(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0));
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for all : network use entity work.network(network_structure);
for all : memory use entity work. memory(memory_arch);
for all : conv_sensor use entity work.conv_sensor(sensor_behavior);

begin
memory_read : memory port map (Matrix_Weights);
run_network : network port map (Matrix_Stimulus, Matrix_Weights, Outputs);
sensor : conv_sensor port map (Old_Out, New_Out, Done);

process
variable tmp1 : integer := 1;
variable tmp2 : integer := 1;
variable tmp3 : integer := 1;
variable tmp4 : integer := 0;

begin
wait on Stimuli’Transaction until Done = 1;

- Loop to do stimulus for each neuron
All_Neurons_Loop:
for C_Neurons in 1 to Total_Neurons loop

- determine number of stages for each neuron and set
tmp3 := Neuron_Interconn/Neurons_per_Stage - 2;

-loop for the number of stages
Each_Stage:
while tmp3 > -2 loop

- loop for each neuron in stage

Update_Stimulus_Loop:
for C_Input in 1 0 Neurons_per_Stage loop

- determine current stage for calculation
tmp] := ((C_Neurons - 1)/Neurons_per_Stage) - tmp3;

- if stage is negative set for proper wraparound
if tmpl < 1 then
tmp] := Network_Stages + tmpl;

end if;
- set tmp2 for correct stimulus input from current neuron

tmp2 := ((tmp1 - 1) * Neurons_per_Stage) + C_Input;

Matrix_Stimulus(C_Neurons)(tmp4 + C_Input) <= Stimuli(tmp2) after 2 ns;

end loop Update_Stimulus_Loop;

- set for next stage of neurons
tmp3 :=tmp3 - 1;

Figure 19. (continued).
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- set for next stage of inputs
tmp4 := tmp4 + Neurons_per_Stage;
end loop Each_Stage;
tmp4 := 0;
end loop All_Neurons_Loop;

- send new values to convergence sensor
New_to_Old_Loop:for i in 1 10 Total_Neurons loop
Old_Out(i) <= New_Out(i);
New_Out(i) <= Stimuli(i);
end loop New_to_Oid_Loop;
end process;
end processor_structure;

- This is the test bench for testing the whole system. Whole system is
- integrated in ann_processor.

use work Neural_package.all;
entity test_bench is
end test_bench;

architecture test_bench_arch of test_bench is

signal kIn : Neural_Array :=
.0, 1.0, 0.0, 0.0, 0.0, 0.0,
0.0,0.0, 0.0, 1.0, 1.0, 0.0,

for all : ann_processor use entity work.ann_processor(processor_structure);

begin
tester : ann_processor port map (kIn, kOut);
process
begin )
wait on kOut until Stop = false;
kIn <= kOut after 4 ns;
Stop <= True after 304 ns;
end process;
end test_bench_arch;

Figure 19. (continued).
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APPENDIX C
C.1 Input Data Files

The input data files used for the simulations are shown in Figures 20 through 25.
These files contain the weights used for the simulations. The weights can be inter-
preted as cost values from one neuron to the next neuron. The more negative a value
is, the less likely that path will be chosen.

The values are arranged in arrays by neuron and by stage. There are six neurons
in each stage, and there are six stages. The first array of values contains the weights
for the first neuron in the first stage. The last six values in each neuron array are
weights for neurons within the same stage as the neuron being considered. The values
before these last six are from previous stages.

For example, with a three stage interconnected network, the first six values in
an array are the weights from neurons two stages prior, the next six values are from
neurons one stage prior, and the last six values are from neurons in the same stage.
The 0.0 value within the last six values is a direct feedback from the neuron to itself,
which is neither enabled or disabled because of the 0.0 value.
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- Neuron Stage 1

0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
- Neuron Stage 2

(-2.5, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-3.5, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(-0., 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(4.5,0.0,0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(-2.5,0.0,0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(4.5,0.0,0.0,0.0,0.0, 0.0, -50, -5.0, -5.0, -5.0, -5.0, 0.0),
—-Neuron Stage 3

(-2.5,4.5,45,-3.5,-25, -3.5,00, -5.0, -5.0, -5.0, -5.0, -5.0),
(45,-25,-35,4.5,-3.5,-25,-5.0,00, -5.0, -5.0, -5.0, -5.0),
(-2.5,-25,4.5, 4.5,-3.5, -3.5,-5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-25,-25,-1.5,4.5,-25, -3.5, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(4.5,-45,-25,-25,-2.5, -2.5,-5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(-25,-25,-3.5, 4.5, -3.5, -2.5,-5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 4
(-25,-3.5,4.5,4.5,-35,-25,00,-50,-5.0, -5.0, -5.0, -5.0),
(-2.5,-35,-35,-3.5,4.5, -2.5,-5.0,00, -5.0, -5.0, -5.0, -5.0),
(-25,-35,45,-25,-25,-25,-5.0,-5.0,0.0, -5.0, -5.0, -5.0),
(-3.5,-3.5,4.5,-25,-25,-25,-5.0,-5.0, -5.0,0.0, -5.0, -5.0),
(4.5,-35,-25,0.5, -2.5, 45, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(45,-3.5,-25,-2.5,4.5,4.5,-5.0,-5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 5

(-25,-25,-25,4.5,-3.5,-25,00,-50, -5.0, -5.0, -5.0, -5.0),
(4.5,45,-25,4.5,-1.5,4.5,-50,00, -5.0, -5.0, -5.0, -5.0),
(4.5,-25,-25,-3.5,-3.5, 45, -5.0,-5.0,0.0, -5.0, -5.0, -5.0),
(-25,4.5,-25,-3.5,-3.5,4.5,-5.0,-5.0,-5.0,0.0, -5.0, -5.0),
(4.5,-35,-25,-3.5,-3.5,45,-50,-5.0,-5.0, -5.0, 0.0, -5.0),
(45,-35,-45,4.5,-3.5,-35,-50, -5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 6 _
(4.5,-35,-25,-2.5,4.5,-35,00, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-25,-35,4.5,-25,-25,-50, 00, -5.0, -5.0, -5.0, -5.0),
(45,-35,-35,4.5,-25,-25,-5.0,-5.0,0.0, -5.0, -5.0, -5.0),
(-25,45,-25,-2.5,4.5,45,-50,-5.0,-5.0,0.0, -5.0, -5.0),
(-3.5,-3.5,4.5,-25,-3.5, 4.5, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(-3.5,-05,-3.5,-25,-25,-2.5,-5.0,-5.0, -5.0, -5.0, -5.0, 0.0),
— Neuron Stage 7

(-25,-3.5,4.5,-25,-3.5, -2.5,0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-25,-3.5,-25,-2.5,-2.5,-5.0,0.0, -5.0, -5.0, -5.0, -5.0),
(-4.5,-35,-25,-25,-3.5,-3.5, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-35,-25,-25,-3.5,-2.5,-0.5,-5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(-25,-35,-25,-25,4.5,45,-50,-5.0,-5.0, -5.0, 0.0, -5.0),
(-4.5,45,-25,45,-3.5,-35,-50,-5.0,-5.0,-5.0, -5.0, 0.0),
- Neuron Stage 8

(-2.5,-3.5,4.5,-05,-2.5,-3.5,0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0,-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0));

Figure 20: Two Stage Interconnected Network Input Data.
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— Neuron Stage 1

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0,-9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0,-9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
— Neuron Stage 2

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -7.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -3.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -9.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -9.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),

—~Neuron Stage 3

(-2.5,-3.5,-25,4.5,-25,-35,-25,4.5,4.5,-3.5,-25, -3.5, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-25,4.5,-45,-3.5,-3.5, 4.5, 45,-25,-3.5, 4.5, -35, -2.5, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(45,-35,45,-25,-2.5,-35,-25,-25,4.5,4.5,-35,-3.5, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-1.5,-25,-3.5,4.5,-3.5, 4.5,-25,-25,-1.5, 4.5, -25, -3.5, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(45,-25,-35,-25,-2.5,-45,-45,45,-25,-25,-25,-25,-5.0, -5.0,-5.0, -5.0, 0.0, -5.0),
(4.5,45,45,-3.5,-2.5,-25,-25,-25,-3.5, 4.5, -35, -2.5, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
— Neuron Stage 4

(-25,-35,45,4.5,-25,-35,-25,-35,4.5,4.5, -35,-25, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-35,-25,4.5,45,-25,-25,-35,-3.5,-3.5, 45, -25,-5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(-25,-25,-3.5,4.5,-2.5,45,-25,-3.5,4.5,-2.5,-25, -2.5, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-3.5,4.5,-25,-25,4.5,-25,-35,-3.5,4.5,-2.5,-25, -2.5, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(-2.5,45,-15,-25,4.5,-35, 45, -35,-25,0.5, -25, 4.5, -5.0, -5.0,-5.0, -5.0, 0.0, -5.0),
(-2.5,45,-35,-3.5,-2.5,4.5,45,-35,-25,-25,45, 45, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 5

(-2.5,-3.5,-3.5,-2.5,4.5,45,-2.5,-25,-2.5,4.5, -3.5, -2.5, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-2.5,-3.5,4.5,-1.5,-2.5,-45,45,45,-25,45,-15, 45, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(-25,-3.5,-3.5,-3.5,4.5,-25,45,-25,-2.5,-3.5,-35, 4.5, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-25,-35,45,4.5,45,-25,-25,45,-25,-3.5,-35, 4.5, -5.0,-5.0,-5.0, 0.0, -5.0, -5.0),
(-2.5,4.5,-25,-25,-2.5,45,45,-35,-25,-3.5,-35, 45, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(4.5,45,4.5,-35,-2.5,-35,4.5,-35,4.5,45,-35, -31.5, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
— Neuron Stage 6

(45,45,-35,-25,-2.5,-35,45,-35, -2.5,-2.5, 4.5, -35, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-25,-35,-3.5,-3.5,4.5,45,45,-25,-3.5,45,-25,-25,-5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(-2.5,-3.5,-2.5,4.5,-2.5,45,45,-35,-3.5,4.5,-25,-25,-50, -5.0,0.0, -5.0, -5.0, -5.0),
(45,45,-35,4.5,-3.5,-25,-25,45,-25,-2.5,45, 4.5, -50, -5.0,-5.0, 0.0, -5.0, -5.0),
(45,45,-25,-25,-3.5,-35,-3.5,-3.5,4.5,-2.5,-3.5, 45, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(-2.5,4.5,-2.5,-3.5,-1.5,45,-35,-05, -3.5,-2.5, -2.5, -2.5, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
~— Neuron Stage 7

(-3.5,-35,4.5,-2.5,4.5,-25,-25,-35,4.5,-2.5, -3.5, -2.5, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-35,-25,45,-25,-3.5,4.5,-25,-3.5,-2.5,-25, -2.5,-5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(4.5,4.5,4.5,-25,-3.5,45,45,-3.5,-25,-2.5,-35, -3.5, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-35,-15,4.5,-2.5, 4.5, -35, -3.5, -25, -2.5, -3.5, -2.5, -0.5, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(4.5,45,-25,4.5,-3.5,-3.5,-25,-35,-25,-2.5,4.5, 4.5, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(4.5,-25,-25,-2.5,-3.5,-25, 45, 4.5, -25,4.5,-35, -35, -50, -5.0, -5.0, -5.0, -5.0, 0.0),
— Neuron Stage 8

(-2.5,4.5,-35,-3.5,-25,-15, -2.5, -3.5, 4.5,-0.5, -2.5, -3.5, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0,-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0));

Figure 21: Three Stage Interconnected Network Input Data.
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- Neuron Stage 1

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0,-9.0,-9.0, -9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0,-9.0, -9.0, -9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0),

— Neuron Stage 2

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -7.5, 0.0, 0.0, 0.0, 0.0, 0.0,

0.0, -5.0, -5.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -10.5, 0.0, 0.0, 0.0, 0.0, 0.0,

-5.0,0.0, -5.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 4.5, 0.0, 0.0, 0.0, 0.0, 0.0,
-5.0,-5.0,0.0, -5.0, -5.0, -5.0),

.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -13.5, 0.0, 0.0, 0.0, 0.0, 0.0,
-5.0,-5.0,-5.0,0.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -7.5, 0.0, 0.0, 0.0, 0.0, 0.0,

-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -13.5, 0.0, 0.0, 0.0, 0.0, 0.0,

-5.0,-5.0, -5.0, -5.0, -5.0, 0.0),

—Neuron Stage 3

0.0,0.0,0.0, 0.0, 0.0, 0.0, -2.5, -3.5, -2.5, 4.5, -2.5, -3.5, -2.5, 4.5, 4.5, -3.5, -2.5, -3.5,

0.0, -5.0, -5.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -2.5, -4.5, 4.5, -3.5, -3.5, 4.5, 4.5, -2.5,-3.5, 4.5, -3.5,-2.5,
-5.0, 0.0, -5.0, -5.0, -5.0, -5.0),

0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 4.5, -3.5, 4.5, -2.5, -2.5, -3.5, -2.5, -2.5, 4.5, 4.5, -3.5, -3.5,
-5.0,-5.0, 0.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -1.5, -2.5, -3.5, 4.5, -3.5, 4.5, -2.5,-2.5,-1.5, 4.5, -2.5, -3.5,
-5.0,-5.0, -5.0, 0.0, -5.0, -5.0),

(0.0,0.0,0.0,0.0, 0.0, 0.0, 4.5, -2.5, -3.5, -2.5, -2.5, 4.5, 4.5, 4.5, -2.5, -2.5, -2.5, -2.5,
-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),

(0.0,0.0,0.0,0.0,0.0,0.0, 4.5, 4.5, 4.5, -3.5,-2.5, -2.5,-2.5, -2.5, -3.5, 4.5, -3.5, -2.5,
-5.0,-5.0,-5.0, -5.0, -5.0, 0.0),

- Neuron Stage 4

(-25,-3.5,-4.5,4.5,-25,-35,-25,-3.5, 4.5, 4.5, -2.5,-3.5, -2.5, -3.5, 4.5, 4.5, -3.5, -2.5,
0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-3.5,-3.5,45,45,-2.5,-3.5,45,-35,-25,4.5,45,-25,-25,-1.5,-3.5,-35, 4.5, -2.5,
-5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-24,-35,-3.5,-3.5,45,-25,-25,-3.5,4.5,-25,45,-25,-3.5,4.5, -2.5, -2.5, -2.5,
-5.0,-5.0, 0.0, -5.0, -5.0, -5.0),
(45,45,45,-25,-3.5,-25,-35,4.5,-25,-2.5,4.5,-25,-35, -3.5, 4.5, -25, -2.5, -2.5,
-5.0,-5.0,-5.0, 0.0, -5.0, -5.0),
(-0.5,-2.5,4.5,-25,-3.5,45,-25,45,-15,-2.5,45,-35,4.5,-3.5,-2.5,-05,-2.5, 4.5,
-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),
(-25,-3.5,-3.5,-3.5,4.5,-45,-25,4.5,-3.5,-3.5,-25,45,45,-35,-2.5,-25,45, 4.5,
-5.0, -5.0, -5.0, -5.0, -5.0, 0.0),

Figure 22: Four Stage Interconnected Network Input Data.
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— Neuron Stage 5§

(45,-25,-25,-25,4.5,-35,-25,-35,-3.5,-2.5, 45,45, -25,-2.5,-2.5, 45, -35, -2.5,
0.0, -5.0, -5.0, -5.0, -5.0, -5.0), :

(45, 45,-15,-3.5,-25,43,-2.5,-35,4.5,-1.5,-2.5, 45,45, 4.5,-2.5, 45, -1.5, 4.5,
-5.0, 0.0, -5.0, -5.0, -5.0, -5.0),

(4.5,-25,-25,4.5,-2.5,45,-25,-35, -3.5,-3.5, 4.5, -25, 4.5, -25,-2.5, -3.5,-3.5, 4.5,
-5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-35,-25,-25,-25,4.5,-35,-25,-15,4.5,4.5,45,-25,-25,-1.5,-2.5,-3.5,-3.5, 4.5,
-5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(-35,45,45,-25,-3.5,45,-25,45,-25,-25,-25,-45,45,-35,-2.5,-35,-35, 4.5,
-5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(-25,-25,-25,-3.5,4.5,-35,45,45,45,-3.5,-25,-35,45,-3.5,4.5,4.5,-35, -35,
-5.0, -5.0, -5.0, -5.0, -5.0, 0.0),

- Neuron Stage 6
(-2.5,4.5,45,45,-3.5,-35,45,45,-35,-25,-25,-35,4.5,-35,-2.5,-2.5, 4.5, -3.5,
0.0, -5.0, -5.0, -5.0, -5.0, -5.0),

(-35,-25,-25,4.5,-2.5,-3.5,-25,-35,-3.5,-3.5, 4.5, 4.5, 4.5, -2.5,-3.5, 4.5, -2.5, -2.5,
-5.0,0.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-25,-35,-3.5,-3.5,45,-25,-35,-25,4.5,-25,45,45,-3.5,-3.5, 4.5, -25, -2.5,
-5.0,-5.0, 0.0, -5.0, -5.0, -5.0),
(-35,-25,45,45,-25,-25,4.5,45,-3.5,45,-35,-25,-25,45,-2.5,-25,45, 4.5,
-5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(45,45,-35,-25,-25,-25,45,45,-2.5,-2.5,-35,-35,-35,-3.5,4.5,-2.5,-3.5, 4.5,
-5.0, -5.0, -5.0, -5.0, 0.0, -5.0),

(45,-25,-25,-1.5,4.5,-35,-25, 45, -2.5,-3.5,-1.5, 45, -35, -0.5,-3.5, -2.5, -2.5, -2.5,
-5.0, -5.0, -5.0, -5.0, -5.0, 0.0),

- Neuron Stage 7

(-2.5,-3.5,4.5,4.5,-3.5,45,-35,-35, 4.5,-2.5, 45, -25, -2.5, -3.5, 4.5, -2.5, -3.5, -2.5,
0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,45,45,-25,-35,45,45,-35,-25,4.5,-25,-35, 45, -25,-3.5, -2.5, -2.5, -2.5,
-5.0,0.0,-5.0, -5.0, -5.0, -5.0),
(45,4.5,-25,-25,-3.5,-25,45,45,4.5,-25,-35,45,45,-35,-2.5,-25,-35,-3.5,
-5.0, -5.0, 0.0, -5.0, -5.0, -5.0),

(-2.5,-25,-3.5,-25,0.5,-3.5,-3.5,-1.5,4.5,-2.5, 4.5, -3.5, -3.5, -2.5,-2.5, -3.5, - 2.5, 0.5,
-5.0,-5.0, -5.0, 0.0, -5.0, -5.0),
(45,-25,-25,-25,-3.5,-25,45,45,-25,4.5,-35,-35,-25,-3.5,-2.5,-2.5, 4.5, 4.5,
-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),

(4.5,45,-35,-25,-25,-35,4.5, -25, -2.5,-2.5,-3.5,-25,4.5,4.5,-2.5, 4.5, -3.5, -3.5,
-5.0,-5.0, -5.0, -5.0, -5.0, 0.0),

- Neuron Stage 8

(-2.5,-05,-3.5,-2.5,4.5,-25,-25, 45, -3.5,-3.5, -2.5,-1.5, -2.5, -3.5, 4.5, -0.5, - 2.5, -3.5,
0.0, -5.0, -5.0, -5.0, -5.0, -5.0),

(-9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, 9.0, -9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, 9.0, -9.0, -9.0, -9.0, -9.0),

(9.0, 9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0),

(-9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0),

(9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, 9.0, -9.0, -9.0, -9.0, -9.0));

Figure 22. (continued).
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- Neuron Stage 1

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(-9.0, -9.0, 9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, 9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
— Neuron Stage 2

(-2.5, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-3.5, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(-15,0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(4.5, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(-2.5, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(4.5, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
-Neuron Stage 3

(-2.5,-4.5,4.5,-3.5,-2.5,-35,0.0,-5.0, -5.0, -5.0, -5.0, -5.0),
(45,-25,-35,4.5,-3.5,-25, -5.0,00, -5.0, -5.0, -5.0, -5.0),
(-2.5,-2.5,4.5, 4.5, -3.5,-3.5,-5.0,-5.0, 0.0, -5.0, -5.0, -5.0),
(-2.5,-25,-15, 4.5, -2.5, -3.5, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(45,45,-25,-25,-2.5,-25,-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),
(-25,-25,-3.5,4.5,-3.5,-25,-5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 4

(-25,-35,45,4.5,-3.5,-25,00,-5.0, -5.0, -5.0, -5.0, -5.0),
(-25,-35,-35,-1.5,4.5,-25, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(-2.5,-3.5,45,-25,-2.5,-25,-5.0,-5.0, 0.0, -5.0, -5.0, -5.0),
(-35,-3.5,45,-25,-2.5,-2.5,-5.0,-5.0, -5.0, 0.0, -5.0, -5.0),
(45,-35,-25,-0.5,-2.5,45,-5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(45,-35,-25,-25,4.5,4.5,-50,-5.0, -5.0, -5.0, -5.0, 0.0),
— Neuron Stage 5

(-2.5,-25,-25, 4.5, -3.5,-25,0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,45,-25,4.5,-1.5,45,-5.0,0.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-25,-25,-3.5,-3.5,4.5,-50,-5.0,0.0, -5.0, -5.0, -5.0),
(-25,-15,-25,-3.5,-3.5, 4.5, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(4.5,-35,-25,-3.5,-3.5, 45, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(4.5,-3.5,4.5,4.5,-3.5,-35,-5.0,-5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 6
(45,-35,-25,-25,4.5,-35,00,-50,-5.0, -5.0, -5.0, -5.0),
(4.5,-25,-3.5,4.5,-2.5,-25,-5.0,0.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-35,-35,4.5,-2.5,-2.5,-5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-25,4.5,-25,-2.5,4.5,45,-5.0,-5.0, -5.0,0.0, -5.0, -5.0),
(-35,-35,45,-25,-3.5,45,-5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(-3.5,-05,-3.5, 4.5, -2.5,-2.5, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
— Neuron Stage 7

(-255,-3.5,4.5,-25,-3.5,-2.5,0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-25,-35,-25,-2.5,-2.5,-5.0,0.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-35,-25,-25, -3.5,-3.5, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-35,-2.5,-25, -3.5, -2.5, -0.5, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(-2.5,-35,-25,-2.5,4.5,4.5,-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),
(4.5,45,-25,45,-3.5,-35,-5.0,-5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 8

(-25,-35,4.5,-05, -2.5,-3.5,0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0));

Figure 23: Two Stage Interconnected Network with Sub-optimal Path Input Data.
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— Neuron Stage 1

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
- Neuron Stage 2

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -7.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),

.0, 0.0, 0.0, 0.0, 0.0, 0.0, -3.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -9.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -9.0, 0.0, 0.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),

~Neuron Stage 3

(-2.5,-3.5,-25,4.5,-2.5,-35, -2.5, 4.5, 4.5, -3.5, - 2.5, -3.5, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-2.5,-4.5,4.5,-3.5,-3.5,45,45,-25,-3.5,4.5,-35, -25, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-35,45,-25,-25,-35,-25,-25,4.5,4.5,-35,-35, -5.0, -5.0,0.0, -5.0, -5.0, -5.0),
(-15,-25,-3.5,4.5,-3.5,45,-25,-25,-1.5,4.5, -25,-35, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(4.5,-25,-35,-2.5,-2.5,45,4.5,45,-25,-25,-25,-2.5, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(45,45,45,-35,-2.5,-25,-25,-25,-3.5,4.5,-35, -25, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 4

(-25,-35,45,45,-25,-35,-25,-35,4.5,4.5,-35,-25, 00, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-35,-25,4.5,4.5,-25,-25,-3.5,-3.5,-1.5, 45, -25, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(-25,-25,-35,4.5,-25,45,-25,-35, 45, -2.5,-25,-25,-5.0, -5.0,0.0, -5.0, -5.0, -5.0),
(-35,4.5,-25,-25,4.5,-25,-35,-35, 4.5, -2.5, -2.5, -25, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(-25,-45,-15,-25,4.5,-35,45,-35,-25,-0.5,-2.5, 4.5, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(-25,4.5,-35,-3.5,-2.5,45,45,-35,-25,-2.5,4.5,45, -50, -5.0,-5.0, -5.0, -5.0, 0.0),
— Neuron Stage 5

(-2.5,-3.5,-35,-25,4.5,4.5, -25,-25,-2.5, 4.5, -35, -2.5, 00, -5.0, -5.0, -5.0, -5.0, -5.0),
(-2.5,-3.5,45,-1.5,-2.5,45,45,45,-25,4.5,-15,4.5, -5.0, 0.0, -5.0,-5.0, -5.0, -5.0),
(-25,-35,-35,-3.5,4.5,-25, 4.5, -2.5,-2.5,-3.5, -3.5, 4.5, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-25,-1.5,45,4.5,4.5,-25,-25,-15,-25,-3.5, -3.5, 4.5, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(-2.5,-45,-25,-2.5,-2.5,45,45,-35,-25,-3.5,-3.5,4.5,-50, -5.0, -5.0, -5.0, 0.0, -5.0),
(45,45,45,-3.5,-25,-35,45,-35,4.5,45,-35,-35, -50, -5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 6

(4.5,45,-35,-25,-2.5,-3.5, 45,-35,-2.5,-2.5, 4.5, -3.5, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-25,-3.5,-3.5,-3.5,4.5,45,45,-25,-3.5,4.5,-25, -25, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(-2.5,-3.5,-2.5,4.5,-2.5,45,45,-35,-3.5,4.5, -25, -25,-5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(45,45,-35,45,-35,-25,-25,4.5,-25,-2.5, 45,45, -50, -5.0,-5.0, 0.0, -5.0, -5.0),
(-45,45,-25,-25,-3.5,-3.5,-3.5,-3.5, 4.5,-2.5,-3.5, 4.5, -5.0, -5.0, -5.0, -5.0, 0.0, -5.0),
(-25,-15,-25,-3.5,-1.5,4.5,-3.5,-05,-3.5, 4.5, -2.5, -2.5, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
- Neuron Stage 7

(-35,-35,45,-25,4.5,-25,-25,-3.5,4.5,-25,-3.5,-25, 00, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,-3.5,-25,4.5,-2.5,-35, 4.5, -25, -3.5, -2.5, -2.5, -2.5, -5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(4.5,45,45,-25,-3.5,4.5,45,-35,-25,-2.5,-35, -35, -5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(-35,-15,4.5,-2.5,4.5,-35,-35, -25, -2.5, -3.5, -2.5, 0.5, -5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(4.5,45,-25,45,-35,-35,-25,-35,-25,-2.5, 45,45, -50, -5.0, -5.0, -5.0, 0.0, -5.0),
(4.5,-25,-25,-2.5,-3.5,-2.5,4.5,4.5,-2.5,4.5,-35, -35, -5.0, -5.0, -5.0, -5.0, -5.0, 0.0),
— Neuron Stage 8

(-25,4.5,-35,-3.5,-25,-15,-25,-3.5, 4.5,-0.5, -25, -3.5, 0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0),
(-9.0,-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0));

Figure 24: Three Stage Interconnected Network with Sub-optimal Path Input Data.
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- Neuron Stage 1

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

0.0, 0.0, 0.0, 0.0, 0.0, 0.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0,-9.0,-9.0,-9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0,-9.0,-9.0,-9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0),

- Neuron Stage 2

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -7.5, 0.0, 0.0, 0.0, 0.0, 0.0,

0.0, -5.0,-5.0, -5.0, -5.0, -5.0),

0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -10.5, 0.0, 0.0, 0.0, 0.0, 0.0,

-5.0, 0.0, -5.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -4.5, 0.0, 0.0, 0.0, 0.0, 0.0,

-5.0, -5.0, 0.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -13.5, 0.0, 0.0, 0.0, 0.0, 0.0,
-5.0,-5.0,-5.0, 0.0, -5.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -7.5, 0.0, 0.0, 0.0, 0.0, 0.0,

-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -13.5, 0.0, 0.0, 0.0, 0.0, 0.0,
-5.0,-5.0,-5.0, -5.0, -5.0, 0.0),

—Neuron Stage 3

0.0,0.0, 0.0, 0.0,0.0,0.0, -2.5, -3.5, -2.5, 4.5, -2.5, -3.5, -2.5, 4.5, 4.5, -35, -2.5, -3.5,

0.0, -5.0, -5.0, -5.0, -5.0, -5.0),

(0.0, 0.0, 0.0,0.0,0.0,0.0, -2.5, 4.5, 4.5, -3.5,-3.5, 4.5, 4.5,-2.5,-3.5, 45, -3.5, -2.5,
-5.0,0.0, -5.0, -5.0, -5.0, -5.0),

0.0, 0.0, 0.0, 0.0,0.0,0.0, 4.5, -3.5, 4.5, -2.5, -2.5, -3.5, -2.5, -2.5, 4.5, 4.5, -3.5, -3.5,
-5.0,-5.0, 0.0, -5.0, -5.0, -5.0),

0.0, 0.0, 0.0, 0.0, 0.0, 0.0, -1.5, -2.5, -3.5, 4.5, -3.5, 4.5, -2.5, -2.5, -1.5, 4.5, -2.5, -3.5,
-5.0, -5.0, -5.0, 0.0, -5.0, -5.0),

.0, 0.0,0.0,0.0,0.0,0.0, 4.5, -2.5, -3.5, -2.5, -2.5, 4.5, 4.5, 4.5, -2.5, -2.5, -2.5, -2.5,
-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 4.5, 4.5, 4.5, -3.5, -2.5, -2.5, -2.5, -2.5, -3.5, 4.5, -3.5, -2.5,
-5.0,-5.0, -5.0, -5.0, -5.0, 0.0),

— Neuron Stage 4
(-2.5,-3.5,4.5,4.5,-2.5,-35,-25,-3.5,4.5,45,-25,-35,-25,-3.5,4.5,45,-35, -2.5,
0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(-3.5,-3.5,4.5,-4.5,-25,-35,45,-35,-25,4.5,45,-25,-25,-3.5,-3.5,-1.5, 4.5, -2.5,
-5.0, 0.0, -5.0, -5.0, -5.0, -5.0),

(4.5,-24,-35,-3.5,-3.5,45,-25,-25,-3.5,4.5,-25, 4.5, -25,-3.5,4.5,-25,-25,-2.5,
-5.0, -5.0, 0.0, -5.0, -5.0, -5.0),
(45,45,45,-25,-3.5,-25,-3.5,45,-25,-2.5,45,-25,-35,-3.5, 4.5, -2.5,-2.5, -2.5,
-5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(0.5,-25,45,-25,-3.5,45,-25,45,-15,-2.5,45,-35,45,-35,-2.5,-05,-25,4.5,
-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),

(-2.5,-3.5,-3.5,-3.5,4.5,-45,-25,45, -3.5,-3.5,-2.5, 4.5, 4.5, -3.5,-2.5,-2.5, 4.5, 4.5,
-5.0, -5.0, -5.0, -5.0, -5.0, 0.0),

Figure 25: Four Stage Interconnected Network with Sub-optimal Path Input Data.
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— Neuron Stage §

(4.5,-25,-25,-25,4.5,-35,-25,-35,-3.5,-25, 4.5, 45, -25,-2.5,-2.5,4.5, -35, -2.5,
0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(4.5,45,-15,-3.5,-2.5,45,-25,-35,4.5,-1.5,-25,45,45,45,-2.5,45,-1.5, 4.5,
-5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(45,-25,-25,4.5,-25,4.5,-25,-35,-3.5,-3.5,45,-25,45,-25,-2.5,-35,-3.5, 4.5,
-5.0,-5.0,0.0, -5.0, -5.0, -5.0),

(-35,-2.5,-25,-2.5,4.5,-35,-25,-15,4.5,4.5, 45, -25, -25, -1.5,-2.5, -3.5,-3.5, 4.5,
-5.0, -5.0, -5.0, 0.0, -5.0, -5.0), A

(-3.5,45,-45,-25,-3.5,45,-25,45, -2.5,-2.5,-25,-4.5,-4.5,-3.5,-2.5,-3.5,-35, 4.5,
-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),
(-2.5,-2.5,-25,-3.5,4.5,-3.5,4.5,45,45,-3.5,-25,-35,45,-3.5,4.5,45,-35,-35,
-5.0,-5.0, -5.0, -5.0, -5.0, 0.0),

— Neuron Stage 6
(-2.5,4.5,4.5,-4.5,-3.5,-35,45,45,-35,-2.5,-25,-3.5,45,-3.5,-2.5,-2.5, 45, -35,
0.0, -5.0, -5.0, -5.0, -5.0, -5.0),

(-3.5,-2.5,-2.5,4.5, -2.5,-3.5,-2.5,-35,-3.5,-3.5, 4.5, 45,45, -25,-3.5, 45, -2.5, -2.5,
-5.0, 0.0, -5.0, -5.0, -5.0, -5.0),
(45,-25,-35,-3.5,-3.5,-45,-25,-35,-25,4.5,-25,-45,45,-3.5,-35, 45, -25, -25,
-5.0,-5.0,0.0, -5.0, -5.0, -5.0),
(-35,-25,-4.5,4.5,-2.5,-25,4.5,45,-3.5,4.5,-35,-25,-25,4.5,-2.5,-2.5,-45, 4.5,
-5.0,-5.0, -5.0, 0.0, -5.0, -5.0),

(4.5,4.5,-35,-25,-2.5,-25,45,45,-25,-2.5,-35, -3.5,-3.5,-3.5, 4.5, -25,-3.5, 4.5,
-5.0,-5.0, -5.0, -5.0, 0.0, -5.0),

(4.5,-25,-25,-1.5,4.5,-35,-25,-15,-2.5,-3.5,-1.5, 4.5, -3.5, -0.5, -3.5, 4.5, -2.5, - 2.5,
-5.0,-5.0, -5.0, -5.0, -5.0, 0.0),

- Neuron Stage 7

(-2.5,-35,45,45,-3.5,45,-35,-35,45,-2.5,-45,-25,-2.5,-3.5, 4.5, -2.5, -3.5, -2.5,
0.0, -5.0, -5.0, -5.0, -5.0, -5.0),
(45,45,45,-25,-3.5,45,45,-35,-25,4.5,-25,-3.5,45, -2.5,-3.5, -2.5, -2.5, -2.5,
-5.0,0.0, -5.0, -5.0, -5.0, -5.0),
(4.5,45,-25,-25,-3.5,-25,-45,-45,45,-25,-35,-45,45,-3.5,-25,-25,-35, -3.5,
-5.0, -5.0, 0.0, -5.0, -5.0, -5.0),

(-2.5,-25,-35,-2.5,0.5,-3.5,-35, -1.5, 4.5,-2.5, 4.5, -3.5, -3.5, -2.5, -2.5, -3.5, -2.5, -0.5,
-5.0, -5.0, -5.0, 0.0, -5.0, -5.0),
(4.5,-2.5,-25,-25,-3.5,-25,45,45,-25,4.5,-3.5,-35, -2.5, -3.5, -2.5, -2.5, 4.5, 4.5,
-5.0,-5.0,-5.0, -5.0, 0.0, -5.0),

(45,45,-35,-25,-2.5,-35,45,-25,-25,-2.5,-3.5, -2.5, 4.5, 4.5, -2.5, 4.5, -3.5,-3.5,
-5.0,-5.0, -5.0, -5.0, -5.0, 0.0),

— Neuron Stage 8

(-25,-05,-35,-2.5,4.5,-25,-25,45,-3.5,-3.5, -2.5, -1.5, -2.5, -3.5, 4.5, 0.5, -2.5, -3.5,
0.0, -5.0, -5.0, -5.0, -5.0, -5.0),

(9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0),

(9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0,-9.0, -9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0),

(-9.0, -9.0, -9.0, -9.0, 9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0, -9.0,
9.0, -9.0, -9.0, -9.0, -9.0, -9.0));

Figure 25. (continued).
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APPENDIX D
D.1 Simulation Outputs

Figures 26 through 44 show the results for all of the simulations performed. The
results show the final outputs of the neural coprocessor and the time of completion.
The time of completion minus 4 nanseconds and then divided by 10 nanoseconds

equals the number of cycles needed to arrive at a solution.
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SIGNAL NAMES {
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Figure 26: Results of Binary Neuron Model.
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Figure 26. (continued).
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SIGNAL NAMES {

I KOUT(13) KOUT(14) KOUT(15) KOUT(16) KOUT(17) KOUT(18)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 . 0.000000E+00  0.000000E+00

1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  1.000000E+00  0.000000E+00  0.000000E+00

} SIGNAL NAMES |

KOUT(19) KOUT(20) KOUT(21) KOUT(22) KOUT(23) KOUT(24)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
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Figure 26. (continued).

SIGNAL NAMES

KOUT(25) KOUT(26) KOUT(27) KOUT(28) KOUT(29) KOUT(30)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

| SIGNAL NAMES

KOUT(@1) KOUT(@33) KOUT(34) KOUT@35) KOUT(36)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.00000C0E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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Figure 26. (continued).

SIGNAL NAMES -
KOUT@37) KOUT(38) KOUT(39) KOUT(40) KOUT®1) KOUT@42)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.00000GE+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
! SIGNAL NAMES |
KOUT(43) KOUT(45) KOUT(46) KOUT(47) KOUT(48)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1,000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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KOUT(?) KOUT(8) KOUT(9) KOUT(10) KOUT(11) KOUT(12)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00
2.500000E-01  0.000000E+00  7.500000E-01  0.000000E+00  2.500000E-01  0.000000E+00
0.000000E+00  0.000000E+00  2.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.5S00000E-01  0.000000E+00 0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01 0.000000E+00  0.000000E+00  0.0txx»)0E+00
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Figure 27: Results of Low Gain Ramp Neuron Model.
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KOUT(14)
0.000000E+00

KOUT(15)

KOUT(21)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1,000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

SIGNAL NAMES

SIGNAL NAMES

KOUT(16)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
7.500000E-01

KOUT(17)

0.000000E +00
1.000000E+00

KOUT(18)

0.000000E+00
1.000000E+00

0.000000E+00  0.000000E+00

1.000000E+00

1.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00

7.500000E-01

5.000000E-01

2.500000E-01

0.000000E+00  0.000000E+00  0.000000E+00

2.500000E-01

KOUT(22)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

Figure 27. (continued).
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TIME | SIGNAL NAMES {
|

(NS') | KOUTQ25)  KOUT(26) KOUTQ27)  KOUT(28) KOUT(29) KOUT(@30)

0! 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00

41 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
S4 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
94 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
114 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
134 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
144 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
154 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
164 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
1724 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
184 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
194 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
204 |

1

1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

2
-

T

SIGNAL NAMES |
(NS) | KOUT(31) KOUT(32) KOUT(33) KOUT(34) KOUT@9) KOUT(36)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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Figure 27. (continued).
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TIME | SIGNAL NAMES i
|
(NS) |  KOUT(37) KOUT(38) KOUT(39) KOUT(40) KOUT(41) KOUT(42)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000GE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000GE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.00000GE+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  0.000000E+00
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SIGNAL NAMES {

I KOUT®43) KOUT(44) KOUT(4S) KOUT(46) KOUT(47) KOUT@48)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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Figure 27. (continued).
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KOUT(1)

1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00

1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00

KOUT(2)

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUTQ)

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(7)

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Figure 28: Results of High Gain Ramp Neuron Model.

SIGNAL NAMES
KOUT(®)

SIGNAL NAMES

KOUT(S)

0.000000E+00 0.000000E+00

1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

1.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(6)

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT®)  KOUT®)  KOUT(10)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E +00
1.000000E+00
1.000000E+00
1.000000E +00
1.000000E+00
1.000000E+00
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0.000000E+00
1.000000E+00
0.000000E+00
0.00000CE+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(11)

KOUT(12)

0.000000E+00  0.000000E+00
1.000000E+00

1.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
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SIGNAL NAMES {

I KOUT(13) KOUT(14) KOUT(15) KOUT(16) KOUT(17) KOUT(18)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000C0E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
X 0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
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SIGNAL NAMES |
I  KOUT(19) KOUT(20) KOUT(21) KOUT(22) KOUT(23) KOUT(A4)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
J 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
X 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00 O.
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
X 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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Figure 28. (continued).
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SIGNAL NAMES. {
KOUT(2S) KOUT(26) KOUT(27) KOUT(28) KOUT(29) KOUT@30)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.00000CGE+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.00000CE+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1,000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
SIGNAL NAMES |
KOUT(31) KOUT32) KOUT(33) KOUT(34) KOUT(39) KOUT(36)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00

Figure 28. (continued).
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Figure 28. (continued).
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SIGNAL NAMES J
KOUT(37) KOUT(38) KOUT(39) KOUT(40) KOUT(41) KOUT(42)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
k SIGNAL NAMES {
KOUT(43) KOUT(44) KOUT(@45) KOUT(46) KOUT47) KOUT(48)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1,000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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| KOUT()

0.000000E+00
1.00000CE +00

KOUT(2)

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUTQ)
0.000000E+00  0.000000E+00

0.000000E+00

KOUT(®9)

0.000000E+00
1.000000E+00
0.000000E+00
8.500000E-01
5.000000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01

SIGNAL NAMES

KOUT@)

SIGNAL NAMES
KOUT(10)

KOUT(S)

KOUT(6)

0.000000E+00  0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

1.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.000000E+00

0.000000E+00
1.000000E+00
0.000000E +00

KOUT(11)

KOUT(12)

0.000000E+00  0.000000E+00

1.000000E+00
0.000000E+00
1.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Figure 29: Results of Low Gain Sigmoid Neuron Model.
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Figure 29. (continued).

7

TIME | SIGNAL NAMES |
[
(NS) |  KOUT(13) KOUT(14) KOUT(15) KOUT(16) KOUT(17) KOUT(18)
|
" 01 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
41 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00 °0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 ) 5.000000E-01 5.000000E-01 5.000000E-01 8.500000E-01 8.500000E-01 5.000000E-01
S4 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 0.000000E+00 1.500000E-01 0.000000E+00  8.SO0000E-01  S.000000E-01  1.500000E-01
74 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 0.000000E+00  1.500000E-01  0.000000E+00  8.SO0000E-01  5.000000E-01  1.500000E-01
94 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 | 0.000000E+00  1.500000E-01  0.000000E+00  8.500000E-01  5.000000E-01  1.S00000E-01
114 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 |  0.000000E+00  1.500000E-01  0.000000E+00  8.500000E-01  5.000000E-01  1.500000E-01
134 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
144 | 0.000000E+00  1.500000E-01  0.000000E+00  8.S00000E-01  5.000000E-01  1.S00000E-01
154 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
164 | 0.000000E+00 1.500000E-01 0.000000E+00 8.S00000E-01  S.000000E-01  1.500000E-01
174 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
184 | 0.000000E+00 1.500000E-01 0.000000E+00  8.5S00000E-01  S5.000000E-01  1.500000E-01
194 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
204 | 0.000000E+00  1.500000E-01 0.000000E+00 8.500000E-01  S.000000E-01  1.500000E-O1
214 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
TIME | SIGNAL NAMES {
|
(NS') I KOUT(19) KOUT(20) KOUT(21) KOUT(22) KOUT(23) KOUT(24)
01 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
4 1 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 | 0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 ) 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
54 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 |  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
94 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
114 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
134 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
144 |  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
154 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
164 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
174 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
184 |  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
194 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
204 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
214 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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SIGNAL NAMES.
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Figure 29. (continued).
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KOUT(39)

KOUT(36)
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KOUT(37)
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KOUT(38)
0.000000E+00

KOUT(39)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0. +00
1 +00
0 E+00
1 +00
0.00000CE+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.00000CE+00
0.000000E+00
1.000000E+00
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1.000000E+00
0.000000E+00

KOUT(43)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E +00
1.000000E+00
0.000000E+00
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0.000000E+00
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0.000000E+00
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0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
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1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

KOUT(44)
0.000000E+00

KOUT@#5)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
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0.000000E+00

SIGNAL NAMES
KOUT@40)  KOUT(@41)

-SIGNAL NAMES

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.00000CE+00
1.000000E+00

0.000000E+00

KOUT(42)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00

KOUT(46)

0.000000E+00
1.000000E+00
0.000000E+00
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0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
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0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

Figure 29. (continued).
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KOUT@7)

KOUT(®48)
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Figure 30: Results of High Gain Sigmoid Neuron Model.
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SIGNAL NAMES !

I KOUT(13) KOUT(14) KOUT(15) KOUT(16) KOUT(17) KOUT(18)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

k SIGNAL NAMES |

KOUT(19) KOUT(20) KOUT(21) KOUT(22) KOUT(23) KOUT(24)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  1.000000E+00  0.000000E+00
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k SIGNAL NAMES |
KOUT(2S) KOUT(26) KOUT(27) KOUT(28) KOUT(29) KOUT@30)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
SIGNAL NAMES i
KOUT(31) KOUT(33) KOUT(34) KOUT(35) KOUT(36)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000C+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
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Figure 30. (continued).



TIME

SIGNAL NAMES {
l
(NS) I KOUT@37) KOUT(38) KOUT(Q39) KOUT(40) KOUT(@41) KOUT(42)
0 l 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00
41 1000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00 0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
S4 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
94 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
114 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 |  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
134 | 0.000000E+00 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
144 | 0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
154 | 0.000000E+00 0.000000E+00 0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
TD?E t SIGNAL NAMES {
(NS) | KOUT(@43) KOUT(44) KOUT(45) KOUT(46) KOUT(47) KOUT@48)
|
0! 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
4 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00 0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
54 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
94 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
114 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 |  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
134 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
144 | 1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
154 | 1.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

Figure 30. (continued).
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'm'm - SIGNAL NAMES |
(N$|) I KOUTQ) KOUT(Q2) KOUT(3) KOUT@®) KOUT(S) KOUT(6)

0 | 0.000000E+00 ©0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
| 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

SERRRELERE~

=
*

%
z
|
|
s

b pubd Gubd

1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

SIGNAL NAMES {

;3_%

KOUT() KOUT(8) KOUT(®9) KOUT(10) KOUT(11) KOUT(12)

0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

0

4

14

4

34

4“ 0.000000E+00
54 | 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
74 |  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 0.000000E+00  0.000000E+00  1.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
94 |  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 |  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
114 |  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 | 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
134 | 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
:45: : 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00

Figure 31: Results of Binary R.esponée Neuron With Capacitance.
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SIGNAL NAMES {
KOUT(13) KOUT(14) KOUT(15) KOUT(16) KOUT(17) KOUT(18)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
! SIGNAL NAMES i
KOUT(19) KOUT(20) KOUT(21) KOUT(22) KOUT(23) KOUT(24)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00



‘l'IM'B L SIGNAL NAMES |
(NS) I KOUT(25) KOUT(26) KOUT(27) KOUT(28) KOUT(29) KOUT(30)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.00000GE+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

SERNRPRERTro _

RRERE

SIGNAL NAMES |
| KOUTQ@31) KOUT(32) KOUT(33) KOUT(34) KOUT(35) KOUT(36)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000C0E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
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Figure 31. (continued).
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SIGNAL NAMES |
KOUT(37) KOUT(38) KOUT(39) KOUT(40) KOUT(41) KOUT@42)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.00000CGE+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  1.000000E+00 0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.00000CE+00
k SIGNAL NAMES |
KOUT(43) KOUT(44) KOUT(45) KOUT(46) KOUT@47) KOUT@48)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00



TIME | SIGNAL NAMES |
|

(NS) | KOUT(1) KOUT(Q) KOUT(@3) KOUT@4) KOUT(5) KOUT(6)

0 | 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
| 7.500000E-01 7.500000E-01 7.500000E-01 7.S00000E-01 7.500000E-01 7.S00000E-01
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

FTRRERT S

RRRRIRETERERRE
%
1]
|

-1
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1.000000E+00 0.0000005+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

-3

SIGNAL NAMES |
KOUT(8) KOUT() KOUT(10) KOUT(11) KOUT(12)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
7.500000E-01  7.500000E-01  7.S00000E-01 7.500000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
2.500000E-01  0.000000E+00  S5.000000E-01  0.000000E+00  2.S00000E-01  0.000000E+00
0.000000E+00  0.000000E+00  5.000000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  5.000000E-01  0.000000E+00  0.000000E+00  0.000000E+00
1 7.500000E-01 0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.S00000E-01  0.000000E+00  0.000000E+00  0.000000E~+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
1 7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  7.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
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Figure 32: Results of Low Gain Ramp Response Neuron With Capacitance.
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KOUT(13)

I

KOUT(14)

0.000000E+00
7.500000E-01
0.000000E+00
5.000000E-01
0.000000E+00
2.500000E-01
0.000000E+00
2.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(15)

0.000000E+00
7.500000E-01

0.000000E+00
5.000000E-01

0.000000E+00

0.000000E+00

KOUT(21)
0.000000E+00

SIGNAL NAMES |

KOUT(16) KOUT(17) KOUT(18)

0.000000E+00  0.000000E+00  0.000000E+00
7.500000E-01 7.500000E-01

S .000000E-01
0.000000E+00  0.000000E+00
5.000000E-01
2.500000E-01
5.00000C0E-01
5.000000E-01

5.000000E-01
7.500000E-01
7.500000E-01
7.500000E-01
7.500000E-01
7.S00000E-01
7.500000E-01
7.500000E-01
7.500000E-01
7.500000E-01
7.500000E-01
7.500000E-01

SIGNAL NAMES ,

KOUT(22) KOUT(23) KOUT(24)

0.000000E+00  0.000000E+00  0.000000E+00
7.500000E-01  7.500000E-01 7.500000E-01

0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01  5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00

5.000000E-01
0.000000E+00  0.000000E+00 0.000000E+00

5.000000E-01  5.000000E-01  5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00

Figure 32. (continued).
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PRERTREEE

SIGNAL NAMES
KOUT(25) KOUT(26) KOUT(27)

KOUT(28) KOUT(29) KOUT(0)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

7.500000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01

r

7.500000E-01

KOUT(33)

0.000000E+00
7.500000E-01

0.000000E+00
5.000000E-01

0.000000E+00

SIGNAL NAMES-

7.500000E-01  7.500000E-01

KOUT(34) KOUT(3S) KOUT(36)

0.000000E+00  0.000000E+00  0.000000E+00
7.500000E-01  7.500000E-01 7.S00000E-01

0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01  5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01  5.000000E-01

Figure 32. (continued).



'!'015 L SIGNAL NAMES {
(NS) | KOUT(37) KOUT(38) KOUT(39) KOUT(40) KOUT(41) KOUT@42)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
7.500000E-01  7.500000E-01  7.500000E-01  7.S00000E-01  7.500000E-01 7.S00000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
S.000000E-01  5.000000E-01  5.000000E-01  S.000000E-01  S.000000E-01  5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
S.000000E-01  5.000000E-01  5.000000E-01  S.000000E-01  5.000000E-01  S5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
$.000000E-01  5.000000E-01  S.000000E-01  S.000000E-01  5.000000E-01  5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
S.000000E-01  S.000000E-01  5.000000E-01  5.000000E-01  S.000000E-01  5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01 5.000000E-01

o

§§§§§§E§§§§§§§§§§§§§~

|
|
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|
|
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0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01  5.000000E-01  S.000000E-01  5.000000E-01  5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01  S.000000E-01
214 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
TDF k SIGNAL NAMES |
I KOUT(43) KOUT(44) KOUT(45) KOUT(46) KOUT@47) KOUT@48)

-3

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
7.500000E-01 7.500000E-01 7.500000E-01 7.500000E-01 7.S00000E-01

5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01 5.000000E-01
5.000000E-01 5.000000E-01
S.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01 5.000000E-01
S000000E-01  S5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01 5.000000E-01

i
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g
g
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|
g
%
%
i

L
|
|
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5.000000E-01  5.000000E-01  S.000000E-01  5.000000E-01  5.000000E-01 5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01 S.000000E-01  5.000000E-01  5.000000E-01 5.000000E-01 5.00000GE-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01
0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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Figure 32. (continued).
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PREERER

TIME -

|
(NS') I KOUT(1)
0 | 0.000000E+00

i

1.000000E+00
1.000000E+00
1.000000E+00

1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.,000000E +00

F 33333 333

TRERRERER

SIGNAL NAMES

KOUTQ) KOUT®4)

0.000000E+00 0.000000E+00
1.000000E+00 1.000000E+00

0.000000E+00 0.000000E+00

33
;

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E +00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

ERIXRRERR 20

SIGNAL NAMES

KOUT(S)

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(6)

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00

KOUT(9) KOUT(10)

0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00
5.000000E-01  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00

KOUT(11)

KOUT(12)

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Figure 33: Results of High Gain Ramp Response Neuron With Capacitance.
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'l'lN:B l SIGNAL NAMES |
(NS') I KOUT(13) KOUT(14) KOUT(15) KOUT(16) KOUT(17) KOUT(18)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1 0.000000E+00  1.000000E+00  0.000000E+00 0.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
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SIGNAL NAMES {
KOUT(19) KOUT(20) KOUT(21) KOUT(22) KOUT(23) KOUT(24)
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Figure 33. (continued).
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Figure 33. (continued).

SIGNAL NAMES '
KOUT(27) KOUT(28) KOUT(29)  KOUT(30)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
SIGNAL NAMES I
KOUT(33) KOUT(34) KOUT(3S)  KOUTG6)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00



'l'IMlB } SIGNAL NAMES |
(NS) I KOUT(37) KOUT(38) KOUT(39) KOUT(40) KOUT(41) KOUT@42)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
J . 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  S5.000000E-01  0.000000E+00  0.000000E+00
X 0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00 0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
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SIGNAL NAMES i

KOUT(44) KOUT(49) KOUT(46) KOUT(47) KOUT@48)

0.000000E+00  0.000000E+00 0.000000E+00 0.00000CE+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00

222 8
¥

|
241 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
54 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
94 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 |  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
114 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
134 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
144 | 5.000000E-01 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
:z : 1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

Figure 33. (continued).
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€

-SIGNAL NAMES -4
KOUT(1) KOUT(2) KOUT@3) KOUT®@) KOUT(5) KOUT\(6)

0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
8.500000E-01 8.500000E-01 8.500000E-01 8.500000E-01 8.S00000E-01 8.500000E-01
1.000000E+00  0.000000E+00 0.000000E+00 0.000000E+00 _0.000000E+00 0.000000E+00
1.000000E+00  0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00  0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E-+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E-+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

33

é

R RUERRTEIRTERER I R R R RE S
5
E
5

SIGNAL NAMES {

KOUT(9) KOUT(10) KOUT(11) KOUT(12)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
8.500000E-01 ~ 8.500000E-01  8.500000E-01 8.S00000E-01 8.500000E-01  8.S00000E-01
0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00
1.500000E-01  0.000000E+00  5.000000E-01  0.000000E+00 1.500000E-01  0.000000E+00
0.000000E+00  0.000000E+00  5.000000E-01  0.000000E+00 0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.S00000E-01  0.000000E+00 0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.S0000CE-01  0.000000E+00 0.000000E+00  0.000000E+00

3-8
§
§

REERERIRLERRT e
|
§
|

Figure 34: Results of Low Gain Sigmoid Response Neuron With Capacitance.
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Figure 34. (continued).
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KOUT(13)

KOUT(14)

KOUT(15)

SIGNAL NAMES

KOUT(16)

KOUT(17)

KOUT(18)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

8.500000E-01
0.000000E+00
5.000000E-01
0.000000E+00
1.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

8.500000E-01
0.000000E+00
5.000000E-01

0.000000E+00
1.500000E-01

8.500000E-01
0.000000E+00
5.000000E-01
0.000000E+00
1.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(19)

0.000000E+00
8.S00000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
1.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(21)

-SIGNAL NAMES

8.500000E-01

8.500000E-01

KOUT(22)

KOUT(23)

KOUT4)

0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00

8.500000E-01

8.500000E-01

8.500000E-01

8.500000E-01

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

5.000000E-01

5.000000E-01

5.000000E-01

5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

5.000000E-01

5.000000E-01

5.000000E-01

5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

5.000000E-01

5.000000E-01

5.000000E-01

5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

5.000000E-01

5.000000E-01

5.000000E-01

5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

5.000000E-01

5.000000E-01

5.000000E-01

5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

1.500000E-01

1.500000E-01

5.000000E-01

0.000000E+00  0.000000E+00  5.000000E-01

Figure 34. (continued).
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B mes

-8

3313333 333133

333333

3333

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.00000CE+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.00000CE +00
0.000000E +00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(25)

0.000000E+00
8.500000E-01
0.000000E+00
5.000000E-01

5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
$.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
1.500000E-01

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

SIGNAL NAMES

5.000000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01
8.500000E-01

0.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E~+00

KOUT(27)  KOUT(28)  KOUT(29)
0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00

8.50000CE-01

8.500000E-01

8.500000E-01

KOUT(30)

8.500000E-01

0.000000E+00  0.000000E+00  0.000000E+00

5.000000E-01

5.000000E-01

5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00

5.000000E-01

5.000000E-01

5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00

5.000000E-01

5.000000E-01

5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00

5.000000E-01

0.000000E+00
1.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Figure 34. (continued).
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5.000000E-01

0.000000E+00  0.000000E+00

1.500000E-01
0.000000E+00
0.000000E+00

1.500000E-01

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
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TIME + SIGNAL NAMES i
|
(NS) |  KOUT(31) KOUT(32) KOUT(33) KOUT(34) KOUT(35) KOUT(36)

0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
8.S00000E-01  8.S00000E-01  8.S00000E-01 8.S00000E-01 8.500000E-01  8.500000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
S.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
S.000000E-01  S.000000E-01  S.000000E-01  S.000000E-01  5.000000E-01 5.000000E-01
X 0.000000E+00  0.000000E+00  0.000000E+00
S000000E-01  $.000000E-01  5.000000E-01  5.000000E-01 5.000000E-01 5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01  S5.000000E-01  5.000000E-01 5.000000E-01 5.000000E-O1

5.000000E-01  S5.000000E-01  S.000000E-01  S.000000E-01 5 .00000CE-01 5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01  S.000000E-01  5.000000E-01  5.000000E-01 5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01 5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  S5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
X 1.500000E-01  5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 5.000000E-01
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  5.000000E-01
0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  8.S00000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  8.SO00000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  8.SO0000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 8.500000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  8.500000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  8.500000E-01

%
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I
|

TIME + SIGNAL NAMES |
|
(NS|) I KOUT@37) KOUT(38) KOUT(39) KOUT(40) KOUT@41) KOUT@42)
01 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00
4 | 8.500000E-01 8.S00000E-01 8.500000E-01 8.S00000E-01 8.S00000E-01 8.S00000E-01
14 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | S.000000E-01 S.000000E-01  5.000000E-01  S5.000000E-01 5.000000E-01 5.000000E-01
34 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | S5.000000E-01 5.000000E-01 5.000000E-01  5.000000E-01 5.000000E-01 5.000000E-01
54 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | S5.000000E-01 5.000000E-01  5.000000E-01 S5.000000E-01 S5.000000E-01 S.000000E-01
74 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 5.000000E-01 5.000000E-01 S.000000E-01  5.000000E-01 S5.000000E-01 5.000000E-01
94 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

5.000000E-01  5.000000E-01  5.000000E-01  S5.000000E-01 5.000000E-01 5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01  5.000000E-01  5.000000E-01 S.000000E-01  5.000000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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Figure 34. (continued).
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5.000000E-01
0.000000E+00
5.00000CE-01
0.000000E+00
5.00000CE-01

5.000000E-01
0.000000E+00
1.500000E-01
0.000000E+00

0.000000E+00
0.000000E+00

5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
1.500000E-01
0.000000E+00
1.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(43)

0.000000E+00
8.500000E-01
0.000000E+00
" 5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
S.000000E-01
0.000000E+00
5.000000E-01
1.000000E+00
1.000000E+00

KOUT(4S)

8.500000E-01

5.000000E-01

0.000000E+00

5.000000E-01

0.000000E+00  0.000000E+00 _0.000000E+00
5.000000E-01  0.000000E+00  1.500000E-01
5.000000E-01  0.000000E+00  0.000000E+00
5.000000E-01
8.500000E-01
8.500000E-01

SIGNAL NAMES |

KOUT@46) KOUT@7)  KOUT@S8)

0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
8.500000E-01

8.500000E-01  8.500000E-01

0.000000E+00 0.000000E+00  0.000000E+00
5.000000E-01  5.000000E-01 5.000000E-01

0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E-+00
0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00

Figure 34. (continued).
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'l'nfE | SIGNAL NAMES {
OIS|) I KOUT(1) KOUT(2) KOUT(3) KOUT(4) KOUT(S) KOUT(6)

%
?
I

0.000000E+00 0.000000E+00 0.000000E+00

4 1 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00
14 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
24 | 1.000000E+00 0.000000E+00 0.000000E+00 ©0.000000E+00 0.000000E+00 0.000000E+00
34 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
44 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
5S4 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
64 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
74 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
84 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
94 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
104 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
114 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
124 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.00000CE+00 0.000000E+00
134 | 1.000000E+00 0.000000E+00 0.00000CE+00 0.000000E+00 0.000000E+00 0.000000E+00
144 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.00000CE+00 0.000000E+00
154 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
164 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

SIGNAL NAMES {

3-8
:
:

KOUT(9) KOUT(10) KOUT(11) KOUT(12)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  5.000000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

333333331 33 3333330
g §
3 8
9 g
g 8
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Figure 35: Results of High Gain Sigmoid Response Neuron With Capacitance.
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TIME |- SIGNAL NAMES |
1
0‘8.) I KOUT(13) KOUT(14) KOUT(15) KOUT(16) KOUT(17) KOUT(18)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1 0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00 goooooosg
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

i

SERNRPLEREs0

=
>

RREEVER
|
|
|
|

:

| SIGNAL NAMES |
(NS.) I KOUT(19) KOUT(20) KOUT(21) KOUT(22) KOUT(23) KOUT(24)

g
?
?
?
|

0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00

0.000000E+00

ZETITEEENEL
%
:
|

=
>
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Figure 35. (continued).
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?

| KOUTQS)  KOUT(6)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00 0.000000E+00

-8

:

33333333 313333 30

KOUT(@1)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(32)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00

KOUT(33)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(34)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.00000CE+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

Figure 35. (continued).
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KOUT(3S)

0.000000E+00

SIGNAL NAMES ,

KOUT(36)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
5.000000E-01
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
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TRERRE
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SIGNAL NAMES

KOUT(43)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
5.000000E-01
1.000000E+00
1.000000E+00

-SIGNAL NAMES

KOUT40)  KOUT(1)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

KOUT(42)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00

KOUT46)  KOUTW?)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00

Figure 35. (continued).

0.000000E+00
1.000000E+00
0.000000E+00

KOUT@48)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
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Figure 36: Results of Three Stage Interconnection Pattern and Binary Neuron.
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Figure 36. (continued).
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k- SIGNAL NAMES |
| KOUT(13) KOUT\(14) KOUT(15) KOUT(16) KOUT(17) KOUT(18)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00 0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
k- SIGNAL NAMES |
KOUT(19) KOUT(20) KOUT(21) KOUT(22) KOUT(23) KOUT(4)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
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0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00

33333 T TITI I

0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  0.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00

I KOUT@I1) KOUT(32) KOUT(33) KOUT(34) KOUT@3S5) = KOUT(6)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  1.000000E+00  1.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00 0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00 1.000000E+00

Figure 36. (continued).
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KOUT40)

0.000000E+00
1.000000E+00
0.00000CE+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

KOUT(41)

0.000000E+00
1.000000E+00

KOUT(®42)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Figure 36. (continued).
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SIGNAL NAMES {
I KOUT() KOUT(2) KOUTQ3) KOUT(4) KOUT(S) KOUT(6)

0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

. . 1.000000E+00  1.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.00000CE+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.00000CE+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.00000CE+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 (0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.00000GE+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.00000CE+00 0.000000E+00
1.000000E+00 0.000000E+00 0.00000CE+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.00000CE+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.00000CE+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.00000CE+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

§§§§§§E§§E§§g§§§5§§§:3_3
&
8

214 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
TIME | SIGNAL NAMES |

|
(NS) I  KOUT(?) KOUT(8) KOUT(9) KOUT(10) KOUT(11) KOUT(12)

|

0! 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
4 1 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14

BERITRTRRTRRENRORRY

I

Figure 37: Results of Three Stage Interconnection Pattern and Ramp Neuron.
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0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
2.500000E-01  0.000000E+00  7.50000CE-01  0.000000E+00  2.S00000E-01  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
2.500000E-01  0.000000E+00  7.500000E-01  0.000000E+00  2.500000E-01  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
2.500000E-01  0.000000E+00  7.500000E-01  0.000000E+00  2.S00000E-01  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
2.500000E-01  0.000000E+00  7.S00000E-01  0.000000E+00  2.500000E-01  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
2.500000E-01  0.000000E+00  7.S00000E-01  0.000000E+00  2.S00000E-01  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
2.500000E-01  0.000000E+00  7.S00000E-01  0.000000E+00  2.S00000E-01  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
2.500000E-01  0.000000E+00  7.500000E-01  0.000000E+00  2.500000E-01  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
I 7.500000E-01  0.000000E+00  2.500000E-01  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
2.500000E-01  0.000000E+00  7.500000E-01  0.000000E+00  2.500000E-01  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
2.500000E-01  0.000000E+00  7.500000E-01  0.000000E+00  2.500000E-01  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00






Figure 37. (continued).
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TIME SIGNAL NAMES |
KOUT(13) KOUT(14) KOUT(15) KOUT(16) KOUT(17)  KOUT(18)
0 l 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00
41 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
241 7.500000E-01 7.500000E-01 2.500000E-01 1.000000E+00  2.500000E-01 2.500000E-O1
34 1| 0.000000E+00 0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
44 | 7.500000E-01 7.500000E-01 2.500000E-01 1.000000E+00  2.500000E-01  2.500000E-01
$4 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 7.500000E-01 7.500000E-01 2.500000E-01 1.000000E+00  2.500000E-01  2.S0000CE-O1
74 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 7.500000E-01 7.500000E-01 2.500000E-01 1.000000E+00  2.500000E-01  2.500000E-01
94 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 | 7.500000E-01 7.500000E-01 2.500000E-01 1.000000E+00  2.500000E-01  2.S00000E-01
114 1 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 | 7.500000E-01 7.S00000E-01  2.500000E-01 1.000000E+00  2.500000E-01  2.500000E-01
134 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
144 | 7.500000E-01 7.S00000E-01 2.500000E-01  1.000000E+00  2.S00000E-01  2.S00000E-01
154 | 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
164 | 7.500000E-01 7.S00000E-01 2.S00000E-01 1.000000E+00 2.500000E-01 2.500000E-01
174 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
184 | 7.500000E-01 7.500000E-01 2.500000E-01  1.000000E+00  2.500000E-01  2.SO0000E-01
194 1  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
204 | 7.500000E-01 7.500000E-01 2.500000E-01 1.000000E+00  2.500000E-01  2.500000E-01
214 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
TIME |- SIGNAL NAMES |
|-
(NS') 1 KOUT(®19) KOUT(20) KOUT(21) KOUT(22) KOUT(23) KOUT(24)
01 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
4 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 1| 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 1| 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 1| 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
94 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
114 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
134 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
144 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
154 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
164 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
174 1 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
184 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
194 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
204 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
214 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00



TIME SIGNAL NAMES {
|

(NS) |  KOUT(25) KOUT(26) KOUT(27) KOUT(28) KOUT(29) KOUT(30)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.00000CE+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00

RN EERERRR IR R RS20

N
=

0.000000E+00  0.000000E+00  0.000000E+00  0.00000QE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E~+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.00000QE+00

TIME | SIGNAL NAMES {
[} N
(NS') | KOUT@1)  KOUT(32) KOUT(33)  KOUT(34) KOUT(3S)  KOUT(36)
0! 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
4 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 1 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
54 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
741
|
|
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Figure 37. (continued).
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TIME | SIGNAL NAMES {
|
(NS) | KOUT(@37) KOUT(38) KOUT(39) KOUT(40) KOUT(41) KOUT@42)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.00000CE+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

§§§§§§z§§5§r=a:r:rx=:g_

N
>

T~

SIGNAL NAMES |
|
(NS) | KOUT(@43) KOUT(44) KOUT(45) KOUT(46) KOUT(47) KOUT(48)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.00000C0E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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Figure 37. (continued).
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[y b pub fub b Pub bub Gud Pusd bumd fub

»

but tud ub fud pub pud Gud Pud Pud Db

0 | 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

|
|
%
%
|

-3 3

1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.00000C0E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

b 333 33333

SIGNAL NAMES {

33
:
:

KOUT(9) KOUT(10) KOUT(11) KOUT(12)

0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.500000E-01 0.000000E+00  8.S0000CE-01 0.000000E+00  1.S00000E-01 0.000000E+00
0.000000E+00  0.000000E+00  1.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
X 8.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01 0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.S00000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01 0.000000E+00  0.000000E+00  0.000000E+00
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Figure 38: Results of Three Stage Interconnection Pattern and Sigmoid Neuron.
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313333333333 30
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-

]

KOUT(13)

0.000000E+00
1.000000E+00
0.000000E+00
8.500000E-01
0.000000E+00
5.000000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(14)
0.000000E+00

KOUT(15)

SIGNAL NAMES

KOUT(16)

KOUT(17)

KOUT(18)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

1.000000E+00
0.000000E+00
1.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E +00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

™

KOUT(19)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
5.000000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(21)

SIGNAL NAMES
KOUT(22)

1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
8.500000E-01
8.500000E-01

1.000000E+00
0.000000E+00
1.500000E-01
0.000000E+00
1.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

1.000000E+00
0.000000E+00
1.500000E-01
0.000000E+00
1.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

8.500000E-01

KOUT(23)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
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Figure 38. (continued).
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SIGNAL NAMES.
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Figure 38. (continued).
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SIGNAL NAMES |

I KOUTQ@37) KOUT(38) KOUT(39) KOUT(40) KOUT(41) KOUT(42)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 - 0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  0.000000E+00
8.500000E-01  8.500000E-01  S.000000E-01  1.000000E+00  5.000000E-01  8.500000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E~+00

-SIGNAL NAMES |
KOUT(43) KOUT(44) KOUT(45) KOUT(46) KOUT47) KOUT@48) ~

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

Figure 38. (continued).
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SIGNAL NAMES |
KOUT(8) KOUT(9) KOUT(10) KOUT(11) KOUT(12)

0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00 0.000000E+00
1.000000E+00  0.000000E+00 0.000000E+00
1.000000E+00  0.00000CE+00 0.000000E+00
1.000000E+00  0.000000E+00 0.000000E+00
1.000000E+00  0.000000E+00 0.000000E+00
1.000000E+00  0.000000E+00 0.000000E+00
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Figure 39: Results of Four Stage Interconnection Pattern with Binary Neuron.



Figure 39. (continued).
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(Nsl)l KOUT(19) KOUT(20) KOUT(21) KOUT(22) KOUT(23) KOUT(4)

0 | 0.000000E+00 O0.000000E+00 0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
4 | 1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 | 0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00 1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
44 | 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
$4 | 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
64 | 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00  1.000000E+00  0.000000E+00
74 | 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
84 | 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00  1.000000E+00  0.000000E+00
94 | 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00  1.000000E+00  0.000000E+00
TIME - -SIGNAL NAMES |

|

(NS.)I KOUT(25) KOUT(26) KOUT(27) KOUT(28) KOUT(29) KOUT(30)

0 | 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
4 | 1000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
14 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
34 | 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
S4 | 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
64 | 0.000000E+00 1.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
74 | 0.000000E+00 1.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 0.000000E+00 1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
94 | 0.000000E+00 1.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
TIME - SIGNAL NAMES 4

' |

(NS|)I KOUT(31) KOUT(32) - KOUT(33) KOUT(34) KOUT@35) KOUT(36)

0 | 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
4 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 | 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
34 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00
44 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
S4 | 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
64 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
74 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
84 | 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00 1.000000E+00
94 | 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
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Figure 39. (continued).
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KOUT(2)

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
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0.000000E+00
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KOUT(3)

0.000000E+00
1.000000E+00
0.000000E+00
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SIGNAL NAMES
KOUT(®4)

0.000000E+00
1.000000E+00
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KOUT(8) KOUT(®)  KOUT(10)
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KOUT(11)
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Figure 40: Results of Four Stage Interconnection Pattern with Ramp Neuron.
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0.000000E+00
2.500000E-01
0.000000E+00

0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
5.000000E-01
0.000000E+00
$.000000E-01
0.000000E+00
$.000000E-01
0.000000E+00
5.00000C0E-01
0.000000E+00

KOUT(21)

0.000000E+00
1.000000E+00
0.000000E+00
7.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

SIGNAL NAMES

SIGNAL NAMES

KOUT(16)

1.000000E+00

KOUT(17)

1.000000E+00

KOUT(18)
0.000000E+00  0.000000E+00

1.000000E+00
0.000000E+00
7.500000E-01
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(22)

0.000000E+00
1.000000E+00
0.000000E+00
7.500000E-01
0.000000E+00
2.500000E-01
0.000000E+00
2.500000E-01
0.000000E+00
2.500000E-01
0.000000E+00
2.500000E-01

KOUT(23)

0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Figure 40. (continued).
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Figure 40. (continued).
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TIME | SIGNAL NAMES. |
!
(Nsl) | KOUT(S) KOUT(26) KOUT@27 KOUT(28) KOUT(29) KOUT(30)
0! 0.000000E+00 0.000000E+00  0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00
4 |  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00
14 | 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00
24 1 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00
34 1 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
44 |  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00
34 1 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
64 |  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00
74 1 0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
84 | 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00
94 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
104 | 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00
114 | 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00
124 |  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00
134 I 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
144 I 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00
154 | 0.000000E+00  0.00000CE+00  0.000000E+00  0.00000CE+00 0.000000E+00  0.000000E+00
164 | 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00
174 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
184 |  1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00
194 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
204 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00
214 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
TD?B b -SIGNAL NAMES |
(Nsl) I KOUT(31) KOUT(32) KOUT@33) KOUT(34) KOUT(3S) KOUT(36)
01 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
4 1 1.000000E+00 1.000000E+00 1. 1.000000E+00  1.000000E+00 1.000000E+00
141 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00
34 1 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00
34 1 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00  1.000000E+00 1.000000E+00 1.00000CE+00  1.000000E+00  1.000000E+00
74 1 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
84 | 1.000000E+00 1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00 1.000000E+00
94 |  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
104 | 1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00
-114 1 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
124 | 1.000000E+00  1.000000E+00 1.000000E+00 1.00000CE+00  1.000000E+00  1.000000E+00
134 | 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
144 | 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00
134 | 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
164 | 1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00
174 1 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
184 | 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00
194 | 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
204 | 1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
214 | 0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00



TIME SIGNAL NAMES |
|
NS) | KOUT(37) KOUT(38) KOUT(39) KOUT(40) KOUT(41) KOUT@42)

0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00

1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.00000CE+00  1.000000E+00  1.000000E+00
X I X 0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.00000GE+00  0.000000E+00  0.000000E+00

1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 .1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.00000CE+00  1.000000E+00  1.000000E+00  1.000000E+00
X ! 0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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SIGNAL NAMES i
(NS) |  KOUT(43) KOUT(44) KOUT(45) KOUT(46) KOUT(@47) KOUT(48)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
1 0.000000E+00  0.00000C0E+00  0.000000E+00  0.000000E+00

1,000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00 1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
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Figure 40. (continued).
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Tnfﬁ ¢ SIGNAL NAMES i
(NS.) I KOUT(Q) KOUT(2) KOUT(3) KOUT@) KOUT(S) KOUT(6)
0 1 0.00000CE+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

4 | 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00
14 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
24 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
34 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
44 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
54 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
64 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
74 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
84 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
94 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
104 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
114 | 1.000000E+00 0.000000E+00 0.00000CGE+00 0.000000E+00 0.000000E+00 0.000000E+00
124 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
134 | 1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

8

SIGNAL NAMES |

KOUT(9) KOUT(10) KOUT(11) KOUT(12)

E
5
5

- am

EECERERR YRR 0

|
E
|
|

0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00

Figure 41: Results of Four Stage Interconnection Pattern with Sigmoid Neuron.
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0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  0.000000E+00



b pub fubd pud

TIME +

SIGNAL NAMES {

|
(NS') I KOUT(13) KOUT(14) KOUT(19) KOUT{(16) KOUT(17) KOUT(18)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

1.000000E+00  1.000000E+00  8.500000E-01  1.000000E+00  8.S00000E-01  8.500000E-01
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.500000E-01  5.000000E-01  0.000000E+00  1.000000E+00  0.000000E~+00
0.000000E+00  0.000000E+00  0.000000E+00  1.500000E-01
0.000000E+00  1.S00000E-01  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00 O.
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00

2+

EEEERERRRREY

3

SIGNAL NAMES {

3
;

KOUT(21) KOUT(22) KOUT(23) KOUT(24)

0! 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
4 I 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00  1.000000E+00 8.500000E-01  8.S00000E-01  1.000000E+00  1.000000E+00
34 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.500000E-01 1.500000E-01 0.000000E+00  0.000000E+00  1.000000E+00  5.000000E-01
54 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 0.000000E+00  1.S00000E-01 0.000000E+00  0.000000E+00  1.000000E+00  1.S00000E-01
74 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  8.S0000CE-01  0.000000E+00
84 1 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
94 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
04 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
14 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
: : 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00

Figure 41. (continued).
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0| 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

4 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
241 1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  8.500000E-01  1.000000E+00
54 | 0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  8.500000E-01  1.000000E+00
74 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 0.000000E+00  8.S00000E-01 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
94 | 0.000000E+00 8.S00000E-01 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 | 0.000000E+00 8.500000E-01  0.000000E+00 0.000000E+00  0.000000E+00 0.000000E+00
114 | 0.000000E+00 8.500000E-01 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 |  0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
134 | 0.000000E+00  8.500000E-01  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

TIME | SIGNAL NAMES. |

| |
(Nsu) | KOUT(31) KOUT(32) KOUT(@33) KOUT(34) KOUT(35) KOUT(36)
0 I 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

4 | 1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00 1.000000E+00  1.000000E+00
14 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
54 1 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 0.000000E+00  0.000000E+00  1.500000E-01 0.000000E+00  5.000000E-01  1.000000E+00

94 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
114 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00
;3?: : 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 1.000000E+00

Figure 41. (continued).
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TIME | SIGNAL NAMES |
|
(NS) | KOUT@37) KOUT(38) KOUT@39) KOUT(40) KOUT(®41) KOUT@42)

0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.00000CE+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00 0.000000E+00 0.00000C0E+00  0.000000E+00  0.000000E+00
1.500000E-01  1.500000E-01  0.000000E+00  1.000000E+00  0.000000E+00  5.000000E-O1
0.000000E+00  0.000000E+00  0.000000E+00  1.500000E-01  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

EEEERRNRRLER 0 _

TIME |- SIGNAL NAMES |
|
(NS') I KOUT(43) KOUT(44) KOUT(45) KOUT(46) KOUT(47) KOUT@48)
0! 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00 0.000000E+00
4 | 1.000000E+00  1.000000E+00

1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

—
S

|

24 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
34 1 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
54 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
94 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 |  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
114 | 5.000000E-01 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
lg I 1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
134 |

1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00

Figure 41. (continued).
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SIGNAL NAMES |
KOUT(9) KOUT(10) KOUT(11) KOUT(12)

0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00
" 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

I X 1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00
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Figure 42: Results of Two Stage Interconnection Pattern and Sub-optimal Path.
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SIGNAL NAMES |

! KOUT(13) KOUT(14) KOUT(15) KOUT(16) KOUT(17) KOUT(18)

0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.00000CE+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00 0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00 0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

r

SIGNAL NAMES i
KOUT(19) KOUT(20) KOUT(21) KOUT(22) KOUT(23) KOUT(24)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

J 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.00000CE+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

|
|

Figure 42. (continued).
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TIME | SIGNAL NAMES {
1
(NS) |  KOUT(2S) KOUT(26) KOUT(27) KOUT(28) KOUT(29) KOUT(30)

0.000000E+00  0.000000E+00  0.00000CGE+00  0.000000E~+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
X 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+0( ¢ ‘s*¥)0E+00
1.000000E+00  1.000000E+00  1.00000CE+00  1.000000E+00  1.000000E+0C ) .«x*{x00E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00 0.00000CE+00  0.000000E+00  0.000000E+00  0.000000E+00

I
Ul

BEEITRIEREERENR LR T s

i

R
-

‘l'lL:B - SIGNAL NAMES {

(NS|) |  KOUTG1) KOUT(32) KOUT(33) KOUT(34) KOUT(35) KOUT(36)
0| 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00
4 |- 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00

o=t
n

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

|
241 1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
54 | 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00
64 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
94 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
114 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
134 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
144 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
154 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
164 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
174 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
184 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
194 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
204 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
214 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

Figure 42. (continued).
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\s) |

b pud bbb Pud Pud Pud Gud fud Pud b

323233393433 3 L 00

33 335
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33333332 33335

b pubd Pub Db fud Ppub Dub

~ 0
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ERRRIRRETNLE

e
-

KOUT(@37)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

T

KOUT(@38)

KOUT(43)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

KOUT(44)
0.000000E+00

0.000000E +00

KOUT(45)

0.000000E~+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

SIGNAL NAMES
KOUT(®) KOUT@0)  KOUT@41)

SIGNAL NAMES
KOUT@46)  KOUT@47)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00

KOUT@42)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00

Figure 42. (continued).
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0.000000E+00
1.000000E+00

KOUT(48)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00




Tnfﬁ L SIGNAL NAMES |
N') I KOUT(1) KOUT(®2) KOUT(3) KOUT®) KOUT(S) KOUT(6)

0! 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
| 1.000000E+00 1.000000E+00 1.000000E+00 1.000000E+00 1.
1.000000E+00 0.00000CE+00 0.000000E+00 0.000000E+00 0.000000E+00 O.
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

0.00000CE+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

33T ITTTTITIN
&

-
§
s
§
z
s

SIGNAL NAMES {

KOUT(8) KOUT(9) KOUT(10) KOUT(11) KOUT(12)

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00 O.
0.000000E+00  0.000000E+00  1.000000E+00 0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.00000CE+00  0.000000E+00
{ X 1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E~+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.00000CE+00 0.
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00

3
§

E
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§
;
g
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Figure 43: Results of Three Stage Interconnection Pattern and Sub-optimal Path.
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3

'l'nfB } SIGNAL NAMES |
(NS) |  KOUT(13) KOUT(14) KOUT(15) KOUT(16) KOUT(17)

0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000CE+00  0.000000E+00
1.000000E+00  1.000000E+00 0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00

13323333333 L L
g
3
g

0.000000E+00

X 0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

I 0.000000E+00 0.000000E+00 0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00

| 0.000000E+00 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
: 0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00

SIGNAL NAMES l

3
:
;
§

KOUT(22) KOUT(23) KOUT(4)
. 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

»~0

0.000000E+00  0.000000E+00
. 1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  1.000000E+00  1.000000E+00  1.00000CE+00  1.000000E+00  1.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00

J 0.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00

0.000000E+00
0.000000E+00
0.000000E+00

|
E

|

SESRRRRLLEY

=
|
%
?
i

Figure 43. (continued).
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TIME

SIGNAL NAMES |
|

(NS) |  KOUT(25) KOUT(26) KOUT(27) KOUT(28) KOUT(29) KOUT(30)
|

'é
|

1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
0.000000E+00  0.000000E+00  0.000000E+00  0.00000C0E+00
1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00

EEEERRRRYRR RS0
g
&
g

X 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

1.000000E+00  1.000000E+00  1.000000E+00  0.00000CE+00  1.000000E+00  1.000000E+00

0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

| 0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

| 0.000000E+00  1.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

| 0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

t  0.000000E+00  1.000000E+00  0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

TIME | SIGNAL NAMES |
|
(NS') I KOUT@31) KOUT(32) KOUT(33) KOUT(34) KOUT(@35) KOUT(36)

0 I' 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
4 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
14 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00
24 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
54 | 0.000000E+00  0.000000E+00  0.000000E+00  0.00000GE+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 1.000000E+00  0.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
94 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
104 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  1.000000E+00
14 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 1.000000E+00
lg : 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 1.000000E+00
1 1.000000E+00

Figure 43. (continued).
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4

SIGNAL NAMES. |

(NS.) I KOUT@37) KOUT(38) KOUT@39) KOUT(40) KOUT(41) KOUT@42)
0! 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00
4 1 1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
14 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00 0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
S4 | 0.000000E+00 0.000000E+00  0.000000E+00  0.00000CE+00  0.00000CE+00  0.000000E+00
64 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 1 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00
84 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
94 | 0.000000E+00  0.000000E+00  0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
104 1 1.000000E+00  1.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  1.000000E+00
114 |  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 1  0.000000E+00  0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
134 |  0.000000E+00 0.000000E+00  0.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
TIME | SIGNAL NAMES |
1
(NS') I KOUT(43) KOUT(44) KOUT(45) KOUT(46) KOUT(47) KOUT@48)
0| 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00
4 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
14 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
24| 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
34 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
44 | 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
54 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
64 | 1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
74 | 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
84 | 1.000000E+00 1.000000E+00 1.000000E+00  1.000000E+00  1.000000E+00 1.000000E+00
94 | 0.000000E+00  0.000000E+00 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00
104 | 1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00  1.000000E+00
114 | 0.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
124 | 1.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00
134 | 1.000000E+00 0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

Figure 43. (continued).
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TIME
\Ns) |

ERIRRRERIT»0

-3

ERITRRLERZT»0

3.8

ERITRERERR 20

T

KOUT(1)

0.000000E+00
1.000000E+00
1.000000E+00

KOUT(?)

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
1.000000E+00

KOUT(13)

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E +00
0.000000E+00
0.000000E+00
0.000000E +00
0.000000E +00

SIGNAL NAMES
KOUT(8) KOUT() KOUT(10)

0.000000B+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(11)

KOUT:12:

0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(18)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E +00
0.000000E+00

Figure 44: Results of Four Stage Interconnection Pattern and Sub-optimal Path.
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13333333 3L X

2RIRRRERR s

3§

3-8

ERITRRERR»0

KOUT(21)

1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

5

T

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E +00
0.000000E+00
0.000000E+00
0.000000E+00

™

KOUT(31)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E +00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E +00
0.000000E+00
0.000000E+00

KOUT(33)
0.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00

SIGNAL NAMES

SIGNAL NAMES

KOUT(22)  KOUT(23)
0.000000E+00  0.000000E+00  0.000000E+00  0.000000E+00

1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

1.000000E+00

KOUT(24)

1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

0.000000E +00

0.000000E+00

KOUTG4)
0.000000E+00

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00

0.000000E+00
0.000000E+00

Figure 44. (continued).
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13333333 335

R

ERIRLRRRE»0

0.000000E+00
0.000000E+00

KOUT(41)

KOUT42)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

KOUT(46)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00

Figure 44. (continued).
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KOUT(47)

KOUT@8)

0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
1.000000E+00
0.000000E+00
0.000000E+00
0.000000E+00
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