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FIC3 5A (1) ~axj + 7,if(j5) +I ii 

WHERE 
xi = activation of the lftth neuron 

ji = long - term memory  (LTM) trace from the i th neuron to the i- th neuron, 

I i  = external input to the i-th neuron,, 

f () = a S19mold function, 

a =constant scalar. 

INPUT NEURONS: 

dx 

dt' ~
(2) 

HIDDEN NEURONS: 

dx M+N 

dt 1- C(Xi +l: 7'j f(xj )1 1=1 .... N. (3) 
J=1 

OUTPUT NEURONS0 : 

(4) dxo 
M+N 

~~~ 4~ w 4EN10 ax 0 + z 0 f( d t Xi jqmw1 

dxi N M 
a- - 
dt =  -axe  + ~ 7it .f(xj)  + 

~ i
Zkif(X

 
k) (5) 

WHERE 

Zji  = LTM trace within the hidden system, 

ze~ ! LTM trace from the input-to-hidden system. 

assume a 

N M 
f(Xj) ZkI f (I k)  i  I N wwr + mom 

Xi i (6) 
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X1~ 
0 

XN 
N 1 

le

(7)

 X
%=%Moo 

(= A f(X)  + B f(l)  8) 

Nx 1 NxN NX 1 NxM Mx I 
where 

A ' ji I  NxN 
if 

and 

B = Zkki1  NxM 

N M 
Z = ~ Zj o f(xj) + 

 kam1
 40  f(I k~, 

J=1 

giving 

f(X)+Df(l) 

IxI IxN IxM MXI

Z=C 

 Nxl 

NP

 Z

T i
T i

where 

i = output bound for the i -th input pattern, 

 O41  =lower bound for the 4wth input pattern, 
HII  = upper bound fot the ewth input pattern 

F

and 

lb 

d (T L T H 

(

(TLOi ≤ Zi ≤ THIi) - OifTLO~sZiand Zi ≤ THIi 
1 otherwise (12) 
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Ni N 2 
a + (2 :!gT 

(13) 

F I G 5() 
where 

Ti  = selection thereshold 

and 

~~'ZT  ~a  ~ OifZi~T i 
1 ot h e rwi se 

1~ similarly for  ( Zi  5 Ti j 

0:5 d:5 Np . 

X A f(M Bf(I) 

x o= B f(I) 

X 1=AXo+Xo 

(17) 

0 
(18) y 

0 

The recurs40 ion is: 

X (+) + A f(X (-)) + s f(I) (19) 

(20) NG N aNC a 

where 

NG = number of generations. 

N = number of hidden generations, 

NC = number of copies per genemtion. 
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X = A f 1 . (X)  + B f2  (I) (21) 

0 

Z = Cf I  (XI + D f Z(I) (22) 

0. X 0 
f 2  (IQ x 0 x:s 

119 X> 1. 

(23) 

1=1(:, 151 
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MATRIX C 
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as 
CHOOSE INITIAL 

WEIGHT MATRICES 
A B C D 

APPLY GENETIC ALORITHM 
OPERATOR TO GENERATE 

OFFSPRING OF INITIAL MATRICES 

42 

SELECT SUCCESSOR 
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CRITERIA MET?* 
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1 2 41 itself be zero. The constraints also include requiring that 

the interconnection weights leading from a given neu-
ron all be of the same sign,. The neural network com-
prises s layer of input neurons, a layer of hidden neu-
rons, and a single output neuron. The step of applying a 
genetic algorithm operator comprises applying a muta-
tion operator by randomly changing a portion of the 
interconnection weights in s given matrix. No other 
genetic algorithm operator is applied, other than muta-
tion. The interconnection  weights are organized in 
more than one matrix based on layers of neurons in the 
neural network. The input data sets include binary val-
ues which represent edges of an image. The step of 
selecting a successor matrix on the basis of the metrics 
may include either testing whether a metric l  ies with

 in 
a band between upper and lower bounds, or testing 
whether metrics with respect to predetermined input 
data sets lie above a p sband or below a stopband. 

Use of matrix representations enables simple and 
rapid design of a neural network. The meanings of the 
interconnection weights may be easily interpreted be-
cause of the manner in which they are arrayed in the 
matrix. Simplifying assumptions required in some other 
techniques may be avoided. Complex, fully intercon-
nected networks an be designed for implementing user 
specified, input output functions. 

Other advantages and features will become apparent 
from the following description of the preferred embodle

and from the claims. 

GENETIC ALGORITHM TECHNIQUE FOR 
DESIGNING NEURAL NETWORKS 

S 'This  is s continuation of application Ser. No. 
07/468,857, filed Jan. 23, 1990, now abandoned. 

BACKGROUND OF THE INVENTION 

The invention relates to genetic algorithms, and to 
the use of genetic algorithms in designing neural net-
works (NNs). 

One aspect of NN design is the specification of the 
interconnections among a NNs neurons to achieve a 
desired input-output (I/O) relationship. In particular, 
for the class of long term memory (LTM) time invariant 
NNs, the NN is programmed for a particular I/4 rela-
tionship by choosing the weight of each interconnectm 
mg trace between a pair of neurons. 

Conventional NN design techniques make simplify-
ing assumptions so that the problem of determining the 
trace weights is tractable. Examples of these simplifying 
assumptions are that the neurons are arranged in layers 
within which no lateral connections are made or that a 
neuron can be simultaneously excitatory and inhibitory, 
i.e., the weights of traces from a particular neuron to 
others in the NN can bc positive to some and negative 
to others. 

10 

15 

zo 

is 

SUMMARY OF THE INVENTION 

to general, the invention features applying, in a pro- 30 
gram controlled computer, a genetic algorithm search 
to determine an optimimum set of values, each value 
being associated with a pair of elements drawn from a 
universe of N elements, N an integer greater than zero, 
where the utility of any possible set of said values may 35 
be measured. An initial possible set of values is assem-
bled, the values being organized in a matrix whose rows 
and columns correspond to the elements. A genetic 
algorithm operator is applied to generate successor 
matrices from said matrix. Matrix computations are 40 
perfo ed on the successor matrices to generate mea-
sures of the relative utilities of the successor matrices. A 
surviving matrix is selected from the successor matrices 
on the basis of the metrics. The steps are repeated until 
the metric of the surviving matrix is satisfactory. 45 

Preferred embodiments of the invention include the 
following features. The method may be adapted for 
determining, for neurons of a neural network, a set of 
interconnection weights which will enable the network 
to approximate a prespecified output when presented SO 
w ith a predetermined set of input data. In that adapta-
tion, the initial possible set of interconnection weights is 
assembled, and matrix computations are performed on 
the input data and on the successor matrices to generate 
an output of each successor matrix. A metric is com- SS 
puled corresponding to the difference between each 
generated output and the prespeciffied output, and the 
successor matrix is selected based on the metrics. 

The interconnection weights in the matrices are 
forced to comply with constraints that correspond to 60 
the architecture of the neural network. The intercon-
nection weights in the matrices are organized so that the 
interconnection weights ]lading to a gi ven neuron all 
appear in a single row (or a single column) of each 
matrix, and the interconnection weights leading from a 63 
given neuron all appear in s single column (or a single 
row) of the matrix. The constraints include requiring 
that the interconnection weights between a neuron and 

DES CRIPTION 4F THE PREFERRED 
EMBODIMENT 

We first briefly describe the drawings. 
FIG. 1 is a functional block diagram of a pattern 

recognition system. 
FIGS. 2A, 2B, 2C, and 2D are a diagram of edges in 

images. 
FIG. 31"s  a diagram of the layers of one kind of neural 

network. 
FIG. 4 is a diagram of neurons and interconnections 

within the network. 
FIGS. 5A through SD are equations relating to the 

invention. 
FIGS. 6A and 6B are matrices of interconnection 

weights. 
0 

FIG. 7 is a diagram of constaints imposed on the 
interconnection weights arrayed in a matrix. 

FIG. 8 is a flow chart of a method of designing the 
interconnection weights. 

FIG. 9 is a set of input data matrices for testing the 
neural network. 

FIG. 10 is a diagram of horizontal feature detector 
response. 

FIG. 11 is a diagram of the generational history of 
metrics during the design process. 

FIGS. 12A through 12D sit forth matrices of inter-
connection weights for a horizontal edge detector. 

FIG-o 13 is a graph of numbers of generations required 
for various numbers of hidden neurons. 

FIG. 14 is a curve of sensitivity to number of copies 
per generation. 

FIG. 15 is a diagram of diagonal feature detector 
response. 

FIG. 16A through 16D set forth matrices of intercon-
nection weights for a diagonal edge detector. 

The LTM, time-invariant class of NNs is particularly 
suited for applications such as preprocessors, feature 
detectors, and feedback control modules in larger pro -
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ceasing systems. Referring to FIG. 1, in a pattern recog-
nition system of the kind described in copending patent 
application, U.S. Ser. No. 07/784,634, filed Oct. 28, 
1991. assigned to the same assignee and incorporated 
herein by reference, patterns of an input image are ana-
lyzed to classify objects represented by patterns within 
the image. The output of the system is an indication of 
the categories, or names, of the objects located within 
the input age. 

Each of the modules within the system of FIG. 1 
mimics a particular function of the biological vision 
system. The system includes s pattern edge strength 
module 10 and a perimeter edge strength module 12 
which mimic the functions of the biological vision sys-
tem ' s visual cortex areas called visual area 1 and visual 
area 2, respectively. Together, these two edge strength 
preprocessors provide edge strength information to the 
classifier module 14 for final classification of objects 
located within an input image. 

The system of FIG. Z also "includes a digitizer unit 18 
which digitizes the input image data 16, and a locate/-
focus/adjust unit 20 which locates patterns within the 
input image data 16, provides control to the digitizer 
unit, and receives feedback from the classifier module 
14-a 

The pattern edge strength module 20 generates a 
measure of the visual strength of the edges within a 
pattern in the input image data 16. For binary images, 
the module measures the visual strength of the pattern's 
orientations in the horizontal, vertical, and two 45 de-
gree diag onal directions. For gray-scale images, the 
module generates measures of the magnitude of the 
luminance gradient in the four directions. These orien-
tation measurements of luminance lines and gradient 
magnitudes model similar processing that occurs in 
biological vision systems. 

The perimeter edge strength module 12 measures the 
visual strength of a pattern's perimeter in the northern, 
southern, eastern, and western directions. Thus, the 
module's output indicates the orientational strength of a 
pattern's edges. 

In measuring the edge strengths of a pattern, both the 
perimeter and pattern edge strength modules evaluate 
an edge's magnitude with no special regard for the edge 
location within an image. To illustrate this rationale, 
consider the image blocks A, B, C, and D of FIG. 2, 
which could be evaluated for their horizontal edge 
strengths. The images labeled A and B world produce 
the same edge strength, because lines A and B, although 
at different image locations, are of the same length. In 
contrast, image C would produce a higher strength 
value than image D because image C includes more and 
longer lines than image D. 

To implement either of the edge strength preprocess. 
sors described above with a LTM NN, the NN would 
ideally model the orientation sensitive biological NN 
found in the human primary visual cortex. Thus, the 
implemented NN might measure, for example, the edge IP 
StTength of a binary pattern in the horizontal direction. 41 Design constraints implied by this biologicaX-Iike func-
tion of the NN, as discussed below, dictate consider-
ations of both the NN's architecture and interconnec-
tions. 

The network architecture suggested by the biological 
design constraints, as shown in FIG. 3, consists of a 
layer of M input neurons 16 which receive the input 
pattem, a network of N neurons located within the 
network, called hidden neurons 18, and a single output 

4 
neuron 20. This architectural framework allows direct 
correlati on between the neurons of the artificial and 
biological networks. The network input layer is com-
posed of, for example, a 7 X 7, 2-dimensional array of 

3 neurons, for a total of M = 49 input neurons. Connected 
to the input layer, the hidden neuron network may 
include N=25 interconnected neurons, with some sub1W 
set of those neurons being connected to the output neu-
ron. 

to Considering the network architecture in more detail, 
FIG. 4 illustrates a subset of some possible network 
interconnect ions for the network. The input neurons, 
labeled A-D in the figure, are configured in an array so 
that-  each may accept one piece, or pixel, of an input 

13  pattern. 77►is capab il ity m im ics the process by wh ich a 
visual image would be defined on the input layer of the 
human primary visual cortex. The output connection of 
each input neuron is specified to connect it with some 
set of hidden neurons, labeled E-J in the figure, and 
possibly the output neuron, labeled O in the figure. 
Within the hidden neuron network, each neuron may be 
connected to some set of input neurons, some set of 
hidden neurons, and the output neuron, but all three 
types of connections are not required for any given 
neuron. 

In operation, the activation state of each neuron de-
termines whether or not i 0 t "fires", i.e., whether or not it It sends an output signal to the other neurons connected to 

3.0
0 it. This activation is determined by all of the input sig-

nals received by each neuron, i.e., a neuron' s activation 
depends on the activation of the neurons connected as 
inputs to it.. Arrows in the rigure indicate the direction 
of input and output for each connection between a pair 
of neurons. If a neuron's activation is smaller than a 
design threshold, the neuron will not send any output 
signals. If the neuron's activation reaches or passes the 
design threshold, it will "fire" by sending an output 
signal along each of its output connections. 

When a neuron "fires", its output signals act to affect 
the activation states of the neurons to which it sends 
signals. There are two possible conditions, called types, 
of neuron output signals. A neuron's output signal may 
be excitatory (type 1), meaning that it is trying to "turn 

45  on"  a succeeding neuron by raising that neuron's activa-
tion state. Alternatively, the neuron's output may be 
inhibitory (type 2), meaning that it is trying to "turn 
ofr' a succeeding neuron by lowering that neuron's 
activation state. 

Each neuron is speci fied as bei ng either excitatory or 
inhibitory by assigning a multiplication factor, Bed a 
weight, to each of its output connections. When a neu-
ron "fires", sending multiple output signals, each of 
those signals is multiplied by the weight of the particudw 

55 lar connection it has been sent through. A positively 
weighted signal acts to increase a succeeding neuron' s 
activation, while a negatively weighted signal acts to 
decrease a succeeding neuron' s activation. This custom 
weighting of each output signal is what enables a neu-

b0 run to increase or decrease the activation of a succeed-
ing neuron. The particular assigned weight determines 
the degree to which are neuron's output signal contrib-
utes to the next neuron's activation. 

The connections of each neuron in the example NN 
65 are further defined such that when any of the hidden 

neurons or the output neuron "fires">  it does not send an 
output signal back to the input layer. However, output 
signals of each hidden neuron may be sent to other 

20 

25 

35 

40 

so 
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Note that the weight space, or set of possible NN 
interconnection weights in our example, is large enough 
(there are 49 input neurons and 25 hidden neurons) to 
discourage simple trial and error search procedures. In 
a traditional unstiu* ctured search, the interconnection 
weights would be selected by random, the performance 
of the newly defined NN computed, the result evalu-
ated, and the process repeated until a satisfactory result 
is obtained. This is equivalent to numeration because 
each weight selection trial is unaffected by the outcome 1A 
of previous selection trials. For any but the simplest 
cases it is easy to show that this is not a practical tech-
nique because of the large number of trials required 
before a satisfactory set of weights is achieved. 

In general, the GA principle gives guidelines for 
constructing practical search techniques when the num-
ber of possible trials is extremely large. The fundamen-
tal requirements for solving a trial and error problem 
with the GA are that the problem must be capable of 
being represented by some data structure and that the 
problem' s solutions be capable of being evaluated. 

The general GA procedure is defined as follows: A 
set of structures, called a generation, is created, which 
attempts to solve a particular problem. The structures, 
generally known as schemes, are manipulated by one or 
more genetic operators to create a new set of structures. 
These new structures are evaluated on how well they 
solve the problem and the best are saved, thereby creat-
ing a new generation. A requirement for constructing 
further generations is that the advances already made 
must be retained and that the retained advances be used 
to increase the population of fit structures. This evolu-
ti onary process i s repeated unti l a structure produces an 
acceptable solution to the problem. 

To choose the optimum set of NN interconnection 
weights, the GA procedure is implemented as follows: 

(1)An initial set of interconnection weights is formed 
by randomly choosing a value for each of the weights in 
the whole NN. 

(2)The weight set is.  manipulated by a genetic opera-
tor to create a new generation of weight sets. 

(3)Each weight set which is a member of the new 
generation of weight sets is evaluated on how well its 

ponding NN responds to a set of test, or training, 
input patterns in generating.a horizontal edge strength 
measure for each of the training patterns. 

(4)Steps (2) and (3) are repeated until a set of inter-
connection weights produces a NN with an acceptable 
relationship between input patterns and output horizon-
tal edge strength measures. 

In step (1) of the design procedure, the set of NN 
interconnect ions must be represented in a manner that 
can be easily mapped to a representation that can be 
subjected to a GA operator. This mapping is achieved 
by formulating a mathematical representation of the 
activations of each of the neurons in the NN to be de-
signed, This formulation is called the short-term mem-
ory (STM) equation, and describes the activation of a 
neuron by all of the inputs to that neuron. The most 
general STM is shown as Eqn. 1 of FIG. S. 

Zjj, defined in Eqn. 1 as the LTM trace from the j-th 
neuron to the imth neuron, is the weight value assigned 
to the interconnection between the Jwth neuron and the 
i-oth neuron. Thus, the matrix of coefficients includes the 
complete set of Zj,4s for all i and i  that we seek. The 
function f(xj), called a sigmoid function, is defined to set 
the threshold for activation of a neuron. Thus, for exam-
ple, using a simple step function as the sigmoid function 

N 

hidden neurons as feedback within the hidden neuron 
network. 

These activation and connection design rules are 
supplemented by design constraints, based on experi-
mental physiology, which are applied to the network 
architecture to model the behavior of the biological NN 
of the visual cortex. The additional design constraints 
include: 

(1) A neuron has no feedback connection to itself. 
{2} Each of the neuronsis excitatory or inhibitory, but 

not both simultaneously. 
(3) All input neurons are excitatory, and all hidden 

neurons are inhibitory. 
Constraint (3) defines the example NN to be of the 

ON-Center/OFFwSurround architecture. Operation-w 
aJ.1y, this implies that the input neurons are always tryw 
ing to tum on the hidden neurons they are connected to, 
as well as the output neuron, while the hidden neurons 
are all trying to turn off the other hidden neurons they 
are connected to, as well as the output neuron. 

The output neuron does not send any sig nals back-
ward to the hidden or input neurons; its only output 
signal is, in the example, the N'N's horizontal edge 

0 

strength measure for an input pattern. This output sig-
nal is a real analog number, with the range of the signal 
determined by the NN interconnection design and train-

as discussed below. 
Given all of the design rules and assumptions dis-

cussed above, the last remaining NN design specificam
is the choice of interconnections between all of the 

NN neurons. This interconnection choice may be con-
sidered as the selection of the NN interconnection 
weights, as an interconnection weight of zero implies 
that no interconnection exists, while a positive weight 
causes an interconnection to be excitatory and a nega-
tive weight causes an interconnection to be inhibitory. 

Each interconnection weight, and the NN set of 
so 

weights together, is chosen to enable the NN to provide 
a desired relationship between a set of input patterns 
and the output horizontal edge strength measures the 
NN would generate for the set. In particular, the NN 
weight set is chosen to define the  range of the output 
signal and the correspondence between values in the 
range and strength of a given horizontal edge. Thus, the 
weight set selection acts to calibrate the NN for a design 
specified input-output (I/O) relationship. 

In the invention, a trial and error approach is used to 
select the NN interconnection weights. The inventive 
method eliminates the need for certain simplifying as-
sumptions required in known techniques for designing 
interconnection weights for a NN. Furthermore, the 
resulting NN may require fewer neurons and fewer 
interconnections than a corresponding NN designed 
using other methods. Also, the resulting NN may be SS 
easi er to implement than a corresponding NN designed 
by known methods. 

The particular trial and error strategy employed by 
the current invention is a form of the general search 
strategy called the genetic algorithm (GA). The GA is 60 
a known search procedure, inspired by evolution and 
heredity, for locating high performance structures in a 
complex task domain. It is an iterative technique for 
exploring large search spaces and complex problems of 
the kind that lack convenient closed forms. For NN 65 
design purposes, it is a search method for finding a good 
set of interconnection weights in a high-dimensional, 
non linear wei ght space. 

s 

10 

15 
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columns of matrix A represent each of the other possi-
ble connections between the hidden neurons. 

As shown in FIG. 6(a), matrix B represents all of the 
possible interconnections between the input layer neu-
rons and the bidden layer neurons. Thus, each element 
of matrices A and B may be. directly correlated to a 
physical interconnection of the NN being designed. 

COntinuing with the matrix notat 0 ion and considering 
the output neuron activation, the shad y-&state output is 10 
denoted simnlyp  as Z, i.e., xoapproaches Z in the steady-
state. Then the output neuron's STM equation may be 
grouped to delineate which interconnections are com-

rom the input layer and which are coming from the 
hidden layer, the sets of interconnections being repre-
sented in Eqns. 9 and 10 of FIG. 3. 

FIG. 6(b) illustrates what matrices C and D would 
look like for the example NN of FIG. 4. Matrix C in-
cludes all of the possible canne~tions between hidden 
neurons and the output neuron. Matrix D includes all of 
the possi ble connections between input layer neurons 
and the output neuron. 

Given this matrix formulation of the NN activations, 1P 
the design rules and constraints discussed above can be 
efficiently  and understandably imposed as the GA is 
used to deternfine an optimum set of interconnection 
weights. Further, and more importantly, the A, B, C, 
and D matrices can be directly manipulated by the GA 
procedure to solve the weight search. Indeed, each GA 
interconnection generation is simply a new copy of the 
interconnection matrices, so that each matrix element 
coefficient (weight) plays a role analogous jo a DNA 
molecule in biological evolution. 

To begin the GA interconnection weight search pro-
cedure using the weight matrix notation, the activation, 
connection, and physiological design rules discussed 
above must be imposed on the interconnection weights, 
and thus on the interconnection weight matrix elements. 
With these constraints, the weight matrices for the ON 
Center/OfT Surround NN being designed have the fol-
lowing properties; 

(1) A has zero diagonal components, 
(42)) A and C have only negative or zero dements, 
(3) B and D have only positive or zero elements, 
(4) The rows of A give the lateral inhibition to other 

hidden neurons. 
While these constraints are difficult to include in 

standard design techniques, it will be seen that they can 
be easily accommodated using the GA search tech-
nique. FIG. 7 summarizes the constraints on the system 
matrices for the biologu;a1alike NN. 

With these constraints in place, the computational 
steps for the NN design procedure (see FIG. 8) are as 
f(O11O-Fs : 

(1) Form (40) a parent initial matrix set A, B, C, and 
D of interconnection weights which satisfy the design 
constraints. 

(2) Make copses of the parent set of matrices, and for 
each copy (42), randomly select a number of the matrix 
elements to be changed, subject to maintaining the 
above matrix properties, to produce successor matrices 
(offspring). In GA terminology, a mutation operator is 
used to construct new generations. 

(3) Apply a set of input patterns (44) to each NN 
corresponding to one of the copies and solve {46) for 
each N'N"s edge strength output for each pattern. (Note 
that a solution may not always exist.) 

7 
would cause a neuron with an activation below the step 
never to "fire", and would cause a neuron with an acti-

-P vation above the step to always to " fire". 
Interpreted literally, the STM equation shows that 

any changes in the activation of a neuron are deter-
mined by the sum of any external inputs to that neuron 
(I;), all of the weighted signals received from other 
neurons (Zj)~, and the current activation of the neuron. 
This equation is the cornerstone of NN design and is 
adequate for an initial NN design. If desired, it can be 
replaced with the shunting STM Equation for a better 
model., 

Given the desired NN architecture described above 
and in FIG. 3, the STM equation can be customized to 
specifically describe the activations of neurons in the 
input layer, hidden layer, and output of the NN. Since 
neurons in the input layer have no interconnections 
between themselves, Eqn. 1 simplifies to Eqn. 2 of FIG. 
3 for the input layer neurons, showing that input neu-
rons only recei ve inputs from the pattern defined on 
them. 

Neurons located within the hidden neuron network 
may receive inputs from any of the input neurons and 
any of the other hidden neurons, so that the STM equa-
tion for the hidden neurons sm"plifies to Eqn. 3 of FIG. 

S 

10 

15 

io 

is 
s. 

Likewise, the output neuron may receive inputs from 
any of the input or hidden neurons, so its STM equation 
simplifies to Eqn. 4 of FIG. S. 

In Eqn. 3, the interconnection weights may be 30 
grouped between those associated with connections 
between the input layer and a hidden neuron and those 
associated with connections between two hidden neu-
rons. This new hidden neuron STM equation, as shown 
in Eqn. S of FIG. 5, delineates the weight interconnece. 35 
lions within the hidden network as Zji and interconnec-
tions between the input layer and hidden network as 
Z Pkj8 

In the steady-state, each of the input neuron activa-
tions will approach the external inputs applied to them, 40 
i.e., xk will approach Ik, where k= 1, ... , M. For this 
case, the steady state hidden system STM equation 
becomes Eqn. 6 of FIG. 5. 

To map the interconnection weights to a structure 
which may be manipulated by a GA operator, matrix as 
notation is introduced as shown in Eqn. 7 of FIG. S. 
Each element of matrix X represents the activation of 
the corresponding neuron in the hidden neuron net-
work. Using this matrix notation, the hidden neuron 
STM equation (Eqn. S) becomes that of Eqn. 8 of FIG. SO 
s. 

Using this matrix notation, each element of matrix A 
represents the corresponding interconnection weight 
between two of the hidden neurons. As an example, 
FIG. 6(a) illustrates what the elements of matrix A 
would be for the simplified NN of FIG. 4. The first 
element of matrix A, ZEE, is the weight coelTicient of 
the interconnection from hidden neuron E back to itself. 
Although, as was discussed above, thisinterconnection 
is not actually allowable by the design rules, it, like 
every other theoretically possible interconnection from 
neuron E, is included in the general matrix. 

Similiarly, the second element of the first row, ZEF, 
describes the weight of the connection from hidden 
neuron E to hidden neuron F. Thus, the first row of 
matrix A includes the interconnection weights for all 
passible connections from neuron E and all of the other 
hidden neurons. Likewise, all of the other rows and 

35 

60 

65 
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(4) Compute (48) a metric to quantify the discrepancy 
between each of the NN outputs of (3) and the prespeciL 
fied solution (SO). 

(S) Select (52) the copy of the A, B, C, and D matrix 
set which provides the best NN I/O relationship (i.e., 
has the smallest discrepancy metric). Make this copy 
the survivor. 

(6)Use the survivor as the parent for the next genera-
tion and repeat steps (2)-Wto*-(5),, 

(7) Continue until the selection criterion is met (54). 
(8) The surviving matrix set A, B, CIO  D determines 

the interconnection weights for the final NN design. 
The example NN edge strength preprocessing mod-

ules to be designed using the above procedure contain, 
as described previously, 49 input neurons, 25 hidden 
neurons, and one output neuron. This NN requires 1924 
interconnection coefficients to be specified. For sim-
plicity, the sigmoid function defined in the activation 
equation is a unit step. The model is a "sum of sigmoids' 
not the usual simplifying approximation of "sigmoid-of-
SUMS ". 

To implement step (1) of the design method, a ran-
dom number generator is used to specify the matrix 
elements, thus establishing an initial parent set of intere-
connection weight matrices. Although the elements of 
the parent matrix set are chosen randomly, the interconw 
nection constraints described above are followed in the 
choice. The random selection of initial matrix elements 
increases the likelihood that some portion of initial 
weights will be adequate immediately, thus decreasing 
the required computation of new generations. 

Using the GA mutation operator, each new genera-
tion is created by first making 10 copies of the parent 
matrix set A, B, C, D. Then, for each copy, one-third of 
the weight elements of each matrix are randomly 
changed, subject to the given Interconnection con-
straints, over the search range 0, + /— 1. + /— 2, ... , 
+ /— 10. While other GA operators may be feasibly 
used with the current inventive NN design method, the 
mutation operator is most easily applied to the schema 
defined by the matrix notation and has been found to be 
sufficient. 

The choice of 10 copies (or offspring) per generation 
and one third changes per copy is purely logistics] and 
may be chosen differently without affecting the effi-
ciency of the method. Similarly, the search range limit 
of — 10 to + 10 places a boundary on the search space to 
speed up the calculations, and may be chosen differ-
ently. 

To implement step (3) of the design procedure, the 12 
training patterns illustrated in FIG. 9 are input to each 
of the NN offspring of the current generation, and each 
of the NN offspring's responses is calculated. The ar-
rangement of 1's on a background of O'sin each training 
pattern represents a possible edge. A desired output is 
specified for each input training pattern, and a metric is 
defined to measure the distance, or error, of the N*N 
response from the desired output. Many metrics are 
possible. One possible metric specifies that for each 
input pat-tern, the NN output response 2 should he 
within a bank of upper and lower bounds. This HI-LO 
metric, described below, is used to calibrate the desired 
NN output measurement for each training program. 
The metric defines the acceptable NN output to be in 
the range SO-]00 for the "high response" training pat-
terns, and — 100-10 for the "low response" training 
patterns. 

As shown in FIG. 9, tra0 9 ining patterns 1, 2, and 3 are 
examples of input patterns with horizontal lines, and so 
should elicit a high response from the NN, with pattern 
1 generating the highest response. Training patterns 

5 4-12 of FIG. 9 have tittle or no horizontal components 
in them, and so should elicit varying degrees of low 
responses. 

FIG. 10 illustrates the mapping of acceptable output 
responses, or Zs, for each of the 12 training patterns, to 

10 the response ranges. The first dot, labeled 11 . n  FIG. 10, 
is the output Z for the first training pattern. For this 
case, Z surpasses the HI band limit of 100 because of its 
maximum horizontal strength. The dots 2 and 3 he 
above the HI pass band minimum of 50 because they 

15 have a high degree of " horizontalness". The dots corre-
sponding to patterns 4-12 are expectedly located be-
tween — 100 and 10, indicating their degree of horizon-
tal edge strength., 

The HI-LO metric is formulated by summing the 
20 error of the NN output for each training program. 

Thus, for Np  training patterns, the error, d, of the NN 
output is given by Eqn. I I of FIG. S. As shown by Eqn. 
12 of FIG. 510 if the NN correctly calls a " h igh pattern" 
"high" or s "low pattern" "low", d = 0 for that pattern. 

25 If the NN incorrectly measures a pattern's horizontal 
edge strength, d = 1 for that pattern. 

Another type of metric would require that the output 
be above a passband threshold for certain patterns and 
be below a stopband"11111 threshold for the other patterns. 

30 This PASS-STOP criterion is formulated as follows: 
For N I PASS patterns and Nz STOP patterns, with 

NP = N j + N2,  the error, d, of the NN output is given by 
Eqn. 13 of FIG. S. As shown in Eqn. 14 of FIG. S, if the 
NN correctly identifies a pattern, d=0 for t hat pattern, 

35 while d=1 if the pattern is not identified correctly. 
For both metrics, the inequality of Eqn. 15 of FIG. S 

holds true. The condition d = NP  means that the NN 
satisfies none of the selection criteria (maximum error); 
the condition d =0 means that the NN satisfies all the 

40 selection criteria and that a solution has been reached. 
In th desi gn procedure the metric, d, starts at Np  (or 
smaller) and monotonically decreases to zero. 

To compute the error d for each NN copy and pat-
tern, Eqn. 8 of FIG. S must be solved for the steady 

45 state activation matrix X with that copy and pattern. 
Once X is known, the NN output Z is computed di-
rectly with Eqn. 10 of FIG. S. This Zis  then compared 
to the HI-LO metric to determine the error d. Recasting 
Eqn,, 8 of FIG. 5 to reflect a particular NN, given the 

SO matrices ANXN  and BNxm and an input pattern I,yXj, it 
is required to solve Eqn. 16 of FIG. S. 

Assume for illustration that I,yXj is binary. It is easily 
shown that for some choices of {A,B,Il no solutions 
may exist, a single solution may exist, or multiple solu-

55 tions may exist. 
The solution of non linear matrix equations such as 

Eqn. 16 of FIG. S may be achieved using many different 
methods. The method used for the inventive design 
procedure is a combination of operator decomposition 

60 followed by recursion based on a fixed point theorem. 
The first two terms of the operator decomposition solu-
tion, Xo and X i, are gi ven by Eqns. 17 and 19 of FIG. 5. 
The recursive form used to solve for a final X matrix is 
gi ven as Eqn. 19 of FIG. S, with X being the initial 

65 value. The recursion is continued until X(+)=X(—). 
The above recursion scheme will converge to a solu-

tion if and only if the operator defined by the right-hand 
side of Eqn. 19 of FIG. S is s contraction operator. In 
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lows: property (1) still holds while properties {2} and (3) 
are changed such that the corresponding columns of 
matrices A&C and C&D have the same Sign.. 

FIGS. 13 and 14 illustrate the number of generations 
S req uired to find an acceptable interconnection weight 

set as a function of the*  number of hidden neurons and 
the copies made per generation, respectively. As shown 
for this C—C case, a = 1 and P= — 3/2. Since the total 
computer design time i s proportional to the total num-

10 ber of copi es, i. e., to NO X N C, to first o rder the compu-
tational time varies as N/NCI. Because the mutation 
process is random, the number of generations required 
for solution is also random. The brackets indicate the 
range over which solutions were determined. 

~S Th design method of the invention  may be generally 
p plied to any NN design which can be mathmatically 

formulated to allow for manipulation by a GA operator. 
For example, a diagonal, ether than horizontal, feature 
detector may be designed. FI G. ]3 illustrates the NN 
output respon se Z of a diagonal edge strength NN mea-
surer using the same training set described above. This 
NN i's designed using the same method described above, 
but with different HI-LO bands so that a 45 degree 
diagonal detector NN is achieved. FIGS. 16a through 
16D show the final matrices for the diagonal detector. 

As a second example, the method may also be em-IP 
ployed to design a NN analyzing gray input images, 
rather than binary images. A summary of this design 
method is as follows: The gray i nput pixel values are 

to lie iwaledn the interval [0,1] using a digitizing pre-
processor. To preserve the grayness of the input image, 
a piecewise linear sigmoid function with saturation is 
used in the activation equations so that a neuron' s "fir-

35 ing  " threshold  is analog like, rather than digital. With 
this definit

 
ion, the X mat rix (hidden neuron activa-

tions), and NN output response Z are given by Eqns. 21 
and 22 of FIG. 5. Here.l( ) may be a u nit step as before 
and f2{ ) is a piecewise-mlinear sigmoid with saturation 
such as given by Eqn. 23 of FIG. 3. This set of equations 
is used in the above design procedure to achieve a NN 
which is sensitive to edge gradient measurements of 
gray, rather than binary, images. 

The method may also be used to design a NN with 
45 multiple outputs, rather than a single output neuron, or 

with other I/O properties. The method may be ex-
tended to generally provide a design framework for 
constructing any type of NN to have a desired network 
performance. 

SO The method may be implemented by software. An 
example of code that implements the method is set forth 
in Appendix A. The code i n Appendix A is written in 
the APL language, and may be run and compiled on the 
IBM-wAT computer. Appendix A is subject to copyright It 

SS protection. The copyright owner has no objection to 
the reproduction of Appendix A as it appears in the 
United States Patent and Trademark office, but other-
wise reserves all copyright  right whatsoever. 

Other embodiments are within the claims. 

11 
practice, an operator may be a contraction in some 
subspaces and not in other subspaces. For the horizontal 
edge strength NN, the initial values generated by opera-
tor decomposition will be in a contraction subspace for 
more than 90% of the choices of the A and H matrices. 
it typically requires 7 to 10 recursions to reach the final 
solution of the activation equation. 

To complete steps (4), (5), and (6) of the design proce-
dure, the metric d of each of the 10 different offspring 
NNs is compared with the metric d of the parent NN. If 
an offspring metric is below the parent metric, then the 
offspring replaces the parent NN for the next generaw 
tion. When two or more offspring NNs all are more 
satisfactory than a parent NN, one of the offspring is 
randomly chosen to become the new parent. 

To summarize the system variables chosen for the 
i nventive design method, Table 1 lists together all of the 
design rules chosen to complete the 5-step procedure 
outlined above. 

TABLE 1 Zfl 
INPUT PARAMETERS FOR DESIGNING A HORIZONTAL 

FEATURE DETECTOR USING AN ON-CENTER 
OFF-SURROUND NEUTRAL NETWORK 

-14 

INPUT NEURONS (M) 
HIDDEN NEURONS M 
COPIES PER GENERATION 
]FRACTION OF WEIGHTS 
VARIED PER COPY 
SEARCH RANGE 
HIGH BAND 
LOW BAND 

25 

Op +/~ It  +/12, p +/~10 

SO TO 100 
- 1D0 to ] 0 30 

FIG. it illustrates the time history of the metric d as 
the GA design procedure evolves a set of interconnec-
tion weight matrices to an acceptable solution. The 
acceptable solution is achieved after about 60Q NN 
generations. The one remaining error at the 600th gen-
eration corresponds to the response above the high 
threshold from the first training pattern, which is ac-
ceptable. FIGS. 12A through 12D illustrate the final A., 
B, C, and D matrices that the example GA design pro-
cedure produces. These matrix values are used to imple-
ment the NNi"nterconnections so that the resulting NN 
measures edge strength values within the output range 
defined by the traini ng patterns. 

In practice, one would like to minimize the computa-
tion time required to reach an acceptable generation of 
NN interconnection weights. Two of the critical pa-
rameters to be chosen for this consideration are the 
number of hidden neurons in the NN and the number of 
copies made per generation of the GA procedure. The 
relationship between these parameters follows a power 
law, as shown by Eqn. 20 of FIG. S. 

To illustrate this relationship, the effect of changing 
these parameters is shown for a fixed cooperative-com-
petitive (C—C) NN. In a Cqw-m-wC NN, the hidden neurons 
maybe of both types 1 and 1 (eacitatory and inhibitory, 
respectively). Therefore, in applying the matrix con-16 
straints to a C—C NN, the system matrix properties for 
ON-Center/OFF-Surround NNs are modified as fol-

40 

60 

65 
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9 

A 4" qM AND 1~ 9M .W dW qW4~_COPY _4.4 ~4M~~. am_fm.w~ww_9~,N40. LOO P 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

• 

cilloope 
MAKE—CnPTEo D 

A 
JCM4m 1 

AXXXXX X)CX3C)r jCX,XXXXXXXXXXXXXX.X 

A xxxxxx XXXX]CXXXXXXXXXX 
TLOOPO0 ATRAINING LOOP 
TRYC0UNT+TRYC0UKT+1 
S91&vmp.w 
AXXXXI= )=xxxxxxxxxx 
AINV ow ~ 4. ~..~ am 400 "m mw mwb ~ ~ ~ ~ 4" ~ mo "" —TEST FOR SOLVTION— 
A • • ♦ * * ♦ • 0 * • • • • x3=xx)cx3m 
4(TKs10) /CONTINUE 
[3*- p f 

Ofr'SYSTEM NOT SOLVED' 
04-o GENERATION= fK 
0+p COPY= ' . fKK 
0 PATTERN=' . s HIKC 
O+P'ABORTCOUNT'm fAB0 COUNT 
FRACTION+SOLVECOUNT+ YCOUNT 
0+P'FRACTION OF COPIES SOLVED= *FRACTION 
AB0RTC0UNT#wAB0RTC0u- NT+j 
i'(ABORTCOUNT> 10 0 0 ) /END 
14CIAOP 
CONTINUE: 
SOLVECOUNT+PSOLVE COUNT+ 1 
OUTPUT 

a 

KKKI+w + 1 
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[ 65l AXXXXXXXXX)CKX)=XXXXXXXXXXXXXXXXX'XXXXXXXXX 
[661 A oftw ~ ~ 400 cow ~ MW now a%" dww wo 00 000 END TRAINING am& No& ON* 4ow ~ ME& am woft ftw moo& am ow ~ 

1671  AXXXXXXXXXXXIDCX2XXXXXXXXXXXX'X'XXXXXXXXXXXXX 

E683  -+ ( IQQCsNPATTERN ) /TLOOP 
[691  AXXXXXXXXXX=XNXXXXXXXXXXXXX)CXIill'iillillillilI 
[70] R-----------SEI.EGT SURV IVOR---------------
[7 17 A XXXXXXXXXXXXXXXXXXXXXX 
c 721 SE CT r'—~ a eu't~e.~ o~ wH~4~FwT. ti ~ P~~ti T'~+►~ 
c731 a*t'P~xrETuc=o)iExa 
t 7 a 3 KK4=KK+ I 
[75) -► (KICsNC)/CLObP 
[767 Ax • • •••. .• ..• . 
[77 1 

C78] AXXXXXXXXXXXXXXXXXXXXXXXXX=XXXXXXXXXXXXXX 
E793  SYSTEMEtN;tN3+A#wAMIN 
[80] SYSTEM[ tN: (N+tM)7~BFBMIN 
1817 SYSTEM[ (N+I) ;tN]+CFCMIN 
C82] SYSTEM[ (N+1) (N+tM)]+D41mDMIN 
[83) SYSME IC+*MINME IC 0 

--END COPIES--A ir ~:~moo 4oftr. 

L84 3 0 f r   

C 8 5 ] 04,m'GENERATION COMP TED9  NUMBER= ' . sK 
[ 86] 04!w'METRIC= *SYSME'TRIC . 
[873 (14w f , 
('" l R GENERATIONVECTOREK3+K 
E *,ww J Fi M1ETRICVECT0REK3+SYSMETRIC 
C90] Axxxxxx=xxxxxxloocxxxxxxxxxxxxxxxxxxxxx=x 

1913 GENERATIONS ~ IM 1QW 00 ~ WO 00 ftb dW MW ~ 

i9 2 ] A XXXXXXXXXXX.X'XXXXXXXXXXXXXXXXX 
[93] K+bK+l 

C 9 4 J -►GIAOP 
[951 A4 (K<NG) /GLOOP 
L 961 AXXXXXXXXXXXXXXXXXXXXXXXXXXXX)=X)CXXXXXXXX 
t97] A-----------FINAL OUTPUT- -----------------
[ 98l Rxxxxxxxxxxxxxxxxxxxxxxxxxxxx.xxxxxxxxxxxxx 
[99l END: 
[1001  SYSTEM[ 1N*tN24wA+AM1N 
[1011  SYSTEM[ LN 0 (N+ LM) I *B41wBMIK 
[142] SYSTEME (N+I) 0 tN3+C#wCMIN 
[2031 S YSTEM E (N+ 1 ) ; C N+ LM) 3 41wDowDMIN 
E 10 4 ] SYSMETRIC+PKINME IC 
[ 1051 041o' 
(1067 04—'FINAL SYSTEM: GENERATION = '.sK 
[1073  O*P'METRIC = ' . OSYSMETRIC 
[1087 R GENERATIONWCTOREKI+K 
[1097 a METRICVECTOREXI+SYS RIC 
[ 110 ] TST0P+w0TS 

r 

I7] INITIALD 
[l] AXXXXXXXXXXX=XXXXXXKX)CKXXXX)OCXXXXXXXXX 
[21 AGREY DESIGN IN-  - -TS 
[; AXXXX)=X XXXXXXXXXXXX=XXXXX 
[4l A 
[5] M+*4 9 
[6 ] N*P3 6 
I7] a 
[8] NPATTERN,*w24 
( 9 ] PATTERN+OFREAD 1 25 
[107 A 
[ 11] PASSE 7 B 9 10 11 12 
[123  STOP+o 1 2 3 4 5 6 13 14 15 16 17 18 19 20 21 22 23 24 
[13] THI+25 
( 141 TL0*,w5 
[15] MINMIE 1C+bNPATT'ERN  
[16] S4-wCNPA ERN)pO 
[17] A 
[ 18 ] L4-w 10 
( 19] P+-3 
I20] NC+-10 
[21] NG~10 00 ~'~ 0  r R~ 

D 
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18 
SCA 4mb((N+1)..(M+N)3p(Np1) (MP3) nSCA S ELEMENT VALUES IF REQFDo 
~GTe'w   -sr~~or~ M E rfa C4 to  eopm O 8 

[221 
1237 
[ 24J 
1 251 
[26] 
[27I 

[30] 
[ 31] 
E32] 
[33 ] 
[34] 

A 

SYSTEM4m"'01+7. t CN+l).(N;M) ) p(L+  l  ) A CH
 

OOS E RANDOM POS E LEMENTS 
AMIN+A+m— (SYSTEMC LN; IN] xs%p (No  N) pl 9  NpO) A ZERO DIAGONAL. 
BM I N+wB4!mp ( 3 XS YS T 

' 

[tN;(N+tM)3) APOS SUBMATRZX. 
CM1N+mC4w&-~((1 t N)pSYSTEMC(N+l);tN]) ANEG SUBMATRIX6 
DMIN+D+o(3x(l vM)pSYSTEMCCN+1);(N+LM)I) APOS SUBMATRIX* 
SYSTEM E tN VN34(rA AREVISE SYSTEM. 
SYSTEM[tN; (N+tM) ]+8 
SYSTEXE(N+1);tN1+C APXVISE SYSTEM. 
SYSTEM[ (N+1) 0 (N+IM) 3+wD 
FIXXXXXX X 

~~ 10 U ELECT[0 
S ELECT 
AMETRIC 
A METRI C+ + C S T) 
A TRIC+w+/*w((TL0sS)A(SS~I)) 
METRIC+( +/~THI~S C PASSI)+(~ /~TI,O≥S [STOP]) 
-► ( TRI C&MINMETRI C) / DONE 

A q+(St2]<'j'xI) /DONE 
AMIN4wACOPY 
BMIN+BCOPY 
CMIN+CCOPY 
DMIN+wDcopy 
MINMETRIC#&METRIC 
METRICVECTOR+o-METRICVECTOR,K,ME IC 
DONE: 

10 
INITIALD

1 

+
A PATTERN+ (NPATrERN . 3 9  3 p 1
PA ERN [ 1 10 3 +HOR
 PA ERN r 2 0 3 +DIAGUP

PATTERN[ 3,49' 

AM#m9 
ANF
A 
ANPATTERN 4 

A 
A 

. A  ; ] f-VER

 

0 a 
" -

T+m 5 1 s  0 9  1

T
A TRI
ASYSME 1  

  
NPATTERN+m4
PATTERN4v (N PATTERN . 7 9  7 p I

      P
PATTERN[ 2 * 0 3 *wHOR2

   
PATTERN E 3 1 #wHOR 3
P
PA ERN C 5 4 1 *DIAGUP2
    Fi PATTERN E
PATTERN E 7,m 3 +VIERI
PATTERN E 8,,  1 *PVER2
PATTERN E 9 1 +PVIER3
 
 
PATTERN E 10 1 +DIAG DH 1
FATTERNE 11 ]+DIAGDN2
PATTERN[ 12 ID ]+DIAGDN3

  
       S
THI4w5O
TL0+w10

.. . so ~....... 

    
     

v ~ 1  . • `ems.-......•. 
A 
A THIS 6 2 1 2 
A  LO 41m 4 0 `1 0 

A 
A 
A ATTERN[I::]~HORl 
A 
A 
A ATTERNC4;;]+DIAGUPI 
R 

 6; ; ]FDI

  

AGUP3 
a 
R 
A 
A 
A 
A 
A PASSE 4 5 6 
A TOP4mw 1 2 3 7 8 4 10 11 12 
A 
a 
A THIF 10 10 10 100 100 100 20 10 10 10 10 10 
a TL04= `100 ̀ 100 -100 50 50 50 -100 -100 '100 '100 -100 100 
R T4mg 1 1 1 10 10 10 1 1 1 D 0 D 
A THI+w 4 4 4 20 20 20 8 4 4 4 4 4 
A TLO~ -10 -10 -10 7 7 7 '10 -10 -10 -10 -10 '10 

r 161

[141 
I11] 
[127 
[137 
C14] 
[15] 

t17] 
[18] 
[197 
[20] 
[217 
[227 
[237 
[24] 
C25] 
[267 
[27] 
[" l 
I._ J 
[307 
C317 
C327 
1337 
[34J 
[35l 
i36] 
[37] 

do 

y 
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T4w 10 1 0 1 
THI+&T+ 3 
T L04w-T am 3 
M+%-2 
N4m3 
NPATTERN*m4 
PATTERN4m (KPATTMN * 1 o  2 ) p 1 
PATTERNE1003+ 1 2 p 0 0 
PATTERN C 2 #0  3 +- 1 2• p 0 1 
PATTERNE3*03+ 1 2 p 1 0 
PATTERN[ 4 0 1 2 p 1 1 

[387 
E 3 9 1 
[ 407 
[4I7 
[ 42J 
C 4 3 ] 
[441 
[45] 

C 4 6 1 
[47] 
C 48] 
C491 
: 50] 
.51) 
.52] 
v r 

r~ ~ 

.55 ] 
:56J 
:577 
.56] 
C 59 ] 
C 607 
[61J 
c F'  I 
c f 
[ 64 ] 
[ 65] 
[66] 
[677 
C 68] 
1697 
[ 707 
[ 7 1] 
C 72 7 
[ 7 3 ] 
[ 7 4 ] 
[ 7 5 ] 
[ 7 6 J 
C 77 7 
n a y 
I 7 9 ] 
[80J 
[ 8 1] 
[ 82 ] 
[ 83 7 
[ 84 l 
( 85] 
C 85 ] 
[ 87 l 
E P I 

( t,.w I 

C 9 0 7 
[ 9 1] 
I 92 ] 
[ 9 3 J 
[ 9 4 ] 

A 
A 

R 
A 
A 
A 
R 
R 
A 
A 
A 
A T+ 0 6 6 0 
A THI+PT+2 
A TL0fmTqw 2 
A Mfw2 I 
A N+w2 5 
A NPA ERN 4op 2 a 
R PATTERN+w (NPATTERN 7 3 p 0 
p PAW W"WERN TCELL1 
A PMS*wtl2 
A STOP4&12 + t 12 
A THI+50 
A TL0*wl0 
AXXXXXX3CXXX3CXXXXXXXXX.XX.XXXXXXXXXXXXXXXX 
AGREY DESIGN INPUTS 
AXXXXXXXXXXX)CXXXMCXXXXXXXXXXXXXXXXXXXXX 
A 

4 

is 

M+w4 9 
N+m 2 5 

A 
NPATTERN+PIS 
PATTERN4mDFREAD 1 2 5 

A 
PASS E- 1 2 3 4 5 6 
STOPS 7 8 9 10 11 12 13 24 15 16 17 18 
THI+50 
TLO+PlO 
MINME'TRIC4wNPATTERN 
S 4m (N PATTERN) p 0 

I& 

A 
L4wlOO 
P+w3 
NC+PIO 
NG+w5 
SCALE+P((N+l)o(M+N))pCNp2)o(Mpl) ASCALES ELEMENT VALUES IF REQfDo 
METRI CVECTOR4nGENERATI ONrVECTOR+ (NG + 1 ) p 0 

R 
SYSTEM+o'1+10((N+I)o(N+M))p(L+l) ACHOOSE RANDOM POS ELEMENTS 
AMIN+wA+p-(tYST EvNw9 tN3xAw(N vN)pl,Np0) ANEG SUBMATRIX WI ZERO DIAGONAL. 
BMIN+&B+wC2xSYSTEMEtN;(N+tM)3) APOS SUBMA IX. 
CMIN4mC4m—((l*N)pSYSTEME(N+1)*tN3) ANEG SUBMATRIXo 
DMIN+D+D(2x(I*M)pSYSTEME(N+1)*(N+tM)I) APOS SUBMATRIX.0 
SYST 1tN:lN3+mA AREVISE SYSTEM. 
SYSTEM E LN 0o (N+ tM) 3 +B 
SYSTEM[ (N+l) 0*tN]4wC APXVISE SYSTEM. 
SYSTEMC (N+l) (N+1M) 3+&D 

AXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

qd 

[ O] 
c 11 
E 2~ 

[4 J 
[5] 
(6] 
i 7 7 
[8] 
[ 9 ] 

A 
AINPUT= SYSTEM 
ROUTPUT= SYSTEMC * ACOPY . BCOPY CCOPY . DCOPY 
COLI NDEX*w I a? (M+ N) p P 
MTEMP14so ( (N+ 1) 9  (M+N) ) p 0 
MTEMPl*m-MTFMP1 + C C N+ 1) 9  (M+N) p COLINDEX 
MTEMP24=-l+ .7 (1+MTEMPlxL) 
STRING+px C ̀ 1 a 5 + 07 (N+M) p 2 ) 
COLS IGN+-COLINDEXXS ING 



Z+STEP X 
z+w r ( 
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[107 MTEMP24m-MTE14P2x(CK*1),o CM+N))pCO IGN 
[111 SYSTEMC+wSYSTEMX*%oMTEMP1 
[12] SYSTEMC+pSYSTEMC+MTEMP2 
[131 ACOPY*wSYSTEMCELNOLN]xo*4o(N,N)pl,NpO 
C14) BCOPY+PSYST C[1N*(p+1M)3 
[ 15) CCOPY4wSYSTEMCE (N+1) tN3 
[ 16] DCOPY+&SYST CC (N+1) (N+tM) I 

v . A .U[Olo 
10  S OLVEQU 
[17 AXXXXXXXXXXXXXXXXXXXXXXXXXXXX'XXXXXXXXxx 
[2l ASOLVES: Xq~Af (X) +Bf (I) q0 

[I AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
f 4 1 INPUT41m(M * 1)pPATTERN1KKK**3  AMAP 2D-+10 
[51  AXXXX.XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[67 ACOMPUTE CONSTANT TERM 
C7] AINITIAL GUESS IS FIRST TWO TERMS 
C61 ROF OPERATOR DECOMPOSITION SOLUTION 
[9l AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)= 
[10] R XO+-TEMP14=BCOPY+ . XE STEP INPUT) 
1111 X04!mTE 0 FBCOPY+. x(SATtTRATEl INPUT) 
1121=rX .COPY .x(STEP XD) 
1131  QKOLD X0+ 
t 143 R 
[15] TK*wO 
C16] Loopi: 
i17] TEMP2+*ACOPY+.x STEP XOLD) 
C 18 ] XNEW4w (TEMP2 +TEMP1) 
r. 19] DELTAX4rwXNEW-wwX0LD 
C 2 0] A XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
C211 ACONVERGENCE TEST 
C22] Axxxxxxxxxx-xxxxxxxxXXXXXXXXXXXXX-Xxxxxxxxx 
t2 3 1 MAXERROR+-.+ /I DELTAX 
C241 -► t MAXERROR=O) /EN D 
C25] a 
t26] 
C277 
C "'7 
C... J 

TK+PTK+ 1 
XOLD4mXNEW 
a(TKs10)/LAOP1 

Z+PSATURATE1 X 
z+-lL (or x) 

40 

toy 

tip 
i Z 3 
[ 3 ] 
[4] 
[ 5 ] 
[67 

OUTPUT 
A 

OUT1*wCCOPY+ . x (STEP XNEW) 
a OUT2+bDCOPY+ . x (STEP INPUT) 
0UT24wDC0PY+ex(SAwnjRATE1 INPUT) 
SIKKKI+&O 1+OUT2 
AS+-OUTI+OUT2 

EUI SELECT 
(17 AMETRIC as 

C21 q METRIC4w-+/aw(S=T) 
I AMETRIC+v+/mw((TL0sS)A(S! I)) 
(4"t METRIC+b(+/mtwpTH1:sS[ PASS]) +(+/&%*TLOtS[ STOP]) 
[ 57 -4 (METRZ C≥MINMETRI C) /DONE 
[ 6] AMIN+DACOPY 
[7] BMIN+-BCOPY 

E 81 CMIN+PCCOPY 



23 
5,249,259 

24 
C9] DMIN4-oDCOPY 
E103  MINMIETRIC*mMIETRIC _ 
C11] DONE: 

ego -W -6,w 

9%")& 
RUM 
4w4m lummm K>; ;o 

Pat= T JITT 
[07 SOLUTION 
[11 ACHECKS FINAL SOLUTION 
[2 l ACOPY#m&A 
C37 BCOPY4w-B 
[ 4] ccopy+wc 
[ 5] DCOPY4v&D 

C 6) KKK4ml 
[73  LOOPO 
I 8 7 SOLVEQU 
191 OUTPUT 
C 101 KKK4=KNR+ l 
C 111 4 (KKKINPATTERN)  /LOOP 

we GNAC I 
t07 DESIGNA 
[1] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
( 27 APRGM DESIGNS MULTIdmINPUT9  SINGLE OUTPUT NN'S. 

AXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxx 
C 4 1 AM= INPUT DIMENSION 
[ 5] AN= NUMBER OF HIDDEN NEURONS 
[ 6 l A 
[7) ANPATTERNz NUMBER OF TRAINING PATTERNS 
[8 ]_ APATTERN [K,* ,** I= INDEXED SET OF TRAINING PATTERNS 
[ 9 7 AT= TARGET SEQUENCE 
[10] ATHI= TARGET SEQUENCE UPPER' BOUND 
r 111 ATLO= TARGET SEQUENCE LOWER BOUND 
[ 121 AD= METRIC 
[137 fl 
[141 RLz RANGE OF INITIAL VALUES FOR A,B,C MATRIX ELEMENTS 
( 157 ARANGEAW 0 9 L 
1167 AP= 1/PROBABILITY OF AN ELEMENT CHANGE 
[171 ANC= NUMBER OF COPIES PER GENERATION 
[183 ANG= NUMBER OF GENERATIONS 
[14] R 
[20) AINITIALIZE 
[21] A 
r o>7 i T T•

 

X23, p st ̂ RT CAM O T S 
I24] FRA CTI ON*&TRY COUNT*- SOLVE COUNT +- ABORTCOUMT*m 1 
[25] K~1 
[267 AXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxx 
[27) A---------- -GENERATION 
I Axxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
c4hp GLoopos 
[30] A 

r 

10 

[ 31] KK+wl 
[32] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
i 3 3 ] A'-------------COPY LOOP 40M 400 Im =0 
C 3 4 1 AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
t35] CIAO 
C 3 6 l KECOPIE: 
[ 3T] R 
1381 KKK4=1 
[39] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[401 R------------TRAINING LOOP IMI ~ — — — — 40— dEN& GUMN — — 19MOW 
E4 U AXXXXXXXXXXXXXXX)CXXXXXXXXXXXXXXXXXXXXXXXX 
[42J TLOOPO ATRAINING LOOP 
1431  TRY COT MT4woTRY COUNT+ I 
[44] 
C 45) 
C 4 6 ] ra— mow — -- Rep -----TEST FOR SOLUTION — — qsum — — — 4obw o1w 4EFft .01P — — 
1471 AxxxxxxxXxxXXxxxxxxxxxxxxxxxxxxxxxxxxxxxX 
[48l -+(TK:s10)/CONTINUE . 

AXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxx 
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[49] 13F' 
[ 50] 04w t SYST NOT SOLVED' 
[ 51] 0+w'GENERATION4W ,sK 
1 523 0+p'COPY"obfKK 
[ . 0 4w ' PATTERN=' . s KKK 
[541 0+m-'AB0RTC0UNTz *ABORTCOUNT 
[557 FRACTION4o-SOLVIE COUNT TRYCOUNT 
[ 56] Of ' FRACTION OF COPIES SOLVED= 
[57] ABORTCOUNT+-ABORTCOUNT+ 1 
E 581 4(ABO COUNT>20000)/END 
[ 59] aCIAOP 
[ 60]CONTINUE: 
i61] SOLVE COUNT+S OLVE COUNT+ 1 
C 62] 
C63] 

so 

',iFRACTION 

KKX*wKK1K+ 1 
C 641 AXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxx 
~ 651 A 4Wk, 00 M10, 42ft ~ MW 00 MW 

t66] Axxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
E 671 -► (KKKINPATTERN)  /TLOOP 
C 68] AXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxx 

omp W~~ --END TRAINING-- am4m__~on~a*O._a. 

( 69] Aup ~ _ am _ , oft 4w --SELECT SURVIVOR— s "or ~ ~ ~o am ~ ~ mm ~ ow mw 

1703 AXXXXa;XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[ 71] 
[ 72] 
1 7 3 7 
[74] 
t757 

4(MINMETRIC=O)/END 
KK4nKK+ 1 
4 (KKS NC) / CI,OOP 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

COPIES [7b7 A-------------END 
[777 AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
E'. SYSTEM C tN ; tN ] ~AFAMIN 
[._J SYSTEM[ tN (N+ IM) 34mwB4wBM1N 
[ 8 d ] S YSTEM I (N + 1) t N I +*C+-CMI N 
[817 SYSTEME (N+1) (N+tM) 3+-D4mDMIN 
[ 8 2 7 SYSMETRIC+MINMETRIC 
[83] 
[84] 
: 8 5] 

134m f 0 

04ft'GENERATION COMPLETED. NUMBER= TK 
0 #"'METRI C= ',s S YSMETRI C 

0 

a, 

t86] 134m # ' 
C87] GENERATIONVECTORC KI +&K 
1887 METR I CVE CTOR C K 3 +wS YSMETR I C 
1897 AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[ 90 J A------------END GENERATIONS--------------
C 917 AXXXXX.XXXXXXXXXXXXXXXPXXXXXXXXXXXXX'XXXXXXXX 
[927 K+K+l 
E933 4 (KING) / GLOOP 
[ 9 4 7 AXXXXXXXXXX)CXXXXXXXX)C)CXXXXXXXXXXXXXXXXXXXX 
t953 R------- - - - - FINAL OUTPUT------------------
t96] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[97] END: 
C98) S YSTEM C t N 4 t N I +,pA4wAMIN 
[99] SYSTEM[ tN (N+ tM) 3 +wB+pBMIN 
1100] SYSTEMC(N+1);t21JfC+mCMIN 
[101] SYSTEM( (N+1) 14 (N+tM) 34wD4-m-DMIN 
C 10 2 7 SYSMETRIC+MINMETRIC 
[ '^3 I 134(m. 

_,1 ] 0+p'FINAL SYSTEM: GENERATION 
( 1057 D+m'MI:IC =TR ' , sSYSMETRIC 
[106) GENERATIONVECTOR E K I 4=K 
[1077 METRICVECTOR I K 3 +vS YSMETRI C 

5~4~-t5'tS 

( 0 ] INITIAL 
[ 17 AM4w-9 
121 PN+ol 

I R 
i 4 ] ANPATTERN41w4 
[ 5] APATTERN+r C NPATTERN . 3 9  3 ) p 1 
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a PATTERN. E 1 1 4=HOR 
A PATTERN[ 2 1 i(mbIAGUP 
A PATTERN[ 3 1 *mV*ER 
A PATTERN E 4 ]4m-DIAGDN 
a T+591 vO91 
A THI+p 6 2 1 2 
A T LO 4mv 4 0 ' 1 0 
AMETRI C+ S +w (NPATTERN) p 0 
ASYSMIETRIC4rMINMIETRIC4=5 
M+w4 9 
N4=25 
NPATTERN+P12 

a NPATTERN+p4 
PATTERN+p (N PATTERN 7 7 p 1 
PATTERN [1;; 7 FHOR1 
PATTERN 12 ; a I OvHOR2 
PATTERN[ 3 9 34wHOR3 
PATTERN[ 4;; ] ~DIAGUPI 
PATTERN[ 4 ; ; ]tDIAGUPl 
PATTERN 15 ; : ] 4-DIAGUP2 
PATTERN[ 6 9 Ip34mDIAGUP3 
PATTERN C 7; ;) FVER l 
PATTERN [ B ; ; J tVER2 
PATTERS E 9 * 0 3 *wVER3 
PA ERNE 10 ]+DIAGDN1 
PATTERN E 11 3 +p DIAGDN 2 
PATTERN[ 12 ]+PDIAGDN3 
T4= 1 1 1 10 10 10 1 1 1 0 0 0 
THI4-o 4 4 4 20 20 20 4 4 4 4 4 4 
TLO4m —10 —10 —10 7 7 7 '10 —10 —10 —10 ~10 —10 

A T4w 10 1 0 1 
A THI4m-T+3 
A TLO*=T-3 
A M41m2 
A N+-3 
A NPATTERN4mm4 
R PATTERN+a (NPATTERN . I v  2 pI 
A PATTERN[ 1 1 +w 1 2 p 0 0 
A PATTERN[ 2 3 4w 1 2 p 0 1 
a PATTERN[3*:3+ 1 2 p 1 0 
a PATTERN C 4 ; ; I +w 1 2 p 1 1 
A TF 0 6 6 0 Is 

A THI +PT+ 2 
R PATTERN C 1 1 +m 1 2 p 0 0 
A PATTERN 12 3 Ow 1 2 p 0 1 
A PATTERN C 3:;]F 1 2 p 1 0 
A PATTERN C 4;: 7 ~-  1 2 p 1 1 
A T+* 0 6 6 0 
A THI4mT+2 
a TLO+mT-2 
MINMETRIC*PNPA ERN 
S +m C N PATTERN) p 0 
R 
L+- 20 
P+-3 
N C+w 10 
NG4m200 
METRICVECTOR4m-GENERATION*VE OR4!m-(NG+l)p0 

COL4=x ( ~1 w 5+ 16 (N+H) p 2 ) 
SYSTEM+&N+I) 9  (N+M) )p(L+I) 

SYSTEM+wSYSTEMX((N+1) (N+M))pCOL
tN I tN I xdww (N I  N) p 1 , Np 0

BMIN+m B+wS YSTEM I L H 0 C H + LM) I
CMIN+mC+P( 1 9  N) pSYSTEMC (N+ 1) : iN I
DMIN*-D*w ( I * M) pSYSTEM C C N+ 1) (N+ IM) I
SYSTEM I tN 0 LN I 4wA

Re 

28 
[ 6l 
Cpl 
c 81 
C9] 
[10] 
[11] 
[12] 
[13]  
i14 ] 
C157 
C 'OL 6 1 
C 17] 
[ 18 ] 
UA. 9 1 
[ 20] 
[21l 
( 22l 
C 23] 
[237 
[ 24 7 
[ 257 
X 267 

[ 29] 
[30] 
t 3 1) 
[ 32J 
[ 3 3J 
Elul 4 ] 
[35] 
C367 
[3 7] 
L38] 
C 39] 
[ 4 0 ] 
[41] 
[427 
C 4 37 
[447 
1451 
[ 4 6] 
[471 
C42] 
t 4 3 1 
C 441 
C45) 
E p #0 1 

_i 
[ 4 8 ] 
[49l 
C 501 
[ 51] 
[ 52 ] 
[ 53 7 
[ 5 4 ] 
C 55 ] 

[577 R 
[ 58 ] 
C 597 
C 60] 
[ 61] 
[ 62 3 
[ 63 ] 
[ 6 4 7 
C 6 5] 

AMIN4-wA4wSY STEM C 

r 
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In 

30 29 

t MAXECO 
C 1 J R 
[2l AINPUTdc SYSTEM 
[37 ROUTPUT= SYSTEMC . ACOPY . BCOPY CCOPY . DCOPY 
[4] COLINDEX+a 1 ? (M+N) p P 
[57 MTFXPI*P((N+l) . (M+N))PO 
C.63 MTEMP14mMTEMP1+ ( (N+ 1) , (M+N) p COLINDEX 
[7] MTEMP24='1+? (1+MTEMP1xL) 
[ 8 7 STRING4-o x ( —1 a 5 + ? (N+M) p 2 ) 
L 9 ] CO IGN4mCOLINDEXXSTRING 
[10] MTEMP2~MTEMP2x((N+1),(M+N))pCO IGN 
[ 11] SYSTEMC+SYSTEMx*4wMTEMP1 
[12] SYST C+SYST C+MT P2 
[13 ] ACOPY*PSYSTEMC[tNOIN3xftw(N,N)91,NpO 
C141 BCOPY4mSYSTEMC E IN* (N+1M) I 
[15] CCOPY+&SYSTEMCE (N+ 1) 0 IN] 
C161 DCOPY*wSYSTEMC E (N + 1) ; C N+ LM) I 

CO) SO 
[1] 
c zi 
t 
t a i 
[5) 
[6l 
[77 AMAP 2D-+1D 
E 87 —  AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[97 INPUT4w (M, 1) p PATTERN [KKK; ; ] 
[10]Rxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
[11]ACOMPUTE CONSTANT TERM 
[12]AINITIAL GUESS IS FIRST TWO TERMS 
[13]AOF OPERATOR DECOMPOSITION SOLUTION 
[14l RXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[15) X0+wTEMP14wBC0PY+ o XF (1k (Or INPUT)) 
1167 X1+wAC0PY+exr(1L(DrX0)) 
[177 XOLDFX0+X1 
[18] a , 
[ 19 7 TK4ftO 
[20] LOOP 1: 
i21] TEMP2+wACOPY+. xr CIL (0rXOLD)) 
t22] XNEW+-(TEMP1+TEMP2) 
[23l DELTAX4wXNEW-XOLD 
t 2 4 ] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
C25] RCONVERGENCE TEST 
[267 AXXXXXXXXXXXXXXXXXXXXX Xxxxxxxxxxxxxxxxxxx 
[273 MAXERR0R+w+/1,DELTAX 
t^'1 -►(MAXERROR=O) /END 
C J a 1 

C 30] R 
[ 311 A 
[32] TK*wTK+l 
C 3 3 1 XOLD4-&XNEW 
[3 4 ] -► (TKs 10) / IAOPl 
1351 END: 

RXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxx
    

AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

R

ASOLVES: X=Af(X)+Bt(S) 

A 
R 
XXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxx 

VOUTPUT 10) V

E
OUT 14-oCCOPY + x r ( 1 L C 0 r XNEW)
OUT2+wDCOPY+ x r (1 L c o r INPUT)
SE

CO] OUT'S 
ll p 
Ell )
[3] 3 
(47 KKK1+-OUT1+OUT2 
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v E CTE01V 
E 0 3 SE A 
ill AMETRIC 
[ 2 J A METRIC#m+/^w(S=T) 
[37 METRIC4!m+/^w((TL0qcS)A(SsTHI)) 
[ 4 3 - (METRIC≥MINMETRIC) / DONE 

C 5 7 AMIN+%ACOPY 
[6] BMIN+PBCOPY 
[71 CMIN4-CCOPY 
[ 8 7 DMIN+PDCOPY 
[9l MINMETRIC+mMETRIC 
[ 10 7 DONE: 

E 7 ] SO 'Pi ON 
r 11 A CHECKS FINAL SOLUTION 
(21 ACOPY+PA 
E. BCOPY+wB 
E 4 1 ccopy+bc 
[5] DCOPY+&D 

E 6 ] KKK+pl 
E73  LOOP* 
t8] SOLVEQU 
[97 OUTPUT 
[103  KKK+wK-KK+l 
Ell] (MCKwNPATTERN)  /LOOP 

4w RN 
( O ] TPATTERN2 
[1] RGENERATES 7 x7  TRAINING PATTERNS 
[ 2 l HORlow 7 7 q(21p0) v  C7pl) 
[3l HOR2*w 7 7 p(22p0),(5p1) 
[4J HOR3+ 7 7 p(2390)9(3pl) 
[ 5 ] VER14m-OHOR1 
C67 VER2+**HOR2 
[7] VIER 3 q1'1m4?H0R3 
[8] DIAGDN1+p 7 7 pl.(?pO) 
t9] DIAGDN2+DIAGDN1 
C10] DIAGDN2E1;13+DIAGDN2[7:734m0 
C11] DIAGDN341wDIAGDN2 
[ 12 ] DIAGDN3 C 2 : 2 ]FDIAGDN3 [ 6 ; 67t0 
[137 DIAGUP1+weDIAGDN1 
[147 DIAGUP2+wGDIAGDN2 
[ 15] DIAGUP3#weDIAGDN3 

APRGM OUTPUTS A NN DESIGN SUMMARY. 
(21 per

IP
 

[: D4~'NUMBER OF INPUT NEURONS C M)  
[4] 0+'NTJMBER OF HIDDEN NEURONS (N) = ',sN 
[5] 0F'NUMBER OF OUTPUT NEURONS (0) _ ',s l 
[6] 0FfNVMBER OF COPIES PER GENERATION(NC) = ofNC 
[73 04w'NUMBER OF PATTERNS (N PATTERN) _ •.sNPATTERN 
181 04m'RJWGE OF ELEMENT VALUES(L) 0.+/-1.....+/-L. L= '.sL 
[9] D+p 0  1/ PROBABILITY OF ELEMENT CHANGE(P)  
[10] 0+'NN TYPE: TYPES 1&2' 
(113  OE-' ' 
[127 Dome METRICO' 
(13] O F ' TH I OTHI 
1143 04m'TARGET SEQUENCE (T) _ ',sT 
[151 04m- 0  TLO IFTLO 
[161 D+w ' 
C 17] SOLUTION 
[167 0-4-w'SOLUTION(S) = ',sS 
[19l 0+-'TOTAL NUMBER OF TRIES(TRYCOUNT) = '.sTRYCOUNT 
1201 04PP'FRACTION OF TRIES SOLVEDC FRACTION) _ ',sFRACTION 
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04m'NUMBER OF GENERATIONS (K) _ ',sK 
D*mtMETRIC TIME HISTORY: 0 THROUGH KI 
METRICVECTORC'LKI 
00o'LAPSE TIME (DAYS dwHRS —MINUTES) f3t21(STOPwwSTART) 
O*w'COMP TION TIME STAMP0 : ', *STOP 

[ 2 1] 
[ 22 7 
t 23 7 
1 2 4 1 
[ 2 5 ] 

v~ SIGNBEDIV io 

DES IG 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXxXXxXxxxxXxx 
APRGM COMPUTES THE OUTPUT FEATURE SPECTRUM OF A PATTERN SET. 
FIXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
ATIENO= TIE NUMBER FOR INPUT FILE. 
AM= INPUT DIMENSION. 
AN= NUMBER OF HIDDEN NEURONS. 
ANPATTERNx NUMBER OF TRAINING PATTERNS. 
ASTEPS FOR ACCESSING FITjor': 
ABE FORE RUNNING PRGM D0: 'NNFILES'OFTIE 1. 
A 
AXXXXXXXXXXXX*XXXXXXXXXXXXXXXXXXXXXXXX 
AINITIALIZE SYSTEM' 
AXXXXXXXXXXXXXXX'XXXXXXXXXXXXXXXXXXXXX 

c 0 1 
[ 1] 
[ 2 1 

[ti 
[5] 
[ 67 
t77 
[ 8 ] 
[9] 
L 10 ] 
[ 11] 
C 12 7 
[ 13 ] 
[ 14 ] 
[ 15] 
[167 
[17] 
[187 
E 19 ] 
1 2 0 1 
[21] 
[ 2 2 ] 
C 23 ] 
[ 24 7 
[25] 
[ 2 6 ] 
[ 27 7 
E 2 R I 
E 6 

qw 

A 
INITIALB~—  

A 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
APATTERN LOOP 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX,XXXXXXX 
K41wl 

PLoope 
A 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
A FEATURE LOOP 
AXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxx 
KK+*l 

FLOOPO 
ACTIVITY 
(TK< 10) 1 CONTINUE 

w 

E3uJ ;~D*pl ' 
E 3 13 13+w " SYSTEM NOT SOLVED' 
E321 ~~0F'PATTERN= '. sK 
(3 3 7 y 13 FEATURE KK 
[ 34] R aEND 
1 3 5 1 CONTINUE: 

S F- O • 

OUTPUTB 
S PECTRUM C K : KK : 1 7 ~S 
KK#wKK+ 1 

ow 4(KKqc4)/FLo00P 
K*mK+ 1 
(KcNPATTERK) /PLOOP 

X36) 
[37] 
[ 38J 
C 3 9 1 
E 4 0 1 
[ 4 17 
[ 4 2 ] 
[ 4 3 1 

tAj? Lw S7 a> 
(]+ P 0 

owp~~~~ 

0#w'SPECTRUM CALCULATION (,$41C+C~~iT 
[447 END* 
C45] 0 

r 

INITIALS 
AREAD DATA FROM 
TIENO+wl 
SYSTEMl~OFR£AD 
SYSTEM2*-OFREAD 

A FILE. 

TIENO.1 aDIAGUP & DIAGDNe 
TIENO.2 AHOR & VERa 

0 R 
M+%4 9 
N4w2 5 
ADEFINE DETECTOR SYSTEM. 
A14wSYSTEM1 I IN IN I 
Bl+-SYSTEM1 C LN (N+ LM) I 
Cl+&SYSTE-Ml C (N+ 1) tN I 
Dl+-SYSTEMIC (N+1) o4p (N+1m)) 
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[ 137 A 
[14l A246-SYSTEM2EtK*tN3 
[15] B24=SYSTEM2 E tK C N+ IM) 3 
[16l C2*PSYSTEM2 E CN+1) ; tN3 
[171 D24mSYSTEM2 C (N+1) (N+ LM) I 
[187 A  
E 191 NPATTERN+~16  
[ 20] K+wKK+pl 

ftb 

[21] S PE CTRUM*m (NPATTERN 4 1 ) p 1 
Y 

0 t 0 ] ACTI 
Ill q+ C KK= 1) Ll 
E 21 C KK=2 ) 
1 (KK= 3 ) L3 

m+(KK=4) /L4 
[5] A 
[67 L10* AHORIZONTAL 
i7) INPUT+p (M 9 1 ) p PATTERN I K 1 
[ 8 ] ATEMP*PA2 
C9] BTEMP4ftB2 
[ 10 ITERATE 
[111 R 
C127 L2: ADIAGUP 
[137 INPUT+& CM9  I)pPATTERNEK 3 
C14 ] ATEMP+A 1 
[15] BTE.MP+wBl 
[16  7 -+ITERATE 
C177 R 
[18J L3: AVERTI CAL 
I19] I NPUT+- (M . 1 ) p V* PATTERN [ K:; 7 
[2 0 J ATEMP+PA2 
C 2 11 BTEMP4m B2 
C 227 LITERATE 
1231 A 
[247 L4: ADIAGDN 
C25] INPUT#w(M91)p04PATTERNEK,,.3 
[26] ATEMP+wAl 
t27] BTEMP+&Bl 
C 283 -► ITERATE 
C:1 A 
13uJ ITERATE: 
C31] XO+mTEMP1+BTEMP+ . xr (1L (OF INPUT)) 
C 3 2 ] Xl+PATEMP+.Xr(ltcorxo)) 
E 3 3 1 XOLD+PX0+Xl 
1341 TK*wO 
f 351  LOOP1* 
C36] TEMP2#wAT*EMP+oxrC1L(0rXOLD)) 
[ 3 7 3 XNEW#*(TEMP1+TEMP2) 
0387 DELTAX4opXNEW-XOLD 
1391 MAXERROR41m + / I DELTAX 
[401 4 (MAXERROR= 0) /END 
[41] TK4wTK+ 1 

a 2 3 XOLD+XNL*W 
t43] +(TK_10)/LOOP1 
[44) END: 

If 

C 0 7 OUTPUTB 
I17 -► ( (KK= 1) ~ CKK= 3))/Ll 
1.0% moC (KK=2lV(KK=4))/L2 
I A 
[47 L1: 
[57 CTEMP+*C2 
[6] DTEMP+PD2 

E 7 l -BOUT 
"p, [8l a 

191 L2: 
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[18 ] CTEMP#wC1 
E113 DTEMP+mDl 
t 121 -►OUT 
[133 A 
E141 OUT: 
1157 OUT1+wCTEMP+.xr(1L(0rXNEW)) 
t16] OUT2+DTEMP+,. x r (I L (Or INPUT)) 
E173  S+OUT1+OUT2 

ti 

CL 
I1] 
C 2 ] 
t 3 ] 
[ 4 ] 
t 57 
C6] 
[ 7 ] 
[ 8 ] 
[ 9 l 
C10] 
[11] 
1 227 

E 0 3 
I 1] 
C 7
c * 

C4] 
(5] 
[67 
( 7 ] 
[8] 
I 9 ] 
[10] 
[117 
C127 
C13] 
I14) 
1157 
C16] 
C17] 
1187 
[191 
[20] 
[217 
[22] 
C 2 3 1 
C24] 
[ 2 5 7 
t 2 6 ] 

101 

Ell 
12-1 
1 %a 

t 4 ] 
[5] 
C 6 7 
[ 7 l 
[ 8] 
t9] 
[10] 
ill] 
C 12] 
[ 13] 

PRINTB 
SLOPE+o' 
K4.09 

LOOP* 
D *. 0 f 

13+tPp * *K 
D+PATTERN C K: :J 
0+b 

.1P aft 
i ti I 1 1% N 

0 

I f 
04=44SPECTRUM I K 4 t 4 1 
13*&SLOPE 

K+PK+ 1  
-► (Ks16) /LOOP 

00 

r •_ RN3 10 37 
TPATTERN3 
ADEFINES ( 16) PATTERNS FOR RESPONSE MODULE DESIGN. 
PATTERN+* ( 16 o  7 v  7) p 0 
P14wP3+PP9~ 7 7 pO 
M+00 9 9 pit  (9po) 
Pl*wM[ 1+17 o 171 
P1[7:234-0 
P3+-Ml t7 0 t 71 
P94moME 2+L7 ; 1+t7l 
P9 C 6;1]FO 
Pll+nM[ 2 + t7 2 + L73 
PATTERN 11 o I +p P.1 
PATTERN[ 2 3 4wepi 
PATTERN E 3 34wP3 
PATTERN[ 4 1 *weP3 
PATTERN E 5 4ao0p 1 
PATTERN C 6 10]4w09pj 
PATTERN[ 7: 1 +*OP3 
PATTERN[ 8 I +wOGP3 
PATTERN 19 3 *OP9 
PATTERN[ 10 It 4w<Ppg 

w 

PATTERN I 11 
PATTERN E 12 
PATTERN 113 
PA ERNE 14 
PATTERN 115 
PATTERN 116 

7+-P11 
]FmPll 
]FeP9 
3+<Dep9 
1+-epil 

r 
0 

v 

AXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
APRGM DESIGNS MULTI-INPUT. MULTI-OUTPUT NN'S. 
nxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
AM= NUMBER OF INPUT NEURONS 
AN= NUMBER OF HIDDEN NEURONS 
aO= NUMBER OF OUTPUT NEURONS 
a 
ANPATTERN= NUMBER OF TRAINING PATTERNS 
APATTERNEK::3= INDEXED SET OF TRAINING PATTERNS 
AT= TARGET SEQUENCE 
ATHI= TARGET SEQUENCE UPPER BOUND 
ATLO= TARGET SEQUENCE LOWER BOUND 
AD= METRIC 
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[ 14] A 
[157 AL= RANGE OF INITIAL VALUES FOR A oB*C MATRIX ELEMENTS 
[16]APukNGE= —Lv wo* q0tlq eoo qL 
[17]RP= 1/PROBABILITY OF AN ELEMENT CHANGE 
[18]ANC= NUMBER OF COPIES PER GENERATION 
[19]ANG= NUMBER OF GENERATIONS 
(207 R 
[21] AINITIALIZE 
[227 A 
[231  INITIALC ~~'  
[24] A 
[ 2 5) FRACTION4wTRYCOUNT~SOLVECOUNT*PABORTCOUNT*al 
[ 2 6 ] K4m 1 1 

C 2 7 ] RXXXXXXXXXXXXXXXXXXXXXXXXXXXX'Xxxxxxxxxx,xx 
low q -----------GENERATION IAOP-- 
1141.v i AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX.XXXX 
[307 GLOOPOa 
[317 a 
C 3 2 3 KK+pl 
[ 3 3l AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

IM aw 400 asp mm 4m am OW am a& MW ~w 0— ~ -~ 

10 

40 

4WO _ _ ~~~4~WO_.41W 

Loop- A ~ am qm _~w ~wmwm.qmo~ 4mo ~i_CO
P Y [34] ~ ow am _ ~ ~ ~ dow 480 _ ~ em ~ i ~ AMP' 

[3 5] A XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[36J C 
[372 
C38] A 
1391 KKK4mbl 
[ 4 07 AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
C411 
C4 2] A XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[437 TLOOP*4& RTRAINING OP 

E 4 4 7 YC0-UNT+rTRYC0UNT+ 1 
I 4 5 ] (Z OII; 
[ 4 6 ] A XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)OC 

4b 

[47] -TEST FOR SOLUTION------------
[48]AXXXXXX'XXXXXXXXXXXX)CXXX.XXXXXX'XXXX)CXXXXXXX 
:d9] 4(TKs10) /COPITINUE 
[3 0 7 
[51] 0+*'SYSTEM NOT SOLVED' 
E511 04im'GENERATION= '.sK 

04w- 'COPY f 
C 543 O F ' PATTERN=' . *KKK 
[55] 0+r'AB0RTC0UNT= fAB0 COUNT 
[56]FRACTION-OwSOLVECOUNTTTRYCOUNT 
[ 577 04ow'FRACTION OF COPIES SOLVED= 
[ 58] ABORTCOUNT+&ABORTCOUNT+l 
I59] 4 (ABORTCOUNT> 2 0 0 0 0) / END 
[60]4CLOOP 
[61]CONTINUE: 
[62]S• A C0UNT4wS0LVEC0UNT+l 
[63] 
[64] 
[ 657 
[667 
[ 677 A XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[ 6 6 J 4 (KHIt= NPATTERN) / TLOOP 
C 697 A XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX*XXXX 
[70] A-----------SELECT SURVIVOR 
[ 71] A XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX'XXXXXXXX 
[72l SE CTC 
[73l &+(MIPTMETRIC=O)/END 
[74l KK4mKK+ 1 
[757 -► (KKI N C) / CLOOP 
[ 7 6] A XXXXXXXXXXXXXXXX)C.XXXxxkxxxxxxxxxXXXxxxxxx 
[77] A-------------END COPIES 

*FRACTION

KKK4mKKIK+ 
AXXXXXXXXXXXXXXXXX)DCXXXXXXXXXXXXXXXXXXXXXX 

 1 

Aow ~ ~ lam& ow~mw4m dm~~Amw~END 

C  0— 1  

[80] 
[81J 
C82] 

AXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxx
SYSTEM I t N ; L N I 4wA+AMIN
SYSTEM I IN*a  (N+ tM) 14ftB+wBMIN

        
SYSTEM I (N+ 10) 0 IN I 4lwC+*CMIN
SYSTEM +C(N+LO);(N+LM)]~D —DMIN 

i 
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1831  SYSMETRIC+wMINMETRIC 
C841 OF ' 
i 35] 04m"GENERATION COMPLETED, NUMBER= 1 4K 
I 8 6 ] 0+'METRIC= *SYS TRIC 
[ 8 7 ] 0F ' , 
[38] GENERATIONVECTOR E K 3 +K 
[89) K]ETRICVECT0REK3#wSYSME IC 
[90l AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[91] A------------END GENERATIONS--------------
C92] AXXXXXXXXXXXIDOCCXXXXXXXXXXXXXXXXXXXXXXXXXX 
1931  K4-K+1 
C947 4 C KsNG) / GIAOP 
L95] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-XX'XXX 
L961 A-----------FINAL OUTPUT------------------
I471 AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[98J END: 
1991 SYSTEM[ tNo tN3+wA+AMIN 
1100] SYSTEM[ tN; (N+tM) 3+mB4wBMIN 
11013 SYSTEM E (N+ 10) a LN 3 +PC+CMIN 
[ 1027 SYSTEM E (N+ t 0) ; (N+ I.M) 34mD4wDMIN 
I I I SYSMETRIC+wMINMETRIC 
[ 41 13+ 1  11 

C 105] 04w'FINAL SYSTEM: GENERATION = ',sK 
1106] 0+&'METRIC z ' , sSYSMETRIC 
C107) GENEAkTIONVECTOR I ]KI +wK 
1 108] TRI CVE CTOR E K I +S YSM=l C 

It TIALC103v 
CO ] INITIALC 
[1] APRGM INITIALIZES MI/MO DESIGN ALGORITHM. 
[21 ASYSTEM DIMENSIONS 
I M4m4 
C a l N4w 10 
C5 7 04w2 
[ 6l AINPUTS 
t7] NPATTERN*wl6 
[ 8 J- PAATTER~t~(NPATTERN.M.1~1 AASSUMES INPUT IS Mxl MATRIX. 
C9] PATTERN [ l;;I ~HOR l 
[lOl PATTERNC2:: ] ~HOR 2 f, 

C111 PATTERN E 3 3 staHOR3 
1121 PATTERN 14 *a lowDIAGUP1 w 

 

[ 13 J PATTERN r 5 3FDIAGUP2 ~~ ~T~~~ ~ Sit t~~C2t~ fA 
[14] PATTERN[ 6;;] onDIAGUP3 
[157 PATTERN[ 7,8 " I OaVER1 
C167 PATTERNE809I +DVER2 
[17 ] PATTERN [ 9:: ] fVER3 
C187 PATTERNC 10 ; : 7f-DIAGDNI 
[ 197 PATTERN[ 11 0t  ao  3 4=DIAGDN2 
[ 20J PATTERN[ 12wo 14=DIAGDN3 
[ 21] AOUTPUTS 

C 22 ] I:LHI+a TI, + 0,9f 
( 23] Tl+o 1 t i Z '1 '1 ' L 'L o • V O d • rp ~ 0~ 
C24] TlL04w'T4lu Dielp 

[251 p s  
t 2 61 T2HI+n T L t 

n
 

[ 2 7 3 T24- O • tr v r o o IL 4M 1 •~ - t •L TT ar 
I I T2LO*m 'Tto t,r 
[. J S~(2,NPA ERN)pO 
[30] ASEARCH PARAMETERS 
C 31] MINMETRIC+mNPATTERN 
( 327 L+, 10 
[ 337 P*m3 
[ 36] NC+-10 
(35J NG+a200 
C 3bJ METR I CVECTOR+-GENERAT I ONVECTOR+- (NG + 1) p 0 
[ 377 ADEFINE INITIAL SYSTEM 
[38] SYSTEM4m-l+?.((N+O).(M+M))p(L+l) ACHOOSE RANDOM POS ELEMENTS. 
(39] C0L4mx(`le5+?,,(N+M)p2) ACHANGE SIGN OF RANDOM COLUMNS 
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[401 SYSTEM+PSYSTEMX((N+0)9(N+M))pCOL AGIVES POS & NEG ELEMENTS. 
[41] AMIN+oA4wSYSw--E—MEtNOo tIR3x*%o(N wN)pl,NpO ASUBMATRIX WITH ZERO DIAGONALS. 
[ 4 2 ] BMIN4mmB4mSYSTEM1tN*(K+tM)l ASUBKATRIX OF SYSTEM 
[437 CMIN4!wC+&(O* N)pSYSTEME(N+O)OLNI ASUBMATRIX OF SYSTEM 
t 4 4 ? DMIN4=D4p*(O9M)pSYSTEMr(N+O);(N+tM)I ASUBMATRIX OF SYSTEM 
[45] SYSTEM[ tN; tN]i-A AINCLUDES ZERO DIAGONALS IN SYSTEM 

cnl 
C 
C21 
[ 3 ] 
[ 4 7 
[5] 
[67 
[77 
C8] 
E 9 ] 
I 10] 
[11] 
[ 12] 
[137 
[ 14] 
[ 15J 
[ 16 ] 

r 

R 

AINPUTuo SYSTEM 
A OUTPUT = SY STEMC . ACOPY . BCO PY C COPY . DCOPY 
COLINDEX+- 1 = 47  C M+ N) p P 
MTEMP14fmp((N+0) . (M+N))pO 
MTEMPl+pMTE.HP1+ C (N+O) 9  (M+N) 9COLINDEX 
MTEMP2 +w —1 + 7  1 +MTEMPI x L) 
STRING+p x C —1 5 + ? (N+M) p 2 ) 
CO IGN+*COLINDEX x STRING 
MTEMP2+MTEMP2x((N+0)q(M+N))pC0 IGN 
SYSTEMC+rSYSTEMX*%wMTEMP1 
SYSTEMC+mSYSTEMC+MTEMP2 
ACOPY+oSYSTEMCELN.',OtN]xo%w(N,N)pl.,NpO 
BCOPY+PSYSTEMCE IN C N+ LM) I 
CCOPY+rSYSTEMC C (N4D) 0 t N I 
DCOPY+*SYSTEMC C (N     

VOU PUTC t 0 1 V 
C O IT•~ 
Eli R 
[ 2 l OUTI+bCCOPY + . x r (I L ( o r xNEw)) 
[37 OUT24ftDCOPY+ . x r ( 1 L (o r INPUT)) 
[41 SE *KKKI+wOUT1+0 2 

a 

[ 0 ] S  
[ 1] AMETRIC FOR 0=2. 
[2] METRIC14w+/"o( CTlLO<S[le ])A(SEl; 34TIHI)) 
[3] NETRIC2+m+/4%w( (T22AsSC2 : J)A(S[2 : ]-T2HI)) 
C 4 ] M3ETRIC+&M1ETRIC1+METRIC2 
[5] A 
[ 6] -+ (METRI C-MI NMETRI C) / DONE 
[77 AMIN+PACOPY 
t8] BMIN+&BCOPY 
[ 9 ] CMIN+-CCOPY 
[10] DMIN+mDCOPY 
[117 MINMETRIC+-METRIC 
[ 12 ] DONE: 

1p 
4 

• . TJ ONC103V 
I~ SOLUTION 
[1i ACHECKS FINAL SOLUTION 
( 2] ACOPY+6-A 
[ 3] BCOPY4mbB 
[4J ccopy+wc 
[5J DCOPY+-D 
r6i mm+01 
[7] LOOP: 
[87 SOLVIEQU 
[ 9l OUTPUTC 
[10] KKKFKKK+ 1 
[11] + iKKKs NPATTERNI /LOOP 

t 
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[01 DESIGN 
0 

E 1 Axxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
[2?. APRGM COMPUTES THE OUTPUT FEATURE SPECTRUM FOR THE FINE ADJ MODULE9. 

AXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
[41 ATIENO= TIE NUMBER FOR INPUT FILE. 
C57 AM= INPUT DIMENSION. 
[ 6l RN= NUMBER OF HIDDEN NEURONS. 
[77 ASTEPS FOR ACCESSING FILE: 
[8] ABEFORE RUNNING PRGM D0: 'NNFILES'OFTIE 2. 
[ 9 ] A 
[107 Axxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
ill] AINITIALIZE SYSTEM 
C12] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
I13] A 
I 14] INITIALS 
[157 R 
[ 16] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[17]APATTERN LOOP 

'
o 

[18]Axxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
[197 PLOOP: 
( 20] O*m'ENTER TO STOP' 
[21] 04='ENTER HORIZONTAL SHIFT E.G. 2 OR -2' 
[22] SH4m-0 
(237 04no'ENTER VERTICAL SHIFT' 
[24] PATTERN~SH SHIFT SV -
I257 A 
1267 AXXXXXXXXXXXXXXXXXXXXxxxxxXxxxxxXXXXX 
273 AFEATURE LOOP 

[.'"' RXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxx 
1 KK+-1 
f30] FLOOP: 
C 3 11 ACTIVITE 
(32] 4 (TK:s 10) / CONTINUE 
I33] S+--O 
1341 -►SKIP 
[ 357 a OF ' 
(36] a O*w'SYSTEM NOT SOLVED' 
[377 A O F' F EATU RE-Env '.KKK 
(381  R -+END 
[39) CONTINUE: 
1 407 OUTPUTE 
[417 SKIP* SPECTRUM[ KK; 1 I*wS 
C421 KK+wKK+l 
C43] -► (KKs 4)/FI,dOP 
[44] 04m ' 
[ 4 5 ) 04ow'PATTERN  =' 
[46] PATTERN 
[47] 0*w'SPECTRUM =' . 
[ 48] 6 0 OOSPECTRUM 
[49] 0*m'NORTH SOUTH EAST WEST' 
1501 4PLOOP 
[517 END: 
C 521 

I 

c G I 
[ 17 Axxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
I2] APRGM COMPUTES THE OUTPUT FEATURE SPECTRUM FOR THE FINE ADJ MODULE 

AOVER A PRESET RANGE OF OFFSETS. 
[4. AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
C5) ATIENO= TIE NUMBER FOR INPUT FILE. 
[ fi] AM= INPUT DIMENSION. 
(7) AN= NUMBER OF HIDDEN NEURONS. 
CB) ASTEPS FOR ACCESSING FILE: 
[91 ABEFORE RUNNING PRGM DO: 'NNFIL.ES'OFTZE 2. 
[107 A 
C 117 RXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxx 
L12] AINITIALIZE SYSTEM 
r i l l axxxxxxxxxxxxYYxxxxxxxxxxxXxxXXXXxxXX 
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[ 14l R 
[157 INITIALE 
[167 A 
12'77 AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[187 A PATTERN LOOP 
t19 ] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[Z07 SHFSV*w`3 
[21] OUTERLOOPO 
[ 2 27 SH4w-3 
t23] INNERLOOP: 
[24] PATTERN+-SH SHIFT SV 
[25]A 
(2b] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[27] AFEATURE LOOP 
E 2 Q I Axxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
[: J KK4w I 
[ 3 0 ] FLOOP: 
[ 31) ACTIVITE 
[32] 4(TKs 10) /CONTINUE 
t33] S+w0 
(343 -►SKIP 
C dim" 5 1 a O+ft " ' 
[367 A O+w I SYSTEM NOT SOLV£D' 
[ 37] A Of-' FEATURE= WKK 
(38) R -SEND 
L397 CONTINUE: 
[ 40) OUTPUTS 
[ 41)SKIP me SPECTRUM C KX 11 +PS 
[ 4 2 7 KK+mKK+ 1 
[43] -► (KKs 4 ) / FLOOP 
[44) APRINT RESULTS 
t 45) 04m ' ' 
1 467 O*w t PATTERN = 
C 4 7 7 PATTERN 
[ 48 7 O+D'HORIZONTAL SHIFT= '.( iSH).' VERTICAL SHIFT= XSV 
r 4 9J Qt• 
1  5 0 7 0+- SPECTRUM = 
[517 6 0 *OSPECTRUM 
(523 O+P'NORTH  SOUTH EAST WEST' 
Ift 511 SHFSH+ I 
[~ (SH! 3 INNERLOOP 
C557 SV*&SV+ 1 

It 

C56] -► (SVs3)/OUTERI.OOP 
[57] END: 

-k 

[7] INITIA 
[11 AREAD DATA FROM NNFILES*ASF. . 
[2] TIENO+&2 AEDIT--&IN CORRECT TIE NUMBER. c:$ SYSTEM-+&OFRIEAD TIENOF5 AFINE ADJ MODULE. 
[4j A 
[57 
[ 6] 
[ 7] 
[87 
t 9 1 
[10] 
[11) 
C12] A 
[137 KX4=1 
[ 24] 

v 
M4w2 I

ATEMP+PS YSTEM C t N i N I 
BTEMP4-SYSTEM C L N (N+1m) I
CTEMP+PSYSTEM [ C N+ 1) 0 LN I

N+
 

& 2 5 
ADEFINE  DETECTOR SYSTEM. 

DTEMP+SYSTEMI (N+1) ; (N+LM) 7 

SPEC,TRUM4-do-(4 . 1) pl

C  37 ACTIVIT 
[I] APRGM COMPUTES NEURON ACTIVITY FOR FINE ADJUST. 
121 4(KK=I)/Ll 

40 

1.0 4 (KK=2)/L2 
f 4 4(KK=3)/L3 
51 4(KK=4)/L4 

[67 a 
[71 L1= ANORTH 
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[87 T£MPFOPATTERN 
C97 INPUTom C M 9  1) pTEMP C 3 3 
[101  -LITERATE 
1117 R 
[ 12] L2: ASOUTH 
[ 13 ] TEMP+4~ PATTERN 
[ 14l INPUT*w (M 9 1) pTEMP E 0 3 3 
C157 +ITERATE 
[ 16]A 
[ 17]L3: AEAST 
I 18] TEMP+4PATTERN 
[ 19] INPUT+w (M 9  1) pTEMPI 0 t 31 
(207 4ZTERATE 
[ 211 A 
t 2 2 ) L4: AWEST 
[23 ] TEMP+wPATTERN 
[ 2 4 ] INPUT*m C M v  1) pTEMP E t 3 1 
[ 257 LITERATE 
t26] A 
Z27] ITERATE: 
[2"1 XO+,-TEMP14w-BTEMP+. xr (1L cor INPUT)) 
141": X1+*ATEMP+.xr(1L(0rX0)) 
[30] XOLD4=XO+Xl 
[317 TK+oO 
[32l LOOPIS 
[33I TEMP241oATEMP+.xr(1L(orXOLD)) 
C 34] XNEW+w C TEMPI +TEMP2) 
C 351 DELTAX4w-XNEW-m&X0LD 
C36] MAXERROR+w + I DELTAX 
[377 a [ MAXERROR=0) / END 
C:, B ] TK+mTK+ 1 
( 391 XOLD+PXNEW 
[ 40J -► (TK~ 10) / LOOPl 
C41] 

y 

R 41 

OUT 1 +bC-TEMP+ x r (I L o r XNEW)) 
OUT2 #mDTEMP + x r ( I L o r INPUT)) 
S +&OUT 1 + OUT 2 

[ a] Z+-SH SHIFT SV 
( 1] APRGM SHIFTS A 7x7 PATTERN HORIZONTALLY AND/OR VERTICALLY. 
[2] ASH*"' HORIZONTAL SHIFT: 1, 2.... (EAST); -1. -2....CWEST). 
[: I A S V = VERTICAL SHIFT: 1. 2.-.. (NORTH) ;'1. -2 (SOUTH) 
C 4 1 ACELL= A 7x7 MATRIX ,DEFINING THE CELL. 
C5 7 A 
[ 61 TEMP1+wTEMP2+* 7 7 pO 
[77 AHORIZONTAL SHIFTS: 
C 8 7 a(SH>0)/LINE1 
t97 -►(SH<0) /LZNE2 
[103  TEMPI+PCELL 
Ell]  -►VERY 
[12] LINEI TEMP1 C 0 SH I t 734mCELLC 1 (7 —SH) I 
[ 137 AVERT 
C 147 LINE2v TEMPlE ot(7+SH) ]+&CELL[ ;(—SH)It7l 
[157 -AVERT 
[16J AVERTICAL SHIFTS: 
[17] VERY: 
[187 4(SV>a) /LINE3 
[ 19? -►(SV<O)/LINE4 
[ 20) TEMP24-wTEMPI 
f 213 4ENa 
[ 2 2 ] LINE3 TEMP2 C t (7--m-SV) 3 *&TEMP1 [ SVl 17;] 
I23) aEND 
[24] LINE4*TEMP2[(—SV)IL7;1+-TEMP11L(7+SV)oI 
(25l -+END 
1261 END*0 Z*wTEMP2 
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[0] 
[1] 

[4) 
[5] 
161 
I l l 
[8l 
[97 
1103 
[11] 
[12] 
[13] 
[147 
[ 15] 
X16] 
[17] 
[18] 
f19] 
[207 
[ 2 1] 
[ 2 2 
[23] 
[ 24] 
[ 25] 
C267 
[27) 
E 0' 1 

[;L j 

[30] 
I 31] 
[32} 
[ 3 3 ] 
[34l 
[35] 
[36] 
[ 3 7 ] 
[ 3 8 ] 
I 3 9 ] 
[40] 
[41] 
[ 42 7 
[ 4 3 ] 
[44l 
[45J 
[46] 
[47] 
[487 
I 49] 
[507 
( 511 
[ F' 1 

I 54 7 
i 55] 
1 567 
[ 5 7 ) 
[587 
1591 
1607 
t 6 1] 
[ 6 2 ] 
i 6 3 ] 
{64] 
[657 
(667 

DESIG a 4 

RXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
APRGM DESIGNS ON- CENTER/ OFF- SURROUND, MULTI-INPUT. SINGLE OUTPUT NN'S. 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX7CXXXXXXXXXXXXXXXXXxxXx 
AM'"* INPUT DIMENSION 
RN= NUMBER OF HIDDEN NEURONS 
R 
ANPATTEP14= NUMBER OF TRAINING PATTERNS 
APATTERNEK,*0 I= INDEXED SET OF TRAINING PATTERNS 
AT= TARGET SEQUENCE 
ATHI= TARGET SEQUENCE UPPER BOUND 
ATLO= TARGET SEQUENCE LOWER BOUND 
AD= METRIC 
R 
AL= RANGE OF INITIAL VALUES FOR ABsC MATRIX ELEMENTS 
A PANGE = om L 9  a e os io  0 4v  1 9  0 0 0 so L 
AP= 1/PROBABILITY OF AN ELEMENT CHANGE 
ANC= NUMBER OF COPIES PER GENERATION 
ANG= NUMBER OF GENERATIONS 

Im 

(2. ILI am q%os~ 

sitl%l t6jej os000l 4%10M,056 #No%

L 

a 

a HO T , -*-

AINITIALIZ~ 
tj Epw SEA 

~U e-~f~RT WI 

uuT S~7E C 6~ 
*Wkm~- c ti 4jr 0#k INITIALD 

A 
FRACTION*-TRYCOUNT*SOLVECOUNT4m-ABORTCOUNT4=0 
K+ml 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxX 
A-----------GENERATION LOOPMEN mov,ow 4m ~ ~ ~ ~ ~ ~ ~ RAW ~w ~ 

nxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
GLOO P: 
R 

KK+bl 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

~- -W-  co p LOOP 
400 A~~~ emob ~ ~w ~ mm~ 

AXXXXXXXXXXXXX'XXXXXXXXXXXXXXXXXXXXXXxxXXx 

A 
K"KK+ I 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

I 

A~ ~~~ ~ ~ ~ ~ ~ ~ ~ ~TRAINING LOOP 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXX'XXXXXXXXXXXX 
TLOOP 0* ATRAINING LOOP 

NT4wTRYC0UNT+l 

AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
A_ om _ 4w _ _ _ _ 4mm --TEST FOR SOLUTION-------mwmwaw-- 
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
-+(TKs10) /COPITINUE 
[I+. # f 

D+b'SYSTEN NOT SOLVED' 
0+w'GENERATION= vK 
0 COPY slat 
04m " PATTERN = ' . i K1QC 
0F ' A$ORTCOUNT='.iABORTCOUNT 
FRACTION4o-SOLVECOUNT = TRYCOUNT 
[34!m- " FRACTION OF COPIES SOLVED= *FRACTION 
ABORTCOUNT+wABORTCOUNT+ 1 
-+ tABORTCOUNT> 2 0 0 0 01/END 
-►CLOOP 
CONTINUE: 
OLVE C OUNT 4wo S 0 LVE COUNT + 1 

KKK 4mb KKK + 
RXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxx 

 1 

R-------------END TRAINING 
AXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxx 
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0 

OUTPUT

54 53 
1671  -+(IQ4CINPATTERN) /TLOOP 
C68] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
i 6 9 ] A lomomm dam ~~dmw~ SE CT SURVIVOR 

AXXXXXXXXXXXXXXX'XXXXXXXXXXXXXXXXXXXXXXXXXX [707 
[ 71] 
L723 4(MINMETRIC=D)/EPID 
i73] KK400KK+ 1 
C74) -►(KK!NC)/CIAOP 
[ 7 57 A XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
 [76] A ~IEND COPIES 

AXX.XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX*xxxx[771 
[' 1 SYSTEM[ tNlo tN]-*wA+AMIN 
[' ] SYSTEM I t N (N+ tM) 3 41mB41PBMIN 
[ 8 0 ] S YSTEM I (N + 1 t N 3 #wC4mCMIN 
[81] SYSTEM[ (N+l) a (N+tM) 3+rD4mDMlN 
[ 827 SYSMETRIC+MINrKETRIC 
C83] 13+w • 
[ 8 4 7 GENERATION COMPLETED, NUMBER= ',sK 
E 857 0+-'METRICqm GSYSMETRIC 
[ 86) 0*0 r r 

r 

i 

GENERATIONVECTOREKI+wX
 +
A XXXXXXXXXX'XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

AXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxx*xxxxxxxx
K+DK+ 1

3  
  

4( 
A

(87J 
[88] METRICVECTORCK3
   

 

wSYSMETRIC 
[89J 
[90] A------------END GENERATIONS--------------
I91] 
[927 
C93 X=NG ) /GIAOP 
[941 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
C45] A ask* oeft ~ ow 1~ ~ qww ~ mm am -am F I NAL 

A XXXXXX'XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

E981 SYSTEM[ LN: tN3*wA4wAMIN
   A

[95J 
1977 END: 

[94]  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
 1957 A ~ ~ 4"W mw MR* ~ ~ ~ 4wo i~ ~ FINAL 0 

A XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

S
S
SYSTEM[ (N+l) ;tN3*C4wCMIN

( (N+LM) 14wD4wDMIN
   SYSMETRIC+MINMETRIC
   + go m

04
11051 0+w'ME IC
 

'" o fsysmE ic
GENERATIONVECTOR E IK I +wK

 1 METRICVECT0REK3+SYSMETRIC
1 

   

[96] 
C97] END: 
C('_7 YSTEM[tN;tN]FAFAMIN 
[~•! YSTE:MEtN*V(N+tM)3+rB+pBMlN
[1007 
I2017 SYSTEM[ N+ 1) ; 
11027 
[1037 0 '
[104) ='FINAL SYSTEM: GENERATION = '.sK 

[1067 
C 7] 

8] 
[1097 

LZMLT IAILD r 0 1 V 

r 

ANPATTERN4m4
A PATTERN+w (NPATTERN 3 3 p I

  
 
PATTERN C 1 9 3 4owHOR
PATTERN[ 2 3 4ftDIAGUP

  PATTERN r 3 3 4SVER

 
PATTERN r 4 1 +*DIAGDN

TH
T 

 +  RN)  
ASYSMETRIC+MINrMTRIC+w5

1 +w

E 171 NPATTERN+*12

[O7 INITIAL 
{1] RMf9 

4) 1 AN4wl 
A 

[43 
[5] 
[67 A 
[7] a 
[87 A 
(9] A 
[10]a T

   
      

+5,1.0.1 
[11]A  I 4m 6 2 1 2 
[127 A LO*w 4 0 - 1 D 
C13] AMETRZC  - S F( NPATTE p0
[14l 
I15  M 49 
[16J N+-25 
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I18] A NPATTERN#m4 
C 19] PATTERN4w (NPATTERN 9  7 9  7) p 1 
C20] PATTERN E 10 0 1 *PHOR1 
[ 21] PATTERN[ 2 3 4mHOR2 
[22) PATTERNC3;;7 *-HOR3 
[231 PATTERN C 4;; 7 FDIAGUPI 
(24] PATTERN E 5 0 1 *mDIAGUP2 
[257 PATTERN[ 6 3 4-*DIAGUP3 
C 2 6 ] PATTERN[ 7 0  ]+VER1 
E271 PATTERN [8;;]FVER2 
[. "l PATTERN C 9 a ; I 4mVER3 
U law I PATTERN 110 34wDIAGDN1 
[ 3Q] PATTERN 111 3 lowDIAGDN2 
[31] PATTERN C 12It  1p 1 +wDIAGDN3 

E 3 2 ] p  PAS S E 4 5 6 
[ 3 3 ] STOP+w 1 2 3 7 8 9 10 11 12 
C34] THI+w5O 
C35] TLO+&10 
C 361 R THIf- 10 10 10 100 100 100 10 10 10 10 10 10 
1377 A TLoO+w `100 '100 '100 50 50 50 '100 —100 ̀ 100 '100 '100 '100 
[39] A T4mw 1 1 1 10 10 10 2- 1 1 0 0 0 
C 3 9 7 A THIS 4 4 4 20 20 20 4 4 4 4 4 4 
[407 A TL04m '20 -10 -10 7 7 7 -10 ~10 -10 -10 '10 '10 
[41] p T+w 10 I 0 1 
C 4 2 ] A THI +oT + 3 
[43J A TLO*&T=*3 
[ 447 a M+m 2 
[45]w N4w 3 
[46]a NPATTERNOw4 
[471 a PATTERN*w (NPATTERN, 1. 2 p 1 
C48] A PATTERN[ 10 341w 1 2 p 0 0 
[49]R PATrERN E 2 3 4w 1 2 p Q 1 

is 

[50]A PATTERN[3&9 034w 1 2 p 1 0 
C51] A PATTERNE4 * 0 34m 1 2 p 1 1 

7 a T*w 0 6 6 0 
. I A THI4u*T+2 

[54] A TL0#wT-uw2 
[ 5 5 ]+ M I NMETR I C +&NPATTERN 
[56] S4w(NPATTERN)p0 
C57 7 a 
C 581 L+wlO 
L 591 P4m&3 
[60] Nc+*10 
[617 NG*4ZlV ►`'u ~7 ~~R~~ 

[ 6 2 ] SCA +*C(N+l)r(M+N))p(Npl)*(Mpl0) ASCA S ]ELEMENT VALUES. 
[ 63] METRI CVE CTOR+PGENERATI OWECTOR4w (NG + 1) p 0 
[64] R 
E653 SYSTEM4m*ool+?O((N+1)P(N+M))p(L+l) ACHOOSE RANDOM POS ELEMENTS 
[66] AMIN+PA4w— (SYSTEM[ tN LN3 X^P(N tN)pl *NpO) ANEG SUBMATRIX WITH ZERO DIAGONAL. 
C67] BMIN4mbB+o(lOxSYSTEMELN0(N+LM)3) APOS SUBMATRIX. 
[68] CMIN*C4=ow((19 N)pSYSTEMI(N+1);LN3) ANEG SUBMATRIX.-O 
1697 DMIN*PD41w(10x(l.M)pSYSTEMICN+I)O(N+LM)I) APOS SUBMATRIX. 
[703p,,SYSTEMCtN"lLN34wA AREVISE SYSTEM. 
[71] SYSTEM[ iLN4(N+I.M)34wB 
[7234f%SYSTEME(N+1)*lN14ftC AREVISE SYSTEM. 
C73] tSYSTEME(N+1);(N+LM)34w-D 

A 

AINPtJT= SYSTEM 
A OUTPUT= SYSTEMC * ACOPY oBCOPY oCCOPY . DCOPY 
C0LINDEX4m1=?(M+N)pP APICK 1 OF F COLUMNS TO CHANGE. 
MTEMP14m((N+l)9 CM+N))p0 ADEFINE MATRIX WITH 1'S IN COLUMNS 
MTEMP1+mMTEMP1+((N+1)*(M+N))pCOLINDEX ATO BE CHANGED & 0'S ELSEWHERE. 

MT]EMP2 4-p ( -1+ ? ( 1+MTEMP1 xL) ) XSCA ACHOOSE NEW ELEMENT VALUES IN RANGES. 
COLUM144i-((N+1)*(M+N))p(Npllol) w(Mpl) AMAKES AC NEG & B*D POS. 
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L107 MTEMP2 4mMTEMP2 x COLUMN AMATRIX WITH NEW VALUES. 
[11] SYSTEMC46-SYSTEMx,%wMTEMP1 AZERO-OUT VALUES TO $£ CHANGED. 
0127 SYSTFJ4C+bSYSTEMC+MTEMP2 AINSERT NEW VALUES INTO MATRIX. 
(137 ACOPY+PSYST C11K49 VN1xm%p(N,N)p1,Np0 APICK—OUT SUBMATRICES. 
[147 BC0PY+wSYSTEMC1tN;CN+tM)3 
1157 CC0PY+SYSTEMC[(N+1);tN3 
0167 DC0PY+SYSTEMC1(K+1)*(N+1M)3 

7qf1T jVEQU[[]jV 
a one 

[O ] SOLVEQU 
t 1 J pxx~oonacx~oocxxxxxxxxxxxxxxxxxxxxxxxxxxx 
C?~ ASOLVES X4cAf (X) +Bf (I) 
[. AXXXXX'P'XX3CX3CXDD=XXXXXXXXXXXXXXXXXXXXXXX 
E 4 1 A XX.XXXXXXXXXXXXXXX'XXXXXXXXXXXXXXXXXXXXX 
[57 AMAP 21>+lD 

it 

E6] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX"X 
C 7 ] INPUT*w(M,1)pPATTERNCKKK;;I 
I S ] RXXXXXXXX-XXXXXXXXX-xxxxxxxxxxxxxxxxxxxx 
[9] ACOMPUTE CONSTANT TERM 
110] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
C11] X0*&TMP1+BC0PY+*xT(1L(0f INPUT)) 
1 127 Xl*PACOPY+ . x r (1 L (o rxo)) 
C13] XOLD+XO+Xl 
[14J A 
C 15 J TK*PO 

OP 

[161 A X0LD4,w(AC0PY+*x(N*1)p1)+TEMP1 
C 17 7 LOOP1: 
[18] TEMP2+wACOPY+ . x r C 1 L c o r XOLD)) 
C197 XNEW+w(TEMP1+TEMP2) 
( 2 0 ] DE LTAX 4=XN EW — XO LD 
[21] AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
[227 A CONVERGENCE TEST 
C23]AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
C24] MAXERR0R41w+/1*DELTAX 
[ 25] AO+mMAXERROR 
C26] ->(MAXERROR=0)/END 
1277 A 
1 

4w 1% 
A 

I ,& mo.J A 

[ 3 0J TK+TK+ 1 
[ 3 1] XOLD*PXNEW 
I 3 2 ] -i(TK!10) /IAOP1 
[ 3 3 ] ENDO 

VSOLVESYS 10 1 V 
[07 SOLVESYS 

C13 INPUT+p (M * 1 p PATTERN I KKK 1 
[27 X0+PBCOPY+ e x (STEP INPUT) 
[ 3 J XNEW4mXOLD+m C N v  I) p 0 
[ 4 7 TX*ol 
[57 DE LTA+a 1 aL 10 
[ 67 LOOP: 
[7] XOL.D+oXNEW 
[8J YYEW4wX0 + (,mPXOLD+ (ACOPY+ . x (STEP XOLD))+X0)xDELTA 
[9] TK+&TK+ 1 
[1D] 4 (TKI 3 0) / LOOP 
C113  ATEST 
[12l X10m(ACOPY+ o x (STEP XNEW))+XO 
[ 13] X2*&(ACOPY+ e x (STEP Xl))+XO 
C14] X34wCACOPY+ e x C STEP X2))+X0 
[15l DELTAX+wX3-X2 
[151 MAXERROR*w + I DE LTAX 
[ 173 XNEW+PX3 

VSTEP[-0-1V_
 

t_ Z4mSTEP X 
C11 z4mr ( 1L (or x)) 

16 



11 OUTPU r 

r R 

$9  
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60 

Or 

[21 
C3] 
[ 4 7 

OUT1+&CCOPY + . x r C 1 L ( o r xNEw) ) 
OUT2 +PDCOPY + . x r ( I L ( o r INPUT)) 
SCKXX34=0 1+OUT2 

a 

•SELECTIQIv 
col SELE 
C 1 ] AMETRIC 
t27 A METR1C4w+/^w(S"OT)  
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3. The r~sethad of claim 2 whe9 rein said constraints 
. include requiring ghat the, interconnection weight val-

ues between a neuron- and itself be zero. 
4, The method of claim ~ wherein said constraints 

~ uncludc rCquiring #hat the interconnection weight vz!- 
uEs 'leading froma givenneuron aU be  of the -same sign, 

S. The method of claim 1 wherein said step of orga-
nizing said nterconnectifln weight values can~prises 
or~anizi~ng said weight values with the interconnection 

10  weights Ioading to a given neuron all app~aring ins a 
smgle row (or a single column), and the' interconnection 
weight values leading from a given neuron all appearing 
in a singly column (or s single row). 

f. The method of claim S wherran mid rows and 0 1s columns of "Interconnection weight values are organized 
a . 
in a number of matrices based an layers of neurons in 
said neural network. 

7: The me thod of claim 6 wherein sa.id-  n eural n ct-
work comprises a layer of input neurons, a layer of 
hidden neurons, and s single output neuron. 

I. The method of claim 1 wherean said predetermm*ed 
input comprises binary, values which represent edges of 
an image. 

9.The method of clam I wberein said step of generEw 
25 sting successor sets of wCight va]ues coinpris~es appl y 

in$ a genetic algorithm operator to said initial act of 
weight values. 

10.The method of clam 9 wherein said step of apply-
ing a genetic algorithm operator comprises applying a 
Mutation operator. 

11, The method of clau'a 10 wherein applying said 
mutation operator Comprises randomly changing a Por 
tolon of said intercohnection weight values. 41 

12.The method of chum 1 wherein said step of ana-0 3S lyZlng the relative .merits of the successor sets of weight 
values Comprises romputin~ a metric c~orr~ndmg 4 
v to 

differencethe between said test outputs and said predeo 
te ined outputs. 

13.The method of claim 12 wherein said step of se-
lecting a surviving matnx compnses testing whether 
said aietn*c lies within a band between upper and lower 
bounds. 

14.The meth of claim whcrein said step of sew 
lecting s survivi"ng matrix co r . besting whether 

4s -said metric fics'above a passband or below a stop band. 
15.The method of claim I wherein. said predeter-

mined input comprises gray gradient values which rep-
resent odges Of an image. 

I Claim: 
i, A computtr method -for irnPI entmg s  neural 

network fo r use in it selected application, said neural 
network bring implemented to effect a desired relation" 
ship between inputs representing real world phenomena 
and.  outputs corresponding to •the inputs said neural 
network hewing neurons and neurons interconnections 
each of spud neuron's possibly having ,interconnection 
to any other of said neurons, zach of paid interconnec4W 
tions' by an associated weight value, said 
we ht values hiving potenti'ally any value including 
zero, -Positive, or ntgative, 'the method comprising 

(a) by computer, searching possible saes of weight 
values and selecting a set of waght values for use 
in the neural network, Asia step. of-- starchinS and 
erecting comprising 
(i) picking an initial set of w 10 eight values! 
(iii orgsnlzing saa d initial set of weight values in 

rows and columns, so the weight.  vaf ue~s in each 
of said rows all are assaciated with inter'conneem 
tions to the same one of said neurons, and tl~e 
weight values. in each of. said columns all are 
asSocist with Mterconner,tigns from the same 
any of said neurons; 

(W) generating successor sets of weight values from 
said hu'dw set of weight values; 

(iv)for each of said successor acts of weight values, 
4etemin-ing test outputs of a neural network 
having those waghts, when activated by prede-
termiaed inputs; 

(v) an.atyaing the merits of each of uid sucmsor 
arts of weight values based an hove well the test 

. outputs nonfarm to'predetemu'ncd outputs; 
(vi)selecting a ainsle .surviving set of weight values 

from among said successor sets of weight values 
based on, the relative mcnfts of said surviving set 
of wtaght values, said surviving sit . of weight 
values serving as an initial set; and 

vii) if the mcnks of said surviving yet of Weight 
values meet a threshold, treating  SRid surviving 
set of weight values as aflinal  set of weight va1-
ues; otherwise repeating steps Ciif-(vi) acing said 
surviving set of weights 'es i new kial sei of 
weight values; -and 

(b) implementing  said neural network with said final 
.. set of. weight values. 
Z. The method - of clam" 1 further eamprising eon-

straining said inttrconnection weight values to comply 
,with constraints that correspond to said selected appli-

ion. 
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