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Abstract

This paper presents and describes a pattern
recognition program with a relatively simple and
general basic structure upon which has been su-
perimposed a rather wide variety of techniques for
learning, or self-organization. The program at-
tempts to generalize n-tuple approaches to pattern
recognition, in which an n-tuple is a set of indi-
vidual cells or small pieces of patterns, and each
n-tuple is said to characterize an input pattern
when these pieces match it, as specified.

The program allows n-tuples to match when
only some of their parts match, and it allows
these parts to match even though they are not
precisely positioned (See Uhr, 1969b, for some
simple example programs). It further learns, in
a variety of ways: It searches for good weights
on its characterizers' implications, by re-weight-
ing as a function of feedback. It generates and
discovers new characterizers (and can therefore
begin with no characterizers at all), and discards
characterizers that prove to be poor (See Uhr
and Vossler, 1961, and Prather and Uhr, 1964). It
also uses a set of characterizers of characterizers,
to search for good parameter values that newly-
generated characterizers should have.

A detailed flow-chart-like "precis" descrip-

tion of the program is given, along with an ac-
tual listing. It is thus possible to examine ex-
actly what the program does, and how it does
it, and therefore to see how a wide variety of
learning mechanisms have been implemented in
a single pattern recognition program. But be-
cause it was coded in a "high-level" pattern-
matching and list-processing language the pro-
gram runs too slowly for extensive tests to be
practicable, Therefore only a brief listing of
output is given, to show that the program works
and begins to learn.
Descriptors: Learning, self-organization, induc-
tion, discovery, pattern recognition, learning to
learn, n-tuple recognition, characterizing char-
acterizers.

Introduction

Programs that have used n-tuples as their
characterizers appear to perform with the very
best of pattern recognition programs (for discus-
sions, see Uhr, 1963, 1969a; for a good recent
example, see Andrews, Atrubin, and Hu, 1968).
This is not surprising, for n-tuples are easily
handled by the digital computer. And although

they may appear simple, any possible charac-
terizer can be described as a sufficiently com-
plex and detailed n-tuple. What we don't know
is whether the n-tuple description of sufficiently
powerful characterizers would avoid being overly
cumbersome and ridiculously wasteful of storage
space and processing time.

Programs that use n-tuples either have them
designed by human beings and pre-programmed in
(e.g., Andrews, Atrubin, and Hu, 1968), or ran-
domly generate a fixed set of fixed-n-size n-
tuples (e.g., Bledsoe and Browning, 1959). An
interestingly simple generalization of this is the
following: Let the program begin with no char-
acterizers, but have it generate new character-
izers that are as simple as possible, and only
when needed. Thus the program might start by
generating one 1l-tuple, continue generating more
1-tuples as it finds itself continuing to choose
wrong names to assign to input patterns, and at
some point begin generating n+l-tuples, It further
should be assessing how well each characterizer
is working, by in effect conducting a running ex-
periment that examines its successes and failures,
This information should be used a) to weight the
importance of this characterizer's implications in
combining them for the decisions as to names to
choose, b) to decide whether a characterizer is
good and should therefore be used, or is bad and
should therefore be discarded, to be replaced by
another, and c) to gather information about gen-
eral types of characterizers, so that new charac-
terizers are generated that are similar in impor-
tant parameter values to characterizers that have
proved themselves good.

This paper describes a program that is a
first approximation to this simple, but hazy,
scheme of generating as few characterizers as
needed, keeping them as simple as possible,
but using what has been learned about charac-
terizers to direct the generation of new charac-
terizers, so that they will be similar in their
characteristics to good characterizers that have
been generated in the past.

The program has a second general purpose -
to puch deeper into techniques for learning char-
acterizers.

The basic structure of this program seems
to us extremely simple - the generation, when
needed, of the best new specific n-tuple of the
best general type possible, and the learning of
as much as possible. But when the program is
described or given in detail, as in the following
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pages, it inevitably sounds more complex - for
indeed it is more complex when forced to the
level of code for a discrete digital computer.
In order to get flexibility into our n-tuples so
that they need not be precisely positioned and
can be considered to match even though all
parts do not always match, extra details must
be added to the code. These in turn suggest
additional learning mechanisms that will search
for good values for this allowed wobbling and
threshold matching.

There are also several points at which we
simply evade quite subtle decisions that should
be made by the program: Should the program
spend more time adjusting the weights of its
present set of characterizers, or should it gen-
erate one or more new characterizers? This we
handle by having the program generate one new
characterizer per pattern, up to a fixed maximum
(also discarding characterizers found to be bad,
to make room for more). When the program
generates a new characterizer, should it be of
the same size n, or of size n+1? This we
handle by treating n-size as just another para-
meter, so that, as described below, the program
will choose the n for a new tuple as a func-
tion of the goodness of the tuples of different
n-size that have been generated so far. Thus
n is initialized to equal 1; the program will
keep tabs on the goodness of each n-size and
will generate tuples with an n-size that reflects
this goodness, but with some probability will
occasionally generate a new tuple of size n + 1.
This procedure is used for all parameters of
characterizers.

Precursors

As an introduction to the structure of our
program, let us consider the Bledsoe-Browning
pattern recognition program (1959), which was
among the first to use n-tuples randomly se-
lected from the input grid to recognize typed or
handwritten characters. For each n-tuple, the
possible pattern names having the same state
as the unknown input pattern are added into a
comparison tally. After all tuples are consid-
ered, the name that matches the unknown pat-
tern most closely (i.e., having the highest sum
of same-state n-tuples) is chosen as the name
of the input pattern.

Using the string manipulation language
SNOBOL, Uhr (1969b) coded a somewhat extended
version of the Bledsoe-Browning program. Uhr's
short program uses weighted implications, rather
than merely tallying them, and it allows varying
sizes for the n-tuples and for the individual
pieces of the n-tuples.

There are several weaknesses in this type
of program: It does not learn, so its perform-
ance remains only as good as the n-tuple

characterizers it starts with. N-tuples are rig-
idly positioned, and must match exactly and
entirely.

A Basic N-Tuple Pattern Recognition and
Learning Program '

Let's try to generalize the basic n-tuple pro-
gram. For example, the characterizer tuples
will be looked for one part at a time, instead of
all at once. Each tuple piece of the character-
izer n-tuple will contain pertinent information
about its expected location within the pattern
grid, its size, and the specific configuration
that should be found. Optionally, a tuple ‘part
will have no particular position specified, sig-
naling the program to look anywhere (presently
meaning from its current position on down) for
this tuple part. If a characterizer is matched,
its implied pattern names are put on a list of
found implications. When the same name is im-
plied by several characterizers, the separate
weights of implications are added together. The
tuples are allowed to be non-exclusive, so that
grid points in important locations (such as, per-
haps, the left edge of the grid) may reappear in
several characterizers.

This basic program will also have the abili-
ty to learn from its experience, by comparing its
chosen answer with the feedback giving the cor-
rect pattern name., If the program gave the right
answer, the memory is left as is, since it pro-
duced satisfactory results. But a wrong answer
calls for reweighting of implications in the char-
acterizers whose tuple configurations were
matched. The weights of implications of the
wrongly chosen name are decreased, and impli-
cations of the feedback name are increased. If
the answer was wrong the program will also gen-
erate a new characterizer using this wrongly
named input pattern. To do this, a random n-
tuple is extracted (n is chosen to reflect the
distribution of weights attached to the generated
values of n) from the input and assembled into
a characterizer which implies the correct feed-
back name. Each run has an upper limit to the
number of characterizers generated, to prevent
saturation of memory or unnecessary slowing of
processing time. Poor characterizers are dis-
carded, making room for new ones, when the
weights of all their implications fall below a
minimal acceptable level.

Characterization Over Variations

Presented with only standard, non-varying
instances (in a single type font, perhaps) of its
repertoire of patterns, it is no great problem for
a pattern recognition program to learn to recog-
nize a set of characters. But if patterns can
vary, even slightly, in position or shape from
time to time, then problems mushroom. Our
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program tries to handle this in several ways.

Wobbly Patterns

Each part of a tuple is allowed to wobble a
given horizontal distance to either side. (A
somewhat more limited capability for handling
vertical wobbling is the "anywhere" search men-
tioned previously, plus the fact that all tuple
part addresses are given relative to the last
position, wherever that may be. Uhr (1969b)
presents programs that also allow vertical wob-
ble.) In each characterizer tuple part there is
an explicitly given wobble which tells the pro-
gram just how big a hunk of the grid row it can
look in for the desired configuration. This al-
lowable wobble may vary from tuple piece to
piece, as learning has indicated was needed for
good performance. Thus if a desired configura-
tion was not found within the specified wobble,
but would have been found were the wobble
slightly larger, then the program remembers how
it almost found this characterizer. When feed-
back shows it chose the wrong name, if the
program finds that this almost-matched charac-
terizer would have implied the right answer, it
increases the wobble allowance to improve per-
formance.

Threshold Characterizers that Can Partially Match

Suppose that three parts of a 4-tuple were
found, but the other part was not. We would
like to allow use of the implications of this
nearly matched characterizer even though the
program did not find a perfect match. In order
to do this the program uses threshold matching,
where each part of a tuple has its own weight
to add into the tuple's sum of "foundness."
Each implication of the characterizer is preceded
by a threshold requirement which must be met by
the tuple sum before the implication may be
merged into the list of possible pattern names.
Thus one implication may require all but one
part of the tuple's configuration to be found,
where another implication of the same character-
izer might require a perfect match of all parts.

Compound Characterizers

Besides having a primitive sort of tuple con-
sisting of a set of 0-1 configurations to be
looked for at certain points on the pattern grid,
our program can also use compound characteri-
zers, where one or more of the tuple parts is
itself the name of another characterizer. The
program looks in the stated position (or else
"anywhere") for the name of the desired compo-
nent characterizer and treats this tuple part just
as any other. Now the program must add the
names of found characterizers to the input that
it is processing.

Compound characterizers are currently gen-
erated from primitive characterizers that are on
the list of characterizers found for this input.
There must be two or more such component char-
acterizers in order to generate a compound char-
acterizer. When the program decides to gener-
ate a compound characterizer, it chooses the
maximum number of parts to give the tuple.
Then the parts are pulled off the list of charac-
terizers found in this input, and the characteri-
zer is assembled as initially implying only the
feedback.

These compound characterizers are more gen-
eral than primitive characterizers in that a more
sophisticated set of pattern characteristics can
be represented by one tuple. Indeed, with com-
pound characterizers we approach a method for
learning stroke or feature recognition, where
primitive characterizers might represent the vari-
ous primary curves and lines, and the compound
characterizers could form the desired combina-
tions of strokes to imply the various patterns.
For example, if CHAR1 is the tuple describing a
small open-left curve, CHARZ is a long vertical
line, and CHAR3 is a large open-left curve,
then CHAR4 compounding CHARZ2 and CHARI
could imply the pattern "P" and CHAR5 coupling
CHAR2 and CHAR3 could imply "D".

Parameters That Characterize Characterizers

An important part of learning in humans is
generalization. In order to enable our program
to, in effect, "generalize" on what it has
learned and thus perform better, we have given
it an expandable set of parameters or character-
izer traits. For each trait (such as the number
of parts, or their closeness, or their maximum
horizontal spread), a value can be computed for
every characterizer. With every characterizer
there is associated a list of this characterizer's
value for each trait. In addition we keep a
common traits list of all traits and all values
that have been generated and used for them. A
weight is associated with each value for each
trait. For example, suppose the program gives
a wrong name for an input pattern on the basis
of found characterizer N. Then after the im-
plication weight of the wrong name in CHAR N
is decreased, the program goes through the trait
list of CHAR N and, for every trait, downweights
CHAR N's value for that trait in the common
trait list. In particular, if CHAR N's value for
VERTSPRED (vertical point spread) is "1", then
our program will look for the value "1" under
the trait VERTSPRED in the general characterizer
traits list, and decrease the "goodness weight"
of the value "1",

When upweighting a good characterizer's
trait values, the program also enters (if not
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already there) on each trait value list a slightly
larger parameter value. In this way it broadens
the range of parameter values that will be used
to generate new characterizers. The value and
goodness weight information in the general
traits list is used when a new characterizer is
generated. The program tries to generate the
new characterizer tuple within the framework of
what the program has already learned; currently
it uses the three traits necessary to control the
basic generation (tuple size, piece size, wob-
ble) plus a fourth chosen randomly from the
other possible traits (currently, these are hori-
zontal spread, vertical spread, average close-
ness of parts, number of parts on the edge of
the grid, and compound or primitive)., A de-
sired value for the new characterizer is chosen
with a probability that reflects the weights as-
sociated with the various possible values of the
trait. The program tries several times to find a
randomly positioned tuple which will have this
same value. Thus the program generalizes on
what it has learned, in that if a value of "6"
for VERTSPRED has been upweighted several
times, the program may decide that this is a
good value to try for in a new characterizer.
(For further details, see functions TRAITWT and
PROBCHOOSE and the section labeled PRIMITIVE
in the precis and the code.)

The Complete Program

The preceding sections describe independent
features, any or all of which could be added to
a basic learning program to create a complete
program., The final program containing all the
features is described at the end of this section.
As might be expected, the characterizers for
this final program have become fairly complex.
As an example,

CHARO = "D=0.1.1%0-2,5,3.4%01-1,/"

. "I=3%1,2,1%T.1,/"

. "P=CHAR4,/T=TRO/L=5.4/"

means the following:

"Description=at row 0, column 1 look in the
next 1 position for the string "0", adding 2 to
the tuple sum of weights on success; 5 rows
down and 3 cols. over look in the next 4 posi-
tions for the string "01", adding 1 to the tuple
sum on success/Implications=if sum > 3 then
imply I with weight 2; if sum > 1 imply T with
weight 1/CHARO is Part of the compound
CHAR4/Trait list name=TRO/Last tuple part's
absolute address is row 5, col. 4/".

An outline of the program's operation fol-
lows.

Detailed Description of Program

*PRECIS FOR NTUPLE
LEARNING PROGRAM.

INITIZE

Initialize MEMORY (can be null), any

CHARacterizers and their TRait lists,

and the general CHaracterizerTRAITS

value list.
PAR :

Initialize PARAMeterS (values for

INCrement, DECrement, INItial

THRESHold, INITial WeighT, GOOD,

BAD, PROBability of COMPOUND

characterizer generation), EDGEDOTS

to allow "wobbling" room around in-
put pattern,
IN

READ in the matrix, ROW by ROW,
putting an EDGE on each side to
allow for the maximum current
WOBbLe, and maintaining the
current COLumnSIZE.

READ in the FeedBacK (marked by
'%%%') and any PARAMeter CHANGE
(marked by '$'), if given. If no
more cards, go to END.

RECOGNIZE

Initialize FOUND implication list,

FOUNDCHARacterizerS list, a copy

of MEMory, ROWSIZE, GRIDSIZE.

R1

Blank out IMPLIST of implications
whose threshold requirements
are met.,

Get the next CHARacterizer and
its CNumber from MEM. If no
more characterizers, go to DENY.

Get the DESCRiption of CHAR, its
IMPLIED patterns, and the COM-
POUNDS that CHAR is part of.

R3

Pick off THIS piece, its WeighT,

and its POSition from DESCR. If

no more parts, go to R2.
RR2

If POS includes relative DROW and

DCOL numbers and a MASK size,

compute the absolute DROW loca-

tion and go to RRé6 to look for

THIS positioned piece.

RR3

Otherwise look 'ANYWHERE' for

THIS, starting at the current Begin

ROW,. 1If find THIS, go to R4R.
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Number

17-31

32-38

39-50

51-56

57

58-59
60-62

63-65

66-69

70-72



Statement

DENY
Erase from FOUNDCHARS any
characterizers whose implica-
tions are DENIED by a compound
characterizer.

IMPLY
Merge all the remaining implica-
tions from FOUNDCHARS into a
FOUND list.

CHOOSE
Choose as HINAME the NAME on
FOUND with the HIghest WeighT.

OouT
PRINT out HINAME.

_Number_
R3R 73
If the ANYWHERE search fails, make
the next tuple part apply ANYWHERE,
too (by erasing its position). Go to
R3.
R4R 74
Set this Row as the Begin ROW for
future search.
If THIS is followed by BCOLumn 75
and WeiGhT information at the
RIGHT, we are working with a
compound characterizer; go to RR4.
Otherwise compute the BeginCOL for 76
future search and go to R3.
RR4 T

If the WeiGhT of THIS piece meets
the threshold WeighT requirement for
this compound characterizer part, add
the WeiGhT to the SUM of implica-
tions. Go to R3.

RR6

Finish computing the absolute
DCOLumn position to look at for
THIS piece. Look first for THIS
as a compound tuple part with its
DColumn and WeiGhT information;
if don't find it, go to RR7.

If DC was within the WobBle allow-
ance, reset BROW and BCOL, add
WGT to SUM, and go to R3., Other-
wise, if a little bigger WobBLe
allowance would have given a
match, record this NEARMISS.
to RR8.

RR7

Look for THIS positioned primitive

tuple part. If no match, see if a

little more wobble gives a NEAR-

MISS.

RR8

Set new BROW and BCOL for next

search and go to R3.
R2

Make IMPLIST of implications whose
THReshold weight requirements were

met.

R5A

Record NEARMISSes on ALMOSTFOUND

characterizers list.
R5 ’

If IMPLIST is not empty put on
FOUNDCHARacterizerS this CHAR
and its information.

If CHAR is part of a larger compound, 99-104
mark it found in the input matrix
and put the COMPOUNDS on MEM
to look at later. Go to RIl.

78-80

81-84

Go

85-91

92-93

94-95

96-97

98

If there was no FeedBacK or if

HINAME was right, go to IN.

Otherwise, answer was wrong.
REWEIGHT

Pick off the next CHARacterizer
from the FCopy of FOUNDCHARS.
If no more CHARs, go to ADJust
wobbles.

If the wrong HINAME is IMPLIED
by this CHAR, downweight the
implication or erase it if the
reduced weight is BAD.

C7

For each trait, give this bad
CHARacterizer's trait value a
DECrement on the main CHaracter
TRAITS list.

If all implications are erased for
this CHAR, erase it from MEMORY
and go to REWEIGHT.

C4

If FeedBacK was not IMPLIED by

this found CHAR, add it to im-

plications and go to REWEIGHT.

Otherwise,

C5

upweight the implication of FBK

in CHAR. For each trait, give

this good CHAR's value an INCre-
ment on the main CHTRAITS list.

Go to REWEIGHT.

ADJUST

Pick off the next CHARacterizer
which was ALMOSTFOUND. If
no more, go to GENERATE a new
characterizer.

If this CHARacterizer IMPLIED
FBK but not the wrong HINAME,
enlarge the mask for the parts
WHICH would have given a match.

Make sure this CHARacterizer's TRait
list contains the maximum wobble
value of its parts.
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Statement

Number

105-106

107-111

112-116

117-122

123-124

125-130

131

132-134

135-136

137-138

139-140

141-150

151-156



GENERATE

If there are already enough char-
acterizers (i.e. no more TOGEN-
erate), go to IN.

Get the number of the new charac-
terizer and decide if it should be
compound. If not, go to PRIMI-
TIVE generation,

COMPOUND

Choose the number of PARTS the

new characterizer should have.

Make an FCopy of FOUNDCHARS

to choose from.

CGl1

Get the next found CHaracterizer
from FC. If no more, go to
CG2. Keep TUP count of how
many parts are got from FC.

Get the LASTPART location of CH
and insert it in order into the
DESCRiption of the new com-
pound characterizer,

Add to the new IMPlication LIST
the denial of this component
CHaracterizer's implications.

Keep a list of the PRIMitive
PARTS in order to later insert
this new characterizer in their
COMPOUNDS lists.

Keep the largest WoBble value of
any part of the compound
‘stored as WBL,

Keep the largest Piece size of any
part of the compound stored as
PC.

CG2
If there were less than 2 com-
ponents in FC, go to PRIMITIVE.
CG3

Assemble the final DESCRiption
with relative positions, noting
the LASTPART.

Initialize TRait list for new com-
pound characterizer. Assemble
the characterizer.

CG5

Mark each component character-

izer as part of this compound

characterizer. Go to Gé6.
PRIMITIVE .

Make a rearranged COPYTRAITS
of CHTRAITS so as to cycle
through traits used to influence
primitive tuple generation.

According to the value probabili-
ties in COPYTRAITS, choose the
necessary values for characterizer

Statement
Number

157-158

159-160

161-169

170-171

172-173

174

175

176-177

178-180

181-182

183-191

192-193

194-196

197-199

200-202

generation (TUPle size, PieCe
size, WobBLe).

Initialize the new TRait list with
these values.

Get a desired TRYVALue for
another TRait. Will TRY to
generate a tuple with the same
VALue. '

GENTUP

Create a relatively-ordered random
TUP-tuple ordered by rows, and
calculate its VALue for the chosen
TRait.

If VAL equals the TRYVAL, or if 5
TRYs failed, go to G4. Other-
wise go to GENTUP and TRY
again,

G4
Assemble the primitive character-
izer.

G6

Complete the new characterizer's
TRait list, computing values for
all other traits.

Add the new characterizer to
MEMORY., Go to IN.

*Begin routines to calculate the various

trait values for the relatively-
addressed tuple in DESCR,
HOROSPRED
calculates the maximum number of
columns between the leftmost and
rightmost parts of the tuple.
VERTSPRED
calculates the maximum number of
rows between the topmost and
bottommost parts of the tuple.
GRIDEDGE
calculates the number of parts in
the tuple which lie on the edge
of the input pattern., VAL is
normalized over 10,
PROXIM
calculates the sum of absolute
differences between corresponding
digits in all possible pairs of
tuple parts.
COMPOUND
returns 'YES' or 'NO', according
to whether the tuple is a com-
pound or primitive characterizer.

Discussion

Statement
Number

203

204-207

208-210

211-212

213-216

217-218

219-227

228-231

232-242

243-256

257-259

This paper briefly describes the various

features of-our program.

It then gives a de-

tailed flow-chart-like "precis" that refers by
number to the actual program statements being
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described. The program itself is given in the
Appendix. Thus the reader can examine exactly

what has been done to implement any of the
aspects of the program about which he is curi-
ous. This seems to us of crucial importance:
if the program can be used to document itself
there is no need for lengthy and usually mis-
leading descriptions and discussions,

The program listing is too long and complex
to be followed with ease, even by someone who
knows SNOBOL; but it should give an idea of
what's going on to the casual observer, and
those parts in which the reader is interested
enough to make some effort should become un-
derstandable, SNOBOL is a very simple lan-
guage in its basic conception, for its programs
are built up from sets of production and re-
placement statements (of the sort "Let A = B;
Look for C on A and, if it's found, replace it
by B), tied together by labels and gotos. A
brief description of SNOBOL is given in the
Appendix.

This program was written to examine
whether a wide variety of learning methods
could be implemented together in a single pat-
tern recognition program. Using the language
SNOBOL allowed us to code a relatively power-
ful, yet short, program. However, the program
runs too slowly to make extensive tests of its
abilities to learn and achieve interesting asymp-
totic performance levels., We therefore give
only a brief listing of a short run, to indicate
that the program works, and that it at least be-
gins to learn. The program will be recoded in
a faster language if we decide to make more
extensive tests,

Further developments might be to have the
program try to learn good weights of character-
izer tuple parts and the thresholds required to
imply a pattern name. We would also like it
to generate new parameters with which to char-
acterize its characterizers (see Uhr, 1969b),

Summary

The program described in this paper at-
tempts to combine a very simple basic pattern
recognition scheme with a wide variety of
powerful learning mechanisms. The program at-
tempts 1) to generate its own n-tuple charac-
terizers as needed, and to adjust their weights
as a function of feedback, 2) to decide what
type of characterizer to generate, and 3) to
learn what are good general characteristics of
characterizers. It can further decide 4) whether
and how to modify any particular characterizer
that it is evaluating. These decisions are all
made within the framework of a program that
tries to recognize patterns with as small a set
of characterizers that are as simple as possible,

It therefore starts out with no characterizers,
and generates other characterizers which are as
simple as it has been able to get away with and
which fall within the range of what the program
conjectures to be optimal values for the charac-
teristics of characterizers. In terms of charac-
terizer size, this means the program starts out
generating l-tuples and then, to the extent that
feedback indicates that it must improve upon its
performance, 2-tuples, 3-tuples, and n+l-tuples.
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Appendix

A Brief Description of SNOBOL

SNOBOL is a "pattern matching" language
that turns out to be quite convenient for handl-
ing list structures and networks of information,
using push-down stacks, indirection, and recur-
sive programming. Its syntax is extremely sim-
ple, as follows:

SNOBOL programs are built up of two basic
types of statements:

1) Assignment statements that assign a name to
a pattern of strings,
e.g. DESCRIPTION = '001100'
CHARACTERIZER = DESCRIPTION '='
IMPLIEDS '/*
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2) Replacement statements that find patterns on
a string and (if they are found) replace them by
another pattern,

e.g. FOUND THIS '-' *SUM* ',' =

. THIS '-' SUM + '1' ',"'

These statements have several components:
a) the "name" of the string to be processed, b)
the "pattern" which is a sequence of 1) "names
(e.g. IMPLIEDS, FOUND, THIS) which refer to
and stand for their contents, 2) "literals
(e.g."'='") which stand for themselves, and 3)
"variable names" (e.g. "*SUM#%*"), which are
assigned contents during the execution of the
statement, if the program succeeds in matching
the pattern somewhere in the named string. A
variable name can be subscripted with a number
that fixes its length (e.g. *THIS/'2'*% or
*THIS/SIZE* where SIZE contains an integer).

In the two examples of assignment state-
ments above, DESCRIPTION is made the name of
the string whose literal contents are '001100',
and then 001100 is put at the beginning of the
string named CHARACTERIZER, since the name
DESCRIPTION refers to its contents. If another
assignment statement, 001100 = 'EDGE ', were
coded, then the indirect reference symbol dollar
sign ($) preceding the name $DESCRIPTION
would put EDGE, not 001100, on CHARACTERIZER.

The end of the pattern-to-be-matched is
marked by the equal sign (=) without quotes
around it, and this also marks the beginning of
the replacement pattern. The first string of a
statement is always the name; all subsequent
strings up to the equal sign form the pattern-
to-be-matched, and all strings after the equal
sign form the replacement pattern (if the left-
hand pattern succeeded).

A statement can be surrounded by "labels"
and "gotos" which control the flow of the program.
A "label" is a string that always begins in column
1. A "goto" comes after the statement, is sig-
naled by a slash, and is of the form /(INPUT) or
/S(INPUT) or /F(INPUT) or /S(INPUT)F(PROCESS),
where S means transfer on success, F means
transfer on failure, and no letter after the slash
means unconditional transfer. (The goto must, of
course, always refer to a label.) When there
are no gotos, the program goes to the next
statement in sequence.

Arithmetic is performed within these state-
ments by using +,-,%, and / (and *%* for ex-
ponentiation). Numbers must be referred to
either as literals or as contents of lists (as in
SUM + '1' above, which will add one to the
number stored in SUM). A number of built-in
functions can be used to test for inequalities:
.GT(A, B), .LT(A,B),.GE(A,B), .LE(A,B),
.EQ(A,B) and EQUALS(A,B) (which is string-
matching equality). The command ".READ" will
read in one data card, and ".PRINT =" will

print out the pattern that follows.

An asterisk (%) in column 1 denotes a com-
ment card, which the compiler will ignore. A
period (.) in column 1 indicates that this card
continues the statement on the preceding card
(statements can use only 72 columns, whereas
the data cards that follow the program can use
all 80 columns). A program ends with an END
card (END starts in column 1) that also contains
the label of the -first statement to be executed.

The basic pattern match goes from left to
right. The compiler looks for the next match of
each element of the pattern (ignoring variable
names, which will be assigned to the strings
that lie between the matched elements - the
literals and names with contents). If no match
is found, it backtracks to break the assignment
of the previously matched element, and looks
for its next match, continuing this until either
the last element matches or the first element
fails, Success or failure in the gotos is con-
tingent upon either this match or one of the
functions. The programmer can define and code
his own functions, and do a number of other
powerful things not discussed here.

A simple program for information retrieval
follows.

*EXAMPLE PROGRAM, A SIMPLE PROGRAM TO
*DO 'INFORMATION RETRIEVAL" FOLLOWS:
GO DOCUMENTS = 'RIVERS=D1,D3,D8,/' Ml

. 'LAKES=D3, D5, /SPAIN=D3,D8, D11, "
. 'D17,/"
IN .READ *QUERY* ' '/F(END) 1
ASK QUERY *DESCRIPTOR* ',' = /F(IN) 2
DOCUMENTS DESCRIPTOR '=' 3
. %PERTINENT* '/' /F(ASK)
.PRINT = DESCRIPTOR ' IS ' 4

. 'DISCUSSED IN ' PERTINENT /(ASK)

END GO ' -

RIVERS, SPAIN , MOUNTAINS, D1

((Query to be input, on data card))

*PRECIS - AN ENGLISH DESCRIPTION OF

*ABOVE INFORMATION RETRIEVAL PROGRAM.

GO Let DOCUMENTS contain the de- M1
scriptors, followed by pertinent
documents.

IN READ in the next QUERY (which is 1
a list of descriptors)

ASK Get the next DESCRIPTOR from the 2
QUERY. (If no more, Fail to ASK.)
From DOCUMENTS, get PERTINENT 3
ones if the DESCRIPTOR is found.
PRINT out the DESCRIPTOR and the 4
PERTINENT documents.

END GO =
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Figure 1. Program Flowchart
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UNIVERSITY OF WISCONSIN

COMPUTER SCIENCES DEPARTMENT
IMPLEMENTATION OF SNOBOL

VERSION 3.0 8/1/67

___03/08/69 0223 =24

BEGIN NODF(SDUMPt) 1
QUTRUT(ZRPRINTZ42612) 2
READ (#READ#+260%#) 3
e DEFINE(2ROAORDER(PTeLIST)#2e2RONQRDERA,ZROWeCOLsRagoLEFT2) 4
DEFINE (ZTRAITWT (TNeDX)#9#T1#) 5
e DEFINE(#RANTUP(LIST) 2,2RT#) S — 6
DEFINE (#PROBCHOUSE (T) 29#2PROBCH#) 7
—_—  DEFINE{EABSVAL(K)£eENABSVALE) 8
NEF INE (#TUPLEDESCR(ToP) #4#01#42R0W,COL#) 9
. _DEFINE(ZLARGEST(TR) 2+ 2LARGEST#) 10
DEFINE (2SECS(T) #92SEC#9#HaM9S#) 11
— CEFINE(2PRINTTS(CoS) #92PRINT 752,251 #) — 12
READ #TLIM® #  # 13
PRINT = 2 TLIM = # T _IM 14
GINTIME = SECS(TIME()) 15
b PRINT =% BEGINTIME = % BEGINTIME 16
READ #FLAGH # £ /r (END) S ($FLAG) 17
—# READ CARDS wITH_ INFQO SAVED FROM [AST RUN -
READFILE READ #[HP# /F (PAR4) 18
———— NP 28552 /S (PARG) 19
INP #NAME# g==zg #INP# 20
INPUT = INPUT INP o T — o 21
[NPUT #InNP# 23%2 /F(REAUFILh) 22
PO BLANK #[NPUT#* S — A — I ——— 23
FNAME = asNAME INP / (READFILE) 264
e IMITYIZE  MEMORY. = 25
N = #£0%# 26
o CHTRAITS = #PIECE(9l=19)/TUPSIZE (92=14)/%/HOROSPREN(93=]9) /# 27
. ZVERTSPRED (93=19) /GRINDEVGE (95=14) /PROXIM(94=19)/#
PO 2COMPOUND («NO=114) /0wUBBLE (9 0=10) /2 o [ B S
TOGEN = #2)# 28
Y PARA4 . PRINT_= 2INITIAL_ MEMORYE 29
PaR3 KN = LT(KNyN) KN & 21# /F(PAR) 30
PRINTYS((tgHARt Kn) 9 b (£CHAR#F KN) )./ (RPAR3) . : 31
PaR PARAMS = *[NL(1)/nEc(-1)/INITHRESH(Z)/leTwT(S)/# 32
26000 (10) /BAD (0) /PRUBCAOMPOUND (2) /# e o
s INITIALTZE PARAMS TO THEIR VALDS
e = CORY R RARAMS. - 33
PARl COPy sxw# #(# #y#t #)/# = /F (PAR2) 34
TA = Y /(PAR]) . — e -
PLR? ['_UGEUQ[% S Feeecacesrant? /({N) 36
PCH PARAMCHANGE #PAR# =z #X# - _ 37
FPAR = X ‘38
ISR, {TS— COLSIZE = #0# _ . __ S —— - 39
PRIMT = #INPUT PATTERNZ 40
# IF aMOST Tu EML OF TIME LIMIT SAVE INFO LEARNED - R
X = SECS(TIME()) = SEGINTIME 41
«GUE (Xe TLIM) /S(KEEPFILE) 42
# FIND LARGEST POSSIBLE #0OBBuE TO PUT ON FDGES
e A0BL = LARGEST(#WUBBLEZ) S — W e e Y
FOGENOTS #EDGE/wWORL¥ 44
Il READ #IMNROwW # # /F(KEEPFILE) 45
TNROw #irdrteg #FQK# /S (RECOGNLZE) 46
# CAll RFAR IM NEW PARAM VALUL WITH STMT OF FORM )PARAMNAME==#)NEWVALUEZ# -
ITWKOW b2 #PARAMCHANGE® /S(PCH) 47
fF(2ROwE COLSLLE) = EDGE INROW EDGE 48
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% END OF THIS CHARACTERIZER _ : L PR S
* MAKE IMPLIST OF IMPLICS. wHUSt THRESHOLH wTe REQUIREMENTS WERE MET

-391-

PRINT = 2 £ b (#KOW# COLSIZE) 49
COLSIZE = COLSIZE + #1# /([]) .50 -
Htcubwllt FOUND = #eUNKNQWN=0o# 51
PRINT = #FEEDBACK = # FHK 52
MEM = MEMORY 53
e HLANK #FQUNDCHARS#. ) — e B4
KOWSIZE = SIZE(ROQWL) = #2% % SIZF (£NGE) 55
GRIDSIZE = ROWSIZE # COLSI/ZE - 56
R1 HLANK #]1MPLIST# 57
MEM S X/F4EE BCNR EeF 58
MEM #CHAR® #£9# = /F(DENY) 59
S $CHAR #Ds=# “DESCR* #/1=# #IMpLIED* 2/P=% #COMPOQUNNSH* 2/%# 60
- ACLUMULATE SuM OF IMPLICS. UF EACH PART
SuM = ¥0z 6l
RLANK #8ROW# #RCOL%* #NEARMISS# #wWwHICH#* 62
K3 NESCR #POS# ##2 #THISH #F=% #WT* 24¢ = /F(R2) 63 -
HLANK #| S #R5% 664
s O . wHICH = wdICH + 212 . e ——es
RRg POS #DROwW# #e# #DCOL¥ t.: *MASK# /s(upq) 66
DROA = #ANYAWHEREZ 7/ (RAD) 67
RRS DROW = DROW + HRUW 75 (RKe) i 68
¥ ADDITTION FAILS wHEN DROW = #ANYWHERE#. START LOOKING IN ROW BROW
RAS R = BROW = #1# 69
#* FANYWHERE#2 SEARCH. e S R ——
RR3 LT(RyCOLSIZE = #1#) /F(R3R) 70
R = R « gl# A .
§(2ROWE R) #LEFT# THIS ¥RIGHT# ,F (RR3)S (R4R) 12
¥ SINCE THIS #ANYWHERE# SEARCH FAILED MAKE NEXT TUPLE PART APPLY ANYWHER L
R3R NESCR #ROWCOL® ### = ##F /(R3) 73
% FOUND TrIS PART, SET THIS Ruw AS New BEGINROW FOR FUTURE SEARCH -
R4R HROw = R T4
RIGHT ANCHOR() #/(# #gCOL%® Z«#F #WETH #)# /S(RKg) 75 -
ACOL = STZE(LEFT) = SIZE(EDGE) /(R3) 76
# SEE IF wGT OF TwIS FOUND PRIMITIVE CHARACTERIZER IS ABOVE THE _
# THRESHOLD NEEDED AS PART OF THE COMPOUN() CHAR
. RR&  SUM = GE(WGTewT) SUM + WwGT /(R3). o B R & 2
# LOOK FOR (RELAVIVELY) POSITIONED THIS PIECE
RR6 CCOL = DCOL + BCOL 78
# FIND CURKRENT wOHHBLE STZE FUR THIS CHARACTERIZER
$£(£TRZ CN) #WOBBLE (¥ #wH|#* #)# - 19
# LOOK FOR COMPOUND TUPLE PART wITH ITS INFO
e S (FROWE _DROW) THIS £/ (# #0OCH #=2 ®WGTH_ 2)# /F(RRT) . S | |
LCOL = JGE(WBLyABSVAL (DC = 0OcOL)) NC /S(RR9) 81
_#% SEE TF MORE WOBBLE WQULD GLVE MATCH S —— . ] -
NEARM]ISS = +GE(WRL * #1#s ABSVALI(DC = pcoL) ) EARMISS WHICH #e% 82
/ (RR3) . I
M SET THIS AS NEW STARTING Pl. FUR FUTURE SEAPCH
. RRQ_ . ___BRQOW = UROW_. .. .. I g— — o - 83
RCOL = DCOL /(RRa) 84
#*_IF WONT GO UFF EDGES OF GRiLDe LOOK. AT LEFT + RIGHT SIPES OF MASK TOO PR —
RR7 LS = +GT(DCOL + SIZL(EDGE) 9#0#) #1%# 85
en e RS = ,LT(DCOL + MASK « SIZE(EDGE)STZFE(ROW1)) #1# 86
" LOOK FOR POSTTIONED PRIMITIVE TUPLE PART
RR11] £ (£ROWZ QROW) _ANCHOK.() *| EFT/(DCOL_¢ SIZE(EPGE) = (S)% —8r
N #l/Ls# ¥GLANCE/MASK® #R/Rs#  /F (RR8)
. _GLANCE THIS /S(RRl0) ) ) B8
® SEE 1F MORE WOBHLE wOuLD GIVE MATCH
T (L GLANCE R)_THIS /F (RR8) = .. — - . R9
NEARMISS = NEARMISS WHICH #e¢# 7/ (RRg) ; 90
RR1Q SUM s SUM +_ WT . 91
# SET MEW STARTING POINT FOK SEARCH (EVLN IF DID NOT FIND THIS PART)
RR8  RROW = «GE(DROWs#0#) DROW __92
RCOL = +GE(DCOLe#0#) DCOL /(R3) 93



R2 IMPLIED #THR®# ### #IMP% #4# = /F (RSA) . 94

IMPLIST = .GE(SUMeTHR) IMPLIST IMP #4% /(R2) 95
% SEE IF HAD ANY NEARMISSES .
12% /F(RS) Q8
ALMOSTFOUND = .GT(SIZE(IMPLLST)o#l#) ALMOSTFOUND CHAR #=# 97
_NEARMISS ##,.# [MPLIST #/%#

# IF ANY PART MATCHED (AND GUT ON IMPLIST) PUT ON FOUNDCHARS

+# TuIQ,rHAD AND ITS INFO i3

RS FOUNDCHARS = «GT (SIZE(IMPLIST) 9#1#) FOUNDCHARS CHAR #¢# CN 98
#ug SUM g, [MPLIST #/3 /F(R])

w IF THIS CHAR IS PART OF A LARGER COMPOUND » MARK IT FOUND IN

_# CURRENT POSITION ROW QF INPUT
COMPOUNDS #X/#1#%# /F (R1) 99

e $(#ROw# BROwW) = $(#ROwW# BROW) CHAR #/(# BCOL #w# SUM 2)# 100
% IF NOT ALREADY THERE ADD ONTO MEM THE CHARACTERIZERS OF WHICHTHIS CHAR
# 1S A COMPOUND PART TO LOOK AT LATER

R4 COMPOUNDS #CH#* #¢# = /F (R1) 101
MEM CH #¢# /S(R4) 102
FOUNDCHARS CH #.# /S(R4) 103
__MEM = MEM CH #a% /(R&) 106
# ERASE ANY DENIED CHARS
HEN! FOUNDCHARS #%# nLNIEn 2e#2 = /F(IMPLY) 108
FOUNDCHARS DENIED #e# #X# #/% = /(DENY) 106
IMPLY FC = FOUNDCHARS 107
R6 FC #CH% #=¢# #IMPLIED® #/# = /F (CHOOSE) ’ 108
RT IMPLIED #NAMES® #.# #wT® £¢% = /F(R6) 109
FOUND #9# NAME #a# ®SUM® #4% = #,# NAME #«# SUM + WT #4# /S(RT7) 110
EQUND = #e# NAME #=¢ WT FQUND /(R7) 111
CHOOSE FOUND #9# #HINAME®# #ez #HIWT® #,# = 112
€l FOUND #NAME# #e=z #wlw 42 = sF(OQUT) 113
«GT(WToHIWT) /F(C1) 114
. HINAME = NAME_ 118
FIWT = WT /Z(C1) 116.
QUT PRINT = 21T IS £ HINAME 112

# tVALuATE ANSWER

. FBK_#X/F1#® _/F(IN)_ TS —— | | - T

EQUALS (FBKyHINAME) /S (IN) 119
% ANSWER WAS WRONG.. e o e e s i

FC = 0UNDCHAR§ 120
—  PRINT = #REWFIGHTED CHARACTERIZERSy 121
CHAR = 122

_ REWEIGHT +GT(SIZE(CHAR) ¢#1%#) PRINT7S(CHARe®CHAR) 123
FC #CHAR# #,# #CN# #u#zg #SUM® 2=y #«IMPLIED®# #/# = /F(ADJ) 124

—— SEE 1F-HINAME WAS AMONG IMPLICS. . . . — B
IMPLIEDC #9% HINAME #o# ¥wT# #4% /F(c4) 125

# DOwWNWEIGHT THE IMPLIC, OF nINAME

WT = +GT(WTeBAD *+ #1#) WT = #1# /S(C6) 126

— % ERASE HINAMEs BECAUSE IMPLICe WTe WOULD NOW BE S BAD S —
BCHAR #[=% #x¥ £4% H[NAME #.¥# %WTH #4# = #][=2 127

% 1F THERE IS ANOTHER IMPLICe IN X, PICK THRESH WT OF HINAME OFF END
* AMD REPLACE X AFTER #1=%#

X oGT(SIZE(X)9232) ¥ EFT/(SIZE(X) = 232)% Y& o2 ¢l p® 128
. = LEFT Y #4# /F(CT)
: _3CHAR #I=% = #lz# X /(C7). e e S e e e . 129
# REPLACE HINAME JMPLICe WT WITH REDUEED WT.
- cb . BCHAR 2I=# #X# ##F HINAME #a% #OLNDWT® #e#¢ = 130

#l=# x ### HINAME #,# WT #¢#
e ® FOR EACH TRAITs GIVE THIS baD. CHARACTERIZERS VALUF A DFECREMENT
* ON THE MAIN EVALUATION LIST

c? TRAITWT(CNsDEC) RSN L ) (.
# IF NO MORE IMPLICS FOR THIS TUPLE ERASE CHAR FROM MEMORY
BCHAR #X% #I=/# #Y# = /F(C4) —— SE——— 132
TOGEN = TOGEN + #1# 133
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VEMORY CHAR #9%# = /(RFwWEIGHT) 134
* IF FBK wAS NOT AMOMU IMPLICSe ADD IT R
Ca TMPLIED #+# FBK #4# /S(C5) 135
- $CHAR #[=2 = #I=# INLIHRESH ### FBK #,# INLIwl 292 /(REWEIGHT) 136
» UPNPIGHT THE [MPLICs OF FHAR
(o], BCHAR #[=2 #X# FRK #e# YWTH# Z42 = #7122 X FBK #e# WT ¢ #1# #£.# 137
# UPWETIGHT THIS CHARS VALUE [N MATN CHARTRATTS LIST
TRATTWI(CNY INC) / (REWFJGHT) 138
ALY PRIMT = #wOBLLE=ADJUSTED CHARACTERTIZERS# 139
_..% INCREASE ANY wOHBLE THAT wOulLD HAVE IMPROVED PERFORMAMCE. . . R —
ALJUST ALMOSTFOQUND #CHAR% F#=# #wHICH® ### #[MPLIED® #/% = /F(bENERATE) 140
# SEE TF THIS CHAR IMPLIED FbK gUT NOT WRONG HINAME -
IMPLIED #9# FBK #=% /F(ADJUST) 141
IMPLIED #e2 HINMAME #-2 /S(ADJUST) 142
# INCREASE wHL FOR THE wHICH PARTS OF CHARs SO WOULD HAVE SUCCEEDED
SALL RLANK #LEFT# . I 143
MAXwHL = #0# 144
FCHAR #Ds# #DESCR# #/# #xX# #/T=z #TR# #/%# 145
ADL3 wHICH #wW# #.# = /F (KEPLACE) 146
AL2 CESCR #PART# #4# = 147
W= W = 1% 148
. . LEFT = oGT(we#0#£) LEFT PART 2e# /S(AD2). . _ . - I
» INCRFASE NOBBLE OF THIS PAKT BY ADDING 2 TO MASK SIZE
PART #ROw# #¢# HCOL¥ #o# ¥MASKSH #¥3z #THIS® #=% = 150
ROW #2e# COL = #£1# #e# MASK ¢ #£22 ##z THIS #a¢#
M KEEP LARGEST wORBLE OF THI> CHAR IN MAXWRL o
THISWBL = (MASK ¢ #2# = SIZE(THIS)) / #2%# 151
MAXWHL = oGT(THISWHLyMAXWHL) THISWBL S . _ 152
CESCR = LEFT PART #9% DESCR /(AD3) 153
# PUT ADJUSTED DESCRIPTION HACK IN CHAR
REPLACE $CHAR #D=# #OLODESCK¥* #/# = #Ds# (FSCR #/% 154
# MAKE SURE TR CONTAINS MAX wUBBLE OF CHARS PARTS -
$TR 2w0OBKLE (#  #*apL¥ #£)# = «GT(MAXWRLyWHL) #wOBBLF(¢ MAXWRL #)# 155
e PRINITS(CHAR S SCHAR) / (ALJUST). S S —— SN |
GFNLRATE JOT(TOGENy20%) /F (1N 157
: TOGEN = TOGEM = #1# 158
# GET MNUMRER OF NEW CHARACTEKRIZER
N =N+ 212 ~ 1%
# DECIDE wWHETHER TO GENERATE COMPOUND OR PRIMITIVE CHARACTERIzER
e aLE(aRANF (210#) + PROBCOMPOUND) /FE(PRIMITIVE) . 160
e COMPnUND GENERATION
CUMPOWND COPYTRAITS = CHTRAITS e _ 161
COPYTRAITS #WUBKHLE (# #X% #)/3 = 162
COPYTRAITS #PIECE(# #X% #)/# = e 163
* ERASE ABOVE SO wONT TRY TO CALCULATE TRAIT valL LATER
—— o _PARIS = PROBCHOUSE(#TUPSIZE#) . ____ 164
PARTS = LLE(PARTS,#l2) #2%# 165
I FC = FOUNDCHARS . I } . 166
BLANK #IMPLISTs# #DESCR# wTUPH #PC* *PREROWS 167
__ BLANK #PRECOL%* #PRIMPARTS# S 168
whBlL = #0# 169
cGl EC #CH# #£,% #CN®# #9F #X¥% #2/# = /F(CG2) 170
TUP = TUP + #1# 171
$CH #L=2 #|ASTPART® #/# . 172
CESCR = ROWORDER(LASTPARTDESCR) 173
,,,,, c—._ IMPLIST = IMPLIST INITHRESH g#$z CH #,2# . by 7 3
FRIMPARTS = PRIMPARTS CH #9# 175
® KEgP | ARGEST WOgglE VaLUE FOR THIS gOMPOUNpD. gHARACTERIZER '
(TR CN) ZWOBRLE (# #wp#® #)# 176
: - wWBL = ,GT(WB,wWHL) wbd —11r
w KEEP LARGEST TUPLE SIZE OF COMPONENT PARTS AS PIECE SIZE FOR THIS
% _COMPQUNp o= et : - - S
F(£TR® cN) tTUPSIZE(# “Pa ¢)¢ 178
PC = GT(P,PC) P 179



PARTS = GT(PARTSs#1#) PARTS = #1# /S(CG)) 180

G2 GGEI(TUPe#2%#) /F(PRIMITIVE) 181
DESCR #PLIST# = 182
____®% CHANGE DESCR TO RELATIVE PUSITIONS
CG3 PLIST #ROW# #42# #COL® #e# #CH® £4# = /F(CG4) 183
X1 = ROW = PREROwW 184
X2 = COL = PRECOL 185
_ X3 = #2% # wWBL - 186
X4 = x3 + SIZE(CH) 187
_ DESCR = DESCR X1 #e# X2 #e# X4 2£%% CH #Em]lo# - 188
PREROw = ROw 189
PRECOL = COL _£(CG3) 190
Cu4 LASTPART = ROW #.# COL 191
- INLTIALIZE TRALT LIST
$(#TR# N) = #TUPSIZE(# TUP #)oPIECE(# PC 192
e #) yWOBBLE (2 wBL_ #) e - —
# ASSEMBLE COMPOUND CHARACTERIZER
§(2CHARZ N ) = #D =% INJTHRESH ##% rBK #,3 193

INITWT #9% IMPLIST #/P=7T=TRg N #/L=2 LASTPART #/#
FNW"WWMARK,EAGH PRIMITIVE CHAR CUMPONENT PART QF THIS COMPOUND CH .

cG65 PRIMPARTS #CH# #4% = /F(CGO) 194
e $CH #P=# = #P=CHARz N _#s% /(CGS) . SRS 198
[o€13) RET = #Gs% /(Gé) _ 196

# PRIMITIVE GENERATION
* MOVE $ MARKER IN CHTRAITS SO AS TO CYCLE THRU TRAITS
# ATTEMPTING TO GENERATE wITHIN .

PRIMITIVE CHIRALTS X% #/%/# #y# 2/% #2% = x #s# Y #/8/¢ 2 /S(Gl) 197
B C CHTRALTS #x# #/# #Y® _2/5/¢ wz8 = x $/$/% Y #/2 2 198
01 COPYTRAITS = 2 X #/# Y #/# 199
—* FIRST CROQSE TRAITS WHICH ARE NECESSARY INFQ FOR ANY TUPLE
TUP = PROBCHOOSE (#TUPSIZE#) 200
e __.......PC = PROWCHOOSE (#PIECE®) .. 201
wBL = PROBCHOOSE (#wUBBLE#) 202
__# INITIALIZE TRAIT LIST FOR INEW_ &nAHAcTERILEB, SN R
$(TR# N) = #TUPSIZE(# TUP #)ePIECE(# PC #) yWOBBLE (# WBL #)9# 203
# GET_ADDIT TRALT VALUE TO T[RY FUR
COPYTRALTS #TR¥ #(# 206
oo TRYVAL = PROBCHOOSE(TR) . .. - S S ——, - |-
TRy = #0# 206
. RET = #G3# S S - ;1
% NOW GENERATE TUPLE USING TUPSIZE = PIECE SPECIFICATIONS
__GENTUP _ TRY = JLE(TRYs#42) [RY ¢ 212 /F(G4) ———20g
% CREATE RANDOM TUPLE ORDERED BY ROwS
CESCR = TUPLEDESCR(TuUPsPC) /(RTR) . NS 1 |- -

# WIlLI. RETURN FROM TRAL1T ROUTINE TO WHATEVER ADDRESS IS IN RET
% SEE IF THIS TUPLE SATISFLlEL THE DESIRED TRAIT VAL PE—— S
G3 EQUALS (VAL TRYVAL) 7F (GENTUP) 210
et JUPLE HAD DESIRED yALUE _QOR ELSE S TRIES FAILED AND THIS YUPLE wILL
* BE ACCEPTED

G4 RET = #065# SR - - S 1 TH—
# ASSEMBLE CHARACTERI1ZER
E(#CHAR? N) = £D=# UESCR #/1=# INITHRESH ### FBK #¢% INITWT = = 212
. tv/P=/T=TR# N #/L=# LASTPART #/%#
¥ NOW..CYCLE- THRU REST . OF TRALTSs CALCULATING TWIS TUPLES VALUES . . .
G5 $(£TRE N ) = $(£TR# N) TR #2(# VAL #) 42 213
g6 COPYTRALTS #TR# #(# #x% #)/# = /S($TR) . 214
# AT HTR wILL COMPUTE TUPLES VAL FOR THIS TRAIT» RETURN TO SRET
PRINT = zNEw CHARACIERIZER# ] 218
PRINTTS ( (#CHARZ N) ¢ (2CHARZE N)) 216
_ ¥ JE _COMPCUND CHARaes DONT PUI _IT.  IN 1ST LEVEL MEMOQRY __
DESCR #%c# /S(IN) 217
VEMORY = MEMORY #CHARz N #4% /(IN) ’ . -2l18

*

¥ WEGIN ROUTINES TO COMPUTE TRAIT VALUES FOR TUPLE- IN DESCR I o=
L
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# CALCULATE MAX COLS. BETwEEN LEFTMOST AND RIGHTMOST PARTS OF TUPLE

HOKOSPRFD COPY = UESCH 219 -
COPY #xs #,3 % EFTH# #,% #X# #47 = 220
e .. RT = LEFI : : . —221
NEXT = LEFT 222
s . COPY #K# B ¢ #NQuwH #,# #X# £9% = /F(T6) 223
NEXT = NOW + NEAT 224
RT = oGl (NEXTaRT) NEXT /5(T5) 225 v
. LEFT = oLT(NEARToLEFT) NEXT /(T5) 226
N ¥ - T VAL = R1 = LEFT /(sKET) . . . S~ . -
i
# CALCULATE MaX ROwWS BETWEEN TOPMOST AND BOTMOST PAKTS OF TUPLE —
VERTSHRFD DESCK #x# #e# #COPY# 228
VAL = #U# 229
T7 COPY #MNEAT# #.2 #X¥% F4# = /F ($RET) 230
. VAL = VAL + NEXT /(17) _ . — — .23l
+*

#CALCULATE NUMBER OF POINTS 1IN TUPLE wHICH LTE ON EDGE OF PATTERN S
# VAL MORMALIZED OVEKR 10

GRIDEODGF COPY = DESCK 232 -
HLANK #KOQw# #COL%* 233
e VAL = 202 e [ e — ——— .
T9 CURPY #RO%  #4# #CO#  #,# #X¥# F4¢ = /F(IQR) s 235
ROwW = ROw + RO 236
VAL = (EW(ROWyz0#) VAL + #1# /S(T9) 237
VAL. = «EQ(ROWICOLSILE = #1#) VAL + #12 /S(T9) 238
COL = COL + CU 239
e VAL = LE(CULs#02) VAL .+ #l® /S(T9). . , . -7, S
VAL = +ORE(CUL + PC * #2# # WRLIROWSIZE) VAL + #1# /(Tq) 241
TYR VAL = (VaL * #10#) 7 TUP /(3RET) ) 242
*

#CALCULATE SUM UF ABSOLUTE DIFFERENCES BETWEEN CORRESPONDING npIGITS
# IN ALL FOSSIBLE PAIRS

. PROXIM __ COPY = DESCR o R e R 243
VAL = #0% 244
BLANK #ROwS# #COLS% #ROy# «COL# 245
T10 COPY #RO%# #4# #C0% #F4F #X# Z97 = /F (SRET) 246
RON = ROw + RO . ‘ _ 24T
COL = COL + CO 248 |
. CROW. = ROWS o o IR 249
111 CROW H#NEXT# #92 = /F(T12) 250 i
VAL s VAL + ABSVAL(KOW = NEAT) /(T11) SRS ——— - 251
T12 CCOL. = COLS 252
Ti3 CCOL ¥NEXT# #9% = /F(Tle) R ) 253
VAL = VAL + AHSVAL(LOL = NEXT) /(T13) 254
Tl4 ROWS = ROWS ROw. #e# . . - 258
COLS = COLS COL #+# /(Tl0) 256
# — o
# CHECKS TO SEE 1F CHAR IS CUMPOUND
COMPQUNDN CESCR ##C¢ /S(T19) ] o . 257
VAL = #NO# /(BRET) 258
. ris VAL = 2YES# /(SRET) _ . S 259
L X-X1)
#RFUNCTTIONS : o : —
“

% FUNCTION TRAITWT(TNsDX) aDLS DX (= INC OR NDEC) TO THE WEIGHT IN I
# CHTRAITS FOR EACH TRATIT IN THE TN=TH TRAIT LIST

T1 . COPY = B(#TR TIN) . , 260
T1A COPY #TRALIT® #(# #VAL® #)4% = /F (RETURN) 261
! CHTRALTS TRALT #(# #VLIST#* #)/# = /F(T2) A 62
VLIST #9# VAL #=2 #nwT# #43 = 9% VAL #=% WT * DX #e¢# 263
e o /S(T4)F (13) o ! : o I
Te VLIST = #+% 264
T3 VLIST = VLIST VAL #=# DX 2o 265

-395-



# IF UPWETIGHTING, ALSO PUT VAL + 1 ON VLIST lF NOT ALREADY THERE

T4 WGTIDXe#y#) /F(T4A) — 266
«NUMI(VAL) /F(T4A) 267
S VLIST #92 (VAL & #1#) #ez /S(T4Ay - 268
VLIST = VLIST (VAL *+ #1#) #=# INC #¢2 269
— % BEASSEMBLE CHTRALTS
Té4n CHTRAITS = TRAIT #(# VLIST #)/# CHTRAITS 7/ (TlA) 270
. |

% RANTUP(LIST) RETURNS PLIST wITH A NEW RANDOMLY CHOSEN GRID POSITION
s (RUW,COL) INSERTED IN ORDER OF ASCENDING ROW NUMBER, THEN COLe NUMBER

RT POS = oRANF (GRIDSIZE) = #)# 271
ROW = 2U% 212
RT1 LT(POS,HUWSIze) /S(RT2) 273
,WWAﬁW”_WW,,ABoa _ROWw + #)# SO - S 274
POS = PUS = ROWSIZE /(RT1) . 275
% PUT NEW PART IN ORDERED POSITION IN PLIST I =
RT2 BLANK #LEFT# 276
RI3 LIST #Re £,.2 #C% fof = /F(RTG) 2717
LEFT = JLT(RyROW) LEFT K #4# C #4%# /S(RT3) 278
— s LEFT = «GT(RsROW) LEFT ROW #,2 POS #¢2 R #a.2 C #42 /S(RT4) 2179
# Rows ARE SAME
. LEFT = «GT(CePOS) LEFT ROW #,2 POS 242 R #42 C #9# /S(RTG) .. 280
LEFT = JLT(CyPOS) LEFT R 2,2 C #42 /S(RT3) 281

—— % IF FATLs A POSITION ALREADY IN TUPLE HAS REEN DUPLICATEDy
# TRY ANOTHER POSITLION

i L RST e LEET R B LIST LR e - - PP .
RT4 RANTUP = LEFT LIST /(RETURN) 283
RIS . RANTUP = LEFT ROW #e# POS Zez /(RETURN) . . P84
&

# PROScHOQSELTY
¥ CHOOSES ArCORnINo TO vaLUE PROBABILITIES FROM T deLIST IN COPY OF

# CHTRALTS . - : = - o - . — RS
PHORCH RLANK #PL# srH ' 285
. GET T LIST TO CHOOSE VALUE FROM S - S I B
COPYTRAITS T # (o2 #LIST® #)/3 = 286
e lCH e L IET HNE Fod Myt LoF o LFLCHF) oo —287
LLE(wez0#) /S(CH1) 288
CcH2 Pl = PL V #¢# . - - . - . . — SOV - ; - ( - S
) W= w = 2l# 290
K = K ¢ zl% e : ’ - S WP SRS - .- | I
EQiwe#p#) /F (CH2)S(CHL) 292
——.CH3 PROBCHOQSE .= oEQ(Ke#G#) VN /S(RETURNY . . 293
w = ¢RANF (K) 294
Cré PL #PROBCHOOSE#®* #9# = /F (RETURN) EENRENRINST - | - | -
w = w - 212 ' 296
EQ(We#0#) /S(RETURN)F (CH4) . 297
%
% RETURNS AKSOLUTE ValUeE QF K. S
ABSVAL  ARSVAL = «GE(Ks#0%) K /S (RETURN) 298
ABSVAL = £0z = K /(RETURN) - . _.299
*
* TUPLEDESCR(TeP) — s e
* GEMNERATES TUPLE DESCRIPTION WITH RANDOM PARTS ORDERED BY ROWS
- -2 RELATTVE ADDRESSES S e
* PUTS ABSOLUTE ANDDRESS OF LAST PART IN LASTPART
vl RLANK #PLIST# #DESH* #PREROW® #PRECOL# 300
# GET T RANDOM PARTS INTO PLIST(RANTUP RETURNS ORDERED PLIST)
De PLIST = RANTUP(PLIST) S o301
T = «GT(Te#l#) T = #12# /S(02) 302
# CHANGE THE AUBSOLVUTE AUDRESS TU RELATIVE AND BUILDL DESCR. . . . ... :
N3 PLIST #ROw# #4.2 #CUL® #9# = /F(D6) 303
SLELCOL + PoROWSTZE) /S(DB) 30646
$(2ROW# ROW) #LEFT/(COL + SIZE(ENGE))# #THIS/(ROWSIZE « COL)# 305
DES = DES ROW = PREROW 4% COL = PRECOL #e# (ROWSTZE = COL + 306
. (#2# % wul)) ##F THIS #=]l+# /(D6)
bR} $(2ROuwz ROW) #LEFT/(COL « SIZE(EDGE) )¢ #THIS/P# 307
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L _PROGRAM OCCUPIES 2575 WOQRDS ~ , R

CES = DES ROW = PREKOW #.% COL = PRECOL #+# PC + (#2# # WBL) 308
. 2 THIS #=107% S
Le PREROw = ROwW 309
PRECOL = COL /(D3) 310
D4 LASTPART = ROW #.% COL 311

e TUPLEDESCR = DES /Z(RETURN). . [ 312
&

# LAKGEST(TR) RETURNS THE LaRGEST TRAIT VaLUE LISTED FOR TR IN CHTRAITS o

LARGEST CHTRAITS TR #(e# #_I[STH #)# 313
LIST #L# gaz #y# #4¢ = 3146

LAR) LIST #NEXTH# #= #V# 4% = /F(LARD) 315

—_— e B s T (NEXTelL) NEXT ZALARYY _ 316
LAR2 LARGEST = L / (RETURIN) 317
%

#ROWORNDER(PToLLST) RETURNS LIST WITH PT INSERTED ACCORDING TO
_ % ASCENNDING RO~ MUMRERs THEN ¢OL NUMggR _
ROWORNDER PT #ROw# #,# #cOL%* /F (RETURN) 3lg
N e BLANK #LEFT® . e _ 319
Rw3 ILIST #R# #,2 #C# £, # Bxe #v# = /F(RWS) 320
LEFT = oLT(RIROW) LEFT R #42 C #4% X #9# /S(RW3) 321
LEFT = ¢GT(RyROW) LEFT ROW #,2 COL #.,# CH #9# R 2,2 C #,# X 322
#e2 /S (R4) _
* ROWS ARF SAME

e LEET. = WGTA(CeCOL) LEFT ROW #,2 COL #£.2 CH #e2 R £,2 C _#.2¢ X 323
. ez /S(Rus)

[ LEFT = LEFT R #.% C #4# X #9# /(RW3) 324
Rw4 RKOWORDER = LEFT LIST /(KETURN) 325
RaS_ KOWORDER = LEFT ROW #,% COL #,# CH #,% /(RETURN) 326
*

e B _FUNCTION..SECS(T). REIURNS THE NUMBER. QF.  SECONDS_.IN TIME STRING Te __ . _

* OF FORM HHMMSS
SEC T HH/#E2#R UM/F2ER HG/E2FH 327
SECS = S ¢« M & 260#% + H # #3600% /(RETURN) 328
# FUNCTION PRINT75(CeS) PRINTS OUT THE CHARACTERIZER C AND ITS CONTENTS =
% S IN LINES OF NOT MORE THaN 75 COLUMNS
PRINTTZS S #S51/269#% = /S(PRL) 8 329
PRINT = # # C # = # § /(PETURN) 330
_PR1 PRINT = # # C # = # Sl 331
PR2 S #Sl/#T76## = /S(PR3) 332
. PRINT = # # S /Z(KETURN) . o 333
PR3 PRINT = # # S1 /7(pPR2) 334
*
% STORE LEARNINb FOR THIS RUWN
_KEEPFILE SYSPPT = #MEMORY==z MEMORY #$%# — e 338
SYSPPT = #N==% N #$b# 336
N K = #£1% - e 337
UPK SYSPPT = #CHAR# K #==2 $(#CHAR# K) 2%$%$# 338
SYSPPT = #TR# K #2==% $(#TR#Z K) £9$%2 339
K = oLT(KeN) K ¢ #1# /S(UPK) 340
. SYSPPT = #CATRAITS==# CHTRAITS #2$%$# _ 361
SYSPPT = #TOGEN==# TOGEN #$%# 342

. _SYSPPT = #p%%# S B} 363
END 364

LATION COMPLETED AT 0223 =49
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————0uQuollygoe

—INPUT PATTERN . B

Performance at Start of Run

(No_Characterizers in Memory)

INITIAL MEMORY
__INPUT PATTERN. . -, I S O
o0ll1l1l0¢

R o i1 % K B 5 1 5 0 [ — S

0000110000

000011¢000
00u0110000
0000110000
0000116000
o0li111tlo0
e —QOL1NVM00

FEEDBACK = |
O IT LS UNKNOwN
- REWEIGHTED CHARACTERIZERS

WOBBLE=ADJUSTED CHARACTERIZERS .

NEW CHARACTERIZER
_.CHAR] = D=3.6el%0=190e~5el%0=]e/1=2%[.5+/P=/T=TR1/L=9.1/

INPUT PATTERN

1109000011 2 R

1100000011

1100000011 : . N

11v0002011
PRSSRPRIY 8 £ I 0 1 4 0 - 2 s s s S

IS RRERRRY!
11u0000011 s
11u0000ull
1100000011
11uo0000ll

LEEEDBACK =W . . s Srs e e e T T P

[T IS UNKNOwWN
RENELGHTED CHARACTERIZERS
WOBRLE=ANDJUSTED CHARACTERIZERS
NEW CHARACTERTZER

CHARZ = D240l ¥1=19haBe1%*0=19/152%He549/P=/T=TR2/1L5T5/

nuLlllilad
oll11litle
110000111
1100000011
116000001}
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1100006011
11900065011 o
111000¢111
EE——T BT R RS D1 - — P—— i £ o i e
nolillliod
FEEDBACK = 0
IT IS H
REWEIGHTED (HARACTERLZERS
CHAR] = D=346e %=1 060N | ¥(1=10/1=2%0,K5+2%],54/P=/T=TR1/L=9s1/
— GRARZ = D=22.0.1%) =l e5.5, 1802l /3200050 2%H by /P=/T1STRRALLETGSL o i
NOBBLE=ANDJUSTED CHAKACTERIZERS
HEW CHARACTERT/ER -
CHAR3 = D=le]lel®1=195e7el#1=10/1T2%0e5e/P=/T=TR3/L=CeH/
INFUT PATTERN - e
111111101
e )ll1111111 O B B g e s BB e BB} e o s B
11o000C000
11080004000 o
1li11l¢geoc .
1111V1000¢
1leogCauce

e MLLDO0OGOG i 52 el R b s S s B et
11111000
e CRLITRINLN - . : BT SR
FEEDBACK = F
13- 18- 0 I

REWELIGHTED CHARWCTERIZERS
.m”_LhARgma‘U;g.u.]*lflQb-b.I*U'l1/1?29&-512*0-angﬁH-6!1P=/I§THZ/LE715L_»“mwwhwﬂ____
WOBHLE=ANDJUSTED CHARACTERIZERS
NEW CHARACTERIZER : -
CHARG = DZ0eTal®) =193~ el%0"19/122%L¢59/P=/T=TR4/ =346/
INPUT PATTERN : -
000011¢C000V
QU YIQ0G TN S P P Oy Ay SN S S R ST U -
00l1¢o1l00C
. 00l1001100 i . _ . v L
0lln00Gllo .
. gllll1l1l1l0 . = s = T — e = e
oliriltiloe
118000002 .
11¢0000011
e 1 LDO00B 0L . . L ! I —
FEEOBACK = A
SIT-1S UNKNOWN ' . o S5 et e o 5 Pemareen. e St s e,
RENEIGHTEN CHARACTERIZERS
—WOBBLE=ARJUSTED CHAHAGTERILZEHS
NEW CHARACTERIZER

 CHARS = D20e9e1%0=196a=]el¥]1=19/]1=2%A,5:/P=/ToTRG/L=6.8/ N — ST
INPUT PATTERN
——ee—— 60 1113113 0 e o S AR - s & S_— . e St e

0001111100

—— 00ueelYUDY
0020110000

QUL 00)1lp000 . SR —— : SpE— e e

0001100000
0001100000 - ’ S —— S s i AN
0001100000
— pllylgeag o
0111110000
FELDHACK = I , , —_— S ———
IT IS E

REWEIGHTED CHARACTERIZEKS .. . . . . S —
CHAR4 = D=0eTel®l=l030=1e1%#0=)s/122%14502%E,49/P=/T=TRG/ 12346/
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WOBBLE=ADJUSTED CHARACTERIZERS
~—NEW _CHARACTERIZER .

CHARG = D=3e¢(0e %0~ 196.7-1“0 19/1=2%1e59/P=/T= TR6/L=9.7/

INPUT PATTERN

0110000110
e JOLLOO001] O

0llpo000l1¢C

- o0llgo0elYo

0110000110
. 011111111¢

0ll111111¢0
... 0110001110

0110001110

i 0110001110 SES —
FEEDBACK = H
IT IS A

REWEIGHTED CHARACTERIZERS

anaa_.,D~1.1 11=105a701%1=10/152%He502%0.50/P=/T=TR3/| 56,8/
CHAR4 = D= eltl=le3e=1olst0=]y/I=2%H,5¢2%#],5¢2%E (%
_CHARS = D-u 9 1#0=1e6,=1, I“L—I;LJ 2*H «S92#A 4 /P=/T=TRS/L=6,8/

WOBBLE=ADJUSTED CHARACTERIZERS
NEW CHARACTERIZER

v/P3/T= Tna/Lsa 6/

CHART = D=1e4e1%0=195e3e1l%1=19/[52%Heq9/P=/T=TRT/L=6.7/

—INPUT_PATTERN.. . . = I
001111]000

o ee0llo0001100 S S

0110000110
0110000116 NS "

0110000110
0llpo0ullo
0110000110
0110000116
0110001100
0011111100

FEEDBACK = 0

Z.1T18. H-
REWEIGHTED CHAPACTE“IZERS
CHAR] = D=3ebel®y=1ls bl"Sn1'"’0-1!/l=2“0‘6!2“1.5|/P=/T=TRI/L§in_Z. -
CHARI = D=]lelel®#l=l95s7el¥l=lo/I32%He492%0s60/P=/T=TRI/L=6,87
o CHARY = Dz(1,9e1%0mleb, =] 1%]l=14/122%0 592¢%H 4s2%A 49/P=/T1=TRS/| 26,8/
CHAR7 =

WOBBLE=4ANJUSTED CHARACTERIZEKS
NeEw CHARACTERIZER

D= 1'401“0 1"’03 1“1 1'/1 2*0 SQP“HQQO/p /T TR?/Lzb 7/

CHARE = D=648e5%CHAR3™110e0eO%¥CHARS™1903e=7e5#CHAR]1=19/122%0e5:2%%CHARL 92#$CHA

R3¢ 244CHARB s /P=/T=TREB/L=Yel/

s U B e AT TP R . s s s s oo

«0111711110.
. +0117111110a
0110000000
«011000000C,
«0111100CC0

NE—— U 00 5 1V U 0 R S

«UL1000G000

~ «01100G000V

«U111111110

: «0J11111110e
FEEDBACK = E

L IT IS I S e p———

REWE IGHTED CHARACTERLZERS

CHARG = DEgeTel¥]1=103e=]1el®*(=10/1=22%HeB02#]492%E459/P5/T=TR4/ L2346/

WOBHBLE=ANJUSTED CHARACTERIZERS
NEW CHARACTERIZER

CHARY = D=6sb4e4¥(r=193e=3e4%]1=]1%00 3-4“11-1p/1=3“ﬁ S9/P=/T=TR9/|= Q.3/
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INPUT

VPATTtFN

«095006110¢00.
« 0000110000

s B0 111 1600

«00110C106CG.
«00110011C0»
«00111111060C
«0111111100.
«01100G0110.

— . _.21100000110..

- FEEDH
IT IS

REWEIGHTEN CHARACTERIZERS

«110600C0110.
ACK = A
UNKNOWN

WOBRLE=ADJUSTED CHARACTERIZERS
_NEW CHARACIERIZER . N S e I
CHARI(E = £=3e84s4%00=192e=4e4%][119640]1,4%00~19/1=2%8:59/P=/T=TR](0/L=9:5/

INPUT

SOSN8 & 15 P ———

FEEDB
- ) 11
INPUT

— 1100000011

— slpeoeeolle

PATTERN
«001111110G0C
«0UIILT111CG
s 0000110000

000110000

«0N0GLIUAGU.

~e0300110060

0900110000

-+ 0000110000

°00111711C0s

ACK =
£ -
PATTERN
«1160000G11.
«11000000611

«1100000011.

o1l ¥+E1E1 1L

«1111111111.

—«1100000011.

+1100000011.

«1100000011.

~ FEELBACK =

1T 1S
_INPUT

0
_PATTERN
«00111111060+

~6E1hibbe

1110000111
+1100060011e
1100000011+

—+11000600 e -

«110000CG011.

113106668311

FEEDB

B T2

INPUT

T IrTOUtUUTITY

«0111111110.
0811111100,
ACK =

PATTERN
1111113111

1111111111

1100000000«

«1100000000¢

e 111160000 -

1111110000
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«1100000000,

——<1100000000, : -
J1J11111111.,
L1111111111

FEEDBACK =
IT IS E .
INPUT PATTERN .
i 4 00G00110000e B e e e
20001111000«
0611061100,
«0011001100,
e 0110000110. . s s g P A
e0111111110.
. 40111111110, R _ L
«1100000011.
1100000011,
«1100000011e
_FEEDBACK = o S e _ S
IT IS O
INPUT PATTERN L e S, R I
»00111111C0,
«0611111100a
«00001100CGe.
.~ _«000011006C0s e
« 0000116000
« 0000110000 : R . R . S
«000C110CCU
RPRSEENY 11, 1 K B, | /1 | D o SR
«0711111100.
L00111)1100,
‘FEEDBACK = 1
IT IS E . e e s . S
KEWEIGHTED CHARﬁCTEHIZERS
— CHAR4 = D=geTalM]l=193a=]lal¥(=]e/l=2%HaS02#],592"E,49/P3/T=TR4/| 23,6/
CHARY = D=6,444#00=193e=3,4%"11=190,2e4%11=1¢/122%1:592%E444/P=/T=2TRQ/L=9,3/
CHARB = D= b.e.S*CHAR3-1yo.o.b“ChARs-lg3.-7.5*CHAR1 1,/Iszax.slgﬂo.s.z*SCHnnl.,__
2#3CHARZ92#DICHARD 9 /P=/T=TRB/L=9.,1/
WOBBLE=-ADJUSTED CHARACTERIZERS ’ I e
NEW CHARACTERTZER ‘ _
- CHAR)) = [=%a2e4M*y(0=122e"2:4%(30"192:9, 3#p=1e/122%1.5 !./.Ei[lzlﬂl.l,/L!.Qog.l...__.—_..__
INPUT PATTERN
«l1100000011 - S
«1100000011.,
.1l000C0C11. — N S - . —
»11000600011,
SN 1 T 0 B 1 I ) 1 AP T S
¢11111017110,
1100000011, T —
11000006011,
.l1100000011, i . . - -
.1100000011,
_FEEDBACK. = ¥ . - e et S S R R B S S ST S e e e
IT IS O
REWEIGHTED CHARACTERIZERS I
CHARRZ = D200 1%1=]105e5e1%0=Ls/[Z2*Ee592%0s392%HeG9/P=/T= Tnz/L Te5/
CHARLU = D=3e8Be4%00=192a=444%11=104,1,4%00=19/132%#He592#A,59/P=/T=TR10/L=g45/.
CHARE = D=z6,8,5#CHAR3=140,0,5%CHARS=143,=7,5#CHARL=14/1=2#H¢59241,592%#0,442%%
= CHARY 4*1CHAR3;2*$CHAH5!/P-/T :TRB/L=9el/ e e
WOB%LE'ADJUS1ED CHARACTERIZERS
NEW CHARACTERIZER
CHAR]2 = C=7e57HCHARZ2=)920=40 T#CHARB=19044.8%CHARL0=19/1=p%He592#SCHARRy2#SCH
ARL U ¢2%$CHARB/P=/T=TR12/L=945/
INPUT PATTERN
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«00111111G0.
- g0l11111110, = =
1110000111,
—_—— e 11000006 L. — P SRR
.110000G011,
- _4llo00000011, i 5 — S . L e W
.1l00006G¢G11,
———— ¢llloucolll, : : : - A
L0111111110,
L0011111100,. [ S—
FEEDBACK = O
1To1sS1 B S e
REWEIGHTED CHARACIEQIZERS
CHAR4 = D=E0eTel®1=193e=1el¥#)=19/122%04502%H,542%],492%E,49/P=/T=TR4/L=3e6/
CHAR9 = U=6.4.4“0“-1'3.-3.4“11-19G.2c4°11-19/I=2*O.5o2‘1.4.2“5.40/P=/T=TR9/L=
9_3/ TENEE NI S S —
CHAR1] = C:S-Z.Q*ho-l92--2.4*00-1'2-9.3¢0-l./I:Z*OoS,ZﬁI.4./9:/T=TR11/L:9.9/
_CHAR]12 = C=7e5.7#CHAR2=192e=4e 7T#CHARB=190+4+8%CHAR1(0=11/1=22#0.592%H,592%3CHAR2
92*DCHARL N9 2*BCHARB/P=/T=TR12/ =95/
WOBBLE=ADJUSTED CHARACTERIZERS : : B A .
NEW CHARACTERIZER
= L033e0e7#CHARG =) 0632 T*CHARF =1 30,6, 8#CHARL1=10/1=2%#0,542%S$CHARG42#$5CH
ARG 2#$CHARLI19/P=/T12TR13/L=9,9/
_ INPUT_PATTERN e w— S,
«1111111111. '
AOSHPHSINENSIN o 1 151 5 I Ry 1 W (R, S ——— S ———, ST U ——
«1100000000
«1100000000 = N
o1111110000,
e gll11110000, : E— Spppe— S s e —
«11000G000V.
41100000000, - ER— , e cxpe S L ———
o1111111111,
L111111111 R

FEEDBACK = E
S . 4~ v S SOV e —
REWEIGHTED chaRAcTERIZ&RS
- CHARL2 = D=37e5.7T#CHAR2=] 920 =4 T#CHARBm]130 04 +8#CHARLO=])8/1=p%Eo502#0,492%H,50%
$CHARP 9 2#BCHARL N9 2#3CHARBY/P=/T=TR12/1.29,5/
CﬂAR;J_a_0—31617ﬁCdARa-4.ﬁ,-d,liCﬂARQ.l4oTbraicﬂAELl.444l=3AEr5+2£01A42i$CHAR¢_
12*BCHARG 9 2*SCHAR] 19 /P=/T= FR13/L 9.9/
_WOBBLE=ADJUSTED. CHAKACTERIZERS .. S
NEW CHARACTERIZER
_CHAR14 = 0=0e0,5%111=191.9¢3%1=196,=8,5%100=19/1=2%E,S0/P=/T=TR14/L=T¢1/ .
INPUT PATTERN

nunnll nnnn

- o-o1-0¢

.0001111000-
00110061100 S S R e
«0011001100
e 01100001 10— S ——
«0111111110¢
WERREEEEE W}
«1100000011
———— +1100000011 . e = e e —
1100000011
_ _FEEDBACK = Ao ——— .
IT IS H
REWEIGHTED CHARACTERIZERS
CHARG = D=3e0el¥0=196eTelH)=1lo/152%Ae592%1,5¢/P=/T=TR6/59,7/
CHAR1Z = D=E7e547#CHARZ=)192e=4,TH#CHARB=190,4,8#%CHARLIO=10/]1=2%0,502%F ,502%0,402%
H 4.2¢$CHAR2.2“$CHAR1092¢$CHAR8-/P'/T=TR12/L=9 5/
_MOﬁBLEAADJUSJED;CHAEACTEBlZEBSVf_wm_“u.vi O S—
NEW CHARACTERIZER

-1403-



CHAR15 = 0= ?.0 5*001 l 1-2.5“110- o3--1.5“111 19/I=2'A.Sv/9=/T=TR15/L'6o1/
_INPUT PATTERN — .

«0001111110.
«0001111100a
« 0000011000
40000110000 - N R P S

«0000110000

e 0u01100000e — - — ————— —— —-
«0001100000
0-9611-6-00-00-+

«0111110000¢

ORI 1 < & L7 S SO UG U . SN
FEEDBACK = 1

IT 1S E B, A
REWEIGHTED CHARACTERIZERS
— CHARG = 0=2340al¥0=l0belal®0=1a/1228A.54281,6,/P=/T3TRE/L=Q, T/

CHARLI3 = D=3.647H#CHARG=196¢=3,T#CHARG=190,6,3#CHARLL1=10/1=228#],592#E,492%0,492%
SCHAHan2“SCHAR9oZ*SCHARllttPngsTRlalL;Q.QI .
CHARL2 = D=7¢5¢ T#CHAR2=1920=4 o T#CHARB=190,%,8%CHAR] 0= 1-/1:2*1 S-Z'A.SoZ’Eoé’Z'
0,6028H,442#$CHAR292%$CHARL0 4 2% $CHARB /P=/T=TR12/L=9,5/ L
WOBHLE ADJUSTED CHARACTERIZERS
_-NEW _CHARACTERIZER

CHARLE = D=0e2¢5%111=19545e5%000=1924=5,5%#011=~ 10/132‘1 Se/P=/T=TR16/L=T.2/
INPUT PATTERN . S N
«01100C0110.
«0110000110u., : Sy T S R S
0110000110,

401300002104
¢01100001104
«0111111110 - , B
¢0111111110+
«01100¢1110 o .
«01100011104
40110061110

 FEEDBACK = H
1T 1S 0 - - S -
REWEIGHTED CHARACTERIZERS
CHART = D=)e4el1%0=195e3a1%]1=19/152%00ebe2%He59/P=/T=TRI/LZ6,T7/ o .
CHAR]13 = 0=346,47#CHARG=196e=3,T#CHARG=]190,6,3%CHARL]1=19/1=2%H, 51281,592%E, as20
043028 3CHARSG 9 2% SCHARG 9. 2% 9CHARL L o /P=/12TR13/L 299/ N
CHARLZ2 = D=7,5,7#CHAR2=192,=4,T#CHARB=140,4,84CHARL1O=ly/I=p%] 5,24A ,592%E 4924
04392%H, SoZ”SCHAHZoZ’bLHARlqu“*CHARBo/p /T=TR12/L“9;5/ o e
WOBHLE=ADJUSTED CHAHACTERIZERS
NEW CHARACTERIZER o
CHARL7 = D=54Ge8¥0111=190e9e9%0=10 le=8. 8*1111 1o1 le 8“1000-1!/I=2“H 5'/9-/T=TR
[ ,_lIIQ-J..Z/ vt A " - R S T —

INPUT PATTERN
eoU011111600ee - S
000G110001100ae
«e011000011040e . " S
ee0110GGOL100e
e 0a1100001)Gen — =

ee0110000110e0
«e1100001100e . - - : i
ee(]110G001100e
¢e11060011000
"“0]11]1100"

__FEEDBACK = Q ” e T e R S S R
IT IS H
REWEIGHTEN CHARACTERIZERS
CHAR7 = (i) e6e]1%0=195e361%1=10/1=2%0e592%Heg9/P=/T=TRT/L=6,7/
CHAR14G = C=0-005“111'111-903“1'1’60-805“100-19/172”0.5l2°E.59193/T§TR14/Ll711/
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CHAR13 = D 3 6, 7“LﬂaR4-lo6.-J 7¢CHAR9-1,0 6 aucHAnll la/I 2*H 4.201 5-2*& 4-2*
= Qoo p#FCHARGs 2¥ 4CHARG ¢ 2% 4CHARL Lo /PS/T=TR]3/L2969/ . P —
cHAnlz = 03709 T#CHARZ=192 =4 T*CHARS=190,4,g%CHARLO=19/1]= ?“I SyZ*A.592“5.492#
e 0e b2 28 49 2 SCHAR2 « 2 HCHARL Y o a?&CHARB;Lestt TR12/L29.5/
WOBBLE=ADJUSTED CHARACTERIZERS
NEW CHARACTERIZER .
CHAR1A = £=1.9, S#=191e=3.8%0110"193000 8#0110~ 1,2.-5 5‘0110 19/1=2#0459/P=/T=T
. .R18/L=T.0/ I
INPUT PATTERN
SN ST £ T B 12 1 1 11 1 D SO e T T et B o e e
ee0111111110e0
e 4#U)1000C000es - o _— —_— e ——— . - S
ee01100G00000e
,,,,,,,, 200111160000 - : — . U —
ee(G111100GC00 e
NSRS %. B B, W8 ¥ .11« O T .
000130060000
e ®}Y1113110Qe : . = RES—— S ——
ee111111110¢ee
FEEDBACK = E - . . o - o2 v
IT IS H
_ REWFIGHTED CHARACTERIZERS .
CHAR14 = C=0e(eS5%111=19]e9e3%]~ 1'6--8 5#100=19/1=2%0,592%E, 69/P=/T= TR14/L=Te1/

CHARL? = C Sele B“ l1]-l00.9.5*0'101--6.8“1111-101 1.8“1000- o/I Z“E S'Z'H.40/P
e BJTRTRITLLET 2/ PR
CHAR13 = C=3,6,7#CHAR4= ]96.-J 7#LﬁAR9 l 0 (.79 BoCHARll lo/I ?*H 302“1 SOZ‘E Se2%
______D+A42£$CMAR£1¢*iCHAHQ1’“SLNARJlJlE_IT rn11/n_9 Q/
WOBHBLE=ADJUSTEN CHASACTERIZERS
_NEW _CHARACTERIZER . I
CHARLY = D=741e10%CHARL4=19001410%CHARIT=192,7,10%CHAR]L3=]14/122%E,542%$CHARL G
- 2#BCHAR1792#3CHAR139/P=/T=1R13/L=9.9/
INPUT PATTERN
20000116000 6n
0000011 0GN0 e
i 200001111060 ee S— _— " . S — S I~
ae:(0110G1000e )
e eil0)16G) 100 : - s s T RS SO T P S i S
a0 (011111100
— o311 1111000 e
ee11000G1100e
e 9011006001100 - - - — - B .
e0110C00011000
~-FEEDBACK = a- : - - - o e e
IT IS A
INPUT PATTERN
e (00011111100
0o 4001111 1000 e < 53 S — — e e ————
ee0000011C00 e
e~ ¢ e 50001100060 0 I
0000001100000
e e )00 11 G000 e e
0eJ0011C0000 e
s 0001100000 e - : : e
«2011111000Cee
" «20111110C0Qee . . = : - : B e
FEEDBACK = :
—tr I8 1 R
INPUT PATTERN
i g i QY0600 10w & S S— ST —
¢e01100C0110e-
900310600110 R— O ———— - P —
000110600110
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0e011000011040
AN L 11 D = LT

«e0111111110.,

0110001110,

0e01100C1110,.

4011000611104
FEEDBACK = .
B T -

INPUT PATTERN

vs60111110004s

«¢0110001100+¢

e +e 03100001008 - _— — ——
001106001100 ;
T 00011000011 0ee . e R e e e e e e e

0001100001100
-.ﬁl_wc_u_u]ﬂ.-
¢eUY10000110ee
00310001100 ee - SE—— R - Sp— N R o
«e00111111000¢
- FEEDBACK = S ST sesmmsmey s .
IT IS E
__INPUT PATTEEN __
e00111111110ee
esi)11111111Cse - T ] S . - R ——
¢e0110000000e¢ .
eed}1CGH000U0e e = s e
eo0)11100G00ee
-——r--—r———g-og}}l»ﬂ) 000088 e e e =
ee 01100000000
¢e0110CV006G0es : = —
aeV1111111100e
eoU111111110ee casse ey - . . } B
FEEDBACK =
BN 10 ) . O
_INPUT PATTERN
«aUC00110CC0ee R
ee000110CU00e
«e00011110G0ee B e . ; R
0ee1011C010000s
e v 0001 GULID Mmoo G 5 e A . i S s
eeiNI1111)100 e
.ol)‘,ll]lllUOUO B T . ez
eo 11000011000
«e 11000001100 2 N — I
ee1100GG011L00o
. FEEDBACK = . I e P
IT IS A
INPUT PATTERN ) I
ee001111110060
ee0111111UQee e .
ee)0001100GCee
e e s ODRLLIO000e . R
es 0001100000
es 000C) 10000 - - O
oo 00011GO00.e
«ey00GLIC0U0 .
ee01111)10U0we
JE 0o i111111100es e R WS e —— e S G A A s
FEEDBACK = ]
IT 18 1
INPUT PATTERN
ael10000GC11ae )
«o 1100C0C01) 0
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0el100600G1LYae
s llu0eocColl,,
N 15100 T I 18 1 0 Uy (Y
e g e k11111110, . ; — RS— i S S s - B
«el1100C00C1]140
se1100000C11,, . .
eell0O0CGCOLY,,
e ll00000G11,, R
FEEDBACK = K
1T 1S G oL . i S S o
REWPIGHrEn cHARACTER]ZtRS
CHAR3 = D)ol el®)=105eTo ¥ =10/ ]152%He512%0e59/P=CHARRI/T=TR3/L=6eR/ e
CHARLZ2 = =754 7#CHARZ=102,=4 ¢ T#CHARB=1900,4,8%CHARLO=19/[=2%]592%8,502%E, 4'2#
04392#H S e2%BCHAR2 924 5CHARLO 9 2% 3CHARB s /P=/T=TR12/L=2945/ _
CHAR19 = C=27elelO#CHARL4=1900lelUs#CHARLI7=142,7,1C#CHARL3=1,/122%H, 5,26E-5.2“$C
e HAR142%#5CHAR]1702%3CHAR]39/P5/12TR1Q/L=Ge0/ - . . Iy T S
WOBKMLE=ANDJUSTED CHARACTERIZERS
NEW CHARACTERIZER R
CHAR2() = [0=]1eB8e6%)1=192=5¢8%(000=1934=)e8%0000"101e7e5%#1=19/1= e“H.so/P-/TaTRz
0/L=7.9/ =
INPUT PATTERN :
900111111006 - e e e e T S ——
ee01111111100e
~e01310000)11ee . . . R S - —
e 1100CCC01 1o
- 20 110000001 1 0o 2 s s = cumRssR
0e11000G0G1)ee
e 1106600011 ee e s e g e -
ee111000CL11ee
0031111111 1000 - - e - e
ee00111111000e
FEEOBACK = Q - ’ s
IT IS H
_—REWEIGHTIED CHARACTERIZERS = R S —
CHARZG = [=)1e83e6%] )= 192.-5.6°u000 IOJo-l.R*qono 191e7e5%]= 10/I=2“0-602“H.4-/P-
L /TETR20/L=T79/ o
CHAR1Z2 = D=7,5,7T#CHARZ=192 =%, 7#LHAR8-1,0 4, ancHARIO 1'/I=2~I S.zaA 5.2'& 4.20
QebepH, h»2*5CHAR292*$CHAR1092“$CHAR8!/P /T=TR12/L=9.5/ ; g e
CHAR]Y = =761, 10%CHARI4=190s1,10#CHAR]IT7=192,7,10#CHARL3=1, /I-?*o S-Z“HoéoZ*E.
____--5441$CHA314;2£$£HAF17;29$LHA8114LBAJI TRLQ/L:Q,Q/ —
WOBBLE=ANDJUSTED CHARACTEKRIZEKS
INPUT PATTERM. . ) o . _ S
eoll]11111111ee
eelll1111]111lle’ . : b R,
0o 1100060G000ee
0211006000000 R .
001111110C¢000e
i 0011111100000 - - - S N ——
2e11CUCLCEO0es
0} 100600000 e - - - e
ee]1117113111ee
e} 3 3 L e - —
FEEDBACK = E
B 5, % (- T
REthGHTFD CHARACTLR[!ERS
—— CHARZ2( . C=]1e8e6%11=102e=5:8%,000=193,=1.8%0000=19107e5%1m)9/[22%E,502%0,402%H
oho /P-/T TR20/L=7.9/
__CHARI2 = Pz7,5,7#CHAR2=192 =4 7#CHARE=190,4,8#CHAR)0=le/122¢] 54208 Se2#F Se2#
Oe392%He4e2%SCHAR292*$CHARL 2% $CHARBY /P=/T=TR12/L=9,5/
CHAR1Y = p=T7elel0#CHARL4=10001 o 1U#CHARIT=19247,10#CHAR]I3=14/132%0,402%Hebs2%E,
b.zﬁscHAR14.2*$CHARl7.2#$CHAR13./P-/T:TPIQ/L:Q 9/
WOBBLE=ADJUSTED CHARACTERIZERS . S — —
INPUT PATTERN
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02¢00001100000ee
A EEmacmceee s HOQUlll-lﬂﬂﬂ e e

;00001100110000.
vee0011001100,,

«e20110000110,,.
el 0111111110,.,,

. 0001111111104,
— ees110000001)s, - ..

0001100000011,,,
1100000011

oo

FEEDBACK = A
1T IS A

INPUT PATTERN
e a+20001111110ce0e -

e2¢00011111000ee

+2200000110000as

eee000611000000e

002 0006110000000 — SISO S0 L

ees00011000000 e

e +es000)100000ees

¢ee000110000000e
022011111000000as

0ee011111000Geas i
_FEEDBACK = 1 —
IT IS E
__REWEIGHTED CHARACTERIZERS ] . - _
CHARG = D=3.0el%0=10607e l“O'lO/I‘Z“AoS'Z“In7v/p-/TITR6/L:9 1/
—— CHAR16 = N=0,2.5%011=]105.5.5%000"]192205,5#0]1]=]e 2
CHARZ() = D=148¢6%11=192¢=5:8%0000=193,~1, 8”0000‘1'l07.5“1-1l/I'Z'Io5!2“E.4|2’0
el 92#Hebs /P=/TSTR20/L=2T.9/
CHAR12 = D=T7,.5,7#CHAR2=1¢2,=4, 7'CHAR8-1'0 “ S“CHARIO lO/I Z'I 692%A, SQZ.E 4’2*
wQe 3QZ*H.Q!Z“SCHARZ'Z“SCHARIU’Z*SCHARBQ/P /I;TRIZ(L=9-5/ ; - .
CHAqu = 0=Ts110%CHARLIG=14001, lO“CHARIT 192,7,10%CHARL3=1, /I’Z“I 5,2“00492’”0

___"u_ﬁ4£ﬁE‘5L2_hﬂﬂABl&;a“iﬂﬂAﬂlLLZ&&QHA_lZLLEELIEIBLQLL;3- 9/
~ WOHBLE=ADJUSTED CHARACTERIZERS
INPUT PATTERN - i — 5 I — . R SR
..-011000(’110-..
ee011000C1l100ee - ST S S S S ——
00eN11000011Cees

2 s 01140001 1 D00
.o.ﬂl‘GUOOlIOOQQ
eseN1IT1111100es : : T U . I =
eeeN1111111]100ee

eea0N11400)11000e e [ e e e e P

aeeN11C001110000

e . L s B g B Ty
FEEDBACK = K
[T_IS H _ o e . I - S
INPUT PATTERN

2000111110000 ee . S e S optsses o e I R s

0000110001100 0se

222011006011 000ae —
ee0e011000011000e
0ea01100001100se . ) . _ o s Bl
ees011000011Geos
«2e011900001100ee N - - . . e e B AR
eee()1190001100ee

e —ss9}l 00} 1008 0a
eee00111111000es
FEEDBACK = 0
IT 1S I
REWE LGHTED CHARALTERIltRb
CHART = D=1e4el%0=195e3¢1%]1=19/12%0ep92%Hegs/P= /T =TR7/L= 6.7/
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CHARZ2) = [0=1e8Beb#11m192.=5¢8%0000=103,=1,8%0000=19le7eS%#1m=]9/122%#1,492%E,442%0
.SoZﬂH.Qo/P=/T TR2U/L=Te9/ _
CHARL1Y9 = D=7e1el0#CHARL1G=1900]l,104CHAR]L7=]192,7, 10#LHAR13-1 /I=2°I 4 2*0-5.2“H.
“.M_W.4’éﬁF,5.2§5CHAHlQ 24SCHARL7 s p#$CHAR} 30 /P=/T=TR1Q/L=9494
CHARIZ2 = DN=7e9.THCHARZ=]192¢=4, TH HARB=190,4,8%CHARL1O=19/1=2%#],542%A, S»P“E.aozn
Qe49e2%H, 4.d*bCHAR&;Z“%&HRHlu:d*SCHARBo/P-/T TR12/L=9.5/ _
woanLE ADJUSTED CHARACTERIZERS
INPUT PATTERA
eeelUl111111100ee
— i T B B P o e e o —————— e
eee01100000000 e
eeoeN1100000000ee
eeeN]1111000000es
 aee0N111109000e- : : e s e
00e¢0110000000eee .
+00113900000ass E—
0000111111110 0es
eme--a0e111111110eee e e . - - e 2 e e
FEtDBACK = E
sl WS , , - o , e
REWEIGHTED CHARACTERIZERS
— ChHAR2( = DT1a846%11=]102.=5.8%0000193.=1e8%000n=10)eTa58)=12/132%],402%F,5e2%0
4 92%He 4y /P2/T=TR20/L=Te9/
,,,,,, CHARLS = 0=7,1,10#CHAR]14=14041,102CHAR]17a]l+2,7,104CHAR]13=],4/1228] 4,2#0,442%H,
4oz“E.6-z~sCHAR14o2*$CHAR17-2*$CHAR13-/P /T=TR19/L 9.9/
_WOBBLE=ADJUSTED CHARACTERIZERS. . .. . N
INPUT PATTERN
2220000110000 00s . S T
eee000D1100000cs
e 4000001111000 €0e e A e A e e R S R e
00¢00110010000 0
SRR~ ~ [, 1 1% 11 (9 B 1 1) e = SO — R A
eee001111110000e ‘
e 4aa0111111100sas
00001100001 100es
,,,,,,,,, e0e11000001100ee e
-oOIIOOOOUllﬂivﬂ
__FEEOBACK = A . _ R R T . S
IT IS E :

CHARACIERIZERS
CHAR1S = 0Z2e0e5%1001=19102e5%]110"193em]e5#]1]1=19/132%Ao69/P=/T=TR15/L.260]1/
o CHAR1Z2 = [=T7,5,7#CHAR2=192,=4,7%CHARB=100,%4,3#CHARL1O=le/1=28] 5924, 602%F ,302%
0,4028H 4928 $CHARR 4 2#$CHARL (2% §CHARBy /P=/T=TR12/L=9,5/
—caAa49 = 057l lo“CﬂAlef1'0-l¢1O“CHAQJ7!}!2;1.10“CHABL3?141L!Q’A4542!1;4.3“
4928 H 49 2%E W S92#SCHARL 49 2#ICHARL T92435CHAR]L 39 /P=/T=TR19/L =99/
— WOBHLEADJUSTED CHARACTERIZERS
INPUT PATTERN
L T B B B ¢ e
e00000111110Qece
e e+ 000001100000 — —— —— - - ——
eee000011000Q0¢0e

o-0-6-0313 '\t\nn
.4 AVA VA A VIR 2P I A"

"'0001100000"‘
0000011000000 e e e e R e i 553 -
0000011000000
2001111100000 0e R o P ———
0001111100000

IT IS 1
_INPUT _PATTERN. . . : P S EP— N
0000110000110 ¢c0e .
2000110000 1000 e e e e ——— —
e0¢0110000110e0e

 =h09=



4+001100001100.0
90901100001 104 o0

000011111111 0,,
voo01111111104,q

e000110001110040

o 4ee0110001110,4.

..-0110001110-.-
— _FEEDBACK =_ —_—

IT IS O

INPUT PATTERN

00¢¢001111100000e
a-:OllUOOllOO..-
0000110000110 0ee
4020110000110 ¢e0e
."0110000110...

e 2240110000110 0ae

ees012000G110000
o 0401100001100 es
0001100011000 0e
0020011111100 ¢e0e
FEEDBACK =
IT.IS Q

INPUT PLTTERN
— 00¢01111111100es
e0e011111111000s
e02011000000000
0901100000000 0e

e 4es01111006000 00 -

0001111000000
¢«e20110000000eee
0e0e01100000000se
"‘01]1111110!-.
e0eN11111111000e

FEEDBACK = .. .. .

IT IS E

INPUT PATTERN
0ee000C1100000ee
602 00UL110VU000as
00e00011)100Cene
0020011001000a0e.
0000110011000 ee
eee0011111100ase
0ee011111110000e
0001100001100 se
0110000011000

M"’O“}l“ﬂ@ﬁ“ll“.t.

FEtnBAcr =

IT IS A

INPUT PATTERN
o0 :END' e
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Memory After Given Feedback
for 134 Instances

INITIAL MEMORY

CHARL = D=244e1%1=190elal¥#i=203e"1el®]1=1e/122%Ae492%103¢3%T474/P3CHAR3/
T=TR1/L=5.4/

CHARZ = D=04041%#0=210e941%0=30¢/152850402%A,6492#0,593%1 393#T,~10¢/PsCHAR]
0sCHAR34/T=TR2/1.209/ .

CHAR3 = D=#CHARZ=59#CHARL =4/ 132%S,492%A,492%0,50T7%106,5%T,4964#8CHARL 7#
$CHAR29/P=CHARL )9 /T=TR3/L=5,4/

CHAR4 = D334641%0=10164=541%1=19/1=22%5,612%E,392%He59/P2CHARL91CHARG ¢/ T=T
R&4/1L=9¢1/

CHARS. = D52,0.1%1=lg0,5,1%0=ly/1= 245.692%E ,392#0,59/P30HAR]199CHARG /TsTR
5/L=2.5/

CHARG = D=2+5¢5%CHARS=1974=4¢5#CHAR4=19/132%0,392%He712%S5,292%E¢69248CHA
R4 s 2#5CHARS  /P=CHAR16yCHARL(/T2TR6/L=9,1/

CHAR7 = D=4¢5e3%001=194e2e3%01]1=10/1=2%A, 6-/9-/T=TR7/L=3.7/

CHARS = D=3,6,3#000=193,=243%000=1+/1=2%E,5,2%5.5¢/P=CHARL19/T=TRG/L=6,4

/

CHARY = D=0,0.2%11=195,1, 8“11 lu/x=2°E 592%H,5¢/P=CHARY19/T2TR9/LL=S,1/

CHARL1D = D=0e9:¢54CHARZ=145e"9, SnQHARJ-l.ao-3.50CHARb-1 /I=2#E 592080444249
CHAR292#B3CHAR3 Y 2#BCHARG Y /P= =CHAR11s /T2TR10/L=9e¢1/

CHARL1l = D=5,1,5#CHAR9=141,3, 5¢CHAR8-1.3,-3 6#CHARLU=1, /I=2¢0 6924H,592%1
02928 Te592%S, SOP“A.ZOZ“Loav2“$LHAR8o2“$CHAR9.2“SCHAR100/P CHAR16o/T=TR1
1/L=9.1/

CHARL1Z2 = D=6,4,6%1111«142,5,3%1=lyl,=8,6%#1000~ lo/l:ZGH 5'204 Se/P=/1=TR12
/L=9.1/

CHARI3 = N=0s146%1111=195,500%1111=192,2,4%11=19/]22%0,592%Se69/P=/T=TRI13
/L=7,8/

CHARL4 = D=5e0e6%0000=19003e6%0110"192e2:6%1000"19202:5%000"19/122#S:592%
Ae5I28E.202%0+412%]4592%T422/P2/TZTR1I4/ 59,7/

CHARLS = D=3¢1,6%0001=192,2,6#0110m191,=1,6%#0011=190,7 3“0.1./1=2°A 4.2'5
05924Te692%1459/P=/T2TR)1S5/L=609/

CHARI@ = D=9el, 5“CHAR6‘1'0.U.6*CHAR11 le/132%S, 592“t'“92*0."2’H04!2“$CHA
R6924$CHARL L4 /P=CHARL94/T= FHIb/LsQ 1/

CHARI7 = D32e1le6%1100" 105-'106'1110'1'1-6 6%1110=190.2, 4*10"19/132%Ee692%

Te2%#0.5¢/P=/T=TR1T/L58e8/ .

CHARIB = D=1,6,6%1111=1,5, -3.0*0000-1 1 5,4#00wl92,=7,681111wl,/12245,592
°E.uo/P=CHAR199/T TR18/L=9¢1/

CHARL9 = N=245,7#CHARS=197¢=4, T#CHAR4=190,0,8#CHARL8=1,040,8%CHARL6=1y/1=
24A, 64241 ,3928T ,4424E,3,280,5928H,5,245, 4,2osLHAR4.2.$CHAR5,29$CHAR18.2
#$CHAR169/P=/T= TR19/L=9.1/

CHARZ2U. = D=10%¢6%0001=193034%11"1910=2:6%111119140,640011=19/1228#0.5+2%
S,5¢28#H,59/P2/T=TR20/L=6,6/

gHARZl = D-o 1e9%51111~ 1!0-815'0’1'3--809“10000'1’0" 6%1]1=195e"5,9%]11111
w19/ 1=2%H 4 92%AD92%T,392%],4924S,4 92%E 4592%0, So/P:/T TR21/L=843/

CHAR22 = D=22,3,9%00000=1¢3,3, 840000~1, 4.,6 9#11111=100,6,841111m140,1,7%1
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11=19/1=2%1.492%0,192%#5.792%E«5¢/P=/T2TR22/1L.89.7/
CHARZ23 = D=501e9%00011=192¢706%]llelolew6,9%#11111=190e2,9%11111=19100e9%11
111=19/132%14692%E+492%04392%S069/P=/T=2TR23/3944/
INPUT PATTERN "
TIMEX =.12 . ) ; . - S A —
00¢0011111100000
00e001111110004s
e0¢000011000000s
UOOOOOOIIOQOOQQU
004000011000000e
000000110000 0ee
.0-0000110000-.c
0000001100006,
e0e001111110000e
e0e001111110000s
FEEDBACK = 1
IT..IS S .
REWEIGHTED CHARACTERIZERS

CHARL14 = D=5¢066%0000"19063¢6%0110=192¢2¢6%1000~10202:5%000"10/132%Se492%
AeSe2#E 242%0e%02%]4602%T45¢/P3/T=TR14/0L29,7/

CHARLS = D=341e6%0001=19202¢040110=1910"166#0011"190e7,3%#0=le/[=28A,442%S
04928Te692% 1069 /P=/T=TRIS/LE609/ )

CHAR2L = D=04149%01111=10048e5#0=193+«8.9%#10000=130s7¢p%*)llals5,«5,9#11111
=19/ 122%He402%A.592%To392%1,592#Se392%E4592%#0.59/FP=/T2TR21/1L =843/

CHAQZ& = 0=2.3.9“00000‘1’3.3.(3'0000‘1"0.'609“1lll1'1’0‘608.11‘1'10001.7.1
ll'lo/l=2¢l.592“0.lOZ“S.OOC*Eoso/P=/T=TR22/L:9.7/ ’

CHAR23 = D=54169%00011=192s7¢6#11l=10le=6,9#11111=190,2,9%11111=101,049%11
111=10/132%] a592%E0492%0e392%5e5¢/P=/T=TR23/1L59e4/

CHARLY = D=2.5.7*CHAR5-1!7.-4.7?§HAR4-1;0.0.8#CHAR16-1.0.0.S“CHARlbwl'/I=
CHALHI2H] 44920 T 492%E4302%U592%He592#5,34243CHAR4s263CHARS 24 SCHARLBY2
#$CHAR164/P=/T=TR19/L=9,.1/

CHARL] = 03501 e5%CHARI=]19]e3e5#CHARE8™]1934=3,6%CHARLU=],/1=2%0,692%He592%1
0392#Ta50285.492%A0292%E 44928 5CHARB29SCHARG s 2#3CHAR) 09 /P=CHAR1 69/ T=TR]
1/L=9,1/ ‘

WOBBLE=ADJUSTED CHARACTERIZERS .

INPUT PATTERN

TIMEX = 115
0001100000011 0se
e0e110000001)ese
eee1100000011,.0
eee110000001100e
eeellllllllllese
eealllllllllleee
0001100000011 ese
.0-1100000011..'
0e0e1100000011¢.e
0041100000011 400

FEEUBACK = H

1T IS H
INPUT PATTERN
TIMEX = 145

0090011111100 a0s
e0e011111111000e
0011100001114,
0001100000011010
001100000011 0se
0001100000011 40e
0011000000110 ae
0ee11100001110sas
eee0111111110eee
0900011111100V 0as
FEEOUBACH = O
IT IS O
INPUT PATTERN
TIMEX = 184
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eeall11111111100e
eeellllllllllese
.--1100000000..-
0041100000000 0s0
oool]llll“OOOoo.
0ees111111000064e
0e0e¢11000000000,4.
000110000000000e
ees11111111)100e
eoelllllllllloce

FEEDBACK = E

IT IS E

INPUT PATTERN

TIMEX = 196

0000000110000 0as
000001111000 ¢se
0200110011000
0000110011004
0201100001100
eee01111111100se
.000111111110..0
.o-llOODOOOll-.c
0e001100000011000
eee1100000011ass

FEEDBACK = A

IT IS A

INPUT PATTERN

TIMEX = 206
oloOOOllllllO.o.
e0e00011111006qs
0000000110004,
¢0¢00001100004,e
0400001100000 4qe
0400011000000,
0e¢0001100000640
¢04000110000060s.
0001111100004,
.0-0111110000.-.

FEEDBACK = 1

IT 1S 1
INPUT PATTERN
TIMEX = 218

es+011000011000e
«9¢01100001100a0
0ea01100001100ee
004011000011 00s0e
0000110000110 0ae
0000111111110 000 .
00¢0111111110000
0000110001110 60s
0001100011100
00-01100011100.0

FEEDBACK = H

IT IS H e

INPUT PaTTERN

TIMEX = 229
'..0011111000...
0001100011006 s0
0eee0110000110,,e
004011000011 060s ..
0000110000110 0as
0040110000110 0ae
.0-0110000110a.-
eee01100001100ee
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000¢01100011000ae ) ) - R . R S ~ I
e00001111110000e
FEEDBACK = Q
IT IS O
INPUT PATTERN. .. _ RN L 3 S R e i s i
TIMEX = 239
00e011111111000s
soiw0311L1L1L0 0 00
0001100000004,
0001100000000,
e000111100000040 . o B i s e i ot i s 1 s
0001111000000 0e
00¢01100000000se
0000110000000 ¢,0
e0¢011111111044s
e0e01111111104,6
FEEOBACK = E . . L o — . -
IT IS E
INPUT PATTERN
TIMEX = 2590
¢¢000001100000a0e
¢0000001100000 0
.ooOOQllllUOﬂo.a - x » . - ey - -
0000110010000
0000110011000 ae
000011111100 ese
e0¢01111111000ae
0000110000110 000
e221100000110 000
002110000011 000e
FEEDBACK = A
IT IS A
INPUT PATTERN
TIMEX = 260
00e¢0011111100e0e
00e¢00111111000¢e
0000001100000 0e
00¢000011000000e
00e000011000V00s
0000011000000
2¢00000110000Geas
0000001100000 0e
eee00111111000se
000011111100 00e
FEEDBACK =
1T 1S 1
INPUT PATTERN
TIMEX = 272
0001100000011 eae
00211000000 11ece
e0¢1100000011e0e
e021100000011,4,0
anaddIlL1 1) X eqs
eeellllllllll,,e
001100000011 ,,.
e0¢110000001100e
00e¢11000000110se
00¢1100000011e0s
FEEUBACK =
IT IS H
INPUT PATTERN
TIMEX = 284
0ees0N01111110000e
eee0111111110440
0es11100001110,e
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0041100000011 0ee
e0¢1100000011,4,e
e001100000011,,.
e0e1100000011,4,,
eesl1110000111,,.
Rl 1 1 I i ) ) 16 1§ U

00e¢00111111006,.

FEEDBACK =

IT IS O

INPUT PATTERN

TIMEX = 296
eesllllllllllees
eowI1TL1111 Y sare
0011000000000 4
0001100000000 0ae
00e¢111111000000e
e0e111111000000s
2¢2110000000Q0 e
0011000000000 0
eeelllllllllloees
eoelllllllllleee

FEEDBACK =

IT IS E

INPUT PATTERN

TIMEX = 307
00¢0000110000e0e
000000111100C o0
«02001100110004ae
0000110011006,
.002011000011000e
eee011111111000e
0001111111100 4e
0001100000011 0ee
0061100000011 eee
0110000001100

. FEEOBACK =3 .

IT IS A
INPUT PATTERN
TIMEX = 317
0000011111100 0s0e
.00001111‘[000-0
e0000001100004,¢
0000001100000 0e
0000001100000,
e00¢000011000000e
0000001100000 0e
9000001100000 ¢e
0000111111 00640s
e0e00111111004,0
FEEDBACK = I
IT 1S I
INPUT PATTERN
TIMEX = 328
2011000000110y
0001100000011.00
0901100000011 eae
0001100000011 00e
seelllllllllleee
eeellllllllllese
T 220211000000110e0 .
e0e1100000011ese
e0411000000110ee
e0s1100000011,,,
FEEODBACK = H
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