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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, byre-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
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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 1-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+1-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



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

-382-



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, CHAR2 is a long vertical
line, and CHAR3 is a large open-left curve,
then CHAR4 compounding CHAR2 and CHAR1
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
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%¢1-1,/"

"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 2 3 then
imply | with weight 2; if sum 2 1 imply T with
weight I/CHARO is £art 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.

is described at the end of this section.

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, INIltial
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,
RI
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 DESCRIiption 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 relativeDROW and

DCOL numbers and a MASK size,
compute the absolute DROW loca-
tion and go to RR6 to look for
THIS positioned piece.

RR3
Otherwise look 'ANYWHERE' for
THIS, starting at the current Begin
ROW. If find THIS, go to R4R.
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Statement
Number

17-31

32--38

39--50

51--56

57

58--59

60--62

63--65

66--69

70--72



Statement
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 77

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 RRS.

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 RI.

78-80

81-84

Go

85-91

92-93

94-95

96-97

98

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.
ouT

PRINT out HINAME.

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.

Cc7
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. I
no more, go to GENERATE a new
characterizer.
If this CHARacterizer IMPUED
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-
acterizes (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.

CGl
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
with relative positions,
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 G6.
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

DESCRIiption
noting

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

Statement

Number
generation (TUPle size, PieCe
size, WobBLe).
Initialize the new TRait list with 203
these values.
Get a desired TRYVALue for 204-207
another TRait. Will TRY to
generate a tuple with the same
VALue.
GENTUP 208-210
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 211-212
Assemble the primitive character-
izer.
G6 213-216
Complete the new characterizer's
TRait list, computing values for
all other traits.
Add the new characterizer to 217-218
MEMORY. Go to IN.
#Begin routines to calculate the various
trait values for the relatively-
addressed tuple in DESCR.
HOROSPRED 219-227
calculates the maximum number of
columns between the leftmost and
rightmost parts of the tuple.
VERTSPRED 228-231
calculates the maximum number of
rows between the topmost and
bottommost parts of the tuple.
GRIDEDGE 232-242
calculates the number of parts in
the tuple which lie on the edge
of the input pattern. VAL is
normalized over 10.
PROXIM 243-256
calculates the sum of absolute
differences between corresponding
digits in all possible pairs of
tuple parts.
COMPOUND 257-259
returns 'YES' or 'NO', according
to whether the tuple is a com-

pound or primitive characterizer.
Discussion

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 1-tuples and then, to the extent that
feedback indicates that it must improve upon its
performance, 2-tuples, 3-tuples, and n+1-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 ' ="
IMPIIEDS '/
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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 '-' #8UM=* ',' =

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. IMPUEDS, 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, 901100 = '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 'tjotos" 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

-388-

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, DI 1,'

+D17,/"

IN .READ *QUERY™ ' 7F(END) 1

ASK QUERY ¢DESCRIPTORS ','=/F(IN) 2
DOCUMENTS DESCRIPTOR '=' 3
¢PERTINENT* '/' /F(ASK)
.PRINT = DESCRIPTOR "' IS ' 4
'‘DISCUSSED IN ' PERTINENT/(ASK)

END GO

RIVERS, SPAIN, MOUNTAINS, DI

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

¢ PRECIS - AN ENGLISH DESCRIPTION OF

+ABOVE INFORMATION RETRIEVAL PROGRAM.

GO Let DOCUMENTS contain the de- MI
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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e —UNIVERSITY OF WISCONSTIN . S

COMPUTLH SCIENCES DEPARTMENT
IMPLEMENTATION OF SNOGOL

VERSTION 3. B/1/67

uds0a/69 0223 =24 _ . . e i

B:GIN MODE CEPUMPE) 1
QUIRUT (ZRRINT R AG]LR] 2
READ(#READ#£,460%) 3
OLF INE ( #ROA0RVDER (PToL ]ST) # e #ROWORIF R o #HOW s COLsRageLEFTA) . Y
CEFINE(ZTRAITWT{TNsUX)Re2T14) 5

- BEF INE (#RANTUP ILIST) 24,3RT%) - N
PEFINE(:DROHCHUUhElIi:'tpnoacni; 7

—CEF INE 1R adSVALLE]). - W
NEF INE (#TUPLEUESLH T, P;t.solv.aROn.coLty 9
- - DEF INE(#LARGEST (TRI #«2LARGEST#) - S 10
NEFIMECESECS (T B2 ¥SEC#H s #reMr 5#) 11
CEFINE (2PRINTTS(CeS) a4 #PRINT TSR, 25) ) S 12
READ #TLIMe ¢ L 13
——RRIN] = oz T I = 2 [ M 14
BEGINTIME = SECH(TIML(}) 15

- PRINT =2 2 JEGINTIME =2 # HEGINTIME - - U, ¥ §

READ ®FLaye = £ /r (ENUIS{SFLAG) 17

% KEAD CARDS a[TH [NFOQO SAVED FRUM LAST RUN . SUS

HEADFILE Real) *J1P® /E (PAra) 18
———e— - [P 2552 /S(PaHal - 19

INP #NaMES® zaxxziz e [NHe 20

ITNPUT = INPUT NP : 2)

[uPUT #[NP* 2382 /F (REAUF ILE) 22

HLANK #[h/PuTe 23

FuAME = s*aME NP Z(REAUF ILE) 2h

—ADITIZE MEMORY = _ —— ——— 25

N o= 292 26

CRIABITS = #PIECE(sl=1 0} /TUPSLIZE (2] ) /S /HUHUSPRED (1 3= ) /# 27

—- MARS .

PaH 3

PaK

ryERTSP R te d=k o) ZURIDEUGE (#S=la) /PROXIM (v dmle) /2
FCOMPOUNL L aND= L) /fwBlb (e lim1e} /2 -

TOGEN = 72 1# 28
—— WRINT. x 2InITIAL MbicllY#® . T - S
MN = LT (KN} KM o 214 sF (PAR) 30
FHINTI9({2CHARE K)o (ACHARE KN)) /(RARD) -3
PARAMG = EINCLIY/NEC =1 ZINITHRESH(2) ZAINTTRT LR) /78 3z

20LO00 (10 78AD (1) F/PRUBCUMPOUND (2} 72

» INITIALIZE PaRams TU Trpls vaALD

Fi

Px

Wy

RZ

PCH

[ Y

1§}

- CURY 2 RAHAMS e e —_— — 33
COPY sxv (& &y# 2172 % ;FtPaHZ) 34
tA = Y FIPAR]} 35
FOGEUNTS = 2eaessnsnaah /[U\Il 36
FARAMCHANVE aFAHe 2=z #Ae .31
SHaH = X k] ]
COLSIZE = #U# S — - 19
RHINT = 2IuPUT Pa!ltun: 40
* IF a&OST TO ENi OF TIME Lim]T savE INFD LEARNED
X % SECSITIME()) = sEGINTIME &1
JOELAyTLIM) /S(REEVFILE) 42
® FIND LaRGEST PUSSIBLE #URRGE TU PUT ON ENGES
AaUBL = LaRGEST (#wiibbi E#} et o e e ——————— kY
FUGEDNTS SFLUGE /wurL® 'Y
REAL} #*ItHOww @ ¥ /FUREEPFILE) 45
[ruR(e zeowg SFAR® /O {RECOLINLZE) £ 1.1
® CAl RFAD TH Hew PAHAM VALUL #1TH STMT OF FORM JPARAMNAMES=#)NEWVALUES?
Tthkilw =52 SPARAMCHANGE® /S (PeH) 47
firMez C SUIE) = BEOGE THROW EDGE 48
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¢ END OF. THIS CHARACTER]LZIER
® MAKE TMPLIST OF IMPLICS. WHUSE THRESHOLD wT. REQUIREMENTS WERE MET
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PRINT = 2 t hisRUWE COLSIZE) 49
CULSILE = CULSIZE + #1# s{[}) 50
HECHGOTZE FOUND = #vuliRMOanN=i g g 51
FRINT = 2FHEDHaCK = & FHK 52
MEM = MEAUMY 53
HLANK #FUUMNDLHARS® L S
HUWSIZAE = S1/ZECROWL) = #22 % ST12¢ {Engr} 55
EhIUSIZE = ROwSIZE # CULSIZE 56
"1 HLANK #]18B| [5T# 57
MEM Ya/eazl (e #yF Sa
MEM SCHAWE #4# = JF LOIENY) 59
LCHAR FLa# YDESUR® #712# o]apL JEQ® #/P22 SCOMPQUNRSY #/78 I Y |
. ACCUMULATE Suv F JHMPLICS. UF EACH PART
SUM = #42 6l
HLANK #HROwWe 5Ly #NEARMISSH swH]CMe 62
Ha PESCH #PUShe #8¢ #THIS® Fax SyTd g.9 = sF(H2)} 63
HLANK #[ 9% #Kkae 64
L wHTCH = wrdlCH + 12 PR Y-
HR 2 POS ®#DRUaS Zo2 ®DCULY Fez BMASAE /G (DPRA) LY
CHON = BaNYwaHEWEZ 7 (RAD) ¥
CLTY fTIROW 3 Ik=ilw + KHUW /5 (RKA} Y-}
¥ ARDITTUN FAILS wiEilv JROW = #ANYAHEHE#.  START LOUKING [N ROW BROW
R4S Bz gRUW = 2|# 69
# FANYWHEHEE SEARCH . C
R 3 SLTIRSCUILSTAE = 21#F /P LR3H) 70
W s R + 2l 171
¥(xRuAd2 W) #LEFTe TH[S *RTLWTH# JF(RRY)S(RaH) 12
® SINCE Tr1S ZANY.HEWE® SEar(H FAILLU ™MAKF NEXT TUPLE PAHT APPLY ANYWHER
R3R NMESCH BHIACOLS #8 = Z8E /iK3) 13
*« Faurp Tr1S PART, SET THIS wud AS NEw dEGINROW FOR FUTURE SEAHCH -
Ry it HHOw = R Té
RIGrT ANCHORIE) #7012 #aCOLY F=r BWETe #2122 /S{RKg) 1%
FCOL = STZEULEFT) = STIZELEULE) Z(R3) 76
# SEE IF wouT OF TwIS FUUNU PeIMITIVE CHARACTERIZER IS ABOVE THE
® THRESHOLD NERUELD A5 PART Ut THE COAROUND CHAR
HH4 SUM * LOF (WLBTewT) UM + AGT £{R3}Y. . . . I & N
# LOUK FUOR (WELATIVELY) PUSTTTONED THIS PTECE
RKB CCOL = uClL +« HCOL T8
* FINY CUNKRENT wuinrlLE 57148 Fur THTS CHARACTFRIZER
$(2TRE L] EwUHBLE(F #apL® #)# 19
# 00k FUOR COMPOUND TUPLE PaRT wlTH [TS INFO
- t1AROWE OHOW) THIS #/(# oL #=¢ dyGgT# #)}# /F (RHT) — a0
CCOL = «GF (wHBLsARSVAL[UC « UCULY) PE /S (RR9) a1
* SEE TF MORE wObpiE wWOULD GIVE MATCH
MEARMISS = J0EInHL * #1#4 AGSVALIDC = NCOL)Y ) NEARMISS WHICH 2.# He
FALLES
M SET THIS &% NEW STaHTIML P1, FUR FUTURE SEnPcH
. REQ. ._ _ HRDW ¥ UROR .. - - U — . S
MCOL = DCOL /{HR~I B4
* Ip wONT GO UFF clGES UF GRiQe LOOK AT LFFT + RIGAT SINES OF MASK TOOQ
RRT LS = «GTIOCOL + SIZLUIFUGEY «20#%) #13z 85
AS = ,LT{UCUL + MASK o DJZELEDGE) ¢SIZF{HOR]) ) #1s 85
* LOOK FOR POSTTIONED PRIMITIVE TUuPLE PART
—RRY) S {#RUWZ LROE}_ANCHUNL)Y ®LEFTZ{DCOL ¢ SIZELEQGE =~ LS)® _ _ . ——
. sl sLst BPGLANCE/MASKY sH/RG®  JF (RRAY
GLANCE THIS /S{RR1Q} 8a.
® SEE |F MURE WOBHLE wOULD GIVE MATCH
_tL GLANCE R} TnIS /F (RRd) -1-]
NEAHMISS = NEARMISS wHICH #.# 7 (RRa) 50
—_HRlp . _suUM & SU™ & wl . . e - P — - - §1
# SET MEwW STARTING POLNT FOR SEnHCH tevLN IF nID NUT FIND THIS PlHT)
R HROW 2 o+GEIDRUWs20#) DRUW 92
ACOL = LLE(DCOL20#) DCUL /tR3) 93



R2 IMPLIED #THR® #8# *1MP® #,8 = /F (RSA) 94

. IMPLIST = LGELSUM.THR) IMPLIST IMP s.s /{R3). " _o¢
% SEE IF HAD ANY NEARMISSES
: ) Y -
ALMOSTFOUND = ,GT(SIZE(IMPLLST) o#1#) ALMOSTFOUND CHAR sueg 97
e . ._MEARMISS #%s2 IMPLIST R/& ... . i

* IF ANY PART MATCHED (AND GUT ON IMPLIST) PUT ON FOUNUCH‘RS

— R _TNIS-cHAR _AND IIS INFO
RS FOUNDCHARS = -uT(SIlE(IHPLISTiotlll FOUNDCHnRS CHAR #,# cN 98
dag SUM go.2 [MPLIST s sF (B]1)
. IF THIS CHAR IS5 PART OF A LARGER CONPOUND- MaRK IT FUuNn IN
—_ ® CURAENT .POSITION ROW. OF INPUY ... —— s e
COMPOUNDS ®Xx/2]1#® sF (R1) 99
e e e S(ARONE HROw) » S(ZROWA _HROw) CHAR /(% RBCOL #wsd SUM g)p 10
- IF NOT ALREADY THERE AlD ONTD MEM THE CHARACTERIZERS OF wHICHTHIS CHAR
1S 4 £OwPAUND PART TG LOOCK 4T LATER

Rh COMPOUNDS #CH® 2+# = sF(R)) 101
e .. WEM CH #:# /S(Ra) e e e e e - lp2
FOUNDCHARS CH #.# /5(fia} 103
N CMEM . x MEM CH #e# SiMe) . . __ e e . . 104
* ERASE ANY DENIEN CHARS
DENY EQUNOCHARS £%# SOENIFO® #4¢ g /F ([MPLY) 108
) FOUNUCHARS DENIED #e% ®X& #/4 3 J{DENY) 106
o-IMPLY  FC = FOUNDCHARS . .. . . — —.._307 __
Hb FC #CH® #m¢# #IMPL]ILD® 2/¢ = /FtcHOOSEI 108
— RT .. . IMPLIED *NAME® #.2 %yY® #.0 x /FIRS) - 109 _
FOUND 292 NAME zaz ®S5UMS 2,3 2 2,2 NAnE :-: SUH » wT :.s /SlRTl 110
FEOUNDG = 2ef Namf Fef WT FOUND /iRT7) 331
CHOOSE  FOUND #e8 #HINAME® Zap *HInT® 2.3 = 112
__Cl ... FOUND #NAME® z~3 #pls dsa 8 sFLOUT) __ . . 2113
wOTIwTernInwT} /FLIC1} 114
. HINAME = NAME L _ . . - _.118
HIwT = wT Z1(C)) 11&
QI ERINT = LT TS # HINAME 117
L] EvALuATE ANSyER
R FBK Sx/F1#% /F(IN) 118 -
EQUALS(FhKyHINAME) /S(IN) 119
*_ ANSHER wAS =RONG : —
FC = FOUNDCRHARS 120
PRINT x RELFIGHTFD (HARACTERIZFRSg .- 12}
CHAK = 122
REWEIGHT JGT(SIZE(CHAR} +21#) PRINTTS{CHARsDCHAR) —123
FC ®#CHAR® 2.2 #Che zeg ®SUMS gxz o[MPLIED® /9 = 1F(lDJl 124
* SEE. IF mINAME WaS nMan IHPLICS . L
IMPLIED #v# HINAME Fo# %u]® $4% /F(C4) 128
— & UOWNWELGHT THE tMPLIC, OF nlnaMp
wl & GT{WTspay « #]7) WT = J1# /S((8) 126
& ERASE HINAMEs pECAUSE IMPLICe WT. wOoULD NOW BE $ HaQ e
ScHAR R[=z Wl i%E L [NAME ¥ #uTH 2.3 3 #lz2 127

.# 1F IMERE 1S AMUTRER IMPLICs IN X, PICK THRESH NT OF HINAME OFF END

* AND REPLACE X AFTER #]=#
s A apIASTLEAX) 0 23R) YL ERT/(SIZEAX). w 23RS #Y8 Lo #Tupe = 128

. s LEFT ¥ 24¢ /F(CT)
SCHAR #[az = sla# X 71C7) 128
* REPLACE MINAME [MPLIC. T wITH HEDUEED WT,
- ch SCHAR Z2]=# #X& 2@z HINAME 2.7 SOLNWT® fAuf & 130

Flaz x 292 RINAME #.,2 WT g
® FuH EACH TRAITe GIVE THIS paD CHARAGTERIZERS MALUF & DFCOEMENY
. ON THE MAIN EVALUATION L IST

c? TRATTWY (CNWDEC) - S e b I
® IF NO MCRE IMPLICS FOR THID TUPLE ERASE CHAR FROM MEMORY
SCHAR ®X® £Is/F #Y® = /F(Ch) - o 132
TOGEN = TUGEN + #l= 133
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VEMORY CHAR #37 = /IWEWE [GHT) 136
* IF FRAK wAS NOT anONU TMPLILS, apD It

Cu THPLIED 2«2 FHR #.¥F /5105) 138
BCHAR #0=¢ = #1z¢ INLTHRLSH 2oz Fuh #,.# [NIIwt 237 /(HEWEIGHT) -_136
" UP#PTGHT THE IMPLTC. UF FHK
CH BOHAH FIE2 4X% FHK £42 ®aTS #,3% = £1cg K FoKk $e2 wl ¢ #1# £4¢ 137
& UPWEIGHT THIS Crakd VaLuk It MAT CHARTRATTS LIST
TRALTATIOGNY TNC) / (RE W JGHT) 138
Al.d PRINT = #olinbie =aUJUSTED (HAGACTEHTZERSH 139
-3 INCREASE ANMNY wiludLE THAT wWull mavk IMPROGED PERFORMANCE e
ALigusT ALMOSTFUUND #CHAR® Fag #ue[CHY 267 o MPLIED® 2/ g /F {GENERATE!} 140
® StE TF THIL Craw IMPLIED FbR dUT WOT WHOM{ HINAME
IMPLIEI %92 FuK £=F /FLADJUST) 141
IMPLILD 2+2 HIMAME #F-3 /SLADJUST) 142
® OIMCRFASE wel FUR THE «nICH PARTS UF CHARs S0 WOULD HAVE SUCCEEDNED
ALl HLANK #|kFTo Cole3
VANWHL = r(# 164
FCHAR #ls# #0ESCHY #/3 %x8# F/T=z eTRE 2/% 145
AD3 wHICH #w# 2.3 = /F (REPLACE) 146
ALz CESCH #P4HT# p.p = iaT
W= N o= )3 148
LEFT = «GT{we#0#} LLET FART 42 /514021 . . .1a9
ol 1NCHang #UHRLE UF THIS ParT BY ADUING 2 TO MASK S1ZE
FOKT B8R0 2,8 RCOUL® $.3 #HAGKS® ¥y GTH[G® 2= = 150

HOw 2.8 TUL = £17 #42 MASK & 272 283 THIS =2
M REEP LAFGEST wOmHLE OF TrR]> CHAR EN MAXWHL

THISwHL = (MASK o 2¢# = SIZEITHIS)) / #2% 151
MaxwHL = GZGTITH]SWHLsMAAWHL) THISWBL . . _ _1%2
CESCLH £ LEFT MART #+2 DESCH Z(aD3) 153

* PYT anJUSTED DESCRIPTIUN HA(K In CHAR

REPLACE $CHAW #z& #QLOLESCHE #/72 = ED=# (FSCR #/% 154

# MaAKE SURE TR COMTAINS Max wUBHLE UF ChHaRS PARTS
FTH 2alyrLE(E  SagL¥ 2)F = -eT(mnluHL.waLl EWDRALEL#® MARWRL #) % 15%

. PRINI TS ICHaKR s BCHAR) A taliyusT) . o, 186
OENERATE ,GT(T0GEr20%) /F (LN 157
TUGLN = TUGEM - 21¥ 158
* GFT MUMHEKR OF NEw Chawa(Tew[Zeh
s N+ #l# 1585 .
# CDLCIDE wHETHER 0 GENRRaTE COMPOUND UR PRIMITIVE LHnRaCTERIzER
. Co. sLE{sHANFLZLUR) e PROBLOMPOUNLY ZF(PRIMITIVE} _ . ISR Y . E
® COMPOUNE GENEMATION
CUMPUWND rUPYTRATITS = CHTRAITS 161
COPYTHRAITS 2wimR| E(F wk® ) /s x 162
CUPYTRALTS #PLECE(# *X® #)/# = . 163
* ERASE AROVE SO wONT TRY 10 CALLWLATE TRalT val LATER
.. _PaARIS ® PROBCHUUSE(2TUPSIZE#) e e _1BM
PARTS = ,LE(PARTS2]1%) %P2 165
FC = FOQUNDCHARS e 1646
BLANK #IMPLLST# #DESCR® *TUPe spPL* “PRERON® 167
BLANK ®PHECUL® ®PRIMPARTS® 168 .
whl. = #»0# 169
Cixl FC _SCHY #,% ®(N® _29F X% g/3 5 /ELCG2) - 170
TUP = TUK + %12 17
SCH *Lx# *LASTPART® 2/# 172
CESCH = RUWORDER (LASTPARTSPESCR) 173
IMPLIST = IMPLEST INITHRESH gw%z ChH #.4# 1Th .
FRIMPARTS = PRIMPARIS CH X4 175
® _KegeP ) ARGEST WOMGLE YaLUF FUR THIS cOMPOUNDG cHaRACTERIZER . . —
S$(£THZ CM) 2WORRLE(® ®*wB® #)4# 176
wHL = GT{wWH,wHL) Wwo 171 .
# KFEP LARGEST TUPLE SIZE UF COMMONENT PARTS aS PIECE SIZE FOR THIS
* COMPOUND S
L(#TRE N} 2TURSIZE(# *Pe #)3 178
PC = LOT(P.PC) P 179
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PARTS = ,GT(PARTSs2]#) PARTS = 1% /Slcull 180

L2 +GE(TUPa#28} /FI(PHIMITIVE) . - el
DESCR #PLISTw = 182

. % _CHANGE DESCH TO RELATINVE. PUSITIONS - e e s e
Cu3 PLIST ®SROWS #.8 #COL® ¥e¥ LU o = /Ftcsﬂl 183

X1l = R0w = PREAQH 184
X2 = COL -~ PRECOL 185

e - R B B2E % wBL UV . 1 . S
xé = X3 ¢ SIZE(CH) 187
. __ CESCR = PESCR X1 #+% X2 #.% K& %3 CH E=1:3% .......188
FREROW = RQw 189

BPRECO| = COI (LG 180.. .
Cus LASTPART = RDW #.% COL 191

S ® INITIALIZE TRALT.LIST . . o : _—

S(£TR% N) = RTURSIZE(# Tup 3}lPIECEi* PC 192
e — e - -3 ) o wWOBHLE (2 wBL #) 2 e Z . . - -
® ASSEMHLE COMPOUND ChHARACTERIZER
S(ECHARE N ) & #0m# DESCR #/7a¢ INJTHRESH 2%2 FRK #.8 —193
INITwT 242 IMPLIST 2/Px7T=nTRge N #/Lmst LASTPART z/4¢
Y MaARR EFACH PRIMITIVE Cral CUMPONENT PART OF TWIS .COMPUOUND CH

CG5 PRIMPARTS ®CH® %42 B 25 {CGO) 1os
. SCH aPas = 2PxCrAHs N #ex 7 ICGH) o 195
Ces RET = #GL% /(Gb!) 19s

* MOVE % VaRKeR IN CHTRAITS >u AS TO CYCLE THRU TRAILITS
% ATTEMPTING TO GENERATE wlTnin . -

PRIMITIVE CHIKAITIS #X® 2/%/2 sy® g/3 a7% g :/# Y S/S/t z /Stgli 197
. CHTRALITS #x® #/# oy® g/%/8% %79 = ) 2£/8/# ¢ /% 1. . _-.1%98
Gl COPYTRALIIS = 2 K #/% Y #/% 199
e % EIHST CRUQSE THALYS WAlCH AHE NECESSARY JNFO FOB ANY TUDPLE
TUP = PROBCHOOSE (#TUPSIZE#) 200
PC = PROWCHOOSFE (#PTECE#®) . 201
wHL & PRUBCHOUSE (ZwUDRLES) 202
% INITIALIZE TRAIT LIST FOH NEw (HAHACTERIZER e
St2IRE M) = 2TUPSIZE (R TUP #}4PIECE(E PC #) +wOBBLE (# whAL #)# 203
_TRALY vaLWE TQ [RY FOR
COPYTRALTS #TH® #(z 204
TRYVAL = PRORCHOQSELTRI 208
TRy = 202 206
kET = PG 3# 207 .
% ROW GENERATE TUPLE USING TUPSIZE = PILCE SPEcIFICATIONs
— BENTUP. TRY B JLELTRYs#42) Iy * #12 /EI(GR) S -] | - W
# CREATF KaNDUm TuPLE URDEREY RY ROwS
CESCLR = TUPLEDESCHLTUPIPC) /(TR . 269

* witi RETUKRN FRUM THALT ROUTINE TO wHATEVER ADDRESS IS IN RET

% SEp IF THIS TUPLE SaTISFLEw THE UESIRED TRATIT Val

63 EGuaLS{VaLs TRYVAL) #F LOLLTUR) 210
v JUPLE HA0 DESIRED. valUE OR ELSE 5 TRIES FAILED AND. THEIS TUPLE witl—— -

* WE ACCERTED

G RET S 2454 21l
* ASSEMALE CHAWACTER] EW
E(eCruHE N) = #0=2 UeSCR #7138 INITHRESH #%¢ FRK #.¥ IN[TWT ale

Lo/PR/TRTRE N A7 2% LASTRART #/%
“_"sﬁmnu.cvcgg THRU MEST GF THallSe CALCULATING TWIS TUPLES MaLMES — . ... . _—

GS Si2TR2 N ) = $(£TR# n) TR #02 vaL #).4 213

(*1.] CUuPYTRALTIS #The 2(x #x® £)/2 3 /S(%TR) elé

® AT TR wlLL COMPUTE TUPLES VAL FOR THIS TRAITe RETURN TQ SRET
PHINT = sNEw CHARACIER]ILZERE 215
PRINTTS{(aCHARE N) o2 (2CHARE N) ) 216

e ® 1F COMPCUNDO CHAHae DONT PUI IT IN )ST LEVEL MEMORY .. . . _

NESCH #¥0E /H1TN) 217
YEMORY g MEMURY aCHaRz N gz s (IN) ' 218

L ]
* gEGIN KOUTINES TO CUMPUTE TRAIT VALUES FOR TUPLE. IN DFESCR
L ]
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* CALCLNLATE “ax Cots, HETwEER LEFTUOST ANR RIGHTMNST PARTS OF TUPLE

HUROSPRED LOPY = nrSCh 219
CORY drd £,3 S EFTE 7,2 4x# £.8 = 220
- KT = LLEF) a2
NEXT = LvFY 222
Ty COPY S48 K, & SNgwd  E,8 X9 242 = 2P (TH) 223
NexT = Fity o NEXT Peh
HYT = JOI{NEXRToHE) NEAT /510743 225
. LEFY = 21 TINEARTOLEFT) NEXT ZA(T%) 226
In VAL = K1 = LEFT /{9HLT} 221
W
% CabCULATE Manx KOws HBETwkEN 10PMOST aND RUTMOST PARTS UF TUPLE
VEFISKHRFD UESCK %X g4d &(0PY® 228
vAL = #Uus 22%
Tt CURY ®MEAT® #,2 €X# 242 = /F (WHET) 230
VAL = vaL ¢ NEAT #117) .23 —
*»
®CALCJULATE NumHEM UE FOINTS Lo TUPLE wHICHW TE ON EDGE OF PATTERN
#* VAL MOKMALTZED UVER 14
UHIDBEDGF CUMY = DESCH 232
HLAMK fip® 00 # 233
vAL = #{% . . - ) I N
Ty COFY 0% 2,2 SCOH  2,% 8% g4t = JF(TGH) 235
ROk 2 HUw + R 236
VAL = BEw{RUksg02) VAL + gl /5(T9y 237
Val F JbWwlRUWSCULSILE = #1#) VAL + #1232 /5(749) 238
CUL = COUL + Cw 239
- vAL = ,LE(CULe2Jx) Vval « zle #5179 - Ty . T,
VAL 2 JukR(CUL « FC * #£2% » wplL+HOWSIZE) VAL + #12 /({Tg) 241
T4YR VAL = (vap ® ®)10%) 7 TUP /Ll2RET) 242
*
BCALCULATE SuM b ARSDLUTE DIFFERENCES HETWEEN (ORKESPONDING nplGITS
# In ALl FUSSIHLE Palkl
PrOX L+ CURPY = UesLH ——263
VAL = #0# 2ha
HLANK #Howb# aCOLS4  #RUye eCLe 24%
Tiu CUPY #RJ#  #.3 #(0DE  F.%& Ba¥ 47 z F(BRET) 246
KUN T HOw ¢ HO 267
CUL = CuL + CU 24B
S CROW = PUOWS e e a 249
111 CHOw ¥NEXT#® 792 = JF(TLE} 250
vAL s VAL ¢ ABSvAL(MUw = NEAT) /(711) - 251
T12 CCOL = COLS 252
Tla CCOL SNEATY #2492 = /F (Tla) 253
valL = vAL + AHSyAL{LUL = NEAT) /£(T13} 254
———llie.—— _ROWS 3 KHOWS HUs #a#. - T _ - L |-
COLS 2 CULS CUL #«% /(Tlu) 256
*»
® ChECKS 1O SEE 1F CHAR IS CUMPUUND
CUMPOUND CESCR #%Cz /3(T15) 257
VAL = ENOE /UBRET) 258
——Tls . _uhL = #YES# ZIRRETI . . . L e e e -
L.E 1]
*BREUNCTIONS
»
® FUNCTION TRAITwI(TNsDX) abbs DUX (3 INC OR DEL) TU THE WEIGHT IN
# CMTRAITS FOR £AcH THATT EN THE TN=TH TRAIT LIST
SR o S fOPY = BLFETRE TML. . _ . . o e e ek 2R
T14 CuPY #TRAITH #(# ®yaL® %) 4% =z /F [NETURN) 261
CHTRAITS TRa[T #(# #yvL15T* #1/% a /F(T2) - 262
VLIST #e2 VAL #=¢ #wT® ¥, = Zog VA g=# WT & 0OX st 263
. s8(Ta)F LI ————— -
Te VLIST ® #e3 264
T3 VLIST 3 VLIST VAL 222 DX #+¥ 265
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o IF UPMETGHTING, ALSO PUT VAL + 1 ON VLIST [F NOT lLREQOY THERE

T4 - +GTLDRv#,#) ZFLiTqa) . . o —— e PO
fNUMIVAL) /ZF (Téga) 267
e VLIST e (VAL o #l#) 2ex 25(Taa) U ——- | ¥ - S
VLIST = VLEST (VAL + #1#} #£=3 INC #s¢ 269
L 4 QFGSSEHN E cdzynna
Téa CHTRAITS = TRAIT #(¥ YLIST #)/% CHTRAITS 7(TiA) 210
_ _»

* RANTUP(LIST) RETURNS PLIST wITH & NEW RANDOMLY CHOSEN GRID POSITION
& (RUN,COL; INSERTED IN OXDeh OF ASCENDING ROW NUMHER, THEN COL. NUMBER . __

RT POS = JRANFLORIOSIZe) = #)# 271
QO = _$ix 272
RT} LLT{POS,RUNSTIZE)] /S(IRT2) 272
N RUd = Hw + #)1#__ . R L . aATh .
PUS 3 PUS = ROaSIZE llRYII 275
_#_ Pyt NEw PART [N URDERED PusITION IN PLIST . ) - -
RT2 HMLANK ®L}EFT® 276
e RI3 L [ST wpe F.x ®Ce pux o /FIWTR) 217
LEFT = ,LT(HyROwW) LEFT K g,2 C #4.2 /S(RTJ) 278
LEFT = JGT(RsHUW} LEFT ROW #,.# POS #+9 R #.2# C Pasd /S(RT&) . 219
* ROwW3 ARE SAME
LEFT = +GTE(CePOS) LEFT KOw #.# POS 42 H #.2 C #92 /SIARTH) - 280 .
LEFT = LT(CoPUS) LEFT M 2,2 C 242 sS(HTI} 281

— % [F Falle & POSITION ALREADY TN TUPLE HAS REEN LQUPLICATER; . o .
® TRY ANMOTHER RPUSITLON

- - LIST = LEFT R #.4 C s LIST 2ZiqT) . . . . . . . 282
Rig AaNTyP = LEFT LIST 7 (RETyRN) 283
__Rls RANTUP = LEFT HOw #e# PUS #92 /{RETURN) . 284
____zhEnuqcuooszilj e e -
* CHOUSES AGCORIDING TO vALUE PRUHnHILITIES FROM T bdgLIST IN COPY OF
® CHTHATTS - .- e
PRORCH ALAHK *PL & #px# 285
® GET T LIST TO CmODOSE vALUE FROM )
COPYTRAITS T £(e2 ¥ [ST* #)}/3 » 286
o Lm) .. LIST sy¥ #ai ®e¥ 2 x /EICHIY . - o . . ___2RY
JLEC(Hgz0) s5(CNM]) 288
Crg FL = PL V #.# 289
W oW~ kl# 290
K = K+ xl2 291
eUlwedpr) ZFLICHR2ISICHL) 292
— LMl PROBCHOOSE = ohWIKaPu#) N /SIHETURMY C e o e oo
w & o R&NF(K) 294
Cra PL *PHOGCHOUSE® #4% & /F (RETURN) 295 .
w s ow o= #i 296
JEO(We2DE) sS{RETURF (Cré) 297
L
* RETURNS AKMSULUTE VaLJE OF K .. e . —
ARSVAL AASYAL T #GE(Ke202) K ISthrUHN) 298
AUSVAL = g0z = K /(HeTURN, 299, __
L J
* TUPLFDESCRIT+P)
® GPNERATFS TUPLE DESCHIPTION WITH RanpQOM PaRTS DRUERED HY ROWS
-® RELATTVE ADDRESSES e e e e
* BUTS ABSULWTE ALDHESI UF LAST PaRI IN LnSTPanT
vl HLANK #PLIST® SES® SPHLROW® PRECOLY 300
& GET T HANDUM PawTs INTO PLLIST(KANIUP RETURMS OHDERED PLIST)
e PLIST = HANTUPI{PLLIST} 301
T = LT {Ta#l#) T = %12 /5102) 102
* CHANGE THE AuSULVTE AUDWEDL TU RELATIVE aND BULLL DESCR e -
Ha FLIST oriwe #.8 SCUL® #93 x sF(D4) 303
CLEICOL + PeROwSIZE) /5ipS}H 304
A(HIwE dNW) S LEFT/ZICOL + SIZE(ENUE) 1 ¢ #THIS/(ROWSIZE = COLI® 3058
NES = HES HUW = YHEHUw 2.2 CUL = PRECOL #.% (ROWSTZE » COL ¢ 06
. LE2E ¥ wal)) 2o THIS 2=)e2 /(D8&)
D= L {2HIne Hw) WLEFT/ZICOL o SIZE(ENGE) e aTHIS/Pe 307
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CES 2 UES RUW = PHEMUW #.2 CNL = BRECOL #+4%2 PC ¢ (#2% * Wi} 308

. 19 TrHIS £=14%

Ué PREM )y = HUw 309
FRECUL = COL /03 310

[$L LASFPART 3 ROwW #£.3 LU 311
TUPLEUESCR = DES /7 (RETURN) . o e 212

L)

* LAKGESTITRY HETURNS Tak LarugST TRAIT valug LISTED FOR TR IN CHTRAITS

LARGEST CHTRATTS TR 2{e# S [5TW 2)# N3
LISGT 8L® gay #ys #4% 3z Ile

LAR] LIST ONEXTS 2=3% #V& 2,# 8 /F{LARD) 118

— . L5 «O1INEATHL) NeXl Z(LaR1) . . L A R § . -
LAR? LARLGEST a2 L /(RETURN) 7
L ]

YHOWORNER IPToL18T) RETUHNS LLIsT wlTH BT INSERTED aCCORDING TO
® ASCENDING RUs NUMBEHRy THEN QL WUMAEH

RUWORDER PT #dow® #.2 #0001 % /F (RETURNY 3ln
e . HLANK #LEFT® . o - - . R B —Jlle
Hw 3 LIST #R® #,2 9C® 2.4 #x% #£42 = /F (RWS) 320
LEFT = oLTIRsRON} LEFT H #,% C #,% X 2e# /S(RW3) 321}
LEFT = oGl {Reyrdw} LEFT KDw #£,3 COL #.,3 CH #42 R 2,3 £ 2.3 X 322

#o# /5{Rny)
‘ ROWS ARF SAME
.o o . LEET & WGTICeCOLL LEFT RUW #,¢# COL #.,2 Ch. Be¥ R £, C #,# K. _ 323

. 2o /S(Rau)

LEFT = LEFT R 2.2 C #,% X #ez /(Pw3) 324
Wiy KNWURDER = LEFT L1801 Z{HETUKN? 325
R#5 HORORDER = LEFT HOw 2,.# COL #.% CH 2, 7/ (RETURN) 326

“
oo W FUNCTION SECS(T) RETUHNS THE NUMHER OF. SECONDS IN TIME STRING Ta . B}
* UF FNRAM HHMMSS
5t¢C T GH/ZZFES SV RIER S/ 40 327
SEC3 = S ¢« M & 3602 « H & 23002 s (RETURN) 328
® FUNCTIUN PRINYTTSICeS) PRINIS QUT THE CHAHACTERIZER ¢ aAND TS COMTENTS
* 5 I8 LENES OF NNT MORE THatv 79 COLUMNS

- PRINTIZIS. S #Sis20Y9#% a £5(PRLy_ . e e e .~ 329
PRINT = % # C # 2 # % /lPETURN} 130
PH] PRINT = # # ¢ £ = # 8] 331
PR2 S sSl/2The = /5 (PRI 332
PRINT = # # 5 /{METURN) B, 333 — -
PR3 PRINT = ¥ # 91 7(PRE) 334
-
- b1uRE LEARNING FUR Tﬂ[: Riiy
KEEPFILE SYSPPT = #MEMORYzag MEMURY ES§3# . 33%
SYSPPT &= £Nz=# N #£3bz 136
K = £l% 337
UPK SYSPPT = #2CHARZ K #2z2 $(2CHAR®: K1 2%%# 338
e _.SYSPPT = #TRe K p==® $(*TR# K) %%+ . _ ____ . . __ . ._._ 339
o= JLTiKeN) R + RlF /5{UPK) 340
SYSPPT £ #CATRA]TSa=¢ CHTRAITS 28%¢ . _ . . R TS R
SYSPPT = 2TUGENS=# [UGEN #5%s 342
_ SYSPRT = 2h$%2 143
END ks

LATION COMPLETED AT 0223 =49
L PROGRAM OCCUPIES 2597% wORUS S
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Performance at Start of Run
(No Characterizers in Memory)

INITIAL MEMORY
INPUT PATTERN
o0lllitiovn
e ouiiililou
0000110900
e ——DBuOllyney U .
gdvollcuQo
founllovng
gaunilonng
QuUNLIGRNOu
onilttiliow
—— BUiYllilon . . . e e e e -
FEEURACK = 1
I7 15 UNKNOwN
REAE IGHTED CHARAGCTERIZERS
WOOHLE=apJUSTED CHARACTERIZEKS
NEW CHARACTER[ZEW
CAARL = D=3.bs1*0~=1rbe~Sal®y=ls/1e2% [ 5 /Pu/TaTRI/L=g,)2 e
INPUT PATTERN
t109n00ull .
1130000011
1ivagouwill o
Lluponeeoll
C—m LL1Y101ll R - e e e - .
TLititttl
1lusooaull
lLlvonduutl
Tldonuuull
tleaauayll
EECDHACK 3 H . — . e e e e e
[T IS UNKHDwN
HESELGHTED CHARACTENEZERS
WOUHLE=anJUSTED CHAHACTER[ZERS
NEW CHARACTEMTZER
CHARR & Do i®lmlsbeae jM0=le/ |3 %Ha5/PR/T2TRZ/LETLS/
. INPLT PaTTEAN - e e o mm e e e e e —— e
gutillila)d
NIBRRRRNNY
Jitagunlit
1190000011
11000l
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1unguuytl
1laa00upll
1l11antelnd
—_— - ISDRRERNEE R
ndl1131lou
FELDHACK w
IT 18w
HEWE IGHTEN (ranaCTEH]/EKRS
CHAR] = 3.6 [ ¥ rbamma | ¥p=[e/]E2%) e8] .G /Ps/TETH /LG
- onagd = hS?.ﬂ.lk]-l-b.b.l*U-io/{:2““.bn2*u.u.;p=/I=1R21L=7'bl
WOEHLE = aDJUSTFD Crnbeud [ERTZERS
UEW CHAHAPTFRIZEH
CHARI = U jalel¥imlohele | ¥ 1=/ |00 /Pc/T=TRI/LEF, 0/
INFUT PATTIERN
11ii11t1)1
—_ PLL11111)]
11000 ape
116n08ui0n
JlLetvloupe
Tlelvinung
11 puttyut
—_— - - HlebOupunt
Liryryem
1111144111
FELDHACK = F
IT 1S 0
REWE LGHTFD CHARWCTEUTZERS
LHARY = l.l=2.u-1‘*1-1l‘:.b.J."u‘ll/I‘2"L-5!2“0-an?“H-ﬁ!IP=/T=TR2/LlT-5/.. . . [
WOHALE=anJUS Tl CHANACTERTLEHS
Hew CHARACTERT (b #
CHAR = DEp.7el¥)=1o3e=]al®n~] o/ 2P .ho /P=/TETRG/L33.b/
INFUT PaTTEAN
gautyleang
— AuIlligay S el
oulleollye
odliotilnn
Dllonagol iy
nllitlbltle
ERBRRRREL
—_ . Yluondbyll . I [ P
Flunpiuvll
1lvonotul)
FEELUBACK - &
1T 15 UNKNUwM
WEMEIGHTEN CHaRaCTewilZEHD
e MO Em AR USRI CHANAGTER LS — — . - —_——
NEW CHANACTEHIZER
CHARS = DS(aGa]®0=loba=lul¥]1=1¢/122%A,51/P5/TRTRS/ S0, 8/
TNPUT PALATTERN
oeolilllio
non1iIlrinn
SRS  F FUY. 12 )6 W77 1 S — - m— —
goualleooe
guunllouno
IR R KR
poulluLhon
ooulIbLLOD
——(lllllapag .- R —- .
pllytinuop
FELUHACK = ]
1T IS E
REWE IGHTED CHARACTERIZEHYS
CHARG = DS0.Tei®l=1¢3e=1ai®u=) o/ [u@®] 5428 4+ /P2/TETHA/LED S/
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WUDILL "R YUN Ll wrimnAay, (Lr e
--NEM CHARACTERIZER e
CHARS = D=3.p.] o-1o6.?.1*o- -/I'z*I-sv/P-/T-TRb/L-9.7l
IN,E“] EA‘I"I‘]‘-‘BM
01100040110
oillopGolle . . e . o
plloaooolla
s e BR1OO00011D
01l1o00Uc110
0ll11111140
9111111110
ollpodllle. . ol
alinou1110
SLionQlllp
FEEDHMACK =
1T 1S A
REwWEIGHTED CHARACTERIZERS
CHAR3 = D8]4121%1=145.721%]1=11/i32%He542%0.50/P8/TETRI/ "6, 8/
CHARS = D=GoTal¥]lmlede=1a1%0=] s/ [m280 5428 ,542%E. 4o /PR/TxTRA/ ®], 0/
CHARS s U=, 9,1%0=116,a] ,1#*lels/ix2%H Se2%A 4o /Ps/TaTRS/L=6,8/
WOHHLE=ADJUSTED CHAKACTERIZERS
_ NEw CHARACTERIZER
CHART = Oxl.4.1%0=)s543.]%]~ lo/I‘E‘HoﬁtlplthTR?/L’b.7/
 INFUT PATTERN
e0li111¢00
. . 0lleoovlloc
0l110000)10
e QYlo00Q 10 . L . B e e e ———————— i+ —— e
0lln0oQllu
olloobylle
olip0QOLYO
giLapoglle
0l1Lln001100
S 1 + 15 W 1 1 5 T I
FEEUHACK = O
1T IS H
REWEIGHTEDN CHARPACTERIZEHDS
CHAR] = Urdetrel®y=)oba=5e]®y=1o/182%0,pe2%] .y /P32TxTH)/LEGu]l/
CrARY = D=l 1 10)l=lvS, 7. 1®lmlo/]R2% a4 02%0, 0s/ps/TRTRI/ 26 B/
EHARY = Dzu,Y,1l%U=leb, el 1 ¥lwl s lm2®0 50290 642%A %2 /PB21=tRS /0l 8
CHART = Dsls%al®0=1105032 01"l o/ [E0%U 5420 Kago/P=/TSTRT/L=6G,T/
WORMLE=anJUSTED CHAHACTER]ZEKS
New CHARACTEMIZER
CHARE = LEb S5 CHARI= L1 0+0 oD% CHARG =L ¢ 3a=T7 54 CHAR] =) 1/ ]1c280.5¢2%3CHARLvZ2*SCHA
R+ PoSCHARS e /P=/TeTRB/LSY L/
INPUT PATTE&N _  _ . Lo e e e
wO011113111 0.
wU1111111E0.
SOLYOBCOURC,.
#OLIOCQuiuc.
«U1T1100C0U.
A___._..._....‘(lllllj.l.uccul. - e e O -
«OLIDUNEOLU.
aull000000V
sULIT1T113 111w
«0J11011110.
FEEDBACK = F

Al seel oL } - e e U I
REWE JGHTED cnanc1LulzLH5
CHARG = DB, Ta % ]1=103e=11%y=1¢/152%H.5¢2%] ,442% Se/Po/TaTRG/ | H3.0H/
WOHBLE=anJUSTED CHarAa( TERILERY
MEw CHARACTRHTZLER
CRARY = D26.404% "1 13e=30k®] = 1-n.¢.a-11-|./t-2*5 Sv/Pe/TaTRO/L=9, 5/

-400-



IMPUT PATTERN
«0gB1 Y u¢00.
wUADEIT U0

e BUBILITICLUD.
«0u1YOLEGCL,.
AR AREIN
JOullilliug,
WO1111110u,
ULIN0CN1 1y,

—_ . .allocliCllo.

.l]ﬂﬁUCUlln.
FELUHACK = a
IT 1S UNKMOwh

REWEIGHTEN CHaRACTEHEZERS
WOLKLE=ADJUSTED CrAFACTER]IZERS

NEw CHARACTERIZER

CHARL = BE3uNea®, gojo2emtea®] 1% 0uelan®nn=]1/T22%As5r /PR/TETR] 0/LEQ05/

INPUT PATTERN
oOU]]l]]lbUa
NORARRRREAN
LI RETJILE

CeQunpllueus
NI AR ETHITE
«UNNT T YLDy
dIDDIYI0EC U
sOHDDETOOLUS
«GNIVETI1CL .

e 3 1 R ROy

FEEUDBACY =

iT 1S E

INPUT PATTEHN
wJ1LRQLGETLL
«110000ULL]

—_—e el lle . — -

sligobnyuulle.
olEPYLLRLLE.
«1111171711.
<lippeeeell.
«110060001 1

«llo00pO0i1.
FEEUBACK =
IT 1% O
INPUT PaTTekN
+001111110L0.

—+ 110066003 be .

Ll il 1 1
o-rrirrrei iy

1110000111«

- «1l06000011.
+1100000011

- 11060490011
+110000660611»

0111313110,
- 011111100
FEEUBACK =
-—37-1% & - - — -
INPUT PATTERM

AERSERERE

«1111111111.
ol - +1100008000y.
«1100000000,

et e ek 1116000

1111110000
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«1100000000.
.. 1loco000000,. e . U e
J1317111111,
B EERSERAEE D
FEEDBACK =z
CIT IS E
INPUT PATTERN
« 0000110000 L — e -
«0001111000.
S VISEV.T.ER ¥ T N
+OV110NE100.
_____ 0110000110 —
0111110110,
«0113111110. — e . . o T
slloovoColla
— Wllop0opunll. —
allog00GG0) L.
FELDHACK = _
IT IS O
INPUT PaATTERN
+0UYITIE11YCO.
SN TR LB 5 U T ¥ VU o
w000CIL0GCYS
+ 0008110060,
«000011GLG0.
suop1I 000G,
«OHO0LIUCCD.
- S BLDOLIOOLR. . - . e e e e e
0111111100,
+Gulllillou.
FEEDBACK = |
IT IS E
REWE LGRTED CRARWCTEH]IZERS
e CHARG & BFgeTai®]oladam]lal® ™o/ 1=2%r,5e09] . Gop¥E by /Po/TaTRL/ B 6/
CHARY = Drb,8.4800=1e3,23,4%1=]00,2:40]1«]s/122%].592%E.é44/Px/TaTRY/L09,3/
CrARE = D=0 Be5%CHARI= v (a0eO*CHARG=] ¢ 3u=7uG0CHAR] =]+ /12201 ,512%0,542%SCHAR]L
2R CHARA Y 2 SCMAHS e /PR TETHE/ 29, ]/
WOBBLE=ADJUSTED CHARACTERIZERS
NEw CHARACTERTZER
_CHAR) L. 5 CFSa2eat 01 122a=204%00"17209.3%0~1/Im2%uba/Px/TaTR1L/L®G.9/ .. .. .
INPUT PATTEKM
ellugiouclle.
«1100UQ00L1.
+11000C0C1l1,
1100600011,
e — <1R111131211 . S, e e e e il e e e
1111111111,
J110n0o00nll,
«1100006G011,
+ 1100000011,
J1loo0oooll,
- FEEUHACK = E . . e et e e m e e e
IT I% 0
REWEIGHTED CHaRACTERIZERDS
CHARZ = D32.04 |%1=10545 %)= v/ [T 2%Ea5e280, 342%Ma B /PE/TETR2/ 1L 2T 45/
CHARLY = CR328+4% 0001 02.=4,4%11=1s6,] ,4%00] ¢/ 182%rs59244,8+¢/Pn/TaTRLO/LEG,S/
CHARY = Dab, H,58CHAR3=] 40, 0,5#CHANS=] 43, =T S#CHAR =Ly /228K, 521, 5'200 L TY-Ad ]
. .LHAR1-d*&CHnR312*SCHAR54/P‘lI‘THB/LlQ.ll e e - —_ _— e ——
WOBAME=8shJUSTED CHARACTERTLZEHS
NEWN CHAJACTERTIZER
CrAR] 2 = C=T7+5. T*Cﬂﬁ92-|ce.*«.?‘LHhRd-luu.4.8*CHiR19-19/I-g'H-5|2*ScHl92;2¢5cH
AR 5y 2*SCHARBe /P2/T2THIZ/L29,5/
IMPUT PATTEERN
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wOUI1E 1 L.
L011111)110,
Lllinbpoulll,
——— g llp0000RLL, _. . ein e e
L1100000G011,
,llanvconll,
Llinoepurll,
Jllinupdlll,
. L0111111110,
— L0mY1lllbo, o e e o e -
FEEOBACK = O
11 15 1
REWLIGHIEN CH&HACTERIZERS
CHARS = DEga7a[®]1=Iv3a=lsl®y=1+/182%0,5428H,542% ,412%E 4o s/Pa/TRTRG/LZ306/
CHARY £ Usb,4,4%00=193,=2,4%l}=]0n, Ceb®]]=l, /1’82“()-5-8*1.#n?‘E.ﬁ!lPxiT'TRQ/Ll

—_— -9y 3 . - - — S I
CHARIL = TzSelst¥thal y2.=2s a»uu- 2 9, 38041 ./rgzoo 5.2“1 4, /P-/T=TR11/L=9 S/
CHARL2 = C=T7a5. ?“Cﬂnﬂ2-|oa.-4.7*CHARB-1'u.u.aicﬂnnlo 1|II=3'0.5|2'H Sy 2*SCHARR

t2RBCHAR LN ¥ BLMANBY /PS/T=TRIE/ =95/
WOBELE=ANJUSTED CHARACTER]ZEHS
NEW CHARACTERIZER
— LHAR]3 = (=346 79CHaN4=1 100" 3uT*CHARI =1+ 0. A B#CHAR] I =10/122%0,5:243CHARS 429 50H
ARQuPHSCHAR ] o /P=/10TH13/LEY,9/
INFLUT PATTERN . .. L
«111113111 1L
1131170000 _ . — . _
+ 1100000800
—— o RIBB0RU00. o L o e e L _— .
o 1111110000,
«1111110000,
110006000V,
+1Enouoboou,
JI11T711110101.
SR T 5 1 5 15 1 1
FFEDBACK = E
IT 18 © . R
REWEIGHTED CHARACTERIZERS
CHAR1IZ = CET+S+T¥CHARZ= | 12 e~ o THLMAREa] 00,4 APCHARL Ow] 1 Z122%E 450280, 492%H, 5027
SCHARP 2P BCHART 14 Z#3CHaREs /s TaTRIZ2 /L 29,5/
~LHARL3 2 C23.6,,7#CHARGm] 10, ud, 780nARTL 140, 6, BACHAR) Julaylnaef 54200 4o20SCHAR,
P2RBCHARG Y 2HBCHAR] 10 /P=/TEIR]3/L=9.9/
WOROBLE=ADJUSTED CHARACTER]IZEKS . . I
NEW CRARACTERIZER
CHAR]% = CR0aU.5%111=11v1a9,3%1=106,=B S*%100~1s/122%E ,Se/PasTaTHLIO/A 27,1/
INPUT PaTTEAN
T IVY R B N T, ¥V U UE———————————————
0001311000
- «LBY11001100. . .
«DUII001)%0
«011006611 0. - . I oo . R .
011111110100,
—_ SOk
«1100000011L.
R .11009000]1. . - . i
1100000031

__FEEDHACK = & . . _ . B L
IT IS H
REWEIGHTED CHARACTEARIZERS

CHARG = Ua3.0s1%0=106eTa M=l v/ INoWa,512%],54/P8/T2TRG/ ®%9,T/
CHARLZ 2 0BT 2S¢ THCHARC=1 02~ u TOCHARB=]100,%4,8PCHARIO=] 1 /1u2%4 ,5024F ,502%0 41424
H ﬁ.ZOSCHnH8|Z'$CHﬁRlU'ZlSCHﬁRGn/P'/TaT9l2/L19 5/
uouaLE-ngJUSTED CHARACTEHRIZERS _ . . -
NEW CHARACTERIZER
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Chﬁ915 z 0‘2 QeS%0yl= 1 loén5'110‘103--105’111 1'/l'z‘lostlﬂilT'TRISIL.ﬁo1/
INPUT BATTERN . . . — . et

«0u01111110.

B T AR BRI —_—
«0UB001100UV.

- 0000130000, - . o e ———
«0J00110000
2000110V 000. . o e
«000)100000.

Ananlltnnn\_

¢01111100000
«0111116000.
FEEDB&CK a1

IT 18 E
REWEIGHTED CHARACTERIZERS
 CHORE ® DR300al®0mlsbelal®0ole/IN204,6,20],4¢/Ras/TRTIRG/LBQ T/

CHARII = D33,6,7%CHARG=116.=3,T*CHARG=L10,5,8%CHARL L=l /1xp®] S2¢E 40240 ,4¢2»
SCHAR&$2#SCHART 1 28SCHARL L/ P/ TRTRLII/L29,.9/
CHARLZ = CET.5.7#CHARZ=142.=4, T*(HAHBe] 10,9, BRCHAR]IO~] ¢ /1220] Sy204,512%E,4124
O,602%H, 6, 2¢3CHARZ 424 2CHARL G4 29 9CHARB Y /Pa/TaTR12/L 29,5/
WNBHLE=ADJUSTED CHA-ACTERIZEHS
—-NEW CRARACTEREZER . _ . —_ — -
CHARLG = Dx0.2. 5., 11-1|5.5a5'000'1oZ.-S.E'Ul1-1'fI'?*I.So/p-/TITﬂlﬁle?.zl
INPUT PATTERN
D1L100C01 10
«011000011 0,
«0110U0011 0.
.— «0110000110. . . = e — - e e et e —
vD1300C0110.
«0111171110.
+0111111114s
011001110,
«0110001)1 0.
SR - T¥ o0 5 I IF L VU O I e ————
FEEDHACK = M
IT 15§ O
REAEIGHTED CHaARACTEFIZERS
CHART B US|l hal®u=105a3a1%1=iv/152%Uar 2125 /P=/TRTRT/L%6,T/
CHARL3 = CEJeb o T¥CHARSG =146, =  T*CHORYa] 4 (1,6, A%CHARLl=] ¢ /1 m24H Sy 28] S12%E ,412%
039 2#SCHARG I Z*RCHARG v 2 ECHARL Lo P/ 1TRII/L 0GR/
T CHARLZ = Na7,9,T#CHARR =] 42 ,~% , T#LHAHB=) 40,4, B0CHAR]IO=1r/Inp®] Se2%4A, 5.2*E 4.20
O, 3178, qu‘iCHAH2t2'*LHnH1Jc2'$CHﬂ989/P'/?ITR12/L8915/
wNHRLE=apJUSTED CHARACTERIZEWS
NEN CHAIACTERIZIER
CRARLT = P=Sayuet¥e])1=1leledso*p=lela=B.E%]111= 1 l.l03.1000-1’fr-z.H.SO,p./T.TR
IR & VWS 3957 2 - - - e —
INPUT PATTERN
asLORLIL1400,
vob}10CG11000.
e U1I0CUQL104a
s UY10L0QL10.e
e —aslYICOOOL Y G o e o
+2e0TTULLOL10 .
anG110UO0LL0ws
se)Y0LODLI 0w
0 g1100011000
00001!11110000
_.FEEURACK = ( . S,
IT IS~
REWEIGHTEN CHAKACTEwRIZERS
CHART % [1Z]1e60]1%0=1052341%]=)¢/122%0.592% e /PR/TRTRY/ Bg, 7/
Crisfle = Pa0e0e5%1ll=lalagud®]=l16.,-0,5%100=]s/]22%0.502%C,517Pu/TaTRIG/ | aTs]/

T,V



CrAR]T = 0x3,0,T#CHaRG= 4B =d TRCMunYelo (3,6 ,8%CHARLIale/1a20H 4020, S5e2%E b2
DaGop#aCraRGy 29 o CHARD a2 Yy CHuR11-/P=IT=TRl3/L=9 97 -
CHARYZ = CET 0. TCHARE=] 92 =4 TP HAR=120,8 ¥ cHARL =10/ [x2%], %'EOA.Soa‘E.ttzﬁ
R ,.0,&42&&.4.aﬂﬁcuiﬂzna*tLﬂhHlu.d'&CHAR&;LEILI:TBLZIL:QASL"_" . e
WOBHLE=aDJUSTED CHAWACTERIZEKRS
NEW CHAFPACTER]ZER
CrARIA = CTlaFeS%umlelo~3eb% ] 10m1 034088011 0=112+=b,8%0110~1s f[=2*0o5ofPIITlT
RIB/L=Ta. 07
INPUT PATTERN
YT § S E N R 3 W E P .. - e e Lol il e —
ee1111111104ss
e 110000000 w -
as D110 OGE0UG e w
- ea0111100000 s
ae GITVT0GL00
--—--—-—-—-—.4(}-}—}{1(1(-@00000 - Woee e am e oL e e e e e e e e s i v —————— e —
weU1YQGLO000 0
w311 1113100s
I ERRR R R RN LY
FELLBACK = F . - -
IT IS5 H
_REMEIGHTED CHAHACTEHLIZERS .._ SR, . S
CHARLS = DEGeyeo*ill= 1.1.9.3*1 1-6.-5 5*100 1./1=2“0 SY2%*E, b'IPlITtTRIbIL-T.1/
CHAR]T = C=5.u.8*-l1]-100.9.5*0'10l-'U.8*1111-1ol.l 8%in0Q0=la/1x=2%E, 502*H.60/P
FLIRTRITALET .2/
CHARLY » C=3,6,7#CHARGe] vh =3, T#LAARTZ]1 30,6 RBCHAR] | = 10/1:2*H 3e2%], S-E*E Se2®
_n__m_ﬂ4ﬂ43£$CHthld*tCHﬁH?l2'$LnARlllIP'ITilHlBLL:Q;Q( ¢ e -
WREBNMLE=ADRJUSTEN CHACACTER]IERS
NEW CHAHACTERIZER
CHALLY = Dx7ulo 10%CHARLG=1 o0 ]2 JG#CHARLI T=1¢7,T7,10#CHAR] 3=],/182%E, 5-2*SCHnH15-
) CRSCHARYI To 29 SCHUR] I /P=/T2IHIY/LZG.9/
INFUT PATTEKRM
SR 1 '+ 1 70 B 1 31 « . ——
asd00ULI00N0as
anJ00IL1100L0s
arr NT1VGEIRUG ..
set'BYTELITUD 0 =
«eU0T11111100.0
— et 4L 100 — - e e e ————
es 110 00GLETO e
«e 1000001100 - -
as 110GE00] )00
FEEDBACK = &
IT 15 &

waBODLYLE1L0 S
Ce es 0111110000
cn pROQUILQULQ e
220000110000~ -
svH0QGI10000
Y ¥, B B T L S ——
e d UBDTLCGO000 .o
s 0001100000
wa011111000Cs»
e anDY1Y1E10C00 s
FEEUH&C& e
SRS B A 1. P - —
INPUT PoTTERN
- —ws0)10C0D110.. .
er 03T0GLOYL0
- +201100061 10 - - e - S
s+ U110G0C0Y10sr
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006130060!1000
.-(‘llll]llln..

eeD111111110,..
3310061110,

FEEDB

2201100611120,
«e011000631210,,
ACK x

1718 £ .
INPUT PATTERN

TS SRR Y1 PN

P L. S YT IIT Y P

«eUY1000)1100
+2U0LUQO0LL0ws
enul10GGOOL1Cas
«»011000011Qes
as 011000011 0es

we110000110a+
-10-110901100.-
eeii011111100.s

FEEOBACK =
IT IS E
—ABPUT PATYERN . . _

eoO113311110as
esd11111111Cee
we 0110000000 «s
oo L YLGLOOUD e
w3113 000000«
oo HETUG0UD s
vo 011000 U0UDS
we 1 100u006G0Os»
ars' 1111100100
seU31111100000

FEEUBACK =
I IS E . .
INPUT P4TTERN

seMCNOLLO0UO s
«oBOOUL10OC UG
ar000111100G04s
s MNLICY1000
asVD1)EUliVU s
eeif]1 11110000 w e
..Lallllllluoln
erdJ10000F1C0es
ae b I0COU0L10es
as L10GLO01 100

FEELBACK =

1T IS
INFUT

“réﬁuu

A

PATTEHN

s P0JLI11110U0s
sl 1udse
2o 00011000

cesuBORLID0UYs

eayD0T1I0BYUD s
a0} EOOUD s
e ORI L4GUO s
sati0UT100 U0
st 01111} 1ues
eottB1111110000
acn = )

IT 18 1

InPUT

FPATTERN
se L10LOGUCCLLes
se 1100COCD1L
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lnl‘()ol}{‘o(lllov
Jrllufgueell,,
eeJ¥11111111,,
D A R EA TR S B & PN - - : e e
.QIIOOCUU(“IIOO
e 100030611, ,.
e 11ODGLODLEL .,
ael1ODGQOL1T,,
FEEIBACK = =
AT IS U - . - U
REWE IGHTEN CrHaRaCTERIZERS
CHART = DS} o1al®]=105e¢T o1 ®]1=i0/182%Hage28%0.5¢/P=CHARR/TETRI/LEGR/
CHARIZ 2 [=TaSTH0HARP =1 024 =%  ToLHARK=] o, b, ¥ cHARLU=]1 o/ [=p# ] 50248 ,5+2% 4024
Qo3 ePRH . 9029 bCHAKZ 2% BLHARI D 2R SCHARBY /P /TETHL2/L29u5/
CHARLY = CaTelai08CHAR =1 4Ue | o lUNCRHAR]T=1,47,7,108CHAR]L =) ./I-ZGH Se2®E 5, 208C
. HAH | 4428BCHARLT o 2¢3CHAR ] 30/ M/ TETR] QAL 360/ . e
WOHSLE=ANJUSTED CHARWCTERLIZERS
NEW CHARACTERTIZER
CrARZ) & CS]aHa 6% )11 e2emSabPup0U=193,.=]B%0000"101+s7eb%] =)0/ 152%H.51/P/TuTR?
037,97
INPUT PaTTERN
E——— T 5 N I B T P S - - . cem e s e e e e
ee 11113110
e d1V0000}iLna
av LIOOCGOUT Lo
s 11000Q00) 100
oo l1GONGOCIT 0w
e w0 L LBGG 0001 L e s .- . -- - - - - B e L W
ee]1100001110»
eeBY11111310EQwe
ae2011111100e
FELDBACK = C

1T IS H
L BEWFIGHIED CHAKACIEWLIZERS . _ e ——————
CHARZ, = [x)ed, 6*11-1'2-'b-ﬁ“uouu-1'do-l F*qonn-l 1e7e5%]= 1!/182'0.5i2'H.40/P:

FTI=IR2G/LET9/
CHARLZ = [27,5,7T9CHARP=112,=%, TRCHARB= 2D, 4 AeCHARLO= o /lup®] [Se208 Se20E he20
DebepiH, a-?*ScunRz-z*»CHquu.e*scunna-/P=fT=TR1z/L=9.5/
CHARLY = CxT.1.10#CHAR] 41101 J1USCHAR]IT=142, T, 10#CHARLI=],/In?2%0, 5.2'H.¢-2*E.
__“__.5+¢is£hﬁﬂ1&.2§SCHﬁH1I.ZﬁibhnﬂlJJLEl;TalRlQ;Lzﬂ.QJ e M e
WOBHMLE=ANJUSTEL CHARACTERTZEWS
INFUT PLTTERN L
evl1111111111ee
e*1111111011us
ae l10UBLOLGOOU
— 1000000 DLl e . —
svli)IINQUO=.
2o 1111310040 . T
p el ULCL{ L0
«s 11HQ0000Q0
ssl1111101011e+
—_—eatlt L e e e e e
FEEUBACK = E
1T 1S 0 o
REWEIGHTFN CHARACTERIZERS
o CHARZ( 2 U] te0*1]1=102.=548%L000=193."1.8%0000=101sT+50 ) a)s/In2¢E,5:200,402%H
vhy/PE/TETR2ZG/LET G/
e LHARLE = L7 8, TRCHARZ w92 0 TOCHARYw] o0 4 BOCHARICaly/Inp®] Se20a Ge28F Se2e
0.3'pon.4.2*$cnnpz'2*%Cnnuiuo2*$CHnRBa/P-/T-Tﬂlsz-Q.sl
CHAR1Y & CET.l.104CHARLA=1o0e] JLUSCHARLT=112,7,10%CHAR]3=14/182%0,4¢2%Haks2%E,
Oy Z2#SCHAR LG 24 9CHAR] T4 205CHARL3, /P2 /TxTR19/Lu%,9/
wOHBLE=ADJUSTED CHAKACTER]ZERS
INPUT PATTEHN
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0as00001100004+4
Rt """.'H‘oo-u-lllln-o-o.'t - - - - - e e e - e
..oﬂOIlOOllOOI.. !
- eﬁ‘lﬂollﬂﬂ-
ees0110000110,..
-e+0311111110,,. oL ol .. . . T
asa0l11111110,,.
— e ll0QOO001l,..
vesl100000011,.,
e+ 1100000011
FEEOBACK = A
R G S oS
INPUT PATTERN _
- aeeDD011111100ee e O
oncOOOlllllOO-..
— 8000011000 ees
wea000GL100000 s
»+e00061100000.s
ans 000110000004
.- wesQO0N) 10000044
saeB0011000000se
e L1111 000000 e
vav0L11)1000CGaws
. FEEDBACK = 1
IT IS E
_HEMEIGHTED CHARACTERIZERS
CHARG = Dx3,.0.1%0=lsbeT 180~ lt/l'Z'AosoaﬂI.7,{p=/T'TR6/L-9 T/
e CHARIS x DEQ.2,.5%0]1)2]l8%.5.5%000%) 122u5,500] lules/1aPe¢ b /Pu/TaTR)6/B72F .
CHARZU = DT1a8,6%11=]42.%5.8%5000=193,=1.820000"1vla?:50)la]s/In20] 5420F,442%0
s ICHH R e /PE/TRTREO/ LD T a9/
CHAR)2 = N=7,5,7%CHARZ=] 42 ,=%,T*CHARBaly 0,4 AOCHARL Q=] I1=20] 642%A 5y2¢%E, 4024
Oa392%H, v 2% SCHAR292*CHAR] 4o 2*SCHARBY /P2/TRTR12/L29:5/
CHARLY = CxT.1a10%CHARL@=1o0sl J0®CHARIT=142,7,.108CHARLI=] 4/ I%2%] 542%0.412%H.
— & 2%E, 5.2 5CHAH )42 28SCHAH] [y §Cﬂﬂﬂlillﬁszlllﬂlitng-Qf
WOHBLE=ADJUSTEN CHARACTERIZERS
INPUT PATTERN
v 0LLIC00N110ass
ensLLN00D110Qnse
saafillNOO0]1Ceas
Py 1 1Y . ¥ 4 5 0 1 S U
ctlﬂlfﬁooullﬂtcn
enal i1V Uesn
ssef111L¥11]0¢asse
eeaB115001110aus _ . I
sesB1100011100ae
[ . % TR I 1Y + % 0 O O 4 3P ———
FEEQHACK = w
IT IS H
INPUT PATTERN
 aealt0111110000ee
wse011000)10U0was
DT RY (B R HTTH TP i o S -
ves0I10U001200se
exsfllQO0UL10ecs
weeDILOON0L L0 0we
sraBlingDull0eee
qoool]qooulloaa.
e 8B ABO0H) 100 8AS -
ses0N1111010¢ens
FEEQBACK = (0
IT 15 1
REVELGHTED CHARACTERIZERS .
CHART * 0% Jeae 0=l 15030 110/ [%2%00p02%Hoay /PR/TRTRT/ Mg, 7/

=H08~-



LHARZ) = 2] H ,h¥] 1-102.-‘5-6"‘000"-1cJ.-l.ﬂ’oﬁl}n-h1.7.5#1-1n/I:Z*I.&oZ'E.QIZ*O
oS8 H e /PFE/TRRZUZLET 49/
CHARLY z DaTele10#CHARIG=] 4 0e] , l0BCHARITa) 2, T, 10#CHAR]I=) s Ix20],4,200:5,2%H,
f——— Q;éﬂl-'.!’iu?*uﬁcl'lﬂﬂlﬁoEQSCrMH].7n;g.'SCHlHl3!19=1T1T9193L89¢91 Y
CHARTZ 2 DTS, T#CARHE =L o200 TRLrARB=1 40,4 , A0CHARLID=19/1=2#] 54284, 5+P%F 420
Uy 0e20H e 28 bCHARZ ¢ 2R B CHAR] y o 2% 2CHARY Y /P /TS TRIZ/ LY 5/
WAOBBLE=ARJUSTED CRARACTEH] ZERS
INPUT P4TTLERI
veeWlL1111310ass
I I PR I B S B Y T . o - - - o e e
veeDI1AOGN000S o w
sae01LaiOUDOUaws
aeeN 1100000
w1 LOG000Ge =
EELI RN TR LT
e cas B3l QUOVO0RG e L e . L. . - S
sea110111300nsse
- anef3]111111100ea -
FEEDHACK = E
IT IS O
REWEIGHTED CHARACTEHIZEHS
v -LRAR2Y 2 [E]aHab®)l=]oZa=8 8t yp00=123.=) A% 00010 aTabf]ln) os/1n2®] 40 g"E 50200
e s lBH 4y PR/ TETHAD/ LT Y/
CHARLY = Ce7,1,104CHARL4=1v0,]1,108CHAR]7Tal 2, 7, 100CHAR 3]s/ 1a28] ,4,200,04,2%H, ..
49 2%, 6-a'SCH&R1&-2*$CHnH1I-a‘*CHAH13-/DIIT-TR19/L=9.9/
WOHBBLE=-ADJUSTED CHAACTERIZERS . .
INPUT PATTERN
s al800110000 0. . L —
eas D001 LUY00Ss s
van8300111000D0an
eea0DETR0L0Q00 s
eea0N116GD11000 s . R
ersB011111100nws
e 2aaBYILLLLY 0D, .
eenDY10UHGIL0w v
o-.l]OUUOUIIUQII - - . - =
e0s 11000001100 we
. FEEDBACRK = a - - - I e e
IT IS E
EQ CHAaHACTERIZERS. ...
CHAR]S = CE2a(e5*n0l=1v102:5%]10"1 '3-*105‘111'1'/I‘E'ﬁ-6’/P'/T'TRISIL'ﬁ'I’
CHARLZ = DET.S, T4CHARZ=112, =%, TRCHARGRL 00, & a¥cHARLOnly /Ta2®] 5220 ,602%E 3228
0,4.20H.4,2'aCHn92.2*$CHAH10.a*sCHAR8¢zP-/T-TR121L=9.5/
CCHARLIY =2 CETale lUPCHARLA™L 200 s JOPCHAR) T=102.7,10%CHARLI® ] o/ 1B2%A 6o 2% 10 as2%0,.
G20, 6 2% Se2*SCHART 4122 BCHARLIT1245CHARL 3+ /Po/TaTRLG/ w99/
- &

INPUT PATTERN
cm - eeeQU1EI1110mas - - - - e
se200011111000ee
~ e Q008010000 s ———— e S e e B a—
ao e QD001T0000 %0
——r e 356010000
eves 0D0Y10000(G e
- vee 00110000000 e —_ co e —_——
. wrsQNO1100000ass.
e 2ss0111110000404s - - - . . —
essD11111000000n
— FEEDBACK =
IT IS 1
INPUT PATTERN _
.-.01!0000110--- .
eeeB11000UL10%0» Co= - - s Cm e -
eeo311000011050e
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cee0)10000110uss
vee0110000110.,.
vee0111111110.,.
_______,_._‘_,,'_’_._o,lllll'l‘lﬂ-'_

«es0110001110...
.ooOllUﬂﬂlllO...
sesOlliONELi0,.,.
.FEEDBACK =
IT 1S 0
- INPUT. PATTERN
wos001E11100004s
‘l'ﬁlltﬂﬂll"O..l
aar03IDO00I10eae
«sa0110000110 00w
-0-0110000110-.-
e 2220110000110 0aa
»aeQ11000011000s
ess 0100001100
essDLICUB1IL0D .
enaQ0114111000s0
FEEDBACK =

LAYIS 0 L

INPUT PLTTERN
00'0111111110000
soeGLlY111Y1300es
«220110G00000 e
5001100000004

- aoeD111100000ses .

evsB1111000G000ax
vee 01300000000 ns
¢se01100G0C00.s
sse01)L11121Genn
ereNLTI11110URs

FEEOQACK = R

IT IS E

INPUT PATTERN
sasB00CIIN000Sen
eesQOLLLLIOUDCesn
e e 000111000
--10011001000--.
sosDOLIN0OI1I0Qews
eos0011111100s4s
aee01111114i0004e
aee0110000L100ss
eee 116000 UIL100 .

T S F TN I NN T

FEEnBaCrK =

IT IS A

INPUT PATTERN
O.O‘ENCQOI




Memoery After Given Feedback
for 134 Instances

INLITIAL MEMORY

CHAR] = U‘a.“o1*1'1'0-1-1*1'd|3.'1a1!1“1l/IIZ'ﬁ.“!zfla1|3'TlTi/PﬂCHﬂﬂ3./
TaTR]1/L2S,4/

CHARZ = D30,04190=200.9,1%0m3+/18295,492%4,642%0,503%] 34307 ,~14/PaCHAR]
OryCHARI W/ T2TR2/1.20,97 .

CHAR3 = Uz#CHARZ=S5e%CHAR] =49/ [SE%5, 40288, 44280, B¢ TH] 26,547 ,40685CHAR]L «T*
SCHARZy /PaCHARL o /TuTHI/LED 4/

CHARG m D#346e1%D=10bam=bal*]=]o/iup*5,602%E,342%HaS¢/PaCHAR)I T CHARGW/T=T
R&/LxQ9sl/

CRARS & Ds2,0.191als0oS, im0l o/ 1=295.602%E,3,200,5¢/FnprHARLY ¢ CHARG s /TaTR
5/L=24.5/

CHARG = DE2e5:5%CHARD =1 s Toa=4+59CrHaRG =] v /18280, 302%He 71285, 292% o 51 2%5CHA
Roy 2aSCHARS y /P=CHARLGJCHARL D /T2 TRE/LED, 1/

CHART = UReaS538001"10442.3%u11"10/]52%3,61/Pu/TaTHT/LaBe?/

CHARB = D=3, 0,3%000=113,22,3%400"]1+/1a29F.542%5.5¢/PSCARLL+/ToTRE/ W6 &

/

CrARY £ Da0,0.2911=1e5, ] 2%11w]ls/ 1220 5y294,5/PalBAR11e/ToTRO/LES, 1/

CHARIpD = D=0-9-5‘CHQR2'1|5l'3.5‘9H&R3'1oﬁ.‘3.5lCHﬂHb'l./Iﬂz.E.SQZOOQ‘.eﬁs
CHAH2 2% BCHAR I+ 2% BCHARG v /PZCHART Lo /TaTRIOD/ L Rgel/

CHARIL = D0z5,1,5%CHARY=]y1,3.90CHARS=]1 43,3 ,6%CHARLU=]1,/1up®0, 6420H,5,2¢]
121 % TaSe 295, 5.?0&.2'2*E.4oz'SLHnHu.z‘scngnq.a'SCHnR1oo/P-CHaR15./T-TR1
1/L=g.1/

CRARIE = D=zb,e,0%1111ele2,9,30]aly]l,=B,641000av/laden S4264,5,/Ps/7aTR12
LB, 1/

CHARLI = 304)e6%1111=lenabeo%]lilmle?, 2,49 ]1=]1+/]82%) Ge285.5:/Pa/TRTRI3
/L=t 8/

ChARLIG = DEBL(0%0000=Le0s3eb0ll0=1%242:6%1000=192+2.8%0001r/I2285,542%
BeS12WE 202" 004129145 2%TaDs /P2/TETRIG/LEG. T/

CHAR]S = Omd,1,6%000l=142,2,0%01l0mle],=],50001)=140,7 300.1./1-20h by 2%5
oS!?*T.ﬁta*l.5|/P8IT'leb/Llo ws

CAARLD = (0%9el S WCHARG= U U+ 0% CHARIL =19 /13285 59290, 4,290, 4920K,4+2%5CHA
Rb.ZasCHnRIlofP;CHlRIQoIY-[Hlb/L-Q.1/

CHARIT = D®2s1e6%1100=195=1s0%1110"19]e646%]1110~10002,4% 10 10/ 132%E 6020
HeT12#0.59/P2/TRTR1T/L2dst/

CHARLE = Dll.b.&']l11-115.-3-0‘Ug00-101-5.“00-102.'?.6’1111*1./1:2‘5.5|2
*Eaus/PaCHARL Y/ TasTRI /LBy 1/

CHARLIYG = NEZ S, THCHARD=1 s 7,4 TR HARG=]1 40,0, B¥CHAR]IY=] 040, 0*CHARLE=]s/]m
2uh 6,201 ,3¢20T ,4,2¢E 3,200 ,5¢20M,5,205_ 4,20SCHAR% 24 SCHARS , 20 SCHARLBY 2
*S$CrARL G /PS/TRTRLG/Lu, |/

CHARZY = D¥1.5.6%00012)93¢309%L1"10ls=2.6%1111=19]40ybu0011=1s/I=200.502%
S, 5¢24H, 54+ /Pa/TaTR20/L=x6,0/

CHARZ2L = DEQsleF*51111=100ele5®)" 1t3--&-9*10000'110-I.s'll =leS5.=5,9%]1111
] a/1S2h M b920A,502%T, 392%] , 00285, 412%E,592#0,50/P=/TuTRZL/L38,3/

CHAR22 2 D82,3,9%00000=1+3,3,800000=1,4,+6,9811111=140,6,B01113=1,0,1,7%1
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I1=1e/71n20] 49240, 10295,792%E454/PusTRTR22/L09, T/
CHARZI = D2541¢9%00011=112e7+0%11w]lolawb6,9811111=140e2,9%11110=101.0.9%11
L11=1e/1m2% 4t e2%E . 02%0,3v20S+he/Pa/TeTR23/( *9:48/
INFUT PATTERN
TIMEX » 12 . -
«2e0011111010000ss
eesD01111110040s
s0+0000120000 44
«0s000011000004s
evs0000L100GUN s
+ss00001100004ss
ees 00001100000 4s
0eeB000LE0000aan
esesDO0LLL1110000s
...0011111100-..
FEELDACK = |
It IS §
REWEIGHTED CHARACTEWIZERS

CHARLG = DES.).6% 0000100430801 10=102:2.6%1000=1s2¢2:88000=1¢/IN20G,402%
BoSe28E 24280, 4v2%].692%T ,5¢/P3/T2TRLG/L2g,7/

CHAR]IS = U321e0%n00)=1e2:240803)10")vle=]ob000ll=lelu? 3%0los/]n20h,6,:2%S
24978 T o9 2% [ v /PR/TERTRLS/LBEY/

CrARZL = Da0ele9%Ullli=l ol Be540=1s3,=8,9810000=L00u7up®lluleS,»5,9011111}
-]l/[ﬂZ‘H.‘o2".5!2'7.312'l.5!&‘5.JoZ‘E.5!2'0.50/?'!TITR21/L85.3/

Cnlﬂzz = D'Z.3.9*F)0000'103. S-G'UUUO'IHI'.-G.Q.I]111-100.6-801111'100.1.7'1
ll‘l./1'2‘[-5!2“0.1lZ*bob.d‘E.SOIPS/TITREZILBQ.?l

CHARZI = DxB.1.9%u001l=la2,Te0l]l=]lo]l =b,9%11111=190.2,9%11110=1vl.0.9%11
1112171328 ] .50 2%E,992%0,24205,54/Po/TsTR2I/LEG 4/

CraklY = D20y THCHARS =19 7 a4 a TELHARG =100, 0B CHAR]IB=1 ,040,8%CHAR]B=1s/1=
OB Be 2] 4020 4 02FE 320U S 2%He D0 85, 3,28 5CHARG s 2o SCHARS 2O SCHARLBY2
*$CrAR1 6y /Pa/TSTHI/LEY, )y

CHARL| = DZR.]+5¥CHARG= 1+ +3090CAAHE" 133, =3,6%CHAR]U~] (/123%0,612%H,5+2%]
03024T-§l2‘5-4t8’ﬂ-2tE'E-“0Z'.&Hﬁ”&oz’scﬂlﬂqoZ‘scﬁnﬂjO'IP'CHﬂﬂlﬁilT'Tﬂl
1/L.=2g,1/

WOBBLE~ADJUSTED CHARACTERIZERS
InPUT PATTERN
TIMEX = j15
ess110000QULLass
sonll00000UY)ase
wse110U0D0011s.s
esall0U00001)ase
see]llllll)]lleee
essl111111)11sns
-0-1100000011--.
eerlI0U000UL)4ss
ses1100000ULL,.s
voellO0U0UOL1ass
FELUBACK = H
1T IS H
INPUT PATTERN
TIMEX = 1aS§
«s«001111201004.s
P ER RS R D B T
...llluoool’l...
wee1100000011.4,
sne 10000001 0 us
oc-llUuUOOUlla..
o--llﬂﬂﬂﬂﬂqll-..
ensll10000L114as
ens0Ll111L311Usss
.o-OﬂllllllOﬂ...
FELuwaCh = 0O
1T IS 0O
INPUT PaTTERN
TIMEX = 1H4
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sea11111111104..
enelllllllille,s
eeqa11000000004,.
s L100000000L,a
svsl111020000,.,.
0..1111110000...
era 11000000004,
vee 1100000000040
evelllllllilliees
weslllllllille.e

FEEUHACK = £

IT IS E

INPUT PLTTERN

TIMEX a 196
wee00001100000ss
..'ooolllluou...
wes 00110011000,
es+00110011004,a
ees01100001)1000a
wes011111)L10eea
ese011111)111004.e
ev«1100000011.,,
wes 1100000013,.
s0s110000001)ass

FELOHACK a A

IT 15 A

INFUT PATTEHN

TIMEX a 206
eve000L)111104,,
eso000L111100ass
wnu00U0011000,,.
v D000110UG0..s
wus 00001100000,
+»e=0001300000.,.
.0.00011000000.0
a0 000110000044
.--01111101}00...
vaaD1111200000.0

FEEUHACK = |

IT IS 1
INFUT PATTERN
TInEX = 218

ses0l103G001100ss
ees0130000120e4s
.-.0110000110-.-
«va0110000110aus
«as01L0000110¢as
ana01111111104as
are0111011110440s
eva0110001110aan
eee011000111004e
ene0110001010,,.

FEEDBACK = »

IT 15 H

INPUT PLTTERN

TI~EX & 229
ees011111000.,,
0sa0110001100.,,
ees0110000110,,.
ese 01100001104,
ete0110000L10a0e
s e 0110000104 4n
001406001104 .0
«20a01100001)0ass
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a0e01100011004,a
eseDOLIIL2100 s
FELUHACK =
IT iS5 ¢
INPUT PATTERN. . _
TIMEX = 239
oes0ll121111004s
ane0lll1111iVass
ese0210000000,.,.
ene 0110000000,
eae01111000004,a
+0a01111000000as
eesB1IUCO0U00a,,
see0120000000¢q.
aes01111111104..
ans01111111100.,
FEEUUACK = £
IT IS E
INPUT PATTERN
TIMEX = 25
«ae 0000110000 css
+es 00001100004,
es4000111100U0naa
ses 001100100040 es
ess00L10U01100 04
eosD0LL111100-0s
ees0LI1111E00RAY
2e+0110G001104.s
eenl100000110nas
s 13000001 00ae
FELUBACK = &
IT IS A
INFUT PATTERN
TIMEX = 260
aenQ0lil1110QGeas
sesDO111111000.s
weas0000G11000004
wes 000011000004
sns0000LL000VS
wss0000210U00s~
0020000110000
et DOUULL0000ss
woe00LIL11LO0USs
wos00LL11)1100esa
FEEUBACK =
IT 1§ 1
INPUT PATTERN
TIvEx = 272
---IIOUOOOUllo-o
eev 11000000114,
wer11000000114,0
v 1100000011,,.
eeallllllllll,,,
seasllllllllll,, .
vses1100000011,,.
clollﬂﬂﬂﬂﬂdllc..
ess 11000000 1ese
.--lloﬂUOUOllc-u
FELUBACK =
IT IS #H
INPUT PATTERN
TIEX = 284
assN0LLLY)100S4e
eeeDE1121114,,.
ves1110000111,..
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ass1100U00UL1, ..
wnel100000011q,s
vee1100000011,.,.
+ve )10000001L,,,
avsl1ll0v0011l,.,.
«eaf111111110,..
vaa0011111100,, .
FECLUHACK =
IT IS O
INPUT PATTERN
TIMEX = 29§
woelllllillllass
ewe 1111111110, ,,.
.--1100000000...
eo e 11U0V00U0U . .s
«oelll1110000,s
avallllllOV00a,s
ans11000000000ss
+9211000000004.+
aealllllllllleee
essllllllliftlass
FEELBACK =
IT IS E
INFUT PATTERN
TIMEX = 307
vsa0000110000 s
wes000111100000ae
ans001190L 000
0ee001100100ase
seeD11000010000n
wes01E111110000s
ens011111110000as
sa¢1100000011 00
eos 110000001k 0sue
see 110000001 0us
FERUBACK =
IT IS A
INPUT PATTERNMN
TIMEX = 317
eseD011111100n.a
wos00111111000as
es0000110000,.,.
oo 00001100000 ss
wna 00001100004,
e s 0000110000,,4
v+ 00001100004,
ens0000110000,.s
eeeD0LYR1IL100.,,
ensDOL11TL100,,.
FELUBACK = 1
IT IS I
INPUT PATTERN
TIMEX = 328
s9211000000114,.
ees11000000114ase
ass110000001)eas
sesll00000011a4s
seelllllllldlese
sevlliiilldllase
Caee]1000000 14y,
-001100000011|..
eeell0000001)aas
s0al1100000011,.,.
FEEUBACK = H
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